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OVERVIEW

PART A Recap recycled water framework, key concepts, terminology &
Bolivar system analysis

PART B Consolidation of recycled water public health aspects

PART C Recycled water environmental aspects

PART D Aquifer aspects
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PART A
Recap of recycled water framework, key concepts, terminology,
& Bolivar system analysis
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Figure 1.1

quality and use

Elements of the framework for management of recycled water

| . Commitment to responsible uze and management of recycled water

v

v

v

- Svstem analysis and management

2. Asscessment of the recyveled
WELET BA s

3. Preventive measures for recyeled
WALCT management

4. Operational procedures and
process ¢ontrol

5. Verification of recyvcled water
quality and environmental
performance

6. Incident and emergency
managemeant
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Supporting requirements
7. Employee swareness
and training
3. Community ol vernent
. Research and development
10, Documentation and reporting

Keview

11, Evaluation
and audit

2. Review and
continual
improvement
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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

e Critical control point (CCP)
 Multiple-barrier

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

Define Bolivar system configuration (current)

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

3. Recycled water system components (current & considering MAR)
Assessment of water quality data & available information
5. Hazard identification (for human health, environment)

Wednesday, 13 Jan 2016 : : T e s s
Figure 2 Location of Bolivar ASR trial site near the Northern Plains hor area
(from Barry et al,, 2009).
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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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Figure 3 Location of wells and piezometers at the Bolivar site. The red dot represents the T2

ASR production well (#18777), the orange dot is the T2 observation well at 4 m (#19450), the

yellow dot targets the T1 aquifer well (#19179), the white dots are T2 piezometers at 50 m, and
Wednesday’ 13 Jan 2016 nreen dnte are nhearvatinn wellc 3t 76 m 120 m and 200 m (from Rarrv of 21 20091
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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
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Endpoints & routes of exposure to recycled water
Environmental endpoints
1. Irrigated crops via sprinklers/spray

e 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.

Wednesday, 13 Jan 2016



& SAWater

Government
of South Australia

Bolivar recycled water process
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Recycled water system components

Current system Sewage

\

Bolivar WWTP

Primary treatment
Secondary treatment

\
Lagoons

\

DAFF plant

Tertiary treatment
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Chlorine contact channel
v

VPS storage lagoon
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VPS pipeline

|
Bolivar ASR recovery

Subsoil treatment Farm dams
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Recycled water
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/
/______________

Commercial crop irrigation Commercial crop irrigation
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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

Wednesday, 13 Jan 2016
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Sewage
SP4001 (composite sampler) for chemical

Raw sewage

from
Salisbury Network

& sawater

Legend: BOLIVAR
B romes 'WASTEWATER TREATMENT PLANT
#  Samping Paints SCHEMATIC FLOW DIAGRAM
™ Flowmeter AUG 2012V2.2
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Recycled water
SP6373 (grab tap) for microbiological
SP6374 (composite sampler) for chemical
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Current Bolivar routine water quality sampling program

Table 20 Summary of routine verification monitoring activities

ATUmOonia

Lagnaon influent Mitrogen -
|sP2D04) Biochemical Dxygen Demand
Suspended Solids

gfe

Chemical Duygen Demand A 2-dnily

Fratazes F-caily |Dec-bar)
La-dniy [Apr-How]
Lagean effuent | Biochemical Dxpgen o B sckbie] Sy

[sF4007) BH

Dissolved Oxygen
IHitromen — A in, TKN, Didised
E coli Weekly
Phosphorus 1 2-dailky

Chemical Duygen Demand 2a-daity
Suspended Solids

Temperaturs

Colour

Turbidity

Cetions - On, Mg, K, Na

Sulphate

Mitnls - &I, 5b, Ar, Be, B, Cd, Cr, Co, Cu, Fe, Fb, Li, Mn, Hg., Mo, Ni,
e, &, Th, 5n, Va, Zn

Chiorice 2E-daity
Herbicides, Pestiddes, Voltile Onganic Compounds, Halogenated ey
Phenrals, Poly Aromatic Hydrocarbons, Cyanide, PCES
Algnl Count 7-daily

DAFF raw water
|5Pe383)

DAFF recycled E ooli T-caily
product water Chiorine:
[sF5374) Alenl Count
DAFF recycled Biochemicsl Dygen Demand (Total) &-cally
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[sPE373) BH 2B-daity
FPhosphorus

Cations - Ca, Mg, K, Na
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Sodium Adsorption Ratio
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Herbicides, Pestiddes, Volatile Organic Compounds, Helogenated Yearly
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APPENDIX A

Maonitoring of Chemical Guallty of Produst Water from the DAFF Plant

Paramater Frequancy of Testing 1 Criteria

soluble BOO, Weakly 20 mofL
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Boran _ Metilbuy 4.0 ma/L L
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Chrarmurr: Monthly 1.0 mgil

Cheamimn ifoth by P gl

Coball Whonthly 0.05 mg/L

Lead M aonthiy 0.2 mg/L

Manganese M crrthlye 2.0 mglL

porcuny Morihly G002 rmg /L

Blalybdentim Monthly .05 mgil

Mickel Manthly | 0.2 mo/L

Selenium Manthly Q.07 mgll.

Tolal Cyanide Yewrly 0.05 mail
___Pq_]}rchluri nat=d Biphanyls Yaarly 0.5 gl

Total Herhialdes | 3 Monthiy Limit of guantification
| atrazing ' RLER-NTTS B

shaazing ) 0.5 uglL

Taotal {nseciicides Yearly ! Lirnit of quantification
QgL s i 06 uall

chlorpynfos (15 pal
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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.
Wednesday, 13 Jan 2016
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Potential hazards in sewage

Table 2.2 Potential hazards found in sewage

Classification Examples of constitwents
Comventional Suspended solids
Biochemical oxyzen demand
Total organic carbon
Ammomia, nifrate, nitrite, tofal nittogen
Phosphoms

hietals

Surfactants

Crzanic chermicals

Pesticides

Total dissolved solids/salinity
Bacteria

Helminths

Protozoa

-

Virses

Prescription and non-prescription dmgs — anfipyretic, antibiotics, antacids, anti-
mflammatory, etc

Home care products

Veterinary and homan antibiotics

Indusirial and household products

Sex and steroidal hormones

Crther endocrine dismapters (hommonally active agents)

Water disinfection byproduocts — H-nitrcsadimethylamine (WDBA)

Sarce: Adapted from Tchobanogious =f al (2003

Wednesday, 13 Jan 2016
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CONSOLIDATION OF PUBLIC HEALTH ASPECTS
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NATIONAL WATER QUALITY MANAGEMENT STRATEGY
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Table 3.8 (continued)

