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ABSTRACT 

Significant developments in high efficiency filtration for 
nuclear applications are reviewed for the period 1968 to 
1980. Topics of special interest include factory (bench) 
and in-place test methods, new developments in paper and 
filter unit construction methods, vented containment air 
cleaning systems for LMFBR and light water moderated re­
actors, and decontamination of offgases from nuclear waste 
volume reduction processes. It is noted that standards 
development has been vigorously pursued during this period 
but that advances in filtration theory have been few. One 
of the significant changes likely to occur in the immed­
iate future is adoption of the European style of HEPA fil­
ters for those that have been in service for the past three 
decades to obtain the benefits of having almost twice as 
much filter paper in the same filter cartridge. 

I. Introduction 

In 1968, at the 10th Air Cleaning Conference, a review of the 
history and then-current status of aerosol filtration in the us nu­
clear industry was presented.I Because important aerosol filter de­
velopments that have affected construction and application in many 
ways have occurred during the intervening 12 years, it will be useful 
to bring the filter story up to date. 

The single event that is likely to have the most profound inf lu­
ence on future developments in radioaerosol filtration is the loss of 
coolant accident at Three Mile Island (TMI) in March 1979 which must 
be considered a watershed event in the history of nuclear safety. Al­
though the in-containment filters at TMI have not:rnt been examined,. 
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two 30,000 CFM filter systems installed in the auxiliary building 
were called into service and they "removed essentially all of the 
particulates generated" in spite of the fact that these systems had 
never been retested since their installation2 . The significance of 
this statement is unclear as the magnitude of the particulate chal­
lenge has not been defined up to the present. Whereas loss of 
particulate radioactivity from TMI was negligible, the widespread 
apprehension this accident engendered is likely to result in a 
demand for still higher collection efficiency and greater filter 
resistance to (a) internal disruptive events such as fires and 
explosions and (b) external natural disasters such as earthquakes 
and tornados. We will try to make some realistic judgments as to 
where we stand on these matters and where we seem to be heading in 
the development of better and more reliable aerosol filters. And 
finally, we will discuss what appear to be omissions in our 
development program. 

II. Codes and Standards 

Much progress has been made since 1968 in the documentation and 
codifi~ation of standards for filter installation and filter testing. 
An excellent ccmpendiurn of essential information, mentioned in the 
1968 review as "in preparation", The Nuclear Air Filter Handbook 3 , has 
already appeared in a second edition and has become an essential 
reference source in this field. Of equal importance, and both avail­
able in 1980 revised versions, are ANSI N509, Nuclear Power Plant Air 
Cleaning Units and Components 4 , and ANSI N510, Testing of Nuclear Air 
Cleaning Systems5. Although only intended to provide a standard for 
the construction and testing of engineered safety systems in US civi­
lian nuclear power stations, the major part of each can be, and 
usually is, applied with equally salutary results to air cleaning 
systems in all manner of nuclear facilities in the US and abroad. The 
contents of the earlier editions of ANSI N509-1975 and ANSI NSl0-1975 
have been substantially incorporated into US Nuclear Regulatory Guide 
1.52 (Revision 1)6. It seems reasonable to anticipate the early 
appearance of Revision 2 of this document to reflect the changes that 
have been made in the 1980 update of these standards. 

The oldest and most enduring of nuclear filter standards had 
their origin in military standards developed by the US Army Chemical 
Corps and NDRC during World War II. These are the military specifi­
cations for HEPA filters 7 , HEPA filter media 8 , and filter testing9 
that were adopted initially by the AEC and subsequently modified 
several times as a joint enterprise of DOD and the nuclear agencies. 
The principal modification in the military standards since 1968 cen­
tered around requirements for the resistance of the filter medium to 
radiation, the interest being prolonged survival of filter effective­
ness following a core disruptive accident. For ease in procurement, 
the military (Edgewood Arsenal) have recently qualified a number of 
producers of HEPA filter paper and assembled filters and published 
their names in a Qualified Procurement List (QPL). 10 Under study at 
this time is a proposed standard to permit testing high volume filter 
units (1800-2000 cfm) at less than rated capacity (e.g. at 1000-1200 
cfm). This will require the filter medium alone to be tested with 
0.3 µm dioctyl phthalate (DOP) over a range of velocities so that test 
results obtained with an assembled filter unit at a lower air flow 
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rate can be normalized when calculating the efficiency that would be 
expected at the rated flow compared to the current efficiency stan­
dard of 99.97%. The purpose of this proposed test modification is 
to permit the continued use of test equipment with an airflow capaci­
ty limit of 1000-1400 cfm. More will be said about high capacity 
filters in a later section. 

III. Developments in Filtration Theory 

Studies of basic filtration mechanisms that are directly appli­
cable to HEPA filter media have been few over the past 12 years and 
their achievements in helping us gain a better understanding of how 
particle separation and retention take place have been modest. What­
ever small improvements in filter paper have been made in the inter­
val have resulted from empirical experimentation rather than from the 
application of a more adequate, and hence more useful, theory. It is 
not clear whether this results from a conviction that we now know 
most, or all, there is to learn about aerosol filtration through fine 
fiber mats or a feeling on the part of many that commercial filter 
papers are now so near perfection that there is little to be gained 
by trying to make them still better. Although commercial filter 
papers are extraordinarily good, neither of these suppositions with­
stands searching examination, as will be brought out in the course of 
this review, and it is hoped that one outcome will be a renewed 
interest in solving the remaining problems associated with the manu­
facture and application of HEPA filters. 

The sad state of affairs with respect to the advancement of 
filtration theory for HEPA filters is reflected in an overview paper 
presented by R.G. Dorman, entitled "Filtration Theory" at a November 
1976 Seminar on High Efficiency Aerosol Filtration11 that contained 
only 3 references out of 28 with a publication date later than our 
own 1968 review and with none of the three later than 1971. 

Two exceptions to this dismal picture are (1) a paper presented 
at the 1974 Air Cleaning Conference by Anderson, Magee and Jonas that 
undertook to examine and analyze previously unreported filter perfo~­
mance data that had been collected at the Naval Research Laboratoryl2 
and (2) a basic study of the diffusional separation mechanism for 
submicrometer particles at the Harvard Air Cleaning Laboratory that 
was reported at the same 1974 Air Cleaning Conferencel3. The 
Anderson, et al. paper subjected voluminous empirical observations 
to multiple linear regression analyses by computer techniques into 
a factorial design that incorporated the basic filtration parameters 
of particle inertia, particle diffusion, and filter fiber intercep­
tion with filtration velocity and particle size over the range 
0.26-0.32 µm. The resulting machine-optimized linear regression 
equations account for all the important filtration parameters with 
correlation coefficients ranging from 0.844 to 0.999. The equations 
confirmed that (a) the inertia parameter makes an insignificant 
contribution to the filtration of particles of this size at the 
filtration velocities utilized (b) the interception parameter is 
independent of particle size and (c) the diffusion parameter is the 
most important for HEPA filtration and shows "a non-monotonic 
dependence on aerosol size1211 • Although this was a valuable study 
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in that it quantified more exactly prior knowledge about filtration 
mechanisms, it provided little new information about the laws of 
nature that govern fine particle filtration. 

