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1.0  Introduction 

The identification of potential drawdown impacts from CSG associated water production requires the 
definition of a baseline or reference value so that any water level change from pre development conditions 
can be established. Prior to CSG development the groundwater systems are dynamic with various spatial and 
temporal influences on water levels including regional and local groundwater flow, regional and local 
abstractions and climatic changes. Therefore, a reference value needs to be set for an already dynamic system. 
In turn, when it comes to impact identification, that impact needs to be considered within that dynamic 
framework and any additional drawdown due to CSG abstraction needs to be identified separately  from the 
natural and other anthropogenic influences. 

Part of this process is a statistical Trend Analysis of water level. QGC prepared and submitted a Trend Analysis 
process (QGC, 2103a) as part of the Joint Industry Plan for Springs Management and Protection in April 2013.  

This document has been prepared in fulfilment of Commitments 56 and 58 of the Stage 3 Water Monitoring 
and Management Plan. Initial reference values are presented for monitoring bores with a more detailed Trend 
Analysis for those springs monitoring bores which have 12 months or more of data. The intent is to implement 
the Trend Analysis process on all bores as the data permit. 
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2.0  Interim Reference Value Methodology 

The following work steps have been developed: 

 Pressure data are converted to elevations (m AHD) and compensated for barometric pressure; 

 Known anomalies are removed such as: 

o Post well construction effects; 

o Drawdowns due to purging for water quality sampling; 

o Drawdowns due to well development; 

o Changes in pressure due to gauge re-installation; and 

o Instrument drift. 

Where 12 months or more of reliable pre-CSG development date data are available then an interim reference 
value has been identified on the relevant hydrographs. This interim reference value will be updated within 
12 months as: 

 Site specific conceptual models of monitoring installations are completed; and 

 Trend analyses for each bore are implemented, as necessary. 

The justification for the selection of each reference value is outlined on each hydrograph. Note that a specific 
value is not always clear for each bore and that the reference value may be a slope or trend the departure 
from which may indicate an impact. In some cases a reference value cannot yet be defined, for example: 

 Where the bore has not yet equilibrated to aquifer conditions (i.e. in low permeability formation); 

 Where patterns in the data suggest that further assessment and trend analysis are required; and 

 Where sufficient data are not available. 

Note that reference values are for information at this time and will not be used to assess drawdown for 
response planning process until a final reference value is determined. It is possible that, in such a dynamic 
system, for some bores a definitive reference may not be defined until a number of years of data are available 
and the local and regional conceptual models are fully established.   
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3.0  Interim Reference Values 

Figure 3-1 illustrates the position of the relevant monitoring bores.  

 

Figure 3-1 QGC Groundwater Monitoring Network  
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Broadwater GW1 Alluvium 

 

Reference Value and Justification Actions 

Water elevation of 320.93 mAHD. 

Consistent water level over the last twelve months. 

Continue to check gauge performance 
with manual water level dips. 
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Broadwater GW4 Alluvium 

 

Reference Value and Justification Actions 

Water elevation of level of 319.55 mAHD. 

Fairly consistent water level over the last twelve months with a 
subtle downward trend. Potentially caused by natural drainage 
and/or local usage. 

Develop conceptual hydrogeological 
understanding of local and sub-
regional groundwater systems and trend 
analysis. 
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Broadwater GW7 Alluvium 

 

Reference Value and Justification Actions 

Water elevation of 325.2 mAHD. 

Consistent water level over the last twelve months. 

Continue to check gauge performance 
with manual water level dips. 
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Broadwater GW15 Hutton 

 

Reference Value and Justification Actions 

A downward slope with a gradient of 0.0044 m/day. 

Hutton levels are declining at a consistent rate over the last twelve 
months. 

Implement trend analysis and 
conceptual modelling to identify how 
the signal is affected by climate, 
nearby pumping and regional 
abstraction. 
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Jen MW001 Gubberamunda 

 

Reference Value and Justification Actions 

Not yet defined – previous generally flat response changed in June 
2014. Need to identify if this is an aquifer response or due to bore 
development. 

Implement trend analysis and 
conceptual modelling to identify how 
the signal is affected by climate, nearby 
pumping and regional abstraction. Check 
geological model to accurately identify 
source formation which may be 
Springbok or Westbourne. 
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Poppy GW1 and GW2 Springbok 

 

Reference Value and Justification Actions 

Poppy GW1 – water elevation of 322.5 mAHD 

Poppy GW2 – water elevation of 313.1 mAHD 

Springbok water levels are relatively consistent with a slight rise 
over the period of record. There is some gauge drift after Sept 2013 
which has now been corrected. 

Implement trend analysis and 
conceptual modelling to identify how 
the signal is affected by climate, nearby 
pumping and regional abstraction and 
to try and identify the source of the 
rising trend. 
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Ruby Jo GW2 Springbok 

 

Reference Value and Justification Actions 

Water elevation of 310 mAHD 

Water level has been relatively consistent over the last 9 months 
(since the well was worked over).  

Continue to check gauge performance 
with manual water level dips 
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Ruby Jo GW3 Hutton 

 

Reference Value and Justification Actions 

A downward slope with a gradient of 0.0072 m/day. 

Hutton levels have declined at a consistent rate over the last 
twelve months. 

Implement trend analysis and 
conceptual modelling to identify how 
the signal is affected by climate, nearby 
pumping and regional abstraction. 
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Kenya East GW1 Gubberamunda 

 

Reference Value and Justification Actions 

No reference value at this time. 

Located in or close to recharge zones and recharge events and 
local usage/regional drainage may be influencing bore 
responses Trend analysis required to identify background to 
declining trend and peaks/troughs in the record. 

Implement trend analysis and conceptual 
modelling to identify how the signal is 
affected by climate, nearby pumping and 
regional abstraction. 
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Kenya East GW2 Springbok 

 

Reference Value and Justification Actions 

Water elevation of 310.5 mAHD 

Consistent water level over the last three years. 

Check gauge performance with manual 
dips. 

 
  



Reference Value and Trend Analysis Report   QCLNG-BE99-WAT-RPT-000019 

 
 

 
14 

Kenya East GW3 Gubberamunda 

 

Reference Value and Justification Actions 

No reference value at this time. 

Located in or close to recharge zones and recharge events 
and local usage/regional drainage may be influencing bore 
responses. Trend analysis required to identify background 
to declining trend and peaks/troughs in the record. 

Implement trend analysis and conceptual 
modelling to identify how the signal is affected 
by climate, nearby pumping and regional 
abstraction. 
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Kenya East GW4 Springbok 

 

Reference Value and Justification Actions 

Water elevation of 300.6 mAHD 

Consistent water level over the last three years 

Check gauge performance with manual dips. 
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Kenya East GW5 Eurombah 

 

Reference Value and Justification Actions 

Water elevation of 295.5 mAHD 

Relatively consistent water elevation over two years with subtle 
rising trend. 

Check gauge performance with manual 
dips. 
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Kenya East GW6 Hutton 

 

Reference Value and Justification Actions 

No reference value at this time. Redevelopment in June 2103 
resulted in step change in values. 

Subtle downward trend began in January 2014. At least twelve 
months data required to implement trend analysis on recent data. 

Implement trend analysis and 
conceptual modelling to identify how 
the signal is affected by climate, nearby 
pumping and regional abstraction. 
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Kenya East GW7 Precipice 

 

Reference Value and Justification Actions 

Not yet defined 

Multiple patterns of water level rise and fall requiring site 
scale conceptual modelling and trend analysis. Requires 
subregional conceptual modelling as nearest production bore 
is CS Energy’s Lagoon Gully No 1 bore is on Jordon block, 
approximately 19  km to the south east.  

Implement trend analysis and conceptual 
modelling to identify how the signal is 
affected by climate, nearby pumping and 
regional abstraction 
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Kenya East GW8 Westbourne 

 

Reference Value and Justification Actions 

Water elevation of 306.75 mAHD. 

Constant water level over two years. 

Check gauge performance with manual 
dips. 
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Kenya GW2 Springbok 

 

Reference Value and Justification Actions 

Not yet defined. 

Water levels plateaued from March 2014. Review from March 2015 
to determine if a consistent pattern.  

Review data from March 2015. 
Implement trend analysis and 
conceptual modelling to identify how 
the signal is affected by climate, nearby 
pumping and regional abstraction. 

 
  



Reference Value and Trend Analysis Report   QCLNG-BE99-WAT-RPT-000019 

 
 

 
21 

Lauren GW1 Gubberamunda 

 

Reference Value and Justification Actions 

Not yet defined. 

Falls in water elevation from Nov 2011 to Nov 2013 may be 
plateauing.  Data since that time appear to confirm stable conditions 
although a single manual dip in August 2014 suggests a rise. Review 
after 6 months of gauge data in March 2015. 

Review after 6 months of new gauge 
data in March 2015. 
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Lauren GW2 Springbok 

 

Reference Value and Justification Actions 

Not yet defined. 

Potential plateau in data since January 2014. Review in March 
2015 to confirm this pattern. 

Review in March 2015 and implement 
trend analysis and conceptual modelling to 
identify how the signal is affected by 
climate, nearby pumping and regional 
abstraction. 
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Bellevue GW2 Springbok 

 

Reference Value and Justification Actions 

Not yet defined. 

Located in or close to recharge zones and recharge events and 
local usage/regional drainage may be influencing bore responses 
Multiple signal patterns (notwithstanding influence of sampling 
and development events). Conceptual modelling and trend 
analysis required. 

Implement trend analysis and conceptual 
modelling to identify how the signal is 
affected by climate, nearby pumping and 
regional abstraction. 
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Bellevue CPS2 Gubberamunda 

 

Reference Value and Justification Actions 

Not yet defined. 

Located in or close to recharge zones and recharge events 
and local usage/regional drainage may be influencing bore 
responses. Multiple signal patterns (notwithstanding 
influence of sampling and development events), 
overprinted on a rising trend.  Conceptual modelling and 
trend analysis required. 

Implement trend analysis and conceptual 
modelling to identify how the signal is affected 
by climate, nearby pumping and regional 
abstraction. 
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Berwyndale South GW1 Gubberamunda 

 

Reference Value and Justification Actions 

Not yet defined. 

Located in or close to recharge zones and recharge events and 
local usage/regional drainage may be influencing bore responses 
Multiple signal patterns of rising and falling trends.  Conceptual 
modelling and trend analysis required. 

Implement trend analysis and conceptual 
modelling to identify how the signal is 
affected by climate, nearby pumping and 
regional abstraction. 
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Berwyndale South GW2 Springbok 

 

Reference Value and Justification Actions 

Water elevation of 285.8 mAHD. 

Constant water level over the last year and no significant impact 
from operational associated water abstraction.. 

Continue to review and check gauge 
performance with manual dips. 
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Woleebee Creek GW1 Gubberamunda 

 

Reference Value and Justification Actions 

Not yet defined – strong falling trend.  

Potentially influenced by camp abstraction. 

Develop local scale conceptual model 
incorporating camp supply flow data. 
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Woleebee Creek GW3 Hutton 

 

Reference Value and Justification Actions 

Water elevation of 265.6 mAHD. 

Fairly consistent water level since March 2012, subtle rising trend 
since workover in June 2013. 

Continue to check gauge performance 
with manual dips. 
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Woleebee Creek GW9 Springbok 

 

Reference Value and Justification Actions 

Not yet defined. 

For one year after construction, water level dropped as 
conditions equilibrated after well construction. Symptomatic 
of the low permeability of the Springbok in this area. Over the 
last year levels have started to rise and further monitoring is 
required to establish stable conditions. 

Continue to check gauge performance against 
manual dips. 
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Coochiemudlo GW1 Hutton 

 

Reference Value and Justification Actions 

Not yet defined – to be assessed following receipt of twelve months 
of data 

Continue to check gauge performance 
with manual dips 
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Coochiemudlo GW2 Precipice 

 

Reference Value and Justification Actions 

Not defined at this time. 

Three periods with distinct groundwater level behaviour are 
evident in the data record and trend analysis. Trends are a 
combination of local pumping and climatic effects. 

Continue to collect data to refine 
local scale conceptual model. 
Implement trend analysis and 
conceptual modelling to identify how 
the signal is affected by climate, 
nearby pumping and regional 
abstraction. 

 
 
  



Reference Value and Trend Analysis Report   QCLNG-BE99-WAT-RPT-000019 

 
 

 
32 

Charlotte GW1 Hutton 

 

Reference Value and Justification Actions 

Slope with a gradient of -0.0048. 

Consistent trend over the past 12 months. 

Coniine to collect data to refine local 
scale conceptual model to determine 
causes of ongoing decline. 
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Charlie GW1 Hutton 

 

Reference Value and Justification Actions 

Not yet defined – to be assessed following receipt of twelve 
months of data 

Continue to check gauge performance 
with manual dips 
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Charlie GW2 Precipice 

 

Reference Value and Justification Actions 

Not yet defined – to be assessed following receipt of twelve 
months of data 

Continue to check gauge performance with 
manual dips 
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4.0  Trend Analysis Methodology 

4-1  Introduction 

A method to assess trends in groundwater level and/or pressure data has previously been developed by QGC.  
One of the aims of the method was to allow QGC to assess groundwater level behaviour near important 
environmental assets in the region. QGC committed to implementing this trend analysis methodology on 
datasets of suitable longevity by October 2014. That’s assessment is attached as Appendix A and summarised 
in this section. 

The assessment focuses on two data sets: Charlotte (CHR) GW1 and Coochiemudlo (CMO) GW2. Both of these 
wells are those monitoring conditions specific to Matters of National Significance. These data sets have been 
assessed for trends using a formal statistical analysis that identifies both the trend magnitude and the 
statistical significance of that trend magnitude (i.e. whether the trend is discernible from the unaccounted 
variability in the data). This information provides QGC with the level of confidence in observed changes in 
groundwater levels at these locations. Preliminary sensitivity testing has been undertaken to consider the key 
processes of relevance to these two data sets.  

