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Hunter Water operates across the traditional country
of the Awabakal, Birpai, Darkinjung, Wonaruah and
Worimi peoples. We recognise and respect their

cultural heritage, beliefs and continuing relationship
with the land, and acknowledge and pay respect to
Elders past, present and future

e g_l/ ny "'”zl{l”

il




v
v
v
v
v
v
v

Overview of Presentation

Overview of Hunter Water’s Catchments, Storages & Water Treatment Plants
Cyanobacteria Alert Level Framework, Contingency Plan & Routine Monitoring Sites
Laboratory Analysis & Sampling for Cyanobacteria, Algae & Taste/Odour Compounds
Significant Cyanobacterial, Algal & Taste/Odour Events at Hunter Water

Treatment of Cyanobacterial, Algal & Taste/Odour Events by Hunter Water

Review of Phytoxigene™ & Algal Toxin Results

Future Directions (Innovations & Upgrades)
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£ Hunter Water’s Catchments, Storages & Water Treatment Plants

Drinking Water Catchments Water Supply Zones
Allyn River ° Dungog
Chichester Dam 18,356 Anna Bay Sandbeds SRESFORD NGOG B Grahamstown
Chichester Dam WTP 2 Bl Gresford
Grahamstown Dam 182,305 Grahamstown Dam e B Lemon Tree Passage
Paterson River 3 Nelson Bay / Anna Bay
Tomago Sandbeds 54,000 Tomago Sandbeds 4"‘ Hunter Water
Williams Ri k) ] i
Anna Bay Sandbeds 14,537 ams et A Area of Operations
1 ::‘:;ﬂfvgagamns 4 Water Treatment Plant
Total Storage 269,198 P (WTP)
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Routine Algae Sampling Sites
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Routine Algae

Routine Algae Sampling Points Sampling
Frequency

Chichester Screens (1610000) Weekly
Grahamstown Raw (West Main) (1621000) Weekly v Chichester Dam Catchment — 8 Sites
Grahamstown Raw Water Tank (East Dip) (1621010) Weekly v Grahamstown Dam Catchment — 7 Sites
_ Weekly v Williams River Catchment - 2 Sites
Paterson River (1200000} Weekly v Allyn River Catchment — 1 Site
v Paterson River Catchment — 1 Site
reated Water

Weekly

Weekly
Weekly

Chichester Dam Surface Valve House (15B0000)
Weekly
Chichester Dam 2m (16D0005) Weekly

Chichester Dam 4m (16D0006) Weekly

Chichester Dam 6m (16D0007)

Weekly

Chichester Dam 12m (16D0010) Weekly

Chichester Dam 1m from bottom (16 Weekly

Williams River Clarence Town Caravan Park (15R0006) Weekly
Williams River Boags Hill (15C1000) Weekly
Grahamstown Dam — Northern Site R2 (5 Bridges Rd) (25D3040) Weekly
Grahamstown Dam — Middle of Dam R12 {25D3030) Weekly
Grahamstown Dam — Southern Site R6 (Schroder PS) (25D3010) Weekly
Camopyale Canal PS Inlet — RS (15C9000) Fortnightly



Cyanobacteria Alert Level Framework & Contingency Plan for Potable Water Sources
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Laboratory Analysis & Sampling for Algae / Cyanobacteria
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A Australian Laboratory Services (ALS) — Hunter Water’s Services Provider for Sampling & Analysis

v ALS’ Newcastle Lab Provides:
o Algae / Cyanobacteria Cell Count & Biovolume Analysis — Microscopic Analysis
o Phytoxigene™ Analysis — PCR Test
o Geosmin & MIB Analysis
v ALS’ Sydney Lab Provides:
o Algal Toxins (Intracellular, Extracellular & Total) — refer to below list

EP263-I: Intracellular Saxitoxins in Water - Toxicity Equivalents to STX
Neosaxitoxin (NEO) STXeq
Gonyautoxin-1 (GTX1) STXeq
Gonyautoxin-2 (GTX2) STXeq
Gonyautoxin-3 (GTX3) STXeq
Gonyautoxin-4 (GTX4) STXeq
Gonyautoxin-5 (GTX5) STXeq
Decarbamoylgonyautoxin-2
(deGTX2) STXeq
Decarbamoylgonyautoxin-3 (deGTX3)
STXeq
N-sulfocarbamoyl-gonyautoxin-2
(C1) STXeq
N-sulfocarbamoyl-gonyautoxin-3 (C2)
STXeq
N-sulfocarbamoyl-gonyautoxin-1 (C3)
STXeq
N-sulfocarbamoyl-gonyautoxin-4
(C4) STXeq
Total Saxitoxins STXeq

