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PART A  
Recap of recycled water framework, key concepts, terminology, 

& Bolivar system analysis 
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Recap - The “framework” for management of water quality & use 
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Recap - key concepts & terminology 

• Hazard 

• Hazardous event 

• Pathogen Log Reduction Value (LRV) 

• Preventive measure 

• Critical control point (CCP) 

• Multiple-barrier 

• Risk management 
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Bolivar system analysis & management (element 2) 

1. Define Bolivar system configuration (current) 

2. Source of recycled water, intended uses, receiving environments & routes 
of exposure (current & considering MAR) 

3. Recycled water system components (current & considering MAR) 

4. Assessment of water quality data & available information 

5. Hazard identification (for human health, environment) 
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Bolivar system configuration 

• Current: Treat sewage via the Bolivar WWTP & RWTP & it gets distributed 
via the VPS distribution network to growers & commercial food crops are 
grown. 

• Research on Managed Aquifer Recharge: Bolivar Aquifer Storage & 
Recovery whereby recycled water was injected & recovered from the 
confined tertiary 2 limestone aquifer 
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Source of recycled water, intended uses, receiving  environments 
& routes of exposure 

Source of recycled water: sewage – Salisbury & Adelaide trunk mains 

Current use: commercial food crop irrigation in Northern Adelaide Plains 

• Current treatment & supply: via Bolivar WWTP & RWTP & VPS 

Future use: commercial food crop irrigation 

• NAIS processes & storage options in development 
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Endpoints & routes of exposure to recycled water 

Current human endpoint 

1. Crop consumption 

2. Accidental ingestion: of recycled water (as aerosol inhalation) due to 
irrigation via sprinklers: 

o By growers/irrigators 

o By local communities 

• Accidental consumption: due to cross-connection of pipelines 

 

Wednesday, 13 Jan 2016 



Endpoints & routes of exposure to recycled water 

Environmental endpoints 

1. Irrigated crops via sprinklers/spray 

• Crops currently grown in VPS area include): Broad acre, Glasshouse & 
Perennial (from Marks & Boon, 2005) 

 

2. Soil beneath the irrigated crops 

• Five soil types in the NAP: ranging from loamy sands to medium clay (from 
Stevens et al., 2003) 

 

3. Storage - aquifer receiving the recycled water 

• Ensuring the protection of the beneficial uses & environmental values of 
the aquifer is paramount. 
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Bolivar recycled water process 
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Recycled water system components 

Sewage 

Bolivar WWTP 
Primary treatment 

Secondary treatment 

Lagoons 

DAFF plant 
Tertiary treatment 

Chlorine contact channel 

VPS storage lagoon 

Bolivar ASR injection 

Bolivar ASR recovery 
Subsoil treatment 

Commercial crop irrigation 

VPS pipeline 

Farm dams 

Recycled water 

Commercial crop irrigation 

Winter storage 

Current system 

ASR research on 
winter storage 

NAIS? 
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Available information to inform risk assessment 

• Water quality data from routine program 

• Process performance 

• Research investigations 

• Previous incidents & effectiveness of corrective responses 
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Current Bolivar water quality sampling points 

Sewage 
SP4001 (composite sampler) for chemical 
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Current Bolivar water quality sampling points 

Recycled water 
SP6373 (grab tap) for microbiological 
SP6374 (composite sampler) for chemical 
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Current Bolivar routine water quality sampling program 
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Today: raw data & 5 year statistical analysis (2010-15) 

Wednesday, 13 Jan 2016 



Hazard identification 

• Risk assessment considers the approach outlined in the AGWR (2006) 

• Need to compare water quality to the relevant public health and 
environmental guideline. 

• Need to determine Maximal risk = risk if untreated sewage was supplied 
to growers directly or in the case of a MAR scheme, was injected into an 
aquifer & also supplied to growers 

• Need to determine Residual risk assessment = risk which includes the 
preventive measures/ multiple barriers of the system: WWTP (primary & 
secondary treatment), lagoons, RWTP (media filtration, chlorine 
disinfection). 

