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Summary 

This report is submitted to the Environmental Protection Authority (EPA) in accordance with the 
implementation conditions for two proposals: Gnangara Groundwater Resources (EPA Bulletin 817, 
Ministerial Statement No. 438—Assessment 697), and Groundwater Resource Allocation East Gnangara 
(EPA Bulletin 904, Ministerial Statement No. 496- Assessment 932). These proposals set out plans for 
the management of Gnangara Groundwater Mound (the ‘mound’), located north of Perth. This report 
satisfies conditions 438:M10-1 and 496:M5-1 which require the submission of an annual report (period 1 
July 2003 to 30 June 2004) to the EPA concerning environmental monitoring and management of the 
Gnangara Groundwater Mound by the Water and Rivers Commission (Department of Environment) 
regarding compliance with implementation conditions.  

Environmental water level criteria 

A key element of both endorsed 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).  

Non-compliance of environmental water criteria in the reporting period 

In some areas, the peak water levels recorded for the current reporting period (July 2003–June 2004) were 
equal to or slightly higher than for the previous reporting period. However, the overall declining trend in 
regional water level continues. The localised nature of the observed water table responses is due to the 
geographic distribution in the rainfall and reflects a significantly higher winter rainfall in the Wanneroo 
area than what was experienced in 2002, although this was still less than the long term average. 

For the current review period, there were a total of sixteen non-compliances with environmental water 
level criteria on the mound—as summarised in Table 1. This is the same number as for the previous year. 
Specific non-compliant sites are found in Tables 2–4. 

While there still has been a considerable number of non-compliances, the majority of these (85%) are less 
than 0.5 metres (m). The maximum non-compliance was 1.3 m at Coogee Springs. 
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Table 1—Summary of environmental criteria compliance—Gnangara Mound 
 

No. of non-compliances Environment 
component 

Total no. of 
criteria 2000–01 2001–02 2002–03 2003–04 

Wetlands 18 6 4 9 10 
Terrestrial 
vegetation 

23 3 4 7 6 

TOTAL 41 9 8 16 16 

 

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, it 
is difficult to quantify the extent of loss of values that has occurred beyond that anticipated in the 
endorsed 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.  

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. 

Discussed in some detail in this annual report, the primary factors under the commission’s control for 
management of groundwater levels on the mound are regulation of public water supply (Water 
Corporation, Figure 1) abstraction and of private abstraction such as for horticulture, industry and 
irrigation of parks and recreation areas.  

 

 



 Environmental management of groundwater abstraction from the Gnangara Groundwater Mound, 2003–04   

Department of Environment 3 

1 Introduction 
1.1 Purpose of this report 

The current review period of July 2003 to June 2004 addresses both the Gnangara and East Gnangara 
(Lexia) ministerial conditions and commitments. The ministerial conditions require the Department of 
Environment (Water and Rivers 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. 
Last years report was a triennial report (2000–03). 

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 are maintained to criteria levels 
each year to minimise the impacts of abstraction on water dependent ecosystems. The criteria levels are 
usually expressed as a minimum level in selected groundwater monitoring bores, or preferred and 
absolute minimum spring peak or minimum summer levels at high priority wetlands. The environmental 
water provisions (EWPs) for the Gnangara Mound and East Gnangara area are listed in Tables 2, 3 and 4.  

1.2 Section 46 review of ministerial conditions 

In 1995, the Water Authority undertook a review under section 46 the Environmental Protection Act 1986 
of proposed changes to environmental conditions on the Gnangara Groundwater Mound. Shortly after 
ministerial approval of the 1995 Section 46 review, the Water and Rivers Commission, published the East 
Gnangara Environmental Water Provisions Plan (1997). A significant point from the reviews was that 
the commission acknowledged that the ‘preferred scenario’ would result in non-compliance with criteria 
levels under the climate regime actually experienced in the region from 1879 to 1990. These reports were 
approved by EPA Bulletin 817—Ministerial Statement No. 438 (Gnangara) and EPA Bulletin 904—
Ministerial Statement No. 496 (East Gnangara). 

Since 1997, there have been further advances in techniques for determining the ecological water 
requirements of wetlands. In addition, other issues need reconsideration, including how climate variability 
is linked to non-compliances that occur in areas beyond human impact (i.e. the present low rainfall period 
is a primary cause of some non-compliances). Such issues have prompted the undertaking of another 
section 46 review. 

In September 2001, the 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 groundwater mounds. 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. 

This review, proposed for completion in 2005, will provide the EPA with a comprehensive proposal for 
modification of the conditions so they more directly relate to environmental condition, rather than 
groundwater levels that are surrogates for the state of the mounds. 
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The review is progressing in two stages: 

• The Stage 1 review of ministerial conditions to be delivered to the EPA in late 2004 and will seek to 
amend conditions at up to 10 sites that are currently non-compliant. Appendices 4–6 present 
proposed changes to conditions, commitments and EWPs for the Gnangara Mound. 

• The Stage 2 review planned for delivery in 2005 which will consolidate all the information available 
to the commission to that time in terms of environmental values, threats, quantification of causes and 
effects in terms of the factors influencing groundwater levels, and expected future outcomes. This 
information will provide the basis for revised environmental conditions.  

The Gnangara Mound management plan, including revised sustainable yield estimates is planned for 
delivery in 2006. 



 Environmental management of groundwater abstraction from the Gnangara Groundwater Mound, 2003–04   

Department of Environment 5 

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.  

2.2 Compliance with water level criteria 

Figure 2 provides the location and compliance of criteria wetlands and monitoring bores on the Gnangara 
Mound. Tables 2, 3 and 4 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 2. 

The results (Figure 2, Tables 2, 3, 4) show that the majority of the water levels were in compliance with 
EWP criteria levels, both historically and during the reporting period. During 2000–01 there were nine 
non-compliances with EWP Criteria, eight non-compliances in 2001–02, sixteen non-compliances in 
2002–03, and sixteen non-compliances in 2003–04. Water levels in Lake Wilgarup, Lake Gnangara, 
Pipidinny Swamp, and Edgecombe Seep were below their management objective, however, none of them 
have statutory criteria.  

The greater than thirty-year average winter rains in 2003–04 may have been a factor in the higher water 
table peaks experienced in some areas of the mound. 

2.2.1 Groundwater level changes  

In general, water table levels have not declined as much as for the previous year (Tables 2–4). A greater 
2003–04 annual rainfall may have reduced the rate of decline compared to previous years but it did not 
halt the general trend of declining water levels. Trends on a regional scale reveal that areas of 
groundwater level reduction are not distributed evenly over the mound. Two areas that exhibit notable 
reductions in water levels are: (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 City of Swan, and is attributed to clearing and urban development resulting in 
increased recharge (Yesertener 2002). 

Both the Perth Regional Aquifer Modelling System (PRAMS) and Cumulative Deviation from 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. 
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2.2.2 Areas of non-compliance  

Pinjar borefield, bore PM6 
A number of production bores in the Pinjar wellfield have been turned off for several years due to their 
impact on declining water levels for criteria bores PM6, PM7 and PM9. The rate of decline has been 
slowed from ~40 cm/year following peak scheme production to a decline of only about 6 cm during the 
current reporting period. For the previous year (2002–03), the decline was 27 cm (Table 4).  

Response 
The Commission has required the Water Corporation to turn off nine of 14 superficial aquifer bores and 
reduce abstraction 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 2003–04. 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 to 10.0 GL in 2003–04. 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 infiltration 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 late 2004—
in the section 46 stage 1 report. 

Mirrabooka borefield, bores MM53, 55B & 59B 
Bore MM59B has been consistently non-compliant with water level criteria since 2000–01; levels at 
bores 53 and 55B have been consistently non-compliant from 2002–03. Public abstraction along 
Gnangara Rd, and in the East Mirrabooka area, may have contributed to non-compliances in Whiteman 
Park.  

Response 
Abstraction from the original Mirrabooka wellfield (all aquifers) has been further reduced in 2003–04, 
with a total of 13.6 GL 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. 



 Environmental management of groundwater abstraction from the Gnangara Groundwater Mound, 2003–04   

Department of Environment 7 

Figure 1—Location of Water Corporation wellfields and monitoring bores for the 
Gnangara and East Gnangara areas 
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Figure 2—Location and 2003–04 compliance of criteria wetlands and monitoring 
bores on the Gnangara Mound 
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Lexia 186 
Climate is considered to be the major driver of water levels at this wetland 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 increase in declines since that time. Although the minimum water level for 
Lexia 94 was above the preferred minimum in the current reporting period, it remains non-compliant 
because water levels have been below the preferred minimum for more than two of the last six years (2/6 
year rule).  

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 commenced from the Lexia wellfield in 2000–01. The absolute 
minimum level was breached each month in the reporting period, by a maximum of 22 cm in 2003. For 
the current reporting period, the minimum water level was nearly 10 centimetres above the minimum in 
the previous year. 

Monitoring of vegetation condition at Lexia 186 suggests that the mean health rating is declining with 
distance from the wetland centre, however both the understorey and overstorey condition has not 
indicated any further decline in the current reporting period. 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 previous years, though this has been countered by some recruitment and improved 
establishment of A. fascicularis. P ellipticum, Banksia seedlings, and B articulata over the summer of 
2004. 

Response 
Although planned production from the Lexia wellfield was 8 GL/yr from the superficial aquifer, 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 production 
was just over 6.9 GL in 2002–03. Approved production for the 2003–04 year was 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. 

Bore WM1 
WM1 has breached water level criterion by 18 cm in 2002, 43 cm in 2003, and by 27 cm in the current 
reporting period. WM6 was compliant in this reporting period but was non-compliant for the first time in 
2002–03. Water levels in WM1 have been on a declining trend since monitoring began in 1975 and have 
dropped close to three metres over that period.  

Vegetation condition indicates the plants have suffered some degree of water stress in the recent past. 
There are a number of dead Banksia species, around WM1, and a thinning understorey, with some 
regeneration.  
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Response 
WM1 is 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. Several bores on the Pinjar 
wellfield nearest to WM1 have been shut down in an attempt to reduce impacts in these area. 

The ecological water requirements (EWRs) of the vegetation are still 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 but quickly returned to a declining trend in the following year. 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) 

Particularly for JB5, there has been a continuous 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 MT3s). 

Response 
Correlations between JB5 and Lake Jandabup is complicated by the fact that JB5 is in a paddock not next 
to Lake Jandabup. Artificial maintenance of Lake Jandabup by Water Corporation has seen an increase in 
surface water levels since 1997. Despite this, water levels were 13 cm below the criterion in 2003–04. 
Artificial maintenance has prevented this decline being more serious but has been unable to keep up with 
falling levels. 

Lakes Mariginiup and Wilgarup 
Private abstraction and reduced rainfall recharge 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 (e.g. 1977, 1985). Private abstraction is 
considered to have the major 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 (non-statutory criteria) 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 (Vogwill 2003) indicates that the effect of 
reducing allocations will slow down the declining trend of groundwater levels with some recovery in 
proximity to highly impacted areas. A reduction of at least 20 per cent over several years is required to 
make any significant impact on declining trends. Modelling indicates that it would require the cessation 
of all abstraction to effectively stabilise water levels in some of the highly impacted lakes (Mariginiup, 
Joondalup, Jandabup and Gnangara). While unrealistic to implement, it appears that such drastic 
measures would be necessary to achieve the reversal of at least some of the criteria non-compliances in 
these areas. However, relocation of major private abstraction (e.g. market gardens) to a dedicated 
horticultural precinct located in a less sensitive area is a proposed strategy. Another proposed strategy 
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currently in its formative stage involves supplementing water in areas experiencing non-compliances with 
treated wastewater from the Beenyup Wastewater Treatment Plant and/or as a water source for a 
dedicated horticultural precinct.  

Another approach is to encourage greater water use efficiency by growers and aim for a 20% reduction in 
water use. As a result of the State Water Strategy, the DoE is developing guidelines (currently in a 
preliminary draft stage) on water conservation plans that will be required as a condition of water license 
renewal. In addition, using funds made available through the strategy, WaterWise on the Farm workshops 
have been held in 2003–04 for avocado and market garden irrigators in the Carabooda and Nowergup 
subareas of the Wanneroo Groundwater Area to improve agricultural irrigation water use efficiency on 
the Gnangara Mound. These areas are being targeted to help protect nearby wetlands (Lake Wilgarup) 
and the Yanchep Caves. Installation of flowmeters (metering of use) and monitoring equipment is 
planned for selected irrigators (demonstration farms) in the WaterWise on the Farm program so that 
recommendations on efficiency gains can be made. These would then be incorporated into growing and 
irrigation schedules in future years.  

The commission is also preparing the Gnangara Mound groundwater management plan, due for 
completion in late 2006. The plan will (re)define allocation limits and groundwater management policy 
(e.g. metering of use) for the area. 

The commission has developed initiatives aimed at reducing private water use. Progress on these is 
detailed in the 2002 and 2003 section 46 progress reports (Welker 2002; Welker 2003b).  

Lake Joondalup 
Levels in Lake Joondalup have fallen below the preferred minimum since 1997–98. This is significant 
because the criterion is not to be non-compliant with the preferred minimum for more than 2 years in 6 
years. The lake is located approximately 5 km from the Wanneroo borefield that is unlikely to be exerting 
an impact. Private abstraction and reduced recharge is more likely to be contributing. 

Since monitoring began in 1996, there has been a change in vegetation species richness and increase in 
the weediness index. Fire in early 2003 has had a significant impact on mature M. rhaphiophylla and 
E. rudis. 

Response 
See above (Lakes 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 an increasing quantity of augmentation pumping. These 
expected peaks are now quite high compared to the regional water table and water levels fall rapidly when 
artificial maintenance is switched off. Supplementation has caused the seasonal amplitude of the lake and 
surrounding groundwater levels to 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 (after pumping ceased). 
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In addition to declining water levels, there may also be water quality issues caused by nutrient loads from 
intensive animal production nearby and horticultural land uses which are 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 three metres in 2000–01. In 2002–03 and 2003–04 continuation of artificial maintenance prevented 
this decline. 

Phasing out could be achieved by progressively aiming for lower peaks each year and extending artificial 
maintenance into summer and autumn at lower rates 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 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 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 
There has been a decline in water levels in Loch McNess since 1998. Trials in 2003 and 2004 to 
supplement water levels in the Yanchep Caves involved taking water from Loch McNess. The trials 
successfully elevated water levels in the caves. However, the trials have caused further declines in lake 
water levels. Non-compliance with Loch McNess absolute minimum criteria was first reported in summer 
2003 and also occurred in 2004.  

Response 
A long-term artificial recharge system from bores to the west and downgradient of the caves is being 
developed. The system should become fully operational by April 2005 and modelling indicates 
groundwater flow back in the direction of the supply bores will benefit water levels in Loch McNess. For 
the summer of 2004–05, CALM will administer a localised program to maintain root mats from a shallow 
bore within the caves.  

Coogee Springs 
The ecological values of Coogee Springs have diminished in recent years. 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. A recent fire has also contributed 
to further loss of environmental values. 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 (nutrient deficient) wetland. This is due to the dilution effect of pumping clear, 
fresh water from the Leederville aquifer.  
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Following a review of the artificial maintenance program by Benier and Horwitz (2002), the commission 
ceased artificial maintenance of the wetland from spring 2002. 

Response 
The commission has recommended removal of the EWP criteria for Coogee Springs and this will be 
submitted with the section 46 stage 1 report to the EPA in late 2004. 
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Table 2— Environmental water provisions (EWPs) for Gnangara Mound wetlands 
  Note: All conditions met during the reporting period unless highlighted in RED. Historical non-compliances are highlighted with BOLD. 

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 2003–04 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 26.63 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 41.50 Increased invertebrate family richness nutrients levels 
slightly elevated Climate change, minor pines, and 
private abstraction impacts. 

LOCH McNESS (Q6162564)  6.95   7 7 6.99 6.97 6.97 6.96 6.90 6.92^ 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 5.88^ 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 

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 

41.76^ 
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 44.17~ 
 

Recovering from acidification, increased 
macroinvertebrate diversity in summer. Climate change, 
minor pines, 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 16.36**^ 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. Stage 1 
Section 46 report (2004) recommends modification of 
criteria to meet modified management objectives 
(Appendix 6). 

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 10.70^ Continued decline in invertebrate family. richness; lower 
nutrient levels; reduced habitat complexity. 
Climate change and private abstraction impacts 
Stage 1 Section 46 report (2004) recommends removal as 
criteria site (Appendix 6). 
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Table 3—Interim environmental water provisions (EWPs) for East Lexia wetlands and seepages 
   Note: All conditions met during the reporting period unless highlighted in RED. Historical non-compliances are highlighted with BOLD. 

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 2003–04 
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 

 
46.08~ 
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 47.54 
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 

 
47.07^ 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 

 

49.12 

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 65.73 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 

 
13.40 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 39.43~ 
Stable invertebrate fauna diversity and abundance. Climate change impacts. 

Note:        # Edgecombe B10 - Management objective only, not statutory criteria         ^ predicted non-compliance (Section 46 Progress Report 2003).         ~ predicted non-compliance with severe summer. 
* 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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Table 4—EWP criteria and groundwater levels for Gnangara Mound monitoring bores 
   Note: All conditions met during the reporting period unless highlighted in RED. Historical non-compliances are highlighted with BOLD. 

 Compliance with EWPs 

Groundwater 
monitoring bore 

Absolute 
minimum 
(mAHD)

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

2000–01 
 

2001–02 2002–03 
 

2003–04 
 

Location Main cause non-compliance, impacts & observations 

Gnangara Mound 
JB5 (G61610762) 44.8 44.84 44.48 44.41 44.49 44.40 44.61 44.36 44.42^ Near Lake Jandabup Climate change, pines, private abstraction. Stage 1 section 46 report 

(2004) recommends removal as criteria site (Appendix 6). 
MM16 (G61610835) 38.8 39.05 38.62 38.72 39.01 38.82 39.10 38.90 38.80~ Mirrabooka scheme 
MM18 (G61610918) 38.6 39.13 38.91 39.12 39.14 39.16 39.15 38.72 38.97  
MM49B(G61610525) 24.7 25.13 24.83 24.91 25.03 24.98 24.98 24.99 25.05  
MM53 (G61610493) 33.3 33.43 33.23 33.26 33.35 33.37 33.37 33.26 33.27~  

MM55B (G61610559) 29.5 29.55 29.23 29.55 29.63 29.55 29.58 29.43 29.47~  
MM59B (G61611025) 36.3 36.3 36.01 36.3 36.33 36.19 36.14 35.87 36.02^  

Climate change, pines.  
Climate change 
Climate change and PWS abstraction 
PWS abstraction and climate change 
Climate change and PWS abstraction  
Climate change and PWS abstraction 

MT3s * (G61610745) 43.0 44.45 44.08 44.19 43.31 43.15 44.51 43.04 44.07 Near Lake Mariginiup Climate change, pines, private abstraction 
PM6 (G61610756) 53.5 54.55 54.06 53.69 53.3 52.90 52.52 52.29 52.24^ Pinjar scheme 
           
PM7 (G61610834) 60.5 - 62.17 61.98 61.72 61.38 61.03 60.7 60.61^  
           
PM9 (G61610804) 56.3 57.86 57.58 57.54 57.36 57.10 56.85 56.53 56.56  

Climate change (minor PWS abstraction ?). Stage 1 Section 46 report 
(2004) recommends removal as criteria site (Appendix 6). 
Climate change. Stage 1 Section 46 report (2004) recommends removal as 
criteria site (Appendix 6). 
Climate change 

PM24 (G61610697) 40.5 41.68 41.6 41.63 41.59 41.44 41.46 41.41 41.39 Near Lake Pinjar 

PM25 (G61610750) 42.3 43.3 43.06 43.14 43.24 42.94 42.91 42.97 42.93  

Climate change, pines 

Climate change, pines 

WM1 (G61610833) 55.7 56.65 56.2 56.21 56.1 55.75 55.52 55.27 55.43^ Wanneroo scheme 
WM2 (G61610908) 66.5 68.28 67.86 67.86 67.75 67.51 67.50 67.21 67.33  

Climate change, pines, PWS abstraction , 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 58.51~  Climate change and PWS abstraction 
WM8 (G61610983) 64.8 - 65.53 65.52 65.77 65.56 65.44 65.36 65.57   

East Gnangara 
NR6C (G61610982) 58.5 60.025 59.73 59.82 59.87 59.62 59.52 59.34 59.40 East Gnangara Climate change 
NR11C (G61611042) 55 - 55.54 55.6 55.72 55.52 55.52 55.54 55.60 Near EPP wetland 173 Climate change 
MM12 (G61610989) 42 - 43.29 43.48 43.61 43.27 42.89 42.51 42.77 Lexia Scheme, near 

Lexia Wetlands 
Climate change, pines 

L30C (G61611010) 47.2 - 48.36 48.4 48.52 48.61 48.47 48.26 48.46  Climate change 
L110C (G61611011) 55.7 - 57.98 58.28 58.39 58.11 57.97 57.72 57.72  Climate change 
L220C (G61611018) 52.2 - 53.06 53.17 53.28 53.02 53.00 52.86 52.88  Climate change 
Water levels below absolute minimum criteria in any year are considered to be a non-compliance.  
* incorrectly reported previously as MT3I.    PWS = Public water supply     ^ predicted non-compliance (Section 46 Progress Report 2003).    ~ predicted non- compliance with severe summer 
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Lake Yonderup 
Lake Yonderup was non-compliant with the absolute minimum for the first time in the current reporting 
period. However, the non-compliance was relatively minor (2cm) and the previous two years 
measurements were exactly equal to the absolute minimum levels.  

Response 
Most importantly, there has been no change in the healthy condition of the wetland as reported by Froend 
et al. (2004). 

2.3 General factors influencing non-compliance 

2.3.1 Climate 

For the Wanneroo area annual rainfall for 2003–04 was 775 mm which was greater than the last thirty 
year average (744 mm) but less than the long-term average (814 mm). In comparison, annual rainfall at 
Perth Airport (810 mm) was also greater than the last thirty-year average (741 mm) but unlike Wanneroo, 
was also greater than the long-term average (790 mm) (Table 5).  

Total rainfall for Perth and Wanneroo in 2003–04 was 162 and 123 mm greater than for the previous year 
respectively. This increase in rainfall may have benefited lake levels which had generally higher peaks 
than in the previous year (Tables 2–4). Although, rainfall was significantly greater (i.e. >100 mm) than 
for the previous year total, the overall declining water table trend (likely due to long-term aquifer 
depletion) continues across much of the mound (Vogwill 2003; Vogwill 2004). 

Table 5—Summary annual rainfall (mm) for Perth Airport (9021)  
and Wanneroo (9105)* 

 
 
 
 
 
 
 

         * when data was missing, replacement data from nearest other station was used. 
         + source: WRC S46 2003 Progress Report. Long-term average rainfall for Perth city (from year 1876) is 860 mm 

2.3.2 Pines 

The environmental water levels established in the endorsed proposals were set on the basis of the pine 
plantations being managed to specifications of the basal area of the pine trees not exceeding an average of 
11 m2/ha to achieve an average recharge similar to that expected under native vegetation. However, 
substantial areas of the pine plantation are still above 11 m2/ha. 

As identified in previous reviews, 21 000 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 commission has worked with the Forest Products Commission to look at accelerating pine plantation 
thinning in environmentally sensitive areas. Additionally, the commission understands, 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. Thinning has commenced in late 
July 2004. However, sites are outside the zone expected to influence water availability to either the 

 
 

Location 

Long-term 
Average 
Rainfall 

(mm) 

30 yr 
Average 
Rainfall 

(mm) 

Rainfall 
2000-01 

(mm) 
 

Rainfall 
2001-02 

(mm) 
 

Rainfall 
2002-03 

(mm) 
 

Rainfall 
2003-04 

(mm) 

Perth Airport 790+ 741 707 623 648 810 
Wanneroo 814 744 790 718 652 775 
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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 800 ha of pines adjacent to the caves would help restore levels in the medium term—six to 10 
years (Yu 2002; Vogwill 2004). 

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 have been carried out to see if there is an optimal thinning and harvesting regime that 
would meet wood and water requirements better than the current arrangements. Results indicate that 
thinning is likely to cause a problem with meeting volume (i.e. financial) targets for the lumber plant. 
Options continue to be discussed by the Gnangara Coordinating Committee who are overseeing this work. 
A collaborative research project (Healthy Country) has begun involving the commission with CSIRO and 
the Water Corporation and includes investigations of pine tree and native vegetation water use. 

2.3.3 Scheme abstraction 

Statements 438 and 496 set out anticipated abstraction for public water supply wellfields from the 
unconfined superficial aquifer of the Gnangara Mound of 42 GL per year. The table below summarises 
abstraction during the current review period and the previous year. 

