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Appendix e:
Visual amenity impact assessment
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Appendix F:
Listed species potentially occurring 
in the Transformation area
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1
 Elsewhere Parsons Brinckerhoff (2013) state that there are no records of this species within 50 kilometres of the study area. 
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Appendix G:
Risk assessment matrix
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ALARP? Expected Outcomes Tracking 
mechanism

1

2

RSK-90001 Construction Production of spoil Preparation of land 
Not following 
procedures

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Dust and lead levels 
exceeding guidelines.

Construction waste 
disposed incorrectly.

Disturbing surface 
water and 
groundwater leading 
to
contamination of 
surface water and 
groundwater

2
3

2

2

2

E
E

D

C

D

High

Earth moving plan (including dust 
suppression)
Demolition plan
Waste management and recycling 
plan

3 B Medium Yes

No contamination of surface water or 

groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

3

RSK-90002 Construction - 
Subsurface 
Geotechnical Testing 
for foundation design*

(*The inherent level of 
risk is based on 
considering current 
process design)

Generation of contaminated 
material 
and
Contaminant migration 
through interconnection of 
aquifers

Lack of appropriate 
material handling 
protocol
Poor design
Not following design

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Construction waste 
disposed incorrectly.

Contamination to 
surface water and 
groundwater

3

3

1

E

C

C

High

Earth moving plan 
Waste management and recycling 
plan

3 B Medium Yes

Plans to be approved and implemented 

prior to construction phase.

No contamination of surface water or 

groundwater.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

4

RSK-90003 Construction - 
Installation of piles

Generation of contaminated 
material 
and
Contaminant migration 
through interconnection of 
aquifers

Lack of appropriate 
material handling 
protocol
Inappropriate pile 
design and installation 
plans

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Contamination to 
surface water and 
groundwater
Noise exceeding EPA 
limits.

3

3

2

1

E

C

C

C

High

Earth moving plan 
Waste management and recycling 
plan
Curfew on construction of 
installation of piles (7am to 7pm)
Development of pile design and 
installation plans with 
hydrogeological input 3 B Medium Yes

No contamination of surface water or 

groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

RISK TREATMENT PLAN RESIDUAL RISK 
LEVEL

INHERENT LEVEL OF RISK
(without controls)RISK IDENTIFICATION 

Stage 1 Oxidation Plant - Enclosed Bath Smelting 
Furnace (Sinter Replacement)
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RISK TREATMENT PLAN RESIDUAL RISK 
LEVEL

INHERENT LEVEL OF RISK
(without controls)RISK IDENTIFICATION 

5

RSK-90004 Construction - 
Pavements removed 

(*Intended to cut 
pavement for pile 
construction)

Excessive surface water 
recharge to open areas 
driving groundwater 
contamination 
migration/noise/waste

Pavements removed or 
not effectively 
maintained/drained 
for excessive periods

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Contamination to 
surface water and 
groundwater

3

3

2

1

B

B

B

B

Medium

Construction plans to cater for 
surface water management and 
minimise open pavement area and 
time

3 B Medium Yes

No signficant impact on groundwater 

contamination migration or surface 

water contamination.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program

6

RSK-90005 Commissioning Fugitive emissions exceed 
current baseline levels

Commissioning 
uncertainties
Gas leakage from duct 
work/other systems.

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

SO2, Pb and 
particulates 
potentially affecting 
community health, 
emissions and with 
deposition affecting 
local environment.

3

3

1
1
1

1

C

C

C
C
C

C

Medium

Commissioning plan

2 C Low Yes

Reduced sulphur dioxide and lead 

emissions from current levels.

Plan to be approved and implemented 

prior to appropriate phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plan implemented 

and audited

7

RSK-90006 Decommissioning Dust levels exceeding current 
base line levels

Ineffective top-down 
wash

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Wind blown dust 
from existing sources

1

1

C

C

Low

Procedures for top-down wash and 
post-wash inspections

1 B Low Yes

Reduced lead emissions from current 

levels.

Procedure to be approved and 

implemented prior to appropriate phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Procedure 

implemented and 

audited

8

RSK-90007 Operation - smelting Fugitive emissions exceed 
proposed post-
transformation levels

Plant upset condition
Loss of negative 
pressure

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

SO2, Pb and dust 
emissions lead to 
exceedances of 
guidelines at EPA 
monitoring sites.
Visible plume emitted 
from the building.

2

1

D

D

Medium

Process and Hygiene draughting 
system design
Operations and maintenance plan

2 C Low Yes

Reduced sulphur dioxide and lead 

emissions from current levels.

Plan to be approved and implemented 

prior to appropriate phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plan implemented 

and audited
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RISK TREATMENT PLAN RESIDUAL RISK 
LEVEL

INHERENT LEVEL OF RISK
(without controls)RISK IDENTIFICATION 

9

RSK-90008 Operation - Pile 
Foundation 
maintenance 

(*inherent risk 
considers current 
design standards
*Consequence may be 
different for costs to 
Nyrstar)

Acid attack on piles creating 
interconnection of aquifers

Facilitating effects of 
interconnected 
aquifers
Inappropriate design 
for protection 
Inadequate 
contingency measures

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine 
flora/fauna)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Degradation of piles 
leading to 
contamination of 
groundwater and soil
Contamination flow 
between aquifers
Flow of contaminated 
material to marine 
environment

3
3

1

B
B

B

Medium

Targeted testing and evaluation of 
pile design
Inherent design of piles
Operation and maintenance plan
Operational Environmental 
Management  and Monitoring Plan

2 B Low Yes

Geological testing and pile installation 

does not contaminate groundwater.

Existing groundwater monitoring 

program upgraded to track pH in various 

aquifers.

Plans to be approved and implemented 

prior to appropriate phase.

Compliance with EPA requirements, 

guidelines and measures.

Refined groundwater 

monitoring program 

added to existing 

environmental 

monitoring program.

Plans implemented 

and audited

10

RSK-90009 Operation - 
Bunding/drainage/pavi
ng

Spillage/leak to groundwater 
Spillage to surface water 
system 

Inadequate 
pavement/bunding 
drainage design

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine 
environment)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Contamination to 
surface water and 
groundwater
Results in 1M non 
compliance

2
2

2

C
C

C

Low

Design of pre-collection pits

2 B Low Yes

No contamination of surface water or 

groundwater.

Inherently safe design implemented at 

design phase

Existing 

Environmental 

Monitoring Program.

Pre-collection pits 

installed prior to 

starting operations

11

RSK-90010 Operation - 
maintenance

Fugitive emissions exceed 
proposed post-
transformation levels

Process gas leakage 
from duct work/other 
systems during 
maintenance

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

SO2, Pb and 
particulates  lead to 
exceedances of 
guidelines at EPA 
monitoring sites, 
potentially affecting 
community health, 
emissions and with 
deposition affecting 
local environment.

3

3

1
1
1

1

B

B

B
B
B

B

Medium

Operational Environmental 
Management  and Monitoring Plan
Operation and maintenance plan

3 B Medium Yes

Reduced sulphur dioxide and lead 

emissions from current levels.

Plans to be approved and implemented 

prior to appropriate phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program

Warning: Uncontrolled When Printed
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12

13

RSK-90011 Decommissioning Waste generation Drainage of molecular 
material (Alumina 
zeolite )

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Generation of waste
1 D

Low

Material handling procedures

1 C Low Yes

All waste generated by 

decommissioning will be handled in a 

safe and environmentally acceptable 

manner. 

Procedure to be approved and 

implemented prior to appropriate phase

Procedure 

implemented and 

audited

14

RSK-90012 Construction Preparation of land Not following 
procedures
Production of spoil

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Dust and lead levels 
exceeding guidelines.

Spoil disposed 
incorrectly.

Disturbing surface 
water and 
groundwater leading 
to
contamination of 
surface water and 
groundwater

2
3

2

2

2

E
E

D

C

D

High

Earth moving plan (including dust 
suppression)
Demolition plan
Waste management and recycling 
plan

3 B Medium Yes

No dust or metal levels exceeding air 

quality guidelines.

No waste to be disposed incorrectly.

No significant contamination of surface 

water or groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

15

RSK-90013 Construction Generation of contaminated 
material 

Molecular Sieve

Waste handled or 
disposed incorrectly.

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual Amenity

Construction waste 
disposed incorrectly.

Contamination to 
surface water and 
groundwater

2

2

1

E

C

C

Medium

Earth moving plan 
Waste management and recycling 
plan

2 B Low Yes

No significant contamination of surface 

water or groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

Stage 1 Oxygen Plant Facility

Warning: Uncontrolled When Printed
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16

RSK-90014 Operation Generation of noise Gas compressor 
operation

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Community 
complaint of noise.
Exceeding EPA 
criteria

2

2

C

C

Low

Communication/consultation with 
EPA 
Design standards in compliance with 
Environmental Protection Policy 
(Noise)

1 C Low Yes

Design standards ensure plant noise 

levels do not exceed EPA thresholds.

Sound monitoring 

during 

commissioning 

Phase meets design 

standards.

Existing 

Environmental 

Monitoring Program

17

18

RSK-90015 Construction Production of spoil Preparation of land 
Not following 
procedures

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual Amenity

Dust levels exceed 
current levels.

Waste generated by 
construction 
activities harming the 
environment. 

Disturbing surface 
water and 
groundwater leading 
to
contamination of 
surface water and 
groundwater

Noise levels 
exceeding EPA levels

2
3

2

2

2

E
E

D

C

D

High

Earth moving plan (including dust 
suppression)
Demolition plan
Waste management and recycling 
plan

3 B Medium Yes

Dust levels are within accepted 

guideline levels.

No significant contamination of surface 

water or groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

19

RSK-90016 Construction - 
Subsurface 
Geotechnical Testing 
for foundation design*

(*The inherent level of 
risk is based on 
considering current 
process design)

Generation of contaminated 
material 
and
Contaminant migration 
through interconnection of 
aquifers.

Lack of appropriate 
material handling 
protocol
Poor design
Not following design

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual Amenity

Spoil disposed 
incorrectly.

Contamination to 
surface water and 
groundwater

3

3

1

E

C

C

High

Earth moving plan 
Waste management and recycling 
plan
Design and implemenation includes 
appropriate controls to protect 
groundwater

3 B Medium Yes

All spoil is handled and disposed 

correctly.

No significant contamination of surface 

water or groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

Stage 2 Reduction Plants Enclosed Bath Smelting 
Furnace (Blast Furnace Replacement)
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20

RSK-90017 Construction - 
Installation of piles

Generation of contaminated 
material 
and
Contaminant migration 
through interconnection of 
aquifers

Lack of appropriate 
material handling 
protocol
Inapproriate pile 
design and installation 
plans

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual Amenity

Contamination to 
surface water and 
groundwater

Community 
complaint of noise.
Exceeding EPA 
criteria

3

3

2

1

E

C

C

C

High

Earth moving plan 
Waste management and recycling 
plan
Curfew on construction of 
installation of piles (7am to 7pm)
Development of pile disign and 
installation plans with 
hydrogeological input 3 B Medium Yes

All spoil is handled and disposed 

correctly.

No significant contamination of surface 

water or groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Noise levels do not exceed EPA 

thresholds.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

21

RSK-90018 Construction - 
Pavements removed 

(*Intended to cut 
pavement for pile 
construction)

Excessive surface water 
recharge to open areas 
driving groundwater 
contamination 
migration/noise/waste

Pavements removed or 
not effectively 
maintained/drained 
for excessive periods

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual Amenity

Spoil disposed 
incorrectly.

Contamination to 
surface water and 
groundwater

3

3

2

1

B

B

B

B

Medium

Construction plans to cater for 
surface water management and 
minimise open pavement area and 
time

3 B Medium Yes

No signficant impact on groundwater 

contamination migration or surface 

water contamination.

Compliance with EPA requirements, 

guidelines and measures.

Noise levels do not exceed EPA 

thresholds.

Existing 

Environmental 

Monitoring Program

Plans implemented 

and audited

22

RSK-90019 Commissioning Fugitive emissions exceed 
current baseline levels

Commissioning 
uncertainties
Gas leakage from duct 
work/other systems.

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

SO2, Pb and 
particulates 
potentially affecting 
community health, 
emissions and with 
deposition affecting 
local environment.

3

3

1
1
1

1

C

C

C
C
C

C

Medium

Commissioning plan

2 C Low Yes

Reduced sulphur dioxide and lead 

emissions from current levels.

Plan to be approved and implemented 

prior to appropriate phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plan implemented 

and audited

23

RSK-90020 Decommissioning Dust levels exceeding current 
base line levels

Ineffective top-down 
wash

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Wind blown dust 
from existing sources

1

1

C

C

Low

Procedures for top-down wash and 
post-wash inspections

1 B Low Yes

Reduced and lead emissions from 

current levels.

Procedure to be approved and 

implemented prior to appropriate phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Procedure 

implemented and 

audited
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24

RSK-90021 Operation - smelting Fugitive emissions exceed 
proposed post-
transformation levels

Plant upset condition
Loss of negative 
pressure

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

SO2, Pb and dust 
emissions lead to 
exceedances of 
guidelines at EPA 
monitoring sites.
Visible plume emitted 
from the building.

2

1

D

D

Medium

Process and Hygiene draughting 
system design
Operations and maintenance plant

2 C Low Yes

Reduced sulphur dioxide and lead 

emissions from current levels.

Plan to be approved and implemented 

prior to appropriate phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plan implemented 

and audited

25

RSK-90064 Operation - smelting COGEN machinery 
contributes to noise of plant

Plant item operation 
changes existing noise 
environment

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Community 
complaint of noise.
Exceeding EPA 
criteria

2

2

C

C

Low

Communication/consultation with 
EPA 
Design standards in compliance with 
Environmental Protection Policy 
(Noise)

1 C Low Yes

Design standards ensure plant noise 

levels do not exceed EPA thresholds.

Sound monitoring 

during 

commissioning 

Phase meets design 

standards.

Existing 

Environmental 

Monitoring Program

26

RSK-90022 Operation - Pile 
Foundation 
maintenance 

(*inherent risk 
considers current 
design standards
*Consequence may be 
different for costs to 
Nyrstar)

Acid attack on piles creating 
interconnection of aquifers

Facilitating effects of 
interconnected 
aquifers.

Inappropriate design 
for protection.
 
Inadequate 
contingency measures.

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine 
flora/fauna)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Degradation of piles 
leading to 
contamination of 
groundwater and soil.

Contamination flow 
between aquifers.

Flow of contaminated 
material to marine 
environment

3
3

1

B
B

B

Medium

Targeted testing and evaluation of 
pile design
Inherent design of piles
Operation and maintenance plan
Operational Environmental 
Management  and Monitoring Plan

2 B Low Yes

Geological testing and pile installation 

does not contaminate groundwater.

Existing groundwater monitoring 

program upgraded to track pH in various 

aquifers.

Plans to be approved and implemented 

prior to appropriate phase.

Compliance with EPA requirements, 

guidelines and measures.

Refined groundwater 

monitoring program 

added to existing 

environmental 

monitoring program.

Plans implemented 

and audited

27

RSK-90023 Operation - 
Bunding/drainage/pavi
ng

Spillage/leak to groundwater 
Spillage to surface water 
system 

Inadequate 
pavement/bunding 
drainage design

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine 
environment)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Contamination to 
surface water and 
groundwater results 
in 1M non 
compliance.

Harm to marine 
habitat

2
2

2

C
C

C

Low

Design of pre-collection pits

2 B Low Yes

No contamination of surface water or 

groundwater.

Inherently safe design implemented at 

design phase.

No adverse impacts on marine habitats

Existing 

Environmental 

Monitoring Program.

Marine habitat 

monitoring triggered 

if discharge quality 

at 1M exceeds 

licence conditions.
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28

RSK-90062 Operation Generation of noise Plant item operation 
changes existing noise 
environment

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Community 
complaint of noise.
Exceeding EPA 
criteria

2

2

C

C

Low

Communication/consultation with 
EPA 
Design standards in compliance with 
Environmental Protection Policy 
(Noise)

1 C Low Yes

Design standards ensure plant noise 

levels do not exceed EPA thresholds.

Sound monitoring 

during 

commissioning 

Phase meets design 

standards.

Existing 

Environmental 

Monitoring Program

29

RSK-90024 Operation - 
maintenance

Fugitive emissions exceed 
proposed post-
transformation levels

Process gas leakage 
from duct work/other 
systems during 
maintenance

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

SO2, Pb and 
particulates lead to 
exceedances of 
guidelines at EPA 
monitoring sites, 
potentially affecting 
community health, 
emissions and with 
deposition affecting 
local environment.

3

3

1
1
1

1

B

B

B
B
B

B

Medium

Operational Environmental 
Management  and Monitoring Plan
Operation and maintenance plan

3 B Medium Yes

Reduced sulphur dioxide and lead 

emissions from current levels.

Plans to be approved and implemented 

prior to appropriate phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program

30

31

RSK-90025 Construction Production of spoil Preparation of land 
Not following 
procedures

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual Amenity

Excessive dust and 
incorrectly disposed 
spoil adversely 
effecting people and 
the environment.

Disturbing surface 
water and 
groundwater leading 
to
contamination of 
surface and 
groundwater.

2
3

2

2
2

E
E

D

C
D

High

Earth moving plan (including dust 
suppression)
Demolition plan
Waste management and recycling 
plan

3 B Medium Yes

No excessive dust generated.

All spoil is disposed of correctly.

No contamination of surface water or 

groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

Sulphur Capture (Acid) Plant

Warning: Uncontrolled When Printed

Prepared in confidence for Nyrstar Pty Ltd.

Not to be reproduced or redistributed without permission from the owner.

Page 8 of 20

14/07/2013



FIG
U

R
ES TO

 A
P

P
EN

D
IX G

NYRSTAR PORT PIRIE TRANSFORMATION PROJECT
ENVIRONMENT RISK PROFILE

Risk Profile: - Nyrstar 
Project PER Profile

Ref Risk 
Number

Phase/Activity
(During the course of 

this activity…)

Event description 
(…this could happen…)

Cause
(… as a result of…)

Aspect
(..which could impact 

these..)

Potential Impacts
(…in this way…)

Co
ns

eq
ue

nc
e

Li
ke

lih
oo

d

Ri
sk

 L
ev

el

Controls

Co
ns

eq
u

en
ce

Li
ke

lih
oo

d Ri
sk

 
Le

ve
l

ALARP? Expected Outcomes Tracking 
mechanism

RISK TREATMENT PLAN RESIDUAL RISK 
LEVEL

INHERENT LEVEL OF RISK
(without controls)RISK IDENTIFICATION 

32

RSK-90026 Construction - 
Subsurface 
Geotechnical Testing 
for foundation design*

(*The inherent level of 
risk is based on 
considering current 
process design)

Generation of contaminated 
material 
and
Contaminant migration 
through interconnection of 
aquifers

Lack of appropriate 
material handling 
protocol
Poor design
Not following design

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual Amenity

Incorrectly disposed 
spoil degrades 
environment.

Contamination to 
surface water and 
groundwater

3

3

1

E

C

C

High

Earth moving plan 
Waste management and recycling 
plan

3 B Medium Yes

All spoil is handled and disposed 

correctly.

No contamination of surface water or 

groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

33

RSK-90027 Construction - 
Installation of piles

Generation of contaminated 
material 
and
Contaminant migration 
through interconnection of 
aquifers

Lack of appropriate 
material handling 
protocol
Inapproriate pile 
design and installation 
plans

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Incorrectly disposed 
spoil degrades 
environment.

Contamination to 
surface water and 
groundwater

Community 
complaint of noise.
Exceeding EPA 
criteria

3

3

2

1

E

C

C

C

High

Earth moving plan 
Waste management and recycling 
plan
Curfew on construction of 
installation of piles (7am to 7pm)
Development of pile design and 
installation plans with 
hydrogeological input 3 B Medium Yes

All waste and spoil disposed in correct 

manner.

