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SECTION 46 REVIEW OF ENVIRONMENTAL CONDITIONS
ON MANAGEMENT OF THE GNANGARA AND JANDAKOT

MOUNDS

STAGE I REPORT TO THE ENVIRONMENTAL PROTECTION AUTHORITY

1. SUMMARY

Wetland and groundwater levels on the Gnangara and Jandakot Mounds have been under considerable
pressure over recent years due to a combination of dry climate, pine plantations limiting recharge
(Gnangara Mound), water abstraction reaching management limits and  the influence of drainage on
wetlands on the Jandakot Mound.

Despite reductions in public supply abstraction levels, environmental conditions have consistently
been transgressed in recent years.  However most of the environmental values protected by these
conditions do not appear to have been seriously impacted.  To resolve these issues, the Water and
Rivers Commission requested a review of the conditions as set out under Section 46 of the
Environmental Protection Act 1986 (EP Act) in relation to:

•  Gnangara Mound Groundwater Resources;
•  East Gnangara Groundwater Resources; and
•  Jandakot Groundwater Scheme Stage 2.

In September 2001, the Environmental Protection Authority (EPA) endorsed a two-stage approach to
the review:

•  Stage I – an investigation into the critical areas where environmental conditions have been
breached and a short-term management strategy to cover the period 2001 – 2003.

•  Stage II – a review of environmental criteria, climate variability, long-term groundwater level
behaviour, abstraction management, pine management and offsetting factors such as urbanisation.
The expected outcome is a revised program for managing abstraction, pine clearing and
environmental water provisions (EWPs).

This report presents the results of the Stage I investigations, the expected performance in meeting
environmental criteria in 2001-2003 and outlines the specific management strategy to be applied to
minimise transgressions.

Environmental criteria

Preferred and absolute minimum water levels for wetlands on Gnangara Mound were set as Ministerial
conditions in the late 1980s.  These were revised as a consequence of a Section 46 review of changes
to environmental conditions in 1995.  Breaches of some criteria have occurred and been reported on in
recent years.

Environmental conditions were set for the Jandakot Mound in 1992.  They have not been reviewed
since.  Breaches of several these criteria have also occurred and been reported on.

Environmental conditions were set for the East Gnangara (Lexia) area in 1999.  Several criteria have
been transgressed since setting.  This has occurred with minimal groundwater abstraction occurring in
the area and is primarily because of the extended period of low rainfall and consequent reduced
recharge of the aquifers.
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State of the resource

It has been established that water level variations in groundwater systems in the Perth region are
dominated by climate.  Perth is currently experiencing an extended period of below average rainfall.
While vegetation cover, land use, water abstraction and soil type can lead to local variances, on a
regional scale, groundwater levels are generally depressed due to the influence of climate.  The forms
of the current environmental criteria reflect shortcomings in accounting for the effects of climatic
variability.  In some cases, the current level of understanding of the relationships between groundwater
level and environmental condition is also imperfect.  This is demonstrated by some technical breaches
in criteria not being matched by corresponding changes in environmental condition.

Monitoring has indicated a general decline in groundwater levels in both study areas over the last
thirty years which suggests a significant reduction in net recharge to the groundwater systems of the
Mounds.  This has been the net result of an extended dry climate, abstraction for public and private use
and pine plantation growth at densities such that recharge is occurring at levels less than would occur
under the pre-existing native vegetation.  This has been offset to varying degrees by urbanisation, fire
and forest thinning in specific areas.

Transgressions of environmental criteria across the Mounds have become widespread and consistent
since 1998.  The number of breaches is a cause for concern, particularly in areas where water levels
will continue to decline in the short to medium term as this suggests that the number and severity of
breaches may increase rather than decrease.  The lack of rain last winter will continue this trend for the
coming summer.

On the Gnangara Mound there has been little change in understorey wetland vegetation and some
regeneration of overstorey species since 1994.  There has been a decline in terrestrial vegetation which
favours moister soil and a move to those which tolerate drier conditions, as well as a general loss of
condition of some tree species.  There has also been a loss of macroinvertebrate biodiversity in some
localities.  The changes stem from an overall reduction in soil moisture caused by reduced rainfall and
probably exacerbated by water abstraction.

On the Jandakot Mound, there has been little change in wetland vegetation composition since 1996.
However, there has been a decline in the condition of some shrub and tree species and an increase in
weeds in several wetlands.  Waterbirds are found in lower numbers during years of low water levels
and the same has been noticed for macroinvertebrate populations.  There has been a general decrease
in the condition of terrestrial vegetation preferring moist conditions.  The decrease in soil moisture has
primarily been caused by reduced rainfall rather than lower groundwater levels.

Management to date

The Water and Rivers Commission has undertaken a number of management actions to reduce the
number and severity of actual and potential transgressions of criteria.  These include:

•  Closing public water supply wells.  In recent years, shallow groundwater abstraction has been cut
by about 15%.

•  Managing private use through administration of licences to abstract groundwater.
•  Recovery of unused groundwater allocations.
•  Negotiation of a pine thinning program
•  Artificial maintenance of some wetlands.
•  Raising public awareness.
•  Monitoring of the aquifer and biological systems to understand system responses and provide data

for predictive purposes.
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•  Investigation and research to improve understanding of the aquifer behaviour and responses to
pumping, climate and land use, and of the relationships between groundwater levels and
environmental condition.

As groundwater levels are expected to decline further over the summer of 2001/02 without further
intervention, additional transgressions and breaches of environmental criteria are expected.  The
options available for significantly influencing water level declines in 2001/02 are limited.  However, a
range of management initiatives have been developed and form a program for environmental
management for implementation in the short-term (2001-2003).

Adopted management strategy

The components of the management strategy to minimise criteria transgressions and breaches are
outlined below:

Gnangara pine plantation management

Shifting Forest Products Commission pine thinning operations from Pinjar into Lexia as a priority has
been endorsed due to the need to use Lexia as a new public water supply source.  Completion of
thinning in Pinjar is therefore expected to be delayed by six months beyond December 2002.  The
Commission, Department of Conservation, Water Corporation and the Forest Products Commission
are working on cost-benefit analyses of the options for reaching modified MOU objectives and the
identification of priority areas for thinning.  The effects on increasing recharge in the Lexia area are
not expected to be felt until the end of the 2002 winter at the earliest.  This has been reported in detail
in a specific report to the EPA (Welker Environmental Consultancy 2001).

Public supply and restrictions

The public water supply system (or IWSS) relies substantially on groundwater resources which
currently provide more than 50 per cent of the total demand in the Perth metropolitan area.  Currently,
low storage levels in surface water reservoirs have led to the Water Corporation (WC) imposing Stage
4 restrictions (sprinklers two days per week) with a possibility of Stage 6 restrictions (total sprinkler
ban) unless demand can be reduced.  This will be determined by rainfall levels and demand which is in
turn mainly dependent on whether Perth experiences a mild or hot summer.  Imposition of Stage 6
restrictions will have a substantial economic impact on a range of industries (estimated to be worth
about $1 billion and 14 000 jobs).

To minimise the possibility of requiring Stage 6 restrictions, the Water Corporation has requested an
increase in its groundwater allocation.  The Commission has determined that the maximum allocation
should not be exceed 158.05 GL (an increase of 12.66 GL over 2000/01 of which 8 GL is to be taken
from the new Lexia scheme).  Within this, specific quotas have been set for individual production
wells to ensure environmental impacts are minimised.  This should be just sufficient to avoid imposing
Stage 6 restrictions provided demand remains within target levels.  Monthly reviews of the
Corporation abstraction strategy will be carried out and abstractions modified as required to minimise
breaches.

However, as breaches are likely to occur, this Stage I report, which considers (among other things) the
matter of additional Water Corporation abstraction for 2001/02, is being referred to the Minister for
the Environment and Heritage recommending advice be sought from the Environmental Protection
Authority.  A related report, the Commission's proposal to issue a new groundwater production licence
to the Water Corporation for the Lexia scheme for 2001/02 has already been submitted to the Minister
and the EPA.  The Corporation has been advised that the same amount of water may not be available
for 2002/03 and alternative supplies should be investigated.  Details of the individual public water
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supply scheme allocations are presented in Section 6.2 of this report and specific scheme quotas are
outlined in Appendix 4.

Private use

The Commission is undertaking a range of short and long-term cooperative and structural initiatives to
ensure sustainable private water use, with an emphasis on areas proximate to expected and potential
transgressions of criteria.  The most significant initiatives are the proposed detailed evaluation of
potential impacts of new licences in critical areas and the passage of legislation to enforce daytime
sprinkler bans on domestic groundwater users.  Commercial water users will also be requested to take
voluntary reductions in water use in recognition of the situation.  Details of these initiatives are
presented in Section 6.3 of this report.  Work on recovering unused allocations is also underway.  This
will only recover unused allocations and prevent new abstraction, not reduce existing use.

If these initiatives are unsuccessful and serious environmental damage looks likely, the Commission
will initiate action within the extent of its powers to require actual reductions in use.

Wetland supplementation

Artificial supplementation of Coogee Springs, Lake Nowergup and Lake Jandabup will be continued
this summer.  Artificial supplementation of Lake Mariginiup may be an option for 2002 and will be
investigated.

Communication, education and awareness

The Commission has established a Drought Response Taskforce to ensure a Statewide approach to the
dry climatic sequence and the delivery of consistent messages to the community.  The Taskforce,
which is focused on managing private use, is working closely with an equivalent group in the Water
Corporation to ensure a consistent and integrated approach.  A communications program to raise
awareness, influence attitudes, provide information and instigate behavioural changes leading to
reduced water use is a priority.  Although the strategy focuses on immediate reductions, elements to
achieve longer-term structural change are also incorporated.

Expected environmental outcomes

As a result of decades of below average rainfall, water levels in dams are extremely low, groundwater
levels are generally declining and soil moisture deficits in catchment soils are high.  It will take several
years of above average rainfall to reverse these trends.  The drought sequence could continue for quite
some time and therefore ongoing stress on the system is likely.

Despite the management strategy outlined above, which includes a strengthening of the commitment
to monthly review and adjustment of public supply abstraction and the addition of a commitment to
reduce private abstractions if necessary on a targeted basis within the extent of the Commission
powers, it is expected that Ministerial conditions will be transgressed over the next two summers.
There is also the possibility of an extreme summer and this would increase the level of breaching of
Ministerial conditions.

In Gnangara, there may be up to eleven breaches of criteria in 2001/02, though it is more likely the
figure will be closer to eight. This is comparable to the last two years – there were eight breaches of
criteria in 2000/01 and eight breaches in 1999/2000.

For Jandakot, two breaches of criteria are likely and a further two are possible over the coming
summer. This is slightly less than 2000/01 when five breaches occurred. There were two breaches in
Jandakot in 1999/2000.
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The most significant of the predicted criteria breaches include:

•  Lexia 94 and 186.  For the latter, the absolute minimum has been breached every year since 1998;
•  PM6 and JB5, as water levels have consistently dropped to below the absolute minimum for at

least the last three years, and for the former are showing no signs of recovery;
•  Shirley Balla Swamp, as water levels have dropped substantially below the absolute minimum

since at least 1997; and
•  Beenyup Road Swamp, as water levels have dropped substantially below the preferred minimum

every year since 1998.

More detail is presented in Section 7 of this report.

For the sites predicted to breach EWPs in 2001/02, the anticipated impacts on wetland vegetation for
the Mounds wetlands are:

•  an increase in weeds in sparsely vegetated areas towards the centre of swamp basins, with a
decrease in weeds higher in the landscape due to drier conditions;

•  a decline in the extent certain plant species; and
•  a decline in tree health.

For dryland vegetation, the anticipated impacts are:

•  a decrease in vegetation preferring moister conditions;
•  no improvement and a possible further decline in the condition of trees dependent on moister

conditions;
•  an increase in the occurrence of drought stress and deaths of shrubs dependent on moist soils; and
•  a gradual replacement of lost species with species more tolerant of drier conditions.

It should be recognised, however, that a substantially hotter than normal summer, particularly with
several extremely hot days as were experienced early last decade, could result in considerable and
widespread vegetation stress and deaths over the extent of the Mounds.  The widespread nature of this
phenomenon could be felt in areas removed from pumping effects, as was experienced in 1991.  This
was a result of a combination of low soil moisture and extreme temperatures.

For fauna, the anticipated impacts are:

•  lower numbers of waterbirds in the Shirley Balla Swamp in Spring.  (It is not possible to anticipate
the effect on waterbirds in Gnangara wetlands due to the absence of monitoring); and

•  no effects on macroinvertebrates in the Shirley Balla Swamp, although a possible reduction in
family richness may occur in the Gnangara wetlands (it is not possible to predict effects for Lake
Forrestdale due to lack of previous monitoring).

While anticipated transgressions can be predicted for the summer of 2001/02 due to the low likelihood
of substantial rain during that period, the inability to predict winter rainfall for 2002 makes it difficult
to anticipate potential breaches for 2002/03.  Instead, the approach was taken of considering how
much rain might be necessary to avoid transgressions.  The results are presented in Section 7.2 of this
report.

A detailed quantitative evaluation of the expected outcomes for the proposed management initiatives
has not been possible in the time available.  The effects of the proposed initiatives during 2001/02 will
be variable although the Commission believes they will contribute to minimising, although in several
cases not preventing, the extent of breaches and transgressions.  Most impacts caused by breaches to
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date are not considered to be irreversible although changes, particularly in relation to vegetation, can
be slow.  Overall, the extent and location of breaches is expected to be similar to recent years.

It is proposed to report to the EPA at the end of winter 2002 and 2003 on the implementation and
consequences of the initiatives.  This will be in addition to the annual reporting required under the
Ministerial conditions.  The reports will contain details of management proposals for the forthcoming
summers and predictions of expected transgressions and breaches.  The Section 46, Stage II review
may overtake this reporting.  Interim reports will be provided to the EPA to cover any unexpected
impacts.

Community involvement and peer review

The Commission has appointed a Peer Review Group to provide an independent review of the Section
46 work for Stages I and II.  A copy of its formal advice on a draft of this report and the Commission
response is presented in Appendix 7.

Special meetings and workshops were held with the Gnangara and Jandakot Consultative Committees
to achieve:

•  a shared understanding and ownership of the problem of falling water levels;
•  constructive involvement in the development of the proposed management strategy;
•  joint agreement and acceptance of the strategy; and
•  joint commitment to implement the strategy.

Initial meetings were held in July 2001 to outline the Section 46 process, with workshops in
November 2001 to brief the Committees on the draft strategy and to receive feedback.  Committee
members were asked to invite other key stakeholders to the workshops.  The State Wetland
Coordinating Committee, WA Conservation Council and the City of Wanneroo have also been
specifically briefed.

Stakeholder feedback was used to modify the draft report and a copy of the feedback and Commission
response is provided in Appendix 9 to assist the Water and Rivers Commission Board, the
Environmental Protection Authority and the Minister for the Environment with advice and decision-
making in relation to the strategy.  A more comprehensive communication and consultation strategy
will be undertaken in Stage II of the Section 46 review.

Stage II

A detailed program for Stage II is in preparation.  The Stage II Terms of Reference as endorsed by the
Environmental Protection Authority in September 2001 are summarised as follows:

•  to review Environmental Waster Requirements/Environmental Water Provisions and propose
revised environmental criteria;

•  to propose a detailed compliance monitoring and response approach based on adaptive
management;

•  to develop a management strategy for groundwater abstraction aimed at ensuring the proposed
EWP criteria are achieved; and

•  to propose further investigations and research programs for improved resource management.

The review of environmental criteria will:

•  be based on an improved understanding of the dependency of ecology systems on groundwater
levels;
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•  take better account of climate variability;
•  reflect national principles for provision of water for ecosystems and best practice;
•  consider the impacts to date;
•  provide better surrogacy than water levels for the protection of environmental values;
•  consider wider catchment issues; and
•  be based on an adaptive management approach that focuses more on monitoring and responding to

environmental conditions.

Stage II will also develop strategies to deal with:

•  land use management at Gnangara.  Further work on developing pine-thinning strategies and the
management of vegetation cover to minimise evaporation will be undertaken;

•  review of sustainable limits of each sub-area for superficial and confined aquifers;
•  improving the ability of the WC to respond to changes in aquifer conditions in terms of its

groundwater abstraction regimes;
•  improved compliance monitoring and increasing efficient water use for private users;
•  improving Commission processes with regard to compliance management;
•  review of the effectiveness of wetland supplementation and the potential for it to be applied to

other areas;
•  development and implementation of improved drainage management at Jandakot;
•  development and implementation of a wetland impact offsetting strategy to avoid sequential

impacts.
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2. INTRODUCTION

Wetland and groundwater levels on the Gnangara and Jandakot Mounds have been under considerable
pressure in recent years due to a combination of:

•  an extended and ongoing dry climate sequence since the mid 1970s;
•  pine plantations reaching maturity and substantially limiting the net recharge to groundwater

(Gnangara Mound);
•  public and private abstraction reaching previously set management limits1; and
•  modifications to drainage management and interactions with wetlands (Jandakot Mound).

These groundwater resources of these areas are being managed by the Water and Rivers Commission
primarily through controlling abstractions that might affect environmental values associated with
groundwater dependent ecosystems over critical areas of the Mounds.

Environmental approval of groundwater management proposals by the Commission (and previously
the Water Authority of Western Australia) was given, subject to commitments by the proponents and
conditions set by the Minister for Environment, for the:

•  Gnangara Mound Groundwater Resources (Assessment 697, Statement 438);
•  East Gnangara Groundwater Resources (Assessment 932, Statement 496); and
•  Jandakot Groundwater Scheme Stage 2 (Assessment 196, Statement 253).

The Water and Rivers Commission is required, as a condition of these environmental approvals, to
report annually to the Environmental Protection Authority on performance of the Gnangara Mound
and Jandakot Mound groundwater systems and effects on associated environmental values.  More
detailed triennial reports are also required.  The Commission has an obligation to report transgressions
of environmental conditions and is subject to sanctions.

Over recent years, a number of environmental conditions for the two Mounds have been consistently
transgressed, despite significant efforts to reduce public abstraction in sensitive areas.  However,
preliminary investigations indicate that in many cases the environmental values identified as the
protection objective of these conditions may not have been materially affected.

Following submission of the 2000 annual and triennial reports for the Jandakot and Gnangara Mounds
respectively, in which the transgressions and impacts on environmental condition were reported, the
Water and Rivers Commission requested a review of the existing Ministerial conditions.  The Minister
for the Environment has asked the Environmental Protection Authority (EPA) to “inquire into and
advise on changes to the existing Ministerial conditions” under Section 46 of the Environmental
Protection Act 1986.

In response to a consequent request from the EPA, the Water and Rivers Commission has commenced
a Section 46 review of the environmental conditions set for the Gnangara Mound, East Gnangara and
Jandakot Groundwater Scheme Stage 2.

On 13 September 2001 the Environmental Protection Authority (EPA) endorsed a two-stage approach
to the Section 46 review as set out in a Scope and Terms of Reference report (Welker Environmental
Consultancy 2001a).

                                                     
1
 In three management sub-areas, allocations have slightly exceeded the administrative management limits.  However, actual

abstraction is understood to be within the limits.
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Stage I of the review comprises an initial investigation into the critical areas where breaches of
environmental conditions have occurred and a proposal for a short-term management strategy for the
summers of 2001/02 and 2002/03.  Management beyond this timeframe will be considered under the
Stage II review.

Stage II involves a rigorous investigation and review of environmental criteria, climate variability,
long-term groundwater level behaviour, management of public and private abstraction and pine
management plus offsetting factors such as urbanisation (including water sensitive urban design) and
the Gnangara Park options.  This is expected to provide the basis for a comprehensively revised
management program for the Mounds with respect to their groundwater dependent ecosystems,
abstraction, pine clearing and Gnangara Park revegetation.  The management program will be based
on an adaptive management approach to provide an ability to deal with any uncertainties associated
with revised criteria.  Details of the Stage II review are presented in Section 9.

This report presents the results of the Stage I investigations and a short-term (2001–2003)
management proposal for consideration by the EPA.

The areas of the mounds being managed subject to environmental conditions are shown in Figure 1
and Figure 2 and are the primary subject of this report.  It should be recognised that the
hydrogeological definitions of both Mounds extend beyond the study areas shown in the figures.  In
the case of the Gnangara Mound, its southern hydrogeological boundary is the Swan River in the
south, Ellen Brook in the east, the Indian Ocean in the west and Gingin Brook in the north.  Similarly,
the boundaries of the Jandakot are the Indian Ocean, and the Swan, Canning, Southern and Serpentine
Rivers.
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Figure 1 Locality Map of Gnangara Mound study area
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Figure 2 Locality Map of Jandakot Mound study area
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3. BACKGROUND

Unlike the eastern states of Australia, where surface water is the primary source of public supply,
Western Australia has relied heavily on its groundwater sources to supply most of its major centres
and a large number of smaller towns.  Over half of Perth’s public drinking water now comes from
groundwater from the Gnangara and Jandakot Mounds to the north and south of Perth respectively.  In
addition to providing a source of public water supply, thousands of other groundwater users rely on
groundwater from these Mounds both to support commercial agricultural and industrial operations,
and for domestic supply2.  However, groundwater from the Mounds also supports ecological systems
such as wetlands, cave streams and native vegetation.  These have adapted to particular water regimes
over time and can be affected if groundwater levels decline, either regionally or locally.

The Water and Rivers Commission, as the State water resource management agency, is responsible for
ensuring the sustainable use of the groundwater resource with a requirement to consider the needs of
the environment in its water allocation decision-making.

The formal State and Federal policy framework for considering environmental water has advanced
over the last decade, beginning with the National Strategy for Ecologically Sustainable Development
and the Intergovernmental Agreement on the Environment in 1992, the Council of Australian
Governments water reform agreements in 1994, the National Principles for the Provision of Water for
Ecosystems (ARMCANZ/ANZECC 1996), and most recently the Water and Rivers Commission’s
Environmental Water Provisions Policy for WA (Water and Rivers Commission 2000).  Elements of
these considerations were included in the 2000 reform of the Rights in Water and Irrigation Act 1914
as the principal legislation for managing the taking of natural waters.  The practical application of this
evolution in relation to groundwater systems in Western Australia is presented in some detail in
Section 3.1.

The Commission manages groundwater resources in terms of quantity, through licensing abstractions
under the Rights in Water and Irrigation Act 1914.  The Act requires all groundwater users in declared
areas to have a licence to construct a well3 and/or abstract groundwater.  Licences specify an allocation
of water, which limits the amount of water the licensee may take, usually specified as an annual
volume.  Licences usually also have conditions attached pertaining to the taking and use of the water.

Declared areas cover the extent of the Gnangara and Jandakot Mounds, including areas outside those
subject to environmental conditions (the study areas) as discussed in Section 1.  Private users
(industry, irrigated horticulture local government, etc.) and public water supplies (Water Corporation)
are all licensed.

Domestic users, while constituting a large number of well owners over the full extent of the Mounds,
use a relatively small proportion of the resource, particularly in proximity to wetlands with
management criteria and are exempt from licensing over much of the area under consideration because
of the high cost/low return.  Domestic use is insignificant in areas likely to influence criteria breaches,
particularly on the Gnangara Mound.

                                                     
2
 Groundwater abstraction from the Gnangara and Jandakot Mounds is distributed between user sectors as follows:

45% licensed private users; 31% public water supply; and 24% unlicensed domestic users.  These statistics apply to the
hydrogeological  extent of the Mounds as discussed in Section 1.  The proportion of domestic use is considerably less in
the areas subject to environmental conditions.

3
 A well is defined under the Rights in Water and Irrigation Act 1914 as meaning “an opening in the ground made or used to

obtain access to underground water.”  This definition includes structures commonly known as “bores”.
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Figure 3 to Figure 5 show the estimates of
groundwater use as distributed between the broad
use sectors for the entire metropolitan area
including the study areas, and for the Gnangara and
Jandakot Mound study areas relevant to this report.
The data used to calculate the unlicensed domestic
use components of these figures is very preliminary,
largely based on sample surveys, the results of
which have been relatively inconsistent.  The
figures are, therefore, only indicative in terms of
this component.  Their significance within the study
areas is sufficiently low for their relative inaccuracy
to not be of concern.

Domestic use of groundwater is largely managed though public education and awareness campaigns
promoting responsible use of the resource.  Domestic use of groundwater provides an efficient and
cost-effective alternative to providing additional public water supplies, avoiding increased costs and
environmental impacts in public water supply areas outside the Perth metropolitan area and the
Commission has been pursuing a campaign to encourage responsible private groundwater use.

There has been considerable public concern
expressed from time to time that private
domestic well owners are not licensed (in the
majority), metered or charged for use of the
water.  The issue of licensing domestic use has
been considered in detail on several occasions.
In 1987, the Perth Urban Water Balance Study
(Water Authority of Western Australia 1987)
recommended licensing of all non-domestic
users in the metropolitan area as the primary
means of controlling and managing private use.
At the time it was estimated that approximately

two-thirds of the total groundwater abstraction was by less than 4% of the users (3 500 non-domestic
wells compared to 90 000 domestic wells).  The extra effort in licensing domestic use was not
considered to be cost-effective and this use sector could be more effectively managed through other
means such as public education and awareness campaigns.  Licensing domestic users creates
significant resourcing issues for the Commission (there are currently about 35 000 licensed users in
WA).  Adding all domestic users would increase the licensing load and related resource requirements
of the Commission by a factor of about four.  More recent estimates suggest the number of domestic
wells has grown to about 120 000.

The issue of metering domestic use was also
considered at the time and felt to be cost-prohibitive
and with little potential for any real effect.  The
Commission is currently considering a consultant’s
report on the need for and approach that should be
taken to measurement of private water use generally.

Charging for domestic groundwater use is a broader
policy issue for government as no charges are
currently placed on any private groundwater users in
the State.

The Commission limits licensed allocations to

Figure 3 Groundwater use sectors –
metropolitan area (GL/yr)
2000/2001
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Figure 4 Groundwater use sectors –
Gnangara Mound (GL/yr)
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Figure 5 Groundwater use sectors
– Jandakot Mound (GL/yr)
2000/2001

2.144

1.403

9.005

5.056
Privat e Domest ic Use -
Unlicensed

Privat e Domest ic Use -
Licensed

Privat e Non-domest ic -
Licensed

Public Use



 

Final report.doc

14

sustainable yield limits prescribed for sub-areas across the Mounds.  These sustainable yield limits are
defined by a number of factors, including environmental management criteria set as Ministerial
conditions through the environmental impact assessment process under the Environmental Protection
Act 1986.

Over the area under consideration, environmental water provisions4 (EWPs) are the primary
determinants in setting sustainable yield limits on a sub-area basis.  These EWPs relate to supporting
environmental values of associated wetlands or groundwater dependent vegetation.  They are usually
set in the form of water level criteria in specific wetlands or monitoring wells.

Most of the wetlands of the Swan Coastal Plain are expressions of the underlying water table where it
is close to or above the land surface.  Wetland water levels therefore vary in sympathy with variations
in watertable levels.  There are also substantial areas of terrestrial vegetation that depend on proximity
to the watertable.  The ability of this vegetation to survive similar or larger changes in watertable level
than have occurred in recent years is limited.  Where water level variations exceed this ability, the
vegetation becomes stressed, sometimes to the point of death, depending on the severity and duration
of change.

Where changes in watertable occur gradually, a process of “terrestrialisation” occurs.  This process,
evident at some wetlands, is the gradual process of dryland plant species colonisation, encroachment
and dominance of a site.  On the Swan Coastal Plain, this is usually a response to a gradual drying of a
wetland to the point where water requirements of wetland species can no longer be met.  The
consequent death of mesophytic wetland species and decline of their populations is followed by
gradual colonisation and replacement by xerophytic dryland species with lower water requirements.
The process is reversible and is commonly interrupted by changes in rainfall patterns and hydrological
support mechanisms.  Therefore, a return to a wetter sequence of years is likely to reverse the current
trend in flora composition dynamics (Ray Froend, pers.  comm.  2 October 2001)

3.1 EVOLUTION OF ENVIRONMENTAL WATER PROVISIONS FOR GROUNDWATER
SYSTEMS

The development of methods to protect groundwater-dependent ecosystems has been an evolutionary
process, beginning with ‘trial and error’-type management in the 1960s and 1970s to the
comprehensive, science-based application of specific water level criteria through the last decade.  The
thinking too, has evolved from a hydrological/hydrogeological economic approach when developing
groundwater resources, to the current approach of including the environment as a primary
consideration in the water allocation process.

The first attempt to develop Ecological Water Requirements5 (EWRs) and EWPs for a groundwater
system was in the early 1980s.  The Water Authority of Western Australia had abstracted water from
the Millstream aquifer in the Pilbara for the West Pilbara Water Supply Scheme since 1968.  The
aquifer supports permanent groundwater springs and associated ecosystems and these had suffered
environmental effects (vegetation stress) from groundwater abstraction in the 1970s.  In response, the
Water Authority prepared the Millstream Water Management Plan (Dames and Moore 1984), which

                                                     
4
 Environmental water provisions (EWPs) are defined by the Water and Rivers Commission: as “the water regimes that are

provided as a result of the water allocation decision-making process taking into account ecological, social and economic
impacts.  They may meet in part or in full the ecological water requirements.” (Water and Rivers Commission 2000).  The
Ministerial conditions for the Gnangara and Jandakot Mounds involve a range of wetland and groundwater level criteria
intended to reflect these water provisions.

5
 Ecological water requirements (EWRs) are defined by the Water and Rivers Commission: as “the water regimes needed to

sustain key ecological values of water-dependent ecosystems at a low level of risk.” (Water and Rivers Commission 2000).
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recommended groundwater and river pool levels necessary to maintain the ecosystems dependent on
the permanent groundwater springs and Fortescue River pools.  In 1992 regular monitoring of
vegetation and invertebrate communities was established as biological indicators of ecological health
associated with the water level criteria.

The 1986 Environmental Review and Management Programme (ERMP) for the Gnangara Mound
published by the Water Authority (Dames and Moore, 1986) was the first major attempt in Australia to
consider cumulative impacts on the environment of groundwater abstraction within a large area.  A
subjective proposal that 0.5 m could be considered an acceptable change in groundwater level was
adopted by the Water Authority as it was believed smaller changes were within natural seasonal
fluctuations and it was proposed that 0.5 m change, if induced slowly, was unlikely to result in a
significant environmental impact.  Advice to the EPA at the time, however, recommended that specific
water level criteria should be developed for individual wetlands as they were complex ecosystems and
no two wetlands would necessarily react similarly to a 0.5 m decline in the water table.  It was
recommended that historic data of low water levels be used as the basis upon which individual criteria
should be set for wetlands.  Where data was insufficient, criteria should be set after a period of
monitoring.

The 0.5 m decline proposal was not accepted by the EPA and individual water level criteria (in the
form of preferred and absolute minimum water levels) were set as Ministerial conditions for nine
wetlands on the Gnangara Mound – Loch McNess, Lakes Yonderup, Joondalup, Jandabup, Nowergup,
Goollelal, Gnangara, Mariginiup and Coogee Springs – to ensure the maintenance of their social and
ecological values.

In 1988 the plan for Stage II of the Jandakot Groundwater Scheme was submitted to the
Environmental Protection Authority.  The EPA determined the level of assessment as Public
Environmental Review (PER) and the Minister for Environment imposed conditions requiring
development of a wetland management plan, biological monitoring plan and Environmental
Management Program (EMP) for the proposal.  Individual water level criteria were proposed for
significant wetlands, areas of phreatophytic vegetation and rare flora, using a more scientific and
ecological value-based approach than the Gnangara Mound ERMP.  Many independent studies aimed
at developing environmental criteria in the areas of wetland hydrology, vegetation and fauna were
initiated by the Water Authority following submission of the Gnangara ERMP and their results were
the basis upon which criteria were proposed for Jandakot.

The Jandakot PER set environmental criteria in the form of:

•  a range of minimum levels for lakes;
•  maximum allowable groundwater drawdown in areas of phreatophytic vegetation, sumplands and

rare flora locations; and
•  percentage allowable habitat shifts for wetland systems over the study area.

The nature of environmental criteria proposed in the PER, specifically those relating to percentage
habitat shifts and water levels in certain wetlands, was complex in terms of management and
compliance monitoring (a summary of the Jandakot conditions is presented in Appendix 1).  This was
recognised in subsequent years and reporting against Ministerial commitments for Jandakot has fallen
into line with reporting for the Gnangara Mound.  Unlike Gnangara, no formal review of Jandakot
criteria has been carried out since they were set in 1992.

In 1995 the Water Authority undertook a ‘Section 46’ review of proposed changes to environmental
conditions on the Gnangara Mound.  The review was accepted as necessary by the EPA as there had
been a significant increase in knowledge of environmental water needs since the Gnangara Mound
ERMP and the Water Authority wished to examine the potential for increasing groundwater
allocations in certain areas.  The 1995 Section 46 document formally introduced the concepts of
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environmental (now ecological) water requirements (EWRs) and environmental water provisions
(EWPs) as the basis for establishing sustainable yields for allocating water to the community whilst
ensuring sustainable environmental management.  EWRs and EWPs (in the form of water level
criteria) were determined for the wetlands considered in the original Gnangara ERMP and
commitments were also made for the development of EWPs for wetlands in Yanchep National Park
and Melaleuca Park.  The significance of other groundwater-dependent ecosystems such as
phreatophytic vegetation and cave streams was also recognised and minimum water level criteria were
set in 18 monitoring wells on the Gnangara Mound.  Despite there having been significant advances in
the understanding of phreatophytic vegetation and wetland water requirements since the original
ERMP was completed, the Section 46 document acknowledged that gaps in knowledge still existed
and that EWPs should be subject to regular review.

