QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

EXECUTIVE SUMMARY

VOLUME 1:

VOLUME 2:

VOLUME 3:

Chapter 1

1

11
1.2
13

1.4
141
1.4.2
1.4.3
1.4.4
145
1.4.6
1.4.7
1.4.8
1.4.9
1.4.10
14.11
1.4.12
1.4.13
1.4.14
1.4.15
1.4.16
1.4.17

Tables

3.1.1
3.1.2
3.1.3
3.14
3.1.5
3.1.6
3.1.7
3.1.8
3.1.9
3.1.10
3.1.11

EIS PROCESS OVERVIEW

PROJECT DESCRIPTION

ENVIRONMENTAL ASSESSMENT OF GAS FIELD COMPONENT
INTRODUCTION 1
BACKGROUND 1
OVERVIEW OF GAS FIELD COMPONENT 2
STUDIES AND MODELLING 3
SUMMARY OF FINDINGS 3
Climate and Climate Change 3
Topography and Geomorphology 4
Geology and Soils 4
Land Use and Infrastructure 5
Land Contamination 6
Terrestrial Ecology 7
Aquatic (freshwater) Ecology 8
Surface Water Resources 10
Groundwater Resources 10
Associated Water 11
Air 12
Noise and Vibration 13
Transport 14
Visual Amenity 15
Waste Management 16
Hazard and Risk Assessment 16
Conclusion 18
SUMMARY OF IMPACTS FOR CLIMATE AND CLIMATE CHANGE 4
SUMMARY OF IMPACTS FOR TOPOGRAPHY AND GEOMORPHOLOGY 4
SUMMARY OF IMPACTS FOR SOILS AND GEOLOGY 5
SUMMARY OF IMPACTS FOR LAND USE AND INFRASTRUCTURE 6
SUMMARY OF IMPACTS FOR LAND CONTAMINATION 7
SUMMARY OF IMPACTS FOR TERRESTRIAL ECOLOGY 8
SUMMARY OF IMPACTS FOR AQUATIC ECOLOGY 9
SUMMARY OF IMPACTS FOR SURFACE WATER RESOURCES 10
SUMMARY OF IMPACTS FOR GROUNDWATER 11
SUMMARY OF IMPACTS FOR ASSOCIATED WATER 12
SUMMARY OF IMPACTS FOR AIR 13
QGC LIMITED PAGE 1 JuLy 2009



3.1.12
3.1.13
3.1.14
3.1.15
3.1.16

Chapter 2

2

2.1
211
2.1.2
2.2
221
2.2.2
2.2.3

Figures

3.2.1
3.2.2
3.2.3
3.24
3.25
3.2.6
3.2.7

Tables

3.2.1
3.2.2
3.2.3

Chapter 3

3

3.1
3.1.1
3.1.2

Figures

3.3.1
3.3.2

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

SUMMARY OF IMPACTS FOR NOISE 14
SUMMARY OF IMPACTS FOR TRANSPORT 15
SUMMARY OF IMPACTS FOR VISUAL AMENITY 15
SUMMARY OF IMPACTS FOR WASTE MANAGEMENT 16
SUMMARY OF IMPACTS FOR HAZARDS AND RISKS 17
CLIMATE AND CLIMATE CHANGE 1
CLIMATE 1
Project Environmental Objectives and Values 1
Potential Impacts and Mitigation 5
CLIMATE CHANGE 6
Climate Change Predictions 6
Potential Impacts and Mitigation 10
Conclusion 11
MEAN MONTHLY RAINFALL 2
MEAN MAXIMUM DAILY TEMPERATURE 2
MEAN MINIMUM DAILY TEMPERATURE 3
MEAN 9AM WIND SPEED KM/HR 4
MEAN 3PM WIND SPEED 4
PREDICTED CHANGE IN EXTREME WIND SPEEDS 8
AVERAGE ANNUAL NUMBER OF TROPICAL CYCLONES 9
RAINFALL CHANGE PERCENTAGES — TOOWOOMBA 2030 7
TEMPERATURE CHANGES (DEGREES CELSIUS) — TOOWOOMBA 2030 7
SUMMARY OF IMPACTS FOR CLIMATE AND CLIMATE CHANGE 11
TOPOGRAPHY AND GEOMORPHOLOGY 1
PROJECT ENVIRONMENTAL OBJECTIVE AND VALUES 1
Potential Impacts and Mitigation 4
Conclusion 4
LANDFORM 2
TOPOGRAPHY 3
QGC LIMITED PAGE 2 JuLy 2009



