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Executive Summary
QGC Pty Ltd (QGC’s) Stage 3 Water Monitoring and Management Plan (WMMP) satisfies conditions 49 to 64 of
QGC’s Environmental Protection and Biodiversity Conservation (EPBC) Act approval 2008/4398 for the gas field
component of the Queensland Curtis Liquefied Natural Gas (QCLNG) Project.
The approved Stage 3 WMMP builds on both the Stage 1 WMMP, submitted on 21 April 2011 and updated in
October 2011, and the Stage 2 WMMP approved on 21 December 2012.
The Stage 3 WMMP was approved by a delegate of the minister on 19 December 2013.
In accordance with condition 49 (i) of the above approval, QGC is required to develop an annual monitoring
report to be submitted to the Department of the Environment (the Department) each year. This report fulfils
this requirement and demonstrates QGC’s progress and performance against commitments within the
approved WWMP from August 2015 to August 2016 (the Reporting Period).
Key milestones over the reporting period include:


Delivery of the Draft 2016 Surat Underground Water Impact Report by Queensland Government



Commencement of the 2016 groundwater monitoring network drilling program – Phase 2 of the
2012/2016 UWIR requirements



Ongoing re‐conceptualisation and characterisation of Surat Basin hydrogeology with major inputs and
data transfers to the Office of Groundwater Impact Assessment (OGIA’ to support their modelling
efforts; and



Ongoing connectivity studies with integration of project operational data to characterise
aquifer/aquitard interactions through assessment of large scale system response

Three summary tables are provided below which provide more detail on the progress made by QGC during the
Reporting Period. These tables are:


Table ES‐1

Summary of progress against EPBC Conditions;



Table ES‐2

Update of completed Commitments from the Stage 3 WMMP.
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Table ES‐1

Summary of QGC’s progress and actions against EPBC referral conditions

Condition
Number

Description

Progress

49A

Groundwater drawdown limits for each targeted aquifer

N/A

49C

A program and schedule for field piloting of aquifer re‐injection of treated CSG
water and other groundwater re‐pressurisation techniques

QGC completed Stages 1 and 2 of its trial program to characterise the subsurface and
prepare for the injection trial. This included:
1.

Monitoring bore Woleebee Creek GW4 data acquisition; and

2.

Stage 2 – construction of a trial injection bore and adjacent monitoring bore and
surface infrastructure.

QGC’s surface infrastructure was severely damaged by storm in October 2014 and therefore
QGC proposed not to proceed with Stage 3 of its trail involving the injection of water
sourced from the Precipice formation and CSG treated water. Despite QGC not proceeding
with its scheme,, successful implementation of the APLNG Reedy Creek injection scheme
allows direct evaluation of the Precipice as an injection target without this trial.
49D

Early warning indicators where drawdown thresholds are being approached.

Ongoing monitoring – none triggered.

49E

The estimated number and the spatial distribution of boreholes where hydraulic
fracturing may be necessary

Ongoing collation of stimulation activities, update provided in Annual Report

49G(i)

Identification of the surface and aquatic systems to be monitored and their
environmental values

Transferred to SunWater under Condition 60A.

49G(ii)

The number and locations of monitoring sites upstream and downstream of
proposed discharges of CSG water

49G(iii)

Frequency of the monitoring

49G iv

Baseline data for each monitoring site

49G v

The approach taken to analyse results including methods to determine trends

49G vi

Threshold values that protect relevant MNES

49G Vii

Water treatment and amendment methods and standards

Continued operation and construction.

49G viii

Water storage locations and volumes

Continued operation and construction.

49g ix

Water use or disposal options and methods

Continued operation and construction.

49G x

Brine storage locations and volumes, and brine crystal management

Engineering studies underway.

Transferred to SunWater under Condition 60A.

Transferred to SunWater under Condition 60A.
Transferred to SunWater under Condition 60A.
Transferred to SunWater under Condition 60A.
Transferred to SunWater under Condition 60A.
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Condition
Number

Description

Progress

49G xi

Emergency water discharges, their volume and quality

Plan implemented.

49G xii

Reference to standards and relevant policies and guidelines

Continued application of standards.

49i

Performance measures, annual reporting to the Department and publication of
reports on the internet

Reports are published on the website as they are approved. Monitoring data available on

An ongoing CSG water treatment program to ensure that any water to be used

Northern treatment plant was commissioned in Q2 2015 and is now fully operational.

52A

the QGC website from April 2014. QGC online water map now allows better visualisation of
data.

for reinjection is treated to at least equal to the water quality of the receiving
groundwater system
52B

The methods, data and the evidentiary standards necessary to support a

N/A

conclusion that the aquifers from which CSG water is being extracted is not
hydraulically connected to other aquifers
52(C)(I), (II)
AND (III)

The aquifers to be monitored and the rationale for the selection, the number and
locations of monitoring bores and the frequency of the monitoring

Six‐ monthly Implementation reports to OGIA.

52(D)(I)

An exceedance response plan to avoid, minimise and manage risk of adverse

Prepared as part of BUA applications.

impacts and response actions and timeframes that can be taken by the
proponent if threshold values for surface water quality are exceeded
53B(A)

A program and schedule for aquifer connectivity studies and the monitoring of
relevant aquifers to determine hydraulic conductivity

Ongoing monitoring of operational data.

53B(B)

Details of constituent components of any hydraulic fracturing agents and any

The report “Hydraulic Stimulation Fluids Risk Assessment, December 2014” was submitted

other reinjected fluid(s) and their toxicity as individual substances and as total
effluent toxicity and ecotoxicity

to DoE on 23/12/2014, satisfying Item 40 and Item 60 of the Stage 3 WMMP Commitments
Table.

Mechanisms to avoid, minimise and manage risk of adverse impacts and

Preparation of emergency response plans to cover all regulated water and waste storages.

53B(C)

response actions and timeframes that can be taken by the proponent if there are
unforseen emergency discharges
53B(D)

A groundwater quality and quantity monitoring plan to monitor aquifers

Six‐ monthly implementation reports to OGIA.

underlying the project area using a statistically and hydrogeological valid best
practice bore monitoring network
I

Baseline data for each monitoring site for comparison of monitoring results over
the life of the project

Data being collected and incorporated in analyses. Quantitative analysis of data (including
trend analysis) to identify baseline "values". Ongoing aquifer surveillance program.
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Condition
Number
II

Approach to be taken to analyse the results including the methods to determine
trends to indicate potential impacts

53B(E)

Progress
Ongoing refinement of methodology and application to datasets of sufficient record.
Integration of data correction and trend analysis procedures with OGIA and industry
partners.

