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�6�X�P�P�D�U�\ 
This report describes the Department of Water and �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���5�H�J�X�O�D�W�L�R�Q�¶�V (the 
department) compliance with Ministerial conditions and commitments under 
Ministerial statement no. 819 �± Gnangara Mound groundwater resources [including 
East Gnangara Shire of Swan] (Government of Western Australia 2009) for the 
period 1 July 2021 to 30 June 2022, under Part IV of the Environmental Protection 
Act 1986 (EP Act). 

The 
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Table 1 Rainfall, licensed entitlement totals from all aquifers, and compliance 
summary 

 2020�±21 2021�±22 

Rainfall1 658.0 mm 688.8 mm 

Public water supply entitlements 
(IWSS baseline licences, Town of Woodridge [ToW] and 
Moore River South development [MRSD])2 

112.52 GL 111.47 GL 

Public water supply entitlements 
(IWSS groundwater replenishment)3 27.15 GL 27.90 GL 

Injected (actual) 15.24 GL 15.02 GL 

Abstracted (actual) 12.33 GL 10.48 GL 

Private licensed entitlements 127.38 GL 129.52 GL 

Estimated garden bore and stock and domestic use4 36.00 GL 36.00 GL 

No. of sites non-compliant with absolute minimum or peak 
water level criteria5 16 out of 30 14 out of 30 

1 Rainfall figures are for July to June (water year) and are measured at Perth Airport (BoM site no. 9021). 
2 In 2021�±22 this consists of 110.65 GL licensed to Water Corporation for the IWSS (including 0.78 GL for bore 

MR17 which is located outside of the Gnangara allocation plan boundary, but within the Perth South 
Groundwater Area), 0.13 GL for the ToW and 0.69 GL for the MRSD. 
In 2020�±21 this consists of 111.7 GL licensed to Water Corporation for the IWSS (including 0.78 GL for bore 
MR17), 0.13 GL for the ToW and 0.69 GL for the MRSD.  

3 For full details of IWSS groundwater replenishment (GWR) entitlements, injection and abstraction see 
section 3.1 and Table 2.  

4 Garden bore and stock and domestic use is from the Superficial aquifer only. It is estimated using data 
collected through surveys, data from the Australian Bureau of Statistics and records of household use from 
Water Corporation.  

5 For full details of compliance with 
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1 �%�D�F�N�J�U�R�X�Q�G 

1.1 Minister ial statement  no. 819 

Ministerial statement no. 819: Gnangara Mound groundwater resources [including 
East Gnangara Shire of Swan] (Government of Western Australia 2009) establishes 
the environmental conditions and commitments associated with the allocation of 
groundwater from the Gnangara groundwater resources north of Perth for public and 
private use. As the proponent, the department must comply with and report on the 
conditions to the EPA each year.  

The Department of Water, the Department of Environment Regulation and the Office 
of the Environmental Protection Authority merged in July 2017 to form the 
Department of Water and Environmental Regulation. To ensure there is no possible 
apprehension of bias, the Director General of the department is not involved in 
monitoring compliance with Ministerial statement no. 819. The Executive Director, 
Compliance and Enforcement has been formally delegated to exercise the 
compliance duties under the EP Act.  

Some of the key conditions in Ministerial statement no. 819 are environmental water 
provisions set as water level criteria at 30 representative sites across the Gnangara 
groundwater resources �± 14 wetland sites and 16 terrestrial phreatophytic vegetation 
sites (Figure 1). Phreatophytic vegetation uses groundwater to meet at least part of 
its water needs. On the Swan Coastal Plain, native vegetation that occurs within 
10.5 m depth to groundwater is considered likely to be phreatophytic. 

The conditions and commitments on Gnangara groundwater resources were first
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Figure 1 Location of Gnangara water level criteria sites, public water supply production 
bores and drawpoints of private licences with larger entitlements 





 

 

 

Figure 2 Groundwater connectivity of the Leederville (left) and Yarragadee (right) aquifers, with abstraction locations and 
volumes
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2 �5�D�L�Q�I�D�O�O 
Groundwater is recharged by rainfall. How much groundwater levels rise and fall 
each year is affected by the amount of rainfall that falls in the catchment, but also by 
how it falls (timing, pattern and intensity). Recharge is also affected by temperature �± 
warmer weather will increase evaporation and allow less rainfall to reach the aquifer. 

The climate across south-west Western Australia is changing. There has been a 
general trend of declining annual rainfall since the mid-1970s. Average temperatures 
have also risen. This trend is predicted to continue with outputs from new state-of-
the-art climate models under the Coupled Model Inter-comparison Project phase 5 
(CMIP5) and 6 (CMIP6) projecting that the future climate for south-west Western 
Australia will continue to become warmer and drier (Grose et al. 2020).  