Tables

3.3.1
3.3.2

Chapter 4

4

4.1
4.2

4.3
4.3.1
4.3.2
4.3.3

4.4
4.4.1
4.4.2

4.5
451
45.2

4.6

Figures

3.4.1
3.4.2
3.4.3
3.44
3.45
3.4.6

Tables

3.4.1
3.4.2
3.4.3
3.4.4
3.45
3.4.6
3.4.7
3.4.8

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

GAS FIELD LANDFORM COMPONENTS 1
SUMMARY OF IMPACTS FOR TOPOGRAPHY AND GEOMORPHOLOGY 5
GEOLOGY AND SOILS 1
INTRODUCTION 1
METHODOLOGY 1
PROJECT ENVIRONMENTAL OBJECTIVE AND VALUES 1
Geology 2
Soils 6
Good Quality Agricultural Land 12
ASSESSMENT OF POTENTIAL IMPACTS 16
Soils 16
Good Quality Agricultural Land 23
PROPOSED MITIGATION AND MANAGEMENT MEASURES 25
Standard Measures across the Gas Field 25
Issue-specific Mitigation Measures 28
CONCLUSION 30
GEOLOGICAL FORMATIONS AND FAULT LINES 4
DEPTH TO BEDROCK 5
SoIL MANAGEMENT GROUPS 10
GOOD QUALITY AGRICULTURAL LAND 14
EXTENT OF CURRENT CROPPING 15
EROSION HAZARD RATING 20
GAS FIELD GEOLOGICAL FORMATIONS 3
GAS FIELD SOIL MANAGEMENT GROUPS 7
SUMMARY OF SOIL FERTILITY 12
GOOD QUALITY AGRICULTURAL LAND 13
SoOIL MANAGEMENT GROUP CONSTRAINTS 17
EROSION HAZARD RATING DECISION MATRIX 19
SOIL STRIPPING DEPTHS 27
SUMMARY OF IMPACTS FOR SOILS AND GEOLOGY 30
QGC LIMITED PAGE 3 JuLy 2009



Chapter 5

5

5.1
5.1.1
51.2
5.1.3
514
5.1.5

5.2
521
5.2.2

5.3
53.1
5.3.2
5.3.3
5.3.4
53.5
5.3.6
5.3.7
5.3.8
5.3.9
5.3.10
53.11
5.3.12
5.3.13
5.3.14
5.3.15
5.3.16
5.3.17
5.3.18

5.4

5.5

Figures

3.5.1
3.5.2
3.5.3
3.54
3.5.5
3.5.6
3.5.7

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

LAND USE AND INFRASTRUCTURE 1
PROJECT ENVIRONMENTAL OBJECTIVES AND VALUES 1
Land Tenure 2
Land Use 5
Native Title 12
Resources — Millable Timber 12
Major Infrastructure 14
IMPACTS ON LAND USES AND INFRASTRUCTURE 16
Gas Field Infrastructure 16
Impacts on Environmental Values 17
MITIGATION MEASURES 20
Land Tenure 20
Protected Areas 20
State Forests 20
Road Reserves and Bridges 20
Railway Lines 21
Stock Routes 21
Urban/Rural/Recreational/Residential Zones 21
Industrial 22
Agricultural — Pastoral 22
Agricultural — Cropping and GQAL 24
Intensive Animal Activities 26
Forestry 26
Mining Tenures and Economic Mineralisation 26
Petroleum Tenures and Petroleum and Gas Deposits 27
Extractive Industries 27
Native Title Representative Bodies (NTRB) Boundaries 27
Major Infrastructure 28
Environmentally Sensitive Areas 29
GENERAL MITIGATION MEASURES 29
CONCLUSION 30
LAND TENURE CADASTRE 3
STOCK ROUTES AND RAILWAY LINES 4
LAND UsSE 7
GOOD QUALITY AGRICULTURAL LAND 8
MINING TENURES 11
NATIVE TITLE CLAIMANTS 13
MAJOR INFRASTRUCTURE 15
QGC LIMITED PAGE 4 JuLy 2009



Tables

3.5.1
3.5.2
3.5.3
3.54
3.55
3.5.6
3.5.7
3.5.8
3.5.9
3.5.10

3.5.11
3.5.12

Chapter 6

6

6.1
6.2
6.3

6.4
6.4.1
6.4.2
6.4.3

6.5
6.6

Table
4.6.1

Chapter 7

7

7.1
7.2
7.3

7.4
7.4.1
7.4.2
7.4.3

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

ENVIRONMENTAL VALUES 1
LAND TENURE 2
ENVIRONMENTAL VALUES BY LAND TENURE 5
ZONING OF LAND 6
LAND USE — GAS FIELD 9
GOOD QUALITY AGRICULTURAL LAND — GAS FIELD 9
MINING TENURES BY TENURE TYPE 10
ENVIRONMENTAL VALUES OF ENVIRONMENTALLY SENSITIVE AREAS 16
CONSTRUCTION AND OPERATION — AREAS OF DISTURBANCE 17
POTENTIAL IMPACTS ON LAND USE AND INFRASTRUCTURE

ENVIRONMENTAL VALUES 18
ENVIRONMENTAL VALUES OF ENVIRONMENTALLY SENSITIVE AREAS 29
SUMMARY OF IMPACTS FOR LAND USE AND INFRASTRUCTURE 31
LAND CONTAMINATION 1
PROJECT ENVIRONMENTAL OBJECTIVE 1
RELEVANT LEGISLATION 1
DESCRIPTION OF EXISTING ENVIRONMENT 2
POTENTIAL IMPACTS 3
Existing Contaminated Land 3
Potential to Cause Localised Land Contamination 3
Potential to Cause Land Contamination through Notifiable Activities 5
MITIGATION MEASURES 5
CONCLUSION 6
SUMMARY OF IMPACTS FOR LAND CONTAMINATION 7
TERRESTRIAL ECOLOGY 1
INTRODUCTION 1
PROJECT ENVIRONMENTAL OBJECTIVE 1
METHODOLOGY 1
DESCRIPTION OF ENVIRONMENTAL VALUES 2
Flora 2
Fauna 14
Wetlands 17
QGC LIMITED PAGE 5 JuLy 2009



7.4.4
7.4.5

7.5
7.5.1
7.5.2
7.5.3

7.5.4
7.5.5
7.5.6
7.5.7

7.6
7.6.1
7.6.2
7.6.3

7.7
7.8

Figures

3.7.1
3.7.2
3.7.3
3.74
3.7.5
3.7.6
3.7.7
3.7.8
3.7.9
3.7.10
3.7.11

Tables

3.7.1
3.7.2
3.7.3
3.74
3.7.5
3.7.6

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

Assessment of Conservation Values 19
Conservation Values Mapping 21
POTENTIAL IMPACTS 22
Clearing of Remnant Vegetation 22
Other Impacts 25
Assessment of Significance of the Impact for EPBC-threatened Ecological

