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PREFACE

Under the terms of the Euratom Treaty, which requires the development and
application of nuclear energy to be fostered, the Commission sees its task,
first and foremost, as an obligation to prepare the ground for achieving a
high standard of safety in the nuclear industry, and to work unremittingly
for even greater safety margins consistent with technical development.

Evidence of this can be found in the actions taken to promote nuclear
safety on the one hand in matters of technology, and, on the other, in
the regulatory field, and, in particular, by harmonization of radiological
protection measures in the Commmity.

Thanks to the Basic Safety Standards adopted by the Council of Ministers
for protection against the dangers of ionizing radiation, appreciable harmo-
nization was achieved in the regulatory field some considerable time ago.

The final lines of defence with which nuclear facilities are equipped in
respect of discharges, the filters, are of prime importance in meeting the
requirements for radiological protection of the population. Although there
is no reason to consider such protective measures as suspect, one cannot
fail to recognise that some aspects of filtration installations give rise to
certain problems in operation,maintenance, efficiency tests, final disposal
and again in optimal application of rumning costs.

That is why, for a number of years now, the Health and Safety Directorate
has paid particular attention to filtration equipment in nuclear instal-
lations. A seminar held in Karlsruhe in December 1973 discussed the testing
of iodine filters; in Aix-en-Provence the interest of the specialists cen-
tred on high efficiency aerosol filtration.

In the same way that, in its time, the desire to improve the harmonization
of iodine filter test methods has been echoed in the specialised European
laboratories, the organisers of the seminar on aerosol filtration express
the wish with publication of this volume that the proposals and concepts
herein will encounter just as great interest and will, as a minimum, be
set on the path towards realisation.

Dr. P. RECHT
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PREFACE

La Commission des Communautés Européennes voit avant tout dans la mission,
confiée par le Traité d'Euratom, d'encourager le développement et 1'utili-
sation de 1'énergie nucléaire, 1'obligation de créer les conditions d'une
haute sécurité dans 1'industrie nucléaire et de veiller toujours 3 ce que
la sécurité s'accroisse avec le progrés technique.

Ceci se traduit par des actions de promotion de la sfireté nucléaire d'une
part sur le plan technique et d'autre part sur le plan réglementaire, en
particulier par 1'harmonisation de mesures de protection contre les rayon-
nements dans la Communauté.

Sur le plan réglementaire, depuis longtemps déji, on est parvenu 3 une
assez bonne harmonisation grice aux normes de base relatives 3 la protection
contre les rayonnements, arrétées par le Conseil.

Pour le respect des dispositions en matiére de protection de la population
contre les rayonnements, les ultimes barrires de confinement des rejets
dont sont équipées les installations nucléaires, c'est-d-dire les filtres,
sont d'une importance primordiale. Quoiqu'il n'y ait pas de raison de
douter de ces barriéres on ne saurait méconnaitre que quelques &l&ments

des circuits de filtration posent certains problémes que ce soit au niveau
de leur exploitation, de leur manipulation, des essais de leur efficacité,
de leur &limination définitive ou encore de 1'optimisation de leur utilisa-
tion.

C'est pourquoi, depuis plusieurs années, la direction "Santé et Sécurité"

porte une attention toute particuliére aux dispositifs de filtration dans

les installations nucléaires. En décembre 1973, le Séminaire de Karlsruhe,
avait mis le débat sur l'essai des filtres 3 iode; en novembre 1976, ici,
a4 Aix-en-Provence, c'est sur les filtres 3 aérosols que se centre 1'inté-
rét des spécialistes.

De méme que, en son temps, le voeu de mieux harmoniser les méthodes d'essai
des filtres 3 iode avait eu un large écho dans les laboratoires européens
spécialisés, les organisateurs du séminaire sur les filtres i aérosols,
accompagnent 1'édition de ce volume du souhait de voir les incitations

qui s'y trouvent, rencontrer tout autant d'intérét et recevoir pour le
moins un début de réalisation.

Dr. P. RECHT
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VORWORT

Die Kommission der Europiischen Gemeinschaften versteht den ihr im
Euratom-Vertrag gegebenen Auftrag, die Entwicklung und Anwendung der
Kernenergie zu f8rdern, in erster Linie als Verpflichtung, die Voraus-
setzungen flir ein Héchstmass an Sicherheit in der nuklearen Industrie zu
schaffen und an der ErhShung dieser Sicherheit in Einklang mit der
technischen Entwicklung unablissig zu arbeiten.

Dies #Hussert sich einerseits in Aktionen auf dem Gebiet der nuklearen
Sicherheit auf technischer Ebene und zum anderen auf der reglementéren
Ebene, insbesondere in der Harmonisierung des Strahlenschutzes in der
Gemeinschaft.

In reglementirer Hinsicht ist dank der vom Rat erlassenen Grundnormen
fur den Strahlenschutz diese Harmonisierung schon seit Jahren Wirk-
lichkeit.

Fiir die Einhaltung der Strahlenschutzbestimmungen flir die BevSlkerung
sind insbesondere gerade die letzten Barrieren der Sicherheitsein-
schliisse kerntechnischer Anlagen, nimlich die Filter, von Bedeutung.
Wenn auch kein Anlass besteht, an der Wirksamkeit dieser Barrieren zu
zweifeln, so ist doch nicht zu verkennen, dass einige Elemente der
Filtereinrichtungen sehr wohl gewisse Probleme aufgeben in betrieb-
licher Hinsicht, beziiglich Handhabung, Messung der Wirksamkeit, ihrer
endgliltigen Beseitigung oder auch nur beztiglich der Optimierung ihres
Einsatzes.

Die Direktion Gesundheit und Sicherheit hat daher seit einer Reihe von
Jahren ein besonderes Augenmerk auf die Filtereinrichtungen in Luftungs-
anlagen Kerntechnischer Betriebe gerichtet. Im Dezember 1973 stand so
bei einem Seminar in Karlsruhe die Priifung der Jodfilter zur Debatte,

im November 1976 hatte nun in Aix-en-Provence das Interesse der Fach-
leute aus aller Welt den Aerosolfiltern gegolten.

Hatte beziiglich der Jodfilter die damalige Forderung nach einer besseren
Harmonisierung der Prlifmethoden eine starke Resonanz bei den massgeb-
lichen europiischen Laboratorien gefunden, so begleiten die Veranstalter
die Herausgabe dieses Bandes {iber das Aerosolfilter-Seminar mit dem
Wunsch, dass die darin gegebenen Anregungen ein ebensolches Interesse
finden und sich zumindest teilweise verwirklichen lassen werden.

Dr. P. RECHT
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OPENING ADDRESS
given by Mr André JUNCA
Director of the Centre d'Etudes Nucléaires at Cadarache

The organizers of your Congress have asked me to say a few words
prior to the opening session.

I truly appreciate this honour and, incidentally, being a resident
of AIX-EN-PROVENCE, I feel I must say what a great pleasure it is for me to
welcome you to this town.

The topic for discussion which brings you all together here today
is, in my view, both important and fascinating.

Important, because without high efficiency particulate filters,
work in the nuclear field would be impossible. The filter is the barrier
par excellence for the protection of the environnement from radioactive con-
tamination.

Its reliability and efficiency must, therefore, be 'absolute'.

The reliability and efficiency of these filters are now established
thanks to the painstaking work of specialists such as yourselves.

French work in this field is significant and was launched long
before controlling regulations and the pressure currently being exercised
by active protest groups confirmed the necessity thereof.

It led to the formation of a major industrial regrouping and to
standardization of equipments and performance.

At the CEA the Service Technique d'études et de protection is
carrying out a very important research and development programme. One aspect
of the work of this section was to perfect filter testing procedures both
at the CEA and the EDF.

At CEN (Cadarache) of which I have the honour to be Director,
several hundred high-efficiency particulate filters, and some tens of iodine
traps are in service and their daily operation over the past two decades or
so, which has enabied the specialists in this field to gain experience and

expertise, has led us to consider these them as safe, everyday pieces of equi-
ment.

Yet the fascinating aspect of your work is that, when you think
about it, the filter is a marvellous, selective device which operates flaw-
lessly stopping that which must not pass the barrier and passing that which
is permitted.
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It can take a mumber of different forms and is in extremely wide-
spread use:

~ firstly, the lives and health of us all depend, day in, day out, on the
valid operation of these special filters - our kidneys;

- the filter can be an instrument of such precision that at one time virus
groups were classified merely according to whether they were filtrable or
not;

- it is such a common device that almost all cigarettes are so equipped and,
for my part, I am astonished that the filters concerned are so poorly se-
lected that mere smoke manages to penetrate them.

Much remains to be learned, much to be discovered, let alone in
this world of 'absolute' filters, which surprises one by its somewhat sim-
plistic appearance. Its secrets are certainly far from exhausted and I can
well imagine that its mysteries fascinate you.

My wishes for this seminar are, therefore, that it should run
smoothly and productively. I hope that when the sessions are over you will
be able to taste the charm of the AIX countryside, see the light scattered
by Mount SAINTE-VICTOIRE, so dear to CEZANNE, and marvel at the splendour
of a star-speckled Provence sky through air which is perfectly clear, even
if unfiltered.
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ALLOCUTION DPOUVERTURE
prononcée par M. André JUNCA
Directeur du Centre d'Etudes Nucléaires de Cadarache

Les organisateurs de votre Congrés m'ont demandé de prononcer
quelques mots avant que s'ouvre la premiére séance.

Sachez que je mesure 3 sa valeur 1'honneur qui m'est fait. Par
ailleurs habitant AIX-EN-PROVENCE, je dois vous dire tout le plaisir que
j'ai a vous souhaiter la bienvenue en cette ville.

Le sujet de discussion qui vous réunit ici, aujourd'hui, me sem-
ble important et passionnant.

I1 est important, car, sans filtre & haute efficacité, il ne sau-
rait y avoir de travail possible dans le domaine nucléaire. Le filtre est
la barriére par excellence qui protdge 1'environnement de toute contamina-
tion radioactive.

Sa fiabilité et son efficacité doivent donc &€tre absolues.

Cette fiabilité et cette efficacité sont une réalité avérée, grice
au travail patient des spécialistes dont vous faites partie.

L'effort francais, en ce domaine, est important et a pris naissan-
ce bien longtemps avant que les contraintes réglementaires et les pressions
actuelles des contestataires inquiets n'en confirment la nécessité.

I1 a abouti 3 un important regroupement industriel, & ume standar-
disation et 2 une normalisation du matériel.

Au C.E.A., le Service Technique d'études et de protection poursuit
un trés important programme de recherche et développement. Ce service a,
entre autres travaux, la mise au point des méthodes de contrdle des circuits
de filtration tant au C.E.A. qu'd 1'E.D.F.

Au CEN/CADARACHE, que j'ai 1'honneur de diriger, plusieurs centai-
nes de filtres 3 haute efficacité, plusieurs dizaines de piéges 3 iode, sont
en service et leur utilisation quotidienne depuis bientSt vingt ans, qui a
conféré expérience et compétence aux spécialistes qui s'en occupent, nous
les fait considérer comme des objets sirs et familiers.

Pourtant, et c'est en cela que votre travail est passiommant, si
1'on y réfléchit, le filtre est un objet merveilleux qui trie, sans se

tromper, arrétant ce qui ne doit pas franchir la barriére, laissant passer
ce dont on autorise le transit.
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C'est un objet polymorphe et extraordinairement répandu :

- d'abord notre vie et notre santé 3 tous, dépendent en permanence de la
bonne tenue de ces filtres particuliers que sont les reins ;

- ce peut &tre un objet si précis qu'en un temps on a défini des catégories
de virus par le simple fait qu'ils n'étaient pas filtrables ;

- il est si commmn que presque toutes les cigarettes en sont munies et je
m'étonne, quant 3 moi, qu'ils soient si mal choisis que de la simple fu-
mée arrive 3 les traverser.

Mais il reste beaucoup 3 connaitre et beaucoup 2 découvrir, sans
parler de cet univers &tonnant par son aspect quelque peu manichéen des
filtres '"absolus" ! I1 est certainement loin d'avoir livré tous ses secrets
et je congois que ses mystéres vous passionnent.

Je souhaite, par conséquent, 3 ce séminaire, un déroulement har-
monieux et fé€cond, et j'espére, qu'aprds les séances, vous pourrez goiiter
les chames du pays d'AIX, le poudroiement de la lumiére sur la montagne
SAINIE-VICTOIRE chére & CEZANNE et la splendeur, 3 travers un air parfaite-
ment pur, sans qu'on 1'ait filtré, d'un firmament provengal empoussiéré
d'étoiles.
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EROFFNUNGSANSPRACHE
von Herrn André JUNCA
Direktor des Centre d'Etudes Nucléaires von Cadarache

Die Veranstalter Ihres Kongresses haben mich gebeten, vor der Er-
8ffnung der ersten Sitzung einige Worte an Sie zu richten.

Ich bin mir der mir zuteil gewordenen Ehre bewusst. Da ich im
tibrigen in AIX-EN-PROVENCE wohne, freue ich mich ganz besonders, Sie in
dieser Stadt willkommen zu heissen.

Das Thema, tiber das Sie heute auf dieser Tagung diskutieren,
erscheint mir als wichtig und fesselnd zugleich.

Wichtig, weil ohne Hochleistungsfilter ein Arbeiten im kerntechni-
schen Bereich nicht mbglich wire. Das Filter ist die wesentliche Barriere
zum Schutz der Umwelt gegen jegliche radioaktive Verseuchung.

Filter miissen daher eine hohe Zuverlissigkeit und Abscheidelei-
stung besitzen.

Dank der unermiidlichen Arbeit von Fachleuten wie Ihnen sind diese
Forderungen bezliglich Zuverlissigkeit und Abscheideleistung Tatsache ge-
worden.

In Frankreich hat man schon lange bevor dies durch gesetzliche
Auflagen und den Druck besorgter Atomgegner notwendig geworden widre, grosse
Anstrengungen auf diesem Gebiet unternommen.

Dies fithrte zu einer erheblichen Umstellung in der Industrie,
zu einer Standardisierung und Normung der Anlagen.

Im CEA (Atomenergiekommissariat) flihrt der "Service Technique
d'études et de protection' (Abteilung flir technische Studien und Strahlen-
schutz) ein 4usserst umfangreiches Forschungs- und Entwicklungsprogramm
durch. Diese Abteilung hat u.a. Kontrollverfahren fiir Filteranlagen sowohl
fiir das CEA als auch fiir die EDF (Electricité de France) entwickelt.

Im Kernforschungszentrum Cadarache, dessen Direktor ich bin,
sind mehrere hundert Hochleistungsfilter sowie mehrere dutzend Jodfallen
in Betrieb; da diese Situation seit nahezu 20 Jahren besteht - was den
damit befassten Spezialisten Erfahrung und Fachwissen einbrachte - sehen
wir die Filter als eine sichere und vertraute Sache an.

Denkt man jedoch dariber nach so entdeckt man - und das macht
Ihre Arbeit so fesselnd -, dass das Filter eigentlich ein wunderbares Ding
ist, das aussortiert, ohne sich je zu irren, zurlickhilt, was nicht durch-
dringen darf, und durchlisst, was durchgelassen werden darf.
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Es handelt sich hier um ein vielgestaltiges und ausserordentlich
weit verbreitetes Problem:

~ zundchst einmal héngt unser Leben und unser aller Gesundheit stindig vom
guten Zustand ganz besonderer Filter, ndmlich den Nieren, ab.

- Filter konnen eine so hohe Prizision besitzen, dass man einst die Viren-
arten einfach dadurch definiert hatte, dass sie nicht filtrierbar waren.

- Filter sind so weit verbreitet, dass fast alle Zigaretten damit versehen
sind, und ich jedenfalls wundere mich dariiber, dass sie so schlecht ge-
wihlt sind, dass sie sogar den gewtShnlichen Rauch durchlassen.

Doch vieles bleibt noch zu erforschen und zu entdecken, ganz zu
schweigen von dem Bereich der Absolutfilter, der durch seinen etwas mani-
chdischen Aspekt erstaunlich ist. Hier wurden gewiss noch l4ngst nicht alle
Geheimnisse aufgedeckt. Ich kann mir gut vorstellen, dass es hier noch
Mysterien gibt, die Sie faszinieren.

Ich wiinsche nun dem Seminar einen harmonischen und erfolgreichen
Verlauf, und ich hoffe, dass Sie nach den Sitzungen den Zauber der Landschaft
um AIX, die Brechung des Lichts auf dem von CEZANNE so geliebten Berg SAINTE-
VICTOIRE und den durch eine vollkommen klare, ungefilterte Luft schimmernden
Glanz eines mit Sternen Ubersdten provenzalischen Himmels geniessen kénnen.



THE AEROSOL PROBLEM IN NUCLEAR INSTALLATIONS

W.J. Megaw
York University

Downsview, Ontario - CANADA

SUMMARY. Most accident conditions and many of the normal operations
of nuclear installations result in aerosol problems either within or out-
side the confines of operational units. However self evident this may
appear nowadays,its acceptance, except among aerosol scientists, was a
gradual process extending over a number of years.

In this paper a rapid survey of aerosol problems which have arisen in
Europe and North America is given and an attempt made to draw general
principles from it. The changes which may occur in the nature of the
aerosol after its formation are described and the implications of these
changes on the design and operation of gas cleaning equipment discussed.

KURZFASSUNG. DAS AEROSOLPROBLEM IN KERNTECHNISCHEN AN-
LAGEN. Bei den meisten St8rfallbedingungen und bei einer Vielzahl nor-
maler Betriebsabliufe in kerntechnischen Anlagen ergeben sich entweder
innerhalb oder ausserhalb der Abschirmungen von Betriebseinheiten Aero-
solprobleme. Wie selbstverstiindlich dies auch heute erscheinen mag, so
setzte sich diese Erkenntnis ausser bei Wissenschaftlern, die sich mit
Aerosolproblemen befassen, nur allm#hlich iiber einen Zeitraum von
mehreren Jahren durch.

Diese Abhandlung enthilt eine kurze Uebersicht iber Aerosolprobleme in
Europa und Nordamerika sowie einen Versuch, daraus allgemeine Grund-
slitze abzuleiten. Die Aenderungen, die in der Zusammensetzung des
Aerosols nach seiner Bildung entstehen k8nnen, werden beschrieben und
es werden die Auswirkungen sowie Folgen dieser Verinderungen auf die
Auslegung und Arbeitsweise von Gasreinigungsgeriten er8rtert.

RESUME. LE PROBLEME DES AEROSOLS DANS LES INSTALLATIONS
NUCLEAIRES. La plupart des conditions d'accident et beaucoup de con-
ditions de fonctionnement normal des installations nucléaires soulévent
des problémes d'aérosols soit 3 1'intérieur, soit i l'extérieur des unités
opérationnelles. Aussi évident que cela puisse paraftre aujourd‘hui, il a
fallu plusieurs années, sauf pour les spécialistes des aérosols, pour que
cette idée soit progressivement acceptée.

Aprés une bréve revue des problémes d'aérosols rencontrés en Europe et
en Amérique du Nord, on tente ici d'en dégager des principes généraux.
On considére les modifications possibles de la nature de 1'aérosol ulté-
rieures i sa formation et 1'on discute des conséquences de celles-ci sur la
conception et le fonctionnement des équipements d'épuration des gaz.




Introduction

It would undoubtedly be an exaggeration to say that every normal
and abnormal operation of a nuclear installation resulted in an aerosol
problem, but it is nevertheless so near the truth as to be almost accept-
able. However it took a very long time for this fact to be realised by the
people responsible for designing and operating nuclear installations. My
first contact with this type of problem was in 1951 and, although that is a
long time ago, my experience is in some ways so typical that it is worth
recounting in some detail. My first task as a scientist was to develop new
exhaust filters for the stacks of the gas cooled reactors at Windscale.
These,as some of you may remember, were open circuit, air cooled, graphite
moderated, natural uranium reactors. The first thing one noticed about
these reactors was a strange structure at the top of the stacks, 130 metres
above the ground. This was a filter gallery in which the entire coolant
air was filtered before being released to the atmosphere. In a recent book,
Patterson (1) says 'The filters were known as Cockcroft's Folly; Sir John
Cockcroft had insisted that they be installed, after the stack had been
built, as a precautionary measure - to the derision of some of his
colleagues.' In a review of this book (2), Lord Hinton of Bankside says
'I have never heard the filters on the Windscale plles referred to as
'Cockcroft's folly.' The stacks had not been built when information from
America made it clear that filters were a necessary precaution.' Be that
as it may, it does seem rather odd to put a massive filter gallery some 20
metres square at the very top of the stack, especially as, to obtain access
to it, an elevator shaft had to be tacked on to the outside of the stack,
Because the filter area was limited in size to the size of the stack meant
that the air to be filtered had a velocity which was quite enormous compared
to that common in good filtration practice. The material was specified by
the late Mr. D.J. Thomas of Porton as having a cut off at a particle diame-
ter of 10 microns; the manufacturers of the material had made enough
material for a complete set of filters and a spare set for each reactor.
The method of cleaning the filters was to push in a new filter unit, by
means of a hydraulic ram at one side of the gallery and push out a dirty
filter at the far end where it fell under water, was removed by a mechanical
grab and hosed through with water to clean it. Human nature being what it
is, the reactor operators were very reluctant ever to use the spare set of
filters and the set in use became more and more worn, so that there was an
urgent need to develop new filters, the original material being no longer

available. It seemed a reasonable idea to begin by testing an unused filter



of the old type, and, somewhat to our surprise, it was discovered that, far
from having one hundred per cent efficiency down to a particle diameter of
ten microns at the stack air velocity, the filter efficiency curve was
similar to that in Figure 1. After a series of experiments in a wind tunnel
it was found that while at reasonable air velocities of around 100 feet per
minute, the filter material performed rather better than specified, as the
air flow increased the performance fell off rapidly and we came to the con-
clusion, rightly or wrongly, that this was due to blow off of impacted
particles. It therefore seemed sensible to use a somewhat simpler fibre
glass mat and to coat the fibres with an adhesive which, it was hoped, would
retain the particles even in the high airflow in the stack. This was done,
using silicone oil as an adhesive; the filters then gave a reasonable per-
formance and remained in the reactors until they were eventually closed down
after the Windscale incident in 1957; after this incident it was estimated
that the stack filters had retained more than 90 per cent of the released
particles and about 50 per cent of the emitted iodine 131, which was a duty
which had never been envisaged for them. Several lessons were learned from
this experience; the first of these is that it is always essential to con-
sider gas cleaning aspects of a design very early in the process rather than
as a last minute stop gap. The second lesson is that, however well it is
managed, and even if it is done in the best possible way, gas cleaning is
invariably expensive. During this filter development programme the reactor
operators were always extremely anxious to think of a reason for removing
the filters altogether from the stacks because, by their very presence, the
filters,which had a nominal maximum working pressure drop of 5 inches water
gauge, cut down the power at which the reactor could be operated with the
available pumping capacity. The Windscale reactors were primarily plutonium
producers and plutonium had an enormous cash value, so that the very presence
of the filters in the stack represented a very large sum of money annually
in lost plutonium production. I am not suggesting that the attitude of the
operators was in the slightest degree improper for I believe that it is the
duty of an operator to endeavour to achieve economic operation of his
facility, just as it is the duty of the health physicist to ensure that all
operations are safe. It is only by a free discussion between them that the

ideal economic safe practice can be achieved.

