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Wi koo that somie Hlms which were made in the earliest |i.'|_'.'.'| of the cinemon,
and which are now over 6 ears olil, have been preserved and are still in
fuite gosd condition. On the other hand, we also know of filma which have
bevn L pt under bad comnditions and have ('f|I|E||!r:t|']_',' |]1'l..'ﬂri|]h|.-.l:'| within
ten yoars of manufacture. All that wo can say for certain is thot the great
musjority of nitrate films now being stored in archives hove already reached

o dangerons age and should therefore be treated with the greatest caution.

When a filin ia gtored in eonditiona which are too rir_'..', the Ell.l..-ITi.-:'i-ii-l'.-i andd the .N'ﬁr;.-ri'r.lgr
||1r|i~J['-'|r|' :i|| 'h_l' r-|n||1.-|l|-_| --'.'.|[-|1'. mte, -I-IFI' |i’.|||. h'lql'illl{.-i, il.llli rI..- ll:i-'\.T.‘inﬂ'\l ]'If'1-h'h1"'l'i|

the perforations changes, leading to possible damage of the perforations during

projection or copying. Shrinkage may become so marked that the film ean

no longer be projected or copled on normal spparatus, Ultimately, ik will

become brittle and nseless. At a relatively eacrly stage, humidifying in a

filmostat (see 7.35) may help, but any mecovery of fexibility will last only

for a short time, It is impossible to reverse the shrinkage,

As alrendy mentivned, nitrate film is extremely inflammable. New maw stock | Tnflammability
has an ignition temperature of about 130° C (266° F). As disintegration
procesds, the ignition temperature of the flm falls, and eventually it may
spontaneously ignite at relatively low temperatures. It then burns very ’
quickly (20 tons of film in three minutes), when temperatures of 17007 C
(3060° F) may be reached. There is no known means of extinguishing the fire |
of burning nitrate film. As it produces its own oxygen, it will continus burning |
under water or under earbonie acid snow. |

Laboratory tests carried out in the ILS.AL in 1040 have eatablished that
nitrate film may ignite spontancously ot tompermtures of 41°C (105° F), not
far from the high temperatures to be found in even temperate climatic zones.
As the number of tests carried out has been relatively small, it is coneeivable
that nitrata film in the final stage of disintegration may spontaneously ignite
at oven lower temperntures, The same tests also established that new nitmate
film is not inclined to spontaneous combustion at such low temperatures;
therefore, not only does ageing resolt in increasing disintegration, but also
in & growing inclination to spontaneous combustion. This could explain the
servernl film archive fires which have ocourred in recent vears in countries
with such different climates as Brazil, France and Finland. In these cases
very valuable, and sometimes irreplaceable, film has been destroyed. Tt wonld
be disastrous to remain blind to this danger, and not to ensure the best
storage conditions, and duplication on safety film as soon as possible.

Hequirements
Jor Preserving
Nitrate Film
1.231 The process of disintegration must be retarded. Since chemical reaction

becomes slower na the tempernture falls, the first requirement is to store

-_’:'.itmiﬁlﬂfl‘lt' the lowest possible temperatures. The nmst,'.-iuit.ah@wgﬁ}n@_ﬂ

H@ CL+2°485° F43%. Even in archives which have no air-conditioning

installation, temperatures must be kept as low as possible. Reducing the |

storage temperature by 5° C has the effect of reducing by one-half the rata

at which the nitrate base releases nitrate gases; this also means that the con-

centration of the nitric acids is retanded, which in turn slows down the

disintegration process. l

Humidity accelerntes the disintegration caused by nitrate gases. The greater
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ACETATE
BASE

Clome prosition

the amount of moisture from which nitrous weid

l]lli:-'l ]" disintegration procecds, On the ot

induces shrinkoge and brittloncess, us w

have to be storod in snch conditions of humi v s to robaed tho disi
process, while ab the same time preventing shrinkoze and brittlenes
extremes for each Il:.l:li'. nt do not le far o cac

Fawournble relative oami LN 15 L bweeeny 400 and 130 ™

In opder to reducs the haormiful effeots of the small amounts of nite
which will e released oven ot low b pernbures, ib 18 neoess

o] vontilation. It follows fron this

in airtight cans.

MNiteabe fihin must be stored o such o wiay bhat oVerY danger to ibsell nand jta
surroundings is eliminated as for s posaibile, In most countries there are stato
tory regulntions governing the stomage of film which film archives muss in
their own intorest observe most punetilionsly, On no account should nitrate
films be stored in buildings where livine or working fuarters are ho

Fixeessive amounta of film should not he present in laboratories and exa

tion rooms. Sufficient emergency oxits must be provided, as well as fire

ﬁ:_:h‘l.i.!l_ﬂ JI.EIl:-li.:I'.I-i'." (hand foam 1‘-\Iill:,_":||-h..-|-\ .:|:.].|i|-1-|,|;-...|r' COVTIS).

When outward signs of disintegration become visible, or when the film
stability test reveals an advanced stage of disintegration, the nitrate film, if
its content is to be preserved, must be duplicated on to acetate film as soon
as possible, After l’|.1|]r|j.l.'i11il.’.‘-r'|. the disintegrating nitrnte oricinal must be
|:'|1".-ltj'|!|_1.'|:'i[. There is no alternative cours . Binee Lhe best storaee conditions
can only retard disintegration, not stop or reverse it.

When it is not possible to duplicate the film immediately, it st
.‘:L'||:'|]'.'II:-'1I from the rest of the Glimns hl.'il!'l;._' stored,; in order to nvoid endaneerineg
them,

If an archive is unable to have the flin copied for financial or other reasons,
and believes that no other copy, or no copy as complete or as vood technicallv,
exists clsewhers, it should ask other archives (members of FIAF 1 (o 50
Ly way of the Secretariat of FIAF) if they ane willi ng and able to duplicate
the film. There is little question that there will always be an archive rea udy to
do this. Presumably the duplicating would have to be done in the pountry
where it hos been stored, since it would be irresponsible to entrust a film in
sich o state of dicintegration to a public transport service, and any other
means of transport over long distances would be extremely 1'K]h'l'..-|:'.'i':

Acetate basp has o composition different from that of nitrate base, and there-
fore different chemical properties. Tts raw material is also cellulose, but it s
esterified not with nitrie acid, but with acetic acid, g0 az to form cellulose
acetate (also called acetyl cellulose). To this, too, plasticisers have to be added.

During the development of safety film, stocks were manufactured with
bases of acotate- butyrate and acetate- propionate. To- day most ‘\-I-U‘.' film
is prodoced with a base of tri-acetate. All these films have practically the
BAmME prope rtics ns for as permanent storage 1% concerned, so that for archive
practice we can regand all films on acetate base as & unit. For archive [UrpoEes
it is important to note that practically all 16mm films, all 70mm filma, all
magnetic films and tapes, and since 1950 nearly all 33mm films, have besn
minnufactured on acetate hase,
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¢ meh that eannot be said abou

the physical and binlogical propert
na those of nitrate Lase, and that it hans, moresver, two grent advantn

(1} Aceticacid . -.|::.||--.|:|-'|-. are mnch more stable than nitrate !"FI-'IEIIZI--:I-E-.

A sepoaration of acetic acid takes place, similar to the breakdown of

eelluloss nitrate, but it '|_|'ru'-ur-:|_;-. very .-:]rr'.'.']_';'. anil I.|I.'L'll::l|l"'~i'.l"il

phenomenn proper hove not yvet been ohserved. For purposes of
archive stornge, therefors, a etate film hos a far longer life than nitrac
film. Teste carried out in the USA on the same principles as the
ressareh into paper (nrtificinl ageing by heating in an oven) have
confirmed that acetate Alm is far more stable than nitrate film, and
that in good storage conditions it may be expected to have a life-
cpan of 200-300 vears. Also, it does not exert o harmful influence on

other films in its vicinity.

Acetate film is no more inflammable than paper. It is not susceptible
to spontaneous combustion, and only ignites with difficulty. In
small quantities it does not burn at all, but simply smoulders.

For purposes of permanent storage it is important to know that, when
acetate film is stond in conditions which are too dry, its plasticiser escapes
under the influence of ;l.r.||||_|.-‘]r||.r'|':ii' oxygen, 50 that in due course the film
ghrinks and hecomes brittle. When humidity. is too great, the plasticiser
ervstallises out.

The chemical influence of acid gases in the air, especially those produced by
the disintegration of nitrate film, is injurious to the preservation of acetate
film.

Since acetate film carries no fire risk and is not dangerons to its surroundings,
it is not uecessary to tale greater fire precantions in respeet of it than are usual
in r:rrlin;'.r_'l,' libraries. This, of course, influences the construction of the buildings
in whicls it is to be stored.

Bince acetate base does not generate injurious gases and does not produce
any symptoms of disintegration, it does not require to be cooled to the same
degree ns nitrate film, nor to be ventilated in the same way.

The emulsion, on the other hand, is the same as that of nitrate film, and in
order to avoid the formation of fungus (see 1.422), low storage temperatures
are desicable, In any ense, the temperature nnd the moisture of the air (which
should not exceed 60 per cent. relative humidity) onght to be kept constant.

The chief hazard to the dursbility of scetate film is that the plasticizer
tends to escape from the base, so as to leave the film hard and brittle 25.d no
longer enpable of being projected. It would seem that this danger can be averted
by airtight stomage. In some archives, in fact, it is the practice to insert
acetate films into airtight plastic bags before placing them in their cans. This
may introduce another danger, however: water condensation on the film az a
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Acslate Film
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result of a change in temperature. As is well known, when temperature falls
the molsture in the aie condenses in the form of wnler, il this will oveur
even inside a closed container. IT this were to |!a.||_-]r-':. to o [l without beinge
illllll"-H.IL”!:\ notieed, and the filin .-‘||5'|:-|,'||_-|r-r.|'|_'. Liseanie II'l_'. agnin, the result
wonld most E""'I"ll'l‘." Lse Jrm parabile damage,

Therefore, films shoul b stored in airtizht containers when:

(n) ”I,I'I'L' ean Lo - 1 slow Iy rewound for several hours before packing
I i Noon 'n'-:u in rlll' B :"llllt‘: ranture nnd r|'|.|:i1.|'
she store in which they are o be |‘-|.||-|-|.|_

(b} comstant temperature and relative humidity van be guarnntesl
within the store, and also while the films are being conveved to th
store, They should be moved as little as possible, although of cotrse
they must b subjected to periodical examination.

This method of storing is |l'|:_'.' ndvizabile for material which is to be storod
permanently with the guarantee that atmospheric changes ean be avo

As thoe nifrate sases which are released during the '!""""'I""::l:"l' of nitrmte
film have o most destroetive offeet on neetate filo, one of the fimst :|--.||li||'|::- it
for the preservation of acetate flm is that it shall be stored quite soparately
from nitrate filin.

Cinematograph film and magnetic tape have (for the purposes we are consider-
ing here) no value in themselves; they are simply a means for tho rotention
and I'I'.'["J'thll': ion of pictures and sounds. Therefore, the I;1_n~r on which |-i_|'|_'_:n*
and soand are recorded is the most important of the several of which the film
consists. It is only because the physical properties of this emulsion layer, and
especially its extreme fragility, are not equal to the stresses inposed on it in
passing through the apparatus used in recording, processing and reproduction,
that the other layers of the film, and partionlarly the base, are indizpensable,
We can distinguish two kinds of recording layer:
(i} light-sensitive layvers, for pickures in black-and-white and in colour,
and for optically-recorded sound.
(i} magnetic layer on cinematograph filin for magnetic sound,

The light-sensitive emulsion of black-and-white flm conzists of silver bromide
or silver chloride erystals, very finely divided and suspended in gelutin.
Colour film has, in principle, & similar emulsion, to which chemical eolour-
forming substances have been added.

Gelatin is an organic product (animal albumen, made by boiling bones amnd
hide-offal in diluted acids). Tests have shown that given good storage conditions
which are not too moist, it is almost as durable as the bose.

Gelating, however, very readily absorbs moisture, and then swells and e-
comes sticky. This very dangerous development, which ean load to the con-
plete destruction of the image, is assisted by warmth.

Furthermore, gelatin is an almost ideal nutrient for fungus. l-'“||,g-1|-,.-.pu:--.\
are always in the air and when they encounter favournble growing conditions
(moisture and warmth) they develop rapidly. The fungus which appears on
emulsion and base nearly always looks like white, greenish or grev fur. The
fungus penetrates into the layer, and ifit is not stopped, the image is conanmed,
colours are changed, and finally the emulsion is completely destroved.

10




1.435

This damage can |.||!_', ba avoided if the humidity in the film atore s oon-
stantly controlled (the rolative ||'.|!‘.'|i'i|ir_"-' should not exceed GO%G) and if
temperabures are constantly kepk ot a low level. Tt must be pointed oub,

however, that there i a Jimit below which hum oulid not be redoaced.

Films which are stored in too dry conditions shrink considerably and become

birittlo {aeo | As o pesult, they can no longer e po jeoted or copied and
have therefore 1
than 50

periods at a relative lpidity of HO-60%.

out their value, Bxcept at oxtremely low temperatures (less

F), filma can only be stored without damage for cxtensive

i the developed emulsion consists

of finely divided blackened metallic v treated it is vory dorable
but it has to be par ol against chemical influences,
The first requirement for its preservation is o thoroueh fixinge and washing
after the development of the film. 1f the chomisals used in development ans
allowed to remnin in the film, they eontinue to act after it has been dried and
cause spottiness, discolouration and bleaching of the image.

Furthermore, the products of disintegration of the nitrate base are s
dangerous to the silver image ns they are to the complete film (see 1.221).
The nitric acids which form during the progress of disintegration bleach the
silver image, decompose the gelatin, and finally attack the bass, regarndless
af whother it is a nitrate film, or an acetate film stored in the same room.

In the same way, acid gases and other '|m|.'|||.'.-i|:'.'|-'r in the air (for L"_'{.I.IHEJ!I'_
sulphurated hydrogen and sulphur diexide), which are freely produced in
lurge quantities by the burning of coal, particularly in industrial areas nnd big
cities, ean have a very detrimental influence and over u period of time they
can amount to & serious danger to the preservation of film.

Of course, the growth of fungus on the gelatin (sce 1.422) does not leave the
silver image unaffected; parts of the image shift, distortions oceur, and finally
the layer disappears.

The photographic coloured image which is produced by the colour-forming
substances during the process of development, is considerably less durable
than the black-and-white image. Its preservation can be extended only w ith
groat diffieulty. In the long run the whole image will eventually bleach,
although usually the colours do not fade simultaneonsly, but one after another.
However, it is sufficient for only one colour to disappear for the film to lose
its original value.

The colours fade most rapidly when the teniperature and moisture of the
air are too high. The producers of raw film do not seem o be in ngreement
concerning the stornge propertics of eolonr films. Agfa-Wolfen maintaing that
the standards of temperature and humidity required for permanent storage
of the base are adequate.