An exceedance response plan that includes:

(i)

Mechanisms to avoid, minimise and manage risk of adverse impacts and
response actions and timeframes that can be taken by the proponent if:
I

Threshold values for aquifer drawdown or groundwater contamination are
exceeded

Interim water quality response plan delivered in April 2014.

II

Subsidence or surface deformation occurs which impacts on surface or
groundwater hydrology

Stage 3 of satellite InSAR data acquisition procured and ongoing. Annual progress report

There are unforseen emergency discharges

Implementation of emergency response plans to cover all regulated water and waste
storages, including the Northern Development Area.

A program and time table for repressurisation using injection of CSG water

Not required according to current UWIR results

III

(ii)

Description

prepared and issued October 2016. Planning for Joint industry and Academic study on
Geomechanics.

61

To avoid or minimise direct or indirect adverse impacts on MNES, the proponent
must:

61a.

Develop a regional scale, multi‐layer transient groundwater flow model of the
cumulative impacts of multiple CSG development

Completion of GEN3 dual phase model. Presentation of results to GA, CSIRI, OWS and

Develop and implement an adaptive management framework applicable at both

Ongoing commitments to meet requirements of Stage 3 WMMP.

61b.

NCGRT. Ongoing use of OGIA model to inform technical studies. Ongoing transfer of data
and understanding to support OGIA effort.

the project and regional scale, that includes monitoring and mitigation
approaches to assess and manage impacts of CSG development, which takes into
account the groundwater model of cumulative impacts
61c.

Contribute data as requested over the life of the Project to inform a Basin scale

Data contributed on a six monthly frequency

multilayer, transient groundwater flow model of the cumulative effects of
multiple CSG developments in the Surat and Bowen Basins.
62

The model required under condition 61 (a) must :

Reviewed and confirmed. Confirmation of acceptability of model still outstanding.

62a

Use the best hydrostratigraphic and hydrogeological information available at the

See above.

time, to identify the likely cumulative impacts of multiple CSG developments
across the Surat and Bowen Basins
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Condition
Number

Description

Progress

62b

Detail all data relating to the hydraulic connectivity between aquifers and
aquitards used to substantiate the model parameterisation

See above.

62c

Be calibrated against measured piezometer responses in areas where CSG
development has commenced
In relation to the reporting of model outputs – conform to the recommendations
of the former Murray Darling Basin Commission Groundwater Modelling
Guidelines
Include:
I.
water balances for the major aquifers affected by the CSG operations
including the expected timeframe by any changes in water balance
and pressure;
II.
recharge versus extraction for those aquifers;
III.
details of justification for and assumptions regarding aquifer seal
integrity (i.e. thickness and distribution of aquitards);
quantification of hydraulic connectivity between different units
IV.
(aquifers and aquitards) through drill stem and pump testing; and
V.
quantification of the impacts of reinjection and other groundwater
repressurisation techniques on aquifer water balances.

See above.

62d

62e

62f

63

64

Provide for adaptive monitoring through six monthly reporting of monitoring
results and new data, and annual updates of numerical simulation models and re‐
interpretation of results in relevant Queensland Government and
Commonwealth agencies.
The model required under Condition 61 a must be provided at the same time as it
is provided to meet the requirements of the Queensland Government.

The Proponent must seek approval if the model under Condition 61a is to be
satisfied by the Proponents’ contribution to a regional groundwater model
developed by the Queensland Water Commission.

See above.

See above.

See above.

The model results have been incorporated in the assessments contained in this document
relating to water management and protection of MNES. Particularly the development of
groundwater drawdown exceedance thresholds, which are based on model simulations.
The necessary approval from the Department concerning QGC’s use of the OGIA UWIR
model to satisfy Condition 61 has been received. The Approval was subject to QGC meeting
its financial and data transfer obligations to that modelling exercise. Those obligations were
implemented.
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Table ES‐2

#

QGC’s Revised Commitments Table as at October 2014.

Pre‐Dec
2012

Completion
Date as at
Dec 2013

Commitments

Department
Conditions

Revised Completion
Date as at
Oct 2014

Post‐Dec
2012

Groundwater and springs
53B d

Completion of Stage 2 Monitoring Bore and VWP conversion programs (as
outlined in this Plan)

March 2014

Incorporation of potential additional UWIR groundwater monitoring
requirements into Stage 2 Bore Construction Program

February 2013

1

52c i

2

52c i

3

52c i

53B d

Construction of additional UWIR monitoring bores

March 2014

4

52c iv

53B d

Completion of bore baseline assessments and data analysis

October 2013

5

52c v

Completion of first groundwater level trend analysis assessment

April 2013

6

49b

Completion and reporting on GEN3 model build

April 2013

7

49b

8

49b

53B a

9

49b

53B a

10

49b

11

49b

12

49b,
52d ii

13

52c

Completion of interim Groundwater Monitoring Plan.

April 2013

14

62f,
52c

Collation of groundwater monitoring results. Publication of data on a website.

April 2014 and six‐
monthly thereafter

15

52ci

Collection and analysis of six‐monthly groundwater quality samples

Biannually

16

52ci

Implementation of the telemetry system for continuous groundwater level
monitoring

April 2014

17

52cvi

Confirmation of threshold draw down values at early warning monitoring bores
and draw down time series

April 2013 or
when available
from QWC

52d III

Implementation of agreed collaborative industry approach to springs monitoring
and management. Derivation of trigger thresholds and finalisation of response
actions.

