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HAWKESBURY-NEPEAN RIVER MANAGEMENT FORUM

The Hon. Craig Knowles MP
Minister for Infrastructure and Planning,
and Minister for Natural Resources
Level 33
Governor Macquarie Tower
1 Farrer Place
SYDNEY NSW 2000

The Hon. Robert Debus MP
Attorney General and
Minister for the Environment
Level 36
Governor Macquarie Tower
1 Farrer Place
SYDNEY NSW 2000

Dear Ministers
REPORT OF THE HAWKESBURY-NEPEAN
RIVER MANAGEMENT FORUM

I am pleased to submit to you the final report of the Hawkesbury-Nepean River Management
Forum. The report provides strategic advice to assist in the management of Sydney’s water
resources. This advice includes the provision, protection and adaptive management of
environmental flows for the river systems supplying Sydney with water, consistent with the NSW
State government’s policy requiring coordinated total water cycle management for the Sydney
metropolitan area.
The report’s recommendations, adopted at the Forum’s meeting held on 15th March, 2004, are
integrated and rely upon their implementation as a whole to achieve improved river health,
effective balance between water supply and demand, and the community’s long-term sustainability
objectives. The recommendations may be found conveniently at the commencement of the report,
following the Executive Summary, as well as being provided in sequence within the parts of the
report.
The work of the Forum has been guided by the Statement of Joint Intent for the HawkesburyNepean River system and the Statements of Intent for the Georges River-Botany Bay and the
Shoalhaven River systems. The Forum’s report has treated rivers as whole systems and has
maintained equity between the requirements of rivers and river stakeholders in accordance with
these Statements.
The report has taken into account the outcomes of the Forum’s earlier Progress Reports on
Stages 1, 2 and 3 of the Forum’s Work Plan. These reports were submitted respectively in May and
October, 2002, and May, 2003, for the consideration of the Minister for the Environment and the
former Ministers of Land and Water Conservation.
I wish to express the Forum’s appreciation of the detailed advice provided to it during the past
three years by Mr. Bob Wilson, Independent Chairman, and the distinguished members of the
Independent Expert Panel on Environmental Flows for the Hawkesbury-Nepean, Shoalhaven and
Woronora catchments.
The extensive scope of the report reflects the important contributions of stakeholders’ participation
in the work of the Forum. Co-operative working relationships were also developed between the
Forum, the Independent Expert Panel, related Ministerial policy advisors, and the evolving activity
of the NSW State government’s Water CEOs Committee.
I wish also to express the Forum’s appreciation of the executive support provided to it and the
Independent Expert Panel by the Support Team, comprising officers of the Department of
Infrastructure, Planning and Natural Resources, based in the Department’s Goulburn and Windsor
offices.
In conclusion, I wish to express my personal appreciation of the co-operation of the Forum’s
members, alternate members, and observers, together with the members of the Independent Expert
Panel and the Support Team, during their participation and constructive contributions at the
Forum’s many workshops and meetings, including those of the Program Support Group, held since
the inception of this process in July, 2001.
I commend the Report for your consideration.
Yours faithfully

Graham Andrews ASTC, BE, MTCP, FPIA, MRTPI
Independent Chairman,
Hawkesbury-Nepean
River Management Forum.
23rd March, 2004
Hawkesbury Nepean River Management Forum
PO Box 556 Windsor NSW 2756
Phone: 4577 4243 Fax: 4577 4236
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EXECUTIVE SUMMARY
This Report of the Hawkesbury-Nepean River
Management Forum (the Forum) and its
recommendations balance the management of
the greater Sydney water supply region’s
available water resources to ensure the health of
the rivers which supply drinking water, whilst
continuing to provide a long-term effective
water supply. The solutions are integrated and
rely on the implementation of all of the
recommendations to achieve both the desired
balance and the community’s long-term
sustainability objectives.
The waters of the Hawkesbury-Nepean,
Shoalhaven and Woronora Rivers support the
health and well-being of the people who live
and work in metropolitan Sydney, the Blue
Mountains, the Illawarra and the Shoalhaven
regions, about 70 percent of the population of
NSW. Industries, commercial and recreational
activities, and housing are dependent upon the
Rivers which are also fundamental in providing
fresh produce, seafood, recreation and tourism.
The waters of the Hawkesbury–Nepean River,
for example, help generate 70 percent of the
goods and services produced in NSW.
The health of these Rivers is in decline in many
areas. The signs of this are readily apparent and
include increasing frequency of toxic algal
blooms, excessive growth of aquatic weeds,
reduced numbers of native fish, contamination
of oyster beds, eroded river banks and siltation.
The factors that have led to this situation are
many but, in common with other Australian
rivers, a major cause has been the reduction
of flow in rivers due to water impoundment in
dams and weirs and the increasing demands
of urban water supplies and irrigation.
This Report proposes a water management
strategy that addresses the competing needs for
water. The strategy aims to provide sufficient
water for purposes of consumption while
simultaneously protecting the rivers on which
the community depends.

The Forum’s strategy comprises three main
themes, addressed in this Report:
l

l

l

The provision and protection of
environmental flows – Parts 2 and 3;
More effective management of water
availability (including enhanced demand
management, and more efficient intercatchment transfers of water) – Part 4; and
An adaptive management program
including community engagement and
education and environmental monitoring –
Part 5.

The Forum resolved on 15th March 2004 to
submit its Report to the Minister for
Infrastructure and Planning, and Minister for
Natural Resources, and the Minister for the
Environment, the recommendations of which
are arranged in sequence according to the Parts
of the Report.
The Forum’s recommendations are both listed
following this Executive Summary as well as
provided in the relevant parts of the Report.
The recommendations are based on a
comprehensive range of investigations, the
reports on which are contained in the CDROM that accompanies the Report.

Environmental flows
It is now accepted that healthy rivers need
natural flows, or flows that mimic natural flows,
to maintain natural river processes.
Investigations carried out on behalf of the
Forum have shown that provision of these
environmental flows in the HawkesburyNepean, Shoalhaven and Woronora Rivers will
have significant and lasting environmental and
economic benefits for these Rivers and for those
who depend on them.
While the current provisional environmental
flow releases required under Schedule 4 of the
Sydney Catchment Authority’s Water
Management Licence, provide a useful interim
measure for protecting the Rivers, these flows
are inadequate to provide for the long-term
sustainability of these river systems.
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The environmental flows recommended by the
Forum include the release of all inflows to water
storages during periods of low flow and the
release of a proportion of inflows during
medium and higher flows. These flows will be
released in a manner that mimics the patterns of
otherwise natural river flows downstream of the
storages.
Recommended environmental flow releases will
be less than present provisional environmental
flow releases during low flow conditions.
Allowance has also been made in the
Hawkesbury-Nepean system for the additional
release of contingent flows, when needed, to
manage a number of existing environmental
problems.
The estimated planning level cost of providing
the environmental flows recommended by the
Forum is $75M to be spent over the next 10
years, as dams and weirs will need to be
modified to allow environmental flows to pass
through them.
The Forum recommends additionally a range of
ancillary programs, as part of a total water cycle
management strategy for the greater Sydney
water supply region, the time-span of which is
from present to 2030.

quantity of water extracted directly from the
Rivers for irrigated agriculture; it will also
reduce the amount of environmental flow water
that would otherwise be required to be released
from Warragamba Dam to protect river health.

Managing water availability
The Sydney, Blue Mountains and Illawarra
regions need to become more self-sufficient in
water rather than continuing to rely on drawing
water from increasingly distant catchments.
This principle needs to underpin future
planning and drive more comprehensive
approaches to water cycle management, a key
component of which is demand management.
Minimising the use of expensive systems to
transfer water from distant catchments relies on
an efficient and effective demand management
program coupled with water sensitive urban
design.
The Forum found that the cheapest and most
lasting method of minimising direct intercatchment transfers is the reduction of
consumption through demand management.
The Forum’s demand management strategy
includes a significant enhancement of the
Government’s existing strategy and includes:
l

Deferral of the expenditure for providing
environmental flows would exacerbate existing
poor conditions in the Rivers and also increase
the expenditure needed in the future to rectify
these problems.
Protection of environmental flows from
extraction and pollution throughout the length
of the river systems is important in order to
maximise the environmental, social and
economic, and cultural and heritage benefits to
be derived from the implementation of the
environmental flow regime. The benefits to be
derived from environmental flows are
threatened by increased discharge of sewage
effluent from the growing population of western
Sydney.
Therefore, one of the principal means of
protecting environmental flows is the
introduction of an improved strategy for the reuse of sewage effluent in the HawkesburyNepean system, thus reducing the quantity of
sewage effluent being discharged directly to the
Rivers. This re-use strategy will reduce the

l

l

l
l

l
l

l

l
l

Broad and targeted education programs;
Progressive targets to ensure the demand
management program is on track;
An annual volumetric cap to limit water
drawn from storages;
The regulation of water efficient appliances;
Permanent restrictions on inefficient water
use;
Economic disincentives to penalise wastage;
A special program targeting government
buildings;
Extension of existing demand management
programs;
Effluent re-use schemes; and
Demand reduction for other uses that rely
on river water.

The inter-catchment transfer of water is not
explicitly supported by Government policy,
although there are currently two direct intercatchment transfer schemes in the Hawkesbury-
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Nepean and Shoalhaven River systems. The
first scheme involves the daily transfer of water,
via a pipeline from Lake Avon in the upper
Nepean catchment, to the Illawarra. The
second scheme involves the transfer of water
from the Shoalhaven River to the HawkesburyNepean system to supplement supply during
periods of extended drought.
In the longer term, as population and climatic
conditions place pressures on the demand
management strategy, any enhanced transfers of
Shoalhaven River water should be provided via
a water filtration plant and pipeline from
Wingecarribee Reservoir to Lake Avon. This
would provide a secure source of water for
supporting growth in the Illawarra and southwestern Sydney while simultaneously providing
the additional water for much needed
environmental flows in the Avon River. The
Forum’s proposals also provide for changes to
the current transfer rules for governing pumping
from the Shoalhaven system to protect the
health of the Shoalhaven River.
In association with enhanced transfer
arrangements from the Shoalhaven, the Forum
recommends that the upper Nepean dams be
linked by a tunnel that discharges to the Upper
Canal. This would optimise storage capacity,
improve operational flexibility and security,
while protecting the rivers from the transfer of
cold water, which can impact adversely on the
ecosystem.

Adaptive management
Adaptive management is considered essential in
underpinning the Forum’s recommendations for
environmental flows and is promoted in the
Water Management Act 2000. Management
measures will need to be reviewed as ecological,
social, economic, cultural and heritage
responses to the environmental flow regimes
and other components of the overall strategy
become apparent. Some benefits of
environmental flows will be identified quickly
while many others will not be evident for a
considerable time. Some natural resources have
been in decline for over one hundred years and
water consumption patterns have developed
over a similar timeframe. Changes will be
gradual, relying upon the design of flexible and
inclusive decision making processes that take
into consideration the different timeframes.
An integrated monitoring program, which
includes associated research and review
procedures, is essential to ensure achievement
of the Forum’s environmental, social and
economic, and cultural and heritage objectives
for the provision of environmental flows. It is
envisaged that the monitoring program will
provide feedback for adaptive management and
that catchment management authorities will be
the catalyst for this process.
Rather than managing natural resources on a
sector-by-sector basis, the Forum has embraced
the Government’s policy for a whole-of-system
approach as recommended by the Healthy
Rivers Commission. The Forum expects,
therefore, that this strategy will be incorporated
into a single water management plan. Such a
plan should encompass and acknowledge the
different needs of the Hawkesbury-Nepean,
Shoalhaven and Woronora Rivers and
communities, as well as those of the Sydney
metropolitan area.

xii

RECOMMENDATIONS
The Recommendations of this Report to the Minister for Infrastructure and Planning and Minister
for Natural Resources, and the Minister for the Environment, are largely interdependent and are
arranged in sequence according to Parts 2 to 5 inclusive of the Report, as follows:

Part 2: Water for the Environment [WFE]
Environmental flows for the upper Nepean River system and Warragamba
River (page 31)
WFE1.

That the following environmental flow regimes replace existing provisional flows
in conjunction with recommendations PEF11 to PEF 14 inclusive.
Translucent flow (%)

Transparent flow (Percentile)

Cataract

20

80th

Cordeaux

20

80th

Avon

20

80th

Nepean

20

80th

Upper Nepean dams

5.6 GL per year contingent flow for flushing/scouring
2.7 GL per year contingent flow for spawning/protection from upper Nepean dams
Upper Nepean diversion weirs
Pheasants Nest

20

80th

Broughtons Pass

20

80th

Warragamba Dam

20

95th

3 GL per year contingent flow for aquatic weed management

Environmental flows for the Wingecarribee River (page 34)
WFE2.

That the existing provisional environmental flows from Wingecarribee
Reservoir be continued until there has been a comprehensive reassessment of existing catchment and river management practices for the
river reach between the Reservoir and Berrima Weir.

Environmental flows for the Woronora River (page 34)
WFE3.

That pre-monitoring investigations and hydrologic modelling of daily
flows be undertaken for all flows from Woronora Dam.

WFE4.

That the existing environmental flow from Woronora Dam be continued
until a hydrologic assessment (WFE3) has been undertaken.
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Environmental flows for the Shoalhaven River (page 35)
WFE5.

That the existing environmental flow from Tallowa Dam on the
Shoalhaven River be replaced by an environmental flow regime of 20
percent translucent flow and 80th percentile transparent flow. This flow
will need to be confirmed by ecological, economic, social and
engineering assessments of the Lower Shoalhaven River, its catchment
and their relationship to Sydney’s strategic water management plan,
(MWA15 to MWA18 inclusive, and AM4).

Management of environmental flows (page 37)
WFE6.

That the management and operational principles for the release of all
environmental flows ensure that:
l

l

releases into the river from water storages should not be suddenly
turned on or off (releases should mimic natural hydrographs);
water quality (including temperature and chemistry) of waters
released from storages should reflect inflow quality;

l

environmental flows should be allowed to pass downstream of weirs;

l

environmental flow releases should be protected from extraction; and

l

releases of contingent flows from dams should be related to the
environmental and climatic conditions at the time of release.

Management of provisional environmental flows (page 37)
WFE7.

That the current provisional environmental flows be continued until
implementation of the Forum’s recommended environmental flow
regimes.

Management of aquatic weeds (page 40)
WFE8.

That interim contingent flows be provided for flushing Egeria densa prior
to the implementation of environmental flows. The contingent flow is to
average 3 GL per year from Warragamba Dam, subject to water being of
suitable quality.

WFE9.

That an integrated aquatic weed management plan be developed and
implemented as a matter of urgency, with the plan to incorporate
catchment management, water quality, and chemical and physical
means.
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Part 3: Protecting Environmental Flows [PEF]
Water supply transfers and environmental flows (page 42)
PEF1.

That modification and management of dams be undertaken to allow
passage downstream of suitable quality water (including its temperature
and chemistry) for the implementation of the environmental flow
regimes and to reduce the impacts of bulk water transfers.

PEF2.

That prior to the implementation of PEF1, finalise the water quality
investigation of releasing bulk water from different depths in the water
storages, and if feasible release water from near the surface to mitigate
ecological impacts, while not compromising the quality of water supplies.

Modification of weirs (page 44)
PEF3.

That significant community consultation should precede any decision on
the future of the thirteen irrigation and compensation weirs between
Maldon and Penrith in the Nepean River.

PEF4.

That modification and management of all the weirs in the Nepean River
system be undertaken to allow passage of environmental flows of suitable
quality water.

PEF5.

That effective fish passage be provided through all the weirs in the
Nepean River system.

Protection of environmental flows from extraction (page 45)
PEF6.

That the Department of Infrastructure, Planning and Natural Resources
inform existing water extractors in the Hawkesbury-Nepean, Shoalhaven
and Wingecarribee Rivers of their responsibilities under the Water
Management Act, 2000 in respect to the protection of provisional
environmental flows and the future environmental flow regime.

PEF7.

That the current provisional environmental flows be protected from
extraction through compliance with the Water Management Act 2000 as
environmental health water until implementation of the proposed
environmental flow regimes.

PEF8.

That the environmental flows recommended by the Forum be protected
from extraction through compliance with the Water Management Act
2000 as environmental health water.
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Management of tributary flows (page 46)
PEF9.

That 20 percent of tributary flows in the reaches above Wallacia be
protected from extraction both within the tributaries and within the
mainstream of the river. This is to be achieved through the replacement
of tributary flow extractions with the provision of treated effluent for
irrigated agriculture.

PEF10.

That the extraction of water from tributaries below Wallacia not exceed
the 2002/2003 licensed level of extraction.

Effluent re-use (page 52)
PEF11.

That effluent re-use schemes for the Hawkesbury–Nepean River
catchments be developed and implemented, with continuing evaluation
of sustainable environmental benefits and agricultural production.

PEF12.

That suitable irrigable lands (including those in the Richmond
Lowlands) be identified and protected from development, including
extractive industries, and be maintained as prime agricultural land to
ensure that the treated effluent is not unnecessarily returned to the river.

PEF13.

That an effluent re-use scheme be developed for future urban
development in the north-west and south-west urban release areas of
western Sydney to avoid future discharge of effluent to the HawkesburyNepean River system.

PEF14.

That the West Camden STP be included as an early component of the
recommended effluent re-use schemes (PEF11).

PEF15.

That an extractive industry strategy for the Sydney region be prepared to
identify future sources of sand, gravel and crushed stone for the building
industry, thereby complementing WFE1 and PEF12.

Riparian corridor protection (page 53)
PEF16.

That a riparian corridor protection policy and management program be
developed and implemented for the Hawkesbury-Nepean, Shoalhaven,
Wingecarribee and Woronora River systems.
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Basic landholder rights (page 54)
PEF17.

That the proliferation of basic landholder rights cease in order to
minimise impact on river flows by:
l

l

PEF18.

identifying and implementing a total volumetric allocation (a cap) for
basic landholder rights
the volumetric allocation for a basic landholder right being divided
on a pro-rata basis when any land subdivision occurs

That water extraction under basic landholder rights be monitored
following community consultation.

Minimising water loss - coal mining (page 55)
PEF19.

That all underground coal mining be required to eliminate existing
impacts and to avoid future impacts upon the water supply system, rivers,
streams and wetlands within the Hawkesbury-Nepean, Shoalhaven and
Woronora catchments.

Penrith Lakes (page 56)
PEF20.

That water quality and quantity issues relating to the management of the
Penrith Lakes Scheme be clearly defined and appropriate conditions
included within the water management plan to ensure protection of river
health in river reaches downstream of Penrith Weir.
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Part 4: Managing Water Availability [MWA]
Reducing demand (page 65)
MWA1.

That Sydney Water Corporation’s long term water demand management
program of targets, investment and initiatives be endorsed and supported.

MWA2.

That the following integrated suite of measures be implemented to
ensure demand reduction targets are met:
l

an integrated community awareness program for the greater Sydney
water supply region relating to water use and conservation;

l

the re-use of waste water and sewage effluent;

l

the management of stormwater;

l

l

l

l

l

l

l

the setting of a 2008 water demand target for Sydney Water
Corporation of 570 GL per year to make partial progress toward the
2011 demand reduction target;
the setting of a 2011 water demand target for Sydney Water
Corporation of 550 GL per year in order to meet the pressures of
population growth, environmental flows and climate change;
the setting of an annual volumetric cap on dam water available to
Sydney, above which water would be supplied at an additional cost
that reflects its scarcity;
the setting of prices to encourage reduction in demand by higher
volume users;
the setting of permanent low level water restrictions for purposes such
as prohibiting garden watering in the heat of the day and the hosing
down of paths and buildings;
the development and immediate adoption of compulsory labelling
and minimum efficiency performance standards for all water using
appliances; and
the design for irrigators of an overall demand management program,
which includes options of incentives and advice, to achieve a
reduction target of 15 percent to reduce demand.

MWA3.

That institutional arrangements be established to ensure that
government funded water savings by irrigators benefit the river system.

MWA4.

That processes be established to ensure that adequate investment in the
lowest unit cost options progressively reduces the demand for water as
part of an overall demand management strategy.

MWA5.

That steps be taken to ensure that all government agencies implement
programs and policies that maximise water use efficiency in government
buildings and facilities, and work cooperatively with local government to
support similar strategies..

MWA6.

That a process be established to require and enable the involvement of
other Departments and agencies in an integrated approach to demand
management and water conservation.
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System reliability (page 67)
MWA7.

That Sydney’s water supply system reliability be reduced to 95 percent
and that its implementation be the subject of risk assessment and a
monitoring program.

MWA8.

That the recommended risk assessment (MWA7) also consider the
consequences of further reducing the system reliability to 90 percent.

MWA9.

That the current processes being proposed by IPART, Sydney Water
Corporation and Sydney Catchment Authority to determine customer
preferences on reliability and to consult with stakeholders, take into
account the range of trade-offs that exist between reliability, transfers,
demand management, new supply options and river health.

MWA10.

That the potential implications of reducing the reliability of Sydney’s
water supply be investigated further by the Sydney Catchment Authority
and Sydney Water Corporation, in relation to the likely impact of
existing demand management programs on the effectiveness of drought
response strategies (restrictions) ie. any ‘demand hardening’ effect.

Water sensitive urban design (page 70)
MWA11.

That the Department of Infrastructure, Planning and Natural Resources,
and other agencies associated with the planning and approval of new
developments and land releases, ensure the implementation of a staged
strategy of demonstration sites, pilots and benchmarking that will result
in a long-term target of a 75 percent reduction in net demand at the
subdivision or development level for lots released onto the market in
2011 and beyond. Similar targets should apply to infill development and
refurbishment in the greater Sydney water supply region for which
development consent is required.

MWA12.

That water-sensitive urban design principles be adopted through the
Environmental Planning and Assessment Act 1979 and the Water
Management Act 2000, and controls be developed and mandated for all
new development areas, and for the redevelopment of existing developed
areas in the greater Sydney water supply region.

MWA13.

That the Building Sustainability Index (BASIX) program be extended to
include major infill and refurbishment in the greater Sydney water supply
region for which development consent is required, together with new
housing, major infill and refurbishment, in the Hawkesbury, Blue
Mountains, Lithgow, Wollondilly, Wingecarribee, Wollongong, Kiama,
Shellharbour, Shoalhaven and Greater Argyle local government areas.
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Increasing access to storages (page 71)
MWA14.

That the off-take in Avon Dam for the Illawarra water supply be
extended to increase access to the water in the Avon storage.

Inter-catchment transfers (page 77)
MWA15.

That a comprehensive independent assessment of the ecological,
economic, social and engineering impacts associated with flow transfer
options from the Shoalhaven River be undertaken, including
consideration of a zero transfer option.

MWA16.

That inter-catchment transfers from the Shoalhaven River and the issues
of equity be considered in the development of a strategic water
management plan for the greater Sydney water supply region.

MWA17.

That the existing transfer rules for pumping water from the Shoalhaven
system be altered so that transfers of water occur only under high flow
conditions (i.e., pumping may occur when total storage is 95 percent or
less rather than 60 percent or less). These transfer rules are to be
incorporated into the Sydney Catchment Authority’s Water
Management Licence.

MWA18.

That the inter-catchment transfer option (D1) comprising:
l

l

A Water Filtration Plant at Wingecarribee Reservoir and pipeline
from Wingecarribee Reservoir to the upper reaches of the Avon
storage; and
A tunnel interconnecting the upper Nepean Dams and connecting
the Macarthur Water Filtration Plant and the Upper Canal

be adopted for detailed investigation as a matter of urgency.

Groundwater (page 78)
MWA19.

That groundwater extractions within the greater Sydney water supply
region be effectively managed and administered to ensure sustainability
of all water resources.
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Striking the balance (pages 80)
MWA20.

That an adaptive management process be established to manage future
water demands for the greater Sydney water supply region through a
range of initiatives including:
l

demand management and water conservation;

l

water-sensitive urban design;

l

an effluent re-use scheme;

l

gaining access to currently inaccessible storage; and

l

MWA21.

relaxing the system performance criteria of the Sydney Catchment
Authority water supply system.

That progress in relation to the recommended adaptive management
initiatives (MWA20) be closely monitored to inform decisions with a
view to minimising inter-catchment transfers and ecological impacts of
delivery.
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Part 5: Adaptive Management [AM]
Water management planning and institutional change (page 90)
AM1.

That the water component of Sydney’s metropolitan planning process
include total water cycle management requirements at a strategic level to
address supply and demand, environmental, social, economic, cultural
and heritage issues associated with the management of Sydney’s water
resources.

AM2.

That interaction with and development of complementary requirements
with other Acts (eg. EP&A, POEO, IPART) be identified at the
metropolitan planning level and delivered by a water management plan
under the Water Management Act 2000.

AM3.

That a cohesive framework for new developments, that minimises the
impact on the Hawkesbury-Nepean, Shoalhaven and Woronora River
systems, be prepared for providing water services including water
efficiency measures, effluent re-use and management of stormwater.

AM4.

That a single water management plan, covering the Hawkesbury–
Nepean, Shoalhaven and Woronora catchments, the Sydney
metropolitan area and the Illawarra region be prepared and implemented
under the Water Management Act 2000 addressing all six key elements:
l

water use and sharing;

l

drainage management;

l

controlled activities;

l

aquifer interference;

l

floodplain management; and

l

environmental protection.

AM5.

That detailed development, implementation and adaptive management
requirements of the water management plan be developed with
community involvement as a Minister’s Plan, based on the report of the
Forum and the work of the Expert Panel.

AM6.

That State Environmental Planning Policies and Regional
Environmental Plans be required to be consistent with relevant water
management plans.

AM7.

That any reduction in water licence entitlement resulting from farmerfunded efficiency gains be supported by appropriate compensation.
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Adaptive management framework (page 92)
AM8.

That delivery and protection of environmental flows be undertaken
through an adaptive management framework with appropriate
independent expert advice, and participation of community and river
stakeholders, including:
l

l

consideration of all options to manage rivers sustainably, or to
increase supply or to reduce demand for water; and
support of the incremental and ongoing delivery, management and
protection of an environmental flow regime.

Community engagement and awareness (page 94)
AM9.

That effective means to involve the community in monitoring and
reporting on aspects of water management and river health be included
in the reform of structures to manage natural resources in the
catchments.

AM10.

That an integrated community awareness program be developed and
implemented across the greater Sydney water supply region to inform the
community of:
l

l
l

the emerging gap between available water supply and increasing
demand;
the need for environmental flows to protect river health; and
the emerging opportunities and applications for future sustainable
water management.
The program should include:

l
l

l

l

l

l

AM11.

a comprehensive stakeholder analysis;
social research to establish the values, aspirations and needs of river
stakeholders in relation to river management;
the design of an appropriate, long-term community engagement
program;
processes to assist community participation in institutional
arrangements and monitoring for adaptive management;
development of innovative and culturally appropriate information
and education activities for local communities, river stakeholders and
the general public; and
an ongoing review process that ensures that the arrangements are
inclusive, flexible and transparent.

That communication be two-way between all relevant agencies and river
stakeholders. This may include provision of a multi-media issues register.
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Figure 1: Greater Sydney water supply region illustrating the Hawkesbury-Nepean, Shoalhaven and
Woronora catchments, the Sydney metropolitan area and the Illawarra region (see over)

Monitoring environmental flows (page 96)
AM12.

That monitoring of inflows to and outflows from storages, and of future
trends, be implemented to support the environmental flow regimes.

AM13.

That an integrated monitoring program be developed using independent
expert advice to inform the adaptive management process in order to
effectively manage the provision, protection and evaluation of
environmental flow regimes and the Integrated Effluent Management
Strategy.

AM14.

That there be a comprehensive review of current publicly funded waterrelated monitoring in the Hawkesbury-Nepean, Shoalhaven and
Woronora catchments to rationalise and provide the information for the
implementation of the Forum’s integrated monitoring program.

AM15.

That water use by licensed extractors be appropriately monitored.

AM16.

That a lead agency be designated to coordinate monitoring programs for
water quality and quantity, and social and economic impacts.

AM17.

That the existing Hawkesbury–Nepean Integrated Water Monitoring
Framework be adapted to include water quality and quantity, and social
and economic parameters.

AM18.

That integrated inter-agency hydrologic and water quality models for the
Hawkesbury–Nepean, Woronora, and Shoalhaven river systems be
established to inform the continuing provision and protection of
environmental flow regimes and integrated effluent re-use schemes.

Implementation of environmental flow regimes and planning level costs
(page 98)
AM19.

That the Implementation of environmental flows program - Summary, Table
14, be adopted, and that the Summary of costs of the Forum’s
recommendations for management of the greater Sydney water supply region’s
water resources, Table 15, be noted. [Tables 14 and 15 are provided in
Part 5 of the Report]
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Figure 1: Greater Sydney water supply region illustrating the Hawkesbury-Nepean, Shoalhaven and
Woronora catchments, the Sydney metropolitan area and the Illawarra region
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PART 1: BACKGROUND AND CONTEXT
Environmental flows are critical for maintaining
the health of the waters and rivers upon which
ecosystems and industries depend. The timing,
quantity and duration of flows and the quality of
our waters are inextricably linked and depend upon
interactions between the catchment, floodplain,
wetland, groundwater and stream.
Effective management of environmental flows
requires understanding of these interactions. Without the development and application of this understanding, the health of our waters will continue
to decline, with environmental and economic costs
to our nation.1
The health of the nation’s waterways has
suffered major damage during the 216 years of
European settlement of Australia. The
symptoms of this are all too obvious – algal
blooms, excessive growth of aquatic weeds,
decline in the numbers of native fish,
contamination of oyster beds, eroded river
banks and siltation are just some of the signs of
rivers under stress.

The causes of the damage are less obvious. They
include the use of rivers and streams as
convenient places for waste disposal as well as
large-scale land use changes resulting from
urban and rural development. Another major
factor is the reduction of flow in rivers due to
water impoundment behind dams and weirs and
the increasing demands of urban water supplies
and irrigation.
It is now clear that many river and water
management practices adopted over the last
200 years are unsustainable but much has been
done in the past 20 to 30 years to address some
of the problems. For example, vastly improved
treatment of sewage effluent and stormwater has
slowed the decline in river health in many
areas. However, it is now accepted that
provision of environmental flows - by restoring
some of the quantity and natural variability of
river flows - is an essential part of returning
rivers to a condition able to support acceptable
environmental, social, economic, cultural and
heritage values.
Environmental flows are not about allowing a
token amount of water to pass down a river. As
described in Part 2 of this Report,
environmental flows need to provide the
variability that is experienced in natural rivers
and must be sufficient to allow the river’s
ecological processes to function effectively.
The importance of water for the environment
has been recognised for a number of Australian
rivers and has been given widespread media
coverage for the Snowy and the Murray/
Darling. However, the publicity given to these
iconic rivers should not hide the fact that
environmental flows are equally important for
the health of many other rivers - none more
than the rivers that supply water to Sydney and
the surrounding areas (Figure 1).

Our goal is healthy rivers to enjoy.

1

National River Health Program, Environmental Flows Initiative; Australian Government, Department of
Environment and Heritage (http://www.deh.gov.au/water/rivers/nrhp/flows/index.html)
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Hawkesbury-Nepean, Shoalhaven
and Woronora Rivers
The waters of the Hawkesbury-Nepean,
Shoalhaven and Woronora Rivers (the Rivers)
support the health and well-being of the people
who live and work in metropolitan Sydney, the
Blue Mountains, the Illawarra and the
Shoalhaven regions, about 70 percent of the
population of NSW. In general, the water
supply systems that serve these regions define
the geographic scope of this Report - the
regions are referred to collectively in the
report as ‘the greater Sydney water supply
region’.

While it is not possible to return the Rivers to a
pristine condition they need to be managed as
healthy working rivers and valued as vital
natural assets that support the well-being of the
greater Sydney water supply region. Failure to
maintain healthy river systems will result in
more toxic blue-green algae, increase in aquatic
weeds, continued poor water quality, further
reduction in recreational amenity and
significant harmful effects on river-dependent
economies.

The Rivers are places of great natural beauty
and are highly valued by the community, but
they are under increasing stress due to
population and economic growth with water
demand outstripping supply. At the same time,
it is predicated that climate change as a
consequence of global warming will affect
rainfall, water storages and river health
significantly.
These Rivers are directly affected by:
l

l

l

l

l

l

the complex network of the infrastructure,
including water supply storages – 15 major
dams and reservoirs, two diversionary weirs
for water supply purposes and numerous
other weirs, including 13 on the middle to
upper Nepean River (the locations of the
weirs are shown on Figure 2) – and bulk
water transfer delivery;

Loss of riparian vegetation.

bulk transfers of water by the Sydney
Catchment Authority for water supply
purposes within and between catchments
and water storages – these ensure water
supplies to urban, industrial and rural areas;
water extraction for irrigation and basic
landholder rights;
sand and gravel extraction and subsequent
changes in the shape and size of the river
channels;
long-term historic changes in land use and
population growth, resulting in poor water
quality because of point and diffuse
pollution; and

Aquatic weed growth and rubbish in South Creek.

the invasion of exotic animals and plants
(including toxic blue-green algae), and loss
of biodiversity.

Point source pollution affecting the Hawkesbury–Nepean catchment.
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Figure 2. Water management infrastructure of the middle – lower Nepean and upper Hawkesbury Rivers.
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Hawkesbury-Nepean River System

Woronora River System

The catchment of the Hawkesbury-Nepean
River system covers approximately 22,000
square kilometres. This catchment is the main
focus of this Report and includes the Cordeaux,
Cataract, Avon, Nepean, Hawkesbury,
Warragamba, Wollondilly and Wingecarribee
rivers.

The Woronora catchment covers approximately
168 square kilometres and is part of the more
extensive Georges River catchment. The
Woronora River channel runs through
sandstone gorges between Woronora Dam and
the Georges River and has many natural barriers
to fish migration due to the River’s steep
gradient and the stepped nature of its channel.
The lower 10 km of the river (upstream of the
confluence with the Georges River) is tidal.

The Australian Bureau of Statistics’ projection
for the number of people living within the
Hawkesbury-Nepean River catchment in 2019
is approximately 1.5 million, an increase of
nearly 50 percent compared with the present
population of approximately 1.09 million.

Shoalhaven River System
The Shoalhaven catchment covers
approximately 7,300 square kilometres.

The Hawkesbury-Nepean River is highly
complex. The upper one-third of the
Hawkesbury-Nepean River lies in poorly
accessible gorges, the middle one-third is
flanked by intensively farmed and irrigated river
flats, while the lower one-third leading to the
estuary has relatively small pockets of alluvial
soils adjacent to drowned gorge slopes. The
River’s channel above Wallacia is divided by
weirs into discrete sections that are of
considerable geomorphological, ecological,
social, economic, cultural and heritage
significance.

The Shoalhaven River has formed a typical
sinuous river valley, having narrow upper
reaches that flow into a wide deltaic floodplain
that is extensively farmed below Nowra.
The natural entrance of the Shoalhaven River
is only opened to the ocean by large river flows.
However, this has been partly alleviated by a
cut channel joining it to the Crookhaven River,
which has a permanent natural entrance.
The river has a main storage, Tallowa Dam, and
a smaller pondage at Burrier for water supply
purposes. Between Tallowa Dam and Burrier
the river is typified by a series of pools and
riffles. The river is tidal below Burrier pondage.
Another storage at Fitzroy Falls on Yarrunga
Creek is part of the water transfer system
between the Shoalhaven and HawkesburyNepean catchments.

Major storages within the Hawkesbury-Nepean
River system that are the subject of this Report
include:
l
l

the upper Nepean dams: the Cataract,
Cordeaux, Avon (Lake Avon) and Nepean
(Lake Nepean); and
Wingecarribee Reservoir.
Photo: Sydney Catchment Authority

l

Warragamba Dam (Lake Burragorang);

Cataract Dam.
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The water supply systems for the greater Sydney
water supply region are shown diagrammatically
in Figure 3.
Warragamba Dam delivers approximately
80 percent of all drinking water to the area
supplied by Sydney Water Corporation.
Normally, the balance comes from the upper
Nepean and Woronora dams as well as from the
Oberon Dam on the Fish River in the
Macquarie River catchment, which supplies
towns in the upper Blue Mountains. During
extended dry periods, however, transfers of bulk
water from the Tallowa Dam storage on the
Shoalhaven River are used to supplement this
system.
Water transfer from the major water storages to
the water distribution system occurs by means of
pipelines, canals and, in some cases, by the use
of natural river channels. The latter occurs at
the following locations and can adversely affect
river health:
l

l

Water from the upper Nepean dams, except
Avon Dam, is transferred along the river
systems to either Pheasants Nest or
Broughtons Pass diversion weirs. Water from
Avon Dam is supplied directly to the
Illawarra via a pipeline.
Water from Tallowa Dam is transferred
along the river to Burrier Pondage where it
is diverted to the Shoalhaven water supply
system.

Water from Woronora Dam supplies the
southern suburbs of Sydney and can be
supplemented, when required, from the
Hawkesbury-Nepean system by interconnection
within the water distribution network.
Less than 2 percent of the average annual flow
of the Shoalhaven River is currently extracted
for water supply to the Sydney, Blue Mountains,
Illawarra and Shoalhaven regions. Currently,
pumping from Tallowa Dam to supplement
storage capacity in the Hawkesbury/Nepean
dams can commence when the overall storage
level in those dams falls to 60 percent of
capacity. This sometimes occurs during drought
and results in water from Tallowa Dam being
pumped via Bendeela pondage, Fitzroy Falls
Reservoir and Wingecarribee Reservoir for
delivery to the upper Nepean and Warragamba
storages.

