
  

Australia Pacific LNG Upstream Phase 1 

Stage 1 Coal Seam Gas Water Monitoring and 
Management Plan: 

Surface Water Monitoring and Management 
 

Q-LNG01-95-MP-1040 

 

Rev Date Details By Check Eng/QA App 

0 11-10-2011 Issued for Federal Government review KL JRM  DC 

1 31-01-2012 
Update in response to Federal 
Government review process 

KL JRM 
SM 

DC 

2 31-08-2012 
Update in response to Expert Panel 
comments 

Frc 
Environmen
tal/ MI/ JWM 

JRM SM DC 

3 29-10-2012 
Update in response to Expert Panel 
comments 

JRM JWM MGP DC 



Stage 1 CSG Water Monitoring & Management Plan:  
Surface Water Monitoring & Management 

 

    

commercial-in-confidence     Q-LNG01-95-MP-1040 
     
Australia Pacific LNG Pty Limited ABN 68 001 646 331 
Level 3, 135 Coronation Drive, Milton, Qld, 4064 
GPO Box 148, Brisbane, Qld, 4001 • Telephone (07) 3858 0280• Facsimile 1300 863 446 • www.aplng.com.au          2 

Table of Contents 

1. Introduction ............................................................................................................... 1 

1.1 Background ................................................................................................. 4 

1.2 Receiving Environment Monitoring Programs.............................................. 5 

2. Identification of Surface and Aquatic Systems for Monitoring .................................... 8 

2.1 Talinga/ Orana Development Area – Condamine River ............................... 8 

2.2 Condabri Development Area – Condamine River ........................................ 8 

2.3 Combabula Development Area – Yuleba Creek .......................................... 8 

2.4 Environmental Values - Condamine River and Yuleba Creek ...................... 8 

2.5 Water Quality Objectives (WQOs) ............................................................. 10 

2.6 Interim Sediment Quality Guidelines (ISQGs) ........................................... 23 

3. Monitoring Sites and Rationale ............................................................................... 24 

3.1 Monitoring and Reference Sites ................................................................ 24 

3.2 Monitoring Frequencies  ............................................................................ 29 

3.3 Rationale for Monitoring Frequencies and Locations ................................. 32 

4. Baseline Data for Monitoring Sites .......................................................................... 36 

4.1 Existing Data - Condamine River .............................................................. 36 

4.2 Baseline Data for discharges into Condamine River ................................. 38 

4.3 Baseline Data for discharge into Yuleba Creek ......................................... 38 

5. Data Analysis .......................................................................................................... 40 

5.1 Data Analysis and Trend Determination .................................................... 40 

5.2 Quality Assurance and Quality Control ...................................................... 43 

6. Matters of National Environmental Significance ...................................................... 45 

6.1 Maccullochelle peelii peelii (Murray Cod) .................................................. 45 

6.2 Narran Lakes Wetland Complex ............................................................... 47 

6.3 Great Artesian Basin Spring Communities ................................................ 52 

6.4 Sediment and Erosion Control – Impact Prevention .................................. 52 

7. CSG Water Treatment ............................................................................................ 54 

7.1 CSG Water Treatment Methods ................................................................ 54 

8. CSG Water Use and Management Options ............................................................ 59 

8.1 Water Management Options and Volumes ................................................ 59 

8.2 Discharge of Treated CSG Water to Watercourses ................................... 63 

8.3 Beneficial Use of Treated CSG Water for APLNG-owned Irrigation ........... 65 

8.4 Beneficial Use of Treated CSG Water for Construction Water ................... 68 

8.5 Provision of Treated CSG Water to Nearby Landholders for Irrigated 
Agriculture ................................................................................................. 73 

8.6 Beneficial Use of Treated CSG Water for Commercial Purposes .............. 75 

8.7 Beneficial Use of Treated CSG Water for Aquifer Injection Trials .............. 76 

9. CSG Water Storage Locations and Volumes .......................................................... 79 



Stage 1 CSG Water Monitoring & Management Plan:  
Surface Water Monitoring & Management 

 

    

commercial-in-confidence     Q-LNG01-95-MP-1040 
     
Australia Pacific LNG Pty Limited ABN 68 001 646 331 
Level 3, 135 Coronation Drive, Milton, Qld, 4064 
GPO Box 148, Brisbane, Qld, 4001 • Telephone (07) 3858 0280• Facsimile 1300 863 446 • www.aplng.com.au          3 

9.1 Untreated CSG Water Storage Locations and Volumes ............................ 79 

9.2 Saline Effluent (Brine) Storage Locations and Volumes ............................ 79 

9.3 Treated CSG Water Storage Locations and Volumes ............................... 80 

9.4 Reinjection Volumes for Talinga ................................................................ 80 

9.5 Reinjection Volumes for Condabri Central and Reedy Creek .................... 81 

10. Brine Management ................................................................................................. 82 

10.1 Pond Design ............................................................................................. 82 

10.2 Solids Disposal ......................................................................................... 84 

10.3 Pond Operation and Crystal Management ................................................ 84 

10.4 Decommissioning ...................................................................................... 85 

10.5 Potential Impacts ...................................................................................... 85 

11. Emergency CSG Water Discharge Volumes ........................................................... 86 

12. Response Mechanisms .......................................................................................... 88 

12.1 Organisational commitments to emergency planning & response ............. 88 

12.2 Response to Exceedences of EA Discharge Limits ................................... 88 

13. Reporting and REMP Review ................................................................................. 95 

13.1 Performance Measure of Monitoring Program ........................................... 95 

13.2 Regular Reporting ..................................................................................... 95 

13.3 Publications on the Internet ....................................................................... 96 

14. References ............................................................................................................. 97 

Appendix A - Receiving Environment Monitoring Programs .................................................. 98 

Appendix B - Proposed Data Analyses ................................................................................. 99 

Appendix C - RPS (ex Conics) Assessment of Impact on Narran Lakes Wetland ............... 103 

Appendix D - Methods for Derivation of Regional WQOs and Background Values .............. 104 

Appendix E - Treated and Untreated CSG Water Storage and Saline Effluent (Brine) Pond 
Drawings 106 

Appendix F - CSG Water Management Plans .................................................................... 106 

Appendix G - Saline Effluent Management Plans ................................................................ 106 

Appendix H - Crisis & Emergency Management Directive ................................................... 106 

Appendix I - Incident Management Directive ..................................................................... 106 

Appendix J - Coal Seam Gas Water Quality Monitoring Program: Talinga Water Treatment 
Facility 106 

Appendix K - Flowchart: Reporting Health & Environment Based Exceedences for Talinga 
WTF 106 

Appendix L - Walloons Groundwater Monitoring Plan......................................................... 106 



Stage 1 CSG Water Monitoring & Management Plan:  
Surface Water Monitoring & Management 

 

    

commercial-in-confidence     Q-LNG01-95-MP-1040 
     
Australia Pacific LNG Pty Limited ABN 68 001 646 331 
Level 3, 135 Coronation Drive, Milton, Qld, 4064 
GPO Box 148, Brisbane, Qld, 4001 • Telephone (07) 3858 0280• Facsimile 1300 863 446 • www.aplng.com.au          4 

Appendix M - Pond Observation Log Sheet ......................................................................... 106 

Appendix N - Emergency Response Plan: Talinga Operations & WTF ............................... 107 

Appendix O - Pond Technical Specifications ....................................................................... 107 

List of Figures  

Figure 1-1 Water Infrastructure within the Walloons Gas Fields (APLNG EIS) ................. 5 

Figure 1-2     Talinga and Condabri (proposed) relative to Maranoa, Balonne and 
Condamine River catchments (Van Manen 2001) ........................................... 7 

Figure 1-3         Talinga and Condabri (proposed) discharge locations in the Murray Darling 
Basin (DEWHA 2008) ..................................................................................... 7 

Figure 3-1 Upstream and Downstream Monitoring sites on the Condamine River. ........ 26 

Figure 3-2 Upstream and Downstream Monitoring sites on on Yuleba Creek. ............... 28 

Figure 3-3 Discharge at three Department of Natural Resources and Mines (formerly 
DERM) gauging stations in the Condamine River from May 2011 to June 
2012. ............................................................................................................ 34 

Figure 4-1 Water Quality Sampling Sites for EIS Survey ............................................... 37 

Figure 4-2 Receiving Environment Monitoring Programs for the Condamine River and 
Yuleba Creek ................................................................................................ 39 

Figure 6-1 Talinga to Narran Lakes via the Condamine River ........................................ 51 

Figure 7-1 Treatment of CSG Water in the Talinga WTF ............................................... 54 

Figure 8-1 Current vs superseded water profile for Talinga/Orana ...................................... 61 

Figure 8-2  Indicative demand of treated CSG water from the Talinga/ Orana WTF ....... 61 

Figure 8-3  Indicative demand of treated CSG water from the proposed Condabri Central 
WTF ............................................................................................................. 62 

Figure 8-4  Indicative demand of treated CSG water from the proposed Reedy Creek 
WTF ............................................................................................................. 63 

Figure 8-5 Representation of the relationship between the Talinga and Condabri 
irrigation pond systems and the discharges from the WTFs .......................... 64 

Figure 8-6 Talinga Area Facilities Construction Water Requirements ............................ 70 

Figure 8-7 Condabri Area Facilities Construction Water Requirements ......................... 70 

Figure 8-8 Combabula Area Facilities Construction Water Requirements ...................... 71 

Figure 8-9 Aquifer injection investigation and trial process ............................................ 77 



Stage 1 CSG Water Monitoring & Management Plan:  
Surface Water Monitoring & Management 

 

    

commercial-in-confidence     Q-LNG01-95-MP-1040 
     
Australia Pacific LNG Pty Limited ABN 68 001 646 331 
Level 3, 135 Coronation Drive, Milton, Qld, 4064 
GPO Box 148, Brisbane, Qld, 4001 • Telephone (07) 3858 0280• Facsimile 1300 863 446 • www.aplng.com.au          5 

Figure 13-1 Continuous improvement cycle ..................................................................... 95 

 

List of Tables 

Table 1-1 Sections of SWMMP Where Conditions are Addressed ...................................... 2 

Table 1-2 Development Areas identified in EIS for Surface Water Discharge ...................... 4 

Table 2-1 WQOs to protect the EVs identified for protection in the receiving environment 12 

Table 2-2  ISQG for metals and metalloids in sediments (ANZECC & ARMCANZ, 2000) . 23 

Table 3-1 Sampling Site Locations in the Condamine River (MGA 94, Zone 56). .............. 24 

Table 3-2 Sampling Site Locations in the Yuleba Creek (MGA 94, Zone 55) ..................... 27 

Table 3-3 Monitoring Parameters and Sampling Frequencies for the Condamine River .... 29 

Table 3-4  Monitoring Parameters and Sampling Frequencies for Yuleba Creek ............... 30 

Table 5-1  Summary of Quality Assurance Methods.......................................................... 43 

Table 6-1 Performance Indicators for discharges at Talinga and Condabri (Conics, 2010) 50 

Table 8-1 Summary of Base Case and Optimisation Options for Treated CSG Water ....... 59 

Table 8-2 Summary of system design variables at Talinga and Condabri ......................... 64 

Table 8-3 Extended release rules for recession releases .................................................. 65 

Table 8-4 Irrigation Water Demand ................................................................................... 65 

Table 8-5 Irrigation water quality guidelines and anticipated parameters ........................... 67 

Table 8-6 Construction Water Demands ........................................................................... 68 

Table 8-7 Potential sources proposed for each activity ..................................................... 71 

Table 8-8 Indicative Water Quality of Each Water Source ................................................. 72 

Table 8-9 Agricultural Water Quality Guidelines and Indicative Supply Quality .................. 75 

Table 9-1 Summary of Feed Pond Locations and Volumes ............................................... 79 

Table 9-2 Summary of Brine Storage Locations and Volumes .......................................... 79 

Table 9-3 Summary of Treated CSG Water Storage Locations and Volumes.................... 80 

Table 9-4 Summary of Treated ......................................................................................... 80 

Table 9-5 Reinjection Volumes at Condabri and Reedy Creek .......................................... 81 



Stage 1 CSG Water Monitoring & Management Plan:  
Surface Water Monitoring & Management 

 

    

commercial-in-confidence     Q-LNG01-95-MP-1040 
     
Australia Pacific LNG Pty Limited ABN 68 001 646 331 
Level 3, 135 Coronation Drive, Milton, Qld, 4064 
GPO Box 148, Brisbane, Qld, 4001 • Telephone (07) 3858 0280• Facsimile 1300 863 446 • www.aplng.com.au          6 

Table 11-1 Emergency Water Release Scenarios (including volume and quality estimations)
 87 



Stage 1 CSG Water Monitoring & Management Plan:  
Surface Water Monitoring & Management 

 

    

commercial-in-confidence     Q-LNG01-95-MP-1040 
     
Australia Pacific LNG Pty Limited ABN 68 001 646 331 
Level 3, 135 Coronation Drive, Milton, Qld, 4064 
GPO Box 148, Brisbane, Qld, 4001 • Telephone (07) 3858 0280• Facsimile 1300 863 446 • www.aplng.com.au          1 

1. Introduction 

This document details Australia Pacific LNG’s (APLNG’s) approach to surface water 
monitoring and management. In doing so, APLNG fulfilling Condition 50 of the Department 
of Sustainability, Environment, Water, Population and Communities (dated 21st February 
2011) Approval for development of the Walloons gas fields made under section 130(1) and 
133 of the Environment Protection and Biodiversity Act 1999 (EPBC Act). Condition 50 
requires a Stage 1 Surface Water Monitoring Plan (SWMMP) which should include:  

 
i. identification of the surface and aquatic systems to be monitored and their 

environmental values, water quality, and environmental characteristics, and the 
rationale for selection; 
 

ii. the number and locations of monitoring sites upstream and downstream of 
proposed discharge of CSG water (whether treated water, amended water or raw 
water), including test and reference sites upstream and downstream and before 
and after any proposed discharge; 

 
iii. the frequency of the monitoring and rationale for the frequency; 

 
iv. baseline data for each monitoring site for comparison of monitoring results over 

the life of the project; 
 

v. the approach to be taken to analyse the results including the methods to 
determine trends to indicate potential impacts; 

 
vi. threshold values that protect relevant Matters of National Environmental 

Significance (MNES) (such as reporting or control line values for additional 
investigation, more intensive management action, make good, and cease 
operations) at which management actions will be initiated to respond to 
escalating levels of risk and designed to protect water quality and the associated 
environmental values of surface and aquatic systems; 

 
vii. water treatment and amendment methods and standards; 

 
viii. water storage locations and volumes including any storage and volumes required 

to pilot or implement reinjection or other groundwater re-pressurisation 
techniques; 

 
ix. water use or disposal options and methods (whether for beneficial use or not) 

including frequency, volumes, quality and environmental values documented for 
each receiving environment; 

 
x. brine storage locations and volumes, and brine crystal water management; 

 
xi. emergency water discharges, their volumes and quality; 

 
xii. references to standards and relevant policies and guidelines 

 
This SWMMP details response actions, i.e. mechanisms to avoid, minimise and manage risk 
of adverse impacts and response actions and timeframes that can be taken by APLNG if: 
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• Threshold values for surface water quality and water environmental values specified 

in the CSG WMMP are exceeded; and 

• There are any unforeseen emergency discharges 

 
Finally, the SWMMP will describe the reporting requirements, i.e. performance measures, 
annual reporting to the Department, and publication of reports on the internet.  A component 
of Condition 44 is also addressed in this report.   Table 1-1 summarises the sections within 
this document whereby these conditions are addressed. 

Table 1-1 Sections of SWMMP Where Conditions are Addressed 

Federal Conditions Section of SWMMP Where 
Condition is Addressed 

Stage 1 SWMMP: 

Condition 44  

a 
take all reasonable measures to ensure that CSG water, including 
extracted groundwater, treated or amended CSG water, and any 
associated waste water, brine crystals and/or solids generated as a 
result of treating or amending water have no significant impact on 
any MNES during or beyond the life of the project.   
 
The brine component only of this condition is relevant to this report and 
addressed herein.  

10 

Condition 50g  

(i) 
identification of the surface and aquatic systems to be monitored and their 
environmental values, water quality, and environmental characteristics, and 
the rationale for selection; 

2 

(ii) 
the number and locations of monitoring sites upstream and downstream of 
proposed discharge of CSG water (whether treated water, amended water 
or raw water), including test and reference sites upstream and downstream 
and before and after any proposed discharge; 

3.1 

(iii) 
the frequency of the monitoring and rationale for the frequency; 

3.2 

(iv) 
baseline data for each monitoring site for comparison of monitoring results 
over the life of the project; 4 

(v) 
the approach to be taken to analyse the results including the methods to 
determine trends to indicate potential impacts; 5 

(vi) 
threshold values that protect relevant Matters of National Environmental 
Significance (MNES) (such as reporting or control line values for additional 
investigation, more intensive management action, make good, and cease 
operations) at which management actions will be initiated to respond to 
escalating levels of risk and designed to protect water quality and the 
associated environmental values of surface and aquatic systems; 

6 

(vii) 
water treatment and amendment methods and standards; 

7 

(viii) 
water storage locations and volumes including any storage and volumes 
required to pilot or implement reinjection or other groundwater 
repressurisation techniques; 

9 

(ix) 
water use or disposal options and methods (whether for beneficial use or 
not) including frequency, volumes, quality and environmental values 
documented for each receiving environment; 

8 

(x) 
brine storage locations and volumes, and brine crystal water management; 

10 
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Federal Conditions Section of SWMMP Where 
Condition is Addressed 

(xi) 
emergency water discharges, their volumes and quality; 

11 

(xii) 
references to standards and relevant policies and guidelines 

14 

50 h 
Mechanisms to avoid, minimise and manage risk of adverse impacts and 
response actions and timeframes that can be taken if: 

• Threshold values for surface water quality and water environmental 

values specified in the CSG WMMP are exceeded; 

• There are any unforeseen emergency discharges 

12 

50 i 
Describe the reporting requirements, i.e performance measures, annual 
reporting to the Department, and publication of reports on the internet 13 
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1.1 Background 

The SWMMP (this document) details the areas within the scope of APLNG’s Environmental 
Impact Statement (EIS), i.e. the Walloons gas fields development areas (Figure 1-1). 

The development areas within the Walloons gas fields whereby water treatment facilities 
(WTFs) will operate are Talinga/ Orana, Condabri, and Combabula. The Talinga/ Orana 
development area is located in the centre of the project area (Figure 1-1), in the region 
known as the Undalla Nose.  The Orana development area extends west from the township 
of Chinchilla and is rectangular, north-south, in shape.  Joining the north-western boundary, 
the Talinga development area is an irregular shape and includes areas adjacent to the 
Condamine River. APLNG currently operates the 20 ML/d Talinga WTF that discharges into 
the Condamine River.  A capacity increase to 40ML/d is proposed for this facility, to be 
completed late 2013.   

The Condabri development area is also located within the Undalla Nose (to the west of 
Talinga/ Orana).  The development area extends from north of Miles to south of the 
Condamine River. Relatively uniform in shape, the development fields are respectively 
named, north to south, Condabri North, Condabri Central and Condabri South (Figure 1-1). 
APLNG intends to commission a 40 ML/d Condabri Central WTF in early 2014 that 
discharges further downstream of the Condamine River (relative to the Talinga WTF 
discharge point) 

The Combabula development area is located further west of Condabri, in the region known 
as the Western Walloons.  The development area is rectangular in shape, stretching east-
west, and is located approximately 25km north of Yuleba township (Figure 1-1). APLNG 
intends to commission a 40 ML/d Reedy Creek WTF in early 2014 that discharges into 
Yuleba Creek. 

Table 1-2 summarises the abovementioned development areas and respective catchments. 
Section 2 - Identification of Surface and Aquatic Systems for Monitoring provides further 
details on the various catchments. 

Table 1-2 Development Areas identified in EIS for Surface Water 
Discharge 

Development 

Area 

Water Treatment 

Facility (WTF)
 

Capacity  

(ML /d ) 

River/ Creek identified for 

discharge
 Catchment/ Basin 

Talinga/ Orana Talinga (existing) 

(proposed capacity 
increase to 40 ML/d) 

20 Condamine River Condamine 

Condabri Condabri Central 
(proposed) 

40 Condamine River Condamine 

Combabula Reedy Creek 
(proposed) 

40 Yuleba Creek Balonne  
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Figure 1-1 Water Infrastructure within the Walloons Gas Fields (APLNG 
EIS) 

1.2 Receiving Environment Monitoring Programs 

For each river/ creek which APLNG is discharging/ proposes to discharge into, monitoring 
and sampling will be conducted according to the respective Receiving Environment 
Monitoring Programs (REMPs). These REMPs are produced in accordance to 
Environmental Authorities (EAs) issued by the Queensland Government’s Department of 
Environment and Resource Management (DERM), and aim to: 

� describe the background condition of waterways in the receiving environment, 
including a description of key communities and ‘background’ (i.e. without impacts 
from the proposed discharges) water quality characteristics  

� describe the environmental values (EVs) and water quality objectives (WQOs) of 
the receiving environment  

� identify and describe the extent of any adverse environmental impacts to local 
environmental values  

� monitor any changes in the receiving water, and 

NOT TO 
SCALE 
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� determine background values for the receiving environment within two years. 

To meet these objectives, the REMPs detail tailored monitoring programs for each receiving 
environment. The following parameters are monitored and recorded: 

i. flow volumes of discharge treated CSG water and streams 

ii. bank stabilities 

iii. water quality, e.g. nutrients, major ions and contaminants, physic-chemical, 
biological 

iv. sediment quality, e.g. nutrients, major ions and contaminants, physico-chemical, 
biological 

v. plankton 

vi. macrophytes 

vii. macroinvertebrates 

viii. fish communities (including Murray cod) 

ix. observations on algal blooms, chemical precipitation, etc 

The REMP for the discharge from the existing development at the Talinga WTF has been 
accepted by DERM in February 2011, and this document is attached in Appendix A.1 for 
reference.  

As APLNG is proposing to further commission two new WTFs (Condabri Central and Reedy 
Creek), REMPs were prepared and submitted to DERM as part of the state approval 
process (see Appendix A -  for the Condabri Central and Reedy Creek REMPs). APLNG is 
also working towards collecting baseline data for the receiving environments prior to 
discharging from these new WTFs.  
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2. Identification of Surface and Aquatic Systems for Monitoring 

This section identifies the surface and aquatic systems to be monitored with regard their 
environmental values, water quality, and environmental characteristics. The rationale for the 
selection is also included. 

2.1 Talinga/ Orana Development Area – Condamine River 

The Condamine River flows east to west through the Condabri development area and 
becomes the Balonne River approximately 60km south of Roma and ultimately the Darling 
River. The Condamine Catchment is 18,131 km2 in area, contains approximately 3,636 km 
of streams, and comprises approximately 16% of the Maranoa, Balonne and lower 
Condamine system, and 1.7% of the Murray-Darling Basin (Figure 1-2 & Figure 1-3). The 
receiving environment for the Talinga WTF discharge is identified in EA PEN100067807 as 
the Condamine River, downstream to the Cotswold gauging station (approximately 120 km 
from the discharge point) 

The Talinga WTF has a capacity of 20 ML/ d, with a proposal for expansion to 40 ML/d by 
September 2013.  Unless otherwise directed by DERM, this discharge point is expected to 
remain unchanged upon completion of the 40 ML/d upgrade. Section 3 shows the location of 
the Talinga WTF and discharge location relative to the Condamine River. 
 

