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1. INTRODUCTION 

The Balcombe exploration wellsite was constructed in 1986 with the drilling of Balcombe 1 well 

completed later that year. In the 3rd quarter 2013, Balcombe 2, a vertical pilot hole and Balcombe 2z, 

a sidetrack was drilled and subsequently suspended. 

The purpose of this document is to outline the gas management arrangements to be implemented at 

the Balcombe wellsite during the proposed well test operation, which for clarity, includes the 

incineration of associated gas at levels not exceeding 10 tonnes per day. 
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2. OVERVIEW OF THE DEVELOPMENT 

The Balcombe exploration wellsite was constructed in 1986 with the drilling of the Balcombe 1 well 

completed later that year by Conoco. In the 3rd quarter 2013, Cuadrilla drilled a vertical pilot hole, 

Balcombe 2 and a sidetrack, Balcombe 2z which were both subsequently suspended. 

Analysis of data gained from the Balcombe 1 well exploratory operation undertaken in 1986 has 

identified that there is limited to no associated gas contained within the target formation and 

therefore Cuadrilla does not expect to encounter associated gas during the proposed well testing 

operation, however this cannot be ruled out entirely. 

In February 2017 Cuadrilla submitted an application to the Environment Agency under EPR2016, 

seeking a variation of the existing environmental permit (EPR/AB3307XD) allowing Cuadrilla to 

undertake a well test operation of the Balcombe 2z sidetrack. The well testing operation involves the 

flowing of hydrocarbons to surface, namely oil and associated natural gas. The well testing phase is 

will only require 7 days of flow testing. After flow testing the well will be shut in for pressure 

monitoring for approximately 60 days. Oil will be stored onsite in dedicated storage tanks whilst the 

associated gas will be disposed of using a shrouded flare unit. 

2.1 Site Location 

The proposed well test operation is to be undertaken at the following location: 

Lower Stumble Hydrocarbon Exploration Site 

London Road 

Balcombe 

Haywards Heath 

West Sussex 

RH17 6JH 

National Grid Ref: Easting: 531022 

 Northing:  129238 

Site Area: 0.73 Hectares including the wellsite, site access roadway and lateral drill section. 
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3. DEFINITIONS 

“ Imperial Inch 

°C Degrees Centigrade 

% Percentage  

API American Petroleum Institute 

ALARP As Low as Reasonably Practicable 

bar Unit of pressure defined as 100 kilopascals 

bar(g) Unit of pressure, in units of bars, above or below atmospheric pressure 

BS 5908-1:2012 British Standard – Fire and explosion precautions at premises handling flammable gases, liquids and dusts – 

Part 1: Code of practice for precautions against fire and explosion in chemical plants, chemical storage and 

similar premises 

BS 5908-2:2012 British Standard – Fire and explosion precautions at premises handling flammable gases, liquids and dusts. – 

Part 2: Guide to applicable standards and regulations 

BSOR Borehole Sites and Operations Regulations 1995 

BAT Best Available Technique 

CEO Chief Executive Officer 

CO2 Methane 

CH4 Carbon Dioxide 

CIRIA C736 Containment systems for the prevention of pollution  

CO2e CO2 equivalent Global Warming Potential 

DST Drill Stem Test 

EPR2016 Environmental Permitting (England and Wales) Regulations 2016 

ESD Emergency Shutdown 

EWT Extended Well Test 

GOR Gas Oil Ratio 

GWP Global Warming Potential 

H2O Water 

H2S Hydrogen Sulphide 
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HCL Hydrochloric Acid 

HDPE High Density Polyethylene 

HSE Health, Safety and Environmental 

LNG Liquefied Natural gas 

kg Kilogram 

m Metres 

m3 Metres Cubed 

mm Millimetres 

mmscfd Million standard cubic feet per day 

Nm3/hr Normal cubic meter per hour 

NPPF National Planning Policy Framework 

PAHs Polycyclic Aromatic Hydrocarbons 

PC Personal Computer 

PEDL Petroleum Exploration and Development Licence 

psi Pounds per square inch  

psia Pounds per square inch absolute 

PWWT PW Well Test Limited 

SO2 Sulphur Dioxide 

UK United Kingdom 

US EPA United States Environmental Protection Agency 
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4. APPLICABLE LEGISLATION AND SECTOR GUIDANCE FOR FLARES ONSHORE UK 

Activities associated with the flaring of hydrocarbons onshore UK fall to be considered within the 
scope of a number of environmental legislation. A review of the use of flares against environmental 
legislation has identified the following legislation as being applicable. 

4.1 Environmental Permitting (England and Wales) Regulations 2016 

Activities involving the flaring of associated gas during onshore oil and gas operations will require an 

environmental permit under EPR2016. There are two (2) environmental permits currently applicable 

to flaring of associated gas, activities, these are: 

 A Mining Waste Activity permit, covering the management of extractive waste; and 

 An Industrial Emissions Activity permit, covering the incineration of hazardous waste in a plant 

with a capacity greater than 10 tonnes per day. 

4.1.1 Mining Waste Activity Permit 

Schedule 20 of EPR2016 transposes the requirements of The Mining Waste Directive 2006/21/EC, 

which requires that extractive wastes are managed in such a way that it minimises harm to human 

health and the impact on the environment. It applies to the management of waste resulting from the 

prospecting, extracting, treatment and storage of mineral resources and working quarries, which the 

Mining Waste Directive refers to as extractive waste. The waste can take the form of a solid, liquid or 

gas. 

Schedule 20 of EPR2016 defines a mining waste operation as being the management of extractive 

waste, whether or not it involves a waste facility. Under EPR2016, an environmental permit is required 

to authorise a mining waste operation. For clarity, the extractive waste associated with flaring 

activities includes the flaring of natural gas (associated gas) not exceeding 10 tonnes per day. As the 

Balcombe well testing operations do not include the incineration of natural gas exceeding 10 tonnes 

per day only the Mining Waste Activity permit is applicable and an industrial emissions permit for the 

incineration of natural gas exceeding 10 tonnes per day can be excluded. 

4.2 European Union Emissions Trading System (EU ETS) 

The EU ETS is the European Union (EU) cap and trade scheme for the reduction of greenhouse gas 

emissions by Aviation and Installations Operators. Flares of onshore oil and gas installations with a 

capacity of 20MW thermal or 1.5mmscfd equivalent fall within the scope of the EU ETS and require a 

Greenhouse gas permit issued under this scheme. The Balcombe well testing operations will not 

include the incinerations of natural gas exceeding 0.5mmscfd (circa 6.6MW thermal) and can be 

excluded from the EU ETS. 

4.3 Onshore Oil & Gas Sector Guidance August 2016 

In August 2016, the Environment Agency published its second draft sector guidance. The document 

provides guidance on permitting requirements specific to onshore oil and gas activities, including the 

management of extractive wastes and the operating of an installation. 

