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www.environment.wa.gov.au. The report is available in a CD-Rom version (PDF file format)  
or hard copy from the Department of Environment. 
 
Level 2, 3 Plain Street 
East Perth  WA  6004 
Phone: (08) 9278 0300 
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FOREWORD 
 

In 1986, the Environmental Review and Management Program for the Gnangara Mound was 
published by the former Water Authority of Western Australia. It  was the first  major attempt in 
Australia to consider cumulative impacts on the environment of groundwater abstraction within 
a large area. 

As a result  of this report, the Environmental Protection Authority (EPA) set individual water 
level criteria as Ministerial conditions on the Water Authority in 1988. The criteria were set on 
the basis of environmental knowledge at the time and were considered by the Water Authority 
to provide a reasonable level of maintenance of environmental values of key elements of the 
environment. The criteria took into account planned groundwater abstraction limits for the 
region, future land use expectations and rainfall variations. Some of the minimum water levels 
recommended by the EPA were significantly higher than had been experienced under ‘natural’ 
conditions 

In 1995, the Water Authority reviewed the Ministerial conditions. The importance of climate as 
a factor affecting groundwater levels was highlighted and the uncertainty of predicting future 
groundwater levels. The report also acknowledged that non-compliances with wetland water 
levels were likely under the climate regime actually experienced, particularly if the anticipated 
pine thinning and urbanisation of the area did not occur within the expected timings.   

The Water Authority acknowledged that the proposed criteria were a compromise between 
ecological water requirements and the full wellfield quota and that non-compliances with 
criteria would occur in up to 30 per cent of years. Measures were put in place to minimise non-
compliances such as reduced abstraction in dry years and artificial maintenance of wetlands.  

In recent years, wetland and groundwater levels on the Gnangara and Jandakot Mounds have 
been under considerable pressure due to a combination of an extended and ongoing dry climate 
sequence since the mid 1970s which has been exacerbated by an exceptionally dry period over 
the last 5-6 years; pine plantations reaching maturity (and lack of thinning) substantially 
limiting the net recharge to groundwater; and public and private abstraction reaching previously 
set management limits. 

Overall impacts on water dependent environmental systems from falling groundwater levels 
have not been significant in most areas and have not been excessive in terms of the overall 
environmental values of these systems. However, close monitoring and management is 
necessary to ensure that significant permanent loss of values does not occur. 

The Department of Environment manages groundwater resources primarily by setting allocation 
limits to control water abstraction. A precautionary approach is taken when setting allocation 
limits, to ensure that the water resources are used sustainability over the long term.  This process 
involves balancing environmental and resource management requirements with Perth’s social 
and economic needs to ensure that water quality and important ecosystems are protected.  

Under the current management framework of Ministerial conditions, the Department is 
responsible for managing groundwater levels to protect environmental values. Work undertaken 
for this report highlights the loss of environmental values of groundwater dependent ecosystems 
that has occurred through a variety of factors. Management of land uses (such as the clearing of 
native vegetation and pine management) is of similar or greater importance to management of 
water use in influencing groundwater levels. Overshadowing all of these factors is the influence 
of a drying climate.  



 

Controlling water use alone is not enough. To manage a range of other factors, the Department 
is developing an integrated strategy with other government agencies to better manage the impact 
of pine plantations, native vegetation and planning decisions on groundwater levels. Increased 
research on climate impacts is also being undertaken. Through this work, the Department aims 
to foster whole of Government action for the more effective management of the Gnangara and 
Jandakot Mounds. 

 

Derek Carew-Hopkins 
A/Director General, Department of Environment 
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Executive Summary 

This interim review of the environmental conditions applying to Jandakot Groundwater Scheme 
Stage 2, the Gnangara Mound, and East Gnangara has proposed changes to a number of 
conditions and commitments, and to management criteria that apply to a number of 
environmental features and values within the subject areas.  The review has not addressed the 
issue of groundwater allocations and allocation limits as the information required to support an 
analysis of the relevant issues is still under development.  This will be addressed in the next 
stage of the Section 46 review. 

There are several aspects to the amendments proposed through this review: 
• amendments to specific environmental water level criteria, including removal of some of 

the sites to which criteria apply; 
• removal of conditions and commitments that do not apply to the Department of 

Environment (formally Water and Rivers Commission), or where there are inconsistencies 
between conditions and commitments; 

• modifications to several conditions and commitments to improve the consistency of 
approach between the Gnangara and Jandakot Mounds; and 

• consolidation of the Gnangara and East Gnangara conditions and commitments 

The proposed amended conditions, commitments and environmental criteria are presented in 
Appendices I and J of this report. 

Amendments to environmental water level criteria 

The current conditions and commitments carry a requirement for the Commission to achieve 
specific groundwater and wetland water level criteria as outcomes of management of the 
groundwater resources of the Gnangara and Jandakot Mounds.  These criteria (environmental 
water provisions) were intended to reflect the water regimes considered necessary to maintain 
groundwater dependent ecosystems within the subject areas at an acceptable level of risk.  
Several of these criteria have been reviewed and have been proposed for amendment, including 
suspension and removal. 

The main amendments to criteria are various combinations of: 
• criteria values amended though application of updated information; and 
• removal of site because of loss of associated environmental values, low groundwater 

dependence of existing/remaining terrestrial vegetation or low representativeness of 
terrestrial vegetation; and  

• temporary suspension of criteria pending investigations. 

  These are set out in summarised form in the table below. 
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Summarised amendments to environmental criteria sites 
Criteria site Proposed Amendment 

Jandakot 
Forrestdale Lake Absolute minimum criteria apply ing to Forrestdale Lake be modif ied to 

incorporate groundwater-wetland relationship. 

North Lake Criteria for North Lake be modif ied to include recognition of wetland-
groundwater lev el relationship as currently established (and as revised 
from time to time as more data becomes available).  Some level of non-
compliance with criteria should be expected because of div ersion of poor 
quality  drainage water away f rom wetland as an EPA requirement. 

Shirley Balla Swamp Change to criteria as signif icance as a bird habitat is limited.  Criteria 
proposed f or protection of f ringing v egetation and avoidance of potential 
acidif ication. 

Monitoring well J310 Remov e as site not representativ e of terrestrial v egetation and no rare 
f lora are documented as being present. 

Monitoring well JE1B Remov al as criteria site because of current and planned substantial loss 
of v alues and associated vegetation has low groundwater dependence. 

Monitoring well JE12C Remov al as criteria site because associated v egetation has low 
groundwater dependence. 

Monitoring well JE17C Criteria modif ied to prov ide f or low lev el of risk to terrestrial phreatophytic 
v egetation, based on updated inf ormation. 

Monitoring well JE18C Remov al as criteria site because of substantial loss of values. 

Monitoring well JE19C Remov e as site not representativ e of terrestrial v egetation and no rare 
f lora are documented as being present. 

Monitoring well JE20C Remov al as criteria site because of substantial loss of values and 
associated vegetation has low groundwater dependence. 

Monitoring well JE23C Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM5 Remov e as criteria location as native vegetation has been significantly 
cleared, area has been urbanised, and values lost. 

Monitoring well JM7 Criteria modif ied to prov ide f or low lev el of risk to terrestrial phreatophytic 
v egetation, based on updated inf ormation. 

Monitoring well JM8 Criteria modif ied to prov ide f or low lev el of risk to terrestrial phreatophytic 
v egetation, based on updated inf ormation. 

Monitoring well JM15 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM18 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM19 Temporary suspension (to end of 2005) to assess prognosis f or site and 
associated land uses. 

Monitoring well JM24 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM27 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM29 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM31 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM33 Remov e as criteria site as native vegetation has been significantly 
cleared and planned f uture clearing will result in loss of v alues. 

Monitoring well JM45 Criteria modif ied to prov ide f or low lev el of risk to terrestrial phreatophytic 
v egetation, based on updated inf ormation. 
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Criteria site Proposed Amendment 

Gnangara 
Coogee Springs Remov al as criteria site due to loss of v alues and scientific rev iew of 

management options. 

Lake Nowergup Propose modification to criteria to meet modif ied management objectiv es 
including av oidance of acidif ication. 

Monitoring well JB5 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well PM6  Remov al as criteria site because associated v egetation is not 
groundwater dependent. 

Monitoring well PM7 Remov al as criteria site because associated v egetation is not 
groundwater dependent. 

While these changes result  in a lower number of criteria monitoring sites, they do not affect the 
overall structure and approach to groundwater management by the Commission.  The reduction 
in sites effectively requiring protection has largely been a consequence of land use and land 
management changes effectively removing the values that formed the original objectives for 
groundwater management.  The proposed changes do not affect the level of protection available 
to the sites that remain. 

Need for integrated management and planning 

A key issue that becomes apparent in considering the proposed amendments to criteria sites is 
the influence of land use changes on the environmental values that provided management 
objectives for these sites.  Through those land use changes (mainly clearing for urban and semi-
rural development), the environmental values of a number of sites have been lost.  In several of 
these locations, particularly where water level criteria were not being met, further allocation of 
groundwater was being restricted in efforts to minimise the extent of non-compliances.  This 
had social and economic consequences for those affected landholders, but it  was considered 
reasonable within the aim of providing an appropriate level of environmental protection through 
management of groundwater abstractions. 

Compromising of the stated management objectives at these sites through decisions by other 
arms of Government indicates the need for significant improvement in the integration of natural 
resource planning and management across Government (including local government). An 
important aspect is defining the role of the EPA in seeking the appropriate management of the 
pine plantations on the Gnangara Mound through revision of the Gnangara Mound Crown Land 
Environmental Protection Policy to achieve the stated water management objectives. 

Climate variability and climate change 

The EPA has acknowledged the difficulty that climate variability poses for compliance with 
criteria (EPA 2004).  There are two aspects to such variability: 
• the normally accepted stochastic inter-annual variability of climate; and 
• long-term climate change in which the characteristics of climate and its inter-annual 

variability are changing. 

Shortcomings in the current criteria, in terms of their inability to accommodate the stochastic 
inter-annual variability of climate, have been addressed with a proposed revised (interim) 
approach.  Revised water allocation and environmental water regimes within the context of 
longer-term climate change have not been considered in this review and will be a major issue in 
the next stage of the review. 



Section 46 Review of the Gnangara and Jandakot Mounds  Stage 1 Proposal to Change Conditions 

    iv

Further work 

As outlined in Section 1, the Commission will progress Stage 2 of this Section 46 review with a 
view to submission to the EPA by March 2005.  This will be based on the state of knowledge 
and information available to the Commission at the time and is expected to contain further 
proposals for revised environmental water provision criteria. 

The Stage 2 review will be followed by the preparation of a comprehensive groundwater 
management plan for the broader region of the metropolitan area.  This plan will further 
consider allocation limits, policies and approaches to amendment of groundwater abstraction 
licences as required.  This plan may be prepared as a statutory plan under the Rights in Water 
and Irrigation Act 1914. 

The Commission has previously expressed concerns with the current form of environmental 
conditions attached to approvals for management of the groundwater resources of the Gnangara 
and Jandakot Mounds.  These concerns centre on the limited ability of the Commission to 
control all of the factors that influence groundwater condition, (and the consequent condition of 
groundwater dependent ecosystems).  This becomes problematic through the potential liability 
of the Commission being non-complaint with conditions that require groundwater and wetland 
water levels to be maintained above specific criteria levels and other outcomes to be ensured. 

The Commission believes that a simple modification of relevant current conditions and 
commitments, coupled with additional specific commitments for action could achieve an 
appropriate outcome within the statutory capability of the agency.  This issue will be pursued 
with the EPA as a matter of some urgency. 
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1. Introduction 
1.1 Purpose of this report 
This report has been prepared to propose amendments to the conditions of environmental 
approval for the management of the groundwater resources of the Gnangara and Jandakot 
Mounds.  The amendments proposed in Stage 1 are the results of a review of the conditions, 
based on information available to the Department of Environment at this t ime, and requested by 
the Environmental Protection Authority.  Further investigations are being undertaken and it  is 
expected that additional amendments will be proposed following this work in Stage 2 of the 
review.  Because of the urgency to address specific issues with the current conditions and 
commitments, a two-stage approach is being pursued. 

This review has not addressed the issue of groundwater allocations and allocation limits as the 
information required to support an analysis of the relevant issues is still under development.  
This will be addressed in the second stage of the Section 46 review. 

1.2 Overview of proposal for changes 
The Department of Environment is urgently seeking changes to conditions associated with three 
Ministerial Statements: 
• Jandakot Groundwater Scheme Stage 2 (Assessment 196, Statement 253); 
• Gnangara Mound Groundwater Resources (Assessment 697, Statement 438); and 
• East Gnangara Groundwater resources (Assessment 932, Statement 496). 

The proposed changes to conditions and commitments associated with the respective Ministerial 
Statements are set out in detail in Sections 5 through 8.  An important aspect of the proposed 
changes is a modification of the form of conditions.  This modification is proposed to address 
concerns about the ability of the Department of Environment to ensure that wetlands and 
groundwater level criteria are met.  This is discussed briefly in the following section 
(Section 1.3) and in detail in Section 5. 

In general, the changes to conditions and commitments fall into several categories: 

1. Removal of redundant conditions and commitments.  An example is a Ministerial 
condition that provides for lapsing of the environmental approval if the project is not 
substantially commenced within five years.  As the project was commenced within the 
prescribed period, the condition is now redundant.  Several commitments are also 
reiterated in Ministerial conditions to varying degrees.  These have been reconciled to 
avoid any inconsistencies. 

2. Amendment of the wording of conditions and commitments to reflect that the Water 
Authority is no longer the proponent.  To account for possible future changes in 
proponency, or in the name of the proponent, agency names have been removed and 
reference is now made only to “the proponent”. 

3. Removal of conditions and commitments for which the Department of Environment is not 
the proponent.  Responsibility for meeting conditions set on the Water Authority, and 
commitments made by that agency, have been distributed between the Department of 
Environment and the Water Corporation according to their roles. 
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4. Contemporising of several conditions or commitments, such as a Ministerial condition 
that requires commencement of implementation of an approved wetland management 
plan.  In this case, implementation has commenced, and the emphasis of the amended 
condition is on ongoing implementation. 

5. Various specific amendments, including amendments or deletions of specific groundwater 
and wetland water level criteria where this can be justified. 

For the purpose of clarity on the conditions and commitments that the Commission proposes 
should apply following this review, the resulting sets of conditions and commitments are 
consolidated and presented in Appendices I (Jandakot) and J (Gnangara and East Gnangara).  
The conditions and commitments for East Gnangara have been consolidated with those applying 
to the Gnangara Mound. 

Development of more refined ecological water requirements-environmental water provisions 
and associated criteria is the subject of work in progress.  Similarly, development of modelling 
capability to enable predictive work based on evaluating various management scenarios is still 
in progress.  It  is anticipated that these aspects will be covered in the Stage 2 review report.  
However, several specific environmental management criteria are proposed for amendment, 
based on available information. 

Where information is available to support amendments to wetland and groundwater levels 
currently set as management objectives (and as environmental management criteria), the 
relevant changes are proposed.  However, in the majority of cases, the proposed changes are to 
remove criteria as management objectives because land use changes have resulted in significant 
or complete loss of the environmental values associated with those objectives. 

1.3 Proposed framework for Ministerial conditions and 
commitments 

The Commission has previously expressed concerns with the current form of environmental 
conditions attached to approvals for management of the groundwater resources of the Gnangara 
and Jandakot Mounds.  These concerns centre on the limited ability of the Commission to 
control all of the factors that influence groundwater condition, (and the consequent condition of 
groundwater dependent ecosystems).  This becomes problematic through the potential liability 
of the Commission being non-complaint with conditions that require groundwater and wetland 
water levels to be maintained above specific criteria levels and other outcomes to be ensured. 

The Commission believes that a simple modification of relevant current conditions and 
commitments, coupled with additional specific commitments for action could achieve an 
appropriate outcome within the statutory capability of the agency. 

This issue is discussed in detail in Section 5. 



Stage 1 Proposal to Change Conditions   Section 46 Review of the Gnangara and Jandakot Mounds 

 3

2. Background 
In September 2001, the Environmental Protection Authority (EPA) endorsed a proposed 
approach to a review of the Ministerial conditions of environmental approval for management 
of the shallow groundwater resources of the Gnangara and Jandakot Mounds.  This arose from a 
Department of Environment request to the Minister for the Environment for a review of the 
existing Ministerial conditions due to consistent non-compliances with environmental water 
level criteria.  The Minister for the Environment subsequently asked the EPA to “ inquire into 
and advise on changes to the existing Ministerial conditions” under Section 46 of the 
Environmental Protection Act 1986 (EP Act). 

The Department of Environment is managing these groundwater resources, primarily through 
controlling abstractions that might affect environmental values associated with groundwater 
dependent ecosystems over critical areas of the Mounds.  The means of controlling abstraction 
is through licensing required under the Rights in Water and Irrigation Act 1914 (RIWI Act).  
However, groundwater and the associated groundwater dependent ecosystems (GDEs) are also 
influenced by climate, land uses (particularly urbanisation and silvicultural activities) land 
management activities (fire and weed control etc.,) and by other activities such as artificial 
supplementation of wetlands to maintain water levels. 

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 the 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). 

Wetland and groundwater levels in these areas 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 limits; and 
• modifications to drainage management and interactions with wetlands (Jandakot Mound). 

Over recent years, a number of environmental criteria for the two Mounds have consistently not 
been met, despite significant reductions in public water supply groundwater abstraction in 
sensitive areas.  These non-compliances have been largely in the form of groundwater and 
wetland water levels falling below criteria set within the environmental conditions.  
Examination of the environmental condition associated with wetlands and areas of 
phreatophytic vegetation have shown varied impacts from water levels falling below criteria 
levels.  This suggests that some of the criteria may be inadequate in representing an appropriate 
level of risk for environmental condition. 

Following submission of the 2000 annual and triennial reports for the Jandakot and Gnangara 
Mounds respectively, in which the non-compliances and impacts on environmental condition 
were reported, the Department of Environment requested a review of the existing Ministerial 
conditions.  This resulted in the Minister’s request to the EPA outlined above. 

The Department of Environment has since commenced the Section 46 review of the 
environmental conditions set for the Gnangara Mound, East Gnangara and Jandakot 
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Groundwater Scheme Stage 2, based on an approach endorsed by the EPA in September 2001.  
This overall approach was documented in detail by Welker Environmental Consultancy (2001). 

For a variety of reasons documented in progress reports to the EPA (Water and Rivers 
Commission 2001, Welker Environmental Consultancy 2002, Water and Rivers Commission 
2003), the timeframe of the review has been extended, and changes to conditions are being 
proposed in two stages. 

Stage 1 Section 46 report 

Stage 1 of the review of conditions, which is covered by this report, is intended to provide for an 
interim modification of Ministerial conditions, where justifiable, and based on existing 
knowledge.  The Department of Environment is undertaking several investigation programs 
aimed at re-evaluating environmental values, and criteria, and improving understanding of the 
relationship between groundwater and wetland water levels with the variety of factors that 
influence them.  This work is currently ongoing and is likely to take several more years to 
complete.  In view of the current extended period of non-compliance with water level criteria 
and the pressing need to address the matter, this report is proposing those changes that can be 
justified on the basis of information currently available, recognising that the ongoing work may 
result  in further future amendments.  Assessment of this proposal to change conditions is to be 
assessed under Section 46 of the Environmental Protection Act 1986, and if approved would be 
expected to take effect by late 2004. 

Stage 2 Section 46 report 

It is proposed to report to the EPA in 2005 with a more comprehensive proposal for 
modification of the environmental conditions.  This report will be the Stage 2 report, also for 
assessment under Section 46 of the Environmental Protection Act 1986.  The Stage 2 report will 
consolidate all the information available to the Commission in terms of environmental, social 
and economic values, threats, quantification of causes and effects in terms of the factors 
influencing groundwater levels, and expected future outcomes.  This information will provide 
the basis for revised environmental conditions. 

2.1 Study areas 
The areas of the groundwater mounds being managed subject to environmental conditions are 
shown in Figure 1 and Figure 2 and are the primary subject of this report and the Section 46 
review.  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. 

2.2 History of groundwater management 
Because of the long history of management of the groundwater resources of the study areas, the 
development of groundwater management on the Mounds and associated environmental 
conditions is discussed in some detail in the following sections (Sections 3 and 4).  This history 
is important in providing a context for understanding the basis of many of the proposed changes 
of conditions and commitments made in this report. 
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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. Groundwater Management on the 
Gnangara and Jandakot Mounds 

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 supply1.  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 Department of Environment, 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, through the: 
• National Strategy for Ecologically Sustainable Development and the Intergovernmental 

Agreement on the Environment in 1992; 
• Council of Australian Governments water reform agreements in 1994; 
• National Principles for the Provision of Water for Ecosystems (ARMCANZ/ANZECC 

1996); and 
• Water and Rivers Commission 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 3.3. 

3.1 The role of the Department of Environment in 
groundwater management 

The Department 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 well2 and/or abstract 
groundwater.  Licences stipulate an allocation of water, usually as an annual volume, which 

                                                 
1
 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 2.1 and do not include the Cloverdale Flow 
System located on the Swan Coastal P lain between the Swan and Canning Rivers.  The proportion of domestic use 
is considerably less in the areas subject to environmental conditions. 

2
 A well is defined under the Rights in W ater 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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limits the amount of water the licensee may take.  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 2.1.  Private 
non-domestic users (industry, irrigated horticulture local government, etc.) and public water 
supplies (Water Corporation) are all licensed. 

Unlicensed domestic users, while constituting a large number of well owners over the full extent 
of the Mounds, use a relatively minor proportion of the resource, particularly in proximity to 
wetlands with management criteria.  They 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 non-compliances, particularly on the Gnangara Mound. 

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 Department 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 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 Department (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 Department by a factor of about four.  
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 litt le potential for any real effect.  The Department is currently considering 
the approach that should be taken to measurement of private water use generally. 

The Department limits licensed allocations to 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. 

Figure 3 and Figure 4 show the distributions of the licensed private and public groundwater 
abstractions over the Gnangara Mound region.  These figures only show the larger private 
abstractions (annual allocations greater than 10 000 kL/yr), and include abstractions from the 
confined aquifers. 
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Figure 3: Gnangara Mound - distribution of licensed private groundwater 
abstractions 
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Figure 4: Gnangara Mound - distribution of Water Corporation wells 

 

3.2 Groundwater management and the environment 
Over the management area, environmental water provisions3 (EWPs) are the primary 
consideration 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. 

                                                 
3
 Environmental water provisions (EWPs) are defined 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. 
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Most of the wetlands of the Swan Coastal Plain are thought to be 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 tolerate 
similar or larger changes in watertable level than have occurred in recent years is limited. 

Where the watertable lowers gradually, a process of “terrestrialisation” of vegetation and habitat 
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 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). 

However, where water level variations exceed the ability of the vegetation to tolerate such 
changes, the vegetation becomes stressed, sometimes to the point of death, depending on the 
severity and duration of change. 

3.3 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 significant consideration in the water allocation process. 

The first  attempt to develop Ecological Water Requirements4 (EWRs) and EWPs for a 
groundwater system, at least in a conceptual sense, 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 Programme (Dames and Moore 1984), which 
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 to provide biological 
indicators of ecological health associated with the water level criteria.  The system has since 
been operated under an adaptive management approach that results in the supply of 
supplementary water to the groundwater dependent features, as required, in response to the 
biological monitoring indicators. 

Management of groundwater to meet specific environmental objectives on the Swan Coastal 
Plain commenced in the mid 1980s.  This is discussed in detail in the following sections. 

                                                 
4
 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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3.3.1 Environmental approvals pre Environmental Protection Act 1986 

The Mirrabooka, Gwelup, Wanneroo (Gnangara Mound) and Jandakot (Jandakot Mound) 
Groundwater Schemes were commissioned under the provisions of the Environmental 
Protection Act 1971.  As the Gwelup Scheme was predominantly in an urban area it  was not 
considered by the EPA and not subject to environmental approval.  The Wanneroo, Mirrabooka 
and Jandakot Schemes were, however, constructed and operated in accordance with approvals 
issued under the 1971 legislation.  The conditions related largely to monitoring of groundwater 
levels and the requirement to report annually to the EPA on impacts of the schemes.  Reporting 
procedures were adjusted during the early 1980s to a triennial basis for major reviews of 
environmental management and criteria with summary reports in the intervening years.  The 
following sections chronologically outline the environmental approvals that have been put in 
place under the provisions of the Environmental Protection Act 1986. 

3.3.2 Gnangara Mound Environmental Review and Management Programme 
1986 

In 1986, the Water Authority advised the EPA of plans to develop the Pinjar Groundwater 
Scheme immediately north of the Wanneroo Scheme.  In response, the EPA requested 
preparation of a comprehensive groundwater management plan for the entire Gnangara Mound 
to allow the Pinjar Scheme to be assessed within the broader context of the Mound, including 
the management of private abstractions as well as all the existing and planned public 
groundwater schemes. 

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.  After assessing the impacts of all proposed schemes and expected private 
groundwater abstraction, the Water Authority proposed that 0.5 m could be considered an 
acceptable change in groundwater level in the wetlands in the region.  It  was believed that 
smaller changes were within natural seasonal fluctuations and it  was proposed that a 0.5 m 
change, if induced slo wly, 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 to ensure the maintenance of their social and ecological 
values.  The nine wetlands were Loch McNess, Lakes Yonderup, Joondalup, Jandabup, 
Nowergup, Goollelal, Gnangara, Mariginiup and Coogee Springs.  Some of the levels set by the 
EPA were significantly higher than had been experienced under ‘natural’ conditions; however, 
the Water Authority accepted these criteria as EWPs within which the system needed to be 
managed. 

Other conditions and commitments applying to scheme operations and management of private 
abstractions were imposed on the Water Authority, together with conditions that addressed land 
use controls, planning policy and the integrated management of land over the Gnangara Mound.  
Several of the conditions were set on other agencies such as the Department of Conversation 
and Land Management (CALM) and the then Ministry for Planning. 

One of the important environmental conditions was a  requirement for CALM to manage the 
density of its pine plantations within State Forest 65 at a density understood to result  in 
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groundwater recharge in the pine plantations at a level similar to that of native woodland.  This 
was consistent with the management objectives of the State Forest to manage it  for t imber and 
water production.  This condition created a significant expectation that the pine plantations 
would be managed accordingly, and was a  primary assumption in subsequent assessments of 
groundwater availability in the region. 

Of equal importance although not to the same geographic extent, were expectations of land use 
changes, with increasing urbanisation in the Wanneroo area.  Urbanisation generally results in 
increases in net groundwater recharge compared to both pristine woodland, and to areas under 
intensive commercial irrigation (the latter through reduction in groundwater demand rather than 
increased infiltration).  As urbanisation rates were expected to be relatively high, this 
expectation was also included in assessments of groundwater availability. 

3.3.3 Jandakot Mound Public Environmental Review 1988 

In 1988, the plan for Stage 2 of the Jandakot Groundwater Scheme was submitted to the 
Environmental Protection Authority.  The EPA determined the level of assessment as Public 
Environmental Review and in 1992, the Minister for Environment imposed conditions requiring 
development of a wetland management plan, biological monitoring plan and an Environmental 
Management Program 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.  
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 (Water Authority 1991), specifically 
those relating to percentage habitat shifts and water levels in certain wetlands, was complex in 
terms of management and compliance monitoring.  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. 

The PER (Water Authority 1991) states that, “The Jandakot wetlands are, in their natural state, a 
surface expression of the groundwater mound …”  The PER also notes that the relationship 
between groundwater and wetlands is complex and not fully understood.  However, in 
modelling the predicted impacts of changes in the water table, it  was assumed that the wetlands 
were a direct reflection of the surface of the groundwater mound at that location and not 
perched.  Interestingly, the EPA (1991) noted that some wetlands were perched above the 
regional water table and these were generally seasonal in nature.  The EPA was not specific as 
to which wetlands may be perched. 

The preferred minimum level criteria were set within a requirement for non-compliance not to 
occur more than two years in six, and for no more than two consecutive years.  This was 
intended to mimic the variations in natural regimes in a simplified way, however, this approach 
does not account for either extreme events or the possibility of long runs of dry years.  The 
implied assumption is that low rainfall years occur only within specific limits (no more than 
twice in six years and for no more than two consecutive years). 



Section 46 Review of the Gnangara and Jandakot Mounds  Stage 1 Proposal to Change Conditions 

  14

The specific conditions set for the Jandakot Mound are described in more detail in Section 4.2 
and are set out in full in Appendix A. 

3.3.4 Gnangara Mound Section 46 review of environmental conditions 1995 

In 1995, the Water Authority undertook a ‘Section 46’ review of proposed changes to 
environmental conditions on the Gnangara Mound.  The review (Water Authority 1995) was 
considered appropriate as: 
• there had been a significant increase in knowledge of environmental water needs since the 

Gnangara Mound ERMP; 
• the Water Authority wished to examine the potential for increasing groundwater allocations 

in certain areas as research had indicated that while some non-compliances with 
environmental water level criteria had occurred, there had not been adverse impacts on the 
associated wetlands; and 

• in some areas, the groundwater abstraction quotas (which were specifically limited by the 
environmental conditions) had been reached, but water level responses in those areas 
suggested that additional water could be drawn without transgression of water level 
criteria. 

The Water Authority (1995) formally introduced the concepts of 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.  These criteria were set based on a consideration of the 
ecological values of the groundwater dependent ecosystems and the water regimes required to 
maintain them.  In setting EWPs, the ecological values were considered in the context of the 
associated in situ social values of the resource and its economic value for commercial and 
public water supply purposes. 

EWRs and EWPs (in the form of water level criteria) were determined for the wetlands 
considered in the original Gnangara ERMP and commitments 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 for 18 monitoring wells on the Gnangara 
Mound. 

There were several important points made in the Section 46 review documentation (Water 
Authority 1995) that are discussed in the following sections: 
• pre-existing groundwater over-allocations; 
• land use assumptions; 
• habitat shifts; 
• mimicking of natural variations; 
• knowledge limitations; and 
• expectations of non-compliances. 

Pre-existing groundwater over-allocations 

Several groundwater management sub-areas (Carabooda, Jandabup, Joondalup, Mirrabooka and 
Landsdale) were acknowledged by the Water Authority (1995) as being over-allocated.  This 
situation arose because all existing groundwater abstraction based activities were licensed at the 
time the areas were proclaimed for licensing, and the sum of the allocations in several areas 
exceeded the theoretical available quotas set for those areas.  A significant contribution to use in 
several of these areas was domestic use as it  was established policy to issue licences for 
domestic use where scheme supplies are not available.  It  was considered that it  was not 
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necessary to reduce private water abstractions in these areas, as there was no compelling 
evidence of environmental damage related to the abstractions. 

Land use assumptions 

The sustainable yield of the resource (and consequent allocation quotas) derived within the 
context of meeting EWPs was acknowledged as being available under the assumptions that the 
pine plantations would be managed in accordance with the densities set in the 1986 ERMP and 
subsequent environmental conditions, and that urbanisation of relevant parts of the area would 
proceed as expected. 

Habitat shifts 

The areas of habitat within the study areas were acknowledged as varying naturally in response 
to climate, and that ideally, criteria should be set that acknowledge acceptable shifts in these 
systems.  However, because of the paucity of research to guide decisions on acceptable levels of 
habitat shift , the Water Authority was not able to identify them at that t ime.  To deal with the 
issue it  was proposed that monitoring of identified habitat areas would be reviewed triennially 
and that the “…reasons for changes would be discussed in terms of climate versus human 
induced impacts.” (Water Authority 1995). 

Mimicking of natural variations 

As for the Jandakot Mound criteria discussed in Section 3.3.3, preferred minimum water level 
criteria were set within an intention to mimic the variations in natural regimes in a simplified 
way.  This was recognised as being a conservative and simplistic approach and that there was a 
need for flexible water regimes.  In particular, there was a need for regular review of EWRs to 
“… provide for ‘fine tuning’ to reflect rainfall patterns.  For example, a long period of below 
average rainfall may warrant a greater permissible frequency of deviations, or that water levels 
should be changed.” (Water Authority 1995). 

Knowledge limitations 

The Water Authority (1995) acknowledged that knowledge on wetland processes was limited 
and that the criteria proposed were still somewhat experimental.  It  was noted as being 
important that the environmental criteria not be set in the environmental conditions, but be 
determined by the EPA and be subject to variation as and when necessary, through a public 
process.  The EPA did not adopt this approach. 

Expectations of non-compliances 

The importance of climate as a factor affecting groundwater levels on the Gnangara Mound was 
highlighted, and comment was included on the uncertainty of predicting future groundwater 
levels given the uncertainty over future climate.  However, more importantly, the Water 
Authority (1995) also acknowledged that the ‘preferred scenario’, would result  in non-
compliances with preferred minimum, absolute minimum and maximum wetland water levels 
under the climate regime actually experienced in the region from 1879 to 1990.  This was 
particularly so if the anticipated pine thinning and urbanisation of the area did not occur within 
the expected timings (the transition period).  Appendix D sets out the expected frequencies of 
non-compliance with wetland and phreatophytic vegetation EWPs as identified by the Water 
Authority (1995). 

Within limits that recognised the economic value of the water, it  was accepted that some 
modification of pumping regimes from the Water Authority wellfields would be implemented to 
minimise the severity of non-compliances.  Artificial maintenance was proposed as the means of 
reducing the frequency of these expected non-compliances in several wetlands where the 
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potential for non-compliances was considered excessive (Lakes Jandabup, Nowergup and 
Coogee Springs).  Non-compliance with EWPs to protect terrestrial vegetation was expected to 
occur, with a frequency of up to 30% of years at PM6 in the Pinjar area.  The Water Authority 
acknowledged that the proposed EWP was a compromise between the EWR and the full 
wellfield quota and committed to lower abstraction from the Pinjar Stage 1 Groundwater 
Scheme during dry periods. 

The specific environmental conditions consequently set for the Gnangara Mound are described 
in more detail in Section 4.1 and are set out in full in Appendix B. 

3.3.5 East Gnangara Public Environmental Review 1997 

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 (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. 