In an earlier accident in Canada to the NRX reactor in 1952, some
fission products were also released to the atmosphere although nowhere on

the scale of Windscale. I mention it only because it indicates that the



indecision about filters in reactor design was not confined to the United
Kingdom. 1In a report (3) on this accident, Hurst states 'installation of
filters in the outlet air duct had been scheduled for the day after the
accident.' 1In another accident to the Canadian NRU reactor in May 1958
which resulted in a removed damaged fuel element catching fire on the
reactor top, Greenwood (4) said 'When the uranium burned around 10 pm, the
main exhaust fan in the roof of the reactor hall was exhausting contaminated

air directly to the outside atmosphere.'

Aerosol problems during normal operation of reactors

All reactors have some type of burst cartridge detection equipment
and in gas cooled reactors this is very often a system in which the gas con-
taining fission products from a burst is filtered and the gaseous fission
products penetrating the filter allowed to decay to solid daughters before
being captured on the moving wire electrode of an electrostatic precipitator
which is continually monitored for radiocactivity. 1In one incident in a gas
cooled reactor a very fine aerosol of fissile material, to which I will
refer later on, penetrated the inlet filters and passed through the reactor.
Some of the aerosol was deposited in the reactor, was exposed to the neturon
flux and underwent fission. The first indication that anything abnormal was
happening was a high reading on the burst cartridge detection equipment,
common to all fuel channels, first of all on one reactor and shortly after~
wards on its neighbour a few hundred metres away. This high activity per-
sisted. After the cause of the incident had been established, it was of
some interest to determine whether the fissile aerosol had deposited mainly
on the fuel cans, in which case the high background on the burst cartridge
detection gear would disappear with a change of fuel, or whether it had
deposited on the graphite channel wall when the high background would remain
for a very long time. Some wind tunnel experiments in a mock reactor
channel showed that when the dummy fuel elements were cold, total deposition
was about equal on the fuel elements and on the channel walls, but when the
fuel elements were brought up to operating temperature,by far the greater
part of the deposition was on the channel walls. It was established that
this effect was due to thermophoresis in which the particles moved down the
temperatﬁre gradient between the fuel element cans and the channel walls,
and were preferentially deposited on the relatively cold channel walls. The
result, of course, was that the background on the burst cartridge detection

gear remained high for a very long time.



Another interesting aerosol problem occurred in the prototype

British Advanced Gas Cooled Reactor, where, for a time, there were inex~
plicable high readings on the burst cartridge detection gear, which were
not in any way connected with faulty fuel element cans. After some time it
was discovered that these coincided with the switching in or out of circuit
of a particular humidrier. Measurements on the reactor gas coolant stream
showed that coincident with the switching of this particular humidrier,
large concentrations of sub-micron particles could be detected in the reactor

coolant, and it was these particles, after being irradiated and passing
through a faulty burst cartridge detection gear filter, which were pro-
ducing the high signal. The problem disappeared with the replacement of the
humidrier and the faulty filter. These measurements were carried out quite
quickly and conveniently by running out some of the reactor coolant (at 200
psi and 300°C) through a pressure reducing valve into a small tetroon and
thence into a Nolan Pollak counter (5). This instrument, invented by
Professor P.J. Nolan and his brother the late Professor J.J. Nolan at
University College, Dublin and further developed by the late Professor L.W.
Pollak at the Dublin Institute for Advanced Studies (6), is undoubtedly the
most satisfactory instrument I have handled in 25 years and I believe that
no nuclear installation should be without one. A more portable and almost
equally satisfactory instrument is that developed by T.A. Rich at G.E.
Schenectady (7). These instruments are in marked contract to many com-
mercially available and expensive instruments for determining particle con-
centrations which often do not begin to live up to the claims of the

manufacturers.

It is a feature of gas cooled reactors that the optimum conditions
for heat transfer from the fuel element cans to the cooling cans, a function
of can configuration, also optimise the deposition on the can surface of
aerosols which happen to be present in the coolant gas stream. Great pains
are therefore taken to ensure that the coolant gas is particle free and also
that the production of corrosion product aerosol within the reactor itself
is kept to a minimum. An interesting and somewhat intractible problem which
arose in the prototype Advanced Gas Cooled Reactor was that radiolytic de-
composition of some of the carbon dioxide coolant occurred, producing an
aerosol of carbon suboxide C302 and a proportion of this deposited on the
can surfaces and, if it had been allowed to accumulate, would have seriously
interrupted heat transfer in effect by insulating the fuel element cans from

the coolant gas. The deposition pattern itself was of interest and is shown



in Figure 2. The main deposit occurred immediately downstream of each fin
and, in a way, was exactl; analogous to the working of a snow fence which
sometimes surprises one in that the fence has the effect of causing deposi-
tion of snow downwind of itself by causing increased turbulence in the air
passing through it and therefore increasing deposition. This is, of course,
exactly the function of the fin on the fuel element cans which causes
turbulent eddies which promote the transfer of heat from the can to the
coolant gas. I believe that this problem was eventually solved by an alter-
ation in the composition of the coolant gas which displaced the equilibrium
of the reaction and also by the fitting of particle trapping devices at the
end of each fuel element channel, and I mention it only to indicate how all-

pervasive aerosol problems can be in a nuclear installation.

The attachment of radioactive species to other particles

Many radioactive vapours occurring in nuclear installations have
very high specific activity, in other words they contain a great many curies
in a very small mass of material and, because of this, their behaviour can
be considerably modified by their becoming attached to particulate or
droplet aercsols in the environment or by chemical reaction in a way which
would not be so apparent with a greater mass of material. This was notice-
able on a large scale, perhaps for the first time, in the Windscale incident
of 1957, when the deposition behaviour of the radioactive iodine 131
released changed considerably with increasing distance from the reactor.
Close to the reactor the velocity of deposition of the iodine approximated
to that which had been measured (1 or 2 cm secnl) in field experiments with
mglecular iodine vapour but, as the distance from the reactor increased, the
velocity of deposition of the iodine decreased progressively. Subsequent
experiments, in which iodine 132 was released in a reactor shell with various
.amounts of non radioactive iodine 127 carrier at Harwell, showed that this
behaviour could be explained by part of the iodine becoming attached to the
atmospheric aerosol and part of it being modified chemically by reaction
with trace substances such as resulted in the formation of methyl iodide.
Such changes require corresponding alterations in methods for removing the
contaminant from gas streams, for example elemental iodine vapour is com-
paratively easy to remove, iodine attached to particulate considerably more
difficult and the compounds such as methyl iodide even more so. The
behaviour of the iodine released in a reactor shell is shown in Figure 3.
One can see how the concentration of molecular iodine vapour fell off rather

rapidly, partly by deposition on the surfaces of the reactor shell, partly



by attachment to aerosols and partly by a slow conversion to iodine
compounds. Once attached to the particles the behaviour of the iodine is,
of course, controlled by the behaviour of the particles. An interesting
feature is that several hours after the release of the iodine, when the
results were getting quite dull and predictable, a relatively massive
release of 100 mg of iodine 127 was made and this had a spectacular effect,
in that the concentration of radiocactive iodine vapour, which had fallen
almost to an insignificant level, suddenly rose almost to the concentration
measured immediately after the original release of the iodine 132. This
can only have been caused by the exchange of the iodine 127 with the iodine
132 already deposited on the reactor shell surfaces. This suggests a rather
effective way of decontaminating surfaces with attached radioactive iodine
by displacing it into the air again and passing it through some sort of
copper trap in the conventional method. Such a method might have consider-
ably simplified the decontamination of the reactor vessel in one of the
Canadian accidents mentioned earlier, where, because of the high radiation
levels, personnel had to be used in rotation to scrub down the walls and,

eventually, volunteers from the Armed Services had to be employed.

I would like to refer briefly to the physics of adsorption on
particles as opposed to chemisorption. The particles of an aerosol are
continually subjected to bombardment by the molecules of the many species
which are present in the atmosphere. The number of molecules of a particu-
lar species striking each square centimetre of particle surface per second
can readily be calculated from the kinetic theory of gases, given the con-
centration of the species in the atmosphere and the concentration and size
of the particles. However, the quantity of the adsorbed species on the
particle is not only dependent on these concentrations, but on the time for
which the average molecule stays on the surface of the particle. When the
molecule arrives at the particle surface it gives up a quantity of energy,
its heat of adsorption, on being brought from the gaseous to the adsorbed
state. Before it can leave the particle, it has to acquire this quantity of
energy from somewhere. Therefore, the greater the heat of adsorption, the
longer the time a particular molecule will remain on the surface, and 1
refer to this time as the time of adsorption. The adsorption energy, in the
case of physical adsorption,is lower than the energy.involved in the process
of chemisorption. In physical adsorption the binding is caused by Van der
Waal's forces and is, in general, of the order of magnitude of some kilo-

calories per mole, say up to twenty kilocalories per mole.



TABLE I
Heats and times of adsorption (After de Boer (8)
Heat of adsorption Time of adsorption

100 cal/mole 1.2 x 10-13sec
1.5 kcal/mole 1.3 x 10 gec
3.5 kcal/mole 4.0 x lO_llsec
4.0 kcal/mole 1.0 x lO_losec
10 kcal/mole 3.2 x 10_6 sec
15 kecal/mole 1.8 x 10_2 sec
20 kcal/mole 1 x 102 sec
25 kcal/mole 6 x lO5 sec (about a week)
30 kcal/mole 4 x 109 sec (more than a century)
40 kcal/mole 1 x lO17 sec
147 kcal/mole about lolloosec(about 101090centuries)

In chemisorption processes the energies involved may be far higher, as, for
instance, for the adsorption of oxygen atoms at a tungsten surface, where
the energy of adsorption is 147 kilocalories per mole. It is worth looking
at the relative magnitudes of the time of adsorption for various heats of
adsorption as given in Table I, where we see that for a heat of adsorption
of 4 kilocalories per mole the time of adsorption of the average molecule

is lo_losecs, whereas when we increase to 15 kilocalories per mole, the time
of adsorption increases very rapidly to 1.8 x 10-2 secs and for 25 kilo-
calories per mole the time of adsorption is about a week and for 30 kilo-
calories per mole, more than a century. At 147 kilocalories per mole, that
for oxygen on tungsten, it really makes very little difference to the
figures whether they are expressed in seconds or in years! For the physical
adsorption of iodine on particles the heat of adsorption is around 10 kilo-
calories per mole, which is about the same as for water and it is not sur-
prising, therefore, that if iodine attached to an aerosol is caught on a
filter, and subsequently large volumes of air are passed through the filter,
a lot of the iodine will desorb, in exactly the same way as if we passed
large volumes of air through a filter which had caught a lot of droplets we
might reasonably expect the droplets to evaporate. We ought also to consider
this effect when we are looking at the importance of determining particle
size distributions which is an activity with which I think we aerosol
physicists are often too obsessed. We should only be concerned with the
particle size distribution as an aid to determining the behaviour of the

aerosol and too often we measure it in conditions which are quite divorced



from reality. In general, water will not condense on an insoluble particle
unless there is some degree of supersaturation present. On the other hand,
a soluble particle will start growing into a droplet at about 75% relative
humidity as is shown in Figure 4. Growth of such soluble particles into
droplets can be quite rapid as shown in Table II and will undoubtedly have

an effect on deposition sites in the human respiratory system.

TABLE 1L
Rates of growth of droplets on soluble and insoluble particles

An initial particle radius of 0.22 microns is assumed. The hygroscopic
particle will grow very rapidly into a droplet of radius 0.4 microms at
relative humidities above 75%. The insoluble wettable particle will not
begin to grow into a droplet until there is some degree of supersaturation.
Growth times to a given radius are given in seconds for three supersatura-
tions. TFor an initial radius of 0.22 microns the insoluble particle will
not begin to grow into a droplet until the supersaturation exceeds 0,287,
(After Jiusto (9)).

Droplet growth time in seconds

Radius supersaturation 0.01% supersaturation 0.1% supersaturation 1%
micron hygroscopic insoluble hygroscopic insoluble hygroscopic insoluble
0.4 0.00 —— 0.00 - 0.00 ———
0.5 0.00 - 0.00 —_— 0.00 0.05
0.68 0.01 - 0.01 —_— 0.01 0.12
0.80 0.04 -— 0.04 —-— 0.03 0.24
1.00 0.12 -— 0.11 —— 0.08 0.41
1.26 0.39 -— 0.36 -— 0.21 0.68
1.59 1.29 - 1.10 -— 0.48 1.09
2.00 4.43 -—- 3.21 -— 0.98 1.74
2.52 15.95 -—- 8.66 -— 1.87 2.75
3.18 63.56 -— 20.91 —— 3.35 4.33

The alteration of the characteristics of an aerosol with changes of humidity
in the environment can have far reaching effects. On one occasion a small
quantity of uranium 235 as hexafluoride was inadvertently released to atmos-
phere. Had this remained in the gaseous state, probably no external effects
would have been detected. However, on exposure to moist air, uranium hexa-
fluoride hydrolyses forming uranyl fluoride, U02F2, and on this occasion

the humidity was such that an aerosol of droplets about one micron in diam-
eter was formed. These were carried downwind and a proportion penetrated

the inlet filters of nearby reactors (which were designed to remove
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particles greater than 5 microns diameter), deposited on channel walls,
and, after undergoing fission, gave rise to a greatly increased background
on the reactors' detection systems. The solubility of aerosol particles

can, therefore, have important effects which are often overlooked.

Conclusion

This has necessarily been a short and selective account of aerosol
problems in nuclear installations in which I have tried to restrict myself,
as far as possible, to situations of which I have direct experience. The
lessons to be learned are many: first of all, gas cleaning aspects must be
considered early in design, second that gas cleaning is invariably expensive
even when done by the most suitable method and, therefore, we should not
clean any more gas than is necessary. This is so obvious that it should not
need to be said but there have been many occasions in the past where large
volumes of relatively clean gas have been mixed with small volumes of dirty
gas before cleaning. We must also make sure that we are dealing with the
real life situation and not the idealised situation in the laboratory, and
last of all, however experienced one is, one's next aerosol problem will

inevitably come as a surprise.
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FILTRATION THEORY

R. G. Dorman
Chemical Defence Establishment
Wiltshire - UNITED KINGDOM

SUMMARY. The theory of filtration with reference to HEPA filters is
given, together with the implications for design and testing. The effects
of temperature, electric charges on particles and faults such as pinholes
in the filter medium are discussed, and some experimental results are
quoted.

KURZFASSUNG. FILTERUNGSTHEORIE. Die Theorie der Filterung
im Zusammenhang mit HEPA- Filtern und die entsprechenden Folge-
rungen fir Konstruktion und Priifverfahren werden dargelegt. Die Aus-
wirkungen von Temperaturen und elektrischen Aufladungen der Teilchen
und von M#ngeln,wie feinen L¥chern im Filtermaterial,werden behandelt
und einige Versuchsergebnisse aufgeftihrt.

RESUME. THEORIE DE LA FILTRATION. L'exposé présente la théorie
de la filtration avec référence aux filtres HEPA, ainsi que les implica-
tions sur le plan de la conception et du contrdle. Il discute des effets de
la température, des charges électriques des particules et des défauts
tels que des micro-trous dans le matériau filtrant et cite quelques résul-
tats expérimentaux.
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INTRODUCTION

This paper is concerned with the filtration of small particles (< lum) by
HEPA filters composed of fine fibres, many of which are themselves less
than 1 um diameter. The velocity of the gas through such filters is
generally a few centimetres per second and the pressure drop is 20-50 mm wg
(200-500 Pascals). The theories of filtration are based upon equations of
viscous flow around a system of parallel, randomly placed cylinders of
circular cross-section at low packing density, or around isolated cylinders
lying transverse to the flow. It is assumed that particles adhere on
touching a fibre and that changes in the filter due to particle deposition
do not alter the efficiency. In the real filter, fibres are not neces-
sarily of circular cross-section, they are not all of the same diameter and
do not all lie transverse to the flow. They touch each other, there is
considerable hydrodynamic interference between adjacent fibres and the
spherical particle assumed in the theories is rarely encountered.
Deposition of particles alters the porosity and efficiency of the filter

while charges on fibres and particles are modifying factors.

As the drag force on a cylinder depends on its diameter equations have been
devised to determine a mean fibre diameter from pressure drop measurements
on real filters. These equations are of limited use as they include
empirical correction factors and there is, additionally, no guarantee that
an average fibre diameter is valid for all - or indeed any one - of the
various capture mechanisms. Theories of particle capture, although they
may be quantitatively correct in an idealized filter, are therefore un-
likely to be so in practice. Nevertheless, theory is of use in our under-
standing of the filtration process and, together with experiments, in
showing how efficiency varies with relatively small changes in filter or

particle characteristics.

THE MECHANISMS OF FILTRATION

In the viscous flow conditions which obtain in HEPA filters the major
mechanisms are considered to be diffusion, interception and inertia.
Electric charges on fibres and particles may play a significant, although
generally secondary role. Gravitational settling of particles is usually
taken to be unimportant, although in experiments Thomas et al (1) concluded
that settling could not be neglected even when particles were as small as

0.5 ym diameter.
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Flowlines around a cylinder are given in Fig 1 which illustrates the three
main methods of capture, A massive particle approaching the fibre

deviates from the flowline because of its inertia - the deviation being
greater the more massive the particle and the higher the velocity. The
particle centre need only approach to a distance rp from the fibre for
interception capture to take place. This is obviously more important for
larger particles and does not depend on velocity,except in so far as the
flowlines are altered with changes in flow rate, Small particles are
subject to molecular bombardment and diffuse across the flowlines,increasing
the likelihood of capture. The smaller the particle size and the lower

the gas velocity the greater is the importance of diffusion.

PRESSURE DROP IN FIBROUS FILTERS

The pressure drop across a filter is of great importance; it is, for
example, possible to make a filter of very high efficiency but of too high
a resistance for it to be of practical use. A most important relationship

in filter design, giving a measure of filter quality is:

¢* = -100 log f 1)
p
where ¢* is a measure of quality
f is the fraction of particles penetrating by mass

p 1is the pressure drop.

The air velocity and particle size distribution must be kept constant in

any one series of comparison tests.

A number of equations for pressure drop have been suggested, largely with
the object of using data as a means of estimating a mean fibre diameter
in filters. As already mentioned they are of limited use and there is
generally poor quantitative agreement between them. Chen (2) has
summarized some of these equations, concluding that his own and that of

Langmuir (3) show the closest correlation.
Langmuir's equation is

p = 16BnB¢Qb/Ad% )
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where = viscosity

= packing density (= 1 - porosity)
= volume flow

filter thickness

= cross-sectional area

= fibre diameter

W A > oo ™ I
L}

= a factor lying between 0.5 and 1.5 depending upon the
distribution of fibres in the filter
and
¢ = (-1nB + 28 - §/2 - 3/y)~1

The equation has been found to hold for a pad of synthetic fibres of
circular cross-section 10 pm diameter, carefully combed to lie approximately
transverse to flow, but for filters of glass fibres at very low packing
densith (<0.03) p was found to be proportional to 8!.% and not directly to

B as Langmuir predicts.

The only other equation which will be mentioned is that of Fuchs and
Stechkina (4) who, using Happel's (5) equation for flow in a system of

cylinders (see equation 17), obtained the expression:

16Bnbvo

p = (3)
dfz(—i 1Ing - 0.5)

Fuchs and Stechkina consider that experimental values are smaller than
those given by theory because (a) all fibres in a real filter are not
perpendicular to flow (b) filters are not homogeneous in construction and

(¢) there are errors in estimation of 8.

COLLECTION EFFICIENCY

Although in practice with HEPA filters it is usual to measure the percen=-
tage by mass of particles penetrating a filter it is better, theoretically,
to consider the collection efficiency, defined in the case of a single
fibre as the ratio of volume filtered to that passing an area equivalent

to the fibre projection. Thus, if an isolated fibre of diameter df
removes particles from a layer 2y upstream of the fibre (Fig 1) the

collection efficiency is

=2
- @)
de
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In order to calculate the collection efficiency of a mat or sheet of fibres
of unit face area, depth b, packing density B and volume flow rate Q we

first calculate the average velocity in the fibre v, as

v, T s (5)
From the length of fibre L = ABb/wdfz we can calculate the change in
particle concentration due to passing through a thickness db of the filter
as

= ilgg?dfz ®

%X is the efficiency of a single fibre in the mat - now no longer

f
necessarily the same as that of an isolated fibre - and is written as Yo
Hence:
DL BT [a-8)(ndp) ] )
o

where n = concentration of particles penetrating

and n = incident concentration,

As the basic filtration is

n -n=1- e-Ym Y
0

n
[o]

where Yo is index of filtration for the mat we obtain

4Bby
e 6
m vdfil—Bs
It is these indices Yo and Yo which are employed in developing the

equations of filtration.

FLOW FIELD AROUND FIBRES

The equation for viscous flow at a distance and from the centre of a fibre

transverse to flow as given by Lamb (6) are:

dr .
i CL Rr sin © (10)
td6 _ ¢ R cos ® (11

dt L o
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where
i
R =1—-——21n<i), (12)
r 2 e
r2
R, =1 - —f—+21n<r—) (13)
8 r Te
Yo
and CL = 2(2-1n Re) (14)
& is the angle between the y axis and the radius vector to the point. The

equations are valid close to the cylinder at low Re (=2rfvo/v, where v is
the Kinematic viscosity), or when A, the mean free path of the gas mole-
cules, is small compared with the fibre diameter. From the equations the

drag force on unit length of cylinder is

F = 8ﬂnCL (15)

where n is the coefficient of viscosity.