Table 6—Licensed abstraction from the superficial aquifer (gigalitres)  
for scheme use in 2003–04 for areas relating to Gnangara Mound ministerial conditions 

 
 
 

Wellfield 

Abstraction planned in the 
endorsed proposals 

(GL/yr) 

Licensed 
allocation 

(GL) 

2002–03 actual 
abstraction 

(GL) 

2003–04 
actual 

abstraction 
(GL) 

Change 2002–
03 to 2003–04 

(GL) 

Mirrabooka 16.0  14.2 14.9* 13.5 -1.4 
Wanneroo 12.2 11.9 8.8 8.6 -0.2 

Pinjar 5.8 7.6 2.2 2.2 0 
Lexia 8.0 7.7 6.9 3.9 -3.0 

TOTAL 42.0 41.4 29.1 28.2 -4.6 
       * incorrectly reported as 11.2GL in previous reporting period. 

Abstraction for public water supplies (Figure 1) from the superficial aquifer during the period was less 
than anticipated in the endorsed proposals (i.e. areas relating to ministerial Conditions). The commission 
has required the Water Corporation to shut down or significantly reduce abstraction from over forty bores 
since 2001 in more environmentally sensitive areas to reduce impacts. This is about 20% of installed 
capacity and resulted in the need to develop other water sources. Abstraction from scheme bores in the 
superficial aquifer of the Gnangara Mound was 4.6 GL less than for the previous reporting period. 

In response to drought conditions, approval was granted to the Water Corporation by the commission to 
increase abstraction from the confined aquifers significantly during the last three years to assist in 
meeting Perth’s public water supply needs. While abstraction from production bores in the superficial 
aquifer was reduced due to environmental impacts, increased abstraction from the confined aquifers was 
perceived to have only limited potential impact on groundwater dependent ecosystems. The extent of 
impacts of pumping from these aquifers on shallow water levels and hence the environment is one of the 
subjects in the recently commenced ‘Healthy Country’ CSIRO research program and a better 
understanding should be forthcoming in several years time. 
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2.3.4 Private abstraction 

The endorsed proposals (i.e. areas relating to ministerial conditions) set out private groundwater 
allocation quotas of 60.6 GL per year from the mound. The table below summarises allocations for the 
review period. Private groundwater allocations (Table 7) were the lowest on record and more than seven 
gigalitres below the total endorsed proposal limits. 

There has been little growth in private allocation during the past decade. In fact, in the Wanneroo 
groundwater area, there was a reduction of 1.3 GL for the review period. Much of this reduction in 
allocation is attributed to water recovered by the commission from licenses cancelled upon urbanisation 
of irrigated land. The allocation limit for a number of groundwater sub-areas were reached in the late 
1980s and licenses in the southern portion of the groundwater area ceased to be issued, despite up to two-
thirds of rural-zoned land in some areas of Wanneroo not having a water allocation.  

Table 7—Licensed allocation from the superficial aquifer (gigalitres)  
for private use in 2003–04 for areas relating to Gnangara Mound ministerial conditions 

 
Groundwater 

area 
Allocation limit 

planned in the endorsed 
proposals 
(GL/yr) 

2002–03 allocation 
(GL) 

 

2003–04 allocation 
(GL) 

Change 2002–03 to 
2003–04 

(GL) 

Mirrabooka 9.9 5.9 5.8 -0.1 
Wanneroo 36.0 35.0 33.7 -1.3 

Swan 14.7 12.9 13.0 0.1 
Yanchep N/A 0.7 0.7 0.0 
TOTAL 60.6 54.5 53.2 -1.3 

Additional commission staff were employed in the current reporting period to enhance water resource 
licensing services in the regions. This has contributed to progress with a number of existing programs and 
been involved in the introduction of a number of new initiatives (Section 4, Appendix 3) for improved 
management of private groundwater abstraction on the Gnangara Mound. These have included: 

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. 

More frequent on-farm inspections and an audit of licensed use was conducted in stressed subareas (e.g. 
Carabooda) of the Wanneroo groundwater area. 

Greater scrutiny of new groundwater licence applications in proximity to environmentally sensitive areas. 
In some cases a 200 m buffer restricting development is applied around sensitive areas, and applicants 
within the area may be required to supply additional information in the form of hydrogeological reports 
and nutrient improvement management plans. 

The commission has implemented a program with the Department of Agriculture, called ‘Water Wise on 
the Farm’, involving irrigators to promote greater efficiency of water use for horticulture in 
environmentally sensitive parts of the Wanneroo groundwater area. 

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. 

Commencement of a measurement of use (i.e. metering) program in sensitive areas of the Wanneroo 
groundwater area. Benefits will include enhanced management of the groundwater resources by the 
commission at a regional scale, from knowledge of actual groundwater use, as well as improved on-farm 
water resource management by the irrigator. 
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Preliminary review of potential for utilising treated wastewater to recharge groundwater aquifers in the 
Wanneroo area. 

Development of a (draft) water allocation policy that limits groundwater abstraction near the 
environmentally sensitive areas. 

To minimise additional impacts on groundwater dependent ecosystems as a result of groundwater 
abstraction, the commission developed the following policy position: 

The Water and Rivers Commission will not approve applications to take additional water 
from the Gnangara Mound, including those for the grant, variation or transfer of a licence, 
that may add to the decline in environmental water level criteria that have been, or are at risk 
of being breached. 

The commission adopted this position in June 2004. A policy is being developed to deal with the issue. In 
the interim, the community will be informed of the policy position.  

The commission is also developing a map to guide allocation decisions, which details high risk areas to 
the environment. This map will guide the commission in deciding whether to allow more abstraction in 
certain areas. Generally the commission will not allow additional groundwater to be taken from the high 
risk areas and will encourage trades that move allocations from the high risk areas to lower risk areas. 

2.3.5 Urban land use 

The actual urbanisation in the Wanneroo area has been slower than expected. This has meant anticipated 
increases in groundwater recharge levels have been lower than expected. However, the Department for 
Planning and Infrastructure has released for public comment the Draft 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 was involved with the development of the 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 Predicted non-compliance 

2.4.1 Summer 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 
were probably the result of increased rainfall over winter. Under the same abstraction and climate 
scenario as experienced for the previous summer of 2002–03, the extent of groundwater declines over the 
2003–04 summer period would be expected to be less (as has generally occurred). That is, the number of 
criterion that may not be complied with, and the extent to which they may not be met, were predicted not 
to increase beyond those experienced in 2002–03.  

Eleven out of the 12 non-compliances predicted under ‘normal’ summer conditions eventuated; under the 
‘severe’ conditions prediction, four statutory and two non-statutory (from a total of ten predictions) 
eventuated. Only two of the eight predicted for a severe summer were non-compliant, which may be a 
reflection of the greater than average rainfall for the period. 
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2.4.2 Summer 2004–05 

Table 8 reports predicted non-compliances under varying summer rainfall scenarios. 

Predictions indicate that with an average summer, 17 non-compliances can be expected. Seven of these 17 
may be compliant if a cooler/wetter summer is experienced. If the summer is long and dry, it is predicted 
that a further three criteria levels may be non-compliant making a total of 20 potential non-compliances. 

Although the table below predicts five more non-compliances for an average year than predicted in the 
previous year, as the grouping of the predicted non-compliances into wetter/average/drier summer is 
somewhat subjective, it is more meaningful to consider the maximum possible non-compliances. This 
indicates that the maximum total of 20 predicted non-compliances in 2004–05 is the same number that 
was predicted for 2004–5—i.e. a similar situation predicted for this summer as the previous. 

With groundwater levels being generally higher in spring 2004 than for the previous year, there may be 
fewer non-compliances over the 2004–05 summer period provided there are similar summer climatic 
characteristics (i.e. rainfall, temperature).  
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3 Groundwater system performance 
and ecosystem health 

The 2004 macroinvertebrate report by Clark and Horwitz (Appendix 3-3), listed six wetlands as being of 
extreme concern in regard to impacts from declining water levels: Lake Wilgarup, Coogee Springs, Lexia 
86, Lexia 186a/b, Lake Marginiup, and Melaleuca Park wetland.  

3.1 Water levels 

A 2004 wetland status report by Clarke and Horwitz (also in Appendix 3-3), indicated that the level of 
concern for water levels, relative to criteria wetland values, was of extreme concern for Coogee Springs, 
Lake Jandabup, Lake Mariginiup, Lake Nowergup, Melaleuca Park 173, and Lexia 86 & 186a/b. In 
addition, there were extreme concerns for non-statutory features including Pipidinny Swamp, Lake 
Wilgarup, and Yanchep caves. 

Table 8—Predicted non-compliance with environmental water provision criteria 
 

 Site Prediction 
2004/05 
(mAHD) 

Predicted 
depth below 
criterion (m) 

Comment 

1 Loch McNess 6.92 -0.03*  
2 Lake Yonderup 5.89 -0.01*  
3 Lake Nowergup 16.06 -0.30^ Artificially maintained 
4 Coogee Springs <10.80 ?^ No artificial maintenance 
5 Lake Jandabup  44.17 -0.13# Artificially maintained (Water Corporation) 
6 Lake Joondalup 16.05 -0.78^  
7 Lake Mariginiup 41.5 0.00*  
8 Egerton seep 39.4 +0.11#  
9 Lexia 94 45.7 +0.11#  

10 Lexia 186 47.05 -0.15^  
11 MM16  38.85 +0.05^  
12 MM53  33.25 -0.05*  
13 MM55B  29.49 -0.01*  
14 MM59B 35.94 -0.36^  
15 PM6 52.14 -0.35^  
16 PM7 60.26 -0.24^  
17 PM9  56.29 -0.01* New non-compliance 
18 JB5 44.41 -0.39^  
19 WM1 55.22 -0.48^  
20 WM6 58.29 0.01*  

 Wilgarup Lake 4.41 -0.39 Non statutory 
 Pipidinny Swamp  1.50 -0.10 Non statutory 

* may be compliant if have mild summer = 7 
^ likely to be non-compliant with average summer = 10 

# may be non-compliant if have severe summer = 3 

Long-term monitoring of terrestrial vegetation on the mound (since the 1960s) has shown a gradual shift 
towards xerophytic species, which adapt to 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 



 Environmental management of groundwater abstraction from the Gnangara Groundwater Mound, 2003–04   

Department of Environment 23 

(Mattiske Consulting Pty Ltd 2002). As groundwater levels continue to fall, the potential for this type of 
event to occur again is increasing. However, in 2003–04, lake water levels and water levels in monitoring 
bores were generally higher than for the previous year (Tables 2–4). Higher total rainfall during the 
current reporting period may be a contributing factor to higher water levels. 

For a description of water levels concerning wetlands artificially maintained is discussed in section 4.1 of 
this report. 

In the reporting period, Egerton seep complied with the criteria water level. It was non-compliant for the 
first time in the previous reporting period. Prior monitoring showed that macroinvertebrate species 
richness and abundance were good and there had been no significant change in species richness since 
monitoring began. Monitoring for Egerton and Edgecombe springs was conducted by Edith Cowan 
University and the University of Western Australia (Horwitz & Knott, 2003). Egerton Spring is a 
permanent spring and shows no sign of degrading. Water quantity at this spring is a critical issue. 
Biological communities occur in a very thin layer and a rapid drop of the water table may be sufficient to 
cause local extinctions. Water levels recovered after reasonable winter rains in 2003 and spring 
macroinvertebrate sampling results seem to indicate that the low summer water level in 2003 did not have 
any detrimental ecological impact on these communities. 

Fauna diversity at Edgecombe Springs (a non-statutory criteria wetland) dropped from 11 species in 1999 
to only evidence that two species are persisting in 2004. Clearing near the spring may cause a major 
change and possibly destruction of the spring. 

Criteria were not met in six Gnangara vegetation monitoring bores; MM53, MM55B, MM59B, WM1, 
PM6 and JB5. This was one less than for the previous reporting period (included WM6). The extent of 
non-compliance in the current reporting period was also generally less than for the previous year. 
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. 

For many wetlands, decreased water levels has increased their susceptibility to fire and acidification. Of 
those wetlands with non-compliance, Lake Jandabup, 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. 

As a trial, the Department of Conservation and Land Management has pumped water from Loch McNess 
to supplement water levels in some Yanchep caves. 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. No specific water level criteria were set for these, however a 
management objective was set for 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 (refer Section 4.2).  

3.2 Wetland vegetation condition 

Some wetlands have experienced recent 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 of wetland vegetation at most sites.  
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Long term monitoring of terrestrial vegetation has shown a gradual shift towards xerophytic species, 
which adapt to 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 anticipated for in the endorsed 
proposals, the commission considers that overall impacts on water dependent environmental systems have 
generally not been significantly greater than anticipated, and that they have not been excessive in terms of 
the overall environmental values of these systems. 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. Wetlands 
requiring the highest management priority include: Lexia 86, Lexia 186a/b, Lakes Mariginiup and 
Wilgarup, and Melaleuca Park wetland. 

Edith Cowan University conducted vegetation condition assessments for the Gnangara Mound (Bertuch et 
al. 2004). While not conclusive, most wetlands have suffered declines in conditions of wetlands trees and 
shrubs. Lexia Wetlands 86 and 186 have vegetative indicators that suggest the wetlands are drying. A 
change in the artificial maintenance program at Lake Nowergup in 2003 prevented the severe decline in 
canopy health that was experienced in 2002, due to cessation of the maintenance program. The severe 
decline in canopy health experienced at Lake Wilgarup (a non-statutory criteria wetland) in 2002, 
continued in 2003–04.  

Weeds have increased at several wetlands, however remain unchanged or have declined in others, so no 
general trend can be reported. The impact of previous years fires continues to affect several wetlands 
including Lake Mariginiup, and there is risk of fire at some wetlands due to weeds. 

Additional vegetation monitoring occurred as rapid assessments of selected wetlands for the Jandakot and 
Gnangara mounds to document changes in vegetation condition over summer of 2003–04: Froend et al. 
(2004), Extra Vegetation Monitoring of Gnangara and Jandakot Mound Wetlands and Terrestrial 
Vegetation—Summer 2003–04 (Appendix 2). Changes over summer varied between wetlands. There are 
indicators of vegetative decline and tree deaths in some wetlands across the mounds and signs of seasonal 
drying. Other wetlands are reported to be in good condition or have exhibited no change in vegetative 
condition over summer. Fire risk and weeds continue to be an issue at several wetlands. 

3.3 Fauna monitoring and water quality 

Fire and drought induced acidification are of concern (Clark and Horwitz 2004) in about one-third of the 
wetlands monitored on the Gnangara Mound. Acidification (i.e. altered water quality) caused by declining 
water levels is of primary concern to macroinvertebrate populations in the wetlands.  

The following is a general summary of the fauna monitoring in 2003–04 (refer to Appendix 2 for details). 

3.3.1 Gnangara frog monitoring 

In 2003, frog monitoring surveys were carried out in autumn and spring for two wetlands – Lexia 86 and 
EPP 173 by Bamford Consulting Ecologists and Western Wildlife (Davis & Bamford 2004).  

To allow for a more intense focus, the number of wetlands sampled dropped from six to two in 2003. Due 
to the changes in sampling regimes, 2003 results cannot be compared to previous years. This year will 
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represent baseline data. There is evidence to suggest that there has been failed recruiting of the Moaning 
Frog in the Lexia wetland over successive years. The Quacking Frog was not captured or heard at the 
Lexia wetland and this is most likely due to a lack of suitable habitat.  

3.3.2 Gnangara macroinvertebrates 

Macroinvertebrate monitoring for the Gnangara Mound was conducted by Edith Cowan University: 
Clark, J.D and Horwitz, P., Annual report on the wetland macroinvertebrate monitoring program of the 
Gnangara Mound environmental monitoring project (GMEMP)—Spring 2003 to Summer 2004, report to 
the Water and Rivers Commission, Perth.  

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 mean macroinvertebrate family richness from the spring monitoring was the lowest average in eight 
years of monitoring. The mean family richness for the summer round of monitoring was also the lowest 
average recorded. Additional investigations are needed to confirm if water levels have played a role in 
mean family richness, as suspected. 

There are immediate concerns with all wetlands, however, six wetlands are of extreme concern with the 
impact of declining water levels in relation to eutrophication, acidification, susceptibility to fire, loss of 
vegetation, loss of fauna and introduced species. Of the highest concern are Coogee Springs, Lexia 86, 
Lexia 186a/b, Mariginiup, and Wilgarup.  

The impact of Typha at Loch McNess, water requirements of Galaxiella nigrostriata at Lake Melaleuca, 
and the vulnerability of Lake Wilgarup to fire, warrants management action. 
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4 Management actions 
4.1 Wetland supplementation 

Artificial maintenance (wetland supplementation) of water levels occurs in some wetlands and caves on 
the Gnangara Mound. The commission made a commitment to artificially maintain the levels in both 
Lake Nowergup and Coogee Springs. However, as reported in the last Gnangara triennial report (2000–
03), artificial maintenance at Coogee Springs has now ceased. The Water Corporation artificially 
maintains Lake Jandabup. 

Lake Nowergup is 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 
absolute minimum Spring Peak water level criteria was not achieved in Lake Nowergup. However, the 
proposed summer minimum was achieved. The Section 46 2003 progress report proposed a summer 
minimum of 15.9 m AHD (Australian height datum). The maintenance regime was changed due to the 
fact that the existing regime provided inadequate protection for the fringing vegetation, causing a 
significant collapse in autumn 2002. The proposed regime, which the commission managed in 2002–03 
and 2003–04 has succeeded in preventing further decline and has enabled some recovery of the affected 
vegetation. 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. 
Longer-term management of Lake Nowergup will be addressed as part of the section 46 process including 
proposing to formally change the EWPs for the lake.  

Artificial maintenance of water levels for Coogee Springs ceased in 2002 due to the loss of ecological 
value of the wetland and the change in water quality caused by supplementation. The condition of this 
wetland has also been severely compromised by land use activities and a recent fire in and around the 
wetland. The commission’s section 46 stage 1 report to be submitted to the EPA in late 2004 will request 
that the criteria be removed due to the loss of environmental values. 

Artificial maintenance at Lake Jandabup was maintained, with between 5–6ML/day inflow. The lake 
levels were higher at the start of summer than the previous year but the inflow could not keep up with the 
falling levels (Joe Miotti, Water Corporation, personal communication). Lake Jandabup did not meet 
criteria (non-compliance) from 24 February to 4 May 2004.  

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. Although suggested by Benier and 
Horwitz (2003), the commission did not initiate an artificial maintenance program for Lake Mariginiup in 
the summer of 2003–04 as ecological water requirements for the wetland are still under review. The lake 
is not being actively managed in terms of surrounding land uses, weed and fire control etc.; these factors 
will also need to be taken into account in determining the value of maintaining wetland water levels. 

4.2 Yanchep Caves 

4.2.1 Background 

The Yanchep Caves are drying out for longer and longer periods each summer. If current conditions 
continue many populations of the unique invertebrate Stygofauna dependent on the water in the cave 
streams and pools will be at extreme risk of extinction. 
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A trial during the review period using water from Loch McNess to artificially maintain water levels in 
several Yanchep caves was successful. To develop a more robust system and to limit water level declines 
in the Loch caused by the supplementation, bores are under construction downgradient of the Loch that 
will pump water to the cave systems in the near future. Private abstraction is likely to be influencing the 
southern two caves but decreased rainfall is thought to be the major contributor to lower levels in most 
caves.  

The trial over the summers of 2003 and 2004 had EPA support and consultation continued with the EPA 
as the trial progressed. The trial successfully demonstrated that supplementation was beneficial to the 
water levels in select caves. However, to limit impacts on water levels in Loch McNess, rather than 
abstracting water from this wetland to supplement the caves, groundwater will in future be abstracted 
from superficial aquifer production bores to the west (i.e. downgradient) of the lake. Modelling indicates 
groundwater flow back in direction of the abstraction bores will benefit water levels in Loch McNess. 

Over the last two years, the Department of Conservation and Land Management, Water Corporation and 
the Water and Rivers Commission (Department of Environment) have been cooperating to design and 
trial a new emergency re-watering system for the main caves containing Stygofauna. The aim of the 
system was to test the feasibility of re-hydrating the cave system by establishing and maintaining local 
water mounds at seven of the faunal caves. As the water level was raised and maintained above the floor 
of Crystal Cave at several discharge points, it was agreed between agencies that a semi-permanent 
maintenance system could be accomplished.   

4.2.2 Current status 

The Department of Conservation and Land Management, in collaboration with Water Corporation and 
WRC, are currently planning the infrastructure and technical requirements for a semi-permanent artificial 
maintenance system to augment seven of the northern Yanchep Park Caves. It is planned that 
groundwater will be pumped from two bores situated in the superficial aquifer west of the Yanchep Caves 
within the Yanchep National Park near the Yanchep Village. A local groundwater model (Modflow 
model) was developed by the commission for the Yanchep Park area to evaluate the amount of water 
required for each of the seven caves and to determine the effects of pumping groundwater. Model results 
estimated 3.4–3.6 GL would be required to maintain water level in the caves until 2014. The model 
considers all current information about the hydrogeology of the Yanchep area including private/public 
abstractions and nearby pine plantation areas and the climate driven regional groundwater decline (Yu 
2002; Vogwill 2004; Yesertener 2004). In the area of Loch McNess and the caves, the effects of artificial 
supplementation will be positive as the groundwater will flow back toward the supply bores. It has been 
estimated that there will be no adverse impact in the vicinity of the caves with some groundwater increase 
of approximately 0.5 m. 

It is planned that augmentation will commence around April 2005 once all piping is in place to all seven 
caves and bores are operating. The licensing procedure is in progress and a 26D licence has been granted 
by the local Swan region of the Water and Rivers Commission to drill and conduct pump tests, to test the 
reliability to deliver the required amount of water to the caves. A pilot bore has been constructed and a 
number of bore designs are being evaluated. Logistics including the pipe route, burial of piping, power 
supply, water quality and cultural issues as well as recharge location, and are currently being discussed 
and resolved. 
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4.3 Mitigation initiatives 

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 what it considers 
are appropriate criteria for the future to ensure reasonable maintenance of these values. This information 
will contribute to the section 46 stage 1 report the commission will be submitting its report to the EPA in 
late 2004, in accordance with section 46 of the Environmental Protection Act 1986 recommending 
changes it sees appropriate to the implementation conditions for the proposals. 

Ten major studies are either underway or planned by the Gnangara Coordinating Committee. This 
includes an integrated land and water planning approach being supported by the committee, as managing 
only one aspect by itself will not protect environmental values or optimise social and economic outcomes. 

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 (Table 9).  

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. 
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Table 9—Summary of 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  

Continue pursuit of the 
suite of private 

abstraction management 
initiatives proposed in the 
stage 1 report to the EPA 

(Water and Rivers 
Commission 2001). 

Continue wetland 
supplementation as 
proposed for lakes 

Jandabup and Nowergup. 
Adjust Lake Nowergup 
supplementation rate. 

Pursue improved 
management (thinning 

and clearing programs) of 
pines on the Gnangara 
Mound to maximise 

groundwater recharge in 
key risk areas. 

Accelerate the Water 
Corporation source 

development program to 
relieve demand on 

existing groundwater 
assets as soon as possible  

Implement approaches to 
achieve more efficient use 

of groundwater focused 
on the Wanneroo area 
(e.g. metering, Water 

Wise on the Farm 
program). 

Pursue Yanchep Caves 
strategy to artificially 

supplement water levels 
in caves. 

Pursue the potential for 
wastewater to be treated 

and used for aquifer 
storage and recovery in 

critical areas. 

Implement an agreed 
public water supply 

groundwater abstraction 
reduction strategy based 

on potential surface water 
storage scenarios over 

next three years. 

Installation of flowmeters 
(i.e. metering) on 

properties drawing more 
than 5 000 kilolitres/yr in 

high risk areas of the 
Wanneroo Groundwater 
Area over three years. 

Review groundwater and 
environmental monitoring 

systems and implement 
recommended 
improvements.  

Develop integrated 
approach to management 
to achieve environmental 

and water resources 
objectives on the 
Gnangara Mound. 

Pursue per capita public 
water use target of 

155 kL/yr. 

License compliance 
surveys in high risk areas 

of the Wanneroo 
Groundwater Area. 

Development of licensing 
policy to restrict 

additional abstraction 
(including trading) near 

environmentally sensitive 
areas. 

Development of the 
Gnangara Mound 

groundwater management 
plan. 

Continuance of the 
allocation strategy 

whereby groundwater 
scheme abstraction is 

reduced as surface water 
storages recover. 

Amended strategy 
endorsed (WRC Board 

Resolution 281/04- 
Bd30/07/04) stating 

Gnangara Mound least 
preferred supplementation 

source and preventing 
new or transferred 

abstraction from causing 
cumulative impact and 

preventing further 
reductions in water levels 
in areas of environmental 

stress.  

 Contribute to the 
Yanchep Caves 

emergency recovery 
strategy. 
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Glossary 

Abstraction Pumping groundwater from an aquifer. 

m AHD Australian height datum. Height in metres above mean sea level +0.026 m at Fremantle. 

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

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

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. 

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

Environmental 
water requirements 
(EWRs) 

Water level that will maintain current ecological values. 

