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4.0 Quantitative analysis of monitoring
data – trend analysis, baseline data and
threshold values
#

Department Condition

Description

Completion date

52c v

Completion of first groundwater level trend analysis assessment

April 2013

10

49b

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

April 2013

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

18

52d III

53B eci

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

October 2013

Development of an aquifer surveillance workflow

April 2014
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53B d

Development of methodology for establishing a baseline

April 2014

56

53B d

Derivation of baseline for wells with sufficient record

October 2014

53B d

First application of Trend Analysis to Springs Monitoring
Bore data

October 2014

Pre-Dec 2012

5

Post-Dec 2012
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58

Status

Commitments completed				
Commitments work in progress		

Evergreen Commitments
Firm deliverables for that month

4.1 INTRODUCTION
QGC is developing robust methodologies for the quantitative analysis of data yielded from its growing
monitoring bore network. An appropriate method for analysing data trends against a baseline requires accurate
identification of potential CSG-related impacts and procedures for measuring changes. These trend analysis
methodologies are currently being tested and refined ahead of their application.
This chapter presents the methods and plans to use the basic groundwater pressure and quality data to develop
the framework for groundwater management plans and procedures. There are three elements to this process:
1. Identification of specific threshold values for water pressure, the exceedance of which will initiate various
response actions;
2. Identification of a baseline dataset for each monitoring site against which changes can be compared; and
3. Development and implementation of a methodology to assess trends in monitoring data.
The elements are interrelated as follows:
• Threshold values are developed from monitoring and/or modelling data and are relevant to the aquifer or
water related feature (e.g. bore or spring, that is being managed or protected);
• Baseline data are collected over a period of time prior to the commencement of major CSG water abstraction.
Such a period of time to be long enough to produce a meaningful dataset;
• Trend analysis is applied to the baseline dataset (if required) to produce a baseline trend or single value
against which changes can be compared;
• Ongoing monitoring takes place and is also subjected to a trend analysis to produce a dataset which will
show only changes due to CSG abstraction; and
• The baseline and ongoing data are checked against investigation or trigger thresholds.
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4.2 THRESHOLD VALUES
Notable changes in groundwater levels incur an action or response plan. In turn a level must be set at which
these response plans are triggered. The following sections describe the generation of response thresholds for:
• General aquifer drawdown and the initiation of actions to protect water supplies and bores. This is for
compliance with Queensland’s Water Act (2000); and
• Drawdown associated with the protection of EPBC listed springs.

4.2.1 DEFAULT DRAWDOWN LIMITS
The Klohn Crippen Berger reports for OGIA identified the Hutton Sandstone and Precipice Sandstone as the
primary source aquifers for the Surat Basin EPBC listed springs. QGC has adopted the Queensland Water Act
2000 definitions for consolidated rock strata drawdowns to apply to these formations (Water Act, section 362).
For aquifers not related to EPBC listed springs, the drawdown thresholds proposed in line with Queensland's
Water Act, are:
• 5 m for the Mooga Sandstone (excluding existing trends or oscillations);
• 5 m for the Gubberamunda Sandstone (excluding existing trends or oscillations); and
• 5 m for the Springbok Sandstone (excluding existing trends or oscillations).

4.2.2 OGIA REQUIREMENTS ON DRAWDOWN THRESHOLDS
The Queensland Government recently introduced new requirements for UWIRs under the Water Act 2000,
including the definition of 'trigger thresholds'. The Surat CMA UWIR includes maps of the immediate and longerterm affected aquifer areas.
An 'immediately affected area' is where groundwater levels are expected to fall because a petroleum tenure
holder has exercised its underground water rights by more than prescribed trigger thresholds (5 m in
consolidated aquifers such as the GAB sandstones and 2 m in unconsolidated aquifers such as the Condamine
Alluvium) within a three-year period following the OGIA's UWIR report release.
A 'long-term affected area' is where groundwater levels are predicted to decline by more than the trigger
thresholds because of the gas field operations at any time in the future. OGIA's groundwater monitoring strategy
and the regional groundwater model support a three-yearly determination of immediately affected and longterm affected areas to allow for negotiation of 'make good' agreements with the owner of each bore in an
immediately affected area.
There is an opportunity for Queensland Government and Australian Government requirements to align on early
warning and threshold drawdown levels, subject to known groundwater level fluctuations. It is QGC's view that
DEHP's target drawdown trigger level thresholds of 5 m for consolidated aquifers and 2 m for unconsolidated
aquifers be adopted by the Department for aquifers which are not directly connected to EPBC listed springs.