4-2  Refinement of method 

In its earliest form, the development of a trend method for QGC was undertaken to demonstrate ‘proof of 
concept’, with limited case study applications.  Since then, further refinement has been undertaken to test the 
relevance of particular steps to typical bore types within the QGC network. The method is progressively being 
applied across a wider range of bore data sets to continue to relate the steps more directly to hydrogeological 
processes relevant at a particular location. Additional work is continuing to expand this sensitivity testing to a 
wider range of bore types. It is intended that the outcomes from this sensitivity testing will result in further 
refinements to the approach, particularly to improve the user-friendliness of the approach. Based on most 
recent review and refinement, the key steps of the trend analysis process are summarised below: 

1. Hydrogeological conceptualisation. This assists with data selection and data preparation.  This brief 
context setting ensures that the data being input into the statistical trend analysis is appropriate and 
physically relevant; 

2. Collate available data for analysis.  This data includes 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. This data may be sourced from external agencies, such as the 
Bureau of Meteorology and DNRM as required. Data is 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 
are removed, along with an appropriate amount of data following the incident to ensure the data has 
returned to background levels; 

3. Remove the influence of barometric pressure and earth tides. This helps to minimise the ‘noise’ in the 
data that is directly attributable to known influences on groundwater levels and pressures. Existing 
software tools such as BETCO and TSOFT may be used for this step; 

4. 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. 
Following a visual assessment of the 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; 

5. 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 covering the whole period of available data. 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 can be calculated, and the break-point 
analysis repeated using this time series to confirm the periods for analysis are still appropriate. The 
above steps are repeated for a regional bore located outside the influence of CSG activities, and 
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compared with the behaviour at the monitoring bore of interest to assess trends as a result of regional 
groundwater activities. The groundwater level should also be compared to the 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 DNRM’s guidelines; 

6. Minimise serial correlation in the data. The resulting data set is aggregated to a suitable time step for 
trend analysis, based on an assessment of the serial correlation of the data. The weighted mean 
drawdown is calculated by averaging the data over a representative period. Alternatively, a filtered 
time series can be tested (a single value selected from the raw data for the representative period). This 
approach should consider various time steps (such as daily, weekly, monthly or annual frequencies) 
until serial correlation issues are minimised; and 

7. Undertake statistical analysis to assess trends. This utilises statistical tests such as linear regression, 
the Mann-Kendall test and the Seasonal Kendall test. QGC intend to 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. 

4-3  Charlotte (CHR) GW1 trend analysis 

The Charlotte (CHR) GW1 well monitors pressure and water quality in the Hutton Sandstone in the Northern 
tenement area. This bore is a part of QGC’s network that provides early warning of potential impacts to 
Matters of National Significance springs. 

Data is available at this location from 23 August 2013 to 13 August 2014, however the initial period of data 
displays the influence of bore recovery following drilling. As such, the analysis has been applied from 
17 September 2013. The trend analysis steps have been applied to the data for this bore to identify whether 
there are discernible trends in the groundwater level data associated with non-CSG and CSG related activities.  

 

Figure 3-2 Charlotte GW1 Trend Analysis 
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The processing and analysis of information for monitoring well CHR GW1 identified the following key points: 

 Groundwater level fluctuations do not appear directly linked to the climate conditions at this site; 

 Local pumping in the vicinity of the monitoring well has been estimated to have a drawdown impact of 
approximately 1.6m. However, this assumes steady state pumping rates. Without further information 
on the temporal nature of these extractions, it is not possible to fully account for this activity in the 
trend analysis; 

 Barometric and earth tide correction helps to minimise the ‘noise’ in the raw observations. This can be 
an important step when the magnitude of the noise is greater than the magnitude of the underlying 
trend. Given the magnitude of the changes in groundwater levels at this site, barometric and earth tide 
correction have little influence on the hydrograph; 

 The magnitude of the trends identified at CHR GW1 is improved by applying the progressive stages of 
the method. In general, greater trend magnitudes are evident in the raw data compared to when 
external processes are accounted for; and 

 Trend analysis results at CHR GW1 are influenced by the high serial correlation in the data. As such it is 
not possible to confirm whether the trend is statistically significant or not. The data indicates a decline 
in groundwater levels at a rate of approximately 1.7 m/year. 
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4-4  Coochiemudlo (CMO) GW2 

Figure 3-3 presents the hydrograph for CMO GW2 groundwater level (barometric compensation applied). 
Initial visual assessment is drawn to two periods of data that are anomalous to the rest of the record. The first 
instance occurs at the start of the record, when the bore is recovering following drilling. This data has been 
excluded from ongoing analysis. The second period of anomalous data occurs in late November 2013, 
following airlift. Data records immediately following the airlift have been excluded to account for this process. 
In addition, the gauge was reinstalled at a different datum following the airlift, so a correction factor has been 
applied to create a long term data set for analysis. 

The time series demonstrates a number of different responses within the observation record. Over the first 
few months, groundwater levels show a small decline, however this appears to be within the magnitude of the 
sub-daily fluctuations. From approximately October 2013 to April 2014, groundwater levels display a larger 
decline. The observations since April 2014 display evidence of recovery.  

While a maximum drawdown of 1 m is observed at CMO GW2, the recovery over recent months means that an 
overall drawdown of 0.7m occurs over the period of observations. 

 

Figure 3-3 Coochiemudlo GW2 Trend Analysis 

 

The processing and analysis of information for monitoring well CMO GW2 identified the following key points: 

 Three periods with distinct groundwater level behaviour are evident in the data record. Break point 
analysis was used to segment the data for analysis; 

 Groundwater level fluctuations can be linked to the climate conditions at this site for specific periods 
of the record; 

 Local pumping in the vicinity of the monitoring well has been estimated to have a drawdown impact of 
approximately 0.6m. However, this assumes a steady state pumping rates. Based on the available 
temporal information on local extractions, the groundwater level fluctuations at this well are not 
directly linked to local pumping activities.; 

 Barometric and earth tide correction helps to minimise the ‘noise’ in the raw observations. This can be 
an important step when the magnitude of the noise is greater than the magnitude of the underlying 
trend. This is evident in the Period 1 analysis, which requires barometric pressure data to be 
incorporated in the regression if correction is not undertaken; 
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 Trends at CMO GW2 were considered for three discrete periods and the full period of record; 

 The magnitude of the trends identified at CMO GW2 is improved by applying the progressive stages of 
the method. In general, greater trend magnitudes are evident in the raw data compared to when 
external processes are accounted for; and 

 This provides confidence to QGC that trends in groundwater level data may be partially driven by other 
influences, and accounting for these processes reduces the magnitude of the remaining trend. 

4-5  Conclusions 

Based on the analysis of two recently collated data sets, and sensitivity testing using this data, a number of 
findings can be concluded: 

 The original trend analysis method can be refined to focus on those external processes most likely to 
be influencing a particular data set.  

 Serial correlation issues are challenging and the method has been simplified to minimise the effort 
required to resolve these issues which are common within hydrologic data. 

 Preliminary sensitivity testing confirms that barometric and earth tide corrections help to reduce the 
‘noise’ in the data. This is an important step when the magnitude of the underlying trend is small 
relative to the sub-daily variability in the raw data as well as the barometric pressure and earth tide 
data. 

 Climate variables can help to describe some of the variability observed in groundwater observations at 
CMO GW2. Ongoing sensitivity assessment will confirm whether this is also true of other bore types. 

 Based on the data currently available, other external processes are not able to describe the 
groundwater level fluctuations at CHR GW1 and CMO GW2. Ongoing data collection and sensitivity 
assessment will confirm whether this is also true of other bore types. 

 The magnitude of the trends identified at CHR GW1 and CMO GW2 are improved by applying the 
progressive stages of the method. In general, greater trend magnitudes are evident in the raw data 
compared to when external processes are accounted for. 

 It is recognised that limited temporal information is available to describe many of these external 
processes. As such, the availability of any additional information should be monitored and 
incorporated if it becomes available to confirm that these external processes are appropriately 
accounted for. 
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Appendix A Trend Analysis Implementation 
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Important note about your report 

The sole purpose of this report and the associated services performed by Jacobs is to assess groundwater level 
data for trends in accordance with the scope of services set out in the contract between Jacobs and QGC. That 
scope of services, as described in this report, was developed with QGC.  

In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirmation of the 
absence thereof) provided by QGC and/or from other sources.  Except as otherwise stated in the report, Jacobs 
has not attempted to verify the accuracy or completeness of any such information. If the information is 
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and 
conclusions as expressed in this report may change. 

Jacobs derived the data in this report from information sourced from QGC  and/or available in the public domain 
at the time or times outlined in this report.  The passage of time, manifestation of latent conditions or impacts of 
future events may require further examination of the project and subsequent data analysis, and re-evaluation of 
the data, findings, observations and conclusions expressed in this report. Jacobs has prepared this report in 
accordance with the usual care and thoroughness of the consulting profession, for the sole purpose described 
above and by reference to applicable standards, guidelines, procedures and practices at the date of issue of 
this report. For the reasons outlined above, however, no other warranty or guarantee, whether expressed or 
implied, is made as to the data, observations and findings expressed in this report, to the extent permitted by 
law. 

This report should be read in full and no excerpts are to be taken as representative of the findings.  No 
responsibility is accepted by Jacobs for use of any part of this report in any other context. 

This document is preliminary in nature, and provides QGC with early findings associated with the sensitivity 
assessment. Ongoing work on this task will continue using a number of additional data sets, and a final report 
will be issued at a later date to capture this ongoing work. 

This report has been prepared on behalf of, and for the exclusive use of QGC, and is subject to, and issued in 
accordance with, the provisions of the contract between Jacobs and QGC. Jacobs accepts no liability or 
responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third party 
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1. Introduction 
A method to assess trends in groundwater level and/or pressure data has previously been developed by QGC.  
One of the aims of the method was to allow QGC to assess groundwater level behaviour near important 
environmental assets in the region. 

At the time, the trend analysis approach was prepared to incorporate the DNRM (2012) guidelines on 
underground water impacts and Geoscience Australia (2012) comments on the approach proposed in the Stage 
2 WMMP.  

Since then, the regulatory requirements associated with trend analysis have been further clarified. In addition, 
QGC, other CSG businesses and the State Government have installed a number of monitoring bores in the 
region. The monitoring data collected at these sites is now progressively becoming available for analysis. In 
parallel, QGC and other CSG businesses have progressed the development of their resource extractions.  

Given these recent changes, the previously developed trend analysis method is now being revisited to re-align 
the approach with the needs of QGC. Part of this process includes a review of the theoretical approach in light 
of its practical implementation. This is a key aspect for QGC users, who may need to assess trends for a large 
number of data sets. To support this, the current study includes a sensitivity analysis to help identify whether 
certain steps in the analysis materially affect trend analysis outcomes in a number of generic cases. The scope 
of work includes providing support and training to QGC on the refined method, and the development of a user 
manual to support its implementation.  

This document presents on the first stage of the study. It focuses on two data sets: Charlotte (CHR) GW1 and 
Coochiemudlo (CMO) GW2. These data sets have been assessed for trend using a formal statistical analysis 
that identifies both the trend magnitude and the statistical significance of that trend magnitude (i.e. whether the 
trend is discernible from the unaccounted variability in the data). This information provides QGC with the 
information to report to the regulator on the nature of and level of confidence in observed changes in 
groundwater levels at these locations.  Preliminary sensitivity testing has been undertaken to consider the key 
processes of relevance to these two data sets. Other bores will be analysed in later stages of the study, so the 
sensitivity analysis outcomes in this document should be considered as preliminary at the current time.  
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2. Refinement of method 
In its earliest form, the development of a trend method for QGC was undertaken to demonstrate ‘proof of 
concept’, with limited case study applications.  Since then, further refinement has been undertaken to test the 
relevance of particular steps to typical bore types within the QGC network. The method is progressively being 
applied across a wider range of bore data sets to continue to relate the steps more directly to hydrogeological 
processes relevant at a particular location. Some preliminary findings from this sensitivity analysis are presented 
in Section 3, with additional work continuing to expand this sensitivity testing to a wider range of bore types. It is 
intended that the outcomes from this sensitivity testing will result in further refinements to the approach, 
particularly to improve the user-friendliness of the approach. 

Based on most recent review and refinement, the key steps of the trend analysis process are summarised 
below: 

1) Hydrogeological conceptualisation. This assists with data selection and data preparation.  This brief 
context setting ensures that the data being input into the statistical trend analysis is appropriate and 
physically relevant 

2) Collate available data for analysis.  This data includes 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. This data may be sourced from external agencies, such as the Bureau of 
Meteorology and DNRM as required. Data is 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 are removed, 
along with an appropriate amount of data following the incident to ensure the data has returned to 
background levels.  

3) Remove the influence of barometric pressure and earth tides. This helps to minimise the ‘noise’ in the 
data that is directly attributable to known influences on groundwater levels and pressures. Existing software 
tools such as BETCO and TSOFT may be used for this step. 

4) 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. Following a 
visual assessment of the 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.   

5) 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 covering the whole period of available data. 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 can be calculated, and the break-point analysis 
repeated using this time series to confirm the periods for analysis are still appropriate.  The above steps 
are 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 activities. 
The groundwater level should also be compared to the 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 DNRM’s guidelines. 

6) Minimise serial correlation in the data. The resulting data set is aggregated to a suitable time step for 
trend analysis, based on an assessment of the serial correlation of the data. The weighted mean drawdown 
is calculated by averaging the data over a representative period. Alternatively, a filtered time series can be 
tested (a single value selected from the raw data for the representative period). This approach should 
consider various time steps (such as daily, weekly, monthly or annual frequencies) until serial correlation 
issues are minimised. 

7) Undertake statistical analysis to assess trends. This utilises statistical tests such as linear regression, 
the Mann-Kendall test and the Seasonal Kendall test. QGC intend to 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. 
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3. Preliminary Sensitivity Analysis 
A sensitivity analysis was undertaken using the data provided to support the analysis of the CHR GW1 and 
CMO GW2 trend analysis. This sensitivity testing is the first stage in a broader consideration of the key 
processes of relevance to the trend analysis method.  

Key analysis undertaken to date includes a spatial and temporal variability across the different data sets. This 
has considered the data supplied for barometric pressure, temperature and the synthetic earth tide data 
generated using TSOFT. 

The detailed workings of this analysis are provided in Appendix A, with the key outcomes summarised below for 
each data set analysed to date. 

Barometric pressure  

 Four data sets were supplied by QGC: PPY GW1, WCK GW1, LRN GW1 and KEE. 

