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20 February 2015 

 
AGL Upstream Investment Pty Limited 
Level 22 
101 Miller Street 
North Sydney NSW 2060 
 
 

Re: Water Quality Review for Flowback Water 

1.0 Introduction 

Environmental Risk Sciences Pty Ltd (enRiskS) has been commissioned by AGL Upstream Investment Pty 
Limited (AGL) to undertake a review of the water quality of flowback water that is currently stored in tanks 
associated with the Waukivory Coal Seam Gas (CSG) project in the Gloucester Basin in NSW. The flowback 
water requires disposal. Disposal of this water has not yet been finalised with an appropriate contractor, 
hence this water quality review is being undertaken to inform discussion of disposal options. 

2.0 Background 

AGL is currently operating the Waukivory CSG project within the Gloucester Basin in NSW. A number of pilot 
wells were drilled in 2014 and these wells are located approximately 5 km to the southeast of Gloucester. As 
part of normal operations for such a project, water from the target coal seams has been brought to the 
surface. Removal of water from the coal seam depressurises it allowing coal seam gas to flow and be 
brought to the surface for use as natural gas. Flowback water is water that is returned to the surface after 
fracture stimulation has been undertaken. 

Flowback water was extracted from wells WK12 and WK13. This water flowed through a closed pipework 
system to a holding tank, where approximately 0.6 megalitres (ML) water is currently stored. During normal 
operations it is held in the holding tank for testing prior to disposal. AGL’s Waukivory Pilot Project Review of 
Environmental Factors (AGL 2013) states that the flowback water will be lawfully transported and disposed 
of at an appropriate facility. 

Testing of the flowback water stored within the holding tank was undertaken between December 2014 and 
February 2015. Testing of water quality involved analysis by a NATA accredited laboratory for a wide range 
of compounds and physico-chemical indicators that included the following: 

 Inorganics (i.e. metals and other inorganic compounds) 
 Physico-chemical indicators (i.e. pH, salinity, suspended solids) 
 Nutrients (i.e. nitrogen and phosphorous) 
 Anions and cations 
 Oil and grease 
 Hydrocarbon gases 
 Phenolic compounds 
 Petroleum hydrocarbons 
 Benzene 
 Toluene 
 Ethylbenzene 
 Xylenes 
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 Monocyclic aromatic hydrocarbons 
 Oxygenated compounds 
 Fumigants 
 Halogenated aliphatic and aromatic compounds 
 Trihalomethanes 
 Polycyclic aromatic hydrocarbons, including naphthalene 
 Ethanolamines 
 THPS (Tetrakis (Hydroxymethyl)- Phosphonium Sulfate) 

Most of these analyte groups may be present naturally in water from the coal seam. Ethanolamines and 
THPS may be present in flowback water due to their use in the drilling and hydraulic fracturing fluids.  

3.0 Management of Flowback Water and Potential for Exposure 

AGL store flowback water on-site at a well pad in a holding tank. The flowback water is tested to determine 
its quality. Once an appropriate disposal option is chosen, the relevant licensed liquid waste transporter 
then arrives at the site to pump the water in the holding tank into tanker trucks. These trucks then transport 
the waste to licensed waste facilities in accordance with NSW Government requirements. The trucks are 
unloaded into tanks at the designated liquid waste facility. These tanks then connect the flowback water into 
the treatment systems at the facility for processing. Given this process, the potential for people to be 
exposed to flowback water is low.  

Exposure may occur in normal circumstances as follows: 

 AGL staff – incidental exposure when touching wet surfaces or if water in the tank splashes while 
someone is at the top of the tank making observations or taking water samples for analysis 

 Liquid waste transport staff – incidental exposure when they connect the hose from the tanker to 
the discharge valve on the holding tank (at the AGL site (loading truck) and at the liquid waste 
treatment facility (unloading truck)) 

 Liquid waste treatment plant staff – incidental exposure during the treatment process 

In all these cases, exposure is described as incidental as it usually just involves occasionally touching a piece 
of equipment that might be wet or being splashed by the water as it is moved.  