4.2.3 TRIGGER THRESHOLDS FOR SPRINGS MANAGEMENT
In February 2011 the Department instituted a default drawdown threshold for all aquifers of 0.2 m as a precursor
to the drawdown thresholds set in line with Condition 49(a). QGC interprets the requirement for drawdown
limits to apply to those aquifers which are primary source aquifers to EPBC listed springs.
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The three major CSG operators in the southern Bowen and Surat Basins (Santos, APLNG and QGC) have
developed a joint approach for a collaborative monitoring scheme to address the risk of groundwater drawdown
propagating from CSG production areas and affecting springs that have been listed by the Department as
hosting ecological values of national environmental significance. The Joint Industry Plan (JIP) (Appendix J) for
springs outlines the clear allocation of monitoring bores between proponents and the allocation of springs
to proponents to ensure consistency across the industry, minimise disturbance by elimination of duplicate
monitoring points and optimise spatial coverage.
For each spring cluster, it is proposed that groundwater level monitoring be undertaken at two locations:
• Early Warning Monitoring Installations (EWMI) in the vicinity of tenure boundaries; and
• Trigger Monitoring Points (TMP) between tenement boundaries and the spring locations.
QGC defines an exceedance as: 'Groundwater levels measured in a monitoring bore that are greater than a
threshold value for a continuous period of three months'.
For the springs management methodology two drawdown triggers have been developed that instigate actions
commensurate with increasing levels of risk to MNES. Drawdown limits have been set, which if exceeded
constitute a breach in approval conditions. Drawdown predictions for the EWMI and TMP locations have been
developed based on modelled drawdown values calculated in the regional flow model development under
Condition 61 and 62. These drawdown predictions have been generated as follows:
• The Investigation Trigger Value is set at 50% of the 95th percentile maximum drawdown prediction at the
monitoring bore that corresponds with ≥ 0 m impact at the EPBC listed spring;
• The Management/Mitigation Trigger Value is set at 80% of the 95th percentile maximum drawdown
prediction at the monitoring bore that corresponds with ≥0 m impact at the EPBC listed spring; and
• The Drawdown Limit is set at 100% of the 95th percentile maximum drawdown prediction at the monitoring
bore that corresponds with ≥0 m impact at the EPBC listed spring.
This approach is considered prudent and leaning to the conservative side as it uses 95% confidence level
drawdown estimates based on single-phase groundwater modelling with no impacts predicted before 2020.
Where drawdown levels using the above approaches cannot yet be defined (e.g. because the model does not
estimate a drawdown at a particular monitoring point), default maximum predicted drawdowns are 1 m for
Investigation and Management/Mitigation Trigger Values and Exceedance Threshold Values at EWMI and 0.2 m
for Management/Mitigation Trigger Values at TMP.
The nature of the thresholds is further defined in Table 4-1, actual values for the springs monitoring bores are
listed in Table 4-2.
Applies to
water level

Applies to
water quality

A nominated value that triggers an action such as data review,
model review, increased monitoring frequency, increased
monitoring parameters. This is equivalent to ‘early warning
indicator’ in the EPBC approval conditions.

ü

ü

Management
/mitigation
trigger

A nominated value at a TMP that causes some action to be
taken to prevent an impact occurring at an EPBC spring.
For groundwater pressure, this is equivalent to ‘drawdown
threshold’ in the EPBC approval conditions.

ü

Drawdown
limit

A nominated value at a TMP that, if exceeded, would result in a
breach of the Proponents’ Approval Conditions.

ü

Term

Definition (GA, November 2012)

Investigation
trigger

Table 4-1 – Trigger and limit definitions

ü

EWMI

Hutton

GW2

Coochiemudlo

GW1

GW2

Charlotte

GW1

GW2

Charlie

GW1

GW2

EWMI

TMP

TMP

EWMI

EWMI

EWMI

EWMI

Precipice

Hutton

Precipice

Spring

Draw down
limit

GW1

Aquifer

Mitigation
trigger value

Bore
type

Cassio

Bore
name

Investigation
trigger value
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Dawson River 8
Dawson River 2
Dawson River 6
Boggomoss/
Prices

0.5 m

0.8 m

N/A

First observed drawdown at
Dawson River 8 predicted in 2027.
No drawdown at other springs
predicted with the 1 m 95th
percentile maximum drawdown.