*for chemical parameters, compare mean value to the guideline for each of 
the different endpoints 

• Need to also consider  the likelihood & consequence of the risk & 
hazardous events. 
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Potential hazards in sewage 
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PART B 
CONSOLIDATION OF PUBLIC HEALTH ASPECTS  

 

Wednesday, 13 Jan 2016 



Key guidelines – to assess water quality & public health 
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Pathogens: Commercial food crops & health based targets 
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Pathogens: Bolivar – validation research on removal 

• Adelaide metro WWTP (Bolivar, Glenelg, Christies): 
protozoa & virus removal (Keegan, 2009) 

• Bolivar  WWTP: protozoa & virus removal (Keegan & 
Wati, 2012) 

• Bolivar stabilisation lagoons: virus & protozoa 
removal (Keegan, 2010) 

• Bolivar DAFF reuse plant: challenge testing with 
Bakers yeast for protozoa, MS-2 for viruses (Keegan, 
2009) 

• Chlorination/ chloramination (C.t): virus inactivation 
@ different pH, turbidity (Keegan et al., 2012) 

• Protozoa: Cryptosporidium infectivity (King et al., 
2015) 
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Pathogens: Bolivar health based targets 

Barrier/ process Virus Protozoa Bacteria 

Primary & secondary treatment 2.0 1.0 1.0 

Lagoons 1.5 2.0 2.0 

DAFF: coagulation/filtration 0.5 2.0 1.0 

Chlorine disinfection 2.0 0.0 2.0 

Total 6.0 5.0 6.0 

Consumers of produce 6.0 5.0 5.0 

Public in the vicinity 5.0 3.5 4.0 

1 log = 90% 
2 log = 99% 
3 log = 99.9% 
4 log = 99.99% 
5 log = 99.999% 
6 log = 99.9999% 
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Bolivar-VPS DHA supply approval (e.g. filter performance) 
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Bolivar recycled water scheme operating plan  

Wednesday, 13 Jan 2016 



DAFF filter performance - turbidity 
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Bolivar recycled water - E. coli (verification) 

DHA approval monthly median <1 /100 mL A/C 
Type 1 incident: >10/100 mL A/C 
Type 2 incident: >4/100 mL A/C 
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Chemicals: Commercial food crops & Public health 

Refer to AGWR (2006) section 3.5.4 
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Go to excel spreadsheet 
Parameter Unit LOR n min max mean period source ADWG LTV irri STV irr DHA GW ref GW ref

T10.5 ANZECC ANZECC Bolivar CSIRO Gawler

Physical characteristics

Conductivi ty uS/cm 0.001 231 1540 2960 2062 2010-2015 SAW routine 650 650 3700

Dissolved oxygen mg/L 0.1 2010-2015 SAW routine 0.3

pH 0.1 245 6.7 7.5 7.2 2010-2015 SAW routine 6.5-8.5a 6-8.5 6-8.5 7

Suspended sol ids mg/L 0.1 260 34 860 405 2010-2015 SAW routine 5

Tota l  dissolved sol ids mg/L 1 231 850 1600 1136 2010-2015 SAW routine 600a 2009

Major ions and SAR

Alka l ini ty as  CaCO3

Potass ium mg/L 1 28.6 28.6 28.6 2010-2015 SAW routine

Sulphate mg/L 24 95.4 534.0 132.9 2010-2015 SAW routine 250a

Microbiological

Cryptosporidium SAW routine

Giardia SAW routine

Nutrients SAW routine

Ammonia mg/L 0.005 244 27.6 57.3 44.2 2010-2015 SAW routine 0.5a 5 25-125 0.06

BOD mg/L 2 182 134 740 326 2010-2015 SAW routine 20

COD mg/L 50 203 255 1590 803 2010-2015 SAW routine

Phosphorous  - tota l mg/L 0.005 117 1 29 11 2010-2015 SAW routine 0.05 0.8-12 0.024

