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Presenter
Presentation Notes
Good morning and thank you everyone for taking the time to attend this NewWaterways session on MAR. If there is one thing I want you to take away from this, it is the highly-promising potential for large-scale MAR at the southern fringe of Perth, and we are now approaching a time where the multiple constraints that water is putting on developments means it is one of the most sensible ways to manage drainage water. 
The study I am presenting was the first time the NWQMS AGWR managing health and environmental risks (stage 2) MAR guidelines had been applied at a regional-scale, AND this early in the planning process, anywhere in Australia. This study was designed to be of particular value to those planning for the future development of the large palusplain areas of the Peel Region. 
Before I move on, I would like to acknowledge that this work has been funded by the Australian Government through the NWC’s Raising National Water Standards Program. I would also like to acknowledge that the work is an assembly of knowledge from several people including Tarren Resitema, Emma Christie, Steve Fisher and Ben Marillier from the Department of Water, as well as other staff that I have acknowledged in the report.
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Today I want to start the focus wide and long, and explain the constraints that water is placing on development in the Peel Region, and there are many so that will take a few minutes.
In the context of MAR, I will then explain the Suitability of the aquifers, the Availability of stormwater, and we will briefly take a look at the demand pressures in the growing region.  I will then show how that information has been applied using the national MAR guidelines assessment process. At the end I’ll discuss where we need to head next to develop a MAR scheme in WA.


Study area

Government of Western Australia
Department of Water

1110 2007

...not without its
share of problems
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So the Peel Region, with the jewel in its crown being the RAMSAR listed Peel-Harvey estuaries, the rapidly growing southern fringe of Perth, and also the MAR study area. For those familiar with some of our other work you will note the study area aligns with the modelling boundary of the recent Murray DWMP hydrological technical studies. 
For those not familiar with the hydrological technical studies undertaken for this region, they were a large investment  in some of the most advanced development pre-planning hydrological studies undertaken anywhere in Western Australia, and probably Australia. The reason so much has been invested in research by the Department of Water, is that at a regional scale, water and land is rarely more interlinked and connected than what we see in this region.


Constraints
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The area is highly connected by a drain network composed of paddock drains, WaterCorp drains, manmade regional drains, natural brooks and two major rivers, all leading to the same final destination, the Peel Estuary. What happens at the top of the catchment, impacts the bottom. This means that the changes in land-use as the region develops, will have an impact on the Peel, and as I work through the presentation it will become more obvious how MAR can be used to minimise negative impacts, and potentially even create positive impacts on its health.
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...and despite the huge drainage network the area is heavily water-logged in winter, even last year there were many areas which became inundated. The water table is shallow, in winter there are few areas where it is more than two metres from the surface. We know we can not build here without imported fill and appropriate drainage.


..and flood prone,
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And on top of that there is the ever present flood-risk. Due to the flat nature of the plain water can spread far and wide once it breaks the banks of rivers. An old farmer told me about a flood when he was a child that surrounded his family home for weeks because it took so long to drain away. 


Water is already

Integrated

into the landscape.
We need to turn our
attention to
harnessing it for
the betterment of
the community and
environment

Constraints
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And finally under all that water we can see the region being investigated by the Department of Planning for future urban development. Water is already INTEGRATED into the landscape. We need to turn our attention to harnessing if for the betterment of the community and environment.
AND THAT IS WHAT MAR IS ALL ABOUT.
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e We do not meet EPP targets

e Status quo will continue
degradation of the estuary

Average annual phosphorus load (tonnes)

Traditional urban has greater nutrient inputs and increased flows that efficiently convey
nutrients to streams
(see Peel-Harvey nutrient modelling, Kelsey et al. 2010)
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...but sorry, the constraints continue. We know we are massively in excess of the nutrient targets set for the Peel-Harvey estuaries in the EPP. Extensive modelling,  calibrated to hundreds of nutrient samples and thousands of days of flow data, show we are massively above the nutrient targets, and it will get worse if the status quo for nutrient management in traditional urban development was allowed to continue. 
WHY?---  click


The allocation issue

Government of Western Australia
Department of Water

Diminishing resource:

-

Cattamarra Aquifer
100% allocated everywhere

Leederville Aquifer
Fully allocated in Nambeelup and Coolup

The end of ‘easy’ water?
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And last but not least, actually probably most importantly, there is the water allocation constraint. The Cattamarra Aquifer, a major supply source for industry in the region, is fully allocated. The Leederville Aquifer is fully allocated in the Nambeelup and Coolup groundwater sub-areas assuming all existing applications for a license are approved. There is allocation available in the superficial aquifer, but the combination of it being thin, containing acid sulfate soils, and its hydraulic connection to protected wetlands and waterways mean that it is generally an undesirable source for high-yielding bores. Some refer to this allocation problem as the exhaustion of the traditional alternative water supply in the region, but positively, there is still plenty of water available if we get smarter at managing it. Water trading would help where there is a willing seller, but for the greater needs of the of the rapidly growing Peel Region it is not going to increase total supply. Hence the need  to investigate alternative water-supplies such as MAR, particularly for big water users such as industry, golf courses, public open space, schools and sporting grounds.


. Many competing needs
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Environmental values

e Existing users * Development

* RAMSAR estuary e Livestock

e Recreation * Man-made lakes

* Traditional culture * Acid sulfate soils

e CCW wetlands e Sand supply issues  * Climate change

e Aquatic ecosystems ¢ EPP for phosphorous ° Moazzies
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* Industry
e Tourism

Hence the DWMP, BUWM, stormwater
manual, and the MAR feasibility study...
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IF only to reinforce the message, the Department of Water is attempting to walk a tight-rope to ensure all the environmental values of the region are maintained whilst ensuring there is water to meet growing demand. Influencing factors in the management of water in the Peel Region include:

It is for this reason we use a planned approach applied though the Better urban water management framework, and have developed the Murray DWMP, and have now published the MAR feasibility study.


Planned approach

Better Urban Water Management framework

e State water planning
— Perth-Peel regional water plan

e Drainage and Water Management Plan

e Drainage and Water Management Plan P
— Hydrology technical studies
— Flood study
— Nutrient study
— ASS & hydrochemistry review
— EWR study
— Flora and fauna studies
— MAR feasibility study

Constraints Availability Suitability Demand
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To briefly touch on the ‘planned approach’, the DWMP follows on from the state water plan and the Perth-Peel regional water plan. The DWMP benefits from an extensive list of region-specific technical studies, including:
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e Key Principle 2

— Manage flooding and inundation risks to human life and property

MAR can be integrated with all three principles

Constraints Availability Suitability Demand
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Finally the DWMP has three key principles that need to be addressed in development planning to overcome the water constraints:
KP1 : Manage catchments to maintain or improve water resources
KP2: Manage flooding and inundation risks to human life and property
...and of huge relevance
KP3: Ensure the efficient use and re-use of water resources

While MAR is most relevant to the key principle 3, it can be completely integrated into the first two principles. As I will show in the next slide, and as we hear in the remaining talks today, it will become more obvious how.
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————————————— Urbandrainage

Wanneroo Member L eederville
Aquifer

Mariginiup Member

South Perth Shale Confining Layer

Yarragadee /
Cattamarra Coal Measures
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For those not familiar with the concept of MAR I have developed this basic schematic of what a MAR system looks could look like. In winter stormwater is infiltrated at or near the source. Due to the regions shallow watertable, once the watertable rises to the controlled groundwater level it is then syphoned off by subsurface drainage and directed to passive water quality treatment system in the form of wetlands. These wetlands can also act as a flood-detention device. Hence by cleaning stormwater and reducing flood risk they address Key Principle 1 and Key Principle 2. Importantly, they also provide the water to  then be injected. Depending of the drainage water quality some mechanical treatment may be required. The water is then injected into the aquifer  under pressure below a confining layer. In the case of the Peel Region, the South Perth Shale is the best known confining layer.
The stormwater is now held in storage in the aquifer until it is needed. Depending on the hydrodynamics, overtime water may be ‘banked’ so that there is sufficient water stored to maintain security of supply during drought years. 
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Irrigation

Urbandrainage

Wanneroo Member L eederville
Aquifer

Mariginiup Member

South Perth Shale Confining Layer

Yarragadee /
Cattamarra Coal Measures
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Come summer, as demand increases, the injected stormwater can then be pumped back into a separate irrigation system, no different to how a traditional set up with a large irrigation bore is operated now. Conceptually MAR is quite simple, and what do you know, you have now addressed Key Principle 3 as well. Tick, tick, tick, proceed with development.