2.2 Condabri Development Area – Condamine River 

APLNG has scheduled the commissioning of the Condabri Central WTF in February 2014, 
and is proposing to discharge treated CSG water into the Condamine River - approximately 
112 km downstream of Yulabilla (note that the receiving environment for both Talinga and 
Condabri Central WTFs is the Condamine River).  

Further downstream of Yulabilla, is the township of Surat (Figure 1-3) where the Condamine 
River becomes the Balonne River. The Balonne and Maranoa Rivers then flow to E.J. 
Beardmore Dam (Lake Kajarable), which is approximately 375 km downstream of the 
Talinga WTF’s Discharge location and 360 km downstream of the proposed Condabri 
discharge location. Section 3 shows the location of the Condabri Central WTF and discharge 
location relative to the Condamine River. 

2.3 Combabula Development Area – Yuleba Creek 

APLNG has also scheduled the commissioning of the Reedy Creek WTF (Figure 1-3) in 
February 2014, and is proposing to discharge treated CSG water into Yuleba Creek to the 
confluence with the Balonne River (approximately 120 km downstream)1. Section 3 shows 
the location of the proposed Reedy Creek WTF and discharge location relative to the Yuleba 
Creek. 

2.4 Environmental Values - Condamine River and Yuleba Creek 

Environmental values (EVs) of waterways are protected under the Queensland 
Government’s Environmental Protection (Water) Policy 2009 (EPP Water). Under the EPP 

                                                

1
 Suitability of the distances in defining the receiving environments for the proposed Reedy Creek and Condabri 

Central WTFs will be reviewed based on results obtained from baseline monitoring and data analysis described 

in Sections 4 and 5.  APLNG’s Receiving Environment Monitoring Programs (REMPs) attached in 14.Appendix A 

- can be referenced for site maps and coordinates 
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Water, no EVs have been prescribed for waterways in the Condamine-Balonne Catchment. 
Based on the EPP Water (adapted from EPA 2005), the following is a list of EVs that may 
apply to Queensland waterways: 

i. ecosystem – the intrinsic biological value of aquatic ecosystems that are: 

• unmodified or highly valued (high ecological value waters) 

• unmodified in terms of biological indicators, but slightly modified with respect to 
other indicators such as water quality (slightly disturbed waters) 

• adversely affected by human activity to a relatively small but measurable 
degree (moderately disturbed waters), or 

• measurably degraded and of lower ecological value than those waters 
described in highly disturbed waters 

ii. primary industries – the suitability of the water for: 

• irrigation – of crops such as sugar cane, lucerne etc. 

• farm water supply – uses other than drinking water 

• aquaculture – such as barramundi or red-claw farming 

• human consumers – health of humans consuming wild or stocked fish or 
crustaceans from natural waterways 

iii. recreation and aesthetic values – the suitability of the water for: 

• primary recreation – health of humans undertaking activities where there is a 
high probability of water being swallowed, e.g. swimming 

• secondary recreation – health of humans undertaking activities where there is a 
low probability of water being swallowed, e.g. boating, fishing 

• visual recreation – amenity of waterways for recreation that does not involve 
direct contact with the water, e.g. picnicking adjacent to the waterway 

• drinking water – the suitability of the water for supply as drinking water 

iv. industrial uses – the suitability of the water for industrial use, and 

v. cultural and spiritual values – indigenous and non-indigenous cultural values. 

 

Note: DERM has proposed the definition of the EVs for the Condamine-Balone basin by 
December 20122.  

 

2.4.1 Selection Rationale - Draft EVs  

frc environmental (2010) proposed draft EVs for APLNG’s existing Talinga WTF discharge 
location and proposed Condabri Central and Reedy Creek WTFs, and in doing so, utilised a 
conservative approach. If it was possible, or likely, that the waterways are used for a 
particular purpose, this was included as an EV. 

                                                

2  

http://www.derm.qld.gov.au/environmental_management/water/environmental_values_environmental_protection_
water_policy/index.html 
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The following is a preliminary list of EVs that apply to the receiving environments: 

i. aquatic ecosystem (slightly to moderately disturbed) 

ii. irrigation and farm water supply (does not include drinking water)  

iii. stock watering 

iv. drinking water 

v. human consumers (only applicable to the Condamine River) 

vi. primary, secondary and visual recreation, and 

vii. cultural and spiritual values. 

 

DERM has stated in its website3, that it shall confirm the draft EVs by December 2012. This 
confirmation will be followed by a review from APLNG to finalise the EVs listed above. 
Section 2.4.1 summarises the EVs in relation to the parameters to meet specific Water 
Quality Objectives (see Section 2.5 ) 

2.4.2 Protection Levels - Condamine River and Yuleba Creek 

The dominant land uses in the Condamine-Balonne catchment are cattle and sheep grazing 
and to a lesser extent irrigated cropping, rural residential and urban development.  Extensive 
land clearing in combination with inappropriate land management practices, highly variable 
and intense rainfall and dispersive soils has contributed to the elevated sediment and 
nutrient levels within the waterways (Condamine-Balonne Water Committee, 2002).   

These land-uses have subsequently impacted the catchment and consequently the receiving 
environment.  Hence, the Condamine River and Yuleba Creek is considered slightly – 
moderately disturbed, and therefore under Level 2 protection ( (Australian and New Zealand 
Environment and Conservation Council, 2000), (Queensland Government, 2009)). This 
protection level is later used to identify the water quality objectives (WQOs) discussed in 
Section 2.5.2. 

2.5 Water Quality Objectives (WQOs) 

Regional water quality objectives (WQOs) are used to define water quality objectives within 
a specific catchment. Regional WQOs are determined by the government, using a 
‘reference-based’ approach, based on data collected at reference sites surveyed in DERM’s 
regional monitoring program. Criteria for reference sites, and the methods used to determine 
reference-based regional WQOs, are presented in Appendix A - (REMPs for Condamine 
River and Yuleba Creek)  

A.1. The Condamine-Balonne Catchment does not have regional 
guidelines / WQOs for surface waters or instream sediments.  
Therefore, the Australian and New Zealand Water Quality 
Guidelines for Fresh and Marine Waters (ANZECC & 

                                                

3  

http://www.derm.qld.gov.au/environmental_management/water/environmental_values_environmental_protection_
water_policy/index.html 
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ARMCANZ 2000) default national trigger values for slightly to 
moderately disturbed ecosystems were used to set WQOs 
for the receiving environment.  The default national trigger 
values for physico-chemical parameters and for nutrients 
have been derived using a ‘reference-based’ approach 
(ANZECC & ARMCANZ 2000) (refer to Appendix A.1 REMP: 
Talinga WTF 

REMP: Condamine River Appendix C - ).  The default national trigger values for toxicants in 
water and sediment are based on direct toxicity assessments of the biological effects of 
these toxicants (ANZECC & ARMCANZ 2000). 

These default national guidelines (ANZECC & ARMCANZ 2000) are unlikely to be 
appropriate for use as WQOs for intermittent and ephemeral inland streams apart from 
during baseflow conditions (which are rare; DERM 2009b).  Similarly, trigger levels for 
toxicants in sediments were developed using data predominantly from the United States, 
and may not be applicable for intermittent and ephemeral inland Australian streams 
(Simpson et al. 2005a).  Therefore, the derivation of regional or local guidelines is 
encouraged (DERM 2009b).   

Regional WQOs will be derived for the Condamine Catchment by DERM in the future and 
will be incorporated into future versions of the Queensland Water Quality Guidelines 
(QWQG).  This will be done using a ‘reference-based’ approach, based on data collected at 
reference sites surveyed in DERM’s regional monitoring program.   

2.5.2 Selection Rationale - Default WQOs  

Table 2-1 shows specific WQOs to protect the following environmental objectives: 

i. ecosystem protection of slightly – moderately disturbed ecosystems, based on 
the default national trigger values for south east Australia (ANZECC & 
ARMCANZ 2000) 4,  

ii. general farm water supply, including irrigation of crops, and stock watering (from 
ANZECC & ARMCANZ 2000) 

iii. drinking water (from the Australian Drinking Water Guidelines (ADWH; NHMRC 
2004), and 

iv. guidelines for primary and secondary recreation (from ANZECC & ARMCANZ 
2000). 

 

There are no specific published WQOs to protect the other EVs, but APLNG has applied the 
following guidelines: 

i. visual recreation – water should be free of: floating debris; oil and grease; 
substances that produce undesirable colour, odour, taste or foaming; and 

                                                

4
  The receiving environment is at > 150 m elevation, therefore the trigger values for upland streams have been 
used.  Preliminary QWQG value has been used for conductivity, based on the 75

th
 percentile of data from the 

Condamine-Macintyre salinity zone. 
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undesirable aquatic life such as algal blooms or dense growth of attached plants 
or insects 

ii. cultural heritage – protect or restore indigenous and non-indigenous cultural 
heritage, consistent with relevant policies and plans. 

 

Note that there are currently no guidelines available for: 

i. total suspended solids (TSS)  

ii. carbonate, bicarbonate and hydroxide 

iii. colour 

iv. chlorophyll-a 

v. potassium or magnesium 

vi. sodium absorption ratio (SAR) 

vii. silicon, or 

viii. total petroleum hydrocarbons (TPH). 

 

Table 2-1 WQOs to protect the EVs identified for protection in the receiving 
environment 
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Physico-chemical 

dissolved 
oxygen (DO) 

% sat-
uration 

90 – 
110 

   > 80  

pH  6.5 – 
7.5 

6.0 – 9.0   5.0 – 9.0  

turbidity NTU 25      

total 
dissolved 
solids (TDS) 

mg/L   2 000 – 
5 000, 
depending 
on the 
animal 

 1 000  

conductivity µS/cm 500
B
  2 985 –  950 (sensitive 

crops) – 
12,200 (very 
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19 400 tolerant crops) 

hardness mg/L 
CaCO3 

 60   500  

Nutrients        

ammonia µg/L 13    10  

nitrate (as a 
toxicant) 

µg/L 700  400 000 50 000 10 000  

nitrite µg/L   30 000 3 000 1 000  

oxides of 
nitrogen 

µg/L 15      

total nitrogen µg/L 250 5 000 (long-
term) – 
125 000 
(short-term) 

    

filterable 
reactive 
phosphorus 
(FRP) 

µg/L 15      

total 
phosphorus 

µg/L 20 50 (long-
term) – 
12 000 (shor
t term) 

    

Biological 

faecal 
coliforms 

Org-
anisms 
per 100 
mL 

 10 (for direct 
contact with 
raw human 
crops) – 
<10,000 (for 
turf, cotton 
etc.) 

median 
<100 

0 median <150, 
with 4 out of 5 
samples 
(taken no 
greater than  
month apart) 
containing 
<600 

median <1,000, 
with 4 out of 5 
samples (taken 
no greater than  
month apart) 
containing 
<4,000 

enterococci 
(E. coli) 

Org-
anisms 
per 100 
mL 

   0 median <35, 
with <100 in 
any one 
sample 

median <230, 
with <700 in any 
one sample 
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blue-green 
algae 

cells/m
L 

  11 500 6 500 15 000  

Major Ions        

sulfate mg/L   1 000 500 400  

calcium mg/L   1 000    

sodium mg/L  < 115 – 
> 460 
depending 
on crop 

  300  

chloride mg/L  < 175 – 
> 700 
depending 
on crop 

    

Metals and Metalloids 

aluminium 
(pH >6.5) 

µg/L 55 5 000 (long-
term) – 
20,000 
(short-term) 

5 000  200  

arsenic 
(AsV) 

µg/L 13
C
 

 

100 (long-
term) – 200 
(short-term) 

500 up to 
5 000

D
 

7 

 

50  

boron µg/L 370
E
 500 (long-

term) 
5 000 4 000   

beryllium µg/L 0.13
 F

 0.1 (long-
term) – 0.5 
(short-term) 

    

cadmium µg/L 0.2 10 (long-
term) – 50 
(short-term) 

10 2 5  

chromium 
(CrVI) 

µg/L 1.0
E
 100 (long-

term)  – 
1 000 (short-
term) 

1 000 50   
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cobalt µg/L 90
F
 50 (long-

term) – 100 
(short-term) 

1 000    

copper µg/L 1.4 200 (long-
term) – 
5 000 (short-
term) 

400 – 
5 000; 
depending 
on the 
animal 

 1 000  

fluoride µg/L   2 000 1500   

iron µg/L 300
F
 200 (long-

term) – 
10 000 
(short-term) 

Not 
sufficiently 
toxic 

 300  

lead µg/L 3.4 2 000 (long-
term) – 
5 000 (short-
term) 

100 10 50  

manganese µg/L 1 900
E
 

200 (long-
term) – 
10 000 
(short-term) 

Not 
sufficiently 
toxic 

500 100  

mercury 
(inorganic) 

µg/L 0.06 2 2 1 1  

molybdenum µg/L 34
F
 10 (long-

term) – 50 
(short –term) 

150 50   

nickel µg/L 11 200 (long-
term) – 
2 000 (short-
term) 

1 000 20 100  

selenium 
(total) 

µg/L 5 20 (long-
term) – 50 
(short-term) 

20 10 10  

silver µg/L 0.05   100 50  

zinc µg/L 8.0
E
 2000 (long-

term) – 5000 
20 000  5 000  
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(short-term) 

uranium µg/L 0.5
F
 10 (long-

term) – 100 
(short-term) 

200 20   

vanadium µg/L 

 

6
F
 100 (long-

term) – 500 
(short-term) 

    

Cyanide µg/L 7   80 100  

Methylene 
Blue 

mg/L     200  

Hydrocarbon
s 

       

benzene µg/L 950   1 10  

xylene µg/L 200
G
   600   

naphthalene µg/L 16      

 

 

       

Pesticides 

acephate µg/L    10
H
 20  

alachlor      3  

aldicarb µg/L    1   

aldrin µg/L    0.01 1  

ametryn µg/L    5   

amitrole µg/L    1 1  

asulam µg/L    50
H
 100  

atrazine µg/L    0.1   
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azinphos 
methyl 

µg/L 0.01   2 10  

barban      300  

benomyl µg/L    100
H
 200  

bentazone µg/L    30
H
 400  

bioresmethri
n 

µg/L    100
H
 60  

bromacil µg/L    10   

bromazil      600  

bromophos 
ethyl 

     20  

bromoxynil µg/L    10
H
 30  

carbaryl µg/L    5 60  

carbendazim µg/L    100
H
 200  

carbofuran µg/L    5 30  

carbophenot
hion 

µg/L    0.5
H
 1  

carboxin µg/L    2   

chlordane µg/L 0.03   0.01 6  

chlordimefor
m 

     20  

chlorfenvinp
hos 

µg/L    5
H
 10  

chlorathaloni
l 

µg/L    0.1   

chloroxuron µg/L    10
H
 30  
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chlorpyrifos µg/L 0.01    2  

chlorsulfuron µg/L    100
H
   

clopyralid µg/L    1000 1000  

cyhexatin      200  

2,4-D µg/L    0.1 100  

DDT µg/L 0.006   0.06 3  

dematon      30  

diazinon µg/L 0.01   1 10  

dicamba µg/L    100
H
 300  

dichlobenil µg/L    10
H
 20  

3, 6 
dichloropicoli
nic acid 

     1000  

dichlorvos µg/L    1 20  

Diclofop 
methyl 

µg/L    5
H
 3  

dicofol µg/L    3
H
 100  

dieldrin µg/L    0.01 1  

difenzoquat µg/L    100
H
 200  

dimethoate µg/L 0.15   50
H
 100  

diphenamid µg/L    2   

diquat µg/L    0.5 10  

disulfoton µg/L    1 6  

diuron µg/L    30
H
 40  
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DPA (2,2-
DPA) 

µg/L    500
H
 500  

EDB µg/L    1   

endosulfan µg/L 0.03   0.05 40  

endrin µg/L 0.01    1  

endothal µg/L    10 600  

EPTC µg/L    1 60  

ethion µg/L    3
H
 6  

ethoprophos µg/L    1 1  

etridiazole µg/L    0.1   

fenamiphos µg/L    0.3   

fenarimol µg/L    0.1   

fenchlorphos µg/L    30
H
 60  

fenitrothion µg/L 0.2   10
H
 20  

fenoprop µg/L    10
H
 20  

fensulfothion µg/L    10 20  

fenvalerate µg/L    50
H
 40  

flamprop 
methyl 

µg/L    3
H
 6  

fluometuron µg/L    50
H
 100  

formothion µg/L    50
H
 100  

fosamine µg/L    30
H
 3000  

glyphosate µg/L    10 200  

heptachlor µg/L 0.01   0.05 3  
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hexaflurate µg/L    30
H
 60  

hexazinone µg/L    2 600  

lindane µg/L 0.2   0.05 10  

malathion µg/L 0.05      

maldison µg/L    50
H
 100  

methidathion µg/L    30
H
 60  

methiocarb µg/L    5   

methomyl µg/L    5 60  

methoxychlo
r 

µg/L    0.2   

metolachlor µg/L    2 800  

metribuzin µg/L    1 5  

mitsulfuron 
methyl 

µg/L    30
H
   

mevinphos µg/L    5 6  

molinate µg/L    0.5 1  

monocrotoph
os 

µg/L    1
H
 2  

nabam      30  

napropamide µg/L    1   

nitralin µg/L    500
H
 1000  

norflurazon µg/L    2   

omethoate      0.4  

oryzalin µg/L    300
H
 60  
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oxamyl µg/L    5   

paraquat µg/L    1 40  

parathion µg/L 0.004
E
 

  10
H
 30  

parathion 
methyl 

µg/L    0.3 6  

pebulate µg/L    0.5   

pendimethali
n 

µg/L    300
H
 600  

pentachlorop
henol 

µg/L    0.01   

perfluidone      20  

permethrin µg/L    1 300  

picloram µg/L    300
H
 30  

piperonyl 
butoxide 

µg/L    100
H
 200  

pirimicarb µg/L    5
H
 100  

pirimiphos 
ethyl 

µg/L    0.5
H
 1  

pirimiphos 
methyl 

µg/L    50
H
 60  

profenofos µg/L    0.3
H
 0.6  

promecarb µg/L    30
H
 60  

propachlor µg/L    1   

propanil µg/L    0.1 1000  

propargite µg/L    50
H
 1000  
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propoxur      1000  

propazine µg/L    0.5   

propiconazol
e 

µg/L    0.1   

propyzamide µg/L    2   

pyrazophos µg/L    30
H
 1000  

quintozene µg/L    30
H
 6  

simazine µg/L    0.5   

sulphrofos µg/L    10
H
 20  

silvex µg/L    10
H
   

2,4,5-T µg/L    0.05 2  

temephos µg/L    300 30  

terbacil µg/L    10   

terbufos µg/L    0.5   

terbutryn µg/L    1   

tetrachlorvin
phos 

µg/L    2   

thiobencarb µg/L    30
H
 40  

thiometon µg/L    3
H
 20  

thiophanate µg/L    5
H
 100  

thiram µg/L    3
H
 30  

toxaphene µg/L 0.1      

triadimefon µg/L    100   

trichlorfon µg/L    5
H
 10  
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triclopyr µg/L    10
H
 20  

trifluralin µg/L    0.1 500  

venolate µg/L    0.5   

Source: (ANZECC & ARMCANZ 2000; DERM 2009b; NHMRC 2004)A
 

A
 Green shaded cell denotes the most stringent WQO to protect all of the identified EVs, i.e. the value that has been 

adopted as the default WQO. 
B
 Preliminary QWQG value based on the 75

th
 percentile of data from the Condamine-Macintyre salinity zone. 

C
 Trigger value for AsV has been used as a precautionary approach. 

D 
May be tolerated if not provided as a food additive and natural levels in the diet are low. 

E
 Figure may not protect key species from chronic toxicity (this refers to experimental chronic figures or geometric 

mean for species). 
F
 Low reliability trigger value from Section 8.3, Volume 2 of the national guidelines (ANZECC & ARMCANZ 2000). 

G
 Trigger value for p-xylene presented. 

H 
 Health value (based on 10% of acceptable daily intake). 

 

2.6 Interim Sediment Quality Guidelines (ISQGs) 

Based on the selection rationale for the default WQOs (Section 2.5.2), frc environmental 
(2010) proposed the following ISQGs shown in Table 2-2. These ISQGs are applicable for 
the existing Talinga WTF’s receiving environment, as well as the receiving environments for 
Condabri Central and Reedy Creek WTFs. Note that there are no ISQG values available for 
the other parameters to be monitored in sediment.   

If the concentrations in the study area are below the ‘ISQG – Low’ value, they can be 
considered to be low risk and no further action is required.  If they are between the ‘ISQG – 
Low’ and ‘ISQG – High’ values, then investigation of background levels in the area would be 
required.  Where concentrations exceed the ‘ISQG – High’ values, then further investigation 
of factors affecting bioavailability would be required (ANZECC & ARMCANZ 2000). 

Table 2-2  ISQG for metals and metalloids in sediments (ANZECC & 
ARMCANZ, 2000) 

Parameter ISQG – Low (mg/kg) ISQG – High (mg/kg) 

aluminium NA NA 

arsenic 20 70 

barium   

beryllium   

boron NA NA 

cadmium 1.5 10 
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Parameter ISQG – Low (mg/kg) ISQG – High (mg/kg) 

chromium 80 370 

copper 65 270 

iron NA NA 

lead 50 220 

mercury 0.15 1 

nickel 21 52 

zinc 200 410 

cobalt NA NA 

manganese NA NA 

molybdenum NA NA 

selenium NA NA 

silicon NA NA 

silver 1 3.7 

uranium NA NA 

vanadium NA NA 

NA = no trigger value available 

3. Monitoring Sites and Rationale 

3.1 Monitoring and Reference Sites 

This section will discuss the number and locations of monitoring sites upstream (or reference 
sites) and downstream of the discharge location for the existing Talinga WTF, as well as the 
future Condabri Central WTF and Reedy Creek WTF.  

3.1.1 Monitoring Points for Condamine River 

For the existing Talinga WTF discharge, four downstream sites, and three upstream 
reference sites will be monitored in the Condamine River (Table 3-1; Figure 3-1). As 
mentioned earlier, because the Condamine River has been identified as the receiving 
environment for both the existing discharge from Talinga Water Treatment Facility (WTF) 
and the proposed discharge from Condabri Central WTF, it is proposed that the number and 
locations of sites listed in Table 3-1 below apply to both Talinga and Condabri Central WTFs.  

Table 3-1 Sampling Site Locations5 in the Condamine River (MGA 94, 
Zone 56). 