The Blael-und-
W hite ;Hrl'r:.?'-'-

The Coloared
Tmnage
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Requirenents
for Preserving
Light-Sensitive

Layer

Eastman-Kodal recommends for the storage of Eastman-Color and Kods
olirome films a tempesature of —18°C ((°F) and a relafive humidity of 15-25%,
1t is, of course, very expensive to maintain such low temperatures for perma-
nent storage. Moreover. films which are stoved in this way have to be warmed
very slowly and corefully before they can bo reveound and projected ot not mal
temperatures. Kodak etates that 60 hourg are necded to warm o S5mm
full-length feature film copy fromm —18°C {(FF) to 2070 (63 F). This iz also
necessary to avold any condensation of water,

Light ean also be a destructive influence on the colour imago, Howover, as
films in permanent storage are always enclosed in eans in a dark vault, this
danger is not great,

Acid goses in the air have the same damaging effects on the coloured image
a8 on the black-and-white imnre,

There is only one gquite certain method of preserving colour films: nam

to make of cach of the three basic colour images used in the film (vell
magenta and eyan) a black-nnd-white separation print, and to store these
three prints in the same way a8 normal black-and-white acetate film. From
these separations o negative in the original colours can be mado at any time.
This method is nob n:"|||_';|_'|r._ bus it is safer and ch T than trying to store
films in their original colonrs,

The cheapest way to save a colour film from complete destruction is to make
from it a simple black-and-white copy and to store this. But this method is
also the least satisfying, because it results in the loss of one of the cssentinl
characteristics of the film, the colour.

The optical sound track of cinematograph film is recorded on the same light-
sensitive Jayer as thoe picture. Therefore everything which has been said about
the photographic emulsion and the base also applies to the sound track.

For einematorraph films with n magnetic sound track, the same rales as
arL] :

for emulsion and base, together with the rules for magnetio sound-recording

(see 2.4), have to be followed.

For the ]:ll‘l‘-'ﬂi‘l"-'iﬂiﬁf'l of the emulsion, black-and-white film zghould be stored

at mot too high a temperature and with constant control of the humidity.
The relative humidity should be between 509 and G095,

Destructive chemical influences (the disintegration produoets of nitrate filn,
pollution of the air) should be warded off by adequate ventilation and by
filtration of the

Film ecopics in colour shonld not be |'\-|'i'rl|:|.|ll'||!|_l.' stored, becanse of the
difficulties of preserving the originnl eolours, Instead, separntions on black-
and-white flm should be made and preserved.

14433




MAGNETIC FILM
AND
MAGNETIC TAPE

In nelilition to |-i||q'||;.-..'u_'|:.||||| filrna with o light-sensitive ]:L_".'I'I', W Iy

recording  ancd

also have to storo filima and b for tho magnetic
e |-|,IJ:'I iomn of sound and illl.l._[:'. which are usod Lt :'i.l-”_\' in television.
The eopat l|-"«.1'|u|_ril'|-l ut of television ||:|.r|:;_r||u|:|r tho worlid has alr l:m'
abliged many film archives to undertako the preservation of television
[T of pﬂ'r‘-])tj:n;u_'l ~{||||.|1I:_x'. pncd this makes it necessary for us
to consider the |:l!|'l||||l']||7' to which this gives rise,

In pri;|||-|1-||-, the constitution of mammetic materinls for the recording
of gounds and pictures is similar to that of cinematograph film: either
a base of eollulose ncetate (as nsed for safety-film) coated with a layer
of lnoquer in which very finely divided iron oxide powder is suspended,
or o synthotic base (mostly Polyvinylohloride) with the magnetic
'|:1,|_:|11'::||-- --l|;-]'-|~r|_||_|'||_ in the Illlii"\' of the matorial.

The following kinds of magmatic recording  matorial
distinguished
Optical pictuce film, with magnetie sound-track (COMMAG)—
356mm and 16mum.
Maognetie sound-recording film (SEPMAG)—35mm, 17-5mm and

1 limm.

aro to be

Mognetic souni tape—~06-25mm.

Maognotié picture tape (Videotape)—5i0mm and 25mm.

This is normally perforated cinematograph film on acetato basa, 35mm
or limm wide, carrying one or more maguetic sound-tracks. The
magnetic track is put on in the processing laboratory along the length
of the film (as far as ono track is concerned), in & position corresponding
to that of the sound-track on an optical film, but on the celluloicd
surface, not on the emulsion surface.

Not more than one magnetic sound-track is put on to 16mm film,
but 35mm film normally has sither one or four (four-channel mag.etic
sound).

This consists of a perforated baso of collulose acetate, 35mrn, 17-5mm
or 16mm in wildth havinge no light-sensitive layer, but coated with a
cellulose lacquer carrying very finely-divided mammetic oxide. The
recording is registered lengthwise along the tape.

Magmetic sound tape, 6:25mm in width, is & non-perforated tape,
manufaeturad from Polyvinylehloride, in the body of which fincly-
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Magnetic
Picture-Tape

PROPERTIES
OF MAGNETIC
RECORDING
MATERIALS

divided magnetio oxide is snspended. It records sound lengthwizse along
the tape.

Maguetic picturo tape, 25mm or §0mm wide (Videotape), is a non-
perforated tape made of Polyvinylehlorido coated with a lacquer in
which the iron-oxide powder is suspended, Tho mymetic tracks run
transversely acroas the width of the film, and in this wny & magetio
track 40 metres in length can be recorded on 30 om of tape. On the upper
edre o magnetic sound-trock runs and recornds lengthwise. At present,
tapo of this kind is used only in television.

The boase of magnetic films, being the same as that of safety-film
(celluose acetats), is subject to the samo standards, as set out in 1.3
ahove,

The base of magnetic taps consists of Polyvinylehloride, and is not
transparent, becanss it is never used for optical recording and projection.
Its physical and chemical properties make it & very suitable material
for permanent storagn,

Magnetic material has the greal advantage that recordings can be
roproduced from the same toape, directly after the initial recording,
without the time-wasting complications of developing, fixing, washing,
drying and printing necessary for cinematograph film,

These and othar ddvantages, including excellence of reprodusction, are
offset, however, by some adverse characteristics which have an
important bearing on preservation.

As all magnetic recordings are magnotised fields, they can be changed
by external magnetic forces. Picture and sound can be distorted, and
even partly or wholly erased. So far science has found no way of fixing
magnetic picture and sound records.

A conference of technical experts, called together by the British
National Film Archive in London to consider the problem of preserving
magnetic recordings, has expressed the opinion that magnetic toape
recordings have an indefinite life provided they are stored subject to
certain conditions, one of these conditions being that the tapes are not
reproduced, since every reproduction involves the danger of disturbanecs
to the recording, and deformation of the image and sound, and repeated
reproductions may quickly render the image quite useless. It wonld be
absurd to keep tapes simply for the sake of storing them.

This is not the only danger. All sources of magnetio force in the
immediate vicinity of magnetic tape recordings are dangerous, especinlly
direct-current maotors. The shortest safoty-distance is 4 metres (13 ft.).
If magnetic films and tapes are placed any closer to a source of magnetio
force, they aro likely to be erased, so that the recordings vanish
completely.

Also the so-called copying effect (known slso as * ghosting ™, ** print-
through ** or ** seepage *') causes difficulties. This iz the effect which

14
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each luyer or turn in s roll of magnetic taps exerts on the layers adjacent
to it, so that its recording is eopied faintly on to them. The high
FJ-L--|I.||-|.||'i|--;1 which i|_|||._'r|l'1il:.1.!|:.' pxtend wider than tho lower ones, arve
particulorly subject to this effect and ean cause disturbing distortions
Althougl one hears it said that this effect ocenrrod only when magnet i

recording was ot the beginning of its development, it is ns well to be

warned of it. What is certain is that high temperntures (over 18°C,
E i"l fovour the ocourrence hf this t'rllil‘.'irl'_': affect.

For the base of mngnetie films and tapes the same requirements are
:|_|||.|_ir':|1.||- a5 hnve .-.!|.--:|-|;..' been mentioned m 1.331 and 1.332 for the
acotate base. The material presents a low fire hazard and is not liable
to disintegration. A PVC baze is chemically even more stable than an
acetate one. As developing, fixing and washing are not required for
megnetic recordings, thers are no difficulties arising from the residues
of harmful chemicals,

The greatest problem in the archive preservation of magnetic recordings
iz that lhn-}' cannot be fixed. So far no way has been found of l-.]F.'{‘tpi.lu,II
the iron oxide particles irreversibly in the state in which the process of
magmotising has arranged them, the only way which guarantees the
corroct repriduction of image and sound free from any distortions.
This makes it necessary to prevent any magnetic field from coming into
the vicinity of tapes being stored, and to ensure that outside influences
cannot alter the pattern in which the magnetic particles have arranged
themzalves during recording.

The danger of demagnetising is present wherever electrical apparatus
with direct current motors is used. Stores in which magnetic films and
tapes (or cinematograph films with magnetic sound tracks) are kept
should not heve lifts or hoists driven by direct curcent. Tapes should
not be transported by electric cars or tramoars, Vacuum cleaners and
dehumidifiers are both sources of danger.

In storing magnetie films and tapes, wooden racks should be used and
not steel ones, since the latter ean eonduct magnetic impulses. Tapes
and films should be stored in steal cans to protect thom from the
influence of external magmetic fields.

The Committes of technical experts convened by the British National
Film Archive, which was concerned particularly with the problems of
storing Videotape recordings of television programmes, i.e. picture
and sound recordings on S0mm magmetic tape, statedl that the
permanent preservation of such tapes without loss of guality eould
only bo abzolutely guaranteed if they were not played. It was therefors
suggested that archives might consider keeping two tapes, one for
reprocuction and one to be kept exclusively for the purpoze of making
a new tape for reproduction when the first one had become ussless.

REQUIRE-
MENTS FOR
PRESERVING
MAGNETIC
RECORDINGS




This, however, prosents coonomic difficulties, sinco tlhoe ropro luetion of
".'inln-udurw.-- ||--|L|i|1-.-e very complicated sl oxpensive apparatus sl
|:|_1l.::“‘:i|-||, toclhnicinns. As the magnetio recording of pietnres i2 only ot
the beginning of its -lg-u-ln|-|-n-r||. it is Il--n'-||-|-~ that this oxpm
npparat s might become obsolete withim a relatively short time,
las n'f 'lllh'l-'.-1 -|I|'|_'\.' too musonms. 1t is nlso !--n--|||||- thnt sueh o
CATL Irl"{'nrm' ont-of dntn Tor other reason R T LN T ||||- s i
of internntional acreemont  concornme o ling I W LLTRITTER of thoe
tolevision imag

-lllll' I':ll!fl['\:]l ‘.1F:II|IEi‘|1"|' l!ll'r'l'l.'ll“' akre T o conelosion thint ||i"
st |l|.||'| ical mothod of PTCHETVILY WOl = of nrt or historieal dooumont=
I|-|'|‘-|||-'|| o Vidleot Ve Wi Lin Copry them in the formn of

Il negative o 3o acetate fila. Th et bl s ol

usel for o consderably time by brondes=ting compuuies for

e R

wrehives. This means that filon sarchives =hould not be

much with the preservation of magmotic tapes, a8 with dup
them on optical film. In eases whore nn archivie i obliged to
magnetic recordings of pleture ad sowd, 16 65 highly sdvi

siich rocordings should not. il

before an optical film negntive [

sound tapes for films supplivd with mognetie socnd should D
together with the optical picturo negative and, whonever necess
combined projection copies can be made.

In considoring the conssquence of print-throg 2.34 abovi),

ab AR A

pointed out that the tendeney townnds print-through was groator whem
the temperature of storage comditions wos high. The Governmest
Broadeasting Committes of the Gonnoan Demoeratic Ropublic recom-
mends a tomperatura of 6°C (42°F) as tho most favourable for tho

storing of magnetic recordings.




SOME GENERAL
CONCLUSIONS

I stormge, it is abaolutely necessary to separate nitrate film from

acatate filin, since the nitrate eoges given off II-:." nitrate films in the

cotrse of disintegration can mdversely offect any scotate films stored

with them.

| Because of its tendeney to spontaneous combustion, and in order to
| glow dovwn its ehemieal ||'i-"||:|!4"l_’r.|.ri.rlli, nitrate film should be stored at
az low a temperature as possible, at a low relative humidity, and with
good ventilation. The store should be divided into small fireproof
compartments,

Acetate film need not be stored at such low temmperatures as nitrate
film, but, for the preservation of the emulsion, storage in relatively
cool eonditions is desirable. Acotate film ean be stored in large rooms,
without greater fire precautions thon are required for large libraries.
Normnal ventilation is sufficient.

Nitrate film and acetate film react quite differemtly to sir-tight storage.
When nitrate film is hermetically sealed, the nitrate gases which it
constantly produces hove no means of escape. They combine with the
natural moisture of the gelatin to form nitrie acids, which bleach the
photegraphic image and accelerate the process of disintegration, even
in the hest possible climatic conditions. This appreciably shortens the
duration af life of the nitrate film. Inno circumstances, therefore, should
nitrate films be stored in airtight conditions (e.g. sealed in plastic bags
or non-porous waxed paper, kept in tins sealed with adhesive tape,
ete.). On the contrary, the greatest care must always be taken to see
that the air in the cans and in the store is constantly replaced.

Acetato film does not relea=e dangerons gases, andd vontilation is less
eritical. In fact, since the plasticisers, which are necessary to keep the
film supple, tend to escape, acetate films may be hermetically sealed
to preserve the plasticisers, provided the storage temperatire iz kept
eonstant to avold condensation (see 1.333).

To attempt to preserve colour films in the form of coloured copies is
not effective. To preserve the colours, separations on black-nnd-white
acetate film should be made whenever possible. These can be preserved
in the same way as other acetate films, If an archive is obliged to store
coloured copies, however, then low constant temperatures are desirable.
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AMagnetic films nnd tapes should be stored in the sime way as acetato

filma, taking particular care against loss or distort ion of the non-fixable

magnetic recordings.

Tt follows from this summary of conclusiona that in prineiple ouly two
types of store are needed: one for nitrate film and the other for acetato

filim.

In the soctions which follow, these findings will be applied to film
archive practice. As much advice ns possible will be glven on how to
achieve remsonable conditions with modest means, having rogard to
the faot that younger film archives, in particular, may not ba able
immediately to establish ideal conditions, which are necessarily rather
expensive. Most of them, however, can only be temporary solutions.

When one considers on the one hand the vulnorability of the materinl
wo have to preserve, and on the other ita high value ns n form of artistic
and historical record, the best and most expensive measurcs oOf
preservation are still in the long rn tho cheapest.




4. STORAGE PROBLEMS
AND
CONDITIONS

Although the most favourable storage conditions for cinematograph
films and magnetic tapes are detormined by the properties of the
materinls of which they are composed, and ave therefore the same for
every part of the world, the attainment of these conditions naturally
presents difficulties which differ from archive to archive.