Government of Western Australia AUSt. GUidennes fOr Water RecyCIing

Department of Water

e Australian Guidelines for Water Recycling — MAR

e Four stage investigation
— feasibility assessment is Stage 1

— desktop
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Now for the technical component. ASS mentioned earlier, to assess whether a successful scheme can be constructed in the Peel Region, we need to apply the Australian Guidelines for Water Recycling. The guidelines are referred to in our policy and regulatory publications on both Managed Aquifer Recharge and the Non-drinking water approvals process that Yvonne discussed just before.
The guidelines outline a four stage investigation, of which the Feasibility study represents step 1, the desktop viability and difficulty assessment.


- ASR feasibility flow-chart

Does project meet criteria for Simplified
Simplified Assessment? Assessment
Process

No
Stage 1 Collect available information and data . Project not
Desktop Undertake entry-level assessment ’

study Identify information gaps ' __ viable

Project apparently viable

Constraints Availability Suitability Demand
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We can see those four stages more clearly in this flow-chart.  At the top we have stage one – desktop study. Stage two requires a specific site to undertake a maximal risk assessment, modelling and preliminary design, and then a residual risk assessment. For stage three an operating trial would be established, and stage 4 applies to the expansion and ongoing management of the scheme.
Click
So to clarify the feasibility study is aligned to a stage 1 study, but uniquely, in this case, it has been undertaken at a regional-scale rather than a specific site such as a golf-course. 
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See: Murray hydrological
studies (Hall et al. 2010)

Total drainage from all developments:
Min: 12 GL/yr (Dry climate, drains at ground level)
Max: 22 GL/yr (Wet climate, drains at 1 mBGL)

e.g. Nambeelup Development
Min: 2.7 GL/yr (Dry climate, drains at ground level)
Max: 4.6 GL/yr (Wet climate, drains at 1 mBGL)

Development area

Austin
Barraghup

Buchanans

| Carcoola

Nambeelup

Nerrima

North Dandalup
Pinjarra

Ravenswood

South Murray

South Yunderup

Constraints Availability Suitability Demand
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So how much drainage water (or stormwater), will be available from development.  There is an obvious degree of uncertainty because the exact nature of the developments that will occur in the future is unknown, as well as the future climate, and the design of the drainage systems. However, by using the results of the Murray hydrological technical studies we can reasonably ascertain and upper and lower limit. Over the whole 82 km2 (shaded boxes) of proposed development area there will be between 12 to 22 GL/yr of drainage water to be managed.  As illustrated these figures can be divided between the 11 development sub-areas as illustrated for Nambeelup.


Watertable

Constraints

Rainfall Pre Vs Post

(100%)

Subsurface drainage

Winter = = - -
Summer = == -

Superficial aquifer

Leederville aquifer

Availability Suitability Demand
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So where does this stormwater water come from. Does it all need to be left in the system as environmental water requirements? No. As this figure illustrates, the most significant driving factor for the increased drainage water is decreased evapo-transpiration following development.  EXPLAIN


Suitability - Geology v1.0

Constraints Availability Suitability Demand
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For a scheme like this to work, the critical factor that we can not alter is the geology. MAR requires a highly transmissive aquifer with a low-hydraulic gradient. It also requires the aquifer to have a suitable confining layer. This is not a given, for example much of Melbourne and southern metropolitan Adelaide lack the desirable geologic features for MAR, nor even on the Darling Range 30 km away. Hence it is important to have a thorough understanding of the geology in the Peel Region.
This technicolour cross-section illustrated here is loosely based on the composite cross-section from Phil Commander 1975 investigations. 
Using new both the old and new information, a three-dimensional block-model is now complete with the great assistance from  Ben Marillier, Phil Denby, and Carey Johnston, and this is what it looks like...
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So as you can see we now have a significantly improved understanding of the underlying geology in the study area. Importantly, we can more accurately ascertain the thickness and extent of the regions aquifers and confining layers.  For the movie-buffs, this is what the model looks like on the cat-walk.
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Slide talk then...
The Cattamarra aquifer also has a very-low regional hydraulic gradient which means the injected water will stay close to the MAR site for longer. It is composed of fairly unconsolidated sand beds that are likely to have high-transmissivity. As far as a desktop study can conclude, this aquifer looks like a great aquifer for MAR where it is overlain by the South Perth Shale.
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e Balance a lack of measured data with conservative
assumptions and value ranges, including:
— A brackish, hydraulically connected aquifer thickness of 50 m
— A hydraulic head limited to 1984 levels (mostly pre-abstraction)