Commercial food crops & health based targets

Laog Indicative treatment process Log ‘Om-site preventive measuores Expo-  Water quality objectives”
reduction Teductions sure
targets achievable reduct-
V,B, By by ion"
‘reatment
L E.
Landscape irrigation — trees, shrubs, public gardens, etc
50 Secondary treatment or primary 0520 ‘Combinations of: » BOD <20 mg/L*
35 trestment with lagoon detention 0520 + microspray 20 » 55 <30mg/L*
40 1030 » drip irrigation 40 « E coli <1000 cfw/100 mL (if not
+ mo public access 3.0 disinfectad)
Commercial food creps ¢ mm’m’nﬂﬁ\
60 Advanced trestment to achieve total 6.0 + None required, although pathogen 05 = To be determined on case-by-case
50 pathogen removal required (g 50 reduction will oocur between harvesting V,B ‘basis, depending on technologies
50 secondary, filtration and disinfection) | 5 and sale + Could include turbidity criteria for
» The recycled water can be used for all crop filtration, disinfectsnt Ct or dose (UWV)
applications, including spray frigation of « E coli =1 per 100 mL
salad crops
‘Commercial food crops
6.0 Secondary treamment with =25 days 3040 ‘Consumers + BOD <20 mg/L’
50 Iagoon detention and disinfection 1.0-4.0 + (Crops with limited or no ground contact 30 + 55<30ms/L*
50 =6.0 and eaten raw (eg tomatoes, capsicums) — « Disinfectant residual (eg minimmm
drip imigation and no harvest of wet or chlorine residual) or TV dose®
dropped produce « E coli <100 cfw/100 mL
» Crops with ground contact with skins 3.0-4.0
removed before consumption (eg
watermelons) — if spray imigation,
mininmm 2 days between final imigation
and harvest
» Pathogen reduction between harvesting and =~ 0.5/
sale day
Public in vicinity af irrigation ared V,B
+ Mo access and dop or subsurface imigation 6.0
+ Mo access during imigation and if spray 4.0

irrigation, minimmm 2330 m buffer

& Aim is to demonsirate reliability of disinfertion and ability to consistently achieve microbial quality
T Log reductions for public in the vicinity of commercial food crop imizaton areas should comply with total log reductions required for mumicipal use.
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* 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

1 log = 90%
Primary & secondary treatment 2 log = 99%

3 log =99.9%
Lagoons 1.5 2.0 2.0 4 log = 99.99%
DAFF: coagulation/filtration 0.5 2.0 1.0 > log = 99.999%

6 log = 99.9999%
Chlorine disinfection

Consumers of produce
Public in the vicinity 5.0 3.5 4.0
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Bolivar-VPS DHA supply approval (e.g. filter performance)

7. The target turbidity of the product water from the BDAFF plant in the filiersd
water duct should be legs than 0.5 NTU and the product water turbidity must
be lzss than 1 NTU measured as a daily anthmetic mean. If the turbidity
expeeds & NTU for more than 60 minutes the product water is to be divered
and not supplied to the Wirginia Pipaline Schema undl the turbidity s reducad
below & NTL,

B.  Turbidity of the product water will be monitorad continucusly in the Tilleed
water duct. Turbidity of effluent produced by all indivicual filkers will be
rmanitored sontinually with the interval betwesn tuidity measurcments on
any single filtker unit not exceading 45 minutes when the filter is in operatian.
Monitoring results will be available as direct readouts and will be recorded
and stored.
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Bolivar recycled water scheme operating plan

& sAwater | 2D Allwater

Al s Toardien W gnen

Allwater De. No.: TMD-5026-0P-0023

Title: Bolivar Recycled Water Water Quality Operating Plan

Document Type: RWOMS - WQOP

- Guideline Indicative
Aren | Cifical Control aes Sample Point System waloe at set-paint i icati peratianal | CF aitical
Point® = Lomtion - Cperational meeter for Catgory Nimit deviation
Controf Pomt licwiticnt imit) Targes system target | Lolo [ Hi HE: | Lol HiH Lot HibG
— = Check scration spsaEm MLSS
_ _ . 5P at risk = Memsure DOt outiet of esch basin
— imfuent (Daity | SPI: Annusl medisn < 2 == !
: e ent ity m m_m: ozt Vmen ingnon influent ammoniais > |« Mezsure 0O profile of prociem basin .
mmmaria sample sample £ 2 mgiL 1mgh narmal . of aubcome and increase DO s peints if
SPa004) conditon fecesmI L
= Ohenge swing zone back to seration if necessary
Lagoon f— = Oheck if carTy over nocurs st SSTS during high fiow.
imfluent [Daity . " ! - = Oheck RAS pump operstion normal
EMuent 55 55 compasite ’I'T":n_m‘ <30 mgiL “"m“'w“""l’“s",’aﬁ = Oneck and adjust SST cistrioution valve pasition if neceszary
sample: "‘“""““i el emerstional |, agvise supervisor and sdjust wasting if MLSS too high
SPAD04) »  Amise supendsoe if wasting is miter Dy slucee process
Stabilization Tokalares af Lazoon Stabikation B— Type 2 Incident -
lagoons online Iszoans arem lagnon When Ingoon ar=ss < 230 ba.
Mg = Inwestigate & rectify amy chemical dasing foults
e Flac formation chambers ®  Inwestigate & rectify any floondstor fauls
Fomngion wisual Finc size ana = Undertsice jar tect & adjust chemicsl dosing f nacsssany.
_ .
Indivicual = Investigate & rectify any chemical dosing foults
a Jindivicuad ficated e ‘online Noated ®  Inwestizate & rectify any floondator fauls
ity J wurgidity canm = Undertmie jar test & adjust chemical dosing if necessary.
_ = Flushing turbicity meter if csmple fiow is low
Incividual . i SPL: 97% of time in 5Pl at risk = Review floated turbidity, it > 40 NTU, check and rectify
ﬁm?m o= == ‘Each manth must < <0.3 NTU ‘When indivicunl filter turticity is > bloCkngE in poly dosing line if necessany
tarbigity e = 0.3 NTU Lo nTu. = Review fifter DP, initiate fifter backwash, reguce filter run time:
4, ==t point if
/ 0 bt on bypass on SCADA sl (4]
/ * i Saagg Nuchin turtiity meter and
Erai sample test, ifnot, bring o e
= It alarm is genuine, imvestisste if itis FWD . Iy,
increnze plant fiow t incresse FWD level;
0 - = i fiker performance isue, imvestipabe
. . . 3 i jar testand adjust
h""’ '“9; “""':"" . o chemical dosing, or beckesh indridusl fitters i necessary.
ierati m“mul' it!'.' e i':': m"' ontiuowssy fo 0 - Reduce filter run time set point if necessany.
E e s — procuctic opo = If rEw water turbidity is  200NTU not resulting from =n sigal
i Combined —— D::NT“D min and prouctions | oo T T T 0INTU v . bioom, pe o P"‘
] fiRrate turti mat X - 23 i miin| PS40 - = - — =
H ity o Stopped [ J E] (32 min} - - = St
. : s = t = Flontwill 2ute shutdown on SCADA Alarm Hihi shutown
mﬁf‘;’;‘:ﬂ im‘;ﬂwn 2 trigger: manuzily start plant on bypess mode, CAy out atave
af 8 contract year respomse - . -
\ = Flantwill shut down on CFS sbsem Fili shartdown trigzes it
D turtid SCADA Grab igh turni
Miofify Incident Manager immediately o initiste 1M
Fut CF5 on byRass, ond manusily start g mode,
\ Ty oatt above respanse
= Initiste:
\ it if incident oours
— e = Verify oniine analyser reading oy pra sample test, initate
Product water endar ‘ony Gy of @ Contract When product pH i < 6 or 263 celibration of meterifneceszary
PH pH P Contact Yeer, pH must be = Bt == = unsder pormal i " e g -
. rrer - asing if passible without compromising trested water
turbidity
- = Frocuct water TDS trend should be monitored and trending up.
B <1300 mgL. [P 1200 430 Pl =t risk sbowe 1200 mg/L should be noted and adviss superdsor
T Product water = ot ened of 99.0% of any cay of & <1200 g/t mel (s gL When procuct TDS is=2300mg/L | | — —E= oo
oS Contnct Contract Year, TDS min] 13 umder normial opemational o does not wark]
mrnel | must bec 1300 mefL] min] condition. mently does 1 N
f PN ~ama = Motity supervisor and reinetate ditstion if trigzered.
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DAFF filter performance - turbidity

