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Executive Summary 

This report is submitted to the Environmental Protection Authority in accordance with the 
implementation conditions for two proposals: Gnangara Groundwater Resources (Assessment 697, 
Statement No. 438), and Groundwater Resource Allocation East Gnangara (Assessment 932, 
Statement No. 496).  These proposals set out plans for the management of the Gnangara 
groundwater mound located north of Perth.  This report sets out details of environmental monitoring 
and management of the groundwater mound over the period June 2000 – June 2003 and compliance 
with the implementation conditions. 
 
The proposal Gnangara Groundwater Resources was submitted by the former Water Authority of 
WA in 1986 and the implementation conditions were initially agreed in 1988 (Statement 438).  In 
1996, the newly-formed Water and Rivers Commission (the Commission) became the proponent for 
the conditions relating to environmental management and monitoring associated with management 
of groundwater abstraction on the mound. The implementation conditions were amended in 1997 
following review. 
 
The proposal Groundwater Resource Allocation East Gnangara was submitted by the Commission 
in 1997 and implementation conditions agreed in 1998 (Statement 496). 
 
Environmental water level criteria 
 
A key element of both proposals was the setting of ‘Environmental Water Provisions’ (EWPs) for 
maintenance of environmental values on the mound. These were set in the form of groundwater 
levels to be achieved in key wetlands, and in areas of vegetation and other ecological systems 
dependent on groundwater levels. A total of 41 environmental water level criteria were set for the 
mound (Statements 438 and 496).  The criteria were set on the basis of environmental knowledge at 
the time and were considered by the Commission to provide a reasonable level of maintenance of 
environmental values of key elements of the environment individually (eg individual wetlands), and 
water dependent environmental systems as a whole (eg wetland systems and terrestrial vegetation 
systems).  The criteria took into account planned groundwater abstraction limits for the region, and 
made assumptions regarding both future land use and rainfall variations. 
 
Non-compliance of environmental water criteria 
 
For the review period from 2000–2003 a number of non-compliances of environmental water level 
criteria have occurred on the Mound as summarised in the table below. 
 

No. of non-compliances Environment 
component 

Total No. of 
criteria 2000/01 2001/02 2002/03 

Wetlands 18 6 4 9 
Terrestrial 
vegetation 

23 3 4 7 

 
While there have been a considerable number of non-compliances, the majority of these have been 
small, with over 80 per cent less than 0.5 metres. The maximum non-compliance was 1.2 metres. 
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Environmental consequences of water level declines 
 
The decline in water levels may have led to a loss of environmental values in some local areas of 
the Mound. Due to limitations in baseline information at the time of setting the original water level 
criteria and the small nature if some non-compliances, it is difficult to quantify the extent of loss of 
values that has occurred beyond that planned in the proposals. Based on monitoring and 
investigations during the review period, the report outlines the current health of environmental 
elements where declines have occurred and environmental values are being affected.  It has also not 
absolutely certain how much the declines are due to natural events (eg. decreased rainfall) and how 
much to man-induced changes.  
 
Some wetlands have experienced fires and increased acidity due to greater drying out in the summer 
months. The general health of wetland vegetation has declined in some areas, but there was no 
significant change in the health or species composition wetland vegetation at most sites, with the 
exception of a collapse of vegetation at Lake Nowergup following record low water levels in 
autumn (Loomes et al., 2002), and a significant decline in vegetation health at Lake Wilgarup. 
 
Long term monitoring of terrestrial vegetation has shown a gradual shift towards xerophytic 
species, which tolerate drier conditions, in response to reduced rainfall. While there have been some 
local areas of high vegetation stress and some deaths, there has not been any area of widespread 
vegetation deaths as occurred in the early 1990s.  This is despite quite high temperatures that have 
occurred at the end of recent summers. 
 
While impacts on some individual elements have clearly been greater than planned for in the 
proposals, the Commission considers that overall impacts on water dependent environmental 
systems as a whole have generally not been significantly greater than planned, and that they have 
not been excessive in terms of the overall environmental values of these systems. This is consistent 
with the fact that many of the non-compliances have not been large. Further, the extent of additional 
impacts on these systems due to water level changes have not been exceptional in comparison to 
other impacts on the systems from activities such as urban and rural development. Notwithstanding 
this, the Commission believes that under current abstraction, land use and rainfall conditions, close 
monitoring and management is necessary to ensure that significant permanent loss of values does 
not occur. 
 
One exception to this is the impacts on aquatic fauna within the cave pools and streams in Yanchep 
National Park.  No specific water level criteria were set for these, however a management objective 
was set of maintaining the existing hydrological regime within the caves, and in particular to 
maintain permanent water in those caves where aquatic fauna was present. Water levels in the caves 
have declined to such an extent that some loss of species is likely to have occurred and further loss 
may occur unless critical management responses are implemented. A trial to artificially maintain 
Yanchep cave water levels using water from Loch McNess was undertaken with some success and 
efforts to speed the removal of pines from areas that directly impact on cave water levels are 
continuing.  Private abstraction is likely to be influencing the southern two caves but decreased 
rainfall and land use is thought to be the major contributions to lower levels in most caves.  Land 
use is outside the control of the Commission.   
 
Factors contributing to current non-compliance and Commission management actions 
 
Rainfall variation 
 
Rainfall during the review period was significantly less than average as shown in the table below. 
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Location 
Annual 
Average 

Rainfall (mm) 

 
Rainfall 2000-01 

(mm) 
 

 
Rainfall 2001-02 

(mm) 
 

 
Rainfall 2002-03 

(mm) 
 

Perth Airport 820 707 626 715 
Wanneroo 817 625 718 702 
 
The proposals identified that there would be non-compliance of some environmental water level 
criteria set for the mound during periods of low rainfall, as has occurred during the review period. 
The extent of predicted non-compliances was based on assuming annual rainfall in the future would 
be the similar to that which had occurred historically between 1879 and 1990. This included a 
number of periods of low rainfall. 
 
Notwithstanding this, the extent of non-compliance during the review period was greater than 
forecast in the proposals. The extent to which this may have been due to rainfall variations greater 
than assumed in the proposals, as distinct from other factors above, has not been examined in detail.  
It is generally recognised that the period since 1970’s, and in particular the last six years, have seen 
the most sustained period of below average rainfall.  In addition, temperatures have been higher in 
the past six or so years increasing the difference between potential evaporation and rainfall.  Pine 
growth has slowed as a result and it is possible that native plants are under similar stress. 
 
The Commission continues to actively participate in investigations and research on climate 
variability, such as the Indian Ocean Climate Initiative, to develop greater understanding of likely 
future climatic trends to take these into consideration in its water management planning and 
licensing. 
 
The primary factors under the Commission’s control for management of groundwater levels on the 
mound are regulation of public water supply (Water Corporation) abstraction and of private 
abstraction such as for horticulture, industry and irrigation of parks and recreation areas. 
 
Public water supply abstraction 
 
The proposals (Statements 438 and 496) set out planned abstraction for public water supply 
wellfields from the unconfined Superficial Aquifer of the Gnangara Mound of 42 Gigalitres per 
year. The table below summarises abstraction during the review period. 
 

Wellfield Abstraction 
planned in the 

proposals 
(GL/yr) 

2000/01 
actual abstraction 

 
(GL) 

2001/02 actual 
abstraction 

 
(GL) 

2002/03 actual 
abstraction 

 
(GL) 

Mirrabooka 16.0 10.5 10.8 11.2 
Wanneroo 12.2 11.3 10.2 8.8 
Pinjar 5.8 5.0 2.5 2.2 
Lexia 8.0 2.6 6.9 6.9 
total 42.0 29.4 30.4 29.1 
 
Abstraction for public water supplies from the Superficial Aquifer during the period was less than 
planned in the proposals. The Commission has required the Water Corporation to shut down or 
significantly reduce abstraction from 41 wells in 2001-02 and 40 wells in 2002-03 in more sensitive 
environmental areas to reduce impacts. This is about 20% of installed capacity and has cost the 
Corporation many millions of dollars in unutilised capacity and the need to develop other water 
sources. 
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The proposals focussed on abstraction from the Superficial Aquifer because pumping from this 
aquifer has the greatest potential to impact on the environment. The proposals did not set out quotas 
for abstraction from the deeper Leederville and Yarragadee confined aquifers, although the 
Gnangara Mound Groundwater Resources proposal did note that the impact of lowering the 
pressure heads in these aquifers on water levels in the Superficial Aquifer was uncertain at the time. 
 
Approval was granted to the Water Corporation by the Commission to increase abstraction from the 
confined aquifers significantly during the review period, which coincided with drought conditions, 
to assist in meeting Perth’s public water supply needs. Restrictions were applied to scheme water 
use by the Water Corporation to limit the amount of additional water required to be drawn from 
these aquifers. The extent of impacts of pumping from these aquifers on shallow water levels and 
hence the environment is still subject to investigations including computer modelling. It is possible 
that impacts of abstraction from these aquifers are greater than anticipated at the time the proposals 
were submitted and approved. Since 1992, the Commission and Corporation have utilised a very 
powerful computer model (PRAMS) to assess all planned abstraction.  No licenses or quotas are 
issued without checking out possible impacts. As a result, all abstraction is now more carefully 
assessed. 
 
Private abstraction 
 
The proposals set out private groundwater allocation quotas of 60.6 Gigalitres per year from the 
mound. The table below summarises allocations for the review period. 
 
Groundwater 
Area 

Allocation limit 
planned in the 
proposals 
(GL/yr) 

 
2000/01 
allocation(GL) 

 
2001/02 
allocation 
(GL) 
 

 
2002/03 
allocation 
(GL) 
 

Mirrabooka 9.9 5.7 5.9 5.9 
Wanneroo 36.0 34.5 35.3 35.0 
Swan 14.7 11.8 12.9 13.0 
total 60.6 52.0 54.1 53.9 
 
There has been little growth in private allocation during the past decade. For example, the increase 
in allocation in the Wanneroo Groundwater Area (GWA) has been only 2.3 Gigalitres per year 
(seven per cent) and only 0.6 Gigalitres per year in Mirrabooka GWA. The allocation limit for a 
number of groundwater sub-areas were reached in the late 1980’s and licenses ceased to be issued, 
despite up to tow- thirds of rural- zoned land not having a water allocation in the Wanneroo area.  
This has resulted in significant hardship for some landowners. 
 
The Commission is implementing a program with the Department of Agriculture, called Water Wise 
on the Farm, to promote greater efficiency of water use for horticulture in the more environmentally 
sensitive parts of the Wanneroo GWA. 
 
While the Commission has carried out spot surveys of water use in these areas in past years, it 
accepts that with the current non-compliance of environmental water levels, it needs to have a 
greater surety of actual water use in these areas, to ensure license allocations are not being 
exceeded. The Commission is working with the Wanneroo GWA Advisory Committee on an 
approach to improve accuracy of determining actual water use. With recent additional funding 
provided to the Commission, it is also putting on eight additional staff in the region to increase 
inspections and compliance surveys. 
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Artificial maintenance of wetlands 
 
The Commission artificially maintains water levels to criteria levels in Lake Nowergup and Coogee 
Springs.  The Commission also pumps water from Loch McNess to supplement water levels in 
some Yanchep caves.  The Water Corporation artificially maintains water levels in Lake Jandabup. 
 
Although there were non-compliances of criteria for Lake Nowergup, Coogee Springs and Loch 
McNess, supplementation has prevented declines being more serious.  There does not appear to 
have been a decline in the condition of fringing vegetation for these wetlands. Artificial 
maintenance of water levels for Coogee Springs ceased in 2002 due low ecological value of the 
wetland and the unnatural improvement in water quality caused by supplementation. Modifications 
to the artificial maintenance program will be recommended in the Section 46 Stage 1 report to the 
EPA in late 2004. 
 