Soon after conditional Ministerial approval of the 1995 Section 46 proposal, the newly formed Water
and Rivers Commission published the East Gnangara Environmental Water Provisions Plan PER
(Water and Rivers Commission 1997).  This report considered management of groundwater
allocations on the eastern side of the Gnangara Mound in the Lexia area.  The East Gnangara EWP
Plan used similar approaches and methodologies in setting EWPs at wetlands, springs/seeps and under
phreatophytic vegetation as were used for the 1995 Section 46 review.  Where EWPs had already been
set through the 1995 Section 46 report, a philosophy of no further impact was adopted and no change
was made to the original EWPs.

Since the 1995 Section 46 review and the 1997 East Gnangara Plan assessment there have been further
advances in the techniques used to determine EWRs for wetland systems.  However, shortcomings
remain in how climate variability is considered.  This has been recognised during the last few years
where the effects of low rainfall have become more apparent in areas without human impact.  This
issue was a major prompt for undertaking this Section 46 review.

There is also an opportunity for improving understanding of the following relationships:

•  climate and recharge;
•  land use and recharge;
•  response of the groundwater system to inputs and outputs (pumping climate, land use);
•  groundwater level and wetland water levels; and
•  groundwater and wetland water levels and ecological condition.

A variety of studies are being undertaken to advance our knowledge in these areas.

3.2 Gnangara Mound and East Gnangara environmental conditions

The environmental conditions on Gnangara and East Gnangara groundwater resources stem from
assessment of the following documents:

•  Review of Proposed Changes to Environmental Conditions - Gnangara Mound Groundwater
Resources – Section 46 (Water Authority, 1995)

•  East Gnangara Environmental Water Provisions Plan Public Environmental Review (Water and
Rivers Commission, 1997)

3.2.1 Gnangara

The 1995 Section 46 review proposed preferred and absolute minimum water level criteria for nine
wetlands on the Gnangara Mound and made a commitment to set criteria (EWPs) for a further two
(Lake Wilgarup and Pipidinny Swamp).  Absolute minimum water levels were proposed for eighteen
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monitoring wells under phreatophytic vegetation.  The Minster for Environment accepted the proposal,
with conditions, in 1996.

The 1995 Section 46 approach to setting EWPs was to first define the EWR for the relevant
groundwater-dependent system, then to model the impacts of various land use and abstraction
scenarios on groundwater levels.  The modelling outputs were then compared with the EWRs to
determine where potential conflicts occurred between land use, abstraction and the water level
requirements of the various groundwater dependent systems.  A range of land use, wellfield layout and
abstraction options were then considered to determine an option that would allow for a viable
groundwater scheme while meeting the EWRs.  In several localities, this proved to not be possible in
terms of EWRs for terrestrial vegetation and EWPs were set at levels lower than the EWRs as it was
considered by the Minister for Environment, that on balance, the community benefit of the water
supply offset the environmental damage that may occur.

The approach to defining the EWR used in the Section 46 report was:

•  identification of groundwater-dependent ecosystem components (wetlands, phreatophytic
vegetation, cave streams/pools);

•  selection of representative parts for which environmental water level requirements would be set to
ensure appropriate regional protection;

•  identification of values (beneficial uses) of those parts, including social and environmental
aspects;

•  determination of management objectives based on the values/beneficial uses; and
•  establishment of water levels for each ecosystem component that satisfied the identified

management objectives and which defined the environmental water requirement.

Terrestrial Vegetation

The approach to setting ecological water requirements for terrestrial vegetation was considered
separately to that for wetlands and to that for the cave streams.  For terrestrial vegetation, the
following process was used:

•  identification of areas of susceptible vegetation (using results from the Gnangara Mound
Vegetation Stress Study (WAWA, 1992), which found that banksia woodland in areas where the
depth to groundwater was less than 6 m was most susceptible to groundwater drawdown.  As a
precautionary measure the Water Authority mapped all areas of good quality vegetation that
occurred in areas of up to 8 m depth to groundwater);

•  selection of monitoring wells within the areas that best represented water table levels and could be
used to monitor compliance with water level criteria;

•  determination of rates of change and minimum groundwater levels to minimise the potential for
vegetation deaths due to water stress.

A different approach was used to determine groundwater level requirements for areas where
abstraction had already lowered groundwater levels, compared with ‘greenfield’ areas.  In the former
case, around Mirrabooka and Wanneroo wellfields for example, a philosophy of no further impact was
adopted.  Minimum water level requirements were selected on the basis of previously observed
minimum water levels and resulting impacts on vegetation.  In areas where tree deaths had been
observed due to lowered groundwater levels, requirements were set above those levels at which the
deaths had occurred.  In areas where vegetation did not appear to have been affected by past pumping,
minimum requirements were set based on observed historical minimums.
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In greenfield areas or where additional pumping was proposed (such as the Pinjar area), minimum
water level requirements were determined based on the results of the Gnangara Mound Stress Study
(Water Authority of Western Australia 1992) which found that banksia species can tolerate up to
1.5 m of drawdown at a maximum rate of 0.2 m/year.  Monitoring well hydrographs were examined to
determine average annual minimum levels over the period of record since the 1970s and the absolute
minimum level was determined by subtracting 1.5 m from the average.  It was acknowledged that tree
deaths were still likely to occur within 100 to 200 m of the production well itself as drawdown within
the ‘drawdown cone’ close to the well is likely to be greater than 1.5 m.  However, monitoring wells
close to production wells were intended to guide wellfield operation and assist in minimising these
impacts.

Wetlands

The approach to setting EWRs for wetlands was:

1. Identification of appropriate representative wetlands.  These were based on a number of
considerations, e.g., wetlands that had existing water level criteria (set following the original
ERMP), wetlands within System Six areas, wetlands in public ownership etc.

2. Identification of the characteristics/state of the wetland (if information was available), including
bathymetry, aquatic fauna, presence of rare species etc.

3. Identification of wetland values (environmental and social), including degree of disturbance,
diversity of flora and fauna, uniqueness.  Social values were assessed through public consultation.

4. Determination of management objectives that reflected wetland values.  This was based on
existing management plans for the wetlands where they already existed, or consultation with
management agencies where they did not.

5. Development of a water level regime consistent with the management objectives.

In developing water level requirements for wetlands a number of issues, assumptions and approaches
were used, including:

•  taking the current state of the wetland with the objective of maintaining the current values rather
than trying to reinstate values that may have existed prior to development;

•  where the two were incompatible, maintenance of environmental values generally took precedence
over maintenance of social values;

•  setting preferred minimum levels that could be breached at a specified frequency so that some
account was taken of climatic variability and recommending formal review of EWRs/EWPs take
place every six years to accommodate any changes in rainfall patterns;

•  setting minimum spring peak levels rather than end of summer minimum levels for most seasonal
wetlands as it was considered spring levels were more important in terms of their effect on
vegetation distribution and fauna life cycles.  End of summer minimums were set for permanent
wetlands and damplands as these were more important to the flora and fauna than reaching spring
peaks;

•  allowing deviations in preferred levels for no more than two consecutive years in six, based on
research that indicated vegetation could generally tolerate lower or higher water levels for two
consecutive years without adverse effects.  The six-year timeframe was selected as it coincided
with reporting periods and was convenient for management;

•  recognition that high water levels in wetlands in areas of increasing urbanisation could also
become problematic.  Although WAWA had no powers to control this issue, maximum wetland
water levels were also set as a guide to relevant agencies to assist in meeting the objective to
maintain existing ecological values.
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The application of results of wetland research to determine water level requirements was based on the
principle that the extent and nature of wetland vegetation significantly affected other wetland
components and was therefore a primary determinant of a healthy wetland.  “The Effect of Altered
Water Regimes on Wetland Plants” (Froend et al 1993) was used to identify the water regime
necessary to maintain the existing distributions of sedge vegetation and fringing tree species around
the wetland.  Minimum peak water levels were determined based on what the minimum inundation
required was to prevent sedge species (primarily Baumea articulata and Typha orientalis) from
encroaching into the centre of the wetland.  End of summer minimum levels could then be
approximated using the average seasonal range of the wetland (see Figure 6).

EWPs were set as equal to the EWR for all wetlands, though it was recognised that some wetlands
may require contingency measures, generally in the form of water supplementation where modelling
showed a high probability of breaches of minimum water level criteria in wetlands, or the
development of drainage options in wetlands where high water levels were predicted to be
problematic.  To date, breaches of maximum water level criteria have not been an issue, however Lake
Jandabup, Coogee Springs and Lake Nowergup all undergo artificial maintenance to avoid breaches of
minimum water level criteria.

Caves

The Yanchep caves were identified in the Section 46 document as being of conservation significance
due to the diverse range of aquatic fauna found within some of the cave streams, some of which had
not been described elsewhere.  Little was known of either the biology of that fauna or of the
groundwater levels within the cave streams and pools and there was insufficient information on which
to base water level criteria for the caves.  Instead, a management objective to maintain the existing
hydrological regime, in particular the permanent water that contained invertebrate fauna, was set.

3.2.2 East Gnangara

Considerable research underpinned the approaches in the 1995 Gnangara Mound Section 46 review
for determining EWPs for groundwater-dependent systems.

Similar approaches were subsequently used in the 1997 East Gnangara Environmental Water
Provisions Plan Public Environmental Review (Water and Rivers Commission 1997), which examined
the availability of water for allocation in the East Gnangara (Lexia) area.  Here, EWRs were
determined for areas of phreatophytic vegetation, wetlands and for springs/seeps.

Figure 6 Schematic Wetland Cross-section
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The methodologies used for determining EWRs for these systems were practically identical to those
used in the Section 46 report as discussed earlier in Section 3.2.1.  A slight variation in determination
of absolute minimum groundwater levels for terrestrial vegetation was to identify the ‘normal’
minimum groundwater level.  ‘Normal’ was defined as the average minimum groundwater level
occurring in the early 1970s (prior to the current dry period).  Based on the Gnangara Mound Stress
Study results, 1.5 m was then subtracted from this figure to determine the minimum groundwater level
requirement.  Where monitoring data was not available for the early 1970s, 0.5 m was added to the
average minimum level occurring since the 1980s and this was then considered to be the ‘normal’
minimum groundwater level from which 1.5 m was then subtracted.

Springs/seeps

The approach used to determine EWRs for springs and seeps in the East Gnangara area was very
similar to that used for other groundwater-dependent ecosystems:

1. Representative springs/seeps were chosen for setting of EWRs.  Selection was based on
conservation significance and the likelihood of the spring/seep being affected by abstraction from
the proposed groundwater scheme.

2. Characteristics (physicochemical and invertebrate) of the spring/seep were identified.

3. Environmental and social values of the spring/seep were identified.

4. Management objectives to reflect the values of the spring/seep were determined.

5. Water level regimes consistent with the management objectives were developed.

As the springs/seeps chosen had permanent water, maintenance of this permanent flow was
determined as the EWR.  Interim water level requirements were then set at monitoring wells upstream
of the spring/seep.  These levels were based on what would be required to maintain a sufficient
pressure head upstream of the spring/seep to ensure maintenance of a permanent flow.

Ministerial conditions were set on the 1997 East Gnangara Environmental Water Provisions Plan PER
in 1999.  EWPs were set for 14 monitoring wells under phreatophytic vegetation, though most of these
were a repetition of those set for the 1995 Section 46 review and only five were new criteria wells.
EWPs were set for two seepages, Egerton and Edgecombe, though the EWP for Edgecombe was only
a management recommendation and not a statutory obligation.  Interim EWPs were set for five
wetlands that reflected their ecological requirements, with a commitment to review them in time for
the first triennial report.  Compliance with the interim EWPs was to be reported upon until they were
confirmed and final EWPs were set.

A detailed list of the Gnangara Mound and East Gnangara criteria and their compliance history is
included in Appendix 2.

3.3 Jandakot mound environmental conditions

In February 1976 the Minister for the Environment conditionally approved implementation of Stages I
and II of the Jandakot Groundwater Scheme.  The conditions related largely to monitoring of
groundwater levels and the requirement to report annually to the EPA on impacts of the scheme.  In
1988 the Water Authority referred its plans for construction of Stage II of the Jandakot Groundwater
Scheme to the EPA.  Notwithstanding previous approval, the EPA felt that due to the time that had
elapsed and the degree of public interest in the area, the proposal should be re-submitted for
assessment at the level of Public Environmental Review.

The environmental conditions for Jandakot were set in 1992 following the assessment of the Jandakot
Groundwater Scheme Stage II Public Environmental Review (Water Authority 1991).  Conditions
included preparation of an environmental monitoring plan, a wetland management plan and an
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environmental management programme (EMP).  Environmental criteria (the terminology ‘EWRs’ and
‘EWPs’ were not used at the time of the Jandakot PER) were established for wetlands and in areas of
terrestrial vegetation, rare flora and other ‘environmentally sensitive areas’ (System Six and sumpland
areas).  The objectives of the environmental criteria were the conservation and, where feasible, the
enhancement of the existing environmental values including the retention of wetland diversity.
Criteria were defined as either ‘design’, ‘operational’ or ‘action’ criteria, depending on when they
should be applied.  In essence, the ‘operational’ criteria for Jandakot are similar to the ‘preferred’
criteria for Gnangara and the ‘action’ criteria are in effect the same as the ‘absolute’ criteria for
Jandakot.

A summary of the environmental criteria for Jandakot is presented in Appendix 3.

Terrestrial vegetation

The terrestrial vegetation criteria were designed to minimise the impact of abstraction from the
groundwater scheme on remnant native vegetation and seasonal wetlands.  Design criteria set
minimum distances between production wells and sumplands and System Six areas.  A maximum
drawdown of 1.0 m in areas of phreatophytic vegetation was set as a design criterion, though in
practice drawdown of up to 1.5 m from existing levels in these areas was considered acceptable.
These figures were based on past observations of water table drawdowns of around 2 m on the
Gnangara Mound having caused tree deaths.  As a precaution, 1.5 m was set as the maximum
allowable fall.  For the purposes of the Jandakot PER, phreatophytic vegetation was considered to be
vegetation occurring at a depth to the water table of less than 5 m.

Rare flora

Five rare species of orchids were found around the eastern and southern boundaries of the Jandakot
Public Water Supply Area.  Though it was recognised that orchids were not directly dependent on the
water table, it was considered they might be affected by changes in the surrounding vegetation.  To
ensure the maintenance of vegetation composition in areas of rare orchids, a maximum drawdown on
the water table of 1.0 m from existing levels was set as a criterion.

Major Wetlands

Due to the lack of detailed information available for certain environmental components in the Jandakot
study area, the approach taken was to concentrate on the wetlands of the region for which sufficient
data were available, assuming that by protecting these systems most other systems would also be
protected.  Factors taken into account included seasonality, invasive vegetation, fringing trees,
historical water levels, climate variability, aesthetics, tenure, social values, etc.  The major wetlands
for which criteria were set were Thomsons, Forrestdale, Yangebup, North, Bibra and the Kogolup
Lakes.  Where management plans, criteria or objectives were already in existence, such as for
Thomsons and Forrestdale Lakes, water level criteria were set based on achieving these objectives.
For example, CALM criteria for Forrestdale Lake were at least 0.9 m of water in the lake at the annual
maximum and a continuation of the natural cycle of filling and drying.  Minimum water levels in
metres AHD and preferred drying times were then set based on these criteria.  Water level criteria for
other major wetlands for which management plans or criteria did not exist were based on objectives
such as maintaining aesthetics, keeping water levels within the historical range, avoiding flooding,
limiting Typha spread, inundating Melaleuca species, etc.

Seasonal wetlands

It was acknowledged in the PER that little was known about the seasonal wetlands, including Shirley
Balla Swamp and Twin Bartram Swamp, higher on Jandakot Mound.  The water level criteria for the
Bartram Rd Wetland Complex (Shirley Balla Swamp) and Twin Bartram Swamp were based on
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maintaining their waterbird breeding role, i.e., maintaining water in the wetlands until the end of
January.  Solomon Rd and Beenyup Rd Swamps were recognised as important for their non-aquatic
fauna and criteria were set based on research by LeProvost et al (1987) which seemed to indicate that a
drawdown of around 0.4 m would result in partial death of wetland vegetation and shifts in other
vegetation.  It was preferred that drawdown at these two wetlands should be less than 0.3 m from
existing levels.

Wetland system

Criteria were also set for maximum allowable habitat shifts in the Jandakot wetland system, based on
classifying areas of waterbird habitat in terms of waterbirds’ sensitivity to change in each particular
habitat.  For example, habitats designated as Class I (the most sensitive habitats), were allowed a
maximum of 5% reduction in wet years and 15% reduction in dry years.  Complex monitoring and
reporting requirements were proposed to account for this.  However, when the EMP was subsequently
written it was realised that the commitments in the PER were unrealistic and it was instead proposed
that wetland vegetation transects and aerial photographs be used to assess habitat changes.

Currently there are 21 monitoring wells in Jandakot with criteria for phreatophytic vegetation and six
for rare flora.  Water level criteria presently exist for ten wetlands.

A detailed list of the current Jandakot Mound environmental criteria and their compliance history is
included in Appendix 3.
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4. CURRENT SITUATION

This section describes the current situation as relevant to the condition of the groundwater resource
and groundwater dependent ecosystems, including a discussion of management activities that have
been implemented.

4.1 Climate

Groundwater levels in the shallow aquifers of the Swan Coastal Plain (and consequently wetland water
levels) are a direct reflection of the amount of water stored in those aquifers from time to time.  The
water levels respond directly to water inputs and outputs.  Inputs include recharge from infiltration of
rainfall (direct and indirect), infiltration from septic tanks, irrigation, etc.  Outputs include
transpiration evaporation, subsurface discharges to the surrounding ocean and rivers, and pumping.  In
relative terms, most of the annual inputs and outputs do not vary significantly over short periods, with
the clear exception of recharge from rainfall.  Rainfall recharge is also the largest input component to
the resource.

Because net recharge to groundwater is essentially the water that is left over after surface interception,
evaporation and transpiration, the annual recharge varies disproportionately to the variation in rainfall.
Numerous studies have confirmed the prominent role that climate plays in affecting water levels in the
shallow aquifers of the region, the most significant being the Perth Urban Water Balance Study (Water
Authority 1987) where it was concluded that “Water level variations within the groundwater systems
of the Perth region are dominated by climate.”

Perth and other parts of the South West of Western Australia are experiencing an extended period of
below average rainfall.  Data from the Wanneroo rainfall station was supplemented using regressed
data from nearby stations to produce the long-term record shown in Figure 7.  Other rainfall records

Figure 7 Wanneroo rainfalls 1907 to 1999
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from stations near the Gnangara Mound are consistent with the Wanneroo observation.  The reduction
in mean annual rainfall for the area for the period 1975 to 1999 is about 10 % of the long-term average
(1907-1999).  Statistical analysis of the rainfall records indicates that Perth’s climate has been in a
drier cycle for the last three decades.

The groundwater response to this reduced rainfall has been variable at the local scale.  While climate
is the most significant influence on a regional scale, other factors such as vegetation cover, land use,
local groundwater abstraction and aquifer soil type also cause variations in groundwater recharge and
discharge, leading to a variety of water level behaviours at the local scale.

However, at the regional scale, groundwater levels are generally depressed over those experienced
several decades ago during and immediately following a period of relatively wet climate.  This applies
in areas not affected by land uses and human activities, reflecting the influence of climate alone.

The Bureau of Meteorology climatic outlook for the three months to January 2002 indicates a 60-65%
chance of exceeding the median rainfall over the Perth region.  While this is positive and may assist in
attenuating demand, it is not expected to result in significant recharge to the groundwater systems and
consequently should not measurably affect water levels.  There are no official forecasts available for
2002 winter rainfalls.

4.2 Water demand and availability

Water demands on the Perth groundwater systems have grown substantially in recent years, in both
private and public water supply.  Groundwater usage in Western Australia has approximately trebled
in the last 15 years, with the largest proportion of water use being in the Perth region (Water and
Rivers Commission 2000a).  The Commission predicts statewide groundwater usage will
approximately double over the next 20 years, again with a substantial proportion being in the Perth
Basin, of which the Gnangara and Jandakot Mounds form a substantial component.

Public water supply (the Integrated Water Supply System or IWSS), being based on conjunctive use of
surface and groundwater sources, has a substantial dependency on groundwater, particularly in drier
times when surface reservoir storages are low.  This dependency on groundwater to provide a ‘drought
relief’ supply is a carry-over from several decades of increasing the proportion of groundwater use in
the IWSS.  The IWSS supplies Perth, Mandurah and the Goldfields and Agricultural Water Supply
Scheme (G&AWS).  During 2000/01, groundwater supplied 48.6% of the total IWSS water demand
and 53.6% of the Perth-Mandurah component.  The distribution of demand between the three major
centres and proportion of groundwater supplied to each component are shown in Table 1.

Table 1 IWSS demand and source distribution for 2000/01

Perth Mandurah
Total:

Perth &
Mandurah

G&AWS
Total:
Perth,

Mandurah &
G&AWS

Total (GL) 260.3 10.8 271.1 27.3 298.1
Groundwater (GL) 144.6 0.8 145.4 0.0 145.4
% Groundwater 55.5% 53.6% 48.6%

This is due to the low storage levels in the surface water reservoirs, as a result of an inflow this winter
of only 30 GL.  The average inflow for the period from 1975 to 2001 was 167 GL/yr.  The Water
Corporation has imposed Stage 4 restrictions (sprinklers 2 days per week) and has indicated that there
may be a need to impose Stage 6 restrictions (ban on sprinklers) unless demand can be reduced.
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Water restrictions are a management response to drought conditions.  The Water Corporation aim is to
provide its customers with a water supply system that has a 10% chance of restrictions being imposed
in any year, and 3% chance of severe restrictions in any year.  This should result in restrictions being
imposed, on average over the long term, one year in ten.  Sources are developed within a plan
designed to provide this level of drought security.

The Corporation has the power to impose restrictions under section 34 of the Water Agencies (Powers)
Act 1995.  Restrictions are categorised as Mild (By-law Stage 2), Moderate (By-law Stages 3-5),
Severe (By-law Stage 6) and Emergency (By-law Stage 7)

The theoretical reduction in demand as a result of the various stages of water restrictions is presented
in Table 2.

Table 2 Theoretical demand reduction outcomes

Stage Restriction Measure Demand Reduction

4 Sprinklers twice per week 45 GL
6 (Severe) Total ban on sprinkler use 70 GL

7 (Emergency Total ban on outside water use 100 GL

The expected demands and planned source distribution between the IWSS components for 2001/02 is
shown in Table 3 below.  This table reflects the substantially increased proportion of groundwater
proposed to be used to meet the demands as expected to be reduced by restrictions over the coming
summer.

Table 3 IWSS demand and source distribution for 2001/02

Perth Mandurah
Total:

Perth &
Mandurah

G&AWS
Total:
Perth,

Mandurah &
G&AWS

Total (GL) 215.8 9.5 225.3 27.7 253
Groundwater (GL) 157 1.0 158 0.0 158
% Groundwater 72.8% 70% 62.4%

There may be a need to raise the restriction level to Stage 6 if storages reach levels that may put the
metropolitan water supply system delivery capability at serious risk in the following year.  This will be
determined by the rainfall over the period to the end of summer and the actual demand, which is
largely dependent on whether Perth experiences a hot or mild summer and the public response to
restrictions.  It may also be triggered by possible reductions in groundwater abstraction over summer
due to adverse environmental impacts.  There are substantial community and business implications in
the imposition of Stage 6 restrictions and there is a strong desire to avoid them if possible.  The Water
Corporation understands that daytime sprinkler bans will significantly affect businesses with a total
annual turnover of $1 billion and employing approximately 14 000 people, particularly in the nursery,
turf and associated industries.  This will primarily be through Water Corporation customers subject to
sprinkler bans not purchasing new turf or nursery products because of their limited ability to provide
adequate water.

The Water Corporation will continually monitor consumer response to the Stage 4 restrictions during
the summer and if it becomes clear that the 45 GL reduction in demand is not being achieved, higher
restriction levels may be imposed.  Stage 6 restrictions have the capability of saving in excess of the
required 45 GL, particularly if applied earlier in the summer.  In this case, the additional savings will
be refected in reduced draw from surface water sources and an improvement in the storage outcome
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from this summer.  This will contribute to a reduced need for restrictions and groundwater abstraction
the following year.  Conversely, if restrictions at any level are unsuccessful in achieving the 45 GL
target saving, the additional demand will have to be supplied from surface sources, increasing the risks
for the following year.

4.3 Management to date

In the current state of low water levels and successive years of below average rainfall, management
actions have been necessary to reduce the number and severity of breaches of water level criteria.  The
management actions taken to date have included:

•  closing of public water supply wells (some have remained off for several years and  25 were off
during the summer of 2000/01);

•  targeted letter drops to large water users in environmentally sensitive areas;
•  heightened pressure on the implementation of pine thinning commitments under the pines

Memorandum of Understanding with CALM;
•  artificial maintenance of Lake Nowergup, Coogee Spring and Lake Jandabup throughout spring

and summer;
•  public awareness campaigns encouraging the responsible use of garden bores/wells; and
•  hydrologic and biological monitoring to observe and understand the response of the system and to

provide data for predictive purposes.

Aside from artificial supplementation of wetland water levels where the effect on the wetland is
immediately obvious, the degree of influence of these management actions on avoiding breaches of
criteria has been variable.

4.3.1 Abstractions (public and private)

Public abstractions

The Perth Integrated Water Supply System is managed in accordance with an operating strategy
agreed between the Commission and the Water Corporation.  The Commission issues licences to the
Water Corporation that specify the maximum amount of water that the Corporation is permitted to
take from each Groundwater Scheme and the aquifers utilised by each, on a yearly basis.  Compliance
with the operating strategy is a condition of these licences.

A production quota has been set for each well and incorporated into the operating strategy.  Each well
has an assigned stringency classification (1, 2 or 3).  Stringency 1 wells are those close to
environmentally sensitive areas and their quotas are not to be exceeded.  Stringency 2 wells are similar
except that their quotas can be exceeded by 10% without Commission approval.  Stringency 3 wells
are those that have no environmental constraints and the quota is nominal.

In October each year, the Water Corporation and the Commission negotiate an abstraction strategy for
the forthcoming summer.  The strategy takes account of predicted minimum summer groundwater
levels, using current water level information and historical trends and sets individual well quotas to
prevent EWP breaches.  The strategy is reviewed monthly throughout the summer and revised as
necessary.

Private abstractions

Private groundwater use is licensed in proclaimed Groundwater Areas under the Rights in Water and
Irrigation Act 1914.  Allocation limits have been established for individual sub-areas identified within
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each Groundwater Area.  This represents the amount of groundwater that may be drawn without
unacceptable harm to the environment or to other groundwater users.

Within the areas subject to environmental conditions, private use tends to be mainly for horticultural
purposes, particularly on the Gnangara Mound (Wanneroo area) where a $60m horticultural industry is
a major groundwater user.  Private domestic use is from a relatively low proportion of abstraction in
these areas.  Use on special rural zoned properties is proportionally more significant in the large
number of small licensed users on the Jandakot Mound.

In its management of private groundwater use, the Commission has utilised a number of strategies to
seek to ensure that groundwater abstraction is sustainable and that impacts upon the environment are
minimised or do not occur.  These strategies have included:

•  Comprehensive surveys of properties to ensure compliance with licence conditions and raise
awareness regarding water efficiency and environmental impacts.  These surveys have targeted
Groundwater Areas that are close to or fully allocated.

•  General education campaigns to raise awareness regarding water use efficiency and the potential
impacts of groundwater abstraction upon the environment.

•  Desktop hydrogeological investigations to estimate the influence of localised private abstraction
on water levels in some of the areas in which significant breaches of water levels have occurred.

•  Targeted letter drops to licensees advising of environmental impacts of abstraction in areas where
significant breaches have occurred and promoting water use efficiency.

Gnangara Mound

Groundwater quotas and allocations for each Groundwater Area and sub-area on the Gnangara Mound
are shown in Appendix 4.  During the past 12 months, the total allocation held by private users in the
groundwater areas was approximately 100.0 GL, which equates to 61% of the total private quota
within the study area.  This was a slight overall increase in the amount allocated over the past 12
months.

The sub-area allocation limit for State Forest 65 has been reduced due to the presence of sensitive
Lexia wetlands in the area and will be considered further as part of the Section 46 review.  Allocation
quotas were marginally exceeded in two sub-areas in the Wanneroo Groundwater Area.  Some unused
water allocations were recovered from the Wanneroo Groundwater Area during the past 12 months as
a consequence of the groundwater use surveys undertaken earlier.  Allocations in the Gwelup sub-area
have significantly exceeded the licensed quota as developers in the area have been granted temporary
licences to allow dewatering for peat extraction prior to establishment of a large residential
development.  This is not expected to have any environmental consequences.

It should be noted that in fully allocated areas, Commission policy is to issue licenses for domestic
water use to landholders that do not have access to alternative sources, regardless of allocation limits.
This position is taken on the basis that domestic allocations are quite small, within the order of
accuracy of sustainable limit calculations and therefore unlikely to have any measurable
environmental impact.

The requirement for accurate information on actual water use increases when management areas are
approaching full allocation status.  Metering and reporting of water use is a condition usually placed
on larger licences, but where metering does not occur, surveys of private use have been regularly
undertaken to determine the correlation between actual use and the allocation.

In 1999, water use surveys of the Gnangara, Jandabup, Joondalup and Mariginiup sub-areas of the
Wanneroo Groundwater Area were undertaken.  These surveys indicated that unused water allocations
were small.  In areas of high allocation, licensees are reluctant to relinquish unused portions of
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allocations because of implications for possible future expansion of their enterprise.  The potential for
Tradeable Water Entitlements has also raised awareness of the monetary value of those allocations.

A desktop hydrogeological investigation was recently undertaken to estimate the impacts of localised
private groundwater abstraction within a 500m radius of JB5 (a phreatophytic vegetation monitoring
well in the Jandabup area).  This has indicated that local private use may be contributing to water level
decline and breaching of water level criteria.  A letter drop to each of the relevant landowners was
consequently conducted, highlighting the impact of groundwater abstraction upon the environment and
urging landowners to utilise groundwater efficiently.

Jandakot Mound

Groundwater quotas and allocations for each sub-area in the Jandakot Groundwater Area from
1996/97 to 2000/01 are shown in Appendix 5.  In the past 12 months the total allocation held by
private users in the groundwater area was 10.4 GL, which equates to 67% of the total private quota in
the study area.  This represents a significant decrease from the previous year when 11.4 GL was
allocated to private users.  This reduction resulted from a 1999 survey of private groundwater use in
the Jandakot Groundwater Area (about 1 300 properties) that revealed anomalies between actual
groundwater usage and the licensed allocations that have been progressively addressed.

The Commission is undertaking a program to recover a further 3.5 GL of unused groundwater
allocations identified in the 1999 survey.  Progress has been delayed by private abstraction in the area
being licensed under two Acts.  Licences issued under the Metropolitan Water Supply, Sewerage and
Drainage Act 1909 were issued without an expiry date.  The Commission is presently working through
the legislative issues to determine methods to recover the unused allocations given under this Act to
and further improve management of the groundwater resource in the Jandakot GWA.

4.3.2 Land use

A Ministerial condition of approval of both the 1995 Section 46 review document and the 1997 East
Gnangara EWP Plan was that a Memorandum of Understanding (MoU) on pine management be
developed between the Water and Rivers Commission and Department of Conservation and Land
Management (CALM).  The basis for this was the original Gnangara ERMP, which recognised that
pines in some areas had been allowed to reach high densities and restricting recharge, coming into
conflict with the priority objectives of the Mound as a public water supply area.  The ERMP proposed
that the plantation be managed to a basal area of 11 m2/ha as pines at this density resulted in similar
groundwater recharge to that of the pre-existing native vegetation.  The Gnangara pine plantation
(State Forest 65) was originally intended to be managed to about this density as the overall
productivity of the plantation is optimised by managing to 11 m2/ha (by progressively thinning as the
plantation grows) rather than allowing it to reach high densities.  However, because of the lack of a
market for the pine thinnings, parts of the plantation are now at much higher densities than 11 m2/ha.

The Commission and CALM signed the pine management MoU in December 1999.  The MoU set out
a schedule (Schedule 1) for thinning the pines and maintaining them at a basal area of 11 m2/ha for
parts of the Pinjar plantation east of the Yanchep Caves.  The MoU also committed CALM and the
Commission to reach agreement on a schedule for thinning the rest of the plantation.  The Yanchep
caves area was identified as a priority due to the low water levels in the cave streams, an area of high
conservation significance.  Schedule 1 identified priority Zones A, B and C in the Pinjar Plantation
and set out dates for completion of the thinning programme in each of these Zones.  CALM (and now
the Forest Products Commission (FPC)) was originally behind schedule with thinning in Zone A,
however, Zone A is now complete and Zone B is on schedule for completion by December 2001.