Extension of the single fibre equation to a filter leads to the conclusion
that the pressure drop p is a function of Vv Re whereas in practice at low
velocities p « Vo Langmuir (3), in developing the first satisfactory
theory for HEPA filters took the foregoing flow equations but calculated a
value of C (in place of CL) from experimental results as

pd}

C = T6nds (16)
where B is the packing density of fibres in the filter (that is the ratio
of fibre volume to filter volume) and b is the filter thickness. More
recent work by Kuwabara (7) and Happel (5) has shown the velocity field in
a filter of parallel, randomly placed cylinders at low packing density to
be independent of Re, the term (2-1nRe) being replaced by (-}1nB - 1) where
A = 0.75 (Kuwabara) or 0.5 (Happel). Their equations lead to

v_r. sin®
¥ (r,0) = =2 £ S r\! _r 2r 1lnr
’ S ) B A an

f f f

where ¥ is the stream function.
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FILTRATION BY INTERCEPTION AND DIFFUSION

By calculating the flow around a fibre within a distancerp of the fibre at
o . . . .
8 = 0 and taking the value of C in equation 16 Langmuir wrote

2
pd 2
_r 1-2R+_7RS _ .., (18)
Y ( 3 " 12

where v, = average velocity in the filter

and ER
R = 3
£

Friedlander (8) wrote Langmuir's equation for an isolated fibre in a much

simpler form

1.82
_ 1.25R (19)

€  2(2-1nRe)
For the diffusion mechanism with small particles Langmuir calculated the
time for a particle to travel from + 60° to - 60° around the fibre, taking

this to be the time available for diffusion, and obtained

2
B € odfp
Y= o (20)
a
> df
where 3 <'= €. Ip plays the same role as rp in the interception
equation. Combining the equations for interception and diffusion and

introducing the effect of slip flow Langmuir wrote two equations. The
first emnabled him to calculate € from knowledge of p, 8, b, df and dp in
an ideal filter. The value of €, was then substituted in the second
equation to give Y2 the collection efficiency for interception and
diffusion together. The equations show that there is a particle size for
optimum penetration, particles larger and smaller being less penetrating,
the precise value of the optimum size depending upon filter characteristics
and gas velocity. They also indicate that Yo for diffusion depends
approximately on v-2/3,

Fuchs and Stechkina (4) adapted Happel's equation for flow through a

parallel, randomly placed system of cylinders finding, for diffusionm,

y = 2.9 (-} 1ng-A)"%/3% pe -2/3 (21)

d.v
as Pe = £ , where A is the diffusion coefficient, the diffusion efficiency

A —2/3]_

depends, as in Langmuir's equation, on v
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Fuchs and Stechkina have plotted the results of other workers for diffusion
to a fibre in a filter in the form Y, versus Pe. The plots show con~
siderable similarity in slope but marked differences in efficiency values
(Fig 2).

In the inertial region little progress has been made. The streamlines of
flow around a fibre depend on Re, disturbance beginning further upstream

and being more gradual at low Re with displacement relative to d_ being

greater at the obstacle. The equations of particle trajectory znd, hence,
the efficiency of inertial capture depend on the Stokes number or inertial
parameter K| = pd; v, 9ndf . Published curves for the collection
efficiency at high Re show general agreement between theory and experiment
but there appear to be few reliable data for low Re. Davies (12) has
given an equation, derived as a result of theory and experiment, for

combined interception, diffusion and inertial effects as

= - 2 —17a22
Yo [R + (0.25 + 0.4R)KF 0.0263KF R] [0.16 + 10,98-178 ] (22)

2A

vodf

where KF =K +

Dorman (13) in a semi-empirical approach attempted to assess the relative
importance of the three mechanisms in filtration data of Ramskill and
Anderson (14) in which penetration showed a peak when plotted against
velocity. He assumed that the efficiency is obtained by simple addition

of the three individual mechanisms, which cannot be other than approximately

true. The best fit of Ramskill and Anderson's results was given by

log P = 2-(Gv2 + Dv=2/3 + I)p (23)

where G, D and I are inertia, diffusion and interception parameters and

b the filter thickness. By differentiating the equation and setting
dP/dv = 0 at the velocity vp for maximum penetration it was possible to
calculate G, D and I. The equation has been used by Wheat (15), who
found the inertial velocity exponent to vary between 1.5 and 2, and by
Jonas et al (16). From inspection of results of Thomas and Lapple an,
who measured the penetration of glass fibre filters by particles of 0.3 um

diameter,it appears that their inertial parameter also depended on vZ2.

ELECTROSTATIC EFFECTS

It is well known that charges on fibres and particles affect efficiency.
Mathematical analyses are complex and this paper deals only in a general

way with the subject. Detailed discussions have been given by Pich (18)
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who has dealt with three cases (a) charged particle, charged fibre;

(b) charged fibre, neutral particle and (c) charged particle, neutral
fibre. Pich gives numerous references to other workers, Small charges
normally found on fibres and particles have a relatively minor effect on
efficiency. There is, however, a considerable effect when charges on
fibres reach the magnitude found in the wool-resin or Hansen filter, still
widely employed in industrial respirators. A filter of, say, 99.999%7
efficiency when freshly manufactured may show as little as 507 efficiency
when fully discharged by heat, electromagnetic radiation or exposure to
0il droplets. The normal atmospheric and test aerosols are lightly
charged, both positive and negative charges occurring. When Burbage

et al (19) altered the charge distribution on a test aerosol of sub-micron
particles of common salt they found that penetration through a glass fibre
filter fell by a factor of two when particles were strongly negatively
charged and rose slightly above that of the normal cloud when particles
were sensibly neutral., Havlicek (20) considered that there would be a
marked increase in efficiency if a filter were to be placed between highly
charged electrodes. The present writer is not aware that the method has
received much attention although a later paper in this seminar reports

favourably on some tests (Thompson et al, paper 41b).

PENETRATION AND PARTICLE SIZE

It is well established that at a constant velocity the penetration of
particles larger than about 0.3 uym decreases as particle size increases,
while theories predict that particles much smaller penetrate less easily

due to the predominance of diffusion capture. Much effort has been
expended in the testing of the theories and in attempts to find the most
penetrating size. While there is a considerable difference in results
giving the size (as would be expected with filters of different construction
exployed at different face velocities) there is no doubt that such a size
does exist, It may be concluded that the peak penetrating size through

most HEPA filters under normal conditions of usage is around 0.1 um.

Tests for HEPA filters should therefore employ aerosol clouds with the

majority of particles in the 0.05-0.3 pym sizes.

PACKING DENSITY AND EFFICIENCY

It has already been noted that the efficiency of a mat of fibres is not
necessarily calculable from a knowledge of single fibre capture because of

the interference of neighbouring fibres. Equations for the effect of
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packing density are empirically based and are of limited value. Chen (2),
as a result of experiments, expressed single fibre efficiency with packing

density as
Y, = v, (1+K8) (24)

where Ye and Yoo 2T€ single fibre efficiencies at packing densities B and

O respectively., K was found to be approximately constant and equal to 4.5.

Sadoff and Almlof (21) found that diffusion efficiency decreased with
increase of B at low velocities. Dorman and Sergison (22) working with

1 um particles calculated G, D and I (equation 23) for various values of B,
finding the diffusion efficiency to decrease with 8 (in agreement with Sadoff
and Almlof) while interception and inertial effects increased rapidly.
Their equation for the relationship between the interception efficiency and

B agreed closely with that given by Langmuir's theory.

TEMPERATURE CHARACTERISTICS

Pich (18) has investigated the effect of temperature on the efficiency of

a single fibre when the gas is dry air. He assumed that there was no
change in the filter or particle structure and that adhesive forces remained
constant. With these provisos only the diffusion and interception para-
meters are affected by viscosity (which is a function of temperature).
Taking a semi-empirical equation for diffusion and interception and the gas
viscosity-temperature relationship,he wrote an equation showing that the
efficiency of capture of small particles should increase with temperature,
whereas in the inertial region it should decrease., Pich verified his
theory with small particles of common salt of 0.2 um range finding

efficiency rose from 947 at 20°C to 98.5%7 at 200°C.

In experiments at the Chemical Defence Establishment with a heterodisperse
cloud of common salt of size 0.02-1 um measured penetration fell from
0.017 to 0.0017 for a rise in temperature of about 300°C. Most of the
penetration by such a particle cloud is in the 0.1-0.3 um size so the
results were in general agreement with Pich. First et al (23) carried
out experiments in the inertial region at temperatures of up to 700°C

finding that efficiency fell, in qualitative agreement with Pich's theory.

PRESSURE CHARACTERISTICS

According to theory in the diffusion region capture efficiency increases

with increase in the diffusion coefficient A. A increases with A, which
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is itself inversely proportional to pressure. In the absence of other
inte=ferences diffusion efficiency should therefore increase with reduction
in pressure., It is also obvious that as gas density decreases the
inertial efficiency increases. These effects have been confirmed by

Stern et al (9).

PINHOLES IN FILTERS

Although penetration of submicron particles through intact filters
increases with velocity under normal conditions of use it is found that
penetration of a filter in which there are numerous small holes, whilst
higher than in an intact filter, usually falls as velocity increases (24).
The effect may be explained by considering the flow through a small hole

as proportional to p%, whereas through the intact filter it is directly
proportional to the pressure drop. The proportion of flow through the
holes (1007 penetration) falls relative to that through the intact filter,
the fall, if the holes are numerous enough, outweighing the normal increase

through the intact portioms.

PRESSURE DROP, PENETRATION AND DUST LOADING

Theories normally neglect the effect of particle loading on pressure drop
and efficiency. The effect of loading a HEPA filter with solid particles
is to increase resistance and efficiency. Volume for volume small
particles cause a much higher rise in resistance than do larger ones,as
remarked by Adley and Wisehart (25). Somewhat crude calculations indicate
that the rise in resistance is proportional to the surface area of the
deposited particles and that it is not particularly sensitive to differences
in particle density or loading velocity. Electron micrographs show that
particles do not necessarily deposit uniformly on fibres but fall one upon
another (dendritic deposition, Fig 3). The effect may be greater when
there is significant charge on the particles. In the initial stages of
loading with solid particles the resistance rise is proportional to the
volume of depositj,although towards the end of the loading process there is
a very rapid resistance rise for small increases in the deposit. It has
been found by numerous experiments that the logarithm of penetration versus
volume of deposit is almost linear., Radushkevich (26) attempted a

theoretical analysis of the process.

Liquid aerosols behave differently from solids. Filter efficiency may
decrease with deposition due, according to various writers, to the drawing

together of the fine fibres and destruction of charges on the fibres.
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Billings (27) has given a theoretical and experimental description of the
effects of solid particles on filter loading while a theoretical treatment

of loading by liquids has been given by Mohrmann (28).



REFERENCES

1.

10.

11.
12.

13.

14,
15.

16.

17.

18,

19,

20.
21.

22,

23.

THOMAS J W, RIMBERG D and MILLER T J. (1969) USAEC Health and
Safety Lab. Tech. Memo. 69, 17.

CHEN C Y. (1955) Chem. Rev. 55, 595.

LANGMUIR I. (1942) OSRD Rep. No. 865 Office of Tech Services,
Washington.

FUCHS N A and STECHKINA I B. (1963) Ann. occup. Hyg. 6, 27.

HAPPEL J. (1959) A I Ch. E J1 5, 174.

LAMB H. (1932) Hydrodynamics, Camb. Univ. Press 6th Ed., pp 609-16.
KUWABARA S. (1959) J. phys. Soc. Japan 14, 527.

FRIEDLANDER S K. (1957) A I Ch. E J1 3, 43.

STERN S, ZELLER H and SCHEKMAN A. (1960) J. Colloid Sci, 15, 546,

TORGESON W L. (1961) TID 16988, Appdx B, General Mills Electronics
Division, Minneapolis.

NATANSON G L. (1957) Proc. Acad. Sci. USSR, phys. Chem. Sec. 112, 21.
DAVIES C N. (1952) Proc. Instn mech. Engrs Lond. 1B, 185.

DORMAN R G. (1961) in "Aerodynamic Capture of Particles” ed E G
Richardson, Pergamon Press Oxford.

RAMSKILL E A, and ANDERSON W L. (1951) J. Colloid Sei. 6, 416,
WHEAT J A. (1964) Unpublished report.

JONAS L A, LOCHBOEHLER C M and MAGEE W S, (1971) EATR 4574
Edgewood Arsenal, Md.

THOMAS D G and LAPPLE C E. (1961) AI Ch. E J1 7, 203.

PICH J. (1966) in "Aerosol Science" ed C N Davies, Academic Press,
London.

BURBAGE A M R, DORMAN R G and WEBB I J. (1966) in "Aerosol Science"
ed. C N Davies, Academic Press, London.

HAVLICEK V., (1961) 1Int. J. Air Wat: Pollut. 4, 225.
SADOFF H L and ALMLOF J W. (1956) Ind. Engng Chem. 48, 2199,

DORMAN R G and SERGISON P F, (1964) in "High Efficiency Air
Filtration" eds P A F White and S E Smith, Butterworths, London.

FIRST M W, GRAHAM J B, BUTLER G M, WALWORTH C B and WARREN R P,
(1956) 1Ind. Engng Chem. 38, 696.



24,

25.

26.

27.

28.

- 928 -

THOMAS J W and CRANE G D. (1963) 8th USAEC Air Cleaning Conf.,
Office of Tech. Services, Washington.

ADLEY F E and WISEHART D E. (1961) 7th USAEC Air Cleaning Conf.,

Office of Tech, Services, Washington.
RADUSHKEVICH L V. (1964) J. Colloid Interfacial Sci. 37, 501,

BILLINGS C E, (1966) 9th USAEC Air Cleaning Conf., US Dept. of
Commerce, Springfield, Va.

MOHRMANN H, (1970) Staub-Reinhalt. Luft (in English) 30, 1.



~99

Flowlines near to cylinder lying transverse to flow,
illustrating capture of particles by inertia, inter-

ception and diffusion.

FIG.1



~ 30 -

O-5

G.2

y
Ol
O-05
Fuchs and Stechking,
Eqn (21)
Natanson (i)
0-02F — = — — — Torgeson (i0) 7]
@000 @ Sternetal. (9
. | | | 1
ool @) 20 40 100 200
Pe

The collection efficiency of a fibre by diffusion in

a fibrous filter (Fuchs & Stechkina, Ref. 4).

FIG. 2



_99 -

Flowlines near to cylinder lying transverse to flow,
illustrating capture of particles by inertia, inter-

ception and diffusion.

FIG. 1



- 30 -

10 T |

O-5

G.2
y
Ol
0-05
Fuchs and Stechking,
Eqn (21)
Natanson (i)
0021 — = — — — Torgeson (i) 7]
®©00 0 @ Sternetal. (9
, l 1 | ]
ool 10 20 40 100 200
Pe

The collection efficiency of a fibre by diffusion in

a fibrous filter (Fuchs & Stechkina, Ref. 4).

FIG. 2



- 31 -

Electronmicrograph of salt particles captured by fine
fibres showing dendritic effect.

FIG.3
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CHOIX ET RECETTE DES SYSTEMES D'EPURATION DE L'AIR
DANS LES INSTALLATIONS NUCLEAIRES

J. Pradel et A.M. Chapuis
— C.E.A,
Fontenay-aux-Roses - FRANCE

J. Dupoux
C. E. A.
Gif-sur-Yvette - FRANCE

RESUME., Les systdmes d'épuration de ltair & trés haute efficacité doi-

vent répondre aux normes fixées par les organismes chargés de la slreté

des installations nucléaires. Ils doivent, bien entendu, tenir compte des

possibilités de la technique et @tre réalisés aux meilleures conditions éco-

nomiques. Il est donc indispensable de suivre une certaine procédure pour

choisir ces systémes et s'assurer de leur conformité,

On expose les différentes modalités, a savoir :

- conditions & remplir par ces systémes afin qu'ils puissent &tre proposés
par un fournisseur,

- fiches de garantie des performances des éléments filtrants ayant subi
les essais de type,

- contr8le de conformité de ces éléments,

- réception définitive et contrdles périodiques de l'installation d'épuration.

On décrit plus particulidrement les essais pour la mesure des diverses

caractéristiques des éléments filtrants.

KURZFASSUNG. AUSWAHL UND ABNAHME VON LUFTREINIGUNGS-

SYSTEMEN IN KERNTECHNISCHEN ANLAGEN. Die Luftreinigungssy-

steme mithoher Abscheideleistung milssen von den fliir die Sicherheit in

kerntechnischen Anlagen zustindigen Beh8rden festgesetzten Normen ent-

sprechen. Bei ihrer Ausfthrung sind selbstverstindlich die technischen

Mbdglichkeiten und wirtschaftliche Gesichtspunkte zu beriicksichtigen, Da-

her ist bei der Wahl und Zulassung dieser Systeme die Befolgung eines

bestimmten Verfahrens unerlisslich.

Die Modalit4ten werden dargelegt, n#mlich :

- Voraussetzungen, die die Systeme erflillen miissen, damit sie von einem
Hersteller angeboten werden kdnnen;

- Spezifikationsgarantie ftir Filterelemente, die Typpriifungen unterzogen
wurden,

- Eignungspriifung der einzelnen Elemente,

- endgliltige Abnahme und regelm#issige Kontrollen der Reinigungsanlage.

Insbesondere werden die Versuche zur Messung der einzelnen Kenndaten

der Filterelemente beschrieben,

SUMMARY. SELECTION AND ACCEPTANCE TESTING OF AIR CLEAN-

ING SYSTEMS FOR NUCLEAR FACILITIES., High-efficiency air cleaning

systems must comply with the standards laid down by the bodies respon-

sible for safety in nuclear facilities. Obviously, they must be technically

feasible and as economic as possible. It is therefore essential to adopt a

set procedure for selecting the system and establishing its compliance with

existing standards.

The different procedures are described, with particular reference to the

following :

- conditions to be met by systems before they can be offered by a supplier,

- performance guarantees for filters which have passed the appropriate
acceptance tests,

- quality control of the filters,

- final acceptance and periodic checks of the equipment.

In particular, the tests for measuring various characteristics of filter

elements are described.
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1 - INTRODUCTION

The safety report of a nuclear installation and the authorizations
concerning gaseous waste discharge impose restrictions concerning discharges,
generally implying the use of purification systems. These systems must have the

efficiencies defined in planned service conditions.

Irrespective of the magnitude of the activities involved, it does not
appear that excessive technical difficulties occur in achieving the required
performance levels. Nevertheless, in practice, errors are observed in the choice
of filtration systems and in the design and construction of the installations, so
that the units are not always as efficient as expected. The Prime Contractor must
be capable of not only selecting the most suitable filtration systems, but also of
securing a gurantee of their characteristics and their satisfactory operation in

the installation,

For this purpose we recommend a procedure which offers the neces-
sary guarantees and clearly defines the responsibilities of the various parties
involved. It comprises four essential points : tenders, performance guarantee
slips concerning filter elements, conformity check of elements, and in situ

acceptance of installations (Figure 1).

2 - PROCEDURE

2.1 - Tender

The required specifications in tenders must be exclusively those
deriving from nuclear safety and health physics requirements, with an attempt to
ignore the performance of existing equipment. They must state the operating con-
ditions of the systems. In particular, each ventilation circuit is characterized
by a nominal flow rate, a service flow rate, a temperature and humidity, the

risks of overpressure, water mist formation, sudden temperature rise, etc..
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Whenever possible, an estimate should be given of the type, particle
size distribution and concentration of the main impurities. This estimate is some-
times difficult to make, and for this reason the filtration efficiency required for
each circuit and determined as a function of the criteria in the safety report and
the activities involved, is defined for a given type of aerosol, corresponding to

the most penetrating particles.

The tender must also indicate the possibilities of insertion and repla-
cement of filters. Clogged filters, which may have blocked significant amounts
of radioactive materials, must be replaceable without excessive risk of irradia-

tion and contamination,

2.2 - Performance guarantee slip

By comparing the different characteristics of systems proposed in the
market, the Prime Contractor must select the ideal system for solving his problem.
Certain properties are indispensable and automatically exclude elements which
do not feature them. However, final selection, made on the basis of technical
and economic considerations, can only be valid if a comparison is possible,

For this purpose, it is necessary for all filters to be characterized in relation to
the same properties, determined by similar means. Consequently, each type of
filter element can be described by a performance guarantee slip stating its
characteristics, determined by a specialized laboratory, by means of clearly
defined tests. Measurements conditions must take account of the use of the filter
elements. Hence determination of behavior at elevated temperature may be
required. A list of tests therefore cannot be established once and for all. It
includes tests relating to the component parts of the filter element, and to the
filter element itself as a whole. Figure 2 shows two types of filter cells, one

with large pads, and the second with small pads arranged in the form of dihedra.
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The precise procedure by which inspection is performed must approach
service conditions. For example, clogging is determined with a natural atmosphere
in a station shown in Figure 3. If this is impossible, one selects either the most
unfavorable conditions (e.g. efficiency with thé most penetrating particles), or
a simplified test, shorter and easier to carry out, but whose parameters are selec-
ted to correspond with actual conditions., For example, in the case of the high
temperature behavior of a filter, for which the tests conforming to actual service
conditions would require using the filter at the planned temperature during a long
period, a simplified test could be carried out by placing the filter in an oven for
24 hours, at a temperature higher than the maximum temperature for permanent
operation. A correlation is established between the test temperature and the
maximum service temperature, by means of standard tests in an oven and in a

high temperature circuit (1) (Figure 4).

With respect to filter paper and filiration cells intended for the
purification installations of PWR reactor, Tables 1 and 2 indicate a list of

tests currently performed and their conditions (2 to 4).

Figure 5 depicts the inflammability test bench. The measurement of
filtration efficiency, pressure drop and mechanical strength is performed on the
same installation (Figure ). The diagram in Figure 7 shows a soda-fluorescein

aerosol generation system.

Following an examination of the results, the test laboratory, in
agreement with the supplier, draws up a slip stating the recorded characteristics.
Based on these figures, it is necessary for the supplier to provide suitable tole-
rances in order to account for manufacturing variations. These tolerances are

noted on the performance guarantee slip.