A similar approach to that used for the Gnangara and Jandakot Mound environmental criteria 
was proposed for preferred minimum level criteria, to mimic the variations in natural regimes in 
a simplified way. 

The PER noted that some degree of perching was thought to apply to several of the wetlands in 
the area, such that their reliance on the regional water table was unclear.  However, the interim 
EWRs that were proposed for the wetlands were based on assessment of water level changes in 
the wetland, effectively implying that there is no perching. 

It  was also recognised that there is 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 knowledge in these areas. 

The specific conditions set for East Gnangara are described in more detail in Section 4.1 and are 
set out in full in Appendix C. 

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 (some criteria non-compliances are occurring, apparently without the influence of 
pumping).  This issue was a major prompt for undertaking this Section 46 review. 
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4. Environmental Conditions on 
Management of the Gnangara 

and Jandakot Mounds 
This section describes the current environmental conditions that apply to the Gnangara and 
Jandakot Mounds, including the East Gnangara area.  The specific conditions and commitments 
are presented in full in Appendix A through Appendix C. 

4.1 Gnangara Mound and East Gnangara environmental 
conditions 

The current environmental conditions on the 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) 

4.1.1 Gnangara Mound 

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 as management criteria for eighteen monitoring wells under phreatophytic vegetation.  
The Minister for Environment accepted the proposal, with conditions, in 1996.  The proposed 
water level criteria were included within the conditions as statutory criteria. 

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 within what was considered a reasonable 
frequency.  In several localities, it  proved to be impossible in terms of meeting EWRs for 
terrestrial vegetation and EWPs were set at levels lower than the EWRs as it  was considered by 
the Minister for the Environment, that on balance, the community benefit of the water supply 
offset the environmental damage that may occur.  As noted in Section 3.3.4, there was an 
expectation of criteria non-compliances occurring under periods of drier climate. 

The approach to defining the EWRs 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 
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• 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 EWRs 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 (Water Authority 1992a), 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 based on 
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 
minima. 

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 1992a) 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 
production wells, as drawdown within the ‘drawdown cone’ close to a 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. 

While there had been significant advances in the understanding of phreatophytic vegetation and 
wetland water requirements since the original ERMP was completed, the 1995 Section 46 
document acknowledged that gaps in knowledge still existed and that EWPs should be subject 
to regular review. 

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 6 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. 
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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: 

1. 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. 

2. Where the two were incompatible, maintenance of environmental values generally took 
precedence over maintenance of social values. 

3. Setting preferred minimum levels that could be transgressed 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. 

4. 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 minima were set 
for permanent wetlands and damplands as these were more important to the flora and 
fauna than reaching spring peaks. 

5. 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. 

6. 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. 

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 the 
minimum inundation required 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 5).  
EWPs were set as equal to the EWR for all wetlands, with some provisos as discussed below. 
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Figure 5: Schematic Wetland Cross-section 

 

To date, non-compliances with maximum water level criteria have not been an issue, however 
water levels in Lake Jandabup, Coogee Springs and Lake Nowergup have been artificially 
maintained by pumping water directly into the water bodies to avoid non-compliance with 
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. WAWA (1995) did not consider it  possible to 
set EWRs for cave fauna, however, a management objective to maintain the existing 
hydrological regime, in particular the permanent water that contained invertebrate fauna, was 
set. 

In recent years, as groundwater levels have continued to decline (groundwater levels have 
reduced by more than 1.0m since monitoring began in 1991), it  has become apparent that a more 
robust provision of water is required to protect the threatened ecological invertebrate 
communities of Stygofauna associated with the Tuart tree root mats within the caves. A 
recovery team comprising members from the Department of Land and Conservation, 
Department of Environment and Water Corporation commenced artificial maintenance trials in 
late 2002. As water was raised and maintained above the floor of three of the seven priority 
caves, it  was agreed between agencies that a semi-permanent maintenance system could be 
accomplished.  

The recovery team are currently planning infrastructure and technical requirements for a semi-
permanent artificial maintenance system to augment seven of the northern Yanchep Park Caves.    

4.1.2 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. 
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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 4.1.1.  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 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 (physiochemical 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 by the first  triennial report.  Compliance with the interim EWPs 
was to be reported upon until they were confirmed and final EWPs set. 

The Gnangara Mound and East Gnangara criteria are included in Appendix B and Appendix C 
respectively. 

4.2 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 the 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. 
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The environmental conditions for Jandakot were set in 1992 following 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 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 
criteria were the conservation and, where feasible, enhancement of existing environmental 
values including 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 A. 

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 6 areas.  A maximum 
drawdo wn 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 in locations where the depth to the water table is 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. 
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Seasonal wetlands 

It  was acknowledged in the PER that litt le 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 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 6 for rare flora.  Water level criteria presently exist for ten wetlands. 

4.3 Climate variability and climate change 
The EPA has acknowledged the difficulty that climate variability poses for compliance with 
criteria (EPA 2004).  There are two aspects to such variability: 
• the normally accepted stochastic inter-annual variability of climate; and 
• long-term climate change in which the characteristics of climate and its inter-annual 

variability are changing. 

The current management criteria contain a simplified approach to accommodate variability of 
climate in making provision for water levels to fall between the preferred minimum level and 
absolute minimum level for no more than two years in every six years.  This is an approach 
intended to ‘mimic’ the variability of climate and consequent variation in groundwater levels.  It 
does not reflect the stochastic variability of climate and the potential for significant runs of 
‘wet’ and ‘dry’ years that may occur. 

There was no consideration of longer term climate change in the current conditions and 
commitments as at the time of assessment of the proposal the prognosis for climate change was 
unclear: not only in terms of the extent to which it  may occur; but whether it  was a real 
expectation. 
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5. Framework for Ministerial 
Conditions and Proponent 

Commitments 
The recent extended period of non-compliance with environmental water level criteria on the 
Jandakot and Gnangara Mounds has raised the issue of the potential liability of the Department 
of Environment in terms of consequential potential breaches of Ministerial conditions.  This is 
formally acknowledged in the EPA response to the recent triennial report on management of 
groundwater on the Gnangara Mound (Water and Rivers Commission 2004a): “However, this 
[non-compliance] is not consistent with the legal obligation under the Environmental Protection 
Act for the WRC to comply with environmental conditions and commitments.” and “The EPA 
considers that deferring immediate action to achieve compliance is no longer legally nor 
environmentally acceptable.” (EPA 2004). 

As noted in Section 3.3, the current management criteria forming part of the environmental 
commitments/conditions are predicated on expectations of appropriate pine forest management, 
land use development and management, and continuation of historical rainfall patterns.  
Achievement of management of the pine forests to match these expectations has not occurred 
and has become more problematic with the recent LVL State Agreement.  The EPA has a role in 
pursuing the appropriate management of pine forests through application of the Gnangara 
Mound (Crown Land) Environmental Protection Policy (EPA 1992) which requires the pine 
plantation to be managed to “ensure use of groundwater by the pine plantation is no greater than 
the use of groundwater by native vegetation”. 

Significant changes to land uses (particularly the associated clearing) have resulted in a loss of 
environmental values in some areas (particularly at Jandakot), and in others, proposed land use  
changes expected to modify the hydrological regime have not occurred. 

The prognosis for a drier climate for the south-west of Western Australia has also recently 
emerged as a probability rather than a possibility.  The current situation with these factors was 
either under-estimated or not anticipated in all previous negotiations and acceptance of 
Ministerial conditions.  In addition, some level of non-compliance with criteria was anticipated 
with respect to the Gnangara Mound as detailed in Section 3.3.4 and Appendix D. 

The connection between the jurisdiction of the Department of Environment in regulating 
groundwater abstractions, and the achievement and protection of groundwater dependent 
environmental values is a tenuous one, as discussed in detail by Welker Environmental 
Consultancy (2003).  The main considerations are the extent to which factors outside the control 
of the Department can affect groundwater levels, and the dependence of environmental 
condition (health) on factors other than groundwater abstraction levels. 

Welker Environmental Consultancy (2003) proposes a management framework within which 
conditions and commitments involve environmental criteria as the basis for triggering prior 
approved adaptive management responses.  This is an alternative approach to the current one, in 
which the Department may be in breach of conditions where criteria are not being met, and the 
responses tend to be reactive rather than proactive.  The Department wishes to pursue an 
alternative approach in some form to: 
• account for the limited capability of the Department to control (and therefore be 

accountable for) groundwater and wetland water level outcomes; 
• recognise the limited ability of the Department alone, to achieve holistic environmental 

outcomes for any water dependent ecosystems; 
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• recognise that understanding the relationships between environmental condition (health) 
and the factors that affect it requires significant further work by all relevant agencies; and 

• recognise that management of the various relevant factors requires an adaptive approach. 

This issue is particularly problematic with respect to four specific Ministerial 
conditions/proponent commitments: 

1. Jandakot Mound proponent commitment P-2: “To ensure that groundwater abstraction 
satisfies the environmental criteria presented in this PER.” 

2. East Gnangara proponent commitment P1-1: “Manage public and private groundwater 
abstraction to meet objectives and Environmental Water Provisions (EWPs) as 
summarised in …” 

3. Gnangara Mound Ministerial condition M3-1: “The allocation of water to public and 
private users and the operation of Pinjar Stages 1,2,3, Wanneroo and Mirrabooka 
groundwater schemes shall comply with EWPs.” 

4. Gnangara Mound Ministerial condition M4-1: “The integrity of all groundwater 
dependent ecosystems, located on the Gnangara Mound, which are likely to be impacted 
by groundwater abstraction, shall be protected.” 

The Department believes that appropriate amendments to these conditions/commitments can 
address the primary concerns discussed above and will pursue this with the EPA following 
consideration of this report. 

The Gnangara Mound Coordinating Committee is endeavouring to achieve a coordinated 
outcome for the various water and land use planning and management activities in the Gnangara 
area.  A framework required for development of an integrated strategy was proposed in a 
preliminary form by Welker Environmental Consultancy (2003) and is reproduced in Figure 6. 

In considering groundwater and wetland management criteria during this review, a major issue 
is the loss of environmental values of groundwater dependent ecosystems that has occurred, 
particularly over the Jandakot Mound, through changes in land use and the associated clearing 
of native vegetation.  This highlights the extent to which the protection of environmental values 
requires an integrated approach to both management and planning.  While management of the 
water component is important, management of land uses is of similar, if not greater importance 
in achievement of management objectives. 
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Figure 6: Framework for an integrated groundwater management strategy 
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6. Review of Environmental 
Conditions and Proposed 
Amendments - Jandakot 

Groundwater Scheme Stage 2 
This section proposes a number of amendments to management criteria, Ministerial conditions 
and proponent commitments for the Jandakot Groundwater Scheme Stage 2.  It  also proposes 
removal of several conditions or commitments where they have been cleared, met or have 
become redundant for some reason.  Where appropriate, the amended conditions are proposed 
for adoption as commitments.  For the purpose of clarity on the conditions and commitments 
that the Department believes should apply following the review, the resulting sets of conditions 
and commitments are consolidated and presented in Appendix G. 

6.1 Jandakot Mound groundwater and wetland  
management criteria 

Within this review, specific changes are proposed for groundwater and wetland water level 
criteria for the Jandakot Mound.  These are discussed in detail below in terms of each specific 
location for which change is proposed.  A more general issue relates to the criteria for Beenyup, 
Shirley Balla and Twin Bartram Swamps, where compliance requires water levels to not fall 
below the preferred criterion level for longer than two in six years, and to never fall below the 
absolute minimum criterion level.  This is discussed in Section 6.1.1. 

All terrestrial vegetation criteria monitoring wells on the Jandakot Mound were visited during 
April 2004 to assess vegetation condition and appropriateness of the monitoring sites as 
representative of vegetation in the vicinity.  Descriptions of sites were supplemented by 
photographs and presented in a report by Froend and Loomes (in prep.), portion of which is 
presented in Appendix F.  The authors note that land adjacent to many of the sites had been 
totally or partially cleared for urban development or other forms of land-use in recent years, 
rendering them unrepresentative of terrestrial vegetation and reducing the value of others.  Of 
the 25 sites assessed, only 8-10 remain truly representative of phreatophytic terrestrial 
vegetation.  The authors recommended that monitoring wells ‘not representative of terrestrial 
vegetation’ be decommissioned as criteria sites.   

6.1.1 ‘Two in six year’ approach to preferred minimum water levels 

The current criteria for the Jandakot and Gnangara Mounds limit the allowance for water levels 
in some locations to fall between the preferred and absolute minimum values for no more than 
two in six years.  As outlined in Section 4.3, the ‘two in six year’ approach was adopted as a 
simplistic means of accounting for and mimicking the occurrence of drier years, during which 
water levels would expected to be lower as a direct consequence of lower rainfall.  The criterion 
effectively requires that, on average, water levels should not be below the preferred minima for 
more than one third of years, and for no longer than two consecutive years in any six year 
period.  Welker Environmental Consultancy (2003) comments on the difficulty in interpreting 
this criteria from a compliance aspect and quotes the example of the requirement: “Water levels 
in Thomsons Lake must satisfy those given in Table 7.2 for at least 30% of years…”.  In this 
example, an eight-year run of water levels below the required criteria would appear to be a non-
compliance when measured after ten years, but with the passage of two more years of levels 
above the criteria, would retrospectively prove to be a compliance. 
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The basis of the “two in six” year approach is also questionable.  As outlined in Section 4.1, the 
criterion was based on research that indicated vegetation could generally tolerate lower or 
higher water levels for two consecutive years without adverse effects and six years coincided 
with triennial reporting periods and was convenient for management.  However, three or nine 
years would have been equally convenient.  This very simplified attempt to reflect climatic 
variability does not account for either extreme events (very dry years), or the possibility of long 
runs of dry years.  The criterion effectively presumes that ‘low rainfall years’ occur to a regular 
pattern (no more than twice in any six year period), and for no longer than two consecutive 
years in any six year period. 

The criterion, as expressed, effectively ignores the variability of climate, where long runs of low 
rainfall years can occur, with longer runs occurring less frequently than shorter runs.  While it 
may be appropriate to propose an objective that water levels should not be below preferred 
minima for longer than a specified period, it  is highly inappropriate to set that as a criterion for 
judging compliance. 

Water levels can be expected to be substantially depressed at the end of a long run of low 
rainfall years, and depending on the characteristics of the years that follow the long run, water 
levels responses will  be variable.  For example, the response will be different if the long run is 
broken by one reasonably wet year, followed by more dry years, than if it  is broken by a 
sequence of very wet years.  Even under the latter scenario, water levels may not recover to 
‘average’ levels for several years, depending on how depressed they are at the end of the dry run 
(which in turn depends on how long and how dry the dry run is). 

Work being undertaken for Stage 2 of the Section 46 review will aim to better account for this 
variability in annual rainfall and the related influence on groundwater and wetland water levels. 

The following changes are proposed for specific groundwater and wetland water level criteria 
previously set within the conditions and commitments for the Jandakot Mounds. 

6.1.2 Forrestdale Lake 

Forrestdale Lake is a conservation status wetland.  It  was recognised by the Water Authority 
(1991) as providing an important habitat for waterbirds and support for rare flora (Diuris 
purdiei), terrestrial birds and other vertebrate species.  The lake is a Bush Forever site (No.  
345S), listed as a RAMSAR wetland, included in the Directory of Important Wetlands in 
Australia, listed on the Register of the National Estate, and is an EPP and Conservation 
Category wetland (Hill et al. 1996). 

The criteria for the wetland require a natural cycle of filling and drying to continue, with 
maintenance of water levels above a preferred summer minimum of 21.6 mAHD and an 
absolute summer minimum of 21.1 mAHD.  There is also a requirement for a water depth of at 
least 0.9 m when levels are at their annual maximum.  In wet years, the lake should dry by 
April, by February/March in medium years, and by January in dry years. 

Water levels are measured through a combination of staff gauge and a groundwater monitoring 
well on the north-eastern edge of the lake.  The location of these monitoring points is shown in 
Figure 7. 

Ecological condition 

Declining water levels in the wetland since 1992, with water not persisting into late summer, 
has resulted in encroachment of vegetation into the bed of the lake.  This vegetation prevents 
waders from utilising the shallows and declining water levels have resulted in the loss of muddy 
shorelines and shallows reducing the waterbird habitat value.  There have been a number of 
years (17) since 1979 when the lake did not fill sufficiently to meet the minimum 0.9 m depth 
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requirement.  This is equivalent to a level of 22.5 mAHD.  The criteria has not been met since 
1993.  The 1993-1996 triennial report (Water and Rivers Commission 1996) noted that the 
previous report had suggested that the maximum level should be some agreed amount above the 
minimum level reached in the previous summer/autumn.  The reason presented was that 
groundwater abstraction tends to have more effect on minimum water levels than on maximum 
levels.  Winter rainfall and drainage are the major factors affecting maximum water levels.  
Drainage management was not the subject of the assessed management program and associated 
resulting environmental conditions. 

Ladd (2001) reported that the declining watertable had also affected fringing vegetation 
including Melaleuca rhaphiophylla and Eucalyptus rudis, which were generally in poorer health 
than at other wetlands assessed in the Jandakot area.  Drying, fire and physical disturbance has 
affected Melaleuca sp.  (Water and Rivers Commission 2003) with exotics becoming dominant 
in the understorey in some areas (Loomes et al. 2003).  Nutrient levels were low compared to 
other wetlands in samples taken in 2001 (McGuire et al. 2002). 

Groundwater – wetland water level relationship 

A review of the relationship between groundwater and wetland water levels by Rockwater Pty 
Ltd (2003) reported that groundwater levels measured in the monitoring well “were about 0.75 
to 1.25 m higher than the lake levels during peak periods and fell to about 0.5 m below the 
natural surface of the lake during minimum periods.  The magnitude of the seasonal variations 
is significantly higher in the groundwater (about 1.75 to 2.25 m); peak groundwater levels 
occur around the same time as peak lake levels, although significant groundwater level rises 
precede water level rise in the lake, and groundwater levels remain higher for longer, 
suggesting a restriction of groundwater flow into the lake.  There is no strong correlation 
between groundwater levels and lake levels.” 
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Figure 7: Forrestdale Lake - monitoring locations 

 

Hydrographs from the two monitoring locations are shown superimposed in Figure 8.  Both 
hydrographs show seasonal responses, however, the groundwater levels appear to peak at 
absolute levels at least 1 m above the wetland levels.  The seasonal peaks for both groundwater 
and the wetland appear to coincide temporally and there is no evidence of any significant lag. 
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Figure 8: Forrestdale Lake – lake and monitoring well hydrographs 
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To investigate this further, several correlation analyses were undertaken.  Figure 9 shows the 
relationship between groundwater and wetland water levels based on correlating all synoptic 
data5 available.  A polynomial regression analysis indicated a coefficient of determination (R2) 
of 0.3539.  This indicates that about 35% of variation in lake level can be explained by 
variations in groundwater level.  That is, 65 % of the variation is due to other factors. 

Figure 9: Forrestdale Lake: groundwater level and wetland water level 
relationships 
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In order to account for differences between rising and falling stages, the water level data was 
partit ioned and regression analyses of synoptic rising wetland and groundwater level data were 
undertaken.  The rising stage analysis was based on selecting data from those occasions when 
both groundwater and wetland water levels were rising (higher than the value observed on the 
previous occasion).  Similarly, the falling stage analysis involved data observed when both 

                                                 
5
 For the purpose of the analysis, wetland and groundwater level data observations made within two days were 

considered as being synoptic.  On most occasions, the observations were made within an hour of each other.  
Observations when the wetland water level was at or below 21.6 mAHD were not used in the analysis. 
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stages were falling.  Figure 10 and Figure 11 show the correlation analyses for the rising and 
falling stages respectively. 

Figure 10: Forrestdale Lake: rising stage relationships 
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The rising stage analysis gave an R2 value of 0.2699 indicating that only 27% of the variation in 
lake levels is due to the influence of groundwater levels, when levels are rising. 

Figure 11: Forrestdale Lake: falling stage relationships 
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The falling stage analysis gave an R2 value of 0.7165 indicating that about 72% of the variation 
in lake levels is due to the influence of groundwater levels, when levels are falling.  This could 
be considered to be a moderate relationship. 

Similar analyses were undertaken for a number of wetlands and the results are presented in 
Appendix E. Within the ranges of data available, several wetlands showed very high 
correlations between groundwater and wetland water levels, both overall, and more so when 
partit ioning the rising and falling stages.  The results from these analyses are summarised in 
Table 1 below to allow comparison. 



Stage 1 Proposal to Change Conditions   Section 46 Review of the Gnangara and Jandakot Mounds 

   33

Table 1: Summarised regression analyses of groundwater-wetland water level 
relationships (from Appendix E) 

Wetland Correlation 
(all synoptic data) 

R2 

Rising Stage 
Correlation 

R2 

Falling Stage 
Correlation 

R2 
Forrestdale Lake 0.3539 (56) 0.2699 (22) 0.7165 (27) 
Shirley Balla 
Swamp 

0.8307 (35) 0.9562 (11) 0.8547 (10) 

North Lake 0.9127 (85) 0.9629 (38) 0.9680 (40) 

R2 is coefficient of deter mination   Figures in brackets indicate number of data points used 

The relationships for both Shirley Balla Swamp and North Lake are very high and imply a good 
connection between groundwater and the wetland water body.  It  is important to note that while 
the water levels in these wetlands relate well to the groundwater level, they are not the same 
level.  The modelling work undertaken to develop management regimes to meet wetland criteria 
assumed that wetland levels would be identical to groundwater levels.  Future modelling work 
should take the relationships into account, to allow improved modelling of wetland water level 
responses. 

The very low correlations applying to Forrestdale Lake suggest that either: 
• the wetland has a low dependence on groundwater to maintain its levels and it is influenced 

by other factors (drains for example); or 
• the monitoring well data does not reflect the condition of the groundwater body that is 

connected to the wetland (inappropriate screen depth, lateral displacement, etc); 
• the wetland monitoring point is not representative of water levels in the wetland. 

The monitoring well is located on the edge of the wetland, and in terms of lateral location, 
should be partly reflective of local groundwater conditions that may influence the wetland.  
However, it  is located on the lake edge, almost perpendicular to the direction of groundwater 
flow and would be better located on the edge on the ‘upstream’ side, complemented by a well 
adjacent to the downstream edge. 

Examination of the well log shows that the well is constructed and slotted over an appropriate 
depth range to reflect water table levels. 

The location of the wetland monitoring point is located at the low point in the wetland 
bathymetry and does represent water levels in the wetland. 

The falling stage correlation equation for Forrestdale Lake suggests that groundwater levels in 
the monitoring well would need to fall to 20.185 mAHD for the wetland water level to coincide 
with the absolute minimum criteria level.  The lowest recorded groundwater level is 
20.77 mAHD (0.58 m above the level implied as corresponding to the absolute minima).  This 
implies that the wetland water levels are still significantly above levels that would be of concern 
in terms of meeting the criteria. 

It is clear from the above analysis that further work is required to clarify the groundwater-
wetland water level relationship, and that improved groundwater monitoring facilit ies may need 
to be installed. 
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Figure 12 : Effects on water table of reducing private abstraction by 50% 

 

Relative effects of groundwater abstraction 

The Perth Aquifer Modelling System (PRAMS) has been used to assess the impact of private 
abstractions on watertable levels across the Swan Coastal Plain (Vogwill 2003).  Figure 12 
shows the differences in water level response over seven years under two different private 
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abstraction scenarios: one with private abstraction continuing at the current level, and one with 
private abstraction at half the current level.  Within the scenarios, Jandakot public water supply 
abstraction was maintained at 8 GL/yr, rainfall at  the short term climatic average of 740 mm 
(Perth) and no changes in vegetation density were made.  This analysis indicates that water 
levels in Forrestdale Lake would rise by between 0.25 to 0.5 m if private abstraction is halved.  
Levels in the lake are currently about 1.5 to 2.5 m below levels observed during the 1970s and 
1980s. 

Conclusion 

Given the lack of clarity over the relationship between groundwater and wetland water levels, it 
is proposed that the criteria applying to Forrestdale Lake be confirmed following an 
investigation program to improve understanding of the relationship, and following a review of 
the environmental water requirements currently being conducted by Edith Cowan University .  
In the meantime, it  is proposed that compliance with the absolute minimum criteria be based on 
transformation of the groundwater level through the relationship implied through the correlation 
analysis of the falling stage data.  That is, an absolute minimum level of 20.2 mAHD as 
measured in the monitoring well should replace the absolute minimum criteria of 21.1 mAHD. 

The proposed investigation program is to comprise: 

1. Clarification of the groundwater-wetland water level relationship through: 
• installation of a permanent vegetation monitoring transect; and 
• installation of groundwater monitoring wells at the vegetation monitoring transect 

and at other locations relevant to monitoring the exchange of groundwater with the 
wetland. 

2. Studies of wetland fauna and flora to establish environmental values. 

3. Assessment of monitoring information after 3 to 4 years, to review groundwater 
dependency of the wetland values, and propose management criteria if appropriate. 

The Department commits to installation of the proposed monitoring wells and evaluation of the 
monitoring data to determine the groundwater-wetland water level relationship.  The 
Department will work with CALM as the agency who has management responsibility for 
Forrestdale Lake to install and monitor permanent vegetation transect sites.  

6.1.3 North Lake 

North Lake is located in Bush Forever Site 244 (North Lake and Adjacent Bushland) within the 
Herdsman Vegetation Complex.  It  is managed to provide for human uses whilst  maintaining 
and enhancing natural attributes.  Despite urban development of the surrounding area following 
a history of rural use, North Lake was described as providing a summer refuge for waterbirds 
and as supporting extensive stands of M. rhaphiophylla and B. articulata (Water Authority 
1991).  The lake is recognised as a System 6 wetland, is regionally significant, a wetland of 
outstanding value and is an EPP and Conservation Category wetland (Hill et al. 1996).  North 
Lake is the only known urban wetland supporting freshwater sponges.  The surrounding 
bushland also supports significant flora, bird and mammal species. 

 A summer preferred minimum of 13.5 mAHD and summer absolute minimum of 12.7 mAHD 
were set with the objectives of having Melaleuca species periodically inundated, staying within 
the historical water level range and maintaining the aesthetics of the wetland (Water Authority 
1991). 
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Environmental condition 

Although tree health along biological monitoring transects either increased or did not change 
significantly prior to 2000, there had been encroachment of native vegetation into previously 
inundated areas closer to the centre of the wetland basin (Ladd 2001).  The condition of mature 
E. rudis has since decreased around the lake (Loomes et al. 2002).  Surface water levels have 
declined 1.6 m since 1992 and annual minimum groundwater levels have also decreased by 
almost 0.9 m in the seven years since records commenced (see Figure 13 and Figure 14). 

Figure 13: Hydrograph from North Lake 
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Figure 14: Hydrograph from groundwater monitoring well at North Lake 
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While there have been changes in vegetation condition, North Lake still supports values related 
to the extensive M. rhaphiophylla and B. articulata stands.  However, as the numbers of 
waterbirds have decreased in recent years in response to drying, the value of North Lake as a 
summer refuge for waterbirds has declined (Froend et al., in prep). 

The ecological values are at further risk from groundwater decline and fire. 

Wetland management 

The lower water levels in the lake over the last decade have occurred primarily in response to a 
reduction in the drainage input into North Lake from the mid 1990s and the drier climate 
currently being experienced. 



Stage 1 Proposal to Change Conditions   Section 46 Review of the Gnangara and Jandakot Mounds 

   37

Modelling for the 1991 Jandakot Public Environmental Review (Water Authority 1991) 
indicated that Stage 2 of the Jandakot Groundwater Scheme was expected to cause a decrease in 
water levels at North Lake by approximately 0.1 m.  This was considered to be a positive 
outcome as water levels in the Lake had been increasing since the 1970s due to urbanisation and 
drainage inputs and were “significantly higher than historical levels” (Water Authority 1992).  
Therefore, no mitigative action (such as artificial maintenance by pumping or addition of 
drainage waters) was proposed for North Lake. 

The volume of surface water entering the lake has decreased since the current criteria were set, 
following diversion of poor quality drainage water emanating from Murdoch University away 
from the wetland.  This diversion was an EPA requirement.  As the criteria were proposed prior 
to this development, they did not reflect the ‘drier’ regime that now applies to this wetland.  It 
can therefore be expected that non-compliances with the criteria will occur as a consequence of 
the drier regime. 

Groundwater-wetland water level relationship 

A review by Rockwater (2004), has shown that, based on a visual assessment of the 
hydrographs, there is a ‘moderate to high’ relationship between the surface water levels within 
North Lake (as measured at the staff gauge) and the groundwater levels near the lake as 
measured at the designated criteria monitoring well.  Ho wever, Rockwater (2004) also noted 
that “groundwater levels tend to decline faster than lake levels, suggesting perching in the lake”.  
This, and the fact that levels in the monitoring bore are consistently lower than levels at the staff 
gauge, has meant that a criterion may not be met in the well while it  is being met in the wetland 
(see Figure 15). 

Figure 15: North Lake – lake and monitoring well hydrographs 
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As discussed in Section 6.1.2 and demonstrated in Appendix E, further analysis of the 
groundwater-wetland water level relationship shows a good correlation between the 
groundwater and wetland.  This relationship is improved if the rising and falling stages are 
separated and analysed.  The analysis indicates that for the rising stage the relationship is: 

 
Wetland water level (mAHD) = - 0.0219 WL2 + 1.3678 WL – 0.8267 

 
where WL is the monitoring well (groundwater) level (mAHD). 
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For the falling stage, the relationship is: 
 

Wetland water level (mAHD) = - 0.4268 WL2 + 11.653 WL – 65.984 

The coefficients of determination for these two relationships are 0.9629 and 0.968 respectively.  
Application of these relationships indicates that the equivalent groundwater levels to the current 
wetland criteria levels are as set out in Table 2. 

Table 2: Groundwater levels equivalent to wetland water level criteria 

Equivalent groundwater level (mAHD)) Criteria Wetland level 
(mAHD) Rising stage Falling  stage 

Pref erred minimum lev el 13.5 13.31 13.29 
Absolute minimum level 12.7 12.32 12.32 

Wetland vegetation water requirements 

Froend et al. (2004a) outlines the ecological water requirements for the current ecological 
values of North Lake in terms of the vegetation (Figure 16).  The mean maximum depth to 
groundwater that Melaleuca rhaphiophylla experiences across monitored wetlands of the Swan 
Coastal Plain is 2.2 m with an absolute maximum of 4.5 m.  Eucalyptus rudis occurs at a mean 
depth of 3.25 m and an absolute depth of 6.4 m, Melaleuca preissiana occurs at a mean depth of 
2.6 m and an absolute depth of 5.0 m and Baumea articulata at a mean depth of 1.2 m and 
absolute depth of 2.6 m.  B. articulata is most prolific in seasonally inundated areas (Loomes 
2000). 

Figure 16: North Lake showing fringing Melaleuca 

 

To meet the minimum water requirements of all wetland vegetation, groundwater levels should 
not fall below the mean maximum depth to groundwater of the most susceptible species.  The 
minimum surface elevation of wetland trees on the two permanent monitoring transects is 
14.0 mAHD.  Subtracting the mean maximum depth to groundwater for fringing tree species 
from its minimum elevation indicates that B. littoralis requires the highest minimum 
groundwater level of 12.68 mAHD. To meet the water requirements of the fringing Melaleuca 
rhaphiophylla, the highest minimum groundwater level of 12.06 mAHD is required.  This 
should be applied at an appropriately constructed monitoring well in close proximity to the 
permanent vegetation transects.  Water requirements (expressed as minimum mAHD) are 
approximate as further validation is required.  This level is 0.2 m below the level implied as 
being the groundwater level required to support environmental values associated with Lake 
Nowergup as reflected by the current criteria.  The implication is that retention of the current 
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criteria should provide adequate protection for the wetland vegetation until further 
investigations are conducted or monitoring wells constructed in associated with permanent 
vegetation transects.  It  is generally accepted that wetland vegetation can tolerate an annual rate 
of water decline of up to 0.1 m to a total magnitude of 0.25 m.  

Conclusion 

Given the suggestion that there is a degree of perching at North Lake, it  is proposed that the 
criteria for North Lake be modified to include recognition of the relationship as currently 
established (and as revised from time to time as more data becomes available).  That is, the 
criteria should be expressed in terms of a required groundwater level regime that appropriately 
reflects the lake water levels.  However, in view of the drier regime now being experienced by 
the wetland, through the diversion of drainage away from the water body, some level of non-
compliance with the criteria should be expected. 

The proposed criteria, measured in Bore 424, are a preferred minimum of 13.31 mAHD (on a 
rising stage) and 13.29 mAHD (on a falling stage) with an absolute minimum level of 12.32 
mAHD. 

6.1.4 Shirley Balla Swamp 

Shirley Balla Swamp is located in the Banjup Bushland (Bush Forever site 263) within the 
Bassendean Central and South Vegetation Complex.  The wetland was recognised as supporting 
a diverse array of vegetation communities, floristically and in terms of habitat for fauna and as a 
site of high waterbird breeding potential (Water Authority 1992).  Shirley Balla Swamp is 
managed to maintain this breeding role.  It  is included in the ‘Directory of Important Wetlands 
in Australia’ and is a Conservation Category and EPP wetland (Hill et al. 1996).  The 
surrounding bushland supports significant flora and mammal species. 

The management criterion for the wetland is that it  should not dry before the end of January, 
with the objective being to maintain the waterbird breeding role of the wetland. 

Environmental condition 

Shirley Balla Swamp has been impacted by fire and physical disturbance in recent years, 
leading to declines in vegetation condition (Hancock and Ladd 2002).  The wetland has been 
described as the least used by water birds in the Jandakot area (Bamford 2001), and 
macroinvertebrate sampling has shown decreased family richness (McGuire et al. 2001). Shirley 
Balla Swamp has been contaminated with hydrocarbons; however, there has been some 
recovery in water quality (Wild et al. 2003).  Wetland and groundwater levels have declined 
since records commenced in 1993 and 1996 respectively (Figure 17), with the wetland drying 
completely in most summers. 
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Figure 17: Hydrographs from Shirley Balla Swamp 
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Despite the high level of disturbance at this wetland in recent years, Shirley Balla Swamp 
retains a diverse array of vegetation.  However, declining surface water levels have reduced the 
potential value of the wetland for waterbird breeding.  Figure 18 shows evidence of human 
disturbance on the lake bed, together with the healthy fringing vegetation. 