It is also possible that people or the environment might be exposed if a tanker truck transporting the 
flowback water were to have some sort of accident. Minor accidents are unlikely to result in any spillage or 
leaks as it is unlikely the tank will be ruptured. For more major incidents which may result in a spillage or 
leak of the flowback water, exposure of people would be incidental and small. Such exposure would also be 
a one off as it would not be expected that a truck would have multiple accidents in the one location. If a 
creek or stream were close to the site of such an accident it is possible that the flowback water could run off 
into the surface water. If so, the water would be diluted as it mixes with the water already present in the 
creek or stream. Again, such an exposure (should it occur) would be short term.  
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4.0 Liquid waste disposal 

In urban areas liquid wastes are primarily disposed to the sewerage system. Liquid wastes that require 
management include domestic wastes (sewage, water used in showering and washing), commercial wastes 
(water from restaurants, shops and offices) and industrial wastes (water used in industrial processes which 
could range from vegetable washing and food preparation through to chemical manufacture). The sewerage 
system accepts a wide range of water based liquid wastes. Solvent based liquid wastes are not usually 
accepted into the sewerage system. The liquid wastes accepted into the sewerage system are collected and 
transported to a sewerage treatment plant. Sewerage treatment plants include a range of treatment 
processes which degrade or remove chemicals in water to enable the effluent from the plant to be reused or 
discharged into the environment. These plants have been designed to deal with a range of chemicals as well 
as bacteria, viruses and other microbiological contamination.  

Water based liquid wastes that contain very high concentrations of chemicals or solvent based liquid wastes 
are usually dealt with by dedicated waste treatment facilities like the one located in Lidcombe in Sydney.  

The NSW Government requires that liquid wastes be managed in a way that protects the environment and 
the community and have established a range of guidance documents and management processes that 
ensure appropriate control. Information is available from the NSW EPA at 
http://www.epa.nsw.gov.au/waste/liquid-wastes.htm . 

5.0 Basis of water quality guidelines 

Trade Waste Acceptance Criteria 

Trade waste acceptance criteria are the limits on the concentration at which a chemical can be present in 
waste water that indicate it is acceptable for discharge into a sewerage system. Sydney Water has 
established acceptance criteria for discharges to their system (Sydney Water Corporation 2014). The NSW 
Department of Water and Energy has established acceptance criteria for sewerage systems across the rest of 
NSW (Department of Water and Energy 2009).  

Development of these criteria includes consideration: 

 safe levels for workers in and around the sewerage system and for public health 
 whether a particular chemical is normally present in domestic waste and at what concentration it 

would normally be present 
 if a chemical is not normally present in domestic waste, is it the sort of chemical that can be treated 

in a sewerage treatment plant 
 whether the chemical can be readily removed or minimised by pre-treatment technologies that are 

installed prior to discharge to the sewerage system 
 what sort of concentration of a chemical might cause damage to treatment processes (e.g. corrosion 

of pipes or other infrastructure or damage to the bacteria used in the treatment process) 
 the licence limits and other requirements applied by the environmental regulator on the discharge 

of the sewerage treatment plant 
 if the effluent from the sewerage treatment plant (or biosolids) is being reused for industrial 

purposes or for irrigation there may be some additional requirements for wastes. 

Drinking water guidelines 

The National Health and Medical Research Council (NHMRC) are responsible in Australia for developing and 
maintaining guidelines for drinking water (NHMRC 2011 Updated 2014). These guidelines are available 
online at 
http://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/eh52_australian_drinking_water_guideli
nes_150108.pdf and provide guideline values for a wide range of chemicals. These guidelines indicate 

http://www.epa.nsw.gov.au/waste/liquid-wastes.htm
http://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/eh52_australian_drinking_water_guidelines_150108.pdf
http://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/eh52_australian_drinking_water_guidelines_150108.pdf


       

4 | P a g e  

 

acceptable quality for water used for drinking purposes. These guidelines are calculated assuming that 
everyone drinks 2 litres (L) of water per day every day of the year for their entire lifetime. Where guidelines 
are not available from the NHMRC, other guidelines for drinking water quality (derived on the same or 
similar basis as the Australian guidelines) can be considered. 

Water stored in the flowback tanks is not used for drinking water. Nor is it proposed to be disposed to any 
location where the water may be used for drinking water. Hence these guidelines are not directly relevant 
for comparing with the flowback water quality, however, they have been included in this review to provide 
context in relation to human health exposure issues. 

The type of incidental exposure to the flowback water that might occur during disposal is expected to result 
in occasional incidental consumption of less than 5 mLs of water (equivalent to a teaspoon of water that 
might be swallowed if splashed). The calculation to determine the drinking water guideline is directly 
proportional to the amount of water consumed so, if exposure was reduced to 5 mLs per day for a lifetime 
instead of 2 L of water per day, the guideline value becomes 400 times higher than those listed in the 
drinking water guidelines.  

The NHMRC also note in their guidelines:  

“Therefore, for most characteristics, occasional excursions beyond the guideline value are not 
necessarily an immediate threat to health. The amount by which and the duration for which any 
health-based guideline value can be exceeded without raising concerns for public health depends on 
the particular circumstances. Exceeding a guideline value should be a signal to investigate the cause 
and, if appropriate, to take remedial action.” 

