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11 May 2015 

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

Re: Flowback Water Trigger Levels 

1.0 Introduction 

Environmental Risk Sciences Pty Ltd (enRiskS) has been commissioned by AGL Upstream Investment Pty 
Limited (AGL) to develop trigger levels that can be used to review water quality monitoring data collected in 
relation to the quality of flowback water proposed to be stored in an above ground storage tank (AST) 2 
and/or Tiedmans East Dam (TED), derived from activities associated with the Waukivory Pilot project in the 
Gloucester Basin in NSW.  The Waukivory Pilot is located approximately 5 kilometres south east of 
Gloucester.  

AGL is currently undertaking exploration activities for the Waukivory Pilot within the Gloucester Basin in 
NSW. As part of the Pilot, Waukivory 11, 12, 13 and 14 pilot wells (WK11, WK12, WK13 and WK14) were 
fracture stimulated in 2014.  . 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 as natural gas. Flowback water is defined as “the return to 
the surface of fracture stimulation fluids before transition to natural formation water (groundwater), after 
which water flowing from the well is termed produced water”.  . 

 Waukivory 11, 12, 13 and 14 (WK11, WK12, WK13 and WK14) are proposed for start-up for a limited period 
of time and flowback water from these wells will be stored for a period of time in AST 2 prior to appropriate 
disposal options being identified.  

The Produced Water Management Plan (PWMP, AGL 2014) outlines the process to be adopted for the 
management of produced water, however it also addresses the management of flowback water and natural 
shallow groundwater. 

Under this plan, flowback water from these wells will be transferred to the 1.5 ML AST 2 at Waukivory 13, 
and if approved, transferred to the Tiedmans East Dam. 

Flowback water entering the storage system is to be tested regularly and analyses reviewed to identify 
trends that may be occurring. As part of this review process, trigger levels are required to determine if any 
specific actions may be required to be undertaken during this period. These trigger levels are required to be 
based on the protection of human health and the environment.  

This letter presents the basis for establishing the trigger levels to be adopted for flowback water handled 
and stored during these activities.  

Environmental Risk Sciences Pty Ltd 
PO Box 2537 
Carlingford Court NSW 2118 
 
Phone: +61 2 9614 0297 
Fax: +61 2 8215 0657 
Email: Jackie@enrisks.com.au  
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2.0 Management of Flowback Water and Location of Sensitive Receivers 

2.1 General 

Flowback water extracted from wells WK11, WK12, WK13 and WK14 flows through a closed pipework 
system to AST 2 for a period of weeks.  If approved, water from AST 2 will then be transferred through a 
closed pipework system to TED (refer to Figure 1). 

The following presents additional information on the key water handling/storage infrastructure and their 
location in relation to sensitive receivers. Sensitive receivers include rural/residential homes and receiving 
environments such as dams and other water bodies (creeks, rivers etc.) and groundwater (with beneficial 
uses). 

 

Figure 1 Waukivory wells, water gathering lines and location of water holding areas 
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2.2 Aboveground Storage Tank 

AST 2 is located at the Waukivory Water Staging Point. AST 2 is linked to each of the wells via a closed 
pipework system. If approved, AST 2 will also be connected to the TED via a closed pipework system (as 
shown in Figure 1). 

AST 2 is a 1.5ML storage tank that has a double HDPE lining that has an alarm (to identify leaks in the first 
liner) and a sump that collects (and recirculates the water back to the tank) any water that may be present 
between the 2 liners.  

The AST (and associated pipework and sumps) is inspected on a weekly basis, unless there has been high 
rainfall or local flooding, in which case the tank is inspected on a daily basis. 

The AST is open at the top allowing for evaporation to occur. 

The AST is designed to have 0.5m freeboard above the 1 in 100 year AEP flood level and an operating 
freeboard of 0.5m is maintained at all times to allow for heavy rainfall. The operating freeboard is monitored 
on a daily basis. 

The closest sensitive receivers to AST 2 are: 

 Closest residential homes are located approximately: 
o Residential home – located 490 m from the holding tank 
o Residential home – located 570 m from the holding tank 
o Residential home - located 600 m from the holding tank 

 Fairbairns Road is located approximately 350 m from the holding tank 
 Avon River located approximately 200 m from the holding tank. 
 Waukivory Creek (ephemeral creek) located approximately 1km from the tank. 
 Shallow groundwater is present as an alluvial aquifer (approximately 5m below ground level, and up 

to 12m thick) in the floodplain of the Avon River. This aquifer is considered to be a sensitive receiver. 
The deeper fractured rock aquifer is too saline for any beneficial uses and is not considered a 
sensitive receiver. 

2.3 Tiedmans 

The Tiedmans area comprises a cluster of 3 holding dams referred to as TED, Tiedmans North Dam (TND) and 
Tiedmans South Dam (TSD) each of which has a 20ML capacity. The TED is proposed to be used for the 
storage of flowback water. These dams are located on high ground above the floodplain approximately 7 km 
to the south of WK13 and, if approved, connected to AST 2 via a closed pipework system (refer to Figure 1). 