Features of the major water storages that are the
subject of this Report are summarised in
Table 1.
Table 1: Major water supply storage capacities
Dam or Reservoir

Nepean

Operational Capacitya
(ML)
40,810

Avon

146,700

Cordeaux

93,635

Cataract

94,300

Warragamba

1,886,000

Wingecarribee

24,100

Fitzroy Falls

10,000

Tallowa

36,000

Woronora
Blue Mountains

71,790
b

3,644

a. As specified in the Sydney Catchment Authority’s
Water Management Licence.
b. Combined capacity for Greaves Creek, Medlow,
Cascade and Woodford Creek storages
(6 storages in total). Note: these storages are not
addressed in this Report.

In addition to water releases for water supply
purposes, the Sydney Catchment Authority is
also responsible, under the terms of its Water
Management Licence, for releasing flows from
dams for provisional environmental flows in the
rivers downstream of the dams; for water
extraction to meet basic landholder rights; for
maintenance of diversion and compensation
weirs in the middle Nepean; and to ensure that
a minimum flow of 50 ML/day is maintained
over the Penrith Weir. The latter requirement
dates from the construction of Warragamba
Dam and was designed to ensure adequate water
remained available for downstream irrigation
and town water supply requirements.

Photo: Sydney Catchment Authority

Water supply systems

Water being released from Cataract Dam.
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Figure 3. Diagrammatic layout of water supply systems for the Sydney, Blue Mountains, Illawarra and
Shoalhaven regions.

Co lo

Riv e
r

North Richmond
WFP

Fish River W a
t er

bu

ke s
Ha w

Gr o se

Greaves Creek
WFP
Blackheath/
Mount Victoria
Supply zone

Riv er

Cascade
Dams (1,2,3)
Cascade Linden
WFP
WFP

Richmond
Supply zone

Woodford
Dam

Sydney
Metropolitan
Supply zone

Penrith/
Blue Mountains
Supply zone

Katoomba/Leura
Supply zone

Prospect
Reservoir

Orchard Hills
WFP

r
R iv e

Co x s

r

y

Greaves Ck./Medlow
Dam

Fish River
Dam

Ri ver

Prospect
WFP

Warragamba
Dam

Warragamba WFP
Warragamba
Supply zone

Allawah/
Penshurst
Supply zone

a
pe
Ne

Macarthur
Supply zone

Sutherland
Supply zone

n

e

v
Ri

Wo
ll

ondi

Bargo/Picton
Supply zone

r

River
ss
Pa
ns
to r
t
gh ei
es
ou W
sN
nt
sa eir
ea W
Ph

Br

Woronora
WFP

Nepean
Tunnel

Nepean
WFP

ll y

Avon
Dam

Nepean
Dam

Woronora
Dam
Macarthur
WFP

Helensburgh
Supply zone

Cataract
Dam

Cordeaux
Dam
10

Nepean Avon
Tunnel
W inge
ca

r ribe
e

iv

10

Illawarra
Supply zone

r

e

0
Kilometres

Illawarra
WFP

R

5

Glenquarry
Cut

Wingecarribee
Reservoir

Fitzroy falls
Reservoir
Bendeela
pondage

ha

Talowa
Dam
Sh
oal
ve
Burrier
pondage

Supply zone
Dam or Reservoir
Water filtration plant
River or channel
Raw water canal/pipeline
Treated water pipeline

n

Bamarang R
WFP

iver

Pumping station
Hydroelectric power station

Bamarang
Reservoir Shoalhaven Water
Supply zone

GS 864

WATER AND SYDNEY’S FUTURE: Background and context

7
Water consumption and extraction
Reticulated potable water for domestic and
industrial use is provided by Sydney Water
Corporation for users in metropolitan Sydney,
the Blue Mountains and the Illawarra region,
and by Shoalhaven Water for users in the
Shoalhaven City Council area.
Sydney Water Corporation’s customers
currently use 634 GL per year (634,000 million
litres or about 200,000 Olympic-size swimming
pools), which is already 34 GL per year more
than the rivers can supply currently on a longterm basis. Under current use patterns and
allowing for estimated population growth,
demand for water will exceed supply by
approximately 89 GL per year by 2011
(assuming that water use increases in proportion
to population).
Reticulated water supply to the Shoalhaven
area is currently about 18 GL per year and could
increase to about 26 GL per year by 2011
(again, assuming current usage patterns were to
continue).

Both Sydney Water Corporation and
Shoalhaven Water have demand management
programs which aim to significantly reduce
these predicted demands.
In addition to the water consumed by Sydney
Water Corporation’s and Shoalhaven Water’s
customers, water is extracted directly from the
rivers for a range of uses including industry,
town water supplies, Penrith Lakes, irrigation of
agricultural land and riparian uses. In the
Hawkesbury-Nepean, this extraction may be up
to 100 GL per year. The rate of extraction is
highly variable. The 8 GL per year (22 ML per
day) for the North Richmond water distribution
system (extracted from the Hawkesbury River)
is the only constant extraction. Producers rely
mainly on rainfall so irrigation is of a
supplementary nature. It is only in extended dry
periods that irrigators take their full allocation
of river water. In many years, irrigators may well
use less than 40 percent of their allocation.

Population growth is placing increasing pressure on region’s water resources.
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Provisional environmental flows
In response to the independent inquiries into
the Hawkesbury–Nepean River system
conducted by the Healthy Rivers Commission,
some provisional environmental flows are
already being released (Table 2). With the
exception of releases from Woronora Dam, they
are based on a single, constant flow value for
each storage defined as ... the flow exceeded 95%
of the time under natural flow conditions for the
time that the river is flowing at a particular location.
For Woronora Dam a combination of
transparent and translucent environmental flow
releases2 has been specified in the Water
Management Licence.
With the exception of releases from Woronora
Dam, these provisional environmental flow
releases, while providing some base flows
through the river systems, do not meet the
requirements of an effective environmental flow
regime because they do not seek to mimic the
natural variability of flow which is essential to
ecological processes. The combined transparent
and translucent releases from Woronora Dam
attempt to mimic natural flow variability but, as
described in Part 2, may need to be altered in
the future, depending on the results of
monitoring and further investigation.
Table 2: Provisional environmental flow releases in
the Sydney Catchment Authority’s Water
Management Licence.
Location

Provisional environmental flow release
(ML/day)

Nepean Dam

4.4

Avon Dam
1.8
as per Licence, but no release at present due to
infrastructure limitations
Cordeaux Dam
Pheasants Nest Weir

1.9
10.5

Cataract Dam

1.3

Broughtons Pass Weir

1.7

Warragamba Dam
Wingecarribee Reservoir
Tallowa Dam

33.3
3.0

The Forum and the Independent
Expert Panel
Investigating and making
recommendations on environmental flows
The Hawkesbury–Nepean River Management
Forum (Forum) was established in April, 2001,
to make recommendations to the (then)
Minister for Land and Water Conservation and
the Minister for the Environment principally on
provisions for environmental flows to be
included in the water management licence of
the Sydney Catchment Authority.
The Independent Expert Panel on
Environmental Flows for the HawkesburyNepean, Shoalhaven and Woronora
Catchments (Expert Panel) was established
later, in August, 2001, to advise the Minister for
the Environment and the Forum (and later the
Water Chief Executive Officers Committee
(Water CEOs)), in accordance with s.9.4 of the
operating licence of the Sydney Catchment
Authority.
The Forum’s Terms of Reference (Appendix A)
required the Forum to advise on the provision
and monitoring of environmental flows for the
Hawkesbury–Nepean River below the dams, as
well as having regard to strategic relationships
with the management of environmental flows.
Separate Terms of Reference were specified for
the Expert Panel (Appendix B). A policy
decision by the NSW State Government
effectively broadened the scope of the Forum’s
Terms of Reference and those of the Expert
Panel:
Key elements of the water cycle in the metropolitan area, including water supply, stormwater and
sewage, are to be managed in an integrated way…
The Hon. Bob Debus, Minister for the
Environment, 5 December 2001
The State Government’s policy that there be
integrated total water cycle management for
metropolitan Sydney necessitates
environmental flow regimes for the

90.0

Woronora Dam
5.0
plus flow variation when inflow is above 30 ML/day
plus flushing releases of 800 ML/day for three days
(once a year)

2

Transparent and translucent environmental flows are explained in Part 2 Water for the Environment.
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Hawkesbury-Nepean, Shoalhaven and
Woronora Rivers being accompanied by a range
of other strategies including:
l

demand management;

l

effluent re-use;

l

protection of agricultural land;

l

management of weirs and other in-stream
structures;

l

community engagement and education;

l

review of system reliability;

l

maximising water system yield; and

l

water-sensitive urban design.

The challenge for the Forum has been to find
ways to deliver a secure water supply system that
will meet the growing demands of the region
equitably while protecting the rivers.
This challenge needs urgent attention. Deferral
would exacerbate the problems and would
increase the future costs of remediation.
The Forum’s approach has been to place its
recommendations for environmental flow
regimes in the context of finding the water,
planning for growth and designing a strategic
water management plan that will sustain the
health of the rivers while still supplying water
for a growing population. If adopted, the
Forum’s recommendations will:
l
l

l

The Forum’s Objectives
The Forum developed a set of objectives as a
guide in addressing its Terms of Reference.
Although the State Government had
established Interim River Flow Objectives for
all rivers in NSW, these concentrated on
environmental components. The task of the
Forum was broader. The Forum developed its
objectives so that the environmental, social and
economic, and cultural and heritage impacts of
environmental flow recommendations could be
assessed and reported upon. These objectives
are set out in Appendix C.

Statements of Intent
The State Government has determined a
Statement of Joint Intent for the HawkesburyNepean River system (H-N SOJI) and
Statements of Intent (SOIs) for the Georges
River-Botany Bay, and Shoalhaven River
systems. They treat rivers as whole systems and
maintain equity between the requirements of
rivers and river stakeholders.
The HN-SOJI and SOIs have guided the Forum
in considering such matters as adaptive
management, quality assurance and monitoring.

reduce per capita water consumption;

The Forum, Healthy Rivers Commission,
Independent Pricing and Regulatory Tribunal
(IPART), the Water CEOs, and various
working groups have consistently exchanged
information during the period of the Forum’s
work.

plan and manage for the sustainable use of
water resources; and

Forum members

ensure equity between communities.

Although this Report recommends
environmental flow regimes in the context of
strategic water management for all of the rivers
and catchments comprising the water supply
systems, the Hawkesbury-Nepean system
receives the most detailed consideration. This is
because the Hawkesbury-Nepean system is by
far the most affected by the water supply
infrastructure, is the most complex and supplies
the greatest percentage of water supplies.

Membership of the Forum consists of an
Independent Chairman and representatives
from government at State and local government
levels, community groups and Indigenous
people, and industry (Appendix D). The Forum
acknowledges that although some relevant areas
were not formally represented it has
endeavoured to encompass their interests in the
process leading to its recommendations.
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Expert Panel on Environmental Flows
The Forum has received invaluable advice and
assistance from the Expert Panel which
comprises an Independent Chairman, and a
core group of experts in relevant fields
including, but not limited to, geomorphology,
macroinvertebrate ecology, in-stream and
riparian vegetation, fish ecology, hydrology,
water quality (including algal management),
resource economics, bulk water and sewerage,
and social, economic, cultural and heritage
assessment (Appendix E).
The Expert Panel, in advising the Forum,
included:
l

l

l

a review of previous environmental flow
trials carried out in the Hawkesbury-Nepean
River for Sydney Water Corporation
(Sydney Water) and Sydney Catchment
Authority by Australian Museum Business
Services;
a comprehensive review of literature
relating to environmental flows and the
ecology, hydrology, geomorphology and
water quality of the Hawkesbury-Nepean
River, supplemented by various
investigations of the Shoalhaven and
Woronora Rivers;
an assessment of river reaches and the
development of a river reaches database to
inform the development and selection of
environmental flow options;

l

l

l

l

l

l

l

l

l

l

l

a socio-economic assessment of the
potential costs and benefits of
environmental flows;
a socio-economic investigation into the
possible removal of some weirs in the upper
Nepean River;
a cultural heritage assessment of issues
relating to environmental flows;
extensive mathematical modelling of
natural and existing flows together with
modelling of a range of environmental flow
options plus a detailed examination of the
effects of each option on water yield;
the development of hydrologic indicators for
use as surrogates in the assessment of the
ecological and water quality benefits of
environmental flows;
an assessment of environmental flow
options;
an assessment of water demand management
options for urban and rural areas;
extensive investigation of issues and options
for inter-catchment transfer of water;
the development of a comprehensive
monitoring program to provide the
information for the adaptive management
process;
additional topics of advice in response to
queries from the Forum during the course of
its deliberations including an assessment of
the relationship between environmental
flows and riverine wetlands, endocrine
disruptor chemicals in sewage effluent,
estuarine hydraulics and salinity assessment,
climate change, effluent re-use strategies
together with a variety of other topics; and
additional topics of advice in response to
queries from the Minister for the
Environment relating to environmental
flows in the Shoalhaven River and by the
Water CEOs with respect to the Integrated
Effluent Management Strategy and
recommendations in the HawkesburyNepean SOJI associated with the Penrith
Lakes Scheme.

Additional information on this work can be
found in the Forum’s Progress Reports on Stages
1, 2 and 3 of the Forum’s Work Plan and the
original papers are contained on the CD-ROM.

Climate change is already affecting the region’s water resources

WATER AND SYDNEY’S FUTURE: Background and context

11
The Forum’s reporting mechanisms

Principal issues

Information on environmental, social,
economic, cultural, heritage and related policy
issues from the Expert Panel and advice from
stakeholders were discussed at joint Forum and
Expert Panel technical workshops. The
outcomes from these were further considered by
formal meetings of the Forum. These outcomes
were recorded in the Minutes of the Forum’s
meetings, and further discussed with Forum
members’ constituents by the relevant members.
The Forum also submitted three progress reports
to Ministers (see CD-ROM), the
recommendations of which were discussed with
Ministers in May and October, 2002, and May,
2003, and agencies’ CEOs, by the Independent
Chairmen of each of the Forum and the Expert
Panel.

The health of a river system is mainly
determined by the health of its catchment; they
are both shaped by the attitudes and actions of
people. The Forum became aware, in the course
of its consideration of expert advice, that it
should develop a strategy to balance the social
and economic needs of the greater Sydney water
supply region for an adequate and safe water
supply with the social, economic and
environmental needs of these rivers and the
communities that rely on them.

l

l

communication between stakeholders, the
Expert Panel and State and local
government; and
progressive decisions to provide advice on
the viable options for environmental flow
regimes from the range of possible choices.

The Forum held meetings regularly,
commencing in July 2001 and concluding in
March, 2004. The Work Plans of the Forum
and the Expert Panel during this period,
including the drafting of reports, was managed
by the Forum’s Program Support Group, which
met to set agendas for, and follow-up actions
from, Forum meetings.

The increasing size of the region’s population
and the decreasing availability of water, owing
to climate variability and global warming, have
required the Forum to focus upon a solution to
the complex balance between the need to
maintain healthy rivers and the need to supply
clean and reliable water to people. The issues
involved are complex and inter-related.
Photo: Gary Howard

The Forum has been a communications and
decision-making group for the purpose of
undertaking:

The population in the area served by Sydney
Water Corporation is growing by some 42,000
people each year, increasing the pressure on
natural resources. The river systems provide
food, work, recreation and amenity for this large
and growing population. These people expect to
have a secure supply of quality drinking water
and a healthy environment.

The Department of Infrastructure, Planning and
Natural Resources provided the executive and
administrative support for both the Forum and
the Expert Panel.

Weed fouling river ferry hawsers.

Harvesting the aquatic weed Salvinia from the Hawkesbury
River at Windsor.
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Pressures on the river systems
The loss of natural flows in the rivers, combined
with significant land use change in the
catchments, is contributing to the declining
health and biodiversity of the rivers. Changed
water and land uses have resulted in the rivers
having increased levels of nutrients and toxins,
and altered habitats that support fewer species
of native aquatic biota. River behaviour has
been significantly changed by dams and weirs
built during the twentieth century for water
supply purposes.
Average long-term inflows to the Sydney water
supply dams is 2900 GL per year. The Sydney
Catchment Authority’s infrastructure is capable
of storing 2407 GL (operational storage –
Table 1). However, the region containing the
catchments is subject to extremes of floods and
droughts.
In wet times, water flows over the dams and
into the rivers. In dry times, little water is spilt
and the dams impound the waters in order to
provide a secure drinking supply for
metropolitan Sydney, the Blue Mountains and
the Illawarra. Climatic variability, current
provisional environmental flows, system
performance criteria and the storage capacity of
the dams, have been taken into account in
determining that the current operations of the
dams can supply 600 GL per year of water to
Sydney on a sustainable basis.

River health relies on both variability of flow
and sufficient quantities of flow, and neither of
these currently occurs during low flow
conditions. The level of nutrients in sewage
effluent is having an adverse impact on river
health as well as on the fishing, tourism and
recreational industries. There were increasing
trends (from 1989 to 1999) in total phosphorus
at Penrith Weir, Sackville Ferry and Lower
Portland and decreasing trends in total nitrogen
at Sackville Ferry. This is evident in the recent
outbreaks of Salvinia molesta in the Lower
Nepean and Upper Hawkesbury Rivers (See
Part 2: Water for the Environment – Management
of Aquatic Weeds).
Access to low flows in the river is also a
determinant in irrigation investment patterns
and irrigators have come to rely on all three
sources indicated above.
Symptoms of these pressures on the river
systems include:
l

extended periods of low flow, together with
longer and more frequent stratification of
natural pools and weir pools, adversely
affecting the habitat of plants and animals
and result in toxic algal blooms;

It is the scarcity of water when there are low
flows in the rivers that the Forum has addressed.
Traditional drinking water supply policies have
impounded the low flows. The water in the
rivers downstream of the dams comes from three
sources, the latter two of which are constant
flows;
l
l

l

downstream tributaries;
discharges of highly treated sewage effluent;
and
provisional environmental flow releases.

Lack of vegetation increases the rate of river bank erosion.

Stormwater can pollute the river system.
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l

l

l

l
l

l

l

l

l

l

l

altered flows and poor water quality
resulting from diffuse pollution sources
associated with the intensification of land
uses;
altered form of the river through erosion,
channel enlargement, and sand and gravel
extraction, modifying the impacts of river
flows on associated habitats;
extended periods of low flow combined with
elevated nutrient concentrations leading to
conditions conducive to the formation of
toxic algal blooms and the excessive growth
of aquatic weeds;
fragmentation of native fish communities
because of reduced habitat availability and
barriers to migration, resulting in overall
lower fish numbers;
high incidence of fish diseases;
invasion and spread of exotic plants and
animals;
reduction in connectivity between river and
the floodplain, decreasing the number and
size of wetlands;
reduction in water temperatures associated
with the transfer of bulk water supplies
along natural river channels during spring
and summer — these can adversely affect
native fauna;
a general decline in biodiversity of the
rivers;
adverse impact on recreational and
commercial fishers;
decline in recreational and general river
amenity; and
decline in river-based economies, including
tourism.

These pressures can be addressed by
environmental flow regimes and associated
strategies which include reinstating flows that
mimic natural flows and meet the State
Government’s and the Forum’s river flow
objectives. The benefits are significant and
include:
l

l

l

l

l

l

l

l

l

increased social and economic values of the
resource;
wiser and more efficient use of finite water
resources;
protection of our rivers for future
generations;
securing agricultural and horticultural land
against urban and industrial encroachment;
securing commercial and recreational
fisheries as a safe source of food and income;
growth in tourism and consequent income;
and
better management of stormwater at a lower
cost.

Pressures on river dependent
communities
Sydney is the largest urban centre on the
world’s driest inhabited continent. The area
serviced by Sydney’s water supply straddles the
coastline from south of the Illawarra to Broken
Bay and extends inland as far as the Blue
Mountains.
Both the Hawkesbury-Nepean and the
Shoalhaven catchments contribute significantly
to the State’s economy. For example, the waters
of the Hawkesbury–Nepean River help generate
70 percent of the goods and services produced
in NSW. Industries, commercial and
recreational activities, and housing are
dependent upon the River and its water. Some
of the industries are river related and these are
fundamental in providing Sydney with fresh
produce, seafood, recreation and tourism.
Declining river health can place riverdependent communities and industries at risk.
Photo: Esther Beaton

l

an increase in biodiversity (including a
decrease in exotic and increase in native
species) and ecological health of rivers and
streams;
a reduction in pollution;

Industries in the catchment are fundamental to
providing Sydney with fresh produce, seafood,
recreation and tourism.
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Agriculture and horticulture in the Hawkesbury-Nepean catchment
Economic value: $1.069 billion per year of which $600M per year derives
from irrigated agriculture.
The Sydney Basin, the majority of which is within the Hawkesbury-Nepean catchment, is a
major source of agricultural products including food for the Sydney market. Industries are mainly
horticultural and animal production, with an estimated gross value of 12 percent of all New
South Wales agricultural production. Agricultural industries also provide numerous community
benefits to the greater Sydney water supply region, including employment diversity, rural amenity
and tourism, agri-tourism and heritage values.
Agriculture in the Sydney Basin faces challenges such as encroaching urban development,
increasing effects of aquatic weeds, and the impact of poor water quality on the viability of
irrigated horticulture in some areas.
Issues addressed by the Forum:
Farmland retention is an important factor in total water cycle management and in protecting
environmental flow regimes:
l

irrigated farmlands extract a significant amount of water from the river system and this can
be replaced partially by treated effluent through an effluent re-use strategy.

Benefits to be gained by retaining agricultural lands and by the re-use of treated effluent for irrigated
agriculture, include:
reduced river extraction by farmlands irrigated with treated effluent;

l

significant reductions in nutrient loads discharged to the river in sewage effluent; and

l

protection of proposed environmental flows.

Photo: Esther Beaton

l

Horticulture in the Hawkesbury–Nepean catchment is a major supplier to the Sydney markets.
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Commercial fisheries in the Hawkesbury-Nepean catchment
Economic value: $6.3M per year (wholesale value)
The Hawkesbury–Nepean River supports New South Wales’ second largest commercial coastal
fishery of prawns, oysters and fish with a wholesale value of $6.3m per year, from which there are
substantial multiplier effects. Both marine and river species are at risk—many marine and estuarine
species often rely on freshwater during their life cycle.
Fish need to be able to migrate to breed but are prevented by artificial barriers, such as weirs that
do not have fishways, and natural barriers caused by extremely low flows.
The temperature and chemistry of the river waters are not always suitable for aquatic life. Water
contained in and released downstream of dams and weirs often contains too much iron and
manganese, is too cold and does not contain enough oxygen for some plants and animals to
survive. Extremely cold water released into the rivers from the bottom of storages does not allow
all native species to breed and can encourage some pest and non-native species to flourish.
Commercial fishing and recreational fishing (43,000 recreational fishers) are also hindered by
the presence of aquatic water weeds (eg. Egeria densa, Elodea canadensis, alligator weed, salvinia
and water hyacinth).
Fisheries are also threatened by exotic pest species such as carp and Gambusia, which thrive in
constant flows.
Distribution of native fish species in the river is fragmented and some have very small population
size. Fish diseases are also prevalent.

Photo: Esther Beaton

Commercial (and recreational) fishing and their catch rely on a healthy river.

Oyster farming is a valuable use of the river’s natural resources.
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Sand and gravel extraction in the Hawkesbury-Nepean catchment
Sand and gravel resources are essential to Sydney’s building industry and are currently taken
from the Hawkesbury-Nepean River flats. This is an unsustainable activity and care needs to be
taken about where extraction occurs and how much sand and gravel is taken.
l

l
l

l

l

l
l

Sand and gravel extraction reduce the area of River flats available for agriculture and hence
for future disposal of treated effluent.
Taking aggregate from near the River can increase erosion by floods.
Past sand and gravel extraction has altered the hydraulic behaviour of the river. Changed
channel cross-section areas have resulted in limited mixing of water and slower moving
water in the River.
Taking aggregate from the tidal part of the River runs the risk of contamination from increases
in salinity and bank collapses as on the Georges River in the 1960s. It may also prevent river
flushing so that the same, possibly contaminated, water is moved back and forth in the River
for months.
Taking sand and gravel from the main River channel can lead to a reduction in water quality
as plumes of sediments and nutrients are released.
Deep extraction can expose the water table and lead to contamination of groundwater.
Sand and gravel extraction can intersect highly saline groundwater, thereby increasing the
salinity levels of surface water.

Valuable sand and gravel reserves occur along the Hawkesbury–Nepean River near Camden,
Penrith and Richmond. In most of these areas, extraction has occurred within the River channel.
Generally speaking, there is little extraction from the River channel today, although extraction
from floodplains and terraces is still occurring near Penrith.

Sand extraction for Sydney’s building industry.
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Pressures on the water resource
Pressures on the water resource which cannot be
ignored are population growth, global warming
and natural climate variability. The latter two
pressures appear to be causing average
temperatures to rise and the amount of annual
rainfall to decrease.
Population growth
Sydney is still growing – currently the
population is growing by 42,000 people per
year. The 2002 population of 4.2 million people
is expected to rise to 4.96 million people by
2020 and 5.9 million by 2030. Already current
demand exceeds available yield by 34 GL per
year and the growing population will lead to
increased consumption of water and increased
amounts of effluent for disposal. More densely
populated areas result in a different pattern of
more rapid run-off after storms, causing an
increase in pollution and less infiltration of
water to the water table.
Global warming
The twin problems of supplying water to a
growing population in Sydney and the need to
revive the rivers are exacerbated by global
warming caused by the release of greenhouse
gases. Global warming will cause higher
evaporation across the region, possibly less
precipitation and an increase in the incidence
of drought. This means that there will be less

water to share and a greater demand for the
available water.
Studies undertaken by CSIRO in catchments to
the west of the Hawkesbury-Nepean, and other
scientific work carried out in New South Wales,
indicate that global warming has been having
an effect on the natural climatic variability for
the last twelve years.
Current catchment yield calculations do not
take into account the effects of climate change.
At this stage, we are not able to calculate
precisely how much extra water we are likely to
need to compensate for global warming.
However, in the period to about 2030, the
reduced water availability during the droughtdominated climate will be exacerbated by global
warming and increasing population. This makes
securing Sydney’s water supply in the
immediate future an even greater challenge.
Natural climate variability
Sydney’s water supply catchments are located in
a part of Australia where the hydrology is
complex and which does not have a regular
rainfall season or pattern. Consequently, rainfall
is highly variable which results in stream flows
also being highly variable, with low flows
occurring for several years at a time. The
rainfall variability is significantly greater than
for other Australian capital cities such as
Melbourne.

Figure 4: Comparison of monthly rainfall between Warragamba catchment and Sydney.
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Coastal areas of Sydney and the South Coast
receive higher average annual rainfall than the
major parts of the drinking water catchments
which are in Western Sydney and the Southern
Highland areas (Figure 4).
Two types of natural climate change are known
to affect Sydney’s water resource management:
l

l

The shorter cycle is known as the el
niño/la niña process, as measured by the
Southern Oscillation Index. This is
affected by ocean temperatures and
results in periods, generally lasting
between four and seven years, that
alternate between predominantly dry
and predominantly wet conditions on
the east coast of Australia.
A longer cyclical process also affects
rainfall in New South Wales. Records
from the past 200 years show a general
weather pattern of approximately 40-50
years of dry years followed by a similar
period when flooding dominates. We are
at present 12 years into a droughtdominated climate.

Sydney’s water supply storages have been
designed to manage what we currently
understand of the natural hydrologic variability
so that enough water is stored in the la niña and
flood-dominated regimes to cope with supply
during reduced catchment run-off in the drier
cycles. This is the basis for the determination of
the 600 GL per year yield over the longer term.
The Warragamba catchment is the driest of the
Sydney water supply catchments and has the
largest storage, four times the volume of water
in Sydney Harbour. It provides over 80 per cent
of Sydney’s drinking water. The upper Nepean
dams (Cataract, Cordeaux, Nepean and Avon)
and the Woronora Dam have a relatively higher
catchment run-off per square kilometre than
Warragamba but smaller storage capacities.
Tallowa Dam has a large catchment area, a
relatively high run-off but a small storage. The
Sydney and Illawarra water supplies are
supplemented during times of drought by
transfers from the Shoalhaven catchment into
the Hawkesbury-Nepean catchment.
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PART 2: WATER FOR THE ENVIRONMENT
Maintaining a flow regime for a
healthy river
The rivers, vegetation and rocky landscapes of
the greater Sydney water supply region are what
make it uniquely beautiful. More than 4 million
people choose to live in this great city of the
South Pacific and expect that these unique
qualities will be preserved. They expect their
waterways to be clean and to provide habitat of
native fish and other native animals. This can
only be achieved by maintaining the health and
biodiversity of the major rivers and waterways
that grace this great region. The Forum’s
recommendations provide for a healthy
environment in the Hawkesbury-Nepean,
Wingecarribee, Woronora and Shoalhaven
Rivers.
It is now accepted that healthy rivers need
natural flows, or flows that mimic natural flows,
to maintain natural river processes and to
trigger ecological responses. As already
described, these natural patterns of river flow
have been significantly affected by the
construction of dams and weirs as well as by
land-use change.

The health of the Hawkesbury-Nepean River
system is under stress because of development in
the catchment and because a significant
proportion of river flow is extracted during
periods of low flow. The health of the
Shoalhaven River is also under pressure and is
exacerbated by the transfer of water to
supplement upper Nepean and Warragamba
storages during extended periods of drought.
The health of the Woronora River has not been
affected by substantial land-use change to the
same degree as the other two rivers but, like
those rivers, it has been adversely affected by
diversions to the water supply system.
As an interim measure whilst environmental
flows requirements for these rivers were being
determined by the Forum, provisional
environmental flows are being released to the
Cataract, Cordeaux, Nepean, Warragamba,
Wingecarribee and Shoalhaven Rivers. These
flows neither mimic natural flows in their
variability, nor are they released necessarily
from the correct level in the storages to ensure
appropriate temperature and quality. No
environmental flows are currently possible
down the Avon River due to infrastructure
limitations at that dam. In the Woronora River,
an interim environmental flow regime which
does provide flow variability has been put in
place but, as discussed later in this Report, the
effectiveness of this regime needs to be assessed.

A healthy river can only be achieved by maintaining the health and biodiversity of the major rivers
and waterways that form the greater Sydney water supply region.
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Environmental flows

Environmental flows

Restoring water to the environment
In the context of the Forum’s work, the term
“environmental flows” refers to the portion of
flow in a river or its tributaries that is reserved
solely for the purpose of maintaining or
improving the riverine environment and water
quality. These flows are protected as
environmental health water under section 8 of
the Water Management Act 2000.
The Forum considers that environmental flow
releases from dams in the Hawkesbury-Nepean
River system and the Shoalhaven and
Woronora Rivers should mimic natural flows in
their timing, magnitude and duration, albeit
with a lesser volume of water, and should be
made up of transparent, translucent and
contingent flows (see box). In addition, the
quality of waters released should reflect those of
storage inflows in terms of both temperature
and chemistry.

In order to mimic natural flows, the Forum
determined that this could be best achieved by a
combination of flow types, also referred to as an
“environmental flow regime”. These types comprise
transparent, translucent and contingent flows:
l

l

l

Transparent flows are flows passed through a
storage and released from a dam, which equal
all inflows to the storage and mimic the timing
of natural conditions.
Translucent flows are flows passed through a
storage and released from a dam, which equal a
percentage of the inflows to the storage and
mimic the timing of natural conditions.
Translucent flows are added to transparent
flows.
Contingent flows are flows released from a dam
to meet specific ecological or geomorphic needs
such as fish spawning and control of aquatic
weeds.

An example of translucent and transparent
components of a hypothetical environmental
flow regime together are shown in Figure 5.
The difference between the translucent and
transparent components and total inflow,
represents water available for consumptive uses.
Figure 5: Translucent and transparent components of an environmental flow regime
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Determination of environmental
flows
The Forum undertook an extensive assessment
program to determine the environmental flow
requirements for the Hawkesbury-Nepean and
Shoalhaven Rivers. The process involved the
initial investigation of a broad range of flow
options, their gradual refinement, then the final
selection of the preferred environmental flows
for each of the rivers.
The assessment of environmental flow
requirements for the Wingecarribee,
Shoalhaven and Woronora Rivers was more
limited in scope than those associated with the
Hawkesbury-Nepean River. Further
investigation is required to finalise
environmental flow requirements for the
Woronora River including detailed hydrologic
modelling and assessment of the impact of
environmental flow options on yield. In the
Wingecarribee River, the Forum considers that
catchment management and other resource
management activities should be implemented
before enhanced environmental flows are
introduced (see Part 3: Protecting Environmental
Flows for further details).

Wingecarribee Reservoir.

The Forum’s process for the determination of
environmental flows is summarised in Figure 6.
This process for the selection of preferred
environmental flow options involved the
following key areas of investigation.
Figure 6: Process for the determination of preferred environmental flow options
Hydrologic modelling

River reaches assessment

Development of hydrologic surrogates

Socioeconomic and heritage assessment

Multi-criteria analysis

Water quality modelling

Ecological assessment

Analysis of hydrologic surrogates

Selection of environmental flow options

Consideration of contingency flows
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Hydrologic modelling
The Forum’s process commenced with an
investigation of current flow patterns in the
rivers and an assessment of how these have
changed from natural conditions due to the
effects of dams. In addition to the current and
natural flows, a range of potential
environmental flows and their effects on water
yield were investigated.
The Forum’s work has improved the
understanding of the hydrology of the
Hawkesbury-Nepean and Shoalhaven River
systems. Existing hydrologic data had been used
for diffuse planning and operational functions
but there had been no application of these data
to arrive at a comprehensive understanding of
these systems in their entirety.
Hydrologic modelling of the drinking water
supply catchments is well developed however,
and this was used by the Expert Panel and the
Forum as the basis for combining all of the data
for the river systems including those below the
water storages. The Expert Panel and State
Government agencies undertook a reappraisal
and update of hydrologic data and models that
related to the river systems.
Modelling of rainfall, catchment, riverine, and
estuarine processes and consumption profiles
were integrated. This was done in order to
identify where water resources originated, where
they were being used currently, how they were
affected by altered run-off conditions and where
they will be needed in the future.
Records of rainfall and river flows over the last
90 years have been analysed and statistical
techniques used to generate 2000 replicates of a
100 year climate cycle as the basis for
environmental assessment. Detailed
investigations were undertaken into irrigation
performance based on soils, crops, climate,
evaporative processes, tributary and main river
flows and distribution of demand within the
river systems. Estuarine flows and their
relationships to geomorphic processes were also
investigated and related to the whole river
system.
A significant number of models were run to
understand riverine performance at various
levels of low, medium and high flows for the
rivers and tributaries below the dams. These
were combined with modelling of catchment

yields, and water supply and environmental
flow releases in order to gain an understanding
of hydrologic performance.
This modelling provided the information from
which the Forum made decisions on
environmental flows, future water supply
options and the proposed effluent re-use
scheme.

River reaches assessment
The Hawkesbury-Nepean, Shoalhaven,
Woronora and Wingecarribee Rivers were
divided into a series of 29 river reaches based on
their underlying river morphology and on the
location of natural and artificial features such as
the location of tributary inflows and weirs.
The assessment of river reaches examined the
physical characteristics, hydrologic impacts
(compared to natural conditions), principal
habitat features, occurrence of significant
species, high impact effects of river flow changes
on ecological processes, social and cultural
issues, principal water quality impacts of dam
releases and principal effects of human activities
for each of the 29 reaches.

Development of hydrologic surrogates
Due to the scarcity of information linking river
health and flow, it was necessary to develop a
set of hydrologic indicators that could be used
as surrogates to assess the ecological and water
quality benefits of the Forum’s flow options.
The hydrologic surrogates developed for this
purpose were:
l

l

l

l

l

Flow Magnitude – the quantity of water in
any flow event;
Flow Duration – the length of time that the
flow event lasts;
Flow Frequency – the frequency at which
the flow event occur;
Flow Seasonality – the timeliness of flows
in response to natural climatic events; and
Flow Variability – the variation of natural
flows in space and time.

Hydrologic surrogates were used to represent
ecological and biophysical processes that require
protection within the rivers. These processes
include life cycle cues, recruitment of biota,
community structure dynamics, lateral and
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longitudinal connectivity, water quality,
availability of physical habitat, suspension and
transportation of eggs, larvae, seeds and
vegetative material, retention times in pools,
flushing, channel-maintenance and inputs of
nutrients and organic material.

For each river reach, the performance of the
surrogates for each potential environmental
flow option was assessed against the
performance of those surrogates under natural
flow conditions. The potential flow options
were then ranked according to their similarity
to the natural flow regime. Sixteen of these
potential flow options, comprising varying
degrees of translucency and transparency, were
short-listed by the Forum for multi-criteria
analysis, as illustrated in Table 3.

Table 3: Short-listed environmental flow options
Percent Translucency

Constant
95th percentile flow

0

nb

Low-flow Transparency Component a
No Transparency
Percentile Flow
97.5
95
90
80

10

n

n

n

n

n

20

n

n

n

n

n

30

n

n

n

n

60

n

a. Low-flow transparency component includes those flows equal to or less than the flow at the indicated
percentile (eg. the 97.5th percentile transparency component provides full replication of low natural flows
which are exceeded for 97.5 percent of the time; the 80th percentile transparency component provides full
replication of natural flows which are exceeded for 80 percent of the time).
b. Current situation with provisional constant environmental flow releases. Note this is not the same as a 95th
percentile transparency, which varies with inflows.
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Socio-economic and cultural heritage
assessment
Social and economic, and cultural and heritage,
assessments were undertaken to provide an

overview of potential costs and benefits of
environmental flows. Industries and activities
that affect or are affected by the HawkesburyNepean River system include those shown in
Table 4.

