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Abstract.  

Ergon Energy owns, operates, and maintains hundreds of substations of various capacities 

located throughout Queensland. These substations consist of various equipment required to 

maintain the electricity network that provides power for everyday consumption. The backbone 

of these substations is the transformer, traditionally liquid filled using high volume of mineral 

based oil for cooling and insulation. Any leakage, or catastrophic failure of this equipment would 

create significant risk to the environment. 

This project focuses on the gravity oil water separation systems used by Ergon Energy to 

investigate the apparatus capability of fulfilling its designed function to the current hierarchy of 

Acts, Regulations, Codes of Practice, and standards for wastewater discharge. 

The project considered different types of hydrocarbons contaminates found in the insulating oil 

and utilised a simulated rain event with a containment system mimicking a bunded area, and a 

U-tube to perform water quality testing for any hydrocarbons passing through the system. 

Testing was conducted for Benzene, Toluene, Ethylbenzene and Xylene (BTEX), Polyaromatic 

hydrocarbons (PAHs), total recoverable hydrocarbons and total petroleum hydrocarbon (TPH). 

The results have indicated the U-tube is capable of minimising the concentrations of 

hydrocarbons at a set inflow rate, and keeping hydrocarbons within the target amounts on the 

outflow. 

Further testing would be required to assess the separation systems capability when designed for 

different flow rates. 
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Chapter 1 - INTRODUCTION 

1.1. Background 

Power and distribution transformers have been in service for over a century in the distribution of 

energy throughout the world.  They are a critical component in the energy distribution network 

varying in different megavolt amperes (MVA) capacity and voltage ranges. Transformers are 

used for indoor and outdoor applications (Mehta et al. 2016) in substations throughout the world. 

They are designed to either stepping up or stepping down the voltage of the electricity supplied 

(Cabral et al., 2010) to meet the needs of the network. Transformers in zone substations step 

down the voltage, then the network provides the electricity to our homes via the poles and wires 

seen in our streets to power our electrical goods. 

Ergon Energy owns, operates and maintains hundreds of substations of various capacities located 

throughout Queensland, These substations can be categorised as, Type S (Table 1.1), Type Z 

(Table 1.2) and Type T (Table 1.3) (Ergon Energy, 2014). The forementioned types can be 

further classified by added numeric suffix that specifies the incoming and outgoing voltages 

ranging from 132/66 to 33/11 kV. The majority of these outdoor substations are Type Z (Zone) 

and are designed to N-1 standard. The Zone substation is configured into bays, comprising of 

equipment in a minimum of two feeder bays, with each bay being feed by its own transformers 

with a sections bus, tying the two bays together (Ergon Energy, 2014). Refer Figure 1.1: Typical 

Zone substation layout. 

Table 1.1: Type S – Sub-transmission Substations 

Network Connection  

S1 132/66 Ultimately an “N-1” design based on two primary 

feeders, two transformers, all switchgear and buswork 

is outdoor, except for 33kV where indoor is available. 
S2 32/33 

S3 110/66 

S4 110/33 
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Table 1.2: Type Z – Zone Substations 

Network Connection  

Z1 132/22 Ultimately an “N-1” design based on a minimum of 

two primary feeders, two transformers, and a three 

section secondary busbar. At 66kV and above the bus 

is outdoors. Lower voltages use indoor switchgear 

Z2 132/11 

Z3 110/11 

Z4 66/33 

Z5 66/22 

Z6 66/11 

Z7 33/11 

 

Table 1.3: Type T – Transportable Substations 

Network Connection  

T1 66/33 “N” design based on one primary feeder, one 

transformer, switchgear is indoors except at 66kV. 

Two units can be used together to give “N-1” T2 66/22 

T3 66/11 

T4 33/11 
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Figure 1.1: Typical Zone substation layout. (Refer Table 1.2: Type Z – Zone Substations) 

Traditionally these transformers are liquid filled using a mineral based oil for its cooling and 

dielectric properties (Asano & Page, 2014). For a transformer to operate effectively, it will 

contain a high volume of insulating oil, which in the event of a leakage or catastrophic failure 

would create significant risk to the environment. Due to this risk, transformers are bunded which 

entails a floor surface with a wall constructed to its perimeter of a material that is impervious to 

the liquid it is to contain. This bund also provides an element of fire protection by containing the 

liquid with in its walls (EPA, 2017). In providing containment for the insulating oil, it also limits 

the ability for rainwater to escape the bunded area, and provisions need to be made to allow for 

the onflow of water without allowing environmental contaminates to escaping (Ergon Energy, 

2003; Endeavor Energy, 2015; Ausgrid, 2017), oil contaminated rainfall runoff can be a problem. 

A typical bunded transformer can be seen in Figure 1.2: Transformer bund, Evelyn Substation.  
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Figure 1.2: Transformer bund, Evelyn Substation. 

Prior to formation of Ergon Energy in 1999, legacy Boards had a number of approaches to 

substation transformer bunding and oil separation/retention methods. Under the newly formed 

Ergon Energy, a new standard was formed in the release of ‘Substations Standards Oil 

Containment’ in 2003 (Ergon Energy, 2003). With the introduction of this standard, the design 

of the gravity U-tube oil separator (Figure 1.3) was conceived for the separation of oil and water 

from the bunded transformers. The U-tube standard drawing was released for construction in 

May 2012 and its installation was implemented in the construction of new transformer bund 

projects, and rectification works of existing and previously un-bunded sites. The U-tube uses the 

principle of differential density and gravity to separate the oil from water in the vertical column, 

then discharges the separated heavier density water, leaving the oil contained in the transformer 

bund. This method is effective for static conditions but fails to take into consideration the 

dynamic effects of the surrounding environment.  
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Figure 1.3: Ergon Energy revision OB, U-tube design 

With the distribution of population across Queensland, comes the need for electricity supply, 

these locations come with issues inherent to their locations. Refer to Figure 1.4. Some of these 

contributing factors are:  

• High rainfall intensity, creating high flow rates of water from the bund causing minimal 

dentition time allowing fluids to separate. 

• low rainfall, allowing the evaporation of the water stored within the separator reducing 

the available depth to separate the fluids. 

• Flooding, additional expense of raising the site. 

• Proximity to estuaries and potential environmental damage. 
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Figure 1.4: Map of Energy Queensland Substations and Power Stations sites (Google maps) 

Ergon Energy still predominantly uses transformers with mineral insulated oil for their 

distribution network throughout Queensland (Figure 1.4), with trials commenced at Comet zone 

substation 6.3 MVA 66/22kV transformer using class K fluid, MIDEL 7131, a synthetic ester 

(10,200 litre) as the insulating fluid. Comet substation is located in a rural area approximately 

300km west of Rockhampton with no natural load growth to date, the synthetic ester trail is being 
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conducted on then, a 10 month old transformer, retrofitted for MIDEL 7131. The purpose of the 

retrofit is primarily for economic reasons, the use of an earthen bund and containment tank for 

the easter outweighs the cost of extending the site for a traditional oil containment system (M&I 

Materials, 2020). To maintain these transformers, Ergon Energy periodicity test the insulating 

oil to ensure its properties are within acceptable levels. In addition to this maintenance program, 

a 5 yearly period contract for replacement oil is tendered, the schedule of requirements can be 

found in Appendix C. The contract is awarded to the supplier who is able to provide a fair and 

equitable tender to meet the outlined requirements. The current period contract is held by axieo 

for the supply of POWER TO 1020 60U UNHIBITED oil. The change in period contract may 

impact the oil water separator’s ability to be work affectively unless the density of the new 

supplier’s oil, is the less than or equal to the density used to design the separator.  

Additionally with the use of esters such as MIDEL 7131, although the esters proprieties appear 

to have more environmental advantages than mineral oil (M&I Materials, 2020), it is still classed 

as a contaminate, and as such must be contained for appropriate disposable. This creates 

problems in separation with water as both fluids have very similar density. 

1.2. Aim 

The aim of the project is to ascertain the suitability of the existing oil-water separator design, for 

continued use in Ergon Energy’s substations, for the containment and separation for O class oil 

in water. To test the system under static conditions for its ability to retain oil in the event of a 

catastrophic failure and site-specific dynamic conditions for the additional in flow from weather 

events to prove the effluent from the system meets the prescribed water quality.  