Dawson River 2
Dawson River 6
Boggomoss/
Prices

0.5 m

0.8 m

N/A

No drawdown at springs predicted

Dawson River 8
Dawson River 2
Dawson River 6
Boggomoss/
Prices

0.3 m

0.5 m

0.6 m

No drawdown at springs predicted
with the 0.6 m 95th percentile
maximum drawdown

Dawson River 2
Dawson River 6
Boggomoss/
Prices

0.1 m

0.16 m

0.2 m

Less than 0.02 m predicted at bore
and no drawdown predicted at
spring

Dawson River 8

1.0 m

1.6 m

N/A

First observed drawdown at
Dawson River 8 spring predicted
in 2027

Dawson River 2
Dawson River 6
Boggomoss/
Prices

0.1 m

0.16 m

N/A

Less than 0.1 m drawdown
predicted at bore and no
drawdown predicted at spring

Dawson River 8

0.5 m

0.8 m

N/A

First observed drawdown at
Dawson River 8 spring predicted
in 2027

N/A

nr

nr

nr

Hutton

Precipice

Comment

Hutton

Precipice

Table 4-2 – Summary of drawdown investigation trigger, management/mitigation trigger values and drawdown limits at Cassio, Charlotte,
Coochiemudlo and Charlie springs monitoring bores
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QGC's aquifer drawdown exceedance response plan incorporates the rationale outlined in Geoscience Australia's
strategy of enabling action commensurate with escalating risk with the use of an exceedance envelope, an
example of which is outlined in Figure 8-3, and in the JIP (Appendix J).
It is accepted that the thresholds outlined in this document are subject to review if new evidence becomes
available. QGC is evaluating new data from installed monitoring bores to better assess the appropriateness of
these thresholds.
The application of these threshold values in the response plans are described in Chapter 13.

4.3 ESTABLISHING BASELINE CONDITIONS
It is critical that a valid baseline be derived against which changes may be measured, and it is this that has driven
the monitoring network implementation schedule. The drilling program has been structured in such a way that,
where possible, bores are drilled ahead of field development to allow baseline conditions (including any seasonal
variability) to be defined.
Once the bores are completed, water level data is collected prior to CSG production – this constitutes the
’baseline‘ water level. Representative baselines will be defined for each monitoring site and may include trend
analysis where a single value is not appropriate.
Considering the program plan as defined by the Monitoring Network Implementation Plan submitted to OGIA,
and the current field development plan, baseline periods are defined for each development area, as illustrated in
Figure 4-1.

QGC has developed
an integrated
groundwater
management
approach to protect
matters of national
environmental
significance.

Northern Development Area

Central Development Area

Southern Development Area
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Proposed QGC Well

Target Unit

Teviot GW1

GUB/SBK/WCM

Teviot GW2

HUT/PRE

Cougals GW13

GUB/SBK/WCM

Will GW1

GUB/SBK/WCM

Broadwater GW1/GW7

CA

Broadwater GW4

SBK

Broadwater GW15

HUT

Broadwater GW11

PRE/WCM

JEN_MW001

GUB

PPY GW1 and 2

SBK

KEE GW1

GUB

KEE GW2

SBK

KEE GW3

GUB

KEE GW4

SBK

KEE GW5

EB

KEE GW6

HUT

KEE GW7

PRE

KEE GW8

WB

KEN GW2

SBK

RBY GW2

SBK

RBY GW3

HUT

RBY GW4

EB/HUT/EV/PRE

RBY GW5

GUB/WB/SBK

BWS GW1

GUB

BWS GW2

SBK

Bellevue Pond MW

GUB

Bellevue GW2

SBK

Lauren GW1 A

GUB

Lauren GW2

SBK

Lauren GW4

EB/HUT/PRE/EV

Woleebee Creek GW1

GUB

Woleebee Creek GW3

HUT

Woleebee Creek GW7

WB

Woleebee Creek GW9

SBK

Woleebee Creek GW4/GW10

PRE

Woleebee Creek GW8

EB

Charlie GW1

HUT

Charlie GW2

PRE

Cassio GW1

HUT

Cassio GW2

PRE

Charlotte GW1

HUT

Charlotte GW2

PRE

Coochiemudlo GW1

HUT

Coochiemudlo GW2

PRE

2011 (Qtr)
1

2

3

2012 (Qtr)
4

1

2

3

2013 (Qtr)
4

1

2

3

2014 (Qtr)
4

1

2

3

4

2015

2016

Legend
: 			
: 			
:		
SBK: 		
GUB: 		
WCM: 		

Continuous pressure data collection initiated
Water quality data collection initiated
Start of LNG depressurisation
Springbok Sandstone
Gubberamunda Sandstone
Walloon Subgroup

Figure 4-1 – Baseline periods for aquifer/aquitard monitoring sites by development area

HUT: 		
Hutton Sandstone
PRE: 		
Precipice Sandstone
EB: 			
Eurombah Formation
CA: 			
Condamine Alluvium
EV:			Evergreen Formation
WB:			Westbourne Formation

2017

2018

2019

2020

2021

2022

2023

50

The work plan for identifying a baseline value or trend over the baseline period is:
• Collate water level pressure and hydrochemistry data over the baseline period;
• Collate all background information for the site – construction history, nearby abstractions, nearby climate
data etc,
• Collate DNRM and other CSG company data;
• Carry out a qualitative and quantitative assessment of the data including simple trends and seasonal
variability; and
• Apply the trend analysis method if a baseline value is not readily apparent from simple averages or obvious
trends.