As a result, low level incidental exposures that could occur during regular operations to allow disposal of 
flowback water or one off exceedances of these guidelines should an accident occur could not have health 
effects given the quality of the water (refer to Section 6). 

Ecological protection guidelines 

The national guidelines for water quality protective of ecological systems were established by ANZECC in 
2000 – the Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC/ARMCANZ 
2000). They are available at http://www.environment.gov.au/water/quality/publications/australian-and-
new-zealand-guidelines-fresh-marine-water-quality-volume-1 and 
http://www.environment.gov.au/water/quality/publications/australian-and-new-zealand-guidelines-fresh-
marine-water-quality-volume-2 . 

These guidelines are based on results from ecotoxicity tests which determine the concentrations at which a 
chemical can cause impacts on aquatic organisms (fish, invertebrates, algae and plants). The tests and the 
calculations to determine the guidelines are based on determining what concentration can be present in 
water for the whole life of an organism without causing impacts. The guidelines are termed “trigger values” 
and they indicate the concentration below which no effects would be expected and the concentration above 
which investigations should occur to determine if effects are actually occurring. Exceedance of these trigger 
values does not indicate that effects will definitely occur as it depends on the nature of the environment, the 
types of organisms present, the season, whether other stressors are present etc. 

Just like the drinking water guidelines minor short term exceedances of a trigger value are not likely to cause 
significant impacts on aquatic systems.  

The guidelines relate to the quality of water in the environment, where the species are exposed (i.e. in the 
river, creek, dam or pond). 

Water stored in the flowback tanks is not an environment where an aquatic ecosystem is present. Nor is it 
proposed to be disposed to any location where the water may enter an aquatic ecosystem without 

http://www.environment.gov.au/water/quality/publications/australian-and-new-zealand-guidelines-fresh-marine-water-quality-volume-1
http://www.environment.gov.au/water/quality/publications/australian-and-new-zealand-guidelines-fresh-marine-water-quality-volume-1
http://www.environment.gov.au/water/quality/publications/australian-and-new-zealand-guidelines-fresh-marine-water-quality-volume-2
http://www.environment.gov.au/water/quality/publications/australian-and-new-zealand-guidelines-fresh-marine-water-quality-volume-2
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appropriate treatment. Hence these guidelines are not directly relevant for comparing with the flowback 
water quality, however, they have been included in this review to provide context in relation to 
environmental issues. 

6.0 Flowback water quality 

Table 1 presents a summary of the minimum and maximum concentrations reported (from laboratory 
analysis) in the flowback water currently stored in the holding tanks. The table provides data for each 
analyte detected above the limit of reporting for the analytical method. It is noted that the table has not 
included the major cations that are present in all waters and are essential for life. 

For the purpose of comparison the table also includes the guidelines discussed in Section 5, where the 
following can be noted: 

Trade Waste 

All chemicals present in the flowback water are present at concentrations that would be acceptable to allow 
discharge of this waste water into the sewerage system except for boron. Boron was reported at 
concentrations in the flowback water that would be acceptable for discharge to the Sydney Water system 
but may not be acceptable for discharge into some regional sewerage systems.  

Overall, the flowback water is generally compliant with the requirements for acceptance for discharge into 
sewerage systems in NSW. 

Drinking Water 

Flowback water is not used as drinking water and any comparison with drinking water guidelines is for the 
purpose of discussion of the quality of the flowback water in relation to human health risk issues.  

The flowback water is more salty than is normally allowed for drinking water. The salinity of drinking water is 
controlled as it affects taste and can cause corrosion of pipes and infrastructure.  

The maximum concentrations of chloride, boron, barium, cadmium, manganese, lead, iron, bromine, THPS 
and benzene exceed the drinking water guidelines. The guidelines for chloride, manganese and iron are 
based on aesthetic requirements like changing the taste or odour of the water or the accumulation of scale 
in pipes or causing brown spots on clothes after washing. Health based guidelines for these chemicals are 
much higher.  

If the drinking water guidelines are adjusted to account for incidental contact exposures with the water (as 
discussed in Sections 3 and 5), where a 400 fold adjustment factor can be applied, none of these chemicals 
are present at concentrations exceeding the adjusted guideline.  

On this basis there is no potential for adverse health effects to occur to employees, contractors or the 
community during the routine activities required for the disposal of the flowback water. 