1.3. Objectives 

The project objective is to design a prototype gravity separation system based on the Ergon 

Energy Substation Standard (EESS) oil separator in conjunction with a replicated rainfall flow 

from a transformer bunded area. This will enable water quality tests to be performed on the 

effluent to ascertain if the effluent meets the current hierarchy of Acts, Regulations, Codes of 

Practice, and standards for wastewater discharge for hydrocarbons. This will be achieved by; 
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• Identify a representative transformer site and gather specifications including potential 

rainfall duration and intensity. 

• Review relevant standards, Acts and guidelines for allowable levels of contaminants in 

effluent.  

• Perform system model experiments in dynamic flow to test effluent for contaminants. 

• Perform system model experiments in static condition to test containment. 

1.3.1. Limitations 

This research project will be focusing on mineral and easter based fluids, namely the use of 

POWEROIL TO 1020 60U UNINHIBITED and MIDEL 7131 transformer insulating fluid and 

meeting the environmental requirements for water discharge in Queensland. 

1.3.2. Expected Outcomes and Benefits 

Installation, inspection, and maintenance of oil retention systems cost millions of dollars each 

year. This project will provide outcomes to enable Ergon Energy to 

• Adopt a permanent standard for oil-water separation. 

• Investigation the need for addition oil-water separation devices to be added to the system. 

• Planning for capital works and the associated cost for replacement of the system, in the 

event of system failure. 

• Improve substation site stainability by the reduction of contaminates escaping to the 

environment. 

• To limit the need for remediation works improving the environment and working 

conditions within the substation. 

 



  

 

9 

 

Chapter 2 - Literature review 

2.1. Transformer (TX) 

Society’s high dependency and demand for electricity to be supplied without interruption 

(Fernández et al., 2013), makes the transformer a vital component in the transition and 

distribution of power. A transformer function is based on the application of faraday’s Law of 

electromagnetic induction, that the primary windings are either more than the secondary winding 

for set-up transformer and reversed for step-down (Tyco Electronics Corporation, 2004), typical 

detail for this can be seen in Figure 2.1 below. 

 

 

Figure 2.1: Typical transformer diagram (khan academy, 2021) 

Transformers are rated by their ability to carry power and incoming and outgoing voltage. These 

details can be found on the nameplate with a MVA number that is an expression of power, it is 

the apparent power the transformers can supply, and two kV rating, firstly the incoming primary 

voltage followed by the secondary voltage, which is the actual power the transformer 

provide(Fundamentals of Electricity, 2021). Examples of this can be seen in Table 2.1 below.  

Iron core 
Primary winding Secondary winding 

Load 
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Transformer rated size will depend on the purpose of the substation, a bulk supply substation can 

be configured from a 275/66 kV, 132/66 kV down to a 132/22 kV, for a zone substation feeding 

a residential and rural area, the transformer will step-down the incoming higher voltage, of 66kV 

or 33kV from the sub-transmission lines to 22 or 11kV then distribute the electricity through the 

network to residents. Table 2.1 shows typical transformer MVA sizes for voltage ranges with 

estimate on oil volumes. 

Table 2.1: Approximate transformer oil volumes (Energy Queensland, 2021)  

 

 

These transformers contain large amounts of oil, having the potential to cause significant 

environmental damage, fire hazard (Standards Australia, 2016; Energy Queensland, 2021) with 

cascading affects to the ecosystem (Duke, 2016) in the event of a spills through maintenance and 

or catastrophic failure (Al-Amin et al., 2013)  

Transformers are expected to have a  service life of 30 years (Fuji Electric, 2014), this life 

expectancy is dependent on the breakdown of the insulating oil and its impurities (Fernández et 

al., 2013). Operating temperature, moisture and oxygen content are all contributors to this aging 

process (Manito et al., 2016) and it is recommended the transformer oil be subjected to an oil 

gas analysis every two years (Fuji Electric, 2014) and replaced when moisture content reaches 

manufactures specifications. 
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Figure 2.2: Cut out of large shell and core form transformers (Prevost & Oommen, 2006). 

2.2. Purpose of transformer insulating fluids. 

The insulating fluid contained in a transformer provides three main functions to its operation, it 

enables the transfer of heat from the windings, possesses dielectric capacity and provides 

mechanical support (Mehta et al., 2016). Additionally Some fluids offer a higher resistance to 

ignition providing a greater safety against fire in fault conditions (Perrier et al., 2010). For this 

research, the main interest is of the insulating fluid due to its effects on the environment. 

While in operation, the transformers coils generate heat during the conversion of the input 

voltage to the designed output voltage. This heat is produced from the electrical resistance 

between the core and coils which is exchanged through the oil and dissipated to the atmosphere 

via a heat sink (Hasan, 2017). Transformers are designed to allow for a temperature rise above 

ambient air temperatures with Horizon Power (2020) limiting this to 50C. In general, 

transformers are limited to a maximum operating temperature of around 105C, dependent on 

ambient temperature and may increase to 130C  during fault condition (Electrical Concepts, 

2020). 
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 The insulating oil becomes highly important when the equipment is under peak loads, these 

times are generally in the morning and evenings, when appliances are used to prepare meals, 

lights are switched on, and preparations are made for the day. Without the ability to maintain an 

operating temperature range, the transformer is limited to the amount of load the equipment can 

deliver (Hasan, 2017).  

2.3. Types of insulating fluids 

The classification of insulating fluids is managed by IEC 61039 - the classification of insulating 

liquids to fire point and net calorific value. Refer to Table 2.2: Classification of liquid  below. 

Table 2.2: Classification of liquid (Gyore, 2017) 

 

Mineral, high molecular weight hydrocarbons (HMWH), silicones and ester-based fluid both 

natural and synthetic are the main types of insulating fluids for transformers (Fernández et al., 

2013).  

Mineral oil has been used to insulate power equipment since the 1890’s, for a number of reasons 

(Mahanta & Laskar, 2017), the availability of the crude oil for refining, low cost and good aging 

capabilities (Fofana, 2013). The insulating fluid is refined from crude oil and consists of 

hydrocarbon compounds (Fernández et al., 2013). Mineral oil consists of two base types, 

paraffinic and naphthenic. Paraffinic-based oil performs poorly in low temperatures due to the 

insoluble sludge and high pour point from the wax component (Mahanta & Laskar, 2017). 

Naphthenic-based oil contains aromatic compounds (Mehta et al., 2016) and performs well in 

low temperatures maintaining the oils fluidity, but lacks fire safety due to its high flammability. 

Polychlorinated biphenyl (PCBs) is added to naphthenic-based oil to increase the fire safety of 

the oil. The chemical PCB was removed from service due to the extent of the health, and 



  

 

13 

 

environmental concerns (Mehta et al., 2016), with the product banned for use in Australia in 

1986 (Department of Environment and Science, 2016).  

When reviewing Ergons current period contract for oil, “POWER TO 1020 60U UNHIBITED” 

is an even mixture of both paraffinic and naphthenic oil with a density of 0.895 kg/dm³. The oil 

falls in the classification of a Class O liquid with a flash point at or above 140C. This becomes 

of greater interest to the containment and separation of the oil, as stated previously in the 

transformer section, the equipment has the potential to raise the oil temperature under fault 

conditions increasing the risk of ignition. Further details on the oil can be found in appendix C 

and D. 

Both esters, synthetic and natural, have greater fire safety, readily biodegradable and create 

minimal environmental impact in comparison to mineral oil (Mahanta & Laskar, 2017). 

Synthetic esters are manufactured from plant acids (Fofana, 2013) and have excellent thermal 

stability and good low-temperature properties (Fernández et al., 2013).Natural esters are seed-

based and are derived from glycerine, known as triglycerides (Fernández et al., 2013), they are 

capable of absorbing 20–30 times more moisture than mineral oil for the equivalent operating 

limits, which effects the dielectric capabilities of the oil (Rafiq et al., 2020) and lead to premature 

aging.  Gravity separation is generally more difficult with esters as its density, 0.97 kg/dm³ (M&I 

Materials, 2019), is closer to that of water requiring much longer detention time for the two fluids 

to separate.  