October 2013

18

68,69

Completion of preliminary Springs Monitoring Plan incorporating findings of
UWIR, Santos Regional Springs Survey and the collaborative industry proposed
EPBC Spring Monitoring Scheme

April 2013

19
20

69 b ii

Submission of report on Baseline Spring Program

April 2014

21

69 b

Completion of Springs Monitoring Plan incorporating input from connectivity
studies

October 2014

22

65,67

Completion of Ground Motion Monitoring and Management Plan

April 2013

23

65a

Completion of Baseline Data Review Report

April 2013

24

65b

Assessment of hydrological implications of ground motion

April 2014

25

66

Submission of ground motion progress reports. October 2013 report will include
ground motion modelling using the outputs of the QWC cumulative groundwater
model

October 2013 and
annually thereafter

26

66

Ground motion revised predictive deformation, trigger evaluation and evaluation
of mitigation options

April 2016 and
thereafter at three‐
yearly intervals

27

Completion of first Injection Management Plan (Precipice Water)

February 2013

28

Construction of investigation, monitoring and trial injection production bore

April 2013

Update for Stage 3 WMMP – Progress Report on IMP. Drilling of
injection well WCK_INJIP

June 2013

Injection Feasibility Study Report (part 1 and part 2)

April 2014 / April
2015

Finalisation of groundwater drawdown response plan

April 2013

Confirmation of early warning and threshold monitoring bore construction

October 2014

53B d

53B eci

Submission of aquifer connectivity studies progress report

April 2013

Submission of Infrastructure Connectivity Report

October 2013

Submission of consolidated Surat Basin Hydrogeological Model and recalibration
of GEN3 model. Commitment to ongoing model recalibration and reporting with
annual report. Reporting of connectivity studies

October 2014

Completion of preliminary hydrochemistry conceptual model. Justification
of water quality trend indicators

April 2013

Completion of Isotope studies

April 2013 / April
2014

Submission of integrated hydrochemistry report. Commitment to provide
baseline definition of groundwater quality in the Northern Gas Fields.

October 2014

June 2015

April 2015

April 2015

Reinjection

29

49c

30
Response plans
31
32

49c
and d,

53B d,
53B e
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Finalisation of groundwater quality response plan

April 2014

Development of environmental risk management and response plan and
an upgrade of exceedance response plans

April 2013

Completion of upgraded emergency response plans to cover all regulated water
and waste storage facilities

April 2014

Develop Emergency Discharge Management Plan

July 2013

Annual update of bores to be stimulated

October 2013 and
annually thereafter

38

Submission of reports to Queensland regulatory agencies

As required

39

Ecotoxicity Work Program Development

April 2013

40

Toxicity and Ecotoxicity Profiles for new chemicals. Completion of total toxicity
and ecotoxicity testing.
Ecotoxicity testing to be carried out in accordance with the 2000 NWQMS
Australian and New Zealand Guidelines for Fresh and Marine Water Quality.

December 2013

33

52di I
and II;
52d ii

34

52c viii,
52d i III

35

52d iv

36

49h,
52d i IV

53B e

53B c

August 2014

Hydraulic stimulation
37

49e

49f

53B c

53B c

41

Collection of representative samples of flow back water immediately post‐
stimulation and analysis

Ongoing

Affirmation that treatment plants are operational and producing water quality suitable
for discharge to the Kenya to Chinchilla Pipeline and Woleebee Creek to Glebe Weir
Pipeline in line with SunWater’s respective BUA’s

October 2014

December 2014

CSG water management
49g vii,
52a and
60a

42
43

Affirmation that Central Gas Fields beneficial reuse scheme is operational

April 2013

44

Confirmation of Northern Gas Fields beneficial reuse scheme approval

April 2013

Affirmation that Northern Gas Fields beneficial reuse scheme is operational

October 2014

Provision of Northern Gas Fields interim baseline data analysis report

October 2014

Completion of Northern Treatment Plant and Northern Gas Fields Emergency
Response Procedure and Dam Safety Emergency Response Plan

October 2014

45

49g i to
ix

46
47

April 2015

April 2015

Brine management
48

49 x

49

Confirmation that salt regulated waste facility is approved

October 2014

May 2015

Construction of the first regulated waste facility cell

October 2015

December 2017

Reporting
50

49i

Submission of Annual Report including (from October 2013) reporting results
of ongoing GEN3 model recalibration

October 2013 and
annually
thereafter

51a

59

Submission of Stage 3 WMMP

July 2013

51b

59

Submission of Stage 4 WMMP

July 2016

October 2013

New Commitments – Stage 3 WMMP
52

52c i

Implementation of landholder bore monitoring – land access negotiations

53

62f

Commencement of monitoring of Landholder Bores

April 2014

Development of an aquifer surveillance workflow

April 2014

54
55

53B d

56

Development of methodology for establishing a baseline

April 2014

Derivation of baseline for wells with sufficient record

October 2014

57

53B a

Submission of updated aquifer connectivity studies progress report

April 2014

58

53B d

First application of Trend Analysis to Springs Monitoring Bore data

October 2014

59

53B e

Development of springs conceptual models

April 2015

53B b

Preparation of Stimulation Fluids Risk Assessment incorporating results of
Hazard Characterisation (DTA)

February 2014

Detailed baseline evaluation incorporating landholder and dedicated
groundwater monitoring bores

April 2014

Review and update of water quality trend indicators

April 2016 and
thereafter at
three yearly
intervals

60

61

49b

62

49b

Commitments completed
Commitments work in progress

Evergreen Commitments
Firm deliverables for that month
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1.

Introduction

In accordance with condition 49 (i) QGC’s EPBC approval 2008/4398, QGC is required to develop an annual
monitoring report to be submitted to the Department each year. The following report fulfils this requirement
and demonstrates QGC’s progress and performance against commitments within the approved WWMP from
August 2015 to August 2016, the Reporting Period.
This annual report forms part of QGC’s broader commitment to reporting on its activities under the Stage 3
WMMP. Reporting during the course of the Stage 3 WMMP includes:


progress review meetings with the Department;



Identification and review of performance measures;



preparation of specialist technical reports which incorporate the findings of studies and programs
undertaken as part of the Stage 3 WMMPs (a summary of these reports is provided Table ES2);



publication of relevant reports on QGC’s website; and



preparation and publication of the Annual Report.

Consistent with previous annual reports, the remainder of this report is structured around the following key
headings:


Climatic conditions and streamflow;



Water production and processing – including beneficial reuse;



Well stimulation activities and the characterisation of stimulation fluids;



Aquifer monitoring network drilling;



Conceptual and numerical aquifer modelling;



Connectivity studies progress;



Springs monitoring and arrangement;



Trial reinjection program;



Ground motion assessments;



Brine management; and



Exceedance and response management plan.