Communities 25
EVR Flora 27
Potential Impacts to Regionally Significant Flora 27
Potential Impacts to Regionally Significant Fauna 29
Potential Impacts to Wetlands 29
MITIGATION AND REHABILITATION 30
General Mitigation Guidelines 30
Zone-based Mitigation Measures 31
Rehabilitation 34
ENVIRONMENTAL OFFSETS 35
CONCLUSION 37
STATE FORESTS 4
BRIGALOW WOODLAND/OPEN FOREST COMMUNITIES 6
SEMI-EVERGREEN VINE THICKET COMMUNITIES 7
EUCALYPTUS POPULNEA WOODLAND ON CAINOZOIC CLAY PLAINS 8
OF CONCERN REGIONAL ECOSYSTEMS 9
KNOWN EVR LOCATIONS — NORTH WEST TENEMENTS 11
KNOWN EVR LOCATIONS — CENTRAL AND SOUTH EAST TENEMENTS 12
IMPORTANT WETLANDS AREAS 18
FRESHWATER WETLANDS (RE 11.3.27B) 20
ENVIRONMENTALLY SENSITIVE AREAS (WEIGHTED) 23
GAS FIELDS — ECOLOGICAL CONSTRAINTS ZONES 24
EVR FLORA WITH PREFERRED HABITAT IN THE GAS FIELD 13
EVR SPECIES LIKELY TO OCCUR IN THE GAS FIELD 15
REGIONALLY SIGNIFICANT FAUNA 16
INTRODUCED FAUNA 16
WORST-CASE VEGETATION LOSS 25
SUMMARY OF IMPACTS FOR TERRESTRIAL ECOLOGY 37
QGC LIMITED PAGE 6 JuLy 2009



Chapter 8

8

8.1
8.2

8.3

8.4

8.5

8.2.1
8.2.2
8.2.3

8.3.1

8.4.1
8.4.2
8.4.3

Figures

3.8.1
3.8.2

Tables

3.8.1
3.8.2
3.8.3

Chapter 9

9

9.1
9.2
9.3

9.4

9.5

9.3.1
9.3.2
9.3.3
9.34

94.1
9.4.2
9.4.3
944
9.4.5
9.4.6

9.5.1
9.5.2

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

AQUATIC (FRESHWATER) ECOLOGY

INTRODUCTION

DESCRIPTION OF ENVIRONMENTAL VALUES

Aquatic Environment

National, State and Regionally Significant Aquatic Taxa
Declared and Environmental Aquatic Weeds and Introduced Fish
POTENTIAL IMPACTS

Potential Impacts to Aquatic Environments and Taxa

MITIGATION AND REHABILITATION
Mitigation Guidelines

Rehabilitation

Environmental Offsets

CONCLUSION

IMPORTANT WETLANDS AREAS
FRESHWATER WETLANDS (RE 11.3.27B)

POTENTIAL EVR AND REGIONALLY SIGNIFICANT FLORA OCCURRENCE
FisH RECORDED IN THE CATCHMENT OF THE GAS FIELD
SUMMARY OF IMPACTS FOR AQUATIC ECOLOGY

SURFACE WATER RESOURCES

INTRODUCTION
PROJECT ENVIRONMENTAL OBJECTIVE

METHODOLOGY

Data Collation and Review

Spatial Analysis and Catchment Definition
Hydrological Analyses

Field Assessment

EXISTING ENVIRONMENT

Catchments

Major Watercourses within the Gas Fields
Wetlands

Base Flow Runoff

Flooding Characteristics

Catchment Conditions

POTENTIAL IMPACTS
Potential Impact of flooding on CSG Activities
Potential Impact of Gas Field Activities on Surface Water

© © O 0o OO0 ONPFP PP -

© O O ~NOP_PD, WWDNEFE PP P P

[ =Y
o

QGC LIMITED PAGE 7

JuLy 2009



9.6
9.7

Figures
3.9.1
3.9.2
3.9.3
3.94

Tables

3.9.1
3.9.2

Chapter 10

10

10.1
10.2

10.3
10.3.1
10.3.2
10.3.3

10.4
104.1
10.4.2
10.4.3
10.4.4
10.4.5
10.4.6

10.5
10.5.1
10.5.2
10.5.3
10.5.4

10.6
10.6.1
10.6.2

10.7

Figures

3.10.1
3.10.2
3.10.3
3.10.4
3.10.5
3.10.6

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

MITIGATION MEASURES 11
CONCLUSIONS 12
SURFACE WATER CATCHMENT BOUNDARIES 5
CONDAMINE RIVER (DALBY) — DAILY FLOW 6
CONDAMINE RIVER (DALBY) — TOTAL ANNUAL FLOW 7
MEAN MONTHLY RAINFALL WITHIN THE GAS FIELDS 8
SURFACE WATER QUALITY PARAMETERS 2
SUMMARY OF IMPACTS FOR SURFACE WATER 13
GROUNDWATER 1
LOCATION 1
PROJECT ENVIRONMENTAL OBJECTIVES 1
METHODOLOGY 1
Desktop Studies 1
Field Investigations 2
Modelling 2
EXISTING ENVIRONMENT 2
Environmental Values 2
Regional Context 7
Geology/Stratigraphy 7
Hydrogeology 8
Water Levels and Water Quality 14
Water Use 14
POTENTIAL IMPACTS 16
Drilling and Well Installation 16
Coal Seam Depressurisation 16
Associated Water Management 19
Surface Infrastructure 19
MITIGATION MEASURES 19
Mitigation and Management Practices to Avoid Contamination 19
Monitoring Program to Assess Impact of Depressurisation 21
CONCLUSION 23
GREAT ARTESIAN BASIN AND SUB-BASINS 3
GROUNDWATER BORES 4
GROUNDWATER MODEL DOMAIN 5
STRATIGRAPHY OF THE WALLOON COAL MEASURES 8
STRATIGRAPHY OF THE STUDY AREA 10
EXTRACTION OF WATER FROM THE WALLOON COAL MEASURE 15
QGC LIMITED PAGE 8 JuLy 2009