Table 4: Summary of socio-economic issues
River-related activities
in the catchments

Scale of activity

Main river dependencies affecting
or affected by environmental flows

Irrigated agriculture

About $600M annual output. Average water
demand up to 100 GL per year.

Sufficient base flows during dry
seasons, saline intrusion.

Recreation

Extensive water and land based recreation.
Economic output unknown, but substantial.
Important social value.

Water of sufficient quality for
recreational use, navigability,
visual amenity.

Tourism

Major growth industry. Total tourist
expenditure (Hawkesbury-Nepean) is about
$1 billion per year.

Ecological health and visual
amenity of rivers are likely to affect
tourist preferences.

Sewage effluent
discharges

18 major licensed STPs discharging directly to
Hawkesbury-Nepean and its tributaries below
the water storages

Over 100 ML of treated effluent
discharged to the HawkesburyNepean each day

Penrith Lakes Scheme

Large recreation facilities and substantial sand
and gravel extraction.

Currently none. Future demand for
water extraction.

Commercial fishing

In top 15 estuarine production areas in NSW.
Annual economic output $6.3M per year
(wholesale value) including prawns, oysters
and squid.

High sensitivity to river health and
tidal and freshwater flows.

Amateur fishing

Over 43,000 recreational anglers visit each
year

High sensitivity to river health.

Urban development

High urban growth. 10,500 new dwellings in
1999/2000. Proportion near river unknown.

Property values may be affected by
visual amenity.

Rural residential
development

Growth in non-farming rural residents.
Significant water extraction.

Riparian rights to water extraction
may increase property values.

Industry

Substantial industrial development. Water
extraction about 21 GL per year (1995).

Sufficient base flows.

Sydney Water
Corporation/ Sydney
Catchment Authority

634 GL per year extracted from water storages,
with a sale price of $640M.

Water storage levels and quality.

North Richmond water
supply

8 GL extracted from Hawkesbury River.

Water quality

Power generation

17 GL per year extracted from Coxs River,
mostly evaporated.

None

Extractive industries

Numerous quarries located near the river.
In-stream extraction is low.

None

Coal mining

19 underground coal mining operations in
the catchment.

None

WATER AND SYDNEY’S FUTURE: Water for the environment

25
In general, the tourism and recreational
industries, commercial and recreational fishing
industries and the urban and rural development
industries stand to benefit significantly from the
provision of environmental flows. The main
benefits accrue from improved water quality,
ecological health and river amenity.
There do not appear to be major impacts on
existing extractive industries or on the power
industry with respect to the provision of
environmental flows. The coal mining industry
may be affected by strategies to protect
environmental flows from pollution and from
the effects of mine subsidence.
The irrigation industry should not be adversely
affected by the provision of environmental
flows although the protection of tributary flows
from extraction will need to be managed
equitably and will need to be offset by the
provision of treated effluent through the
Forum’s proposed effluent re-use strategy.
The water industry should not be significantly
affected as the reduction in the amount of water
available for consumptive uses will be offset by
reductions in demand, reassessment of system
performance criteria, improved access to water
storages and improved transfer rules.
The cultural and heritage assessment found that
the Indigenous community supports the
introduction of environmental flows in order to
protect and restore life to the river system.
While the socio-economic and cultural heritage
analysis undertaken by the Forum cannot be
used to identify a preferred flow option, the
assessment of potential costs and benefits of
environmental flows is an important
component of the overall assessment process.

Multi-criteria analysis
Multi-criteria analysis is a decision support
process which can be used as an aid in
narrowing down a large number of options to a
smaller number for further detailed
investigation. Multi-criteria analysis was used by
the Forum to identify a subset of preferred flow
options from an initial list of 16 options. In
addition to the five hydrologic surrogates, the
following 20 additional evaluation criteria
covering a mix of environmental, socioeconomic and cultural heritage issues were used
to assess and rank the environmental flow
options.
1.

Greenhouse gas costs (tons of carbon
dioxide) of options

2.

Dissolved oxygen concentration

3.

Nutrients

4.

Water temperature

5.

Algae

6.

Chemicals

7.

Reliability and yield for agricultural use

8.

Number of days irrigators unable to
pump

9.

Number of non-fishing days

10.

Number of days unable to process
extractive resources due to flows

11.

Present value of costs to society

12.

Yield for urban water demand
(2011-2021)

13.

Reliability/robustness/security for urban
water demand

14.

Time to reach target environmental flow
regime

15.

Number of days unable to go swimming,
water skiing, boating, etc.

16.

Cultural heritage values (potability,
fishing, sound of running water)

17.

Major social changes

18.

Percentage compression of the low
salinity zone

19.

Inter-catchment transfers from the
Shoalhaven River

20.

Fish production
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component would be detrimental to river
health during periods of low flow.

Using multi-criteria analysis, the Forum initially
reduced the number of environmental flow
options to be further investigated to six, as
follows:
Option 1:

Option 2:

Current case (as specified in the
Sydney Catchment Authority
Water Management Licence)
including release of the 95th
percentile constant flow, riparian
releases, additional releases to
ensure that a minimum flow of
50 ML per day is maintained over
Penrith Weir, plus pumping from
the Shoalhaven River when
required.
Current case plus minimum
infrastructure expenditure to
provide for contingent flow releases

Option 3:

10% translucency combined with
95th percentile transparency

Option 4:

20% translucency with nil
transparency

Option 5:

20% translucency combined with
95th percentile transparency

Option 6:

20% translucency combined with
80th percentile transparency

After the Expert Panel further assessed the
above options, the Forum resolved that:
l

l

l

Option 1, the current situation, did not
meet the Forum’s objectives and did not
warrant further consideration.
Option 2 did not warrant further
investigation as it would not provide any
substantial benefit to the river system.
Option 4 did not warrant further
investigation as it was considered that a
translucent flow without a transparent

A healthy river will improve recreational fishing.

(Note: There was opposition among some
Forum members to the removal of this
option from the assessment process, because
they considered the option addressed the
Forum’s objectives).
l

A majority of the Forum’s members agreed
that the three remaining flow options all
met the Forum’s objectives, both in terms of
environmental benefits and potential
impact on water yield, and were referred to
the Expert Panel for investigation:
l

l

l

Option 3 – 10% translucency combined
with 95th percentile transparency
Option 5 – 20% translucency combined
with 95th percentile transparency
Option 6 – 20% translucency combined
with 80th percentile transparency

Water quality modelling
For the Hawkesbury-Nepean system, water
quality modelling was undertaken to examine
the interaction between each flow option and
mainstream water quality. It was found that
Option 6 provided the best water quality
outcome although the impact on water yield
was potentially unsustainable.
Subsequent water quality modelling was
undertaken incorporating an effluent re-use
strategy at a number of sewage treatment plants
(see Part 3: Protecting Environmental Flows –
Effluent Re-use). This modelling demonstrated
that below Warragamba Dam, the combined
effects of the effluent re-use strategy and
Option 5 provided the same water quality
outcomes as Option 6 alone. Thus by
combining effluent re-use and environmental
flows into a single water cycle management
strategy, approximately 37 GL per year of
consumptive water (or the annual volumetric
difference between Option 6 and Option 5) can
be saved while achieving significant benefits for
the river.
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Ecological assessments
A number of specific studies were undertaken
by the Expert Panel on behalf of the Forum to
investigate the relationship between river flows
and the ecology of the river systems. Examples
of these assessments are provided below.
Hawkesbury-Nepean River
The relationship between twelve hydrologic
variables describing the frequency, magnitude
and duration of high, middle and low flows and
daily rates of change and catch statistics for
Australian bass from recreational fishing
competitions were examined in the
Hawkesbury-Nepean River system. This study
demonstrated relationships between fish catches
and fish ecology and various components of the
flow regime thus highlighting the importance of
variable flows on the ecology of the river.
Long-term water quality simulations of the
Hawkesbury-Nepean River estuary were
undertaken for the period 1909 to 1995 using
calibrated hydrodynamic and water quality
models to examine the salinity structure of the
estuary for various flow types and flow
characteristics (Table 5).

This investigation revealed that the length and
area of habitat available for salt-sensitive biota
such as freshwater macrophytes and algae has
been significantly reduced under current flow
conditions compared to those under natural
conditions. Of the three environmental flow
options, Option 6 provided the greatest
improvement in habitat availability compared
to current conditions. In the area of greatest
biological change near Wisemans Ferry, a
salinity of 5 parts per thousand was exceeded
approximately 12 percent of the time under
natural conditions, approximately 35 percent of
the time under current conditions and
approximately 22 percent of the time under
Option 6. These results demonstrated that
environmental flow Option 6 would improve
and/or maintain the salinity structure of the
estuary in a more natural state than under
current conditions.
An investigation into the relationship between
flow at Penrith Weir and the occurrence of
blue-green algal blooms downstream of South
Creek, revealed that blue-green algae do not
persist in the river for flows greater than about
170 ML per day at Penrith Weir. The
proportion of time that these flows are predicted
to be greater than 170 ML at Penrith Weir for
natural and current river flows and for
three environmental flow options are shown in
Table 6.

Table 5: Flow types and flow characteristics for salinity structure investigations
Flow Type

Flow Characteristics

Natural flows

Pre-dam construction flows without irrigation extractions and STP discharges

Current flows

Post-dam construction flows combined with provisional 95th percentile
transparent flows plus contemporary dry weather STP discharges and
irrigation extractions

Environmental flow option
3 - 95th percentile transparent
and 10% translucent flows

Environmental flow option 3 plus contemporary dry weather STP discharges
and irrigation extractions

Environmental flow option
5 - 95th percentile transparent
and 20% translucent flows

Environmental flow option 5 plus contemporary dry weather STP discharges
and irrigation extractions

Environmental flow option
6 - 80th percentile transparent
and 20% translucent flows

Environmental flow option 6 plus contemporary dry weather STP discharges
and irrigation extractions
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Table 6: Time that flows at Penrith Weir are greater than 170 ML/d for various flow regimes
Proportion of time
that flows are expected
to exceed 170 ML per day

Flow Regime
Natural

98.6

Current

61

Option 3 - 10% translucent flow combined with 95th percentile transparency

72

Option 5 - 20% translucent flow combined with 95 percentile transparency

78

Option 6 - 20% translucent flow combined with 80 percentile transparency

97.5

th
th

Thus the percentage of time that flows were
sufficient to prevent algal bloom formation
under natural conditions was approximately
98.6 percent of the time while under the
existing provisional environmental flows these
flows only occur about 61 percent of the time.
For Option 3 it was estimated that the flow
threshold would be exceeded 72 percent of the
time while for Options 5 and 6 the threshold
would be exceeded 78 percent and 97.5 percent
of the time, respectively.
While the Forum appreciates that
environmental flows should not be used to flush
algae from the river, this study demonstrates the
utility of environmental flows in creating
conditions in the river that are less conducive
to algal bloom formation than those associated
with existing conditions.
Woronora River
The Expert Panel’s ecological assessment of the
Woronora River was limited to a brief overview
of the existing environmental flows monitoring
program and examination of limited flow data
associated with the current environmental flow
regime. The monitoring program is focussed
primarily on aquatic insects, and, owing to the
schedule of implementation for the current
environmental flow regime, data related to the
pre-environmental flow condition and broader
ecosystem components are lacking which may
hamper future interpretation.

revealed that flows greater than approximately
120 ML per day are unlikely to have been
affected by the dam. This suggests that the
current licence requirement for a three day high
flow event of 800 ML per day is possibly
unnecessary.
Many of these issues, including the need for a
drought trigger, would be overcome by adopting
an environmental flow regime comprising the
transparent and translucent flows as
recommended by the Forum for the other rivers
in the upper Nepean system. Further hydrologic
investigation is required to examine these issues
and their effects on system yield.
Shoalhaven River
The historical distribution of aquatic plants in
the Shoalhaven River was examined by the
Expert Panel to assess potential changes in the
salinity structure of the Shoalhaven estuary. In
1994, the general patterns in the distribution of
some aquatic plant species were recorded in the
Shoalhaven estuary. The Expert Panel during a
traverse of the estuary made similar observations
in 2003. The following differences in the
distribution of two key species of aquatic plants
were observed:

The Panel’s limited examination of the
hydrologic data suggested that the
implementation of the current environmental
flow provisions results in extended periods of
constant flow of about 18 ML per day,
dampening flow variability in the range 5 to 30
ML per day. Hydrologic data available to the
Panel at the time of the investigation also

A healthy river will enhance biodiversity.
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l

l

Ribbon grass (Vallisneria sp.), a freshwatersubmerged macrophyte that provides highquality sheltering habitat for fish and
invertebrates during most tides showed an
upstream contraction in distribution. In
1994 it was found along 25 km of the upper
estuary while in 2003 it was found along
only 8 km of the upper estuary (a 68 percent
reduction).
The common reed (Phragmites australis) an
emergent macrophyte that provides highquality sheltering habitat for fish and
invertebrates during middle to high tides
but which has moderate salt tolerance,
increased greatly in its distribution. In 1994
it was found along approximately 10 km of
the middle estuary (upstream of Nowra)
while in 2003 its distribution had increased
to approximately 28 km of the middle plus
upper estuary (a 180 percent increase).

Change in the distribution of aquatic plants has
the potential to change the diversity,
abundance and distribution of aquatic biota
that rely on these plant assemblages as habitat.
While the elimination of the ribbon grass may
occur rapidly over the course of several weeks
due to increased salinity caused by natural
climatic fluctuations such as drought, the
increase in distribution of the common reed
would take considerable time (in the order of
many years). Accordingly, it would appear that
there have been prolonged periods of elevated
salinity in the upper Shoalhaven estuary since
1994, which are most likely flow-related. This
demonstrates that the maintenance of the
salinity structure of the estuary is an important
consideration when defining the environmental
flow requirements of the river system and when
devising strategies to protect those flows
throughout the river system.
Other studies
An ecological assessment of the benefits of
environmental flows also revealed that the
availability of critical habitat and connectivity
would be improved in favour of native species
over exotic/alien species.

Analysis of hydrologic surrogates
Hydrologic surrogate data were further analysed
to assess the performance of the current flow
regime and each of the environmental flow
options in achieving low hydrologic impacts
relative to the natural flow regime. The
percentage difference between the surrogates for
each flow option and the natural flow regime
was calculated on a reach by reach basis. For a
surrogate to be considered to have a low impact
it needed to be <10 percent different from the
natural condition for that surrogate.
The results of this analysis showed that:
l

l

l

l

In the Cataract, Cordeaux, Avon and
Nepean Rivers, Option 6 performed most
like the natural flow regime and had
significantly fewer impacts than the other
options. The current flow regime was least
like the natural flow regime.
In the Cataract, Cordeaux and Nepean
Rivers, bulk water transfers downstream of
the dams eroded the benefits of
environmental flows.
In the Warragamba River, Option 6 also
performed more like the natural flow regime
than the other options although the
difference between Option 6 and Option 5
was less pronounced than in the upper
Nepean rivers.
In the Shoalhaven River, there was no
difference in performance between Options
3, 5 and 6 and the natural flow regime,
although the current flow regime was found
to have greater impacts during drought than
the other options.
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Consideration of contingent flows
The Forum, on the advice of the Expert Panel,
also acknowledged that contingent flows may
be needed to address spawning migrations and
habitat availability for native fishes such as
Macquarie perch and for flushing and scouring
excessive accumulations of algal and bacterial
material in the upper Nepean River system.
These contingent flow releases would be up to

5.6 GL per year and 2.7 GL per year, respectively.
The Forum also accepted that management of
Egeria densa downstream of Warragamba Dam
would be assisted by a contingent flow release of up
to 3 GL per year.
The use of contingent flows would not necessarily
occur every year; their use would depend on
prevailing environmental conditions and would
only occur when needed.

Macquarie perch (Macquaria australasica)

Flushing/scouring flows

Photo: Gunther Schmida

Macquarie perch is a large fish that is found in the
upper reaches of Nepean River system. It needs a
significant depth of water throughout its habitat
so that it can migrate during the spawning season.
Macquarie perch spawn in spring or summer.
Spawning and young perch are also associated with
riffles. When low flows cause these riffles to
contract further, reproduction and survival of the
animal are at risk. Macquarie perch is listed as a
vulnerable species and is likely to become
endangered if threats continue.

Macquarie perch—a vulnerable species that is

Algal and bacterial material, associated deposits of likely to become endangered.
detritus and inorganic fines have accumulated in
reaches downstream of the upper Nepean dams and weirs. A primary cause of this may be the
reduced duration and frequency of flows strong enough to dislodge these accumulations. Other
factors could include high nutrient waters released from the dams, and prolonged periods of
stable water levels and periods of low flows creating a situation where poor-quality and iron-rich
ground waters locally dominate surface waters.
These accumulations can substantially reduce habitat quality in shallow habitats by the coating
of substrates, reducing microhabitat diversity and filling interstitial spaces of coarse substrates.
Some of these materials would be transferred downstream into deep pools where it is likely to
cause water quality problems through the decay of organic material and reduction in dissolved
oxygen concentrations.

Aquatic weeds
The exotic aquatic weeds Egeria densa, Elodea canadensis, Salvinia molesta and Alligator Weed
(Alternanthera philoxeroides) have proliferated in the Hawkesbury-Nepean River. Egeria densa is
of considerable concern since it chokes the river making it un-navigable, damages infrastructure
such as ferries and bridges, hinders recreational and commercial fishing activities, and affects
diversity and number of native species. Egeria densa out-competes the native macrophytes that
are crucial habitat for fish and zooplankton.
Over the past 10 years it has been gradually
extending upstream.

Salivinia molesta on the Nepean River at Castlereagh.
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Selection of preferred
environmental flow regimes

l

Environmental flows for the upper
Nepean River system and Warragamba
River

l

Environmental flow regimes were chosen for
these rivers by the Forum based on the
combined results of the Expert Panel’s
investigations and careful consideration of the
impact of the various flow options on water
yield. The following regimes have been
selected:

For each of the upper Nepean dams and the
associated Upper Nepean diversion weirs,
the preferred regime is a composite of 20
percent translucency combined with 80th
percentile transparency.
For Warragamba Dam, the preferred regime
is a composite of 20 percent translucency
combined with 95th percentile transparency.

Recommendation: Environmental flows for the upper Nepean River
system and Warragamba River
WFE1.

That the following environmental flow regimes replace existing provisional flows
in conjunction with recommendations PEF11 to PEF14 inclusive.
Translucent flow (%)

Transparent flow (Percentile)

Cataract

20

80th

Cordeaux

20

80th

Avon

20

80th

Nepean

20

80th

Upper Nepean dams

5.6 GL per year contingent flow for flushing/scouring
2.7 GL per year contingent flow for spawning/protection from upper Nepean dams
Upper Nepean diversion weirs
Pheasants Nest

20

80th

Broughtons Pass

20

80th

Warragamba Dam

20

95th

3 GL per year contingent flow for aquatic weed management
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Composite environmental flow regime example –
Warragamba Dam
Recommended environmental flow releases from Warragamba Dam are made up of 95th percentile
transparent flow and 20 percent translucent flow together with a contingent flow.
During low flow periods, when the natural inflow to Warragamba Dam is less than 42.3 ML/d
(the flow exceeded 95 percent of the time), all inflows up to 42.3 ML/d are passed through the
storage and released from the Dam to the river downstream, without any capture. These released
flows are referred to as 95th percentile transparent flows.
Translucent flows are added to transparent flows. During periods when the natural inflows to
Warragamba Dam exceed 42.3 ML/d, 20 percent of the inflows to the storage above 42.3 ML/d
are passed through the storage and released from the Dam to the river below, with the balance of
these inflows captured in the storage. These released flows are referred to as 20 percent translucent
flows.
This composite regime is illustrated below for a range of dam inflows and also shows the
comparison between the current provisional releases and the recommended regime.
Warragamba Dam Inflow
Percentile

Current Provisional Release

Recommended Environmental
Flow Release
ML/d

ML/d

ML/d

98

5.0

33.3

5.0

95

42.3

33.3

42.3

90

109

33.3

55

80

262

33.3

86

50

954

33.3

224

Photo: Sydney Catchment Authority

Contingent flows from Warragamba Dam are ‘piggybacked’ on selected natural flow events. An
average of 3 GL per year, for example, may be released from the Dam for management of aquatic
weeds.

Warragamba Dam.
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Composite environmental flow regime example – Cordeaux Dam
Recommended environmental flow releases from Cordeaux Dam are made up of 80th percentile
transparent flow and 20 percent translucent flow together with a contingent flow which may be
released, if required, from any of the Upper Nepean dams.
During low flow periods, when the natural inflow to Cordeaux Dam is less than 12.6 ML/d (the
flow exceeded 80 percent of the time), all inflows up to 12.6 ML/d are passed through the
storage and released from the Dam to the river downstream, without any capture. These released
flows are referred to as 80th percentile transparent flows.
Translucent flows are added to transparent flows. During periods when the natural inflows to
Cordeaux Dam exceed 12.6 ML/d, 20 percent of the inflows to the storage above 12.6 ML/d are
passed through the storage and released from the Dam to the river below, with the balance of
these inflows captured in the storage. These released flows are referred to as 20 percent translucent
flows.
This composite regime is illustrated below for a range of dam inflows and also shows the
comparison between the current provisional releases and the recommended regime.
Cordeaux Dam Inflow

Current Provisional Release

Percentile

ML/d

ML/d

Recommended Environmental
Flow Release
ML/d

98

0.8

1.9

0.8

95

2.2

1.9

2.2

90

5.0

1.9

5.0

80

12.6

1.9

12.6

50

41.7

1.9

18.3

Contingent flows from the Upper Nepean Dams are ‘piggybacked’ on selected natural flow events
and may be released for flushing/scouring of detritus and inorganic fines or for spawning migrations
and habitat availability for native fishes.

Photo: Sydney Catchment Authority

Examples for the other Upper Nepean dams are provided in the CD-ROM accompanying this
Report.

Sampling macroinvertebrates downstream
of Cordeaux Dam.

Outlet from Cordeaux Dam.
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Environmental flows for the
Wingecarribee River
Wingecarribee Reservoir has a small natural
catchment and storage capacity which is
supplemented by water from the Shoalhaven
system. Land and water management between
the Reservoir and Berrima Weir is poor. Few

ecological benefits are gained from the current
3.0 ML/day provisional environmental flow
release provided from the reservoir because any
water released is extracted downstream (see Part
3: Protecting Environmental Flows). Until this is
resolved and land management issues are
addressed there should be no change to the
current provisional release.

Recommendation: Environmental flows for the Wingecarribee River
WFE2.

That the existing provisional environmental flows from Wingecarribee Reservoir
be continued until there has been a comprehensive re-assessment of existing
catchment and river management practices for the river reach between the
Reservoir and Berrima Weir.

Environmental Flows for the Woronora
River
Provisional environmental flows, as
recommended by the Healthy Rivers
Commission, have been released from the
Woronora Dam since December 2002. While
the Woronora River was not subjected to the
same level of investigation as the Hawkesbury-

Nepean River, there is a case for changing the
current flow release arrangements to more
closely align with those proposed for the upper
Nepean dams. However, changes should not
occur until the pre-monitoring investigations
recommended by the Forum and the hydrologic
modelling of daily flows recommended by the
Healthy Rivers Commission have been
undertaken.

Recommendations: Environmental flows for the Woronora River
That pre-monitoring investigations and hydrologic modelling of daily flows be
undertaken for all flows from Woronora Dam.

WFE4.

That the existing environmental flow from Woronora Dam be continued until a
hydrologic assessment (WFE3) has been undertaken.

Photo: Sydney Catchment Authority

WFE3.

Woronora Dam.
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Environmental Flows for the
Shoalhaven River
There is a current environmental flow release
from Tallowa Dam of 90 ML/day. When natural
inflows are less than 90 ML/day, the Sydney
Catchment Authority is only required to release
the amount of water equivalent to the natural
inflow volumes. When natural inflow into
Tallowa Dam is greater than 90 ML/day the
Sydney Catchment Authority is also required to
release up to an additional 90 ML/day of water
for extraction at Burrier pondage by
Shoalhaven Water.
Currently Tallowa Dam spills 90 percent of the
time. For the remaining 10 percent of the time,
environmental flows are released (at a constant
rate) from a valve at the base of the dam. As a
consequence, this water is considerably colder
than ambient surface water temperatures and
there are elevated aluminium and iron
concentrations. These flows also lack the
variability associated with a natural flow regime.

The Forum recognised the need for further
consultation with the Shoalhaven community.
However, it identified the need for a flow
regime to enhance low and medium flows to
improve connectivity, habitat availability,
reduce stratification of natural pools and to
maintain the salinity structure of the estuary,
during periods when the dam is not spilling.
The release of water of appropriate
environmental quality to protect the river will
require the construction of a multi-level offtake.
The Forum is proposing that water should only
be transferred to the Sydney water supply during
periods of high flows (ie. pumping may
commence when total storage is 95 percent or
less rather than 60 percent or less as per current
licence requirements – see Part 4: Managing
Water Availability Recommendation; MWA17).
However, as this will result in a reduction in the
percentage of time that Tallowa Dam spills, an
enhanced environmental flow regime is needed.

Recommendation: Environmental flows for the Shoalhaven River
That the existing environmental flow from Tallowa Dam on the Shoalhaven
River be replaced by an environmental flow regime of 20 percent translucent
flow and 80th percentile transparent flow. This flow will need to be confirmed by
ecological, economic, social and engineering assessments of the Lower
Shoalhaven River, its catchment and their relationship to Sydney’s strategic
water management plan, (MWA15 to MWA18 inclusive, and AM4).

Photo: Tracy Harwood

WFE5.

Landscape around Tallowa Dam.
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offset by 101 GL per year gained by altering
water transfer rules, reducing reliability and by
improved access to stored water. The remaining
reduction in yield will be offset by reducing
water demand.

Environmental water allocation
The environmental flows recommended by the
Forum include the release of all inflows to water
storages during periods of low flow and the
release of a proportion of inflows during
medium and higher flows. These flows will be
released in a manner that mimics the patterns of
otherwise natural river flows downstream of the
storages.

For the purposes of the proposed water
management plan and for defining
environmental flow requirements in the Sydney
Catchment Authority Water Management
Licence, estimates of the percentile transparent
flow triggers for the commencement of
translucent flow releases for each dam and for
Pheasants Nest and Broughtons Pass weirs are
provided in Table 7.

This will result in some 7 percent, including
spills, of catchment inflow to the HawkesburyNepean dams being released downstream as
environmental flows.
The recommended regimes for the
Warragamba, Cataract, Cordeaux, Avon,
Nepean and Shoalhaven Rivers will reduce the
yield of water available for consumptive
purposes by 127 GL per year including an
annual allocation of 12 GL per year for
contingent flows. This reduced yield will be

The transparent flow volumes shown in Table 7
represent the maximum daily discharges for the
transparent flow component of the
environmental flow regimes. The translucent
component of the flow regimes is triggered for
flows greater than these volumes.

Table 7: Transparent environmental flows
Location

Proposed Transparent
Environmental Flow
(percentile)

Maximum Transparent
Flow Volumes (triggers
for translucent flow releases)
(ML per day)

Nepean Dam

80th

28.5

Avon Dam

80th

10.4

Cordeaux Dam

80

th

12.6

Pheasants Nest Weir

80

th

63.0

Cataract Dam

th

80

16.5

Broughtons Pass Weir

80

th

20.3

Warragamba Dam

95th

42.3

Tallowa Dam

80

373.4

th
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Management of environmental
flows
The Forum concluded that environmental flows
should be released and managed in accordance
with five basic principles, as follows:
l

l

l

l

l

releases into the river from water storages
should not be suddenly turned on or off
(releases should mimic natural
hydrographs);

Interim measures
Management of provisional
environmental flows
Current provisional environmental flow releases
are described in Part 1: Background and Context;
Provisional environmental flows, Table 2. These
provisional releases from the water supply dams
provide some environmental benefit and should
be continued.

water quality (including temperature and
chemistry) of waters released from storages
should reflect inflow quality;
environmental flows should be allowed to
pass downstream of weirs;
environmental flow releases should be
protected from extraction; and
releases of contingent flows from dams
should be related to the environmental and
climatic conditions at the time of release.

Recommendation: Management of environmental flows
WFE6.

That the management and operational principles for the release of all
environmental flows ensure that:
l

l

releases into the river from water storages should not be suddenly turned
on or off (releases should mimic natural hydrographs);
water quality (including temperature and chemistry) of waters released
from storages should reflect inflow quality;

l

environmental flows should be allowed to pass downstream of weirs;

l

environmental flow releases should be protected from extraction; and

l

releases of contingent flows from dams should be related to the
environmental and climatic conditions at the time of release.

The implementation program and costs for essential works to modify dams ($64M) and weirs
($11M) to allow passage of environmental flows are set out in Tables 14 and 15, at the
conclusion of Part 5: Adaptive Management.

Recommendation: Management of provisional environmental flows
WFE7.

That the current provisional environmental flows be continued until
implementation of the Forum’s recommended environmental flow regimes.
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Management of aquatic weeds
The exotic aquatic weeds Egeria densa, Elodea
canadensis, Salvinia molesta and Alligator Weed
(Alternanthera philoxeroides) have proliferated in
the Hawkesbury-Nepean River. The Forum has
recommended the provision of a contingent
flow of up to 3 GL per year (WFE1) to assist in
the control of these pest species. While
environmental flows are not expected to be
released until 2014, due to the extreme urgency
of the aquatic weed problem, contingent flows
can be released from Warragamba Dam prior to
that time, subject to water being of suitable
quality.

While the release of contingent flows will assist
in curtailing the expansion of Egeria densa
within the Hawkesbury-Nepean River, future
management of this and other aquatic weeds
will only be successful in combination with a
series of direct and indirect controls. These
controls could include nutrient management,
aquarium plant management and physical,
chemical and, where available, biological
control of weed growth.

Recommendations: Management of aquatic weeds
WFE8.

That interim contingent flows be provided for flushing Egeria densa prior to the
implementation of environmental flows. The contingent flow is to average 3 GL
per year from Warragamba Dam, subject to water being of suitable quality.

WFE9.

That an integrated aquatic weed management plan be developed and
implemented as a matter of urgency, with the plan to incorporate catchment
management, water quality, and chemical and physical means.

Aquatic weeds in the Hawkesbury River at North Richmond.
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PART 3: PROTECTING ENVIRONMENTAL
FLOWS
A considerable effort by governments and the
community will be required to establish healthy
rivers. This investment in time and money will
need to be protected to ensure that the
substantial benefits to be derived from river
health will be realised.
The proposed environmental flow regime has
been designed to benefit all reaches of the rivers
below the dams. The environmental and socioeconomic benefits associated with the
implementation of the Forum’s proposed
environmental flows vary with distance
downstream of the major water storages with
different parts of the river benefiting in different
ways. In order to derive the full benefits of
environmental flows, it is important that they
are protected throughout the length of the river
system.
The upper reaches of Hawkesbury-Nepean
system below the Cataract, Cordeaux, Avon
and Nepean dams comprise largely pristine
catchments to the Bargo junction and Maldon
Weir. In these reaches environmental flows will
ensure that the availability of riverine habitat
and the connectivity between habitats is
enhanced aiding in the protection of a wide
variety of native plants and animals.
Contingent flows will aid in the management of
specific environmental problems such as
flushing and scouring of algal material and
detritus and for spawning for native fishes.
Further downstream, where agricultural and
urban land-uses dominate, environmental flows
will help maintain water quality and prevent
algal blooms and the excessive growth of
aquatic plants. In these reaches, the benefits of
environmental flows will be enhanced by
tributary inflows and contingent flows, adding
significantly to total river flow. Environmental
flows will also ensure that population growth
within the catchments is sustainable as the
amenity of the river is protected well into the
future.

The Forum’s primary aim at Penrith Weir is to
protect the proposed environmental and
contingent flows, the 50 ML per day water
supply compensation flow over the weir,
riparian releases from Warragamba Dam and
tributary inflows. This will provide security of
supply to irrigators, riparian users and the
Richmond Water Treatment Plant while
simultaneously protecting the environment.
In the estuary, environmental and tributary
flows will help maintain the salinity structure of
the estuary and will improve commercial and
recreational fisheries.
The current provisional environmental flow
requirement for Wingecarribee Reservoir
involves the release of 3 ML per day, which
represents the natural 95th percentile flow
volume. Until such time as extractions for
irrigation and industry are properly managed,
other catchment management activities have
been implemented and, until the issue of intercatchment transfers has been resolved, it is not
practical to release increased environmental
flows only to find that they are extracted,
polluted or swamped by inter-catchment
transfers.
In the Shoalhaven River system below Tallowa
Dam, environmental flows will benefit the
maintenance and restoration of riverine habitat
and the connectivity between these habitats.
These and associated water quality
improvements will aid in protecting native
plants and animals and will ensure that the
amenity of the river is maintained. Downstream
of Burrier pondage, environmental flows will
assist in maintaining the salinity structure of the
estuary, which in turn will protect estuarine
habitats and assist in maintaining commercial
and recreational fish catches.
In the Woronora River, environmental flows
will ensure that the availability of riverine
habitat and the connectivity between these
habitats is improved and will aid in the
protection of native plants and animals in this
largely pristine catchment.
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Environmental Flows in the Wingecarribee River downstream of
Wingecarribee Reservoir
The Wingecarribee River between Wingecarribee Reservoir and Berrima township provides a
useful insight into the problems that arise when introducing enhanced environmental flows in
the absence of adequate measures to protect the downstream extraction of those flows.
l

l

l

l

Under natural conditions, the 29 km river reach between the Reservoir and Berrima township
would have been occupied by a chain-of-ponds separated by grassy depressions. These would
have been surcharged by low energy flows to form temporary connectivity between ponds
but with insufficient power to cut a continuous channel. The main energy input into the
highly diverse aquatic ecosystems would have been derived from the photosynthetic processes
by algae and aquatic macrophytes.
The country along this reach has now been cleared mainly for grazing. The chain-of-ponds
has been replaced by a continuous river channel which is highly degraded in places due
primarily to a lack of fringing vegetation, to cattle grazing and the over extraction of water.
Flow continuity has also been disrupted by the erection of three weirs, which cause back-up
water for 8 of the 29 km above Berrima Weir and disrupt flows, sediment movement and fish
passage. Sewage treatment plant discharges and stormwater runoff are added from growing
urban areas.
The Wingecarribee River is also used during droughts as a conduit for the inter-catchment
transfer of water from the Shoalhaven River to Lake Burragorang. During these periods, 400
to 500 ML of water is transferred through the system each day.
The 48 km gorge-like reach downstream of Berrima township to the Wollondilly River
junction is in relatively pristine condition. Small waterfalls and rapids characterize steeper
parts. This reach supports diverse biota including platypus and would benefit from improved
upstream river management practices and the introduction of enhanced environmental flows.

The current provisional environmental flow requirement for Wingecarribee Reservoir involves
the release of 3 ML per day, which represents the natural 95th percentile flow volume. Until such
time as extractions for irrigation and industry are properly managed, other catchment management
activities have been implemented and, until the issue of inter-catchment transfers has been
resolved, it is pointless to release enhanced environmental flows only to find that they are
extracted, polluted or swamped by inter-catchment transfers.

The Wingecarribee River is used during droughts as a conduit for the inter-catchment transfer of water from
the Shoalhaven River to Lake Burragorang.
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In order to ensure that these and other benefits
of environmental flows are fully realised, it will
be necessary to implement a range of strategies.
The Forum identified the following issues as the
focus of their proposed strategy to protect
environmental flows:
l

l

l

l

l
l

l

l
l

water quality (particularly temperature) and
flow impacts of bulk water transfers
downstream of Cataract, Cordeaux, Nepean
and Tallowa Dams;
the protection of environmental flows from
losses due to mining in the Cataract River;
the passage of environmental flows through
weirs in the Nepean River between Maldon
and Penrith;
the protection of environmental flows from
extraction in the Hawkesbury, Nepean,
Shoalhaven and Wingecarribee Rivers;
the protection of tributary flows;
the protection of environmental flows from
pollution associated with sewage effluent
discharges particularly at West Camden and
South Creek;
future water extractions and discharges
associated with the Penrith Lakes Scheme;
the protection of the riparian corridor; and
the future management of basic landholder
rights.

This Part of the Report discusses the physical
aspects of protecting environmental flows.
Environmental protection measures should be
included in the proposed water management
plan. Any such measures must also be included
in a regional environmental plan. These
matters, including institutional arrangements,
are discussed in Part 5: Adaptive Management.
The Forum’s proposed strategy to protect
environmental flows is outlined below.

Interaction between water supply
transfers and environmental flows
Water from the upper Nepean dams is
transferred along the Cataract, Cordeaux and
Nepean Rivers to either Pheasants Nest or
Broughtons Pass weirs, where it is diverted to
water treatment plants to supply drinking water
to the Sydney, Blue Mountains and Illawarra
regions. This transfer system comprises
approximately 45 km of river.
Bulk water for the Shoalhaven region is
transferred along the Shoalhaven River from
Tallowa Dam to Burrier pondage, a distance of
approximately 22 km, from where it is extracted
for delivery to the Bamarang Water Treatment
Plant for Shoalhaven water supply.
Bulk water releases from most dams are
generally cold, occasionally of poor quality and
the releases do not mimic natural flows.