Relevant to this Gas Management Plan, the sector guidance makes specific reference to Flaring 

Systems and stated under Types of flaring system that ‘At present there is no published and commonly 

accepted Best Available Technique for flaring systems at onshore oil and gas operations, such as a BAT 

http://www.cuadrillaresources.com/
http://www.cuadrillaresources.com/
http://www.cuadrillaresources.com/
http://www.cuadrillaresources.com/
http://www.cuadrillaresources.com/
http://www.cuadrillaresources.com/
http://www.cuadrillaresources.com/


Gas Management Plan – Balcombe Wellsite 

Printed copies are not controlled: Version No: Issued 1.0  

  

Cuadrilla Resources Ltd 

Cuadrilla House, 6 Sceptre Court, Sceptre Way, Bamber Bridge, Lancashire, PR5 6AW, United Kingdom 

www.cuadrillaresources.com 

Page 9 of 27 

 

Reference document. In the absence of this, and taking a precautionary approach, we consider 

enclosed flares to generally provide the best environmental performance for incinerating waste gases. 

An enclosed flare is usually characterised by the following features: 

 the burners are housed in a thermally insulated enclosure 

 the burners are designed to operate within an enclosure 

 there is a mechanism to control combustion air feed rate to optimize combustion 

However, we will consider other types of flaring systems, including shrouded flares (NB. it is not 

sufficient to retrofit a shroud around the flame of an open flare) or elevated pipe flares (for sour gas 

and safety flares only). Where an alternative system is proposed, the operator will need to demonstrate 

that an enclosed flare is not suitable for their operation and there will not be a worse environmental 

impact as a consequence of applying the alternative techniques. 

The Environment Agency will assess alternative flare types and designs on a case by case basis.’ 

With respect to Design of a flaring system the sector guidance states ‘For all flaring applications you 

must consider the following in the design of flare systems and describe it in your permit application or 

pre-application submission: 

 waste gas flow rate: the flare must be designed to operate efficiently across the range of 

expected waste gas flow rates. Flares have a poor turndown efficiency, which means a large 

flare is insufficient when operated a low flow. For a wide flow range you may need to install 2 

flares, for high and low flow; or install a multiple burner flare, where the burners can be 

operated independently 

 stack height: to ensure adequate dispersion of the exhaust gases 

 noise and vibration: especially for flares with a high flow rate 

 light 

 smoke: there must be no visible smoke from the flare, if smoking is likely a smoke suppression 

system should be included 

 duration 

 management of sour gas and odour control 

If your proposed flare is not an enclosed flare, you must provide a thorough justification, which includes 

the applicability limitations that make an enclosed flare unsuitable and supporting evidence to 

demonstrate that the environmental performance of your proposed technique will be equivalent to 

that of an enclosed flare. 

To demonstrate equivalence, you must ensure that: 

 there is adequate phase separation 

 the shrouded flare is big enough for the gas flow expected and that if it turns out not to be 

then the gas flow can and will be choked back 

 equally that a support gas will be provided to avoid the flare going out due to low flow 

 the shroud is sufficiently high to give adequate dispersion and an assessment of the flame 

length has been made to prevent the flame impinging or escaping from the enclosure 
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 a noise impact assessment has been done on the design proposed across the gas flow range 

expected 

If this is not possible you should propose additional mitigation measures to minimise the environmental 

impact of the operation. The Environment Agency may incorporate additional requirements or 

restrictions into your permit, if it considers that the technique selected does not provide equivalent 

environmental performance. An example of this could be limiting the duration of flaring or limiting the 

cumulative volumes of gas which can be flared.’ 

4.3.1 Environment Agency Commissioned Mott MacDonald Report 

In 2015 the Environment Agency commissioned Mott MacDonald to undertake a review of the flaring 

of waste gases during oil and gas exploration, appraisal and production phases, which in turn would 

present the findings for BAT. As part of the review, Mott MacDonald chaired a BAT workshop with the 

onshore oil and gas industry in March 2015. In addition, Mott MacDonald consulted operators, users 

and vendors during the review and issued questionnaires, responses to which were included in the 

report1. 

The report sets out the various flaring options available to the onshore oil and gas sector, together 

with operational considerations. The Types of flaring systems analysed as part of the BAT review 

included: 

 Enclosed ground flare; 

 Shrouded ground flare; 

 Elevated sonic tip; 

 Elevated pipe flare (steam assisted); 

 Elevated pipe flare (air assisted); 

 Elevated pipe flare (gas assisted); and 

 Elevated pipe flare (no assists). 

Each Type of flaring system was reviewed by Mott MacDonald in consultation with flare 

manufacturers, based on design information and general information relating to operations of flares 

in controlled scenarios.  

Mott MacDonald developed likely scenarios for the wide range of operating envelopes across the 

Project Lifecycle of onshore oil and gas in order to develop BAT. These scenarios are presented as 

Table 4.1 below. It should be noted that Mott MacDonald did not make reference to well clean-up 

within scenario 1, during the exploration/appraisal phase.  

Phase: Scenario: Description: Activity: 

Exploration 
/ Appraisal 

1 High variability in gas flows 
from very small flows to 
5MMscfd and pressures in 
the flare system due to 
uncertain flows 

This is the most likely scenario for exploration and appraisal 
activities during DST and EWT. Exact details of the oil and 
gas are unknown and the operating envelopes can vary 
greatly. The duration of this phase would last no longer than 
6 months and the flare would not operate continuously. 
 
During this phase there is a large amount of variability due 
to reservoir uncertainties. During discussions with the 

                                                           

1 BAT for Onshore Oil and Gas (Mott MacDonald, 2015) 
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operator at the BAT workshop it was noted that control of 
gas flows and pressures may be lost for short periods and 
that highly robust flare system configurations should be 
used. 

2 Flows (up to 5MMscfd) and 
pressures in the flare system 
due to uncertain flows and 
gas is classified as sour 

Could be the case depending on characteristics of the 
hydrocarbon reservoir and therefore could apply to any of 
the above operating scenarios. The duration of this phase 
would last no longer than 6 months and the flare would not 
operate continuously. 

Production 3 Low flow of gas (up to 
5MMscfd) and low pressure 
at flare tip 

This is the most likely scenario during the production phase 
when only a small amount of gas are being flared 
continuously. The duration of this phase would be a number 
of years depending on the life of the reservoir. 

4 High gas flow (in excess of 
5MMscfd) at low back 
pressure at flare tip 

This scenario would occur in emergency situations only and 
therefore expected to be rare. This scenario could occur at 
any point during the life of the reservoir. 

5 Gas flows could be low or 
high and gas is classified as 
sour 

This could be the case depending on characteristics of the 
hydrocarbon reservoir and therefore could apply to any of 
the production phase operating scenarios. The duration of 
this phase would be a number of years depending on the life 
of the reservoir. 