Rainfall at the Perth Airport BoM station over the reporting period was 688.8 mm. An 
unusually large monthly rainfall of 262.8 mm was received in July 2022, the highest 
since records started in 1945. Despite this, rainfall was well below the long-term 
(75 year) average of 756 mm and similar to the short-term (10 year) average of 
671.5 mm (Figure 3).  

 

Figure 3 Annual and average water-year (July�±June) rainfall at Perth Airport (BoM 
site no. 9021) 
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3 �*�U�R�X�Q�G�Z�D�W�H�U���X�V�H 
The Gnangara groundwater system is the Perth 
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Table 3 Licensed entitlements from the Superficial aquifer in subareas of the Gnangara groundwater system 

Groundwater  
area Subarea  

Ministerial  
criteria  

site  
present?  

Public water supply entitlements 1 (GL) 
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Table 4 Summary of non-compliance with water level criteria for Gnangara 
groundwater resources for the reporting period 

Non-compliant sites 1 

Absolute minimum or peak water level criteria  Other water level criteri a 

Wetlands  
Terrestrial 
vegetation  

Total non -
compliant  Wetlands  

Total non -
compliant  

2020�±21 

Loch McNess 
Lake Yonderup 
Lake Mariginiup 
Lake Jandabup 
Lake Nowergup 
Lake Wilgarup 
Pipidinny Swamp 
Lexia 186 
Melaleuca Park 
EPP173 

MM53 
MM55B 
MM59B 
PM9 
WM1 
WM2 
WM8 

16 out of 30 

Lake Mariginiup 
Lake Nowergup 
Lexia 86 
Lexia 186 
Melaleuca Park 
Dampland 78 

5 out of 8 

21 
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5 �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���P�R�Q�L�W�R�U�L�Q�J����
�P�D�Q�D�J�H�P�H�Q�W�����U�H�V�H�D�U�F�K���D�Q�G��
�F�R�Q�V�X�O�W�D�W�L�R�Q 

5.1 
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Wetland macroinvertebrates and water quality  

Over the reporting period macroinvertebrates and water quality were monitored in 
spring to coincide with peak water levels at Loch McNess, Lake Yonderup, Lake 
Nowergup, Lake Joondalup, Lake Jandabup, Lake Mariginiup, Lake Goollelal, 
Melaleuca Park EPP173, Lake Gwelup and Lake Gnangara. The surveys showed:
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groundwater, and well-

https://begroundwaterwise.wa.gov.au/








 

 

Wetland  
AWRC 

reference 
number  

Water level criteria (mAHD)  

Water level (mAHD)  
Status and c omments on compliance during the 2021�±22 annual reporting period  

Spring 
peak 

End of 
summer 
minimum  

Pref  Abs  Pref  Abs   2012�± 
13 

2013�± 
14 

2014�± 
15 

2015�± 
16 

2016�± 
17 

2017�± 
18 

2018�± 
19 

2019�± 
20 

2020�± 
21 

2021�± 
22 



 

 

Wetlan d 
AWRC 

reference 
number  

Water level criteria (mAHD)  

Water level (mAHD)  
Status and c omments on compliance during the 2021�±22 annual reporting period  

Spring 
peak 

End of 
summer 
minimum  

Pref  Abs  Pref  Abs   2012�± 
13 

2013�± 
14 

2014�± 
15 

2015�± 
16 

2016�± 
17 

2017�± 
18 

2018�± 
19 

2019�± 
20 

2020�± 
21 

2021�± 
22 



 

 

Wetlan d 
AWRC 

reference 
number  

Water level criteria (mAHD)  

Water level (mAHD)  
Status and c omments on compliance during the 2021�±22 annual reporting period  

Spring 
peak 

End of 
summer 
minimum  

Pref  Abs  Pref  Abs   2012�± 
13 

2013�± 
14 

2014�± 
15 

2015�± 
16 

2016�± 
17 

2017�± 
18 

2018�± 
19 

2019�± 
20 

2020�± 
21 

2021�± 
22 

Lake 
Nowergup  

6162567 
(Staff) 
616145 
(telemetered 
site) 

