Greater Parramatta and
Olympic Peninsula Water

Cycle Management




Table of contents

EXECULIVE SUMIMAIY ... ix
Document CONtrol SNEET ... 1
Glossary and @DDreVIatioNS .........coii it e e e e e e e e eeaaaeeas 2
1. INErOAUCHION e —— 9
Tl PrOJECE OVEIVIBW ... 9
L o o) = Tox o [T o3 4 o o] o I PPNt 9
1.3 STUAY ODJECLIVES ...t e ettt e e e e e e et e et e e e e e e e e bbb e e e eeaaeeeaannns 13
T4 REPOM SITUCIUIE ... ..ottt e e e ettt e e e e e e e et ee b s eeeeeeeeestba e eeaeeeeenes 13
2. Legislation and policy CONteXt ..........ceeuemmmmmmmmmmmmmmm e 14
2.1 Legislation, policy @and QUIAEINES ..........uuuuiiiiiiiiiiiiiii e e e seese e anssnsennnnnnnene 14
2.2 Waterway values and ODJECHIVES............i i ———————— 20
3. ReleVant SEARS........cuuuiiiiiiiiiiiittir e ————e—eEaEEssEssEsEEEEEEEEEEEEEEEREERRRERERRRRRRRRRRRRRRRRRRRRRRRRES 25
4. Assessment MethodolOgy ........ociuiciiiiiiiiiiicrre s s s e s e s n s s e e e e e rnnm s 30
g B @ V= YT PP PPRRRP 30
4.2 Data compilation @nd FEVIEW.........oouuiuiii it e e e e e e e e 30
4.3 SOFtWAIE SEIECHION ...t 31
4.4 Model configuration and iNtEITACES .........coeeiiiiiiie e 34
4.5 Hydrodynamic and water quality MOdelliNg........ ... 35
4.6 Near field and toxiCity MOAEIlNG ..........iiiiiiiii e s 56
4.7  Assumptions and MItAtIONS ........oooiiii e 61
E TN = (=3 41 4 Yo T =Y 0 YT o] 14 1= o | S 62
ST B D = L= IR 18] (o= SR PPP PP 62
5.2 Catchment deSCrIPLION .......vvei e e e e e e e e e e e e e e e e e e 62
5.3 Waterway deSCrIPLION ......cooiiiiiiiiiiiiie et 63
5.4 SenSitiVe ENVIFONMENTS. .......eiiiiiiiiii et e et e e e e e e et e e e e e e 71
LT 1401 o = ez - T =TT = 74
6.1 Hydrodynamic and water quality aSSEeSSMENT.........ccoooiiiiiiiiiiiiii e 74

GPOP Water Cycle Management
Hydrodynamics and Water Quality Impact Assessment



6.2 Near field and toXICity @SSESSMENT .......uuuii i e e e e e 104

ORGS0 o] o] (=T 0 g 1=t o) e= T VA= ToToT o TSy g T o £ 111
7. Mitigation and MoNitOring MEASUIES ...........cceeieeeeiiiiiiirirrrrceass s e e s s rrse s s s s e e s e s s nnnsssssssseenennnnnnnes 130
7.1 MitigatioNS MEASUIES.......coiiiiiiiiiiiiei ettt 130
A Y (o] a1 (ol g g Yol (=T o (U1 T4=T 0 4= ] a1 £ PSRRI 131
8.  Summary and CONCIUSIONS .........ceuummmmmmmmmmmmmnnnnrrrrrrr e s r s s s s s s ssrsssssnsnsnsnnnnnnnnnnns 133
8.1 Hydrodynamic and water quality impactS...........coouuuiiiiii i s 133
e T2 (== T 1= (o N T ] = o £ 135
8.3 Mitigation and MONItONING MEASUINES .........ciiiiiiiiiiiiee et e e e e e e e e e e e e e e e e e eaaaaaans 136
L2 TR = = (= Voo 137
Appendices

Appendix A.  GPOP Water Quality Response Model Calibration Report .................uuviiiiiiiiiiiiiiiiiiiiiiiiiines 139
Appendix B.  Generation of climate change rainfall data ..................iii 140
Appendix C. Wet weather overflow volume maps for SCENArios............coouvuieeiiiiiiiiiiicce e 141
AppeNndixX D.  SCENAIO FESUILS ........coiiiiiiiiiii e e e e e e e e e e e e e e e e e e e e s b e eeas 142
Figures

Figure 1-1 Configuration of the river release structure..................ooooiiiii e, 10
Figure 1-2 Location of proposed infrastructure ... 12
Figure 1-3 Key waterway aSSESSIMENTS ........ccoiiiiiiiiii i e e e e e et e e e e e e e e e e et b e eeeeeeeeees 13

Figure 4-1 Conceptual diagram illustrating the key variables and processes of the MIKE Ecolab

eutrophication template (Source: DHI Water and Environment) ... 32
Figure 4-2 Primary model interfaces (Source: eWater and DHI Water and Environment)..................o.ooooe. 34
Figure 4-3 WQRM model domain and MESH ........coooiiiiiiii e 37
Figure 4-4 Local annual rainfall data. Orange outlines display the selected average, dry and wet years...... 40
Figure 4-5 Precipitation climate change approach............cooovoi i 43
Figure 4-6 PET climate change apprOacCh ........c.ouuuuiiiiiiiiieeees et e e e e e e et e e e e e e e eeees 44
Figure 4-7 Schematic diagram of Camellia-Rosehill WRRF treatment and release system......................... 48

Figure 4-8 Daily discharge for dry-average (1/4/16 — 30/6/18) and wet (1/7/21 — 30/6/22) simulation periods.
Rainfall data sourced from SILO Long Paddock patched point grid data (latitude of -33.75, longitude of
L0 TR SO 49

Figure 4-9 Overflow volumes for the scenarios in an average rainfall year from North Head STS model .... 51

GPOP Water Cycle Management
Hydrodynamics and Water Quality Impact Assessment



Figure 4-10 Example load analysis plot for total nitrogen

Figure 4-11 Example longitudinal annual median profile plot.............ooouiiiiiii e, 55
Figure 4-12 Example annual 80™ percentile bar Chart ...............cc.ooeiiiiiiiiee e 55
Figure 4-13 Example time SEriES PIOLS .....ccoo i e e e e e e e e eeeenaaes 56
Figure 4-14 Example dilution Profile ...........coooo i 60
Figure 5-1 Locations of the SIMS monitoring SIES .........oooiiiiiiiii e, 65
Figure 5-2 Locations of the Sydney Water monitoring Sit€S..........ccoovviiiiiiiiii e, 66
Figure 5-3 Salinity box plot analysis — SIMS data (2012 t0 2014).........vveiiiiiiiiice e, 67
Figure 5-4 Total Nitrogen box plot analysis — SIMS data (2012 t0 2014) .......coooiiiiiiiiiiei e, 67
Figure 5-5 Total Nitrogen box plot analysis — Sydney Water baseline data (2024 to 2025) .............cccceeeee. 68
Figure 5-6 Ammonium box plot analysis — Sydney Water baseline data (2024 to 2025)............cccceeeeveeeennn. 68
Figure 5-7 Oxidised Nitrogen box plot analysis — Sydney Water baseline data (2024 to 2025).................... 68
Figure 5-8 Total Phosphorus box plot analysis — SIMS data (2012 t0 2014)...........ceeeiiiiiiiieeieeeee e, 69
Figure 5-9 Total Phosphorus box plot analysis — Sydney Water baseline data (2024 to 2025).................... 69
Figure 5-10 Inorganic Phosphorus box plot analysis — Sydney Water baseline data (2024 to 2025) ........... 69
Figure 5-11 Chlorophyll a box plot analysis — SIMS data (2012 t0 2014)........ccooviriiieii e, 70
Figure 5-12 Chlorophyll a box plot analysis — Sydney Water baseline data (2024 to 2025) ..............ccceeee. 70
Figure 5-13 Enterococci percentile analysis — Sydney Water Riverwatch data (2020 to 2025).................... 71
Figure 5-14 Enterococci percentile analysis — Sydney Water baseline data (2024 to 2025) ........................ 71
Figure 5-15 Sites of interest — sensitive enViroNmMENtS............uoiiiiiiiiiii e, 72
Figure 6-1 Estimated annual loads for total nitrogen (average rainfall year) ............ccccoooooiiiiiiiiiiiiieeeeeee, 75
Figure 6-2 Estimated annual loads for total nitrogen (lower rainfall year)............cccccovviiiiiiiiiiiiiiiiiie e, 76
Figure 6-3 Estimated annual loads for total nitrogen (higher rainfall year)..........c.cccccoooiiiiiiiiii, 76
Figure 6-4 Estimated annual loads for total phosphorus (average rainfall year)...............ccccccviiiiiiiiiiininnnnn, 76
Figure 6-5 Estimated annual loads for total phosphorus (lower rainfall year)................ccoooviiiiiiiiiiiieeei, 77
Figure 6-6 Estimated annual loads for total phosphorus (higher rainfall year) .............cccccoeiiiiiiiis 77
Figure 6-7 Estimated annual loads for enterococci (average rainfall year)..............cccc, 77
Figure 6-8 Estimated annual loads for enterococci (lower rainfall year)............cccooiiiiiiiiiiiiiiiieeee 78
Figure 6-9 Estimated annual loads for enterococci (higher rainfall year)............ccoooiiie 78

Figure 6-10 Predicted time series concentrations of salinity in the vicinity of the John Whitton Bridge —
scenarios Sc1 and Sc2cc (average rainfall YEAr)..........uucii oo 80

Figure 6-11 Predicted annual median salinity concentrations — scenarios Sc1 and Sc2cc (average rainfall

Figure 6-12 Predicted time series concentrations of TN in the vicinity of the John Whitton Bridge — scenarios
Sc1 and Sc2 (average rainfall YEAI) ........ccoooiiiiiiiii i e e e e e e aaaaa 81
Figure 6-13 Predicted time series concentrations of TN in the vicinity of the John Whitton Bridge — scenarios
Sc1 and Sc2cc (average rainfall YEAI).........ooi e 81

GPOP Water Cycle Management
Hydrodynamics and Water Quality Impact Assessment



A4

Figure 6-14 Predicted time series concentrations of TP in the vicinity of the John Whitton Bridge — scenarios
Sc1 and Sc2 (average rainfall YEAI) ...........eeiiiii i aas 82

Figure 6-15 Predicted time series concentrations of TP in the vicinity of the John Whitton Bridge — scenarios
Sc1 and Sc2cc (average rainfall YEAr).........oouuiiuii i ———— 82

Figure 6-16 Predicted annual median TSS concentrations — scenarios Sc1 and Sc2cc (higher rainfall year)

.................................................................................................................................................................... 83
Figure 6-17 Predicted annual median chlorophyll a concentrations — scenarios Sc1 and Sc2 (average rainfall
(ST L TSP 83

Figure 6-19 Predicted time series concentrations of chlorophyll a in the vicinity of the John Whitton Bridge —
scenarios Sc1 and Sc2 (Iower rainfall YEAI)........ccooviiiiiiiii e 84

Figure 6-20 Predicted time series concentrations of chlorophyll a in the vicinity of the John Whitton Bridge —
scenarios Sc1 and Sc2¢C (IOWEr raiNfall Y AI) .........uuuuuiiiiiiiiiiiiiiieii e eeennnnees 84

Figure 6-21 Predicted annual median Dissolved Oxygen concentrations — scenarios Sc1 and Sc2cc
(Average rainfall YEAI) ........coii et e e et e e e e e e e et e e e e ee e — e e aaaeeeaaa—_ 85

Figure 6-22 Predicted time series concentrations of Dissolved Oxygen in the vicinity of the John Whitton
Bridge — scenarios Sc1 and Sc2cc (average rainfall Year)............coi i 85