Figure 18: Shirley Balla Swamp 

 

Wetland management 

Public water supply wells J40, J50, J240 and J250 (to the east and west of Shirley Balla Swamp) 
have not operated since January 1998 and J230 (to the west), was operated at low quota in 
1998/99 and has been off since 1999/2000.  This action was taken to avoid transgressions of 
EWP criterion for Shirley Balla Swamp.  However, water levels have continued to slowly 
decline in subsequent years and the criteria has not been met since 1995.  The wetland has dried 
before late January since 1998 and now tends to dry by late November. 

Private abstraction of groundwater around Shirley Balla Swamp is by a number of licensees, 
mainly on small, ‘special rural’ lots with small, licensed allocations.  Private abstraction in the 
area has remained relatively constant in recent years. 
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The current criterion for Shirley Balla Swamp is based on having water persist  in the wetland 
long enough each year to encourage waterbird breeding.  However, Dr Mike Bamford (pers. 
comm. 2004) has given advice that spring peak water levels are more important for waterbirds, 
enabling fringing Melaleuca species to be flooded long enough to encourage roosting and 
breeding, rather than the persistence of water into summer.  However, Dr Bamford has also 
advised that Shirley Balla Swamp does not appear to be a significant waterbird habitat 
compared to other wetlands on the Jandakot Mound, probably due to a lack of appropriate 
fringing vegetation such as Melaleucas to encourage roosting and breeding.  Therefore, even if 
spring peak water levels were high enough to flood the fringing vegetation, it  is unlikely that 
Shirley Balla Swamp would be a favoured habitat for waterbirds.  This indicates that the 
assumption of waterbird breeding potential of the wetland identified by the Water Authority 
(1992) was not valid. 

Revised water requirements 

Vegetation 

In view of the relatively low importance for Shirley Balla Swamp in terms of its current 
objectives, a review of water requirements for the associated vegetation requirements was 
conducted through a site visit  conducted by Drs Ray Froend and Pierre Horwitz in May, 2004, 
and in consultation with Dr Mike Bamford. 

The mean maximum depth to groundwater that Melaleuca rhaphiophylla experiences across 
monitored wetlands of the Swan Coastal Plain is 2.2 m with an absolute maximum of 4.5 m.  M. 
preissiana occurs at a mean maximum depth of 2.6 m and an absolute depth of 6.4 m.  Banksia 
littoralis at a mean of 1.9 m and an absolute depth of 3.1 m (Loomes 2000). 

To meet the minimum water requirements of wetland vegetation, groundwater levels should not 
fall below the mean maximum depth to groundwater of the most susceptible species.  The belt 
of fringing tree species at the wetland occurs 0-1.4m above the lake bed (25 mAHD).  
Subtracting the mean maximum depth to groundwater) for fringing tree species from the 
minimum surface elevation indicates that B. littoralis requires the highest minimum 
groundwater level of 23.1 mAHD.  As with North Lake, the water level criteria are approximate 
as further validation is required.  It  is generally accepted that wetland vegetation can tolerate an 
annual rate of water decline of up to 0.1 m to a total magnitude of 0.25 m. 

Acidification 

Severe drying and subsequent rewetting will result  in acidification of surface and subsurface 
waters according to the WAPC (2003) classification of Shirley Balla Swamp as being at high 
risk of acid sulphate soils within 3 m of the surface.  To prevent acidic surface waters and an 
acidic groundwater plume, sediment containing actual and potential acid sulphate soils must 
remain permanently saturated until evidence is presented that such consequences will not 
eventuate. 

In areas of organic sediments, water levels must not drop below 0.5 m below ground surface.  
Dr Pierre Horwitz proposed that this be measured at a patch of Juncus pallidus located on the 
northern end of the wetland bed.  As the wetland bathymetry has not been established, survey 
will be required to establish the RL of the corresponding groundwater level. 

Conclusion 
As the value of Shirley Balla Swamp as a waterbird habitat does not now exist, it  is proposed 
that the management objectives should be focussed on maintaining the values of diverse, intact 
vegetation and habitat for terrestrial fauna and on prevention of acidification of the wetland 
through activation of the acid sulphate soils.  The criteria associated with these objectives is an 
absolute minimum groundwater level of 23.1 mAHD or 0.5 m depth to groundwater below the 
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base of the lake (to be surveyed), whichever is the higher level.  The rate of groundwater decline 
should not exceed 0.1 m per year. 

6.1.5 Monitoring well JE1B 

Monitoring well JE1B is located on Solomon Road and is surrounded by privately owned 
properties, zoned as rural and special rural.  The criteria have been set to provide protection to 
unreserved Banksia woodland occurring in an area where the depth to groundwater is less than 
5 m. 

Environmental condition 

The area around the monitoring well has been subject to significant clearing as can be seen in 
Figure 19 and the representativeness has been impacted by land use changes.  The depth to 
groundwater in the area is now in excess of 10 m and the condition of the remaining vegetation 
is reported as being reasonable.  Froend et al. (see Appendix F) conclude that the vegetation is 
not highly groundwater dependent.  This implies that the criteria are not relevant to its 
protection. 

Figure 19: Aerial view of JE1B showing extent of clearing 
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Conclusion 

In view of: the significant loss of values relevant to the management objectives associated with 
the JE1B site and the depth to groundwater indicates that the vegetation is not groundwater 
dependent; it  is proposed that the criteria for this site be removed as management objectives. 

6.1.6 Monitoring well JE12C 

Monitoring well JE12C is located on private property on Rowley Road opposite developed semi 
rural land and 500m west of healthy Banksia and Eucalyptus woodland, representative of 
terrestrial vegetation. 

Environmental condition 

The significant area of vegetation surrounding the well is intact and in good health (see Figure 
20 and Figure 21).  The depth to ground water is greater than 12 m and Froend et al. (see 
Appendix F) conclude that the vegetation is not highly groundwater dependent.  This implies 
that the criteria are not relevant to its protection.  Froend (pers. comm. 2004) has provided 
subsequent advice that the vegetation is not phreatophytic. 

Figure 20: Monitoring well JE12C 

 

Looking south towards JE12C and healthy  Banksia 
woodland. 

 

Looking north f rom JE12C towards priv ate property. 
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Figure 21: Aerial view of JE12C showing extent of surrounding vegetation 

 

Conclusion 

In view of the condition and classification of the vegetation surrounding monitoring well JE12C 
indicating that it  is not groundwater dependent, it  is proposed that the criteria for this site be 
removed as management objectives. 

6.1.7 Monitoring well JE18C 

Monitoring well JE18C is located on private property near unreserved bushland on Solomon 
Road, Banjup.  The bushland was thought to include phreatophytic vegetation in an area where 
the water table was at depths less than 5 m. 

Environmental condition 

As seen in Figure 22, significant clearing of vegetation has occurred around this site such that 
there is virtually no vegetation remaining (some Eucalyptus rudis remain on the road edge).  
Froend et al. (see Appendix F) report that the area is not representative of terrestrial vegetation. 
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Figure 22: Aerial view of JE18C showing extent of clearing 

 

Conclusion 

In view of the significant loss of values relevant to the management objectives associated with 
the JE18C site, it  is proposed that the criteria for this site be removed as management objectives. 

6.1.8 Monitoring well JE20C 

Monitoring well JE20C is located near the corner of Beenyup Road and Sheoak Court, Banjup.  
The criteria have been set to provide protection to unreserved Banksia woodland occurring in 
area where the depth to groundwater is less than 5 m. 

Environmental condition 

The bushland associated with JE20C has been largely cleared for rural and special rural 
purposes (see Figure 23).  Froend et al. (see Appendix F) report that the Banksia and Melaleuca 
spp. on private property near the well looks healthy although the representativeness has been 
impacted by the land use changes.  CSIRO (2001) also reported that there has been no clear 
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trend in vegetation density between 1988 and 2000, further suggesting landuse changes have 
impacted on the vegetation as representative of Banksia woodland. 

Figure 23: Aerial view of JE20C showing extent of clearing 

 

Conclusion 

In view of: the significant loss of values relevant to the management objectives associated with 
land clearing around the JE20C site; and the condition of the remaining vegetation indicating 
that it  is not groundwater dependent; it  is proposed that the criteria for this site be removed as 
management objectives. 

6.1.9 Monitoring well JE23C 

Monitoring well JE23C is on private property located along Gaebler Road where environmental 
conditions were established to protect the unreserved phreatophytic vegetation (Banksia 
woodland) adjacent to the site.  Criteria for terrestrial vegetation sites were set to limit 
drawdo wns to no more than 1.0 m in areas of phreatophytic vegetation with a 1.5 m drawdown 
accepted as the absolute maximum allowable.  The corresponding criteria levels were 
23.8 mAHD (preferred minimum level) and 23.3 mAHD (absolute minimum level). 
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Environmental condition 

Since August/September 2003, the Banksia woodland immediately north of JE23C has been 
cleared for the Atwell Estate/Harvest Lakes Development (see Figure 24 and Figure 25) and 
there is no longer any native vegetation near JE23C. 

Figure 24: Monitoring well JE23C 

Clearing of land for urban dev elopment 
 

Clearing of land for urban dev elopment 

Monitoring well JE23C Monitoring well JE23C 
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Figure 25: Aerial view of JE23C showing extent of clearing 

 

Conclusion 

There is no longer any Banksia woodland associated with monitoring well JE23C and the 
criteria should be removed for this location. 

6.1.10 Monitoring well JM5 

Monitoring well JM5 is located on Waratah Boulevard, Canning Vale.  The criteria were set to 
protect Banksia woodland occurring in area of less than 5 m to groundwater. 

Environmental condition 

Figure 26: Monitoring well JM5, showing adjacent urbanization 
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As can be seen in Figure 26 and Figure 27, JM5 is located within an area that has been heavily 
urbanised (since 1991) and the woodland cleared. 

Figure 27: Aerial photograph of JM5 showing extensive urbanization 

 

Conclusion 

There is no longer any Banksia woodland associated with monitoring well JM5 and the criteria 
should be removed for this location. 

6.1.11 Monitoring well JM15 

JM15 is located on the Jandakot Mound immediately south of the Jandakot Airport (see Figure 
28).  Water level criteria were set at this site to protect phreatophytic vegetation (Banksia 
woodland) in an area of less than 5 m depth to groundwater. 
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Figure 28: Aerial view of JM15 showing extent of vegetation clearing 

 

The majority of the vegetation near JM15 has been cleared for development and the site no 
longer represents local groundwater dependent vegetation.  The existing criteria for monitoring 
wells JM14 (located about 2.5 km west of JM15) and JM16 (located about 1.5 km north east of 
JM15) should provide sufficient protection for the remaining groundwater dependent vegetation 
in the area. 

Conclusion 

In view of the loss of values relevant to the management objectives associated with the JM15 
site, it  is proposed that the criteria for this site be removed as management objectives. 

6.1.12 Monitoring well JM18 

Monitoring well JM18 is located in a cleared industrial area near the corner of Solomon Road 
and Dollier Road, Banjup and criteria were set to provide protection of unreserved bushland in 
the area. 
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Environmental condition 

As shown in Figure 29, the well is near the CSR Sand Mine and near a number of small rural 
holdings.  The site has been subject to extensive clearing and consequential loss of 
environmental values.  Froend et al. (see Appendix F) report that wetland vegetation in a 
conservation reserve about 400 m to the south (Melaleuca preissiana, Banksia articulata and 
Acacia fascicularis) is intact and healthy and there is evidence of a weed control program.  The 
extent to which JM18 represents groundwater conditions associated with that reserve is unclear.  

Figure 29: Aerial view of JM18 showing extent of clearing 

 

Conclusion 

In view of the loss of values relevant to the management objectives associated with the JM18 
site, it  is proposed that the criteria for this site be removed as management objectives. 

6.1.13 Monitoring well JM19 

Monitoring well JM19 is located on the edge of the Fraser Rd Bushland (Bush Forever site 390) 
within the Southern River Vegetation Complex.  A preferred minimum groundwater level of 
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25.26 mAHD and absolute minimum level of 24.76 mAHD were set as groundwater criteria to 
maintain B. attenuata and B. menziesii low woodland to low open forest occurring in an area of 
less than 5 m depth to groundwater.  The site also supports significant flora and mammal 
species, although the flora is not included on CALM databases. 

JM19 is located in close proximity to CSR sand mine operations and is within 350 m of a 
production well licensed to the CSR mine to abstract 60 000 kL/year for sand washing, dust 
suppression and watering of site lawns and gardens (see  Figure 30).  Documentation in a Well 
Completion Statement indicates production flow rates are 19 L/s.  The well operates 
intermittently. 

Figure 30: Aerial view of location of monitoring well JM19 and nearby sand 
mine 

 

Examination of the JM19 hydrograph (Figure 31) indicates water levels have been below the 
preferred minimum levels for the last nine years.  Levels at that site appear to be influenced by 
the drier climate being experienced over recent decades as well as local drawdown interference 
effects by the CSR production pumping.  Characteristics of interference effects evident in the 
hydrographs include: 
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• a steeper gradient in water level decline correlating with pumping at CSR commencing in 
1885; 

• an increase in the amplitude of groundwater level variations since pumping commenced (as 
pumping turns off and on); and 

• small short term variations in level superimposed over the longer term seasonal variations 
(particularly during drier months) reflect the cycle of drawdown and recovery effects of 
intermittent operation of the well. 

Figure 31: Monitoring well JM19 hydrograph 
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This indicates that a more appropriate location should be sought for the monitoring well that 
represents the local water table supporting the subject vegetation, but is unaffected by local 
pumping interference effects.  However, CSR has advised the Department of its intention to 
decommission the production well during mid 2005 and the need to relocate may not be 
necessary after decommissioning.  In addition, it  is understood that there are plans for 
urbanisation of the area west of Fraser Road that involves clearing all the vegetation in this area. 

Environmental condition 

There has been no evidence of water stress in phreatophytic vegetation including B. ilicifolia 
(known to have high groundwater dependence) or M. preissiana  (WRC 2003) although 
pumping has influenced groundwater levels in the vicinity of JM19 and non-compliances with 
preferred minimum water level criteria have occurred since 1995 (with the absolute minimum 
not being met in 1999).  Froend et al. (see Appendix F) report that the area is not representative 
of terrestrial vegetation. 

Conclusion 

Given the good condition of the phreatophytic vegetation and the intention by CSR to 
decommission the production well affecting this site, it  is proposed that monitoring well JM19 
be suspended as a criteria site until the situation can be reviewed at the end of 2005.  If the 
proposed decommissioning occurs as planned, the site would be reinstated as a criteria site.  If 
not, depending on the prognosis for the production well, an alternative site would be found.  The 
Department would continue to monitor and report on vegetation condition at this site.  
Groundwater levels would also continue to be monitored on a fortnightly basis.  Given the low 
environmental impact experienced from the declining groundwater levels at this site, the Stage 2 
review of conditions may result  in recommendations to amend the criteria levels.  Depending on 
land use planning in the locality and the potential for further significant clearing, retention of the 
site may not be justified in the longer term. 
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6.1.14 Monitoring well JM24 

JM24 is located near Hammond Road near Bush Forever site 391 on the Jandakot Mound.  
Criteria were set to manage Banksia woodland occurring in this area where the depth to 
groundwater is less than 5 m. 

Figure 32: Aerial view of JM24 showing encroachment of urbanisation 

 

Environmental condition 

Through recent land use changes, the area of vegetation represented by this site has reduced 
significantly (to about 1 ha), although the condition of the remaining vegetation is reported by 
Froend et al. (see Appendix F) as good.  While phreatophytic vegetation still occurs near this 
site, the rare flora criteria monitoring well JE17C (see Figure 32) should suffice to protect 
groundwater dependent vegetation in the Bush Forever site 391. 

Groundwater levels at JM24 have remained relatively stable, with minimum levels recorded 
over the past 30 years that have always been above the preferred minimum level (see Figure 
33).  With the exception of two years, levels at this site have been higher than 0.5 m above the 
preferred minima. 
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Figure 33: Hydrograph from JM24 
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Conclusion 

In view of the loss of values relevant to the management objectives associated with the JM24 
site, it  is proposed that the criteria for this site be removed as management objectives. 

6.1.15 Monitoring well JM27 

JM27 is located on the Jandakot Mound near unreserved bushland near Armadale and Taylor 
Road, Forrestdale.  Water level criteria were set at this site to protect phreatophytic vegetation 
(Banksia woodland) in an area of less than 5 m depth to groundwater. 

Environmental condition 
There has been significant clearing of the vegetation around the JM27 site as can be seen in 
Figure 34, such that there are no vegetation values remaining relevant to this monitoring site 
other than a 20 m wide strip of Banksia/Casuarina.  Froend et al. (see Appendix F) report that 
the area is not representative of terrestrial vegetation. 
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Figure 34: Aerial view of JM27 showing extent of clearing 

 

Conclusion 

In view of the loss of values relevant to the management objectives associated with the JM27 
site, it  is proposed that the criteria for this site be removed as management objectives. 

6.1.16 Monitoring well JM29 

The site is located on private property near the corner of Beenyup Road and Gibbs Road.  
Management objectives for this site were the protection of phreatophytic Banksia woodland 
occurring in an area of less than 5 m depth to groundwater.  Pockets of remnant vegetation 
occur along drainage lines (Eucalyptus rudis and Melaleuca rhaphiophylla) or in cleared 
Banksia woodland and M. preissiana swamps.  In keeping with the 1.0 m and 1.5 m summer 
drawdo wn criteria set for the Jandakot terrestrial sites, the preferred minimum groundwater 
level was set at 23.8 mAHD and the absolute minimum at 23.3 mAHD. 

Environmental condition 

There has been significant clearing of vegetation near this site, for rural and semi-rural 
development (see Figure 35).  The water table has declined by approximately 1.75 m since 1992 
and in 2001 the absolute minimum criteria was not met.  However, there have been no recent 
signs of physiological stress in the remnant vegetation around JM29 and its condition is 
reported by Froend et al. (see Appendix F) as being reasonable.  Clearing of terrestrial 
vegetation around this site has significantly diminished its relevance as being representative of 
Banksia woodland occurring in the area of less than 5 m deep to groundwater. 
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Figure 35: Aerial view of JM29 showing extent of clearing 

 

Conclusion 

In view of the loss of values relevant to the management objectives associated with the JM29 
site, it  is proposed that the criteria for this site be removed as management objectives. 

6.1.17 Monitoring well JM31 

The criteria for monitoring well JM31 (located on private property off Armadale Road within 
the City of Armadale) have the purpose of protecting phreatophytic vegetation in Bush Forever 
site 344 in an area of less than 5 m depth to groundwater. 

Environmental condition 

Significant clearing of vegetation has occurred near this monitoring site (see Figure 36, making 
its relevance highly questionable in terms of the criteria requirements.  Monitoring well JM35 is 
better located to represent the phreatophytic vegetation within the Bush Forever site.  The 
relative locations of JM31 and JM35 are shown in Figure 36.  Froend et al. (see Appendix F) 
report that vegetation on the opposite side of the road is dominated by exotics with some 
Eucalyptus rudis in the overstorey.  An area of Acacia shrubs occurs 100 m to the west.  While 
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vegetation condition is reasonable, the representativeness of the area has been impacted by land 
use changes. 

Figure 36: Aerial view of JM31 and JM35 

 

Conclusion 

In view of the loss of values relevant to the management objectives associated with the JM31 
site, it  is proposed that the criteria for this site be removed as management objectives. 

6.1.18 Monitoring well JM33 

Phreatophytic vegetation criteria monitoring well JM33 is located on Barfield Road near 
Gaebler Road on the Jandakot Mound and the criteria are intended to provide protection for 
Banksia/Casuarina  woodland occurring in area of less than 5 m to groundwater. 

Environmental condition 

The area to the north west of JM33 was cleared during August and September 2003 (see Figure 
37).  Froend et al. (see Appendix F) report that the remaining vegetation consists of a large area 
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of intact woodland whose representativeness had been impacted by the land use changes.  The 
vegetation condition is reported as reasonable.  However, substantial further clearing is 
proposed in the near future (see Figure 37).  The area to the north of JM33 on the east side of 
Barfield Road is to be cleared for urbanisation later in 2004, and the large area of remaining 
vegetation is proposed for clearing in late 2005, subject to approval of the structure plans. 

Figure 37: Aerial view of JM33 showing extent of current and proposed clearing 

 

Conclusion 

In view of the current and planned loss of values relevant to the management objectives 
associated with the JM33 site, it  is proposed that the criteria for this site be removed as 
management objectives. 

6.1.19 Rare Flora monitoring wells JM7, JM8, JM45, J310, JE17C and JE19C 

In the Jandakot PER (Water Authority 1991), five rare species of orchid 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 that 
they might be affected by changes in the surrounding vegetation.  To ensure maintenance of 
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vegetation composition in areas of rare orchids, a maximum drawdown on the water table of 
1.0 m from existing levels (1988 minima for existing monitoring wells, 1993 minima for newly 
established wells) was set as a criterion. 

To verify the existence of rare flora around the nominated rare flora criteria wells JM7, JM8, 
JM45, J310, JE17C and JE19C, searches of CALM rare flora databases (FloraBase and DEFL) 
and discussions with CALM officers were conducted in early 2004.  The database searches 
failed to confirm the locations of rare flora near any of the nominated rare flora wells.  
However, CALM officers verbally advised that rare flora had recently been located near JM8. 

As no rare flora appears to exist in the vicinity of most of the rare flora criteria wells, it  is 
proposed that the criteria should be altered to reflect protection of the value of phreatophytic 
terrestrial vegetation, where that value remains at those sites.  While rare flora apparently exists 
near JM8, criteria established with the aim of protecting phreatophytic vegetation at a low level 
of risk will also protect the rare flora.  Therefore, the Department proposes to review the criteria 
at JM8 to protect the value of the surrounding phreatophytic vegetation, as the rare flora itself is 
not groundwater-dependent. 

Two of the rare flora wells, J310 and JE19C are no longer representative of intact phreatophytic 
vegetation, and the Department is proposing to remove these as criteria sites, as discussed in 
detail below.  The remaining rare flora criteria bores, JM7, JM8, JM45 and JE17C retain their 
value as being representative of terrestrial (phreatophytic) vegetation.  

Since 1991, more knowledge has been gained about the tolerances of phreatophytic vegetation 
(Banksia woodland) to rates and magnitudes of water level decline.  Froend and Zencich (in 
prep.) indicate that there is a range of levels of risk of impact (from low to severe), dependent 
on the magnitude and rate of water level decline, and the depth to groundwater in the vicinity of 
the vegetation in question.  Table 3 and Table 4 below show these relationships for Banksia 
woodland in the 0-3 m and 3-6 m depth to groundwater categories. 

Table 3: Risk of impact categories for phreatophytic vegetation with 0-3 m 
depth to groundwater 

Risk of Impact  

Low Moderate High Sev ere 

Rate of drawdown (m/y r) <0.1 0.1-0.25 0.25-0.5 >0.5 
Magnitude of  drawdown 
(m) 

0-0.75 0.75-1.25 1.25-1.75 >1.75 

Table 4: Risk of impact categories for phreatophytic vegetation with 3-6 m 
depth to groundwater 

Risk of Impact  

Low Moderate High Sev ere 

Rate of drawdown (m/y r) <0.1 0.1-0.25 0.25-0.5 >0.5 
Magnitude of  drawdown 
(m) 

0-1.0 1.0-1.5 1.5-2.25 >2.25 

The Department has applied these relationships in revising the water level criteria for sites JM7, 
JM8, JM45 and JE17C.  The revised EWRs, based on the vegetation requirements, has been 
proposed by Froend et al. (in prep.) and are detailed in the discussion on those sites in the 
following sections. 
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JE17C falls into the 0-3 m depth to groundwater category, while JM7, JM8 and JM45 fall into 
the 3-6 m category.  No monitoring sites have changed categories since the criteria were 
established.  There have been water level declines of around 1 m or less in wells JM7, JM8 and 
JM45 since the 1988 baseline year, putting the surrounding vegetation in the low or low to 
moderate risk category in terms of the magnitude of drawdown (Table 4).  All sites are in the 
low risk category in terms of the rate of drawdown over that period. 

Water levels in JE17C have risen by approximately 0.2m since the 1993 baseline year, also 
putting the surrounding vegetation in the low risk category in terms of both magnitude and rate 
of drawdown.  To maintain the values at a low level of risk, it is proposed that an appropriate 
baseline year is used as the starting point, and the relevant drawdown (0.75m for the 0-3 m 
category and 1.0 m for the 3-6 m category) is subtracted from this baseline.  Autumn 2001 
minima have been chosen as the baseline as that year is generally representative of water levels 
at the start  of the recent drying cycle (2000-2004) (Froend et al. in prep.). 

Froend et al. (in prep.) have listed some assumptions and limitations to the above approach: 

1. Water requirements are approximate as further validation is required. 

2. Phreatophytic classes (0-3 m/3-6 m) are based on quantitative studies of two Banksia 
species and have not considered requirements of other phreatophytic vegetation. 

3. Habitat type and species present are largely undescribed. 

4. Vegetation has established under a different water regime to that which currently exists.  
Without information on age class structure at individual sites, it  is not possible to 
determine under which regime tree root zones were set.  Older trees may have established 
20 years ago, younger individuals 3-5 years ago.  Although older trees may have been 
lost, populations may persist  due to recruitment of new plants under new conditions. 

5. The hydrology of a terrestrial site is based on water levels as measured in monitoring 
wells.  This does not represent the variation in topography and its impact on groundwater 
levels across a site.  

6. The spatial area of vegetation represented by each monitoring well is not defined. 

Each of the rare flora monitoring sites is discussed in detail below, based on the above approach 
as appropriate. 

JM7 

The current criteria for JM7 are:  
• Summer preferred minimum – 23.17 mAHD 
• Summer absolute minimum – 22.67 mAHD 

Banksia woodland in the 3-6 m depth to groundwater category is thought to be at low risk of 
impact from a total drawdown of 1.0 m at a rate of 0.1m/year.  Based on the autumn 2001 
minimum of 23.061 mAHD, the implied criteria level is 22.06 mAHD. 

JM8 

The current criteria for JM8 are:  
• Summer preferred minimum – 24.43 mAHD 
• Summer absolute minimum – 23.93 mAHD 
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Banksia woodland in the 3-6 m depth to groundwater category is thought to be at low risk of 
impact from a total drawdown of 1.0 m at a rate of 0.1m/year.  Based on the autumn 2001 
minimum of 24.38 mAHD, the implied criteria level is 23.38 mAHD. 

JM45 

The current criteria for JM45 are:  
• Summer preferred minimum – 24.02 mAHD 
• Summer absolute minimum – 23.52 mAHD 

Banksia woodland in the 3-6 m depth to groundwater category is thought to be at low risk of 
impact from a total drawdown of 1.0 m at a rate of 0.1m/year.  Based on the autumn 2001 
minimum of 23.711 mAHD, the implied criteria level is 22.71 mAHD. 

JE17C 

The current criteria for JE17C are:  
• Summer preferred minimum – 16.8 mAHD 
• Summer absolute minimum – 16.3 mAHD 

As vegetation at JE17C is in the 0-3 m category and is dominated by the wetland species 
E. rudis and M. preissiana, the approach applied to determine wetland vegetation water 
requirements is appropriate.  Application of this approach indicates that M. preissiana requires 
the highest minimum groundwater level of 16.35 mAHD. 

J310 

J310 is located on Princep Road in an industrial area.  There is no vegetation native directly 
adjacent to the bore, the closest vegetation consists of healthy, intact Eucalyptus rudis 50 m to 
the west and the condition of the understorey is not known.  This area is not representative of 
terrestrial vegetation (Froend et al., in prep., see Appendix F) and it  should be removed as a 
criteria site. 

Figure 38: Monitoring well J310 

Looking west towards J310 and a timber yard.  E. 
rudis can be seen in the background 

 
Looking east from J310 toward an industrial area 
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Figure 39: Aerial view of J310 surrounded by industrial site and private 
landholdings 

 

 

 

JE19C 

JE19C is located on private property on Beenyup Rd.  West of JE19C, Melaleuca woodland has 
been cleared for urban land development (see Figure 40 and Figure 41).  The Jandakot Regional 
Park is located to the south where the vegetation is dense wetland vegetation.  The area of 
vegetation to the east of JE19C (see Figure 41) is Bush Forever Site 263 (Banjup Bushland, 
Banjup) and contains Shirley Balla Swamp.  The area surrounding JE19C is not representative 
of terrestrial vegetation (Froend et al., in prep., see Appendix F) and the site should be removed 
as a criteria site. 
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Figure 40: Monitoring well JE19C 

Looking east towards JE19C and private property 
 

Looking west towards cleared land 
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Figure 41: Aerial view of JE19C near cleared land, and Bush Forever Site 263 to 
the northeast 

 

6.2 Changes to current conditions and commitments 
Table 5 and Table 6 set out all the current Ministerial conditions and proponent commitments 
related to management of the Jandakot Groundwater Scheme Stage 2 (Assessment 196, 
Statement 253).  A range of changes to these conditions and commitments are proposed and are 
also set out in those tables.  The proposed changes fall into several categories: 

1. Removal of redundant conditions and commitments.  An example is proponent 
commitment P-34, the intent of which is covered by Ministerial condition M4-2. 

2. Removal of inconsistencies between conditions and commitments. 

3. Amendment of the wording of conditions and commitments to reflect that the Water 
Authority is no longer the proponent.  To account for possible future changes in 
proponency, or in the name of the proponent, agency names have been removed and 
reference is now made only to “the proponent”. 
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4. Removal of conditions and commitments for which the Department of Environment is not 
the proponent.  Responsibility for meeting conditions set on the Water Authority, and 
commitments made by that agency, have been distributed between the Department of 
Environment and the Water Corporation according to their roles. 

5. Contemporising of several conditions or commitments, such as Ministerial condition M5-
3, which requires commencement of implementation of an approved wetland management 
plan.  In this case, implementation has commenced, and it is proposed that the emphasis 
of the condition should be on the ongoing implementation. 

6. Various specific amendments shown in Table 5 and Table 6. 
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Table 5: Jandakot Groundwater Scheme Stage 2 – proposed changes to Ministerial conditions 

Code Current Ministerial Conditions (applicable from 1997) Current 
Responsibility 

Proposed Changes 

M-1 In implementing the proposal, the proponent shall fulf il the commitments 
(which are not inconsistent with the conditions or procedures contained 
in this statement) made in the Public Environmental Rev iew and 
included as Appendix 1 in Env ironmental Protection Authority Bulletin 
587. 

WRC and 
Utility  

Replace with: 

“In implementing the proposal, the proponent shall fulfil the 
commit ments (which are not inconsistent with the conditions or 
procedures contained in this statement) made in Department of 
Environment 2004 report 'Section 46 Review of Environmental 
Conditions on Management of the Gnangara and Jandakot 
Mounds - Stage 1 Proposal for Changes to Conditions’.” 
This change is proposed to contemporise the condition with 
respect to this report. 

M-2 Subject to these conditions, the manner of detailed implementation of 
the proposal shall conform in substance with that set out in any designs, 
specif ications, plans or other technical material submitted by the 
proponent to the Env ironmental Protection Authority with the proposal.  
Where, in the course of that detailed implementation, the proponent 
seeks to change those designs, specifications, plans or other technical 
material in any way  that the Minister f or the Env ironment determines on 
the adv ice of the Environmental Protection Authority, is not substantial, 
those changes may be effected. 

WRC and 
Utility  

Remov e, as this condition is not relevant to the activ ities of the 
Department.  It relates to the proposal to develop the Jandakot 
Stage 2 Groundwater Scheme, f or which the Water Corporation is 
now the proponent. 

M-3-1 Prior to 1 December each y ear, the proponent shall determine 
anticipated public water supply abstraction limits and shall adv ise the 
Env ironmental Protection Authority of those limits, the period to which 
the limits apply and details of the actual and anticipated env ironmental 
effects of abstraction. 

WRC Remov e as covered by annual reporting commitments. 

M-3-2 The proponent shall operate within the limits and the period specified in 
condition 3-1. 

WRC (Utility 
via licence 
conditions) 

Remov e as this is a Water Corporation responsibility to comply 
with Department of Env ironment licensing requirements, and is 
inappropriate as a condition on the Department. 

M-3-3 The proponent shall inf orm the Environmental Protection Authority 
immediately of any proposed change to the anticipated abstraction limit 
and period.  Changes made after 1 December each year shall be to the 
satisfaction of the Environmental Protection Authority. 

WRC No change proposed. 
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Code Current Ministerial Conditions (applicable from 1997) Current 
Responsibility 

Proposed Changes 

M-4-1 Prior to commissioning the borefield, the proponent shall prepare a 
detailed env ironmental monitoring plan, to the satisf action of the Minister 
f or the Env ironment on advice of the Env ironmental Protection Authority 
and the Department of Conserv ation and Land Management.  This 
monitoring plan shall include, but not be limited to monitoring the 
f ollowing: 

◊ v egetation; 
◊ f auna; 

◊ habitat; and 
◊ groundwater lev els. 

WRC It is proposed that Ministerial Condition M4-1 be removed as the 
condition has been cleared through the preparation and 
submission of an env ironmental monitoring program in 1992 
(Water Authority 1992). 

M-4-2 The proponent shall submit brief annual and more detailed triennial 
reports addressing, but not limited to the f ollowing: 

(1) the quantity of water abstracted for public use and estimated quantity 
f or priv ate use; 
(2) env ironmental monitoring results; 

(3) compliance with the env ironmental criteria and the commitments; 
(4) compliance with the env ironmental objectiv es; 
(5) a rev iew of the effectiveness of the criteria in meeting the 
env ironmental objectiv es; and 
(6) any  proposed changes to management, monitoring or mitigation of 
wetland impacts. 

to the satisfaction of the Environmental Protection Authority. 

