
JohnT.~,~
&l.*enberger,We~ DEFENSE NUCLEARFACILITIES

SAFETY BOARD

@

#’-.:\
JcseplrJ. DiNunno

● ●

3
g

I+ettxrr John Cecil Km@ 625 Indiana Avenue,NW,suite 700, Washington, D.C. 20004-2901
John~ Mansfield (202) 694-7000 @

‘%.;.’:

June 8, 1999

The Honorable Bill Richardson
Secretay of Energy
1000 Independence Avenue, SW
Washington, DC 20585-1000

Dear Secretary Richardson:

Since its inceptio~ the Defense Nuclear Facilities Safety Board (Board) has provided its
observations on a number of issues associated with confinement ventilation systems installed in
the facilities under the Board’s purview. In particular, issues involving high=efficiencyparticulate
air (HEPA) filters identified by the Board’s staff during its reviews of ventilation systems have
been higMghted in the Board’s correspondence. Many of these issues remain unresolved, as
indicated in the enclosed report by our stti.

The report describes significant degradation of the in.i%tstructuresupporting the
Department of Energy’s (DOE) HEPA filter program. Confinement viability demands high
dependability of these filters, yet beyond question their efficacy has deteriorated. The filters can
be restored to an acceptable level of reliability only if the robust in.tiastructure required to support
continued assurance of their performance is restored. The Board’s sta.fFhas identified a number
of actions that could be taken to achieve that restoration and the Board believes that DOE should
act promptly to initiate a definitive corrective action plan to address those issues.

Accordingly, pursuant to 42 U.S.C. f 2286b(d) the Board requests that DOE provide a
report within 60 days outlining the steps it plans to resolve these issues in a manner that restores
confidence that confinement ventilation systems using HEPA filters do, indeed, adequately protect
workers, the public, and the environment.

In the fiture, the Board intends to closely examine operational and maintenance aspects of
confinement ventilation systems in general, and will share our findings with you upon completion
of that review.

Sincerely,

Chairman

c: Mr. Mark B. Whitaker, Jr.
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. . EXECUTIVE SUMMARY

Confinement ventilation systems are important safety features of Department of Energy
(DOE) fkilities in which hamdous materials are handled in dispersible form. High-efficiency
particulate air (HEPA) filters are critical elements of these confinement systems. They are the
final physical barrier to the release of material to the atmosphere and thereby serve to protect
workers, the public, and the environment. For accident scenarios, HEPA filters are credited with
reducing emissions by factors of thousands to billions.

Reviews of ventilation systems at DOE. defense nuclear facilities conducted by the stafl of
the Defense Nuclear Facilities Stiety Board (Board) during the early 1990s led to the Board’s
first report on this subject, Overview of Ventilation Systems at Selected DOE Plutonium
Processing and Handling Facilities (DNFSB/TECH-3). More recent reviews have ident.iikd
additional potentially significant weaknesses in the maintenance and operation of these systems,
particularly in the procurement, testing applicatio~ and use of HEPA filters. These weaknesses
support the conclusion that confinement ventilation systems at some DOE facilities maybe
vulnerable to ftilure when most needed.

For many years, an Mormal but highly effkctive nationwide infhstructure supported
production of and quality assurance for HEPA filters for tiety-related service in a variety of
hazardous operations, including those conducted in DOE facilities. Today there is convincing
evidence that this infhstructure is fding; this report describes significant degradation of the
infhstructure supporting DOE’s HEPA filter program. Cotinement viability demands that these
filters be highly dependable, yet beyond question their efficacy has deteriorated. The.filters can be
restored to an acceptable level of reliability only if the robust infrastructure required to support
continued assurance of their performance is restored. This report identifies a number of actions
that could be taken to achieve that restoration.

The Board will continue to focus attention on deficiencies and weaknesses in confinement
ventilation systems at DOE facilities. These efforts will be aimed at identi&ng situations in which
DOE can act to improve protection of workers, the public, and the environment.