 Barometric pressure observations are generally consistent across these four data sets that broadly cover 
QGC’s three development areas, as shown in Figure 3.1. 

 Depending on the period of record, it is possible that there is a trend within the barometric pressure data 
(for example, refer to Figure B.2). 

 As the barometric pressure observations at Kenya East commenced only recently, local groundwater 
observation wells that require barometric compensation have used a combination of data from LRN GW1 
and Kenya East. Analysis confirms that these two data sets are well correlated, suggesting it is reasonable 
to alternate between the available LRN and KEE data when undertaking barometric compensation. 

 

Figure 3.1 : Comparison of barometric pressure observations, relative to PPY GW1 
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Barometric compensation and correction 

 Barometric compensation is appropriate for open and unvented loggers that measure absolute pressure, to 
convert the observations into a gauge pressure reading.  

 Barometric correction is a further analysis step that is applied to account for barometric efficiency. It is 
traditionally assumed that the barometric pressure record is in steady state over long term analyses and 
barometric correction is not relevant.  

 Of relevance for trend analysis, barometric correction can help to remove ‘noise’ from the groundwater 
record. 

 Barometric correction for trend analysis is particularly important where the variability associated with the 
‘noise’ exceeds the magnitude of the underlying trend. 

Temperature 

 Temperature data recorded at the barometric pressure observation wells was reviewed. 

 LRN GW1 observations show little variability until mid-2014. It is likely that the temperature probe was in 
water in the early periods of the record or the temperature sensor may have been defective for the period. 
It is assume that these observations do not adversely impact on the associated barometric pressure 
records at this location. 

All other temperature data sets are generally consistent, as shown in Figure 3.2. 

 

Figure 3.2 : Temperature observations 

 

Earth tides 

 Earth tide time series data were generated for a number of locations across Queensland to test the spatial 
variability. There is little discernible difference in the earth tides generated for the different locations 
considered, as shown in Figure 3.3. 

 The generation of a synthetic earth tide data set also require information on the elevation of the location of 
interest. A range of elevations were tested to understand the influence of this input variable. There is little 
discernible difference in the earth tides generated for the different elevations considered. 
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 The influence of earth tides on groundwater levels was tested for the CHR GW1 and CMO GW2 data. In 
both cases, correction for the influences of earth tides helps to minimise the noise in the data. 

 Based on these observations, it is possible that a single earth tide signal be generated for a representative 
location, and applied generically across QGCs analysis locations. 

 

Figure 3.3 : Comparison of earth tides for sensitivity test locations (all with 0m elevation) 

 

Serial correlation 

 High serial correlation increases the probability of falsely identifying a trend. As such, serial correlation 
should be minimised. 

 Filtering the data over longer time steps or calculating the weighted mean drawdown (average over a 
longer time step) should be applied to help minimise serial correlation. 

 Literature suggests that the pre-whitening step is not necessary for data sets with 50-80 data records that 
have a reasonable trend magnitude. In light of this research, the pre-whitening step is no longer 
recommended for application. 

 Instead, trend outcomes should be interpreted within the context of the serial correlation of the data. Where 
serial correlation is an issue, trend should be reported as ‘not statistically significant’ to reflect the potential 
adverse influence of correlation on the trend result.  
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4. Charlotte (CHR) GW1 trend analysis 
The Charlotte (CHR) GW1 monitoring well monitors pressure and water quality in the Hutton Sandstone in the 
Northern tenement area. This bore is a part of QGC’s network that provides early warning of potential impacts to 
Matters of National Significance springs. 

Data is available at this location from 23 August 2013 to 13 August 2014, however the initial period of data 
displays the influence of bore recovery following drilling. As such, the analysis has been applied from 17 
September 2013. The trend analysis steps have been applied to the data for this bore to identify whether there 
are discernible trends in the groundwater level data associated with non-CSG and CSG related activities.  

Full details of the application of the trend analysis method are provided in Appendix B. The key analysis steps 
and the findings associated with the trend assessment are highlighted in this section. 

4.1 Raw Data 

Figure 4.1 presents the hydrograph for CHR GW1 groundwater level (barometric compensation applied). The 
data demonstrates a clear downward trend over the full period of record, with small cyclic (semi-daily) 
variations. The data is collected on an hourly basis, and there are no missing periods in this data set. 

 

Figure 4.1 : CHR GW1 hydrograph 

A number of supporting data sets were compiled, including barometric pressure, earth tides, daily rainfall 
records, cumulative deviation from mean daily rainfall and local pumping rates. Time series data sets for each of 
these variables were plotted and reviewed to understand the behaviour over the period concurrent with CHR 
GW1 bore monitoring, with the following observations: 

 WCK GW1 was used for barometric pressure data. A preliminary review of this barometric pressure 
suggests an upward trend over the period of the record. 

 Earth tide data was generated using TSOFT and does not visually demonstrate an underlying trend. 

 Rainfall data was sourced from the Taroom Post Office site (gauge 035070), consistent with QGC’s 
analysis at this location. This rainfall gauge is in the vicinity of the tenements rather than at the CHR GW1 
bore site. Observations at this site indicate that rainfall has been in deficit over most of the period of 
groundwater level observations at CHR GW1.  



Preliminary sensitivity and trend analysis  

 

Preliminary sensitivity and trend analysis 8 

 A number of private bores are located in the vicinity of the CHR GW1 bore, drawing water from the Hutton 
Sandstone. The closest of these bores is 4km from CHR GW1. Unfortunately, time series data on these 
extractions are not available, so these influences cannot be incorporated into the quantitative analysis. 
However, given the distance between these extractions and CHR GW1, it is considered likely that the 
influence of pumps being switched on and off will be smoothed out as the pulse propagates through the 
aquifer.  As such, it was considered reasonable to assume a constant pumping rate for this assessment. 

Other potential influences on groundwater levels were also identified, however temporal data describing these 
processes is not currently available for incorporation in the trend analysis. 

4.2 Accounting for barometric pressure and earth tide influences on groundwater 
levels 

The influence of barometric pressure and earth tides can be removed using software such as BETCO. Figure 
4.2 presents the corrected groundwater levels once barometric pressure and earth tide influences have been 
taken into account. The removal of this accounted-for ‘noise’ within the raw groundwater data results in a 
smoother time series data set.  

 

Figure 4.2 : CHR GW1 groundwater level, with barometric compensation, barometric correction and earth tide correction 

4.3 Period of analysis 

Visual inspection of the CHR GW1 data record suggests generally consistent behaviour of the hydrograph over 
time. There are no obvious changes in hydrograph that suggest groundwater conditions may have changed 
over time. Also, as the record at CHR GW1 is less than one year of data, it is not relevant to sub-divide the data 
any further.   

4.4 Accounting for other external influences 

The relationship between the groundwater level data and each of the explanatory variables was tested. This 
included consideration of the potential lag that may occur before any influence from an external process is 
observed in the groundwater data. None of the explanatory variables was found to be correlated to the 
groundwater data, suggesting these variables are not able to explain the variability in the CHR GW1 
hydrograph. The data was re-processed to a weekly time step to minimise serial correlation for the trend 
analysis. 
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4.5 Trend analysis 

Trend analysis was undertaken on the data. Figure 4.3 presents the trend in groundwater levels for different 
CHR GW1 data sets that represent the different stages of analysis documented above: 

 Raw groundwater level data re-processed to a weekly time step to minimise serial correlation. This data 
includes barometric compensation. 

 Groundwater level data that includes barometric compensation, as well as barometric and earth tide 
correction.  

These two data sets show subtly different responses over time, with a greater degree of variability and an 
increased rate of decline evident in the data that includes only groundwater compensation.  

 

Figure 4.3 : Trend in groundwater levels at CHR GW1 after accounting for external processes 

Table 4.1 summarises the trend analysis results for these data sets using two different statistical trend tests. 
The trend magnitude results highlight the importance of including the barometric and earth tide correction, with 
the rate of groundwater decline lower when the noise is removed from the analysis. This is consistent with the 
visual response described in Figure 4.3.  

The trend magnitude results are also generally consistent with the magnitude of potential influences from local 
extractions as identified using Theis drawdown calculations. Unfortunately, in the absence of temporal 
information on the nature of these extractions, this activity cannot be explicitly accounted for.  

Both the linear regression and the Mann-Kendall test results suggest that the trend in these data sets is 
statistically significant. However, these results have been revised to reflect the high degree of serial correlation 
in the data and the potential for a false outcome. This is relevant to allow further analysis to be undertaken 
before confirming that the groundwater levels are being affected by external processes, rather than being an 
element of the inherent variability in the data. 
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Table 4.1 : Summary of trend results for CHR GW1 

Data set Trend magnitude Linear regression test 
outcome 

Mann-Kendall test 
outcome 

Groundwater level data, including 
barometric compensation 

-1.8 m/year Not statistically 
significant * 

Not statistically 
significant * 

Groundwater level data, including 
barometric compensation plus 
barometric and earth tide corrections 

-1.7 m/year Not statistically 
significant * 

Not statistically 
significant * 

* High serial correlation in time series inputs invalidates the statistical significance in the trend outcomes 

4.6 Summary of findings 

The processing and analysis of information for monitoring well CHR GW1 identified the following key points: 

 Groundwater level fluctuations do not appear directly linked to the climate conditions at this site 

 Local pumping in the vicinity of the monitoring well has been estimated to have a drawdown impact of 
approximately 1.6m. However, this assumes steady state pumping rates. Without further information on the 
temporal nature of these extractions, it is not possible to fully account for this activity in the trend analysis. 

 Barometric and earth tide correction helps to minimise the ‘noise’ in the raw observations. This can be an 
important step when the magnitude of the noise is greater than the magnitude of the underlying trend. 
Given the magnitude of the changes in groundwater levels at this site, barometric and earth tide correction 
have little influence on the hydrograph. 

 The magnitude of the trends identified at CHR GW1 are improved by applying the progressive stages of 
the method. In general, greater trend magnitudes are evident in the raw data compared to when external 
processes are accounted for. 

 Trend analysis results at CHR GW1 are influenced by the high serial correlation in the data. As such it is 
not possible to confirm whether the trend is statistically significant or not. The data indicates a decline in 
groundwater levels at a rate of approximately 1.7 m/year. 

4.6.1 Recommendations for ongoing analysis 

Based on the analysis and sensitivity testing undertaken for CHR GW1, the trend analysis method can be 
simplified for this site to focus on those processes of key influence, as shown in Table 4.2. This simplification is 
only relevant while the overall change in groundwater is large relative to the semi-daily fluctuations. If a 
significant change in groundwater behaviour is identified in monitoring data in the future, this simplification may 
need to be reassessed. 

As the groundwater level changes display very linear behaviour, a simple trendline within Excel can provide a 
preliminary estimate of the nature of groundwater trend at CHR GW1. However, as this approach provides no 
information on the statistical significance of that trend, it is recommended that a formal trend analysis is 
undertaken. This will provide robust statistical metrics associated with the analysis, which can help to 
understand whether the changes warrant further investigation. It is worth noting that any trend that is not 
statistically significant could occur due to chance alone, and may not be the result of other external activities, 
including CSG development. As such, these metrics provide valuable information that is not visible within the 
hydrograph to support the next stages of investigation. Importantly, these metrics may provide justification for 
focussing investigations on selected locations that have statistically significant trend outcomes rather than all 
bore sites that show some evidence of change. 
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Table 4.2 : Key influences on CHR GW1 hydrograph  

Process Influence on CHR GW1 hydrograph Simplified trend method for this location 

Barometric correction Minimal – assists in removal of ‘noise’ Exclude, assuming groundwater level changes remain 
large relative to magnitude of ‘noise’ 

Earth tide correction Minimal – assists in removal of ‘noise’ Exclude, assuming groundwater level changes remain 
large relative to magnitude of ‘noise’ 

Climate None Exclude  

Local pumping Potentially important, but not possible to quantify until 
temporal information on pumping rates are available 

Seek temporal data on local extractions and assess 
relevance 

Loading/unloading None (deep system, long time scales necessary for 
influences to be identified in CHR GW1 hydrograph) 

Exclude 

Local hydrology None – little flow at local streamflow gauge Exclude 

Regional activities Unknown  Seek temporal data on regional processes and 
assess relevance 
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5. Coochiemudlo (CMO) GW2 
5.1 Raw data 

Figure 4.1 presents the hydrograph for CMO GW2 groundwater level (barometric compensation applied). Initial 
visual assessment is drawn to two periods of data that are anomalous to the rest of the record. The first 
instance occurs at the start of the record, when the bore is recovering following drilling. This data has been 
excluded from ongoing analysis. The second period of anomalous data occurs in late November 2013, following 
airlift. Data records immediately following the airlift have been excluded to account for this process. In addition, 
the gauge was reinstalled at a different datum following the airlift, so a correction factor has been applied to 
create a long term data set for analysis. 

The time series demonstrates a number of different responses within the observation record. Over the first few 
months, groundwater levels show a small decline, however this appears to be within the magnitude of the sub-
daily fluctuations. From approximately October 2013 to April 2014, groundwater levels display a larger decline. 
The observations since April 2014 display evidence of recovery.  

While a maximum drawdown of 1m is observed at CMO GW2, the recovery over recent months means that an 
overall drawndown of 0.7m occurs over the period of observations. 

 

Figure 5.1 : CMO GW2 hydrograph including bore recovery periods 

A number of supporting data sets were compiled, including barometric pressure, earth tides, daily rainfall 
records, cumulative deviation from mean daily rainfall and local pumping rates. Time series data sets for each of 
these variables were plotted and reviewed to understand the behaviour over the period concurrent with CHR 
GW1 bore monitoring, with the following observations: 

 WCK GW1 was used for barometric pressure data. A preliminary review of this barometric pressure 
suggests an upward trend particularly in the later part of the record. 

 Earth tide data was generated using TSOFT and does not visually demonstrate an underlying trend. 

 Rainfall data was sourced from the Taroom Post Office site (gauge 035070), consistent with QGC’s 
analysis at this location. This rainfall gauge is in the vicinity of the tenements rather than at the CMO GW2 
bore site. Observations at this site indicate that rainfall has been in deficit over the period of groundwater 
level observations at CMO GW2.  
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 A number of private bores are located in the vicinity of CMO GW2, although the closest is 20km away. 
Time series data available to describe the Wondoan town bores and Woleebee Creek GW4. Additional 
extractions occur from the Precipice Sandstone, however data is not available to describe the temporal 
nature of this pumping, and they have been incorporated into this analysis by assuming a constant rate.  