Schedule 1 in the MoU also identified water level targets in four monitoring wells east of the Yanchep
caves.  Thinning in the Pinjar Plantation was anticipated to cause water level rises, which would
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eventually flow through to cave areas.  Rises in water levels needed to meet those targets by 2005
were in the order of 1 to 2 m at the time of writing of the MoU.  Water levels have since declined
around 1m further, making these targets harder to achieve.  The water level targets in Schedule 1 of
the MoU may be unrealistic and in need of revision.  This will be addressed in the Stage II review.

4.3.3 Wetland supplementation

Artificial water level maintenance schemes have been established for three wetlands on the Gnangara
Mound subject to environmental conditions to mitigate impacts associated with public and private
abstraction.  The purpose of these schemes is to add water to wetlands to meet water level criteria,
which in turn ensures that their ecological values are protected and maintained.  The three wetlands
that are artificially maintained are: Coogee Springs, Lake Nowergup and Lake Jandabup.  The former
two wetland supplementation systems are operated by the Water and Rivers Commission and the latter
by the Water Corporation.

Other supplementation schemes for wetlands operated by local government within the metropolitan
urban areas and not subject to environmental conditions are not considered in this report.

Coogee Springs

Coogee Springs is a small wetland located within private ownership just south of Yanchep National
Park.  Surrounding land uses include a range of agricultural activities including intensive horticulture,
with the wetland itself being used for summer grazing by livestock.  Monitoring undertaken in the
early 1990s revealed that Coogee Springs supported a high diversity of macroinvertebrate fauna.

Water level criteria have been set for Coogee Springs with the primary function of ensuring that
macroinvertebrate diversity is maintained.  Other objectives include maintenance and enhancement of
wetland vegetation and maintenance of waterbird breeding habitat.  Water levels are supplemented
over the spring months to achieve end of spring peak water level criteria for the wetland.  The
preferred minimum should not be transgressed more than two in six years.

Water level supplementation using groundwater from the Leederville aquifer has taken place since
1998.  During 1999/2000 it was estimated that 163 617 m3 was pumped into Coogee Springs with a
further 181 718 m3 pumped in 2000/01.  This enabled the absolute minimum peak water level to be
achieved in both years but was insufficient to meet the preferred minimum criterion.  In response, the
Commission has established a second Leederville production well with significantly greater capacity
to consistently achieve the preferred minimum peak water level.  At the time of writing, the absolute
minimum water level for Coogee Springs had been achieved for 2001.  There is however some
concern that the preferred minimum water level may not be achieved this year due to well below
average rainfall and the nature of the underlying karstic aquifer which is highly transmissive.  This
high transmissivity will effectively drain the wetland if surrounding water levels are lower than the
wetland and will draw water out of the wetland at a higher rate than pumping can keep up with.  This
would translate to a breach of conditions as the ‘two in six’ limit of not reaching the preferred spring
peak has already been exceeded.

Coogee Springs is heavily impacted by its surrounding land use as it is unfenced and cattle wander
through the wetland in summer.  Initial review of EWRs by Loomes (2001) suggests that Coogee
Springs is provided with more than enough water to satisfy the surrounding vegetation, which is
heavily degraded and consists mainly of exotic species.  In the annual macroinvertebrate monitoring
report, Chapman and Horwitz (2001) suggest that access by cattle and not low water levels is the main
issue at Coogee Springs.  The report states, “The best management alternative would be to fence the
wetland and provide specially designed watering/access points for livestock.”  The livestock
contribute to high nutrient levels and lack of recruitment of natural vegetation around the wetland.
Artificial maintenance has been responsible for lowering gilvin (colour) levels in the wetland, as the
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water being pumped into Coogee Springs is clear water from the underlying confined aquifer.  As
Coogee Springs is naturally a coloured wetland, this is of concern.

There is a need to review the water level criteria for Coogee Springs, as the management objectives
may not be being achieved by the current water regime.  The spring macroinvertebrate sampling round
in 2000, Coogee recorded the lowest family richness values since the first sampling in 1996.  This was
attributed to continuation of artificial maintenance of water levels at the wetland into the summer
period (Chapman and Horwitz, 2001).  There is also a need to review surrounding land use practices
and investigate the possibility of having at least part of the wetland area protected from stock access.
Fencing off the wetland may be difficult as it is on private land and the owner has previously indicated
that fencing would prevent the movement of stock between the two sides of the property and is not
practical.

Lake Nowergup

Lake Nowergup is a “Bush Forever” site and “A” Class Reserve vested with the Conservation
Commission as a sanctuary for fauna.  Surrounding land uses include irrigated horticulture to the east
and a small piggery immediately adjacent to the reserve.  Lake Nowergup values primarily relate to
the significant area of fringing woodland to the west of the lake, the large area of sedges and the role
of the wetland as a drought refuge for waterbirds.

Water level criteria have been set for Lake Nowergup with the primary function of ensuring the
existing areas of sedge vegetation are maintained, permanent water is provided for waterbird habitat
and drought refuge and to protect aquatic fauna dependent upon permanent water.  Water levels are
artificially supplemented over the spring months to achieve end of spring peak water level criteria for
the wetland.  A breach occurs when the absolute minimum criterion is not achieved, or the preferred
minimum is not achieved in greater than two in six years, or the preferred minimum is not achieved in
greater than two consecutive years.

Water level supplementation using Leederville aquifer water has taken place since 1987.  During
1999/00 it is estimated that 437 350 m3 was pumped into Lake Nowergup with a further 528 370 m3 in
2000/01.  Despite this, the preferred minimum was transgressed in both 1999/00 and 2000/01.  Both
the spring preferred minimum peak and the absolute minimum peak have consistently transgressed
since 1996.  In response, the Commission has established a second Leederville well with a
significantly greater capacity to consistently achieve the preferred minimum water level.  Following
commissioning of this second well earlier this year, both the absolute and preferred minimum spring
water levels have been achieved.

Like Coogee Springs, Lake Nowergup also has surrounding land use issues affecting achievement of
management objectives.  A piggery has existed on the edge of the wetland for several decades and was
previously licensed by the DEP.  The piggery no longer requires a licence due to its greatly reduced
size but has been in breach of DEP licence conditions in the past and it is suspected that improper
disposal of effluent from the piggery has significantly contributed to addition of nutrients to the lake.
Algal blooms affected the lake in 2000 and the invasive macrophyte Typha orientalis, which prefers
nutrient enriched environments, has spread around the lake.  Prevention of Typha spread is one of the
lake management objectives.

Lake Jandabup

Lake Jandabup is a Conservation Category wetland and Bush Forever site.  The lake is part of a nature
reserve vested in the Conservation Commission.  The land uses surrounding the lake are mainly rural
and special rural properties and irrigated horticulture.  Lake levels have been monitored since 1954,
but regularly since 1968.  During the 1960s, lake levels rose, probably due to a combination of
clearing and relatively high rainfall prior to the establishment of pines.  Between the late 1960s and
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late 1970s lake levels fell approximately 1 m, but have been relatively stable since.  This is partly due
to artificial maintenance of water levels in the lake that has occurred episodically since 1989 to
prevent breaches of water level criteria.  The artificial maintenance system for Lake Jandabup is
operated by the Water Corporation using water from the Wanneroo wellfield.

Water level criteria for Lake Jandabup were changed from summer minimum criteria to spring peak
criteria following the 1995 Section 46 review.  It appears that since then the lake began to dry earlier
and for longer than it had done in the recent past.  Routine monitoring in the late 1990s detected that
the pH in Lake Jandabup had declined from around 6-8 to 4-5.  The cause of this was hypothesised to
bee the oxidation of pyrite (FeS2) in the lake sediment made possible by prolonged drying of the lake.
This reduction in pH was associated with a decrease in macroinvertebrate species richness.  The
Commission initiated two research projects to determine the cause of the problem and assess possible
management options.  In the meantime, an interim absolute minimum criterion has been reverted to
and artificial maintenance implemented in summer in order to prevent the lake from fully drying while
investigations are being carried out.

Results of one study indicated that the primary cause of acidification is oxidation of pyrite when the
lake sediments are exposed to atmospheric oxygen.  The acidification is considered to be a natural
process at the lake.  It appeared that the artificial maintenance program was beneficial as it prevented
excessive summer drying of the lakebed and monitoring of macroinvertebrates at the lake indicated
that most of the species that had disappeared during 1996 to 1999 reappeared during spring 2000 and
summer 2001.

Although artificial maintenance may prevent pyrite oxidation and acid production, there is a
requirement for a seasonal water regime at the lake and artificial maintenance throughout the summer
is not preferable in the long term.  However, the recommendation of the latest macroinvertebrate
monitoring report is that Lake Jandabup should not be allowed to completely dry until more data can
be collected and trends towards recovery or otherwise clearly established (Chapman and Horwitz,
2001).  Artificial maintenance of Lake Jandabup will continue over summer 2001/02 to keep the lake
from drying.  In the meantime, actions are being taken on one of the other recommendations of the
Lake Jandabup studies.  It appears a deep channel in the southern end of the lake may have been a
source of much of the acidity.  The origin of the channel is unknown but may have been a drainage
channel for agriculture dug when the lake was much drier.  Discussions are under way with
Department of Conservation to take samples along the channel to determine their acidity.  If the
channel is determined to be a major source of acidity, it may be possible to cap it using crushed
limestone.

4.3.4 Water use efficiency

Education campaigns to raise community awareness regarding groundwater management have been
undertaken by the Commission.  The Commission has established a program to improve water use
efficiency in groundwater abstraction in the Perth region.  This program involves releasing newspaper
editorials, liaising with various organisations including the Australian Drilling Industry Association
and the Irrigation Association of Australia to promote water use efficiency through their activities.
The Commission also liaises with the West Australian Municipal Association and with each
municipality in the Perth Region on the water use efficiency program.  The Commission actively
provides information to large groundwater users on water use efficiency and makes information freely
available through its offices and the Internet.

To more closely manage private domestic usage of groundwater, the Commission is preparing to
implement legislative changes for daytime sprinkler bans on domestic wells and will be holding
discussions with schools and local government authorities about water conservation measures
including fitting automatic reticulation systems and rain sensors to their wells.  Drought management
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objectives are being targeted at private groundwater users as well as water service providers such as
the Water Corporation and its customers.

4.3.5 Monitoring programs

The Water and Rivers Commission undertakes regular biological and hydrological monitoring to assist
in its management of abstraction of groundwater on both the Jandakot and Gnangara Mounds.

Groundwater level monitoring

Monthly hydrological monitoring is undertaken to evaluate both groundwater resource condition
generally and to assess compliance with water level criteria set in Ministerial conditions.  Analysis of
this data enables prediction of potential breaches and contributes to development of management
strategies to avoid breaching water level criteria wherever possible.  For wetlands, water level data is
obtained from staff gauges that identify surface water levels, or from adjacent groundwater monitoring
wells when the wetland dries.  Groundwater level monitoring data is obtained from monitoring wells
which have water level criteria established for the protection of phreatophytic native vegetation
(vegetation dependent upon direct access to the water table) or the protection of Declared Rare Flora.

For Gnangara / East Gnangara, monthly groundwater level monitoring is completed for 23 monitoring
wells which have criteria set for the protection of phreatophytic vegetation.  In addition, surface water
levels are monitored in 14 wetlands.  On the Jandakot Mound, groundwater level monitoring is
undertaken for 21 monitoring wells that have criteria set for the protection of phreatophytic vegetation
and eight monitoring wells set for the protection of Declared Rare Flora.  Surface water levels are
monitored in 10 wetlands on the Jandakot Mound.  An additional nine wells are utilised to monitor
groundwater levels adjacent to wetlands once they have dried.  There are hundreds of other monitoring
wells in existence across the Mounds, the more important ones of which are also monitored monthly,
while others are monitored twice annually or only intermittently.

Water level monitoring during September and October of 2001 has been increased to fortnightly
monitoring of levels in criteria wetlands and monitoring wells.  Previously, weekly monitoring was
carried out in areas where breaches of criteria became imminent during summer.  The additional
monitoring is to ensure that the most up to date information is available for use in development of the
Water Corporation’s Operating Strategy for both the Gnangara and Jandakot schemes, as decisions on
summer abstraction need to be made earlier than usual because of the current dry situation.  Additional
monitoring will enable more accurate predictions of summer breaches of criteria.  This analysis is
usually carried out once water levels have reached their end of winter maximums in
October/November, as predictions of end of summer levels are based upon subtracting the average
historical amplitude between winter peak and summer minimum levels from the actual end of winter
level.

Compliance or non-compliance with environmental conditions is determined by comparison of actual
water levels against water level criteria.  However, water level criteria are surrogates for the health of
ecological systems.  Therefore, the results of biological monitoring need to be evaluated to determine
the actual impacts of changes in water level and breaches of criteria upon ecological systems.

Biological monitoring

In order to evaluate the actual impacts of groundwater abstraction upon the health of native vegetation,
cave fauna and wetland ecology, the Commission engages the services of specialist consultants to
undertake regular biological monitoring.  The primary focus of the monitoring programs is to utilise
key ecological indicators to evaluate and analyse changes in wetlands, caves and native vegetation that
may be attributable to groundwater abstraction.
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Biological monitoring on the Gnangara Mound consists of:

•  triennial Dieback assessments in Lexia area, which commenced in 1996;
•  annual vegetation monitoring of transects at criteria wetlands, which commenced in 1995;
•  triennial terrestrial/phreatophytic vegetation monitoring of transects at selected sites across

Gnangara Mound, which commenced in 1982, corresponding to sites monitored since late 1960s;
•  annual water quality and macroinvertebrate sampling of criteria wetlands, Yanchep caves, east

Lexia seepage locations, which commenced in 1996, 1996 and 1997 respectively;
•  annual frog monitoring of wetlands in Lexia area and Melaleuca Park.
•  Biological monitoring on the Jandakot Mound consists of:
•  annual vegetation monitoring of transects at selected criteria wetlands, which commenced in 1996;
•  triennial terrestrial/phreatophytic vegetation monitoring of transects at selected sites across

Jandakot Mound, which commenced in 1988;
•  annual water quality and macroinvertebrate sampling of criteria and other selected wetlands,

which commenced in 1996; and
•  annual waterbird monitoring of criteria and other selected wetlands, which commenced in 1996.

Appendix 6 contains details of the methods and locations of these biological monitoring programs
being undertaken by the Commission on the Gnangara and Jandakot Mounds.

4.4 State of the resource

Overall, water levels are substantially depressed over both Mounds, largely as a consequence of
climate, exacerbated by pumping and influenced to varying degrees by land use changes.  This has
resulted in environmental criteria transgressions and formal breaches.  These have been reported in
detail in past annual and triennial reports to the EPA.  The current situation will continue to be
reported in detail through this reporting arrangement, in parallel with this report.

A summarised view of groundwater condition relating to past breaches and their environmental
implications, together with a compliance description are presented in the next section.

Concern over the potential for future breaches has prompted a reassessment of not only the water level
criteria, but of how they are managed and audited.  This will be undertaken as part of the Stage II
review as outlined in Section 0.

4.4.1 Groundwater condition

Over the last thirty years, the water table configurations of the Gnangara Mound show substantial
declines in some areas within the State Pine Forest and Crown Land on the South Gnangara Mound
(Davidson, 1995).  Hydrographs from the native woodland areas, the Pine Forest areas and near
wellfields show steady long-term declines in groundwater levels upon which seasonal variations are
superimposed.  This suggests a significant reduction in net recharge to the superficial aquifer over the
last thirty years.  In the areas of low or no recharge this could mean that the water content in the
unsaturated sandy zone has not exceeded the field capacity of the sand to enable aquifer recharge.

Figure 8 shows groundwater changes on the Gnangara Mound between 1978 and 1999.  This shows a
general decline overall, with substantial changes (four to five metres) toward the crest of the mound
and a slight rise in the Lexia area.  The overall decline is due to reduced rainfall induced recharge
during the period, with slightly greater declines being induced in areas of significant groundwater
abstraction.  In some areas, urbanisation has provided an offsetting effect.
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Difference plots created as part of reporting commitments for Gnangara using 1988 as the baseline
show significantly larger decline rates in the northern Pinjar area than for the period presented in
Figure 8.  This area is north of the centres of abstraction and it is believed that this steep decline has
been exaggerated through water levels in this area being elevated immediately prior to 1988 due to
thinning of the native forest cover.  Subsequent planting and growth of pine plantations has then
reduced recharge with a consequent decay in the water table.  1978 appears to be more appropriate as a
baseline year if an ‘average’ groundwater condition is required for benchmarking purposes.

The elevation in levels in the Lexia area is thought to be due to clearing and urbanisation for the
Ellenbrook development resulting in increased recharge.

Figure 9 shows groundwater level changes at Jandakot over a similar period.  The features of these
contours are the rise in water level in the western area centred on the Beeliar wetlands, due to recent
urbanisation.  A small rise is also observed in the area centred on Shirley Balla Swamp, the reasons for
which are not clear at this time.  Being considerably smaller in areal extent than the Gnangara Mound,
the water level fluctuations over the same period are substantially less (generally less than one metre at
Jandakot compared to up to four to five metres at Gnangara).

4.4.2 Environmental compliance performance

Prior to 1998, there were relatively few transgressions of environmental criteria on either the
Gnangara or Jandakot Mounds.  Breaches of EWP criteria in both Gnangara and Jandakot began to
become widespread and consistent from that time. In Gnangara, there were eight breaches of criteria in
1999/2000 (six wetlands and two vegetation monitoring wells) and eight breaches in 2000/01 (five
wetlands and three vegetation monitoring wells). The wetlands and monitoring wells where breaches
have occurred most consistently in the last two or three years are Lake Joondalup, Lake Jandabup,
Lake Mariginiup, Lake Nowergup, Coogee Spring, Lexia 186, JB5 and PM6.  Some of the Mirrabooka
monitoring wells (MM series) have also experienced consistent breaches in the past.  Predictions
indicate there may be up to eleven breaches of criteria in 2001/02 in Gnangara, though it is more likely
the figure will be closer to eight, which is comparable to the last two years.

In Jandakot, two breaches of criteria occurred in 1999/2000 (both in wetlands) and five breaches
occurred in 2000/01 (four wetlands and one vegetation monitoring well). Over the coming summer
two breaches of criteria are likely and a further two are possible. This is a slightly better result than the
previous year. Consistent problem areas in Jandakot have been wetlands Forrestdale Lake, North
Lake, Shirley Balla Swamp, Beenyup Road Swamp and to a lesser degree, Bibra Lake, and monitoring
wells JM19, JM29, JM45 and JM7.

The number of breaches that have occurred in recent years is of concern, particularly as there appear to
be areas where water levels will continue to decline in the short to medium term, indicating that the
number and severity of breaches may increase rather than decrease in the short term.  The lack of rain
this winter will continue this trend for the coming summer.

Appendix 2 and Appendix 3 contain the environmental criteria compliance history for the Gnangara
and Jandakot Mounds respectively.
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Figure 8 Changes in groundwater levels 1978 -1999 – Gnangara Mound



 

Final report.doc

36

4.4.3 Ecological condition

Gnangara Mound

Wetland dependent vegetation monitored since 1994 has shown no significant trend in the health of
overstorey and the majority of wetlands have shown evidence of regeneration of overstorey species
(Froend, 1999).  The composition of understorey has generally not changed, although some changes
have been observed in annual herbs and grasses, which are strongly influenced by water level and
rainfall.  Froend (1999) stated that further monitoring is required to determine whether changes in
vegetation are significant, or are part of a natural cycle for the wetlands.

Similar to the Jandakot wetlands, macroinvertebrate family richness is higher in spring than summer,
due to higher water levels (Sommer et al., 2000).  Drying of a natural spring in the East Gnangara area
(Edgecombe Spring) has resulted in loss of macroinvertebrate diversity and there is little evidence
indicating the return of species (Knott and Jasinska, 1999).  No deleterious changes are apparent in
other major wetlands in this area.  No regular waterbird monitoring has been conducted for the
Gnangara wetlands.

Terrestrial vegetation on the Gnangara Mound has been studied since 1966 and the key findings from
the studies by Heddle (1980) include observation of the following trends:

•  a shift in vegetation composition towards the xeric end of the continuum (with both localised
declines in the number of trees that tolerate moister soil conditions and an increase in some
species that tolerate drier soil conditions);

•  a general loss of condition of some tree species; and
•  a general decrease in the number of understorey species that rely on moist soil, particularly of

those that dominate the lower slopes of the area.

The observations were based on studies by Havel (1968), Heddle (1980) and vegetation monitoring by
E.M.  Mattiske and Associates (1981 to 1992) and Mattiske Consulting Pty Ltd (1994 to 2000).  These
vegetation changes have resulted from an overall reduction in soil moisture caused by the reduced
rainfall years, and possibly exacerbated by groundwater extraction.  Changes in floristic composition
were related to the level of drawdown in a specific area, with vegetation subjected to a low level of
drawdown over the past 10 to 20 years floristically and structurally more stable than those subjected to
medium or high levels of drawdown, with stability decreasing with increasing levels of drawdown
(Froend et al., 1999).  Low lying areas, and in particular phreatophytic tree and non-phreatophytic
understorey species appear more susceptible to the negative impacts of drawdown compared to
upslope communities.  Historically, the overstorey reacted rapidly in the 1976 to 1985 period in the
early phases of the drought years followed by drought symptoms in non-phreatophytic understorey
species later (E.  Mattiske, pers.  comm., 2001).  In areas where drawdown has recently affected tree
species, declines in health of understorey species could be expected.
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Figure 9 Changes in groundwater levels 1978 -1999 – Jandakot Mound
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Lake Joondalup

The EWP criteria for water levels in Lake Joondalup were set to fulfil the management objectives for
the lake, which include conserving existing wetland vegetation, maintaining or enhancing aquatic
fauna, supporting waterbird habitats, and maintaining landscape amenity of open water (except under
low rainfall conditions).

The water level has dropped below the preferred minimum water level for Lake Joondalup for the last
four years, which can be considered a breach, as the water level is not permitted to go below the
preferred minimum more than two times in every six years.  The preferred minimum was set to
maintain the landscape amenity requirement of open water at Lake Joondalup.  As the S46 review
document states that this amenity need not be maintained in event of drier climatic conditions, which
is the current situation, then there is doubt whether the water level falling below the preferred minium
for the last four years actually constitutes a breach.  The absolute minimum criteria had not been
breached to date.

The patterns of water levels in Lake Joondalup have been modified substantially since the 1950’s and
over the period that the City of Wanneroo has developed.  Historically, the lake regularly dried out and
the lake floor was actually used for grazing sheep in summer months.  There was an initial rise in the
surface water-table associated with nearby land clearing and then community pressure to maintain
levels in the lake at a more constant level.  Therefore, the fringing woodlands around the lakes have
been subjected to higher fluctuations that are currently being observed.

There has been no general indication of effects of a declining water level in the lake’s peripheral
vegetation, and it remains in good condition (Loomes and Froend, 2001a).  Overstorey health along
biological monitoring transects either remained constant, slightly declined or slightly improved over
the six years since monitoring began.  The death of several M.  rhaphiophylla trees, and no apparent
regeneration as yet, in one transect, would be the most significant observation that could possibly be
attributable to declining water levels.  Declines in the health of E.  rudis and B.  littoralis were
observed, but this was due to fire and not caused by drought stress.  Native sedges were observed to be
re-establishing after fire.  The monitoring transects established by Heddle (1980) show similar slight
changes in the species along the fringe of the lake system, however this band of change is restricted to
a relatively small strip in view of the rapid change in the height of the dunes adjacent to the lake in
many areas and the type of species present.  Both the Melaleuca’s and Flooded Gum (Eucalyptus
rudis) are capable of tolerating substantial physiological stress associated with drier periods or lower
water table levels (E.  Mattiske, pers.  comm., 2001).

Macroinvertebrate richness has generally increased or remained constant over the period 1997 to 1999
for the two water-sampling locations at Lake Joondalup (Chapman and Horwitz, 2001), but several
species have been lost from the system and not returned.  The poor water quality, low water levels,
and insecticide applications have resulted in a change to the macroinvertebrate community structure.
Nutrient and salt concentrations increased over the same monitoring period, most likely a result of the
lower water levels.

No regular waterbird monitoring has been conducted at Lake Joondalup.

Lake Jandabup

The management objectives used to establish EWPs for Lake Jandabup were to maintain wading bird
habitat, maintain sedge areas, maintain or enhance M.  rhaphiophylla and E.  rudis woodlands,
maintain high diversity of macroinvertebrates and macrophytes, and to remove the mosquito-fish.

In 1995, the S46 review of conditions altered the preferred minimum to a preferred minimum spring
peak, which would result in the lake being permitted to dry earlier and for a longer period.  Prior to
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this, the criterion had been transgressed once in 1991.  The extended drying period caused a severe
acidification event in the lake and the criteria were subsequently temporarily modified (interim
criteria) to prevent the lake drying over summer and further exacerbating the problem.  Although the
water levels were being artificially maintained, the interim absolute minimum was breached by 11 cm
in 2000.  The interim criteria are likely to be changed, following investigation into the dynamics of the
lake’s acidification, to allow the lake to dry over summer, as it would naturally do.

There was a general decline in health of the peripheral vegetation of Lake Jandabup that could be
attributed to a declining watertable (Loomes and Froend, 2001a).  In particular, species richness
decreased from 50 species to 36 species along the monitoring transect from 1996 to 2000, constituting
a loss of native species from this area.  Over the same time, the health of M.  preissiana also decreased
along the transect, with the decline in health greatest in trees furthest from the lake, indicating a
reduction of suitable wetland environment around the lake for this species.  Similarly, the health of E.
rudis in the outer edge of the wetland has decreased by 70 %, as measured by the qualitative score
assigned during monitoring.  There has only been a small amount of regeneration, with some new
individuals of M.  preissiana but no new E.  rudis seedlings appearing.  The studies by Heddle (1980),
E.M.  Mattiske and Associates (1981 to 1992) and Mattiske Consulting Pty Ltd (1994 to 2000) have
indicated a decline in the fringing vegetation of the Lake and an expansion of many sedge species into
the former lake surface.  Mattiske Consulting Pty Ltd (2001) found a decrease in healthy stems and
increase in stressed stems of B.  ilicifolia, E.  rudis, M.  preissiana, all tolerant of moister conditions,
and B.  menziesii, which has optimal growth in dry conditions from 1993 to 1999, adjacent to Lake
Jandabup.   No change was observed in B.  attenuata stems.

A large decrease in species richness of macroinvertebrates occurred from 1997 to 1999 as a result of
acidification caused by the lowered water level of the lake.  Most species had returned by 2000/01,
with the exception of some previously recorded amphipods, coinciding with the maintenance of water
levels in the lake (Chapman and Horwitz, 2001).

No regular waterbird monitoring has been conducted at Lake Jandabup.

Lake Nowergup

Lake Nowergup is within an “A” Class Reserve vested for the purpose as a fauna sanctuary, and is
also a Bush Forever site.  The EWPs were set to maintain existing areas of sedges, maintain deep,
permanent water for birds, invertebrates and fish, provide some areas of wading bird habitat, and
maintain fringing woodland on western shore.

Water levels of Lake Nowergup have been monitored since 1973, and since this time the maximum
and minimum water levels over the year have dropped by approximately a metre.  This decline has
been attributed to the drier climate and private groundwater abstraction in the area.  The lake has been
artificially maintained since 1989, but due to failure of the maintenance scheme, the absolute
minimum spring peak was breached in 1998, 1999 and 2000.  A second artificial maintenance well has
been installed at the lake, and further breaches are not anticipated.

Of the two vegetation transects established at the lake, one experienced a general decline in health of
species and increasing weed density, while the other did not alter over the monitoring period (Loomes
and Froend, 2001a).  Although no mortalities were recorded in the first transect, the health,
particularly of M.  rhaphiophylla but also of E.  rudis, decreased from 1996 to 2000 and no
recruitment of new individuals was recorded.  In contrast, there was no decline in the health of these
species in the second transect.  There is no clear indication that the wetland vegetation at Lake
Nowergup is being affected by declining water levels.
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Notably weediness decreased from 1996 to 2000 in both transects, which may be indicative of drier
conditions at this site.  Weed infestation is typically more aggressive in moister conditions.  An algal
bloom occurred in the lake in 2000.

Macroinvertebrate community composition remained relatively constant between 1997 and 2001
(Chapman and Horwitz, 2001) although family richness tended to increase with increasing water
levels at Lake Nowergup (Sommer et al., 2000).  It is difficult to ascertain if current family richness
has declined since breaches began occurring at the wetland, as records begin in 1996.  The highest
family richness was 34, recorded in the spring of 1996 and numbers in spring have been at 26 for the
last two years.

No regular waterbird monitoring has been conducted at Lake Nowergup.

Lake Mariginiup

The EWP management objectives for Lake Mariginiup were to maintain areas of sedges, maintain bird
habitat, and maintain invertebrate diversity through allowing seasonal lakebed drying, and maintaining
or enhancing woodland vegetation.

The water levels of Lake Mariginiup have decreased to below the preferred minimum peak in the
spring of the last four years, which is a breach of the EWP requirement for this to not occur more than
two out of every six years.  Peak water levels have remained constant over the same time.

There have been no definite declines in vegetation health resulting from a lowered watertable at Lake
Mariginiup (Loomes and Froend, 2001a).  Although deaths of trees have occurred, they could be
attributed to general disturbance and clearing effects.  Several observations indicate that the vegetation
is not generally being affected, including the re-sprouting of Baumea articulata across the monitoring
transect following fire, although recovery is slow, and the increase in health of E.  rudis trees from
1996 to 2000.

Species richness of macroinvertebrates in Lake Mariginiup has decreased markedly in summer with
declining lake water levels since 1997.  In 1997, low water levels caused a drop in pH of the lake’s
waters similar to Lake Jandabup, but pH levels have since being rising.  There has been no recovery of
species lost in 1997 though, as has occurred in Lake Jandabup, with family richness dropping to 10 in
summer 2000 and 2001, the lowest since monitoring began 1996.  In contrast, spring family richness
levels have increased since 1996.

No regular waterbird monitoring has been conducted at Lake Mariginiup.

Coogee Springs

The management objectives identified for Coogee Springs for which the EWPs were established are to
maintain invertebrate diversity, maintain or enhance wetland vegetation, and maintain water for bird
breeding.

The absolute criterion for Coogee Springs was breached in 1996 and 1997, and historical records
indicate it would not have breached since monitoring began in 1973.  Artificial maintenance of water
levels was subsequently put in place, but levels did not increase enough to reach the preferred
minimum.  Therefore breaches have occurred from exceeding the two in every six-year limit allowed
for peak water levels to fall between the preferred and absolute minimum criteria.

The vegetation at Coogee Springs is generally degraded from usage as summer pasture area and
surrounding rural activity, but is not showing any obvious signs of effect of a declining watertable
(Loomes and Froend, 2001a).  The health of M.  rhaphiophylla was generally high, although several
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trees on the outer edge of the wetland were of lower health, but this was because of wind damage and
not caused by drought stress.  Young M.  rhaphiophylla were generally recorded across the vegetation
transect and large individuals were also observed towards the lowest point of the wetland, beyond the
vegetation transect.  No regeneration was evident in this area.

Macroinvertebrate family richness has not substantially changed in spring sampling times since
monitoring began in 1996.  The artificial maintenance of water levels has resulted in surface water
persisting over summer in the last two years, and subsequent sampling has shown relatively high
invertebrate richness.  A lack of water in previous years had restricted sampling.

No regular waterbird monitoring has been conducted at Coogee Springs.

Lexia Wetland 186

The EWP management objectives for the Lexia wetlands are to conserve their ecological values and
maintain current vegetation assemblages and protect wetland fauna.  The wetlands have been
monitored since 1995, but to date only interim criteria have been set for the wetlands, which are
currently under review.  The interim absolute minimum for the Lexia 186 monitoring well has been
breached twice since set in 1999.  With the exception of a small amount of pumping during from the
recently commissioned Lexia Groundwater Scheme in 2000/01 (2.2 GL), there has been no abstraction
in the area and the criterion is expected to breach again during the 2001/02 summer even with no
abstraction.  This is because the criteria were set based on several assumptions that have not been
realised.  The two most significant of these assumptions were further urbanisation in the Ellenbrook
area and a generally wetter climate than has been experienced.

Study on the Lexia wetlands suggests that they were historically much wetter than they are at present.
This has been inferred from the vegetation types existing in the wetland area and the observation that
drier species are encroaching into areas previously dominated by vegetation preferring wetter
conditions (Loomes and Froend, 2001b).  A decline in wetland vegetation health has been apparent
over the last five to six years, particularly at Lexia 186.  This is consistent with a response to a drier
climate.

The vegetation at Lexia 186 is showing a decline in wetland species across the monitoring transect,
and an increase of dryland species, more tolerant of drier conditions (Loomes and Froend, 2001b).
The cover and abundance of wetland species, such as A.  fascicularis and P.  ellipticum, decreased
from 1997 to 2000, while the cover and abundance of dryland species such Macrozamia riedlei and
Adenanthos obovatus increased.  Concurrently, the health of M.  preissiana has decreased, although no
individual deaths have occurred.

In contrast there has been some regeneration of B.  ilicifolia, which is particularly sensitive to
declining water levels.  Species richness does not appear to have significantly decreased along the
monitoring transect to date.