Table 4.1: Scenarios Considered within Mott MacDonald Report 

A cost benefit analysis of the five (5) scenarios was undertaken as part of the review. It considered the 

technical, environmental and financial costs of the Types of flaring systems, based on H1 Annex K 

guidance set out by the Environment Agency (now withdrawn guidance). 

The review of the Types of Flaring systems determined which systems are considered BAT for each of 

the five (5) scenarios. Conclusions drawn from the review is summarised in Table 4.2 below. 

Phase: Scenario: Flare Type Considered BAT: 

Exploration / 
Appraisal 

1 Shrouded ground flare 

2 Elevated pipe flare with no assist 

Production 3 Enclosed ground flare 

4 Enclosed ground flare 

5 Elevated pipe flare with no assist 
Table 4.2: Flare Type Considered BAT within Mott MacDonald Report 
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5. INDUSTRY RECOMMENDED PRACTICES 

Relevant to the determination of BAT is having regard to other industry guidance and practices, such 

as health and safety. A determining factor of BAT is whether the technique is available and, in the 

context of other industry guidance and practices, available can also refer to whether or not it is 

‘allowable for use’. 

The following section sets out the industry guidance and/or recommended practices that are relevant 

to the incineration of waste gases by flare and what constraints they pose in the context of BAT 

assessment. 

5.1 API RP 521 Pressure-relieving and Depressuring Systems 

This standard is applicable to pressure-relieving and vapour depressuring systems. Although intended 

for use primarily in oil refineries, it is also applicable to petrochemical facilities, gas plants, liquefied 

associated gas (LNG) facilities, and oil and gas production facilities. The information provided is 

designed to aid in the selection of the system that is most appropriate for the risks and circumstances 

involved in various installations. 

5.2 API 537 Flare Details for General Refinery and Petrochemical Service 

This standard specifies the requirements and provides guidance for the selection, design, 

specification, operation and maintenance of flares and related combustion and mechanical 

components used in pressure-relieving and vapour-depressurising systems for petroleum, 

petrochemical and associated gas industries. 

Although this international standard is intended for new flares and related equipment, it is also 

possible to use it and evaluate existing flare facilities. 

5.3 The Borehole Sites and Operations Regulations 1995 

The Borehole Sites and Operations Regulations 1995 (BSOR) specifies the minimum requirements 

which must be complied with when undertaking borehole operations to ensure the health and 

protection of those who are employed at a borehole site and those who are not employed but are in 

connection with the borehole operation.  

Specific to flaring activities, BSOR sets out the requirements for: 

 Site planning and design, ensuring adequate space and separation; and 

 Fire, explosion, blowouts and gas escapes, ensuring releases of gases is undertaking in a 

designated area, suitably located and controlled. 

5.4 BS 5908-1:2012 

This British Standard provides recommendations and guidance for the control of fire and explosion 

risks on sites at which chemicals are stored or processed in significant quantities. 

5.5 BS 5908-2:2012 

BS 5908-2:2012 offers guidance on the legislation and standards applicable to onshore industrial 

premises that handle significant quantities of flammable gases, liquids or dusts. 
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6. BEST AVAILABLE TECHNIQUE ASSESSMENT 

6.1 Definition of BAT 

Best Available Technique or (BAT) is defined within the Industrial Emissions Directive (2010/75/EU) as 

‘the most effective and advanced stage in the development of activities and their methods of operation 

which indicates the practical suitability of particular techniques for providing the basis for emission 

limit values and other permit conditions designed to prevent and, where that is not practicable, to 

reduce emissions and the impact on the environment as a whole: 

(a) ‘techniques’ includes both the technology used and the way in which the installation is designed, 

built, maintained, operated and decommissioned; 

(b) ‘available techniques’ means those developed on a scale which allows implementation in the 

relevant industrial sector, under economically and technically viable conditions, taking into 

consideration the costs and advantages, whether or not the techniques are used or produced inside 

the Member State in question, as long as they are reasonably accessible to the operator; 

(c) ‘best’ means most effective in achieving a high general level of protection of the environment as a 

whole;’ 

6.2 BAT Justification for Disposal of Natural Gas 

In order to determine BAT for the disposal of associated gas, Cuadrilla has considered alternate 

techniques, having due regard to the hierarchy of waste management, namely: 

 Harness associated gas for alternative use; 

 Cold venting directly to atmosphere; and 

 Incineration of associated gas by flare. 

Whilst the harnessing of associated gas for further use, such as electricity generation, during the 

exploratory operations is technically feasible, it would require the permanent installation of 

processing and electricity generating equipment on site and connection to the national grid. In order 

to operate the equipment safely and efficiently, the equipment would be specified based on 

established gas composition and flow rates, which at this early stage of exploration, the Operator 

simply does not have. The purpose of the proposed well test operation is to establish the presence of 

hydrocarbons and to determine its characteristics. As the specification for an installation of processing 

and electricity generating equipment requires known gas composition and flow rates, it is not feasible 

to harness the associated gas and, therefore, cannot be considered BAT. 

Hydrocarbon gases, such as methane (CH4), have a Global Warming Potential (GWP) 25 times greater 

than carbon dioxide (CO2e), based on a 100-year time horizon, therefore, venting of unburnt 

hydrocarbons represents an increase in environmental impact over flaring of associated gas. In 

addition, the venting of large volumes of hydrocarbons presents an increased risk of fire and/or 

explosion. 

Ordinarily, venting of associated gas is only considered in the event that low volumes of associated 

gas is anticipated and evidence is available to support the cost of installing a flare unit for this activity 

would be disproportionate to the environmental benefit that flaring would achieve and that the risk 

associated with venting has been deemed As Low as Reasonably Practicable (ALARP). When 
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determining BAT for the Balcombe exploratory operations, the following points were considered with 

respect to cold venting: 

 An increase in environmental impact; 

 An increase of the risks associated with safety; and 

 Minimal cost increase using a flare, which in turn reduces both environmental impact and 
safety risks. 

As outlined above, the harnessing of associated gas for reuse and the disposal of associated gas via 

cold venting cannot be considered BAT, therefore, Cuadrilla considers the disposal of associated gas 

by flare is BAT for the Balcombe exploratory operation. 

Having established, for the purpose of this assessment, that BAT for the management of waste gases 

from hydrocarbon exploration is the incineration by flare. 

6.3 BAT Justification for Flaring of Associated Gas 

The Environment Agency is the regulatory body for the permitting of flare systems in England and 

Wales under EPR2016. The Environment Agency considers an enclosed ground flare to be BAT, as it 

provides the best environmental performance for treatment of waste gases from onshore oil and gas 

operations. 

The Environment Agency consider an enclosed flare BAT due to the technical design of the flare, 
including; 

 Burners that are housed in a thermally insulated enclosure (not a shroud); 

 Burners that are designed to operate within an enclosure; and 

 A mechanism to control the combustion of air feed rate to optimise combustion. 