Poor water quality associated with bulk
water releases
Bulk water from the Cataract, Cordeaux and
Nepean Dams is drawn from depth to optimise
the quality of these waters for treatment for
drinking water purposes. During spring and
summer this water can be several degrees cooler
than surface water and when released into the
rivers downstream of the dams can affect the
animals that live in the river. The impacts of
cold water on aquatic ecosystems are well
documented and can include the loss of native
fish via impacts on fish eggs and larvae, reduced
fish reproduction, lowered growth rates, altered
behaviour and metabolism and, in extreme
cases, can result in the localised extinction of
some species. Cold water can also affect the
recreational amenity of rivers.
Water released from Tallowa Dam into the
Shoalhaven River for water supply can also be
colder than surface waters, particularly during
spring and summer when water levels in the
dam are low. These release waters can also have
elevated iron and aluminium concentrations,
which can impact on the river.
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Flow impacts associated with bulk
water transfers
Bulk water transfers generally involve the
gradual increase in the volume of water being
released from a dam until a point which is then
maintained at a constant volume of flow (in the
order of several hundred million litres per day in
the upper Nepean system) for periods of
between several days to several weeks. Thus
bulk water releases are not synchronised with
natural occurrences of flows and the transfers
distort flow variability, the frequency of flow
events and the seasonality of flows. In addition
to the hydrologic changes, the transfers can be
turned on and off within very short periods,
exposing aquatic biota to unnaturally fast rates
of change of flow which can lead to stranding,
scouring and displacement.
The Forum considered several options to
mitigate the impact of bulk water transfers,
including:
l

l

l

the use of pipelines and tunnels to separate
environmental flows from other water
releases;
drawing water from a level in the storages
where the temperature and chemistry best
matches those of inflow water quality; and
managing releases so that flows are not
suddenly turned on or off thus preventing
the stranding of animals and other physical
impacts.

In the Hawkesbury-Nepean system the Forum
investigated the construction of a gravity-fed
tunnel linking the Nepean, Avon, Cordeaux
and Cataract Dams to the Macarthur Water
Treatment Plant and the Upper Canal
(discussed in Part 3: Managing Water Availability
– Option D1, Stage 1b in Inter-catchment
transfers). This tunnel would have the dual
purposes of eliminating bulk water transfers
from the Cataract, Cordeaux and Nepean
Rivers, with the associated water quality and
flow issues, while improving the operational
flexibility of the system via the integration of
the dams. Planning level costs associated with
the construction of the tunnel were estimated at
$275M as further discussed in Options for future
inter-catchment transfers from the Shoalhaven
system (see Part 4: Managing Water Availability).
Alternatively, water could be drawn from nearer
the surface of these dams to mitigate the
impacts of cold water on the riverine
environment. While this option is relatively
cost effective it only mitigates the water quality
impacts of water transfers but does not address
the flow-related issues.
In the Shoalhaven River, environmental flows
should be released via a multi-level offtake
when the dam is not spilling. This will alleviate
problems associated with cold water releases and
poor water quality. Planning level costs
associated with the construction of a multi-level
offtake and associated works are included in the
cost for dams in Table 15 (see Part 5: Adaptive
Management).

Recommendations: Water supply transfers and environmental flows
PEF1.

That modification and management of dams be undertaken to allow passage
downstream of suitable quality water (including its temperature and chemistry)
for the implementation of the environmental flow regimes and to reduce the
impacts of bulk water transfers.

PEF2.

That prior to the implementation of PEF1, finalise the water quality
investigation of releasing bulk water from different depths in the water storages,
and if feasible release water from near the surface to mitigate ecological impacts,
while not compromising the quality of water supplies.
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Modification of weirs
Approximately 40 weirs have been constructed
on the Hawkesbury–Nepean River system over
the past 100 years, including:
l

l

l

two major diversion weirs at Pheasants Nest
and Broughtons Pass;
thirteen irrigation and compensation weirs
between Maldon and Penrith; and
numerous gauging weirs.

Some of the remaining weirs have heritage and
social values — they have become part of the
local landscape with the weir pools being used
by the community for recreation and irrigation.

Issues associated with weirs
l

l

l

l

l

Weirs are unable, due to their design, to
transmit environmental flows downstream in
periods other than when the weir pools are full.
Poorly designed and badly maintained fishways
prevent native fish from freely passing up and
down the river.
Weirs restrict the movement of sediment
downstream.
Water retained behind weirs for lengthy periods
may exacerbate water quality problems.
Weirs have high socio-economic and cultural
heritage values to local communities.

The Healthy Rivers Commission in 1998
identified the positive social impacts and the
negative ecological impacts, as barriers to
environmental flows, of weirs in the upper
Nepean River. In response, the Government
decided in March 2001:
The NSW Weir Review Committee, as a priority, is to review the nine weirs on the upper
Nepean, and to co-opt experts to assist as necessary.
The review is to be in accordance with the principles already established by the NSW Weir Review Committee. Its primary goal is to remove
the maximum number of weirs, consistent with
providing alternate, secure water supply to existing users, and to ensure that any remaining weirs
provide for fish passage…
The NSW Weir Review Committee identified
four weirs for further investigation. These were
Bergins, Sharpes, Thurns and Brownlow Hill
Weirs. Two of these are no longer functional.
Bergins Weir has collapsed and the River has
bypassed Thurns Weir.
The functional weirs, other than Penrith, will
not comply with the Water Management Act,
2000 as they currently impound environmental
water during low flow conditions.
The Water CEOs asked the Expert Panel to
undertake local community and heritage
research on the four weirs. The Expert Panel
undertook an extensive local community
investigation and consultation process with
assistance from members of the Forum.
The research revealed that an overwhelming
majority of the interested public oppose the
removal of weirs on social, heritage and
economic grounds. Other stakeholders
supported their removal where feasible for the
health of the river. There are also
environmental issues related to the removal of
weirs as it could lead to release of sediments and
altered morphology of banks and streambeds. It
is clear that further community consultation
and scientific assessment are required prior to
any weir removal.

Fish ladder at Sharpes Weir on the Nepean River.
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The Government’s decision in March 2001 to
remove weirs that are used for irrigation, only if
an alternate secure water supply can be
provided, has a bearing on other considerations
of the Forum. The Forum’s proposals for the
removal of effluent from the HawkesburyNepean River and the recycling of that effluent
to irrigators would mean that irrigators who rely
on the four selected weirs could have access to a
secure and reliable water supply. If irrigators
were to take up the new water resource then the
need for some of the weirs may no longer exist.
Others would still be required for their heritage
and community values.
During the community investigations, irrigators
who had relied on Thurns and Bergins Weirs
expressed concern about the delay in the
restoration of their water supply. These weirs
were two of the nine compensation weirs built
to compensate irrigators for the construction of
the dams on the upper Nepean. Presumably,

these irrigators would be beneficiaries of the
effluent scheme and as such there would be no
need to reconstruct these two weirs.
In order to protect environmental flows,
enhance water quality and facilitate fish
passage, weirs need to be modified by installing
valves and constructing fishways. Planning level
costs of modifying weirs is estimated at $11M.
Detailed investigations are required to establish
the exact costs for fishways given that they can
vary enormously depending on site-specific
factors.
Following modification, the weirs will need to
be managed to ensure that the recommended
environmental flows and 20 percent of
upstream tributary flows (see below) are
transmitted through the weir pools on a daily
basis.

Recommendations: Modification of weirs
PEF3.

That significant community consultation should precede any decision on the
future of the thirteen irrigation and compensation weirs between Maldon and
Penrith in the Nepean River.

PEF4.

That modification and management of all the weirs in the Nepean River system
be undertaken to allow passage of environmental flows of suitable quality water.

PEF5.

That effective fish passage be provided through all the weirs in the Nepean River
system.

Wallacia Weir.
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Protection of environmental flows
from extraction
The Water Management Act 2000 requires that
environmental health water ‘may not be taken or
used for other purposes’ (Section 8 (1) (a)). Once
an environmental flow regime has been
established for the Rivers of the Sydney water
supply area, there will need to be adequate
information provided to river extractors
informing them of their responsibilities in
respect of environmental water.
The provisional environmental flow releases in
the Hawkesbury-Nepean are often trapped
behind weirs in low flow conditions and it
would be difficult for river extractors to
determine whether they are breaching the Act.
Once the weirs have been modified, it will be
easier to monitor whether environmental water
is being extracted.

The problems evident in the Wingecarribee
River arise because most water, including the
provisional environmental flows, is being
diverted by river pumpers. It appears that
DIPNR should be informing irrigators of their
responsibilities regarding these releases so that
river extractors can modify their practices to
allow these flows to pass beyond Berrima.
Environmental flows released from Tallowa
Dam need to be protected from over-extraction
at Burrier, particularly during periods of low
flow. Consequently the infrastructure
requirements for Shoalhaven water supply may
need to be reviewed to ensure that they are
compatible with pumping from the river during
periods of medium to high flow and that
sufficient off-river storage is available. The
water management plan should be specific on
the protection of environmental flows at
Burrier.

Recommendations: Protection of environmental flows from extraction
That the Department of Infrastructure, Planning and Natural Resources inform
existing water extractors in the Hawkesbury-Nepean, Shoalhaven and
Wingecarribee Rivers of their responsibilities under the Water Management Act
2000 in respect to the protection of provisional environmental flows and the
future environmental flow regime.

PEF7.

That the current provisional environmental flows be protected from extraction
through compliance with the Water Management Act 2000 as environmental
health water until implementation of the proposed environmental flow regimes.

PEF8.

That the environmental flows recommended by the Forum be protected from
extraction through compliance with the Water Management Act 2000 as
environmental health water.

NSW Agriculture

PEF6.

Metered irrigation can assist management of environmental flows.
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Management of tributary flows
Tributary flows are essential to the Forum’s
strategy of delivering effective and cost effective
environmental flows. Tributary flows make a
significant contribution to total flows in the
system. For example, under current
arrangements the Grose River, which enters the
Hawkesbury River further downstream,
contributes an additional volume equivalent to
21 percent of the average annual flow at
Penrith Weir. The Colo River contributes an
additional volume equivalent to 38 percent of
the average annual flow at Penrith Weir.
The substantial flows from downstream
tributaries means that less water need be taken
from dams to provide for river health. Failure to
protect tributary flows from over-extraction and
pollution will reduce the effectiveness of
environmental flow releases in the main stem of
the Hawkesbury-Nepean River system to the
detriment of river health. This will place further
pressure on the dams to provide more water.

In order to protect environmental flows
recommended by the Forum for the Nepean
River, a target of a minimum of 20 percent of
tributary flows will need to be protected from
extraction both within the tributaries and the
main stem of the River upstream of Wallacia.
Effluent re-use at West Camden STP will
provide an alternative water supply for irrigators
and, thereby, assist in protecting tributary flows
in the Nepean River.
Tributary flows in the Hawkesbury-Nepean
River downstream of Wallacia should be
afforded at least their current level of
protection. The present policy relating to
limiting extraction from the HawkesburyNepean River and its tributaries should be
retained. The results of the required monitoring
of extraction by the Department of
Infrastructure, Planning and Natural Resources
should be used in the development of the water
management plan.
The socio-economic impacts of the protection
of the tributary flows need to be established for
the licensed extractors on the tributaries. This
includes, in particular, the irrigation industry in
periods of low flow.

Recommendations: Management of tributary flows
PEF9.

That 20 percent of tributary flows in the reaches above Wallacia be protected
from extraction both within the tributaries and within the mainstream of the
river. This is to be achieved through the replacement of tributary flow
extractions with the provision of treated effluent for irrigated agriculture.

PEF10.

That the extraction of water from tributaries below Wallacia not exceed the
2002/2003 licensed level of extraction.
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Effluent re-use
In excess of 100 ML per day of treated sewage
effluent is currently discharged from 18 major
STPs into the Hawkesbury-Nepean River
system. This is forecast to rise between 50 to
100 percent over the next 20 years. Only about
8-10 ML per day is currently re-used.
The Shoalhaven region has a progressive
effluent re-use scheme, which has been
operating for some years. There has been
considerable demand for the effluent and the
scheme provides a model for wider effluent reuse in the Hawkesbury-Nepean.
There are a number of environmental, socioeconomic and potential human health issues
associated with sewage treatment plant (STP)
discharges including:
l

l

increased loads of effluent due to population
growth will lead to unacceptable water
quality under existing management
practices;
discharge of effluent at a constant rate.
During periods of low flow, effluent
dominates the river flows and this can result
in toxic algal blooms (for example in
Sharpe’s Weir) and the excessive growth of
macrophytes, in particular aquatic weeds,
with consequent impact on environmental
values for the rivers;

Treated effluent could be viably used on irrigated land.

l

l

presence in sewage effluent of a variety of
toxicants that can impact on both the
environment and human health. These can
include endocrine disrupting compounds
(EDCs) which will require ongoing research
and risk management; and
loss of river amenity including fishing,
swimming, boating and other uses such as
water extraction for stock and domestic
supplies.

Advice on the Water CEOs’ Integrated Effluent
Management Strategy (prepared as an action
from the Hawkesbury-Nepean Statement of
Joint Intent) was sought from the Expert Panel.
The Panel recognised that substantial benefits
could be gained by the implementation of the
Strategy as a basis for protecting environmental
flows.
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typical model output indicating the
longitudinal total nitrogen concentration along
the length of the river during low flows is shown
in Figures 7a and 7b. Figure 7a shows the
existing conditions plus three transparent and
translucent flow regimes. Figure 7b shows the
existing conditions, three transparent and
translucent flow regimes plus the inclusion of
the Forum’s effluent re-use strategy.

Water quality implications
The NSW Government Inter-Agency
Modelling Working Group assisted the Expert
Panel and Forum investigate existing water
quality conditions in the Hawkesbury-Nepean
and a variety of environmental flow options
coupled with the Forum’s proposed effluent reuse strategy using a water quality model. A

Figure 7: Model outputs for water quality conditions (total nitrogen concentrations) in the HawkesburyNepean River. Figure 7a is without re-use of effluent; figure 7b is with re-use of effluent.
Figure 7a
5

Existing

Total nitrogen (mg/L)

20/95
20/80

4

3

2

1

0

0

20

40

60

80

100

120

140

160

180

200

220

240

160

180

200

220

240

Distance (km)

Figure 7b
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Existing water quality conditions in the upper
Nepean River are generally good but decline
significantly at Camden, due mainly to sewage
effluent discharges. Water quality slowly
recovers with distance downstream of Camden,
partly due to in-stream biological and chemical
processes and partly due to dilution by inflows
from less polluted tributaries. There is a
remarkable improvement in water quality at the
Warragamba River junction due to dilution
effects. Water quality then declines
substantially at Penrith mainly due to sewage
inflows, but also due to storm water runoff.
Another decline is apparent at the Winmalee
sewage inflow and also at the South Creek
River junction, which brings in polluted flows
of treated sewage effluent plus urban runoff.
Water quality continues to decline downstream
of South Creek due to inflows from Cattai
Creek and other waterways polluted by urban
runoff but then gradually improves with
distance downstream.
The modelling predicts that a combined
translucent/transparent flow regime provides
significant water quality benefits when
compared to existing conditions. The 80
percentile transparent and 20 percent
translucent environmental flows provides the
greatest benefits resulting in a considerable
reduction in total nitrogen concentrations at
critical locations in the river (Figure 7a).
When the Forum’s proposed environmental
flows are combined with the effluent re-use
strategy, the model predicts dramatic
improvements in water quality throughout the
River (Figure 7b). Noteworthy here is that the
difference between the water quality outcomes
for the different environmental flow options
combined with the effluent re-use strategy are
not as pronounced as the difference in water
quality outcomes associated with the
environmental flows alone. This suggests that a
combined strategy encompassing both
environmental flows and effluent re-use, will
result in substantial water quality benefits and
will require a lesser volume of environmental
flow releases than a strategy based on
environmental flows alone.

Effluent as a substitute for non-potable
water
The Forum is aware of the initiatives being
delivered through development controls to
promote re-use of effluent from major urban
subdivisions and through the emerging
principles of water sensitive urban design.
The Forum considers it important to support
and build on these initiatives with the preferred
approach being for effluent re-use to be
maximised as a critical practise for:
l
l

l

managing sewage effluent;
reducing potable and river water use for
irrigation and industry; and
protecting the quality and variability of the
proposed environmental flow regimes.

Consequently, the Forum recommends that
effluent should, where possible, substitute for
non-potable urban water uses through a
comprehensive program of Water Sensitive
Urban Design (see Part 4: Managing Water
Availability) as well as for agricultural
extractions from the river.

Use of effluent in agriculture
Agricultural re-use will have significant
environmental, socio-economic and human
health benefits including:
l

l

l

l

l
l

improved water quality including a
reduction in the frequency, magnitude and
duration of potentially toxic algal blooms;
reduction of 37 GL per year in the
environmental flow release from
Warragamba Dam that would otherwise be
required to achieve the same standard of
riverine water quality as a strategy based on
environmental flows alone (this matter is
discussed more fully in Part 2: Water for the
Environment);
protection of environmental flows
(importantly also in weir pools) by replacing
a proportion of the agricultural demand
(initially 38 ML per day or 14 GL per year);
increased resource security for irrigators
using treated effluent;
use of a valuable resource;
improved river amenity including increased
recreational and tourism opportunities;
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l

l

improved access to stock and domestic
supplies; and
offset the cost of the proposed effluent reuse schemes by avoiding the cost of upgrades
to STPs necessary to achieve the State
Government’s longer-term water quality
objectives.

The effluent re-use schemes should be
implemented for STPs in the following order to
ensure that water quality improvements are
secured as early as possible at strategic locations.
These reflect significant planned urban release
areas in western Sydney:
l

Riverstone STP

l

West Camden STP

l

St Mary’s STP

l

Quakers Hill STP

Additional re-use schemes will also be required
for the proposed new urban areas at Bringelly
and Marsden Park.
Current Sydney Water Corporation strategic
planning allows for the early implementation of
Stage 1 Riverstone effluent re-use scheme at a
cost of approximately $17M and Stage 1 West
Camden effluent re-use scheme at a cost of
approximately $3.5M. These will be funded
from urban growth.
The recommended effluent re-use schemes will
require capital investment of approximately
$288M for the three priority STPs at Riverstone
($48M Stage 2), St Mary’s ($140M) and
Quakers Hill ($100M). The early incorporation
of West Camden STP into a Stage 2 effluent reuse scheme is also proposed by the Forum at a
cost of $25M in order to protect environmental
flows from extraction and to avoid worsening
water quality problems at Sharpe’s Weir. This
expenditure, some of which will be funded from
urban growth, will off-set the need for major
treatment upgrades at these STPs.

Richmond Lowlands sand and gravel
extraction
Approximately 30 square kilometres of the
Richmond Lowlands are earmarked for sand and
gravel extraction when operations at Penrith
cease. The Forum has significant concerns
about any large-scale extractive industry located
on the Richmond Lowlands as the
environmental, agricultural and heritage value
of the Lowlands cannot be stressed strongly
enough.
l

l

l

l

l

The Richmond Lowlands form the
uppermost tidal reach of the river and is an
important ecological link between riverine
and estuarine environments
On the Richmond Lowlands, there are
several large and important wetlands
including Bushells, Pitt Town and Bakers
Lagoons together with many linear
distributary lagoons
There are cultural heritage values,
associated with the Macquarie Towns, some
of the earliest agricultural settlement, and
with lands of indigenous peoples
Up to 2500 to 3000 hectares of prime
alluvial agricultural land could be lost much of this land is suitable for the
irrigation by sewage effluent. The use of
South Creek effluent would be threatened
by a change in landuse resulting in the
continued release of effluent to the river
Extraction of aggregate from low-lying
alluvial lands will run the risk of repeating
impacts similar to those on the Georges
River at Liverpool and Chipping Norton
whereby alluvial barriers were broken or
ruptured by floods and dredging ponds
became irreversibly linked with the tidal
river. The scale of the impact on the
Hawkesbury-Nepean River would be
enormous:
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l

l

l

In this reach of Hawkesbury-Nepean
River even with protective barriers,
floods can top 10 m banks and connect
dredging ponds with the river - this
would cause a very large increase in the
tidal prism. For example, the tidal prism
currently above Windsor is about
2.3 million cubic metres; with 10 square
kilometres connected to the river the
volume could potentially increase by
3.5 times

Given that rehabilitation of such an area would
be very difficult (if not impossible) and would
be prohibitively expensive, the Forum believes
that the Richmond Lowlands should be
preserved as a sensitive, highly productive
agricultural environment and should not be
utilised as a source for sand and gravel.

Under this scenario, bed and bank
stabilities would be further compromised
and eroded material would be
transported to the estuary

Whilst the Forum recognises that aggregate is
vital to the needs of urban growth and
development, alternative sources should be
sought.

The upper estuary and South Creek
would be poorly flushed and the water
would have extended residence time.
Consequently, discharges of effluent
from South Creek would be transported
upstream.

Richmond lowlands.

l

A vast area would be exposed to the
proliferation of exotic weeds such as
Alligator weed, Egeria and Salvinia
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The Forum’s recommended effluent reuse schemes
The Forum’s proposed schemes will require:
l

l

l

l

siting, construction and operation of
significant infrastructure including storage
and transfer systems;
capping of effluent nutrient loads from
Riverstone, St Marys, Quakers Hill and
West Camden STPs at current levels;
improved institutional arrangements to
manage flow allocation, water pricing,
effluent quality and infrastructure provision.
The upgrade of Penrith and Winmalee STPs
to protect water quality as population
increases and land use practices change; and
the monitoring of water quality, soil
properties, effluent quality, agricultural
productivity and groundwater to ensure
sustainability. The cost for pre-monitoring
investigations to establish baseline
conditions is estimated at $200,000 with a
recurrent monitoring cost of $310,000 per
year.

Initial estimates suggest that 38 ML/day or 14
GL per year of effluent can be re-used while in
the longer term, approximately 94 ML/day or 34
GL per year could be re-used by 2021. To
ensure the ongoing protection of environmental
flows and to maintain demand for rural effluent,
it will be important to:
l

l

l

l

provide security of tenure for those rural
activities which have the potential to
receive treated effluent for irrigation
purposes;
provide long-term security to Sydney Water
Corporation to enable reliable disposal of
treated effluent;
encourage farmers to use Sydney Water
Corporation’s treated effluent for irrigation
purposes; and
develop an extractive industry strategy to
facilitate the sustainable use of resources.

Government agencies, local government,
extractive industry and water users associations
have been consulted in relation to the Water
CEOs’ development of the Integrated Effluent
Management Strategy and assisted the
development of the Forum’s proposed effluent
re-use schemes.

Recommendations: Effluent re-use
PEF11.

That effluent re-use schemes for the Hawkesbury–Nepean River catchments be
developed and implemented, with continuing evaluation of sustainable
environmental benefits and agricultural production.

PEF12.

That suitable irrigable lands (including those in the Richmond Lowlands) be
identified and protected from development, including extractive industries, and
be maintained as prime agricultural land to ensure that the treated effluent is not
unnecessarily returned to the river.

PEF13.

That an effluent re-use scheme be developed for future urban development in
the north-west and south-west urban release areas of western Sydney to avoid
future discharge of effluent to the Hawkesbury-Nepean River system.

PEF14.

That the West Camden STP be included as an early component of the
recommended effluent re-use schemes (PEF11).

PEF15.

That an extractive industry strategy for the Sydney region be prepared to identify
future sources of sand, gravel and crushed stone for the building industry, thereby
complementing WFE1 and PEF12.

Implementation
The effluent re-use management schemes should be stipulated within the water management plan
and relevant water extraction licences in conjunction with environmental planning and
management under the Environmental Planning and Assessment Act 1979 and Protection of the
Environment Operations Act 1997.
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Riparian corridor protection
The riparian corridor provides important
habitats for aquatic and terrestrial plants and
animals, and provides a buffer that moderates
the delivery of sediments and nutrients to the
river. It consists of river bank, levee, floodplain
and sandstone bank communities. Most riparian
vegetation communities have been reduced by
land clearing, grazing, sand extraction, flow
regulation and weed invasion.
Cabinet approved the development of a State
Riverine Corridor Policy through the Statement
of Joint Intent for the Hawkesbury-Nepean River
System and the Statement of Intent for Georges
River-Botany Bay System. This has not yet
occurred. There is a need for local riparian
corridor policies that reflect the principles that
the Healthy Rivers Commission foresaw for the
State policy. Of the rivers reviewed by the
Forum, the Hawkesbury-Nepean and the
Wingecarribee Rivers are in the most urgent
need of riparian corridor protection.
More than 160 riparian restoration programs are
taking place within the Hawkesbury–Nepean
River system. They are being conducted by
local councils, Bushcare and Landcare groups,
and landowners. Work is also being undertaken
in the Wingecarribee River and the estuary of
the Shoalhaven. This effort needs to be guided

by appropriate State-wide policy as well as
locally relevant practices and encouraged by
accessible sources of funding.
Environmental flows will have both beneficial
and detrimental effects on the riparian corridor
including:
l
l

l

dispersal of plants (both native and exotic);
provision of low level silt and sand banks;
and
maintenance of water levels in dry periods.

Management issues include:
l

l

l

l

loss of native vegetation and threatened
species;
determination of width of riparian buffer
strips;
control of stock, and weeds and feral
animals, and dumping of rubbish; and
location of easements for public access.

Healthy riparian corridors assist in maintaining
the morphology of river channels. Highly
degraded channels may require additional water
to achieve the same benefits.

Recommendation: Riparian corridor protection
PEF16.

That a riparian corridor protection policy and management program be
developed and implemented for the Hawkesbury-Nepean, Shoalhaven,
Wingecarribee and Woronora River systems.
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Basic landholder rights
The Water Management Act 2000 provides for
landholders to take water for non-commercial
stock and domestic purposes from a river to
which the land has frontage, without the need
for a water access licence. These have been
commonly known as ‘riparian rights’.
The increasing sub-division of riverfront land is
resulting in the proliferation of smaller parcels
of land each with river frontage and associated
riparian rights. The extent of extractions under
basic landholder rights is not currently known.
The resulting increase in demand has reduced
flows in the River and has the potential to
diminish the beneficial effect of the Forum’s
recommended environmental flows.
Environmental flows were determined by taking
into account the current river flows, the needs
of irrigators, North Richmond Town Water
Supply and the metropolitan water supply
system. All of these systems are known and
controlled by regulation and other management
mechanisms that are described throughout this

Report. No such control or management exists
for basic landholder rights.
The large number of subdivisions occurring
along the Hawkesbury-Nepean will require a
change to the Water Management Act to protect
environmental and other flows in the River.
There is a cap on the amount of water that can
be taken by irrigators and the Forum is
recommending a cap for Sydney’s water supply.
It is reasonable to suggest that similar limiting
mechanisms be placed on basic landholder
rights. A cap should be placed on the total
amount of water that can be taken for stock and
domestic purposes at the current level of
extraction.
Water extraction under basic landholder rights
should be monitored following community
consultation, including land developers and
local government.
The Forum also considers it is important to
ensure that water extracted under these riparian
rights is only available to properties with a
genuine river frontage.

Recommendations: Basic landholder rights
PEF17.

That the proliferation of basic landholder rights cease in order to minimise
impact on river flows by:
l

l

PEF18.

identifying and implementing a total volumetric allocation (a cap) for basic
landholder rights
the volumetric allocation for a basic landholder right being divided on a prorata basis when any land subdivision occurs

That water extraction under basic landholder rights be monitored following
community consultation.

Coal mining can cause cracking under streams and a reduction of stream flows.
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Minimising water loss: coal mining
Long-wall coal mining conducted in the
southern coal fields (upper Nepean, Bargo,
Georges and Woronora River catchments) and
the Lithgow coal seams (Coxs and Wolgan
River catchments) has caused subsidence and
surface cracking in overlying catchments. In
areas where riverbeds are not connected to the
natural water table, a net loss of surface waters
to the underlying groundwater occurs.
Subsidence and the resulting surface cracking
and opening of natural joints in the sandstone
river beds have the potential to cause
irreversible long-term damage to aquatic and
groundwater dependent ecosystems. Potential
impacts include:
l

l

l

l

l

l

l

increased frequency, duration and
magnitude of drying of aquatic habitats;
complete loss of aquatic or instream habitats
(eg. wetlands, water holes and refuge pools
may dry up);
habitat fragmentation (eg. loss of
connectivity between pools);
loss of water quality (eg. increased iron,
aluminium, and manganese, and changes in
pH);
habitat changes due to the excessive growth
of iron-oxidising bacteria;
the release of methane gas from coal seams
into the water column; and,
localised extinctions of aquatic dependent
biota as some biota appear to have very
localised distributions.

Impacts of long-wall mining on the
Cataract River
In the early 1990s local residents near the Cataract
River below Broughtons Pass weir reported that
the river had ‘gone dry’. Investigations confirmed
that the loss of water was primarily attributable to
long-wall mining. BHP undertook rehabilitation
by grouting the cracked streambed at key sites to
reduce the loss of water. A recent review of data
has indicated the following impacts on the
hydrology within the reach impacted by mining:
l

l

l

The Cataract River ceased to flow on at least
22 (17.6 percent) occasions during the study
period (June 1999-October 2002), with seven
of these occurring since the environmental flow
release was initiated from Broughtons Pass Weir
in April 2001.
The loss in flow is generally greater than
1.3 ML/day for flows less than 3 ML/day, and
greater than 3 ML/day for higher flows.
The current environmental flow releases of
1.7 ML/day in the Cataract River released from
Broughtons Pass Weir are not enough to keep
the river flowing or to maintain acceptable
water quality.

This hydrologic assessment is limited in its
geographical extent to the Cataract River between
Broughtons Pass Weir and the Nepean River
junction. A flow trial is proposed to gain an
understanding of the changes to the flow regime
and impacts on instream habitats in the Cataract
River due to long-wall coal mining. This will assist
in the development of rehabilitation options.

The impacts of subsidence have the capacity to
limit the benefits of the proposed
environmental flow releases. There is no
systematic assessment of the impacts of coal
mining on the water resources in the Southern
Coalfields. This issue has been identified by the
State Government and a multi-agency and
industry committee has been established to
undertake a review of environmental impacts
and to develop rehabilitation strategies.

Recommendation: Minimising water loss – coal mining
PEF19.

That all underground coal mining be required to eliminate existing impacts and
to avoid future impacts upon the water supply system, rivers, streams and
wetlands within the Hawkesbury-Nepean, Shoalhaven and Woronora
catchments.
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Penrith Lakes
The Penrith Lakes Scheme comprises an area of
approximately 1935 hectares of which 703
hectares will consist of water contained within a
series of lakes. At the current level of
development, the Penrith Lakes Scheme
requires no water from the mainstream Nepean
River. When completed, however, the scheme
will be entitled to extract water to replace water
losses from evaporation and seepage and to
provide flushing of the lakes.
The scheme holds a water extraction licence
which will permit it to extract flows from the
Penrith Weir pool when flows over the weir are
greater than 170 ML/day. Of the water
extracted, it is anticipated that approximately
eighty percent would return to the Nepean

River after flowing through the lakes. This
discharge will occur approximately 10
kilometres downstream of Penrith Weir.
In order to protect the Forum’s proposed
environmental flows it will be important to
ensure that:
l

l

the timing and volume of extractions for the
Penrith Lakes Scheme are carefully
considered in relation to potential impacts
on the health of the river particularly in the
river reach between the point of extraction
and the point of discharge downstream; and
the quality of discharge waters from the
lakes is sufficient to maintain the quality of
the receiving water at a level consistent
with protecting the health of the river
system in downstream reaches.

Recommendation: Penrith Lakes
PEF20.

That water quality and quantity issues relating to the management of the Penrith
Lakes Scheme be clearly defined and appropriate conditions included within the
water management plan to ensure protection of river health in river reaches
downstream of Penrith Weir.

Recreation on the Penrith Lakes.
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PART 4: MANAGING WATER AVAILABILITY
Finding water for people
The Forum has taken a positive and realistic
approach to providing the greater Sydney water
supply region with healthy rivers. It has found
ways to leave water in the Rivers for
environmental purposes while continuing to
provide water supply for the major urban
centres of Sydney, Blue Mountains, Illawarra
and Shoalhaven. Innovative strategies have
been found to ensure the long-term
sustainability of the water resource and the
region using least cost solutions to maintain
river health and to supply the forecast
population growth.
The condition of the water resources of Sydney
requires a strategic approach to the allocation
and management of these scarce resources.
Rivers are suffering from lack of adequate flows,
water consumption is exceeding supply and
growth in population remains high. Over the
last three years, total urban water consumption
for Sydney, the Blue Mountains and Illawarra
has been between 624 and 634 GL per year
with demand in 2003 exceeding sustainable
yield by 34 GL per year. In addition, natural
climate variability and global warming has
increased the urgency for comprehensive
solutions.
There is an important irrigation industry in the
Hawkesbury-Nepean system that relies on the
current flow in the rivers and tributaries. The
waters of the Shoalhaven River have competing
demands from the Shoalhaven area, Sydney and
the Illawarra.
No single option can provide sufficient water to
satisfy total water demand, which includes
underlying consumption patterns, growth,
climate change and environmental flows.
The Forum followed certain principles in
addressing the problem of competing demands
placed on scarce water resources. These were to:
l

l

l

consider the underlying causes of
consumption patterns;
place a value on the social, economic and
environmental worth of the water resource;
give priority to least cost solutions; and

l

follow an adaptive management approach
by deferring costly infrastructure projects
whilst continuing to maintain long-term
security of the water supply system.

The major issue is population growth, which
will have to be managed on a more sustainable
basis. The Sydney, Blue Mountains and
Illawarra regions need to become more selfsufficient in water rather than continuing to
rely on drawing water from increasingly distant
catchments. This principle should underpin
future planning and drive more comprehensive
approaches to demand management, water
sensitive urban design, water re-use and reduced
reliability of supply. All of these strategies are
cheaper than building new infrastructure that
not only costs more, but has negative social and
environmental impacts.
Extra water can be effectively gained by
developing and adopting a range of options,
namely:
l

l

l

address the high water consumption patterns
by demand reduction processes;
reduce future growth in demand by ensuring
that the new releases of land are designed
using modern principles of water sensitive
urban design; and
ensure that the above strategies are
supported by more efficient water supply
options that can be implemented in stages
without the need to build new dams.

It is difficult to predict the timing of capital
works for enhanced inter-catchment transfers
from the Shoalhaven River, needed to
supplement the water supply to Sydney, the
Blue Mountains and the Illawarra. Sydney and
the surrounding regions are experiencing a longterm, drought dominated regime that could last
until at least 2030 as discussed in Global
warming (see Part 1: Background and Context).
The beneficial effects of the savings from
demand management and water sensitive urban
design will be offset to some extent by reduced
catchment runoff owing to long term climate
change. This adds to the urgency of addressing
the water consumption patterns and, if this
approach were only partly successful, could lead
to the need for inter-catchment transfers to be
brought forward. The Forum has recommended
an adaptive management process that monitors
the effect of these uncertainties and initiates
action at the appropriate time.
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The Forum’s solutions have been determined by
an assessment of equity, risk, economic viability
and ecological impact. The recommended
program for providing water resources for the
environment, the greater Sydney water supply
region and river-dependent communities
includes:
l

allocating water to environmental flows;

l

capping water taken for urban water supply;

l

l

l

l

l

l

implementing a public awareness and
education program on water management
and environmental flows;
reducing water demand by being more
efficient in how we use the water we have
available (demand management and watersensitive urban design);

l

l

l

limiting use of groundwater within
sustainable aquifer yield limits;
re-using water wherever possible for
appropriate purposes; and
reviewing the effectiveness of actions taken
via an adaptive management program,
including the achievement of demand
management targets.

In the long-term and as a last resort,
desalination can also provide a reliable source of
clean water given Sydney’s proximity to the
Pacific Ocean. However, desalination is
currently an expensive process that would
produce significant greenhouse gas emissions
and a brine stream by-product that requires
environmentally safe disposal.

lowering reliability criteria for supply from
97 percent to 95 percent after risk
assessment and public consultation;
ensuring water is not lost from the water
supply and delivery systems;
increasing the water supply yield obtainable
from existing storage reservoirs, for example
by changing the current offtake at Avon
Dam;
undertaking community consultation to
establish a future pumping regime from
Tallowa Dam that only occurs during high
flows in the Shoalhaven River;

Residential water use is significant and people can reduce their demand for this precious commodity.
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Reducing demand
Success relies on public acceptance
and action
Demand management is essential for managing
future water use. It can deliver significant water
savings to users, increase availability of water for
environmental flows and population growth,
and compensate for reductions in water
resources caused by global warming.
This section discusses current and potential
demand management programs in the water
supply systems operated by Sydney Water
Corporation. The Forum recognises that similar
strategies have been and are being developed for
Shoalhaven Water’s distribution area. The
latter are not discussed in this Report as the
impacts of demand management strategies on
managing water availability for environmental
flows mainly affects Sydney Water
Corporation’s system. However, several of the
Forum’s recommendations on demand
management can be applied across the entire
greater Sydney water supply region.
A substantial reduction in current patterns of
water consumption will require leadership by
the State government to direct its programs and
those of Sydney Water Corporation in a unified
manner. Sydney Water Corporation’s initial
residential program involved retrofitting over
200,000 houses in Sydney with water efficient
shower heads, tap flow regulators and toilet
flush arrestors, as well as providing a leak repair
service and information resources.

The existing demand management program for
the period 2004 to 2021 will cost $230M and
aims to:
l
l

l
l

l

reduce leaks;
retrofit residential indoor water-saving
appliances and devices;
reduce residential outdoor water use;
improving water efficiency in businesses;
and
promote re-use of effluent in appropriate
residential, business, industrial and
recreational applications.