...
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1. INTRODUCTION

i
i Confinement the Department of Energy’s (DOE) preferred method for protecting the

public and workers from exposure to hazardous materials, encompasses both the physical
structures in which the material resides and the associated ventilation systems. Before air from
the confinement is released to the environment it is filtered through high-efficiency particulate air
@EPA) filters to ensure that any residual contamination is well below acceptable, safe levels for
public exposure (Burchsted et al., 1976). In such applications, HEPA filters can r@uce emissions
by factors of thousands to billions.

An acceptable confinement system starts with a robust and well-documented
design-robust not only in the physical structures involv~ but also in the attributes of defense in
depth incorporated in the overall system design. Confinement systems are expected to be
documented comprehensively in sdety documents, such as Stiety Analysis Reports (SARS),
Technical Stiety Requirements (TSRS), and Operational Safety Requirements (OSRS) (IXIWnno,
May 31, 1995). Typically, the strenuous demands imposed by the need for uninterrupted
operation of confinement ventilation systems for extended periods of time-often decades-have
led to the rugged designs often found in DOE facilities. Redundant titer banks and power
supplies are common in modem applications (U.S. Department of Energy, April 6, 1989;
October 24, 1996). Despite their otherwise robust constructio~ however, all confinement
ventilation systems that use HEPA filters are vulnerable to failure of their most fragile componeng
the HEPA filter itse~, which uses a medium no thicker than the typical desk blotter. Like paper,
this medium becomes brittle with age and is significantly degraded by wetting. As a result, HEPA
filters must be regarded as consumables that require replacement at defined intervals. However,
DOE does not currently require replacement.

On March 20, 1995, the Defense Nuclear Facilities Stiety Board (Board) issued a
technical report entitled Ovewiew of Ventilation Systems at Selected DOE Plutonium Processing
and Handiing Facilities (DNFSB/T’ECH-3) (Defense Nuclear Facilities Safety Boar& March 20,
1995). This report identifies numerous instances of a lack of adequate accounting of how and
whether facilities met and maintained compliance with specific requirements. The report
concludes that as a result of these shortcomings, confinement systems at DOE’s plutonium
facilities might not perform as expected in the event of an accident.

In its letter forwarding this report (Conway, June 15, 1995) and in subsequent
correspondence (Conway, July 21, 1995), the Board requested that DOE evaluate the desi~
constructio~ operatio~ and maintenance of ventilation systems at its plutonium processing and
handling facilities and set forth a plan for comctive actions deemed necessary as a result of this
evaluation. DOE formally responded to these requests in early spring 1996 (O’Leary, March 15,
1996). Approximately one-quarter of the 36 actions proposed by DOE in its corrective action
plan still remain open.
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Since the issuance of DNFSB/TECH-3, several related issues have been identified. These
include (1) the need for pre-installation filter test fmilities (Zavados~ May 24-26, 1994; July
11–13, 1995); (2) the need for a Qualified Products List (QPL) test laboratory (Zavadosl&
August 4-8, 1997; Conway, October 30, 1997); (3) the problem of filter wetting (Zavado&
August 4-8, 1997; Conway, October 30, 1997; Frethold et al., July 14, 1997); (4) the effkcts of
aging on the integrity of filters (ZavadosK August 4-8, 1997; Frethold et al., July 14, 1997); (5)
by-pass leakage considerations (l%ethold et al., July 14, 1997; Roberso~ March 3, 1997); (6)
radiation-induced degradation (Conway, May 9, 1996); and (7) issues involving the infhstmcture
associated with HEPA filters (~ January 15, 1998; Conway, February 9, 1998; March 26,
1998; Owendo& April 27, 1998). In additio~ relevant research results that raise questions about
fimdamental assumptions used in Stiety Analysis Reports have been presented in national and
international forurns (l%ethold et al., July 14, 1997; Bergman et al., 1994; Carbau~ 1982;
Johnson et al., 1988; Moeller, 1982; Fir% 1996; Robinson et al., 1985). These issues are
explored in the following sections.
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2. HEPA FILTER INFRASTRUCTURE

The program for producing high-quality HEPA filters and fabricating the fl.kerbanks used.
in nuclear installations has evolved during the past 50 years. This evolution has involved many
interrelated assumptions associated with materials, specifications, testing and use (Burchsted et
al., 1976; Frethold et al., July 14, 1997; Johnson et al., 1988; First, 1996).