The Environment Agency have stated, however, they will give consideration for alternate methods of 
treatment for waste gases if an enclosed flare is not applicable, or equivalent environmental 
performance can be achieved, on the basis that evidence of this can be provided. 

Having established BAT for the method of disposal of associated gas recovered from a reservoir as 
flaring, Cuadrilla have considered a number of types of flares for the incineration of associated gas 
during the well test operations, including: 

 Enclosed ground flare; 

 Shrouded ground flare; and 

 Elevated pipe flare. 

Each flare has been assessed against the following criteria: 

 Its ability to safely incinerate associated gas with high methane content across a significantly 

variable range of flowrates and inlet pressures, such as those likely to be experienced during 

the initial phase of hydrocarbon exploration, DST or well clean-up; and 

 Environmental performance. 

For the purpose of this BAT assessment, cost has not been included. Whilst economic viability is a 
consideration of BAT, technical viability and environmental performance are the most critical 
consideration. The findings of the assessment, together with a conclusion of BAT are detailed in the 
following subsections. 
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6.3.1 Enclosed Ground Flare 

Enclosed flares, such as those used in landfill, are designed with either a single or multiple burner, to 

incinerate associated gas with low methane content, typically around 56% methane and 31% carbon 

dioxide2. These flares are limited insofar as inlet pressure and flowrate capabilities, therefore, can only 

be used for oilfield purposes when there is significant confidence that any associated gas pressures 

and/or flow rate is low. Examples where enclosed landfill type ground flares can be used for oilfield 

purposes are EWT and production of oil with low gas to oil ratio (GOR) or coal bed methane, where it 

is known that the methane content is high but the pressures and flows are low. 

Enclosed flares have been designed and do exist specifically for oilfield purposes, however, from 

experience, their environmental performance is based on consistent pressures and flow rates. 

Enclosed ground flares are more sophisticated than open pipe flares or shrouded ground flares and 

are not easily modified to accommodate increase in support gas to sustain combustion efficiency. 

Recent experience of a sophisticated enclosed ground flare being used onshore UK for hydrocarbon 

exploration resulted in poor environmental performance due to an inability to combust associated gas 

during periods of low inlet pressure, circa 1.2 bar(g). Below 1.2 bar(g) associated gas was effectively 

being cold vented with no feasible way of increasing support gas to sustain combustion efficiency. 

Likewise, the enclosed ground flare had a modest maximum flow rate, which in turn, restricted the 

ability to ‘rock the well’ in an attempt to sustain a consistent flow rate. 

Sophisticated enclosed ground flares that achieve high environmental performance are designed and 

constructed to operate in a narrow operating envelope, based on known gas compositions, flow rates 

and pressures. Evidence to support this being the case is contained within the Mott MacDonald report. 

In response to a questionnaire, flare manufacturer Zeeco states ‘We would not decide on the flare 

design based on what the customer is doing on their site. We would take their process data and select 

the best flare to achieve their specified goals. Often we don’t know what the application is. We simply 

look at the gas composition and condition of supply to our battery limit along with the customers 

desired result and availability of utilities.’ 

The limitations of low pressure and maximum flow rate, when used during the initial phase of 

hydrocarbon exploration, DST or well clean-up, where the gas composition, pressure and flow rates 

are unknown will inevitably result in a poor environmental performance and a protracted well 

operation. 

Once the initial phase of hydrocarbon exploration, DST or well clean-up, has established gas 

composition, consistent pressures and flow rate, contrary to the Mott MacDonald report, the industry 

generally accepts that an enclosed ground flare can then be specified and subsequently used for EWT 

and production.     

6.3.2 Shrouded Ground Flare 

A shrouded flare, such as the PW Well Test Limited (PWWT) shrouded flare’s initial design and 

construction, is essentially an open pipe flare, which is designed to incinerate associated gas with high 

methane content across a significantly variable range of flowrates and inlet pressures, such as those 

likely to be experienced during the initial phase of hydrocarbon exploration, DST or well clean-up, 

                                                           

2 Environment Agency Guidance on Landfill Gas Flaring Version 2.1 
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where the gas composition, pressure and flow rates are unknown. Whilst having lower combustion 

efficiency due to not having multiple burners, a shrouded flare provides confidence of associated gas 

combustion across the significantly variable range of flowrates and inlet pressures. Historically, pre 

August 2013, open pipe flares have been used extensively onshore UK without significant impact or 

concern. 

Due to their simplicity of design, shrouded ground flares can be easily modified to aid combustion 

efficiency at low inlet pressures. This can be achieved by increasing the flow of support gas (propane). 

The shroud placed around the flare tip aids in the reduction of the environmental impact, with respect 

to noise and visual impact. The size of the shroud is largely dictated by transportation restrictions 

onshore UK. As stated in National Planning Policy Framework (NPPF), minerals, which includes oil and 

gas, ‘can only be worked where they are found’, often resulting in wellsites being located in areas with 

minimal and restrictive highway infrastructure.  

6.3.3 Elevated Pipe Flare 

Elevated pipe flares generally have a single burner flare tip, elevated some metres above ground to 

provide greater dispersion performance. The flare tip is not enclosed nor is it shrouded, resulting in a 

visible flame and no noise attenuation. 

Elevated flares are capable of incinerating associated gas with high methane content across a 

significantly variable range of flowrates and inlet pressures, such as those likely to be experienced 

during the initial phase of hydrocarbon exploration, DST or well clean-up, where the gas composition, 

pressure and flow rates are unknown. 

Unlike an enclosed ground flare, which uses a multi-burner design to increase residence time to 

improve combustion efficiency, elevated pipe flares have the ability to introduce air or steam, which 

is injected into the gas to generate turbulence. This is referred to as air or steam assist. Generating 

turbulence improves combustion efficiency by allowing the methane to mix with the air, resulting in 

greater methane destruction. 

Elevated pipe flares are suitable for H2S service, where the concentration of H2S is expected to be high. 

The risk of unburnt H2S being present or high concentrations of SO2, as a result of incineration, is a 

significant health and safety consideration, mitigated by elevating the release point to increase 

dispersion. 

6.4 BAT Conclusion 

A number of Types of flares have been assessed with respect to BAT for hydrocarbon exploration.  

Sophisticated enclosed ground flares that achieve high environmental performance are designed and 

constructed to operate in a narrow operating envelope, based on known gas compositions, flow rates 

and pressures. The limitations of low pressure and maximum flow rate, when used during the initial 

phase of hydrocarbon exploration, DST or well clean-up, where the gas composition, pressure and 

flow rates are unknown and generally varied, has the potential to result in a poor environmental 

performance and a protracted well operation, when operating outside of a narrow operating 

envelope. 
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Whilst it is accepted that the elevated pipe flares are an appropriate type of flaring system for 

incineration of associated gas with a high concentration of H2S, they are generally not suitable for 

operating in a non-industrial environment, due to increased visibility and noise (environmental 

considerations). Where health and safety becomes the overarching factor, as is the case with high 

concentrations of H2S, then a compromise is struck with respect to environmental considerations.  