TED is a 20ML dam that has a double HDPE lining that has an alarm (to identify leaks in the first liner) and a 
sump that collects (and recirculates the water back to the tank) any water that may be present between the 
2 liners.  

The dam (and associated pipework and sumps) is inspected on a weekly basis, unless there has been high 
rainfall or local flooding, in which case the tank is inspected ion a daily basis. 

The Tiedmans area is located on property owned by AGL.  
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The closest sensitive receivers to Tiedmans Dams are: 

 Closest residential homes are located approximately: 
o Residential home – located 1.5km south-southwest from the dam, property owned by ALG 

and occupied by AGL staff 
o Residential home – located 1.5km northeast from the dam, property owned by ALG and 

occupied by AGL staff 
o Residential home – located 1.5km north-northeast from the dam 

 Dog Trap Creek Stream (ephemeral) located approximately 500m from the dam 
 Avon River located approximately 900m from the dam 
 Tiedmans Dam is not located in an area where a shallow alluvial aquifer is present (as it is located on 

high ground above the floodplain). The underlying fractured rock aquifer is too deep and too saline 
to be suitable for any beneficial uses. Hence there are no groundwater receivers relevant to 
Tiedmans Dam. 

2.4 Water Gathering Lines 

Water gathering lines are hydraulically tested prior to commissioning. The lines in the immediate vicinity of 
the wells are inspected on a daily basis.  Lines that transfer water to Tiedmans Dam are inspected on a 
weekly basis.  

Leak checking (based on water volumes) is undertaken on a daily basis. 

2.5 Flowback Water Testing 

Testing of the flowback water will be undertaken regularly and will involve analysis by a NATA accredited 
laboratory for a wide range of compounds and physico-chemical indicators that include 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 
 Monocyclic aromatic hydrocarbons 
 Oxygenated compounds 
 Sulfonated compounds 
 Fumigants 
 Halogenated aliphatic and aromatic compounds 
 Trihalomethanes 
 Phenolic compounds 
 Polycyclic aromatic hydrocarbons, including naphthalene 
 Petroleum hydrocarbons 
 Benzene, toluene, ethylbenzene, xylenes and naphthalene (BTEXN) 
 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.  
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3.0 Potential for Exposure 

To establish trigger levels that are based on the protection of human health and the environment some level 
of exposure to chemicals in the flowback water has to occur. 

Based on the available information on the management of flowback water the only exposures that can occur 
during normal operations are: 

 Inhalation of volatile chemicals that volatilise from the surface of AST 2 or Tiedmans Dams and are 
present in an area where workers are present or disperse downwind to a residential home; and 

 Direct contact with water in AST 2 or Tiedmans Dam by workers involved in maintaining these 
facilities. 

Flowback water in the tank and the dam are not used for drinking water, or directly ingested for any 
purpose. There are no extraction wells in the vicinity of the tank or dam that are used for drinking water 
purposes. It is understood that the Waukivory Pilot is in a drinking water catchment. There is no mechanisms 
for water in the tank or the dam to enter the environment unless there was a failure of the tank or dam. If 
there were a failure of the tank or dam then flowback water would need to seep into the ground, migrate to 
and mix within the groundwater, migrate with groundwater to a river or creek, groundwater would need to 
discharge into the creek/river where there would then be dilution in the river/creek. Water in the local river 
or creek would then be further diluted as it flowed downstream and into other rivers before mixing with a 
significant volume of water from all areas of the catchment. Water from the whole catchment would then be 
treated prior to entering the drinking water system. Any failure of the tank or dam would be a single event – 
i.e. it could not be continually entering the environment. All these processes would result in very significant 
dilution of any chemicals that may be present in flowback water. The level of dilution would be far greater 
than considered in the development of direct contact water criteria (that are based on drinking water) as 
outlined in Section 4.3. 

During normal operations no environmental receptors are exposed to chemicals in the flowback water. 

If abnormal operations are then considered, i.e. where a leak occurred, then the following should be noted: 

 Pipelines are pressure tested prior to commissioning and are then inspected and leak checked daily. 
Hence there is no potential for small leaks of water in the pipelines to go un-noticed for any 
significant period of time. It is noted that for this assessment the duration of time where water will 
be present in the pipelines will be limited to the operational phase only. Once the flowback water is 
extracted it is pumped to the AST and/or dam for longer term storage. Hence the focus of the 
assessment of potential leaks and spills in on the AST and dam structures.  

 A small leak in the liner of the AST or the Dam will be picked up rapidly due to the presence of 
double lining, alarm and sump to collect any water that leaked through the first liner. The liners are 
inspected regularly (daily to weekly depending on the rain conditions). Hence there is no potential 
for a small leak in these systems to go un-noticed or result in leakage outside of the AST or dam 
structures. 

 The only event that has the potential to result in leakage of flowback water that may then migrate to 
a freshwater receiving environment is a catastrophic failure of the AST. The AST is located at least 
200m from the closest surface water body and hence it is highly unlikely that water stored in the AST 
could migrate 200m over the surface of the ground to reach the creek/river. The AST is located in an 
area where there is a shallow alluvial aquifer that may be in connection with the closest river 
systems. The only scenario by which flowback water may interact with the aquatic ecosystem is if:  

o a major spill/leak from the AST results in a large quantity of flowback water soaking into the 
ground; 

o this water migrates downwards to the underlying alluvial aquifer and mixes with the aquifer 
and these impacts migrate downgradient in the aquifer; and  
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o the groundwater then discharge into the aquatic environment in the river.  