Sampling date / time
Compound CAS Number | LOR Unit

EP248-E: Extracellular Cyanotoxins in Water

Cylindrospermopsin (CYN) 143545-90-8
Deoxycylindrospermopsin 344941-42-0
(doCYN)
Anatoxin-a (ATX) 64285-06-9
Nodularin-R (NOD) 118399-22-7
Microcystin-LR (MCLR) 101043-37-2
Microcystin-RR (MCRR) 111755-37-4
Microcystin-YR (MCYR) 101064-48-6
Microcystin-LA'{MCLA} 9.51.3[1-?9—9
Total Hicranystins -

EP248-E: Extracellular Cyanotoxins in Water - Microcystin Toxicity Equivalents
Microcystin-RR (MCRR) MCLReq =) 02 pa/lL
Microcystin-YR (MCYR) MCLReq | 02 | poi
Microcystin-LA (MCLA) MCLReq y ; Ha/L

Total Microcystins MCLReq i} : Ha/L



Dungog WTP - Existing Treatment Processes
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CCP 1 VEOLIA ONLY | Coagulation and pH adjustment Dosed water online pH

CCp 2 Filtration Individual filtered water on-line turbidity (NTU); daily combined filtrate grab sample collected

CCP 3 Fluoride — CWT 1 outlet Fluoride residual online (mg/L) CWT 1 outlet; daily grab sample collected

CCcCP4 pH — CWT 2 outlet pH online CWT 2 outlet; daily grab sample collected

CCP& Chlorine — CWT 2 outlet Free chlorine residual online (mg/L) CWT 2 outlet; daily grab sample collected




Dungog WTP - Filter Clogging Algae Events
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Peak Event Peak Diatom Dominant Diatom
Date (cells/mL)

April/May 2019 1440 (Synedra) Synedra
June 1994 480 (Synedra) Synedra (TBC)

September 260 (Synedra) Synedra
2009

August 2001 260 (Synedra) Synedra
May 1998 243 (Synedra) Synedra
June 2006 200 Synedra (TBC)

June 1999 135 — 890 (Asterionella) Asterionella
70— 135 (Synedra)

August 2014 19,600 (Aulacoseira) Aulacoseira
<50 (Synedra)
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Peak Event Date
June 2020
January 2020
January 2014
January 2005
November 2009
August 2014
March 2015

Dungog WTP - Cyanobacteria Events

Peak algae (cells/mL)
42,000
36,432
35,335
35,242
33,655
32,840
32,002

Potentially toxic or non-toxic

100% Potentially toxic BGA

BGA — 31,960 cells/mL with 99% Non-toxic

BGA — 33,125 cells/mL with 98% Non-toxic

BGA — 35,036 cells/mL with 98% Potentially toxic
BGA — 23,400 cells/mL with 100% Non-toxic
BGA — 8,000 cells/mL with 100% Non-toxic

BGA - 27,090 cells/mL with 100% Non-toxic

It should be noted however that during the 2020 bloom, Microcystis cell counts reached significantly
higher concentrations in samples collected from the dam surface (337,000 cells/mL), Chichester River
(>2,000,000 cells/mL) and Wangat River (=1,750,000 cells/mL) than those reported at the screens.




Dungog WTP — Algal Toxins

Low concentrations of the algal toxin microcystin-LR (MC-LR) has been reported in Chichester Dam in
1998, 2003 and 2006. A scum sample collected from the Chichester Dam boat ramp during the 2020

Microcystis bloom contained 5 pg/L MC-LR, while MC-LR was also detected in a number of samples
collected from the Chichester and Wangat Rivers during the 2020 bloom.
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b= Dungog WTP — Taste & Odour Events

Peak Event Date Peak Geosmin | Peak MIB Total T&O (ng/L)
(ng/L) (ng/L)

July 2019

August 2019

April 2020
November 2019

October 2018
November 2018

October/November 2014

etk

Temporary PAC Dosing Facility Upstream of Dungog WTP



Grahamstown WTP - Existing Treatment Processes
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Grahamstown WTP — Cyanobacteria Events
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Peak Event Date Peak algae (cells/mL) Potentially toxic or non-toxic

April 2010 2,069,340 BGA - 2,066,670 cells/mL with 100% Non-toxic b2
April 2006 483,012 BGA - 480,201 cells/mL with 100% Non-toxic : \ '
April 2007 417,462 BGA — 416,286 cells/mL with 98.7% Non-toxic - |
November 2019 374,005 BGA — 371,650 cells/mL with 99.8% Non-toxic i t 2 ol
’ - . s it a " . ’ ‘.
January/February 2013 347,340 BGA — 341,715 cells/mL with 99.9% Non-toxic | - 5 .
%‘.'- S TR e, oyl
January 2012 341,715 BGA — 316,700 cells/mL with 100% Non-toxic ‘}" ' MG SN Py
N : R R - X
March 2007 206,371 BGA - 205,095 cells/mL with 73.6% Non-toxic I =TS A R R o
It should be noted that historical maximum total algae cell counts can be significantly higher at routine N ik : .' I K : 4:
sampling points in Grahamstown Dam than at the raw water tank. RS : : Sl TR |