Based on, the information shown on these slips, The Prime Contractor

can select the best proposal from the technical and economic standpoints.
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2.3 - Conformity check of elements

It is necessary to make sure of the conformity of supplies so as to
avoid the installation of defective systems. The exact number of these tests is
set in accordance with the size of the lot, and may be reduced if greater manu-
facturing guarantees are provided. The supplier must therefore control his pro-

duction and check the quality of the raw materials employed.

The different elemenis are checked against the values entered on
the performance guarantee slip. A conformity check of manufacture is also
made : type of components, dimensions, appearance of frame and gaskets,

soundness of the lute and the filter paper.

2.4 - Acceptance of the installation

Acceptance of the installation is the complement of prior inspections
and the assurance of its satisfactory operation. It can only be performed after
acceptance tests of ventilation and the verification of the required air flow rates.
This involves checking that the filter cells have not been damaged during trans-
portation and handling on the site, that the assembly does not contain seal
defects. For this purpose, the filtration efficiency is checked for compliance
with safety criteria. These tests are performed by the soda-fluorescein aerosol
method (AFNOR Standard NFX 44.011) (3, 4).

It is also necessary to schedule periodic tests whenever replacing

filters and subsequent to accidents.
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3 - CONCLUSIONS

The analysis of accidents, and the efficiency tests which we have
performed in nuclear installations, together with measurements taken during tests
on filter elements and filter cells, have revealed the need for the procedures

and inspections which we recommend.

For example, when the performance guarantee slips were drawn up,
we were able to moke changes to the filter cells in order to increase their fire
resistance. Similarly, during in situ tests of purification installations, we detec-
ted seal defects in the filter cell assembly, and operating defects in by-pass

valves,

The work carried out thus far only constitutes one phase. The forth-
coming commissioning of new types of nuclear installation will require changes

in certain control procedures and the establishment of new tests.
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TABLE |

Tests performed on filter papers

Characteristics Measurement Measurement conditions
Weight Weighing Absence of moisture
Thickness Thickness
Tensile strength Tensile load On specimen length 15 mm,

Pressure drop

Efficiency

Waterproofing

Fire resistance

Differential pressure

Ratio of aerosol
concentrations
before and after
filtration

Observation of
effects

Observation of
effects, classifica-
tion in five
categories

width 100 to 200 mm, in the
machine direction and in the
crosswise direction

For 1 and 5 cm.s“l

At the nominal flow rate,
with soda-fluorescin aerosols
of particle diameter 0.15 pm,
AFNOR Standard NFX 44,011

Reaction to fire' in contact
with a gas burner-
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TABLE 2

Tests currently performed on filter cells

intended for purification installations of PWR reactors

Characteristics

Measurements

Measurement conditions

Mechanical strength

Pressure drop

Efficiency

Behavior with liquid
aerosols (+)

Resistance to water
High temperature
behavior {++)

Static thermal
strength

Fire resistance

Clogging

Variation in pressure
drop as a function of
flow rate

Determination of
maximum flow rate

Differential pressure

Ratio of aerosol con-
centrations before
and after filtration

Variation in effi-
ciency, pressure
drop and mechanical
strength

As above

As above

As above

Observation of effects

Variation in effi-
ciency

Classification in
five categories

Pressure drop as a
function of deposition

From nominal flow rate to a value
40 times higher

Sudden variation in flow rate/
pressure drop curve or bursting
of the paper pad

As a function of flow rate

At the nominal flow rate with
soda-fluorescein aerosol of diame-
ter 0.15 pam, AFNOR Standard
NFX 44,011

At the nominal flow rate with
air saturated with moisture and
the presence of water mist

After immersion in water for one
hour and natural drying

At the nominal flow rate in a
high temperature circuit

After being kept in an over for
24 hours at 100°C, followed by
additional exposure of 1 hour

at 120°C

In contact with a clearly defi-
ned flame for a gas burner, in

a circuit with the nominal flow
rate and with very low flow rate

Nominal flow rate -
Natural aerosol

(+) Method reserved for some standard tests ; as a rule, resistance to water is

generally sufficient.

{(++) Long-interval method reserved for some standard tests. This is normally replaced

by the measurement of static thermal strength,




quality control

tenders

equipment

manufacturer

a

orders
Prime selection performance
Contractor guarantee slips

" safety criteria

ordering of tests

specialized laboratory

Figure 1 procedure

production control

conformity check

!\

raw materials

manufacturing plant

filter cell

nuclear installation

in situ acceptance

_z.v_



- 43 -

Qﬂhﬂaaa!&ﬁaladc«qaaa T NANR tdﬂﬁ!;
IR¥Y:

luﬂcnvéagg .«Q’agga YR
TRT Ty ERETFEFTET AR R TR RS IR ANANN
N vy
RITTERINITATTHRVI O iﬂl&!ﬂtﬂ!‘d&ggtu AETXRTRVNNIN

= SR
e TR L L T T T

FEETVETRR T RN
b

LAY
R e
S ik

large pads

(2)

small pads in the form of dihedra

(b)

Filter cells

Figure 2



- 44 -

tural atmosphere

ing in na

Station for measuring clogg

Figure 3



Figure 4

_ 45 -

.

.
.

.

High temperature test bench



Figure 5 Inflammability test bench



- 47 -

Test bench for efficiency, pressure drop and

mechanical strength

Figure 6
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STAND UND TENDENZEN IN DER DEUTSCHEN NORMUNG
AUF DEM GEBIET DER NUKLEAREN FILTERTECHNIK

N. Fichtner

Normenausschuss Kerntechnik
Berlin - B.R. DEUTSCHLAND

D. Sinhuber
Delbag Luftfilter
Berlin - B.R. DEUTSCHLAND

KURZFASSUNG. Der gegenwdrtige Stand von Normen und Richtlinien
der Bundesrepublik Deutschland auf dem Gebiet der Filtertechnik
wird unter dem Gesichtspunkt ihrer kerntechnischen Anwendung dar-
gestellt.

Die im Rahmen des Normungsvorhabens DIN 25 414 "Luftungstechni
sche Anlagen in Kernkraftwerken'" im NKe erarbeiteten Ergebnisse
werden ausfithrlich dargestellt. Insbesondere wird auf die sicher-
heitstechnischen Anforderungen an Schwebstoffilter, Filtergehiuse
und Filterkammern und deren Priifung eingegangen. Die bisherigen
Ergebnisse, die Ausriistung von Liftungsanlagen mit Filtem fir
Druckwasserreaktoren betreffend, werden ebenfalls diskutiert.

SUMMARY. STATUS AND TENDENCIES OF GERMAN STANDARDS IN THE FIELD
OF NUCLEAR FILTER TECHNOLOGY. The current situation in the
Federal Republic of Germany with regard to standards and guide-
lines in the field of filter technology, as they apply to nuclear
technology, is first presented.

A detailed discussion follows of the results arrived at by the
Nuclear Technology Standards Committee in its deliberations on
the Standards' project DIN 25 414 "Ventilation equipment in
nuclear power stations'. Particular attention is paid to the
technical safety requirements for particulate filters, filter
casings and filter housings, and methods of testing. The results
so far obtained as regards filters in ventilation plant for
pressurized water reactors are also dealt with.

RESUME. ETAT ET TENDANCES DE LA NORMALISATION ALLEMANDE EN
MATIERE DE TECHNIQUE DE FILTRATION NUCLEAIRE. L'auteur fait le
point tout d'abord sur les normes et directives qui existent
actuellement en République fédérale d'Allemagne en matiére de
technique de filtration, sous l'angle des applications nucléaires.
I1 expose en détail les résultats obtenus par le comité des
normes nucléaires, dans le cadre du projet de normalisation DIN
25 414 "systémes de ventilation dans les centrales nucléaires"
en examinant particuli&rement les exigences en matiére de sécu-
rité auxquelles doivent répondre les filtres d'aérosols, les
caissons de filtres et les chambres de filtration ainsi que le
contrdle de ces installations. Les résultats acquis jusqu'ici

en ce qui concerne la mise en service dans les systémes de ven-
tilation de filtres pour réacteurs 3 eau sous pression sont éga-
lement analysés.
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Angesichts des betrdchtlichen Gefdhrdungspotentials von Kern-
kraftwerken miissen zur Verhinderung der Emission von radioak-
tiven Stoffen technische Systeme zur Verfiigung gestellt wer-
den, die erheblich sicherer sind als diejenigen in der kon-
ventionellen Technik. Deshalb muBten auch in der Bundesrepu-
blik Deutschland die bisherigen technischen Regelwerke wie
DIN-Normen und AD-Merkblétter hinsichtlich ihres Inhaltes
iiberpriift werden. In vielen Fdllen wurden sie den speziellen
Anforderungen der Kerntechnik angepaBt, in anderen Fdllen vol-
lig neu erstellt. Grundsétzlich sind bei der Erstellung einer
kerntechnischen Norm folgende Ziele zum Schutz von Mensch und
Umwelt anzustreben, wie in Abb. 1 dargestellt:

-~ Vereinheitlichung der Anforderungen
-~ Zulassung und Festlegung technischer Ldsungen
- Gewdhrleistung des Qualitdtsstandes durch Priifungen.

DIN KERNTECHNISCHE NORMUNG Bud 1
Normung
_ | 1
Emission N Standerdi- Festisgung | Gewldiv- ' Schutz von §
redioaktiver N | sorungder | technischer | leistungdes | | Memschund )
Stoffedurch N | Anforde | Lisngen | Oualitits Umwelt vor Y
Kernkraft- rungen standes radioaktiven §
N Stoffen §

MaRnahmen zur Verhinderung der Emission

| ! N S

[~ m
| i Dichthent des
Filterung der Luft " Sicherheitsbehalters

Abb. 1
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Filteranlagen haben die Aufgabe, die Luft von serosolfdrmigen
und gasformigen Radionukliden zu reinigen, bevor sie Rdumen
der kerntechnischen Anlage zugefiihrt, wieder zugefiihrt oder
in die Umgebung abgegeben wird. Sie miissen so ausgelegt sein,
daB unter allen zu beriicksichtigenden Betriebsbedingungen der
zuldssige DurchlaBgrad nicht iiberschritten wird. Entsprechend
der Art der zu entfernenden luftgetragenen radiocaktiven Stof-
fe dient die Filteranlage zur Abscheidung von Schwebstoffen
und Gasen.

Im wesentlichen sind nach ihrem Einsatzzweck zu unterscheiden:
1. Filteranlagen zur Filterung der AuBen- oder Zuluft.

2. Filteranlagen zur Filterung der Abluft im bestimmungsge-
méBen Betrieb und im Storfall.

3. Umluftfilteranlagen

Gassorptionsfilter zur Abscheidung von Gasen werden im Rahmen
dieses Vortrages nicht behandelt. Die in den Luftfilteranlagen
eingesetzten Luftfilter zur Abscheidung von luftgetragenem
Feinstaub und Aerosol unterscheiden sich nach dem Einsatz in
ihrem Aufbau und Abscheidegrad. Feinfilter werden z.B. als Zu-
luftfilter und Vorfilter zur Abscheidung von Feinstaub verwen-
det. Aerosolfilter mit einem Abscheidegrad von mindestens

99,97 % fiir Partikel von etwa 0,3 /um Durchmesser werden gur Abscheidung
von Aerosolen eingesetzt.

Entsprechend den Anforderungen an die Filter erfolgt deren
Priifung nach unterschiedlichen Regeln (s. Abb. 2). Das in der
Bundesrepublik Deutschland eingefiihrte Priifverfahren fir
Schwebstoffilter (Aerosolfilter) ist die Norm DIN 24 184 "Typ-
priifung von Schwebstoffiltern"(1).Das Priifverfahren fiir Fein-
filter ist derzeit noch die Richtlinie zur "Priifung von Luft-
filtern fiir die Liiftungs- und Klimatechnik (1961)" des Staub-
forschungsinstituts der Gewerblichen Berufsgenossenschaften
(STF) in Bonn (2).Ebenfalls wird fiir die Priifung von Feinfil-
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tern die vom Euroventq) iibernommene ASHRAE-Richtlinie 52-68
(USA) verwendet (3). Die Ubertragung dieser ASHRAE-Richtlinie
in eine deutsche Norm unter Berilicksichtigung der bestehenden
Filterklassen des STF wird z.Z. im FachnormenausschuB Heizung
und Liiftung des DIN diskutiert.

m PRUFVERFAHREN Bild 2
FUR SCHWEBSTOFFILTER UND -ANLAGEN
2ustand Messung Art der Prufung
£
] 2
Land | Prutaerosal 2| ml 3)g] Nom o, 2| 8
g3 s 2 > H €
g2 o= [ [ w
nat radioakt | x | (x} 0,03-0,1 {x)
markeert DIN 24 184
Paraffin x 03 -05 | x x
D
Quarz x 1 -2 x
naturl, x | (x} > 05 x VDI 2083 x
in Vorb.)
DOoP x 03 x MIL STD 282 x
USA x ANSIN1011 x
DOP x 03-08 -1972
FED STD 2098
F Uranin x 0,03 -0,1 X NF x X x
X 44.011
GB
{Eu} [ NaCl x 0,05 - 0,2 x BS 39 28 x x {x)
{Eurovent-4/4) {x)

Abb. 2

Im Normenausschufs Kerntechnik des DIN wird z.Z. das Normungs-
vorhaben DIN 25 414 "Liiftungstechnische Anlagen in Kernkraft-
werken" in Zusammenarbeit mit dem Kerntechnischen AusschuB er-
arbeitet. Im nachfolgenden wird der derzeitige Stand der Ar-
beiten dargestellt.

Die Norm so0ll die Sicherheitsanforderungen fiir lliftungstechni-
sche Anlagen in Kernkraftwerken nach dem letzten Stand der

) Eurovent = Europédisches Komitee der Hersteller von luft-
technischen und Trocknungsapparaten
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Technik darstellen. Der Anwendungsbereich erstreckt sich auf
ortsfeste Kernkraftwerke mit Leichtwasserreaktoren und gasge-
kiihlten Resktoren. Abgasanlagen sowie Anlagen zum Abtrennen
von Tritium sind nicht Inhalt der Norm.

Die Norm ist in folgende Hauptabschnitte gegliedert:

Zweck, Anwendungsbereich, Begriffe

- Anforderungen an die Gesamtanlage (DWR, SWR, HTR)
- Anforderungen an die Luftfilteranlagen

- Anforderungen an die Komponenten

- Anforderungen an die Leittechnik

- Priifungen durch Sachverstindige

Wir beschrénken uns hier auf die Anforderungen an Luftfilter-
anlagen, Aerosolfilter und die in diesem Zusammenhang vorge-
sehenen Priifungsvorschriften.

Die liiftungstechnischen Anlagen miissen so ausgelegt und auf
die iibrigen Anlagenteile abgestimmt sein, daB die fiir den
Stérfall und den bestimmungsgeméBen Betrieb spezifizierten
Auslegungswerte sowohl fiir die Raumluft als such fiir die Fort-
luft bel moglicher Freisetzung radiosktiver Stoffe eingehalten
werden. Im Hinblick darauf werden die liiftungstechnischen An-
lagen und Anlagenteile in 4 Klassen eingeteilt, wie in Abb. 3
gezeigt.

Von der gezeigten Klasseneinteilung von ILuftfilteranlagen ist
insbesondere auf die der Klasse 1 einzugehen. Diese Filteran-
lagen sind nur wihrend und nach Storfédllen einzusetzen. Zur
Reinigung der Abluft im Storfall sind diese Anlagen getrennt
von anderen Filteranlagen zu errichten, zu betreiben und re-
dundant auszulegen. Sie miissen stdndig betriebsbereit gehalten
werden, um eine sichere, dauerhafte und wartungsfreie Funktion
beim Eintreten eines Stérfalles sicherzustellen. Ab- und Um-
luftfiltersnlagen zur Reinigung der Luft aus Kontrollbereichen
sind im Kontrollbereich aufzustellen. Der spezifizierte Ab-
scheidegrad von Luftfilteranlagen, die mit Schwebstoffiltern
der Klasse S nach DIN 24 184 bestiickt sind, ist durch einen
Sachverstdndigen Vor-Ort zu priifen. Eine Methcce zur Vor-Ort-
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KLASSENEINTEILUNG VON LUFTUNGSANLAGEN
N KERNKRAFTWERKEN NACH IHRER
SICHERHEITSTECHNISCHEN BEDEUTUNG

Bid 3

KLASSE 1 KLASSE 2 KLASSE 3 KLASSE 4
Luftungstech h tuf h h Luftungstech h Luftungstechnisch
Anlagen und Teile, Anlagen und Tede Anlagen und Teile Anlagen und Teile
die wahrend zur Aufrechterhal- konventionetler Art  nach DIN 1946
und/oder nach tung des bestim- mit erhohten An- oder sonstigen
Storfallen betrieben  mungsgemaen forderungen gegen-  Regeln der Technik
werden Betriebes uber DIN 1946
Umiuftanlage fur

Ringraumabsaug- Unterdruckhaite- Zuluftaniage fur Ringraum
;r:(l)a:;:ltur den ?nlagf 1Lur.S|chef Re.aktor t:ndJdes Zuluftaniage fur

A Notspersegebaude
Umluftanlagen zur Fortluftanlage fur Umluftanlage fur
Kuhlung von Reaktor- und Hilfs:  begehbare Betriebs.  Luftungsanlagen
Raumbereichen lagengebaud raume des Sicher- fur Werkstatt und
der Not- und heitsbehalters Lagergebaude,
Nachkuhlsysteme E‘Jnrluf.tanla.gep m ) ) Ve:so«;gungsanlagen-
im Ringraum Sicher Luftung: g g

— Schaltanlagen- etc.
Durchdringungs- Luftungsanlagen gebaude
kiappen des fur Isotopen- — Robr- und
Sicherhertsbehalters ~ Laborraume, Kabelkanale
Dekont.-Raume, etc.
Gebaudeabsperr- Heille Werkstatt ’
;I:‘n%‘:::;ur den Aktivititsuber-
wachungsaniage

k:f::xs:;ige Umiuftanlagen im
gebaude 1m Stor- Schaltanlagen-
fallbetrieb g::"“de

=
z

ANFORDERUNGEN AN SCHWEBSTOFFILTER
FUR KERNKRAFTWERKE

Bild 4

Eigenschaft Testverfahren, Norm Anforderung

Abscheidegrad DIN 24184, BS 3928 E >9997%
NFX44-011 DF > 3333
US-MIL-STD 282

schwer entflammbar Versuch DIN 53438 Klasse K1

wasserabstoRend US-MIL-STD 282 250 mmWS

Strahlenbestandigkeit Bestrahlungsversuch 10% vd

Feuchtigkeits- Klimakammer 98 — 100 %

bestandigkeit

Temperatur-
bestandigkeit

mechanische Festigkeit
des filternden Materials

mechanische Festigkeit
des Rahmens

Kfimakammer
Belastungsversuch
mitV, ..

Belastungsversuch
mit AnpreBkraft F,

relative Luftfeuchte
normal 120°C
normal 5000 Pa im
beladenen Zustand

normal 300 kp
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Priifung ist in der Gesellschaft fiir Kernforschung in Karlsruhe entwickelt

worden.

Die in den vorgenannten Luftfilteranlagen eingesetzten Schweb-
stoffilter zur Reinigung der Abluft miissen nach DIN 24 184
typgepriift sein und dem DurchlaBligrad der dort angegebenen
Klasse S entsprechen. Dariiber hinaus miissen sie den vorge-
schriebenen DurchlaBgrad unter den in Abb. 4 genannten Anfor-
derungen gewdhrleisten. Des weiteren sind Filterelemente der
Klasse S, die in Anlagen der Klasse 1 und 2 eingebaut sind,
durch einen Einzeltest nach DIN 24 184 oder einer gleichwerti-
gen Methode, z.B. MIL-STD-282 (4), NF X 44-011 (5) und BS 2928
(6), zu priifen.

Zur Kontrolle der Leckfreiheit des Schwebgtoffilters ist unmittelbar vor
oder gegebenenfalls nach dem Einbau der Bifadentest nach DIN 24 184 durchzu-~
fiihren. Nach Einsetzen des Filterelementes ist die Dichtheit
des Filtersitzes zu priifen. Der Leckvolumenstrom darf bei der
Dichtsitzpriifung 0,01 % des Nennvolumenstromes eines Filter-
elementes bei einem Priifdruck zwischen der Roh-~ und Reinluft-
seite von 2000 Pa nicht iiberschreiten. Es ist eine geeignete
Priifvorrichtung, z.B. Priifrille, zur Priifung des Dichtsitzes
vorzusehen.

Der Nachweis der Dichtsitzpriifung und des Olfadentests ist bei
Erstbestiickung und nach jedem Filterwechsel in Anlagen der
Klasse 1 und 2 durch einen Sachversténdigen zu bestdtigen. Bei
der wiederkehrenden Priifung ist der Dichtsitz des Schwebstoff-
filters auBerdem jdhrlich zu priifen. Schwebstoffilterelemente
in Anlagen der Klasse 1 miissen nach drei Jahren ausgewechselt
werden, wenn nicht durch Priifung der vorgeschriebene Durchlafi-
grad der Filteranlage nachgewiesen ist.

Filtergehduse sind die UmschlieBungen um ein oder mehrere Fil-
terelemente mit einem Luftzufuhr- und einem ILuftabfuhrstutzen
sowie anderen Einrichtungen. Dazu gehOren: Die Filtersitze, die
FilteranpreBvorrichtung, Deckel mit Dichtungen, Stutzen zur
Messung von Differenzdriicken, Austauschkragen mit Schutzsédcken
und erforderlichenfalls Druckausgleichsvorrichtung, Entwidsse-
rungs- und Dekontaminationsanschliisse. Filtergehduse bzw. Fil-
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terkammern und die darin vorhandenen Filterwinde miissen so
konstruiert und erstellt werden, daB sie den im bestimmungs-
gemdBen Betrieb wie im Stdrfall zugrunde gelegten Anforderun-
gen standhalten und funktionsfahig bleiben. In Abb. 5 sind die
allgemeinen Anforderungen an Filtergehduse und -kammern zu-
sammengestellt. In der linken Spalte sind spezifische Anforde-
rungen an die Konstruktion der Gehéuse festgehalten. Durch
Priifung ist die Dichtheit der Filtergehiuse nachzuweisen. Da-
bei darf der Leckvolumenstrom 0,003 % des Nennvolumenstromes
bei einem Priifdruck von 2000 Pa nicht {iberschreiten. Der ILeck-
volumenstrom von Filterkammern darf bei maximalem Betriebs-
druck 0,003 % des Nennvolumenstromes nicht iiberschreiten. Ab-
weichungen sind nur zulédssig, wenn sichergestellt ist, daR
durch die Leckage der Filterkammer keine kontaminierte Luft
angesaugt werden kann. Zum qualitativen Nachweis der Dicht-
heit kann der "Nekal~Test" herangezogen werden. Der Nachweis
der Dichtheit bei Filtergehdusen und Filterkammern in Anlagen
der Klasse 1 ist durch einen Sachverstédndigen zu bestédtigen.