Shrouded ground flares, having been designed around an open pipe flare, provide for the incinerate 

associated gas with high methane content across a significantly variable range of flowrates and inlet 

pressures, such as those likely to be experienced during the initial phase of hydrocarbon exploration, 

DST or well clean-up, where the gas composition, pressure and flow rates are unknown. They provide 

the Operator with confidence that associated gas can be destroyed, albeit at a slightly reduced 

combustion efficiency. Nevertheless, the ability to function across variable flowrates and pressures is 

a significant safety consideration and one, which outweighs a slight reduction in environmental 

performance.  

Enclosed flares, such as those used in landfill, are designed with either a single or multiple burner, to 

incinerate associated gas with a low methane content. These flares are limited insofar as inlet pressure 

and flowrate capabilities, which are not suitable for oilfield purposes. 

Enclosed flares for oilfield use may be suitable for use, although their environmental performance 

requires consistent flow rates and certain minimum inlet pressures. Enclosed flares are a significantly 

more sophisticated piece of equipment that are not easily modified to accommodate increase in 

support gas to sustain combustion efficiency. The use of an enclosed ground flare would limit the 

scope of effectively combustible flowrate to a minimum which may result in the unintended release 

(venting) of associated gas including methane (CH4) which has a Global Warming Potential (GWP) 25 

times greater than carbon dioxide (CO2e) based on a 100-year time horizon. 

Whilst it is accepted that enclosed flares may be suitable for production operations where a greater 

understanding of flow rates, pressure and gas composition have been achieved they are not suitable 

for well testing operations and initial flow testing in general, where high variability of flow is likely. 

Shrouded flares, such as the PWWT shrouded ground flare, has been designed to incinerate gas with 

high or variable methane content and accommodates a suitable range of flowrates and inlet pressures. 

The shroud placed around the flare tip aids in the reduction of visible impact and noise. 

The PWWT shrouded ground flare is considered technically feasible for use during the Balcombe 

exploratory operation. The PWWT shrouded ground flare is functional for most gas compositions, 

however, it is anticipated that during exploratory operations, that this will fluctuate due to variable 

flow rates. That said, Cuadrilla ’s experience with enclosed flares leads it to the conclusion that, at low 

flow rates, the PWWT shrouded ground flare will perform much better and can easily be modified to 

accommodate additional support gas, if required. For the reasons set out in this document, BAT for 

the incineration of waste gases during the Balcombe well testing operation is a shrouded ground flare. 
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7. IDENTIFICATION OF WASTE GAS STREAMS 

An assessment of the activities to be undertaken during the proposed well testing operations has been 

undertaken to identify potential activities that may give rise to waste gas streams and is summarised 

in Table 7.1 below. 

Activity Process Equipment Emission Point EWC Quantity 

Well Test Flaring PWWT Flare Flare Tip 16 05 04 <10 Tonnes per day 

Well Test Oil Storage Oil Storage Tank Stock tank vent line 16 05 04 De minimis 
Table 7.1: Identification of Waste Gas Streams 

Emissions of associated gas from the oil storage tank vent line have been assessed as insignificant 
within the assessment as in reality the release of associated gas is unlikely given that the gas has 
already been separated from the oil at the three phase separator prior to the oil being transferred to 
the oil storage tank.  

There may be some levels of trace associated gas within the oil after transfer from the 3 phase 

separator, however, this volume is low and has been determined as de minimis within this assessment. 

7.1 Gas Composition 

Due to the unknown composition, quantity and pressure of any associated gas that may be 

encountered during the well testing operation, a sampling programme of any associated gas 

encountered will be implemented by Cuadrilla. 

Samples of associated gas will be undertaken from a sampling point identified within the well test 

equipment and transferred to an MCERTS accredited laboratory for analysis. Sampling will be 

undertaken in accordance with an authorised sampling programme to ensure integrity of the sample 

is maintained throughout the sampling process. 

Analysis results will be used to calculate and point source emissions to air which will be reported to 

the Environment Agency in accordance with the Balcombe wellsite environmental permit 

(EPR/AB3307XD). 
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8. WASTE CLASSIFICATION OF ASSOCIATED GAS 

An assessment of the potential waste gas (associated gas) arising from the Balcombe well testing 

operations has been undertaken. The potential waste, together with its classification anticipated 

quantities, prevention, minimisation, treatment and disposal is provided in Table 8.1 below. 

Natural Gas 

Waste 
Classification, 
Quantity and 
Storage 

Classification Hazardous 

EWC Code 16 05 04 

Estimated Quantity < 10 Tonnes per day 

Onsite Storage None – Incineration by Ground Flare 

Storage Duration Not Applicable 

Odour Potential  No Odour Anticipated 

Operation / 

Activity 

During exploratory operations there is a likelihood of natural gas being produced 
from the formation and flowed at different rates to determine the characteristics 
of the formation, allowing Cuadrilla to determine whether or not the reservoir is 
capable of producing commercial quantities of natural gas. 

Waste 

Prevention 

and 

Minimisation 

The ability to prevent or minimise natural gas is extremely limited during this 
operation as it is required to enable Cuadrilla to determine the condition and state 
of the reservoir. Given that the operation is exploratory, no consideration has been 
given at this stage to capture the gas for sale and transportation for reuse as a fuel 
or other means of generating energy.  

Due to the unknown composition, quantity and pressure of any natural gas 
encountered during the well testing operations, the generation of electricity by 
means of a gas powered generator and connection to the national grid is not 
considered feasible for such a temporary operation. Due to the infrastructure 
required to suitably store natural gas onsite in a liquid state for subsequent offsite 
transfer to a liquid natural gas receiving facility it is not feasible for such a 
temporary operation. Only at the point of incineration is the natural gas 
considered a waste. 

Waste 

Treatment 

and Disposal 

Natural gas is separated from produced fluids at surface and diverted via pipework 
to a ground flare located onsite for incineration. 

The ground flare will be fitted with a pilot and an electrical ignition system. The 
flare will also be continuously propane fed to allow for a continuous flame. 

Waste 

Remaining in 

the Formation 

None. Natural gas naturally occurs within certain hydrocarbon bearing formations 
and is only considered as a waste when produced from the well. 

Monitoring 

During flaring operations, the flare will be managed through onsite supervision and 
interlinked safety and performance systems (e.g. pressure/flow safety ESD valves, 
combustion temperature) to ensure its effectiveness and efficiency. Gas rates 
through the flare can be controlled using the choke manifold and metered in the 
gas line inlet line.  

Table 8.1: Waste Classification – Natural Gas (Associated Gas) 
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9. GAS MANAGEMENT FOR HYDROCARBON EXPLORATION 

This gas management plan has been produced as part of a request for information by the Environment 

Agency who regulate onshore oil and gas operations through EPR2016. The request for information is 

stated as follows. 