Tables

3.10.1
3.10.2

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

Chapter 11

11

111
11.2

113

11.4
115

11.6

11.7

11.8

11.9

11.2.1

1131
11.3.2
11.3.3

1151
11.5.2
1153

116.1
11.6.2
11.6.3
11.6.4

11.7.1

118.1
11.8.2
11.8.3

11.9.1
11.9.2
1193

11.10

11.10.1
11.10.2
11.10.3
11.10.4
11.10.5

11.11

11111
11.11.2

11.12

AQUIFER CHARACTERISTICS IN THE STUDY AREA 11
SUMMARY OF IMPACTS FOR GROUNDWATER 23
ASSOCIATED WATER MANAGEMENT 1
INTRODUCTION 1
BACKGROUND 2
Regional Areas 2
STATUTORY REQUIREMENTS AND POLICIES 2
Legislation, Policy and Guidelines 4
Government Policy 6
QGC Alignment with Government Policy 8
ASSOCIATED WATER QUALITY 8
ASSOCIATED WATER PRODUCTION ESTIMATES 14
Existing Production Volumes 14
Water and Gas Production Rates 14
Projected Water Volumes 15
BENEFICIAL USE OPTIONS 16
Regulatory Considerations 17
Constraints to Beneficial Use 19
Beneficial Use Options 20
Options Selection 41
PREFERRED OPTIONS 43
Conclusion 46
WATER MANAGEMENT INFRASTRUCTURE 46
Water Management Strategy 53
Short-Term Water Management 53
Long-Term Water Management 54
WATER TREATMENT OPTIONS ANALYSIS 55
Desalination Treatment Options 55
Option Selection 59
Reverse Osmosis Treatment Process 60
WASTE MANAGEMENT 62
Waste Characterisation 63
Waste Minimisation 64
Waste Recycling/Use Opportunities 65
Waste Treatment Options 65
Waste Disposal Options 68
IMPACT ASSESSMENT 68
Investigations of Impacts 69
Preliminary Impact Assessment 71
CONCLUSION 75
QGC LIMITED PAGE 9 JuLy 2009



Figures

3.11.1
3.11.2
3.11.3
3.11.4
3.115
3.11.6
3.11.7
3.11.8

3.11.9
3.11.10
3.11.11

Tables

3.11.1
3.11.2
3.11.3
3.11.4
3.11.5
3.11.6
3.11.7
3.11.8
3.11.9
3.11.10
3.11.11
3.11.12
3.11.13
3.11.14

3.11.15
3.11.16
3.11.17
3.11.18
3.11.19
3.11.20
3.11.21
3.11.22

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

REGIONAL AREAS FOR WATER MANAGEMENT

CoAL SEAM GAS WATER MANAGEMENT PoLICY OVERVIEW

SALINITY AND SAR COMBINATIONS

WATER PRODUCTION VERSUS GAS PRODUCTION (FOR A TYPICAL WELL)
WATER PRODUCTION BY AREA AND IN TOTAL (ML/D)

THE POTENTIAL BENEFICIAL USE OPTIONS BEING INVESTIGATED BY QGC
POWER STATIONS AND MINING LEASES

SCHEMATIC DIAGRAM —WATER MANAGEMENT SYSTEM FOR
IRRIGATION OF TREE CROPS

DAILY ASSOCIATED WATER USE
CUMULATIVE ASSOCIATED WATER USE
CSG WATER TREATMENT SCHEMATIC DIAGRAM

11
15
16
21
32

51
52
53
61

LEGISLATION AND STANDARDS RELEVANT TO ASSOCIATED WATER MANAGEMENTS

TDS GUIDELINES FOR LIVESTOCK

TDS GUIDELINES FOR IRRIGATION WATER

SAR GUIDELINES FOR IRRIGATION WATER
ASSOCIATED WATER QUALITY

PERMITTING REQUIREMENTS FOR OPTIONS FOR WATER USES
PETROLEUM ACTIVITIES

POTENTIAL IRRIGATION RATES

ESTIMATED MUNICIPAL WATER DEMAND

COASTAL DISCHARGE PIPELINE REQUIREMENTS
SUMMARY OF WATER QUALITY BY REGION
RANKING OF BENEFICIAL USE OPTIONS
INFRASTRUCTURE REQUIRED PER BENEFICIAL USE