WRC Replace with: 
“Submit a brief annual report and more detailed triennial reports on 
the environmental monitoring and management of the Jandakot 
Mound.  The reports should include details of compliance with the 
conditions and achievement of environmental objectives set in the 
Ministerial statement and attachments.” 
This amended condition is consistent with the proposed amended 
Ministerial conditions f or the Gnangara Mound and East Gnangara. 

 

M-4-3 The proponent shall submit the reports required by condition 4-2 to the 
Env ironmental Protection Authority and shall make them publicly 
av ailable.  The annual reports shall be submitted by 1 December and 
the triennial reports by 1 March, f ollowing commencement of the 
operation of the scheme. 

WRC No change proposed. 

M-4-4 The proponent shall report any breach or anticipated breach of the 
env ironmental criteria or env ironmental objectiv es to the Environmental 
Protection Authority immediately. 

WRC No change proposed. 

M-4-5 If  impacts are detected which are deemed to be unacceptable by the 
Env ironmental Protection Authority, the proponent shall modify subarea 
water allocations and abstraction strategies f or the Jandakot Public 
Water Supply Area to the satisfaction of the Environmental Protection 
Authority. 

WRC No change proposed. 
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Code Current Ministerial Conditions (applicable from 1997) Current 
Responsibility 

Proposed Changes 

M-5-1 Prior to commissioning the borefield, the proponent shall prepare a plan 
to mitigate losses of wetland area and wetland f unction that are likely to 
occur as a consequence of the dev elopment and operation of the 
boref ield, based initially on the anticipated impacts associated with the 
likely  future land use/abstraction scenario for the area, to the satisf action 
of the Minister f or the Env ironment on advice of the Env ironmental 
Protection Authority.  This plan shall include but not necessarily be 
limited to: 

(1) a description of the processes used for identifying the likely wetland 
impacts; 
(2) the identif ication of indiv idual wetlands that will be affected, 
quantif ication of the likely changes in water level expected to occur, and 
the likely impacts of these changes on the areas and f unctions of the 
wetlands; 

(3) identif ication of wetlands that are likely to be dry on December 1 
each y ear as a result of abstraction (i.e.  the area of f ree water is less 
than 1 000 square metres or less than 20 percent of the wetland area); 

(4) the existing importance of the areas that will be affected (e.g.  rare 
and endangered f lora and fauna present, number of breeding waterbird 
species); 
(5) a strategy to mitigate losses of wetland area and f unctions, including 
details of compensatory action.  This should include details of the 
strategy to mitigate against impacts on Twin Bartram and Solomon Road 
Swamps, using all reasonable and practicable means; 
(6) a commitment to modify the plan to the satisfaction of the 
Env ironmental Protection Authority, based on the results of f uture 
env ironmental impact monitoring; and 
(7) a commitment to modify the plan to the satisfaction of the 
Env ironmental Protection Authority, if impacts are detected which are 
deemed to be unacceptable by the Environmental Protection Authority. 

WRC – partial 
delegation to 
Utility v ia 
allocation 
licence. 

It is proposed that Ministerial Condition M5-1 be removed as the 
condition has been met through the preparation and submission of 
an env ironmental management program in 1992 (Water Authority 
1992). 

M-5-2 The plan required by condition 5-1 shall be made available for public 
comment. 

Cleared It is proposed that Ministerial Condition M5-2 be removed because 
the condition has been met.  The environmental management 
program (Water Authority 1992) has been made publicly av ailable 
through the agency library and copies sent to key stakeholders. 



Section 46 Review of the Gnangara and Jandakot Mounds  Stage 1 Proposal to Change Conditions 

  70

Code Current Ministerial Conditions (applicable from 1997) Current 
Responsibility 

Proposed Changes 

M-5-3 Subsequent to conditions 5-1 and 5-2, the proponent shall commence 
implementation of the approved wetland management plan within two 
y ears of commissioning the borefield, to the satisfaction of the 
Env ironmental Protection Authority  

WRC It is proposed that Ministerial Condition M5-3 be replaced with: 
“The proponent shall implement the environmental management 
program prepared by the Water Authority (1992), to the satisfaction 
of the Environmental Protection Authority.” 
The proposed change is intended to account f or the prev ious 
relev ant conditions being removed and making the requirement 
relate specif ically to the approv ed management program prepared 
under those cleared conditions. 

The amended condition will be adopted as a commitment. 
M-6-1 Prior to the commissioning of the borefield, the proponent shall prepare 

a comprehensiv e env ironmental management program to the 
satisfaction of the Minister for the Environment on adv ice of the 
Env ironmental Protection Authority.  This program shall reflect the 
anticipated f uture land use/abstraction scenario f or the area and shall 
include, but not necessarily be limited to: 

(1) an env ironmental monitoring plan as required by condition 4; and 
(2) a wetland management plan as required by condition 5. 

Cleared 
(conditional) in 
EMP 

It is proposed that Ministerial Condition M6-1 be removed as the 
condition has been met through the preparation and submission of 
the env ironmental management program in 1992 (Water Authority 
1992). 

M-6-2 The proponent shall implement the comprehensive environmental 
management program required by condition 6-1, to the satisfaction of 
the Env ironmental Protection Authority. 

WRC (with 
delegation to 
the Utility). 

Remov e as covered by proposed amendment to M5-3. 

M-7-1 At least six months prior to decommissioning the borefield, the 
proponent shall prepare a decommissioning and rehabilitation plan, to 
the satisfaction of the Environmental Protection Authority. 

Utility  Remov e as Department of Environment is not proponent. 

M-7-2 The proponent shall implement the decommissioning and rehabilitation 
plan required by condition 7-1, to the satisf action of the Env ironmental 
Protection Authority. 

Utility  Remov e as Department of Environment is not proponent. 

M-8 No transf er of ownership, control or management of the project which 
would giv e rise to a need f or the replacement of the proponent shall take 
place until the Minister f or the Env ironment has adv ised the proponent 
that approval has been giv en f or the nomination of a replacement 
proponent.  Any request for the exercise of that power of the Minister 
shall be accompanied by a copy of this statement endorsed with an 
undertaking by the proposed replacement proponent to carry out the 
project in accordance with the conditions and procedures set out in the 
statement. 

WRC/Utility.  
See 
Reallocation 
Schedule f or 
amended 
conditions 

Remov e as EP Act prov ides for changes in proponency. 
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Code Current Ministerial Conditions (applicable from 1997) Current 
Responsibility 

Proposed Changes 

M-9 If  the proponent has not substantially commenced the project within f ive 
y ears of the date of this statement, then the approval to implement the 
proposal as granted in this statement shall lapse and be v oid.  The 
Minister f or the Env ironment shall determine any question as to whether 
the project has been substantially commenced.  Any application to 
extend the period of f ive years ref erred to in this condition shall be made 
bef ore the expiration of that period, to the Minister f or the Env ironment 
by way  of a request for a change in the condition under Section 46 of the 
Env ironmental Protection Act.  (On expiration of the fiv e y ear period, 
f urther consideration of the proposal can only occur f ollowing a new 
ref erral to the Env ironmental Protection Authority.) 

WRC/Utility  It is proposed that Ministerial Condition M9 be removed as it is now 
redundant.  The proposal was implemented within the f ive year 
period f or which the approv al was valid. 
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Table 6: Jandakot Groundwater Scheme Stage 2 – proposed changes to proponent commitments 

Code Current Commitments (applicable from 1997) Current 
Responsibility 

Proposed Changes 

P-1 To prepare a Management and Monitoring Program, satisf actory to the 
EPA, prior to commissioning of the Stage 2 Scheme. 

Duplicates 6.1 It is proposed that Proponent Commitment P1 be remov ed as it 
has been met through the preparation and submission of an 
env ironmental management program in 1992 (Water Authority 
1992). 

P-2 To ensure that groundwater abstraction satisf ies the environmental 
criteria presented in this PER. 
To mitigate impacts associated with construction of the Stage 2 Scheme 
by the Water Authority. 

WRC 
(delegation to 
Utility v ia 
allocation 
licence) 

Replace with: 

“To ensure that groundwater abstraction satisfies the 
environmental criteria presented in this PER.” 
The second part of the commitment is removed as it not the 
responsibility of the Department of Env ironment and has been 
cleared. 

P-3 Clearing of v egetation at bore sites will be restricted to the area of the 
enclosure (approximately 25 metres square) in non-urban areas, and the 
immediate area of the bore head in the case of bores located in public 
open space in urban areas. 

Utility 
(completed) 

Remov e as Department of Environment is not responsible and 
Ministerial Condition has been satisfied. 

P-4 Where practical, the collector main will be located within existing road 
reserv es. 

Utility 
(completed) 

Remov e as Department of Environment is not responsible and 
Ministerial Condition has been satisfied. 

P-5 On Crown Land, top-soil from the collector main trench will be separately 
stripped, stock-piled and re-spread on completion of pipe lay ing. 

Utility 
(completed) 

Remov e as Department of Environment is not responsible and 
Ministerial Condition has been satisfied. 

P-6 On priv ate land, the collector main route will be left in a state agreed to 
by the land owner/occupier. 

Utility 
(completed) 

Remov e as Department of Environment is not responsible and 
Ministerial Condition has been satisfied. 

P-7 Where f easible, bore site compounds will be used for the storage of 
materials and for contractors' f acilities, in preference to the 
establishment of separate short-term sites. 

Utility  Remov e as Department of Environment is not responsible. 

P-8 Where temporary construction sites are established, the area will be 
returned either to its original state, in the case of Crown Land, or to a 
state agreed to by the land owner/occupier. 

Utility 
(completed) 

Remov e as Department of Environment is not responsible and 
Ministerial Condition has been satisfied. 

P-9 All work on extensions to and modif ications of the Jandakot Treatment 
Plant will be undertaken on existing cleared areas within the boundary of 
the Plant site, and  

Utility 
(completed) 

Remov e as Department of Environment is not responsible and 
Ministerial Condition has been satisfied. 

P-10 All workers involv ed in project construction in natural areas will be 
instructed on env ironmental protection procedures before work 
proceeds. 

Utility 
(completed) 

Remov e as Department of Environment is not responsible and 
Ministerial Condition has been satisfied. 
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Code Current Commitments (applicable from 1997) Current 
Responsibility 

Proposed Changes 

P-11 In the ev ent that monitoring indicates that there will be signif icant 
impacts of a nature not predicted in this evaluation or a breach of the 
specif ied criteria, then the Water Authority must undertake one or more 
of the f ollowing: 
(1) demonstrate to the satisfaction of the EPA that the breach of criterion 
is not a result of groundwater abstraction; or 
(2) satisfy the EPA that the breach of criterion is transient and not of 
permanent signif icance; or 

(3) take the relev ant action as specif ied in Section 7 of the EPA Bulletin: 
    (a) modify pumping from any bore where such changes can have a 
measurable effect (say raise water lev els 1 centimetre or more), except 
in extenuating circumstances such as where significant economic 
hardship would occur, or CALM declare that the low water lev els would 
be benef icial 

   (b) in the case of a wetland, artif icially maintain the "action minima" 
water lev el (see Table 7.5); and 
   (c) implement a short-term detailed monitoring program to establish 
the condition of agreed species in the affected area. 

WRC No change proposed. 

P-12 To modify the chlorine withdrawal system to a liquid process prior to 
commissioning of the Stage 2 line of bores. 

Utility  Remov e as Department of Environment is not responsible. 

 To operate the treatment plant with established buffer zones. Utility  Remov e as Department of Environment is not responsible. 

P-13 The personal risk hazard of fatality associated with chlorine release is 
less than one in a million in any year; and 

Utility  Remov e as Department of Environment is not responsible. 

P-14 Hy drogen sulphide levels attributable to plant operation will be below 
noticeable levels of 5 parts per billion 

Utility  Remov e as Department of Environment is not responsible. 

P-15 Regularly  reviewing the bulk allocations f or priv ate abstraction, as part of 
the total water abstraction allocation f or the Jandakot PWSA, with regard 
to the sustainable y ield of the superficial aquif er, including consideration 
of the env ironmental impacts of that abstraction. 

WRC No change proposed. 

P-16 Restricting the issuing of licences for private water abstraction to the 
limits set by the bulk allocations for both the Jandakot PWSA in its 
entirety and the licensing subareas. 

WRC No change proposed. 

P-17 Inv estigating and implementing efficient mechanisms f or groundwater 
allocation. 

WRC  No change proposed. 

P-18 Conduct pump tests on Stage 2 bores and liaise with nearby private 
users of groundwater prior to commissioning to assess the impact of 
Stage 2 bores on priv ate bores. 

Completed Remov e as the commitment was met by the Water Authority prior 
to commissioning of the Stage 2 scheme.  This is a utility 
commitment  
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Code Current Commitments (applicable from 1997) Current 
Responsibility 

Proposed Changes 

To protect the groundwater resource by activ e participation in (P-19 to P-21): 
P-19 The dev elopment of Env ironmental Protection Policies to protect 

groundwater. 
WRC/Utility  Replace with: 

“Assist the EPA in the development of Environmental Protection 
Policies to protect groundwater.” 
Recognises that EPPS are an EPA responsibility. 

P-20 The rev iew of Regional Plans proposed by the Department f or Planning 
and Urban Dev elopment, Local Government Town Planning Schemes, 
and re-zoning and dev elopment applications. 

WRC No change proposed. 

P-21 Rev iew of dev elopment submissions to EPA. WRC No change proposed. 

P-22 To work with the Department for Planning and Urban Dev elopment to 
prepare an integrated Land use and Water Management Strategy f or the 
Jandakot Mound. 

Cleared Remov e as the commitment has been met with the preparation of 
the Jandakot Land Use and Water Managements Strategy by the 
Western Australian Planning Commission (1995).  
ISBN No. 0 7309 5335 1. 

P-23 To activ ely pursue programs in both supply and demand management.  
This includes ongoing public information programs and, where 
appropriate, regulation for design changes and regular rev iews of pricing 
to conserv e water.  Improvements in the Authority's supply system will 
also be pursued. 

WRC/Utility  No change proposed. 

P-24 To activ ely participate in integrated management of the Jandakot 
catchment. 

WRC/Utility  No change proposed. 

P-25 To rev iew the management criteria and strategies, with the agreement of 
the EPA, as knowledge of the Jandakot environment and its interaction 
with groundwater improves. 

WRC No change proposed. 

P-27 To monitor water lev els in groundwater monitoring bores and North, 
Bibra, Yangebup, Kogolup, Thomsons, Forrestdale Lakes.  The 
Spectacles and Twin Bartram Swamp as well as some other small 
wetlands. 

Utility  Remov e as Department of Environment is not responsible. 
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Code Current Commitments (applicable from 1997) Current 
Responsibility 

Proposed Changes 

P-28 To monitor vegetation transects on a triennial basis to establish 
signif icant changes in the condition, floristics or structure of vegetation 
communities. 

WRC Replace with two commitments: 
“The proponent will prepare an environmental monitoring program 
for submission to the EPA within four months of a decision by the 
Minister for the Environment on the outcome of the 2004 s46 
review of conditions.  Following review by the EPA, the proponent 
will finalise the program to the satisfaction of the EPA.  The 
program would be reviewed and revised every six years (coinciding 
with triennial reports).  The monitoring program will include 
monitoring of groundwater levels in all relevant aquifer systems, 
relevant wetland water levels and water quality, condition of 
vegetation and fauna associated with groundwater dependent 
ecosystems.” 
And: 
“The proponent will implement the EPA monitoring program 
developed under commit ment [No as appropriate].” 
These commitments would incorporate the requirements of 
commitment P-28. 

P-29 To continue to fund the research projects 10.6.3 listed in Appendix 2 of 
the EPA Bulletin for the duration of the studies. 

Cleared Remov e as these studies have been completed and the 
commitment met. 

P-30 To use aerial photographs on a triennial basis to detect habitat shifts in 
North, Bibra, Yangebup, Kogolup, Thomsons and Forrestdale Lakes. 

WRC Remov e and incorporate within amendment to commitment P-28. 

P-31 To dev elop a fauna monitoring program, prior to the commissioning of 
the Stage 2 Scheme, which will f ocus on: 
- waterbird species div ersity and breeding success, and 

- number of families of aquatic inv ertebrate and at infrequent intervals, 
species richness. 

WRC Remov e and incorporate within amendment to commitment P-28. 

P-32 To hold meetings at least annually with a Jandakot Consultativ e 
Committee which will be established in consultation with the EPA.  This 
Committee will be informed on the scheme's operation and will prov ide 
f eed-back to the Water Authority. 

WRC Replace with: 
“To hold meetings at least annually with the Jandakot Consultative 
Committee established in consultation with the EPA.  This 
Committee will be informed on the scheme's operation and will 
provide feed-back to the proponent.” 
This commitment has been amended to reflect that the Water 
Authority is no longer the proponent. 
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Code Current Commitments (applicable from 1997) Current 
Responsibility 

Proposed Changes 

P-33 To continue to monitor community response as reported by the media 
and maintain the current practice of public accessibility of Water 
Authority officers.  Upon request and adequate notice, officers will 
address community groups on issues associated with groundwater 
management. 

WRC Replace with: 
“To continue to monitor community response as reported by the 
media and maintain the current practice of public accessibility of 
Proponent staff.  Upon request and adequate notice, staff will 
address community groups on issues associated with groundwater 
management.” 
This commitment has been amended to reflect that the Water 
Authority is no longer the proponent. 

P-34 After the commissioning of the Stage 2 Scheme, written reports to the 
EPA will consist of: 
(1) annual reports addressing compliance with the environmental 
protection criteria, and 

(2) triennial reports including, in addition to a review of compliance with 
the criteria, an evaluation of the effectiv eness of the criteria in meeting 
the env ironmental protection objectiv es. 

WRC Remov e as covered with amendments proposed to Ministerial 
condition M4-2. 

P-35 To adv ise the EPA immediately upon becoming aware that specif ic 
env ironmental protection criteria might be breached.  Details of the 
actions taken to avoid such a breach of criteria or, in the event of a 
breach occurring, its consequences, will be reported to the EPA at the 
earliest feasible date. 

WRC Remov e, as it is included within the proposed changes to 
Proponent Commitment P-11. 

P-36 Undertake a study of Banganup Lake, in conjunction with CALM and the 
Univ ersity of WA to establish management criteria and consider the 
effectiv eness of artificial maintenance of water levels. 

WRC/Utility  Remov e, as the commitment has been met.  EWP criteria have 
been set f or Banganup Lake. 

P-37 Undertake a study of Twin Bartram Swamp to consider the feasibility 
and eff ectiveness of artif icial maintenance of water lev els. 

WRC/Utility  Remov e, as no longer relevant.  Water levels in wetland are rising 
as a consequence of clearing and urbanisation in the locality. 
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6.3 Proposed new commitments 
Several new commitments are proposed as a consequence of this review.  They are discussed 
below in detail as appropriate, and have been included in the consolidated proposed conditions 
and commitments in Appendix I.  These new commitments do not include amended existing 
commitments proposed above. 

6.3.1 Forrestdale Lake 

As discussed above, the Department commits to installation of the monitoring wells and 
improved wetland water level monitoring facilit ies, and evaluation of the monitoring data to 
determine the groundwater-wetland water level relationship.  Subject to CALM installing a 
permanent vegetation monitoring transect and undertaking flora and fauna studies to establish 
environmental values, the Department commits to evaluating the available information to 
proposed revised management criteria, if appropriate. 

6.3.2 Research and investigations 

It  is proposed to include a commitment to prepare and undertake a relevant research and 
investigation program, identical to a proposed modification of existing conditions and 
commitments applicable to the Gnangara Mound and East Gnangara The proposed commitment 
is: 

“Prepare a research and investigation program for submission to the EPA within six months of 
a decision by the Minister for the Environment on the outcome of the 2004 s46 review of 
conditions.  The research and investigation program will be prepared with the objective of 
improving understanding of: 
• groundwater-environmental relationships on the Swan Coastal Plain; 
• the associated management requirements; and 
• potential management techniques. 

Following review by the EPA, the proponent will finalise the program to the satisfaction of the 
EPA.  The program would be reviewed and revised every six years (coinciding with triennial 
reports).” 

This would be supplemented with an additional commitment to undertake the approved research 
and investigation program. 

Note: The proposed program would incorporate all relevant aspects of research and 
investigation work currently committed to under Ministerial Statements 438 and 496. 
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7. Review of Environmental 
Conditions and Proposed 

Amendments – Gnangara Mound 
This section proposes a number of amendments to management criteria, Ministerial conditions 
and proponent commitments for the Gnangara Mound.  It  also proposes removal of several 
conditions or commitments where they have been cleared, met or have become redundant for 
some reason.  Where appropriate, amended conditions are proposed for adoption as 
commitments.  For the purpose of clarity on the conditions and commitments that the 
Department believes should apply following the review, the resulting sets of conditions and 
commitments are consolidated and presented in Appendix H.  Because East Gnangara covers an 
extension of the same groundwater resource considered under the Gnangara Mound 
environmental conditions, the conditions and commitments for East Gnangara have been 
merged into this consolidation (Appendix H). 

7.1 Gnangara Mound groundwater and wetland 
management criteria 

7.1.1 Coogee Springs 

Coogee Springs was included as a criteria wetland because of the reported diversity of aquatic 
fauna and its support for breeding bird species and provision of winter feeding habitat for a 
range of ducks (Water Authority 1995).  Davis et al.  (1993) reports the wetland as having the 
highest aquatic invertebrate species richness of 40 Swan Coastal Plain wetlands surveyed.  The 
management objectives identified for the wetland are maintenance of invertebrate diversity, 
maintenance or enhancement of wetland vegetation, and maintenance of water for bird breeding.  
The wetland is in private ownership. 

The criteria for this wetland are maintenance of water levels above a preferred minimum of 
12 mAHD and an absolute minimum of 11.25 mAHD.  Water levels are to not fall below the 
preferred minimum more frequently than two years in six.  Artificial maintenance of the water 
levels in this wetland was initiated in 1998 but has not been operated since the summer of 
2001/02 following a review by Benier and Horwitz (2002). 

Ecological condition of the wetland 
The ecological values of Coogee Springs have progressively diminished over the past decade as 
a consequence of usage for summer pasture and the impacts of surrounding rural activity (see 
Figure 42 and Figure 43).  There has been a significant decline in spring family richness of 
aquatic macroinvertebrates since the late 1980s which did not improve with artificial level 
maintenance.  No macroinvertebrate sampling has been conducted since summer 2001/2002 
because the wetland has been dry. 
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Figure 42: Coogee Springs showing surrounding land uses 

 

Figure 43: Coogee Springs condition 

 
Coogee Springs – looking south to basin 

 
Cattle in wetland area 
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Damage from 2003 fire 

 
Remaining stand of M. rhaphiophylla 

Fire damaged area and proximity of tillage 
 

Pasture understorey 

Wetland management 

Artificial maintenance has not been successful in meeting the water level criteria of Coogee 
Springs since it  was implemented in 1998.  The review by Benier and Horwitz (2002) found: 

1. Artificial maintenance has not been successful in meeting the management objectives for 
Coogee Springs. 

2. Artificial maintenance has not reduced the frequency or severity of drying events. 

3. There has been a significant decline in spring family aquatic invertebrate richness since 
maintenance commenced in spring 1998 and several taxa considered rare in other Swan 
Coastal Plain wetlands have been lost from Coogee Springs. 

4. The rapid drawdown of water in summer (after the maintenance had ceased) is of concern, 
as it  may not allow the aquatic life phase of some taxa to be completed. 

5. The high species richness recorded at Coogee Springs in 1991 & 1993 (and the reason 
that it  was highlighted as a wetland of high value) was thought to be a result  of the 
wetland being nutrient enriched, probably due to surrounding land use.  Nutrient 
concentrations have been significantly reduced due to the dilution effect of artificial 
maintenance. 

6. Prior to artificial maintenance Coogee Springs was a shallow, tannin stained, brackish, 
dystrophic (nutrient enriched) system.  Following augmentation it  changed to a clear, 
fresh, oligotrophic wetland.  This is due to the dilution effect of pumping clear, fresh 
water from the Leederville aquifer. 
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Benier and Horwitz (2002) recommended two options for future management.  These options 
are to: return regional groundwater levels to higher levels (and use supplementation on rare 
occasions); or to allow the wetland ecology to find its natural equilibrium without any 
supplementation.  Dr Jenny Davis (Murdoch University) reviewed the Benier and Horwitz 
(2002) report.  Davis (2002) suggests that the latter option is the most realistic option.  After 
consideration of the assessments, the Department has decided not to maintain levels in Coogee 
Springs through supplementation in future. 

Conclusion 

In view of the loss of values of Coogee Springs as a consequence of the land use associated with 
the land in and adjacent to the wetland, and scientific review of the management options, it  is 
proposed that the Coogee Springs site be removed as a wetland to which water level criteria 
should apply. 

7.1.2 Lake Nowergup 

Lake Nowergup was included as a criteria wetland because of its value as a permanent deep-
water wetland that acts as a major drought refuge for waterbirds.  It  supports dependent 
invertebrates and fish species (one native: Swan River Goby and one exotic: Mosquitofish).  
Large areas of sedge minimise the impact of nutrient enrichment on the aquatic fauna (Water 
Authority 1995).  The Nowergup Nature Reserve is a Bush Forever site (No.  383). 

The criteria for the wetland require maintenance of water levels above a preferred minimum of 
17 mAHD and an absolute minimum of 16.8 mAHD.  Water levels are to not fall below the 
preferred minimum more frequently than two years in six.  The Department has artificially 
maintained Lake Nowergup since 1989. 

Ecological condition of the wetland 

During the last six years, water levels have fallen below the preferred minimum criterion on five 
occasions and below the absolute minimum on four occasions.  Regional groundwater levels 
have declined such that achieving these levels is becoming impractical and requires increasingly 
larger quantities of water.  Because the wetland is being maintained at levels significantly 
higher then the regional water table, the levels fall rapidly when artificial maintenance ceases.  
This has resulted in water level variations with seasonal amplitudes significantly greater than 
the natural regime and wetland vegetation has been unable to adjust.  The groundwater levels 
appear to drop below the rhizosphere at rates that are apparently too high for wetland tress to 
respond to through spatial adjustment of root systems to access the saturated zone in spring and 
autumn.  The vegetation suffered a significant collapse in early 2002 when local groundwater 
levels fell almost three metres over six months. 

The future risks to values of Lake Nowergup are substantial.  Vegetation and biodiversity values 
could be threatened as organically rich sediments become drier and potentially lead to the 
terrestrialisation of sediments, mobilisation of nutrients and increased likelihood of fire.  There 
is also concern for the impact of introduced species, loss of native vegetation, eutrophication 
and acidification.  Land on the eastern side of the lake is in private ownership. 

Wetland management 

Prior to commissioning artificial maintenance of the lake in 1989, the seasonal amplitude of 
level variations was approximately 0.6 metres.  Any future artificial maintenance regime should 
aim to achieve a similar seasonal amplitude.  This suggests that, based on the current water level 
regime, the minimum spring peak criterion for the lake should be around 16.5 mAHD (0.6 m 
above 15.9 mAHD).  A minimum spring peak level of 16.5 mAHD and summer minimum level 
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of 15.9 mAHD meet the vegetation water requirements for the lake, which are approximately 
16.3 and 15.5 mAHD respectively. 

Loomes, Lamb and Froend (2003) suggests that continuation of the current regime would be 
more detrimental to the lake vegetation than if artificial maintenance was slowly phased out.  
Loomes, Lamb and Froend (2003) also suggests that the rate of change of water levels at a 
wetland should not exceed 0.1 m/yr if the wetland is to be maintained at a low level of risk. 

The vegetation water requirements do not necessarily cater for other management objectives at 
the lake such as lake fauna, Typha control etc., and a lower water level may reduce the area of 
habitat available for macroinvertebrates.  A slight decline in macroinvertebrate family richness 
in Lake Nowergup has been detected in the summer (Benier and Horwitz 2003) and may be a 
consequence of either: 
• rapid declines in water levels that occurred following cessation of artificial maintenance at 

the end of spring; or 
• water quality changes resulting from artificial maintenance using Leederville Formation 

water (increase in pH range, decreased conductivity, nutrient levels and chlorophyll-a 
values). 

It is not clear how extending the period of artificial maintenance into summer might affect 
macroinvertebrate diversity.  While the higher water levels may assist , the water quality effects 
may offset those benefits to some degree. 

Although lake levels would be lower under a modified management regime, the lake will not 
dry out as it is located in a deep depression within the limestone ridge and is more than 9m deep 
(eg. the bottom is more than 7.5m below the surrounding regional water table).  Consequently, 
reducing the spring peak water level should not affect vertebrate fauna in the lake or its value as 
a drought refuge.  Typha may encroach further into the lake and mechanical removal of Typha 
may be an option to prevent further spread.  However, Typha may also be helping control 
nutrients and providing habitat for vertebrate and invertebrate fauna.  Typha removal may not 
improve lake ecological values (Bamford 2003). 

Revised criteria 

Vegetation 

The mean maximum depth to groundwater that Melaleuca rhaphiophylla experiences across 
monitored wetlands of the Swan Coastal Plain (Loomes 2000) is 2.2 m with an absolute 
maximum of 4.5 m.  Eucalyptus rudis occurs at a mean depth of 3.25 m and an absolute depth 
of 6.4 m, Baumea articulata at a mean of 1.2 m and an absolute depth of 2.6 m.  B. articulata is 
most prolific in seasonally inundated areas.  At Lake Nowergup, this species is under threat 
from invasion and out-competition by Typha. 

To meet the minimum water requirements of intact wetland vegetation on the western side of 
Lake Nowergup, groundwater levels at LN2/89 should not fall below the mean maximum depth 
to groundwater of the most susceptible species.  Loomes and Froend (2001) measured the 
elevations of wetland species across two permanent monitoring transects near LN2/89.  
Subtracting the mean maximum depth to groundwater for each species from its minimum 
elevation, indicates that E. rudis has the highest minimum water level requirement of 
15.24 mAHD.  It  is generally accepted that wetland vegetation can tolerate an annual rate of 
water decline of up to 0.1 m to a total magnitude of 0.25m. 

Waterbirds 

A combination of deep open water and fringing vegetation is important for waterbirds.  
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Invertebrates. 

Invertebrate requirements are to ensure the maintenance of permanent water in the wetland as an 
inter-annual and seasonal refuge.  In order to maintain habitat diversity, spring peak water levels 
must inundate littoral sedges and fringing vegetation each year.  This requires a surface water 
level of to be met at the southern end of the wetland (near existing bore LN6/89) in spring each 
year. 

Vertebrates. 

Although long-necked tortoises survive in wetlands that dry for up to 6 months of the year, they 
prefer permanent or near permanent surface water.  The fish species found in Lake Nowergup 
require permanent water. 

Sediment processes. 

Organic lacustrine ooze in deeper parts of the lake should be prevented from exposure to drying 
until more is known about the effects of such drying on ecosystem processes.  
Recommendations have been made for the mapping of sediments within Lake Nowergup in 
order to characterise the sediments and their drying potential, and subsequently develop a fire 
management strategy (Horwitz & Benier 2003).  Water requirements will depend on the fire 
management strategy adopted. 

Severe drying and subsequent rewetting will result  in acidification of surface and subsurface 
waters .  Lake Nowergup has been classified as being at high risk of Actual Acid Sulphate Soils 
(AASS) and Potential Acid Sulphate Soils (PASS) within 3 m of the surface (WAPC 2003).  To 
prevent acidic surface waters and an acidic groundwater plume, sediment containing AASS and 
PASS should remain permanently saturated until evidence is presented that such consequences 
will not eventuate. 

Continued saturation of organic rich sediments is required to reduce the likelihood of fire, 
remobilisation of nutrients into water column and the colonisation of drying sediment by exotic 
vegetation tolerant of increased nutrient levels.  Therefore, water levels should not drop below 
0.5 m below ground level in areas of organic sediments.  This should be measured at the 
southern end of the wetland (near existing bore LN6/89).  As the wetland bathymetry has not 
been established, survey will be required to establish the RL of the corresponding groundwater 
level. 

Conclusion 
To provide for a reduction in the amplitude of water level variation in Lake Nowergup, the 
criteria for the wetland should be modified.  Based on examination of fringing vegetation and 
aquatic invertebrate water requirements, an absolute minimum level of 15.24 mAHD measured 
in monitoring well LN2/89 is proposed.  This criteria should be supplemented by a requirement 
for spring peak water levels to inundate an area of B. articulata at the southern end of the basin.  
An absolute minimum water level of 0.5 m below ground surface at the southern end of the 
wetland basin is also required to avoid acidification (RL to be established). 

The rate of groundwater decline should not exceed 0.1 m per year. 

7.1.3 Monitoring wells PM6 and PM7 

PM6 and PM7 criteria monitoring wells are situated on the Gnangara Mound north east of Lake 
Pinjar in the Rosella Road Bushland (Bush Forever site 380).  Land use in the vicinity 
comprises the RAAF rifle range and undisturbed banksia woodland vegetation.  Criteria were 
set at PM6 and PM7 to reflect groundwater level regimes required to provide protection for 
phreatophytic vegetation in the area, and in particular the Rosella Road bushland area (Bush 
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Forever Site 380).  The area is part of a regionally significant contiguous bushland linkage.  The 
vegetation in the area was understood to be phreatophytic with the water table being between 6–
10 m below the ground surface. 

The environmental water provisions (criteria) for these sites were set lower than the ecological 
water requirements in recognition of the trade-off considered acceptable to obtain water for 
public water supply from the Pinjar Groundwater Scheme.  As outlined in Section 3.3.4 
(Expectations of non-compliances), it  was also recognised that that the criteria levels would not 
be complied with in a significant proportion of years.  Non compliances with EWPs were 
expected in 30% of years and 15% of years at PM6 and PM7 respectively (Water Authority 
1995).  This recognition was not acknowledged in the subsequent setting of Ministerial 
conditions. 

