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PREFACE 

' l'lll' IntL'rnati nal FeilemtiQn of Film Arcbil-ps, l'C'uEsing that, very valuaLle 
fillll~ ill all Pllrt ~ of tll o world were ueing endangcred by ignorancc of the 
cOllditionR npcc.,snry for their preservation, decided ~oJUe years ago Lo sct 
up an intcl'l1<l l.ionul COlLlmi t tce, wiLh tllc purpose of collccting together all 
Lhe knulI'n fael~, ,met Lhc reRlilts of all aVHilal,le cxperience, in I.be Rtoring, 
P' :,('rvn tiolJ and l'l;~ lumtion of cincmal.ogmph film, and to puhli . .;lt rCCOlll-' 
IIlcntia tioll ti whi c:h could be llllt illto I'racti c:al \IS . 

Tll<' din'ttoJ'~ alld prilleipa l techllicians of Lhe folluwing archives haye 
CO·{' !l£:m cd disinterm;Lcdly in thp work of this Committee, with t.l1O particular 
aim of helping nClI'er and 'yolJngcr archives: 

Cinl':ulal hcquc Royal(" }3ruclscis . Belgium 
Ucskosloyenslm }'ilmoteka, Prague . Czechoslovakia 
Dnnsk(· Fiil 11 111 IISCU III , Cupenhagen D()nmark 
HtaaLliehcs Fill11arch.iv ucr DDH., 'East Berlin . German 

Democratic B epublie 
Xn.tional film Archiyc, London . Great Britain 
• '[.i(:ht.ing Xederl:1nds l!'ibnmuscum, Amsterdam . Holland 
Jla~;'1 :U ' I:'ihntlluolllanyi Jn tczct cs I:'ilnmrcb.iwu 111 , 

l>uda petit . Hungary 
'illl' tcen Xazionale, Rome . Italy 

X OI ~k FilminstiLutt, Oslo . . Korway 
Cl'nt.ralne ArchiwlIllI Filmowc, \\'ars/lwa P oland 
Gosfihnufond, 1\(OSCOII- . U,S .R I~ . 
Jllgo'5I('I,t'llska Kinotl'!m, Belgrade . YllgO~' " i,1 

\Ye arc especially gmtefu l to 1\.1'r. Ernesi Lindgren ill Lonclol l, n.nu to 
)[1'. Yicior Privato ill :\10SCOIl', whose wC'ulth of experienr.:e in this tlO1<.l has 
ut'('n a cOII.· tant source of encouragelllent, 

Thnnkti a rc " Iso clue to 1\[1'. Dirk Huizinga in Amsterdam, Mr, Harold 
];1'01\'11 and :\11'. L l'Ilest Lil\llgren ill London for the translation of this edition . 

This )~ cport deals onl.1' with funuamental principles,. and is intended t,o 
sCrl'e a.' n basic introduction to 11ful preservation. Eventua.ll~- the results of 
fill'! hpr rc.·pareh work, now hcillg nndertakell, will be incorporatcd so that it 
con h, fc-published as It manual for all film archi\' cs. 

T h, ' '(Hnlllittp, ' h )('3 ihat, Llris Heport will stimulaLe fmther discussioll 
of th,' suiJjl'l't-, an<1 it wi ll he grat.cfu l for >my eOliJmcnts or additions which 
techni C'n l expert.s or other;; m>1 .' Ioe willing to supply. 

All CO lllll1Unica t.ions should be addresscd to the Secretariat, F,r.A.F" 
38 Awnne dC's Tcrnes, Paris 17e, France, or to myself (at t he Staatlicbcs 
Film:l frb il- del' DDH, Herl in \V.S., J\:ronenstmsse 10, German Democratic 
R epllhli r). 

Herbert Volkmann 
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'rho birth of th fi llll iti gOllC'ralJ,\" considered t.o d"Le from t.he year I SH:), tbr· 
Y("\l' in which, in '"arif)uM cities, t IJo ii"st filII, IJcl'for"la nce~ were g in'll, J t wa .­
not. ill\, 'nkd by anyone man; lIIallY J)(:('ple of many nat.ions partiuipatL!d in 
lilt'1f ,,' IOPIllCllt of this i1 1porLant illVCIlLioll, aLld its utilisa tion was like \\ise 
inl,{', 'w l,inIJa l. F or nearl.v se \"ent.v years noli', mills lliwo ucen produced ill all 
(.he lI1a jor t'OllnLries of Lhe worlr], 

- -"H!!' beforc had thcre IJeell an .. rt whi ch re,LChed so 'lide a pllblic, nor 
slIeh a po.<sihi li t.v of infillencing the th inking of mankind, nor any eomparahle 
P,'051)('ct of tro.ns llIitting to po,;lerity sueh reYeltlillg historical doeulllents. 
The fillll i ~ olle nf t,he great achicwelllen Ls of t,he twentieth centllry, 

))uri llg (hr.'.;,' sc '"cn decades ma.ny thousn.nds of fi.lms have been pl'ouuced; 
good and hllll, exC<' llent ' \'orks of art anu importu llt documents as well as 
stupid l'IIbl ,i i or dangerolls prnpugnnd,t . From the very beginning there were 
1)(:01)1(' intcrestcd in collecting film s, nnd evoryMung cOlleerniug fJ.Jll3, hut 
JIIa llY ~rarllla lly nballdoncd their interest, much \Vns lost in two worlrl Will'S , 

1I1\1 (·h wn~ deliberat.ely destl'o)'('d ulltllllllch was also lost by wrong tl'l?·.t.mcnt. 
As It r(, ~\IIt" it i!:l no longer po:;: iblc to show nIL the important produ ctions of 
film hi~ I()I'.r in u. cumplete 1'0 1'111 011 the screcII. In many cas: .. tt title und tt 

nlC'lllur,' aro a ll that exist; in otherti, only fragmcnts or illcom]Jlete vcrsions 
hn.\'e slIrl'ivcrl, many in slIch n. bnd. stttte that in Uti'ir sad shado \'S onc can 
hard ly I'ecognisc the great \\'o1'ks of art wuich onc\.! exist,cd . 

'J'hi ' lament:d,l£: c1."'[ ' ·l'ioration is the conse([uence not only of hlllDan ncglect 
but e', \ .. morc or LI1(; I'!1C1I1icnl propel't,ics of the fil m mute ri,11 itself, cspeeiHlly 
of nit·ra t film. \\'ithou t a carefu l appl ication of all t,he nccessary rules fOl' 
prcsr'['\'ul,ioll, Lh.·,,<~ Pl'Oj1l, ,·t.i(·s conlu, wit hin n. fcw years, bring about the 
total 10' of a ll [he masLI."·:il"C'os of Lh" firs t fifty ycars of fllm h is('. !'y. It is 
a ta llse for regret [,hat tll'.'rc al' alrp,1d,v too many examples wh it.:h pro,c 
th is lo be so. 

YilJII archi 'cs arc in I hr· forcfront of the mOYClllcnt noli' afoot to :Lttcmpt 
to l ,r('servr' this cultur,,[I,eritage. lUore titnn forty fi lm archiy('s (under variolls 
I1II1I1C5, includillg Hlm JlI llSellms, film libraries, cin6mal,hequtl~ , fill11othuqlles, 
etc.) (lI'C grouped within the J IIl el'Jla Lional F('dera(,ion of Film AreLiv('s . 
Thcy ('x i, t in thc most iJ1lportant Ii ll11 'pl'ocl uring conllt,l'ics in all parts of 
t he " orld, (,bey n.rc old and youug, hig anti. sma ll , but t h('." all ha.ye che COlllmon 
nim of doillg 1'\'C'J',rthillg possiblc 1,0 pJ'( '~('r vt: film s :. : doculllents an( l as mRster­
pieces "r fil ,,, U1 t both for t heir contl:1nl'OI'1ll'il' ;; a nd foJ' t Ile rl/ tu re" 

The).' c'il J1 today bo no douht that. fillll arc·l,i ,·cs flI'e ('(lual i ll cultural im­
)l()I'~II" • to the IlIUSe llll\~ nnd gallC'ri(' r1 evot C"lt o the plastic a " , nnu to the 
grru · ; .. ,ral'i C's . TIl<'y han;} t ill.! same ta,; !;: of p l'ol-cct ing grcat W 01'J of :Lrt :Lnd 
iml'lIl't'ilnt docuIIlPnts from dnmngc 01' 10:8 in on1er to. make t hem urccssible 
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for re~t'[ll'dl worl;cl'H [lnd for Lilo ge nel'll l puh lit' ; ,md, i ll (,li (' SHll lt' \\:1 .1, (,h,,)" 
('[I n onl.\' p !'rfo l'lll this Lnsk if' t.h r )' work wi(,hulIt, ('o ln nH' I'('in l l1 i lll~ 11IHI wi l,h 
adc<]unt,(' s nbs idi!'s, 

This J'cpo l'L \\'ill d!'ul wi t,h alll,be cOlllpli('a t,ionH n r pl'(',,'n in).! einl'nltllngm ph 
film for long pL'riods, bu t bcfore nil ('Is(' wo l\lll~ t , em phasiso t ht, f.lcL tha t it is 
impossihlo to ])1'('s('1'l'e film s wit,hollt, spending lll on C'y, H is sf' Il',t' \' ifl!·n l. Il mL 
every go\'crn Illc nL has t.bc dut,.\" of pl't's<'l'l'ing na t,ionn I works o r (' n It. 11 1'." \ 'n ILIl' 
fot' fllt .lIre gC l1c1'1lt,ions, a nd it. is high ti:n C' tha t im pol'La nt fill11~ , ('ollsid('l'rcl 
bot.h as ,,'ol'ks or art uml ns ducument,s, :-hould il l' ilwllldccl 11111011g tl j('~C' 
nat.i(l11td JlJ'odueLioll~ or cll1t.lll'n l nllnp which cl r lll !1 11l1 1.0 he )ll'(,~(' 1'I ('d, 

h is not u('(' idl'ntnl tha t I,ll!' ri t' h('sL film al'('h iycs o r Lhc world a l'(' ~ t.ntc 
ins l,itntions, 01' aL l('as t ins l,it lILi on~ sU]lpol'Ll'd by cOllsidcrahlt· st,a t\' s lIl ,siu it's, 
J..'ilm arr hi\'cs which cxi t on a Illoro 01' lcs,' ]1ri n ll,o i;nsis, b aelwd I)," It smnH 
gronp or filnl [ricm!>; 1111t ",i t,bout allY Ot,hl'], I1l ell11 R tor suppor t: mlly C(1 I'1',\' 
on despC'l'11tc s tl'llggl('R for t,h.e ]l1'C'scl' '''1[,iul\ o[ l,heil' film t 'l'C ati IlI'C~; l hC' ~tl'l l gg l t, 
dCSt'l'l'CS evl'l'y pra i<;e , hId, it,,; 1'('s lIltg nl'e eX LI'CUl (' I.\' ul1 f'(,l't.n in, I l is l'l'grct.lablr 
tha t, in m uny cUlll1LriC's, t,hl' filllt is 1'<'1;<11'<1 ('([ os ('Xl'lll in'I,Y It jl ri\'!l t r' ('0111 -

m C' l'cin l bus inl'tiS, and llOt HR a (,lllLlI l-.ll nR~(' t, il1 th e' 1'1' 'sC' I'I' ;ltion o r \\'h ic'h 
tho public il1tl'l'es t should h:l\'O priori Ly, ]n l:o llnll'irs whrl' film produ ction 
is organised b,Y Mw sLnLc, film presc'l'I ation is wI' lI 11I'O\'ided for, iJut e[se ll h('r(' 
onc of thc fir,-;t tasks of film an,hives is to cOlllhat, p uhlic indin'c'l'cll('I ', t o m okc 
cleHr th(' ncces~ity of a t ute suhs idy and to u('lIl11n<l it. 

The triu mpha l rise of t,elev is ion dol', not <:Jwnge thl',' [acts in the lenst, 
Ma ny 0[' [,hc lnrger film arehi\'eR h :we alrl'hu,v begull, in adtlit,ion 1,0 ('olluding 
and pJ'l'~" r \'illg film productions, to do t,he same 1'0), televisioll produ t' tion,' , 
Outside the eO ll1l11Cl'cial sp here, t;hcre is 110 oPJlosit,ioll of in!.Cl'f', ts hct.wecn 
film and teleyisioll. Tlte best \\'o1'ks in uoth IUl ,(' t,hr sallle k inrl o f cltl t nral 
I'a luo, the PI'cscl'\'at,ion of wh ich is in the naliOlHlI in Lert', t, TeIl' \' ision, wit,h 
it,s Il l'\\' trchniq llcs, h as cilllply made Ole tnsk of J;11I1 a['('hiV'es 1110l'C rx t.c nsil'l' 
and complient,cd, 

Film archives 1l1a~7 collect not only fi lms, but also all l,illd ~ of object,s 
r elated to films, s ll ch as dO('lIl1lt'nts, dcsig ns , ap]lal'llt'IlS, etc, This H cpor!., 
ho\\'("'cr, will dral only \\ ith the ]ll'obk'ms or sto],illg , Jll'c~ch'iJ1g ntHl 1'('nOl'lIt ing 
cillclllntograph films, sincc thcse conslit,ui.!- (,Jl\' lllo~ I, illlportun t, ulld mos t 
difficult task of any film al'chi\-e, 
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1. OPTICAL 
CINE~I.IA TOGRp)lPH 

FILM AND ITS 
PROPER1-'XES 

J.l The- ",ntNinl \\ it,h \dli..!l wc are hrrn cOl1cerned is d(welopccl Cillcll1;l,Logmph STRUCTOHl-; 
fillll, ll1 :t ill ly or :l,"imm or I (illlll1 ;;:1l1ge. F, um (·Ill: lie-ginning of" film procillc(.i<)n, 0 F 
t.hi . h"s ('''l l'<i ~t{, ti L>f Llw ~UI1lC dell l!' ll t; : " tt a Il ~pan'llh IJllsC or :;u[>port allti Cl);J~"1. TO. 
OI1l: 01' IlIore ('(JelLillg:; whidl arc marle to adhere to it ]JY lIl Cnllf; of n,n allhe:;i\'c GH.Al'lI 
sl/ ],slrallllll. :-:iolllt"till1c'; tue olllRiLll' of the ba~r; is {;Q \'crctl by a thin laycr FILi\I 
(If \'ami,h, to prcH'IIL l.hc fdm fronl curling. 

J.1I 'rh., fitn l iJa~c (01 ' slIpporL cOllsis t..') chiefly of llitro·ccllll]os(~ (lIi t-ra te film) or of Pilm JJa .se 
aect.\" l.(;l'llu losr: (acdaw, or f;afd.v fil m) . The two bascs look cx[teLly a liJ;.e, 
h:1\'e s imilar optica l CjllltliLies, and cq ual elllsLieiLy and t01lghJlcss. Becansc of 
thl'ir dilrl'n'nL eliclllical properties, hO\\'c\'c r, t hey d iner ill Lll ci r lengLh of life, 
th l·ir infiallll1lniJi li Ly and the influcnce they can exercise on their sUlToundings. 

1.1 2 'rh(' ('IIlI1I"ion fnr Llle opLi,,:" recording of both picture and sowld is in principle Emulsion 
the ~"IlH' for a ll black·and·\\·hite film, boLh po it·iITe and negativc. It COJlsisLs 
of n ~lI s pellsion of .·ilvel.' Ralt.s in gelatin. For colom film s, thc em ulsion is also 
cOlnp0i;ed of gclatin and . il \"(~ r sa ILs, buL ch mieal cololll'-forming substam'cs 
arc adder!. Hlack·anrl·whil-c lill11:; neYcr h,n-e more than onc cmulsion layer. 
(;o]ou l" filmR may hayc either one ((1S in Technicolol') or more tbau one: fOl: 
example, thero wus a process, now obsolete, which had it In,yer un eac·1t side 
of the hase; sueh pro("esses as l\ gfucolor and EasLmancolol' employ three 
layer:; on one ide of the base (onc for· uyall, one for mngent,a and onc ' for 
yellow). This lIleans that, for the prcs(,ITu tion of the cmnlsion, all makes of 
black-and·wh ite film in normal lIse rcqll il'c the same storage coudil,iollS, 
and that in the case of colon1" fi lms it is only the colour elements which may 
rcquir' ol her condiLions. 

Adhcsi?;c 
/:JubslratwJ1. 

1.14, The I"<wnish layer consists of a solut·ioll of 1% 11itro· or acetyl.cellulose, Varnish La!Jer 
according to t he base. 

1.2 VnLill!)50, nitrate l)ase was used almbsL ex 'lusiYc1y for 35 III III cinematogr..Lph NITRATe 
Ji lm (boLlI Lb rk·a nd-wlli!.e and colum). Other widths (1 6nn11 ulld 70mm ) BASE 
and magnetic films wcre made on acd ;1le Lase. To·clay, a ll cincmatograJ.lh 
fi lm is made 011 acetate Lasc (safe!;), base) . 

1.21 In Lhe Illnn u bdure of nitraLe uatic, a. Ct:llulose esLer is Lreakd with nitric acid to Composilion 
prod lI(:C ("cll 1I 10 e nitrat'e , Orga nic plasticiscrs arc Ilddcd to eliminate brittleness. 
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Pro'pel'ties 

Disintegration 
of Nitraie Film 

The base made in this way has good opLir'nl and physical p1'opel'l.il';I, but also 
two most UllllcsiralJl chumctcl'istics \l'hil'11 pltl,\' I\dcei. il'opart, in th Lcclmiqlle 

of iLs sLorage : 
(i) These nitl'ogen (,olUpounr1~ arc vc!'y unsLahl , Wi th Lilo pnssogo of 

time the nitrate groups dissocin tn, and even uudc!' t.ho 1lI(J~L fa vounh lc 
conditions ni Ll'tll e film tleco1ll poscs. 

(ii) Like all sub:;t.ttucc·5 of Lhis group, whidl ar clo."ly t'c\:lled t,o the 
cxplosiye nil.ro,celllllose (gll ll,cotton), Lho ltiLml' ha~e if! highly 
iuriu.Jl1lllaule. lL ig niLcs ,' eJ'~' ea:;ily (in l,hc case 01 Jl w uitra l film 
at about ):30°C, :lGGoF), find bl1l'l1 ~ "cry Cjuickly, ine1 ecl (ill I 111'gl' 

fju '\11titics) cxplosiv Iy: 20 tons If fil111, C]l1ivnlcnl, lo 8000 1'('(' I ~ of 
1000 fect eacb, can burn 011t. \I' it,hin Lhl'{'o minllLrx. 

'ilntl film 11l:gi118 tr) d "Oi1lpO~C fm11\ t,ll(' nHil1\cnl, il,~ pl'orln f' t,iol1 i~ t'ol1lpl<'Locl. 
Tllj,; rli;;i.utrgratiulI is slo\\', but no H1N I11S has ~' I Iwen fOlltHI 0(' eht'I'king it. 
II I 1,110 COlIl'"e of LlueomjJo~itioJl, the film rclcuscs gases. principally c'()J\1POlllltlS 
of nitrogen Rncl oxygcn, of which nitrogen pC'J'uxid" (X02) is p,~rLi(\Illnrly 
harm ful. In comhination with the moisture ('ont.ent of l.h . gehtt,in, il. fot'ms 
11; I"I)ll5 I\eid (1 L\"{) 2) or nitric acid (1ll,\03)' Thes acids blendl Lhe silvel' im age 
'.'1 I,hc cl1\\lJsilln and (\ccd'JraLIl ti t-: decomposition of the bfise to Lhe point of 
e0111plot.e de>:iLruetion. The nitmte gases will have tho same drsl,l'Ilct,ive o[1ecL 
on a U films stored ill th" sa 111e room, wlmLeycr tltC' ir ng , whelher they ftrO 

ni trate or art-tate. 
In good . tomge conditions, this d co!nposiLion procret1s ,'or.I' Hlo",l,\" find 

m ,ty take IHany years. For n, long time the fil111 shows no {lx[.c' l'lla l S igll~ of 
tl lsin tiegration. Only in t.he final sLagl's, \·:hieh may Inst no more t.ha n a fow 
J11onl,hs beforc 1.110 final tlcstl'llc Li n of the film, docs Lhe decompo. it,ion of 
ni l I. te fillll n~ibly manifest itself in the following ~l'q l1 l' IW' of physical 
eh [1ngf:~: 

(i) the silYer image undcrgoes R brownish discolomwon and fudin g. 
(ii) the emulsion becomes sticky. 

(ill) there is R partin,l ""ftening of the rccl of mm (formation of "hOl\ll ''' ), 
the appearance of blisters, and a pungenl, smell. 

(iv ) the ent,ire film congeals int,o one solid mass. 
(v) the film base disintegrates into fi brownish powcl(·r gn'J11g on' Rn 

acrid odol11:, In this last stage the film hns R Yt'l",I' low ignition Lem, 
pel'atlll'e and is highly explosi,e. 

