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Executive Summary 

High Efficiency Particulate Air (HEPA) filters are widely used in nuclear facilities. Whilst it is known that 

HEPA filter strength deteriorates over time, there are: 

 No in-situ non-destructive tests to evaluate their strength; and 

 Only limited understanding of failure mechanisms.  

Given this knowledge gap, the Office for Nuclear Regulation (ONR) commissioned research to determine the 

adequacy of HEPA filter relevant good practice. This research sought to understand developments in: 

1) Causes of HEPA filter ageing and degradation; 

2) HEPA filter mechanical resilience / robustness; and 

3) In-situ testing methods of filter integrity.  

 

Conclusions 

 

1) Causes of HEPA Filter Ageing 

 

 Qualitative understanding of HEPA filter ageing factors is considered adequate. 

 Accurately quantifying reductions in HEPA filter life from ageing factors is currently not possible. This is 

due to the lack of accessible information regarding the working conditions of tested filters.   

 Artificial ageing methods may allow rapid ageing of new filters.  

 Understanding of HEPA filter ageing could be improved by combining laboratory and operational data. 

 No empirical evidence has been identified regarding the impact of Dispersed Oil Particulate (DOP) testing 

on HEPA filter mechanical performance. 

 

2) Developments in HEPA Filter Mechanical Robustness 
 

 High strength HEPA filters may improve mechanical resilience. 

 High strength HEPA filters may reduce lifecycle costs, although further cost analysis is required to 

demonstrate this. 

 Superior ageing claims of high strength HEPA filters have not been demonstrated. 

 Development and type testing of high strength HEPA filters is considered necessary to substantiate their 

ageing performance.  

 

3) Development of In-situ Testing Methods of HEPA Filter Mechanical Integrity 

 
 In-situ non-destructive HEPA filter tests present potential safety benefits. 

 In-situ non-destructive HEPA filter tests require development to demonstrate potential safety benefits.  
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Recommendations 

 
1. Consider substantiating the impact of DOP testing on HEPA filter mechanical performance. 

2. Consider undertaking artificial ageing research. 

3. Review HEPA filter performance requirements and plant operating conditions to consolidate high strength 

filter type testing requirements. 

4. Conduct research and development on high strength HEPA filters. 

5. Investigate the business case for an independent HEPA filter test facility in the UK. 

6. Investigate further the feasibility of in-situ methods for assessing HEPA filter integrity. 
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Nomenclature 

AECP Atomic Energy Code of Practice 

AESS Atomic Energy Safety Standard 

ALARP As Low As Reasonably Practicable 

BAT Best Available Techniques 

DBA Design Basis Accident (Conditions) 

DF Decontamination Factor 

DOP Dispersed Oil Particulate 

EG Engineering Guide 

ES Engineering Standard 

FAT Factory Acceptance Testing 

FTF Filter Test Facility 

HEPA High Efficiency Particulate Air 

ICET Institute for Clean Air Technology 

LFE Learning From Experience 

MSU Mississippi State University 

NDA Nuclear Decommissioning Authority 

NEDF National Engineering Director’s Forum 

NNVF 

ONR 

National Nuclear Ventilation Forum 

The Office for Nuclear Regulation 

PAO Poly-Alpha Olefin 

RGP Relevant Good Practice 

RH Relative Humidity 

RTR Real-time Radiography 

SEM Scanning Electron Microscopy 

SL Sellafield Ltd 

SLC Site License Company 

UT Ultrasonic Testing 
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1 Introduction 

1.1 Aims and Approach 

ONR commissioned this research to determine the adequacy of HEPA filter ageing Relevant Good Practice 

(RGP). 

This report presents the findings of FrazerNash Consultancy’s research study which considered three 

phases: 

1. Causes of HEPA filter ageing and degradation; 

2. Developments in HEPA filter mechanical resilience/robustness; and 

3. Development of HEPA filter in-situ testing methods. 

 

The following approach was adopted: 

 Detailed review of the publicly available literature [1], followed by; 

 Engagement with industry stakeholders (Annex A). 

 

1.2 Scope Of Report 

Due to their implications on public nuclear safety, this study focuses on the final discharge filters. However, 

the findings of this study may be relevant to other HEPA filters used on nuclear facilities. 
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2 Relevant Good Practice (RGP) 
To provide a benchmark for the specific questions addressed in this report, this section presents current UK 

RGP for HEPA filters.  

2.1 Current RGP 

For the purposes of this study, RGP is defined by the EG_1738_1 document [2], and supporting Engineering 

Standards (ES) and Engineering Guides (EG).  

These standards and guides are maintained by Sellafield Ltd on behalf of the Nuclear Decommissioning 

Authority (NDA), with input from the National Nuclear Ventilation Forum (NNVF) [3]. 