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

Evapo-transpiration A collective term for evaporation transpiration and transpiration. 

Groundwater area An area proclaimed under the Rights in Water and Irrigation Act 1917. 

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

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

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. 

Recharge The downwards movement of water that is added to the groundwater system 
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Appendix 1 

Table 1(a) 

Compliance audit table—Gnangara 
Ministerial statement no. 438—environmental conditions Gnangara Mound groundwater resources 

 
NOTE:  Code in red represents potential non-compliance of ministerial Conditions 
 Text in blue represents those Conditions that have been Cleared (refer Appendix 7, Water & Rivers Commission 2000-03 Gnangara Mound 

Triennial Report and pg 21 of EPA audit compliance assessment (1 April 2004) of WRC 2000- 03 Triennial Report) 
 Text in green represents Conditions that the WRC seeks clearance.   
 

MINISTERIAL CONDITIONS for STATEMENT NO. 438 (APPLICABLE FROM 1997) 

 
Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
438: M-1 Fulfill the commitments 

published in EPA 
Bulletin 817 (Appendix 
3) as revised in 
November 1996 and 
attached to the 
Minister’s statement 
438. 
 

Of the total number of 29 environmental water level criteria 
published in Statement 438—22, 22, and 16 have been fulfilled 
in years 2000-01, 2001-02, and 2002-03 respectively. This has 
been achieved in an climate different to that which was 
considered when originally setting these criteria levels. Of major 
significance is that rainfall for the period 2000- 03 is 
significantly below long- term average rainfall. Climate is the 
dominant causal factor in non-compliance of water level criteria 
as public water supply abstraction from the shallow aquifer has 
declined by 6.5 Gigalitres from a high in 1993- 94 for the 
Wanneroo and Pinjar wellfields while private allocation has 
only increased by 0.5 Gigalitres in the Wanneroo Groundwater 
Area for the period 2000- 2003.  

Of the total number of 27 statutory environmental water level 
criteria published in Statement 438—14 have been fulfilled for 
the 2003-04 reporting period. This is one more compliance than 
for the 2002-03 period. This has been achieved in an climate 
different to that which was considered when originally setting 
these criteria levels. Climate is believed to be the dominant 
causal factor in non-compliance of water level criteria. Public 
water supply abstraction in the current reporting period from 
the shallow aquifer declined by 4.6 Gigalitres while private 
allocation declined by 1.3 Gigalitres in the Wanneroo 
Groundwater Area. 

Executive 
Summary—
Tables 2-4  
 
 
 
 

438: M-2 
        M2-1 
 

 
The implementation of 
the endorsed proposal 

 
As for 2000-01 and 2001-02. 

Not applicable at this time- no submission of material by 
proponent. 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
 
 
 

shall conform in 
substance to that set out 
in any designs, 
specifications, plans or 
other technical material 
submitted by the 
proponent to the EPA. 
 

   M2-2 Seek approval for 
modifications to the 
endorsed proposal. 

Yarragadee 15 GL— the EPA decided not to subject this project 
to the formal environmental impact assessment and the 
subsequent setting of formal conditions by the Minister for 
Environment and Heritage. Two appeals against this level of 
assessment were dismissed. 
 
West Mirrabooka Scheme – was not referred to the EPA 
because the Water Corporation met the EWR’s and the 
allocation for the Mirrabooka well field was not increased. 

 
 
Conditions cleared by the EPA Bulletin 1139 May 2004. 
 
 

 

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

The majority of water levels were compliant with EWP criteria 
levels during the reporting period. During 2000–01 there were 9 
non-compliances, 8 in 2001–02 and 16 in 2002–03. Water levels 
have continued to decline in the northern part of the mound 
around PM6, PM7, PM9 (Pinjar), WM1 and WM2 (Wanneroo). 
Criteria were also non-compliant at Lakes Gnangara, Jandabup, 
Joondalup, Mariginiup, Nowergup, Coogee Springs and 
Wilgarup.  
 
Loch McNess was non-compliant for the first time in 2002–03 
probably due to water being used in a trial to supplement the 
Yanchep Cave water levels and threatened stygofauna 
communities. This practice has now ceased. 
 
Non-compliances with criteria have become more widespread 
since 1998, correlating with six years of drought from 1997 to 
2002. 
 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report stated that the WRC needed to 
address reductions in groundwater allocations to meet EWPs in 
a drying climate.  
 
The WRC response to EPA Audit, is that where EWPs are 
already set by WRC , these have priority over abstractions. 
WRC is currently developing a Sub-regional groundwater 
management plan for the Gnangara Mound that will include 
EWPs for the mound. In areas where EWPs are not met, the 
Plan will specify procedures to be followed to achieve EWPs.  
WRC has already taken back unused allocations and given the 
water to the environment. 
 
It should also be noted that abstractions are not just approved 
on the basis of an allocation limit. Where key values are at risk, 
site-specific impact assessments are carried out to ensure 
acceptability of the abstraction. For example, near Lake 

Section 2, 
Tables 6,7 

                                                 
1 Tables 6 and 7 – Gnangara 2002 annual report 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
There was no significant change in the health or species 
composition of wetland vegetation at most sites, with the 
exception of the collapse of vegetation at Lakes Wilgarup and 
Nowergup following record low water levels in autumn 2002. In 
response the commission continued the artificial maintenance 
program into the autumn period, rather than switching it off at 
the end of spring. 
 
For further details see tables B and C1  
 
 

Mariginiup, trades into certain localised areas can only occur if 
the taking of water from that area is environmentally 
acceptable. This is regardless of the fact that the allocation limit 
will not be exceeded. 
 
It is also important to measure actual use to see whether it is 
use or allocations that need to be reduced first. Hence the 
recent introduction of a metering program in high-risk areas of 
the Wanneroo groundwater area (refer Table 9).  

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

The Commission ensures the protection of groundwater-
dependent ecosystems through compliance with EWPs, which is 
audited through this reporting mechanism While there have 
been some local impacts on groundwater dependent ecosystems 
(e.g. weed invasion), partly attributable to groundwater 
abstraction, the integrity of the ecosystem as a whole has not 
been compromised (see below ). 
 
Some of the Yanchep cave fauna are on the CALM’s critically 
endangered list and are in need of protection. Declining water 
levels in caves primarily due to reduced recharge and possibly 
pines. Previous supplementation of water levels did not permit 
sufficient aeration of water leading to significant loss of fauna 
so higher levels of flow recommended. (Knott and Story, 
2002)2. The report suggests that, under favourable conditions, 
the invertebrate community may re-colonise.  
 
A 20-day trial in December 2002 was successful in raising water 
levels to 15cm below the cave floor. In July 2003, construction 
for a larger trial commenced to provide greater confidence that a 
the full-scale recharge scheme would be successful. 
 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report stated that the WRC needed to 
demonstrate the integrity of all groundwater dependent 
ecosystems (GDE).  
 
The WRC response to EPA Audit, is that this conditions 
presents problems for both parties as it is not possible for either 
party to determine unambiguously whether non-compliance has 
occurred. The EPA audit compliance assessment (1 April 2004) 
comments state that moderate, significant or severe declines in 
mean vegetation health constitute a probable non-compliance. 
The condition is unclear in that integrity is not defined nor is its 
scope or the GDEs likely to be impacted by abstraction.  
WRC has demonstrated that negative impacts on GDEs have 
occurred and, in some cases, this is primarily due to factors 
other than groundwater abstraction. These factors are a 
significant reason for initiating the s. 46 review and reviewing 
environmental values. Results will be included in the Stage 1 
and 2 reports and, where feasible, these reports will propose 
more auditable and relevant conditions. 

 
Appendix 2 

                                                 
2 Knott, B and Storey A W 2002, Environmental Monitoring and Investigations – Gnangara Mound: Yanchep Cave Stream Invertebrate Monitoring. Department of Zoology, University 

of Western Australia. Report to the Water and Rivers Commission. 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
The MoU on pine management with CALM (now Forest 
Products Commission) outlines the framework for thinning of 
pines to limit declines in water levels. 
 
A frog monitoring programme was carried out in 6 wetlands in 
the East Lexia area in 2001. Frogs are a sensitive indicator of 
wetland health and have considerable conservation status in 
their own right. Overall, the range of species recorded presented 
an acceptable representation of frogs typically found in the 
lower Swan Valley area (Aplin et al 2001). 
 

438: M5-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The basis of decisions 
regarding the 
management of the 
water resources of the 
Gnangara Mound and 
maintenance of 
ecological systems shall 
be based on the concept 
of sustainable yield of 
resources in accordance 
with the objectives of 
the State Water 
Conservation Strategy. 
 
 

Public Supply- 
 
The WRC reaches an agreement with the Water Corporation in 
November each year on the amount of groundwater that can be 
taken from the Gnangara mound that year without breaching the 
EWPs. The agreement specifies the amount that can be taken 
from each well. 
 
Private Supply- 
 
There is no State Water Conservation Strategy (SWCS). A draft 
was released for public comment in July 2002 but was not 
released in final form. However, key components of the SWCS 
were included in the State Water Strategy released in February 
2003, a decision made at senior government level The Water 
and Rivers Commission manages water resources on the 
Gnangara Mound by the sustainable yield concept which 
recognises maintenance of ecological systems. Each year the 
condition of the shallow aquifer is assessed in regards to the 
extent of winter recharge and production quotas for public 
wellfield abstraction adjusted accordingly. During the reporting 
period 2000-03, groundwater allocation for wellfield abstraction 
has declined (Table 5) reflecting reduced recharge from below 
average rainfall.  
 
 During the reporting period 2000-03, groundwater allocation 

EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report regards the State Water Strategy as 
the successor of the incomplete Draft Water Conservation 
Strategy. 
 
The WRC manages water resources on the Gnangara Mound by 
the sustainable yield concept which recognises maintenance of 
ecological systems. Each year the condition of the shallow 
aquifer is assessed in regards to the extent of winter recharge 
and production quotas for public wellfield abstraction adjusted 
accordingly. During the reporting period 2003-04, groundwater 
allocation for wellfield abstraction has declined (Table 6) 
reflecting reduced recharge from below average rainfall. 
Groundwater allocation for private use has not increased in 
most subareas and has decreased in others. 
 
The WRC has instigated a number of programs to improve 
management of private abstraction where there is potential to 
impact detrimentally on the maintenance of ecological systems. 
These are  
• metering 
• waterwise on the farm 
• policy 
• licensing. 

 Section 
2.3.4, 
Appendix 3.  
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
for private abstraction has increased only marginally (Table 6) 
in environmentally sensitive areas (eg Wanneroo Groundwater 
Area) as the area has or is close to reaching the sustainable 
subarea allocation limit. 

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

Following submission of the Gnangara Mound Triennial 1997-
00 report, the Water and Rivers Commission requested a review 
of the existing ministerial conditions for the Gnangara Mound. 
In September 2001, the EPA endorsed a two-stage approach to a 
review of ministerial conditions from the Minister for 
Environments request to the EPA to “inquire into and advise on 
changes to the existing Ministerial conditions” under Section 46 
of the Environmental Protection Act 1986. 
 
The process being taken by the Section 46 review is 
documented in the Section 46 Review of Environmental 
Conditions on Management of the Gnangara and Jandakot 
Mounds, Progress report 2003. 

EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report stated item as non-compliant. 
However, WRC has argued (WRC response to EPA Audit, 
Attachment 8) that management decisions are reviewed 
regularly as part of process of annual review of public water 
supply production quotas for the summer period. This includes 
an analysis of impact of public extraction on groundwater 
levels and associated ecosystems. In addition, an adaptive 
management response is taken with the condition of GDE’s 
being regularly assessed and the frequency of monitoring 
increased if levels are close to or below criteria levels. 

 

438: M6-1 
 
 
 
 
 
 
 
 
 

Continue the current 
approach of widely 
publishing the limits on 
groundwater 
availability for the 
Gnangara Mound. 
 
 
 
 

The current approach as detailed in summary for years 2000-02 
is on- going. In addition, community representatives on the 
Wanneroo Groundwater Advisory Committee are updated on 
groundwater availability figures at committee meetings. This 
information is also available on request to any person. 
 
 

EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report stated that the WRC was not 
achieving the intent of the condition in reporting data at 
committee meetings. However, WRC argues that (WRC 
response to EPA Audit, Attachment 8) : 
All current and potential licensed users of groundwater are well 
aware of the constraints on supply as the publication of limits 
has targeted these groups. The performance of the mound is the 
subject of regular press releases across the State. Consultative 
groups receive regular briefings (Gnangara Groundwater 
Advisory Group, Wanneroo Groundwater Advisory 
Committee, Gnangara Advisory Group , Gnangara Community 
Consultative Committee, Gnangara Coordinating Committee, 
Conservation Council of WA , the Water Taskforce and the 
Premier’s Water Cabinet Sub-Committee . WRC is also 
conducting an extensive publicity campaign as part of its 
private use metering program that will include regular feedback 
on metering results in the context of the health of the mound to 
water users and the community.  
Changing community attitudes requires more than publishing 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
this information. For this to occur the context and consequence 
of water abstraction needs to be understood by the community. 
WRC considers the most significant factors influencing 
community attitudes are the sprinkler restrictions of public 
scheme users (that personally affect 1.6 million people) and 
local government and the release of the State Water Strategy in 
February 2003. WRC will continues with its current 
publication/consultation activities and directs its main efforts to 
implementation of and education about the State Water 
Strategy, private use metering and the WaterWise on the Farm 
program. 

438: M6-2 Update the figures 
published according to 
the requirements of 6-1 
 

Groundwater availability figures are updated as necessary, e.g. 
tabled at the Wanneroo Groundwater Area Advisory Committee 
meetings.  
 
Agendas available on request. 

Refer to criteria M6-1.  

438: M7-1 Actively encourage 
further reduction in 
public water demand 
through its Water 
conservation strategy.  

A state water conservation strategy does not exist. A draft 
strategy was released for public comment in July 2002 but was 
not released in final form. Components of the Conservation 
Strategy were included in the State water strategy released in 
February 2003. A decision was made at senior government level 
that the conservation strategy would not be released because of 
the possible confusion with the State water strategy. 
 
The State water strategy contains many actions relating to 
reducing public water demand that are principally the 
responsibility of the Water Corporation. The strategy contains 
84 governmental tasks of which the DoE is lead agency for 29 
tasks and has a key supporting role for a further 26 tasks. A 
number of these tasks support the reduction in public water 
demand (Appendix 1 Attachment 438-M7-1 Tasks 4.1.3, 4.3.5, 
4.10.1, 4.1.2, 4.3.6, 4.3.7, 5.1.3, and 6.3.1). Agencies report on 
progress in implementing these recommendations monthly to a 
Water Taskforce, which ultimately reports to the Premier. 
 
 
 

EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report stated that the State water strategy 
could be reasonably seen as the successor of the incomplete 
Draft water conservation strategy. 
 
Dependent on the available resources, the WRC has actively 
pursued many of the 29 tasks that it is the lead agency for. 
Progress on some of these tasks are reported in the One year 
progress report of the state water strategy (April 2004) 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
As an example, stage 4 restrictions imposed on all customers of 
the Integrated Water Supply Scheme (supplied by Gnangara 
Mound groundwater) by the Water Corporation saved 51GL of 
water. 

438: M8-1 Refer proposals to 
allocate water for 
subsequent public 
supply schemes on the 
Gnangara Mound to the 
EPA (eg, Yeal, 
Barragoon, Muchea 
Schemes). 
 
 
 

Yarragadee 15 GL— this proposal was referred to the EPA who 
decided not to subject this project to the formal environmental 
impact assessment and the subsequent setting of formal 
conditions by the Minister for Environment and Heritage. Two 
appeals against this level of assessment were dismissed. 
 
The West Mirrabooka Scheme was not referred to the EPA 
because the Water Corporation met the EWRs and the allocation 
from the Mirrabooka well field was not increased. This is in 
accordance with the WRC’s Statewide Policy No.5. 
Environmental water provisions policy for Western Australia, 
2000. 

Not applicable at this time.  

438: M9-1 
(also refer 
to 438:P9) 

Undertake the 
following areas of 
specific research and 
monitoring: 1) Clarify 
the relationship 
between groundwater 
level and wetland water 
quality, 2) improve the 
understanding of the 
conservation value of 
wetlands on the 
Gnangara Mound, 
especially for those for 
which information on 
their value is limited. 

The WRC monitors Gnangara Mound wetland vegetation, 
macroinvertebrates, water quality and frogs annually and 
measures water levels monthly at wetlands at which EWPs have 
been set (see also P22 to P39). WRC commissioned a study by 
Rockwater on ‘Groundwater and wetland water level 
relationships’ in March 2003. A final draft has been submitted 
to the WRC for review and comment. The scope of this study 
was: 
Task 1: review the relevant groundwater and wetland 
monitoring data from within the subject areas and identify and 
describe relationships as specifically as possible, where they 
exist, and note where relationships appear anomalous. 
Task 2. Identify anomalous relationships Where relationships 
appear anomalous, propose reasons for the anomalies and 
identify those wetlands where their water levels have a very 
poor or no relationship with nearby groundwater levels. 
Task 3. Identification of alternative monitoring locations 
Where the selected groundwater monitoring well (criteria well) 
has an anomalous relationship with the wetland surface water 
levels, where possible, identify an alternative monitoring point 
with a good relationship with the wetland and describe that 

Reports(available upon request) have been recently completed 
for (1) ‘Groundwater and wetland water level relationships’ 
(Rockwater 2004) and (2) ‘Study of Ecological Water 
Requirements on the Gnangara and Jandakot Mounds—Task 1: 
Identification and re-evaluation of ecological values’ (Edith 
Cowan University, September 2004). 
 
……………………… 
 
The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report stated that this condition could be 
cleared once the studies are complete. This work has been 
completed and a report needs to be submitted to the EPA 
summarising the work and requesting clearance of the 
condition. 

Appendix 2. 
  
Rockwater 
(2003),  
 
Froend et al. 
(2004) 
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WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
relationship. 
Task 4. Proposal for investigations Make recommendations 
for work required to be carried out to confirm the outcomes of 
Task 2, including cost estimates and proposed prioritisation of 
work. 
Task 5. Future criteria setting Based on learnings from the 
study, provide documented advice on the matters to be 
considered when setting and monitoring future wetland water 
level criteria from the viewpoint of monitoring efficacy. 
 
The WRC also commissioned a study in March 2003 to review 
the ecological water requirements of Gnangara and Jandakot 
Mound wetlands. This study is being conducted by Dr Ray 
Froend at Edith Cowan University, and the part of the scope 
relevant to condition M 9-1 is: 
Identification and re-evaluation of ecological values 
Task 1a 
This task involves: 
Desktop review of ecological values identified in the 1995 
Section 46 Review (Gnangara), 1997 East Gnangara 
Environmental Water Provisions Plan, and 1991 Public 
Environmental Review and 1992 Environmental Management 
Programme (Jandakot); 
Restatement of the 1995, 1997 and 1991/92 values where 
applicable and reassessment and redefinition of these values 
where they have changed; 
Identification of the ecological values of GDEs in the wider 
study area that were not considered in 1995, 1997 and 1991/92 
but are now appropriate to define (desktop identification and 
field truthing). 
Task 1b 
This task involves consideration of how values may change 
under a dry climate scenario or other land use changes: 
Utilising predictions based on probable continuation of current 
water level trends, as well as likely climate scenarios provided 
by the WRC, propose how the values as defined in task 1a may 
alter under a declining water level scenario; 
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Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
Identification of the significance of altered values and areas 
where there is a high level of degradation risk. Consideration 
should be given to interim management approaches to manage 
this risk until the progression of the hierarchical management 
framework proposed in Task 4; 
Where appropriate (for example in areas proposed for urban 
development under the MRS, or where other land use changes 
are likely to cause increases in water levels over the longer 
term) define how the values identified in 1a may alter under a 
rising water level scenario; 
Task 1c 
Propose management objectives for the values identified in 
tasks 1a and 1b. Proposed objectives should also utilise 
information on biological and ecological parameters collected in 
Task 3. 
A progress report has been received by the WRC on the results 
of Task 1. This can be made available on request. 

438: M10-
1 

Submit a brief annual 
report and more 
detailed triennial 
reports on the 
environmental 
monitoring and 
management of the 
Gnangara Mound.  

Annual report for 2000-01 was submitted on the 28th of 
November 2001  
Annual report for 2001-02 was submitted on the 3rd December 
2002  
Triennial report for 2000-03 has been submitted on 15 March 
2003 (i.e. this report) following approval of date for extension  
 

Compliance as per submission of this report.  

438: M11-
1 

Seek approval for 
transfer of ownership, 
control or management 
of this project.  

Not applicable at this time. Not applicable at this time.  

438: M12-
1 

Submit reports detailing 
performance and 
compliance with the 
conditions set in the 
ministerial statement 
and attachments. 

8/10/99 No longer relevant—duplicated by M10.1  
(comment from DEP Environmental Audit Branch audit table)  
 

 
Conditions cleared by the EPA Bulletin 1139 May 2004. 
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B. PROPONENT COMMITMENTS for STATEMENT NO. 438 
 

Code 
 

Description 
 

Compliance assessment (2000–03)  
WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
438: P1 Request the Water 

Corporation to establish 
further monitoring 
bores for monthly 
monitoring and more 
frequently if required 
within a 200 m radius 
of production bores 
located in phreatophytic 
vegetation.  

28/10/97 Condition cleared by DEP Environmental Audit 
Branch. Refer Appendix 7. 

28/10/97 Condition cleared by DEP Environmental Audit Branch.   

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

28/10/97 Condition cleared by DEP Environmental Audit 
Branch. Refer Appendix 7. 

28/10/97 Condition cleared by DEP Environmental Audit Branch.  

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

The Commission sponsors surveys of wetland vegetation on the 
Gnangara Mound on a yearly basis, and terrestrial vegetation on 
a triennial basis. These surveys are conducted by independent 
consultants, and analyse the mix of species present in transects 
across the mound. The results of monitoring are compared with 
results of previous rounds to give an indication of trends. 
The results of these are presented and discussed in previous 
annual reports and the 2003 Section 46 Progress report. 
 
The key findings are: 
• Insignificant decline in mean vegetation health at Loch 

McNess, Coogee Springs, Egerton Spring, MM53, 
MM55B, MM59B, JB5, PM6, WM1 and WM6. 

• Moderate decline at Lake Joondalup, Lake Yonderup, 
Lexia 94, Lake Jandebup. 

• Significant decline at Lake Mariginiup and Lexia 186. 
• Severe decline at Lake Nowergup.  

EPA audit compliance assessment (1 April 2004) of WRC 2000- 03 
Triennial Report states this commitment as non-compliant. It also 
requested the WRC to further demonstrate present form of 
vegetation monitoring is adequate. The WRC response to EPA 
Audit, is that present wetland vegetation monitoring involves 
annual sampling of permanent transects and includes assessments 
of tree health, species cover and abundance, and calculations of 
weediness and regeneration indices. The results of each round of 
monitoring are compared with the results of previous years, 
revealing trends in vegetation composition, condition and health. 
To date, although there is a reasonable understanding of which 
species are more sensitive to water level changes, specific indicator 
species have not been selected and similarity indices are not 
calculated. While that approach has some merit, there is also a 
danger in such a ‘reductionist approach’ to monitoring, where one 
or two species and their relationship to a number or index is 
focused on rather than general system trends. The biological 

Appendix 2 
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Code 
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Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
The key areas of concern relate to lakes Nowergup and 
Wilgarup and the Yanchep Caves. 
 
Note: Lake Wilgarup and the Yanchep Caves are not subject to 
water level criteria conditions. 
 
Froend et al. (1999) have compiled a detailed report on the 
interaction between groundwater levels and vegetation 
condition. This report identified a range of potential indicator 
species such as Banksia littoralis, B. ilicifolia, Melaleuca 
raphiophylla, Astartea fascicularis and Pericalymma ellipticum. 
An ‘acceptable’ rate of change in vegetation composition has 
not been established, however this commitment will be 
reviewed under the Section 46 review currently under way. 

monitoring programme is currently being reviewed by Edith 
Cowan University, and recommendations of this review will be 
available by September 2004. A change in the approach to 
monitoring, incorporating detailed species lists and measurements 
of composition and abundance will require a considerable increase 
in current funding. 

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

24/10/00 Condition cleared by DEP Environmental Audit 
Branch. 

Despite clearance, EPA audit compliance assessment (1 April 
2004) of WRC 2000- 03 Triennial Report recommended 
consideration of review of environmental operations plan in light of 
changes with new projects and a lack of success of past practices in 
avoiding non-compliance with water level minima. 
 
 Recommendation under consideration by the commission. 

 

438: P5 Prepare a water 
resources allocation and 
management plan for 
the Yeal area to identify 
groundwater allocations 
(before Yeal scheme 
developed).  

There are no immediate plans to develop the Yeal Scheme. 
However, groundwater allocation limits for this area will be 
covered in the Sub-regional Groundwater Management Plan for 
the Gnangara Mound (Perth to Gingin) currently in preparation 
by the Water Allocation Branch of the commission. 