 

Table 2.3: A Comparison of the Key Properties of MIDEL 7131 and Mineral Oil 

Liquid Type Mineral Oil 

(Poweroil TO 1020 60U 

uninhibited) 

Synthetic ester 

(MIDEL 7131) 

Principle components Complex mixture of 

hydrocarbons 

Pentaerythritol tetra ester 
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Liquid Type Mineral Oil 

(Poweroil TO 1020 60U 

uninhibited) 

Synthetic ester 

(MIDEL 7131) 

Chemical structure 

  

Source Purified from oil Synthetic made from plant 

acids 

Biodegradability Very slow to biodegrade Readily biodegradable 

Moisture behaviour Performance sensitive to 

moisture 

Excellent moisture tolerance 

Water saturation at 

ambient [ppm] 

55 2600 

Flash point, [°C] 140 260 

Fire Point, [°C] 270 316 

Fire Classification O K 

Breakdown Voltage [kV] Min 50 >75 

Density at 20°C 0.895 0.90 

Pour Point °C -40 -60 
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2.4. Contaminants 

Investigations into insulating fluids and additional discussions with Ergon’s senior 

environmental adviser, indicated mineral oils are the primary hazard, moreover, contain various 

hydrocarbons like paraffins, naphthene and fragrant hydrocarbons. The presence of total 

petroleum hydrocarbons (TRH) has a harmful effect to plant growth and human health (Adipah, 

2018). Total petroleum hydrocarbon (TPH) is the term used to describe organic compounds 

mixtures that originate in, or are obtained from crude oil (Adipah, 2018). Soil contaminated with 

TPH has been gaining public attention over the past decades as a serious worldwide 

environmental problem (Adipah, 2018). 

2.4.1. Benzene, Toluene, Ethylbenzene and Xylene (BTEX)  

The  simplest of the C6-C9 aromatic hydrocarbons (Cwlth, 2000), BTEX can be found naturally 

in crude oil and from other natural sources such as forest fires (DES, 2020). They are aromatic 

hydrocarbons and are common in industrial solvent and cleaners (Cwlth, 2000). Common contact 

to BTEX is via breathing air borne particles, namely through motor vehicle emissions and 

tobacco smoke (DES, 2020). BTEX is a concern for the environment for its highly active and 

volatile nature (Adipah, 2018), suspend in water, and at contaminated sites, found in surface and 

groundwater (Leusch & Bartkow, 2010). 

 

Figure 2.3: Compound, chemical abstract service registry number (CASRN) and BTEX (Leusch & 

Bartkow, 2010). 
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2.4.1.1. Benzene 

Benzene is a flammable, colourless-to-yellow transparent liquid (NHMRC, 2011) and out of the 

four chemicals, it is the only known carcinogen with a maximum of 1 part per billion (ppb) 

detection rate in drinking water specified by the Australian Drinking Water Guidelines (ADWG) 

(DES, 2020).  It is prescribed that drinking water have no higher concentrate of 0.001mg/L of 

benzene for health considerations (NHMRC, 2011). 

2.4.1.2. Toluene 

A physical component of crude oil, toluene is an achromatic fluid, a solvent used in nail polish 

and paint adhesive (NHMRC, 2011).  It is prescribed that drinking water have no higher 

concentrate of 0.0025mg/L of toluene for odour and taste while for health considerations, no 

more than 0.8mg/L (NHMRC, 2011). 

2.4.1.3. Ethylbenzene 

A product of oil refining, ethylbenzene is a transparent colourless fluid (NHMRC, 2011), with 

evidence that the compound is carcinogenic (ATSDR, 2004). Combined with xylene, 

ethylbenzene forms the major component of pesticides and paints (NHMRC, 2011), and is found 

as apart of asphalt (Cwlth, 2000). The Australian Drinking Water Guidelines 6 (2011) prescribes 

for taste and odour, that ethylbenzene ought not surpass 0.003mg/L and 0.3mg/L for health 

considerations. 

2.4.1.4. Xylene 

Xylene is a achromatic, combustible liquid with a sugary odour (NIOSH, 2019) and exists in 

coal tar (NHMRC, 2011) and in aircraft fuels (Cwlth, 2000). The Australian Drinking Water 

Guidelines 6 (2011) prescribes for taste and odour, that xylene shall not surpass 0.02mg/L and 

0.6mg/L for health considerations. 

2.4.2. Polyaromatic hydrocarbons (PAHs)   

There are hundreds of PAHs known (Hussar et al., 2012; Driscoll, 2014), out of these, 16 are of 

great concern to the environment (Hussar et al., 2012). The international agency for research on 

cancer (IARC) have classified PAHs as suspected or a known carcinogen human (Driscoll, 
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2014). One of these potential toxins is naphthalene. Naphthalene is part of the aromatic 

hydrocarbon group (Rouse, 1998) and is the smallest in its family (Office of Parliamentary 

Counsel, 2013). It is a compound found in petroleum products derived from crude oil (Wexler, 

2014). 

 

Figure 2.4: Structure of the 16 PAHs (Henner et al., 1997) 

2.4.3. Polychlorinated Biphenyl (PCB) 

PCBs are a chlorinated hydrocarbon (WHO, 1992) that can remain in the soil for many years and 

can be harmful to human health if released into the environment (Department of Environment 

and Science, 2016). The main cause of accumulation this chemical in humans is the consumption 

of fish from contaminated water, but exposure can also occur via other foods (WHO, 1993). 

 

Figure 2.5: PCBs structure, 10 potential chlorine bind positions (Hens & Hens, 2018). 
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2.5. Contaminant guidelines 

Water contaminants are prescribed in schedule 10 of Environmental Protection Regulation 

(Cwlth, 2019), it. This therefore requires all spills to be contained on-site. Discharge of the 

contaminant from the bunded area out to overland flow and or stormwater would be in breach of 

the regulation. Whereas the National Environment Protection Measures (NEPM) Schedule B1 

tables the allowable limits for Environmental Screening Levels (ESLs) for ground contamination 

when land parcels are to be investigated as a result of hydrocarbon contamination. The table 

outlines the fractions of TPH from C6 to C40 as well as benzene, toluene, ethylbenzene and 

xylene (Larsen, 2013). Typically, the water output cannot have a sheen, with the presents of a 

sheen it is believed to be approximately 10ppm. 

2.6. Containment infrastructure 

A bund in essence, is a compound. It is a levee constructed of brick, concrete or earth, lined with 

an impervious material. The bund consists of a floor with a wall to its perimeter creating a barrier 

to contain the insulating fluid (EPA, 2017). Transformer bunds are designed with the guidance 

of AS 2067:2016 and AS 1940-2017 standards. Both standards prescribe transformers containing 

over 1000L of insulating oil shall provide containment for the equipment’s total fluid volume in 

the event of a leak, spill or fire.  AS 1940-2017 proceeds further to instruct that the bunded area 

shall be able to contain the greater of, a minimum 110% of the TX oil capacity or, 25% of all the 

fluid filled equipment’s capacity within a single bunded area. Ausgrid (2017), Endeavor Energy 

(2015), Ergon Energy (2003), TasNetworks (2018) and TransGrid (2019) all require some sort 

of concrete bund constructed around their transformers, the overall surface area of the bund is 

also dependent to access to the transformer parts. AS 2067:2016 requires a minimum of 600mm 

separation from any structure or open door allowing access around the structure. Ergon Energy 

(2003) interpret AS 1940-2017 requirement of 2 vertical to 1 horizontal (26.6 degrees) spray 

angle to be from the tangent of any surface that contains oil and is depicted in Figure 2.6 below, 

this is to ensure that any leaks from the transformer will not spray outside the bunded area from 

available head pressure within the transformer. These energy network providers do however 

differ in their requirement of containment volume; most follow the requirement prescribed in AS 

1940-2017 with some entities going over and above the standard.  
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Figure 2.6: Typical spray angle (A Brian 2021, personal drafting, 2 October) 

2.7. Containment Drainage 

Provisions for rainfall to drain from the bunded area are considered through the bund design, 

allowing fluids to gravity drain to a sump located at the lowest point in the bund (Ergon Energy, 

2003). In general, a 1:100 fall is adequate to direct any fluid that may fall within the bunded area 

to the sump that houses a flame trap. A flame trap, Figure 2.7 and Figure 2.8, consists of a down 

turned pipe or labyrinth used as a fire quenching mechanism, it is connected via the sump/pit to 

allow fluids, to leave the bund area without remaining in contact to the atmosphere thus 

preventing any combusted fluid leaving the bund and creating a further fire hazards (Standards 

Australia, 2016). There must be sufficient depth designed into the flame trap drainage to allow 

for location specific criteria such as evaporation. The level of water remaining in the sump/pit is 

reliant on the discharge level of the separator. The effluent is passed through an oil-water 

separator prior to being discharged to ground and into stormwater (Ergon Energy, 2003; 

Endeavor Energy, 2015; Ausgrid, 2017).  
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Figure 2.7: Flame trap example (a) (Standards Australia, 2016). 