Pine plantations 
 
As identified in previous reviews, 23,000 hectares of pine plantations established over the mound 
over the last 30 years are having a significant effect on groundwater levels. The plantations are 
under the control of the Forest Products Commission. 
 
The environmental water levels established in the proposals were set on the basis of pine 
plantations being managed in the future to achieve an average recharge similar to that expected 
under native vegetation. This was consistent with the Environmental Protection (Gnangara Mound 
Crown Land) Policy established by the Environmental Protection Authority in 1992 which provided 
that protection of native vegetation and wetlands are to be effected by, amongst other things, 
“management of the pine plantation being carried out in such a manner as to ensure that the use of 
groundwater by the pine plantation is no greater than the use of groundwater by native vegetation 
(this means that the basal area of the pine plantation should not exceed an average of 11 square 
metres per hectare).” 
 
Substantial pine plantation basal areas are still above 11 square metres per hectare. The 
Commission has worked with the Forest Products Commission to look at accelerating pine 
plantation thinning in environmentally sensitive areas. The Commission understands, however, that 
contracts signed recently for provision of pines for a Laminated Veneer Lumber plant at Wanneroo 
will allow only progressive clear felling of pines on the mound over the next 25 years. 
 
Until significant clearing of the pine plantations occurs, it will be difficult to meet environmental 
water level criteria set for the mound while maintaining current abstraction rates, particularly in low 
rainfall years. Analyses are being carried out to see if there is an optimal thinning and harvesting 
regime that meets wood and water requirements better than the current arrangements.  This work is 
being overseen by the Gnangara Consultative Committee.  A collaborative research proposal has 
been signed by the Commission with CSIRO and the Water Corporation. 
 
 
Review of environmental conditions 
 
As noted above, the current environmental water level criteria for the mound were set based on 
knowledge at the time, largely the early to mid 1990s. Considerable investigations and monitoring 
of impacts have occurred since that time. 
 
The Commission is currently carrying out further studies in conjunction with the Edith Cowan 
University, on the interaction of water levels and environmental values on the mound and to review 



 

 10

what it considers are appropriate criteria for the future to ensure reasonable maintenance of these 
values. 
 
Ten major studies are either underway or planned by the Gnangara Coordinating Committee.  An 
integrated land and water planning approach is being supported by the Committee as managing only 
one aspect by itself will not protect environmental values or optimise social and economic 
outcomes. 
 
The Commission will be submitting its report to the EPA in accordance with Section 46 of the 
Environmental Protection Act 1986 during this year recommending changes it sees appropriate to 
the implementation conditions for the proposals. 
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1. Introduction 

1.1 Purpose of this Report 
 
The Gnangara Mound Groundwater Resources proposal (Pinjar scheme – stage 1) was proposed in 
1986 by the (then) Water Authority of Western Australia, and was approved by the Minister, 
subject to compliance with set conditions. In 1996, following a government restructure, the Water 
and Rivers Commission (the Commission) became the proponent for the conditions relating to 
environmental management and monitoring associated with management of groundwater 
abstraction on the mound, and the Water Corporation (the Corporation) assumed the role of 
providing water related services to the customer base.   
 
A plan to manage and allocate groundwater resources in the East Gnangara area was developed in 
response to urban growth in the northeast corridor of the Perth Metropolitan area, including 
development of the Lexia groundwater scheme by the Water Corporation (Water and Rivers 
Commission, 1997).  The plan allocates water between the environment, the Lexia groundwater 
scheme, and private users in the area. 
 
This triennial report addresses both the Gnangara and East Gnangara (Lexia) Ministerial conditions 
and commitments. The Ministerial conditions require the Commission to submit brief annual 
reports by December each year and detailed triennial reports to the Environmental Protection 
Authority (EPA) by March of each third year.  
 
The Ministerial conditions and commitments are set out in Appendix 1.  The majority of these 
conditions relate to research requirements, implementing resource monitoring and management 
plans and ensuring that ground and surface water levels within the Gnangara Mound area reach 
acceptable (criteria) levels each year to minimise the impacts of abstraction on water dependent 
ecosystems.  The criteria levels are determined by defining the desirable water levels, or 
Environmental Water Requirements (EWRs) for wetlands and groundwater, and balancing these 
requirements with social and economic needs to create the optimum (criteria) water levels, or 
Environmental Water Provisions (EWPs) which are needed to sustain the wetlands and native 
vegetation. These are usually expressed as a minimum level in groundwater monitoring bores, or 
preferred and absolute minimum spring peak or minimum summer levels at high priority wetlands.  
The EWP’s for the Gnangara Mound and East Gnangara area are listed in Tables 1, 2 and3.   
 
1.2 Section 46 Review of Ministerial conditions 
 
In September 2001, the Environmental Protection Authority (EPA) endorsed a two-stage 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 Commission 
request to the Minister for the Environment for a review of the existing Ministerial conditions due 
to some non-compliance with conditions.  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. 
 
The Commission 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.  However, groundwater and 
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associated wetland water levels are also influenced by climate, land use (particularly urbanisation 
and pine silvicultural activities and burning regimes for native vegetation) and by other activities 
such as artificial supplementation of wetlands. 
 
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 which has been exacerbated by a dry period 

over the last 5-6 years; 

• pine plantations reaching maturity and substantially limiting the net recharge to groundwater; and 

• public and private abstraction reaching previously set management limits. 
 
Over recent years, there have been a number of non-compliances of environmental conditions for 
the Mound, despite significant efforts to reduce public 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 due to 
water levels falling below criteria levels.  This suggests that some of the criteria may not be 
appropriately reflect environmental condition. 
 
The Water and Rivers Commission is currently undertaking the Section 46 review of the 
environmental conditions set for the Gnangara Mound, East Gnangara and Jandakot Groundwater 
Scheme Stage 2, based on the two-stage approach endorsed by the EPA in September 2001.  This 
overall approach was documented in detail by Welker (2001).   
 
The proposed strategy for 2001/02 was presented to the EPA in early December 2001 (Water and 
Rivers Commission 2001) and was endorsed for implementation.  The strategy document involved 
identification of management initiatives to be applied in terms of: 
• public water supply quotas and restrictions; 

• private groundwater allocations and use; 

• management of pine plantations at Gnangara; 

• wetland supplementation measures; and 

• public communication, education and awareness programs. 
 
The endorsed reporting program involved reports to the EPA at the end of winter in both 2002 and 
2003, on the implementation of the proposed management activities and the outcomes. The 2003 
Section 46 Progress report (Strategen 2003) included information on performance of the 
groundwater system and proposals for management and abstraction. It also included a range of 
mitigation actions for reducing non-compliances. Where relevant, this information is referenced 
rather than duplicating it in this report.  
 
1.3     The Gnangara Mound 

 
The Gnangara Mound (the Mound) is a large source of groundwater in the Superficial Aquifer 
located north of Perth.  The Mound is bounded by Gingin Brook and Moore River in the north, 
Ellen Brook in the east, the Swan River in the south, and the Indian Ocean to the west (Water and 
Rivers Commission, 1997).  State Forest No 65 (plantation pines) dominates the northern part of the 
Mound, and urbanisation has occurred over much of the southern component.  Both horticulture and 
industry are prominent to the south in Wanneroo, while horticulture is dominant east and north east 
of the pine plantations in Chittering, Gingin and in Upper and Middle Swan. 
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Groundwater in the Superficial Aquifer is essentially unconfined and of good quality, fresh and 
easily accessible (usually at depths between 0 and 50 metres below the surface).  The Mirrabooka 
aquifer, semi-confined, underlies the Superficial Aquifer in the Gwelup and Mirrabooka areas and 
contains reasonably accessible supplies of good quality groundwater. The Leederville and 
Yarragadee aquifers are mostly confined within the sedimentary sequence underlying the 
Superficial and Mirrabooka Aquifers.  The semi-confined confined aquifer system is hydraulically 
connected to the Superficial Aquifer in several areas (See Figure 1), particularly in the northern area 
of the Gnangara Mound, near the Water Corporation’s Pinjar Borefield. 
 
The Mound is divided into Groundwater Areas, most of which have a number of sub-areas.  
Allocation limits are set by the Commission for each area and subarea, and the Commission aims to 
manage groundwater abstraction within these allocation limits, through the licensing process. 
Allocation limits are determined by taking in to account the environmental requirements (EWPs) 
and future public (scheme) water supply needs, with the balance being made available for 
abstraction by private bores.   
 
The Commission tends to take a precautionary approach 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, while allowing the local 
population to maintain a socially acceptable standard of living.  Allocation limits are reviewed 
periodically, where monitoring results provide new information on how much water can be safely 
abstracted over the long term. 
 
1.4 Evolution of conditions for the Gnangara Mound 
 
The 1986 Environmental Review and Management Program (ERMP) for the Gnangara Mound 
published by the then 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.  
 
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 its pine 
plantations within State Forest 65 at a density similar to that of native woodland.  This was 
consistent with the management objectives of the State Forest to manage it for timber 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. 
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Of equal importance although not to the same geographic extent, were expectations of land use 
changes, in particular 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). 
 
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 while 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.   
 
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: 
• land use assumptions; 

• pre-existing groundwater over-allocations; 

• habitat shifts; 

• knowledge limitations; and 

• expectations of non-compliances. 

 

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. The expectation was that the pine plantations would be 
managed at an average basal area of 11m²/ha, and would have the same draw down effect as native 
bush. It was also assumed that urbanisation of relevant parts of the area would proceed rapidly and, 
therefore, have the effect of increasing recharge. 
 



 

 15

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 licenses for domestic 
use where scheme supplies are not available.  It was considered that it was not necessary to reduce 
private water abstractions in these areas, as there was no compelling evidence of environmental 
damage related to the abstractions. 
 

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, due to the paucity of research to guide decisions on acceptable levels of habitat shift, the 
Water Authority was not able to identify them at that time.  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). 
 

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, the report 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).   
 
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 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 per cent 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. 
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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 and are included in 
Appendices3 and 4. 
 
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, without the influence of pumping or pines).  
This issue was a major prompt for undertaking the Section 46 review. 
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Figure 1- Confined Aquifer (Leederville) Recharge areas     Confined Aquifer (Yarragadee) Recharge areas 
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Figure 2.  Location of groundwater wellfields and monitoring bores for the Gnangara and East Gnangara  
 areas.  
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2. Compliance with Ministerial 
conditions and commitments 

 
2.1 Compliance audit table 
 
The Compliance Audit Table for Ministerial Statements 438 (Gnangara) and 496 (East Gnangara) is 
given in Appendix 1.  Supporting documents that relate to Ministerial conditions and commitments 
referenced in the Report Reference column in Appendix 1 are given as attachments at the end of 
Appendix 1. The attachments are presented in numerical order of the code number of the conditions and 
commitments (eg. 438-M9-1, 438-M10, 438-P10-1, 438-P11). 
 
2.2 Compliance with water level criteria 
 
Figure 2 provides a locality map of the Gnangara Mound study area and monitoring wells. Tables 1, 2 and 
3 provide a summary of the EWP water level criteria set for each monitoring bore and wetland, the actual 
ground and surface water levels measured to date and an indication of any environmental impacts or 
improvements to the water dependent ecosystems.  The information relating to impacts and improvements 
to surface water eco-systems was provided by monitoring and assessment studies carried out on wetland 
flora and fauna. This is discussed in section 3 and summaries of the studies can be found in Appendix 3. 
 