I n the first aml. second ofthese shge,;, the film can still Le sa.vcd by ilUlilediate 
treatment (sce 7) and h.\' copying; in the tllil'u st,age it may be possible to s:\Ye 
it, part.ially; when it reaches the fourt h and fift.h ~tages, ho\\() ,'er, it is il'l' ' 

t ri('Yably lost and must bo destroy cl at once. 
It is of t he greatest importance that the stage of disint-cgrntion of nil,raLe 

film can fortunately be determined by a ch mical teHt, the mm sL(~hjlit.r 
test (see G.J4), bdore any observable phy::;ical changes become apparcnt. 

Giyen thc:c circumstances, what is tht life {'xp 'ckmcy of a n exposed lIiLmte 
film? This can not, be indicatod in precise tcrPIS beClllls it depend. on IL nU1l1urr 
of factors, notably: 

the pltrity of the materials used in t he producLion of the l'aw £Hm; 
the c;\re taken in lll'ocessing, and in pn,rticnlu.r tllo Lborougbness wiLh 

wh ic,1t the dc velol)cd andfh('d film is wa5hed and rinsed; 
the cunditions in which the m,ll was :t.ored before iL came into the po 'sess­

ion of the al'cbive; 
tbe conditions of storage in the archive itself. 

G 
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,Vc know that some films which were made in the earliest days of the cinema, 
and which are now o\"er 60 years old, have ucen preserved and are still in 
qllite good condition. On the other hand, we also know of films which have 
been kcpt under bad conditions and have completely deeomposed with.in 
ten ycars of manufacture. All that we can say for certain is that the great 
mu.jority of nitrate films now bcing stored in archives have already reached 
a dangerous age and should therefore be treated with the greatest caution. 

Whcn (\. film is stored in conditiom! which are too dry, the plasticisers and the 
moillturl' in the emulsion evaporat-e. The film shrinks, and the distance between 
the perforations changes, leading to possib le damage of the perforations during 
projection or copying. Shrinkage may become so marked that the film can 
no longer be projected or copied on normal apparatus. U ltimately, it will 
become brittle and useless. At a relatively eady stage, humidifying in a 
filmostat (see 7.35) may help, but any recovery of flexibility will last only 
for a short time. It is impossible to reverse the shrinkage. 

As already mentioned, nitrate film i'5 extremely inflammable. New raw stock 
has an ignition temperature of about 130° C (266° F ). As dis~inteirntion 
proceeds, the ignition temperature of the fi lm fa. lls, and event ually it may 
spontaneously ignite at relatively low temperatures. It then burns very 
quickly (20 tons of film in three minutes), when temperat ures of 1700° C 
(3060° F) may be reached. There is no known mea.ns of extinguishing the fire 
of burning nitrate film. As it produces its own oxygen, it will continue burning 
under water or under carbonic acid snow. . 

Shrinka~/e 

I nflammability 

"1 ~I 
,I 

La.boratory tests carried out in the U.S.A. in 1940 have established that 
nitrate film may ignite spontaneously at temperatures 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 conceivable 
tbat nitrate film in the final stage of disintegration may spontaneollsly ignite 
at even lower temperatures. The same tests also established that new nitrate 
fum is not inclined to spontaneous combustion at such low temperatures; 
tbelefore, not only does ageing rcsult in increasing disintegration, but also 
in a growing inclination to spontaneolls combustion. This could explain the 
severa l film archive fires which have occurred in recent years in countries 
with such (lifferent climates as Brazil, F rance a nd F inland. In these ca-ses 
,ery valuable, and sometimes irreplaceable, film has been destroyed. It would 
be disastrous to remain blind t-o t his danger, and not to ensure the best 
storage conditions, and duplication on safety film as soon as possible. 

.)-:' " • . .. ! 

1.23 Requirements 
far P.re8erving 
Nitrate Film 

1.231 The process of disintegration must be retarded. Since chemical reaction 
becomes slower as the temperature falls, the first requirement is to store 
nitrate films at the lowest possible temperatures. The mostsuitabre;tsmperature .... 
)sct~Ct~;).~350 F±3°). E ven in archives which have no air· conditioning 
inStu a lon, temperatures must be kept as low as possible. Reducing the 
storage temperature by 5° C has the effect of reducing by one·half the rp.to 
at which the nitrate base releases nitrate gases; this also means that the con­
centration of the nitric acids is retarded , which in turn slows down the 
disintegration process. 

lIumidity accelerates t he disintegration caused by nitrate gases. The greater 
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thc amount of moisture from which nitrous acids ('(\n bo pl'od uced , t he morc 
qu ickly disintegration procceds, On the ot her hand, too dry an at ll1 osplwt'O 
induces shrinkage ~tlld brittleness, as lI"e have seen (1.222). lm ms, therefore, 
have to be storcd in snch conditions of humidi t.v as to retunl the clisinwgl'lltioll 
process, while at the saUJe t imc pren'nting shrinkuge and l)l' i tt le lle~~ . T he 
extremcs fiH' each 1~u.ircJll (' nt do nqt lic fill' frol1l ('nch ot,hcr; t hc mOtit. 
fa vomablc rclatil'eCi mi9!tr i~\'cen-4i) and GO l;c;:-ce~ l t:'> 

In Oi'd ('~' t,o rcdu '0 tht' harmful e tfcrt~ of thc mall n mou n t~ of nit,m te ga -(',; I,:!:l::! 
which will bc relt'a ed cn'll at low telllpcmtlll'c , it i ' neccs 'ul'Y to pro' "ide 
good Yenti llltion , It folloll's frolll t his that nit,ratc film s must Il ' l'l'l' bc stor d 
ill airLight cans. 

Kitmtc film 11IUSt be stored ill such a way thnt evel'y dange r to itself and i t~ I ,:?;:I:~ 
sUl'l'oulldings is climinated as far as possible. r n most countrio thcre Il l' statu-
tory regulations go,cl'lling the stomge of film which ftlm Ilrchil'ps mll 'it in 
their own intercst ob, e!-ve most punctiliously. On no account shou ld oiLrut 
films be storcd in building' where living or working quartet" li re itoll,>cd, 
};xcessi,"e 1l1ll0unts of fi lm sholllil not hc present in la boratorics a nd cXllmina -
t ion rooll1s. Sufficient emorgency cxits must be vroviucd, as wcll n fire 
fight ing applianccs (hand fOllm o,xtingui5hers a nd .fireproof COYCl's ), 

\Vhen outll'ard signs of disintegration become visiblc, or when th film 1.:?:34 
stability test reveals all advanced stage of disintegration, the nitrate film, if 
its con tent is to be preserved, must he duplicated on to acetate film as soon 
as possible. After duplication, the disintegrating nitmte original IllUSt be 
dcstroyed. There is no alternutive course, since the best stomge conditions 
can only retard disintegmtion, not stop or revcrse it. 

When it is not possible to duplicate Lhe fi lm illlmcdill tcl.\", it lIIust be 
scpal'llted fl'om the rcst of the films being stol'ed, in order to a,'oid cnda ng ring 
them. 

If a n archi\"e is unuble to h<\\'e the film copied for financial or other l'easons, 
and believes that no other copy, 01' no copy as complete or as good tec;hnica lly , 
exists clsewherc, it should ask other archivcs (members of FltU!' may do so 
by way of the Secretariat of FIAF) if they are willing and able to duplica te ' ',',~ , 
the film, There is li ttle question t hat there \Iill always be an archive roady to 
do this. Presumably the duplicating would llal'c to be done in the country 
where it hus been stored, since it would bc il'responsible to clltru, t !t film in 
such !\o state of dicintegration to a public transport service, and IlllY other 
mcans of transport over long distanr:es would be extremely expensi\"e . 

. -\CETATE 1.3 
BASE 

Composition Acetate base has a. composition different from that of nitrate ba,~e, and there- 1.31 
fore different chemical properties. Its ra.w mllterial is also cellulo e, but it is 
esterified not with nitric acid, but with acetic acid, so as to form cellul05e 
acetate (also called acetyl cellulose), To this, too, plasticisers have to be added, 

During the development of safety film, stocks were manufactured ,\ith 
bases of ucetate"butyrate and acetate"propionate. To,day most safety film 
is produced with a buse of tri-Ilcetate. All these films have practicnlly the 
same properties as far as permanent storo.ge is concerned, so that for archive 
practice \\'c can regard all films 011 acetate bllse as 11 unit. For archive purpotiCs 
it is important to note that practically all 16mm films, all 70mm films, all 
magnetic films and tapes, and since 1D50 nearly all 35mm films, hll,e been 
manufactured on aeetute base. 
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1.32 AuctuLc film is rclatil·cly young, and rescareh on it is still at ~Hl experimental Prvr/1rti£-3 
stage. There is much t ha t cannot be said about it for certain, but there is no 
doulJt Lha(, t hl' phy"icll l a nd biological properties of aceta te base are as good 

1.322 

as thosc of ni trate basc, and that it has, moreuver, o WO great advantages : 

(i) Aceti u acid compounds a re much more stable than nitrat-e compoll.nili. 
A separation of acetic acid t akes place, sim ilar to the breakdo\yn of 
cellulose nit·rate, but it proceeds very 1'lowly, and decomposi tion 
phenomena proper have not yet been observed. ]i'or purposes of 
archil-e sLorage, therefore, acetate film has a far longer life t han nit rare 
film. Tests carried out in the USA on the same principles as the 
research into paper (artificial ageing by heating. in an oven) ha. e 
confirmed that aceta te fil m is far more stable than nitrate film, and 
that in good storage conditions it may be expected to have a life­
SP'''" of 200-300 yea rs. Also, i t does not exert a harmful influenee on 
other fil IUS in its vicini ty. 

(il) Acetate film is no more }nfiammable th~n 'paper. It is.E..ot s!l~ceptible 
to sponta neous combustion, and only igni tes with di fficulty _ In 
small quantit ies it does not burn at all , but simply smo lLlders. 

1.323 For purposes of perma nent storage it is important to know that, " hen 
acetate film is stored in conditions which are too dry, its plasticiser escapes 
under the influence of atmospheric oxygen, so that in due course the film 
shrinks and becomes brittlc. When humidity. is too great , t he plasticiser 
cl'ysta lli cs out. 

1.324 The chemical influence of acid gases in t he air, especially those prod l1eed by 
the disintegration of nitrate film, is inj urious to the preser vatiou of acetate 
fil!u. 

1.33 Re,qu irement.3 
for Pres'!;~';rig .. 

1.33 1 Since acetate film carries no fire risk and is not dangerous to its Sl1lTOtllldings, 
it is not , lecessary to take greater fu'e precautions ill respect of it than are usual 
in ordinary libra.ries. Th is, of course, influences the construction of the buildings 
in which it is to be stored. 

1.332 Since acetate base does not generate injurious gases and does not produc-e 
any symptoms of disintegration, it does not require to be cooled to the same 
degree as n itrate film, nor to be ventila ted in the sa me way. 

The emulsion, on t he other hand, is the same as that of nitrate film. and in 
order to avoid the formation of fungus (see 1.422), low storage temper-ature> 
are desirable, I n any case, the temperature and the moisture of the air (whic-h 
should not exceed 60 per cent . rebtive humidity) ought to be kept constant. 

1.333 Thc ch ief hazard to t he d urabili ty of aceta te film is that the plasticiser 
tends to escape from the base, so as to leave the film hard and brittle ~!:Ld no 
longer ca pable of being projected. It would seem that this danger can be averted 
Ly a il't.ight l;torage. In some archives, in fact, it is the practice to in..<ert 

acctate fi lms into a irtight plastic bags before placing them in their cans. This 
may introd uce another danger, however: water condensation on the film as a 
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result of a cha nge in temperature . . As is W (·1l knO\111, when L mpcmLlIl'e fuIls 
the 1U0istu l'fl in the ail' condenses in the forl1l of \\'a t,er, uml thi \1'iIl OCCur 
eyen inside a closed conta iner. If this \\'ol'e to happen to u film \\'i thout hcing 
irnmediaLdy noticed , and the fi lm subsequenLly beca l1le dry uga in, t h r('su lt 
would most probably be irreparable da mage. 

Therefol'(" films should only ue stored in airtight conta iners whon: 
(a) thcy ca n be kept and slo\\'ly rO\I'ouml for sC\'cml hours befol'l' pa -king 

in a room \\'hich has t hc Sll, l11e tenlperature und rcbti\'c hum idity n 
yhe storc in \\'hic: h they ure to be placed. 

(b) 00nstant tempera t m e ll,nd rela tive humiJi t,\' ca n h gual'lln tl'ul I 
\\i t run the store, and also \\'hile the films are being conveyed to tho 
store. They should be mO\'ed as little ns po 'siblc, althollgh of eour~o 
they must be subject('d to periodicnl exa mination. 

This method of storing is only ndyisable for materia l \\'hich is to bc sLorOl l 
permanently with the gual'!lntee tha t atmospheric cha nges can bc ,woidC'd, 

_-\5 tho nitrat.c gases \\'hit h are mleased dlll'ing t he decomposiLion of nitmte 1,334 
film have a llIost destru cr,i\-e effcct on accLate fillll, one of thc first rcqllirCI11('nts 
for the prcser,ation of ac'eta te film is tha.t it shall be st-orcd qui te 'cpal'l\ te ly 
from nitrate film. 

E;\IULSIOX Cinematograph film and magnctic tape have (for thc pUTpOseS wc arc consiller- lA 
LAYER, FOR ing here) no value in themseh-es; they are simply a means for the retent,ion 
RECORDlliG and reproduction of pictures and sounds. Therefore, the layer on which pictu re 

PICTURE and sound are recorded is the most important of the sel'eml of \\'hich t ilc film 
AlI."D SOU]\"J) consists. It is only beea.use the physical properties of this emulsion layer, and 

especially its extremc fra gility, arc not equnl to the stresses impos 'd on it in 
passing through the appara t us used in recording, processing nnd reproduction, 
that the other layers of the film, and pal·ticulurIy the base, afe indidpenstlble. 

'Ve can distinguish t\m kinds of recording layer: 
(i) light·sensitive la~'ers, for pictlU'cS in black -and-whi te anti in colou r, 

and for optically-recorded sound. 
(u) magnetic la.yer on cinematograph film for magnctic sound. 

COllstruction The light-sensitive emulsion of blaek-a.nd-white film consists of sikcr bromide LH 
of the or silver chloride crystals, very finely divided and SIl pcndcd in g Latin. 

LigM-Sensitive Colonr film has, in principle, a similar emulsion, to whieh chemical colour­
Layer forming substances haye bcen added. 

Gelatin and Gelatin is an organic product (animal albumen, made by boiling bones and 1,42 
its Properties hide-offal in diluted acids). Tests have sho\\'n that given good storage conditions 

which are not too moist, it is almost as durable as the base. 

Gelatin, howevcr, very readil ,\' absorbs moisturc, and then sll'ells and be- 1,421 
comes sticky. This very dangerous development, which can lead to the com-
plete destruction of the image, is assisted by warmth. 

Furthermore, gelntill is an almost ideal nutrient for fungus. Fungus spores 1,422 
are always in the air and when they encounter fnvO\ll'l\ble growing contlitiOlls 
(moisture and warmth) they develop rapidly. The fungus which appears on 
cmulsion and base nearly always looks like white, greenish or grcy fur. The 
fungus penetratcs into the layC'r, and ifit is not stopped, the image is 'oosumed , 
colours arc changed, and finally the emulsion is cOl11plet.cly destroyed. 
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1.43 

This damage can only be o.voided if the humidity in Lhe mm store is eOI\­
sLa,nLly controlled (the relative humiclity should not exceed 60%) a nd if 
temperatures 01'0 constantly kept a t a low le\'e1. It tnllst be pointed out, 
however, t ha t there is n limit below whioh humid ity shouldllot be reduced. 
Films which arc stored in too dry conditions shrillk considernbly and become 
bri t tle (sce 1.222) . As a result, t hey cnn no longer be projected or copied and 
have Lherefore IOi;t their value. E xcept at extremely low t empera.tures (less 
thnn _ 5cC, 23°F), fil ms can only be stored without damage for extensive 
peJ'iod~ nt a. relnt,ive 11ll ll1 illi ty of 50- 60% . 

1.431 The photographic bhtck·and·white iUHtgc in the tlew loped emulsion consists 
of fin Iy divided blackened metallic sih' cr. If carefully treated it is VCloy durable 
but it has to be protected ag,linst chemical inft.uences. 

I A 32 1'he firs t requirement for its pn 'servat ion is a t horough fixi ng and washing 
a,fter the development of the film. If the chemir;als used in development are 
a llowed to remain in the film, they continue to act after it has been dried nnd 
cause 'pottines:s, discoloumtion and blNtching of the image. 

lA33 Furthermore, the products of disintegration of the nitrate base are as 
dangerolls to the silver image as t hey are to the complete film (see 1.221). 
The nitric acids which form d llring the progress of disintegration bleach the 
silver image, decompose the gelatin, and finally attack the base, regardless 
of whether it is a nitratE; film, or nn acetate film stored in the same room. 

1.434 In the same way, acid gases and other pollutions in the air (for exa mple, 
sulphurated hydrogen and sulphur dioxide), which are freely produced in 
la rge quantities by the burning of coal, particularly in industrial areas and big 
cities, can have a very detrimental iufluence and over a period of time they 
can a mount to a serious danger to the preservation of film. 

1.435 Of course, t he growth of fungus on the gela tin (see 1.422) does not leave the 
silver image unaffected; parts of t he image shift, distort ions occur, and finnlly 
t he layer disappenrs. 

'1.44 

1.441 The photographic coloured image which is produced by the colour-forming 
substances d uring the process of development, is considerably less durable­
than the black-and· white image. Its preservation can be extended only with 
great difficulty . In the long run the whole image \\;ll eventually bleach, 
a lt hough usually the colours do not fade simultaneously , but one after nnother. 
However, it is sufficient for only one colour to disa ppear for the fllm to lose 
its original value. 

1.-t42 The colours fade most ru pillly when the tempera ture and moisture of the 
air a re too high. The producers of raw film do not seem to be in agreement 
('oncern.ing t he storage pl'opertiC'!j of colom fi lms. Agfa.'Volfen maintains that 
t he standards of temperature and humidity required for permanent storage 
of the base are adequate. 
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Eastman·K oclak rccommends for thc storage of Eastman·Color and Koda- 1.4-~:.l 
chroUle films a tcmpcmture of - lSoC (O°F) and a r lath-c humidity of 15-23%. 
It is, of coursc, very e:-.:pensi,e to maintain snch low temperatures for perma-
nent storngc_ l\[ol·eO\-er. films which are stored in this way have to be warmed 
very slowly and carcflllly befOl'e they can be rewound and projccted at normal 
t.emperatures. Koc1ak states that 60 hours am needed to warm a 35JUlU 
full-length fcatlll'e film copy from - l SoC (O°F) to :woC (OSOF). This is al50 
necessary to a,oid any condensat.ion of water. 

Light can also be a destl'ueti\'e influence on the colour imagc. However, as 1A4-! 
films in permanent storage IHC a lways enclosed in cans in a dark YMllt, this 
danger is not great. 

Acid gases in the air have the SlI lllC damaging effccts on the colourcd image 
as on the blll.cl;:-and-white imagc. 

There is only ono quite certain method of pl'e5erdng colollr film s: n:tlllcly lA.!,) 
to make of each of the three basic colour images u cd in the film (yellow, 
magenta and cyan) a black-and-white separation print, a.nd to store these 
three prints in the same way as normal blaek-and-white acetate film. From 
these sepru:atiolls a negative in the original coloms call be mado at any t ime. 
This method is not cheap, bll t it is safer and cheaper than trying to st·ore 
films in their original colonrs. 

The cheapest way to save a colonr film from cOlllplete destruction is to make 1.4-16 
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 tho csscntial 
characteristics of tho film, the colour. 

SOllnd Tracl's ).4.3 
The optical sound track of cinematograph film is recorded on the same light. 1.451 
sensitive layer as the picture. Thereforc everything which has becn said about 
the photographic emulsion and thc base also applies to the sound track. 

For cinematogmph films with a magnetic sound track, the same rules as 1.45:2 
for emulsion and base, together "with the rules for magnetic sound-recording 
(see 2.4), have to be followed. 

R eqllil'el fl ents 1.46 
for Presen 'ing 
L iylit -Sensitive 

Layer 
For the presen -I\tion of the emulsion, black-and-white film ShOllld be storcd 1..161 
at not too high a tcmperatllre and "ith constant control of the humidity. 
The relative humidity should be between 50% and 60% . 

Destructive chemical influences (the disintegration products of nitrate film, 1.46~ 
pollution of tho air) should be warded oft· by adequate ventilation and by 

-filtrat ion of the ail'. 

Film copies in colour should not be permanently storcd, beoause of the ) .463 
difficulties of preserving the original colours. Instead, separations on black· 
and-white film should be made and preser,ed. 
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2. MAGNETIC FIL~I 
AND 

MAGNETIC TAPE 

2.1 In ndl1ition to cinemn,togntph films 'with a light-sensitiv~ l!:Lyer, 'we may CO:SIPOSITIO~ 
ltJSO bave to store film . .;; and tape for the magnetic recording and 

2.2 

reproduction of sounrl and image, which ::l.l'O u>;ecl espccially in teleyision. 
The grcat development of television throughout tho wOl'lll has a lready 
obliged many film archives to lmdortako the preserv,ttion of television 
prograrrul1es of exceptional quality, and this makes it necessary for us 
to consilier the problems to which thi" gives rise. 