This report demonstrates QGC’s progress on each commitment made and details progress and insights to
protect Matters of National Environmental Significance (MNES). Any technical documents, reports and
interpretative analysis required to support the progress indicated are included in the WMMP or associated
technical studies.
The timescale covered by this document is generally August 2015 to August 2016, although pertinent
information outside this period has also been included.
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2.

Climatic Conditions and Streamflow
Introduction

2‐1

The upstream gasfields project area broadly covers two catchments as illustrated in Figure 2‐1. These are the
Balonne‐Condamine Basin to the south and the Fitzroy Basin to the north.
The extent and pattern of the climate data over the previous year is presented here so the following can be
placed in context:


streamflow and flooding;



recharge to shallow and deep groundwater bodies and resulting impacts on groundwater levels; and



surface water inputs to springs and wetlands.

Figure 2‐1

Surface Water Catchment Areas and Stream Flow Gauging Locations and Rainfall Stations

The Queensland Water Commission Groundwater Underground Water Impact Report (UWIR) (2012b)
indicates the majority of tributaries of the Balonne‐Condamine river system are considered to be highly
ephemeral in nature. In other parts of the region there are a few spring fed sections of rivers. For example the
Dawson River may be fed in part from the Hutton Sandstone (QWC, 2012a).
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Groundwater systems are broadly aligned with the surface drainage patterns. A groundwater divide is
observed (east‐west) through the centre of the basin corresponding with the location of the Great Dividing
Range. The groundwater divide splits the domain into two opposing directions of groundwater flow:

2‐1



groundwater within the northern ‘Dawson River Catchment’ area which exits the system via the
Dawson River; and



groundwater within the southern ‘Balonne‐Condamine River Catchment’ area which exits the system
along the south and south‐western extent of the project area.

Climatic Data

The annual average rainfall over the project area is 610 mm, with the majority of rainfall occurring between
October 2013 to March 2014 (Woleebee Nevasa weather station calculated between 1912 and January 2013).
Figure 2‐2 illustrates the location of rainfall stations at Chinchilla and Taroom, which are adjacent to
streamflow gauging stations on the two main rivers associated with the project area: the Condamine and
Dawson Rivers.
Weather stations at Chinchilla and Taroom are also representative of the southern and northern gasfields
respectively and complementary to streamflow gauging stations.
For the purposes of the report, a period of 12 months from September 2015 to August 2016 was assessed for
rainfall and stream discharge.
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Chinchilla
The long‐term average annual rainfall at Chinchilla is 668 mm/year, based on records collected from 1890 to
2015 (Bureau of Meteorology (BoM) station 041017). However, incomplete records exist for a total of ten
years, including five years during the last decade.
In the assessment period from September 2015 to August 2016, a total of 604 mm of rain was recorded at
Chinchilla, 284 mm of which fell between the months of January and February 2016. A further 156 mm was
recorded between June and August 2016.
Figure 2‐4 presents a plot of monthly rainfall totals for these 12 months and the corresponding long‐term
average monthly rainfall. The monthly total for October 2015 was above the long term monthly mean for that
month, while the monthly total for March 2016 was more than double the long‐term monthly mean for March.
All other months during this period recorded equal or less than the long‐term monthly averages, with the
exception of June, July and August 2016 which were higher.
Figure 2‐2

Chinchilla Monthly Rainfall September 2015 to August 2016
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Figure 2‐3 below presents a graph of the cumulative deviation from mean monthly rainfall at Chinchilla for the
years 1900 to 2016, based on mean monthly rainfall from 1900 to 2015. A rising trend is evident from mid‐
2009 until early 2013, indicating wetter than average conditions and corresponds with large rainfall events in
those years. Since 2013 the trend has been declining before stabilising in recent months which may be
influenced by some missing records in 2014.
Figure 2‐3

Chinchilla Cumulative Deviation from Mean Monthly Rain 1900 to 2016
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Daily rainfall at Chinchilla and mean daily discharge for the Condamine River at Chinchilla (Station 422308C)
over the assessment period are shown in Figure 2‐4.
Significant daily rain totals of 73 and 90 mm in October 2015 and January 2016 respectively do not correlate
with an increase in stream discharge and conversely were recorded during a period of decreasing stream flow.
A daily rain event of 40 mm in March 2016 was followed six days later with another daily total of 63 mm and
the mean Condamine River discharge increased from 0.008 to 72 ML/day. The discharge remained above 60
ML/day for a further 5 days, when another rainfall total of 43 mm was recorded. Rainfall totals of 12 mm and
13 mm were recorded over successive days in July 2016, with the stream flow rapidly increasing up to 85
ML/day before declining to 0 ML/day within 5 days. Similarly in August 2016, rainfall totals of 12 mm and 35
mm were recorded over successive days, however, the stream flow had been declining for 6 days prior to that,
from a peak of 88 ML/day down to 44 ML/day.
There is some relationship between rainfall and stream flow, however, larger rain events up to 90 mm do not
necessarily correspond with a proportional increase in river discharge. The Condamine River discharge at
Chinchilla is likely to also be representative of all the precipitation and resultant overland flow of the entire
Condamine River catchment upstream of Chinchilla.

Chinchilla Daily Rainfall and Condamine River Discharge September 2015 to August 2016
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Taroom
The long‐term average annual rainfall at Taroom is 674 mm/year, based on records collected from 1871 to
2015 (BoM station 035070). Incomplete measurements exist for twelve years. A total of 528 mm of
precipitation was recorded in the assessment period from September 2015 to August 2016, of which 338 mm
fell between October and February.
Figure 2‐5 shows the monthly rainfall totals for the assessment period, indicating the greatest proportion of
rain fell during the spring and summer. The monthly totals for the past year are all less than or equal to the
long term monthly averages, with the exception of October 2015 and June, July and August 2016. The
precipitation for June and July was approximately double the long term monthly mean for those months.
Figure 2‐5

Taroom Monthly Rainfall September 2015 to August 2016
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Figure 2‐6 presents a graph of the cumulative deviation from mean monthly rainfall at Taroom for the years
1900 to 2016, based on mean monthly rainfall for 1900 to 2015. It can be seen that from 1985 until 2009 there
was a general downward trend, indicating drier than average conditions, however, from early 2010 to mid‐
2012 the curve has risen, indicating wetter than average conditions. This increase corresponds with heavy
rainfalls in the Taroom area in 2009 to 2012. The curve has subsequently declined from mid‐2012 to present.
Figure 2‐6