The results show that the majority of the water levels were in compliance with EWP criteria levels, both 
historically and during the reporting period (see tables 1, 2, 3 and Appendix 5).  During 2000/01 there 
were nine non-compliances with EWP Criteria, with eight non-compliances in 2001/02 and 16 non-
compliances in 2002/03.  Water levels in Edgecome Seep were also below its management objective, 
however, this is not a statutory criteria.   
 
The majority of the 2001/02 non-compliances were predicted in the S46 Stage 1 review report, produced 
in November 2001.  However two non-compliances predicted in this report, in Lexia 94 wetland and 
Melaleuca Park EPP 173 wetland, did not occur and one unpredicted non-compliance occurred in Lake 
Joondalup. The magnitude of predicted non-compliances in the East Gnangara area was not as significant 
as anticipated in that none occurred. Water levels have also continued to decline in the northern part of 
the Mound around PM6, PM7, PM9 (Pinjar), WM1 and WM2 (Wanneroo).  
 
A slightly warmer than average summer was experienced in 2001/02 and this may have influenced higher 
than predicted non-compliances that year; five more than predicted (11). However, examination of the 
hydrographs (Appendix 5) shows the groundwater system to be performing better than anticipated, given 
the assumptions made in setting the criteria with respect to land use, pine management and climatic 
conditions. 
 
As with previous years, the key areas of environmental concern relate to Lakes Nowergup and Wilgarup 
and the Yanchep Caves. These areas are affected to varying degrees by climate, private abstraction and 
the influence of pine plantations on recharge. 
 
The near average winter rains in 2003 have benefited the shallower groundwater areas such as Lexia and 
Mirrabooka, with levels recovering quickly.  
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2.2.1 Groundwater level changes during 2000/2003 
 
The change in minimum water levels in the Superficial Aquifer between 2000/2001 and 2002/2003 is 
shown in Appendix 6.  The general reduction in minimum water levels over most of the Gnangara Mound 
has continued since the previous triennial report.  However, the reduction in groundwater levels is not 
distributed evenly over the Mound, and two areas exhibit notable reductions in water levels: (i) to the east 
of Gnangara Lake, over the Wanneroo and Lexia borefields extending along the Pinjar borefield, and (ii) 
to the south-west, over the Gwelup groundwater area.  In contrast, a slight rise in groundwater levels 
extends from the edge of the Metropolitan area, across Whiteman Park to the Swan Shire, and is 
attributed to clearing and urban development resulting in increased recharge (Yesertener, 2002). 
 
Both the Perth Regional Aquifer Modelling System (PRAMS) and the Cumulative Difference for the 
Mean (CDFM) studies indicate a cone of depression over the Water Corporation’s Pinjar and Wanneroo 
schemes, This is attributed primarily to abstraction from these schemes, with additional influences from 
reduced rainfall recharge from both a drier climate and recharge interception by the pine plantation.  
 
The cone of depression over Gwelup is likely to have been influenced by private abstraction and 
increased abstraction from the Gwelup well field, which have compounded the effects of reduced aquifer 
recharge.  As part of the Perth Abstraction Strategy, the Water Corporation was granted temporary 
approval to abstract additional water during 2001/02 from the Gwelup Scheme to compensate for 
reducing abstraction in more environmentally sensitive areas. Gwelup and the surrounding areas are 
significantly urbanised and have generally low environmental values.  A housing scheme at Stirling Lakes 
has resulted in a temporary drawdown that contributed to an acid sulphate soils problem in 2002. 
 

2.2.2 Non-compliance Areas 
 
Pinjar Borefield – bore PM6 
 
Reduced rainfall and abstraction from confined and Superficial Aquifers in the Pinjar borefield has led to 
declines in bores PM6, PM7 and PM9. Water levels at PM6 fell gradually between 1978 to 1997 largely 
due to decreased rainfall recharge then fell at a greater rate (~0.4 m/year) after that when public 
abstraction from the Pinjar scheme increased. 
 
Response 
The Commission has required the Water Corporation to turn off nine of 14 Superficial Aquifer bores and 
reduce the quota from a further three, thereby reducing the total Superficial Aquifer abstraction from the 
Pinjar wellfield from about 5 GL in 2000/01 to just over 2 GL in 2002/03. One Leederville bore has also 
been shut down. Across all aquifers (Superficial, Leederville and Yarragadee) there has been a total 
reduction in abstraction from the Pinjar wellfield from 13.5 GL in 1998/99 to 12.9 GL in 2001/02 to 11.3 
GL in 2002/03.  The agreed quota for 2003/04 is 10.0 GL.  Over that time the rate of decline in water 
levels has decreased.  
 
The Commission is also undertaking further computer modelling and analysis of hydraulic heads in the 
aquifers. Studies on the vegetation and stratigraphy around PM6 and PM7 indicate that clayey layers are 
impeding the vertical conductivity of water through the profile, and it is likely that the vegetation is 
relying on soil moisture rather than accessing the regional water table. A review of ecological water 
requirements (EWRs) of these sites is currently taking place and the results will be presented to the EPA 
in a report to be submitted prior to the end of the 2003/04 financial year. 
 
Mirrabooka Borefield – bores MM53, 55B & 59B 
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Bore MM59B has been non-compliant with water level criteria since 2000/01; levels at bores 55B and 
59B were non-compliant in 2002/03 only. Public abstraction along Gnangara Rd and in the East 
Mirrabooka area may have contributed to the non-compliances in Whiteman Park.  
 
The water table is within 2.5 – 5.2 metres of the surface and water levels respond strongly to rainfall. 
 
Response 
Abstraction from the original Mirrabooka wellfield has been further reduced in 2003/04, with a total of 
13.6 GL proposed to be abstracted from both the old East and new West Mirrabooka wellfield, compared 
to 14.9 GL that was abstracted in 2002/03.  The Commission has required the Water Corporation to turn 
off 11 Superficial Aquifer bores in the East Mirrabooka area where there is greatest risk of environmental 
impacts. 
 
Water and Rivers Commission is modelling the impacts of a range of abstraction scenarios ranging from 
105, 135, and 167 GL to help predict where future impacts may occur if the draw continues to be high. 
Results are in a preliminary stage as work is still on-going. Preliminary results suggest a high impact on 
water levels in the Superficial Aquifer near Water Corporation production bores in addition to some 
additional drawdown from the confined aquifer towards the crest of the Mound. 
 
Lexia 94 and Lexia 186 
 
Climate is thought to be the major driver of water levels at these wetlands because breaches of water level 
criteria occurred at the Lexia wetlands prior to the start-up of the Lexia wellfield in 2000/01, and there 
have been no dramatic declines since that time. The current water level at Lexia 94 is higher than at the 
same time in any year since monitoring began. Current water levels at Lexia 186 are similar to levels in 
2000, prior to the start-up of the Lexia scheme.  
 
Water levels in Lexia 94 have been relatively steady or slightly declining since monitoring began in 1994, 
and although the preferred minimum water level has been breached in all but two years since Ministerial 
conditions were set in 1999, the first statutory breach occurred in 2003, when the preferred minimum 
level was transgressed more than 2 years in 6, by 5 cm. 
 
Monitoring of vegetation condition at Lexia 94 indicates that understorey shrubs are in poor condition, 
though a trend of germination of seedlings of Pericalymna ellipticum and Astartea fascicularis has 
recently emerged. The number of exotic species remains low and tree health within the monitoring 
transect remains unchanged or has improved slightly over the last year (Loomes et al., 2003). The 
organic-rich sediments are showing signs of drying. 
 
Water levels in Lexia 186 have been on a slow declining trend since monitoring began in 1994, and the 
absolute minimum water level criterion has been breached every year since Ministerial conditions were 
set in 1999, even prior to pumping began from the Lexia wellfield in 2000/01. The absolute minimum 
level was breached each year in the reporting period, by a maximum of 22 cm in 2003.  
 
Monitoring of vegetation condition at Lexia 186 suggests that the mean health rating is declining with 
distance from the wetland centre, however the canopy condition has improved over the last year and the 
number of exotics remain low. There have been deaths of Baumea articulata and Astartea fascicularis in 
recent years, though this has been countered by some recruitment of A. fascicularis and other species 
(Loomes et al., 2003). The organic-rich sediments are showing signs of drying. 
 
Response 
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Although planned production from the Lexia wellfield was 11 GL/yr, as established in the 1997 East 
Gnangara EWPs Plan Public Environmental Review, actual production has never reached this amount 
since the wellfield began operation in 2000/01. The largest annual quota was just over 7 GL in 2002/03. 
Approved production for the 2003/04 year is 4 GL. Production has been curtailed and concentrated in 
wells furthest away from the Lexia wetlands to minimise water level declines there.  
 
Although climate is thought to be the major factor contributing to water level declines, modelling 
scenarios are currently being run to help ascertain any likely impact of abstraction.  
 
The ecological water requirements (EWRs) of the wetlands are currently under review. This work, in 
conjunction with the modelling being conducted, will assist in the reassessment of EWPs and the 
sustainable yield for this area. 
 
Bores WM1 and WM6 
 
WM1 breached its water level criterion twice in the reporting period; in 2002 by 18 cm and in 2003 by 43 
cm. WM6 breached its criterion in May 2003 by 1cm for the first time since monitoring began. Water 
levels in both WM1 and WM6 have been on a declining trend since monitoring began in 1975 and have 
dropped close to three metres over that period.  
 
Vegetation condition around both sites indicates the plants have suffered some degree of water stress in 
the recent past, probably due to water level declines. There are a number of dead Banksia species, around 
WM1, and a thinning understorey, with some regeneration. Around WM6 a stand of mature Melaleuca 
preissiana is showing signs of severe stress, and Banksia species are also showing stress. Vegetation 
density appears to have decreased between 1988 and 2000 (CSIRO, 2001). Most of the understorey in the 
area is relatively intact and weed free. 
 
Response 
Both WM1 and WM6 are close to the Wanneroo wellfield, which began production in 1976. WM1 is also 
near the Pinjar wellfield, which began production in 1989. Production from the Superficial Aquifer wells 
has decreased since that time from over 12 GL/yr, to current levels of around 9 GL, however it is likely 
that groundwater abstraction is exacerbating the impacts of the drying climate. Three production wells 
closest to WM6 have been shut down, as have two wells on the Pinjar wellfield nearest to WM1 in an 
attempt to reduce the impacts on these areas. 
 
The ecological water requirements (EWRs) of the vegetation are currently under review. This work, in 
conjunction with the modelling being conducted, will assist in the reassessment of EWPs and the 
sustainable yield for this area. 
 
Lake Jandebup and bore JB5, 
 
Surface water levels show a long-term decline since the late 1960s. Higher than average rainfall in 1992 
resulted in a sharp increase followed by a decline in 1997. The nearest Water Corporation bores have not 
been pumped for 10 years, indicating that the reduced water levels are primarily influenced by rainfall 
and private abstraction in the Wanneroo area (Yesertener, 2002) 
 
Despite increasing water levels there has been a sustained decline in the health of wetland tree species 
since monitoring began along with thinning of the previously dense myrtaceous understorey. This decline 
in vegetation condition suggests that fringing trees and shrubs may be more reliant on underlying 
groundwater and responding to falling levels  (as indicated by bores JB5 and MT31). 
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Response 
Artificial maintenance of Lake Jandabup by Water Corporation has seen an increase in surface water 
levels since 1997. Despite this, water levels were five cm below the criterion in 2002/03.  Artificial 
maintenance has prevented this decline being more serious. 
 