17.0* 16.8   

Max 
16.0 

4/6 yr 
16.0 

4/6 yr 
16.0 

4/6 yr 
16.0 

4/6 yr 
16.0 

4/6 yr 
16.0 

4/6 yr 
15.7 

4/6 yr 
15.6 

4/6 yr 
15.6 

4/6 yr 
15.7 

4/6 yr 

Compliance and trends: 
Non-compliant with absolute spring peak criterion.  
Lake levels have been non-compliant in most years since 1996 despite water levels 
being artificially maintained by the department. Since 2018 the department has used a 
telemetered site to monitor levels at the lake (AWRC ref. 616145). Levels recorded at the 
site have been relatively stable since 2018. 
Non-compliant with other criterion.  
Ecological condition: 
Water levels have led to the deaths of mature trees and declines in the abundance of the 
key wetland macrophyte Baumea articulata. Low water levels are also contributing to the 
risk of acidification. 
Management and mitigation: 
From work completed as part of the Perth shallow groundwater systems investigation, 
Searle et al. (2010b) recommended: 
�x the continuation of the supplementation regime 
�x the use of groundwater levels at bore LN2-89 (AWRC ref. 61611247) to relate 

changes in the watertable to wetland vegetation condition. 
Minimum levels at bore LN2-89 declined from 2007 to 2016 but rose about 1.5 m in 
2017-18 and water levels have been stable over the past few years.  
The department investigated the causes of groundwater level declines at Lake Nowergup 
and results showed that local Superficial aquifer use for horticulture had the greatest 
impact on lake levels, followed by reduced rainfall, then Leederville aquifer pumping from 
Quinns and Pinjar borefields (Global Groundwater 2015).  
The Gnangara groundwater allocation plan (DWER 2022a) includes reductions in both 
public and private licensed entitlements across Gnangara resources, including in the 
vicinity of Lake Nowergup, which modelling projects should, with continued 
supplementation, help to stabilise water levels at the lake and buffer the lake against the 
effects of climate change. 

Min 16.0 16.0 16.0 16.0 16.0 16.0 15.1 15
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AWRC 

reference 
number  

Water level criteria (mAHD)  

Water level (mAHD)  
Status and c omments on compliance during the 2021�±22 annual reporting period  

Spring 
peak 

End of 
summer 
minimum  

Pref  Abs  Pref  Abs   2012�± 
13 

2013�± 
14 

2014�± 
15 

2015�± 
16 

2016�± 
17 

2017





 

 

Groundwater  
monitoring  

bore  

AWRC 
reference  
number  

End of  
summer  
absolute  
minimum  
(mAHD) 

Water levels (mAHD)  
Status and c omments  on compliance during the  2021�±22 annual  reporting 

period  
 

2012�t 
13 

2013�± 
14 

2014�± 
15 

2015�± 
16 

2016�± 
17 

2017�± 
18 

2018�± 
19 

2019�± 
20 

2020�± 
21 

2021�± 
22 

NR6C 





 

 

Appendix B �³  Audit table s: Environmental conditions, procedures and commitments  for the  Gnangara groundwater resources 

Proponent: Department of Water and Environmental Regulation (formerly Department of Water) 

Period: 1 July 2018 to 30 June 2022 

Table B 1 Ministerial conditions and procedures 

Audit 
code  Subject  Action  How Evidence  Require -

ment of  
On advice 

from  Phase When/ 
Where 

Status  and further information for the 2021�±22 annual  
reporting period  

819: 
M 1-1 

Implementation The proponent shall implement the 
proposals as documented in �³Section 
46 Review of Environmental 
Conditions on Management of the 
Gnangara and Jandakot Mounds �± 
Stage 1 Proposal for Changes to 
�&�R�Q�G�L�W�L�R�Q�V�´�����$�X�J�X�V�W�����������������D�V��
modified and documented in 
Environmental Protection Authority 
Bulletin 1155. 

Implement proposals given in EPA 
Bulletin 1155 and Ministerial 
statement no. 819. 

Compliance report Minister for 
the 
Environment 

 Overall  Non-compliant  
Strategies 



 

 

Audit 
code  Subject  Action  How Evidence  



 



 

 

Audit 
code  Subject  Action  How Evidence  Require -

ment of  
On advice 

from  Phase When/ 
Where 

Status  and further information for the 2021�±22 annual  
reporting period  

819: 
M 5-2 

Management of 
the water 
resource 

The proponent shall subject to review, 
every three years, the basis for 
groundwater management decisions, 
including groundwater allocations and 
licences, and the criteria specified for 
conservation of the environment and 
the groundwater resource of the 
Gnangara Mound, to the requirements 
of the EPA on advice of the 
Department of Biodiversity, 
Conservation and Attractions (DBCA), 
formerly Department of Parks and 
Wildlife (DPaW). 

Present relevant material in 
annual/triennial reports. 
Refer draft groundwater 
management planning reports to 
the EPA and the DBCA for 
comment. 
Make compliance reports publicly 
available (on the Department of 
Water and Environmental 
Regulation�¶�V website). 

