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[bookmark: _Toc305752534]Introduction
The Metropolitan Adelaide Major Irrigators Stormwater Reuse Project comprised the implementation of wetland and aquifer storage and recovery (ASR) schemes at three sites:
The Grange Golf Club, White Sands Drive, Seaton, South Australia.
The Royal Adelaide Golf Club, 328 Tapleys Hill Road, Seaton, South Australia.
Glenelg Golf Club, James Melrose Road, Novar Gardens, South Australia.

The site locations are shown in Figure 1.  A selection of photographs from the three schemes is included throughout the report, with additional photographs included at Section 11.


[bookmark: _Ref285800804][bookmark: _Toc305752582]Figure 1:  The Grange, Royal Adelaide and Glenelg Golf Clubs Location Map.



[bookmark: _Toc305752583]Figure 2:  The Grange – Wetland Cell 3, 7 April 2011.


[bookmark: _Toc305752584]Figure 3:  The Grange – Wetland Cell 3, 7 April 2011.

[bookmark: _Toc305752585]Figure 4:  Royal Adelaide – Wetland Treatment Cell 2, 7 April 2011.


[bookmark: _Toc305752586]Figure 5:  Glenelg – View across wetland Cell 1 (left), Cell 2 (right), and Cell 3 (foreground), 25 January 2011.

Paraphrased, the Project Objectives were (see also Section 7):
Capture, treat through wetlands, inject into the underlying aquifer, extract, and use for irrigation 800 megalitres (ML) of stormwater every year – 300 ML at The Grange, 200 ML at Royal Adelaide, and 300 ML at Glenelg – and through the achievement of this:
Reduce the volume of stormwater, with its attendant pollutant load, flowing into West Lakes, Port Adelaide River, and Gulf St Vincent, by 800 ML every year.
Reduce the volume of native groundwater extracted from the locally stressed aquifers by the Golf Clubs for irrigation by 800 ML every year.
Improve pressure and long-term salinity in the local aquifer.
Increase biodiversity, including through the creation of aquatic habitat for native plants and animals.
Through public viewing, tours, signage, and publications by the NRM Board and the Golf Clubs, reinforce community awareness of water management, biodiversity issues, and the Project.
Through high-profile events at the Golf Clubs and publications by the NRM Board and the Golf Clubs, demonstrate best practice in water management and environment protection to the local, state, national and international community.
Create a sustainable water supply and assist in securing the long-term future for each Golf Club.
Through the contribution of each Golf Club to the capital cost of the Project, and through the ownership and operation of each completed scheme by each Golf Club, increase private-sector investment in water management.

The Project was funded on an approximately equal basis by the Australian Government Water for the Future through the Water Smart Australia program, the three Golf Clubs, and the Adelaide and Mount Lofty Ranges Natural Resources Management Board (the NRM Board).  A significant contribution was also made by the Government of South Australia through the Catchment Management Subsidy Scheme.

The land at each site was held as freehold by each Golf Club, and represented a significant non-cash contribution by each Golf Club to the Project.

The NRM Board was the grantee for the Water Smart Australia funding under a Funding Agreement with the Commonwealth, and entered into all contracts with service providers for the design and construction of each of the three schemes on behalf of each Golf Club.

The NRM Board entered into a Development Deed with each Golf Club for the design and construction of each scheme.  Each Golf Club entered into a Management Agreement with the South Australian Minister for Environment and Conservation under section 205 of the South Australian Natural Resources Management Act 2004 to preserve the use of the land for the wetland and ASR scheme.  Management Agreements were registered on the Golf Club property titles to perpetuate the preservation.

Each scheme was delivered using a ‘traditional’ project delivery approach, outlined as follows:
A design brief was prepared by the NRM Board and Golf Club.
Tenders were called for design consultancy services.
A head design consultant was appointed.
The design consultancy (head design consultant plus subconsultants) conducted the design process and produced construction tender documentation.
Tenders were called for the construction contract.
A head construction contractor was appointed.
The head construction contractor and supporting subcontractors executed the works.
The design consultancy superintended the construction contract.

This Final Report outlines the Project through to the completion of the Funding Agreement, as varied, in November 2010 (see Section 8).

[bookmark: _Toc305752535]The Grange Golf Club Wetland & ASR Scheme
[bookmark: _Toc305752536]Scheme Overview
Stormwater is pumped from diversion pits (with trash screens) in the municipal underground piped stormwater drainage systems in Trimmer Parade, south of the wetland, and Brebner Drive, north of the wetland, into the sedimentation basin.  The harvested stormwater flows north by gravity from the sedimentation pond through three discrete wetland cells, each containing broad, shallow, vegetated bands and open pools of deeper water.  Detention storage capacity is achieved within the three wetland cells.

Injection pumps take treated stormwater from the final treatment cell and inject it into two ASR wells for storage (ASR 1/Golf Club No. 2/6628‑22699, and ASR 2/Golf Club No. 5/6528‑00893, both in the Tertiary 1 aquifer).  Borehole pumps in each well extract the injected water and pump it to the irrigation system header tank, for distribution to the irrigation system.

In normal operation, the system operates automatically, with water quality, water level, pressure and flowrate/volume sensors connected to programmable logic controllers (PLCs) which control the system pumps and valves.

The wetland can be seen on publicly-accessible aerial photography web-sites such as NearMap (see http://www.nearmap.com/?ll=-34.884452,138.503748&z=17&t=h&nmd=20110103) or Google Maps (see http://maps.google.com.au/?ie=UTF8&ll=-34.884364,138.502986&spn=0.009857,0.02738&t=h&z=16). 

[bookmark: _Toc305752537]Management Agreement and EPA Licence
The Grange Golf Club property comprises land under Certificates of Title Volume 5429 Folio 98, 5429/99, 5497/285, 5699/952, 5796/170, 5809/423, and 5825/483.  The Management Agreement is registered against all seven titles as Document 10584858.

The Grange Golf Club was licensed by the South Australian Environment Protection Authority (EPA) to undertake managed aquifer recharge (MAR) by Licence 16742, commencing 1 May 2009 and expiring 30 April 2014.

[bookmark: _Toc305752538]Service Providers
Service providers involved in the delivery of the scheme are listed in Table 1.

[bookmark: _Ref286065893][bookmark: _Toc305752576]Table 1:  The Grange Scheme Service Providers
	Name
	Role

	Connell Wagner (now Aurecon)
	Design, engineering, project management, contract management, superintendency.

	Australian Groundwater Technologies
	Hydrogeological subconsultant to Connell Wagner.

	Green Environmental Consultants
	Horticultural subconsultant to Connell Wagner.

	Indigeflora
	Seed collection and plant propagation contractor.

	Bardavcol
	Construction contractor.

	Hakea
	Landscaping subcontractor to Bardavcol.

	Sage Automation
	Automation system operation contractor.

	BJ Jarrod
	Subcontractor to Bardavcol – diversion chambers, pipework, pump stations and well heads.

	Nilsen–Sage
	Subcontractor to Bardavcol – electrical and automation (control systems).

	ACE
	Traffic management subcontractor to Bardavcol.

	Topcoat
	Asphalt subcontractor to Bardavcol.

	Underdale Drillers
	Well drilling subcontractor to Bardavcol.



[bookmark: _Toc305752539]Timeframe
Detailed design of the scheme was completed in February 2006, and Bardavcol was engaged in March 2006, with construction commencing on site shortly afterwards.

Practical Completion under the construction contract was certified at 19 December 2006.  Final Completion under the construction contract was certified at 12 March 2008.

[bookmark: _Toc305752540]Financial Information
The expenditure and contributions for the scheme at completion are tabulated in Table 2.  No project-generated income was earned on the project monies. 