As the name suggests, HEPA titers are high-efficiency air filters designed to remove
extremely fine particles suspended in the &, they do not remove gases. HEPA filters are
expendable, extended-pleated-medhq d~-type filters with (1) a rigid casing enclosing the fill
depth of the pleats; (2) a minimum particle removal efficiency of 99.97 percent of thermally
generated dioctalphthalate (DOP) 0.3 micron smoke particles (particles about one- third of one-
thousandth of a millimeter in diameter) or larger (i.e., 99.97 percent of these particles are stopped
by the filter); and (3) at a maximum a pressure drop of 1 inch of water gauge when clean and
operated at rated airflow capacity (Burchsted et al., 1976). Such titers offer a high-volume, high-
efficiency cleanup mechanism for relatively low concentrations of airborne particulate
contaminants.

Safety analyses for confinement systems using HEPA filters routinely take credit for
reductions in airborne contamination by factors of thousands to billions. These reduction factors
are reasonable for intact filters installed in well-designed and well-constructed filter banks that are
properly maintained. These conditions are diflicult to attai~ however, partly because of the
fragile nature of the filter medium. A very few small holes in the filter medium (on the order of
1–1Omm in diameter) can reduce ilter efficiency significantly.

HEPA filters are manufactured by a process similar to that used for making paper, but
with fiberglass strands as the principal ingredient. After the medium is formed into a sheet similar
in appearance and texture to a large desk blotter, it is carefhlly folded into a series of accordion
pleats (125 pleats in the most widely used standard industrial HEPA filter). The folded medium is
then mounted with the edges sealed in a plywood or metal case. This constitutes a single HEPA
Iilter unit. Dozens or even hundreds of such units maybe installed in a single confinement filter
installation.

2.1 ACHIEVING INITIAL PRODUCT QUALITY

2.1.1 Specifications

HEPA filters are produced with a high degree of quality and uniformity through the
application of stringent yet manageable specifications. The foundation for HEPA quality includes
sample specifications found in the 1976 Nuclear Air Cleaning Handbook (Burchsted et al., 1976),
issued by the Energy Research and Development Adrninistratio~ and more recently in DOE
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Standard 3020-97 (DOE-STD-3020-97), Spci~c@”onforHWA Filters Uked by DOE
Contractors (U.S. Department of Energy, 1997), together with the numerous standards they cite
and the QPL and Falter Test Facility (FIT) testing they call for. Nevertheless, there are ongoing
technical issues associated with each of these building blocks that have serious implications for
maintaining the quality of the filters.

The current version of the Nuclear Air Cleaning Handbook is more than 20 years old. In
the intervening years, several unsuccessful attempts have been made to revise and update the
handbook primarily to accommodate numerous changes in applicable national standards. In
1996, the Secretary of Energy made a commitment to the Board (0’Leq, March 15, 1996) to
have a revised drafl available by the end of that year. That drafl has not yet been produce& nor
are there any indications that a revised handbook may emerge in the near fiture.

2.1.2 Filter Testing

Both the Nuclear Air Cleaning Handbook and DOE-STD-3020-97 call for manufacturers
to retain their QPL1 listings. This mandate includes, among other requirements, providing
representative sample filter units to an independent, certified QPL laboratory for destructive
testing at least once every 5 years.

In the past, manufacturers could choose to have their QPL testing done at either the
Army’s Edgewood Arsenal or the Rocky Flats Environmental Technology Site (WETS). Today,
the Edgewood Arsenal facility no longer pefiorms QPL testing and the test facility at RFETS is
closed. Edgewood Arsenal still has the capability to run such tests, but there is no budget for
maintenance of the necessary equipment. During 1997, the QPL test equipment at RFETS was
sent to Lawrence Livermore National Laboratory (LLNL), where most of it remains-stilI crated
and unfimded. The Assistant Secretary of Energy for Environmental Management irdiormedthe
Board in writing (~ January 15, 1998) that a QPL testing laborato~ would be available for
testing of HEPA filters to be used in DOE facilities. No time frame was specified for that
commitment, and such a laboratory has not yet been designated.