PROPOSED WATER TREATMENT INFRASTRUCTURE FOR IRRIGATION OF TREE
CROP OPTION

SUMMARY OF TREATMENT TECHNOLOGIES FOR ASSOCIATED WATER
WATER TREATMENT PLANT CAPACITY REQUIREMENTS

PRE-TREATMENT CHEMICALS

INDICATIVE BRINE WATER QUALITY

SUMMARY OF BRINE TREATMENT OPTIONS

IMPACTS OF ASSOCIATED WATER MANAGEMENT

INVESTIGATIONS AND TRIALS FOR BENEFICIAL USE OF ASSOCIATED WATER
SUMMARY OF IMPACTS FOR ASSOCIATED WATER

9

9
10
13
18
20
24
30
35
37
44
47

50
57
60
62
63
66
70
71
76

QGC LIMITED PAGE 10 JuLy 2009



Chapter 12

12

12.1

12.2
12.2.1
12.2.2

12.3
12.3.1
12.3.2
12.3.3

12.4
12.4.1
12.4.2
12.4.3
12.4.4
12.4.5
12.4.6
12.4.7

125
125.1
12.5.2
12.5.3

12.6

Figures
3.12.1
3.12.2
3.12.3
3.12.4
3.12.5

3.12.6
3.12.7

3.12.8

Tables

3.12.1
3.12.2
3.12.3
3.12.4
3.12.5

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

AIR QUALITY

AIR QUALITY VALUES AND OBJECTIVES

ATMOSPHERIC DISPERSION MODELLING METHODOLOGY
Infrastructure Modelling
Modelling Scenarios

EXISTING ENVIRONMENTAL VALUES
Climate

Ambient Air Quality in the Region
Sensitive Receptors

EMISSIONS SOURCES
Infrastructure

Coal Seam Gas

Emissions from Construction
Emissions from Operations
Air Emissions

Odour

Cumulative Impacts

IMPACTS AND MITIGATION MEASURES
Objectives
Indicators
Strategies

CONCLUSION

REGIONS SELECTED FOR AIR IMPACT ASSESSMENT

ANNUAL DISTRIBUTION OF WIND SPEED AND DIRECTION AT MILES
SEASONAL DISTRIBUTION OF WIND SPEED AND DIRECTION AT MILES

EXISTING AND PROPOSED POWER STATIONS

OO0 MWW P

10
15

16
16
17
17
17
23
34
34

35
35
35
35

36

7
11

PREDICTED MAXIMUM ONE-HOUR AVERAGE BACKGROUND CONCENTRATIONS

OF NO2

13

PREDICTED ANNUAL AVERAGE BACKGROUND CONCENTRATIONS OF NO2 14

PREDICTED MAXIMUM ONE-HOUR AVERAGE GROUND-LEVEL CONCENTRATIONS

OF NO2 IN ISOLATION FOR REGION 2

26

PREDICTED ANNUAL AVERAGE GROUND-LEVEL CONCENTRATIONS OF NO2 IN

ISOLATION FOR REGION 2

AMBIENT AIR QUALITY OBJECTIVES
DISTRIBUTION OF WIND SPEED AND DIRECTION AT MILES
ATMOSPHERIC STABILITY BY REGION

27

2
8
9

BACKGROUND CONCENTRATIONS OF NITROGEN DIOXIDE FOR EACH REGION 12

OzONE CONCENTRATIONS AT TOOWOOMBA

15

QGC LIMITED PaGce 11

JuLy 2009



QUEENSLAND CURTIS LNG VOLUME 3: TABLE OF CONTENTS

3.12.6 EMISSIONS SOURCES 16
3.12.7 COMPOSITION OF CSG PRE AND POST PROCESSING 17
3.12.8 PERFORMANCE AND SOURCE CHARACTERISTICS FOR SCREW COMPRESSORS 18
3.12.9 EMISSIONS DATA FOR SCREW COMPRESSORS 18
3.12.10 PERFORMANCE AND SOURCE CHARACTERISTICS FOR RECIPROCATING
COMPRESSORS 20
3.12.11 EMISSIONS DATA FOR THE RECIPROCATING COMPRESSORS 20
3.12.12 EMISSIONS CHARACTERISTICS OF THE FLARES 22
3.12.13 EMISSIONS DATA FOR THE FLARES 22
3.12.14 PREDICTED MAXIMUM ONE-HOUR AND ANNUAL AVERAGE GROUND-LEVEL
CONCENTRATIONS OF NO2 24
3.12.15 PREDICTED MAXIMUM ONE-HOUR AVERAGE GROUND-LEVEL CONCENTRATIONS
OF NITROGEN DIOXIDE FOR THE FLARE 28
3.12.16 PREDICTED MAXIMUM EIGHT-HOUR AVERAGE GROUND-LEVEL
CONCENTRATIONS OF CO 29
3.12.17 PREDICTED MAXIMUM ONE-HOUR AND ANNUAL AVERAGE GROUND-LEVEL
CONCENTRATIONS OF CoO FOR THE FLARE 29
3.12.18 TopP TEN PREDICTED MAXIMUM GROUND-LEVEL CONCENTRATIONS OF
HYDROCARBONS 31
3.12.19 MAXIMUM GROUND-LEVEL CONCENTRATIONS OF HYDROCARBONS FROM THE
FLARES 32
3.12.20 PREDICTED RANGE OF ONE-HOUR AVERAGE GROUND-LEVEL
CONCENTRATIONS OF OZONE 33
3.12.21 SUMMARY OF IMPACTS FOR AIR 36
Chapter 13
13 NOISE AND VIBRATION 1
13.1 PROJECT ENVIRONMENTAL OBJECTIVE 1
13.2 OBJECTIVES 1
13.2.1 Noise Criteria 2
13.2.2 Baseline Noise Levels 4
13.2.3 Background Noise Sources 7
13.2.4  Sensitive Receptors 7
13.3 MODELLING METHODOLOGY 8
13.3.1 Climate 8
13.3.2 Gas Field Infrastructure 8
13.3.3 Location of Gas Field Infrastructure 9
13.4 IMPACTS 10
13.4.1 Construction 10
13.4.2  Transport 10
13.4.3  Operations 11
13.4.4  Low-Frequency Noise 14
13.4.5 Vibration 14