Site No. Easting Northing Description 

Downstream Sites (receiving environment) 

CR DS1 236 093 7 028 450 Condamine River at Bedarra Gauge, approximately 2 km 
downstream of the Talinga discharge point 

                                                

5 Precise locations may vary depending on local access conditions. Factors include (but not limited to) weather, 

vehicle access, landowner approval etc. 
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Site No. Easting Northing Description 

CR DS2 223 617 7 030 631 Condamine River approximately 20.5 km downstream of the 
Talinga discharge point 

CR DS3 215 244 7018 518 Condamine River at Condamine, approximately 46.5 km 
downstream of the Talinga discharge point 

CR DS4 776 288 
(zone 55) 

1 001 014  

(zone 55) 

Condamine River at Cotswold Gauge, approximately 120 km 
downstream of the Talinga discharge point 

Reference Sites (reference) 

CR US1 254 810 7 033 062 Condamine River approximately 30.8 km upstream of the Talinga 
discharge point 

CR US2 247 864 7 030 353 Condamine River approximately 16.5 km upstream of the Talinga 
discharge point 

CR US3 238 599 7 026 697 Condamine River approximately 2.2 km upstream of the Talinga 
discharge point 
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3.1.2 Monitoring Points for Reedy Creek WTF Discharge 

Three downstream sites and two upstream reference sites will be monitored in Yuleba Creek 
(Table 3-2, Figure 3-2). Until the Reedy Creek WTF discharge commences, the downstream 
sites on Yuleba Creek will also act as reference sites (as they will not be influenced by 
discharges from WTFs). 

Table 3-2 Sampling Site Locations6 in the Yuleba Creek (MGA 94, Zone 55) 

Site No. Easting
 

Northing
 

Description 

Downstream Sites (receiving environment) 

YC DS1 742 288 7 074 077 Yuleba Creek, approximately 7.3 km downstream of the Reedy 
Creek discharge point 

YC DS2 737 993 7 054 039 Yuleba Creek, approximately 37 km downstream of the Reedy 
Creek discharge point 

YC DS3 743 165 7 023 585 Yuleba Creek at Roma-Condamine Rd, approximately 116 km 
downstream of the Reedy Creek discharge point 

Reference Sites (reference) 

YC US1 729 278 7 086 556 Yuleba Creek, approximately 30 km upstream of the Reedy Creek 
discharge point 

YC US2 743 825 7 082 506 Yuleba Creek, approximately 6.7 km upstream of the Reedy Creek 
discharge point 

 

 

 

                                                

6 Precise locations may vary depending on local access conditions. Factors include (but not limited to) weather, 

vehicle access, landowner approval etc. 
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3.2 Monitoring Frequencies  

The following sections will discuss the sampling frequencies for the upstream reference sites 
and downstream sites stated in Section 3.1, as well as the rationale behind the frequency 
selection. 
 

3.2.1 Monitoring Frequencies for Discharges into Condamine River 

As mentioned in Section 3.1, the existing Talinga WTF discharges and proposed Condabri 
Central WTF will discharge into the Condamine River. Table 3-3 shows the various 
monitoring parameters, along with its associated sites and sampling frequencies. Refer to 
Section 5-Data Analysis for details on the approach taken to analyse the results including 
methods utilised to determine trends to indicate potential impacts. 

Table 3-3 Monitoring Parameters and Sampling Frequencies for the 
Condamine River 

 Parameter Sampling Site Sampling Frequency 

Flows Flow volume Gauging stations 422308C, 
422344A and 422325A 

As recorded by DERM- will 
be referred for each 
monitoring event 

Bank 
Stability 

Bank Stability Rating 

Soil Sodicity 

Downstream Sites:  

CR DS1, CR DS2, CR DS3, 
CR DS4, CR DS 5, CR DS 6 

Reference Sites: CR UP1, CR 
UP2 and CR UP3 

Four times per year 
(notionally summer, spring, 
autumn and winter) 

Water Quality 

Physico-
chemical  

Temperature, pH, conductivity, 
DO, turbidity  

Downstream Sites:  

CR DS1, CR DS2, CR DS3, 
CR DS4, CR DS 5,  

CR DS 6 

Reference Sites: CR UP1, CR 
UP2 and CR UP3 

Four times per year 
(notionally summer, spring, 
autumn and winter) 

Nutrients total nitrogen and total 
phosphorus (unfiltered) and 
ammonia (as N), nitrate (as N), 
nitrite (as N), FRP (as P) (filtered) 

Major 
Cations 
and Ions 

Ca, K, Mg, Na, Cl, SO4, alkalinity 

Biologica
l 

Chlorophyll-a, blue green algae, 
faecal coliforms, e-coli 

Contami
nants 

OCPs, OPPs, TPH, BTEX, PAHs, 
total (unfiltered) and dissolved 
(filtered) metals (Al, Ba, Be, Cd, 
Cr, Cu, Fe, Hg, Pb, Ni, Zn, B, Co, 
Mn, Mo, Se, Ag, U, V), metalloid 
(As), fluoride and silicon 

Downstream Sites:  

CR DS1, CR DS2, CR DS3, 
CR DS4, CR DS 5,  

CR DS 6 

Reference Sites: CR UP1, CR 
UP2 and CR UP3 

Four times per year 
(notionally summer, spring, 
autumn and winter) 

Other TSS, TDS, hardness, carbonate, 
bicarbonate, hydroxide, colour, 
SAR 

Sediment Quality 

Physical particle size distribution, pH Downstream Sites:  

CR DS1, CR DS2, CR DS3, 
CR DS4, CR DS 5, CR DS 6 

Reference Sites: CR UP1, CR 

Four times per year 
(notionally summer, spring, 
autumn and winter) 

 

Cations 
and 
anions 

Ca, K, Mg, Na, Cl, SO4, alkalinity, 
SAR 
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 Parameter Sampling Site Sampling Frequency 

Nutrients total nitrogen, total phosphorus, 
ammonia (as N), nitrate (as N), 
nitrite (as N), FRP (as P) 

UP2 and CR UP3 

Contami
nants 

total metals and metalloids (Al, 
As, Ba, Be, Cd, Cr, Cu, Fe, Hg, 
Pb, Ni, Zn, B, Co, Mn, Mo, Se, 
Ag, U, V), OCPs, OPPs, fluoride, 
silicon, cyanide 

Plankto
n 

Richness and abundance of 
zooplankton 

 

 

 

Downstream Sites:  

CR DS1, CR DS2, CR DS3, 
CR DS4, CR DS 5, CR DS 6 

Reference Sites: CR UP1, CR 
UP2 and CR UP3 

 

Four times per year 
(notionally summer, spring, 
autumn and winter) 

Macroph
ytes 

Richness and coverage by 
species and growth form 

Twice per year (notionally in 
the pre-wet season (spring) 
and the post-wet season 
(autumn) 

Macro-
inverteb
rates 

Aquatic macroinvertebrates 
identified to the lowest practical 
taxonomic level (family or order) 
in accordance with modified 
AusRivAS protocols  

Four times per year 
(notionally summer, spring, 
autumn and winter) 

Fish Richness and abundance of fish, 
including by life history stage 

Twice per year (notionally in 
the pre-wet season (spring) 
and the post-wet season 
(autumn) 

 

3.2.2 Monitoring Frequencies for Discharges into Yuleba Creek 

As mentioned in Section 3.1.2, the proposed Reedy Creek WTF is expected to discharge 
into Yuleba Creek. Table 3-4 shows the various monitoring parameters, along with its 
associated sites and sampling frequencies. Refer to Section 5-Data Analysis for details on 
the approach taken to analyse the results including methods utilised to determine trends to 
indicate potential impacts. 

Yuleba Creek is ephemeral and is dry for most of the year.  As aquatic macroinvertebrates 
can only be sampled when water is present, they will be surveyed when, and where 
permanent or semi-permanent waterholes exist in the receiving environment, i.e. in the wet 
season (summer), and the post-wet season (autumn).  

Table 3-4  Monitoring Parameters and Sampling Frequencies for 
Yuleba Creek 

 Parameter Sampling Site Sampling Frequency 

Flows Flow volume 
Gauging station 
422219A 

Obtain data for interim and 
annual reports 

Bank 
Stability 

Bank Stability Rating 

Soil Sodicity 

Downstream Sites:  

YC DS1, YC DS2, 
and YC DS3.  

Reference Sites: YC 
US1, YC US2 

Twice per year (notionally in 
the wet season (summer) 
and post-wet season 
(autumn)) 

Water Quality 
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 Parameter Sampling Site Sampling Frequency 

Physico-
chemical 

Temperature, pH, conductivity, 
DO, turbidity 

Downstream Sites:  

YC DS1, YC DS2, 
and YC DS3.  

Reference Sites: YC 
US1, YC US2 

Twice per year (notionally in 
the wet season (summer) 
and post-wet season 
(autumn)) 

Nutrients 

total nitrogen and total 
phosphorus (unfiltered) and 
ammonia (as N), nitrate (as N), 
nitrite (as N), FRP (as P) (filtered) 

Major 
Cations 
and Ions Ca, K, Mg, Na, Cl, SO4, alkalinity 

Biological 
Chlorophyll-a, blue green algae, 
faecal coliforms, e-coli 

Contamin
ants 

OCPs, OPPs, TPH, BTEX, PAHs, 
total (unfiltered) and dissolved 
(filtered) metals (Al, Ba, Be, Cd, 
Cr, Cu, Fe, Hg, Pb, Ni, Zn, B, Co, 
Mn, Mo, Se, Ag, U, V), metalloid 
(As), fluoride and silicon 

Downstream Sites:  

YC DS1, YC DS2, 
and YC DS3.  

Reference Sites: YC 
US1, YC US2 

Twice per year (notionally in 
the wet season (summer) 
and post-wet season 
(autumn)) 

Other 

TSS, TDS, hardness, carbonate, 
bicarbonate, hydroxide, colour, 
SAR 

Sediment Quality 

Physical particle size distribution, pH 

Downstream Sites:  

YC DS1, YC DS2, 
and YC DS3.  

Reference Sites: YC 
US1, YC US2 

Twice per year (notionally in 
the wet season (summer) 
and post-wet season 
(autumn)) 

Cations 
and 
anions 

Ca, K, Mg, Na, Cl, SO4, alkalinity, 
SAR 

Nutrients 

total nitrogen, total phosphorus, 
ammonia (as N), nitrate (as N) 
nitrite (as N) 

Contamin
ants 

total metals and metalloids (Al, 
As, Ba, Be, Cd, Cr, Cu, Fe, Hg, 
Pb, Ni, Zn, B, Co, Mn, Mo, Se, 
Ag, U, V), OCPs, OPPs, fluoride, 
silicon, cyanide 

Plankton 
Richness and abundance of 
zooplankton 

Downstream Sites:  

YC DS1, YC DS2, 
and YC DS3.  

Reference Sites: YC 
US1, YC US2 

Twice per year (notionally in 
the wet season (summer) 
and post-wet season 
(autumn)) 

Macroph
ytes 

Richness and coverage by 
species and growth form 

Twice per year (notionally in 
the wet season (summer) 
and post-wet season 
(autumn)) 

Macro-
invertebr
ates 

Aquatic macroinvertebrates 
identified to the lowest practical 
taxonomic level (family or order) 
in accordance with modified 
AusRivAS protocols 

Twice per year (notionally in 
the wet season (summer) 
and post-wet season 
(autumn)) 

Fish 
Richness and abundance of fish, 
including by life history stage 

Twice per year (notionally in 
the wet season (summer) 
and post-wet season 
(autumn)) 
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3.3 Rationale for Monitoring Frequencies and Locations 

Derivation of regional WQOs by determining the acceptable departure from a reference 
condition involves: 

i. selecting appropriate reference sites to represent the aquatic habitats found within 
the study area, and  

ii. calculating 20th and 80th percentile values (in the case of slightly-moderately 
disturbed waters) for each water quality indicator to form the basis of the WQOs 
(DERM 2009).   

DERM (2009) defines a reference site as one where:  

� there is no intensive agriculture (such as the use of irrigation and agrochemicals; 
dryland grazing is not included in this category), extractive industry, major urban 
areas or point source wastewater discharge within 20 km upstream, and 

the seasonal flow regime is not greatly altered by water abstraction or regulation. 

3.3.1 Minimum Data Points 

Typically, percentile data should be based on a minimum of 18 data points collected over at 
least 12 months (but preferably 24 months) from one or two background sites, and 12 data 
points collected over at least 12 months (but preferably 24 months) from three or more 
background sites (DERM 2009).  The minimum interim data set requirement is 8 data points 
collected over 12 months.   

In ephemeral environments (i.e. Condamine River, Yuleba Creek), at least two, but 
preferably three or more reference sites should be sampled (DERM 2009).  However, the 
guidelines note that interim WQOs could be derived from local data after eight data points 
have been collected over this period (DERM 2009).  These interim objectives would be 
subject to further refinement after more data is collected. 

It should be noted that Yuleba Creek is ephemeral and has no free-flowing water for most of 
the year. As aquatic macroinvertebrates can only be sampled when water is present (Table 

3-4), they will be surveyed at a time, and location where permanent, or semi-permanent 
waterholes exist in Yuleba Creek. This is most likely to occur during summer (wet season). 
See Section 6.8 of Appendix A- REMP: Yuleba Creek (Q-LNG01-15-PS-0002). 

DERM will use water quality data from reference sites in their regional monitoring program to 
derive regional WQOs in the future.  The background sites for the APLNG REMP may not 
meet the criteria for a reference site.   However, data from the background sites will be 
analysed in the same way in order to derive site-specific background values  

Temporal controls in the design of the monitoring frequencies (e.g. proposed sampling) 
takes into account the expected temporal variation of the various indicators being monitored 
(for example, macroinvertebrates have shorter life-history cycles and are likely to vary on a 
shorter timescale than macrophyte and fish communities, therefore they will be sampled 
more frequently). Data collected as part of APLNG’s EIS or from previous surveys will also 
be utilised where relevant. 
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3.3.2 Monitoring frequency rationale in relation to Murray Cod 

The seasonal approach to monitoring and the parameters used to capture natural variation 
and potential impacts within the ecosystem, specifically in relation to Murray cod and the 
Condamine River, are discussed below.     

The Condamine River has an ephemeral flow regime that is characterised by high-flow 
events in the wet season that are generally short lived, with periods of low to no flow in 
winter and spring.  The monitoring program has been designed so that monitoring will occur 
four times per year for most parameters.  This will ensure that monitoring occurs during a 
range of flow conditions, including no flow, low flow, moderate flow and moderate flow 
immediately after high flow events (sampling cannot be undertaken during high flows, for 
safety reasons).  An analysis of flows in the Condamine River, compared with monitoring 
already undertaken in 2011 and 2012, shows that monitoring in (Figure 3.3): 

• May 2011 occurred during low flow; 

• August 2011 occurred during low to no flow (depending on the site); 

• November 2011 occurred during moderate flow (after a moderate flow event in October 

2011); 

• February 2012 occurred during moderate flow following several high flow events; and 

• May 2012 occurred during low to no flow (depending on the site). 

The exceptions are macrophytes and fish, which will be monitored twice a year (in the pre-
wet season [spring] and the post-wet season [autumn]).  This is because potential impacts to 
macrophytes and fish communities are expected to occur over a longer time period than for 
the other indicators, as they have longer life-history cycles than other biological indicators 
such as macroinvertebrates.  Macrophyte and fish communities are expected to respond 
primarily to the effects of high flow events, which can result in macrophytes and algae being 
washed downstream and which are a trigger for fish movement / migration and reproduction.  
It is expected that monitoring in spring will be during a low to no flow period, unless a flow 
event occurs immediately prior to the survey (as was the case in 2011).  It is expected that 
monitoring in autumn will be during low to no flow (as was the case in 2011 and 2012). 

The proposed monitoring frequency for fish communities of twice per year is considered to 
be suitable, as Murray cod are expected to take longer to respond than other components of 
the ecosystem because they are a larger, long-lived fish species (Sheldon et al. 2000).  In 
addition, Murray cod are considered to be rare in the reaches of the Condamine River that 
are monitored; only one Murray Cod has been caught (downstream of the current Talinga 
WTF discharge) across the two EIS surveys (conducted prior to discharge occurring) and the 
three REMP surveys in the Condamine River that have targeted fish (including at upstream 
monitoring locations).  As such, an absence of Murray cod in a survey is not indicative of 
impacts to this species as a result of the discharges.  That is, monitoring of fish communities 
is unlikely to be the best way of detecting the potential for impacts to this species.   
 
Given the above, impacts to the other indicators will be used as an ‘early warning’ for 
potential impacts to Murray cod. Murray cod are predators that feed on a variety of prey 
items according to taxon density, including microcrustaceans, macrocrustaceans, 
invertebrates and other fish (including the introduced carp and goldfish) (DEWHA 2007).  In 
particular, it is thought that the preferred habitat of the Murray cod such as deep water near 
the edge of the channel, overhanging vegetation and woody debris (Boys & Thoms 2006; 
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Jones & Stuart 2007; Koehn 2009) not only provide shelter from predators, high velocity 
flows and sunlight; but also trap organic matter and provide attachment sites for 
macroinvertebrates, which are prey of the Murray cod (Crook & Robertson 1999; Koehn 
2009).  Therefore, impacts to aquatic habitat and macroinvertebrate communities would be 
an indicator of potential future impacts to Murray cod, and will be used as an early warning 
trigger for response actions. 
 
The monitoring frequencies proposed for fish and other indicators are considered to be 
suitable for detecting the potential for impacts to Murray cod, as discussed above. 

 

 

Figure 3-3 Discharge at three Department of Natural Resources and 
Mines (formerly DERM) gauging stations in the Condamine River from May 
2011 to June 2012. 

 

3.3.3 Receiving Environment (downstream) Monitoring Locations 

The proposed downstream monitoring site locations have been determined based on: 

i. distributing the sites throughout the proposed receiving environment,  

ii. available information regarding the location of permanent and semi-permanent water 

holes, and  

iii. site accessibility throughout the year (in terms of minimising private property access, 

and ensuring that the sites are accessible during the wet season).  Note that the 
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exact location of these sites may change based on private property access 

restrictions and accessibility in wet conditions.   

With regard to sites located at road crossings, APLNG has been advised that these are likely 
to be impacted by the presence of the road, and the relevantly qualified personnel will take 
this into account when analysing the data.  Locating sites at public road crossings has been 
recommended to ensure these sites are safely, and easily accessible at almost all times of 
the year; thereby not requiring access to private property.  Sites located away from public 
roads or well-established tracks may not be accessible during wet conditions due to the risk 
of bogging. 

It is possible that some sites may be dry during some survey events, depending on factors 
such as rainfall in the wet season etc..  Where sites are dry during a designated survey 
event, sediment quality and habitat data will still be collected. 
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4. Baseline Data for Monitoring Sites 

4.1 Existing Data - Condamine River 

As mentioned in Section 3.1, the existing Talinga WTF currently discharges, and the 
proposed Condabri Central WTF will discharge into the Condamine River. During the EIS 
process (including supplemental information to the EIS) a number of sites within the 
Condamine River were studied in order to provide a description of the existing environment 
within the proposed impact area.  The following sites (including off river water bodies) were 
considered relevant to the proposed discharge area: 

1. Condamine-Balonne Catchment – 2 reference (including 1 off river waterbody) and 5 

test sites 

2. Charleys Creek: 

a. Upstream Reference site- US1; 

b. Upstream Reference/ Offstream site - US2; 

c. Upstream Test site - US3;  

d. Upstream Test site - US4 

3. Condamine River: 

a. Upstream Test site - US5; 

b. Upstream Test site - US6; and 

c. Downstream Test site - DS1. 

Figure 4-1 provides a map showing locations of these sampling sites.   

Although sites upstream of the proposed discharge site (both on Charley’s Creek and 
Condamine River) are not considered “receiving waters”, they are important in characterising 
the aquatic ecological characteristics for the local.  The physical, chemical, ecological and 
biological properties of these upstream sites will also help determine potential impacts, 
develop mitigation measures and provide substantial baseline information when developing 
local water quality guidelines. 

The following details have been compiled and summarised in APLNG’s EIS process: 

1. Catchment and land use 

2. Hydrology (flood flow, geomorphologic characteristics, flow variations and 

exceedence) 

3. Fluvial geomorphology 

4. Catchment sediment processes 

5. Water quality (temperature, nitrogen, phosphorus, Fe, Cu, Mn, Al etc) 

6. Fish, turtles, macrocrustaceans and macroinvertebrates  

The details are available on APLNG’s website7 , Attachment 22-CSG water management 
plan, Section 5- Existing Environment. 

 

                                                

7 http://www.aplng.com.au/talingaorana-environmental-management-plan 
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4.2 Baseline Data for discharges into Condamine River 

In addition to the EIS survey data and parameters identified, APLNG further commissioned 
frc environmental (2010) to establish REMPs for discharges from the Talinga WTF, and 
proposed Condabri Central. Data gathered from the REMPs can be utilised to verify and 
check the data already gathered and quantified from the initial EIS surveys. 

As previously discussed in Section 3, sites upstream to the discharge location will be utilised 
as reference sites, whilst sites downstream to the discharge location will be utilised to 
monitor changes to the receiving environment. 

Figure 4-2 shows the sampling events up to the year 2014 for the two WTFs discharging into 
the Condamine – Talinga (existing), and Condabri Central (proposed).  

4.3 Baseline Data for discharge into Yuleba Creek 

The Yuleba Creek REMP is included in Appendix A.3. This REMP will be implemented two 
years prior to the commencement of discharge to surface waters from the Reedy Creek 
WTF. This data will be used as baseline data for Yuleba Creek. 

Site-specific reference values for the upstream and downstream sites will be determined 
based on the baseline data collected and analysed as per Section 3.2, and Section 5. These 
specific reference values will provide an indication of the baseline condition of water quality 
in Yuleba Creek (i.e. without impacts from the proposed discharge).   

As previously discussed in Section 3 , once discharge has commenced, sites upstream to 
the discharge location will continue to be utilised as reference sites. These upstream sites 
will also be used for the collection of baseline data as they remain unimpacted by 
downstream discharge. Sites downstream to the discharge location will be utilised to monitor 
changes to the receiving environment. 

Figure 4-2 shows the sampling events up to the year 2014 for the proposed Reedy Creek 
WTF that will be discharging into Yuleba Creek.  
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5. Data Analysis 

As mentioned in Section 1.2- REMPs, the following parameters were identified for 
monitoring: 

i. flow volumes of discharge treated CSG water and streams 

ii. bank stabilities 

iii. water quality, e.g. nutrients, major ions and contaminants, physic-chemical, 
biological 

iv. sediment quality, e.g. nutrients, major ions and contaminants, physico-chemical, 
biological 

v. plankton 

vi. macrophytes 

vii. macroinvertebrates 

viii. fish communities (including Murray cod) 

ix. visual observations on algal blooms, chemical precipitation, etc 

This section discusses the approach taken by APLNG to ensure data sampling and 
processing for the above-mentioned parameters is in compliance with the relevant Australian 
(AS) or regulatory standards, prior to trending. These trends will then be used to indicate 
potential impacts to the receiving environment. (see Section 3 Monitoring Sites and Rationale 

). All data sampling and processing required in the implementation of the REMPs will be 
carried out by suitably qualified personnel, e.g. aquatic ecologists, environmental scientists, 
etc.  

Where discharge is already occurring, in the case of the Talinga WTF into the Condamine 
River, comparisons will be made between the downstream and upstream reference sites. 
Monitoring will continue as per the Talinga REMP whilst discharging into surface waters 
occurs. 