In addition to QPL testing both the handbook and DOE-STD-3020-97 call for
representative filters to be provided routinely to a designated FTF for the purpose of veri&ing
filter efficiency. The current DOE standard recognizes that manufacturers may themselves
conduct tests similar to those pefiormed at a designated FfF. Even in such cases, however, the
standard requires that all filters destined for use in DOE facilities be tested at an independent FTF
prior to installation.

1Products on QPLs have met stringent requirements for quality and reliability,
demonstrated by periodic independent testing at certified testing laboratories, most of which are
operated by the federal government.
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For years, manufacturers routinely pretested their HEPA titers before sending them to a
DOE FTF. Even with this pretesting rejection rates of 3-6 percent were common at DOE’s three
FTFs. Such rejection rates support the wdue of testing at a DOE FTF, since the tests help avoid
the unnewssary generation of contaminated waste and contribute to lowering personnel exposure.
This avoidance comes about beeause the filters that fti the FTF tests are not installe& as they
would have been in the absence of the tests; thus the need to remove substandard filters
contaminated in service is avoided.

Currently, DOE operates only one FTF (at Oak Ridge). Despite the DOE-STD-3020-97
specification calling for FTF testing of HEPA titers prior to installation in DOE fkilities, and in
the face of DOE’s own studies (Lytle, August 1996), there have been repeated proposals to stop
testing of filters at the Oak Ridge FTF. Indeed, testing there was stopped in Janu~ 1999, but
was resumed 2 months later with user fees being imposed for tests. This situation tends to
discourage FTF usage and increase per-filter test costs. Ongoing attempts to find a programmatic
solution have thus far been unsuccessful.

2.2 MAINTAINING PERFORMANCE

HEPA filters cannot simply be installed and forgotten. Once installed in sdety systems,
they are subject to significant operating constraints to ensure the desired level of performance.
Typically, these constraints involve TSRS and/or OSRS (U.S. Department of Energy, April 30,
1992) that specify a maximum pressure drop for system operation and a level of efficiency as
demonstrated by periodic in-place leakage tests. Operating procedures, specific surveillance
actions, and scheduled maintenance are usually prescribed to ensure that these performance
requirements are met.

Industry consensus standards for in-place HEPA filter testing stress the need for visual
inspections and system-specific procedures (American Society of Mechanical Engineers,
December 15, 1989). Although specific procedures addressing filter operation are required by
industry standards, they are typically lacking throughout the defense nuclear complex (Conway,
January 30, 1998) and have not been made mandatory by DOE. These procedures are important
for ensuring the sdety of workers, the public, and the environment. Only the Savannah River Site
has employed them extensively.

For most other systems and components, meeting TSRS ensures that a constrained or
challenged item will perform its intended fimction as called for by the design. This assumption is
not valid when nondestructive in-place field tests address only the tightness of the filter’s fit
against the frame and the absence of other gross leakage paths. There is a widespread assumption
that periodic in-place DOP field testing demonstrates the ability of a HEPA titer to petiorm under
accident conditions. Ye~ experience has shown that titers can be severely weakened and still
successfully pass these in-place tests (Frethold et al., July 14, 1997; Johnson et al., 1988; First,
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1996). Under accident conditions, such filters are vulnerable to subsequent ftiure in use, for
example, after becoming heavily loaded with smoke particles.

The question of whether a HEPA filter will perform as intended in the fhture cannot be ~
answered simply bye xamining adherence to existing TSRs. Falter performance does not lend
itself to a simple “go-no go” test. With today’s technology, that assurance is available only
through a reliable and effective inhstructure that addresses all aspects of HEPA filter
quality-desi~ manufacture, installatio~ operatio~ and maintenance.