Not applicable at this time.  
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Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
438: P6  Prepare a water 

resource allocation and 
management plan for 
the Lexia area (East 
Gnangara area) to 
identify groundwater 
allocations prior to the 
development of the 
Lexia Scheme To 
include detailed 
groundwater modelling 
to optimise 
groundwater 
availability while 
minimising 
environmental impacts. 
 

28/02/00 Condition completed as now assessed under Statement 
496 (comment from DEP Evaluation Audit Branch audit table). 
Refer appendix 7, 438:P6. 

28/02/00 Condition completed as now assessed under Statement 
496 (comment from DEP Evaluation Audit Branch audit table) 

 

438: P7  Develop a 
Memorandum of 
Understanding on pine 
management regimes 
with CALM 

18/01/00 Condition cleared by DEP Environmental Audit 
Branch (incorrectly identified as condition 438: N4) 

Despite clearance, EPA audit compliance assessment (1 April 
2004) of WRC 2000- 03 Triennial Report noted that although 
MOU had been developed, it was not being implemented. The EPA 
April 2004 audit recommended “that the proponent seek legal 
advice on this matter,” and that the EPA recommend that the 
Minister write to the Minister for Agriculture, Forests and Fisheries 
advising of Forest Products Commission’s failure to comply with 
obligations under the EPP 1992 clause 9(d). 
 
Although ministerial involvement has not yet occurred as 
recommended above, high level discussions continue between 
agencies to improve management objectives. 
 

Section 
2.3.2 

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

18/10/99 No longer relevant as covered by 438: M3.1 (DEP 
Environmental Audit Branch audit table comment). Refer 
appendix 7 438:P8. 

18/10/99 No longer relevant as covered by 438: M3.1 (DEP 
Environmental Audit Branch audit table comment). 
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WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
438: P9 Facilitate and undertake 

strategic research to 
minimise the impacts of 
groundwater abstraction  

Of the studies outlined in the adjacent columns (2000 to 2002), 
the Masters study on Lake Jandabup has continued into a PhD 
study and has been expanded to cover other lakes on the 
Gnangara Mound. Joint studies have been conducted by the 
WRC, CALM and the Water Corporation in 2002 and 2003 to 
develop a proposal for a permanent artificial maintenance 
scheme for the Yanchep Caves. A funding proposal now rests 
with Treasury for the infrastructure and running costs of the 
pumps. The 3 year vegetation mapping project being conducted 
by Mattiske Consulting has now been completed and a report is 
available (see P-14). The statistical analysis of hydrographs has 
been completed (C. Yesertener) and a report is available.  
 
The WRC initiated four key studies in early 2003 to further the 
research into the impacts of groundwater abstraction on GDEs. 
They were: 
Groundwater-wetland water level relationships review 
(Rockwater). Scope as outlined in M9-1. Final draft received for 
review and comment 
Groundwater monitoring network review (Aquaterra). The 
scope included a review of the current groundwater level 
monitoring network and recommendations for a preferred 
network that would provide information to the WRC on the 
effects of groundwater abstractions, climate, land use and 
management measures, on the groundwater resource. A final 
draft has been received for Commission review and comment 
Wetland sedimentology study (Syrinx Environmental). The 
study was a scoping study to examine the potential for wetland 
sedimentologic studies to provide information on past water 
level regimes and corresponding ecological condition.. The 
study has been completed and a final report has been produced.  
Ecological water requirements review (Edith Cowan 
University). Task 1 of the scope is outlined in M9-1. Subsequent 
tasks are to propose revised ecological water requirements for 
the identified GDEs, to identify parameters that can be used to 
reflect the ecological values, environmental condition and health 
of the GDEs and that have a defined relationship with water 

EPA audit compliance assessment (1 April 2004) of WRC 2000- 03 
Triennial Report recommended that studies should more directly 
address the environment as currently they appear to be mainly 
focused on understanding the impacts of groundwater abstraction 
rather than minimising those impacts. WRC research was assessed 
as only partly complying with this commitment. 
 
The WRC response to EPA Audit, is that: 
Studies have been initiated. An extensive research program has 
been developed with CSIRO and the Water Corporation as full 
partners in an MOU and with CALM, FPC, DPI, Agriculture 
Department and DPC as associate members. This program is 
spending in excess of $2m per annum gaining greater 
understanding of the relative impact of climate, abstraction, pines 
and land uses on groundwater levels across the mound. This will 
allow the impact of groundwater abstractions to be determined so 
that decisions can be made on the best way to minimise these 
impacts.  

Section 4, 
Appendix 3 
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Code 
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Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
levels, to recommend a hierarchical response-based 
management framework and model ministerial conditions, and 
finally to recommend a revised biological monitoring program.  
A progress report outlining the results of Task 1 has been 
submitted to the WRC. 

438: 
P10 

Continue to provide 
advice to City of 
Wanneroo, Ministry of 
Planning, CALM and 
other relevant agencies 
on the impact of 
landuse on groundwater 
resources.  

Gnangara Consultative Committee, TOR, membership 
 
1. Advice is provided to State Government Departments, Local 
Government, Stakeholders and Community groups through the 
Gnangara Community Consultative Committee (GCCC) 
(Members List attached) 
 
The objective of the commission’s program of community 
consultation on the Section 46 process is to gain community 
ownership and understanding of the water resource problems 
that are currently being faced on the Gnangara and Jandakot 
Mounds.  
 
The Gnangara Community Consultative Committee is the main 
medium for community involvement for the Gnangara Mound 
on the Section 46 Review. The Consultative Committee met on 
6 occasions from July 2000 to June 2003.  At these meetings, 
detailed presentations are given by a range of government 
departments on the following subjects: 
 

• water levels and current status of the Gnangara Mound; 
• wetland macroinvertebrates and water quality 

(acidification of wetlands); 
• wetland vegetation status; 
• actual and predicted breaches of ministerial conditions; 
• the status of individual Section 46 reviews (EWRs, 

sedimentology, wetland-groundwater level relationships 
and optimisation of the groundwater monitoring network; 

• pines management; 
• Water Corporation abstraction; 
• Yanchep Caves; and management of private abstraction.  

 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report recommended that the WRC elaborate 
on the degree of advice provided on land- use/ groundwater 
resource impacts, e.g. is this advice provided on specific 
applications for rezoning, subdivision or development approval. 
 
The WRC provides specific advice on the impacts of land use 
proposals referred to it by decision making authorities. For 
example, between 1 July 2003 and 30 June 2004 the WRC / DoE 
considered 51 proposals within the City of Wanneroo. Proposals 
referred included, 22 subdivision proposals, 9 rezonings, and 30 
development applications. The advice provided relates to general 
environmental management considerations including management 
of groundwater resources. 
 
In addition to the continuation of activities listed in the WRC 2000-
03 Triennial report over the 2003-04 year, the WRC has also made 
a significant contribution to the production of the draft East 
Wanneroo Land and Water Use Strategy. The contribution has 
mainly involved computer modelling of various land- use scenarios 
and assessing potential impacts on groundwater resources. 
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WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
2. The Gnangara Coordinating Committee was first convened in 
April 2003 and is made up of Directors of several government 
agencies (AgWA, DPI, Water Corporation, CALM, WRC, FPC, 
CSIRO and DPC). The Coordinating Committee meets monthly. 
Impacts of landuse on Groundwater resources and management 
options are regularly discussed. The Terms of Reference and 
members list are attached. 
 
Several other inter-agency committees also exist at which the 
WRC, CALM, the City of Wanneroo and/or the DPI are 
represented and the impacts of land use on groundwater 
resources are discussed. These include the Yanchep Caves 
Recovery Team, the Yanchep Caves Technical Group, the Pines 
Technical Group, and the East Wanneroo Land Use and Water 
Management Strategy Community Consultative Committee. 
 
A community Water Forum was held in September 2002 at the 
City of Wanneroo offices and run by the Water and Rivers 
Commission. Agency representatives and community members 
attended and the forum involved a full day of discussion centred 
around groundwater management on Gnangara Mound, and the 
impacts of land use on GDEs. Outputs of the forum contributed 
to the Government’s Water Symposium held in October 2002. A 
summary of the forum can be found on the website: 
http://www.ourwaterfuture.com.au/community/forums_ 
gnangara_mound.asp 

438: 
P11 

Continue to develop 
catchment strategies to 
minimise change in 
hydrological regime 
within the caves of 
Yanchep National Park. 
Monitor water levels 
and cave fauna.  

Following the 2002 State Agreement with Wesbeam, Cabinet 
required preparation of a Joint Agency Emergency Response 
Strategy for the caves. In response, the following actions have 
been undertaken: 
investigations of land use management options have been 
conducted through interagency groups; 
small and full-scale artificial maintenance schemes have been 
constructed and trialed to improve water levels in the Crystal 
and Cabaret caves; 
encouragement of pine thinning upstream of the caves has been 
pursued as a priority under the pines MOU, however, the 

The Commission has been very active over the review period in the 
trial supplementation of the Yanchep caves and in securing an 
alternative water source (bores) to Loch McNess. 

Section 4.2, 
Appendix 
2. 
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WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
potential for this to achieve the desired results has been 
compromised by the State Agreement; 
a joint agency technical group is evaluating alternative pine 
management options to achieve an optimal outcome for the 
environment, water supply and pine harvesting. 

438: 
P12 

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

23/09/99 On hold (comment in DEP Environmental Audit 
Branch audit table). Refer Appendix 7 438: P12. 
 
 

Not applicable at this time.  

438: 
P13 

In consultation with 
other relevant agencies, 
the Water and Rivers 
Commission, will 
within six months of 
receiving 
environmental 
approvals, reconvene 
and provide ongoing 
executive support for an 
inter – agency technical 
advisory group for 
water resources 
planning and 
management issues on 
the Gnangara Mound. 
This will be done in the 
context of 
recommendations of the 
Select Committee on 
Metropolitan 
Development and 
Groundwater Supplies.  

A number of committees have been developed to deal with 
water resource planning and management on the Gnangara 
Mound. Since the establishment of the Gnangara Coordinating 
Committee in April 2003 (made up of Directors from all 
Government agencies) one of the group’s roles is to facilitate 
and coordinate activities of the Technical Groups on the 
Gnangara Mound (see TOR attached). A number of technical 
committees are described below. 
 
A Pines Technical group focus on alternative pine management 
options to achieve an optimal outcome for the environment, 
water supply and pine harvesting on the Gnangara Mound. 
 
The Yanchep Caves Technical group’s focus was to trial the 
feasibility of a full-scale artificial maintenance and prepare for a 
permanent artificial maintenance scheme to improve water 
levels in the Yanchep Caves.  
 
The aim of the East Wanneroo Land Use and Water 
Management Strategy Community Consultative Committee is to 
prepare a strategy for sustainable land use and water 
management in the East Wanneroo area, by way of integrating 
the land use planning and development processes with 

As stated in the WRC 2000-03 Triennial report, the WRC has 
continued to provide ongoing executive support in 2003-04 for a 
number of relevant technical advisory groups concerned with the 
Gnangara Mound. 
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reference 
 groundwater protection and allocation objectives, the protection 

of productive agricultural land, tourism opportunities, basic raw 
materials, environmental values and landscape features for the 
benefit of the whole community. 
 
A number of technical groups are involved with the CSIRO 
Healthy Country Program which aims to apply a systems 
approach to investigating and modelling the Gnangara Mound, 
and to develop the incorporation of water reuse technologies and 
strategies to increase sustainability. 

438: 
P14 

Continue to chair and 
provide support for the 
Consultative 
Committee as an 
ongoing forum for 
information exchange 
and advice.  

In April 2003, the Gnangara Coordinating Committee was 
establishment comprising Directors from DoE, FPC, WADA, 
DPI, CALM, Department of Premier and Cabinet, Water 
Corporation and CSIRO. The committee meets monthly and 
aims to provide an integrated, whole of government approach to 
management on the Gnangara Mound and to better coordinate 
multiple land and water resource use activities. 
 
Meeting agendas available on request. 
 
Refer to 496: P7. 

As stated in the WRC 2000-03 Triennial report, the WRC has 
continued to provide ongoing executive support to the Gnangara 
Coordinating Committee in 2003-04. The Gnangara Coordinating 
Committee has met several times from July 2003 to June 2004. 

  
 
 
 

438: 
P15 

The Water and Rivers 
Commission will 
continue to report every 
three years to the 
department of 
Environmental 
Protection on the 
management of 
groundwater within the 
Study area of the 
Gnangara Mound. This 
will include 
information on the 
operation of 
groundwater schemes 
and private 

Condition is similar to 438: M10-1. 
 
The Water and Rivers Commission seeks clearance of this 
condition 438: P15. 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000-03 Triennial Report recommended that this condition could 
be cleared if elements specifying report content were incorporated 
in condition M10-1. The audit also stated that this condition could 
be changed as part of the S46 review. 
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Compliance assessment (2003–04) 

 
Report 

reference 
groundwater use, and 
environmental impacts. 
In those years when a 
triennial report is 
submitted, the Water 
and Rivers Commission 
will report to the 
department of 
Environmental 
Protection on 
compliance with 
environmental 
conditions. 
 

438: 
P16 

Limit potential for tree 
deaths around 
production wells to 100 
m radius for normal 
(average) climate 
conditions and within 
200 m in extreme 
conditions. This should 
be part of Water 
Corporation license 
conditions. 

This requirement is included in the Water Corporation’s 
Operating Strategy for the Metropolitan Groundwater Scheme. 
Compliance with the Operating Strategy is condition of the 
Water Corporation’s licenses. Abstraction from wells M140, 
M150, M172, M240, M250, P10, P50, P60, and P70 are 
believed to have some impact on the health of nearby 
vegetation. To ensure compliance, these wells are normally 
turned off. 
 
In total, more than 40 Water Corporation production wells have 
been turned off to avoid impact on vegetation and wetland water 
levels across the Gnangara Mound. 

Compliance justification listed in the WRC 2000-03 Triennial 
report is also relevant for the 2003-04 period.  
 
The Commission has managed abstraction to limit potential tree 
deaths. The number of Water Corporation production wells turned 
off to avoid impact on vegetation and wetland water levels over the 
2003-04 summer totalled more than 40. Scheme abstraction was 4.6 
GL less than for the previous reporting period. 

Table 6 
 

438: 
P17 

Upgrade the artificial 
maintenance facility for 
Lake Nowergup to 
provide more rapid 
recharge when it 
becomes necessary to 
meet EWPs.  

Following installation of a higher capacity pump in the artificial 
maintenance well, a second well was added to the artificial 
maintenance facility for Lake Nowergup in 2000 to provide 
higher supplementation rates when required. Some mechanical 
problems limited the ability of the wells to be pumped at their 
full capacity initially. 
 

The ministerial EWP absolute minimum criteria level for Lake 
Nowergup is 16.8mAHD. The Section 46 2003 Progress Report 
proposed a summer minimum of 15.9 m AHD for Lake Nowergup. 
There was compliance with the 15.9 m AHD regime in 2003-04. 
The maintenance regime was changed due to the fact that the 
existing regime provided inadequate protection for the fringing 
vegetation, causing a significant collapse in autumn 2002. The 
proposed regime, which the commission managed in 2002–03 (to 
16mAHD) and 2003–04 has succeeded in preventing further 
decline and has enabled some recovery of the affected vegetation.  
 

Appendix 2 
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438: 
P18 

Establish an artificial 
maintenance facility for 
Coogee Springs when 
necessary to meet 
EWPs 

An artificial maintenance facility was installed and 
commissioned in August 1999. This facility was upgraded in 
2000–01. This condition is now believed to be cleared. 

Conditions cleared by the EPA Bulletin 1139 May 2004. 
Refer to 438: P19. 

 

438: 
P19 

Should EWPs not be 
met by November 1, 
artificial 
supplementation shall 
be used until the EWP 
is reached. 

Artificial supplementation was required in Lake Nowergup and 
Coogee Springs during the review period. 
The Coogee Springs facility was operated during 2000–01, but 
not since. The criteria were not met in Coogee Springs during 
the review period. The Commission has decided not to continue 
with artificial supplementation of Coogee Spring due to 
diminishment of environmental values caused by its usage as 
summer pasture and surrounding rural activity (factors beyond 
the control of the commission). These factors should also be 
taken into account in determining the value of maintaining 
wetland water levels. 
 
The Lake Nowergup facility was operated each year during the 
review period. The criteria were not met in Lake Nowergup 
during 2000–01 and 2002–03. 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report recommended that any modification of 
the objective to satisfy EWP criteria (e.g. Coogee Springs) by 
November 1 should be made as a written request to the Minister.  
 
Artificial maintenance has not occurred at Coogee Springs in 2003-
04 as Lake Coogee has lost its environmental values due to clearing 
and grazing in the area. This has been communicated to the EPA 
through formal reports on several occasions, both before and after 
the pumping was switched off. WRC intends to ask the EPA to 
remove this condition as part of the Stage 1 s. 46 report.  

 

438: 
P20 

Only allow drops below 
the preferred level 
(table 16, bulletin 817) 
to occur in low rainfall 
years to mimic natural 
regimes (rate of 2/6 
years).  

Non-compliance of water level criteria have occurred more than 
twice in six years within Lakes Joondalup, Gnangara, 
Mariginiup, Nowergup and Coogee Springs. 

Non-compliance of water level criteria have occurred more than 
twice in six years within Lakes Joondalup, Mariginiup, Nowergup, 
Coogee Springs, and Lexia 186a. Lake Gnangara was not non-
compliant as for previous years however Lexia 186 was a new non-
compliance. 

Tables 2-4 

438: 
P21 

A review shall take 
place of the EWPs 
(table 16, bulletin 817) 
at least every six years 
to allow for adaptive 
management. It will 
incorporate public 
involvement.  
 

Work to revise the EWRs was initiated during 2002 with 
completion expected during 2004 as a component of the current 
Section 46 review of environmental conditions. Once competed, 
this work will be analysed and used in the review of EWPs 
(expected during late 2004). 

The WRC is progressing the s. 46 review of the Gnangara Mound 
that includes EWPs. The Draft Stage 1 report has received public 
comment. The WRC will incorporate these comments and submit 
the Stage 1 report for EPA assessment in late 2004. 
 
The EPA audit compliance assessment (1 April 2004) of WRC 
2000-03 Triennial Report recommended that the WRC expedite the 
s. 46 review process and set interim measures to address on-going 
non-compliance. The WRC response to EPA Audit, is that the s. 46 
review has previously agreed timeframes with the EPA to submit 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
the Stage 1 report in 2004 and the Stage 2 report in 2005. The 
review could be expedited further than it has already but the 
scientific information would not be as comprehensive. The 
amendment to conditions proposed in the reports would then 
require another round of amendment a few months later in response 
to the additional information. The WRC proposes to abide by the 
current timelines. 

438: 
P22 

The Water and Rivers 
Commission will, after 
receiving 
environmental 
approvals, implement 
and undertake the 
following monitoring 
programme, to the 
satisfaction of the EPA: 

4/09/97 Condition cleared in part as covered by 438: P33 & P 
34 (comment in DEP Environmental Audit Branch audit table). 
Refer to Appendix 7 438: P22. 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000–03 Triennial Report stated that the condition was only cleared 
‘in-part’. It is unclear, however, what part of the condition is still 
‘in-force’. WRC recommends that this condition be assessed as part 
of the s. 46 review. 

 

438: 
P23 

Groundwater level 
monitoring across the 
established monitoring 
network, at a frequency 
of 1 or 3 months, 
depending on the wells. 

All monitoring wells and wetlands that have Environmental 
Water Provision criteria are monitored on a monthly basis (see 
hydrographs as evidence). Other wells are either monitored 
monthly, quarterly or biannually. Aquaterra Consulting has 
recently completed a review of the commission’s groundwater 
monitoring network in the Perth region, and a draft report is 
currently with the commission for review and comment. A copy 
of this report can be made available on request.  
 

All monitoring wells and wetlands that have Environmental Water 
Provision criteria are monitored on a monthly basis (hydrographs 
available upon request). Other wells are either monitored monthly, 
quarterly or biannually. Aquaterra Consulting has recently 
completed a review of the commission’s groundwater monitoring 
network in the Perth region, and implications of this report are still 
being assessed. 

Records 
available 
upon 
request 

438: 
P24 

Vegetation transects 
will be established at all 
wetlands for which 
EWPs have been set, 
except Lake Gnangara, 
Pipidinny Swamp, and 
Coogee Springs. A 
minimum of one 
transect will be 
established for each 
wetland. Monitoring 
will be undertaken 

Permanent transects have been set up from the edge of the 
wetland to upland 40 m at Lakes: Joondalup, Jandabup, 
Mariginiup, Nowergup, Yonderup, Wilgarup, Goollelal, Lexia 
86, Lexia 186, Lexia 94, EPP 173, Dampland 78, Loch McNess. 
They were sampled annually in September 2000 – 02. As part of 
the Water Corporation’s Lexia wetland mitigation strategy, 
vegetation transects have been established by the Corporation at 
wetlands 104, 132, 156, 158 and 164. The vegetation at these 
wetlands has been visually assessed by Edith Cowan University 
ecologists monthly, or fortnightly in summer over the 2001-
2002 period. The Commission is provided with the results of 
these assessments. The Water Corporation has obtained 

Permanent transects have been set up from the edge of the wetland 
to upland 40 m at Lakes: Joondalup, Jandabup, Mariginiup, 
Nowergup, Yonderup, Wilgarup, Goollelal, Lexia 86, Lexia 186, 
Lexia 94, EPP 173, Dampland 78, Loch McNess. They were 
sampled annually in September 2000 – 02. As part of the Water 
Corporation’s Lexia wetland mitigation strategy, vegetation 
transects have been established by the Corporation at wetlands 104, 
132, 156, 158 and 164. The vegetation at these wetlands has been 
visually assessed by Edith Cowan University ecologists monthly, 
or fortnightly in summer over the 2003-04 period. The Commission 
is provided with the results of these assessments. The Water 
Corporation has obtained agreement from the commission to alter 

Appendix 2 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
yearly, in November, 
for the fist three years, 
to be reviewed in the 
first triennial report. 

agreement from the commission to alter the monitoring 
programme in line with the annual programme currently in place 
for wetlands monitored by the commission. 

the monitoring programme in line with the annual programme 
currently in place for wetlands monitored by the commission. 

438: 
P25 

Wetland vegetation will 
be mapped every two 
years from large scale 
aerial photography for 
Lakes Jandabup, 
Marginiup, Nowergup, 
and Loch McNess. 

Aerial photography was used under the SLICP programme up 
until 2001. It then ceased due to high costs. There are three 
reasons it was ceased: under the SLICP programme the WRC 
did not have to pay for the aerial photo runs as it was considered 
a priority project. The project then fell off the SLICP 
programme because other projects were given precedence and 
the cost of the photography then became too much for the 
commission to justify (10s of thousands of dollars). Advice 
from botanists (Bronwen Keighery from DEP and Libby 
Mattiske from Mattiske Consulting) was that the aerial 
photography needed to be of a very large scale to be of any real 
benefit in mapping. As an alternative, the WRC has access to 
digital orthophotos on its IntraGIS system (and these are 
regularly updated), and these are used in place of the traditional 
runs, plus two additional on-ground assessments by ECU each 
year since 2001 at these wetlands, which is more cost-effective 
than biennial mapping using air photos. 
 
The Water and Rivers Commission seeks amendment of 
Condition 438: P25 to reflect this change in methodology (eg 
delete aerial photography). 

Conditions cleared by the EPA Bulletin 1139 May 2004.  

438: 
P26 

Water quality will be 
monitored annually in 
November at all 
wetlands for which 
EWPs have been set. 

Water Chemistry is monitored annually at Coogee Springs, 
Lakes Gnangara, Goollelal, Jandebup, Joondalup, Mariginiup, 
Nowergup, Wilgarup, Yonderup Loch McNess, Pipidinny 
Swamp, Lexia 186 & 86 and EPP wetland 173. 
 
Overall, water quality significantly declined during the 1996 
drought but appeared to be slowly recovering. Coogee Springs 
had water quality problems due to livestock access and lack of 
fringing vegetation. Lake Mariginiup most at risk of excessive 
summer drying and wetland acidification. EPP 173 exhibited 
low pH levels. Lake Jandebup appears to be recovering from an 
acidification that occurred in 1997. Lake Joondalup and Loch 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report stated that the WRC must demonstrate 
that the commitment should be changed if water quality analysis 
are done at different times to November. It is not clear if sampling 
of Lexia interim’ criteria’ wetlands are required 
 
The WRC response to EPA Audit, is that monitoring undertaken 
where water levels at their highest or fauna presence likely in order 
to assess recovery. Changes to monitoring times occurred following 
consultant’s recommendation for more appropriate monitoring 
times. WRC proposes condition is changed and consultant’s 
recommendations will be forwarded to EPA to support this (Section 

Section 3; 
Appendix 
2. 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
McNess showed symptoms of nutrient enrichment. 
 