Compliance report. 
Draft groundwater 
management 
documents sent to 
DBCA/EPA for 
comment. 
Reports made 
available on 
Department of Water 
(now Department of 
Water and 
Environmental 
Regulation) website. 

EPA DBCA Overall Subject to 
regular review 
every three 
years. 

Compliant.  
The �G�H�S�D�U�W�P�H�Q�W�¶�V���Z�D�W�H�U���O�L�F�H�Q�V�L�Q�J���S�R�O�L�F�L�Hs are the �µ�E�D�V�L�V���I�R�U��
�J�U�R�X�Q�G�Z�D�W�H�U���P�D�Q�D�J�H�P�H�Q�W���G�H�F�L�V�L�R�Q�V�¶����We regularly review 
these policies (e.g. statewide policies are reviewed every five 
years).  
The Gnangara groundwater allocation plan: draft for public 
comment (DWER 2021) was released or public comment in 
November 2021. The plan was finalised and released in June 
2022 (DWER 2022a). The accompanying Gnangara 
groundwater allocation plan: Statement of response (DWER 
2022b) sets out how we responded to issues raised by the 
public to finalise the plan and how we are working towards 
managing these issues in implementing the plan. 
Gnangara plan evaluation statements were completed in 2013 
and 2015 (DoW 2013a; DoW 2015). These statements 
evaluated �W�K�H���G�H�S�D�U�W�P�H�Q�W�¶�V���P�D�Q�D�J�H�P�H�Q�W���R�I���*�Q�D�Q�J�D�U�D��
groundwater resources against 2009 Gnangara groundwater 
areas allocation plan objectives since its release. The 
�H�Y�D�O�X�D�W�L�R�Q���V�W�D�W�H�P�H�Q�W�V���D�U�H���D�Y�D�L�O�D�E�O�H���R�Q���W�K�H���G�H�S�D�U�W�P�H�Q�W�¶�V��
website. 
Gnangara annual and triennial compliance reports are also 
�D�Y�D�L�O�D�E�O�H���R�Q���W�K�H���G�H�S�D�U�W�P�H�Q�W�¶�V���Z�H�E�V�L�W�H��  

819: 
M 6-1 

Groundwater 
allocation 

The proponent shall ensure that the 

http://www.water.wa.gov.au/maps-and-data/maps/water-register


 

 

Audit 
code  Subject  Action  How Evidence  Require -

ment of  
On advice 

from  Phase When/ 
Where 

Status  and further information for the 2021�±22 annual  
reporting period  

819: 
M 8-2 

Groundwater 
availability 

The proponent shall update annually 
the figures published according to the 
requirements of condition 8-1, with the 
emphasis on those areas of high 
allocation relative to sustainable yield 
of the groundwater resource so that 
limits to use and development can be 
clearly seen by all interested parties. 
The updated figures shall also be 
widely published. 

Detail limits on availability relative 
to sustainable yield (allocation 
limits) published on the 
Department of Water and 
Environmental Regulation�¶�V 
website.  

Allocation limits made 
available on the now 
Department of Water 
and Environmental 
Regulation website. 
Current water 
availability figures can 
be obtained from Swan 
Avon regional office or 
through the 
�G�H�S�D�U�W�P�H�Q�W�¶�V��water 



 

 

Audit 
code  Subject  Action  How Evidence  Require -

ment of  
On advice 

from  Phase When/ 
Where 

Status  and further information for the 2021�±22 annual  
reporting period  

819:  
M 10-1 2 

Research and 
monitoring 

The proponent shall participate in and 
undertake research and monitoring on 
the Gnangara Mound which includes: 
�x improvement in the 

understanding of the relationship 
between groundwater levels and 
vegetation, including plantations 

�x to the requirements of the 
Minister for the Environment on 
advice of the EPA and the DBCA 
(formerly DPaW). 

Engage in research projects to 
address this issue, which includes: 
�x improvement in the 

understanding of the 
relationship between 
groundwater levels and 
vegetation, including 
plantations. 

Compliance report Minister for 
the 
Environment 

EPA/ 
DBCA 

Overall  Compliant  
As part of the development of the Gnangara groundwater 
allocation plan (DWER 2022a), the department used PRAMS 
modelling to simulate groundwater levels under various pines, 
land use and climate scenarios.  
Through the Perth shallow groundwater system investigations, 
we have improved our understanding of the interrelationships 
between wetlands and the Superficial aquifer and the complex, 
superimposed impacts of climate change, land use and 
abstraction. We are using the �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�¶�V outcomes to 
better relate water levels to ecological condition at 
groundwater-dependent ecosystems. 
The department commissioned Dr Bea Sommer and Professor 
Ray Froend of Edith Cowan University to develop a model for 
determining ecological risk to groundwater-dependent 
vegetation across the Gnangara groundwater system as the 
climate changes (Sommer & Froend 2010). The model is 
based on 30 years of ecological and hydrological monitoring 
data. It has been an important management tool for assessing 
the impact of future land and water-use scenarios and for 
reviewing allocation limits for the draft plan. 