Key RGP elements of EG_1738_1 [2] are: 

1. HEPA filters should be assessed after 5 years (from installation) if these: 

– Directly affect safety or environmental protection; and 

– Could be subjected to pressure pulses. 

2. 5-year assessments should consider HEPA filter life-limiting factors (LLFs) in the filter’s operating 

conditions including: 

– Dampness or moisture; 

– Corrosive elements (e.g. acid); and 

– Unstable flow. 

3. The possible outcomes of the 5-year assessments are either: 

– HEPA filter life extension (for up to a further 5 years); or 

– HEPA filter replacement. 

4. Replacement of HEPA filters is expected within 10 years of installation, unless retaining the filter 

demonstrably reduces risks As Low As Reasonably Practicable (ALARP). 

5. EG_1738_1 does not make any specific recommendations on storage life of uninstalled HEPA filters. 

However, it is understood that Sellafield Ltd have adopted a 2-year shelf-life [4]. 

 

2.2 Basis of Current RGP 

Werner Bergman’s 1999 report [5] on causes and effects of HEPA filter ageing is regarded as a baseline 

document upon which RGP is based [6]. 

This report consolidates previous research [7, 8, 9, 10] on ageing of deep-pleated glass fibre HEPA filters. 

Bergman states that establishing a 5 and 10-year life on HEPA filters for wet and dry ventilation systems, 

respectively, will ensure most HEPA filters will not suffer significant losses in strength [5]. A HEPA filter ‘life’ 

was not established. 
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Further examination of the data from these previous studies reveals three key issues: 

1. Correlation of HEPA filter degradation with age is inaccurate [10] as other factors which influence ageing 

include: 

– Quality of manufacture 

– Operating conditions 

– Storage and packaging of filters awaiting installation. 

2. Little information on the operating and storage conditions of the filters considered  

3. Filter sample sizes analysed are statistically insignificant.  

These three issues are considered to prevent derivation of robust estimations of HEPA filter life.  

Addressing these issues is considered fundamental to the success of current and future filter ageing studies. 

2.3 Background 

2.3.1 Brief History 

UK nuclear HEPA filter standards are derived from the Atomic Energy Safety Standard (AESS) and Atomic 

Energy Code of Practice (AECP) documents originally issued by United Kingdom Atomic Energy Authority 

(UKAEA).  

Following the disbandment and privatisation of UKAEA in the mid-1990s, the AESS and AECP documents 

were passed to Sellafield Ltd. In the mean-time, the AESS and AECP documents became out-dated and 

various companies chose to publish their own standards, including Sellafield Ltd.  

The Nuclear Decommissioning Authority (NDA) commissioned the Engineering Standards and Engineering 

Guides in 2012 as new national standards, both as pre-fix ES documents. In 2016 the Engineering Guides 

were given the EG pre-fix.  

As the NDA has no authority over sites outside its estate, the ES and EG documents became mandatory for 

NDA sites (such as Sellafield, Dounreay, Magnox), and optional for non-NDA sites (such as EDF, AWE and 

HMNB Devonport) [11]. 

2.3.2 The NNVF 

The National Nuclear Ventilation Forum (NNVF) – a sub-group of the National Engineering Directors Forum 

(NEDF) – provides an opportunity for individuals/companies to discuss ventilation-related matters pertinent to 

the UK nuclear industry. 

The NNVF is an open discussion group and anyone can attend these meetings. The Ventilation Working 

Group is responsible for appointing the NNVF Chairman and Secretary. UK nuclear site licence companies 

(SLCs); nuclear ventilation practitioners within the supply chain; and ventilation plant item manufacturers are 

typically represented [12]. 

The NNVF contributes to RGP changes and is a potential spring-board for innovation. 

2.3.3 Review Process for ES and EG Documents   

The ES and EG documents are maintained by Sellafield Ltd on behalf of the NDA with input from the NNVF. 

Any relevant Learning from Experience (LFE) and technical queries can be submitted to the relevant folder 

on the NNVF shared website. The contents of these folders are reviewed, along with other LFE from the SL 

site and from users of the Standards and Guides within the UK Nuclear ventilation community, to determine 

whether a document update is required. 
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The NNVF sets up a subgroup of interested parties to study the updated document, report back to the NNVF 

and submit their comments back to Sellafield Ltd. The document is subsequently updated and issued [11]. 

The ES and EG documents that are reviewed every 3 and 5 years respectively. 

2.4 RGP in Practice 

During the stakeholder engagements, non-NDA sites described site practices with minor variations from 

HEPA filter RGP including: 

1. Filter change every 5 years without assessment. 

This may: 

– Be conservative in cases where there is insufficient data to justify filter life extension; and 

– Lead to increased nuclear waste volume. 