— A confined aquifer extent limited to the interpreted extent of the
South Perth Shale (confining layer)

— An upper and lower storage coefficient of 1x10* and 5x104

e Lower = 20 Gigalitres
e Upper = 100 Gigalitres

< 1km —

Constraints Availability Suitability Demand
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So how much stormwater can be stored in the Cattamarra Aquifer? To establish this we require some assumptions. The Cattamarra Formation is 1100 m thick as measured at an oil search well drilled south-west of Pinjarra. Most of that thickness would be highly saline or too deep to be economically exploited for MAR. Therefore I have used a conservative value of 50 m for the aquifer thickness. The more we raise the pressure of the aquifer the more water you can squeeze in. To keep this within a defendable range I limited the head increase to that which existed in 1984 before hydraulic heads had been substantially lowered by abstraction. I have also limited the aquifer extent for calculation purposes to that area confined by the South Perth Shale and used an upper and lower estimate of storage coefficient. The amount of storage within those conservative limits is between 20 to 100 GL. To put that in perspective,  compare that to the 4 GL something GL annual allocation limit from Cattamarra Aquifer in the study area. If stored on the surface in dams, imagine a dam...


Cattamarra Aquifer —
environmental values
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e MAR should not lower the environmental value
e Spatially variable

e Unconfined areas may interact with groundwater dependent ecosystems
e Native water quality varies
e Remoteness to existing users

* In confined, brackish areas, the environmental values should
not be overtly difficult to maintain or improve

Overview / Issues Availability Suitability Demand
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e Subsurface drainage
— First stage sand filter treatment TN

Drainage pipes

— Reduced ‘flashy’ flows

Saturated soil

e Limited water quality data, Flowto main 54
major knowledge gap

— Nutrients may be an issue in superficial groundwater

e Paverage 0.24 mg/L
e TN average 2.6 mg/L

(Subsurface drainage water in Ellenbrook has lower values)

e Suspended sediment, turbidity, bacterial growth potential,
pesticides and pathogens???

(Thank you to those who helped us with data for subsurface drainage water quality)

Constraints Availability Suitability Demand
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e Level of treatment dependent on:

— Environmental values of the aquifer
— Native groundwater quality
— The end use, for example, irrigation
— END USER EXPECTATIONS

“fit for purpose”
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e Demand The Gnangara Mound
— 13 GL/yr additional

A
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e
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Sep  Oct  MNov
The West
Australian,
13/04/2011
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Demand – it is the ultimate push factor for MAR. The Peel Region is a huge growth district with demand predicted to increase substantially above what the aquifers can sustainably meet. The hydraulic head in the Cattamarra is rapidly declining as seen by the blue line on the hydrograph on the right. Alcoa has had to turn to trucking in water during the recent drought and the Gnangara Mound is at a new record low. Positively we are seeing activity take place to meet demand. For example, the Peel Development Commission is working in partnership with Alcoa to meet their water requirements through wastewater reuse. If we don’t meet the growing demand for cheap non-potable water in the Peel Region then economic growth may be deflected into other regions, interstate, or even overseas. This is a REAL concern. For example, Colin Pitman from City of Salisbury spruiks how he prevented a large Wool Scourer, a major employer in Salisbury, from moving overseas by supplying non-potable water from their MAR schemes at a cheaper rate than mains water.
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e Worked example — hypothetical
e Desktop only — no drilling, additional sampling etc.

e 2 part entry-level assessment:

— Viability -
e coarse, designed to identify fatal flaws early on

— Likely degree of difficulty:
e Provide information on the likely amount of effort required to achieve
approval for the scheme, and significant knowledge gaps

Entry-level Assessment Degree of Difficulty Future Work Take Away
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e 1-0ngoing demand?

— Yes, there is predicted to be increasing demand for water
e 2 -—Source water available?

— Yes, there is a predicted increase in discharge as a result of development
e 3 - Suitable aquifer?

— Yes, the Cattamarra Aquifer may store up to 100 GL in the study area
e 4 -Land available?

— Yes, the land requirements can be incorporated in to structure planning
e 5— Capability?