2.3 CHALLENGES

2.3.1 Fires

The largest potential threat to the public from a facility that houses processes in which
relatively large quantities of radioactive materials are handled is most commonly a fire accident
scenario. Since fires often generate large volumes of smoke, they pose a potential threat to the
effective fimctioning of filtration systems because the filters can become rapidly loaded with
smoke particles. This increases the pressure drop across the filter, potentially leading to a breach
of cordinement. There are times during some fire scenarios when it maybe necessary to stop flow
to the Iilter systems to prevent their destruction. Such scenarios need to be carefidly evaluated
ahead of time; a mitigating strategy must be developed, clearly captured in procedures, and
rigorously practiced (Defense Nuclear Facilities Safety Boar& March 20, 1995; Conway,
January 30, 1998; IUei~ April 24, 1998).

In the event of a breakthrough of the filter during a fire, the particulate material deposited
on the filters is readily lifled by buoyancy into the atmosphere, where it can be fiu-ther dispersed in
potentially unfavorable downwind patterns. As a result, some fires can be more serious than
explosions, which generally drive much of the particulate matter into sumounding structures
rather than elevating it into the atmosphere and dispersing it via prevailing winds.

2.3.2 Heat and Elevated Temperatures

Because of their materials of constructio~ HEPA filter installations can easily be damaged
or destroyed by heat if they are not properly designed and maintained. Exposure of the filter
medium to temperatures of 700-750 “F for only 5 minutes can significantly reduce filter efficiency
(Burchsted et al., 1976). Fires involving burning metals, which maybe encountered in many
defense nuclear facilities, can produce flame temperatures of several thousand degrees. Wkh
sufficient flow of cooler air, these high temperatures can be reduced to acceptable levels in the
downstream HEPA filters. If this cooling effect is to be provided, however, detailed plans and
designs are essential. Such plans and designs in turn require appropriate guidance.
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3. REVIVING THE INFRASTRUCTURE

To be effkctive, any management system requires f~back. In the case of HEPA filters,
there ‘wemany indications that an acceptable program for feedback of experience is either absent
or seriously degraded. At a time when additional HEPA flter investigations maybe called for,
budgets have been cut to the point that meaningfid research in this area is no longer possible.
Moreover, after nearly 50 years of continuing support for the Nuclear Air Cleaning Conferences,
DOE has decided to withdraw support for fiture conferences, seriously compromising
opportunities for f=dback from peer review and a free exchange of ideas. Reconsideration of this
decision is warranted in order to restore vigor to this important safety-related research area and to
provide better assurance of adequate information exchange on the subject of ventilation filtration.
This report should be regarded as an impetus for a revitalized f~dback and improvement program
for DOE’s HEPA filter progr~ following the tenets set forth in Board Recommendations 95-2,
SI#ety Management, and 98-1, Integrated &zfety Miznagement.

There is physical evidence that some HEPA filters presently in service maybe too weak to
perform their safety fimction effectively (l%ethold et al., July 14, 1997), and there is continued
reliance on a field test that provides no tiormation on the filters’ rernaining physical strength.
Indeed, physical evidence suggests that even unused but aged filters may not meet minimum
strength requirements. These findings indicate a need to strengthen quality assurance and quality
control programs for HEPA filters. At the same time, however

. The QPL laboratory committed to by senior DOE management is not yet in place.

. The existence of the last remaining FTF is tenuous.

. An updated Nuclear Air Cleaning Handbook a drafl revision of which was originally
committed to by December 1996, is not yet available.

. There is a serious need to update a related DOE Handbook to correct errors that
could lead to nonconservative analyses, as has occurred at least once.

To address these issues and restore vitalhy to its titer prograrq DOE should give serious
consideration to the following actions:

● Designate a location and firmly commit to providing finding, personnel and physical
resources, and continued programmatic support for a replacement for the QPL
laboratory, on an expedited schedule.

● Ensure continued operation of the Oak Ridge FTF.
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Identify needed resources and assign responsibility for early publication of a revised
Nuclear Air Cleaning Handboolq in order to make accurate, up-todate guidance on
the subject available.

Revise, update, and implement DOE-HDBK-3O1O-94 to eliminate confi.uing guidance
regarding the performance characteristics of installed HEPA tl.kers, and to improve the
quality and reliability of assumptions supporting safety analyses involving these critical
components of confinement systems protecting workers, the public, and the
environment.