No contamination of surface water or 

groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Noise levels do not exceed EPA 

thresholds.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

34

RSK-90028 Commissioning Acid plant stack discharge to 
atmosphere

Acid plant upset • Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (flora)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Controlled discharge 
of SO2, SO3, acid mist 
to atmosphere from 
reduction furnace 
resulting in impact to 
vegetation and 
community

2

2

1

2

F

E

E

E

Medium

Commissioning plan

2 E Medium Yes

Reduced sulphur dioxide and lead 

emissions from current levels.

Plan to be approved and implemented 

prior to appropriate phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plan implemented 

and audited

35

RSK-90029 Commissioning Tall stack discharge to 
atmosphere

Acid plant upset • Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (flora)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Controlled discharge 
of SO2, SO3, acid mist 
to atmosphere from 
tall stack resulting in 
impact to vegetation 
and community

2

2

1

2

E

D

D

D

Medium

Commissioning plan
Communication plan

2 D Medium Yes

Reduced sulphur dioxide and lead 

emissions from current levels.

Plans to be approved and implemented 

prior to appropriate phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited
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36

RSK-90030 Decommissioning - 
existing acid plant

Spills/leakage of acid into 
secondary containment

Failure of equipment
Incorrect operation of 
equipment

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (flora)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Mobilisation of 
contamination in 
soil/groundwater/sur
face water 

2

2

2
2

D

D

D
D

Medium

Operation and maintenance plan 
(including
operating procedure to manage bund 
levels)

2 C Low Yes

No significant contamination of surface 

water or groundwater.

Inherently safe design implemented at 

design phase

Plan to be approved and implemented 

prior to appropriate phase.

Existing 

Environmental 

Monitoring Program

Plan implemented 

and audited

37

RSK-90061 Decommissioning - 
existing acid plant

Generation of waste product Removal of Catalyst 
(Vanadium Pentoxide) 
removal

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (flora)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Incorrectly disposed 
waste will degrade 
environment and 
reduce air and water 
quality.

1

1

D

D

Low

Material handling procedures

1 C Low Yes

Waste handled in accordance with 

appropriate Standards

Procedure to be approved and 

implemented prior to appropriate phase

Procedure 

implemented and 

audited

38

RSK-90031 Operation Acid plant stack discharge to 
atmosphere

Acid plant upset • Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (flora)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Controlled discharge 
of SO2, SO3, acid mist 
to atmosphere from 
reduction furnace 
resulting in impact to 
vegetation and 
community

2

2

1

2

D

D

D

D

Medium

Operation and maintenance plan 

2 D Medium Yes

Not exceed new licensing conditions

Plan to be approved and implemented 

prior to appropriate phase.

Existing 

Environmental 

Monitoring Program

Plans implemented 

and audited

39

RSK-90032 Operation Tall stack discharge to 
atmosphere

Acid plant upset • Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (flora)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Controlled discharge 
of SO2, SO3, acid mist 
to atmosphere from 
tall stack resulting in 
impact to vegetation 
and community

2

2
2

1

2

D

D
D

D

D

Medium

Operation and maintenance plan 

2 D Medium Yes

Not exceed new licensing conditions

Plan to be approved and implemented 

prior to appropriate phase.

Existing 

Environmental 

Monitoring Program

Plans implemented 

and audited
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40

RSK-90033 Operation - Acid plant 
start up

Acid plant stack discharge to 
atmosphere

Insufficient operating 
temperatures during 
start up

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (flora)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Controlled discharge 
of SO2, SO3, acid mist 
to atmosphere from 
tall stack resulting in 
impact to vegetation 
and community

2

2
2

1

2

D

D
D

D

D

Medium

Operation and maintenance plan 
Start up procedures

2 D Medium Yes

Not exceed new licensing conditions

Plan to be approved and implemented 

prior to appropriate phase.

Existing 

Environmental 

Monitoring Program

Plans implemented 

and audited

41

RSK-90063 Operation Generation of noise Plant item operation 
changes existing noise 
environment

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Community 
complaint of noise.
Exceeding EPA 
criteria

2

2

C

C

Low

Communication/consultation with 
EPA 
Design standards in compliance with 
Environmental Protection Policy 
(Noise)

1 C Low Yes

Design standards ensure plant noise 

levels do not exceed EPA thresholds.

Sound monitoring 

during 

commissioning 

Phase meets design 

standards.

Existing 

Environmental 

Monitoring Program

42

RSK-90034 Operation

(*inherently safe 
design)

Spills/leakage of acid into 
secondary containment

Failure of equipment
Incorrect operation of 
equipment

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (flora)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Mobilisation of 
contamination in 
soil/groundwater/sur
face water 

2

2

2
2

D

D

D
D

Medium

Operation and maintenance plan 
(including
operating procedure to manage bund 
levels)

2 C Low Yes

No contamination of surface water or 

groundwater.

Plans to be approved and implemented 

prior to appropriate phase.

Inherently safe design implemented at 

design phase

Existing 

Environmental 

Monitoring Program

Plans implemented 

and audited
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43

44

RSK-90035 Operation - Storage of 
materials

Creation of fugitive dust 
emissions

drying of surface of pit 
due to change in water 
table height 

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Pb dust emissions 
impacting surface 
water quality/public 
health

2

2

1

D

D

D

Medium

Earth moving plan (including dust 
suppression)
Elimination of sinter and sinter 
returns
Relocation of lead materials to co-
treatment shed
Reclamation and treatment of sludge 
through oxidation furnace 1 D Low Yes

Reduced lead emissions from current 

levels.

Plan to be approved and implemented 

prior to appropriate phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plan implemented 

and audited

45

RSK-90036 Operations - material 
handling

Creation of fugitive dust 
emissions

Increased reclamation 
of sludge materials

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Dust emissions 
impacting on air 
quality

1 D

Low

Earth moving plan (including dust 
suppression)
Handling procedures (non-windy 
days)

1 D Low Yes

Reduced lead emissions from current 

levels.

Plan and procedure to be approved and 

implemented prior to appropriate phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plan and procedure 

implemented and 

audited

46

47

RSK-90037 Construction Production of spoil Preparation of land 
Not following 
procedures

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual Amenity

Dust generation will 
reduce air quality . 

Incorrectly disposed 
spoil  may reduce soil 
quality and harm 
vegetation.

Disturbing surface 
water and 
groundwater leading 
to
contamination of 
surface and 
groundwater

2
3

2

2

2

E
E

D

C

D

High

Earth moving plan (including dust 
suppression)
Demolition plan
Waste management and recycling 
plan

3 B Medium Yes

Dust levels to within licence guidelines.

All spoil will be disposed correctly.

No contamination of surface water or 

groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

Materials Storage Area

Seawater Cooling Water Intake and Discharge 
Expansion
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48

RSK-90038 Construction Increased suspended 
sediment

Dredging to install new 
intake caisson

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality 
• Vibration
• Visual amenity

Exceeding suspended 
metal and metalloids 
sediment guidelines 
in Port Pirie River

2

1

E

E

Medium

Silt curtains

2 D Medium Yes

Suspended sediment in seawater will 

meet new licensing conditions.

Compliance with EPA requirements, 

guidelines and measures.

Monitoring 

suspended sediment 

during construction 

phase

49

RSK-90039 Construction Deposition of dredged 
material onsite

Dredging to install new 
intake caisson

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality 
• Vibration
• Visual amenity

Creation of Pb and 
acid sulphate 
contaminated waste 
material from 
dredging.

Generating 
suspended sediment 
plumes in seawater.

2

2
1

2

E

D
D

D                     

Medium

Site location and design plan

2 C Low Yes

No contamination of surface water or 

groundwater.

Suspended sediment levels to be within 

licence guidelines.

Plan to be approved and implemented 

prior to appropriate phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Monitoring of 

suspended solids in 

seawater.

Plan implemented 

and audited

50

RSK-90040 Construction Increased suspended 
sediment

Installation of the 
diffuser on the channel 
floor

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality 
• Vibration
• Visual amenity

Exceeding suspended 
metal and metalloids 
sediment guidelines 
in Port Pirie River

1

1

E

E

Low

Installation management procedure 
(tide/current selection)

1 E Low Yes

Resuspension of sediment will meet 

new license conditions.

Compliance with EPA requirements, 

guidelines and measures.

Monitoring 

suspended sediment 

during construction 

phase
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51

RSK-90041 Operation - Cooling 
water discharge

Cooling water discharge 
elevated temperature

Cooling plant upset • Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Increase in delta-T 
(thermal plume), 
salinity and dissolved 
oxygen with localised 
impacts on marine 
fauna (invertebrates)

2 C Low

Diffuser design
Operation and maintenance 
procedures
Start up procedures
Real-time discharge temperature 
monitoring system 

1 B Low Yes

Thermal diffusion will meet new 

licensing conditions.

Compliance with EPA requirements, 

guidelines and measures.

seawater 

temperature near 

diffuser to be 

included as part of 

existing 

Environmental 

Monitoring Program

52

RSK-90042 Operation - Cooling 
water discharge

Seabed erosion Diffuser being 
damaged by 
anchor/fishing net

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Re-suspension of 
contaminated 
sediments
Increased turbidity
Increased localised 
temperatures

2 C Low

Channel markings

2 B Low Yes

Channel markings, where appropriate, 

are installed. 

Resuspended sediment will meet new 

licensing conditions

New monitoring 

program to be 

included as part of 

existing 

Environmental 

Monitoring Program

53

RSK-90043 Operation - Cooling 
water intake

Intake of water exceeds 
0.6m/s

Inadequate design • Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine 
fauna)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Marine organisms 
(including larvae) are 
entrained with 
cooling water

2 F Medium

Design intake so that intake velocity 
is less than 0.6 m/s
Operating procedures

2 C Low Yes

Design requirements implemented at 

relevant phase

Procedure to be approved and 

implemented prior to appropriate phase

New monitoring 

program to be 

included as part of 

existing 

Environmental 

Monitoring Program

Procedure 

implemented and 

audited
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54

55

RSK-90044 Demolition Asbestos is disturbed in the 
course of activities

Failure to follow 
procedures

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Increase in asbestos 
particulate in air will 
impact human health

2
2

2

B
F

B

Medium

Asbestos register
Asbestos removal and disposal IAW 
Australian Standards.

2 F Medium Yes

Asbestos treated and managed in 

accordance with relevant standards

Post-activity 

asbestos 

audit/testing

56

RSK-90045 Decommissioning Dust levels exceeding current 
base line levels

Ineffective top-down 
wash

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Wind blown dust 
from existing sources 
will impact human 
health

1

1

C

C

Low

Dust management plan
Procedures for top-down wash and 
post-wash inspections

1 B Low Yes

Reduced lead emissions from current 

levels.

Plan and procedures to be approved 

and implemented prior to appropriate 

phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plan and procedure 

implemented and 

audited

57

RSK-90046 Construction Preparation of land Not following 
procedures
Production of spoil

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Excess dust 
generation will 
impact human health.

Disturbing surface 
water and 
groundwater leading 
to
contamination of 
surface and 
groundwater

2
3

2

2

2

E
E

D

C

D

High

Earth moving plan (including dust 
suppression)
Dust management plan
Demolition plan
Waste management and recycling 
plan

3 B Medium Yes

Dust levels to be within Licence 

conditions.

No contamination of surface water or 

groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

Minor Infrastructure (incl Workshop, roads)
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58

RSK-90047 Construction - 
Subsurface 
Geotechnical Testing 
for foundation design*

(*The inherent level of 
risk is based on 
considering current 
process design)

Generation of contaminated 
material 
and
Contaminant migration 
through interconnection of 
aquifers

Lack of appropriate 
material handling 
protocol
Poor design
Not following design

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity 
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Contamination to 
surface water and 
groundwater

3

3

1

E

C

C

High

Earth moving plan 
Waste management and recycling 
plan

3 B Medium Yes

No contamination of surface water or 

groundwater.

Plans to be approved and implemented 

prior to construction phase.

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plans implemented 

and audited

59

60

RSK-90048 Construction - 
Transportation/Logistic
s of material

Increased frequency of traffic - 
construction

Increased mobilisation 
of staff, materials and 
plant

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Delays to public road 
users on public roads 
(especially main road 
of Port Pirie)

2

2

2

F

F

F

Medium

Traffic management plan
Schedule management
Building dilapidation survey
Community and Consultation 
Strategy

2 E Medium Yes

Plans to be approved and implemented 

prior to appropriate phase.

Community informed of potential 

impacts in advance of activity

Plans implemented 

and audited

Register of 

community 

consultation/engage

ment

61

RSK-90049 Construction - 
transportation/Logistic
s of material

Increased demand on parking 
spaces - construction

Increased mobilisation 
of staff, materials and 
plant

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Overflow from 
existing parking 
spaces onto roads 
and side streets 
impacting on public 
amenity

2 F

Medium

Traffic management plan
Schedule management
Designated overflow parking areas
Community and Consultation 
Strategy

2 D Medium Yes

Plans to be approved and implemented 

prior to appropriate phase.

Community informed of potential 

impacts in advance of activity

Plans implemented 

and audited

Register of 

community 

consultation/engage

ment

Transportation and Logistics Management
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62

RSK-90050 Construction - 
transportation/Logistic
s of material

Fugitive emissions - 
construction

Traffic movement 
onsite contributing to 
dust generation

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Pb dust emissions 
impacting surface 
water quality/public 
health

2

2

1

E

E

E

Medium

Dust management plan

2 C Low Yes

Reduced lead emissions from current 

levels.

Plan and procedures to be approved 

and implemented prior to appropriate 

phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plan and procedure 

implemented and 

audited

63

RSK-90051 Construction and 
Operational Logistics 

Introduction of foreign 
flora/fauna (incl. marine and 
terrestrial pests) construction 
and operation

International shipping 
incorrectly discharging 
of ballast water
Failure to follow wet 
down procedures

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine 
and terrestrial)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Marine and 
terrestrial pests 
impacting local 
ecology

3 C Medium

Flinders Port Authority Regulations
Australian Quarantine Regulations

3 B Medium Yes

Liaison with Flinders Port Authority with 

shipping traffic

Records and 

documentation of 

meetings

64

RSK-90052 Construction and 
Operation - 
Transportation/Logistic
s of material

Additional winnowing of 
sediments and the generation 
of sediment plumes - 
construction and operation

Increased shipping size 
resulting in deeper 
draught.

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Re-suspension of 
contaminated 
sediments

2 F Medium

Restriction of shipping sizes
Consultation with Flinders Port 
Authority

1 E Low Yes

Liaison with Flinders Port Authority with 

shipping traffic

Records and 

documentation of 

meetings
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65

66

RSK-90053 Shutdown during 
construction

Increased demand for 
personnel 

Shutdown required 
during Transformation 
construction period

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Availability of health, 
utilities, 
accommodation and 
services impacting on 
local population 
resulting in 
unavailability of 
critical services

2 E

Medium

Schedule management
Construction management plan
Community and Consultation 
Strategy

2 B Low Yes

Demand on health utilities, 

accommodation and services will not 

impact local population.

Plans to be approved and implemented 

prior to appropriate phase.

Community informed of potential 

impacts in advance of activity

Project 

plan/schedule.

Register of 

complaints and 

corrective actions.

Register of 

community 

consultation/engage

ment

67

RSK-90054 Onsite-Waste 
Management - Sewage

Leakage of raw sewage (black 
or grey)

Inadequate design 
capacity of system, 
failure to fix existing 
leaks in plant

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Sewage 
contamination of 
groundwater and 
driving head for 
contaminate 
migration

2

2

1
1

C

D

C
D

Medium

Operation and contingency planning

2 B Low Yes

No contamination of surface water or 

groundwater.

Plans to be approved and implemented 

prior to appropriate phase.

High-level alarms 

and triggers on plant

Plans implemented 

and audited

68

RSK-90055 Accommodation Anti-social behaviour in the 
community

Anti-social behaviour 
or pre-meditated 
behaviour of transient 
workforce (due to 
alcohol or drugs).

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Large workforce and 
antisocial behaviour 
impacting on 
community amenity

2 C

Low

Appropriate drug and alcohol policy
Close liaison with local government 
authorities
Public relations/liaison
Community and Consultation 
Strategy

2 B Low Yes

Testing undertaken as part of drug and 

alcohol policy

Liaison and cooperation with LGAs

Community informed of potential 

impacts in advance of activity

Records and 

reporting on testing

Register of 

community 

consultation/engage

ment

Construction Workforce and Overflow 
Accommodation
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69

70

RSK-90056 Construction Stockpiling, handling and 
disposal of waste and 
recyclable resources

Demolition works
Packaging materials
Offcuts

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Contamination of 
groundwater and 
surface water, soil 
and marine 
environment

2
2

2
1

2
2

D
D

D
D

D
D

Medium

Waste characterisation
Waste management and recycling 
plan

1 C Low Yes

Waste characterised and prioritised for 

appropriate waste management

Plan to be approved and implemented 

prior to appropriate phase.

Plan implemented 

and audited.

Existing monitoring 

program upgraded 

to accommodate 

potential new impact 

sites.

71

72

RSK-90057 Construction and 
Operation

Flooding of site Storm surge/ sea level 
variation/ high tide 
significant rainfall 
event
Increased frequency of 
events

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources (marine)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Flooding removing 
contaminated 
material from site 
and depositing at sea

2
2

2

A
A

A

Low

Update site emergency response 
plan to ensure incorporation of 
extreme weather events (incl. 
inundation from river)

2 A Low Yes

Plans to be approved and implemented 

prior to appropriate phase.

Plans implemented 

and audited

73

RSK-90058 Construction and 
Operation

Increased fugitive emissions Cumulative impact of 
multiple dust sources

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources 
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Increased dust and 
lead emissions 
contributing to 
community health 
impacts. Increased 
wetting down of dust 
sources contributes 
to secondary impact 
on groundwater.

2

2

2

2

2

E

D

D

D

D

Medium

Schedule management
Construction management plan
Control of individual dust sources

1 C Low Yes

Reduced lead emissions from current 

levels.

Plan and procedures to be approved 

and implemented prior to appropriate 

phase

Compliance with EPA requirements, 

guidelines and measures.

Existing 

Environmental 

Monitoring Program.

Plan and procedure 

implemented and 

audited

Waste Management

Other
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74

RSK-90059 Construction and 
Operation

Multiple construction 
activities and operations 
together

Cumulative effect of: 
Flooding event, and/or
Road wet down, 
and/or
Rain during 
construction

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources  (marine)
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Increased 
contamination of 
surface water and 
groundwater or 
marine environment

3
3

3

C
C

C

Medium

Schedule management
Construction management plan
Control of individual source
Housekeeping
Internal environmental authorisation 
for placement of materials within 
known catchments
Update site emergency response 
plan to ensure incorporation of 
extreme weather events (incl. 
inundation from river)

2 B Low Yes

No increased contamination of surface 

water and groundwater.

Plans to be approved and implemented 

prior to appropriate phase.

Plans implemented 

and audited

75

RSK-90060 Operation New infrastructure in 
prominent positions

Necessary 
infrastructure

• Air quality
• By-product/Waste 
generation
• Community health
• Community amenity
• Greenhouse gas
• Groundwater
• Natural resources
• Noise
• Odour
• Sub-surface soil quality 
• Surface water quality
• Vibration
• Visual amenity

Prominent 
infrastructure visible 
from town of Port 
Pirie and surrounding 
areas 1

1

F

F

Medium

Public engagement and consultation 
strategy

1 E Low Yes

Port Pirie skyline is not adversely 

affected by new structures beyond that 

outlined for development under Policy 

Area 15 of the Industry Zone, Port Pirie 

(Regional Council) Development Plan

Liaison with LGA and public on issue

Records kept of 

engagement and 

agreed outcomes.