— Yes, e.g. Beenyup Trial; plenty of hydrogeologists, engineers and
management capability in WA

Entry-level Assessment Degree of Difficulty Future Work Take Away
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Lack of data / not applicable

Degree-of-difficulty questions

Development area Q6 Q7 Q8 Q9

Austin

Barragup

Buchanans

Carcoola

Nambeelup

Nerrima

North Dandalup

Pinjarra

Ravenswood

South Murray

South Yunderup

Entry-level Assessment Degree of Difficulty Future Work Take Away
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e Address the knowledge gaps

— Subsurface water quality data
e how clean is subsurface stormwater already?
o Best way to passively clean it? (soil amend., wetlands, land use etc.)

— STAGE 2 INVESTIGATION: Partner with a committed developer and
local-government to create a demonstration site and align MAR
infrastructure with district structure planning

— Build knowledge to ensure the community feels MAR is a safe option

e CREATE THE ‘ROAD-MAP’ ON HOW TO MAKE IT HAPPEN

Entry-level Assessment Degree of Difficulty Future Work Take Away



e There is water available, we just need to be smarter in the
way we manage it

e There are existing costs to manage the water quality (KP1)
and flood risks (KP2) anyway — we can design these systems
to help address the needs of MAR (KP3)

e The Cattamarra Aquifer has very promising storage potential

e Proponents must follow the Aust. Guidelines for Water
Recycling

Entry-level Assessment Degree of Difficulty Future Work Take Away
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Thank you

Contact:
Water Recycling and Efficiency Branch
08 6364 7800
recycling@water.wa.gov.au

Feasibility of managed aquifer recharge using drainage water, a supporting
document for the Murray Drainage and water management plan.
Available online: www.water.wa.gov.au
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e Spare slides / question slides
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I thought I’d start with a short background about where MAR has come from in Australia. I grew up in the north-western suburbs of Adelaide. Working-class, and with its fair share of socio-economic problems during the early 90’s recession, we still thought life was pretty good for us, particularly compared to those living in the City of Salisbury. In Salisbury the socio-economic conditions were terrible, street-art consisted of burnt out commodores and even the people in the suburb of Salisbury East petitioned to change its name to Gulfview Heights because their property value was being degraded by the image associated with ‘brand’ Salisbury. Later today you will hear how 15 to 20 years ago  a team that Colin Pitman was a part of changed the ‘Salisbury’ brand. In this image you can see the new Mawson Lakes development of the left. In this image from Google, probably taken during the drought, you will notice the green-tinge to Mawson Lakes compared to the surrounding suburbs. Water restrictions did not apply to recycled water.

http://www.stclair.net.au/Video.mvc/Embed/StClair
http://www.stclair.net.au/Video.mvc/Embed/StClair
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Across most of the study area the Cattamarra Aquifer water quality is brackish. By my estimate the water west of the red line is not even suitable for irrigation even if there was any water allocation remaining. Those areas east of the yellow line tend to have lower conductivity and therefore has more suitable uses and higher environmental values compared to the west. Those same areas in the east also appear to be lacking the same level of confinement due to either the thinness and/or limited eastern extent of the South Perth Shale.
While the eastern  third of the plain may not be AS suitable as the central and western thirds, it may still be possible to develop a successful scheme within the limitations or where an alternative confining layer is located.


}' 1 Government of Western Australia TO a n Swe r yo u r q u eSt i o n oo

’. ( Department of Water

Is MAR feasible...

Definitely YES
using stormwater...

Definitely YES

...in the Peel Region

Viability assessment 4
Difficulty assessment — low to moderate*
Stage two...?
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e 1890’s — large scale clearing and agricultural development

e 1910 - first major algal bloom recorded

e 1916 — Harvey Dam

e 1961 - Serpentine Dam

e 1960 - large seagrasses losses due to eutrophication

e 1974 - South Dandalup Dam

e 1978 — huge bloom of cyanobacteria

e 1980’s — ongoing algal bloom issues

e 1992 - public outcry, EPP legislated for phosphorus

e 1994 - Dawesville cut, North Dandalup Dam

e 2000’s — eutrophication and algal problems continue...

e 2011 - Commencement of integrated water solutions

Overview / Issues Availability Suitability Demand
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Peel’s natural water history. It is likely that if a man fell asleep on the banks of the Peel-Harvey esturies 150 years ago, and then woke up today to see it, he’d be in shock. The estuaries and their catchments have been heavily modified and the hydrology and water quality dynamics are significantly altered, thought that is not to say that there isn’t still a international and regionally significant environmental value in the area. Some of the changes to occur are:
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e Availability

— how much drainage water will be available?