TKN mg/L 0.05 286 46 111 72 2010-2015 SAW routine 0.064

TN mg/L 126 50 111 72 2010-2015 SAW routine

Nitrate mg/L SAW routine 50

Nitri te mg/L SAW routine 3

Metals, metalloids, halogens

Aluminium tota l mg/L 0.005 59 0.5 17.6 7.2 2010-2015 SAW routine 0.2 5.0 20.0 0.0

Antimony tota l mg/L 0.0005 60 0.0005 0.0022 0.0007 2010-2015 SAW routine 0.003

Arsenic tota l mg/L 60 0.0008 0.0042 0.0022 2010-2015 SAW routine 0.01 0.1 2 0.1 0.0047

Barium tota l mg/L 0.0005 2010-2015 SAW routine 2 1

Beryl l ium soluble mg/L 0.0005 2010-2015 SAW routine 0.06 0.1

Beryl l ium tota l mg/L 0.0005 60 0.0003 0.0003 0.0003 2010-2015 SAW routine 0.06 0.1 0.5 0.1

Boron soluble mg/L 0.04 60 0.16 1.39 0.35 2010-2015 SAW routine 4 0.5 0.5 4 0.11

Cadmium tota l mg/L 0.0002 60 0.00010 0.00100 0.00034 2010-2015 SAW routine 0.002 0.01 0.05 0.01 <0.0002

Chromium tota l mg/L 0.003 60 0.002 0.082 0.008 2010-2015 SAW routine 0.05 1 <0.03
5

Cobalt tota l mg/L 0.0005 60 0.0005 0.0016 0.0011 2010-2015 SAW routine 0.05 0.1 0.05

Copper tota l mg/L 0.001 60 0.04 0.21 0.11 2010-2015 SAW routine 1 to 2 0.2 5 <0.035

Iron tota l mg/L 0.03 60 0.6 3.0 1.5 2010-2015 SAW routine 0.3a 0.2 10 1.3

Lead tota l mg/L 0.0005 60 0.0064 0.0378 0.0154 2010-2015 SAW routine 0.01 2 5 0.2 <0.001

Li thium tota l mg/L 0.001 60 0.0057 0.0429 0.0087 2010-2015 SAW routine 2.5 2.5 <0.01

Manganese tota l mg/L 0.0005 60 0.08 0.19 0.11 2010-2015 SAW routine0.1 to 0.5 0.2 10 2 0.05

Mercury tota l mg/L 0.0005 60 0.0000 0.0013 0.0002 2010-2015 SAW routine 0.001 0.002 0.002 0.002 <0.0003

Molybdeum tota l mg/L 0.0005 60 0.0023 0.0144 0.0057 2010-2015 SAW routine 0.05 0.01 0.05 0.05

Nickel  tota l mg/L 0.0005 60 0.0045 0.0198 0.0086 2010-2015 SAW routine 0.02 0.2 2 0.2 0.0011

Selenium tota l mg/L 0.003 60 0.0001 0.0096 0.0035 2010-2015 SAW routine 0.01 0.02 0.05 0.01

Si lver tota l mg/L 0.0002 60 0.0001 0.0032 0.0009 2010-2015 SAW routine 0.1

Thal l ium tota l mg/L 0.0005 60 0.0001 0.0004 0.0001 2010-2015 SAW routine

Tin tota l mg/L 0.0005 60 0.0028 0.0096 0.0061 2010-2015 SAW routine

Vandadium tota l mg/L 0.003 48 0.0001 0.0191 0.0064 2010-2015 SAW routine 0.1 0.5

Zinc tota l mg/L 0.003 60 0.10 0.24 0.15 2010-2015 SAW routine 3a 2 5 0.042

Organic compounds

Phenols mg/L 0.01 58 0.01 0.23 0.08 2010-2015 SAW routine

Other 2010-2015

Cyanide tota l mg/L 0.05 58 0.05 0.05 0.05 2010-2015 SAW routine

Grease mg/L 1 57 32 159 74 2010-2015 SAW routine

MEB 34 2.2 7.9 4.8 2010-2015 SAW routine
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Emerging chemicals 

• E.g. Endocrine disrupting chemicals (Holmes et al., 2010) 