Figure 6-23 Predicted time series concentrations of Enterococci in the vicinity of the John Whitton bridge —
scenarios Sc1 and Sc2cc (higher rainfall YEAr).........oovvuuiiii i 86

Figure 6-24 Predicted annual median salinity concentrations — scenarios Sc1, Sc2 and Sc3 (lower rainfall

Figure 6-25 Predicted annual median salinity concentrations — scenarios Sc1, Sc2cc and Sc3cc (lower
L= Ta1 =11 Y= =1 o IR 88

Figure 6-26 Predicted change in time series concentrations of salinity in the vicinity of the diffuser — scenario
Sc3cc relative to Sc2cc (Iower rainfall YEAr) ..........iiii i 88

Figure 6-27 Predicted change in time series concentrations of salinity 1 km downstream of the diffuser —
scenario Sc3cc relative to Sc2cc (average rainfall Year).........ooocuviiiiiiiiiiie e 89

Figure 6-28 Predicted annual median salinity concentrations — scenarios Sc1, Sc2cc and Sc3cc (average
= T a1 =11 Y= Y= 1 o ISP PPTR 89

Figure 6-29 Predicted annual median of changes in salinity concentrations — scenario Sc3cc relative to
Sc2cc (average rainfall YEar).........ooovi i 90

Figure 6-30 Predicted annual median of changes in temperature — scenario Sc3cc relative to Sc2cc
(Average rainfall YEAI) ........ccii it e e e e e e e e e e e et e e e e e e e e e aaaaeaeaaa—_ 90

Figure 6-31 Predicted change in time series of temperature in the vicinity of the diffuser — scenario Sc3cc
relative to Sc2cc (higher rainfall Year) ... 91

Figure 6-32 Predicted annual median TN concentrations — scenario Sc3cc and Sc2cc (average rainfall year)

GPOP Water Cycle Management
Hydrodynamics and Water Quality Impact Assessment



A4

Figure 6-33 Predicted annual median of changes in TN concentrations — scenario Sc3cc relative to Sc2cc
(average rainfall YEAI) ... e et e e oo et e e e e e e e et et e e e e e e e e eeeas 92

Figure 6-34 Predicted time series of TN concentrations in the vicinity of the diffuser — scenario Sc3cc and
Sc2cc (average rainfall YEAI).......oouuuuii i e e e e e e e e aar—————— 93

Figure 6-35 Predicted change in time series of TN concentrations in the vicinity of the diffuser — scenario
Sc3cc relative to Sc2cc (average rainfall Year) ... 93

Figure 6-36 Predicted change in time series of TN concentrations in the vicinity of the diffuser — scenario
Sc3cc relative to Sc2cc (Iower rainfall YEAr) ..........iiii i 93

Figure 6-37 Predicted change in time series of ammonia concentrations in the vicinity of the diffuser —
scenario Sc3cc relative to Sc2cc (higher rainfall year)...........cooo i 94

Figure 6-38 Predicted change in time series of oxidised nitrogen concentrations in the vicinity of the diffuser
— scenario Sc3cc relative to Sc2cc (higher rainfall year).............oiiiiii i 94

Figure 6-39 Predicted annual median TP concentrations — scenario Sc3cc and Sc2cc (lower rainfall year) 95

Figure 6-40 Predicted time series of TP concentrations 1 km downstream of the diffuser — scenarios Sc3cc
and Sc2¢C (I0Wer FaINFAll YEAI) .......ooiii e e e e e e e e e e e e e e eeeeas 95

Figure 6-41 Predicted change in time series of TP concentrations 1km downstream of the diffuser — scenario
Sc3cc relative to Sc2cc (Iower rainfall YEAr) ..........iii i e 96

Figure 6-42 Predicted annual median Inorganic Phosphorus concentrations — scenario Sc3cc and Sc2cc
(average rainfall Y AI) .......oooi i 96

Figure 6-43 Predicted time series of Inorganic Phosphorus concentrations 100 m downstream of the diffuser
— scenarios Sc3cc and Sc2cc (average rainfall Year) ........ooovvvuiii i e 96

Figure 6-44 Predicted change in time series of Inorganic Phosphorus concentrations 100 m downstream of
the diffuser — scenario Sc3cc relative to Sc2cc (average rainfall year) ... 97

Figure 6-45 Predicted annual median TSS concentrations — scenario Sc3cc and Sc2cc (average rainfall

Figure 6-46 Predicted time series of TSS concentrations 100 m downstream of the diffuser — scenarios
Sc3cc and Sc2cc (average rainfall YEAI) .......o.vuuuiiiii i ———- 98

Figure 6-47 Predicted change in time series of TSS concentrations 100 m downstream of the diffuser —
scenario Sc3cc relative to Sc2cc (average rainfall Year).........oooouuiiiiiiiiiii e 98

Figure 6-48 Predicted annual median Chlorophyll a concentrations — scenario Sc3cc and Sc2cc (lower
L= 11 =11 Y= =1 o IO 99

Figure 6-49 Predicted time series of Chlorophyll a concentrations in the vicinity of the diffuser — scenarios
Sc3cc and Sc2cc (Iower rainfall YEAI)........coovv it 99
Figure 6-50 Predicted change in time series of Chlorophyll a concentrations in the vicinity of the diffuser —
scenario Sc3cc relative to Sc2cc (lower rainfall YEar) .........ooooiviiiiiiii e 100

Figure 6-51 Predicted change in time series of Chlorophyll a concentrations in the vicinity of the diffuser —
scenario Sc3cc relative to Sc2cc (average rainfall Year)..........ooouiiiiiiiiiiii e 100

Figure 6-52 Predicted annual median Dissolved Oxygen concentrations — scenario Sc3cc and Sc2cc (lower
=TT =11 Y= Y= 1 ) I PR 101

GPOP Water Cycle Management
Hydrodynamics and Water Quality Impact Assessment



A4

Figure 6-53 Predicted time series of Dissolved Oxygen concentrations 100 m downstream of the diffuser —
scenarios Sc3cc and Sc2cc (lower rainfall YEar)........c..uvieiiiiiii e 101

Figure 6-54 Predicted change in time series of Dissolved Oxygen concentrations 100 m downstream of the
diffuser — scenario Sc3cc relative to Sc2cc (lower rainfall year) ........cccoooeiiiiiiiiiiii e 101

Figure 6-55 Predicted time series of Enterococci concentrations 100 m downstream of the diffuser —
scenarios Sc3cc and Sc2cc (higher rainfall Year) .............u i 102

Figure 6-56 Predicted change in time series of Enterococci concentrations 100 m downstream of the diffuser
— scenario Sc3cc relative to Sc2cc (higher rainfall year).............coiiiiiiiiii e 102

Figure 6-57 Predicted change in time series of Enterococci concentrations 1 km upstream of the diffuser —

scenario Sc3cc relative to Sc2cc (higher rainfall Year)...........ooooiiii e 103
Figure 6-58 Configuration of the river release structure................ccccciiiii e, 105
Figure 6-59 Predicted dilution profiles for representative peak tidal flows (95" percentile velocity)............. 106
Figure 6-60 Predicted dilution profiles for representative median tidal flows (50" percentile velocity)......... 107

Figure 6-61 Predicted dilution profiles for representative slack water tidal flows (5™ percentile velocity).....107
Figure 6-62 Predicted annual median salinity concentrations — aquatic ecology sites (lower rainfall year) .112
Figure 6-63 Predicted annual median temperatures — aquatic ecology sites (lower rainfall year) ............... 112

Figure 6-64 Predicted change in time series of at aquatic ecology site AQ4 — scenario Sc3cc relative to
SC2CC (IOWEF FaINFall YEAI) ......cccieeeiiie e e e e e e e e e e e e e e e e e et e e e e e e e eeeeaaaaaas 113

Figure 6-65 Predicted annual median TN concentrations — aquatic ecology sites (average rainfall year)...114

Figure 6-66 Predicted time series of TN concentrations at aquatic ecology Site AQ6 (Morrison Bay) —
scenario Sc1, Sc2cc and Sc3cc (higher rainfall Year)...........oooi i 114

Figure 6-67 Predicted change in time series of TN concentrations aquatic ecology Site AQ6 (Morrison Bay)
— scenario Sc3cc relative to Sc2cc (higher rainfall year).............coiiiiiiiiii e 114

Figure 6-68 Predicted change in time series of TN concentrations aquatic ecology Site AQ6 (Morrison Bay)
— scenario Sc3cc relative to Sc2cc (lower rainfall Year) ..... ..o 115

Figure 6-69 Predicted annual median Ammonia concentrations — aquatic ecology sites (average rainfall

Figure 6-70 Predicted annual median Oxidised Nitrogen concentrations — aquatic ecology sites (average
L= Ta1 =11 Y= Y= 1 ) PP 115

Figure 6-71 Predicted annual median TP concentrations — aquatic ecology sites (higher rainfall year) ...... 116

Figure 6-72 Predicted time series of TP concentrations at aquatic ecology Site AQ1 (Wentworth Point) —
scenario Sc3cc and Sc2cc (higher rainfall YEar) ............u i 116

Figure 6-73 Predicted change in time series of TP concentrations aquatic ecology Site AQ1 (Wentworth
Point) — scenario Sc3cc relative to Sc2cc (higher rainfall year) ............ooveeiiiiiii e, 117

Figure 6-74 Predicted annual median TSS concentrations — aquatic ecology sites (average rainfall year).117

Figure 6-75 Predicted change in time series of TSS concentrations aquatic ecology Site AQ5 — scenario
Sc3cc relative to Sc2cc (average rainfall YEar) ..........uueiei i 118

Figure 6-76 Predicted annual median Chlorophyll a concentrations — aquatic ecology sites (average rainfall

GPOP Water Cycle Management
Hydrodynamics and Water Quality Impact Assessment



A4

Figure 6-77 Predicted change in time series of Chlorophyll a concentrations aquatic ecology Site AQ1
(Wentworth Point) — scenario Sc3cc relative to Sc2cc (lower rainfall year)...........oooocviiiiiiiiiiiiee, 119

Figure 6-78 Predicted change in time series of Chlorophyll a concentrations aquatic ecology Site AQ1
(Wentworth Point) — scenario Sc3cc relative to Sc2cc (higher rainfall year) ........cccooooooiiiiiiiiiiieciee, 119

Figure 6-79 Predicted annual median Dissolved Oxygen concentrations — aquatic ecology sites (lower
FAINTAI YEAI) .o 120

Figure 6-80 Predicted time series of Dissolved Oxygen concentrations at aquatic ecology Site AQ1
(Wentworth Point) — scenario Sc3cc and Sc2cc (average rainfall year)...........covveeiiiiiiiiiiiiicee e 120

Figure 6-81 Predicted change in time series of Dissolved Oxygen concentrations aquatic ecology Site AQ1
(Wentworth Point) — scenario Sc3cc relative to Sc2cc (average rainfall year) ..., 121

Figure 6-82 Predicted annual median Enterococci concentrations — aquatic ecology sites (average rainfall

Figure 6-83 Predicted time series of Enterococci concentrations at aquatic ecology Site AQ1 (Wentworth
Point) — scenario Sc3cc and Sc2cc (higher rainfall year) ... 122

Figure 6-84 Predicted change in time series of Enterococci concentrations aquatic ecology Site AQ1

(Wentworth Point) — scenario Sc3cc relative to Sc2cc (higher rainfall year) ........cccoooooiiiiiiiiiiiiieieee, 122
Figure 6-85 Predicted annual median salinity concentrations — SEARs sites (lower rainfall year) .............. 123
Figure 6-86 Predicted annual median temperatures — SEARSs sites (lower rainfall year) ............................ 123
Figure 6-87 Predicted annual median TN concentrations — SEARSs sites (average rainfall year) ................ 124