In pl'inciple, the constitution of magnetic materirLls fo[, the recording 
of SOlUlcis and pictm'es is similar to that of cinematogmph film: either 
a base of cellulose acetate (as used for safety-film) coated with a layer 
of lacquer in which very finely divided iron oxide powder is sllspenderl, 
or a synthetic base (mostly Polyvinylchloride) with the magnetic 
plu·ticlos suspended in the body of the material. 

The follo~.jng kinds of magn'3tio re.-:orcling material are to be 
distinguished: 

Optical picture film, with magnetic sound-track (CO::\ThL'-\.G)-
36mm and IGmm. 

Magnetic sound-recording film (SEPMAG)-35mm, 17·5mm and 
IGmm. 

Magnetic sound tape-6·25rrun. 
l\Iagnetic pictnre tape (Vidootape)-50mm and 25mm. 

KINTIS OF 
)L'-\.GNETIC 
RECORDING 
)L'-\.TERlAL 

2.21 This is normally perforated cinematograph film on acetate base, 35mm, Optical Picture 
or IGmm wide, carrying one or more maguetic sound-tracks. The Film, with 
ma.gnetio track is put on in the processing laboratory along the length .. lIagnetic 
of the film (as far as one track is concerned), in a. position corresponding Sound-track 
to that of the somld-traok on an optical film, but on the celluloid 
surface, not on the emulsion surface. 

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

2.22 This consists of a perforated base of cellulose acetate, 35mm, 17·5mm Jlagnetic 
or IGmm in wleIth having no light-senRitive layer, but coated with a Film for 
cellulose lacquer canying very finely-divided magnetic oxide. Tbe Sound-
reoording is registered lengthwise along the tape. Rec01'ding 

2.23 Magnetic sOlmd tape, 6·25rrun in width, is a non-perforated tape, ,Magnetic 
manufaotured from Polyvinylchloride, in the body of which fillcly- Tape 
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divided magnetic oxide is suspended. It records sound lengthwise along 
the tape. 

lvIagnelic Magnetic picture tape, 25mm 01' 50mm wide (Videotape), is a uon- 2.24 
Picture-Tape perIorated tape made of Polyviuylchlorido coated with a lacquer ill 

which the iron-oxide powder is sllspended. The magQ.etic tracks run 
transversely across the width of the film, and in this way a magnetic 
track 40 metres in length can be r ecorcled on 39 cm of t ape. On the upper 
edge a magnetic sound-track runs and recol'ds lengthwise. At present, 
tape of this kind is used only in television. 

PROPERTIES 2.3 
OF l\IAGNETIC 

RECORDING 
J'.lATERIALS 

The base of magnetic mms, being the same as that o[ safety-film 2.31 
(celluose acetate), is subject to the same standards, as set out in 1.3 
above. 

The base of magnetic tape consists of Polyvinylchloride, and is not 
transparent, because it is never used for optical recording and projection. 
Its physical and chemical properties make it 0. very suitable material 
for permanent, storage. 

Magnetic material has the gl'eat advantage that recordings can be 2.32 
reproduced from the same 'tape, directly after the initial recording, 
without the time-wasting complications of developing, fbdng, washing, 
drying and printing necessB.ry for cinematograph film. 

These and other a"clvantages, including excellence of reproduction, are 2.33 
offset, however, by some adverse characteristics which have an 
important bearing on preservation. 

As all magnetic recordings are magnetised 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 fOlmd 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, ha£ expressed the opinion that magnetic tape 
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 disturbance 
to the recording, and deformation of the image and sound, and repeated 
reproductions may quickly render the image quit~ useless. It wonld be 
absurd to keep tapes simply for the sake of storing them. 

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

Also the so-called copying effect (known also as " ghosting ", "print- 2.34 
through" or "seepage ") causes difficulties. This is the effect which 
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each Inyer or tmn in a roll of magnetic tap9 exerts on the layers adjacent 
to it, so that its recording is copied fa intly 011 to them. The high 
frequencies. which magnetically extend wider than the lower ones, are 
particularly subject to this effect and can cause dis tW'bing distortions 
Although one hears it said that this effect occurred only when magnetic 
reconting was at the beginning of its development, it is as well to be 
warned of it. 'Yhat is certain is that high temperatures (over 18°C, 
6,1,° F) favoll1' the occurrence of this copying effect. 

2.41 For the base of magnctic films and tapes the same requirements are 
applicable as have a lready been mentioned iu 1.331 and 1.332 for the 
acetate base. The material presents a low fire hazard and is not liable 
to disintegration. A P,'C base is chemically even more stable than an 
acetate one. As developing, fixing and washing are not required for 
magnetic recordings, there are no difftculties arising from the residues 
of harmful chemicals. 

2.42 The greatest problem in the archive preservation of magnetic recordings 
is that they cannot be fixed . So far no way has been found of keeping 
the iron oxide particles irreversibly in the state in which the process of 
magnetising has fl.nanged them, the only way which guarantees the 
COITect repr~duction 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 pattel11 in which the magnetic particles have arranged 
themselves during recording. 

2.421 The danger of demagnetising is present wherever electrical apparatus 
with direct CUITent motors is used. Stores in which magnetic films and 
tapes (or cinematograph films with magnetic sound tracks) are kept 
should not ha-ve lilis or hoists driven by direct current. Tapes should 
not be transported by electric cars or tramcars. Vacuum cleaners and 
dehumidifiers are both SOlU'ces of danger. 

2.422 In storing magnetic films and tapes, wooden racks should be used and 
not steel ones, since the latter can conduct magnetic impulses. T~pes 
and films should be stored in steel cans to protect them from the 
influence of external magnetic fields. 

2.423 The Committee of t echnical 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 50mm magnetic tape, stated that the 
permanent preservation of such tapes without loss of quality could 
only be absolutely guaranteed if they were not played. It was therefore 
suggested that archives might consider keeping two tapes, one for 
reproduction and one to be kept exclusively for the purpose of making 
a new tape for reproduction when the first one had become useless. 
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This, however, presents economic difficulties, since the l'oprodllct ion of 
Vicleotapes requires very complicated and expen sive appamtll ' a 11.\ [ 

qualified t.eclmieians. As the magnetic l ' cOl'ding of pictlu'es is only M, 
the boginning of its development, it, is p osi<ible that this eXJlonsivo 
apparatll:S might b come obsolet o \\'it hin a l'clo,t ively ::;hol't timC', und 
be of interest only to museums. It i:; !11f'0 po~ 'ibie tl lltt . llch ttJlJliU'1tU:; 
can b(leome ollt·or·date for ot h t' I' ':1:;oni<, for oxI1.I11]110 11,'; tIll' I'",o; u lt 
of intel'nationltl llg reement ooncel' lllllg th lllle fl'lJfl\l()IlC~- Cli the 
telev ision image. 

The English Commit tee th I'oful'o 'nme t o tll cortr,lw,ion that. t ho 
m ost pnLd iua.1 m ethocL of pru:;crving \\'ol'ks of art 0 1' hi:;to l'icai lloctllnonts 
recol'ded Oil Yideotape wai' to co py them in t Ile fOl'm of Illl IJpti'llI 
DIm negative on 35J111n acetat e filr.!. Thi · method It t):; Idl' il"~- be Il 

used for tL eonsidenLble time by broll(leu"r illg cnm]lltlli es f,)!' tllt' it, O\\~l 

1L1'chiyos. This m eans that film Hl'chive:> "Iw ultl not be cOllet' I'IU'11 so 
much \\-ith the preservation of magn eti c tape:;, as with tlul'licnting 
t h em Oll opt,ical fi lm. In cases whul'o Itn 111'(' hi"o i:; oblig cl t o Ilt' ('opt 
magnetic recording ' of piottu'e >tlll[ suund, it is highly aLl\' i.'I\hlt-1 t lmt, 
such J'eco l'lLin~;; should Hot . if p o,:;sib le, bo reI cased fOl' repl'o, lll<.:lion 
b efore an optictLi film neg: th'o hm; been made from tIICIIl. )[ngnotic 
SOLUlcl tapes for films supp lied with lIlngn tic sOt;lul should be storcll 
together \\ith the optical I icture n eglttive uncl, whenever llOl'('SSMY, 

combined projection copies call be made. 

In considoring the consequence of print-through (see 2.3-1- a bll\' ) we 2.-t24 
pointed out that the tendency towfl.l'(Ls print-thl'ough was grontor when 
the temperature of storage condit ions 'YllS high. Tho GO" c l'nment 
Broadcasting Committee of the Gennan D emocratio Ropublic rc-com­
mends a t emperature of GOC (42°F) as the moat favourable fol' tho 
storing of magnetic reoording -'. 
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3. 1 

3. SOME GENERAL 
CONCLUSIONS 

In storage, it is a1Jr;olutely necessary to separate nitrate film from 
aretate film, since the nitrate gases given off by nitl'ate films in the 
eOllrstJ of disintegrat ion can adversely n.ffect any acetate films stored 
with them. 

3.2/ Beca\l'o of its tendency to spontaneous combustion, and in order to 
slow down its chemical disintegrat ion, nitrate film should be stored at 
as Iowa temperature as possible, at a low relative humidity, and with 
good Yf'ntilation. The store ShOllld be divided into small fireproof 

\ compl11·tments. 

3.3 

3.4 

Acetate film need not be stored at such low temperatmes as nitrate 
film , blit, for the preservation of the emulsion, storage in l'elatively 
cool conditio]lS is desirable. Acetate film can be stored in large rooms, 
without greater fire precautions than are reqllu'ed for large libraries. 
KOI'mal yentilation is sufficient. 

Nitra tc film and acetate film react quite differently to air-tight storage. 
'''h£'11 nitrate film is hermeticaUy sealed, the nitrate gases which it 
con.'<t.antly produces have no means of escape. They combine with the 
natural moisture of the gelatin to form nitric aoids, which bleach the 
photographic lina.ge and accelerate the process of disintegI'ation, even 
in the best possible cllinatic conditions. This appreoiably shortens the 
dtlr<ltion nf life of the nitrate film. In no circumstances, therefore, should 
nitrate films be stored in a irtight conditions (e.g. sealed in plastic bags 
or n on-porous waxod paper, kept ill tins sealed with adhesive tape, 
etc.). On the contrary, the greatest care must always be taken to see 
that t,he ail' ill the callS and in the store is comltantly replaced. 

Acet.atc film does not release dangerotL'S gases, and ventilation is less 
critie~1.l. III fact, since the plasticisers; which al'e necessary to keep the 
film supple, tend to escape, acetate films may be hermetically sealed 
to presen -c the plasticisers, provided the storage temperature is kept 
constant to avoid conden.c;ation (see 1.333). 

SEP ARATll'\G 
NITRATE 
AND 
ACETATE 

STORAGE 
ATMOSPHERE 
FOR 
NITRATE 
FILl\! 

STORAGE 
ATl\lOSPHER . 
FOR 
ACETATE 
FILM 

VENTILATIO_ 

3.5 To attempt to preserve colour films in the form of coloured copies is PRESERVL,\G ~ 
not effective. To pl'eserve the colours, separatioILc; on black-and-white COLOuR 
acctnte film should be made whcnenu' possible. These can be preservecl FILMS 
in the same way as other acetate films. If an archive is obliged to store 
colollred copies, however, then low constant temperatures are desirable. 

17 

. ..... 



, , 
I 

I· 

' . i 

! 
I 
I 

i 
I 
I 

I , 

:i\L<\.GNETIC Magnetic films and tapes should be stored in t,he san1.e way as acetate 3,6 
FILMS films, taking particular care against loss or distortion of the non·fixable 

A1>.TD TAPES magnetic recordings. 

01l.TLY It follows from this SLUnmal'Y of conclusions that ill principle only two 3.7 
TWO TYPES types of store are needed: one for nitrate mm and the other for acotato 

OF STORE film. 
REQUIRED 

SOLUTIONS, In the sections which foll!')W', these fmdings will be applied to mm 3.S 
TE1YIPORARY archive practice, As much advice as possible will be given on how to 

AND achieve reasonable conditions with modest means, having regard to 
LASTING the fact that younger film archives, in particular, may not be able 

immediately to establish ideal conditions, which are necessarily rather 
expensive. l\'lost of them, however, can only be temporary solutions. 

When one considers on the one hand the vulnerability of the material 
we have to presen'e, and on the other its high value as a form of artistic 
and historical record, the best and mo::;t e~-pensive moasures of 
preservation are still in the long l'llll the cheapest. 

.1 
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4. STORAGE PROBLEMS 
AND 

CONDITIONS 

4.1 STORAGE 
PROBLEMS 

4.11 Although t he m ost favomable storage conditions for cinematograph Differences of 
films and magnetic t apes are determined by the properties of the Climate 
materials o[ which t hey are composed, and are t heI'efore the sam e for 
every p art of the world, the attainment of these condi-tions nattu'ally 
pl't'Sents difficulties which differ from archive to archive. 

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

Dry grOtUld, dry surroundings, natural 01' artificial shade and clear 
a ir 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 conclitions. 

4.12 The differences which exist between the material resotu'ces of film Economic 
archives result in a wide d.iversity of practice. It has already been LimitatiO'lUJ 
emphasised in our Introduction that to preserve the classics .of film art, ~, 
just as much as to preserve other cultura.l works, considerable fmancial 
expenditures are necessary, a fact unfortunately not yet recognised by 
all countries. Because of the specific properties of film materials, 
however, their permanent preservation demanclc; 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 fa.vourable conditions improvisation is possible for a short time, 
but the danger here is that it may be ca.uied 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. 

4.13 Archival Storag 
and Projection 
G01JY Storage 

4,131 The archival storage of ftlms is permanent storage, having as its sole A1'chival Stomy 
object the preservation of the film, To this everything else is subordinate. 
The film is stored under the best possible conditions, ancl is only brought 
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out of tho store and rowound at prorl torminod i1lton-,ds ill ordor to 
check its PJ'osol'vation condition, In principlo, negfl,tives 01' cluplicnLing 
prints should be preferred for this kind of storago, ltlthough used 
project,ion copies of fi lms no 10ngol' in commercial dif;trib ntion may havo 
to be accepted, pm'ticularly whero these are uniqlle copi ' or films 
existing in no other form, either in tho country concornod 01' in the 
world at large, It. would be irresponsible, howevol', not to dllpliclLto H 

film of this kind immedi'lt{lly, ,0 t,hat it no longel' oxi. ts in t,he form of 
a singlo copy only, Failing thi..:;, UlUClI lO eopio', ev n if they are positiv 
projeotioll prints, must be treatod 1\::; mai:iter copies, atu l b hancU cl 
with specia l care; thoy shoulrl Hot bo made avo.Uable for oxhibition. 

Storage of All fi lm. archives haye a dllty to make their trol tll'OS accessible to 4.132 
Projection thoso \\'ho \\'ish t o study t,hem by mn.king t,hom availablo fflr cducational 

Copies non-commercial v iewing. For this pllrpose copics should bo usod which 
fl,re designated as proj ctioll copie , amI which can bo reprinted, when 
they are 'worll out or dEl.ma-ged Ol' 10 t, from the original material ill tho 
possession of the archivo. Tho value of a copy used for exhibit,ion 
dimini hes with eyery projoction, Not only does it suff r mechallical 
damage (tearing of the perforations. scriLtches, etc.), but also, while 
it is held in the projection gato, tho film is e).-posocl for short periods to 
high temperatures and t,his, toget,hor 'with the warmth gcnemted by 
the slicling of the perforated margins over the metal gate l'UlUlel'S, 
contributes to the drying and brittleness of the film. In considering the 
storage of projection copies, it should be noted that, b CI111Se they are 
constantly exposed to tlus process of wear ancl toar, they novor becomo 
so old that Ageing problems have to be reckoned with. Storage is ther -
fore a simple and uncomplicated koeping of the film in or<linn.ry climatic 
conditions, without any intention of porml1nent pro. ervation. 

Sep(l'I~(ttion of 
A rchival Storage 

and P1'ojection 
Copy S torage 

It is urgently l'ecornmencled that projoction copies are kept q lli to separate of .1 3~ 
from film ml1teria l being stored for archival pm'pose', for the following 
reasons: 

(i) So that I1rchiYe copies cll-nnot in e1'1'or be u. 'od as projection 
copies, which wonld !'estut in. a loss of t heir cl'll11i ty. 

·(ii) Projection copies sre sllbjocted to consirlemblo diffe rence.~ in 
temperature and humirlity llming transport and showing. If 
such copies wore intermittontly stored for short periods in 
archive conditions these differences woulll be greatly 
intensifiod, because tho conditions of idcal archivo storage 
differ greatly from t ho climatic conditions of the outside 
world. Furthermore, SillCO storage compal'tments designed for 
permanent preservation al'e maintained at very low tom­
peratllres, many honl" would be requirod for warming or 
cooling the copies. ' iVhere projl;)ction copios have to be stored 
for long period,. of non-use, keeping under a rchive conditions 
is, of course, to he recommended, bnt alway.· separate from 
the archive copies. 

For these reasons it is recommended thl1t copies which are in constant 
movement should be kept instoreswithout any air conliitiolung. but which 
aro protected from excessivoly high tempol'ntures by suittLble insulation. 
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4.14 

4.141 Tit t otal loss of m any impor tant films in archive fires during the last 
docade m[~kes it n ee ssary t o con.,;ider how the collection of a film 
a rchive can b e safeguarded against all accidents . Adequa te precautions 
agn.inst fhe and t he provision of fire.extinguishing equipment are normal 
for any film archive, bu t in exceptional cases, particularly when nitrate 
film p rod uces sp ontan eous combustion, they can fail. The only guarantee 
agains t a total loss by fire is to store two copies of the same film (e.g. 
p osit ive and n egative) in different stores situated so far from each othel' 
tha t et fire in one of them emmot spread to the other. 

4.142 It is equally necessary tha t, in clesigning new acetate film stores, large 
compart,ments capable of holding hundreds of tons of film should be 
envisaged only if it is possible t o store a duplicate of each film in 
auother compar tment at a safe distance. Thel'e is no intrinsic objection 
to large storage compartments for safety film, similar to the stoch.-rooms 
of large libraries, even in multi.stomge buildings; but, unlike books, 
most of the oldel' films are s tored in the form of a single original master 
copy, in one country only and in one place. Even large libraries have 
made microfilm of their unique and irreplaceable holdings, which for 
safety reasons are kept in a different place from tha.t whel'e the books 
and m anuscripts are stored. 

4.143 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 earth walls if 
the distance between them is not great enough. In such cases blast 
v ents should not be in the roof but in the wall which faces away from 
the othe r storage compartment. 

4.144 The best guarantee is, of course, to store a film in different countries. 

4.2 

4.21 

This is what is already being done with the great classic films of inter­
national repute already in the archives of several countries. Unfortun­
ately, it is not yet being done with important doclUnentary material. 
Therefore positives and n egatives of films not known to be preserved 
in other countries should in all cases be stored so apart that in case 
of an outbreak of fire only one copy of the film is destroyed. 

A fun damental principle for all film storage sh-ouId be the separation 
of the nitrate stock from the acetate stock, and the stomge of colour 
copies, magnetic film and magnetic tape in the same stores, and under 
the same conditions, as acetate Him. 

Cinematograph films and magnetic filius arB all multilayer materials. 
'Vhen for the different layers of the ~a.:Jne film (i.e. the base and the 
emulsion) different conditions of temperatm'e and humidity are required, 
the correct standard 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 tompern.tme and humiclity, ventilation, and the sn.feguarcling of tho 
mm and its sUl'l'ouncl.ings agfl,inst accident. It is theso fo.ctol's whieh 
must determine the most suitable form of a film store. 

T emperature I II determining the correct tompOl'ature of a store, l'eganl must bo 4.22 
had to both its absolute level and it·s steadiness. Although the temper­
ature requirements of nitra te and acetate store.'> differ, it mus t in oaoh 
case be steady. Like all other materiaL". film expands as it g ts wn.rm n.ur l 
shrinks us i~ cools. eon~inun.1 expansion and shl'inko.ge of t ho d.iffol' nt 
layers of cinematograph film en,langer. its preservation lif . 

Nitrate Fil171 It has beeH olearly establlliheL1 above tha t nitmte fi lnl ' are b st 
stored at t he low temperatlll'es stated. R senrch experience ill several 
countries has indicated au optimlUll of 2°p ± 2°e (3Go:F ± 3°!<' ). 
Although n itrate film clisintcgrntes more slowly at a tomperatll1' 

! muoh lower than oDe, 32°F (e.g. - 18°C, 0°1<') t.he clifi'erenco is only 
, very small, and is out of a ll proportion to the gl'en.t expense, in. non­

arctic l'cgio11J., of mai:nh,ining a constunt temperature of - ISoe. 
Raising the t emperature from ooe to + ISoC (32°F to 64°F), on tho 
other haud, results in a quitl;l considerable o.cceleration of disintegration. 
Almost all o.rcllives store their nitrate films not at the~emperature 
st.ate.d . hore as ideal, but at. t emperatures betwee .- ~oe 600 l? and 
21°Q...(70.°.l]' )*) --

One of the most important objections to higher temperatUl'e . is thn.t 
the volume of nitrate gases given off by nitrate fibn almost doubles 
with each temperature rise of 5°C (O°F), 1;0 that the ri k of destruction 
by disintegration is correspondingly greate!'. 