For details on private abstraction initiative see below (Lakes Mariginiup and Wilgarup). 
 
Lakes Mariginiup and Wilgarup 
 
Reduced recharge and private abstraction are thought to be the main factors influencing water levels in 
Lake Mariginiup (Yesertener, 2002). In a historical context, water levels fell below the current preferred 
minimum several times before the criterion was set (in 1977, 1985, 1990 and 1995). Private abstraction is 
considered to have greatest impact in the Wanneroo groundwater area, especially south of Lake Jandabup 
and between Lakes Wilgarup and Nowergup, due to the high density of horticulture in that area. Lake 
Wilgarup is located almost 10km from the nearest Water Corporation production bore and a significant 
distance from the pine plantations.  
 
Response 
Recent modelling work by the Water and Rivers Commission indicates that the effect of reducing 
allocations will, at best, stabilise groundwater levels with some recovery in proximity to highly impacted 
areas. A reduction of at least 15 to 20 per cent over several years is required to make any effective impact. 
Ceasing abstraction in the Wanneroo Groundwater Area will stabilise water levels in some of the highly 
impacted lakes (Mariginiup, Adams, Joondalup, Jandabup and Gnangara) which will probably result in 
reversal of at least some of the criteria non-compliances in these areas. However, relocation of these 
abstractions to other areas to maintain the Wanneroo horticultural industry is a long-term strategy and is 
likely to cause impacts on wetlands and other heavily impacted groundwater dependent ecosystems 
(GDEs). One solution to this may be to supplement water in areas experiencing non-compliances with 
treated wastewater from Beenyup Wastewater Treatment Plant, a project currently in its formative stages.  
 
Another approach is to encourage greater water use efficiency by growers and aim for a 20 per cent 
reduction in water use. As a result of the State Water Strategy, the DoE is developing guidelines on water 
conservation plans that will be required as a condition of water licence renewal. In addition, using funds 
made available through the Strategy, WaterWise on the Farm workshops are being held with irrigators in 
the Carabooda and Nowergup sub-areas of the Wanneroo groundwater area on improving water use 
efficiency for agricultural irrigation on the Gnangara Mound. These areas are being targeted to help 
protect nearby wetlands (Lake Wilgarup) and the Yanchep Caves. Installation of flowmeters and 
monitoring equipment is planned for selected irrigators in this area so that recommendations on efficiency 
gains can be made. These would then be incorporated into growing and irrigation schedules in future 
years. The first course was held for avocado growers in February 2004. 
 
The DoE is also preparing the Perth to Gingin Groundwater Management Plan due for completion in late 
2005.  The plan will include the area of the Gnangara Mound and (re) define allocation limits and 
groundwater management policy (eg metering of use) for the area. 
 
In 2000/01 the Commission targeted areas where private abstraction may be significantly impacting on 
water level criteria for voluntary reductions in water use. Licensees were reluctant to forfeit the unused 
portions of their allocations, as they were aware the aquifer was highly allocated and they saw little 
opportunity for gaining access to that water in the future. Groundwater allocations also have a monetary 
value (as tradable commodities) and licensees regard them as an investment. 
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The Commission has developed 18 initiatives aimed at reducing private water use. Progress on these is 
detailed in the 2002 and 2003 Section 46 Progress report (Welker 2002, 2003b).   
 
Lake Joondalup 
 
Levels in Lake Joondalup have fallen below he preferred minimum (but not the absolute minimum) since 
1997/98. The lake is located approximately 5 km from the Wanneroo borefield so is unlikely to be 
exerting an impact. Private abstraction is more likely to be contributing. 
 
Since monitoring began in 1996, there has been a decrease in vegetation species richness and increase in 
the significance of exotics. Fire in early 2003 has had a significant impact on mature M. rhaphiophylla 
and E. rudis. 
 
Response 
See above (Lake Mariginiup and Wilgarup). 
 
Lake Nowergup 
 
The current preferred minimum spring peak criterion of 17.0 mAHD for Lake Nowergup has only been 
achieved on one occasion in the last six years.  The absolute minimum of 16.8 mAHD has been achieved 
only twice in that time.  Regional groundwater levels have declined to such an extent that attaining these 
peaks is now increasingly difficult and requires larger and larger quantities of water. These expected 
peaks are now quite high compared to the regional water table and water levels fall rapidly when artificial 
maintenance is switched off.  The seasonal amplitude of the lake and surrounding groundwater levels 
have become significantly larger than naturally experienced and wetland vegetation has been unable to 
adjust to these extreme and rapid changes in water level.  This was observed in autumn 2002, when the 
vegetation suffered a significant collapse after nearby groundwater levels fell almost three metres in six 
months. 
 
There are also water quality issues caused by nutrient loads from a nearby piggery and horticultural land 
uses which is favouring the encroachment of Typha sp. around the nutrient enriched conditions of the 
lake’s edge. 
 
Response 
A recent review of Environmental Water Requirements for Lake Nowergup vegetation suggests that 
water levels could be lowered while maintaining vegetation in its current state (Loomes et al., 2003).  
 
In assessing management options for artificial maintenance of the lake, Loomes et al (2003), suggested 
that continuation of the current regime would be more detrimental to the lake vegetation than if artificial 
maintenance was slowly phased out.  Bore LN 2/89 suggests groundwater levels on the western side of 
the wetland respond dramatically to cessation of artificial maintenance in spring with a magnitude of 
change up to 3 metres in 2000/01. In 2002/03 continuation of AM prevented this decline. 
 
Phasing out could be achieved by progressively aiming for lower peaks each year and extending artificial 
maintenance into summer and autumn to avoid extreme changes in water level.  Management options to 
ensure seasonal amplitudes similar to those experiences by the lake in the past and to ensure maintenance 
of the lake’s ecological values are continuing to be assessed. For more information on these options and 
information regarding the requirements of the lake, please see Loomes, Lam and Froend (2003) and the 
Section 46 Progress report (Strategen 2003), Appendix 1- attachment 438-P17). 
 
For the longer-term management of Lake Nowergup, the Section 46 process will redefine the 
management objectives and EWPs.  If artificial maintenance is to continue, the design of the program will 
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be developed to meet the revised EWPs. This implies that the management objectives and Ministerial 
conditions may be changed to allow for the dynamic nature of the vegetation. However, further studies 
are required and changes would not be proposed until late 2004.  
 
Loch McNess 
 
Trials to supplement water levels in the Yanchep Caves involved taking water from Loch McNess, 
causing declines in lake water levels, and a non-compliance (the first) in summer 2003. However, the 
trials successfully elevated water levels in the caves.  
 
Response 
Establishing a long-term artificial recharge system from bores to the west and downgradient of the caves, 
rather than Loch McNess, is estimated to cost around $1 Million for the cost of bores and pumping. There 
is an urgent need for this system due to the serious threat to cave fauna in the coming summer. CALM is 
approaching Government to fund this proposal. 
 
There is no immediate solution for maintaining groundwater levels in the vicinity of the caves. All 
possible options for restoring groundwater levels such as reduction in groundwater abstraction and 
removal of pines have been exhausted and augmentation is the only feasible strategy for the foreseeable 
future (10 years). 
 
Coogee Springs 
 
The ecological values of Coogee Springs have diminished in recent years (refer Section 3.1).  The 
vegetation is degraded due to its usage as summer pasture and surrounding rural activities.  There has 
been a significant decline in spring family richness of aquatic macroinvertebrates since the late 1980s, 
and this did not improve following commencement of artificial level maintenance in spring 1998. No 
macroinvertebrate sampling has been conducted since summer 2001/2002 because the wetland has been 
dry. 
 
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. 
 
Following a review of the artificial maintenance program by Benier and Horwitz (2002), the Commission 
decided to cease artificial maintenance of the wetland from spring 2002 (Appendix 1- attachment 438- 
P18). 
 
Response 
It is likely that the Commission will recommend changes to or removal of the EWP criteria for Coogee 
Springs when it submits the Section 46 Stage 1 report to the EPA in 2004. 
 
Egerton Seepage 
 
The Commission was denied access to this site so that monitoring could not be undertaken. Access has 
now been negotiated and monitoring of macroinvertibrates, water quality and water levels started in 2000. 
Levels declined from 2000 to 2002 then rose in 2003 following average rainfall.  
 
Response 
Predicted levels for 2003/04 are expected to exceed the absolute minimum criterion. It is unlikely that an 
increase in water levels will have a negative impact on vegetation. Therefore, no specific response is 
planned. 
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Table 1 –EWP Criteria and Groundwater Levels For Gnangara Mound Monitoring Bores 

Note: Monitoring bore or wetland in red indicates non-compliance in 2000- 2003. 
End of Summer Water Levels Minimum (Autumn) Water Levels Compliance with EWP’s 

Groundwater 
Monitoring Bore 

Absolute 
minimum 
(mAHD) 

1996/97 1997/98 1998/99 1999/00
 

2000/01
 

2001/02 2002/03 
 

Main cause non-compliance Location 

Gnangara Mound 
JB5 (G61610762) 44.8 44.84 44.48 44.41 44.49 44.40 44.61 44.36 Climate change and private abstraction Near Lake Jandabup 
MM16 (G61610835) 38.8 39.05 38.62 38.72 39.01 38.82 39.10 38.90 Mirrabooka Scheme 
MM18 (G61610918) 38.6 39.13 38.91 39.12 39.14 39.16 39.15 38.72  
MM49B(G61610525) 24.7 25.13 24.83 24.91 25.03 24.98 24.98 24.99  
MM53 (G61610493) 33.3 33.43 33.23 33.26 33.35 33.37 33.37 33.26  

MM55B (G61610559) 29.5 29.55 29.23 29.55 29.63 29.55 29.58 29.43  
MM59B (G61611025) 36.3 36.3 36.01 36.3 36.33 36.19 36.14 35.87 

Climate change 
Climate change 

Climate change and PWS abstraction 
PWS abstraction and climate change 
Climate change and PWS abstraction  
Climate change and PWS abstraction  

MT3I (G61610743) 43.0 44.45 44.08 44.19 43.31 43.15 44.51 43.04 Climate change and private abstraction Near Lake Mariginiup 
PM6 (G61610756) 53.5 54.55 54.06 53.69 53.3 52.90 52.54 52.29 Pinjar Scheme 
PM7 (G61610834) 60.5 - 62.17 61.98 61.72 61.38 61.03 60.7  
PM9 (G61610804) 56.3 57.86 57.58 57.54 57.36 57.10 56.85 56.53 

Climate change (minor PWS abstraction ?) 
Climate change 
Climate change  

PM24 (G61610697) 40.5 41.68 41.6 41.63 41.59 41.44 41.46 41.41 Near Lake Pinjar 

PM25 (G61610750) 42.3 43.3 43.06 43.14 43.24 42.94 42.91 42.97 
Climate change 
Climate change  

WM1 (G61610833) 55.7 56.65 56.2 56.21 56.1 55.75 55.52 55.27 Wanneroo Scheme 
WM2 (G61610908) 66.5 68.28 67.86 67.86 67.75 67.51 67.50 67.21 

Climate change and PWS abstraction ( minor pines ?) 
Climate change and PWS abstraction ( minor pines ?)  