There has been no deleterious change in macroinvertebrate populations of Lexia 186 since monitoring
began in 1995 (Knott and Jasinska, 2000).  No regular waterbird monitoring has been conducted at the
Lexia wetlands.

Edgecombe seep

The interim absolute minimum criterion for the Edgecombe seep was set in 1999 to protect seep
invertebrate fauna.  The criterion is only a management objective at this stage, and although water
levels have dropped below this criterion in one year since 1999, it does not constitute a breach of
statutory criterion.
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The number of macroinvertebrates found in recent surveys of the seep in December 1999 and
November 2000 (Knott, 2001), found less taxa than found in total from earlier surveys in 1992 to
1995.  Family richness remained constant between 1999 and 2000, while composition changed, with
one species missing and one not previously recorded taxa found in 2001.  Decreases in
macroinvertebrate diversity may be related to decreasing water table levels.

JB5 well

The EWPs for the JB5 well were established to protect phreatophytic vegetation in the vicinity of Lake
Jandabup on the Gnangara Mound.  The well is located between Damien and Hawkins Roads, to
south-east of Lake Jandabup, and the adjacent land-use consists of semi-rural lots, horticulture, and
nature conservation area.  Mattiske (2001) recommended that if the JB5 monitoring well is intended to
compare changes in water table with the native vegetation; it should be relocated to the conservation
area around Lake Jandabup.

The absolute minimum criterion was breached in 1996, which was the first time the water table had
decreased to this level since monitoring began regularly in 1977.  The absolute minimum has
subsequently been breached each year except 1997, although water levels have appeared to stabilise
over the last three years.

The vegetation near JB5 is illustrating signs of stress and change due to a lowered watertable,
particularly in those species dependent on moister soils (Mattiske Consulting Pty Ltd 2001).  These
signs include stressed B.  ilicifolia trees in nearby remnants and substantial change in peripheral
vegetation of Lake Jandabup, with a general decrease in condition of fringing trees and extension of
sedge species into lake basin.  Banksia trees in woodland on the dune slopes near JB5 are of varied
condition and stress symptoms appear random and not always relatable to a change in water
availability.

PM6 well

The EWPs for the PM6 well were established to protect phreatophytic vegetation.  The well is located
east of Perry Road to the east of Lake Pinjar on the Gnangara Mound.  The current land use in the
adjacent areas includes semi-rural lots, pine plantation, a rifle range, and remnant vegetation.  Mattiske
(2001) recommended that PM6 monitoring well remain and an additional well be installed in the areas
of sumplands, lower in topographic profile, south and south-east of this well.  If installed, a
corresponding vegetation monitoring transect should be established adjacent to new well.

Water levels have dropped approximately 3.5 m since monitoring began in 1976 and from 1996 the
water level has been in a linear decline, with the hydrographs indicating no seasonal recharge effects.
The minimum criterion was not breached until January 2000, but since this breach occurred, the water
table has not risen above the criterion and has in fact decreased a further 0.50 m.  There has been no
recovery in water levels as a result of ceasing operation of nearby Water Corporation production wells
and water levels are continuing to fall.  Other monitoring wells in the area are exhibiting similar
trends.

The vegetation in the area, although reflecting a range of influences, is showing signs indicative of a
lowered water table, particularly in those species dependent on a seasonally wet or moist soil profile
(Mattiske Consulting Pty Ltd 2001).  These include:

•  signs of stress in large B.  ilicifolia trees and associated understorey species on nearby lower dune
slopes;
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•  deaths and wide spread stress in large M.  preissiana trees and associated shrub species in swamps
in close proximity to well (including those adjacent to Pinjar Road and on nearby low-lying areas
between Pinjar and Wandoo Roads);

•  general decrease in condition of sumpland vegetation between a nearby vegetation monitoring
transect (P50) and the PM6 monitoring well; and

•  decrease in condition and deaths of large trees in nearby semi-rural properties.

In contrast, the B.  attenuata and B.  menziesii trees in woodlands on nearby dune slopes range from
very healthy to slightly stressed.   The specific stress appears to be random and not always relatable to
a lowered water table.

Mattiske (2001) stated that in areas near this well where native vegetation remains, there would be a
shift to species that tolerate drier soil conditions.

Mirrabooka wells MM16, MM53, MM55B, and MM59B

The EWPs for the Mirrabooka criteria wells were established to protect phreatophytic vegetation in the
Mirrabooka abstraction area.  The absolute minimum has been breached three, three, two and five
times in MM16, MM53, MM55B, and MM59B respectively since set in 1996.

In 1999, Mattiske (2000) surveyed vegetation in Whiteman Park (MM53, MM55B, and MM59B) in a
transect corresponding to that established in the mid-1970s by the then Forests Department of Western
Australia and the Metropolitan Water Board.  There has been a decrease in the frequency and numbers
of species tolerant of excessive wetness, little change in those species with optimum growth in moist
sites and intolerant of excessive wetness, and no change or increase of those species with maximum
development on dry sites, particularly since 1996.  The effects of the breaches are therefore
representative of the general changes in vegetation occurring over the Gnangara mound, with a shift
towards the xeric end of the vegetation continuum.

There are a range of vegetation communities at Whiteman Park that are dependent on the surface
aquifer.  Historically there has been a shift already in several of these communities, in particular:

•  the woodlands of Eucalyptus rudis - Melaleuca rhaphiophylla on the main creek-lines within the
Park (including one main creek line that flows southwards through the main conservation zone of
the Park and near Mussell Pool and Bennett Brook);

•  the Melaleuca preissiana and Banksia littoralis woodland communities within the core
conservation area; and

•  the sumpland and damplands in the conservation zone.

Jandakot Mound

Wetland vegetation in the Jandakot area has been monitored since 1996 and has changed little in terms
of composition.  Generally, it is unlikely changes that have occurred were caused by groundwater
abstraction, rather by the drying climate, general disturbance, fire, and insect damage.  However, there
has been a decline in condition of some wetland dependent shrub and tree species and an increase in
weediness at several wetlands in the study area (Ladd, 2000 and Ladd, 2001).

Waterbirds are found in lower numbers during years of low water levels in the Jandakot wetlands,
with activity and nesting most frequent in the smaller wetlands, like Shirley Balla Swamp, during
spring when water levels are at there highest (Bamford, 2001).  The larger lakes with permanent water
(i.e.  retaining surface water over summer) experience their highest bird numbers while water levels
are declining in early summer.
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Macroinvertebrate populations have been monitored in Jandakot wetlands since 1996 and similar to
trends with waterbird numbers, the greatest number of taxa is found at the times of highest water level
and during years of high rainfall (McGuire et al., 2001).

Terrestrial vegetation has been monitored in the Jandakot area since 1998 and there has been a general
decrease in condition of many of the terrestrial species that prefer moister conditions.  The cause of the
general decrease in soil moisture in these areas was primarily related to the period of below average
rainfall since the mid 1980’s rather than lower groundwater levels (Mattiske Consulting Pty Ltd,
2001).

Beenyup Road Swamp well

The EWP criteria for Beenyup Road Swamp were set to protect the vegetation and non-aquatic
vertebrate (i.e.  waterbird) habitat of the wetland.  The swamp has been below the preferred minimum
for the three years prior to 2000/2001, which breaches the criterion of not dropping below the
preferred value more than two in every six years.

Although tree health has generally been good and not shown any deterioration since 1997, there have
been some recent changes in vegetation condition at the swamp that could be attributed to a lowering
of the watertable.  Foliage cover of Baumea articulata has decreased over the period of 1997 to 2001
in a plot along the monitoring transect, and its extent from the centre of the swamp basin has
decreased (Ladd, 2001).  The density of weeds has also increased in the wetter plots.  This has been
attributed to the lower water levels as the open swamp basin is being inundated to a lesser degree.
Weeds are opportunistically establishing on bare moist soil without subsequent flooding to reduce
populations.

Ladd (2001) recorded considerable deaths of several shrub species in the eastern heathland adjacent to
the swamp, in particular Pericalymna ellipticum and Melaleuca lateritia.  In contrast, the heathland
also contained stands of emergent M.  preissiana, which were found to be generally in good health.
Loomes and Froend (2001) found M.  preissiana to have a mean depth to water table range of between
–57 and –250 cm, which was similar to P.  ellipticum, but showed no signs of being similarly stressed.
In addition, Ladd (2001) also found that B.  ilicifolia trees around the swamp were very healthy; which
is not indicative of a lowered water table as this species is particularly sensitive to water table
drawdown compared to other tree species in the littoral zone and fringing tree species (Loomes, 2000).

A comparison of the groundwater elevations at Beenyup Road Swamp and the water depth ranges of
tree and shrub species, particularly those in the eastern heathland area showed that the minimum level
fell below the mean ranges for many species as determined by Loomes and Froend (2001).  The
minimum water level actually exceeded the absolute minimum range for M.  teretifolia, B.
articularta, and Calothamnus lateralis, which correlated to these species recording mortalities.  The
absolute minimum depths for species such as P.  ellipticum and A.  fascicularis, which also had high
mortalities, were not transgressed but their mean minimum depth to water range was transgressed or
equalled.  In contrast, the mean minimum depth to water range was also transgressed for M.
rhaphiophylla and M.  preissiana, more so than the previous mentioned shrub species, but no
mortalities were observed for these species.  The inconsistency is possibly due to the shallower rooted
shrub species being more dependent on direct rainfall increasing soil moisture, and the recorded deaths
are likely to be a combination of the effect of a lowered water table and low soil moisture during dry
years.

No invertebrate or waterbird monitoring has been conducted at Beenyup Road Swamp.



 

Final report.doc

45

Shirley Balla Swamp and Beenyup Road Swamp

The existing EWP criterion for Shirley Balla Swamp, which requires the wetland to have surface water
present to the end of January, has been breached every year for the past four years, and most years
since monitoring began in 1994.  The recent breaches are unlikely to be due to abstraction as public
supply wells to the east and west of the swamp have not been operating since December 1998, and
private abstraction around the wetland consists of a moderate number of small allocations.  The
possibility of nearby Leederville aquifer production wells causing the breaches has been examined and
is not believed to be the cause.  The Kardinya Shale separates the superficial and Leederville aquifers
in this locality.  This formation is a comparatively tight siltstone/shale, often called “black-jack”
because of its sticky, plasticine-like consistency.  In this area it forms a 45 m thick relatively
impermeable confining bed between the superficial aquifer and the Leederville aquifer.  The hydraulic
connection between these aquifers must, therefore, be poor and the effects of abstraction from the
Leederville aquifer on water levels in the swamp should be negligible (Davidson 1995).

There are areas relatively close to Shirley Balla Swamp demonstrating virtually no change in water
level over recent years.

There have been no widespread deaths or discernable changes to the flora at Shirley Balla due to the
breaches of the existing water level criteria.  This is as expected, as the minimum water levels at
Shirley Balla have remained well within the mean depth to water range of the common wetland heath
species around the basin (Ladd, 2001).  The most significant event was the death of a single M.
preissiana tree in 2000, which was noted as being healthy in 1999.

The minimum water level has only just remained within the mean range for the tree species M.
rhaphiophylla and M.  preissiana.  However, the death of shrub species and not tree species with water
levels falling below these mean minimums at Beenyup Road Swamp suggests that the tree species
may be less sensitive or slower to respond to exceeding these values.  At Beenyup Swamp, the
absolute depth to water table at which these species are found is another 1.3 to 2.0 m deeper than that
experienced at Shirley Balla Swamp, which correlated with Ladd (2001) finding these two species to
be in good health in 2001 at Shirley Balla, and similar to their condition the year before in 2000.  An
area that had been recently burnt next to the swamp had very dense regeneration of M.  rhaphiophylla
seedlings.  This would indicate that conditions have been well suited for its growth, although
decreased competition from destruction of larger trees in burnt areas would also promote the growth of
new seedlings.  New seedlings would be most sensitive to an unsuitable hydrological regime for a
particular species and are a good indicator of the effects of a lowering watertable and, therefore,
should be continually monitored.

Banksia ilicifolia is also in very good health at Shirley Balla Swamp.  This species was identified to be
a useful indicator species that is sensitive to water table draw down in any area.  Trees in an unburnt
area were separately assessed to those recovering in a recently burnt area, where competition with co-
existing species for water is much lower.  There appeared to be no difference in the overall vigour of
these trees between the two areas.

Bamford (2001) has found that Shirley Balla Swamp is consistently the least used site for waterbirds
out of the wetlands studied in the Jandakot area, with low counts and very low numbers of breeding
records.  It is difficult to assess whether this is due to a recent lowering of water levels or that the
swamp has historically been of low importance to waterbirds.  Even when water levels were high in
1996, it supported fewer waterbirds than other wetlands.  This is probably due to the lack of flooding
of fringing paperbarks, even at these high water level periods, which birds favour for roosting and
breeding areas.  Bamford (pers.  comm., 2001) has surmised that the open basin of the swamp may
have been cleared of paperbarks, and that previous to this, would have contained more suitable habitat
for waterbird breeding.
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Since macroinvertebrate sampling commenced in 1996, there has been no obvious decline in the
number of taxa found, but numbers of taxa were directly related to the depth of water in the swamp at
the time of sampling.  Twenty-three macroinvertebrate families was the maximum collected in a single
sampling time at a Shirley Balla Swamp between 1996 and 2000, sampled in the spring of 1996,
which coincided with the highest water level in this sampling period (McGuire et al., 2001).  The
lowest number of families collected was eleven families in spring 1998, similarly coinciding with the
lowest water level between 1996 and 2000.  In contrast, while the spring 2000 water level was higher
than in the previous year, the numbers of families found was lower.  Very few families were found in
the open water of Shirley Balla Swamp, away from the fringing and emergent vegetation, in 2000.

McGuire et al.  (2001) found that although Shirley Balla Swamp is generally less rich in
macroinvertebrate populations compared to other wetlands studied in the Jandakot area, community
composition tends to remain relatively constant.  Significant change in macroinvertebrate communities
has not been detected at Shirley Balla Swamp.

Forestdale Lake monitoring well

Forestdale Lake is a Ramsar wetland and the EWPs have been set to maintain its use for migratory
birds and conservation of significant flora and fauna habitat.  The well at Forestdale Lake has been
monitored since late 1996, and since this time the EWP criteria have been breached during three,
possibly four, of the following summers.  Water levels appear to decline rapidly from December to
February each year

There were some possible indications that the declining water table has affected the vegetation at
Forestdale Lake, including that M.  rhaphiophylla and E.  rudis were generally in poorer health than at
other wetlands assessed in the Jandakot area (Ladd, 2001).  Although less sensitive to declining
groundwater levels (Loomes and Froend, 2001b), E.  rudis was in poorer health than M.
rhaphiophylla, but this was attributed to the effect of insect damage rather than water stress.  There
were no new M.  rhaphiophylla seedlings and only patchy regeneration of Acacia saligna in an area
burnt in the summer of 2000/01.  This could be attributed to the lack of rainfall to encourage
germination rather than being an indication of a declining watertable.  The watertable did not lower to
levels that were below the mean range recorded for M.  rhaphiophylla by Loomes (2000).

In contrast, although the water table decreased to levels that were lower than the mean range in which
M.  teretifolia is normally distributed, but within the absolute range, all individuals of this species
were found to be in good health.  This species has a very narrow mean range of depth to water table
and evidence of the effect of lowering water table would be expected to materialise in this species
before others with greater mean ranges.

It is difficult to determine whether declining water levels have had any effect on water bird activity
and breeding at Lake Forestdale.  Waterbird activity has generally decreased across the Jandakot
wetlands since 1996, coinciding with generally lower lake levels compared to that experienced in 1996
(Bamford, 2001), but numbers have fluctuated over this time at Lake Forestdale.  In the summer of
2000, although water levels were higher than in the previous three years, waterbird numbers were
actually lower.  This may be attributed to birds migrating inland to wetlands inundated as a result of
high summer rainfall.  In relation to waterbird breeding, the number of nests found also fluctuated
from 1996 to 2000, and did not appear to decrease.  While only one nest was found in the spring of
1996 at Lake Forestdale, eighteen nests were found in the spring of 2000.  These were all Black Swan
nests, correlating to observations of higher swan numbers across Jandakot wetlands and the Swan
River in 2000 (Bamford, pers.  comm., 2001).

No regular macroinvertebrate sampling has been conducted at Lake Forestdale to date.
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North Lake

The EWPs for North Lake have been set to protect the fringing vegetation of the wetland, but the lake
also has values as a waterbird drought refuge, significance to aboriginal culture, and recreational use.

Although the absolute minimum criterion was set in 1992, historical hydrographs show that they
would have been transgressed three times between 1961 and 1973.  The absolute minimum has been
breached twice in the last three years and the preferred minimum has been breached five times in the
last six years.  Since the criteria were set, drainage input into North Lake has been purposely reduced
to lower nutrient levels entering the lake and water levels have subsequently lowered.  The EWPs have
not been reviewed to take account of this new regime since the drainage into North Lake was altered.

There has generally been no indication that lowered water tables have had an adverse effect on the
surrounding native or exotic vegetation, rather it has only lead to encroachment of the native
vegetation into previously inundated areas closer to the centre of the lake basin (Ladd, 2001).  Tree
health along the two biological monitoring transects at North lake has either increased or not changed
significantly since monitoring began in 1997 and at that time trees were generally in good health.
Weed density along transects also has not increased.  Ladd (2001) found that E.  rudis were generally
in poor health, but this was attributable to insect (psyllid) infestation, and there was abundant
regeneration of this and other species.

The water table has actually decreased to levels such that it is at depths below the absolute range for
Pultenaea reticulata in the areas in which this species is located, but this species is still in good health
despite the water table remaining below its range for some time.  Similarly, the water table has
decreased to levels only just within the mean range of Astartea fascicularis, but there has been no
decline in the health of this species.  The absolute minimum criterion for North Lake (12.7 m AHD)
puts the water table at approximately 0.5 m below the mean range for A.  fascicularis in the areas at
which it occurs at North Lake, but just within its absolute range.

There has been no regular invertebrate or waterbird monitoring at North Lake for the Water and Rivers
Commission.

Jandakot Monitoring Well JM19

The EWPs for JM19 were established to protect phreatophytic vegetation, and the site is located in
bushland recognised as Bush Forever Site 390, along the northern easement of Fraser road, on the
Jandakot Mound.  The land use in adjacent areas ranges from light industrial to sand mining, including
current CSR sand mining operations to the west of the monitoring well.  Mattiske Consulting Pty Ltd
(2001) recommended that despite the influence of the nearby CSR production well on water levels,
JM19 should not be relocated as it provides a good record of water levels in the area.

Since 1995, water levels have dropped below the preferred minimum every year except in 1997 and
the absolute minimum was breached in 1999 (by 0.10 m).  Since monitoring began in 1975, the
preferred and absolute minimums had not been transgressed until 1995.  Water levels in JM19 are
being strongly influenced by groundwater pumping at the nearby CSR sand mine as the well is within
the drawdown cone of the CSR production wells.  There is no evidence of stress in tree species that are
dependent on seasonally moist or wet soils such as B.  ilicifolia and M.  preissiana, the latter of which
was found to be generally healthy and vigorous (Mattiske Consulting Pty Ltd 2001).  B.  attenuata and
B.  menziesii in the adjacent woodland range from healthy to dead, but symptoms are random and not
attributable to a lowering water table.
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Jandakot Monitoring Well JM29

The EWP criteria for JM29 were established to protect phreatophytic vegetation.  The site is located
within an area largely cleared for semi-rural activities near the corner of Beenyup and Gibbs Roads on
the Jandakot Mound.  Although much of the area is cleared, there are pockets of remnant vegetation
near the site, including that in a reserve on the southern side of Gibbs Road and a wetland northeast of
the Gibbs and Beenyup Road intersections.  Mattiske (2001) recommended moving this monitoring
well to an area with more native vegetation, possibly the reserve south of Gibbs Road or at Shirley
Balla Swamp.

The water table has dropped below the preferred minimum every year since 1996, except 1997, and in
2001, the absolute minimum was breached (by 0.03 m).  Prior to 1996, the water table had remained
above the absolute and preferred minima.  It is thought that private groundwater abstraction may be
contributing to breaches at this site.

There were no recent signs of physiological stress in the remnant vegetation in the vicinity of JM29
that could be attributed specifically to the lowered water table (Mattiske Consulting Pty Ltd 2001).
Trees such as E.  rudis, M.  rhaphiophylla, and M.  preissiana, which are found in seasonally moist or
wet areas, were generally in good health.  The vegetation in the nearby reserve and wetland do not
appear to have been affected by the lowered watertable.  Long term monitoring is required to establish
if changes are occurring.

Jandakot Monitoring Well JM45

The EWP criteria for JM45 were established to protect rare flora, and the site is located adjacent to
bushland around Jandakot Airport.  Surrounding land use includes rural residential lots, past sand-
mining areas, the airport and remnant vegetation.

Since 1995, water levels have dropped below the preferred minimum every year, and the absolute
minimum was breached in 1996, 1998, and 1999, the breach being 0.11 m.  The preferred and absolute
minima were not transgressed from 1975, when monitoring began, until 1996.  In the last three years,
water levels have been rising.

There are some indications of environmental impact from a declining watertable at this site, the most
significant being signs of stress in deep-rooted species.  Large paperbarks (M.  preissiana) and B.
ilicifolia, both being particularly dependent on seasonally moist or wet soils, and many Eucalypts are
illustrating symptoms of drought stress such as lack of vigour, foliage decline in the canopy and
epicormic growth (Mattiske Consulting Pty Ltd 2001).

4.4.4 Possible additional breaches expected in 2000/01

Lexia 86

Although water levels have not previously dropped below the preferred minimum for the Lexia
wetland 86, changes in vegetation at Lexia 86 are symptomatic of decreasing water levels (Loomes
and Froend, 2001b).  These include:

•  a reduction in extent of B.  articulata, A.  fascicularis, Schoenus sp.  and P.  ellipticum growth out
from wetland from 1996 to 2000, coinciding with a decline in peak annual groundwater levels of
0.36 m; and

•  a general decrease in health of M.  preissiana, the dominant overstorey species, from 1997 to
2000, and two individual deaths of this species recorded along the monitoring transect in 2000.

At the same time, there has been some regeneration of M.  preissiana and B.  ilicifolia, no increase in
weed density and no apparent decline in species richness along the monitoring transect.
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There has been no deleterious change in macroinvertebrate populations of Lexia 86 since monitoring
began in 1995 (Knott and Jasinska, 2000).

Lexia 94

Water levels dropped below the preferred minimum at Lexia wetland 94 in 2001.  The groundwater
levels in the Lexia area are not considered affected in any measurable way by pumping, as pumping
from the Lexia wellfield had been limited to less than 3 GL during 2000/01.  Modelling suggests that
climate is the primary influence on current low water levels in this locality.

Overall, the vegetation at Lexia 94 did not appear to be as affected by declining water levels as Lexia
86 and 186, but there were some changes from 1997 to 2000 (Loomes and Froend, 2001b).  There has
been some decline in the health of M.  preissiana at the wetland and the abundance and cover of
Schoenus sp., a native sedge recorded as a dominant understorey species in 1997.

In contrast, the cover of the large, myrtaceous wetland shrubs A.  fascicularis, Beaufortia elegans,
Calothamnus lateralis, Hypocalymna angustifolium and P.  ellipticum, remained consistent or
increased from 1996 to 2000.  No mortalities of any tree species were recorded between 1997 and
2000.

Melaleuca Park Dampland 78 and EPP 173

The EWPs for the Melaleuca Park wetlands were established to maintain the area’s recognised values
as a nature reserve, as an important remaining example of vegetation of the Bassendean North
complex supporting swamp vegetation and aquatic invertebrate species, and because of its high social
value for bushwalking and wildflower viewing.  Similar to the Lexia wetlands, the wetlands have been
monitored since 1995 and only interim criteria have been set, which are currently under review.  The
interim preferred minimum was transgressed at EPP 173 in 1998 and 1999, but no interim criteria
were breached at Dampland 78.  As for Lexia 94, the low watertable in this area is a result of dry
climate; however, it is acknowledged that Dampland 78 has been affected over the long term by the
nearby pine plantation and pumping from the Wanneroo scheme.

There have been some indications that wetland vegetation at Dampland 78 is being affected by
declining water levels (Loomes and Froend, 2001b), in particular the following observations for the
period 1997 to 2000:

•  receding wetland vegetation into basin, with declining abundance and cover of myrtaceous
wetland shrubs such as B.  elegans, A.  fascicularis and Kunzea ericifolia;

•  loss of B.  articulata, which has highest water level demands, from monitoring transect;
•  encroachment of dryland species Xanthorrhoea preissii along transect towards basin;
•  appearance of new seedlings of B.  menziesii and B.  attenuata; more tolerant of dry conditions

than wetland trees, in outermost plot along transect in 2000; and
•  general decline in health of M.  preissiana.

Declining water tables appear to have had less impact on EPP 173 compared with other wetlands in
the East Gnangara study area (Loomes and Froend, 2001b), but some definite changes were observed
from 1997 to 2000:

•  there was overall only a slight decline in the general health of M.  preissiana across the monitoring
transect, but most notably the highest declines in health occurred in the outermost plot of the
transect (most elevated); and

•  there was a decrease in the cover and abundance of wetland species Biarticulate, A.  fascicularis,
Meeboldina scariosa, and Lepyrodia glauca.
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This wetland was the most species rich of the wetlands studied in the East Gnangara scheme area and
had very few weed species present.  Its vegetation remains in good condition.

There has been no deleterious change in macroinvertebrate populations of EPP 173 since monitoring
began in 1995 (Knott and Jasinska, 2000).  No regular waterbird monitoring has been conducted at
either Dampland 78 or EPP 173.

Jandakot Monitoring Well JM7

The EWPs for JM7 were established to protect rare flora, and the site is located in bushland opposite
the information bay at the entrance to Jandakot Airport.  Surrounding land use includes light industrial
areas, a speedway, golf course, and remnant vegetation.  The well may need to be relocated to another
area of native vegetation in the vicinity of Jandakot Airport if land uses immediate of site change.

Except in 1997, the water table has dropped below the preferred minimum every year since 1996, but
the absolute minimum has not yet been breached.  From 1975, when monitoring began, to 1996, the
water table had remained above the preferred minimum.

There are some indications that vegetation in the vicinity of JM7 is being affected by a declining water
table.  These include:

•  physiological stress (loss of upper canopy, reliance on regrowth at base of trees) in overstorey of
large flooded gums (E.  rudis) and paperbarks (M.  preissiana);

•  paperbarks producing multiple stems, which is a general response to drought conditions or a
lowered water table;

•  recent deaths of B.  ilicifolia and B.  attenuata on low slopes near Hope Road; and
•  varied condition of B.  attenuata and B.  menziesii on nearby dune slopes, ranging from very

healthy to dead, although could be attributed to effect of past clearing and fire.

Some trees that are dependent on seasonally most or wet soils (E.  rudis, M.  preissiana, and B.
ilicifolia) are therefore stressed, suggesting that there has possibly been some impact of the breaches in
EWPs at this site.  At this time, it is considered unlikely that JM7 will breach criteria this summer.

4.5 Investigations

The groundwater systems and groundwater dependent ecosystems of the Gnangara and Jandakot
Mounds have been the subject of intensive investigation for more than four decades, with the
ecological component coming to prominence since the mid 1980s.  While this work has been intensive
and our knowledge has progressed substantially, the hydrological and ecological processes are
extremely complex and there is a clear requirement to continue investigation and research to improve
our understanding of the critical relationships.

4.5.1 Recent ecological investigations

Vegetation

Dr Ladd of Murdoch University conducted a review into the water level criteria of five lakes on the
Jandakot Mound (Ladd, 2001).  This involved comparing water levels since 1996 with the health of
the peripheral phreatophytic vegetation at Beenyup Road Swamp, Shirley Balla Swamp, Lake
Forrestdale, North Lake, and Bibra Lake.  A vegetation assessment was conducted in June 2001 and
the results compared with surveys from 1996 to evaluate changes in structure and composition.
Particular attention was paid to symptoms of drought and waterlogging stress in the plants.  Ladd
(2001) recommended that in order to cater for the vegetation water requirements the EWP criteria for
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Beenyup Road Swamp needed to be raised, while those at Shirley Balla Swamp, Lake Forrestdale,
North Lake and Bibra Lake were sufficient.

Ms Loomes and Dr Froend of the Centre for Ecosystem Management at Edith Cowan University
conducted a similar review of the vegetation water requirements for the Gnangara criteria wetlands
and of the interim water level criteria for the East Gnangara criteria wetlands (Loomes and Froend,
2001a; Loomes and Froend, 2001b).  The following were recommendations of these studies:

•  The preferred and absolute minimum water level or peak water level criteria for Lake Joondalup,
Lake Mariginiup, Lake Nowergup and Coogee Springs could be lowered and still provide for
vegetation water requirements at these wetlands;

•  The preferred minimum peak water level criteria for Lake Jandabup should be raised, but the
absolute minimum peak should remain the same in order to adequately provide for vegetation
requirements;

•  As the current preferred and absolute water level criteria set for Lexia 94 are higher than the water
requirements of the recorded wetland vegetation species, they should be reset at lower levels.

•  The preferred and absolute minimum water level criteria for Lexia 186 and Melaleuca Park
Dampland 78 should be raised to equate the requirements of wetland vegetation species most
susceptible to impact from declining water levels.

•  The preferred minimum for Melaleuca Park EPP wetland 173 should not be altered, while an
absolute minimum should also be set at 49.8 mAHD.

•  The current preferred and absolute water level criteria for Lexia 86 were deemed adequate for the
water requirements of wetland vegetation species present.

Dr Froend and colleagues also conducted an earlier study into the interactions of phreatophytic
vegetation and groundwater interactions of the Gnangara Mound (Froend et al., 1999).  This study
examined:

•  temporal and special floristic patterns, in particular those associated with co-occurring Banksia
ilicifolia and B.  attenuata populations, on the Gnangara Mound;

•  population characteristics of these co-occurring species under contrasting groundwater conditions
on the northern Swan Coastal Plain;

•  impact of groundwater abstraction on Banksia woodland, Swan Coastal Plain; and
•  influence of groundwater depth on the seasonal sources of water accessed by Banksia species on a

shallow, sandy coastal aquifer.

Some of the findings of this study, based on review of vegetation in monitoring transects established
by Havel (1968), Heddle (1980), E.M.  Mattiske and Associates (1981 to 1992) and Mattiske
Consulting Pty Ltd (1994 to 2000) were:

•  Areas subjected to a low level of drawdown over the past 10 to 20 years were floristically and
structurally more stable than those subjected to medium or high levels of drawdown, with the level
of stability decreasing with increasing levels of drawdown.

•  Relative importance of poor recharge versus abstraction on decreasing regional groundwater levels
underlying monitoring transects is unknown.

•  Most vegetation change occurred in low lying areas and it appears plant communities in these
areas, in particular non-phreatophytic understorey species, are more susceptible to the negative
impacts of drawdown compared to upslope communities.

•  Fire was a major cause of change in some vegetation communities.
•  Banksia ilicifolia seemed to be adversely affected by groundwater drawdown and therefore may

be a useful indicator of such events.
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Mattiske Consulting Pty Ltd conducted a review of vegetation condition near monitoring wells on the
Jandakot and Gnangara Mounds (Mattiske Consulting Pty Ltd 2001b).  Similar to previously
mentioned reviews, the purpose of this study was to assess the vegetation around these wells and
establish whether lowered water tables were having an impact.  Field inspections were undertaken in
June 2001 at the sites of monitoring wells JM7, JM19, JM29, and JM45 on the Jandakot Mound and
JB5 and PM6 on the Gnangara Mound.

The main findings of this study included the following:

•  Vegetation adjacent to JM7, JM45, JB5 and PM6 is reflecting a range of influences including a
lowering of the watertable (particularly at PM6), fire, past clearing activities and plant disease.

•  There is no recent sign of physiological stress in vegetation at JM19 and JM29 that could be
specifically attributed to the lowered watertable.

Fauna

M.J.  and A.R.  Bamford conducted a review of the relationship between water levels and the
abundance of waterbirds on wetlands of the Jandakot Mound (Bamford, 2000).  The purpose of this
review was to summarise observations made in regular waterbird monitoring since 1996 on bird
numbers and water levels, and to assess their significance with respect to environmental criteria for the
wetlands.

The main findings of this review included:

•  There was a decline in overall abundance of waterbirds related to the availability of alternative
wetlands elsewhere in the south-west.

•  There was a decline in overall abundance of waterbirds associated with low spring water levels on
most wetlands.

•  There was a disproportionately large decline in breeding by waterbirds on small wetlands that, in
1996, supported half the breeding effort of waterbirds in the region.  This decline appeared related
to lower spring water levels.

•  The most significant environmental criterion for waterbird usage of Shirley Balla Swamp relates
to the maximum water level reached during spring, when waterbirds breed, rather than the
persistence of water in the swamp till the end of January (the existing criterion).

4.5.2 Groundwater investigations

The current understanding of the groundwater systems of the Gnangara and Jandakot Mounds is the
result of over four decades of intensive investigation, monitoring and research.  This work has been
compiled into a groundwater model of the superficial aquifers, developed as a major part of the Perth
Urban Water Balance Study (Water Authority 1987).  Work on the model since that time has been
aimed at refining its performance in specific areas.  Redevelopment of the model, including an ability
to deal more rigorously with the interaction between the superficial and underlying confined aquifers
will be undertaken during Stage II of the Section 46 review.

