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But most cities are net exporters of water (LH\L. [EFEAED

(. K DFtE (X, )

Residential water balance per household
(adapted from Coombes & Barry 2007)

and PMSEIC Report: Water for our cities (June 2007)
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Storage is needed if demand exceeds supply at any time (&

INDOTH. BIREEADGSIEIAN —UHNBETY)
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Introduction: The ASTR project

» Research project (2005-2009): Can Urban stormwater (250
MS cm) treated via Parafield Stormwater Recycling
Scheme (settling basins and a constructed wetland) be
injected into a brackish aquifer (3,600 uS cm-) & recovered
at a potable quality? (2270~ (2005-2009) : TEEHA
#FK (250pFem - 10) ParafieldfEKU A2 IILRAXT—L (£
NIV T TRV ANTEH) 24+ L TS KFKE (3,600uF
cm - 10) &ERF THEURNITFASNDIHE ? )

* Involves using separate injection & recovery wells to
extend residence time & enhance passive treatment within
the aquifer (Bl D5 &VANUFHFEEALTERIE. FHEF
RZERTHEFKEBADREINGERZRLSES)

« Recovered water to be used for irrigation ([E1U2K [E 2B = {&
FAehd)

W
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Recycled water system analysis —
Harvesting facility (%% NG E K )

T —
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ASTR configuration (12275 AXANZ9F )
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ASTR configuration

Capture zone 9 9 e @ o
Pre- Recharge Recovery Post  End use
treatment treatment

-can?ining layer

Piezometric level

Ambient Confined
groundwater aquifer
Component ASTR system
1. Capture zone Parafield stormwater harvesting system (Parafield drain, 47 ML
in-stream basin, 48 ML holding storage)
2. Pre-treatment Settlement in the in-stream basin and holding storage and
passive treatment in the reedbed only.
3. Recharge Four injection wells (IW1, IW2, IW3, IW4)
4. Subsurface storage T2 aquifer — confined limestone Tertiary aquifer
5. Recovery Two recovery wells (RW1, RW2)
6. Post-treatment Currently none — post-treatment measures discussed include
aeration, UV and chlorine disinfection
7. End use Currently discharged to storage tanks, then distributed to end-

users such as Mawson Lakes non-potable supply and municipal
irrigation. Potential future use in drinking water supply is being
evaluated.

W

CSIRO. The Aquifer Storage Transfer Recovery (ASTR) project csIRO



Well configuration (74— ILFDEREZFRESHES ) in
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ASR versus ASTR
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Operation of the site (Y1 MEE )
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Flushing of the aquifer
(HKEBDISY T )

@ ASTR Injection Well
@ ASTR Recovery Well
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MAR Guidelines and risk assessment (1) A7 XA

)

NATIONAL WATER QUALITY MANAGEMENT STRATEGY

AUSTRALIAN GUIDELINES 24
FOR WATER RECYCLING:
MANAGING HEALTH AND
ENVIRONMENTAL RISKS
(PHASE 2)

MANAGED AQUIFER
RECHARGE

JULY 2009

Natural Resource Management Ministerial Council
Enviromnsnt Protection and Heritage Council
National Health and Medical Research Council
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Risk Assessment: Source, treatment, exposure (\J X%

TRAAVN: V=X BE.EH)

e Source water: urban stormwater from a mixed use residential
catchment (&Rt 7K)

» Intended uses: drinking water (8%%37K)
 Receiving environments: aquifer (F7K[E)
« Routes of exposure: A

 Human end points: Drinking Water
ASTR System
« Environmental end points: Aquifer General Land Use

Parafield and Ayfield

stormwater catchments

Holding Cleansing reedbed Injection Recovery

well well

T F—p
sands and fines + aercbic degradation Aquifer
N + phyto remediation
* settling of » volatilisation

gross pollutants

+ anaerobic degradation
* pathogen attenuation

QCP #1 CCP #1 QCP#2 CCP #2 QCP #3 CCP#3
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Risk Assessment: Hazard identification (/\¥F—F D [a]

iE )

)

» The following hazards were considered:
« Pathogens (JAIR{K)
« Inorganic chemicals (ZE#L% )
« Salinity and sodicity ({852 )
« Nutrients (&% )
« Organic chemicals ({t=¥1& )
« Turbidity and particulates (& )
« Radionuclides (J518E )
« Pressure, flow rates, volumes and levels (EH. A&, iE )

« Contaminant migration in fractured rock and karstic aquifers (‘5%
EHILANFIKE)

« Aquifer dissolution and aquitard and well stability (/K& D 5% )
« Impacts on groundwater-dependent ecosystems (£ RER~DFE )
 Greenhouse gases (ZRJILFX—%hE)

W
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Maximal Risk Assessment

Hazards

Human and
Environment endpoints

Pathogens (J&/R{%K)

Inorganic chemicals (ZE#1EL% )

Salinity and sodicity ({85 2 )

Nutrients (X&)

Organic chemicals ({t=## & )

Turbidity and particulates (& )

Radionuclides (iX818E )

Pressure, flow rates, volumes and levels (E 1. {&#&. &)

Contaminant migration in fractured rock and karstic aquifers (B &5
ILAREIKE )

