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AGL Gloucester – Investigation Report 
into the Detection of BTEX in Flowback 
Water from Waukivory Pilot Wells  

Background 
The Environment Protection Authority (EPA) is the lead regulator of environmental and 
health impacts of all gas exploration, assessment and production activities in the state. This 
includes coal seam gas (CSG). 

AGL Upstream Investments Pty Limited (AGL) holds Environment Protection Licence (EPL) 
20358 for its coal seam gas operations at Gloucester. The licence was issued by the EPA in 
August 2014. 

Part of the approved activities for the Gloucester Coal Seam Gas project is the hydraulic 
fracturing of coal seams to aid in the release of gas. The Waukivory Area of AGL’s 
Gloucester Project contains four wells that are being assessed to determine if commercially 
viable quantities of gas can be obtained.  

AGL’s operations at Gloucester include hydraulic fracturing at Waukivory Wells 11, 12, 13 
and 14.  

The fracture stimulation program for the Waukivory pilot wells commenced on 27 October 
2014.  AGL has advised ‘The sequence for the fracture stimulation program was: 

• WK13 (completed 5 November); 

• WK12 (was in two stages) – Stage 1 (completed 12 November) with Stage 2 

• (completed 20 November); 

• WK14 (completed 17 November); and 

• WK11 (completed 26 November).’ 

During the fracture stimulation process, fracture stimulation fluid (typically containing sand, 
water and additives) is injected under pressure into the coal seam to open up cracks in the 
seam to create an improved path for gas to flowback to the surface. The fracture fluid 
comprises 98 – 99.5 per cent water and sand, with the remaining material comprised of the 
selected fracture stimulation additives. To protect groundwater, surface water and the 
environment, the NSW Government has banned the use of BTEX chemicals in fracture 
stimulation fluids. 

BTEX refers to a number of volatile organic compounds, namely benzene, toluene, ethyl-
benzene and xylene (BTEX). Historically BTEX‐containing petroleum products (such as 
diesel fuel) have been used as additives in stimulation fluids, particularly in hydraulic 
fracturing. In 2003 the US industry voluntarily agreed to discontinue using BTEX in fracture 
stimulation fluids due to the availability of safer alternatives. In NSW the use BTEX 
chemicals in CSG drilling additives and CSG fracture stimulation additives is prohibited. All 
CSG drilling additives and CSG fracture stimulation additives must be tested by a NATA-
certified laboratory and demonstrated to meet Australian drinking water guideline values, 
which are:  
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0.001 mg/L for benzene 
0.8 mg/L for toluene 
0.3 mg/L for ethylbenzene 
0.6 mg/L for xylene 

 
The proposed fracture stimulation additives, their concentrations in the fracture fluid, and 
their breakdown potential were considered by the EPA in determining a monitoring program 
for the fracture activity. The Environment Protection Licence for the Waukivory Pilot (EPL 
20358) does not require monitoring of BTEX chemicals. In determining a monitoring program 
for the premises the EPA took into consideration that the use of BTEX within the fracking 
fluids was banned in NSW and QLD. The EPA also considered that as the process was 
fracturing deep coal seams, low concentrations of BTEX were likely to be found in 
monitoring of the fractured wells, therefore trace concentrations of BTEX were possible. As a 
consequence, the recording of BTEX in flowback water (to be disposed of at a licensed 
waste facility), was not considered a practical marker for monitoring well integrity, or 
potential pollution occurring from the premises.  

Trace concentrations of BTEX chemicals in groundwater may occur as a result of their 
proximity to locations where BTEX chemicals naturally occur. For example BTEX chemicals 
in sea water adjacent to natural gas and petroleum deposits have recorded concentrations at 
0.8 µg/L (IPCS 1993). Natural BTEX chemicals have also been recorded near natural gas 
deposits, volcanoes and forest fires (IPCS 1993, ATSDR 2007). 

To ensure no BTEX chemicals have been used in the fracture stimulation process, the EPA 
and the Division of Resources and Energy (DRE) collected samples from the fracture 
stimulation additives used by AGL’s contractor and had the samples independently 
analysed. There were no BTEX chemicals detected within the samples collected from the 
fracture stimulation additives.  

On 27 January 2015 AGL verbally informed the EPA it had received results showing BTEX 
had been detected in five samples of flowback water following hydraulic fracture stimulation 
at its Waukivory Wells. The advice provided noted that samples were collected on 16 
December 2014, 29 December 2014 and 12 January 2015 and results were received on 15 
January 2015. 

The BTEX results that triggered this investigation were originally recorded as part of 
monitoring required under AGL’s Surface Water and Groundwater Management Plan. The 
Surface Water and Groundwater Management Plan does not form part of the EPL, and a 
non-conformance with the plan does not constitute a breach of the EPL.  