Taroom Cumulative Deviation from Mean Monthly Rain 1900 to 2016
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Daily rainfall at Taroom and mean daily discharge from the Dawson River at Taroom (Station 130302A) during
the assessment period are displayed on Figure 2‐7.
October daily rain events of 24 and 13 mm were followed by an increase in mean river discharge from 9 to
2,506 ML/day with a lag time of almost 2 weeks. A comparatively larger daily rainfall total of 59 mm was
recorded in November 2015, with a subsequent increase in discharge from 167 up to a maximum of 386
ML/day within 4 days. Conversely, following a daily rainfall event of only 14 mm in early December, the
Dawson River mean discharge rose from 367 to 13,425 ML/day within 2 days. Flow again increased in
December 2015 up to a maximum of 1,519 ML/day following a series of daily precipitation totals of 15 mm or
less. Significant mean daily discharge occurred in late January and early February 2015, with the Dawson River
reaching peaks of 4,660 and 20,690 ML/day respectively, despite the total January rainfall recorded at Taroom
of 66 mm which is below the long term monthly average. Daily rainfall events of 26 and 38 mm occurred in
June, followed by totals of 34 and 18 mm in July, however, the mean Dawson River flow was a maximum of
303 ML/day throughout that period, with most daily discharge substantially less.
These relationships suggest that the Dawson River discharge at Taroom is influenced by rainfall and overland
flow both locally at the town and upstream, as evidenced by a rainfall event of up to 59 mm in Taroom not
necessarily resulting in an increase in river discharge.
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Figure 2‐7

Taroom Daily Rainfall and Daily Dawson River Discharge September 2015 to August 2016

70

25000

60
20000

15000
40

30
10000

Mean Daily River Discharge (ML/day)

Daily Rainfall (mm)

50

20

5000
10

0
Sep‐15

0
Oct‐15

Nov‐15

Dec‐15

Jan‐16

Feb‐16
Daily Rainfall

Mar‐16

Apr‐16

May‐16

Jun‐16

Jul‐16

Aug‐16

Mean Daily River Discharge

BoM data indicates annual pan evaporation for the project area ranges from 1,800 to 2,000 mm/year
(http://www.bom.gov.au/jsp/ncc/climate_averages/evaporation/index.jsp). The pan evaporation rate is three
to four times higher than the average annual rainfall for the model domain.
There is sparse vegetation (predominantly grass) across much of the project area. Regions of trees are
predominantly located within close proximity to rivers, tributaries and national/state forests. BoM data
indicates the annual average evapotranspiration rates over the relevant part of the Surat Basin range from 400
to 600+ mm/year (http://www.bom.gov.au/jsp/ncc/climate_averages/evaporation/index.jsp). This rate
accounts for approximately 67 to 100% of the average annual rainfall for the model domain.
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3.
3‐1

Associated Water & Brine Management
Associated water

Critical to the ongoing success of the QCLNG project is the careful management of associated water produced
from the coal seams during natural gas extraction.
QGC manages the volumes of water produced from the well‐sites via an extensive network of pipelines, pump
stations and produced water storage ponds that transfer the water to centralised water treatment facilities.
The treated water is then made available to regional users for beneficial use, supplementing the existing water
supplies of local farmers and the community.
QGC’s produced water management is very efficient, minimising the amount of waste produced by recovering
97% of produced water for beneficial use, leaving 3% as concentrated brine. Figure 3‐1 below provides a
schematic of the water and gas cycle for QGC’s operations.
Figure 3‐1

Schematic of the water and gas cycle for QGC operations

The key infrastructure required to implement QGC’s produced water management strategy includes the
gathering network, produced water storage ponds, water treatment plants and the SunWater outlets for
beneficial use.
The gathering network comprises a series of HDPE pipelines installed across the gas fields to transport
produced water from the wellhead to QGC’s network of in‐field water storage ponds. The gathering network
provides for the efficient aggregation of produced water from the well‐sites to the in‐field storage ponds.
The produced water storage ponds comprise the smaller in‐field ponds and larger regional aggregation ponds.
The ponds are interconnected by the water trunklines with produced water being pumped from the ponds to
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the water treatment plants. The water storage pond network is sized to accommodate the varying water
production volumes, driven by the FDP and provide for a continuous supply of produced water to the water
treatment plants.
The treatment of produced water for subsequent beneficial use is integral to QGC’s produced water
management strategy.
The design of the water treatment plants is based on the three treatment processes of ultra‐filtration (UF), ion
exchange (IX) and reverse osmosis (RO). These processes achieve 90% recovery of produced water and are
designed to accommodate the naturally varying water quality whilst meeting the strict treated water quality
standards required to facilitate beneficial use via the SunWater outlets. The Brine Concentrators (BCs) recover
a further 7% as distillate, leaving 3% of the volume remaining as concentrated brine.
QGC manages the produced water volumes as two discrete systems which are aligned with the Southern,
Central and Northern Development Areas.
Water produced from the Southern and Central Development Areas is treated at the Kenya Water Treatment
Plant (KWTP) and has the capacity to treat up to 80ML/day.
Water produced from the Northern Development Area is treated at the Northern Water Treatment Plant and
has the capacity to treat up to 100 ML/day.
Water outlet security is critical to ensuring water production does not constrain gas production. To facilitate
this, QGC has entered into a long term arrangement with SunWater, a Queensland Government owned
Corporation, to facilitate beneficial use of treated water by customers.
The two beneficial use schemes are currently operational and are strategically located in close proximity to
QGC’s water treatment facilities. QGC is responsible for treating the water to the required standard with
SunWater pumping the treated water via purpose built pipelines to distribute treated water to customers for
beneficial use.
The Dawson Valley Beneficial use Scheme takes treated water from the NWTP along a 120 km pipeline from
Woleebee Creek to Glebe Weir on the Dawson River. The water is distributed to customers along the pipeline
route and within the Dawson Valley Water Supply Scheme.
In a similar manner the Chinchilla Beneficial Use Scheme takes treated water from the KWTP along a 20 km
pipeline to the Chinchilla Weir on the Condamine River. The water is distributed to customers along the
pipeline route and within the Chinchilla Weir Water Supply Scheme.