In the meantime, understanding of the underlying confined aquifers and their relationship with the
superficial aquifers has been investigated further and it is clear that the current superficial aquifer
model construct is insufficient to deal with these interactions.  There is also a need to develop Water
and Rivers Commission modelling capability of the confined aquifers for the purpose of managing
them more intensively than in the past.
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The Water and Rivers Commission and the Water Corporation is jointly developing a new modelling
system which will incorporate the latest modelling techniques, such as model pre- and post-processes,
Geographical Information System and database linkages, 3-dimensional data visualisation and
automated calibration tools.  The existing model considered only water balances.  The new model will
consider water, energy, carbon and solute balances.

The model will be based on quality assured modules.  The model will include the unconfined
superficial aquifers and the deeper confined aquifers.  The goal is to produce a calibrated model by
December 2001.  The Water Corporation is responsible for developing the unsaturated zone
component of the modelling system and the Commission is responsible for the saturated zone
modelling.

The Commission will continue work using a statistical technique based on analysing hydrographs and
the cumulative deviation from the mean rainfall (CDFM) to differentiate the effects of land use,
pumping and rainfall on recharge.

Figure 10 Conceptual model showing the major processes in modelling the
unsaturated zone
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5. MANAGEMENT OPTIONS

5.1 Scenarios, consequences and issues

In dealing with potential breaches of conditions during 2001/02, the short-term options available with
the potential for significant influence on water levels are limited.  Given that climate cannot be
managed, the only other activity capable of delivering significant short-term responses is a substantial
reduction in groundwater abstraction.  While there are options to manage other activities such as land
use, they will only deliver localised benefits and some will not create sufficiently prompt responses to
avoid 2001/02 transgressions of environmental conditions.

Substantially reducing public groundwater abstractions will, at best, raise the public water supply
restriction requirements to Stage 6, and at worst invoke emergency level restrictions (Stage 7).  The
social and economic consequences of this are considerable and given that:

•  groundwater levels are depressed and numerous breaches will occur in any event;
•  numerous criteria may be inappropriate because of the underlying assumptions of land use and

climatic conditions used in their development; and
•  technical breaches of conditions in many cases do not imply irreversible or highly significant

damage;

the option of reducing public water supply quotas is not considered warranted.

Private licensed groundwater allocations have been reduced in numerous cases over several years in
several locations, particularly in the Wanneroo Groundwater Area.  However, these actions have not
reduced abstractions as they dealt with unused water, which was generally then redistributed.  To this
time and with only minor exceptions, private groundwater abstractions in the Perth region have not
been varied by direction.   The achievement of significant reductions in private water use in either
Wanneroo or Jandakot will require substantial restructuring of the industries using that water and
cannot expect to be practically implemented over the 2001/02 summer.

However, private use in these areas is of similar magnitude to public water supply use and in many
situations is located closer to criteria wetlands than public wellfields.  This implies the need to address
issues of efficient use, capacity sharing,6 etc., on an equivalent basis to that applied to the Water
Corporation.  It is not possible to practically develop and implement this to any substantial extent in
the short term.  This use sector will be a focus of the Stage II Section 46 review to provide equity
between management of public and private water use.  However, in the event of monitoring indicating
that private pumping is causing serious criteria breaches in terms of significant environmental damage,
action will be taken with the responsible parties to reduce activities causing such impacts.

It is, however, problematic that in some under-allocated sub-areas, the existing private abstraction is
influencing criteria breaches and Commission policy is to continue to issue allocations to applicants,
up to the designated sub-area limit.  This issue needs to be addressed in the short-term to avoid
exacerbation of criteria transgressions.  The Commission strategy on this is outlined in Section 6.3.

As discussed in Section 4.3.1, domestic use is a proportionately low water use sector in the areas under
consideration and previous work, notably, the Perth Urban Water Balance Study Water Authority of

                                                     
6
 Capacity sharing is essentially an approach that involves the periodic modification of individual allocations to be made on

the basis of a specific share of the resource, the capacity of which may change periodically depending on its storage
condition (or re-assessments of sustainable yield based on new information).  Under this arrangement, users have across
the board reductions in allocations when water levels are low, and are allowed to take more in times when levels are high.
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Western Australia 1987) determined that licensing of domestic use is not a cost-effective means of
managing such use in these areas.

Other options such as additional wetland supplementation have limited application, again in the short-
term, but are under consideration.

Modelling for the 1995 Section 46 review generally predicted that breaches of maximum water levels,
that is, too much water, rather than breaches of minimum water level criteria would be a problem at
most wetlands in Gnangara.  As such, intervention in the form of artificial maintenance was only
planned for and instigated at Coogee Springs, Lake Nowergup and Lake Jandabup.  The Section 46
report made commitments to develop and implement contingency plans in the unlikely event that
breaches of minimum levels became an issue.  Breaches of minimum criteria have occurred at Lake
Mariginiup, Lake Joondalup and Lake Gnangara.  All three will potentially breach preferred minimum
water level criteria in 2001/02.  No artificial maintenance is suggested for Lake Gnangara or Lake
Joondalup as only a breach of the preferred minimum criterion is predicted and this was set to improve
the recreational values of those lakes.  Artificial maintenance for the sole purpose of improving
recreational values is not considered necessary, particularly in the current dry climate.  Artificial
maintenance at Lake Mariginiup to enable the wetland to reach its spring peak criteria in 2002,
however, may be an option and should be investigated.

Given the lead-time necessary to provide water sources, extensive expansion of wetland
supplementation is not considered a practical solution for the 2001/02 summer.

A strategy has been developed for implementation this summer and for the longer term and is outlined
in detail in the next section.
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6. ADOPTED MANAGEMENT STRATEGY

Given the extension of the dry climate through 2001, overall growth in private water supply demand
and the increased requirement for groundwater to make up the shortfall in public water supply (even
under Stage 4 restrictions), groundwater levels are generally expected to decline further over the
2001/02 summer.  This will result in a continuation of transgressions and breaches of environmental
criteria and consequent environmental impact.  A range of management options has been considered
and forms the proposal for environmental management.

The initiatives to be pursued to minimise criteria transgressions and breaches are outlined below.  It
has not been possible to quantitatively evaluate the mitigation effect of each of these initiatives.  They
will be variable in significance, both between initiatives, and spatially within initiatives.  Some, such
as modifications to public water supply pumping and refusals of new licences in critical areas will
have an immediate effect, while others will be more effective in the longer term.  However, all are
practical and will contribute positively to minimising environmental damage.  The overall expectation
is that criteria transgressions will be in similar locations and of similar magnitude to those that have
occurred in recent years.

6.1 Plantation management at Gnangara

Since the MoU was signed in 1999, the Lexia area has been identified as another priority area for
thinning due to the pressures to use this area for public water supply (the new Lexia scheme) and the
already low water levels and breaches of interim EWRs in the Lexia wetlands.  A proposal to
temporarily shift thinning operations out of Pinjar and into Lexia has been endorsed at recent MoU
Directors’ meetings between the Commission, Water Corporation, FPC and CALM.  This proposal
means that completion of the thinning program in Zone C at Pinjar will be delayed by approximately
six months beyond the scheduled timeframe of December 2002.  Re-prioritisation of the thinning
programme is justified because the Lexia area was under additional pressure from groundwater
abstraction for public supply, whereas this was not the case near the area defined in Schedule 1 of the
MoU.  A six-month delay in completion of Zone C will be unlikely to significantly affect the
achievement of the overall objectives of the MoU.  It was also recognised that the go-ahead for the
Laminated Veneer Lumber (LVL) plant was close and that once the plant is fully operational, probably
in 2003, it will give much more flexibility to target critical areas and thin or clear them quickly.

As the decision to clear all the pines in State Forest 65 over the next twenty years has been made and
the LVL plant should soon be a reality, the objective of the MoU, to thin and maintain the entire
plantation at a basal area of 11 m2/ha has become partly redundant and the focus is now on how
quickly the average basal area of the plantation can be brought down to the 11 m2/ha over the next few
years.  The Commission, CALM and the Water Corporation are working closely with FPC on cost-
benefit analyses of the options and identification of priority areas, in terms of the environment and
public water supply, for thinning and clearing operations.

6.2 Public supply and restrictions

As outlined in Section 4.2 the current water supply situation in Perth is critical at the moment.  Stage 4
restrictions have been declared for the 2001/02 summer, with Stage 6 restrictions being a possibility
later in the summer if the 45 GL target reduction in demand is not achieved.

To minimise the risk of having to impose Stage 6 restrictions7, the Water Corporation has requested an
increase in its licensed groundwater allocation from 145.39 GL to 161.8 GL.

                                                     
7
 Stage 6 restrictions include a total sprinkler ban.
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The Commission has determined that the maximum allocation should not exceed 158.05 GL
(including 8 GL from Lexia) subject to a check of end of spring levels, still to come.  This would be an
increase of 12.66 GL over the amount taken in 2000/2001, as shown in Appendix 4 (which details the
recent history and negotiated 2001/02 allocations from each scheme).  This allocation is just sufficient
to avoid the imposition of Stage 6 restrictions.  Monthly reviews of the abstraction strategy based on
groundwater level monitoring will be carried out and wellfield operations modified if necessary to
minimise breaches of EWPs.

Avoidance of Stage 6 restrictions being imposed later in the summer will require customer response to
provide the planned savings in demand (45 GL) on the system through compliance with the
restrictions and responsible use of water.  The position will be monitored over the summer period.

Breaches of environmental criteria have occurred in previous years and it is clear that further breaches
are likely to occur in the coming summer.  The Commission has therefore advised the Water
Corporation that the matter of additional groundwater abstractions for 2001/2002 is being referred to
the Minister for the Environment and Heritage recommending advice be sought from the
Environmental Protection Authority.  It has also been made clear to the Water Corporation that there is
no guarantee that the same amount of groundwater will be made available for the 2002/2003 summer
and it should investigate alternative supply options in the meantime.  The specific scheme allocations
for 2002/03 will be negotiated toward the end of the 2002 winter based on the condition of the
groundwater and associated environmental systems and their response to pumping, climate and other
influences during the intervening period

The additional allocations are planned from the following groundwater schemes for 2001/02 as
follows:

Gwelup

The licensed allocation for Gwelup is 14.0 GL/yr.  The Water Corporation proposes to take 7.5 GL
from the superficial aquifer and 3.55 GL from the Mirrabooka aquifer, which is 1.85 GL and 0.42 GL
more respectively than in 2000/2001.  No environmental impacts are expected and no criteria wells are
affected.

Mirrabooka

The licensed allocation for Mirrabooka is 22.0 GL/yr.  The Water Corporation proposes to take 10.6
GL from the superficial aquifer during 2001/2002.  This will be mainly by pumping wells M310 to
M340 along Gnangara Road for longer periods and by taking water from bores located remote from
the environmentally sensitive areas.  Water levels have been rising in these areas in recent years and
the increased abstraction will have an impact on criteria well MM18 but is not expected to breach the
criteria level.

Jandakot

The licensed allocation for Jandakot is 9.81 GL/yr.  The Water Corporation proposes to draw 4.8 GL
from the superficial aquifer, which is a decrease of 0.26 GL from the 2000/2001 production due to the
increase in breaches and the likelihood that water levels will be lower at the start of this summer than
last year.  The Water Corporation plans to take 1.36 GL more from the Leederville aquifer than in
2000/2001 by pumping the two production wells for longer.  The Commission has no objection as it
does not believe it will affect levels in the superficial aquifer.
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Wanneroo

The licensed allocation for Wanneroo is 25.15 GL/yr.  The Water Corporation plans to take 8.6 GL
from the superficial aquifer, which is 2.68 GL less than in 2000/2001 due to breaches of
environmental criteria requiring some wells to be shut down.

Pinjar

The licensed allocation for Pinjar is 20.34 GL/yr.  The Water Corporation plans to take 2.47 GL from
the superficial aquifer, which is 2.51 GL less than was taken in 2000/2001 due to breaches of
environmental criteria requiring some wells to be shut down.  The Commission has also instructed that
the Water Corporation shut down Leederville well P105 because of its likely impact on criteria well
PM6, as there appears to be a connection between the Leederville and superficial aquifers in this area.
This will result in the Water Corporation taking 2.01 GL less from the Leederville aquifer than was
taken in 2000/2001.

Lexia

The licensed allocation for Lexia is 8.0 GL/yr for 2001/02.  The Water Corporation plans to take 8.0
GL from the superficial and Mirrabooka aquifers, which is 5.38 GL more than in 2000/2001.  There
will be some short term breaches of EWPs but the Commission believes they are manageable and will
be offset by increased water levels in the future due to pine thinning.  This has been dealt with in detail
in a separate report to the EPA (Water and Rivers Commission 2001b).

Neerabup

The licensed allocation for Neerabup is 33.0 GL/yr.  The Water Corporation proposes to take 22.0 GL
from the superficial aquifer, which is 10.25 GL more than in 2000/2001.  This will be through the
construction of additional production wells.  No environmental impacts are expected as a result of the
additional abstraction.  No criteria wells area affected.

6.3 Private use

As described in Section 4.3.1 the Commission has been implementing several strategies to ensure
private groundwater abstraction is sustainable and to prevent unacceptable harm to the environment.
These have included:

•  comprehensive surveys of licensee water use;
•  general education campaigns;
•  desktop hydrogeological investigations; and
•  targeted letter drops and brochures.

The Commission is re-focussing on short and long-term actions to reduce and minimise the impact of
private use on priority areas of potential criteria transgressions in the Jandakot and Gnangara Mound
areas.  Within the Gnangara Mound Area, the priority areas are Coogee Springs, Nowergup, Lake
Jandabup, Whiteman Park and Lake Mariginiup.  Within the Jandakot area, the priority areas are
around the Shirley Balla wetland, Beenyup Road Swamp and the Jandakot Airport area.  The
Forrestdale Lake area is also an area of concern.

The management strategy outlined below will be discussed with representative stakeholder groups
before implementation.
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Following identification of water users potentially contributing to criteria breaches in the vicinity of
these areas, management initiatives will be applied to these properties as set out in Table 4 below.  The
options have been classified as “structural” and “cooperative”, with structural being essentially
regulatory and expected to have a greater and more lasting impact on water use.  The cooperative
initiatives are those expected to not have a significant impact on users but are able to be implemented
relatively easily.

Table 4 Private abstraction management initiatives

Short term (to June 2002) Medium and long term ( 1-2 years and more)
Cooperative initiatives

1. Direct mail letters and information to users
requesting voluntary reductions in use

8.  Licence compliance surveys and enforcement

2.  Property visits, group meetings 9.  Development of a long term communication
strategy to provide ongoing advice and
education

3.  Work in partnership with LGAs to raise
awareness of environmental constraints and
modify land use practices linked to private
abstraction.

10.  Industry group liaison

4.  Work in partnership with IAA  and growers to
reduce water use through provision of expert
advice on water use efficiency

11.  Investigate opportunities to modify local  drainage
design to minimise impact upon water table
(Jandakot only)

Structural initiatives

5.  Refusing applications for allocations in under-
allocated subareas where analysis shows
resulting allocations will exacerbate criteria
breaches

12.  Directions to reduce use by imposing
restrictions, applying capacity sharing and
recognising relative beneficial use of water
resource.

6.  Daytime sprinkler bans on domestic wells 13.  Promoting and implementing water use
efficiency measures through licence conditions
in cooperation with AgWA

7.  Enforcement of licence allocations and
conditions

14.   Model and review sustainable private allocation
limits and reduce where required.

15.  Intensive compliance monitoring in targeted
areas

16.  Intensive Management zones (wetlands)
17.  Land use zonings to limit water use (Planning

Control Areas)
18.  State Planning mechanisms (EPPs, SPPs)

Initiative 5 is based on a recently established process to assess individual impacts of proposed
abstractions (new licence applications) in areas adjacent to criteria wells or wetlands to determine
whether or not they will have a significant impact upon breaching of water level criteria in monitoring
wells and wetlands prior to the licence being issued.  This is an issue where a sub-area allocation limit
has not been reached and water appears to be available to new users.  This process is expected to result
in more licence refusals than the previous generalised approach and at the time of writing, one licence
is being processed for refusal as a consequence.

Application of initiative 12 is likely to be limited to those areas where modelling demonstrates that it
will be effective and where other initiatives are proving unsuccessful in managing abstraction impacts
to acceptable levels.
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The development of intensive management zones for wetlands will involve placing a reduced
allocation limit upon individual licences that fall within a critical zone of influence of the wetland
concerned (likely to be within a radius of 500m).

To more closely manage private domestic usage of groundwater, under item 6, the Commission is
preparing to implement legislative changes necessary for daytime sprinkler bans on domestic wells
and will be holding discussions with schools and local government authorities about water
conservation measures including fitting automatic reticulation systems and rain sensors to their wells.
Drought management objectives are being targeted at private groundwater users as well as water
service providers such as the Water Corporation and its customers.

The areas for application of the short-term initiatives as the basis of a management strategy for the
priority areas are described below.  Initiatives 1, 2 and 3 will apply to all areas as will all cooperative
longer-term initiatives. Medium and long term structural initiatives will be applied in areas where
cooperative and short-term structural initiatives are unsuccessful in reducing the impact of private use
upon monitoring wells and wetlands.  Short-term initiatives will be applied in targeted areas as set out
in Table 5.  Initiative 4 will only be applied in areas of highly significant breaches (in the shorter term
at least).

Table 5 Application of short-term private abstraction management initiatives

Priority area Short Term
Initiative

Comment

Shirley Balla wetland 1, 2, 3, 4, 5, 6, 7 Private use primarily consists of a large number of small
special rural users.  There is a small number of larger users
in the area.

Beenyup Road Swamp 1, 2, 3, 5, 6 Private use primarily consists of a large number of small
special rural users.  There is a small number of larger users
in the area.

Airport 1, 2, 3, 4, 5, 6, 7 A moderate number of small users. A small number of
larger users including a small golf course and irrigation at
the Jandakot airport.

Forrestdale Lake 1, 2, 3, 5, 6 Listed under the Ramsar Convention with high
conservation values, particularly for migratory waterbirds.
Local private use includes irrigation of recreation areas.

Coogee Springs 1, 2, 3, 5, 6 Localised private abstraction includes small market
gardens and moderate areas of pasture. Very large market
gardens and additional pasture is located within 1km radius
of the wetland.

Nowergup 1, 2, 3, 4, 5, 6, 7 Localised private abstraction includes a small piggery and
a small area of pasture.  A moderate to large market
garden is located within 1 km radius of the  wetland.

Lake Jandabup 1, 2, 3, 4, 5, 6, 7 A range of agricultural/horticultural users are located in the
Jandabup area including small market gardens, orchards,
nurseries and moderate/large areas of pasture.

Whiteman Park 1, 2, 3, 5, 6 Private use includes irrigation bores for Whiteman Park.
Lake Mariginiup 1, 2, 3, 5, 6 Private use includes moderate/large areas of pasture with

some small areas of market garden and orchard.
Perth Groundwater Area 6 Large number of residential properties with domestic wells
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In addition to the above, the Commission is undertaking a program to recover 3.5 GL of unused
groundwater allocations from the Jandakot Mound.  Progress has been delayed by private abstraction
in the area being licensed under two Acts.  Licences issued under the Metropolitan Water Supply,
Sewerage and Drainage Act 1909 are issued without an expiry date.  The Commission is presently
working through the legislative issues to determine methods to recover the unused allocations given
under this Act to and further improve management of the groundwater resource in the Jandakot GWA.

This work will only recover unused allocations and prevent new abstractions that may impact on
environmental criteria.  It will not reduce existing use.

As acknowledged in Section 5.1, if it becomes apparent during the course of the next two years that
some private user(s) is having an unexpected impact on criteria with consequential significant
environmental damage, the Commission will act within its powers to manage that abstraction to
acceptable levels.  This will need to be dealt with on a case-by-case basis and action will be
undertaken in consultation with the EPA.

6.4 Wetland supplementation

Artificial supplementation of Coogee Springs will continue until the end of spring 2001 and the
wetland will then be allowed to dry naturally over summer.  As previously mentioned, the target
preferred minimum spring water level may not be reached at Coogee Springs this year.  An earlier
start to artificial supplementation next year, particularly now that a second pump has been installed,
should ensure that the absolute spring peak criterion is met in 2002.   In the meantime, the criteria for
Coogee Springs should be reviewed in terms of achievement of management objectives.

Lake Nowergup will be artificially supplemented next spring and it is expected that water level criteria
will be met.  However, as for Coogee Springs, the criteria for Lake Nowergup will be reviewed in
terms of achievement of the management objectives to date.

It is intended to continue artificial supplementation of Lake Jandabup over summer 2001/02 to keep
the lake from drying and avoid acidification problems discussed in Section 4.3.3.  This will be
reassessed again in 2002 when results of the 2001 and 2002 sampling have been analysed.

Lake Mariginiup is surrounded by a large number of private groundwater users, so the area will be
targeted using the methods in Section 6.3 to identify users likely to be affecting lake water levels and
then reduce the impact of private abstraction on the wetland.  As artificial supplementation should be a
last resort for several reasons, it is preferable to first identify other methods that may assist in
maintaining lake levels.

Artificial supplementation of Lake Mariginiup to enable the wetland to reach its spring peak criteria in
2002 may be an option and will be investigated.

Maintenance of water levels in Shirley Balla and Beenyup Road swamps appears problematic in
developing a source with suitable quality.  The underlying Leederville Formation has water at
1 000 mg/L TDS, which is substantially higher than normally experienced in these wetlands.

6.5 Communication, education and awareness

The Commission has established a Drought Response Taskforce to ensure a common Statewide
approach to the drought situation and to communicate a consistent set of messages to stakeholders and
the general community.  The Taskforce, which is focussed on managing private water use, is working
closely with a similar group in the Water Corporation focussed on public supply use to ensure an
integrated and consistent approach.
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A key element of both these task groups is a communications program to raise awareness, influence
attitudes, provide information and achieve actual behavioural change to reduce public and private
water use.  Although the water conservation strategy is focussed on short-term immediate reductions
in water use, it also incorporates elements to achieve longer term more structural changes aimed at
permanent water use efficiency gains.

The communication program will also provide information on the overall short and long term adopted
management strategy to manage a way out of the dry climate sequence while protecting the
environment through minimising breaches and potential environmental impacts.  The overall
management strategy must be well presented to the general community and the key stakeholders to be
able to secure broad based acceptance and ownership of it.  It will be important to develop an
understanding that climate may change through long rather than short cycles and the present dry
sequence may continue for some time.

The overall communication program has three components:

1. Media advertising and information – providing water conservation and management strategy
messages to the community (broad and targeted groups) via the media (television, radio and
newspapers).  Includes paid advertising as well as ‘infonews’ opportunities through agency and
Ministerial press releases and media grabs.

2. Stakeholder management – direct interaction with key water user and water industry stakeholder
representatives to engage them in the process and secure their commitment to implementation of
the strategy.  These stakeholders are very important in influencing the water users and the general
community.  Their feedback on water user and general community responses to the strategy and
ongoing refinement of it is vital.

3. Enquiries, complaints and advice – servicing of water user and general public enquiries and
complaints.  Provide over the phone, email or mail out advice on water use efficiency, restrictions
etc.

The Commission will examine the opportunities for pursuing a longer term program of community
education, particularly through the education system to influence the overall culture associated with
the use of water.  This will build on existing initiatives being pursued by both the Water and Rivers
Commission and the Water Corporation.

6.6 Reporting program

It is proposed to report to the EPA at the end of winter in 2002 and 2003 on the implementation and
consequences of the management activities proposed in this report.  These reports will supplement the
normal annual reporting to the EPA required under the Ministerial conditions of environmental
approval for the Gnangara and Jandakot Mounds.  The reports will contain details of management
proposals for the forthcoming summer and will include predictions of forthcoming transgressions and
breaches, if relevant.  It is possible that the Section 46 review will overtake this reporting and the 2003
Section 46 report may supersede the 2003 progress report.

If monitoring indicates untoward or unexpected impacts in the interim, the Commission will provide
interim reports to the EPA as appropriate.



 

Final report.doc

63

7. EXPECTED ENVIRONMENTAL OUTCOME

It has not been possible in the time available to quantitatively evaluate the expected outcome of the
various management initiatives proposed to be undertaken.  The effects of the various components of
the management proposal will be variable during the 2001/02 summer, both between initiatives, and
spatially within many initiatives.  The Commission believes that the initiatives will contribute
positively to minimising the extent of transgressions and breaches of environmental criteria, but it
recognises that they will not be prevented in most cases.  Experience with most of the breaches to date
indicates that generally, the impacts are not expected to be irreversible, although in some cases,
particularly for vegetation, changes tend to be slow and subject to a degree of inertia.  Overall
transgressions are expected to be in similar locations and of similar magnitude to those occurring in
recent years.

It should be recognised, however, that a substantially hotter than normal summer, particularly with
several extremely hot days as were experienced early last decade, could result in considerable and
widespread vegetation stress and deaths over the extent of the Mounds.  The widespread nature of this
phenomenon could be felt in areas removed from pumping effects, as was experienced in 1991.  This
was a result of a combination of low soil moisture and extreme temperatures.

The proposed management initiatives will be implemented irrespective of the rainfall and response of
the groundwater system during 2002 as they are seen as necessary to improve the level of management
as more pressure will be placed on these resources in the future.

7.1 Potential breaches of conditions 2001/02

7.1.1 Water level criteria

Predicted breaches of EWP criteria for wetlands and monitoring wells on the Gnangara and Jandakot
Mounds are shown in Table 1 and 2 respectively.  These have been generated by Water Corporation
modelling based on analysing groundwater responses to normal levels of pumping and applying those
changes to current levels.

The majority of sites that are expected to breach criteria have breached previously since criteria were
set, with the exception of monitoring wells WM1, and WM6, and Lexia wetland 94.  The water level
at Lexia 94 is not predicted to drop below the absolute minimum, however it may drop below the
preferred minimum, which constitutes a breach as it has exceeded the two in six year limit of this
event occurring.  Sites that have breached criteria in previous years though are not expected to do so in
2001/02, include Lake Nowergup, MM16, MM55B, JM7, JM45 and JM29.

The most significant of the predicted EWP criteria transgressions include those for:

•  Lexia 94 and 186, as water levels in 2001/02 are anticipated to be much lower than in previous
years and of particularly concern at Lexia 186, where the absolute minimum has been breached
every year since 1998 (as discussed in Section 4.4.3, criteria are being breached in the Lexia area
without the impacts of pumping);

•  PM6 and JB5, as water levels have been consistently dropping to levels below the absolute
minimum for at least the last three years, and in PM6 are showing no signs of recovery;

•  Shirley Balla Swamp, as water levels have dropped substantially below the existing absolute
minimum since at least 1997; and

•  Beenyup Road Swamp, as water levels have dropped substantially below preferred minimum
every year since 1998.
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Table 6 End of summer water levels and expected breaches of EWP criteria in
2001/02 for criteria wetlands and monitoring bores on Gnangara Mound

Monitoring site Relevant predicted water
level

Nature of breach Public supply wells

Lake Joondalup EoS water level <10 cm
above preferred minimum

No breach Nearest wells over 5 km
away from lake

Lake Jandabup EoS water level <10 cm
below absolute minimum if

not maintained

Lake artificially
maintained, and hence

will not breach

Off, but two switched on to
artificially maintain lake

Lake Nowergup Water level reached
preferred minimum peak in

October 2001

No breach No public wells nearby

Lake Mariginiup Absolute minimum peak
reached in October 01,

preferred will not be reached

Breaches criteria of
reaching preferred

minimum peak 4 in every
6 years.

Nearest wells approx.
3 km to east

Coogee Springs Absolute minimum peak
reached in October 01,
preferred unlikely to be

reached

Breaches criteria of
reaching preferred

minimum peak 4 in every
6 years.

No public wells nearby

Lexia 86 EoS water level >60 cm
above absolute minimum**

No breach Wells furthest away from
Lexia wetlands utilised as
part of strategy for Lexia

scheme
Lexia 94 EoS water level up to 30 cm

below absolute minimum**
Breach of absolute

minimum EWP criterion
As for Lexia 86

Lexia 186 EoS water level up to 1.1 m
below absolute minimum**

Breach of absolute
minimum EWP criterion

As for Lexia 86

Melaleuca Park –
Dampland 78

June 2002 water level up to
20 cm below preferred

minimum*

No breach Several wells to north-west
switched off.

Melaleuca Park –
EPP 173

June 2002 water level
<10 cm below preferred

minimum*

Breaches criteria of
maintaining water levels

above preferred
minimum 4 in every 6

years

Nearest wells approx.
5 km away

PM6 EoS water level >1 m below
absolute minimum

Breach of absolute
minimum EWP criterion

All nearby wells to be
switched off this summer

JB5 EoS water level <30 cm
below absolute minimum

Breach of absolute
minimum EWP criterion

Nearby wells only used to
maintain Lake Jandabup

MM12 EoS water level up to 20 cm
below interim absolute

minimum*

Possible breach of
interim absolute

minimum

Nearby wells on

MM16 EoS water level >30 cm
above absolute minimum

No breach Two nearest wells off

MM49B EoS water level >30 cm
above absolute minimum

No breach Nearest wells off

MM53 EoS water level >10 cm
below absolute minimum

Breach of absolute
minimum EWP criterion

Nearest wells off

MM55B EoS water level >20 cm
above absolute minimum

No breach Three of four nearest wells
off

MM59B EoS water level up to 50 cm
below absolute minimum**

Breach of absolute
minimum EWP criterion

Nearest wells to south off
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Monitoring site Relevant predicted water
level

Nature of breach Public supply wells

WM1 EoS water level >50 cm
below absolute minimum

Breach of absolute
minimum EWP criterion

Nearest wells approx.
2 km away.  Nearest wells

to west off.
WM6 EoS water level >20 cm

below absolute minimum
Breach of absolute

minimum EWP criterion
Nearest wells off

EoS: – End of Summer

* from Water and Rivers Commission (2001b)

** from both Water Corporation predictions and Water and Rivers Commission (2001b)

Table 7 End of summer water levels and expected breaches of EWP criteria in
2001/02 for criteria wetlands and monitoring bores on Jandakot Mound

Monitoring site Relevant predicted water
level

Nature of breach Public supply wells

Beenyup Road
Swamp

EoS water level around
preferred minimum

May breach criteria of
maintaining water levels

above preferred minimum
4 in every 6 years

Wells to east and west off

Shirley Balla
Swamp

EoS water level >20 cm
below absolute minimum

Breach of absolute
minimum EWP criterion

Wells to east and west off

Lake Forrestdale EoS water level around
absolute minimum

Possible breach of
absolute minimum EWP

criterion

Nearest wells approx.  5 km
away.  Some wells in that

area are off.
North Lake EoS water level >10 cm

below absolute minimum
Breach of absolute

minimum EWP criterion
Nearest wells approx.  3 km
away.  Some wells in that

area are off.
JM7 EoS water level >20 cm

above absolute minimum
No breach Nearest wells approx.  2 km

away.  Some to the west are
off.

JM29 EoS water level >60 cm
above absolute minimum

No breach Wells to east and west off

JM45 EoS water level >20 cm
above absolute minimum

No breach Nearest wells off

7.1.2 Environmental implications of breaches

It is difficult to distinguish the environmental impacts of declining water levels of the groundwater
table and wetlands, from general effects of the drier climate Perth is currently experiencing.  The
impacts described below are those that are likely to occur at sites predicted to breach EWPs in
2001/02, but are not necessarily directly attributable to declining water tables, or particularly
groundwater abstraction.

Some concern has been expressed about the implications of cumulative impacts of consistent breaches
of water level criteria. Though the anticipated effects of breaches set out below implicitly takes
historical water level trends into account, generally, in cases where water levels have fluctuated
around criteria levels for several years ie. repeated breaches have occurred but water levels still rise
above set minima each year following winter recharge, declines in whole populations of wetland and
terrestrial vegetation have generally not been observed on either Mound. Patch deaths may occur,
however to date this has been the exception rather than the rule.
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More severe impacts, such as population declines, might be expected where criteria levels are
transgressed and water levels continue to fall, for example in the case of PM6. In these cases
progressive drying of the soil profile may eventually lead to large changes in the community structure
of the vegetation.  The cumulative effect of criteria breaches on fauna (macroinvertebrates, waterbiirds
etc.) is not well documented.

(Froend, pers.  comm., 2001)

 In reviewing EWPs in Stage II, it is hoped to gain a better understanding of the process of the impacts
of water level declines on vegetation in particular, but also to use a more holistic approach ie. greater
consideration of fauna water requirements in the resetting of EWPs.

Wetland vegetation and flora

Wetland vegetation will be affected by declining water table and low rainfall causing lower water
levels in wetland, and the dry climate directly decreasing the soil moisture in land surrounding the
wetlands.  The anticipated impacts of breaches on wetland vegetation and flora for Jandakot and
Gnangara wetlands, where water levels are predicted to be similar to recent years, are summarised
below:

•  A general increase in weeds in sparsely vegetated areas towards the centre of swamp basins in
areas that are not being inundated for sustained periods over spring, coinciding with a decrease in
weeds higher in the landscape as a result of drier conditions.  Relevant sites include Beenyup Road
Swamp, Shirley Balla Swamp, and Coogee Springs.