Feasihility of managed aquifer
recharge using drainage water

A supporting document for the Murray
drainage and water management plan

e Suitability -
— aquifer mapping
— water quality information
— environmental values assessment

e Demand S e S
— is there demand for an alternative water supply? -

e Viability Assessment

e Likely degree of difficulty Assessment

e Knowledge gaps

Overview / Issues Availability Suitability Demand
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So Peel Region specific from the desktop study

Availability

Suitability

Demand





Government of Western Australia
Department of Water
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Traditional urban has greater nutrient inputs and increased flows that efficiently convey
nutrients to streams

Overview / Issues Availability Suitability Demand
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Phosphorus, nutrient enemy number one, can be seen in loading in kg/ha/year. In red we see that when mixed grazing and beef grazing land use is converted to urban land use on blocks larger than 400m2 the the amount of phosphorus added to the landscape increases. The problem is compounded because the improved urban drainage network more efficiently conveys the nutrients to waterways via stormwater  drainage networks.
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...and for reference the same thing happens for nitrogen.


Short glossary

e MAR = Managed Aquifer Recharge
e ASR = Aquifer Storage and Recovery

e PASS = Potential acid sulfate soil
e AASS = Actual acid sulfate soil

e DWMP = Murray drainage and water management plan


Presenter
Presentation Notes
The 80 or so people in the room today have a broad range of knowledge. Some of you will have PhD’s and advanced hydrogeological and/or engineering experience, while others will have business, social or health sciences background or are involved in various other components of the development and environmental sectors. I will try to ensure that I explain things in a clear and concise manner for you all to understand, but please feel comfortable asking questions at the end, no matter how trivial they may seem.  The great opportunity we have today is to have a discussion about MAR with people which have different perspectives. To help those not familiar with the main acronyms I will use, here is a short glossary


1 Government of Western Australia HOW iS DOW he'ping proponents

Department of Water

This is what DoW is doing so far...

|dentify volumes and seasonality of suitable water supply
Create a local geology model to identify

Improve understanding of existing water quality constraints at:

We are offering to help proponents through the regulatory process

Assessing policy arrangements
Simplifying the MAR guidelines
Offer guidance wherever we can



Solutions to the issues

Stormwater best practice

Groundwatermanagementbest practice

MAR / ASR /— Monitoring best practice

feasibility
study \— Wetland and waterway management best practice

N

Water re-use and efficiency best practice

Wastewater management

Murray drainage and watermanagement plan




L' Government of Western Australia E I I e n b roo k S u bs u rfa ce WQ

Department of Water

. Subsurface drain in .
Physical Ellenbrook ANZECC Aquatic Ecosystem

characteristics Guidelines?
Min

N mg/L 0.79 1.4 15

Nox -N mg/L
0.08 0.38 0.1

NH3-N/ NH4-N mg/L

(sol) 0.14 0.33 0.9

P (sol) mg/L <0.005 0.016 0.03
EC@25degC  pS/cm 390 600 300-1500

TDS (cond) mg/L 215 330 180-900*
oH 4.31 5.45 7.0-8.5

*A conversion factor of 0.6 was used to convert Electrical Conductivity to TDS




d Government of Western Australia T h e P ro b I em

@& Department of Water

 Murray hydrology studies identified that there will be a
significant volume of drainage water to be managed

 Murray nutrient modelling identified sources of the
significant eutrophication problem in the Serpentine &
Murray Rivers, & Peel — Harvey Inlet.
— Urbanisation is a major concern

« DWMP toolbox developed to provide solutions




¥4 Government of Western Australia Attention pOtentiaI proponents

Department of Water

Planning will be integral to success, integrate MAR at DWMS level

e Consider location of ‘foundation’ clients — e.g. industry, golf courses,
schools, sporting grounds, public open space

e Work with surrounding local government / developers to reduce cost
— other developments have to dispose of drainage water
— other developments want it back in summer!

e Engage DoW early on, ask how we can help you

e See water as an asset, not a liability

Entry-level Assessment Degree of Difficulty Knowledge Gaps Future Work



YI Government of Western Australia

Department of Water

Beenyup
Jandakot ASR

Site specific studies
Westralia Airports
Burswood

Midland redevelopment

Confined MAR studies in WA



Integrating stormwater harvesting
and managed aquifer recharge into
new development in the Peel Region

Workshop networking session

Sponsored by
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