The m ost favolU'able tempeI'ature for storillg nitrate film is 2°C 
±2°e (35°F ±3°F). 

4.22 1 

A cetate Film The basEI of acetate film, which does not havo the same temloncy to 4.222 
clisiRtegrate as nitrate base, could be stored without danger at steady 
higher temperatures, but, as the life of the emulsion is great ly dependent 
on temperature and humidity, lower temperatmes are adviso.ble. 

Magnetic films and m agnetic tapes cau be stored at the same 
temperatw'es as acetate film. For magnetic recorclings, however, thel'e 
is always a danger of the copying effect (see 2.34). Higher temperatures 
favour this effect, which is sufficient reo.son for lowering the temperatlll'e. 
Large archives protect thelllSelves against this by transferring their 
more important m agnetic recordings on to optical sound film, which 
is acetate film and can be stored accordingly. 

The maximum storage temperature foI' acetate film is 12°C ±2°e 
(54°F ±3°F). When stored together with magnetic films and magnetic 
tapes, the optimum temperature is 6°C (42°F). 

*The National Film Archive in London, while fully accepting those recommenda­
tions, has deliberately cbosen to keep its nitrate films at a constant temperature 
of approximately 13°C (55°.F) in O1'del' to save the cost of air conditioning (which 
at best could extend the life of its nitrate copies by only a limited period). and to 
concent rate its restricted resources instead on a systematic progrnmme of copying 
on to acetate. (Publisher's ?lote) 
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4.223 Colom HJms in the form of coloured copies req uire to be stored differently Colour Pill/,s 

acconting to tho p rocess used. Kodak gives - 18°C (0°]') as t he ideal 
tempf'mture, while :\ gfa considers that + 15°C (59°F ) is accep table. 
H ere it mllst be stressed again that t he best method of preservfttion is 
of cmu'so in the form of three colour separatioll.'l which can b e stored 
together 'with other acota te films (sce 1.445 ). 

4.23 The 1110,; favolll'nble pC l'c€'nt,nge ni l' , llLtive humicli ty lies with in I1lUTO \\" : RelatiL'e 
lin it ,; . In 1.231 mu l 1,42 it WitS stated t hat, a n oxcessive lLmou llt of H'lt1I1.1·uit!J 
luoistu l'o in thc a tmo;;phere fIW()UI';; t he deconlposit ioll of tl l6 emulsion l 

'" as W III as t he d isinte,£,'ra tion of MI6 hase, mul a lso ellcourages t he g rowth \ 
.' of lmc terin. and fungi. On the other hn,nd, too Iowa humidity prom otes 'I 
" shrinkll !!o of the film and causes it to become b l'itt·le . In both cases 

these effects can 1(,lId to the complete destructiun of t he fi lm . I 
4.23 1 T ho upt ul1lun J"c\;l. ti '-e humidity depend.,; 011 the storage temperature, 

a nd ju-;t as d iffcrent figures have been quoted for temperatlu'e so the 
figun>,; fO l' the most acceptable re i.\t ive h umid ity differ a great del\l. 
R clMive h um id ity fig lll'es a.., widely apar t as 50% and 70% have been 
qllot cl, but the lower figures ollly in conjullction with very low 
t cmpCnttlll·cs. 

4.232 T h l' is no doubt t.!Ja t a l'elat ivt) IllUniclity of more than 60% can be 
da llgerolls for film by encoll1'agillg swelling of the gelatin and the 
growt.1! of fl ll1gi, and that anything less t ha n 40%, except in conjunction 
with extremeiy low t em pel'atllres, encourages shrinking. It is also 
important thtt t the rela t ive humiclity should be maintained as s teady 
as possible, and fluctuations of more than 5% should be av oided. 

4.24 

The optimum rela tive h umidity for all types of fi lm lies between 40% 
and 60%. 

4.241 Good ventilation is especially important for the storage of nitra te film 
(sce 1.232); for acetate film normal room ventila tion is sufficient. 

4.242 Ventilation for nitrate film stores is essential to evacuate the nitra te 
ga.'les released during the p rocess of disintegmtion. These gases can be 
easily detected by t heir pungent odour, and there is a popula r saying 
t hat ventilation is only efficient when "it no longer smells of nitrate 
film ". If one relies on normal vent ilation processes, however, it becomes 
impossible to keep t he temperatll1'e and the relative humidity constant 
because the conclitions of the outside atmosphere are always being 
extended to the interior of the store. Air conclitioning is complicated 
anc I e~"pensive, but lmless the a tmosphere of t he store can be, m.odified 
by artificial m eans it is impossible to achieve optimum storage 
conditions. 

Ve'llWation 

4.3 Steady low t emperatures, a rola tive hmniclity varying only withffi CONTROL OF 
narrow lim its, and constant l'ene\\'a l of the air without endangering STORAGE 
tho levels of t emperature and hmuidity, can only be fully achieved by CO~TDITIONS 
a system of art ificia l a ir conclitioning. 
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A 'lltolllatic Ai·,· lThese operato independen tly of nny sllpol"viRion to givo t ho rcquir d -l.S l 
Conditioning /temperatme, the required rolo,t ivo !mmidit.y awl the cl sir cl fl,Jl10Imt. 

Plants I of v entil u.t.ion. 

' The t emper f1tul'e is cant rolled by t.hem1ostttt.· installed in l ho storllgH -t.3 11 
compa rtment.'> or v fl,ul ts, mul if any 1 viation oc ' \11 '" col<l r tH' W ILI'm{'l" 

air is nt on ce supplied. Cooling i::; (tchieved by means of Wttt '1' or brin . 
In normal circmnstan ces, cooling dO'wn to nbout, ] O°C (50' F) ran be 

. obtainod by the use of r unning water 01' well Wf1tor o,nd, h .Y u !<ing 
brine, t emperat,ures below freezing poin t oan be reached. I II lttt'go 
pln,nt." this oooling and an~' he(tting need (1 is done cOfltmlly . .H ating 
may be by oonl, oil, gas or elect l'icit,y. Ail' from t.ho on to id i!< lod through 
a filter and puriner into t.he plf1nt, where it is brought to t ho r quir d 
t emperat ure, moistened by sprinkl rs to give t he l' quir (1 rc!a tiye 
hmniclity, nlld then. pumped into the storage oompartments. Onco the 
temperatlll'e and rela t.ivo h lunidity have been ndjustod, th y (11'0 then 
automatioally regulat ed by t il el'mo tats and hydro-tat;:. 

Ail' p.onditioning plants oall work either by oonstnntly using th o ai r 4.3 12 
in the store, or by p artly using air drawn in from the extel'nal atmo­
sphere. The greater the percen tage of outside a ir , tho g r ltt r the 
differenoes in temperature and moisturo which have to bo rogul ftted 
by the plant. An intake of 25 % of outside air into a ni trat e film stor~ 
means that, with four shifts per hom, the air in the store willluwe boon 
completely renewed after three hours. Consequently, t.he l"cln.tiv ly 
smaU quantities of nitrate gas s whioh are r eleased nt very low 

1\ temperatures ancl' ....... hioh peroolate from the cans into t he store i tself 
are oonstantly evacuated. 

\ 

In ventilating acetate film stores, the intake of fresh a ir can be 
smaller, u. uaUy about 8% . In this case the ronewnl of the ail' n aturally 
takes longer. 

Non-automatic Automatic air conditioning plants guarantee the best storage conditions 4.32 
Air for all types of film, but unfortwlately they are very expensive, so thn,t 

Conditioning at present only the largest arohives oan afford them. Where it is not 
possible to provide such a plant, other means havo to be employed in 
and encleavour to cl'eate the best conditions possible. 

In the Chinese Film Arohive in Peking, for example, a. refrigerator of 4.321 
the oompressor type--without automat.ic control-is used. In this 
way it is possible to ensure that the temperature never exoeeds a fixed 
maximum. When the temperature in the store beoomes too high, the 
refrigerators, which stand in the storage building outside the vaults, 
are set working by an employee of the archive, and oold air is blown 
in through a pipe in the baok wall of the vault while the warm air 
escapes through on opening in the roof. Such a refrigera tor may be able 
to servioe one or more vaults, depending on the capacity of the machine, 
the size of the vaults ancl the temperature differences. Such a system 
is much cheaper than an automatio air oonditioning plant, but it 
requires more supervision. 
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Tho telnporatnre fluctuations are greater than "\Tith automatic 
plants, nnd the differeuce between summer tomperatUl'es and winter 
temperatmos can be considerable if, in winter, heating is not substituted 
for cooling (only central heating would be permissible). Ventilation i" 
providcd by the hlowing in and escape of air, but a refrigemtor of this 
kind has no influence on the moisturo content of the ail' . 

4.322 Tho moisture of the atmosphere can be regulated by installing de­
lnunidifiers. These, in their most simple form, use potassium cartl'idges 
01' silica gel, which absorb the moisture fl'om the air and deposit it into 
closed contain~rs which have to be emptied regularly. There a1'e more 
complicated installa tions which work automatically. The Netherlands 
Film Museum ill Amsterdam has had such apparatus in use for several 
years in order to keep the humidity within reasonable limits in sllch a 
humid country. Such a method does not ensure an absolutely steady 
rclll,tive lltuniclity, and it does not g uarantee that the upper limits are 
not exceeded from time to time, but it is an improvement over an 
entirely lUlcontrolled situation. It can be installed without any modi­
fications to the storage building and is comparatively cheap. 

If the ail' is too dry, it can be moistened most simply by putting 
down shallow trays of water: 

4.323 Ventilation in a non-automatic system of this kind has to be effected 
by v entilators which are switched on from time to time as necessary. 
The air filters through which the fresh SJ.ir enters must be situated in 
the wa ll opposi e the ventilator, so that a 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, the ventilator should be 
supplied with a long Sllction pipe leading to the opposite wall. Ventila­
tion of acetate film stores can, given a favourable outside climate which 
is cool and dry, be provided at relatively long intervals. The ventilation 
of nitrat.e film stores must be carried out regularly at lea..,t once a day, 
at a. time when the air is at its coolest and not too dry, and it needs 
to be done very t,horoughly. This unfortunately makes the maintenance 
of even approximate storage conditions very difficult. 

4.324 A system of non-automatic artificial air conditioning presupposes a 
constant measw'ement and control with the aid of aCCllrate thermo­
meters and hygrometers, so that the various installations for cooling, 
dehumitlifying and ventilating can be used as necessary. Th5 cost of 
maintaining this supervision must be accepted because, particulaTly 
in countries with an unfavourable climate, it is of less significance 
than the danger of storing films without any control of the storage 
conditions. 

4.32;; To what exteut all t.hese kinds of apparatus are to be permanently 
inst.Llled must depend on the local climate and the nature of the storage 
hllil(lings. Undergrouncl stores and vaults with very thick walls are 
cool, even on hot summer days, but they are constantly humid, and so 
dehumidifiers at least have to be used. Lightly constructed buildings 
abovo grolmd are usually dry in summer but need to be cooled. 

25 

of· 

.-. .... ~'CO ---------



:"" '-r 

BuilcZing \Vllen a film {\rchivfl is pntting Itp a new stornge bltilding but f'nnnot ·-J..:33 
ProL' ision s immedintely affol'll the cost of nil' contliti.oning }Jlant, it shouh l llt'y 1" 

t.hele::;s mnke provi ::;ion in tho c1esi6'1l of the building 10 1' !'u('h l'ltmt 
to be installed In.te r. Honsing for t ho pl,mt. and t he nee ';;;t.r~· clliln lll h; 
should he incorpornted, so th il.t when tho m nn.'; nro ay n, ilable th(\ nil' 
condit.iOlling pl l1n t itsolf ccm bo iI L-;tall611 wi t.hout difficltlty nnd w it h· 
out tho neces'ity of r obuilding. 

\ Vhether the storo is to b o providl'tl ",i t h a ir cOlu li t ioning 0 1' not. it 
is desirable to haYfl tlte wnll::; Il.nd roof p n.ill tecl wll ite to refipc t \tent 
away from the builtlillg. a1\d t o Rp ray tho roof with "'I\!Pr on hot <Lt ys. 
Dil'oct. heat from the sun should bo avoillotl by the \1 ~0 of na tllntl 
shadow (e.g. from. tall trcc. ) or SllO\1hl he COllntem r' te( l by (loubl 
l'oofing. \ Vllere double roofin g is 1150 1, tho roof ShOl l!.1 ;; Iope sli !:!; htly 
on the sidc towl1,rds the sun in orc1 l' t,o obt.l.in A. con ·tant ycnt ilut iol1 
by 'warn ail' tLscomling between tho l'OoL :Fmther [v h ' ice on thi" ",ill 
b(1 found in section 5.:<: . 

. tf)J't(ge T ests F or seyon tl mont.hs tho rO:;('.tr('h t\f'l)[trtmen t of the 'oy iot .Film 4.34 
_-\l'chive, Gosfilmofond in :Moscow, IUts b en carry ing out ome intet' : t ing 
tcsts on the storage of both black-and-white nllcl colout' fi lm.~. F or t he 
purpo:e of one of t.hese, special cold room wore constructed \\'h r fil ms 
could be stored at tempera turos from _ 5°e to +5°e (23' F - .n OF) in 
a irtight containel's and und r normal lttm ospheric pr 5sur . P tl t'nllel 
with these, other films are heing sto rocl in a ir-tight conta ine t'::; at IWl'm1. 1 
temperatw'es. These tests will take a considerable tlme to comple to , 
but it is to be expected that they will rosult in a ll increru 0 of lit' 
theoretical knowledge which will havo practica l consequence:; fo r futUl'O 
film preservatio1'l.' The results will be publi. 'hed in due course. 

FIRE FOl' Met ate film t,he norm(1.1 precaut ions agains t firo whieh (trc ta \;:(, 11 in 4,4 
PRE\-EXTION libraries, office builtlings, etc., a re sufficien t , but in ni t rato mm tLll'l\go 

POI'IIlS of 
Fire Protection 

Prel:entive 
.11 easw'cs 

fit'e prevention plt.)'S a decisive l'ole. 

There are tlU'ee possible forms of protection against fire : 
(i) The prevention of outbreak of fire by al)propria te instnllnti tllL-; 

in the storage builclings and by the maintena nce of favou m ble 
f<torage conclitiolls, particularly storage at low t emperl\tures. 

(ii) Tho prevention of fire spreading, isolating it ,,-ithin t.he :::m l.lIost 
possible lmit.s, by appropriate division of tho storage "'pace 
and by the use of pressllre vents. 

(iii) The keeping of all fire extinguishing app<1l'tl tu5 in con. ta nt 
readiness, giving appropriate instrllct.ion to (tll workers in 
the archive, and having an instant antl relitthle ala rm system 
to warn the local fire brigade. 

The most important of t.hese are the preventive meas l\I'es. ' Vhen nitrate 
film has once started burning it cannot, be extingui.;hE'rt by allY known 
means. Everything dependj' on preventing the start of a lit'e. and 
failing Uus, restrict.ing it to tho smallest possible area. Apm·t ft'om tho 
design of the building and'1tmospheric conditions of ::;tomge, the m ..... t 
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impOt.tant thing is t he instnlCtion of all workers in the n.rchive, the 
training of staff in init ial fire fighting measures, the r egular exclusion 
from tho storage rooms of a ll t hose who a re n ot employed there, a b tU]. 
against introducing burning materials of any k ind within a zone of 
50 mef-res (165 ft.) from the storage b u ilding», and flashproof COll­
nections for all electrical fitt ings*. 

4.43 If, in spite of a ll precautions, a firo should break out in a nitrate film Isolation 
stol'e, the fir. t neceasity i:; to tl'y to isoln.te jt by providim; an escape of the F i1'e 
for tho gases of combustion, which can b e given off with an explosive 
fOl'ce. For t his reason it is essential t hat every enclosure in which 
nitrate film is stored should have an outlet t o t he outer air which will 
opon alltomatically as the temperattu'e rises. P anes of gla,,;,; o.1'e not 
sufficient as pressure Ycnts, since to splinter a glass p ane of normal 
thickne«.-; requires a considerably larger fOt'ce than should be neceSS<l.ry 
to release the meehani1'm of a pressure vent,. The walls and doors of 
nitrate film vaults must, of ('ourse, bo fireproof. It has already been 
observod that burning nitrate film carmot be extinguished by t he 
usual means, because it produces its own oxygen during btu·ning . For 
this reason it can continue to bl1lTl under carbon dioxide gas an d even 
untieI' water. 

4.44 In general, methods to cowlteract fire a re restricted t o t he ins tallation 
of water sprinklers, the water having no value as an extinguisher, but 
only to cool the surrounding area so as to limit if p ossible the sprea.d 
of the fire. It is also possible to use carbon dioxide gas sprinklers, but 
as this is a rapidly aet.iug dangorous gas, any part of t he building "hich 
is likoly to bo fi lled with it in ca'Se of an emergency must b e evacuat ed 
by a ll porsonnel within a. few seconds. The a rea can only be re·entered 
without breathing apparatus a fter thorough ventila tion. Ftu't hermore, 
the carbon d ioxide gas does not extinguish the bmning film; it only 
excludes atmospheric o:-.:ygen and prevents the formation of flame. 

Extin[]uishing 
1\IIethods 

4.441 To protet:t t he surroun dings ill the event of a conflagration, hand fire 
oxt.ingllishers or other appliances, particularly fireproof covers, should 
be ready for use in the imm ediate vicinity of the origin of the fire. 
They f'hou ld a lso be insta lled in corridors, n ear the doors of the Yo.ults, 
on staircases, at exits and ill a ll the work rOO1ns. The hand fue 
extingll ish~rs m'e gencrally fi lled with ca rbon dioxide or a fire­
extinguishing foam. The fon.m will spoil any film with which it· comes 
into contact, but it h a'S t he o .... er-riding advantage that it may prevent 
t ho fire spreading. 

'~~.'.'.: .... 

4.45 All t he m embers of the staff of a film archive should b e given regular Inst1'Uction of 
instnlCtion; in some count ries it is officially laid down tha.t tIllS should Pe1'sonnel 
be dou e as il'eq uen t ly as OHce It IJl.Ont.ll. It is most importan t t hat this 

*The film stabili ty tcst (8ce 6. l4) also contributes to fire prevl'ntion by enabl ing 
detcriorating nitra te film to be systematically detected, copied on to new acetate 
film, and then destroyed. (P ublisher'S note) 
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in. ·truction should be given by experts, and in particlLlm' tho W 5 of 
fire extinguishing appliances should bo practised. 1\11 olltbl'eak of firo 
in a nitrate film store which is not so built as to confine t,he firo to one 
small tUlit., and where t.here is no autoJ\1at,ically operated oxtingui hing 
installation, devolops at such speed that only dlll'ing t.ho fll'st· f \\' 
minutes is there any possibility of limiting the fir~ . This m oa.lls that the 
first effort at quelling t.he fire must be taken by tho archivo staff, sinc€' 
too much time nmst elapse before t,ho arrival of the profes~ ional fI(' 
brigade to l€'ave the fire unattended. 

Alann to Despite this, howevor, e, ·tlry nit,rato film store should havo a clir et 4A6 
Fi1'e B,'igade aln.rm cOlUlection to the local firo Ul'igtlde, who should al\\'ay,:; be cfLll d 

in order to prevent the 'preud of the fire t,o its SUHOlUldings. 

BU1'glal' Alann In a nitrate film store it i;.: al"o necessary to provide precautions against 4Ai 
burglary. It. is absolutely necessary to ensure that at no time can any 
tmauthorised porson entcr the film storn. vVhat m easuros a ro taken 
against blll'glary must d pend upon locnl conditions; it is a l "'ay;; 
better, however, to do too much in this l' . pect than too littlo. 
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1. \"iu'a tc till" in tillu i stage (' I dec-lJInpos itiun (" 1 liSt?"'! DJ Jlioder" _~rI Fillll Libmry, S , '" rod:) 



:? (Above) Prc.,slIrc vent~ at nitra te film ~ to rc (Saliol/ Cl l Pi/m Arcltice, L ondon ) 
(lJe/OIC) ,-\CCt.ltc film s torc (l'llYO.,/o/·eus!.-a j\illoleka, B e/gfa (lt ) 

'" 
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6. Film examination-(.·!lifJl'e ) Centrulne Ar~ hi\\'ulll Filmo\\'e, 'Yarsaw 
(BefolL') Xational Film Archi\'f.', London L 
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3. (AboL'e) Air.conditioning installation 
(Below) Vault interior, with air.conditioning outlet (Cinema /eelt 11l/ciol/a/, Lisbon ) 



" . , 

4. Film Htability test for nitrate film: taking salllple punching 
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8. ('olllbim·d rr~tol'll tio Jl m a(' hille~- (AI,or~) (;o~fillllo fond . )[o,euw 
(He/ow) C('ntmlnc :\ n:bill'uIH FillllulI'c \\'a r,;u w 
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5.1 

, .. 