2. Filter change every 10 years without assessment after 5 years.  

This licensee omits the 5-year assessment due to dry filter operating conditions.  
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3 Phase 1 – The Causes of HEPA Filter Ageing 

3.1 Factors Affecting Filter Ageing 

In this report, ageing is defined as the general process of filter degradation through any means. 

The literature review conducted as part of this research [1] identified 12 dominant factors that can contribute 

to the degradation of final discharge HEPA filters. These ageing factors can be categorised as: 

 Plant related – attributable to plant operating conditions and design; and 

 Filter related – attributable to the manufacture, installation and testing of HEPA filters. 

Table 1 summarises these dominant ageing factors and the possible effects of exposure on HEPA filters.  

It is important to note the findings in Table 1 are based on general considerations. The impact of HEPA filter 

ageing will depend on the specific conditions in the ventilation system in question. Therefore, the 

characterisation of plant conditions is considered critical to assessing filter ageing and is discussed further in 

Section 3.4.1. 

Manufacturing defects and quality control issues were identified as potentially significant factors.  

UK SLCs stated defective batches of HEPA filters had resulted in ageing concerns in a small number of 

cases.  

In the USA, an independent filter test facility performs pre-installation QA activities on nuclear HEPA filters. 

Between 2009 and 2017 this facility rejected approximately 15% of all filters it tested. Most of these 

rejections were attributed to manufacturing defects [15]. 

In the UK, HEPA filters are not QA tested at an independent facility prior to installation, as is procedure in the 

USA. However, the UK nuclear ventilation industry undertakes a number of activities to minimise the risk of 

defective filters, including: 

 QA testing of HEPA filters as part of Factory Acceptance Testing (FAT) at filter manufacturers’ works [16]. 

 Oversight and assurance carried out by SLC QA inspectors at filter manufacturers’ works [17]. 

 Sharing of filter handling guidance via the NNVF [13]. 

 Developing RGP for the visual inspection of HEPA filters [14]. 

The efficacy of these measures is supported by the low number of filter failures experienced on UK nuclear 

sites [17]. 
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3.2 DOP Testing 

3.2.1 Background 

Dioctyl phalate was the standard challenge aerosol for in-place efficiency testing of HEPA filters from the 

1960s to the 1980s [20]. 

In 1986, the US army determined dioctyl phthalate was a suspected carcinogen. Two poly-alpha olefin 

(PAO) oils were identified as an alternative [21].  

Dioctyl phthalate was withdrawn from Sellafield site use in 1986 [22]. Two alternative methods are used: 

 A hot system which generates an aerosol of 0.2-0.3 micron in size [22]; and 

 A cold generator which gives 0.6 micron aerosol.  

The hot system is preferred for larger ventilation systems since it can produce the larger quantities of aerosol 

required. 

UK RGP recognises several methods of in-situ efficiency testing of HEPA filters [2]. The type of method and 

challenge aerosol used in this testing has a strong influence on the measured value of efficiency [2, 23].  

On UK sites, the Dispersed Oil Particulate (DOP) method using Shell Ondina oil is the preferred approach 

[24]. 

3.2.2 Filter Loading 

DOP testing deposits aerosol particles on filters and results in an increased pressure drop across filters. 

Industry stakeholders do not consider DOP testing a significant HEPA filter ageing mechanism since: 

 DOP tests involve low concentrations of challenge aerosol; and 

 DOP tests are conducted for short durations. 

Improvements in filter testing equipment have led to reductions in the concentrations of test aerosol. The 

concentration of Shell Ondina oil used in DOP testing is considered to be no larger than 100 μg/L in legacy 

systems [23, 25], and as small as 5 μg/L for modern systems (based on discussions with stakeholder 

representatives involved in the independent testing of HEPA filters). 

During the literature review, no evidence was identified regarding loading characteristics of modern HEPA 

filters subjected to aerosolised Shell Ondina oil [1]. Such evidence could be obtained using experimental 

methods similar to those carried out at Harwell during the 1980s [26].  

3.2.3 Filter Degradation  

DOP testing using aerosolised Shell Ondina EL oil is considered unlikely to degrade integrity of 

conventional-glass fibre HEPA filters because: 

 No reports of HEPA filter degradation resulting from of exposure to Shell Ondina EL oil were obtained [1].  

Note: Clean-room operators in the USA have reported degradation and failures of the gel-based sealant 

used in filters when exposed to excessive amounts of PAO challenge aerosol [20]. As neither gel-based 

sealants nor PAO-based challenge aerosols are widely used in the UK nuclear industry, these concerns 

are not applicable. 

 During the stakeholder engagement, UK SLCs did not report any concerns that exposure to Shell Ondina 

EL oil had degraded their HEPA filters.  
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This research has not identified SLC concerns relating to degradative impact of Shell Ondina EL oil on HEPA 

filters. However, no evidence has been identified to underpin this position. It is recommended that testing is 

considered to evaluate HEPA filters degradation from repeat DOP testing. 