 

 

Figure 2.8: Flame trap example (b) (Standards Australia, 2016) 

 

Ergon Energy (2003) allows for the provision of a control valve to be installed downstream from 

the flame trap and prior to the oil/water separator, this preventive measure is used to stop any 

fluid leaving the bunded when conduction maintenance work instead of relying on the oil 
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separator in the event of a spills. Once the transformer maintenance work is completed, the valve 

is reopened. 

2.8. Oil - Water Separation  

Traditionally oil and water separators employ mechanical and physical methods to separate the 

two fluids. These methods consist of, but not limited to, gravity, coalescing, centrifuge, 

hydrocyclone and oil skimmer/separators (Bhushan, 2020). Operation of these separators 

generally require their containment area to be full of water and rely on flow paths for separation 

(Tolmie et al., 2008), that is for each time of inflow there must be an outflow, resulting in short 

residence time (Ondrey, 2006). 

2.8.1. Horizontal oil-water separator tank (HOST) 

Gravity separators rely on the difference in density of two fluids, hydraulic design, and retention 

time for droplet separation  (Lopez-Vazquez & Fall, 2004; Abdullah et al., 2016). The time taken 

for fluids to separate is influenced by the terminal velocity of the fluid droplets though the water. 

This velocity is determined by Stokes Law as given in Equation (2.1).  

𝑉𝑝 =
𝑔 𝐷2 (𝜌𝑤− 𝜌𝑜)

18𝜇
     Equation ( 2.1) 

Where  𝑉𝑝 =  𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 (m/s) 

 𝑔 =  𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑢𝑒 𝑡𝑜 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 (m/s2) 

 𝜌𝑤 𝑎𝑛𝑑 𝜌𝑜 =  𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑎𝑛𝑑 𝑜𝑖𝑙 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦 (kg/m3) 

 𝐷 = 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑖𝑙 𝑔𝑙𝑜𝑏𝑢𝑙𝑒 (m) 

 𝜇 =  𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 (𝑝𝑜𝑖𝑠𝑒) 𝑜𝑓 𝑡ℎ𝑒 𝑤𝑎𝑡𝑒𝑟. (kg/ms) 

This provides in a steady state, for a specified height, the droplet size that can climb to the surface 

is controlled by the available time the oily water is retained in the separator prior to exiting the 

outflow of the system. The amount of oil residual in the expelling water is governed by the 

remaining droplets smaller than the denoted droplet size (Tolmie et al., 2008).  

This equation for velocity (Vp), for a fixed particle diameter, is proportional to the difference in 

the densities of the fluids, and is a function of the of the water viscosity. Considerations are 
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required for temperature rise, emulsified oily water separation can reduce, with the increases of 

temperature, the density will decrease, creating additional issues if this is not linearly. 

This separation process takes into consideration the treatment of sediment particles that are 

heavier than water and lighter pollutants that sit on top (Bering et al., 2016). Simply, these 

separators can be viewed as one or more retention basin joined together, or chambers in a tank, 

to contain the inflow of fluid mixture in order to slowing the discharge rate, allowing time for 

the fluid particles to separate from gradational force alone. This method allows the heaver 

sediment particles to fall and gather in the first chamber with initial separation of lighter particles 

moving to the surface prior to entering the second chamber for further separation of lighter 

particles prior to excess water being siphoned from the bottom of the tank leaving the oil layer 

on top of the water where it can be skimmed or pumped of the top for disposal (Gaaseidnes & 

Turbeville, 1999). Figure 2.9 is an example of a multistage tank. 

 

Figure 2.9: Basic type gravity separator (Gaaseidnes & Turbeville, 1999) 

2.8.1.1. Extended gravity oil water separator (EGOWS) 

Extended gravity oil water separator (EGOWS) is an extension of the American Petroleum 

Institute (API) separator, and is considered an improvement on APIs design. The units separation 

process is designed to function in a partially emptied state prior to the inflow of contaminated 

water (Ondrey, 2006) and uses the volume of the separation tank to capture the rainfall event 

allowing a longer residence time, this allows the higher velocity inflow to be controlled and 
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released at a slow rate via the discharge siphon (Tolmie et al., 2008). This slow release rate, 

allows the incoming contaminated waters oil content to separate and reduced the oil content to 

below 10 ppm (Ondrey, 2006).   

 

Figure 2.10: Berserker Substation Oil and Water Separator (A Brian 2021, personal drafting, 2 October) 

Figure 2.10 is a cross section of an EGOWS unit at Berserker substation, the inflow is directed 

to a sludge pit to capture the majority of any solids from the effluent, with the base is sloping in 

the same direction to encourage other fallen sediments to migrate to the pit. A baffle is located 

at the end of the separation chamber extending from the roof to the base to retain the separated 

oil from migrating to the effluent chamber, water is allowed to pass under via three openings at 

the baffles base. The siphon located in the effluent chamber is surrounded by a nib wall to 

discourage silt reanimating in the water and migrating to the sampling pit, and out of the unit 

through the discharge point. 

2.8.1.2. SPEL Puraceptor with coalescing  

Gravity type coalescing separators are based off the horizontal gravity water separator with the 

use of a coalescing medium to encourage the emulsified fluid to coalesce. This 

medium/membrane, having a natural liking to oils, allows the oil droplet to collect. The collected 

oil droplets migrate towards each other, increase the droplets volume and its ability to float above 

the oil allowing a reduced detention time (Gaaseidnes & Turbeville, 1999; Luo et al., 2021) . 

This type of system is commonly engaged for use in petrol stations and associated industry for 

its efficient in dealing with oily waste with a low viscosity (Gaaseidnes & Turbeville, 1999; 

Drapper & Hornbuckle, 2016). Generally, these systems require an additional maintenance 
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scheduling for optimal performance to the coalescing medium. Figure 2.11 below, shows the 

typical layout of a “SPEL Puraceptor” gravity and coalescing separator. 

 

Figure 2.11: Spel puraceptor (Drapper & Hornbuckle, 2016) 

The Puraceptor operates full of water and allows the influent fluid to pass into the first of two 

chambers through the inlet dip pipe to minimise turbulence in the water and to act as a flame 

trap. The first chamber utilised a baffle to contain Total Suspended Solids (TSS), silt, sediments, 

and pollutants, here is where majority of the lighter liquid are contained. The fluid then passes 

through the automatic closure device the automatic closure device (A.C.D.), using underflow 

principles to the second chamber. The A.C.D consisting of a density sensitive water-buoyant ball 

capable of closing the chamber with build-up of lighter liquids and will completely close the 

outlet in event of major spill. Separation is improved in the second chamber by the use of a 

coalescing process to filter and repel hydrocarbons, reducing the discharge water of pollutants 

(Drapper & Hornbuckle, 2016). 

2.8.2. Vertical oil-water separator tanks (VOSTs) 

Vertical oil-water separator tanks are similar to HOST separation systems, they to rely on the 

differential of two densities in fluid with the addition of inflow velocity force acting against the 

oils buoyance force. 
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2.8.2.1. U-tube 

Ergon have based their design purely on differential gravity concept, removing the physical and 

mechanical component in its process of separating oil and water. This removes the need for 

servicing and replacement of moving parts through its operation life. The operation of the U-

tube requires the tubular body and the flame trap pit to be constantly filled with water, and a key 

component in the successful operation in quenching ignited fluids. The system utilises the under 

flow of water, a secondary benefit of the flame trap, to retain some of the contaminates at the 

surface of the pit and to reduce turbulence created from the effluent travelling to, and into the 

flame trap pit. Unlike HOST systems the U-tube does not have the capacity to retain an oil spill 

or plant rupture within the system, this differential gravity concept relies on the containing oil in 

the bund. The depth of the U-tube must be adequate to support the level of oil in the bund. This 

is achieved by the use of Equation (2.2), diagrammatically shown in Figure 2.12. 