[bookmark: _Ref286153048][bookmark: _Toc305752577]Table 2:  The Grange Scheme Funding.
	Financial Year
	Scheme Expenditure
	Contribution: Golf Club [2]
	Contribution: Water Smart Australia [3]
	Contribution: CMSS [4]
	Contribution: NRM Board [5]

	2005–2006
	$1,152,102.94
	$137,150.42
	$367,273.00
	$318,569.00
	$329,110.52

	2006–2007
	$1,487,077.53
	$606,579.00
	$271,818.00
	$431,431.00
	$177,249.53

	2007–2008
	$65,124.50
	$67,562.07
	$17,273.00
	$0
	-$19,710.57

	2008–2009
	$127,974.97
	$2,192.58
	$0
	$0
	$125,782.39

	2009–2010
	$42,317.42
	$35,181.11
	$0
	$0
	$7,136.31

	2010–2011 Q1–Q2
	$0
	$12,695.23
	$0
	$0
	-$12,695.23

	2010–2011 Q3–Q4 [1]
	$0
	$0
	$13,636.00
	$0
	-$13,636.00

	Totals
	$2,874,597.36
	$861,360.41
	$670,000.00
	$750,000.00
	$593,236.95

	Percentages
	100%
	30%
	23%
	26%
	21%

	Notes
	All values exclude GST.
Q = Financial Year Quarter.
[1]	Expected.
[2]	2010–2011 yet to be claimed from Golf Club.
[3]	Milestone 1E payment expected Q3 2010–2011.
[4]	South Australian Government Catchment Management Subsidy Scheme.
[5]	Negative values indicate contributions received by the NRM Board in excess of scheme expenditure to (a) be carried forward to the next period, or (b) cover contributions in advance by the NRM Board in previous periods.



[bookmark: _Ref287621062][bookmark: _Toc305752541]Scheme Performance
As per clause 5.7 of the Schedule to the Funding Agreement (see Section 8), elements of the scheme performance are summarised below:
Since first producing treated stormwater of a quality appropriate for injection in 2008/2009, approximately 114 ML of treated stormwater have been injected, and extractions in this period have exceeded injection volumes (that is, native groundwater has continued to be extracted from the ASR wells).
At least 114 ML of stormwater have been harvested from the underground drainage system and treated through the wetland.  Approximately 114 ML of treated stormwater have been injected.  Approximately 77 ML of injected water have been extracted for irrigation use.
Approximately 114 ML of treated stormwater have been injected, and 77 ML of that water have been extracted for irrigation use.
Injection has not had to be stopped due to any exceedances of an EPA Licence criterion.
Native groundwater extraction has been reduced by the 77 ML of injected treated stormwater that has been extracted in the period since ‘production’ scale injection commenced.
In the period since first producing treated stormwater of a quality appropriate for injection in 2008/2009, approximately 1,267 ML of water have been used for the irrigation of The Grange Golf Club’s two 18‑hole courses (an average of around 253 ML per 18‑hole course per year), which is 1,153 ML over the 114 ML of treated stormwater injected.
The Trimmer Parade and Brebner Drive drainage system catchments have a mean annual flow of the order of 430 ML, so the 114 ML injected in the approximately 2.5 year period represents about 11% of the mean annual stormwater flow.
Extractions from the two ASR wells have overall exceeded injections of treated stormwater, so the scheme has not yet affected the salinity of the groundwater.  Significant regional groundwater salinity changes due to treated stormwater injection would be expected to occur over decades of operation.
Salinity of injected treated stormwater is typically under 200 milligrams per litre (mg/L) total dissolved solids (TDS).  Native groundwater salinity at The Grange Golf Club is typically between 800 and 1,000 mg/L TDS.




[bookmark: _Toc305752587]Figure 6:  The Grange – Looking across wetland Cell 2 to Fredericks Road, 15 August 2008.


[bookmark: _Toc305752588]Figure 7:  The Grange – Wetland Cell 2, 8 October 2009.

[bookmark: _Toc305752542]The Royal Adelaide Golf Club Wetland & ASR Scheme
[bookmark: _Toc305752543]Scheme Overview
Stormwater is pumped from a diversion pit (with trash screen) in the municipal underground piped stormwater drainage system from Meakin Terrace where it runs through the property, immediately south east of the wetland, into the sedimentation basin.  The harvested stormwater flows from the sedimentation basin north west by gravity into two vegetated detention storage cells.  A transfer pump pumps the stormwater north east into the first of two wetland treatment cells.  The stormwater then flows north east by gravity into the second treatment cell.  The wetland treatment cells contain a series of broad, shallow vegetated bands and open pools of deeper water.

Injection pumps take treated stormwater from the final treatment cell and inject it into two ASR wells for storage (ASR Well 1/6628‑16548, and ASR Well 2/6628‑23152, both in the Tertiary 1 aquifer).  Borehole pumps in each well extract the injected water and pump it to the irrigation system header tank, for distribution to the irrigation system.

In normal operation, the system operates automatically, with water quality, water level, pressure and flowrate/volume sensors connected to PLCs which control the system pumps and valves.  A supervisory control and data acquisition (SCADA) system overlies the PLCs.

The wetland can be seen on publicly-accessible aerial photography web-sites such as NearMap (see http://www.nearmap.com/?ll=-34.898911,138.508973&z=17&t=h&nmd=20110103) or Google Maps (see http://maps.google.com.au/?ie=UTF8&ll=-34.899087,138.509016&spn=0.004928,0.01369&t=h&z=17). 

[bookmark: _Toc305752544]Management Agreement and EPA Licence
The Royal Adelaide Golf Club property comprises a single Certificate of Title, Volume 5878 Folio 525.  The Management Agreement is registered against the title as Document 11244887.

The Royal Adelaide Golf Club was licensed by the EPA to undertake MAR by Licence 17085, commencing 1 May 2009 and expiring 30 April 2014.

[bookmark: _Toc305752545]Service Providers
Service providers involved in the delivery of the scheme are listed in Table 3.

[bookmark: _Ref286066312][bookmark: _Toc305752578]Table 3:  Royal Adelaide Scheme Service Providers
	Name
	Role

	Connell Wagner (now Aurecon)
	Design, engineering, project management, contract management, superintendency.

	Barrie Ormsby Landscape Architect
	Wetland functional design subconsultant to Connell Wagner.

	Australian Groundwater Technologies
	Hydrogeological subconsultant to Connell Wagner.

	Green Environmental Consultants
	Horticultural subconsultant to Connell Wagner.

	Greening Australia
	Seed collection and plant propagation contractor.

	LEED Construction and Engineering
	Construction contractor.

	Consolidated Landscape Services
	Landscaping subcontractor to LEED.

	Central Irrigation Bureau
	Irrigation subcontractor to LEED.

	Engineering Surveys
	Survey subcontractor to LEED.

	Guidera O’Conner
	Mechanical and electrical subcontractor to LEED.

	QCS
	Quality management subcontractor to LEED.

	Research House
	Geotechnical testing subcontractor to LEED.

	Taking Care of Trees
	Arboriculture subcontractor to LEED.

	Tron Civil
	Service location subcontractor to LEED.

	Underdale Drillers
	Well drilling subcontractor to LEED.

	VIP Electrical
	Automation subcontractor to LEED, automation system operation contractor.



[bookmark: _Toc305752546]Timeframe
Detailed design of the scheme was completed in mid-2006.  LEED was engaged and commenced construction on site in early 2007.

Practical Completion under the construction contract was certified at 31 March 2009.  Final Completion under the construction contract was certified at 30 June 2011.

[bookmark: _Toc305752547]Financial Information
The expenditure and contributions for the scheme at completion are tabulated in Table 4.  No project-generated income was earned on the project monies. 

[bookmark: _Ref286153237][bookmark: _Toc305752579]Table 4:  Royal Adelaide Scheme Funding.
	Financial Year
	Scheme Expenditure
	Contribution: Golf Club [2]
	Contribution: Water Smart Australia [3]
	Contribution: Other Sources [4]
	Contribution: NRM Board [5]

	2005–2006
	$26,180.00
	$0
	$90,909.00
	$0
	-$64,729.00

	2006–2007
	$1,317,871.78
	$206,248.28
	$472,727.00
	$0
	$638,896.50

	2007–2008
	$997,958.60
	$566,615.15
	$318,182.00
	$0
	$113,161.45

	2008–2009
	$116,076.82
	$6,381.87
	$0
	$0
	$109,694.95

	2009–2010
	$138,255.34
	$29,482.97
	$0
	$0
	$108,772.37

	2010–2011 Q1–Q2
	$30,969.79
	$58,377.21
	$0
	$0
	-$27,407.42

	2010–2011 Q3–Q4 [1]
	$10,000.00
	$3,300.00
	$48,182.00
	$0
	-$41,482.00

	Totals
	$2,637,312.33
	$870,405.48
	$930,000.00
	$   0.00
	$836,906.85

	Percentages
	100%
	33%
	35%
	0%
	32%

	Notes
	All values exclude GST.
Q = Financial Year Quarter.
[1]	Expected.
[2]	2010–2011 yet to be claimed from Golf Club.
[3]	Milestones 2D, 2E, 2F payment expected Q3 2010–2011.
[4]	No other funding sources for this scheme.
[5]	Negative values indicate contributions received by the NRM Board in excess of scheme expenditure to (a) be carried forward to the next period, or (b) cover contributions in advance by the NRM Board in previous periods.