 

 

 

 

 

3.3 Research and Development  

3.3.1 Background 

Research and development regarding filter ageing has historically involved destructive tensile testing of filter 

media samples. These samples are often extracted from operational filters removed from service.  

These studies have not included detailed data on the operational exposure of these filters. Studies by 

Bergman and others demonstrated only weak correlation with filter age due to the absence of this 

information [5]. 

More recent studies have been unable to demonstrate improved correlation between filter media tensile 

strength and age [27]. The inability to control the large number of ageing factors is considered a key 

limitation to accurately quantifying filter ageing. 

3.3.2 Artificial Ageing 

Ongoing research includes a novel laboratory-based technique of artificial ageing of HEPA filters. This 

technique, currently being investigated by the Institute of Clean Air Technology (ICET) at Mississippi State 

University (MSU), involves subjecting HEPA filters to variable heating/cooling rates for different durations 

[28].  

Artificial ageing is being considered in other areas of the nuclear industry to assess longevity of waste 

containers. Artificial ageing of HEPA filters may address some existing data concerns with tensile testing 

studies outlined above. Artificial ageing will: 

 Subject new HEPA filters to well-defined and repeatable conditions.  

This may reduce uncertainty when comparing filters which have been exposed to different plant 

conditions.  

 Rapidly ‘age’ new HEPA filters. 

Discussions with the researchers at ICET suggest artificial ageing could expose filters to 10 years-worth 

of service in approximately 1 hour. Statistically significant numbers of aged HEPA filter samples could be 

generated in a short time-frame. 

It is considered this technique could facilitate rapid: 

 Comparison of ageing performance of different filters subjected to identical conditions. 

 Comparison of ageing performance of the same type of filter subjected to different conditions. 

 Assessment of ageing performance of new designs of filters. 

 

Recommendation 1 – Consider substantiating the impact of DOP testing on HEPA filter mechanical 

performance. 

Filters should be subjected to representative amounts of Ondina oil, with the resulting impact on filter 

pressure drop (if any) and mechanical performance determined.  

 

Recommendation 2 – Consider undertaking artificial ageing research. 
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3.4 HEPA Filter Ageing in Service 

This section discusses additional considerations to better assess the effects of HEPA filter ageing in service. 

The potential merits of applying artificial ageing to support assessment of HEPA filters are recognised. 

However, laboratory test methods (including artificial ageing) may not be adequate to substantiate 

conclusions regarding in-service HEPA filter life. 

3.4.1 HEPA Filter Operating Conditions 

Ventilation system operating conditions influence HEPA filter ageing and stakeholder discussions identify 

these vary between ventilation systems and plants.  

Artificial ageing techniques are reliant upon laboratory conditions used to artificially age the filters. It is 

considered that these must be representative of HEPA filter operating conditions.  

The characterisation of HEPA filter operating conditions may be improved by installing additional on-line 

measurement equipment. Flow condition measurements, such as Relative Humidity (RH), temperature or 

acidity, would provide additional evidence to support the case to replace, or life extend filters as appropriate. 

3.4.2 HEPA Filter Design Requirements 

For nuclear safety reasons, HEPA filters are designed to withstand conditions that are more onerous than 

typical operating conditions. These design requirements influence the construction of HEPA filters and may 

impact their ageing performance. 

For instance, UK RGP specifies that Type II filters must survive an oven test at 500°C for 10 minutes [29]. 

Type II filters contain a sealant that is more thermally resistant but more brittle than used in Type I filters. 

The basis of the 500°C temperature requirement is unclear but is likely to have originated following the 1957 

Windscale accident and general building fire guidance. The 500°C requirement is more onerous than the: 

 350°C requirement for French nuclear installations; and 

 370°C requirement for US nuclear installations. 

Note: Evidence from hot dynamic testing conducted at Harwell indicated that filter frame temperatures did 

not exceed 350°C when subject to gas temperatures of 500°C for approximately 20 minutes [30]. 

A review of the basis of HEPA filter performance requirements may support design changes and 

improvements in HEPA filter ageing performance. 

3.4.3 Ventilation System Characterisation 

UK RGP (summarised in Section 2.1) recommends ventilation operators establish the life limiting (or ageing) 

factors, specific to their system, when assessing installed filters. 

Characterisation of nuclear plant ventilation systems according to their operating conditions is considered 

useful to: 

 Promote HEPA filter innovation through “market-pull” by giving manufacturers clearer requirements. This 

is discussed further in Section 6. 

 Identify the applications best suited to improvements in HEPA filters, including high strength HEPA filters. 