Ecological condition 

Since 1977 groundwater levels at PM6 and PM7 have declined approximately 4.0 m and 3.4 m 
respectively.  From 1996 water levels at PM6 have been in a linear decline with no indication of 
seasonal recharge other than a small signal during 2003 (see Figure 44).  Water levels at PM7 
have been in linear decline since 2000.  There has been no recovery of the water table since 
Water Corporation ceased operating nearby production wells in 2000/01 (two were shut down in 
November 1998) and depth to groundwater is now greater than 12 m below ground level at PM6 
and almost 10 m below the ground at PM7.  The licensed allocation for the Superficial 
formation component of the Pinjar Groundwater Scheme is 7.60 GL/yr.  Since 2001/02, 
abstractions have been less than 3.0 GL/yr.  Leederville Formation abstractions from this 
wellfield have also been considerably less than the licensed allocation, and have reduced 
progressively from 7.1 GL in 2000/01 to 3.3 GL during 2003/04. 

Figure 44: Hydrograph from PM6 
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Froend and Loomes (in prep.) report that vegetation in the 6-10 m depth to groundwater 
category would be expected to be at high risk of impact from drawdowns over 2 m and/or a rate 
of drawdown >0.25 m/yr.  Severe risk of impact would be expected under drawdowns over 
2.75 m and rates of drawdown of 0.5 m/yr.  Vegetation around PM6 has experienced a 4.0 m 
decline in the local water table over 27 years and a 3.1 m decline over the last 10 years (average 
rate of 0.3 m/yr).  Under these conditions, some impact could be expected, however, the 
ecological response generally associated with the magnitudes of drawdown being measured in 
this area (widespread collapse of Banksia woodland) has not eventuated, suggesting that the 
condition of the vegetation in this area is largely a product of the drier climate currently being 
experienced (see Figure 45). 
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Figure 45: Vegetation condition near PM6 and PM7 

 
Vegetation near PM6 

 
Vegetation near PM6 

 
Monitoring well PM6 

 
Vegetation near PM7 

 
Vegetation near PM7 

 
Vegetation near PM7 

Water Corporation investigations into the soil moisture profiles at PM6 suggest there are three 
perched lenses in the soil profile above the watertable.  Figure 46 shows the soil moisture 
profiles recorded at PM6 during the spring/summer months of 2002 and 2003. 
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Figure 46: Soil moisture profiles recorded at PM6 during spring/summer of 2002 
and 2003 
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These profiles show perched lenses at approximately 3.5 m, 5.5 m and 7.5 m below the ground 
surface.  This indicates that vegetation at this site is relying on soil moisture maintained by these 
perched lenses and is not accessing the groundwater table.  That is, vegetation in this area is not 
dependent upon the regional groundwater body being managed by the Department of 
Environment. 

Significant declines in groundwater levels since 1996 (see Figure 47), has increased the depth to 
groundwater to approximately 9.6 m however, vegetation at PM7 bore  represents litt le change 
in ecological condition, and the value of the site as undisturbed bushland is retained.  

Figure 47: Hydrograph from PM7 
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The originally stated value of the site as being representative of phreatophytic vegetation <8 m 
to groundwater has changed.  Vegetation around PM7 has experienced a 3.4 m decline in the 
local water table over 27 years and a 2.1 m decline over the last seven years (an average rate of 
0.3 m/yr).  Similar to PM6, some impact could be expected if the vegetation were groundwater 
dependent. 



Stage 1 Proposal to Change Conditions   Section 46 Review of the Gnangara and Jandakot Mounds 

   87

Figure 48: Soil moisture profiles recorded at PM7 during spring/summer of 2002 
and 2003 
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Water Corporation soil moisture profile investigations at PM7 suggest there are two clay-rich 
water-retaining lenses in the profile above the water table.  Figure 48 shows the soil moisture 
profiles recorded at PM6 during the spring/summer months of 2002 and 2003.  These profiles 
show perched lenses at approximately 4 m and 6.5 m below the ground surface.  As with PM6, 
it  can be concluded that vegetation at this site is reliant on soil moisture maintained by these 
perched lenses and not on the water table. 

Conclusion 

The decline in vegetation condition in the vicinity of PM6 and PM7 appears to relate to drying 
of the perched water lenses and reduced soil moisture due to the decrease in rainfall infiltration 
at the site.  The vegetation is demonstrably not groundwater dependent and the EWP criteria set 
for PM6 and PM7 are therefore not relevant to environmental outcomes.  It  is consequently 
proposed that the criteria set for these monitoring wells be  removed as objectives under the 
Ministerial conditions. 

7.1.4 Monitoring well JB5 

Monitoring well JB5 is located on a mostly cleared lower slope within a semi-cleared rural area 
to the east of Jandabup Lake on the edge of a small area (6.05 ha) of Crown Land reserved for 
public recreation (Reserve 26336).  The criterion of an absolute minimum level of 44.8 mAHD 
was established for JB5 to represent groundwater levels in an area of undisturbed phreatophytic 
vegetation in the vicinity of Lake Jandabup and a Bush Forever site. 

Ecological condition 

The majority of native vegetation in the vicinity of JB5 has been heavily modified.  There has 
been some clearing of the remnant Banksia attenuata and B. menziesii woodland in the past for 
housing and semi-rural activities.  JB5 is within 50 m of an operational market garden, which 
has increased in size in recent years (see Figure 49). 
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Figure 49: Aerial view of area around JB5 

 

Banksias in the small area of woodland adjacent to JB5 have shown signs of stress in recent 
years and the understorey is weed infested (Loomes, et al 2003) (see Figure 50). 

Figure 50: Vegetation near JB5 

 
JB5 – looking south east 

 
JB5 – looking south 
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JB5 – looking west 

 
JB5 – looking north 

Although depth to groundwater at this location has increased since 1995 (see Figure 51) it 
remains between 3-6m.  The degree of disturbance to vegetation at JB5 has significantly 
reduced the value of this site as being representative of undisturbed phreatophytic vegetation. 

Figure 51: Hydrograph from JB5 
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Conclusion 

In view of the loss of values relevant to the management objectives associated with the JB5 site, 
it  is proposed that the criteria for this site be removed as management objectives. 

7.2 Changes to current conditions and commitments 
Table 7 and Table 8 set out all the current Ministerial conditions and proponent commitments 
related to management of the Gnangara Mound groundwater resources (Statement 438).  A 
range of changes to these conditions and commitments are proposed and are set out in those 
tables.  The proposed changes fall into several categories: 

1. Removal of redundant conditions and commitments or duplication between conditions 
and commitments.  An example of redundancy is Ministerial condition M8-1: “Refer 
proposals to allocate water for subsequent public supply schemes on the Gnangara Mound 
to the EPA.”  The Department is obliged under the EP Act to refer any proposals likely to 
have significant environmental effect. 

2. Removal of inconsistencies between conditions and commitments. 
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3. Amendment of the wording of conditions and commitments to account for possible future 
changes in proponency, or in the name of the proponent.  Agency names have been 
removed where associated with proponent responsibilit ies and reference is now made only 
to “the proponent”. 

4. Contemporising of several conditions or commitments, such as Ministerial condition M1. 

5. Various specific amendments discussed in more detail below. 

 

7.2.1 Proponent commitment P-18 

Commitment P-18 is: “Establish an artificial maintenance facility for Coogee Springs when 
necessary to meet EWPs.”  It  is proposed to remove any management objectives for Coogee 
Springs from the commitments of the Department because of the loss of environmental values 
associated with this wetland, as discussed in detail in Section 7.1 (Coogee Springs). 

7.2.2 Research and investigations 

Ministerial condition M9-1 sets out a specific requirement for research into groundwater level 
and wetland water quality relationships and to improve understanding of the conservation value 
of wetlands on the Gnangara Mound.  Commitment P-9 commits to undertaking unspecified 
strategic research “to minimise the impacts of groundwater abstraction.”  The Department 
believes that the objective of these conditions and commitments needs to be reassessed and 
consolidated within commitments to develop, periodically review and undertake a research and 
investigation program.  The proposed commitment to develop such a program is: 

“Prepare a research and investigation program for submission to the EPA within six months of 
a decision by the Minister for the Environment on the outcome of the 2004 s46 review of 
conditions.  The research and investigation program will be prepared with the objective of 
improving understanding of: 
• groundwater-environmental relationships on the Swan Coastal Plain; 
• the associated management requirements; and 
• potential management techniques. 

Following review by the EPA, the proponent will finalise the program to the satisfaction of the 
EPA.  The program would be reviewed and revised every six years (coinciding with triennial 
reports).” 

This would be supplemented with an additional commitment to undertake the approved research 
and investigation program. 

It is anticipated that the proposed revised program would incorporate all relevant aspects of 
research and investigation work currently committed to under Ministerial Statements 438 and 
496.  This commitment would also apply to East Gnangara and would be added to the 
commitments made for the Jandakot Mound. 
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Table 7: Gnangara Mound groundwater resources – proposed changes to Ministerial conditions 

Code Current Ministerial Conditions (applicable from 1997) Proposed Changes 

M-1 Fulf il the commitments published in EPA Bulletin 817 (Appendix 3) as 
rev ised in November 1996 and attached to the Minister’s statement 438. 

Replace with: 
“In implementing the proposal, the proponent shall fulfil the commit ments 
(which are not inconsistent with the conditions or procedures contained in this 
statement) made in Department of Environment 2004 report 'Section 46 
Review of Environmental Conditions on Management of the Gnangara and 
Jandakot Mounds - Stage 1 Proposal for Changes to Conditions’.” 
This change is proposed to contemporise the condition with respect to this 
report. 

M2-1 The implementation of the proposal shall conf orm in substance to that set 
out in any designs, specifications, plans or other technical material 
submitted by the proponent to the EPA. 

No change proposed. 

M2-2 Seek approv al f or modifications to the proposal. Commitment proposed to be removed in accordance with Audit report (EPA 
2004) as condition is no longer required following changes to the EP Act. 

M3-1 The allocation of water to public and private users and the operation of 
Pinjar Stages 1,2,3, Wanneroo and Mirrabooka groundwater schemes shall 
comply with EWPs. 

No change proposed. 

M4-1 The integrity of all groundwater dependent ecosystems, located on the 
Gnangara Mound, which are likely to be impacted by groundwater 
abstraction, shall be protected.   

No change proposed. 

M5-1 The basis of decisions regarding the management of the water resources 
of the Gnangara Mound and maintenance of ecological systems shall be 
based on the concept of sustainable yield of resources and maintenance of 
ecological systems in accordance with the objectiv es of the State 
Conserv ation Strategy. 

No change proposed. 

M5-2 The basis for management decisions and the criteria specified for 
conserv ation of the environment and of the groundwater resource of the 
Gnangara Mound shall be subject to regular review. 

No change proposed. 

M6-1 Continue the current approach of widely  publishing the limits on 
groundwater av ailability for the Gnangara Mound. 

No change proposed. 

M6-2 Update the Figures published according to the requirements of 6-1 No change proposed. 
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M7-1 Activ ely encourage further reduction in public water demand through its 
Water Conservation Strategy. 

Replace with: 
“Actively encourage further reduction in public water demand.” 
There is no formal Water Conservation Strategy and the intent of this condition 
can be met by the proposed amended condition. 
The amended condition is adopted as a commitment. 

M8-1 Ref er proposals to allocate water f or subsequent public supply schemes on 
the Gnangara Mound to the EPA. 

Remov e as redundant.  Department of Environment is legally obliged to ref er 
any proposals brought to its notice that are likely to hav e significant 
env ironmental effect.  These would include public or private water supply 
scheme proposals. 

M9-1 Undertake the f ollowing areas of specific research and monitoring: 1) 
Clarify the relationship between groundwater level and wetland water 
quality , 2) improv e the understanding of the conservation v alue of wetlands 
on the Gnangara Mound, especially for those f or which information on their 
v alue is limited. 

Replace with: 
“Prepare a research and investigation program for submission to the EPA 
within six months of a decision by the Minister for the Environment on the 
outcome of the 2004 s46 review of conditions.  The research and investigation 
program will be prepared with the objective of improving understanding of: 
• groundwater-environmental relationships on the Swan Coastal Plain; 
• the associated management requirements; and 
• potential management techniques. 
Following review by the EPA, the proponent will finalise the program to the 
satisfaction of the EPA.  The program would be reviewed and revised every six 
years (coinciding with triennial reports).” 
This would be adopted as a commitment and supplemented with an additional 
commitment to undertake the approv ed research and inv estigation program. 
Note: The proposed program would incorporate all relev ant aspects of 
research and inv estigation work currently committed to under Ministerial 
Statements 438 and 496. 

M10-1 Submit a brief annual report and more detailed triennial reports on the 
env ironmental monitoring and management of the Gnangara Mound.   

Replace with: 
“Submit a brief annual report and more detailed triennial reports on the 
environmental monitoring and management of the Gnangara Mound.  The 
reports should include details of compliance with the conditions and 
achievement of environmental objectives set in the Ministerial statement and 
attachments.” 
This incorporates Ministerial condition M12-1 and proponent commitment P-15 
to report on compliance with conditions. 

The amended condition is adopted as a commitment. 
M11-1 Seek approv al f or transf er of ownership, control or management of this 

project.   
Remov e as recent amendments to EP Act makes prov ision for changes in 
proponency . 

M12-1 Submit reports detailing compliance with the conditions set in the 
Ministerial statement and attachments. 

Remov e as incorporated in proposed change to M10-1.  Duplication 
acknowledged by DEP Env ironmental Audit Branch (8 Oct 1999). 
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Table 8: Gnangara Mound groundwater resources – proposed changes to proponent commitments 

Code Current Commitments (applicable from 1997) Proposed Changes 

P1 Request the Water Corporation to establish f urther monitoring bores f or 
monthly monitoring and more f requently if required within a 200m radius of 
production bores located in phreatophytic v egetation. 

Remov e as Proponent Commitment met and acknowledged by DEP 
Env ironmental Audit Branch (28 Oct 1997). 

P2 Establish additional monitoring wells in those areas where suitable wells do 
not exist to monitor groundwater lev els under phreatophytic vegetation. 

Remov e as Proponent Commitment met and acknowledged by DEP 
Env ironmental Audit Branch (28 Oct 1997). 

P3 Select a range of indicator species at transects to determine an acceptable 
rate of change in vegetation composition.  Also calculate similarity indices 
when monitoring. 

Remov e and incorporate within proposed modif ication to proponent condition 
P-22 

P4 Require the Water Corporation to prepare an env ironmental operations 
plan to provide specific detail on environmental management of 
groundwater schemes in the study area.  To include detailed management 
prescriptions for wellf ield operators and water resource managers. 

Remov e as Proponent Commitment met and acknowledged by DEP 
Env ironmental Audit Branch (24 Oct 2000). 

P5 Prepare a water resources allocation and management plan f or the Yeal 
area to identify groundwater allocations (bef ore dev elopment of Yeal 
scheme).   

No change proposed. 

P6 Prepare a Water Resources Allocation and Management Plan for the Lexia 
area (East Gnangara area) to identify groundwater allocations prior to 
dev elopment of the Lexia Scheme.  To include detailed groundwater 
modelling to optimise groundwater availability while minimising 
env ironmental impacts. 

Remov e as Proponent Commitment met (Statement 496) and acknowledged 
by DEP Env ironmental Audit Branch (28 Feb 2000). 

P7 Dev elop a Memorandum of Understanding on pine management regimes 
with CALM 

Remov e as Proponent Commitment met and acknowledged by DEP 
Env ironmental Audit Branch (18 Jan 2000). 

P8 Manage all groundwater allocation and use with the aim of meeting the 
objectiv es in EPA Bulletin 817, tables 15 and 16. 

Remov e as it is inconsistent with Ministerial condition M3-1 which takes 
precedence. 

P9 Facilitate and undertake strategic research to minimise the impacts of 
groundwater abstraction  

Replace and incorporate within proposed changes to Ministerial Condition M9-
1. 

P10 Continue to provide advice to City of Wanneroo, Ministry of Planning, 
CALM and other relev ant agencies on the impact of land use on 
groundwater resources. 

No change proposed. 

P11 Continue to develop catchment strategies to minimise change in 
hy drological regime within the caves of Yanchep National Park.  Monitor 
water lev els and cav e f auna. 

No change proposed. 

P12 Prepare strategic drainage plans for the study area including options for the 
management of high water lev els in Lake Joondalup, Goollelal, Mariginiup 
and Jandabup. 

No change proposed. 
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Code Current Commitments (applicable from 1997) Proposed Changes 

P13 In consultation with other relev ant agencies, the Department of 
Env ironment, will within six months of receiv ing env ironmental approv als, 
reconv ene and prov ide ongoing executiv e support for an inter–agency 
technical adv isory group for water resources planning and management 
issues on the Gnangara Mound.  This will be done in the context of 
recommendations of the Select Committee on Metropolitan Development 
and Groundwater Supplies. 

Replace with: 
“The proponent shall convene and provide ongoing executive support for an 
inter–agency technical advisory group for water resources planning and 
management issues on the Gnangara Mound.  This will be done in the context 
of recommendations of the Select Committee on Metropolitan Development 
and Groundwater Supplies.” 
This change is proposed to contemporise the condition. 

P14 Continue to chair and prov ide support for the Consultative Committee as an 
ongoing f orum f or inf ormation exchange and adv ice. 

No change proposed. 

P15 The Department of Environment will continue to report ev ery three years to 
the Department of Environmental Protection on the management of 
groundwater within the Study area of the Gnangara Mound.  This will 
include inf ormation on the operation of groundwater schemes and 
env ironmental impacts.  In those y ears when a triennial report is submitted, 
the Department of Environment will report to the Environmental Protection 
Authority on compliance with env ironmental conditions. 

Remov e as covered by proposed revised Ministerial Condition M10-1.  This is 
in accord with Audit report (EPA 2004) comments. 

P16 Limit potential f or tree deaths around production wells to 100m radius f or 
normal (av erage) climate conditions and within 200m in extreme conditions.  
This should be part of Water Corporation licence conditions. 

No change proposed. 

P17 Upgrade the artificial maintenance f acility for Lake Nowergup to prov ide 
more rapid recharge when it becomes necessary to meet EWPs. 

Remov e as commitment has been met (acknowledged by the EPA (2004) 
report). 

P18 Establish an artif icial maintenance facility f or Coogee Springs when 
necessary to meet EWPs 

Remov e as condition has been cleared, and env ironmental v alues of Coogee 
Springs hav e been lost and it is proposed that criteria for Coogee springs be 
remov ed as a management objectiv e (see Section 7.1 - Coogee Springs). 

P19 Should EWPs (in Lake Nowergup or Coogee Springs) not be met by 
Nov ember 1, artificial supplementation shall be used until the EWP is 
reached. 

Remov e as Lake Nowergup is proposed to be subject to new lev el regime (see 
Section 7.1.2).  Coogee Springs is proposed f or removal as a management 
objectiv e. 

P20 Only allow drops below the pref erred lev el (table 16, bulletin 817) to occur 
in low rainf all years to mimic natural regimes (rate of 2/6 years). 

No changed proposed but to be reviewed in Stage 2 Report. 

P21 A rev iew shall take place of the EWPs (table 16, bulletin 817) at least ev ery 
six years to allow f or adaptive management.  It will incorporate public 
inv olvement. 

Replace with: 
“Management objectives and criteria and water allocation limits will be regularly 
reviewed and amended as information becomes available to provide for 
ongoing adaptive management.” 
This change is proposed to provide for review and amendment as required, 
rather than to a prescriptiv e timetable that may not be sy nchronous with need 
or av ailability of information.. 
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Code Current Commitments (applicable from 1997) Proposed Changes 

P22 The Department of Environment will, after receiv ing env ironmental 
approv als, implement and undertake the f ollowing monitoring programme, 
to the satisfaction of the EPA: 

Replace with two commitments: 
“The proponent will prepare an environmental monitoring program for 
submission to the EPA within four months of a decision by the Minister for the 
Environment on the outcome of the 2004 s46 review of conditions.  Following 
review by the EPA, the proponent will finalise the program to the satisfaction of 
the EPA.  The program would be reviewed and revised every six years 
(coinciding with triennial reports).  The monitoring program will include 
monitoring of groundwater levels in all relevant aquifer systems, relevant 
wetland water levels and water quality, condition of vegetation and fauna 
associated with groundwater dependent ecosystems, and cave water levels.” 
And: 
“The proponent will implement the EPA monitoring program developed under 
commit ment [No as appropriate].” 

P23 Groundwater lev el monitoring across the established monitoring network, at 
a f requency of 1 or 3 months, depending on the wells. 

Remov e and include in amendment to commitment P22. 

P24 Vegetation transects will be established at all wetlands for which EWPs 
hav e been set, except Lake Gnangara, Pipidinny Swamp, and Coogee 
Springs.  A minimum of one transect will be established f or each wetland.  
Monitoring will be undertaken yearly, in November, for the first three years, 
to be reviewed in the first triennial report. 

Remov e and include in amendment to commitment P22. 

P25 Wetland vegetation will be mapped ev ery two y ears from large scale aerial 
photography  for Lakes Jandabup, Mariginiup, Nowergup, and Loch 
McNess. 

Commitment proposed to be removed in accordance with Audit report (EPA 
2004). 

P26 Water quality will be monitored annually in Nov ember at all wetlands f or 
which EWPs hav e been set. 

Rev iew and include in amendment to commitment P22. 

P27 Wetland habitats will be mapped along two regional transects in November, 
using large scale aerial photography, every y ear f or the f irst three y ears, 
then ev ery three years. 

Commitment proposed to be removed in accordance with Audit report (EPA 
2004). 

P28 Established terrestrial v egetation transects will continue to be monitored in 
spring, with at least 6 transects monitored every three y ears. 

Rev iew and include in amendment to commitment P22. 

P29 Indicator species will be monitored at established terrestrial v egetation 
transects when transects are monitored in spring.  Parameters that will be 
assessed for each indicator species are age (size), class distribution, 
vigour and recruitment. 

Rev iew and include in amendment to commitment P22. 

P30 A Similarity Index f or each terrestrial v egetation transect at each monitoring 
period will be calculated with the aim of summarising spatial and temporal 
changes in v egetation composition. 

Rev iew and include in amendment to commitment P22. 

P31 Continuous water level monitoring in three cav es in Yanchep National Park 
will continue, with further cave monitoring established in suitable caves. 

Rev iew and include in amendment to commitment P22. 
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Code Current Commitments (applicable from 1997) Proposed Changes 

P32 Aquatic fauna will be monitored within those cav e streams containing root 
mats once per year in November. 

Rev iew and include in amendment to commitment P22. 

P33 Water levels in wells f or which EWPs hav e been established will be 
monitored every month. 

Rev iew and include in amendment to commitment P22. 

P34 Water levels in piezometer transects in the Yanchep area will be monitored 
ev ery month. 

Rev iew and include in amendment to commitment P22. 

P35 The impact of confined aquifer abstraction on unconf ined aquif er water 
lev els will be monitored.  If significant impacts are observ ed the 
Department of Environment will discuss the observed impacts with the 
EPA. 

Rev iew and include in amendment to commitment P22. 

P36 Water levels will continue to be monitored once per month in 28 wetlands 
within the study area. 

Rev iew and include in amendment to commitment P22. 

P37 Water level monitoring in 13 wetlands f or which EWPs hav e been set will 
occur more frequently than once per month, when necessary, to determine 
compliance with set lev els. 

Rev iew and include in amendment to commitment P22. 

P38 Aquatic fauna will be monitored at the 13 wetlands f or which EWPs hav e 
been set twice per year (but only when open water is present), in 
Nov ember and March. 

Rev iew and include in amendment to commitment P22. 

P39 Prepare monitoring protocols f or aquatic invertebrate monitoring within the 
wetlands.   

Remov e assuming acceptance of protocol presented in Appendix G.  
Otherwise, include in amendment to Commitment P22. 
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8. Review of Environmental 
Conditions and Proposed 

Amendments – East Gnangara 
This section proposes a number of amendments to management criteria, Ministerial conditions 
and proponent commitments for East Gnangara.  It  also proposes removal of several conditions 
or commitments where they have been cleared, met or have become redundant for some reason.  
Where appropriate, the amended conditions are proposed to be adopted as commitments.  For 
the purpose of clarity on the conditions and commitments that the Department believes should 
apply following the review, the resulting sets of conditions and commitments are consolidated 
and presented in Appendix H.  As noted in Section 7, because East Gnangara covers an 
extension of the same groundwater resource considered under the Gnangara Mound 
environmental conditions, the conditions and commitments for East Gnangara have been 
merged with those for the Gnangara Mound. 

8.1 East Gnangara groundwater and wetland management 
criteria 

No changes are currently proposed for any East Gnangara groundwater and wetland 
management criteria. 

8.2 Changes to current conditions and commitments 
Table 9 and Table 10 set out all the current Ministerial conditions and proponent commitments 
related to management of the East Gnangara groundwater resources (Statement 496).  A range 
of amendments to these conditions and commitments are proposed and are set out in those 
tables.  The proposed changes fall into several categories: 

1. Removal of redundant conditions and commitments or duplication between conditions 
and commitments. 

2. Removal of inconsistencies between conditions and commitments. 

3. Contemporising of several conditions or commitments. 

4. Various specific amendments discussed in more detail below. 

Significant amendments relate to Ministerial conditions M2-2 and M2-2, and proponent 
commitments P1-1.  For consistency, amendments are also proposed for commitments 
associated with research and investigation programs.  These are discussed in the following 
sections. 

8.2.1 Ministerial conditions M2-1 and M2-2 

Ministerial conditions M2-1 and M2-2 are respectively: “Implement the consolidated 
environmental management commitments documented in schedule 2 of the Minister's 
statement.” and “Implement the subsequent environmental management commitments which are 
made as part of the fulfilment of conditions and procedures in the Minister’s statement.” 

It is proposed that these two conditions be removed as the intent is incorporated within the 
proposed amendment to Ministerial condition M1-1: 
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“In implementing the proposal, the proponent shall fulfil the commitments (which are not 
inconsistent with the conditions or procedures contained in this statement) made in Department 
of Environment 2004 report 'Section 46 Review of Environmental Conditions on Management of 
the Gnangara and Jandakot Mounds - Stage 1 Proposal for Changes to Conditions’.” 

8.2.2 Research and investigations 

Proponent commitments P3-1 and P4 set out propositions to investigate and research various 
aspects of EWRs and EWPs in the subject area.  It  is proposed that these commitments be 
incorporated within a broader commitment to develop, periodically review and undertake a 
research and investigation program.  The proposed commitment to develop such a program is: 

“Prepare a research and investigation program for submission to the EPA within six months of 
a decision by the Minister for the Environment on the outcome of the 2004 s46 review of 
conditions.  The research and investigation program will be prepared with the objective of 
improving understanding of: 
• groundwater-environmental relationships on the Swan Coastal Plain; 
• the associated management requirements; and 
• potential management techniques. 

Following review by the EPA, the proponent will finalise the program to the satisfaction of the 
EPA.  The program would be reviewed and revised every six years (coinciding with triennial 
reports).” 

This would be supplemented with an additional commitment to undertake the approved research 
and investigation program. 

It is anticipated that the proposed revised program would incorporate all relevant aspects of 
research and investigation work currently committed to under Ministerial Statements 438 and 
496 and would apply to the Gnangara Mound.  This commitment would be added to the 
commitments made for the Jandakot Mound. 
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Table 9: East Gnangara groundwater resources – proposed changes to Ministerial conditions 

Code Current Ministerial Conditions (applicable from 1997) Proposed changes 

M1-1 Fulf il the commitments published in EPA Bulletin 904 (Appendix 2) as 
attached to the Minsters statement 496. 

Replace with: 
“In implementing the proposal, the proponent shall fulfil the commit ments 
(which are not inconsistent with the conditions or procedures contained in this 
statement) made in Department of Environment 2004 report 'Section 46 
Review of Environmental Conditions on Management of the Gnangara and 
Jandakot Mounds - Stage 1 Proposal for Changes to Conditions’.” 
This change is proposed to contemporise the condition with respect to this 
report. 

M1-2 Changes to any aspects of the proposal as documented in schedule 1 of the 
statement that the Minister determines is substantial, shall be ref erred to the 
EPA. 

Remov e in accord with Audit report (EPA 2004) as recent amendments to 
EP Act prov ide mechanism for Minister to approve non-substantial changes. 

M1-3 Changes to any aspects of the proposal as documented in schedule 1 of the 
statement that the Minister determines is non-substantial, can be effected. 

Remov e in accord with Audit report (EPA 2004) as recent amendments to 
EP Act prov ide mechanism for Minister to approve non-substantial changes. 

M2-1 Implement the consolidated environmental management commitments 
documented in schedule 2 of the Minister's statement. 

Remov e as consolidated within proposed replacement for Condition M1.1, in 
accord with Audit report (EPA 2004). 

M2-2 Implement the subsequent environmental management commitments which 
are made as part of the fulf ilment of conditions and procedures in the 
Minister’s statement. 

No change proposed.. 

 M3-1 The proponent nominated by the Minister for the Environment under section 
38(6) or (7) is responsible f or implementation of the proposal until such time 
as the nomination for that proponent is rev oked under section 38(7) of the 
EPA Act and another person is nominated in respect of that proposal. 

Remov e in accord with Audit report (EPA 2004) as recent amendments to 
EP Act prov ide mechanism for notif ication of change of proponent. 

M3-2 Any request for change in proponent shall be accompanied by a copy of the 
Minister’s Statement endorsed with an undertaking by the proposed 
replacement proponent to carry out the proposal in accordance with the 
conditions and procedures set out in the statement. 

Remov e in accord with Audit report (EPA 2004) as recent amendments to 
EP Act prov ide mechanism for notif ication of change of proponent. 

M3-3 Notify the DEP of any change of proponent, contact name and address within 
30 day s of such change. 

Remov e in accord with Audit report (EPA 2004) as recent amendments to 
EP Act prov ide mechanism for notif ication of change of proponent. 

M4.1 Prov ide ev idence to the Minister before 17 February 2004 that the proposal 
has been substantially commenced. 

Remov e in accord with Audit report (EPA 2004) as condition has been 
satisfied. 

M4-2 If  the proposal has not been substantially commenced before 17 February 
2004, the approv al to implement the proposal as granted in this statement 
shall lapse and be v oid. 

Remov e as redundant as proposal has been substantially competed and 
acknowledged by Audit report (EPA 2004). 
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M4-3 Make an application to the Minister for Environment for any extension of 
approv al f or the substantial commencement of the proposal bey ond 17 
February  2004 at least 6 months bef ore 17 February 2004. 

Remov e as redundant as proposal has been substantially competed and 
acknowledged by Audit report (EPA 2004). 

M4-4 If  it demonstrated that the parameters of the proposal have not changed 
signif icantly, then the Minister may grant an extension not exceeding 5 years 
f or the substantial commencement of the proposal. 

Remov e as redundant as proposal has been substantially competed and 
acknowledged by Audit report (EPA 2004). 

M5-1 Submit periodic Performance and Compliance Reports, in accordance with an 
audit program. 

Replace with: 
“Submit a brief annual report and more detailed triennial reports on the 
environmental monitoring and management of the East Gnangara 
groundwater resources.  The reports should include details of compliance with 
the conditions and achievement of environmental objectives set in the 
Ministerial statement and attachments.” 
This amended condition is consistent with the proposed amended Ministerial 
conditions f or the Jandakot Mound and Gnangara Mound to be adopted as 
commitments. 
The amended condition is adopted as a commitment. 

M5-2 Unless otherwise specif ied, the DEP is responsible f or assessing compliance 
with the conditions, procedures and commitments contained in this Statement 
and f or issuing f ormal clearances. 

Replace with: 
“Unless otherwise specified, the EPA or its nominated agent is responsible for 
assessing compliance with the conditions, procedures and commit ments 
contained in this Statement and for issuing formal clearances.” 
This amendment is proposed to account for the potential conflict of interest in 
part of the Department of Environment assessing compliance of the same 
agency  without adequate independent superv ision.  This is in accord with the 
Audit report (EPA 2004). 

M5-3 The Minister will determine the matter where compliance with any condition, 
procedure or commitment is in dispute. 

No change proposed. 
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Table 10: East Gnangara groundwater resources – proposed changes to proponent commitments 

Code Current Commitments (applicable from 1997) Proposed changes 

P1-1 Manage public and private groundwater abstraction to meet objectives and 
Env ironmental Water Provisions (EWPs) as summarised in Table A and B 
which appear in the attachment to Statement 496. 

No change proposed 

P1-2 Rev iew interim EWRs in the f irst triennial report to the EPA and update as 
appropriate. 

Remov e commitment as this report is intended to satisfy this commitment.  
This is in accord with Audit report (EPA 2004). 

P2 Submit annual and triennial reports on the management and monitoring of the 
East Gnangara Mound. 

Remov e commitment as intent covered by proposed amendment to condition 
M5.1. 

P3-1 Inv estigate stratigraphy and water regimes in the Lexia wetlands, EPP wetland 
173 in Melaleuca Park and Melaleuca Park dampland 78. 

Incorporate within proposed changes to P4. 

P3-2 Determine EWPs following the inv estigation undertaken in P3.1 Replace with: 

“Determine EWPs for Lexia wetlands, EPP wetland 173 in Melaleuca Park and 
Melaleuca Park dampland 78, following the investigation undertaken in [P4 as 
modified].” 

P4 Prov ide support to research projects and conduct research and investigations 
into the EWRs of wetlands, vegetation and seepage areas as def ined in 
Section 16.5 of the PER. 

Replace and incorporate within: 
“Prepare a research and investigation program for submission to the EPA 
within six months of a decision by the Minister for the Environment on the 
outcome of the 2004 s46 review of conditions.  The research and investigation 
program will be prepared with the objective of improving understanding of: 
• groundwater-environmental relationships on the Swan Coastal Plain; 
• the associated management requirements; and 
• potential management techniques. 
Following review by the EPA, the proponent will finalise the program to the 
satisfaction of the EPA.  The program would be reviewed and revised every six 
years (coinciding with triennial reports).” 
This would be supplemented with an additional commitment to undertake the 
approv ed research and inv estigation program. 
Note: The proposed program would incorporate all relev ant aspects of 
research and inv estigation work currently committed to under Ministerial 
Statements 438 and 496. 

P5 Rev iew and update EWPs and water allocation if necessary by f eedback f rom 
the monitoring program. 