Figure 6-88 Predicted annual median Ammonia concentrations — SEARSs sites (average rainfall year)...... 124

Figure 6-89 Predicted annual median Oxidised Nitrogen concentrations — SEARSs sites (average rainfall

1 L2 L TP PP TR PPPP 124
Figure 6-90 Predicted annual median TP concentrations — SEARs sites (average rainfall year) ................ 125
Figure 6-91 Predicted annual median TSS concentrations — SEARs sites (average rainfall year).............. 125

Figure 6-92 Predicted annual median Chlorophyll a concentrations — SEARs sites (average rainfall year) 126

Figure 6-93 Predicted annual median Dissolved Oxygen concentrations — SEARs sites (average rainfall

172 L) OSSO P PP PP PPTPPPPRPRRPR 126
Figure 6-94 Predicted annual 95" percentile Enterococci concentrations — SEARS sites (average rainfall
1YL= | ) P 127
Figure 6-95 Predicted annual 95" percentile Enterococci concentrations — recreational sites (average rainfall
1YL= ) T PP PPPPR 128
Figure 6-96 Predicted annual 95" percentile Enterococci concentrations — recreational sites (lower rainfall
ST L T TR 128
Figure 6-97 Predicted annual 95" percentile Enterococci concentrations — recreational sites (higher rainfall
172 L) OO PP PPPPPPPRPRRPR 128
Figure 6-98 Predicted time series of Enterococci concentrations at Putney Beach — scenarios Sc1, Sc2cc
and Sc3cc (higher rainfall YEAI) ........ooooi i e et e e e e e e e e e e 129

Figure 6-99 Predicted change in time series of Enterococci concentrations at Putney Beach — scenario
Sc3cc relative to Sc2cc (higher rainfall YEar)..........c..uuiiiiiiii e 129

GPOP Water Cycle Management
Hydrodynamics and Water Quality Impact Assessment



Tables

Table 2-1 Legislation, policy and QUIAEIINES ...........uuuiiii e 14
Table 2-2 Waterway ODJECHVES ...........uuuiiiiiiiiiiiii et es e nnnnnnnnee 20
Table 3-1 Project SEARSs relevant to the hydrodynamic and water quality impact assessment ................... 25
Table 4-1 Overview of model components for each scenario ..........c..cooooiiiiii i 41
Table 4-2 GCM and RCM COMDBINGLIONS ..........uuiiiiiiiiiiiiee et e e e e e e e e e e 43
Table 4-3 Climate change temperature parameters ...... ... 45
Table 4-4 Proposed Camellia-Rosehill WRRF Staging ... 46
Table 4-5 Camellia-Rosehill WRRF release CONditioNS ... 47
Table 4-6 Indicative concentrations of water quality under different treatment levels.....................cccccoiiiis 50
Table 4-7 Near field scenario — release flow conditions (Circa 2056) ..........cccoouiiiiiiiiiiiiie i 58
Table 4-8 Near field scenario — ambient flow CONAItIONS ...........coooiiiiiiiii e 58
Table 4-9 Near field scenarios - water quality conditions (advanced treated water)...............cccccceiiiiiiinnnnns 59
Table 4-10 Near field scenarios - water quality conditions (tertiary treated water) .............cocccoinins 59
Table 6-1 Summary of GPOP scenario CONAITIONS ...........uuuuuuiuuiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeaeeeeaeeeeaeeeeeeaeneeaeaaane 74
Table 6-2 Dilution requirements — advanced treated Water...............cooiiiiiii i, 108
Table 6-3 Dilution requirements — tertiary treated Water .................uuuiiiiiiiiiiiiiiii s 108
Table 6-4 Predicted mixing zone dimensions — advanced treated water...............ccccoiiiiiiii i 109
Table 6-5 Predicted mixing zone dimensions — tertiary treated water................c.cccvviiiiiiiiiiiiiiiiiiis 110
Table 7-1 Treated Water MONITOMING. ..........uuuuuuiiiiiiiiiiie s ae e sesnesnnnnnnnee 131

Table 7-2 Ambient water quality MONItOMING..........uuuuuiiiiiiiiiiiii e eenneees 132




Executive summary

Background

Sydney Water is proposing to build and operate a new water resource recovery facility (WRRF) at Camellia-
Rosehill. The new WRREF is required to provide additional wastewater capacity to support growth in the
Greater Parramatta and Olympic Peninsula (GPOP) corridor, as well as more broadly across other growth
areas in Greater Sydney.

The project is State Significant Infrastructure and Sydney Water is preparing an Environmental Impact
Statement (EIS) to support an application to the Minister for Planning and Public Spaces.

The EIS is seeking approval for a WRRF operational capacity of 70 megalitres per day (ML/d). The WRRF
has been designed to allow flexibility for future expansion for greater treatment capacities up to about 150
ML/d. The WRRF would incorporate reverse osmosis (RO) treatment to produce advanced treated water to
minimise impacts on Parramatta River.

The primary objective of this report is to provide a scientifically robust assessment of the hydrodynamic and
water quality impacts from the operation of the WRRF, with a capacity of 70 ML/d. This report has been
prepared to support the EIS for the project and addresses the Secretary’s Environmental Assessment
Requirements (SEARSs) relevant to hydrodynamics and water quality in the receiving waters of the
Parramatta River.

This project builds on an existing pipeline of investment contributed by Sydney Water to improve the
waterway health and recreational outcomes of the Parramatta River. As long-standing members of the
Parramatta River Catchment Group, Sydney Water has collaborated to deliver on the mission of making the
river swimmable again. Sydney Water's recent Our Water, Our Voice stakeholder engagement program also
identified that maintaining clean and healthy waterways and water recreation areas is the third highest
priority for customers, right after providing safe drinking water and affordable bills.

Assessment methodology

The proposed WRRF will release treated water to the Parramatta River at Meadowbank. Project specific
waterway objectives have been developed which include numerical criteria sourced from existing guidelines
and policies. Predicted impacts from the operation of the WRRF were assessed against these waterway
objectives using numerical outputs from a new Water Quality Response Model (WQRM). The WQRM
simulates the hydrodynamics and an extensive suite of water quality processes within the receiving waters
of the river.

The GPOP WQRM was developed for the Parramatta River and its major tributaries using a number of
software applications, including MIKE 3 Flow Model Flexible Mesh, MIKE Mud Transport, and MIKE Ecolab
modules. The WQRM was interfaced with other modelling tools to allow representation of catchment runoff,
sewer overflows and the releases from the WRRF. The WQRM was calibrated and validated against an
extensive record of hydrodynamic and water quality monitoring data collected at various locations,
frequencies and durations in the estuary and across Sydney Harbour. The WQRM was verified to perform
well across the selected calibration and validation periods and also across the range of parameters that
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have been assessed, including salinity, nutrients, total suspended solids, dissolved oxygen, chlorophyll a,
and enterococci. Following calibration, the WQRM informed the development of CORMIX models which
were used to assess near field impacts, such as toxicity, in the immediate vicinity of the proposed release
points.

The WQRM and CORMIX models have been developed in line with industry standards and are considered
fit for purpose in the application of assessing predicted impacts of the Camellia-Rosehill WRRF. In line with
all similar studies, the modelling should however be considered as a representative approximation to the
real world and not without accepted levels of uncertainty. It should therefore be understood that each model
is based on a series of assumptions, and also dependent on the accuracy of, and sensitivity to, its input
data. The model results should therefore be interpreted as indicative of impacts, responses and trends in the
receiving waters and not as absolutes.

A suite of scenarios was developed to allow simulation of a range of conditions that could be expected
during the operation of the WRRF. This included expected releases of treated water from the WRRF as well
as expected changes in other catchment conditions such as overflows, population growth and impacts of
climate change.

The following scenarios were run over an extensive simulation period incorporating representative dry,
average, and wet rainfall years so as to address the question of how different climatic conditions affect
impacts from operation of the WRREF:

« Baseline scenario (Sc1): represents current (circa 2024/25) conditions.

« Background scenarios (Sc2 and Sc2cc): simulate catchment and waterway conditions expected in
future years (circa 2056) without the inclusion of the treated water releases from the WRRF. Sc2
represents the background conditions without climate change, whilst Sc2cc also incorporates climate
change using Representative Concentration Pathway 4.5 (RCP 4.5).

« Impact scenarios (Sc3 and Sc3cc): represent the potential catchment and waterway conditions in
future years (2056) with the inclusion of the Camellia-Rosehill WRRF. Sc3 simulates the impacts under
current climate conditions, whilst Sc3cc incorporates climate change with application of RCP 4.5
assumptions.

With respect to the operation of the WRRF, the following details are noted:
e Atan average dry weather flow (ADWF) of 70 ML/d, the following conditions were modelled:

- Release of 63 ML/d of advanced treated (RO quality) water to the river from a submerged multiport
diffuser in the vicinity of John Whitton Bridge near Meadowbank

- Episodic release of 70 ML/d of tertiary treated (membrane bioreactor (MBR) quality) water to the river
to represent infrequent events when the RO treatment process may go offline

- Modifications to sewer overflows within the North Head network.

Key assumptions regarding the modelling of the WRRF’s operation also included:

« The impact scenarios assume the WRREF is operating at full capacity, i.e. 70 ML/d in 2056. Prior to
reaching these operating levels, the extent of the impacts on the receiving waters, and whether they are
beneficial or detrimental, are likely to be proportionally reduced.

« Similarly, the scenarios assume no allowance for beneficial reuse. Therefore, the full volume of treated
water generated by the WRRF is released to the river and no percentage is supplied for recycling
purposes.

GPOP Water Cycle Management
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Impact assessment

The model results indicate the impacts on water quality in the estuary to be predominantly positive.
Predicted improvements generally consisted of lower concentrations of nutrients, chlorophyll a and
pathogens, as well as minor elevations in concentrations of dissolved oxygen. These improvements in
ambient water quality in turn demonstrated the potential for improved protection of relevant waterway
objectives, as well as a potential reduction in the risk of algal blooms.

Potential risks for short-term deterioration of water quality were predicted subsequent to the offline events
when releases of higher nutrient content water (tertiary treated) occurred. While the modelling adopted a
worst-case scenario in relation to the timing of these events (i.e. consecutive releases during periods of low
rainfall and limited estuarine flushing), the effects of these infrequent short-term releases are expected to be
assimilated relatively rapidly within the river.

Due to the freshwater nature of the treated water, salinities in the river are predicted to reduce in the vicinity
of the releases and also across a more extended region of the river and harbour. More specifically,
reductions in annual medians of up to 3 Practical Salinity Units (PSU) were predicted in nearby river
reaches, while instantaneous/short-term impacts generally were estimated to be between 5 and 6 PSU. The
magnitude of these reductions decreased with distance, with reductions of approximately 0.5 PSU predicted
between 6 to 10 km downstream of the release point. These changes in salinity were predicted for both
variations of the impact scenarios but with slightly higher reductions predicted under the non-climate change
scenario.

In addition to the estuary wide assessment relating to hydrodynamics and water quality, impacts from the
operation of the WRRF were also evaluated with respect to nominated sites that represent specific
environmental sensitivities. These included aquatic ecology, recreational swimming sites and also locations
referenced in the SEARs. From these assessments, the impacts from the operation of the WRRF were
found to be consistent with the findings of the broader hydrodynamic and water quality assessment.

As a high-level summary, Figures E1 to E4 present an overview of the predicted impacts on key water
quality parameters from the operation of the WRRF. The figures summarise the modelling results for key
parameters simulated by the GPOP WQRM under representative average rainfall year conditions, and at
several locations in the upper estuary, both upstream and downstream of the proposed releases. Maps have
been prepared for the aquatic ecology site, SEARS reference sites and river centreline locations, both with
and without climate change (Figures E1 and E2) and for the swim sites, both with and without climate
change (Figure E3 and E4).