The above assumes that there is no adsorption and no degradation occurs at all. This is not the case 
as many chemicals adsorb to soil and readily biodegrade in the environment (in soil and/or 
groundwater). 

 The dams are not constructed above the ground surface and hence catastrophic failure is not 
considered a reasonable scenario. It is noted that the dam is located between 500 and 900m from 
the closest surface water environments and there is no shallow groundwater aquifer (that connects 
to a surface water body) in the area. Hence any leaks that may occur from the dam (in the event that 
monitoring failed) would not impact on any aquatic environment.   

4.0 Approach to Calculating Trigger Levels 

4.1 General 

Primary trigger levels have been established to be protective of potential exposures outlined in Section 3. 
This includes levels based on: 

 the protection of human health for the vapour inhalation pathway and incidental direct contact with 
flowback water; and 

 protection of the environment assuming failure of the AST, seepage to groundwater, migration and 
discharge of groundwater to a freshwater environment. 

The following sections provides further discussion on the approach adopted to develop the primary trigger 
levels. Section 4.5 presents the approach adopted to determine the applicable trigger levels that may be 
considered in reviewing flowback water data. 

4.2 Primary Trigger Levels – Protection of Vapour Inhalation Exposures 

For volatile chemicals that may be present in flowback water there is the potential for these to volatilise 
from the surface of the AST or dam (as neither of these are covered) and be present in air in areas where 
workers are present or subsequently disperse downwind to residential homes. The development of trigger 
levels relevant to this pathway has focused on AST 2 due to the following: 

 flowback water will enter and be stored at AST 2 first, prior to being pumped to the dam. 
Volatilisation that occurs at AST 2 will lower the concentrations over time resulting in lower 
concentrations in flowback water that is transferred to the dam; and 

 residents are located closer to AST 2 than the dam and hence the potential for exposure to volatiles 
in the air will be greater. 

The assessment of potential vapour inhalation exposures has been undertaken by calculating an air 
concentration in the workzone close to the AST (30m from the tank) as well as at the closest residential 
home (490m from the AST) based on the presence of volatile chemicals being present at 1 mg/L (assumed 
value for the calculation only). An exposure concentration is then calculated for residents (assumed to be 
the same as the modelled concentration as it is assumed residents are home all day, every day) and workers 
(based on them being present 30m from the AST for 8 hours per day for 240 days per year). The exposure 
concentration is then compared with an appropriate health based guideline (in air). From this comparison a 
back-calculated water concentration is derived such that the exposure concentration equals the health 
based guideline. 

The above assessment has assumed that flowback water is stored at either the AST or dam for at least 1 
year, where long-term chronic exposures may then occur. The calculation does not account for mass loss of 
volatile chemicals from the water over time, nor degradation of the chemicals in water.  
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The calculation of an air concentration has been undertaken on the basis of the following: 

 Emissions to air from the open top of the tank have been estimated on the basis of volatilisation 
equations used for evaluating emissions from wastewater systems (that include open tanks) in 
accordance with National guidance (NPI 2011). The equations adopted for estimating an emission 
rate from the surface of the tank are presented in Attachment A. In estimating the emission rate of 
volatile compounds from the surface of the water in the holding tank the following has been 
assumed: 

o The tank has a diameter of 30.2 m 
o The volumetric flow rate of water into the tank is calculated to be 0.0005 m3/s, based on 606 

789 L water entering the tank over a 2 week period 
o The depth of water in the tank is taken to be 1.9 m (based on the tank height of 2.4 m and 

0.5 m free board) 
o The windspeed in the local area (at 10 m height) is 3.02 m/s, the average 9am and 3pm wind 

speed reported by the Bureau of Meteorology from Lostock Dam (the closest station where 
wind speed is reported) 

 Emissions to air from the open top of the tank and mixing into the surrounding air have then been 
modelled using a conservative screening level model (USEPA SCREEN3) to determine the worst-case 
1-hour average concentration of BTEX in air. 

SCREEN3 (USEPA 1995) is a simple air dispersion model that can undertake single-source, short-term 
calculations to estimate maximum ground level concentrations and the distance to the maximum. 
The model is considered a screening level model as it lacks some of the complexity in the large 
refined models that are used for more complex conditions. This simple model does not take into 
account site-specific meteorological data but is based on worst case meteorological conditions. 
SCREEN3 uses a Gaussian plume model that incorporates source related factors and simple 
meteorological factors to estimate pollutant concentration from continuous sources. It is assumed 
that the pollutant does not undergo any chemical reactions, and that no other removal processes, 
such as wet or dry deposition, act on the plume during its transport from the source. The equations 
adopted are consistent with those used by AUSPLUME and ISC (which are examples of the more 
complex air dispersion models used for more complex situations). 