Ecological Water Quality Guidelines 

The maximum concentrations reported in the flowback water are higher than the water quality guidelines 
used to protect freshwater aquatic ecosystems for aluminium, boron, cadmium, cobalt, copper, 
molybdenum, lead, zinc, iron, total nitrogen and total phosphorus. All of these chemicals are naturally 
occurring elements that may be found in every aquatic environment. The water from the coal seam is more 
salty than freshwater. The saltiness comes from these metal salts being dissolved in the water found in the 
coal seam. The metal salts are present in the rocks surrounding the coal and in the coal in the coal seams. 
Over the millennia this water has been present in the coal seam, small amounts of these salts have dissolved 
from the rock into the water in the coal seam. Evidence of this has been monitored by AGL in continuous 
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loggers in the local rivers with elevated salinity levels recorded during the initial flush from stormwaters 
which exceed 1000 µS/cm in the first six hours. 

As discussed, occasional exceedances of water quality guidelines are unlikely to cause significant impacts 
especially given that these salts may have limited availability to organisms due to reactions with humic acids 
and other organic matter present in aquatic environments from the degradation of plants and animals. 
Hence in the unlikely event of an accident where flowback water were spilled into an aquatic environment 
(e.g. during transport) no significant impacts are expected to occur. 

Stormwater 

In addition to the above, to provide some context as to the range of concentrations reported in flowback 
water, published data on stormwater quality has also been included for comparison. 

The NSW Department of the Environment (http://www.environment.nsw.gov.au/stormwater/whatis/), 
notes that stormwater is another type of water that must be well managed. As rainwater falls on houses, 
roofs, driveways, roads and footpaths as well as natural surfaces it collects chemicals from these surfaces 
which can impact on the quality of the water. Rainwater also needs management to minimise/control 
flooding (which may result in damage to structures or people).  

Stormwater is not treated and runs directly into creeks, streams, rivers and harbours where exposures to the 
public (including drinking and recreational exposures) and the aquatic environment may occur.  

Information on the typical characteristics of stormwater has been reported in the Australian Guidelines for 
Water Recycling, Managing Health and Environmental Risks – Stormwater Harvesting and Reuse published in 
2009 (NMMRC 2009).  

Typical stormwater in Australia contains a range of chemicals that are washed from rocks and soil as well as 
human structures and activities (e.g. roads, houses, buildings, gardens, swimming pools, service stations, 
industrial facilities, car parks, etc.).  

Comparison of the maximum concentrations found in flowback water with typical stormwater shows that 
the flowback water is mostly similar to or less contaminated than typical stormwater. Some elements like 
barium are present at higher levels than normally found in stormwater and the flowback water is more salty 
than stormwater. 

While flowback water will not be discharged directly into the environment this comparison has been 
presented to demonstrate that the quality of flowback water is not significantly different to (or more 
contaminated than) the quality of water that discharges via stormwater directly (untreated) to the 
environment. 

 

  

http://www.environment.nsw.gov.au/stormwater/whatis/
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Table 1: Range of Concentrations Reported in Water in Flowback Tank with Comparison against Guidelines

Guidelines - For Water 

Discharged to Freshwater 

Environment

Analytes Detected in at least 1 sample LOR Units

pH Value 0.01 pH unit 8.38 9.19 7-9 7-10 6.5-8.5 6.5-9* 5.5 - 7.27

Electrical Conductivity @ 25°C 1 uS/cm 4050 6370 0.02-2.2*

Total Dissolved Solids @180°C 10 mg/L 2870 4900 4000 500-10000 600A * 112.89 - 169.60