“Please provide a fully detailed gas management proposal in line with the requirements of the Onshore 

Oil and Gas sector guidance (Version 1, issued August 2016). This will need to address the design, 

operation, monitoring and reporting of any flare proposed for use on site. You will also need to 

demonstrate how your proposal satisfies BAT, or appropriate measures, as applicable. If your proposal 

includes any activities that do not satisfy BAT, you will need to provide a detailed BAT equivalence 

argument which demonstrates why a BAT approach is not appropriate for your operation and how 

your alternative proposal will lead to similar outcomes.” 

9.1 Well Testing Process at Surface 

During the well testing operation, associated gas is flowed to surface, together with any produced 

fluids (oil, condensate and formation water). Once at surface, associated gas and produced fluids will 

be diverted by temporary pipework through a series of well testing equipment. 

9.1.1 Surface Safety Valve 

A Surface Safety Valve (SSV) is a hydraulically actuated fail-safe valve that is used during the testing of 

exploratory wells. The SSV is used to ensure that in the event of overpressure or other emergency 

scenarios the well can be immediately shut in. The SSV will be remotely operated by an Emergency 

Shutdown Device (ESD) which can be triggered automatically by high or low pressure pilot actuators 

as set by the operator. 

9.1.2 Choke Manifold 

A choke manifold will be in place at the Balcombe wellsite during the well test operations. The purpose 

of the choke manifold is to reduce the pressure received from the wellhead prior to being processed 

within subsequent well testing equipment such as test separators. 

The primary purpose of the choke manifold is to effectively control the flow of associated gas and 

produced fluids from the well ensuring that a metered consistent volume of produced fluids and 

associated gas are placed both into the subsequent stock tanks and the flare unit respectively. The 

choke manifold can be considered a physical limiter on the flare gas volume.  

9.1.3 Test Separator 

The test separator is designed to efficiently separate associated gas and produced fluids during the 

well testing phase. The separation process is three (3) phase and includes separating associated gas 

from produced fluids, followed by the separation of oil (including gas condensate) and formation 

water and solids. The process of separation relies on the different densities of the associated gas, oil, 

formation water and solids which will separate naturally within the three (3) phase separator. 

Formation water will be diverted via temporary pipeline to a stock tank held on the wellsite. The 

separators control equipment controls and measures the flow rates and pressures of the produced 

fluids and gas exiting the separator thus ensuring the volumetric control of the downstream produced 

fluids and gas stream 
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The Maximum Allowable Working Pressure (MAWP) of the proposed three (3) phase separator is 

1,350 psi (93 bar). Built in pressure relief valves and a high pressure switch, which will trip the ESD or 

SSV, will also be in place, shutting the well in in the unlikely event of over pressure in the well. 

9.2 Incineration of Associated Gas 

Following the three (3) phase separation, associated gas is diverted via temporary pipework to a 

shrouded ground flare for incineration. Justification for the disposal of associated gas via a flare unit 

has been presented within Section 6 and concludes that the PWWT shrouded ground flare will perform 

much better and can easily be modified to accommodate additional support gas, if required. Full 

details of the PW Well Test shrouded ground flare have been provided within Section 10. 

9.3 Oil Storage 

Following the three (3) phase separation, oil (together with gas condensate) is diverted via temporary 

pipework to dedicated oil storage vessel (stock tank) within the active area of the wellsite. 

9.3.1 Storage Vessel and Containment 

The oil storage vessel will:  

 be sufficient in strength and structural integrity to ensure that it is unlikely to burst or leak in 
its ordinary use;  

 be fitted with level detection and alarms and overfill protection;  

 be situated within a secondary containment system which;  
o is a minimum of 110% of the storage capacity of the largest vessel, or 25% of the 

aggregate capacity, whichever is greater;  
o is positioned so as to minimise the risk of damage by impact from vehicles or 

machinery;  
o is constructed of materials that are impermeable to water and oil, including the 

walls, base and sealant used in joints;  
o have no penetrations through the base and walls; and  
o is capable of withstanding the hydrostatic head of liquid when full.  

9.3.2 Vent Line and Release Point 

Oil storage vessels will be protected from under and over pressurisation by having a dedicated vent 

line (stock tank breather line). Stock tank vent lines will be connected together to ensure that only a 

single release point exists.  

Point source emissions to air, specifically the oil storage vessel vent line will be reported to the 

Environment Agency in accordance with the Balcombe wellsite environmental permit 

(EPR/AB3307XD). 

Monitoring of emissions to air will be undertaken in line with advice from the Cuadrilla air quality 

consultant and shall be reported to the Environment Agency accordingly.  
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10. PW WELL TEST SHROUDED GROUND FLARE 

The PWWT shrouded flare is currently the only shrouded ground flare available in the UK. 

The following section sets out the design, construction and proposed modifications to the PWWT 

shrouded flare, together with safety considerations and its environmental performance. 

10.1 Flare Design 

10.1.1 Initial Design and Construction 

The PWWT shrouded flare was commissioned and manufactured by Cuadrilla in 2011 for its own use 

onshore UK and formed part of the Cuadrilla well testing package. 

The flare was manufactured to an open pipe flare design of a single 78mm (3.068”) diameter open 

pipe flare, elevated 3.1m above ground, with an 8.5m long by 2m diameter steel shroud. The 78mm 

(3.068”) open pipe flare was concentric within a 356mm (14”) diameter steel pipe, with a pilot line 

and air assist line running up the outside. 

Both the pilot line and the air assist line extend to the flare tip. The pilot line delivers propane, from 

tanks located a safe and sufficient distance from the flare, to a continuously lit flame, providing a 

reliable and secure means of ignition at the flare tip. The air assist line delivers air to the flare tip from 

an air compressor, generating turbulence and increasing combustion efficiency. The air compressor is 

a typical mobile design, which is noise attenuated. 

The flare was designed to operate across a wide flow range of between 0.0mmscfd and 7.5mmscfd. 

The flare has been operated in the UK by Cuadrilla and later in Poland under an equipment rental 

contract, prior to being acquired by PWWT for use onshore UK as part of a full well testing service. 

10.1.2 Operational History 

The operational history of the PWWT shrouded flare, since being acquired by PWWT in 2014, is 

presented in Table 10.1 below. 

Date: Wellsite: Operator: Description: 

January 2015 Wressle  Egdon Resources Limited Well test operations 

September 2015 Saltfleetby Wingas Storage UK Limited Well bleed-off operations 
Table 10.1: PWWT Shrouded Flare Operational History 

During its operational history, additional equipment has been retrofitted to the flare in order to meet 

pre-operation requirements of environmental permits. Such equipment includes thermocouples and 

data logging facility. 