Presence of Algae in Grahamstown Dam at Raw Water Offtake
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Grahamstown WTP — Algal Toxins & Toxin Producing Genes

Low concentrations of the algal toxin MC-LR were detected in Grahamstown Dam during a bloom event
spanning the summer of 2004-05. A maximum of 0.9 pg/L was detected in raw water prior to PAC
dosing, consisting 0.6 pg/L intra-cellular and 0.3 pg/L extra-cellular. The dominant species at the time
was Anabaena Circinalis.

Toxin gene testing undertaken on a scum sample during the 2021 bloom indicated the presence of the
Microcystin / Nodularin gene mcyE. The Microcystin / Nodularin gene mcyE was also detected during the
2018 Dolichospermum bloom, although all toxin samples were below the limit of reporting throughout the
2018 bloom. Toxin gene testing did not detect the presence of the Cylindrospermopsin gene cyrA or
Saxitoxin gene STXA during either the 2018 or 2021 bloom events.




HUNTER
WATER

A~/

Grahamstown WTP - Taste & Odour Events

Peak Event Date
September 2018

December 2020*

May 2021*

March 2015
September 2017*
September 2015
March 2020

Peak Geosmin (ng/L)

Peak MIB (ng/L)

Total T&O (ng/L)




Algal Toxin vs Toxin Gene (Phytoxigene ™) Results
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. . . . . Microcystis Dolichospermum
™
Sampling Location Algal Toxin Results Phytoxigene™ Testing (cells/mL) (cells/mL)
0 R OR for a LN
Wangat River 1 i - 810,000 OR
Chichester River OR oD FORIES B '._ e EEE o 4,000 OR
Wangat River - ) . B e "_'._ 5= oe 0,000 OR

Southern Shoreline ) .
(Grahamstown Dam) — OR h R ] 6,500 903,700
Scum Sample y

Grahamstown Raw Offtake | 0.4 Microcystin-RR (0.04 | 2,000 copies of Microcystin/Nodularin gene (mcyE/ndaF)

(R6) — Scum Sample Microcystin-LR TE) (< LOR for other genes) 22,600 .

Algal toxins detected in presence and absence of toxin gene copies detected by Phyoxigene™

Questions for Future Learning & Investigations

Does Phytoxigene™ analyse ALL gene(s) that are responsible for expressing toxicity for given toxins?

Are there any other test methods available similar to Phytoxigene™?

Would different methods produce different results for the same toxin producing gene(s)?

Are there any quantifiable triggers to ascertain any changes to expressiveness of toxin genes to start or cease toxin production?
Is there any correlation between gene copies detected by Phytoxigene™ and the actual toxin production (ug/L)?

0TI
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Future Direction (Innovation)
AgquaWatch Trial for Grahamstown Dam - Collaboration with CSIRO
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Suspended
solids

Phycocyanin

Reflectance (%)

Coloured dissolved Chiorophyll Suspended
organic matter solids

600
Wavelength (nm)

Figure B. Hydraspectra®© camera to be deployed

as part of this proposal. The sensor has several Figure C. The spectral reflectance signature from an algal dominated water body and
optical inputs for spectral measurement plus two the regions of the spectrum which can be used to derive information about its
hemispherical cameras to monitor both water underlying water quality.

and sky condition.

v HydraSpectra unit captures light from several ‘orientations’ and ‘fields of view’ — measures reflectance wavelengths between 400-800 nm.

v Green and Blue pigments (chlorophyll and phycocyanin) are released into the water by cyanobacteria. Cyanobacteria have a reflectance
wavelength signature of 620-690 nm.

v’ 2 Cameras verify the sky and water conditions at each 15 minute sample interval.

v Once the spectral ‘reflectance signature’ of the local water source has been established, remote sensing for water quality, using Earth Observation
Satellites (AquaSat), can then be used.

v Further Aim is to Develop the Hydrologic Forecasting Model



Future Direction (Innovation & Upgrades)

Use of Drones
v Catchment Surveillance

v' Sampling from Remote Sites (This is being explored)

Additional Robust Treatment Options being Explored for Dungog WTP
v' Add Solids Removal Step Upstream of Existing Filtration
v' Set up Permanent Powdered Activated Carbon (PAC) Dosing Facility

Planned Upgrades for Grahamstown WTP to Increase Robustness of Existing Treatment Processes
v' Sedimentation Tanks
v" Filters



Questions?
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