SCREEN3 examines a range of stability classes and wind speeds to identify the "worst case" 
meteorological conditions, i.e., the combination of wind speed and stability that results in the 
maximum ground level concentrations. The model has the capacity to also model emissions for 
specific (user-defined) wind-speed and stability classes.   

For this assessment, SCREEN3 has been used to provide an estimation of the worst-case, maximum 
1-hour average, downwind ground level concentrations of BTEX derived from emissions to air from 
the open tank. The model has been set-up with the following input assumptions: 

o Emissions from the tank are assumed to be derived from an area source that is 713.9 m2 (the 
area of the tank – which equates to a square source that is 26.7 m in width). 

o The surface of water in the tank is 1.9 m above ground level. 
o The emission rate of volatile chemicals from the surface of the tank has been estimated as 

outlined above. 
o The assessment has considered all stability classes and wind speeds in all directions as 

emissions from the tank may occur at any time of the day. 
o The setting for the dispersion of emissions is rural with simple flat terrain. 
o The model has been run for a unit emission rate of 1 g/s/m2. The downwind concentration is 

directly proportional to the emission rate and hence the predicted downwind concentration 
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from the unit emission rate has been factored based on the maximum emission rate for 
BTEX calculated as outlined above. 

The worst-case concentration is representative of the maximum concentration that may occur under 
the worst atmospheric dispersion conditions (i.e. when the weather is such that emissions from the 
tank are not well mixed in ambient air, but may drift downwind to the assessed receptors without 
much mixing/dilution). 

 Based on the worst-case 1-hour average concentration, a longer duration average of 1 year has been 
estimated using a default conversion factor of 0.08 (1-hour to annual average) (OEHHA 2003, 2014). 
This has been used to calculate a chronic annual average concentration for evaluating exposures. 

 The predicted air concentrations at the receptor locations evaluated have then been compared 
against public health guidelines relevant for long-term chronic exposures (annual average). These 
health based guidelines are based on the protection of health for all members of the public including 
infants, children, elderly and those with pre-existing health conditions. 

The lowest trigger level developed for either workers or residents has been adopted as the primary trigger 
level for this scenario. Attachment B presents the calculations undertaken to establish the trigger levels as 
well as the output from the SCREEN3 dispersion modelling. 

4.3 Primary Trigger Levels – Protection of Direct Contact Exposures 

There is no mechanism by which the general public could come into direct contact with flowback water in 
the AST or Tiedmans Dams. Workers, however may come into direct contact with flowback water during the 
maintenance of the AST or dam infrastructure. Such contact will be incidental only as workers have protocols 
to follow that outline procedures to follow in the event that they need to work with or come into contact 
with flowback water. Such measures are expected to effectively eliminate exposures to flowback water, 
however for the purpose of this assessment some incidental contact is assumed. 

For the purpose of establishing levels in water that are protective of an incidental contact a simple approach 
has been adopted where the drinking water guidelines have been modified to more specifically address 
incidental exposure. This approach is consistent with the approach outlined by the NHMRC (NHMRC 2008) 
for developing recreational water guidelines based on drinking water guidelines. Drinking water guidelines 
are derived on the assumption water is ingested at a rate of 2L per day, every day for a lifetime and that 
intakes of the chemical from drinking water accounts for 10%-20% of the allowable (health based) intake. 
For evaluating incidental exposures by workers it is assumed that they may incidentally ingest 5 mL per day 
(1 teaspoon) over 5 separate events during the year or work period. 

Based on this approach an incidental direct contact guideline can be calculated that is 29,200 times higher 
than the drinking water guideline. This criteria can be derived for all chemicals tested in flowback water. 

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. Where guidelines are not 
available from this document drinking water guidelines have been adopted from the WHO or the US EPA. In 
some cases drinking water guidelines have been derived using the approach outlined by NHMRC (2011 
updated 2014) (as referenced in this assessment). 

Attachment C presents the calculations undertaken to derive these trigger levels. 

  

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
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4.4 Primary Trigger Levels – Protection of Freshwater Ecosystems 

As outlined in Section 3 the scenario considered for developing trigger levels that are based on the 
protection of aquatic ecosystems is a hypothetical scenario only. The scenario is outlined below: 

 a major spill/leak from the AST results in a large quantity of flowback water (up to 1.5ML) flowing 
over the ground surface near the AST and all of the water then soaking into the ground; 

 this water migrates downwards through the overlying soil to the underlying alluvial aquifer and 
mixes with the aquifer; 

 these impacts migrate downgradient in the aquifer; and  
 the groundwater then discharge into the aquatic environment in the river.  

The above assumes that there is no adsorption and no degradation occurs at all. This is not the case as many 
chemicals adsorb to soil and readily biodegrade in the environment (in soil and/or groundwater).The above 
scenario can be simplified to look at 2 key aspects: 

 migration of chemicals in water from ground surface to the aquifer, where some 
attenuation/dilution will occur with rainfall (referred to in this assessment as DFL); and 

 mixing within and migration to the river/creek located 200m away (referred to as DFGW) and then 
dilution in the creek/river (referred to as DFSW). These processes will result in further dilution. 