10.1.3 Proposed Design Modification 

Following acquisition and subsequent use of the flare, PWWT’s intention was to modify the flare to 

improve environmental performance, whilst maintaining a variable flow range capability. The initial 

design evaluation determined that the flare was capable of operating across a flow range of between 

0.0mmscfd and 6.5mmscfd, which is a reduction of 1.0mmscfd when compared to the original design. 

The initial design modifications were associated with the inlet manifold and burner configuration, the 

configuration of which is as follows: 
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 A single 76mm (3”) Fig.206F gas inlet to a four (4) way outlet; 

 Two (2) 78mm (3.068”) diameter outlets, each with a single 76mm (3”) isolation ball valve; 

 A single 52.5mm (2.066”) diameter outlet, with a single 76mm (3”) isolation ball valve; and 

 A single 41mm (1.61”) diameter unrestricted (permanently open) safety outlet.   

Isolation ball valves were to be of stainless steel construction, approved for gas use. As flow rate 

increased, the number of valves could be opened manually.  

Since the initial design modifications were identified, there has been no requirement to use the 

shrouded ground flare, primarily due to a reduction in exploration activity onshore UK. With this in 

mind, the proposed design modifications, consisting of an inlet manifold and burner configuration 

have not been implemented. Instead, the design modification is now operation specific, interchanging 

the diameter of the single burner, based on anticipated flow rate. 

The operational specific configuration proposed for the Balcombe exploratory operations is a single 

(1.25”) diameter outlet, providing a flow rate of 0.3mmscfd restricting the flare flowrate to a limit of 

10 tonnes per day in accordance with environmental permit (EPR/AB3307XD). 

To mitigate against the flame entering the outlets, commonly referred to as ‘flash-back’, the flare will 

be fitted with a ‘quick closing valve’ and fail-safe spring return pneumatic actuator. A thermocouple 

will be fitted downstream of the outlet and a gas pressure transmitter will be installed within the gas 

delivery pipe, upstream of the outlet. The thermocouple will detect the presence of an initial ‘flash-

back’, sending a signal to the ‘quick closing valve’ to activate closure of the valve. 

The pilot line and air assist line are to remain in place, so too are the thermocouples and data logging 

facility. Propane tanks, which provide a continuous fuel source to the pilot light, will be located at safe 

and sufficient distance from the flare so as not to be affected by radiant heat emitted from the flare.  

10.2 Safety Considerations 

Health and safety legislation and industry guidance and/or recommended practices relevant to the 

incineration of waste gases by flare impact on the determination of BAT. Primary guidance for the 

exploration of hydrocarbons onshore UK requires those undertaking operations to ensure the health 

and protection of those who are employed at a borehole site and those who are not employed but 

are in connection with the borehole operation. With respect to the management of associated gas, 

those undertaking operations must ensure that the releases of gases is undertaken in a designated 

area, suitably located and controlled.  

Sophisticated enclosed ground flares that achieve high environmental performance are designed and 

constructed to operate in a narrow operating envelope, based on known gas compositions, flow rates 

and pressures. The limitations of low pressure and maximum flow rate, when used during the initial 

phase of hydrocarbon exploration, DST or well clean-up, where the gas composition, pressure and 

flow rates are unknown and generally varied, has the potential to result in a poor environmental 

performance, which in turn may result in the presence and accumulation of un-combusted associated 

gas. 

Shrouded ground flares, having been designed around an open pipe flare, provide for the incinerate 

associated gas with high methane content across a significantly variable range of flowrates and inlet 

pressures, such as those likely to be experienced during the initial phase of hydrocarbon exploration, 
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DST or well clean-up, where the gas composition, pressure and flow rates are unknown. They provide 

those undertaking operations with confidence that associated gas can be destroyed, albeit at a slightly 

reduced combustion efficiency. Nevertheless, the ability to function across variable flowrates and 

pressures is a significant safety consideration and one, which outweighs a slight reduction in 

environmental performance but does not lead to a significant reduction in air quality. 

10.3 Environmental Performance 

Given that the flare has not been used in its proposed configuration, reliance to inform environmental 

performance is based solely on flare simulation software. In order to demonstrate environmental 

performance Cuadrilla plan to undertake environmental monitoring and control of the flare which is 

set out within Section 11 of this Gas Management Plan. 

10.3.1 Combustion Efficiency 

Combustion efficiency of a flare is generally based upon the flares ability to destroy methane, which 

in turn produces carbon dioxide (CO2) and water (H2O). The combustion efficiency of higher 

hydrocarbons, such as benzene and Polycyclic Aromatic Hydrocarbons (PAHs), is generally expected 

to be lower. 

Higher combustion efficiency is achieved by increasing the residence time at the flare tip, allowing 

time for the methane to mix with air, resulting in greater methane destruction. Residence time is 

increased by generating turbulence, which, in the case of an enclosed ground flare is generated by a 

multi-burner design. Elevated pipe flares do not have multi-burners. Turbulence is generated by the 

introduction of air or steam, which is injected into the gas. This is referred to as air or steam assist. 

10.4 Flaring Operations 

During the well testing programme, the PWWT shrouded ground flare will be installed for the 

incineration of any associated gas encountered. The shrouded ground flare will be equipped with a 

continuous burning pilot flame and an auto ignition system thus ensuring that combustion of 

associated gas at the flare tip is maintained. For clarity, the pilot flame will be fuelled by propane 

supplied from storage tank(s) located a safe and sufficient distance from the flare. 

The flare flowrate is required to be restricted to a limit of 10 tonnes per day in accordance with 

environmental permit (EPR/AB3307XD). To ensure compliance, the flare will be restricted by a hard 

engineering solution and details of the restriction will be submitted to the Environment Agency for 

approval prior to commencement of flaring operations. Ordinarily the means of physical restriction is 

based on the use of a smaller flare tip and orifice plates. 

It is anticipated that flaring activities will occur continuously over a short period time not expected to 

exceed seven (7) days. 

An initial air dispersion modelling assessment from flaring operations has been undertaken by 

Cuadrilla’s air quality consultant assessing the potential impact on local air quality from flaring during 

the proposed well test operation 

11. ENVIRONMENTAL MONITORING AND CONTROL 
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Monitoring to determine the environmental performance of the PWWT shrouded flare will be 

undertaken during the proposed well testing programme. The following section describes the 

monitoring to be undertaken.  

11.1 Flow Rate 

Gas flow rate is measured on the separator gas line. The gas line meter run includes a Daniel orifice 

Meter with interchangeable plates connected to a differential chart recorder. A differential pressure 

across an orifice plate is measured continually during flow periods. It is indicated on a chart which can 

be read by a well test operator monitoring the separator. Other parameters such as pressure and 

temperature are recorded at the same reading intervals to give a real time flow rate. Such information 

will then be transposed to a digital spreadsheet at the end of the operation. 