A more f undament study of diffusional separation of small 
particles (0.02-0.2 µm) by small diameter fibers (4, 8, and 12 µm) 13 

showed that current diffusional filtration theory could be used to 
predict efficiency over a gas temperature range from 357-711°K. An 
important relationship developed in this study was the influence of 
single fiber efficiency and filter solidity on total filter penetra­
tion. The filters used in this study were of very low solidity, were 
composed of monodisperse fibers and were not meant to simulate HEPA 
filter media. Nevertheless, experimental confirmation of the diffu­
sional separation parameter defined by Fuchs and Stechkinal4 by way 
of the Peclet number is a step forward in understanding the most im­
portant basic separating mechanism involved in HEPA filter particle 
collection. 

IV. Developments in HEPA Filter Construction 

US and UK HEPA filter construction is very nearly identical and 
this design has been the mainstay of the nuclear industry for the 
past three decades. This is understandable as these filters reached 
a state of near perfection with respect to retention of submicrometer 
particles when filter manufacturers found ways of improving their 
assembly techniques to the degree that they were frequently able to 
turn out filters that exceeded required particle retention efficiency 
by an order of magnitude, i.e., from 99.97% efficiency to 99.997%. In 
addition, the filters exhibit notable resistance to chemicals, flame, 
high temperature, and radiation. This is unusual as generally the 
reverse occurs, i.e., manufacturers have difficulty meeting equipment 
performance standards and often government regulations are designed 
to be technology forcing. Of special note, is the almost total substi­
tution of aluminum for asbestos as construction material for corru­
gated separators and the introduction of urethane plastic as a sealant 
between filter pack and rigid casing in place of rubber cement. Both 
substitutions have proven acceptable when subjected to the test regi­
men of military standard MIL-F-51068 7 • 

To an important degree, the establishment of USAEC Quality 
Assurance (QA) Filter Test Stations in 1960 ~ade it imperative for 
filter manufacturers to institute their own rigid quality control 
practices to avoid product rejection at the filter test stations. For 
example, forty-nine percent of filters manufactured prior to 1960 were 
rejected at the filter test stations whereas only 5% were rejected 
during the following 8 years.1 5 By 1978, the rejection rate had 
declined to a point where the U.S. Nuclear Regulatory Commission was 
willing to forgo QA Filter Test Station inspection of filters intend­
ed for use as engineered safety feature (ESF} systems in commercial 
nuclear power plants on the basis that tt.e marginal increase in the 
reliability of tested filters no longer justified the addition of 30% 
to filter costs16. 

Although UK filter construction methods and filter materials 
have closely paralleled US practice, a number of manufacturers in 
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other European countries have been making a different high 
efficiency filter for the past several years with US-manufactured 
paper. Instead of filter paper pleats that extend the full depth of 
the filter cartridge, their paper is folded into mini-pleats about 
20-mm deep with a pitch of 3-mm. Adjacent pleats are separated by 
ribbons or threads of glass, foam, plastic and asbestos. A full size 
filter is assembled from several component panels of this construc­
tion arranged around a series of V-shaped air passages. This design 
allows considerably more filter paper to be incorporated into a given 
volume, making it possible for a standard US filter unit of 24 x 24x 
11~ in. to be displaced by one of identical dimensions that is able 
to handle 1,800-2,000 cfm instead of 1,000 cfm at a clean filter re~ 
sistance of 1 in. w.g. and to meet the maximum DOP penetration stan­
dard of 0.03% at this higher volumetric flow rate. Alternatively,if a 
1,800-2,000 cfm-rated mini-pleat filter is substituted for a US­
design filter of equal size, the airflow resistance of the mini-pleat 
filter for the same air flow rate will be reduced to 55% of that of 
the US filter it replaces. Further, as there is almost double the 
amount of filter paper in a mini-pleat filter, dust will have a great­
er surface on which to deposit.and the filter resistance increase 
from dust deposits will be only 55% as rapid as for the US filter 
unit of equal size. Combining the?e two effects, theory pre-
dicts that the overall rate of resistance increase of the mini-pleat 
filter will be only 30% as rapid (i.e., 0.55x0.55=0.3). Not only does 
this mean that the European style filters will last longer, but, in 
addition, the number of filters discarded will be reduced proportion­
ately. Inasmuch as the cost of nuclear waste disposal services has 
made it more costly to discard used filters than to purchase and in­
stall them, this is an important consideration and tests have been 
underway for the past four years at the Harvard Air Cleaning Labora­
tory to learn if theory can be confirmed by experiment. 17 Conven­
tional US filters and mini-pleat filters have been exposed to atmos­
pheric air side by side without prefilters at rated capacity and, 
for the 1800 cfm mini-pleat filters, at 1000 as well, until they reach 
a filter resistance of 4 in. w.g. The mini-pleat filters have not 
fulfilled their theoretical promise of more than three times service 
life because the narrow air passages between the mini-pleats seem to 
bridge over with dust and lint earlier than do the wider spaced pleats 
of the US design. However, a considerable degree of extended life is 
achievable and this may be a worthwhile improvement in spite of the 
present much higher purchase cost of European mini-pleat filters. US 
filter producers have already recognized these advantages and at least 
two have begun manufacturing mini-pleat HEPA filters 18' 19. It has been 
recognized that we may be on the verge of a radical change in the 
design of HEPA filters intended for use in US nuclear facilities and 
this has been the stimulus for the search that was referred to earl­
ier for an acceptable method of bench testing high capacity filter 
units with existing test equipment. 

Inasmuch as mini-pleat high capacity filters give an indication 
of failing because of bridging of the extremely narrow air passages 
between pleats (an absolute necessity if almost twice as much paper 
is to be pleated into the same volume as the conventional design US 
and UK filters) rather than by a uniform coating of the entire paper sur­
face, there is currently much interest in trying to prolong the ser-
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vice life of mini-pleat high capacity filters by using low resistance 
prefilters, some of which have been reported to have acquired greatly 
improved particle retention characteristics by the use of electro­
statics. One such prefilter uses the electrostatic properties of 
electret fibers that carry a permanent electric charge20 and another 
employs a non-ionizing electric field in combination with a fibrous 
filter 21 . Both developments are reported to give a spectacular im­
provement in filter efficiency with no increase in air flow resis­
tance, either initially or as dust accumulates in the fiber structure. 
Additional filter comparison tests with prefilters are underway at 
the Harvard Air Cleaning Laboratory and elsewhere to define the pre­
cise application conditions under which mini-pleat filters are likely 
to give optimum service life. 

One aspect of the performance characteristics of mini-pleat 
high capacity filters that has not yet received sufficient attention 
is their ability to withstand rough usage and prolonged exposure 
to unfavorable environments. (See also Section XI.) Experiences up to 
the present with filters from a number of different sources have not 
been completely reassuring in this regard and it is doubtful that we 
should advocate their use for critical nuclear service until their 
ability to withstand adverse stress conditions of all kinds has been 
proven by test and service to be at least equal to the filters con­
structed according to the accepted US military and nuclear design 
standard. This is a critical matter because a thin membrane composed 
of fine glass fibers can become the final barrier between a highly 
contaminated area and the environment. 