𝜌𝑜 × 𝑔 × (ℎ𝑜 + ℎ𝑤) = 𝜌𝑤 × 𝑔 × ℎ𝑤 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 ( 2. 2 ) 

 

 

Figure 2.12: U-tube parameters 
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Where 𝜌𝑤 𝑎𝑛𝑑 𝜌𝑜 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑎𝑛𝑑 𝑜𝑖𝑙 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦  (kg/m3) 

 𝑔 = 𝑔𝑟𝑎𝑣𝑎𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 (m/s2) 

 ℎ𝑜 𝑎𝑛𝑑 ℎ𝑤 = ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑟 𝑑𝑒𝑝𝑡ℎ 𝑜𝑓 𝑜𝑖𝑙 𝑜𝑟 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑠𝑝𝑒𝑐𝑡𝑖𝑣𝑒𝑙𝑦  (m) 

 ∴ ℎ𝑤 =
𝜌𝑜

𝜌𝑤−𝜌𝑜
× ℎ𝑜 

Equation (2.2) used with some assumption attached; water density will remain at 1000 kg/m3, 

the density of the oil regardless of temperature will not exceed 900 kg/m3and the system is static. 

With the addition of a factor of safety for construction and fabrication errors, yielded Equation 

(2.3) 

 𝐶𝑜𝑙𝑢𝑚𝑛 𝑑𝑒𝑝𝑡ℎ = 10 ×  𝑑𝑒𝑝𝑡ℎ 𝑜𝑓 𝑜𝑖𝑙 Equation ( 2.3) 

There has been no study to date on the effectiveness of the U-tubes ability to separate oil from 

water during a rainfall event.  

2.8.2.2. Vertical Gravity Separators (VGS) 

This VGS (Figure 2.14) is a flooded system is designed to expedite the process of gravity to 

separation enabling oil particles to float to the water surface. The separators tank houses stacked 

truncated cones (Figure 2.13) spiralling downward filled with an oleophilic material. Influent 

oily water is introduced to the tank via the internal leg surrounded by the stacked cones, influent 

oil particles attach to the cones, once large enough, the oil droplets drift to the surface of the 

separator. Sludge is encouraged to settles at the bottom outlet value, while water is removed by 

under flow from the outlet positioned in the lower section on the side of the tank. Typically, this 

VGS system is capable of handling low to intermittent rates of flow, from approximately 

1000L/hr to 3000L/hr and rely pumping effluent from a holding tank to control this rate (ISS, 

2008), dependent on manufacture, this system is only capable of reduces light liquid pollutants 

in discharge water to 50 ppm.  



  

 

27 

 

 

 

 

Figure 2.13: VGS Schematic Diagram(ISS, 2008) Figure 2.14: VGS Diagram (ISS, 2008) 

 

2.9. Intensity of Rainfall 

Changes in the variability of weather conditions among the seasons has been identified in a 

number of regions in Queensland, it is recognised that between 2 and 7 years, the El Niño-

Southern Oscillation (ENSO) impacts north-eastern Australian rainfall (Casey & Everingham, 

2011). 
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Figure 2.15: Australian annual total rainfall (mm) from 1910 to 1995.A least squares regression line 

has been fitted (Suppiah & Page, 1999). 

Rainfall frequency and duration (Figure 2.15) will impact on the volume of water a catchment 

area receives, this intensity can impact the design of the gravity separator, there may be 

emulsification of the two liquids thereby changing the density and becoming more difficult to 

separate (Mahanta & Laskar, 2017). Cyclonic conditions should be taken into consideration as 

the high winds encounter in these events could alike to the water in oil-emulsions created by the 

turbulent agitation of the sea with  oil spills (Casey & Everingham, 2011). 

2.10. Chapter summary 

Transformers play a vital role and are a key components in the power generation, transmission, 

and distribution electrical network (Mahanta & Laskar, 2017) and have an inherent 

environmental risk due to the liberal amounts of cooling oil required to maintain the equipment’s 

operation. This hazard requires the oil to be contained within a concrete bund/oil separator tank 

for in the event of spills and or catastrophic failure.  

If the concentrations in the surrounding soil exceed the acceptable levels for the land use, 

remediation must take place. If the parcel of land is unable to be remediated, the site is 

determined to be contaminated and must be placed on the governments contaminated land 



  

 

29 

 

register. Once a parcel of land is on the register, sampling is required to remove spoil from site, 

if the samples are found to be contaminated, soil disposal permits are required to remove from 

site as trackable waste. 

The gravity oil separators is simplistic in construction, low in maintenance and are accessible 

technology in its conventional form (Lopez-Vazquez & Fall, 2004), these designs still rely on 

using stokes law. Ergon have in use the separators outlined in the literature review, each have 

their advantages and disadvantages, these are listed below. 

U-tube 

Brown field (developed sites) construction contributes to the majority of the U-

tubes being installed across the state, from Marreeba in the north, out to Cloncurry 

to the west, and Yarranlea to the south. The lack of available real estate at some of 

these sites is a major driver for installation. The last drawing to be released for 

construction in March 2019, it is unknown if installation took place. 

o Advantages 

• Relatively inexpensive  

• No mechanical parts or power requirements 

• Small site area requirements 

o Disadvantages 

• Quality of discharge water not certified 

• Retains oil within the bund at potential fire source 

• Requires significant depths, may not be achievable on some sites. Note – based 

on typical 400 mm bund height, 4m depth. 

• Performance requires the unit to be maintained full of water 

EGOWS 

The EGOWS system has been installed at a few sites in the Capricornia region of Queensland, 

these installations were primary due to new construction on green field sites (undeveloped site) 
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with the last known unit constructed at the Berserker Substation in approximately 2010, and 

Parkhurst Substation in approximately 2011. 

• Advantages 

o Captures and contains full transformer oil volume remote from the fire source 

o Little or no maintenance 

o No mechanical parts or power requirements 

o Capable of reducing oil concentrations in discharge water to less than 10 ppm. 

• Disadvantages 

o Large unit, typically 16 m x 4m x 1.4 m deep 

o Custom designed hydraulically for each site by University of New South Wales 

o Custom designed structurally for each site 

o Large rigid tank, usually heavily reinforced and occasionally on piles to restrict 

differential movements 

o Requires fees and licence to operate from UNSW for each installation  

o Most expensive of installations covered by this presentation 

SPEL 

Typically, the smaller P004 and P005 units are used across the state in green and 

brown field sites throughout Queensland  

• Advantages 

o Tried and tested product – global applications 

o Small unit will receive 1000 litres oil, then shut off.  

o Small units are approximately 2.6 m x 1.2 m diameter 

o Small unit has limited site area requirements  

o Large units will receive 36,200 litres oil prior to shut off 

o Larger units designed for full retention remote from fire source 

o More suitable for rock sites where deep drilling for U-Tubes not practical 

o Reduces light liquid pollutants in discharge water to 5 ppm or less 

o Ability to discharge above or below ground level 

• Disadvantages 
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o More expensive than U-Tubes  

o Large unit, typically 16 m x 2.48m diameter 

VGS 

Larger remote Power Stations use this system for remediation of storm water from 

their diesel fuel farms and oil overflow from the generation sets. The VGS are on 

a constant maintenance and replacement cycle.  

• Advantages 

o Small unit size  

o Ability to discharge above ground level  

o Small site area requirements 

• Disadvantages 

o Mechanical parts and power requirements for pump 

o Small capacity  

o Retains oil within the bund, potential fire source 

o Reduces light liquid pollutants in discharge water to 50 ppm 

It has been identified in published works, on how reliant oil water separation systems are on 

Stokes Law for terminal velocity (Gaaseidnes & Turbeville, 1999). Due to the remoteness of 

some of these substation as can be seen in Figure 1.4, the oil separation system must be as 

simplistic as posable. This is to reduce the frequency of maintenance and the additional logistical 

cost for repairs.  