QGC LIMITED PAGE 12 JuLy 2009



13.4.6

13.5
135.1
13.5.2
13.5.3
13.5.4

13.6

Figure
3.13.1

Tables

3.13.1
3.13.2
3.13.3
3.134
3.135
3.13.6
3.13.7
3.13.8
3.13.9
3.13.10
3.13.11
3.13.12
3.13.13

Chapter 14

14

14.1

14.2
14.2.1
14.2.2
14.2.3
14.2.4
14.2.5

14.3
143.1
14.3.2
14.3.3
14.3.4
14.3.5
14.3.6
14.3.7
14.3.8
14.3.9

14.4

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

Cumulative Impacts

MITIGATION MEASURES
Construction

Operation

Results of Mitigation Measures
Mitigation of Temporary Noises

CONCLUSION

BACKGROUND AMBIENT NOISE ASSESSMENT LOCATIONS

E1 CONSTRUCTION NOISE CRITERIA

AVERAGE AMBIENT NOISE LEVELS — WARREGO HIGHWAY

AVERAGE AMBIENT NOISE LEVELS — KENYA FCS

AVERAGE AMBIENT NOISE LEVELS — BERWYNDALE SOUTH FCS

NOISE LEVEL INCREASES FROM HEAVY VEHICLES
DISTANCES AT WHICH NOISE LIMITS EXCEEDED — CPP
DISTANCES AT WHICH NOISE LIMITS EXCEEDED — FCS

15

15
15
15
17
18

19

~N oo N

11
12
12

DISTANCES AT WHICH NOISE LIMITS EXCEEDED — PRODUCTION UNIT 13

RESIDENCES IN EXCESS OF NOISE LIMITS 13

DISTANCES AT WHICH NOISE LIMITS EXCEEDED — WELL PUMP 13

DISTANCES AT WHICH NOISE LIMITS EXCEEDED — FLARE 14

NOISE EXCEEDENCES AFTER MITIGATION 18

SUMMARY OF IMPACTS FOR NOISE 19
TRANSPORT 1
PROJECT ENVIRONMENTAL OBJECTIVE 1
EXISTING ENVIRONMENT 1
Environmental Impact Assessment 1
Existing Road Network 2
Existing Road Traffic Volumes 5
Existing Rail Network 5
Shipping 6
POTENTIAL IMPACTS AND MITIGATION MEASURES 6
Transport Methods 6
Traffic Generation 11
Road Impacts 11
Emergency Access 18
Impacts on Road Infrastructure 18
Transport and Traffic Management Measures 20
Procedures for Assessing and Agreeing Mitigation 22
Ralil 23
Shipping 23
CONCLUSION 23
QGC LIMITED PAGE 13 JuLy 2009



QUEENSLAND CURTIS LNG VOLUME 3: TABLE OF CONTENTS

Figures
3.14.1 POTENTIAL TRANSPORT ROUTES 4
3.14.2 QUARRY LOCATIONS 10
Tables
3.14.1 KEY STATE-CONTROLLED AND COUNCIL-CONTROLLED ROAD LINKS 2
3.14.2 EXISTING TRAFFIC VOLUMES 5
3.14.3 TRUCK VOLUMES FOR WELL SITE EQUIPMENT 7
3.14.4 TRUCK VOLUMES FOR PIPE DELIVERIES 7
3.145 TRUCK VOLUMES FOR FCSS AND CPPS 8
3.14.6 TRUCK VOLUMES FOR DELIVERING TEG UNITS 8
3.14.7 TRUCK VOLUMES FOR CONSTRUCTION OF A CAMP 8
3.14.8 FUEL SUPPLIES 9
3.14.9 HEAVY PLANT — REQUIRED QUANTITIES 9
3.14.10 QUARRY MATERIAL REQUIREMENTS 10
3.14.11 GENERATED PERSONNEL TRAFFIC MOVEMENTS 11
3.14.12 AVERAGE DAILY ESA IMPACT FROM THE PROJECT 17
3.14.13 LEVELS OF SERVICE OVER STATE CONTROLLED ROADS 19
3.14.14 SUMMARY OF IMPACTS FOR TRANSPORT 23
Chapter 15
15 VISUAL AMENITY 1
15.1 METHODOLOGY 1
15.2 VISUAL CHARACTERISTICS OF THE GAS FIELD COMPONENTS 2
15.2.1  Linear Components 2
15.2.2  Well Lease Components 2
15.2.3 Gas Compression Components 3
15.2.4  Associated Water Components 3
15.3 DEFINITION OF THE VIEWSHED 3
154 LANDSCAPE UNITS 5
155 ASSESSMENT OF THE LANDSCAPE AND VISUAL IMPACTS 6
15.6 MITIGATION MEASURES 7
15.7 CONCLUSION 8
Table
3.15.1 SUMMARY OF IMPACTS FOR VISUAL AMENITY 8
Plates
3.15.1 WELLHEADS AT 750 M PLUS 4
3.15.2 COMPRESSOR STATION AT 750 M 5
QGC LIMITED PAGE 14 JuLy 2009