46 stage 1 report, late 2004).  
 
The monitoring of some Lexia wetlands (in particular Lexia 94) is 
not undertaken by the WRC as there is no permanent or ephemeral 
water present on site to monitor. WRC proposes amending 
condition to reflect this. Consultants conducting the monitoring 
also recommend changes to monitoring programs at Lexia sites as 
some are unsuitable for detecting long term trends. WRC proposes 
condition is changed and consultant’s recommendations will be 
forwarded to EPA to support this. 

438: 
P27 

Wetland habitats will 
be mapped along two 
regional transects in 
November, using large 
scale aerial 
photography, every 
year for the first three 
years, then every three 
years. 

See above comment – P25. 
 
The Water and Rivers Commission seeks amendment of 
Condition 438: P27 to reflect this change in methodology (eg 
delete aerial photography). 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report recommends that the commitment could 
be changed (i.e. greater flexibility in sampling time) as part of the s. 
46 review. 

 

438: 
P28 

Established terrestrial 
vegetation transects will 
continue to be 
monitored in spring, 
with at least 6 transects 
monitored every three 
years. 

Phreatophytic, terrestrial vegetation is monitored triennially. 
The last survey was conducted in 2001–02.  
 
There has been a general shift in vegetation composition from 
moisture dependent species towards xeriphytic species, which 
are better adapted to drought conditions. If dry conditions 
continue, the extent of the impact on the lower and mid slopes in 
the Pinjar area will increase, as these areas are already very 
stressed. Their long term recovery potential is of concern 

Phreatophytic, terrestrial vegetation is monitored triennially. The 
last survey was conducted in 2001–02.  
 
There has been a general shift in vegetation composition from 
moisture dependent species towards xeriphytic species, which are 
better adapted to drought conditions. If dry conditions continue, the 
extent of the impact on the lower and mid slopes in the Pinjar area 
will increase, as these areas are already very stressed. Their long 
term recovery potential is of concern 

Appendix 2 

438: 
P29 

Indicator species will 
be monitored at 
established terrestrial 
vegetation transects 
when transects are 
monitored in spring. 
Parameters that will be 
assessed for each 
indicator species are 

Terrestrial vegetation transects have been established at 13 sites 
on the Gnangara Mound. Most transects are monitored 
triennially in spring, some less frequently on occasions as 
advised by the consultant botanist (Mattiske Consulting Pty 
Ltd). All tree species are recorded, including details such as 
diameter at breast height (size), tree condition/health (vigour) 
and the existence of any seedlings (recruitment). Presence or 
absence of all understorey species in selected 4mx4m quadrants 
is noted, and information on density (alive and dead) and 

Refer to Commitment 438: P-3. Appendix 2 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
age (size), class 
distribution, vigour and 
recruitment. 

percentage foliage cover is recorded. Results are compared with 
results from previous monitoring. Monitoring of Gnangara 
terrestrial transects Bell, Bombing Range, Melaleuca, Neaves, 
P50, Tangletoe, Whiteman Park, Yanchep and Yeal occurred in 
2002. 

438: 
P30 

A Similarity Index for 
each terrestrial 
vegetation transect at 
each monitoring period 
will be calculated with 
the aim of summarising 
spatial and temporal 
changes in vegetation 
composition. 

See P29. Refer to Commitment 438: P-3.  

438: 
P31 

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

Water levels within 6 cave streams have been monitored since 
1993. Loggers have been installed in 3 caves to enable 
continuous monitoring. CALM artificially maintains water 
levels in the Tuart root mat habitats located inside the caves. 
Water levels in lined concrete sumps located in Crystal Cave are 
also being artificially maintained to protect small populations of 
rare isopods (Knott and Storey, 2002). 
 
Cave stream water levels are generally representative of the 
surrounding groundwater table. Declining levels are due mainly 
to low rainfalls, and possibly dense pine plantation upstream, 
reducing groundwater discharge (Water and Rivers 
Commission, 1999). 

Water levels within 6 cave streams have been monitored since 
1993. Loggers have been installed in 3 caves to enable continuous 
monitoring. CALM artificially maintains water levels in the Tuart 
root mat habitats located inside the caves. Water levels in lined 
concrete sumps located in Crystal Cave are also being artificially 
maintained to protect small populations of rare isopods (Knott and 
Storey, 2002). 
 
Cave stream water levels are generally representative of the 
surrounding groundwater table. Declining levels are due mainly to 
low rainfalls, and possibly dense pine plantation upstream, 
reducing groundwater discharge (Water and Rivers Commission, 
1999). 

Records 
available 
upon 
request 

438: 
P32 

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

Macroinvertebrate monitoring occurred in Yanchep National 
park – Boomerang (YN99), Caberet (YN31), Carpark (YN18), 
Lot 51 (YN55), Unnamed Cave (YN61) and Orpheua (YN256) 
in September 2001 and January 2002 with the exception of 
Twilight cave (unsafe to enter) 
 
Monitoring of cave fauna and water quality has occurred in 
November 1996, December 1998, November 2000, September 
2001, January 2002 and September 2002 (Note, not all caves 
were sampled for water quality and cave fauna on each of the 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report recommends that the commitment could 
be changed (i.e. greater flexibility in sampling time) as part of the s. 
46 review. 
 
 
The caves sampled in September 2003 were Boomerang Cave 
(YN99), Cabaret Cave (YN31), Carpark Cave (YN18), Water Cave 
(YN11), Cave YN61, Jackhammer Cave (YN438), Cave on Lot 51 
(YN555) and Orpheus Cave (YN256). Twilight Cave (YN194) 

Appendix 
2. 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
dates above). The paucity of species, low abundance of animals, 
and the unhealthy appearance of the root mats found in 
September 2001 prompted a second sampling in January 2002. 
Four new caves were sampled in September 2002, these were 
Cave YN61, Jackhammer Cave (YN438), Cave on Lot 51 
(YN555) and Orpheus Cave (YN256).  
 
The caves sampled in September 2002 were Boomerang Cave 
(YN99), Cabaret Cave (YN31), Carpark Cave (YN18), Water 
Cave (YN11), Cave YN61, Jackhammer Cave (YN438), Cave 
on Lot 51 (YN555) and Orpheus Cave (YN256). Twilight Cave 
(YN194) should have been sampled but it was unsafe to enter 
and Gilgie Cave (YN27) was dry so it was not sampled (water 
cave was sampled instead). This sampling regime was also 
followed for the September 2003 monitoring.  
 
One of the recommendations stated in the 2002 monitoring 
report is that annual monitoring of the fauna be undertaken in 
September/October when habitat area is likely to be greatest to 
assess recovery of the fauna, should any occur. The report also 
recommended that permanent flows be restored to the cave 
streams and maintained at levels where by the majority of the 
root mats are submerged. In addition to the ecologists 
recommended that active management be initiated to develop 
and then maintain extensive root mats in the cave streams to 
provide suitable habitat to support fauna should it recolonise 
from inaccessible refuges.  
 
The results continue to indicate that species diversity and 
abundance has been reduced, mainly due to the decline in water 
from cave streams. Root mats are now being exposed to the air 
when previously they were submerged. Sampling difficult due 
to the dry conditions and it is not appropriate to sample the root 
mats to complete destruction.  
 
Cabaret Cave continues to be of major concern, in January 
2002. The stream dried out completely and was still dry in 

should have been sampled but it was unsafe to enter and Gilgie 
Cave (YN27) was dry so it was not sampled (water cave was 
sampled instead).  
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
September 2002 and there has been no detectable recovery of 
fauna. The four caves added in the September 2002 monitoring 
were of interest but did not contain extensive root mats or 
associated communities that would classify as new occurrences 
of the Threatened Ecological Community. However, aquatic 
fauna was collected from cave YN61 and Orpheus, were 
different from adjacent, routinely sampled caves and cave on lot 
YN51 was of some scientific interest. This highlights the 
diversity and zoological significance of the cave fauna of the 
area.  
 
The results indicate the importance of establishing a more robust 
and reliable method of supplementation, which will restore or 
mimic flowing water to cave streams and through root mats. 
 
The actual month of cave monitoring may vary from year to 
year ranging from September to December. To some extent this 
is dependent on consultant availability. Having this flexibility is 
desirable. The Water and Rivers Commission seeks amendment 
to this condition 438: P32 by the deletion of the date of 
“November” and inclusion of the word “spring to early 
summer”.  
 

438: 
P33 

Water levels in wells 
for which EWPs have 
been established will be 
monitored every month. 

Water levels at these sites are monitored monthly. 
 
These results are available upon request. 

Water levels at these sites are monitored monthly- hydrographs 
available upon request (or refer last years Triennial report). 

 

438: 34 Water levels in 
piezometer transects in 
the Yanchep area will 
be monitored every 
month. 

Water levels at these sites are monitored monthly. 
 
These results are available upon request. 

Water levels at these sites are monitored monthly. 
 
These results are available upon request. 

 

438: 
P35 

The impact of confined 
aquifer abstraction on 
unconfined aquifer 
water levels will be 
monitored. If 

The Water Corporation currently has approval to abstract up to 
15 GL from the Yarragadee confined aquifer. The corporation 
has been requested to provide monitoring data relating to this 
abstraction to the commission. 
 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report recommends the WRC require the Water 
Corporation to monitor the impact. 
 
The WRC response to EPA Audit, is that regional monitoring of 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
significant impacts are 
observed the Water and 
Rivers Commission 
will discuss the 
observed impacts with 
the EPA. 

Superficial monitoring bores that were identified in the 
‘cumulative deviation from the mean’ (CDFM) hydrograph 
analysis studies as showing impacts from pumping the confined 
aquifers continue to be monitored eg PM1, PM4, PM6,and 
GC12. The impact of confined aquifer abstraction on the 
Superficial aquifer is being quantified using Perth Regional 
Modelling System (PRAMS) for the S46 Stage 2 and the 
Gnangara Allocation Plan (completion Dec. 2005). 

the levels in the Yarragadee confined aquifer is carried out by 
WRC and monitoring of the Yarragadee aquifer production bores is 
carried out by the Water Corporation (WC). In areas where studies 
have indicated that pumping from the Yarragadee aquifer is having 
an adverse impact on levels in the Superficial aquifer, additional 
monitoring of the Superficial aquifer is carried out by the WRC. In 
2003, as part of the drought relief strategy, the WC constructed 
three additional production bores (one each at Scarborough Gwelup 
and Carine) to abstract an additional 15 GL/year from the 
Yarragadee aquifer. Monitoring information was submitted to 
WRC in April 2004 and the WRC is in the process of negotiating a 
monitoring strategy for these three bores with the WC. 
More information on this can be provided to the EPA if required. 

438: 
P36 

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

Water levels at these sites are monitored monthly. 
 
These results are available upon request. 

Water levels at these sites are monitored monthly. 
 
These results are available upon request. 

Records 
available 
upon 
request. 

438: 
P37 

Water level monitoring 
in 13 wetlands for 
which EWPs have been 
set will occur more 
frequently than once 
per month, when 
necessary, to determine 
compliance with set 
levels. 

Water levels at these sites are monitored monthly. 
 
These results are available upon request. 

Monthly water levels monitoring is currently considered adequate 
at these sites.  
 
These results are available upon request. 

 

438: 
P38 

Aquatic fauna will be 
monitored at the 13 
wetlands for which 
EWPs have been set 
twice per year (but only 
when open water is 
present), in November 
and March. 

Macroinvertebrate monitoring occurs in Lakes Jandabup, 
Joondalup, Mariginiup, Nowergup, Yonderup, Wilgarup, 
Goollelal, Loch McNess, Gnangara, Coogee Springs, Pipidinny 
Springs, Lexia 86 & 186, EPP 173 and Egerton/Edgecombe 
seepages biannually at times of low and high water levels 
(September and January). If no water is present in the wetland 
during the summer sampling round, then no monitoring occurs. 
 
These results are available upon request. 
 

Seventeen (17) wetlands were monitored for macroinvertebrates 
and water quality once in spring (Round 16, R16) and once in 
summer/autumn (Round 17, R17), for the ninth year in succession. 
 
These results are available upon request. 

Appendix 2 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
438: 
P39 

The Water and Rivers 
Commission will, on 
receiving 
environmental 
approvals, prepare 
monitoring protocols 
for aquatic invertebrate 
monitoring within the 
wetlands, to the 
satisfaction of the EPA. 

Macroinvertebrate monitoring protocols were established 
between researchers to maintain consistency with monitoring on 
both the Jandakot and Gnangara Mounds. Attached are the 
macroinvertebrate methodologies employed. 
 
Approval for these is sought from the EPA. 

Macroinvertebrate monitoring protocols were established between 
researchers to maintain consistency with monitoring on both the 
Jandakot and Gnangara Mounds. Consistency in approach is 
currently employed with monitoring conducted over the nine 
consecutive years of macroinvertebrate monitoring. 

Appendix 2 
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C. WETLAND MANAGEMENT OBJECTIVES for STATEMENT 438 
 

Wetland 
 

Water regime 
management objectives 

 
Performance 

indicators 
Compliance assessment (2000–03) 

WRC triennial report 

 
Compliance assessment 

(2003–04) 

 
Report 

reference 
438: Lake 
Jandabup 

• No expansion in the area of 
sedge vegetation, but 
maintenance of existing areas. 

• Maintenance of the current 
extent of wading bird habitat. 

• Maintenance, and if possible, 
expansion of the 
M raphiophylla and E rudis 
fringing woodlands. 

• Removal of mosquito-fish 
from the Lake. 

• Maintenance of the high 
species richness of aquatic 
macroinvertebrates and 
macrophytes. 

The existing 
extent of sedge 
and wading 
habitats within 
the Lake will be 
maintained 
(within +/-10%), 
and should not 
change by more 
than 5% in any 
two year 
monitoring 
period. 

In order to determine whether the values of 
the GDEs on the Gnangara and Jandakot 
Mounds had been retained or lost since 
ministerial conditions had been set, the WRC 
initiated a study to review the values and 
EWRs of those systems in March 2003. The 
study is being conducted by Edith Cowan 
University and further details of the scope are 
contained in the responses to M9-1 and P9. 
Preliminary results of this study indicate that 
values have been retained for this lake.  
 
Mattiske Pty Ltd (2001) reported Vegetation 
within lakes changed substantially, with 
extension of sedge species and decrease in 
condition of tree species on fringes.  
 
Water quality has improved in the lake 
following a 1997 acidification event. 
Alteration of the artificial maintenance 
regime to prevent excessive drying of the 
lake appears to have played a part in lake 
recovery. 
Despite long-term declines in surface water 
levels, artificial maintenance has lead to an 
increase of 0.21m in peak levels and an 
increase of 0.08m in minimums since 1998. 
Continuation of artificial maintenance and the 
trend in increasing water levels over the next 
five years should support the ecological 
values of Lake Jandabup related to diverse 
sedge and macrophytes and waterbirds and 
see further improvements in water quality. 
 
The EWRs of Lake Jandabup are currently 
under review. 

Water levels and acidification threat 
considered extreme concern (Clark 
and Horwitz Rep no. 2004–07). All 
other attributes of probable to 
possible concern. 

Appendix 2—Table 
A1. 
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Wetland 

 
Water regime 

management objectives 

 
Performance 

indicators 
Compliance assessment (2000–03) 

WRC triennial report 

 
Compliance assessment 

(2003–04) 

 
Report 

reference 
438: Lake 
Gnangara 

To improve water quality through 
increased water levels, as a means 
of enhancing both environmental 
and social values of the Lake. 

The pH of the 
Lake should 
increase. The 
extent of any 
expected 
increase is 
unknown. 

In order to determine whether the values of 
the GDEs on the Gnangara and Jandakot 
Mounds had been retained or lost since 
ministerial conditions had been set, the WRC 
initiated a study to review the values and 
EWRs of those systems in March 2003. The 
study is being conducted by Edith Cowan 
University and further details of the scope are 
contained in the responses to M9-1 and P9. 
 
Despite increasing water levels, this has not 
resulted in a general improvement in water 
quality. pH is low and the lowest recorded 
was in Spring 2003 (3.68 – 3.73). 
 
Quote from J. Clark and P.Horwitz January 
2004: 
Lower water levels at this wetland in recent 
years, has resulted in reduced inundation of 
littoral and fringing vegetation and therefore 
lower wetland habitat complexity. Habitat 
complexity is important to aquatic 
macroinvertebrate richness i.e. the more 
diverse the habitat complexity the more 
diverse the macroinvertebrate community 
composition of a wetland (Balla and Davis, 
1993). The family richness of Lake Gnangara 
remains consistently low in comparison to 
most other wetlands studied as part of the 
study of wetlands following the Gnangara 
ERMP. This is due to the poor water quality 
of Lake Gnangara and in particular the low 
water pH.  
Dense mats of (red coloured) filamentous 
algae were apparent throughout the wetland in 
Round 14 (with associated high chlorophyll a 
and turbidity). Nitrogen concentrations at 
Lake Gnangara are consistently (and often 

Extreme concern for possible 
acidification. Other attributes of 
possible to no immediate concern 
except for water levels being 
probable concern. 

Appendix 2—Table A1. 
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Wetland 

 
Water regime 

management objectives 

 
Performance 

indicators 
Compliance assessment (2000–03) 

WRC triennial report 

 
Compliance assessment 

(2003–04) 

 
Report 

reference 
significantly) higher than any other wetlands 
studied following the Gnangara ERMP. These 
observations and results show that as well as 
being acidic, and having declining water 
levels, symptoms of eutrophication are 
evident. 

438: Lake 
Mariginiup 

• To maintain the current area 
of sedge vegetation to within 
+/- 10%. 

• To maintain the current area 
of wading bird habitat. 

• To maintain invertebrate 
diversity through some lake- 
bed drying in summer. 

• To maintain, and if possible, 
enhance, fringing woodland 
vegetation. 

The existing 
sedge area to be 
maintained to 
within +/- 10%, 
and should not 
change by more 
than 5% in any 2 
year monitoring 
period. 

In order to determine whether the values of 
the GDEs on the Gnangara and Jandakot 
Mounds had been retained or lost since 
ministerial conditions had been set, the WRC 
initiated a study to review the values and 
EWRs of those systems in March 2003. The 
study is being conducted by Edith Cowan 
University and further details of the scope are 
contained in the responses to M9-1 and P9. 
 
The lake is not actively managed in terms of 
surrounding land used weed and fire control 
etc (factors beyond the control of the 
commission) and these factors should also be 
taken into account in determining the value of 
maintaining wetland water levels. 
 
The area around Lake Mariginiup was burnt in 
1997 that has resulted in loss of cover of 
Baumea articulata. Although there was 
extensive resprouting in 2000, in 2001 B. 
articulata was isolated to shaded areas under 
trees. 
In 2002 it was reported that Baumea 
articulata and Typha orientalis where 
encroaching further into the wetland as areas 
become progressively dry. The lake burnt 
again early summer 2003,and B. articulata 
and Typha orientalis is widespread and 
encroaching into the wetland basin. A 
firebreak was bulldozed through vegetation in 
the permanent monitoring transect leaving 

Extreme concern for water level, 
acidification potential, fire 
susceptibility, and probable concern 
for all other attributes. 

Appendix 2—Table A1.  
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Wetland 

 
Water regime 

management objectives 

 
Performance 

indicators 
Compliance assessment (2000–03) 

WRC triennial report 

 
Compliance assessment 

(2003–04) 

 
Report 

reference 
little to assess. By the end of winter Within 
the transect exotic taxa dominated the 
understory showing greater species richness 
than in recent years. Mean tree health declined 
significantly. Peak surface water levels at 
Lake Mariginiup have declined since the late 
1960s. Although there has only been a 
decrease of 0.085m since 1998, a decrease of 
0.23m occurred the previous year. The lake 
has also dried every autumn since 1995. A 
continuation of this declining water level 
trend over the next five years could have 
serious impacts on the ecological values of 
Lake Mariginiup as water quality declines 
further. Lakes Mariginiup and Jandabup share 
similar characteristics including soil types, 
bathymetry, hydrology and surrounding land-
use patterns. Prior to the 1997 collapse, the 
lakes also shared similar macroinvertebrate 
family composition. PH levels at Lake 
Mariginiup have declined since 2000 and are 
now approaching those recorded at Lake 
Jandabup immediately before the collapse in 
1997. It is envisaged that another drying event 
over summer 2003–04 may cause the 
acidification of Lake Mariginiup and the loss 
of existing macroinvertebrate composition. 
This in turn may impact on the value of the 
lake as waterbird habitat thereby seriously 
affecting the ecological values of Lake 
Mariginiup.  
The EWRs of Lake Mariginiup are currently 
under review as part of the Section 46 Review 
process. 
 

438: Lake 
Joondalup 

• To conserve existing wetland 
vegetation, including sedge 

(none) In order to determine whether the values of 
the GDEs on the Gnangara and Jandakot 
mounds had been retained or lost since 

Extreme concern for eutrophication 
(L. Joondalup south). Water levels 
and eutrophication probable concern 

Appendix 2—Table 
A1. 
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Wetland 

 
Water regime 

management objectives 

 
Performance 

indicators 
Compliance assessment (2000–03) 

WRC triennial report 

 
Compliance assessment 

(2003–04) 

 
Report 

reference 
beds, fringing woodlands, and 
aquatic marcrophytes. 

• To maintain and if possible 
enhance the aquatic fauna of 
the Lake. 

• To support the full range of 
habitats for avian fauna found 
at Lake Joondalup to help 
ensure its continued value as 
a major water- bird habitat 
within the Regions. This 
includes areas of deep and 
shallow water, and exposed 
banks in late summer. 

• To ensure the landscape 
amenity value of the Lake is 
maintained, except under low 
rainfall climatic conditions. 

ministerial conditions had been set, the WRC 
initiated a study to review the values and 
EWRs of those systems in March 2003. The 
study is being conducted by Edith Cowan 
University and further details of the scope are 
contained in the responses to M9-1 and P9. 
Preliminary results indicate that Lake 
Joondalup is at moderate risk of impact and 
has retained the following ecological values  
Retained 

Waterbird habitat. 
Diverse range of macrophytes. 
Supports aquatic macroinvertebrates and 
vertebrates. 

 
New 

Vegetation largely intact, provides range of 
habitat types. 
Bushland surrounding wetland supports rare 
or priority flora. 

 
The EWRs of Lake Joondalup are currently 
under review. 

in L. Joondalup north and introduced 
species in L. Joondalup south. All 
other attributes of possible to no 
immediate concern.   
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Table 1(b) 

Compliance audit table—East Gnangara, City of Swan 
Ministerial statement no. 496—environmental conditions, Gnangara Mound groundwater resources 

 

MINISTERIAL CONDITIONS for STATEMENT NO. 496 (APPLICABLE FROM 1999) 

 
Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
 496: M1.1 Fulfill the commitments 

published in EPA 
Bulletin 904 (Appendix 
2) as attached to the 
Ministers statement 
496. 
 

Of the total number of 12 environmental water level criteria 
published in Statement 496—10, 11, and 9 have been fulfilled 
in years 2000-01, 2001-02, and 2002-03 respectively. This has 
been achieved in an climate different to that which was 
considered when originally setting these criteria levels. Of major 
significance is that rainfall for the period 2000-03 is 
significantly below long- term average rainfall. Climate is the 
dominant causal factor in non-compliance of water level criteria 
as public water supply abstraction from the shallow aquifer has 
declined by 5.5 Gigalitres from a high in 1990 for the 
Mirrabooka wellfield while private allocation has only increased 
by 1.4 Gigalitres in the Mirrabooka and Swan Groundwater 
Areas for the period 2000-2003. 

Of the total number of 20 (including interim) environmental 
water level criteria published in Statement 496— 15 have met 
criteria levels in the current reporting period 2003-04. This has 
been achieved in an climate different to that which was 
considered when originally setting these criteria levels. 
Climate is believed to be the dominant causal factor in non-
compliance of water level criteria. Public water supply 
abstraction in the current reporting period from the shallow 
aquifer declined by 4.6 Gigalitres while private allocation 
declined by 1.3 Gigalitres. 

Executive 
Summary, 
Tables 2-4. 
 

496: M1.2 Changes to any aspects 
of the proposal as 
documented in schedule 
one of the statement 
that the Minister 
determines is 
substantial, shall be 
referred to the EPA. 
 

Not relevant at this time. Not relevant at this time.  

496: M1.3 Changes to any aspects 
of the proposal as 
documented in schedule 

Not relevant at this time. Not relevant at this time.  
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
one of the statement 
that the Minister 
determines is non-
substantial, can be 
effected. 
 

496: M2.1 Implement the 
consolidated 
environmental 
management 
commitments 
documented in schedule 
two of the Minister's 
statement. 

Condition is met by Condition 496: M1.1 
 
The Water and Rivers Commission requests that Condition 496: 
M2.1 be merged with Condition 496: M1.1. 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report recommends that this condition be 
addressed under Section 46 review. 