Much of the literature accessible is directed towards HOST systems, with the placement of 

baffles, methods to increases droplet size and practical separation theory (Gaaseidnes & 

Turbeville, 1999), a very limited amount of research that has taken place on VOSTs with no 

attainable literature on systems such as the U-tube. From this review, it can be seen that further 

research is required to verify the U-tubes ability to retain/separate oil and water 



  

 

32 

 

Chapter 3 - Methodology 

3.1. Site Selection 

To test the Ergon Energy U-Tube separator, an appropriate site must be selected with a U-tube 

and high rainfall to adequately design a water flow. Although the oil separation would require to 

be designed for each specific site, it would be beneficial for this research to select a site with 

high average rainfall, to determine an adequate flow rate for testing the system. Relying on the 

historic knowledge from Ergon’s field staff, Evelyn substation in Far North Queensland was 

recommended for review as this site is equipped with the U-tube as its oil separator. The Bureau 

of Meteorology (2021b) data confirms this this area is subjected to high yearly rain fall and can 

be seen in Figure 3.2 and Figure 3.2. For this reason, the Evelyn substation site has been selected 

to model a rainfall event to test the system. 

 

 

Figure 3.1: Substation location (Bureau of Meteorology, 2021a) 
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Figure 3.2: Observed total rainfall 2020 Queensland (Bureau of Meteorology, 2021b).  

3.2. Site information 

Evelyn substation is a 66/22kV distribution substation, with one 6.3MVA transformer with an 

oil capacity of 15,270 litres with an approximate total mass of 36.8 tonne. Complying with AS 

1940, the 110% of the transformer oil volume would require the transformer’s bund volume to 

retain a minimum of 16.8 kilolitres or 16.8 cubic metres of oil. TasNetworks (2018) require their 

wall heights to be a minimum of 0.3m, with TransGrid (2019), Ausgrid (2017), Endeavor Energy 

(2015) and Ergon Energy (2003) referring to the AS 1657 and 2067 for access and egress 

requirements. Consideration of the transformer’s foundation displacement may be required if the 

Approximate 

location 
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equipment is raised on a plinth above the wall height to eliminate submersion if the bund 

drainage fails. Evelyn has been designed with a wall height of 0.2m with the transformer on top 

of a concrete plinth. The displacement of the plinth has been taken into consideration leaving the 

bund 10.4m x 7.4m internal dimension bund, as shown in Figure 3.3 below.  

 

Figure 3.3: Evelyn Substation bund plan (A Brian 2021, personal drafting, 2 October) 

 

3.3. System replication 

The total replication of the Evelyn substation bund (Figure 3.3) is not required, the dimensions 

of the bund will be used to determine the catchment area required to calculated an appropriate 

rainfall event flow rate. The main focus is directed to the U-tube system, a full-scale model will 

be constructed in accordance with the Ergon EESS oil separator design drawing. Instead of a 

bund, a containment area will be constructed to deliver the water flow to the U-tube after the oil 

spill to test the system’s ability to retain the oil in the containment area.     
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3.3.1. Simulated rain event 

The Rational Method as outlined in the Queensland Urban Drainage Manual will be utilised to 

calculate a flow rate in order to test the oil-water separator system (IPWEA, 2016). This method 

is simply described mathematical as 𝑄 = 𝐶 × I × 𝐴, where Q is a volumetric flow rate, C is a 

coefficient of discharge, I being a flow velocity and A is the area of catchment. This method 

allows the estimation of flows for small catchment areas. 

For the design of the test flow rate the following equation will be used,  

𝑄𝑦 =
𝐶𝑦 ∗𝑡 𝐼𝑦 ∗ 𝐴

360
 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 ( 3.1 ) 

where:  

𝑄𝑦 = peak flow rate (m³/s) for annual exceedance probability (AEP) of 1 in ‘y’ years  

𝐶𝑦 = coefficient of discharge (dimensionless) for AEP of 1 in ‘y’ years  

A = area of catchment (ha)  

tIy = average rainfall intensity (mm/h) for a design duration of ‘t’ hours and an AEP of 1 in ‘y’ 

years 

 t = the nominal design storm duration as defined by the time of concentration (tc) 

Since embarking on this project, Energy Queensland the overarching company to Ergon and 

Energex has released a joint document “Standard for oil containment”. This Energy Queensland 

(2021) document calls for a 20-year ARI storm of 24 hour duration where Ausgrid (2017) have 

two rainfall criteria with 1 in 20-year ARI rain event with a 5-minute duration and 1 in 1 year 

ARI storms of 1 hour, 12 hour, 24 hour, 48 hour and 72 hour duration. Both entities refer to 

firefighting inflow, this will be ignored as the Ergon substation under review is not equipped 

with automatic firefighting system and only those that are trained and authorised under the 

electrical safety Act are able to enter a high voltage enclosure. 

For purposes of this experiment, it was decided to use the Energy Queensland (2021) 1 in 20-

year ARI rain event with a 24 hour duration which is equivalent to the 5% Annual exceedance 

probability (AEP). Using the rational method, the design peak flow was calculated for the Evelyn 

substation using the existing internal bund dimensions as the catchment area of 77m², provided 
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a flow rate of 13.6 L/min. The predicted peak flow is used to provide a maximum rate of 

discharge for the 24-hour time period. The AEP data can be seen in Appendix E.  

3.3.2. Containment bund 

To simulate the transformer bund, a containment area, Figure 3.4 and Figure 3.7, was constructed 

out of form ply material with an arbitrary base measuring 0.5m wide, with length of 1.8m, 

slopping at a 1% grade for self-cleansing towards the 0.5m² flame trap pit to match Ergons 

construction practises, this allows the water and any oil pollutant left on the surface, to flow to 

the water filled pit that houses the flame trap which is connected to the separator.  

 

Figure 3.4: Containment area (A Brian 2021, personal photograph, 22 September) 

3.3.3. Oil – water separator 

The flame trap pit has a depth of 0.5m matching Ergons general construction practices, with the 

opening to the flame trap (Figure 3.5), sitting 0.05m above the pit floor level as to the EESS 

standard design. The bend inverted level (IL) exiting the containment bund is 0.02m below the 

base IL, to keep retained fluids off the bund/shut floor.  
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Figure 3.5: Containment flame trap (A Brian 2021, personal photograph, 22 September) 

The oil separator system is to full scale, based on the design used by Ergon at the Evelyn 

substation, substituting the 100mm Nominal Diameter (DN) stainless steel (S/S) tube for 100mm 

DN unplasticized polyvinyl chloride pipe (uPVC). Means the flow remains laminar due to 

Reynolds number being below 4000. The U-tube depth is determined by the maximum 

containment wall height and then multiplied by ten, giving this system 2.2m in depth from the 

IL of the flame trap to the obvert level (OL) of the ‘U’. 
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Figure 3.6: Constructed U-tube (A Brian 2021, personal photograph, 22 September) 
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Figure 3.7: Sectional view of bunded area and U-tube 

3.4. The experiment 

The system was to be tested with two sets of parameters, the first to test the dynamic flow with 

a simulated rain event to test the system’s ability to retain oil in the containment area. For the 

system to be deemed successful, testing on the effluent water quality will be required to return 

within allowable contaminate concentrations levels. The second parameter, in a static condition, 

assuming rupture of the transformer tank fill the containment area, followed by a weather event, 

this was to test the U-tubes ability to retain oil within the containment area via the density 

differential with an influx of water. 
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To be successful in the second parameter, the U-tube would be able to operate, allow the influx 

of rain water to leave the catchment, while keeping the effluent within allowable contaminate 

concentrations levels, testing of the effluent water quality would provide compliance. 

Due to the cost of, and volume of the oil required to perform this experiment, the potential for 

high environmental risk, the second parameter of the project will no longer be investigated as 

the risk cannot be mitigated at the system testing site. To validate the U-tube system, the 

apparatus will be tested dynamically by simulating the 13.6 L/min water flow through the system 

for the adopted three minutes duration, this will ensure a full flush, Figure 3.9 and Figure 3.10. 

The flow will be measured via a digital flow meter, it is assumed the flow rate may occasionally 

fluctuated above the desired flow rate during the experiment due to the water supply being 

residential. The outflow will be captured in a vessel of known volume to calibration initial water 

flow, and to test the system for leaks. Samples will be taken after a simulated spill, of one litres 

of oil onto the base of the containment area and allowed to flow into the flame trap pit, Figure 

3.8, the systems then repeat, where rain flow will be applied for three minutes, taking into 

consideration of the additional two minute on flow. Again, the outflow to be captured in a vessel 

and allowed to settle, allowing any oil contaminates to separate and settle on top of the contained 

water. 