Bolivar DAFF - Quality Overview
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Bolivar recycled water - E. coli (verification)

Recycled water (SP6374) E. coli(1/7/11to0 30/6/15)

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

Wednesday, 13 Jan 2016
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1‘, SA Water

Chemicals: Commercial food crops & Public health

Refer to AGWR (2006) section 3.5.4

nr.]tu:lmg; ctgmcckemml&p&shm&saniimf@nnhmn&mt;ﬂﬂﬂlﬂﬁ,
NEAC 1998, USEPAEED-{:I This 15 confirmed by umpubhished Austrahan data, which show the

following:

= Average concenirations of mitnents, mefals and tmhalomethanes (THMs — prodoced as
byproducts of disinfection) mn filtered and chlonnated water from the Virgima Pipeline
Scheme m South Australia essentally conform with ADWG vahies. Concentrations of

pesticides, polychlormmated biphenyls (PCBs), pelycychc aromatc hydrocarbons (PAHs),
organics and non-THM disinfection byproducts were largely below levels of

detection MNitrogen occasionally exceeded ADWG values, but nitrogen 15 a mainent for which
there 15 a recommended upper limit but no sundeline value.

Wednesday, 13 Jan 2016



{2 SAWater

Government
of South Australia

Go to excel spreadsheet

Parameter Unit LOR n min max’ mean| period source ADWG| LTVirri| STVirr| DHA| GW ref|GW ref
T10.5| ANZECC| ANZECC| Bolivar| CSIRO|Gawler

Physical characteristics

Conductivity uS/cm 0.001f 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 2010-2015 [ SAW routine | 6.5-8.5a 6-8.5 6-8.5 7

Suspended solids mg/L 0.1| 260 34 860 405| 2010-2015 [ SAW routine 5

Total dissolved solids mg/L 1 231 850 1600 1136) 2010-2015 [ SAW routine 600a 2009

Major ions and SAR

Alkalinity as CaCO3

Potassium 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

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 - total 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

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

Nitrate mg/L SAW routine 50

Nitrite mg/L SAW routine 3

Metals, metalloids, halogens

Aluminium total mg/L 0.005 59 0.5 17.6 7.2| 2010-2015 [ SAW routine 0.2/ 5.0] 20.0 0.0]

Antimony total mg/L 0.0005| 60 0.0005| 0.0022) 0.0007) 2010-2015 | SAW routine 0.003

Arsenic total mg/L 60 0.0008| 0.0042) 0.0022|2010-2015 | SAW routine 0.01 0.1] 2 0.1| 0.0047

Barium total mg/L 0.0005 2010-2015 [ SAW routine 2 1

Beryllium soluble mg/L 0.0005 2010-2015 [ SAW routine 0.06 0.1]

Beryllium total 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 total 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 total mg/L 0.003( 60 0.002 0.082 0.008(2010-2015 |SAW routine 0.05 1|<0.03°

Cobalt total mg/L | 00005] 60 | 0.0005] 0.0016] 0.0011]2010-2015 [SAW routine 0.05 01| 005

Copper total mg/L 0.001| 60 0.04] 021 0.11[2010-2015 |SAW routine| 1to2 0.2 5 <0.03°

Iron total mg/L 0.03| 60 0.6 3.0 2010-2015 [ SAW routine 0.3a 0.2 10 13

Lead total mg/L 0.0005| 60 0.0064| 0.0378 2010-2015 [ SAW routine 0.01] 2 S 0.2]<0.001

Lithium total mg/L 0.001| 60 0.0057| 0.0429| 0.0087| 2010-2015 | SAW routine 2.5 2.5 <0.01

Manganese total mg/L 0.0005 60 0.08 0.19 2010-2015 [SAW routine p.1 to 0.5 0.2 10 2 0.05

Mercury total 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 total mg/L 0.0005| 60 0.0023| 0.0144) 0.0057) 2010-2015 | SAW routine 0.05] 0.01] 0.05 0.05

Nickel total 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 total mg/L 0.003| 60 0.0001| 0.0096| 0.0035)2010-2015 | SAW routine 0.01] 0.02] 0.05 0.01]

Silver total mg/L 0.0002| 60 0.0001) 0.0032) 0.0009]2010-2015 [ SAW routine 0.1

Thallium total mg/L 0.0005| 60 0.0001| 0.0004) 0.0001) 2010-2015 | SAW routine

Tin total mg/L 0.0005| 60 0.0028| 0.0096| 0.0061) 2010-2015 | SAW routine

Vandadium total mg/L 0.003| 48 0.0001| 0.0191| 0.0064]2010-2015 [SAW routine 0.1] 0.5/

Zinc total mg/L 0.003| 60 0.10. 0.24. 0.15] 2010-2015 [ SAW routine 3a 2 S 0.042

Organic

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

Other 2010-2015

Cyanide total 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 B-estradiol, estrone, 17-a-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