Suspended Solids (SS) 5 mg/L 34 117 6-50* 19.01 - 254.47

Sulfate 1 mg/L 4 30 500 2000 250

THPS 50 ug/L 61 210 126D

Chloride 1 mg/L 390 540 250A 9.75 - 13.2

Aluminium 0.01 mg/L 0.01 0.06 100 100 0.2A 0.055 0.49 - 2.23

Arsenic 0.001 mg/L 0.002 0.008 1 1 0.01 0.013-0.024 0.006 - 0.011

Boron 0.02 mg/L 7.57 11.8 5 100 4 0.37

Strontium 0.001 mg/L 1.85 2.75 12R

Barium 0.001 mg/L 2.15 3.68 5 2 0.021 - 0.038

Cadmium 0.0001 mg/L 0.0028 0.0028 1 1 0.002 0.0002 0.0015 - 0.0606

Cobalt 0.001 mg/L 0.002 0.002 5 5 0.006R 0.001

Chromium 0.001 mg/L 0.001 0.002 3 3 0.05 0.001 - 0.0033 0.002 - 0.017

Copper 0.001 mg/L 0.002 0.046 5 5 2 0.0014 0.012 - 0.141

Manganese 0.001 mg/L 0.022 0.43 10 10 0.1 1.7 0.054 - 0.197

Molybdenum 0.001 mg/L 0.004 0.014 5 100 0.05 0.034

Nickel 0.001 mg/L 0.003 0.008 3 3 0.02 0.011 0.004 - 0.017

Lead 0.001 mg/L 0.005 0.021 1 2 0.01 0.0034 0.017 - 0.162

Antimony 0.001 mg/L 0.001 0.002 0.003 0.009

Zinc 0.005 mg/L 0.012 0.074 5 5 3A 0.008 0.08 - 0.57

Iron 0.05 mg/L 0.22 4.26 100 50 0.3A 0.3 1.126 - 5.1

Bromine 0.1 mg/L 0.6 0.8 5 0.5

Reactive Silica 0.05 mg/L 15.8 21.4 80A

Fluoride 0.1 mg/L 0.6 1 20 20 1.5

Ammonia as N 0.01 mg/L 0.01 0.09 50 0.5A 0.18-0.56 (pH 5.3-9) 0.102 - 3.281

Nitrate as N 0.01 mg/L 0.01 0.08 50 0.7

Total Nitrogen as N 0.1 mg/L 3.6 7 100 150 0.2-0.6* 0.62 - 7.46

Total Phosphorus as P 0.1 mg/L 2.05 3.2 20 50 0.02-0.05* 0.075 - 1.261

Oil and Grease 5 mg/L 8 8 100 110 3.43 - 28.25

Methane 10 mg/L 0.403 1.52 10U

Ethane 10 mg/L 0.014 0.108

Propane 10 mg/L 0.012 0.014

Phenol 1 mg/L 0.0022 0.0036 5.8R 0.32

2-Methylphenol 1 mg/L 0.0011 0.0021 0.93R

3- & 4-Methylphenol 2 mg/L 0.0077 0.033 1.4R

C6 - C10 Fraction minus BTEX (F1) - aliphatics 20 mg/L 0.02 0.11 15000W

Benzene 1 mg/L 0.006 0.02 0.04 0.1 0.001 0.95 0.006P

Toluene 2 mg/L 0.006 0.025 0.5 0.5 0.8 0.18 0.017P

Ethylbenzene 2 mg/L 0.002 0.002 1 1 0.3 0.08 0.0034P

Total Xylenes 2 mg/L 0.003 0.004 1 1 0.6 0.075-0.35 0.029P

Naphthalene
5 mg/L

0.005 0.005 5 (total PAHs) 5 (total PAHs)
0.016

0.017 - 0.811 (total PAHs)

0.0013 - 0.0064P

Ethanolamine 1 mg/L 0.005 0.143

Diethanolamine 1 mg/L 0.002 0.02 0.04R

Methyl diethanolamine (MDEA) 1 mg/L 0.001 0.013

A = aesthetic guideline - no health based guideline available

* = stressors where effects are associated with changes in an existing ecosystem, hence application of a specific guideline or trigger level is not specifically relevant. The changes relate to both the concentration and duration of change.

Other sources of drinking water guidelines:

W = WHO Guidelines for Drinking Water Quality (2011 and rolling revisions)

D = Derived based on the approach outlined in the Australian Drinking Water Guidelines and available toxicity data, as outlined in the HHERA for Hydraulic Stimulation Activities (enRiskS 2014)

U = US Department of the Interior (2001) action level for methane in drinking water, based on explosive issues. Value is the trigger for further investigation

R = Regional Screening Value for Tap Water available from USEPA (2015) - derived on the same basis as drinking water guidelines

P = WA Department of Water 2007. Contaminants in Stormwater Discharge, and Associated Sediments, at Perth's Marine Beaches, Beach Health Program 2004-06

N = National Water Quality Management Strategy, Australian Guidelines for Water Recycling: Managing Health and Environmental Risks (Phase 2), Stormwater Harvesting and Reuse, July 2009. Range of values detected listed unless 

referenced separately. Range of values reported reflect the 5th to 95th percentile.

Range fo Concentrations 

Reported in Flowback 

Water Tank

15

Guidelines Relevant for 

Discharge as Trade Waste

Guidelines - For Water used as 

Drinking Water
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Health

Liquid Trade 
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7.0 Conclusions 

The quality of the flowback water currently stored in the holding tank by AGL is similar to the typical quality 
of stormwater in Australia. Stormwater is allowed to discharge directly to aquatic ecosystems without 
additional treatment. The potential for exposures to the flowback water is very limited and would only be 
short term and incidental. The flowback water is unlikely to cause any health or environmental effects 
considering the limited potential for exposure. The flowback water is generally compliant with the 
requirements for acceptance for discharge into sewerage systems in NSW.  
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