A novel filter design having air flow capacitymidway between 
the standard US units and the mini-pleat design is a filter fabricated 
without separators between full-sized pleats. Because of the absence 
of corrugated separators, more paper can be placed inside the same 
filter frame and, in addition, there is less area of filter paper 
blinded by contact with impervious separator corrugations. The manu­
facturer describes the product as follows: "The filter pack [is\ con­
structed by pleating a continuous sheet of molded glass medium back 
and forth over itself so that the filter pack is self-supporting 
without the use of separators. The paper-making, forming and pleating 
of the medium [is] a single, continuous manufacturing process." 22 A 
wet paper, cast about- 20% thicker than for a flat sheet, is formed on 
a conventionalFourdrinier paper making machine and then grooved by 
vacuum molding on a slight bias relative to the run of the paper so 
that after pleating the crests of contiguous pleats crisscross and 
prevent nesting. Because the paper corrugations are deeper than those 
formed by separators, some of the advantage of eliminating separators 
is lost, insofar as it is intended to increase effective paper sur­
face by elimination of impervious areas of contact between paper and 
separator. These filters have met all the test conditions contained 
in military standard MIL-F-51068 7 but, up to now, there has been 
modest engineered safety system service experience to report, only 
suggesting we exercise the same caution recommended for the mini­
pleat high capacity filters. (See also Section XI.) 
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v. Developments in HEPA Filter Paper 

Asbestos, the original small diameter, high efficiency fiber in 
the filter medium, is no longer used in papers meeting military spec­
ification MIL-F-51079 8• This has not come about for the reason that 
asbestos is inferior to superfine spun glass for paper making (which 
it is), but rather because asbestos has been designated a carcinogen 
by the US Occupational Safety and Health Administration and paper 
makers are no longer willing to handle it. The use of asbestos 
persisted from the time of World War II because~ for some, it was 
a cheaper fiber than superfine glass and, for others, it had greater 
resistance to hydrogen fluoride than all-glass paper. The Atomic 
Energy Commission supported research efforts to develop a paper made 
from more HF-resistant glass fibers for many years without notable 
success23 insofar as the development of a commercial paper with all 
the required characteristics are concerned. A mixture of asbestos 
fibers with glass fibers was settled upon as the most acid-resistant 
medium then available. Although the paper furnish started out as a 
mixture of 95% glass and 5% asbestos, the finished paper contained 
only 1%-2% asbestos fibers because the fine diameter crocidolite 
fibers were becoming lost through the screen of the papermaking 
machine. Handsheets of filter paper containing increasing concentra­
tions of asbestos were made to find a more acid-resistant formulation 
but the effort achieved little success and was finally abandoned. 
Some of the filters with glass-asbestos paper contained chrysotile 
asbestos separators and when they were exposed to acid-containing 
gases, magnesium leached from the asbestos separators and 
formed magnesium nitrate on the downstream face of the filters. 
A soluble form of this compound became liquid in the humid exhaust 
air and blew off to degrade successive banks of filters. 

For nuclear applications when HF is present in more than 
trivial amounts, a substitute for asbestos-containing paper is 
urgently needed. Papers made from ceramic fibers composed of silicon 
dioxide and aluminum oxide have higher HF resistance than glass but 
these fibers have not been produced in fiber diameters small enough 
to give the required particle retention efficiency to the paper 
unless they are mixed with asbesto~~ 

A recent development in the production of HF-resistant 
filter media that possess characteristics that conform with the 
requirements of military specification MIL-F-51079 is a glass-fiber 
paper containing 2% of temperature-resistant polyamid, or nylon, a 
medium which one filter paper manufacturer already has on the 
market 25 • Laboratory tests in a chamber exposing the medium to mild 
concentrations of HF and HN03 in a humid atmosphere were sufficiently 
encouraging to initiate tests of full-size filters exposed to 2-3 ppM 
HF and 100 ppm HN03 in a humid atmosphere. Filter life of the 
experimental filters was 10 months compared to 4-5 months for filters 
made with glass-asbestos medium 26 • The improved service was partial­
ly attributable also to the use of some filters without separators 
and to others with aluminum alloy separators completely covered with 
a thin coat of epoxy. These separators are now available from 
several filter manufacturers. 
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Another formulation has been manufactured with glass fibers 
and 5% of temperature-resistant nylon fibers. This has provided 
encouraging results from laboratory exposures, and filters containing 
this fiber mix are currently undergoing service life tests. Labora­
tory work is in progress to develop a filter medium incorporating 
a different nylon that may offer greater temperature and chemical 
resistance. 

VI. Filter Testing 

There is a significant difference in the method used to test 
filter efficiency in the factory (test stand) and in the field 
between European countries and the US. In the US, a 0.3 µm 
monodisperse DOP aerosol is used for factory and QA Test Station 
filter testing9,27, but a 0.7 µm mass median diameter (MMD) poly­
disperse DOP aeroso128 is used for in-place filter testing5 • Light 
scattering photometry is used for both. In Britain, a polydisperse 
sodium chloride aerosol generated from dried brine droplets is used 
for factory testing and a flame-generated polydisperse salt aerosol 
of about 0.3 µmis used by some installations for in-place testing 29 • 
Measurement is by sodium flame photometry for both. However, the 
CEGB uses condensation nuclei, generated by a burner, and a Pollak 
nuclei counter for their in-place filter tests30. In France, the 
test aerosol contains polydisperse liquid-spray generated uranine 
particles having a count mean diameter of 0.08 µm. Simultaneous 
up and downstream samples are collected on membrane filters and 
measurement of the uranine, dissolved in a suitable solvent, is by 
spectrofluorimetry31. 

Considerable effort has been expended over many years with only 
partial success to discover conversion factors that would make it 
possible to convert filter efficiency measurements by one method to 
an equivalent value when measured by the others 32 • Although it would 
be very convenient if everyone used the identical filter test method, 
this is unlikely to occur in the foreseeable future. Lest this be con­
sidered an overly serious matter, it should be kept in mind that what­
ever bench test is used, it merely provides a convenient and standard­
ized "index of filter efficiency" that is unlikely to be duplicated by 
the aerosols that will be encountered when this same filter is used 
in nuclear facilities, i.e., the size, shape, and specific gravity of 
nuclear plant aerosol particles are likely to differ substantially 
from those in the test aerosol. We expect that nuclear plant aerosols 
will be more easily filtered than our bench test aerosols, but this is 
not inevitable. Therefore, a search for precise equivalence between 
bench test results and field results is unlikely to be rewarding. 

Interpretation of in-place tests in terms of filter efficiency 
is fraught with even greater uncertainty than attempting to find con­
version factors between the several "standard" tests inasmuch as the 
original intent of in-place tests was a search for installation defects 
rather than an attempt to re-quantify penetration 33. The decision of 
the Nuclear Regulatory Commission to by-pass the QA-Filter Test Sta­
tions in favor of in-place tests for filters intended for service in 
engineered safety feature (ESF) systems, combined with an emphasis on 
the use of very challenging aerosols in the British thermal sodium 
chloride test and the French urani.ne test (both of which use very 
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much smaller particles than are needed for spotting gross defects) , 
suggests that in-place testing is being transformed in a gradual 
manner into some kind of an efficiency test that seems likely to 
become the primary reference standard for nuclear filtration systems 
in place of sole reliance on manufacturers' bench test results. As a 
further manifestation of this trend, the use of intercavity laser 
single particle counting and sizing devices has been proposed as an 
alternate US Standard for in-place testing34 • Though accurate 
measurement of the particle size efficiency of a filter system after 
installation provides the kind of information most likely to satisfy 
requlatory agencies and reassurethe general public, little attention 
has been given to quantifying the reliability of in-place efficiency 
tests in comparison with bench or laboratory tests. Further, 
the precise meaning of overall weight efficiency tests conducted with 
polydisperse aerosols is highly d~pendent on the particle size dis­
tribution of the aerosol particles. A special difficulty with the 
proposed single particle counting and sizing method is that no accep­
tance criteria have been formulated so that it is not a performance 
standard but merely a test method. This is a very real difficulty 
inasmuch as a full particle size-penetration curve resulting from the 
use of this proposed test method permits of no simple interpretation, 
e.g., should the maxiumum penetration criterion (whatever it might 
become) apply equally to each and every particle size measured, to 
the sum of all particles of every size, or to just certain critical 
sizes such as DOP particles 0.3 µm or 0.07 µm diameter? Until 
decisions have been reached on how to interpret the data obtained by 
the application of particle size - penetration measurement devices, 
the development of a standardized test method mav be premature. Fur­
ther, it would be prudent to gain wide experience with the method 
before accepting it as a US Department of Energy Nuclear,Standard. In 
addition, the use of very high upstream particle concentrations, 
called for by this proposed test method, is self defeating as rapid 
agglomeration, with a corresponding change in particle size, occurs 
whenever submicrometer particles are generated in numbers that are 
substantially in excess of 106 per cc. Therefore, before we drift into 
a position of total reliance on a poorly defined in-place efficiency 
test, we should make a searching study of each proposed in-place test 
method in the laboratory and in the field to evaluate error functions 
and to determine whether such a reliance on in-place~fficiencytests, 
as currently performed, will produce siqnif icant net benefits over 
currently used methods. -