•  Some further decline in extent of Baumea articulata out from basin of Beenyup Road Swamp,

•  Some decline in tree health, in particular of M.  preissiana, at Lake Jandabup,

It is difficult to ascertain if previous declines in health of some trees at Lake Forrestdale (M.
rhaphiophylla) and Lake Nowergup (M.  rhaphiophylla, E.  rudis) were attributable to declining water
levels.  Therefore as water levels for 2001/02 are predicted to be relatively similar to previous years,
there should be no increase in the rate of decline of tree health and a low possibility of individual
deaths in these wetlands.

Widespread declines in wetland tree vigour and increases in water stress and/or patch deaths of trees
and understorey/emerged macrophytes are not anticipated at Shirley Balla Swamp, North Lake, Lake
Mariginiup, and Coogee Springs.  This has been inferred as predicted breaches of water level criteria
will be of similar magnitude to previous years and there has been little indication of impact to date.

Impacts are more likely to occur in Lexia 94, which had not breached the absolute minimum
previously, and in Lexia 186, where water levels are predicted to be substantially lower than in
previous years.  The lower water levels are expected to affect these wetlands in the following ways:

•  increased wetland tree and understorey/emergent macrophyte drought stress;
•  increased frequency and distribution of scattered tree deaths, notably Melaleuca species and

Banksia ilicifolia;
•  decreased potential for wetland tree seedling recruitment in Lexia 186;
•  increased probability of understorey emergent macrophyte scattered or stand/patch death; and
•  increased rate of terrestrialisation.

(Froend, pers.  comm., 2001)
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Dryland vegetation and flora

There has been a decrease in condition of many of the terrestrial species that prefer moister conditions
on the Jandakot mound.  This is mainly due to a general decrease in soil moisture primarily related to
the numerous years of below average rainfall since the mid 1980s, rather than major reductions in
groundwater levels (Mattiske Consulting Pty Ltd, 2001).  Large paperbarks, B.  ilicifolia, and some
Eucalypts are already exhibiting symptoms of drought stress at JM45.  No breach is expected at JM45
and there should be no increase in rate of decline of the health of these trees or possibility of
individual drought caused deaths.

On the Gnangara mound where there is a considerably greater range of depths to watertable as a
consequence of the more variable topography, the vegetation has generally been shifting to species
less tolerant of moister conditions, with declines in condition of some tree species and a decrease in
numbers of species that rely on moist soil.  Breaches of EWPs at monitoring wells protecting
terrestrial vegetation values are likely to have the following effects:

•  no improvement and possible further decline in condition of trees dependent on moister conditions
already exhibiting symptoms of drought stress;

•  increase in occurrence of drought stress, and subsequent deaths of Melaleuca sp., B.  ilicifolia, and
shrub species dependent on moist soils; and

•  gradual replacement of lost species with species more tolerant of drier conditions such as Banksia
attenuata and Banksia menziesii.

Historically, the overstorey has reacted rapidly to drought conditions, compared to non-phreatophytic
understorey species that have tended to exhibit symptoms later (E.  Mattiske, pers.  comm., 2001), and
hence in areas where drawdown has recently affected tree species, declines in health of understorey
species could be expected to occur.

Specifically, impacts of breaches at monitoring wells MM53 and MM59B in Whiteman Park will most
likely be consistent with past effects of the declining water level in the area (Section 4.4.3).  The
predicted water levels in the criteria bores located in Whiteman Park are generally similar to that
experienced over the last six years, but have shown some further decline since 1998.  Historically the
impacts on the vegetation have been either in the sumpland/damplands near the central conservation
zone or in the creek lines (E.  Mattiske, pers.  comm., 2001).  Melaleuca species have the ability to
regenerate even after some loss of overstorey and E.  rudis can also produce epicormic shoots under
moderate drought stress.  Banksia littoralis and Banksia ilicifolia will collapse at short notice if water
levels decrease beyond their requirements on seasonally wet areas and low lying slopes and therefore
new deaths would occur in these locations first.  This is more likely to occur in older and larger trees,
as inferred from observations of older B.  ilicifolia being replaced by younger B.  ilicifolia in
monitoring transects (E.  Mattiske, pers.  comm., 2001).  The centre of the park is considered of
highest conservation significance and includes sumplands and damplands that are more susceptible to
declines in water levels than the northern areas of the park.  Further breaches in the northern area of
the park are likely to have less impact than breaches in the central and southern areas of the park (E.
Mattiske, pers.  comm., 2001).

The impacts of water level changes on the Gnangara Mound are expected to be greater than for the
Jandakot Mound because of the potential for greater fluctuations in water level because of its greater
areal extent.
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Wetland dependent fauna

Waterbirds

In spring 2001, the low water levels of Shirley Balla Swamp could be expected to coincide with low
numbers of waterbirds, as it had in recent years.  The wetland is not typically utilised by birds over the
later summer months, because of the lack of surface water.  Although constituting breaches, predicted
minimum water levels for Lake Forrestdale will be similar to previous years, and as no impact of
lowered water levels has yet been detected on bird use and breeding, negligible impact would be
anticipated.

The impact of breaches on waterbirds at North Lake, and all relevant Gnangara wetlands, is not
possible to evaluate due to absence of monitoring.

Macroinvertebrates

No deleterious effects on macroinvertebrate populations caused by breaches are anticipated to occur at
Shirley Balla Swamp as water levels will be similar to last four/five years and there had previously
been no indications of permanently decreased diversity (McGuire et al., 2001).  It is difficult to predict
the effect of breaches at Lake Forrestdale due to the absence of previous monitoring.

It has been inferred from previous population versus water level comparisons (Chapman and Horwitz
2001; Knott and Jasinska, 2000) that the breaches of EWP criteria in the Gnangara wetlands could be
expected to have the following effects regarding macroinvertebrates:

•  possibly lower family richness in Lake Mariginiup in summer 2001/02 due to water levels as there
has been a trend of decreasing numbers, but spring 2002 numbers should be similar to years
before; and

•  possible decrease in family richness in Lexia 94 and 186 as a result of substantially lower water
levels in 2001/02.

No deleterious effects on macroinvertebrate populations caused by breaches, are anticipated to occur
at Lake Jandabup, Lake Nowergup, or Coogee Springs, as water levels will be similar to the last
four/five years and there had previously been no indications of decreasing diversity (Chapman and
Horwitz 2001; Knott and Jasinska, 2000).

7.2 Potential breaches of conditions 2002/03

The anticipated transgressions of environmental criteria for the 2001/02 summer are predicted with a
reasonable degree of confidence, as the low likelihood of substantial rainfall over the coming summer
means that further climatic effects do not have to be taken into account.  However, because of the
limited ability to predict winter rainfalls for 2002, it is difficult to predict the extent of breaches that
might be expected during 2002/03.

Consequently, an alternative approach has been adopted, based on calculating the amount of rain
necessary to avoid transgressions, given current groundwater levels.  This was examined on a zonal
basis across both Mounds using a statistical technique developed to differentiate the significance of
land use, pumping rainfall and depth to water on groundwater levels.  The results of this approach are
presented in Table 8 and Table 9 for scenarios of no abstraction and with abstractions continuing at a
level similar to that expected during 2001/02.

These rainfall ‘requirements’ were analysed in terms of their average recurrence interval (ARI), or
likelihood of occurring, based on statistical analysis of past rainfall records for the region.  These
results were calculated using the frequency distribution statistics for the long-term rainfall records and
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for the more recent short-term records, and shown as Long ARI and Short ARI respectively and are
presented in the following tables.  The short ARI was considered to address the possibility that the
current drier climate will persist in the foreseeable future as the ‘normal climatic’ regime.

Table 8 Rainfall required to avoid breaches during 2002/03 – Gnangara Mound

GNANGARA
ABSTRACTION
IMPACT STUDY

Required
Rainfall (no
abstraction)

mm

Long ARI
yrs

Short ARI
yrs

Required
Rainfall (with
abstraction)

 mm

Long ARI
yrs

Short ARI
yrs

Lake Pinjar rainfall
zone

899 2.1 4.9 995 3.8 11

Wanneroo rainfall
zone I

828 2.4 4.2 867 2.6 5.2

Wanneroo rainfall
zone II

746 1.5 1.8 785 1.8 3.1

Gnangara (9119)
rainfall zone

720 1.5 1.9 753 1.8 2.4

Average Rainfall,
mm

835.4 891.8

Long ARI is the average recurrence interval based on analysis of the extended rainfall record from 1907 to 1999.

Short ARI is the annual recurrence interval based on analysis of the rainfall record from 1975 to 1999.

For the Gnangara Mound, the rainfall requirement analysis indicated that without abstraction, the
Wanneroo Rainfall Zone II and Gnangara 9119 rainfall zone would be the only areas with a greater
than 50% chance of sufficient rain to avoid breaches (ARI less than 2.0 years.8  In these areas, the
short ARI analysis indicates a 55.6% chance and 52.6% chance respectively of sufficient rainfall to
avoid breaches.  The Long ARI analysis indicates a 66.7% chance of sufficient rain occurring in both
areas.  The ARIs increase substantially with the incorporation of abstraction effects in the analysis,
particularly for the Lake Pinjar rainfall zone, with an 11-year Short ARI (9.1% chance of sufficient
rain) required to avoid breaches.  For the Lake Pinjar rainfall zone and Wanneroo rainfall zone I, the
Long ARI indicates a 26.3% and 38.5% chance respectively of sufficient rain.  With no abstraction,
the chances increase to 46.1% and 41.7% respectively.  The Short ARI with no abstraction indicates
20.0% and 23.8% chances respectively of sufficient rainfall occurring to avoid breaches.

Table 9 Rainfall required to avoid breaches during 2002/03 – Jandakot Mound

JANDAKOT
ABSTRACTION
IMPACT STUDY

Required
Rainfall (no
abstraction)

mm

Long ARI
yrs

Short ARI
yrs

Required
Rainfall (with
abstraction)

 mm

Long ARI
yrs

Short ARI
yrs

Jandakot Uni (9170)
rainfall zone

768 1.4 2.0 792 1.5

Forrestdale (9016)
rainfall zone

788 1.5 2.3 815 1.7

Average Rainfall,
mm

777 802

                                                     
8
 A 2-year ARI means that, on average, the rainfall required to avoid a breach would occur or be exceeded once every two

years.  This equates to a 50% chance of occurrence or exceedance in any given year.  Similarly, for example, a 1.5-year
ARI means exceedance once every 1.5 years on average, or a 66.7% chance of exceedance in any year.
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At Jandakot, the ARIs are generally much closer to an equal likelihood of breaches occurring and not
occurring, compared to those for the Gnangara Mound, reflecting the more ‘robust’ nature of the
Jandakot resource in terms of its response to factors such as climate and groundwater pumping.  The
Forrestdale rainfall zone has the lowest chance of sufficient rain occurring to prevent a breach (40%
with abstraction and assuming the Short ARI applies).  The Long ARI analyses indicate the likelihood
of sufficient rain is greater than 50% in all cases, even with pumping.  Long-term climate statistics
were the basis for setting the current criteria and therefore the Long ARI analysis, which indicates
lower than 50% chances of breaches occurring, is generally consistent with this.  However, this
consistency is limited because in setting the criteria it was not anticipated that the extended dry period
being experienced would occur.  Obtaining an understanding of the issues associated with climate
variability has become more necessary as the current dry period continues.

The above results can only be considered as indicative, being based on analysis that at the time of
preparation of this report was preliminary and requiring some verification.  It does however; fit with
the understanding derived from previous work that climate is the most significant influence on
groundwater and wetland water levels.  If anything, the results are conservative in that return periods
may be longer than calculated (lower chances of sufficient rain to avoid breaches).
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8. COMMUNITY INVOLVEMENT AND PEER REVIEW

8.1 Peer review

8.1.1 Introduction

The Water and Rivers Commission has appointed a Peer Review Group (PRG) to provide an
independent review of the Section 46 work during both Stages I and II.

The membership of the group is:

Mr Frank Batini - Chair (Consultant)

Dr Jane M.  Chambers (Lecturer in Environmental Science, Murdoch University)

Dr Lloyd Townley (Consultant – Townley & Associates Pty Ltd)

Advice and comments from this group have been provided to the Commission on the preparation of
this report.  A copy of their formal advice and comments on a prior draft of this report released for
public consultation is attached at Appendix 7.  The Commission has considered the views of the
Group and amendments made in response.  This is briefly discussed in more detail in the next section.

8.1.2 Peer Review Group issues

The Peer Review Group’s comments on the Stage I report were made in the context of the following
key questions developed by the PRG:

•  Are the COMMISSION proposals in accord with best practice?
•  Are the recommendations for changes supported by data?
•  Are monitoring and research soundly based?
•  Are any likely consequences deemed to be irreversible?
•  Is there equity of treatment between public and private users?
•  Is the COMMISSION using innovative methods to address the difficult issue of allocation of

scarce water resources?
•  Is anything of importance missing in the Section 46 Review?

In summary, the PRG’s responses to these questions were as follows:

•  COMMISSION staff and the consultants employed by the COMMISSION are skilled and capable.
Whilst the Stage I report did not utilise models that could be described as “best practice”, a new
regional groundwater model will be used in Stage II of the review.

•  The report addresses the complexity of the various effects on the water table and long term data
clearly shows that the dominant effect is that of climate, with pumping next in importance.
Suggestions of low impact of pines contradicts some earlier work and some anomalies in the data
are not explained.

•  The cumulative impact of breaches does not appear to be taken into consideration.
•  There is a need to develop effective monitoring and feedback loops to determine the effectiveness

of letter drops and public education campaigns.  This has not yet been done.
•  Techniques that allow for an earlier diagnosis of plant stress should be evaluated by Commission.
•  The precautionary principle should be applied when reviewing EWRs.
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•  A map of vegetation complexes that could be used as a vegetation risk map, similar to that being
produced for Gnangara, should be considered for Jandakot.

•  A greater emphasis on metering water use appears to be warranted.  The use of short-term random
sampling checks should be considered by the Commission.  Trading rights should be based on
actual not notional usage.  These matters need to be addressed during Stage II.

•  Licensed private commercial users should be asked to share the common goal of protecting water
supplies and the environment by improving efficiencies and voluntary reductions in use over the
coming summer.

•  The Commission should not issue further licences for groundwater until modelling is completed
during Stage II of the Section 46 review, even in areas which are apparently under-allocated.

•  The Commission should document the enormous difficulty of the problem of resource allocation
of an increasingly scarce resource.  The Commission needs to demonstrate through published
works that it is already using state-of-the-art methodologies and that it continues to strive to
advance the state-of-the-art.

•  The Stage 1 report could have clearly indicated that the wetland sequences observed during the
1960s were a product of a much wetter period, that wetlands and vegetation assemblages are
dynamic, and that if community expectations are for a "steady  state" wetland environment, that
these expectations are unrealistic.

Detailed Commission responses to the Peer Review Groups comments are provided in Appendix 7.

8.2 Community involvement and response

8.2.1 Introduction

The Commission has involved the community in this stage of the review through a program that aims
to engage the key stakeholders in a process to achieve:

•  a shared understanding and ownership of the problem of falling water levels on the mound;
•  constructive involvement in the development of the proposed management strategy;
•  joint agreement/acceptance of the adopted management strategy; and
•  joint commitment to implementation of the adopted management strategy.

Consultative Committees have been established for the Gnangara and Jandakot mounds to keep key
stakeholders informed and receive feedback on important issues such as this review.  Initial meetings
of both committees were held in July 2001 to outline the Section 46 process.  The membership of
these committees is presented in Appendix 8.

Seminars were held on 6 and 8 November 2001 to brief the Committees on the draft management
strategy and receive feedback to assist its finalisation.  Committee members were asked to invite other
stakeholders that they believe needed to be informed or could provide constructive input into
finalisation of the strategy.  The outcomes of the workshop have been documented to assist refinement
of the strategy and record stakeholder views on the strategy and its implementation.  Members of the
Peer Review Group were invited to these workshops.  The State Wetland Coordinating Committee has
also been briefed.

Special briefings were also provided to local Water and Rivers Commission allocation advisory
committees, the WA Conservation Council and the City of Wanneroo.  Although the latter two groups
are well represented on the Consultative Committees they have expressed a keen interest in this issue
and special briefings were considered warranted.
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Stakeholder comments and views on the proposed management strategy have been provided to the
Board of the Water and Rivers Commission, the Peer Review Group, the EPA and the Minister for the
Environment to assist decision making on the adopted management strategy.

Issues raised by the Consultative Committees and the broader community have been taken into
account in finalising this report.

8.2.2 Community issues

Community feedback and views on the proposed strategy have been recorded and are attached within
a full report on community views at Appendix 9.

Outlined below are the key comments and issues that arose at the meetings for the Gnangara and
Jandakot Consultative Committees.  Over the two meetings there were some similar issues that arose
for both groups.  The most prominent of these were:

•  Some dispute over the technical details and figures in the document, especially relating to the
groundwater use attributed to the horticulture sector.  Related to this was a high level of interest by
participants in the proportions of groundwater abstraction attributable to private users, unlicensed
domestic users or public use (through the Water Corporation), and the extent to which each of
these sectors is contributing to the breaches.

•  Whether the climatic conditions we are currently experiencing will be ongoing, and what will be
the implications for long term abstraction and allocation of groundwater?  Will the sustainable
yields need to be re-assessed?

•  Concern regarding the ongoing pressures of urbanisation, urban development (in particular the
water-intensive trend in new urban developments) and population growth in Perth, and the
implications for water availability.

•  Ensuring different sectors are using water efficiently, for example, growers, Local Government in
the irrigation of Public Open Space, ‘special rural’ landholders.  Also discussed were different
approaches for encouraging water efficiency, such as providing incentives for WaterWise gardens,
demand management through pricing, education and awareness campaigns, investigating

•  The critical importance of applying restrictions to different sectors equitably and how to define
what is equitable.

•  The importance of planning for groundwater allocation and management, in the short and long
term, e.g.  implementation of the Land Use Management Strategy for each area.

•  The need to review and redefine the environmental values of wetlands, and to manage them as
dynamic systems.

•  Much more detail required regarding the proposed Management Strategies.
•  The need for long term education and awareness strategies for all sectors of users.

Some of the issues which were specific to each area are presented below:

Gnangara
•  Dispute over the contribution of the pine plantation to the water levels on Gnangara Mound – with

some participants feeling strongly that Water and Rivers Commission have understated the
contribution of the pines to low groundwater levels.

Jandakot
•  Particular concern that the focus of the report and review is only on ‘not breaching criteria’ rather

than focusing on managing a resource and is water quantity rather than focussed on water



 

Final report.doc

74

quality/catchment management, and highlighting the need for a overhaul of the water allocation
and extraction system.

•  The possibility of vegetation deaths and irreversible effects on wetlands in the Jandakot Mound
area and the need for careful monitoring throughout summer around the bores.

A more comprehensive public communication and involvement strategy to inform the EPA,
stakeholders and general public about the Section 46 review, current progress and projected outcomes
will be developed early in Stage II.
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9. STAGE II PROGRAM

The Terms of Reference for Stage II of the Section 46 review were endorsed by the EPA at its meeting
of 13 September 2001.  These are given in full in Section 9.1.

9.1 Stage II Terms of Reference

Stage II will have the following proposed objectives.

1. To propose revised environmental conditions based on a review of the ecological water
requirements and environmental water provisions and a consideration of issues that affect
groundwater and wetland water levels.  This work is to consider opportunities to improve criteria
that act as surrogates for environmental condition, and to propose a detailed compliance
monitoring and response approach based on adaptive management.  This monitoring program is
to be capable of detecting adverse impacts on groundwater dependent ecosystems.

2. To develop a management strategy for groundwater abstraction and other land use activities that
affect groundwater and wetland water levels to ensure the proposed revised conditions will not be
breached.

3. To develop a wetland mitigation strategy for application by water users and managers.

4. To propose further investigations and research programs to ensure an adequate level of
management of the resource.

They are relatively broad at this stage and will be further refined after work progresses on
development and implementation of the Stage I work.

Stage II will involve a detailed consideration of the current environmental criteria and development of
revised ecological water requirements and environmental water provisions, that:

•  are based on an improved understanding of the dependency of ecological values on groundwater
levels and their variability, this may include a revision of the baseline water levels currently
adopted to reflect change;

•  take better account of climate variability and its probabilistic nature;
•  provide better surrogacy for the protection of identified environmental values than water levels (if

possible and practical);
•  consider wider catchment issues and their implications for meeting environmental criteria; and
•  are based on an adaptive management approach.

This work will be underpinned by development and use of an updated groundwater model (a joint
project between Water and Rivers Commission and Water Corporation) and its application in
environmental management and compliance.  The model will define revised sustainable limits for
groundwater abstraction to meet the revised criteria.  Stage II will also include the undertaking of all
further research, studies, investigations, and monitoring recommended by Stage I.  This is expected to
include study(s) to investigate wetland palaeo-records and to support development of dry sequence
environmental criteria.

The Stage II work will also include further development of strategies to deal with:

Land use management at Gnangara

Land use management will be considered primarily from a water quantity aspect, with vegetation
being a specific focus.  However, other aspects of land use impacts on the water resource and its
groundwater dependent ecosystems will be a consideration.  This component will include further work
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on developing pine-thinning strategies – MoU on pine management and development and
implementation of the Gnangara Park Concept Plan to optimise recharge outcomes.  A key element
will be management of vegetation cover to minimise evaporation and interception losses, reflecting
water production as a primary objective.  This may include a park concept that incorporates low-
density plantations or native vegetation at densities lower than have occurred naturally.

Public supply

Improving the ability of the Water Corporation to respond to changes in aquifer condition and the
condition of groundwater dependent ecosystems in terms of its groundwater abstraction regimes.  This
will include examination of substantially different operating rules for the metropolitan water supply
system sources, and consideration of the impact of confined aquifer pumping on the water table and
how this can be managed.

Private use

Increased compliance monitoring of water use and development and implementation of strategies to
increase efficient water use and reduce abstraction in critical areas.  Further development and
implementation of a capacity sharing approach, if practical.

Improvement to internal Commission processes and compliance management (possible development
of an Environmental Management System or similar mechanism).

Drainage management

Development and implementation of improved drainage management at Jandakot to compliment
abstraction management strategies with respect to impact on environmental criteria.  See also the
comments under Drainage management in Section 4.1.1 Stage I Terms of Reference.9

Wetland impact offsetting

Development and implementation of a wetland impact offsetting strategy that is based on the
sequencing concept.  The sequencing concept for mitigation means sequentially avoiding impacts,
minimising impacts, and compensating for remaining unavoidable impacts.  Compensatory mitigation
(or offsetting) is the restoration, creation, enhancement, or in exceptional circumstances, preservation
of wetlands for the purpose of compensating for unacceptable unavoidable adverse impacts.

9.2 Other issues

Since endorsement of the above Stage II Terms of reference, several aspects are believed to need
further or additional consideration.  These relate to drainage at Jandakot, wetland supplementation and
wetland impact offsetting.

Drainage management

It has become clear that this is a significant issue in managing the Jandakot Mound groundwater
system.  Development and implementation of improved drainage management at Jandakot to

                                                     
9
 Section 4.1.1 Stage I Terms of Reference states: “The Commission will investigate changes to drainage management

regimes at Jandakot and their implications for wetland water levels and quality.  The Commission will develop short and
(possibly) long-term approaches to management to minimise adverse impacts and influences on breaches of criteria.  This
may include a review of the maximum water levels set through approval of the drainage system.  If these maximum water
levels are to be changed, this is expected to be through a review of the Ministerial conditions on drainage.”
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complement abstraction management strategies with respect to impact on environmental criteria will
be considered in detail.  If feasible the Commission will develop short and long-term approaches to
management to minimise adverse impacts and influences on breaches of criteria.  This may include a
review of the maximum water levels set through approval of the drainage system.  If these maximum
water levels are to be changed, this is expected to be through a separate review of the Ministerial
conditions on drainage.

The use of runoff from shedding areas to maintain water levels under and around wetlands is an option
that needs further work.  This applies to both the Gnangara and Jandakot areas

Wetland supplementation

The Stage II work will include a review of the effectiveness of wetland supplementation to date and
consider the potential for the technique to be applied in other locations.  A different technique to that
currently employed (pumping directly into the wetland) is being considered for application at Lexia,
utilising injection wells to “mound” the groundwater locally proximate to wetlands.  If feasible, this
method can also be applied to manage water availability to phreatophytic vegetation.  Consideration
will be given to other engineering options such as dredging where they might be applicable.

Wetland impact offsetting

Development and implementation of wetland impact offsetting as a mitigation strategy that is based on
the sequencing concept will be examined in detail.  The sequencing concept for mitigation means
sequentially avoiding impacts, minimising impacts, and compensating for remaining unavoidable
impacts.  Compensatory mitigation (or offsetting) is the restoration, creation, enhancement, or in
exceptional circumstances, preservation of wetlands for the purpose of compensating for unacceptable
unavoidable adverse impacts.

9.3 Stage II public communication and involvement strategy

A detailed pubic involvement and communication strategy will developed early in the Stage II
Section 46 review process.  As the Stage II review will be comprehensive, the public involvement
process can be expected to be substantial as there will be a large number of interested and affected
stakeholders.

9.4 Stage II program preparation

A detailed program for Stage II is in preparation.  This program will outline the work to be
undertaken, including further investigations, research and studies necessary to improve environmental
criteria and groundwater management; monitoring programs required to support management, and
timing of the program.  An early opportunity will be provided for public input into the issues to be
considered in the Stage II program.
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Appendix 1 SUMMARY OF TERRESTRIAL, WETLAND AND AIR CRITERIA
(JANDAKOT MOUND)

TERRESTRIAL

Design criteria

1. Wells should not be placed closer than 300 metres to natural
non degraded sumplands (seasonally inundated wetlands) and
preferably not closer than 500 metres.

2. Drawdowns must not exceed 1 metre in areas of
phreatophytic native vegetation.

Action and Operational criteria

3. Wells shall not be placed closer than 200 metres to System
Six area M94 and preferably not closer than 400 metres as a
design criterion.

4. Any well whose drawdown cone is estimated to be greater
than 1.5 metres deep in environmentally sensitive areas will have
its draw phased in evenly over a three year period.

5. Actual drawdowns should be less than 1 metre in areas of
phreatophytic native vegetation and in no case shall exceed 1.5
metres.

6. In areas where rare species of orchids are known to occur,
drawdowns should be less than 0.5 metre and must be less than 1.0
metre.

7. The Bartram Road Wetland Complex and Twin Bartram
Swamp should preferably contain water until the end of January.

8. Water table drawdown in Beenyup Road Wetland and
Solomon Road Wetland should preferably be less than 0.3 metre.

THOMSONS AND FORRESTDALE LAKES

Thomsons Lake

Design criteria

9. Water levels in Thomsons Lake must satisfy those given in
Table 7.2 for at least 30% of years (i.e.  be an improvement on the
present situation).

Operational and Action criteria

10. The average annual deviation over a four year period from
the predicted water levels in Thomsons Lake must not be greater
than 0.1 metre.

11. Should the deviation between the actual and predicted
minimum water level in Thomsons Lake exceed 0.25 metre in any
one year, this must be reported to the EPA  as soon as possible,
and

12. The minimum water level at Thomsons Lake must never go
below 10.8 metres AHD.

Forrestdale Lake

13. At least 0.9 metre of water in the lake when water levels are
at their annual maximum (the deepest point is at 21.6 metres
AHD), and

14. A natural cycle of filling and drying should be allowed to
continue.

15. Minimum water levels should be in the range 21.2   21.6
metres AHD.

16. Minimum water levels shall be greater than 21.1 metres
AHD.

17. The preferred times of (earliest) drying are:

WET YEARS dry by April

MEDIUM YEARS dry by February - March

DRY YEARS dry by January

MAJOR WETLANDS

18. .The recommended water level maxima, operational minima
and action minima for the major wetlands are:

RECOMMENDE
D MAXIMA

OPERATIONA
L MINIMA

ACTION
MINIMA

North < 14.9 13.0 - 13.5 12.7

Bibra < 15.0 13.6 - 14.2 13.6

Yangebup < 16.5 13.9 - 15.5 13.8

Kogolup < 14.8 13.1  -14.0 13.1

Banganup 11.5

THE WETLAND SYSTEM

19. The maximum allowable habitat reductions (as percentages
in area) for the Jandakot Area (Thomsons Lake excluded) are:

HABITAT
TYPE

WET
YEAR

MEDIUM
YEAR

DRY
YEAR

I 5 10 15

II 8 13 18

III 12 17 22

IV 15 20 25

20. Increases of habitat shall be no more than 5% greater than the
values given in the above table.

21. Bibra Lake must not dry out for more than 2 years in any 3
year period, and preferably not more than 1 in 3.

22. Either Bibra Lake or Yangebup Lake must contain 0.3 metre
of water and preferably 0.5 metre.
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AIR QUALITY

Chlorine

23. A buffer zone be maintained around the chlorine storage area
of the treatment plant, and

24. The treatment plant and chlorine handling be operated in the
manner described in section 4, resulting in a level of personal risk
of fatality of no greater than one in a million in any year at the
buffer zone boundary.

Hydrogen sulphide

25. A buffer zone be established with the distance defined by an
anticipated hydrogen sulphide concentration of 5 parts per billion
averaged over 30 minutes, as calculated for atmospheric
conditions of Parquille class F and 2 metre per second wind
velocity.
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Appendix 2 SUMMARY OF WATER LEVEL CRITERIA BREACHES AND TRANSGRESSIONS – GNANGARA MOUND

Gnangara Mound monitoring wells
Criteria Well Criteria (mAHD) Purpose Year water level

monitoring
commenced

Number of water level
criteria breaches since

1996

Number of water level
criteria breaches and
transgressions before

criteria set  (1996)

Magnitude of breach
(maximum in cm)

Note – Criteria set in 1996

PM6 Absolute min
53.5

Protection of
phreatophytic

vegetation

1976 3 0 2001 Maximum breach of
absolute min 66 cm

JB5 Absolute min
44.8

Protection of
phreatophytic

vegetation

1977 5 0 2001 Maximum breach of
absolute min 39.6 cm

MM49B Absolute min
24.7

Protection of
phreatophytic

vegetation

1977 0 3 1986 Maximum breach of
absolute min 35 cm

MM59B Absolute min
36.3

Protection of
phreatophytic

vegetation

1978 5 2 1998 Maximum breach of
absolute min 28.4 cm

MM53 Absolute min
33.3

Protection of
phreatophytic

vegetation

1977 3 3 1991 Maximum breach of
preferred min 23 cm*
*Data indicates max breach
occurred in 1997 (74 cm),
but this is almost certainly
incorrect.  Level appears to
have been misread.

MM16 Absolute min
38.8

Protection of
phreatophytic

vegetation

1973 3 2 1998 Maximum breach of
absolute min 18 cm

MM55B Absolute min
29.5

Protection of
phreatophytic

vegetation

1977 2 7 1998 Maximum breach of
absolute min 27 cm

MM18 Absolute min
38.6

Protection of
phreatophytic

vegetation

1974 0 1 1991 Maximum breach
absolute min 20 cm
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Gnangara Mound wetlands
Criteria wetland Criteria Primary Purpose Year water level

monitoring
commenced

Number of water level
criteria breaches and
transgressions since

1996

Number of breaches and
transgressions of water

level criteria prior to
criteria being set (1996)

Magnitude of breach
(maximum in cm)

Note – revised criteria set
in 1996

Coogee Spring*
*artificially
maintained

Preferred min peak
12.00

Absolute min peak
11.25

Protection of high
invertebrate diversity

1973 Preferred min peak
5

Absolute min peak
2

Preferred min peak
5

Absolute min peak
0

1997 Max breach of
absolute min peak 31 cm

Lake Mariginiup Preferred min peak
42.1

Absolute min peak
41.5

Protection of wetland
vegetation,

invertebrate fauna
and waterbird habitat

1954 Preferred min peak
5

Absolute min peak
0

Preferred min peak
4

Absolute min peak
0

1998, 2000 Maximum
breach of preferred min
peak 25 cm

Lake Joondalup Preferred min
16.2

Absolute min
15.8

Protection of wetland
health including

wetland vegetation
and waterbird

habitat.  Protect
landscape amenity.

1954 Preferred min
4

Preferred min
0

1999 Maximum breach of
preferred min 21.5 cm

Lake Gnangara Preferred min
42.0*

Absolute min
41.3*

*management
objective only – not
statutory condition

Improve water
quality through
increased water

levels to enhance
environmental and
social values of the

lake.

1953 Preferred min
6

Absolute min
0

Preferred min
17

Absolute min
5

1981 Maximum breach of
absolute min 28.1 cm

Lake Goollelal Preferred min
26.2

Absolute min
26.0

Protect wetland
vegetation and meet

waterbird
requirements.

Maintain landscape
amenity.

1951 Preferred min
0

Absolute min
0

Preferred min
2

Absolute min
1

1973 Max breach of
absolute min 22 cm
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Lake Jandabup*
*artificially
maintained

Absolute min
44.3*

*has applied since
summer 1999/2000

Protect wetland
vegetation and meet

waterbird
requirements.
Maintain high

species richness of
aquatic

macroinvertebrates
and macrophytes.

1954 Absolute min
1

Absolute min
0

*No preferred or absolute
criteria, which applied prior
to 1999/2000, have ever

been breached.