@ Total algae Phytoplankton recorded in recyded water
Algae (SP6373) B Total cyanobacteri phecss i blcd
otal cyanobacteria Cyclotella Baciliariophycaas  [Central
Cyclotella smoll_spp Baclllariophyceas  [Central
Navicula Bacdllariophyceas  |Pennales
Nigschia Badllariophyceas  |Pennales Nitzschiaceae
[Actingstum Chlorophyta Chlorococcales  |Scensdesmaceas
[Ankistrodesmus Chlorophyta Chlorozoccales  |Oocystacsas
. )
E [Ankistrodesmus sp 2 {smaoll cells) Chlorophyta Chlorococcales  |Oocystaceae
> Ankyra Chlorophyta Chlorozoccales  |Chiorococcascess
8 BoLnyococcus Chlorophyta Chlorococcales
v — -
3 Chiorella Chiorophyta Chlorococcales
Coclostrum Chlorophyta Chlorococcales
» Crudgenio Chlorophyta Chlorococcales
Diayosphoerium Chlorophyta Chlorococcalss
Diayosphoenum sp 2 (smoll aells) Chlorophyta Chlorococcales
m Dimorphococals Chlorophyta Chlorococcales
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 E.‘:‘k;‘r&l'{'_‘)’ cnioro Q)Nta Chloracoccs .’E
NN NP R PR B R P RER PR R R Kirch 2 Chk y C COCC
BB S8 S e bBREE NSNS0 E88IRRRER 00 e
FEIPEEPPIPEEPgIBEREIIRESSEdIETREgas chicipiie  (chiorrnicite
el s e e i s e e e i R e S s S g R e Y Ehlomphya ERjrRt Al
S0 O o FHE B E NN N N w £ 2retun b g B Chlorophyta Chlorozoccales
Chlorophyta Chlorococcales
Chlorophyta Chlorococcales
h Chlorophyta Chiorococcales
® S . . . = - : :
MleocyStIS (SP6373) A Microcystis aeruginosa Tetrostrum Chlorophyta Chlorococcales
O > Microcystis flos aquae Astero us Chlorophyta Tetrasporales erococcus
Stichococcus Chlorophyta Ulotrich: lotrichacess
Ulothmx Chlorophyta Ulotrichal Ulotrichacaas
A) 2N sy Chlamydomonas Chlorophyta Volvocal chlamydomonadaceae
10000 - Clostedum Chlorophyta Zyznemata
X Mallomonas Chrysophyta Ochromoma Synuraceas
. 5&( & D Cnptomonas Cryptophyta Cryptomonadaceae
E 1000 AKX s . Aphanocapsa Cyanophyta Chroococcales  |Chroozoccaceas
W Cyanophyta Chroococcales  |Chroococcacsas
§ 3 < Micogystis Cyanophyta Chroococcales  |Chroococcacsas
%
E,“ 100 e S A 5ynechocys Cyanophyta Chroococcales  |Chroococcaceae
S XX/ Aﬁ ™ X, ’ Phomidium broad _pp Cyanophyta O:zcillatoria Osclliatorizcass
¢ ¢ X X X K Plonkrothx Cyanophyta Phormidia
i X % Euglena Eugienophyta Euglenales Euglenacese
¢ § Chroomonas Cryptophyta Cryptomon3 Cryptomonadacsas
% Cyanodicgon Cyanopmyta
S
X Didymocystis Chlorophyta
1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 C*E'[‘i","?ém :"3":3: 2 Prormidiaceas
N N NP ER PR B R E PR R R R hidiu Ch} " Chlorococca! ) ce
Q Q { & Q d Q § Q Q g .Q Bie B % S 'S NouwwNneNe 8 g % r:;‘ 819 g u g m Monoraphidium Chlorophyta Chlorococcales  |Oocystacsae
RS s Be fs e r BS f e B U <l i i e I L eropbyts  Jchiocacoccales: Joocystace
el chl ) P
Wedp@lay 3 ar2RB E S EEE SR SL UL GRS REE S S8R RR S g [Hummw Chiorophyta Uiotrich Uotrichaceae
2 HNNMNMNWN N w S : z Yu oo B Pseudod \dymocystis Chlorophyta Chlorococcales  |sc smacsas
Staurosira Chrysophyta Pennals Fraglanacsses
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Maximal risk Residual risk
Crop Accidental Crop Accidental
consumption aerosol consumption | aerosol
inhalation inhalation
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Key issues in relation to irrigation water quality

Chapter 4 — Primary industries

Table 4 21 Key issues conceming mmigabon water quality effects on soil, plants and water
TESECES

Koy l=ause

Feoat zone salinity
Soll structural stablity

Bulid-up of contaminants In soll

Release of contaminants from soll o cops & pastures

Plants

Vikd
Salt tolerance

Specific lon tolerance

Follar Injury

Uptake of toaicants In produce for human consumption
Contamination by pathogens

W aler resounces

Deep drainage & leaching below rmat zone

Movement of salis, nuFents & comaminants to groundwaiers & surface
‘waters

Important
associabed factors

Quantity and seasonality of rainfal
Soll properties

Crop and pasture species and management options
Land type

Groundwater depth and quality
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Recycled water — key hazards for agriculture (crops & soil)

Table 4.2  Key environmental hazards, environmental endpoints and common effects on
the environment when nsing recycled water for agricultural, municipal,
residential and fire-control purposes

Hazard Environmental endpoint  Effect or impact on the environment
Boron Acounmlstion in soil Plant foxicity
Cadmiom A low rick with respect to cadminm concentrations i recycled water, but cadmium
already in soils can be made more readily available to plants if chloride concenirations
increase. Chloride can be measured indirectly, bt relisbly, as salinity (see the salinity
section below]). +
residuals Surface waters Teicity to aquatic biota . .
i o e others as outlined in
{water) Groundwaters Waterloggzing of plants
Hitregen Soils Mutrient imbalance in plants
Soils Pest and disease in plants
el Gesempans (2000) for irrigation
Surface waters Eutrophication
Gromdwaters Contamination
Phosphomes Soils Euntrophication of spils and toxic effects on phosphorus
sensitive terrestrial biota (native plants)
Surface waters Eutrophication
Salinity Infrastmictore Salinity may canse rising damp or corrosion of assets; this
can also anse from excessive hydralic load (secondary
salinity)
Soils Plants stressed fiom osmotic affects of soil salinity
Soils Contaminstion of soils by incressing plant availability of
cadminm that is slready in the soi
Surface water Increasing the salinity of fresh proundwaters
Groundwater Increasing the salinity of fresh surface waters
Chiloride Plants Diirect toxicity to plants when sprayed on leaves
Soils Plant toxicity via uptake through the oot
Surface water Tomicity to aquatic biota
Sodium Flants. Direct toxicity to plants when sprayed on leaves
Soils Plant toxicity via uptake through the root
Soils Soil structure decline due to sedicity
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¥ L] PPROVAL FQK SUPPLY OF WATRR FROM THE
o e e e
PIPELIbE SCHEME

& Thw DAFF plare il ocepeesto camrus o of ey prccosscs snd ‘

ANZECC & ARMCANZ (2000) :
Chapter 4: Primary industries

Chapter 9: Irrigation & general use

Australian and New Zealand Guidelines for
Fresh and Marine Water Quality

Votume 1
The Guidelines

(Chapters 1-7)

NATIONAL WATER QUALITY MANAGEMENT STRATEGY

PAPER No. 4

Australian and New Zealand Guidelines for
Fresh and Marine Water Quality

Velume 3

Primary Industries — Rationale and Background

Information

‘3qUACUIRLIrE 3Nd NUMAN COnsUMErs of 3qUatic 160ds)

(Chapter 3}

soil)

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| LTVirri| STVirr| DHA| GW ref|GW ref
T10.5| ANZECC| ANZECC| Bolivar| CSIRO|Gawler