The colour coded matrices within the maps provide an indication of predicted protection of waterway
objectives, where relevant, based on the annual median model results for the baseline, background and
impact scenarios. Cells shaded in green indicate that waterway objectives are predicted to be achieved
based on the annual median concentration at this location. Cells shaded in pale pink indicate that the annual
median concentration is predicted to exceed the waterway objectives. For the background and impact
scenarios, a trend is also shown as up or down, or unchanged relative to baseline and background
scenarios respectively. In this analysis, a trend was defined as a change in annual medians of greater than
five percent.
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As noted previously, these results should not be interpreted as absolute values that can be achieved and do
not guarantee that waterway objectives will or will not be achieved, but rather provide an indication of
improved protection of relevant waterway objectives as a result of the releases, and also as a result of
cumulative impacts from the surrounding catchment.

In relation to the analysis of recreational swimming sites in the river (Figure E3 and E4), the results indicate
that the operation of the WRRF presents a potentially beneficial effect regarding pathogenic levels in the
river with spikes in wet weather concentrations generally predicted to reduce at each site analysed across
all the rainfall years simulated.

Near field impact assessments were also undertaken with respect to the potential for toxicity and
environmental harm in the immediate vicinity of the river releases. Modelling and analysis determined the
risk from toxicants in the release water to be low, and no regulatory mixing zones are proposed.

Monitoring and mitigation measures

A comprehensive monitoring program is proposed for the post-commissioning operational phase of the
WRRF to monitor treated water quality and potential impacts on the ambient water quality of the Parramatta
River. Additional recommendations are also provided in relation to ongoing reviews of the monitoring
program and the datasets generated by the program.

With respect to mitigation, potential water quality impacts to the Parramatta River are primarily addressed
through the implementation of the project specific treatment and release strategy. This strategy incorporates
advanced treatment processes at the WRRF and a diffuser to generate initial mixing and dilution of the
treated water releases.

Further improvements in water quality within the river are also anticipated due to the operation of the WRRF
providing additional mitigation of sewer overflows across the catchments of the upper estuary.

GPOP Water Cycle Management
Hydrodynamics and Water Quality Impact Assessment



Analucic mainte [ TNo DGVs

Figure E1 Summary of predicted water quality impacts for operation of the WRRF - average rainfall year without climate change
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Figure E2 Summary of predicted water quality impacts for operation of the WRRF - average rainfall year with climate change
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Figure E3 Summary of predicted water quality impacts for operation of the WRRF at swim / recreational sites - average rainfall year without climate
change
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Figure E4 Summary of predicted water quality impacts for operation of the WRRF at swim / recreational sites - average rainfall year with climate
change
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Glossary and abbreviations

Term

Australian Height Datum

Advanced treated water

Australian and New Zealand
Guidelines for Fresh and
Marine Water Quality (2018)

Australian and New Zealand
Guidelines for Fresh and
Marine Water Quality (2000)

Average Dry Weather Flow

Advanced Water Treatment
Plant

Average year

Background scenario

Baseline scenario

Brine

Brine pipeline

Business as Usual

Climate change

Colony-forming unit

Abbreviation Definition

AHD The official national vertical datum for Australia,
established in 1971. It serves as a reference for measuring
elevation.

- Wastewater treatment process which involves using
reverse osmosis membrane technology to produce highly
treated recycled water.

ANZG Guidelines (2018 online version) to provide a framework
and supporting guidance for the management, assessment
and monitoring of water quality for natural and semi-natural
water resources in Australia and New Zealand.

ANZECC/ARMCA Guidelines (2000 version) to provide a framework and

NZ supporting guidance for the management, assessment and
monitoring of water quality for natural and semi-natural
water resources in Australia and New Zealand.

ADWF Average Dry Weather Flow consists of average daily
wastewater flows. ADWF is the average flow that occurs
on a daily basis with no evident reaction to rainfall.

AWTP A wastewater treatment plant that uses membrane
technology to produce highly treated advanced tertiary
water.

- A representative average climatic year. Selected as
2016/17 in this study.

- Represents catchment and waterway conditions expected
in future years.

- Represents current (circa 2024/25) waterway and
catchment conditions including land use, wet weather
overflows, etc.

- Brine is a by-product of the reverse osmosis technology
applied in the WRRF treatment process.

- A pipeline to transport brine from the WRRF to the NSOOS
for treatment and offshore discharge at North Head WRRF.

BaU The execution of standard functional operations. Also
indicative of no change of approach in terms of future
management or policy.

cc Climate change

cfu Unit used in microbiology to estimate the number of viable
bacteria or fungal cells in a sample.

GPOP Water Cycle Management
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Term Abbreviation Definition

Courant—Friedrichs—Lewy CFL A condition in numerical equation solving which states that
a time step larger than a computable quantity should not
be taken.

CORMIX - Numerical software for the analysis of near field mixing of

wastewater in watercourses.

Default guideline values DGV Default water quality guideline values in line with the ANZG
(2018) guidelines. Previously referred to as trigger values
in the ANZECC (2000) guidelines.

Department of Environment DECC Former department in the NSW government with

and Climate Change responsibility for protecting and caring for the environment
and developing and coordinating programs to address the
impacts of climate change.

Department of Climate DCCEEW DCCEEW is a NSW government department responsible
Change, Energy, the for protecting the state’s environment and heritage.
Environment and Water

Department of Planning, DPHI DPHI is a NSW government department responsible for
Housing and Infrastructure effective and sustainable planning, and the development of
industry to support growth in NSW.

Dissolved Oxygen DO The oxygen level present in water, expressed as either
percentage saturation, or as a concentration.

Dry year - A representative dry climatic year. Selected as 2017/18 in
this study.

Effluent Knowledge and EKAMS Sydney Water web-based system for accessing

Management System operational data and licencing reports.

Environment Protection EPA The EPA is the primary environmental regulator for NSW

Authority with a mandate to reduce pollution and waste, protect

human health, and prevent degradation of the
environment.

Environment Protection EPL Licences to the owners or operators of various industrial

Licence premises under the Protection of the Environment
Operations Act 1997. Licence conditions relate to pollution
prevention and monitoring, and cleaner production through
recycling, reuse and implementation of best practice.

Environmental Impact EIS An Environmental Impact Statement is a publicly available
Statement document that provides information on a project, including
its environmental impacts and mitigation measures.

Environmental values EVs ANZG (2018) defines a community/environmental value as
a particular value or use of the environment that is
important for a healthy ecosystem or for public benefit,
health, safety or welfare, and requires protection from the
effects of stressors.
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Term

Flexible mesh

Filterable reactive
phosphorus

Global Climate Model

Geographical Information
System

Grams per litre
Greater Parramatta and

Olympic Peninsula

Impact scenario

Improved water quality

Insignificant/Negligible/minor

impacts

Kilograms
Kilometre

Kilometre squared

Abbreviation

FM

FRP

GCM

GIS

g/L

GPOP

kg
km

km?2

Definition

In the ANZG (2018) guidelines, the following values are
recognised: aquatic ecosystems, cultural and spiritual
values, drinking water, industrial water, primary industries,
recreational water and aesthetics.

Flexible mesh

Filterable reactive phosphorus

GCMs are sophisticated numerical models that simulate
the interactions between the atmosphere, oceans, land
surface, and ice.

A framework for gathering, managing, and analysing
spatial data.

Unit for measuring a concentration as a quantity in a
volume of liquid.

Refers to the area within the Greater Parramatta and
Olympic Peninsula.

Represents catchment and waterway conditions expected
in future years including the releases of treated water from
the WRRF.

Improved water quality is classified as changes in ambient
conditions that support the protection or enhancement of
applicable environmental values and waterway objectives.
In the context of this assessment, this may relate to
maintenance/achievement of one or more of the following

effects:

Lower ambient concentrations of nutrients.
Lower ambient concentrations of pathogens.
Increased ambient levels of dissolved oxygen.

Lower potential risk of algal blooms and
cyanobacteria.

Increased compliance with relevant waterway
objectives.

Impacts are classified as being recognisable as short term,
or temporary, or of limited magnitude in nature and only
predicted at a local scale

Unit for measuring weight.

Unit for measuring length.

Unit for measuring area.
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Term Abbreviation Definition
Local Government Area LGA Local Government Area.

Lower estuary For the purposes of the hydrodynamic and water quality
assessment, the lower estuary extends from the route of
the Mortlake Ferry downstream to the estuary’s junction
with Sydney Harbour, as marked by a line between
Clarkes Point, Woolwich and Yurulbin Point, Birchgrove.

MATLAB - Software program used for iterative analysis and design
processes with a programming language that expresses
matrix and array mathematics directly.

Membrane bioreactor MBR Advanced wastewater treatment technologies that combine
biological treatment with membrane filtration.

Megalitres ML Unit for measuring volume.

Megalitres per day ML/d Unit for measuring volumetric rate of flow.

Micro Siemens per uS/cm Unit for measurement of electrical conductivity.
centimetre

Milligrams per litre mg/L Unit for measuring a concentration as a quantity in a

volume of liquid.
Millimetres mm Unit for measuring length.

Model for Urban Sewers MOUSE Numerical modelling software that models collection
system for urban wastewater and stormwater.

Most probable number MPN Unit for measuring faecal coliforms and enterococci.

Mud transport MT Mud transport.

The Model for Urban MUSIC A software tool that simulates the behaviour of stormwater
Stormwater Improvement in urban catchments and helps to understand the
Conceptualisation performance of stormwater quality treatment systems.
The NSW and Australian NARCIiM The NARCIiM project brings together trusted science and
Regional Climate Modelling broad expertise to deliver world-recognised regional

climate projections for NSW and its regions.

National Association of NATA The NATA is Australia’s leading accreditation body. It

Testing Authorities provides accreditation services to organisations involved in
testing, inspection, and calibration, ensuring they comply
with relevant national and international standards.

National Water Quality NWQMS Australian wide strategy for water quality management and
Management Strategy the provision of information and tools to help water
resource managers, planning and management agencies,
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Term

Negligible/minor impacts

Nephelometric Turbidity Unit

Nitrogen oxides

Northern Suburbs Ocean
Outfall Sewer

Office of Environment and
Heritage

Protection of the
Environment Operations Act
1997

Potential Evapotranspiration

Potential of hydrogen

Project

Practical Salinity Units

Representative
Concentration Pathway

Regional Climate Model

Abbreviation Definition

regulatory agencies and community groups manage and
protect water resources.

- In the context of this assessment, these impacts are
classified as being recognisable as short-term, or
temporary, or of limited magnitude in nature and only
predicted at a local scale.

NTU Unit for measuring turbidity.

NOx Refers to nitrogen oxides, primarily nitric oxide and
nitrogen dioxide.

NSOOS The NSOOS is a critical sewer built between 1916 and
1933, servicing areas from Blacktown through Parramatta,
Lane Cove, North Sydney to North Head. The North Head
WRREF provides primary treatment of flows from the
NSOOS, with the treated flows discharged into the ocean
3.6 km offshore at seabed level, via the deep-water ocean
outfall.

OEH The NSW OEH is a former division of the Government of
New South Wales between April 2011 and July 2019. The
NSW OEH was responsible for the care and protection of
the environment and heritage, which includes the natural
environment, Aboriginal country, culture and heritage, and
built heritage in New South Wales.

POEO Act The POEO Act is the key piece of environment protection
legislation administered by the Environment Protection
Authority (EPA). The Act enables the Government to set
out explicit protection of the environment policies.

PET Evaporation from an extended surface of a short green
crop that fully shades the ground, has negligible resistance
to water flow, and is consistently well supplied with water.

pH A logarithmic scale used to specify the acidity or basicity of
aqueous solutions.