This is discussed further in Section 4. 
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Recommendation 3 – Review HEPA filter performance requirements and plant operating conditions 

to consolidate high strength filter type testing requirements 

Reviewing the basis of HEPA filter performance requirements, including the 500°C requirement, may 

support improvements in ageing performance and in the robustness of the encapsulant. 

 

  

 

 

 

3.4.4 Ageing Management Processes 

Given the absence of methods to evaluate in-situ HEPA filter mechanical strength, information on their 

integrity must be obtained through other means.  

Through stakeholder engagement, it is considered that SLCs HEPA filter ageing management processes 

should: 

 Assess all available data relevant to the system being analysed; 

 Promote accountability amongst all relevant personnel; and, 

 Apply sound engineering judgement. 

Whilst future improvements in analysis methods may reduce HEPA filter ageing uncertainties, it is 

considered unlikely to remove the requirement for robust ageing management processes. 

3.5 Conclusions and Recommendations 

Phase 1 Conclusions: 

 The quantitative understanding of filter ageing remains incomplete and could be improved by: 

– Characterisation of plant conditions; and 

– Quantifying the impact of plant conditions on ageing through testing. 

 The lack of independent filter QA testing is considered to limit innovation; and demonstration of improving 

quality. 

 Stakeholder engagements confirmed moist and acidic flows are particularly detrimental to HEPA filter 

mechanical performance. 

 Whilst the UK nuclear industry do not consider DOP testing as a significant HEPA filter ageing 

mechanism, there is no test data to substantiate this claim.  

 

Phase 1 Recommendations: 

 Consider substantiating the impact of DOP testing on HEPA filter mechanical performance. 

 Consider undertaking artificial ageing research. 

 Review HEPA filter performance requirements and plant operating conditions to consolidate high strength 

filter type testing requirements. 

 



004630 

51170R  

Issue 4 

NOT PROTECTIVELY MARKED 

 

 

 

© FNC 2022 NOT PROTECTIVELY MARKED 

 
Page 18 of 40 

 

4 Phase 2 – Developments in HEPA Filter 

Mechanical Robustness 

4.1 Background 

High strength metal HEPA filters are used in the most challenging process streams in UK nuclear facilities. 

These filters suit these applications due to their superior integrity compared to conventional glass fibre HEPA 

filters. However, high strength metal filters are considered unsuitable for final discharge applications due to 

their increased pressure drop and weight. 

Various materials and designs of high strength HEPA filter have been developed since the 1960s [1]. More 

recent development efforts have focused on using reinforced glass fibre filter media due to their: 

 Relative technological maturity; and 

 Similarity with conventional glass-fibre filters. 

High strength (reinforced glass fibre) HEPA filters were originally developed and installed in German nuclear 

power-plants in the 1980s. They supported specialist applications with onerous operating conditions 

including: 

 Exposure to moisture (high RH and/or free water); 

 High flow rates (filter face velocities); and, 

 High temperature air flows.  

Reinforced glass-fibre HEPA filters are being developed for installation in US nuclear facilities. Units have 

been installed at a facility where onerous operating conditions in the final discharge flow caused severe 

filtration challenges. 

Various high strength filters have been developed for other industries including pharmaceuticals.   

However, high strength HEPA filters have not been widely adopted in UK nuclear final discharge 

applications.  

Issues preventing the wider implementation of high strength HEPA filters in the UK nuclear industry are 

discussed further in Section 4.4. 
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4.2 Potential Technical Benefits 

Development of high strength HEPA filters for UK nuclear facilities may provide the following benefits: 

 Increased confidence in the long-term integrity of HEPA filtration; and,  

 Justified extensions to RGP HEPA filter life limits. Note: this may result in fewer filter changes and 

reduced filter disposal costs. 

Whether overall lifecycle cost savings can be realised will depend on high strength HEPA filter: 

– Purchase and disposal costs; 

– Operating life extension compared with conventional HEPA filters; and, 

– Operating costs of high strength filters compared with conventional filters.  

 

A cost analysis for the Sellafield site estimated that savings of >£400k per year could be achieved if:  

 Conventional HEPA filters replaced due to moisture in the air-stream or for age-management were 

substituted for high strength units; and 

 High strength filter operational life was 50% greater than for conventional filters.  

The costs of conventional and high strength HEPA filters are shown in Figure 1. Note: this analysis does not 

account for filter operating costs.  

 

 

Figure 1 – Indicative lifecycle cost assessment of high strength HEPA filters versus conventional HEPA filters 
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4.3 Types of High Strength Filter 

Development of high strength HEPA filters has focused on filter media as this is considered the weakest 

component of a conventional glass-fibre HEPA filter [31, 1].  

Table 2 summarises the main types of high strength HEPA filter media identified in the literature review [1]. 