[bookmark: _Ref287621067][bookmark: _Toc305752548]Scheme Performance
As per clause 5.7 of the Schedule to the Funding Agreement (see Section 8), elements of the scheme performance are summarised below:
The scheme is complete, and winter 2011 represents the first period when treatment performance of the wetland will be expected to produce treated stormwater suitable for injection.
An estimated 400 ML of stormwater have been harvested from the Meakin Terrace Drain, approximately 200 ML per year.  Since the wetland has only just established to the level necessary to treat stormwater to a level suitable for injection, ‘production’ scale injection has only just commenced.  Stormwater harvested from the Meakin Terrace Drain and treated through the wetland, but not injected, has been released back into the Meakin Terrace Drain.
The wetland has only just established to the level necessary to treat stormwater to a level suitable for injection, and ‘production’ scale injection has only just commenced, so no ‘production’ scale extraction has been undertaken.  ‘Production’ scale extraction is expected to commence in summer 2011/2012.
Injection has not had to be stopped due to any exceedances of an EPA Licence criterion.
The wetland has only just established to the level necessary to treat stormwater to a level suitable for injection, and with ‘production’ scale extraction expected to commence in summer 2011/2012, this is when the scheme will begin to affect the Club’s use of native groundwater.
The Club has irrigation requirements of approximately 300 ML per year.  To date, this volume has been drawn from the native groundwater.  Treated harvested stormwater injection on a ‘production’ scale has only just commenced.
The Meakin Terrace drain has a mean annual flow in the order of 375 ML, so the approximately 200 ML per year harvested to date represent about 53% of the mean annual flow.
The wetland has only just established to the level necessary to treat stormwater to a level suitable for injection, and ‘production’ scale injection has only just commenced, so the scheme has not yet affected the salinity of the regional groundwater.  Significant regional groundwater salinity changes due to treated stormwater injection would be expected to occur over decades of operation.
The wetland has only just established to the level necessary to treat stormwater to a level suitable for injection, but the salinity of harvested stormwater has typically been around 250 milligrams per litre (mg/L) total dissolved solids (TDS).  Native groundwater salinity is around 1,000 mg/L TDS in the Club’s wells, except for ASR Well 1/6628‑16548 which has very high native groundwater salinity of around 2,500 mg/L TDS.




[bookmark: _Toc305752589]Figure 8:  Royal Adelaide – Early establishment, wetland Treatment Cell 2, downstream end, 5 November 2008.


[bookmark: _Toc305752590]Figure 9:  Royal Adelaide – Wetland Treatment Cell 2, 7 May 2009.

[bookmark: _Toc305752549]Glenelg Golf Club Wetland & ASR Scheme
[bookmark: _Toc305752550]Scheme Overview
Stormwater is pumped from a sedimentation basin (through a trash screen) in Brown Hill Creek, north of the wetland, into the sedimentation basin which forms the first part of the first of three discrete wetland treatment cells.  The wetland treatment cells contain a series of broad, shallow vegetated bands and open pools of deeper water.  The stormwater flows south, then north, by gravity.  Detention storage capacity is achieved within the three wetland cells.

Injection pumps take treated stormwater from the final treatment cell and inject it into three ASR wells for storage (ASR 1/6628‑23335, in the Tertiary 1 aquifer, ASR 2/6628‑22321, in the Tertiary 2 aquifer, and ASR 3/6628‑22322, in the Tertiary 1 aquifer).  Borehole pumps in each well extract the injected water and pump it to the irrigation system header tank, for distribution to the irrigation system.

In normal operation, the system operates automatically, with water quality, water level, pressure and flowrate/volume sensors connected to PLCs which control the system pumps and valves.  A SCADA system overlies the PLCs.

The wetland can be seen on publicly-accessible aerial photography web-sites such as NearMap (see http://www.nearmap.com/?ll=-34.959512,138.533671&z=18&t=h&nmd=20110103) or Google Maps (see http://maps.google.com.au/?ll=-34.959609,138.53344&spn=0.003284,0.006845&t=h&z=18&vpsrc=6). 

[bookmark: _Toc305752551]Management Agreement and EPA Licence
The Glenelg Golf Club property comprises land under Certificates of Title Volume 5534 Folio 208, 5534/207, 5405/810, 5406/124, and 540/125.  The Management Agreement is registered against all five titles as Document 11534109.

Glenelg Golf Club was licensed by the EPA to undertake MAR by Licence 29842, commencing 1 January 2011 and expiring 31 January 2016.

[bookmark: _Toc305752552]Service Providers
Service providers involved in the delivery of the scheme are listed in Table 5.

[bookmark: _Ref286067083][bookmark: _Toc305752580]Table 5:  Glenelg Scheme Service Providers
	Name
	Role

	Ecological Engineering, then EDAW (now AECOM)
	Wetland functional design, engineering, project management.

	FMG Engineering
	Engineering, project management, superintendency – subcontractor to Ecological Engineering.

	Australian Groundwater Technologies
	Hydrogeological subconsultant to Ecological Engineering.

	Hydro Tasmania Consulting
	Mechanical and electrical engineering subconsultant to Ecological Engineering.

	Taylor Cullity Lethlean
	Horticulture subconsultant to Ecological Engineering.

	Coromandel Native Nursery
	Seed collection and plant propagation contractor.

	SEM Civil
	Construction contractor.

	Landscape Construction Services
	Landscaping subcontractor to SEM Civil.

	Australian Industrial Pump Systems
	Mechanical and pump subcontractor to SEM Civil.

	Rawsons Electrical
	Mechanical, electrical and automation subcontractor to SEM Civil.

	Statewide Poly
	Pipework subcontractor to SEM Civil.

	FMG Research House
	Geotechnical testing subcontractor to SEM Civil.

	Total Construction Survey
	Survey subcontractor to SEM Civil.



[bookmark: _Toc305752553]Timeframe
Glenelg Golf Club undertook preliminary construction works, necessitated by course redevelopment works, in late 2004 and early 2005 (bulk excavation in the location of one of the wetland cells, and installation of two wells suitable for ASR use).

Detailed design of the scheme commenced in October 2006 and was completed in early 2008.  SEM Civil was engaged in March 2008, and construction commenced on site shortly afterwards.

Practical Completion under the construction contract was certified at 23 January 2009.  The Final Completion inspection was conducted on 14 February 2011, and Final Completion was certified at that date.

[bookmark: _Toc305752554]Financial Information
The expenditure and contributions for the scheme at completion are tabulated in Table 6.  No project-generated income was earned on the project monies. 

[bookmark: _Ref286154712][bookmark: _Toc305752581]Table 6:  Glenelg Scheme Funding.
	Financial Year
	Scheme Expenditure
	Contribution: Golf Club [2]
	Contribution: Water Smart Australia [3]
	Contribution: Other Sources [4]
	Contribution: NRM Board [5]

	2005–2006
	$225,000.00
	$74,250.00
	$0
	$0
	$150,750.00

	2006–2007
	$134,364.00
	$0
	$90,909.00
	$0
	$43,455.00

	2007–2008
	$569,245.84
	$232,191.25
	$556,566.00
	$0
	-$219,511.41

	2008–2009
	$1,459,704.11
	$243,780.73
	$469,294.00
	$0
	$746,629.38

	2009–2010
	$84,289.25
	$237,921.62
	$0
	$0
	-$153,632.37

	2010–2011 Q1–Q2
	$64,789.50
	$49,195.99
	$0
	$0
	$15,593.51

	2010–2011 Q3–Q4 [1]
	$20,000.00
	$6,600.00
	$48,182.00
	$0
	-$34,782.00

	Totals
	$2,557,392.70
	$843,939.59
	$1,164,951.00
	$   0.00
	$548,502.11

	Percentages
	100%
	33%
	46%
	0%
	21%

	Notes
	All values exclude GST.
Q = Financial Year Quarter.
[1]	Expected.
[2]	2010–2011 yet to be claimed from Golf Club.
[3]	Milestones 3D, 3E, 3F payment expected Q3 2010–2011.
[4]	No other funding sources for this scheme.
[5]	Negative values indicate contributions received by the NRM Board in excess of scheme expenditure to (a) be carried forward to the next period, or (b) cover contributions in advance by the NRM Board in previous periods.