- The construction and operation of the Camellia-Rosehill
WRREF, pipelines and all ancillary infrastructure.

PSU A unit of measurement for salinity which indicates the total
amount of dissolved salts in water.

RCP RCPs are prescribed pathways for greenhouse gas and
aerosol concentrations, together with land use change, that
are consistent with a set of broad climate outcome used by
the climate modelling community.

RGM A RCM is a sophisticated tool used to simulate climate
conditions at a specific geographic area, allowing for

GPOP Water Cycle Management

Hydrodynamics and Water Quality Impact Assessment



Term

Reverse Osmosis

Secretary’s Environmental
Assessment Requirements

State Environmental
Planning Policy

Sydney Institute of Marine
Science

Source

State Significant
Infrastructure

Sewage Treatment System

Sydney Water Aquatic
Monitoring

Tertiary treated

Total Nitrogen
Total Organic Carbon
Total Phosphorus

Total Suspended Solids

Abbreviation Definition

higher resolution and accuracy compared to global climate
models.

RO A wastewater treatment technology where a solution is
forced under pressure through a semi-permeable
membrane separating pure water from dissolved salts.

SEARs These are issued by the Secretary of the NSW DPHI for
projects declared by the Minister of Planning as State
Significant Infrastructure. These SEARs provide the
technical requirements for the impact assessment.

SEPP SEPPs are regulations that govern land use and
development across a state, ensuring that environmental
considerations are integrated into planning decisions.

SIMS Research institute focused on marine science in Sydney.

- Numerical modelling software for the analysis of catchment
processes including water quantity, quality and
environmental management.

SSi State Significant Infrastructure (SSI) refers to major
infrastructure projects that are considered to have state-
level importance due to their scale, economic value, or
potential environmental and social impacts.

STS Sewage treatment system

SWAM The Sydney Water Aquatic Monitoring program began in
July 2023. The program helps to identify long-term trends
in water quality and waterway health, monitor performance
and understand how wastewater interacts with the
environment.

- Wastewater treatment process which consists of three
stages to treat wastewater prior to reuse applications or
release to the environment. The stages commonly include
filtration, biological and chemical processes as well as

disinfection.
TN Total nitrogen
TOC Total organic carbon
TP Total phosphorus
TSS Total suspended solids
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Term

Toxicant

Upper estuary

Urban Growth Intelligence

Water Resource Recovery
Facility

Wastewater

Waterway objectives

Water Quality Objectives

Water Quality Response
Model

Wet weather overflows

Wet year

Year

Abbreviation

UGl

WRRF

WQOo

WQRM

yr

Definition

A chemical or physical agent that can cause adverse
effects in aquatic organisms when present in the
environment at sufficient concentrations.

For the purposes of the hydrodynamic and water quality
assessment, the upper estuary extends from Charles
Street Weir to the route of the Mortlake Ferry.

Sydney Water produces growth forecast data based on
intelligence received from the development industry. This
is mapped spatially and stored in a centralised MapInfo
‘UGI’ layer.

A facility in which a series of treatment processes (e.g.
physical, chemical and biological) are used to treat
wastewater and convert it into a form that can be recycled
or returned to the environment.

The used water from baths, showers and washing
machines (‘greywater’) and toilets (‘blackwater’) and enters
into the wastewater reticulation system.

The waterway objectives are specific to this project but
draw heavily on the NSW Water Quality and River Flow
Objectives of the Sydney Harbour and Parramatta River
(DCCEEW, 2006). The numerical criteria are sourced from
DCCEEW (2006) and existing guidelines relating to
relevant waterway values such as aquatic ecosystems,
visual amenity, primary and secondary recreation and
aquatic foods.

Water Quality Objectives are parameter-based goals for
water quality management. They effectively define what
the water quality should be to protect the environmental
values for a waterway.

Combination of numerical models used to simulate
hydrodynamic and water quality responses in receiving
waterways.

During heavy rainfall the wastewater system can be
impacted due to inflow and infiltration into the wastewater
collection system. The system can become overloaded
and wastewater can ‘overflow’ from pipes and other
wastewater network structures.

A representative wet climatic year. Selected as 2021/22 in
this study.

Year
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1. Introduction

1.1 Project overview

Sydney Water is proposing to build and operate a new water resource recovery facility (WRRF) at Camellia-
Rosehill. The new WRREF is required to provide needed additional wastewater capacity to support growth
across the northern suburbs of Sydney, and in the Greater Parramatta and Olympic Peninsula (GPOP)
growth corridor. The WRRF and associated infrastructure together form the GPOP Water Cycle
Management project (the project).

The additional growth would place pressure on the existing northern suburbs wastewater network, which
includes the Northern Suburbs Ocean Outfall Sewer (NSOOS) and the North Head WRRF. These critical
assets provide wastewater services to around 1.7 million people, and with current growth projections would
reach capacity by 2031.

The project has been designed to be efficient, sustainable, and cost effective for the community, as well as
resilient and adaptable for future water uses.

The project is needed to provide a water cycle management solution for the GPOP growth corridor that is
efficient and cost effective for the community, and one which is sustainable, resilient and adaptable to future
water uses. The project also provides a future opportunity to develop a rainfall independent water supply
and deliver a more sustainable wastewater system.

The main elements of the project include:

« anew WRRF at Camellia-Rosehill to treat wastewater to produce advanced treated water
e upgrades to the existing pumping station at Camellia

« anew wastewater transfer pipeline from Camellia pumping station to the WRRF

e anew and repurposed brine pipeline to transfer brine from the WRRF to the NSOOS

e anew river release pipeline to transfer advanced treated water from the WRRF to a release structure in
Parramatta River at Meadowbank.

The project is State significant infrastructure and Sydney Water is preparing an Environmental Impact
Statement (EIS) to support an application to the Minister for Planning and Public Spaces.

1.2 Project description

An overview of the location of the proposed infrastructure is presented in Figure 1-2. Further details
regarding the project are provided below.

1.2.1 Camellia-Rosehill WRRF

The proposed WRRF will have capacity to treat 70 megalitres of wastewater per day (ML/d) and will produce
advanced treated water to minimise impacts on Parramatta River. In addition to the advanced treated water,
the reverse osmosis (RO) treatment process within the WRRF will generate brine as a by-product.

The main components of the WRRF include:

e inlet works

GPOP Water Cycle Management
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e primary, secondary and tertiary wastewater treatment process units
e advanced treatment processes involving reverse osmosis

« disinfection systems

« biosolids handling facilities

« odour control facilities.

The WRRF would require a range of process infrastructure such as tanks, bioreactors and digestors. The
operation of the WRRF would also require ancillary facilities such as an administration building and
associated car park, chemical storage and stormwater infrastructure.

1.2.2 Transfer pipeline

The transfer pipeline is about 2.2 kilometres (km) in length and would transfer wastewater from the Camellia
pumping station to the WRREF-.

1.2.3 River release pipeline

The proposed river release pipeline is approximately 7.6 km long commencing at the WRRF and then
traversing through the suburbs of Silverwater, Newington, Sydney Olympic Park and Meadowbank. The
river release pipeline would discharge advanced treated water into the Parramatta River near John Whitton
Bridge at Meadowbank.

Above ground infrastructure is limited to concrete bridge-style aerial crossings over minor waterways in
Meadowbank Park, and an approximately 8 m high barometric loop located in Memorial Park.

The pipeline would release advanced treated water into Parramatta River via a river release structure, which
would have the capacity to release up to about 63 ML of treated water per day. In the rare event that the
advanced treatment process equipment is undergoing maintenance or is not at specification, tertiary treated
water would be discharged instead. It is expected this may occur for 2 days, around twice a year.

The proposed river release structure involves eight smaller pipelines that extend out underneath the
sandstone sea wall and along the riverbed of the Parramatta River. These pipelines vary in length and
connect to the multiport diffuser that would release water upstream between the first and third piers of the
John Whitton Bridge. Figure 1-1 presents an extract from the reference design for the river release structure.

Figure 1-1 Configuration of the river release structure

GPOP Water Cycle Management
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1.2.4 Brine pipeline

The brine pipeline is approximately 5.2 km in length and would transfer brine from the WRRF to the NSOOS
for treatment and offshore discharge at North Head WRRF. A new pipeline would be constructed between
the WRRF and Camellia pumping station. From this location, the project would reline an existing pipeline
between Camellia and the NSOOS.

1.2.5 Camellia pumping station upgrades

The existing Camellia pumping station would be upgraded to divert wastewater to the WRRF. Upgrades
would include the installation of new pumps to deliver wastewater flows to the new WRRF, while remaining
pumps would pump excess existing flows from the catchment and the brine produced by the WRRF to the
NSOOS via existing pressure mains. New connections would be installed to divert the wastewater into the
transfer pipeline. The existing site sheds would be replaced with a new electrical switchroom, transformers
and high voltage cabling along the eastern boundary of the site.

GPOP Water Cycle Management
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Figure 1-2 Location of proposed infrastructure
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1.3 Study objectives

The primary objective of this report is to provide a scientifically robust assessment of the hydrodynamic and
water quality impacts that may arise from the treated water releases. This report has been prepared to
support the EIS for the project and addresses the Secretary’s Environmental Assessment Requirements
(SEARS) relating to hydrodynamic and receiving water quality.

In addition to this standalone report, the results and interpretation from the assessment are to be provided to
other specialist studies relating to the potential hydrodynamic and water quality impacts. These studies and
an overview of the extent of their associated considerations are presented in Figure 1-3.

Figure 1-3 Key waterway assessments

1.4 Report structure
The following structure has been adopted for this report:

« Section 1: Introduction
e Section 2: Legislation and policy context (applicable national, state and local legislative requirements)

« Section 3: Relevant SEARSs (specific clauses relevant to the hydrodynamic and water quality
assessment)

« Section 4: Assessment methodology (including details on the software applied, modelling approach,
analytical methods, assumptions and limitations)

« Section 5: Existing environment (description of the receiving waterway)

« Section 6: Impact assessments (evaluation of impacts of relevant release scenarios covering a range of
climatic conditions, operational conditions, etc.)

« Section 7: Mitigation and monitoring measures

e Section 8: Summary and conclusions

GPOP Water Cycle Management
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2. Legislation and policy context

2.1 Legislation, policy and guidelines

Table 2-1 summarises the current legislative requirements, policies and guidelines that are considered most relevant to the hydrodynamic and

water quality elements of the project.

Table 2-1 Legislation, policy and guidelines

Requirement

A4

Relevance to the project

Legislation, policy and guidelines

Water Management Act 2000

Protection of the Environment Operations Act
1997 (POEO Act)

The objects of the Water Management Act 2000
are to provide for the sustainable and integrated
management of the water sources of the state
by protecting, enhancing and restoring water
resources.

The POEO Act is the key piece of environment
protection legislation administered by the
Environment Protection Authority (EPA). The
Act enables the Government to set out explicit
protection of the environment policies. The EPA
also issues environment protection licences
(EPLs) to the owners or operators of various
industrial premises under the Act. Sydney
Water's WRREFs all operate under EPLs issued
by the EPA.

Consideration of the project against the overarching
water management principles promoted under the
Act.

Sydney Water intends to vary the existing EPL 378
to include operation of the Camellia-Rosehill WRRF
and a new release point to Parramatta River. Such
a licence will specify environmental performance
requirements, such as the likely impact of the
activity on the environment including the receiving
waterways.
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Legislation, policy and guidelines

Requirement

Relevance to the project

National Water Quality Management Strategy
(NwQMS)

Australian and New Zealand Guidelines for Fresh
and Marine Water Quality (ANZG, 2018)

The purpose of the NWQMS is to protect the
nation's water resources by maintaining and
improving water quality, while supporting
dependent aquatic and terrestrial ecosystems,
agricultural and urban communities, and
industry. The NWQMS therefore provides a
nationally consistent approach to water quality
management and the provision of information
and tools to help water resource managers,
planning and management agencies, regulatory
agencies and community groups manage and
protect water resources.