Reinforced glass-fibre filters are of primary interest in this study as the: 

 Filter media is considered technologically mature; 

 Filter media is constructed from similar material as conventional media currently installed in UK nuclear 

facilities, which is likely to encourage regulatory acceptance; and, 

 Development of qualification tests and specification for high strength filters in the USA (section FM of 

ASME AG-1) focused on reinforced glass-fibre filters. 

 

HEPA filter ageing factors may compromise other filter components besides the media, including spacers 

and sealants. These can also compromise overall filter integrity [1] and improvements in these components 

should be considered as part of the wider high strength filter development. 

 

Modifications to HEPA filter components have been proposed to improve mechanical robustness including: 

 Angling of the filter spacers to improve filter pack stability [32] (older deep-pleat filters only); and, 

 Replacing the relatively brittle ceramic sealant (the adhesive bonding the filter pack to the frame) in high 

temperature (Type II) filters with an elastomer-based compound.  

Note: The manufacturing practicalities of implementing the sealant change have been investigated by Emcel 

Filtration Ltd [33]. This change will result in reduction in maximum allowable temperature of Type II filters 

(from 500°C). Discussions on the basis of this requirement within the filter sub-group of the NNVF are 

ongoing [34]. This temperature requirement can be reviewed as part of a formal requirements capture (see 

Recommendation 4). 
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 Onerous flow conditions could be improved by cleaning the flow upstream of the filters. 

If life limiting factors can be removed upstream of final discharge filters use of high strength filters may not 

be appropriate. 

To determine whether it is appropriate to install high strength HEPA filters it is considered necessary to 

establish system performance requirements for each application.   

A consolidated understanding of UK plant conditions may allow more focused research and development to 

benefit the whole industry (Recommendation 3). The outcome of this work could form the basis of a revised 

filter specification.  

4.4.3 Manufacturing Challenges 

Barriers to innovation in high strength filters exist in manufacturing due to: 

 The limited number of filter manufacturers. Only one of the two filter manufacturers with type approval for 

UK nuclear filters has the required equipment and expertise to process high strength media. 

 The lack of independent funding. Innovation and type testing costs are funded entirely by SLCs or the 

filter manufacturers themselves. 

Porvair plc developed a cylindrical reinforced glass-fibre HEPA filter for the US market [37]. This design may 

not be appropriate for UK installations due to differences between UK and US filter specifications. For 

example, as part of qualification to US standards, this design has not been subjected to the oven 

temperature test outlined in the UK ES documents. Additional effort is required to assess existing high 

strength HEPA filter designs against UK specifications. 

Emcel Filters Ltd have processed high strength filter media into mini-pleat designs on behalf of Sellafield Ltd. 

Initial testing to determine moisture, temperature and pressure resistance has shown promising results. 

There is future work to design, manufacture, assemble and test prototype cylindrical/rectangular high 

strength filters to demonstrate compliance with ES specifications, where appropriate. It is understood some 

of these designs have been manufactured. 

4.4.4 Qualification Tests 

Qualification tests for high strength reinforced glass fibre HEPA filters have been under development in the 

US since the 1990s.  

Extensive research and development has culminated in high strength filters being installed in high integrity 

applications in the USA. This work supported development of qualification tests. These qualification tests 

may be published in Section FM of ASME AG-1, in the 2021 edition due for release in 2022 [38]. 

 

 

 

 

 

 

 

 

Recommendation 4 – Conduct research and development on high strength HEPA filters. 
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Recommendation 5 – Investigate the business case for an independent HEPA filter test facility in 

the UK 

 

4.5 Independent UK HEPA Filter Testing Facility 

Establishing an independent UK HEPA filter test facility may offer benefits to the industry, including [39]: 

 Testing of high strength filter designs to help substantiate superior ageing performance claims (supporting 

Recommendation 4). 

 Manufacturers will not be required to self-fund type testing. This may encourage HEPA filter 

manufacturers to supply the UK nuclear industry, thereby promoting competition and innovation. 

 The development of a more appropriate hot dynamic test for high temperature filters (in lieu of the 500°C 

test) could reduce filter failures on site by supporting the transition to a more robust encapsulant material 

(supporting Recommendation 3).  

 Help the UK keep up with international good practice. Independent testing is routinely carried out in the 

US [15] and France [40].  

The costs for constructing HEPA filter test rigs were estimated as [39]: 

 Approximately £250k to procure a test rig capable of measuring pressure drop, efficiency and dust 

loading. 

 Approximately £300k to procure a hot dynamic test rig. 

Note: the above estimates do not include all lifecycle costs (such as operations and maintenance). The 

commercial aspects of a test rig have not been considered in detail as part of this work.  

 

 

4.6 Conclusions and Recommendations 

Phase 2 Conclusions:  

 High strength HEPA filters may improve plant safety and reduce filtration lifecycle costs. 