3‐2

Brine & Salt Management

QGC's approach to produced water management is to maximise its beneficial use. The water treatment plants
are very efficient and recover 90% of the produced water volumes. The residual 10% is further treated using
Brine Concentrators to recover an additional 7% for beneficial use. The remaining 3% is a concentrated brine
stream that QGC is safely storing in dedicated concentrated brine ponds.
QGC has investigated a number of options to safely manage the brine volumes long‐term. On balance, when
all the safety, environmental, community and business factors are considered, crystallising brine into solid salt
form and encapsulating it for long‐term storage in purpose built cells is considered the most feasible and
optimum solution. QGC is therefore progressing with its base case brine management solution of mechanical
crystallisation and disposal to a regulated waste facility (RWF).
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As a direct result of declining brine/salt profiles, emerging crystallization technology and renewed industry
collaboration discussions, QGC has also endorsed a strategy to defer the construction of a crystallisation
facility and associated RWF until 2022 (operational in 2025).
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4.

Well stimulation activities and the characterisation of stimulation fluids
Introduction

4‐1

The application of hydraulic well stimulation techniques can increase natural gas production by enhancing
permeability around low‐yielding wells. The objective is to enhance coal seam openings to increase the
pathways for gas to flow. Not every CSG well involves hydraulic fracturing. Over the past five years, only a
small percentage (< 3%) of QGC Surat Basin CSG wells have been hydraulically fractured. If hydraulic fracturing is
required, it typically only occurs once in a development well’s life‐cycle.
For the QCLNG project, stimulation activities are undertaken in the Walloon Coal Measures, normally at depths
of greater than 400m.
This section presents:


the status of QGC’s stimulation program;



the outlook in 2016 and beyond;



a tabulated summary of completed stimulation risk assessments, and submitted Queensland
statutory reports; and



toxicological and ecotoxicological profiles of new chemicals proposed for use.

4‐2

2015‐16 Stimulation Program

This section fulfils Commitment 37 of the Stage 3 WMMP – an annual update of bores to be stimulated.
QGC's current and short term stimulation program for the Surat Basin is focused on trialling, developing and
optimising stimulation techniques prior to evaluating the need for and scope of any full scale stimulation
activities. Over the period of reporting, 19 wells were hydraulically stimulated as part of ongoing trials of
effective stimulation methods in the Surat Basin. As yet there is no large scale stimulation of development
wells.
Locations are listed in Table 4‐1 and illustrated in Figure 4‐1.
Stimulation risk assessments and statutory reports were completed in accordance with the Queensland
regulatory requirements for the well stimulations listed in Table 4‐1. Examples of statutory reports include
notices of completion and hydraulic fracturing activities completion reports (also called post‐job reports).

Table 4‐1 List of wells stimulated during reporting period

Block

Tenure

Stimulation
completion
date

Easting
(E_MGA94)

Northing
(N_MGA94)

Matilda‐John 211

PL 263

7/08/2015

227630.090

7012138.501

Matilda‐John 214

PL 263

9/08/2015

229751.625

7012045.750

Matilda‐John 202

PL 263

20/08/2015

229167.295

7012841.256

Matilda‐John 181

PL 263

22/08/2015

228218.876

7014529.575

Matilda‐John 161

PL 263

24/08/2015

227476.200

7015354.855

Matilda‐John 141

PL 263

25/08/2015

227491.017

7016863.562
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Matilda‐John 121

PL 263

27/08/2015

227585.627

7018227.738

Matilda‐John 133

PL 263

31/08/2015

228153.140

7017525.830

Matilda‐John 152

PL 263

02/09/2015

228185.414

7015990.544

Ross 4

PL 276

25/10/2015

762436.613

7090045.484

Kathleen 5

ATP 651

27/10/2015

765315.547

7098418.084

Kathleen 3

ATP 651

29/10/2015

766686.401

7098716.439

Acrux 204

PL 401

30/10/2015

775199.771

7115231.377

Portsmouth 186

PL 401

02/12/1515

773233.115

7112995.436

Portsmouth 164

PL 401

4/12/2015

773462.836

7114528.736

Celeste 25

ATP 648

6/12/2015

270406.122

6992482.875

Celeste 24

ATP 648

10/12/2015

270115.142

6992519.619

Celeste 23

ATP 648

13/12/2015

269826.783

6992559.287

Celeste 22

ATP 648

15/12/2015

270084.407

6992787.537

There are no currently planned well stimulations for 2016 or 2017. Note that the well stimulation program can
be subject to frequent change due to the dynamic nature of exploration and development programs.

4‐3

Stimulation Fluid Constituents and eco/toxicological profiles

QGC uses produced CSG water, where available, for hydraulic fracturing. Hydraulic fracturing fluid is
approximately 95‐99% water and sand with a small proportion of chemical additives ‐ needed to reduce
friction, remove bacteria, dissolve some minerals and enhance the fluid’s ability to transport sand. Sand is the
main type of proppant used. QGC publishes on its website (under Sustainability) material safety data sheets
(MSDS) for all fluids that may be used in stimulation activities.
Prior to stimulation, QGC conducts risk assessments to identify the hazards associated with proposed
chemicals, consider potential exposure pathways and the risk of potential impacts, and determine required
management measures. QGC’s stimulation risk assessments will be available on its website.
The EPBC 2008/4398 approval condition 53B(b) requires information on hydraulic stimulation fluid total
mixture ecotoxicity. Details of the studies completed to address this condition are provided in the QGC Water
Monitoring and Management Plan documents.
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Figure 4‐1

Location of Completed Stimulations (2011‐2016)
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5.

Aquifer Monitoring Network Drilling

Over the past year QGC has continued to meet commitments 1 and 2 under its Stage 3 WMMP (Table 5.2) as
well as its obligations under the Office of Groundwater Impact Assessment (OGIA) Water Monitoring Strategy
(WMS) for the Surat Cumulative Management Area (CMA). There are three main elements to the program,
these include:


bores and monitoring points constructed to meet the requirements of the monitoring system required
by OGIA under the Surat CMA UWIR;



bores constructed to meet EPBC commitments to provide early warning and trigger monitoring points
for springs management; and



installations required by QGC to provide data for specific technical studies.