[bookmark: _Ref287621071][bookmark: _Toc305752555]Scheme Performance
As per clause 5.7 of the Schedule to the Funding Agreement (see Section 8), elements of the scheme performance are summarised below:
The scheme is complete, and winter 2011 represents the first period when treatment performance of the wetland will be expected to produce treated stormwater suitable for injection.
An estimated 108 ML of stormwater have been harvested from Brown Hill Creek.  Since the wetland has only just established to the level necessary to treat stormwater to a level suitable for injection, ‘production’ scale injection has only just commenced.  Stormwater harvested from Brown Hill Creek and treated through the wetland, but not injected, has been released back into Brown Hill Creek.
The wetland has only just established to the level necessary to treat stormwater to a level suitable for injection, and ‘production’ scale injection has only just commenced, so no ‘production’ scale extraction has been undertaken.  ‘Production’ scale extraction is expected to commence in summer 2011/2012.
Injection has not had to be stopped due to any exceedances of an EPA Licence criterion.
The wetland has only just established to the level necessary to treat stormwater to a level suitable for injection, and with ‘production’ scale extraction expected to commence in summer 2011/2012, this is when the scheme will begin to affect the Club’s use of native groundwater.
In 2010, the Club used approximately 228 ML of native groundwater for irrigation, against a calculated irrigation requirement of 265 ML (i.e., the Club “under-irrigated” the course).  Treated harvested stormwater injection on a ‘production’ scale has only just commenced.
Brown Hill Creek has a mean annual flow in the order of 7,500 ML, so the estimated 108 ML harvest represents about 1% of the mean annual flow.
The wetland has only just established to the level necessary to treat stormwater to a level suitable for injection, and ‘production’ scale injection has only just commenced, so the scheme has not yet affected the salinity of the regional groundwater.  Significant regional groundwater salinity changes due to treated stormwater injection would be expected to occur over decades of operation.
The wetland has only just established to the level necessary to treat stormwater to a level suitable for injection, but the salinity of harvested stormwater has typically been around 300 milligrams per litre (mg/L) total dissolved solids (TDS).  Native groundwater salinity varies between 1,100 mg/L and 1,200 mg/L TDS in three of the Club’s wells, and 1,800 mg/L and 1,900 mg/L TDS in the fourth.




[bookmark: _Toc305752591]Figure 10:  Glenelg – Early establishment, view across wetland Cell 2 from upstream end, 2 February 2009.

[bookmark: _Toc305752592]Figure 11:  Glenelg – Wetland Cell 2, upstream end, 25 January 2011.

[bookmark: _Toc305752556]Overall Project Discussion – Achievement of Objectives
[bookmark: _Toc305752557]Capture, treat through wetlands, inject into the underlying aquifer, extract, and use for irrigation 800 megalitres (ML) of stormwater every year – 300 ML at The Grange, 200 ML at Royal Adelaide, and 300 ML at Glenelg
The Grange scheme has injected approximately 114 ML and extracted and used approximately 77 ML of treated stormwater since first producing treated stormwater of a quality appropriate for injection in 2008/2009, and the Royal Adelaide and Glenelg schemes started producing treated stormwater of a quality appropriate for injection and commenced ‘production’ scale injection during mid-2011.

The design reuse capacities of each scheme are in accordance with the Objectives of the Funding Agreement, for a total design reuse of 800 ML per year, and with ‘production’ scale injection now commenced at all three sites, it is anticipated that together the three schemes will meet or exceed the objective within two years.

[bookmark: _Toc305752558]Reduce the volume of stormwater, with its attendant pollutant load, flowing into West Lakes, Port Adelaide River, and Gulf St Vincent, by 800 ML every year
At The Grange at least 114 ML of stormwater have been harvested, treated through the wetland and injected in the two-year period from 2008/2009.  At Royal Adelaide, an estimated 400 ML of stormwater have been harvested from the Meakin Terrace Drain over a two-year period, treated through the wetland, and released back into the Meakin Terrace Drain prior to the treated water meeting injection quality requirements.  At Glenelg, an estimated 108 ML of stormwater have been harvested from Brown Hill Creek over a one-year period, treated through the wetland, and released back into Brown Hill Creek prior to the treated water meeting injection quality requirements.

This means about 57 ML per year of stormwater have been diverted from the receiving environment, with an additional 308 ML cleaned and returned to the surface water drainage system in the past year, prior to all three schemes reaching full operational status.

The design reuse capacities of each scheme are in accordance with the Objectives of the Funding Agreement, for a total design reuse of 800 ML per year, and with ‘production’ scale injection now commenced at all three sites, it is anticipated that together the three schemes will meet or exceed the objective within two years.

[bookmark: _Toc305752559]Reduce the volume of native groundwater extracted from the locally stressed aquifers by the Golf Clubs for irrigation by 800 ML every year
At The Grange, a reduction in native groundwater use of about 77 ML has already been realised since 2008/2009.  Royal Adelaide and Glenelg have reached the necessary level of wetland establishment during 2011 and have just commenced ‘production’ scale injection, with ‘production’ scale extraction planned to follow in summer 2011/2012.

The design reuse capacities of each scheme are in accordance with the Objectives of the Funding Agreement, for a total design reuse of 800 ML per year, and with ‘production’ scale injection now commenced at all three sites, it is anticipated that together the three schemes will meet or exceed the objective within two years.

[bookmark: _Toc305752560]Improve pressure and long-term salinity in the local aquifer
The Grange scheme reached the level of wetland establishment necessary to treat harvested stormwater to a quality suitable for injection in 2008/2009, with Royal Adelaide and Glenelg wetlands reaching this level of establishment during 2011 and commencing ‘production’ scale injection.

Local Tertiary aquifer pressure will improve as each scheme reaches full operational capacity over the next two years.

With harvested stormwater salinities around 200 mg/L TDS, and native groundwater salinities around 1,000 mg/L, up to around 2,500 mg/L TDS, local Tertiary groundwater salinity is expected to improve over decades of scheme operation.

[bookmark: _Toc305752561]Increase biodiversity, including through the creation of aquatic habitat for native plants and animals
Each scheme has involved the planting of tens of thousands of native plants covering upwards of 30 to 50 individual species, with significant effort put into the collection of propagules from remnant local examples.  Original plant numbers for each scheme were:
63,000 individual plants at The Grange, with seeds for one species taken from the last remaining example found on the Adelaide Plains.
50,000 individual plants at Royal Adelaide.
65,000 plants at Glenelg.

This means each wetland, with its surrounding associated terrestrial vegetation, represents a significant new repository of local-provenance indigenous plants.  Indeed, each wetland is actively used as a source of propagules for subsequent replanting projects in the local area and beyond.  It is expected that these three wetlands will provide some propagules for many of the new wetland-based stormwater reuse schemes in the Adelaide area under the Australian Government Water for the Future National Urban Water and Desalination Plan (Stormwater harvesting and reuse projects).

Observations from each Club are that numbers and the number of species of birds have increased significantly since the commencement of establishment of the wetlands.


[bookmark: _Toc305752593]Figure 12:  The Grange – Wetland Cell 3, 7 April 2011.