 Application of high strength HEPA filters in the UK remains outstanding as: 

– Ageing performance of standard and high strength filters is not understood or substantiated; and 

– Lack of quantitative understanding of ageing in general. 

 Reinforced glass fibre media filters are considered technically mature as: 

– Materials considered similar to existing glass-fibre media filters; and 

– The extensive body of work performed in the US to develop appropriate qualification tests for ASME 

AG-1. 

 Adequate performance and integrity qualification tests for PTFE filters are considered outstanding for high 

temperatures and DOP testing in nuclear applications.  

 There is insufficient evidence that high strength HEPA filters will mitigate ageing hazards. 

Phase 2 Recommendations:  

 Conduct research and development on high strength HEPA filters. 

 Investigate the business case for an independent HEPA filter test facility in the UK. 
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5 Phase 3 – Developments of In-situ Testing 

Methods of HEPA Filter Mechanical Integrity  

5.1 Background 

HEPA filters are known to degrade with time and other ageing factors [1]. There are presently no in-situ 

methods for assessing mechanical integrity of HEPA filters installed in UK nuclear facilities.  

DOP testing provides no assurance regarding mechanical integrity of operational filters [2, 6]. 

5.2 Motivation 

Development and implementation of non-destructive in-situ methods for assessing HEPA filter integrity may 

improve nuclear safety by providing evidence to justify: 

 Filter life extensions, potentially reducing amount of waste created and disposal costs; and 

 Filter replacements, providing further safety improvements. 

5.3 Failure Modes 

Identification of failure modes and mechanisms is necessary to select appropriate methods for assessment 

HEPA filter integrity.  

Published information of failure modes and mechanisms is limited however the literature review indicated 

that deep-pleated rectangular filters have three typical failure modes [1].  

It is considered challenging to procure and investigate filters that failed in operation due to radiological 

hazards. Analysis of real filter failures will improve understanding of in-situ method suitability. Such 

investigations are expected to be undertaken by duty holders to ensure operational risks are reduced to 

ALARP. 

Nevertheless, without further information on the type of flaws that induce HEPA filter failure, it is not possible 

to conclusively assess the merit of all the in-situ methods proposed in this report.  

 

5.4 Existing In-Situ Methods 

A review of publicly-available literature revealed two existing in-situ methods used to infer HEPA filter 

mechanical integrity: 

 DOP testing at different flow rates; and 

 Local surface efficiency measurement. 

Both methods involve modifying the existing DOP test. Their advantages and disadvantages are 

summarised in Table 4. 

Both methods show potential to detect mechanical flaws in HEPA filters however there are significant 

practical challenges of implementation. Of the two methods it is considered DOP testing at different flow 

rates is most practicable.  
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The technical merit of these methods for assessing HEPA filter integrity is not substantiated. Further 

understanding of HEPA filter failure modes (discussed in Section 5.3) and verification testing under simplified 

conditions are considered necessary to identify suitable in-situ methods.  

 

 

 

5.6 Conclusions and Recommendations 

 

Phase 3 Conclusions: 

 An in-situ HEPA filter integrity test offers significant advantages in terms of increasing confidence in 

HEPA filter installations, and overall safety. 

 It may be possible to infer the mechanical integrity of HEPA filters in-situ by repeating the standard DOP 

test at different flow rates; however, this approach is not considered practical on containment ventilation 

systems. 

 Significant challenges remain in the deployment of extant non-destructive techniques to determine HEPA 

filter ageing including: 

– Understanding of HEPA filter failure modes; and, 

– Verification testing of non-destructive techniques to demonstrate applicability to HEPA filters. 

 

Phase 3 Recommendations: 

 Investigate further the feasibility of in-situ methods for assessing HEPA filter integrity. 

 

Recommendation 6 – Investigate further the feasibility of in-situ methods for assessing HEPA 

filter integrity 
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6.3 Innovation of High-Strength HEPA filters 

Based on the findings of the literature review and stakeholder engagement, verification of the potential 

benefits of high-strength HEPA filters will require: 

 Better knowledge of the operating parameters and ageing and degradation mechanisms of existing filters 

(Recommendation 3); 

 Determination of the whole-life costs of high-strength filters compared to existing filters (Recommendation 

4). 
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7 Conclusions and Recommendations 

7.1 Conclusions 

The conclusions from each of the phases of this work are: 

 Phase 1 – Causes of HEPA filter Ageing 

– Qualitative understanding of HEPA filter ageing factors is considered adequate. 

– Accurately quantifying reductions in HEPA filter life from ageing factors is currently not possible. This 

is due to the lack of accessible information regarding the working conditions of tested filters. 

– Artificial ageing methods may allow rapid ageing of new filters.  

– Understanding of HEPA filter ageing could be improved by combining laboratory and operational data. 