One of the first conditions for the preservation of film material is
that it should be stored in a relatively cool, and not too moist,
atmosphers. Undoubtedly it is more difficult and expensive to create
good storage conditions in tropical regions than in temperate ones. In
any case, and particularly under bad climatic conditions, no stores
ghould be built in damp surroundings.

Dry ground, dry surroundings, natural or artificinl shade and clear
air are primary requirements for the creation of good storage conditions.
They will have to be supplemented by technical devices designed to
complement, and improve on, local climatic conditions.

The differences which exist between the material resources of film
archives result in & wide diversity of practice. It has already beon
omphasised in our Introduction that to preserve the classics of film ort,
just as much as to preserve other cultural works, considerable financial
expenditures are necessary, a fact unfortunately not yet recognized by
all countries. Because of the specific properties of film mnoterials,
however, their permanent preservation demands the building of
suitable stores, the maintenance of given levels of temperature and
humidity, regular inspection of the film copies and the possibility of
making new copies, to mention only the most important requirements.

In favourable econditions improvisation is possible for & short time,
but the danger here is that it may be earried on for too long, in which
case an effort which began with the best of intentions will end with
material being lost as the result of inadequate storage conditions and care.

The archival storage of films is permanont storage, having as ils golo
UIIJ_DI'."- the preservit 1on of the film. To this H'L'l'_‘l'}"ﬂliﬂ'.: also is subordinate,
The film is stored under the best possible conditions, and is only brought
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out of the store and rewound at predetermined intervals in order to
check its preservation condition. In principle, negatives or duplicating
prints should be preferred for this kind of storage, although used
projection copies of films o longer in commercial distribution may have
to be acceptsd, particularly where these are unigque copies of films
existing in no other form, eithor in the eoumtry concerncd or in the
world at large. It would be irrespons y howavor, not to duplicats o
film of this kind immediately, so that it no longer oxists in the form of
a single copy only. Failing this, unique copies, even if they are positive
projection prints, must bo troated ns master copies, and be handled
with special enre; they should not boe made available for exhibition.

All film archives have a duty to make their treasures nocessible to
those who wish to study them by mnlzing thom svailable for adumational
non-gommereinl viewing. For this purpose copies shonld bo used which
are designated as projection copies, anid which ean be reprinted, when
they are worn out or damaged or lost, from the original material in tho
possession of the archive. The valuo of a copy used for exhibition
diminishes with every projection. Not only does it suffer mechanical
damage (tearing of the perforations, seratches, ote,), but also, while
it is held in the projection gate, tho film is exposed for short periods to
high temperatures angd this, together with the warmth generated by
the sliding of the perforated marging over the metal gate runners,
contributes to the drying and brittloness of the film. In considering the
storage of projection copies, it should be noted that, becnuss they are
constantly exposed to this proeess of wear and tear, they never becomo

g0 old that ageing problems have to be recloned with. Storage is thore-

fore a simple and uncomplicated keeping of the (ilm in ondinary elimatio
conditions, without any intention of pormanent preservation.

It iz urgently recommended that projection eopies are kopt quito sopamte
from film material being stored for archival Purposes, for the following
reas0Is:

(i) So that archive copics ennnot in error be used as projection
copies, which would result in o loss of their gquality.

(ii) Projection copies are subjocted to eonsiderablo differences in
temperature and humidity during transport and showing. If
such copies were intermittently stored for short periods in
archive conditions these differonces woulil he greatly
imtonsified, becansa tho conditions of wdlosl archive storigo
differ greatly from the colimatic conditions of the outsido
world, Furthermors, since storage compartmonts designed for
permanent preservation are maintained at wvery low tem-
peratures, many hours woull be required for warming or
cooling the copies. Where projection copies have to be stored
for long periods of non-use, keeping under archive conditions
ig, of course, to be recommended, but alwaeys separate from
the archive copies.

For theso reasons it is recommendesd that copies which are in constant
movement shiould be kept instores without any sirconditioning, but which
aro protected from excessively high temporatures by suitable insulation.
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4.14 Separate Storage
Jor Safety

A

4.141 The total loss of many important films in archive fires during the last

tdecads moakes it nece ssary to o msider how tho collsetion of o film
archive ean be safepuarded against all accidents. Adequate precantions
agrinst five and the provision of fire-extinguishing equipment are normal

for nny film archive, but in exceptional cases, particularly when nitrote

[ilin |!||;|u|||.-'|-_-x spontanson : combnstion, 1"!.-‘_'..' can fail. Tho url]:.' riaranton
pguinst a total lozs by fire ia to store two copies of the same film (o,

positive and negntive) in different stores situated so far from each othe

that a fre in one of them cannot spread to the other,

It is equally nocessary that, in designing new ncetate film stores, large
compartments capable of holding hundreds of tons of film should be
envisaged only il it is poasible to store a duplicate of cach filin in

auother compartmont at a safe distanes. There is no intnnsic objection
to large storage compartments for safety film, similar to the stockrooms
of large libraries, even in multi-storage buildings; but, unlike bools,

most of the older films are stored in the form of o single oripinal master

copy, in one country only and in one place. Even large libraries hava
mnde microfilm of their unigue and irreplaceable holdings, which for
safety reasons are kept in a different place from that where the books
and manusecripts are stored.

Small archives which cannot afford to maintain more than one film
store should at least keep positive and negative copies of the same
film in different storage compartments, separated by esrth walls if
the distance botween them is not great enough. In such cases blast
vents should not be in the roof but in the wall which faces away from
the other storage compartment.

The best guarantes is, of course, to store a film in different countries,
This is what is already being done with the great classic films of inter-
national repute already in the archives of saveral countries. Unfortun-
ataly, it is not yet being done with important documentary material.
Therefore positives and negatives of films not known to be preserved
in other countries should in all cases be stored so apart that in caso
of an outbreak of fire only one copy of the film is destroyed.

FILM
STORAGE
CONDITIONS

A fundamental principle for all film storage should be the soparation Fundamentel

of the nitrate stock from the acetate stock, and the storage of colour Principles

eopies, magnetic film and magnetic tape in the saume stores, and under

the same conditions, as acetate film.

Cinematograph films and magnetic films are all multilayer materinls,

When for the different layers of the same film (i.e. the base and the

ermulsion) different conditions of temperature and harnidity are required,

the correct standerd for storage must always be that of the lowest

values, For the permanent storage of film the most important factors
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are temperature nnd humidity, ventilation, and the safeguoarding of th
film ond its surroundings againzt acecident, It is theso [aotors which
must determine the most suitable form of o film store.

Temperature In determining the correct temperature of a store, regard must be 4,22

had to both its absolute lavel and its steadiness. Although the tempaor-
ature requirements of nitrate and scotate stores differ, it must in coch
caso be steady. Like all other matevials, film expods as it goets wiem ol
shrinks ns it cools. Continunl expansion and shrinksge of the different
layers of cinomatograph film coidangers 1ts preservation lifo.

Nitrote f".l'frr.-_. It hns been l'|l‘iil|}' catablishedl above that nitrate films are bost
storedd ot the low temperatures atated. Research r'\:]u-1'il'I]|':' i =everal
countrica has indicated au optimum of 2°C +2°C (36°F 4-3°F).
;\Ir]:un_l'_:h nitrate film disintegrates more HII.I'L'I.'E_'\\,' ot o tempernture
much lower thon 0°C, 32°F (o.g. —I18°C, 0°F) the difference is only
viery smill, nud is ont of all proportion to the grent oxpense, in non-

arotic repions, of mointaining o constont temperature of 18°(0,
tnising the temperature from 0°C to 4-18°C (32°F to 64°F), on the
othor hand, results in a guite considerable acceleration of disintegration.
Almost all archives storo their nitrate films not at the low temporaturs
stated hore as ideal, but at temperatures between 15°C (60°F) aoul
21°C (T0°F)E.

One of the most important objections to higher temperatures is that
the volume of nitrate gases given off by nitrate Glm almost doubles
with each temperature riso of 5°C (0°F), so that the risk of destruction
by disintegration is correspondingly greater.

The most favourable temperature for storing nitrate film s 2°C

4+ 9°C (35°F 4+3°F).

Aectate Film The basoe of acotate flm, which does not hove the same tendoncy to
disintegrate as nitrate base, could bo stored without danger at steady
higher temperatures, but, as the life of the emulsion is greatly dependent
on temperaturs and hamidity, lower temperatures are advisable.

Magnetic films and magnetic tapes can be stored ot tho same
temperatures ns acetate film. For magnetic recordings, however, thero
is always a doanger of the copying effect (see 2.34). Higher temperatunes
favour this effect, which is sufficient reason for lowering the tempormtime.
Large archives protect themselves against this by transferring their
more important magnetic recordings on to optical sound film, which
is acetate film and can be stored accordingly.

The meximum storage temperature for acetate film is 12°C £2°C
(64°F +2°I'). When stored together with magnetic filins and maguetic
tapes, the optimum temperature is 6°C [42°F).

*The National Film Archive in London, while fully accepting these recommenda-
tions, has deliberately chosen to keop its nitrate films nt o constant temperature
of approximately 13°C (55°F) in order to suve the cost of air conditioning (which
at beat eould extend the life of its nitrato copies by only a limited period), and to
concontrate its rostricled resources instead on a svstematio programme of eopying
on to acctote, {Pln’]n"fﬂ.’lrr'n nofe)




+.22%  Colour films in the form of coloored |'|l]|i1'.-tI1:']IIi||,~t1-]Jl'hI1r]|'|| ||ii:'1'|:1,~'||!]_1.' Colonr Filins
secording to the process usel, Kodak gives —18°C (0°F) as the ideal
temperaturs, while Arin considors that 1570 (59 j":| iz .I_||'_'|’_'1,'rr!||.|th_|.
Here it must bo strossed again that the best method of preservation is
of course in the form of three colour separations which can be stored
together with other acotato films (sco 1.445).

The most fnvonrahle pereet g of relative ||||r||'r|!i|_l..' lies within narrow * Relatice

Limit= In 1.231 mel 142 it was stated that an excessive amound of .”ru.lu'rh'f:,l
moist e in tho .-|':|||l|-|||.|-'|'r- favonrs the 1|_4-r-.rr||rr| sition of tho emulsion
as woll os the disintegration of the base, sl also sneommages the prowtl
of bocterin sl fongi. On the other hand, too low a humidity promotes
shrinkogs of the film and eauses it to become bnttle, In both oases

the=o offects can lead to the complote destruction of the film.

The optimuum relative JI.I:IIJI.jll:Ir_'\' depends o the storige tomporatare,
anel just ns different figures have been quoted for temperature so the
figures for the mest acceptable relative humidity differ s great deal.
Relntive hinmidity mes as widely apart ns 5095, and 70%; have heen
aquoted, bat the lower figures only in conjunction with very low

tomwerntures.

There is no doubt that o relative luonidity of more than 604, can be
dangerous for film by encournging swelling of the gelatin and the
growth of fungi, and that anything less than 40%;, except in conjunction
with extremely low temperatures, encourages shrinking. It is also
j]ll.!.llllt.l”ﬂ that the relative }]llll][t[ii}" ghould be maintained as HL["lll:.'
as possible, and fluctuations of more than 59 should be sveided.

The optimum relative humidity for all types of film lies between 409,
and '.I”I:IEI..

"entilation
Crood ventilation is especially important for the stornge of nitrate film
(see 1.232); for acetate film normal room ventilation is sufficient.

Ventilation for nitrate filin stores is essential to evacuate the nitrate
gnsos released during the process of disintegration. These gases can be
easily detected by their pungent odour, and there is a popular saying
that ventilation iz only efficient when ** it no longer amells of nitrate
film ™. If ome relies on normal ventilation processes, however, it becomes
impossible to keep the temperature and the relative humidity constant
beeause the conditions of the outside atmosphere ave always being
extended to the interior of the store. Air conditioning is complicated
and expensive, but unless the atmosplere of the store ean be modified
by artificinl means it is impossible to achieve optimuam storage
conditions.

Steady low temperatures, a relative humidity wvarying enly within CONTROIL OF
narrow limits, and constant rénewal of the air without endangering STORAGE

the levels of temperature and humidity, can only be fully achieved by CONDITIONS
a system of artificial air conditioning.
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Awtomatie dar
Conditioning
Plants

Non-automatio
Air
Conditioning

These operato independently of any supervision to give tho required
tomperature, the required relative humidity and the de R e o
of ventilontion.

The temperaturo 15 controlled l|'|I'. thermostats instelled in tha storoge
compartments or vaults, and if any deviation oceurs colder o warmoer
ll.'i!' i.- At oneo r!|I.|r[I|.il'||. I'.-.|.|i||:: i..i ,||-||'|--n-|,[ F‘-_'.' IManTs of water o '|||i|||-
Tu normal circumstances, conling down to about 1070 (5071 can be
obtained by tho use of running water or well wator nndl, hy using
brine, temperatures bolow freczing point cun be reached. In lanre
'|||||.I|1-1 this cooling amd any heating needed is dono |1-:I.||.|'||_'.'. Heating
may bo by coal, oil, gas or electricity Air from the ontside is led through
a filter pnil puritier into the plant, whers it i3 brourht to tho rogquived
tomperature, moistensd by sprinklers to give the requirod rolative
humidity, and then pumped into the storage compariments. Onea tho
temperature and relative humidity have been ndjusted, they are then
automatically regulated by thermostats and hydrostats,

Air ronditioning plants can work either by constantly using the an
in the store, or by partly using air drawn in from the external atmo-
sphere. The greater the percentage of outside air, the groater the
difforences in temperature and meisture which have to bho rogulated
by the plant. An intake of 259/ of outside air into a nitrate film storo
menns that, with four shifts per hour, the air in the stove will have been
completely renewed after three hours. Consequontly, the relatively
gmall quantities of nitrate gases which are roleassd at very low
temperatures and which percolate from the cans into the store itsolf
are constantly evacuated.

In ventilating acetate film stores, the intake of fresh air can be
smaller, usually about 895, In this ease the ronowal of the air naturally
takes longer.

Automatic air conditioning plants guarantes the best storage o mulitions
for all types of film, but unfortunately they are very expen sive, 0 that
at present only the largest archives can afford them. Where it is not
possible to provide such a plant, other means have to be employed in
and endeavour to create the best conditions possiblo.

In the Chinese Film Archive in Peking, for example, a refrigerator of
the compressor type—without automatic control—is used. In this
way it is possible to ensure that the temperature never oxceeds a fixed
maximum. When the temperature in the store becomes too high, the
refrigerators, which stand in the storage building outside the vaults,
are sot working by an employee of the archive, and cold air is blown
in through a pipe in the back wall of the vault while the warm nir
escapes through on opening in the roof. Such a refrigerator may be ablo
to servies one or more vaults, depending on the capacity of the machine,
the size of the vaults and the temperature differences. Such a system
is much cheaper thon an automatic air conditioning plant, but 1t
requires more supervision.




4,323

The temperature fluctuations are greater than with outomatio
plants, and the difference betwesn summer temperatures nnd wintor
temperatures ean be eonsiderable if, in winter, hoating is not substituted
for eoolinge ["lll'."" eontral heating woulil be '|'|u,':|'|||i.-.-i.||]l‘}. Ventilation is
provided by the blowing in and escape of air, bub a refrigerator of this
kindd has no influenes on the moisture content of the oir.