Where discharge has not yet occurred, background or baseline data will be established. 
Following that, monitoring will occur during discharge from the Condabri Central and Reedy 
Creek WTF. 

5.1 Data Analysis and Trend Determination 

5.1.1 Flow 

Descriptions of water flows preceding and during each survey will be provided, along with a 
summary of bank stability, soil sodicity, and bank slumping. Stream flow hydrographs will be 
produced for each of the gauging sites, and annual and seasonal patterns in flow will be 
described for the Condamine River and Yuleba Creek. Consideration will be given to whether 
these hydrographs are representative of the monitoring sites. A discussion of impacts of the 
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discharges on flow in the receiving downstream environment will be included as part of the 
analysis. 

5.1.2 Bank Stability 

A detailed description of erosion channel and bank profile will be provided for the Condamine 
River and Yuleba Creek, including a description of erosion and bank slumping where 
observed.  This description will be supported by summaries of data from the Sustainable 
Rivers Audit assessment and photographs as appropriate. Soil sodicity will also be 
determined and discussed. A comparison of bank stability at the downstream and upstream 
sites, which identifies temporal trends in bank stability, in relation to water flows and any 
potential impacts of the discharges will be determined. 

5.1.3 Water and Sediment Quality 

Upon obtaining the water quality data, the results will be interpreted by suitably qualified 
personnel after each survey. This review will include comparisons of median water quality for 
physical and chemical properties as well as 95th percentile water quality for toxicants at each 
site to the default WQOs nominated in Section 2.5. Comparisons will also be made between 
the receiving downstream sites and the reference upstream sites. Sediment quality data 
(where collected) will be captured, and the results reviewed after each wet season.  This 
review will compare sediment quality at each site to the default WQOs nominated in Section 
2.5, whilst also making comparisons between the receiving environment and background 
sites. 

Water and sediment quality at the downstream sites will be compared to the WQOs 
presented in Section 2.5 (or updated regional WQOs if derived by DERM during the 
monitoring period) and the calculated site-specific reference values to assess its impact at 
the downstream sites, in accordance with the methods outlined in Section 5 of the 
Queensland Water Quality Guidelines (QWQG). 

Water quality will also be related to flows measured at the gauging station, and a discussion 
of water quality under various flow conditions will be provided. Water and sediment data will 
also be related to biological data using multivariate statistical techniques. 

Note: The multivariate statistical techniques are described in Appendix B - Proposed Data 
Analyses 

5.1.4 Plankton 

Comparisons will be made of zooplankton species richness and abundance at the 
downstream and upstream sites. The species composition of zooplankton communities 
(including a discussion of richness and abundance at each site) will be discussed, and 
seasonal trends identified. Comparisons of zooplankton richness and abundance between 
receiving environment and background sites over time will be made using statistical 
techniques (such as ANOVA) where appropriate. Zooplankton community composition will 
also be correlated to the concentration of major ions (including calcium and magnesium) in 
the water at each site using multivariate techniques e.g. BIOENV  

Note: ANOVA and BIOENV methods are described in Appendix B - Proposed Data Analyses 
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5.1.5 Macrophytes 

Comparisons will be made of macrophyte species richness and coverage at the upstream 
and downstream sites. The species composition of macrophyte communities (including a 
discussion of the proportion of emergent, submerged and floating macrophytes at each site) 
will be provided, and seasonal trends identified.  Comparisons of macrophyte richness and 
abundance between receiving environment and background sites over time will be made 
using statistical techniques (such as ANOVA) where appropriate.  

5.1.6 Macroinvertebrates 

Upon completion of laboratory processing of macroinvertebrate data, indices will be 
calculated (taxonomic richness, PET richness and SIGNAL 2 scores). Comparisons will be 
made of index values at the receiving environment sites and the background sites.  The 
richness and abundance of macrocrustaceans will also be compared between downstream 
and upstream sites, using data collected in both macroinvertebrate and fish sampling as part 
of the REMPs. 

Macroinvertebrate indices at the downstream sites will be compared to the calculated site-
specific background values to assess compliance at the downstream sites.  Comparisons of 
index values between downstream and upstream sites over time will be made using ANOVA 
where appropriate. 

Statistical analyses will also be completed to provide a ‘whole of ecosystem’ view of the 
current condition of the receiving environment, and to determine whether there have been 
any likely impacts to macroinvertebrate communities due to the discharges.  This will include 
the use of analysis of multivariate data analyses to provide information on the similarities in 
the macroinvertebrate community structure between locations, and on temporal changes in 
assemblages.  To determine differences in macroinvertebrate community structure at 
different sites and between sampling events, community data will be analysed using 
multivariate techniques (done on PRIMER 6 software) for each habitat type sampled.   

RELATE analyses (including BIOENV) will be used to correlate sediment and water quality 
data with the macroinvertebrate data, to determine which water and sediment quality 
parameters are having the greatest influence on macroinvertebrate community structure, and 
whether the discharges appear to have impacted on macroinvertebrate communities 
downstream.  This analysis will be used to inform the suitability of current discharge limits for 
protecting downstream environmental values. 

Macroinvertebrate health will be assessed as part of the REMPs, and comparisons of 
exoskeleton density between downstream and upstream sites over the monitoring period, 
using ANOVA (where appropriate) will be included. 

Note: PET richness, SIGNAL 2, PRIMER 6 and RELATE methods are described in Appendix 
B - Proposed Data Analyses 

5.1.7 Fish 

Fish data will be analysed for richness, abundance, life history characteristics and the 
percentage of native and exotic species for the fish populations at each site. Comparisons 
between the downstream and upstream sites will then be made. 
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Appropriately qualified personnel will compare the richness, total abundance, abundance of 
‘key’ fish species, and abundance of each life history stage (juvenile, intermediate, adult), 
between sites and sampling events using ANOVA where appropriate. 

The relationships between fish communities at different sites and reaches will be also be 
displayed visually for each habitat using the Multi Dimensional Scaling (MDS) method.  
Community data will then be analysed with nested ANOSIM to determine the significance of 
any apparent differences in community structure between sites and / or reaches.  Data will 
also be analysed using SIMPER to determine which taxonomic groups are responsible for 
any differences in assemblages between sites and / or reaches. 

Note: The ANOSIM, MDS and SIMPER methods are described in Appendix B - Proposed 
Data Analyses 

5.2 Quality Assurance and Quality Control 

Flow measurements will be calculated as outlined in the Monitoring and Sampling Manual 
2009 (DERM 2009a) whilst bank stability monitoring will be in accordance with the 
Sustainable Rivers Audit physical habitat methodology (MDBC 2004). Where site sampling is 
required (e.g. water, sediment quality etc), field personnel will be suitably trained and 
competent. With regards to specimen collection (e.g. zooplankton, macrophytes, 
macroinvertebrates etc), appropriately trained ecologists will be utilised to ensure proper 
identification and adherence to the relevant standards. 

Table 5-1 summarises the data requiring analysis, and the relevant quality assurance, and/ 
or controls implemented to maintain data integrity. 

Table 5-1  Summary of Quality Assurance Methods 

Parameter Quality Assurance/ Quality Control 

Water quality i. AS 5667 Water Quality Sampling, and 

ii. Monitoring and Sampling Guidelines 2009 (DERM 2009) 

Sediment quality i. AS 5667.1 Guidance on Sampling of Bottom Sediments, and  

ii. Handbook for Sediment Quality Assessment (Simpson et al. 2005b) 

Zooplankton 
samples 

i. Identification by experienced aquatic ecologist with representative samples sent to the 

Queensland Museum or another recognised expert in the field (where required) 

Macrophyte 
surveys 

i. Completion by trained ecologists.  Photographs of macrophytes will be taken at each site 

and species identified in the field, where practical.  Representative samples of indefinite 

identifications will be collected and pressed for later identification by the Queensland 

Herbarium. 

Macroinvertebrate 
monitoring 

i. Field sampling by AusRivAS-trained ecologists with experience in the aquatic habitat of 

waterways in Central Queensland (specifically in sampling of ephemeral waterways) 

ii. Enumeration and identification of macroinvertebrate samples by AusRivAS-accredited 

ecologists.   

iii. Sorting, enumeration and data entry will be cross-checked by a second ecologist for 10% 

of the samples. Error rates exceeding  10% will be considered unacceptable (in 

accordance with the National River Health Program protocols, DERM 2009a), resulting in 

a further 10% of samples being checked by a second ecologist, and so on.   

iv. A reference collection will be made, including specimens of all macroinvertebrate taxa 
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indentified during the REMP, with identification of each specimen also cross-checked by 

a second ecologist (identifications and data entry updated where required) 

Fish monitoring i. Conducted by suitably trained ecologists under the requirements of the Australian Code 

of Electrofishing Practice, General Fisheries Permit, Animal Ethics Approval and 

Scientific Purposes Permit. 

ii. Voucher specimens will be collected and lodged with the Queensland Museum for 

confirmation of identifications as required 
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6. Matters of National Environmental Significance 

The Environmental Protection and Biodiversity Conservation (EPBC) Act 1999 lists the 
following as requirements relating to matters of national environmental significance (MNES): 

i. Nationally threatened species and ecological communities 

ii. Migratory species protected under international agreements 

iii. RAMSAR wetlands of international importance 

iv. The Commonwealth marine environment 

v. World Heritage properties 

vi. National Heritage places 

vii. The Great Barrier Reef Marine Park, and 

viii. Nuclear actions 

 
Under the EPBC Act, an action will require approval from the minister if the action will have, 
or is likely to have, a significant impact on a MNES. In accordance with the MNES approval 
process, an EPBC Act Referral was lodged with the Department of Environment, Water, 
Heritage and Arts (DEWHA), on the 6th July 2009 (referral number: 2009/ 4974). On the 3rd 
August 2009, the APLNG development was declared a Controlled Action, which included the 
potential impacts on Wetlands of International Importance (Sections 16 and 17B) and listed 
threatened species and ecological communities (Sections 18 and 18A).  
 
Regarding the surface discharge of treated CSG water, the following MNES could potentially 
be impacted: 
 

• Maccullochella peelii peelii (Murray cod) 

• The Narran Lakes Wetland Complex, and 

• Great Artesian Basin Spring Communities- specifically Eriocaulon carsonii (Salt 
pipwort or button grass) and Myriophyllum artesian (Artesian milfoil) 

 
Following this, APLNG commissioned studies to describe the existing environmental values 
and assess the potential impacts of the upstream components with regard to aquatic 
ecology, water quality and fluvial geomorphology. An objective of the study was to identify 
rare, threatened or otherwise noteworthy aquatic flora and fauna species, communities and 
habitats occurring with regard to MNES and identified under the EPBC Act. The following 
sections summarise the assessments from the report Aquatic Ecology, Water Quality and 
Geomorphology Impact Assessment – Gas Fields (Hydrobiology, March 2010).  
 

6.1 Maccullochelle peelii peelii (Murray Cod) 

The Murray Cod is found in a range of warm-water habitats in the waterways of the Murray 
Darling Basin (DEWHA 2007). This species can be found in a variety of habitats, however, it 
prefers deeper-water habitats around in-stream habitat structures such as boulders, logs, 
undercut banks and overhanging vegetation (Allen et al. 2002). 
 
Hydrobiology (2010) concluded that there would be a low risk of impact to Murray cod during 
construction or operation. The risks identified would be associated with increased sediment 
delivery and a temporary diversion of watercourses during construction. However, Murray 
cod have a natural tolerance to: 

• High levels of TSS and turbidity 
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• Artificial population maintenance through stocking by local angling clubs, and 

• Likelihood of rapid recolonisation following watercourse re-instatement. 

 
Increased baseflows resulting from permeate discharge were unlikely to directly impact 
Murray cod populations as spawning requires a combination of elevated temperatures 
(exceeding 15oC) and flow. Their main food sources (macroinvertebrates, frogs, small fish 
and crayfish) were also unlikely to be directly impacted by elevated flows.  
 
It is important to note that Murray cod were not recorded during field surveys for APLNG EIS 
(Hydrobiology 2009; 2010). They are known from the Condamine River system (typically 
occurring throughout the Murray-Darling Basin in all but the upper tributaries of river 
systems, (DEWHA 2007), where it is thought that there have been serious declines in 
numbers due to habitat loss and declines in water quality (Kearney & Kildea 2001). Instream 
structures such as weirs have the potential to impact movement and migration of Murray cod, 
although stocking programs in the river may mask the effects of this.  
 
Fingerlings are regularly stocked to a number of impoundments on the Condamine River, 
including Miles, Dalby and Chinchilla weirs, and Cooby and Leslie dams on tributaries to the 
Condamine River (Kearney & Kildea 2001).  
 
In summary, Murray cod movement and spawning, and the survival of larvae and juveniles, 
are not directly associated with changes to flow.  The proposed discharges will have an 
ecologically-negligible impact on high flow events (which are typically followed by strong 
recruitment in the following year) or on other factors such as increased water temperatures 
(EECO 2009; Hydrobiology 2009).  The proposed discharges are not predicted to affect key 
habitat for the Murray cod such as the presence of deep water habitat, overhanging 
vegetation or woody debris.  As such, it is not expected that discharges from the Talinga 
development area will impact on Murray cod. (See section 9 of Appendix F.1 for further 
information).  
 
Yuleba Creek is unlikely to contain key habitat (i.e. deep water habitat) for this species. 
Considering this, it is unlikely that there are any Murray cod in Yuleba Creek for any 
extended amount of time; that is, if they are present, it is likely to be transitory.  
 
Nevertheless, threshold values have been developed which will be used for detecting 
potentially adverse impacts which may affect Murray cod.  Thresholds have been developed 
for habitat and macroinvertebrate community structure, as these indicators are considered to 
be an early warning of impacts which may affect Murray cod. 
 
The following specific threshold values have been developed: 

• Greater than 30% decrease in habitat quality as measured by habitat bioassessment 
scores, observed between upstream to downstream monitoring sites.   
 
Baseline data collected to date from the upstream sites indicates that variations of up 
to 30% would be expected as a result of seasonal variation.  If the decline in habitat 
quality was due to a decline in the extent or diversity of habitats important to Murray 
cod (e.g. Deep pools, large woody debris or overhanging vegetation), management 
actions will be initiated; and 
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• Significant impact on macroinvertebrate community structure and abundance, as 
indicated by a significant (at a 95% confidence interval) interaction be between 
survey and location in the permutational analysis of variance (PERMANOVA) tests 
done for community structure and abundance, noted in the receiving environment 
sites relative to the upstream sites, detected over time. 

 
The management actions that will be undertaken in response to triggering either or both of 
the above-mentioned thresholds are provided in Section 12.2.5. 
 

6.1.1 Summary 

It is possible, that there may be Murray cod in the Condamine River downstream of the 
proposed Condabri Central WTF and Talinga WTF. APLNG recognises this, and will have 
the appropriately qualified personnel in place to monitor and compare the abundance of fish 
species and other aquatic indicators relevant to the Murray cod (See Section 2.4 – 
Environmental Values – Condamine River, Section 2.5 Environmental Values – Yuleba 
Creek, and Section 6.1 above).  The monitoring frequencies proposed for fish and other 
indicators suitable for detecting the potential for impacts to Murray cod, have been discussed 
in detail in Section 3.3.2.  If conclusive data indicates an escalation of risk levels, APLNG will 
apply the appropriate response mechanisms to remedy the situation (See Section 12: 
Response Mechanisms). 
 

6.2 Narran Lakes Wetland Complex 

The Narran Lakes Nature Reserve has an area of 5,531 ha and forms part of a large terminal 
wetland of the Narran River in NSW. It is located approximately 500 km downstream of the 
APLNG Project area. Narran Lakes Nature Reserve is listed as a wetland of: 

• international importance under the RAMSAR Convention 

• international significance for waterbird breeding and as habitat for species, several of 

which are under the Japan-Australia and China-Australia Migratory Bird Agreements 

(JAMBA and CAMBA) 

• national importance as a major breeding site for waterbirds as it contains a variety of 

flora associations considered to be threatened in NSW (RAMSAR Information Sheet, 

NSW NPWS 2000) 

To assess the proposed discharge in relation to stream flows and determine the extent of the 
downstream influence of the discharge, APLNG utilised DERM’s Integrated Quantity Quality 
Model (IQQM) to include input from the proposed discharge.  This modelling information has 
been used to make conclusions about the discharge in relation to Narran Lakes. 

The IQQM simulates streamflows at various locations along the Condamine River over the 
historical period of 1922 to 1995 (using streamflow and weather data from 1890 to 2006). 
The IQQM was used to evaluate the discharge of treated CSG water in relation to 
performance indicators described in the Water Resource (Condamine and Balonne) Plan 
2004. These performance indicators are statistical measures derived from outputs of the 
IQQM and consist of: 

I. Environmental Flow Objectives (EFOs); and 
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II. Water Allocation Security Objectives (WASOs) 

EFOs are defined as follows: 

1. Low Flow: the total number of days in the simulation period in which the daily flow is 
not more than half the pre-development median daily flow 

2. Summer Flow: the average number of days in summer that the flow is greater than 
the median pre-development flow 

3. Beneficial Flooding Flow: the median of the wet season 90-day flows for the years in 
the simulation period. The wet season 90-day flow, for a year, means the total flow in 
the continuous 90 day period with the highest total of daily flows 

4. 1 in 2 year flood: the daily flow that has a 50% probability of being reached at least 
once a year 

These EFOs are shown in Table 6-1. 

The WASOs are measures of supply to groups of water users. The WASOs are: 

1. Annual volume probability, defined as 

a. For a water allocation group for taking unsupplemented water- the percentage 
of years in the simulation period in which the volume of water that may be 
taken by the group is at least the total of the nominal volumes for the group; 
and 

b. For a water allocation group for taking supplemented water- the average 
annual volume of water that may be taken by the group in the simulation 
period as a percentage of the total of the nominal volumes for the group 

2. 45% annual volume probability. This is defined as 

a. For a water allocation group, mean the percentage of years in the simulation 
period in which the volume of water that may be taken by the group is at least 
45% of the total of the nominal volumes for the group. 

Any changes to the water allocation rules should not result in any reductions to the WASO 
performance indicators which applied just prior to the change. 

The IQQM model was used to simulate a range of discharge magnitudes and annual 
patterns downstream of the Talinga and Condabri WTFs. Each simulation enabled the 
derivation of performance indicators for comparison against the Water Resources Plan 
(2004) at specific nodes. The relevant downstream node in this regard, is Node F. It is 
defined as the Balonne River, upstream of the E.J. Beardmore Dam, and is also the model’s 
geographic limit. See Figure 6-1 for a graphical representation of the Beardmore Dam 
location relevant to the location of discharge and Narran Lakes.  Narran Lakes is 
approximately 500km downstream of discharge. 

Additional work was conducted by Conics (June, 2010) to model several CSG water 
discharge scenarios for the APLNG project in order to assess maximum discharge scenarios 
for release of water from both Talinga and Condabri WTFs. This modelling showed that Node 
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F (Beardmore Dam) currently has a Mean Annual Flow of 924,412 ML, under the ‘no 

discharge’ scenario (Table 6-1).  

Conics (2010) showed that if both Talinga and Condabri Central WTFs discharged 
continuously at a rate of 35 ML/d each, the percentage change in Mean Annual Flow would 
only be 1.6% (Table 6-1).  

Another simulation was conducted to investigate the changes downstream in the event 
Talinga discharged continuously at 35ML/d, whilst Condabri Central discharged intermittently 
at a hypothetical rate of 90 ML/d each. The percentage change in Mean Annual Flow would 
only be 2.4% (Table 6-1).  

The reason for the small changes in Mean Annual Flow at Node F is because the water is: 

• Extracted for irrigation; 

• Fills pools along the ephemeral system; and 

• Lost from the system through evapotranspiration. 

Negligible (if any) of this water flowing into Beardmore Dam would reach Narran Lakes as 
the river system below the Dam breaks into multiple (and in some cases terminal) distributor 
streams across a wide geographic area prior to reaching Narran Lakes. This complex 
floodplain system extends downstream well into northern New South Wales before 
coalescing into the Darling River. 

Conics concluded that the small modelled increase in flows at Beardmore Dam due to 
treated CSG water addition was unlikely to be volumetrically significant in dam releases for 
downstream irrigation extraction, or for environmental flow purposes. Intra-annual variability 
in flows in the Condamine-Balonne River and inherent modelling error suggested that the 
small increase in annual flows at the dam would not significantly influence quality or quantity 
at that point in the river system. For flows released downstream, hydrological certainty was 
difficult (due to the complex floodplain system and associated modelling difficulties) but there 
was a low likelihood of CSG water transmission through the eastern branches of the 
distributory system and beyond the Queensland border where it could affect Narran Lakes 
(see Figure 6-1).  
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Figure 6-1 Talinga to Narran Lakes via the Condamine River 

 

Narran Lakes 

Beardmore Dam 
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6.2.1 Summary 

Based on study results from Conics (now RPS), it was concluded that it would be unlikely for 
CSG water to be transmitted to an extent that it could affect Narran Lakes. Appendix C - RPS 
(ex Conics) Assessment of Impact on Narran Lakes Wetland, is attached for reference. 

6.3 Great Artesian Basin Spring Communities 

Managed surface water discharge to the Condamine River occurs from the existing Talinga 
WTF, and proposed Condabri Central WTF. The proposed Reedy Creek WTF discharges to 
the Yuleba Creek - a tributary to the Condamine River (see Figure 6-1). There are no Great 
Artesian Basin fed springs that discharge to the Condamine River upstream or downstream 
of the discharge, therefore there is no opportunity to impact on EPBC Act listed communities 
associated with springs (i.e. Eriocaulon carsonii and Myriophyllum artesian).  

Since there is no potential to impact on MNES associated with GAB springs from surface 
water discharges, it is not considered necessary to develop threshold values. Threshold 
values have been developed for potential reductions in spring flows at EPBC springs 
associated with GAB aquifer depressurisation, as described in the Groundwater Monitoring 
and Management section of the Stage 1 CSG Water Monitoring and Management Plan. 

6.4 Sediment and Erosion Control – Impact Prevention 

The APLNG project development will involve the installation of infrastructure, e.g. well pads, 
pipelines and access roads.  The risk of erosion resulting from construction activities is 
evaluated and managed throughout project planning and implementation.  

Management of infrastructure development and erosion and sediment control have been 
addressed with the production and approval of several plans by the Department of 
Sustainability, Environment, Water, Population and Communities (DSEWPaC). These plans 
include: 

• Environmental Constraints Planning and Field Development Protocol (ECPP) 
o Section 5, and 6 of the ECPP details the environmental constraints on infrastructure 

siting and disturbance management throughout the project lifecycle respectively; 
o Section 7, specifically Section 7.6, details the incorporation of MNES constraints in 

infrastructure planning. 
 

• Remediation Rehabilitation Recovery and Monitoring Plan (RRRMP) 
o Section 5 of the RRRMP details the rehabilitation and management methods for 

various issues, including erosion and sediment control; 
o Section 6 of the RRRMP details the disturbance types, e.g. well pads, collection 

pipelines, roads, camps, etc. 
 

The abovementioned plans are publicly available on the APLNG website 
(http://www.aplng.com.au/environment/management-plans).   