Photo-point 

monitoring to 

document pre and 

post construction 

skyline of smelter 

from strategic view 

points.
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EXECUTIVE SUMMARY

Study Briefing 

Nyrstar Port Pirie Pty Ltd is currently undertaking pre-feasibility and bankable studies to upgrade its 
smelter in Port Pirie (South Australia) with a state-of-the-art operation. These new facilities would 
require an upgraded sea water intake and an expanded cooling water discharge system.  The cooling 
water thermal effluent would be ultimately disposed in the marine environment of Spencer Gulf near 
Port Pirie (Nyrstar 2013). 

Two main options for the discharge were put forward by the design engineers.  The first option is to 
discharge the heated effluent to First Creek in the same location of an existing thermal effluent 
discharge.  The second option is to construct a diffuser to be located in the Port Pirie River.  A range 
of temperature increases between intake and outfall are being considered for these options. It is 
expected that the existing discharge will remain operational. 

BMT WBM was commissioned to undertake a high-level study to support Nyrstar in coming to a 
decision on the pre-feasibility of each discharge option.  In particular, the study briefing for the works 
reported in this document consisted of the following: 

 To investigate whether a diffuser in the Port Pirie River could be successfully designed to meet 
South Australian EPA (SA EPA) water quality guidelines regarding temperature increase in the 
nearfield; 

 To implement a single hydrodynamic numerical model framework to investigate the far field 
dispersion of the thermal effluent; 

 To undertake hydrodynamic data collection to support the development of this model framework; 
and

 To use the model framework to quantify the temperature increases associated with the existing 
and proposed discharges, more specifically to identify whether and where the resulting 
temperature increases would be compliant with SA EPA water quality guidelines. 

Commensurate with the conceptual nature of the study, the limited time available to undertake the 
scope of works, and limited existing hydrodynamic information near Port Pirie, BMT WBM elected to 
devise a flexible study methodology, which can be further refined as the plant upgrade design 
progresses from a conceptual stage through to increasingly more detailed phases. 

As such, the adopted hydrodynamic model was only detailed to the point it could reasonably inform 
the temperature increases arising from each of the alternative discharge options.  Results contained 
in this report were not produced with the intent of progressing detailed design of the proposed 
discharge.

Study components and outcomes are described below. 

Data Collection 

A targeted field measurement program was devised to inform model construction and advance model 
validation. Two types of instruments were deployed over approximately two full spring neap tidal 
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cycles in May 2013.  This period takes into account conditions associated with dodge tides, which are 
more prominent in the months of May and November each year. The measurements consisted of: 

 Velocity data obtained from Acoustic Doppler Current Profilers (ADCPs) at two separate 
locations; and 

 Conductivity-Temperature-Depth (CTD) data at four separate locations. 

In particular, the ADCP measurements were undertaken near the main channel of Port Pirie River 
and in the subtidal areas offshore of First Creek.  The CTD measurements were conducted in the 
same locations and other two locations further offshore in the subtidal areas of Germein Bay. 

Average (0.09 and 0.10 m/s, respectively) and maximum velocities (0.59 and 0.60 m/s, respectively) 
measured by the ADCPs were similar between the two sites.  In both sites, the three neap tide 
periods associated with the dodge tides indicated velocities remain below 0.1 m/s throughout the 
water column for a few days.  Velocity magnitudes were relatively even between tide phases offshore 
of First Creek.  Contrastingly, velocities in the Port Pirie River site were generally higher in the 
flooding tides and lower in the ebbing tides.  Additionally, velocity directions showed the flow 
remained into the river appreciably longer than out of the river. This tidal asymmetry indicated the 
Port Pirie River is not well flushed, which is of particular importance for consideration if this location is 
chosen as the discharge alternative. 

All sites present similar trends of decreasing salinities and temperature, as expected for this time of 
year.  CTD measurements in the Port Pirie River showed stratification of salinity (up to approximately 
2 units) and temperature (up to 1 oC), while sites offshore were relatively well mixed.  Temperature in 
the Port Pirie River was generally lower and salinity was generally higher than offshore. 

Discharge Assessments 

Water Quality Guidelines 

A central aspect of the study briefing was to investigate whether a diffuser in the Port Pirie River and 
the discharges to First Creek could be successfully designed to meet SA EPA water quality 
guidelines for temperature increases.  While the existing Environment Protection (Water Quality) 
Policy 2003 (SA EPA 2003) does not have a specific guideline addressing temperature increases due 
to effluent discharges, precedent cases in South Australia required that temperatures resulting from 
the disposal of cooling water are no greater than 2 °C above the ambient temperature 20 m from the 
outfall (S Gaylard, SA EPA, pers. comm. 24 May 2013). 

This water quality policy is under review such that a draft Environment Protection (Water Quality) 
Policy 2012 (SA EPA 2012), based on the ANZECC/ARMCANZ 2000 Water Quality Guidelines, is 
likely to replace the existing policy in 2014. The new policy requires that the resultant median water 
temperature does not exceed the 80th percentile (i.e. 20th percentile temperature exceedence) of the 
ambient water temperature at the edge of an agreed mixing zone. 

Nearfield Assessment 

Two well-established models were adopted to quantify the outfall discharge plume characteristics: 
CORMIX (Cornell Mixing Zone Model, Jirka et al. 1996) and Visual Plumes (Frick et al. 2003).   
Adoption of these configurations across two comparable models was undertaken to provide 



EXECUTIVE SUMMARY III

G:\ADMIN\B20232.G.MEB.PORTPIRIE\R.B20232.001.01.REVISEDREPORT.DOCX   

sensitivity and confidence in the modelling results. Based on ambient conditions and outfall 
characteristics, these models calculated temperature, dilution and plume geometrical characteristics 
at nominated distances from the diffuser.  The modeled conditions assumed a discharge flow rate of 
1.64 m3/s and the maximum 10oC temperature increase in relation to background ambient conditions. 

Given the seminal nature of the project, no specific outfall diffuser plans or specifications (except for 
flow rate and temperature specifications) were provided.  In order to approach the problem in a 
pragmatic fashion, two typical outfall design specifications were adopted in this nearfield 
investigation.  The choice of these options were not intended to inform design but simply to 
demonstrate, as a proof-of-concept, that a typical outfall can be designed to comply with water quality 
guidelines.

Although the adopted modelling assumptions were generally conservative (i.e. considered the 
maximum proposed temperature increase above background and neglected surface heat exchange), 
it was shown that an outfall can be successfully designed to comply with the SA EPA water quality 
guidelines.

Taking into consideration the limited number of tests, the outfall design can be further optimised to 
achieve even more favourable conditions for the thermal effluent dilution. 

Far Field Model Performance 

The three dimensional hydrodynamic and transport model TUFLOW FV was set-up and executed for 
far field assessments of a subset of the alternative proposed discharges.  The model comprised the 
whole of Spencer Gulf with high resolution in the areas of interest near Port Pirie.  The model was 
shown to reproduce the tidal features throughout the Gulf and performed particularly well in terms of 
reproducing current velocities offshore of First Creek.  Due to inaccuracies of the bathymetry in the 
intertidal areas, the model did not perform as well in the Port Pirie River area.  The model, 
nevertheless, did reproduce the essential features of the hydrodynamics and was considered fit for 
the purpose of this conceptual study.  Temperatures in the water column were particularly well 
reproduced.

Methodology for Comparison 

A methodology was devised for comparisons between the discharge scenarios and the natural 
(unimpacted) baseline, so as to verify whether (and/or where) the discharges would meet water 
quality guidelines (both present and the proposed draft guidelines). In case guidelines were not met, 
these comparisons would serve to indicate which locations would be the worst affected by the 
discharge temperature increases. 

The methodology consisted of calculating the percentile temperature exceedences for each surface 
cell of the model domain. The statistics were computed over one month of simulation, comprising the 
dodge tide period captured in the field data. 

For verification of guidelines, each of the percentile exceedences obtained from the natural 
(unimpacted) baseline conditions were subtracted from a corresponding percentile exceedence 
obtained from the discharge scenarios.  These differences were then mapped so as to obtain the 
locations and respective distances (or areas) from the discharge where they exceeded any given 
water quality criterion. 
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Proposed Discharges to First Creek

Results of the proposed alternative discharges were contrasted with natural and existing conditions.  
Natural conditions were simulated assuming there were no discharges in the model domain.  Existing 
conditions assumed the existing thermal effluent discharge with a flow rate of 0.53 m3/s and 
temperature increase between the intake and the discharge of 9oC.   

For the proposed discharge, different levels of temperature increase in relation to intake temperatures 
were considered (2oC, 5oC, and 10oC).  The discharge flow rate was 1.64 m3/s.  

The comparisons with natural conditions showed that any of the discharges into First Creek (either 
the existing or the existing with the combination of the proposed discharges) were not compliant with 
SA EPA water quality guidelines.  When taking into consideration the proposed discharges, model 
results showed that for any of the cases most of First Creek would be non-compliant.  In addition to 
First Creek, the intertidal area immediately offshore of the creek would be non-compliant with any of 
the guidelines.  As expected, the extent of the non-compliant area would be reduced for smaller 
temperature increases between intake and discharge. 

Proposed Discharge to the Port Pirie River

For the proposed discharge to the Port Pirie River, only a temperature increase of 10 oC in relation to 
the water intake temperatures was considered.  The discharge input into the model did not consider 
the effects of mixing in the nearfield.  Consistent with other discharge modelling studies, neglecting 
these effects produce very conservative dilutions (therefore, also temperature increase) in the vicinity 
of the diffuser.  Adoption of this “unseeded” approach was preferred in view of the limited time 
available for the study.  As a result, the far field assessment showed the discharge to the Port Pirie 
River would not be compliant over a significant area with either of the water quality guidelines.  This 
result was immaterial in the sense that the near field model showed temperature increases below 2oC
can be achieved within 20 m from the diffuser.   

Model results nevertheless were useful as they indicated an asymmetric plume, with tendency of 
movement during flood tides into the River, which was consistent with the ADCP measurements Port 
Pirie River.  Given these results, the outfall in the Port Pirie River should be located as near as 
possible to the river mouth. 

Comparisons with Existing Conditions

Comparisons with existing conditions were undertaken to quantify the effect of the increased heat 
load of the proposed discharges in the marine environment near First Creek.  Despite the increased 
heat load, some of the proposed alternative discharges considered temperature increases (in relation 
to intake temperatures) smaller than the existing discharge.  Model results showed that these 
scenarios would result, in comparison to existing conditions, in reduction of temperatures over 
significant lengths of First Creek.  However, as advection and dispersion mechanisms in the creek 
are controlled by the tides, portions of the creek and the intertidal area immediately offshore would 
still present a temperature increase (in comparison to existing conditions).  In particular, the areas 
near the mouth of the creek tended to present temperature increases, whilst a reduction was 
simulated near the discharge location. 
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For a discharge above 10 oC, the discharges into First Creek would always result in temperature 
increases, both along the entire First Creek stretch as well as in the intertidal area immediately 
offshore of First Creek. Such a temperature increase would therefore exacerbate the impacts of the 
existing discharge. 

Recommendations 

The alternatives of the thermal discharge to Port Pirie River or First Creek both have strengths and 
weaknesses, such that it is difficult to recommend the most viable option on environmental grounds 
alone.

Discharge to the Port Pirie River 

For the proposed discharge to the Port Pirie River, it is possible to design an outfall capable of 
meeting existing water quality guidelines.  However, in addition to the temperature increase in the 
Port Pirie River no abatement of the existing discharge conditions would occur in First Creek.  As a 
result, the impact of the Nyrstar operations in the marine environment near Port Pirie would consist of 
two isolated zones.  A possible solution to this outcome is to combine (pre-mix) both existing and 
proposed cooling water discharges for disposal through the outfall in the Port Pirie River.  It should be 
noted that this suggestion did not consider any costs, design, or operational matters involved in this 
mixed approach. 

If Nyrstar wishes to progress consideration of discharging to the Port Pirie River we suggest that: 

1. A bathymetric field survey be undertaken in the intertidal areas within the Port Pirie River.  
Such a survey will allow further refinement of the hydrodynamic model in such a way as to 
improve predictive capability of the observed tidal asymmetry.  This asymmetry is an 
important feature that relates to mixing processes so it is relevant here. 

2. A pre-mixed approach with results from a nearfield model be adopted to “seed” the 
discharge into the far field model. Such an approach will allow the simulation of less 
conservative and more realistic far field plume characteristics within the Port Pirie River. 

3. The nearfield analysis be upgraded with more detailed Computational Fluid Dynamics (CFD) 
modelling.  Such an approach will allow improved understanding of the effects of tides in the 
nearfield dilutions and temperature increases as well as to provide reliable dilutions for the 
discharge “seeding” referred above. 

Additionally, if both existing and proposed discharges are to be combined into a single disposal 
location, the nearfield study needs to be upgraded to reflect the increased heat load.  This exercise 
should be taken in conjunction with a formal diffuser optimization study. 

Discharge to First Creek

Considering the combination of existing and proposed discharges to First Creek will result in non-
compliant conditions with SA EPA water quality guidelines.   

In this case, any improvement in terms of temperature to First Creek would require a temperature 
increase in relation to intake temperatures significantly lower than the 9oC increase assumed in the 
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existing discharge.  In particular, a 2oC increase in the proposed discharge resulted in significant 
improvement of overall conditions within some reaches of First Creek, with only relatively small 
deterioration in other locations. 

If Nyrstar wishes to progress consideration of discharging to First Creek we suggest that: 

1. A bathymetric field survey be undertaken in the intertidal areas within Germein Bay offshore 
of First Creek.  Such a survey would allow further refinement of the hydrodynamic model in 
such a way as to improve predictive capability in the intertidal areas beyond the mouth of 
First Creek. 

2. Collection of temperature and meteorological data be undertaken in First Creek and the 
adjacent intertidal areas.  This data collection would allow increased understanding of the 
effects of the tidal dynamics on temperature within First Creek and allow improved model 
validation and predictive capability within the area. 

3. The far field model be upgraded with increased resolution in the First Creek and immediately 
adjacent area.  While sufficient resolution was adopted for this conceptual study, a more 
detailed investigation would benefit from increased resolution in the area. 

Choice of Alternative 

The advantages (and disadvantages) of each of the options need to be weighed in conjunction with 
other factors not necessarily related to the discharge itself (e.g. benefit to air quality, control of 
groundwater pollution).  Once a decision is made on the way forward, the more detailed 
investigations addressed above should be undertaken to progress the chosen alternative. 
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1 INTRODUCTION

Nyrstar Port Pirie Pty Ltd (hereafter Nyrstar) operates an integrated multi-metals recovery plant that 
can process a wide range of lead rich concentrates and smelting industry by-products, including lead, 
zinc, silver, gold, copper and sulphuric acid (Nyrstar 2013).  The smelter has been in operation for 
more than 120 years, with its core production assets established some 60 years ago.   

Nyrstar is currently undertaking pre-feasibility and bankable studies (including a Public Environmental 
Review – PER) to upgrade this facility to a state-of-the-art poly-metallic processing and recovery 
facility.  More specifically, these studies are being undertaken to replace the existing sinter plant with 
a state-of-the-art oxygen enriched bath smelting furnace, coupled to an electricity cogeneration facility 
and a new sulphuric acid plant. These new facilities would require an upgraded sea water intake and 
an expanded cooling water discharge system.  The cooling water thermal effluent would be ultimately 
disposed in the marine environment near Port Pirie (Nyrstar 2013). 

This report describes and presents the results of near and far field numerical modelling undertaken to 
simulate the hydrodynamics of Spencer Gulf and the effects of the cooling water thermal discharge in 
the marine environment adjacent to Port Pirie. 

1.1 Study Objectives 

The objectives of this study were to: 

 Assess the effects of different configurations of the cooling water discharge (i.e. location and 
temperature increase) and its compliance with existing and proposed water quality guidelines 
regarding temperature increase in the marine environment;  

 Develop a three-dimensional numerical hydrodynamic model of Spencer Gulf, with resolution 
focused in the Port Pirie area; 

 Collect physical oceanographic data with the view to establish, calibrate and validate this 
hydrodynamic model; and  

 Support other assessments that require hydrodynamic information near Port Pirie. 

1.2 Report Outline 

This report is structured as follows: 

 Section 2 presents a site description and relevant hydrodynamic information regarding the study 
area;

 Section 3 presents the data collected for the set-up, execution and validation of the near and far 
field models; 

 Section 4 presents near and far field assessments of different cooling water discharge 
configurations in terms of comparisons with existing and proposed water quality guidelines; and 

 Section 5 presents a brief discussion of the study findings, and 

 Section 6 presents the study conclusions and recommendations. 
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2 SITE DESCRIPTION

2.1 Spencer Gulf 

Spencer Gulf is a large (length approximately 300km, mean width approximately 60km) and relatively 
shallow (mean depth approximately 22m) semi-enclosed sea (Figure 2-1). The Gulf has an 
approximate triangular shape, bounded by the Yorke Peninsula to the east, the Eyre Peninsula to the 
west and the Southern Ocean to the south (Figure 2-1).   

Flow in the Gulf is largely influenced by tides, which have significant spatial variation.  In particular, 
the mouth in the southern end and the head in the northern end have a semidiurnal tidal elevation 
character, whereas at the centre of the Gulf, near Wallaroo, the tidal elevations are predominantly 
diurnal (Easton 1978).  The tidal elevation range is relatively small at the mouth (0.6 m at Pondalowie 
Bay) of the Gulf and progressively increases up to 2.7 m in the head of the Gulf (BMT WBM 2011). 

Predominant tidal harmonics in Spencer Gulf are the diurnal components K1 and O1, and the semi-
diurnal components M2 and S2 (Nunes and Lennon 1986).  Both diurnal and semi-diurnal 
components have similar amplitudes to each other.  The semi-diurnal harmonics are phase-
cancelling and enhancing at every 14.8 days, whilst the diurnal harmonics at every 13.7 days.  As a 
result periods of low tidal amplitude occur approximately every 6 months, when both diurnal and 
semi-diurnal components cancel each other.  These tides are a notorious feature of the South 
Australian gulfs, known as “dodge tides”.  Due to the small tidal amplitudes, tidal flow becomes 
severely reduced over part of the neap cycle period (Easton 1978).  However, it has been shown that 
during dodge tides flow velocities can still exceed 30 cm/s in some parts of the Gulf, such as near 
Port Bonython (BMT WBM 2011). 

Temperature and salinity are predominantly influenced by the local meteorology and increased 
residence times within the northern areas of Spencer Gulf (Nunes and Lennon 1986).  Over the 
annual cycle, mean water temperature ranges between 12 and 24°C Spencer Gulf.  Salinity ranges 
over the annual cycle vary more widely spatially, from ~43 to 48 g/L at the head of the Gulf, to ~38 to 
39 g/L at Wallaroo (Nunes and Lennon 1986), and ~35.5 to 37.0 at the mouth (Herzfeld et al. 2009).  
Strong evaporation north of Point Lowly drives these high salinities at the head of the Gulf and results 
in the development of a broadscale north-south salinity gradient during summer.  This gradient is 
relaxed during autumn and winter due to the combined effects of reduced evaporation and a large 
scale ejection of salt from the Gulf (Nunes et al. 1990).   