– Sampled non-estrogen indicator EDCs (nonyl phenol mono- & di-
ethoxylates, 4-t-octylphenol, 4-nonyl phenol, bisphenol (plasticizer) & 
estrogens (17 β-estradiol, estrone, 17-α-ethynylestradiol) 

– Bioassay  (yeast screen assay) 

– Estradiol equivalence (EEq) conc provides an indication of overall 
estrogenic potency, Bolivar WWT reduces EEq by 97% 

• E.g. Disinfection by-products  

– Chlorine from disinfection reacts with organic matter to produce DBPs 
such as trihalomethanes (THMs) & haloacetic acids (HAAs) 

– Bolivar ASR measured in injectant, reduction in aquifer & none in 
recovery, not a concern for irrigation (Barry et al., 2010) 
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Algae & cyanobacteria 
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Outcome - public health hazards 

Hazard Sewage 
Maximal risk 

Recycled water 
Residual risk 

Crop 
consumption 

Accidental 
aerosol 
inhalation 

Crop 
consumption 

Accidental 
aerosol 
inhalation 

Pathogens HBT met for 6, 5 , 5, E. coli 

Inorganic chemicals Al> DW 
Fe> Aesth 
Pb> DW 
Mn> Aesth 

Cl> Aesth 
Na> Aesth 

Salinity & sodicity TDS> Aesth TDS> Aesth 

Nutrients NH4> Aesth 

Organic chemicals 

Turbidity & particulates 
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PART C  
ENVIRONMENTAL ASPECTS 
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Key issues in relation to irrigation water quality 
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Recycled water – key hazards for agriculture (crops & soil) 

+  
others as outlined in 
ANZECC & ARMCANZ 
(2000) for irrigation 
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Key guidelines – to assess water quality for environment (crops, soil) 

ANZECC & ARMCANZ (2000) : 
Chapter 4: Primary industries 
Chapter 9: Irrigation & general use 
 
LTV = Long term value, max conc of contaminant which can be tolerated for 100 years 
STV = short term value, max conc of contaminant which can be tolerated for 20 years 
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Bolivar sewage 
Parameter Unit LOR n min max mean period source ADWG LTV irri STV irr DHA GW ref GW ref

T10.5 ANZECC ANZECC Bolivar CSIRO Gawler

Physical characteristics

Conductivi ty uS/cm 0.001 231 1540 2960 2062 2010-2015 SAW routine 650 650 3700

Dissolved oxygen mg/L 0.1 2010-2015 SAW routine 0.3

pH 0.1 245 6.7 7.5 7.2 2010-2015 SAW routine 6.5-8.5a 6-8.5 6-8.5 7

Suspended sol ids mg/L 0.1 260 34 860 405 2010-2015 SAW routine 5

Tota l  dissolved sol ids mg/L 1 231 850 1600 1136 2010-2015 SAW routine 600a 2009

Major ions and SAR

Alka l ini ty as  CaCO3

Potass ium mg/L 1 28.6 28.6 28.6 2010-2015 SAW routine

Sulphate mg/L 24 95.4 534.0 132.9 2010-2015 SAW routine 250a

Microbiological

Cryptosporidium SAW routine

Giardia SAW routine

Nutrients SAW routine

Ammonia mg/L 0.005 244 27.6 57.3 44.2 2010-2015 SAW routine 0.5a 5 25-125 0.06

BOD mg/L 2 182 134 740 326 2010-2015 SAW routine 20

COD mg/L 50 203 255 1590 803 2010-2015 SAW routine

Phosphorous  - tota l mg/L 0.005 117 1 29 11 2010-2015 SAW routine 0.05 0.8-12 0.024

TKN mg/L 0.05 286 46 111 72 2010-2015 SAW routine 0.064

TN mg/L 126 50 111 72 2010-2015 SAW routine

Nitrate mg/L SAW routine 50

Nitri te mg/L SAW routine 3

Metals, metalloids, halogens

Aluminium tota l mg/L 0.005 59 0.5 17.6 7.2 2010-2015 SAW routine 0.2 5.0 20.0 0.0