Replace with: 
“Management objectives and criteria and water allocation limits will be regularly 
reviewed and amended as information becomes available to provide for 
ongoing adaptive management.” 
This is identical to a revised commitment proposed for the Gnangara Mound. 
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Code Current Commitments (applicable from 1997) Proposed changes 

P6 Undertake a monitoring program. Replace with two commitments: 
“The proponent will prepare an environmental monitoring program for 
submission to the EPA within four months of a decision by the Minister for the 
Environment on the outcome of the 2004 s46 review of conditions.  Following 
review by the EPA, the proponent will finalise the program to the satisfaction of 
the EPA.  The program would be reviewed and revised every six years 
(coinciding with triennial reports).  The monitoring program will include 
monitoring of groundwater levels in all relevant aquifer systems, relevant 
wetland water levels and water quality, condition of vegetation and fauna 
associated with groundwater dependent ecosystems, and cave water levels.” 
And: 
“The proponent will implement the EPA monitoring program developed under 
commit ment [No as appropriate].” 

P7 Dev elop a MOU with CALM which includes pine harv esting in State f orest 65 
(SF65) ov er 20 years and the Gnangara Park establishment. 

Remov e as commitment met and acknowledged by DEP Environmental Audit 
Branch (18 Jan 2000). 

P8 Prov ide adv ice on impacts of land use on groundwater resources to relev ant 
agencies. 

No change proposed. 

P9 Determine EWPs for new appropriately located bores in the v egetation 
corridor. 

No change proposed. 

P10 Chair and provide support f or a Consultative Committee as a f orum for 
inf ormation exchange. 

No change proposed. 

P11 Require the Water Corporation to Phase in production bores closest to 
phreatophy tic vegetation. 

No change proposed. 

P12-1 Require the Water Corporation to dev elop a wetlands mitigation strategy f or 
any loss of value in wetlands 132, 156, 158, 164 and 104.  The mitigation 
strategy will; identify actions to minimise loss of values, prior to dev elopment; 
monitor wetlands to determine whether loss of v alues has occurred, on an 
ongoing basis; and compensate for any loss of v alues in the ev ent of adverse 
impacts becoming apparent. 

Remov e as commitment met.  Documented in Welker Environmental 
Consultancy (2001a). 

P12-2 Require the Water Corporation to implement the mitigation strategy required of 
P12.1. 

Replace with: 

“Require the Water Corporation to implement its 2001 wetland mitigation 
strategy and subsequent approved revisions and report to the Department of 
Environment on implementation.” 
This is in accord with the Audit report (EPA 2004). 

P13-1 Require the Water Corporation to prepare an operations plan (with 
env ironmental commitments to meet EWPs) f or the Lexia and East Mirrabooka 
groundwater scheme. 

Remov e as commitment met and acknowledged by DEP Environmental Audit 
Branch (10 Feb 2000). 
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Code Current Commitments (applicable from 1997) Proposed changes 

P13-2 Require the Water Corporation to submit y early production plans as part of the 
operating strategy. 

Replace with: 
“Require the Water Corporation to submit yearly production plans as part of the 
operating strategy and to report on compliance with environmental 
commit ments made in the operating strategy.” 
This is in accord with the Audit report (EPA 2004). 

P14 Map v egetation communities on the Gnangara Mound. Remov e as commitment met.  Documented as Mattiske Consulting (2003). 

P15.1 Monitor water lev els and establish a vegetation transect in wetland 132.  - Pre-
Operation 

Remov e as commitment has been met.  Operation has commenced. 

P15-2 Monitor water lev els and establish a vegetation transect in wetland 132.  – 
Operation 

Replace and incorporate within proposed change to P-6. 

P16 Liaise with the Swan Valley Ny ungah Community regarding the proposal. No change proposed. 

P17.1 Undertake a dieback survey. Remov e as commitment met (survey conducted in September 2003). 

P17-2 Prepare dieback management procedures.  - Pre-Operation Remov e as commitment met.  Department of Environment has protocol f or 
operation in dieback affected areas that has direct application to subject area.  
Copy  included in Appendix H. 

P17.3 Implement the dieback management procedures as required in P17.2 – 
Operation 

Replace with: 

“Conduct operations in accordance with proponent protocol for dieback 
management.’ 
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9. Proposed further work 
As outlined in Section 1, the Department will progress Stage 2 of this Section 46 review with a 
view to submission to the EPA by March 2005.  This will be based on the state of knowledge 
and information available to the Department at the time, and is expected to cover the following: 

1. A review of environmental values and means of measuring those values, for possible 
interpretation as management objectives and criteria. 

2. Studies of the social and economic value of groundwater. 

3. Further development of a management framework including identification of potential 
management responses. 

4. Revised environmental water provisions, based on revised assumptions of future climate, 
land use, land management, allocation strategies, and taking into account the social and 
economic values and issues. 

The Stage 2 review will be followed by the preparation of a comprehensive groundwater 
management plan for the broader region of the metropolitan area.  This plan will further 
consider allocation limits, policies and approaches to amendment of groundwater abstraction 
licences as required.  This plan may be prepared as a statutory plan under the Rights in Water 
and Irrigation Act 1914. 
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10. Summary and Conclusions 
This interim review of the environmental conditions applying to Jandakot Groundwater Scheme 
Stage 2, the Gnangara Mound, and East Gnangara proposes changes to a number of conditions 
and commitments, and to management criteria that apply to a number of environmental features 
and values within the subject areas.  The review has not addressed the issue of groundwater 
allocations and allocation limits as the information required to support an analysis of the 
relevant issues is still under development.  This will be addressed in the next stage of the 
Section 46 review. 

10.1 Categories of amendments to conditions and 
commitments 

A range of changes to these conditions and commitments are proposed and the consolidated 
proposed amended conditions and commitments are set out in Appendices I and J.  The 
proposed changes fall into several categories: 

1. Amendment of the wording of conditions and commitments to reflect that the Water 
Authority is no longer the proponent.  Amendment of conditions and commitments to 
account for possible future changes in proponency, or in the name of the proponent.  
Agency names have been removed where associated with proponent responsibilit ies and 
reference is now made only to “the proponent”. 

2. Removal of conditions and commitments for which the Department of Environment is not 
the proponent.  Responsibility for meeting conditions set on the Water Authority and 
commitments made by that agency have been distributed between the Department of 
Environment and the Water Corporation according to their roles.  Those that do not apply 
to the Department have been removed. 

3. Contemporising of several conditions or commitments, such as conditions that require 
commencement of implementation of plans or programs.  In cases where implementation 
has commenced it  is proposed that the emphasis should be on ongoing implementation. 

4. Removal of redundant conditions and commitments or duplication between conditions 
and commitments. 

5. Removal of inconsistencies between conditions and commitments. 

6. Several specific changes to conditions to address issues of concern. 

10.2 Structural framework for conditions and commitments 
In reviewing the conditions and commitments, the conditions and commitments for the 
Gnangara Mound and East Gnangara have been combined.  This reflects a consolidated and 
uniform approach to management of the resource of the northern Gnangara Mound covered 
under the existing arrangements, as a single entity, rather than the artificial separation that 
currently exists. 

In addition, conditions and commitments relating to ongoing monitoring, investigations and 
research have been placed under a commitment to review these programs and prepare revised 
programs to be agreed with the EPA.  This will ensure that these programs can be 
contemporised as required, with clear and measurable objectives rather than the nebulous 
requirements that currently apply. 
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These proposed structural changes conform to several EPA recommendations made in its report 
on the 2000-2003 triennial report (EPA 2004), in particular the auditor’s recommendations to 
“harmonise the approach” to deal with the significant differences in approach of environmental 
approvals for the Gnangara and Jandakot Mounds and East Gnangara.  There are also several 
audit comments relating to the need to reconsider the monitoring commitments that are 
addressed within these proposed amendments. 

These structural changes are not expected to result  in any reduction to the level of 
environmental protection being afforded under the current structure of conditions and 
commitments. 

10.3 Amendments to EWPs and environmental criteria sites 
The current conditions and commitments carry a requirement to achieve specific groundwater 
and wetland water level criteria.  These criteria (environmental water provisions) were intended 
to reflect the water regimes considered necessary to maintain groundwater dependent 
ecosystems within the subject areas at an acceptable level of risk.  Several of these criteria have 
been reviewed and have been proposed for amendment, including suspension and removal.  
These are set out in summarised form in Table 11. 

The main amendments to criteria are various combinations of: 
• criteria values amended though application of updated information; 
• removal of site as a criteria location because of loss of associated environmental values 

(mainly clearing of terrestrial vegetation); 
• removal of site as a criteria location because of low groundwater dependence of 

existing/remaining terrestrial vegetation; 
• removal of site as a criteria location because of site having low representativeness of 

terrestrial vegetation; and 
• temporary suspension of criteria pending investigations. 

Table 11: Summarised proposed amendments to EWPs and environmental 
criteria sites 

Criteria site Proposed Amendment 

Jandakot 
Forrestdale Lake Absolute minimum criteria apply ing to Forrestdale Lake be modif ied to 

incorporate groundwater-wetland relationship. 
North Lake Criteria for North Lake be modif ied to include recognition of wetland-

groundwater lev el relationship as currently established (and as revised 
from time to time as more data becomes available).  Some level of non-
compliance with criteria should be expected because of div ersion of poor 
quality  drainage water away f rom wetland as an EPA requirement. 

Shirley Balla Swamp Change to criteria as signif icance as a bird habitat is limited.  Criteria 
proposed f or protection of f ringing v egetation and avoidance of potential 
acidif ication. 

Monitoring well J310 Remov e as site not representativ e of terrestrial v egetation and no rare 
f lora are documented as being present. 

Monitoring well JE1B Remov al as criteria site because of current and planned substantial loss 
of v alues and associated vegetation has low groundwater dependence. 

Monitoring well JE12C Remov al as criteria site because associated v egetation has low 
groundwater dependence. 

Monitoring well JE17C Criteria modif ied to prov ide f or low lev el of risk to terrestrial phreatophytic 
v egetation, based on updated inf ormation. 

Monitoring well JE18C Remov al as criteria site because of substantial loss of values. 
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Criteria site Proposed Amendment 

Monitoring well JE19C Remov e as site not representativ e of terrestrial v egetation and no rare 
f lora are documented as being present. 

Monitoring well JE20C Remov al as criteria site because of substantial loss of values and 
associated vegetation has low groundwater dependence. 

Monitoring well JE23C Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM5 Remov e as criteria location as native vegetation has been significantly 
cleared, area has been urbanised, and values lost. 

Monitoring well JM7 Criteria modif ied to prov ide f or low lev el of risk to terrestrial phreatophytic 
v egetation, based on updated inf ormation. 

Monitoring well JM8 Criteria modif ied to prov ide f or low lev el of risk to terrestrial phreatophytic 
v egetation, based on updated inf ormation. 

Monitoring well JM15 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM18 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM19 Temporary suspension (to end of 2005) to assess prognosis f or site and 
associated land uses. 

Monitoring well JM24 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM27 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM29 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM31 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring well JM33 Remov e as criteria site as native vegetation has been significantly 
cleared and planned f uture clearing will result in loss of v alues. 

Monitoring well JM45 Criteria modif ied to prov ide f or low lev el of risk to terrestrial phreatophytic 
v egetation, based on updated inf ormation. 

Gnangara 
Coogee Springs Remov al as criteria site due to loss of v alues and scientific rev iew of 

management options. 

Lake Nowergup Propose modification to criteria to meet modif ied management objectiv es 
including av oidance of acidif ication. 

Monitoring well JB5 Remov e as criteria site as native vegetation has been significantly 
cleared and values lost. 

Monitoring wells PM6 and 
PM7 

Remov al as criteria site because associated v egetation is not 
groundwater dependent. 

While these changes result  in a lower number of criteria monitoring sites, they do not affect the 
overall structure and approach to groundwater management by the Department.  The reduction 
in sites effectively requiring protection has largely been a consequence of land use and land 
management changes effectively removing the values that formed the original objectives for 
groundwater management.  The proposed changes do not affect the level of protection available 
to the sites that remain. 

10.4 Need for integrated management and planning 
A key issue that becomes apparent in considering the proposed amendments to criteria sites, is 
the influence of land use changes on the environmental values that provided a management 
objective for a number of these sites.  Through those land use changes (mainly clearing for 
urban and semi-rural development), the environmental values of a number of sites have been 
lost.  In several of these locations, particularly where water level criteria were not being met, 
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further allocation of groundwater was being restricted in efforts to minimise the extent of non-
compliances.  This had social and economic consequences for those affected landholders, but it 
was considered reasonable within the aim of providing an appropriate level of environmental 
protection through management of groundwater abstractions. 

In one case (Coogee Springs), water was being pumped into a wetland in an attempt to maintain 
water levels above the criterion, at significant financial cost and using water that could have 
been used to economic advantage.  However, compromising of the stated management 
objectives at these sites through decisions by other arms of Government indicates the need for 
significant improvement in the integration of natural resource planning and management across 
Government (including local government). 

The role of the EPA in seeking the appropriate management of the pine plantations on the 
Gnangara Mound through enforcement of the Gnangara Mound Crown Land Environmental 
Protection Policy to achieve the stated water management objectives is an important aspect. 

10.5 Climate variability and climate change 
The EPA has acknowledged the difficulty that climate variability poses for compliance with 
criteria (EPA 2004).  There are two aspects to such variability: 
• the normally accepted stochastic inter-annual variability of climate; and 
• long-term climate change in which the characteristics of climate and its inter-annual 

variability are changing. 

Shortcomings in the current criteria, in terms of their inability to accommodate the stochastic 
inter-annual variability of climate, have been addressed with a proposed revised (interim) 
approach.  Revised water allocation and environmental water regimes within the context of 
longer term climate change have not been considered in this review and will be a major issue in 
the next stage of the review. 

10.6 Further work 
The Department will progress Stage 2 of this Section 46 review with a view to submission to the 
EPA by March 2005. 

The Stage 2 review will be followed by the preparation of a comprehensive groundwater 
management plan for the broader region of the metropolitan area.  This plan will further 
consider allocation limits, policies and approaches to amendment of groundwater abstraction 
licences as required.  This plan may be prepared as a statutory plan under the Rights in Water 
and Irrigation Act 1914.  The timeframe for this plan is currently under review 

The Department has previously expressed concerns with the current form of environmental 
conditions attached to approvals for management of the groundwater resources of the Gnangara 
and Jandakot Mounds.  These concerns centre on the limited ability of the Department to control 
all of the factors that influence groundwater condition, (and the consequent condition of 
groundwater dependent ecosystems).  This becomes problematic through the potential liability 
of the Department being non-complaint with conditions that require groundwater and wetland 
water levels to be maintained above specific criteria levels and other outcomes to be ensured. 

This issue will be pursued with the EPA as a matter of some urgency. 
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12. Terminology, Short Titles and 
Acronyms 

The terminology used in this report is defined in Table 12 below: 

Table 12: Terminology 

Terminology Meaning 

Env ironmental water 
prov isions 

Environmental water provisions (EWPs) are defined as “the water regimes  that are 
provided as  a result of the water allocation decision- making process taking into 
account ecological, social and economic impac ts.  They may meet in part or i n full the 
ecological water requirements.” 

Ecological water 
requirements 

Ecological water requirements (EWRs) are defined as  “the water regimes needed to 
sustain key ecological val ues of water-dependent ecosys tems at a low level of risk.” 

Env ironmental conditions Conditions and procedures of approval to impl ement a proposal assessed under 
Part IV of the Environmental Protec tion Act 1986. 

Licence A licence to take water from a watercourse, wetland or underground water source 
under Part  III of the Rights  in Water and Irrigation Act 1914. 

Proponent As applied in the Environmental Protection Ac t 1986, in r elation to a proposal (see 
below), means the person who or which is responsible for the proposal, or the public 
authority on which the responsibility for the proposal is i mposed under another written 
law. 

Proposal As applied in the Environmental Protection Ac t 1986, means a proj ect, plan, 
programme, policy, operation, undertaking or development or change in land use, or 
amendment of any of the for egoing, but does not include l and planni ng schemes. 

Scheme As applied in the Environmental Protection Ac t 1986 means a regional planning 
scheme or amendment, a town planning scheme or amendment, a s tatement of 
planning policy under s5AA(8) of the T own Pl anni ng and Development Act 1928 or 
amendments and master plans and managements  and redevelopment schemes and 
amendments within the meaning of specific redevelopment Acts. 

Table 13 sets out the short t it les and acronyms used in this report. 

Table 13: Short titles and acronyms 

Short Title or Acronym Long Title 

ASS Acid sulphate soils 

AASS Actual acid sulphate soils 

CALM Department of Conser vati on and Land Management 

Department Department of Environment 

EP Act Environmental Protec tion Act 1986 

EPA Environmental Protec tion Authority 

EPP Environment Pr otecti on Policy (under Part I II of the Environmental Protection Act 
1986) 

EWP Environmental Water Provision (see Table 12 for definition) 

EWR Ecological Water Requirement (see Table 12 for definiti on) 

mAHD metres  Aus tralian H eight Datum 

PASS Potential acid sulphate soils 

RL Reduced Level 

RIWI Act Rights in Water and Irrigation Act 1914 
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Appendix A - Current 
Environmental Conditions - 

Jandakot Mound 
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JANDAKOT GROUNDWATER SCHEME, STAGE 2 

Ministerial Conditions 
Code Current Ministerial Conditions (applicable from 1997) Current 

Responsibility 

M-1 In implementing the proposal, the proponent shall fulf il the commitments 
(which are not inconsistent with the conditions or procedures contained in 
this statement) made in the Public Env ironmental Review and included as 
Appendix 1 in Env ironmental Protection Authority Bulletin 587. 

WRC and 
Utility  

M-2 Subject to these conditions, the manner of detailed implementation of the 
proposal shall conform in substance with that set out in any designs, 
specif ications, plans or other technical material submitted by the proponent 
to the Env ironmental Protection Authority with the proposal.  Where, in the 
course of that detailed implementation, the proponent seeks to change 
those designs, specifications, plans or other technical material in any way  
that the Minister for the Environment determines on the adv ice of the 
Env ironmental Protection Authority, is not substantial, those changes may 
be eff ected. 

WRC and 
Utility  

M-3-1 Prior to 1 December each y ear, the proponent shall determine anticipated 
public water supply abstraction limits and shall adv ise the Environmental 
Protection Authority of those limits, the period to which the limits apply and 
details of the actual and anticipated environmental effects of abstraction. 

WRC 

M-3-2 The proponent shall operate within the limits and the period specified in 
condition 3-1. 

WRC (Utility 
via licence 
conditions) 

M-3-3 The proponent shall inf orm the Environmental Protection Authority 
immediately of any proposed change to the anticipated abstraction limit and 
period.  Changes made after 1 December each y ear shall be to the 
satisfaction of the Environmental Protection Authority. 

WRC 

M-4-1 Prior to commissioning the borefield, the proponent shall prepare a detailed 
env ironmental monitoring plan, to the satisf action of the Minister f or the 
Env ironment on advice of the Env ironmental Protection Authority and the 
Department of Conservation and Land Management.  This monitoring plan 
shall include, but not be limited to monitoring the f ollowing: 

◊ v egetation; 
◊ f auna; 
◊ habitat; and 

◊ groundwater lev els. 

WRC 

M-4-2 The proponent shall submit brief annual and more detailed triennial reports 
addressing, but not limited to the following: 
(1) the quantity of water abstracted for public use and estimated quantity for 
priv ate use; 
(2) env ironmental monitoring results; 
(3) compliance with the env ironmental criteria and the commitments; 

(4) compliance with the env ironmental objectiv es; 
(5) a rev iew of the effectiveness of the criteria in meeting the env ironmental 
objectiv es; and 

(6) any  proposed changes to management, monitoring or mitigation of 
wetland impacts. 
to the satisfaction of the Environmental Protection Authority. 

WRC 

M-4-3 The proponent shall submit the reports required by condition 4-2 to the 
Env ironmental Protection Authority and shall make them publicly av ailable.  
The annual reports shall be submitted by 1 December and the triennial 
reports by 1 March, f ollowing commencement of the operation of the 
scheme. 

WRC 
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Code Current Ministerial Conditions (applicable from 1997) Current 
Responsibility 

M-4-4 The proponent shall report any breach or anticipated breach of the 
env ironmental criteria or env ironmental objectiv es to the Environmental 
Protection Authority immediately. 

WRC 

M-4-5 If  impacts are detected which are deemed to be unacceptable by the 
Env ironmental Protection Authority, the proponent shall modify subarea 
water allocations and abstraction strategies f or the Jandakot Public Water 
Supply Area to the satisf action of the Env ironmental Protection Authority. 

WRC 

M-5-1 Prior to commissioning the borefield, the proponent shall prepare a plan to 
mitigate losses of wetland area and wetland f unction that are likely to occur 
as a consequence of the development and operation of the boref ield, based 
initially  on the anticipated impacts associated with the likely f uture land 
use/abstraction scenario f or the area, to the satisfaction of the Minister for 
the Env ironment on advice of the Env ironmental Protection Authority.  This 
plan shall include but not necessarily be limited to: 
(1) a description of the processes used for identifying the likely wetland 
impacts; 

(2) the identif ication of indiv idual wetlands that will be affected, 
quantif ication of the likely changes in water level expected to occur, and the 
likely  impacts of these changes on the areas and f unctions of the wetlands; 

(3) identif ication of wetlands that are likely to be dry on December 1 each 
y ear as a result of abstraction (i.e.  the area of f ree water is less than 1 000 
square metres or less than 20 percent of the wetland area); 

(4) the existing importance of the areas that will be affected (e.g.  rare and 
endangered f lora and f auna present, number of breeding waterbird 
species); 

(5) a strategy to mitigate losses of wetland area and f unctions, including 
details of compensatory action.  This should include details of the strategy 
to mitigate against impacts on Twin Bartram and Solomon Road Swamps, 
using all reasonable and practicable means; 
(6) a commitment to modify the plan to the satisfaction of the Environmental 
Protection Authority, based on the results of f uture environmental impact 
monitoring; and 
(7) a commitment to modify the plan to the satisfaction of the Environmental 
Protection Authority, if impacts are detected which are deemed to be 
unacceptable by the Env ironmental Protection Authority. 

WRC – partial 
delegation to 
Utility v ia 
allocation 
licence. 

M-5-2 The plan required by condition 5-1 shall be made available for public 
comment. 

Cleared 

M-5-3 Subsequent to conditions 5-1 and 5-2, the proponent shall commence 
implementation of the approved wetland management plan within two years 
of commissioning the boref ield, to the satisf action of the Env ironmental 
Protection Authority  

WRC 

M-6-1 Prior to the commissioning of the borefield, the proponent shall prepare a 
comprehensive environmental management program to the satisf action of 
the Minister f or the Env ironment on advice of the Env ironmental Protection 
Authority.  This program shall reflect the anticipated future land 
use/abstraction scenario f or the area and shall include, but not necessarily 
be limited to: 
(1) an env ironmental monitoring plan as required by condition 4; and 
(2) a wetland management plan as required by condition 5. 

Cleared 
(conditional) in 
EMP 

M-6-2 The proponent shall implement the comprehensive environmental 
management program required by condition 6-1, to the satisfaction of the 
Env ironmental Protection Authority. 

WRC (with 
delegation to 
the Utility). 

M-7-1 At least six months prior to decommissioning the borefield, the proponent 
shall prepare a decommissioning and rehabilitation plan, to the satisfaction 
of the Env ironmental Protection Authority. 

Utility  
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Code Current Ministerial Conditions (applicable from 1997) Current 
Responsibility 

M-7-2 The proponent shall implement the decommissioning and rehabilitation plan 
required by  condition 7-1, to the satisfaction of the Environmental Protection 
Authority. 

Utility  

M-8 No transf er of ownership, control or management of the project which would 
giv e rise to a need f or the replacement of the proponent shall take place 
until the Minister f or the Env ironment has adv ised the proponent that 
approv al has been given for the nomination of a replacement proponent.  
Any request for the exercise of that power of the Minister shall be 
accompanied by a copy of this statement endorsed with an undertaking by 
the proposed replacement proponent to carry out the project in accordance 
with the conditions and procedures set out in the statement. 

WRC/Utility.  
See 
Reallocation 
Schedule f or 
amended 
conditions 

M-9 If  the proponent has not substantially commenced the project within f ive 
y ears of the date of this statement, then the approval to implement the 
proposal as granted in this statement shall lapse and be v oid.  The Minister 
f or the Env ironment shall determine any question as to whether the project 
has been substantially commenced.  Any application to extend the period of 
f ive years ref erred to in this condition shall be made bef ore the expiration of 
that period, to the Minister for the Environment by way of a request f or a 
change in the condition under Section 46 of the Environmental Protection 
Act.  (On expiration of the fiv e y ear period, f urther consideration of the 
proposal can only occur following a new referral to the Environmental 
Protection Authority.) 

WRC/Utility  

 



Section 46 Review of the Gnangara and Jandakot Mounds  Stage 1 Proposal to Change Conditions 

120  

JANDAKOT GROUNDWATER SCHEME, STAGE 2 

Proponent Commitments 
Code Current Commitments (applicable from 1997) Current 

Responsibility 

P-1 To prepare a Management and Monitoring Program, satisf actory to the 
EPA, prior to commissioning of the Stage 2 Scheme. 

Duplicates 6.1 

P-2 To ensure that groundwater abstraction satisf ies the environmental criteria 
presented in this PER. 
To mitigate impacts associated with construction of the Stage 2 Scheme by 
the Water Authority. 

WRC 
(delegation to 
Utility v ia 
allocation 
licence) 

P-3 Clearing of v egetation at bore sites will be restricted to the area of the 
enclosure (approximately 25 metres square) in non-urban areas, and the 
immediate area of the bore head in the case of bores located in public open 
space in urban areas. 

Utility 
(completed) 

P-4 Where practical, the collector main will be located within existing road 
reserv es. 

Utility 
(completed) 

P-5 On Crown Land, top-soil from the collector main trench will be separately 
stripped, stock-piled and re-spread on completion of pipe lay ing. 

Utility 
(completed) 

P-6 On priv ate land, the collector main route will be left in a state agreed to by 
the land owner/occupier. 

Utility 
(completed) 

P-7 Where f easible, bore site compounds will be used for the storage of 
materials and for contractors' f acilities, in preference to the establishment of 
separate short-term sites. 

 

P-8 Where temporary construction sites are established, the area will be 
returned either to its original state, in the case of Crown Land, or to a state 
agreed to by the land owner/occupier. 

Utility 
(completed) 

P-9 All work on extensions to and modif ications of the Jandakot Treatment Plant 
will be undertaken on existing cleared areas within the boundary of the Plant 
site, and  

Utility 
(completed) 

P-10 All workers involv ed in project construction in natural areas will be instructed 
on env ironmental protection procedures bef ore work proceeds. 

Utility 
(completed) 

P-11 In the ev ent that monitoring indicates that there will be signif icant impacts of 
a nature not predicted in this ev aluation or a breach of the specified criteria, 
then the Water Authority must undertake one or more of the f ollowing: 

(1) demonstrate to the satisfaction of the EPA that the breach of criterion is 
not a result of groundwater abstraction; or 
(2) satisfy the EPA that the breach of criterion is transient and not of 
permanent signif icance; or 
(3) take the relev ant action as specif ied in Section 7 of the EPA Bulletin: 

    (a) modify pumping from any bore where such changes can have a 
measurable effect (say raise water lev els 1 centimetre or more), except in 
extenuating circumstances such as where signif icant economic hardship 
would occur, or CALM declare that the low water lev els would be benef icial 
   (b) in the case of a wetland, artif icially maintain the "action minima" water 
lev el (see Table 7.5); and 

   (c) implement a short-term detailed monitoring program to establish the 
condition of agreed species in the affected area. 

WRC 

P-12 To modify the chlorine withdrawal system to a liquid process prior to 
commissioning of the Stage 2 line of bores. 

Utility  

 To operate the treatment plant with established buffer zones. Utility  

P-13 The personal risk hazard of fatality associated with chlorine release is less 
than one in a million in any y ear; and 

Utility  
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Code Current Commitments (applicable from 1997) Current 
Responsibility 

P-14 Hy drogen sulphide levels attributable to plant operation will be below 
noticeable levels of 5 parts per billion 

Utility  

P-15 Regularly  reviewing the bulk allocations f or priv ate abstraction, as part of 
the total water abstraction allocation f or the Jandakot PWSA, with regard to 
the sustainable y ield of the superficial aquif er, including consideration of the 
env ironmental impacts of that abstraction. 

WRC 

P-16 Restricting the issuing of licences for private water abstraction to the limits 
set by the bulk allocations for both the Jandakot PWSA in its entirety and 
the licensing subareas. 

WRC 

P-17 Inv estigating and implementing efficient mechanisms f or groundwater 
allocation. 

WRC  

P-18 Conduct pump tests on Stage 2 bores and liaise with nearby private users 
of groundwater prior to commissioning to assess the impact of Stage 2 
bores on private bores. 

Completed 

P-19 The dev elopment of Env ironmental Protection Policies to protect 
groundwater. 

WRC/Utility  

P-20 The rev iew of Regional Plans proposed by the Department f or Planning and 
Urban Development, Local Gov ernment Town Planning Schemes, and re-
zoning and dev elopment applications. 

WRC 

P-21 Rev iew of dev elopment submissions to EPA. WRC 

P-22 To work with the Department for Planning and Urban Dev elopment to 
prepare an integrated Land use and Water Management Strategy f or the 
Jandakot Mound. 

Cleared 

P-23 To activ ely pursue programs in both supply and demand management.  This 
includes ongoing public inf ormation programs and, where appropriate, 
regulation f or design changes and regular reviews of pricing to conserve 
water.  Improvements in the Authority's supply system will also be pursued. 

WRC/Utility  

P-24 To activ ely participate in integrated management of the Jandakot 
catchment. 

WRC/Utility  

P-25 To rev iew the management criteria and strategies, with the agreement of 
the EPA, as knowledge of the Jandakot environment and its interaction with 
groundwater improv es. 

WRC 

P-27 To monitor water lev els in groundwater monitoring bores and North, Bibra, 
Yangebup, Kogolup, Thomsons, Forrestdale Lakes.  The Spectacles and 
Twin Bartram Swamp as well as some other small wetlands. 

Utility  

P-28 To monitor vegetation transects on a triennial basis to establish significant 
changes in the condition, f loristics or structure of v egetation communities. 

WRC 

P-29 To continue to fund the research projects 10.6.3 listed in Appendix 2 of the 
EPA Bulletin for the duration of the studies. 

Cleared 

P-30 To use aerial photographs on a triennial basis to detect habitat shifts in 
North, Bibra, Yangebup, Kogolup, Thomsons and Forrestdale Lakes. 

WRC 

P-31 To dev elop a fauna monitoring program, prior to the commissioning of the 
Stage 2 Scheme, which will f ocus on: 
- waterbird species div ersity and breeding success, and 
- number of families of aquatic inv ertebrate and at infrequent intervals, 
species richness. 

WRC 

P-32 To hold meetings at least annually with a Jandakot Consultativ e Committee 
which will be established in consultation with the EPA.  This Committee will 
be inf ormed on the scheme's operation and will prov ide f eed-back to the 
Water Authority. 

WRC 

P-33 To continue to monitor community response as reported by the media and 
maintain the current practice of public accessibility of Water Authority 
officers.  Upon request and adequate notice, officers will address 
community groups on issues associated with groundwater management. 

WRC 
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Code Current Commitments (applicable from 1997) Current 
Responsibility 

P-34 After the commissioning of the Stage 2 Scheme, written reports to the EPA 
will consist of: 

(1) annual reports addressing compliance with the environmental protection 
criteria, and 
(2) triennial reports including, in addition to a review of compliance with the 
criteria, an evaluation of the effectiv eness of the criteria in meeting the 
env ironmental protection objectiv es. 

WRC 

P-35 To adv ise the EPA immediately upon becoming aware that specif ic 
env ironmental protection criteria might be breached.  Details of the actions 
taken to avoid such a breach of criteria or, in the event of a breach 
occurring, its consequences, will be reported to the EPA at the earliest 
f easible date. 

WRC 

P-36 Undertake a study of Banganup Lake, in conjunction with CALM and the 
Univ ersity of WA to establish management criteria and consider the 
effectiv eness of artificial maintenance of water levels. 

WRC/Utility  

P-37 Undertake a study of Twin Bartram Swamp to consider the feasibility and 
effectiv eness of artificial maintenance of water levels. 

WRC/Utility  
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ENVIRONMENTAL WATER PROVISION CRITERIA AND GROUNDWATER 
LEVELS FOR JANDAKOT MOUND MONITORING WELLS 

End of Summer Groundwater 
Monitoring Well Pref erred Minimum (mAHD) Absolute minimum (mAHD) 

Vegetation Wells 
JM5 61610354 20.84 20.34 

JM14 61610247 24.39 23.89 

JM15 61610345 24.57 24.07 

JM16 61610445 23.90 23.4 

JM18 61410239 25.10 24.60 

JM19 G61610177 25.26 24.76 
JM24 61410193 18.93 18.43 

JM27 61610335 22.58 22.08 

JM29 61410237 23.80 23.30 

JM31 61610334 24.05 23.55 

JM33 61410211 20.52 20.02 

JM35 61610333 21.25 20.75 

JM39 61410142 21.20 20.70 
JM49 61410111 22.34 21.84 

JM50 61410416 22.68 22.18 

8284 61610178 24.82 24.32 

JE1B 61410243 25.00 24.50 

JE4C 61610234 24.00 23.50 

JE10C 61410250 21.80 21.30 
JE12C 61410103 18.61 18.11 

JE18C 61419704 23.60 23.1 

JE20C 61419706 23.54 23.04 

JE23C 61419712 22.70 22.20 

Rare Flora Wells 
J310 61410232 23.22 22.72 

JM7 61610180 23.17 22.67 
JM8 61610248 24.43 23.93 

JM45 61610179 24.02 23.52 

JE17C 61419703 16.80 16.30 

JE19C 61419705 23.90 23.40 

Water levels are permitted to fall between the preferred and absol ute criterion levels.  Non-compliances occur each time 
groundwater levels fall below the absolute mi nimum criterion. 
JM27: Date of minimum level significantl y infl uenced by high rainfall in January 2000. 
JM50: Bore has been destroyed.  Data extends onl y to 5 May 1995.  Bor e will not be re-drilled as  an assessment 
indicates that the bore is located in an urban area with ver y little remnant vegetati on. 
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ENVIRONMENTAL WATER PROVISIONS (EWPS) FOR JANDAKOT 
MOUND WETLANDS 

Water level criterion (m AHD) Other criterion Wetland SWRIS ID No. 