STORAGE 
BUILDINGS 

5.11 iluilclings for the permatlent storage of a ll types of film ShOllltl b e 
sited away from big cities or inclus t,rial a reas for t.ho following 
roasons: 

5.12 

··"1 
,I 
\ 
I 

(1) 'Wherever coal is burned in la rge quantitie:; the air con tains 
sulphurated hydrogen, sulphur dioxide and possibly other 
acid compOlmds, which will eventually damage the film 
base. 

(2) In cities or regions which have a great deal of traffic , there 
is considerable danger of pollution by dust. Unless the 
v en tilat ion p lant of the storage building is equipped with v ery 
expensive dust fi lters, scratches can be m ade on the film by 
particles of dust during in!;pection or exhibition. 

(3) For nitra te film, in p al,ticular, siting in densely populated 
areas is prohibited by the abnormal fi.re risk. 

Ideal condit ions for the building of film stores are to be found away 
fl'om large cities amI. indlL',trial centres, ill woods, on dry gr'owld with 
a low subtelTancan water level, and not in the vicinity of large lakes or 
m arshes. In such situations ther'e is no danger of the films suffering 
damage from tho high proportion of acid in the a il'. The pollution from 
dust is low, and it can be diminished fLU,ther by cultivation of the 
SlU'l'Olmdings, f01' example by laying clown lawns, The woods give 
natural shade to the buildings, and there are no dwellings in the 
inunediate neighboLu'hood to be endangel'ed. A good choice of site is 
particularly important when it is not immediately possible to establish 
ideal storage condit,ions. 

For the building of nitrate film stores most countries have legal require­
ment.s laying down the minimtm1 distance from inhabited buildings. 
As a result of experience gained from the big film fires of the last few 
years, it has been realised that these legally prescribed distances are 
too small. The regulations were made several decades ago, at a time 
when nitl'ate film was not yet old enough for the increasing danger of 
ageing film to be properly appreciated. Experience has ShO\nl that 
during some big fihn fires burning reels of film have been hmled for 
distances of more than 200 yards, so tha t the whole region ,dthin this 
radius must be regarded as dangerous in the event of an accident. 

\Vhenev81' possible, new nitrato film stores should be placetl a.t least 
250 yards away from the nearest inhabited dwelling. ' 
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DE.~IG::--r OF 
STOHAGE 

B1.:1LDIXGS 

.~_. _ _ _ __ w._ ___ _ .. _ 

At present t horo (1,ro os m(1,ny typos of film storo [\,,;; thero (1,1'0 o.rddy s, .).~ l 
partly b ecause in the past only (1, fow (1,l'ciliv "po;;sesso,l t h flllUlmnt'ntal 
knowledgo of conditions for the p I'mall nt t,01'Ogo of film, pll 1'1 Iy 
hocau:'o climo.tic cond itions vil.ry y ry considerably from one cOllnLry 
to anoth 1', all( l not le!1,,<;t bec(1,use of !inallci(1,j limit!1.tion",. 

In bu ild ing (1, film storo, it. is possiblo to achieve tho goa l of ;;tol'illg 
1Inder optimum oondit.ion in a lllUnhol' of differont wnys. Thoro ILl' 
thrcc difforent t'Jl10"; of ston:J in use, as follo\\'s: 

(i) At g rouncllc\-el, cquippod with ILiT' conditioning plunL (:,\10.'; '(lW, 

Gosmmofollcl) 
(ii) L Il(lol'gnHllld, wi th ail' coml itiolting p lllnt (Deriill, . to.t.o Film 

Archive of the COI'mall Domocr A.t ic R public) 
(iii) _'\ t grOlUld leyol, built with thermal ins ulation (Loll(l,m, 

i\atiotlol Film Archive). 

O;'ollltd-lelJel Gosfilmofoml h a",; deyclopoLl tlu' e types of s toro: ono for nib'ate film, .').:'? 11 
Store 1cith one for acotA.te film, and one for excopt.iollA.lly pr ciOllS fi lm;;. All t.hr 0 

AlI/omatic Ail' types ore built at ground lovel on 0. IoundA.t.ion of stono amI conol' te. 
Conditioning The outer walls are 78 cm (31 in.) t hick, mflde of hollow brick, and the 

PIC/nt interior wR.lls aro 3S cm (1 5 in.) thick. The ceiling consists of flat sll1bs of 
roinforcfld conm'ete with an insulation of foam concrcto, and t ho roof 
is covered with t hree Jayers of rubberoicl f;ealecI with asph(1,lt. A ll the 
storage builclings h ave automatic ail' conditioning plants. 

The nitl'l1te film stores hold 70 tons of film, distributed among -t 28 
va.ults containing 1000 reel;; OA.ch (2,5 tons). Each g roup of t in: e valllts 
has a common corl'icIor 'with a door t o tho outf' ide . All doors aro fir -
proof a nd all vaults aro fit·teel with presslu'e vents. The climati' con­
dit·ion:- ma.intaincd in t he store a re: 

Tomp cratl1l'e,12°C ±2°e(54°F ±3°F); rola.tive humidity, 55-(l5 %; 
30% fresh a ir. Tlto films aro storod on steol racks with hnrdwood 
sh elves. 

The ncetate film stores have (1, capacity of 100 tons ill two storago 
compartmonts of 20,000 reels oach (50 tons ). 

The entrance to the storage compa rtments h as (1,11 ail'lock. The climatic 
conditions maintained ar<l: tempt:n'ature, 12°e ±2°e (54°F ±3°F); 
rolative hlUnidH,y 55-65~~ . The films are storeu on steel racks. 

The store for particularly precious films h n.s a capacity of 51 tons 
(:W,400 r eels ). ERCh reel is stored in its own fireproof compmt.mont, 
closed with a flap. and each compa.rtment has a prcssuro vent op~ning 
into A. channel which Icads to tho out 'ide a ir. The climat' ic cond!t ions 
arc : t emperature, ooe (32' F); rolat ive humidity 55-65%; 30% fr sh 
air. 

~
" - ["-lldc/,ground 

Store wi th 
I ...J Itiomatic Air 
, Conditioning 
j. Plant 

Up to the prosent t·ime the State Film Archive of the German Domocrat ic 
Repuhlic in Berlin hn.s had grollnd-lcvel s tores with a contl'olled 
temperature of IDoe ± 2°e (50°F ± 3°F). The new storage blliIdulgs, 
",!tieh are now b cing con.<;trllcteu , havo, in audit.ion to a n on-condition -cl 
STore fOl' clis tribution films of 12·5 tons capacity, two t.ypos of undor­
gl'Ounrl st ores for nitrate film and acetate film . The Ollt l' awl inn r 
wl111s are of brickwork with heat insulation. Tho cciling and mof COll-

5.:H ~ 
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sist of reinfo rced concrete, again with a layer of ins ul cttioll. 
The nitrate film stores have a capacity of 100 tom! oach, distributed 

amongst 40 y aults each h olding 2'5 tons (1000 reels ). All vaults have 
fi reproof doors t o a centra l con-idol' and pressure · oper at ed vents to tbe 
outside ail'. The climatic conditions maintained are: t emperature, 
2°(; ±2' C (3.t ' F ±31"); relative h umid ity, 50-60%; 25% fresh a ir. 
The fi lms are I'<loreel in fireproof cn.billets h olding 10 reels each, " 'hieh 
can be venti latt'd. 

The acot-ate film s tore ha..';; a capacity of 300 tons , clis t,ributOll behn'en 
G firej))'oof eompnrtments eaeh of 50 tons capacit,y (20,000 ree\:; ). Tlte 
. tnil'ca..<;e, lift I\1vl ail' conditioning p1o.nt aro in t he cou t re of the store, 
flnd at each end arc emergency exi ts (as in. the nit rate st.ore). The 
films are st ored on open steel racks. The climatic conditiolls are: 
temperatlll'fl, 6' C ±2°C (42°J~ ±3°F); relative humidity, 50- 60% ; 
S% frcsh a il'. 

:}.:H3fThe Bri~ish X a tiOlU11 Film Al'chiYe in London has developeu and built 

(
for it s llitrate film a type of store which can be recorrunenclecl to a ll 
tho::;e who calUlOt immediately instal an a ir conditioning plant. E ach 
storage building has a capacity of 28 tons distributed b etween 28 v.ullts 

I of 1 ton (500 rcels) each. The outer walls are 40 cm (16 ins ) thick, and 

I I' h(I."e the followi ng compo 'iticn: 
I brick-work 11.25 cm (4.} ill.) 

h ollow space · 5 cm (2-in.) 
brickwork 11.25 cm (4~ in.) 

/ g lass wool 2.5 cm (I-in.) 
I t.llermal in;:;ulating block 10 cm (4 in.) 

The roof is ma.t!e of reinfOl'eecl con crete, 15 cm (6 in.) tilick. In this 
brick buil ling are housed the 28 vaults, in two rows of 14 v a ults each, 

I I hack to b ack, hut. SIIlTOll11dell by a n air T)fI.ssage. B etween the y a ult 
I I ceili.ng and the roof of the outer brick builtling there is also an airspace, 

I with an outlet for warm a ir. The corridors h ave automa tic electric 
\ hea ting , which comes into operat.ion in the winter when the temperattu'e 
\ fall s below 13=C (55°F). All the vaults have pressure-operated v ents in 

the roof. The Briti::;h National Film Archive states that this form of 
\\ \ building m akes it possible to keep the internal temperatme of the 

I vaults at about 13°C (55°F), except in the case of ext,reme outside 

\ \ t emp eratures . 

\ 

The Archive is n ow planuing the building of a store for aeeta.te film 
with la rge s torage compartment:; and an automatic air eOll.(litioning 
plant. 

Ground-level 
Store with 
Th ermal 
Insulation 

5.22 There are still other interestin g solutions, for example in the store of 1111llti-storey 
the Cineteca Xazionale in H.ome, where very small fireproof comp[wt- Buildings for 
m ents each contain 12 reels of film; or in the Norsk Filmillstitutt in Nitrate not 
0 ,,10, which h as it :;tore ill a space blastet! in the rocks of a fjord; and Recommended 
m any others. 'Yarning should bo given, however, against the practice 
of storing nitrate film in v a.lIlts w ith a capacity of 1000 reels 01' more 
placed one tl.oo\·e another in mlllti-storey buileling;;. 

,;.:la The hannfld dit-ct upon p ormanently stored mill. of dampne::;s Ilwl hig h in.SllZation ((lid 
t empol'atw·e makes it impossible to stress too greatly that insula tion Air 
fl'om ground m oisture, prevention of the penetration of surnmel' warmth, CO'llditioninr; 
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ancl protect,ion ngainst excessivo atmospheric moisturo aro tho most 
import,a,nt elem en ts t o consider in t ho constl'uction of 0. fi lm stor , If, 
foJ' economic reasons, Hew stOI'age builLlings (whothol' fOl' nitrate 01' 

o.cefn to film) cannot bo provided \\·jt h an a il' condit ion ing p lant i/runocli­
ately , i t is urgon tly recommendod t hat i t,s f uture instnlJation sllou ld be 
envisnged by m a.king p l'ovision in the building for t he Ilecos, ary 
openings, ohmulels, otc" so that the p lant can evontually bo incol'­
pOl'nted without any rOb uilding, Such channels and opening:; must bo 
l'ondOl'crl fi roproof until the a.ntomnt ic firoproof flnp, of tho nit' con(li­
tioning' installat ion a re buil t i n , 

5,3 

The capacity of a nit /'ate fillll stOI' will dopend upon the su.f ty mOMU!'OS 
which have been t ,tkon to provont t\ fil'o starting with in the storo 01' 

sproading to it , The mo, ,t important safety measure is to lowol' ~lle 
tempomtlll'e to such all ox t nt that spont.tlneous ignition is, to the best 
of oU!' l{nowledge, made impossible, }'Ol' VtU'iOllS reasons it is accopted 
tha t the optimltm s torage temperatuI'e lies near t o ooe (320F), 'Wit,h 
the film cooled to this extellt, and given ample fu'e pr cau t ions, 
relatively la rge stores with a capacity of 100 t ons or m ore can be b ui lt. 
B lit it is n ecessary to s tress that in this Cl1S0 the possibili ty of a oonflagra_ 
tion, with total dest r uction, a nd dung '" to t he sUl'rounding::;, ]'omains , 
V\ hen nitrate film is stored in temperato oZ' warm zones wi thout a il' 
conditioning, it, is essentia l tha t tho vaul ts are kep t HS small a 
economica lly possible, 

5.31 

Oapac1'ty Of

1 
1'116 capacity of t.he vl1.ltl ts (i.e. the fireproof wlits in which generally 

the Vaults 500 or 1000 oans of nit ra te film are stored on r acks) is of groat 
importance in limiting the scale of a fi l'o, The regulations in E ngland 

5,32 

' do not allow mOl'e than 500 cans oach holding LOOO feet of Hitrate 

! fi lm t o be stored in anyone vault ; in ·evoml other count ries the stol'ago 
of 1000 eans is permitte(!. FOl' 1000 calls oach holding 1000 feet to be 
stored on open racks 12 ill, deep, a wall space of 20 sq . yds, is necessary, 
If t.lzey aro stacked a.long the two 101l~ walls to a height of 8 ft" this 
requires a vault some 7 ~ ft , l ong, 8} ft, high and 6~ ft , wide. No more 
thall 1000 cans shoLtlcl be stOl'ed in one va ult, If the vaul t is m ade 
longer, t hore must be an emergency exit in the l'ear, which ma kes air 
condit ioning more difficult, 

Racl.-s' f There are several ways of st.ol'ing t,he cmu . The m ost simple m ethod. is 5.321 
Partitions andf t o put them on open shelves (made of steel, wood, concrete, etc.). III 

r t Oompartrnenlsl t.he event of fu'e, the whole contents of the vault will be 10 t, 

i A second method is to stol'e them in compartments opon at the 
i f,'ont, each holding one 0 1' two can..;;, and m ade of fil'eproo f m a terials 
; to a thickness of ut leas t 1 can, It is considel'ed in the USA t.ha t such a 
i conshuction, a ided by an au toma tic sprinkler ins ta lla tion, will onsure 
: t.1Htt any ou tbz'ol1k of firo is confined to one compartment, 
I ThircUy , OIle or more can.'> can be stored i ll enclosed p igoon.holes 0 1' 

compartments, tho compartment being firo /'Hsis tunt and capn.ble of 
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5.33 

5.34 

., 

vontilation. It also neods to have a pressure f1np opening to the our ­
side, 01' the door must act as a press\ue-operated opening. If automaric 
sprinklcl'fl are employed t.hen it is pOfls ible to limit the fb:e t o a. H'~' 

small unit. :11 

Undel' 4.221 and 4-.31, refcrence has been m ade to t he altifit:i nl a ir i Air .! 
eondit.ioning of nitrate film stor~s , anLl to the des ired optima . T he

l 
C"1/(I;iiollill:J ~ I 

optimnm values are: tomperat\ll'e, 2°C ±2°e (35°F ±3°F) ; l'elati\'e \ awl r~lltilation 1. 

humidit.y , 40- 60 % ; supply of frcsh ail', 25%. Tills low tempE't'atlt l'e i~ I J 
nece:;s<1l'Y not only for roasons of safety, but primarily to cht'ck t he l ;i 
mte of disintegration. If the quantity of nitrate gas g ivon off iroru a • t 
1000·ft .. reel of old nitrate film at ooe (32°]' ) is reckoned as I then this ; 
quantity at 5°C (41°F) wi ll be 2, at 10°C (50°F) it will be ±, at l ;)~C t \ 
(59°F) it will be 8, and at 20°C (68°F) it " 'ill b e 16. In other ,yords, at \ 
20°C (68°F) not less than 16 times as .much nitrogen peroxide i.,; iorme-d. ' 
as at ooe (32°F). This becomes all the more important when it is remera-
b ElT cl t.ha t the ga,:;e5 dovelop within closed cans which allow com'parati,'-
ly li tt le ventilat ion. Low temperatures are extremely importan.t. ior : 

the preservation of nitrate film. \Vhen, for reasons of economy, it is \ 
not posRible to install an air conditioning plant, au attempt should be i 
made to approximate to tho optimum conditions as nearly as po~ible \ 

by other means (see 4.32 and 4.33). \ 

The structu.ral and clim[~tic conditions for preventing the outbreak ·and 
spi'ead of a conflagratiOl.i have ah'~ady been dealt with in prececlil1g 
sections, so that it remains only to deal with specific fire pre .... ention 
measLu·es. 

1 

i 
j 

! 
Fire Prevention I 

5.341 'The most import-ant of these is the pressure-operated blast vent, which Fres,,!tre Vents 
releases the pressure of the very rapidly developing gases of combustion 
into the open air, and thereby prevents an explosion. 6 po\md~ oi 
stored film lleed an opening of at least 1 sq. in., which means that in a 
vault 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 
care must be taken against rusting) and it should open automat ically 
under a force of 13 pounds. The hinges should be placed so tha t t he 
flap opens downw9.rd by its own weight, and not so that it opens 
sideways, 01' 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 air 
by means of a channel which h as a cross-sectional area equal t ,,) 

that of the opening itself. Fixed windows or panes of glass are n ot 
sufficient, since the breaking of a glass pane requires a far greater iorce 
than that which sholl Id be able'to open the flap. * 

5.342 As has already been stated, the fire of burning nitrate film CIt'lIDOt be Sprinkler 
extinguished. Therefore the only purpose of installing sprinkler;; is to i ll,gtaUal ions. 

-tort will be observed that tho warning hcre is (very properly) againstjix(d ,<indol'G 
or panc" of glas.'l. It may be helpful to add, h"H,'moel', that the National Film 
Archive in London, which has installed pressure vents exactly as described heu, 
controls the ventilation (and therefore the heat transference) through the Ten, ~ 
by means of very thin glass plates loosely resting on pegs across the 10l>H ')p"'::'­
ings of the vents, and partially blocking them. These glass plates willmo\'e wi:n 
a very slight pressure. (P1Lblisher'8 note) 
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confine the fire to its placo of origin. Usually ,mtol' is used, II Ot for th 
pUJ'po'le of extinguishing, but for the ptu·poso of cooling. For It vo.ulL 
holding 1000 callS, 8 sprinklor nozzles are sufficient for moi&tcning th 
wal!. . The illstnlh~t.ion comos into opel'lttion when a prod!. t rmined 
room tempeI'tttlll'e has been. l'OllCllotl (usul1,1ly botween 60' mul DO°C, 
1400 find ID.FE'). 

Sprinkler in.<;tallat.ions Cll.llHOt protect fi lms on opcn I'I1c1;:..;. but th ~' 
can 1'l'Otec·t fil ms ill pigoon holL\i; 01' 'ompMtmenl :s of fil'opl'oof lI1Mel'ill1 
(e.g. 1'1"",tt\1' mixecl with n"bo>; t.o::;). 'Yhon tito "prinkl I ':; 1111\- hl\€'1I in 
net,ioll, all the cltn. ill tho Vlt.ult:s crJllcornetl ll1u,.;t bo wip.'d dr,\", IUld 
ins po ,tpr! to di:;coYCI' wh t,hel !lily wall'!l' Im:s p Oll tnHl'd illto tll 
insitln of tl, tl l11. Bcsides WIt tor spl'inkle l';; , ('Itl'IJon dioxide ill . ..;tIIIlMioll" 
can hn u,:(·c l. Carlion ,lioxiclo III~~ no ntluo for oxt ing lli;;h in!! hUl'ning 
film, 11Ilt it 1)l'('Yent:s tl,o fOl'mlttillH of flame. It lilts tho n(IYlllU.l.go th.tt 
it does lv, t dlllll'l.g'l the film with which it. comes into conrnct. but on 
t,ll(" uther hand it. hfl.s tho vor,)' g C'Ollt di'lltdvantago thll,t it is 1\ cl atll,\" 
git:; . ",hic·h can be ftttl\ l within 1\ fow minutos. Stor ~ in "'hieh ottrbon 
diox itle in-:tll lllltiolls IH'O lIsod mu"t, bo evacuatec!. in CIl,'/) oi fir . withill 
n fow second ' . In yiaw of thi:;. water slll'inkl 1,; IU' pl'\>forl1l>l,', nlthough 
thoy are Ytlry impel'feet for their plll']lo~e. 

Hand Pi're All tlmt i;; neee''';'''ll.ry has beon sai,1 ahout these undor 4.441. 
Extin{lltislul1's c!:: 
Pi1'eJ)rooj Covers 

Doors and iV f1,ult, doors anc l all othor cloor, in nitmto film stores. houlel h mnrle of 5.3.3 
Airlocks I firoproof material. Usuf,lly thay consist of steel out(W layors, fill ' cl with 

I a,'lhe.·tos cement (tho two steel layer. shou ld not touch each oth r) 01' 

of steel with an lUldorlayer of asbestos and Illtl'dwood. All doors mu t 
, opon out,wards . The vaults should not hrwe f\ dit'ect exit to the open 

ail'. COl'l'idors can serve as aidoeks to provide insulntien from heat and 
nil' pollution; they may be eithOl' contral, or may surround th Yaults, 
and may be in front of one vault ouly (although this· is likely to be the 
case only in an acetttto store) 01' they may COlDl et a whol row of 
vnults. 