The leakage program has achieved significant
reductions in water losses and, by about 2005, it
should have achieved its aims.
The re-use of sewage effluent at Port Kembla
steelworks will reduce the demand on the
Illawarra water supply and allow environmental
flows to be implemented in the Avon River.
The proposed effluent pipeline from the sewage
treatment plants in the Georges River
catchment is designed to service the industrial
areas around Bankstown with treated effluent as
an alternative to potable water.
Water consumption by Sydney Water
Corporation’s customers is currently 413 litres
per person per day, which is equivalent to total
consumption of 634 GL per year. Sydney Water
Corporation’s current Operating Licence
requires it to reach a target, in total
consumption terms, of 549 GL per year by
2011. This represents consumption of 329 litres
per person per day in 2011, after which date this
daily consumption per person is to be
maintained.
Table 8 sets out the expectations of the
Independent Pricing and Regulatory Tribunal
for demand management.

Table 8: Demand management targets for Sydney’s water consumption
Year

Estimated population (millions)

2003
(actual)

2005
(interim target)

2011
(target)

2021
(projection)

4.21

4.26

4.57

4.96

Consumption (litres per person per day) 413

364

329

329

Total consumption (GL per year)

566

549

596

634
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These targets are ambitious but necessary if
Sydney is to maintain its social and economic
activity and preserve its environment. Sydney
Water Corporation’s program alone will not
achieve these levels of consumption without
assistance from the State and Federal
governments. The Forum has considered
programs that will supplement the current

programs and achieve the targets required.
Population estimates have been provided to the
Forum by the Department of Infrastructure,
Planning and Natural Resources.
Current demand management programs for
Sydney Water Corporation’s operating area are
set out in Table 9.

Table 9: Demand management for Sydney Water Corporation’s operating area
Program

Annual water Annual water
savings at 2011 savings at 2021
(GL)
(GL)

Leakage control

12.37

12.37

Unit cost
of option
($/kL)

Present
Value
$M

Total
Present Value
$M Cumulative

0.04

5.68

5.68

BASIX on new houses –
efficiency measures

3.21

2.90

0.09

2.53

8.21

Business program

2.31

2.31

0.17

4.12

12.33

Smart showerheads

0.19

0.19

0.18

0.37

12.70

Reducing outdoor water use

0.36

0.26

0.21

0.84

13.54

Port Kembla re-use scheme stage 1

7.30

7.30

0.44

31.28

44.82

Indoor retrofitting of water systems

4.09

4.09

0.55

24.39

69.21

Washing machine rebate incentives

0.01

0.01

3.93

0.55

69.76

BASIX on new houses -source
substitution measures

3.21

2.90

5.32

158.20

227.96

Rainwater tank rebate

0.03

0.03

6.57

1.97

229.93

Totals

33.1

These programs bring consumption down to
approximately 600 GL by 2011. These, along
with other government programs, were designed
to ensure IPART licence targets were achieved.

32.3

l

Many programs to bring down the basic demand
for water have been considered by the Forum.
The Forum, Expert Panel and Water CEOs
have identified relatively cheap means of
expanding the program to reduce demand and
meet the targets established by IPART and the
forecast targets for 2021. Coincidentally, these
targets are close to Sydney Water Corporation’s
Operating Licence requirement, which was set
in 1995 by IPART. Thus, these targets would
allow for sufficient water to be left in the rivers
for environmental flows.
Demand management strategies will need to be
broadened to embrace institutional, regulatory,
educational and economic mechanisms. These
include:

l

230

Broad and targeted education programs. These
are essential and urgent to ensure all sectors
of the community understand the need to
conserve water and are willing to support
new water management strategies. An
integrated community awareness program
needs to be developed across the entire
greater Sydney water supply region and
should begin immediately. The program
should emphasise the scarcity and true value
of water and methods for saving water. Large
water consumers need to be identified and
assisted in improving their water
management performance in a manner
similar to Sydney Water Corporation’s
Trade Waste Program. This matter is
discussed in Part 5 under the heading
Community engagement and awareness.
Progressive targets. These are required in
order to monitor progress in achieving water
management outcomes. IPART should
consider a consumption target of 570 GL
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per year for 2008 and 550 GL per year for
2011 through to 2021. These are within
existing targets, however, the targets must
be met and not allowed to slip as other total
consumption targets have done in the past.
l

l

An annual volumetric cap to limit water drawn
from storages. Water supplied above a cap of
550 GL per year would be charged at prices
that reflect the scarcity of water and
encourage the provision of water resources
from other sources such as water re-use and
water use efficiency schemes. The private
sector and the community would be
encouraged to bid for the funds, generated
from the excess charges paid by Sydney
Water Corporation, to finance these
innovations.

l

The regulation of water efficient appliances.
There is an inherent inefficiency in the
existing system that will continue to
frustrate efforts to save water unless it is
addressed. Many water fittings and water
using appliances are not designed to
minimise water use. The introduction of
dual-flush toilets yielded great savings in
water usage and there was very little
reaction to the change from consumers.
The introduction of mandatory efficiency
labelling and performance standards for
energy using appliances has seen marked
improvements in conservation and has been
well supported by the community, because
the environmental benefits of changes have
been clearly explained.
The regulation of water efficient appliances
can have similar success in managing water
consumption. The proposed mandatory
labelling of water efficient appliances should
be supplemented by mandatory performance
standards. Estimated savings in water
consumption for such a scheme for shower
heads and washing machines are 22 GL per
year by 2011 and 40 GL per year by 2021.
This would be achieved at virtually no cost
to the government but at a cost to industry
of approximately $60M.

l

l

Increasing the efficiency of irrigation
systems for commercial premises using town
water supply can also yield estimated savings
of 6 GL per year at minimal cost.

l

l

Permanent restrictions should be placed on
inefficient water use. The pattern of outdoor
use of water in Sydney has led to significant
waste. The use of sprinklers during hot
periods of the day is both wasteful and of
very little benefit to plant life. The hosing
down of paths and buildings should no
longer be an acceptable use of a scarce
resource. The results of the current
restrictions indicate that water can be saved
by regulatory measures. The estimated
savings in water consumption are 25 GL per
year at a cost of $53M to the community
over the period to 2021.
Economic disincentives should be implemented.
The regulatory and educational measures
outlined above will improve the
community’s understanding of the value of
water. The water supply storages provide a
high degree of security for the essential
needs of householders, industry and essential
services. Disincentives are needed to
penalise water being wasted on lower
priority usage. In order to supplement the
demand management program, economic
disincentives, such as water prices to reduce
demand and encourage water conservation,
should be implemented.
A special program targeting government
buildings. A target of 15 percent reduction in
water usage by Government will lead to a
drop in demand of 4 GL per year at a cost of
$9M. This program must be implemented so
that the Government leads the water
conservation agenda.
Extension of programs initiated by Sydney
Water Corporation. Table 10 sets out the
benefits and costs of extending existing
programs for businesses, retrofitting of poor
performing fittings, leakage control and
retrofitting indoor water systems. It is
estimated that nearly 14 GL per year can be
saved at a total cost of $42M.
Reducing demand in parts of the Sydney
system can yield 18 GL per year and will
cost approximately $40M.
Other minor schemes, such as residential
landscape assessment, can also yield
significant savings at costs less than building
new infrastructure.
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l

Effluent re-use schemes. These can assist in
the reduction of water consumption. The
effluent re-use scheme proposed for the
Hawkesbury-Nepean sewage treatment
plants demonstrates a more effective way of
using “waste” water for irrigation and
protecting river health at the same time (see
Part 3: Protecting Environmental Flows).
Other incentives for the use of sewage
effluent and stormwater should come from
the punitive pricing of water taken above
the cap that the Forum is recommending.
The initial reduction of water consumption
within the steelworks at Port Kembla is
already programmed by Sydney Water
Corporation. A further reduction of 8.5 ML
per day (3 GL per year) could be achieved
at a cost of $7M. This is moving towards the
more expensive methods of gaining water
savings, but is less still costly than a
desalination plant or other re-use options.

l

3

Demand reduction for other river reliant water
uses. Irrigators, for example, have indicated
that a 15 percent reduction3 in irrigation
demand may be achievable through
improved irrigation techniques. While this
will have minimal impact on increasing the
available yield for potable water, it will
contribute to improved river health. Any
such reduction in irrigation demand may be
addressed in the proposed water
management planning process.

Water savings through irrigation efficiency
are relatively cheap compared to some of
the programs to reduce urban water
consumption. Where government assistance
is provided to reduce consumption these
savings must be returned to the river and
not used for other purposes. Voluntary
savings achieved by irrigators can be used by
those irrigators for other purposes. In these
circumstances, it may be appropriate for the
government to acquire those savings, which
would achieve two related goals:
l

l

provide a one-off financial incentive to
the individual farmer to reduce their
water use; and
return a portion of irrigators’ water
entitlements permanently to the
environmental flow of the river

The strategy set out in Table 10 ensures that
effective demand management programs can be
put in place to defer any major capital works
that may be needed to supplement supply. The
programs are set out with the least costly having
the highest priority.

The Nature Conservation Council and NSW Seafood Industry Council consider that the target
should be 20 percent, which could be achieved through further modification of equipment, water
management techniques, and crop types and management to reduce water use. On the other hand,
the Water Users Association believes that a reduction target of 15 percent may be difficult to achieve
given the significant emphasis already placed on water efficiency by many irrigators.
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Table 10: Savings and costs of the recommended extension of Sydney Water Corporation’s demand
management programs
Program

Annual water
savings at
2011

Annual water
savings at
2021

Present
Value

Present
Value

(GL)

Total cost
by 2021
Present
Value
($/kL)

(GL)

$M
Total

$M
Cumulative

12.70

20.74

0.00

0.19

0.19

Combined outdoor measures including
some permanent restrictions
25.00

25.00

0.24

53.82

54.01

Establish mandatory performance
standards for shower heads

Reduction of 15% on consumption
in government buildings

4.00

4.00

0.29

9.35

63.36

Extension of the businesses’ program

5.70

5.70

0.26

11.57

74.93

Use of agents to retrofit poor
performing fittings

0.10

0.10

0.32

0.33

75.26

18.25

18.25

0.34

40.12

115.38

Extension of leakage control

5.87

5.87

0.38

21.33

136.71

Efficiency of irrigation using town
water supply

6.00

6.00

0.42

19.26

155.97

Extend Port Kembla re-use scheme

3.10

3.10

0.42

7.45

163.42

Residential landscape assessment

3.06

3.06

0.46

13.23

176.65

Further retrofitting of indoor water
systems

2.30

2.30

0.48

9.93

186.58

Mandatory performance standards for
washing machines

8.80

18.87

0.69

61.42

248.00

Reduction in pressure

Totals

94.9

The social element in both the existing program
and those of the extensions proposed by the
Forum are based on the best possible estimates,
but there are always risks associated with
forecasting social behaviour. The Forum’s
proposals on community engagement are
designed to reduce that risk.
The suggested programs go well past the 50 GL
per year needed to achieve the IPART targets
for 2011 and meets expectations for 2021. They
allow for a safety margin in achieving demand
reductions before the need to go to the intercatchment transfer options.
Action needs to start now whilst there is an
awareness of a shortage of water. The earlier
that there is an introduction of mandatory
standards for showerheads and washing
machines, the easier it will be to achieve the
targets.

113.0

248

Figure 8 illustrates the estimated annual water
savings in GL for the range of options for
potential water demand reduction shown in
Table 10. Also illustrated in Figure 8 are the
relative estimated costs of each option expressed
as Present Value ($/kL) – note there is no cost
shown for “Performance standards,
showerheads” because this cost is nil. The
estimated water savings and cost of the water
sensitive urban design recommendation,
MWA 11, are included for purposes of
comparison. Water sensitive urban design serves
a different purpose – it will mitigate
consumption growth from population increase.

WATER AND SYDNEY’S FUTURE: Managing water availability

64
Figure 8: Estimated water savings and relative costs of potential demand management programs
Total cost by 2021 Present Value ($/kL)
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0
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Extension of the businesses' program
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Reduction of 15% on consumption in government buildings
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Combined outdoor measures including some permanent restrictions
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Establish mandatory performance standards for shower heads
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Total cost by 2021 Present Value ($/kL)

Annual water savings by 2021 (GL)

Annual water savings at 2021 (GL)

0.2

0.1
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Demand management programs

As demand management initiatives
progressively affect the way water is used,
drought management initiatives such as water
restrictions will lose their effectiveness in
reducing demand. This phenomenon, known as
demand hardening, will have implications for
supply reliability criteria. Savings that depend
on structural change (eg. changing shower
roses) are more certain than those that depend
on behavioural change (eg. habits in watering
gardens).

It is for this reason that the management of
water availability must be looked at as an
integrated package of demand management,
water sensitive urban design and supply
management. An adaptive approach that
pursues the cheaper options whilst establishing
longer-term plans is the only way to guarantee
the future security of the water supply and the
environment.
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Recommendations: Reducing demand
MWA1. That Sydney Water Corporation’s long term water demand management
program of targets, investment and initiatives be endorsed and supported.
MWA2. That the following integrated suite of measures be implemented to ensure
demand reduction targets are met:
l

an integrated community awareness program for the greater Sydney water
supply region relating to water use and conservation;

l

the re-use of waste water and sewage effluent;

l

the management of stormwater;

l

l

l

l

l

l

l

the setting of a 2008 water demand target for Sydney Water Corporation of
570 GL per year to make partial progress toward the 2011 demand reduction
target;
the setting of a 2011 water demand target for Sydney Water Corporation of
550 GL per year in order to meet the pressures of population growth,
environmental flows and climate change;
the setting of an annual volumetric cap on dam water available to Sydney,
above which water would be supplied at an additional cost that reflects its
scarcity;
the setting of prices to encourage reduction in demand by higher volume
users;
the setting of permanent low level water restrictions for purposes such as
prohibiting garden watering in the heat of the day and the hosing down of
paths and buildings;
the development and immediate adoption of compulsory labelling and
minimum efficiency performance standards for all water using appliances;
and
the design for irrigators of an overall demand management program, which
includes options of incentives and advice, to achieve a reduction target of 15
percent to reduce demand.

MWA3. That institutional arrangements be established to ensure that government funded
water savings by irrigators benefit the river system.
MWA4. That processes be established to ensure that adequate investment in the lowest
unit cost options progressively reduces the demand for water as part of an overall
demand management strategy.
MWA5. That steps be taken to ensure that all government agencies implement programs
and policies that maximise water use efficiency in government buildings and
facilities, and work cooperatively with local government to support similar
strategies..
MWA6. That a process be established to require and enable the involvement of other
Departments and agencies in an integrated approach to demand management
and water conservation.

Implementation
Urban water service requirements should be implemented through the Environmental Planning and
Assessment Act 1979 and the Water Management Act 2000, and IPART determinations, and
operating and water management licence requirements.
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System reliability
Sydney, Blue Mountains and the Illawarra need
an assured water supply. To achieve this, water
system performance criteria, which specify the
degrees of reliability, robustness and security
that must be achieved, are set down in Schedule
2 of the Sydney Catchment Authority’s
Operating Licence.
l

l

l

Reliability is the number of months that full
demand is met (currently set at 97 percent).
Robustness is determined by the number of
years that full demand is met without
restrictions (currently set at 90 percent).
Security is supplied by knowing that the
total system storage does not fall below 5
percent for more than one month in every
100,000 months (ie. the dams will never run
out).

System reliability indicates the degree of
certainty that a particular amount of water can
be supplied and for how much of the time.
Currently, the reliability for the Sydney, Blue
Mountains and Illawarra water supply is set at
97 percent, defined in terms of the number of
months that full supply is met without
introduction of restrictions. That is, full supply
is met 97 months out of 100.

The reliability criteria for Sydney, Blue
Mountains and the Illawarra is complex as it
includes measures of how long restrictions
persist, and it also includes various levels of
restrictions that are implemented in steps as
water supplies decline. In short, however, it can
be concluded that the safe yield of water for the
water supply system can be increased if the
reliability is relaxed: ie. if consumers are
prepared to accept more frequent introduction
and duration of restrictions.
Other major population centres have lower
reliability criteria (eg. the water supplies of
Melbourne and Perth are rated at 95 percent)
although comparisons are difficult, because of
differing climatic conditions.
The Forum recognised that the current
performance criteria may give water users an
unrealistic expectation of the availability of the
resource and encourage overuse. Reliability and
robustness in combination, is calculated
currently to deliver restrictions in only one year
in every 10 years and only for 3 to 4 months in
such a year.
Lowering reliability of the system means that
supply of all water will be subject to increased
frequency of restrictions, but the actual effects
on water consumers will vary depending on the
purpose for which the water is being used. This

Urban growth in the Illawarra region needs an assured water supply.

WATER AND SYDNEY’S FUTURE: Managing water availability

67
will result, for example, in there being a
continuing higher probability that water will be
available for consumption for drinking and
health purposes, as compared to garden
watering.
Reducing system reliability produces an increase
in the available system yield, resulting from
longer periods of water restrictions. Lowering
reliability criteria from 97 percent to 95 percent
(as recommended by the Forum), together with
other system management changes, will
contribute to an increase in system yield of
101 GL per year as described in Striking the
Balance, below. If there were a willingness to
accept 90 percent system reliability, system yield
would increase from the current value of
600 GL per year to within a range of 650 to
830 GL per year, because other system criteria
could mitigate the benefits of the reduction to
90 percent. The extent of the changes
recommended by the Forum should have a
beneficial impact on these formulae.
The Forum has drafted an extensive set of
recommendations on water reform that range
through demand management, water
restrictions, water sensitive urban design and a
more integrated and flexible water supply

infrastructure process, which is discussed below
in the sections Increasing access to storages and
Inter-catchment transfers. These changes, and the
flexibility they bring to the water management
process, necessitate a re-examination of the
reliability of the system and of approaches to
drought management.
There will be a need for a re-evaluation of
drought response strategies, through an agreed
evaluation of the savings achieved by
restrictions in droughts, and an improved
understanding of the relationship between end
uses and drought response (i.e. ‘bottom up’
modelling of drought response strategies).
There is also a need to understand the potential
for improvement in the likely effectiveness of
drought response strategies, through the use of
targeted programs, increased compliance
activities, drought or scarcity pricing,
accelerated investment in demand management
and on-site re-use programs. This is in addition
to the emergency supply activities currently
being investigated by a drought committee
comprising the Department of Infrastructure,
Planning and Natural Resources, Sydney Water
Corporation and Sydney Catchment Authority.

Recommendations: System reliability
MWA7. That Sydney’s water supply system reliability be reduced to 95 percent and that
its implementation be the subject of risk assessment and a monitoring program.
MWA8. That the recommended risk assessment (MWA7) also consider the
consequences of further reducing the system reliability to 90 percent.
MWA9. That the current processes being proposed by IPART, Sydney Water
Corporation and Sydney Catchment Authority to determine customer
preferences on reliability and to consult with stakeholders, take into account the
range of trade-offs that exist between reliability, transfers, demand management,
new supply options and river health.
MWA10. That the potential implications of reducing the reliability of Sydney’s water
supply be investigated further by the Sydney Catchment Authority and Sydney
Water Corporation, in relation to the likely impact of existing demand
management programs on the effectiveness of drought response strategies
(restrictions) ie. any ‘demand hardening’ effect.

Implementation
The required level of reliability of the urban water system should be stipulated in the water
management plan and as a condition of the Sydney Catchment Authority’s Operating Licence.
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Water-sensitive urban design
River systems must not continue to receive
increasing levels of nutrients. This is why the
Forum and the Water CEOs have
recommended the expansion of effluent re-use
in the Hawkesbury-Nepean system to reduce
nutrient inputs to the rivers from sewage
treatment plants. The discharges of nutrients
and other contaminants into the river from new
urban and industrial release areas should also be
minimised.
The amount of potable water available through
conventional reticulated systems for new release
areas is also problematic. The use of the normal
methods of reticulation would mean that
demand management would have to produce
even greater savings than have been forecast by
the Forum and IPART and large-scale intercatchment transfers would be inevitable.
A modern prosperous city with finite water
resources must take new approaches to the way
urban areas are designed or it will fail to realise
its potential. Each new regional urban
development that uses traditional water
management practices places a greater burden
on the city’s water supply which increases the
impact on the environment. Urban design
needs to maximise efficiency of water use and
minimise impacts on the environment.

Photo: Sydney Water Corporation

If the north-west and south-west housing
releases were to proceed, traditional water and
sewerage servicing systems will have to be
modified. The techniques of water sensitive
urban design are the way modern cities are
dealing with the scarcity of natural resources
and are accommodating economic and social

growth without creating further problems for
the environment.
Water-sensitive urban design endeavours to
mimic natural flow and run-off patterns in an
urban setting while maintaining water quality
and stream health. It facilitates the on-site
capture and use of rainfall, which
simultaneously reduces the demand on the
reticulated supply and reduces the rate and
impact of stormwater run-off.
The sustainable management of stormwater
run-off through the incorporation of watersensitive urban design principles is urgently
needed. These principles should include water
conservation, water re-use and recycling
associated with the development of residential,
industrial, commercial and public infrastructure.
In some areas, water-sensitive urban design
features may need to be retrofitted.
Substantial benefits can be gained from
incorporating water-sensitive urban design
principles into residential, industrial and
commercial planning at the catchment scale.
These principles include:
l

l

l

l

l

l

l

l

l
l

water resource issues should be considered
early within the planning process;
water-sensitive urban design should be
adopted at the catchment scale;
stormwater management should be
considered part of total water cycle
management;
stormwater should be considered a resource
rather than a pollution stream;
natural features of the landscape including
natural drainage channels and native
vegetation should be incorporated into the
design wherever possible;
natural drainage systems should be
maintained and restored where necessary;
design criteria should be adopted for
pollutant export rates preferably at or below
pre-development levels;
flow regimes should approximate, as near as
possible, pre-development natural flow
conditions;
water re-use should be encouraged; and
storage of excess stormwater within urban
areas should be incorporated wherever
possible.

Domestic rainwater tanks are a part of watersensitive urban design.
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The benefits to be achieved from the
application of these principles include:
l

l

l

l

water-sensitive urban design is outcomes
focussed, reflecting the scientific
sensitivities, capacities and opportunities
presented at catchment and local scales;
improved water use efficiency and reduced
demand for potable water;
reduced stormwater run-off peak flows,
velocities and volumes and the associated
protection of environmental flows;
reduced sediment and nutrient export rates
from catchments to receiving waters;

l

enhanced in-stream water quality;

l

reduced contaminant transport;

l

l

l

l

protection of riparian ecosystems, including
restoration of degraded systems;
promotion of the scenic, landscape and
recreational values of creeks and rivers;
protection of existing ecosystems in the
natural drainage systems; and
prevention of erosion in creeks and riparian
corridors.

Water-sensitive urban design should include
four basic control options.
1. Source controls at individual residential or
commercial lots including rainwater tanks,
bio-retention systems, and recycling and reuse systems and should incorporate the full
suite of demand management options for
residential and commercial development.
2. Conveyance controls including vegetated
swales, riffle and pool areas in the
streetscape, open channel landscaped
corridors and gross pollutant traps. For
smaller flows, sand filters and other devices
can provide treatment prior to reaching
larger natural stormwater systems.
3. Downstream controls include constructed
wetlands to polish stormwater prior to
discharge into local creeks.
4. Natural system controls include the
maintenance and rehabilitation of existing
natural creek lines to extend the
management of stormwater into natural
creeks beyond the proposed residential
footprint of the development.

Application of water-sensitive urban
design
A comprehensive approach to water-sensitive
urban design needs to be clearly defined and
implemented. This should include protocols for
early incorporation of design principles through
such measures as integrated environmental
planning instruments, including development
standards, development control plans and other
catchment management initiatives.
Water-sensitive urban design will, however,
take years to take effect and should be seen as
an investment in future water resource
management, pollution mitigation and the
protection of environmental flows.
The Forum also supports the State
Government’s decision to introduce the
Building Sustainability Index (BASIX) program
as a mandatory requirement for new residential
development for the Sydney metropolitan
region from 1st July 2004 and further proposes
that this be extended to include major infill and
refurbishment for which development consent
is required.
This program should be expanded to include
new housing, major infill and refurbishment,
beyond the above described region, for the
Hawkesbury, Blue Mountains, Lithgow,
Wollondilly, Wingecarribee, Wollongong,
Kiama, Shell Harbour, Shoalhaven and Greater
Argyle local government areas.
The BASIX program is a guideline tool being
developed by the Department of Infrastructure,
Planning and Natural Resources and its
Sustainability Advisory Council. The BASIX
program will enable necessary legislation and
will allow regulatory authorities and developers
to determine the most suitable efficiency
options for water and other resource use
(energy, materials, waste etc.) in a
development.
The NSW Government has recently
announced a target for a reduction in average
household water demand of 40 percent for new
dwellings by July 2004. This will provide
estimated water savings of 12 GL per year by
2011 relative to business as usual.
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The Forum believes this can be supplemented
by more comprehensive water sensitive urban
design requirements once the community has
understood the significance of savings possible
through urban design management. Results of
water sensitive design initiatives in Sydney and
other parts of Australia indicate that savings of
up to 75 percent in net demand can be
achieved.
Changes have occurred through a more
fundamental integration of the landscape
within the living areas so that water
management systems based purely on individual
lots are replaced by integrated approaches to the
whole release area. The 75 percent reduction
figure is calculated as an average across a release
area and could be demonstrated by the
implementation of a staged strategy of

demonstration sites, pilots and benchmarking.
Certain landscapes and configurations will
perform better than others in achieving the
average, but enough work has been done to
understand that an overall 75 percent reduction
is achievable.
If the 75 percent target was established for new
dwellings completed after 2011, then estimated
water savings relative to business as usual would
rise to 32 GL per year by 2021.
The cost of water-sensitive urban design should
be funded from growth. There is a marginal
difference between the costs of servicing via
conventional means using large pipe systems
distributed from remote headworks and those
involving smaller sized systems dealing with the
issues locally.

Recommendations: Water sensitive urban design
MWA11. That the Department of Infrastructure, Planning and Natural Resources, and
other agencies associated with the planning and approval of new developments
and land releases, ensure the implementation of a staged strategy of
demonstration sites, pilots and benchmarking that will result in a long-term
target of a 75 percent reduction in net demand at the subdivision or
development level for lots released onto the market in 2011 and beyond. Similar
targets should apply to infill development and refurbishment in the greater
Sydney water supply region for which development consent is required.
MWA12. That water-sensitive urban design principles be adopted through the
Environmental Planning and Assessment Act 1979 and the Water Management Act
2000, and controls be developed and mandated for all new development areas,
and for the redevelopment of existing developed areas in the greater Sydney
water supply region.
MWA13. That the Building Sustainability Index (BASIX) program be extended to include
major infill and refurbishment in the greater Sydney water supply region for
which development consent is required, together with new housing, major infill
and refurbishment, in the Hawkesbury, Blue Mountains, Lithgow, Wollondilly,
Wingecarribee, Wollongong, Kiama, Shellharbour, Shoalhaven and Greater
Argyle local government areas.

Sydney needs to apply water-sensitive design to its residential developments.
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Increasing access to storages
Under current operating procedures, Lake Avon
is fully reserved for supply of water to the
Illawarra area. This can be supplemented in
particular circumstances by transfer of water via
a tunnel from Lake Nepean to Lake Avon. Not
all of the water in the Nepean and Avon
storages is currently accessible for the Illawarra
supply, however, due to the design of the
interconnecting transfer tunnel between the
two storages and the location of the offtake
works at Avon Dam.
l

l

28.5 GL is not accessible in the Nepean
storage for water transfers to the Illawarra
area via the Nepean-Avon tunnel (the full
Nepean storage is, however, available for
supply to the Sydney metropolitan water
supply system).
68 GL is not accessible in the Avon storage
as the offtake works for the Illawarra supply
are located in the shallower, upstream
section of the Lake.

These volumes reduce the effective storage
available for security of supply, which will be
substantially improved once these additional
waters are accessible.

Two methods of accessing all of the Nepean
storage were considered by the Forum. The first
of these would require facilities to pump water
from the lower levels of Lake Nepean through
an existing tunnel into Lake Avon in order to
guarantee security of supply to the Illawarra
region.
The second alternative is to link the four upper
Nepean dams via an inter-connecting tunnel.
This is discussed in the section on Intercatchment transfers below, and is favoured by
the Forum as it seeks to achieve effective intercatchment transfers, flexibility of dam
operations, long-term security of the water
supply to the Illawarra and cessation of bulk
water transfers in the upper Nepean rivers. If it
were adopted by the State Government, then
the alternative works to access the water now
unavailable in Lake Nepean will not be
necessary.
Once those dams are linked, there will remain a
need to improve the access to Avon storage for
the Illawarra water supply. Works to overcome
the operational problem at Avon involve the
installation of a new outlet structure for Avon
Dam and a pipeline.
These modifications will cost $59M and will
contribute to an increase in system yield of
101 GL per year, as indicated in Table 11 in the
Striking the balance section below.

Recommendation: Increasing access to storages

Photo: Sydney Catchment Authority

MWA14. That the off-take in Avon Dam for the Illawarra water supply be extended to
increase access to the water in the Avon storage.

Avon Dam.
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Current situation with inter-catchment
transfers
The bulk water supply for the greater Sydney
water supply region relies on 15 principal bulk
water storages (Table 1 and Figure 3). The
combined operating storage capacity is about
2,400 GL. Within the limits of its
infrastructure, the storages are managed by the
Sydney Catchment Authority in an integrated
and holistic fashion to maximise the yield and
reliability of the water supply system.
The long-term sustainable yield of the urban
water supply system of 600 GL per year is only
derived from a judicious balancing of water held
in the storages by varying utilisation to reflect
catchment size and run-off volumes. Utilisation
of the waters of the Shoalhaven scheme is
currently a vital and fundamental component of
the overall sustainable yield for consumptive
purposes of the water supply system.
Water is pumped from Lake Yarrunga (Tallowa
Dam) on the Shoalhaven River to supplement
the water supply system for the Sydney, Blue
Mountains and Illawarra areas when water
levels of dams in the Hawkesbury-Nepean
catchment are low (below 60 percent capacity).
This can and usually does coincide with the
Shoalhaven River being under most stress.
Transfers in extended low flow periods can
potentially cause adverse environmental
impacts downstream of Tallowa Dam. While
the existing environmental flow regime has
aided in mitigating impacts associated with
previous water transfer practices, the Forum has
recommended an enhanced environmental flow
regime for the Shoalhaven River (see Part 3:
Water for the Environment - Recommendation
WFE5).

Alternatively it can be transferred to Lake
Burragorang via the Wingecarribee and
Wollondilly Rivers (Figure 9). If necessary,
water can be transferred simultaneously to both
Lake Nepean and to Lake Burragorang. Bulk
water transfers from the upper Nepean Dams via
the Cataract, Cordeaux and Nepean Rivers to
the Pheasants Nest and Broughtons Pass
diversion weirs are also shown in Figure 9.
In assessing how water from the Shoalhaven
system will be shared between potential users in
the future, equity between all parties, including
the environment and people living in the
Shoalhaven and Wingecarribee catchments
need to be carefully considered. The way in
which water is transferred also requires careful
consideration if further environmental impacts
are to be avoided.
Water is also transferred from the Mangrove
Creek catchment to the Gosford-Wyong Water
Councils’ Authority and from the Coxs River to
serve Delta Electricity. Delta and the Cities of
Lithgow and the Blue Mountains also receive
water from Fish River and residual effluent flows
from these are discharged into the Coxs River,
which is part of the Hawkesbury-Nepean
system. The Forum did not address these
transfers in detail because they were outside its
Terms of Reference. However, issues associated
with these transfers should be included in future
water management planning for these
catchments.
Photo: Tracy Harwood

Inter-catchment transfers

The average transfer of water from the
Shoalhaven system to the Sydney region has
been 14 GL per year or less than 2 percent of
the average annual flow of the Shoalhaven
River at Tallowa Dam, however, transfers occur
infrequently, but at much greater volumes. The
current transfer scheme involves pumping water
from Tallowa Dam to Wingecarribee Reservoir
via Bendeela Pondage and Fitzroy Falls. Water
can then be transferred to Lake Nepean via
Glenquarry Cut, Glenquarry Creek, Doudles
Folly Creek and the Nepean River.

The Shoalhaven River flows through some
spectacular gorge and national park land.
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Figure 9: Existing arrangement of Shoalhaven transfers
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Issues associated with inter-catchment
transfers
There are a number of environmental issues
associated with the transfer of water from the
Shoalhaven system to the Hawkesbury-Nepean
system and the use of associated rivers as
conduits for these transfers:
l

l

l

l

Transfers from the Shoalhaven system
during low flow periods can potentially
cause adverse environmental impacts
downstream of Tallowa Dam.
Transfer of water can move exotic species,
diseases and other contaminants from one
catchment to another and compromise
genetic diversity.
The transfer of large volumes of water down
natural river systems impacts on the
morphology of river channels, riparian
corridors and flood plains with
consequential effects on habitat, biota and
land users.
Pumping increases the output of greenhouse
gases into the atmosphere exacerbating
global warming, because of increased
electricity consumption.

Options for future inter-catchment
transfers from the Shoalhaven system
The implementation of inter-catchment
transfer options will depend upon the
effectiveness of the demand management
program and water sensitive urban design, as
provided in the Forum’s schedule of
implementation. However, some modification
of existing transfer practices is required in the
immediate future to avoid adverse impacts
associated with pumping in low-flow
conditions.
Pumping from the Shoalhaven should occur
during high flow conditions in order to avoid
impacts associated with current inter-catchment
transfers during low flow conditions. This will
necessarily mean pumping when the
Warragamba, upper Nepean and Woronora
storages are above 60 percent capacity. The
current trigger for pumping is below the
60 percent mark. Further scientific
investigations and community consultation will
be needed to ensure that only sustainable
volumes are taken from the River.

The Forum believes also that the water should
be transferred via a pipeline or tunnel to avoid
movement of exotic species, diseases and
contaminants from one catchment to another,
to avoid compromising genetic diversity, to
remove the impacts of transferring large
volumes of water through natural river channels
and to minimise transmission losses.
The Forum considered 15 options for the
management of future inter-catchment transfers
between the Shoalhaven, Hawkesbury-Nepean
and Illawarra systems. These are described in
Appendix F. The options were broadly
categorised as eastern options (those pertaining
to inter-catchment transfers to the upper
Nepean dams) or as western options (those
pertaining to inter-catchment transfers to Lake
Burragorang). Each option was ranked
according to its performance against the
following objectives:
l

l
l

Protection of the health of the Shoalhaven
River
Security of water supply to the Illawarra
Security of Shoalhaven and the Southern
Tablelands water supply

l

Increase in system yield

l

Operational flexibility

l

l

Protection of the health of the
Wingecarribee River and Glenquarry Cut
transfer system
Protection of river health downstream of the
upper Nepean dams

l

Cost

l

No impact on drinking water quality

l

Long-term benefits of the proposed option

Concurrent with improvements in water savings
being pursued, these options should be subject
to detailed environmental, socio-economic and
engineering investigations.
The results of the Forum’s ranking process are
shown in Appendix F. The following option D1
is recommended for further investigation.
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Figure 10: Option D1 - Water Filtration Plant, Pipeline from Wingecarribee Reservoir to Avon Dam, and
integration of the upper Nepean dams
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Option D1 involves the construction of a sand
filter Water Filtration Plant and pipeline from
Wingecarribee Reservoir to Lake Avon, which
then links with a tunnel joining the upper
Nepean dams (Figure 10). This option
overcomes cross-contamination and other
environmental impacts associated with run-ofriver inter-catchment transfers and fully
protects environmental flows, as bulk water
transfers would cease downstream of the upper
Nepean dams. The use of Avon as storage for
the transfer waters provides additional water
quality benefits to those provided by the Water
Filtration Plant together with significant
operational flexibility. Avon Dam has a large
reservoir capacity, but a relatively small
catchment.

The Forum’s investigations suggest that from a
strategic perspective the eastern options or
those involving the integration of the upper
Nepean dams and connection via a pipeline to
Lake Avon present the most efficient and
effective medium-term set of options. The use
of Lake Avon for storage and for providing
improved security of supply to the Illawarra
presents significant opportunities to strengthen
economic growth in the South Coast region
while improving operational flexibility and
allowing the provision of environmental flows
in the upper Nepean rivers. In the longer term,
the western options or those involving the
transfer and storage of water in Lake
Burragorang will secure the water supply into
the next century.

The security of supply to the Illawarra is also
improved, securing water for future growth in
the South Coast region. The cost of this option,
on a staged basis, is as follows:

The major effect on water supply of the
preferred option D1 is that the principal source
of water for the Illawarra region is altered.
Currently, there is an inter-basin transfer from
the Nepean and Avon storages to supply the
Illawarra with its water. Under this proposal,
the Illawarra’s principal source of water will be
drawn from the Shoalhaven River. This would
improve the security of the region’s water supply
and allow for economic growth.

l

l

Stage 1a – Construction of a Water
Filtration Plant and pipeline from the plant
to the upper reaches of Lake Avon to avoid
water contamination and hydraulic effects
of inter-catchment transfers. Cost $200M.
Stage 1b – Construction of a gravity-fed
tunnel linking the Nepean, Avon,
Cordeaux and Cataract Dams and
connecting to the Macarthur Water
Filtration Plant and Upper Canal to
eliminate bulk water transfers downstream
of the upper Nepean dams and to improve
operational flexibility. Cost $275M.