Chapter 16

16

16.1
16.1.1

16.2
16.2.1
16.2.2
16.2.3

16.3
16.4
16.5

16.6
16.6.1
16.6.2
16.6.3

16.7

Tables
3.16.1
3.16.2
3.16.3
3.16.4

Chapter 17

17

17.1
17.1.1
17.1.2

17.2
17.2.1
17.2.2
17.2.3

17.3
17.3.1
17.3.2

17.4
17.4.1
17.4.2
17.4.3

17.5
17.5.1
17.5.2

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

WASTE MANAGEMENT 1
PROJECT ENVIRONMENTAL OBJECTIVES 1
Corporate Standard 1
WASTE GENERATED 2
Construction and Operations Waste 2
Support Services Wastes 4
Details of Wastes 4
IMPACT ASSESSMENT 7
POTENTIAL LAND CONTAMINATION 7
STORMWATER MANAGEMENT 7
MANAGEMENT AND MITIGATION MEASURES 10
Objectives 10
Indicators 10
Waste Management Strategy 12
CONCLUSION 16

WASTE TYPES AND CLASSIFICATION 5

KEY PERFORMANCE INDICATORS 11

WASTE MANAGEMENT STRATEGY BY WASTE TYPE 13

SUMMARY OF IMPACTS FOR WASTE MANAGEMENT 17
HAZARD AND RISK 1
LEGISLATION, STANDARDS AND CODES OF PRACTICE 1
Legislation, Standards and Codes of Practice 1
Internal Company Standards 2
CRITERIA FOR HAZARD ASSESSMENT 3
Qualitative Hazard Assessment 3
Quantitative Hazard Assessment 5
Risk Criteria for Methane Release 7
HAZARD IDENTIFICATION, CONSEQUENCES AND CONTROLS 10
Residual Risk Analysis 10
Mitigation of Risks 26
HAZARD IDENTIFICATION — GAS RELEASE 26
Likelihood Analysis 29
Consequence Analysis 31
Gas Field Infrastructure Modelling Assumptions 34
IMPACTS — GAS RELEASE 37
Meteorological Conditions 37
Wellheads 37
QGC LIMITED PAGE 15 JuLy 2009



17.5.3
1754
17.5.5
17.5.6
17.5.7
17.5.8
17.5.9
17.5.10

17.6

17.7
17.7.1
17.7.2
17.7.3

17.8

Figure
3.17.1

Tables

3.17.1
3.17.2
3.17.3
3.17.4
3.175
3.17.6
3.17.7
3.17.8
3.17.9
3.17.10
3.17.11

3.17.12
3.17.13
3.17.14
3.17.15
3.17.16
3.17.17
3.17.18
3.17.19
3.17.20
3.17.21
3.17.22

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

Screw and Reciprocating Compressors 38
HDPE Gathering Lines 39
Trunklines 40
Consequences for Human Health 47
Individual Fatality Risks 50
Individual Injury Risks 50
Societal Risk Contours 50
Cumulative Impacts 51
MITIGATION MEASURES — GAS RELEASE 51
EMERGENCY MANAGEMENT PLANS 52
Emergency Response Plans 53
Emergency Management Procedures 53
Emergency Planning and Response Procedures 60
CONCLUSION 61
HAZARD ASSESSMENT 34
LEGISLATIVE REQUIREMENTS — HAZARDOUS MATERIALS 2
LIKELIHOOD OF A HAZARD 3
CONSEQUENCE OF A HAZARD 4
RISK MATRIX 5
HIPAP SUGGESTED INDIVIDUAL FATALITY RISK CRITERIA 5
RISK LEVEL PROBABILITIES 6
HIPAP-DEFINED RADIANT IMPACT LEVELS 7
HIPAP DEFINED OVERPRESSURE IMPACT LEVELS 7
RISk CRITERIA FOR METHANE RELEASE (NOT BURNING) 8
RISk CRITERIA FOR METHANE RELEASE (BURNING) 9
SEPARATION DISTANCES BETWEEN GAS WELLHEAD AND RESIDENTIAL
AND SENSITIVE USES (DIPNR 2004) 9
HAZARD IDENTIFICATION — LIVE AND HIGH-ENERGY SOURCES 11
HAZARD IDENTIFICATION — UNAUTHORISED ACCESS OR USE 11
HAZARD IDENTIFICATION — INFRASTRUCTURE OR EQUIPMENT FAILURE 12
HAZARD IDENTIFICATION — NATURAL DISASTERS 13
HAZARD IDENTIFICATION — POLLUTANT RELEASE 15
HAZARD IDENTIFICATION — RELEASE OF ASSOCIATED WATER 19
HAZARD IDENTIFICATION — TRAFFIC ACCIDENT 20
HAZARD RISK RATING — LIVE AND HIGH ENERGY 22
HAZARD RISK RATING — UNAUTHORISED ACCESS OR USE 22
HAZARD RISK RATING — INFRASTRUCTURE OR EQUIPMENT FAILURE 23
HAZARD RISK RATING — NATURAL DISASTERS 23
QGC LIMITED PAGE 16 JuLy 2009