Emergency' All larger stores with an iuternal entrance .should haye emel'gency 5,36 
Exits\ exits, which ca.n open directly to the outside in cru'e of necc:;.·ity, 

I Emergency exits should never be lockeel on tho in.'3id • and it should 

Io.lways be possible to open them by a slight pressuro on the latch. 
There is no great need for them to open from ol1t~ide. 

~ ,.-
STORAGE 'Whereas t.he design of nitrate stores is greatly influenced by fire preven- 5.-1 

BUILDli'{GS tion requirements, this is not the case \vith acetate storcs. Acetate film 
FOR presents no greater fire hazaru than ordinary paper, so the fir precau­

ACETATE tions need be no more elaborate titan those which are Ob'lelTeel in large 
FILl\I libraries. 

Storage Units In the con:'itl'Uction of storage huildings for acetate film, there is no 5.41 
need for the stUlCIP8 units to be ItS smo.ll as possible, and quito large 
rooms can be used. This should nlways be t.akon into accolUlt when 
new buildings are being considel'ocl, bCCl\.ll! 0 it obviously make.,; for n 
much more economioal form of construction than whon small vaults 
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hew to be provided. It is nevertheless wise to keep within c~rtain 
limits in this respect in order to avoid very large lo::;ses in. the evont of 
n fi ro occurring for reasons having no connect ion with the storing of 
illm . Above all, as was made clear in ,1, .1 ,1,1, lIeg'1.ti\-e and posit ivo 
copies of the same film shonhl be stored separately. 

5..J.2 As a safeguard against accidental outbreaks of fi re, yery large S tOI'OS Pa.rtitioning 
(tho!<(' with a cn.pacity of 100 tons 01' more ) should bc subdivided into Against Fire 
sma.II('!' sect,ion . ..; sopm·n.tec[ by fire-resisting partitions. There is 11Q 

standard sizo of . uch !<ections . The lal'lrest up to tllU present 1lf1,\,0 hall 
a captlc ity of 50 ton s (20,000 caw; ). Givon adeqnate sflfet~' m en.s uro!';, 
thoro is no objection to storing u,('etl1to film in building;; of more tlll.Hl 
one torey. 

5.4 :~ Acetllte film can bo stored 011 open nl.Cks, for which, in goneral, s teeL i:; 8heldng 
r ecommondecl. Fo r m agnet,ic film , woodon racks m ust be proyidotl. 

5,-!-! Air condit ioning is as important for aceta te films as for nitmte, despite Ah' 
the absence of any danger of diRintogl'ation. Because acetate film ha.s Conditionin g 
pot ont ially a much longer life, it ha:; to be treated more carefully in 
order to proser\'e the properties which give it greater durability. 
Moreo\'er, acetate film has the same emulsion as nitrate film and thel'/;)' 
fore t he cont,rol of m oist lll'e and temperatlll'e, 'which is neceSSiUY for 
the emulsion of nitrate film, is rust as nccessalY for acetate. In genera l 
it can be said that for the storage of acetate film there is no need for 
such low t empera ttu'es s.s for nitl'ate film, but a cool s tore is better 
than a warm one. Temperatures of 12°-15°C (54~-60°F), and a 
relath'e humidity of 50% to 60 % maximum are r ecommenclecL. It has 
to be remembered that, although \\'e have hacl littlo experience of the 
signs of ageing of acetate film, it is nevertheless knoml that it gives 
off acetic acid in small quant,ities, and that the phlsticiser also 
evaporates ; it would therefore appeal' to be advisable to use low 
t emperatmes here also in order to inhibit these chemical reactions. 
Since an acetate film store can also be used for the storage of magnetic 
film and tape, for which the most favomable temperature is 6°C, 42°F 
(see 2,42,1,), it is recommended that tIllS be maintained as a constant 
temperature for the whole store, with a maximmll reln.tiye humidity 
of 60% . 

5.45 Since no injurious gases have to be disposed of, air conditioning with Ventilation 
circula ting air, and a low percentage of fresh air (about S%), is snffieient. 

5.5 If a film archive is obliged temporarily to store both acetate and nitl'ate CO)'IBINED 
film in one buiLding, then of course the rules and conclition.s for nitrate STORAGE OF 
film must be observed, even though only some of the vaults contain ACETATE & 
nitrate film. 

5.6 

NITRATE 

OTHER 
RE.Q"ClliE­
~IENTS 

5.61 Thore is morc to film presorvation tharl thE> pro"i:;ion of ;;uiwble stomge Films not to 
buildings . The film has to be. rewound, examined , renovated and L eave th e Store 
eventually copied. If possible, it should not leaye the repository for all 
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t his w Ol-k. Naturally the EI·Ho IltiOll of space mu.~ t, dop nd upon t h 
sizo of the archiyo, its finltJlc i ~1.1 posit ion, amI its t oclmical fnc' ili t it':S . 
l?ilm work rooms mnst not bo in th Rame buikling Its ni Ll·ato fi lm s ta r =' , 
since this would increa.slil t he clanger of firo. 

The follo\\'ing space find oquipmtl"nt m'e noed cl for technical \l"ol"k: 
Film in.c;pection room with I' wind tt\bles (elt'iv III Y ha nd or m otor) , 
slu'inknge lI1CHSllrers, magnifying glMS for perfor ations, fil m 
joiners; 
Chem ic-al laboratory, witll nil no('essal'Y eqlliplllll lL t for idontify ing 
nitrate ant!. acetate film, for opornting t.ho fillIl. s tubility t "t , 
a nd for the detection and l'emoval of any l' ,;iUIIlLl ohemicals left 
from development; 
Restomtioll room, with ba t·1t for soaking sticky films, .film d.l'y illg 
equipment, devic9 for l'cpailing perforations, llluniclifying cabi net, 
fl.!m washing and clemling m achinos, appa mt,us fo r polishing ollLI 
for coating treatments; or, instead of thcse illdivithllLI m ac-hi ll ;:, 1\ 

combined l'estomtion inst a llation; 
Cutting room, with cutting table for viewing an I iclont ifying film:-, 
and for making editoriall'e tor!1.tions; 
PIillting laboratory, with printing machines and anti-scra tch 
device, and developing m aehines for positive and nega tive, black ­
and-white and colow'; 
Viewing room, with projectors to run at IG a nd 24 frames per 
second. 

This list is to enable a full programme of activity to be c!1.l'1'ied out .. 
Amongst all the film archives, only Gosfilmofond in )loscow has such 
complete eqnipm~nt; all other archives have some part of it in go!' a ter 
or lesser measw·e. 

3.G2 

~ Card Indexes Finally, each filin stol'e roqn.ires the follo\villg= 5.63 
.. A technical card index, giving all necessary data and the r esults 

of all tests calTied out on each film, and 

i~ 

'" 

A stomge card index, indicating whore any giYon film may bo 
found at any time. 
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6.1 

6. FILM STORAGE 
PROCEDURES -

EV(,lY film, when it first a1'1'ivos in the archive, must be inspected PREP .ARA. 
c!1.rofuJly bofol'o it is put into the store, in order to ascertain its TIOXS }'OR 
COllrJjtioll. STOR.-\GE 

6.11 ' Tho first inspection is made on tho willlling table. The title on the can First I nspection 
01' Oil tho delivelY note is compared with the title on tho leader. Then 
tho film is slowly rewowld and carefully inspected, in order to deter. 
mine whether any s igns of disintegration are already visible, whet.her 
it hns snffered any mechanical damage (scratches 01' tearing of the 
porforations), whethor the joins are intact, and if any chemicals are 
sepa.rn.t.ing out. At the same time the film is measured. 

6.111 In order to permit a thorough in.'lpection, the willcling through of the 
film should not be too fast (no fa.'lter than 2,000 ft. an hour) to allow 
for adoqua.tEl inspection and small repail'S, for example the secLU'ing of 
joins. This first inspection at the winding table is n ecessary to 
nscortain, in general terms, any damage to the fi lm and pnrticularly 
to the porforntions, so as to cletermine what subsequent treatment of 
the film may be nocess!l.ly. 

6.112 At the same time, t he shrinkage is measured by means of a shrinkage 
met~r 01' measuring rod. 

6_ 1~ If the fi lm has not come straight from a laboratory, the n ext step is Clewu''Il[J 
to ha.ve it chemically cleaned. If the oondition of the perforations and th e Film, 
the clegree of shrinkage p ormit, the film can be cleaned mechanically. 

6.121 xor cl aning plll-poses any of the following may be w;cd: 
Chomi~ally pure carboll·tetrachloride (which h a! ' the clisadnlntage 
that, when used frequently, it tends to (hy out the film); 
A mixture of ca.rbon·tetrachloride and toluone 1 : 5; 
Trichloroethylono; 
Fl'oon. 

" ·it.h the exception of froon, which is very expensi\'e, t.he fumes 
givon off hy all these IiqllitL., a re very injurious to health . Tuey should 
only ho employe!l mllle)' conrlitions of adequate vent.ib.t ioll. 

6.1 22 Thol'o aro t.wo types of cleaning m iwhine. In tho fir;;t, tho film i..;< 1110\'('<1 

through the clealling bath over rollers. Thereafter i t passes between. 
foam rubber squeegees, which remove the dirt ant! liquitl, and fina.lly it 
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is mcchanically cleancd with brLlshes, chamois I l1.t.hcr or Ych-et. 

The sccond and newel' typo is tho ultrasonic cl aning mnohilL _ H re (3.1 2:3 
the fihll, in passing through tho cleaning ba.th, is suI jocted to yibmti n, 
which loosens the dirt and allows it to bo wa-tihed away_ I mm dialoly 
after t,he film leaves the bath, any liquid st ill adhori ng to it i~ blown 
off so that the dry fi lm can bc rewo\Uld at onco. This ultras onic maoh ino 
has the u(h-antage that Mtc imago-bearing part of the film is not 
touched mechanically in any way during tho cloaning procoss, Itn(l 
conseqllently cannot be ::;cratched by particle:; uf Illl:!t, otc. 

If an arohi,-e has no cleaniug machino, the film mu·t bo ·1~ f1n d by 6.124 
hand, oitl ter at the winding table or, when it i:; v ry dirty, on. a pad_ 
The cleaning liquids are t ho same as those used with a mechanical 
cleaner (see 6.121). If 11 vory soft cloth (e.g. yolvet.) is us If r 01 aning. 
the film is given an electro. tatic olul,I'ge by fr iction; it. tltl·n attract:; 
dust and fluff ,,;th results quito contmry to those dosired. Theroforo 
an I1nti-static cloth, which CIllUlOt charge the film, must be us cl. 
Very dirty and oily films should first be p a.ssed through 0. cloth soaked 
in the cleaning liquid, then wiped dry at the wincling table with an 
ant.i-static cloth. 

Disti·nguishing It is also necessary to a.oscOl·tain whether the film uuder xn.mination 6.13 
Nitrate and is on nitrate or acetate base. This distinction, which has to bo mado 

Acetate Base in order to store the two t.ypes scpo.ratcly, must be cl termined in a 
way which leaves no room for any doubt as to the rosult .. 

Edge l1Im'Ks The most simp1e way to idontify is by edge marks_ Exc pt for original 6.131 
films made in the earliest years of the production of l'm, stock, aU 
films are marked on the edge with the name of the stock m anufactur 1', 

and with the indication " nitrate", "safety" or'S' _ Identifica.tion 
by these marks is irrefutable if one is dealing with original negatives 
or copies, or with duplicating positives printed from such negatives. 
But the more often a film is duplicated or copied, the more difficult it 
becomes to identify the original edge marks becau::;e the edge marks 
of all the intermediate versions find their wa.y cumulatively on to the 
fmal one. It is therefore advisable to rely upon edge marks only where 
no doubt can arise, and in all othor cases to re::;ort to one of t.he following 
tests. 

Burning Test A small piece of film (about half a frame of 35nm1. film) is cut off from 6_] 32 
the film to be tested and held in a flame. If it burns instAntly \\;th a 
fierce flame, then it is nitrate film; but if it only smouldors slowly, it b 
acetate film. 'Vith the very small pieces w;c(l for t.his te.5t, hO\,evel', 
mista.kes carUlot be excluded, since the burning time oft n yaries with 
the make of film. It is therofore recommended that the tost be ca rl'ied 
out by an e:.-perienced assistant. The disadvantages of this test are that, 
first, the film has to be cut, involving the loss of a frame and often 1'.he 
making of a new join; second, the test cannot bo carried out in the 
examination room, or in any other room whf' rt' filn,s are present_ but 
only in a special place where the burning ot film is perm.is.~ ible. It, is 
vit.al to ob5erye such safety measures. 
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6.133 This test depends on the fact that the specific gmvit ies of nitrate film Floating T e8t 
and acetate film are different. W'hen a piece of nitmte film is put into a 
container filled with trichl oroethylene, it ... ..-ill sink. If the same is done 
... d th a piece of acetate film, it will float, b ecause the specific gravity of 
trichloro"thylene lies between thn.t of nitrate film and that of aceta to 
film. For this test, only very small pieces of film are required, punching;; 
with a diameter of ! in., so that n o significant damage to the film 
need be caused. It is essential to take this piece from the picture part 
of the fi lm , and not from the leaders at the begilUlings ot' ends of reels, 
siJlce t hese are often joined on, and can be on a different base. 

Trichloroethylene is toxic, and should only be used with great em·e. 
If a large number of films are to be tested, tlus work should be done 
ill a separate room with adequate ventilation. If it is done ouly 
occa.<;ionally, it can be carried out ill the examination room. A small 
quantity of trichloroethylene can be kep t on t he work table in a bottle 
with a gt'oulld glass stopper. 

6.134 If the bn,se side of acetate film, at a point where it has beell scraped, is 
light ly touched with liquid chloroform, it will show immediate signs 
of dissolving . The celluloid side of lutrate film, which has been similarly 
scraped, will not be affected by chloroform. The scraping is necessary 
to remove the thin layer of lacquer which might give a misleading result. 

Chloroform is toxic and Call be used only in rooms with adequate 
ventilation. 

6.135 The procedur61 is the same as with the chloroform test, but here it is jVlethanol Test 
the nitrate film which dissolves when it comes into contact with 
methanol, while the acetate film is not affected. The result is immedi-
ately perceptible. 

Methanol is poisonous, but the t est can be carried out in the 
examination r90m. The liquid can be kept in small tightly-stoppered 
drop bottles. 

6.136 A very simple and sure way of determining the type of film being Fluore8cence 
handled is provided by the fluorescence test. This method cau be used Test 
only for Kodak material. Kodak has applied to its acetate films a very 
small amount of fluorescent chemical, whlch glows under an ultra violet 
lamp. If a mixed reel of nitrate and acetate film is viewed 011 edge uuder 
a suitable ultra violet lamp iu a partially d arkened room, a vivid 
fluorescence is visible in the acetate parts of the reel, but the nitrate 
parts remain black. As this test is only applicable to Kodak film, the 
result is only reliable when the film fluoresces, or when thero is 
absolutely no doubt that the films being tested are of Kodak manu-
facture. 

6.137 In conclusion, it can be said that both the chemical tests and the 
floating t est are easy to apply a.lld give reliable results. It is' desiruble 
to be equipped for two different met.hods of testing, since it is always 
possible that with certain film!> the first test may yield an indeterminate 
re:; ult. 

6.14 'When it has been ascertained that the film under inspection is nitrate The Film ' 
film, it is strongly recommended that it be subjected to a film Stab1·lit.y Test 
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stltl>ility t est"'. Tho tost is bill eel on t ho behadonr of film whon 
expo. I'd to high tomperatw'es, an(l on tho moa.' III'cm nt of tho amonnt 
of nitmte gnses which t ho fi lm produces irl n g i\-eIl tim . This tos t is 
cal'l'ied out in t,ho following mannor: 

Two small plUwhings of ftlm, of about, tin. diltm ter aIlcl w ighillg 
7 m g, fl.ro takon frorn the beginning (I,net tho 111.iddlo of a 1'col, nndltl' 
each placed in a small ghlSS tnbo of A.ppl'oxima,tely 85 mm (3} in.) in 
length, 11 mm (} ill.) diml1l:'t,or and S mm (~ill.) internal dinmeter. Ea.ch 
tube i:; clo 'cel with A. st,oppCI' (55 mm, 2i in., in length) round which 
is wrappcd n p iecc of tcst pu,p 1'. ?:3 nun by 3 mm (1 in. by I} in.). 
impregnfl.ted '."ith a lizari.n red dyc and moistencd with g lycorino and 
wM 1'. The t ubes are hented in nn a il' bn.th surrounded by n jll,ckot of 
boiling ~'Ylone (CBH10 ) which vaporises at 13S' C and (allowing for 
somo small heat los ') g ives a cOfl.'tant, temp 1'ature \\'ithill the bath o[ 
134' (' . TIle film punch ing at tho bott.om of each t.nbo is wholly 
imm('r~ed in the Itir bat,h . hilt the upper ]ltt1't of the tube l'rotl'Urlcs fnl' 
enough from the a il' bath to onrthle the stoppers and test pap I . 

to be completely visible. 
This he~.ting of the film pWlChings indicates the degrce of tabi li tyof 

t he film by t.he rate of emission of tho nitrl\t,e gl1..~e:> which it produces, 
and these ·bleach tho lower edge of the teflt p aper from red to 
yellowish white. The r esult of tho te:;t is taken as the time rocluil' d 
fol' this colour change to affect the lower edge of the pap l' to a w idth 
of 3 mm (~ in.). 

III accordan ce with the results, act,ion is taken as iollows: 
R eaction Time Action 
Under 20 minute;; Since th is l'epl'esents t,he greatest degree of 

disintegration of the film, it mu.·t bo 
duplicatec) immediately, and the nitmte 
Ol'iginal cl fltroyed. 

From 20 to 40 millut.cs R etest in G months. 
Fl'om 40 to 60 minutes R otest. in 1 yel\l'. 
Over 60 minuto;; R otest in 3-5 y onrs. t 

'''hen the results given by the two punchings do not closely agree, 
act,ion mllst be taken nccol'ding to the lower of the two readings. 

Thi:- test, which was developed ill. England mul is used by the British 
Kational Film Archive and some others with good results, not only 
revca l" the danger of deteriorat.ing ni.tl'ate film in good timo, but a lso 
saves work. It makes it lllmecessary to rewind each nitrate film once a 
yen!', because under good storage conditions lIlany films may be left 
untouched for three years and m orc. 

T est N oles Caroful notes mllst be macle of a ll t,he tests to \yhich a film has been 6.15 
a.nd R ecords subjected. The results of sllch tests, together wit h a record of any damR,g 

and imperfection, must be noted in the t,echnical card index. The canl 

.Thi" has often been ('a lled an 'lIrtifi cinl ageing test', but it i., more correctly dcs­
cribed as a film ~tllbility test. (VaNisher's no/e) 

t~jnce this Report, was completcd, t he Kational .Film Arc-hi \'c in London, whero 
this test was first uw d, has simplified it., act ion pl'ogmlllme in ol'der to reduco the 
number of tests and economise ill labo lll', \I'hile at the ,,>une time slightly ioerell.o;. 
illg th · "~ fet.Y marg in . It is a~ folluws: 
Rcactiun under 25 llIinutes: copy on to acetate. R eaction time 2.;-60 minlltes: 
re· test in ono yea r. Reaction after GO minutes: re· tcst in 3 years. (l'I/Ui her's no/e) 
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index must be kept up to date with t he l'osults of a rlY retests. The 
test n otes should go to t he a rchivist or his chief t echnician, so that he 
can docide if t he film is t o be t l'eateu (see 7.), if it is to be immcdiately 
d up licat d, 0 1' if it can go into stomgc. 

I< ilmR d .stined for perman nt pl'eservat,i()n "itoulrl be p ut into rlis ­
in f cterl, dry, cloan, ulldamagecl can.~ . The te"t cards sitol llcl Ilot bo 
p llt into t ho cans, but should be kept sopa rately. 

'Vhen t here is a considerable , li fference between the t'mpcra tll1'cs 
of t he workrooms and of t he 5tore (a'! will ttlways be the case wi th 
storage undor optimum concli t ions--soe 4.2), the film . .,; will have to b e 
loft open in a cool room, frce of dust, for several hom's, to allow them 
to come into equilibl'itun wit h the storage conrlitions before being 
storod permanen tly . 

Acetate fil ms which a re t o be kept in a irtight plastic bag" mlls t a lso 
first he bronght into oqllilibJ'inlTI with t he ;ttmo,:;phol'e e f the " tore 
(,:;eo 1.333). 

F or pormanont storage, a lmost a ll a rchives keep their filrrm in met tLl 
cans each of a capacity of 1000 ft. Storing in reels of 2000 ft. is also 
possible, of course, and can even save space; but since 2000 ft. is the 
length n orm ally nsed for projeCt ion, and exllibition prints are usnally 
st ored in 2000 ft. m etal cans, a differen (;e in the size of the r eels has the 
advan tage tha t a confusion between reels intended for distribution and 
films for p61'mm~nt preservation is less probable. 