Indeed, a.case can be made for entirely omitting factory bench and 
QA station testing with monodisperse 0.3 µm DOP (hot) and, instead, 
relying solely on a polydisperse (cold) DOP search for defects. The 
essential precondition for accepting such a radical change in our 
established methods for rating HEPA filters would be thorough testing 
and certification of filter papers prior to their fabrication into 
filter units. The basic assumption here is that when the filter 
medium meets all requirements of military specification MIL-F-51079, 
the only way in which the assembled filter can fail to deliver t~e 
required filtration efficiency would be because of defects in fabri­
cation or physical damage to the filter web during shipment or hand­
ling. In either event, a simple defect test, such as the standard 
cold DOP in-place test procedure, will serve to detect defects re­
liably and rapidly, thereby performing the identical function that the 
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hot DOP test does - although we tend to term the latter, by long cus­
tom, a filtration efficiency test. It is useful in this connection to 
examine the in-place filter test procedures contained in National 
Sanitation Foundation Standard No. 4935for biological safety cabinets 
For this test, the entire surface of the installed HEPA filter, in­
cluding gaskets, is scanned with a one-inch-diameter probe. The in­
stallation is acceptable if there is no penetration reading in ex­
cess of 0.01%. This standard permits patching of defective fil-
ters, thereby making most installed filters acceptable, along with 
easing the problems of filter installers. As a consequence, any fil­
ter passing this test will have average penetration less than 
0.01%. This is a more rigorous acceptance standard than the usual 
0.05% penetration overall. However, any proposal to apply 
procedures such as NSF No. 49 to nuclear operations must consider 
that scanning a filter surface for defects is manpower-intensive. 
Biological safety cabinets are equipped with few filters so that the 
work is not great for a single cabinet, but nuclear facilities use 
many filters in banks and frequently the work must be conducted in 
a radiologically contaminated zone requiring personal respiratory 
equipment and protective clothing. In addition, it has been found 
that the adhesive used for patching a filter burns through adjacent 
pleats when exposed to the 7000F heated air test prescribed in UL 
58636 • For this reason, patching is not allowed for nuclear filters 
although permitted for other HEPA filter applications. Therefore, 
a recommendation for improving the efficiency of nuclear filter in­
stallation by this procedure reguires clear justification on a cost­
benefi t basis. 

In addition to these standardized single filter tests, there 
has been a longstanding need to evaluate the efficiency of two or 
more HEPA filters in series when they are employed for critical 
operations such as filtering exhaust air from plutonium processing. 
After passing through two HEPA filters in series, the test aerosol no 
longer contains a sufficient particle concentration to induce a 
usable signal in the downstream detector when one of the two filters 
has an unacceptable penetration value; and sometimes, when neither 
alone would pass the usual test. To overcome this difficulty, it has 
been proposed that the intercavity laser single particle counter 
method, referred to earlier34, be used for in-place testing instead 
of the method contained in ANSI N510. 

It is well established in filtration theory that each identical 
filter in series will collect the same fraction of a monodisperse 
aerosol as the filters ahead of and behind it, regardless of the 
aerosol concentration with which it is challenged. Use of a mono­
disperse aerosol, such as hot DOP, would make it possible to calculate 
the overall efficiency of many filters in series by a knowledge of 
single filter efficiency alone, but it is not practical to generate 
monodisperse aerosols for in-place filter testing nor are the aerosols 
encountered in service likely to contain monodispers2 p&rticl~s. A 
partial solution to this problem would be to measure the particle 
size-efficiency of a single clean filter by some such (,evice as 
an intercavity laser particle sizer and counter with size 
range from 0.09 µm upward and then to calculate the penetration of 
successive filters in series on the basis of the numbers of each size 
of particle that would penetrate all upstream filters37. However, 
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the calculation method is acceptable only for new, clean filters 
because the filters will increase in particle removal efficiency in 
proportion to the amount of dust previously deposited on the filter 
paper surfaces. Obviously, the first filter in the series accumu­
lates much more dust than succeeding filters in the series and hence 
it may no longer be assumed that every filter in the train continues 
to exhibit identical particle retention properties nor that the pre­
cise particle size retention characteristics are still known. There­
fore, an in-place test method for HEPA filters in series is still 
required if we wish to check the effectiveness of operating filter 
trains periodically. 

The critical nature of the in-place tests specified in ANSI 
NSl0-1980 and US Nuclear Regulatory Guide 1.52 (Revision 1) for reac­
tor safety have focused attention on the need for objective qualifi­
cations for the personnel who conduct these tests and those who super­
vise them38. To this end an ASME/ANSI nuclear standard entitled, 
Qualifications of Field Testing Personnel for Nuclear Air and Gas 
Cleaning Components and Systems, has been in preparation by the 
Committee on Nuclear Air and Gas Technology (CONAGT) for the past few 
years and has already received a favorable vote by CONAGT IL:ernbers. 
Preparation of a companion personnel qualification standard for 
those who perform laboratory acceptance tests on nuclear grade 
activated carbons is planned by the same committee. 

With respect to the filter paper test procedure, a task force 
of the Government-Industry meeting on Filters, Media and Media Test­
ing39 critically examined the applicable military standard, MIL-Std-
2829, and determined that the Ql27 hot DOP generator 40 was not, in all 
cases, capable of producing the aerosol prescribed by MIL-Std-282. 
Therefore, a modified standard was prepared by a task group composed 
of Government-Industry meeting members and transmitted to CONAGT with 
a recommendation for adoption. This is currently under consideration. 
The principal deficiencies relative to the existing standard are an 
aerosol concentration less than 100 µg/L, a median size of 0.3 µm that 
does not correspond with a setting of 29.S degrees on the OWL parti­
cle size analyzer, and a geometric standard deviation of the aerosol 
particle size distribution that exceeds "plus or minus 10%". It was 
proposed by the task force that the standard be amended to agree with 
practice. 