WM6 (G61610860) 58.3 59.18 58.67 58.79 59.24 58.301 58.30 58.29 Climate change and PWS abstraction  
WM8 (G61610983) 64.8 - 65.53 65.52 65.77 65.56 65.44 65.36 Climate change  

East Gnangara 
NR6C (G61610982) 58.5 60.025 59.73 59.82 59.87 59.62 59.52 59.34 Climate change East Gnangara 
NR11C (G61611042) 55 - 55.54 55.6 55.72 55.52 55.52 55.54 Climate change Near EPP Wetland 173 
MM12 (G61610989) 42 - 43.29 43.48 43.61 43.27 42.89 42.51 Climate change and Pines (?) Lexia Scheme, near Lexia 

Wetlands 
L30C (G61611010) 47.2 - 48.36 48.4 48.52 48.61 48.47 48.26 Climate change  
L110C (G61611011) 55.7 - 57.98 58.28 58.39 58.11 57.97 57.72 Climate change  
L220C (G61611018) 52.2 - 53.06 53.17 53.28 53.02 53.00 52.86 Climate change  
Water levels below absolute minimum criteria in any year are considered to be a non-compliance.   

PWS = Public water supply 
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Table 2 - Environmental Water Provisions (EWPs) For Gnangara Mound Wetlands 

Note: Monitoring bore or wetland in red indicates non-compliance in 2000- 2003. 
End of Summer Water Levels Spring Water Levels Minimum (Autumn)/Maximum (Spring) Water levels Compliance with EWP criteria 

Wetlands 
Preferred 
Minimum 
(mAHD) 

Absolute 
minimum 
(mAHD) 

Preferred 
Min. peak 
(mAHD) 

Absolute 
min. peak 
(mAHD) 

1996/97
 

1997/98 
 

1998/99 1999/00 
 

2000/01
 

 
2001/02 2002/03 

Main cause non-compliance, impacts & 
observations  

Lake Goollelal (Q6162517) * 26.2 26   26.96 26.66 26.7 26.86 26.64 26.69 26.60 Increased invertebrate family richness in summer; 
good water quality; improved vegetation health; 
fewer weeds. 

Lake Gnangara (Q6162591 staff) 
(G61618440 bore) 

# 42 # 41.3   41.65 41.31 41.42 41.5 41.5 41.5 41.39 Increased invertebrate family richness nutrients 
levels slightly elevated Climate change and private 
abstraction impacts. 

Loch McNess (Q6162564) 6.95 6.90   7 7 6.99 6.97 6.97 6.96 6.90 Impacts from pumping to supplement cave water 
levels. Increased weeds and spring invertebrate 
family richness and; slight reduction in water quality

Yonderup (Q6162565) 5.9    5.94 5.93 5.93 5.92 5.9 5.9 5.90 Increased invertebrate family richness in spring; no 
change in water quality. 

Lake Joondalup (Q6162572 staff) 
(G61610661 bore) 

* 16.2 15.8   16.42 16.06 15.98 16.12 16.05 16.07 
17.85Bore

16.04 
yrs2/6 

Relatively stable invertebrate family richness; 
increased weeds; improved understorey health; no 
change in water quality. 

Mariginiup Lake (Q6162577 staff)  
(peak levels recorded) 
(G61610685 bore) 

  * 42.1 41.5 42.07 41.87 41.85 41.87 41.85 41.78 
 
 

41.60 
yrs2/6 

Some  recovery of macroinvertebrates; most at 
risk of acidification; some tree deaths; more 
weeds in lake due to low water levels.  Climate 
change and private abstraction impacts. 

Lake Jandabup (Q6162578) 
Artificially maintained 

 # 44.3 * 44.7 44.2 44.15 
45.03 

 

44.13 
44.75 

 

44.04 
44.75 

 

44.19 
44.78 

 

44.3 
44.89  

44.3 (min)
44.91(max)

44.17 Recovering from acidification, increased 
macroinvertebrate diversity in summer. Climate 
change and private abstraction impacts 

Nowergup Lake (Q6162567) 
(peak levels recorded) 
Artificially maintained 

  * 17 16.8 17.01 16.79 16.78 16.9 16.53 17.0 16.00 Improved macroinvertebrate family richness in 
spring; drought stress in summer caused significant 
impacts on vegetation and reduced 
macroinvertebrate diversity. Climate change and 
private abstraction impacts. 

Coogee Springs (Q6162566 staff) 
(G61611303 bore) (peak levels) 
Artificially maintained 

  * 12 11.25 11.16 10.94 11.63 11.76 11.51 11.70 10.01 Continued decline in invertebrate family. richness; 
lower nutrient levels; reduced habitat complexity. 
Climate change and private abstraction impacts 

Wilgarup (Q6162623 staff) 
(61618500 bore) 

# 4.8 # 4.5 # 6.10 # 5.65 5.07 
5.74 

4.94 
5.99 

4.97 
5.65 

4.87 
5.48 

4.72 
5.38 

4.65(min) 
5.15(max)

4.53(min) 
6.00(max)

Dry in summer for 3 years;  vegetation drying; 
prone to acidification.  Private abstraction and 
climate change impacts. 

Pipidinny Swamp (Q6162624)  # 1.6 # 2.70 # 2.40 1.91 
3.20 

1.60 
2.98 

1.90 
3.22 

1.94 
3.16 

1.65 
2.82 

2.02 (min)
2.79 (max)

1.88(min) 
2.38(max)

Increased summer invertebrate family richness; 
highest cumulative family richness of all the 
wetlands. 
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*water levels allowed between minimum and absolute minimum at a rate of 2 in 6 years to replicate natural drying cycles.  
# interim (proposed) absolute minimum criteria  or management objectives 
Note: Management objectives and interim criteria (awaiting EPA approval) are not statutory EWP criteria, and water levels below these criteria are not considered to be reportable non-compliance. 

 
 

Table 3 - Interim Environmental Water Provisions (EWPs) For East Lexia Wetlands and Seepages 

Note: Monitoring bore or wetland in red indicates non-compliance in 2000- 2003. 
End of Summer Water Levels

Minimum (Autumn)/Maximum (Spring) 
Water levels 

Compliance with EWP criteria 

 
Preferred 
Minimum 
(mAHD) 

Absolute 
Minimum 
(mAHD) 

1996/97
 

1997/98
 

1998/99 1999/00
 

2000/01
 

2001/02 2002/03 Main cause non-compliance, impacts & observations 

 
Lexia 94 (GNM17a) G61613216 

* 45.8 45.5 
 

45.87 
 

45.74 
 

45.75 
 

45.91 
 

45.72 
 

45.80 
 

45.75 
yrs2/6 

Climate change is main cause. Non-compliance before pumping 
started. No change in vegetation species; slight decline in overstorey 
health in some areas and improvement in other areas.   

Lexia 86 (GNM16) G61613215 
* 47.3 47 47.8 47.58 47.56 47.66 47.5 47.5 47.47 Slight improvement in overstorey health; possible acidification event. 

Climate change impacts. 
Lexia 186 (GNM15) G61613214 

* 47.5 47.2 

 
47.42 

 
47.12 

 
47.11 

 
47.191 

 
47.04 

 
47.02 

 
46.98 

Improved understorey species richness; reduced overstorey vegetation 
health, reduced invertebrate abundance due to low spring water levels.  
Leptocarpus deaths and reduced pH . Acidification may have occurred. 
Climate change impacts. 

Melaleuca Park (EPP) 173 
(GNM14) Q6162628 staff 
Bore G61613213 

 50.2 
 

50.41 
 

50.1 
 

50.1 
 

49.3 
 

50.41 
 

50.41 
 

50.41 Highest frog species diversity; low pH levels, possible acidification 
event;. decline in tree health. Climate change impacts. 

Melaleuca Park (Dampland) 78 
(GNM31) G61613231 * 65.4 65.1 66.34 66.06 66.02 66.09 65.9 65.78 65.65 

Decline in tree health and understorey has dried and thinned due to dry 
conditions. Climate change impacts. 

Edgecombe (B10) (G61618606)  
 

# 14.35 
 
- 

 
- 

 
- 

 
14.08 

 
13.85 

 
13.84 

 
13.84 

Increased invertebrate family richness although only two of the 
original species present persist.  Climate change impacts ? 

Egerton (B25) (G61618607)  39.29 - - - 39.46 39.45 39.42 39.26 Stable invertebrate fauna diversity and abundance. Climate change 
impacts. 

Note:               # Edgecombe B10 - Management objective only, not statutory criteria 
* water levels allowed between minimum and absolute minimum at a rate of 2 in 6 years to replicate natural drying cycles. 
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2.3 General factors influencing non-compliances 
 
Changes in groundwater levels are strongly influenced by rainfall variations from year to year, and 
by the intensity and distribution of rainfall within the year, with recharge in Western Australia 
generally being limited to the winter months.  Groundwater discharges to the ocean and the river 
systems and groundwater leaks from Superficial Aquifers to the underlying confined aquifers.  
Groundwater loss from the system also occurs through abstraction and evaporation and evapo-
transpiration by vegetation.  The hydrogeological properties of the aquifers control the rate of 
groundwater flow.  Land uses also influence aquifer recharge, with development, clearing and fires 
generally leading to increased recharge and rises in groundwater tables. 
 
The Commission is currently carrying out research and developing several scientific approaches to 
quantify the affects of landuse, abstraction and climate on groundwater resources.  This work 
involves quantifying the amount of groundwater in storage and calculating groundwater 
throughflow rates and changes in the water chemistry of groundwater within and between aquifers.  
Ultimately this will allow predictions of groundwater responses to changing influences.   These 
studies and statistical methods are still in the development stage and require additional testing and 
refinement before they can provide accurate and definitive answers to questions such as what is the 
major cause of a particular impact, or what impacts are likely to occur, and where, if abstraction 
rates, rainfall or land uses change in a particular area.  Eventually all of these studies and models 
will be used to refine a single model, the Perth Regional Aquifer Modeling System (PRAMS).   
 
2.3.1 Climate 
 
The importance of climate as a factor affecting groundwater levels on the Gnangara Mound was 
highlighted in the Water Authority’s review of conditions in 1995, and comment was included on 
the uncertainty of predicting future groundwater levels given the uncertainty over the future climate.  
However, more importantly, the report also acknowledged that the ‘preferred scenario’, would 
result in non-compliance 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 (which is what actually happened).   
 
During the current review period (2000- 2003), annual rainfall at Perth Airport was 707 mm, 623 
mm, and 715 mm respectively for years 2000, 2001, and 2003. This is significantly lower than the 
annual average rainfall of 820 mm/year in this region (this is an historic average, from 1915 until 
2001). For Wanneroo, annual rainfall was 625 mm, 718 mm, and 702 mm respectively for years 
2000, 2001, and 2003. This is also significantly lower than the annual average rainfall of 817 
mm/year in this region.  Figure 3  shows the annual rainfalls each year in Perth Airport and 
Wanneroo since 1973.  Although some total annual rainfall data is missing for Wanneroo in the mid 
1990’s, it is clear that for the reporting period of 2000- 2003, a declining trend in annual rainfall 
exists. Since 1969, Lake Pinjar and Wanneroo zones have experienced a 12 - 23 % greater reduction 
in annual rainfall than Gingin and Muchea, and this has pushed the general decline of Superficial 
Aquifer groundwater levels slightly west of the centre of the Gnangara Mound. 
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Figure 3.  Historical annual rainfall for Perth, Wanneroo and Jandakot 

 
 
 
 
The preliminary PRAMS results (Water Corporation, 2002), separate rainfall patterns into two sets 
(i) before 1975 and (ii) after 1975.  The results indicate that average rainfall has been reduced by 15 
per cent on the Gnangara Mound, to an average of 790 mm (average for 1975 to 2001).  According 
to this report, if the previous average rainfall of 908 mm, which occurred between 1915 and 1975, 
had continued, water tables would have been significantly higher over most of the Mound (Water 
Corporation, 2002).  The PRAMS report indicates that higher groundwater levels may have 
occurred by the year 2000 if all of the pines located north of Lake Pinjar had been removed prior to 
1985 and replaced with native vegetation. 
 