Physical characteristics

Conductivity uS/cm 0.001f 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 2010-2015 [ SAW routine | 6.5-8.5a 6-8.5 6-8.5 7

Suspended solids mg/L 0.1| 260 34 860 405| 2010-2015 [ SAW routine 5

Total dissolved solids mg/L 1 231 850 1600 1136) 2010-2015 [ SAW routine 600a 2009

Major ions and SAR

Alkalinity as CaCO3

Potassium 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

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 - total 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

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

Nitrate mg/L SAW routine 50

Nitrite mg/L SAW routine 3

Metals, metalloids, halogens

Aluminium total mg/L 0.005 59 0.5 17.6 7.2| 2010-2015 [ SAW routine 0.2/ 5.0] 20.0 0.0]

Antimony total mg/L 0.0005| 60 0.0005| 0.0022) 0.0007) 2010-2015 | SAW routine 0.003

Arsenic total mg/L 60 0.0008| 0.0042) 0.0022|2010-2015 | SAW routine 0.01 0.1] 2 0.1| 0.0047

Barium total mg/L 0.0005 2010-2015 [ SAW routine 2 1

Beryllium soluble mg/L 0.0005 2010-2015 [ SAW routine 0.06 0.1]

Beryllium total 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 total 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 total mg/L 0.003( 60 0.002 0.082 0.008(2010-2015 |SAW routine 0.05 1|<0.03°

Cobalt total mg/L | 00005] 60 | 0.0005] 0.0016] 0.0011]2010-2015 [SAW routine 0.05 01| 005

Copper total mg/L 0.001| 60 0.04] 021 0.11[2010-2015 |SAW routine| 1to2 0.2 5 <0.03°

Iron total mg/L 0.03| 60 0.6 3.0 2010-2015 [ SAW routine 0.3a 0.2 10 13

Lead total mg/L 0.0005| 60 0.0064| 0.0378 2010-2015 [ SAW routine 0.01] 2 S 0.2]<0.001

Lithium total mg/L 0.001| 60 0.0057| 0.0429| 0.0087| 2010-2015 | SAW routine 2.5 2.5 <0.01

Manganese total mg/L 0.0005 60 0.08 0.19 2010-2015 [SAW routine p.1 to 0.5 0.2 10 2 0.05

Mercury total 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 total mg/L 0.0005| 60 0.0023| 0.0144) 0.0057) 2010-2015 | SAW routine 0.05] 0.01] 0.05 0.05

Nickel total 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 total mg/L 0.003| 60 0.0001| 0.0096| 0.0035)2010-2015 | SAW routine 0.01] 0.02] 0.05 0.01]

Silver total mg/L 0.0002| 60 0.0001) 0.0032) 0.0009]2010-2015 [ SAW routine 0.1

Thallium total mg/L 0.0005| 60 0.0001| 0.0004) 0.0001) 2010-2015 | SAW routine

Tin total mg/L 0.0005| 60 0.0028| 0.0096| 0.0061) 2010-2015 | SAW routine

Vandadium total mg/L 0.003| 48 0.0001| 0.0191| 0.0064]2010-2015 [SAW routine 0.1] 0.5/

Zinc total mg/L 0.003| 60 0.10. 0.24. 0.15] 2010-2015 [ SAW routine 3a 2 S 0.042

Organic

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

Other 2010-2015

Cyanide total 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

A5.3 Boron

Table AS.3 mrxpr?mm:mnmmﬂmhr tolerated by a Tﬂhk ‘.15-.]_ {Eﬂnﬁl’ﬂ.ﬂd}

SE' S IAmE Common name

oy sensifive (frehold 0305 mgL) Species name Common name
Sensive (Bresbold 5075 mg) ke Cucumis mele Muskmelon
E"Hm zf;._g;, B. oleracea botrytis Canliflower
e inca e Tolerant (fhreshold 4.0-6.0 mg/L)

Diosgros bnki Pesimmen Ficia benghalensis Vewch, parple
Cane i P Beta vuigaris Beet, red
e e potto B vulgaris Sugar beet
i bl Lycopersicum Tomato

o o e Very tolerant (threshold 6.0-15.0 mg/L)

g Saateny Sorghum bicolor Sorghnm

7 e B o Apium graveolens Calery
mwlnnm} JM{WM Asparazus
Sonmce: Maas (1924, 19900); E=ren and Bingham (1985).

Brassica juncea Mnstard
Melilotus indica Clover, sweet
_ Cucurbita pepo Squash
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Recycled water mean Cd = 0.0003 mg/L, Cl-= 406 mg/L, TDS =1,1,35 mg/L

@ SA Water

A check on cadmium

A5.4 Cadminm

Table AS.5 Guidelines values for cadmium in recycled water

Limmit Valoe
Long-term irigger value in Trgation water 001 mgT
Short-ferm trigger value in bmigation water (shori-term nse) 005 meL
Cummlstive contaminant loading in soil receiving imizstion water 2kgha

Table AS.6 Relationship between rrigation water chloride concentration or salinity, and
risk of increasing crop uptake of cadminm

Water quality parameter Likelibood of imcreasing
Chloride Total dissolved solids  Electrical conductivity crop cadminm
(mgL) {mg/L) (dS/m) concentrations
<350 <1 10D =18 Low
350750 1100-1650 1028 Moderate
=750 =1650 =28 Hizh

Source: Modified from ANFECC and ARMUCANT (2000a); electrical conductivity and chlonide data from Ausralian sewags
treatment plants

Wednesday, 13 Jan 2016
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A check on chlorine residual

Recycled water SP6373 Chlorineresidual  efreeci oTotalcl
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* 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

o Sewage TDS: 850-1,600 mg/L, EC: 1.5- TDS (mg/L) - monthly average in recycled water
2.9dS /m o0 (SCADA - online instrument)
’ 1450
» Recycled water TDS: 850-1,310 mg/L i‘;}% .
e Strong seasonality P e - ° o
. . .. . . = 1150 ¢ N A -~
* Irrigation salinity rating: Medium e s . 7 S, 7 . 2 s
) L 2 1000 *®, = - e ** T ey
* Key factors: soil characteristics, B ——— Y ————— . — s H
. . . . . 850
climate, plant species, irrigation 800
700
management e
* 5 soil types, most common is loamy R R IR R AR ER R L TR H R
sands ~>20% LF

Table 9.2.5 Imigation water salinity ratings based on electrical conductivity

EC [dSim)* Watsr salintty rafing Plant sultabilty
=65 Very low Senshive omps
0.65-1.3 Low Moderately sensltive crops
Medium Moderately tolerant crops
- High Tolerant crops
5281 ery high Very tolerant crops
=g.1 Exireme Genarally oo saine

& Adspled from DNR (1957 b SdS8m = 1000 pEiom
Wednesday, 13 Jan 2016
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@ SA Water