AGL verbally advised the EPA that four of the five samples containing BTEX were at levels 
consistent with background levels in groundwater prior to hydraulic fracturing commencing. 
However, the fifth sample recorded a BTEX concentration of 555 parts per billion (ppb) - 
many times greater than the historic background levels recorded by AGL. 

AGL voluntarily suspended operations at the Waukivory site following the reporting on 27 
January 2015.  

Initial EPA Response 
On 28 January 2015 the EPA requested information from AGL through notice 1528092. The 
Chief Environmental Regulator also sent correspondence to AGL on 28 January 2015 
directing AGL to not recommence operations at Waukivory until such time as the EPA is 
satisfied that the operations can be conducted in a manner that poses no risk to the 
environment.  

DRE issued a similar order to AGL. The two agencies have co-operated throughout the 
investigation. DRE’s response and investigation is independent to the EPA’s and not part of 
this report. 
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The EPA (in co-ordination with DRE) directed AGL to recommence flow from the Waukivory 
Pilot wells from 02–06 February 2015 to allow samples to be collected from the Pilot Wells. 
The purpose of this test was to obtain independent verification of AGL’s findings, as well as 
to collect additional information on BTEX concentrations in the flowback water.   

The EPA collected samples from WK11–WK14.  Samples were also collected by AGL and 
the DRE during this period. At the end of the sampling period AGL was again directed to 
cease operations at the Waukivory Pilot wells.   

The AGL Report(s) 
On 06 February 2015 AGL responded to the EPA’s notice for information and records. AGL’s 
report summarised that the BTEX concentrations recorded during AGL’s sampling program 
were the result of BTEX chemicals naturally present in the coal seams. The report also 
indicated that the results may have been further enhanced by AGL’s sampling location. 
AGL’s response on 06 February 2015 did not take into account the monitoring between 04–
06 February and was primarily focussed on the high reading collected from Waukivory 13 on 
29 December 2014. 

AGL stated ‘that it was unlikely that AGL activities contributed to the BTEX levels. The cause 
of the BTEX concentrations within the flowback water was assessed as likely to originate 
from natural coal.’ Further the report states that no BTEX was detected in both the fracture 
stimulation fluid or the raw water used during the fracture stimulation program. 

In addition, and in response to the results, AGL initiated new sampling procedures and 
undertook a review of the sampling and analysis process. While minor improvements were 
recommended (and implemented), these did not change the outcomes obtained by AGL.   

AGL’s report also noted it did not have a statutory obligation to report the detected BTEX 
concentration under section 147 and 148 of the Protection of the Environment Operations 
Act 1999 as no material harm was caused or threatened.  

The report summarised that the BTEX contaminated water has not entered the environment 
since extraction from the wells. AGL also noted that as BTEX chemicals are volatile, BTEX 
would have volatilised from the surface tank; however, the report noted that all 
concentrations in the air were well below guideline limits.  

The report noted that there was still approximately 2.2 megalitres of flowback water to be 
removed for appropriate treatment and disposal.  

EPA monitoring program 04–06 February 
The EPA and DRE conducted monitoring of the Waukivory Wells, between from 04 February 
to 06 February 2015. The purpose of the program was to undertake independent monitoring 
of the wells and to get a better understanding of the BTEX levels reported by AGL.  

At the time of the EPA monitoring, one of the suggested causes of the high reading recorded 
by AGL was the monitoring point being contaminated by coal fines. To address this, two 
sites per well were sampled, being the original (old) site and a new site on the well head 
where coal fines would not collect. 

Samples collected during the site inspection did contain visible coal fines. However, the 
investigation concluded that while coal fines may contribute to the BTEX readings, the 
concentrations being recorded were the result of concentrations in the flowback water, and 
not simply the result of coal fines contamination. A number of the samples effervesced within 
the sample bottle, presumably as a result of different pressures between underground and 
atmospheric pressure.  
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Table:1 BTEX results collected from Waukivory Pilot on the 04–06 February 2015 
   

04/02/2015 
 

          

ug/L 
WK11 
OLD 

WK11 
NEW 

WK12 
OLD* 

WK12 
NEW# 

WK13 
OLD 

WK13 
NEW 

WK13 
NEW Dup WK14 OLD 

WK14 
NEW 

WK13 
TANK 

WK13-
TANK 

Benzene 350 470 3 0.8 82 77 79 320 320 19 19 

Toluene 400 540 4 1 61 60 57 390 400 20 20 
Ethyl 

benzene 10 10 <1 <1 1 1 <1 7 7 <1 <1 
m+p-

xylene 120 160 <2 <2 14 14 12 90 75 3 3 

o-xylene 28 29 <1 <1 3 3 3 20 20 <1 <1 

Total 908 1209 7 1.8 161 155 151 827 822 42 42 
 

5/02/2015 
 
 