4.4 TREND ANALYSIS
4.4.1 INTRODUCTION
This section summarises Appendix G issued in April 2013 to fulfil Commitment 5 of the Stage 2 CSG WMMP,
which is ‘Completion of first groundwater level trend analysis assessment including mean drawdown weighting
method for Hutton and Precipice Sandstones’.
The methodology is aimed at interpreting trends in monitoring data that are collected principally from
monitoring bores in and adjacent to the northern leases of the QCLNG project area and which are used as early
warning monitoring installations and trigger monitoring bores for the protection of EPBC listed springs. The
methodologies proposed are suitable for interpretation of groundwater level or quality responses in any of QGC’s
monitoring bores. It should be recognised that groundwater trends that could be due to CSG water extraction,
particularly in off-site early warning and trigger monitoring bores, may take many years to be discernible.
Throughout the Surat Basin, groundwater levels vary due to natural (e.g. geology and topography) and
groundwater use causes. For example, it is known that natural (including lunar) oscillations alone can commonly
be in the order of 0.1 m/day and sometimes larger. Superimposed on these non-trending variations are longer
term trends. These are before any CSG development and can be both rising and falling trends of up to 2 m/yr, but
more commonly are in the order of 0.1 m/yr. Hence QGC recommends exclusion of these natural variations and
oscillations from the drawdown limit definition and to normalise the monitoring results.
Clearly, there can be very significant variations in groundwater levels over time due to a range of causes.
Consequently, it is possible that observed fluctuations in target aquifers may (temporarily) exceed CSG water
extraction modelled drawdown estimates – hence the use of 'representative periods' adjusted for existing trends.
Assessments of groundwater level and water quality data are required to inform QGC compliance against
approval conditions and regulatory requirements. Importantly, if an observed trend cannot reliably be discerned
from the background noise in the data, it cannot confidently be attributed to any potential causes, including
Coal Seam Gas (CSG) operations. Queensland Government and Geoscience Australia guidelines recommend
the use of formal statistical tests (such as linear regression and the Mann-Kendall test) to assess whether
observed groundwater trends can reliably be discerned from the background noise in the data. Building on the
recommended approaches, QGC has developed methods to analyse trends in groundwater levels and water
quality over the life of QGC operations.
Appendix G fully describes the development of the methodology and its testing on a number of datasets.
A summary of the process and its trial application is provided in the remainder of this section.
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4.4.2 APPROACH
The groundwater level method recognises that there are a broad range of processes that can cause groundwater
level fluctuations and trends which need to be separated from any potential impact from QGC activities. The key
components of this method are:
• Hydrogeologic conceptualisation of the region to assist with data selection and data preparation;
• Examination of the data to exclude any data errors and anomalies;
• Removal of the influence of barometric pressure and earth tides from the groundwater level data where these
are significant;
• Selection of a suitable period of analysis, including identification of break-points to separately analyse current
versus long-term trends;
• Development of a regression model of groundwater level behaviour to isolate the effects of known
quantifiable external influences, such as rainfall, local and regional groundwater activities, and hydraulic
loading. Groundwater volumes pumped by all groundwater extractions (e.g. water supply bores and CSG
wells) will also be used in the analysis if available;
• Assessment of the serial correlation, and appropriate reprocessing of the data to generate a time series of the
weighted mean drawdown over a representative period;
• Application of linear regression, Mann-Kendall and Seasonal Kendall statistical trend tests on both the raw
data and the residual groundwater level data derived after taking into account known quantifiable external
influences on the groundwater level;
• Complementary contextual information, including consideration of the hydrogeological setting, to support
the interpretation of trend results; and
• A schedule of analysis (at least annually) and reporting consistent with compliance requirements.
The approach to consider groundwater quality trends is staged to reflect the limited data currently available
through QGC’s groundwater quality monitoring program. For the first five years of data collection (assuming
six-monthly observations), raw data will be reviewed without undertaking formal statistical tests. Once at least
five years of data has been collected, a statistical trend analysis procedure will be undertaken, consistent with the
approach outlined for groundwater level data.
It is recognised that the data available will improve over time and QGC has developed this method such that it is
adaptable to incorporate new data on groundwater behaviour at sites of interest.
Ultimately the trend analysis will be part of a toolkit of quantitative and qualitative methods to establish a
baseline against which future conditions can be assessed. It is designed to be robust but flexible enough to
incorporate new data as it becomes available.
There is a broad range of processes that could cause groundwater level fluctuations and trends. These operate at
various spatial and temporal scales, as summarised in Table 4-3 and include groundwater level fluctuations due
to changes in air pressure, rainfall, land use change and groundwater pumping by water users, including CSG
activities. It should be noted that these movements can be both positive and negative.
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Temporal scale