  

Figure 3.8: Oil spill (A Brian 2021, personal 

photograph, 22 September) 

Figure 3.9 Flow setup (A Brian 2021, personal 

photograph, 22 September)  
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Figure 3.10: Inspection opening (A Brian 2021, 

personal photograph, 22 September) 

Figure 3.11: Digital flow meter (A Brian 2021, 

personal photograph, 22 September) 

 

3.5. Sampling framework 

Based on the literature review and discussions with Ergon’s environmental services staff, it was 

found that TPH, BTEXN, PAH and PCBs would be the most likely contaminants as minor 

residues may still be present in ageing TX and bunding infrastructure. As PCBs may be suspected 

at older TX sites, generally it be included, but considering the experiment is being conducted 

with new oil there will be no need to test for it. All testing must be undertaken by a specialist 

National Association of Testing Authorities (NATA) registered laboratory (Department of 

Environment and Science, 2016) 

The water sampling to be undertaken, shall reference to the following guidelines: 

• Australian Standard AS 4482.1–2005. Guide to the investigation and sampling of sites 

with potentially contaminated soil -Part 1: Non-volatile and semi-volatile compounds. 
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• Australian Standard AS 4482.2–1999. Guide to the sampling and Investigation of 

potentially contaminated soil -Part 2: Volatile substances. 

• AS/NZS 5667.1-1998. Water quality - Sampling - Guidance on the design of sampling 

programs, sampling techniques and the preservation and handling of samples. 

• AS/NZS 5667.10:1998. Water quality - Sampling Guidance on sampling of waste waters. 

• National Environment Protection (Assessment of Site Contamination) Measure 1999  

• National Environment Protection Council (NEPC) 2013, Canberra (NEPM 2013). 

• Environmental Protection Regulation 2019. 

 

3.6. Sampling 

No sampling of the system took place prior to the testing of hydrocarbons, this was deemed 

unnecessary given the water is of residential supply, the supply’s location, and the materials used 

to construct the apparatus. The system was operated as outlined in 3.4, a litre of oil was measured 

and applied central to the base, a period of two minutes passed prior to the instantaneous 

commencement of the water flow (Figure 3.11). The effluent outflow was captured in a vessel 

than covered, and permitted to settle for 24 hours, thus allowing particles with a diameter greater 

than 50μm to rise and collect on the surface prior to samples being collected (Figure 3.12). The 

samples were taken from the static effluent surface (Figure 3.13) with the laboratory supplied 

containers, these containers were used to skimming the surface of the effluent in order to capture 

any contaminates at this level (Figure 3.13). One set of samples were taken the samples were 

then stored directly in the packaging provided by the laboratory, then sent to the laboratory for 

testing. 

The samples (Figure 3.12) consisting of 
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Figure 3.12: Samples (A Brian 2021, 

personal photograph, 22 

September) 

Figure 3.13: Outflow capture vessel (A Brian 2021, personal 

photograph, 22 September) 

 

3.7. Chapter summary 

Selecting a site set the basis to measure the U-tubes ability to perform under natural conditions, 

the meteorological data from the area help to set the upper boundary, with specific site 

information informing of catchment size set the lower boundary, this in turn determined an 

appropriate flow rate in which to test the U-tube design. A delivery mechanism was created to 

convey the water flow to the full-scale U-tube, assembled to the Ergons standard EESS drawing. 

System testing was conducted via the placement of one litre of transformer oil on the containment 

are followed be a flow rate of 13.6L/m for a three-minute duration. The discharge was collected 

where samples were taken for testing at a NATA registered laboratory.
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Chapter 4 - System results 

4.1. Observations 

Minor fluctuation of 0.2L/min in flow rate was notated during both initial flow test and in the 

testing on the system, after the litre of oil was add (simulated spill) to the base of the containment 

area, the oil began to flow towards the flame trap pit. Once the three-minute, instantaneous water 

flow commenced from the far end, the oil could be seen moving with, and on top of the water 

(Figure 4.2) since the flow did not sheet the full width of the containment are, there were no 

visible signs of turbulence or emulsification in the flame trap pit (Figure 4.2). Turbulent activity 

was visually noted via the inspection opening (Figure 3.10), assumed this is due to the tee 

connection allowing the water to migrate up instead of smooth guidance from a bend. No notable 

oily smell or sheen visible in the captured downstream outflow in the containment vessel which 

suggest from the advice of senior environmental adviser, hydrocarbons, if any are below 10 ppm. 

Remediation of the retained fluid (Figure 4.1) in the flame trap pit visually confirmed a large 

quantity of oil remained in the flame trap pit. 

  

Figure 4.1: Fluid remediation (A Brian 2021, 

personal photograph, 22 September) 

Figure 4.2: Flame trap pit under flow (A 

Brian 2021, personal photograph, 22 

September) 
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4.2. Laboratory analysis 

Samples were taken to a National Association of Testing Authorities of Australia (NATA) 

accredited laboratory for testing, with testing comprise of the following.  

• Total Recoverable Hydrocarbons (TRH). 

• Total petroleum hydrocarbon (TPH). 

• Benzene, Toluene, Ethylbenzene and Xylene compounds with Naphthalene (BTEXN). 

• Polyaromatic hydrocarbons (PAHs) / Phenolic Compounds. 

These were selected based on potential contaminants from the new, unused transformer oil 

supplied. 

4.3. Laboratory results 

In conjunction with the observations, the test results showed the sample taken from the effluent 

contained allowable levels of contaminate concentrations. In most cases, the level of chemical 

being investigated were less then what could be reliably recorded, this is the limit of reporting 

(LOR), noting the results are in parts per billion (PPB), with allowable levels of contamination 

reported in PPM.  

The exception to this is the TRH reading of the aromatic hydrocarbons C6-C9 fraction, which 

gave a reading of 41 PPB, this is far below the acceptable water quality limit provided in table 

1C presented in Schedule B1 “Guideline on Investigation Levels for Soil and Groundwater” 

(Larsen, 2013). The full analytical report is provided for review in Appendix F. 

Table 4.1: LOR Table 

Method Name Analyte Name Units Reporting Limit Result 

Volatile organic compounds 

in Water Benzene µg/L 0.5 <0.5 



  

 

46 

 

Method Name Analyte Name Units Reporting Limit Result 

Volatile organic compounds 

in Water Toluene µg/L 0.5 <0.5 

Volatile organic compounds 

in Water Ethylbenzene µg/L 0.5 <0.5 

Volatile organic compounds 

in Water m/p-xylene µg/L 1 <1 

Volatile organic compounds 

in Water o-xylene µg/L 0.5 <0.5 

Volatile organic compounds 

in Water Total Xylenes µg/L 1.5 <1.5 

Volatile organic compounds 

in Water Total BTEX µg/L 3 <3 

Volatile organic compounds 

in Water Naphthalene µg/L 0.5 <0.5 

Volatile Petroleum 

Hydrocarbons in Water TRH C6-C9 µg/L 40 41 

Volatile Petroleum 

Hydrocarbons in Water Benzene (F0) µg/L 0.5 <0.5 

Volatile Petroleum 

Hydrocarbons in Water TRH C6-C10 µg/L 50 <50 
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Method Name Analyte Name Units Reporting Limit Result 

Volatile Petroleum 

Hydrocarbons in Water 

TRH C6-C10 

minus BTEX (F1) µg/L 50 <50 

TRH (Total Recoverable 

Hydrocarbons) in Water TRH C10-C14 µg/L 50 <50 

TRH (Total Recoverable 

Hydrocarbons) in Water TRH C15-C28 µg/L 200 <200 

TRH (Total Recoverable 

Hydrocarbons) in Water TRH C29-C36 µg/L 200 <200 

TRH (Total Recoverable 

Hydrocarbons) in Water TRH C37-C40 µg/L 200 <200 

TRH (Total Recoverable 

Hydrocarbons) in Water TRH >C10-C16  µg/L 60 <60 

TRH (Total Recoverable 

Hydrocarbons) in Water 

TRH >C10-C16 - 

Naphthalene (F2) µg/L 60 <60 

TRH (Total Recoverable 

Hydrocarbons) in Water 

TRH >C16-C34 

(F3) µg/L 500 <500 

TRH (Total Recoverable 

Hydrocarbons) in Water 

TRH >C34-C40 

(F4) µg/L 500 <500 

TRH (Total Recoverable 

Hydrocarbons) in Water TRH C10-C40 µg/L 320 <320 
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Method Name Analyte Name Units Reporting Limit Result 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water Naphthalene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water 