The total dilution factor relevant to all these processes is then calculated as DFL x DFGW x DFSW. 

The modelling of all the above processes can be complex, and requires a detailed understanding of 
subsurface conditions and processes, most of which are not known for the area evaluated in this assessment 
(i.e. between the AST and the Avon River). Hence for the purpose of this assessment a screening-type 
approach has been adopted utilising reasonable default dilution factors calculated by the USEPA for the 
following: 

DFL: dilution factor for migration from surface to the groundwater aquifer has adopted a value of 20, 
calculated by the USEPA (USEPA 1996) which is also at the conservative end of values calculated for a wide-
range of source sizes, soil types and depths to groundwater using the USEPA equations (Gradient 2013). 
Conceptually the migration of a surface water spill to groundwater assumes migration of the water through 
the soil zone. As chemicals move downwards dispersion occurs due to variability in the rate of water 
movement through the soil pores (which are different sizes and configuration) and dilution with rainfall. The 
movement of water through the profile takes time (estimated to take between 50 days and 500 days). 

DFGW: dilution factor for mixing within and migration in groundwater has adopted a value of 100. While 
there are no default values specific to the evaluation of mixing and migration in groundwater for 200m, the 
USEPA has undertaken default modelling of mixing and some migration of chemicals in groundwater, from a 
source to a drinking water well where the well is vertically screened (mixed) over 15 to 300 ft. While there is 
no drinking water well or extraction well downgradient of the AST, the default values derived by the USEPA 
(USEPA 1996) have been assumed to apply laterally (whereby the vertical mixing distance approximates the 
lateral distance required to be considered in this assessment), assuming the same mixing occurs 
downgradient as it does vertically. For a source size that could occur as a result of a 1.5ML spill at the surface 
(covering up to approximately 0.5 acre) the calculated dilution factor is approximately 100 fold (90th to 95th 
percentile). This dilution factor is considered to be conservative. 

DFSW: dilution factor for mixing of groundwater discharge into the Avon River has adopted a value of 10. 
Flow rates of groundwater (assuming it interacts with the river) and in the river are not known. However the 
discharge of chemicals to the river will be limited due to the point of discharge only comprising a small part 
of the river (downgradient bank or a long river) and groundwater flows are typically much lower than river 
flows. Hence a dilution factor of 10 is considered highly conservative. 
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Based on the conservative factors adopted as outlined above a total dilution factor of 20000 has been 
adopted. 

This dilution factor has then been applied to guidelines based on the protection of freshwater ecosystems, 
relevant to the Avon River. 

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 . Where guidelines are not available in this document, guidelines have been 
derived from published international sources that include Health Canada (and CCME) and the USEPA. 

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). Hence the dilution factor adopted that represents the migration of chemicals 
from a spill to the freshwater ecosystem has been applied.  

Attachment D presents the calculations undertaken to derive these trigger levels. 

4.5 Establishing Trigger Levels 

Based on the primary trigger levels derived to be protective of human health and environmental risks (as 
outlined in Sections 4.2 to 4.4) two trigger levels have been developed for specific application by AGL in 
reviewing the quality of flowback water (and potentially produced water) from their activities: 

Action Level: this is the lowest value from each of the primary triggers developed. This level has been 
adopted as the trigger level for action – i.e. where there is the potential for an exposure to exceed a health 
protective level. Actions would need to be undertaken to prevent exposure or reduce the concentration in 
the storage areas. 

Investigation Level: A secondary trigger level has also been established that is 10 times lower than the 
action level. This is established as an investigation level. Investigations would include review to determine if 
concentrations are increasing and may have the potential to reach the action level.  

No further trigger levels have been presented that are based on an immediate risk of harm as the trigger 
levels for acute effects are higher than those developed on the basis of chronic effects (adopted for the 
action and investigation levels outlined above). Where this is considered immediate risk trigger levels are 
expected to exceed the solubility limit for many of the chemicals. In the case of BTEX such levels would be 
representative of the presence of free product being present. 

Table 1 presents a summary of the trigger levels developed for BTEX and hydrogen sulphide.  
 

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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Table 1 Summary of Trigger Levels for Flowback Water 

Analyte Primary Trigger Levels (mg/L) (ppm) Adopted Trigger Levels for 
Review of Flowback Water (mg/L) 
(ppm) 

Human health - 
Vapours 

Human health – 
direct contact 

Aquatic 
ecosystemsa 

Investigation Action 

Benzene 19 29 19000 1.9 19 

Toluene 55000 23000 3600 360 3600 

Ethylbenzene 2900 8800 1600 160 1600 

Xylenes 9600 18000 1500 150 1500 

Hydrogen sulfide 150 1500 20 2 20 
a derived from 95% protection values in the Guidelines for Freshwater and Marine Water Quality (ANZECC/ARMCANZ 2000) and 
where ANZECC guidelines are not available, CCME and USEPA published sources 

 
It should be noted that the primary trigger levels (and subsequently the action and investigation levels) 
presented in Table 1 are highly conservative as they are based on the following assumptions: 

 Human health – Vapour: 

These are based on a worker being present 30m downwind from the AST for 8 hours per day for 240 
days of the year. Criteria that are protective of exposures by the closest resident (where it is 
assumed they live in their home 24 hours of the day for 365 days of the year, and the wind always 
blows from the AST to the home) are higher than calculated for the worker. 