6.211 It is absolutely essen tia l to wind the films on to cores, and almost 
<:lverywhere the usual commercia l cores, m ade of plastic or sta inless 
steel with a diameter of 2 in., a re used. The Polish Centml Film 
Archive in ';Yal'Saw has suggest ed the use of larger cores, with a 
diameter of 3 to 4 in., in order to avoid clU'ling at the centr~ of the 
reel. The suggestion is a good one, but in many countries these cores 
a re not manufactured, and to produce them only for the llse of a rchives 
would be prohibitively expensive. 

6.212 For p ermanent storage, the film should be wound with the ClUltls ion 
side outwards. 'Vith the rolath'ely low hlunidity of a correctly con­
ditioned va ult, winding with the emulsion inwards might result in 
breaking of the emulsion during projection. Projection copies are 
purposely s torecl with the emulsion inwards. 

P 'ut! ing F il1ll8 
~nto S torage 

HO\-V rIL:\IS 
! \ SHOULD BE ij 

STORED 1:, '.', 'l.'he li'ilm R eel 

I: , 

I 
6.22 To prevent the film being damaged by the formation of rust, and to The Film Can 

avoid the periodic ren ewal of can.<; which tllis would involve, c'ontainel's 
f 
! 

made of a non-cOHosive m aterial, sllch as aluminium, stainless steel or 
plastic, are to be preferred. Since plastic containers have not yet been 
available, no one has had experience of their use. Compared wit h metal 
can'!, ones m ade of plastic wOltld have the following advantages: 

1. They wOltld be absolutely stainless ; 

I 
I· , 
f 

2. They " 'ould be resist.ant to acicL'3 ; 
3. They could be manufactured in l:u'ge quautities, without 
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increascd cost, in the IIlOst suitnblo form (for oxamplo, both 
with venWation and with n,il'tigltt soals, as nocessary) 

In the U.S.S.R., n plastic cont.ainor for films hl\.3 boen dovolopod, but 
in ordor to protect patent rights no pn,rticulars aro yot fw,tilable. The 
containers are at present being tested. 

It is not advis[tble to tore mm in cftnlboard ca1·tons, pnl'ticuhwly 
in a stor~ without air conditioning, "ince tho cllnlboal'd absorbs fl1oistul" 
and this endangers the film. 

AI·chives which luLYO to use t.in-plato 1 fOlTons cans should insI oct 
t.hem very carefully for rust., and at tho least sign of this th y must 
bo changcd immecLiately. Ru,.;t c.tn mttko a film complotoly llsol 1'5 

within a short time. EYen to pnck th films first ill paper does not 
protect them since rllst a1:;o affocts pnper. 

The cans used for pormanent storage must be cloaned and clriocl. 6.221 
Gosfilmofond in l\Ioscow llses benzine for thi. purpose and has found 
that when tin CfLns aro used in ll.ir-Collditioned vaults no damago by 
rust has occurred over a period of tell yoars. 

Aftor all that has beon said about tho properties of nitmte film (soe 1.2), 6.222 
it goes v,,-i.thout saying that such film should never be stol'ecl in air-
t ight cans. The cans should never be sealed with adhesive tape, and 
the ventilation mllst in no way be obstructed. It must alwnys be 
possible for the n itrate gases which are formed in the process of dis­
integration to escape and be cnn-ied away by ventilation; otherwise 
the disintegration will be greatly accelerated (see 1.221 a,nd 1.232). 

For acetat.e film ilhe contrary is true. Since atmospheric oxygen cnuses 6.223 
the release of plasticiser from the base, with consequent brittleness, 
an improvement is to be expected from storage under airtight con­
ditions. This may be achieved by sealing the cans with adhesive tape, 
or by fu-st p lacing 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 is packed and kept in a constantly stoady temperature. Every change 
of temperature must be prevented, since otherwise the film may be 
endangered by the condensation of moisture. If these conditions cannot 
be established, then airtight storage is omphatically not reconunendcd 
(see 1.333). 

Camphor In the past it has been p. frequent practice to put camphor ill the cans 6.23 
and Oils of films being permanently stored, in order to preserve the suppleness 

of the film. Indeed, in several archives this is still done. The use of 
camphor dates from many decades ago, when copies were sometimes 
projected up to ten times a day. After two or three days, the fibn 
became very my under the constant heat of the projector, so camphor 
was put in t he can m;ernight, that is to say for a compamtively brief 
period, in order t o restore the fle~:ibility of the fibn. This was usually 
repeated after fifty projections. 

So far it has not been established that there is any advantage in 
using camphor in p ermanent storage. On the contrary, there have 
been instances of fi lms storod with camphor, for e~-ample in the 
Yugoslav Archive, which showed sLlI·prisingly carly signs of deteriomtion, 
and it i. . possible that the camphor was a contributory cause. It should 
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be stressed, 11O'>'ever, that there is no certainty about this . 
However, the use of camphor is not to bo advised. The same applies 

to tho practice of cl positing in the cans pieces of paper impregnatecl 
'with oils, for examlle g lycerine or eucalyptus. As long as there is no 
scientific proof of the benef1 cia l effect of such measm es, it is 8cl\-isable 
not to use them. 

0.24 :Many archives wrap their films in paper before storage as a protection Packing 
against dust and rus t. It is not a practice to be encoumged. Porous in Paper 
paper, particula rly ti')sue papel', which pI'esents little ob.5tacle to 
ventilation, is apt to wear away very easily and in doing so to be itself 
a producer of dust instead of protecting the film against it. Although 
smooth paper (e.g. waxed paper) is much more dm·able,. it impedes the 
ventilation, p articularly when the films are tightly 'vrapped. Only 
acetate filius can be treated in this way. H ere tho same conditions 
apply as fOl' packing in plastic bags (see 1.333). Paper doe.~ not gi\'e 
any protection against rust, because it is itself attackect"by rust, which 
then penetro.tes to the film." 

6.25 In permanent storage, the film reels must never be stored " ertica lly, Horizontal 
but always horizontally. If they are stOl'ed vertically, the whole weight Storage 
of the r eel rests upon the lower part of the film. If the film is approaching on Sh elL'cs 
a stage when it is likely to become sticky, the layers in the lower p art 
are pressed together so heavily that irrepal'able damage m ay result. 

6.26 It must be realised that the storage of film is a complex m atter, in Complexity of 
which varioQs factors have both beneficial and ·adverse effect.;;. It is the Storage 
impossible, for example, to separate the question of the airtight storage P.roblem 
of acetate film from that ef the air conditioning of the store, or t.he 
question of the preservation of nitrate film from that of v entilation. 
To achieve the best results in film preservation, all these factors h ave 
to be considered very carefully in relation to the existing climatic , 
teclmical and economic circLUUstances. 

6.3 SURVEILL-
AL'lCE 
OF FIUIS 
DURING 
PER;.\1A1\TENT 

6.31 Films wr..ich are being stored permanently mllst be p eriodically STORAGE 
inspected. In genera l, it may be said that tIllS examination should 
take place every one or two years, but in the larger arclll\'e3 this is 
hardly possible. Consequently, a distinction must be made according 
to the age and condition of the films, which can be ascerta ined from 
the r ecord cards. 

Negatives, and very valuable positives, should be exanllned El~ least 
every two years. In most archives, other material is examined at 

*In accordance with the recoDllllendations made here, the Xational F ilm _.\.rchi,e 
in London now proposes to store its nit.rate films in tinned cans between t\,0 pro· 
tective discs of perforated plastic. Those co=only sold as decorati,e mats for 
round cakes and gateaux can be bought cheaply and are ver.y suitable for the 
purpose. (Publisher's note) 
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longor intervn.ls (the longest intervltl J'eporte(l is s ix yon,r5). I 'llch long 
pOl'io(ls flore only pOl'missiLle for now films lJeing kopL undo1' v I'y good 
storage conclit.ions ; with ol(lnegil,t.ives 01' po"itiyos tit y m'e (lil ngm·oll f:i. 
Tho interval for ro-oxnminillg lutl'llt mm is c1oto]')11ilwcI by t.11 l ' " uIL;; 
of the film Shtbilit.y t est (:;eo 6. (4). 

H ewindi·J!(J In principle, the oxamina i.ion consi"b; (If J' lI'indillg tho film tin (,ho ti .:':! 
winding tab le, ltnd n.t the ~l\]ne timo, during tho (il 'tit cxall1ilut tion, 
cloani ng it from dirt anti tlll:;t. It. i.' immo.teri ftl wh th I' tho 111lfl is 
wound Ly h,tll<l or clectl'icH,lly, but it i,:; impurtltnt tl l<tt (,IIQ winding 
is done sufficiont.ly ::;Iowly to ont. b lo Itn I1tlofllllttO o~mlnin!\tion to bo 
m mle (about 2000 ft .. an hOlll': Reo 6.111) . . 

X otes should ho J1ln.de of tile l'OSU!t :3 of nch ch ck. If tto 11 W thtnmgo 
i:; discoyored \\'!licIt l'equires ]'om dial tl'oM,mont, the film ShOlll(l bo 
im1l\odint. Iy 1'0tul'ncll to tho .·toro. 

checl.-il1 !J Filnls intl'lu lell for POl'll1.tlteltt stOI'Il,g "ho\l1cl novo I ' Le \1:;('(1 for 6.33 
for U8C tH·ojoction. If, hOll'ever, n negtLt ive 01' n print, is us cl fol' copy ing 01' 

vi{l\dng, then i t is essential tlmt its technical conclition sltoull be 
checkcd agn.in by a toclmical in;;pection bofore mul a fter 1l;;0. 

P ilm, The film st,abi lity test is not an antomatic part of ho oxamination, 6.34 
S tabil'ity Test since it b applicable only to nitmte fil m. 

... 1 

Cleaning (lncl The films are only cleaned dlll'ing oxnmination WhOll thoir condition 6.:35 
R estoration mo.kes it necossa ry. The same applies to a ll othcr m C!\SUl' s . 

.. 

.. 

• PRESERVING 
:,\UGNETIC 

RECOR.Dl:~WS 

Under 2.423 it Wt.S stated that n.t prosent the sa fe:st m thod for 6.4 
permanont prosorva.tion of l'ecOl'ding:3 on magnetic tapo was to h avo 
them dllplicn.ted on to opti0n.l film. n magnotic recording:> h ave to be 
stored in their original form, they should Lo tl'eated as acot.ILte film 
(.·ce 3,6). TillS m.eans that they can be kept in acetnto film storos (on 
wooden, not steol rn.cks-see 2.422), and it is neces.-,;my to protect 
them against the influence of electl'o-magnotic fields (see 2A21). Tho 
cans should hc tightly closed to pl'eVellt the p enotmt.ion of (lllSt (seo 
1.333). No special preparatory treatment of magnotic tapcs bofore 
storn.ge is n ecessary. Dming stOl·.tge, they houkl be moved ll.Hd 
ex n.mineu I\.':l li ttle as po::;siblo, Tapes which havo to bo l' )1l'OclllCC(l 
should, as h as a lrcady been saitl, bo duplicated on .to optical fi1~11 (IS 

soon as possible . 
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7. THE 
RESTORATION 

OF FILM 

• .1 A distinction must be made betwean the technical restoration of film, TEClTI\'1:CAL 
and the rostoration of it.~ content. Anl) 

•. 11 Eclitorio.l rcstoration, namely putting a film bad;: into its Ol'iginal 
form as a work of art or a document, involves the replacement of any 
part · which may ho.ve been lost and the correction of t.he cutting . 
Such work can be carried out: with the help of any records which may 
have survived, particul8.1'ly editing notes, t it le lists 01' shooting scripts; 
by comparing the film "ith versions held in, other n ationa,1 archivos; 
and, as far as possible, by con,sultation with those who 'wero concerned 
in the production of the film. The editorial r estoration of great films 
is a most importa,nt t,ask for every film archive, especially in rclation 
to its own national film production. 

'.I:? HOl'C, however, we are concerned solely with the techuical restora tion 
of negatives and positives, and with the elimination of physical and 
chemiral defects aJul damage, ill order to make them fit, in respect of 
both picture and sound, for copying o.nd exhibition. T echnical );estor<1-
tion mu!'t prccede eclitorinl restorat ion, since it is only after the film 
has been technically restored that a full survey of the content can be 
carried out. The decision as to what remedial mea;Hlres shall be taken 
is one which must rest with the archivist a fter cO)1.!?ulting the examina­
tion notes (see 6.1 5) and inspecting tho film. 

EDlTORL-\L 

7.2 Film material which has suffered irreparable damage, so that projection IRREPAR­
copying i.' no longer possible, is completely worthless . Any attempt ABLE 
at fmt,her preservation is pointless, and there is n otlung to do but D :DIAGE 
destroy the material. Examples of such irreparable damag':l m'o as 
follow. ': 

• . 21 Xitrate film in the bst sta.ges of disintegration (in w]uch tile emulsion l.'he Advanced 
is softened and b listcring, the film sticks together, aud the b;~se is D isintegration­
tota.lly disintegrating-see 1.221 , (iii)- (v)) is beyond salvation and must of Nit'rate 
be destroyed immedin,tely. There is no treatment wluch Ciln m n,ke it Pilm 
sllitnhle ngn,ill fo r projec tion or copying. 

'i .~~ " 'hen fI fi lm has lost f1 t'xilJ ility, as t,he result of tlrt' 105:; of 1'Ia4iciscl' E:dreme 
und the moisture of the gel<1t,in, it breaks on l'ewinding, awl i:; incn,pa ble Brittle'ness 
of fmther projection. There is no way of restoring the flexibility, eyon 
in a humidifying cabinet. 
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2'he Fading D cvclopcu cololu' films' luwc only n, l'(\lo.tivcly shor t Ii io (see I. ·IAI) , 1.:?3 
oJ Colour The colours fn.de and event ull,lIy disapp al'. Negat iv i) find COI,i :i of 

'which one or m ore cololll's hav e di~appeal'cd cannot. b copierl 0 1' 

project ed. The chtmago is in'eparll.ble, becan '0 th ' 1'0 i ~ no wily in 
which the colo1U's can be restored . 

DOli/age to " 11en the emll]';ion has bcen at t,ll.ckou by fungn;; wh ich h tB pcn 'tl',l,tc(1 I,~.I, . 
l it e l'icture so deeply that' pa r t of t ho pict ul'o has beon Qfl,t n (LW,l,y , th is d!\l nag 
b!J PUllgus also is iJ'l'eparable. 

D:DIAGE EXfLlnples of damoge which can be trcll.t.ou mor e 01' I ' :;S "'UC'C ;;slully 1,3 
" 'HI CH m e (lirt , spots, sC'l'a tchfls on the celluloid alld cmulsion .·ide , I r ittleness , 

CAN BE residual chemicals, tearing of t he perforM,ions , stickinc;'s ilnd bI aching 
REPAIRED of t.he silver ima CTe , :CUuch of this v ry delicat \\"ork h tls to be don 

by ha nd; some con be done by pecia lly designed Il.PPltl'A.t ll .. -; . 

D il't Dirt is l'emoved (see 6. 12) wi t h cllemic.tl soh ·cnt.·, ill th Hpplica ti oll 1.31 
of which machines are gcnera lly used, The ultra:;onic lI1!\chino i-; 
prefel'able to the m ore t raditional methods becau:'Ic it i:; k incler to t he 
film, 

Individual Single spot,s are not I'emoved by machine, but m'e clean ed off by hand 1,32 
Spots on t he winding table , For thi.~ purpose the following slllr t fln cs may 

be used: 
acetone-to removo spots of fi lm cement 01' ae t.one; 
carbon tetraehlol'ide--to remove oily dirt; 
ethy l alcohol-to remov e dirt which is not oily. 

Abrasion Abrasions and scra tches, which a re caused during proje ,tion, 0 1' as t he 1.33 
resul t of inexpert handling timing rewinding of t he film (which is y ery 
sllsceptible to mechanicn.1 da mage). can be l'emoyed when t hey ar not 
too ueep. 

Scratches on the celhtioid side can be I'emov cl by p oli;;hing . The 1.331 
principle hcre is always the same: the slU'face of the ce lluloid <:icle is 
softened by moistening with acetone, and then w'a,nl oyer a gIns;; 
r oller under pressure. In tIlls way a ll the scra tches a nd abrasion.~ a re 
r em oved. After this t.rea tment the celluloid siue of the film i,; com ­
pletely fl awless. The polishing is done by machine. There are two 
system s : i.n one, a revolving glass rolier, wit.h a diameter of 6- in" 
dips into a bath of acetone and t,hereby moi::;tens the ba.~e of the film, 
which is pulled oyer it under presslu'e; in the other m ethocl, acetone 
is dl'ippe(l or sprayed on- to the film, which is then pulled oyer a glllss 
roller wit h a di.ameter of only half an inch. Both methods produce 
good results. The second system, which was developed in Prague, has 
the advantage that the film can be fitted with clip;; t o prey nt t.he 
joins coming apart in the mach.ine; consequently this sytem lencls 
itself to u se in a combined rostoration machine. 

Abmsions find , cratchcs on the emulsion s ide can be l'emoYed by 1,332 
causing the emulsion to swell; the film is soaked in water, ilm l then 
d.ried, FOI' t bi::; operation one can uso machines ,,-hich m ay be rebuilt, 
without great expense, from old small deyeloping machine.~ , n' long 
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as they are free from cOl'l'osion. In tho State Film Archive of the 
German Democratic Republic s llch a machine has been lL;;ed success­
fully fOl' ma.n.y years. 

Dcep scn"tches cannot be removed in this way. They require tho 
application of a very thin protective layer or coating of acid-free wax 
or lacquer, applied mechanicaUy. To attempt to use for emulsion 
scratches It similar method to that described in 7.331 for scra tches OH 
the base, namely to soften the emulsion by soaking and then to subj ect 
it, to pressure between roller;;, is emphatically not to be recommendetl. 
(,ertainly scratches can Le eradicated by this mean.'>, but it is i~:jl1.I'ious 
to the picture. The eXCl·tion of pres:sure on the softened emulsion 
deforms the contours of the image and results in a loss of pict'ure 
quality. 

1.333 Thc methods de::;criberl h01'e foJ' the remo,ral of scratches and itbrasions 
0.1'e vcry important; they improve the quality of the film, and make 
it pos. ·ible to print relatively good copies or duplicate negat ives. During 
the last few years, however, there has come into use a method of 
duplicating which makes preparatory treatment of scratched material 
superfluous ; it is called the anti-scratch process. The ol'iginal scratched 
matcrial (negative or positive), before entering the printel' gate of an 
optical printer, is automatically covered on both sides ,,,ith a liquid 
which has exactly,the same refractive index as the base. The scratches 
in the original material are not copied on to the new print, because the 
printing light passes direct.ly through the original material wit,hout 
any deflection of its rays by scratches or particles of dust. In this 
way a scratch-free copy can be printed from a scratched original. 
Such optical printing machines with anti-scratch ins talhttious have 
been made in several countries, amI for archives which have their 
own printing laboratories they flrc one of the most important pieces of 
equipment. 

7.34 The removal of r esidual chemicals is ,imperative, because rum Residual 
material which has not been properly developed ami fixed will be Chemicals 
J'uined during storage. 

1.341 The only successful treatment for incompleto fixing I S to have tho 
film re-fixed and thoroughly re-washed. 

7.342 It often occurs, however, th,tt the film has been properly fixed, but 
not sufficiently washed afterwart!.., . In this case a residue of til e fixing 
salt (sodiumthiosulphate, also called hypo) is left in the enmlsion. 
This, like other sulphur compountl'l, w:ill in time bleach the image . 
It is therefore recommended that new films, as they are acquil'ed, 
sholdd be tested for the presenco of (l,ny hypo in the emulsion. The 
te.' t is as follows: 

In a test-tube f1. solution is II1tL(le up of 
mercmic chloride 25 gms 
potassium bromi(le 25 gms 
water to 1 litl'e 

Into this solution is put a piece of film (olle fmme of nogll,tive, 
two or three frames of po, 'itive, because, of the difference in thick­
ne!lil of the emulsion layer), cut into strips of It suitable size. 'Vith 
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oyen a v ory lo\\' content of hypo (0·0.3 mg.) tho f;o lution quickly 
turns milky IInd turbid. The dogroo of tlll'bidit.y deponels upon 
tho amount of hypo in the emnlsion. 

It. is also possible to cement a punching of film (baso doml) 
on to a pioce of plain. ncctll.te bm;o. W'hon it is dry this pieoo f 
film is bid down on ,~ black Imckgl'ound, and a. droV of tho abov -
J1111lttioned solution is plo.ocd on tho punchjng of tllO fiLm to bo 
tosted. If hypo is presont, thc drop bocomes turbid within t Ill' 
mimltos. This mct.hpd 11[\..'3 tho IHlvl1.nto.g tl mt. the film do s not 
need to be cnt. 

'Vhich vor m ethod is used, whon tho m ercll1'ic chl oride solution 
b ecom es tlU'bicl this is all inclication thnt the film mus t b 
thorouglaly rewn;:hetl. Ther is no OXitct rule for tho luration of 
this washing, but a minimum o f 1 l£tl f-an-lJOul' is gen rally considored 
n C'('5SI1.ry. 