Specifically, the risk of erosion resulting from construction activities is evaluated and 
managed throughout project planning and implementation.  In project planning, site 
assessments are used to document field observations of existing erosion and soil 
conditions.  Infrastructure planning takes into account site slope, land use and soils 
characteristics. Soils assessment and mapping is undertaken in accordance with State 
environmental approvals.  
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Erosion and sediment control plans for the gas fields set out requirements for good erosion 
and sediment control are developed in accordance with State government environmental 
approval requirements.   

In the construction phase, site specific erosion and sediment control plans in accordance 
with the International Erosion Control Association (IECA) 2008 Erosion and Sediment Control 
Best Practice Guidelines are developed and implemented for all sites where land clearing is 
required.  Erosion control devices will be routinely inspected and maintained to ensure 
effectiveness.   
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7. CSG Water Treatment 

7.1 CSG Water Treatment Methods  

Figure 7-1 below provides an overview of the Talinga WTF process. The treatment and 
amendment methods are discussed in detail in the following sections.  
 

The treatment for the proposed Reedy Creek and Condabri Central WTFs will be similar to 
that of the existing Talinga WTF (see Figure 7-1). This is because each site will have to 
address similar issues such as particulate removal (disc filtration), biological control 
(monochloramination), scaling (ion exchange), dissolved solids removal (RO), pH and 
alkalinity control (chemical dosing) and discharge conditioning (chemical dosing).  

 

 

Figure 7-1 Treatment of CSG Water in the Talinga WTF 

 

7.1.1 Feed Pond 

The Feed Pond is a large polyethylene-lined storage pond into which all CSG water from the 
development areas will be aggregated, and the WTF feed drawn from.  By design, the water 
maintains a retention time that allows for the water to be contacted with atmospheric oxygen. 
The retention in the pond also allows for precipitation of metal ions and other coarse 
suspended solids.  
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7.1.2 Chloramination 

Monochloramine is applied to control microbiological fouling throughout the plant.  
Monochloramine solution is applied to the raw water pump station inlet channel.  The 
application rate of monochloramine is automatically adjusted proportional to total plant feed 
rate.  Monochloramine, preformed from chlorine and ammonia gas applied to reverse 
osmosis (RO) permeate water, is typically dosed at a level between 1.0 and 2.0 mg/L (as 
chloride) immediately upstream of the WTF Raw Water Feed pumps.  The chloramination 
process is monitored via online instrumentation downstream of the Membrane Filtration Unit 
(MF Unit).    

7.1.3 Disc Filtration System 

The disc filtration system is designed to remove coarse solids up to 200 micron prior to the 
membrane filtration system.  The disc filtration system is maintained via a backwash system 
which flushes the filtration units based on a preset time interval, differential pressure.  
Backwash water is directed to the Feed Pond via a purpose-built drain. 

7.1.4 Membrane Filtration (MF) System 

Membrane filtration (MF) is used to provide very low turbidity feed water to the downstream 
ion exchange system and RO system.  The MF system also includes a cleaning system 
which utilises sodium hypochlorite and caustic soda on a daily basis to remove organic 
fouling and citric acid to remove scale build-up when required.  Spent cleaning solution is 
routinely sent to the Feed Pond via a drain.  

7.1.5 Ion Exchange (IX) System 

The ion exchange (IX) system is a selective ion removal process using conventional weak 
acid cation technology.  It is designed to remove divalent cations to minimise scaling 
potential in the RO system.  Reducing scaling potential maximises the RO system recovery, 
thereby increasing efficiency of the RO units. Acid is used to regenerate the weak acid cation 
resin.  All backwash and rinse water from the IX system is returned to the Feed Pond via a 
drain.  Acid waste from the regeneration process is ultimately directed to the brine pond.   

7.1.6 Multi-stage Reverse Osmosis (RO) System 

The RO system is a single pass, multi-stage process. This means that water fed into the RO 
system is not recycled to the header of the unit, and that the clean water produced from the 
first RO unit is passed on to the second RO unit to produce a higher quality water, with the 
process repeating itself until all the water passes through all the RO units. This process is 
designed to maximise the recovery of high-quality water (permeate) while separating 
contaminants into a minimised reject stream referred to as saline effluent.   

The permeate from the RO system undergoes further treatment following the RO system 
before being used for several different purposes within the development area and also 
conditioned prior to discharge into the Condamine River.  

7.1.7 Discharge Monitoring 

An Export Tank provides a holding point for completion of dechlorination, stabilisation of pH, 
and dampening of any final WTF permeate quality variations. The Export Tank is 
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continuously monitored at a point adjacent to the discharge outlet. As discussed, in the event 
water quality is at risk of exceeding allowable discharge limits, the Talinga WTF control 
systems can isolate the discharge pipeline and stop water discharge. Once the Export Tank’s 
maximum working level is achieved, permeate is recycled to the Feed Pond, via an overflow.  
Parameters that are monitored and will cause the discharge pipeline to be isolated (closed) 
are as follows: 

• pH  (high and low); 

• Conductivity    (high); 

• Temperature   (high and low); 

• Total chlorine  (high); 

• Dissolved oxygen  (low); and 

• Ammonia (high). 

To ensure the quality of water exiting the Export Tank, it is not possible to override the Export 
Tank control system to discharge when any critical parameter is outside its Engineer-set 
limit. 

7.1.8 Calcium and Magnesium Conditioning 

Dosing facilities for calcium and magnesium are located just prior to the Talinga WTF 
discharge point to surface water. This is the last and final step of water conditioning before 
discharge.  Calcium concentrations in the discharged water are raised to > 5mg/L and 
magnesium concentrations are raised to > 1 mg/L. 

7.1.9 Saline Effluent 

Reject from the RO units containing the concentrated constituents found in CSG water is 
sent to Brine Ponds for further management.  Talinga WTF’s effluent, such as high salinity 
waste from cleaning processes within the facility may be sent to the Brine Pond.  Details of 
saline effluent management are contained in the Saline Effluent Management Plan (SEMP) 
in Appendix G.1-SEMP: Talinga/ Orana (Q-4100-15-MP-0004).   

 

A SEMP has been has been developed for each development area. 

7.1.10 CSG Discharge Water Standards – Talinga WTF 

The environmental limits currently imposed on the discharge from Talinga WTF are shown 
below in Table 7-1 for as part of current state licence applications. Recommendations for 
future discharge limits have also been included in Table 7-1.  

There are some parameters for which APLNG proposes the discharge standards be revised 
based on the operational experience gained at Talinga WTF.  These are conductivity, sodium 
and temperature.  

Conductivity 

APLNG proposes that the permissible conductivity range be expanded to ≤ 500 µS/cm.  
Currently, filtered CSG water is added to the RO permeate to boost the conductivity to fall 
within the required range of 200 ≥ 500.  This action also increases the sodium content of the 
treated CSG water, which is considered undesirable.  A conductivity range of ≤ 500 µS/cm 
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would allow for the necessary chemical addition required for pH and alkalinity adjustment, 
and final conditioning of treated CSG water with calcium and magnesium to occur without 
requiring deliberate addition of salts to boost the conductivity.   

Sodium 

APLNG proposes a year-round compliance limit of 80 mg/L to streamline the compliance 
management of sodium.  The summer and winter periods for Talinga are not well defined 
and subsequently difficult to manage, especially given the need at Talinga to add filtered 
water which contains sodium to boost conductivity to within the required range.   

Temperature 

Based on information contained in the Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality (Australia and New Zealand Environment and Conservation Council 
(ANZECC) 2000), APLNG proposes that the monitoring location for temperature compliance 
be consistent with these guidelines.   

The guideline states (ANZECC 2000 p 2-17): 

It has been accepted practice to apply the concept of the mixing zone, an explicitly defined area 
around an effluent discharge where certain environmental values are not protected.... If mixing 
zones are to be applied, then management should ensure that impacts are effectively contained 
within the mixing zone, that the combined size of these zones is small and, most importantly, that 
the agreed and designated values and uses of the broader ecosystem are not compromised.    

APLNG commits to using the results of dispersion modelling to define the mixing zone and 
determine an appropriate temperature monitoring location that is consistent with the advice 
provided in the ANZECC 2000 guidelines, and approved by the administering authority.   The 
modelling will align with the proposed managed discharge regime.  APLNG will also validate 
the model by conducting a temperature monitoring program in the mixing zone of the 
receiving environment.   

Table 7-1 Environment discharge water quality specification for Talinga 
WTF and proposed refinements 

Physiochemical Parameters Talinga WTF release limits 
A
 Proposed refinements of release limits 

Electrical conductivity (µS/cm) 200 ≥ 500 ≤ 500 

pH (pH Unit) 6.5 ≥ 8.5 No change 

Dissolved oxygen (mg/L) 2 No change 

Temperature (°C) Background
 B

 +/- 4 D When 
Condamine River flow is 

<30ML/d 

Background
 B

 +/- 2 D 
 When 

Condamine River flow is 
>30ML/d 

Will review in accordance with ANZECC 
guidelines and the discharge regime 
agreed upon with State Government 

Suspended Solids (mg/L) 191 No change 

Chloride (mg/L) 22 ≥ 120 No change 

Sulphate (mg/L) 9 No change 

Calcium (mg/L) >5  No change 
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Physiochemical Parameters Talinga WTF release limits 
A
 Proposed refinements of release limits 

Magnesium (mg/L) >1  No change 

Sodium (mg/L) 60 (Winter short term 80 
percentile) 

80 

75 (Summer short term 80 
percentile) 

80 (Maximum) 

Hardness Monitor 
C
 No change 

Alkalinity (mg/L) Monitor No change 

SAR (mg/L) Monitor No change 

Notation:         
A 

Values extracted from Walloons Environmental Authority - PEN100067807 
B 

Background temperature as measured in the Condamine River in the first permanent pool up stream of the discharge location. 
c
Measured at Bedarra Gauging Station 2km downstream of discharge site 

D
 Temperature measured at the mixing zone within 250m downstream of the discharge location 
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8. CSG Water Use and Management Options 

 
APLNG in its commitment to find the highest and best use of water produced on a case by 
case basis, has undertaken numerous studies over the past three years culminating in the 
EIS. Led by extensive research, APLNG has adopted a parallel approach to CSG water 
management.  The parallel approach delineates between “base case” options and 
“optimisation” options. This approach has been developed to address uncertainties of water 
supply, demand, legislation, technology and commercial arrangements. 

Base case options provide a sustainable water management solution that can be readily 
applied using existing technologies and customers.  As uncertainties regarding water quality 
and quantity, demand and supply are considered to diminish over time, the optimisation 
options are considered to provide potential further benefit once technology, negotiations and 
legislation have evolved.  Table 8-1 below provides a summary of the base case and 
optimisation case options selected.   

Table 8-1 Summary of Base Case and Optimisation Options for Treated 
CSG Water 

Treated CSG Water Management 

Base Case  i. Beneficial re-use of water in construction and operation activity of the Project 

ii. Supply of treated CSG water for trial investigation for new technologies (such as 

aquifer injection trials) 

iii. Supply of treated CSG water for beneficial re-use in existing agriculture. 

iv. Beneficial re-use of treated CSG water to APLNG owned irrigation 

v. Discharge of treated CSG water to watercourses 

Optimisation  i. Injection in areas where suitable receptor aquifers identified.  Technical and 

economic feasibility to determine through a structured program of trials. 

ii. Aggregation and management of treated CSG water in conjunction with other 

producers and suppliers.  

 
Ultimately APLNG expects that water management will involve using a suite of options, for 
example a combination of river discharge, irrigation and injection, thereby reflecting the need 
to balance the volume, environmental and social risk management of water handling. Further 
details on the individual resource profiles, past environmental surveys, and APLNG’s water 
management approach for the Walloons Development area are provided in Appendix F - 
CSG Water Management Plans. 

8.1 Water Management Options and Volumes 

Listed below are the water uses selected to be implemented at Talinga, Condabri Central 
and Reedy Creek WTFs, in order of supply preference, following the initial continuous 
discharge period: 

i. Construction water 

ii. Aquifer injection trial 

iii. Existing agriculture 

iv. Irrigation – APLNG owned and operated 
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v. Managed river discharge 

The top three priority uses; construction water, aquifer injection trials and existing irrigation, 
provide environmental and social benefit and aid in the development of optimisation options.  
However initial investigations indicate that these uses (i,ii and iii), will be of minimal volume 
and period, with supply to these options varying during the initial five year period.   

It is proposed that APLNG-owned irrigation is used in conjunction with managed discharge to 
watercourses (iv and v), to handle the remainder of the treated water.  Management between 
these two options, will aim to deliver appropriate discharge to the river whilst minimising the 
land area required for off-river, seasonal storage.  Once committed, water supply to irrigation 
will be relatively constant and APLNG will be reluctant to reduce supply for an alternate 
optimisation option. Further details on discharge to watercourses (e.g. identification of 
environmental values, monitoring locations, etc) are found in Sections 2, 3, and 3.2. 
APLNG’s considerations of flow characterisation, hydrological assessments, and proposed 
discharge regimes are found in Appendix F - CSG Water Management Plans.  

Figure 8-2, Figure 8-3 and Figure 8-4 presents an indicative distribution of water supply 
against potential demands at the three development areas. The balance between treated 
CSG water management options will evolve as the project develops and confidence in the 
water production profiles increases. Latest predictions anticipate significant reductions in 
overall water production, compared with previous forecasts (see Figure 8-1).  The anticipated 
result to the water management options is to provide a higher percentage of water for 
‘beneficial uses’ such as irrigation, combined with a likely reduction in the volume discharged 
to river.  Negotiations with the State Government are ongoing at this time and may result in 
minor refinements.  The graphs indicate that the majority of water demand for both 
construction water and aquifer injection trialing occurs for a limited period. 

As per the agreement reached with the Federal Government in August 2012, the Water 
Monitoring and Management Plan will be updated every three years to ensure information 
remains current and changes are communicated to the Federal government.  APLNG also 
commit to notifying the Federal Government and providing a copy of the revised water 
management strategies (as a result of the reduced water profile) once approved by the State 
Government. 
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Figure 8-1 Current vs sup

Figure 8-2  Indicative demand of treated CSG water from the Talinga
Orana WTF 
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Figure 8-3  Indicative demand of treated CSG water from the proposed 
Condabri Central WTF 

 

* Predicted large seasonal variance – annual average volume presented 

0

5

10

15

20

25

30

P
e

rm
e

a
te

 F
lo

w
 (

M
L/

d
)

Date

Irrigation*

Existing Agriculture

Aquifer Injection Trials*

Construction Use

Reedy Creek WTF



Stage 1 CSG Water Monitoring & Management Plan:  
Surface Water Monitoring & Management 

 

    

commercial-in-confidence     Q-LNG01-95-MP-1040 
     
Australia Pacific LNG Pty Limited ABN 68 001 646 331 
Level 3, 135 Coronation Drive, Milton, Qld, 4064 
GPO Box 148, Brisbane, Qld, 4001 • Telephone (07) 3858 0280• Facsimile 1300 863 446 • www.aplng.com.au          63 
 

Figure 8-4  Indicative demand of treated CSG water from the proposed 
Reedy Creek WTF 

Water supply as a component of make good obligations will also be prioritised.  However it is 
noted that APLNG groundwater modelling does not indicate any make good provision of 
water to be required in the first five years of development. 

8.2 Discharge of Treated CSG Water to Watercourses 

Managed discharges provide a sustainable option during the development and proofing of 
optimisation options.  Furthermore, its proven implementation, relative operational flexibility 
and lack of contractual obligation, make the option ideal for managing water quantity 
uncertainty with demands from other high value uses, such as irrigation. This option is 
fundamental to the base case plan as it provides: 

• Minimal environmental and community impacts, 

• Ready implementation, 

• Sustainable practice, 

• Operational flexibility, 

• Limited contractual arrangements and associated risks, and 

• High flexibility and low-cost base from which to transition to other water 

management options. 

It should be noted that managed discharge is only intended to be used during the first five 
years of development.   

In order to determine the appropriate managed discharge regime, comprehensive water 
balance modelling was conducted to assess: 

• Irrigation requirements for APLNG owned land and land owned by nearby 

landholders (in conjunction with buffer storages); 

• Water to be provided for commercial uses; and  

• Excess water to be discharged to the river.   

Discussions with the Queensland Government (17th September 2010) established that the 
contribution of CSG water discharge should be assessed against pre-development flows.  
This was also a fundamental consideration during the modelling and determination of release 
rules.  

Release rules were determined using three modelling packages: 

i. Howleaky ?  – modelled all water balance components of irrigated crops on a daily 

basis to provide a time series of irrigation demand 

ii. IQQM – water balance modelling using a modified version of Condamine Balonne 

Resource Operations Plan (ROP) Integrated Quantity Quality Model (IQQM) supplied 

by DERM. 

iii. GoldSim – to describe all components of the water balance including irrigation 

demand, pond storage, systems operations (the release rules) and optimisation  
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The overall aim of the modelling exercise was to optimise the irrigation system and 
commercial use to support a viable beneficial use of water for irrigation, and release to the 
Condamine River which would have minimal impact on the flow duration curve for the river. 
Figure 8-5 below shows the relationship between discharges to surface water and irrigation.  

   

Figure 8-5 Representation of the relationship between the Talinga and 
Condabri irrigation pond systems and the discharges from the WTFs 

The four release rules proposed for river discharge to the Condamine River are: 

1. Primary release rule – water can be released to the river when flow is greater than a 

threshold value. A threshold value of 36 ML/day was set, being the design release 

rate from the WTFs. 

2. Recession release rule - when flow in the river falls below the threshold value, 

releases are stepped down after 10 days to 10 ML/day for 15 days, then to 5 ML/day 

for a further 25 days;  

3. A dry period pulse release was applied after a specified dry period in the river, for a 

specified period and repeated until a river flow was observed;  

4. A storage protection rule was applied to avoid uncontrolled pond discharges, with the 

intent that this should be rarely enacted. 

Table 8-2 and Table 8-3 below summarises the volumes and frequency of discharge 

proposed from the Talinga and Condabri development areas based on the abovementioned 

release rules.  However some reduction is anticipated based on the refined water profile.  

Table 8-2 Summary of system design variables at Talinga and Condabri 

 Units Irrigation scheme 

  Talinga Condabri 

Design RO discharge ML/day 36 36 

Irrigation area ha 550 550 

Buffer storage ML 3000 3000 

Primary release rule ML/day 36 36  
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Recession release rule 

See Table 8-3Error! Reference source not 
found. for detail of extended release rules 

ML/day 

 

36 36 

Dry period pulse release (days no release, days 
release) 

Days 60/120 60/120 

Storage protection rule (release if >X% full) % 95 95 

 

Table 8-3 Extended release rules for recession releases 

Extended release period No. 1 Extended release period No. 2 Extended release period No. 3 

ML/d Period (days) ML/d Period (days) ML/d Period (days) 

36 10 10 15 5 25 

 

Details of the modelling conducted, resulting discharge release rules and sensitivity analyses 
are provided in the CSG WMPs for Talinga and Condabri (found in Section 9 of Appendices 
G.1 and G.2.  

Discharge from the Reedy Creek WTF in the Combabula development area is only proposed 
for an initial interim period of approximately 12 months.  It is anticipated that the volume of 
treated CSG water during this period will be less than 20 ML/d, and discharge will only be 
utilised if other management options are not able to take the full volume of water available 
during that period.  Following this initial period, only contingency discharge to reduce the 
disturbance area for off-river storage is proposed.  It is anticipated that this may only be 
required approximately 1 in 10 year basis during prolonged wet weather periods.  This is 
discussed in further details in Section 9 of Appendix F.3. 

8.3 Beneficial Use of Treated CSG Water for APLNG-owned Irrigation 

As discussed in Section 8.2 above, APLNG proposes to utilise treated CSG water for 
irrigation in conjunction with discharging to watercourses as base case options. These can 
be readily applied using existing technologies and customers.  This section describes the 
APLNG-owned irrigation scheme that is proposed for all development areas – Talinga/ 
Orana, Condabri and Combabula.  

8.3.1 Irrigation Volumes for Talinga/ Orana, Condabri & Combabula 

Table 8-4 below details the irrigation volumes for the relevant development areas that were 
determined after conducting comprehensive modelling using the “How Leaky?” Model.  This 
model correlated well with generally available technical information, and farmer experience in 
the irrigation of crops and pastures in the development area. Note however, that the values 
expressed in Table 8-4 are estimations of historical irrigation demand. Actual daily demand 
will be dependent on actual crop mix, installed irrigation equipment and method of irrigation 
scheduling amongst other things. Maximum daily irrigation rates are provided in Section 
8.3.2. 

Table 8-4 Irrigation Water Demand 
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Development 
Area 

Area  Irrigation 
Volume 

Capacity per 
annum 

Note 1 

Comment 

Talinga/ 
Orana 

550 ha 4,125 ML 
Note 2 

Storage is required to balance irrigation demand and 
supply during the year.  Refer to Talinga CSG WMP, 
Section 9.4 for details on storage requirements 

Condabri 550 ha 4,125 ML
Note 2 

Storage is required to balance irrigation demand and 
supply during the year.  Refer to Condabri CSG WMP, 
Section 9.4 for details on storage requirements 

Combabula 1000 ha 7,500 ML
 

APLNG anticipates that water use can be increased 
slightly, by growing two crops per year as opposed to three 
crops in two years, or by converting irrigation areas from 
crops to pasture, which has higher water use per ha. 

1
 Based on an average annual water use of 7.5 ML per hectare.  

2
 Volumes are based on the anticipated environmental approval of managed discharge to the Condamine River 

as detailed in section 9 of Appendix F of the this document, for each of the development areas. 

The How Leaky? model assumes that water use per crop increases from approximately 4 
ML/ha in winter, to 6ML/ha in summer, with the average irrigation water use per crop of 
approximately 5 ML/ha. Based on the crop rotation program of three crops in two years, 
average annual water use is 7.5 ML/ha. Increasing the crop frequency increases irrigation 
water needs because there is a lower contribution from soil moisture stored during fallows 
between crops from natural rainfall. 

8.3.2 Irrigation Frequencies for Talinga/ Orana, Condabri & Combabula 

The agricultural project within both Talinga/Orana and Condabri development areas have 
been designed to utilise water by irrigating broadacre crops and pasture. For the 550 ha 
irrigation area situated in Talinga (Table 8-4), the theoretical maximum daily irrigation 
demand from storage is 49 ML/day. The averaged maximum 2-day, 14-day and 28-day 
demands are 48, 47, and 40 ML/day respectively. 

Similarly, for the 550 ha situated in Condabri (Table 8-4), the theoretical maximum daily 
irrigation demand from storage is 49 ML/day. The averaged maximum 2-day, 14-day and 28-
day demands are 48, 47, and 40 ML/day respectively. This estimate is based on the 
anticipated environmental approval of managed discharge to the Condamine River to meet 
pre-development conditions and minimal supply of water for construction use, aquifer 
injection trials and provision to existing agriculture. 

For Combabula, again the irrigation project has been designed to utilise water by irrigating 
broadacre crops and pasture.  The How Leaky? Model used a lower irrigation area 
application rate than for Talinga and Condabri, due to a difference in historical sequences of 
daily application depths in the Combabula development area. Based on analyses of historical 
application rates, for the 1000 ha area at Combabula (Table 8-4), the averaged maximum 2-
day, 14-day, and 28-day demands are 86 ML/d, 85 ML/d and 73 ML/d respectively.  