2.3.2 Pines 
CALM was required to manage the density of its pine plantations within parts of State Forest 65 at a 
density understood to result in groundwater recharge similar to that of native woodland (basal area 
of 11m²/ha).  This was consistent with the management objectives of the State Forest to manage it 
for timber and water production.  This condition created a significant expectation that the pine 
plantations would be managed accordingly, and the sustainable yield of groundwater (and 
consequent allocation quotas) was derived on this basis.  
 
A Memorandum of Understanding (MOU) regarding pine management was signed by CALM and 
the Water and Rivers Commission in December 1999.  The MOU is an agreement on the 
management of the pine plantations in State Forest No. 65.  Responsibility for harvesting of the 
pines has since transferred to the Forest Products Commission (FPC).  The MOU specifically sets 
out a schedule for thinning of part of the Pinjar Plantation from January 2000 to December 2002, 
followed by ongoing maintenance of the pines at an average basal area of 11 m2/ha.   
 

Rainfall - Perth Airport (009021) Jandakot (009172) Wanneroo (009105) 

0

200

400

600

800

1000

1200

1400

19
68

19
69

19
70

19
71

19
72

19
73

19
74

19
75

19
76

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

Year

A
nn

ua
l R

ai
nf

al
l (

m
m

)

Perth Airport Mean Wanneroo Mean Jandakot Airport Mean
5 per. Mov. Avg. (Perth Airport Mean) 5 per. Mov. Avg. (Wanneroo Mean) 5 per. Mov. Avg. (Jandakot Airport Mean)



 

 
32

The area of plantation specifically referred to in the MOU is directly upstream of the Yanchep 
caves.  This area was seen as a priority due to the declining water levels in the cave streams and the 
associated threat to the cave aquatic root mat communities, which is a listed Threatened Ecological 
Community.  Appropriate management of land and water use, including the thinning or clearing the 
plantation upstream of the caves, will increase groundwater recharge to the area and should 
eventually (6 to 10 years) raise water levels within the caves. 
 
The timeframes for thinning and achieving water level targets committed to in the MOU have not 
been achieved. Some pine thinning (from Leaf Area Index 3.0 to 1.5) has occurred in the Yanchep 
area and a small plot of Pinus radiata (119.4 ha) 12 km north east of the cave system has been 
clear-felled.  These sites are outside the zone expected to influence water availability to either the 
critical components of the environment or abstractive water uses. The Commission is particularly 
concerned about critical areas in the northern part of the Gnangara Mound, as there will be no relief 
or abatement of declining groundwater levels in the immediate to short term.  Modelling indicates 
that clear-felling of a further 800 ha of pines adjacent to the Caves (total of 1000 ha with the 200 ha 
previously clear felled from the Knob) would help restore levels in the medium term (6 to 10 years).  
However, the Commission recognises with pine harvesting scheduled to commence in the southern 
parts of the Mound first, there will be positive benefits in southern environmental and abstractive 
water use areas such as the Lexia wetland area. 
 
2.3.3 Scheme abstraction 
 
A production quota for each bore is set by the Commission and incorporated into groundwater 
licenses issued to the Corporation. Each year in October the Water Corporation provides the 
Commission with estimates of the likely minimum summer groundwater levels in criteria bores 
based on end of winter water levels, modeling of proposed abstraction and historical trends. The 
Commission reviews this information and assesses the likely impact of the predicted groundwater 
level declines on water level criteria and the groundwater-dependent systems. A quota is then 
agreed to by the Commission and submitted to the EPA for review by 1 December each year. These 
annual quotas reflect the environmental and production constraints on the wellfields and take year-
to-year fluctuations in water levels into consideration. The EPA is informed of any subsequent 
changes to the groundwater quota (due to operational problems etc.) that may occur over the 
summer period.  
 
Groundwater levels, environmental condition and compliance with water level criteria are closely 
monitored over the summer abstraction period and the allocation limits are revised as necessary to 
limit impacts on the groundwater-dependent systems of the Gnangara Mound. A precautionary 
approach is taken to setting abstraction limits, with groundwater level forecasts being undertaken 
monthly and pre-emptive action taken to reduce abstraction where ever necessary, in order to 
minimise or avoid non-compliance of water level criteria. 
 
PRAMS modelling indicates that, if all scheme abstraction had ceased in 1985, a large area of 
potentially higher groundwater levels may have occurred to the west of Lake Pinjar, into the 
Carabooda-Neerabup Lake area, centered east of Neerabup Lake, extending to the east of Lake 
Wilgarup, with minimal impacts observed on the Yanchep Caves, indicating that scheme 
abstraction from the Leederville aquifer may be contributing to reduced groundwater levels in these 
areas.  Private abstraction in the Carabooda subarea has also reduced groundwater levels in the 
vicinity of the Wilgarup and Neerabup wetlands.  Similarly, rises in groundwater levels would also 
have occurred over the centre of the Pinjar, Wanneroo and Mirrabooka wellfields if scheme 
abstraction had ceased in 1985, indicating that abstraction from the Superficial and Mirrabooka 
Aquifers may have reduced groundwater levels in these areas (Water Corporation 2002).  The 
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Water Corporation has shut down some production wells in the northern Pinjar Scheme in response 
to the declining water levels. 
 
2.3.3.1 Economic and social impacts of water restrictions 
 
Following the series of dry years Perth has experienced over the past six out of seven years, water 
restrictions apply in the Scheme area, limiting sprinkler use to two days per week. This scheme 
supplies 1.4 million Perth households. In the past, around 40 per cent of scheme water was supplied 
from bores on Gnangara Mound. This has increased to around 60 per cent as surface water supplies 
have decreased due to reduced rainfall and run off. The probabilities of more severe restrictions are 
related to the groundwater take and are estimated to be between one and 10 per cent, depending on 
climate and consumer demand. 
 

Figure 4: Outlook for Water Restrictions in 2004/05 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A study, commissioned by the Commission, on the impacts of residential water restrictions 
estimated the net impact on turnover and employment from sprinkler bans is $385-696m loss in 
turnover and 3,800–6390 lost jobs per year  (Economics Consulting Services, 2002). Under its Act 
the Commission is obliged to take these economic and social factors into account when making 
decisions on allocation and balance them with environmental values, including Ministerial 
conditions. 
 
2.3.4 Private abstraction 
 
The total licensed allocations held by private users on the Gnangara Mound increased marginally, 
from 100,600 ML/year in 2000/01 to 104,700 ML/year in 2002/03, mainly in the Wanneroo and 
Perth groundwater areas (Table 2, Appendix X). The Jandabup subarea (in the Wanneroo Area) was 
the only subarea to become overallocated within the review period, from 98% to 106 % allocated.  
Records indicate that the licences issued in this area were limited to small allocations, with the 

Outlook for Restrictions in 2004/05

Summer water use- less than meets exceeds
prediction prediction prediction

Annual water demand 250 GL 255 GL 265 GL
Groundwater allocation 158 GL 158 GL 158 GL

Chance of not receiving sufficient inflow
and requiring a full sprinkler ban next summer

Based on last 7 years 5% 6% 10%

Based on last 29 years 1-2% 2% 3%
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majority being 500 - 1500 kl.  These licences are issued to provide household domestic and stock 
supplies and water for vegetable gardens and lawns for new subdivisions within the Jandabup 
subarea.  The Commission does not refuse to supply water for these purposes where mains water 
supplies are not available.  Domestic bores are now exempt from licensing. 
 
Privately owned bores are almost entirely limited to the Superficial Aquifer. The principal area of 
concern with private abstraction impacts on groundwater levels is the Wanneroo Groundwater Area, 
and the focus of Commission efforts is in this locality.  Private abstraction in this area is considered 
to have greatest impact south of Lake Jandabup and between Lakes Wilgarup and Nowergup, 
because of the high density of horticulture in that area (Yestertener, 2002).  Recent modelling work 
by the Commission indicates that the effect of reducing private allocations in the Carabooda area to 
the immediate south of the Yanchep Caves could stabilise groundwater levels with a maximum 
recovery in the order of 0.25 m over a 7-year period.  A reduction in abstractions of at least 20% is 
required to make any effective impact. 
 
Progress to date in addressing the Wanneroo area specifically consists of the following: 
1. A review of the licensing database was conducted to identify and locate individual users with the 

objective of determining allocations in “hot spots” such as the Carabooda subarea. 

2. Engagement with the Department of Agriculture to deliver the “WaterWise on the Farm” 
program for delivery to Wanneroo irrigators. 

3. The establishment of a “target group” of 10-15 irrigators in the Carabooda area, ideally north of 
Coogee Springs.  This group would be the focus for the initial “WaterWise on the Farm” 
program. 

4. Engagement of the Wanneroo Groundwater Advisory Committee to endorse and support the 
proposed “WaterWise on the Farm” program with the identified target group in northern 
Carabooda. 

The Commission is currently attempting to retrieve unused allocations, particularly in over 
allocated areas to bring the allocations back down to the allocation limit. 
 
2.3.5 Urban land use 
 
There was an expectation that urbanisation would develop in the area more quickly than has 
actually occurred. This has meant anticipated increases in groundwater recharge levels have been 
lower than planned. However, the Department for Planning and Infrastructure is currently preparing 
the East Wanneroo Land Use and Water Management Strategy with four basic directions that the 
future land use and water management can take in this area. The Commission is involved with this 
strategy through groundwater modelling to determine the impacts of the proposed directions and 
this information will be used to influence the decision on a strategy for adoption. 
 
2.4 Outlook for 2003/04 
 
The Commission reviewed the state of the groundwater systems based on water level observations 
during October 2003.  This review was undertaken with the objective of clarifying the “starting 
conditions” to be taken into account in predicting potential system condition at the end of the 
2003/04 summer.   
 
Overall, groundwater levels were higher than at the same time the previous year, implying that the 
starting conditions for summer 2003/04 were higher.  The higher groundwater and wetland water 
levels are the result of slightly higher than average rainfall last winter.  Under the same abstraction 
and climate scenario as experienced last summer, the extent of groundwater declines over the 
summer period would be expected to be less.  That is, the number of criterion that may not be 
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complied with, and the extent to which they may not be met, should not be as great as experienced 
in 2002/03.  12 non-compliances with statutory criteria are predicted on the Gnangara Mound if the 
summer is average. A further eight are possible if the 2003/04 summer is long and hot with low 
recharge (Table 10 of Section 46 Progress report (Strategen 2003)).  
 

3. Groundwater system performance and 
ecosystem health  

3.1 Water levels 
 
Long-term monitoring of terrestrial vegetation on the Mound (since the 1960s) has shown a gradual 
shift towards xerophytic species, which tolerate drier conditions, in response to reduced rainfall.  
However, more extreme effects, such as large collapses of vegetation, have also been observed, in 
response to a combination of climatic factors and groundwater abstraction. Such an event occurred 
in 1991, when extreme temperatures, low soil moisture, low groundwater levels and abstraction for 
public supply caused the death of large patches of vegetation in Pinjar (around production bore P50) 
and Whiteman Park (Mattiske Consulting Pty Ltd 2002). As groundwater levels continue to fall, the 
potential for this type of event to occur again is increasing. Preliminary indications from the 
triennial monitoring of terrestrial vegetation transects have indicated that the P50 area, which 
experienced a collapse in 1991, has experienced further decline. 
 