ANFORDERUNGEN AN FILTERGEHAUSE

Bild 5
FUR FILTERANLAGEN IN KERNKRAFTWERKEN '

O
z

Gassorptions-Filtergehause
1 .'

Leckfreiheit

Feinststaub- und Schwebstoff-Filtergehause

V' 9
allgemeine Anforderungen
Werkstoff Stahlblech

Vorrichtung zur

Abb. 5

Dichtsitzprufung

nach Einschutten

Dichthest Nekal-dicht be: und Nachsacken
Konstanthaltung Prufdruck des Sorptions-
der AnpreRkraft 2000 Pa materials
ber nach-
gebendem Festigket Druckprobe Probefilter in
Dichtelement By-Pass

Bestindgkest bei
Kontaminations- Einwirkung von Temperatur, Kontaminations-
freier Filter- ionisierende freies Befullen
elementwechsel, Strahlung, und Entleeren
auch wahrend Schwingungen,
des Betriebes Druck,

Druckstofle,

Entwasserungs- korrosiven
anschlusse Stoffen,

Oberflache

Feuchte

gut dekontamnierbar

innen und auBen
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Als Ausriistung fiir Zuluftanlagen von Druckwasserreaktoren
(DWR) sind mindestens Feinfilter der Klasse "C" nach der
Richtlinie des Staubforschungsinstituts (2) einzusetzen. Be-
steht in Riumen die Gefahr eines Uberdruckes gegeniiber der Um-
gebung, als dessen Folge radioaktive Stoffe in unzuléssig ho-
her Konzentration durch die Zulufteinfiihrung in die Umgebung
entweichen konnen, so gelten fiir diese Zuluftanlagen die glei-
chen Anforderungen wie fiir Abluftfilteranlagen.

Die Abluftfilteranlagen sind im Prinzip nach der in Abb. 6
dargestellten Anordnung aufgebaut. Zur Abscheidung von Wasser-
tropfen und Wasseraerosol sind Tropfenabscheider und Nebelab-
scheider vorgesehen. Zur Senkung der relativen Luftfeuchte ist
vor dem Vorfilter, bzw. bei Verwendung des Vorfilters als Ne-
belabscheider hinter diésem ein ILufterhitzer anzuordnen. Eine
Luftfeuchte von anndhernd 100 % kann bei dauernder Einwirkung
zu unzuldssig hoher Beladung der Schwebstoffilter und Gassorp-
tionsfilter mit Wasser fiihren. Dadurch kann die Funktionsfia-
higkeit der Filter beeintrédchtigt werden. Das vorgesehene Vor-
filter dient der Verldngerung der Standzeit der Schwebstoff-
filter. Die Schwebstoffilter sind zur Abscheidung der radio-~
aktiven festen und fliissigen Aerosole vor dem Gassorptionsfil-
ter anzuordnen. Eine Beladung des Gassorptionsfilters mit Ae--
rosolen muB verhindert werden, da diese zu einer Beeintrdchti-
gung des Abscheidegrades fiihrt. Der vom Gassorptionsfilter mog-
licherweise freigesetzte Staub oder Abrieb wird mittels eines
Schwebstoffilters mindestens der Klasse R nach DIN 24 184 zu-
rickgehalten.

AbschlieBend sei auf zwei wesentliche ungeléste Probleme, die
indirekt mit dem Normungsvorhaben DIN 25 414 zusammenhéngen,
hingewiesen:

1. Die Priifung der Zuluftfilter und Vorfilter der Abluftfilter-
anlagen ist nach dem derzeitigen Stand der Technik nicht
hinreichend genormt.

2. Eine Normung der Priifung des Abscheidegrades der Aerosolfil-
teranlagen im eingebauten Zustand wdre wiinschenswert.
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AEROSOL- UND GASSORPTIONS-FILTERANLAGE
ZUR AEROSOL- UND SPALTJOD-ABSCHEIDUNG Bild 6
Unterdruckhaltung Anlagenraume eines KKW

Tropfenabscheider Lufterhitzer {Schwebstoffilter | Schwebstoffilter
Abscheidung von Senkung der A labscheidung Abscheidung des
|Wassertropfen rel. Luftfeuchte Aktivkohlestaubes
10 um) durch Temperatur-
erhohung

Nebelabscheider ! | Gassorptionstilter

Vorfilter, KI. B2 | (Schuttbettfilter)

Abscheidung von

Nebel (< 10 um)

Spaltjodabscheidung|

gereinigte
Luft
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EXPERIENCE WITH HEPA FILTERS AT
UNITED STATES NUCLEAR INSTALLATIONS

.R4R., Bellamy
United States Nuclear Regulatory Commission
Washington - U. S. A.

SUMMARY. Part 50 of Title 10 of the United States Code of Federal Regul-
ations requires that a number of atmosphere cleanup systems be included
in the design of commercial nuclear power plants to be licensed in the
United States, These fillering systems are to contain high efficiency par-
ticulate air (HEPA) filters for removal of radioactive particulate matter
generated during normal and accident conditions. Recommendations for
the design, testing and maintenance of the filtering systems and HEPA
filter components are contained in a number of United States Nuclear
Regulatory Commission documents and industry standards. This paper
will discuss this published guidance available to designers of filtering
systems and the plant operators of U. S. commercial nuclear power
plants. The paper will also present a survey of published reports of ex-
perience with HEPA filters, failures and possible causes for the failures,
and other abnormal occurrences pertaining to HEPA filters installed in
U. S. nuclear power installations. A discussion will be included of U. S.
practices for qualification of HEPA filters before installation, and verifi-
cation of continued performance capability at scheduled intervals during
operation.

KUR ZFASSUNG. ERFAHRUNGEN MIT HEPA-FILTERN (HOCHLEIS-
TUNGS-LUFTFILTERN) IN KERNTECHNISCHEN ANLAGEN DER USA.
Teil 50, Titel 10 der ""United States Code of Federal Regulations' schreibt
vor, dass beim Entwurf vonKernkraftwerken, die in den Vereinigten Staa-
ten zugelassen werden sollen, eine Reihe von Luftreinigungssystemen vor-
zusehen sind. Diese Filtersysteme mflssen mit Hochleistungs-Luftfiltern
(HEPA-Filtern) zur Abscheidung der wihrend des Normalbetriebs und bei
Stdrfdllen erzeugten radioaktiven Schwebeteilchen ausgertistet sein. Emp-~
fehlungen ftir die Konstruktion, Priifung und Wartung von Filtersystemen
und HEPA-Filterbauteilen sind in einer Reihe von Unterlagen der '"United
States Nuclear Regulatory Commission' und in Industrienormen enthalten.
Die verdffentlichten Richtlinien, die Konstrukteuren von Filtersystemen
und Betreibern von kommerziellen Kernkraftwerken in den USA zur Ver-
fllgung stehen, werden erbrtet. Weiterhin wird ein Ueberblick gegeben tiber die
verdffentlichten Erfahrungen mit HEPA-Filtern, St8rungen und mdgliche
Stdrungsursachen sowie sonstige ungewBhnliche Ereignisse bezlglich der
HEPA-Filter, die in kerntechnischen Anlagen in den Vereinigten Staaten
eingebaut sind. Ausserdem werden die amerikanischen Qualit#tspriifver-
fahren fir HEPA-Filter vor dem Einbau und die planm#ssige Pritfung der
stindigen Leistungsbereitschaft wihrend des Betriebs er8rtert.

RESUME. L'UTILISATION DES FILTRES HEPA DANS LES CENTRALES
NUCLEAIRES AUX ETATS-UNIS. La partie 50 du titre 10 du'‘Code of
Federal Regulations'des Etats-Unis exige de prévoir un certain nombre de
systdmes d'épuration de l'atmosphire dans les projets de centrales nuclé-
aires commerciales soumis aux autorités compétentes. Ces systémes de
filtration doivent comprendre des filtres d'aérosols 3 haut rendement
(filtres HEPA) destinés A arréter les particules de matidres radioactives
engendrées en marche normale et en cas d'accident. Les recommanda-
tions concernant la conception, la vérification et l'entretien des systémes
de filtration et des éléments de filtres HEPA sont contenues dans plu-
sieurs documents de la'Nuclear Regulatory Commission''des Etats-Unis

et normes industrielles. Le présent exposé traite des recommandations
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publiées dont disposent les réalisateurs de systémes de filtration et les
exploitants de centrales nucléaires commerciales américaines. Il donne
aussi un apergu des rapports d'expérience publiés sur les filtres HEPA,
des échecs subis et des causes possibles ainsi que d'autres anomalies
constatées, propres aux filtres HEPA, utilisés dans les installations
nucléaires des Etats-Unis., L'exposé présente aussi les régles suivies
aux Etats-Unis pour l'acceptation des filtres HEPA avant leur mise en
place ainsi que pour la vérification a intervalle fixe du maintien de leurs
performances durant l'exploitation.
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Title 10 of the United States Code of Federal Requ1ations(1) is entitled
“Energy," and includes, in part, the Federal regulations employed by the
U. S. Nuclear Regulatory Commission requlating nuclear energy in the
United States. Part 50 to Title 10, entitled "Licensina of Production and
Utilization Facilities," contain numerous supporting appendices. In
particular, Appendix A, "General Design Criteria for Nuclear Power Plants,"”
contains 64 general desian criteria that establish the necessary design,
fabrication, construction, testing and performance reauirements for struc-
tures, systems, and components important to the safety of a nuclear power
plant. Six of these general design criteria are directly related to
filtration systems whose design includes hiaoh efficiency particulate air
(HEPA) filters. These six aeneral desian criteria are included as
Appendix A to this paper.

Criteria 19, "Control Room," requires that adeauate radiation protection

be provided to permit access and occupancy of the control room under
accident conditions, and that radiation exposures to reactor operators be
limited. One protection mechanism is a filtration system that can control
the concentration of airborne radioactivity enterina the control room under
accident conditions.

Criterion 41, "Containment Atmosphere Cleanun," Criterion 42, "Inspection
of Containment Atmosphere Cleanup Svstems," and Criterion 43, "Testing of
Containment Atmosphere Cleanup Systems," are concerned with the cleanup of
the containment atmosphere following an accident. Criterion 41 requires
atmosphere cleanup systems (with redundancy) to control the concentration
of fission products in the reactor containment and reduce the release of
these fission products to the environment followina postulated accidents.
Criteria 42 and 43 require that these atmosphere cleanup systems be
desianed to permit periodic inspection and appropriate periodic testina,
respectively.

Criterion 60, "Control of Releases of Radioactive Materials to the Environ-
ment," reauires control of the release of radioactive materials in gaseous
effluents durina normal reactor operation. This requirement is satisfied

by suitahle normal ventilation exhaust filtration systems. Finally,
Criterion 61, "Fuel Storage and Handlina and Radioactivity Control" reauires
appropriate filtering systems to reduce the releases of aaseous radioactive
material to the environment followina a fuel handlina accident.

The filtration systems reouired by the above regulations, to reduce the
guantities of radioactive materials in gaseous effluents, consist of many
components includina HEPA filters. The primary function of these filters
is to remove radioactive particulate matter aenerated durina normal opera-
tion and accident conditions.

In conjunction with the above requlations that outline the need for atmos-
phere cleanup systems that include HEPA filters, the U. S. Nuclear Reaula-
tory Commission publishes quidance for the desian, testing and maintenance
of these filtration systems and HEPA filter components. Conformance with
these auidelines provides one acceptable method of satisfying the Commis-
sion's regulations. These quidelines are discussed below.
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The filtration systems can be arouped into two categories: those desianed
to operate after a design basis accident (DBA), and those desianed to
operate during normal reactor operation. Guidance for atmosphere air
cleanup systems desianed to operate after a desian basis accident (normally
referred to as enaineered safety feature - ESF - filter systems) is con-
tained in Requlatory Guide 1.52, Revision 1,(2) "Design, Testing, and
Maintenance Criteria for Enaineered Safety Feature Atmosphere Cleanup
System Air Filtration and Adsorption Units of Light-Water-Cooled Muclear
Power Plants." Guidance for filtration systems desianed to operate durina
normal reactor operation is contained in Branch Tefgvica1 Position (BTP)
Effluent Treatment Systems Rranch {ETSB) No. 11-2, "Nesian, Testina,
and Maintenance Criteria for Normal Ventilation Exhaust System Air Filtra-
tion and Adsorption Units of Light-Water-Cooled Nuclear Power Plants."

USNRC Regulatory Guides are used to describe and make available to the
public methods acceptable to the NRC staff for implementina specific parts
of the Conmission's reaulations. It should be emphasized that these Reaqu-
latory Guides are not substitutes for regulations, and compliance with them
is not required. Methods different from those set out in these quides are
accept ablf if a basis is provided for the variance. Requlatory

Guide 1.52(4) was issved in July 1973 to present methods acceptable to
USMRC for implementing the Commission's regulations in General Design
Criteria 19, 41, 42, 43, 60 and 61 of Appendix A to 10 CFR Part 50 that
have been discussed above. The Requlatory Guide addresses the required
atmosphere cleanup systems, including the various components, and in par-
ticular, addresses the need for and desian of HEPA filters. Backaround
information for the quide was published in a paper presented by

Dr. R. Zavadoski in Karlsruhe (W. Germany), 4-6 December 1973,(5) at

a seminar sponsored by the Directorate Health Protection of the Commis-
sion of the European Communities. This paper will discuss the recommen-
dations of Revision 1 to Requlatory Guide 1.52, issued for public comment
in July 1976.

HEPA filters are one of the necessary components of all ESF atmosphere
cleanup systems. Two banks of HEPA filters are recommended; one hank up-
stream of the radioiodine adsorbers (activated carbon) to remove discrete
particulate matter, and one bank downstream of the radioiodine adsorbers
to remove carbon fines. Filter banks limited to 30,000 cfm (three filters
high by ten wide) are recommended to facilitate testing and maintenance.

It is recommended that each HEPA filter be steel cased and designed in
conformance with two U. S, military specifications, MIL-F-51068 and
MIL-F-51079. MIL-F-51068(5) covers the assembled filter and includes
guidance on the frame, gaskets, faceauards, adhesives and sealants,
separators, paint finishes, construction tolerances, performance speci-
fications prior to installation (penetration, resistance to airflow, rough
handling, pressure, heated air, spot flame, and resistanc? fo environmental
exposure), and quality assurance provisions. MIL-F-51079 7} covers the
filter medium, and includes quidance on the form, size, splices, airflow
resistance, penetration, tensile strength, water repellancy, folds, mildew
resistance, acidity, thickness, combustible material, and quality assurance
provisions. In addition, the filters must be capable of withstanding the
environmental conditions postulated after an accident.
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In addition to the above desiqn quidance, Reaulatory Guide 1.52 also
recommends that each individual HEPA filter be sent to an Energy Research
and Development Administration (ERDA) Quality Assurance Filter Testing
Station prior to shipment to a site, for an independent verification of

the specifications contained in MIL-F-51068. Past experience has indicated
that the filter testing stations find from 1 to 10% of the tested filters
out of specification, and these filters are therefore rejected as not
suitable for service in nuclear installations.

USNRC quidance does not terminate with the qualification of a HEPA filter
for installation in a filter bank. An in-place dioctyl phthalate (DOP)
test should be performed upon installation, once during each reactor
operating cycle, following painting, fire, or chemical release in any
ventilation zone communicating with the system, or if the filter bank is
entirely or partially replaced. This in-place test is to be performed
in accordance with American National Standards Institute (ANSI) N510-
1975,(8) "Testing of Nuclear Air Cleaning Systems." In-place testing
shall confirm a penetration of less than 0.05% NOP at rated flow, in
which case the filter system is assigned a 99% removal efficiency for
particulates in accident dose evaluations. Periodic in-place testina
for all HEPA filter banks of ESF filter system is considered of utmost
importance; therefore, it is made a part of each reactor's operatina
license via plant Technical Specification. The Technical Specifications
are binding upon the plant's operability. Nonconformance with these
Technical Specifications can lead to monetary fines to the utility or,
in extreme instances, a shutdown of the reactor.

Branch Technical Position Effluent Treatment Systems Branch No. 11-2,
which is part of the NRC's Standard Review Plans (SRP), is a parallel
document to Requlatory Guide 1.52, and contains the USNRC's quidance

for HEPA filters installed in normal ventilation exhaust systems.

SRPs are prepared for the auidance of the USNRC staff in performing a
detailed safety review of an application to construct or operate a
nuclear power plant. The application of the SRP should improve the
quality and uniformity of staff reviews, and present a well-defined base
for evaluation of proposed changes in the scope and reauirements of
reviews. The SRPs also serve to implement USNRC policy on making
information about regulatory matters widely available and to improve
communication and understandina of the staff review process by interested
members of the public and the nuclear power industry.

HEPA filters are indicated as necessary components of all normal ventila-
tion exhaust systems. One bank of HEPA filters is recommended upstream of
the iodine adsorbers, and a second bank of HEPA filters downstream of the
carbon adsorbers to retain carbon fines. As in Requlatory Guide 1.52,
banks should be limited to 30,000 cfm to facilitate testing and main-
tenance, and each HEPA filter should be designed, installed and tested in
accordance with the two military specifications, MIL-F-51068 and
MIL-F-51079. However, each HEPA filter need not be tested at an ERDA
Quality Assurance Filter Testing Station; testing performed by each filter
vendor is considered satisfactory. Recommendations for in-place NOP
testing are similar to those contained in Regulatory Guide 1.52 for FESF
systems. Each in-place test should confirm a DOP penetration of less than
0.05% at rated flow, whereupon the filtration system is assigned a 99%
removal efficiency for particulates for evaluation purposes.
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Experience with HEPA filters in the United States has demonstrated that
these atmosphere cleanup components are extremely reliable in service of
nuclear installations. One of the primary reasons for this favorable
occurrence is the implementation of the requlations and auides discussed
above. However, there have been a number of reported failures or unusual
occurrences pertainina to installed HEPA filters. A number of these
events are discussed below.

Moisture and acid damage to installed HEPA filters has been observed to
quickly degrade the filters to a point where they need immediate replace-
ment. Three such occurrences were reported(9) from fuel handling
facilities at nuclear power reactors in the early 1970's. In one instance,
no cause of the moisture could be observed and the filters were replaced.
In another instance, moisture and acid inadvertently entered the exhaust
duct upstream of the filters, became adsorbed on the filter media, and
resulted in the filters being replaced. Modifications were made to the
exhaust system to prevent re-occurrence. In the third instance, the pre-
sence of acid in the filtration svstem was expected and considered in the
design, but non-acid resistant filters were installed by mistake. When
the proper filters were installed, no further problem existed.

Three additional instances of filter failures due to moisture damaae have
been reported at nuclear power aeneratina stations. At Ouad-Cities
Generating Station,(10) an 800 MWe boiling water reactor, a drain valve
was inadvertently closed and prevented drainage of condensation from the
filter system to a sump. The accumulation of water led to the filter be-
coming extremely wet and resulting in a degradation of filter performance.
Two in-place tests showed the degradation to result in a removal efficien-
cy of 68.7% and 70.3%, respectively. When the drain valve was locked open
and the filter replaced, the problem was resolved, and in-place testina
showed a Teak-tightness of greater than 99.97%. Two unrelated filter
failures due to moisture have occurred at the Monticello yfflear Generatina
Plant, a 545 MWe boilina water reactor. The first event( showed a DOP
Teak-tightness of 91% for one of the two parallel off-qas system HEPA
filters, with the second offgas filter testina at 99.99% efficiency. PRe-
tests of the failed filter were unsuccessful, until the filter was
replaced, whereupon the system demonstrated 99.99% Jeak-tightness. Inspec-
tion gf the failed filter revealed that moisture damage was the probable
cause of the inefficiency. The second event(12) at Monticello resulted
in the HEPA filters becoming saturated due to the flooding of a line
between a storage building and the filter building, resulting from a
plugged drain 1ine. When moisture reached the filter, the filter hiah
pressure differential alarm sounded. The redundant filter was placed in
service, and tested at 99.96% efficient, while the failed filter tested at
0%. This failed filter was removed, allowed to dry out for 10 days, and
re-installed in the system since no immediate replacement was available
{the filters are of a special desian). After re-installing the dried-out
failed filter, it tested at 97% efficient, showing the importance of keep-
ing HEPA filters dry to ensure proper performance.

One occurrence(13) of acid damage (dilute nitric acid) to HEPA filters was
observed only upon the spent filters reaching a burial ground in Nevada.
The shipment consisted of 14 HEPAs individually packed in fiberboard con-
tainers, then nackaged in one "Super Tiger" shippina container. This
container satisfied all U. S. requlations pertainina to impact and thermal
protection, and was an eight foot by eiaht foot by twenty foot box con-
structed of 3/16-inch steel. The filters in the shipping container were
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from the Kerr-McGee Nuclear Corporation's Cimarron Oklahoma Plant, where
they were installed in a alovebox system where scrap plutonium was pro-
cessed. While the shipping container was being unloaded, one fiberboard
carton was hot to the touch even throuah workaloves, the surface of the
carton was scorched and the nylon sealing tape had melted. No radiation
contamination was observed, but the effects of the acid on the filter
media and the filter components was obvious.

The prev?fxfly discussed Monticello Nuclear Generating Plant has also
reported filter failures in one of their standby aas treatment system
trains. The upstream HEPA filters in one bank were tested to be only 96%
efficient, whereas the downstream bank tested at 99.92% efficient. Upon
inspection, small burn holes were observed on the upstream side of the
upstream filters. These burn holes were caused by sparks from a cutting
torch or arinding which were used when the air heater had been recently
modified. Upon replacement of two of the eight filters in the bank, a
retest revealed that the filter bank was 99.97% efficient.