[bookmark: _Toc305752562]Through public viewing, tours, signage, and publications by the NRM Board and the Golf Clubs, reinforce community awareness of water management, biodiversity issues, and the Project
Many initiatives and events by and in conjunction with the Clubs and the NRM Board demonstrate the strong, ongoing achievement of this objective:
The NRM Board has produced a series of fact sheets about the project, made available in hard copy at Board offices and Board events, and on the NRM Board web site.  A copy of the latest version is included at Section 9.  The latest version is available on‑line from http://www.amlrnrm.sa.gov.au/Portals/2/other_factsheets/StormwaterTreatment&Reuse_web.pdf.  
The NRM Board and the Clubs have maintained web pages on their web sites.  Copies of the web pages at the date of this Final Report are included at Section 10.  Current web page addresses are:
NRM Board:  http://www.amlrnrm.sa.gov.au/Water/Stormwater/Stormwaterreuse.aspx. 
The Grange:  http://www.grangegolf.com.au/guests/golf/environWetlands.mhtml. 
Royal Adelaide:  http://royaladelaidegolf.com.au/guests/sustainability.mhtml. 
Glenelg:  http://www.glenelggolf.com/guests/about/goinggreen.mhtml. 
The NRM Board and the Clubs have maintained public signage since the start of works on each site.  The signage was refreshed at the start of 2010 at the Board’s cost, and proofs of each current sign are shown as Figure 13, Figure 14 and Figure 15.  The details are as follows:
The Grange:  Two signs, each 3 metres by 2 metres, angled to face northbound and southbound traffic on Frederick Road.  The Grange is adjacent Adelaide’s Football Park (currently also known as AAMI Stadium), the home ground of Australian Rules Football clubs Adelaide Crows and Port Adelaide Power.  Frederick Road carries significant vehicular and pedestrian traffic associated with Football Park, meaning the wetland and signage are highly visible to large numbers of the public on a regular basis.
Royal Adelaide:  One sign, 3 metres by 2 metres, angled to face northbound traffic on Tapleys Hill Road.  Tapleys Hill Road is a major north–south interconnector road in Adelaide and carries significant vehicular traffic, meaning this sign is visible to large numbers of the public.
Glenelg:  Two signs, each 3 metres by 1 metre, angled to face eastbound and westbound traffic on James Melrose Road.  James Melrose Road is a significant east–west connector road between Morphett Road and Tapleys Hill Road and carries moderate vehicular traffic, meaning this sign is visible to many members of the public.


[bookmark: _Ref287006024][bookmark: _Toc305752594]Figure 13:  The Grange Signage.


[bookmark: _Ref287006026][bookmark: _Toc305752595]Figure 14:  Royal Adelaide Signage.


[bookmark: _Ref287006028][bookmark: _Toc305752596]Figure 15:  Glenelg Signage.

Glenelg, 4 June 2007:  Consultation was carried out with local residents and Club members on the scheme design.
The Grange, 2006–2007:  Several local schools developed educational programs utilising the wetland as a teaching resource.
The Grange, mid-2006:  A project information sheet for the local community was prepared and distributed.
The Grange, mid-2006:  An article was published in the Board newsletter.
The Grange, mid-2006:  Articles about the project were published in local newspapers and construction and engineering publications.
The Grange, Royal Adelaide and Glenelg, mid-2006:  Presentations about the projects were held for Club members, local residents, local Rotary clubs, local Probus clubs, and the South Australian branch of the Stormwater Industry Association.
Royal Adelaide, mid-2006:  A leaflet to local residents was produced and distributed, and a presentation and tour were conducted for local residents.

[bookmark: _Ref288203675][bookmark: _Toc305752563]Through high-profile events at the Golf Clubs and publications by the NRM Board and the Golf Clubs, demonstrate best practice in water management and environment protection to the local, state, national and international community
The Clubs and the Board have initiated many high-profile events and publications demonstrating sound achievement of this objective:
Royal Adelaide, 4 August 2011:  Part of a tour hosted by the NRM Board for the Stormwater Industry Association New South Wales and Victoria branches.  This significant technical tour was held over 4 August and 5 August 2011, visiting a wide range of South Australian stormwater reuse projects, many involving Australian Government funding under a number of current and previous programs.  One of the tour objectives was to share South Australia’s stormwater reuse successes with other current and potential stormwater reuse scheme proponents.  The tour attracted around 40 attendees, including representatives from:
Australian Government Department of Sustainability, Environment, Water, Population and Communities.
South Australian Government Department for Water.
South Australian Water Corporation (SA Water).
City of Onkaparinga, South Australia.
City of Playford, South Australia.
City of Salisbury, South Australia.
Commonwealth Scientific and Industrial Research Organisation (CSIRO).
Victorian Government Department of Sustainability and Environment.
Ballarat City Council, Victoria.
Barwon Water, Victoria.
City of Greater Geelong, Victoria.
Darebin City Council, Victoria.
Melbourne Airport, Victoria.
Melbourne City Council, Victoria.
Melbourne Water, Victoria.
Monash City Council, Victoria.
Yarra Valley Water, Victoria.
New South Wales Government Department of Premier and Cabinet Office of Environment and Heritage.
Penrith City Council, New South Wales.
Blacktown City Council, New South Wales.
City of Sydney, New South Wales.
Gosford City Council, New South Wales.
Cowra Shire Council, New South Wales.
Wyong Shire Council, New South Wales.
A number of consultancy service providers from South Australia, Victoria and New South Wales.


[bookmark: _Toc305752597]Figure 16:  Royal Adelaide – Stormwater Industry Association Stormwater Reuse Technical Tour, 4 August 2011.

The Grange, 9 December 2010:  Ministerial visit from the Government of Rajasthan, India, with the following attendees:
Hosted by Hon Paul Caica, South Australian Minister for Water.
Mr Mahipal Maderna, Minister of Water Resources, Government of Rajasthan.
Mr Ram Lubhaya, Principal Secretary, Water Resources & Public Health Engineering Department, Government of Rajasthan.
Mr Nirmal Swaroop Satsangi, Chief Engineer (Quality Control & Externally Aided Projects), Water Resources Department, Government of Rajasthan.
Mr RS Pathak, Senior Water Resources Specialist, World Bank, India.
Mr Geoff Spencer, Business Development Manager, Rubicon Systems Australia.
Steven Gatti, Manager Projects & Investigations at the Board, presented a paper titled Critical factors for the success of stormwater harvesting projects in the Greater Adelaide region on 9 November 2010 at the Stormwater Industry Association 2010 National Conference, Melbourne, Victoria.  The paper draws from the Board’s experience with a number of stormwater reuse projects, including the Golf Clubs, which are specifically mentioned.  The success factors discussed in the paper are outlined in Section 6.1.  The conference drew around 350 stormwater industry professionals from Australia and overseas.
The Grange, Royal Adelaide and Glenelg, September 2010:  Tour with Government of South Australia Department for Water executives, Ms Julia Grant and Ms Kylie O’Connell.
The Grange, Royal Adelaide and Glenelg, 18 August 2010:  Tour with Australian Government Department of Sustainability, Environment, Water, Population and Communities executives, Mr Mark Flannigan, First Assistant Secretary Land & Coasts, and Mr Barry Longstaff, Director SA Team Land & Coasts.
Glenelg, 30 July and 6 August 2010:  Tours with City of Marion executives and staff as part of the planning stages of the Australian Government-funded Oaklands Park Wetland & ASR scheme.
The Grange, Royal Adelaide and Glenelg, 3 June 2010:  Tour with South Australian Environment Protection Authority (EPA) Managed Aquifer Recharge (MAR) Policy, Planning, Assessment and Licensing Unit.
The Grange, 29 April 2010:  Tour with Hon Paul Caica, new South Australian Minister for Environment and Conservation.
Glenelg, 22 April 2010:  Stormwater Industry Association of South Australia technical presentation and seminar on wetlands for stormwater treatment.


[bookmark: _Toc305752598]Figure 17:  Glenelg – Stormwater Industry Association Technical Presentation, 22 April 2010.

The Grange, 17 March 2010:  Second Board Workshop for Local Government and Industry on Aquatic Plant Management.
The Grange, 15 June 2009:  NRM Board Workshop for Local Government and Industry on Aquatic Plant Management.
The Grange, 27 March 2009:  Tour with members of the Board of the Adelaide Botanic Gardens as part of the planning stages of the Australian Government-funded Adelaide Botanic Gardens Wetland & ASR scheme.
The Grange, Royal Adelaide and Glenelg, 23 March 2009:  Tour with South Australian Parliament Natural Resources Committee.
The Grange, Royal Adelaide and Glenelg, 5 March 2009:  Tour with South Australian Environment Protection Authority (EPA) Managed Aquifer Recharge (MAR) Licensing Officer.
The Grange, 20 October 2008:  Tour with the National Water Commission Groundwater Advisory Group technical committee.


[bookmark: _Toc305752599]Figure 18:  The Grange – NWC Groundwater Technical Committee visit, 20 October 2008.

The Grange, Royal Adelaide and Glenelg, 18 August 2008:  Tour with General Managers of Australian natural resources management organisations.
The Grange, Royal Adelaide and Glenelg, 9 February 2008:  Tour with NRM Board Central Group.
The Grange, mid-2007:  Several tours with interstate and overseas water industry professionals.
The Grange, 4 May 2007:  Tour with Hon Gail Gago, then South Australian Minister for Environment and Conservation, and Hon Craig Wallace, then Queensland Government Minister for Natural Resources and Water.
The Grange, 2 February 2007 – World Wetlands Day:  A media event was held to launch The Grange scheme.  The scheme was launched by:
Malcolm Turnbull, then Federal Minister for the Environment and Water Resources;
Rob Freeman, then Chief Executive, SA Department for Water, Land and Biodiversity Conservation;
Yvonne Sneddon, then Presiding Member, Adelaide and Mount Lofty Ranges Natural Resources Management Board; and
Kerry McGorm, then Vice President, The Grange Golf Club.