Continued declines in groundwater levels have affected most wetlands, even where water levels 
have been artificially maintained.  Lake Nowergup and Coogee Springs are supplemented to reach a 
spring peak, however, there has been a steady decline in the summer minimum levels reached once 
supplementation is ceased at the end of spring. Groundwater abstraction and the pine plantations 
have exacerbated the effects of reduced rainfall recharge.  
 
The lower than expected water levels at Loch McNess were identified as being a likely consequence 
of the trial to artificially maintain Yanchep cave water levels using water from the lake.  The trial 
had EPA support and consultation continued with the EPA as the trial progressed.  In response to 
concerns about the impact of lower water levels upon vegetation health at Loch McNess, a 
vegetation condition assessment was undertaken in February and again in April of 2003.  These 
assessments indicated that Loch McNess vegetation remained in good condition.  Loomes et al. 
(2003) reported that “the fringing vegetation of Loch McNess is generally healthy and dense.”  
 
As noted by Welker (2002), the artificial maintenance program for Coogee Springs was not initiated 
for spring 2002 following a review by Benier and Horwitz (2002), the results of which indicated 
that the artificial maintenance program was not achieving the management objective of maintaining 
macro-invertebrate species richness.  One of the two options proposed by Benier and Horwitz 
(2003) was to discontinue the artificial maintenance program to enable water levels to re-establish 
to natural levels.  The Benier and Horwitz (2003) analysis was supported by Dr Jenny Davis from 
Murdoch University, who was involved in the original study that identified Coogee Springs as 
having an unusually high diversity of macroinvertebrates.  The high richness values identified at 
Coogee Springs by Dr Davis in the late 1980s/early 1990s have not been evident in the 
Commission’s monitoring of the wetland since 1996.  The condition of this wetland has also been 
severely compromised by land use activities in and around the wetland. 
 
The Absolute Minimum Spring Peak water level criteria was not achieved in Lake Nowergup 
despite the artificial maintenance system being activated earlier in the year and significantly greater 
volumes of water being pumped into the wetland.  Groundwater levels in the area are at the lowest 
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since monitoring commenced in the early 1970s and this has diminished the effectiveness of 
pumping.  The Commission has initiated a review of the artificial maintenance system and the 
EWPs for Lake Nowergup to assess whether the management objectives for the wetland are being 
achieved.  The Preferred Spring Peak EWP criteria was met in 2001, however, significant stress of 
vegetation occurred at the end of summer 2001/2002 when nearby groundwater levels fell 
approximately three metres in six months following cessation of artificial maintenance (there are no 
summer water level criteria for Lake Nowergup).  To prevent a similar occurrence during 2002/03, 
artificial maintenance began in the first week of August 2002 and did not cease until mid April 
2003.  This appears to have been successful, with the results of an April 2003 vegetation condition 
assessment at the lake showing that there had been no further declines in the condition of vegetation 
communities. 
 
Water levels fell below the Absolute Minimum EWP criteria for Lake Jandabup in January 2003.  
The Water Corporation artificial maintenance scheme commenced pumping in mid December 2002.  
However, a fault in one of the pumps resulted in a significant reduction in the volume of water 
pumped during the second half of December.  The fault was rectified and water levels quickly 
stabilised.  Artificial maintenance of Lake Jandabup appears to be having a positive effect on the 
macroinvertebrate communities.  Monitoring by Edith Cowan University has revealed a clear trend 
of increasing aquatic invertebrate family species richness subsequent to artificial water level 
maintenance in 1998. 
 
The minimum criterion at Egerton seep in the East Gnangara area was not satisfied for the first time 
since the condition was set.  Prior monitoring showed that macroinvertebrate species richness and 
abundance were good and there had been no significant change in species richness since monitoring 
began. Water levels recovered after reasonable winter rains in 2003 and the spring 
macroinvertebrate sampling results (currently being analysed) will help assess whether the low 
summer water level has had any ecological impact. 
 
Criteria were not met in seven Gnangara vegetation monitoring bores; MM53, MM55B, MM59B, 
WM1, WM6, PM6 and JB5.  Vegetation monitoring showed no significant collapses of 
groundwater-dependent native vegetation, although the trend of species preferring drier conditions 
slowly replacing those preferring wetter conditions is continuing across the Gnangara Mound. 
 
In the most recent monitoring report for wetland macroinvertebrates Benier and Horwitz (2003) 
highlighted that for many wetlands decreased water levels has increased their susceptibility to fire 
and acidification.  Of those wetlands with non-compliance, Lake Jandabup, Lexia 86, Lexia 186, 
Lake Mariginiup and Lake Wilgarup are listed as being of probable to extreme concern with respect 
to fire and acidification.  Concern has also been expressed in relation to the fire risk at Coogee 
Springs and Loch McNess (north) and the potential for acidification at Lake Nowergup. 
 
More detailed information on each criteria site is available in section 4 of the Section 46 Progress 
report (Strategen 2003). 
 

3.2 Wetland vegetation condition 
 
Some wetlands exhibited signs of recovery from fires, which occurred in 2000, with significant 
regeneration of the overstorey species during spring, but this trend was reversed during summer 
when vegetation drying or spot death of mature trees occurred in several wetlands.  In most 
wetlands there was a trend of increased macroinvertebrate family richness during spring, and a 
lower family richness in summer during 2001/02 due to low water levels.  Macroinvertebrate 
breeding at some wetlands was limited by shorter periods of inundation. Water quality had also 
improved in many wetlands, however some continued to exhibit signs of eutrophication.  The 
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artificial maintenance of water levels in Lake Jandabup during 2000/01 succeeded in preventing 
acidification and the pH has returned to more normal levels. Macro-invertebrate species, which had 
disappeared between 1996 and 1999, have now returned to the lake. The areas of most concern in 
Gnangara are the northwestern parts of the Mound, in particular the Yanchep Caves, Lake Wilgarup 
and Lake Nowergup.  Ecosystem health in all three areas has declined, and in the Yanchep caves 
the declining water levels continue to threaten rare troglobitic fauna. 
 
This section sets out a summary of the vegetation condition and trends noted by Loomes et al. 
(2003) for each of the criteria wetland and terrestrial vegetation monitoring sites on the Gnangara 
Mound (including East Gnangara). 

 
LAKE JOONDALUP 
 
The southern end of Lake Joondalup had a fire in early 2003, which had a significant impact, with 
less regeneration than at other sites burnt during the same period. Mean tree health in this part has 
declined substantially since the last assessment.  Baumea articulata fringing the northern part of the 
lake remains in poor condition with epicormic growth (an indicator of water stress) being noted in a 
number of Melaleuca rhaphiophylla.   
 
The northern portion of the lake has demonstrated significant decrease in species richness and 
increase in exotics since monitoring began in 1996.  Despite average rainfall over the 2003 winter, 
mean tree health ratings have continued to decline in the northern area.  Fire in 2000 also affected 
trees in a monitoring transect on the eastern side of the lake. Some regenerated seedlings have 
recently died but surviving individuals continue to resprout.  The exotic understorey dominates the 
area.  The mean tree health in this same area has improved in some plots but has declined further in 
one, and remains poorer than during the early years of monitoring.  

 
LAKE YONDERUP 
 
Introduced species dominate the Lake Yonderup monitoring transect understorey.  The mean health 
of M. rhaphiophylla in one plot increased slightly since 2002 with declines noted in other plots and 
Banksia littoralis in two plots showing marked decline.  T. orientalis dominates the southern sector 
of Lake Yonderup.  Healthy, mature B. littoralis occur in the southern area over a much less weedy 
understorey.  The northern area still contains open water surrounded by dense emergent 
macrophytes. 

 
LOCH MCNESS 
 
Loch McNess vegetation is reported as being in good condition.  Loomes et al. (2003) noted the 
presence of algae on the lake edges as suggesting there might be a water quality issue. 

 
LAKE JANDABUP 
 
The Lake Jandabup transect covers an area of relatively undisturbed Melaleuca preissiana/ Banksia 
woodland.  Species richness remains very high with comparatively few exotic taxa recorded.  No 
regeneration or mortalities have occurred since last assessed.  Mean tree health continues to decline. 

 
LAKE MARIGINIUP 
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In early 2003, bushfires burnt the majority of vegetation surrounding Lake Mariginiup resulting in a 
significant decline in mean tree health.  Many Eucalyptus rudis, B. articulata and T.  orientalis had 
resprouted and restabilised, but much of the E. Rudis regrowth in older individuals was less than in 
younger trees.   

 
LAKE NOWERGUP 
 
Vegetation on the eastern side of Lake Nowergup has largely been cleared for agriculture, with 
remaining trees showing impacts from this activity.  Dense T. orientalis fringes the lake on several 
quarters.  B. articulata is showing a response to drier conditions and lowered lake levels through 
either a contraction towards the wetland (northern sector) or poorer condition (southern sector).  
The health of the M. rhaphiophylla is declining with much epicormic growth reported in the 
northern area.  Exotics dominate the understorey of this wetland.  Since a number of spot deaths and 
significantly declining vegetation conditions were reported in 2002, no further deaths in overstorey 
species have been noted and tree health has remained similar.  There has been no widespread 
recovery of impacted trees, with features indicative of water stress being evident. 

 
COOGEE SPRINGS 
 
Coogee Springs is located on an agricultural property and is severely degraded.  Exotic pasture 
species dominate the majority of the site.  Since a fire in early 2003 a stand of mature 
M. rhaphiophylla has collapsed.  The dense T. orientalis understorey has been repeatedly cut and/or 
ploughed.  While many trees are resprouting the vegetation structure has been completely lost.  
Loomes et al. (2003) notes a surviving stand of dense healthy M. rhaphiophylla on higher ground to 
the west, with some large, mature individuals surviving at the lowest point of the wetland.  
However, grazing by livestock provides little opportunity for recruitment at this site. 

 
MONITORING WELL PM6 
 
A large number of Banksia saplings coupled with recent B. attenuata deaths and epicormic growth 
and dead stems in surviving trees suggest the area proximate to PM6 has suffered some degree of 
water stress in the recent past. 
 
MONITORING WELL WM1 
 
There are a number of dead B. attenuata and B. menziesii to the west of WM1, with some 
regeneration in the understorey.  Adenanthos cygnorum is also regenerating, however there are 
signs of recent stress with many dead Eucalyptus pauciflora stems.  The death and subsequent 
regeneration of Banksia sp. suggests this site has experienced some degree of water stress in the 
recent pass. 
 
MONITORING WELL WM6 
 
A stand of mature M. preissiana 250 metres to the south of WM6 is showing signs of severe stress, 
considered by Loomes et al. (2003) to most likely be the result of recent water level declines.  There 
are also signs of stress in B. attenuata, B. menziesii and Beaufortia elegans in woodland to the 
north.  The remainder of the understorey in this area is relatively intact and dominated by native 
species.  A wetland 800-900 m to the east supports relatively healthy M. preissiana over a drying 
and thinning understorey of myrtaceous wetland shrubs. 
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EGERTON SPRING 
 
There are a number of dead stems in M. preissiana near Egerton Spring in Ellenbrook, which 
appear to have resulted from fire rather than water stress.  The lower canopies of other trees are also 
relatively sparse and twiggy.  Up to 50 per cent of the extensive sedge species stems are senesced, 
although this may be part of an annual growth pattern. 
 
LEXIA WETLAND 94 
 
A trend of germination of seedlings of Pericalymna ellipticum and Astartea fascicularis has 
emerged since the last assessment of Lexia Wetland 94.  This is despite the continued poor 
condition of thicket shrubs and deaths of many P. ellipticum stems.  The number of exotic taxa 
remains low and tree health within the monitoring transect remains unchanged or has improved 
slightly over the past year. 
 