– No empirical evidence identified regarding impact of Dispersed Oil Particulate (DOP) testing on HEPA 

filter mechanical performance. 

 Phase 2 – Developments in HEPA Filter Mechanical Robustness 

– High strength HEPA filters may improve mechanical resilience. 

– High strength HEPA filters may reduce lifecycle costs. 

– Superior ageing claims of high strength HEPA filters have not been demonstrated. 

– Development and type testing of high strength HEPA filters is considered necessary to substantiate 

their ageing performance.  

 Phase 3 – Developments of In-Situ Testing Methods of HEPA Filter Mechanical Integrity 

– In-situ non-destructive HEPA filter tests present potential safety benefits. 

– In-situ non-destructive HEPA filter tests require development to demonstrate potential safety benefits.  
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7.2 Recommendations 

The recommendations from this work are: 

1. Consider substantiating the impact of DOP testing on HEPA filter mechanical performance. 

2. Consider undertaking artificial ageing research. 

3. Review HEPA filter performance requirements and plant operating conditions to consolidate high strength 

filter type testing requirements. 

4. Conduct research and development on high strength HEPA filters. 

5. Investigate the business case for an independent HEPA filter test facility in the UK. 

6. Investigate further the feasibility of in-situ methods for assessing HEPA filter integrity. 
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A.1 

Annex A - Stakeholder Engagement 
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A.1 Phase 2 – High Strength HEPA Filters 

A.1.1 Industry Opinion 

Stakeholders were open to application of High Strength HEPA filters if nuclear safety and commercial 

benefits were demonstrable.  

Barriers to application of High Strength HEPA filters were: 

 The ageing performance is un-substantiated; a demonstrable benefit over conventional HEPA filters is 

outstanding. 

 Concerns that adopting thicker high strength media may result in increases in pressure drop compared 

with conventional media. 

 Several stakeholders noted that the potential cost savings of HS filters may be insignificant in the context 

of overall plant operating costs 

A.1.2 High Strength Filter Lifecycle Costs 

An analysis of the lifecycle cost impact of installing reinforced glass-fibre high strength HEPA filters in final 

discharge applications from a licensee estimated savings of >£400k per year as follows [42]: 

1. Historical filter change data indicates an average of 535 filters are changed per year on site due to 

moisture in the air-stream or for age-management. 

2. It is assumed that high strength filters could extend the life of these filter by 50%. 

3. Replacing filters with high strength filters would reduce the number of annual filter changes by 175. 

4. It is assumed the cost to install, test and disposal of a filter is £3,350, and the cost of procuring a high 

strength filter is £900 more than a conventional filter. 

5. The net cost saving per filter (that does not require changing) is hence £2,450. 

6. For 175 filters, this is a net annual cost saving of £428,750. 

Table 7 presents the approximate number of final discharge filters installed on each of the SLC sites, 

obtained from discussions with these stakeholders. Sellafield Ltd is the UK nuclear site with the largest 

number of installed final discharge HEPA filters; hence, it is likely Sellafield would realise the greatest cost 

savings from installing high strength filters.  
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A.2 Phase 3 – In-situ Testing of Filter Integrity 
This section summarises the key elements of the stakeholders’ views relating to in-situ testing methods to 

appraise HEPA filter mechanical integrity. 

A.2.1 Practical Issues 

Stakeholders provided the following feedback: 

 In-situ assessment of HEPA filter integrity would provide nuclear safety benefits: 

– Substantial health and safety radiological risks from removing used filters. 

– External examinations require high integrity containment.  

 In-situ Methods 

– Presently no in-situ methods to assess HEPA filter integrity in UK nuclear facilities. 

– Some stakeholders provided feedback on adequacy of two methods identified in the literature review 

[1]: 

    -     Sacrificial material 

- Filter scanning 

A.2.1.1 Sacrificial Material 

 Sacrificial material methods, such as “corrosion coupons”, are widely used in wider industry to detect 

corrosion and in charcoal-bed filters in the nuclear industry. These were considered impractical for HEPA 

filter assessment since it is unclear: 

– How the design of the ventilation system should be modified to house a coupon and ensure it is 

exposed to conditions that are representative of the airstream being monitored. 

– How a coupon could be safely removed from the ventilation system, particularly those that are 

remotely operated. 

A.2.1.2 Filter Scanning  

 Secure filter housings with integrated filter scanning equipment are used in onerous applications in the 

pharmaceutical industry.  

 These filter housings can be used to measure local filter face efficiency and infer the location and type of 

defects.  

 Nuclear safety risks (and associated containment) may require dedicated filter scanning systems for 

specific filters.  

 These systems are best suited to bespoke applications; installing filter scanning systems for every final 

discharge HEPA filter in UK nuclear facilities is considered impractical. 
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