A different approach was taken by Edgewood Arsenal. Several 
years ago, they awarded a contract to A.D. Little Co. to re-examine 
the theory behind the measurement of the median size of hot (mono­
disperse) DOP aerosol and to design a new aerosol generator that would 
produce the desired aerosol characteristics more precisely and more 
reliably. An A.D. Little report41 indicated that a recalculation of the 
light scattering properties of submicrometer aerosols according to Mie 
theory confirmed the results reported by Hinds, et al~2 and Skaats 43 , 
based on intercavity laser single particle counting44,and that the standard 
setting of the particle sizing OWL on the Ql27 DOP generator did not 
produce a monodisperse DOP aerosol of 0.3 µm diameter. A.D. Little Co. 
has constructed a single prototype hot DOP generator intended to be 
an improvement over the Ql27 but this unit has not yet undergone test­
ing and its performance characteristics are presently unknown. 
Although the development of an intercavity laser single particle sizer 
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and counter capable of detecting and measuring particles as small as 
0.09 µm has been a notable technical achievement and a boon to aerosol 
scientists, its application to DOP measurement has disturbed nuclear 
filtration scientists greatly because of discrepancies between laser 
and traditional measurement results. It is apparent that all doubts 
regarding which method gives the most reliable results will not be 
laid to rest until expert aerosol scientists have had an opportunity 
to study the two systems side-by-side in a research setting. 

A matter of grave concern over the past 6-7 years has been a 
persistent but unconf irmable rumor that DOP has been found to be carci­
nogenic. After the US Environmental Protection Agency listed DOP as a 
toxic substance in their Hazardous Waste Regulations, of May 9, 1980 45 , 

this concern was intensified and tentatively confirmed by a Draft 
NTP Technical Report 46 • To forestall a cessation of in-place 
testing should DOP become a recognized carcinogen, the size distribu­
tions of a numrer of substitute substances were measured with an inter­
cavity laser particle counter and sizer after aerosolizatior w~th a 
standard Laskin nozzle. It was found that medicinal grade mineral 
oil, dioctylsebacate, polyethylene glycol 400, and food grade corn 
oil gave essentially t~ same size spectrum as did DOP when aerosoli­
zed by the same device. The median size by count of each was close 
to 0.7.5 µm (MMD=0.7µm) and the geometric standard deviation (GSD) was 
close to 1.5. The use of these potential DOP substitutes has not been 
investigated systematically in hot (monodisperse) DOP generators, 
although preliminary tests with pentaethylene glycol have given good 
results.48 

VII. Sand Filters 

A number of large sand filters were constructed at Hanford and 
Savannah Works by duPont in the late 1940's and early 1950's that 
closely followed the deep bed, graded granule techniques that had 
become widely accepted for building granular filters used for sul­
furic acid mist elimination at acid manufacturing plants and for 
the purification of municipal drinking water supplies49. These fil­
ters had collection efficiencies for particles greater than 0.5 µm 
that compared favorably with the best fibrous filters then available 
and, in addition, have long service life, are non-flammable, and are 
largely unaffected by condensed water and strong acids. However, 
they are large, expensive, and non-disposable.· The rapidly emerging 
glass fiber technology of that period shifted attention to the use 
of very deep beds (several feet thick) of graded glass fibers as a 
satisfactory substitute for sand filters when treating the gaseous 
effluents from chemical operations 50, and, as noted in the 1968 
review 1 , little interest remained in sand filters at that time. A 
decade later, there is renewed interest in sand filters for applica­
tions to liquid metal fast breeder reactors and emergency containment 
venting for light water reactors. 

Experimentation with sodium aerosols has revealed how difficult 
it will be to provide adequate storage space and corrosion resistance 
in conventional glass paper HEPA filters for these chemically reac­
tive and closely packing particles 51. As a consequence, sand filters 
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are under study for engineered safety systems because of their 
desirable characteristics of nonf lammability and nonreactivity in 
contact with sodium52. Their potential for storing large amounts of 
sodium in the interstices of the size-graded granules is highly 
regarded; in contrast to HEPA filters that retain particles on the 
paper surface and rapidly accumulate a high resistance filter cake. 

A decision was reached during the design stage of the Clinch 
River Breeder Reactor demonstration plant to utilize vented contain­
ment in the event of a serious loss of coolant accident. This repre­
sented a departure from the past policy of total containment and it 
is possible, therefore, that deep sand filters may become the aerosol 
filter of choice for the liquid metal cooled fast breeder reactor. 
This seems to be the conclusion reached by investigators at the 
Nuclear Energy Research Center, Karlsruhe, Federal Republic of Ger­
many53, an~ at C.E.N., Cadarache, France53. 

The events at TMI have generated serious reconsideration of 
vented containment for liqht water reactors, also. The reason for 
this is a report that a hydrogen bubble substantially in excess of 
100,000 standard cubic feet formed in the containment vessei of 
TMI-2. Burning of hydrogen is believed to have been responsible for 
a 28 psig pressure spike that was observed 2 • A more severe coolant 
loss might have resulted in hydrogen production rates 3 to 4 times 
those that were estimated for TMI-2 and if ignited, the 
temperature and pressures produced would be likely to exceed the 
strength of the containment vessel. The option of containment vent­
ing is thought to be essential to prevent such an occurrence and gas 
venting rates of 30,000 to 100,000 cfm are being considered. A 1979 
UCLA concept study54 indicated that a sand filter in excess of a 
quarter of a million cubic feet would be required for this purpose 
and would have to contain a hydrogen ignition chamber followed by 
cooling chambers, HEPA filters, and charcoal banks of appropriate gas 
flow capacity. These are large air cleaning systems by any standard 
and are estimated to cost ten million dollars or more. 

Now may be the time to revive interest in the floating roof con­
tainment vessel concept that was proposed and investigated during 
the period that the nuclear rocket engine program was underway in the 
us. It was designed to provide long period leak-tight retention of 
waste gases with the option of decontaminating them slowly (days) in 
very high efficiency small scale apparatus5~ It has a potential 
for greatly r~ducing the capital cost of gas cleaning systems 
capable of handlingfor a sustained period a maximum instantaneous 
emission rate from containment venting. Long period holdup has an 
added advantage of allowing much of the short lived noble gas 
activity to decay. This overcomes an obvious deficiency of prompt, 
large capacity,once-through air cleaning systems for containment 
venting that incorporate no significant gas retention period. 

VIII. Filtration of Gaseous Effluents From 
Waste Treatment Processes 

Incineration of a wide selection of solid wastes contaminated 
with radioactive materials of many kinds has been practiced widely 
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for the past three decades 56. In the US, experience with decon­
taminating incinerator of fgas was so unsatisfactory and costly that 
compaction and ground burial at specially prepared and guarded sites 
became the preferred disposal method in the 1950's and solid waste 
incineration ceased. In Europe, perhaps because of much greater 
difficulty in finding suitable remote burial sites, incinerator 
operation has been continuous. 

The offgas cleaning systems employed for the early waste in­
cinerators characteristically contained numerous stages in series 
and usually included: (a) one or more quenching and coarse particle 
collecting water scrubbers (b) one or more stages of high effi­
ciency small particle collectors (c) a gas reheat stage to lower 
the relative humidity of the gases and (d) one or more banks of HEPA 
filters for the final cleaning stages. Charcoal filters might be 
added if radioiodine was thought to be present in a form that would 
not be collected by the wet stages. These gas cleaning trains 
became thoroughly contaminated with radioactive solids, making 
maintenance, of which there was a great deal, difficult. They dis­
charged the collected radioactivity in many separate waste streams 
which usually required further processing - often of a very difficult 
nature. And finally, destruction of the HEPA filters after they 
became clogged of ten demanded a substantial fraction of incinerator 
working time. 