 Human health – direct contact 

These are based on a worker coming into direct contact with flowback water for 5 days of the year 
where they do not follow protocols so they may have some dermal contact with the water and 
ingest (drink) 5 mL (1 teaspoon) of water each day.  

 Aquatic ecosystems: 

These are based on an assumption that there is a catastrophic leak from the AST and all of the 
flowback water spills onto the ground, soaks into the ground and migrates downwards to the 
underlying alluvial aquifer, mixes and migrates with groundwater and groundwater interacts with 
and discharges into the closest river/creek located 200m away. The dilution that occurs during all of 
these processes have been selected to be conservative (i.e. underestimate the level of dilution likely 
to occur). During this process it is assumed that none of the chemicals in flowback water adsorb to 
soil (in the dry or wet soil zones) and none of the chemicals biodegrade. It is also assumed that the 
freshwater ecosystem is exposed to groundwater discharging in the environment for a long period of 
time (at least a year) which is highly unlikely to occur from a single spill event. 
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Attachment A Air Emissions Estimation Equations 

 

  



  

       

 

 

A1 Introduction 

The modelling of emissions from an open pond/lagoon (or holding tank) has been undertaken utilising the 
volatilisation models presented in the Environment Australia Emissions Estimation Technique Manual for 
Sewage and Waterwater (NPI 2011). The equations presented are derived from the USEPA Air Emissions 
Model for Waste and Wastewater (USEPA 1994, 2001). 

The modelling of emissions from such a water body assumes that the water/pond is non-aerated, has no oil 
film layer, is non –biologically active and is a flowthrough system (where water is added to and/or removed 
from the pond/tank throughout the assessment period). 

A2 Emission Rate from Surface 

The rate of volatilisation of chemicals in water (or wastewater) can be estimated using mass transfer theory 
that incorporates two resistances to mass transfer in series, the liquid-phase resistance and the gas-phase 
resistance. The individual mass transfer coefficients depend on the individual CoPC properties and the 
system parameters. The following equations have been used to calculate the emission rate from the water 
surface. 

LCAKE            

 .....Equation P1 

where: 
E = emission rate of chemical from the surface (g/s) 
K = overall mass transfer coefficient (m/s), refer to Equation P3 
A = liquid surface area (m2) 
CL = concentration of chemical in liquid in the pond (g/m3), where: 
 

QAK
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 0           

 .....Equation P2 

    where: 
Q = volumetric flow rate of water into the pond (m3/s) 
C0 = initial concentration of chemical in liquid, i.e. the concentration in water entering the pond (g/m3) 
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 .....Equation P3 

where: 
kL = liquid-phase mass transfer coefficient (m/s), refer to following sections for calculation 
kg = gas-phase mass transfer coefficient (m/s), refer to following sections for calculation 
keq = equilibrium constant or partition coefficient  

= H/(RT) 
H = Henry’s Law Constant (atm.m3/g.mol) 
R = universal gas constant = 8.21x10-5 (atm.m3/g.mol.K) 
T = temperature of water (K) 

 

  



  

       

 

 

A3 Mass Transfer Rates 

The gas-phase mass transfer coefficient is calculated using the following equation developed from 
experiments on evaporation of isopropyl benzene, gasoline and water to air: 

11.067.078.0
10

31082.4   eGg dScUxk   (m/s)        

 .....Equation P4 

where: 
kg = gas-phase mass transfer coefficient (m/s) 

U10 = windspeed at 10m height above the surface (m/s) 

ScG = Schmidt number on gas side 

= μG/(ρG*Da) 

μG  = viscosity of air = 1.81x10-4 g/cm/s 

ρG  = density of air = 1.2x10-3 g/cm3 

Da = diffusivity of chemical in air (cm2/s) 

de = effective diameter of water body (m) 

     = 2(A/π)0.5 

A = area of water body (m2) 

4.82x10-3 = empirical constant (m/s (m/s)-0.78(m)0.11) 

 

The liquid-phase mass transfer coefficient is calculated using an equation which depends on the ratio 
between the fetch (linear distance across water body, F) to depth (D) ratio and the wind speed at 10m 
height.  Based on these values one of the following equations is applicable: 

3/2
6 )1078.2( 
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xkL     [0<U10<3.25 m/s, all F/D ratios] .....Equation P5 
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[U10>3.35 m/s, 14 < F/D < 51.2]  .....Equation P6 
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De

Dw
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[U10>3.25 m/s, F/D>51.2]   .....Equation P7 

where: 
kL = liquid-phase mass transfer coefficient (m/s) 

U10 = windspeed at 10m height above the surface (m/s) 

Dw = diffusivity of chemical in water (cm2/s) 

De = diffusivity of ether in water = 8.5x10-6 (cm2/s) 

2.611x10-7 = empirical constant (per (m/s)) 

  



  

       

 

 

 

 

 

 