          

ug/L 
WK11 
OLD 

WK11 
NEW 

WK12 
OLD 

WK12 
NEW 

WK13 
OLD 

WK13 
NEW 

WK14 
OLD WK14 NEW 

WK13 
TANK 

WK13 
TANK 
Dup 

 Benzene 310 310 2 No 
sample 280 290 230 230 18 18 

 Toluene 370 370 2 No 
sample 330 340 260 280 20 20 

 Ethyl 
benzene 10 10 <1 

No 
sample 7 7 7 7 <1 <1 

 m+p-
xylene 100 97 <2 

No 
sample 92 98 78 78 3 3 

 o-xylene 29 30 <1 No 
sample 20 21 20 20 <1 <1 

 Total 819 817 4 No 
sample 729 756 595 615 41 41 

  
6/02/2015 

           

ug/L 
WK11 
OLD 

WK11 
NEW 

WK12 
OLD 

WK12 
NEW 

WK13 
OLD 

WK13 
NEW 

WK14 
OLD WK14 NEW 

WK13 
TANK 

  Benzene 400 280 1 1 250 280 340 330 27 
  Toluene 570 350 1 1 310 320 360 350 29 
  Ethyl 

benzene 10 10 <1 <1 6 6 7 7 <1 
  m+p-

xylene 130 85 <2 <2 79 78 74 74 4 
  

o-xylene 29 30 <1 <1 17 17 19 19 1 
Total 1139 755 2 2 662 701 800 780 61 

*old – refers to the original monitoring site on the well head. 
# new – refers to the newly installed monitoring site on the well head, potentially less contaminated with coal 
fines.  
 
The data collated in Table 1 is from the EPA’s samples. Results from DRE and AGL were 
not always exactly the same. However, in all three samples there were concentrations of 
BTEX above those initially reported on 29 January 2015. 

The results highlighted BTEX was present in the flowback water coming from the coal 
seams, with particular reference to the deeper wells. The data also shows the difference in 
BTEX recorded direct from the well head and the levels recorded in the open tank.   
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Discussion 
The Waukivory Pilot is subject to several layers of regulation. This report has only 
considered the EPA’s role, including compliance with EPL 20358. 

Was the BTEX injected into the wells as part of the Fracture Stimulation 
Program? 
The use of BTEX by CSG operators has been banned in NSW. Nonetheless, the process of 
hydraulic fracturing can result in naturally occurring BTEX being released from the coal 
seam into the hydraulic fracturing fluid.  

BTEX chemicals are found naturally in crude oil, coal and gas deposits and, as such, it could 
be expected to encounter these chemicals naturally at low concentrations in groundwater 
near these deposits. BTEX chemicals occur in groundwater at ranges from 0.1 ppb to 100 
ppb (http://www.ehp.qld.gov.au/management/non-mining/btex-chemicals.html accessed 
14:22 04/03/2015).  However, the BTEX concentration is likely to depend on the source, for 
example, coal formation. 

The 1984 CSIRO document titled “Petrography And Geochemistry Of Coals From The Later 
Permian Avon and Stratford Coal Measures in the Gloucester Basin”, noted the major 
features of the coal measures in the area are the homologous series of alkane and alkene 
doublets from C7 to C30 and the presence of a relatively high concentration of benzene and 
toluene.  

On 20 November 2014 the EPA collected samples of the fracture stimulation additives to 
determine if these contained any BTEX chemicals. Results confirmed no BTEX additives 
were present in the fracture stimulation additives. The EPA also notes that the fracture 
additives were also assessed by DRE on a number of occasions. AGL also undertook 
analysis of the additives at other times. At no time were BTEX chemicals detected.  

As a part of the EPA’s investigation the EPA also reviewed sampling and inspection notes to 
determine if BTEX was added during the fracturing process. There was no evidence to 
suggest that AGL added BTEX to fracture stimulation fluids.   

The concentrations recorded during the EPA’s sampling between 04 February and 06 
February 2015, were well above earlier samples collected by AGL. It is likely that the 
fracturing process, combined with the flowback water extraction has resulted in BTEX 
concentrations above normal background levels. This is potentially related to the increased 
pressure within the seam, as well as increased surface area of the coal seam as a result of 
the fracturing process.  

The higher results were all recorded direct from flowback water collected directly from the 
well head. Monitoring of flowback waters in the flowback tank (the collection tank for material 
sent off site for treatment and disposal) noted BTEX concentrations below 100 ppb. BTEX 
chemicals are highly volatile, and the lower concentrations at the flowback tank may be 
indicative of chemical volatilisation. Importantly no extracted flowback water has entered the 
environment at Gloucester. All flowback water was taken to a licensed treatment facility for 
treatment and disposal.   