The moistiure of the atmosphere can be rerulated by installing de-
humidifiers. These, in their most simple form, use potassinm eartridgos
ar silica gel, which ahsorb the moisture from the air and deposit it into
closed containers which have to be emptied regularly. There are more
complicated installations which work automatically. The Netherlands
Film Museum in Amsterdam has had such apparatus in use for several
years in order to keop the humidity within reasonable limits in such a
humid eountry. Such a method does not ensure an absolutely steady
relative humidity, anil it does not gusrantes that the upper limits are
not exeesded from time to time, butb it is an improvement over an
entirely uncontrolled situation. It can be installed without any modi-
fications to the storage building and iz comparatively cheap.

If the air is too dry, it can be moistenod most simply by putting
down shallow trays of water

Ventilation in o non-nutomatic system of this kind has to be effected
by ventilators which are switched on from time to time as necessary.
The air filters through which the fresh air enters must be situated in
the wall opposise the ventilator, so that o thorough ventilation of the
whole room is ensured. If it is impossible to avoid placing the air
filter in the same wall as the ventilator, tho wventilator should be
supplied with s long suction pipe leading to the opposite wall. Ventila-
tion of ncetate film stores can, given a favourable ontside climate which
iz enol and rI|_'_1,'_ b ]:11_;1.'i4||_~|_|_ at relat i.‘.'i'.]:.' long intervals. The ventilation
of nitrate film stores must be earried out regularly at least once a day,
at a time when the air is at its coolest and not too dry, and it needs
to be done very thoroughly. This unfortunately makes the mointenance
of even approximate storage conditions very difficult.

A system of non-sutomatic artificial air conditioning presupposes a
constant measurement and control with the aid of accurate thermo-
metars and hygrometers, so that the various installations for cooling,
dehumidifying and ventilating can be used as necessary. The cost of
maintaining this supervision must be accepted because, particulnrly
in countries with an unfavourable climate, it is of less significance
than the donger of storing films without any control of the storngs
eontlition

To what extent all these kinds of apparatus are to be permansntly
installed must depend on the local elimate and the nature of the storage
buildings. Underground stores and vaults with very thick walls are
cool, even on hot summer days, but they are constantly humid, and so
delinmidifiers at least have to be used. Lightly constructed buildings
above groud are usually dry in summer but need to be cooled.
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Provisians

Storuge Tests

FIRE
PREVEXNTION

When s film archive iz putting up a new slorago Builling |
immaedintely afford the cost of pir conditioning ploant, it sl
tlieless make provision in tho design of thes building for such
to be inatalled loter. Housing for the plaat and the necessry el
should he incorporated, so that whent tho moans nro availnbla the o
conditioning plant itsell can ha inatalled withont diffloulty amd with-
out the necessity of rwobuililing.

Whother the store is to bo provided with air conditioning or not, it
iz lesirable to hoave the wills nnel roof ||.|-§||‘1--l whittes tio potlect
away from the builiding, anel to sproy tho roof with water on friat iy
Direet heat from the sun should be avoilded Dy the use of natural

shindow (0. from tall trees) or should he countm etedl by

roofing. Whore double roofing is ussl, the voof shiould slope s

on the side towards the sun in order to obtain o constant ventilapion
Ly wam air pscending between the roofs. Furthor ailviee on this will

by fornd i section 5.2,

For severn]l months the vescar h -|--||.l|;:||:--1l.l of the Soviet Film
Archive, Cosfilmofond in Moscow, hins been ent rying out somo inten sting
tosts on the storage of hoth black-nd-white and eolour filma. For the
purpose of one of these, special colil rooms were eonstructed where films
ecoulid be stored ot temperatures from —5°C to +5°C (23°F —41°F) in
mirtight containers and undor normnl atmospherie pressure. Parallel
with these, other films are being stored in air-tight containers at normal
temperatures. These tests will take eonsiderable time to complete,
but it is to be expected that they will result in an inerease of our
theorstical knowledge which will have practical consecuences for futuroe
film preservation. The results will ba published in due conrse.

For acetate film the normal precautions against fire which are talion in
libraries, office buildings, ete., are suflicient, but in nitrate film storags
fire prevention plays a decisive role.

Forms of There are throe possible forms of protection against tire:

Fire Profection

Preventive
Mreagnres

(i) Tho provention of outbreak of fire by approprinte installations

in the stornge buildings and by the maintenanee of favourable
stornge conlitions, particularly storage at low temperatures.
Tho prevention of fire sprending, isolating it within the smnllest
possible units, by appropriste division of the storage space
and by the use of pressure vents.
The keeping of all fire extinguishing apparatus in constant
rendiness, piving approprinte instruction to all workers in
the archive, and having an instant and reliable alnrm system
to warn the local fire brigade.

The most important of these are the preventive measures. When nitrate
film has once started burning it cannot be extinguished by any known
means. Everything depends on preventing the start of o five, and
failing this, restricting it to the smullest possible area. Apart from tho
design of the building and atmospheric conditions of storage, the miost
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important thing is the instruction of all worliers in the archive, tho
training of staff in initial fire fighting meassar the regular exclusion
from the storagms rooms of all thosa who are not employed there, & ban
agninst introdueing burning materinls of any kind within & zons of
50 metres (165 ft.) from the storage buildings, and flashiprool con-
nections for nll electrical fittinms®.

If, in spito of sll precautions, o fire should break out in a nitrate filin
gtore, the first necessity is to try to isolate it by providing an escape
for the mases of combustion, which ean be given off with an v\[:-h:-'-vi'\'r.‘
fores. Tor this renson it is ecssential that every enclosure in which
nitrate film is stored should have an outlet to the outer air which will
opon. antomatically as the temperature rises. Pancs of glass nre not
sufficient ns pressure vents, since to splinter & glass pane of normal
thickness requires o consid ly larger foree than should be necessary
to rolense the mechnnism of o pressure vent. The walls aned doors of
nitrato film vaults must, of course, be fireproof. It has alrendy hean
ohserved that burning nitrate film cannot bo extinguished by the
usial menns, because it produces its own oxygen during burning. For
this reason it can continue to hurn under carbon dioxide gas and even
under water.

In general, methods to countéract fire are roaatricted to the installation
of water sprinklers, the water having no value as an exti misher, but
only to cool the surrounding area so as to limit if possible the spread
of the fire. Tt is also possiblo to use carbon dioxide gas sprinklers, but
ns this is a rapidly acting dangerons gas, any part of the building which
is likely to bo filled with it in case of an emergency must be evacuated
by all porsonnel within a few seconds. The area can only be re-entered
without hreathing apparatus after thorough ventilation. Furthermore,
the carhon dioxide eas does not extinguish the burmning film: it only
pxeludes ntmospherie oxygen and provents the formation of flame.

To proteat the surrowulings in the event of a conflagration, hand fire
extinguishors or other appliances, particularly fireproof covers, should
bo ready for use in the immediate vieinity of the origin of the fire.
They should also be installed in corridors, near the doors of the vaults,
on stnirenses, at cxits and in all the work rooms. Tha hand fire
pxtinguishers ore generally filled with carbon digxide or a fire-
extinguishing foam. The foam will spoil any film with which it comes
into eoutact, but it has the over-riding advantage that it may prevent
the fire spreading.

All the members of the staff of o filin archive should be given regular
instruction: in some countries it is officially laid down that this should
be done as frequently as onve oo month. It is maost hnportant that this

*The film stability test (see 6.14) nlso contributes to fire prevention by cnabling
deteriorating nitrate film to be systematically detected, copied on to new acetate
film, and then desteoyed, ([ Publisher’s note)
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instruction should be given hy exports, and in poartioular tho use of
fira extinguishing applinnees should be practised. An outhreak of fir

in a nitrate film store which is
small unit, arul where thero is no automotically ¢
installation, devolops ot guch speed thnt only
minutes is there any possibility of limiting the five. This mewns that the

stndf, simes

not 8o built as to eonfing the firo to on
venterl extinguishing

during tho first ey

first effort at quelling the fire must be talken by tho archive
too much time must elapse before tho arrival of tho professional fir

|Il'i;-_,’ll"|'l to lenve the fire unattended.

Alarm to Despito this, howevoer, every nitrate film store aliould

Fire Brigade alnrm connection to tl loeal five Lrigade, who should alweys bo o

in order to prevent the spread of the five to its surroandings.

Rurglar Alarm In o nitrate Glm store it is also necessary to provide precautions again
burglary. It is absolutely necessary to ensure that at no time can any
imauthorised person enter the film store, What measures aro taken

L] kL loind « mielitions; Bl

apninst burglary must depa
better, however, to do too much in this respect than too little.
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2, (Abowe) Pressure vents at nitrate film store  (Netional Fitm Archive, London)
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6. Film examination—{d8cre) Centralne Archivum Filmowe, Warsw
[ Below) National Film Archive, London




3. (Abare) Air-conditioning installation
( Below) Vault interior, with air-conditioning outlet (Cinemalecn Necional, Lishon)
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4. Film Stability test for niteate film: taki ing =nmple punching
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STORAGE
BUILDINGS

Duildings for tho permanent storago of all types of film should be
sited nwioy irom big cties or industrinl arcas for the following
IiAsnns:

(1) Wherevar coal is burned in large quantities the air contains

sulphurated hydrogen, sulphur dioxide and possibly other
aeid 1:1r!||i}||||r|ll4_ which will I,"".'f'lif'.lll]i_".' damnge the flm
base,
In eities or :'l'_;rr]uu-.' which have o Ereat deal of traffie, thers
15 considerable danger of ]H'In”i.lﬁh!l Il;'-' dust. Unless the
ventilation plant of the storage building is equipped with very
expensive dust flters, soratches enn bo modde on the film 'IJ_'l.'
particles of dust during inspection or exhibition.

{3) For nitrate film, in porticular, siting in densely populated
areas is prohibited by the abnormal fire risk.

Lilenl conditions for the building of film stores are to bo founcd mw
from large eities and industrinl centres, in woods, on dry ground with
o low sublerranean water level, and not in the vicinity of large lakes or
marshes. In such situations there is no danger of the films suffering
dumage from tho high proportion of acid in the air. The pollution from
dust iz low, and it can be diminished further by ecultivation of the
surroundings, for example by laying down lnwns. The woods give
natural shade to the buildings, and there are no dwellings in the
immediaste neighbourhood to be endangered. A good choice of site is
particularly important when it is not immediately possible to establish
iddeal storage conditions.

For the building of nitrate film stores most countries have legal require-
ments laying down the minimum distonce from imhabitod buildings.
As o result of experience gained from the big film fires of the last few
years, it has been realised that these legally prescribed cdistances are
too small. The regulations were made several decades ago, at o time
when nitrate film was not yet old enough for the increasing danger of
ageing film to he properly sppreciated. Expericnce has shown thal
during some big film fires buming reals of film have bheen hurled for
distances of more than 200 yarnds, so that the whole region within this
ralins must be regarded as dangerous in the event of an accitlent.

Whenever possible, new nitrate film stores should be placed at least
[’.—11} _'_."r:l'{L-a 111.'.:-.1\.' |'r1:-;||| the nearost i]l]:u!:ih'tl ||.'.'.'1'|ii1lj:.
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DESIGN OF
STORAGE
BUILDIXGS

Grarind-level
Store with
utomatic A
Conditioning
Plant

[wedergrotend
Store with
Automatie Air
Carditioni i

Pl

At preseat thoro are as many types of lilm store ns there nre archivoes,
partly beesuse in the past only o few nrehives possessel the fundamental
knowledon of conditions for the permanent storage of filim, ||.||’.:__\'
hecauso climntic conditions vary very considerably from one counbry
to another, sl not least becanse of [inonein] linitations.,

Iy building & film store, it is possible to Ineve tho roal of storing
indder optimum conditions in a numbor ( ifferont wa; Thore nro
three different types of store in use, z

(1} At grounl level, « I|'--i|_‘-]“'-| with oir conditioninge :-'- it {Mo=cow,
Cosfilmofond)

(i1} Unilerground, with i ot fendnge F-E.:'l‘. {Baorlin, State Film
Archive of the German Democratic ]:"llllllli 1)

i} At ground Ilewvel, built with thormal
mational Film Archive).

sttt ooy (Lo lom,

Closfilmofond has developed three types of store: ono for nitratoe filom,

one for ncotate film, and one for excoptionally precious films. All throo

types are huilt nt ;_r|'||1|||.1i lowel on e foundation of stone and conereto

Tho outer walls are 78 cm ':1"] 'ill-r thick, made of hollow brick, and tha

interior walls are 3% cm (15 in.) thick. The ceiling consists of flat slabs of

reinforced conerete with an insulation of foam conerote, amd the roof
is eovered with three layers of rubberoid senled with asphale. All the
stornes buildings have gutomatic air conditioning '|l|.|.1l.t.i.

The nitrate film stores hold 70 tons of film, distributod amongst 28
vaults containing 1000 recls cach (2+5 tons). Each group of three vaults
has o common corvidor with o door to the cutside. All doors are fire-
proof nud all vaults ave fitted with pressure vents, The elimatic con-
ditions maintained in the store are:

Tormporature, 127°C 4-2°C (64°F +4-3°F); relative humidity, 56—~65%,;
307 fresh air. The films are stored on steol racks with hardwood
shelves,

The peetate film stores have a eapacity of 100 tons in two storage
compartinents of 20,000 reols cach (50 tons).

The entronee to the storage compartments has an airlock. The climatic
corglitions maintained are: temperatare, 12°C L2°C (54°F L357F);
roelative humidity 55—6575. The films are stored on steel racks.

The store for particularly precious films has a eapacity of 51 tons
(20,400 reols). Fach reel is stored in its own fireproof compartment,
closed with o flap, and each compartiment has o pressure vent opening
into r channel which leads to the outside air. The olimatic conditions
aro: temperature, 0°C (32°F); rolative humidity 55—65%5; 309 fresh
nir.

'[.'il. ] |:|:||_~'|_||'|--;|~:|_T timo the Stato Film Archive of the Gormoan Domocrot i
Republic in Berlin hns had ground-lovel stores with o controlled
temperature of 10°C +2°C (50°F +3°F). The new storage buildings,
which are now beimg constructed, have, in addition to o non-conditioned
srore for distribution films of 12-5 tons capacity, two types of under-
erouned stores for nitrate film and acetate film. The outor mul inner
walls are of brickwork with heat insulation. The eciling and roof con-
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gist of reinforced conarete, again with & layer of insulation.