Salinity

Soil properties
Water
ﬂiﬁ%ﬁ ciay % [avernge mof zons)
sodichy [SAR) cation eschange capacity (average oot zon=)
o Ewchangeabie sodlum % (3t botiom of oot zone)
Rainfall Irrigation
e w e
9 Leaching fraction
caiculated using all Input Eroration
Average root zone salinity
© J—
I Management practices
Crop salt tolerance *
Impact threshoid & yisid decine mu:rr-:ru
Plant response sl oty Suppies
9 rafve yiaid

9 Broader landscape issues

Figure 9.2 1 Flow diagram for evaluating salinity and sodicity impacts of imigation water guality

13 Jan z‘m'gim — Owetober 2000
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of South Australia Table AS.15 Approximate salinity tolerance of fruit, vegetable, grain and pasture crops
ECi"

Scientific name i name imity Source 1294
tolerance e LF 1T%% LF
threshold 5% [ LF [

(ECe LF(eg  samdy (eg  Eght
d5/m) sand) lam) lam) clay)

Fruit crops

° ° Prunus dulcis Almond 154 Lu 18 24 20 15
Sallnlty (EC) & crop Malus sytvestris Apple 1 i 1.0 08 07 0.6
Prumuzs armenigca Apricat 16 o 16 14 1.2 09
Parseq amaricana Avocado 13 t 13 11 1.0 07
° Rubus spp Elackbery, 15 o 1.5 13 11 08

tolerance as a function of e
Fitis spp Grape 1.5-8 LT 48 4.1 35 17
° ° Citrus paradisi Grapeduit 156 tu 39 34 19 22
IeaChlng fractlon Citrus limonea Lamon 16 tu 35 30 16 20

Olea evropaea Olive 4 t 40 34 19 12

Citrus simensis COranze 1.7-6 tu 30 33 18 12

Prunus persica Peach 3z t 32 18 14 18

Pyrus spp Pear 1 t 1.0 09 07 0.6

Cucurbita pepo pepe Pumpkin 1.5-3% o 23 19 17 13

Capsicum Pepper 15 o 15 13 11 Lik:3

Prunus domestica Plum 15 o 15 13 11 08

Cucumiis melo Rockmelon 22 t 22 19 1.6 12

Fragaria spp Strawberry 1 o 1.0 09 % 0.6

Iycopersicon Tomsato 13-25 to 24 21 13 13

Esculanm

Cucurbita pepo Zncchini 47 o 47 41 35 26

malopapo

‘Grain rops

Hordeum vulgare Barley g o 80 69 59 45

Brassica napis Canola (oilsead 24 r 30 26 22 17

Tape)

Ficia faba Faba bean 4 I 30 26 12 17

Lupimus Wamow-leafl 4 I 30 26 12 1.7

Avena sativa Oats 5 t 50 43 EN 28

Zaoa mays Com, grain, 17 t 17 15 13 10

Sweat

Grossypium hirsutum Cotton 77 t 73 6.6 57 43

Figna unguiculata Cowpea (seed) 16 t 1.6 14 12 09

Figna unguiculata Cowpea, 20 t 20 17 135 11

var Caloona Caloons

Finum usiratizsimum  Flax/Lincead 1.7 t 137 15 13 1.0

Sorghum Peanut 3z t 32 28 14 18

Sorghum, crooble Phasey bean, 08 t 08 07 0.6 04

Murray

Saybean Rice, paddy 3 t 30 26 22 17

Carthamus tinctorius  Safflower [ ] t 63 56 48 i7

Sorghum bicolor Sorghom 6.8 t 6.8 59 5.0 38

Wednesday, 13 Jan 2016
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Chloride & Sodium

chloride & sodium A CI(sP6374) #Na (sP6374)
600
550 &
500 Ly . ;
450 = L 2 n TVER
. A AKX i, 2 A A - ‘
L 400 & s A A A & ‘3"%&& v "’g ﬁ.ﬁ &&A A A A A
S 350 i ¢ . Ayd A &5; - ala %% = A
A R
£ 300 * fNe % * A\,Q;A_“_’Q‘_’“ & Ad®
m . LTPVRLIN o S00%0 > . "o
§ 250 o o6 So—o—O e O 4 *5e
(o] L 4 L 2 = &
200 *
150
100
50 Table A5.17 Approximate sodinm and chloride concentrations that can cause foliar injury
0 e e ; in crop plants from saline sprinkling water
N N ] = = [ = [ [ [EN
S 23 8 8 3 £ 8 5 5 Semitive Moderately sensitive Moderately tolerant Tolerant
s 8 2 =5 B8 8 2 5 5 sedism(mel)
o o o = — = = = N N
e = =115 115-230 230350 =50
Chloride (mg/L)
=175 175350 F50-T00 =T
Almond Pepper Barley Canliflowrer
Apricot Potaio Mhzize Cotton
Citrus Tomato Cucumber Sugar beet
Flum Luceme Sumflower
Graps Saffloarer
Sesame

Note- Degree of injury i aftected by site-speciic environmental auiagzmlmlsqrEhm condifions
Wednesday, 13 Jan 2016 Source: ANZECC and ARMCANZ (20002) and Maas (1990a)
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Sodium & soil structure (sodicicity)

SAR

OFRNWE OO N W
I

Salinity & sodicity X SAR SP6374 & Conductivity SP4001)
»® 3000
L 2750
Ta— -
N - 250 £
%t 2000 3
4 2 ¥ m\{x ¥ X - 1750 2
s ‘X>K XK Y>K 1500 é.
WK KKK Xy X KATRK SRR 3
s KKK XK * - 1250 §
- 1000
750 S
500
BB &8 » g8 3 & &bk b3 3SFS &85 8 g ¢
N w o0 = N w o0 = N 1% St = S~ o Sy = = i ~
2 2 e 2 E 2 LERECSE S s s B
o o o S =] - [ ﬁ N N N w 'S Y

Sewage mean conductivity
uS/cm = 2.0 dS/m, SAR = 8.0

Wednesday, 13 Jan 2016

= 2,062

Figure A4.3 Relationship between sodium adsorption ratio (SAR) and electrical
conductivity (EC) of irrigation water and likelihood of soil structure
breakdown (source: ANZECC and ARMCANZ 2000a)
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Findings — environmental hazards
Sewage Recycled water
Maximal risk Residual risk
rr

Salinity & sodicity _ TDS/ EC > LTV,STV

Turbidity & particulates _

Wednesday, 13 Jan 2016
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Environmental residual risk with preventive measures

Recycled water supply

* Trade waste management in Bolivar catchment

* Bolivar WWTP (primary & secondary treatment)

e Bolivar WWTP lagoons

e Bolivar RWTP (DAFF process — coagulation, media filtration)
* Bolivar RWTP (chlorine disinfection)

+

Agricultural sector

e Soil properties

* Plant types

e Climate

* Landscape

* Irrigation management practices (e.g. leaching fraction, method, soil applicants)

Wednesday, 13 Jan 2016
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MANAGED AQUIFER RECHARGE
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~

/
2.1 Definition, purposes and types of managed aquifer recharge ( i P -
<= - ~—

2.1.1 Definition and purposes of managed aquifer recharge

Managed agquifer recharge 15 the intentional recharge of water to aqufers for subsequen
recovery of environmental benefit; the managed process assures adequate protection of
human health and the environment Aqufers may be recharged by diversion of water m
wells or mfiliration of water through the floor of basins, gallenes or nvers.