Given the Gulf’s width, the salt ejection is influenced by the Earth’s rotation forming a cyclonic 
(clockwise) gyre motion south of Port Bonython (Nunes and Lennon 1986). In autumn through winter, 
this gyre brings colder, less saline southern water up the Gulf along the western shore and more 
saline warmer water down the Gulf along the eastern shore (Nunes-Vaz et al. 1990).  Nunes (1985) 
data shows temperature and salinity gradients that form across the Gulf between False Bay, off 
Whyalla, and Germein Bay, off Port Pirie (Figure 2-2). 
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2.2 Port Pirie 

Port Pirie is a coastal town on the southern shore of Germein Bay located approximately 230 km 
north of Adelaide and approximately 37 km southeast across the Gulf from Whyalla (Figure 2-1).  The 
city of Port Pirie and the Nyrstar smelter are located in the western margin of the Port Pirie River, 
where a port facility operates to receive concentrates used in the metal processing (Figure 2-3). 

Little is known about the hydrodynamics near Port Pirie; more specifically, to our knowledge no 
hydrodynamic modelling studies have been undertaken in the area.  Recently, hydrodynamic studies 
have been conducted as a result of environmental studies for a desalination plant outfall near Port 
Bonython in the opposite margin of the Gulf (BMT WBM 2011).  These studies show that bathymetric 
features are very important in determining the intensity and direction of the flow resulting from the 
tides.  For example, flow is quite vigorous (up to 1.5 m/s, mean 0.50 m/s) through a deep channel 
known as “the Rip” between Point Lowly and Ward Spit (BMT WBM 2011 - see Figure 2-2 for 
locations). On the other hand, vortices form on the lee side of Point Lowly, considerably reducing the 
flow intensity (maximum of approximately 0.3 m/s during ebb tides, BMT WBM 2011). 

The existing smelter cooling system extracts water at the intake location shown in Figure 2-3.  
Cooling water is discharged at an average 0.62 m3/s flow rate to a flume (PP02 in Figure 2-3) that 
serves as conduit to First Creek, approximately 1.6 km downstream.  Cooling water is ultimately 
delivered to Spencer Gulf according to the tidal motion within First Creek.  A five year monitoring 
study showed that the increased temperatures associated with the cooling water is confined to First 
Creek, while little difference in temperature was found between the mouth of First Creek and control 
sites offshore (NRS 2007). 

2.2.1 Proposed Discharge 

Four potential outfall locations as indicated by points PP02 to PP05 in Figure 2-3 are under 
consideration in the upgraded operations.  The existing discharge, also at PP02, discharges via First 
Creek, whilst the potential outfalls at PP03 to PP05 would discharge cooling water directly to Port 
Pirie River.  Port Pirie River channel is maintained in excess of 8.0 m for the Port Pirie activities 
which, in comparison to the shallower waters in First Creek, would provide an opportunity for mixing if 
delivered via a diffuser near the seabed (Figure 2-2).  The proposed discharge considers a 1.54 m3/s
cooling water flow rate. 
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Figure 2-2 Approaches to Whyalla and Port Pirie (Chart AUS 136, AHS 2000). Scale shown 
does not apply. 

Point Lowly Ward Spit 

Germein Bay 
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Whyalla 



A
p

p
en

d
ix H



DATA COLLECTION 3-1

G:\ADMIN\B20232.G.MEB.PORTPIRIE\R.B20232.001.01.REVISEDREPORT.DOCX   

3 DATA COLLECTION

A targeted field measurement program was undertaken specifically for model validation purposes. 
The instruments were deployed between 04 April and 08 May 2013, inclusive of approximately two 
full spring neap tidal cycles.  This period was chosen as to capture conditions during dodge tides, 
which are prevalent during neaps in the months of May and November each year.  The 
measurements consisted of: 

 Velocity data obtained from Acoustic Doppler Current Profilers (ADCPs) at two separate 
locations; and 

 Conductivity-Temperature-Depth (CTD) data at four separate locations. 

A description of these measurements is given below and a summary is provided in Table 3-1.  The 
deployment locations are presented in Figure 2-3. 

3.1 ADCP Measurements 

ADCP measurements were undertaken at two separate locations to provide hydrodynamic conditions 
associated with the proposed outfall locations.  Site 1 was located next to the Port Pirie River main 
channel at the mouth of Magazine Creek.  Although not directly positioned at any of the proposed 
outfall locations in the Port Pirie River the site was chosen so as not to interfere with shipping traffic.  
Site 2 was located in approximately 7 m depth just offshore of First Creek.  

Measurements at Site 1 and 2 are presented respectively in Figure 3-1 and Figure 3-2.  Average 
(0.09 and 0.10 m/s, respectively) and maximum velocities (0.59 and 0.60 m/s, respectively) were 
similar between the two sites. However, it can be seen that velocities at Site 1 were generally higher 
in the flooding tides and lower in the ebbing tides. Contrastingly, velocities were more even between 
tide phases at Site 2, with only slightly higher velocities during ebbing tides.  In both sites, the three 
neap tide periods indicate velocities remain below 0.1 m/s throughout the water column for a few 
days.  These low velocity intensities, representative of the dodge tides, were particularly prominent 
with the low water elevations observed around 05 May (Figure 3-1 and Figure 3-2). 

The velocity directions at Site 1 were oriented in the NW-SE directions, with markedly abrupt changes 
in direction with the change in tidal phases (Figure 3-1).  On the other hand, velocity directions at Site 
2 varied more gradually from one phase to another.  The predominant directions at the peak 
velocities at Site 2 were East (flood tides) and West (ebb tides - Figure 3-2). 

3.2 CTD Measurements 

CTD temperature and salinity measurements are presented in Figure 3-3 and Figure 3-4, 
respectively.  In most locations, measurements were collected near the top and bottom of the water 
column, with the exception of measurements at Site 2 (Table 3-1).  Some conductivity sensors when 
deployed for over a week are known to present problems associated with drifting and biofouling.  
Such samples that were deemed unreliable at the end of the records were therefore discarded. 

All sites present similar trends of decreasing salinities and temperature, as expected for this time of 
year.  Site 1, inside the estuary, presented stratification of salinity (up to approximately 2 units) and 
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temperature (up to 1 oC), while sites offshore (Sites 3 and 4) were relatively well mixed.  Temperature 
inside the estuary (Site 1) was generally lower than offshore and salinity was higher (Figure 3-5 and 
Figure 3-6).  Sites 3 and 4 presented a larger rate of salinity reduction with time, which are unlikely to 
be real and probably resulted from excessive sensor drifting. 

Table 3-1  Summary of measurements specifically undertaken for model development 

Measurement 
Type Station 

Location 
Measurement 

Interval 
Measured 
Variables

Longitude Latitude 

Vertical 
Velocity Profile 
(ADCP) 

1 (~7 m depth) 138o 0’ 58.1’’ E 33o 9’ 12.2’’ S 
05/04/2013 to 
08/05/2013 

Current 
speed and 
direction 
(and backup 
water depth) 2 (~6 m depth) 137o 58’ 49.3’’ E 33o 5’ 32.8’’ S 

Conductivity 
Temperature 
and Depth 
(CTD) 

1 (~7 m depth) 
top and  bottom 138o 0’ 58.1’’ E 33o 9’ 12.2’’ S 05/04/2013 to 

08/05/2013 

Temperature, 
conductivity 
(salinity and 
density), and 
pressure 
(depth) 

2 (~6 m depth) 137o 58’ 49.3’’ E 33o 5’ 32.8’’ S 05/04/2013 to 
05/05/2013 

3 (~5 m depth) 
top and  bottom 137o 56’ 20.2’’ E 33o 0’ 00.1’’ S 05/04/2013 to 

08/05/2013 

4 (~6 m depth) 
top and  bottom 137o 57’ 18.5’’ E 33o 6’ 52.4’’ S 05/04/2013 to 

08/05/2013 
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Figure 3-1 ADCP Measurements at Site 1 
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Figure 3-2 ADCP Measurements at Site 2 
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Figure 3-3 CTD Temperature Measurements 
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Figure 3-4 CTD Salinity Measurements 
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Figure 3-5 CTD Temperature Measurements – Comparisons at Surface between All Sites 

Figure 3-6 CTD Salinity Measurements – Comparisons at Surface between All Sites 
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4 DISCHARGE MODELLING

For cooling water discharges, the effluent will be warmer than the receiving water, therefore less 
dense, and will accelerate upwards due to buoyancy.  In the near field, the acceleration is 
counteracted by entrainment of ambient water into the plume and it is this entrainment that produces 
mixing and dilution of the plume.  Depending on the local conditions and outfall design characteristics, 
the plume can present distinctive behavior, as summarised by Jirka et al. (1996). 

Before the assessments are described, it is convenient to address a few basic terminologies and 
concepts adopted in this study. 

Nearfield - is defined as an area of the receiving environment near the point of discharge where the 
effluent jet trajectory and dilution is governed by the momentum flux, buoyancy flux and geometry of 
a diffuser/outlet.   

Far field - is the region of the receiving water where the plume trajectory and dilution are controlled by 
horizontal buoyant spreading and the ambient flow.   

The near field is therefore the region where the outfall design can exert control of the effluent dilution 
and the far field is the area where the ambient mixing processes dominate (Jirka et al. 1996). 

Mixing zone - is a stipulated area or distance in the immediate vicinity of the point of discharge where 
a certain quality criteria can be exceeded.  The mixing zone is often defined in such a way to specify 
criteria associated with regulatory compliance.  

4.1.1 Water Quality Guidelines 

The existing Environment Protection (Water Quality) Policy 2003 (SA EPA 2003) does not have a 
specific guideline addressing temperature increases due to effluent discharges. As a general rule, the 
SA EPA negotiates appropriate guidelines on a case by case basis. Based on precedents in South 
Australia, the SA EPA is likely to require that temperatures resulting from the disposal of cooling 
water into the Port Pirie River are no greater than 2 °C above the ambient temperature 20 m from the 
outfall (S Gaylard, SA EPA, pers. comm. 24 May 2013). This guideline is hereafter referred to as 
present guideline. 

It is also relevant that a draft Environment Protection (Water Quality) Policy 2012 (SA EPA 2012), 
based on the ANZECC/ARMCANZ 2000 Water Quality Guidelines, is likely to replace the existing 
policy in 2014. The new policy requires that the resultant median water temperature does not exceed 
the 80th percentile (i.e. 20th percentile temperature exceedence) of the ambient water temperature at 
the edge of an agreed mixing zone.  This mixing zone is likely to be specified at 20 m from the outfall, 
as per the present guidelines, however this is yet to be confirmed. 

4.2 Conceptual Alternatives 

As mentioned in Section 2, four conceptual locations are being considered for the upgraded facility 
outfall, as shown in Figure 2-3.  PP02 is to be co-located with the existing discharge. PP03 to PP05 
will be located in the Port Pirie River.  PP05 is located closest to Germein Bay approximately 4.7 km 
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from the river mouth.  PP04 is the furthest, about 5.6 km from the mouth. PP03 is near the existing 
and proposed intakes (~100 m), approximately 5.1 km from the Port Pirie River mouth. 

The expected temperature and salinity changes in the cooling water effluent will depend on the 
characteristics of the cooling water system.  This information was provided by Nyrstar and is 
presented in Table 4-1. 

For all the configurations, the cooling water flow rate will be 1.64 m3/s.  The water intake will be 
located with the existing intake.  However, water will be withdrawn at depth approximately 1.0 m from 
the seabed.  The existing intake withdraws water at about 2.0 m below mean sea water level (David 
Wiltshire, pers. comm.). 

Table 4-1  Conceptual Outfall Characteristics 

Outfall
location

Coordinates Temp. 
increase  

(oC) 

Salinity 
increase  

(%)Latitude Longitude

PP02: 33o 09’ 39.50’’ S 138o 00’ 20.93’’ E 

10 0 
8 0.35 
5 0.88 
2 1.41 

PP03 33o 10’ 03.15’’ S 138o 00’ 50.96’’ E 

10 0
8 0.35
5 0.88
2 1.41

PP04: 33o 10’ 19.27’’ S 138o 00’ 46.02’’ E 

10 0 
8 0.35 
5 0.88 
2 1.41 

PP05: 33o 09’ 51.91’’ S 138o 00’ 51.97’’ E 

10 0
8 0.35
5 0.88
2 1.41

4.3 Nearfield Assessment 

Two well-established models were adopted to quantify the outfall discharge plume characteristics: 
CORMIX (Cornell Mixing Zone Model, Jirka et al. 1996) and Visual Plumes (Frick et al. 2003). These 
models were chosen as they are widely used for outfall design and both are tools recommended by 
the United States EPA.  Based on ambient conditions and outfall characteristics, the models output 
temperature, dilution and plume geometrical characteristics at nominated distances from the diffuser.  
The main aspect of the present assessment is investigation of the dilution factor and associated 
temperature increase at 20 m from the diffuser as required by the water quality guidelines described 
above.
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It is noted that the sole objective of this assessment is to demonstrate an outfall at the proposed sites 
can be successfully designed to meet the EPA criteria, and as such results presented in this report 
should not be used for any other purpose (i.e. basis of engineering design).  Further works will be 
required (such as CFD modelling) to support more detailed design works. 

4.3.1 Model Configurations 

For each outfall specification (i.e. number of ports) and ambient condition (i.e. 7 ambient velocities 
and 2 ambient temperatures), a series of CORMIX and Visual Plumes models were set-up and 
executed, including the following configurations: 

 CORMIX assuming a single port; 

 CORMIX assuming multiple ports (slot line discharge) far away from the bank; 

 CORMIX assuming multiple ports (slot line discharge) at 10 m from the bank; 

 Visual Plumes assuming a single port; and  

 Visual Plumes assuming multiport diffusers. 

Adoption of these configurations across two comparable models was undertaken to provide 
sensitivity and confidence in the modelling results. 

4.3.2 Model Assumptions and Limitations 

For multiple-port diffusers (as adopted in this assessment) CORMIX assumes the configuration as a 
rectangular (2 dimensional) slot discharge, as if the discharge plumes were completely merged from 
exiting the port nozzles. This assumption neglects significant amount of mixing along the interface of 
the plumes of each individual port prior to merging.  Visual Plumes, on the other hand, does not make 
this assumption and it allows for true merging of the individual port discharges.  In order to compare 
both models under similar conditions, we have also compared the models using a single port 
configuration. These allowed us to define a reasonable spacing between ports, so as to determine 
the total diffuser length. 

CORMIX model schemes were validated against numerous laboratory and field measurements (Jirka 
et al. 1996), however, CORMIX has less reliable results under low or no ambient velocity conditions. 
To overcome this limitation we extrapolated results from other ambient velocities to estimate the 
dilutions under stagnant conditions.  This procedure of extrapolating CORMIX dilutions has been 
adopted in other discharge studies (BMT WBM 2011). 

As Visual Plumes is unable to predict conditions resulting from bank attachment, the effects of 
potential bank attachment was explored with CORMIX only.  Additionally, Visual Plumes does not 
provide outputs beyond the point where the plume reaches the surface.  In the case these distances 
are shorter than 20 m, these values are reported. 

The models’ configurations did not assume surface heat exchange.  This is a generally conservative 
condition, assuming warmer water would lose heat to the atmosphere, therefore cooling more than 
the predictions presented here. 
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The models did not include the influence of the unsteady nature of tidal flow.  A more sophisticated 
approach using Computational Fluid Dynamics (i.e. CFD) needs to be adopted to investigate the 
unsteady flow effects in the plume, as well as to support detailed engineering design works, should 
these be required. 

4.3.3 Outfall Characteristics

As discussed above, the proposed upgraded cooling water discharge will be designed for: 

 Flow rate of up to 1.64 m3/s; and 

 No more than 10 oC above background temperature at point of discharge. 

For present water quality guidelines (2 oC above background), this temperature corresponds to a 
dilution factor of 5.0 at 20 m from the discharge location, neglecting effects of surface heat exchange 
(as described above). 

Nearfield assessments were conducted for configurations applicable to outfalls PP03 to PP05.  All of 
these are proposed to be located at similar depths and under similar ambient conditions.   

Consistent with the conceptual phase of this project, no specific outfall diffuser plans or specifications 
(exception to flow rate and temperature increase) were provided.  In order to approach the problem in 
a pragmatic fashion, two typical outfall design specifications were adopted for this nearfield 
investigation.  They consisted of a major pipe aligned with the Port Pirie River western shoreline 
installed under the seabed.  Twelve and eighteen equally-spaced ports raising 20 cm from the 
seabed and pointing towards the centre of the Port Pirie River were assumed.  The ports were also 
assumed to be pointing at 45o angle from the vertical. These configurations were chosen as to: 

 avoid contact of plume with the seabed, therefore maximising dilutions; 

 minimise plume bank attachment, therefore maximising dilutions; and 

 avoid interference with shipping traffic. 

For this preliminary assessment, a typical port diameter of 15 cm was assumed. The number of ports 
was chosen so as to maintain the nozzle exit velocities below 8.0 m/s and a total diffuser length 
shorter than 80 m.  Although arbitrarily chosen, these conditions were adopted as they are generally 
in the operation range to avoid cavitation and damage to nozzles.  No specific consideration was 
given to available hydraulic head or pumping requirements for the discharge, however this could be 
examined at a later stage in the project if required. 

Ambient conditions were chosen as to replicate the annual temperature extremes (12 and 25 oC) and 
the measured currents presented in Figure 3-1.  For the purpose of this analysis, the water column 
was assumed to be homogeneous in terms of temperature, salinity and velocity.  This assumption 
was based in the field observations presented in Section 3.  The maximum observed density 
stratification was about 1 kg/m3 over the water column (but it was typically much less).  The density 
difference induced by a 10 oC temperature increase is more than four times larger than this maximum 
stratification observed in the field. 
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Figure 4-1 shows a schematic of the outfall configuration assumed in the present assessment, whilst 
Table 4-2 summarises the assumed outfall characteristics and ambient conditions.  Distances were 
measured from the downstream edges of the diffuser.  

For a single port diffuser CORMIX computed a (gaussian) width when the plume reaches the surface 
(i.e. the plume diameter) to be approximately 3.0 m.  A typical port spacing of 4.0 m was chosen in 
such a way to avoid significant plume interaction, thus maximising the plume mixing potential. 

PP02 was not considered in these nearfield assessments as it delivers cooling water to a very 
shallow receiving environment (< 2.0 m depth), therefore little mixing is expected from it until the 
cooling water reaches Spencer Gulf.  This is consistent with diver observations throughout the length 
of First Creek (David Wiltshire, pers. comm.).  Mixing from PP02 will therefore be controlled by far 
field conditions, which is explored later in this report (see Section 4.4). 

Figure 4-1 Outfall Configuration Schematic. Left Panel: Plan View.  Right Panel: Side View. 

Table 4-2  Assessed Outfall Characteristics and Ambient Conditions 

Discharge 
Flow Rate 

(m3/s)

Temperature 
Increase 

(oC) 

Nozzle 
Diameter 

(cm) 
Port Spacing

(m)

Number of 
Ports 

(-) 

Total 
Diffuser 
Length 

(m)

Port Exit 
Velocity 

(m/s)

Ambient 
Temperature 

(oC) 

Ambient 
Velocities

(m/s)

1.64 10 15 4.0 

12 48.0 7.7 

12

0.00
0.02
0.05
0.10
0.20
0.25
0.50

25

0.00
0.02
0.05
0.10
0.20
0.25
0.50

18 72.0 5.2 

12

0.00
0.02
0.05
0.10
0.20
0.25
0.50

25

0.00
0.02
0.05
0.10
0.20
0.25
0.50
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4.3.4 Nearfield Results 

For each of the executed models, results are presented for both temperature and dilution factor as 
ranges that encompass the results of all model configurations described above.  In general, CORMIX 
results assuming a single port diffuser were the least conservative; they tended to present the highest 
dilution and lowest temperature results.  Contrastingly, CORMIX results assuming multiple ports at 10 
m from the bank were the most conservative.  