[bookmark: _Toc305752600]Figure 19:  The Grange – Ministerial Tour, 4 May 2007.
Left to right:  Hon Craig Wallace, then Queensland Government Minister for Natural Resources and Water; Hon Gail Gago, then South Australian Government Minister for Environment and Conservation; Barry Linke, General Manager, The Grange Golf Club; Alan Ockenden, Director Operations and Projects, Adelaide & Mt Lofty Ranges NRM Board.

[bookmark: _Toc305752564]Create a sustainable water supply and assist in securing the long-term future for each Golf Club
The Grange, Royal Adelaide and Glenelg Golf Clubs have been established at their present locations for many years (since circa 1927, 1906 and 1926 respectively), with long histories of native groundwater use for irrigation.  Part of the genesis of the Project was the realisation by each Club of the need for sustainable irrigation water supplies and the observation of changes in the level and quality of the native groundwater.  Although each Club held an authorisation to extract and use groundwater, the authorisation could provide no guarantee about the presence or quality of the groundwater.

Stormwater harvesting, wetland treatment, and aquifer storage and recovery provides certainty to each Club that a sufficient supply of good-quality water will be available every irrigation season.

As each wetland is now fully established, with The Grange well established and Royal Adelaide and Glenelg expected to be at full operational capacity within two years, it is fully expected that all golf course irrigation water requirements will be able to be sustainably met from treated stormwater.

[bookmark: _Toc305752565]Through the contribution of each Golf Club to the capital cost of the Project, and through the ownership and operation of each completed scheme by each Golf Club, increase private-sector investment in water management
The Project has already resulted in almost $2.6 million of private-sector investment in water management through the contributions of the Clubs.  Under the Management Agreement each Club has entered into with the South Australian Minister for Environment and Conservation, each Club has demonstrated its commitment to maintain and operate its scheme, effectively in perpetuity.  With the Management Agreements registered on property titles, the land occupied by the schemes is dedicated to the purposes of the schemes regardless of any change of land ownership.

[bookmark: _Toc305752566]Overall Project Discussion – Lessons Learned
[bookmark: _Ref303954043][bookmark: _Toc305752567]“Critical factors for the success of stormwater harvesting projects in the Greater Adelaide region”
Steven Gatti, Manager Projects & Investigations at the Board, presented a paper titled Critical factors for the success of stormwater harvesting projects in the Greater Adelaide region on 9 November 2010 at the Stormwater Industry Association 2010 National Conference, Melbourne, Victoria, as discussed in Section 5.7.  The paper is available from the conference website:  http://www.gemsevents.com.au/stormwater2010/assets/Gatti,%20Steven%20et%20al%20-%20Non%20Refereed%20Paper.pdf.

The paper draws from the Board’s experience with a number of stormwater reuse projects, including the Golf Clubs, which are specifically mentioned.  In essence, the six stormwater reuse scheme “critical success factors” are:
Supply. 	A certain supply of stormwater, of an appropriate quality, with secure access rights.
Demand. 	A secure, genuine end use for the treated harvested water.
Storage. 	Somewhere to store the large volumes of treated harvested water during periods when the production rate exceeds the end use demand.  In the Greater Adelaide region, this has typically been an underlying aquifer.
Land. 	The space for all of the elements of the reuse scheme, recognising that, where constructed open wetlands are used for the stormwater treatment element, the area of land required can be significant.
Owner. 	A party or parties to own, operate and maintain the complete scheme.
Funds. 	A sound and robust business case that recognises the potentially significant investment of funds in feasibility studies and makes provisions for the ongoing operation and maintenance of the scheme, while attempting to reflect the benefits of the scheme that do not have simple monetary values.

[bookmark: _Toc305752568]Realistic Timeframe Expectations for Wetland-Based Stormwater Reuse Schemes
As can be seen from earlier sections of this Final Report, it takes a number of years for reuse systems relying on constructed wetlands to reach full operational status.  Proponents and funding partners of such schemes need to enter into them with realistic expectations about many elements, including the investment of time necessary to arrive at a fully operational scheme.  Possible major technical steps in the process, and possible timelines, are:
Feasibility:	1 to 2 years.
Business Case:	1 to 2 years.
Consultation:	6 months to 2 years.
Design:	6 months to 1 year.
Construction:	6 months to 1 year.
Establishment:	2 years to 3 years.
Final Commissioning:	6 months to 1 year.

This means a fully-operational scheme may be six to 12 years away after the identification of the stormwater reuse opportunity.

[bookmark: _Toc305752569]European Carp Management for Constructed Stormwater Treatment Wetlands
European carp are endemic in many watercourses in Adelaide, including Brown Hill Creek, which is the source of stormwater for the Glenelg scheme.

Mature carp are bottom feeders, and as they browse through the bed sediments of a waterbody, searching for food, they cause the resuspension of previously settled sediment.  This increases turbidity in the water column.  Since a critical function of a stormwater treatment wetland in a system using ASR for storage is the reduction in turbidity, primarily because turbidity can cause blockage of the formation in ASR wells, carp can effectively prevent injection, resulting in “lost” reuse capacity.

Through ingesting bed sediments with mouthfuls of food, carp may also lead to the remobilisation of nutrients from the sediment into the water column.  This can also result in an overall reduction in reuse capacity.

Carp may also browse on emergent and submergent macrophytes, hampering vegetation establishment, spread, densification and overall successful development.  Again, as this affects the wetland’s capacity to treat harvested stormwater, this can result in an overall reduction in reuse capacity.

Mature European carp were detected at the Glenelg scheme by Club staff in 2009.  Unfortunately, it became evident that carp management had not been considered in the design of the Glenelg scheme.  The Board and FMG Engineering, as the construction contract Superintendent’s Representative, canvassed opinion on management options, and met with Dr Ben Smith and Dr Leigh Thwaites, European carp specialists from the Invasive Species subprogram of the Aquatic Sciences division of the South Australian Research and Development Institute (SARDI).

A number of aquatic pest management methods were considered and discounted:
Piscicide:  Rotenone is a relatively commonly used fish poison, but is non-selective, and it was not desirable to kill all fish species present.
Electrofishing:  The advice was that carp are adept at avoiding the electric field zone, meaning this method would be unlikely to economically result in an adequate removal of mature carp.
Drag netting:  The wetland pond bathymetry, level of macrophyte establishment, and mobility of the carp meant that this method was unlikely to be practicable.
Static netting (trapping):  The advice was that carp are intelligent enough to ensure this method would have limited success at trapping a significant number of the mature carp present.

This lead to the decision to adopt pond draining and physical removal of mature carp as the most appropriate management method.  The scheme construction contractor, SEM Civil, progressively dewatered the ponds using a transportable pump and diesel generator, and physically removed as many carp as practicable from the dewatered ponds.  Removed carp were disposed of at a licensed landfill.

In considering the long-term strategy for carp management at Glenelg, a number of salient points were highlighted:
For a waterbody not physically connected to a carp source, there is some conjecture that live carp or viable carp eggs can be transported into the waterbody by birds.  However, this potential vector does not seem to have been confirmed to any level of certainty.
For a waterbody not physically connected to a carp source, there is some conjecture that live carp are commonly transported into the waterbody be people seeking to later fish for mature carp.  There seems to be a reasonable level of certainty that this is indeed a genuine vector.
Carp eggs are sticky and robust.  Carp larvae are also robust.  Eggs and larvae can survive passing through the type of rotodynamic pump typically used in pumped-harvest schemes.
In the first two years of a carp’s life it predominantly feeds in the water column, having minimal impact on turbidity.  After two years, when a carp is around 30 centimetres long, it is considered mature and descends to become a bottom feeder, with the attendant water quality implications.
Carp breed prodigiously and tolerate poor water quality.