Other potential influences on groundwater levels were also identified, however temporal data describing these 
processes is not currently available for incorporation in the trend analysis. 

5.2 Accounting for barometric pressure and earth tide influences on groundwater 
levels 

The influence of barometric pressure and earth tides can be removed using software such as BETCO. Figure 
5.2 presents the corrected groundwater levels once barometric pressure and earth tide influences have been 
taken into account. These processes add to the ‘noise’ within the raw groundwater data, and correction results 
in a smoother time series data set.  

 

Figure 5.2 : CMO GW2 groundwater level, with barometric compensation, barometric correction and earth tide correction 

5.3 Period of analysis 

Visual inspection of the CMO GW2 data record identifies a number of distinct periods with different groundwater 
behaviour. The early period of the record is characterised by a slight decline in groundwater levels. From 
October 2013, the rate of groundwater level decline increases until March 2014. Since then, the hydrograph 
record shows an increase in groundwater levels. 

Formal statistical tests were applied to identify whether these changes in the hydrograph are statistically 
significant and warrant sub-dividing the data into shorter segments for analysis. Figure 5.3 presents the 
outcomes from this analysis.  
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Figure 5.3 : Break point analysis outcomes 

5.4 Accounting for other external influences 

The relationship between groundwater level and each of the explanatory variables was tested. This included 
consideration of the potential lag that may occur before any influence from an external process is observed in 
the groundwater data.  While in most instances there was no correlation between the explanatory variables and 
the groundwater data, a reasonable correlation was identified between the groundwater level data and the 
cumulative rainfall residuals for the full period of record as well as Period 1 and Period 3. This is shown in 
Figure 5.4. 

These findings suggest that it is possible to predict groundwater levels based on cumulative rainfall deviations 
for particular segments of the data. This may indicate that groundwater levels are driven by rainfall processes, 
as is likely in Period 1. Alternatively, rainfall may be a surrogate for another process that is influencing 
groundwater levels. It is likely that this is the case for Period 3, where the direction of the relationship is 
counterintuitive. Figure 5.4 notes the regression models (and goodness of fit) applied for each of the segments 
of data, which were applied on a daily time step. 
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Full period of record 

 

Period 1 

 
Period 2 

 

Period 3 

 

Figure 5.4 : Relationship between cumulative deviation from mean daily rainfall and groundwater level 

Figure 5.5 presents the groundwater variability as explained by the above regression relationships, compared to 
the groundwater data.  
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Full period of record 

 

Period 1 

 
Period 2 
 
N/A : no relationship identified between groundwater 
level and available data on other external processes 

Period 3 

 

Figure 5.5 : Observed and predicted groundwater levels (corrected for barometric pressure and earth tides), based on 
regression relationships identified with independent variables 

The difference between these estimated groundwater levels and the observed groundwater levels were 
calculated. This time series (termed ‘residuals’) provides an estimate of the groundwater level fluctuations that 
are not explained by climate, and may be driven by other influences (such as CSG development or other 
processes with no data to support regression analysis at present). When no correlation is identified between the 
explanatory variables and the groundwater level, the raw data is utilised in the trend test.  

The residual data sets were re-processed to a weekly time step to minimise serial correlation for the trend 
analysis. 

5.5 Trend analysis 

Trend analysis was undertaken on the groundwater levels data sets that represent the different stages of 
analysis documented above: 

 Raw groundwater level data re-processed to a weekly time step to minimise serial correlation. This data 
includes barometric compensation. 

 Groundwater level data that includes barometric compensation, as well as barometric and earth tide 
correction, on a weekly time step. 

 Residual groundwater that accounts for the influence of rainfall (cumulative deviation from mean daily 
rainfall), aggregated to a weekly time step. 

 

Figure 5.7 presents the trend results when the full period of the record is analysed. This demonstrates the value 
of each stage of the analysis, with the red line reflecting a smoothed version of the green data which is a result 
of the barometric pressure and earth tide correction. The magnitude of the trend is subtly different for these data 
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sets, with the corrected data showing a slightly flatter response. The blue data set is the output of the multiple 
regression model that accounts for the influence of rainfall.  While this data includes the key elements of the 
underlying data, it now has a much flatter trend response. By incorporating these external processes into the 
analysis, the trend magnitude has reduced. This blue data incorporates the potential influence of CSG (and 
other processes not explicitly incorporated in the analysis). 

 

Figure 5.6 : Trend in groundwater levels at CMO GW2 after accounting for external processes (using full period of record) 

Table 5.1 summarises the trend analysis results for these data sets. The trend magnitude results highlight the 
importance of including the barometric and earth tide correction, with the rate of groundwater decline lower 
when the noise is removed from the analysis. This is consistent with the visual response described in Figure 
5.6. Furthermore, Table 5.1 confirms that accounting for the rainfall influences on groundwater level reduces the 
magnitude of the trend that may be attributable to CSG development and other non-explained influences. 

The trend magnitude results are also generally consistent with the magnitude of potential influences from local 
extractions as identified using Theis drawdown calculations.  

Both the linear regression and the Mann-Kendall test results suggest that the trend in these data sets is 
statistically significant. However, these results have been revised to reflect the high degree of serial correlation 
in the data and the potential for a false outcome. This is relevant to allow further analysis to be undertaken 
before confirming that the groundwater levels are being affected by external processes, rather than being an 
element of the inherent variability in the data.  
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Table 5.1 : Summary of trend results for CMO GW2 for the full period of record 

Data set Trend magnitude Linear regression test 
outcome 

Mann-Kendall test 
outcome 

Groundwater level data, including 
barometric compensation 

-0.8 m/year Not statistically 
significant * 

Not statistically 
significant * 

Groundwater level data, including 
barometric compensation plus 
barometric and earth tide corrections 

-0.79 m/year Not statistically 
significant * 

Not statistically 
significant * 

Groundwater level residuals 
incorporating compensation, correction 
and the influence of external processes 

-0.27 m/year Not statistically 
significant * 

Not statistically 
significant * 

* High serial correlation in time series inputs invalidates the statistical significance in the trend outcomes 

A similar assessment of trends was undertaken using each of the three shorter segments of data. Figure 5.7 
shows the trend outcomes for each of these different segments and the associated statistics.  

As for the full period of record, this figure demonstrates the importance of each step in the analysis. By including 
the barometric and earth tide corrections, the small scale fluctuations in the data are minimised as the ‘noise’ in 
the data is eliminated. A further flattening of the trend line occurs once other external processes are accounted 
for. This adds rigour to the analysis process and provides QGC with confidence that trends in groundwater 
levels that are outside of their influence are not being attributed to their activities. 

A further sensitivity assessment was undertaken using the raw groundwater level data without application of 
BETCO to include barometric and earth tide corrections. The relationship between this data set and other 
external processes was tested, and the relevant regression models applied before trend analysis. Some 
differences are found when the barometric and earth tide corrections are excluded. This is particularly the case 
for Period 1 which displayed a strong correlation with the barometric pressure data if correction was not applied. 
This indicates that if barometric corrections are not applied using BETCO, they are often still required as a part 
of the multiple regression model that accounts for external influences. This result is presented in Appendix C.7. 

5.6 Summary of findings 

The processing and analysis of information for monitoring well CMO GW2 identified the following key points: 

 Three periods with distinct groundwater level behaviour are evident in the data record. Break point analysis 
was used to segment the data for analysis. 

 Groundwater level fluctuations can be linked to the climate conditions at this site for specific periods of the 
record 

 Local pumping in the vicinity of the monitoring well has been estimated to have a drawdown impact of 
approximately 0.6m. However, this assumes a steady state pumping rates. Based on the available 
temporal information on local extractions, the groundwater level fluctuations at this well are not directly 
linked to local pumping activities. 

 Barometric and earth tide correction helps to minimise the ‘noise’ in the raw observations. This can be an 
important step when the magnitude of the noise is greater than the magnitude of the underlying trend. This 
is evident in the Period 1 analysis, which requires barometric pressure data to be incorporated in the 
regression if correction is not undertaken. 

 Trends at CMO GW2 were considered for three discrete periods and the full period of record. 

 The magnitude of the trends identified at CMO GW2 are improved by applying the progressive stages of 
the method. In general, greater trend magnitudes are evident in the raw data compared to when external 
processes are accounted for. 

 This provides confidence to QGC that trends in groundwater level data may be partially driven by other 
influences, and accounting for these processes reduces the magnitude of the remaining trend. 
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Figure 5.7 : Trend in groundwater levels at CMO GW2 after accounting for external processes (for segmented data sets) 

Summary of trend results for CMO GW2 for Period 1 

Data set Trend magnitude Linear regression test 
outcome 

Mann-Kendall test 
outcome 

Groundwater level data, including 
barometric compensation 

-0.25 m/year Not statistically 
significant * 

Not statistically 
significant * 

Groundwater level data, including 
barometric compensation plus 
barometric and earth tide corrections 

-0.29 m/year Not statistically 
significant * 

Not statistically 
significant * 

Groundwater level residuals 
incorporating compensation, correction 
and the influence of external processes 

-0.004 m/year Not statistically 
significant * 

Not statistically 
significant  

* High serial correlation in time series inputs invalidates the statistical significance in the trend outcomes 

Summary of trend results for CMO GW2 for Period 2 

Data set Trend magnitude Linear regression test 
outcome 

Mann-Kendall test 
outcome 

Groundwater level data, including 
barometric compensation 

-1.42 m/year Not statistically 
significant * 

Not statistically 
significant * 

Groundwater level data, including 
barometric compensation plus 
barometric and earth tide corrections 

-1.39 m/year Not statistically 
significant * 

Not statistically 
significant * 

Groundwater level residuals 
incorporating compensation, correction 
and the influence of external processes 

-1.38 m/year Not statistically 
significant * 

Not statistically 
significant * 

* High serial correlation in time series inputs invalidates the statistical significance in the trend outcomes 

Summary of trend results for CMO GW2 for Period 3 

Data set Trend magnitude Linear regression test 
outcome 

Mann-Kendall test 
outcome 

Groundwater level data, including 
barometric compensation 

0.48 m/year Not statistically 
significant * 

Not statistically 
significant * 

Groundwater level data, including 
barometric compensation plus 
barometric and earth tide corrections 

0.54 m/year Not statistically 
significant * 

Not statistically 
significant * 

Groundwater level residuals 
incorporating compensation, correction 
and the influence of external processes 

0.13 m/year Not statistically 
significant * 

Not statistically 
significant  

* High serial correlation in time series inputs invalidates the statistical significance in the trend outcomes 
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5.6.1 Recommendations for ongoing analysis 

Based on the analysis and sensitivity testing undertaken for CMO GW2, the trend analysis method can be 
simplified for this site to focus on those processes of key influence, as shown in Table 5.2. This simplification is 
only relevant while the overall change in groundwater is large relative to the semi-daily fluctuations. If a 
significant change in groundwater behaviour is identified in monitoring data in the future, this simplification may 
need to be reassessed. 

Table 5.2 : Key influences on CHR GW1 hydrograph  

Process Influence on CMO GW2 hydrograph Simplified trend method for this location 

Barometric correction Important – assists in removal of ‘noise’, which is 
particularly important when the magnitude of the trend 
is small as in Period 1. 

Include 

Earth tide correction Minimal – assists in removal of ‘noise’ Exclude, assuming groundwater level changes remain 
large relative to magnitude of ‘noise’ 

Climate  Important – describes some of the groundwater 
fluctuations observed in the hydrograph 

Include  

Local pumping Potentially important. A longer period of record of 
local pumping and groundwater observations may 
clarify any delay in response. 

Obtain further temporal data on local extractions  

Loading/unloading None (deep system, long time scales necessary for 
influences to be identified in CMO GW2 hydrograph) 

Exclude 

Local hydrology Unknown – local streamflow data not available Seek temporal data on local hydrology and assess 
relevance 

Regional activities Unknown  Seek temporal data on regional processes and 
assess relevance 
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6. Conclusions 
Based on the analysis of two recently collated data sets, and sensitivity testing using this data, a number of 
findings can be concluded: 

 The original trend analysis method can be refined to focus on those external processes most likely to be 
influencing a particular data set.  

 Serial correlation issues are challenging and the method has been simplified to minimise the effort required 
to resolve these issues which are common within hydrologic data. 

 Preliminary sensitivity testing confirms that barometric and earth tide corrections help to reduce the ‘noise’ 
in the data. This is an important step when the magnitude of the underlying trend is small relative to the 
sub-daily variability in the raw data as well as the barometric pressure and earth tide data. 

 Climate variables can help to describe some of the variability observed in groundwater observations at 
CMO GW2. Ongoing sensitivity assessment will confirm whether this is also true of other bore types. 

 Based on the data currently available, other external processes are not able to describe the groundwater 
level fluctuations at CHR GW1 and CMO GW2. Ongoing data collection and sensitivity assessment will 
confirm whether this is also true of other bore types. 

 The magnitude of the trends identified at CHR GW1 and CMO GW2 are improved by applying the 
progressive stages of the method. In general, greater trend magnitudes are evident in the raw data 
compared to when external processes are accounted for. 

 It is recognised that limited temporal information is available to describe many of these external processes. 
As such, the availability of any additional information should be monitored and incorporated if it becomes 
available to confirm that these external processes are appropriately accounted for. 
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Appendix A. Preliminary Sensitivity Analysis 
A.1 Barometric pressure 

A number of wells within the QGC network provide barometric pressure observations. These are used to 
undertake barometric compensation and correction on nearby bore water level observations as relevant. Four 
barometric pressure data sets were supplied by QGC for this study. These data sets were reviewed in the 
context of the trend analysis method, to provide preliminary observations on the sensitivity of the trend analysis 
method to this data. 

Figure A.1 shows the barometric pressure observations monitored at four wells. The Poppy (PPY) GW1 
barometric pressure bore provides the longest time series data set, with hourly observations available 
continuously since September 2011. Lauren (LRN) GW1 and Woleebee Creek (WCK) GW1 commenced in late 
2012. Observations at Kenya East commenced in April 2014. 