Processes

Short temporal scales

•
•

Air pressure fluctuations
Earth tides, due to the sun and moons gravitational effects

•
•
•

Seasonal recharge events
Local groundwater pumping
Loading of confined aquifers due to recharge to overlying unconfined aquifers or from flooding
(this can be medium or long-term, depending on the nature of the influence)

•

Regional groundwater pumping for water supply purposes (including stock and domestic pumping
and free flowing bores, irrigation use, other users – both registered and unregistered)
Land use changes affecting recharge
Loading of confined aquifers due to recharge to overlying unconfined aquifers or from flooding (this
can be medium or long-term, depending on the nature of the influence)
Regional scale aquifer rehabilitation programs that restore groundwater pressures by capping and
decommissioning old and free flowing bores
Groundwater pumping causing impacts by other CSG companies
Groundwater pumping causing impacts by QGC

Medium temporal
scales

•
•
Long temporal scales
•
•
•

Table 4-3 – Summary of processes affecting groundwater levels

4.4.3 TREND ANALYSIS METHOD OF GROUNDWATER PRESSURE AND WATER LEVEL
A method for ongoing application has been developed to provide a mechanism to monitor and assess changes in
groundwater levels and/or pressures over time. QGC will apply this method to the eight early warning and trigger
monitoring bores in the Northern Gas Fields, plus additional bores within each of the three active production
areas. The approach takes into account DNRM (2012) guidelines on underground water impacts and Geoscience
Australia (2012) comments on the approach proposed in the Stage 2 WMMP and JIP, and includes the following
steps:
• Collate available data for analysis. This data will include groundwater levels and pressures in both the target
aquifer plus overlying aquifer if confined, rainfall, atmospheric pressure, earth tides, and groundwater
pumping data as available. Data will be reviewed for any obvious data anomalies, such as power failures or an
influx of water into the bore during flood events. These erroneous data points should be removed, along with
data for about one week following the incident to ensure the data has returned to background levels;
• Remove the influence of barometric pressure and earth tides. This can help to minimise the ‘noise’ in the data
depending on the overall magnitude of water level changes that take place over time. Existing software tools
such as BETCO and TSOFT may be used for this step;
• Select periods of analysis for raw data trends. The periods of analysis ideally need to be a minimum of 12
months, however initially the period of analysis should cover the period of all available data. A break-point
analysis can be undertaken to identify whether recent periods of data are significantly different to earlier
periods, thereby allowing the separate identification of current trends over a shorter, more recent period of
analysis;
• Develop and apply a multiple regression model between groundwater level and other data sets, such as
rainfall, local and regional bore levels, bore data in the appropriate overlying unconfined aquifer as available,
over the period of analysis. This regression can also be applied to infill any missing periods in the data record.
A time-series of change in groundwater level independent of fluctuations in known non-QGC influences will
be calculated, and the break-point analysis repeated using this time series to confirm the periods for analysis
are still appropriate. The above steps should be repeated for a regional bore located outside the influence
of CSG activities, and compared with the behaviour at the monitoring bore of interest to assess trends as a
result of regional groundwater behaviour. The groundwater level should also be compared with cumulative
deviation from mean rainfall conditions to provide a coarse overview of the relationship (if any) between
rainfall and groundwater level, as specifically recommended in DEHP’s guidelines;
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•

•

Minimise serial correlation in the data. The resulting data set will be aggregated to a suitable time step for
trend analysis, based on an assessment of the serial correlation of the data. The weighted mean drawdown
will be calculated by averaging the data over a representative period. A ‘pre-whitening’ approach will be
applied to further minimise serial correlation. In combination, the weighted mean drawdown and prewhitening processes may be repeated to consider various time steps (such as daily, weekly, monthly or annual
frequencies) until serial correlation issues are suitably resolved; and
Undertake statistical analysis to assess trends. This will utilise statistical tests such as linear regression, the
Mann-Kendall trend test and the Seasonal Kendall test. QGC will use the eWater CRC Water Quality Analyser
software package to undertake this analysis. As relevant, this analysis may consider the raw data and the
corrected data (accounting for external influences) for the full period of record and the data following any
break-point.

The methodology is diagramatically shown in Figure 4-2.