The estimated additional operating costs for
Stage 1a of this option will be in the order of
$3.8M per year. These costs will be reduced to
$1.6 M per year when the entire option is
completed and operational.
This option can also be augmented by the
upgrade of the Upper Canal to provide for the
long-term use and improved security and
capacity of the Upper Canal transfer system
(Option D2). In addition, a tunnel could be
constructed from the Nepean Dam, in the
vicinity of the Nepean Water Filtration Plant,
to the Nattai Creek arm of Lake Burragorang
(Option D3) to secure the long-term water
supply. This would then fully integrate the dams
and would provide considerable operational
flexibility.

Whilst water-sensitive urban design will have a
considerable effect on water demand from new
development, some water will be needed for
proposed urban development in the north-west
and south-west sectors. The increased flexibility
of the upper Nepean dams under this option
means that water resources for the south-west
sector developments will be in relatively close
proximity to demand.
Further detailed scientific investigation of the
environmental, social and economic
consequences of long-term water extractions
from the Shoalhaven is needed to provide the
information for any future decisions. The
environmental flow requirements of the
Shoalhaven and strategies for mitigating
impacts of water transfers should also be the
subject of further investigation. These studies
will also be needed to inform the community
consultation process that has been
recommended by the Forum in this Report in
Part 2: Water for the Environment.

WATER AND SYDNEY’S FUTURE: Managing water availability

77
Improved operation of inter-catchment transfers
from the Shoalhaven is a far better option for
augmenting supply than construction of
Welcome Reef Dam upstream of Tallowa Dam.
The transfer of water to the Sydney, Blue
Mountains and Illawarra area, as described
earlier in Stages 1a and 1b of Option D1, will
cost an estimated $475M. The cost of Welcome
Reef Dam, associated infrastructure and
augmentation of the existing water transfer
infrastructure to divert water to the Sydney,
Blue Mountains and Illawarra area will cost an
estimated $1,500M. In the absence of the
Welcome Reef – Tallowa transfer infrastructure,
Welcome Reef dam would result in run-of-river
flows downstream of Welcome Reef, causing
considerable damage to 80 km of near-pristine
riverine environment and habitat for rare and
endangered species.

Hydrologic investigations in the upper part of
the Shoalhaven catchment above the identified
Welcome Reef Dam site indicate that rainfall
and associated runoff is relatively low in
comparison with the lower Shoalhaven River
catchment. As technology improves and further
investigations are carried out, other water
supply options will become available which will
have significantly reduced environmental
impacts in comparison with construction of new
dams.
The NSW Nature Conservation Council and
the Seafood Industry Council consider that
Sydney’s growing reliance on water from
increasingly distant catchments is
unsustainable. The two Councils consider that
it is unacceptable to compromise the health of
yet another river system to accommodate highwater-use lifestyles and unconstrained growth
and that reliance on these water transfers should
be phased out as revised reliability levels,
demand management and re-use options are
phased in.

Recommendations: Inter-catchment transfers
MWA15. That a comprehensive independent assessment of the ecological, economic,
social and engineering impacts associated with flow transfer options from the
Shoalhaven River be undertaken, including consideration of a zero transfer
option.
MWA16. That inter-catchment transfers from the Shoalhaven River and the issues of
equity be considered in the development of a strategic water management plan
for the greater Sydney water supply region.
MWA17. That the existing transfer rules for pumping water from the Shoalhaven system
be altered so that transfers of water occur only under high flow conditions (i.e.,
pumping may occur when total storage is 95 percent or less rather than 60
percent or less). These transfer rules are to be incorporated into the Sydney
Catchment Authority’s Water Management Licence.
MWA18. That the inter-catchment transfer option (D1) comprising:
l

l

A Water Filtration Plant at Wingecarribee Reservoir and pipeline from
Wingecarribee Reservoir to the upper reaches of the Avon storage; and
A tunnel interconnecting the upper Nepean Dams and connecting the
Macarthur Water Filtration Plant and the Upper Canal

be adopted for detailed investigation as a matter of urgency.

Implementation
Catchment transfer requirements should be stipulated in the water management plan and
implemented through the relevant water management licences.
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Groundwater
Groundwater is currently used for domestic,
commercial and industrial supplies in
townships, villages and in rural households. It is
also used for stock watering and irrigation
purposes. Interest in accessing groundwater
during periods of severe drought as an
alternative to surface water supply is increasing.
Already 3,800 licensed bores are taking water
from aquifers under the Sydney Basin.
Embargoes established on new surface water
licences in 1994 resulted in an increasing
demand for groundwater with a resultant
lowering of the water table. Groundwater use
and development has not, however, been
embargoed.
Although groundwater levels fluctuate with
rainfall, recent information has shown that
aquifer levels have dropped over the past
12 months – presumably from lower recharge
and higher extraction rates.

Use of groundwater, like all other water
resources, should be sustainable. Groundwater
needs to be considered as an integral part of the
water cycle. Groundwater makes an important
contribution to surface stream base flows during
low flow periods. Extraction and land uses in
the catchments can have a severe and
widespread effect on groundwater quality and
quantity.

Managing groundwater
l

l

l

Groundwater resources need to be managed
sustainably while protecting groundwaterdependent ecosystems (eg. wetland and cave
systems) and base flows in rivers and streams.
Groundwater resources are susceptible to
adverse impact from other activities such as
extractive industries and mining.
Groundwater needs to be protected from
contamination.

Recommendation: Groundwater
MWA19. That groundwater extractions within the greater Sydney water supply region be
effectively managed and administered to ensure sustainability of all water
resources.
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Striking the balance
The provision of water resources to a growing
city whilst preserving the environmental
integrity of its river systems requires adaptive
and innovative management. The systems
introduced must make economic sense as well as
protect the social and environmental values of
the communities who rely upon those waters.
This Report has been structured so as to address
the cheapest and least disruptive strategies as
highest priorities. This means that the
community communications and demand
management programs should be the initial
thrust of managing water availability.
Nevertheless, the city is growing and the water
sensitive urban design initiatives announced by
the Government will ease the pressure on water
in the longer term. The Forum’s
recommendations on even higher levels of
savings are timed to be implemented once the
community has started to understand the issues
of water management for the city and the
development industry along with State and
local government have embraced new design
approaches and techniques.
Demand management programs have gradually
been introduced since the late 1980s. The
programs have been effective in slowing
demand, but the early gains mean that it will
become more difficult to maintain that rate of
success. This process is known as “demand
hardening”.
The alteration of the system reliability is a
natural extension of the communications
strategies on water demand and restrictions. It is
only when the community understands the
value of water that it will be able to understand
the concomitant benefits and risks associated
with altering the ways water is managed in
storages.

The proposed effluent re-use scheme is designed
to reduce nutrients in the Hawkesbury-Nepean
River and to provide irrigators with a more
secure water supply. The expected take-up of
effluent by irrigators and the success of the
operations of the new regime should mean that
there is no further need for greater discharges
from dams.
The Forum has recommended certain
infrastructure works be undertaken. The access
to the water that is currently unavailable in the
Avon storage is a high priority and the Forum is
recommending that it go ahead as quickly as
possible.
The transfer of waters from the Shoalhaven
through a different pumping regime requires
community consultation and scientific
investigations. The benefits to the rivers and
the security of water supplies are important,
although the costs are high. The Forum believes
that the scientific investigations, community
consultation and preliminary designs should
commence soon. The actual construction of the
works should await the results of these processes
and the results of the other water availability
issues recommended by the Forum.
The effect of a prolonged, drought-dominated
regime of similar severity to that of the early
twentieth century will have a bearing on the
effectiveness of the various water management
initiatives as will any increased rate of
immigration to the region. The results of the
various reforms and the consultation process
should be kept under constant review so that
action can be taken at the appropriate time to
modify or commence any infrastructure
proposals.
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Recommendations: Striking the balance
MWA20. That an adaptive management process be established to manage future water
demands for the greater Sydney water supply region through a range of initiatives
including:
l

demand management and water conservation;

l

water-sensitive urban design;

l

an effluent re-use scheme;

l

gaining access to currently inaccessible storage; and

l

relaxing the system performance criteria of the Sydney Catchment Authority
water supply system.

MWA21. That progress in relation to the recommended adaptive management initiatives
(MWA20) be closely monitored to inform decisions with a view to minimising
inter-catchment transfers and ecological impacts of delivery.

The results of implementing the Forum’s
recommendations on providing environmental
flows and increasing water availability through
altering transfer rules, reducing reliability, intercatchments transfers and by reducing demand,

are provided in Table 11. The figures in the
second column are long-term averages based on
the time scale used to calculate the available
yield. (Reference Part 2: Water for the
Environment – Hydrologic Modelling).

Table 11: Effect on yield of the Forum’s recommendations other than demand management
Component of Yield Strategy

Net change in yield
available for Sydney
Water Corporation
(GL per year)

Current yield

Available yield
for Sydney Water
Corporation
(GL per year)
600

INCREASING WATER AVAILABILITY
Current environmental flows; system reliability by
changing reliability of supply to 95%, changing pump
mark to 95%, increasing access to Avon storages (2004),
and inter-catchment transfers from Shoalhaven for
Illawarra water supply.

+101

701

-127

574

WATER FOR THE ENVIRONMENT
Recommended environmental flows including contingent
flows (commencing 2007); system reliability by changing
reliability of supply to 95%, changing pump mark to 95%,
increasing access to Avon storages (2004), and inter-catchment
transfers from Shoalhaven for Illawarra water supply.
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The inter-catchment transfers will need to be
operating fully by 2014 if all demand
management targets are met. The pipeline
would need to be built before this in order to
alleviate the problems associated with the
timing of pumping during low flows.

Table 12 also shows the effects if all of the
demand management and alternate water
supply works were implemented. This indicates
that at 2021, the total consumption and safe
yield would effectively be balanced (safe yield
exceeds consumption by 3 GL per year).

Table 12 shows the effects on the supply
catchment yield of 600 GL per year caused by
population growth and the various programs
proposed by the Forum and State government
agencies. Column (B) shows the effects on yield
of the recommended environmental flows. Not
all of the environmental flows will be
implemented by 2011, but by then a long term
average allocation of 127 GL per year will have
such an effect on yield calculations. Column
(C) represents the effects of Sydney Water
Corporation’s current program for bringing
consumption back to 600 GL per year and the
recommendations of the Forum for the
implementation of water sensitive urban design
and to expand and extend the demand
management program. Column (D) represents
the increasing water availability from Table 11.

If demand management is not implemented,
and population growth and the current
consumption pattern continue, total
consumption will exceed supply by 148 GL per
year by 2021 (Tables 8 and 12).
If environmental flows were not implemented
as well and the rivers and their economies were
allowed to deteriorate, the regions would still
face a crisis in water supply management.
Not only would there still be a shortage in town
water supply, but those other towns and
industries that rely on the Hawkesbury-Nepean
and Shoalhaven Rivers could be adversely
affected by the deterioration in the Rivers and
by a lack of water supply.
The cost of rectifying these problems would
then be immense. It is for this reason that the
Forum pursued a comprehensive program that
addressed both demand and supply when it
considered river health and the environmental,
social and economic consequences of the
management of the water cycle.

Table 12: Effects on yield of population growth, environmental flows and demand management programs
Scenario

Excess
Consumption in
2003a
GL per year
(A)

Environmental
Flows

Reduction
in Demandb

Increasing
Water
Availability
GL per year
(D)

Water
Balancec

GL per year
(B)

GL per year
(C)

2003

-34

0

0

0

-34

2011

-89

-127

+140

+101

+25

2021

-148

-127

+177

+101

+3

GL per year
(A+B+C+D)

a. Excess consumption is based on the 2003, 2011 and 2021 population estimates multiplied by the 2003
rate of consumption (413 litres per person per day).
b. Reduction in demand, column (C) includes savings from demand management and water-sensitive urban
design.
c. Water balance refers to the difference between consumption and environmental flows and water
management initiatives including demand management, reduced reliability and access to Avon storage for
an average year. Positive values mean there is excess yield available in storage for consumptive purposes
while negative values means there is insufficient yield available in storage
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PART 5: ADAPTIVE MANAGEMENT
For the Forum’s objectives to be realised a
modern management system is needed that
provides equity to all stakeholders, that is
transparent and that allows for community
participation in decision making. The
management system will need to operate in an
environment that is highly variable – it will
need to adapt as new information becomes
available. The Forum and Expert Panel have
used such an adaptive approach in their
investigations. This approach will need to
continue as the Government implements the
Forum’s recommendations.

government, was fundamental to developing a
comprehensive set of recommendations.

Investigations by the Healthy Rivers
Commission into the Hawkesbury-Nepean
River system found a lack of scientific data on
many aspects of flow and river health. The
Independent Expert Panel, in its investigations
for the Forum, discovered that there is little
information on the social and economic
benefits derived from any of the rivers supplying
Sydney with water or of the effects of intercatchment transfers. Individual agencies, like
Sydney Water Corporation, the EPA, and
Sydney Catchment Authority, have extensive
knowledge of the data that bears on their
businesses and activities, but these and other
information had not been brought together
previously in a comprehensive manner to
address matters of river health or strategic
planning.

Water management planning and
institutional change

The lack of integrated strategic planning of all
facets of water resources in the greater Sydney
water supply region has meant that research and
monitoring have not been targeted towards an
overall assessment of needs and performance. In
order for the Forum and Expert Panel to
achieve their tasks, they had to develop
objectives, conduct investigations, consider the
information and make decisions. As further
information was acquired, the decisions and
strategies were adapted, refined or redirected in
order to achieve the best outcomes.

Investigations by the Forum into the provision
of environmental flows raised a number of
strategic issues related to the use of natural
resources in the greater Sydney water supply
region. Principal amongst these is the
management of water resources. This matter was
also raised by the Healthy Rivers Commission
and the State government has made a
commitment to integrated water management
under the Statement of Intent for the Georges
River-Botany Bay System. This decision, which
is discussed in Part 1: Background and Context –
The Forum and the Independent Expert Panel,
guided the Forum’s work.

The complexity of dealing with the interaction
between social, cultural, economic and
environmental processes meant that priorities
were subjected to robust debate before decisions
were reached. The composition of the Forum,
which drew from a wide range of interested and
knowledgeable members of the community and

The Forum’s recommendations on water
management planning, institutional
arrangements, adaptive management,
community engagement, monitoring and
implementation are designed to continue this
adaptive management process as the
Government and its advisors manage the
changes necessary to improve river health and
secure the long-term water needs of the greater
Sydney water supply region.

The current piecemeal approach to water
management planning cannot continue.
Drought conditions, climate change, urban
growth and the need to restore the health of the
rivers serving Sydney have highlighted the
problems associated with the current approach.
A strategic plan is required for the greater
Sydney water supply region’s water resources
within the metropolitan planning process. The
establishment of a planning and natural
resources agency, such as the Department of
Infrastructure, Planning and Natural Resources,
makes the development of a comprehensive
water management strategy possible for the first
time.

Other systems were also related to the Forum’s
investigations. These included housing land
supply, productive rural lands, the fishing
industry and sand and coal mining. These
matters are addressed throughout this Report.
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The critical nature of water availability and
environmental health means that water
management must be a pivotal consideration in
any urban management reform agenda from a
natural resources perspective. This section of
the Report sets out the management
requirements to achieve those reforms.
In the future, water-related natural resource
management in the greater Sydney water supply
region will require the integrated planning and
management of the following diverse natural
resource issues:
l

environmental flows;

l

urban and rural development;

l

salinity;

l

l

stormwater management, re-use and
discharge;
sewage effluent management, re-use and
disposal;

l

water requirements for irrigated agriculture;

l

urban and rural water supplies;

l

inter-catchment transfers;

l

bulk water transfers;

l

l

aquatic weeds and riparian zone
management;
coal mining under water supply catchments
and streams;

l

groundwater protection and extraction; and

l

sand and gravel extraction.

This is not to say that water is the only issue.
An approach that continues to focus on issues
sector by sector – such as water, fisheries, land,
agriculture, pollution, mining, and urban
development, or at small geographic scales –
will fail to achieve the required integration so
critical to the effective management of these
resources. The State Government’s policy for
whole-of-system approaches, adopted following
the Healthy River Commission’s Inquiries, is
reflected in the Forum’s recommendations on
institutional arrangements.
The strategic water management elements in
the metropolitan planning process and the
development of a single water management
plan, that is discussed later in this Report, must
be supported by institutional arrangements that

cover a range of measures for delivering
government endorsed outcomes. These include:
l

legislation and regulations;

l

policies and guidelines;

l

administrative structures; and

l

economic and financial arrangements.

These institutional settings will need to be
blended with existing and emerging political
structures and processes, respect historical and
traditional customs and values and extend to
embrace the views and concerns of key
participants, stakeholders and operators.
These institutional arrangements will ensure
that a new environmental flow regime is both
provided and protected. Detailed discussion of
options which have led to the Forum’s
recommendations is included in the report
“Institutional Arrangements: Issues and Options”
(see CD-ROM).
All sectors of the community, including the
three levels of government, commerce, industry,
and members of the public, have crucial roles to
play. The role and accountabilities of each of
these stakeholders is critical to the success of
the institutional arrangements required to
implement environmental flows.

Principles for institutional
arrangements
Seven major principles have been identified to
guide reform of the institutional arrangements
for water management in the greater Sydney
water supply region. They provide the broad
framework and benchmarks against which
reforms should be gauged and tested:
l

l
l

l
l

l

l

transparent and timely accountability
mechanisms;
effective public participation;
accessible, deliberative and inclusive
complaints processes;
independent auditing and compliance;
adequate, accessible and flexible long-term
funding;
State-wide high level planning and standard
setting with legislative authority; and
integration of decision-making functions
through an adaptive approach supported by
integrated monitoring.
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The list of organisations responsible for the
natural resources of the greater Sydney water
supply region is extensive. There will need to be
clarity in accountability for achieving the
objectives of water resources planning. The
State Government has added an element of
administrative leadership and coordination by
the establishment of the Water CEOs, which
includes a Treasury representative.

and Regulatory Tribunal but which are integral
to the water management issues of
environmental flows and their protection, other
releases from storages, inter-catchment transfers
and the equitable allocation of water.
Conversely, these matters are or will be covered
in the water management licence and the water
management plan, which DIPNR has the
responsibility to formulate and regulate.

Questions arise about responsibilities and
conflicting objectives with such a large number
of participants. The recommendations
contained in this Report will need to be
implemented in a manner that reconciles policy
conflicts, responsibilities and accountabilities.

Other issues that have a bearing on the
development of a strategic water management
plan under the Water Management Act and the
Environmental Planning and Assessment Act will
have to be clarified. The recommendations on
the volumetric cap, and coordinating the
imposition of water restrictions in the
Hawkesbury-Nepean, Shoalhaven and
Wingecarribee Rivers with restrictions in the
Sydney water supply area need to be addressed
in the water management plan.

A principal example of this division of
responsibility in strategic approach is the issue
of security of supply and demand management.
These matters are quantified in the operating
licences of the water supply authorities which
have been overseen by the Independent Pricing

Management of Sydney’s natural resources
The principal organisations involved in natural resource management and the legislation they
administer include:
l

Department of Infrastructure, Planning and Natural Resources coordinates natural resource
management, oversees water allocation and licensing and will provide administrative,
scientific and technical support to catchment management authorities. It is also responsible
for urban and rural planning.
Water Management Act 2000 (matters relating to licences and approvals will continue to be
dealt with by the Rivers and Foreshores Improvement Act 1948 and Water Act 1912), Catchment
Management Act 1989, Environmental Planning and Assessment Act 1979, Native Vegetation
Conservation Act 1997

l

The Department of Environment and Conservation through the Environment Protection
Authority is a regulator of waterways including rivers, mainly focusing on licensing effluent
disposal to rivers and pollution. The Department of Environment and Conservation, through
the National Parks and Wildlife Service, is responsible for the management of threatened
species and Indigenous heritage and the extensive National Parks in the Hawkesbury-Nepean,
Shoalhaven and Woronora catchments.
Protection of the Environment Operations Act 1997, Threatened Species Conservation Act 1995,
National Parks and Wildlife Act 1974

l

The Independent Pricing and Regulatory Tribunal is an independent body overseeing the
regulation of pricing and service provision aspects of government water, gas, electricity and
public transport businesses. It is also responsible for regulating operating licences for the
Sydney Catchment Authority and the Sydney Water Corporation.
Independent Pricing and Regulatory Tribunal Act 1992

l

NSW Agriculture provides on-farm advice to landholders to encourage sustainable land and
water management practices, such as developing water-efficient farm practices. It also provides
scientific and technical advice on Government natural resource management policy and
regulation.
Noxious Weeds Act 1993
continued on next page ...
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... continued from previous page
l

NSW Fisheries has a key responsibility to protect aquatic habitat and ensure recreational
and commercial fishing opportunities in NSW waters. The Department has statutory
responsibilities relating to the management of some development works in waterways,
threatened aquatic species and indigenous and non-indigenous commercial and recreational
fishing.
Fisheries Management Act 1994

l

Sydney Catchment Authority supplies bulk water to its customers, which includes the Sydney
Water Corporation and some local councils. Sydney Catchment Authority also implements
some catchment management roles and regulates land developments within the Warragamba,
upper Nepean and Shoalhaven catchments.
Sydney Water Catchment Management Act 1998

l

Sydney Water Corporation provides retail water services and water distribution and treatment;
the collection and treatment of sewage, and the disposal of the resultant effluent. It also has
primary responsibility for the implementation of demand management programs.
Sydney Water Act 1994

l

Local government has significant development control and planning roles and provides an
important community focal point (residents, local agriculture and industry). Local government
also has an extensive role in stormwater management. In some areas the local council is the
water supply authority.
Local Government Act 1993, Sydney Regional Environmental Plan 20 (No. 2 – 1997) HawkesburyNepean

l

The Commonwealth Department of Environment and Heritage Department of Environment
and Heritage advises the Australian Government on policies and programs for the protection
and conservation of the environment (including both natural and cultural heritage places)
especially those aspects that are matters of national environmental significance.
Environment Protection and Biodiversity Conservation Act 1999

l

NSW Heritage Office works with communities to help identify important places and objects.
It provides advice on how to look after heritage items and supports community heritage
projects through funding and advice. The office also maintains the NSW State Heritage
Inventory, a computerised database of all statutory heritage items in NSW
Heritage Act 1977

The recommendations on the re-use of sewage
effluent as a substitute for irrigation water and
the release of excess effluent during high flows
has implications for licensing and flow
management under the Water Management Act
2000 administered by DIPNR. The control of
pollution from sewage treatment plant
discharges and from flows discharged to the
River under the effluent re-use scheme are the
responsibility of the Department of
Environment and Conservation through the
Protection of the Environment Operations Act.
NSW Agriculture also has responsibilities in
monitoring the re-use of effluent.

The management and operation of the weirs on
the water supply rivers must also be integrated
into the water management plan. This will
involve both NSW Fisheries and DIPNR as
regulators.
The problems with multiple regulators are not
insurmountable. The important thing is that all
of the issues discussed in this Report should be
brought together within the water management
planning process. The regulation of the various
aspects of the plan can be made by agreement
amongst the regulators under the auspices of the
Water CEOs.
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Water Management Planning
The Water Management Act 2000, provides for
water to be shared between a range of
consumptive uses and the environment through
water management plans to be developed for all
water sources throughout the State. This Act
also contains specific provisions for
implementation programs, and the monitoring,
review, adaptive management, auditing and
reporting of water management plans.
The greater Sydney water supply region has
complex water sharing, demand and drought
management, and effluent management issues.
A single water management plan developed
under the Water Management Act 2000 and
guided by the State Water Management
Outcomes Plan is recommended as the principal
driver for the institutional arrangements
required for environmental flows. This will
bring a level of certainty to the management of
the region, whose continued prosperity relies on
a predictable water supply and a sustainable
environment. The investment plans of
government agencies, housing industry,
manufacturing and the tourism and recreation
industries require a strong indication of the
future of the region’s water resources. This,
together with environmental improvement,
should be a major outcome of the plan.
Other key pieces of legislation are also critical
and most require strategic management plans to
be produced, such as catchment blueprints,
environmental planning instruments, regional
vegetation management plans, threatened

species recovery plans, threat abatement plans,
and fish habitat protection plans.
Key elements of a water management plan are:
l

water use and sharing;

l

drainage management;

l

controlled activities;

l

aquifer interference;

l

floodplain management; and

l

environmental protection.

All of these should be included in a water
management plan for the Hawkesbury-Nepean,
Shoalhaven and Woronora catchments and the
Sydney metropolitan area.
Environmental protection measures in any
water management plan must also be included
in a regional environmental plan. Water
management plans can address one or more
water management issues, in any combination,
and can cover any area of the State and one or
more water sources.
The inclusion of the Hawkesbury-Nepean,
Shoalhaven and Woronora river catchments,
the Sydney metropolitan area and the Illawarra
region in the water management plan supports
the State government’s policy that
arrangements for water management be
integrated to best manage the resource
effectively in conjunction with land
management practices.

Water management in New South Wales
The New South Wales Government implements water management via the Water Management
Act 2000 (NSW), as a response to the Council of Australian Governments (COAG) Water
Reform Framework for Australia (COAG 1994).
The Water Management Act defines the common principles and objectives for water
management. The Act defines a framework for water rights and sharing, water licences, approvals
and environmental issues, and requires the development of water management plans across the
State.
Priority areas referred to by the Act are the environment; basic landholder rights; stock and
domestic water rights; licensed water utilities; the interests of Indigenous peoples; and the
opportunities for adaptive management.

Key principles of the Water Management Act 2000 (NSW)
l

Protecting dependent ecosystems

l

Protecting flora and fauna and their associated habitats

l

Protecting and enhancing water quality

l

Protecting significant cultural and Indigenous features

l

Maximising economic and social benefit

l

Promoting adaptive management
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Contents of the recommended water
management plan arising from the
recommendations of the Forum should include:
l

l

l

l

l

l

l

l

l
l

Forum’s recommended environmental flows
at Tallowa Dam for the Shoalhaven River
system;
Forum’s recommended environmental
(including contingent) flows at upper
Nepean dams and weirs in the upper
Nepean River system;
Forum’s recommended environmental
(including contingent) flows at Warragamba
Dam for the Warragamba and HawkesburyNepean River systems;
existing provisional environmental flows
from Wingecarribee Reservoir for the
Wingecarribee River;
a review of existing environmental flows
from Woronora Dam for the Woronora
River;
current provisional environmental flows
from all dams and weirs until Forum’s
recommended environmental flows are
implemented;
management and measurement of dam
inflows;
management of bulk water releases;
transfer rules for all river systems eg. the
recommended tunnel connecting the upper
Nepean dams would allow for ‘intercatchment transfers’ within the upper
Nepean River system, transfer of water into
the catchment (Shoalhaven and Fish
Rivers) and transfers out of the catchment
(Upper Canal, Illawarra water supply,
Mangrove and Mooney Mooney Creeks);
environmental flow principles;

l

tributary flows;

l

protection of the environmental flows;

l

l

l

provisions for community engagement and
awareness;

l

l

l

releases for other purposes such as the flows
at Penrith Weir and Burrier;
management of weirs and flow through
them (see below);
annual volumetric cap on dam water for
Sydney and rules for the Shoalhaven water
supply;

l

l

l
l

water restrictions for all areas and consumers
covered by the plan;
basic landholder rights including
establishment of a volumetric cap,
apportioning rights in subdivisions and
monitoring;
demand management for irrigators (and
other water access licence holders);
compensation relating to increased
efficiency of irrigators;
future water management of Penrith Lakes;
water sensitive urban design for new and
infill development;

l

water sensitive urban design principles;

l

management of storm water;

l

riparian corridor protection;

l

aquatic weeds management;

l

rules for the transfer between surface water
and groundwater sources;

l

aquifer interference;

l

groundwater and sustainable yields;

l

groundwater dependant ecosystems;

l

broadscale effluent re-use;

l

protection of irrigatable lands;

l

water return flow rules (from STPs and
effluent management scheme);

l

monitoring and assessment; and

l

institutional accountabilities.

Some changes to the Water Management Act
2000 and related legislation may be required to
deal with matters such as basic landholder
rights. Other matters, such as the protection
provisions and mandatory development control
and building design rules and standards required
for a sustainable water balance are best covered
under the Environmental Planning and
Assessment Act, 1979.
The owners of the weirs in the HawkesburyNepean River will need to be issued with water
management licences similar to those that will
be issued for the management of environmental
flows through dams. These will include works to
modify the weirs and the operational rules to
pass environmental flows and 20 percent of
upstream tributary flows. This matter is
discussed more fully in Part 3: Protecting
Environmental Flows.
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Amendments to the plan will occur from time
to time. Future investigations and the results of
the recommended monitoring program are
likely to change the plan through the adaptive
management process.
The main regulatory tools of the Water
Management Act, 2000 are access licences
permitting extraction of surface water or
groundwater, and various approvals (eg. for
water use, water supply works, drainage works,
flood works, controlled activities and aquifer
interference). Water management plans specify
mandatory conditions to be placed on these
licences and approvals.
The recommended environmental flows need to
be declared as environmental health water and
protected from downstream extraction under
section 8 of the Water Management Act. This
will require the development of a water
management plan.
Under the Act, water management plans can
only be made with the concurrence of the
Minister for the Environment. A plan can be
drafted by a committee (formed under Section
12 of the Act) or it can be prepared as a
Minister’s plan. Special advisory committees
can also be set up under Section 388 of the Act.
In view of the complex nature of the proposed
water management plan and its relationship to
Sydney’s metropolitan planning process, the
Forum recommends that a Minister’s water
management plan be developed. The work of
the Forum, the Expert Panel, relevant
Catchment Management Authorities and
former committees should form the basis for the
Minister’s water management plan. Early
implementation of the Forum’s
recommendations on scientific studies and
community consultation in the Shoalhaven
catchment, together with the recommendations
on community involvement, will assist in the
development of a Minister’s water management
plan.
Water Management Areas have been gazetted
in November 2001 for all of NSW. While water
management plans may not cover the entire
Water Management Area, they cover specific
water sources identified within them.

Linkages between water planning and
land-use planning
Linkages between water management plans and
the other key pieces of legislation are essential
for an integrated approach under current
legislative arrangements. There are two
significant areas where this is the case.
Consistency with State Environmental
Planning Policies (SEPPs)
The legal status of a water management plan,
with some exceptions noted below, is still
unclear. Water management plans must be
consistent with SEPPs (s16 (1), Water
Management Act 2000). However, there is no
requirement for a SEPP to be consistent with
the relevant water management plan. It will be
important to establish a water management plan
correctly within the legislative hierarchy so that
it can effectively implement the policy actions
recommended by the Forum.
Environmental Planning Instruments
The Independent Audit of the Statements of
Intent for the Hawkesbury-Nepean and
Shoalhaven river systems by the Healthy Rivers
Commission, June 2003, acknowledges that
effective regional plans are difficult to develop
and are likely to require commitment of
substantial time and resources:
“A strategic and cohesive approach to regional
planning, such as that envisaged by the (State)
Government’s new regional land-use planning
initiatives, offers considerable opportunities to integrate natural resource policies effectively into
statutory planning in ways that can influence future development effectively.”
There is a provision under the Water
Management Act for water management plans
to influence regional planning. While limited,
it is potentially powerful. Only if a water
management plan contains provisions
designated as “Environment Protection
Provisions” (EPPs: s34 provisions), is there an
explicit link between a water management plan
and local environmental plans. It is clear from
the discussion in Protecting Environmental
Flows and in this part of the Report that there is
a requirement for section 34 provisions. Section
34 provisions generally allow the regulation of
“development” as understood/defined in the
Environmental Planning and Assessment Act, and
can be made “in respect of any aspect of water
management” (s34). Once EPPs are made by a
water management committee, they must be
incorporated into a regional environmental
plan (REP) under the Environmental Planning
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and Assessment Act, which will in turn prevail
over local environmental plans, including those
made in the future (s46 Water Management
Act).
The link between section 34 provisions in the
Water Management Act and a regional
environmental plan would allow water
management committees to influence land use
decisions in the relevant water management
area. For example, it is understood that it is
possible for water management committees to
make the following provisions regulating:
l

l

new rural subdivisions in the interests of
preserving river health or environmental
flows; and
new developments to incorporate rainwater
tanks or water sensitive design
specifications.

Because section 34 provisions are incorporated
into a REP, they would have effect across the
whole of the area covered by the Plan and be
legally enforceable.

Water Extractors
There is an imbalance between the extensive
amount of investigations undertaken by the
Forum on the Hawkesbury-Nepean River and
the work undertaken for the Shoalhaven River.
The imbalance must be rectified if the interests
of river users and the health of the Shoalhaven
River are to be recognised within the strategic
considerations of Sydney’s metropolitan
planning process and a single water
management plan covering all of the water
supply resources for Sydney.

The Forum has considered many of the
elements of a water management plan for the
Hawkesbury-Nepean system and metropolitan
Sydney during its deliberations. The
investigations of the Expert Panel on biological
and physical processes in the River, the socioeconomic and cultural heritage issues and the
demand management processes, provided the
information for the community discussion
process that allowed the Forum to come to its
conclusions. These processes will form the basis
for the development of a water management
plan.
The Shoalhaven area has not been so fortunate.
Its water management committee has had
neither the time nor the scientific
investigations required for it to make a
determination of demand or flow elements in a
water management plan. That situation needs
to be rectified so that the waters of the
Shoalhaven are protected and shared equitably.
The Forum has recommended ways of
addressing the imbalance. Recommendations
WFE5, MWA15, MWA16, MWA17, AM2
and AM10 are designed specifically to assist in
the development of an understanding of the
Shoalhaven so that it might be fully considered
within a water management plan.
Part 4: Managing Water Availability, of this
Report, seeks to improve irrigation efficiency in
the Hawkesbury-Nepean River system.
Additionally, the Forum’s recommendations on
effluent re-use and modification of weirs in
Part 3: Protecting Environmental Flows affects
water consumption efficiency within the
irrigation industry.

Community consultation is a vital part of water management.
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The State government’s position is that on-farm
efficiency savings remain with the irrigator to
encourage further improvements in efficiency
and provide a return on investment. This is
supported by the Forum. Any acquisition by the
State government of water entitlements
associated with increases in efficiency should
also be stimulated by incentives including
appropriate compensation.
Some water licences are currently ‘sleeper’
licences. These may be activated either directly
or through initiation of water trading, thus
placing an added burden on the Hawkesbury–
Nepean River system. The balancing of water
allocations for irrigators, the Sydney Catchment

Authority, basic landholder rights and the
environmental flows has been a process that has
taken into account equity, long term needs of
all extractors, the health of the rivers and intercatchment transfers. As all of the water has
been allocated it will be difficult to allow the
activation of any other licences without
endangering the viability of the current water
sharing arrangements. The Minister would
require extensive socio-economic and
environmental assessments before
contemplating any change to allocations.

Recommendations: Water management planning and institutional change
AM1.

That the water component of Sydney’s metropolitan planning process include
total water cycle management requirements at a strategic level to address supply
and demand, environmental, social, economic, cultural and heritage issues
associated with the management of Sydney’s water resources.

AM2.

That interaction with and development of complementary requirements with
other Acts (eg. EP&A, POEO, IPART) be identified at the metropolitan
planning level and delivered by a water management plan under the Water
Management Act 2000.

AM3.

That a cohesive framework for new developments, that minimises the impact on
the Hawkesbury-Nepean, Shoalhaven and Woronora River systems, be prepared
for providing water services including water efficiency measures, effluent re-use
and management of stormwater.

AM4.

That a single water management plan, covering the Hawkesbury–Nepean,
Shoalhaven and Woronora catchments, the Sydney metropolitan area and the
Illawarra region be prepared and implemented under the Water Management Act
2000 addressing all six key elements:
l

water use and sharing;

l

drainage management;

l

controlled activities;

l

aquifer interference;

l

floodplain management; and

l

environmental protection.

AM5.

That detailed development, implementation and adaptive management
requirements of the water management plan be developed with community
involvement as a Minister’s Plan, based on the report of the Forum and the work
of the Expert Panel.

AM6.

That State Environmental Planning Policies and Regional Environmental Plans
be required to be consistent with relevant water management plans.

AM7.

That any reduction in water licence entitlement resulting from farmer-funded
efficiency gains be supported by appropriate compensation.
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Supplementary management planning
considerations
The proposed single water management plan
should include consideration of issues associated
with non-metropolitan water utilities, including
proposals by the Gosford Wyong Councils’
Water Authority to extract water from the
Hawkesbury-Nepean River system. Integrated
stormwater management, weirs and wetland
management, both upstream of the Sydney
Catchment Authority dams (in relation to
sustainable flows) and downstream of dams
behind levees, should also be addressed.
Water extractions from the HawkesburyNepean, Shoalhaven and Woronora rivers
should be regulated and managed through a
single water management plan and
implemented through individual licences under
the Water Management Act 2000.

Local communities need to be aware of and participate
in water management.