 

496: M2.2 Implement the 
subsequent 
environmental 
management 
commitments which are 
made as part of the 
fulfilment of conditions 
and procedures in the 
Minister’s statement. 
 

Commitments made to fulfil the conditions and procedures in 
the Ministers statement are implemented as part of the operating 
strategy of the Water Corporation. 

Commitments made to fulfil the conditions and procedures in 
the Ministers statement are implemented as part of the 
operating strategy of the Water Corporation. 

 

496: M3.1 The proponent 
nominated by the 
Minister for the 
Environment under 
section 38(6) or 38(7) is 
responsible for 
implementation of the 
proposal until such time 
as the nomination for 
that proponent is 
revoked under section 
38(7) of the EPA Act 
and another person is 

Not relevant at this time. Not relevant at this time.  
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
nominated in respect of 
that proposal. 
 

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

Not relevant at this time. Not relevant at this time.  

496: M3.3 Notify the DEP of any 
change of proponent, 
contact name and 
address within 30 days 
of such change. 

Not relevant at this time. Not relevant at this time.  

496: M4.1 Provide evidence to the 
Minister before 17 
February 2004 that the 
proposal has been 
substantially 
commenced. 
 

Evidence that the proposal has substantially commenced is 
given in annual and triennial reports previously submitted to the 
EPA and the Minister. 
 
The Water and Rivers Commission seeks clearance of this 
condition 496: M4.1. 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report agreed that the condition can be 
cleared. 

 

496: M4.2 If the proposal has not 
been substantially 
commenced before 17 
February 2004, the 
approval to implement 
the proposal as granted 
in this statement shall 
lapse and be void. 

Condition 496: M4.1 has been met. 
 
The Water and Rivers Commission seeks clearance of this 
condition 496: M4.2. 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report agreed that the condition can be 
cleared. 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
496: M4.3 Make an application to 

the Min for 
Environment for any 
extension of approval 
for the substantial 
commencement of the 
proposal beyond 17 
February 2004 at least 6 
months before 17 
February 2004. 
 

Condition 496: M4.1 has been met. 
 
The Water and Rivers Commission seeks clearance of this 
condition 496: M4.3. 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report agreed that the condition can be 
cleared. 

 

496: M4.4 If it demonstrated that 
the parameters of the 
proposal have not 
changed significantly, 
then the Minister may 
grant an extension not 
exceeding 5 years for 
the substantial 
commencement of the 
proposal. 
 

Condition 496: M4.1 has been met. 
 
The Water and Rivers Commission seeks clearance of this 
condition 496: M4.4. 

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report agreed that the condition can be 
cleared. 

 
 
 
 

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

Submitted jointly with Statement 438. 
 
Refer to Condition 438: M10-1. 
 
 

Submitted jointly with Statement 438. 
 
Refer to Condition 438: M10-1. 

 

496: M5.2 Unless otherwise 
specified, the DEP is 
responsible for 
assessing compliance 
with the conditions, 
procedures and 
commitments contained 
in this Statement and 
for issuing formal 
clearances. 

Condition needs to be amended to reflect the EPA is now 
responsible for assessing compliance with conditions, 
procedures and commitments.  

The EPA audit compliance assessment (1 April 2004) of WRC 
2000- 03 Triennial Report recommended that this be amended 
under the Section 46 report. 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
496: M5.3 The Minister will 

determine the matter 
where compliance with 
any condition, 
procedure or 
commitment is in 
dispute. 
 

Acknowledged. Acknowledged.  
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B. PROPONENT COMMITMENTS for STATEMENT 496 
 

Code 
 

Description 
 

Compliance assessment (2000–03)  
WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
496: P1.1 Manage public and private groundwater 

abstraction to meet objectives and 
Environmental Water Provisions (EWPs) 
as summarised in Table A and B which 
appear in the attachment to Statement 
496. 

East Gnangara Mound Bores (NR11C, MM12, L30C, 
L110C, L220C) 
Water levels were all compliant with interim absolute 
minimum end of summer levels. 
 
WM8, NR6C, WM2 and MM49B. 
Water levels were all compliant with minimum water 
levels. 
 
East Lexia Wetlands and Seepages (GNM13, GNM14, 
GNM15, GNM16, GNM17A, B10, B25) 
There were non-compliances with the absolute summer 
minimum at GNM15 (Lexia 186) in 2000 – 03. Water 
Corporation have shut down the four closest production 
bores so impacts likely to be primarily caused by reduced 
recharge. Non-compliance with the absolute minimum (>2 
in 6 years) of GNM17A (Lexia 94).  
 
There was a non-compliance for the first time at Egerton 
Seep (B25) in 2003. However macroinvertebrate species 
richness and abundance was good and there had been no 
significant change in species richness since monitoring 
began. The next round of monitoring in Spring 2004 will 
help assess this further. 
 
Near average rains in winter 2003 produced groundwater 
levels higher, on average than the previous years. The Lexia 
wetlands were 30cm higher and Egerton Seep 34 cm higher 
than at the same time the previous year. 
 
For more details see Table A3 
 

Public water (scheme) abstraction was 4.6 GL less 
from the superficial aquifer than for previous 
reporting period and private water allocation was 
1.3 GL less. 
 
A number of water management initiatives are on-
going (e.g. Water Wise on the Farm) and some 
new initiatives have begun in the current reporting 
period (e.g. metering of use). 

Section 4.3. 

                                                 
3 Table 8 – Gnangara 2002 annual report 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
496: P1.2 Review interim EWRs in the first 

triennial report to the EPA and update as 
appropriate. 

Work to revise the EWRs was initiated during 2002 with 
completion expected during 2004 as a component of the 
current Section 46 review of environmental conditions. 

Work to revise the EWRs was initiated during 
2002 with completion expected in late 2004 as a 
component of the current Section 46 review of 
environmental conditions. 

Welker 
2002a, 
Strategen 
2003 

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

9/05/01 Condition no longer relevant as superseded by 496: 
M5.1 (comment in DEP Environmental Audit Branch audit 
table) 

9/05/01 Condition no longer relevant as superseded 
by 496: M5.1 (comment in DEP Environmental 
Audit Branch audit table) 

 

496: P3.1 Investigate stratigraphy and water 
regimes in the Lexia wetlands, EPP 
wetland 173 in Melaleuca Park and 
Melaleuca Park dampland 78. 

Rockwater reported on groundwater wetland relationships 
on the Gnangara and Jandakot mounds in July and 
September 2003 (outside the period of this report), 
including the Lexia wetlands, EPP wetland 173 in 
Melaleuca Park and Melaleuca Park dampland 78 to 
determine possibility of perching. Perching of EPP wetland 
173 and dampland 78 is indicated, with possible perching of 
Lexia 94 swamp. 

Rockwater reported on groundwater wetland 
relationships on the Gnangara and Jandakot 
mounds in July and September 2003 including the 
Lexia wetlands, EPP wetland 173 in Melaleuca 
Park and Melaleuca Park dampland 78 to 
determine possibility of perching. Perching of EPP 
wetland 173 and dampland 78 is indicated, with 
possible perching of Lexia 94 swamp. 
 
Report is available upon request. 
 
With the completion of this investigation and 
production of the Rockwater (2003) report, the 
commission seeks clearance of condition 496:P3.1. 

Rockwater 
2003. 

496: P3.2 Determine EWPs following the 
investigation undertaken in P3.1 

To be undertaken following work to revise the EWRs 
expected for completion during 2004 as a component of the 
current Section 46 review of environmental conditions. 
(expected during late 2004). 

Draft report completed and out for public review 
and comment—Section 46 Review of 
Environmental Conditions on Management of the 
Gnangara and Jandakot Mounds—Stage 1 
proposal for changes to conditions (Strategen 
August 2004). Final report expected to be 
submitted to the EPA in late 2004. 

Strategen 
August 2004 

496: P4 Provide support to research projects and 
conduct research and investigations into 
the EWRs of wetlands, vegetation and 
seepage areas as defined in Section 16.5 
of the PER. 

See responses to M9-1 and P9 of ministerial statement 438 
(Gnangara groundwater resources). 

Draft report completed and out for public review 
and comment—Section 46 Review of 
Environmental Conditions on Management of the 
Gnangara and Jandakot Mounds—Stage 1 
proposal for changes to conditions (Strategen 
August 2004). Final report expected to be 
submitted to the EPA in late 2004. 
 

Strategen 
August 2004 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
496: P5 Review and update EWPs and water 

allocation if necessary by feedback from 
the monitoring program. 

Monitoring has been conducted on an ongoing basis during 
the review period, with annual reviews of the data. Work to 
revise the EWRs was initiated during 2002 with completion 
expected during 2004 as a component of the current 
Section 46 review of environmental conditions. This will 
incorporate consideration of the monitoring data to date. 
Once competed, this work will be analysed and used in the 
review of EWPs (expected during late 2004). 

Draft report completed and out for public review 
and comment— Section 46 Review of 
Environmental Conditions on Management of the 
Gnangara and Jandakot Mounds—Stage 1 
proposal for changes to conditions (Strategen 
August 2004). Final report expected to be 
submitted to the EPA in late 2004. 

Strategen 
August 2004 

496: P6 Undertake a monitoring program. A monitoring program was conducted during the reporting 
period. 
 
water levels—refer to Attachment 5 (hydrographs) 
vegetation—refer to 496: P15.1 
invertebrates—refer to 438: M9-1 
frogs—refer to 438: M4-1 
 
Results are available upon request. 

A monitoring program was conducted during the 
reporting period. 

Section 3; 
Appendix 2. 

496: P7 Develop a MOU with CALM which 
includes pine harvesting in State forest 65 
(SF65) over 20 years and the Gnangara 
Park establishment. 

18/01/00 Condition cleared by DEP Environmental Audit 
Branch (refer to 438: P7)  
 
Update- 
The MoU has not been effectively upheld since it was 
signed by WRC and CALM (now FPC) in 1999. 
Commitment between agencies has been compromised by 
the signing of the State Agreement to the WESBEAM LVL 
plant operations in mid 2002. Unfortunately, no provisions 
for compliance with the requirements of the Pines MoU 
were included in the State Agreement with Wesbeam 
negotiated by FPC and the Office of Major Projects, 
however, some pine thinning and clearfelling has been 
accommodated within the constraints of the State 
agreement for the LVL plant. 
 
In recognition of the importance for sustainable 
management of water resources and pine plantations on the 
Gnangara Mound, a number of new approaches are being 
considered and progressed to better achieve the purpose of 

MOU developed. The lack of management of the 
pines in accordance with the MOU is an on-going 
issue. 
 
Refer to Triennial Report discussion. 

Section 
2.3.2. 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
the MoU. This includes the establishment of the Gnangara 
Coordinating Committee in April 2003 that comprises 
Directors from DoE, FPC, WADA, DPI, CALM, 
Department of Premier and Cabinet, Water Corporation and 
CSIRO. The committee meets monthly and aims to provide 
an integrated, whole of government approach to 
management on the Gnangara Mound and to better 
coordinate multiple land and water resource use activities. 
Under the coordination of the Gnangara Coordinating 
Committee, the Pines Technical Group, a joint agency 
group (including members from DoE, CALM, FPC and 
Water Corporation) was established to evaluate alternative 
pine management options to achieve an optimal outcome 
for the environment, water supply and pine harvesting. 

496: P8 Provide advice on impacts of landuse on 
groundwater resources to relevant 
agencies. 

Advice is provided to State Government Departments, 
Local Government, Stakeholders and Community groups 
through the Gnangara Community Consultative Committee 
(GCCC) (Members List attached) 
 
The objective of the commission’s program of community 
consultation on the Section 46 process is to gain community 
ownership and understanding of the water resource 
problems that are currently being faced on the Gnangara 
and Jandakot Mounds.  
 
The Gnangara Community Consultative Committee is the 
main medium for community involvement for the Gnangara 
Mound on the Section 46 Review. The Consultative 
Committee met on 6 occasions from July 2000 to June 2003 
(July 2001, November 2001, March 2002, April 2002, July 
2002, and March 2003—agendas available on request). At 
these meetings, detailed presentations are given by a range 
of government departments on the following subjects: 
 

• water levels and current status of the Gnangara 
Mound; 
 

The WRC provides specific advice on the impacts 
of land use proposals referred to it by decision 
making authorities. For example, between 1 July 
2003 and 30 June 2004 the WRC/DoE considered 
51 proposals within the City of Wanneroo. 
Proposals referred included, 22 subdivision 
proposals, nine rezonings, and 30 development 
applications. The advice provided relates to general 
environmental management considerations 
including management of groundwater resources. 
 
In addition to the continuation of activities listed in 
the WRC 2000-03 Triennial report over the 2003-
04 year, the WRC has also made a significant 
contribution to the production of the Draft East 
Wanneroo land and water use strategy. The 
contribution has mainly involved computer 
modelling of various land- use scenarios and 
assessing potential impacts on groundwater 
resources. 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
• wetland macroinvertebrates and water quality 

(acidification of wetlands); 
• wetland vegetation status; 
• actual and predicted breaches of ministerial 

conditions; 
• the status of individual Section 46 reviews (EWRs, 

sedimentology, wetland-groundwater level 
relationships and optimisation of the groundwater 
monitoring network; 

• pines management; 
• Water Corporation abstraction; 
• Yanchep Caves; and management of private 

abstraction. 
   
2. The Gnangara Coordinating Committee was first 
convened in April 2003 and is made up of Directors of 
several government agencies (AgWA, DPI, WCorp, 
CALM, WRC, FPC, CSIRO and DPC). The Coordinating 
Committee meets monthly. Impacts of landuse on 
Groundwater resources and management options are 
regularly discussed. The Terms of Reference and members 
list are attached. 
 
Several other inter-agency committees also exist at which 
the WRC, CALM, the City of Wanneroo and/or the DPI are 
represented and the impacts of land use on groundwater 
resources are discussed. These include the Yanchep Caves 
Recovery Team, the Yanchep Caves Technical Group, the 
Pines Technical Group, and the East Wanneroo Land Use 
and Water Management Strategy Community Consultative 
Committee. 
 
A community Water Forum was held in September 2002 at 
the City of Wanneroo offices and run by the Water and 
Rivers Commission. Agency representatives and 
community members attended and the forum involved a full 
day of discussion centred around groundwater management 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
on Gnangara Mound, and the impacts of land use on GDEs. 
Outputs of the forum contributed to the Government’s 
Water Symposium held in October 2002. A summary of the 
forum can be found on the website: 
http://www.ourwaterfuture.com.au/community/forums_ 
gnangara_mound.asp 

496: P9 Determine EWPs for new appropriately 
located bores in the vegetation corridor. 

All EWRs and EWPs on the Gnangara Mound are under 
review as agreed to by the Minister and the EPA in 2001. 
As part of this review under Section 46 of the 
Environmental Protection Act, Edith Cowan University has 
been contracted to review the ecological values and 
ecological water requirements for GDEs on the Gnangara 
Mound (more information on the scope of this study is 
contained in the responses to M9-1 and P9 of Statement 438 
(Gnangara Mound Groundwater Resources). This includes 
the vegetation corridor near the Lexia borefield. This 
review is due to be completed by the end of 2004. 

All EWRs and EWPs on the Gnangara Mound are 
under review as agreed to by the Minister and the 
EPA in 2001. As part of this review under Section 
46 of the Environmental Protection Act, Edith 
Cowan University has been contracted to review 
the ecological values and ecological water 
requirements for GDEs on the Gnangara Mound 
(more information on the scope of this study is 
contained in the responses to M9-1 and P9 of 
Statement 438 (Gnangara Mound Groundwater 
Resources). This includes the vegetation corridor 
near the Lexia borefield. This review is due to be 
completed by the end of 2004. 

Welker 
2001. 

496: P10 Chair and provide support for a 
Consultative Committee as a forum for 
information exchange. 

A combined committee for Gnangara/East Gnangara has 
been formed (The Gnangara Community Consultative 
Committee) meets in April and October each year (see 
ministerial statement 438 (Gnangara groundwater 
resources) P-10 for aims and details). Attached is the 
committee members list. 

The Gnangara Community Consultative 
Committee has met in October 2003 and again in 
July 2004. The Natural Resources Management 
Officer for the WRC Swan Goldfields Agricultural 
Region (Welshpool) is the Executive Officer of the 
Gnangara Community Consultative Committee. 

Agendas/ 
Minutes 
available 
upon request. 

496: P11 Require the Water Corporation to Phase 
in production bores closest to 
phreatophytic vegetation. 

The Water Corporation are required by the operating 
strategy to phase in bores L12, L420, L430, L510, L620 
and L710.  The operating strategy forms part of the licence. 
 
The Water and Rivers Commission seeks clearance of this 
condition 496: P11. 

The Lexia Scheme is closely monitored and has 
not operated to full capacity due to potential 
environmental impacts (i.e. some bores turned off). 
Due to reduced abstraction and the closure of bores 
near environmentally sensitive areas, the impact on 
phreatophytic vegetation has been accounted for. 
The Commission seeks clearance of this condition 
496:P11. 

 

496: P12.1 Require the Water Corporation to develop 
a wetlands mitigation strategy for any 
loss of value in wetlands 132, 156, 158, 
164 and 104. The mitigation strategy will; 

16/02/01 Condition cleared in part with issue of interim 
licence to the Water Corporation to commence production 
subject to conditions (comment from DEP Evaluation Audit 
Branch audit table) requiring the Corporation to develop a 

Commission has requested the Water Corporation 
to submit a wetlands mitigation strategy. Report is 
still under development by the Corporation and the 
commission expects to receive it in early 2005. 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
identify actions to minimize loss of 
values, prior to development; monitor 
wetlands to determine whether loss of 
values has occurred, on an ongoing basis; 
and compensate for any loss of values in 
the event of adverse impacts becoming 
apparent. 

wetlands mitigation strategy. 

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

Implementation of the wetland mitigation strategy required 
by Water Corporation’s licence conditions (refer Condition 
7). 
 
The strategy is due for review on 2004. 

Implementation will follow review of wetland 
mitigation report and modification of licence 
conditions as necessary.  

 

496: P13.1 Require the Water Corporation to prepare 
an operations plan (with environmental 
commitments to meet EWPs) for the 
Lexia and East Mirrabooka groundwater 
scheme. 

Operation plan due for review in 2004. 
 
10/02/00 Condition cleared by DEP Environmental Audit 
Branch. 

10/02/00 Condition cleared by DEP Environmental 
Audit Branch. 

 

496: 13.2 Require the Water Corporation to submit 
yearly production plans as part of the 
operating strategy. 

Yearly production plans are submitted by the Water 
Corporation during negotiations in November each year to 
determine the amount that can be abstracted from the 
Gnangara Mound without breaching EWPs. 

Yearly production plans are submitted by the 
Water Corporation during negotiations in 
November each year to determine the amount that 
can be abstracted from the Gnangara Mound 
without breaching EWPs. 

 

496: P14 Map vegetation communities on the 
Gnangara Mound. 

The three-year vegetation mapping project has recently 
been completed. The study was conducted by Mattiske 
Consulting and a final report and ArcView information has 
been submitted to the WRC, DEP, CALM and the Water 
Corporation. 

The three-year vegetation mapping project has 
recently been completed. The study was conducted 
by Mattiske Consulting and a final report and 
ArcView information has been submitted to the 
WRC, DEP, CALM and the Water Corporation. 
 
A copy of the report is available upon request. 
 
The completion of this project, theCommission 
seeks clearance of Condition 496:P14.  

Mattiske 
Consulting 
(2003), 
Flora and 
vegetation 
studies – 
Gnangara 
Mound 
Stages 1, 2 
and 3 
(Report and 
Appendices) 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
496: P15.1 Monitor water levels and establish a 

vegetation transect in wetland 132—Pre-
Operation 

As part of the Water Corporation’s Lexia wetland 
mitigation strategy, vegetation transects have been 
established by the Corporation at wetlands 104, 132, 156, 
158 and 164. The vegetation at these wetlands has been 
visually assessed by Edith Cowan University ecologists 
monthly, or fortnightly in summer over the 2001-2003 
period. Water level monitoring has been conducted at the 
same time as the visual assessments. The Commission is 
provided with the results of these assessments at regular 
intervals (generally monthly). The Water Corporation has 
obtained preliminary agreement from the commission to 
alter the monitoring programme in line with the annual 
programme currently in place for wetlands monitored by 
the commission. Water levels will continue to be monitored 
monthly. 

On- going. Vegetation transects established (refer 
discussion Triennial Report).  

Appendix 2. 

496: P15.2 Monitor water levels and establish a 
vegetation transect in wetland 132—
Operation 

As for P15.1 Report no: 2004 – 15: Wetland vegetation 
monitoring 2004 survey of Gnangara wetlands. M. 
Bertuch, R. Loomes & R. Froend.  

Appendix 7. 

496: P16 Liaise with the Swan Valley Nyungah 
Community regarding the proposal. 

Mr Iva Hayward-Jackson, a representative of the Swan 
Valley Nyungah Community, has been a member of the 
Gnangara Community Consultative Committee since late 
2000. Mr Hayward-Jackson has generally declined to attend 
meetings in person, however, the WRC has sent Mr 
Hayward-Jackson copies of the meeting agendas and 
minutes. The Commission has also met with Mr Hayward-
Jackson at the Swan Valley Nyungah premises and again at 
the Yanchep Caves in 2001. Since the Swan Valley 
Nyungah Community was closed down in 2003, the 
commission has attempted to contact Mr Hayward-Jackson 
but so far has been unsuccessful. 

Situation still under negotiation.  

496: P17.1 Undertake a dieback survey. A dieback survey was conducted in September 2003. A 
survey is conducted every 3 years (commitment made in 
East Gnangara Water Provisions Plan (WRC, 1997). The 
2003 report has recommending that sections of the survey 
be done each year rather than all at one time. 

A dieback survey was conducted in September 
2003. A survey is conducted every 3 years 
(commitment made in East Gnangara Water 
Provisions Plan (WRC, 1997). The 2003 report has 
recommending that sections of the survey be done 
each year rather than all at one time. 

Appendix 2. 
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Code 

 
Description 

 
Compliance assessment (2000–03)  

WRC triennial report 

 
Compliance assessment (2003–04) 

 
Report 

reference 
496: P17.2 Prepare dieback management 

procedures—Pre-Operation 
Water and Rivers Commission monitoring personnel have a 
standard policy of keeping vehicles clean between trips. 
Dieback quarantine areas are managed by CALM and have 
unique levels of restrictions associated with it. Due to sandy 
nature of the Gnangara Mound in general, the transmission 
of dieback from soil adhering to vehicle tyres and shoes of 
people walking through dieback areas is of lower risk than 
in clayey areas such as in the Darling Range. The Water 
and Rivers Commission is not aware of special 
requirements for the Gnangara Mound area. 

Water and Rivers Commission monitoring 
personnel have a standard policy of keeping 
vehicles clean between trips. Dieback quarantine 
areas are managed by CALM and have unique 
levels of restrictions associated with it. Due to 
sandy nature of the Gnangara Mound in general, 
the transmission of dieback from soil adhering to 
vehicle tyres and shoes of people walking through 
dieback areas is of lower risk than in clayey areas 
such as in the Darling Range. The Water and 
Rivers Commission is not aware of special 
requirements for the Gnangara Mound area. 

 

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

Refer to 496: P17.2 Refer to 496: P17.2  
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Appendix 2 
 

Summary of Gnangara  
environmental surveys 

The following are summaries of the biological monitoring that occurred over 
spring 2003 to summer 2004 on the Gnangara Mound. Included are: 
 

Appendix 2(a)—Wetland vegetation monitoring ............................................................84 
Appendix 2(b)—East Gnangara frog monitoring............................................................87 
Appendix 2(c)—Gnangara wetland macroinvertebrate monitoring ................................89 
Appendix 2(d)—East Gnangara seepage monitoring ....................................................92 
Appendix 2(e)—Yanchep Cave invertebrate monitoring................................................94 
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Appendix 2(a) 
Wetland vegetation monitoring 

(from Report no: 2004 – 15: Wetland vegetation monitoring 2004 survey of Gnangara wetlands. M. Bertuch, R. 
Loomes & R. Froend) 
 

Rapid assessments of selected wetlands and terrestrial sites where water level criteria had been 
breach during 2003 was conducted at the end of February and again at the end of April. The 
assessments were conducted by Froend, Bowen and Associates (2004) to document any changes in 
vegetation condition over summer of 2003–04: Froend et al. (2004), Extra Vegetation Monitoring 
of Gnangara and Jandakot Mounds Wetlands and Terrestrial Vegetation – Summer 2003-04 report 
to the Water and Rivers Commission, Perth. Changes over summer varied between sites. The 
following provide a quick summary of the vegetation condition at each site: 
 

A. Gnangara Wetlands  
 
Loch McNess  
 
Similar to previous years, the vegetation condition around Loch McNess is good. The only evidence 
of recent declines in vegetation condition, are those of seasonal drying and the death of a single 
mature Banksia littoralis on the eastern shore. Melaleuca rhaphiophylla and Eucalyptus rudis are 
generally in good condition. The M. rhapiophylla on the west side of the Loch have new growth 
and those on the eastern shore are healthy. The E. rudis on the eastern shore are also healthy and the 
Baumea articulata are flowering. 
 