The entire aquifer and reservoir monitoring network program comprises 167 existing wells, with another 32 to
be drilled and/or equipped. Phase 1 of the OGIA network has been completed.
Table 5‐1 Summary of groundwater monitoring network
Bore Monitored for

Additional QGC

Federal or State
Requirement

Monitoring Bore

Other
Monitoring Bore

Total

(Aquifer &
Reservoir
Surveillance)

Existing

Proposed

Existing

Proposed

43

12

27

2

41

6

131

DNRM Installed Bores

2

‐

‐

‐

‐

‐

2

DNRM CSG Online Bores

‐

‐

‐

‐

6

‐

6 (4)

Third Party (Private) Bores

‐

‐

24

12

‐

‐

36

Coal Company Monitoring Bores

‐

‐

‐

‐

24

‐

24

45

12

51

14

71 (39)

6

199

QGC Installed Bores

Existing Proposed

Third Party Bores

Total

Figures 5.1‐5.4 illustrates the scope of the network which comprises:


Dedicated aquifer monitoring wells;



Converted appraisal well;



Reservoir monitoring wells(Walloons);



Pond monitoring bores;



Landholder bores; and



DNRM bores.

QGC has several monitoring implementation actions scheduled for the next reporting period. These include
the completion of the drilling of the 2016 element of the UWIR network and ongoing landholder bore
monitoring installations.
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Figure 5‐1

Groundwater monitoring network ‐ project area
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Figure 5‐2

Groundwater monitoring network ‐ south

‐ 24 ‐

Stage 3 WMMP Annual Report 2016

Figure 5‐3 Groundwater monitoring network ‐ central
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Figure 5‐4 Groundwater monitoring network ‐ north
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6.

Connectivity Studies Progress

This chapter outlines works undertaken in relation to aquifer connectivity assessment in the Study Area since
the approval of the Stage 3 WMMP in December 2013 and the subsequent Aquifer Connectivity Synthesis
Report (QGC, April and October 2014) submitted to DoE in April 2015.
Condition 53(B)a (formerly Condition 49 (b)) of EPBC Referral 2008/4398 (QCLNG project) also requires a
program and schedule for aquifer connectivity studies and the monitoring of relevant aquifers to determine
hydraulic connectivity. The main objective of this program has been to improve the understanding of the
potential vertical communication between the Walloon Subgroup and the adjacent geological formations.
Aquifer connectivity studies were initiated in 2011. Specific connectivity studies were completed in 2015,
however, the long term monitoring of operational production presents the best opportunity to characterise
connectivity between formations.
OGIA has also been studying connectivity as part of the Surat UWIR program. A more recent conclusion from
the 2016 UWIR suggests that vertical connectivity is more limited than previously simulated.
From an aquifer surveillance and connectivity assessment perspective, the key activities across QGC’s
tenements since mid‐2013 have been;
 Further development of monitoring bore groundwater pressure and water quality networks;
 Development of a multi‐level piezometer (MGPP) network;
 Establishment of a wireless telemetry network with real time groundwater pressure;
 Further development of a wireless private bore monitoring network with remote internet access for
landholders;
 Submission of the Aquifer Connectivity Synthesis Report to DoE April 2015; and
 Regular surveillance and assessment of groundwater pressures across the network and interpretation
and reporting of pressure responses to CSG water extraction.
All the above work points to the general groundwater behaviour in response to CSG induced stresses to be
broadly consistent with previous published estimates, i.e. a gradually expanding drawdown effect in the
overlying and underlying formations, of a magnitude that is significantly dampened relative to the large
drawdowns experienced in the Walloon Subgroup.
It is recognised that ultimately the long‐term monitoring of actual gas field production will provide the best
indication of vertical connection . In this regard, the groundwater response to production through the Aquifer
Surveillance program presents the best mechanism to understand connectivity.
A large proportion of the groundwater network consists of nested sites measuring different formations in close
proximity. Therefore, important information about vertical relationships can be determined from these
locations.
Connectivity characteristics of the aquifers at the nested sites can be derived in a variety of ways from the
water level data. This includes:


Comparison of static water levels within each bore (at the same nested site) to determine the
magnitude of the vertical hydraulic gradient between units. The larger the difference in head, the less
connectivity between the units.



Monitoring the production zone and overlying and underlying aquifers and observing for signs of
impact. Presence or absence of an observable impact both provide valuable information regarding
the connectivity of the monitoring bore to the underlying/overlying production zone.



Comparison of dynamic water levels: typically induced through test pumping/applying stress to one of
the units and monitoring for responses within underlying and overlying units. For example
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monitoring bores overlying or underlying 5 spot pilot tests. Results from this style of test are analysed
by 2D Analytical Models and occasionally 3D numerical flow models.


Comparison of water levels across spatially separated nested well sites to determine whether
hydraulic gradients differ/reverse across the region, potentially giving indications of lateral
extent/lateral connectivity of units.

The focus of Connectivity studies now is to formally and regularly investigate pressure responses to full project
production and evaluate how each part of the system is responding.
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7.

Springs Monitoring and Arrangement

As required by the conditions of EPBC approval 2008/4398, QGC has participated in the development of the
Joint Industry Program (JIP) for a groundwater monitoring and management system with other CSG operators
in the southern Bowen and Surat Basins.
Figure 7‐1 illustrates the locations of the springs of interest in relation to the proponents’ tenements.
The fundamental concept for springs monitoring and management is to measure groundwater drawdown at
early warning locations such that meaningful responses can be undertaken before there is any impact on
MNES springs. The joint industry strategy for springs further includes the clear allocation of monitoring bores
between proponents and the allocation of springs to proponents.
The plan is also intended to align with spring monitoring and mitigation requirements obligated by the Surat
cumulative management area underground water impact report (QWC 2012).
The central concepts and primary principles of the JIP are:


To ensure consistency in the approach to springs monitoring and management between the
proponents;



To measure groundwater drawdown at locations and times such that meaningful responses can be
undertaken before there is any impact on MNES springs;



An early warning approach based on modelling and monitoring;



The use of the Surat CMA cumulative impact model (CIM) to assess risks to the springs;



A clearly defined network of monitoring bores allocated to each of the proponents;



Single proponent responsibility for each EPBC spring aligning with Surat CMA UWIR Springs Strategy;



Differences in individual company approaches to limit/trigger setting at monitoring bores; and



Alignment on exceedance response process and timing.
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Figure 7‐1

Spring locations
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The following progress has been made in the reporting period:
1.