2000 Max breach of
absolute min 11 cm

Lake Nowergup*
*artificially
maintained

Preferred min peak
17.0

Absolute min peak
16.8

Maintain fringing
sedge vegetation

and meet waterbird
and

macroinvertebrate
requirements.

1973 Preferred min peak
4

Absolute min peak
3

Preferred min peak
4

Absolute min peak
0

2000 Max breach of
absolute min peak 27 cm

1.1.1 

East Gnangara wetlands
Criteria wetland Interim criteria

(mAHD)
Purpose Year water level

monitoring
commenced

Number of water level
criteria breaches and
transgressions since

1999

Number of breaches and
transgressions of water

level criteria prior to
criteria being set (1999)

Magnitude of breach
(maximum in cm)

Note – Criteria set in 1999

Lexia 94 Preferred min 45.8
Absolute min

45.5

Protection of wetland
vegetation

1995 Preferred min
1

Preferred min
3

2001 Maximum breach of
preferred min 7.7 cm

Lexia 186 Preferred min 47.5
Absolute min

47.2

Protection of wetland
vegetation

1995 Preferred min
2

Absolute min
2

Preferred min
4

Absolute min
2

Maximum breach of
absolute min
16.0 cm

Edgecombe seep Absolute min
14.35*

*management
objective, not

statutory criterion

Protection of seep
invertebrate fauna

Absolute min
1

Absolute min
0

Maximum breach of
absolute min
27 cm
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Appendix 3 SUMMARY OF WATER LEVEL CRITERIA BREACHES AND TRANSGRESSIONS – JANDAKOT MOUND

Jandakot Mound monitoring wells
Criteria Well Criteria (mAHD) Purpose Year water level

monitoring
commenced

Number of water level
criteria breaches and
transgressions since

1992

Number of water level
criteria breaches and
transgressions before

criteria set (1992)

Magnitude of breach
(maximum in cm)

Note – Criteria set in
1992

JM45 Preferred min
24.02

Absolute min
23.52

Protection of rare
flora

1995 Preferred min
7

Absolute min
3

Preferred min
0

Absolute min
0

1999 Maximum breach of
absolute min 10.9 cm

JM29 Preferred min
23.8

Absolute min
23.3

Protection of
phreatophytic

vegetation

1975 Preferred min
5

Absolute min
1

Preferred min
0

Absolute min
0

2001 Maximum breach of
absolute min 3.0 cm

JM19 Preferred min
25.26

Absolute min
24.76

Protection of
phreatophytic

vegetation

1975 Preferred min
6

Absolute min
1

Preferred min
0

Absolute min
0

1999 Maximum breach of
absolute min 10.0 cm

JM8 Preferred min
24.43

Absolute min
23.93

Protection of rare
flora

1975 Preferred min
3

Absolute min
0

Preferred min
0

Absolute min
0

1999 Maximum breach of
preferred min 30.0 cm

JE17 Preferred min
16.8

Absolute min
16.3

Protection of rare
flora

1992 Preferred min
1

Absolute min
0

Preferred min
0

Absolute min
0

2000 Maximum breach of
preferred min 34.0 cm
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J310 Preferred min
23.22

Absolute min
22.72

Protection of rare
flora

1975 Preferred min
1

Absolute min
0

Preferred min
3

Absolute min
0

1998 Maximum breach of
preferred min 15.0 cm

JM7 Preferred min
23.17

Absolute min
22.67

Protection of rare
flora

1975 Preferred min
5

Absolute min
0

Preferred min
0

Absolute min
0

1999 Maximum breach of
preferred min 29.0 cm

Jandakot Mound wetlands
Criteria
wetland

Criteria (mAHD) Primary purpose Year water
level

monitoring
commenced

Number of water level
criteria breaches and
transgressions since

1992

Number of water level
criteria breaches and
transgressions before

criteria set (1992)

Magnitude of breach
(maximum in cm)

Note – criteria set in
1992

Shirley Balla
Swamp

Not to dry before
end of Jan

Protection of
waterbird breeding

and feeding
habitats.

1993 4 0 Largest breach - dry Nov
2000

Forrestdale
Lake well

Preferred min
21.2 – 21.6

Absolute min
21.1

Protect the
ecological values of
the wetland and in

particular its
significance as

waterbird habitat.

1996 Preferred min
3

Absolute min
3

Preferred min
0

Absolute min
0

1999 Maximum breach of
absolute min 10 cm

North Lake (staff
gauge)

Preferred min
13.0 – 13.5

Absolute min
12.7

Protection of
fringing vegetation /
waterbird drought

refuge

1952 Preferred min
5

Absolute min
2

Preferred min
3

Absolute min
3

1963 Maximum breach of
absolute min 85.0 cm

Beenyup Rd
Swamp Well
G61410711

Preferred min
24.0

Absolute min
23.6

Protect wetland
values – vegetation
and terrestrial fauna

habitat.

1996 Preferred min
4

Absolute min
0

Preferred min
0

Absolute min
0

2001 Maximum breach of
preferred min 32.8 cm
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Appendix 4 2001/2002 NEGOTIATED GROUNDWATER SCHEME ABSTRACTION QUOTAS FOR IWSS

All quantities in gigalitres/year (GL/year)

Groundwater
Scheme

Aquifer Licensed
Allocation

Taken in
2000/2001

Requested
for

2001/2002

Agreed for
2001/2002
by WRC

Change
from

2000/2001

Comments on changes from 2000/2001

Gwelup Superficial 4.45 5.65 7.50 7.50 1.85 No environmental impacts expected
Mirrabooka 3.55 3.13 3.55 3.55 0.42 As above
Leederville 6.00 7.69 8.00 8.00 0.31

Mirrabooka Superficial 14.20 10.16 13.50 10.60 0.44 Can be taken without additional breaches
Mirrabooka 1.80 0.34 0.28 0.28 -0.06
Leederville 6.00 8.35 8.20 8.20 -0.15

Jandakot Superficial 7.85 5.06 5.00 4.80 -0.26 Keep below 200/2001 level due to likelihood of
breaches

Leederville 1.96 1.64 3.00 3.00 1.36 Not expected to impact on superficial aquifer
Wanneroo Superficial 11.90 11.28 8.25 8.60 -2.68 Reduced due to criteria breaches in 2000/2001

Leederville 9.75 11.29 12.78 12.78 1.49
Yarragadee 3.50 11.51 10.50 10.50 -1.01

Pinjar Superficial 7.60 4.98 3.10 2.47 -2.51 Reduced due to criteria breaches in 2000/2001
Leederville 7.09 7.13 7.09 5.12 -2.01 Reduced due to connection with superficial aquifer
Yarragadee 5.65 5.64 5.65 5.65 0.01

Lexia Superficial 7.65 2.37 7.75 7.75 5.28 Separate approval process – breaches but
considered OK

Mirrabooka 0.35 0.20 0.25 0.25 0.15
Neerabup Superficial 22.00 11.75 22.00 22.00 10.25 More wells drilled.  No environmental impacts

expected
Leederville 9.00 13.06 12.00 12.00 -1.06
Yarragadee 2.00 1.77 2.00 2.00 0.23

Ind.  Artesian Leederville 1.00 0.08 0.50 0.50 0.42
Yarragadee 17.19 20.55 20.50 20.50 -0.05
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Groundwater
Scheme

Aquifer Licensed
Allocation

Taken in
2000/2001

Requested
for

2001/2002

Agreed for
2001/2002
by WRC

Change
from

2000/2001

Comments on changes from 2000/2001

Yanchep Superficial 1.00 0.96 1.00 1.00 0.04
Ravenswood Leederville 1.00 0.80 1.00 1.00 0.20
TOTAL 152.49 145.39 161.80 158.05 12.66
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Appendix 5 PRIVATE USE ALLOCATIONS

Gnangara Mound abstraction for private use - quotas and allocations 1996
to 2001

1996/1997 1997/1998 1998/1999 1999/2000 2000/2001Groundwater
Areas and
Subareas

2000/01
Private
Quotas Allocation % Allocation % Allocation % Allocation % Allocation %

Carabooda 8,750 8,765 100% 9,023 103% 8,787 100% 9,380 107% 8,788 100%

Nowergup 2,750 2,263 82% 2,271 83% 2,816 102% 2,813 102% 2,797 102%

Neerabup 2,500 2,188 88% 2,255 90% 2,481 99% 2,400 96% 2,462 98%

Pinjar 2,000 1,472 74% 1,474 74% 1,268 63% 1,264 63% 1,053 53%

Jandabup 200 215 108% 234 117% 221 111% 214 107% 196 98%

Mariginiup 5,400 5,403 100% 5,432 101% 5,352 99% 5,163 96% 5,267 98%

Adams 2,100 660 31% 860 41% 914 44% 910 43% 969 46%

Lake Gnangara 10,000 9,954 100% 10,021 100% 9,613 96% 9,659 97% 9,833 98%

Joondalup 2,100 2,052 98% 2,042 97% 1,989 95% 1,923 92% 1,884 90%

Carramar 2,400 1,208 50% 1,236 52% 1,296 54% 1,296 54% 1,299 54%

Wanneroo (Total) 38,200 34,180 89% 34,848 91% 34737 91% 35,022 92% 34,548 90%

Ballajura 2,586 2,154 83% 2,190 85% 2,191 85% 1,896 73% 1,896 73%

Beechboro 1,000 451 45% 451 45% 453 45% 456 46% 454 45%

Plantation 700 603 86% 603 86% 603 86% 603 86% 627 89%

Henley Brook 200 195 98% 205 103% 183 92% 193 97% 197 99%

Improve Plan 8 2,500 77 3% 77 3% 77 3% 77 3% 77 3%

Landsdale 1,600 1,662 104% 1,543 96% 1,551 97% 1,527 95% 1,494 93%

State Forest 65 670 1,009 105% 1,011 105% 1,011 105% 648 67% 667 99%

Whiteman Park 1,300 281 22% 288 22% 296 23% 297 23% 302 23%

Mirrabooka (Total) 10,850 6432 59% 6368 59% 6365 59% 5,697 53% 5,714 54%

Yanchep 9,873 586 6% 586 6% 599 6% 631 6% 632 6%

Yanchep (total) 9,873 586 6% 586 6% 599 6% 631 6% 632 6%
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1996/1997 1997/1998 1998/1999 1999/2000 2000/2001Groundwater
Areas and
Subareas

2000/01
Private
Quotas Allocation % Allocation % Allocation % Allocation % Allocation %

Neaves 3,800 3,212 85% 3,225 85% 3,212 85% 3,194 84% 2,842 74%

Radar 3,400 1,399 41% 1,661 49% 1,693 50% 1,531 45% 1,736 51%

North Swan 3,300 3,067 93% 3,310 100% 3,303 100% 3,109 94% 3,049 92%

South Swan 4,250 4,090 96% 4,308 101% 4,200 99% 4,210 99% 4,199 99%

Swan (Total) 14,750 11,768 80% 12,504 85% 12,408 84% 12,044 82% 11,826 80%

Reserve - 3,055

Wanneroo wellfield - 1,500

Gnangara (total) - 4,555

Gwelup 3,500 3,699 106% 3,705 106% 3,760 107% 5,483 157% 7,043 200%

Eglington 15,450 1,323 8% 1,324 8% 1,345 9% 1,355 9% 1,099 7%

Stirling 8,000 6,900 86% 7,291 91% 6,900 86% 6,984 87% 6,878 86%

Whitfords 14,430 5,706 39% 13,001 90% 10,646 74% 10,935 76% 11,023 76%

Quinns 10,650 1,068 10% 1,203 11% 1,351 13% 1,425 13% 1,738 16%

Perth (Total) 52,030 18,696 36% 26,524 51% 25,002 48% 26,182 50% 27,781 53%

Grand Total 166,103 90,245 54% 100,392 60% 100,018 60% 102,801 62% 100,737 61%

Quotas for the Perth and Gingin Groundwater Areas have been amended, Gwelup is now in the Perth Groundwater Area and
the sub-area quota for State Forest 65 in the Mirrabooka Groundwater Area have been amended.  Quotas have not been
allocated for the Gnangara groundwater area.

ALL VOLUMES IN ML./YR
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Jandakot Mound abstraction for private use quotas and allocations 1996 to
2001
Sub- area 1996/97 1997/98 1998/99 1998/991 1999/2000 1999/2000 2000/01Private

Quota
ML Allocation

ML/yr
Allocation

ML/yr
Allocation

ML/yr
Allocation

ML/yr
Allocation

ML/yr
Allocation

as % of
quota

Allocation
ML/yr

2000/01
Allocation

as % of
quota

Airport 1.400 1.450 1.450 1.224 1.046 1.308 93 1.286 92
Banjup 1.800 1.430 1.460 1.389 0.891 1.211 67 1.216 67
Canning Vale 0.600 0.180 0.190 0.216 0.169 0.220 37 0.221 37
Forrestdale 1.670 1.290 1.290 1.435 0.838 1.284 77 1.064 64
Mandogalup 3.000 2.210 2.220 2.365 2.012 2.396 80 2.144 71
Oakford 1.370 0.330 0.350 0.347 0.380 0.398 29 0.394 29
South Lakes 1.250 0.540 0.570 0.552 0.540 1.123 90 0.983 79
Success 2.250 2.000 2.040 2.198 0.926 2.190 97 1.854 82
Wandi 1.200 0.580 0.600 0.653 0.498 0.652 54 0.622 52
Wright 0.960 0.430 0.440 0.735 0.241 0.624 65 0.624 65
Total 15.50 10.44 10.61 11.114 7.541 11.406 71 10.408 67

1 Production data from Commission survey (equals actual usage- i.e., some licensees are under-utilising their allocation)

Note: Yangebup Sub-area has merged with the South Lakes Sub Area.  The collective name for the combined sub-areas is
South Lakes.  Allocations for the Yangebup Sub Area in previous years are not included in the Table.
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Appendix 6 BIOLOGICAL MONITORING PROGRAMS

Biological monitoring - Jandakot Mound
Monitoring program Monitoring summary & key indicators Study sites Frequency Monitoring

commenced
Consultant

Macroinvertebrates Analysis of macroinvertebrate family richness,
relative abundance, community structure and

wetland water quality data.  Sampling utilises a
rapid bioassessment method.  Dominant habitats

are sampled.
Classification and ordination of

macroinvertebrate data is undertaken.
SWAMPS & AUSWAMPS analysis is also

completed.
A photographic record of each wetland is

recorded.

Lake Yangebup, Kogalup North
Kogalup South, Thomsons Lake, Shirley Balla

Swamp
Harrisdale Swamp, Lake Banganup, Gibbs Road

Swamp
Two control wetlands

Annually;
Spring and
Summer

1996 Murdoch
University
Dr Jenny

Davis & Dr
Megan

McGuire

Wetland vegetation Sampling is undertaken at plots on permanent
transects (approx 10m x 40m) at each site to
determine species richness and community

composition.
An assessment is made of tree status (diameter
at breast height (DBH) and health), recruitment /
regeneration, weediness and number of exotics.

North Lake
Bibra Lake, South Kogolup, North Kogolup,

Thomsons Lake, Twin Bartram Swamp,
Banganup Lake, Beenyup Road Swamp, Shirley

Balla Swamp

Annually -
Spring

1996 Murdoch
University –

Dr Phillip
Ladd

Terrestrial
Vegetation & soil
moisture

Sampling is undertaken at plots on 5 permanent
transects to estimate species richness.

Assessment is made of tree health and number
of stems.  Analysis of indicator plant species

distribution and status (alive or dead) is
undertaken.

Soil moisture is monitored along each transect.

Airport (200m in length), Liddelow (180m),
Modong East (180m), Modong West (220m) and

Thomsons Lake (500m).

Triennially
In Spring.

Next survey
due Spring

2003

1988 Mattiske
Consulting Pty

Ltd
Dr Libby
Mattiske
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Monitoring program Monitoring summary & key indicators Study sites Frequency Monitoring
commenced

Consultant

Waterbirds Monitoring involves undertaking total counts of
waterbird species present (wherever possible) at

each wetland.  Waterbird activity and habitat
utilised is recorded as is observations of

breeding.
Analysis of the relationship between waterbird
abundance, water level and season of survey.

Bibra Lake, Lake Yangebup, Twin Bartram
Swamp, Mather, Shirley Balla Swamp, Gil
Chalwell Reserve, Gibbs Rd Swamp, Lake

Forrestdale, The Spectacles, Thomsons Lake,
Kogalup Lake, Bartram Rd Swamp

Annually-
Autumn,

spring and
summer.

1996 MJ & AR
Bamford

Consulting
Ecologists

Dr Mike
Bamford
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Biological monitoring – Gnangara / East Gnangara
Monitoring program Monitoring summary & key indicators Study sites Frequency Monitoring

commenced
Consultant

Dieback Assess changes in dieback occurrence and
distribution.  Determine risks associated with

monitoring program and formulate hygiene plan.
“Probability survey” method used.  Targets

roads, tracks and areas with high probability of
inoculum vectoring and creeks and wetlands
where there is a high probability of inoculum

survival.
Broad scale assessment used in selected sites
involving traversing transects by foot or using

aerial photography interpretation.
Where required, soil and root material collected

for laboratory analysis.

Survey of Lexia area generally with a focus on
15 sites accessed for the environmental

monitoring program.

Triennial –
Next survey
due Autumn

2003

1996 Fungus Drs

Seepages – East
Lexia

Analysis of macroinvertebrate species richness,
community structure and comprehensive water

quality data.
Fauna is collected from spring discharge points
and along runnels.  Sediment, hard substrates

and water are sampled at 10 sites.

Egerton / Edgecombe seepages Annually
August or

Sept

1997 University of
WA Dr

Brenton Knott
Edith Cowan

University
Dr Pierre
Horwitz

Wetland Vegetation At each site one or more 10m wide belt transects
were established and divided into  plots.

Assessment made of tree status (DBH, crown
health), recruitment / regeneration, weediness,

species richness, number of exotics.
Within each plot all species where identified and

an estimate of cover made using the Domin-
Krajina scale of abundance and cover.

Lake Jandabup, Lake Joondalup (3) , Lake
Mariginiup, Lake Nowergup (2) Yonderup Lake,
Wilgarup Lake, Lake Goollelal, Lexia 86, Lexia

186, Lexia 94, Melaleuca Park ( EPP 173,
Dampland 78) Vegetation Corridor (Wetland

132), Loch McNess

Annually – 1995 Edith Cowan
University

Dr Ray
Froend
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Monitoring program Monitoring summary & key indicators Study sites Frequency Monitoring
commenced

Consultant

Macroinvertebrates Analysis of macroinvertebrate family richness,
relative abundance, community structure and

wetland water quality data.
Sampling utilises a rapid bioassessment method.

Dominant habitats are sampled.
Classification and ordination of

macroinvertebrate data is undertaken.
Correlations are conducted to assess

relationship between family richness and water
level at time of sampling.

Lake Jandabup Lake Joondalup, Mariginiup
Lake, Lake Nowergup, Yonderup Lake, Lake
Wilgarup, Lake Goollelal, Loch McNess, Lake
Gnangara, Coogee Springs, Pipidinny Swamp,
Lexia 86  186 and Melaleuca Park (EPP 173)

Annually-
Spring and
Summer.

1996 Edith Cowan
University
Dr Pierre
Horwitz

Terrestrial Vegetation Sampling is undertaken at plots on 10
permanent transects.  All transect between

200m and 220m in length and located to
maximise coverage from dune crest to a swamp

or depression.
Assessment is made of species richness, tree

health, number of stems and number of
seedlings.  Analysis of indicator plant species

distribution and status (alive or dead).
Soil moisture is monitored along each transect

(now undertaken by WRC)

Tangletoe, Ridges, Yanchep, Gnangara P50,
Lake Jandabup, Neaves, Whiteman Park, Bell,

Maralla, Melaleuca

Triennial - due
Spring 2002

1982 Mattiske
Consulting Pty

Ltd
Dr Libby
Mattiske

Cave monitoring Sampling of invertebrate fauna in cave stream
root mats.  Sampling in four of the caves will

involve the use of previously installed artificial
substrates.

At the fifth cave both methods will be used
(sampling of root mats and artificial substrates)

to establish viability of this new method.
Sampling and analysis of water quality data.

Yanchep National Park - YN99 (Boomerang),
YN31 (Cabaret),Twilight, Carpark and Gilgie

caves

Annually –
Spring

1996 University of
Western

Australia Dr
Brenton Knott
& Dr Andrew

Storey



final appendices.doc -  27/11/2001

Monitoring program Monitoring summary & key indicators Study sites Frequency Monitoring
commenced

Consultant

Frog monitoring Sampling involved chorus mapping, pit trapping,
foraging, dip netting for tadpoles, opportunistic

captures and examination of roadkills.
Assessment of Chytrid fungus infection is also

undertaken.

Lexia 86, Lexia 186, Lexia 94, EPP 173,
Dampland 78 & Lake Yakine

Annually
Autumn and
Winter (main

breeding
seasons) and

Spring

2000 WA Museum
Dr Ken Aplin
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Appendix 7 PEER GROUP REVIEW

The following is the verbatim text of a report provided to the Commission by the Peer Review Group
(PRG) following their review of the draft document released for public discussion and comment.  The
response of the Commission to the points raised is shown in shaded text boxes interspersed throughout
the PRG report below.

WATER AND RIVERS COMMISSION:   SECTION 46 REVIEW, STAGE 1

PROCEDURES

The Peer Review Group (PRG) was established by the Water and Rivers Commission (WRC), on the
advice of the Environmental Protection Authority (EPA), to provide an independent review of
documents prepared by WRC staff and their consultant, to both the EPA and the WRC Board.

The PRG held discussions with the consultant, WRC staff, officers from the Water Corporation (WC),
the Department of Environmental Protection (DEP) and the EPA.  Comments were provided to WRC
and EPA on the Scope and Terms of Reference for the Section 46 Review.  Relevant reports were
requested and provided by WRC.  Field visits to appropriate monitoring sites have been proposed.
PRG members also attended the two public meetings held at Gnangara and Jandakot.

The PRG decided to comment on the report on Stage 1 of the Section 46 Review on matters of
principle under various headings developed by the PRG and provided in advance to both the
consultant and WRC staff.  These were as follows:

•  Are the WRC proposals in accord with best practice?
•  Are the recommendations for changes supported by data?
•  Are monitoring and research soundly based?
•  Are any likely consequences deemed to be irreversible?
•  Is there equity of treatment between public and private users?
•  Is the WRC using innovative methods to address the difficult issue of allocation of scarce

water resources?
•  Is anything of importance missing in the Section 46 Review?

The PRG also provided detailed comments on the draft Stage 1 report to WRC and its consultant on
matters such as clarity, consistency, referencing and errors in the data or the text.  Most of these
comments have been taken into account in the final Stage 1 report.

This brief report contains the PRG's more substantive comments under the headings listed above.  The
WRC and its consultant will have the opportunity to consider these comments, and to document in the
Stage 1 report the extent to which the PRG's comments are accepted or considered to be inappropriate.

The PRG's major concerns are that the Stage 1 report may present an optimistic view for the coming
summer (see "what is missing?") and that there is not a clear fall-back position should the weather be
such that excessive stress is placed on the environment.
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(WRC Response 1.  The document has been amended to better address these issues through
acknowledgement of the possibilities of an extreme summer, a strengthening
of the commitment to monthly review and adjustment of public supply
abstraction and the addition of a commitment to reduce private abstractions if
necessary on a targeted basis within the extent of the Commission powers.
This will be done in consultation with the EPA.)

The PRG is aware that the Government could still impose level 5 and level 6 restrictions on public
supplies this summer.  However it is not clear how much water each of these actions could save,
whether the savings would be of surface water or groundwater and, if groundwater, where the savings
would be made.

(WRC Response 2.  Additional information has been included in the document.  Any savings above
the required 45 GL would primarily be for surface water but with some
resting of groundwater in key areas.  )

BEST PRACTICE

Best practice is deemed to include the skills of the WRC and WC staff, the various consultants
involved, and the techniques and models employed.

The PRG is of the opinion that the staff employed by the government agencies is experienced and
skilled.  The various consultants, whether individuals, private firms or staff from Universities, have
many years of experience and are regarded as experts in the appropriate disciplines.

The Stage 1 report makes little reliance on models and quantitative analysis, however a graphical
technique has been used to make inferences about the relationship between water level changes and
climate, abstraction, pine clearing and bush fires.  The technique is acknowledged as being
preliminary, and may indeed need further development.  The report does not rely on models that could
be described as "best practice", but it is understood that a new regional groundwater model is being
developed for use in Stage 2 of the Section 46 Review.

(WRC Response 3.  WRC acknowledges that the information presented from the CDFM analysis
was preliminary analytical work that still requires verification and areas of
substantial reference to this work have been removed from the report.  This
work will be progressed and reviewed as part of the Stage II work.)

RECOMMENDATIONS SUPPORTED BY DATA

The report addresses the complexity caused by variations in climate, pumping for water supply and
irrigation, and changes in land use, and their impacts on the elevation of the water table.  Long term
data show clearly that the dominant effect is that of climate, with pumping next in importance.

The report's suggestion on the low impact of pines on groundwater levels (Section 4.4.1) appears to
contradict earlier work (e.g.  Butcher, 1979; McGrath 2001 pers comm) which clearly demonstrate a
substantial effect, based primarily on age and leaf density.  Some apparent anomalies in the data, such
as rising groundwater levels at Jandakot are not explained (Section 4.4.1).
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(WRC Response 4.  These concerns both relate to the CDFM analysis discussed above and the
section of the report dealing with this work has been removed.)

The Water Corporation's advice is that, as a result of spring rainfall, groundwater levels in late October
have recovered to or are slightly above last year's water levels.  Pumping in sensitive areas will be
maintained at last year's levels and it is anticipated that any breaches of criteria will be similar to last
year.

The risk to the environment of strategically increasing public abstraction by about eight percent,
primarily through the new Lexia and Neerabup schemes is considered to be acceptable by WRC
(Section 6.2), however breaches of criteria are expected to continue and the areas most at risk are
identified in Section 6.1.

Discussion of the environmental implications of breaches during 2001-2002 (Section 7.1.2) implies
that as the levels of breach are likely to be similar to previous years, the impact of the breaches will
also be comparable.  The cumulative impact of breaches does not appear to be taken into
consideration.  Some of the affected systems have been in breach for four years and their capacity to
tolerate continued water stress is not certain.  Froend et al.  (1999) state that the stability of vegetation
communities decreases with increasing levels of drawdown.  It is likely that this is true for duration as
well as magnitude of drawdown.

(WRC Response 5.  The effect of cumulative impacts of breaches was implicit in the discussion on
environmental implications of breaches in Section 7.1.2, however the report
has been amended to address this issue more fully.

There is no indication of the effectiveness of letter drops and public education campaigns in reducing
water usage and yet this appears to be an important component of the recommended strategy.  An
effective monitoring and feedback loop will be essential.

(WRC Response 6.  Water Corporation reviews the effectiveness of its public education campaigns
regularly.  WRC will incorporate a process of evaluation and feedback into
any of its future education and awareness programs.)

MONITORING AND RESEARCH

The refinement of current groundwater models is apparently underway.  The review and development
of new models should include the use of expertise from outside the government agencies.

The current impacts on biological resources are described in Sections 4.4.3 to 4.5.1 and some gaps in
knowledge have been identified for further work.  However, the visual symptoms of stress response in
plants may be rapid and not early enough to allow sufficient time for appropriate corrective action.
Techniques that allow for an earlier diagnosis of plant stress (e.g.  infrared photography and foliar
sampling for prolene levels) should be evaluated by WRC.  Plants which are under stress are often
more susceptible to other environmental factors, such as insect damage.  These cause/effect
interactions can be quite complex.
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(WRC Response 7.   Intensive plant stress monitoring is not considered practical for this coming
summer.  However these techniques will be considered in Stage II of this
review which will develop better indicators of ecological health than water
level.  WRC will look at a whole range of techniques to develop these
indicators.)

Current knowledge as to the impacts of drawdown (Sections 4.4.3 to 4.5.1) highlights the varied
ecological response, particularly of plant communities.  Anomalies where plants have not yet
negatively responded to reduced water levels and where terrestrialisation appears to have occurred
without serious breach, point to the complexity of the factors involved.  In light of our inability to
accurately predict response, the cautionary principle is advised when reviewing EWRs.

(WRC Response 8.  Agreed, the precautionary principle will be used in reviewing EWPs in
Stage II).

IRREVERSIBLE CONSEQUENCES

There appear to be few or no consequences that would be irreversible if the report's predictions are
correct.  Wetland microfauna can recolonise by redistribution from birds and wind.  Deaths of mature
plants are usually followed by regeneration of the species.  However, while consequences may not be
irreversible, the capacity to return ecosystems to their original state may become increasingly difficult.
While a continuum between wet and dry conditions in a wetland is a historical precedent, the impact
of weed invasion, reduced water allocation and increased fire risk resulting from human impact may
alter the natural resilience of the system.

The WRC has already mapped those areas most at risk (< 8 metres above the water table) and has
recently employed a consultant to map vegetation complexes over the Gnangara mound, to use as a
predictive management tool.  A similar approach should be considered for Jandakot.

(WRC Response 9.  The vegetation on Jandakot Mound has previously been mapped, though not in
the systematic, large scale  way currently being undertaken on the Gnangara Mound.  The Jandakot
area has been mapped over the years using point data, transects and grid data and this year Mattiske
Consulting has undertaken detailed mapping of the Jandakot Airport lease area for Jandakot Holdings.
Gnangara is seen as a priority to map due to its large size and the potential as a future source for public
and private supply.  There are no plans to carry out a similar mapping exercise on the Jandakot
Mound, however, the need will be considered as part of the Stage II work.)

EQUITY BETWEEN PUBLIC AND PRIVATE USE

Licensed private commercial users account for a large percentage of the annual groundwater
abstraction and many are located in areas of environmental sensitivity (Section 6.3).  As an example,
private abstraction at Jandakot from the superficial aquifer is double that of the Water Corporation.
There is no charge for this water, a public resource, not even cost recovery for services supplied by
WRC.  Thus there is no way to influence demand by pricing mechanisms.  Only those using more than
0.5 GL per annum are metered, the others being licensed on the basis of an "average use" based on
area and the type of horticulture or land use practised.  WRC carries out compliance surveys based
presumably on interview.

A greater emphasis on metering water use appears to be warranted.  The use of short term random
sampling checks should be considered by WRC.  Trading rights should be based on actual not notional
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usage.  The PRG recognises that there are obstacles associated with these concepts but believes that
these matters need to be addressed during Stage 2 of the study.

(WRC Response 10.  A report on policy options for water use measurement has recently been
produced by the Water and Rivers Commission.  The report contains a
number of recommendations on metering (who should require metering, how
should it be done, who should be exempt etc.), which will be followed up by
the Commission in the Stage II work.  It is acknowledged that metering has
considerable resource implications for the Commission, and this will need to
be addressed as a priority.  Reference to this report has been included in the
Stage I report)

The recent run of dry winters has put pressure on domestic users of scheme water (through
restrictions), domestic bores (soon to be allowed only from 6 pm to 9 am), politicians, WRC and the
Water Corporation.  However, licensed private commercial users (including golf clubs, Local
Authorities, industry and growers) appear to be minimally affected (Section 6.3).  All these users
should be asked to share the common goal of protecting water supplies and the environment, by
improving efficiencies and voluntary reductions in use over the coming summer.

(WRC Response 11.  Actions for voluntary reduction by these users are being pursued.)

The PRG supports the view that the WRC should not issue further licences for groundwater until
modelling is completed during Stage 2 of the Section 46 Review, even in areas which are apparently
under-allocated.

INNOVATION BY WRC

Resource allocation is easy when a resource is plentiful.  When a resource is under pressure and
increasingly scarce, it becomes increasingly difficult to allocate the resource in a manner that satisfies
all stakeholders.

The PRG sees little evidence at this stage that the WRC has documented the enormous difficulty of the
problem of resource allocation of an increasingly scarce resource.  It is well known that the population
of the Perth region is likely to increase, and that water demands will continue to increase.  Perth is
unique in Australia in its reliance on groundwater.  The WRC, as the manager of the region's
groundwater resources, needs to demonstrate through published works that it is already using state-of-
the-art methodologies and that it continues to strive to advance the state-of-the-art.  In one sense, this
is the challenge facing WRC during Stage 2 of the Section 46 Review.
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(WRC Response 12.  WRC consider that the new legislation on water trading is current best practice
involving extensive and well documented community consultation.  The
Commission’s ‘Western Australia Water Assessment 2000’ completed last
year provided a comprehensive assessment of the current and future
availability and use of the State’s water resources.  The report clearly
recognises the problems in managing allocations at or approaching
sustainable limits.  The Commission has led Australia in developing EWPs
for groundwater dependent ecosystems and published its ‘Environmental
Water Provisions Policy for WA’ earlier this year.  These documents
demonstrate the Commission’s understanding of and commitment to the
difficult task of resource allocation and management of an increasingly scare
resource.

WHAT IS MISSING?

The Stage 1 report does not appear to recognise that a few consecutive days of extremely high
temperature (over 40 degrees) could have a drastic effect on a biological system that is already under
quite a degree of water stress.  This type of weather pattern cannot be forecast.  If this sequence
occurs, damage to vegetation within borefields and also in areas located some distance away from
production bores is likely.