Aquifer dissolution and aquitard and well stability (7K B D547 )

Impacts on groundwater-dependent ecosystems (£RER~DFE)

Environmental
(FREE )

Greenhouse gases (TR JILF—%h3R)
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Human and
Environment endpoints

Pathogens (& /& {F)

Inorganic chemicals (ZE#1EE )

Salinity and sodicity (Y& 52 )

Nutrients (R&3% )

Organic chemicals (1t ¥%& )

Turbidity and particulates (& )

Radionuclides (& 51&E )

Pressure, flow rates, volumes and levels (EA. {X#&. jig)

Human (A%< )

Contaminant migration in fractured rock and karstic aquifers
(BEEENILARNEKE)

Aquifer dissolution and aquitard and well stability (/K2 D5

f2)

Impacts on groundwater-dependent ecosystems (£ REZR D
2)

Greenhouse gases (TR JLF—%h3K )
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Pathogens: Quantitative Microbial Risk Assessment

(E=RME') A1 )

 Monte Carlo simulation

« 3 pathogens: Cryptosporidium, Rotavirus and Campylobacter

e UV and chlorination disinfection GHZ )

 DALYs (Disability Adjusted Life Years)

 Aquifer decay rates and residence times (F/KE D& B rFHE ERIE

RDBZE )

bbbbbbbbbbbbbbb

LI

lllll

ASR well flux
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Figure 1 Schematic of pathogen diffusion chambers ~ ZUl%



Human Health Risk Assessment (DALYS)

(ERDREEEY R -5 )

1.00E+00

B Campylobacter
1.00E-01

B Cryptosporidium
1.00E-02 @ Rotavirus

DALYs
[EEN
o
o
i
o
a1

1.00E-06 == EEEEEEEEEEEEENEN

1.00E-07 A

1.00E-08 -

Stormwater Wetland Aquifer Chlorination UV disinfection

Treatment Step
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Organic chemical risk assessment (L= D1 X9

=TT )

Integrated sampling (fi&snf=H9>7TJ>45)
e Simazine
e Grab sampling (R7RYkH> T2 5)
e Simazine
» Passive sampling (&S T1)5 )
* Atrazine, BTEX, Caffeine, Chlorpyrifos, DEET, Desisopropyl Atrazine,
Detergents, Diazinon, Dicamba, Diuron, Endosulfan sulphate, Fluometuron,
MCPA, Mecoprop, Metolachlor, Nitroso-piperidine, Oxadiazon, Paracetamol,

Phosphate tri-n-butyl, Piperonyl butoxide, Propiconazol isomers, Simazine,
Terbutryn, Triclopyr, Trifluralin

* All chemicals detected were below guideline values
(TARTOIEEMEILIEEELL T THo1-1RHE )

W
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Turbidity and colour risk assessment (&Y BN X5

=TT )

« Source water exceeds turbidity 5 NTU and colour 15 HU
(aesthetic guideline) (BIYXKIE. AYPRBTETHIENTEE
9)

» interferes with disinfection GHE D FzE )

e can impact on pumps and irrigation infrastructure
- well clogging (&<BEZFY )

* particulate can transport contaminants

e Initial groundwater samples high turbidity and colour
 [W wells during 2" year of flushing & recovered water <5 NTU

« Continue to monitor during operation ({ERA®DAE D24 B (L
L=, KBEZEHRLEEITS)

W
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Inorganic chemical risk assessment (FEH#EIEZF D1 RS

=)

* Residual risks associated with inorganic chemical hazards arise
from subsurface storage and reactions (L E X))

- Fe (8%)
« Reedbed increases soluble Fe in source water ((EihIE. $kF 2RI
%)
* Fe in sediments in oxidised (hematite, goethite) and reduced
(pyrite, siderite) forms (FE k8L )
« Fe in ambient groundwater (Mt F/KDE&EE ) 1.6 mg/L
* Fe in recovered water is expected to be >0.3 mg/L (aesthetic
guideline)
e As (Ex%)
« As in sediments (EZ% 8542 ) 6-144 ppm

 As in ambient groundwater (E3%. #i F/KRE ) 9-11 pg/L (>7 pg/L
health guideline)

« Potential release from aquifer (Fx7KEH oD EERD ATEETE )
* Release not observed to date

« Continue to monitor during operation (KB E=4R') 9 & Hk#E)
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Conclusions (¥ )

* Risks to be considered as unacceptable/not well defined
currently are (L\NDHD) RN EKEBEEIN TULVELY):
« Pathogens (J®[&{K ): residual risk below the 106 DALY set limit,
supplementary disinfection

* Inorganic chemicals (k&8 ): potential release of arsenic, iron
>0.3 mg/L, iron removal treatment

« Organic chemicals ({8 LE3 ): further work required to verify
low risk, catchment assessment

» Turbidity and colour (B &£ ): high turbidity and colour in the
source water and initial groundwater samples

e Subsurface treatment (FF/KEBDNEES LURN—DKEDE
E74 ) is an additional barrier that requires further validation
during the initial recovery

* A risk management plan (AEIDRBEELIREBEEZTAH=OIZIRIE
BT EZENHELT S ) is required to be implemented to manage
risks to human health and the environment

W
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