Background - what is MAR?

Hairwater ~arvesting

ASE. = aquifer storage and recovery; ASTE. = aquifer storage, tramsport and recovery.
Wednesday, 13 Jan 2016 Figure 2.2 Schematic of types of managed aquifer recharge
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Generic components of an ASR scheme

CaptL r!. Zone g ﬂ' E 'ﬂ ﬁ

Pre-treamment  Recharge  Recovery Past treabment  End use

Hydraulic impact zone

The storage zone contains water that is fit for its mtended use when recovered. Beyond the atteruation zone, the
environmental values of the ambient sroundwater are always preserved. Beyond the water-quality impact zone, there i oo
measurable change in proundwater quality. Mmmm:mmm“umwmmm
head (this zome is typically many times larper than the water-quality impact zone, especially for confined aquifers). The

dotted line represents the maxinmam separation distance between the managed aquifer recharge strucure and the observation
well's for verification monitoring, to ensure that the ambient sroundwater is protected

Wednesday 13 Jan 2016 Figure 7.1 Schﬂ:;}i:':shmin.gzmuﬁuﬂnmmui:mmdaqﬁfﬂrﬂhﬂgﬁ
’ Opera
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Must consider aquifer environmental values — SA EPA

Environment Protection (Water Qumality) Policy 2015—1.1 2016
Schedule 1 —Emvitommental values of waters (claose §)

e e A ANZECC & ARMCANZ (2000)
icomsump tiom fn d .
BT W5ES
Fublic stommwaier sysiems X X
e_wammgn:m
Eémﬁmwﬂﬂfm X X X x X X
cf)
:'Lii;grmd__wn&;_'__'__'______'__'__'_I
Follows:
| (3) waters| :
ith 4 backsground
: TDS Jevel af less X X X X I
I than 1 200 mg/L :
| (6) underzround waters| I
| with a background .
TDS level of
: 1200 malL or X X X :
more, but less than
| 3000 mz/T |
1 (¢} undersroums waters| |
I with a background |
TDS level of % x I
| 3000 mz/L or
I more, but less than |
Wednesday P BRD016 I
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Must consider the end use of the water - agriculture

Table 42  Keyv environmental hazards, environmental endpoints and common effects on
the environment when using recycled water for agricultural, municipal,
residential and fire-control purposes

Hazard Environmental endpoint  Effect or impact on the environment
Boron Accunmlstion in soil Plant foecicity
Cadminm A low risk with respect to cadminm concentrations in recycled water, but cadmium
already in soils can be made more readily available to plants if chloride concentrations
increase. Chloride can be measured indirectly, bt relisbly, as salinity (see the salinity
zaction below).
residuals Surface waters Teexicity to aquatic biota
Hydraulic loading Soil Waterlogging of plants
{wateT) Groundwaters Waterlogging of plants
Groundwaters Sail salinity (secondary)
Hitregen Soils Muftrient imbalance in plants
Soils Pest and disease in plants
Soils Eutrophication of soils and effects on termestrizl biota
Surface waters Eutrophication
Gromdwaters Contamination
Phosphoms Soils Euntrophication of soils and toxic effects on phosphomus
sensitive temrestrial biota (native plants)
Surface waters Euirophication
Salinity Infrastmactare Salinity may canse rising damp or comosion of assets; this
can also anse from excessive hydraulic load (secondary
salinity)
Soils Plants stressed from osmotic affects of soil salinity
Soils Contamination of soils by increasing plant svailability of
cadminm that iz slready in the sod
Surface water Incressing the salimity of fresh proundwaters
Groundwater Increasing the salimity of fresh surface waters
Chloride Planis Diirect toxicity to plants when sprayed on leaves
Soils Plant teoricity via uptske through the root
Surface water Toxicity to aquatic biota
Sodium Flants Direct toxicity to plants when sprayed on leaves
Soils Plant toccicity via uptske through the root
Soils S0il structure decline due to sedicity

Wednesday, 13 Jan 2016
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others as outlined in
ANZECC & ARMCANZ
(2000) for irrigation
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Bolivar ASR research (led by CSIRO)

o

100 2

METRES

N | R h
National Research ' | at\éna ;Esem—c-: ‘I :’

Water for a Healdy Country ~ €SIRO

Warer for a Healdy Counry €S 1RO

- J

Adubidnad | BELIVAR SENMGE S
o TEEATMELT WOF<S

/- ARELAIGE 700
/¢ FORNER SARM 7

Figure 3 Location of wells and piezometers at the Bolivar site. The red dot represents the T2

ASR production well (#18777), the orange dot is the T2 observation well at 4 m (#19450), the [ >ty
yellow dot targets the T1 aquifer well (#19179), the white dots are T2 piezometers at 50 m, and -
areen rinfe are nhearvation wellc at 78 m 120 m and 200 m {from Rarrv of 2l 20091

Operational residual risk assessment for the Bolivar ASR
. recycled water project

Bolivar Reclaimed Water Aquifer Storage and Recovery

Project: Assessment of the Third and Fourth ASR Cycles ; X
Neus Ayuso Gabella, Declan Page, Peter Dillon, Rudi Regel, Joanne Vanderzalm, Karen
Karen Barry, Joanne Vanderzalm, Paul Pavelic!, Rudi Regel?, Robert May?, Peter 1 Barry, and Kerry Levett

Dillon, Jatinder Sidhu and Kerry Levett !

Bolivar ASR Partnership: @ AWATER
® = e @
y = UnitedWater 00

Government
of South Australia

Wednesday, 13 Jan 2016



Government
of South Australia

@ SA Water

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

* |nvestigations:

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)
WednessdD3Rn2012 0 risk assessment as per AGWR undertaken for Bolivar
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Bolivar ASR research — water quality results

Sewage — maximal risk * Drinking water: ADWG (2004)
——— * Environmental value: ANZECC & ARMCANZ (2000)
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Bolivar ASR CSIRO research — targeted studies