Interest in solid waste incineration to reduce bulk, in prepara­
tion for storage, has been rekindled in the US in response to the 
widespread closing of waste disposal sites and a substantial increase 
in the cost of burial services. This renewed interest has taken two 
forms: (a) revival of the unsatisfactory systems in use 30 years 
ago and (b) development of new types of burning chambers and offgas 
cleaning systems. The incinerator development at Rocky Flats, 
Colorado, will serve as an example of the new breed of incineration 
facility for contar~inated solid wastes~ 7 • It utilizes fluidized bed 
combustion and requires waste shredding as a preparation step. 
Because a sizable fraction of the waste consists of PVC items that 
form hydrogen chloride on burning, the fluidized bed is composed of 
sodium carbonate pellets that react with hydrogen chloride as it 
evolves from the waste. The hot gases pass through a cyclone collec­
tor where pellet fragments and coarse ash particles are extracted 
and then to sintered metal tubular filters where the bulk of the re­
maining dust is removed. Individual sintered metal tubes are clean­
ed periodically by reverse pulses of compressed air that dislodge 
the filter cake without interrupting gas flow. The cleaned gases are 
then cooled in a heat exchanger and passed through HEPA filters for 
removal of all residual dust. This all-dry system avoids the corro­
sion that occurs when handling hydrogen chloride gas by wet collec­
tion devices, delivers a reduced volume of dry particulate waste for 
disposal, and performs high efficiency cleaning of the waste gas 
stream. 

Reverse-jet-cleaned sintered metal tubular dust filters are also 
being used in the gas cleaning train of the spray drying units 
operated at Richland, Washington for drying, sintering, and 
vitrifying high level liquid wastes derived from fuel processing58 
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For both operations, granular moving bed filters are being in­
vestigated as a substitute for the sintered metal tubular filters 
that have high airflow resistance (>20 in. w.g.) because they behave 
as sieves rather than as true filters and have a tendency to become 
permanently clogged. Granular beds act as true filters, have large 
voids for storing large amounts of filtered dust at low pressure rise, 
and, when cold pellets are cycled through the apparatus counter­
current to hot gases containing fine particles, the thermophoretic 
separating forces that are generated have a potential for greatly 
increasing collection efficiency for particles substantially below 
1 µm 5 9. Not only does such a filter act as a heat exchanger as well 
as a filter, thereby elininating one piece of equipment, it also pro­
longs the service life of the HEPA filters that follow because of 
an ability to remove the finest particles that would otherwise clog 
the final stage of HEPA filters. Because the high temperature and 
corrosive conditions associated with solid and liquid waste reduc­
tion by heat processes generate an especially difficult environment 
in which to operate conventional HEPA filter trains, the types of 
more resistant gas cleaning units noted above will be needed to cope 
with the increasing waste load. 

The effort to reduce the volume of radioactive waste generated 
from depleted HEPA filters has been unrelenting. A compactor has 
been designed and brought into operation which will punch out the 
filter pack of a 1000 cfm filter and, depending upon filter design, 
compress the pack to within 5% to 15% of its original volume. Some 
600 spent filters have been handled successfully in recent months. 
Future development programs include plans to reduce stripped 
wood filter frames in a fluidized-bed incinerator.00 

IX. Operation of Nuclear Offgas Cleaning Systems 

Numerous studies of reportable failures of gas cleaning and 
other safety systems in US commercial nuclear power stations 
(licensee event reports, usually referred to as LER's) have been 
published since 1974. They cover the 12-year period from 1966 to 
1978 61 , 62 • Although only commercial power station failures were 
covered in these studies, it is reasonable to assume that the find­
ings have relevance to of fgas cleaning systems designed and used in 
nuclear systems engaged in different operations. The objective was 
to identify failures that have safety implications for the purpose 
of finding ways to eliminate them from future operations insofar as 
that may be possible. 

Many of the offgas cleaning system failures had serious safety 
implications that were easily recognized. Most seemed insignificant 
individually but, when considered in the aggregate, indicated that 
more serious events could have followed had operating conditions at 
the time been6tess favorable. Surprisingly, in the most recent of 
these studies , 50% of reported failures were attributed to human 
errors in the d2sign,operation, or maintenance of reactor components 
and systems. The next most numerous category was the failure of in­
struments that were installed to monitor and control abnormal en­
vironmental conditions. During 1975-1978, approximately 13% of all 
reports pertained to failures in air monitoring, air cleaning, and 
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ventilation systems. In boiling water reactors, over half of these 
related to failures in equipment for monitoring the :performance of 
air cleaning systems rather than to failures in the systems them­
selves. For pressurized water reactors, the percentage was 32%. 

Many lessons have been learned from an examination of the accu­
mulated record of serious and trivial failures of gas cleaning sys­
tems and this activity now seems to be firmly adopted by the NRC. 
Already, development of new educational and training programs for 
reactor and other operators are underway to try to reverse the fre­
quency with which "personnel error" appears as a cause of failures. 
One of the clear messages that emerges from such a study of failure 
modes is the great value of passive gas cleaning systems as the 
ultimate barrier to the emission of radioactivity-containing gases 
to the atmosphere. 

X. Retention of Filtered Alpha-Active Particles 

A series of reports from Oak Ridge National Laboratory have con­
cluded that alpha-emitting particles such as plutonium penetrate HEPA 
filter media more readily than do non-radioactive or beta-gamma 
emitting particles 63 • This anomalous behavior is attributed to mi­
gration through the paper by alpha emission recoil energy after 
deposition by conventional filtration mechanisms. The nature of the 
events causing migration is pictured as an energetic release of 
clusters of atoms from the filter substrate followed by repeated 
dislodgments caused by subsequent alpha recoils that result in a 
steady downstream migration under the unidirectional influence of 
the air flow. Some released atom clusters eventually penetrate the 
filter and are released unless there are additional HEPA filters in 
series; in which case they will be stopped a second time and the prcr 
cess repeated. Because of the extremely small size of the alpha­
emitting atom clusters that are released, they are readily filterable 
on a downstream filter by the diffusional mechanism. Although the 
fraction of the collected dust that will be released by alpha recoil 
energy is always small, it is a matter of concern because the 
toxicity of plutonium is such that maximum retention is desired and 
this has motivated some facilities to utilize two and three HEPA 
filters in series for this type for service. At least one prqx:isal has 
been made to increase this number to fou:r:6 4 on the basis of random 
unexplained alpha activity penetration peaks at fuel reprocessing 
facilities over periods that have been monitored continuously for as 
long as 80 months. Some of these penetration peaks have been asso­
ciated with moisture episodes that could account for penetration as 
blow-off of droplets containing dissolved or suspended plutonium 
salts and oxides but others are of mysterious causation. Penetration 
by alpha recoil energy is a possible mechanism but it does not 
satisfy all of the observed data and it must be concluded that the 
penetration of alpha-active particles through HEPA filters in series 
is a phenomenon that lacks a fully satisfactory explanation at this 
time. 
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XI. Structural Resistance to Blast, 
Shock, Tornado, and Earthquake 

As previously noted, although HEPA filters are fragile, they 
are frequently the final barrier between a highly contaminated area 
and the environment. This has generated considerable concern over 
the mechanical resistance of HEPA filters to damage from disruptive 
natural phenomena such as earthquakes and tornadoes, and from inter­
nal and external explosions. 