Antimony tota l mg/L 0.0005 60 0.0005 0.0022 0.0007 2010-2015 SAW routine 0.003

Arsenic tota l mg/L 60 0.0008 0.0042 0.0022 2010-2015 SAW routine 0.01 0.1 2 0.1 0.0047

Barium tota l mg/L 0.0005 2010-2015 SAW routine 2 1

Beryl l ium soluble mg/L 0.0005 2010-2015 SAW routine 0.06 0.1

Beryl l ium tota l mg/L 0.0005 60 0.0003 0.0003 0.0003 2010-2015 SAW routine 0.06 0.1 0.5 0.1

Boron soluble mg/L 0.04 60 0.16 1.39 0.35 2010-2015 SAW routine 4 0.5 0.5 4 0.11

Cadmium tota l mg/L 0.0002 60 0.00010 0.00100 0.00034 2010-2015 SAW routine 0.002 0.01 0.05 0.01 <0.0002

Chromium tota l mg/L 0.003 60 0.002 0.082 0.008 2010-2015 SAW routine 0.05 1 <0.03
5

Cobalt tota l mg/L 0.0005 60 0.0005 0.0016 0.0011 2010-2015 SAW routine 0.05 0.1 0.05

Copper tota l mg/L 0.001 60 0.04 0.21 0.11 2010-2015 SAW routine 1 to 2 0.2 5 <0.035

Iron tota l mg/L 0.03 60 0.6 3.0 1.5 2010-2015 SAW routine 0.3a 0.2 10 1.3

Lead tota l mg/L 0.0005 60 0.0064 0.0378 0.0154 2010-2015 SAW routine 0.01 2 5 0.2 <0.001

Li thium tota l mg/L 0.001 60 0.0057 0.0429 0.0087 2010-2015 SAW routine 2.5 2.5 <0.01

Manganese tota l mg/L 0.0005 60 0.08 0.19 0.11 2010-2015 SAW routine0.1 to 0.5 0.2 10 2 0.05

Mercury tota l mg/L 0.0005 60 0.0000 0.0013 0.0002 2010-2015 SAW routine 0.001 0.002 0.002 0.002 <0.0003

Molybdeum tota l mg/L 0.0005 60 0.0023 0.0144 0.0057 2010-2015 SAW routine 0.05 0.01 0.05 0.05

Nickel  tota l mg/L 0.0005 60 0.0045 0.0198 0.0086 2010-2015 SAW routine 0.02 0.2 2 0.2 0.0011

Selenium tota l mg/L 0.003 60 0.0001 0.0096 0.0035 2010-2015 SAW routine 0.01 0.02 0.05 0.01

Si lver tota l mg/L 0.0002 60 0.0001 0.0032 0.0009 2010-2015 SAW routine 0.1

Thal l ium tota l mg/L 0.0005 60 0.0001 0.0004 0.0001 2010-2015 SAW routine

Tin tota l mg/L 0.0005 60 0.0028 0.0096 0.0061 2010-2015 SAW routine

Vandadium tota l mg/L 0.003 48 0.0001 0.0191 0.0064 2010-2015 SAW routine 0.1 0.5

Zinc tota l mg/L 0.003 60 0.10 0.24 0.15 2010-2015 SAW routine 3a 2 5 0.042

Organic compounds

Phenols mg/L 0.01 58 0.01 0.23 0.08 2010-2015 SAW routine

Other 2010-2015

Cyanide tota l mg/L 0.05 58 0.05 0.05 0.05 2010-2015 SAW routine

Grease mg/L 1 57 32 159 74 2010-2015 SAW routine

MEB 34 2.2 7.9 4.8 2010-2015 SAW routine
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A check on boron 

Recycled water mean value = 0.33 mg/L 
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A check on cadmium 

Recycled water mean Cd = 0.0003 mg/L, Cl- = 406 mg/L, TDS = 1,1,35 mg/L  
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A check on chlorine residual 

• Need chlorine for disinfection & unrestricted use 

• Improved ammonia removal & greater control on chlorine dosing 

• Online continuous monitoring & chlorine C.t calculation 

• Storage lagoon/ distribution system, decreases residual 

• AGWR (2006) – A4.2, target criteria 1-5 mg/L depending on plants  
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Salinity & sodicity 