The guideline provides step-by-step guidance
on the management of water quality for natural
and semi-natural water resources in Australia
and New Zealand.

This guideline is presented as an online
platform, to improve usability and facilitate
updates as new information becomes available.

Key outcomes of relevance from the NWQMS
include the overarching strategic principles of the
strategy as well as the ANZG (2018) and
ANZECC/ARMCANZ (2000) guidelines. These
guidelines are discussed below.

The guidelines provide direction on default guideline
values (DGVs) for a range of stressors relevant to
different environmental values, such as aquatic
ecosystems, drinking water, industrial water,
recreational water and aesthetics and primary
industries.

The guidelines outline required targets and
thresholds for relevant water quality indicators in the
receiving waterways that are applicable to the
project. Development of the waterway objectives for
this project have therefore considered these
guidelines in conjunction with those of
ANZECC/ARMCANZ (2000), DCCEEW (2006) and
NHMRC (2008) discussed below.
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Legislation, policy and guidelines

Requirement

Relevance to the project

Australian and New Zealand Guidelines for Fresh
and Marine Water Quality (ANZECC/ARMCANZ,
2000)

Greater Sydney Water Strategy (Department of
Planning and Environment, 2022)

NSW Water Strategy (Department of Planning,
Industry and Environment, 2021)

The guidelines provide a framework for
conserving ambient water quality in rivers,
lakes, estuaries and marine waters and list a
range of environmental values assigned to that
waterbody.

The guidelines provide recommended trigger
values (now known as DGVSs) for various levels
of protection, which have been considered
when describing the existing water quality and
key indicators of concern.

The NSW Government has developed the
Greater Sydney Water Strategy, which charts a
direction for delivering sustainable and resilient
water services to Greater Sydney for the next
20 to 40 years, servicing a growing Greater
Sydney, including the lllawarra and Blue
Mountains, and safeguarding our city even in
times of prolonged drought and extreme
weather events.

The strategy sets out priorities and actions for
the delivery of water, wastewater, recycled
water and stormwater services into the future to
support a sustainable, liveable and productive
Greater Sydney.

The NSW Government has developed the 20-
year, state-wide strategy to improve the
security, reliability and quality of the state’s
water resources over the coming decades. The
strategy addresses key challenges and
opportunities for water management and
service delivery across the state and set the
strategic direction for the NSW water sector
over the long-term.

In addition to the ANZG (2018), these guidelines
provide detailed guidance on required targets and
thresholds for relevant water quality indicators in the
receiving waters. These guidelines, along with the
ANZG (2018), DCCEEW (2006) and NHMRC
(2008) documents, formed a significant dataset in
the development of the waterway objectives for the
project.

The project is consistent with priorities under the
strategy by providing a solution that enables
adaptability on future water needs. The project
would manage wastewater locally and ensure water
quality objectives are maintained or improved.

By providing necessary wastewater infrastructure,
the project would be supporting economic growth
and contributing to the resilience and liveability of
the GPOP area.
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Legislation, policy and guidelines

Requirement

Relevance to the project

Guidelines for Managing Risks in Recreational
Water (National Health and Medical Research
Council, 2008)

Using the ANZECC/ARMCANZ Guidelines and
Water Quality Objectives in NSW (Department of
Environment and Conservation NSW, 2006)

NSW Water Quality and River Flow Objectives
(Department of Climate Change, Energy, the
Environment and Water, 2006)

These guidelines represent non-mandatory
standards designed to protect the health of
humans from threats posed by the recreational
use of coastal, estuarine and fresh waters. This
includes natural and artificial hazards. They
form part of the NWQMS and can be used at a
state level as a tool to:

assure the safe management of recreational
water environments, so that as many people
as possible can benefit from using the water

develop legislation and standards appropriate
for local conditions and circumstances.

This document was developed to provide
additional guidance on the principles behind the
ANZECC/ARMCANZ (2000) guidelines and
how to apply these in NSW context.

These objectives provide an agreed state-level
environmental values and long-term goals for
NSW surface waters which stipulate community
values and uses, as well as water quality
indicators to assess waterway condition.

Current uses and environmental values for the
Sydney Harbour and Parramatta River system
include maintaining healthy ecosystems,
recreation (including swimming, boating, fishing
and aesthetics) and commercial activities (such
as commercial shipping and tourism). There is
very limited extraction of fresh water, or reuse
of stormwater (as is occurring at the Olympic
site at Homebush Bay and adjacent village,
usually for irrigation of golf courses or parks).

These guidelines identify suitable water quality
indicators and targets for the assessment of
recreational water quality. The standards were
included in the development of the project specific
waterway objectives presented in Section 2.2.

Guidance from this document provides additional
understanding with respect to the current health of
the waterways in the vicinity of the project and the
ability to support nominated environmental values,
particularly the protection of aquatic ecosystems.

The water quality and river flow objectives of the
Sydney Harbour and Parramatta River catchment
are adopted for the project, as detailed in Section
2.2.
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Legislation, policy and guidelines

Risk-based framework for considering waterway

health outcomes in strategic land use planning
decisions (Office of Environment and Heritage
and EPA, 2017)

Approved Methods for the Sampling and Analysis

of Water Pollutants in NSW (EPA, 2022)

Requirement

This framework brings together existing
principles and guidelines recommended in the
NWQMS, which the federal, state and territory
governments have adopted for managing water
quality.

The purpose of the framework is to:

ensure the community’s environmental values
and uses for our waterways are integrated
into strategic land use planning decisions

identify relevant objectives for the waterway
that support the community’s environmental
values and uses, and can be used to set
benchmarks for design and best practice

identify areas or zones in waterways that
require protection

identify areas in the catchment where
management responses cost-effectively
reduce the impacts of land use activities on
our waterways

support management of land use
developments to achieve reasonable
environmental performance levels that are
sustainable, practical, and socially and
economically viable.

This document lists the sampling and analysis
methods to be used to test for the presence or
concentration of matter in water and the
volume, depth and flow of water or wastewater,
when complying with statutory requirements.

Relevance to the project

The development of the project waterway objectives
has followed the principles of the risk-based
framework.

The application of these methods is prescribed as
one of the relevant environmental planning
instruments, policies, guidelines and plans within
the project specific SEARs.
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Legislation, policy and guidelines

DUBA, BUDU, BARRA — Ten Steps to a Living
River — The Parramatta River Masterplan
(Parramatta River Catchment Group, 2018)

Cumulative Impact Assessment Guidelines for
State Significant Projects (DPIE, 2022)

Requirement

The masterplan aims to improve waterway
health and establishes the actions required to
achieve a swimmable Parramatta River by
2025. The project would be compatible with the
Parramatta River Masterplan.

The purpose of this guideline is to set clear
expectations and requirements for assessing
project-level cumulative impacts related to State
significant projects.

Relevance to the project

The project would be compatible with the
Parramatta River Masterplan.

The WQRM accounts for cumulative impacts
through the inclusion of climate change, current and
predicted land use and catchment conditions and
the WRRF releases.
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2.2 Waterway values and objectives

The NSW Department of Climate Change, Energy, the Environment and Water (DCCEEW) is updating the
NSW Water Quality Objectives (WQOs) across all coastal catchments in NSW to ensure they reflect current
community values and uses of waterways. The revised WQOs are yet to be released. Sydney Water has
therefore adopted the current WQOs (DCCEEW, 2006).

The project will discharge advanced treated water to the Parramatta River near the John Whitton Bridge at
Meadowbank. The NSW WQOs for the upper estuary of the Sydney Harbour and Parramatta River
catchment apply (DCCEEW, 2006). The NSW WQOs specify protection of the following environmental
values for the upper estuary of Sydney Harbour:

e Agquatic ecosystems

o Visual amenity

e Secondary contact recreation

e Primary contact recreation

e Agquatic foods.

Table 2-2 includes the relevant indicators for these environmental values and the associated guideline
values and criteria. The management goals and numerical criteria for each of these values and uses have
been informed by the following guidelines:

« NSW Water Quality and River Flow Objectives of the Sydney Harbour and Parramatta River (DCCEEW,
2006)

e Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC/ARMCANZ,
2000 and ANZG, 2018)

«  Guidelines for managing risks in recreational water (NHMRC, 2008).

The WQOs will be used as a benchmark to understand the existing condition of the waterway and to assist
in evaluation of predicted impacts on water quality.

Table 2-2 Waterway objectives

Environmental value and

Indicator Numerical criteria (trigger values)

management goal

Aquatic ecosystems Total phosphorus 0.03 mg/L!

Maintaining or improving the

i 1
ecological condition of lotalinittogen 0.3 mg/L
waterbodies and their riparian
zones over the long term Chiorophyll a 0.004 mg/L
Turbidity 0.5—-10 NTU?
Salinity (electrical No value included for estuaries’
conductivity)
Dissolved oxygen 80 - 110% Saturation’
pH 7-8.5
Temperature Reference data preferred.
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Environmental value and
management goal

Indicator

Numerical criteria (trigger values)

Default trigger value:

o > 80%ile

o < 20%ile?
Oxidised nitrogen (NOXx) 0.015 mg/L3
Ammonium (NH4*) 0.015 mg/L3
Filterable reactive 0.005 mg/L3

phosphorus (FRP)

Chemical contaminants or Total ammonia as N 0.91 mg/L*

toxicants
Nitrate as N 2.6 mg/L45
Aluminium 37 ug/L?
Cadmium 0.7 pg/L8
Copper 1.3 pg/L4
Cobalt 6.1 pg/Lé
Manganese 300 pg/L?
Mercury (inorganic) 0.1 ug/L8
Iron 540 pg/L*
Zinc 8 ug/L*

Total Chlorine 0.0072 mg/L1°

Biological assessment
indicators

Macroinvertebrates — Signal-SG

The NSW WQOs do not specify a particular
method, but notes that recognised protocols
using algae, macrophytes, macroinvertebrates
and fish populations may be used. Sydney
Water typically monitors aquatic ecosystem
health via Signal-SG.

Visual amenity Visual clarity and colour’ e Natural visual clarity should not be reduced by

o,
Aesthetic qualities of waters more than 20%.

e Natural hue of the water should not be changed
by more than 10 points on the Munsell Scale.

e The natural reflectance of the water should not
be changed by more than 50%.

Surface films and debris’ ¢ Qils and petrochemicals should not be
noticeable as a visible film on the water, nor
should they be detectable by odour.

o Waters should be free from floating debris and
litter.
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Environmental value and

Indicator
management goal

Nuisance organisms'

Primary Contact Recreation Turbidity?

Maintaining or improving water
quality for activities such as
swimming in which there is a
high probability of water being
swallowed

Faecal coliforms’

Enterococci®

Protozoans!

Algae & blue-green algae’

Nuisance organisms'’

pH'
Temperature'

Chemical contaminants’

Visual clarity and colour?
Surface films'

Secondary Contact Recreation Faecal coliforms’

Maintaining or improving water
quality for activities such as
boating and wading, where there

Numerical criteria (trigger values)

Macrophytes, phytoplankton scums, filamentous
algal mats, blue-green algae, sewage fungus
and leeches should not be present in unsightly
amounts.

A 200 mm diameter black disc should be able to
be sighted horizontally from a distance of more
than 1.6 m (approximately 6 NTU).

N/A — values are included in NSW WQOs, but
current practice is to monitor for enterococci as
representative indicator.

95t percentile for intestinal enterococci/100mL <
40

Pathogenic free-living protozoans should be
absent from bodies of fresh water. (Note, it is
not necessary to analyse water for these
pathogens unless temperature is greater than
24°C).