One occu(fgvce of the HEPA filters simply becoming exhausted was
reported by the Quad-Cities Station in 1974. Routine inspection
revealed that one of the standby gas treatment system trains was
overating at a Tower than normal flow as indicated on a local flow
indicator. The differential pressure aage indicated 4.8 inches of
water across the filter. Since this value exceeded the allowable value
in the plant Technical Specifications, the filters were replaced,
although inplace DOP testing revealed that the filter bank was 99.98%
leak-tight.

One area where HFPA filters have underaone numerous failures has been in
boiling water reactor off-aas systems, due to explosions in the delay lines
rupturina the filters., 1t is helieved that the detonations occurred due

to ignition of the hydroaen (in stoichiometric quantities with oxygen)
normally present in the offaas system. Following detonation, the HEPA
filters need to be replaced immediately since these filters are not
designed to withstand the resultant pressure surges, and rupture (most

of the offgas system components are designed to withstand the effects

of the detonation).

One of the laraest users of HEPA filters in the United States is the

Rocky Flats ff&f]it , operated by Dow Chemical Company for ERDA, located
in Colorado. These plutonium processing facilities require multiple
(two to four) stage filtration. Recent modifications to the filter
plenums have facilitated DOP testina, which must certify at least 99.95%
efficiency. The recent modifications have included walk-in plenums for
installation and inspection of filters, plenums of all metal, welded con-
struction with marine bulkhead doors to minimize leakage, viewports, qood
illumination, and 1imiting filter plenum sizes to 44 filters. With these
modifications, an installed filter was purposely subjected to defects to
verify the leak detection methods. Defects sized from 5.1 cm in diameter
to 1.3 cm in diameter resulted in measured efficiencies rangina from 99.59
to 99.96%. Thus, the filter plenum modifications resulted in easily tested
filter banks. One problem uncovered was that a larae number of very small
leaks cannot be differentiated from a few large leaks. A scanning probe,
however, has solved this difficulty.
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One large-scale ventilation e{Y9yst assemhly was subiected to a variety
of independent in-place tests to allow a comparative evaluation of
testina procedures. This work was performed at the A:ilantic Richfield
Hanford Company Purex Plant in Richland, Washinaton. The Hanford Purex
Plant is wused for chemical reprocessing of spent irradiated nuclear fuels
to recover and purify uranium, plutonium and neptunium. Nitric acid and
organic solvents are used in the chemical reprocessina, and are associated
with the airborne radioactive particulate matter aenerated by reprocessing.
Two essentially identical independent filter trains are provided. These
trains were subjected to in-place leak testing by introducing aerosol into
the exhaust air upstream of the filters and measuring the aerosol concen-
tration downstream of each filter unit. The three test methods emnloyed
were sodium aerosol, fluorescein aerosol, and DOP aerosol. The sodium
aerosol was counted using a condensation nuclei counter that resulted in
efficiencies being less than expected, since the counter is not specific
for sodium nuclei and can detect particle sizes down to 0.001 micron.

Only filter train #1 was tested, and the averaae efficiency was 99.09%
(average of 3 tests, range of 98.90 to 99.39). This testing procedure

is not considered acceptable. On the other hand, fluorescein and DOP
tests are considered representative, reproducihle and acceptable. The
fluorescein aerosol was counted by collection on a millipore filter and

a calibrated fluorometer. Results on train #1 averaged 99.79% (3 tests,
range of 99.61 to 99.99) and results on train #2 averaaed 99.50% (3 tests,
range of 99.22 to 99.92). DOP efficiencies were quite similar, and were
obtained using a light-scatterina photometer. Two tests on train #1
duplicated 99.74%, two tests on train #2 averaged 99.66% (99.64 and 99.68),
while a test on trains #1 and #2 combined yielded 99.60%. Thus, the DOP
and fluorescein tests are considered acceptable procedures, whereas the
sodium nuclei test is not considered acceptable.

In summary, this paper has discussed USNRC regulations and auidelines
pertaining to HEPA filters to be employed in commercial U. S. nuclear
generating stations. Some of the failure experience with these HEPA
filters has been presented, and it should be noted that most failures
result from personnel errors or desian errors, but are not the result of
HEPA filter failures. A number of large-scale in-place test results have
also been presented on operating ventilation systems. Generally, U. S.
experience with HEPA filters has shown them to be extremely reliable com-
ponents in nuclear air cleaning systems.
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APPENDIX A

General Design Criteria 19, 41, 42, 43, 60 and 61 to Appendix A to Part 50
of Title 10 of the United States Code of Federal Regulations.

Criterion 19 - Control Room. A control room shall be provided from which
actions can be taken to operate the nuclear power unit safely under normal
conditions and to maintain it in a safe condition under accident conditions,
including loss-of-coolant accidents. Adequate radiation protection shall

be provided to permit access and occupancy of the control room under acci-
dent conditions without personnel receiving radiation exposures in excess
of 5 rem to the whole body, or its equivalent to any part of the body, for
the duration of the accident.

Equipment at appropriate locations outside the control room shall be
provided (1) with a design capability for prompt, hot shutdown of the
reactor, including necessary instrumentation and controls to maintain the
unit in a safe condition during hot shutdown of the reactor, and (2) with
a potential capability for subsequent cold shutdown of the reactor through
the use of suitable procedures.

Criterion 41 - Containment Atmosphere Cleanup. Systems to control fission
products, hydrogen, oxygen, and other substances which may be released into
the reactor containment shall be provided as necessary to reduce, consis-
tent with the functioning of other associated systems, the concentration of
hydrogen or oxygen and other substances in the containment atmosphere
following postulated accidents to assure that containment integrity is
maintained.

Each system shall have suitable redundancy in components and features, and
suitable interconnections, leak detection, isolation and containment capa-
bilities to assure that for onsite electric power system operation (assum-
ing offsite power is not available) and for offsite electric power system
operation (assuming onsite power is not available) its safety function can
be accomplished, assuming a single failure.

Criterion 42 - Inspection of Containment Atmosphere Cleanup Systems. The
containment atmosphere cleanup systems shall be designed to permit appro-
priate periodic inspection of important components, such as filter frames,
ducts and piping to assure the integrity and capability of the systems.

Criterion 43 - Testing of Containment Atmosphere Cleanup Systems. The con-
tainment atmosphere cleanup systems shall be designed to permit appropriate
periodic pressure and functional testing to assure (1) the structural and
leaktight integrity of its components, ?2) the operability and performance
of the active components of the system such as fans, filters, dampers,
pumps and valves and (3) the operability of the systems as a whole and,
under conditions as close to design as practical, the performance of the
full operational sequence that brings the systems into operation, includ-
ing operation of applicable portions of the protection system, the
transfer between normal and emergency power sources, and the operation of
associated systems.
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Criterion 60 - Control of releases of radioactive materials to the environ-
ment. The nuclear power unit desiqgn shall include means to control suit-
ably the release of radioactive materials in gaseous and liquid effluents
and to handle radioactive solid wastes produced durino normal reactor
operation, including anticipated operational occurrences. Sufficient
holdup capacity shall be provided for retention of aaseous and liouid
effluents containing radioactive materials, particularly where unfavorable
site environmental conditions can be expected to impose unusual operational
limitations upon the release of such effluents to the environment.

Criterion 61 - Fuel Storaae and Handling and Radioactivity Control. The
fuel storage and handling, radioactive waste, and other systems which may
contain radioactivity shall be designed to assure adequate safety under
normal and postulated accident conditions. These systems shall be desianed
(1) with a capability to permit appropriate periodic inspection and testina
of components important to safety, (?) with suitable shielding for radia-
tion protection, (3) with appropriate containment, confinement, and filter-
ing systems, (4) with a residual heat removal capability having reliability
and testability that reflects the importance to safety of decay heat and
other residual heat removal, and (5) to prevent significant reduction in
fuel storage coolant inventory under accident conditions.
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LES INSTALLATIONS DE FILTRATION "ABSOLUE" DE L'AIR
DANS L'INDUSTRIE NUCLEAIRE
CONCEPTION - SECURITE - EXPERIENCE

J. C. Lucas
Sofiltra Poelman
Paris - FRANCE

RESUME.
- La conception des filtres "ABSOLUS'" (HEPA FILTERS)
. Les papiers filtres en fibre de verre - Normes et caractéristiques :
efficacité - tenue au feu, a 1'humidité, a l'irradiation....
. Les divers types de plissage du papier - i plis profonds et i petits
plis avec montage en diédres.
. Les cellules filtrantes - réalisations - caractéristiques et contrdle
de production,
- La conception des équipements de filtration
. Le montage sur plateformes en caissons métalliques ou en béton.
Conceptions frangaises et américaines (Regulatory Guide 1-52).
. Les caissons 3 sas étanche permettant 1'évacuation des filtres conta-
minés sans rupture d'étanchéité.
. Les avantages et inconvénients des 2 systémes en matidre d'économie
d'exploitation et de sécurité.
- Résultats d'exploitation
. Contrdles in situ d'efficacité effectués par le CEA,
. Durées de vie des divers types de filtres - Résultats d'expérience.

KURZFASSUNG. ANLAGEN ZUR "ABSOLUT"-LUFTFILTERUNG IN DER
KERNINDUSTRIE - KONZEPTION - SICHERHEIT - ERFAHRUNGEN
- Konzeption der "ABSOLUT"-Filter (HEPA-FILTER)
. Glasfaser-Papierfilter - Normen und Kenndaten : Abscheideleistung -
Feuerbestdindigkeit, Verhalten bei Feuchtigkeit und Bestrahlung usw.
« Verschiedene Arten von Papierfaltung - Tieffaltung und Kleinfaltung
mit V-fdrmiger Anordnung.
. Filterzellen - Herstellungsformen - Kenndaten und Produktionskon-
trolle.
- Konzeption von Filterausriistungen
. Einbau auf Plattformen in Metall- oder BetonkX4sten. Franz8sische und
amerikanische Konzeptionen (Regulatory Guide 1-52).
. Bei mit Schleusen ausgestatteten K&isten lassen sich die beladenen Fil-
ter herausnehmen, ohne dabei die Abdichtung aufzuheben.
« Vor- und Nachteile beider Systeme im Hinblick auf Wirtschaftlichkeit,
Betriebsbedingungen und Sicherheit.
- Betriebsergebnisse
. Vom CEA in-situ durchgefithrte Priifungen der Wirksamkeit.
. Lebensdauer der verschiedenen Filtertypen - Erfahrungen,

SUMMARY. ABSOLUTE AIR FILTERING EQUIPMENT IN THE NUCLEAR
INDUSTRY - DESIGN - SAFETY - EXPERIENCE
- The design of absolute filters (HEPA FILTERS)
. Glass-fibre filter papers; standards and characteristics : efficiency,
fire-resistance, humidity-resistance, radiation resistance, etc.
. Various types of paper folding : deep folds and small folds, dihedrally
mounted.
+ Filtering elements; designs; characteristics and quality control.
- The design of filtration equipment
. Mounting in metal or concrete casings. French and American designs
(Regulatory Guide 1-52).
., Gas-tight casings allowing contaminated filters to be renewea without
breaking the gas-tight seal.
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+ The advantages and disadvantages of the two systems from the point
of view of operating costs and safety.
- Operational results
. In-situ efficiency tests carried out by the CEA.
. Life span of the various types of filter; experience gained.
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Dans une installation nucléaire, qu'il s‘*agisse de réacteurs,
d'usines de retraitement de combustibles irradiés, de labora-
toires, il y a toujours, malgré les trés grandes précautions
prises en ce qui concerne 1l'étanchéité des divers appareils
contenant les produits radioactifs, un risque de contamina-
tion par des aérosols radioactifs, et éventuellement de dif-

fusion de radio-iodes.

Pour éviter tout danger de contamination extérieure, les cir-
cuits actifs sont placés dans des enceintes dites de " confi-
nement " qui sont maintenues constamment en dépression par
rapport a l'extérieur, grfce a un systéme de ventilation

intense.

On distingue généralement 3 zones dites inactive, semi-active
et active en fonction du risque de contamination qu'elles
présentent. Dans ces deux derniéres, une cascade de dépres-
sion est maintenue, de maniére a éviter que par un mouvement
d'air non contrélé, la contamination ne puisse s'étendre
d'une zone active vers une zone qui l'est moins. L'air ainsi
transféré d'une zone a une autre par dépression est extrait
dans les zones active et semi-active et passe, avant rejet a
1'extérieur, sur des filtres a trés haute efficacité dits

" absolus " et si nécessaire, sur des piéges a iode.

LES SPECIFICATIONS TECHNIQUES RELATIVES AUX FILTRES "ABSOLUS"

LES SPECIFICATIONS AMERICAINES consignées dans le Regulatory
Guide 1-52 de 1'Atomic Energy Commission précisent que les
filtres " absolus " - HEPA Filters - doivent étre en confor-
mité avec les normes militaires MIL-F-51.079 A pour le papier
filtrant et MIL-F-51.068 C pour le filtre a proprement parlé.

Voyons rapidement ce que comportent ces normes.

Pour ce qui est du papier en fibre de verre, sa perméance doit
étre au maximum de 0,03% vis-a-vis d'un aérosol de di-octyl-
phtalate monodispersé de 0,3 M, et sa perte de charge ne doit
pas excéder 40mm C.E. a 5,3cm/s. La norme précise également
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les caractéristiques de résistance & la tractioh, d'ininflam-
mabilité et d'hydrofugation.

En.ce qui concerne les filtres, la norme, qui est relative a
la conception américaine a plis profonds, impose une effica-
cité minimale de 99,97% au DOP 0,3 M et une perte de charge

de 25mm C.E. pour un débit de 1.700 m3/h. De plus, elle pré-
cise les critéres d'ininflammabilité, de tenue & 1'humidité

et en température auxquels doivent répondre les filtres.

Il convient de noter que les filtres américains de conception
courante comportent un cadre en bois. Pour les applications
nucléaires, le Regulatory Guide impose des cadres métalliques.

LES SPECIFICATIONS FRANCAISES du COMMISSARIAT A L'ENERGIE
ATOMIQUE et de 1'ELECTRICITE DE FRANCE portent essentidlement
sur les caractéristiques de l'installation de filtration en
fonctionnement. Le coefficient d'épuration, mesuré in situ a
1'aérosol de fluoresceine sodée encore appelée uranine de @
médian 0,15 m, dait étre au minimum de 1.000, soit une effica-
cité de 99,9%. Les filtres doivent avoir subi avec succés des
essais de type effectués par les services spécialisés du CEA.
Ces essais portent sur 1l'efficacité, la perte de charge et les

S,

tenues mécanique, thermique, & 1l'eau et au feu.

En ce qui concerne la tenue & 1l'humidité, tous les papiers en
fibre de verre n'ont pas, contrairement & ce que 1'on pourrait
penser, le méme comportement. M. STRATMANN du Centre de
JULICH en Allemagne, a constaté que certains filtres voyaient
leur perte de charge monter rapidement a plus de 100mm C.E.

en présence d'air saturé d'humidité, alors que d'autres con-

servaient une perte de charge constante pendant plus de 40 h.

La tenue au feu des papiers tout fibre de verre est générale-
ment trés satisfaisante, les classant en M1 suivant la ré&gle-
mentation frangaise. Par contre, nous voulons attirer 1'at-
tention sur les difficultés qu'il y a, & utiliser des produits
d'étanchéité de meilleure tenue que celle correspondant & la
cla%se M3. Il convient,d'ailleurs, de noter que ceci est en

|
I
|
|
\
I
|
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conformité avec le nouveau réglement de sécurité que prépare
le Ministére de 1'Intérieur pour les établissements recevant
du public, et qui stipule que les filtres & air doivent é&tre
réalisés avec des matériaux de classes MO a M3 inclus.

Depuis peu, certains exploitants se préoccupent de la tenue

4 l1l'irradiation de leurs filtres " absolus ". D'ailleurs, la
norme américaine MIL-F-51.079 B, en cours de mise au point,
prévoit des critéres de tenue & une irradiation de 108 Rads.
Dans cette optique, nous avons fait irradier & cette dose les
divers produits entrant dans nos filtres standard, et n‘'avons
constaté aucune diminution des caractéristiques essentielles i
l'exception de 1l'hydrofugation du papier qui est affectée de
fagon sensible. Toutefois, si une tenue & 1'humidité a 108
Rads s'avérait nécessaire pour certaines applications parti-
culiéres, nous disposons d'un papier spécial répondant a ces
critéres.

LES DIVERSES CONCEPTIONS DE FILTRES " ABSOLUS "

Du point de vue dimensionnel, les filtres " absolus " sont
pratiquement standardisés au format américain de 610 x 610 x
292mm. Par contre, il existe deux conceptions différentes de
réalisation :

- La conception américaine basée sur le plissage du papier a
plis profonds, c'est-a-dire suivant toute la profondeur du
filtre. Les plis sont maintenus écartés par des interca-
laires gaufrés réalisés en carton ou en aluminium.

- La conception frangaise, développée & l'origine par
SCHNEIDER POELMAN et SOFILTRA, basée sur le plissage a
petits plis - de 20mm de haut - entretoisés au moyen de fils
ou de bandelettes. Ce mode de plissage permet de former des
éléments rigides qui sont disposés en V dans la cellule
filtrante.

Les croquis et tableau ci-joints (figure 1) mettent en évi-
dence les différences de construction et de caractéristiques
existant entre ces deux principes de réalisation.
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I1 faut noter que la conception a petits plis permet la mise
en oceuvre d'une surface de papier plus importante et par suite,
de traiter un plus grand débit d'air atteignant 3.000 m3/h.
Ceci entraine une réduction sensible de 1l'encombrement des
éqyipements de filtratjion. Ces filtres ont, également, 1l'avan-
tage d'étre de conception plus robuste, les nappes de papier

plissé étant bien protégées.

Tous filtres " absolus " doit, en usine, subir un contréle
individuel d'efficacité et de perte de charge. L'efficacité
est, le plus souvent, contrélée suivant la méthode au DOP, les
mesures de concentration s'effectuant presque instantanément
au moyen d'un photométre & aérosol. Les méthodes de tests au
Cl Na, au brouillard d'huile, et & 1l'uranine sont également
utilisées. Cette derniére méthode, développée par le CEA, a
l'avantage d'offrir une plus grande sensibilité, mais est un

peu plus longue a appliquer.

LES DIFFERENTES CONCEPTIONS D'EQUIPEMENT DE FILTRATION -

Il existe, actuellement, diverses conceptions concernant la
réalisation des équipements de filtration de 1l'air extrait des
zones contaminables. Elles peuvent se classer en 2 dgrandes

catégories :

- Les équipements avec plateformes-supports de filtres a 1'in-
térieur desquels il faut pénétrer pour procéder aux rem-
placements des éléments filtrants.
|

- ﬂes caissons & sas étanches qui permettent, sans avoir a
ﬂénétrer a 1'intérieur, d'évacuer chaque filtre individuel-
lement sous sac plastique, c'est-i-dire sous protection

alpha.

Ces équipements comportant souvent des piéges a iode, nous en
ferons mention car ils ont une grande incidence sur le dimen-
sionnement, sans toutefois insister sur leurs caractéristiques,.
attendu que ceux~ci sortent du cadre de ce séminaire.
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EQUIPEMENTS AVEC PLATEFORMES -~ CONCEPTION EDF (figure 2)

Ces équipements sont réalisés en béton et comportent un cer-
tain nombre de plateformes en acier doux protégé par peinture
décontaminable. Ces plateformes congues pour recevoir des
filtres 610 x 610 x 292mm, qu'il s'agisse de filtres "absolus"
ou de piéges a iode, comportent des manchettes sur lesquelles
on peut, au moment de 1l'évacuation des filtres, monter un sac
en vinyl afin d'extraire le filtre contaminé sous protection.
Nous avons récemment développé une variante a ce procédé. Elle
consiste a prévoir un manchon en plastique entre la manchette
et le filtre, évitant ainsi toute rupture d'étanchéité lors de
1'évacuation du filtre contaminé et de la mise en place du

filtre neuf.

Les équipements comportent, généralement, un étage de filtres
" absolus " avec possibilité d'adaptation de préfiltres en
amont, et un ou deux étages de piéges a iode. Il faut noter
que ce sont les piéges a iode - débit maximal 1.400 m3/h pour
une vitesse de passage de 30cm/s - qui déterminent les dimen-
sions frontales du caisson, et que la section utile a leur
implantation peut atteindre le double de celle nécessaire

aux filtres " absolus ".

EQUIPEMENTS AVEC PLATEFORMES - CONCEPTION AMERICAINE (figure 3

Conformément au Regulatory Guide 1-52, les équipements sont
réalisés en acier doux de forte épaisseur protégé par peinture
décontaminable, a l'exception des plateformes gqui sont cons-
truites en acier inoxydable. L'ensemble est congu d'apres les
spécifications correspondant a la classe sismique n°® 1 afin
d'assurer le fonctionnement de 1'équipement en toutes circon-
stances. Des dévésiculeurs sont installés en téte de 1'équi-
pement et sont suivis d'une batterie de réchauffage destinée
a abaisser, en cas d'accident dans l'enceinte de confinement
du réacteur, l'hygrométrie en dessous de 70%. Les préfiltres
doivent présenter une efficacité minimale de 40% suivant la
méthode ASHRAE opacimétrique. Les piéges .a iode peuvent étre
constitués par des cellules a charbon actif, mais on utilise

by

de plus en plus aux Etats-Unis des adsorbeurs a lits fixes



- 78 -

dans lesquels, le charbon actif est admis et évacué par voie
pneumatique. Les avantages de ces adsorbeurs sont briévement
les suivants :

- Encombrement réduit : la section frontale de 1'adsorbeur
est inférieure a celle des filtres " absolus ".

- Facilité et sécurité d'exploitation : les opérations de
vidange et de remplissage sont effectuédes sur le site sup-
primant ainsi les opérations de démontage, et de :emontage

2

propres aux cellules a charbon actif.

- Economie d'exploitation résultant de la suppression des

opérations précitées.

On peut remarquer que suivant la conception américaine, il est
prévu presque systématiquement un deuxiéme étage de filtration
" absolue " dont le r8le, a notre avis, est discutable. Certes
il existe derriére les piéges a iode, qu'il s'agisse de cel-
lules ou d'adsorbeurs a manutention pneumatique, un risque
d'entrainement de fines particules de charbon, mais celles-ci
ne sauraient &tre contaminées puisque les piéges & iode sont
précédés par des filtres " absolus ". Nous pensons qu'il
incombe aux spécialistes des problémes de sécurité nucléaire

de trancher sur ce point.