The nitrate filin stores have o capneity of 100 tons cach, distributed
amonest 40 voults cach holding 2-5 tons (1000 recla). All vaoults hova
fireproof doorz 1o a central eorridor and pressure-opeorated vents to thoe

outside nir. The climatic conditions maintamned nre: temperature,

L | L2 (34°F ) relative i|l||'.|;<!i.ll'k'.. 50 ‘.iU'_::-li :fi_lr':r fresh o

Tl {ilms nee stared in |§||1-|||'n|_||_ eabinets holiding 10 roola ench, wlhich

can boe ventiloted.,

The seotate film store has o capacity of 300 tons, dist ributed hotween
[T !-l'-n-f compartments each of 50 tons -'.-'l].l.l.-!-iij.' {20, (0 rocls). Tho
tnirease, lift pord air conditioning plant aro in the centre of the store,
and ot each ond are emergeney exits (as in the nitrate store). Tho
films are stored on open steel racks. The climatic eonditions are:
temperatues, G°C =270 (42°F -L3°F); rolative homidity, a0—60"5;

S0 fresh air.

e British National Film Archive in London hes developed and bl
{ for its nitrate film a type of store which can bo recommended to all
those who cannot immediately instal an air conditioning plant. 2ach
storngs building has o capacity of 28 tons distributed between 28 vanlts
of 1 ton (600 reels) cach. The outer walls are 40 cm (10 ing) thicls, and
have the foll I'III:I]I'I*-“iI'II:
brickwork 11.25 cm (4] in.)
hollow space 4 om {2 1n.)
brickwork 11.25 cm [4;'_. 1. )
plnzs wool 250m (1 m.)
thermnl insulatinge bloek 10 em (4 i)

The roof iz made of reinforeesd conerete, 15 em (6 in.) toicls. In this
brick Lbuilding are housed the 28 vaults, in two rows of 14 vaults sach,
back to back, but surrounded by an air passage. Detween the vault
eniling and the roof of the outer brick building there i3 alao an air spaca,
with an outlet for warm air. The corridors hove automatic electrie
hl.-':l1i|!|'__',
filllz below 13°C (55°F). All the vaults have pressure-operated vents in
the roof. The British National Film Archive states that this form of
building makes it possible to keep the internal temperature of the
vaults at about 13°C (35°F), except in the caso of extreme ounbside
temperatures.

which comes into operation in the wintor when the temperature

The Arvchive is now planning the building of o store for acetate film
with large storage compartments and s automatio aic comnditioning
1
plant,

There are still other intevesting solutions, for example in the storo of
the Cineteca Nazionale in Home, where very small firoproof compart-
ments each contain 12 reels of film; or in the Norsk Filminstitutt in
Oxlo, which has its store in o space blasted in the rocks of a fjord; anil
many others. Warmning should bo given, however, aginst the practice
of storing nitrate film in vaults with o capacity of 1000 reels or mora
placed one above another in muolti-storey builidings.

The harmnmfiul eriect (TR Iu'\-rtl_'ulﬂ_r"[l_']}' storedd fillm of l]:I.In|Hll.'-- il Togeh

Grotenid -Tevel
Store with
Thermal
Inseulation

Multe-storey
Buildings for
Nitrale 1ol
Recomnended

hr.-.'.u.ra;." -'-wr aried

temporature makea it impossible to stress too greatly that insulation Adir

from growud moisture, prevention of the penetration of summer warmth,
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BUILDINGS
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FILM

Total f_:-::_..‘.l-:.'-:.‘."l'_.'_.'

- 1}
Capacity of|
the | rﬂrr!’;’n‘i

ail protection ngainst pxcessive atmosplisrio molsture are tho most
important elements to considor jn tlis construction of & film gtore, If,
for economis FROBONG, 1ow storagre buildings (whether for nitrate or
feotate film) eannot he Provided with an air conditioning plant immed;.
stoly, it is wrgontly recommended it its fubure installntion ghould be
onvisnged by making provision in the building for the NOCOsRATY
Opeaingrs, chianmnals, ote., =0 that the ot ean oventunlly bo fueor.
Porated withont any relnlding, Such channols nred openings must ho
romeclored firoprool until the iutomatic firoproof finpa of thoe air onili-
tioning installation aro Lsuiilt o,

Tl eapacity of a nitente film stora w ill ddepenil tpon the sufoty monsuroes
which have heon tuken to provent o firo starting within the storg or
spronding to it. The most it SBLy measure is to lowe Ll
temporatiire to sueh an extont that spontancons ignition is, to the bt
of our knowledgs, mada impossible, For VATIOWS rensons it is nceoptod
that the optimum storage temperature lics negr to 0°C (32°F). With
the film cooled to this oxtent, and given ample firg Precantions,
relntively large stores with g capacity of 100 tons or more can be built,
But it is necessary to stress that in this cosg tho Possibility of o conflagr.-
tion, with total tlestruction, and danger to the surroundings, remnins,
When nitrate filin is stored in temperate or warm zones without pip
cotlitioning, it i essential that the vaults are kept as small e
economically possible,

The eapacity of the vaults (ie. the lireproof units in which gonerally
500 or 1000 cans of nitrate film are stored on racks) is of proat
importanee in limiting the seale of & fire. Tho regulations jn Englang
do not allow more than 500 eang each holding 1000 feat of nitrate
film to be stored in any one vault; in sevoral ather countries the storugo
of 1000 cans is permitted. For 1000 egy. each halding 1000 foot to be
Stored on open racks 12§, deep, awall spaee of 20 sq, yds, is necessary.
If they are stacked along the two long walls to g height of 8 ft.. this
requires & vault some 71 ft. long, 81 ft. high and 64 It. wide. No more
than 1000 cans should be stoped in one vault. If thoe vault is made
longer, thore must be an omargeney oxit in the rear, which makes air

| conditioning more dlifficult,

Racls,
Partitions and|
Compariments

There nre sevoral ways of storing tho cans, The most simple method g
o put them on apen shelves (made of stogl, wooed, conorote, efc.). In
the event of fire, the whole contents of the vauly will be lost,

A second method is to store then in tompartments opon at the
front, each holding oue or two cans, and made of lireproof materials
to n thickness of ut least 1 enn. Tt iq considored in the TTSA that such n
construction, aide by an automatic sprinkler installation, will CNsUro
that any outhreak of fire is confined to e compartment,

Thirdly, one or more cans can be storsd in enclozed Pigoon-holes or
compartments, tho compartment bafng fip Fesistant nnl capablo of
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vontilation. It also neods to heave s pressuare flap u]--'ui:l._'.: to the our
aitle, or the door must act o3 0 rrrl"--CI!I'l'-ll]lr'I".i'.J'l] II|H"I|EI?|;.‘:. IF autor

s-]|1'i|||-_'|-'|.. I |~r|||.!-|_1,'|'|| then it is '||fl--i.|||.ll to limit the fire to o
small unit.

Uneler 4.221 and 4.31, r|'|'1'|-'||r'|~_h:|:-i been made to the artificinl air! A
conditioning of nitrate film stores, and to the desived optima. The Conditioning
optimum_ volues are: temperature, 2°C 4£2°C (36°F L£3°F): relavive and Pentilation
humidity, 40—80%; supply of fresh air, 259%;. This low temperature

necessary not only for roasoms of safety, but primarily to che

rate of disintegeation. Tf the quantity of nitrate gos given off @ :

10040-ft. reel of old nitrate film at 0°C (32°F) is reckonsl as 1, then this

r|:I!.'.r|1ir].' at 5°C (41°F) will be 2, at 10°C (50°F) it will be 4, at 15°C

{60°F) it will be 8, and at 20°C (68°F) it will bo 16. In other words, at

20°C (A8°F) not less than 10 times as much nitrogen peroxide is formed

as ot 0°0 (32°F). This becormes all the more important when it is re
bered that the gaszes dovelop within elosed cans which allow eomipar

ely little vontilation., Low temperstures aro extromely importa

the preservation of nitrate filrn. When, for reasons of BConomy,

not 1||:----i|..-l.'-- to inztall an air conditiondne ;-'qult, an nttempt should be
mnelo to ;|]|J||'-.r_\;j|:||<'1.h' to tho ||||ri1||llrr'| conditions as I:Jr!lll'f_'l.' ns i'-l==i:'?.-'
by other means (sen 4,32 and 4.33).

The structural and climatic conditions for ]lrc'.'-e'h.ri!l'_[ the outbrenk and Fire Prevention
spread of o conflagration have already been dealt with in preceding

sections, so that it remains only to deal with specifie five prevention

MEeasIres,

The most important of these is the pressure-operated blast vent, which Pressure Venfs
releases the pressure of the vory rapidly developing gases of combustion
into the open air, and thereby prevents an oxplosion. 6 pounds of
stored film need an opening of at least 1 aq. in., which means that in a
voult with 1000 reels (2:5 tons) the opening should be 6 sq. ft. The flap
which normally closes the opening should move very easily (particular
eare must be taken against rusting) and it should open automatically
under a foree of 13 pounds. The hinges should be placed so that the
flap opens downward by its own weight, and not so that it opens
sideways, or even has to be lifted up. The opening can be placed in
the roof, or in the top of the wall, and it should lead to the open gir
by means of a channel which has & cross-sectional area equal o
that of the opening itself. Fixed windows or panes of glass are not
sufficient, since the breaking of a glass pane requires & far groater fores
than that which should be able to open the flap.®

As has already been stated, the fire of burning nitrate film cannot be Sprinkler
extinguished. Therefore the only purpose of installing sprinklers is to Tnatallations

*Tt will be observed that the warning here is (very properly) against fivcd
or pancs of glass. It nay | TS |||'E'|||'h.t to adid, howover, that the Nationa
Archive in London, which has installed pressure vents exactly as daseriteed hi
controls the ventilation (and therefore the heat toansference) through the v
by means of very thin glass plates loosely resting on pegs aeross the lower
ings of the vents, and partially blocking them. Thess plass plates will mo
a very slight pressure. {f"lrﬂ.'l'1.‘|rr'1 note)
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Hand Fire
Extinguishers d:
fll'.ff'j.l.l‘tﬂr:,r C'orers

Dioars consd
Airlocks

Emergency
Exits

STORAGE
BUILDINGS
FOR
ACETATE
FILM

Storage Unils

confine the fire to its placo of erigin. Usunlly water is used, nat for the
purposs of l-xtl-zl:,_’lli:ihfll_'_". but for the purposs of cooling. For a vault
holding 1000 eans, § sprinklor nozzles arve sufMicient for moistening the
walls. The installotion eomes into operation when a predetermined
room temperature hos been reacliod (usunlly between 807 amd 907,
1407 and 194°1).

sprinkler imstallntions caninot protect films on opei racks, but they
Caan parotact [ 1 i1l |-..,_| ol hisles or ¢om Iprertnuols ol |||-'|-|
(e plaster mixed with ashestos), When the sprinklors Liss
netion, all the eans in the vaults concernsd st Lo wipkal drey, an
imspiectod to discover whothm ny  witer has penetrated  into thoe
inside of them. Besides wator -|rIEI=.L|I rA, cirbon dlioxiile stollintioiis
et Iy vsedd. Clarbone dioxide Ties wo valoo for extinguishine Linrning:
film, but it prevents the formation of Anme. Tt has tle advatace
it does ot damags tho film with which it comes into contaet. but
the other ol ic has the very groal disndvantago that iv iz o deadl
gad. which cin be fatal within o fow minutes. Stores in which earbon
dioxide installitions are wsed st bo evacunted, i cose of fire, within
 fow secomds. Inoview of this, water sprinklots ave preforable, although
theoy are vory imperfeat for thei [T,

All that is nece<sry has boon said shout these under 4.441

(Vault doors and all other doors in nitratoe film stores shoulil be s of

!iJ'l"IallH-!' materinl. 17 -|.||..|h' !'||~".‘ consist of stoal outer ||.1.4 ra, filledd with

asbestos coment (the two steel Inyera should not touch cach other) or
of steel with an wndorls Lyar of asbestos il handwood., All doors minesk
open outwards, The vaults should not have n dlirect oxit to the ool
air. Corridors enn serve as airlocks to provide insulstion from heat and
air pollution; they may be either central, or may surround the vaults,
andd may be in front of one vault only {although this is likely to be the
ensg only in an neetate store) or they may conneet n whole row of
vaults,

All Jarger stores with an intornal entrance should have emer Lt T
exits, which con open dircetly to the outside in case of necessity.
Emergeney exits shoulid never be locked on the inside, and it shoold
always be possibla to open them by a slight pressuro on the latch.
There is no great need for them to open from outside.

Whereas the design of nitrato stores is greatly influenced by fire provon-
tion requirements, this is not the case with acetate stores. Acetate film
presents no greater fire hazard than ordinary paper, so the fire procau.
tions need be no more elaborate than thoss which are obse evedl in lareo
libraries.

In the construction of storage buildings for acetate film, there is no
need for the sturage units to be as small as possible, and guite large
rooms can bo used. This shoulil always be taken into account when
new buildings are heing considersd, beeanso it obviously rillll-." 5 for o
much more economical form of construction than w].--u gmall vaults
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have to bo provided. It is nevoertheloss wise to keep within ecrbain
limits in this respect in order to avoid very largo losses in the event of
a fire coourring for reasons having no conmed tion with the storing of
film. Abovo nll, as wos made cloar in 4141, negative aud positive
i'llI.Er : of tho sama |'.'|.'I| should be stored "‘L'["‘i'-lil-|"1;||'-

As n =afopunrd against acecidental outhreak of fire, very lage stores
{those with o capaeity of 100 tons or morn) ghoulid he suhdivided into
smullier seetions separnted h_‘.' [iviee-resisting _|~.|tt'ni--|- :. There is no
standanl size of such sections. The largest up to tho present have hal
i capacity of 50 tona (20,00} eaus), Given mlequate =afety mensuros,
there is no objection to storing neetate film in buililings of more thon

ona storey.

Acotate film can bo stored on oL ks, for which, in eonoral, stonl 15
rocommendead,. For magmotic fil, wooden racks nmiuat be i""‘"'i'l""l'
Air conditioning is as important for acetate films as for nitrate, tlozpito
the absence of any donger of disintegration. Because ascetate film hins
potentinlly & much longer lifo, it has to be treated more earefully in
ordor to preserve the properties which give it greater cluratility-.
Moreover, acetate film has the same emulsion as nitrate film and there-
fore the control of moisture and temperature, which is necessary for
the emulsion of nitrate flm, i3 just as necessary for acetate. In ganoral
it can be snid that for the stornge of poetate film there 15 no neod for
giuch low temperatures as for nitrate film, but a cool atore is hettor
than a warm one. Temperatures of 122—15°C (34°—00°1), o
relative humidity of 509 to 60%, maximum are recommended. Tt has
to b remembored thot, although we have had little expericnce of the
signs of agoing of acetate film, it is nevertheless known that it gives
off mcetic acid in small quantities, and that the plasticiser also
evaporntes; it would therefors appear to be advizable to use low
temperatures horo also in ovder to inhibit these chemical reactions.
Since an neetate fGlm store can also be used for the storage of magnetic
film and tape, for which the most favourable temperature iz 6°C, 42°F
(see 2.424), it is recommended that this be maintaimed as n constant
temperature for the whole store, with a maximum relative humidity
of 607},

Sincoe no 1||_J||1|qhh Z0ses have to bo clis l:|||-!1'|'[ of, nir l|||'||]1|!IIJ.|.|:II." with
circulating air, and a low percentage of fresh air (abont 875), is suificient.