Early (1955-6) studies of blast effects on HEPA filters and 
prefilters were conducted at the Harvard Air Cleaning Laboratory and 
in the field in connection with the development of protective meas­
ures against the effects of nuclear weapons65. It was found that 
6 in. deep HEPA filters made with corrugated paper separators and 
having a cross section of 24x24 in. sustained moderate damage at 
6 in. Hg overpressure and complete destruction at 10 in. Hg over­
pressure. In 1966, Anderson and Anderson reported on the shock and 
blast resistance of several sizes of US-made HEPA filters with 
corrugated aluminum separators 66. They confirmed the results of 
Billings, et al. in a general way, and found that the physical dimen­
sions of the filter cartridge were a controlling factor in blast 
resistance, e.g., 8x8 in. filters, 6 in. deep, failed at an over­
pressure of 4.5 psi (9.2 in. Hg), whereas 24x24 in. filters of the 
same depth failed at an overpressure of only 2.2 psi (4.5 in. Hg). 
They reconunended that the design limit for dirt-loaded filters with 
face guards be set at 80% of the values causing failure but only 55% 
for loaded filters without face guards. These values for the shock 
and blast resistance of all face sizes and depths of open face HEPA 
filters with separators were rationalized by Burchsted into a single 
chart relating shock overpressure resistance in psi to a ratio of 
filter depth to face dimensions 67 • These values have been widely 
accepted for the past fifteen years in spite of the important changes 
in filter components and construction methods that have occurred in 
the intervening years and the introduction of entirely new filter 
types, e.g., separatorless and European panel designR. 

With a change of emphasis since 1965 toward engineered safe­
guards for civilian power reactors, attention has focussed principal­
ly on filter resistance to tornado and earthquake. The Nuclear 
Regulatory Commission has adopted a design basis tornado for com­
pliance purposes68 and has published several regulatory guides on 
seismic design. 

Computer modelling and simulation testing of HEPA filters when 
exposed to tornados has been underway at Los Alamos Scientific 
Laboratory (LASL) since the early 1970's. Using a shock wave dura­
tion very nearly the same as Anderson and Anderson6~ they found a 
loss of structural integrity occurring on the average at almost the 
same overpressure (1.9 vs. 1.8 psip9as that recommended as a safe 
design limit by Anderson and Anderson. It is not known whether 
this difference reflects a variation in the test protocol (no 
standard test procedure has been adopted) or a variation in the 
resistance to physical stress of currently manufactured filters. 
The latter option is thought to be the correct interpretation of 
these divergent results as all the filters tested by Anderson and 
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Anderson came from a single manufacturer whereas those tested at 
LASL came from a number of manufacturers. One manufacturer's filters 
in the LASL series had more than double the resistance of the weakest 
ones and ·this manufacturer's filters gave results that were not sig­
nificantly different from those found by Anderson and Anderson, so 
it is clear that "the breaking point of the filters from shock over­
pressure is very dependent upon the manufacturer." 69 The peak 
pressures at which filters broke during simulated tornado loadings 
(a slower pressure buildup sustained for a longer period) were 
almost identical with those found for shock overpressures when using 
filters from the same manufacturer. 

Shock and simulated tornado tests performed on four manuf ac­
turers' European-style high-volume panel filters and US separatorless 
filters showed that, on the average, they had only two-thirds the 
structural strength of conventional US filters containing corrugated 
separators between filter paper folds extending the full depth of 
the filter casing when subjected to simulated tornado loadings and 
only one-half the strength of conventional filters when subjected to 
identical shock overpressures. The averages are a little misleading 
as the products of the worst manufacturer of conventional US filters 
did less well than the products of the best manufacturer of the 
newer substitutes so it comes back once again to a difference of 
more than two to one among manufacturers in product strength to 
resist overpressure. 

It was not stated which of the non-conventional filter types 
performed best in the shock overpressure and simulated tornado tests 
discussed in the preceding paragraph. In a series of seismic tests 
in which filters were stressed to destruction, it was found that 
separatorless filters were capable of withstanding higher accelera­
tion levels on the seismic simulation shake table than were separator 
type filters from the same manufacturer70. The explanation that was 
given was that the separators vibrated relative to the filter paper 
during the tests and punctured the paper sufficiently to seriously 
reduce collection efficiency. Nevertheless, when this same manufac­
turer's US separator type and separatorless filters were tested 
within the seismic limits prescribed by the Nuclear Regulatory 
Commission7\ both types proved to be acceptable. Each of the filters 
subjected to seismic testing was secured in a side-opening, bag in­
bag out housing of modular construction equipped with this manufac­
turer's "fluid seal" between filter and housing. A novel feature of 
this test program was a provision to test all filters continuously 
with cold DOP at full air flow through the test cycle, with qualifi­
cation dependent upon observing no dip in efficiency below 99.97%. 
It was concluded that "the structure of ••• conventionally designed 
housing[s] would not be adequate to withstand the desired seismic 
loads 11 70 and that design modifications to strengthen conventional 
housing structures are required inasmuch as they are not seismically 
rigid and are, therefore, likely to magnify the input motions. 

These limited and somewhat equivocal test results seem to 
leave things very much up in the air with regard to establishing 
standardized test protocols and qualifying commercially available 
filters that are capable of meeting NRC-mandated resistance to 
physical stresses caused by internal and external explosions, 
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tornados, and earthquakes. It would seem to be highly desirable to 
incorporate appropriate tests for each of these properties into 
future versions of MIL-F-51068 7 and ANSI/ASME N 5105 if all filter 
manufacturers are to be encouraged to meet the highest possible 
standards for products vital to safe operations of nuclear facilities. 

XII. Future Needs 

Up to now we have been taking a retrospective look at high 
efficiency filtration for the nuclear industry. It is only fitting 
that we look ahead and try to define what special needs and problems 
we will be likely to face in the decade ahead. 

We have already identified a number of items that are of current 
concern, some of which are already under study. These include the 
design of filtration systems for vented containment of light water 
moderated commercial reactors and for liquid metal cooled fast re­
actors. Deep bed sand filters, after two decades of neglect, have 
emerged as the current favorite for a passive filtration unit for 
what may become an important part of new engineered safety feature 
systems. Improved filtration systems are also needed for nuclear 
waste volume reduction involving high temperature processes. Sin­
tered metal filters are now in use in a number of high temperature 
waste reduction processes but because these units have a number of 
disadvantages, including high airflow resistance, there is a con­
tinuing interest in the development of moving granular bed filters 
that meet nuclear service requirements. 

Although the past three decades have seen important improvements 
in the HEPA filter, notably, elimination of combustible components, 
a spectacular reduction in penetration, and increased air flow 
capacity, HEPA filter design and construction are still under close 
scrutiny. Steeply rising costs have stimulated renewed efforts to­
ward mechanization and automation in filter manufacturing and the in­
creasing diversity of applications in biological research and produc­
tion, microelectronics, etc., have sharply increased perfonnance requirements. 
It is obvious that new and innovative develo:r;::.ments are needed in paper orientation 
and filter assembly--perhaps a return to a long-neglected technique of casting the 
filter pack into an integral unit wholly crnposed of glass fibers. 24 

Although examined many years ago and found wanting, the full 
potential of conventional and electrostatic prefilters for prolong­
ing the service life of HEPA filte~s needs a systematic restudy in 
light of today's needs and today's prefilters. As a companion study, 
it will be important to determine if today's filters and filter 
components are capable of withstanding a much longer period under 
typical service conditions without serious material deterioration -
another reason for looking critically at present day materials and 
construction techniques. 

we seem to be at a crossroads with respect to filter test 
methods, filter test equipment, and quantitative specifications for 
the filters, themselves,, We hear many competing voices advocating 
changes in the test techniques we thoughthad served us well for the 
past three decades and we hear, as well, many pleas not to rock the 
boat. Lest this important matter drift into chaos, we should promptly 
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subject the entire technology of paper testing, factory bench test­
ing, and in-place testing to a coordinated study designed to identify 
the most effective and most economical overall system for defining 
the essential performance factors of high efficiency filters when 
placed in service. This is an urgent need if the nuclear community 
is to assure the public and Congress with a unified voice that the 
best possible equipment is in service for nuclear safety. 