Based on the required 1000 ha of land required at Combabula, APLNG anticipates that water 
use can be increased slightly via two alternatives: 

i. growing two crops per year as opposed to three crops in two years, or 
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ii. converting irrigation areas from crops to pasture, which has higher water use per ha.  

These options will provide some flexibility to cope with fluctuations in additional output from 
the Reedy Creek WTF. 

Storages are required to balance irrigation demand and supply during the year.  Storage 
requirements are further detailed in Appendices F.1 and F.2. – Section 9.4 (Flow 
Characterisation). 

8.3.3 Irrigation Water Quality 

The water used for irrigation will be of high quality after treatment using reverse osmosis.  
Further conditioning of the water may be carried out to counteract the small amount of 
sodium in the water and adjust the SAR to appropriate values.  Alternatively, it may be more 
appropriate to apply calcium amendments directly to the soil to balance the sodium in the 
water. 

Irrigation water quality can have significant impact upon land and soils.  The key issues 
relate to the addition of salts in the irrigation water and the impact of irrigation on soils, 
drainage and the potential mobilisation of salts in the soil profile. Appendix F.1. – Sections 
10.8.1, 10.8.2 and 10.8.3 (Potential Impacts) elaborate on how APLNG proposes to address 
the SAR values via gypsum addition.   

The ANZECC guidelines for irrigation for water quality, is presented below in Table 8-5.  . 

Table 8-5 Irrigation water quality guidelines and anticipated parameters 

Parameter  Irrigation
1 

Indicative WTF Treated CSG Water
3 

Total dissolved solids   < 315
 

pH (std. units)  6-9  6.5 – 8.5 

Calcium   >5 

Magnesium   >5 

Sodium  230-460  80 

Chloride  350-700  22 – 120 

Sulphate (as S04)   0 – 9 

Aluminium  5  0.008
 

Boron  0.5  0.5
2 

Copper  5  0.0001
 

Fluoride  1  < 0.18
 

Iron  0.2  < 0.1
 

Manganese  0.2  < 0.01
 

Zinc  2  < 0.01
 

Nitrate (as N)   < 0.1
 

Nitrite (as N)   < 0.2
 

Total nitrogen  5  < 1 

Total phosphorus  0.05  - 

Notations:  
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1. Irrigation trigger values sourced from ANZECC (2000) 

2. Units mg/L unless specified 

3. Value from Talinga WTF treated CSG monitoring results 

8.3.4 Irrigation Water Quality Monitoring 

Changes to soils and landscape may occur as a result of irrigation. APLNG has taken an 
‘Adaptive Management’ approach with regard to monitoring the impacts of irrigation. For 
example, trials are conducted, and any changes are monitored with regard to soil and water 
amendments via gypsum or calcium nitrate. The monitoring results will be fed back to guide 
management practices, thereby improving sustainability of the project over the long term. 

Six variables have been highlighted for monitoring, each requiring different monitoring 
methods and frequencies. The monitoring variables are: 

i. Irrigation water quality 

ii. Deep drainage and salinity 

iii. Runoff and soil erosion 

iv. Soil fertility 

v. Soil structure, and 

vi. Groundwater 

Monitoring details of these variables (i.e. parameters, methods, and frequencies) are 
provided in Appendix F.1 Talinga CSG Water Management Plans, Section 15- Monitoring 
Program. 

8.4 Beneficial Use of Treated CSG Water for Construction Water 

Use of CSG water for dust suppression is an approved general beneficial use (Queensland 
Government, DERM, March 2010).  APLNG intends to apply for use of untreated and 
blended and permeate CSG water as an authorised activity within the Environmental 
Authorities for treated CSG water from Talinga/ Orana, Condabri Central and Reedy Creek 
WTFs. 

It is proposed that CSG water, treated to the appropriate level, will be used in construction 
and commissioning of all activities where practicable.  Due to the extensive distribution of low 
pressure gathering networks and wells this will include the majority of the Talinga/ Orana, 
Condabri and Combabula development areas.  As discussed later in this section, key 
volumes of water demand are located at the Gas Processing Facilities (GPFs), the 
expansion of the existing Talinga WTF and construction of the Condabri Central and Reedy 
Creek WTFs. 

8.4.1 Construction Water Volumes and Frequencies 

A demand and supply plan for construction water use has been developed. This plan 
includes the delivery of CSG water to location of use. Presently it is suggested that it will be 
supplied by either truck or pipeline, and where necessary will be held in appropriately 
constructed storage ponds. Table 8-6 provides a list of potential uses for each of the key 
development activities for the APLNG project.   

Table 8-6 Construction Water Demands 
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Activity Description Rate 

Drilling and well 

completions 

Initial construction and drilling including dust suppression and 

rehabilitation 

33 kL / day 

Gas and water 

Gathering 

Gathering and Tie-in Construction 340 kL / day 

Hydrotesting water gathering network.   12.4 ML / 125 wells  

Gas Processing 

Facility (GPF) 

Construction including dust suppression and compaction of 

development pad. 

1 ML / day 

Commissioning 200 kL / day 

Water Treatment 

Facility (WTF) 

Construction including dust suppression and compaction of 

ponds. 

1.7 ML / day 

Commissioning 100 kL / day 

High Pressure (HP) 

Network 

Dust suppression, pre and post work watering, "Right of Way" 

roads and rehabilitation water. 

220 kL / day 

Roads 1 ML/km construction water + 60kL/d dust suppression 160 kL / day 

Vehicle wash down Construction including dust suppression requirements 1 ML/D 

Required to wash down vehicles 100 kL / day 

 

Total water demands and supplies from CSG water are yet to be determined.  As mentioned 
above, a demand and supply plan for construction water use is currently being prepared and 
will be submitted for general beneficial use approval prior to construction activities.  The plan 
will review construction water use in relation to schedule and provide water demand profiles 
for each development field.  Figure 8-6, Figure 8-7 and Figure 8-8 provide indicative 
estimates of water demand for the Talinga/ Orana, Condabri and Combabula development 
areas respectively. Note that these estimates are for the construction of the proposed 
facilities only (i.e. GPF and WTF). 
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Figure 8-6 Talinga Area Facilities Construction Water Requirements 

 
Figure 8-7 Condabri Area Facilities Construction Water Requirements 
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Figure 8-8 Combabula Area Facilities Construction Water Requirements 

 
 

8.4.2 Construction Water Quality 

Water quality for CSG water used in dust suppression is reflected in the general conditions of 
approval of coal seam gas water for beneficial use (Queensland Government, DERM, March 
2010).  It defines CSG water used in dust suppression shall be: 

i. the maximum concentration of total dissolved solids (TDS) shall not exceed 3,000 

µS/cm;  

ii. the maximum sodium adsorption ratio (SAR) shall not exceed 15;  

iii. the maximum bicarbonate ion concentration shall not exceed 100 mg/L;  

iv. dust suppression can only be carried out in a particular location for a period not 

exceeding three months, whereupon more permanent solutions for dust 

suppression shall be developed, if required. 

Water quality parameters for other activities are dependent on the sensitivities of the 
environment and application frequency and duration of the activity. Table 8-7 was 
established to direct operators of the appropriate source water to use for each activity, whilst 
Table 8-8 provides indicative water qualities for each for each source. 

Table 8-7 Potential sources proposed for each activity 
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Table 8-8 Indicative Water Quality of Each Water Source 

Water Source  Quality Parameters 

CSG Water - Untreated 

 

As produced, typical untreated CSG water quality range: 

TDS         

pH  

2,450 - 7,500mg/L 

8.3 - 9.2 

CSG Water - Blended  

(treatment of CSG water by blending with 

higher quality source or adjustment by 

means of dosing) 

pH     

TSS max.  

TDS max.  

Total Petroleum hydrocarbons max.   

6.0 - 9.0 

30mg/L 

3,000mg/L 

10mg/L 

 

CSG Water – RO Permeate Expected Permeate quality parameters: 

TDS  

pH  

Total alkalinity   

 

< 315mg/L 

6.5 – 8.5 

20 - 100mg/L  as CaCO3 

Non-potable freshwater  

(River extraction, Groundwater, 

rainwater, stormwater) 

pH  

TDS max  

6.0 - 9.0 

2,000mg/L 

Recycled Water  

(treated STP effluent) 

Class A+  

Potable water  As per Australian Drinking Water Guidelines  

 
Note that Appendix F.1 – Section 11.5 and 11.6 discusses in detail the identification of 
environmental impacts with regard to use of CSG water on land in construction activities, and 
control measures in adherence with DERM guidelines on managing such impacts. 
 

8.4.3 Construction Water Monitoring 

Referring to Appendix F.1,: Appendix 10 – Construction Water Management Framework, 
provides the Construction Water Management Framework that addresses the various types 
of construction water types, its acceptable uses, and corresponding performance standards 
and control measures. The following is a general monitoring procedure with reference to the 
Construction Water Management Framework. 



Stage 1 CSG Water Monitoring & Management Plan:  
Surface Water Monitoring & Management 

 

    

commercial-in-confidence     Q-LNG01-95-MP-1040 
     
Australia Pacific LNG Pty Limited ABN 68 001 646 331 
Level 3, 135 Coronation Drive, Milton, Qld, 4064 
GPO Box 148, Brisbane, Qld, 4001 • Telephone (07) 3858 0280• Facsimile 1300 863 446 • www.aplng.com.au          73 
 

 
1. Monitor and record the water quality characteristics of the CSG Water at the point 

of release in accordance with the Environmental Protection Agency’s Water 

Quality Sampling Manual, 3rd edition, December 1999, otherwise any later 

editions or supplements as they become available. 

2. The water monitoring will determine quality characteristics and concentrations of 

constituents to effectively demonstrate that the CSG Water meets the water 

quality criteria relevant for a stated type of use. 

3. The water monitoring will be conducted as frequently as necessary to ensure the 

resource meets the relevant water quality criteria, but not less than monthly when 

the resource is being released for a stated type of use, excepting electrical 

conductivity, total dissolved solids, SAR, fluoride and pH, which must be 

monitored on a weekly basis. Water quality characteristic monitoring must be 

conducted more frequently if the composition of the resource has changed 

substantially or is likely to change. 

4. Visually monitor application rates of CSG water to not exceed engineering 

requirements or cause runoff from application site  

5. Monitor and record the CSG water use. The following information is required to 

be recorded: 

a) contact name and telephone number of responsible person; 

b) location; 

c) time and date; 

d) use (eg dust suppression or compaction); 

e) weather conditions; 

f) water quality (sampled weekly); and 

g) volume. 

 

8.5 Provision of Treated CSG Water to Nearby Landholders for Irrigated 
Agriculture 

Currently, no agreements with existing agriculture users have been secured, hence specific 
water and soil chemistry assessment have not been fully detailed. APLNG is currently in 
discussions with landholders within the Talinga/Orana and Condabri development areas.  

APLNG intends that negotiation for supply will be agreeable to both parties, however aspects 
which limit the potential for interest by existing landholders in utilising treated CSG water for 
irrigation include: 

• Existing allocations from the Condamine River, 

• Some landholders are wanting to expand their irrigation schemes as opposed to 

substituting CSG water for existing allocations, 

• Limited access to finance, restricting construction of additional irrigation and storage,, 

and 

• The uncertain supply of water from the WTFs and contractual/regulatory conditions 

required when it is available. 
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The following section provides likely site conditions, based on information on existing land 
use and APLNG’s experience.  Site specific information will be provided in application for a 
specific beneficial re-use approval. 

8.5.1 Agricultural Water Volumes and Frequencies 

Negotiations with landholders are ongoing at all three development areas – Talinga/ Orana, 
Condabri and Combabula.  Provision to existing agricultural use has not been agreed and 
therefore cannot be quantified in this plan as yet. 

Previous experience of supplying water to existing agriculture has been unsuccessful, 
primarily due to the conditions of supply.  In these instances, APLNG has stipulated that 
seasonal variance will be required; however annual consumption needs to be reasonably 
constant.  With the arrangement of other options APLNG intend that future negotiation for 
supply will be agreeable for both parties 

8.5.2 Agricultural Water Quality 

The anticipated quality of treated water is suitable most agriculture activities, requiring a 
slight imbalance of sodium, which elevates the Sodium Absorption Ratio (SAR) for irrigation 
use.  Table 8-9 presents indicative treated CSG water quality and the ANZECC guidelines for 
irrigation and stock drinking water. 
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Table 8-9 Agricultural Water Quality Guidelines and Indicative Supply 
Quality 

Parameter  Irrigation
1 

Stock drinking
2 

Indicative Treated CSG Water
4 

Total dissolved solids   5,000
3
  <315

 

pH (std. units)  6-9   6.5 – 8.5 

Calcium   1,000  < 1 

Magnesium   2.000  < 1 

Sodium  230-460   80 

Chloride  350-700  2,000
3 

22 – 120 

Sulphate (as S04)   1,000  0 – 9 

Aluminium  5  5  0.008
 

Boron  0.5  5  0.5
4 

Copper  5  0.4
3
  0.0001

 

Fluoride  1  2  < 0.18
 

Iron  0.2   < 0.1
 

Manganese  0.2   < 0.01
 

Zinc  2  20  < 0.01
 

Nitrate (as N)   <90  < 0.1
 

Nitrite (as N)   <9  < 0.2
 

Total nitrogen  5   < 1 

Total phosphorus  0.05   - 

     Notations:  

1. Irrigation trigger values sourced from ANZECC (2000) 

2. Stock drinking water trigger values sourced from ANZECC (2000) 

3. Value varies depending on stock 

4. Value taken from Talinga WTF treated CSG monitoring results 

5. Units mg/L unless specified 

 
It is proposed that water supplied for agricultural purposes will be of treated CSG water 
quality.  The supply agreement will require a quality certification from the WTF whilst the user 
will be responsible for specific water quality amendments, such as SAR, prior to use. 

8.6 Beneficial Use of Treated CSG Water for Commercial Purposes 
 

APLNG is in advanced stages of confidential negotiations to supply treated CSG water to a 
third party for commercial purposes.  At the time of writing, the draft contract terms were as 
follows: 

• Supply of water for commissioning activities – supply commences on 1 July 2013 for 

a period of 18 months, supplying a total of 680 ML (i.e. ~ 1.5 ML/day); and 
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Supply of water for operational activities – supply commences on 1 January 2015 for a 
period of 15 years supplying a minimum of 1 500 ML/annum with a contracted supply of 2 
300 ML/annum.  

8.7 Beneficial Use of Treated CSG Water for Aquifer Injection Trials 
 
APLNG intends to investigate the potential to develop aquifer injection capabilities in the 
vicinities of the Talinga, Condabri Central and Reedy Creek WTFs to provide an alternative 
CSG water management option. The technical and economic feasibility of injection will be 
investigated through a hydrogeological assessment and field trial program. APLNG considers 
the benefits of aquifer injection to include: 

i. A potential reduction in surface infrastructure requirements, particularly water 

storage ponds; 

ii. A potential reduction in treatment plant capacity; and 

iii. A potential reduction in brine management. 

The aim of the trial program is to undertake sufficient investigations to: 

i. Characterise the residual risk of injection in accordance with government 

assessment guidelines; 

ii. Determine the technical and economic feasibility of aquifer injection; and 

iii. Provide a basis for the design of a full-scale injection scheme, including the 

subsurface, reticulation and treatment infrastructure. 

To generate the necessary data to support these objectives, APLNG seeks approval for 
aquifer injection trialling for the Talinga/Orana, Condabri and Combabula development areas 
in accordance with the aquifer injection management plans.    

 

8.7.1  Injectate Volumes and Frequencies 
 

Injectate refers to water that is to be introduced directly into the aquifer. APLNG’s aquifer 
injection feasibility studies will be undertaken through a systematic program of data collation, 
field assessment, system design and field trials prior to determining injectate volumes and 
frequencies. This investigation process is outlined in Figure 8-9 with further detail of each 
component provided therein 
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Figure 8-9 Aquifer injection investigation and trial process 

The volumes are discussed in Sections 9.4 - Reinjection Volumes for Talinga and 9.5 - 
Reinjection Volumes for Condabri Central and Reedy Creek. 

Injection frequencies will be governed by: 

i. the hydraulic capacity of the aquifer; 

ii. the injection pressure (equipment dependant within the 90% fracture pressure 

limit); 

iii. the hydraulic efficiency of the injection well; 

iv. the capacity of the portable RO plant and post RO treatment system; and 

v. source water availability. 

The aquifer and bore hydraulic characteristics will be determined during the hydrogeological 
investigations, specifically, the pumping tests that will be carried out on the injection bores 
(with monitoring in the observation bores where relevant). 

The post-RO treatment system for the Talinga/ Orana development area is likely to have a 
maximum treatment capacity of approximately 3 ML/day. The Condabri and Combabula 
development areas are likely to have a portable RO plant and treatment systems, each 
having  a maximum treatment capacity of 1.5 to 2 ML/day. 
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8.7.2 Injectate Quality 
 

For the existing Talinga/ Orana development area, water for trial will be sourced from the 
Talinga WTF. Appropriate post-RO treatment and blending may be required to produce a 
hydrogeochemically suitable injectate quality.  The post-RO treatment system will be portable 
and is likely to comprise: 

i. Pumps 

ii. Filtration 

iii. Sterilisation 

iv. Deoxygenation 

v. Chemical dosing 

For the proposed Condabri Central and Reedy Creek WTFs, permanent water treatment 

plants will not have been constructed within the timeframe of the intended aquifer trials at the 

test sites.  Due to the requirement to match, as closely as possible, the intended long-term 

injectate quality, it is intended that a mobile Reverse Osmosis (RO) plant will be utilised to 

produce the bulk of injectate. Source water for the RO plants will most likely be obtained from 

existing gas production pilot ponds and, where necessary, will be augmented with water 

produced during pumping tests.  Appropriate post-RO treatment and blending may be 

required to produce a hydrogeochemically suitable injectate quality. 
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9. CSG Water Storage Locations and Volumes 

9.1 Untreated CSG Water Storage Locations and Volumes 

Untreated CSG water refers to water extracted from the subsurface coal seams via purpose 
built production wells. This water is pumped into large polyethylene-lined Feed Ponds to 
allow coarse solids to settle prior to disc filtration. (see Section 7- CSG Water Treatment).   
These ponds are located above the 1:100 annual exceedence probability (AEP) floodplain 
level.   

Table 9-1 details the Feed Pond volumes located at the three APLNG sites with their 
respective drawings numbers (see Appendix E - for pond drawings).   

Table 9-1 Summary of Feed Pond Locations and Volumes 

Site Feed Pond Volume  (ML) Drawing Number 

Talinga/Orana 440 Q-4120-20-DA-7001 

Condabri Central 420 Q-4522-20-DA-7005 

Reedy Creek 435  Q-4242-20-DG-0001 

 

9.2 Saline Effluent (Brine) Storage Locations and Volumes 

The salts removed from the CSG water during RO treatment are concentrated into a low 
volume stream, known as saline effluent. This has a salt content of around 40 grams of salts 
per litre. This saline effluent is stored in fully engineered, purpose-built, lined brine ponds to 
further concentrate the stream by evaporation. The majority of the effluent stream is piped to 
pond locations within the WTF property boundary.   

Future brine ponds will be designed in accordance with the Manual for Assessing Hazard 
Categories and Hydraulic Performance of Dams and will be constructed, operated and 
decommissioned accordingly.  

Refer to Appendix G - Saline Effluent Management Plans, for APLNG’s policies on saline 
effluent management for Talinga/ Orana, Condabri and Combabula. 

Table 9-2 summarises the pond volumes located at the three APLNG sites with their 
respective drawing numbers (see Appendix E - for pond drawings). The proposed ponds will 
be commissioned by 2015.  These ponds are located above the 1:100 AEP floodplain level.   

Table 9-2 Summary of Brine Storage Locations and Volumes 

Site Brine Pond Volume  (ML) Drawing Number 

Talinga/ Orana 2,000  (existing) 

398 (Proposed) 

Q-4100-20-DA-015 

Q-4120-20-DA-7001 

Condabri Central 1,695 (Proposed) Q-4522-20-DA-7005 

Reedy Creek 2,479 (Proposed)  Q-4255-20-DG-7001 
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9.3 Treated CSG Water Storage Locations and Volumes 

Treated CSG water from water treatment facilities are stored in Export Ponds (or in the case 
of Talinga WTF – a tank). Export Ponds are the final storage locations prior to discharge to 
surface waters and consist of RO permeate that has been conditioned (e.g. with calcium 
and/or magnesium addition) 

Table 9-3 summarises the pond volumes located at the three APLNG sites with their 
respective drawing numbers (see Appendix E -  for pond drawings). The proposed ponds will 
be commissioned by 2015.  These storages are located above the 1:100 AEP floodplain 
level.   

Table 9-3 Summary of Treated CSG Water Storage Locations and 
Volumes 

Site Export Pond Volume  (ML) Drawing Number 

Talinga/ Orana 0.5 (existing tank) Q-4120-20-DA-7002 

Condabri Central 40 (Proposed) Q-4522-20-DA-7005 

Reedy Creek 40 (Proposed)  Q-4255-20-DG-7001 

 

9.3.1 Treated CSG Water Storage Locations and Volumes for Irrigation 

As mentioned in Section 8.2 – Discharge of Treated CSG Water to Watercourses, APLNG 
proposes to utilise treated CSG water for irrigation in the Talinga/ Orana, Condabri and 
Combabula development areas – Talinga/ Orana, Condabri and Combabula. The table below 
summarises the indicative storage volumes, and respective development areas.  These 
storages are located above the 1:100 AEP floodplain level.   

Table 9-4 Summary of Treated 

Site 
Indicative Storage 

Volume  (ML) 

Proposed 

Commissioning Year 

Drawing Number 

Talinga/ Orana (Monreagh) 3000 2012 30157 (Draft Only 
– refer Appendix 
E - ) 

Condabri Central 3000 2014 Not available 

Reedy Creek 4000  2013 Not available 

 

9.4 Reinjection Volumes for Talinga  

As mentioned in Section 8.7.1, injectate refers to water that is to be introduced directly into 
the aquifer. The quality of injectate must meet, or be of higher quality, than that of the aquifer 
it is to be introduced into. 

Injectate from the Talinga WTF will be sourced from existing operational pondage. RO 
permeate will be obtained from the permeate tank via the pipeline between the WTF and the 
watering-system on Brine Pond B. Untreated CSG water used for blending injectate to a 
quality matching that of the aquifer will be obtained directly from the Brine Pond. The 
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degasification treatment system for the Talinga aquifer injection trials has a design capacity 
of 3 ML/day. Currently anticipated maximum injection rates are 0.6 ML/day into the 
Gubberamunda Sandstone and 3 ML/day into the Hutton Sandstone during the trials, 
however these rates are likely to change following further site specific investigation of aquifer 
hydraulic properties. The Talinga aquifer injection trials are expected to continue for up to 
one year. 