Pref erred Absolute  

North min 
Lake  max 

Staff Q6142521 
Bore 424 
G61410726 

13.0 -13.5 
< 14.9 Peak 

12.7 - 

Bibra   min 
Lake  max* 

Staff Q6142520 
Bore BM7C 
G61410177B 

13.6 - 14.2 
 <15.0 peak 

13.6 Not to dry more than 2 in 3 
y ears, and preferably less than 1 
in 3 y ears 

Kogolup min 
Lake   max 
(South)* 

Staff Q6142522 
Bore 61410727 
 

13.1 - 14.0 
<14.8 peak 

13.1 - 

Thomsons 
Lake 

Staff Q6142517 
Bore TM14A 
G61410367 

11.3-11.8 10.8 For 30% of time, water lev els > 
11.8.  (wet year –10%), or 11.3-
11.8 m (medium year 80%), or 
10.8 – 11.3 m (dry years 10%) 

Lake      min 
Forrestdale 
max 

Staff Q6162557 
Bore 602 
G61410714 

21.2 – 21.6 21.1 Pref erred earliest drying by April 
(wet y ear), Feb-March (medium 
y ear) or January (in a dry y ear); 
at least 0.9 m water at peak 
lev els (22.6 m AHD) 

Yangebup 
Lake min 
max* 

Staff Q6142523 
Bore JE21C 
G61419614 

13.9-15.5 
< 16.5 peak 

13.8 Either Bibra or Yangebup Lake 
must contain 0.3 m water, 
pref erably 0.5 m 

Banganup 
Lake 

Staff Q6142516 
Bore LB14 
G61419614 

- 11.5 - 

Twin 
Bartram 
Swamp 

Staff Q6142544 
Bore 
G61410715 

22.8 22.5 Not to dry before end of 
January ; Must be above 
pref erred min.  4 in ev ery 6 
y ears 

Shirley Balla  
Swamp 

Staff Q6142576 
Bore 
G61410713 

24.0 Proposed 23.5 Proposed Not to dry before end of 
January ; Must be above 
pref erred min.  4 in ev ery 6 
y ears 

Beeny up 
Road 
Swamp 

Staff Q6142547 
Bore 
G61410711 

24.0 23.6 Must be above preferred min.  4 
in ev ery 6 years 

Notes: Water levels are per mitted to fall between the preferred and absolute criterion l evels at any ti me, except for 
Beenyup, Shirley Balla and Twin Bartram Swamps.  For Beenyup, Shirley Balla and Twin Bartram Swamps, non-
compliances  also occur where water levels fall between the preferred and absolute criterion levels for more than 2 in 6 
years.  # indicates  below preferred mini mum, for wetl ands wher e this r ule applies . 

Maxi mum allowable habitat  reductions (excluding Thomsons Lake) are: Type I habitat is 5% (in a wet year), 10% 
(medium year), 15% (dr y year); Type II  is 8% ( wet),  13% (medium), and 18% (dr y); Type III  is 12% (wet), 17% 
(medium), 22% ( dry); and Type IV habitat is 15%(wet), 20% ( medium), and 25% habitat  reduction during a dr y year. 

* indicates that the Water Corpor ation pumps excess water out of these wetlands  if spring peak l evels are exceeded. 
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Appendix B - Current 
Environmental Conditions - 

Gnangara Mound 
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GNANGARA MOUND GROUNDWATER RESOURCES 

Ministerial Conditions 
Code Current Ministerial Conditions (applicable from 1997) 

M-1 Fulf il the commitments published in EPA Bulletin 817 (Appendix 3) as revised in Nov ember 
1996 and attached to the Minister’s statement 438. 

M2-1 The implementation of the proposal shall conf orm in substance to that set out in any 
designs, specif ications, plans or other technical material submitted by the proponent to the 
EPA. 

M2-2 Seek approv al f or modifications to the proposal. 

M3-1 The allocation of water to public and private users and the operation of Pinjar Stages 1,2,3, 
Wanneroo and Mirrabooka groundwater schemes shall comply with EWPs. 

M4-1 The integrity of all groundwater dependent ecosystems, located on the Gnangara Mound, 
which are likely to be impacted by groundwater abstraction, shall be protected.   

M5-1 The basis of decisions regarding the management of the water resources of the Gnangara 
Mound and maintenance of ecological systems shall be based on the concept of 
sustainable y ield of resources and maintenance of ecological systems in accordance with 
the objectiv es of the State Conserv ation Strategy. 

M5-2 The basis for management decisions and the criteria specified for conservation of the 
env ironment and of the groundwater resource of the Gnangara Mound shall be subject to 
regular rev iew. 

M6-1 Continue the current approach of widely  publishing the limits on groundwater availability for 
the Gnangara Mound. 

M6-2 Update the Figures published according to the requirements of 6-1 

M7-1 Activ ely encourage further reduction in public water demand through its Water 
Conserv ation Strategy. 

M8-1 Ref er proposals to allocate water f or subsequent public supply schemes on the Gnangara 
Mound to the EPA. 

M9-1 Undertake the f ollowing areas of specific research and monitoring: 1) Clarify the 
relationship between groundwater level and wetland water quality, 2) improv e the 
understanding of the conservation v alue of wetlands on the Gnangara Mound, especially 
f or those for which inf ormation on their value is limited. 

M10-1 Submit a brief annual report and more detailed triennial reports on the env ironmental 
monitoring and management of the Gnangara Mound.   

M11-1 Seek approv al f or transf er of ownership, control or management of this project.   
M12-1 Submit reports detailing compliance with the conditions set in the Ministerial statement and 

attachments. 
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GNANGARA MOUND GROUNDWATER RESOURCES 

Proponent Commitments 
Code Current Commitments (applicable from 1997) 

P1 Request the Water Corporation to establish f urther monitoring bores f or monthly monitoring 
and more frequently if required within a 200m radius of production bores located in 
phreatophy tic vegetation. 

P2 Establish additional monitoring wells in those areas where suitable wells do not exist to 
monitor groundwater lev els under phreatophytic vegetation. 

P3 Select a range of indicator species at transects to determine an acceptable rate of change in 
v egetation composition.  Also calculate similarity indices when monitoring. 

P4 Require the Water Corporation to prepare an env ironmental operations plan to prov ide specif ic 
detail on environmental management of groundwater schemes in the study area.  To include 
detailed management prescriptions for wellf ield operators and water resource managers. 

P5 Prepare a water resources allocation and management plan f or the Yeal area to identify 
groundwater allocations (before development of Yeal scheme).   

P6 Prepare a Water Resources Allocation and Management Plan for the Lexia area (East 
Gnangara area) to identify groundwater allocations prior to dev elopment of the Lexia Scheme.  
To include detailed groundwater modelling to optimise groundwater av ailability while 
minimising env ironmental impacts. 

P7 Dev elop a Memorandum of Understanding on pine management regimes with CALM 

P8 Manage all groundwater allocation and use with the aim of meeting the objectiv es in EPA 
Bulletin 817, tables 15 and 16.   

P9 Facilitate and undertake strategic research to minimise the impacts of groundwater abstraction  

P10 Continue to provide advice to City of Wanneroo, Ministry of Planning, CALM and other relev ant 
agencies on the impact of land use on groundwater resources. 

P11 Continue to develop catchment strategies to minimise change in hydrological regime within the 
cav es of Yanchep National Park.  Monitor water levels and cav e f auna. 

P12 Prepare strategic drainage plans for the study area including options for the management of 
high water lev els in Lake Joondalup, Goollelal, Mariginiup and Jandabup. 

P13 In consultation with other relev ant agencies, the Department of Env ironment, will within six 
months of receiving environmental approvals, reconv ene and provide ongoing executive 
support for an inter–agency technical adv isory group for water resources planning and 
management issues on the Gnangara Mound.  This will be done in the context of 
recommendations of the Select Committee on Metropolitan Development and Groundwater 
Supplies. 

P14 Continue to chair and prov ide support for the Consultative Committee as an ongoing forum f or 
inf ormation exchange and adv ice. 

P15 The Department of Environment will continue to report ev ery three years to the Department of 
Env ironmental Protection on the management of groundwater within the Study area of the 
Gnangara Mound.  This will include inf ormation on the operation of groundwater schemes and 
env ironmental impacts.  In those y ears when a triennial report is submitted, the Department of 
Env ironment will report to the Department of Environmental Protection on compliance with 
env ironmental conditions. 

P16 Limit potential f or tree deaths around production wells to 100m radius f or normal (av erage) 
climate conditions and within 200m in extreme conditions.  This should be part of Water 
Corporation licence conditions. 

P17 Upgrade the artificial maintenance f acility for Lake Nowergup to prov ide more rapid recharge 
when it becomes necessary to meet EWPs. 

P18 Establish an artif icial maintenance facility f or Coogee Springs when necessary to meet EWPs 

P19 Should EWPs (in Lake Nowergup or Coogee Springs) not be met by Nov ember 1, artif icial 
supplementation shall be used until the EWP is reached. 

P20 Only allow drops below the pref erred lev el (table 16, bulletin 817) to occur in low rainfall years 
to mimic natural regimes (rate of 2/6 years). 
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Code Current Commitments (applicable from 1997) 

P21 A rev iew shall take place of the EWPs (table 16, bulletin 817) at least ev ery six y ears to allow 
f or adaptive management.  It will incorporate public involv ement. 

P22 The Department of Environment will, after receiv ing env ironmental approv als, implement and 
undertake the following monitoring programme, to the satisf action of the EPA: 

P23 Groundwater lev el monitoring across the established monitoring network, at a frequency of 1 
or 3 months, depending on the wells. 

P24 Vegetation transects will be established at all wetlands for which EWPs have been set, except 
Lake Gnangara, Pipidinny Swamp, and Coogee Springs.  A minimum of one transect will be 
established f or each wetland.  Monitoring will be undertaken y early, in Nov ember, f or the f irst 
three y ears, to be reviewed in the first triennial report. 

P25 Wetland vegetation will be mapped ev ery two y ears from large scale aerial photography f or 
Lakes Jandabup, Mariginiup, Nowergup, and Loch McNess. 

P26 Water quality will be monitored annually in Nov ember at all wetlands f or which EWPs hav e 
been set. 

P27 Wetland habitats will be mapped along two regional transects in November, using large scale 
aerial photography, every y ear f or the f irst three y ears, then ev ery three years. 

P28 Established terrestrial v egetation transects will continue to be monitored in spring, with at least 
6 transects monitored ev ery three years. 

P29 Indicator species will be monitored at established terrestrial v egetation transects when 
transects are monitored in spring.  Parameters that will be assessed f or each indicator species 
are age (size), class distribution, vigour and recruitment. 

P30 A Similarity Index f or each terrestrial v egetation transect at each monitoring period will be 
calculated with the aim of summarising spatial and temporal changes in vegetation 
composition. 

P31 Continuous water level monitoring in three cav es in Yanchep National Park will continue, with 
f urther cav e monitoring established in suitable cav es. 

P32 Aquatic fauna will be monitored within those cav e streams containing root mats once per year 
in Nov ember. 

P33 Water levels in wells f or which EWPs hav e been established will be monitored every month. 
P34 Water levels in piezometer transects in the Yanchep area will be monitored every month. 

P35 The impact of confined aquifer abstraction on unconf ined aquif er water levels will be 
monitored.  If significant impacts are observ ed the Department of Environment will discuss the 
observ ed impacts with the EPA. 

P36 Water levels will continue to be monitored once per month in 28 wetlands within the study 
area. 

P37 Water level monitoring in 13 wetlands f or which EWPs hav e been set will occur more 
frequently than once per month, when necessary, to determine compliance with set lev els. 

P38 Aquatic fauna will be monitored at the 13 wetlands f or which EWPs hav e been set twice per 
y ear (but only when open water is present), in Nov ember and March. 

P39 Prepare monitoring protocols f or aquatic invertebrate monitoring within the wetlands.   
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ENVIRONMENTAL WATER PROVISION CRITERIA AND GROUNDWATER 
LEVELS FOR GNANGARA MOUND MONITORING WELLS 

End of Summer 
Groundwater 

Monitoring Well Pref erred Minimum 
(mAHD) 

Absolute minimum 
(mAHD) 

Location 

JB5 - 44.8 Near Lake Jandabup 
MM16 - 38.8 

MM18 - 38.6 
MM49B - 24.7 

MM53 - 33.3 

MM55B - 29.5 

MM59B - 36.3 

Mirrabooka Scheme 

MT3 - 43.0 Near Lake Mariginiup 

NR6C - 58.5 East Gnangara 
PM6 - 53.5 

PM7 - 60.5 

PM9 - 56.3 

Pinjar Scheme 

PM24 - 40.5 

PM25 - 42.3 

Near Lake Pinjar 

WM1 - 55.7 

WM2 - 66.5 
WM6 - 58.3 

WM8 - 64.8 

Wanneroo Scheme 
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ENVIRONMENTAL WATER PROVISIONS (EWPS) FOR GNANGARA 
MOUND WETLANDS 

End of Summer Spring 

Wetlands Pref erred 
Minimum 
(mAHD) 

Absolute 
minimum (mAHD)

Pref erred Min.  
peak (mAHD) 

Absolute min.  
peak (mAHD) 

Lake Goollelal (Q6162517) * 26.2 26   
Lake Gnangara (Q6162591 
staff) (G61618440 bore) 

# 42 # 41.3   

Loch McNess (Q6162564) 6.95    

Yonderup (Q6162565) 5.9    

Lake Joondalup (Q6162572 
staff) 

(G61610661 bore) 

* 16.2 15.8   

Mariginiup Lake (Q6162577 
staff) 
(peak lev els recorded) 

(G61610685 bore) 

  * 42.1 41.5 

Lake Jandabup (Q6162578) 

Artif icially  maintained 

 # 44.3 * 44.7 44.2 

Nowergup Lake (Q6162567) 
(peak lev els recorded) 
Artif icially  maintained 

  * 17 16.8 

Coogee Springs (Q6162566 
staff) 

(G61611303 bore) (peak 
lev els) 

Artif icially  maintained 

  * 12 11.25 

Wilgarup (Q6162623 staff) 

(61618500 bore) 

# 4.8 # 4.5 # 6.10 # 5.65 

Pipidinny Swamp (Q6162624)  # 1.6 # 2.70 # 2.40 

* water levels allowed between mi nimum and absolute mini mum at a rate of 2 in 6 years to replicate natural drying 
cycles. 

# interim (proposed) absolute mini mum criteria or management obj ecti ves 

Note: Management objec tives and interim criteria (awaiti ng EPA approval) are not statutor y EWP criteria, and water 
levels below these criteria are not considered to be reportable breaches . 
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Appendix C - Current 
Environmental Conditions - East 

Gnangara 
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GROUNDWATER RESOURCE ALLOCATION, EAST GNANGARA SHIRE 
OF SWAN 

Ministerial Conditions 
Code Current Ministerial Conditions (applicable from 1997) 

M1-1 Fulf il the commitments published in EPA Bulletin 904 (Appendix 2) as attached to the 
Minsters statement 496. 

M1-2 Changes to any aspects of the proposal as documented in schedule 1 of the statement that 
the Minister determines is substantial, shall be referred to the EPA. 

M1-3 Changes to any aspects of the proposal as documented in schedule 1 of the statement that 
the Minister determines is non-substantial, can be effected. 

M2-1 Implement the consolidated environmental management commitments documented in 
schedule 2 of the Minister's statement. 

M2-2 Implement the subsequent environmental management commitments which are made as 
part of the f ulfilment of conditions and procedures in the Minister’s statement. 

M3-1 The proponent nominated by the Minister for the Environment under section 38(6) or (7) is 
responsible for implementation of the proposal until such time as the nomination for that 
proponent is rev oked under section 38(7) of the EPA Act and another person is nominated in 
respect of that proposal. 

M3-2 Any request for change in proponent shall be accompanied by a copy of the Minister’s 
Statement endorsed with an undertaking by the proposed replacement proponent to carry 
out the proposal in accordance with the conditions and procedures set out in the statement. 

M3-3 Notify the DEP of any change of proponent, contact name and address within 30 days of 
such change. 

M4-1 Prov ide ev idence to the Minister before 17 February 2004 that the proposal has been 
substantially commenced. 

M4-2 If  the proposal has not been substantially commenced before 17 February 2004, the 
approv al to implement the proposal as granted in this statement shall lapse and be v oid. 

M4-3 Make an application to the Minister for Environment for any extension of approval for the 
substantial commencement of the proposal bey ond 17 February 2004 at least 6 months 
bef ore 17 February 2004. 

M4-4 If  it demonstrated that the parameters of the proposal have not changed signif icantly, then 
the Minister may grant an extension not exceeding 5 y ears for the substantial 
commencement of the proposal. 

M5-1 Submit periodic Performance and Compliance Reports, in accordance with an audit program. 

M5-2 Unless otherwise specif ied, the DEP is responsible f or assessing compliance with the 
conditions, procedures and commitments contained in this Statement and f or issuing formal 
clearances.   

M5-3 The Minister will determine the matter where compliance with any condition, procedure or 
commitment is in dispute. 
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GROUNDWATER RESOURCE ALLOCATION, EAST GNANGARA SHIRE 
OF SWAN 

Proponent Commitments 
Code Current Commitments (applicable from 1997) 

P1-1 Manage public and private groundwater abstraction to meet objectives and Environmental 
Water Provisions (EWPs) as summarised in Table A and B which appear in the attachment to 
Statement 496. 

P1-2 Rev iew interim EWRs in the f irst triennial report to the EPA and update as appropriate. 

P2 Submit annual and triennial reports on the management and monitoring of the East Gnangara 
Mound. 

P3-1 Inv estigate stratigraphy and water regimes in the Lexia wetlands, EPP wetland 173 in 
Melaleuca Park and Melaleuca Park dampland 78. 

P3-2 Determine EWPs following the inv estigation undertaken in P3.1 

P4 Prov ide support to research projects and conduct research and investigations into the EWRs 
of wetlands, vegetation and seepage areas as def ined in Section 16.5 of the PER. 

P5 Rev iew and update EWPs and water allocation if necessary by f eedback f rom the monitoring 
program. 

P6 Undertake a monitoring program. 
P7 Dev elop a MOU with CALM which includes pine harv esting in State f orest 65 (SF65) over 20 

y ears and the Gnangara Park establishment. 

P8 Prov ide adv ice on impacts of land use on groundwater resources to relev ant agencies. 

P9 Determine EWPs for new appropriately located bores in the v egetation corridor. 
P10 Chair and provide support f or a Consultative Committee as a f orum for information exchange. 

P11 Require the Water Corporation to Phase in production bores closest to phreatophytic 
v egetation. 

P12-1 Require the Water Corporation to dev elop a wetlands mitigation strategy f or any loss of value 
in wetlands 132, 156, 158, 164 and 104.  The mitigation strategy will; identify actions to 
minimise loss of values, prior to dev elopment; monitor wetlands to determine whether loss of 
v alues has occurred, on an ongoing basis; and compensate f or any loss of values in the event 
of adv erse impacts becoming apparent. 

P12-2 Require the Water Corporation to implement the mitigation strategy required of P12.1. 
P13-1 Require the Water Corporation to prepare an operations plan (with environmental 

commitments to meet EWPs) f or the Lexia and East Mirrabooka groundwater scheme. 

P13-.2 Require the Water Corporation to submit y early production plans as part of the operating 
strategy. 

P14 Map v egetation communities on the Gnangara Mound. 

P15-1 Monitor water lev els and establish a vegetation transect in wetland 132.  - Pre-Operation 

P15-2 Monitor water lev els and establish a vegetation transect in wetland 132.  - Operation 
P16 Liaise with the Swan Valley Ny ungah Community regarding the proposal. 

P17-1 Undertake a dieback survey. 

P17-2 Prepare dieback management procedures.  - Pre-Operation 

P17-3 Implement the dieback management procedures as required in P17.2 – Operation 

 



Stage 1 Proposal to Change Conditions   Section 46 Review of the Gnangara and Jandakot Mounds 

   137

ENVIRONMENTAL WATER PROVISION CRITERIA AND GROUNDWATER 
LEVELS FOR EAST GNANGARA MOUND MONITORING WELLS 

End of Summer Location 
Groundwater Monitoring 

Well Pref erred Minimum 
(mAHD) 

Absolute minimum 
(mAHD) 

 

NR11C (G61611042) - 55 Near EPP Wetland 173 
MM12 (G61610989) - 42 

L30C (G61611010) - 47.2 
L110C (G61611011) - 55.7 

L220C (G61611018) - 52.2 

Lexia Scheme, near Lexia 
Wetlands 

Water levels below absolute mi nimum criteria in any year are consider ed to be a breach 

 

ENVIRONMENTAL WATER PROVISION CRITERIA FOR EAST GNANGARA 
WETLANDS (EAST LEXIA WETLANDS AND SEEPAGES) 

End of Summer 
Wetland Pref erred Minimum 

(mAHD) 
Absolute Minimum 

(mAHD) 

Lexia 94 (GNM17a) G61613216 * 45.8 45.5 
Lexia 86 (GNM16) G61613215 * 47.3 47 

Lexia 186 (GNM15) G61613214 * 47.5 47.2 

Melaleuca Park (EPP) 173 (GNM14) Q6162628 
staff 
Bore G61613213 

 50.2 

Melaleuca Park (Dampland) 78 (GNM31) 
G61613231 

* 65.4 65.1 

Edgecombe (B10) (G61618606)  # 14.35 
Egerton (B25) (G61618607)  39.29 

Note: Edgecombe B10 - Management objec tive onl y, not s tatutor y criteria 
* water levels allowed between mi nimum and absolute mini mum at a rate of 2 in 6 years to replicate natural drying 
cycles. 
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Appendix D - Expected 
Compliance with Gnangara 

Mound Environmental Water 
Provisions (1995) 
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EXPECTED COMPLIANCE WITH GNANGARA MOUND WETLAND WATER 
LEVEL REQUIREMENTS 

The table below has been reproduced from Water Authority of Western Australia 1995, Review 
of Proposed Changes to Environmental Conditions - Gnangara Mound Groundwater Resources 
(Section 46), Table 10, pp72. 

Wetland Breaches of 
Preferred 
Minimum 

(% of years)* 

Breaches of 
Minimum Level  

(% of years) 

Interventions 
required  

% of years) 
for breaches of 
minimum level 

Breaches of 
Maximum Level 

(% of years) 

Interventions 
required 

(% of years) 
for breaches of 
maximum level 

Lake 
Joondalup 

0 0 0 64 (57-68) 36 (33-38) 

Lake Goollelal 12 (8-16) 9 (6-10) 5 (3-6) 73 (69-77) 43 (42-46) 

Lake Gnangara 25 (20-28) 3 (0-6)    

Lake Jandabup 6 (4-11) 0 2 (1-5) 48 (45-50) 29 (27-30) 

Lake 
Mariginiup 

8 (4-13) 6 (2-12) 4 (1-5) 62 (54-68) 37 (33-40) 

Lake Nowergup 77 (75-79) 67 (64-69) 46 (43-49)   

Coogee 
Springs 

77 (74-79)  46 (42-49)   

Lake Yonderup  0    

Loch McNess  0    

Melaleuca Park - #     

Bombing 
Range 

#     

Pipidinny 
Swamp 

-     

Lake Wilgarup -     

Notes: 

.  Number of breaches is the average over three model runs.  Bracketed figures show the range over the three runs) 

.  Preferred and Minimum l evels may r efer to preferred lowest peak and absolute peak levels,  dependi ng on the level 
which has been set. 

# See compliance with water level requirements  for vegetati on (Section 9.2 (refer Water Authority 1995)) 

- Water level requirement not yet set. 

* % of years over the 111 year model run. 
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EXPECTED COMPLIANCE WITH GNANGARA MOUND PHREATOPHYTIC 
VEGETATION ENVIRONMENTAL WATER PROVISIONS 

The table below has been reproduced from Water Authority of Western Australia 1995, Review 
of Proposed Changes to Environmental Conditions - Gnangara Mound Groundwater Resources 
(Section 46), Table 12, pp79. 

Well Environmental Water 
Requirement (mAHD) 

Environmental Water Provision 
(minimum level mAHD) 

% of years 
Non-Compliance 

with EWP 

MM49B 24.7 24.7 0 
MM53 33.3 33.3 0 

MM55B 29.5 29.5 2 

MM 59B 36.3 36.3 0 

MM16 38.8 38.8 4 

MM18 38.6 38.6 0 
JB5 44.8 44.8 0 

MT3 43.0 43.0 0 

NR6C 58.5 58.5 5* 

WM6 58.8 58.3 14* 

WM8 65.0 64.8 6* 

WM1 56.2 55.7 17 
WM2 67.0 66.5 7* 

PM25 42.8 42.3 6 

PM24 40.5 40.5 9 

PM6 54.5 53.5 30 

PM7 62.0 60.5 15 

PM9 57.5 56.3 24 

* Level of  non-compliance under modified wellfield design which excludes the thr ee northern wells withi n the Lexia 
groundwater scheme. 
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Appendix E - Statistical Analysis 
of Selected Wetland Water Level 

- Groundwater Level 
Relationships 
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STATISTICAL ANALYSIS OF SELECTED WETLAND WATER LEVEL - 
GROUNDWATER LEVEL RELATIONSHIPS 

The groundwater – wetland water level relationships of three wetlands on the Jandakot Mound 
were examined by Strategen to establish whether levels in adjacent monitoring wells could be 
used to reflect wetland water levels at t imes when direct monitoring of the lake level is not 
possible (generally through problems with access).  The analysis was also intended to determine 
whether a reasonable relationship existed, in terms of establishing the validity of managing 
groundwater levels to achieve wetland water level outcomes.  The wetlands analysed were Lake 
Forrestdale, North Lake and Shirley Balla Swamp. 

Approach 

Correlations were established through analysis of the hydrograph data provided by the 
Department of Environment, in Excel spreadsheets, using the statistical analysis capability of 
the software.  For each wetland, the correlation was investigated using all the synoptic data 
available.  For the purpose of the analysis, wetland and groundwater level data observations 
made within two days were considered as being synoptic.  On most occasions, observations 
were made within hours.  On those occasions when the observations were separated by more 
than 48 hours, the data was not used. 

The data was analysed using the Excel regression analysis capability to find the best fit curve.  
Various relationship types (linear, exponential, logarithmic, and polynomial) were tested.  In all 
cases, the polynomial regressions gave the highest coefficient of determination. 

In order to account for differences between rising and falling stages, the water level data was 
partit ioned and regression analyses of synoptic rising wetland and groundwater level data were 
undertaken.  The rising stage analysis was based on selecting data from those occasions when 
both groundwater and wetland water levels were rising (the value was higher than the value 
observed on the previous occasion).  Similarly, the falling stage analysis involved data observed 
when both stages were falling. 

The analysis for each of the wetlands examined is shown below. 

It  should be recognised that in all cases, the synoptic data was only available for more recent 
years when wetland and groundwater levels have been lower than over the longer-term past.  
The relationships examined in this analysis, and the consequent results, may not reflect the 
relationships that exist when water levels in both systems are higher.  In addition, the wetland 
water levels were not able to be measured when the water level fell below specific values 
(largely depending on the location of the wetland staff gauge). 

Forrestdale Lake 

Forrestdale Lake analysis is presented in Figures 8 to 11 in Section 6.1.2. 
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North Lake 

Graph 1:  North Lake hydrographs 

North L ake:  Lake  an d Monitoring Well hydrographs
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Graph 1: North Lake: groundwater level and wetland water level relationships 

North Lake: Lake Level vs Monitoring Well Level
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Graph 3: North Lake: rising hydrograph relationships 

North lake: Rising Stage Comparisons
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Graph 4: North Lake: falling hydrograph relationships 

North Lake: Falling Stage Comparisons
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Shirley Balla Swamp 

Graph 5: Shirley Balla Swamp hydrographs 

Shir ley Balla  S wamp:  Lake  and Monitor ing Well hydrographs
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Graph 6: Shirley Balla Swamp: groundwater level and wetland water level 
relationships 

Shir ley Balla: Lake Level vs Monitoring Well Level
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Graph 7: Shirley Balla Swamp: rising hydrograph relationships 

Shirley Balla Swamp: Rising Stage Comparisons
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Graph 8: Shirley Balla Swamp: falling hydrograph relationships 

Shirley Balla Swamp: Falling Stage Comparisons
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The results of these analyses are summarised in the following table: 

 
Wetland Correlation 

(all synoptic data) 
R2 

Rising Stage 
Correlation 

R2 

Falling Stage 
Correlation 

R2 

Forrestdale Lake 0.3539 (56) 0.2699 (22) 0.7165 (27) 
Shirley Balla 
Swamp 

0.8307 (35) 0.9562 (11) 0.8547 (10) 

North Lake 0.9127 (85) 0.9629 (38) 0.9680 (40) 

R2 is coefficient of deter mination   Figures in brackets indicate number of data points used 
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The relationships for both Shirley Balla Swamp and North Lake are very high and imply a good 
connection between groundwater and the wetland water body.  The Lake Forrestdale 
relationships are poor, with the exception of the falling stage correlation, which is moderately 
good. 
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Appendix F - Representativeness 
of Jandakot Terrestrial 

Vegetation Criteria Bores 
 

Extract from Froend and Loomes (in prep.)  
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REPRESENTATIVENESS OF JANDAKOT TERRESTRIAL VEGETATION 
CRITERIA BORES 

All terrestri al criteria bores on the Jandakot Mound were visited during April 2004 to assess  veget ation 
condition and the appropriateness of bores as representative of vegetation in the vicinity.  Descriptions of 
sites were supplemented by photographs.  Three bores could not be located, JM8, JM15 and JM39. 

During the field visits it was noted that land adjacent to many of the bores had been either totally or 
partially cleared for urban development or other forms of land-use in recent years rendering a number of 
sites unrepresentative of terrestrial vegetation and reducing the value of others.  Of the 25 bores assessed 
only 8-10 remain truly representative of phreatophytic terrestrial vegetation as shown in the table below.  
It is the recommendation of the authors that where the depth to groundwater indicates that the terrestrial  
vegetation is not groundwater dependent, the monitoring bore should be decommissioned as a criteria 
bore.   

Representative of 
terrestrial vegetation 

Representativeness impacted by 
other factors (land use) 

Not representative of terrestrial 
vegetation 

JE17C JE20C JM23C 
JE4C JM24 J310 

JM7 JE10C JE18C 

JM8 JM31 JM19 
JM45 JM35 JM27 

JE12C JM29 JM5 

JM16 JM49  JE19C 

JM14 JM33 JM18 

8284 JE1C  

JM39 JM15  

JE17C 
JE17C is located on Branch Cross within the Thomson Lake Nature Reserve.  The vegetation surrounding 
JE17C is Eucalyptus rudis and Melaleuca preissiana woodland with a fairly dense overstorey with 
bracken fern and an exotic understorey containing Pelargonium capitatum and Conyza albida (fleabane).  
The opposite side of the road is M. preissiana and insect impacted E. rudis.  This area is representative of 
terrestri al veget ation however, declared rare flora is no longer recorded for this site on the CALM flora 
base.  The condition of the surrounding vegetation is good. 

  
Looki ng west towards  JE17C and E. rudis /M. preissiana 
woodland of Thomsons Lake Natur e Reser ve. 

Looki ng east from JE17C towards E. rudis /M. preissiana 
woodland with weed dominated understorey. 
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JE4C 
JE4C is located in the Denis De Young Reserve.  The vegetation west of JE4C is Melaleuca spp.  and 
dense healthy intact Casuarina woodland.  Twenty meters east of the bore the veget ation is M. preissiana 
and B. menziesii with some B. ilicifolia 100m south of the bore.  This area is representative of terrestrial  
vegetation and the condition of the surrounding vegetation is good. 

 
Looki ng wes t at JE4C. 

Looki ng east from JE4C towar ds dense, intac t mi xed 
woodland of D enis de Young Reser ve. 

JM7 
JM7 is located on Hope Road leading into Jandakot Airport.  The vegetation surrounding JM7 is impacted 
E. rudis and M. preissiana woodland above a weedy understorey.  Several of the large M. preissiana are 
resprouting and the E. rudis have been damaged by insects.  This is upslope from E. rudis and Banksia 
spp.  woodland.  On the opposite side of the road the vegetation consists of Banksia spp.  and E. todtiana 
woodland which is in reasonable condition.  This area is representative of t errestrial vegetation however, 
declared rare flora is no longer recorded for this site on the CALM flora base.  The condition of the 
surrounding vegetation is reasonable. 

 
Looki ng south towards  JM7 and severel y i mpac ted mature 
M. preissiana. 
 

 
Looki ng north from JM7 into Banksia woodland. 
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Impacted E. rudis south-east of JM7. 

 

JM8 
JM8 is located within the grounds  of the Jandakot Airport.  This area is representative of terrestrial  
vegetation and declared rare flora is recorded for this site on the CALM flora base. 

JM45 
JM45 is located in remnant vegetation southwest of the Jandakot airport.  The vegetation close to JM45 is 
insect impacted E. rudis woodland with some M. preissiana which are showing signs of tip drying.  
Surrounding this is Banksia woodland showing signs of seasonal drying but generally in good health.  
This area is representative of terrestrial vegetation however, declared rare flora is no longer recorded for 
this site on the CALM flora base.  The condition of the surrounding vegetation is good. 

 

Looki ng wes t from JM45. 

 

Looki ng north- wes t from JM45 towards i mpac ted E. rudis. 