Establish a cmsewative maximum age limit for JIEPA filters involved in safety-related
service. Such a limit should be estal&hed, simply because the filters degrade with
time, and only 10-15 years of meanin@l data is available to justi& extended service
life. Any age limit established should be supported by a systematic evaluation of how
the strength of HEPA filters varies overtime, for both instaUed filters and those in
storage.

The above actions are called for to restore DOE’s failing inhstructure supporting its
HEPA titer program. At this time, however, higher priority should be attached to prompt
completion of a vulnerability assessment of each facility relying on HEPA titers for accident
mitigation. Falters specifically required to operate (and those being stored in place that could
interact with these filters-as in the case of standby, bypass filter banks) in a stressed situation
(e.g., in fires, during sprays, or in high temperatures) while called upon to perform a safety
fbnction should be assessed for their ability to perform acceptably. Installed filters that have
already exceeded their usefid life should be replaced on a prioritized basis. Finally, systematic
evaluations of the anticipated performance of installed HEPA filters compared with the tasks they
are expected to petiorm should be completed. These evaluations should be based on reasonable
but conservative assumptions regarding potential mechanisms for titer degradatiorg pending the
conduct of meanin@l research aimed at definitively establishing a better understanding of how
filter strength varies with time.

This report has described a significantly degraded DOE in&structure for HEPA filters.
Confinement viability demands high dependability of these filters. An acceptable level of
reliability can be assured only if the robust inihstructure required to support continued assurance
of their performance is restored.
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In this connection DOE Handbook 3010 (DOE-HDBK-3O1O-94) (U.S. Department of
Energy, December 1994) implies that HEPA titers can withstand temperatures substantially
greater than 1500° F for tens of minutes without losing their nominal efficiency of 99.97 percent.
This is not correct, since fiberglass will melt before reaching such temperatures. This erroneous
information was used in a recent Basis for Interim Operation (U.S. Department of Energy,
April 1998) in which a filter efficiency of 99.8 plus percent was assumed in calculating dose
assessments. In this instance, recalculation determined that the temperature likely to be
encountered at that facility would not have reached 750”F. However, the same error (i.e., the
assumption of no filter damage and filter availability for dose reduction) could recur if the
handbook is not revised.

..

2.3.3 Wetting

Like paper, HEPA filter medium is especially susceptible to water damage, despite the fact
that water repellents are applied to the medium during manuilwture. When installed fire
suppression systems are activated to protect systems, structures, and components tilde
confinement, the moisture-laden air carried downstream to the HEPA filters can
filter performance-at a time when high-efficiency filter performance is crucial.

2.3.4 Filter Strength

seriously degrade

The remaining strength of HEPA filters must be adequately considered, especially under
challenging conditions, such as having to cope with a fire. Making this determination is
particularly difilcult, however, since no nondestructive in-place testis available. Further, many
unpredktable iktors can degrade the titer installation’s strength without the operators’
knowledge. Filter strength is aflkcted by such factors as manufacturing variables, aging, loss of
binder, loss of water-repellent capability, shelf life, history of prior wetting exposure to high
temperature, exposure to high radiatio~ exposure to chemicals, and exposure to moisture-laden
air (Frethold et al., July 14, 1997; Bergman et al., 1994; Carbau& 1982; Johnson et al., 1988;
Moelier, 1982; First, 1996). While many of these factors have been investigated, a quantitative
assessment does not appear possible at this time. More important, a consewative limit on filter
life is not currently mandated by DOE.

2.3.5 Air Leaks

Carefid desigq attentive operatio~ and disciplined maintenance of a HEPA installation
can be negated by air leaks in the negative pressure region of the system downstream of the Hters
and upstream of the fans. Leaking gaskets, fm seals, and damper actuator penetrations are
particularly vulnerable. These regions are not routinely checked for leaks (l%ethold et al., July 14,
1997; Roberso~ March 3, 1997). When RFETS addressed this issue, such leaks were found.
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2.4 RESULTS OF PRIOR RESEARCH

The literature is replete with studies that examine possible negative influences on HEPA
filter performance (Frethold et al., July 14, 1997; Bergman et al., 1994; Johnson et al., 1988;
Robmon et al., 1985). The data presented in these studies are based almost entirely on HEPA
filters less than 15 years old. A fm of the filters examined in the studies were 15–20 years ol~
and a very few were older than that (the age of these filters typically includes both shelf and
service life).