Of relevance, it is important to note the presence of longer term cycles (at approximately annual time scales) 
within the barometric pressure data. Given these cycles, it is possible that a trend is evident within the 
barometric pressure record depending on the start and end date of interest. As an example, refer to Figure B.2 
for the barometric pressure records over a period concurrent with CHR GW1 observations, which displays an 
upwards trend. 

 

Figure A.1 : Barometric pressure observations 

Figure A.1 indicates that there is general consistency in the barometric pressure observations across these four 
locations that broadly cover QGC’s three development areas.  This is confirmed in Figure A.2, which compares 
each barometric pressure data set to that observed at PPY GW1. This site was selected as the basis of the 
comparison as it represents the most extended record of the four monitoring sites. In general, there is a strong 
correlation between the barometric pressure observations across these four locations. A small number of 
observations deviate from this general behaviour, evident by points that are not well aligned with the main 
cluster of data points. These anomalous points occurred in September 2013, and are visible in Figure A.1 
during the period when the PPY GW1 data is elevated compared to the other three records. 
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Figure A.2 : Comparison of barometric pressure observations, relative to PPY GW1 

As the barometric pressure observations at Kenya East commenced only recently, local groundwater 
observation wells that require barometric compensation have used a combination of data from LRN GW1 and 
Kenya East. Figure A.3 provides a comparison of these two data sets to confirm consistency in observations 
over the concurrent period. The barometric pressure readings at these two gauges are well correlated, 
suggesting it is reasonable to alternate between the available LRN and KEE data when undertaking barometric 
compensation. 

 

Figure A.3 : Comparison of barometric pressure observations at LRN GW1 and KEE 
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A.1.1 Barometric compensation and correction 

The application of barometric compensation and correction analyses in the context of the assessment of trends 
continues to be a point of discussion within QGC.   

The requirements for barometric compensation are clear, with defined logic associated with this pre-processing 
step. In particular, this step is appropriate for open and unvented loggers that measure absolute pressure, to 
convert the observations into a gauge pressure reading. Data provided by QGC for this current study had been 
pre-processed to incorporate this conversation as relevant (all sites, except RBY GW5). 

Barometric correction is a further analysis step that is applied to account for barometric efficiency. It is 
recognised that this step is particularly relevant when assessing short term situations, over periods when 
barometric pressure may not be in steady state. For longer term assessments, it is commonly assumed that the 
barometric pressure record is in steady state, and this step is less relevant.  

In the context of the analysis of trends in groundwater data, a further element is also worthy of consideration. 
The regular cyclic variations in barometric pressure data will influence groundwater over short time scales. 
While these may not introduce a long term trend, they will add ‘noise’ to the groundwater record.  That is, the 
groundwater data will also display evidence of short duration cyclic variations. This concept is demonstrated in 
Figure A.4. A similar pattern of sub-daily cycles is evident in both the barometric pressure and the groundwater 
level data.  

The application of a process of barometric correction can help to minimise the influence of these cycles on the 
groundwater data. If applied, this can result in a more homogeneous data set on which to undertake the trend 
analysis. This is particularly important in cases where the variability associated with the ‘noise’ exceeds the 
magnitude of the underlying trend. 

 

Figure A.4 : Comparison of groundwater level and barometric pressure for a 10 day period to demonstrate short duration 
cycles evident in the data 

 

 



Preliminary sensitivity and trend analysis  

 

Preliminary sensitivity and trend analysis 25 

A.2 Temperature 

Temperature data is recorded at the barometric pressure observation wells. Figure A.5 displays the temperature 
data observed at these four locations. The LRN GW1 immediately stands out in this figure, showing little 
variability in temperature observations compared to the other locations until mid-2014. It is likely that this is the 
result of the temperature probe being in water. The temperature data collected at the other three locations is 
generally consistent, as shown in Figure A.6.  

 

Figure A.5 : Temperature observations 

 

Figure A.6 : Comparison of temperature observations, relative to PPY GW1 
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A.3 Earth tides 

A.3.1 Earth tide time series 

Gravitational attraction between the moon, the sun and the earth cause periodic forces on the ocean that cause 
tides. Similarly, these forces also act on the solid earth and can influence groundwater levels due to the elastic 
behaviour of the aquifer skeleton and the resulting effects on pore fluid pressure. Earth tides are generally 
small, but can be in the order of 0.5m close to the equator (Zahran et al, 2004). While the influence on 
groundwater levels will be small compared to this total potential deformation, these fluctuations can sometimes 
mask the influence of other processes, particularly when these other influences are also small (Toll and 
Rassmussen, 2007). 

Earth tides are not regularly monitored, but are relatively easy to estimate with limited information. This is 
particularly true when compared to estimating ocean tides because the earth is more rigid than water and has a 
simpler shape than the oceans. As such, well described approaches are available to provide estimates of earth 
tides at any given location.  

The TSOFT software program was developed at the Royal Observatory of Belgium specifically to support the 
analysis of earth tides. The software is available freely online (http://seismologie.oma.be/TSOFT/tsoft.html) and 
provides a simple approach to generate earth tide time series data for any given location. To support this, the 
user must provide some simple inputs: 

 Groundwater level or pressure time series data. This provides the TSOFT program with information on the 
start and end date and the time step of interest. The earth tide data in generated over a concurrent period 
using the same time step as the groundwater data. 

 Three dimensional coordinates for the location of interest. This is required in the form of latitude, longitude 
and height.  

The TSOFT program uses inbuilt wave parameters to calculate the solid earth tide at the given location. For 
simplicity, it is recommended that the default wave parameters be applied without modification. Based on this 
approach, the location coordinates are the single input variable that can be modified to influence the estimated 
earth tide time series. 

A number of sensitivity tests were undertaken to better understand the influence of the location inputs on the 
estimated earth tide time series output from TSOFT, including consideration of latitude, longitude and height 
inputs. Earth tide sequences were generated for a range of locations over the period 17 September 2013 – 13 
August 2014 on an hourly time step, consistent with the CHR GW1 bore data record. Earth tide time series are 
generated in units of nm/s2, consistent with the units used for gravity (where nm = 1 x 10-9 metres). 

The influence of latitude and longitude coordinates were tested for six locations, while the influence of the height 
input was considered in further detail at two of these locations. These different sensitivity test locations are 
shown in Figure A.7 and described in Table A.1. These sites were identified to provide information relevant to 
the area of QGCs activities. 

http://seismologie.oma.be/TSOFT/tsoft.html
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Figure A.7 : Earth tide sensitivity test locations 

 

Table A.1 : Elevation inputs applied for earth tide sensitivity tests 

Site name Elevation (m) 

CHR GW1 -250, 0, 250 

Brisbane -250, 0, 250 

Injune 0 

Roma 0 

St George 0 

Moonie 0 

 

Figure A.8 provides an example time series of the earth tide outputs generated by TSOFT for the CHR GW1 
location (0m elevation).Similar behaviour in the time series data was evident across all locations, with relatively 
small variation in earth tide magnitude across the Queensland locations.  

Figure A.9 provides a further comparison of the earth tides generated using TSOFT across the locations with 
different latitude and longitude inputs. All locations have an input elevation of 0m in this figure. The 1:1 line is 
shown to demonstrate the consistency in earth tides across these locations. The greatest deviation from the 1:1 
line is indicated for the Brisbane location, which is reflects the distance of this site from the CHR GW1 well. 
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Figure A.8 : Earth tide time series generated for CHR GW1 

 

 

Figure A.9 : Comparison of earth tides for sensitivity test locations (all with 0m elevation) 

The influence of the elevation input is presented in Figure A.10. There is little discernible difference in the earth 
tides generated for the three different elevations considered. A similar outcome was observed when the 
elevation input was altered for the Brisbane location. Very small differences are observed in the estimated earth 
tide time series when alternative elevations are used as input. For instance, the earth tide data for Brisbane (0m 
elevation) ranges from -2100 to 1100 nm/s2. Applying an alternative elevation input results in a maximum 
deviation of 0.17 nm/s2 on any given day. 
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Figure A.10 : Earth tides for CHR GW1 with different input elevations 

 

A.3.2 Earth tide influence on groundwater 

While the earth tide time series’ generated from TSOFT are observed to be  generally consistent regardless of 
location and elevation assumptions, it is prudent to understand the impacts of these differences on groundwater 
levels before drawing conclusions on the importance of earth tide processes. 

For each of the above earth tide sensitivity test locations, the influence on groundwater levels was tested using 
the BETCO software. This software has been developed to specifically remove the fluctuations in water level 
measurements caused by barometric pressure changes and earth tide responses. This software is freely 
available online (http://www.hydrology.uga.edu/rasmussen/betco/).  

Analysis using BETCO was undertaken for the ten different sensitivity test locations (different latitude, longitude 
and elevation inputs noted above) to observe the influence of earth tides on groundwater levels. BETCO has 
the capacity to incorporate barometric correction alone or barometric and earth tide corrections combined (for 
example, refer to Figure A.11). For simplicity, the CHR GW1 groundwater observations and WCK GW1 
barometric pressure time series was applied, with the data pre-processed to account for barometric 
compensation. By using this consistent base data set, the influence of the different earth tide data sets can be 
directly compared. This comparison used the BETCO outputs from the combined barometric and earth tide 
correction. 

Earth tide and barometric pressure correction generate a smoothed time series data set. The outcomes from 
this sensitivity analysis suggest that the earth tide data applied (with the range observed across the sensitivity 
test locations) has little influence on the corrected groundwater outcomes. Regardless of the location or 
elevation, all corrected groundwater data time series outputs were within 0.02%. In all cases, the corrected 
groundwater outcomes are consistent with those shown in blue in Figure A.11.  

http://www.hydrology.uga.edu/rasmussen/betco/
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Figure A.11 : Example BETCO output for CHR GW1 compensated bore water pressure. This data set is corrected for barometric 
pressure alone (using WCK GW1; shown in green) and combined with earth tide influences (at CHR GW1 with 0m elevation; 
shown in blue). 

 

A.3.3 Recommendations 

The outcomes from the earth tide sensitivity testing suggest that: 

 There is little variability in estimated earth tides across the region of QGC’s activities.  

 There is little variability in estimated earth tides for the tested elevation assumptions. 

 Correction of groundwater data to account for earth tide influences results in a smoothed data set and 
helps to reduce explicitly accounted-for ‘noise’ in the data. 

 The outcomes of earth tide correction are insensitive to the earth tide data applied, within the constraints 
that the earth tide data should be representative of the region of QGC’s activities. 

 Earth tide correction can be applied with a standardised input time series, regardless of the location across 
QGC’s northern, central or southern tenements. A single representative earth tide signal can be applied for 
all QGC bore analyses. 

A.4 Serial correlation 

Further research has been undertaken to describe the influence of serial correlation on trend analysis 
outcomes, with a view to provide guidance to QGC on the practical implications of this issue on the analysis. 

Trend analysis assumptions include the need for independent data values. This is commonly violated for 
hydrological time series data. While the trend tests can still be undertaken when this assumption is violated, 
research has shown that it increases the likelihood of falsely identifying a trend. That is, analysis of serially 
correlated data could incorrectly identify a CSG driven change in groundwater levels. 

A number of processes are available to help minimise serial correlation and hence minimise the risk of an 
incorrect trend outcome, including filtering the data over longer time steps or calculating the weighted mean 
drawdown (average over a longer time step). These processes are included in the QGC method, and meet the 
feedback comments from GA in this regard. 
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In addition, a technique termed ‘pre-whitening’ was also included in the QGC method to help reduce correlation. 
Recent investigation into this approach notes that: 

For data series with short record length (less than 50 time steps), the presence of positive serial correlation will 
increase the possibility of incorrectly identifying a trend. When sample size and magnitude of the trend are large 
enough, serial correlation does not significantly influence the trend outcomes. In such a case, it is better to 
apply the test on the original data rather than applying pre-whitening. In these cases, pre-whitening will 
seriously distort the possibility of the test to detect a trend. (Yue and Wang, 2002) 

In light of this commentary and the frequency with which QGC is collecting data, it is recommended that the 
pre-whitening approach be removed from the method and that the serial correlation is managed through 
manipulation of the time step for each data series as relevant. This should aim to minimise serial correlation by 
applying the weighted mean drawdown over a representative period or a filtered time series (a single value 
selected from the raw data for the representative period). This approach should consider various time steps 
(such as daily, weekly, monthly or annual frequencies), cognisant of the comments above about the number of 
time steps in the data. As Yue and Wang (2002) present the outcomes for data sets that include up to 80 time 
steps, it is unclear how significantly larger data sets will behave. As such, it is recommended that high 
frequency data sets be consolidated to a larger time step to minimise the potential for incorrect identification of 
trends. 

Where serial correlation issues cannot be removed, any trend identified should be interpreted with caution. In 
particular, it is recommended that when a statistically significant trend is identified in a data set with high serial 
correlation, that the results be reported as ‘not statistically significant’ with an appropriate comment regarding 
the influence of serial correlation. This approach has been applied in this document as relevant. 
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Appendix B. Trend analysis of CHR GW1 
The Charlotte (CHR) GW1 monitoring well monitors pressure and water quality in the Hutton Sandstone. This 
bore is a part of QGC’s network that provides early warning of potential impacts to Matters of National 
Significance springs. 

Data is available at this location from 23 August 2013 to 13 August 2014, however the initial period of data 
displays the influence of bore recovery following drilling. As such, the analysis has been applied from 17 
September 2013. The trend analysis steps have been applied to the data for this bore to identify whether there 
are discernible trends in the groundwater level data associated with non-CSG and CSG related activities.  

B.1 Raw data 

B.1.1 CHR GW1 groundwater data 

Figure B.1 presents the hydrograph for CHR GW1 groundwater level (barometric compensation applied). The 
data demonstrates a clear downward trend over the full period of record, with small cyclic (semi-daily) 
variations. The data is collected on an hourly basis, and there are no missing periods in this data set. 

 

Figure B.1 : CHR GW1 hydrograph 

B.1.2 Supporting data 

Barometric pressure 

Barometric pressure is monitored at a nearby QGC bore, WCK GW1. This data was sourced to support several 
elements of the analysis: 

 Barometric compensation (undertaken by QGC) and  

 Barometric correction. 