This lead to the decision to adopt two-yearly pond draining and physical carp removal as the ongoing carp management strategy at the Glenelg scheme.  To facilitate the implementation of this strategy, drainage sumps were retrofitted in each low-point within the wetland system, and sump pumps, power connections and drainage lines were installed.  The Club can now drain the ponds in a reasonably convenient manner.  Where the wetland water being drained is in excess of the capacity of the irrigation water storage tank and the aquifer injection system, it is drained back to Brown Hill Creek.

A benefit of the periodic draining strategy is that wetland plants, used to periodic dry periods in nature, are likely to benefit from the process, provided the soil in the root zones and the compacted clay low-permeability pond liner do not completely dry out.  It is also likely that drying of the trapped sediments will enhance sediment aeration, compaction and decomposition, maintaining the sediment trapping capabilities of the wetland.

Overall, the importance of considering pest species management in the design stages of a stormwater reuse scheme is easy to see.

[bookmark: _Toc305752570]Involvement of Scheme Owner/Operator in Delivery of Capital Works, and Provision of Management Tools to Owner/Operator
The three schemes making up this Project were unique amongst contemporary stormwater reuse schemes in the Greater Adelaide region due to the delivery arrangement.  For the delivery of the schemes, the Board, rather than the Clubs, acted as the principal contracting body for the design consultancies and construction contracts – for most contemporary schemes, the principal contracting body was the scheme owner and operator (typically a Local Government organisation).

This was appropriate at the time as the Board held technical expertise not available on staff to the Clubs – including grant funding management, capital works project management, hydrogeology and engineering expertise.

However, the side effect of this was that the Board, rather than the Clubs, became seen as the main repository of the technical knowledge about the design, construction and operation of the schemes.

Important lessons that have already been applied to subsequent schemes include the following:
The scheme owner/operator must be as informed as possible about the implications of the scheme as early as possible, to allow planning for future budgets, staff training and development needs, staff recruitment needs, external supplier needs, management structure development needs, and so on.  New proponents must learn as much as they can from existing scheme owners/operators.
The scheme owner/operator must be intimately involved in the project from the earliest opportunity and must take on as much of the work in the planning, design, construction, establishment and commissioning as possible, or risk being “handed the keys” to a completed scheme with no knowledge of how to operate it.
The designer of the scheme must be tasked, as part of the design, construction, establishment and commissioning processes, with working hand-in-hand with the owner/operator to develop the tools that the owner/operator needs to best manage all elements of the scheme for the next 10, 20, 50 or 100 years.
Scheme design must consider the flexibility and adaptability of the completed system, to account for future changes in conditions.  For example, as injection and extraction performance changes over time, as harvestable flows change in timing and volume, as new risks emerge, the owner/operator must be able to assess the implications and optimise the scheme to account for the changes.



[bookmark: _Ref285810179][bookmark: _Toc305752571]Appendix:  Project Objectives
From the Funding Agreement:

Objectives
1.9. 	The main Objective of the Project is to demonstrate and deliver the sustainable use of water resources in the urban context by returning three large urban irrigators to water extraction neutrality from local groundwater.  More specifically, the Project has the following measurable environmental, social and economic Objectives. 
1.10. 	The specific environmental Objectives are significant and include: 
a. 	a reduction of 800 megalitres per annum of polluted stormwater inflows to West Lakes, the Port River and the Gulf St Vincent [300 megalitres at Grange, 200 megalitres at Royal Adelaide and 300 megalitres at Glenelg];
b. 	an 800 megalitres per annum reduction in the Golf Clubs’ use of the locally stressed aquifer [300 megalitres at Grange, 200 megalitres at Royal Adelaide and 300 megalitres at Glenelg];
c.	a pressure improvement and long-term salinity reduction in the local aquifer; and
d.	an increase in biodiversity and the creation of native aquatic habitats.
1.11. 	The social Objectives include:
a.	reinforcement of community awareness of water conservation and biodiversity issues regarding the Project, the Intended Purpose of the completed Capital Works and the Objectives through:  public viewing, wetland tours, signage and publications by the NRM board and the Golf Clubs;
b.	the opportunity to demonstrate best practice in environmental protection and water conservation to the local, state, national and international community via high profile events at the Golf Clubs and publications by the NRM Board and the Golf Clubs.
1.12. 	The economic Objectives of the Project are:
a.	the creation of a sustainable water supply and secured long-term future for the Golf Clubs, being three of Adelaide’s premier sporting venues; and
b.	increase in private sector investment in stormwater management and reuse schemes.



[bookmark: _Ref286053093][bookmark: _Toc305752572]Appendix:  Requirements for Final Report
From the Schedule to the Funding Agreement:

5. 	REPORTS (subclauses 1.1 and clause 10) 
5.1. 	You agree to provide to Us the Reports, in the form and manner and containing the information, specified in this Item 5. 
5.2. 	Three (3) copies of all Reports must be provided to Us being one bound copy, one unbound copy and one electronic copy. 
…
5.6. 	You agree that each progress Report must include the following information for the relevant part of the Project Period: 
• 	Your name; 
• 	The name of all subcontractors that are involved in the Project; 
• 	The full Project title; 
• 	The amount of Funds payable under the Agreement and the total cost/value of the Project; 
• 	The part of the Project Period to which the Report relates; 
• 	A description and analysis of the progress of the Project to date, including detail of the Objectives (if any) achieved during the period (regarding both the Capital Works under construction and the completed Capital Works, and categorised by Golf Club) to which the Report relates and reasons why any Objectives have not been met; 
• 	A clear summary of the work undertaken at each Golf Club in the period to which the Report relates and an analysis of the effectiveness of this work; 
• 	A discussion and statement as to whether the timeframes and Milestones for the Project (and specifically during the Report period) are being met for each Golf Club and an explanation of any delays that have occurred, including the reasons for those delays and the action the Funding recipient proposes to take to address the delay and the expected effects (if any) the delay will have on the Project (including subsequent Milestones and the overall completion of the Project); 
• 	The following financial information regarding the Project: 
o 	a statement of the Funds, Your Contributions and Other Contributions received to date;
o 	a statement of the Project Generated Income earned on the Project Monies (including the Funding) to date; 
o 	a reconciliation of the Funds, Your Contributions and Other Contributions spent on the Project to date; and
o 	a detailed explanation of how the Project is tracking against the Budget for the current Financial Year and, if the budget has not been met, the actions You are taking to address that.
5.7. 	For the eighth and subsequent progress Reports you must also include the following information regarding the Capital Works that have been completed by that progress Report’s due date, including but not limited to information regarding: 
a. 	the extent to which the completed Capital Works have been used and maintained for the Intended Purpose; 
b. 	the volume of stormwater that has been cleansed by the completed Capital Works, injected into the aquifer by the completed Capital Works and recovered from the aquifer by the completed Capital Works. 
c. 	the extent to which the cleansed stormwater injected into the aquifer has been able to be recovered from the aquifer and used by the Golf Courses; 
d. 	the number of days (if any) during the reporting period in respect of which the completed Capital Works were not used because the water quality set by licensing authority was not met; 
e. 	the amount of groundwater extracted prior to the completion of the Capital Works as compared with the amount of groundwater extracted after the completion of the Capital Works; 
f. 	the volume water used by each Golf Club in excess of water injected into the aquifer; 
g. 	an estimate of the percentage of stormwater extracted from the drains at Trimmer Parade, Glenburnie Road and Pedlar Street for Grange, Meakin Terrace for Royal Adelaide and Brown Hill Creek at Glenelg; 
h. 	the improvement (if any) in the aquifer’s groundwater salinity levels; and 
i. 	the quality of all water injected into the aquifer at each Golf Club as compared to the quality of the native groundwater. 

Final Report 
…
5.9. 	The final Report must be a stand-alone document that can be used for public information dissemination purposes on the operation, mechanisms and processes employed by You to perform the Project and achieve the Objectives. 
5.10. 	The final Report must: 
a. 	include the information required in Items 5.6 and 5.7 for the period from 1 January 2009 to 30 June 2009; and 
b. 	include a detailed discussion of the entire Project Period, including a description of the conduct, benefits and outcomes of the Project as a whole by discussing the completion of the Capital Works, and the operation and maintenance of the completed Capital Works, at each Golf Club. The final Report must evaluate the entire Project and include a detailed discussion of the extent to which each of the Objectives of the Project was achieved. The final Report must contain an explanation of why any Objectives were not achieved. 
5.11. 	You also agree to include in the final Report a discussion of any other matters, relating to the evaluation of the Project, which We reasonably request be included in the final Report. Any such requirement will be notified to You at least 30 days before the final Report is due.
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Water Smart Australia – Metropolitan Adelaide Major Irrigators Stormwater Reuse Project
Final Report – Adelaide & Mt Lofty Ranges NRM Board
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[bookmark: _Toc305752601]Figure 20:  The Grange – Sedimentation basin construction, 15 June 2006.
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[bookmark: _Toc305752602]Figure 21:  The Grange – Installation of the Frederick Road stormwater diversion pit, 2 August 2006.
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[bookmark: _Toc305752603]Figure 22:  The Grange – Preparation for the Trimmer Parade stormwater diversion pit, 21 August 2006.
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[bookmark: _Toc305752604]Figure 23:  The Grange – Early establishment of the wetland, 25 October 2007.
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[bookmark: _Toc305752605]Figure 24:  The Grange – Looking south across wetland Cell 2, 15 August 2008.