819: 
M 10-1 3 

Research and 
monitoring 

The proponent shall participate in and 
undertake research and monitoring on 
the Gnangara Mound which includes: 
�x improvement in the 

understanding of the relationship 
between groundwater level and 
abstraction from unconfined and 
confined aquifers of the 
Gnangara Mound 

�x to the requirements of the 
Minister for the Environment on 
advice of the EPA and the DBCA 
(formerly DpaW). 

Engage in research projects to 
address this issue, which includes: 
�x improvement in the 

understanding of the 
relationship between 
groundwater level and 
abstraction from unconfined 
and confined aquifers of the 
Gnangara Mound. 

Compliance report Minister for 
the 
Environment 

EPA/ 
DBCA 

Overall  Compliant  
The department is using PRAMS modelling to improve 
understanding of the relationship between groundwater level 
and abstraction from unconfined and confined aquifers of the 
Gnangara system. 
The PRCAC study used robust and established science 
coupled with innovative research to improve our understanding 
of the deep Leederville and Yarragadee aquifers in the Perth 
region.  
Perth shallow groundwater system investigations have 
�L�P�S�U�R�Y�H�G���W�K�H���G�H�S�D�U�W�P�H�Q�W�¶�V���X�Qderstanding of the 
interrelationships between wetlands and the Superficial aquifer 
and the complex, superimposed impacts of climate change, 
land use and abstraction. The department is using the 
�L�Q�Y�H�V�W�L�J�D�W�L�R�Q�¶�V outcomes to limit abstraction impacts on 
groundwater-dependent ecosystems.  

819: 
M 10-1 4 

Research and 
monitoring 

The proponent shall participate in and 
undertake research and monitoring on 
the Gnangara Mound which includes: 
�x
the





 

 

Table B 2 The proponent�¶�V�����'�H�S�D�U�W�P�H�Q�W���R�I���:�D�W�Hr, now Department of Water and Environmental Regulation) environmental management conditions 

Audit 
code  Subject  Objective  Action  How Evidence  Require -

ment of  
On advice 

from  Phase When/ 
Where 

Status  and further information for the 2021�±22 annual  reporting 
period  

819: 
P 1 

Gnangara 
Mound 
allocations 

Sustainable use of 
groundwater from the 
Gnangara Mound 
(Superficial aquifer). 





 

 

Audit 
code  Subject  Objective  Action  How Evidence  Require -

ment of  
On advice 

from  Phase When/ 
Where 

Status  and further information for the 2021�±22 annual  reporting 
period  

819: 
P 6 1 

Environmental 
monitoring 
program 



 

 

Audit 
code  Subject  Objective  Action  How Evidence  Require -

ment of  
On advice 

from  Phase When/ 
Where 

Status  and further information for the 2021�±22 annual  reporting 
period  

819: 
P 10 

Vegetation 
protection 

Limit environmental 
impact �± tree deaths. 

Limit potential for tree deaths 
around production wells to 100 
metres radius for normal 
(average) climate conditions 
and within 200 metres to 
extreme conditions. 

Considered in the 
Water Corporation 
operating strategy. 

Compliance 
report 

Minister for 
Environment 

 Overall  Compliant . 
The department has classified the sensitivity of each public water supply 
bore based on its 
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Appendix C �³  History of Ministerial statements for the 
Gnangara Mound 

The importance of managing abstraction from the Gnangara Mound to protect 
groundwater-dependent ecosystems was formally recognised in the late 1980s. The 
EPA proposed conditions on Gnangara groundwater abstraction in 1986 when the 
Gnangara Mound water resources environmental review and management program 
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�5�H�I�H�U�H�Q�F�H�V 
Bamford M & Everard C 2021, Frog Monitoring on the Gnangara Mound: 2003 �± 

2020, Prepared for the Department of Water and Environmental Regulation, MJ 
& AR Bamford, Consulting Ecologists, Kingsley, Western Australia. 

Bates BC, Chandler RE, Charles SP & Campbell EP 2010, Assessment of apparent 
nonstationarity in time series of annual inflow, daily precipitation, and 
atmospheric circulation indices: A case study f
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�²�² 2015, 