En ce qui concerne les préfiltres d'extraction, il existe

deux écoles : l'une qui prévoit systématiquement des pré-
filtres en amont des filtres " absolus " pour en accroitre la
durée de vie ; l'autre, frangaise, qui, compte tenu de la
grande surface'de filtration des filtres de production natio-
nale, n'en prévoit, généralement pas. Dans ce domaine, il ne
faut pas perdre de vue que l'évacuation d'un filtre contaminé,
gu'il s'agisse d'un préfiltre ou d'un filtre " absolu "
demande beaucoup de précaution, un personnel spécialisé et un
temps non négligeable, de sorte que l'opération colite chére i
l'exploitant. C'est pourquoi nous pensons qu'il est préférable,
d'autant que les concentrations en poussidre sont généralement
faibles, de n'installer en extraction que des filtres "absolud'
en déterminant leurs caractéristiques de débit et de perte de
c‘arge finale colmatée, pour obtenir une durée de vie
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d'environ deux ans.

CAISSONS A SAS ETANCHES (figure 4)

Depuis quinze ans, nous avons installé de nombreux caissons a
sas étanches tant en France qu'a 1'étranger dans des usines de
b Y

retraitement, des laboratoires a haute activité, des réacteurs
etc. . .

Ces caissons ont l'avantage de permettre 1'évacuation de
chaque filtre contaminé ainsi que la mise en place d'un filtre
neuf sous sac vinyl c'est-3-dire sans rupture d'étanchéité.

De ce fait, ce procédé assure une protection totale du person-
nel contre les risques de contamination accidentelle.

Les caissons & sas étanches offrent de nombreuses possibilités
d'arrangement. Réalisés en acier doux protégé par peinture
décontaminable, ils peuvent comporter jusqu'd quatre étages de
filtration : préfiltres - filtres " absolus " - piéges & iode-
filtres " absolus ". Ils sont congus pour recevoir des filtres
de dimensions standard 610 x 610 x 292mm qu'il s'agisse de
filtres " absolus " ou de piéges a iode. Le débit des cellules
4 charbon actif étant limité & 1.400 m3/h, leur nombre devra
étre sensiblement le double de céelui des filtres " absolus ".
Par suite, on aura intérét, pour des débits d'air importants,
a dissocier filtres " absolus " et piéges a iode, et a les
installer dans des caissons séparés montés en série comme

représentés sur la figure 4.

— e $ e S et
. - . . .

Il est bien difficile, au constructeur de madriel de filtra-
tion que nous sommes, de formuler un choix entre les trois
types de conception que nous venons d'examiner car celui-ci
est fonction de l'estimation des risques de contamination
accidentelle propre & chaque installation. Il faut toutefois
noter que la formule des caissons & sas étanches offre le
maximum de sécurité pour le personnel d'exploitation, alors

qu'a l'inverse, la solution américaine, bien que trés compléte
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sur le plan du traitement de l'air, nécessite des interven-

tions en scaphandre en cas de contamination accidentelle.

Sur le plan des investissements, la conception américaine

est certainement la plus onéreuse du fait des impératifs de
construction qui aménent a réaliser les caissons entiérement
en td8le de 6mm. Si cette conception nous semble par trop
robuste, par contre, le fait de prévoir les plateformes-—-sup-
ports en acier inoxydable est certainement une bonne solution
car elle permet d'avoir toujours des portées de joints en
parfait état ; ceci contribue a 1l'obtention d'une bonne
étanchéité entre filtres et plateformes-supports.

LES CONTROLES IN SITU ET LES RESULTATS D'EXPLOITATION

Depuis quelgques années, toutes les installations nouvelles
réalisées en France et en Belgique sont systématiquement
testédes a 1l'aérosol de fluoresceine sodée par les services
spécialisés du CEA. Cette méthode, d'une grande sensibilité,
est particuliérement bien adaptée a ce type de contrdle, et
permet de mettre en évidence les défauts d'étanchéité toujours

possibles sur une installation.

A titre d'exemple, on trouvera en figure 5, les résultats des
essais effectués par le CEA sur des caissons & sas étanches
SOFILTRA POELMAN installés a la Centrale de TIHANGE en
Belgique. Il convient de remarquer que sur les deux circuits
" Locaux jaunes " et " Piscine de désactivation ", les effi-
cacités exprimées en coefficients d'épuration qui ont été
mesurées sur les ensembles filtres + registre by-pass sont
inférieures a 1.000, alors que l'efficacité des filtres seuls
est satisfaisante. Ces essais ont ainsi permis de mettre en

évidence des défauts d'étanchéité sur les registres by-pass.

En ce qui concerne la durée de vie des filtres " absolus ", il
convient de rappeler qu'elle est inversement proportionnelle
au carré du débit d'utilisation d'une part, et d'autre part,
fonction de la perte de charge maximale colmatée que 1l'on
s'est fixée pour le calcul de la hauteur manométrique des

ventilateurs.



En pratique, nous pensons qu'il convient de prendre en consi-
dération comme perte de charge des filtres colmatés 100 &
120mm C.E., ce que confirme, d'ailleurs, l'expérience acquise
par le CEA dans ce domaine. Quant au débit d'utilisation pour
un filtre donné, il doit étre déterminé par le constructeur
en fonction de la concentration en poussiére de 1'air a fil=-

trer et de la durée de vie souhaitée.

Les durées de vie des filtres " absolus " équipant les di-
Versesginstallations nucléaires frangaises sont généralement
compriﬁes entre deux et trois ans, alors qu'elle n'est souvent
3 notre connaissance que de l'ordre d'un an sur certaines
installations étrangéres. A ce sujet, il convient de noter que
le cofit de 1'évacuation d'un filtre contaminé sous protection
alpha et de son stockage avoisinerait, d'aprés une estimation
du CEA, le prix du filtre lui-méme. C'est pourquoi nous pen-
sons qu'il est souhaitable lors d'études d'installations
nouvelles de procéder a un examen économique d'ensemble.
L'installation la moins chére en premier investissement

pourrait s'avérer trés onéreuse en exploitation.



Fig.1.FILTRES *ABSOLUS "

L

b

-«
b = LuT DreTancHEITE

PI.ISSAGE SOFILTRA (Brevetd)

JOINT
D'ETANCHEITE

PLISSAGE A PLIS PROFONDS

CARACTERISTIQUES D

PLISSAGE A PLIS PROFONDS

entretoisé avec des bandelettes
‘amisnte ce qui permet de mettre en
une surface maximale sans
ue les plis se touchent.

Plissage

Papier plissé en accordéon sur une
profondeur de 270 mm environ et
entretoisé au moyen d'intercalaires
ondulés en papier kraft ou d’alumi-
nium. Ces intercalaires dépassent
légérement pour protéger le papier
filtre.

46 m* Surface de papier mise en csuvre 23m*
3 000 m*/h Débit pour une AP = 256 mm CE 1 850 m*/h
Pouvoir de rétention en poussiére
1100 gr AFI pour une AP colmatée de 80 mm 660 gr
CE
Turbulent Flux d'asir & la sortie Laminaire




- 83 -

Fig2 . EQUIPEMENT AVEC PLATEFORMES A MANCHETTES (E.DF)
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FIG.5

DPr/STEPAM ! ARD n® 4 404/PAM
Efficocité In sltu & I"aéroso! de fluorescéine sodée de 0,15 um (norme AFNOR NFX 44 011) des flitres d'épuration
de la Centrale Nucléaire de TIHANGE | (essals du 15 au 19 Mars 1976)
installation Efficocité Débit d'air
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2 2,9 .10 1,25.10 2,32.10 8,25.10
Filtres 6,7 a0 1,68.00° | 1,68.10% | 99,994
Locaux u 16 1,26.10°% 1,900 | 1,%.10* 72 | 0,6
founes Filtres + 9 - 2 )
clapet 1 3,06.10 6,55.10 1,93.10 1,93.10° | 99,48
X5AZ)
Filtres 1 2,32.10°10 4,8 .10° | 4,8 .10% | 99,98
:'::":: 16 13 L. 2,160 | 2,160 | 1350 | 1,00
8 Filtres + 10 .10 3 3
clopet 1 2,39.10 4,49.10 2,48.10° | 2,48.10° | 99,9
X15AZ1
] Filtres 1 5,55.1071) 56 a0* [>6 .10* pow,oe8
Piscine de - 3 3
désactivation 12 8 3,34.10 7.2 .10 7,2 0 600 0,45
Filtres + -7 1 )
clapet 1 1,16.10 2,85.10 | 2,85.10' | 96,49
X20AZ2
Sali= e Filtres + = -9 7 1 2 2
commande  |clapet 1 6 1 1,10.107" 3,7 .10 2,98.10° | 2,98.10° | 99,996 2,17.10 2,17.10 217 | 0,16
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METHODS OF INSTALLING AND TESTING ABSOLUTE
FILTERS IN THE NUCLEAR INDUSTRY

B. Hoppitt
Vokes Air Filters United
Burnley, Lancs. - UNITED KINGDOM

SUMMARY. The paper will cover methods of installing Absolute Filters in
Unipak housings complete with bag changing obloids, also the new swing bolt
base frame assembly for ladder mounted installations.

Details of "on site'" testing and the results obtained will be given utilis-
ing the thermo-pneumatic Dioctyl Phthalate (D.O.P.) method on various ins-
tallations within British Nuclear Power Stations.

KURZFASSUNG. VERFAHREN ZUM EINBAU UND ZUR ERPROBUNG VON ABSOLUT FILTERN IN
IN DER NUKLEAR INNUSTRIE,Verfahren zum Einsetzen von Absolutfiltern in
Unipak-Halterungen mit Hilfe von Sackwechselvorrichtungen sowie die neuen
Rahmen mit Gelenkbolzen fiir die Anordnung der Filter iibereinander.

Ueber Einzelheiten von In-situ-Erprobungen sowie deren Ergebnisse bei
Anwendung des Thermopneumatischen Dioktyl-Phthalat (D.O.P.)-Verfahrens

bei verschiedenen Anlagen in britischen Kernkraftwerken wird berichtet.

RESUME. METHODES D'INSTALLATION ET D'ESSAI DES FILTRES ABSOLUS DANS L'IN-
DUSTRIE NUCLEAIRE. Le rapport traite des méthodes d'installation de filtres
absolus en caissons '"UNIPAK" équipés de gouttiéres obloides permettant le
remplacement des filtres contaminés sous sacs en polyéthyléne. I1 décrit
également les nouveaux cadres de montage a boulons articulés pour assem-
blage en batterie.

On trouvera une description détaillée de 1l'essai effectué "in situ'" et des
résultats obtenus grice 4 1l'utilisation de la méthode du dioctyle phtalate
(D.0.P.) thermo-pneumatique utilisée dans diverses installations des cen-
trales nucléaires britanniques.
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In the early 1950's Extract Filters used in the Nuclear
Industry consisted of resin wool or alternatively asbestos
wool laps, which were wound onto perforated drums and
utilized in cylindrical cases. Another type utilized the
laps packed into metal canisters interleaved by perforated
metal spacers to increase the filter area,

Fig.l. Photo: Resin Wool Canister with §}as§ lap
hr

prefilter (Capacity approx. 340 m
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At the end of their useful life, whether this was due
to an increase in pressure loss which reduced the air-flow
or due to an increase in the activity level, these filters
had to be removed complete from their installation, the inlet
and outlet apertures capped to prevent dispersal of active
contaminant and the filter in its entirety moved to the
decontamination area,

With the introduction of the Absolute Filter in its
present form, it became possible for installations of larger
capacity to be reduced in overall size and the disposal
aspect was limited to the Absolute Filter alone, the housing
remaining and being decontaminated where necessary in-situ.

Fig.2. Photo: Typical Absolute Filter




Since that time developments on the range of Absolute Filters
have lead to units capable of temperature and chemical
resistance. Additionally filters which are almost
completely disposable by incineration are available in
penetrations ranging from 5% to 0.003% against Sodium Flame
Photometer method of test. It is also possible when
required, for filters to be produced in efficiencies outside
the standard range offered by the majority of manufacturers.

Fig. 3. Photo. Absolute Filters in Wall Mounted
Ladder Frame
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Most early installations of Absolute Filters were
mounted in Ladder Frame assemblies, although such Ladder
Frames caused problems with regard to both installation and
maintenance, The installation had to be contained within
a "dirty" area and the problems of ensuring adequate
sealing between the metal-work of the filter frame and the
surrounding masonary had to be considered. Cases of damage
during maintenance operations were not uncommon, caused
either by the Absolute Filter impingeing upon the fixed
clamping bolt, or alternatively by the ladders or gantries
used when the installations were large.

Fig. 4. Diagram of base frame with closure device.
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LADDER FRAME WITH CLOSURE
DEVICE
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The possible transfer of contaminant from the upstream to
the clean side of the filter bank had to be considered and a
number of Ladder Frames were produced with fixtures for plates
to be fitted on the downstream side to isolate an aperture
while the filter was being changed.

The method of maintenance of such Ladder Frame assemblies
almost always required operators to be "suited-up" and the
discomfort limits for operators working in suits for 20 - 30
minutes meant in many cases it was not possible for one
maintenance team to complete the filter change on banks
containing a large number of Absolute Filters.,

Ladder Frames are now rarely used within the Nuclear
Industry, although they are still in fairly common use for
pharmaceutical and medical applications. The Ladder Frames
now produced are more sophisticated than the early
installations, although many of the aspects included in their
design date from their use within the Nuclear Industry. In
the Ladder Frames that we now produce more attention has been
paid to the support for the Absolute Filter, improved methods
of clamping are employed and plastic fittings rather than
metal wing nuts are utilized on the holding bolts, these being
initially introduced to prevent damage to protective suits,
The greatest single improvement however, has been the
introduction of the Swing Bolt Base Frame which enables the
fixing bolts to be swung away from the holding shelves of the
installation, to prevent damage when the Absolute is being
installed.
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The first casings or canister filters. were introduced
in the late 1950's and the early units had simple wedges
attached to the door and the rear face of the canister to
raise the Absolute Filter onto its sealing surface. This
was quickly followed by an improved wedge method operated by
a handle, which had to be pushed into the unit before the door
could be closed, thus ensuring that the filter was raised to
its sealing surface before the installation was put back into
operation, The main difficulties with the wedge method of
sealing the Absolute were two-fold. The wedges with a
relatively small contact area on the base of the Absolute
Filter tended to cause damage when the filter was raised to
the sealed position and additionally these methods were not
subject to any adjustment to ensure that the filter was
sealed, Fig. 6 and Fig. 7.

The rotating cam method for sealing the Absolute Filter
was patented by our Company in 1961 and comprised two cams
with offset bearing surfaces to raise the filter into
position, The cams were fitted with safety handles, which
located in small domes provided in the door of the unit, thus
it was not possible to replace the door on the unit without
the filter being in its sealed position, additionally the cams
were locked in position when the door was replaced.

This method of raising the filter on its sealing face was
subject to adjustment as shims could be inserted beneath the
bearings to ensure that the filter sealed, This adjustment
took place at the factory and was checked again "during on-
site testing", but this type of unit, although it could be re-
adjusted at the first maintenance period, providing conditions
allowed the adjustments to be made, had no facility for taking
up any deformation which might take place in the seal of the
Absolute Filter itself., Fig. 8 and Fig. 9.
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Fig.6 Photo: Unipak Housing showing cam operating handles
and location domes in closure doors.

L.
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Fig.7 Photo: Unipak housing showing cam bar mechanism.
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Fig. 8.

Fig. 9.
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Unipak Installation at C.E.G.B. Hinkley Point
Nuclear Power Station (Pile Cap Extract).

Unipak Installation at C.E.G.B. Hinkley Point
Nuclear Power Station (Cooling Pond Extract No.1
Reactor)
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The latest Unipak unit is considerably more advanced and
contains a spring loaded device which allows for the equating
of the filter onto the periphery of the sealing surface, the
springs are of a given value which will only allow a
deflection of 0.15 mm. on the filter when it is subjected to
a downward thrust of 99 kg., (equivalent to a differential
pressure on the Absolute Filter of 6.75 KPa ) it is not, of
course, normal for filters to be utilized at this standard of
differential within Unipak housings and our recommendation is
2.5 KPa maximum,

The new unit is equipped with a single cam, the handle
locating in a dome within the closure door and accordingly
retains all the safety features of the previous Unipak in that
the door may not be replaced on the Unipak unit until the
filter is in the sealed position and once the door has been
placed on the unit, the filter is locked in position until
such time as the door is removed for servicing. This new
method of operation of the filter sealing device is the
subject of a further patent.

'ON SITE' TESTING

For Nuclear purposes we feel that is is vitally necessary for complete
filter instaliations to be tested prior to entry into service, for this
reason we operate an extensive 'On Site Testing Service'. The 'On-Site' Test
is carried out by the use of D.0.P. (Di-Octyl-Pthalate) producing a test
cloud of a given particle size into the air stream and sampling to establish
the integrity of the complete installations.

The test cloud utilized by us is thermo-pneumatic D.0.P. with a par-
ticle size ranging from 0.4 A to a maximum of 15 u with 70 % of the parti-
cles below 1 p and a mass median of 0.7 M.
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We endeavour when testing to operate at a D.O,P.
concentration of 21 mgs/m3, although the adjustment allowable
on the D,0.P., tester will give adequate results at variances
of 25% each side of the optimum concentration.

Fig.10 Graph showing Particle range distribution
Thermo-Pneumatic D.0.P., aerosol,

PARTICLE SIZE DISTRIBUTION OF THERMO-PNEUMATIC

GENERATED DQ.P AEROSOL

100 ,

]

90 e

I
.
80 S

/ PARTICLE MASS MEDIAN SIZE 07um

% UNDERSIZE BY WEIGHT
0 o
o &

as05 07 10 20 0 60 8010 15

PARTICLE SIZE um




- 98 -

The generator operates by utilizing CO02 under pressure to pass
the D.0.P. oil through an atomiser prior to a heated block
producing the test aerosol, and for sampiing we utilize a
TDA.2DN particulate detector which incorporates a scattering
chamber and a vacuum pump.

A sample of the aerosol is drawn through this chamber
passing through the focal part of the light cone, causing
light to be scattered forward into the dark area of the
chamber actuating the phototube, producing an amplified signal
on a micro-ammeter,

It is important that the D,0.P. cloud is introduced at a
point in the upstream ducting at a distance from the filters
which enables adequate dispersion within the air-stream.

With the filters removed the tester is calibrated to 100%
penetration on a sample taken at the downstream sampling
point, Fig. 11.

It is not unusual for large installations containing
multiple Absolute Filters to show the incorrect penetrations
against this initial portion of the test and it is accordingly
necessary to institute a "trouble-shooting" procedure. In
correctly designed installations of the Unipak type, where
care has been taken to maintain a relatively constant
velocity in the inlet and outlet ductings, the time taken to
locate a damaged filter or a leak point is much reduced.

It has been found that under these constant velocity
conditions, the aerosol assumes a laminar flow characteristic,
which enables a quick assessment to be made of the location of
the leak point,

By traversing the downstream or clean side of the suspect
filter or area of leakage utilizing a suitable probe, it is
possible to locate the smallest leak accurately within a
reasonably short period.
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Fig. 11. D.O.P. Aerosol Generator and Detection Apparatus
with distribution manifold partly withdrawn from
ducting.
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When testing Ladder Frame installations, conditions are
often more difficult, In many cases it is not possible to
introduce the smoke at a sufficient distance upstream to ensure
adequate dispersal over the whole cross-sectional area of the
Ladder Frame. It is also necessary in the majority of
cases, to traverse the downstream side of the Ladder Frame to
ascertain the total penetration value of an installation by
taking the average of the traverse readings. Nevertheless,
it is possible to introduce again a 'trouble-shooting!'
procedure, to ensure that all leakage points are located and
rectified. This can be done by utilizing a 'fish-tail!
discharge nozzle in any suspected area or over the face of
any suspect filter, to ensure that the leak point is
adequately located on the downstream side. It is true to say
that during recent years very little work has been necessary
on testing of large size Ladder Banks due to the
introduction of Unipak installations Fig. 12.

Appended below is a table of average values which have
been found in 'on site' testing installations, primarily on
Nuclear Power Stations operated by the Central Electricity
Generating Board.

A number of methods are now being promoted for testing
of complete filter installations and it is possible that
some of these now being discussed will in due course
replace D.O.P,. However, it is reasonable to say that the
D.0.P. method which has been utilized in the U.K., the
U.S.A. and a number of other countries for many years, has
proved satisfactory for ensuring that filter installations
do not ‘have any serious leakage points and can at least be
qualified in terms of their overall performance, as opposed
to the individual performance of the filters contained
within the installation.
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FIG.12

TABLE SHOWING RESULTS OBTAINDD FROM VARIOUS "SITE TESTIS" O NUCLEAR POWER STATIONS
SITE DUTY SYSTEM ABSOLUTE FILTER | »p.o.p.
NOM. FLOW NaCl GRAD TEST
Durigeness 'A' R2 Active Waste Single two-stage 1,700m3/h <0.01% 0.002%
Nuclear Power Station Vault Extract system Unipak Canister
Hinkley Point 'A4? weter Treatment Flani Two-stage Unipaxs Z7,elom’i/n <0.0G5% 0.01%
Nuclear Power Station Building Extract 8 canisters long
System 'A? X 2 wide x 1 high
Hunterston '3! Cocling Pond Two stage Unipak 41,500m3/n <0.01% 0.004%
Nuclear Power Station Extract System 7 canisters long
x 1 wide x 1 high
Hunterston 'B! R.4 Pilecap Two stage Unipak 10,2023/ <C.C01% C.002¢
liuclear Power Station Extract System 6 canisters long
X 1 wide x 1 high
Hinkley Point 'A! Water Treatment Two stage Unipak 3,400m3/h <0.01% 0.004%
Nucleer Pover Staticon slant, Settling < canisters long
Tank purge Extract X 1 wide x 1 high
System A
Hinkley Point 'B! R.3 Pilecap Extract Two stage Unipak 10,200m3/h <0.05% 0.01%
Nuclear Power Station System 6 canisters long
X 1 wide x 1 high
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VERLAENGERUNG DES WARTUNGS-ZYKLUS
VON SCHWEBSTOFFILTERN DURCH OPTIMIERUNG
DER FILTERTECHNISCHEN KENNDATEN
UND DEREN KONSTRUKTIVE REALISIERUNG

H. Bella, H.H. Stiehl und D. Sinhuber
Delbag Luftfilter
Berlin - B. R. DEUTSCHLAND

KURZFASSUNG. Die Kenntnis der Parameter der zur Zeit in kerntech-
nischen Anlagen verwendeten Aerosol-Filter ermdglichte eine Optimie-
rung der Filter hinsichtlich Volumenstrom, Druckdifferenz und Stand-
zeit. Ueber die Anwendung dieser Optimierung auf neuere Bauformen von
Aerosol-Filtern erh8hter Leistungsdichte sowie die Ueberpriifung der Be-
rechnungen im Versuch wird berichtet. Der Einsatz der hinsichtlich Bela-
dung und Standzeit optimierten Aerosol-Filter erhdhter Leistungsdichte
und die Auswirkungen dieser Bauform auf die Absenkung von Betriebs-
und Wartungskosten werden diskutiert.