Figure B.2 presents the barometric pressure data over a period of record concurrent with the CHR GW1 data. 
Of note, a preliminary review of this barometric pressure suggests an upward trend over the period of the 
record. 
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Figure B.2 : Barometric pressure at WCK GW1 

Earth tides 

As noted in Section A.3 the influence of earth tides can sometimes mask other influences in groundwater data. 
An earth tide time series was generated using TSOFT for the CHR GW1 location, as shown in Figure B.3 to 
support the analysis. 

 

Figure B.3 : Synthetic earth tide data 

Rainfall 

Rainfall data from a nearby Bureau of Meteorology gauge was obtained (gauge 035070 – Taroom post office). 
This rainfall station has been active since 1873, and as such, provides a long term record of rainfall history in 
the vicinity of the CHR GW1 well. Figure B.4 and Figure B.5 provide a summary of the long term rainfall 
characteristics at this location. The average daily rainfall at Taroom is 1.8mm/day, however up to 177mm has 
been experienced on a single day. The year 2010 was a particularly wet year at this rainfall station, with a total 
rainfall of 1594 mm in the 12 month period. This is 400mm (more than 30%) greater than the next wettest year 
(1954). 
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Figure B.6 shows the cumulative deviation from the mean rainfall, indicating the long term rainfall characteristics 
at this location. Prior to 1954, daily rainfalls were generally lower than average. Since then, extended periods of 
above average rainfall have been experienced. Between 2002 and 2010, severe rainfall deficiencies led to a 
period of approximately 8 years with rainfalls well below average. This rapidly reversed in 2009. 

 

Figure B.4 : Daily rainfall history at Taroom post office from 1990 to date 

 

Figure B.5 : Annual rainfall totals at Taroom post office since 1900 
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Figure B.6 : Cumulative deviation from mean daily rainfall at Taroom post office from 1990 to date 

This rainfall data provides a history of the local climate conditions related to the CHR GW1 well, and provides 
information to consider whether there is a direct relationship between rainfall and groundwater recharge. This is 
particularly the case given that the recharge zone for the Hutton Sandstone is only 30 to 40 km northwest of the 
site. 

Figure B.7 compares the CHR GW1 groundwater levels to the cumulative rainfall. There are subtle inflections in 
the groundwater data, but it is not possible to conclusively align these to rainfall behaviour. 

 

Figure B.7 : Groundwater level and cumulative rainfall for CHR GW1 

Local pumping 

A number of private bores are located in the vicinity of the CHR GW1 bore, drawing water from the Hutton 
Sandstone. The closest of these bores is 4km from CHR GW1. While these bores are likely to have a drawdown 
impact on the CHR GW1 well, the distance of these bores is such that that any response is likely to occur over 
an extended time frame. Of particular relevance to this current study, private bore behaviour will be smoothed 
before the impacts are felt at CHR GW1, so that the timing of bore extractions (i.e. individual bore owners 
switching bores on and off) will be insignificant. In the absence of any further details of extraction behaviour at 
these locations, is assumed that the annual use will not change over time. As such, the use of private bores in 
the Hutton Sandstone is assumed to be constant over time and does not influence trends in the CHR GW1 
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data. This assumption is consistent with that applied elsewhere, such as for Theis assessment of drawdown 
impacts at CHR GW1. This assumption is presented in Figure B.8. 

QGC have undertaken an assessment of drawdown impacts from local pumping, which estimates a drawdown 
of approximately 1.6m over the period 17 September 2013 to 13 August 2014. This drawdown assessment 
includes an assumption of steady pumping rates. Without information on the temporal nature of these 
extractions, it is not possible to fully account for this activity in the trend analysis and a constant pumping rate 
has been assumed in this study. 

 

Figure B.8 : Assumed local pumping rates 

Other potential influences on CHR GW1 groundwater levels 

Other processes that can influence groundwater levels are not significant in the context of CHR GW1, as noted 
below: 

 CHR GW1 makes observations within the Hutton Sandstone. The Hutton Sandstone is found from 463m to 
772m below ground level, with the Birkhead and Eurombah formations overlying this aquifer. Given the 
nature of these formations, and the depth of the CHR GW1 well, any loading or unloading processes will 
take a very long period of time before they are observed in the CHR GW1 data record. Recharge 
processes occur at much quicker rates and are more likely to influence the groundwater levels at this 
monitoring well, particularly given the proximity to the recharge zone. As such, the influence of loading 
and/or unloading of the overlying confined aquifer is considered insignificant to the groundwater trends at 
CHR GW1.  

 Quantitative data is not available to describe regional groundwater influences or the activities of other CSG 
businesses. In the absence of this information, it is not possible to incorporate the processes explicitly in 
the analysis.  

 Local hydrology. The CHR GW1 well is situated within close proximity to Eurombah Creek, which is a 
tributary of the Dawson River. Streamflow data has been recorded for Eurombah Creek at Brookfield since 
late 2011. As shown in Figure B.9, this creek displays extended periods with little or no flow. Since 
observations commenced at CHW GW1, streamflow events occurred over two distinct periods: 
approximately 1 week in November 2013 and approximately 6 weeks from March 2014. These runoff 
events correspond with large rainfall observations at the Taroom Post Office gauge. 
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Figure B.9 : Streamflow data from Eurombah Creek at Brookfield (gauge 130376A) 

B.2 Accounting for barometric pressure and earth tide influences on groundwater 
levels 

The influence of barometric pressure and earth tides can be removed using software such as BETCO. Figure 
B.10 presents the corrected groundwater levels once barometric pressure and earth tide influences have been 
taken into account. The removal of this accounted-for ‘noise’ within the raw groundwater data results in a 
smoother time series data set.  

 

Figure B.10 : CHR GW1 groundwater level, with barometric compensation, barometric correction and earth tide correction 
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As noted in Section A.1, barometric and earth tide correction may not always be justified. For the purposes of 
the analysis of the CHR GW1 data set, the trend analysis will be undertaken using two data sets: 

1) Groundwater levels incorporating barometric compensation 

2) Groundwater levels incorporating barometric compensation, barometric correction and earth tide 
correction. 

B.3 Period of analysis 

Visual inspection of the CHR GW1 data record suggests generally consistent behaviour of the hydrograph over 
time. There are no obvious changes in hydrograph that suggest groundwater conditions may have changed 
over time. Also, as the record at CHR GW1 is less than one year of data, it is not relevant to sub-divide the data 
any further.   

B.4 Develop and apply a multiple regression model 

Rainfall 

Comparison of the daily rainfall records and the corrected groundwater levels indicates that there is no direct 
relationship between these processes, as demonstrated in Figure B.11. Further comparisons were undertaken 
to consider whether the groundwater response to rainfall was lagged. This included comparisons similar to 
Figure B.11 incorporating delays of 1 day, 1 week, 1 month, 2 months and 6 months. No relationship was 
identified. 

 

Figure B.11 : Relationship between daily rainfall and groundwater level 

A similar comparison was made with the cumulative rainfall data, including consideration of a lag between 
rainfall events and groundwater response. Again, there was little or no correlation between these variables. 
Figure B.12 presents an example for the comparison of groundwater level and cumulative rainfall. 
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Figure B.12 : Relationship between cumulative deviation from mean daily rainfall and groundwater level 

In general, this comparison demonstrates that there is significant scatter in the data and there is no ability to 
predict groundwater levels based on rainfall conditions. This suggests that the climate conditions are not directly 
reflected in the groundwater levels at this location. 

The figures presented for this rainfall comparison use the groundwater level data that includes barometric 
compensation. A similar comparison was made with data that includes both compensation and correction, 
however there was no improvement in the relationship. 

Local pumping 

As noted in Section B.1.2 limited data is available to describe local groundwater extraction behaviour. 
Assumptions made to date (for instance, for Theis assessment of drawdowns) have assumed a constant rate of 
extraction as per Figure B.8.  This assumption offers limited information of relevance to this current trend 
analysis, in that a constant pumping rate exhibits no trend. However, it is recognised that the likely pumping 
behaviour of local farmers will include changes in extraction rates over time. Without further details, it is not 
possible to incorporate this process in a quantitative manner. Furthermore, given the distance between these 
extraction bores and CHR GW1, it is considered likely that any influence will be smoothed as the pressure 
response propagates through the aquifer.  

Drawdown estimates 

It is noted that local pumping over the period September 2013 to August 2014 has been predicted to cause a 
drawdown effect at CHR GW1 in the order of 1.6m. This is generally consistent with the magnitude of 
groundwater level decline that has been observed at this well over the period of monitoring.  

It is recognised that a number of third party stresses, including those noted in this analysis, may influence the 
groundwater behaviour at CHR GW1. 
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B.5 Minimise serial correlation 

The groundwater time series was tested for serial correlation. The hourly data was found to have a high serial 
correlation, and a number of steps were taken to minimise this, including calculation of the weighted mean 
drawdown over a representative period. A number of different time steps were considered including daily, 
weekly and monthly.  

A weekly time step was selected for application based on these techniques to minimise serial correlation. 
Unfortunately, this approach was not able to fully resolve the serial correlation issues in this data set. 

B.6 Trend analysis 

The outcomes from the step above were used as input into the trend analysis. The Water Quality Analyser 
software tool was used for this trend analysis.  Figure B.13 presents the trend in groundwater levels for the two 
data sets that include barometric compensation and correction.  

Table B.1summarises the trend analysis results for the two data sets considered using a number of different 
statistical trend tests. The linear regression test provides an indication of the trend magnitude, direction and 
significance. This test is well suited to time series data and can cope with irregular time steps. It also assumes 
that input data values are independent (serial correlation minimised) and are normally distributed (refer to 
Figure B.14). In comparison, the Mann-Kendall test does not provide any assessment of trend magnitude. 
Independent data values are assumed, but there is no requirement for normally distributed data. The Mann-
Kendall test is not suitable when data is collected on an irregular time step. The Mann-Kendall test is simpler, 
and was requested by Geoscience Australia in early trend analysis method development discussions. The 
Seasonal Kendall test is similar to the Mann-Kendall test, however it considers the trend assessment on a 
seasonal basis. As such, it is not suitable for short data sets where there are few data points per season, such 
as the CHR GW1 data set.  

 

Figure B.13 : Trend in groundwater levels at CHR GW1 after accounting for external processes 
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Table B.1 : Summary of trend results for CHR GW1 

Trend test Period of record Level of statistical 
significance 

Trend magnitude 

Data incorporating barometric compensation 

Linear regression 
September 2013 – 

August 2014 

Not statistically significant * -1.8 m/yr 

Mann-Kendall Not statistically significant * N/A 

Seasonal Kendall N/A N/A 

Data incorporating barometric compensation, barometric correction and earth tide correction 

Linear regression 
September 2013 – 

August 2014 

Not statistically significant * -1.7 m/yr 

Mann-Kendall Not statistically significant * N/A 

Seasonal Kendall N/A N/A 
* High serial correlation in time series inputs invalidates the statistical significance in the trend outcomes 

While the trend outputs indicate that there is a statistically significant trend within the groundwater data 
observations at CHR GW1, these are likely to be influenced by the high serial correlation. Reflecting the 
possibility that the trend outputs are falsely attributing significance to the trend, the results in Table B.1 have 
been adjusted. This is relevant to allow further analysis to be undertaken before confirming that the groundwater 
levels are being affected by external processes. 

Despite this, visual review of the data suggests a decline in groundwater levels. A simple trendline suggests this 
decline is at a rate of approximately 1.8m/year. This trend is generally consistent with the magnitude of potential 
influences from local extractions as identified using Theis drawdown calculations. Unfortunately, in the absence 
of temporal information on the nature of these extractions, this activity cannot be explicitly accounted for.  

 

Figure B.14 : Normality test  of groundwater data for CHR GW1 

The Seasonal Kendall test was not applied at this location as it requires the time series to include multiple data 
points across all seasons. As the data record is less than one year in duration, more data must be collected for 
this test to be applied. 
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B.7 Summary of findings 

The processing and analysis of information for monitoring well CHR GW1 identified the following key points: 

 Groundwater level fluctuations do not appear directly linked to the climate conditions at this site 

 Local pumping in the vicinity of the monitoring well has been estimated to have a drawdown impact of 
approximately 1.6m. However, this assumes steady state pumping rates. Without further information on the 
temporal nature of these extractions, it is not possible to fully account for this activity in the trend analysis. 

 Barometric and earth tide correction helps to minimise the ‘noise’ in the raw observations. This can be an 
important step when the magnitude of the noise is greater than the magnitude of the underlying trend. 
Given the magnitude of the changes in groundwater levels at this site, barometric and earth tide correction 
have little influence on the hydrograph. 

 The results presented in Section 4 provide a comparison of the trend magnitude as the progressive steps 
in the trend method are applied. In general, greater trend magnitudes are evident in the raw data compared 
to when external processes are accounted for. 

 Trend analysis results at CHR GW1 are influenced by the high serial correlation in the data. As such it is 
not possible to confirm whether the trend is statistically significant or not. The data indicates a decline in 
groundwater levels at a rate of approximately 1.8m/yr. 

B.7.1 Recommendations for ongoing analysis 

Based on the analysis and sensitivity testing undertaken for CHR GW1, the trend analysis method can be 
simplified for this site to focus on those processes of key influence, as shown in Table B.2. This simplification is 
only relevant while the overall change in groundwater is large relative to the semi-daily fluctuations. If a 
significant change in groundwater behaviour is identified in monitoring data in the future, this simplification may 
need to be reassessed. 