If & film archive is obliged temporarily to store both acetate and nitrate
film in one building, thon of course the rules and conditions for nitrato
film must be observed, even though only somo of the vaults contain
nitrate film.

There is moro to film presorvation than the provision of suitahle storagn
building=. The film has to bs rewound, examinesd, renovoted and
eventually copied. If possible, it should not leave the repository for all
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this work. ?\-I”UIJI”I\' tho allocation of Bpaes st -||-|n-|||| upron the
sizo of tho archive, its finnueinl position, and its tochnienl faciliti
Film work rooms must not be in the same building as nitrate flm stor
ginee this would increasg the danger of firo.
Provisions for The following spaen and squipmimt are needsd for technioal work S.02

Technical Work IFilm i.‘|-'|'l-'|'|'|-||| roonn with rowined tablos (elviven by hinned or motor),

shrinkage ncasurers, magnifving plass o porforations, film

joiners:

Chemieal |.|.|||-|'.|[--:'_l.'1 with all noeess Y 'I"ii' ot for idlentifs

nitrate ol acetato {ilm, for ||J||-:|'||_|i||-_- the [l stabil b

md for the detection anc remmovinl of any pidind l.'i:I'III.I- als lef

fram |||-\|'|||||r|i|-r|.|:

Restoration room, with bath for soaking sticly filins, film drying

equipmment, devies for repairing porforations, hmidifying. cabinet,

film washing and cleaning machines, apparatus for polishing nd

for conting treatinonts; or, instend of these individual maclines, n

combined restoration installation:

[¥73

Cutting room, with cutting table for viewing nud ilontifyving flm

and for making editorial restorations:

Printing laboratory, with printing machines and anti-seratel
deviee, and developing machines for positive and negative, hla
and-white and colour;

————

1i1l.l".'|'i:|;_‘: room, with '|||uj|'|-l-r_r:- to run ot 16 and 24 frames

second,

-4 1= § ot ki 7

This list is to enable a full programing of notivity to bo carried out.
Amongst all the film archives, only Gosfilmofond in Moscow has such
eomplete equipment; all other archives have someo part of it in greater
or lesser measure,

i
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Card Indexes Finally, each filim store requires the following:
A technical card index, giving all nocossary datn and the resulr
of all tests carried out on each film, and
A storago card index, indicatine whore any given film My laes
found ot any time.
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FILM STORAGE
PROCEDURES

fi.1 F".\'--'.'I‘.' filtm, when it first arrives in the archive, must bo i.:L_-E;.-r.‘.-.-] PREPARA-
carcfully before it is pot into the store, in onder to nscertnin its TIONS FOR
cotulition. STORAGE

Tha lirst ir|-|||l-:".]n-.'|. i85 o on tho ‘|'|'II|-:]I:I',,'_{ I!il.|||l.‘. Tho title fir :]n_' can  First frr\l.r.-:'n:'.l'fr._r.
or on tho Jll‘ii.‘.'l't':.' note is |:'|'|II.||.|.:I'I‘1| with the title on the leader. Then

the film iz slowly rewound awl earefully inspected, in order to deter-

mine whether any signs of disintegration are already visible, whether

it hns suffered any mechanical <i|l1t'||'|.;_'r~ (scrateches or tearing of the

pen forntions), whether the jrlill..-= nre intact, snd if ALY chemicals are

separnting out. At the samo time the flm is measured.

In order to pormit a thorough inspection, the winding through of the
film shoulid not be too fast {no faster than 2,000 ft. an hour) to allow
for Jll[-'ltll.liu [I:-pl,-q‘:fillll. arul small I'r'FnI.ij_'.'\-,, for L-xu.n|.]|[g| tlha ﬁq_-.;}nr[:uz_; of
joins. This first inspection at the winding table is Neceszary  to
nscertain, in general torms, any damage to the film ancd particularly
to tho perforations, 20 as to determine what subsequent troatment of
1.].'. ti]lll !l'lil.:.r I_Il' rll‘l'l'-i‘-u.i!':"_

At the snme time, the shrinkage is measured I’,‘,"' means of a shrinkogs

meter or measuring rod.

If the film has not come straight from a laboratory, the next step iz Cleaning
to have it chemically elenned. If the condition of the perforations and the Film
the degreo of shrinkage permit, the film ean be cleancid mechanically.

For cleaning purpeses any of the following may be used:
Chemigally pure carbon-tetrachloride (which has the disadvantage
thit, when used fh:iplvnlh‘, it tends to ([1'_\' out tho film):
A mixture of earbon-tetrachlorido and toluens 1 : 3;
Trichlorosthylons;
Froon.
With the exception of freon, which is very expensive, the fumes
given off by all these liquilds are very injurious to health. They should
only be employed under eonditions of adequate ventilation.

6122 Thorve oo two types of cleaning machine, In tho first, the hilm i= movsd
through the cleaning bath over rollers. Thereafter it passes hetween

fonm rubber squeegees, which remove the dirt and liquid, and finally it

a7
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Burning Test

iz mochanically cleancd with brushes, chamaois leather or

The sccond and newer typo iz the ultrasonie eleaning machine.
the {ilm, in passing through the cleaning bath, is subjected to vibra
which loosens the dirt and allows it to Lo washed awny, Immad

after the film leaves the bath, any liguid still adhering to it is bhlown

off g0 that the dry film con be rewoinul nt onee This ultrasonic moaching
has the advantage that the image-Learing part of the film is not
touchoed 1 '.:1I|ii-:l”}' in any wiy during tho cleaning I 3, el

consequently, eannot bo soratchoed by particles of dost, ote.

If an archive has no cleaning machine, the film must be cleaned by
hand, either at the winding table or, when it is very dirty, on a pad.
’_rhv L"tl'.'.lli:!...[ |.'ir|_=|:il'|-1 are tho same as thicso II'-!".i. ‘\-'-'i.lll # mechanical
cloanar [ ‘i.rflj. If n vy anft eloth [o.pr. valvet) is used for ning,
the film is siven an electrostatic choargo 'rl:.' friction: 1t thet ot

dust and fAuff with results quite contrary to those desired. Ther

an anti-static cloth, which eammot charge the film, must be used.
Veory dirty and oily films should first be passed through a cloth soaked
in the cleaning liquid, then wiped dry at the winding table with an

anti-static cloth.

It is nlso necessary to nscertain whether the film under examination
is on nitrate or acetate base. This distinetion, which has to be mde
in order to store the two typos .-=|'11.|.|:.-|1|'=_\'. must ba determined in o
Way which leaves no room for MLy doubt as to tho result.

The most simple way to identify is by edge marks. Except for original
films made in the earliest years of the production of raw stock, all
films are marked on the edge with the name of the stook manufacturor,

and with tha indication ** nitrate "', “ safety " or * 85 ' . Identification
by these marks is irrefutable if one is dealing with original negatives
or copies, or with duplicating positives printed from such negatives.
But tho more often o film is duplicated or copied, the more difficult it
becomes to identify the original edge marks becauso tho edge marks
of sl the intermedinte versions find their way cumulatively on to the
final one. It is therefore advisable to rely upon edge marks only whore
no doubt can arise, and in all othor eases to resort to one of the following
tests,

A srondl pieca of film {about half o frame of 35mm film) is cut off from
the film to be tested aud held in o flame. If it bums instantly with o
fierce flame, then it is nitrate film; but if it only smoulders slowly, it is
acetate film. With the very small picces useid for this test, howover,
mistakes cannot b exoluded, sinee tha burning timo often varies with
the make of film. It i5 therefore recommended that the test be carvied
out by an experienced assistant. The disadvantages of this test are thot,
first, the film has to be cut, involving the loss of & frame and often the
making of & new join; second, the test cannot bo earried out in tho
examination room, or in any other room where films are present, but
only in a =pecial place where the burning of film is permizsible. It is
vital to ohzerve such safety moasures.

38
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} This test dopends on the fact that the specific geavities of nitrate film

. 134

6.136

6.137

and acotato film are difforent. When a pieca of nitrate film is put into a
comtainer filled with trichloroethylene, it will sink. If the same ig dons
with & pieco of scotate film, it will float, because the specific gravity of
trichlorosthylena liss between that of nitrate film and that of scetate
film. For this test, only vory small pieees of film are required, punchings
with o dinmeter of :1' in., &0 that no 'i,'-"-li::i"""lr damage to the film
need be enused. Tt is essentinl to take this piece from the pieture part
of the fitm, and not from the leaders at the beginnings or ends of reels,
sinee these are often joined on, and can be on o different base.
'I';-ir-||||||1||'\-r||"|,'[r-r||- i85 1-';_\Er', and should III|.|I'.' b used with groal care.
IT & large number of films are to be tested, this work should be done

in o soparate room with adequate ventilation. If it is done only

sionally, it can be carvied out i the examinntion room. A small
||_....'|r|1:ir'-.' of ‘_|-||-|:||||1.|-:||I1;]-|-|w enn he |:1'|l' on the work table in a bottla
with o ground glass stopper.

If the bose side of acotate film, at & point where it has been seraped, is
lightly touched with liguid chloroform, it will show immodiate signs
of dizssolving. The celluloid side of nitrate film, which has been similorly
seraped, will not be affected by cliloroform. The seraping is necessary
to remove the thin layer of lnequer which might pive o misleading result.

Chloroform is toxic and can be uzed only in rooms with adeguate
ventilation.

The procedure is the same as with the chloroform test, but here it is
tha nitrate film which dissolves when it comes into contact with
methanol, whils the acetate film iz not affected. The result is immecdi-
ately perceptible.

Muethanol is ]liti-:ﬂ}||_|'|l1-'-. but tho test can be carried out m the
examination room. The |i||1|i|| can ha i;n!ﬂ_ i srmnll Ti:"__"il.‘!_"."-.‘-if.i’l-l:]'uﬂ.l:wﬂd
1]|'|_|I'r bottles.

A vory simple nid sure way of determining the type of film being
handled is provided by the fluoresecence test. This method can be used
only for Kodak material. Kodak has applied to its acetate films o very
gmall amount of fluorescent chemical, which glows under an ultra violet
lamp. If a mixed reel of nitrate and acetate film is viewed on edge under
a suitable ultra violet lamp in a partinlly darkened room, a vivid
flucrescence is visible in the ncetate parts of the veel, but the nitrato
parts remain black. As this test is only applieabls to Kodak film, the
result is only reliable when the film fluoresces, or when thero is
absolutely no doubt that the films being tested aro of Kodak manu-
facture,

In conclusion, it can bo snid thnt both the cheamical tests ol the
floating test are easy to apply mul give relieble results. It is desiruble
to be equipped for two different methods of testing, since it is always
possible that with certain films the first test may yield an indeterminate
result.

When it has been nscertained that the film wder inspection is nitrate
film, it is strongly recommended that it be .-.Llhjf-:'li-ll to o film
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bru'|_.i|j.':.' teat*, Tho test is baszed on the behoavioor of film when
1'xls---r-|l to high tomperntures, nmil on tho moasng it of the amonnt
of nitente gases which the film produces in n given timo. This tost is
earrigdd out in the following monmer:

Two small punchings of film, of about fin. dinmeter and woighing
7 mg, nro tiloe from thi I~|'_:i||ll,|||:: gl the muiddle of o ]:-.-[I aril nro
each l:!_-g-.-||_ in a small glass tube of ||'|l'|l|ll\"i||'.'|""|_'| RO mm [:'t_l. i) in
lengtl, 11 mm (3 o) dinmetor snd § mm I_L it} internal dinmater. Kook
tubo is olosod witl: a stopper (53 mim, fl i, i length) pound which
is wrappod o piece of test paper, 25 mun by 38 mm (1 in. by 1} in.).
impregnated with alizarvin red dyo and moistensd » ith glyoorine amd
water., The tubes are heated e nnalye buth surrowmudod |l_".' i j.'.l'l-:l-!- ol
boiling xylonn |:l"'i“.|_“!| which suporizea at 138°C and (allowing: for
some smnll heat loss) gives o constent temperature within the bath of
134°C. The film punching at the bottom of each tuba iz wholly
maner=edl i the air + bt the upper part of the tubwe protrudes foar
G from the wir bath to oushle tha stopwors nncl tost  poapuers
to be r-uu:p]rh-]}' visible,

Thiz heating of the film punchings indicates the degree of stability of
the film Ly the rate of emission of the nitrate giscs which it produces,
and these bleach the lower edge of the test paper from red to
11,:._-i||.u.i_-,-|; white. The result of tho test is taken as tho timo l'l‘l||1i-ll'-‘
for this colour change to affect the lowor edge of the paper to a w ikt
of 3 mm (] in.).

In ||_|.~|'n|'||_||.||{'|.' \'.'i]!l. thi I'l!n.-'-l1[|.:-. noetion i'w taken as follows:

Reaetion Time Aetion

Unielor 20 minutos Since this represents the greatest dogroe of
1]i.~ii.|:|.t|.‘§.:'|.'.'|l:i.|r||. of the film, it must beo
duplicated immediately, and the nitrate
original destroyed.

From 20 to 40 minutes Retest in 8 months.

From 40 to 60 minites Retest in 1 year.

Owver B0 minutes Rotest in 3—35 yeors. T

When the results given by the two punchings do not closely agree,
pction must be talen necording to the lower of the two readings.
This test, which was developed in England and is used by the British
Nationnl Film Archive amd some others with pood results, not only
roveals the danger of deteriorating nitrate film in good time, but also
saves work. Tt makes it unnecessary to rewind each nitrato film once a
vear, because uniler good storage conditions many films may be left
untouched for three years and more.

Cavoful notes must be made of all the tests to which o filmn hns been
subjected. The results of such tests, tomothor with n record of any damage
and imperfection, must be noted in the technical eard index. The card

*This hns often been called an “artificin] ageing test’, Lut it is more correctly des-
eribed as a film stabil ty tost. [ FPubilisher’s note)

tsinee this Report was completed, the National Film Archive in London, where
this test was first used, has simplified it setion programme in order to reduce the
number of tests and economise in Inbour, while at the sene time slightly inoreas
ing the 2afoty margin. It i oz follows:
Renction undor 25 minutes; eopy on to acatate. Beaction time 2560 minates:
re-test inone year, Reaction aftor G0 minntes: re-test in 3 yoars. { Puldizher’s node)
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index must ho |-.1'|:ri up to date with the results of ony rotests. Tho
test notes should go to the archivist or his chief techuicion, so thot he
coan decide if the film is to be treated (see 7.), if it i3 to be i]“'.[||'||_i||_|:-lll.'
+I-|1-Iir..|r---l. or if it con go mto storaoso.

Films destined for pernuenent presorviebion =howld s pruit imnto dis-
infuoetod, ||J'I';. eloan, unilamaged eans. The test carda ghoold not o
put into the cans, but should be kapt soparntely.