SUMMARY. EXTENSION OF THE MAINTENANCE CYCLE OF HEPA
FILTERS BY OPTIMIZATION OF THE TECHNICAL CHARACTERISTICS
OF FILTERS AND THEIR CONSTRUCTION. The knowledge of the para-
meters of HEPA filters used at present in nuclear plants allows optimiza-
tion of such filters with respect to flow rate, pressure drop and service
life. The application of optimizing new types of HEPA filters of improved
performance is reported. The calculated results were checked experi-
mentally. The use of HEPA filters optimized with respect to dust capa-
city and service life, and the effects of this new type of filter on the reduc-
tion of operating and maintenance costs are discussed.

RESUME. DIMINUTION DE LA FREQUENCE D'ENTRETIEN DES FIL-
TRES D'AEROSOLS PAR OPTIMISATION DE LEURS CARACTERISTI-
QUES TECHNIQUES ET DES PROCEDES DE FABRICATION. La connais-
sance des paramétres des filtres d'aérosols utilisés actuellement dans
des centrales nucléaires a permis d'optimiser les filtres quant au débit,
a la perte de charge et 3 la durée de fonctionnement. On présente 1'appli-
cation de cette optimisation aux modeles récents de filtres & rendement
amélioré ainsi que la vérification expérimentale des calculs. L'utilisa-
tion des filtres d'aérosols & rendement amélioré, optimisés sur le plan
de la charge et de la durée de fonctionnement, ainsi que l'incidence de
ces nouveaux filtres sur la diminution des frais d'exploitation et d'entre-
tien sont exposées.
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Die Verliingerung des Wartungs-Zyklus ist in der Kerntechnik von besonderem Interesse, da neben
den reinen Investitionskosten fiir das Schwebstoffilter-Element erhebliche Wartungskosten anfal-
len. Das Wechseln der Schwebstoffilter-Elemente mit Schutzsacktechnik oder unter Vollatem-
schutz sowie der Abtransport, die Beseitigung und die Lagerung der radioaktiv kontaminierten
Schwebstoffilter in Abfallbehiltern verursacht Kosten, die den Wert der Schwebstoffilter-Elemen-
te in der Regel iibersteigen. Durch eine Verlingerung des Wartungs-Zyklus lassen sich daher erheb-
liche Kosten einsparen, und es wird das Risiko der radicaktiven Kontamination der Anlagen-
rdume und das Risiko der erhthten Strahlen-Belastung des Wartungspersonals verringert,

Die Verliingerung des Wartungs-Zyklus kann bei einer gegebenen Anlage nur durch die Standzeit-
verinderung der Schwebstoffilter-Elemente erreicht werden. Eine Verliingerung der Standzeit ist
jedoch nur durch die Optimierung der filtertechnischen Daten der Schwebstoffilter-Elemente

mdglich.

Die Standzeit wird beeinflu8t durch die Anfangsdruckdifferenz des Elementes, die spezifische
Speicherfihigkeit des filternden Materials und durch den geometrischen Aufbau der Schwebstoff-
filter-Elemente, wie Faltentiefe, Faltenabstand und Art der Abstandshalter, im besonderen jedoch
durch die GroBe der aktiven Filterfliiche. Unter Beriicksichtigung des geometrischen Aufbaus ist
durch die VergroBerung der aktiven Filterfliiche eine Verliingerung der Standzeit zu erreichen.

Grundlage fiir die Optimierung der genannten technischen Daten ist die Wahl des zulfissigen Be-
triebszustandes, Es wurde von folgenden Betriebsbedingungen ausgegangen: Die relative Feuchtig-
keit der Luft sollte immer unter 95 % liegen. Sie kann jedoch kurzfristig tiberschritten werden bis
zu einer relativen Luftfeuchte von 98 — 100 %. Die Betriebstemperatur soll im Normalfall immer
kleiner als 100°C sein. Die maximale Druckdifferenz am Schwebstoffilter-Element ist 1000 Pa.

Bild 1: Schwebstoffilter-Element Ausfilhrung MACROPUR-19

Standard-Schwebstoffilter-Elemente bestehen in der Regel aus Glasfaserpapier, das iiber Abstands-
halter aus Aluminium oder Pappe gefaltet wird und dann in einem Rahmen aus Stahlblech oder
Holz mit einem Coating eingegossen wird. Eine wesentliche VergréBerung der Filterfliche ist bei
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diesen Elementen nicht mdoglich, da bei einer enger werdenden Faltung die Anfangsdruckdifferenz
durch Stromungswiderstinde in den Falten erheblich ansteigt. Man mu@te also einen anderen Auf-
bau des Filterelementes suchen.

Bild 2: Schwebstoffilter-Element Ausfiihrung MACROPUR-F 30

Durch die Entwicklung einer neuen Fertigungstechnik konnte der Aufbau der Schwebstoffiler-
Elemente gedndert werden. Es besteht ebenfalls aus gefaltetem Glasfaserpapier. Durch eine neue
Art des Abstandshalters war es jedoch maglich, Filtersegmente mit groen Faltenzahlen pro
Lingeneinheit und geringen Faltentiefen bei geniigend grof3er Festigkeit herzustellen. Der Ab-
standshalter wird als plastischer Kunststoff in diinnen Fidden auf das Glasfaserpapier gespritzt und
die Falten werden dann zusammengelegt. Die Kunststoffdden in den Falten beriihren sich und
verbinden sich miteinander. Dadurch entsteht nach dem Aushirten des Kunststoffs ein selbst-
tragender Rippenverband, der den Faltenabstand fixiert und den Segmenten aus gefaltetem Glas-
faserpapier eine sehr gute Festigkeit gibt. Dieser selbsttragende Rippenverband gewéhrleistet eine
geniigende Festigkeit auch bei Druckst6Ben oder sehr hoher Luftfeuchtigkeit. Wichtig ist die Wahl
des Abstandes der Kunststoffrippen, da bei hohen Druckdifferenzen ein Zusammenlegen der
Falten nicht erfolgen darf. Diese Segmente haben ein besonders giinstiges Verhiltnis der Druck-
differenz am Medium zu den Druckdifferenzen durch die gefaltete Form, wodurch ein hoher
spezifischer Volumenstrom pro Anstrimfliche erméglicht wurde. Diese Segmente wurden zu
V-formigen Taschen zusammengesetzt und in die iiblichen Rahmen eingegossen.

Aus der Gegeniiberstellung der technischen Daten (Bild 3) wird der Leistungsunterschied der bei-
den Ausfithrungen deutlich. Bei gleichen AuBenabmessungen und gleicher Abscheideleistung 148t
das V-formige Schwebstoffilter-Element einen Volumenstrom von 3000 m3h bei einer Druck-
differenz von 250 Pa zu, wihrend die Standard-Elemente nur mit einem Nenn-Volumenstrom von
1900 m3/h belastet werden konnen. Die Filterfliche wurde in dem V-férmigen Schwebstoffilter-
Element verdoppelt. Fiir unsere Uberlegungen wurde ein Volumenstrom von 1900 m3h angenom-
men und die zugehdrigen Anfangsdruckdifferenzen sind 250 und 150 Pa. Die Enddruckdifferenz
ist 1000 Pa.

Unter der Annahme, da das Filterpapier gleichméfig angestrémt wird, ergibt sich eine Anstrom-
geschwindigkeit auf das Papier von 2,2 cm/s und 1,1 cm/s. Die dabei auftretende Druckdifferenz
am Filterpapier ist 160 und 80 Pa. Aus der genannten Enddruckdifferenz des Schwebstoffilter-
Elementes von 1000 Pa ergibt sich eine Enddruckdifferenz am Filterpapier von 910 und 930 Pa.



Ausfithrung ROPUR-18 MACROPUR-F 30
gTAglmD) {\Vfrmig angeordnet)

Abmessungen [mm] 610/810/292 610/610/202
Abscheidegrad DOP [%) 99,99 99,99
Volumenstrom [m¥m) 1800 3000
Anfangs-Ap (Pa) 2560 250
Filterfiiiche (m?] 24 48
Ap bei 1200 m*h  [Pa) 160
End-Ap {Pal 1000 1000
gaschwindigkeit cm/ 22 11
auf das Papler * [omisee) !

jer* [Pa 160 80
2:2 ::nn gm * [m] 910
* bef 1800 m¥h

Bild 3: Technische Daten im Vergleich

Zur Bewertung der Standzeiten wird ein Vergleich der in die Schwebstoffilter einzuspeichernden
Massen Staub durchgefithrt (Bild 4).

Davis hat fiir den Druckdifferenzanstieg an ungefaltetem filternden Material in Abh#ngigkeit von
der eingespeicherten Masse Staub die Funktion nach Punkt 1 angegeben.

Unter der Annahme, da8 das gesamte Filterpapier gleichmilBig mit Luft beaufschlagt wird, ist die
Druckdifferenz am Filterpapier leicht in Abhiingigkeit von der Anstrdmgeschwindigkeit auf das
Filterpapier bei der eingespeicherten Masse o bestimmt. Der verbleibende Anteil der Anfangs-
druckdifferenz am Schwebstoffilter-Element wurde als konstant angenommen, da sich die Rei-
bungswiderstiinde und Strémungswiderstiinde durch Verengung der Falte bei Staubeinspeiche-
rung nur unwesentlich verindemmn.

Unter Punkt 2 wurde die Funktion von Davis logarithmiert und nach m umgestellt und die
einzuspeichernden Massen der beiden Elementausfithrungen ins Verhilinis gesetzt, Da in beiden
Elementen das gleiche filternde Material verwendet wurde, fiillt der Materialkoeffizient § aus der
Gleichung aus.

Aus technischen Angaben ergeben sich die Bedingungen, daB die Filterfliiche A, zweimal so gro8
ist wie die Filterflliche A, und da8 der Faktor n,, das n-fache der Anfangsdruckdifferenz bis zum
Erreichen der Enddruckdifferenz, des V-f8rmigen Elementes gréBer ist als n,. Unter den genann-
ten Voraussetzungen musl nach der Funktion von Davis das Verhiltnis der einzuspeichernden
Massen m, / m, immer groSer 2 sein.

Es ist also zu erwarten, da8 die Standzeit des V-férmigen Elementes bei gleicher Staubkonzentra-
tion liinger ist als das zweifache der Standzeit der Standardelemente,
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B-m
1. dpy - e A
APm=o
Apy, = Druckdifferenz bei eingespeicherter Masse m
APm=g = Druckdifferenz bei eingespeicherter Masse m=o
Apm  _ relative Druckdifferenziinderung
Apm=o  (das n-fache der Anfangsdruckdifferenz)
B = Massenbeladungskoeffizient
m = eingespeicherte Masse
A = Flache des filternden Materials
()
2 my =In |\ Appyeo/1 - Aq B (V-formiges Schwebstoffiiter-Element)
Apm )
my =In \Apm=o/2 Az B (Standard-Schwebstoffilter-Element)
3. Bedingungen
%1 > 2 Ay = 2 A,
2
N > m

Bild 4: Vergleich der einzuspeichernden Masse Staub

Dieses Ergebnis wurde in Laborversuchen mit verschiedenen Aerosolen iiberpriift (Bild 5).

1000 p P
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[+3
&
£ 250
T 1 = Standard-Schwebstoffilter-Element
S 2 = V-formiges Schwebstoffilter-Element
& o
T T T T
0 250 500 1000 2000

Staubbeladung [g]

== NaCl-Aerosol nach EUROVENT 4/4
Staubkonzentration 13 mg/m3

= = ASHRAE-Staub, gesiebt und gefiltert mit Filtern
der Giiteklasse B 2, Staubkonzentration 35 bis 40 mg/m?

Bild 5: Staubbeladung von Schwebstoffiltern
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Es wurde hier der Druckdifferenzanstieg der beiden verglichenen Schwebstoffilter-Ausfiihrungen
bei Staubeinspeicherung aufgetragen. Die beiden Kurven mit durchgezogenen Linien wurden bei
der Einspeicherung von NaCl-Aerosol nach EUROVENT 4/4 bei einer Konzentration von

13 mg/m3 aufgenommen und die beiden gestrichelten Kurven wurden bei der Einspeicherung von
gesiebtem ASHRAE-Staub aufgenommen. Diese Versuche wurden mit Vorfiltern der Giiteklasse
B 2 durchgefiihrt. Das NaCl-Aerosol hat eine KorngréBenverteilung zwischen 0,02 und 2 um. Der
ASHRAE-Staub besteht aus wesentlich groBeren Partikeln, die zwischen 0,08 und 8 ym liegen.

Das Verhiltnis der eingespeicherten Massen bei Erreichen der Enddruckdifferenz von 1000 Pa
ist bei NaCl-Aerosol ca. 2,0 und ber ASHRAE-Staub ca. 1,9, was etwa einer verdoppelten Stand-
zeit entspricht.

Standzeitbeobachtungen in ausgefiihrten Anlagen sind jedoch noch nicht ausreichend vorhanden,
um ein abschlieBendes Ergebnis angeben zu kénnen,

Um einen Eindruck iiber das Kostenverhaltnis bei Einsatz der beiden verschiedenen Ausfithrungen
zu gewinnen, wurde ein Kostenvergleich durchgefiihrt (Bild 6).

Kosten pro Filterwechsel [DM]

Ausfiihrung Standardelement [V-formiges Element
Investitionskosten 400,— 650,—
Wartungskosten 230, 230,—
(2 Monteure, 1 TOV,
1 Strahlenschutz)
Kosten fir Abtransport
und Vernichtung 300,— 300,—
z 930,— 1180,—

Gesamt-Energiekosten
in 12 Jahren 5820,— 5170,—
K_Apm -V-t-016

T 3600 - 102 - 7
t =12-7000 h
n=07
Gesamt-Filterwechselkosten (6facher Wechsel) | (3facher Wechsel)
in 12 Jahren 5580,— 3540,—
Gesamt-Kosten 11400,— 8710,

131 % 100 %

Bild 6: Kostenvergleich Standard- / V-formiges Element

Die Kosten fiir den Filterwechsel setzen sich zusammen aus den Investitionskosten, den Wartungs-
kosten und den Kosten fiir Abtransport und Vernichtung der Schwebstoffilter-Elemente.

Ausgehend von einer Betriebszeit von 12 Jahren und einer Standzeit des Standard-Elementes von
2 Jahren wurden die Energiekosten unter Beriicksichtigung der mittleren Druckdifferenzen an
den Schwebstoffilter-Elementen ermittelt und mit den Kosten fiir die Filterwechsel in 12 Jahren
addiert. Dabei ergibt sich bei Einsatz der V-formigen Schwebstoffilter-Elemente eine Ersparnis
von 31 %.

Die vorherigen Betrachtungen gelten jedoch nicht nur fiir den Vergleich der Standzeiten bei kon-
stantem Volumenstrom, sondern sie kénnen auch sinngemé8 iibertragen werden fiir Uberlegungen
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bei Ausnutzung des zulissigen Volumenstromes des V-frmigen Elementes von 3000 m%h. Die
Luftfilteranlagen kénnen dann um 30 % verkleinert werden, wobei die Standzeiterwartung in der
gleichen Gré8enordnung liegt, wie sie jetzt bei Standard-Schwebstoffilter-Elementen erreicht
wird.

Weiterhin ergeben sich beziiglich der Energiekosten wichtige Gesichtspunkte, wenn von einer
bisher iiblichen Standzeit ausgegangen wird und die V-f6rmigen Schwebstoffilter-Elemente dem-
entsprechend nur bis zu einer Enddruckdifferenz von ca. 50 kp/m?2 gefahren werden. Die Energie-
kostenersparnis liegt hier bei 45 %. Hier ist natiirlich auch der geringere Aufwand fiir Ventilatoren
und Kanile zu beriicksichtigen.

Abschliefend ist festzustellen, daB sich neben den wirtschaftlichen Aspekten beim Einsatz der
V-férmigen Elemente durch den verlingerten Wartungszyklus auch eine Begrenzung der Risiken
bei der Wartung der Luftfilteranlagen, beim Transport der kontaminierten Schwebstoffilter-
Elemente und bei deren Lagerung ergibt. Der Einsatz der Elemente mu8 daher positiv bewertet
werden,

Quellen:

Davis, C.N. — Journal of Aerosol Science 35-39 (1970)
Davis, C.N. — Air Filtration Academic Press 1973
ASHRAE-Standard 52-68

Dokument EUROVENT 4/4
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IN-SITU-PRUEFUNG VON HEPA-FILTERN
IM FILTERSYSTEM "NUCLEAR-KARLSRUHE"

M. Ohlmeyer, W. Stotz
Gesellschaft fur Kernforschung
Karlsruhe - B. R. DEUTSCHLAND

KUR ZFASSUNG. Betreiber von kerntechnischen Anlagen und Filterher-

steller sind bemiiht, durch verstirkte Betriebsliberwachung bzw. Quali-

titssteigerung bei der Filterherstellung den Umweltschutz zu verbessern,

Die In-situ-Prlifung ist ein wesentlicher Faktor zur Realisierung dieser

Bemthungen, sie stellt eine unmittelbare Erfolgskontrolle dar.

Die Einrichtung zur Durchftihrung der In-situ-Prlifung sollte folgenden

Mindestanforderungen genfigen :

- Ein Sicherheitsrisiko fir das Personal wihrend der Prlifung ist auszu-
schliessen,

- Die Prtifmethode muss bei maximaler Ansprechempfindlichkeit objektiv
und rekonstruierbar sein.

- Mit der Prtifmethode missen die Lecks in der Filteranlage einzeln fest-
stellbar sein, damit sie optimal beseitigt werden kdnnen.

- Von der Prifeinrichtung sollte kein Konstruktionszwang auf die luft-
technischen Anlagen und die Bauvausfihrung ausgehen.

- Die Prtifung muss bei geringem apparativen und personellen Aufwand
einfach durchftihrbar sein.

Bei der GfK wurde nach den vorgenannten Erkenntnissen das Filterge-

h¥use ""Nuclear-Karlsruhe' entwickelt. Dieses Gehfuse ermdglicht die

In-situ-Prtifung Zhnlich dem visuellen Oelfadentest nach Din 24184 bzw.

der DOP-Rauchprobe. Die Ueberwachung des allgemeinen Filterzustandes

durch einfache Sichtkontrolle von aussen ist ebenfalls mdglich.

Ein sicherer Filterwechsel mit einer Spezial-Plastiksackbefestigung bei

einer wartungsfreundlichen Arbeitsh8he trigt wesentlich zum Schutz des

Bedienungspersonals bei.

Das Filtergehliuse '"Nuclear-Karlsruhe' hat sich im Einsatz vielfach be-

wihrt und alle Erwartungen erfiillt.

SUMMARY. IN-SITU TESTING OF HEPA FILTERS IN THE "NUCLEAR-

KARLSRUHE" FILTER SYSTEM. Nuclear plant operators and filter

manufacturers are endeavouring to improve environmental protection by

intensifying process control and/or improving filter quality. In-situ test-

ing is an important element in these efforts since it represents a direct

means of checking the success or otherwise of a particular development.

The arrangements for in-situ testing should satisfy the following minimum

requirements :

- The staff should not be exposed to risk during the test.

- The test method should be objective and reproducible as well as being
as sensitive as possible.

- The test method should permit detection of individual leaks in the filter
system so that they can be remedied as efficiently as possible.

~ The test equipment should not necessitate modifications to the extract
systems or plant construction,

- The test should be simple and capable of being carried out with a mini-
mum of effort and equipment.

GfK has developed the "Nuclear-Karlsruhe' filter housing in accordance

with these principles. This housing permits in-situ testing similar to the

DIN 24184 visual oil-fog test or the DOP test, External visual checks on

the general condition of the filter is also possible,

A safe system of filter changing with a specially designed plastic bag

attachment at an accessible height considerably increases the degree of

protection of operating personnel.
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The '""Nuclear-Karlsruhe' filter housing has proved itself time and again
in operation and met all expectations.

RESUME. CONTROLE IN SITU DES FILTRES ABSOLUS DU SYSTEME DE
FILTRATION "NUCLEAR-KARLSRUHE'. Les exploitants d'installations
nucléaires et les fabricants de filtres s'efforcent de mieux protéger l'en-
vironnement par une surveillance technique accrue et une amélioration de
la qualité dans la fabrication des filtres. Le contr8le in situ constitue un
facteur essentiel de la concrétisation de ces efforts et représente un élé-
ment d'appréciation directe de leur efficacité.

L'équipement servant aux contrdles in situ doit répondre aux exigences

minimales suivantes :

- Le contrdle doit pouvoir s'exercer sans risque pour la sécurité du per-
sonnel.

- La méthode d'essai doit &tre sensible en m&me temps qu'objective et
reproductible,

- La méthode doit permettre de détecter les fuites du systéme de filtra-
tion afin de les éliminer de fagon optimale.

- L'équipement de contrséle ne doit entrafner aucune contrainte pour la
construction du systéme de ventilation et pour 1l'exécution des travaux
de construction.

- L'opération de contrdle doit &tre simple et n'exiger qu'un personnel et
un équipement réduits.

En partant des conditions précitées, la Gesellschaft fiir Kernforschung a

mis au point le systéme de filtre '"Nuclear-Karlsruhe'. Ce filtre permet

le contréle in situ selon le test visuel au filet d'huile de la norme DIN

24184 ou le test au DOP. La surveillance de 1'état général du filtre par

simple contrdle visuel de I'extérieur est également possible.

Une fixation spéciale du sac en plastique permet de remplacer avec plus

de sécurité les filtres situés 3 une hauteur accessible et amélio