Frethold’s work (Appendm 4, Figure 4-1) (l%ethold et al., July 14, 1997) shows some
unused but aged filters with less than minimum specifkd initial tensile strength of 2.5 pounds per
inch for unfolded media and 2.0 pounds per inch for folded media. “Folded” versus “unfolded”
here is significant because the most commonly observed ftiure point on a HEPA filter is on the
downstream fold. Further, Frethold’s work (Figure 6-1) reveals variability for this parameter by
factors of 2–3 for the same manufacturer.

The loss of water-repellent capability has also been observed by several investigators.
This can be a signiikant factor if moisture carryover or sprays horn firefighting efforts impinge on
the Iilters. Fflters untreated for water repellency are expected to absorb some fraction of the
impinging moisture or water. This moisture absorption can dramatically increase the pressure
drop across the filter and lead to filter failures. According to Frethold (FQures 2-1 and 2-2), loss
of the ability to repel water does not appear to be a problem in storage, but can be significant in
service. Johnson’s data (Johnson et al., 1988) show a 57–100 percent loss of water-repellent
capability among filters in semice for 13–14 years.

These data suggest that remaining strength and ability to repel water are important
considerations for continued HEPA filter use, but it is not possible to spec@ an exact setice life.
Qualitatively, however, the data clearly indicate that titers cannot stay in service indefinitely.
Since an exact service life cannot be determined and data variability is signifkant, individual
vulnerability assessments that examine the expected efficiency, Me, and mission for installed
HEPA titers would appear to be desirable.

Frethold (Append~ 3) presents the results of soaking a HEPA filter, drying it, and then
testing the dried media for tensile strength. This investigation was designed to simulate the effects
of direct impingement spray testing for fire protection purposes. The results revealed that one
soaking can reduce the strength of the flter media to less than the initial purchase specification
value. Additional tests conducted by Frethold without presoaking also demonstrated weakening
of the filters. On the basis of these dat~ the safety significance of the applicatio~ and a
consideration of fbture building use, one DOE site (RFETS) decided to replace various previously
wetted HEPA stages (i Buildings 371 and 707). The choice appears to have been a prudent one.

It should be noted that most of the investigations cited above were carried out under
finding provided by DOE and its predecessor agencies. Today almost no finding is available for
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conducting such investigations, even though there are many unanswered questions. No
programmatic office within DOE has stepped fonvard to set priorities regarding the additional
tiormation required.

Taken collectively, the published data also suggest that there could be some unused HEPA
filters in storage-ready to be installed in safety systems-that would not meet newly purchased
filter specifications. Further, the data suggest that installed HEPA filters could be so degraded by
age and loss of ability to repel water that they might not petiorm their expected safkty fimction
when called upon to do so.

Several attempts have been made to establish an age limit for HEPA filters, takinginto
consideration the weaknesses obsemwd during testing. First (1996) of the Hamard Air Cleaning
Laboratory recommends 5 years for HEPA filters used in biological cabinets. The Savannah
River Site has a 5-year limit in place, including both shelf life and seMce Me. LLNL previously
proposed an 8-year limit, and is currently proposing a 10-year limit. Some DOE facilities have
filters in service that were installed more than 20 years ago. A prominent filter manufacturer
claims a 3-year shelf Me, but only under proper storage conditions. No other age limits at DOE
facilities have been proposed to date. Nor have any additional routine measurements or
assessments to evaluate the residual strength of HEPA filters been proposed.
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GLOSSARY OF ACRONYMS

Abbreviation

Board

DOE

DOP

HEPA

LLNL

OSR

QPL

RFETS

SAR
TSR

Definition

Defense Nuclear Facilities Safety Board

Department of Energy

Dioctalphthalate

Filter Test Facility

High-Efficiency Particulate Air

Lawrence Livermore National Laboratory

Operational Safety Requirements

Qualified Products List

Rocky Flats Environmental Technology Site

Safety Analysis Reports

Technical Stiety Requirements
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