Adaptive management framework
Learning through doing—a complex and
interactive process
Native plants and animals that populate the
Hawkesbury-Nepean, Shoalhaven and
Woronora Rivers have adapted to some of the
most variable flow conditions in the world. The
imbalance caused by the modifications to these
rivers and their catchments over the last two
hundred years has resulted in the loss and
degradation of the natural ecosystems.
Through the investigations of the Expert Panel,
the Forum believes that redressing this
imbalance effectively by reinstating more
natural flow regimes will take time,
watchfulness and adjustment according to the
response of the rivers and all life that depends
on them. This ‘adaptive management’ is
considered an essential approach underpinning
the Forum’s recommendations for
environmental flows and is promoted in the
Water Management Act, 2000.
The Forum and Expert Panel have also
examined the social, economic, cultural and
heritage effects of changed river management
practices. Part 2 of this report, Water for the
Environment, sets out many of the social,
economic, cultural and heritage beneficiaries or
those who might suffer some adverse effects.
Part 3: Protecting Environmental Flows, which
discusses the proposed effluent re-use scheme
and management of weirs, also identifies
potential benefits and areas of caution. A
significant use of the adaptive management
approach is explored in the subsequent Part 4:
Managing Water Availability. Thus, each Part of
this Report relies on an adaptive management
approach to the implementation of
environmental flows and associated initiatives.
Management strategies to implement and
operate the selected environmental flow
regimes, and the systems for the protection of
these regimes, need to be accompanied by
strategies to manage the scarce water resource
and implement the water conservation
initiatives so that an appropriate balance is
achieved between the various users. An
integrated monitoring program and associated
research and review is essential to ensure that
the Forum’s environmental, social and
economic, and cultural and heritage objectives
are achieved.
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The Expert Panel identified many gaps in
current knowledge of the river ecosystems and
management that will need to be reviewed as
responses to the environmental flow regimes are
demonstrated. Some benefits from the various
strategies will be quickly identifiable whilst
many others will not be evident for a
considerable time. The management strategies
should be designed to rehabilitate natural
resources that have been in decline for two
hundred years and to modify water consumption
behaviour over a similar timeframe.
Achievement of such changes will be gradual,
relying upon the design of flexible and inclusive
decision making processes that incorporate the
different time frames that apply to the forecast
changes.

Coordination of and flexibility in the adaptive
management decision making processes are
essential to respond to different conditions,
knowledge and technological advances. There
are many disparate groups and government
organisations that have an interest in managing
the rivers and the benefits they provide. All of
these groups will need to own and participate in
this decision making process. The Forum
anticipates that catchment management
authorities of the relevant regions will be
responsible for coordinating this process.

Adaptive management
A flexible management process that operates across community, industry
and government
l

focusing on outcomes

l

integrating information from different sources into decision making

l

l
l

l

l

recognising that there is a diverse group of stakeholders, and that environmental and other
processes are uncertain
relying on stakeholder participation
recognising the need to examine economic, social and environmental values as well as
biophysical issues
applying a whole-of-population (government, industry, research workers and community)
approach
requiring institutional change and community education

Communication and consultation are essential ingredients both to hear opinions and ideas, and
to inform stakeholders of decisions and possibilities. We also need to monitor processes and
evaluate outcomes so that we know whether decisions are successful or not.

Recommendation: Adaptive management framework
AM8.

That delivery and protection of environmental flows be undertaken through an
adaptive management framework with appropriate independent expert advice,
and participation of community and river stakeholders, including:
l

l

consideration of all options to manage rivers sustainably, or to increase
supply or to reduce demand for water; and
support of the incremental and ongoing delivery, management and
protection of an environmental flow regime.
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Community engagement and
awareness
Underpinning most of the Forum’s
recommendations is the assumption that the
community is willing to make changes to the
way they treat and value water. This will only
be realised through the community better
understanding the nature of the water
environment and the water resource, and
appreciation of the impact of their own actions
and expectations, both now as well as upon
future generations. An aware community is far
more likely to provide willing and effective
participants in voluntary programs for reducing
water usage, and to be supportive of future water
policy and management.
The Forum undertook some limited targeted
community research and consultation on the
weirs project with local councils and irrigators.
Most community input came from members of
the Forum, including government agencies,
who took issues to their constituents and
brought back responses. Presentations were
made by all members of the Forum, including
State government agencies, on the direction
that the Forum should be taking and on issues
that concerned the stakeholders they
represented. Presentations were also received
from community groups from outside the
Forum.
Clearly, this level of consultation and
communication was limited as it was outside the
terms of reference of the Forum. The current
water shortages and the implementation of the
Snowy River environmental flows have
heightened public awareness. These make it a
favourable time to act.
On-going community involvement and effort is
also essential for monitoring and informing the
adaptive management of healthy rivers and a
sustainable water resource. This will require the
establishment of clear and appropriate means to
ensure this effort is supported and meaningful.

These community engagement and awareness
raising processes are now urgent and they will
require a range of measures including:
l
l

l

l

l

l

institutional arrangements;
public information campaigns including the
circulation of proposals for written
comment;
focus groups, resident feedback panels,
community or citizen advisory committees,
interest group meetings, public hearings,
public inquiries;
use of regional press and radio to
disseminate information and promote
discussion;
deliberative polls or televoting, citizens’
juries, consensus conferences and referenda;
and
surveys and impact assessment studies.

This engagement must include all community
sectors across the greater Sydney water supply
region.
Some community engagement programs will be
broadly focussed to communicate with the
general public. Others will be specifically
targeted to concentrate on the values of water
to different sectors. The Forum has
recommended that large water users be assisted
in more appropriate water usage. Irrigation
efficiency and effluent management will require
targeting and involving specific groups to assist
in these programs. Industry groups, such as
tourism, recreation and commercial fishing,
have specific needs and values.
Communities from all catchments, including
the Shoalhaven, need to be involved in the
water management planning for both Sydney
and the Shoalhaven River, as provided in
Recommendations AM1 to AM7 inclusive.
This will require a special program that is
integrated with scientific investigations.
The Water CEOs are ideally placed to develop
the strategies, tactics and messages required to
implement and coordinate the program.
Many government agencies have existing
community engagement programs that have a
bearing on water management. These existing
programs should be adapted to include the
messages formulated by the Government
through the Water CEOs.
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Recommendations: Community engagement and awareness
AM9.

That effective means to involve the community in monitoring and reporting on
aspects of water management and river health be included in the reform of
structures to manage natural resources in the catchments.

AM10.

That an integrated community awareness program be developed and
implemented across the greater Sydney water supply region to inform the
community of:
l

the emerging gap between available water supply and increasing demand;

l

the need for environmental flows to protect river health; and

l

the emerging opportunities and applications for future sustainable water
management.

The program should include:
l
l

l
l

l

l

AM11.

a comprehensive stakeholder analysis;
social research to establish the values, aspirations and needs of river
stakeholders in relation to river management;
the design of an appropriate, long-term community engagement program;
processes to assist community participation in institutional arrangements and
monitoring for adaptive management;
development of innovative and culturally appropriate information and
education activities for local communities, river stakeholders and the general
public; and
an ongoing review process that ensures that the arrangements are inclusive,
flexible and transparent.

That communication be two-way between all relevant agencies and river
stakeholders. This may include provision of a multi-media issues register.

Implementation
Coordination, policy direction and assessment of the program’s effectiveness should be managed by
the Water CEOs.
Awareness programs over and above the existing funding of demand management initiatives are
required. Sydney Water Corporation and Sydney Catchment Authority as well as other agencies
have existing programs. In many cases these programs can be adapted to deliver the Government’s
message. Planning level costs of conducting the regional programs through the catchment
management authorities for Metropolitan, Southern and Hawkesbury-Nepean are estimated at
approximately $2M.
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Monitoring environmental flows
Monitoring is an integral part of an
environmental flow regime and associated
processes. It is needed to assess the impacts of
environmental flows on biophysical systems – it
is important to know what is happening in
order to be able to protect river flows and to
adapt as the situation changes. Monitoring and
assessment of biophysical changes in the river
environment, the effects of effluent re-use and
water use efficiency are needed so that they can
be evaluated against environmental, social,
economic, cultural and heritage values.
In a complex system, monitoring every aspect of
the system is not possible. Instead, features of
the system need to be chosen that will act as
key indicators of its health. These features need
to be chosen based on their representativeness
of the system as a whole:

l

l

Data collected for the indicators need to be
part of an ongoing survey system.

l

l

Monitoring needs to be efficient and effective,
it needs to be timely and should incorporate
current pre-monitoring investigations and
established monitoring programs. Currently,
monitoring is undertaken by State agencies,
councils, non-government organisations and
private landholders. Some organisations are still
defining the matters that need to be monitored;
others have developed indicators and premonitoring investigations; while others have
fully operational plans. Current publicly funded
water-related monitoring in these catchments
should be comprehensively reviewed as the first
step in developing an integrated environmental
flow monitoring program.

measures of flows downstream of the dams
and weirs to ensure that environmental
flows are being passed through and not
taken up by licensed extractors or by basic
landholder usage; and
measures of licensed extractions to verify
compliance with access rules and to assist
water balance calculations.

Biophysical indicators:
l

l

Data need to be available, accessible and
compatible with other data and systems.
The effect of environmental flows will need
to be evaluated and provide the information
for ongoing management decisions.

measures of tributary flows so that the
portion of tributary flow which is to be
preserved as an environmental flow can
be calculated, providing the basis for
water sharing plans;

l

l

fish, macroinvertebrates and macrophytes
(species composition — native and
exotic, diversity, abundance, distribution
and habitat performance);
water quality (nutrients, chlorophyll-a,
algal species and composition,
temperature, dissolved oxygen, pH,
salinity and turbidity);
aquatic, wetland and riparian vegetation;
and
channel changes from natural and
anthropogenic impacts and their
influence on aquatic habitats.

Social and economic, and cultural and heritage
indicators:
l
l

availability of irrigation water;
popularity of areas as tourist and
recreation resources;
Photo: Streamwatch

l

l

The Forum considered a number of indicators
that should guide the development of a
monitoring program:
Hydrologic indicators:
l

l

measures of inflows to storages and weir
pools so that daily releases can be
computed;
measures of flows from dams and weirs to
ensure that the correct releases are being
made;

Monitoring can be done by community groups such
as Streamwatch and Landcare.
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l

l
l

population growth and per capita water
usage trends;
productivity of commercial fisheries;
quality and quantity of water at the
North Richmond water treatment plant;

l

security of bulk water supply;

l

value of housing;

l

appreciation of the river environment

l

sense of place

l

aesthetic value of the river

l

l

cultural and heritage value of places
associated with river

Expert Panel recommendations on monitoring
were based on the high priority issues that were
identified in the assessment of river reaches.
Costs were estimated for monitoring:

l
l

catchment inflows and river flows benefiting
the long-term management of water
balance, sustainability of the system and
river health;
benefits of environmental flows; and
effects of the integrated effluent
management strategy.

The detailed monitoring program is contained
in the report Integrated Monitoring Program for
the Hawkesbury-Nepean, Shoalhaven and
Woronora River Systems (see CD-ROM). This
document was written with adaptive
management in mind. During the monitoring
process other priorities may become evident or
existing priorities may lessen. The monitoring
report contains other levels of priorities of
monitoring that may be drawn on using the
adaptive management process.

Recommendations: Monitoring environmental flows
AM12.

That monitoring of inflows to and outflows from storages, and of future trends,
be implemented to support the environmental flow regimes.

AM13.

That an integrated monitoring program be developed using independent expert
advice to inform the adaptive management process in order to effectively
manage the provision, protection and evaluation of environmental flow regimes
and the Integrated Effluent Management Strategy.

AM14.

That there be a comprehensive review of current publicly funded water-related
monitoring in the Hawkesbury-Nepean, Shoalhaven and Woronora catchments
to rationalise and provide the information for the implementation of the Forum’s
integrated monitoring program.

AM15.

That water use by licensed extractors be appropriately monitored.

AM16.

That a lead agency be designated to coordinate monitoring programs for water
quality and quantity, and social and economic impacts.

AM17.

That the existing Hawkesbury–Nepean Integrated Water Monitoring Framework
be adapted to include water quality and quantity, and social and economic
parameters.

AM18.

That integrated inter-agency hydrologic and water quality models for the
Hawkesbury–Nepean, Woronora, and Shoalhaven river systems be established to
inform the continuing provision and protection of environmental flow regimes
and integrated effluent re-use schemes.

Implementation
The existing programs should be adapted as quickly as possible to the new program with the
assistance of the existing Hawkesbury-Nepean Integrated Water Monitoring Framework team.
The estimated costs of the monitoring program are set out in Table 13.
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Table 13: Integrated Monitoring Program – Priority Elements
Categories

Pre-Monitoring
Costs over 12 Years
($)

Annual Monitoring
Costs
($ per Year)

Ecological and physical

429,000

448,000

Fundamental hydrologic

100,000

270,000

Ancillary

314,000

475,500

0

100,000

843,000

1,293,500

Socio-economic
Total Program

Implementation of environmental
flow regimes and planning level
costs
The provision of water for environmental flows
and ancillary programs will also need to be
managed adaptively. The timespan of the
programs is from the present to 2030. The vast
range of issues that are discussed throughout this
Report must be placed in a program so that they
can be managed. Matters that form the basic
elements in the implementation program and
need to be dealt with and satisfactorily resolved
include:
l
l

l

l

l

l

l

l

l

l

l

inception
provision of funding for implementation
and ongoing operation;
determination of policy, administrative
structures and institutional accountabilities;
establishment of pre-monitoring and
monitoring programs;
pre-monitoring investigations for the
Woronora River;
review of water management needs in the
Shoalhaven River;
catchment and river management
investigations in the Wingecarribee River;

An implementation program, summarised in
Table 14, has been developed, taking into
account the time constraints and funding.
Adaptive management processes, such as those
for the interaction between the results of
demand management and inter-catchment
transfers, lie behind the program elements.
Short-term measures (e.g. inception,
institutional arrangements, community
engagement, water-sensitive urban design,
reliability criteria, pre-monitoring and river
investigations) will take between two and five
years to complete.
Longer-term measures (eg. modification of dams
and weirs, demand management, development
of alternative water sources) could take as long
as 12 to 26 years.
The Forum’s recommended program allows for
water for the environmental flow regimes to be
made available progressively from 2008. This
relies on the implementation of water recycling
processes at Port Kembla.
The Expert Panel has estimated the costs
associated with the Forum’s recommendations.
A summary of planning level costs for
implementation of environmental flow regimes
is provided in Table 15.

modification of dams and weirs and
construction of pumping stations and
pipelines;
extension of current demand management
programs;
implementation of effluent re-use schemes;
and
development of alternative water sources
(eg. inter-catchment transfers, groundwater)
and construction of associated
infrastructure.

Some monitoring programs are already in place.
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Costs associated with the implementation of
environmental flows are the first two items,
amounting to $75M, together with
approximately 60 percent of the monitoring
costs. These are spread fairly evenly over the
next 12 years.
The effluent re-use schemes will be funded
principally from new development and will be
controlled by the timing of those developments.
Some works have been scheduled early to deal
with water quality problems in the River and to
grasp the opportunity to provide irrigators with
a safe and secure water supply that demonstrates
the benefits of water recycling. This also allows
cash flows for the total reform program to be
evened out.

The implementation of enhanced intercatchment transfers relies on the adaptive
management process. If some of the demand
management initiatives (MWA1-6 and
MWA11-13 inclusive) prove to be ineffective,
it will be necessary to bring forward these
enhanced inter-catchment transfers.
The Expert Panel’s estimate of the timing of the
enhanced inter-catchment transfers (Tables 11
and 12) is that they may need to be commenced
in 2014. Therefore the related assessments of
inter-catchment transfers (MWA15 & 16) will
need to be commenced in the near future in
order to ensure proper processes within the
adaptive management framework.

Recommendation: Implementation of environmental flow regimes and
planning level costs
That the Implementation of environmental flows program - Summary, Table 14, be
adopted, and that the Summary of costs of the Forum’s recommendations for
management of the greater Sydney water supply region’s water resources, Table 15, be
noted. [Tables 14 and 15 are provided at pages 99 and 100 in Part 5 of the
Report]

Photo: Sydney Catchment Authority

AM19.

Water quality sampling on Lake Cataract.

Source 2

Source 1

Alternative water source

Demand management/source substitution

St Marys

Quakers Hill

Riverstone Stage 2

Riverstone Stage 1

West Camden

Development of implementation strategy

Effluent re-use schemes (ERS)

Dam 6: Warragamba

Dam 5: Tallowa

Dam 4: Cataract

Dam 3: Cordeaux

Dam 2 Nepean

Dam 1: Avon

Dams/weirs management

Development of water management plan

Monitoring

Investigation of Shoalhaven, Wingecarribee and Woronora rivers

Community engagement

Institutional arrangements

Inception

2003

2005

2007

2009

2011

2013

2015

2017

2019

2021

2023

2025

2027

2029

2031
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Table 14: Implementation of environmental flows program - Summary

2

59
475 c
1197 d

Total

310

288

22

($M)

Indicative Planning
Level Capital Cost

Indicative Planning
Level Operating
Cost
($M per year)

Expenditure on water sensitive urban design will be funded by developers as new release areas are brought into production.

The implementation of the enhanced inter-catchment transfers may be able to be deferred depending upon the success of the demand management programs.

This is a total cost to society and includes $270M which would not affect the State budget ($160M for demand management programs and $110M for effluent re-use costs which
would be met by developers). The balance of the indicated cost would be spread over the period 2004 to 2030 – a rate of approximately $36M per year.

c.

d.

253

230

23

Indicative Planning
Level Net Present
Value (NPV)
($M)

b.

Costs offset by rationalisation of existing monitoring programs which is expected to lead to a net reduction in current cost for some agencies.

1038

53
422

178
1

12
6.4
4

295

58
8

Indicative Planning
Level Net Present
Value (NPV)
($M)

Other agencies’ works and activities
already provided for in budgets

a.

6

0

274
1

1
1
0.2

2

Securing water for Sydney
Demand management
Reliability
Water-sensitive urban design b
Supplementation of supply
Access to additional storage at Avon Dam
Inter-catchment transfers

4
3
2

304

0
0

($M per year)

($M)

64
11

Indicative Planning
Operating Cost

Costs and values attributable to
Forum’s recommendations
Indicative Planning
Level Capital Cost Level

Adaptive Management
Monitoring a
Institutional arrangements
Community engagement and awareness

Proposed effluent re-use scheme

Environmental flows
Dams
Weirs

Component of Implementation
Program
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Table 15: Summary of costs of the Forum’s recommendations for management of the greater Sydney water supply
region’s water resources
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GLOSSARY OF TERMS
95th Percentile Flow: The flow value which is
exceeded 95 percent of the time when the river
is actually flowing at a particular location (see
also “Percentile Flow”).
Adaptive management: A management system
whereby the implementation of a work program
is monitored, re-evaluated and modified, if
necessary, to achieve defined program goals.
Aquatic weed: An aquatic macrophyte that
adversely affects biota, reduces habitat for
desirable biota and/or decreases river amenity.
Usually an exotic macrophyte species.
Aquifer: A saturated rock formation or stratum
from which water may be extracted (in the
Hawkesbury-Nepean, these are mainly
sandstones at deeper levels and sands and
gravels in shallow alluvia).
Barriers to fish passage: These include dams,
weirs, waterfalls, rock steps, shallow riffles and
riffle-like forms and may be either natural or
constructed features.
Base flow: Often referred to as fair or dry
weather flow, largely derived from ground water
inflows to perennial rivers (common in the
larger sandstone channels)
Biodiversity: Biological Diversity is the variety
of all life forms – the different plants, animals
and microorganisms, the genes they contain and
the ecosystems of which they form a part.
Blue Green Algae: Bacteria-like organisms
which are members of the Cyanobacteria (or
Cyanophyta) characterised by blue green
pigmentation and a lack of cellular
organisation. Cyanobacteria are aquatic and
photosynthetic, that is, they live in the water
and can manufacture their own food.
Bulk water transfer: The transfer of large
quantities of raw water from water storages
through pipes, tunnels, canals or natural water
courses to water treatment plants for filtration
for urban water supplies.
Cap: In the context of water extraction, an
upper limit for the diversion of water from a
waterway, catchment or basin.
Catchment: That area of land where run-off
resulting from rainfall goes into one specific
watercourse.

Channel morphology: This involves the form
of channels (shape and size), their banks and
beds. The shape is a function of perimeter
materials (sandy channels are wide and shallow;
silt/clay rich perimeters are narrow, sinuous and
deep). The size of the channel is a function of a
range of flows, usually associated with bankfull
discharge. Many workers have related such
flows as being close to the mean annual flood.
When these increase, as in FDRs, alluvial
channels increase in size through erosion of
banks and floodplain margins. When they
decrease, the channel shrinks and a new inset
floodplain may emerge. Anthropogenic
activities such land use changes in the
catchments and alterations to the channel also
impose similar adjustments to channel
morphologies. All such changes alter prevailing
ecologies and associated habitats.
Climate change: In geomorphology mainly
thought of as long-term changes in temperatures
and precipitation, which cause long-term
changes in evaporation and runoff regimes
(eg. cold climates of the Pleistocene caused ice
caps to form and spread over higher latitudes
and glaciers to grow at higher altitudes, as well
as much colder conditions elsewhere). Secular
climate changes or shifts in climate are for
much shorter periods (decades rather than
millennia). FDRs and DDRs are related to such
shifts where increases in the former and
decreases in the latter have occurred for periods
of 30 to 50 years. These alter runoff regimes
significantly and many channel changes have
been attributed to them (in the HawkesburyNepean they have great impacts of inflows to
dam storages).
Compensatory weir: A weir across a
watercourse that stores water to ‘compensate’
irrigators for the loss of streamflow due to the
construction of a dam further upstream.
Connectivity: A term describing the increased
continuity of river flows when discharges
increase. At low flows there is virtually no
connectivity over riffles or riffle-like
constrictions in the channel, thereby reducing
or stopping fish migration. Connectivity is
enhanced by environmental flows.
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Contingent flow: Flows released from a dam to
meet specific ecological or geomorphic needs
(e.g. to control excessive growth of aquatic
weeds).
Current flow regime: The temporal “pattern”
of flows at present. In the case of a regulated
stream, the current regime may be greatly
attenuated and flows much reduced.
Enhancement might be necessary using
environmental flows.
Daily flows: These are a measure of discharge
or flow passing a point in a river over a 24 hour
period. They are usually measured in megalitres
per day (ML/d). In contrast instantaneous flows
are gauged are in cumecs or cubic metres per
second (m3s-1). For flow records these are
converted to ML/d (a discharge of 1 cumec is
equivalent to 86.4 ML/d).
Demand hardening: The increasing difficulty of
achieving continued water conservation targets
once the “easy” demand management options
have been implemented.
Demand management: A system of managing
the utility to reduce system losses and reduce
the amount of usage of that utility by way of
education of the consumer, restricting supply,
and implementing user pays principles.
Desalination: The removal of dissolved salts
(such as sodium chloride) from water by specific
water treatment processes, for example reverse
osmosis.
Diffuse pollution source: Pollution that results
from widespread activities with no one specific
source (eg. runoff from urban and agricultural
areas).
Diversion weir: In the context of this report, a
weir across a watercourse that diverts water from
the watercourse to a water supply system.
Drought-dominated climate (DDC): The
climate operating in a DDR, a term used by the
CSIRO in their studies of Greenhouse
conditions and global warming periods.
Drought-dominated regime (DDR): A flow
regime of up to 50 years, where droughts are
common and floods are less frequent and lower
in magnitude than in flood-dominated regimes
(FDR).

Ecosystem: The combination of a community
(biota) and its abiotic environment. Ecosystems
are characterised by ecological processes such as
the flow of energy and nutrients through food
webs.
Effluent: As applied to sewage treatment,
treated wastewater which flows from treatment
plants.
Environment: Surroundings in which an
organisation operates, including air, water, land,
natural resources, flora, fauna, humans and their
interdependence.
Environmental flow: A range of flows
introduced into a regulated river where flows
have been greatly reduced in order to sustain
and enhance local ecologies.
Environmental flow (Sydney Catchment
Authority Operating Licence): A release of
water from storage so as to provide a flow of
water in a river, stream or natural water way,
that: (a). Mimics natural season flows and (b).
Restores and maintains the ecology of the
waterway concerned.
Environmental flow provisions: Flow regimes
provided to maintain the agreed environmental
condition of water systems.
Environmental flow regime: A range of flows
which attempts to mimic natural conditions
from very low to very high flows.
Environmental flows (general): Flows, or
characteristics of the flow pattern, that are
either protected or created to benefit the
natural environment.
Flood-dominated regime (FDR): A flow
regime, often several decades long, where flood
magnitudes are much higher and floods are
more frequent than in DDRs.
Floodplain: A plain formed of alluvial material
adjacent to the channel. It is formed from inchannel deposition associated with lateral
migration of the channel and from overbank
deposition (called vertical accretion) from
floods. Hence the name, it is a plain that floods.
Flow regime: Temporal pattern of water flow in
a river or stream. In undeveloped rivers and
streams flow regimes are related to climatic
conditions. In regulated rivers (i.e. dammed
rivers), flow regimes are often altered from
natural patterns.
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Flow, low: These are not defined quantitatively
but are times where there are very low
discharges in rivers. They might be considered
as flows, which occur between 90 to 100
percent of the time in perennial rivers or during
the driest 36.5 days per year (intermittent and
ephemeral streams may not have any flows in
this range).
Flow, medium: These are not defined
quantitatively but would be times when there is
a considerable amount of water in the river
channel. They might be considered to be the
flows occurring between the 40th and 60th
percentiles or occurring on average between
146 and 219 days per year.
Flow, high: These are not defined
quantitatively but are generally thought of times
where flows are enough to be thought of as
“freshes” and sometimes floods, although the
latter occur at much lower frequencies. They
could be regarded as flows occurring in only 10
percent of the time (or in the 0 to 10th
percentile range) or on average only 36.5 days
per year. Mean annual flood frequencies are
much lower (0.1 to 0.2 percentile).
Geomorphology: The scientific study of
landforms, their evolution and the processes
that create and modify landforms through time.
Gorge: A narrow, deeply incised valley cut into
bedrock (sandstone in the case of the Nepean
gorges). Since the valley-floor trough is so
narrow, there is little alluvial deposition, except
perhaps in parts of the channel bed. Usually
they are too narrow for floodplains to form and,
therefore, channel morphologies are very
different to those adjacent to alluvial channels.
Greenfield development: Urban development
that occurs on sites not previously used for that
purpose (eg. the conversion of former
agricultural lands to urban development).
Greenhouse effect: The warming of the earth’s
surface caused by greenhouse gases in the lower
atmosphere. These gases regulate the earth’s
temperature – making it capable of sustaining
life – by retaining some of the heat that
otherwise would radiate back into space.
Groundwater: All subsurface water, generally
occupying the pores and crevices of rock and
soil.

Hydrologic surrogates: Measurable flow
variables that are used to estimate ecological
impacts of different flow regimes in the absence
of ecological data. The variables used are flow
magnitude, flow duration, flow frequency, flow
seasonality and flow variability.
Hydrology: The science dealing with surface
and groundwaters of the earth; their occurrence,
circulation and distribution; their chemical and
physical properties and their reaction with the
environment.
Infill development: Urban development that
occurs within existing urban areas.
Institutional Arrangements: Formal State and
agency structures and mechanisms which are
responsible for natural resource management
including the management or monitoring of
water reform. For example, Catchment
Management Authorities, Irrigation
Management Authorities and State and
Territory departments responsible for natural
resource management (e.g. Department of
Agriculture Fish and Forestry).
Inter-catchment transfer: The transfer of water
from its natural catchment to another
catchment for storage to supplement water
supply.
Longwall coal mining: Underground extraction
of defined rectangular blocks of coal in a single
continuous operation.
Macrophytes: Large plants, more specifically in
the context of environmental flows, aquatic
plants. Examples of exotic macrophyte species
include Water Hyacinth (Eichhornia crassipes),
Salvinia (Salvinia molesta), Alligator Weed
(Alternanthera philoxeroides), Elodea canadensis
and Egeria densa.
Water management licence: A permit issued by
DIPNR setting out conditions under which
access to a water resource is permitted.
Natural flow regime: The range of flows that
would have occurred in a waterway prior to
human activities such as land clearing,
construction of dams and weirs etc.
Nutrients: Food for plants and animals;
generally refers to forms of nitrogen and
phosphorus in water.
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Operating licence: In the context of this report,
a document issued by IPART to Sydney water
and the Sydney Catchment Authority setting
out the conditions under which those bodies
may carry out their day to day operations.
Percentile flow: The flow magnitude that is
exceeded for a specified percent of the time.
This is derived from a flow-duration curve
which shows the range of inflow magnitudes
that can occur and the percentage of time that
any particular flow magnitude is exceeded. The
accompanying, hypothetical flow-duration
curve shows that a flow of about 20 ML/d or less
could be expected 80 percent of the time. In
this case, 20 ML/d is called the 80th percentile
flow.

Flow (ML/day)

10 000

Flow duration curve

1 000
100
80th percentile flow
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1
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Point source pollution: Pollution that results
from specific, identifiable sources (eg. discharges
from sewage treatment plants).
Potable: Suitable for drinking.
Recharge: An aquifer is recharged or water is
added to it after rainwater infiltrates the soil
surface and then percolates down to the water
table. In shallow alluvial aquifers this process
may be rapid; in deeper aquifers it may be very
slow and in artesian basins the time for recharge
may be thousands of years.
Reliability criteria: Part of the “Performance
Criteria” set out in the Sydney Catchment
Authority’s Operating Licence. Other
performance criteria specified in the Operating
Licence are “Security” and “Robustness”.
Reticulation: The network of pipelines,
pumping stations and other infrastructure used
to take water into areas of consumption.
Includes residential districts and individual
households.
Reuse (of water): Water derived from sewerage
systems or industry processes that is treated to a
standard that is appropriate for some intended
use, such as agricultural irrigation.

Riffle: A shallow part of a mixed-load channel
(sand, gravel and boulders, but not sand alone)
marking the point of inflection (the cross-over
of energy line) between two bends of a channel.
Their spacing is often from 5 to 7 times the
channel width and their locations are semipermanent. They are very important in stream
ecology.
Riparian corridor: A zone of variable width on
each side of the flow in a channel. It can
include in-channel forms like bars, banks,
levees, levee toes and flood basins in rivers with
floodplains or in gorges the lower parts of the
bedrock valley-floor trough. It is sometimes
thought of as a sediment buffer but in natural or
near-natural states, it is an important ecological
zone or corridor.
Risk assessment and risk management: The
systematic evaluation of the water supply
system, the identification of hazards and
hazardous events, the assessment of risks and
the development and implementation of
preventive strategies to manage the risks.
River reach: A section of a river between two
defined points. The geomorphological and
hydrological characteristics of the reach are
usually distinct from those of adjacent reaches.
River: A stream of water derived from surface
runoff and ground water inflows confined to a
channel, which may be in a gorge or flanked by
alluvial deposits in more open country. It flows
under the influence of gravity down profile
towards the sea, a lake, a marsh or another river
(if it is a tributary).
Runoff: Often called surface runoff to indicate
its origins. It occurs when rainfall intensities
exceed the infiltration capacities of the soil
surface. Very heavy downpours may do this very
rapidly but long duration steady rain will
achieve the same because infiltration rates
decrease with time.
Salinity: The total amount of water-soluble
salts present in the soil or in a stream.
Sewage treatment plant: A facility for the
treatment of sewage to a level that is safe for
discharge to the environment of for a specified
use such as agricultural irrigation.
Sewage: The waterborne wastes of a
community.
Sewerage: A physical arrangement of pipes and
plant for the collection, removal, treatment and
disposal of liquid waste.
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Stormwater: Usually taken to be that water
running off from urban areas, where greatly
increased areas of impervious material and
highly organised drainage linkages ensure rapid
and high runoff from urban areas. Pollutant
loads, washed off the land surface and from
channel networks can be high, especially in or
before the peak of the hydrograph (known as
the first flush). Drainage is so efficient in many
cases that very low rainfall events can produce
urban runoff. In some areas, there is even a low
base-flow residual derived from outside use of
reticulated water.
Stratification: A phenomenon that occurs
within large bodies of water that have depths
exceeding 5 m (approximately) and low levels
of mixing from either flow-induced currents or
wind-induced currents. Stratification describes a
condition where water settles into layers that
exhibit different properties with depth. It is
generally caused by differences in density
induced by different temperatures and has water
quality implications. Temperature is the major
factor affecting density although pressure,
salinity and suspended particles can also cause
stratification.
Stream: Concentrated runoff from the surface
and/or from ground water sources flowing in a
channel. Larger streams are often called rivers,
while smaller ones are called creeks or
sometimes brooks.
Sustainable: In terms of sustainable flows, this
involves the water available to maintain or
enhance the health of a river with no lasting
harm to the environment and its ecologies.
System yield: The water available from a
catchment or an aquifer determined from longterm flow and well records respectively.
Terrace: A fossil floodplain formed by some
earlier river regime and not usually surcharged
by floods of the present regime. The Clarendon/
Castlereagh terrace, of late Pleistocene age, is
the most common form in the HawkesburyNepean (probably 25,000 years or more old).
Translucent flow: Flows passed through a
storage and released from a dam that equal a
percentage of the inflows to the storage and
mimic the timing of natural conditions.
Translucent flow releases: Releases whereby a
percentage of inflows to a dam must be released.
This involves passing a fixed percentage of the
actual inflow to (beyond) the dam and aims to
mimic natural conditions.

Transparent flow: Flows passed through a
storage and released from a dam that equal all
inflows to the storage.
Transparent flow releases: Releases from water
storages that are matched to inflows to the
storage.
Water cycle: This is a simple conceptual model,
which helps to understand the changes in state
of water and its movement through space and
time. It involves evaporation from oceans,
condensation in and precipitation from the
atmosphere and then a range of processes at the
earth’s surface, including evaporation and
evapotranspiration to atmosphere from water,
soils and plants, infiltration into soils,
percolation to ground water storages, and
surface runoff to streams. Hydrology is the
science, which studies these processes and
attempts to quantify parts of the systems, to
successfully acquire and utilize water resources.
Water entitlement: The volume of water
authorised to be used under a licence to take
and use water or a water right.
Water filtration plant (WFP): A facility for
the treatment of water to a level that is safe for
potable use. WFPs use filtration and other
processes to achieve this goal.
Water right: Rights to water held by irrigators
in an irrigation district.
Water table: The depth at which groundwater
occurs. This can vary with replenishments
through inflows and removal by pumping.
Water-sensitive urban design: Design of
subdivisions, buildings and landscape which
enhances the opportunities for at-source
conservation of water, rainfall detention and
use, infiltration, and interception of pollutants
in surface runoff from the block.
WATHNET: A suite of computer programs for
simulating water supply headworks systems.
Weir: A small dam-like structure across a
channel to pond water for riparian owners
upstream.
Weir pool: The water impounded by the weir.
In the Nepean, at crest full (a full weir pond),
the water surface or backwater curve extends
upstream to the foot of the next weir, thereby
creating an anthropogenic (a man-made) steppool sequence.
Yield (safe or sustainable): The amount of
water that can be withdrawn from a reservoir on
a long-term basis with an acceptable risk of
reducing the storage to zero.
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APPENDIX A:
Terms of Reference for the Hawkesbury-Nepean River
Management Forum
The Terms of Reference (ToR) for the Hawkesbury-Nepean River Management Forum,
determined by the State government on 29th February 2000, are:
1. To make recommendations to the Ministers for Land and Water Conservation and the
Environment on the application of the interim river flow objectives (with reference to the
government’s water quality objectives) downstream of Sydney Catchment Authority’s (SCA)
dams.
2. To consider advice provided by the Expert Panel (as constituted in Sydney Catchment
Authority’s Operating Licence) on the environmental, economic and social impacts of the
proposed environmental flow provisions.
3. To draw on environmental flow trials already completed and propose any further trials that may
be required.
4. To make recommendations to the Ministers for Land and Water Conservation and the
Environment on environmental flow provisions for inclusion in Sydney Catchment Authority’s
water licence.
5. To make recommendations to the Ministers for Land and Water Conservation and the
Environment on environmental flow options and monitoring requirements to meet the
objectives (eg. Penrith Lakes, other extractors).
6. To make recommendations to the Ministers for Land and Water Conservation and the
Environment on strategic relationships between catchment, water management and community
processes within the Hawkesbury-Nepean catchment that are related to the management of
environmental flows.
7. To review and make recommendations to the Ministers for Land and Water Conservation and
the Environment on inter-basin transfers including:
l

Groundwater

l

Shoalhaven River

l

Woronora River.
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APPENDIX B:
Terms of Reference for the Expert Panel
The Terms of Reference presented below are to
be read in conjunction with the Independent
Expert Panel on Environmental Flows from Sydney
Catchment Authority’s Water Storages in the
Hawkesbury Nepean Catchment: Tender Brief
(March 2001). The Terms of Reference
presented below take precedence, in the event
that there is any overlap/inconsistency between
the two documents.

program of trial releases to be oversighted by
the Shoalhaven/Illawarra Water
Management Committee, as established
under the NSW Government’s Statement of
Intent for the Shoalhaven River;
l

The Minister for the Environment determined
the final Terms of Reference on 6 July 2001.

Establishment and Reporting
The Expert Panel is established to:
l

l

provide advice to the Minister for the
Environment on environmental flows
relating to the Sydney Catchment
Authority’s water supply system, in
accordance with section 9.4 of the Sydney
Catchment Authority Operating Licence;
and
provide advice to the Hawkesbury-Nepean
River Management Forum (Forum) to assist
it to make recommendations to the
Ministers for Land and Water Conservation
and the Environment on an environmental
flow regime for the Sydney Catchment
Authority’s water supply system in the
Hawkesbury-Nepean River catchment, in
accordance with the Government’s decision
on the Hawkesbury Nepean catchment (as
set out the Hawkesbury Nepean Statement of
Joint Intent).

If requested by the Minister for the
Environment, the Expert Panel will also
provide advice to the Minister on:
l

4

environmental flows in the Shoalhaven
River (and associated strategies), as these
relate to the operation of the Sydney
Catchment Authority’s Tallowa Dam and a

l

environmental flows (and associated
strategies) in the Hawkesbury Nepean River
system as these relate to the Integrated
Effluent Management Strategy being
developed for that river system by a
Working Group chaired by the
Environment Protection Authority, as
established under the Hawkesbury-Nepean
Statement of Joint Intent4 ; and
environmental flows (and associated
strategies) in the Hawkesbury Nepean River
system as these relate to removal of weirs
from the upper Nepean River, which is
being investigated by the NSW Weir
Review Committee.