Table B.2 : Key influences on CHR GW1 hydrograph 

Process Influence on CHR GW1 hydrograph Simplified trend method for this location 

Barometric 
correction 

Minimal – assists in removal of ‘noise’ Exclude, assuming groundwater level 
changes remain large relative to magnitude 
of ‘noise’ 

Earth tide correction Minimal – assists in removal of ‘noise’ Exclude, assuming groundwater level 
changes remain large relative to magnitude 
of ‘noise’ 

Climate None Exclude  

Local pumping Potentially important, but not possible to 
quantify until temporal information on 
pumping rates are available 

Seek temporal data on local extractions 
and assess relevance 

Loading/unloading None (deep system, long time scales 
necessary for influences to be identified in 
CHR GW1 hydrograph) 

Exclude 

Local hydrology None – little flow at local streamflow gauge Exclude 

Regional activities Unknown  Seek temporal data on regional processes 
and assess relevance 

As the groundwater level changes display very linear behaviour, a simple trendline within Excel can provide a 
preliminary estimate of the nature of groundwater trend at CHR GW1. However, as this approach provides no 
information on the statistical significance of that trend it is recommended that trend analysis is undertaken using 
the Water Quality Analyser software. This will provide robust statistical metrics associated with the analysis, 
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which can help to understand whether the changes warrant further investigation. It is worth noting that any trend 
that is not statistically significant could occur due to chance alone, and may not be the result of other external 
activities, including CSG development. As such, these metrics provide valuable information that is not visible 
within the hydrograph to support the next stages of investigation. 
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Appendix C. Trend analysis of CMO GW2 
C.1 Raw data 

C.1.1 CMO GW2 groundwater data 

Figure C.1 presents the hydrograph for CMO GW2 groundwater level (barometric compensation applied). Initial 
visual assessment is drawn to two periods of data that are anomalous to the rest of the record. The first 
instance occurs at the start of the record, when the bore is recovering following drilling. This data has been 
excluded from ongoing analysis. The second period of anomalous data occurs in late November 2013, following 
airlift. Data records immediately following the airlift have been excluded to account for this process. In addition, 
the gauge was reinstalled at a different datum following the airlift, so a correction factor has been applied to 
create a long term data set for analysis.  

 

Figure C.1 : CMO GW2 hydrograph including bore recovery periods 

Figure C.2 displays the quality reviewed data for trend analysis. The time series demonstrates a number of 
different responses within the observation record. Over the first few months, groundwater levels show a small 
decline, however this appears to be within the magnitude of the sub-daily fluctuations. From approximately 
October 2013 to April 2014, groundwater levels display a larger decline. The observations since April 2014 
display evidence of recovery.  

While a maximum drawdown of 1m is observed at CMO GW2, the recovery over recent months means that an 
overall drawndown of 0.7m occurs over the period of observations. 
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Figure C.2 : CMO GW2 hydrograph for trend analysis 

C.1.2 Supporting data 

Barometric pressure 

Barometric pressure is monitored at a nearby QGC bore, WCK GW1. This data was sourced to support several 
elements of the analysis: 

 Barometric compensation (undertaken by QGC) and  

 Barometric correction. 

Figure C.3 presents the barometric pressure data over a period of record concurrent with the CHR GW1 data. 
Of note, a preliminary review of this barometric pressure suggests an upward trend particularly in the later part 
of the record. 

 

Figure C.3 : Barometric pressure at WCK GW1 
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Earth tides 

As noted in Section A.3 the influence of earth tides can sometimes mask other influences in groundwater data. 
An earth tide time series was generated using TSOFT that is relevant to CMO GW2 location, as shown in Figure 
C.4 to support the analysis. 

 

Figure C.4 : Synthetic earth tide data 

Rainfall 

Rainfall data from a nearby Bureau of Meteorology gauge was obtained (gauge 035070 – Taroom post office). 
This rainfall station has been active since 1873, and as such, provides a long term record of rainfall history in 
the vicinity of the CMO GW2 well. Figure C.5 and Figure C.6 provide a summary of the long term rainfall 
characteristics at this location. The average daily rainfall at Taroom is 1.8mm/day, however up to 177mm has 
been experienced on a single day. The year 2010 was a particularly wet year at this rainfall station, with a total 
rainfall of 1594 mm in the 12 month period. This is 400mm (more than 30%) greater than the next wettest year 
(1954). 

Figure C.7 shows the cumulative deviation from the mean rainfall, indicating the long term rainfall characteristics 
at this location. Prior to 1954, daily rainfalls were generally lower than average. Since then, extended periods of 
above average rainfall have been experienced. Between 2002 and 2010, severe rainfall deficiencies led to a 
period of approximately 8 years with rainfalls well below average. This rapidly reversed in 2009. 
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Figure C.5 : Daily rainfall history at Taroom post office from 1990 to date 

 

 

Figure C.6 : Annual rainfall totals at Taroom post office since 1900 
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Figure C.7 : Cumulative deviation from mean daily rainfall at Taroom post office from 1990 to date 

This rainfall data provide a history of the local climate conditions related to the CMO GW2 well, and provides 
information to consider whether there is a direct relationship between rainfall and groundwater recharge. The 
recharge zone associated with CMO GW2 is likely to be at the Precipice Sandstone outcrop approximately 
100km to the north west of the site. 

Figure C.8 compares the CMO GW2 groundwater levels to the cumulative rainfall.  

 

Figure C.8 : Groundwater level and cumulative rainfall for CMO GW2 

Local pumping 

A number of nearby bores users are located in the vicinity of the CMO GW2 bore, drawing water from the 
Precipice Sandstone. This includes up to 13 stock and domestic bores within a 10km radius of CMO GW2. No 
information is available on the extractions from these bores. 

In addition, town bores Wandoan extract from the Precipice Sandstone. Daily metered extraction rates are 
available for the Wandoan bores, which displays an increase in extractions during spring and summer (Figure 
C.9). Historical records indicate that extractions are less than the current allocation, which suggests the capacity 
for increased extractions in the future. Equivalent information is not available for the Taroom bores.  
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In addition, QGC has been extracting water from Woleebee Creek GW4 since 2012 to support the construction 
and commissioning of the Woleebee treatment plant. Data for these extractions are also shown in Figure C.9. 

Additional extractions from the Precipice Sandstone occur from the Taroom town bores and the Grosmont bore. 
Information on the temporal nature of these extractions is not available, but QGC have assumed constant 
pumping rates for the drawdown analysis. These constant rates have been applied in this analysis. 

Of the bores shown in Figure C.9, the closest is approximately 20km from CMO GW2. 

 

Figure C.9 : Local pumping extractions 

QGC have undertaken an assessment of drawdown impacts from local pumping, which estimates a drawdown 
of 0.575 m over the period 1 May 2013 to 13 August 2014. This drawdown assessment includes an assumption 
of steady pumping rates.  

Other potential influences on CHR GW1 groundwater levels 

Other processes that can influence groundwater levels are not significant in the context of CHR GW1, as noted 
below: 

 CMO GW2 makes observations within the Precipice Sandstone. The Hutton Sandstone and Evergreen 
Formation overly the Precipice Sandstone. Given the nature of these formations, and the depth of the CMO 
GW2 well, any loading or unloading processes will take a very long period of time before they are observed 
in the CMO GW2 data record. Recharge processes occur at much quicker rates and are more likely to 
influence the groundwater levels at this monitoring well, particularly given the proximity to the recharge 
zone. As such, the influence of loading and/or unloading of the overlying confined aquifer is considered 
insignificant to the groundwater trends at CMO GW2.  

 Quantitative data is not available describe regional groundwater influences or the activities of other CSG 
businesses. In the absence of this information, it is not possible to incorporate the processes explicitly in 
the analysis.  

 There are no nearby streamflow gauges from which the local hydrology can be assessed. 
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C.2 Accounting for barometric pressure and earth tide influences on groundwater 
levels 

The influence of barometric pressure and earth tides can be removed using software such as BETCO. Figure 
C.10 presents the corrected groundwater levels once barometric pressure and earth tide influences have been 
taken into account. These processes add to the ‘noise’ within the raw groundwater data, and correction results 
in a smoother time series data set.  

 

Figure C.10 : CMO GW2 groundwater level, with barometric compensation, barometric correction and earth tide correction 

As noted in Section A.1, barometric and earth tide correction may not always be justified. For the purposes of 
the analysis of the CMO GW2 data set, the trend analysis will be undertaken using two data sets: 

1) Groundwater levels incorporating barometric compensation 

2) Groundwater levels incorporating barometric compensation, barometric correction and earth tide 
correction. 

For simplicity, the full analysis detail described in the sections below focusses on the groundwater data that 
includes barometric compensation plus barometric and earth tide corrections. Section C.7 summarises the 
outcomes for a sensitivity analysis when the trend method is full applied (accounting for all external process) 
without the barometric and earth tide correction.  

C.3 Period of analysis 

Visual inspection of the CMO GW2 data record identifies a number of distinct periods with different groundwater 
behaviour. The early period of the record is characterised by a slight decline in groundwater levels. From 
October 2013, the rate of groundwater level decline increases until March 2014. Since then, the hydrograph 
record shows an increase in groundwater levels. 

Formal statistical tests were applied to identify whether these changes in the hydrograph are statistically 
significant and warrant sub-dividing the data into shorter segments for analysis. Figure C.11 presents the 
outcomes from this analysis.  

The statistical tests identified that a number of step changes occurred in the data. Figure C.11 shows these as 
blue markers at the identified break points with the boxes highlighting the segmented data periods to be carried 
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forward in the trend analysis. Period 2 of the data was not sub-divided into shorter sequences for a number of 
reasons: 

 Firstly, the break points identified in Period 2 were visually considered in light of the surrounding data. As 
these points do not appear to separate periods of distinctly different groundwater level behaviour, there is 
little value in sub-dividing the data.  

 Additionally, it is important to maintain a reasonable length of record for analysis. In this case, further sub-
division of Period 2 data would generate a data record that may not be adequate for trend analysis.  

 

Figure C.11 : Break point analysis outcomes 

C.4 Develop and apply a multiple regression model 

Rainfall 

Comparison of the daily rainfall records and the corrected groundwater levels indicates that there is no direct 
relationship between these processes, as demonstrated in Figure C.12 for the full period of record and the 
shorter segments of data. Further comparisons were undertaken to consider whether the groundwater response 
to rainfall was lagged. This included comparisons similar to  Figure C.12 incorporating delays of 1 day, 1 week, 
1 month, 2 months and 6 months. No relationship was identified. 
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Full period of record 

 

Period 1 

 
Period 2 

 

Period 3 

 

Figure C.12 : Relationship between daily rainfall and groundwater level 

A similar comparison was made with the cumulative rainfall data, including consideration of a lag between 
rainfall events and groundwater response. In this case, a reasonable correlation was identified between the 
groundwater level data and the cumulative rainfall residuals for the full period of record as well as Period 1 and 
Period 3. Figure C.13 presents an example for the comparison of groundwater level and cumulative rainfall for 
the different data segments.  

This may indicate that groundwater levels are driven by rainfall processes, as is likely in Period 1. Alternatively, 
rainfall may be a surrogate for another process that is influencing groundwater levels. It is likely that this is the 
case for Period 3, where the direction of the relationship is counterintuitive. 
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Full period of record 

 

Period 1 

 
Period 2 

 

Period 3 

 

Figure C.13 : Relationship between cumulative deviation from mean daily rainfall and groundwater level 

This comparison demonstrates that it is possible to predict groundwater levels based on cumulative rainfall 
deviations for particular segments of the data. Where a regression relationship was identified for a particular 
segment of the data, this was used to estimate the groundwater level variability driven by the rainfall residuals. 

The figures presented for this rainfall comparison use the groundwater level data that includes barometric 
compensation. A similar comparison was made with data that includes both compensation and correction, 
however there was little difference in these relationships so they are not shown here. 

Local pumping 

As noted in Section C.1.2, some time series data is available to investigate the influence on groundwater levels 
at CMO GW2. A number of different comparisons were made, including: 

 Direct comparison of the total extractions and the groundwater level data for the full period of record and 
each of the shorter data segments. 

 Offset comparison between total extractions and groundwater level, to test the timing associated with 
potential impacts from local pumping. This attempts to reflect the potential lag in groundwater response 
that may occur following extractions. Delays of 2 months and 4 months were tested, based on a preliminary 
review of the data. 

 Direct comparison of the extractions excluding Woleebee Creek GW4 and the groundwater level data for 
the full period of record and each of the shorter data segments. This was tested since the Woleebee Creek 
bore is some distance (63km) from CMO GW2 and influences from these extractions may occur over 
different time scales to the rest of the local pumping. 

Figure C.14 provides an example of this comparison, showing the relationship between local groundwater 
extractions (including Woleebee Creek GW4) and CMO GW2 groundwater level. This assessment has been 
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undertaken for the full period of record and each of the shorted segments of data identified through the break 
test analysis. The assessment indicates that there is no ability to predict groundwater levels from the local 
extraction data. 

Full period of record 

 

Period 1 

 

Period 2 

 

Period 3 

 

Figure C.14 : Relationship between local groundwater extractions and CMO GW2 groundwater level 

It is possible that this relationship may improve if further time series data is available to describe the extractions 
from all local bores. This would improve on the current assumptions around constant pumping rates for the 
Taroom town bores and the Grosmont bore. If this data becomes available, the relationship could be re-tested. 

Drawdown estimates 

It is noted that local pumping over the period May 2013 to August 2014 has been predicted to cause a 
drawdown effect at CMO GW2 in the order of 0.6m. This is generally consistent with the overall groundwater 
level decline that has been observed at this well over the period of monitoring.  

It is recognised that a number of third party stresses, including those noted in this analysis, may influence the 
groundwater behaviour at CMO GW2. 

Regression model outcomes 

Of the independent variables tested in this analysis, the cumulative rainfall data was identified as being 
correlated to the groundwater level data at CMO GW2. The following regression models were applied for the 
different data segments on a daily time step: 

 Full period of record: groundwater level changes were identified to be related to cumulative deviation from 
mean daily rainfall, such that  

[Groundwater level]t= 0.0029 x [Cumulative rainfall residual]t + 245.60  R2=0.53 (calculated on a daily time step) 

 Period 1: groundwater level changes were identified to be related to cumulative deviation from mean daily 
rainfall, such that  
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[Groundwater level]t= 5.64x10-4 x [Cumulative rainfall residual]t + 245.52  R2=0.87 (daily time step) 

 Period 2: no correlation with any variables tested 

 Period 3: groundwater level changes were identified to be related to cumulative deviation from mean daily 
rainfall, such that  

[Groundwater level]t= -1.07x10-3 x [Cumulative rainfall residual]t + 244.5   R2=0.73 (daily time step) 

In each instance, the prediction equations were applied on a daily timestep (compatible with the frequency of 
rainfall records) to estimate the groundwater level changes influenced by climate. The difference between these 
estimated groundwater levels and the observed groundwater levels (corrected for barometric pressure and 
earth tides) were calculated. This time series (termed ‘residuals’) provides an estimate of the groundwater level 
fluctuations that are not explained by climate, and may be driven by other influences (such as CSG 
development, or other processes with no data to support regression analysis at present). 