9.5 Reinjection Volumes for Condabri Central and Reedy Creek 

In the absence of existing water treatment facilities at Condabri and Reedy Creek, the aquifer 
injection trial sites have been located at the existing gas production pilots as there are water 
storages associated with these operations. A portable RO plant with a maximum capacity of 
1.5 ML/day will be used to produce the permeate stream for the injectate and will be blended 
with untreated CSG water from the ponds to a maximum injection rate of 3 ML/day through 
the degasification plant. Maximum injection rates will therefore be dependent on not only the 
hydraulic characteristics of the aquifer(s), but also their water qualities. Brine from the 
portable RO plant will be stored in temporarily bunded sections of the pilot ponds. Table 9-5 
shows the currently anticipated maximum injection rates (based only on aquifer hydraulics 
and design capacity). 

Table 9-5 Reinjection Volumes at Condabri and Reedy Creek 

Site Aquifer Current Maximum Injection Rate (ML/ d) 

Condabri Gubberamunda Sandstone 3 

 Hutton Sandstone 2.7 

 Precipice Sandstone 3 

Reedy Creek Gubberamunda Sandstone 3 

 Hutton Sandstone 3 

 Precipice Sandstone 3 

 

The duration of the injection trials will be limited by the availability of water to inject. It is 
anticipated that trials at Condabri and Reedy Creek will continue for a maximum of 30 days 
per aquifer, however injection will not be at the maximum rate for the entire duration. 
Maximum injection rates are likely to change following site specific investigations planned as 
part of the aquifer injection feasibility studies. 
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10. Brine Management 

Detailed Saline Effluent Management Plans (SEMPs) for the existing Talinga and proposed 
Reedy Creek and Condabri Central WTFs have been compiled and included at Appendix G - 
SEMP: Talinga/ Orana (Q-4100-15-MP-0004) and SEMP: Condabri Central (Q-LNG01-15-
MP-0033).  These plans provide risk assessments for the brine ponds and detail the way in 
which significant risks have been addressed through the design, operations and 
decommissioning process.   

The plans also introduce a number of proposed optimisation options for the management of 
saline effluent which are under investigation and provide for continuous improvement in the 
way saline effluent is managed across the Project.  Such optimisation options being 
considered include: 

i. Brine concentration with salts recovery for commercial sale 

ii. Brine injection  

iii. Ocean disposal 

Most of these options would provide a reduction in the requirement for brine ponds and thus 
reduce associated risks and impacts; however significant additional risks are present in most 
cases.  Due to the emerging nature of the issue of saline effluent management in inland 
Australia, many of the options under consideration involve significant amounts of uncertainty 
in both economical, technological and in some cases environmental outcomes.  

Subsequent regular updates of the SEMPs will incorporate enhancements in the 
management methodology arising from developments and adoption of optimisation options 
as well as refinement of the information available regarding the nature of the saline effluent 
and site conditions.  

Information on brine management will be provided as part of the Stage 2 Surface Water 
Monitoring and Management Plan that will be submitted to the Federal Government.   

The following section provides a general summary of the SEMP’s contents. Refer to Section 
9.2- Saline Effluent (Brine) Storage Locations and Volumes for brine storage locations and 
storage volumes. 

Brine storage and management is designed to appropriately contain saline effluent and 
associated ‘brine’ crystal products to effectively reduce and control seepage, thereby 
protecting MNES.  

10.1 Pond Design  

Due to the nature of the contents of the brine ponds, they will be classified as regulated 
dams under the environmental authority (EA) issued by the state authority (i.e. DERM).  This 
necessitates particular design considerations to minimise the risk of loss of containment 
through seepage, overtopping or structural failure. Hydraulic design parameters and liner 
performance requirements are provided in DERM’s Manual for Assessing Hazard Categories 
and Hydraulic Performance of Dams.  A complete design report will be submitted for each 
stage of ponds for approval by DERM and subsequent to construction, a verified set of “as 
constructed” drawings are to be provided with a statement that construction complies with 
the requirements of the design.  Certification of the ponds is to be carried out by suitably 
qualified registered professional engineers. 
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10.1.1 Pond Sizing  
 

A numerical model has been used to determine future brine ponds requirements by 
considering: 

• Saline effluent flows from the WTF 

• Weather inputs to the system based on historical records (currently 1889 – 2011, and 

will be updated as time progresses) 

• Concentration of salts as evaporation and ongoing inflow occurs 

• Expected evaporation rates from the pond as a response to the above variables 

• Anticipated rates of saline effluent generation (accounting for treatment process 

enhancements). 

This dynamic system is modelled on a daily time step to ensure that requirements for storage 
are met within a mandated probability which considers extreme wet weather events which 
could occur at a given frequency when considering historical weather observations. Pond 
requirements are optimised through the modelling process by selecting the minimum number 
of ponds at the start of each year required to contain the saline effluent without exceeding 
the defined level which is set to ensure that the pond can safely contain foreseeable wet 
season inputs for that year. The model is continuously updated to ensure results remain 
current.  

This approach to sizing of the ponds ensures the risk of the ponds reaching a level where 
overtopping could occur is less than 0.1% considering all foreseeable weather conditions. 

Ponds will be of the “turkey’s nest” style with an earthen bund constructed of suitable 
selected and compacted material.  Generally the bunds will be battered at a slope of 1:4 
depending on the material selected.  Design top operating water level will be 3.7 m above the 
base of the ponds with a design storage allowance and spillway freeboard to be contained 
about that level.  Bunds will incorporate an emergency spillway and a vehicle access track 
along the crest.  Location and external drainage of the ponds will seek to exclude all external 
runoff from entering the ponds.  Downstream surfaces will be vegetated to reduce erosion 
and anywhere that concentrated surface water flows could be expected against the toe of the 
batter, rock protection will be applied.   

10.1.2 Pond Containment System 
 

Internal surfaces of the bunds and the floor of the ponds will be continuously lined with an 
advanced liner system.  The current Queensland Government’s policy for CSG Water 
Management states that all ponds containing both CSG water and saline effluent are 
required to be “fully lined to a standard determined by DERM”. A liner of very low 
permeability is critical to ensure that seepage from the pond system and hence negative 
environmental impacts are minimised.  

In October 2010, APLNG commissioned a study for the selection of brine pond liner 
systems.  The study found that a double liner using HDPE geomembranes with a structured 
drainage product between layers fulfils the DERM requirements for brine ponds and, 
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furthermore, that a suitably specified membrane material can perform under the design 
conditions for the life of the project. The current base case liner system to be deployed 
consists of a dual layer with intermediate drainage.  A highly impermeable 2 mm thick high 
density polyethylene (HDPE) geomembrane layer forms the uppermost layer and whilst 
intact will prevent any loss of stored effluent.  As a contingency in case of a leak developing 
in the primary HDPE liner, a secondary liner is laid underneath.  The secondary liner will 
consist of a specially formulated geosynthetic clay liner (GCL).  GCL is essentially 
engineered clay, sandwiched between two layers of geotextile.  The clay used can be 
matched to be compatible with the stored effluent in order to ensure continued containment 
for the life of the pond.  

In order that any leakage from the primary layer is detected and removed before it can build 
up a pressure on the secondary layer, a drainage network is to be incorporated.  The 
drainage layer is formed by a layer of structured plastic drainage product which is intersected 
by a network of graded slotted pipe bedded in coarse sand.  This network will collect and 
centralise any effluent that enters the drainage system to a pumping sump from where it can 
be returned to the pond.  Appendix O - Pond Technical Specifications provides the technical 
specifications for the: 

• pond lining systems 

• leak detection systems, and 

• All relevant Australian and American Society of Testing and Materials (ASTM) 

standards 

10.1.3 Pond Siting  

Ponds are all located above the 100 year flood level and outer edge of pond embankment to 
be a minimum 1m above the 1 in 100 AEP flood. Where the lower parts of a pond 
embankment is potentially exposed to local surface flood flows, it is to be suitably armoured 
with rock to resist erosion. The siting of ponds has allowed the minimisation of likely local 
runoff effects. Consideration is also given to the potential for groundwater contamination 
resulting from the unlikely scenario of a temporary undetected leakage in the siting of a 
pond.  Ponds have been located wherever possible in areas where deep residual soils of an 
low permeability are available.  WTF infrastructure including ponds will not be constructed 
within 100m of mapped water courses. 

10.2 Solids Disposal 

Solidified salt will be progressively removed from the brine ponds for transfer to a third party 
for either beneficial reuse or disposal in an appropriately designed and operated landfill cell.   

Although salt disposal may not commence for around 15 years and by that time the preferred 
end use may have changed, early discussions with solid waste management companies 
have commenced around the need for such a facility.   

10.3 Pond Operation and Crystal Management 

The saline effluent initially discharged from the WTF’s is distributed to all ponds equally.  This 
allows the maximisation of surface area and hence evaporation.  The maximum volume of 
stored brine at each WTF will be reached around 4 to 12 years into the Project depending on 
the field being served by the WTF.  At the point when flows begin to subside, partially 
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evaporated saline effluent can then be consolidated in fewer and fewer ponds and emptied 
ponds can be decommissioned appropriately.  

Concentrated brine will eventually remain in the specially equipped crystallisation pond which 
would allow full crystallisation to proceed.  Crystallisation will not substantially occur during 
the first five years of the Project and details of the infrastructure required for this process, 
such as the crystallisation pond will be provided at later stages.  Crystallised, dewatered 
solids will be progressively removed by suitably licensed transport contractors to a licensed 
containment facility.  

10.4 Decommissioning 

As the water production rate from CSG fields declines later in the life of the project, and 
some of the brine ponds become surplus to requirements, decommissioning of these ponds 
will commence.  Decommissioning will proceed in a manner which eliminates any ongoing 
environmental hazard, maximizes the value of the land for future land uses and returns the 
scenic amenity to the area. 

Once any remaining salt or other contamination is removed, the bunds will be flattened and 
any unnatural depressions filled to allow the area to drain freely.  Topsoil will be replaced to a 
depth of 0.25m minimum and appropriate revegetation will then proceed allowing the area to 
become available for future land uses.  

10.5 Potential Impacts 

The release of saline effluent to the land, surface water or groundwater resources could 
result in serious long term degradation of these environmental values.  Above certain 
concentrations salinity cannot be tolerated by flora and fauna and water sources for human 
uses are even more sensitive to salinity increases.  

The major potential impacts associated with the management of saline effluent through the 
operation of brine ponds are:  

i. Land use impacts associated with the brine ponds occupying significant areas of 

land over the medium term 

ii. Uncontrolled seepage of saline effluent through the floor or walls of the ponds 

which could result in large scale contamination of such resources if undetected 

iii. Overtopping of the pond either through an extreme rainfall event in excess of that 

allowed for in the design or through some operational error 

iv. Loss of life to personnel or native or domestic animals due to drowning in the 

ponds 

v. Catastrophic failure of the pond structure resulting in rapid release of a large 

portion of the contents which could lead to contamination as well as risks to life 

and property associated with the flood wave 

vi. Residual risks of contamination associated with the continued presences of salts 

after decommissioning of the ponds 

Management methodology focuses on reduction of the risk of these impacts occurring 
through design, operational and decommissioning considerations.  
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11. Emergency CSG Water Discharge Volumes 

 
To date, emergency discharge of treated CSG water, or saline effluent, from the existing site 
in Talinga has not occurred. Hence, there is no volume, or quality information to provide in 
relation to emergency discharge 
 
As the scope of this report covers the proposed Condabri Central and Reedy Creek WTFs, 
which have yet to be constructed, there is currently no emergency discharge information to 
provide. 
 
In the event emergency discharges occur, volume and quality information will be recorded, 
and provided. 
 
Table 11-1 below indicates possible scenarios which could result in emergency discharges 
occurring.  Maximum potential volumes as well as water quality information have been 
provided for each scenario in the table.  Preventative actions are discussed below and are 
also listed in the table 11-1.   
 
It should be noted that considerable engineering design, planning, operational and 
maintenance activities are conducted to prevent an unplanned (emergency) release from 
ponds.   
 
Brine pond sizing is based on a numerical model which considers weather inputs based on 
historical records (1889 – 2011 and will be updated as time progresses), expected 
evaporation rates and saline effluent flows from the WTF.  Pond construction is planned to 
ensure the required storage capacity is available in advance of requirements.    
 
All ponds are located above the 1 in 100 AEP flood level, and are constructed such that 
surface run-off cannot enter the ponds.   
 
Ponds are lined to a standard determined by DERM.  A liner of very low permeability is used 
to ensure that seepage from the pond system and hence negative environmental impacts are 
minimised. The current liner system for brine ponds consists of a dual layer with, a highly 
impermeable polymer geomembrane as the uppermost layer.  A secondary polymer 
membrane liner is laid underneath and a drainage system is incorporated into the design.   
 
An annual inspection and report is conducted by a Registered Professional Engineer 
Queensland (RPEQ) for each of the regulated dams (Brine Ponds and Feed Pond) to assess 
the condition and adequacy of each pond against the necessary structural, geotechnical and 
hydraulic performance criteria. 
 
 
Section 12 - Response Mechanisms provides further details in the event of an emergency 
discharge, whilst addressing issues like exceedences in threshold values for surface water 
quality and water environmental values. 
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12. Response Mechanisms 

12.1 Organisational commitments to emergency planning & response 

Origin and subsequently APLNG operates under an established Health, Safety and 
Environment Management System (HSEMS) to minimise and manage the impacts on 
employees, contractors, the environment and the communities in which the company 
operates. 

The Incident Management Directive (ORG-HSE-DVE-006) details the internally-specified 
mandatory response, notification, recording, investigation, corrective and preventative 
actions, review, analysis and reporting requirements for all incidents which fall within the 
responsibility of Origin, and subsequently APLNG (refer to Appendix I - Incident Management 
Directive). There are six stages in the incident management process: 

Stage 1 – Response and notification  

Stage 2 – Incident recording  

Stage 3 – Incident investigation  

Stage 4 – Corrective and preventive actions  

Stage 5 – Incident sign-off  

Stage 6 – Review, analysis and reporting 

This directive will be implemented for the emergency management of CSG water within the 
development areas to ensure that incidents and potential impacts are appropriately 
managed.   

12.2 Response to Exceedences of EA Discharge Limits  

This section describes the monitoring of significant discharges to watercourses. Unplanned 
releases are deemed to include: 

• Quality exceedence for treated CSG water discharge, and 

• Release of untreated CSG water or brine from the Feed Pond or Brine Ponds 

For each of these scenarios, APLNG’s actions are organised using the following framework: 
1. Recognition and recording, 

2. Quantifying and escalating, and 

3. Additional monitoring. 

 

12.2.1 Unforseen Emergency Discharges 
 

APLNG’s discharge to surface water will comply with Environmental Authorities (EA) issued 
by the state administering authority (DERM). With regard to the Talinga WTF, EA Permit 
Number 100067807 states that in the event an unforseen emergency discharge occurs, 
APLNG will: 

i. Notify DERM within five (5) business days; and 
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ii. Complete an investigation in accordance with the ANZECC & ARMCANZ 2000 

methodology, into the potential for environmental harm and provide a written report to 

DERM in the next annual return, outlining: 

a. Details of the investigations carried out; and 

b. Actions taken to prevent and/ or minimise environmental harm 

EA Permits have not been issued for the proposed Condabri Central and Reedy Creek 
WTFs, however, APLNG will administer the EA in accordance with DERM’s requirements 
when they are. 

12.2.2 Unplanned Release Event to Watercourse- Treated CSG Water 
This section provides a general overview on the implementation of the framework mentioned 
in Section 12.2. Where relevant, specific references are made to the existing Talinga WTF, 
however, this framework is also applicable to the proposed Reedy Creek and Condabri 
WTFs, as well as the proposed upgrade for the Talinga WTF (late 2013). 

Recognition 

Unplanned quality exceedences of the treated water quality discharged will be recognised 
through the real-time monitoring that occurs as part of the plant control system (which is 
designed to recycle off-specification water) through the extensive sampling and analysis 
program that occurs  for the Water Quality Monitoring Program (WQMP) (see Appendix J - 
Coal Seam Gas Water Quality Monitoring Program: Talinga Water Treatment Facility) and 
through the daily operations on-site water quality monitoring.  

(Note: The WQMP is a document that is based on the state’s administering authority’s EA 
which covers the characterisation and monitoring of the source and treated CSG water. The 
objective of the monitoring program in the WQMP is to provide clarity around the constituents 
found within the CSG water and provide confidence with the ongoing quality of treated CSG 
water for both state government and public stakeholders). 

The quantity of treated CSG water released is monitored by the flowmeters installed on the 
line to the discharge tank, which is a component of the WTF control system. There is limited 
storage of CSG water prior to discharge, thereby limiting the volumes of water for 
exceedences in quality. The capacity of the WTF(s) also limits the availability of treated CSG 
water which can be discharged. 

Recording 

Information from the plant control system, such as online quality (e.g. pH, temperature, 
flowrate, conductivity) is automatically recorded and stored electronically. 

The results of the lab sampling and analyses conducted for the WQMP is provided 
electronically from the contracted lab in spreadsheets and is stored electronically. The results 
from the daily operations on-site water quality monitoring is recorded on a daily log sheet. 
This information is saved in electronic format and retained as part of the WTF records. 

Quantifying and Escalating 

The volume and quality of treated CSG water is quantified and recorded through the various 
aforementioned programs, e.g. daily log sheet records. With the information readily available 
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and a relatively closed process system, any calculations which may need to be performed in 
relation to a release of treated CSG water can be undertaken efficiently. 

Talinga WTF has procedures which detail the steps to be taken should the quality of treated 
CSG water fall outside the allowable discharge limits. Note that Appendix K - Flowchart: 
Reporting Health & Environment Based Exceedences for Talinga WTF provides the 
escalation procedure should an exceedence of quality be noted through either the daily 
operations on-site monitoring or any of the external laboratory monitoring as part of the 
WQMP. 
For incidents with the potential to impact public health, Appendix I.5 of the Emergency 
Response Plan: Talinga Operations & WTF 
 

 (Appendix N - Emergency Response Plan: Talinga Operations & WTF 
 

), details the escalation and notification actions that will be undertaken. 

12.2.3 Unplanned Release Event to Watercourse- Ponds 

This section will provide a general overview on the implementation of the framework 
mentioned in Section 12.2. Where relevant, specific references are made to the existing 
Talinga WTF, however, this framework will be applicable to the proposed Reedy Creek and 
Condabri WTFs, as well as the upgraded Talinga WTF to accommodate the Orana 
development area. 

Unplanned release to a watercourse from the Feed Pond or Brine Ponds could occur by the 
following mechanisms: 
 

• Pond seepage, 

• Structural degradation of bund, or 

• Overtopping of spillway. 
 
Prevention 

It should be noted that considerable engineering design, planning, operational and 
maintenance activities are conducted to prevent an unplanned release from ponds.   
 
Pond sizing is based on a numerical model which considers weather inputs based on 
historical records (1889 – 2011 and will be updated as time progresses), expected 
evaporation rates and saline effluent flows from the WTF.  Pond construction is planned to 
ensure the required storage capacity is available in advance of requirements.    
 
All ponds are located above the 1 in 100 AEP flood level, and are constructed such that 
surface run-off cannot enter the ponds.   
 
Ponds are lined to a standard determined by DERM.  A liner of very low permeability is used 
to ensure that seepage from the pond system and hence negative environmental impacts are 
minimised. The current liner system for brine ponds consists of a dual layer with, a highly 
impermeable polymer geomembrane as the uppermost layer.  A secondary polymer 
membrane liner is laid underneath and a drainage system is incorporated into the design.   
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An annual inspection and report is conducted by a Registered Professional Engineer 
Queensland (RPEQ) for each of the regulated dams (Brine Ponds and Feed Pond) to assess 
the condition and adequacy of each pond against the necessary structural, geotechnical and 
hydraulic performance criteria. 
 
Recognition 

APLNG has implemented a groundwater monitoring program (Appendix L - Walloons 
Groundwater Monitoring Plan) which is used to identify impact on groundwater from any of 
the ponds at Talinga. Monitoring as part of this program is conducted biannually. 
Groundwater movement is typically slow, so the movement of contaminants to the surface 
watercourse by this method will likely be gradual. Impacts may be noticeable via the results 
of the REMP (Appendix A - ) by comparison of the upstream (unimpacted) and downstream 
(impacted) sites. The results of the REMP and the ground water monitoring program can be 
used in combination to determine if there has been impact from seepage on the Condamine 
River. 
Weekly observations of the Feed Ponds and Brine Ponds are conducted by operations staff 
at the WTFs. The daily observations involve recording: 

i. Pond level 
ii. pH 
iii. Conductivity 
iv. General observations: 

• Evidence of high levels on any part of the pond walls 

• Cleanliness; any rubbish that may contribute to erosion 

• Evidence of wave action affecting or potentially affecting wall integrity 

• Visual inspection for erosion and vegetation on banks 

• Any other signs of potential pond wall failure. 
 
An annual inspection and report is conducted by a Registered Professional Engineer 
Queensland (RPEQ) for each of the regulated dams (Brine Ponds and Feed Pond) to assess 
the condition and adequacy of each pond against the necessary structural, 
geotechnical and hydraulic performance criteria. 
 
The structural integrity assessment involved the following work: 

i. Review of information and documentation provided by Origin, relating to each pond 
ii. Site inspection of each pond to gain additional data and assess the condition of the 

pond 
iii. Assessment of each pond for compliance with the DERM Manual and the relevant 

Environmental Authority (EA) 
 
The Structural Integrity Assessment report for each pond provides: 

i. A summary of previous investigation findings and actions completed to date, if any; 
ii. The extent of current and potential environmental contamination (land and water), if 

any; 
iii. An assessment on whether there is any significant risk to the integrity of each of the 

structures; and 
iv. Recommendation of any immediate actions or monitoring programs. 

 
Recording 

Information collected as part of the groundwater monitoring program, REMP and the annual 
inspection of regulated dams is retained by APLNG. 
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Information collected as part of the weekly pond observations are recorded in a log sheet 
(refer to Appendix M - Pond Observation Log Sheet). This information is saved in electronic 
format and retained as part of the WTF records. 
 
Quantifying 
 
A risk assessment will be conducted to determine the extent of additional monitoring or 
investigations required to quantify the extent of seepage if detected. Impacts, if any, from a 
seepage event on the Condamine River or Yuleba Creek are anticipated to be detected by 
the REMP.  
To quantify the release of water from an overtopping event or bund failure from the Feed 
Pond a mass balance can be conducted using the following information: 

i. Daily pond level 

ii. Flow to Feed Pond from gathering system (totalized from the field operations log from 

well head flowmeters) 

iii. Flow from Feed Pond to WTF (flowmeter located on discharge of raw water pumps) 

iv. Calculation of rainfall addition to the pond (daily rainfall at Talinga is measured and 

recorded). 

To quantify the release of water from a Brine Pond a mass balance can be conducted using 
the following information: 

i. Daily pond levels 

ii. Flow to Brine Ponds from WTFs (the flowrate of saline effluent reject from the 

Reverse Osmosis units is measured) 

iii. Calculation of rainfall addition to the pond (daily rainfall at Talinga is measured and 

recorded). 

It is noted that quantifying a release from a pond will be made difficult by prevailing weather 
conditions such as heavy rainfall and flooding. 
 
Escalating 

Observations of potential issues with the Feed Pond and Brine Ponds are identified by the 
WTF operators and escalated to the Site Superintendent. Depending on the nature of the 
issue, it is further escalated to the Queensland CSG Engineering Manager. This mechanism 
is considered appropriate for the escalation of non-emergency issues. The daily recording of 
pond levels enables reporting to be conducted through the normal notification channels when 
the water level reaches the Mandatory Reporting Level. 
 