 

Attachment B Calculation of Primary Trigger Levels – Vapour Emissions 
(including SCREEN3 output) 

 

  



  

       

 

 

  

General Parameters
Holding Tank

A = Area of surface (m2) 713.944602

de = Effective diameter of water body (m) 30.2

T = Temperature (K) 293.0

R = Universal gas constant (atm.m3/g/mol.K) 8.21E-05

Q = Volumetric flor rate (m3/s) 5.00E-04

ug = Viscosity of air (g/cm/s) 1.81E-04

pg = Density of air (g/cm3) 1.20E-03

U10 = Windspeed at 10m height above surface (m/s) 3.027777778

De = Diffusivity of ether in water (cm2/s) 8.50E-06

Chemical Parameters

Chemical Unitless Henry's 

Law Constant

Henry's Law 

Constant 

(atm.m3/g.mol)

Diffusivity of 

chemical in air 

(cm2/s)

Diffusivity of 

chemical in water 

(cm2/s)

Initial Water 

Concentration 

(mg/L)=(g/m3)

Benzene 2.27E-01 0.00528 8.95E-02 1.03E-05 1

Toluene 2.71E-01 0.00630 7.78E-02 9.20E-06 1

Ethylbenzene 3.22E-01 0.00749 6.85E-02 8.46E-06 1

Xylenes 2.12E-01 0.00493 8.47E-02 9.90E-06 1

Hydrogen sulfide 2.27E-01 0.00528 0.17 1.41e-5 1

Calculations
Chemical Scmidt Number Kg (m/s) Kl (m/s) Keq K (m/s) CL (g/m3) Max Emission 

Rate (g/s)

Emission Rate 

(g/s)

Emission Rate for 

Chemical (g/s/m2)

Benzene 1.7E+00 5.5E-03 3.2E-06 2.2E-01 3.2E-06 1.8E-01 2.3E-03 4.1E-04 5.7E-07

Toluene 1.9E+00 5.0E-03 2.9E-06 2.6E-01 2.9E-06 1.9E-01 2.1E-03 4.0E-04 5.7E-07

Ethylbenzene 2.2E+00 4.6E-03 2.8E-06 3.1E-01 2.8E-06 2.0E-01 2.0E-03 4.0E-04 5.6E-07

Xylenes 1.8E+00 5.3E-03 3.1E-06 2.0E-01 3.1E-06 1.9E-01 2.2E-03 4.1E-04 5.7E-07

Hydrogen sulfide 8.9E-01 8.5E-03 3.9E-06 2.2E-01 3.9E-06 1.5E-01 2.8E-03 4.2E-04 5.93E-07

Chemical Workplace 

(30m)

Fairbairns Road 

(350m)

Resident at 490m Resident at 570m Resident at 600m

Benzene 9.1E+03 2.2E+03 1.4E+03 1.1E+03 1.0E+03

Toluene 9.1E+03 2.2E+03 1.4E+03 1.1E+03 1.0E+03

Ethylbenzene 9.1E+03 2.2E+03 1.4E+03 1.1E+03 1.0E+03

Xylenes 9.1E+03 2.2E+03 1.4E+03 1.1E+03 1.0E+03

Hydrogen sulfide 9.1E+03 2.7E+03 1.7E+03 1.4E+03 1.3E+03

Chemical Workplace 

(30m)

Fairbairns Road 

(350m)

Resident at 490m Resident at 570m Resident at 600m

Benzene 5E-03 1E-03 8E-04 6E-04 6E-04

Toluene 5E-03 1E-03 8E-04 6E-04 6E-04

Ethylbenzene 5E-03 1E-03 8E-04 6E-04 6E-04

Xylenes 5E-03 1E-03 8E-04 6E-04 6E-04

Hydrogen sulfide 5E-03 2E-03 1E-03 8E-04 8E-04

Chemical Workplace 

(30m)

Fairbairns Road 

(350m)

Resident at 490m Resident at 570m Resident at 600m

Benzene 4E-04 1E-04 6E-05 5E-05 5E-05

Toluene 4E-04 1E-04 6E-05 5E-05 5E-05

Ethylbenzene 4E-04 1E-04 6E-05 5E-05 4E-05

Xylenes 4E-04 1E-04 6E-05 5E-05 5E-05

Hydrogen sulfide 4E-04 1E-04 8E-05 7E-05 6E-05

Chemical Health-Based 

Criteria 

(mg/m3)

Reference Workplace Air 

Concentration 

(mg/m3)

Workplace 

Exposure 

Concentration** 

(mg/m3)

Water Criteria for 

Workplace 

Exposure = 

Criteria# (mg/L)

Max at 

Residence= 

Residential 

Exposure 

Concentration*** 

(mg/m3)

Water Criteria for 

Residential 

Exposure = 

Criteria# (mg/L)