Although nuclear and military applications for HEPA filters re­
presented the major usage for many years, this is no longer the case. 
Filters for industrial clean rooms and clean benches, for biological 
safety cabinets, for medical applications, and for a myriad of other 
uses are now the principal market for filter manufacturers. As a 
consequence, there has been a strong demand to reduce the strict 
requirements of the nuclear industry as a way of reducing filter 
costs. For example, few users outside the nuclear industry care at 
all about radiation resistance because their filters never see 
radiation and they would prefer to eliminate it as a requirement. 
However, having several grades of paper would result in high costs 
for everyone and would lead to endless confusion regarding what 
paper was in what filter. To the present, there has been general 
agreement to stay with the nuclear grade paper as the only accept­
able product, but filter construction methods are diverging to 
accommodate the special requirements of these other applications. 
These alterations invariably degrade the filter for nuclear appli­
cations in the direction of less resistance to mechanical and chemi­
cal stress. It is clear that the nuclear industry must remain 
vigilant and militant to maintain the highest pos~ible standards of 
filter construction and performance for their own use if filter 
failures are to be avoided. 

Finally, we have the puzzling matter of the effect of alpha re­
coil energy on particle penetration through HEPA filters that calls 
for clarification. And this is merely one aspect of our need to 
rededicate ourselves to a renewed interest in sponsoring basic fil­
tration research as the key to the development of more effective and 
more reliable filters. 
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DISCUSSION 
HOLLOMAN: I noticed in one section of the paper there was a 
statement that there is little evidence of Super-flow-type filter 
usage in nuclear applications. During the last four years, from 
January of 1976 until August of 1980, we have produced over 5,000 for 
DOE alone, and 6,500 that are in NRC commercial nuclear power plants. 
We feel that this does show that the filter is adequate for this 
application. There have been plenty of reports showing this in the 
past. You made another statement that there is a need for better in­
place testing of two filters in series. This is another area in 
which we have put a lot of time and made an effort to prove that you 
can perform an adequate in-place test, a test that is not just ade­
quate but is equal to or better than what you can do by injecting DOP 
ten duct diameters upstream and taking samples ten duct diameters 
downstream. This can be done in much less space and with improved 
results. 
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GILBERT: Regarding your last comment, the test you recom-
mend can be done only with your customized equipment; that is to say, 
it is not a general type of in-place test. Is that right? 

HOLLOMAN: That is true. It does take a special piece of 
equipment to do it. 

FIRST: we will take due cognizance of your first comment 
and if you would like to send those figures, or any others, to me, I 
will be glad to acknowledge them. 

BALFOUR: I did not notice that you mentioned the new liquid 
seals in lieu of the gasket. Do you have any data on that? 

GILBERT: In nuclear applications, there is a little problem 
when it comes to the fluid seal. You have potentially contaminated 
material to get rid of when you pull the filter off the male contact 
member and silicone from the fluid seal clings to the male member. 
But we hope that one of these days that will be overcome. 

HOLLOMAN: I believe everyone here understands the fluid seal. 
Mr. Gilbert's point is valid. Work is in progress to eliminate the 
problem of some fluid being retained on the male adaptor. However, 
it is not a major factor. Many filters have been removed and re-
3ealed without any problem. 

RIVERS: One thing that happens at these conferences is 
that people project completion of studies by saying, "We are going to 
be working on this for the next three or four years." But then you 
do not hear any more about it. Particularly in the case of something 
like gaskets, these studies take a long time. I remember a couple of 
papers given by Hanford Environmental Health Foundation personnel on 
long-term gasket effects. Whatever happened to all that information? 
It looked to me to be very promising work, because we might get some 
better gaskets from it. 

GILBERT: You have a long memory. That was the meeting in 
Boston, in 1966, in which Frank Adley gave those papers. I think they 
were good papers, and that his findings were valid, but I cannot 
assure you that anyone has followed up on them. I recall that he 
said you should not tighten the filter in place completely when the 
filter is first installed because the gasket takes a set and has a 
tendency to leak. Instead, he advised that the gasket be pulled down 
only slightly and then someone should return in two or three weeks 
and torque the filter fully. I don't know that the filter installers 
are following this all, but the data on which it is based are valid. 

RIVERS: Retightening seals seemed to me to be an unhappy 
solution to the problem. 

GILBERT: That's right. 

DENNISON: On the subject just mentioned, I find that that is 
exactly what you have to do in biological safety cabinets. When a 
brand-new cabinet comes in, you must take it completely apart and go 
in and re-tighten all the filters that had been previously tightened 
to pass a certification test before they left the manufacturer's 
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factory. Many times, if you were to test the filters immediately 
upon receipt of the cabinets, you would find that the seals leak and 
the cabinet would not pass. Back to my question: I did not know 
that the National Sanitation Foundation had gotten involved in certi­
fication of filters. When did this happen? 

FIRST: They are not engaged in certification of filters. 
They are engaged in certification of cabinets, which involves the 
testing of filters that are installed in the cabinets. 

DENNISON: Is this the standard NSF-49 certification that I 
am familiar with? 

FIRST: Yes. However, you may not know that there was a 
very strong effort on the part of the National Institutes of Health 
to develop a filter standard for biological safety cabinets that 
would replace the nuclear filter standard. They engaged Edgewood 
Arsenal to produce this new standard. There were a number of us, 
including Mr. Gilbert, Mr. Anderson and others, who objected to this 
very vigorously because we do not believe there is room for more than 
one high-efficiency filter standard. 

BOYD: On the subject of filter testing, some people may 
read into your remarks that you are proposing to use cold DOP testing 
with photometers as a replacement for hot DOP testing with a penetro­
meter. Our experience is that the cold DOP challenge and photometer 
sampling method is great for an in-place test of filters after the 
filters have been installed. On the other hand, testing for the over­
all penetration of a filter must be done with hot DOP and a penetro­
meter to assure reliable and reproduceable results. So my question 
is: Are you suggesting that the cold DOP-photometer test method 
can be used as a substitute for the hot DOP-penetrometer test, or 
are you suggesting that in-place testing with the cold DOP and photo­
meter should be used as a follow-up to the hot DOP test? 

FIRST: The point being made was that if the filter paper 
passes the standard hot DOP test, the only tests needed from there on 
are defect tests to learn whether the paper was torn during manuf ac­
ture, whether the seal between filter pack and frame was incorrectly 
joined, etc. When one starts with acceptable paper, only subsequent 
damage or poor manufacturing practices can produce a defective filter. 
Therefore, the question is asked, can we substitute a simpler and 
cheaper cold DOP defect test for the hot DOP efficiency test now 
conducted by manufacturers and quality-assurance test stations on 
filter cartridges? And if the answer is, Yes, can we then eliminate 
the quality-assurance test stations completely and rely on on-site 
preplacement cold DOP test procedures to find defective filters with 
the same reliability as the test stations? This may or may not prove 
to be an acceptable idea--certainly a thorough comparative study 
would be required to resolve the matter--but we think this is the 
kind of question that is very pertinent to bring up in the course of 
a critical review. 
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