The effect of ambient temperature was shown to have negligible effects in the resulting dilutions. 
These results occurred because the discharged water is heated up relative to the background 
conditions, and as such the buoyancy of the discharge was essentially the same for all cases.  Thus, 
a similar level of dilution (and temperature increases) can be assumed throughout the year for a 
same temperature difference between ambient and the discharge.  For brevity only results for 25 oC
ambient temperature are reported.   

4.3.4.1 Temperature at 20.0 m from Diffuser 

Temperatures at 20 m from the diffuser are shown in Figure 4-2.  CORMIX did not produce results for 
0.0 m/s ambient velocities (as discussed above).  We linearly extrapolated the results for these 
conditions from the results of the 0.02 m/s and 0.05 m/s.  Visual Plumes did not produce results 20 m 
from the diffuser; therefore we adopted the results as the plumes reach the surface, which in all 
Visual Plumes runs were less than 20.0 m from the diffuser. 

For both 12 and 18-port diffusers the minimum, mean, and average values for all ambient velocities 
produced temperatures well below the existing guideline values.  The mean of all models varied 
between 25.3 and 26.0 oC for all ambient velocities considered. 

For relatively strong ambient currents (> 10 cm/s), only the results of CORMIX assuming the 
discharge 10 m from the bank produced temperatures near or above the guideline.  The results of the 
12-port diffuser met the guidelines for all ambient velocities with temperatures between 26.9 and 27.0 
oC for ambient velocities larger or equal 10 cm/s.   

For the 18-port diffuser (and same CORMIX configuration), temperatures at 20 m from the diffuser for 
velocities above 5 cm/s exceeded the guideline values.  In these cases temperatures varied between 
27.4 and 27.8 oC.

4.3.4.2 Dilution at 20.0 m from Diffuser 

Dilutions at 20 m from the diffuser are shown in Figure 4-3.  Reflecting the temperature results, both 
12 and 18-port diffusers the maximum, mean, and average values for all ambient velocities produced 
dilutions well above the requisite dilution factor for the effluent to meet the existing temperature 
guideline values (5.0). Mean values varied between 14.1 and 34.0 for all cases studied. 

For relatively strong ambient currents (> 10 cm/s), only the results of CORMIX assuming the 
discharge 10 m from the bank produced dilutions near or below the existing guidelines.  The results 
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of the 12-port diffuser met the guidelines for all ambient velocities with dilution factors between 5.0 
and 5.2 for ambient velocities larger or equal 10 cm/s.   

For the 18-port diffuser (and same CORMIX configuration), dilutions at 20 m from the diffuser for 
velocities above 5 cm/s exceeded the guideline values.  In these cases dilution factors varied 
between 3.6 and 4.2.  Reasons why the 12 port diffuser performed better than the 18 port diffuser are 
discussed later in the text (Section 5). 
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Figure 4-2 Range of Temperature 20 m from Diffuser Results from All Outfall Models. Top 
Panel: 12-port diffuser. Lower Panel: 18-port diffuser. 
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Figure 4-3 Range of Dilution 20 m from the Diffuser Results from All Outfall Models. Top 
Panel: 12-port diffuser. Lower Panel: 18-port diffuser. 

4.3.4.3 Draft Water Quality Guidelines 

The ability of the outfalls to meet the new draft Environment Protection (Water Quality) Policy 2012 
guidelines was tested by adopting the following procedure: 

1. The lowest dilutions obtained at 20 m from the diffuser were used to produce a look-up table 
(assuming linear interpolation) of dilution as a function of ambient velocities (Figure 4-4); 

2. Temperature as measured by the CTD (Figure 3-3) were used to represent ambient 
conditions;

3. Cooling water discharges temperatures were calculated by adding 10 oC to the ambient 
conditions;



DISCHARGE MODELLING 4-10

G:\ADMIN\B20232.G.MEB.PORTPIRIE\R.B20232.001.01.REVISEDREPORT.DOCX   

4. Temperatures at 20 m from the diffuser were calculated using the ADCP measurements 
(Figure 4) to represent ambient velocities and the dilutions look-up table (Figure 4-4); 

5. The 50th percentile temperature at 20 m from the diffuser and the 80th percentile dilution from 
the data presented in Figure 3-3 (Site 1) were calculated, so comparisons could be made 
with guidelines. . 

The analysis was performed for one month of data collected between 06 April and 06 May 2013 
(bottom temperatures) and between 06 April and 05 May 2013 (top temperatures). 

Results of the analysis are presented in Figure 4-5 for the 12 port diffuser, considering the 
temperature measured at the top of the water column.  The values for comparisons with the new draft 
guidelines are presented in Table 4-3. For both top and bottom temperatures (April 2013), the 12-port 
diffuser would meet the draft proposed guidelines.  Contrastingly, the 18-port diffuser would not meet 
the guidelines (Table 4-3).  The reasons for the differences between diffuser designs are discussed 
later in Section 6. 

Figure 4-4 Minimum Dilution at 20 m from Diffuser as a Function of Ambient Velocity 
Magnitude 
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Figure 4-5 Comparison of Ambient Temperatures (blue) and Temperatures at 20 m from 
Diffuser (green) for April 2013.  Straight Lines refer to 80th percentile ambient temperature 

(blue) and 50th percentile temperatures 20 m from diffuser (green). 

Table 4-3  Temperature Values for Adoption in the New Proposed Guidelines 

Number of 
Ports 

Measurement 
Location 

80th Percentile 
Ambient 

Temperature 

50th Percentile 
Temperature 20 
m from Diffuser 

Acceptable 

12
Top 20.80 oC 20.26 oC Yes 

Bottom 20.56 oC 20.08 oC Yes 

18
Top 20.80 oC 21.18 oC No 

Bottom 20.56 oC 20.92 oC No 

4.4 Far Field Assessment 

A hydrodynamic model was developed with the objectives of undertaking far field assessments of the 
cooling water discharge.  The details of the adopted model framework, model set-up and comparison 
with the field measurements described in Section 3 are presented below.  These sections are 
followed by analysis of alternative discharge scenarios. 

4.4.1 Model Description 

The numerical modelling framework adopted in the present study was based on the three-
dimensional TUFLOW FV modelling suite. TUFLOW FV is a coupled 3D hydrodynamics (HD) and 
advection-dispersion (AD) model that adopts a flexible mesh to define the computational domain. A 
baroclinic model configuration with density coupling from both temperature and salinity fields was 
applied in order to represent stratification processes that occur within Spencer Gulf. TUFLOW FV has 
been used by BMT WBM on several studies in Australia and overseas, including: 

 Gladstone Western Basin Dredging and Disposal Project (coastal studies);  

 Murray River Mouth, Coorong & Lower Lakes Environmental & Morphological Modeling; 



DISCHARGE MODELLING 4-12

G:\ADMIN\B20232.G.MEB.PORTPIRIE\R.B20232.001.01.REVISEDREPORT.DOCX   

 MetOcean and Sedimentation Study for LNG Import Terminal, Pipavav Port, India;  

 Hawkesbury-Napean River System Water Quality Modelling, NSW, and 

 Townsville Port Expansion EIS Project (coastal studies). 

Adoption of a flexible mesh model allowed adjustment of the spatial resolution of the computational 
domain to apply high resolution in the Port Pirie River and areas immediately offshore of First Creek.  
Variable spatial resolution is important in the current study given the relatively large extent of the Gulf 
in comparison to the intricate details in the areas of interest near the proposed cooling water 
discharges. Computational efficiency was achieved by progressively reducing model resolution away 
from these areas of interest. 

4.4.2 Model Extent and Mesh Definition 

The Spencer Gulf model domain extended over an area of approximately 22,000 km2. The southern 
limit of the domain extended from West Cape (Inneston) to Wedge Island, and from Wedge Island to 
Thistle Island.  The land boundaries extended along the Eyre and Yorke Peninsulas to the head of 
the Gulf at Port Augusta. The model coverage area is presented in Figure 4-6.  

The mesh resolution varied between 40 m inside the Port Pirie to approximately 3 km near the Gulf’s 
mouth (Figure 4-6 and Figure 4-7). Horizontal cell sizes near First Creek were maintained below 
100m, typically between 60 and 80 m. Careful consideration was given to delineate the navigation 
channel approaching Port Pirie as well as the several tidal creeks surrounding Port Pirie.  However, 
the reach of First Creek between PP02, where effluent is delivered, for about 2.0 km towards the 
ocean is too narrow to be reasonably resolved by the model (without a very large computational 
expense), and as such was not included in the domain.  The model mesh is shown in Figure 4-6 and 
Figure 4-7. 

The model adopted a z-coordinate scheme with layer thicknesses of 1 m between -3.0 and -8.0 m 
AHD, and progressively increasing to 10 metres between -50.0 and -60.0 m AHD. Five sigma layers 
were used to between -3.0 m and the model free surface.  A maximum of 21 layers were resolved in 
the deeper sections of the model domain. 

4.4.3 Bathymetry 

The bathymetry data was obtained from a Digital Elevation Model (DEM) of Spencer Gulf, which was 
produced from a combination of local navigation charts (AUS 136, AUS 776 to 778).  This DEM was 
then referenced to AHD (Australian Height Datum) to provide for a consistent vertical datum over the 
entire domain.  The resulting bathymetry is presented in Figure 2-1. 

A shortcoming of the bathymetry based on the navigation charts is the lack of specification of bed 
elevations in the intertidal areas, which were initially specified at 0.0 m LAT (approximately -1.7 
mAHD – see Figure 2-2 and Figure 4-8 below).  As can be seen in the Google Earth image in Figure 
2-3, the underwater relief nearshore and in the Port Pirie River is not flat as suggested in the 
navigation charts (Figure 4-8).  

The specification of bathymetry within intertidal areas is of particularly importance for the performance 
of hydrodynamic models.  In the absence of more refined information, we undertook an adjustment of 
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the bathymetry in an attempt to obtain a more realistic description in the intertidal areas of the model. 
The Google Earth image was used to define regions associated with mangroves and sand banks in 
the intertidal areas surrounding Port Pirie (i.e. roughly a few km east of First Creek up to the latitude 
of the Spoil Ground shown in Figure 4-8).  The bathymetry levels were then assigned as follows: 

 A constant bathymetry level of -0.5 m AHD was applied to the regions associated with the 
mangroves;

 A constant bathymetry level of -0.8 m AHD was assigned to the regions associated with sand 
banks;

 A constant bathymetry level of 0.0 mAHD was assigned to the intertidal tributary creeks to the 
Port Pirie River; 

 A constant bathymetry of -1.7 mAHD was assigned to First Creek.  This was in line with spot 
depth measurements undertaken by divers in First Creek (David Wiltshire, pers. comm.); and  

 A constant bathymetry of -1.0 mAHD was assigned to the upstream end of the Port Pirie River. 

The resulting bathymetry adopted in the modelling is shown in the right panel of Figure 4-9.  While we 
acknowledge such an approximation is not ideal, resources were not available to undertake a 
bathymetric survey within the time constraints of this project.  For progressing this conceptual project 
phase to more detailed stages, a bathymetric survey will be required. 
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Figure 4-6 Model Extent and Numerical Mesh 

First Creek 

PP04

PP02

PP03

Intake

PP05

Figure 4-7 Numerical Mesh near Port Pirie. The mesh is superimposed on AUS 136 charts 
(AHS 2000).  The images are a composite of the Approaches to Whyalla chart and Port Pirie 

chart and the Port Pirie chart.  Scale shown does not apply. 
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Figure 4-8 Bathymetry within Port Pirie and Port Pirie Wharves (Chart AUS 136, AHS 2000). 
Scales shown do not apply. 
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Figure 4-9 Development of Bathymetry in the Intertidal Areas near Port Pirie. Left Panel: 
Intertidal areas at a constant elevation corresponding to 0.0 m LAT (~ -1.7 m AHD).  Right 

Panel: Adjusted bathymetry. 

4.4.4 Comparisons with Field Data 

4.4.4.1 Simulation Period 

For comparisons with the field data described in Section 3, a simulation starting on 01 February 2013 
and finishing on 10 May 2013 was executed.  Approximately two months were used for spin-up and 
the remaining days were used for data analysis. 

4.4.4.2 Boundary Conditions 

The hydrodynamic model was forced by tides at the ocean boundaries, wind stresses and other 
meteorological variables at the free surface, and the existing and proposed cooling water discharges 
(when applicable). 

Tides – tidal forcing was comprised of surface water elevations specified at the southern boundary of 
the domain.  The elevations were derived from harmonic constituents at Pondalowie Bay using the 
Seafarer Tides software. Tidal levels were provided at every 15 minutes. For each of the tidal 
locations, daily temperature and salinity obtained from data assimilation global circulation models 
were adopted.  

Meteorology – meteorological forcing at the free-surface consisted of wind speed and direction, air 
temperature, relative humidity, cloud cover (to estimate long wave radiation) and short wave 
radiation. With exception of solar radiation, data was sourced from the BoM station 018120 (Whyalla 
Aero).  Solar radiation was available from BoM station 023304 (Adelaide Airport).  Solar radiation at 
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Adelaide Airport was deemed excessively high when contrasted with May-2009 data collected at Port 
Bonython (see BMT WBM 2011).  While the data at Port Bonython peaked between 600 and 800 
W/m2, the Adelaide Airport data peaked above 1000 W/m2.  A scale factor of 0.65 was therefore 
applied to the Adelaide Airport data before adoption in the model.  All meteorological data were 
available at every hour. 

Existing Intake and Discharge – The existing intake and the discharge at First Creek (“Intake” and 
“First Creek” points annotated in Figure 4-7) were considered in the simulation by adopting a constant 
flow rate of 0.73 m3/s.  A temperature increase of 8 oC between the intake and the point of insertion of 
the discharge in the model was assumed.  This assumption was based on spot measurements 
undertaken by Nyrstar, which indicated a temperature difference between intake and point PP02 
(Figure 4-7) of approximately 9 oC (David Wilsthire, pers. comm.).  Another 1 oC loss was assumed 
between point PP02 and the point of insertion in the model, again based on spot measurements 
undertaken by Nyrstar personnel at First Creek (David Wiltshire, pers. comm.).  Further 
measurements are recommended to check this assumption. 

4.4.4.3 Drag Coefficient 

A constant Mannings coefficient of 0.022 was adopted to parameterise the bottom drag in TUFLOW 
FV.  While this value is relatively large, particularly for the offshore areas, its specification had 
relatively little sensitivity at Site 1, where model results are in agreement with the field data (see 
below).  For Site 2 in the Port Pirie River, the effects of the Manning’s coefficient had very little 
sensitivity in comparison to the effects of the local bathymetry.  Further adjustment of the coefficient 
was therefore unwarranted without a more proper specification of the bathymetry within the intertidal 
areas of the model domain. 
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Figure 4-10 Meteorological Boundary Conditions at Whyalla Aero 
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Figure 4-11 Solar Radiation at Adelaide Airport (Raw and Scaled). Top Panel: Modelling 
Period. Bottom Panel: May –June 2009 (for contrasting with BMT WBM 2011)  

4.4.4.4 Initial Conditions 

A cold start was adopted for velocity and water levels. Initialisation of salinity and temperature data 
was based on data collected by Dr. Rick Nunes-Vaz (Nunes 1985) on February 1983.  Additionally, 
the same data from global assimilation models adopted at the open ocean boundary were used to 
complement the model initial conditions.   

The initial temperature and salinity fields at the surface are given in Figure 4-12 and Figure 4-13, 
respectively.

In First Creek, a constant stratification of 7 oC was imposed along its length (top and bottom).  Again, 
this was based on spot measurements along the Creek (David Wiltshire, pers. comm.).  Model results 
(not shown) indicated that this stratification was stronger near the discharge and progressively 
reduced towards the mouth of the creek.  However, the period of stratification was not permanent, 
particularly at low tides when the water column was well mixed.  It is recommended that temperature 
measurements be continuously undertaken in First Creek in order to capture the effects of the tides 
on the stratification regime within the creek. 
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Figure 4-12 Temperature Initial Conditions for Autumn Simulations (February 2013) 

Figure 4-13 Salinity Initial Conditions Conditions for Autumn Simulations (February 2013) 
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4.4.5 Model Comparisons 

4.4.5.1 Tidal Elevations 

To verify the model’s ability in propagating the tides from throughout the Gulf, tidal elevations were 
compared at four standard port locations, including Port Lincoln, Wallaroo, Whyalla, Port Pirie, and 
Port Augusta.  These standard port tidal data were obtained from tidal signals reconstructed from 
harmonic components at these ports.  Comparisons of the tidal data with model results are presented 
in Figure 4-14. 

Three major features of the tides are present in the results shown in Figure 4-14: 

 The tidal amplification between Port Lincoln and Port Augusta; 

 The phasing of the tides between Port Lincoln and Augusta; and 

 The relatively small semi-diurnal component associated with the (semi-diurnal) nodal point near 
Wallaroo.

In addition to the reproduction of these general tidal features along the Gulf, the model also 
reproduced with relatively good skill the amplitude and phase of the tides at Port Pirie.  The mean 
absolute error and root mean square errors between 05 April and 05 May 2013 were 0.07 m and 0.13 
m, respectively. 

4.4.5.2 Temperature and Salinity 

Comparisons of temperature and salinity model results with CTD measurements are shown in Figure 
4-15 and Figure 4-16, respectively.  The following general trends could be observed in temperature 
comparisons:

 The model presented the cooling trends observed in the field data, particularly in the offshore 
sites directly offshore of First Creek (Site 2 and Site 3).  Temperatures at these sites were 
generally well within 0.5 oC from the measurements; 

 The model predicted lower temperatures in the Port Pirie River (Site 1) in comparison to the 
other sites.  Predictions from 14 April onwards were generally within 1 oC from measurements, 
whilst temperatures at the earlier part of the record were under-predicted by up to 2oC.

 Further offshore at Site 4, the model did not reproduce the lowest temperatures around 20-25 
April, over-predicting them by up to 2oC.  Simulated temperatures nevertheless very closely 
matched the prior and ensuing periods (5-20 April, and 25 April – 5 May), with differences 
generally well within 1oC.

For salinity, the following trends could be observed: 

 The model results (and field data) predicted lower salinities at the offshore sites (Sites 2 to 4) in 
comparison to Site 1 (Port Pirie River).  

 The model could not reproduce the high-frequency variations (i.e. associated with the tides) 
revealed in the records.  This is a known feature associated with relatively short spin-up times for 
development of accurate salinity gradients (see e.g. BMT WBM 2011).  This feature is however 
of importance to the large scale circulation dynamics in the Gulf.  As it will be shown below, the 
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effects of the cooling water discharge are rather localised, such that predictive capability in terms 
of salinity should have only a minor and secondary effect for the simulation of temperature. 

 The model did not reproduce the decreasing salinity trend at Sites 2 and 3, which, as discussed 
previously, were likely a result of conductivity sensor drifting. 

4.4.5.3 Current Velocities 

Site 2 (Offshore of First Creek) 

Comparison of velocities magnitude and direction at Site 2 obtained by the model and from the ADCP 
measurements are presented in Figure 4-17 to Figure 4-23. 

Figure 4-17 show measured and modelled velocities magnitudes over the water column throughout 
the entire measurement period whilst Figure 4-18 shows the velocity directions.  These figures show 
that the model reproduced the hydrodynamics at Site 2.  In particular, the model predicted the 
gradual transition between flood and ebb tides seen in the field data and the overall velocity 
magnitude range.  The model predictive capability is further reinforced by the close match between 
field and modelled velocity magnitude distributions shown in Figure 4-23.  Average velocity 
magnitudes were 0.10 m/s (model) and 0.11 m/s (Figure 4-23). 

Figure 4-19 to Figure 4-22 show a zoomed in version of the velocity magnitudes and directions 
through the water column during spring and neap tide periods.  These comparisons show more 
clearly that the model replicating the observed intensities and predominantly E-W direction of the flow 
at the times of peak velocity magnitudes.  There were some instances, however, in which modelled 
directions did not exactly match the measurements.  These differences were generally immaterial, as 
they occurred during slack water at very low intensities, particularly during neaps (Figure 4-20). 