When thers 18 a considerable difference between the tomperatures
of the workrooms amnd of the =tore (as will .||'n.:|._'k'- be the ease with
stovago windor optinmun condition s 4.2, the films will hisve to be
liofe L LR B im o cool room, freo of dost, for sovernd hours, to allow them
to come into l"||u||‘a|'i'|:|| with the storage condditions before being
stored Parmnanont |_1.

Acetate lilms which are to be kopt in airtight plastio hags must also
i

be brousht into o |||"|i"-|i':!.| with tho atmosphore of the storo
(s0a 1.333).

For permnanent storage, almost all archives keop thoir films in motal
cans ench of a eapacity of 1000 ft. Storing in roels of 2000 ft. is also
possible, of course, and can even save space; but sines 2000 ft. is the
length normally used for projection, and exhihition prints are usaally
stared in 2000 ft. metal cans, a difference in the size of the reels has the
advantage that o eonfusion betwesn resls intended for distribution and
flilms for permanent preservation is less probable.

It is absolutely essential to wind the films on to cores, and almost
asvorywhere the usunl commercial cores, made of plastic or stainless
steal with n diameter of 2 in., aro used., The Polish Central Film
Archive in Warsaw has sopgested the use of larger cores, with n
dlinmeter of 3 to 4 in., in order to avoid ourling at the centre of tho
reel. The suggestion is o good one, but in many countries these cores
are not manufanctured, and to '|L|_'-.-||_|r|_'|~ tham |_u|_|I1,' for the use of archives
wonlid be prohibitively expensive.

For permanent storage, the film should he wound with the emulsion

I E

gide outwards. With the rolatively low humidity of a correctly con-

ditioned wvault, winding with the emulsion inwards might result in

breaking of the emulsion dur wrojection. Projection copies are
praj ]

purposely stored with the emulsion inwards,

To provent the film being damaged by the formation of rust, and to
avoid the periodic renownl of cans which this would involve, containars
made of a non-corrosive material, such as alominium, stainless steel or

]'ll!-"“ ic, are to be prl.'furu'd. Sinea p!a.-i.! ie contaimors have not yeb bsen

available, no one has had experience of their use. Compared with netal
cans, ones made of plastic would have the following advantages:

. They would be absolutely stainless;

. They would be rezsistant to acids;

. They could be manufactured in lerge quantities, without

i1
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Camplor
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mereased cost, in the most suitable [orm [I:II'I I"HI-III|'|"'. Lath
with ventilation and with pirtight soals, as neosasary)

In the TT.5.5.1%.. n E'u’; wiie container for Alms hns bom d.--.,,-.-|-|!-|'-|. Lot
in order to protect patent richts no particulars are yeb nvailable. The
gontaines arve at present being tested.

It is not advisable to store film in eatdbonrd eartons, particokioy
in o store without air conditioning, sinea the cardboard absorba moistan
and thiz enclangers the film.

Archives which have to use tin-plated forrous cans shoulil inspect

them very earvefully for rust, amd ot the least sign of this thoy mus
b 1']l:LI||:l'|| :it||||L|:*||i||!|-II\'. Buat  onn mike o film L'l11=I3'|1'|'-]_1.' uaeoss
within a short time, FEven to pack the filins first i paper does not
protect them since rust also affects paper.
The cans uwsed for pormanent storngo Imist be closnad and dried.
Gosfilmofond in Moscow uses henzine for this purposs i hos Tound
that when tin cans are used in sir-conditionsd vaults no damage by
rust hns oceurred over o period of ten yoars.

After all that has been said about the properties of nitrate film (see 1.2},
it goes without saying that such film should never be stored in air-
tight cans, The cans should never be sealed with adhesive tape, nd
the ventilation must in no way be obstructed. It must always bo
possible for the nitrate gases which are formed in the process of dis-

integration to escape amdl be carried away by ventilation; otherwise
the disintegration will be greatly accelernted (see 1.221 and 1.232).

Yor acetate film the contrary is true, Sinee atmospheric oxygen ciauses
the release of plasticizer from the base, with consequent brittleness,
an improvement is to be expected from stornge under airtight con-
ditions. This may be achieved by sealing the cans with adhesive tape,
or by first placing the reels of film in plastic bags; once more it should
be stressed that a film can only be stored in an airtight condition when
it iz packed and kept in o constantly steady temperature. Every change
of tempernture must be prevented, sineo otherwise tho film may be
endangered by the condensation of moisture. If these conditions eannot
be established, then airtight storage is emphatically not recommended
(se0 1.333).

In the past it has been & frequent practice to put camphor in the cans
of films being permanently stored, in order to preserve the suppleness
of tho film. Indeed, in several archives this iz still done, The use of
camphor dates from many decades ago, when copies were sometimes
projected up to ten times o day. After two or three days, the film
became very dry under the constant heat of the projector, so eamphor
was put in the ean overnight, that is to say for o comparatively brief
period, in order to restore the flexibility of the film. This was usually
repoated after fifty projections.

So far it has not been established that there is any advantage in
using camphor in permanent storage. On the contrary, there have
beon instances of films stored with camphor, for example in the
Yugoslav Archive, which showed surprisingly early signs of deterioration,
and it is possible that the camphor was a contributory cause. It should
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be stréssed, however, that thore is no ecartuinty about this,
However, the use of camphor is not to bo advised. Tho same applies

to tho practice of depositing in the cans picces of papor impregmnted

with oils, for exmnple glyeerine or eucalyptus. As long as there
:‘l'i;r-!'|11'.‘i|' rlr'u--f' f 1 henelleinl uﬁ'ru'L of such men e, it I5n

ot to use then.

.1|!il||:.' archives Wrajp thedr films in [ivper before stornge a8 a profec
JJH.L[':L_-r dust aned rast. It is not o Erl'ilt:Hl!u to be oncourared., Porous
paper, particularly tissue paper, which presents little obzracls to
vantilation, is apt to wear nway very easily and in doing so to be itseli
a producer of dust instead of protecting the film against it. Althouglh
smooth paper (e.g. waxed paper) is much more durable, it impedes the
vantilation, particularly when the films are tightly wrapped. Only
acotato | ecann be treated in this way. Here tho same conditions
apply as for packing in plastic bags (see 1.333). Paper does nat give
any protection sgainst rust, becausa it is itself attacked by rust, which
then penetrotes to the film.*

In permanent storage, the film reels must never be stored vertically,
but always horizontally. If they are stored vertically, the whole weight
of the reel rests upon the lower part of the film. If the film is approaching
a stage when it is likely to become stioky, the layers in the lower part
are prn:q.-mrl together so heavily that irreparable damage may result.

It must be realised that tho storage of film is a complex marter, in
which wvarious factors have both beneficial and adverse effects. It is
impossible, for example, to separate the question of the airtight storage
of acetate film from that of the air conditioning of tho store, or the
gquestion of the preservation of nitrate film from that of ventilation.
To achieve the best results in film preservation, all these factors have
to be considered very carefully in relation to the existing climatic,

technienl and economic eircumstances.

Films which are being stored permanently must be periodieally
inspocted. In goneral, it may be said that this examination should
take place every ons or two years, but in the larger arvchives this is
hardly possible. Consecquently, a distinetion must be made according
to the age and condition of tho films, which ean be ascertained from
the record cards.

Negatives, and very valuable positives, should be examined at least
ovory two wvears. In most archives, other material i3 examined at

*In aceordance with the recommendations marde here, the National Film Archive
in London now proposes to st s nitrato films in tinned cans hetw WO pro-
tootive discs of parforated ie. Those commonly sold s decorative mats for
ronnd eakes and gateaunx can be bought cheaply and are very suitable for the
purpoze. [ Publisher's note)
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longer intervals (the longest interval reported is six yenrs), Such lor
]u-!|':in||.:-i RIO "'“'I."" '|'I-'1:III|-.'.--i'|.I.||' for new lilms being kopt under very good
storame conditions; with olil negatives or positives they sre dangerous,
Tho nterval for ve-cxnmining niteate film 2 determined by the resull

of the lilm stalality test (e G 14).

In principle, the examination consists ol n winding thoe flm on tho
windine table, and at the same time, during the st examinntion,
gleanange it from divt o dost, 1E 14 irmmmateriol whethor the flin is
wiortinl I"."- luuul or I'::x'l'[:l;i'-'\-!ll'-. but it s i-|3|||"'|r-|“r that thi ""“l'a“l.'
is done sufficiently slowly to ennble an adogunte oxmniution to bo
y (nhout 2000 ft. an our: sea G.111).

Notes should be made of the rosulis of each cheok, 15 no new diumago

is discovored which vequites romedinl treatment, the film shoold be

pmenoddindi rlx' roturned to tho storo.

Films intended for permanent. s 1! should nover bo ased  for
1

'|-'|."ll_;1'l'Ei-rI|. |.I'. ||I|'L'|.|"-.'='I'. I LA :-.|':i'\.'|' or |:'-.':||r iz wsml fox COlN I or

then it is cssentinl that its technieal condition should be

VIOWIng,

checked again by a technical inspection before sl after n=e,

The film stability test is not an automatic | of tho oxmminntion,
ainee it is applicable only to niteate film.

The flms are only cleaned daring examination whon their condition
makes it necossary. The same applies to oll othor monsures.

Under 2.423 it was stated that ot i'u'l--ﬂ'nt the safest method for
parmanent proservistion of recordings on magnetio tape was to v
thom duplicated on to optical film. I magnetio rocordings have to be
stored in their original form, they should be treated as acctate filin
{soe 3.6}, This means that they can be kept in acetate lilm stores (on
wooden, not stoe]l racks—see 2.422), and it i3 necossary to proteot
them against the mfuence of electro-maguotic fielids (see 2.421). Tho
cans should bo 1.i.;__[||[|:.‘ clozed to proevent the |_|“:l<:1|.'|r|'ur|. of duat (seo
1.333). No special preparatory treatmont of magmnetic tapes biefora
hTIJIIIgU E-i 1OBCCSSATY . ]_I|:|r';|||!_{ SO0, I||I'_1.' ghoulidl bo mowvied II-I1IJ.
examined as little as possible. Tapes wlich hove to bo reprodioced
should, us hos already heen =aid, bo duplicated on to optical film as
goon s possihle,




THE
RESTORATION
OF FILM

wetiorr st bo mnde botween the technieal restorations of flm, TECHXNTCAT,
el the restorntion of 1ts content. AND
EDITORIAL
.11 Editorinl restoration, namely putting a {ilm back into its originol
form as a work of art or a doeument, involves the replacement of any
ports which may have been lost and the corroction of the eutting.
Such work can ba earried out: with the help of any records which moy
have survived, particularly editing notes, title lists or shooting scripts;
I eomparing the film with versions held in other nationnl archives;
nnd, ns far as possible, by consultation with those who wore eoncornedd
in the produstion of the film. The editorial restoration of great films
is n most important task for every flm archive, especially in volation
to itg owin nationnl film '|||'.r||_1lr'1i1:-:|.

Hierg, however, we are concerned .-\.r|||'-!_'.r' with the technical restoration
of negatives and positives, ond with the elimination of physical and
chemieal defects anid doamage, in order to make them fit, in respect of
both picture and sound, for II'I1'|I}'iII\j.{ and exhibition. Technical restora-
tion must e cedo editorinl restoration, sinee it is llII.|;.' after the film
has been technieally restored that s full survey of the content ean be
earricd out, The decision ns to what remedial mensures shall be talion
iz one whieh must rest with the srchivist after consulting the exnminn-
tion notes (seo 6.15) and |'||.-Er|'4'rir'|!;" tho film.

Film materinl which lins suffered IH'I’i'j arnhla 1]:111[;_1_{_’|'. so that I'll'Hjl;l:'HlJH IRREPAR-
copyving is no longer !l:li—'ui]-'lqj', i= (‘1:-:||!r|1_'Trl:q.' worthless. Any attempt ADBLE

at further preservation is pointless, and there is nothing to do but DAMAGE
destroy the materinl. Examples of suech irreparable damage are as

Follows:

Nitrate film in the last stagea of disintegration (in which the emulsion T%e Advonesd
iz softened and hlistoring, the film sticks togethor, mud the base is Disintegration
totally disintegrating—ses 1.221, (ili)—{v)) is beyond salvation sl must  of Nitrate

be destroyed immediately. There is no treatiment which can make it Film

suitonhle again for projection or copying.

When s fillm hns lost i!l"{'i"ril:it_'l.', as the result of thie loss of |l[.=:-1il‘i-4‘:l' Fxtrems
wned the mosture of the gelatin, it breals on rewinding, mul is ineapable. Briftleness
of further projection. Thore is no way of restoring the Aexilality, even

in o humidifving eabinet,
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Abragion

Developed colour films have only o rolatively short life (see 1.

The colours fnde and eventuslly dissppear. Negatives nnil copi

which one or more colours have ||:|--|!-|-|'-.||'|'.. cnnnat  he |-|||r:---;"
projected. The domago is ireparable, becanso there is no way
which the colonrz can be restored,

When the l':||l||-1'-'| has boon attacked by fungos whicli L
Bk ttrl E:-]\' thi gl! art of tho [l:-. ture hins |l-.'--:| [RZEY TS nway, thi:
nlso i3 irre |_'|.|:|.|.||||~_

f
I'::\'I:Ilr‘z"'" "'F ||-!||'\:--"r|' "'IIIi"II AL II" rll'.\1l'ti niarg
are dirt, spots, serateches on the celluloid and emuals il writt leness,
residual chemicals, toaring of thoe ||<'|'I1|'-|'.|.ri-||g--. stielinoss .|.'.|| bleaching
of the silver image. Much of this very delicate work has to ba donn
by hond; some ean be done by specially designed appa
Dirt 15 romoved (seo 6.12) with chemical solvents, in the aprplivat
af which machines are generolly used. The ultrasonic machine is
preferable to the more traditionn]l methods because it is kinder to the
filim.

Single spots are not removed by machine, but are eleaned off by hnald
on the '-'IIIIiI“.II:..r tablo. For this Jurposn tho following substances Iay
be nsed:

ncetone—to remove spots of film cemont or acetone;

carbon tetrachlor

ethyl alechol—to remove dirt which is not oily.

dle—to remove oily dict;

Abrazions and seratches, which are cansed durine ||‘ll'j|".r|-"|l-- Or as t
result of inexpert handling during rowinding of the film (which is very
hll""l']‘ﬁh‘]l' to mechanienl damage), can be removed when ”"'l'."-'”" 1Lt

too deep.

Sorntehes on the celluloid sido ean bo removedd by paolishing, The
principle here is always the same: the surface of the celluloid side is
softened by moistening with acetone, and then dravwn over s glass
roller undeor pressure. In this way all the seratehes and abrasions are
removed. After this treatment the colluloid side of the film is com-
Pletely flawless. The polishing is done by machine. Thers are two
systems: in ons, a revolving ;_;hw roller, with n dinmoeter of 6—8 in.,
dips into n bath of acetone and thereby moistens the base of the film,
which is pulled over it under pressure; in the other method, neetone
is dripped or sprayed on to the film, which is then pulled over a glass
roller with a diametor of only half an inch. Both methods produce
good results. The second system, which wna developed in F’r.wuv hinsg
the ndvantage that tho film can be fitted with clips to prevent the
joins coming apart in the machine; consequently this syvtem ||-|l.l..
itsell to use in a combined restaration monchine,

Abrasions anl seratelics on the emulsion side can be removed by
eausing the emulsion to swell: the film is soaked in water, amnd the n
cried. For this operation one can uso machines which v be rebuilt,
without great expense, from old small developing machines, ns long

1t
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as thoy ara free from corrosion. In the State Film Archive of the
Ciormnnn Demoeratic Republie such o moching hns been used suocess-
fully for many yours.