2 - 

methylnaphthalene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water 

1 - 

methylnaphthalene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water Acenaphthylene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water Acenaphthene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water Fluorene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water Phenanthrene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water Anthracene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water Fluoranthene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water Pyrene µg/L 0.1 <0.1 
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Method Name Analyte Name Units Reporting Limit Result 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water 

Benzo(a) 

anthracene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water Chrysene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water 

Benzo(b&j) 

fluoranthene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water 

Benzo(k) 

fluoranthene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water Benzo(a)pyrene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water 

Indeno (1,2,3-cd) 

pyrene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water 

Dibenzo(ah) 

anthracene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water 

Benzo (ghi) 

perylene µg/L 0.1 <0.1 

PAH (Polynuclear Aromatic 

Hydrocarbons) in Water Total PAH (18) µg/L 1 <1 
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Chapter 5 - Conclusion & Recommendations 

The literature review was performed to recognise the challenges involving oil and water 

separation, this identified important issues which could be explored. Concern for the 

environment is a driver for the development of new technology, updating standards and 

improvements to transformer oils, as a result of these improvements, properties of transformer 

oil have the tendency to change, notably the density and variety of oil type. Majority of the 

propriety separators on the market rely on additional processing materials, and or mechanical 

aids, their designs are primary reliant on Stokes Law. In general, the separation of oily water is 

dependent on the density, vertical velocity of the oil droplet, and retention time of the oil droplet. 

Further gaps in in literature are noted concerning density change with temperature, 

considerations should be given to temperature rise within a transformer, and its effect on the oil’s 

density, and of waters density from heat transfer should the two mix. Oil separators are an 

established part of the substation infrastructure, and one of the crucial components for the 

electrical network’s stainability in the environment. 

The study was performed to evaluate Ergons existing infrastructure, known as the U-tube, for its 

ability to retain oil contaminates within the bunded area through the use of gravity separate 

theory of oil and water. An experiment was conducted to evaluate the U-tubes performance in a 

controlled environment that would best represent in-service conditions. 

Results and observations from the experiment indicate that the U-tube is capable of retaining oil 

from the discharge water, to levels of contaminate concentration of hydrocarbons below the 

target amounts, for a flow rate at or below 13.6L/min. 

If Ergon Energy elects to continue to use the existing U-tube infrastructure, their outflow should 

be tested during storm events to ensure environmental compliance. Water testing is expensive 

coupled with the enormity of travel for this task, consideration for budget, and additional 

programmed works, this may not be acceptable, consequently several possible solutions are 

provided. For more remote areas, oil absorbent filters may be fitted to the downstream flow of 

the U-tube to fine polish the discharge to maintain hydrocarbons within the target amounts, 

install level indicators/float switch in the bunds with alarms connected to the supervisory control 

and data acquisition (scada) network, or more comprehensively a hydrocarbon sensor at the 
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flame trap inlet. Long term may include design change to the bund in order to reduce the inlet 

horizontal velocity within the bund to allow the oil droplet coalescing with other droplets to 

achieve high rates of droplets rise toward flame trap pit. 

5.1. Future work 

There are various opportunities to broaden the work in oily water separation. Substations will 

continue to be in service while there is a need for an, electricity distribution network.  

This study was limited to a one in 20-year peak rainfall event with a 24-hour duration. With 

funding, it would also be beneficial to investigate higher intensity rain events, different oil types 

and class, and temperatures rise in transformer oil and ambient water temperature, to take into 

consideration greater weather events and account for cyclonic conditions, these events are 

typically where most damage to infrastructure occurs, with consideration to catastrophic 

transformer failure.  

Additionally, the study did not cater for the potential of PCB contaminates from older 

infrastructure, it would also be beneficial to consider such restrictions of the use of PCB free oil 

in the trail. PCBs are required to be under 2PPM. 
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 – Project Specification 

University of Southern Queensland 

Faculty of Health, Engineering and Sciences 

ENG4111/4112 Research Project 

Project Specification 

 

For:  Ashley Brian 

Title:  Feasibility study on Vertical Column Gravity Separation of Class O Fluids 

Major:   Civil Engineering 

Supervisors: Dr Malcolm Gillies 

   

Enrolment: ENG4111 – EXT S1, 2021 

  ENG4112 – EXT S2, 2021 

 

Project Aim: This project is to ascertain the feasibility of using the existing static design U-

tube oil-water separation infrastructure for class O transformer fluids. A 

prototype model will be developed that replicate the in-service scenarios of the 

U-tube, to test the effluent and confirm the compliances of the separator with 

current environmental standards of waste discharge. This will allow 

recommendation to be made on the suitability for further use in containment and 

oil separation.  

 

Programme:  Version 2, 17th March 2021 

1. Conduct a literature review on the use of gravity (density) separation systems 

and transformer cooling oil properties. 
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2. Identify a representative transformer site and gather specifications including 

potential rainfall duration and intensity. 

3. Review relevant standards, Acts and guidelines for allowable levels of 

contaminants in effluent. 

4. Design and construct a protype system of the gravity separation system. 

5. Perform system model experiments in dynamic flow to test effluent for 

contaminants. 

6. Perform system model experiments in static condition to test containment. 

7. Review and evaluate the performance of the gravity separation system in its 

ability to achieve the relevant standards. 

 

If time and resources permit: 

1. Desktop review of proprietary systems and recommend a system for further 

investigation for implementation. 
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 – Risk Assessment 
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 – Schedule of oil requirements 

Ref 
Particulars Unit 

Purchaser 
requirements  

 

A. TECHNICAL DATA    

A.1 Standards   AS 60296-2017  

A.2 Class   Transformer Oils  

A.3 Group   (U) Uninhibited  

1. Function  

A.4 Viscosity      

  -          At 70 oC mm2/s Supplier information  

  -          At 40 oC mm2/s Max. 12  

  -          At 20 oC mm2/s Supplier information  

  -          At -15 oC mm2/s Max. 800  

A.5 Pour point oC Max. -40  

A.6 
Water content (drums - on delivery; bulk 
containers - when released from 
supplier's storage) 

mg/kg Max. 15  

A.7 
Breakdown voltage (drums - on delivery; 
bulk containers - when released from 
supplier's storage) 

kV Min 50  

A.8 Density at 20 oC kg/dm3 Max 0.895  

A.9 
Dissipation factor at 90 oC and 40 Hz to 
60 Hz 

  Max 0.005  

A.10 Metal passivator additives   Not detectable  

2. Refining / stability  

A.11 Appearance   
Clear, free from 
sediment and 

suspended matter 

 

A.12 Acidity 
mg 

KOH/g 
Max 0.01  

A.13 Interfacial tension mN/m Min 40  

A.14 Total sulphur content 
% by 
mass 

Max 0.15  

A.15 Corrosive sulphur   Non corrosive  

  Corrosive sulphur ASTM D1275   Non corrosive  

  Potentially Corrosive sulphur IEC 62535   Non corrosive  

  Corrosive sulphur DIN 51353   Non corrosive  

  DBDS IEC 62697-1 mg/kg Not detectable  
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A.16 Anti-oxidant additives      

  
-          Quantity  
           (U) Uninhibited oil 

% by 
mass 

Not detectable  

A.17 
2-furfural and related compounds 
content IEC 61198 

mg/kg 
< 0.05 for individual 

compound 
 

A.18 Composition      

A.19 Other neutral or synthetic additives      

3. Performance  

A.20 
Oxidation stability @ 120 oC 
(U) Uninhibited oil 164 hrs IEC 61125 

     

  -          Total acidity 
mg 

KOH/g 
Max. 1.2  

  -          Sludge 
% by 
mass 

Max. 0.8  

  -          DDF at 900 C   Max. 0.5  

A.21 
Gassing tendency at 50 Hz after 120 
minutes 

μl/min Max. 8  

4. Health, safety and environment (HSE)  

A.22 Flash point oC Min. 140  

A.23 PCA content 
% by 
mass 

Max. 3  

A.24 Total PCBs mg/kg Max 0  
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 – Safety Data Sheets 
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 – Design Rainfall Data 
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 – Analytical Report 
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