Lake Yonderup 

There has been little change in the condition of wetland vegetation on the transect at Lake 
Yonderup in recent years, other than increased invasion of exotics. To the north around the area of 
permanent open water, the vegetation remains dense, intact and healthy. Mature B. littoralis around 
the lake are healthy and flowering. The M. rhaphiophylla were also healthy. 
 

Lake Wilgarup 
All the M. rhaphiophylla saplings from the wetland basin are dead and many of the mature trees 
continue to dry, with some deaths especially in older trees. The understorey in the basin continues 
to be dominated by exotics with natives sedges restricted to a few individuals of Lepidosperma 
longitudinale and Baumea articulata. Many of the larger Spyridium spp. are also drying and dying 
and all the mature B. littoralis are dead however, the younger plants are in good condition. 
Although the condition of this wetland has declined significantly in recent years, ecological values 
could be revived under a wetter water regime. 
 

Lake Nowergup 
Across the western shore of Lake Nowergup the fringing M. rhapiophylla and E. rudis appear to be 
in good health and the Typha orientalis is still green. A number of relatively healthy M. 
rhaphiophylla further from the basin are exhibiting some epicormic growth. Banksia spp. and E. 
gomphocephala in the area of terrestrial vegetation are showing signs of drying and there are some 
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deaths. Seasonal drying is occurring in Baumea articulata on the western side of the basin and the 
band continues to thin as exotics encroach from upslope and Typha from downslope. The weedy 
understorey has become very dry and poses a fire risk at this wetland. 

Lexia 94 
The large M. preissiana individuals closer to the basin of Lexia 94 have not experienced any 
declines in condition over the summer of 2004. However, several species (Astartea fascicularis and 
Pericalymma ellipticum) in the understorey are dry and showing significant signs of decline. On the 
opposite (eastern) side of the access track there are many deaths of overstorey plants. One dead B. 
ilicifolia was found north of the transect. 
 

Lexia 186  
Other than seasonal drying there were no further declines in understorey or overstorey condition at 
Lexia 186 over the summer of 2004. The A. fascicularis, P. ellipticum and Banksia seedlings 
continue to establish in the monitoring transect and the new B. articulata stems in the wetland basin 
have survived the summer. 
 

Lake Mariginiup 
The vegetation on the western side of Lake Mariginiup was virtually removed by a fire in 2003 with 
the monitoring transect severely damaged by fire and the creation of a fire break. Older E. rudis 
individuals on the western side of the basin, previously noted to be in bad condition, have died since 
the October annual assessment. However, younger trees are in relatively good condition except for 
some insect attack in the leaves. E. rudis seedlings have been noted further into the wetland 
suggesting this species is encroaching into the basin in response to drying. Some Baumea articulata 
is still present on the transect and Typha orientalis is drying at this time of year. The weedy 
understorey is very dry and again poses a fire risk. 
 

Lake Jandabup 
There has been no change in the condition or composition of the overstorey, with the M. preissiana 
in good condition. The understorey and sedges at Lake Jandabup is showing sign of seasonal drying 
but are generally in good condition. 
 

Lake Joondalup  
The basin of Lake Joondalup is generally dry with small areas of surface water still present only 
along the western shore. North of Neil Hawkins Park, the understorey remains dry and there is 
evidence of long-term decline in mature E. rudis in the area, although younger individuals are 
growing well. The majority of mature M. rhaphiophylla are also in good condition despite some 
patches showing long term health decline.  
 
In the vicinity of the southern transect, wetland species continue to resprout following the fire in 
early 2003. Although the new M. rhaphiophylla seedlings recorded in the spring assessment have 
thinned out over summer, the surviving individuals are growing well. The majority of mature trees 
are also resprouting however, there have been a small number of spot deaths. 
 

Egerton Springs 
There have been no further deaths of Taxandria linearifolia on the peak of Egerton Spring since the 
last assessment. Tip drying is still present in mature M. preissiana to the south of the spring. 
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However, new A. fasicularis seedlings were noted along the access track and the dense sedges (B. 
riparia and 2 species of Lepidosperma) remain healthy despite seasonal drying. 
 
 

B. Gnangara Terrestrial Sites 
 

MM53 
During the February assessment several recent spot deaths of established B. menziesii to the east of 
bore MM53 were noted and during the April assessment 1-2 deaths were noted 100 m south of the 
bore. There have also been 1-2 deaths of B. menziesii to the west of the bore however, these trees 
appear to have died some time ago. Two dead Xanthorrhoea preissii were also noted. Seasonal 
chlorosis is occurring in a number of the Xanthorrhoea preissii and other understorey plants in the 
area. 
 

MM55B 
There has been no change in the composition or condition of the overstorey at MM55B nor further 
drying or chlorosis of A. fascicularis in the fenced area. The mature M. preissiana in the paddock 
remain in good condition although there is some minor tip drying. The M. preissiana to the west 
show more tip drying than those in the paddock. 
 

MM59B 
There has been some decline in B. attenuata at bore MM59B over the summer months, with 1-2 of 
the trees in quite bad condition however, as yet they are still alive. Apart from this and some 
seasonal chlorosis in the understorey no other changes have occurred. The rare yellow form of B. 
menziesii is currently flowering within 20 m of the bore. 
 

PM6 
Seasonal drying is evident in the understorey near bore PM6 and Xanthorrhoea preissii and some 
other understorey species are showing signs of chlorosis. A small number of the mature B. 
attenuata and B. menzeisii are showing signs of drying canopies and one B. attenuata is half dead. 
Young B. menziesii however, are showing new growth and the majority of vegetation at this site 
remains in good condition. 
 

JB5 
The B. menzeisii to the south east of bore JB5 and closest to the market garden appear to have dried 
slightly over the summer months. One B attenuata has died, however the B. ilicifolia are in 
relatively good condition. The mature M. preissiana are not in good condition however, the younger 
trees appear to be relatively healthy. Apart from this the condition of the understorey is very dry. 
 

WM1 
There is little change in the condition of vegetation at WM1 other than understorey vegetation 
exhibiting signs of seasonal drying. B. attenuata and B. menzeisii saplings continue to establish, 
replacing the dead trees in the overstorey and the B. ilicifolia are also in good condition. 
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WM6 
There has been little change in the condition or composition of the overstorey and understorey at 
WM6 other than seasonal variations in the distribution of annual species and seasonal drying. 
Although there is some evidence of chlorosis in the understorey. The Banksias in the overstorey are 
in relatively good condition. 
 
LEXIA WETLAND 132 (refer to Appendix 7) 
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Appendix 2(b) 
East Gnangara frog monitoring 

Report on East Lexia Frog Monitoring: 
Autumn/Spring 2003 

 
R. Davis and M. Bamford 

 
Prepared for: 

Water and Rivers Commission, 
Hyatt Centre, 3 Plain St, 

East Perth, WA, 6004 
 
 

Prepared by: 
M.J. & A.R. Bamford, 

CONSULTING ECOLOGISTS. 
23 Plover Way, 

Kingsley, WA, 6026 
 

 
27/01/’04 

 
 
 

*WESTERN WILDLIFE   **M.J. & A.R. Bamford, 
37a The Avenue    CONSULTING ECOLOGISTS. 
Nedlands, WA, 6009    23 Plover Way, Kingsley, WA, 6026 
www.westernwildlife.com.au 
 

Executive Summary 
 
As part of the environmental commitments made in the Public Environmental Review for the East 
Gnangara Environmental Water Provisions Plan, monitoring of frog populations in six wetlands on 
the Gnangara Mound has been carried out for the Water and Rivers Commission since 2000. This 
work was initially done by staff from the department of Terrestrial Vertebrates at the Museum of 
Western Australia (Aplin et al. 2001, Aplin et al. 2002), but the project was taken over by Bamford 
Consulting Ecologists in 2002. During the 2003 survey period, changes were implemented so that 
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the project focused more intensely on a smaller number of wetlands than was the case in the 
original study. 
 
In 2003, surveys were carried out in two periods: autumn (11th to 16th May) and spring (2nd 
September and 19th to 24th October). Work was carried out at two wetlands formerly sampled by the 
WA Museum: Lexia 86 and EPP Wetland 173. Surveys included pitfall trapping, tadpole surveys 
and surveys of calling males. 
 
Pitfall trapping yielded 217 captures of 7 species in total for May and October. The majority of 
captures were breeding adult and metamorph Moaning Frogs Heleioporus eyrei. Recruitment of this 
species was recorded at both wetlands but important differences were found between the population 
structure of Moaning Frogs at Lexia compared with the EPP wetland. At Lexia, there as no 
evidence of recruitment from the previous breeding season (2002) and there was an absence of 
young adults, suggesting that there had been no recruitment for several years prior to 2002. This 
was probably due to low water levels in previous years.  
 
A range of reptiles was also captured including the swamp-dependent skink Acritoscincus 
trilineatum which may be worthy of future monitoring. An unusual record was the capture of a 
single Western Pygmy Possum Cercartetus concinnus in May. This species is today rarely recorded 
from the Swan Coastal Plain although it was historically widespread in the region. 
 
Tadpoles were present in both wetlands, with those of the Moaning Frog present at both wetlands 
and Squelching Frog Crinia insignifera tadpoles only being recorded at the Lexia wetland. Tadpoles 
were more than 100 times more abundant in the Lexia wetland than the EPP wetland.  
 
Calling male Slender Tree-Frogs Litoria adelaidensis and Glauert’s Froglets Crinia glauerti were 
widespread in September, while calling male Quacking Frogs C. georgiana were restricted to the 
EPP wetland and calling Squelching Frogs were restricted to the Lexia wetland. No Pobblebonk 
Frogs Limnodynastes dorsalis were calling at either wetland although one was heard in nearby 
paddocks at the EPP wetland and one was seen at the Lexia wetland.  
 
The data collected in 2003 provide detailed baseline data against which future results can be 
compared. In summary, future surveys will focus on: 

• Pitfall trapping to detect breeding success of adult frogs, especially H. eyrei, and recruitment 
success as measured by captures of metamorphs. 

• Tadpole trapping at both wetlands to monitor recruitment of larvae into the population. 
Tadpole trap calibrations should be undertaken at the Lexia wetland in 2004 to increase 
sample sizes available for analysis. 

• Tadpole trapping should be carried out slightly later in the year than was possible in 2003 to 
detect species that breed in late spring. 

• Censuses of calling males to enable comparisons of densities between years could be 
repeated more often and preferably in a few seasons such as July and November.  
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Appendix 2(c) 
 Gnangara wetlands 

macroinvertebrate monitoring 

  
 
 
 
 
 
 

Report No. 2004-07 

 
Annual Report for the Wetland Macroinvertebrate Monitoring Program of the Gnangara Mound 

Environmental Monitoring Project (GMEMP)—Spring 2003 to Summer 2004. 
 
 
 
 
 
 

J. D. Clark and P. Horwitz 
 

 
 
 
 
 
 

 

A Report to the Department of Environment (Water and Rivers Commission) of Western Australia 
 

May 2004 
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Executive Summary 
 
1. Seventeen (17) wetlands were monitored for macroinvertebrates and water quality once in 

spring (Round 16, R16) and once in summer/autumn (Round 17, R17), for the ninth year in 
succession. 

 
2. Water level criteria relating to spring or summer absolute minima (whichever applies in the case 

of each wetland) were breached, or clearly will breach in autumn 2004, in all wetlands 
monitored except Lake Goolellal, Lake Joondalup and Melaleuca Park EPP 173. Wetlands that 
breached their spring absolute minimum peak were Coogee Spring, Lake Mariginiup and Lake 
Nowergup. Wetlands that breached their absolute summer minimum were Lake Jandabup, Lake 
Joondalup, Loch McNess, Pipidinny Swamp and Lake Yonderup. Assuming that where 
wetlands dried, they fell below the absolute minimum even though the hydrograph shows them 
drying at above that level, the following wetlands breached absolute minima: Lake Gnangara, 
Lexia 86, Lexia 186 and Wilgarup.  
 

3. The mean macroinvertebrate family richness from R16 is the lowest spring average in eight 
years of monitoring. The mean macroinvertebrate family richness from R17 was more typical of 
summer rounds, although again around the lowest average recorded. At a coarse level, the 
strong relationships found at each wetland for macroinvertebrate family richness and water 
levels suggests that water levels have played a role in the observed decline of mean richness. 

 
4. All wetlands sampled during Rounds 16 and 17 (excluding Lake Wilgarup and Coogee Springs 

which were dry) continue to record an increase in cumulative family richness, where families 
not recorded from a wetland in previous years, are being located. This demonstrates the limited 
capacity of the once-off seasonal sampling for completely describing a wetland’s 
macroinvertebrate fauna. Having said that it is significant that no macroinvertebrate families 
were recorded in 2003/3004 that had not previously been recorded at any of the 16 wetlands.  

 
5. Loch McNess (south) is still the most family rich wetland monitored in this program, followed 

by Pipidinny Swamp and Lake Yonderup, confirming the significant values associated with 
macroinvertebrates at these wetlands. 

 
6. Wetlands Lexia 86, Lexia 186a and b, Melaleuca Park all recorded a pH<4 indicating active and 

on-going acidification. Lake Mariginiup pH values for spring show a yearly decline, now 
around pH = 4.6; summer/autumn pH values at this wetland do not show the same decline. Lake 
Gnangara remains very acidic and in summer monitoring recorded pH levels between 3.0 and 
3.1. 

 
7. Lake Jandabup has recovered its pH following water level augmentation commenced in 2000. 

Since the acidification event turbidity has increased, colour (gilvin) has decreased slightly 
overall, and electrical conductivity no longer shows pronounced seasonality (although a 
seasonal pattern is discernible). The macroinvertebrate fauna that disappeared or declined as a 
result of acidification has now returned (with the exception of one family, the bivalve mollusc 
Sphaeridae). 

 
8. Table A1 shows summary status reports for each wetland. Six wetlands are now regarded to be 

of extreme concern from the perspective of the impact of declining water levels, where the 
impacts are many and varied, according to the wetland. None of the wetlands fall into the 
category “no immediate concern”.  
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Table A1. Wetland Status Report for Gnangara Mound Environmental Monitoring Project (GMEMP) wetlands 
(showing level of concern relative to wetland values)  

Wetland 

Over
-all 
Conc
-ern1 

Water 
level2 

Eutro-
phic-
ation 

Acidi-
fication 

Suscept-
ibility 
to fire3 

Loss of 
vege-
tation 

Loss of 
fauna 

Intro-
duced 
species 

Coogee 
Spring 1 A B C A A B A 
Gnangara 3 B C A C D C D 
Goollelal 2 C B D D D D C 
Jandabup 2 A C A B C B B 
Joondalup(N) 2 B B D C C C C 
Joondalup(S) 2 C A D D C C B 
Lexia 86 1 A D A A A A B 
Lexia186a/b 1 A D A A A A B 
Loch McNess 
(N) 2 B B D C C C A 
Loch McNess 
(S) 3 B B D C D C B 
Mariginiup 1 A B A A B B B 
Melaleuca 
Park 1 A C A A C A B 
Nowergup 2 A B C B B C C 
Pipidinny 
Swamp 2 A B D D D C C 
Wilgarup 1 A C C A A A B 
Yonderup 3 B D D D D D C 

D: no immediate concern C: possible concern B: probable concern A: extreme concern 

1Priority for management action as per recommendations in this report (based on level of concern 
across all issues, and need for new/extra response to alleviate significant risk; 1=highest priority) 
2 Level of concern in the absence of water level augmentation 
3No evidence for immediate management action presented 
 
9. In addition to the comments above, individual wetlands that warrant management action 

include: 
- Loch McNess North where the spread of Typha continues apparently unabated, possibly 

exacerbated by declining water levels; 
- Loch McNess South where the spring has decreased its discharge; 
- Lake Melaleuca where water requirements of Galaxiella nigrostriata require 

investigation; 
- Lake Wilgarup remains particularly vulnerable to fire and a fire management plan is 

now of the utmost urgency; 
 
Advancing terrestrialisation, elevated nutrient levels and algal blooms are symptomatic of the 
relationship between urbanisation and changed water regimes at Lake Joondalup (South). The 
management imperative here extends to catchment approaches. 
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Executive Summary 
 
1. Eastwards flow from the Gnangara Mound towards Ellen Brook discharges through a number of 

springs and lakes. Many of these sites have been degraded or destroyed but those still 
comparatively undisturbed have high conservation status. 

 
2.  Tumulus springs apparently were once abundant in the Ellen Brook catchment between Egerton 

and Muchea: most have now been destroyed. Tumulus springs have high conservation status as 
sites of outlier populations of biota adapted to wetter conditions typical of the coastal peat plains 
between Augusta and Albany. Egerton spring is permanent and shows no signs of degrading. 

 
3. Faunal diversity of Edgecombe Spring plummeted from 11 species in April, 1999 following 

drying out of the spring. Monitored again in December, 1999, and November, 2000, low water 
flow gain is continuing but the course of the water channel has been altered. There is evidence 
of only two of the original species of fauna persisting. 
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Appendix 2(e) 
Yanchep Cave invertebrate 

monitoring 
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Executive Summary 

Seven caves in the Yanchep area were visited in spring 2003 to sample the aquatic invertebrate 
fauna and water chemistry (Boomerang cave (YN99), Cabaret cave (YN31), Carpark cave (YN18) 
Water Cave (YN11) Cave on Lot51 (YN555), Un-named cave in Yanchep NP (YN61), and 
Orpheus cave (YN256)). Gilgie cave (YN27) and Twilight cave (YN194), which have been 
sampled on previous occasions, were not sampled as the former was dry and the latter was unsafe to 
enter. Boomerang Cave (YN99) was dry as a result of issues relating to the maintenance of the in-
cave reticulation system. As a result, this cave could not be sampled and it is presumed the fauna 
has been lost from this cave. 
 
Water quality was relatively consistent across all caves and between years, indicating no 
fundamental change in basic water quality between 1998, 2000, 2001, 2002 and 2003. The caves 
had a low salinity, pH slightly above 7.0, with medium dissolved oxygen levels, consistent with 
groundwater flowing from the Gnangara Mound. Ionic composition of the water was as expected 
for groundwater-derived systems of the Swan Coastal Plain. Elevated concentrations of nitrogen (as 
nitrate + nitrite) and sulphate were again recorded from the cave on Lot51 (YN555). Elevated levels 
may indicate anthropogenic influence on groundwater entering this cave, or a high organic (detritus) 
load into this caves. 
 
Faunal sampling of caves again recorded low numbers of specimens, and low diversity. Although 
there has been no evidence of recovery in the aquatic fauna in the caves, there appears to be some 
success from the reticulation system resulting in observable improvement in the condition of the 
remaining tree root mats. The fauna of Cabaret Cave appears to be becoming more ‘terrestrial’ in 
composition, with the exposed root mats being colonised by species more characteristic of dry 
caves.  
 
The caves recently added to the monitoring program (Orpheus Cave (YN 256), Cave on Lot 51 
(YN555) and un-named cave (YN61)) continued to support the same faunal elements, including the 
significant ancient cavernicole taxa first recorded in spring 2002. 
 
Results continue to be extremely alarming. Loss of water from the cave streams continues as the 
major threat, and there is no evidence of a decline in water quality. Even where supplementation 
provides standing water in liners, prolonged periods with no water flow through the root mats will 
likely be sufficient for oxygen debts to develop on microscale gradients which would be detrimental 
to the fauna. It is also critical that permanent water is maintained in the caves, as the fauna cannot 
withstand even short periods of drying. 
 
It must be hoped that there are some extant cave fauna on root mats located in inaccessible parts of 
the cave system from where recolonisation may occur. To this end, first efforts towards recovering 
the root mat fauna from any refuge areas should be directed at (1) restoring flowing water to the 
cave streams, and (2), working at restoring the development of extensive healthy root mats in the 
cave streams. By ensuring the fundamental habitat requirements are catered for (i.e. permanent, 
flowing water and healthy root mats), the fauna is given a chance to recolonise the caves, should 
animals be present nearby in some unknown refuge. 
 
Recharging the local aquifers under caves from bore water is a likely management option, However, 
this may result in the introduction of ‘stygofauna’ from other underground streams/areas of the 
aquifer, which may pose a risk through mixing of populations and genetic ‘dilution’ of extant cave 
stream populations. It is likely that fauna introduced from bores would find conditions in the caves 
to their liking. This issue should be addressed. It will be partially covered by the “Start-up Survey 



Environmental management of groundwater abstraction from the Gnangara Groundwater Mound, 2003–04    

Department of Environment 97 

of Stygofauna of the Gnangara Groundwater Area” project funded by CALM and currently being 
undertaken by the authors, as this will identify the prevalence of stygofauna in the immediate  
vicinity. However, any bores to be used for artificial recharge of the caves should be specifically 
sampled for stygofauna and risks of faunal contamination and/or genetic dilution assessed before 
recharge commences. 
 
It is recommended that: 
♦ The caves identified by Lex Bastion, which formerly contained water, but for which the current 

status is ‘unknown’ should be revisited as soon as possible to document their current 
hydrological regime  

♦ Permanent water flows must be restored to the cave streams, and maintained at a level whereby 
the majority of the root mats are submerged. 

♦ Active management is initiated to develop and then maintain extensive root mats in the cave 
streams to provide suitable habitat to support fauna should it recolonise from inaccessible 
refuges. 

♦ Monitoring of the fauna should be undertaken in September/October when habitat area is likely 
to be greatest to assess recovery of the fauna, should it occur. 

♦ Once recharge is initiated and permanent flows restored, monitoring of water quality and fauna 
should continue to assess the effectiveness of this management action.  

♦ The risk to the TECs through mixing of populations and genetic ‘dilution’ of extant cave stream 
populations through the introduction of fauna in recharge waters should be assessed 

♦ Boomerang Cave, which dried in 2003 due to issues associated with maintenance of the local 
recharge system, should be monitored in 2004 to determine if the TEC has been lost from this 
site. 
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Department of Environment 
Programme Activity Objective (what is/was intended) Timing 

(when) 
 Outcomes (what was found 

what is intended) 
Issues/status (what is 
the current situation) 

Hydrogeology Gnangara conceptual 
hydrogeology 

• Review conceptual hydrogeology of the 
superficial aquifer 

Complete  • Revised PRAMS model • Complete – WC 
funded Rockwater 
to report 

Hydrogeology Perth Metropolitan 
Hydrogeochemistry survey 

• The primary objectives are to determine 
groundwater circulation velocity and 
sources, as well as the concentration and 
fate of dissolved constituents. 

• The secondary objective is to provide a 
water quality dataset for inclusion in 
PRAMS during both steady state and 
transient calibrations for both the flow and 
transport models. 

In progress—
completion 
June 06 

 • Support PRAMS flow 
modelling 

• Determine water quality 
changes due to pumping 

• Collect data for impact 
of Acid Sulphate Soils 
in the Perth Metro 

• Second phase of 
sampling and 
chemical and 
isotope analysis 
completed. 

• Analysis of data 
underway 

Hydrogeology Gnangara Groundwater 
Mound, Potential for 
Widespread Pollution due to 
Oxidation of Acid Sulphate 
Soils. 

• The potential effect of ASS on long-term 
water quality of the superficial aquifers; 

• Capacity for ASS oxidation to impact on 
both the long term public and private water 
supply as well as the likely temporal and 
spatial distribution of this potential 
pollution. 

In progress— 
completion 
Sept. 07 

 • Existence of ASS for 
compilation of detailed 
risk mapping datasets; 

• Extent of ASS and 
PASS within the 
Gnangara Mound to 
ensure that best 
management practices 
(BMP’s) are carried out 
to minimise 
acidification of the 
groundwater. 

• PhD student at 
Curtin 

• Sampling and 
analysis for ASS 
undertaken 

• Further sampling 
programs this 
financial year 

• Gwelup and the 
Gnangara Mound 
are showing 
evidence of ASS 
oxidation products. 
This should be 
taken seriously and 
resourced 
accordingly. 

Hydrogeology Evaluation of aquifer and 
wetland interactions in the 
Northern Gnangara 
Groundwater Mound near 
AM6 and Gingin Brook. 

• Establish the relationship between wetlands 
and groundwater along the foothills of the 
Gingin and Darling Scarps. 

• Identify vertical connection between the 
superficial and confined aquifers. 

• Improve PRAMS calibration in the recharge 
area. 

Proposal  • Improve the 
PRAMS calibration 
so that the model 
can be better used to 
explore 
groundwater 

 Proposal being 
amended into three 
project briefs. 

 Awaiting funding in 
response OAG 
report  

 Some aspects of this 
project are going to 
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Department of Environment 
Programme Activity Objective (what is/was intended) Timing 

(when) 
 Outcomes (what was found 

what is intended) 
Issues/status (what is 
the current situation) 

resources for 
Perth’s water 
supply. 

• Produce decision 
making for water 
allocation and 
wetland protection. 