Site 1 (Port Pirie River) 

Comparison of velocity magnitudes and directions at Site 1 obtained by the model and from the 
ADCP measurements are presented in Figure 4-24 to Figure 4-30. 

Figure 4-24, Figure 4-26 and Figure 4-30 shows that the model produced velocity magnitudes within 
the ranges observed in the field.  Also, the predominant abrupt changes between North (ebbs) and 
South (floods) directions were simulated by the model (Figure 4-25, Figure 4-27, and Figure 4-29).  
However, the timing of the velocity peaks, particularly during spring tides, occurred earlier than the 
measurements (Figure 4-27).  The measurements also presented relatively large velocity intensity for 
longer in comparison to the model.  During neap tides, water was quiescent at Site 1, and this was 
well resolved by the model. 

Another interesting feature in the field data, is that the tides remained flowing South after the high 
tides’ slack water and before the low tides’ slack water (note in Figure 4-25, Figure 4-27, and Figure 
4-29 that the light green areas in the measurements were much broader than the red areas).  The 
model did not reproduce this feature, likely as a result of its inability to properly incorporate the effects 
of the unresolved intertidal bathymetry in the hydrodynamic model. 

Average velocity magnitudes were however very similar (Figure 4-30). 
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Considering the model replicated the overall trends in tidal elevations, temperature, and velocity 
fields, the model predictions were considered fit for the purpose at this conceptual stage and thus 
could be used for assessing the relative impacts of the proposed cooling water discharge (i.e. 
temperature changes with respect a baseline condition). Model predictive capability, particularly 
within the Port Pirie River area, can be improved by undertaking a more detailed bathymetric survey 
in intertidal areas of the Port Pirie River and Germein Bay. 
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Figure 4-14 Comparison of Field and Model Tidal Elevations at Different Standard Ports 
throughout the Gulf 
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Figure 4-15 Comparison of Field (CTD) and Model Temperatures  
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Figure 4-16 Comparison of Field (CTD) and Model Salinities  
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Figure 4-17 Velocity Magnitudes at Site 2 

Figure 4-18 Velocity Directions at Site 2 
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Figure 4-19 Velocity Magnitudes during Spring Tides at Site 2 

Figure 4-20 Velocity Directions during Spring Tides at Site 2 
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Figure 4-21 Velocity Magnitudes during Neap Tides at Site 2 

Figure 4-22 Velocity Directions during Neap Tides at Site 2 
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Figure 4-12 Temperature Initial Conditions for Autumn Simulations (February 2013) 

Figure 4-13 Salinity Initial Conditions Conditions for Autumn Simulations (February 2013) 
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4.4.5 Model Comparisons 

4.4.5.1 Tidal Elevations 

To verify the model’s ability in propagating the tides from throughout the Gulf, tidal elevations were 
compared at four standard port locations, including Port Lincoln, Wallaroo, Whyalla, Port Pirie, and 
Port Augusta.  These standard port tidal data were obtained from tidal signals reconstructed from 
harmonic components at these ports.  Comparisons of the tidal data with model results are presented 
in Figure 4-14. 

Three major features of the tides are present in the results shown in Figure 4-14: 

 The tidal amplification between Port Lincoln and Port Augusta; 

 The phasing of the tides between Port Lincoln and Augusta; and 

 The relatively small semi-diurnal component associated with the (semi-diurnal) nodal point near 
Wallaroo.

In addition to the reproduction of these general tidal features along the Gulf, the model also 
reproduced with relatively good skill the amplitude and phase of the tides at Port Pirie.  The mean 
absolute error and root mean square errors between 05 April and 05 May 2013 were 0.07 m and 0.13 
m, respectively. 

4.4.5.2 Temperature and Salinity 

Comparisons of temperature and salinity model results with CTD measurements are shown in Figure 
4-15 and Figure 4-16, respectively.  The following general trends could be observed in temperature 
comparisons:

 The model presented the cooling trends observed in the field data, particularly in the offshore 
sites directly offshore of First Creek (Site 2 and Site 3).  Temperatures at these sites were 
generally well within 0.5 oC from the measurements; 

 The model predicted lower temperatures in the Port Pirie River (Site 1) in comparison to the 
other sites.  Predictions from 14 April onwards were generally within 1 oC from measurements, 
whilst temperatures at the earlier part of the record were under-predicted by up to 2oC.

 Further offshore at Site 4, the model did not reproduce the lowest temperatures around 20-25 
April, over-predicting them by up to 2oC.  Simulated temperatures nevertheless very closely 
matched the prior and ensuing periods (5-20 April, and 25 April – 5 May), with differences 
generally well within 1oC.

For salinity, the following trends could be observed: 

 The model results (and field data) predicted lower salinities at the offshore sites (Sites 2 to 4) in 
comparison to Site 1 (Port Pirie River).  

 The model could not reproduce the high-frequency variations (i.e. associated with the tides) 
revealed in the records.  This is a known feature associated with relatively short spin-up times for 
development of accurate salinity gradients (see e.g. BMT WBM 2011).  This feature is however 
of importance to the large scale circulation dynamics in the Gulf.  As it will be shown below, the 
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effects of the cooling water discharge are rather localised, such that predictive capability in terms 
of salinity should have only a minor and secondary effect for the simulation of temperature. 

 The model did not reproduce the decreasing salinity trend at Sites 2 and 3, which, as discussed 
previously, were likely a result of conductivity sensor drifting. 

4.4.5.3 Current Velocities 

Site 2 (Offshore of First Creek) 

Comparison of velocities magnitude and direction at Site 2 obtained by the model and from the ADCP 
measurements are presented in Figure 4-17 to Figure 4-23. 

Figure 4-17 show measured and modelled velocities magnitudes over the water column throughout 
the entire measurement period whilst Figure 4-18 shows the velocity directions.  These figures show 
that the model reproduced the hydrodynamics at Site 2.  In particular, the model predicted the 
gradual transition between flood and ebb tides seen in the field data and the overall velocity 
magnitude range.  The model predictive capability is further reinforced by the close match between 
field and modelled velocity magnitude distributions shown in Figure 4-23.  Average velocity 
magnitudes were 0.10 m/s (model) and 0.11 m/s (Figure 4-23). 

Figure 4-19 to Figure 4-22 show a zoomed in version of the velocity magnitudes and directions 
through the water column during spring and neap tide periods.  These comparisons show more 
clearly that the model replicating the observed intensities and predominantly E-W direction of the flow 
at the times of peak velocity magnitudes.  There were some instances, however, in which modelled 
directions did not exactly match the measurements.  These differences were generally immaterial, as 
they occurred during slack water at very low intensities, particularly during neaps (Figure 4-20). 

Site 1 (Port Pirie River) 

Comparison of velocity magnitudes and directions at Site 1 obtained by the model and from the 
ADCP measurements are presented in Figure 4-24 to Figure 4-30. 

Figure 4-24, Figure 4-26 and Figure 4-30 shows that the model produced velocity magnitudes within 
the ranges observed in the field.  Also, the predominant abrupt changes between North (ebbs) and 
South (floods) directions were simulated by the model (Figure 4-25, Figure 4-27, and Figure 4-29).  
However, the timing of the velocity peaks, particularly during spring tides, occurred earlier than the 
measurements (Figure 4-27).  The measurements also presented relatively large velocity intensity for 
longer in comparison to the model.  During neap tides, water was quiescent at Site 1, and this was 
well resolved by the model. 

Another interesting feature in the field data, is that the tides remained flowing South after the high 
tides’ slack water and before the low tides’ slack water (note in Figure 4-25, Figure 4-27, and Figure 
4-29 that the light green areas in the measurements were much broader than the red areas).  The 
model did not reproduce this feature, likely as a result of its inability to properly incorporate the effects 
of the unresolved intertidal bathymetry in the hydrodynamic model. 

Average velocity magnitudes were however very similar (Figure 4-30). 
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Considering the model replicated the overall trends in tidal elevations, temperature, and velocity 
fields, the model predictions were considered fit for the purpose at this conceptual stage and thus 
could be used for assessing the relative impacts of the proposed cooling water discharge (i.e. 
temperature changes with respect a baseline condition). Model predictive capability, particularly 
within the Port Pirie River area, can be improved by undertaking a more detailed bathymetric survey 
in intertidal areas of the Port Pirie River and Germein Bay. 
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Figure 4-14 Comparison of Field and Model Tidal Elevations at Different Standard Ports 
throughout the Gulf 
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Figure 4-15 Comparison of Field (CTD) and Model Temperatures  
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Figure 4-16 Comparison of Field (CTD) and Model Salinities  
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Figure 4-17 Velocity Magnitudes at Site 2 

Figure 4-18 Velocity Directions at Site 2 
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Figure 4-19 Velocity Magnitudes during Spring Tides at Site 2 

Figure 4-20 Velocity Directions during Spring Tides at Site 2 
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Figure 4-21 Velocity Magnitudes during Neap Tides at Site 2 

Figure 4-22 Velocity Directions during Neap Tides at Site 2 
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Figure 4-23 Distribution of Velocity Magnitudes at Site 2 over the Measurement Period 
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Figure 4-24 Velocity Magnitudes at Site 1 

Figure 4-25 Velocity Directions at Site 1 
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Figure 4-26 Velocity Magnitudes during Spring Tides at Site 1 

Figure 4-27 Velocity Directions during Spring Tides at Site 1 
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Figure 4-28 Velocity Magnitudes during Neap Tides at Site 1 

Figure 4-29 Velocity Directions during Neap Tides at Site 1 



DISCHARGE MODELLING 4-34

G:\ADMIN\B20232.G.MEB.PORTPIRIE\R.B20232.001.01.REVISEDREPORT.DOCX   

Figure 4-30 Distribution of Velocity Magnitudes at Site 1 over the Measurement Period 

4.4.6 Discharge Scenarios 

Discharge scenarios were designed to investigate the resulting temperature increase in the marine 
environment resulting from the proposed cooling water discharge alternatives.  In order to assess the 
temperature increase, suitable baseline conditions were stipulated.  These are described below 
before a description of the cooling water discharge scenarios is given. 

4.4.6.1 Baseline Conditions 

Two baseline conditions were assumed in the study. The first baseline was designed to quantify the 
temperature increases (or reductions) associated with the effect of the cooling water discharge in 
relation to a natural environment without any prior existing discharge.  This baseline assumed the 
same simulation set-up adopted in the model verification, with the exception of the First Creek 
discharge and initial stratification.  Hereafter this baseline is referred to as natural or unimpacted 
baseline.

The second baseline was designed to quantify the temperature increases (or reductions) associated 
with the effect of the cooling water discharge in relation to existing conditions.  This baseline assumed 
the same simulation set-up adopted in the model verification, including the First Creek discharge and 
initial stratification. Hereafter this baseline is referred to as existing baseline. 

4.4.6.2 Simulations Period 

The periods of analysis corresponded to 01 April to 01 May 2013.  Similarly to the approach adopted 
in the model verification, the simulations were spun-up for approximately two months. 

4.4.6.3 Methodology for Comparisons 

A methodology was devised for comparisons between the discharge scenarios and the natural 
(unimpacted) baseline, so as to verify whether (and/or where) the discharges would meet water 
quality guidelines (both present and the proposed draft guidelines). In case guidelines were not met, 
these comparisons would serve to indicate which locations would be the worst affected by the 
temperature increases.  A step by step of the methodology is provided below: 
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For each of the simulations performed, 0th (maximum), 10th, 20th and 50th (median) percentile 
temperature exceedences were calculated in each surface cell of the model domain. The calculation 
of statistics was obtained from time series corresponding to the period of analysis in each of these 
locations.

Present Guideline Comparisons 

For verification of present guidelines, each of the 0th, 10th and 50th percentile exceedences obtained 
from the natural (unimpacted) baseline conditions were subtracted from the corresponding percentile 
exceedence obtained from the discharge scenarios.  For example, the baseline 0th temperature 
percentile exceedence was subtracted from the scenario 0th percentile temperature exceedence, and 
so on. 

These differences, obtained in each surface cell of the model domain, were then mapped so as to 
obtain the locations and respective distances (or areas) from the discharge where they exceed any 
given temperature.  It is important to note that 2 oC was of most interest in view of the definition of the 
present guidelines. 

Proposed Guideline Comparisons 

For verification of the proposed draft guidelines, the 20th percentile exceedences obtained from the 
natural baseline conditions was subtracted from the 50th percentile exceedence obtained from the 
discharge scenarios. 

Again, these differences were obtained in each surface cell of the model domain and subsequently 
mapped so as to obtain the locations and respective distances (or areas) from the discharge where 
they exceed the proposed water quality guidelines.  It is important to note that in this case a 
temperature increase results in non-compliance. 

Comparisons with the Existing Baseline 

In addition to the comparisons with the unimpacted baseline, a similar methodology was employed for 
comparisons between the simulations including the proposed discharge (in conjunction with the 
existing discharge) and the existing baseline (i.e. only the existing discharge to First Creek).  These 
comparisons were used to provide an indication of the effects of the proposed discharge in relation to 
existing conditions. 

4.4.6.4 Discharges to First Creek 

In addition to the existing discharge to First Creek (0.73 m3/s and a temperature increase in relation 
to the intake of 9 oC), three other discharge scenarios into First Creek were considered.  These are 
summarised below in Table 4-4.  The last column indicates the temperature stratification assumed in 
First Creek as part of the set-up of initial conditions. 

4.4.6.5 Discharge to Port Pirie River 

Given the nearfield assessments indicated an outfall can be successfully designed to meet the water 
quality guidelines, only one outfall configuration was considered in the Port Pirie River in addition to 
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the existing discharge to First Creek (0.73 m3/s and a temperature increase in relation to the intake of 
9 oC).

Table 4-4  Alternative Discharges to First Creek and Port Pirie River 

Scenario 
Outfall

location
Flow Rate 

m3/s
Temp. increase 

(oC) 
Salinity increase

(%)

Initial
Stratification in 

First Creek 
oC

1

PP02 1.64  

10 0 7.0 

3 5 0.88 4.0 

4 2 1.41 2.0 

13 PP05 1.64 10 0 7.0 

It is noted that the discharge input into the model did not consider the effects of mixing in the 
nearfield.  Consistent with other discharge modelling studies, neglecting these effects produce very 
conservative dilutions and temperature increases in the vicinity of the diffuser. This occurs because 
the model cells are very coarse in comparison to the scales of the plume (and its associated mixing 
mechanisms) near the diffuser. As such, assessments in this region should rely on nearfield 
assessments (see e.g. Botelho et al. 2013). Adoption of this “unseeded” approach was however 
preferred in view of the limited time available for the study. 

4.4.6.6 Baseline Maps 

The 0th, 10th, 20th and 50th percentile temperature exceedence maps for the natural (unimpacted) 
baseline are respectively shown in Figure 4-31 to Figure 4-34, whilst for the existing case baseline 
are respectively shown in Figure 4-35 to Figure 4-38.  They are presented as they were subsequently 
used in all comparisons with the proposed discharge scenarios.  The following general features can 
be seen in these maps: 

1. As expected, the higher the temperature exceedence percentile, the lower the temperatures 
in the model domain; 

2. The higher the temperature exceedence percentile, the larger the differences in temperature 
between the deep areas (e.g. main channel of the Port Pirie River) and the shallow intertidal 
areas.  The temperatures in the deeper areas were generally higher than the intertidal areas.  
This is a reflection of the period of analysis, which has a cooling trend.  The effect of the 
atmospheric heat exchange in the relatively low volumes of the intertidal areas lead to further 
temperature reductions in comparison to the deeper parts of the domain. 

3. For the existing case baseline, there is a clear influence of the existing discharge in the 
temperatures at First Creek in all percentile exceedences.  Visually, temperatures at the 
mouth were very similar to offshore temperatures, and they progressively increased further 
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into the creek.  This result was consistent with the Nyrstar five year temperature monitoring 
program (NRS 2007). 
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Figure 4-31 0th Percentile Temperature Exceedences – Natural Baseline 
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Figure 4-32 10th Percentile Temperature Exceedences – Natural Baseline 
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Figure 4-33 20th Percentile Temperature Exceedences – Natural Baseline 
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Figure 4-34 50th Percentile Temperature Exceedences – Natural Baseline 
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Figure 4-35 0th Percentile Temperature Exceedences – Existing Discharge Baseline      
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Figure 4-36 10th Percentile Temperature Exceedences – Existing Discharge Baseline 
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Figure 4-36 10th Percentile Temperature Exceedences – Existing Discharge Baseline 
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Figure 4-37 20th Percentile Temperature Exceedences – Existing Discharge Baseline 
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Figure 4-37 20th Percentile Temperature Exceedences – Existing Discharge Baseline 
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Figure 4-38 50th Percentile Temperature Exceedences – Existing Discharge Baseline 
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4.4.6.7 Discharge Alternative Maps 

Scenario 1 

The 0th, 10th, 20th and 50th percentile temperature exceedence maps for Scenario 1 are respectively 
shown in Figure 4-39  to Figure 4-42.  They are presented as they were subsequently used in all 
comparisons with the existing discharge baseline, and the natural (unimpacted) baseline (to 
determine compliance with the present and draft proposed SA EPA guidelines for temperature 
increase).  The following general features can be seen in these maps: 

1. In contrast to both baselines, the effects of the combination of existing and proposed 
discharges created a more appreciable temperature increase throughout First Creek.  This is 
so to the point the effects of the discharge extend beyond the mouth of First Creek in all 
percentiles.

2. For increasingly higher temperature exceedences percentiles, there was a more pronounced 
gradient of temperatures along First Creek.  This is expected as the higher the percentiles 
the larger the influence of the tidal exchange with First Creek on the results.  
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Figure 4-39 0th Percentile Temperature Exceedences – Scenario 1 Discharge 
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Figure 4-39 0th Percentile Temperature Exceedences – Scenario 1 Discharge 
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Figure 4-40 10th Percentile Temperature Exceedences – Scenario 1 Discharge 
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Figure 4-40 10th Percentile Temperature Exceedences – Scenario 1 Discharge 
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Figure 4-41 20th Percentile Temperature Exceedences – Scenario 1 Discharge 
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Figure 4-41 20th Percentile Temperature Exceedences – Scenario 1 Discharge 
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Figure 4-42 50th Percentile Temperature Exceedences – Scenario 1 Discharge 
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Figure 4-42 50th Percentile Temperature Exceedences – Scenario 1 Discharge 
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Scenario 3 

The 0th, 10th, 20th and 50th percentile temperature exceedence maps for Scenario 3 are respectively 
shown in Figure 4-43  to Figure 4-46.  Again, they are presented as they were subsequently used in 
all comparisons with the existing discharge baseline, and the natural (unimpacted) baseline (to 
determine compliance with the present and draft proposed SA EPA guidelines for temperature 
increase). The following general features can be seen in these maps: 

1. In contrast to the natural baseline, it can be seen that the effects of the combination of 
existing and proposed discharges have an appreciable effect throughout First Creek.  This 
effect was obvious for all percentiles, and as before, more prominent for the lowest 
temperature exceedences. 

2. In contrast to the existing case baseline and Scenario 1, the effects of the combination of 
existing and proposed discharges created a less appreciable temperature increase 
throughout First Creek.  Although the heat load for Scenario 3 increased in comparison to the 
existing discharge, the effects in terms of temperature were less pronounced, given that the 
assumed Scenario 3 temperature increases were lower than the existing discharge. 

3. Visually, the effects of the discharge on temperature in comparison to offshore extended 
beyond the mouth of First Creek for the lower percentiles (0th and 20th). This effect was less 
obvious for the higher percentiles (20th and 50th).