As the residual time series includes the potential influences of CSG development, this data is carried forward for 
the trend analysis.  

When no correlation is identified between the explanatory variables and the groundwater level, the raw data is 
considered to contain any potential CSG influence and is utilised in the trend test.  

Figure C.15 presents the groundwater variability as explained by the above regression relationships, compared 
to the groundwater data corrected for barometric pressure and earth tides. In the case of CMO GW2, climate 
influences (in the form of the cumulative deviation from the mean daily rainfall) are able to explain some of the 
variability observed in the raw data. Figure C.16 shows the residual time series, which includes the influence of 
all external processes not accounted for in Figure C.15. 

Full period of record 

 

Period 1 

 
Period 2 
 
N/A : no relationship identified between groundwater 
level and available data on other external processes 

Period 3 

 

Figure C.15 : Observed and predicted groundwater levels (corrected for barometric pressure and earth tides), based on 
regression relationships identified with independent variables 
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Full period of record 

 

Period 1 

 
Period 2 

 
Note: no regression applied to this segment of data. In this 
instance, the influence of external processes cannot be identified 
within the raw data 

Period 3 

 

Figure C.16 : Residual groundwater level fluctuations, incorporating potential CSG impacts 

C.5 Minimise serial correlation 

The time series outputs from the step above were tested for serial correlation. The data was found to have a 
high serial correlation, and a number of different time steps were tested to help minimise this including daily, 
weekly, fortnightly and monthly. This approach was applied to the full length of the record, and also to the 
shorter segments identified through the break test analysis. As each segment is assessed for trends separately, 
a different time step can be used for each segment. In the case of the CMR GW2 data, a weekly time step was 
identified as relevant for all segments. Unfortunately, this approach was not able to fully resolve the serial 
correlation issues in this data set. 

C.6 Trend analysis 

The outcomes from the step above were used as input into the trend analysis. The Water Quality Analyser 
software tool was used for this trend analysis.  Figure C.17 presents the trend in groundwater levels for the 
different segments of data.  

Table C.1 summarises the trend analysis results for the data sets using a number of different statistical trend 
tests. The linear regression test provides an indication of the trend magnitude, direction and significance. This 
test is well suited to time series data and can cope with irregular time steps. It also assumes that input data 
values are independent (serial correlation minimised) and are normally distributed (refer to Figure C.18). In 
comparison, the Mann-Kendall test does not provide any assessment of trend magnitude. Independent data 
values are assumed, but there is no requirement for normally distributed data. The Mann-Kendall test is not 
suitable when data is collected on an irregular time step. The Mann-Kendall test is simpler, and was requested 
by Geoscience Australia in early trend analysis method development discussions. The Seasonal Kendall test is 
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similar to the Mann-Kendall test, however it considers the trend assessment on a seasonal basis. As such, it is 
not suitable for short data sets where there are few data points per season, such as the CMO GW2 data set.  

 

Full period of record 

 

Period 1 

 
Period 2 

 

Period 3 

 

Figure C.17 : Trend in groundwater levels at CMO GW2 after accounting for external processes 
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Table C.1 : Summary of trend results for CHR GW1 

Trend test Period of record Level of statistical 
significance 

Trend magnitude 

Full period of record 

Linear regression 

May 2013 – August 2014 

Not statistically significant * -0.27 m/year 

Mann-Kendall Not statistically significant * N/A 

Seasonal Kendall N/A N/A 

Period 1: 8 May 2013 to 6 September 2013 

Linear regression 
May 2013 – September 

2013 

Not statistically significant * -0.004 m/year 

Mann-Kendall Not statistically significant N/A 

Seasonal Kendall N/A N/A 

Period 2: 6 September 2013 to 23 March 2014 

Linear regression 
September 2013 – March 

2014 

Not statistically significant * -1.4 m/year 

Mann-Kendall Not statistically significant * N/A 

Seasonal Kendall N/A N/A 

Period 3: 23 March 2014 to 12 August 2014 

Linear regression 
March 2014 – August 

2014 

Not statistically significant * 0.13 m/year 

Mann-Kendall Not statistically significant N/A 

Seasonal Kendall N/A N/A 
* High serial correlation in time series inputs invalidates the statistical significance in the trend outcomes 

The analysis results presented above are influenced by the serial correlation in the input data. The linear 
regression tests indicates a significant trend is evident, however the high serial correlation is increasing the 
likelihood of falsely attributing a trend in this data. As such, the results above have been adjusted to reflect that 
it is not possible to confidently determine whether a trend is evident based on the data available at the current 
time. Further monitoring records and additional information on external processes (specifically local pumping), 
may help to improve the analysis. 

For Period 1 and Period 3, the Mann-Kendall tests do not identify any statistically significant trend in the data. 
This suggests that the changes in groundwater level during these periods may be attributable to chance. This 
result also confirm that the linear regression test outcomes for these periods may also be overly influenced by 
the serial correlation. 

The drawdown assessment undertaken by QGC for this site suggests a potential influence of 0.6m due to local 
pumping. The results above for the full period of analysis indicate that there is a decline in groundwater levels of 
0.27m/year that may be attributable to processes other that climatic drivers. These processes may include local 
pumping, CSG development, among other things. This rate of decline is influenced by the recent observations 
of groundwater level recovery, which are not well described by climate alone.  

 



Preliminary sensitivity and trend analysis  

 

Preliminary sensitivity and trend analysis 59 

Full period of record 

 

Period 1 

 

Period 2 

 

Period 3 

 

Figure C.18 : Normality test  of residual data for CMO GW2 

The Seasonal Kendall test was not applied at this location as it requires the time series to include multiple data 
points across all seasons. More data must be collected for this test to be applied. 

C.7 Sensitivity application of trend method using compensated data (no correction 
for barometric pressure or earth tides) 

The full trend analysis process was repeated using the data that was not corrected for barometric pressure or 
earth tides. This data set included barometric compensation only, consistent with the blue data presented in 
Figure C.10. The full trend method was applied to this data, to test the relationship with other external 
influences. Barometric pressure and earth tides were retained as external variables for consideration when 
developing the multiple regression model. 

As much of the analysis is consistent with that presented above, a summary of key points is noted here, with a 
focus on differences with the above analysis. 

The break point assessment was consistent with that described above, and the analysis process was 
undertaken on the full period of record as well as three shorter segments in the data reflecting periods of 
discrete behaviour. 

Comparison of the relationships with external processes was generally consistent with that presented above for 
three of the four data sets: 

 Full period of record: groundwater level changes were identified to be related to cumulative deviation from 
mean daily rainfall, such that  

[Groundwater level]t= 0.0029 x [Cumulative rainfall residual]t + 245.63  R2=0.53  
(calculated on a daily time step) 
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 Period 2: no correlation with any variables tested 

 Period 3: groundwater level changes were identified to be related to cumulative deviation from mean daily 
rainfall, such that  

[Groundwater level]t= -7.68x10-4 x [Cumulative rainfall residual]t + 244.61   R2=0.56 (daily time step) 

The Period 1 groundwater level changes were found to be related to both the barometric pressure and 
cumulative deviation from mean daily rainfall. This is noteworthy, as the barometric pressure corrected step in 
Section 5.2 resolved this issue in the data analysed above. In this case, two regression steps are required: 

 [Groundwater level]t= -7.5x10-2 x [Barometric Pressure]t + 252.84  R2=0.50  
This is calculated on an hourly time step, consistent with the frequency of observations of both groundwater data and barometric 
pressure. The difference between this estimated groundwater level and the original data are calculated and used for the second 

regression below. 

[Groundwater level residuals]t= 5.68x10-4 x [Cumulative rainfall residual]t + 0.04   R2=0.89 
This is calculated on a daily time step, consistent with the frequency of observations of the rainfall data. This calculation is compared 

to the residuals from the barometric pressure regression. 

The steps involved in this analysis are shown in Figure C.19. The outputs from the multiple regression model 
are applied in a consistent manner with the approach described for the other residual data sets. 

Weekly data sets were used as input into the trend model. While this time step does not fully resolve serial 
correlation, it provides the most appropriate frequency in order to maintain consistency with the observations of 
Yue and Wang (2002) reported in Section A.4. 
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(1) Comparison of estimated groundwater levels 
using relationship with barometric pressure 

 

(2) Residuals from comparison 
 

 

(3) Regression between groundwater residuals and 
cumulative rainfall deviation 

 

(4) Comparison of estimated groundwater level 
residuals using relationship with rainfall deviation 

 
(5) Residuals for trend analysis 

 

 

Figure C.19 : Multiple regression model for Period 1 data when barometric compensated data is applied 

The results from the trend analysis are shown in Figure C.20 and Table C.2. In general, the outcomes from the 
trend analysis are consistent with those reported in Figure C.17 and Table C.1, with the exception of Period 1 
results. In this case, the multiple regression model includes barometric pressure and rainfall deviations, which 
results in a different residual output for trend assessment. In this case, it is observed that a larger decline in 
groundwater levels may be occurring due to external processes (excluding barometric pressure and climate). In 
addition, the trend tests both indicate this outcome is statistically significant, however these results have been 
amended to reflect the serial correlation in the data. In contrast, the Mann-Kendall results in Table C.2 confirm 
that the trend for the barometric corrected data is not significant. 
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Full period of record 

 

Period 1 

 

Period 2 

 

Period 3 

 

Figure C.20 : Trend in groundwater levels at CMO GW2 after accounting for external processes (with barometric compensated 
data used as the basis for analysis)  
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Table C.2 : Summary of trend results for CHR GW1, with barometric compensated data used as the basis for analysis 

Trend test Period of record Level of statistical 
significance 

Trend magnitude 

Full period of record 

Linear regression 

May 2013 – August 2014 

Not statistically significant * -0.29 m/year 

Mann-Kendall Not statistically significant * N/A 

Seasonal Kendall N/A N/A 

Period 1: 8 May 2013 to 6 September 2013 

Linear regression 
May 2013 – September 

2013 

Not statistically significant * -0.19 m/year 

Mann-Kendall Not statistically significant * N/A 

Seasonal Kendall N/A N/A 

Period 2: 6 September 2013 to 23 March 2014 

Linear regression 
September 2013 – March 

2014 

Not statistically significant * -1.3 m/year 

Mann-Kendall Not statistically significant * N/A 

Seasonal Kendall N/A N/A 

Period 3: 23 March 2014 to 12 August 2014 

Linear regression 
March 2014 – August 

2014 

Not statistically significant * 0.08 m/year 

Mann-Kendall Not statistically significant N/A 

Seasonal Kendall N/A N/A 
* High serial correlation in time series inputs invalidates the statistical significance in the trend outcomes 

 

C.8 Summary of findings 

The processing and analysis of information for monitoring well CMO GW2 identified the following key points: 

 Three periods with distinct groundwater level behaviour are evident in the data record. Break point analysis 
was used to segment the data for analysis. 

 Groundwater level fluctuations can be linked to the climate conditions at this site for specific periods of the 
record 

 Local pumping in the vicinity of the monitoring well has been estimated to have a drawdown impact of 
approximately 0.6m. However, this assumes a steady state pumping rates. Based on the available 
temporal information on local extractions, the groundwater level fluctuations at this well are not directly 
linked to local pumping activities. 

 Barometric and earth tide correction helps to minimise the ‘noise’ in the raw observations. This can be an 
important step when the magnitude of the noise is greater than the magnitude of the underlying trend. This 
is evident in the Period 1 analysis, which requires barometric pressure data to be incorporated in the 
regression if correction is not undertaken. 

 The results presented in Section 5 include further comparison of estimated trend magnitudes as the 
progressive steps in the method are applied. In general, the magnitude of the trends identified at 
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CMO GW2 are reduced by applying the progressive stages of the method. In general, greater trend 
magnitudes are evident in the raw data compared to when external processes are accounted for. 

 The trend analysis method was applied using data, including the application of barometric and earth tide 
correction, before other explanatory variables were considered. Over the full period of observations, a 
decline in groundwater levels at a rate of approximately 0.27 m/year is evident. However, the response 
differs when shorted segments of the data are analysed. The earliest period of the record indicates a much 
slower decline in groundwater levels (0.004 m/year). In contrast, the decline from September 2013 to 
March 2014 was much more pronounced (1.4 m/year). More recently, groundwater levels have recovered 
and an upwards trend of 0.13m/year is evident. 

 As a sensitivity test, the trend analysis method was re-applied using data that excluded barometric and 
earth tide corrections, with relevant explanatory variables tested in the regression model. In this case, 
barometric pressure was identified as an explanatory variable in the regression model for the Period 1 
segment of data. Other trend outcomes are generally consistent with those noted above when correction 
was included. The significance and direction of the trend outcomes are consistent, while the magnitude of 
the estimated trend has increased in this instance. 

 

C.8.1 Recommendations for ongoing analysis 

Based on the analysis and sensitivity testing undertaken for CMO GW2, the trend analysis method can be 
simplified for this site to focus on those processes of key influence, as shown in Table C.3. This simplification is 
only relevant while the overall change in groundwater is large relative to the semi-daily fluctuations. If a 
significant change in groundwater behaviour is identified in monitoring data in the future, this simplification may 
need to be reassessed. 

Table C.3 : Key influences on CHR GW1 hydrograph 

Process Influence on CMO GW2 hydrograph Simplified trend method 

Barometric 
correction 

Important – assists in removal of ‘noise’, 
which is particularly important when the 
magnitude of the trend is small as in Period 
1. 

Include 

Earth tide correction Minimal – assists in removal of ‘noise’ Exclude, assuming groundwater level 
changes remain large relative to magnitude 
of ‘noise’ 

Climate  Important – describes some of the 
groundwater fluctuations observed in the 
hydrograph 

Include  

Local pumping Potentially important. A longer period of 
record of local pumping and groundwater 
observations may clarify any delay in 
response. 

Obtain further temporal data on local 
extractions  

Loading/unloading None (deep system, long time scales 
necessary for influences to be identified in 
CMO GW2 hydrograph) 

Exclude 

Local hydrology Unknown – local streamflow data not 
available 

Seek temporal data on local hydrology and 
assess relevance 

Regional activities Unknown  Seek temporal data on regional processes 
and assess relevance 
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