LEXIA WETLAND 186 
 
Baumea articulata dominates the centre of Lexia Wetland 186 with the majority being flattened and 
dry.  The ratio of exotics is low.  There have been more deaths of A. fascicularis, however a number 
of seedlings of this and other species have germinated.  The mean health rating is reported as 
declining with distance from the wetland centre. Canopy condition has improved over the past year. 
 
MONITORING WELL MM53 
 
There were a number of small dead Banksias in the area of monitoring well MM53 within 
Whiteman Park.  Some recent dead stems were noted in relatively healthy trees.  Epicormic growth 
was also noted, which may be due to water stress and/or recovery from fire. 
 
MONITORING WELL MM55B 
 
The understorey near monitoring well MM55B appears to have thinned in recent years, but is 
dominated by dense Agonis linearifolia with Lepidosperma longitudinale and other sedges.  
Loomes et al. (2003) notes that there is no clear evidence of past water stress in this area. 
 
MONITORING WELL MM59B 
 
Dead B. attenuata are reported in the overstorey to the north of MM59B, of which some appear to 
have died recently.  However, there are also numerous saplings up to 1.5 metres in height.  While 
there are two relatively healthy B. ilicifolia nearby, other species appear stressed, possibly as a 
response to recent water level declines in recent years.  To the south a small number of large dead 
Banksia occur within a denser, generally healthier overstorey. 
 
MONITORING WELL JB5 
 
The overall condition of overstorey species near monitoring well JB5 is relatively good, although 
some evidence of previous stress is seen in some large M. preissiana along the access track and 
B. attenuata to the northeast. 
 
LAKE WILGARUP 
 
Lake Wilgarup is a wetland that is not subject to specific environmental management criteria.  
However, its high conservation value is such that it has been included in monitoring assessments 
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and is proposed as a focus of management of private abstraction.  Froend et al. (2003, 2003a) have 
reported that the health of wetland vegetation of Lake Wilgarup has continued to decline with 
further losses of small M. rhaphiophylla across the wetland basin and the death of some mature 
trees at the fringes of the wetland.  Tree health continues to decline across the entire wetland basin 
and the peat layer has further dried. 
 
Froend et al. (2003, 2003a) reported further drying and decreases in the cover and abundance in 
understorey species, Baumea articulata and Lepidosperma longitudinale and declines in the health 
of the terrestrial Spyridium globosum.  Introduced Conzya albida continues to recruit across the 
wetland. 
 

3.3 Macroinvertebrates and water quality 
 
The most recent macroinvertebrate monitoring report (Benier and Horwitz, 2003) outlined that 
increased susceptibly to fire and drought induced acidification are of probable or extreme concern 
in half of the wetlands monitored. 
 
Increased susceptibility to fire is noted to be of extreme concern at Coogee Springs, Lexia 86 and 
186, Lake Mariginiup, Melaleuca Park EPP 173 and Lake Wilgarup. Drought induced acidification 
is of extreme concern at Lakes Gnangara, Jandabup, Mariginiup, Melaleuca Park EPP 173 and the 
Lexia wetlands. 
 
In the summer of 2003 Goollelal, Jandabup, Loch McNess (south), Pipidinny Swamp, and 
Yonderup experienced an increase in family species richness compared to an average taken from all 
other summer sampling rounds.  Coogee Springs, Gnangara, Lexia 186, Lexia 86, Mariginiup, Loch 
McNess (north) and Wilgarup were dry at time of sampling. 
 
At Lakes Joondalup North and South and Melaleuca Park EPP 173 family species richness was 
lower in Summer 2003 compared to Summer 2002.  It is thought that this is associated with reduced 
inundation of littoral vegetation and hence reduced habitat complexity. 
 
Nitrogen concentrations at Lake Gnangara are consistently (and often significantly) higher than any 
other routinely monitored wetland. 
 
In spring 2002 the pH at Lake Jandabup was lower than in spring 2001, reversing the trend of 
increasing pH, apparently due to the initiation of artificial supplementation.  High concentrations of 
all nutrients, conductivity and sulphate concentrations seem to indicate a decline in water quality in 
summer 2003, most likely associated with the low water levels.  
 
High chlorophyll a, high dissolved oxygen and high nutrient concentrations are indicative of the 
poor water quality of Lake Joondalup (North) in 2002/2003.  Filamentous green algae were 
abundant throughout the wetland in spring 2002, an indication of eutrophic conditions.  Lower 
water levels at Lake Joondalup South in summer 2003 contributed to considerably poor water 
quality (compared to the previous spring) and the lake showing signs of eutrophication.  
 
At Lake Mariginiup, low pH and high sulphate concentrations recorded in spring 2002 and summer 
2003 indicate susceptibility to acidification due to excessive drying of sediments. 
 
There was a considerable decline in water quality in summer 2003 at Melaleuca Park EPP 173 
compared to previous sampling rounds.  There is a trend for declining spring pH at this wetland. 
Concentrations of chlorophyll a and nitrate/nitrite were also the highest ever recorded at this 
wetland.  
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Water quality at Lake Nowergup has changed; the pH range across habitats and seasons has 
increased (mainly due to falling pH) and conductivity, nutrient and chlorophyll a levels have 
declined.  This is thought to be due to artificial supplementation using fresh water from Leederville 
aquifer. 

4. Management Actions  

4.1 Wetland supplementation 
 
The Commission made a commitment to artificially maintain the levels in both Lake Nowergup and 
Coogee Springs. However, as was reported in Section 2.2.2, artificial maintenance at Coogee 
Springs has now ceased. The Water Corporation artificially maintains Lake Jandabup.  
 
In the 2002/03 Gnangara Mound macroinvertebrate monitoring report by Benier and Horwitz 
(2003), a “precautionary management approach” was recommended for Lake Mariginiup, which 
was considered to be one of the wetlands most at risk of drought-induced acidification.  Benier and 
Horwitz (2003) suggested that artificial supplementation may be required for Lake Mariginiup 
immediately to reduce this risk. 
 
The Commission does not intend to initiate an artificial maintenance program for Lake Mariginiup 
in the summer of 2003/04 as the ecological water requirements for the wetland are currently under 
review.  This review is due to be completed by August 2004.  The lake is not being actively 
managed in terms of surrounding land uses, weed and fire control etc., and these factors will also 
need to be taken into account in determining the value of maintaining wetland water levels. 
 
4.2 Yanchep Caves 
 
The trial to artificially maintain water levels in Crystal Cave at Yanchep will continue.  An artificial 
water supplementation scheme to seven caves in the Yanchep National Park area and thorough 
survey of the Gnangara Mound stygofauna has been developed, plus ongoing work for 
supplementation. 
 
In preparation for a permanent scheme, the required infrastructure needs and logistics, including 
modelling the effects of pumping approximately three GL/annum of groundwater from a site west 
of Loch McNess, are being determined by the Yanchep Caves Recovery Team.  Preliminary 
modelling suggests there may be success in raising groundwater above the floor of Crystal Cave 
after one month.  It also indicates that a permanent scheme involving about three GL/annum would 
have a positive effect on water levels in Loch McNess. 
 
Please see the Section 46 Progress report (Strategen 2003) for further detail on Management 
actions. 
 
4.2 Mitigation actions 
 
Given the anticipated additional extent of criteria non-compliance expected across the study area, 
and the practical difficulties in minimising these in the short term, an extensive suite of mitigation 
actions has been developed to address the issue over the longer term.  The elements of this package 
of mitigation actions are presented in a summarised form in Table 4 below. For further information 
on the specific mitigation actions, please refer to the relevant sections in the Section 46 Progress 
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report (Strategen 2003- sections highlighted in the table below relate to those sections in the S46 
Report). 
 
The package of mitigation actions is intended to both reduce abstractions in areas of significance in 
future years as well as develop management approaches to ameliorate the environmental impacts of 
abstraction, climate change and land use effects in specific situations. 
 

Table 4. Summary of Proposed Mitigation Actions 

Public water supply Private water supply Environmental 
management 

Other 

Continued imposition of 
Stage 4 water restrictions 
with the potential to move 
to Stage 6 restrictions if 
Stage 4 ineffective in 
reducing demands to 
acceptable levels (see 
Section 6.2.2.  

Continue pursuit of the 
suite of private 
abstraction management 
initiatives (see 
Section 4.3.2) proposed in 
the Stage 1 report to the 
EPA (Water and Rivers 
Commission 2001). 

Continue wetland 
supplementation as 
proposed for Lakes 
Jandabup and Nowergup. 
(see Section 6.5). 

Pursue improved 
management (thinning 
and clearing programs) of 
pines on the Gnangara 
Mound to maximise 
groundwater recharge in 
key risk areas (see 
Section 6.4.1). 

Accelerate the Water 
Corporation source 
development program to 
relieve demand on 
existing groundwater 
assets as soon as possible 
(see Section 8.1). 

Implement approaches to 
achieve more efficient use 
of groundwater focussed 
on the Wanneroo area 
(eg. metering, Water 
Wise on the Farm 
program, see Section 6.3). 

Pursue Yanchep Caves 
Strategy to artificially 
supplement water levels 
in caves (See 
Section 6.5.5). 

Pursue the potential for 
wastewater to be treated 
and used for Aquifer 
Storage and Recovery in 
critical areas (see 
Section 8.3). 

Implement an agreed 
public water supply 
groundwater abstraction 
reduction strategy based 
on potential surface water 
storage scenarios over 
next three years (see 
Section 6.2.1). 

 Review groundwater and 
environmental monitoring 
systems and implement 
recommended 
improvements (see 
Section 11.3). 

Develop integrated 
approach to management 
to achieve environmental 
and water resources 
objectives on the 
Gnangara Mound (see 
Section 11.2). 

Contribute to the 
Yanchep Caves 
emergency recovery 
strategy (see 
Section 6.5.5). 

   

Pursue per capita public 
water use target of 
155 kL/yr (see 
Section 8.1). 
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Glossary 

Abstraction Pumping groundwater from an 
aquifer. 
 

 Evaporation The vaporisation of water from a 
free-water surface above or below 
ground level, normally measured 
in millimetres. 
 

m AHD Australian Height Datum. Height in 
metres above Mean Sea Level 
+0.026m at Fremantle. 
 

 Evapo- 
transpiration 

A collective term for evaporation 
transpiration and transpiration. 
 

Allocation The quantity of groundwater 
permitted to be abstracted by a well 
licence, usually specified in 
kilolitres/year (kL/a). 
 

 Groundwater 
Area 

An area proclaimed under the 
Rights in Water and Irrigation Act. 
 

Aquifer A geological formation or group of 
formations able to receive, store 
and transmit significant quantities 
of water. 
 

 Hectare (ha) 10 000 square metres or 2.47 
acres. 
 

Beneficial Use The current or future uses for a 
water resource that has priority over 
other potential uses because of their 
regional significance to the 
community. 
 

 

 
 

Kilolitre (kL) 1000 litres, 1 cubic metre or 220 
gallons. 
 

Confined 
Aquifer 

An aquifer that is confined between 
shale and siltstone beds and 
therefore contains water under 
pressure. 
 

 
Potentiometric 

Level (surface) 
 

An imaginary surface representing 
the total head of groundwater and 
defined by the level to which 
water will rise in a well. 
 

Environmental 
Water 
Requirements 
 

Water level that will maintain  
current ecological values. 

 Recharge The downwards movement of 
water that is added to the 
groundwater system. 

 