4. Again, for increasingly higher temperature exceedences percentiles, there was a more 
pronounced gradient of temperatures along First Creek.  This is expected as the higher the 
percentiles the larger the influence of the tidal exchange with First Creek on the results.  
Given the relatively low temperatures assumed in the Scenario 3 discharge, this gradient was 
softer than the gradients shown in the existing case baseline and in Scenario 1. 
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Figure 4-43 0th Percentile Temperature Exceedences – Scenario 3 Discharge 
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Figure 4-43 0th Percentile Temperature Exceedences – Scenario 3 Discharge 
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Figure 4-44 10th Percentile Temperature Exceedences – Scenario 3 Discharge 
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Figure 4-45 20th Percentile Temperature Exceedences – Scenario 3 Discharge 
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Figure 4-45 20th Percentile Temperature Exceedences – Scenario 3 Discharge 
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Figure 4-46 50th Percentile Temperature Exceedences – Scenario 3 Discharge 
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Scenario 4 

The 0th, 10th, 20th and 50th percentile temperature exceedence maps for Scenario 4 are respectively 
shown in Figure 4-47 to Figure 4-50.  Again, they are presented as they were subsequently used in 
all comparisons with present and draft proposed SA EPA guidelines for temperature increase.  The 
following general features can be seen in these maps: 

1. The temperature exceedences in Scenario 4 produced a further reduction of temperatures in 
First Creek in comparison to Scenarios 1 and 3.  This is so because Scenario 4 assumed the 
lowest temperature in the proposed discharge.  It is still important to note, though, that the 
heat load for Scenario 4 was increased in comparison to the existing case baseline. 

2. Visually, the effects of the discharge on temperature in comparison to offshore were less 
obvious than Scenarios 1 and 3, but they still extended beyond the mouth of First Creek for 
the lower percentiles (0th and 10th). This effect was less obvious for the higher percentiles 
(20th and 50th).

3. Again, for increasingly high temperature exceedences percentiles, there was a more 
pronounced gradient of temperatures along First Creek.  Given the relatively low 
temperatures assumed in the Scenario 4 discharge, this gradient was softer than the 
gradients shown in the existing case baseline and in Scenarios 1 and 3. 
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Figure 4-47 0th Percentile Temperature Exceedences – Scenario 4 Discharge 
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Figure 4-48 10th Percentile Temperature Exceedences – Scenario 4 Discharge 
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Figure 4-49 20th Percentile Temperature Exceedences – Scenario 4 Discharge 
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Figure 4-50 50th Percentile Temperature Exceedences – Scenario 4 Discharge 
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Scenario 13 

The 0th, 10th, 20th and 50th percentile temperature exceedence maps for Scenario 13 are respectively 
shown in Figure 4-51 to Figure 4-54.  Again, they are presented as they were subsequently used in 
all comparisons with the existing discharge baseline, and the natural (unimpacted) baseline (to 
determine compliance with the present and draft proposed SA EPA guidelines for temperature 
increase).  The following general features can be seen in these maps: 

1. The most obvious feature of Scenario 13 discharges is the distribution of the heat load to the 
Port Pirie River.  The effects of the discharge on temperatures in the Port Pirie River were 
confined to the western shore; 

2. Particularly for the lower percentiles, the shape of the plume in the Port Pirie River was 
asymmetric, being elongated in the tidal flow direction associated with flood tides (i.e. into the 
river).  North of the location of the discharge, the plume was elongated in the direction 
transversal to the tidal flow, as the plume was attached to the river bank.  As a result the 
plume did not extend as much towards the mouth as it did into the Port Pirie River.  This 
pattern suggested the Port Pirie River is poorly flushed. 

3. The effects of the existing discharge on temperatures in First Creek were essentially the 
same as the effects depicted in the existing baseline case. 
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Figure 4-51 0th Percentile Temperature Exceedences – Scenario 13 Discharge 
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Figure 4-52 10th Percentile Temperature Exceedences – Scenario 13 Discharge 
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Figure 4-52 10th Percentile Temperature Exceedences – Scenario 13 Discharge 
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Figure 4-53 20th Percentile Temperature Exceedences – Scenario 13 Discharge 
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Figure 4-54 50th Percentile Temperature Exceedences – Scenario 13 Discharge 
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Figure 4-54 50th Percentile Temperature Exceedences – Scenario 13 Discharge 
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4.4.6.8 Comparisons of Discharge Alternatives with the Natural Baseline 

Results of the temperature exceedence differences between the alternative discharge scenarios and 
the natural (unimpacted) baseline are presented below.  These include the maps for: 

1. the differences between the 10th percentile temperature exceedences resulting from the 
discharge scenarios and the corresponding natural (unimpacted) baseline temperature 
exceedence percentile; for comparison with present SA EPA guidelines; and 

2. the differences between the discharge scenarios 50th percentile exceedences and the 
natural (unimpacted) baseline 20th percentile exceedences; for comparison with the draft 
SA EPA 2012 guidelines; 

For the purpose of comparisons to the natural baseline, these results were sufficient to illustrate the 
total extent of the area of influence of the different discharge alternatives (including the existing 
discharge).

The reader is referred to the Appendices A to D for all temperature exceedence difference maps: 

 Appendix A: Temperature exceedence differences between Scenario 1 and natural baseline; 

 Appendix B: Temperature exceedence differences between Scenario 3 and natural baseline; 

 Appendix C: Temperature exceedence differences between Scenario 4 and natural baseline; 
and

 Appendix D: Temperature exceedence differences between Scenario 13 and natural baseline. 

Scenario 1 – Comparison with Present Guidelines 

The differences between Scenario 1 and the baseline 10th percentile temperature exceedences are 
presented in Figure 4-55.  The other percentiles (0th and 50th) are presented in Appendix A.  For this 
scenario a temperature exceedence difference above 8oC occurred near the discharge point and 
progressively decreased towards the mouth of First Creek.  At this location the temperature 
exceedence differences were above 5oC for the lowest exceedence percentiles (see Appendix A). 

Temperature percentile exceedences above 2oC within the plume extended approximately 140 m to 
450 m beyond the mouth of First Creek.  The maximum width of the plume with temperature 
exceedences above 2oC was approximately 140 to 260 m, depending on exceedence percentile.  
The largest distances and widths were associated with the lowest exceedence percentiles.  This 
shows that a reach consisting of the extent of First Creek to a few hundred metres beyond its mouth 
would be exceeding present SA EPA guidelines. 

It is worth to note here that the shape of the plume beyond the mouth of First Creek was influenced 
by the local bathymetry.  While aerial imagery suggests a reasonable approximation of the 
bathymetry, more detailed assessments should rely on proper bathymetric survey in the area. 

Scenario 1 – Comparison with Draft Proposed Guidelines 

The differences between the Scenario 1 50th percentile exceedences and the baseline 20th percentile 
exceedences are presented in Figure 4-56 (also in Appendix A).  For this comparison with the draft 
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proposed guidelines, the entire First Creek would not be compliant.  Although all temperatures 
exceedence differences beyond the mouth were smaller than 2oC, a reach of approximately 280 m 
beyond the mouth of First Creek presented temperature exceedences differences above 0.5oC.  We 
note that the non-compliant area would extend further beyond this distance however, given model 
uncertainty (e.g. solar radiation not being measure locally, etc.), the model results were deemed not 
sufficiently accurate to capture these small temperature differences.  

Scenario 3 – Comparison with Present Guidelines 

The differences between Scenario 3 and the baseline 10th percentile temperature exceedences are 
presented in Figure 4-57.  The other percentiles (0th and 50th) are presented in Appendix B. For this 
scenario a temperature exceedence difference above 6oC occurred near the discharge point and 
progressively decreased towards the mouth of First Creek.  At this location the temperature 
exceedence differences were above 3oC for the lowest exceedence percentiles (see Appendix B). 

Temperature percentile exceedences above 2oC within the plume extended approximately 140 m 
beyond the mouth of First Creek (for the 0th and 10th exceedence percentiles).  The 50th exceedence 
percentile showed a non-compliant over most of the length of First Creek up to approximately 70 m 
from its mouth.  This shows that a reach consisting of the extent of First Creek to a couple of hundred 
metres beyond its mouth would be exceeding present SA EPA guidelines.  

It is also noted that the areas associated with smaller temperature exceedences differences (i.e. 1oC) 
were largest for the highest percentiles. 

Scenario 3 – Comparison with Draft Proposed Guidelines 

The differences between the Scenario 3 50th percentile exceedences and the baseline 20th percentile 
exceedences are presented in Figure 4-58 (also Appendix B). For this comparison with the draft 
proposed guidelines, the entire First Creek length plus an area extending approximately 140 m 
beyond its mouth would be non-compliant (temperature exceedences differences larger than 0.5oC).
As for Scenario 1, this area was probably larger, but the simulation results were likely not sufficiently 
accurate to resolve such small temperature differences. 

Scenario 4 – Comparison with Present Guidelines 

The differences between Scenario 4 and baseline 10th percentile temperature exceedences are 
presented in Figure 4-59 (also Appendix C).  For this scenario a temperature exceedence difference 
above 3oC extended over a significant length (at least 890 m) of First Creek. 

Temperature percentile exceedences above 2oC within the plume extended over most of First Creek, 
from the point of discharge to between 150 and 500 m up from the mouth, depending on exceedence 
percentiles.  This shows that for Scenario 4 a reach consisting of the extent of First Creek to 
approximately hundred metres up from its mouth would be exceeding present SA EPA guidelines. 

Scenario 4 – Comparison with Draft Proposed Guidelines 

The differences between the Scenario 4 50th percentile exceedences and the baseline 20th percentile 
exceedences are presented in Figure 4-60 (also Appendix C). 
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For this comparison with the draft proposed guidelines, the entire First Creek length would be non-
compliant.  A small reach (extending approximately 70 m offshore from the creek mouth) would 
present temperature exceedences differences larger than 0.5oC.  As for Scenarios 1 and 3, this area 
was probably larger, but the simulation results were likely not sufficiently accurate to resolve such 
small temperature differences. 

Scenario 13 – Comparison with Present Guidelines

The differences between Scenario 1 and baseline 10th percentile temperature exceedences are 
presented in Figure 4-61 (Also Appendix D).  The comparison maps show the effects of the proposed 
discharge in the Port Pirie River, as well as the temperature effects of the existing discharge to First 
Creek. For the purposes of this analysis it was assumed that the discharge to Port Pirie River had 
negligible temperature effects near First Creek. 

At First Creek, the existing discharge was not compliant with present guidelines (i.e. temperature 
exceedences larger than 2oC) over a significant length of First Creek, extending from the point of 
discharge to between 370 m and 880 m from its mouth, depending on exceedence percentile.  It is 
noted that this non-compliance would still occur under the proposed discharges to Port Pirie River. 

As discussed above, not taking into consideration the degree of mixing obtained in the nearfield prior 
to insertion of the discharge into the model, lead to very conservative temperature increases in the 
vicinity of the diffuser. Consequently, for this scenario, a temperature increase above 2oC was 
simulated in the Port Pirie River.  These areas are unrealistic, based on the nearfield results obtained 
in Section 3. 

Scenario 13 – Comparison with Draft Proposed Guidelines 

The differences between the Scenario 13 50th percentile exceedences and the baseline 20th

percentile exceedences are presented in Figure 4-62 (also Appendix D).  Again, for this comparison 
with the draft proposed guidelines, an unrealistic area was shown to be non-compliant with the draft 
proposed guidelines. 

Nevertheless, these results further indicated that the Port Pirie River is not well flushed.  If a diffuser 
is to be constructed at that location, careful design must be undertaken to maximise dilution in the 
nearfield. 

In First Creek, the non-compliant area (i.e. with exceedence percentile differences larger than 0.5 oC)
extended from the point of discharge down to approximately 300 m up from its mouth.  Again, this 
area of non-compliance was likely larger, maybe extending over the entire First Creek length. 
However, model results are likely not accurate enough to resolve these small temperature 
differences.
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Figure 4-55 10th Percentile Temperature Exceedences Differences – Scenario 1 Discharge and Natural Baseline 
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Figure 4-56 Differences between Scenario 1 50th Percentile Temperature Exceedences and Natural Baseline 20th Percentile Temperature Exceedences  
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Figure 4-57 10th Percentile Temperature Exceedences Differences – Scenario 3 Discharge and Natural Baseline 



FIG
U

R
ES TO

 A
P

P
EN

D
IX H

DISCHARGE MODELLING     4-72

G:\ADMIN\B20232.G.MEB.PORTPIRIE\R.B20232.001.01.REVISEDREPORT.DOCX   

Figure 4-58 Differences between Scenario 3 50th Percentile Temperature Exceedences and Natural Baseline 20th Percentile Temperature Exceedences  
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Figure 4-59 10th Percentile Temperature Exceedences Differences – Scenario 4 Discharge and Natural Baseline 
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Figure 4-60 Differences between Scenario 4 50th Percentile Temperature Exceedences and Natural Baseline 20th Percentile Temperature Exceedences  
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Figure 4-61 10th Percentile Temperature Exceedences Differences – Scenario 13 Discharge and Natural Baseline 
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Figure 4-62 Differences between Scenario 13 50th Percentile Temperature Exceedences and Natural Baseline 20th Percentile Temperature Exceedences  
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4.4.6.9 Comparisons of Discharge Alternatives with the Existing Baseline 

Results of the temperature exceedence differences between the alternative discharge scenarios and 
the existing baseline are presented below.  These include the maps for the differences between the 
10th percentile temperature exceedences resulting from the discharge scenarios and the 
corresponding existing baseline temperature exceedence percentile. 

Similarly to the comparisons with the natural baseline, these results were sufficient to illustrate the 
total extent of the area of influence of the different discharge alternatives (including the existing 
discharge) in comparison to the existing conditions. 

The reader is referred to the Appendices E to H for all temperature exceedence difference maps: 

 Appendix E: Temperature exceedence differences between Scenario 1 and existing baseline; 

 Appendix F: Temperature exceedence differences between Scenario 3 and existing baseline; 

 Appendix G: Temperature exceedence differences between Scenario 4 and existing baseline; 
and

Appendix H: Temperature exceedence differences between Scenario 13 and existing baseline. 

Although the same metric of comparisons with the natural baseline were adopted, these comparisons 
were not undertaken with the intent of showing compliance with guidelines, but to quantify the 
temperature effects resulting from the proposed discharge alternatives in comparison with existing 
(impacted) conditions.  In this sense, the guidelines are not applicable for these comparisons. 

Scenario 1 – Comparison with Existing Baseline 

The differences between Scenario 1 and the existing baseline 10th percentile temperature 
exceedences are presented in Figure 4-63 (also Appendix E).  For this scenario comparison with 
existing conditions, a temperature increase between 3oC and 4oC extended throughout most of First 
Creek length.  These results indicated that the increased heat load associated with Scenario 1 would 
considerably increase temperature within First Creek in comparison to existing conditions. 

The modeled temperature increases in comparison to existing conditions were not confined only to 
First Creek and extended beyond its mouth.  Temperature percentile exceedences above 2oC within 
the plume extended approximately 100 m to 450 m beyond the mouth.  Temperature percentile 
exceedence differences above 0.5oC extended offshore up to approximately 700 m from the mouth. 
The maximum plume widths for percentile exceedence differences above 0.5oC were up to 400 m. 

It is again noted that the extensions of the plume offshore were largely influenced by the local 
bathymetry. 

Scenario 3 – Comparison with Existing Baseline 

The differences between Scenario 1 and the baseline 10th percentile temperature exceedences are 
presented in Figure 4-64 (also Appendix F).  Note the temperature difference scale for this scenario 
was modified in relation to Scenario 1, so as encompass the a negative range.  Note however, that 
the range amplitude in the colour scale was preserved. 
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For this scenario an increase smaller than 2oC in relation to existing conditions was obtained for all 
exceedence percentiles differences.  Near the point of discharge these exceedence percentile 
differences were negative, indicating an improvement from existing conditions. 

Conditions in downstream portions of First Creek would deteriorate in comparison to existing 
conditions.  Such results were a reflection of the increased heat load with the proposed discharge in a 
creek where the hydrodynamics are largely influenced by the tidal motion.  For Scenario 4, 
temperature exceedence differences larger than 0.5 oC extended offshore of the mouth of First Creek 
for approximately 500 m, with a width near the mouth of approximately 250 m. 

Scenario 4 – Comparison with Existing Baseline 

The differences between Scenario 4 and baseline 10th percentile temperature exceedences are 
presented in Figure 4-65 (also Appendix G).  Also, for this scenario, a temperature increase smaller 
than 2oC in relation to existing conditions was obtained for all percentiles.  Moreover, temperature 
decreases in comparison to the baseline resulted.  Given the reduced heat load, these temperature 
differences were more appreciable than Scenario 3. This result shows that this discharge would be 
compliant with the present guidelines, in comparison to existing conditions. 

For this scenario an increase smaller than 1oC in relation to existing conditions was obtained for all 
exceedence percentiles differences.  Contrasting to Scenario 3, negative exceedence percentile 
differences occurred throughout most of First Creek extension.  Given the reduced heat load in 
relation to the other First Creek discharge scenarios, the resulting improvement in comparison to the 
existing conditions were more appreciable.  However temperatures near the mouth of the creek 
would still be generally up to 1oC higher than the existing conditions (see e.g. the 50th percentile).  
Under this scenario, temperatures offshore of the mouth of the creek would remain essentially the 
same as the existing conditions.  The 10th percentile exceedence difference showed that 
temperatures in comparison to the existing conditions would extend up to approximately 140 m 
offshore.

Scenario 13 – Comparison with Existing Baseline 

The differences between Scenario 1 and baseline 10th percentile temperature exceedences are 
presented in Figure 4-66 (also Appendix H).  As expected, this scenario showed no differences in 
terms of increased (or reduced) temperatures within First Creek.  These results reinforce the 
statement that discharges to Port Pirie River would have negligible influence at First Creek.   

The effects in the Port Pirie River were (essentially) the same as the ones described in the 
comparisons with the natural baseline, as expected. 
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Figure 4-63 10th Percentile Temperature Exceedences Differences – Scenario 1 Discharge and Existing Baseline 
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Figure 4-64 10th Percentile Temperature Exceedences Differences – Scenario 3 Discharge and Existing Baseline 
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Figure 4-65 10th Percentile Temperature Exceedences Differences – Scenario 4 Discharge and Existing Baseline 
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Figure 4-66 10th Percentile Temperature Exceedences Differences – Scenario 13 Discharge and Existing Baseline 
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5 DISCUSSION

This report describes near and far field assessments for alternative configurations of a cooling water 
discharge in Port Pirie, South Australia. This cooling water discharge will form part of the 
infrastructure required to transform the existing Nyrstar multi metals recovery plant into a state-of-the-
art poly-metallic processing and recovery facility.  The findings of the present assessments will be 
used to support pre-feasibility and bankable studies, including a Public Environmental Review.  

5.1 Nearfield Assessment 

Results of the nearfield models considering a limited number of outfall configurations and the ambient 
conditions encountered in the Port Pirie River showed that it is possible to have an outfall designed to 
meet present SA EPA water quality guidelines.  For a discharge temperature increase above 
background of 10 oC, these guidelines require a dilution factor of five, which was shown to be 
achieved under most of the options investigated.   

From the results presented, it was observed that plume temperatures at 20 m from the diffuser would 
be higher for increased ambient velocities and a greater number of ports, considering the same port 
diameter.  These results occurred because: 

1. The flows above 5 cm/s would deflect the plume from each nozzle into the downstream 
nozzle plume, limiting their mixing with ambient water and therefore reaching 20 m from the 
diffuser less diluted; and  

2. The larger number of ports would produce plumes with less momentum, therefore more 
prone to deflection by the ambient flow. 