3.17.23
3.17.24
3.17.25
3.17.26
3.17.27
3.17.28
3.17.29
3.17.30
3.17.31

3.17.32

3.17.33
3.17.34
3.17.35
3.17.36

3.17.37
3.17.38
3.17.39
3.17.40

3.17.41
3.17.42
3.17.43
3.17.44

3.17.45
3.17.46

Chapter 18

18

18.1
18.1.1
18.1.2
18.1.3
18.1.4
18.1.5

QUEENSLAND CURTIS LNG VOLUME 3: TABLE OF CONTENTS

HAZARD RISK RATING — POLLUTANT RELEASE 24
HAZARD RISK RATING — RELEASE OF ASSOCIATED WATER 25
HAZARD RISK RATING — TRAFFIC ACCIDENT 25
HIGH RESIDUAL RISKS 26
HAZARD IDENTIFICATION — UNPLANNED GAS RELEASE 27
FREQUENCY DETERMINATION FOR PIPELINE THREATS 29
GENERAL FAILURE RATE DATA FOR GAS PIPELINES 29
PROBABILITY OF IGNITION FOLLOWING CSG RELEASE 30
SUMMARY OF LIKELIHOOD DATA FOR CSG RELEASE AND IGNITION —
WELLS AND COMPRESSORS 32
SUMMARY OF LIKELIHOOD DATA FOR CSG RELEASE AND IGNITION —
PIPELINE SCENARIOS 33
GAS WELL PARAMETERS 35
COMPRESSOR PARAMETERS 35
PIPELINE PARAMETERS 36
RESULTS OF CONSEQUENCE MODELLING —
GAS WELLHEAD, FULL BORE RUPTURE 41
RESULTS OF CONSEQUENCE MODELLING —
GAS WELLHEAD, 10 MM VALVE LEAK 42
RESULTS OF CONSEQUENCE MODELLING —
SCREW COMPRESSOR, 25 MM HOLE 43
RESULTS OF CONSEQUENCE MODELLING —
RECIPROCATING COMPRESSOR, 25 MM HOLE 44
RESULTS OF CONSEQUENCE MODELLING — HDPE GATHERING LINES,
FuLL BORE RUPTURE 45
RESULTS OF CONSEQUENCE MODELLING — TRUNKLINES, 25 MM HOLE 46
QUALITATIVE DESCRIPTIONS OF CONSEQUENCES 48
CONSEQUENCES FOR HUMAN HEALTH 49
CLASSIFICATION AND APPROXIMATE VOLUMES OF WATER TREATMENT
CHEMICALS 56
WATER TREATMENT CHEMICALS RISK ANALYSIS 57
SUMMARY OF IMPACTS FOR HAZARDS AND RISKS 62
SUMMARY OF CUMULATIVE ENVIRONMENTAL IMPACTS 1
OUTCOMES OF THE CUMULATIVE IMPACT ASSESSMENT 1
Geology and Soils 4
Land Use and Infrastructure 4
Land Contamination 5
Terrestrial Ecology 5
Aquatic Ecology 6
QGC LIMITED PAGE 17 JuLy 2009



18.1.6
18.1.7
18.1.8
18.1.9
18.1.10
18.1.11
18.1.12
18.1.13

18.2

Figure
3.18.1

Tables
3.18.1

3.18.2

Chapter 19

19

19.1
19.2
19.3
19.4
19.5
19.6
19.7
19.8
19.9
19.10
19.11
19.12
19.13
19.14
19.15
19.16
19.17
19.18
19.19

QUEENSLAND CURTIS LNG

VOLUME 3: TABLE OF CONTENTS

Surface Water Resources
Groundwater Resources
Air

Noise and Vibration

Road Transport

Visual Amenity

Waste Management
Hazard and Risk

CONCLUSION

© 00 N

10
10

11
12

PROPOSED PROJECTS CONSIDERED FOR THE CUMULATIVE IMPACT
ASSESSMENT OF THE GAS FIELD COMPONENT 2

IDENTIFICATION AND ASSESSMENT OF THE SIGNIFICANCE OF CUMULATIVE
ENVIRONMENTAL IMPACTS FOR THE GAS FIELD 3

SUMMARY OF CUMULATIVE IMPACTS

KEY FINDINGS AND CONCLUSION

INTRODUCTION

CLIMATE AND CLIMATE CHANGE
TOPOGRAPHY AND GEOMORPHOLOGY
GEOLOGY AND SOILS

LAND USE AND INFRASTRUCTURE
LAND CONTAMINATION

AQUATIC (FRESHWATER) ECOLOGY
TERRESTRIAL ECOLOGY

SURFACE WATER RESOURCES
GROUNDWATER RESOURCES
ASSOCIATED WATER

AIR

NOISE AND VIBRATION
TRANSPORT

VISUAL AMENITY

WASTE MANAGEMENT

HAZARD AND RISK

CUMULATIVE IMPACT

CONCLUSION

12

© © ©O© 0 0 N N o o W W DNDNPEFE P P PP

=
o

QGC LIMITED PAGE 18

JuLy 2009



QUEENSLAND CURTIS LNG VOLUME 3: TABLE OF CONTENTS

Table

3.19.1 QCLNG PROJECT EIS SUMMARY - GAS FIELD COMPONENT AND ASSOCIATED
ANCILLARY ACTIVITIES AND INFRASTRUCTURE 11

VOLUME 4: ENVIRONMENTAL ASSESSMENT OF PIPELINE COMPONENT

VOLUME 5: ENVIRONMENTAL ASSESSMENT OF LNG COMPONENT

VOLUME 6: ENVIRONMENTAL ASSESSMENT OF SWING BASIN AND
SHIPPING CHANNEL CONSTRUCTION

VOLUME 7: GREENHOUSE GAS MANAGEMENT

VOLUME 8: SOCIAL, CULTURAL AND ECONOMIC IMPACT ASSESSMENT

VOLUME 9: GAS FIELD COMPONENT ENVIRONMENTAL MANAGEMENT
PLAN

VOLUME 10: PIPELINE COMPONENT ENVIRONMENTAL MANAGEMENT PLAN

VOLUME 11: LNG COMPONENT ENVIRONMENTAL MANAGEMENT PLAN

VOLUME 12: STAKEHOLDER CONSULTATION

VOLUME 13: EPBC ASSESSMENT REPORT

APPENDICES

QGC LIMITED PAGE 19 JuLy 2009