Hydrogeological conceptualisation

Data sets

Remove earth tides and barometric
pressure influence

Multiple regression model to develop time series
of GW data accounting for non-CSG influences

Address serial correlation

Analyse trends using appropriate techniques
(including test for normality)

Non-normality
(must have regular
time steps)

Normality (can handle
irregular time steps)

Mann-Kendall
test

Linear regression

Trend

No trend

Figure 4-2 – Groundwater level trend analysis methodology

Trend

No trend

Seasonal
Kendall test

Trend

No trend
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4.4.4 TREND ANALYSIS METHOD FOR GROUNDWATER QUALITY METHOD
The method for application when considering groundwater quality data is similar to that presented above, but
depends on the data available. The approach assumes that data will be collected at a six-monthly frequency. If
automatic water quality samplers are installed an upgraded methodology will be developed for the chemical
parameters monitored.
• Collate available data for analysis. This data will include groundwater quality in the aquifer of interest plus
adjacent aquifer systems, rainfall, and any other relevant data sets, as available. This data may be sourced
from external agencies, such as the Bureau of Meteorology and DNRM as required. Data will be reviewed for
any obvious data anomalies, such as sampling or laboratory errors, missing data periods or loss of power to
bore loggers. These erroneous data points should be removed. The resulting data set will be aggregated to a
suitable time step for trend analysis, based on an assessment of the serial correlation of the data;
• Trend analysis. The approach to assess trends in groundwater quality data depends on the period of record
available;
• Limited data (<5 years) available. Data will be plotted to visually assess general behaviour. A line of best fit
will be applied to identify the nature of changes over time, but this should be interpreted in light of the
limited data being used. Observations will be qualitative; and
• Long-term (>5 years) record available. A detailed trend analysis assessment will be undertaken, following
the steps outlined above for groundwater level and pressure data. In this case, appropriate external
influences for incorporation in the regression analysis may include adjacent groundwater quality, local
and regional groundwater pumping, and other influences deemed relevant to the bore of interest.
An example of the assessment of a limited groundwater quality dataset is included in Appendix D.

4.4.5 TEST APPLICATION OF THE SELECTED GROUNDWATER LEVEL TREND ANALYSIS METHOD
4.4.5.1 INTRODUCTION
Groundwater level data from four monitoring bores were considered in this analysis, and one groundwater
quality data set. The level data includes data from one QGC monitoring bore, one APLNG (Origin) monitoring bore
and two Department of Natural Resources and Mines (DNRM) monitoring bores. The groundwater quality data
was sourced from a shut-in QGC gas well.
The following section describes the application of the approach undertaken for one monitoring bore RN10925
(Rockwood Old House) (Figure 4-3). The bore is owned by APLNG (Origin) and monitors groundwater levels in
the Gubberamunda Sandstone proximal to APLNG and QGC gas fields. It is located in the vicinity of the QGC
Berwyndale South and Lauren monitoring bore sites.

4.4.5.2 STEP 1: COLLATE AVAILABLE DATA
Water levels have been monitored at this location using a data logger since June 2009 with observations made
twice per day. Figure 4-4 presents the raw data collected at this location since monitoring commenced. Visual
assessment of the groundwater level hydrograph indicates that groundwater levels were relatively constant for
the first few months of observations, but rapidly increased by mid-2010.
APLNG has advised that the bore has not been used for some time. A nearby bore had been used for stock and
construction water supply purposes, but its usage ceased approximately one year prior to the start of the water
level record.
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Table 4-4 provides a summary of key statistics for this data set.
Site: RN 10925
Data availability
Start of monitoring

16/06/2009

Most recent observation point

20/06/2011

Missing data

0%
Data characteristics

Minimum

262.8

Maximum

272.7

Mean

268.0

Median

268.9

Table 4-4 – Summary statistics for monitoring bore RN 10925
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Groundwater level (m AHD)

272
270
268
266
264
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Mar
2009

Jun
2009
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Figure 4-3 – Raw groundwater levels at monitoring bore RN 10925

May
2010

Aug
2010

Nov
2010

Feb
2011

Jun
2011

Sep
2011
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4.4.5.3 STEP 2: ACCOUNT FOR BAROMETRIC PRESSURE AND EARTH TIDES
Barometric pressure is collected at the nearby Talinga barometer. However this data only commenced in April 2011
and is not available for comparison over the full period of the record. Instead, barometric pressure was sourced
from the Bureau of Meteorology Weather Station 042112 (Miles Constance Street approximately 30 km distance)
provides data over a concurrent period with the groundwater level data (see Figure 4-4).
The groundwater level data was adjusted for barometric pressure and earth tides by the methods previously
described. The synthetic earth tide output for this bore site is displayed in Figure 4-5. The corrected water levels
that take into account the influence of barometric pressure and earth tides are shown in Figure 4-6.
The magnitude of this smoothing for this site was up to a maximum of 0.39 m.