JE12C 
JE12C is located on Rowley Road (private property) opposite developed semi-rural land 500m west of 
intact Banksia woodland.  The vegetation surrounding JE12C is intact healthy Banksia and Eucalyptus 
woodland.  This area is represent ative of terrestri al vegetation.  The depth to groundwater in the vicinity if 
JE12C is greater than 12m and therefore the vegetation is not considered highly groundwater dependant.  
The condition of the surrounding vegetation is good. 
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Looki ng south towar ds JE12C  and healthy Banksia 
woodland. 

 

Looki ng north from JE12C towards private property. 

JM16 
JM16 is located at the Harrisdale Swamp Bushland.  The vegetation consists of intact B. attenuata and 
B. menziesii woodland (1 dead B. attenuata noted) with Banksia woodland of Canning Vale Prison 
Bushland on the opposite side of the road.  This area is representative of terrestrial veget ation and the 
condition of the surrounding vegetation is good. 

 

Looki ng east towards JM 16 and intact Banksia woodland 
of Harrisdale Swamp Bushland. 

 
Looki ng wes t from JM16 towards Banksia woodland of 
Canning vale Prison Bushland. 

JM14 
JM14 is located in the Acourt Road Bushland, Jandakot Regional Park.  The vegetation consists of 
Banksia woodland with M. preissiana.  Although an undisturbed area there is evidence of impact with 
recent deaths of B. attenuata and older deaths of B. ilicifolia, B. attenuata and B. menziesii and drying of 
B. elegans in understorey.  This area is representative of terrestri al vegetation and the condition of the 
surrounding vegetation is good. 



Stage 1 Proposal to Change Conditions   Section 46 Review of the Gnangara and Jandakot Mounds 

   157

 
Looki ng north from JM14 towards M. preissiana and wetland 
vegetation. 

 
Looki ng east towar ds JM14 and dead Banksi a. 

 
Looki ng south fr om JM14 towards healthy Banksia 
overstorey above impacted Beaufortia el egans. 

 

8284 
8284 is located on private property on Solomon Road.  The vegetation on the private property side 
contains some E. rudis and M. preissiana.  Adjacent to this is the sand mine which has an area of bush 
near by that contains M. preissiana.  On the opposite side of the road the veget ation is remnant Banksia 
on cleared semi-rural land.  This is approximately 100m north from intact, healthy Banksia woodland of 
Fraser Road Reserve.  This area is represent ative of terrestrial vegetation and the condition of the 
surrounding vegetation is good. 

 
Looki ng wes t towards 8284 and pri vate pr operty. 

 
Looki ng east from 8284 towards largely cleared private 
property. 
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JM39 
JM39 is located on Rowley Road.  Although we have not yet found the site it appears to be in the vicinity 
of intact M. preissiana and M. rhaphiophylla woodland surrounded by semi-rural lots.  This area is 
representative of terrestrial vegetation and the condition of the surrounding vegetation is good. 

JE20C 
JE20C is located on Beenyup Road opposite the cut flower farm that leads through to Beenyup Swamp.  
The vegetation on the side of the road with the bore is Banksia woodland with dense Melaleuca spp.  
which look healthy.  This is also private property.  This areas representativeness has  been impacted by 
land use changes.  The vegetation condition is good. 

 

Looki ng east towards JE20C and Melaleuca woodland on 
private property. 

 

Looki ng west from JE20C towards cut flower farm on 
private property. 

JM24 
JM24 is located off Hammond Road.  The vegetation consists of a small area of healthy mixed Banksia 
woodland (1ha) (B. attenuata, B. menziesii & B. ilicifolia).  The opposite side of the road has been 
recently cleared for urban land.  There is an area of E. rudis approximately 100m to the west.  This areas 
representativeness has been impacted by land use changes.  The condition of the remnant vegetation is 
good. 

 
Looki ng north from JM24 towards remnant Banksia 
woodland. 

 

Looki ng south from JM24 towards recentl y cleared urban 
land. 

JE10C 
JE10C is located on Liddelow Road.  The land is private property on both sides of the road.  The 
vegetation is impacted Banksia (some young B. ilicifolia and B. menziesii dead) and Casuarina woodland 
with semi-cleared private property opposite.  This areas represent ativeness has been impacted by land use 
changes.  The vegetation condition is reasonable. 
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Looki ng east towar ds JE10C and impacted Banksia 
woodland on private property. 

 

Looki ng west fr om JE10C towards disturbed vegetation on 
private property. 

JM31 
JM31 is located on Taylor Road (private property).  The opposite side has an open area dominated by 
exotics with some E. rudis in the overstorey.  An area of Acacia shrubs occurs some 100m to the west.  
This areas representativeness has been impacted by land use changes.  The vegetation condition is 
reasonable. 

 

Looki ng east from JM31 towar ds pri vate property. 

 
Looki ng west from JM31 towards partl y clear ed E. rudis  
woodland. 

JM35 
JM35 is located on Taylor Road opposite Denis De Young Reserve (part of Jandakot Regional Park).  
The vegetation consists of impacted Banksia and Casuarina woodland opposite cleared land.  This areas  
representativeness has been impacted by land use changes.  The vegetation condition is reasonable. 
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Looki ng east towar ds JM35 and impac ted Banksia 
/Casuarina woodland. 

 

Looki ng west from JM35 towards Denis de Young 
Reserve.   

JM29 
JM29 is located on Beenyup Road (private property).  On the opposite side there is an open area and 
M. preissiana/E. rudis woodland approximately 50m southwest of the bore.  Urban development has 
begun approximately 200m northwest of the bore.  This areas representativeness has been impacted by 
land use changes.  The condition of remnant vegetation is reasonable. 

 

Looki ng east towar ds JM29 and cleared pri vate property. 

 

Looki ng west from JM 29 and newl y clear ed urban l and 
(left side of photo). 

 

Looki ng south-west from JM29 towards  remnant 
M. preissiana / E. rudis woodland.   
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JM49 
JM49 is located on Rowley Road on private property.  The vegetation consists of B. littoralis and 
M. preissiana woodland with dense bracken fern and exotics in the understorey.  On the opposite side 
there is private property which is highly disturbed and 100m west is intact Banksia woodland.  This areas 
representativeness has been impacted by land use changes.  The vegetation condition is reasonable. 

 

Looki ng south towards  JM49 and Banksia /  Melaleuca 
woodland on private property. 

 

Looki ng north from JM49 towards pri vate property, 

 

Looki ng south- west fr om JM49 towards intact Banksia 
woodland. 

 

JM33 
JM33 is located on Barfield Road.  The veget ation consists of a large area of intact Banksia / Casuarina 
woodland.  On the opposite side there is newly cleared urban land.  This areas representativeness has been 
impacted by land use changes.  The vegetation condition is reasonable. 
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Looki ng east towards JM33 and healthy, intact Banksia 
woodland. 

 

Looki ng west from JM33 towards recentl y cleared urban 
land.   

JE1B 
JE1B is located on Solomon Road.  The vegetation consists of B. attenuata and B. menziesii woodland.  
Approximately 100m west of the sand mine, on the opposite side, the vegetation is intact Banksia 
woodland on private property.  This areas represent ativeness has been impacted by land use changes.  The 
depth to groundwater is greater than 10m and therefore the vegetation is not considered highly 
groundwater dependant.  The vegetation condition is reasonable. 

 
Looki ng west towards  JE1B and Banksia woodl and on 
private property.   

 
Looki ng east from JE1B towards band of Banksi a 
woodland adj acent to sand- mine. 

JM15 
JM15 is located on the Jandakot Mound immediately south of the Jandakot Airport.  Water level criteria 
were set at this site to  protect phreatophytic vegetation (Banksia woodland) in an area of less than 5 m 
depth to groundwater. 

The majority of the vegetation near JM15 has been cleared for development and the site no longer 
represents local groundwater dependent  veget ation.  The existing criteria for monitoring wells JM14 
(located about 2.5 km west of JM15) and JM16 (located about 1.5 km north east of JM15) should provide 
suffi cient protection for the remaining groundwater dependent vegetation in the area. 

JM23C 
JM23C is located on private property on Gaebler Road.  On the opposite side the l and has been recently 
cleared for urban development.  This area is not representative of terrestrial vegetation. 
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Looki ng south from JM23C and cl eared rural land. 

 

Looki ng north from JM 23C towards  recentl y cleared urban 
land. 

J310 
J310 is located on Princep Road in an industrial area.  There is no vegetation native directly adj acent to 
the bore, the closest vegetation consists of healthy, intact E. rudis 50m to the west and the condition of the 
understorey is not known.  This area is not representative of terrestrial vegetation.  Declared rare flora is 
no longer recorded for this site on the CALM flora base. 

 

Looki ng west towards J310 and a ti mber yard.  E. rudis can 
be seen in the background. 

 

Looki ng east from J310 towards  an industrial ar ea. 

JE18C 
JE18C is located on private property on Tapper Road.  The vegetation has been largely cleared, with only 
a few E. rudis left on the road edge.  On the opposite side there is a park with a small wetland surrounded 
by M. preissiana, which is approximately 500m from intact vegetation and an area of Typha.  This area is 
not representative of terrestrial veget ation. 
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Looki ng east towar ds JE18C and pri vate property.    

 

Looki ng wes t from J310 towards reticulated par kland. 

JM19 
JM19 is located in  the Fraser Road Bushland in close proximity to a sand mine.  What little veget ation 
remains in the vicinity is influenced by groundwater abstraction for the mine.  This area is not 
representative of terrestrial vegetation. 

 

Aerial photo showing location of JM19 in area i mpacted by 
sand mini ng. 

 

Looki ng northeas t towards JM19 and Banksia woodland. 

JM27 
JM27 is located on Armadale Road.  The vegetation consists of a 20m wide strip of Banksia / Casuarina 
woodland along the roadside.  On the opposite side of the road is a cl eared rural area.  This area is not  
representative of terrestrial vegetation. 
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Looki ng south towards JM27 and cleared rural l and. 

 

Looki ng north from JM27 across  Armadale Rd and 
towards cleared rural land. 

JM5 
JM5 is located in the grounds of a primary school on Eucalyptus Boulevard in an urban area.  This area is 
not representative of terrestrial veget ation. 

 

Looki ng north across school ground towards JM5. 

 

Aerial photo showing location of JM5 in the grounds of an 
urban school.   

JE19C 
JE19C is located on Beenyup Rd.  (private property).  On the opposite side of the road the land has been 
cleared for urban land development (previously Melaleuca woodland).  The Jandakot Regional Park is 
located approximately 100m south and the vegetation there is dense wetland vegetation.  The area 
surrounding JE19C is not representative of t errestrial vegetation.  Declared rare flora is no longer 
recorded for this site on the CALM flora base. 
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Looki ng east towar ds JE19C and pri vate property. 

 

Looki ng west from JE19C towards recentl y cleared urban 
land. 

JM18 
JM 18 is located in a cleared industrial area 400m north of a managed conservation reserve.  Wetland 
vegetation in reserve (M. preissiana, B. articulata, A. fascicularis) intact and healthy and there is 
evidence of a weed control program.  However, the area surrounding JM18 has all been cleared for 
industrial use. 

 

Looki ng north towards JM18 and recently cleared indus trial 
land. 

 

Looki ng south from JM18 and recently cleared indus trial land.  
Wetland reser ve can be seen i n the background. 
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Appendix G - Consolidated 
Proposed Environmental 

Conditions, Commitments and 
Criteria - Jandakot Mound 

 





Stage 1 Proposal to Change Conditions   Section 46 Review of the Gnangara and Jandakot Mounds 

   169

JANDAKOT GROUNDWATER SCHEME STAGE 2 – PROPOSED 
MINISTERIAL CONDITIONS 

Code Previous 
Code 

Ministerial Condition 

JM-1 M-1 In implementing the proposal, the proponent shall fulf il the commitments (which are 
not inconsistent with the conditions or procedures contained in this statement) 
made in Department of Env ironment 2004 report 'Section 46 Review of 
Environmental Conditions on Management of the Gnangara and Jandakot Mounds 
- Stage 1 Proposal for Changes to Conditions’. 

JM-2 New Implement the subsequent environmental management commitments which are 
made as part of the f ulfilment of conditions and procedures in the Minister’s 
statement. 

JM-3 New Unless otherwise specif ied, the EPA or its nominated agent is responsible f or 
assessing compliance with the conditions, procedures and commitments contained 
in this Statement and f or issuing formal clearances. 

JM-4 New The Minister will determine the matter where compliance with any condition, 
procedure or commitment is in dispute. 

JM-5 M-4-4 The proponent shall report any breach or anticipated breach of the environmental 
criteria or env ironmental objectiv es to the Environmental Protection Authority 
immediately. 

JM-6 M-5-3 The proponent will implement the env ironmental management program prepared 
by the Water Authority (1992), to the satisf action of the Env ironmental Protection 
Authority. 

JM-7 M-3-3 The proponent shall inf orm the Environmental Protection Authority immediately of 
any proposed change to the anticipated abstraction limit and period.  Changes 
made after 1 December each y ear shall be to the satisf action of the Env ironmental 
Protection Authority. 

JM-8 M3-1, 
M4-2 

Submit a brief annual report and more detailed triennial reports on the 
env ironmental monitoring and management of the Jandakot Mound.  The reports 
should include details of compliance with the conditions and achiev ement of 
env ironmental objectiv es set in the Ministerial statement and attachments. 

JM-9 M-4-3 The proponent shall submit the reports required by condition JM-8 to the 
Env ironmental Protection Authority and shall make them publicly av ailable.  The 
annual reports shall be submitted by 1 December and the triennial reports by 1 
March, f ollowing commencement of the operation of the scheme. 

JM-10 M-4-3 The proponent shall submit the reports required by condition JM-8 to the 
Env ironmental Protection Authority and shall make them publicly av ailable.  The 
annual reports shall be submitted by 1 December and the triennial reports by 
1 March. 
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JANDAKOT GROUNDWATER SCHEME STAGE 2 – PROPONENT 
COMMITMENTS 

The Department of Environment commits to the following actions: 

Code Previous 
Code 

Commitments 

General 
JP-1 P-2 To ensure that groundwater abstraction satisf ies the environmental criteria 

presented in this PER. 

JP-2 P-11 In the ev ent that monitoring indicates that there will be signif icant impacts of a 
nature not predicted in this evaluation or a breach of the specif ied criteria, then 
the Water Authority must undertake one or more of the f ollowing: 

(1) demonstrate to the satisfaction of the EPA that the breach of criterion is not a 
result of groundwater abstraction; or 
(2) satisfy the EPA that the breach of criterion is transient and not of permanent 
signif icance; or 
(3) take the relev ant action as specif ied in Section 7 of the EPA Bulletin: 
    (a) modify pumping from any bore where such changes can have a 
measurable effect (say raise water lev els 1 centimetre or more), except in 
extenuating circumstances such as where signif icant economic hardship would 
occur, or CALM declare that the low water lev els would be benef icial 
   (b) in the case of a wetland, artif icially maintain the "action minima" water level; 
and 

   (c) implement a short-term detailed monitoring program to establish the 
condition of agreed species in the affected area. 

Environmental management 
JP-3 New Installation of monitoring wells and improved wetland water level monitoring 

f acilities for Forrestdale Lake, and evaluation of the monitoring data to determine 
the groundwater-wetland water lev el relationship.  Subject to CALM installing a 
permanent vegetation monitoring transect and undertaking flora and f auna 
studies to establish env ironmental v alues, the Department will evaluate the 
av ailable inf ormation to propose rev ised management criteria, if appropriate. 

Managing abstraction 
JP-4 P-15 Regularly  reviewing the bulk allocations f or priv ate abstraction, as part of the total 

water abstraction allocation for the Jandakot PWSA, with regard to the 
sustainable y ield of the superficial aquif er, including consideration of the 
env ironmental impacts of that abstraction. 

JP-5 P-16 Restricting the issuing of licences for private water abstraction to the limits set by 
the bulk allocations f or both the Jandakot PWSA in its entirety and the licensing 
subareas. 

JP-6 P-17 Inv estigating and implementing efficient mechanisms f or groundwater allocation. 

JP-7 P-23 Activ ely pursue programs in both supply and demand management.  This 
includes ongoing public inf ormation programs and, where appropriate, regulation 
f or design changes and regular reviews of pricing to conserve water.  
Improv ements in the Authority's supply system will also be pursued. 

Monitoring and review 
JP-8 P-28, P30, 

P31 
The proponent will prepare an env ironmental monitoring program for submission 
to the EPA within f our months of a decision by the Minister f or the Env ironment 
on the outcome of the 2004 s46 rev iew of conditions.  Following rev iew by the 
EPA, the proponent will f inalise the program to the satisf action of the EPA.  The 
program would be reviewed and revised ev ery six y ears (coinciding with triennial 
reports).  The monitoring program will include monitoring of groundwater lev els in 
all relev ant aquif er systems, relev ant wetland water levels and water quality, 
condition of vegetation and f auna associated with groundwater dependent 
ecosystems. 
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Code Previous 
Code 

Commitments 

JP-9 New The proponent will implement the EPA monitoring program dev eloped under 
commitment JP-8. 

JP-10 P-25 To rev iew the management criteria and strategies, with the agreement of the 
EPA, as knowledge of the Jandakot environment and its interaction with 
groundwater improv es. 

Integrated management 
JP-11 P-19 Assist the EPA in the development of Environmental Protection Policies to protect 

groundwater. 

JP-12 P-20 The rev iew of Regional Plans proposed by the Department f or Planning and 
Urban Development, Local Gov ernment Town Planning Schemes, and re-zoning 
and dev elopment applications. 

JP-13 P-21 Rev iew of dev elopment submissions to EPA. 

JP-14 P-24 To activ ely participate in integrated management of the Jandakot catchment. 

Community consultation and communication 
JP-15 P-32 To hold meetings at least annually with the Jandakot Consultative Committee 

established in consultation with the EPA.  This Committee will be inf ormed on the 
scheme's operation and will provide feed-back to the proponent. 

JP-16 P-33 To continue to monitor community response as reported by the media and 
maintain the current practice of public accessibility of Proponent staff.  Upon 
request and adequate notice, staff will address community groups on issues 
associated with groundwater management. 
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ENVIRONMENTAL WATER PROVISION CRITERIA AND GROUNDWATER 
LEVELS FOR JANDAKOT MOUND MONITORING WELLS 

End of Summer Groundwater 
Monitoring Well Pref erred Minimum (mAHD) Absolute minimum (mAHD) 

Vegetation Wells 
JM14 61610247 24.39 23.89 

JM16 61610445 23.90 23.4 

JM35 61610333 21.25 20.75 

JM39 61410142 21.20 20.70 

JM49 61410111 22.34 21.84 

JM50 61410416 22.68 22.18 
8284 61610178 24.82 24.32 

JE4C 61610234 24.00 23.50 

JE10C 61410250 21.80 21.30 

JM7 61610180  22.06* 

JM8 61610248  23.38* 

JM45 61610179  22.71* 

JE17C 61419703  16.35* 

Water levels are permitted to fall between the preferred and absol ute criterion levels.  Objecti ves are considered as  not 
being met each ti me groundwater levels fall below the absolute minimum criterion. 

* - water levels should not decline at rates greater than 0.1 m/yr. 
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ENVIRONMENTAL WATER PROVISIONS (EWPS) FOR JANDAKOT 
MOUND WETLANDS 

Water level criterion (m AHD) Other criterion Wetland SWRIS ID No. 

Pref erred Absolute  

North Lake* Bore 424 
G61410726 

13.31 rising 
stage 

13.29 f alling 
stage 

12.32 rising 
stage 

12.32 f alling 
stage 

Water levels should not decline 
at rate greater than 0.1 m/y ear. 
Monitor staff gauge. 

Bibra Lake Staff Q6142520 
Bore BM7C 
G61410177B 

13.6 - 14.2 
 <15.0 peak 

13.6  

Kogolup 
Lake 
(South)* 

Staff Q6142522 
Bore 61410727 
 

13.1 - 14.0 
<14.8 peak 

13.1  

Lake      min 
Forrestdale 
max 

Staff Q6162557 
Bore 602 
G61410714 

21.2 – 21.6 
(staff gauge) 

20.2 
(monitoring well) 

Pref erred earliest drying by April 
(wet y ear), Feb-March (medium 
y ear) or January (in a dry y ear); 
at least 0.9 m water at peak 
lev els (21.6 m AHD) 

Thomsons 
Lake 

Staff Q6142517 
Bore TM14A 
G61410367 

11.3-11.8 10.8 For 30% of time, water lev els > 
11.8.  (wet year –10%), or 11.3-
11.8 m (medium year 80%), or 
10.8 – 11.3 m (dry years 10%) 

Yangebup 
Lake * 

Staff Q6142523 
Bore JE21C 
G61419614 

13.9-15.5 
< 16.5 peak 

13.8 Either Bibra or Yangebup Lake 
must contain 0.3 m water, 
pref erably 0.5 m 

Banganup 
Lake 

Staff Q6142516 
Bore LB14 
G61419614 

- 11.5 - 

Twin 
Bartram 
Swamp 

Staff Q6142544 
Bore 
G61410715 

22.8 22.5 Not to dry before end of January 

Shirley Balla  
Swamp 

Bore 
G61410713 

 23.1 or 0.5 m 
below lake base, 
whichev er is the 

higher 

Water levels should not decline 
at rate greater than 0.1 m/y ear. 
Monitor staff gauge. 

Beeny up 
Road 
Swamp 

Staff Q6142547 
Bore 
G61410711 

24.0 23.6  

Notes: 

Levels for North Lake are represented by groundwater l evels that reflect wetland water levels of 13.5 mAHD (preferred) 
and 12.7 mAHD absol ute) through application of  a groundwater-wetl and water level rel ationship formula.  This formula 
would be revi ewed from time-time as more data becomes available and the criteria l evels adjusted accor dingly.  Some 
level of  non-achi evement of criteria can be expected because of reduced drai nage inflows to lake. 

Water levels are permitted to fall between the preferred and absol ute criterion levels at any ti me, except for Bibra Lake 
Beenyup, and Twin Bartram Swamps.  For Bi bra Lake, Beenyup and Twin Bartram Swamps, water levels should not fall 
below the preferred minima except when the average of the rainfall of  the pr eceding three years is less than the 1st 
tercile (33rd percentile) of the three-year moving average annual rai nfall. 

Maxi mum allowable habitat  reductions (excluding Thomsons Lake) are: Type I habitat is 5% (in a wet year), 10% 
(medium year), 15% (dr y year); Type II  is 8% ( wet),  13% (medium), and 18% (dr y); Type III  is 12% (wet), 17% 
(medium), 22% ( dry); and Type IV habitat is 15%(wet), 20% ( medium), and 25% habitat  reduction during a dr y year. 

* indicates that the Water Corpor ation pumps excess water out of these wetlands  if spring peak l evels are exceeded. 
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Appendix H - Consolidated 
Proposed Environmental 

Conditions, Commitments and 
Criteria - Gnangara Mound 
(including East Gnangara) 
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GNANGARA MOUND – PROPOSED MINISTERIAL CONDITIONS 

Code Previous 
Code 

Ministerial Condition 

GM-1 Gnangara 
M-1, East 
Gnangara 

M1-1 

In implementing the proposal, the proponent shall fulf il the commitments (which 
are not inconsistent with the conditions or procedures contained in this 
statement) made in Department of Env ironment 2004 report 'Section 46 Review 
of Env ironmental Conditions on Management of the Gnangara and Jandakot 
Mounds - Stage 1 Proposal for Changes to Conditions’. 

GM-2 East 
Gnangara 

M2-2 

Implement the subsequent environmental management commitments which are 
made as part of the f ulfilment of conditions and procedures in the Minister’s 
statement. 

GM-3 East 
Gnangara 

M5-2 

Unless otherwise specif ied, the EPA or its nominated agent is responsible f or 
assessing compliance with the conditions, procedures and commitments 
contained in this Statement and for issuing f ormal clearances. 

GM-4 East 
Gnangara 

M5-3 

The Minister will determine the matter where compliance with any condition, 
procedure or commitment is in dispute. 

GM-5 Gnangara 
M2-1 

The implementation of the proposal shall conf orm in substance to that set out 
in any  designs, specifications, plans or other technical material submitted by 
the proponent to the EPA. 

GM-6 Gnangara 
M3-1 

The allocation of water to public and private users and the operation of Pinjar 
Stages 1,2,3, Wanneroo and Mirrabooka groundwater schemes shall comply 
with EWPs. 

GM-7 Gnangara 
M4-1 

The integrity of all groundwater dependent ecosystems, located on the 
Gnangara Mound, which are likely to be impacted by groundwater abstraction, 
shall be protected.   

GM-8 Gnangara 
M5-1 

The basis of decisions regarding the management of the water resources of 
the Gnangara Mound and maintenance of ecological systems shall be based 
on the concept of sustainable yield of resources and maintenance of ecological 
sy stems in accordance with the objectives of the State Conservation Strategy. 

GM-9 Gnangara 
M10-1, 
East 

Gnangara 
M5-1 

Submit a brief annual report and more detailed triennial reports on the 
env ironmental monitoring and management of the Gnangara Mound (including 
East Gnangara).  The reports should include details of compliance with the 
conditions and achiev ement of env ironmental objectiv es set in the Ministerial 
statement and attachments.” 

GM-10 Gnangara 
M5-2 

The basis for management decisions and the criteria specified for conservation 
of the env ironment and of the groundwater resource of the Gnangara Mound 
shall be subject to regular rev iew. 

GM-11 Gnangara 
M6-1 

Continue the current approach of widely  publishing the limits on groundwater 
av ailability f or the Gnangara Mound. 

GM-12 Gnangara 
M6-2 

Update the Figures published according to the requirements of GM-11. 

GM-13 Gnangara 
M7-1 

Activ ely encourage further reduction in public water demand. 
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GNANGARA MOUND – PROPONENT COMMITMENTS 

The Department of Environment commits to the following actions: 

Code Previous 
Code 

Commitments 

General 
GP-1 East 

Gnangara 
P1-1 

Manage public and private groundwater abstraction to meet objectives and 
Env ironmental Water Provisions (EWPs) as summarised in Table A and B 
which appear in the attachment to Statement 496. 

GP-2 Gnangara 
P20 

Water levels should not f all below the pref erred minima except when the 
av erage of the rainf all of the preceding three y ears is less than the 1st tercile 
(33rd percentile) of the three-year mov ing av erage annual rainfall. 

Environmental management 
GP-3 Gnangara 

P5 
Prepare a water resources allocation and management plan f or the Yeal area 
to identify groundwater allocations (before development of Yeal scheme).   

GP-4 Gnangara 
P11 

Continue to develop catchment strategies to minimise change in hydrological 
regime within the cav es of Yanchep National Park.  Monitor water lev els and 
cav e fauna. 

GP-5 East 
Gnangara 

P12-2 

Require the Water Corporation to implement its 2001 wetland mitigation 
strategy and subsequent approv ed rev isions and report to the Department of 
Env ironment on implementation. 

GP-6 East 
Gnangara 

P17.3 

Conduct operations in accordance with proponent protocol f or dieback 
management. 

Managing abstraction 
GP-7 Gnangara 

P16 
Limit potential f or tree deaths around production wells to 100m radius f or 
normal (av erage) climate conditions and within 200m in extreme conditions.  
This should be part of Water Corporation licence conditions. 

GP-8 East 
Gnangara 

P11 

Require the Water Corporation to Phase in production bores closest to 
phreatophy tic vegetation. 

GP-9 East 
Gnangara 

P13-2 

Require the Water Corporation to submit y early production plans as part of 
the operating strategy and to report on compliance with env ironmental 
commitments made in the operating strategy. 

Monitoring and review 
GP-10 Gnangara 

P21 & 
East 

Gnangara 
P5 

Management objectiv es and criteria and water allocation limits will be 
regularly rev iewed and amended as inf ormation becomes av ailable to prov ide 
f or ongoing adaptiv e management. 

GP-11 The proponent will prepare an env ironmental monitoring program for 
submission to the EPA within four months of a decision by the Minister for the 
Env ironment on the outcome of the 2004 s46 rev iew of conditions.  Following 
rev iew by the EPA, the proponent will finalise the program to the satisfaction 
of the EPA.  The program would be rev iewed and rev ised every six years 
(coinciding with triennial reports).  The monitoring program will include 
monitoring of groundwater lev els in all relevant aquif er systems, relev ant 
wetland water lev els and water quality, condition of v egetation and fauna 
associated with groundwater dependent ecosystems, and cav e water levels. 

GP-12 

Gnangara 
P22 to 

P24, P26, 
P28 to 

P38, East 
Gnangara 
P6 and 
P15-2.   

The proponent will implement the EPA monitoring program dev eloped under 
commitment GP-14. 

Research 
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GP-13 Prepare a research and inv estigation program for submission to the EPA 
within six months of a decision by the Minister f or the Env ironment on the 
outcome of the 2004 s46 review of conditions.  The research and 
inv estigation program will be prepared with the objectiv e of improving 
understanding of: 

• groundwater-env ironmental relationships on the Swan Coastal Plain; 

• the associated management requirements; and 

• potential management techniques. 

Following rev iew by the EPA, the proponent will f inalise the program to the 
satisfaction of the EPA.  The program would be reviewed and revised ev ery 
six years (coinciding with triennial reports). 

Note: The proposed program would incorporate all relev ant aspects of 
research and inv estigation work currently committed to under Ministerial 
Statements 438 and 496. 

GP-14 

Gnangara 
M9-1, P9, 

East 
Gnangara 
P3-1, P4 

Undertake the research and inv estigation program prepared under GP-16. 

GP-15 East 
Gnangara 

P3-2 

Determine EWPs for Lexia wetlands, EPP wetland 173 in Melaleuca Park and 
Melaleuca Park dampland 78, following the inv estigation undertaken in GP-
21. 

GP-16 East 
Gnangara 

P9 

Determine EWPs for new appropriately located bores in the East Gnangara 
v egetation corridor. 

Integrated management 
GP-17 Gnangara 

P10 & 
East 

Gnangara 
P8 

Continue to provide advice to City of Wanneroo, Ministry of Planning, CALM 
and other relevant agencies on the impact of land use on groundwater 
resources. 

GP-18 Gnangara 
P12 

Prepare strategic drainage plans for the study area including options for the 
management of high water lev els in Lake Joondalup, Goollelal, Mariginiup 
and Jandabup. 

GP-19 Gnangara 
P13 

Conv ene and prov ide ongoing executiv e support for an inter–agency 
technical adv isory group for water resources planning and management 
issues on the Gnangara Mound.  This will be done in the context of 
recommendations of the Select Committee on Metropolitan Development and 
Groundwater Supplies. 

Community consultation and communication 
GP-20 Gnangara 

P14 & 
East 

Gnangara 
P10 

Continue to chair and prov ide support for the Consultative Committee as an 
ongoing f orum f or inf ormation exchange and adv ice. 

GP-21 East 
Gnangara 

P16 

Liaise with the Swan Valley Ny ungah Community regarding the East 
Gnangara proposal. 
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ENVIRONMENTAL WATER PROVISION CRITERIA AND GROUNDWATER 
LEVELS FOR GNANGARA MOUND MONITORING WELLS 

End of Summer 
Groundwater 

Monitoring Well Pref erred Minimum 
(mAHD) 

Absolute minimum 
(mAHD) 

Location 

MM16 - 38.8 
MM18 - 38.6 

MM49B - 24.7 
MM53 - 33.3 

MM55B - 29.5 

MM59B - 36.3 

Mirrabooka Scheme 

MT3 - 43.0 Near Lake Mariginiup 

NR6C - 58.5 East Gnangara 

PM9 - 56.3 Pinjar Scheme 
PM24 - 40.5 

PM25 - 42.3 

Near Lake Pinjar 

WM1 - 55.7 

WM2 - 66.5 

WM6 - 58.3 

WM8 - 64.8 

Wanneroo Scheme 

NR11C - 55 Near EPP Wetland 173 
MM12 - 42 Lexia Scheme, near Lexia Wetlands 

L30C - 47.2  

L110C - 55.7  

L220C - 52.2  
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ENVIRONMENTAL WATER PROVISIONS (EWPS) FOR GNANGARA 
MOUND WETLANDS 

End of Summer Spring 

Wetlands Pref erred 
Minimum 
(mAHD) 

Absolute 
minimum (mAHD)

Pref erred Min.  
peak (mAHD) 

Absolute min.  
peak (mAHD) 

Lake Goollelal (Q6162517) 26.2 26   
Lake Gnangara (Q6162591 
staff) (G61618440 bore) 

# 42 # 41.3   

Loch McNess (Q6162564) 6.95    

Yonderup (Q6162565) 5.9    

Lake Joondalup (Q6162572 
staff) 

(G61610661 bore) 

16.2 15.8   

Mariginiup Lake (Q6162577 
staff) 
(peak lev els recorded) 

(G61610685 bore) 

  42.1 41.5 

Lake Jandabup (Q6162578) 

Artif icially  maintained 

 # 44.3 44.7 44.2 

Nowergup Lake (Q6162567) 
(peak lev els recorded) 
Artif icially  maintained 

 15.24 
or 0.5 m below 

ground surf ace at 
southern end of 

wetland 
(whichev er is 

higher) 

Inundation of 
Baumea 

articulata at 
southern end of 

basin.* 

 

Wilgarup (Q6162623 staff) 
(61618500 bore) 

# 4.8 # 4.5 # 6.10 # 5.65 

Pipidinny Swamp (Q6162624)  # 1.6 # 2.70 # 2.40 

Lexia 94 (GNM17a) 
G61613216 45.8 45.5   

Lexia 86 (GNM16) G61613215 47.3 47   

Lexia 186 (GNM15) 
G61613214 47.5 47.2   

Melaleuca Park (EPP) 173 
(GNM14) Q6162628 staff 
Bore G61613213 

 50.2 
  

Melaleuca Park (Dampland) 78 
(GNM31) G61613231 

65.4 65.1   

Edgecombe (B10) 
(G61618606)  # 14.35   

Egerton (B25) (G61618607)  39.29   

* Area of Baumea articulata at southern end of Nowergup Lake to be sur veyed to establish R Ls that will represent 
inundation and also establish l evel 0.5 m below ground surface.  Inundation to be achieved except when three year 
moving average rainfall is less than 1st tercile of three year moving average. 

# interim (proposed) absolute mini mum criteria 
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