[bookmark: _Toc305752606]Figure 25:  The Grange – Looking north across wetland Cell 3, 15 August 2008.

[bookmark: _Toc305752607]Figure 26:  The Grange – Looking south across wetland Cell 3, 15 August 2008.


[bookmark: _Toc305752608]Figure 27:  The Grange – Wetland Cell 1, 12 February 2009.


[bookmark: _Toc305752609]Figure 28:  The Grange – Wetland Cell 2, 12 February 2009.

[bookmark: _Toc305752610]Figure 29:  The Grange – Wetland Cell 3, 12 February 2009.


[bookmark: _Toc305752611]Figure 30:  The Grange – Wetland Cell 2, 7 April 2011.

[bookmark: _Toc305752612]Figure 31:  Royal Adelaide – Early establishment, wetland Storage Cell 1 (right) and Storage Cell 2 (left), 5 November 2008.


[bookmark: _Toc305752613]Figure 32:  Royal Adelaide – Early establishment, wetland Treatment Cell 1 (left) and Storage Cell 2 (right), 5 November 2008.

[bookmark: _Toc305752614]Figure 33:  Royal Adelaide – Early establishment, wetland Treatment Cell 2, upstream end, 5 November 2008.


[bookmark: _Toc305752615]Figure 34:  Royal Adelaide – Wetland Treatment Cell 2, 23 October 2009.

[bookmark: _Toc305752616]Figure 35:  Royal Adelaide – Wetland Storage Cell 1, 7 April 2011.


[bookmark: _Toc305752617]Figure 36:  Royal Adelaide – Wetland Treatment Cell 1, 7 April 2011.

[bookmark: _Toc305752618]Figure 37:  Glenelg – Early construction, 5 August 2008.


[bookmark: _Toc305752619]Figure 38:  Glenelg – Early establishment, view across wetland Cell 1 from downstream end, 2 February 2009.

[bookmark: _Toc305752620]Figure 39:  Glenelg – Early establishment, view across wetland Cell 3 (right) from downstream end, and Cell 1 (left) upstream end, 2 February 2009.
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[bookmark: _Toc305752621]Figure 40:  Glenelg – View across wetland Cell 1 (left), Cell 2 (right), and Cell 3 (foreground), 30 October 2009.

[bookmark: _Toc305752622]Figure 41:  Glenelg – Wetland Cell 1 (left), with injection pump station (right), 25 January 2011.
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Stormwater reuse

On average, the Adelaide metropolitan area generates around 86 gigalitres of stormwater per year. Much of this is
discharged to the sea, with less than 10% currently being re-used.

The Government of South Australia and the Adelaide and Mount Lofty Ranges NRM Board recognises the great potential
that stormwater can provide if we are to more effectively manage our available water resources. Consequently, the Board
works with stakeholders, such as local government to investigate and develop opportunities for putting stormwater to
good use

However, before stormwater can be harvested and used, it must be cleaned up. As stormwater moves across surfaces
such as roads, r0of tops, and gardens etc it picks up a concoction of harmful pollutants such as heavy metals, chemicals,
nutrients and sediments. Some of these you can see, others you can't. Think of it this way - Stormwater = Rain =
Pollution

Constructed wetlands

Wetlands are nature’s water purifier. Heavy particles, such as soil, fall to the bottom taking with them some of the
chemicals. Water plants such as reeds and floating plants absorb the nutrients. Any bacteria accumulating in the wetland,
is killed by the sun's ultra-violet rays. In addition to the water quality benefits that are provided by wetlands, they can
also provide aesthetic and recreation value, provide habitat for native animals and assist in flood management

Over the years, before the benefits of wetlands were fully understood, many natural wetlands on the Adelaide Plains
were drained and replaced by urban developments. The Board is now partnering with stakeholders to build constructed
wetlands in key locations for the purpose of capturing and purifying storm water.

ASR - Aquifer Storage and Recovery

In some situations, constructed wetlands are developed simply to purify stormwater and or to mitigate against flooding
In certain situations, wetlands can also play an important role in capturing stormwater such that it can be used at a later
time. While wetlands are ideal water purifiers, they do not make great reservoirs. Water accumulates in the wetland
during periods of rain and evaporates out of them during the hotter drier months. Therefore in the summer, when the
water is most needed, there is lttle water available. To overcome this, Aquifer Storage and Recovery Schemes (ASR) are
used to maximise their water storage efficiency.

As the wetland becomes inundated with water, the clean water is pumped underground into a natural aquifer where itis
stored. This stored water can then be pumped back up to the surface where it can then be used for purposes such as
for irrigation or for industry.

Site Map | Login

U By ogovay

Page Last Updated On : 13 January 2011




image31.tiff

image35.tiff
HOME | ABOUTGGC | MEMBERSHIP | FUNCTIONS | CORPORATE | JUNIORS | WEDDINGS | COURSE

& GOLF SOLUTIONS wEoRMAToN  GLENELG

GOLF CLUB

@y

Going Green - ASR and Sustainability oot

What's on at the GGC

With membership at Glenelg Golf Club, you can be assured you are History
aligning with a Club that places a huge premium on the environment. We Club Foundation
are aiming to achieve a 100% recycled water rating for the golf course Contact

in 2010. We recognise the importance of sustainability. Club Profile
Reciprocal Clubs
Aquifer Storage and Recovery Project (ASR Project) Brochure and publication Library

Going Green - ASR and

Partof the Hetropolitan Adelaide Stormuater Re-use Project Sustainabilty

To be taken direcly o the category of interest, please click on the below ‘quick links’

» Total Funding
» Aboutthe Project
» Project Benefits

» Aboutthe Australian Goverment Water Fund

Total Funding

56 Smillion with a contribution of $2.35milion from the Australian Government, §2.35million
from the South Ausiralian Government and $1.8million from Glenelg, Royal Adelaide and
Grange Golf Club's

~ Backtotop

About the Project

“The project will demonstrate the value of water re-use and stormwater recycling through the
construction of man-made wetiands. The wetiands will act 3s filers for urban and poliuted
‘Stormwater that would othenwise run into the St Vincent Gul, Stormwater will be diverted to
wetlands that will be developed atthe Grange, Royal Adelaide and Glenelg golf clubs. This
pre-treated water from the wetlands will then be pumped, through bores, back into the
underground water supplies beneath Adelaide for use as needed

~ Backtotop
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Project Benefits
The Metropolitan ASR Praject wil
« Save 1000 megalies of water a ear by using stormwater o replace water drawn from
underground water supplies benesth the city

« Reduce the discharge of nutrients by diverting stormwater that would ofherwise run into
the StVincent Gult

« Improve the condtion of beaches around outfall areas

« Decrease the salinity of underground water supplies by “refreshing” with fitered
stormwater

« Provide certaintyfor irfigation of tree interationally-rated and important golf course
and

« Increase biodiversity.

~ Backtotop

About the Australian Government Water Fund

The Australian Government Water Fund is a $2billion investment in water solutions for
current and future generations. The Fund is a major investment by the Australian
Government in water infrastructure, improved water management, and better praciices in
the stewardship of Ausiralia's scarce water resources. It will create opportunities for
industries, investment and jobs while at the same time protect and restore our environment.

‘The Fund comprises three programs;

« The $1.6billion Water Smart Australia program
« The 5200million Raising Nation Water Standards program and

« The 5200milion Community Water Grants program

‘Sourced from the Australian Governments National Water Commission Project Information
sheet The National Water Commission is an independent statutory body in the Prime
Minister's portolio. Is role isto drive the national water reform agend.

~ Backtotop
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