< 15000 cells/mL

Use visual amenity guidelines.

Large numbers of midges and aquatic worms
are undesirable.

5.0-9.0
5°-35°C for prolonged exposure

Waters containing chemicals that are either toxic
or irritating to the skin or mucus membranes are
unsuitable for recreation.

Toxic substances should not exceed the
concentrations provided in Tables 5.2.3 and
5.2.4 of the ANZECC/ARMCANZ (2000)
guidelines.

Note that concentrations in Tables 5.2.3 and
5.2.4 were reviewed as part of the toxicant
review. The most conservative value was
adopted (refer values under Aquatic
Ecosystems).

Use visual amenity guidelines
Use visual amenity guidelines

Median bacterial content in fresh and marine
waters of < 1000 faecal coliforms per 100 mL,
with 4 out of 5 samples < 4000/100 mL
(minimum of 5 samples taken at regular
intervals not exceeding one month).
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Environmental value and

Indicator
management goal

is a low probability of water

i9
being swallowed Enterococci

Algae & blue-green algae'’

Nuisance organisms'’

Chemical contaminants’

Visual clarity and colour?
Surface films'

Aquatic foods (cooked) Algae & blue-green algae’

Refers to protecting water quality
So that it is suitable for the
production of aquatic foods for
human consumption and

g Faecal coliforms'’
aquaculture activities.

Toxicants (as applied to
aquaculture activities)

Numerical criteria (trigger values)

95t percentile for intestinal enterococci/100 mL
> 40 and < 200

<15 000 cells/mL

Use visual amenity guidelines.

Large numbers of midges and aquatic worms
are undesirable.

Waters containing chemicals that are either toxic
or irritating to the skin or mucous membranes
are unsuitable for recreation.

Toxic substances should not exceed values in
Tables 5.2.3 and 5.2.4 of the
ANZECC/ARMCANZ (2000) guidelines.

Use visual amenity guidelines
Use visual amenity guidelines

No guideline is directly applicable, but toxins
present in blue-green algae may accumulate in
other aquatic organisms.

Guideline in water for shellfish:

e The median faecal coliform concentration
should not exceed 14 MPN/100 mL; with no
more than 10% of the samples exceeding 43
MPN/100 mL.

Standard in edible tissue:

e Fish destined for human consumption should
not exceed a limit of 2.3 MPN E Coli /g of flesh
with a standard plate count of 100,000
organisms /g.

Metals:

e Copper: less than 5 ug/L.

e Mercury: less than 1 pg/L.

e Zinc: less than 5 pg/L.

Given that no aquaculture activities are present
downstream of the discharge, toxicant values for
aquatic ecology will be adopted.

Organochlorines:

e Chlordane: less than 0.004 ug/L (saltwater
production)

e Polychlorinated Biphenyls (PCBs): less than 2
pg/L.
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Environmental value and
management goal

Indicator Numerical criteria (trigger values)

Physico-chemical Suspended solids: less than 40 ug/L
indicators (as applied to (freshwater)

AR
EQUECLILITE EUniTEs) Temperature: less than 2°C change over one

hour.

Table notes:

1.

10.

Indicators and metrics for estuaries adopted from NSW WQOs (for Parramatta River and Sydney Harbour
Catchment) (DCCEEW 2006)

Table 3.3.1 ANZECC/ARMCANZ (2000)

Numerical criteria adopted from Table 3.3.2 ANZECC/ARMCANZ (2000) default trigger values for slightly
disturbed estuarine ecosystems in south-east Australia

Numerical criteria adopted from ANZG (2018) DGV for 95% species protection - marine ecosystem values
adopted where available. Otherwise freshwater value adopted.

Value assumes moderately hard water.
Based on personal communication with G. Batley.

Numerical criteria adopted from Draft Toxicant default guideline values for aquatic ecosystem protection:
Manganese in marine water (ANZG 2025). Confirmed based on personal communication with G. Batley. DGV for
95% species protection adopted.

Numerical criteria adopted from ANZG (2018) for marine ecosystems— 99% species protection

Numerical criteria adopted from recent guidelines from Guidelines for managing risks in recreational water
(NHMRC, 2008) rather than NSW WQOs.

For Total Chlorine, the concentration stated represents the proposed default guideline value for Total Chlorine in
slightly to moderately disturbed marine systems (Batley & Simpson, 2020).
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3. Relevant SEARs

The SEARSs that are directly relevant to the hydrodynamic and water quality assessment have been identified and are presented in Table 3-1. Table
3-1 also provides guidance in relation to which section of the report addresses each requirement.

Table 3-1 Project SEARSs relevant to the hydrodynamic and water quality impact assessment

Key Issue Relevant SEARs Report section where
addressed

1. Environmental Impact 1. The Environmental Impact Statement (the EIS) must be prepared in accordance with Part 8 of All sections

Assessment Process the Environmental Planning and Assessment Regulation 2021 (the EP&A Regulation).

2. The EIS must be prepared having regard to the Department’s State Significant Infrastructure
Guidelines and State Significant Project Technical Guidelines (together, the Guidelines), as

relevant.

5. The onus is on the Proponent to ensure legislative requirements relevant to the project are

met.
3. Assessment and Mitigation 1. The level of assessment of likely impacts must be proportionate to the significance of, or Section 6
of Key Issues and Impacts degree of impact on, the issue, within the context of the project location and the surrounding

environment. The level of assessment must be commensurate to the degree of impact and
sufficient to ensure that the Department and other government agencies are able to understand
and assess impacts.

3. Assessment and Mitigation 2. For each key issue, the EIS must include a detailed summary of the results of the assessment EIS Chapter 7
of Key Issues and Impacts of the potential impacts of the project undertaken in detailed studies, including:

a) the condition of the existing environment

b) a summary of the key findings of the detailed technical studies in the appendices of the
EIS, using suitable cross-referencing to specific sections and subsections to reduce
repetition between the main body of the EIS and technical studies

c) description of the scale and nature of the predicted impacts, including any cumulative
impacts, and whether these impacts will comply with the relevant statutory requirements,
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Key Issue Relevant SEARs Report section where
addressed

standards, performance measures, and goals and criteria set out in relevant guidelines
and policies

d) demonstrated ability to avoid, mitigate or offset the impacts of the project having
regards to:

i. mitigation measures incorporated into the design of the project (e.g., changes to
the project area, project layout and design, key uses and activities carried out on
site, timing)

ii. other mitigation measures that will be implemented

iii. any negotiated agreements or offsets proposed to address residual impacts of
the project following mitigation.

e) detailed reasons justifying any predicted exceedances of relevant standards,
performance measures, and goals and criteria set out in relevant guidelines and policies

f) identification of key uncertainties associated with the assessment and what action will be
taken to address these uncertainties

g) highlight any key linkages between the assessment of different matters or likely
cumulative impacts of the project.

19. Water — Hydrology 2. Map the following estuaries: Sections 1.2, 4.5 and 5.3
a) rivers, streams, estuaries, and wetlands (as described in section 3.1.3 of the BAM)

d) proposed discharge locations.

19. Water — Hydrology 3. A description of works / activities that may intercept, interfere, extract, use divert or receive Sections 1.2 and 4.5.4.2
surface water and groundwater on a temporary or permanent basis during construction and

; Groundwater related
operation.

impacts are assessed
separately in the
Groundwater Impact
Assessment.
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Key Issue

19. Water — Hydrology

20. Water — Quality

20. Water — Quality

20. Water — Quality

20. Water — Quality

Relevant SEARs

6. Surface and groundwater hydrology impacts (both quality and source) of the construction and
operation of the project and any ancillary facilities (both built elements and discharges) in
accordance with the current guidelines, including:

a) natural processes within rivers, wetlands, estuaries, marine waters and floodplains that
affect the health of the fluvial, riparian, estuarine or marine system and landscape health
(such as modified discharge volumes, durations and velocities), aquatic connectivity and
access to habitat for spawning and refuge

b) effects to upstream and downstream rivers, wetlands, estuaries, marine waters,
floodplain areas and water-dependent fauna and flora (including groundwater dependent
ecosystems)

f) methods for minimising the effects of proposed stormwater and wastewater
management during construction and operation on natural hydrological attributes (such as
volumes, flow rates, management methods and re-use options) and on the conveyance
capacity of existing stormwater systems where discharges are proposed through such
systems.

1. Water Quality (surface and groundwater) impacts on waterways potentially impacted by the
project, including but not limited to the Parramatta River, Homebush Bay and Haslams Creek,
including:

a) existing background levels

b) details on the ambient NSW Water Quality Objectives (NSW WQOs) and environmental values
for the receiving waters relevant to the project, including the indicators and associated trigger
values or criteria for the identified environmental values

¢) identification and estimation of the quality and quantity of pollutants that may be introduced into
the water cycle by source and discharge point and describe the nature and degree of impact that

any discharge(s) may have on the receiving environment, including consideration of all pollutants

that pose a risk of non-trivial harm to human health and the environment
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Report section where
addressed

Section 6

Groundwater related
impacts are assessed
separately in the
Groundwater Impact
Assessment.

Aquatic ecology impacts
are assessed separately in
the Aquatic Ecology
Impact Assessment.

Sections 5 and 6

Section 2.2

Sections 4.5.4.2, 6.1 and
6.2



Key Issue Relevant SEARs Report section where
addressed

20. Water — Quality d) results of water quality modelling and analysis including descriptions under the full range of Section 6
operating scenarios, including average or typical through to worst-case for any proposed
discharge point, including but not limited to the full range of weather conditions, bypasses, and
‘off-spec’ effluent scenarios

20. Water — Quality e) outline impacts from the proposal on existing sewage infrastructure including any potential Sections 4.5.4.2,4.5.4.3
impacts on dry weather and wet weather overflows from the existing reticulation network and any and 6
impacts on North Head Water Resource Recovery Facility concentrations and loads discharged
and hydraulic and treatment capacity

20. Water — Quality f) details on the rainfall event that the water quality protection measures will be designed to cope Sections 4.5.4.2 and 6
with
20. Water — Quality g) the significance of any identified impacts including consideration of the relevant ambient water Section 6

quality outcomes

20. Water — Quality h) details on how construction and operation of the project will, to the extent that the project can Sections 6, 7 and 8
influence, ensure that:

i. where the NSW WQOs for receiving waters are currently being met they will continue to
be protected

ii. where the NSW WQOs are not currently being met activities will work toward their
achievement over time

iii. the objectives of making the Paramatta River swimmable can be met

iv. migration of contamination is considered and how it will be managed and minimised.
20. Water — Quality i) justification for, if required, why the WQOs cannot be maintained or achieved over time Sections 6, 7 and 8

20. Water — Quality j) demonstration that all practical measures to avoid or minimise water pollution and protect Sections 6, 7 and 8
human health and the environment from harm are investigated and implemented. This also
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Key Issue Relevant SEARs Report section where

addressed
includes consideration and management of frac out from the temporary loss of drilling fluids and Details on frac out and
inappropriate storage of chemicals and fuels chemical and fuels storage

are provided in the
Groundwater Impact

Assessment.
20. Water — Quality k) Identification of sensitive receiving environments (which may include estuarine and marine Sections 5.4,6.3 and 7
waters downstream) and develop a strategy to avoid or minimise impacts on these environments
20. Water — Quality [) proposed water quality monitoring programs, including monitoring locations, monitoring Section 7.2

frequency and the parameters that will be monitored pre-construction, during construction and

during operation, including justification for these. gzt Ui e ol

covers the operational
monitoring program.
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4. Assessment methodology

4.1 Overview

This section outlines the methodology that was adopted in the assessment to adequately address the
SEARSs as well as other relevant, previously discussed, technical and legislative requirements. As a high-
level overview, the following sequence of tasks was undertaken as part of the assessment methodology:

« data compilation and review

« software selection and configuration of model framework
« model development, calibration and validation

e scenario modelling and impact assessments

« analysis and interpretation of scenario modelling results.