Nevertheless, only the 18-port diffuser 10m from the bank modelled in CORMIX showed 
temperatures at 20 m from the diffuser exceeding the present SA EPA guidelines.  These 
exceedences only occurred at ambient velocities above 5 cm/s. 

The modelling assumptions however were generally conservative, in particular: 

1. The discharge temperature was assumed to be the maximum proposed increase of 10 oC
above background temperature; and 

2. The modelling neglected surface heat exchange. 

Notwithstanding these results, it was shown that a 12-port outfall would meet the present and new 
draft SA EPA proposed water quality criterion at all ambient conditions. For the 18-port diffuser, most 
of the modelling configurations showed the temperatures would meet the water quality criterion. 

Taking into consideration the limited number of tests, the outfall design can be further optimised to 
achieve even more favourable conditions for the thermal effluent dilution. For example, by reducing 
the port diameter of the 18-port outfall, it may be possible to achieve conditions that meet both 
guidelines.  If Nyrstar wishes to progress consideration of this option then we suggest that more 
detailed modelling (CFD) analyses be undertaken in conjunction with more detailed far field modelling 
studies.
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5.2 Far Field Model Performance 

A three dimensional hydrodynamic and transport model was set-up and executed for far field 
assessments of a subset of the alternative proposed discharges.  The model was shown to 
reproduce the tidal features throughout the Gulf and performed particularly well in terms of 
reproducing current velocities offshore of First Creek. Due to inaccuracies of the bathymetry in the 
intertidal areas, the model did not perform as well in the Port Pirie River area.  The model, 
nevertheless, did reproduce the essential features of the hydrodynamics and was considered fit for 
the purpose of this conceptual study.  Temperatures in the water column were particularly well 
reproduced.  It is recommended that a bathymetric survey in the intertidal areas of the study area be 
conducted.  These were not possible within the scope of this preliminary study. 

5.3 Proposed Discharges to First Creek 

Results of the proposed alternative discharges were contrasted with natural and existing conditions.  
The comparisons with natural conditions showed that the discharges into First Creek, both existing 
and the existing in combination with any of the proposed alternatives, were not compliant with either 
present or draft proposed guidelines.  In these cases, model results indicated most of First Creek 
would be non-compliant. The only small exception was the case of a 2oC temperature increase 
between intake and the point of discharge.  However, even in this case, only about 150 m from the 
mouth into the creek would comply with present guidelines, noting it would not comply with the 
proposed draft guidelines. 

In addition to First Creek, the intertidal area immediately offshore of the creek would be non-
compliant with any of the guidelines.  As expected, the extent of the non-compliant area would be 
reduced for smaller temperature increases between intake and discharge. 

5.4 Proposed Discharge to the Port Pirie River 

For the proposed discharge to the Port Pirie River, only a temperature increase of 10 oC in relation to 
the water intake temperatures was considered.  Model results indicated an asymmetric plume, with 
tendency of movement during flood tides into the River.  This is consistent with the ADCP 
measurements at Site 1 and implied the Port Pirie River is poorly flushed.   

The discharge input into the model did not consider the effects of mixing in the nearfield.  Consistent 
with other discharge modelling studies, neglecting these effects produce very conservative dilutions 
(therefore, also temperature increase) in the vicinity of the diffuser (see e.g. Botelho et al., 2013).  
Consequently, the far field assessment showed the discharge to the Port Pirie River would not be 
compliant over a significant area with either of the water quality guidelines.  This result was unrealistic 
in the sense that the near field model showed temperature increases below 2oC can be achieved 
within 20 m from the diffuser.  Also, smaller temperature increases between the intake and the 
discharge would create a smaller area of influence. 

Given the flushing characteristics of the Port Pirie River, the other outfalls located further South in the 
Port Pirie River (i.e. PP03 and PP04) would not perform as well as an outfall at PP05. 
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It is noted that the effects of tidal reversals were not considered in the nearfield analysis.  If this option 
is to be advanced, it is recommended that these unsteady effects be considered for diffuser 
optimisation, particularly in view of the poor flushing of the Port Pirie River.  Computational Fluid 
Dynamics (CFD) is the recommended tool for such an analysis, given the models adopted can only 
reliably consider steady-state conditions.  Adoption of such an approach would also allow proper 
nearfield “seeding” of the far field model and consequently more realistic estimates of temperature 
increase within the Port Pirie River. 

In addition to the temperature increase in the Port Pirie River, no abatement of the existing discharge 
conditions would occur in First Creek. 

5.5 Comparisons with Existing Conditions 

Proposed discharges to First Creek with temperature increases smaller than 10 oC in relation to the 
intake temperatures would result in reduction of temperatures over significant lengths of First Creek.  
Despite the lower temperature increases assumed in these proposed discharges to First Creek, they 
would still represent an additional heat load to the marine environment.  As advection and dispersion 
mechanisms in the creek are controlled by the tides, portions of the creek and the intertidal area 
immediately offshore still presented a temperature increases in comparison to existing conditions.  In 
particular, the areas near the mouth of the creek tended to present temperature increases, whilst a 
reduction was simulated near the discharge location. 

For a discharge above 10 oC, the discharges into First Creek would result in temperature increases, 
both along the entire First Creek stretch as well as in the intertidal area immediately offshore of First 
Creek. Such a temperature increase would therefore exacerbate impacts of the existing discharge. 

In view of these results, it may be possible to combine a mixed approach in which part of the effluent 
is discharged to the Port Pirie River and the remaining pre-mixed with the existing discharge before 
discharging into First Creek.  Any improvement in terms of temperature to First Creek would require a 
temperature increase in relation to intake temperatures significantly lower than the 9oC increase 
assumed in the existing discharge.  It should be noted that this suggestion did not consider any costs, 
design, or operational matters involved in this mixed approach. 

5.6 Choice of Discharge Alternative 

It is difficult to recommend the most viable discharge alternative option solely on the grounds of 
temperature effect on the marine environment, given either alternatives of the thermal discharge to 
Port Pirie River or First Creek have their own advantages and disadvantages.  These advantages 
need to be weighed in conjunction with other factors not necessarily related to the discharge itself 
(e.g. benefit to air quality, groundwater pollution control).  Once a decision is made on the way 
forward, more detailed investigations have to be undertaken to progress the chosen alternative.  The 
advantages and associated studies required for each of the options are discussed below. 

5.6.1 Discharge to the Port Pirie River 

It was shown that it is possible to design an outfall capable of meeting existing water quality 
guidelines in the Port Pirie River.  However, this option would not provide any abatement of the 
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effects of the existing discharge conditions in First Creek.  As a result, the impact of the Nyrstar 
operations in the marine environment near Port Pirie would consist of two isolated zones.   

A possible solution to this outcome is to pre-mix both existing and proposed cooling water discharges 
for disposal through the outfall in the Port Pirie River.  It should be noted that this suggestion did not 
consider any costs, design, or operational matters involved in this mixed approach. 

If Nyrstar wishes to progress consideration of discharging to the Port Pirie River, the following is 
suggest:

1. A bathymetric field survey be undertaken in the intertidal areas within the Port Pirie River.  
Such a survey will allow further refinement of the hydrodynamic model in such a way as to 
improve predictive capability of the observed tidal asymmetry.  This asymmetry is an 
important feature that relates to mixing processes so it is relevant to capture it well. 

2. A pre-mixed approach with results from a nearfield model be adopted to “seed” the 
discharge into the far field model. Such an approach will allow the simulation of less 
conservative far field plume characteristics within the Port Pirie River. 

3. The nearfield analysis be upgraded with more detailed Computational Fluid Dynamics (CFD) 
modelling.  Such an approach will allow improved understanding of the effects of tides in the 
nearfield dilution as well as to provide reliable dilutions for the discharge “seeding” referred 
above.

Additionally, if both existing and proposed discharges are to be combined into a single disposal 
location, the nearfield study needs to be upgraded to reflect the increased heat load.  This exercise 
should be taken in conjunction with a formal diffuser optimization study. 

5.6.2 Discharge to First Creek 

Considering the combination of existing and proposed discharges to First Creek will result in non-
compliant condition with SA EPA water quality guidelines.   

In this case, any improvement in terms of temperature to First Creek would require a temperature 
increase in relation to intake temperatures significantly lower than the 9oC increase assumed in the 
existing discharge.  In particular, a 2oC increase in the proposed discharge resulted in significant 
improvement of overall conditions within some reaches of First Creek, with only relatively small 
deterioration in other locations. 

If Nyrstar wishes to progress consideration of discharging to First Creek we suggest that: 

1. A bathymetric field survey be undertaken in the intertidal areas within Germein Bay offshore 
of First Creek.  Such a survey would allow further refinement of the hydrodynamic model in 
such a way as to improve predictive capability in the intertidal areas beyond the mouth of 
First Creek. 

2. Collection of temperature and meteorological data be undertaken in First Creek and the 
adjacent intertidal areas.  This data collection would allow increased understanding of the 
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effects of the tidal dynamics on temperature within First Creek and allow improved model 
validation and predictive capability within the area. 

3. The far field model be upgraded with increased resolution in the First Creek and immediately 
adjacent area.  While sufficient resolution was adopted for this conceptual study, a more 
detailed investigation would benefit from increased resolution in the area. 

5.7 Further Studies 

Finally, this conceptual study did not address seasonal conditions other than autumn.  It is 
recommended that simulations be undertaken for other periods of the year that present different 
thermal characteristics, i.e. summer (January) and winter (July).  Undertaking of these seasonal 
simulations should be progressed once a decision on the discharge alternative is made, concurrent 
with the modelling upgrades discussed above. 
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6 CONCLUSIONS

From the assessment conducted in this report the following could be concluded: 

1. An outfall consisting of multiport diffusers can be successfully designed to discharge cooling 
water effluent in the Port Pirie River in such a way to meet SA EPA present and draft 
proposed water quality guidelines. 

2. The Port Pirie River is relatively poorly flushed, with tidal asymmetry presenting increased 
fluxes into the river.  Of the proposed outfall alternatives in the Port Pirie River, PP05 is the 
recommended locations as it is the nearest to the River mouth and thus, better flushed. 

3. Discharges to First Creek (both existing and any of the proposed alternatives) would not be 
compliant with any of the water quality guidelines. 

4. Discharges to First Creek require that the cooling water process deliver a temperature 
increase in relation to the intake temperatures substantially lower (i.e. 5oC or less) than the 
increase in the current discharge (i.e. 9oC).

5. Even under these conditions the increased heat load would exacerbate the temperature 
increases within and in the intertidal areas immediately adjacent to First Creek. 

6. A decision on the best alternative discharge option will not depend on the thermal effects on 
the marine environment alone, given both sites have their strengths and weaknesses. A 
decision on the way forward needs to consider aspects other than the discharge location 
alone (i.e. benefit to air quality, groundwater pollution control). 

It is recommended that once a decision on location of the discharge is made: 

1. A bathymetric survey be undertaken in the intertidal areas within the area of the study.  Such 
bathymetric information will allow improved model performance in the Port Pirie River area. 

2. Further data collection (particularly temperature and local meteorological data) be 
undertaken to test and improve some of the assumptions underlying the existing discharges 
adopted in this model. 

3. A design optimisation study be undertaken if the alternative of an outfall in the Port Pirie 
River is advanced.  This design should consider the unsteady effects of tidal reversals in the 
Port Pirie River.  Computational Fluid Dynamics should be adopted as the tool for such a 
study.

4. Investigation of the discharge influences on temperature under different seasons need to be 
undertaken to verify the temperature effects of the proposed discharge throughout other 
periods of the year. 



A
p

p
en

d
ix H

REFERENCES 7-1

G:\ADMIN\B20232.G.MEB.PORTPIRIE\R.B20232.001.01.REVISEDREPORT.DOCX   

7 REFERENCES

ANZECC (2000). Australian and New Zealand Guidelines for Fresh and Marine Water Quality (2000).  
Australian and New Zealand Environment and Conservation Council (ANZECC).  

BMT WBM (2011). Hydrodynamic and Water Quality Modelling of Spencer Gulf: Model Validation 
Report. Final Report – Included as Appendix H5.2 of the Olympic Dam Supplementary EIS, available 
at
http://www.bhpbilliton.com/home/aboutus/regulatory/Documents/Olympic%20Dam%20Supplementar
y%20EIS/Appendices/Appendix%20H5.2_Spencer%20Gulf%20Model%20Validation%20Report.pdf 

Botelho, D. A, Barry, M.E.,. Collecutt,G.C., Brook, J. and Wiltshire, D. (2013). Linking near- and far-
field hydrodynamic models for simulation of desalination plant brine discharges. Water Science & 
Techn., 67, 1194-1207. doi:10.2166/wst.2013.673 

Easton, A.K. (1978) A reappraisal of the tides in Spencer Gulf, South Australia. Aust. J. Mar. 
Freshwater Res., 29: 467-477. 

Environment Protection Authority (EPA). (2003) Environment Protection (Water Quality) Policy 2003 
and Explanatory Report, South Australian Environment Protection Authority. 

Environment Protection Authority (EPA). (2012) Draft Environment Protection (Water Quality) Policy 
2012, South Australian Environment Protection Authority. 

Frick, W.E., Roberts, P.J.W., Davis, L.R., Keyes, J., Baumgartner, D.J., and George, K.P. (2003). 
Dilution Models for Effluent Discharges. 4th Edition (Visual Plumes). US-EPA. 

Herzfeld, M., Middleton, J.F.m Andrewartha, J.R., Luick, J. and Wu, L. (2009).  Numerical 
Hydrodynamic Modelling of Tuna Farming Zone, Spencer Gulf.  Technical report, Aquafin CRC 
Project 4.6, FRDC Project 2005/059. 

Jirka, G.H., Doneker, R. L., and Hinton, S. W. 1996. User's Manual For Cormix: A Hydrodynamic 
Mixing Zone Model And Decision Support System For Pollutant Discharges Into Surface Waters. US-
EPA. 

NRS (2007). Nyrstar Port Pirie Smelter Five Year Marine Monitoring.  Report 5. Volumes 1 and 2. 

Nunes, R. (1985). Catalogue of data from a systematic programme of oceanographic measurements 
in Northern Spencer Gulf from 1982 to 1985. Cruise Report No. 9. School of Earth Sciences, Flinders 
University of South Australia. 

Nunes, R.A., and G.W. Lennon (1986) Physical properties distributions and seasonal trends in 
Spencer Gulf, South Australia: an inverse estuary. Aust. J. Mar. Freshwater Res., 37: 39-53. 

Nunes-Vaz, R.A., G.W. Lennon, and D.G. Bowers (1990) Physical behaviour of a large, negative or 
inverse estuary. Cont. Shelf Res., 10(3): 277-304. 

Nyrstar (2013). Anew Port Pirie. Transforming the Future. Brochure available at 
http://www.nyrstar.com/operations/Documents/NYR%20Hydra%20Brochure_201112.pdf



REFERENCES 7-2

G:\ADMIN\B20232.G.MEB.PORTPIRIE\R.B20232.001.01.REVISEDREPORT.DOCX   



FIG
U

R
ES TO

 A
P

P
EN

D
IX H

TEMPERATURE EXCEEDENCES DIFFERENCES BETWEEN SCENARIO 1 AND NATURAL BASELINE A-1

G:\ADMIN\B20232.G.MEB.PORTPIRIE\R.B20232.001.01.REVISEDREPORT.DOCX   

APPENDIX A: TEMPERATURE EXCEEDENCES DIFFERENCES BETWEEN SCENARIO 1 AND NATURAL BASELINE

Figure A- 1 Differences between 0th Percentile Temperature Exceedences from Scenario 1 and from Natural Baseline
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Figure A- 2 Differences between 10th Percentile Temperature Exceedences from Scenario 1 and from Natural Baseline 
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Figure A- 3 Differences between 50th Percentile Temperature Exceedences from Scenario 1 and from Natural Baseline 
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Figure A- 4 Differences between Scenario 1 50th Percentile Temperature Exceedences and the Natural Baseline 20th Percentile Temperature Exceedences 
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APPENDIX B: TEMPERATURE EXCEEDENCES DIFFERENCES BETWEEN SCENARIO 3 AND NATURAL BASELINE

Figure B- 1 Differences between 0th Percentile Temperature Exceedences from Scenario 3 and from Natural Baseline
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Figure B- 2 Differences between 10th Percentile Temperature Exceedences from Scenario 3 and from Natural Baseline 
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Figure B- 3 Differences between 50th Percentile Temperature Exceedences from Scenario 3 and from Natural Baseline 
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Figure B- 4 Differences between Scenario 3 50th Percentile Temperature Exceedences and the Natural Baseline 20th Percentile Temperature Exceedences 
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APPENDIX C: TEMPERATURE EXCEEDENCES DIFFERENCES BETWEEN SCENARIO 4 AND NATURAL BASELINE

Figure C- 1 Differences between 0th Percentile Temperature Exceedences from Scenario 4 and from Natural Baseline
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Figure C- 2 Differences between 10th Percentile Temperature Exceedences from Scenario 4 and from Natural Baseline 
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Figure C- 3 Differences between 50th Percentile Temperature Exceedences from Scenario 4 and from Natural Baseline 
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Figure C- 4 Differences between Scenario 4 50th Percentile Temperature Exceedences and the Natural Baseline 20th Percentile Temperature Exceedences 
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APPENDIX D: TEMPERATURE EXCEEDENCES DIFFERENCES BETWEEN SCENARIO 13 AND NATURAL BASELINE

Figure D- 1 Differences between 0th Percentile Temperature Exceedences from Scenario 13 and from Natural Baseline
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Figure D- 2 Differences between 10th Percentile Temperature Exceedences from Scenario 13 and from Natural Baseline 
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Figure D- 3 Differences between 50th Percentile Temperature Exceedences from Scenario 13 and from Natural Baseline 
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Figure D- 4 Differences between Scenario 13 50th Percentile Temperature Exceedences and the Natural Baseline 20th Percentile Temperature Exceedences 
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APPENDIX E: TEMPERATURE EXCEEDENCES DIFFERENCES BETWEEN SCENARIO 1 AND EXISTING BASELINE

Figure E- 1 Differences between 0th Percentile Temperature Exceedences from Scenario 1 and from Existing Baseline
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Figure E- 2 Differences between 10th Percentile Temperature Exceedences from Scenario 1 and from Existing Baseline 
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Figure E- 3 Differences between 50th Percentile Temperature Exceedences from Scenario 1 and from Existing Baseline 
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APPENDIX F: TEMPERATURE EXCEEDENCES DIFFERENCES BETWEEN SCENARIO 3 AND BASELINE

Figure F- 1 Differences between 0th Percentile Temperature Exceedences from Scenario 3 and from Existing Baseline 
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Figure F- 2 Differences between 10th Percentile Temperature Exceedences from Scenario 3 and from Existing Baseline 
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Figure F- 3 Differences between 50th Percentile Temperature Exceedences from Scenario 3 and from Existing Baseline 
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APPENDIX G: TEMPERATURE EXCEEDENCES DIFFERENCES BETWEEN SCENARIO 4 AND EXISTING BASELINE

Figure G- 1 Differences between 0th Percentile Temperature Exceedences from Scenario 4 and from Existing Baseline
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Figure G- 2 Differences between 10th Percentile Temperature Exceedences from Scenario 4 and from Existing Baseline 
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APPENDIX H: TEMPERATURE EXCEEDENCES DIFFERENCES BETWEEN SCENARIO 13 AND EXISTING BASELINE

Figure H- 1 Differences between 0th Percentile Temperature Exceedences from Scenario 13 and from Existing Baseline
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Figure H- 2 Differences between 10th Percentile Temperature Exceedences from Scenario 13 and from Existing Baseline 
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Figure H- 3 Differences between 50th Percentile Temperature Exceedences from Scenario 13 and from Existing Baseline 
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