During periods of variable flow rate, reading intervals will be frequent. During periods of stable flow 

rate, reading intervals will be extended to thirty (30) minutes. 

11.1.1 Control 

During well testing operations, the adjustable choke box will be used to control flowrate and pressure 

through the well test package on a small choke setting. The flowrate threshold for a well testing 

operations will vary, depending on the well specific requirements, and be set out in the environmental 

permit and associated waste management plan. The flow rate capability of the PWWT will be 

physically restricted with the use of a single diameter outlet. 

11.2 Combustion Efficiency 

The combustion efficiency of associated gas is dependent on temperature. Thermocouples located at 

predetermined intervals within the shroud will continually measure heat release from the flame 

during the well test, which in turn is used to calculate flame temperature. As is the case with flame 

temperature increasing and decreasing with flowrate, temperature recorded at the thermocouples 

will also increase or decrease with flowrate, relative to the location of the thermocouples and flame 

position.   

Data collected from each of the thermocouples will be recorded and stored within a data logger, which 

will be downloaded to PC. The thermocouples also provide an instantaneous reading of flame 

temperature, which will be recorded manually by the flare operator and transposed to a digital 

spreadsheet at the end of the operation. 

11.2.1 Control 

Flame temperature increases and decreases with flowrate. Optimal flame temperature is 850°C, the 

temperature at which complete oxidation of Carbon Monoxide occurs and at which the formation of 

partially oxidised PAHs is prevented. 

Should thermocouple monitoring indicate a sub-optimal flame temperature is being achieved, the 

flare operator will notify the choke manifold operator, who will attempt to increase flowrate. It should 

be noted that by increasing flow rate, the flame length will increase. The flare operator and choke 

manifold operator will be in constant communication with each other and the choke manifold 

operator will continually adjust the choke such that flame temperature is maximised, whilst 

maintaining flame length within the shroud. 
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11.3 Flame Length 

The flame length threshold when operating a flare is ‘any visible flame’. In the event a flame becomes 

visible, the flow rate will be reduced accordingly until the flame is no longer visible. 

During use of the flare, the flame length will be continually monitored visually by the dedicated flare 

operator, who will be positioned immediately adjacent to the flare. The flare operator will be in 

continuous communication with the choke manifold operator. 

In addition, a well test operative will position himself close to the boundary of the wellsite, in full view 

of the flare. All other personnel onsite will be informed at their induction of the requirement to notify 

the Wellsite Supervisor if they observe a flame visible above the flare shroud. 

During initial start-up of the well test, when incineration of associated gas is established, there is likely 

to be a short period of time when the flame may be visible above the shroud. This is to be expected, 

as the choke operator adjusts flowrates and pressures in order to establish a consistent flow, control 

flame height so it is not visible and optimise the combustion temperature. If the flame remains visible, 

then the controls detailed in Section 11.3.1 must be applied. 

Due to recent sensitivity surrounding the industry and experience gained from recent flaring activities 

onshore UK, it is recommended that video footage of the flare is acquired whist it is in operation. It 

provides evidence to support compliance with threshold limits.  

11.3.1 Control 

During well testing operations, the rate at which well fluids flow to surface is primarily dictated by the 

permeability of the reservoir formation. For the purpose of this work instruction, it is assumed that 

there is good permeability, sufficient to sustain flow to surface under test conditions. 

At surface, petroleum flows from the well, through the well test package, which includes three (3) 

phase separation, consisting of produced water, hydrocarbon liquids and hydrocarbon gas. Produced 

water and hydrocarbon liquids are diverted from the separator to individual storage tanks on site. 

Hydrocarbon gas is diverted to the flare for incineration. Flowrate through the well test package, 

including to the flare, is controlled by a choke manifold, which is the master pressure controller. It is 

located immediately downstream of the wellhead and is fitted with a variable choke box (adjustable) 

and a fixed choke box, with a full range of calibrated choke beans for flow rate references. The Choke 

manifold has tap-in points for pressure monitoring, temperature monitoring and fluid sampling. 

During the well test, the adjustable choke box will be used to control well pressure on a small choke 

setting. Should the flame length start to exceed the shroud height, the flow rate will be reduced at the 

choke manifold. In turn, this will reduce the inlet flow rate of hydrocarbon gas to the flare, resulting 

in a reduction in flame length.   

When the well is flowing, the well test package is continuously manned and periodic checks of the 

flare are undertaken, including temperature and flame condition. A dedicated well test operative will 

be assigned to continuously monitor the flare during testing operations and shall be in full 

communication with the dedicated choke manifold operator, advising the choke manifold operator of 

the flame characteristics. Choke adjustments are normally carried out in 4/64” increments, with 

upstream and downstream pressures monitored throughout. 

If necessary, due to any safety concerns, the well can be shut in at the choke manifold. The well test 

package will have an active Emergency Shutdown (ESD) system in operation throughout the well 
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testing operation. All well testing personnel must be trained in its use, including how to shut in the 

well in the event of an emergency. 

11.4 Air Quality 

An initial air dispersion modelling assessment of the environmental performance of associated gas 

flaring using the PWWT shrouded flare has been carried out by Cuadrilla’s air quality consultant. The 

assessment was conducted using the US EPA model AERMOD PRIME version 12060. 

The assessment concludes that the modelled emissions of oxides of nitrogen and carbon monoxide 

from the flaring of associated gas during the proposed well test operation will not affect the 

achievement of the relative short-term air quality strategy objectives for human health. 

11.5 Emergency Situations 

In the unlikely event of an emergency situation arising during the well test operation, for example a 

failed component or exceedance in pressure leading to one of a number of pressure relief valves 

within the well test package being activated, the well will be shut. 

Primary well control during a well test is the choke manifold, which must be fully certified and pressure 

tested to ensure it is sufficient to withstand the anticipated well pressures and a downhole shut in 

tool operated on the drill string.  Secondary well control is an active ESD, which consists of a 

hydraulically operated Surface Safety Valve (SSV) located between the wellhead and the choke. 

Depending on the nature of the emergency situation, the well will be shut in at the choke if there is 

any visual indicator of a potential emergency situation starting to occur. If the emergency situation is 

not so obvious, such as pressure build-up within the well test package, high pressure sensors located 

at the choke and at the three (3) phase separator, will send an electronic signal to the SSV, which will 

close, isolating the well from the well testing package. 

11.6 Recording and Reporting 

The following parameters will be recorded and made available for inspection by the Environment 

Agency upon request: 

 Gas flow data presented as mmscfd at 60 F & 14.696 psia. The data will also be presented as 

Nm3/hr; 

 Flame temperature during periods when the flare is being operated. The information will be 

generated both by a data logger, which is downloaded to PC and by visual readings, which are 

transposed to a digital spreadsheet; and 

 Flame length will be monitored whilst the flare is being operated using a digital video recorder 

linked to hard drive. The purpose of video monitoring is to document compliance with the 

flame length threshold. 
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