As a result of decades of below average rainfall, water levels in dams are extremely low and soil
moisture deficits in the soils of surface and groundwater catchments are high.  It will take several
years of above average rainfall to reverse these trends.  The drought sequence could continue for quite
some time and the report could have emphasised the likely ongoing stress on the system.

The Stage 1 report could have clearly indicated that the wetland sequences observed during the 1960s
were a product of a much wetter period, that wetlands and vegetation assemblages are dynamic, and
that if community expectations are for a "steady  state" wetland environment, that these expectations
are unrealistic.

(WRC Response 13.  The report has been amended to better address these issues.)

REFERENCES
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Groundwater Interactions on the Gnangara Groundwater Mound, Report to the Water and Rivers
Commission and Land and Water Resources Research and Development Corporation, Centre for
Ecosystem Research, Edith Cowan University, Perth, Western Australia.
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Appendix 8 MEMBERSHIP OF RELEVANT EXTERNAL COMMITTEES

Existing external committees with key input into the Section 46 review of Jandakot and
Gnangara groundwater resources

Committee Name Membership

Jandakot Community
Consultative Committee

WRC, Conservation Council, CALM, City of Cockburn, DEP, Water Corporation,
Yangebup Progress Association, Friends of Lake Forrestdale, Cockburn Wetlands
Education Centre, City of Armadale

Gnangara/East Gnangara
Community Consultative
Committee

WRC, Conservation Council, City of Wanneroo, City of Swan, Friends of Yellagonga
Regional Park, CALM, Lake Gnangara Conservation and Community Group, Water
Corporation, private user representative (x2), DEP, Ministry for Planning (Whiteman
Park), Forest Products Commission, Speleological Society, North Swan Landcare
Group, Ellenbrook ICM group, Swan Valley Nyungah Community, Bennett Brook
Catchment Group

Tripartite Directors’ Committee
(Pines MoU)

WRC, CALM, Forest Products Commission, DEP, Water Corporation

Gnangara Park Research
Advisory Group

CALM, Forest Products Commission, WRC, Water Corporation

Yanchep Caves Recovery Team CALM, Water Corporation, Forest Products Commission, WRC, UWA
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Appendix 9 REPORT ON COMMUNITY CONSULTATION

GNANGARA MOUND CONSULTATIVE COMMITTEE MEETING

6 NOVEMBER 2001

BRIEFING AND FEEDBACK ON DRAFT REPORT

General Issues

Issue/question Response

1.1 Dispute over the technical details and figures in the document,
especially relating to the groundwater use attributed to the
horticulture sector.

WRC has recognised the need to clarify the
study areas, and the report has been amended
accordingly.

1.2 Tension as to whether the breaches are attributable to private
and/or public groundwater abstraction (in addition to the
undisputed climatic factors)

Graphs are now included in the report which
outline the proportions of groundwater used by
different sectors.

1.3 Concern that the Section 46 Review will result in a relaxation
of environmental conditions, rather than looking at the overall
levels of abstraction to address the breach of conditions.

Environmental conditions will not be changed
in Stage I of this review.  In Stage II it is likely
there will be a change in some  conditions –
there may be relaxation in some areas, and
tightening up of conditions in other areas.

1.4 The possibility of accessing other aquifers, such as from the
Gingin Mound to meet demand.

In the long term, the WRC and Water
Corporation (WC) are pursuing a whole range
of options.  However this is not a short term
option for Stage I of this report.

1.5 Include principles of Ecologically Sustainable Development
(ESD) within the report to guide the overall management of the
Gnangara Mound.

ESD principles were fundamental in the
development of existing EWPs, so there is
implied inclusion in the Stage I report.  It is
expected that by Stage II of the review, the
State will have a Sustainability Strategy in
place, which will have implications for the
review.

1.6 Dispute over the contribution of the pine plantation to the water
levels on Gnangara Mound – with some participants feeling
strongly that Water and Rivers Commission have understated
the extent.

WRC notes that the information presented on
the impact of the pines was preliminary
analytical work which still requires verification,
and these areas of the report have been
removed.  This work will be progressed and
included in Stage II.

1.7 Noted that there is a need to involve all other key Government
Departments, and other key stakeholders such as the Irrigation
Association.  Some stakeholders (horticulture) were concerned
that they had not been involved in the process until now.

WRC acknowledges the limited consultation in
this process, however the timeframe has
constrained this.  As no changes to
environmental conditions are being proposed
in Stage I, a large amount of public
consultation is not required.  Stage II will
involve significant public participation.
Representatives from the horticulture industry
were invited to Consultative Committee
meetings earlier this year at which the Section
46 process was discussed, but unfortunately
were not in attendance.

1.8 Noted that not enough detail was provided in the management
initiatives outlined in Table 8.

The report has been changed to address this.

1.9 May need to assume that low rainfall conditions will persist for
the foreseeable future.

WRC acknowledges this is an important issue
which will be dealt with in Stage II.
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Issue/question Response

1.10 Further understanding of the connected nature of the
confined/unconfined aquifers is required.

Water Corporation noted at the meeting that
new modelling of the system is being
developed to address this issue.  WRC is also
involved in developing this new modelling.

1.11 Implications for rare flora on Gnangara mound – considered for
Jandakot but not Gnangara.

In the case of Gnangara, rare flora were found
to exist predominantly in wetland environments
and these were protected by the setting of
water level criteria at the wetlands.  In the case
of East Gnangara, all Threatened Ecological
Communities (TECs) existed outside the
influence of the Lexia wellfield, however,
criteria were set at the closest of these
(Egerton and Edgecombe seepages) to protect
them.  It is assumed that any rare flora existing
in terrestrial systems will be protected by
environmental criteria set in surrounding
monitoring bores.  However, it is possible that
some rare flora within the vicinity of Gnangara
wellfields has not been identified and thus may
be under threat.  A three-year project to map
the vegetation communities over the whole of
the Gnangara Mound has recently been
initiated.  The first lot of field work was
undertaken in spring of this year.  This project
will identify TECs and susceptible vegetation
across this area and will identify locations that
may currently lack adequate protection.

1.12 Investigation of supplementation of critical Yanchep Caves –
consider establishing EWRs/EWPs for the caves.

EWPs for the Yanchep caves will be
considered in Stage II.

1.13 Consideration of biological values other than vegetation in
setting EWRs/EWPs  - impacts on water quality– eg
implications of low water level on midge in Lake Joondalup are
uncertain, acidification, presence/absence of waterfowl etc.

Values other than vegetation have been
considered in the setting of existing EWPs.
These will considered again when review of
EWPs takes place in Stage II.

1.14 Precautionary principle to be applied. WRC believes the precautionary principle has
been applied in the setting of the existing
environmental conditions on Gnangara and
Jandakot groundwater resources.  The
precautionary principle will also be applied in
Stage II.

1.15 Link between population growth and water demand – possible
need to evaluate maximum sustainable population from a
water sustainability perspective.

This is an issue for the State Government, not
the WRC.

1.16 Implications of shift of plants to more dryland tolerant forms. WRC acknowledges this is an important issue
which will be dealt with in Stage II.

Gnangara Plantation Management

Issue/question Response

2.1 The magnitude of the impact and extent of the influence of the
pine plantation over the groundwater levels.

See issue 1.6

2.2 The replacement strategy for the pine plantation, and the need
to incorporate biodiversity and water quality objectives in
determining a replacement strategy.

WRC acknowledges this is an important issue
which will be dealt with in Stage II.

2.3 More detail on the implications on and for the Gnangara Park
Plan in the Section 46 Review.

WRC acknowledges this is an important issue
which will be dealt with in Stage II.  The review
will have implications for Gnangara Park but
will not in itself be a review of the Gnangara
Park Plan.
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Public supply and restrictions

Issue/question Response

3.1 Concern about the impact on linear wetlands west of the
Mound relating to the abstraction in the urban corridor east of
the borefields, e.g.  Lake Joondalup, Yellagonga Regional
Park, National Park systems.

WRC notes that these wellfields are in a highly
transmissive zone, where levels are controlled
more by the ocean, and hydrogeological work
has demonstrated that there won’t be impact
on those wetlands.  The new hydrological
model being produced by Water Corporation
and WRC will be used to check this.

3.2 Pressures of urban development and re-development,
especially with the water-intensive trend in new developments
with water features and large areas of grass.

WRC acknowledges this is an important issue
which will be dealt with in Stage II, particularly
through liaison with planning and development
bodies and additional work on Water Sensitive
Urban Design initiatives.

3.3 Concern over the possibility of new groundwater developments
north of Pinjar (Water Corporation noted that it will be
reassessing its sourcing of groundwater with the results of this
review)

Results of the Stage II review will have
important implications for future water source
options on the Gnangara Mound.  Any new
developments will be subject to environmental
assessment.

3.4 Issues relating to levels of abstraction from confined vs
superficial aquifers, such as: understanding the relation
between the two in order to minimise impacts.  We can’t
abstract more water than goes into system.

See Issue 1.10

3.5 Management of Public Open Space for water efficiency will
require a collaborative agency approach.

WRC acknowledges improving water efficiency
across all sectors is an important issue which
will be dealt with further during Stage II.  WRC
is currently working with Councils to address
responsible irrigation of POS.

3.6 Increase measures and incentives for water efficiency relating
to private abstraction.  Following Water Corporation research
on customer efficiency.

See Issues 4.8 and 4.11

3.7 Address the water-intensive trend in new urban developments
– sending signals to developers, for example, influencing the
type of landscaping occurring in new house and land
packages.

See Issue 3.2

3.8 Investigate water sensitive urban design (WSUD) in residential
areas.

WRC does a lot of work in the WSUD area and
this will continue throughout Stage II of the
review.

3.9 Ensure new industrial developments are designed to protect
groundwater quality.

This is outside the scope of this current study.

3.10 Sustainable yields of abstraction will need to be reassessed. This issue will be addressed in Stage II.
3.11 Investigate options for reusing water. This will be addressed in Stage II in

conjunction with the WC.  WRC also intends
pursuing options through the State Water
Conservation Strategy (or similar).

3.12 Revisit idea of supplying water from outside Swan Coastal
Plain.

See Issue 1.4

3.13 Increase marginal costs of scheme water above level of
average consumption, i.e.  demand management through
pricing.

This is an issue for State Government, Water
Corporation and Office of Water Regulation.
However, through the State Water
Conservation Strategy, WRC will be working
with WC on demand management and
planning.

3.14 Ensure the Gnangara Land Use and Water Management
Strategy is implemented, and other planning policies such as
SPPs are implemented.

Noted.
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Private Users

Issue/question Response

4.1 Private water use needs to be far more closely monitored /
surveyed.

See Responses 10 and 11 in response to Peer
Review Group.
The report has been amended to address this
issue.  The need for better management in the
area of private use is recognised and will be
addressed in detail in Stage II.  Short-term
actions are in train to address ‘hot-spot’ areas
in Stage I (see Section 6.3 in main report)

4.2 Concerns over the figures for groundwater use were identified
– from a grower’s perspective, the number of market gardens
have declined over recent years, and those that remain are
largely efficient users of water.

WRC has sufficient evidence to support its
position on groundwater use.
Also see Issue 1.2

4.3 It was suggested that groups and industries would accept
further restrictions as long as they were applied fairly across all
users of the resource.

WRC acknowledges there must be equity in
the application of reductions in groundwater
allocations if they are required.  The likelihood
of reductions in allocations (both public and
private) will be addressed in Stage II of the
review.

4.4 The irrigation of large areas of Public Open Space and the
efficiency of water use should be addressed across the
metropolitan area, and less water-intensive alternatives
implemented.

See Issue 3.5

4.5 Address the over allocated areas to reduce water use. WRC acknowledges this is an important issue
which will be dealt with in Stage II.  It is
recognised that there has been over-allocation
in some areas, which has primarily been due
to domestic use and Ministerial direction on the
granting of water licenses.

4.6 Encourage horticulture production to be more water efficient. As part of its communication and education
strategy, WRC will be encouraging water
efficiency across all sectors and will be
working with industry and individuals directly to
achieve this.

4.7 Education and broader awareness with domestic users of the
new reality – that water restrictions may now be the norm.

WRC and Water Corporation are working to
educate the community on the wise use of
water and will continue to do so.  In the long
term, WRC need to maintain flexibility in
recognition of the variability of water
availability.

4.8 Further restrictions for unlicensed domestic users investigated
(on a long term basis).

The report now explicitly states that domestic
use is not the major use in the area associated
with breaches of criteria.
WRC believes that domestic bores in most
areas are not causing an environmental
impact, due to the excess groundwater
recharge induced by urbanisation.  However,
the impact of unlicensed domestic use of water
and the need for restrictions will be looked at
further in Stage II.

4.9 Increase the price of water (acknowledging that it is likely to be
politically unpopular).

This is a matter for the State Government, not
the WRC.

4.10 Provide incentives for WaterWise gardens. WRC can encourage, but cannot provide
monetary incentives.

4.11 Address the issue of unlicensed private domestic bores – an
area which is not included in the report, but an issue we cannot
ignore for much longer.

See Issue 4.8
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Issue/question Response

4.12 Investigate options for re-using grey water. See Issue 3.11

Wetland Supplementation and Management

Issue/question Response

5.1 By supplementing wetlands are we just prolonging the
inevitable?

Not necessarily.  Wetland supplementation
carried out by WRC and Water Corporation
aims to meet water level criteria and thereby
protect environmental values of the wetland
where it is seen that groundwater abstraction
may be lowering wetland water levels.
Wetland supplementation has positive and
negative impacts and may not be feasible at
every wetland.  Supplementation is generally a
last resort.  Stage II of this review will involve
identifying and reviewing wetland values and
the benefits and disbenefits of artificial
maintenance.

5.2 Determining significance of these changes and/or losses of
wetland areas? Environmental, economic and social (needs to
be determined on a case by case basis)

See Issue 5.1 Wetland supplementation is
currently determined on a case by case basis.

5.3 We need to determine what are we trying to conserve or
maintain in the wetland – is maintenance of the water level
necessary?

See Issue 5.1

5.4 In our approach to managing wetlands, we need to be moving
away from snapshot approach.

Acknowledged, however, due to the difficulty in
predicting future climate or what natural
changes climate may induce in wetland
ecology (as opposed to man-induced
changes), this is very difficult.  Stage II will
attempt to deal with the long term variability of
climate and therefore of wetland systems, and
if possible an alternative approach to the
‘snapshot approach’ will be developed.

5.5 Raise public awareness of the connection between using
groundwater and the wetlands on the Gnangara Mound

WRC recognise the need to raise public
awareness of the need for wise use of
groundwater and its close association with
wetlands.

5.6 Artificial maintenance of wetlands – depends on how much
problem is due to human impacts or natural cycles (particularly
in our fragmented landscape)

Artificial maintenance of wetlands is a last
resort and would not normally be considered in
areas not affected by human impacts.

5.7 Lake Nowergup - The information on artificial maintenance
does not mention the high evaporation losses from the wetland
and the impact this has on efforts to artificially maintain water
levels.

This is not relevant to the report, but WRC will
provide this information to the individual
requesting it.

5.8 Concern about the long term direction toward reducing
allocations (ie capacity sharing) in some areas.  The view was
expressed that if private allocations are reduced compensation
must be paid.

The Rights in Water and Irrigation Act clearly
sets out where compensation is or isn’t
payable when allocations are reduced.  (See
also Issues 1.2, 4.3 and 4.11 above)

5.9 Concern about moves to try and force the private landowner at
Coogee Springs to fence off the wetland as this would
significantly limit the owner’s use of the land.  The view was
expressed that if the wetland has significant conservation
values that the State Govt should move toward purchasing the
property.

WRC will be addressing this issue in Stage II
of the review.
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Issue/question Response

5.10 In relation to metering, concerns regarding the compliance
costs with this type of approach.  Would the landowner be
responsible for purchasing the meter, ensuring it is calibrated
and providing regular readings to the WRC? If the WRC
organises meter reading would this cost be passed on to the
landowner?

WRC is currently considering a report that has
been prepared on policy options for
measurement of water use in Western
Australia.  The recommendations will be
followed up and issues such as who would
require meters, responsibilities for reporting
etc.  will all be looked at as part of Stage II of
the s46 review.

Participants at the Gnangara Mound Consultative Committee meeting

Name Organisation

Nevin Wittber Forest Products Commission
Cr Frank Cvitan City of Wanneroo
Mick Nanovich Vegetable Producer
Clayton Sanders CALM
Joe Miotti Water Corporation
Glenn Bathols Lake Gnangara Conservation Group
Ryan Denham City of Swan
Warren McGrath Welker Environmental Consultancy
Harry Ventriss Welker Environmental Consultancy
Richard James Community Wetlands Education Club
Paul Watt City of Wanneroo
Ivo Ivankovic Strawberry Association, Grower
James Duggie Conservation Council of WA
Joanne Smith City of Wanneroo
Peter Jacoby Friends of Yellagonga Regional Park
Phil Thompson City of Wanneroo
Lloyd Townley Townley & Associates Pty Ltd
Lex Bastian WA Speleological Group
Graeme Hughes Water Corporation
Michael Martin Water Corporation
Nigel McCombe Manager, Whiteman Park
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JANDAKOT MOUND CONSULTATIVE COMMITTEE
MEETING

8 NOVEMBER 2001

BRIEFING AND FEEDBACK ON DRAFT REPORT

General Issues

Issue/question Response

1.1 Concerns about lack of representation from private users at
meeting

WRC noted that private users were invited but
did not attend.

1.2 Determination of the point at which Stage 6 restrictions (total
sprinkler ban) would be imposed.  Water Corporation had
previously publicly announced that dam levels had to reach
190 GL to avoid a total sprinkler ban, however we only
reached 183 GL and no total sprinkler ban has been imposed
as yet.

Water Corporation noted at the meeting that
there was more groundwater available than
they had thought (as end of winter levels were
higher than expected), making up the shortfall.

1.3 A final decision will be made in early December as to whether
Stage 6 restrictions are implemented.  It was noted that with
the possibility of vegetation deaths in Autumn (similar to 1993)
it was hoped that the decision on restrictions is not made too
late.

Groundwater levels are monitored closely over
the summer period.  Groundwater allocations
for public supply over the coming summer
have been negotiated and agreed upon by
WRC and the Water Corporation.  Public
supply wells in areas close to expected
breaches have already been shut down,
however, if further breaches of criteria become
likely, public abstraction could be further
reduced.  If it becomes apparent during the
course of the next two years that some private
user(s) is having an unexpected impact on
criteria with consequential significant
environmental damage, the Commission will
act within its powers to manage that
abstraction to acceptable levels.  This will need
to be dealt with on a case-by-case basis and
action will be undertaken in consultation with
the EPA.

1.4 Need for much more clarity about the proportions of
groundwater abstracted by different categories of users, and
the licensing and metering restrictions on each of these.  For
example: domestic users, private users on special rural zoned
properties and other smallholdings, horticulture growers.

Graphs are now included in the report which
outline the proportions of groundwater used by
different sectors.
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Issue/question Response

1.5 Must ensure that any restrictions apply broadly to all users, not
just targeting the private users such as growers, who are
always the first to be targeted.

Any restrictions that are placed on private
users will be done equitably.  The Commission
will act within its powers to manage any
abstraction by private user(s) that is found to
be causing an unacceptable environmental
impact.

1.6 Issue of Local Government meeting restrictions.  From a Local
Government perspective, there are a number of technical &
social restrictions.  Technical relating to irrigation systems in
large reserves, and sequential systems, and the public’s
expectations about the use of parks and watering not
interfering with that.

WRC are working towards a whole of
government approach to efficient irrigation
(with Local Government and Education
Department in particular).  The difficulties in
watering large ovals and reserves is
acknowledged, however, government and
education facilities should be leading by
example in their irrigation practices and WRC
is working with these bodies to ensure water-
efficient irrigation systems are put in place as
quickly as possible where they don’t already
exist.

1.8 Concerns that the focus of this report and review is on not
breaching criteria – rather than managing a resource
(specifically targeted to EPA) and is water quantity rather than
focussed on water quality/catchment management.

Water level criteria are put in place to protect
the critical environmental values of an area
from damage due to groundwater abstraction.
In this respect the review is about managing
the resource, as water level criteria and
allocation limits constrain groundwater
pumping and land use activities.  This Section
46 review does not cover water quality issues
in great detail as other plans such as the
Gnangara and Jandakot Land Use and Water
Management Strategies (GLUWMS and
JLUWMS) address these issues specifically,
however where relevant, catchment
management issues will be addressed in the
Stage II review.

1.9 Concern about habitat changes in Ramsar wetlands, for
example the Typha taking over at Thomsons Lake.  There was
acknowledgment that Thompson’s Lake has changed
significantly, and the Typha did die back in 1992 when the
water level was highest.  Flooding is required to kill back the
weeds, but to artificially fill the lake it would take an enormous
amount of water.  If changes are due to climatic conditions,
then is it something we have to ‘deal with’ from now on?
Basically three engineering solutions, flood it, excavate it or
mechanically remove the Typha.  Possibly a solution such as
Herdsman Lake - dredging a moat to create a wildlife refuge.

The spread of Typha is difficult to control,
particularly in the face of declining water
levels.  Where artificial maintenance is not
possible/practical, mechanical removal of the
Typha may be the only other option if removal
of it is deemed necessary to preserve the
values of the wetland.

1.10 Data suggests that dry spell effects on vegetation aren’t
drastic, but there is concern about the cumulative impacts on a
system under stress – can we predict the effects in the future?

Predicting effects on vegetation is difficult as
climate cannot be accurately predicted.  Stage
II of the review will consider climate variability
and how EWPs should be managed to cope
with this, particularly during dry spells.

1.11 Is the issue of severe insect infestations throughout the South
West related to stress/because of stress on vegetation?

CALM are investigating this issue, particularly
in relation to Tuarts.

1.12 Should be able to predict where vegetation stress might be
greatest – with maps of groundwater levels, along with
vegetation maps of the Mound.  Tied in with the need for long
term monitoring of vegetation needs to be undertaken to
understand the impacts of abstraction.

Criteria wells have been placed in areas seen
to be the most sensitive and susceptible to
impacts from groundwater drawdown.  Water
levels in criteria wells aim to give an indication
of when vegetation could be becoming
stressed due to lowered groundwater levels.
Long-term vegetation monitoring has occurred
and is continuing on both Gnangara and
Jandakot Mounds.
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Issue/question Response

1.13 If the drought continues (e.g.  for 10 years) how long can we
exploit bore fields before we have to sacrifice wetlands?

See Issue 1.14

1.14 The issue of managing wetlands – we can’t have them ‘back
the way they were’ – we’re managing them in a different and
more complex system

Stage II will recognise the long term variability
of climate and therefore of wetland system,
and a recognition that of the dynamic nature of
the systems.

1.15 Change in vegetation in itself is not critical (it seems to be a
natural process) but irreversible effects are a concern, e.g.
weeds and fire.

Stage II of this review will involve identifying
and reviewing the values of wetlands.
Consideration of what is ‘acceptable change’ in
values will be grappled with.

1.16 Issue of drainage possibility still operating in some wetlands,
such as Thomsons Lake, where water levels are extremely
low.

Water Corporation’s drainage system is
operating within environmental guidelines set
by the South Jandakot Drainage Scheme
Environmental Management Programme,
therefore no water should be draining from
Thomsons Lake at present.

1.17 Does the Jandakot Land Use Management Plan require
reviewing?

The plan is relatively recent (1997), and is
currently being implemented.  It is unlikely to
require review.

1.18 There are issues related to planning and the allocation of water
licences that need to be addressed.  While the criteria levels
are based on environmental and ecological characteristics and
the setting of such criteria should be independent of
abstraction, the management of the resource must consider
the environmental factors, current abstraction rates and indeed
the potential future abstraction pressures.  These factors and
pressures directly relate to the future abstraction and
sustainable management of water from the Jandakot Mound.
These issues cannot be dealt with in isolation if an appropriate
management plan is to be set.  Management must be of the
resource rather than looking at the environmental criteria
alone.
Of particular concern is the availability of water to new
developments in the areas east of the Kwinana Freeway and
south of Armadale Road.  Further investigations into the
impacts on criteria levels within these areas and predictions of
development requirements to determine resource availability
needs to be undertaken immediately.
There have been a number of developments that are well into
the planning and consultation stages occurring in this area (i.e.
South Atwell).  For these developments to be feasible certain
facilities such as active open space areas, sporting facilities
and school grounds need to be provided to service these
estates.  Traditionally such areas have used groundwater for
maintenance.  Recently such developments in this areas have
been advised that groundwater may not be available for such
facilities due to their location and proximity to criteria bores.
It is current practise for water licences to be administered on a
first in first served basis.  However if there is a limit to the
availability of water which can be allocated in this area then
forward planning and the requirements for maintaining such
public facilities as school grounds and sporting fields should be
kept in mind when administering water licences and
abstraction rates to this area.  Some form of priority allocation
may need to be devised for allocating water resources in this
area.

WRC acknowledges the importance of these
issues.  However, most of these are water
allocation and planning issues and as such are
beyond the scope of the Section 46 review.
WRC are working to ensure better integration
of planning and allocation, which becomes
more and more important when an area
becomes close to full allocation.  However,
allocation limits cannot be exceeded and
unfortunately some development applications
must be rejected when no more water is
available.  It is critical that WRC is contacted
early in the planning stages of a development
to ensure water allocation issues are resolved
first off.  WRC are working with Department of
Planning and Infrastructure and the Urban
Development Institute of Australia to develop
and promote Water Sensitive Urban Design.
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Issue/question Response

1.19 There may also be a need to review the standard allocation for
Rural Residential lots over the Mound.  While the total volume
of water used by these rural residential lots may be small in the
bigger scheme it is plausible to predict that there will be further
subdivision occur across the mound with the potential for some
200 more rural residential lots to be established that would all
require the standard water allocation.  These issues should be
considered when determining appropriate management
strategies for the groundwater resource.

See Issue 1.18

Public Supply and restrictions

Issue/question Response

2.1 A complete review of the system of water allocation and
extraction, which dates from 70s  is required.

WC is committed to reviewing their overall
approach to managing the Integrated Water

Supply System (already contained in the
report).

2.2 The prospect of further extraction from Leederville Aquifer was
raised as a possibility, in case the shallow aquifer cannot be

exploited any further?

Confined aquifers are already heavily utilised
by the Water Corporation.  WC noted at the
meeting that new modelling on the linkages
between shallow and confined aquifers is

currently being developed.  This will determine
if there are further possibilities to exploit the

confined aquifers as a source of public supply.
2.3 Other options for sourcing water, such as desalination were

also raised.
In the long term, the WRC and WC are

pursuing a whole range of options.
Desalination is one of these.  However future
water source options are beyond the scope of

Stage I of this report.
2.4 Investigate reuse of grey water. WC are currently examining options for reusing

effluent in industry.  Water re-use options will
be considered further as part of the State

Water Conservation Strategy.
2.5 Sub-soil drainage – can it recharge aquifers? WC is examining options for aquifer recharge,

primarily into the confined aquifer.
2.6 Report does not make a clear link between the data outlining

the levels of rainfall required to not breach in 2002/2003 and
the management strategies.  Approval for this model, but

noting the difference in summer and winter rainfall.

The report has been amended to clarify this.

2.7 Short term management of public water supply – monitoring for
vegetation stress around bores across the Mound to prevent

vegetation loss in regional parks.

Groundwater levels are monitored closely over
the summer period.  Groundwater allocations

for public supply over the coming summer
have been negotiated and agreed upon by
WRC and the Water Corporation.  Public
supply wells in areas close to expected
breaches have already been shut down,

however, if further breaches of criteria become
likely, public abstraction could be further

reduced.  If it becomes apparent during the
course of the next two years that some private

user(s) is having an unexpected impact on
criteria with consequential significant

environmental damage, the Commission will
act within its powers to manage that

abstraction to acceptable levels.  This will need
to be dealt with on a case-by-case basis and
action will be undertaken in consultation with

the EPA.  Vegetation condition throughout the
summer will be monitored visually during the
regular groundwater level monitoring runs.
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Issue/question Response

2.8 Issue of pollution/water quality in Jandakot Mound area –
discussions with DEP and particular businesses (example of

plume under Jandakot airport)

This issue is outside the scope of this current
study.

Private Users

Issue/question Response

3.1 Obvious problems with being unable to control/influence many
private users – e.g.  bores on special rural lots are licensed,
domestic are not.  Possibility of requiring special rural
landholders to have rainwater tanks.

WRC consider rainwater tanks (in place of
private bore use) to be of marginal benefit.

3.2 Applying restrictions on private license holders (legislation
does allow reduction but it is a little late this year – but have to
send out signals that things will be changing)

See Issue 3.4.

3.3 Target high water users (e.g.  large areas of lawn) This is a difficult issue to tackle in the short-
term, though efforts are being made to educate
the community on the prudent use of water.

3.4 Equity issues – scheme users are asked to cut back at the
same time as private users have no restrictions (but should
subject to restrictions in line with the climatic conditions)

Agreed, there is a significant equity issue in
the application of restrictions, though
legislation is being introduced to limit the use
of private domestic bores to  night-time use
only.  Stage II will deal further with restrictions
on other private users.

3.5 In the long term we need to be challenging the level of
allocation.  At the moment it is voluntary reduction, relying on
goodwill knowing it can’t currently be enforced.

Agreed, sustainable limits will be reviewed in
Stage II of the review.

3.6 Strengthen Management Strategy No.  6 in the report. WRC believes that domestic bores in most
areas are not causing an environmental
impact, due to the excess groundwater
recharge induced by urbanisation i.e.  there is
generally an excess of water under urban
areas, usually addressed by installing
drainage.  However, the impact of unlicensed
domestic use of water and the need for
restrictions will be looked at further in Stage II.

3.7 Domestic users vs private users (e.g.  horticulture & other
industry, Local Government, Schools etc – acknowledging
there is a difference for people who make their livelihoods
through using water)

Agreed, there is a significant equity issue in
the application of restrictions, which will be
dealt with more fully in Stage II of the review.

3.8 Monitoring/enforcement/compliance of these restrictions is a
big issue.

Acknowledged.  There will be increased
compliance surveys in critical areas.

3.9 More information required on the proportion of uses within
private/commercial/domestic  (should be differential treatment
based on use of water)

Graphs are now included in the report which
outline the proportions of groundwater used by
different sectors.

3.10 Table 8 in the document is fairly weak on
enforcement/compliance.

Acknowledged.  Table has been modified to
address this where possible.

3.11 Consider some charge for use of large amounts of
groundwater.

This is a policy issue for State Government.
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Community Involvement, Education and Awareness

The following suggestions were made in relation to community education and awareness

Fundamental messages that need to be delivered:

•  The likely long term nature of this problem - the likelihood of these climatic changes being normal
now, that as a society we need to get used to it – requiring cultural change (it’s a complex
message, but the issue won’t go away)

•  The underlying attitude of water (groundwater in particular) as an unlimited, free resource needs
to be changed (sending messages about using private bores efficiently).

•  Linking actions of a household to impacts on the groundwater.
•  Showing connections between groundwater & environmental wetlands

Other issues:

•  Currently all the measures in Community, education & awareness are all short term measures,
which are necessary, but need to invest in a long term educational strategy included in the formal
education system (e.g.  Water Corporation has an Education Officer working with schools).

•  The need to monitor the effectiveness of education – is it working?
•  How to get across a complex message without a superficial treatment

Short term educational measures suggested:

•  Dramatically increasing the number of signs in public water supply areas (for example
“groundwater is drinking water” etc)

•  Increasing people’s awareness that they are living on top of a significant groundwater mound
•  Use local media more effectively to get the message out, and make the on-ground local

connections (relating to the two previous points)
•  Current Water Corp TV adverts could focus on groundwater as well as surface water and dams

School based programs:

•  Look at the opportunity of an Airwatch style program, with reporting during a TV show, which
focuses on groundwater levels and wetlands.  There could be potential linkages with the Ribbons
of Blue program.

•  Have school tours of groundwater monitoring plant on a regular basis, e.g.  thousands of children
are coming through Wetlands Education Centre.

•  Water efficiency on a website, aimed at school children is extremely important
•  Supplying projects to schools, e.g.  Ribbons of Blue, focus on macro-invertebrates
•  Look at Western Power examples of education programs – Water Corporation are putting together

a package for schools

Targeting specific water users:

•  Need to engage Local Government
•  Engaging private users is critical – in Jandakot they are primarily special rural/smallholdings, not

part of representative associations like growers in Gnangara.
•  Educate private users very important on Jandakot Mound, targeting relevant users is the challenge

•  Education package specifically for private users
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•  Workshops for private users
•  Passing tests for bore licenses (similar to driving licenses!)

Education on gardening practices:

•  Changing attitudes to gardens (low maintenance/low water usage) will be critical
•  Educate building/development industry, e.g.  Mindarie Keys WaterWise gardening example
•  Need visual examples of great native gardens

Participants at the Jandakot Mound Consultative Committee meeting

Name Organisation

David James Friends of Forrestdale
Kirsty Stratford City of Cockburn
Amanda Tilbury City of Cockburn
Philip Jennings Wetlands Conservation Society
Joe Miotti Water Corporation
Frank Batini Consultant
Denise Crosbie Cockburn Wetlands Education Centre
Michael Martin Water Corporation
Graeme Hughes Water Corporation
Stefan de Haan CALM
Rosalind Murray Town of Kwinana
Ron van Delft City of Armadale
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