Details regarding these tasks are presented in the sub-sections below.

4.2 Data compilation and review

An extensive suite of publicly available datasets, datasets from external organisations and data captured as
part of the project were compiled and reviewed as part of the assessment. A summary of the relevant
phases and tasks is presented below.

The initial phase provided for the development, calibration and validation of the Water Quality Response
Model (WQRM). Descriptions of the underlying datasets included in this development phase are presented
in the GPOP Water Quality Response Model Calibration Report (Sydney Water, 2025b) included in
Appendix A. Details provided include the source of the data, their application and where relevant, the
resolution and various other key attributes relating to each dataset.

The subsequent phase of data compilation and review tasks primarily focussed on information relevant to
the characterisation of the existing environment as well as for the development of model scenarios that
would be needed in the impact assessment. Key datasets therefore included:

e previous studies relating to hydrodynamic and water quality conditions of the Parramatta River, its
tributaries and Sydney Harbour

« water quality monitoring data collected within the receiving waterway
« land use data for the contributing catchments

« monitoring data from relevant wastewater pumping stations (i.e., Camelia pumping station) located
within the catchment including flow rates and water quality monitoring data

« water quality monitoring data from other similar Sydney Water WRRFs (e.g., St Marys AWTP) on which
to base performance assumptions on for the proposed release

« wet weather overflow data predicted for future conditions

« meteorological and climate change datasets associated with climate change modelling approach.
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4.3 Software selection

The GPOP WQRM is primarily built on application of the finite volume hydrodynamic modelling software,
MIKE 3 Flow Model Flexible Mesh (FM), which is then coupled with the MIKE Mud Transport (MT) and MIKE
Ecolab modules, to simulate sediment transport and water quality processes respectively. Further details
relating to these modelling software packages are presented below and in the GPOP WQRM Calibration
Report (refer Appendix A).

4.3.1 MIKE 3 Flow Model FM

The MIKE 3 Flow Model FM is a modelling system based on a flexible mesh approach, developed by DHI
Water and Environment, for applications within oceanographic, coastal and estuarine environments.

The hydrodynamic module is based on the numerical solution of the three-dimensional (3D) incompressible
Reynolds averaged Navier-Stokes equations invoking the assumptions of Boussinesq. Both the full 3D
Navier-Stokes equations and the 3D shallow water equations can be applied, with the latter invoking the
hydrostatic pressure assumption. Thus, the model consists of continuity, momentum, temperature, salinity
and density equations and is closed by a turbulent closure scheme. In the horizontal domain both Cartesian
and spherical coordinates can be used. The free surface is taken into account using a Sigma coordinate
transformation approach.

The spatial discretisation of the governing equations in conserved form is performed using a cell-centred
finite volume method. The spatial domain is discretised by subdivision of the model domain into non-
overlapping elements/cells. In the horizontal plane an unstructured grid is used while in the vertical domain a
structured discretisation is applied. The elements can be prisms or bricks whose horizontal faces are
triangles and quadrilateral elements, respectively.

4.3.2 MIKE Mud Transport

The MIKE Mud Transport (MT) module provides the ability to simulate the transport of fine-grained
sediments, particularly mud, in estuarine, coastal and marine environments. The software presents the
capacity to analyse the transport of sediment particles with a range of different characteristics. Application
therefore allows for assessment of impacts of suspended solids and siltation for marine, brackish, and
freshwater projects.

The MT module can simulate sediment dynamics influenced by waves, currents, tides, and sediment
characteristics. Typical applications include management of dredging operations, for turbidity reduction, or
ensuring environmental compliance. Importantly for the GPOP WQRM, the results from the MT models are
used as a key input to the Ecolab models, thereby presenting a temporally and spatially varying database
for total suspended solids (TSS).

4.3.3 MIKE Ecolab

The MIKE Ecolab module is a customisable numerical modelling tool that can be applied to allow simulation
of a suite of water quality processes including eutrophication, nutrient dynamics, pathogens, heavy metals,
etc. Pre-defined or project specific templates can be applied to describe dissolved substances, particulate
matter of dead or living material, living biological organisms and other components. The modules are
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generally developed to describe chemical, biological, ecological processes and interactions as well as the
physical process of sedimentation of components. Coupled with the MIKE 3 FM software and results from
MT simulations, the water quality properties are updated dynamically in response to changes in water
conditions brought about by weather and flow events.

Of relevance to this study, the conceptualisation of the EU2 eutrophication template has been configured to
capture the dynamics of oxygen, carbon, nutrients (including inorganic and organic fractions) and primary
productivity as presented in Figure 4-1. Modifications were also made to the EU2 template to allow inclusion
of Enterococci as a primary constituent due to the use of the river for swimming and other recreational
activities. The primary variables included in the GPOP WQRM simulations are described in further detail in
the GPOP WQRM Calibration Report (refer Appendix A).

Figure 4-1 Conceptual diagram illustrating the key variables and processes of the MIKE Ecolab eutrophication
template (Source: DHI Water and Environment)

4.3.4 CORMIX

The CORMIX software (version 12.0GT) is a US EPA supported mixing zone model and decision support
system, commonly used for environmental impact assessments of treated wastewater releases. The
software consists of a series of algorithms for the analysis of near field mixing of wastewater in receiving
waterways, with an emphasis on steady-state analysis for the prediction of plume geometry and dilution
characteristics.

The CORMIX models developed for the EIS used boundary condition data from the WQRM as well as
relevant monitoring data to define the initial dilution and mixing characteristics within the Parramatta River.
The models were then applied to assess near field impacts, such as toxicity, in the immediate vicinity of the
river releases.
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4.3.5 Boundary condition models

A range of other modelling software packages were also applied to provide the hydrodynamic and water
quality boundary conditions that were required in the development of the GPOP WQRM. The structure and
purpose of these models are summarised as follows:

4.3.5.1 Source catchment models

Hydrological modelling of the contributing catchments was undertaken through application of the eWater
Source software. A suite of four Source models was developed to encompass the following catchment
areas: Upper Parramatta River, Upper Lane Cove River, Upper Duck River and the remaining smaller
catchments draining to the Sydney Harbour estuary (including Vineyard Creek). The Source catchment
models were developed to generate sub-daily (hourly) time step data on catchment runoff flows and
pollutant export concentrations for key water quality constituents including nutrients, sediment and
pathogens. The Source models were applied to run scenarios representative of existing and predicted future
catchment conditions.

4.3.5.2 Upper Parramatta River model

To provide representative boundary conditions of flow and water quality for water overtopping the Charles
Street Weir, modelling of the Upper Parramatta River was undertaken through application of a standalone
hydrodynamic and water quality model developed in the MIKE 21 FM, MT and Ecolab software modules.
The Upper Parramatta River model was developed in a similar structure, and with the same underlying
datasets and parameterisation as the GPOP WQRM, the model mesh extending upstream of Charles Street
Weir encompassing the weir pool storage, up to the confluence of Toongabbie Creek and Darling Mills
Creek.

4.3.5.3 Wastewater network models

Sydney Water has developed wastewater network models with application of the Model for Urban Sewers
(MOUSE) software package, developed by DHI Water and Environment. As part of the MIKE URBAN
software platform, MOUSE allows for simulation of collection systems for urban wastewater and stormwater.
It is commonly used to assess the network capacity of wastewater networks, associated bottlenecks,
analysing sewer overflows, as well as evaluating water quality and sediment conditions.

Scenarios were run using MOUSE models for North Head, Malabar and Bondi systems for both existing and
predicted future network conditions to generate a time series of wet weather overflow data. To characterise
the water quality of the overflows, a dilution-based approach was developed. This approach involved
application of an algorithm that calculated a dilution factor based on antecedent rainfall for the sub-
catchment in which each overflow was located, and then calculated a release concentration for each water
quality parameter based on the predicted contribution of raw sewage and stormwater.

4.3.5.4 Camellia-Rosehill WRRF model

A daily time step model was developed within Microsoft Excel to allow for the generation of daily timestep
time series of flow and water quality for the proposed releases from the Camellia-Rosehill WRRF. The
spreadsheet model was used to generate predicted future release conditions with representation of
variations in flow and each water quality constituent. Further information regarding the release conditions is
provided in Section 4.5.4.2.
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4.4 Model configuration and interfaces

Figure 4-2 presents a high-level overview of how the aforementioned boundary condition models were
interfaced with the WQRM. More specifically, the following interfaces were applied:

¢ Results from the Source catchment models were processed to develop the catchment inflow boundary
conditions for the WQRM.

« Results from the Upper Parramatta River model were processed to develop flow and water quality
boundary conditions for the WQRM immediately downstream of the Charles Street Weir.

e  Overflow results from the MOUSE models were incorporated directly into the WQRM or indirectly via
the Source models depending on the location of each overflow relative to the model mesh.

e  Outputs from the WRRF model were incorporated directly into the WQRM across a distribution of cells
representative of the proposed diffuser location.

Figure 4-2 Primary model interfaces (Source: eWater and DHI Water and Environment)
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4.5 Hydrodynamic and water quality modelling

4.5.1 Model development, calibration and validation

Sydney Water has previously developed hydrodynamic and water quality models of the Parramatta River

and Sydney Harbour as part of the Wet Weather Overflow Abatement project (Sydney Water, 2018). The

resulting integrated modelling system incorporated hydrodynamic and biogeochemical processes to allow
evaluation of relevant environmental impacts originating from the catchment and more specifically the wet
weather overflows.

More recently, the models were updated as part of the Parramatta River Flows Feasibility Study (Sydney
Water, 2022). The updates to the model included modifications to the software, transition to a 3D model
domain, revision of the boundary conditions and the calibration and validation periods.

As part of the GPOP EIS, further upgrades of the WQRM were undertaken, which incorporated refinements
that were considered necessary to evaluate the hydrodynamic and water quality impacts from the operation
of the proposed WRRF. The upgrade included further software updates, expansion of the model domain as
well as revision of key boundary conditions and the data used to calibrate and validate the model’'s
performance. The revised geographical extent of the WQRM mesh and domain is presented in Figure 4-3.
The domain encompasses the tidal limits of the Parramatta River and Sydney Harbour, inclusive of coastal
waters offshore of the Sydney Heads.

The GPOP WQRM has been calibrated and validated against a diverse suite of data collected over the
period of 2012 to 2024. The final datasets processed for comparison with the model results included data
from the following sources: Sydney Water, DCCEEW, Sydney Institute of Marine Science and the Port
Authority of NSW. Collectively, these datasets have provided useful insights into the hydrodynamics and
water quality within the Parramatta River and Sydney Harbour.

Calibration and validation of the WQRM has focussed on comparing the model predictions against the water
quality and hydrodynamic monitoring data. Hydrodynamically, the model was calibrated and validated
against both water elevation and flow transect data. With respect to water quality, the core suite of
parameters calibrated within the model has included salinity, temperature, dissolved oxygen, suspended
sediment, nutrients (including inorganic and organic fractions), primary productivity and pathogens. For the
majority of these parameters, the model was calibrated for the years 2012-13 and validated for 2021-24.

Through visual and statistical analysis, the model has been demonstrated to perform well across the range
of simulation periods and also across the range of parameters that have been assessed. Sensitivity analysis
has also been undertaken to evaluate how the model responds to modification in external forcings. The
sensitivity analysis highlighted that catchment nutrient loads are a significant driver of water quality in the
Parramatta River despite its tidal influences. It also indicates that the middle and upper reaches may be
more sensitive to external loading changes, while the lower estuarine regions are more dominated by tidal
flushing