 Provide scientific 
data for sustainable 
resource 
development and 
management on the 
Gnangara Mound. 

 Monitoring network 
can also be utilised 
for wetlands and 
aquifer monitoring. 

be included in the 
Curtin/CSIRO Deep 
Blue project. 

Hydrogeology 1. Gnangara Groundwater 
Mound using 3-D 
modelling and 
visualisation techniques. 

2. Kings Park formation 
and offshore 
groundwater resources. 

Above now combined into 
The Deep Blue Gold: 
Investigating Perth's 
Groundwater Systems using 
Petroleum Geology. 

 Examine the hydrogeological 
knowledge gaps of aquifer systems 
and groundwater resources (e.g. 
aquifer leakage, 
compartmentalisation, salt water 
intrusion, connectivity, faulted, or 
stratigraphic boundaries etc). 

 Tackle specific problem areas 
highlighted by hydrogeologists in 
the DoE and Water Corp, including 
(a) reasons for the loss of freshwater 
to the offshore environment; (b) 
saline water intrusion (for example, 
posed by the hydraulic connection of 

Proposal 
submitted on 
14/10/04 to 
Premier’s 
Water 
Foundation 
Grants 
(PWFG), 2004 

  A sedimentological 
study of aquifers will 
provide important 
information on 
depositional facies 
distribution, and the 
nature of formation 
boundaries, as well as 
information on rock 
property distribution. 

 Geological structure 
studies show a 
significant impact on 
flow direction, recharge 
and drainage behaviour 
in aquifers such as the 
Yarragadee 

Awaiting on decision on 
whether successful in 
the PWFG 
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Department of Environment 
Programme Activity Objective (what is/was intended) Timing 

(when) 
 Outcomes (what was found 

what is intended) 
Issues/status (what is 
the current situation) 

the Kings park formation with the 
Leederville and Yarragadee 
formations);(c) the nature of the 
western boundary, (d) the nature of 
the eastern boundary, and other 
areas of uncertainty. 

Historical 
groundwater 
level changes 

Groundwater Declines: 
Groundwater Hydrograph 
Analysis 

 Quantify the relative magnitudes of the 
effects on groundwater levels resulting from 
changes in rainfall, land use and 
groundwater abstraction for a period 
between 1979 and present. 

 Update and expand the CDFM work and its 
validation study to cover all groundwater 
areas to determine the main causes of the 
observed lowering of the water levels in the 
superficial aquifer within the Perth 
groundwater area. 

 Analyse the groundwater hydrographs of 
the Mirrabooka, Leederville and Yarragadee 
aquifers to evaluate the confined aquifer 
abstraction impacts on the falling 
groundwater levels within the Perth 
groundwater areas. 

In progress 
completion 
June 2006 

 The relative magnitudes of 
effects on groundwater 
levels resulting from 
changes in rainfall, land use 
and groundwater abstraction 
(Public or private) from 
superficial and confined 
aquifers and their 
magnitudes will be mapped 
using geology, land use 
maps, and groundwater 
hydrographs. 

Currently updating 
hydrograph analysis to 
2004 using groundwater 
monitoring and SILO 
meteorological data 
 
Mathematician required 
for regression analysis. 
Declines mapping has 
been completed, 
including mapping of 
the regional water table 
decline and volumetrics. 

Historical 
groundwater 
level changes 

Groundwater Declines, a 
PRAMS 3.1 Based 
Stakeholder Impact Ranking. 

 Utilise the Perth Regional Aquifer 
Modelling System (PRAMS 3.1) to 
approximate the causes of current declines 
on both Gnangara and Jandakot 
groundwater mounds 

In progress 
completion 
Sept 05 

 Input into Section 46 Stage 
2, setting of EWPs, and the 
Gnangara Allocation Plan 

Need for the 
development of local 
area models ($500 000 
to $1 000 000) 

Gnangara 
mound impact 
monitoring 

Monitoring impacts of 
pumping from the 
Yarragadee aquifer on the 
watertable and GDEs in the 
Yeal Swamp area 

 Quantitatively assess the impact of the 
Yarragadee pumping on the watertable and 
GDEs, which comprises conservation 
wetlands and environmental criteria bores. 

 Aquifer connectivity study in the recharge 
areas for the confined aquifers. 

Proposal  Monitoring data for impact 
assessment, and new 
monitoring infrastructure 

Impact of Yarragadee 
pumping in the Yeal 
Swamp area needs to be 
monitored and assessed 
for resources 
management and 
wetland protection.  
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Table 4(a)—Gnangara Mound groundwater resources—Section 46 stage 1 proposed changes to ministerial conditions 
   

Code Current ministerial conditions (applicable from 1997) Proposed changes 

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

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

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

No change proposed. 

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

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

No change proposed. 

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

No change proposed. 

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

No change proposed. 

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

No change proposed. 

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

No change proposed. 

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

Water Conservation Strategy. 
Replace with: 
“Actively encourage further reduction in public water demand.” 
There is no formal Water Conservation Strategy and the intent of this condition 
can be met by the proposed amended condition. 
The amended condition is adopted as a commitment. 
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Table 4(a)—Gnangara Mound groundwater resources—Section 46 stage 1 proposed changes to ministerial conditions 
   

Code Current ministerial conditions (applicable from 1997) Proposed changes 

M8-1 Refer proposals to allocate water for subsequent public supply schemes on 
the Gnangara Mound to the EPA. 

Remove as redundant. Department of Environment is legally obliged to refer 
any proposals brought to its notice that are likely to have significant 
environmental effect. These would include public or private water supply 
scheme proposals. 

9-1 Undertake the following areas of specific research and monitoring: 1) 
Clarify the relationship between groundwater level and wetland water 
quality, 2) improve the understanding of the conservation value of wetlands 
on the Gnangara Mound, especially for those for which information on their 
value is limited. 

Replace with: 
“Prepare a research and investigation program for submission to the EPA 
within six months of a decision by the Minister for the Environment on the 
outcome of the 2004 s. 46 review of conditions. The research and investigation 
program will be prepared with the objective of improving understanding of: 
• groundwater-environmental relationships on the Swan Coastal Plain; 
• the associated management requirements; and 
• potential management techniques. 
Following review by the EPA, the proponent will finalise the program to the 
satisfaction of the EPA. The program would be reviewed and revised every six 
years (coinciding with triennial reports).” 
This would be adopted as a commitment and supplemented with an additional 
commitment to undertake the approved research and investigation program. 
Note: The proposed program would incorporate all relevant aspects of 
research and investigation work currently committed to under ministerial 
statements 438 and 496. 

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

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

M11-1 Seek approval for transfer of ownership, control or management of this 
project.  

Remove as recent amendments to EP Act makes provision for changes in 
proponency. 

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

Remove as incorporated in proposed change to M10-1. Duplication 
acknowledged by DEP Environmental Audit Branch (8 Oct 1999). 
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Table 4(b)—Gnangara Mound groundwater resources—Section 46 stage 1 proposed changes to ministerial commitments 
   

Code Current commitments (applicable from 1997) Proposed changes 

P1 Request the Water Corporation to establish further monitoring bores for 
monthly monitoring and more frequently if required within a 200 m radius of 
production bores located in phreatophytic vegetation. 

Remove as Proponent Commitment met and acknowledged by DEP 
Environmental Audit Branch (28 Oct 1997). 

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

Remove as Proponent Commitment met and acknowledged by DEP 
Environmental Audit Branch (28 Oct 1997). 

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

Remove and incorporate within proposed modification to proponent condition 
P-22 

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

Remove as Proponent Commitment met and acknowledged by DEP 
Environmental Audit Branch (24 Oct 2000). 

P5 Prepare a water resources allocation and management plan for the Yeal 
area to identify groundwater allocations (before development of Yeal 
scheme).  

No change proposed. 

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

Remove as Proponent Commitment met (Statement 496) and acknowledged 
by DEP Environmental Audit Branch (28 Feb 2000). 

P7 Develop a Memorandum of Understanding on pine management regimes 
with CALM 

Remove as Proponent Commitment met and acknowledged by DEP 
Environmental Audit Branch (18 Jan 2000). 

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

Remove as it is inconsistent with ministerial condition M3-1 which takes 
precedence. 

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

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

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

No change proposed. 

P11 Continue to develop catchment strategies to minimise change in 
hydrological regime within the caves of Yanchep National Park. Monitor 
water levels and cave fauna. 

No change proposed. 

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

No change proposed. 
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Table 4(b)—Gnangara Mound groundwater resources—Section 46 stage 1 proposed changes to ministerial commitments 
   

Code Current commitments (applicable from 1997) Proposed changes 

P13 In consultation with other relevant agencies, the department of 
Environment, will within six months of receiving environmental approvals, 
reconvene and provide ongoing executive support for an inter–agency 
technical advisory group for water resources planning and management 
issues on the Gnangara Mound. This will be done in the context of 
recommendations of the Select Committee on Metropolitan Development 
and Groundwater Supplies. 

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

P14 Continue to chair and provide support for the Consultative Committee as an 
ongoing forum for information exchange and advice. 

No change proposed. 

P15 The Department of Environment will continue to report every three years to 
the department of Environmental Protection on the management of 
groundwater within the Study area of the Gnangara Mound. This will 
include information on the operation of groundwater schemes and 
environmental impacts. In those years when a triennial report is submitted, 
the department of Environment will report to the Environmental Protection 
Authority on compliance with environmental conditions. 

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

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

No change proposed. 

P17 Upgrade the artificial maintenance facility for Lake Nowergup to provide 
more rapid recharge when it becomes necessary to meet EWPs. 

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

P18 Establish an artificial maintenance facility for Coogee Springs when 
necessary to meet EWPs 

Remove as condition has been cleared, and environmental values of Coogee 
Springs have been lost and it is proposed that criteria for Coogee springs be 
removed as a management objective. 

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

Remove as Lake Nowergup is proposed to be subject to new level regime. 
Coogee Springs is proposed for removal as a management objective. 

P20 Only allow drops below the preferred level (table 16, bulletin 817) to occur 
in low rainfall years to mimic natural regimes (rate of 2/6 years). 

No changed proposed but to be reviewed in stage 2 report. 

P21 A review shall take place of the EWPs (table 16, bulletin 817) at least every 
six years to allow for adaptive management. It will incorporate public 
involvement. 

Replace with: 
“Management objectives and criteria and water allocation limits will be regularly 
reviewed and amended as information becomes available to provide for 
ongoing adaptive management.” 
This change is proposed to provide for review and amendment as required, 
rather than to a prescriptive timetable that may not be synchronous with need 
or availability of information.. 
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Table 4(b)—Gnangara Mound groundwater resources—Section 46 stage 1 proposed changes to ministerial commitments 
   

Code Current commitments (applicable from 1997) Proposed changes 

P22 The Department of Environment will, after receiving environmental 
approvals, implement and undertake the following monitoring programme, 
to the satisfaction of the EPA: 

Replace with two commitments: 
“The proponent will prepare an environmental monitoring program for 
submission to the EPA within four months of a decision by the Minister for the 
Environment on the outcome of the 2004 s. 46 review of conditions. Following 
review by the EPA, the proponent will finalise the program to the satisfaction of 
the EPA. The program would be reviewed and revised every six years 
(coinciding with triennial reports). The monitoring program will include 
monitoring of groundwater levels in all relevant aquifer systems, relevant 
wetland water levels and water quality, condition of vegetation and fauna 
associated with groundwater dependent ecosystems, and cave water levels.” 
And: 
“The proponent will implement the EPA monitoring program developed under 
commitment [No as appropriate].” 

P23 Groundwater level monitoring across the established monitoring network, at 
a frequency of 1 or 3 months, depending on the wells. 

Remove and include in amendment to commitment P22. 

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

Remove and include in amendment to commitment P22. 

P25 Wetland vegetation will be mapped every two years from large scale aerial 
photography for Lakes Jandabup, Mariginiup, Nowergup, and Loch 
McNess. 

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

P26 Water quality will be monitored annually in November at all wetlands for 
which EWPs have been set. 

Review and include in amendment to commitment P22. 

P27 Wetland habitats will be mapped along two regional transects in November, 
using large scale aerial photography, every year for the first three years, 
then every three years. 

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

P28 Established terrestrial vegetation transects will continue to be monitored in 
spring, with at least 6 transects monitored every three years. 

Review and include in amendment to commitment P22. 

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

Review and include in amendment to commitment P22. 

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

Review and include in amendment to commitment P22. 
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Table 4(b)—Gnangara Mound groundwater resources—Section 46 stage 1 proposed changes to ministerial commitments 
   

Code Current commitments (applicable from 1997) Proposed changes 

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

Review and include in amendment to commitment P22. 

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

Review and include in amendment to commitment P22. 

P33 Water levels in wells for which EWPs have been established will be 
monitored every month. 

Review and include in amendment to commitment P22. 

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

Review and include in amendment to commitment P22. 

P35 The impact of confined aquifer abstraction on unconfined aquifer water 
levels will be monitored. If significant impacts are observed the department 
of Environment will discuss the observed impacts with the EPA. 

Review and include in amendment to commitment P22. 

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

Review and include in amendment to commitment P22. 

P37 Water level monitoring in 13 wetlands for which EWPs have been set will 
occur more frequently than once per month, when necessary, to determine 
compliance with set levels. 

Review and include in amendment to commitment P22. 

P38 Aquatic fauna will be monitored at the 13 wetlands for which EWPs have 
been set twice per year (but only when open water is present), in 
November and March. 

Review and include in amendment to commitment P22. 

P39 Prepare monitoring protocols for aquatic invertebrate monitoring within the 
wetlands.  

Remove assuming acceptance of protocol presented in Appendix G. 
Otherwise, include in amendment to Commitment P22. 
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Table 5(a)—East Gnangara groundwater resources—section 46 stage 1 proposed changes to ministerial conditions 
   

Code Current ministerial conditions (applicable from 1997) Proposed changes 

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

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

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

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

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

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

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

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

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

No change proposed.. 

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

Remove in accord with Audit report (EPA 2004) as recent amendments to 
EP Act provide mechanism for notification of change of proponent. 

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

Remove in accord with Audit report (EPA 2004) as recent amendments to 
EP Act provide mechanism for notification of change of proponent. 

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

Remove in accord with Audit report (EPA 2004) as recent amendments to 
EP Act provide mechanism for notification of change of proponent. 

M4.1 Provide evidence to the Minister before 17 February 2004 that the proposal 
has been substantially commenced. 

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

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

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

M4-3 Make an application to the Minister for Environment for any extension of 
approval for the substantial commencement of the proposal beyond 17 
February 2004 at least 6 months before 17 February 2004. 

Remove as redundant as proposal has been substantially competed and 
acknowledged by Audit report (EPA 2004). 
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Table 5(a)—East Gnangara groundwater resources—section 46 stage 1 proposed changes to ministerial conditions 
   

Code Current ministerial conditions (applicable from 1997) Proposed changes 

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

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

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

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

M5-2 Unless otherwise specified, the DEP is responsible for assessing compliance 
with the conditions, procedures and commitments contained in this Statement 
and for issuing formal clearances. 

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

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

No change proposed. 
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TABLE 5(B)—EAST GNANGARA GROUNDWATER RESOURCES—SECTION 46 STAGE 1 PROPOSED CHANGES TO PROPONENT COMMITMENTS 

   
Code Current commitments (applicable from 1997) Proposed changes 

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

No change proposed 

P1-2 Review interim EWRs in the first triennial report to the EPA and update as 
appropriate. 

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

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

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

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

Incorporate within proposed changes to P4. 

P3-2 Determine EWPs following the investigation undertaken in P3.1 Replace with: 
“Determine EWPs for Lexia wetlands, EPP wetland 173 in Melaleuca Park and 
Melaleuca Park dampland 78, following the investigation undertaken in [P4 as 
modified].” 

P4 Provide support to research projects and conduct research and investigations 
into the EWRs of wetlands, vegetation and seepage areas as defined in 
Section 16.5 of the PER. 

Replace and incorporate within: 
“Prepare a research and investigation program for submission to the EPA 
within six months of a decision by the Minister for the Environment on the 
outcome of the 2004 s. 46 review of conditions. The research and investigation 
program will be prepared with the objective of improving understanding of: 
• groundwater-environmental relationships on the Swan Coastal Plain; 
• the associated management requirements; and 
• potential management techniques. 
Following review by the EPA, the proponent will finalise the program to the 
satisfaction of the EPA. The program would be reviewed and revised every six 
years (coinciding with triennial reports).” 
This would be supplemented with an additional commitment to undertake the 
approved research and investigation program. 
Note: The proposed program would incorporate all relevant aspects of 
research and investigation work currently committed to under ministerial 
statements 438 and 496. 

P5 Review and update EWPs and water allocation if necessary by feedback from 
the monitoring program. 

Replace with: 
“Management objectives and criteria and water allocation limits will be regularly 
reviewed and amended as information becomes available to provide for 
ongoing adaptive management.” 
This is identical to a revised commitment proposed for the Gnangara Mound. 
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TABLE 5(B)—EAST GNANGARA GROUNDWATER RESOURCES—SECTION 46 STAGE 1 PROPOSED CHANGES TO PROPONENT COMMITMENTS 

   
Code Current commitments (applicable from 1997) Proposed changes 

P6 Undertake a monitoring program. Replace with two commitments: 
“The proponent will prepare an environmental monitoring program for 
submission to the EPA within four months of a decision by the Minister for the 
Environment on the outcome of the 2004 s. 46 review of conditions. Following 
review by the EPA, the proponent will finalise the program to the satisfaction of 
the EPA. The program would be reviewed and revised every six years 
(coinciding with triennial reports). The monitoring program will include 
monitoring of groundwater levels in all relevant aquifer systems, relevant 
wetland water levels and water quality, condition of vegetation and fauna 
associated with groundwater dependent ecosystems, and cave water levels.” 
And: 
“The proponent will implement the EPA monitoring program developed under 
commitment [No as appropriate].” 

P7 Develop a MOU with CALM which includes pine harvesting in State forest 65 
(SF65) over 20 years and the Gnangara Park establishment. 

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

P8 Provide advice on impacts of land use on groundwater resources to relevant 
agencies. 

No change proposed. 

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

No change proposed. 

P10 Chair and provide support for a Consultative Committee as a forum for 
information exchange. 

No change proposed. 

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

No change proposed. 

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

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

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

Replace with: 
“Require the Water Corporation to implement its 2001 wetland mitigation 
strategy and subsequent approved revisions and report to the department of 
Environment on implementation.” 
This is in accord with the Audit report (EPA 2004). 
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TABLE 5(B)—EAST GNANGARA GROUNDWATER RESOURCES—SECTION 46 STAGE 1 PROPOSED CHANGES TO PROPONENT COMMITMENTS 

   
Code Current commitments (applicable from 1997) Proposed changes 

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

Remove as commitment met and acknowledged by DEP Environmental Audit 
Branch (10 Feb 2000). 

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

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

P14 Map vegetation communities on the Gnangara Mound. Remove as commitment met. Documented as Mattiske Consulting (2003). 
P15.1 Monitor water levels and establish a vegetation transect in wetland 132— Pre-

Operation 
Remove as commitment has been met. Operation has commenced. 

P15-2 Monitor water levels and establish a vegetation transect in wetland 132— 
Operation 

Replace and incorporate within proposed change to P-6. 

P16 Liaise with the Swan Valley Nyungah Community regarding the proposal. No change proposed. 
P17-1 Undertake a dieback survey. Remove as commitment met (survey conducted in September 2003). 
P17-2 Prepare dieback management procedures— Pre-Operation Remove as commitment met. Department of Environment has protocol for 

operation in dieback affected areas that has direct application to subject area. 
Copy included in Appendix H. 

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

Replace with: 
“Conduct operations in accordance with proponent protocol for dieback 
management.’ 
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Appendix 6(e) 
Summarised proposed amendments 
to environmental water provisions 
and environmental criteria sites 

 

 Criteria site Proposed amendment 

 Gnangara 
 Coogee Springs Removal as criteria site due to loss of values and scientific review of 

management options. 
 Lake Nowergup Propose modification to criteria to meet modified management objectives 

including avoidance of acidification. 
 Monitoring well JB5 Remove as criteria site as native vegetation has been significantly 

cleared and values lost. 
 Monitoring well PM6  Removal as criteria site because associated vegetation is not 

groundwater dependent. 
 Monitoring well PM7 Removal as criteria site because associated vegetation is not 

groundwater dependent. 
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Appendix 7 
Summarised proposed amendments 
to environmental water provisions 
and environmental criteria sites 

Refer to wetland management objective 496:P15.2 
 

Eas t  Gnangara  Vegeta t i on  Cor r ido r  

Lexia Wetland 132 

The study area at this site is on the northern side of the wetland. Previously, the monitoring transect 
encompassed an upslope area dominated by B. attenuata and B. menziesii. In 2001 two upslope 
plots were discarded and the transect extended 30 m towards the wetland, with plot A now 10 x 20 
m and plot B 10 x 10 m. This encapsulates the entire range of M. preissiana at the wetland, and 
allows the sampling of B. articulata. This area was burnt a few months prior to the 2000 sampling 
period. The canopies of all monitored M. preissiana in plots C and D were destroyed and the 
majority of the understorey lost. From 2001 to 2004 M. preissiana and the understorey species, 
dominated by A. fascicularis continued to resprout and appeared healthy. In 2002, many M. 
preissiana were affected by leaf chlorosis.  
 
At the centre of the wetland in plot A, M. teretifolia forms an overstorey over B. articulata, which 
has thinned since 2001. M. teretifolia continues to grow after the fire. Young M. preissiana fringes 
this central area; generally plants are in poor condition however many individuals have improved in 
health since 2001. The health has declined since 2003 (Figure 46). These trees form a patchy, sparse 
canopy over the plot. The understorey is dominated by A. fascicularis, with a variety of mainly 
ground-level annual and perennial indigenous and exotic species recorded at low abundance. Some 
B. juncea was found in the plot. One B. attenuata seedling was found during the 2003 assessment it 
continues to persist in 2004. The weediness index has declined since 2002.  
 
Plot B covers a gap in the distribution of M. preissiana; the plot has no overstorey. A. fascicularis 
dominates the understorey, with some P. reticulata and H. angustifolium. The remainder of the 
vegetation is mostly composed of ground level species such as Siloxerus humifusus and T. pilosa. 
There is one exotic species (H. glabra) present at low-medium abundance. The weediness index is 
low.  
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Plot C supports M. preissiana that are generally larger than at plot A. The canopy cover of these 
trees is therefore more extensive. The health of these trees is moderate and mean health has 
increased since 2002. One B. menziesii seedling was found during 2003 and continues to persist 
during 2004. A. fascicularis, P. reticulata and H. angustifolium were common in the understorey, 
with a pervasive ground cover of the rush Dielsia stenostachya. A variety of terrestrial ground level 
species were also present in the plot, including D. bromeliifolius and H. subvaginata. Two exotic 
species were recorded at low densities; the weediness index remains low.  
A single large M. preissiana (DBH 79.0cm) in reasonably good health forms the overstorey in plot 
D, covering less than one quarter of the plot. At this elevation, A. fascicularis loses dominance and 
the typically terrestrial species D. bromeliifolius becomes prevalent in the plot. H. angustifolium 
and X. preissii are also common in the plot. The weediness index is reasonably low.  

Figure 1: Mean overstorey health rating for each year of the study period for each plot along the transect at Lexia 
Wetland 132. Darker bars represent newly monitored plots.  

 

 
a) 

 
b) 

 
Figure 2: View of Lexia Wetland 132 a) looking south from plot C towards plots B and A and b) looking north from 
plot C towards plot D. 

B. articulata occurs from the centre of the wetland to 16m along the transect. M. teretifolia is also 
found from the centre of the wetland but extends to only 10 m M. preissiana and A. fascicularis 
both occur between 10 m and 50 m, whilst H. angustifolium was recorded from 18-46m (Figure 48).  
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Figure 3: Distribution of wetland species across the Lexia Wetland 132 monitoring transect.  

The water depth ranges of one wetland tree, two shrubs and one emergent macrophyte were 
described for Lexia wetland 132 (Figure 67; appendix 2). M. preissiana occurs across most of its 
mean SCP water level range (-0.54m to –2.62m) and into the dry end of its absolute range (1.03m to 
–5.04m). B. articulata occurs within its mean SCP range (0.28m to –1.22m). H. angustifolium 
occurs across its mean SCP range (-0.83m to –2.48m) and into both the dry and wet ends of its 
absolute range (-0.16m to –3.53m). Lastly A. fascicularis occur across part of its mean SCP range (-
0.35m to –2.26m) and into the dry end of its absolute SCP range (1.03m to –4.6m). Most species at 
this wetland are likely to be at risk if drawdown continues. 
 

 

Hypocalymma angustifolium  (18-46m) 

Baumea articulata  (to 16m) 

Melaleuca teretifolia  (to 10 m)

Astartea fascicularis  (10-50 m)

Melaleuca preissiana  (10-50 m) 
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