Deep seratehes eannot be vemovid in this way., They require the
application of o very thin protoctive lnyer or eoating of acid-fres wax
or lacquer, applicd mechanically. To attempt to use for emulsion
seratches a similar method to that described in 7.331 for seratches on
the hase, !|.'~.I:u<'|_'l.' to solton the amulsion I:ll‘." :-ill:ll{ilj!.’. andl then to -II!.Ijl'I"L
it to pressure botween rollers, is emphatically not to be recommenced.
('ortninly soratches can be eradicated by this means, but it is zjurions
to the picture. The exertion of pressure on the softensd emulsion
li-e'ﬂ.-]'lu-a the eontours of rI..: il]lil.‘_[l‘: ||.It1’] results in a loss of ]:ir:l-.u'u
fpundity.

The methods desoribed hove for the removal of soratehes and abrasions
BRre vary i:||[||.-|l.'.'|-‘. ‘.]'.--_'.' |:||t|l|-u'|- Bl ql.lll.lﬂ_‘.' of the film, sl make
it possible to print relatively good copies or duplicate negatives. During
the last fow VEArs, however, there has come into use a method of
duplicating which makes preparatory trentment of scratehed material
suporfluous; it is called the anti-scrateh process. The original scratehed
mntorial (negative or positive), before entering the printer gate of an
optical printer, is automatically covercd on both sides with o liguid
which has exactly the same rofractive index as the baze. The seratches
in the original material are not copisd on to the now print, because tho
printing light passes directly through the originnl material without
sy doflection of its rays by seratches or particles of dust. In this
wny a seratch-freo copy can be printed from s seratched original.
Such optical printing machines with anti-seratch installations have
beenn made in several sountries, amnd for archives which have their
own printing Inboratories they aro one of the most important pieces of
equipment.

The removal of residusl chemicals is  imperative, because film
materinl which has not been properly  developed and fixed will bo
ruined during storage.

The only successful treatment for incomplete fixing is to have tho
film ro-fixed and thoroughly re-washed.

It often occurs, however, that tho film has been propecly fixod, but
not sufficiently washod afterwards. In this case a residue of the fxing
salt (sodinmthiosulphate, also called hypo) iz left in the emulsion.
This, hke other sulphur compounds, will in time bleach the imago.
It is therefore recommended that new films, as they are ;l.:-rllu'rwl,
shonld be tested for the presonce of any |J_1.E.l-.r in the emul=ion. The
test 15 as follows:
In s test-tube o =olution ia o up of

meronrie chloride 25 pms

potassium bromide 25 gms

witer to I litre

Into this solution is put a piece of Glm {(one frune of negative,

two or three framos of positive, because of the difference in thick-
new of the emulsion layer), cut into steips of o suitable size. With

47
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CVBIL 0 VLY low content of ||I1.:|-|| (005 mg. ) the solution 'l"i' ";I_l.'
turms milky ad turbid. The dogree of turbidity dopends upon
the amount of hypo in the emalsion.,

It is nlso possiblo to coment o punching of film (baso down)
on to a piece of plain neotate bose, Whon it is dey this pisco ol
film is laad down on o black background, and s drop of tho above
montionosd solution s placed on the punching of the film to be
tostod. If hypo is present, thoe drop bocomes turbid within three

minutes. This method hos the advantoge thot the film doos not

|-,1-|-1| t |.|-|' [RE] § £
Whicliewvor method iz nsad, whon the merenrie ehloride solution

becomes  turbud this 15 on indication that the flm must bo
thoroughly rewashed. There is no exact rule for the duration of

o =S el

this washing, bot aominimum of half-nn-hour is generally considered

—_—y

T TPEENTY,

Brittleness o stornge conditions, partionlarly an exoess of warmth from dryness,
can cause o film to loso flexibility. A slight brittleness is the first sign
of a growing brittleness which will eventunlly become irreparable.

In tho long run, the floxibility of a film can only bo maintained by
goml storngo conditions (see 4.2), Ones brittloness has startod to appea
it ean be reversed only temporarily in a * filmostat ", but this mny
bo onough to enable the Glm to be duplicated. The brittle filim is wound
locsely and ploeed, without s can, on o stainless steel grating in o
humidifyving eahbinet. In the bottom, or at the sides, of the cabinet aro
contoiners with cotton-wool soankedd er tho Ir|||l|'|1ll|',: :-u:rlll!:'m:;

acatone 135 g
glyeoring 25 rm
winter GO
This volatile solation 1= 1*\.'H|'I||r'!_';' offective in u':||.:1'r|;i||;_: tho film

———

temiporarily to regain its original flexibility,

Shrinkage The shivinkage of film is usually a result of storing it in conditions
which wre too dry and too warm. The dimensions of the film change,
the image becomes smaller and the interval between perforations is
shorter. Film which has shrunk beyond a certain point can no longer
be used on normal machines and apparatus. Shrinkage is irreversible.

f

It iz nevertheless Irl'l:-i:-ih]1' to save the flm ]-:;' ||||||‘i:||.;_{ 0 new copy of 7.381
standared dimensions on sl !:ll'ill,1|-l. In one form of such Irrinll*r thii
shrunk film is '|I.'I:-CH"|| L35 ol ¥ I:FF'\I:II rlass window which iz illuminatod
from the roar. With & 35mm cine camoera it ean then be ]’Il‘ll,)hrHl'.![i]]ﬂ'l,!
frame by frame, Basically, this is 1 : 1 optical printing. The shrinkago
i3 compensated for by regulating the distance from the objective to
the image. Correction of the imaee is possible vertically, horizontally
anil by tilting, The film is moved by hawd over rubber rollors, withont
the use of sprockets, Simplo apparstus of this kind has been used for
a number of years in the Xaetional Film Avehive in London and the
Netherlonds Film Muzeum in Amstordam, with excellent results. A
eonsilorable number of films of historieal value have been saved in this
W for l'\i;i!|:|||||.~. s of the first Launivre films.

The sume results can, of course, be aehieved with s modern optical
printer, provided that it is fitted with o sprocketless film transport

4=
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miechnnism, Tho cost of such o moaching is much greater thon that of
the apparatius we have just described.

Stickiness iy oither n siem of the advanced disintesrotion of nitrato

film {4o0 1.221) or may be the result of storago in over-moist conditions

(2o 1.421 moud 1.422) L TS of sticly film should not be -"“E"”‘IHI"'I

while dry. Such films must be unwornud by haaud muler water with the
rront est onro, The I.|_-.' |l'|'|_|ii|'l':llll'|ll' 1% i VOTY -'\-iIJI-|'|" ill[i"l*'. rI-HII"l_'I' 1]
large bnth, in whicl the film can be softoned smd from wiaeh it can
by wonanel oL b i ||1'.'i.|_' cloth or ]!'.l*--'.!l:l [|II'IIH,'_"]I: Ik 1|J'}'E|IL5 caliinet.,
['r|_;'-||[||||:|.r-"|_l.". when flin 13 Very '-:Ii.l"ril‘;'. it 18 sometimes i-|11|P".~'~'I-|||" to
uwvotd POIMDVILE  S0000 of the emulsion from r|ll' hisse, '|-""|'i|'t' tho
ot el care.

If the silver imece has discoloured under the action of nitrate rases
or restidual chemicalz (s A3 continued =-1'|~=|'r1.'.|lir|||_ of the filin is
ontly worthwhile if the density can be restored. This is possible, but
thie rocess is |'|||r|]||:|".l.!'l- 1. =a it iz ndvisable to have it done in s suitable
Inboratory. The dizcoloured silver image i first bleached, and thon
redeveloped. Where the discoloration has gone very far, this process
luis !11||-']|||'-|-|[ SOIMO VEry disturbing colour variations. In the Gormant
Democratic Republic, o new process has been developed, and is being
patented, which makes restoration possible even in cases which were
formerly considered hopeless,

Sovore toars to perforations, which may even extend into tho imago
area, present an obstacle to the copying of a film. Single broken
porforations enn be cot out, and the corners must then be rounded.
Creater lengths of damage must be cut away, and new perforations
comentod in their place. This work must be done very precisely and is
therofore extremely tine-consuming. Where the perforation intervals
are still of standard size, transparent perforated Pormacel can be
applied to the damaged parts over the whole width of the film.

We cannot warn too strongly ageinst the treatment of film by so-
enlled “ secret ' processes, outside the control and knowledgo of the
archive. It is cssontial to know exactly what a film is being treated with,
and to ba cquite sure that this treatment ean hove no harmiful conse.
fquences. The coating of films, for example, with this or that special
wax or lacquer, the composition of which is not made known, carries
with it the danger of chemical changes in the film material itself,
which may not be noticeable ab fvst, but which can in the long run
leiad to the complete destruction of a negative or print.

some kinds of restoration work are much better done by hand than
by machine: for example, the separating of sticky film, the removal of
single spots and the repair of perforations.

For other operations, approprinte machines have been developod: for
|~_'\'|'|.r|'|||||~1 for “'!l‘-lll.ill'._:' (zer T.8332%, cleaninge feeo 6.12), '|_|.||'|'i.-'~'|I.'iIl§,: (500
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T7.331) nnel conting (sen T.332), Tl v of auch monohines }'I-:\.j liss
significant inercase in working cnpacity, oven when, to safeguard the

film, the machines ara ron -.in.r'l.-.'l_'i,' [, GO0—=2000 It por hiour).

It iz oven more efficiont to hinve oll the Processps |"'1'|-1III:||I--| I'." n singlo
machine. Gosflmofond in Moszcow hns dovelopod restorati mnehines
(one for negative and one for positive) which in one passago of thus

film clean, sonk, relix, removo residonl chemicnls, oot andl !--:!:-:n i

I thi= WY i Bl e o treatod ||u-|u||_'|.|_-\.. witli the (i TR TR [
1'nr||||.-|l'.|.lil.|.]_\' little  lalacun anel time. G tlmanfomed  dleserils AT
aperil jonnl procodures of tho maehines as follows:

Weash l'-'r:.' aned [ sie vl o r.:lr e Kl

() Praliminary welting I mins.

(b)) Re-fixing 4 mins 1 n

sodlinm ||_\.E-l|-|4||l||ill'.

(e} Intermediste rinse T mins in waboer.
[.--'| Soaking of the emul=ion ] mins. i R
el removal of 1 sitlunl  armomoTin
fiypo
(e} Cleaning with rotating
rollers of chamois lenthe
(f) Finnl washing 17 mins. with water.
(g) Drying 43 mins.
I3y washing and sonking the emulsion sl sohseguent drving,
all minor scrstoches causesd during exhibition o ill.—-]ll plion nre

eliminated. Deeper scratelies eannot be removed in this way. This

is achisved by application of wax or laoguoer, Goafilmofond hns this

[lll-lb!il'll1]ll:l:|. of n !'-:ntu‘-r'li'.'q' coabine on '||.-".:|||'i‘.'|" I~|l|ll1--;l=-ll. clone ||}'

o specinl machins.

Washing and Regeneration of Posilives:

{a) Cleaning off grease with the nid of o soap solution (OF — 7],
or o mixture of 502 carbon tetrachloride nnd 5095 benzol
applicd with rotating chamois leathor rollers.

{b) Boaking 45 mins. in 0-39%; sclution of

AT

{¢) Rinsing 3 mins. in water.

() Cleaning the emulsion
with rotating chamois
leather rollers.

(e) Application of a lacquer to the emulkion (protective layer)
with a 49} solution of polyvinyl alcohol in water.

(f) Drying 21 mins.

{7} Polishing of the base with acetone.

All these processes are carried out by only one muckine (when

necessary, one or more of the processes may be omitted). This

machine works at a speed of 1300—2000 ft. per hour.

Negatives or positives which are affocted by fungus, mildew or the
like are also treated in these machines, Before drying they are moistened
for & minute with a 19} solution of sodium trichlorophenolate.

Similar machines are in uze in the Czechoslovak Film Distribution
laboratorics in Prague. A restoration machine incorporating
ultrasonic eleaner is undor construetion at the State Film Archive of
the German Demoeratic Ropublic.

&0




nreaspvation aml restoration of an archive film eolloction is o
ponsible task which cannot be earvied out except by persomnl
properly instructed snd exporionced in this special field. Failure to
employ qualifiedd stafi hos already cost somu archives the loss of

important parts of their holidings.

In laree archives, with correspondingly large numbers of employees,
the senior tochnicians shoulil be gradunte chemists or engineers. They
are responsible for all the technical processes: the inspection of Hlms
before storage, periodic testing during storage, film restoration, the
control of duplicating machines and the further development of machines
and working methods. At present, only o few archives have o stafi of
technically qualified personnel such as we have just dezeribed. This
is the more regrettable because it is only to such people that wo may
look for improvement and development in the machines and procedures
which are necessary in this specinlised feld.

The technical assistants divectly responsible for such work as the
control of plant or operation of machines should have had training in
similar work (e.g. ns film laboratory workers, mechanics, ote.). The

technieal employees of most archives have received only such limited
practical training as they can obtain in the course of their day-to-day
work. One of the aims of F.LA.F., through the work of its Preservation
Committes, is to give them a broader view of their fielil of work, since
the future development of film archives is dependent on their having
the witlest possibla knowledga and expoerienco.

Hitherto, international eo-operation between the film archives in all
countries has consisted in making use of their collections for organising
retrospective film performanees and exhibitions, and in enlarging their
colleetions by the exchange of films. From the firm basis thus ostab-
lished, international eo-oporation must now be extendod to the field
of film preservation. A first step towards this end was the establish-
ment of the international Preservation Committes; the publication
of this {r-]nul iz 8 socond. The noxt stop shoulil be the sharing of
expericnce botween noighbonring archives, and this can best be done
b an exchange of qualified personnel for predetermined periods. The
work of our Preservation Committes has domonstrated that tho largor
archives have no desire to keep their knowledge and experience jealously
to themselves, but are willing to put them ot the disposal of other

b1
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countries. Im tho Stato Film Acvchive of thoe Germon Democrntic
Republic, ond in the Notional Film Archive in London, somoe colloae

n abromd have alrendy received o few montha' teaming, and to-dsy

I:|:||'_\.' have re=ponsible '|||--|Ii|-1|,-- i tho arohives of thoir own counbries

wNo dlonlt ot her archives hoave done tho game. T 15 to bo |.-||--i thint tlt
kinedl of exchonere il tho poaling of exporience will boe practisad

Inereasin rlv, to the beaefit of nll archive
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