Benzene 0.0017 WHO 4E-04 9E-05 1.9E+01 6E-05 2.6E+01

Toluene 5 USEPA 4E-04 9E-05 5.5E+04 6E-05 7.9E+04

Ethylbenzene 0.26 ATSDR 4E-04 9E-05 2.9E+03 6E-05 4.2E+03

Xylenes 0.87 WHO 4E-04 9E-05 9.6E+03 6E-05 1.4E+04

Hydrogen sulfide 0.014 WA Health* 4E-04 9E-05 1.5E+02 8E-05 1.7E+02

* Guideline for 90-day exposure to H2S from Western Australia Health

** Exposure concentration in workplace based on a worker remaining 30m from the tank, always down-wind for 8 hours per day and 240 days per year

*** Residents assumed to be at home 24 hours per day for 365 days per year for a lifetime and the wind is assumed to blow from the tank to the residence at all times

# Criteria calculated as (Health based criteria)/(Exposure concentration)x(Initial water concentration) 

Primary Trigger Levels - Emissions from Holding Tank (Pond)

1-hour Average Concentration at Receptor (mg/m3)

Annual Average Concentration at Receptor for Chemical-Specific Emission Rate 

(mg/m3) (=0.08 x 1-hour average concentration)

Max Concentration (mg/m3) at Downwind receptors for 1 g/s/m2 emission rate (from 

SCREEN3)

Derivation of Trigger Levels - Based on Chronic Exposures



  

       

 

 

                                                                     01/28/15 

                                                                      14:06:28 

  ***  SCREEN3 MODEL RUN  *** 

  *** VERSION DATED 96043 *** 

 

 C:\Lakes\Screen View\HoldingTank.scr                                            

 

 SIMPLE TERRAIN INPUTS: 

    SOURCE TYPE                 =         AREA 

    EMISSION RATE (G/(S-M**2))  =      1.00000     

    SOURCE HEIGHT (M)           =       1.9000 

    LENGTH OF LARGER SIDE (M)   =      26.7000 

    LENGTH OF SMALLER SIDE (M)  =      26.7000 

    RECEPTOR HEIGHT (M)         =       1.0000 

    URBAN/RURAL OPTION          =        RURAL 

 THE REGULATORY (DEFAULT) MIXING HEIGHT OPTION WAS SELECTED. 

 THE REGULATORY (DEFAULT) ANEMOMETER HEIGHT OF 10.0 METERS WAS ENTERED. 

 

    MODEL ESTIMATES DIRECTION TO MAX CONCENTRATION 

 

 

 BUOY. FLUX =    0.000 M**4/S**3;  MOM. FLUX =    0.000 M**4/S**2. 

 

 *** FULL METEOROLOGY *** 

 

 ********************************* 

 *** SCREEN DISCRETE DISTANCES *** 

 ********************************* 

 

 *** TERRAIN HEIGHT OF    0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES *** 

 

   DIST     CONC             U10M   USTK  MIX HT   PLUME  MAX DIR 

    (M)   (UG/M**3)   STAB  (M/S)  (M/S)    (M)   HT (M)   (DEG) 

 -------  ----------  ----  -----  -----  ------  ------  ------- 

     30.  0.9103E+07    5     1.0    1.0 10000.0    1.90     45. 

    350.  0.2231E+07    6     1.0    1.0 10000.0    1.90     45. 

    490.  0.1377E+07    6     1.0    1.0 10000.0    1.90     44. 

    570.  0.1094E+07    6     1.0    1.0 10000.0    1.90     41. 

    600.  0.1011E+07    6     1.0    1.0 10000.0    1.90     38. 

 

      *************************************** 

      *** SUMMARY OF SCREEN MODEL RESULTS *** 

      *************************************** 

 

  CALCULATION        MAX CONC    DIST TO   TERRAIN 

   PROCEDURE        (UG/M**3)    MAX (M)    HT (M) 

 --------------    -----------   -------   ------- 

 SIMPLE TERRAIN     0.9103E+07       30.        0. 

 

 

 *************************************************** 

 ** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS ** 

 ***************************************************  



  

       

 

 

 
 

 

 

 

 

Attachment C Calculation of Primary Trigger Levels – Incidental Direct Contact 

 

  



  

       

 

 

 

 
  

Chemical

Benzene 0.001 29200 29.2

Toluene 0.8 29200 23360

Ethylbenzene 0.3 29200 8760

Total Xylenes 0.6 29200 17520

Hydrogen sulfide 0.05 29200 1460

Primary Trigger Levels - Incidental Direct Contact

Derived Criteria 

(Drinking Water 

Guideline x Modifying 

Factor) (mg/L)

Australian Drinking 

Water Guidelines 2011 

(updated 2014) (mg/L)

Modifying Factor (to 

account for incidental 

exposure only)



  

       

 

 

 

 

 

 

 

Attachment D Calculation of Primary Trigger Levels – Aquatic Environments 

  



  

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chemical

Benzene 0.95 20000 19000

Toluene 0.18 20000 3600

Ethylbenzene 0.08 20000 1600

Total Xylenes 0.075 20000 1500

Hydrogen sulfide 0.001 20000 20

Dillution Factor

Derived Criteria 

(Freshwater 

Guideline x 

Dillution Factor) 

(mg/L)

Primary Trigger Levels - Aquatic Environment

ANZECC (2000) Trigger 

Values for Freshwater 

(95%) (mg/L)