Results of the annual RPEQ inspection are also escalated to the appropriate engineering 
manager.  
 
In the event of a pond breach, Appendix I.8 of the Emergency Response Plan: Talinga 
Operations & WTF 
 

 (attached in Appendix N - ) applies. Refer to Appendix K - (Flowchart: Reporting Health & 
Environment Based Exceedences for Talinga WTF) for details of the actions to be taken 
regarding the escalation and notification of the event. 
 
Management of Potential Release 
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It is intended that unplanned release from ponds will not occur and sizing, engineering 
design and management of ponds has been undertaken accordingly.  Management actions 
in relation to an unplanned release have been described above.  
 
However, if unplanned circumstances prevail, and a controlled brine release from ponds is 
deemed necessary, the situation is intended to be closely managed in consultation with 
DERM via a Transitional Environment Program (TEP) pursuant to the Environment 
Protection Act.  Such a program is intended to reduce the risk of actual and/or potential 
environmental harm.  For example, a managed release of brine to the environment may be 
undertaken to prevent an unplanned release (e.g. uncontrolled overtopping or structural 
failure of a pond).         
 
As part of the development of a TEP and prior to approval of the TEP by DERM, other 
management options for the water are investigated and undertaken where possible. As part 
of the TEP key actions, timeframes, release points and monitoring in relation to the release is 
identified and executed.  Conditions of release are also identified.  Stakeholder management, 
such as communication with various groups including government departments, local 
councils, and potentially affected landholders is undertaken.  Potential additional receiving 
environment monitoring that may be undertaken is described in the following section. 
Potential mitigation actions to manage potential impacts to the receiving environment caused 
by such a release, have been identified in section 12.2.5.    
 

12.2.4 Unplanned Release Event – Additional Monitoring 

The extent of additional monitoring in the receiving environment will be determined based on 
the nature, severity and duration of the unplanned release event. Severe weather conditions 
such as extreme rainfall could be a potential contributor to an unplanned release, and due 
consideration of safety and accessibility of the surrounding water courses will be considered 
whilst scheduling additional monitoring. 
 
Additional monitoring following an unplanned release may involve one or a combination of: 
 

i. Increasing the frequency of monitoring undertaken as part of the REMP so that 
additional monitoring events, commencing as soon as practical following the 
unplanned release will occur, 

ii. Increasing the number of monitoring locations, so that information from additional 
locations along the Condamine River and Yuleba Creek occurs, and  

iii. Monitoring of particular quality parameter(s) (contaminants) recognised to have been 
discharged beyond acceptable limits. 

The exact monitoring response for environmental issues will need to be determined at the 
time of the event based on the type of release that has occurred. 
 
For a release that has the potential to impact public health, APLNG will comply with 
requirements of the Water Supply (Safety & Reliability) Act 2008. Details of specific actions 
to be taken in relation to public health protection are contained in the Emergency Response 
Plan: Talinga Operations & WTF 
 

 (for Talinga), and will be produced accordingly for the proposed WTFs in Condabri Central 
and Reedy Creek. 
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12.2.5 Potential Management Actions 

APLNG’s five year operational plan takes into account results from the REMP (see Section 
1.2 Receiving Environment Monitoring Programs) in order to manage impacts on the 
receiving environment. Potential mitigation actions on the receiving environment have been 
identified as follows: 

i. Catching and removal of exotic fish species 
ii. Removal of macrophyte accumulations, and 
iii. Riparian restoration program, involving  weed removal, bank stabilisation, and 

replacement of in-stream habitat 
In addition to the management actions defined above, specific thresholds for the protection of 
Murray cod have been identified (refer section 6.1) which will trigger management action 
listed below: 
 
 

1. If the thresholds relevant to the protection of Murray cod (refer Section 6.1) are 
triggered, an investigation will be undertaken into the potential that releases of CSG 
water has resulted in a significant decline in habitat and/or macroinvertebrate 
community composition and abundance. 

2. If the investigation proves that significant decline in habitat and/or macroinvertebrate 
community composition and abundance was a result of CSG water releases then: 

• The contributing factor (e.g. water quality, impacts on hydrology) will be 
addressed in a timely fashion; and 

• Reconstruction/reinstatement of habitat and targeted monitoring of 
macroinvertebrates in the relevant area will occur until downstream habitat and 
macroinvertebrate community structure return to similar levels compared to 
upstream conditions. 
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13. Reporting and REMP Review

Each aspect of surface water
reported. APLNG’s performance measures
the monitoring programs are summarised in this section.  

13.1 Performance Measure of Monitoring Program

The framework for the CSG’s surface
improvement methodology of 
Figure 13-1. 

Figure 13-1 Continuous 

The method in which the continuous improvement cycle is implemented, is discussed further 
in the following section.  

13.2 Regular Reporting  

Regular reporting to the state 
intervals for CSG water treatment at the WTFs.
treated water monitoring results will be reported 
authority.  Internal interim reporting will be conducted for the seasonal results of
and annually to the state’s administering authority
management reporting will be submitted 

If any monitoring information of significance is noted that is not an exc
conditions and warrants reporting to the administering authority outside of regular reporting 
periods, APLNG will pro-actively report the information to the administering authority in 
addition to the regular reporting submissions. 

(Refer Figure 13-1) Each REMP will be reviewed periodically, but as a minimum annually, 
and is relevant to each site (
assist with reviewing licence limits and trigger levels in the future.  They will also be used to 
assist with determining potential impacts to water quality in the receiving environment due to 
the releases.  An internal review of all monitoring programs 
of a meaningful amount of data. If results for the upstream reference sites are obviously 
inconsistent after the first year of monitoring, the suitability of the reference sites, 
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and REMP Review 

water monitoring and management is rigorously monitored and 
APLNG’s performance measures and reporting that will be conducted in relation to 

the monitoring programs are summarised in this section.   

Performance Measure of Monitoring Program 

’s surface water management program is based on the 
odology of Plan-Develop-Evaluate-Implement and Monitor as shown in

 

Continuous improvement cycle 

The method in which the continuous improvement cycle is implemented, is discussed further 

 

state administering authority (i.e. DERM) will be conducted at 
for CSG water treatment at the WTFs. For discharge to surface water, source and 

treated water monitoring results will be reported at least annually to the administering 
authority.  Internal interim reporting will be conducted for the seasonal results of

administering authority, DERM.  Irrigation and saline effluent 
management reporting will be submitted to the administering authority annually.  

ring information of significance is noted that is not an exc
conditions and warrants reporting to the administering authority outside of regular reporting 

actively report the information to the administering authority in 
addition to the regular reporting submissions.  

) Each REMP will be reviewed periodically, but as a minimum annually, 
and is relevant to each site (Evaluate). Upstream reference value results will be used t
assist with reviewing licence limits and trigger levels in the future.  They will also be used to 
assist with determining potential impacts to water quality in the receiving environment due to 

An internal review of all monitoring programs will be conducted upon collection 
meaningful amount of data. If results for the upstream reference sites are obviously 

inconsistent after the first year of monitoring, the suitability of the reference sites, 

Plan 
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management is rigorously monitored and 
and reporting that will be conducted in relation to 

is based on the continual 
Monitor as shown in 

The method in which the continuous improvement cycle is implemented, is discussed further 

will be conducted at annual 
For discharge to surface water, source and 

annually to the administering 
authority.  Internal interim reporting will be conducted for the seasonal results of the REMP 

and saline effluent 
annually.   

ring information of significance is noted that is not an exceedence of EA 
conditions and warrants reporting to the administering authority outside of regular reporting 

actively report the information to the administering authority in 

) Each REMP will be reviewed periodically, but as a minimum annually, 
eference value results will be used to 

assist with reviewing licence limits and trigger levels in the future.  They will also be used to 
assist with determining potential impacts to water quality in the receiving environment due to 

will be conducted upon collection 
meaningful amount of data. If results for the upstream reference sites are obviously 

inconsistent after the first year of monitoring, the suitability of the reference sites, frequency 



Stage 1 CSG Water Monitoring & Management Plan:  
Surface Water Monitoring & Management 

 

    

commercial-in-confidence     Q-LNG01-95-MP-1040 
     
Australia Pacific LNG Pty Limited ABN 68 001 646 331 
Level 3, 135 Coronation Drive, Milton, Qld, 4064 
GPO Box 148, Brisbane, Qld, 4001 • Telephone (07) 3858 0280• Facsimile 1300 863 446 • www.aplng.com.au          96 
 

of monitoring and the need to add other reference sites to account for natural variability, will 
be evaluated (in accordance with the recommendations in Section 4.4.3.1- Reference data 
quantity from the QWQG). 

If clear and stable trends are determined it may be feasible to suggest a reduction in 
frequency of monitoring for particular parameters or conditions, or at particular locations 
(Implement).  If certain parameters regularly go undetected, APLNG may recommend that 
these are not tested for on a regular basis.  If a parameter of particular concern is noted, an 
increase in monitoring frequency and sampling locations may be suggested and voluntarily 
undertaken before formal requirements to do so are implemented (monitor).  
Recommendations for formal changes to monitoring programs will be submitted to the 
administering authority as appropriate (Plan/ Develop). 

13.3 Publications on the Internet 

APLNG maintains a comprehensive database of publications on its project website: 
http://aplng.com.au/. This URL details the EIS process, and allows any member of the public 
to download the Environmental Management Plans for Talinga/ Orana, Condabri and 
Combabula.  

The newsroom located at http://aplng.com.au/newsroom has been regularly updated since 
the formation of APLNG in 2008 and provides statements or announcements relevant to the 
APLNG project for public viewing, e.g. CSG well monitoring updates, contract awards, etc. 
Each statement/ announcement provides contact details of an APLNG representative for 
additional enquiries. 

APLNG will abide by the requirements of the state’s administering authority (DERM) with 
regard to publication of reports on the internet. 
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Appendix A -  Receiving Environment Monitoring Programs 

A.1. REMP: Talinga WTF 

A.2. REMP: Condamine River  

A.3. REMP: Yuleba Creek 
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Appendix B -  Proposed Data Analyses 

Macroinvertebrate Indices 

A number of indices are effective indicators of ecosystem health (EHMP 2004).  Use of 
multiple indices contributes to the robustness and reliability of any assessment.  The 
following indices have all been found to be effective indicators of ecological health (EHMP 
2004) and will be used as indicators in the REMP. 

Taxonomic richness  

Taxonomic richness is the number of taxa (typically families) in a sample. Taxonomic 
richness is the most basic and unambiguous diversity measure, and is considered to be 
among the most effective diversity measures.  It is however, affected by arbitrary choice of 
sample size.  Where all samples are considered to be of equal size, taxonomic richness is 
considered to be a useful tool when used in conjunction with other indices.  Richness does 
not take into account the relative abundance of each taxa, so rare taxa have as much 
‘weight’ as common ones. 

PET Richness 

While some groups of macroinvertebrates are tolerant of pollution and environmental 
degradation, others are sensitive to these stressors (Chessman 2003).  The Plecoptera 
(stoneflies), Ephemoptera (mayflies), and Trichoptera (caddisflies) are referred to as PET 
taxa, and they are particularly sensitive to disturbance.  There are typically more PET 
families in sites with good habitat and water quality than in degraded sites, and PET taxa are 
often the first to disappear when water quality or environmental degradation occurs (EHMP 
2007).  The lower the PET score, the greater the inferred degradation. 

SIGNAL 2 Scores 

SIGNAL (Stream Invertebrate Grade Number — Average Level) scores are also based on 
the sensitivity of each macroinvertebrate family to pollution or habitat degradation.  The 
SIGNAL system has been under continual development for over 10 years, with the current 
version known as SIGNAL 2.  Each macroinvertebrate family has been assigned a grade 
number between 1 and 10 based on their sensitivity to various pollutants.  A low number 
means that the macroinvertebrate is tolerant of a range of environmental conditions, 
including common forms of water pollution (e.g. suspended sediments and nutrient 
enrichment). 

SIGNAL 2 scores are an index of macroinvertebrate communities that gives an indication of 
the types of pollutants and other physical and chemical factors affecting a site, that is also 
weighted for abundance, so that the relative abundance of tolerant or sensitive taxa can be 
taken into account (instead of only the presence / absence of these taxa).  The overall 
SIGNAL 2 score for a site is based on the total of the SIGNAL grade (multiplied by the 
weight factor) for each taxa present at the site, divided by the total of the weight factors for 
each taxa at the site. 

Low SIGNAL 2 scores indicate low abundance of moderately sensitive taxa and a high 
abundance of tolerant taxa, which in turn is indicative of poor habitat quality.  In contrast, a 
high SIGNAL 2 score indicates moderate to high abundance of sensitive taxa, which is 
indicative of good habitat quality (Chessman 2003). 
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Univariate Analyses 

ANOVA (analysis of variance) is a statistical hypothesis testing procedure.  It compares the 
mean of different variables, taking into account the variance both within each test group (e.g. 
site) to variance among each test group (e.g. sites).  The null hypothesis is that this mean is 
the same for all groups.  Generally, if the significance level of the test (p value) is below 
0.05, the null hypothesis can be rejected. Two-way ANOVA incorporates differences 
between sites and also time.  A significant interaction between site and time indicates that 
one group of samples (e.g. receiving environment sites) has changed at a different rate 
relative to another group of samples (e.g. reference sites). 

Where ANOVA indicates that there are significant differences among means, post-hoc tests 
were used to separate and group means from the analysis of variance tests, i.e. to 
determine which groups or sites are different from one another (Zar 1996). 

Multivariate Analyses 

Multivariate statistical techniques are widely used in ecology to assess the similarities / 
relationships between communities.  Whereas univariate analyses can only compare one 
variable at a time (e.g. an index of community structure such as a diversity index, or a single 
indicator species), multivariate analyses can compare samples based on the extent that 
communities share particular taxa and the relative abundances of each taxa (Clarke & 
Warwick 2001). 

Ordinations are particularly useful tools for analysing, and visually presenting, differences 
among communities.  Ordinations are maps of samples, in which the placement of samples 
on the map reflects the similarly of the community to the communities in other samples 
(Clarke & Warwick 2001).  Distances between samples on an ordination attempt to match 
the similarities in community structure: nearby points represent communities with very few 
differences; points far apart have very few attributes in common (Clarke & Warwick 2001). 

The first step of multivariate analysis usually involves the creation of a similarity or 
dissimilarity matrix, which incorporates the creation of a triangular matrix of similarity 
coefficients, computed between every pair of samples.  The coefficient is usually a measure 
of how close the abundance levels are for each species (defined so that 100% = total 
similarity and 0% = complete dissimilarity).  While there are a number of metrics used, the 
Bray-Curtis coefficient is commonly to convert biological data (i.e. abundances of different 
taxonomic groups) into a similarity matrix (Clarke & Warwick 2001). 

Non-metric multi-dimensional scaling (nMDS) 

Non-metric multi-dimensional scaling (nMDS) attempts to places samples on a ‘map’, such 
that the rank order of the distances among samples matches the rank order of the matching 
similarities from the similarity matrix (Clarke & Warwick 2001). This provides a visual 
representation of the similarities among communities within each sample.  Note that each of 
the axes is not related to any particular value; in fact axes can be rotated to provide the best 
visual representation of the data. 

A stress coefficient is calculated to reflect the extent to which the nMDS ordination and the 
similarity matrix agree (Clarke & Warwick 2001), i.e. how well the nMDS ordination 
accurately reflects the relationship between samples.  Stress values of < 0.15 are generally 
acceptable for interpretation. 
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Analysis of Similarities 

ANOSIM is analogous to analysis of variance (ANOVA) in univariate statistics (Clarke 1993; 
Smith 2003).  A global R statistic is calculated to determine whether there is a significant 
difference among all samples.  If there are differences, then pairwise comparisons are 
conducted to test for differences between pairs of samples (analogous to post-hoc tests in 
ANOVA). 

The ‘R’ value lies between  +1 (all similarities within groups are less than any similarity 
between groups) and -1 (similarities among groups are less than within groups), with a value 
of zero representing the null hypothesis (no difference among a set of samples) (Clarke & 
Warwick 2001).  Comparison of pair-wise R values can give an indication of how different 
communities are: R values close to 0 indicate little difference, values around 0.5 indicate 
some overlap and values close to 1 to indicate many or substantial differences.  In many 
instances however, researches are primarily interested in whether the R value is statistically 
different from zero (usually at a confidence level of 0.05) (Clarke & Warwick 2001), i.e. 
whether they can reject the null hypothesis. 

ANOSIM can provide information on whether the (visual) differences between assemblages 
in the nMDS ordination are significantly different based on an independent permutation test 
that is separate from the nMDS ordination.  It is based on testing the differences between 
the rank similarities in the similarity matrix, not on the distances between samples in the 
nMDS ordination (Clarke & Warwick 2001). 

Similarity Percentage – Species Contributions (SIMPER) 

SIMPER analysis was done to identify the species / taxa that contributed to the dissimilarity 
between the communities at each site in May 2009 (i.e. it identifies which species are 
contributing the most to the differences among and within sites).  SIMPER analysis may help 
to identify potential ‘indicator’ species.  For example, if a particular species consistently 
contributes substantially to the differences between impacted and unimpacted assemblages, 
it may be a useful indicator of environmental harm.  The abundance of this indicator species 
can then be compared among sites using univariate techniques such as ANOVA. 

BIOENV 

The BIOENV procedure is part of the RELATE function in the PRIMER 6 software, and can 
be used to examine the extent to which observed community patterns in biological data, 
such as the composition and abundance of macroinvertebrates among different sites, can be 
related to a combination of observed physical or chemical variables collected from the same 
sites (Clarke & Warwick 2001).  The combinations of physical or chemical variables are 
compared against biological variables, using increasing levels of complexity.  The 
combination of environmental variables that best describe the biological community pattern 
are ranked and analysed using a rank correlation coefficient test (Spearman’s coefficient – 

Rho (ρ)).  Values of ρ lie between -1 and 1, which corresponds to cases that are in complete 

opposition or in complete agreement, ρ-values around zero occur when there is no match 
between the two patterns (Clarke & Warwick 2001).  The combination of environmental 
variables that best describes any biological pattern will typically be closer to 1 than 0. 

Scaling or normalisation of environmental data is usually required, so that each of the 
variables have comparable, dimensionless scales (Clarke & Warwick 2001).  This helps to 
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eliminate differences that may be caused by arbitrary scaling of the variable (e.g. the results 
will be different using mg/kg or µg/kg for sediment metal concentration 
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Appendix C -  RPS (ex Conics) Assessment of Impact on Narran 
Lakes Wetland
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Appendix D -  Methods for Derivation of Regional WQOs and 
Background Values 

Regional WQOs will be derived for the Condamine and Condamine-Balonne Catchment by 
DERM in the future and will be incorporated into future versions of the QWQG (DERM 
2009).  This will be done using a ‘reference-based’ approach, based on data collected at 
reference sites surveyed in DERM’s regional monitoring program.   

Site-specific background values will be derived as part of the REMP, using a similar 
approach: that is, the values will be based on data collected from the background sites that 
are not influenced by the proposed discharges.   

Where appropriate, direct toxicity assessments will also be used to determine what influence 
water and sediment quality have on biological communities, and whether there are clear 
‘trigger values’ for toxicant concentrations that impact on biological communities.   

The background values will inform the refinement of licence limits and trigger values in the 
future. 

A discussion of each of these methodologies is presented below. 

Acceptable Departure From Reference Condition 

In summary, derivation of regional WQOs by determining the acceptable departure from a 
reference condition involves selection of appropriate reference sites to represent the aquatic 
habitats found within the study area, and calculating 20th and 80th percentile values (in the 
case of slightly-moderately disturbed waters) for each water quality indicator, to form the 
basis of the WQOs (DERM 2009).  A reference site is defined as a site where (from DERM 
2009):  

• there is no intensive agriculture (such as the use of irrigation and agrochemicals; 
dryland grazing is not included in this category), extractive industry, major urban 
areas or point source wastewater discharge within 20 km upstream, and 

• the seasonal flow regime is not greatly altered by water abstraction or regulation. 

Typically, percentile data should be based on a minimum of 18 data points collected over at 
least 12 months (but preferably 24 months) from one or two background sites, and 12 data 
points collected over at least 12 months (but preferably 24 months) from three or more 
background sites (DERM 2009).  The minimum interim data set requirement is 8 data points 
collected over 12 months.  In ephemeral environments, at least two but preferably three or 
more reference sites should be sampled (DERM 2009).  However, the guidelines note that 
interim WQOs could be derived from local data after eight data points have been collected 
over this period (DERM 2009).  These interim objectives would be subject to further 
refinement after more data is collected. 

DERM will use water quality data from reference sites in their regional monitoring program to 
derive regional WQOs in the future.  The background sites for the Australia Pacific LNG 
REMP may not meet the criteria for a reference site.   However, data from the background 
sites will be analysed in the same way in order to derive site-specific background values. 
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Direct Measurement of Biological Impacts 

This method of deriving guidelines is based on direct testing of a toxicant on a target 
organism, such as fish and other aquatic species (DERM 2009).  Such studies are often 
known as direct toxicity assessments, or ecotoxicology / bioassay procedures.  This 
approach is appropriate for a stressor that has direct measurable impacts on biota such as 
heavy metals, but is less appropriate for stressors whose impacts on biota are indirect and 
more complex (such as nutrients; DERM 2009).  Spiked sediment toxicity testing is also 
appropriate for determining local sediment guidelines (ANZECC & ARMCANZ 2000). 

Field Studies 

Biological and environmental data (such as toxicant concentrations in water and sediment) 
can be ‘matched’ using statistical correlation techniques, to determine what influence water 
and sediment quality are having on biological communities, and whether there are clear 
‘trigger values’ for toxicant concentrations that result in a shift in biological community 
composition. 
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Appendix E -  Treated and Untreated CSG Water Storage and Saline 
Effluent (Brine) Pond Drawings 

 

Appendix F -  CSG Water Management Plans 

F.1. Talinga CSG Water Management Plans 

F.2. Condabri CSG Water Management Plans 

F.3. Combabula CSG Water Management Plans 

 

Appendix G -  Saline Effluent Management Plans 

G.1. SEMP: Talinga/ Orana (Q-4100-15-MP-0004) 

G.2. SEMP: Condabri Central (Q-LNG01-15-MP-0033) 

G.3. SEMP: Combabula Central (Q-4200-15-MP-0003) 

 

Appendix H -  Crisis & Emergency Management Directive 

 

Appendix I -  Incident Management Directive 

 

Appendix J -  Coal Seam Gas Water Quality Monitoring Program: 
Talinga Water Treatment Facility 

 

Appendix K -  Flowchart: Reporting Health & Environment Based 
Exceedences for Talinga WTF 

 

Appendix L -  Walloons Groundwater Monitoring Plan 

Appendix M -  Pond Observation Log Sheet 
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Appendix N -  Emergency Response Plan: Talinga Operations & 
WTF 

 

Appendix O -  Pond Technical Specifications 

O.1. Technical Specification – Leak Detection & Recovery System 

O.2. Technical Specification – Lining System 

 

 

 