Based on the samples collected by the EPA, as well as those collected by DRE and AGL 
combined with the review of records and historical documents suggesting the presence of 
BTEX in local coal seams, the EPA has concluded that the chemicals and water used in the 
fracture process are not the likely source of the BTEX concentrations recorded from the Pilot 
Wells. Provided flowback water is removed and sent to an appropriate facility for further 
treatment and disposal it should not pose an unacceptable risk to the environment.  

 

http://www.ehp.qld.gov.au/management/non-mining/btex-chemicals.html%20accessed%2014:22
http://www.ehp.qld.gov.au/management/non-mining/btex-chemicals.html%20accessed%2014:22


6 
 

Were there any breaches of environmental legislation? 
Environment Protection Licence 20358 for the Waukivory Pilot wells does not contain 
requirements for monitoring of BTEX chemicals. The observation of BTEX chemicals in 
flowback water alone does not constitute a breach of EPL 20358. However, the EPA also 
needs to consider if pollution of waters has or is likely to occur.  

Contrary to the statement by AGL, shown on Page 3 of its report, the fracture stimulation of 
the coal seams is likely to have increased concentrations of BTEX in flowback water 
extracted from the gas wells. The extracted flowback water has been disposed of at licensed 
treatment facilities or stored on-site in above ground tanks.  

Groundwater pressures at depth trap methane and other hydrocarbon products (for example 
BTEX) within the coal seam reservoir. In February 2015 the EPA reviewed AGL’s 
groundwater pressure data before and after commencement of fracture stimulation activities.  
The EPA’s review found no evidence to indicate enhanced changes or connectivity between 
the targeted formations and shallow groundwater monitoring locations that would indicate a 
flow of water from the coal seams to beneficial aquifers. The EPA will continue to review 
AGL’s groundwater pressure data. 

The EPL also contains a duty to notify should a pollution incident occur. AGL considered that 
no environmental harm was caused as a result of the materials in the flowback water. It was 
noted that the flowback water on removal from the well was stored in double lined tanks, and 
can only be disposed of at appropriately licensed facilities. AGL also undertook an 
assessment of the risks associated with volatilisation of BTEX chemicals in the flowback 
water tank and concluded no risks. This investigation found AGL did not have a duty to notify 
but given the community concern around CSG AGL should have notified the community and 
the EPA much sooner about the BTEX levels detected.   

This investigation found no breaches of environmental legislation as a result of the BTEX 
detections in flowback water.  

Is it likely the results obtained on 29 December 2014 are anomalous? 
The initial recording by AGL was an isolated peak. Early suggestions by AGL was that this 
peak may have been the result of the sampling procedure used by AGL. However, 
monitoring undertaken by the EPA, DRE and AGL has identified BTEX concentrations 
similar to and higher than the original peak recorded on 29 December 2014. The results are 
not considered anomalous. 

What do results mean for ongoing management of ‘flowback’ and ‘produced 
water’. 
Initial results from sampling between the 04 February 2015 and 06 February 2015 may 
indicate that concentrations of BTEX in flowback water will taper off after an initial peak. This 
would suggest that BTEX concentrations in the produced water are likely to be lower than 
that recorded in the flowback water.  

The EPA has included additional monitoring requirements on EPL20358 to ensure 
appropriate management of flowback and produced water.  

Conclusions 
This investigation has found no breaches of Environment Protection Licence 20358, or the 
Protection of the Environment Operations Act. The investigation has found that BTEX can be 
found naturally within Stratford and Avon coal seams as described in the reports prepared by 
the CSIRO. 

The investigation has found that it is likely the results obtained on 29 December 2014 were 
not anomalous. 
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Given that BTEX chemicals were identified in several samples collected from the Waukivory 
Pilot Wells, the investigation found that BTEX chemicals should be included as a part of 
future monitoring requirements on the EPL and considered as a part of any assessment for 
future use of produced water from the Gas project.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Disclaimer: 
Every effort has been made to ensure that the information in this document is accurate at the 
time of publication. However, as appropriate, readers should obtain independent advice 
before making any decision based on this information. 

Published by: 
NSW Environment Protection Authority (EPA) 
59–61 Goulburn Street, Sydney 
PO Box A290 
Sydney South NSW 1232 

Report pollution and environmental incidents 
Environment Line: 131 555 (NSW only) or info@environment.nsw.gov.au 
See also www.epa.nsw.gov.au/pollution 

Phone: +61 2 9995 5000 (switchboard) 
Phone: 131 555 (NSW only - environment information and publication requests) 
Fax: +61 2 9995 5999 
TTY users: phone 133 677, then ask for 131 555 
Speak and listen users: phone 1300 555 727, then ask for 131 555 

Email: info@environment.nsw.gov.au 
Website: www.epa.nsw.gov.au 

EPA 2015/0311 
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