In preparing its advice, the Expert Panel is to
liaise with the Shoalhaven Water Management
Committee, Integrated Effluent Management
Strategy Working Group and the NSW Weir
Review Committee concerning the
interrelationships between these investigations
and the Expert Panel’s task. In particular, the
Expert Panel must take account of any
preliminary findings, options and integrating
strategies that arise from these other
investigations, which are relevant to the
provision and effect of water released from the
Sydney Catchment Authority’s storages for
environmental flow purposes.
The Expert Panel will provide progress reports
to the Minister for the Environment upon
request and/or at all key stages in the project,
such as those relating to identification and
assessment of matters critical to the safe and
secure operation of the Sydney Catchment
Authority’s water supply system and any further
releases of water from Sydney Catchment
Authority storages for trial purposes.

The Working Group is to develop strategies to ensure that highly treated sewage effluent is
discharged in patterns and locations within the Hawkesbury-Nepean River system, which maximise
the opportunities to supplement or off-set environmental flows from SCA storages and provide an
alternative source of water for other existing consumptive users (eg. Penrith Lakes and irrigators) and
protect in stream ecosystems.
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Context

Assessment Tasks

The Expert Panel’s advice must be consistent
with the following Government decisions and
reinforce their implementation, which require:

Tasks to be undertaken by the Expert Panel will
include, but not be limited to, the following:

l

l
l

l

l

Sydney Water Corporation to achieve
demand management targets, as specified in
the Corporation’s Operating Licence;
deferral indefinitely of Welcome Reef Dam;
strategies to protect the Shoalhaven River
system (as described in the NSW
Government’s Statement of Intent for the
Shoalhaven River), particularly with regard to
a program of trial environmental flows and a
requirement to operate the Sydney
Catchment Authority’s water supply system
(encompassing the Shoalhaven, Woronora
and Hawkesbury Nepean rivers) without
disadvantaging one river for the sake of
another; and
strategies to protect the Hawkesbury
Nepean River system (as described in the
NSW Government’s Statement of Intent for
the Hawkesbury Nepean River System),
particularly with regard to removing weirs
from the upper Nepean River, and
integrating the discharge and use of highly
treated sewage effluent and stormwater, the
provision of environmental flows and
addressing the water supply needs of other
existing users.

Additionally, the Expert Panel will use the draft
findings of a previous environmental flows
Expert Panel, convened by the Healthy Rivers
Commission for the current Georges RiverBotany Bay Inquiry, for the Woronora River as
indicative of the flow requirements for that
river, pending Government decisions in
response to the Commission’s final
recommendations for that Inquiry.

l

l

l

l

l

Review relevant existing information and
the final report “Experimental
Environmental Flow Strategy” (re. Clause
9.4.1 of the Sydney Catchment Authority’s
Operating Licence).
At the Forum’s request, provide advice on
the development of any environmental,
social and economic objectives, additional
to those established through the above
mentioned Government decisions, for the
purpose of preparing and considering a
range of environmental flow options by the
Forum.
Provide advice to the Forum in its
development of a range of environmental
flow options and any associated
management strategies that are likely to be
necessary to achieve each option.
Assess and provide advice on the likely
social, economic and environmental (for
both freshwater and estuarine river reaches)
implications of each flow option. Such
assessment and advice should draw on
existing analyses, modelling and research,
and where necessary, indicate areas for
which further work is required and/or
undertake such tasks as determined by the
Forum.
Assess and provide advice on matters
relevant to introducing environmental flows
and ensuring the security of Sydney’s water
supply, particularly with regard to current
and potential demand management targets
and strategies, relevant protocols and
procedures for the operation of the Sydney
Catchment Authority/Sydney Water
Corporation bulk/reticulated water supply
system and strategies to protect
environmental flows with regard to access
by other existing river water extractors.
Provide advice on any strategies that are
likely to be necessary to optimise and
achieve the potential benefits of each
environmental flow option with those for
removing weirs from the upper Nepean
River and the use of highly treated sewage
(eg water recycling, location and variable
discharges from STPs).
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l

l

Provide advice on any other potential non
flow strategies to offset the effect of the
Sydney Catchment Authority’s water supply
system on the river system(s).
Provide advice on strategies and criteria
necessary to monitor, review and make
adaptive management decisions having
regard to the actual implications of
environmental flows on freshwater and
estuarine ecosystems, Sydney Catchment
Authority/Sydney Water Corporation and
other river users.

The Expert Panel may also seek advice from
other specialist consultants although the Expert
Panel members should be able to complete the
majority of work using their own support teams.
The emphasis will be on each Expert Panel
member being responsible for undertaking
required tasks, which will include a team
approach.

Environmental Flow Definition
To ensure consistency with the Government’s
Water Reform Program, the term
‘environmental flows’ encompasses the
magnitude and timing of water releases, the
quality of release waters and any structure
owned and/or operated by the Sydney
Catchment Authority (including dams, weirs
and pipes) that has an impact on riverine/
estuarine ecosystems.
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APPENDIX C:
Forum’s Environmental, Social and Economic, and
Cultural and Heritage Objectives
Environmental Objective

Social and Economic Objective

The Environmental Objective for developing
environmental flow options, interbasin
transfers, river flow objectives and
environmental flow provisions relating to the
Sydney Catchment Authority’s Water
Management Licence is:

The Social and Economic Objective for
developing environmental flow options,
interbasin transfers, river flow objectives and
environmental flow provisions relating to the
Sydney Catchment Authority’s Water
Management Licence is:

To sustain and where necessary rehabilitate
ecological processes and biodiversity of water
dependent ecosystems, consistent with the
following Interim River Flow Objectives
endorsed by the New South Wales
Government:

To manage river flows effectively, efficiently
and in a sustainable manner for current and
future generations by applying management
strategies that:

l

l
l

l

l

l

l

l

l
l

l

l

Protect natural water levels in pools of
creeks and rivers and wetlands during
periods of no flows

l
l

l

Protect natural low flows
Protect or restore a proportion of moderate
flows (‘freshes’) and high flows
Maintain or restore the natural inundation
patterns and distribution of floodwaters
supporting natural wetland and floodplain
ecosystems
Mimic the natural frequency, duration and
seasonal nature of drying periods in
naturally temporary waterways
Maintain or mimic natural flow variability
in all streams
Maintain rates of rise and fall of river
heights within natural bounds
Maintain groundwater within natural levels
and variability, critical to surface flows and
ecosystems
Minimise the impact of in-stream structures
Minimise downstream water quality impacts
of storage releases
Ensure that the management of river flows
provides the necessary means to address
contingent environmental and water quality
events
Maintain or rehabilitate estuarine processes
and habitats.

l
l

are inclusive, participatory and adaptive
raise individual and collective awareness of
human impacts (beneficiaries)
increase stewardship of the river and its
catchment
do not compromise public health and safety
provide equitable distribution of costs,
benefits and opportunities

l

reflect informed community preferences

l

recognise the values people put on “place”

l

l
l

are consistent with total water cycle
management
recognise non-monetary values
consider the economic impacts such as those
on river reliant communities and industries
and on the Greater Metropolitan Region
and the Illawarra as indicated in the list of
examples shown in Table ‘A’.
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Table A - Examples of River Reliant Communities and Industries
Irrigation

Recreation

Nurseries

Land based

Crop farming

l

Passive

Stock and domestic

l

Active

Market gardens

Water based

Botanic Gardens

l

Active boating

Groundwater extraction

l

Recreational fishing

Green and open space

l

Passive boating

Orchards

l

Swimming

Livestock production
Penrith Lakes
National Parks
Other Primary Industries

Fishing

Abattoirs

Recreational fishing

Poultry farms

Prawning

Mushroom farms

Oysters

Sand, gravel, and cement

Professional fishing

Coalmines

Aquaculture

Housing

Tourism

Land development

Land based

Unsewered villages

Water based

Waste management

Ferries and tour boats

Stormwater management

Tourist boats

Sewerage works

House boats

Licensed dischargers

Caravan Parks

Rural residential

Pittwater airbase

Water Supplies
Water supplies of Sydney, Illawarra, Central Coast,
the Blue Mountains and catchment communities

Cultural and Heritage Objective
The Cultural and Heritage Objective for
developing environmental flow options,
interbasin transfers, river flow objectives and
environmental flow provisions relating to the
Sydney Catchment Authority’s Water
Management Licence is:

To recognise and foster the significant benefits
to culture and heritage for both present and
future generations, including benefits to the
Aboriginal people in relation to their spiritual,
social, customary and economic use of land and
water.
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APPENDIX D:
Members and Alternate Members of the Forum and Observers
Unless otherwise indicated below, members or alternate members listed were involved with the
Forum’s activities for the entire period of its work (2001 – 2004)

Forum Members
Independent Chairman
l

Mr Graham Andrews ASTC, BE, MTCP, FPIA, MRTPI – appointed August 2000

Industry and community groups
l

Crushed Stone and Sand Association – Mr David Kelly

l

Lower Nepean Hawkesbury Water Users Association – Mr Bill McMahon

l

Nature Conservation Council – Ms Jenny Smith

l

NSW Seafood Industry Council – Mrs Mary Howard

l

NSW Fishing Clubs Association – Mrs Pat Wade

l

Southern Water Management Committee – Professor David Farrier

l

Upper Nepean Water Users Association – Mr John Stanham

Government groups (local and State)
l
l

Department of Aboriginal Affairs – Mr Lindon Coombes
Department of Infrastructure, Planning and Natural Resources (former Department of Land and
Water Conservation) – Mr Axel Tennie

l

Department of Urban Affairs and Planning – Mr Don Geering* (2001–2002)

l

Hawkesbury-Nepean Local Government Advisory Group – Clr Sara Murray

l

Local Government Association of NSW – Clr Robert Bell

l

NSW Agriculture – Dr Trevor Gibson

l

l
l

Department of Environment and Conservation (former Environment Protection Authority) –
Mr Warren Hicks
NSW Fisheries – Mr Scott Carter
Department of Environment and Conservation (former NSW National Parks and Wildlife
Service) – Ms Julie Ravallion

l

Sydney Catchment Authority – Mr Richard Warner (2002-2004)

l

Sydney Catchment Authority – Mr Jeff Wright (2001)

l

Sydney Water Corporation – Dr Judi Hansen (2002-2004)

l

Sydney Water Corporation – Dr Gary Bickford (2001)

* Observer
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Alternate Members and Observers
Industry and community groups
l

Crushed Stone and Sand Association – Dr Ian Wallace* (2003-2004)

l

Gandangarra Local Aboriginal Land Council – Mr Robbie Bell*

l

Gandangarra Local Aboriginal Land Council – Mr Len Malone* (2001-2002)

l

Lower Nepean Hawkesbury Water Users Association – Clr Paul Rasmussen (2002-2004)

l

Lower Nepean Hawkesbury Water Users Association – Mr Rod Sherriff (2001)

l

NSW Nature Conservation Council – Dr Tony Ross (2001-2002)

l

NSW Seafood Industry Council – Mr Gary Howard

l

Recreational Fishing Alliance – Mr Malcolm Poole

l

Southern Water Management Committee – Mr Gary Caines

l

Southern Water Management Committee – Mr Ken Knights

l

Upper Nepean Water Users Association – Mr Edgar Gaunt

Government groups (local and State)
l

l

l

l

l

Department of Infrastructure, Planning and Natural Resources (former Department of Land and
Water Conservation) – Mr Doug Rhodes
Department of Infrastructure, Planning and Natural Resources (former Planning NSW)
– Ms Laurel Cheetham* (2002–2004)
Department of Infrastructure, Planning and Natural Resources (former Planning NSW)
– Mr Stephen Driscoll* (2002–2004)
Department of Environment and Conservation (former Environment Protection Authority)
– Mr Kieran Horkan
Department of Environment and Conservation (former Environment Protection Authority)
– Ms Lara Gallagher*

l

Hawkesbury-Nepean Local Government Advisory Group – Clr Danny Mackin

l

Local Government Association of NSW – Clr Les Shore

l

NSW Agriculture – Mr John O’Connor

l

NSW Fisheries – Ms Lesley Diver

l

Department of Environment and Conservation (former NSW National Parks and Wildlife
Service) – Mr Tim Hager

l

Sydney Catchment Authority – Ms Jacqueline Flynn*

l

Sydney Catchment Authority – Ms Simone Greenaway (2002-2004)

l

Sydney Catchment Authority – Mr Paul Shanahan (2001)

l

Sydney Water Corporation – Ms Carol Howe (2001-2003)

l

Sydney Water Corporation – Mr David Gough* (2003-2004)

* Observer
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APPENDIX E:
Members of the Expert Panel
Mr Robert Wilson BA (Hons), FCPA, MACS
Independent Chair
Dr David Barnes, Sinclair Knight Merz Pty. Ltd.
Expertise: Bulk water and sewerage systems
Dr.Keith Bishop, Freshwater Biology Consultant
Expertise: Fish ecology
Dr Tony Church, Sinclair Knight Merz Pty. Ltd.
Expertise: Water quality
Dr Ivor Growns, Department of Infrastructure, Planning and Natural Resources
Expertise: Macroinvertebrate ecology
Dr Eleni Taylor-Wood, Biosis Research Pty. Ltd.
Expertise: In-stream and riparian vegetation
Mr Ian Varley, SMEC Australia
Expertise: Hydrology
Dr Robin Warner, Environmental Geomorphologist
Expertise: Geomorphology
Dr Stuart White, Institute for Sustainable Futures
Expertise: Resource economics and socio-economic assessment
The Expert Panel acknowledges the support and expertise provided by associated advisers.
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APPENDIX F:
Inter-catchment Transfer Options between the Shoalhaven,
Hawkesbury-Nepean and Illawarra Systems
The Forum considered 15 options for the
management of future inter-catchment transfers
between the Shoalhaven, Hawkesbury-Nepean
and Illawarra systems. The options were broadly
categorised as eastern options (those pertaining
to inter-catchment transfers to the upper
Nepean dams) or as western options (those
pertaining to inter-catchment transfers to Lake
Burragorang). Each option was ranked
according to its performance against the
following objectives:
l

l
l

Protection of the health of the Shoalhaven
River
Security of water supply to the Illawarra
Security of Shoalhaven and the Southern
Tablelands water supply

l

Increase in system yield

l

Operational flexibility

l

l

Protection of the health of the
Wingecarribee River and Glenquarry Cut
transfer system
Protection of river health downstream of the
upper Nepean dams

l

Cost

l

No impact on drinking water quality

l

Long-term benefits of the proposed option

The initial ranking process identified 5 closelyranked options that met the Forum’s objectives
but after further consideration and discussion
the Forum nominated Option D1 as the
preferred option due to the combination of
environmental outcomes, securing Illawarra’s
water supply, improved operational flexibility.
Option D1 also had the potential for further
expansion of the system to integrate the
Nepean Dams and Warragamba Dam (referred
to as Option D3 in the following table,
although Option D3 was not included in the
original 15 options and was not part of the
ranking procedure).
The results of the Forum’s ranking process are
summarised on pages 116 and 117.
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Option

Description of Option

A1.1

Coastal Route to Illawarra

Yielda
Rank
(GL per year)
55

7

Issues

l
l
l

A1.2

Plus additional flows to H-N (flows down
Wingecarribee River and Glenquarry Cut)

87

12

l
l
l

l

A1.3

Links Upper Nepean Dams – avoids bulk
water transfers to Pheasants Nest and
Broughtons Pass; flows down Wingecarribee
River and Glenquarry Cut)

87

6

l

l
l
l

A2.1

Inland Route to Illawarra

55

8

l
l

A.2.2

Plus additional flows to H-N (flows down
Wingecarribee River and Glenquarry Cut)

87

11

l
l

l

A.2.3

B1.1

Tunnel linking Upper Nepean Dams – avoids
bulk water transfers to Pheasants Nest and
Broughtons Pass; flows down Wingecarribee
River and Glenquarry Cut

87

Use existing system - essentially continuous

82

4

l

l
l

15

l

l
l

B1.2

B1.3

Plus water treatment plant at Wingecarribee
to remove species

82

Plus tunnel Linking Upper Nepean Dams
including water filtration plant at
Wingecarribee

87

14

l
l

10

l

l
l

B2.1

Wingecarribee to Warragamba Tunnel

100

13

l
l
l

B2.2

Plus water treatment plant to remove species

100

8

l
l
l

C1

Pipeline from Shoalhaven to Macarthur
Water Filtration Plant

87

4

l

l
l
l

Secures Illawarra Supply
No additional H-N flows
Includes pipe from Burrier
Secures Illawarra Supply
Includes pipe from Burrier
Additional continuous H-N
flows
Species transfer
Secures Illawarra and MacArthur
supply
Avoids H-N additional flows
Species transfer
Includes pipe from Burrier
Secures Illawarra supply
No additional H-N flows
Secures Illawarra supply
Additional continuous H-N
flows
Species transfer
Secures Illawarra and MacArthur
supply
Avoids H-N additional flows
Species transfer
Little capital cost
transfers
Additional H-N flows
Species transfer
Additional H-N flows
Avoids species transfer
Secures Illawarra and MacArthur
supply
Avoids H-N additional flows
Avoids species transfer
No effect on Illawarra
No additional H-N flows
Species transfer
No effect on Illawarra
No additional H-N flows
No species transfer
Supplies some water to all major
treatment plants
No additional flows H-N
No species transfer
Pipeline that skirts
Wingecarribee, intersects
Illawarra pipeline and joins to
Macarthur Water Filtration Plant
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Option

Description of Option

C2

Integration of Upper Nepean Dams to
Macarthur Water Filtration Plant

Yielda
Rank
(GL per year)
87

1

Issues

l
l

l
l

D1

D2

Pipeline from Wingecarribee Reservoir to
Avon Dam via a Water Filtration Plant plus
integration of Upper Nepean Dams

87

Pipeline from Wingecarribee Reservoir to
Avon Dam via a Water Filtration Plant,
integration of Upper Nepean Dams plus
upgrade to Upper Canal capacity to transfer
about 1500 ML/d

87

3

l

l

2

l

l

l

D3

Pipeline from Wingecarribee Reservoir to
Avon Dam via a Water Filtration Plant,
integration of Upper Nepean Dams plus
upgrade to Upper Canal capacity to transfer
about 1500 ML/d plus 26 km tunnel from
Nepean Dam to Nattai arm of Lake
Burragorang.

87+

Not
included
in original
assessment

l

l

l

l

Flexible system
Supplies some water to all major
treatment plants
No additional flows in H-N
No species transfer
Need treatment plant to avoid
species transfer
Use exiting Avon/Nepean link to
reduce the length of the Upper
Nepean Dams linkage
Need treatment plant to avoid
species transfer
Use exiting Avon/Nepean link to
reduce the length of the Upper
Nepean Dams linkage
Improved transfer system in
Upper Canal for future
expansion
Need treatment plant to avoid
species transfer
Use exiting Avon/Nepean link to
reduce the length of the Upper
Nepean Dams linkage
Improved transfer system in
Upper Canal for future
expansion
Provides for full integration of
Nepean Dams plus Warragamba
Dam for greater operational
flexibility

a. Estimated yields for each option include:
l

95 percent pump mark for the Shoalhaven (that is pumping routinely on high flows)

l

95 percent reliability
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SCIENTIFIC PAPERS AND OTHER
DOCUMENTS
The documents used in the preparation of the
Forum’s Report are listed below under headings
which are consistent with the major parts of the
Report. Documents which were produced for
the Forum by the Expert Panel and others can
be found on the CD-ROM where they are
organised in the same manner.

Part 1: Background and Context
Agency Working Group (2002) Equity Issues
Report to the Hawkesbury-Nepean River
Management Forum

Expert Panel (2002) Hawkesbury-Nepean River:
Socio-Economic Summaries of River Reaches
Presentation to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2002) River Reaches - Suggested
Classification Report to the HawkesburyNepean River Management Forum.
Expert Panel (2002) Socio-Economic Value of
Environmental Flows in the Hawkesbury
Nepean Report to the Hawkesbury-Nepean
River Management Forum.

Australian Museum Business Services (2000)
Final Report, Experimental Environmental
Flow Strategy.

Expert Panel (2002) Status of the Health of the
Hawkesbury Nepean River Report to the
Hawkesbury-Nepean River Management
Forum.

Bennett P (2001) Environmental flows, fluvial
geomorphology and the riverine corridor.
Presentation to the Hawkesbury-Nepean
River Management Forum.

Expert Panel (2002) The Unique Complexity of
the Hawkesbury-Nepean Report to the
Hawkesbury-Nepean River Management
Forum.

Bickford G (2001) Waste water and its
contribution. Presentation to the
Hawkesbury-Nepean River Management
Forum.

Expert Panel (2002) Environmental Flow
Approaches Report to the HawkesburyNepean River Management Forum.

Expert Panel (2002) Background to
Environmental Flows/Factors Affecting
Releases at Dams. Report to the HawkesburyNepean River Management Forum.
Expert Panel (2002) Ecology of Environmental
Flows - Fact Sheet Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Fluvial Geomorphology Background Information. Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Expert Panel Literature
Review: Identified Knowledge Gaps. Report to
the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Hawkesbury Nepean River:
Socio-Economic Summaries of River Reaches.
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Hawkesbury-Nepean River
Reaches - Geomorphology and Human Impacts
Report to the Hawkesbury-Nepean River
Management Forum.

Expert Panel (2002) Environmental Flow
Definition Report to the HawkesburyNepean River Management Forum.
Expert Panel (2002) Environmental Flow
Options: Refinement of MCA Outcomes
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Hydrologic Data
Compilation Summary Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Identification Of Major
Refuge Pools Downstream Of The Upper
Nepean Dams Report to the HawkesburyNepean River Management Forum.
Expert Panel (2002) Progress report: Water
quality modelling Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Some Possible Implications of
Global Warming on the Hawkesbury-Nepean
Report to the Hawkesbury-Nepean River
Management Forum.
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Expert Panel (2002) Sustaining the Bounty of the
Hawkesbury Nepean River Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Temperature Suppression in
the Lower Hawkesbury River: Response to
Action 8 of the Environmental Flow Regimes
Workshop (24/25 July 2002) Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Towards Environmental
Flow Options Report to the HawkesburyNepean River Management Forum.
Expert Panel (2002) Water Balance for the
Hawkesbury Nepean River System Report to
the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Water Balance of the
Hawkesbury Nepean Region Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Notes on Depths in the
Lower Hawkesbury and pH: Response to
Actions 9 and 15 of the Minutes of Forum
Meeting 12 (14 October 2002) Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) The Demand for Water in
Sydney Presentation to the HawkesburyNepean River Management Forum.
Expert Panel (2003) Shoalhaven River Field
Trip: Observations on Flow-dependent Habitat
Features Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) The Current Environmental
Flow Regime Downstream of Woronora Dam
Presentation to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Additional Material on
Global Warming and its Likely Implications
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2003) Final Assessment of Possible
Relative Ecological Benefits Arising from a Set
Of Five Environmental-Flow Options
Presentation to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Global Warming Summary
Presentation to the Hawkesbury-Nepean
River Management Forum.

Expert Panel (2003) Water Balance: The
Summary Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Water Quality Modelling for
the Hawkesbury Nepean River: Discussion
Paper Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel and NSW Fisheries (2003)
Relationships Between River Flows and
Commercial Fish Catches in the Hawkesbury
Nepean and Shoalhaven River Systems: Draft
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2003) Ecological and Human
Health Risks of Toxicants in Treated Sewage
Effluent - Review and Assessment Report to
the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2003) Hawkesbury-Nepean
Estuary: Saline Dynamics - Long Term Model
Simulation Presentation to the HawkesburyNepean River Management Forum.
Expert Panel (2004) River Reaches Assessment;
Microsoft Access Database.
Gillespie P D and Mason D (2003). The Value
of Agriculture in the Sydney Region. NSW
Agriculture.
Hawkesbury-Nepean River Management Forum
(2002) Hawkesbury-Nepean River
Management Forum Progress Report on Stage 1
of the Work Plan (May 2002) Report to the
Ministers for Natural Resources and
Environment.
Hawkesbury-Nepean River Management Forum
(2002) Hawkesbury-Nepean River
Management Forum Progress Report on Stage 2
of the Work Plan (October 2002) Report to
the Ministers for Natural Resources and
Environment.
Hawkesbury-Nepean River Management Forum
(2003) Hawkesbury-Nepean River
Management Forum Progress Report on Stage 3
of the Work Plan (May 2003) Report to the
Ministers for Natural Resources and
Environment.
Hurst A (2001) An overview and introduction to
environmental flows Presentation to the
Hawkesbury-Nepean River Management
Forum.
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Jones, R N and Page C M (2001) Assessing the
risk of climate change on the water
resources of the Macquarie River
Catchment. In Proceedings of the Modsim
2001 (International Congress on Modelling
and Simulation) 673-678

Part 2: Water for the Environment

Muston R (2002) Communications Strategy Discussion Paper Report to the HawkesburyNepean River Management Forum.

Department of Land and Water Conservation
(2002) Proposal for a Pilot Environmental
Flow Regime in the Hawkesbury Nepean River.

Muston R and Andrews G (2002) Discussion
Document - Future Management ‘Issue’
Themes Report to the Hawkesbury-Nepean
River Management Forum.

Expert Panel (2002) Background to
Environmental Flows/Factors Affecting
Releases at Dams. Report to the HawkesburyNepean River Management Forum.

Nanda Nandakumar (2002) HawkesburyNepean Daily Flow Modelling Presentation to
the Hawkesbury-Nepean River
Management Forum.

Expert Panel (2002) Hydrologic Data
Compilation Study - Interim Report to the
Hawkesbury-Nepean River Management
Forum.

Nichols S (2002) Scoping Paper on Equity
Report to the Hawkesbury-Nepean River
Management Forum.

Expert Panel (2002) Hydrologic Data
Compilation Summary Presentation to the
Hawkesbury-Nepean River Management
Forum.

NSW Government (2001) Statement of Joint
Intent for the Hawkesbury-Nepean River
System
NSW Government (2001) Statement of Joint
Intent for the Hawkesbury-Nepean River
System
NSW Government (2002) Statement of Intent:
Georges River Botany Bay System
NSW Government (no date) Statement of Intent
for the Shoalhaven River System
Oakman K (2003) Interrelationships Between
Statements Of Intent And Their Implications
To The Forum Report to the HawkesburyNepean River Management Forum.
Shoalhaven City Council (2003) Presentation to
the Hawkesbury-Nepean River Management
Forum September 29th 2003 Presentation to
the Hawkesbury-Nepean River
Management Forum.
Sian McGhee (2002) Salinity in Western Sydney
Presentation to the Hawkesbury-Nepean
River Management Forum.
Water Research Laboratory (2003) Hawkesbury
Nepean Environmental Flows Numerical
Modelling of Weir Pool Destratification Report
to the Hawkesbury-Nepean River
Management Forum.
Water Research Laboratory (2003) Hawkesbury
Nepean Estuary Saline Dynamics; Long Term
Model Simulations Report to the
Hawkesbury-Nepean River Management
Forum.

Deen A and Emanuel R (2001) Water supply
and large structures Presentation to the
Hawkesbury-Nepean River Management
Forum.

Expert Panel (2002) Hydrologic Data
Compilation Summary Report Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Hydrologic Modelling of the
Hawkesbury-Nepean River System:
Background Report to the HawkesburyNepean River Management Forum.
Expert Panel (2002) A Preliminary Analysis of
Reports and other Literature concerned with the
Compensation Weirs Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) A Refined Assessment of
Possible Ecological Benefits arising from a
limited set of environmental flow options
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Aquatic macrophytes of the
Hawkesbury-Nepean, Shoalhaven and
Wingecarribee rivers: field notes Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Environmental Flow
Options: Refinement of MCA Outcomes
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Summary of Modelling Data
for Forum Workshop: 16/17 December 2002
Report to the Hawkesbury-Nepean River
Management Forum.
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Expert Panel (2002) Assessment of Experimental
Environmental Flow Strategy - January 2002
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Evaluation of MCA
Assessment Criteria Background Notes on
Expert Panel Evaluation Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Indicators for MCA
Assessment Criteria Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Preliminary Modelling of
Environmental Flow Options Presentation
Notes Presentation to the HawkesburyNepean River Management Forum.
Expert Panel (2002) Preliminary Modelling of
Environmental Flow Options Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Water CEOs Proposed Flow
Trials - Expert Panel Advice and
Recommendations Report to the HawkesburyNepean River Management Forum.
Expert Panel (2002) The Need for Contingency
Environmental flows in the HawkesburyNepean Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Practical Implementation of
Flow Regime- Presentation notes
Presentation to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Practical Implementation of
Flow Regime Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Regionally Significant
Wetlands and Environmental Flows Report to
the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2003) Relationships Between River
Flows and Recreational Catches of Australian
Bass Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Final Yield Estimates
Presentation to the Hawkesbury-Nepean
River Management Forum.

Expert Panel (2003) Final System Yield Estimates
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2003) Determination of a Working
Environmental Flow Regime: Expert Panel’s
Advice Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Environmental Benefits of
Options Presentation to the HawkesburyNepean River Management Forum.
Expert Panel (2003) Socio-Economic Activities
and Environmental Flows: Benefits and
Disbenefits Presentation to the HawkesburyNepean River Management Forum.
Expert Panel (2003) Contingency Flows for
Management of Egeria densa Presentation to
the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2003) Contingency Flows in the
Upper Nepean Reaches; Flushing and Scouring
Presentation to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Contingency Flows in the
Upper Nepean Reaches; Contingency for a
threatened fish species (Macquarie perch)
Presentation to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Management of Egeria densa
below Warragamba Dam Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Management Options for
Egeria densa and Elodea canadensis Report to
the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2003) Management Options for
Exotic Macrophytes Downstream of
Warragamba Dam Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Management of Exotic
Macrophytes Prior to Implementation of
Environmental Flows and the Forum’s
Recommended Effluent Reuse Scheme Report
to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2004) Effect of the Forum’s
Recommended Environmental Flow Regimes on
Discharges from Dams. Report to the
Hawkesbury-Nepean River Management
Forum
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Forum Support Team (2002) Multi-Criteria
Analysis: An Introduction Report to the
Hawkesbury Nepean River Management
Forum
Molino Stewart (2002) Hawkesbury-Nepean
Environmental Flows: Multi-criteria Analysis
Draft Methodology Report to the
Hawkesbury-Nepean River Management
Forum.
Molino Stewart (2003) Hawkesbury Nepean
Environmental Flows: Multi Criteria Analysis
– Initial Analysis Report to the HawkesburyNepean River Management Forum.

Part 3: Protecting Environmental
Flows
Agency Working Group (2002) NSW
Government Policies Relating to the Delivery
and Protection of Environmental Flows.
Report to the Hawkesbury-Nepean River
Management Forum.
Department of Land and Water Conservation
(2002) A proposal for the removal of weirs in
the Upper Nepean River.
Expert Panel (2002) Protection of Environmental
Flows: Discussion Paper Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Establishing the Water
Balance in the Light of the Integrated Effluent
Management Strategy - Discussion Paper:
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Sewage Treatment Plant
Effluents: Options for Improvements in Quality
and Indicative Costs Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Options for Incorporation of
STP Effluents into Hawkesbury-Nepean
Strategy Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2002) Heritage Constraints For
Brownlow Hill, Bergins, Thurns and Sharpes
Weirs Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2002) History, Construction and
Significance of the Bergins, Sharpes, Thurns
and Brownlow Hill Weirs Report to the
Hawkesbury-Nepean River Management
Forum.

Expert Panel (2002) Removal of Weirs from the
Hawkesbury-Nepean River System: Response
to Proposal by Water CEOs Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2002) Weirs on the Upper Nepean
- Report of Field Inspection March 2002
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Weirs Review Process for
Community Based Socio-economic Assessment
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Discussion Paper:
Preliminary Modelling of Bulk Water Supply
System for Environmental Flow Releases
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2003) Protecting Environmental
Flows: Preliminary Considerations Report to
the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2003) Integrated Effluent
Management Strategy Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Issues Associated with
Potable Use of Sewage Effluent Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Maintaining Rural Effluent
Demand Reliability: Issue and Options Paper
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2003) Potential Uses of Sewage
Effluent Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Determination of a Working
Environmental Flow Regime: Expert Panel’s
Advice Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Richmond Lowlands
Presentation to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Richmond Lowlands:
Environmental Issues Associated with Potential
Use for Future Sand and Gravel Extraction Supplementary Report Report to the
Hawkesbury-Nepean River Management
Forum.
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Expert Panel (2003) Weirs Review Process for
Community Based Socio-economic Assessment:
Preliminary Findings Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Local Perspectives on Weirs
in the Upper Nepean Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Balancing Social, Economic
and Environmental Concerns in a Water
Management Strategy for Sydney: The Issue Of
Water From The Shoalhaven Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Shoalhaven River; Bulk
Water Supply and Environmental Flow
Problems Presentation to the HawkesburyNepean River Management Forum.
Expert Panel (2003) Riparian Vegetation of the
Hawkesbury-Nepean River. Report to the
Hawkesbury-Nepean River Management
Forum.
Sydney Water Corporation (2002) Effluent
Management Options for Hawkesbury-Nepean
STPs.

Part 4: Managing Water
Availability
Expert Panel (2002) Demand for Water in
Sydney Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2002) Demand Management in
Context Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2002) Potential for Irrigation
Demand Management in the HawkesburyNepean Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2002) The Potential for Demand
Management to 2011 and Beyond Report to
the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Inter-Basin Transfers into
the Hawkesbury-Nepean: Discussion Paper
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2003) Determination of a Working
Environmental Flow Regime: Expert Panel’s
Advice Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Providing Water for the
Future - Decision Making: Final Issues and
Options Paper Report to the HawkesburyNepean River Management Forum.
Expert Panel (2003) Providing Water for the
Future: An Analysis Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Hawkesbury-Nepean:
Practical Implementation of Environmental
Flows Presentation to the HawkesburyNepean River Management Forum.
Expert Panel (2003) Relaxing Water Supply
Reliability Criteria Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Water Supply System
Reliability: Discussion Paper Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Groundwater Issues:
Response to Action 10 of the Outcomes for
Workshop held 18 and 19 August 2003
(Action 2 Item 2 of Forum Meeting 21 - 19
August 2003) Report to the HawkesburyNepean River Management Forum.
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Expert Panel (2003) Biological Risks Associated
with Inter-valley Transfers Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Ecological Disbenefits,
Interbasin Water Transfers and Potential
Management Options Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Review of report
“Environmental Assessment of Upper Nepean
Bulk Water Transfers”, Woodlots and
Wetlands (2003) Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Yield Estimates for a range of
transfer options from the Shoalhaven Report to
the Hawkesbury-Nepean River
Management Forum.
Expert Panel and SMEC Australia (2003)
Shoalhaven to Illawarra Water Supply Transfer
Options Report to the Hawkesbury-Nepean
River Management Forum.
Gough D (2003) Water Use Modelling and
Demand Forecasting Presentation to the
Hawkesbury-Nepean River Management
Forum.
Roseth N (2003) Water Conservation - Synthesis
of Sydney Water customer research 1995-2002
Presentation to the Hawkesbury-Nepean
River Management Forum.
McKibbin D (2001) Groundwater and its
contribution: Presentation to the
Hawkesbury-Nepean River Management
Forum.

Part 5: Adaptive Management
Agency Working Group (2003) Implications of
Forum Processes to NSW Government
Programs Report to the Hawkesbury-Nepean
River Management Forum.
DIPNR (2003) Advice regarding a Water
Management Plan. Report to the
Hawkesbury-Nepean River Management
Forum.
Essery C (2002) Integrated Water Cycle Planning
Presentation to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2002) An Adaptive Management
Approach to the Implementation of
Environmental Flows in the HawkesburyNepean River Report to the HawkesburyNepean River Management Forum.
Expert Panel (2002) Key Economic,
Environmental, Social and Cultural Indicators
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2002) Preliminary Assessment of
Capital and Operating Costs of Environmental
Flows Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Determination of a Working
Environmental Flow Regime: Expert Panel’s
Advice Report to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Environmental Flows for the
Hawkesbury-Nepean: Institutional
Arrangements Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Institutional Arrangements:
Issues and Options Report to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Institutional
Arrangements: Overview, Examples,
Decision Making Approaches, Community
Engagement Options Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Monitoring of
Environmental Flows Presentation to the
Hawkesbury-Nepean River Management
Forum.
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Expert Panel (2003) Monitoring for Adaptive
Management Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Pre-monitoring Investigations
- Geomorphology Presentation to the
Hawkesbury-Nepean River Management
Forum.
Expert Panel (2003) Socio-economic monitoring
Presentation to the Hawkesbury-Nepean
River Management Forum.
Expert Panel (2003) Implementation of
Environmental Flows Program - Schedule of
Works.
Expert Panel (2004) Integrated Monitoring
Program for the Hawkesbury-Nepean,
Shoalhaven and Woronora River Systems
Report to the Hawkesbury-Nepean River
Management Forum.
Expert Panel (2004) Summary of Scheme
Costings Report to the Hawkesbury-Nepean
River Management Forum.
Mann R (2002) Integrated Water Monitoring
Framework Presentation to the HawkesburyNepean River Management Forum.
Rhodes D (2003) Institutional Arrangements Water Management Act Presentation to the
Hawkesbury-Nepean River Management
Forum.
State Government (2003) Hawkesbury-Nepean
Basin Joint Modelling Program: Building a
Planing Tool for the 21st Century (Draft)
Paper presented to the Hawkesbury-Nepean
River Management Forum.