Ongoing springs monitoring

As part of the collaborative effort, the three proponents have engaged one contractor to carry out ongoing
quarterly monitoring and sampling at spring locations, as defined in the Surat CM UWIR. The scope of work
includes water flow and quality, ecology, spring characteristics and anthropogenic influences.
2.

Ongoing surveillance of monitoring data

Monitoring continues at the JIP monitoring bores. No thresholds have been triggered.
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8.

Trial Reinjection Program

A key element in the mitigation ‘toolkit’ to address potential pressure changes is aquifer repressurisation by
injecting water.
The trial was a part of QGC’s three‐step approach towards reinjection. The first step was the drilling of a fully‐
cored groundwater monitoring bore (WCK GW4), with associated analysis and testing. This produced valuable
information for developing a static aquifer model. The second step was to drill an offset monitoring bore
(GW10) and to undertake a prolonged production trial (pumping test) to calibrate dynamic modelling. The
third step (the proposed injection trial) includes the construction of an injection well (WCK GW18) and
installation of surface infrastructure. The trial’s overarching objective is to provide the data necessary to assess
the technical feasibility of a repressurisation scheme should it be required.
As advised in the 2015 Annual Report, QGC has completed a comprehensive review of the options to deliver
on the objectives of the trail. The review identified that existing work by QGC and APLNG provided sufficient
information to enable implementation of a full scale reinjection scheme should that be required. Consequently
no further action has been undertaken during the reporting period in relation to the Aquifer Injection Program.
A severe storm event in October 2014 caused significant damage to the storage tanks constructed as part of
the injection program. A review of the project coincided with the onset of operations at the APLNG Reedy
Creek injection scheme. This full scale scheme provides more data on the injection characteristics of the
system than a small scale trial at Woleebee Creek and therefore, QGC has requested that the results of this
work be used to fulfil the requirement for a trial. This has been agreed by the Department subject to QGC
preparing an Injection Management Plan which could be called upon should injection be required. This was
delivered to the Department in July 2016.
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9.

Ground Motion Assessment

While CSG‐related ground motion impacts on surface waterways and springs are unlikely, QGC is initiating
ground motion studies using satellite data to monitor ground movement. Associated technical studies include
a predictive assessment of expected movement using groundwater flow modelling results to investigate how
this movement might potentially impact on MNES.
The ground motion monitoring program has been split into two stages:


The baseline program began by completing an analysis of historical satellite data derived via In‐SAR
technology for a four year period (January 2007 to January 2011) for the QCLNG tenements; and



Ongoing satellite data acquisition and processing for the QCLNG tenement area for the period 2013
onwards.

The CSG operators in the southern Bowen and Surat Basins have developed a Joint Industry approach to
ground deformation, monitoring and management. This is a requirement of each proponent's project
approvals under the EPBC Act which require the CSG activities to have 'no adverse impacts' to MNES.
Following an evaluation of ground motion measurement options, the use of synthetic aperture radar (SAR)
technology was identified as the most effective way to quantify potential deformation of the land surface over
the Surat Basin.
In conjunction with other industry proponents, QGC has completed Stage 1 and Stage 2 of the monitoring
program. Stage 3 is currently underway with the first annual data delivery completed in April 2016. Stage 3 is
scheduled to run until December 2017, with final data delivery from TRE Altamira, the service provider, in April
2018.
QGC’s ground motion program comprises six key activities, which are summarised below and in the schedule
shown in Table 9‐1.


Ongoing Monitoring and Collection – The first year of analysed and processed data from the Stage 3
data acquisition (January 2015 to December 2015) was delivered on schedule in April 2016.



Satellite Data Interpretation ‐ The analysis of the average annual ground motion indicates that more
than 98% of the study area is stable for the period from July 2012 to December 2015. Where there was
movement above 8 mm per year it was primarily subsidence, 76% of which occurs in the CDA. Over the
last 12 months of data acquisition, the rate of subsidence appears to have slowed over most areas. \



Ground Motion Trigger Assessment ‐ An aggregation of the data from July 2012 to December 2015 into
UWIR grid squares does not result in the triggering of the response plan for any area.



Monitoring Data Management ‐ Processed ground motion data, including the electronic vector files
showing the location of the points, information on data quality and deformation values have been
uploaded to the Web‐based database, hosted by TRE Altamira and accessible to QGC, for the period
from July 2012 to December 2015. The database is currently operating as planned, and has been
successful in enabling the quick and accurate review and assessment of results.



Ground Truthing ‐ Condition 65a of the Department of the Environment approval specifies that the
ground motion monitoring program must consist of a geodetic survey, so ground truthing is required.
Five surveys have been completed for 29 identified permanent survey markers during the data
acquisition period from July 2012 to December 2015. The results show an overall trend that is
consistent with the results from the satellite derived data.



Predictive Assessments ‐ In order to potentially predict ground deformation over time, QGC has used
cumulative groundwater model outputs in conjunction with geo‐mechanical theory to characterise
potential deformation. The results of this geo‐mechanical modelling indicate that the project is not
expected to have any impact on the flow (direction or volume) of identified waterways of interest, and
no wetlands within the QCLNG tenure are currently predicted to be impacted by ground motion. This
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predictive deformation assessment is being rerun using the outputs of the revised OGIA cumulative
groundwater model which was delivered in September 2016.
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Table 9‐1 Ground motion studies progress
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10. Exceedance and Response Management
The strength of a water management program lies with application of exceedance limits, standards and robust
response plans. QGC is undertaking a range of actions to protect the water environment and MNES in the
event that threshold values are exceeded. These actions include the development of emergency response
plans and procedures.
The following Response Plans have been prepared over the past year and are being implemented:


Response Plan iia: Trigger Values or Drawdown Limits for aquifer drawdown in relation to EPBC listed
springs are exceeded;



Response Plan iib: Threshold values for aquifer drawdown in relation to groundwater‐producing bores
are exceeded;



Response Plan iic: Threshold values for groundwater contamination are exceeded;



Response Plan iii: Subsidence or surface deformation occurs which impacts on surface or groundwater
hydrology; and



Response Plan iv: Unforeseen emergency discharges.

The above plans are all described in the Stage 3 WMMP. Since that document Response Plan iia, has
undergone significant revision as the JIP has been finalised and is now aligned with that procedure. QGC’s
Response Plans continue to remain ‘live’. No relevant thresholds have been triggered over the reporting
period.
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