• Sewage TDS: 850-1,600 mg/L, EC: 1.5-
2.9 dS/m 

• Recycled water TDS: 850-1,310 mg/L 
• Strong seasonality 
• Irrigation salinity rating: Medium 
• Key factors: soil characteristics, 

climate, plant species, irrigation 
management 

• 5 soil types, most common is loamy 
sands ~>20% LF 
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Salinity 
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Salinity (EC) & crop 
tolerance as a function of 
leaching fraction 
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Chloride & Sodium 
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Sodium & soil structure (sodicicity) 

Sewage mean conductivity = 2,062 
µS/cm = 2.0 dS/m, SAR = 8.0 
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Findings – environmental hazards 

Hazard Sewage 
Maximal risk 

Recycled water 
Residual risk 

Crops Soils Crops Soils 

Pathogens 

Inorganic chemicals Al> LTV 
Fe> LTV 

Salinity & sodicity TDS/ EC > LTV,STV TDS/ EC > LTV,STV 

Nutrients NH3> LTV 

Organic chemicals 

Turbidity & particulates 
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Environmental residual risk with preventive measures 

Recycled water supply 

• Trade waste management in Bolivar catchment 

• Bolivar WWTP (primary & secondary treatment) 

• Bolivar WWTP lagoons 

• Bolivar RWTP (DAFF process – coagulation, media filtration) 

• Bolivar RWTP (chlorine disinfection) 

+  

Agricultural sector 

• Soil properties 

• Plant types 

• Climate 

• Landscape 

• Irrigation management practices (e.g. leaching fraction, method, soil applicants) 
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PART D 
MANAGED AQUIFER RECHARGE 

ASPECTS 
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Background - what is MAR? 
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Generic components of an ASR scheme 
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Must consider aquifer environmental values – SA EPA 

ANZECC & ARMCANZ (2000) 

Chapter 9 LTV, STV 

Chapter 4 LTV, STV 
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Must consider the end use of the water - agriculture 

+  
others as outlined in 
ANZECC & ARMCANZ 
(2000) for irrigation 
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Bolivar ASR research (led by CSIRO) 
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Bolivar ASR research - overview 

• 4 cycles of aquifer injection & recovery, into a single bore 

• Numerous observations bores (4 m, T2, T1) 

• Change in Bolivar WWT over the cycles 

• Investigations: 
– Performance (injection rates, specific capacity, purge water management) 

– Hydraulic impacts 

– Salinity & recovery efficiency 

– Water quality in/ out & relative to agricultural requirements 

– Hydrogeological reactions (e.g. As, limestone dissolution) 

– Aquifer characterisation & capability (pump testing, storage volumes) 

– Column studies, mineralogy 

– Aquitard & bore stability 

– Targeted studies 

• Research fed into drafting the national AGWR – MAR (2009) 

• ~2009-2010 risk assessment as per AGWR undertaken for Bolivar Wednesday, 13 Jan 2016 



Bolivar ASR research – water quality results 
Sewage – maximal risk 

Recycled water/ injectant 

ASR recovered water 

• Drinking water: ADWG (2004) 
• Environmental value: ANZECC & ARMCANZ (2000) 

LTV, STV 
• Groundwater reference 
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Bolivar ASR CSIRO research – targeted studies 

• Arsenic speciation/ mobilisation 
• Disinfection by-products 
• Trace organics 
• Pathogens 
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Bolivar ASR research – hazard risk assessment 

Preventive measures: 
 
Recycled water supply 
+ 
ASR management 
+ 
Agricultural sector 
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Future presentations related to MAR 

• CSIRO (27/1/16) 

– Bolivar ASR research  

 

• Glen Harrington (10/2/16) 

– Principles of hydrogeology 

– Types of aquifers 

– Bore construction 

– Pump testing & aquifer 
characterisation 

– Hydrogeological modelling (pressure, 
solute transport) 

– MAR  

– NAP 
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