* Arsenic speciation/ mobilisation S ——

o2 o2
e o ° Injsctiom ! Storage | ReCovery Injection | Ciomge | ey
* Disinfection by-products | | : :
o | | 0.9 1 i #
° T . : : 1 1
race organics | | ! !
oo 4 ! . ! 0.08 4 1 H =
1 1 1 1 &
* Pathogens 3 | | : & ps
o.os 4 ' ' 0L0S 4 1 1
2 i i ' IR osn 3
1 1
APPENDIX D: HYDROCHEMISTRY CALCULATIONS = e : ; - — i
4 L E| 1 1
The aquifer sediments are a potential scurce for a number of elements that are considered in : : ! 1
the imigation guidelines (ANZECC & ARMCANZ, 2000). While some of these species are 1 P; 1 F ¥ i
present at higher concentrations in the injectant than in the ambient groundwater, the soluble sl =Y J : L ] 1 0.02 4 : f * X
concentration present in the injectant is negligible when compared to the insoluble * 33% P e *
component within the aquifer sediments (Table D-1). bl L4 [ H
o.on rE— v o —E— noo fra® p—no on
Aquifer storage can also lead to release of species from the sediments to the agueous phase i i ’ i
through hydrogeochemical processes such as calcite dissolution, pyrite oxidation and 07503 SAUI0Y SONd AVENM BMID4 OIANS BOBTS THNES TUT0E V008 2S00 ENOLDD BTN SHA0MD MFA0 BUDaN0
reductive iron{lll) oxide dissolution. The owverall impact on the concentration of
metals/metallcids in the recovered water quality can be evaluated by examining the quality of - - - -
recovered water in comparison to guideline values and quantifying the dominant reaction Figure 27 Arsenic behaviour over duration of the third and fourth ASR cycles at Bolivar
precesses within the system.
Based on 11 core samples taken from the T2 aquifer, calcite constitutes 74%, quarz 18%,
ankerite 5%, with fraces of hematite, microcline and albite (\Vanderzalm ef al., 2006). Organic 2000 — 15t cyce S
carbon, iron and manganese constitute low percentages. 2 Gt P
Assuming a porosity of 0.45 and a bulk density of 1.5 gfem’, 1 L of water occupies 2.17 L of —— imigation thresahoid cycies 1-3 = = prigation thresteoid cycie &

aquifer, and 3.3 Kg of aquifer material. Using aluminium as an example, 1L of water is in 1800
contact with 4,290 mg of aluminium (2.3 Kg aquifer material x 1,300 mag/Kg Al ) which is far
greater that than added through injection of reclaimed wastewater during ASR injectantion.
Then calculating e.g. Aluminium, the average aluminium concentration in the sediments is; if
1 L of water occupies 3.3 Kg of aguifer material, then it can be potentially released from the
sediments. So, the water injected in the aquifer introduces a very low amount of aluminium
compared to what it can be dissolved from the aquifer. However, the aquifer immediately
surrounding the ASR well could be at risk of metal aceumulation if all of the injected metal
accumulate around the point of injection and are not effectively removed through
backwashing procedures.

Caleulating for the other metals cited in Section 4.2, the results are summarized in Table D-1.
Table D-1 Potential release of metals from the aguifer

W ‘Ambient g Aquifer sediments  Esti ion in

Metal {mgmetalllL.  (mg metal /L ambient {mg metal fKg contact with 1L of injectant -

Aksminium T on " ooz 1300 L?ln . = “ = = e = e e

Cadmium 0.00058 < 00002 1 33 o Voums (ML

Chromium 0.0031 <0.003 < 100

Copper 0.011 <0001 1 9.3 Figure 22 Total dissolved solids (TDS) increases during the three recovery phases in relation to
: wvolume recovered

nekel \Nednegelay, 13 @m12016 7 B
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Bolivar ASR research — hazard risk assessment

Table 3Maximal risk assessment regarding the hazands identified in the MAR guidelines

MAR Hazard Human endpaoints — Environment endpoints —
Aazards Croj Ingestion of Irrigation — lIrrigation — - .
consumption " aprays " erof o Aduiter Preventive measures:

1. Pathogens

2. Inorganic chemicals

3. Salinity and sodicity

4, Nutrients: nitrogen, phosphorous and organic carbon
5. Organic chemicals

6. Turtdity and particulates e

I T T
oL L Dmmeme
s S — Recycled water supply

7. Radionuclides +

8. Pressure, flow rates, volumes and groundwater levels

9. Contaminant migration in fractured rock and karstic aguifers ASR management
10. Aquifer dissolution and stability of well and aquitard

11. Aquifer and groundwater-dependent ecosystems +

12. Energy and greenhouse gas considerations
H: high risk. one or mare of the parameters related to the hazard have a mean value higher than the guideline value for the end paint. Agricu Itu r.a I Sector

U: uncertain risk — further investigations required.
L: bow risk, all parameters related to the hazard have a mean value lower than the guideline value for the end point.
White: the hazard does not apply to the end point.

Table 4 Residual risk assessment regarding the hazards identified in the MAR guidelines

Human endpoints — Environment endpoints —
MAR Hazard Crop Ingestion of  Irrigation — Irrigation — Aqui
consumption s Cro| soil quifer

1. Pathogens

2. Inorganic chemicals

3. Salinity and sodicity

4, Nutrients: nitrogen, phosphorous and organic carbon

5. Organic chemicals

6. Turbidity and particulates

7. Radionuclides

8. Pressure, flow rates, volumes and groundwater levels

9. Contaminant migration in fractured rock and karstic aguifers
10. Aquifer dizsolution and stability of well and aquitard

11. Aquifer and groundwater-dependent ecosystems

12. Energy and greenhouse gas considerations

H: high risk, one or more of the parameters related to the hazard hawve a mean value higher than the guideline value for the end point.

LV rtain risk — further investigation jiresd.
Wednesday, 13 Jan 2016 L::na:ﬂ.allmmmﬂmh:ﬂm have 3 mean value lower than the guideline value for the end point.
White: the hazard does not apply to the end point.
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Table 5.1 Summary of key hazards in source water, groundwater and aquifer materials for
m.anaged aql]fer recharge projects, with examples of specific hazards and
methods

preventive
section of
document!

Pathogens 5.0G) Vimses. Adequate aqmfer 51
residence time

Inorgame chetmeals G AS Arsenic Control Eh domg 52
recharze [a\rn_g.d

Sahmty and sodicity G, (5) Sahimty Increase volume of 53
freshwater recharged

Muinent= 5.0G) Titrogen Pretreat water 54
(eg activated sludge)

Organic chomvicals 5.0G) Pesticides Exclude prone 55
subcatchments

Turbadity and 5.0G) Suspended solids  Pretreat water 56

particulates (eg wetland)

Fadi lid GA(S Agt " A cifer selecti 57
(avoidance)

Pressime, flow rates, 5 Waterlogging Reduce ijection pressme 58

vohmmes and levels

Contaminant mgration 5, (&) PAHS" Pretreat or extend 59

in fractured rock and a‘rtumatlmmm

Aqufer dissoloionand S5, A Exress sand Control pH of source 510

ik

Inpacts on. 5. A Levels outsade Avoud procanmty to 5.11

eroumdwater-dependent huistonical range groumndwater-dependent

ecngystems. erosystems

Greenhouse gases 5 Excessive energy  Substitute passmve 512

use treatments for active

2 A =aquifer mmerals; G = proundwater ; 5= mmnmmmmmkmwm
bEh= amnmofmdﬂ:mal the propensity for oxidation and redoction reactions

cPAHs =

palyoyclic ammatic bydrocarbons.
dSaulsnﬂ! Phace | m&mmMC—MM}M&MMM
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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