274

Bore level (m AHD)

272
270
268
266
264
262
Jun
2009
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2009
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2009
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2009
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2010
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2010
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2010
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2010
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2010

Dec
2010

Feb
2011

Apr
2011

Figure 4-4 – Barometric pressure recorded at Bureau of Meteorology site 042112 (Miles Constance Street) and comparison with the groundwater level data at
monitoring bore RN 10925
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Figure 4-5 – Synthetic earth tide for bore site RN 10925
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Figure 4-6 – Groundwater levels at RN 10925, taking into account barometric pressure and earth tides

4.4.5.4 STEP 3: PERIOD OF ANALYSIS
Given the visual observations noted in the raw data relating to the obvious changes in groundwater level that
have occurred at this location, a break point analysis was undertaken to determine whether the changes are
statistically significant and warrant analysis of subsets of the original data record.
A number of tests were undertaken to isolate periods of data considered representative of the conditions at the
time. In particular, this identified that data collected after March 2010 has a mean value greater than the period
prior to March 2010. However, the break point assessment must also take into account the practical relevance of
the outcomes. This should be interpreted based on the length of record and visual assessment of the data set.
It is suggested that at least one year of weekly data is required for the subsequent trend analysis steps, which
provides a minimum threshold when considering the outcomes from break point analysis. In this instance, the
period of record before March 2010 captures only nine months and is not considered long enough for analysis
in isolation. The data collected after March 2010 covers more than 12 months of weekly data and is suitable for
analysis. However, it is considered most appropriate to examine the full period of record for the trend analysis at
this location. As such, the results from both analyses will be reported for comparison and interpretation.

Bore level (m AHD)

Rainfall (cumulative deviation from mean)

Figure 4-7 – Groundwater level at monitoring bore RN 10925, daily rainfall and cumulative deviation from the mean daily rainfall at Harewood (042078)
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4.4.5.5 STEP 4: DEVELOP AND APPLY MULTIPLE REGRESSION MODEL
Bureau of Meteorology rainfall data from the vicinity of the bore was reviewed. This included a number of
rainfall gauges from the region to observe the variability in rainfall across the region. The rainfall gauge 042078
(Harewood) was selected for more detailed investigations as it is located closest to this bore site.
Figure 4-8 presents the daily rainfall, groundwater level (adjusted for barometric pressure and earth tides, using
the outcomes from the steps above) and cumulative deviation from the mean daily rainfall.
The comparison between the groundwater data and the cumulative rainfall indicates periods with consistent
behaviour between the rainfall and groundwater level.
Groundwater level rises have occurred in response to rainfall between December 2009 and March 2010 and
between August 2010 and January 2011. Groundwater levels did not show a significant response to rainfall in
February and March 2012 suggesting that no recharge occurred from the latter event.
The rainfall and groundwater level data was compared in more detail in an attempt to check for a direct
relationship. However no relationship was identified (Figure 4-9).
This comparison also investigated the possibility of a lag between the rainfall data and any direct response in
the groundwater level data, which suggested a two-month lag in groundwater response after rainfall events.
However, the relationship was still not consistent over different periods of record (Figure 4-9).
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The data was further split into four separate periods (Figure 4-10 and Figure 4-11), excluding the period after
January 2011 where a groundwater level response to rainfall was already visually known to not be evident.
Two periods (March to August 2010 and August 2010 to January 2011) displayed a strong relationship between
cumulative rainfall and groundwater level response, but the other periods did not.
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Figure 4-8– Comparison of raw rainfall data at Harewood (042078) and groundwater levels at monitoring bore site RN 10925, all data
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Figure 4-9 – Rainfall at Harewood (042078) lagged by two months and groundwater levels at monitoring bore site RN 10925, all data
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Figure 4-10 – Rainfall at Harewood (042078) lagged by two months and groundwater levels at monitoring bore site RN 10925, split into two periods
(June 2009 to March 2010)
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Figure 4-11 – Rainfall at Harewood (042078) lagged by two months and groundwater levels at monitoring bore site RN 10925, split into two periods
(March 2010 to January 2011)
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This information was used to adjust the groundwater level data to remove the influence of rainfall over the
period March 2010 to January 2011. This was achieved by estimating the groundwater level based on the input
rainfall data as follows:
• From August 2009 to February 2010 and from February 2011 onwards: Estimated groundwater level =
Raw groundwater level;
• From March 2010 to July 2010: Estimated groundwater level = 0.0117*Rt-2+269.76; and
• From August 2010 to January 2011: Estimated groundwater level = 0.0142*Rt-2+272.34.
Where Rt-2 is the cumulative deviation from mean rainfall conditions two months prior to the groundwater level
observation. The rain corrected groundwater level was then estimated as the raw groundwater level (corrected for
pressure and earth tides only) plus the residual groundwater level which was unexplained by rainfall variability:
• (Rain corrected groundwater level)t=i = (Raw groundwater level)t=0 + (Fitted groundwater level)t=i –
(Raw groundwater level)t=i.
Where t=i is the current time step and t=0 is the first time step of analysis. Local and regional groundwater
influences have not been assessed but would need to be considered as a part of hydrogeological assessment and
interpretation of hydrograph response.
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Figure 4-12 – Rain corrected groundwater level
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4.4.5.6 STEP 5: WEIGHTED MEAN DRAWDOWN OVER A REPRESENTATIVE PERIOD
The groundwater level time series generated at the completion of Step 4 was tested for serial correlation. A high
serial correlation was noted in the data at the original frequency of observations, and the follow steps were taken
to minimise this:
• Twice daily, daily, and weekly time steps were considered during preliminary analysis of the data to determine
the representative period for the calculation of the weighted mean drawdown at this site. Based on a review
of the serial correlation for these data sets, the weekly data was determined to be most appropriate for the
analysis of trends; and
• Application of the pre-whitening approach to remove the effects of auto correlation in the weighted mean
drawdown time series.
This process was able to fully account for the serial correlation in the data at this bore location. The representative
period is the time step used in the trend analysis which, in most cases, will be at least one week. If a
representative period of less than a week is used, it is likely that the data will be highly serially correlated. Hence,
for most cases, the weighted mean drawdown is determined over one week. The representative period is not to
be confused with the ‘period of analysis’ which is recommended in Appendix D to be at least 12 months when
seasonal influences and other longer term processes are important.

4.4.5.7 STEP 6: TREND ANALYSIS
The outcomes from Step 5 were used as input into the trend analysis step, utilising Water Quality Analyser
software to undertake the assessment.
Figure 4-13 and Table 4-5 present the trends identified at monitoring bore site RN 10925, once the raw
groundwater level data has been reviewed, processed to an appropriate representative period and other external
influences (barometric pressure, earth tides and rainfall) removed from the data set. The analysis indicates that
there is no residual trend evident in the data once the estimated influences on groundwater level fluctuations
of barometric pressure, earth tides and rainfall have been removed. The analysis indicates that there is no trend
evident in the data. The linear regression, Mann-Kendall and Seasonal Kendall tests indicated no evidence for a
trend after rainfall influences have been removed.
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Figure 4-13 – Trend in groundwater level at monitoring bore RN 10925 after removal of estimated influences of barometric pressure, earth tides and rainfall on
groundwater levels

Trend test

Period of analysis

Level of Statistical significance

Trend magnitude

Full period

16/06/2009 to
14/06/2011

Linear regression

Not statistically significant

0.0 m/year

Mann-Kendall

Not statistically significant

N/A

Seasonal-Kendall

Not statistically significant

N/A

Table 4-5 – Summary of trend analysis results for monitoring bore RN 10925
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4.4.5.8 SUMMARY OF ANALYSIS
The processing and analysis of data for monitoring bore RN 10925 identified the following key points:
• Groundwater level fluctuations of almost 10 m have been observed at this bore location over the past two
years;
• Groundwater level rises have occurred in response to high rainfall between December 2009 and March
2010, and between August 2010 and January 2011. Groundwater levels did not show a significant response to
rainfall in February to March 2012 suggesting that no recharge occurred from the latter event;
• Given the magnitude of the changes in groundwater level, barometric pressure and earth tides have very little
influence on the hydrograph, but rainfall had a significant influence; and
• After accounting for the influence of rainfall, the adjusted hydrograph contained groundwater fluctuations of
approximately 2 m but no statistically significant trend was evident in the corrected groundwater level data.

4.4.6 APPLICATION OF TREND METHODOLOGY
The next steps in the trend analysis applications are:
• Collation of the relevant background data for each EPBC monitoring site. This includes, for example:
• Location of the nearest climate monitoring data;
• Location of nearby abstractions and other potential anthropogemic influences;
• Continued testing and refinement of the method on bores with suggicient datasets; and
• Potential development (with external research organisation) of a toolkit to implement the methodology.

4.5 CONCLUSIONS
The application of water level and pressure data to groundwater management actions has been described to
highlight:
• The threshold values for water level which will trigger response plans and actions;
• The timing and procedure for establishing baselines upon which to measure groundwater changes; and
• The trend analysis process which aims to remove non CSG related impacts from the water level signals.
The definition of a baseline is the key tool by which the monitoring data will be used to quantitatively assess
impacts.
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The status of the commitments relevant to these elements is as follows:
#

Department Condition

Description

Completion date

52c v

Completion of first groundwater level trend analysis assessment

April 2013

10

49b

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

April 2013

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

18

52d III

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

October 2013

Development of an aquifer surveillance workflow

April 2014

Pre-Dec 2012

5

Status

Post-Dec 2012

53B eci

54
55

53B d

Development of methodology for establishing a baseline

April 2014

56

53B d

Derivation of baseline for wells with sufficient record

October 2014
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53B d

First application of Trend Analysis to Springs Monitoring
Bore data

October 2014

Commitments completed				
Commitments work in progress		

Evergreen Commitments
Firm deliverables for that month

QGC in association
with other CSG
companies has
developed a
comprehensive
scheme of early
warning and trigger
monitoring bores
to protect EPBC
springs.