Bad stol'llgo cOlldition:;, llitrticllla rly an excess of warmth from tL'Ynoss, 
can callSO a film to lose fl xihility. A slight brittleness is the first 'igll 
of a grolling brittleness 'which will ventunlly become irreparabl . 

In tho long run, tho fl~xibility of a film cnn only be maintnined by 
goolL s tornge conditions (soe 4.2). Onco brittlonesR h ns start,o<\. to Ilppelll' 
it clln be reversed ollly tempornrily in a " filmostut ", but this m ay 
be onoug h t.o onable the film to bo cluplicll.ted. The brittle film i WOlUl L 
loosely ancl placed, without u can, on a stainless steel grating in a 
humidifying cabinet. In the bottom, 01' at the sides, of the cabinet 0.1'0 

contn.ilLers wit.h cotton-wool soak d in Mw following solution: 
aceton 15 gm 
glycorine 25 gm 
'water 60 gm 

Thi.' voltttile solution is {'Ixt.ramely flective III en(\~ling the fi lm 
t.empol'l~rily to regil,in its originAl flexibility. 

Tho ~llrillkagc of film i:;; usually It result of storing it in conditions 
which flre too dry and too wnrm. The dimen ions of the film chango, 
the imago beoomos smaller and the interval between. perforations is 
shorter. l·'ilm 'which has sltl'unk beyond a certain point call no 10ng61' 
b e useel on normal machines and apparatus. Shrinkage is irreversible. 

It is nc...-ert.llOles:;; possible to S,tve the film by making a new copy of 
standal'fl climensions on a step printel·. In one form of such printer the 
shrunk film is passed ovor an opal gla willdow which if; ilhuninntocl 
fl'om the ]'0111'. W'ith a 35mm cino camora it can then. be photographed 
frame by fmme_ BasicA.lly, thi:; is 1 : 1 optical printing. The slU'inkn.go 
is compensatod for by regulat ing the distance from the objective to 
tho image. COl'reetion of t.he imago is possible vel'tically, horizontally 
antI by tilting. The film is m o...-otl by ha lld over rubbe r rollers, without 
the 1Ise of sprockets. Sirnpltl appnrntus of this kind has been used for 
a numher of years in the Kn.t-icmfll Film Archive in London and tit , 
Ketlterlnn(ls Film .:\IlIsellm in Amstordam, with oxcellent results. A 
cOlLsielcn~ble number of films of hi 'tol'ical value h ave beon saved in this 
\\"Hy: for examplo, mallY o!, the fir"t LllJlliel'o mrns. 

The same rosults can, of course, be achievoe l with A. modern optical 
pl'intel', provided that it i:; fitkd with a :;;prockotless film tram'port 
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meclmnism. The cost of su·h a m achine is much greater than that of 
the apparn.tlls we luwe just descrihecl. 

7.37 . ·tickiness is either a sign of the ad" anced disintegration of nitrato Stickiness 
film (sce 1.221) or mn.y be thflresult of storage ill over·moist cOllclitiol1s 
(~;('o 1.421 H.I~tl 1.422). L,t~'ors of sticky film sltolllcl not be sepn. rated 
whilo dry. Such fiLns mlL~t be UJl\\'OllllcL hy ha n(l nwler watel' with t.ho 
greatest care. The onJ~' requirement is a vory simple a rticle, /In.mely a 
hwge bath, in which the film call be softened am!. from which it C<11l 

be wOllm!. on to a d.r~;Jlg cloth 01' pU5sed tlu'ough a drying cabinet., 
Unfor tunately, when film is yery sticky, it is sometimes impossible to 
avoid removing some oi the ernu];,;o n from the base, cle;;pito the 
groat est 'are. 

i. ;{ ' If t h silver imnge ha;; discololll'cll ullclcr the action of nikate gases Discoloration 
0 1' T'llsi(!.lIal cllem icab (;:ee 1.43), cOlltinlled pl'esernttion of tho fi lm is of the 
only worthwhile if the density can be l'estored . This is possible, bllt Sil'cer Image 
the process is complicated. so i t is advisable to h ave it done in a s uit.H.hle 
laborlttol'Y. The di.<;colonred silver image is first bl e.l.ehed, and thon 
redevelopeu. 'Vhere the cliscolomtion ho.s gone vory fa r, this prooess 
has lJt'oduced some very disturbing oolour variations. In the German 
Demoemtio Republio, l~ new process has been developed, and is- heing 
patented, which m akes l'e;;toration possible even in cases which wel'e 
formerly considered hopeless. 

7.30 Severe tears to p erforations, which may even extend into the image Damage to 
area., present an obstacle to the copying of a film. Single broken P erforations 
perforations can be cut out, and the corners mW3t then be rounded. 
Greater lengths of damaO'e must be cut away, and new perforations 
oemented in their pla.ce. TillS work must be clone very precisely and is 
t h erefore extremely time-consuming. Where the perforatiun intervals 
0.1'0 still of standard size, transparent p erforated Permacel can be "., ,,< 

applied to the damaged part s over the whole widt.h of the film. 

7.4 'Ve cannot warn too strongly against the treatment. of film by so- A 'VARNING 
called "secret" prc,cesses, out. 'ide the control and knowledge of the AGAL.~ST 
archive. It is essential to know exactly what a film is being treated with, "SECRET" 
and to be C[lllte sure that tIllS treatment can have no harmful COl'L'5e- PROCESSES 
qllencos. The coating of films, for example, with tIns or that special 
wax 0 1' lacquer, the composition of wlllch is not made known, carries 
with it the danger of chemical changes in the film material itseIJ, 
which m ay not be noticeable at first, but which can in the long I'lUl 

lead to the complete de.,trnction of a negative or print. 

7.5 HAND AJ.~D 
:JLI\CHINE 
WORK 

7.51 Some kinds of rest.ora tion work are much bett~r done by hand than 
by machine: for example, the separating of sticky film, the removal of 
f< ingle spots and the repair of perforations . 

7.52 For other operation.", appropriate machines h ave been developed: for 
oxample, for washing (;;ee 7.332 ). cleaning (see 6,12), polishing (see 
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7.331) ond coating (soo 7.332). Tlw lISO of sllch machincs proviclm; n. 
sign..ificn,nt incrcase in workilLg cl1pacity, vcn. whon, to Haf gULl.I'd t,h 
film, the machines (I,)'e nm .. lowly (e,g . 600-2000 n. p l' hou r). 

It is even mOl'e efficient to h ave a ll tho processes performed by n. singlo 7,(l3 
machine. GosfilmofOlUl in Moscow Ims developed rostol'ltLion. mn.chinos 
(one for n egative and olle for p ositive) which in ono paSSltgo of tho 
film clean, soa k, refix , ]'omeV(l I'csill\IILI chelllicILI.·, cont IUld poli"h it, 
In tlli" wILy a film Cfl.tl be t.1' ntoll Lh01'ougld~', wi th tli (' X]lf'n"ll of 
compol'a,tiv('ly lit.tle htlJO lIr nnc[ time, C:u:;filmofond dC'''C' I'ibc'' tit' 
ol'erntionul 1>roceclul'os of t,he m uchino, HS follows: 

W ashing Clnd Hcgcnemtion oJ th e f<) III11/,sion oJ Nega til'es: 
(a) Pl'eliminary wotting '1 J11in .. ~ , 
(b) R e· fixing 4 mins, in It ~5(:~ !'oit lt inn ot' 

so(lium hnlOSliIpilit c'. 
(c) Jntermerlin,te rinso 7 mins, in ",MoOl'. 

(d) • 'oltking of the l1H1 l"ion 4 roil " in n. 0'3% Bo lut ien of 
HHd rCll10val of ro, 'i([unl anunonin. 
hypo 

(e) Cleaning wi th rotating 
rollers of charnoi,' lenthel' 

(j) Final wlLshing 17 min; '. with ",at I'. 

(g) Drying 43 mins. 
By 'washing and soaking the emulsion I1nd suhsequent drying, 
nil minor sCl'I1tches cl1use(l dlU'ing exhibition 01' inspection al'e 
eliminatecl. Deep er scratohos calUlOt be removeu in this \\,I1Y. This 
is achieved by application of WI1X 01' lucqu 1'. Gosfilmofond has this 
application of a protective coating 011 n eg'ttive emulsion done by 
It special machine. 
lJi ashing and Regeneration oJ Positi~'es: 
(a) Cleaning off grea e with the l1id of 11 soap solution (OP - 7) , 

01' a mixture of 50% carbon tetrachloride and 50% benzo l 
applied with rotating chl1mois leatlier rollers, 

(b) Soaking 35 mins. in 0'3 % solution of 
amn101ua. 

(c) 
(cl) 

Rinsing 
Cleaning t.he 
with rotating 
leather rollers, 

emulsion 
chamois 

3 mins. in water. 

(e) Application of a lacquer to the emul.-ion (protoctive layer) 
with a. 4% solution of polyvillyl alcohol in water. 

(f) Drying 21 ruin.s. 
(g) Pow'hing of the base wit,ll acetone. 
All these processes are carried out by only one machine (whon 
necessary, one or more of ,the proces.<;es may be omitted). Thi:; 
machine works at a speed of 1300-2000 ft, per hotu'. 

Negatives 01' positives which l11'e affocted by fungus, mildew or the 
like are also treated in the 'e ml1clunes. B ofore drying t hey 111'0 m oistenecl 
for a minute with a 1 % solution of sodium trichlorophenolate. 

Similar machines 0.1'0 in U.O ill the Czechoslova.k Filnl. Distribution 
laboratorios in Prague. A l'estorat,ion machine inC0l1)01'ating an 
ultrason..ic cleaner is under constructiun at t,he State Film A.rohive of 
the German Dt"mocl'l1tic Ropublic. 
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" .. 

QUALIFICATIONS 
OF PERSONNEL 

8.1 The p reservation alld resto ration of an [\l'chiYe fiLn co llection j,; a 
r€'~ponsible task which cannot b e cal'l'iecl out exccpt by p eri;oll lle l 
propcrly instrncted and experienced in this special field. F a ill11'e to 
employ qualified staff h as already cost some archives the lo:'ls of 
important parts of their holdings. 

8.2. In large archives, with corresponclingly la rge numbers of employee.~ , 

thl' senior t echnicians should be graduate chl'mists or engineers, They 
are responsible for all the technical processes : tho inspection of fibns 
before storage, periodic testing during storage, fiLn restoration, the 
control of duplicat ing machines and the furt her development of machi ne,; 
and working methods. Ai; present, only a few archives have a staff of 
technically qualified p ersonnel such as we have just described. Thid 
i the more regrettable because it is only to such p eople that wo may 
look for improvement and development in the machines and procedures 
which a re necessary in till,; speciali. 'ed field. 

8.3 The technical assistants directly responsible for such "work as the 
control of plant or operation of m achines sh ould lll\vO had training in 
similar work (e.g. as film laboratory workers, mechanics, etc.). The 
teclmical employees of most archives have received only snch limited 
practical training as they can obtain in the course of their day.to·day 
work. One of the aims of F.I.A.F., through the work of its Preservation 
Committee, is to give them a broader view of their field of work, 'ince 
the fut.Lu·o development of fiLn archives is dependent on their having 
the widest possible knowledge and experience. 

8.4 Hitherto, in telnationn.l co·operat.ion between the film archivt3s in all 
countl'ie has con<;isted in making use of their collections for organising 
retrospective film performances and exhibitions, and in enlarging their 
collections by the exchange of fiLns . From t h e fu-m basis thus estab· 
lished, international co·operation mW3t now 1)e extended to the fiel<l 
of film preservation. A first step towards tillS end was the establish­
ment of tile international Preservation Corrullittee, the publication 
of this Report is a second. The next step should be the sharing of 
eJo..--perionce between noighbouring archives, and this can best be done 
by an exchange of qualified Pt'!f'solluel fOl' predetermined p eriods. The 
work of our Preservatioll Committee has demonstrated that the larger 
archives have no desire to keep their knowledge and experience jealously 
to them selves, but are willing t,o put them at the disposal of othe r 
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COlUltries . In tho Staio Film Archivt;) of tho CC'l'mrm Dumocl'lttic 
R epublic, (tnd in t.lie Nn,t.ion nl Film Ar(:hive in .Lundon, SOIOO colloll.gu 'S 

from abl'on.cl have alreo dy J'cceiYod (1, few munths' training, and to-day 
they have rosponsible positions in tho {""chivos of th ir own count,rios . 
Xo doubt. othor archives III\\"e done tho S.lIllO. lL is to be hop tI that t.hi s 
kind 01 exchango und tho poolill" of experiellce will be prl1.(:ti:;otl 
incJ'on;;ingly, to tho benom of all n.l' ·h iv!",.; . 
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S OU1/(l l.'1'Clcks 
Optical Sound 
Magnetic S owncl 

R equ'irements for Preserving the Light·Sen sitive Layer 
T Cnl1Je1'alure (/1ul l?clative H1t1l1icz.it!J 
Ventilation and A 'ir PW'ification 
B lacl ... (md· 1Vhile S eparations Desimble 

MAGNETIC FILM AND MAGNETIC TAPE 
COi\lPOSITIOX 
ICThTDS OF i.\lAGNETIC RECORDING i\IATERIAL 
Opticall'icttl're Fi lm with Jj!Iagnet-ic Smmd·Tmclc 
)lIagnetic F i lm f or S mm.<I.Recorcling 
ll!(agnetic Tape 
Magnetic P icture Tape (Videotape) 
PROPERTIES OF MAG1\TETIC RECORDING lVIATERIALS 
The Ba.~e 

ll!(al.,-ing of Copies Direct and S i l1l,j)le 
Not fixable 
Copying Effect (Pdnt.through) 
REQUIREMENTS FOR PRESERVING OF 
l\IAGNETIC R ECORDINGS 
Conditions for Base the Same as for Acetate 
l'1'eservati on of the ll!(agnetic Tracing 

Segregation from ll!(agnetic Fields 
Wooden Rack's and Steel Cans 
Optical Copying of Videotapes Recorl'tmended 
Storage T emperatttre to Minimise Pr'int.through 

3. SOME GENERAL CONCLUSIONS ' 
3.1 SEPARATION OF NITRATE FROl\f ACETATE 
3.2 STORAGE AT~\IOSPHERE FOR NITRATE FILM 
3.3 STORAGE ATi\IOSPHERE F OR ACETATE FILM 
3.4 VENTILATION 
3.5 PRESERVING OF COLOUR FILMS 
3. 6 )1AGNETIC FIL2.\IS AND TAPES 
3.7 ONJ~Y TWO TYPES OF STORE REQUIRED 
3.8 SOLUTIONS, TDIP ORARY A1\TD LASTI IG 

4. STOR AGE PROBLEMS AND CONDITIONS 
4.1 STORAGE PROBLE}l:::i 
4.11 Difference of Climate 
4.12 Economic Limitations 
4.13 Archival Stomge and P1'ojection Copy Storage 
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4.131 
4.132 
4.133 

4.14 
4.141 
4.142 
4.143 
4.144 
4.2 
4.21 
4.22 
4. 22 l 
4.222 
4. 223 
4.23 
4.231 
4.232 
4 .24-
4.241 
4.3 
4.31 
4.311 
4.312 
4.32 
4.321 
4.322 
4.323 
4.324 
4.325 
4.33 
4.34 
4.4 
*.41 
4.42 
4.43 
4.44 
4.441 
4.45 
4.46 
4.47 

5. 
5.1 
5.11 
5.12 
5.13 
5.2 
5.21 
5.211 
5.212 
5.213 
5.22 

ArchiL'al Storage 
Storage of r 'roject'ion Oopies 
S eparation of Archival Slol'Clge and OOp!J Proj ection 
S torage 

S ejJarate Slorage f or R easo'/1s of Saf et!J 
R easons f or S eparation 
H a::.a rd of Lo'rge Storage OOlllJJCl rllllcHt8 
"')Jarat ion !cit" ;n Si-Ilgle S tore.s 

Dllplicaf.iun of ,. ·to/'(/ [/I' i ll Diffe rcll t CU llnlries 
FlU [ ::;TOR:\ (3E COXD LTlO.:\ ;-; 
P(tlldalllelltal J'rinc ip/I's 
'l'elll jJem tll re 

fur S itmte Pilll /, 
for A cctute Pilln 
f or Colour Pilll, s 

B elat ire H'lIInidity 
R elation to T elll jJeratll re 
Optimum HU II/idity 

l 'enti/ation 
P or N itmte and f or A cclClte 

COKTROL OF THE STOHACE COKDITION -' 
A 'utomatic .i:i1·-Collditionillg r lanls 

R eglllation of 'l 'emperatllre and H'lImidity 
.d ir I n take 

N on-autoll/atic Ai'r Condition ing 
Control of Tempcratll'rc 
Oontrol of llumidity 
l' enlilation 
G011st~nt Slt1Jervision R eqltirecl 
.dduptat-ion to L ocal Oonditiolls 

B uilding Provisions 
Storage T ests 
FIRE PREV EKTION 
P orllls of F ire r rotection 
rrc~'enti ve j l!l eaSU1'CS 
Isolation of the P in 
E xtinguishing llietlt ocls 

Extinguishing Ap]Jaratus 
I nstruction of P e1'sonncl 
Alarm to F ire Brigade 
B u rglar Alarm 

'STORAGE BUILDINGS 
POSITION 
Away from Oities 
Ideal Conclitions 
Distant from L iving Quarters 
THE DESIGN OF STOHAGE BUILDINGS 
Different Types of Store 

GTlYund·level S t01'e with A tltOIllCltic Air Oond itioning 
Underground Store with Automatic A ir Oonditioning 
Ground-level St01'e Th el'lI/ally IIl .. suZated 

lJlult i-Storey Bui ldings f 01' N itrate Film Not R ec0111 11l e11ded 
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5.23 
0.3 
5.31 
5.::12 
5.321 
5.33 
5.34 
.). 3.,1.1 
;).342 
5 .3.j.:~ 

5.35 
5.36 
5.4 
5.'11 
;:;A2 
:3..13 
o A..J. 
5.45 
5.5 
5.6 
0.61 
5.62 
5.63 

6. 
6.1 
G.ll 
6.1 11 
6.112 
6.12 
6.i21 
6.122 
6.123 
6.124 
6.13 
!i .131 
6.132 
6.133 
6.134 
6. 130 
6.136 
6.137 
6.14 
6.15 
6.1 6 
6.2 
6.21 
6.211 
6.212 
6.22 
6.221 
6.222 
6.223 

i nsulation (IIUZ A ir-Cond itioning 
STOHAGE BUILDL.,\GS F OR NITRATE li IL11 
l 'otal CaJJacity 
CaJJacity of Indit:idual Vaults 

Rack.s, P artition.s (L1vl Compartments 
A i)' Conditioni flJ muZ T'entilaticJ"n 
l!' il'e rrevent ion 

Press !I re I'ents 
S1)?'illkier In.stallaticq".s 
Han~l J~""t inguis!t ~rs, Fireproof Covers 

JJoors awl A irlocks 
Emergency E.cils 
STORAGE Bl,"I.LDIXGS POR ACETATE FIL:'II 
S torage Unita 
Parti tionillJ A ga inst F ire 
S helving 
A.-i?' Conditioning 
Ventiiation 
CmIBL.~ED STORACE OF ACETATE .-L,\D ~ITRATE FIL11 
OTHER REQCIRE.:'IIEXT:) 
F ilms Not lo L ea ve the S tore 
Pl·ovision.s f or T echnical WOl'''' 
Ca1"(1 Inde,ce.s 

FILM STORAGE PROCE DURES 
PREP ARATIOXS F OR STORAGE 
F irst i ns1Jection 

Speed oJ Examination 
:Measll'ring Sh rinkage 

Cleaning the Film 
Cleaning L iquids 
JlI{eclwnical Cleaners 
Ult'rasonic ill ethod 
Cleaning by H wul 

D istinguishing Nit7"ate (t?ul A cetate Base 
Edgemarks 
The B urning T est 
The F loating T est 
The Chlorof orm T est 
T he lVletlwI101 T est 
'l'he F luorescence T est 
Goncl1lsion 

The F ilm Stability T est 
Test N otes and R ecords 
P~ttting F ilms into S tomge 
HOW FIDIS SHOULD BE STORED 
Th e F i lm. R eel 

Size oJ Gores 
Em1£lsion Ol/tu'anls 

The Film 0 (/"/1 

Gleaning the Gc/"/1,.S 
Cans f or X itrate Film not to ve S ealed 
S ealing oJ Ga M f Ol" Acetate Fi lm 
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6.23 Ca/1/phor aHd Oils 
6.24 Pucki'YI{j 1'n Paper 
6.25 Horl:zolltol S t.orage on Sh elL-cs 
6.26 COl1!pic:-c ity of the Storage J' robleln 
6.3 ::;URVElLV .. XCB 01" THb l"lL:\[ D GHIXG Plml\lA.l'\fENT 

STORAGE 
6.3l Freljlw'/I('Y of Inspect ion 
6.32 B cwindi'llg 
6.33 ChccHllg f or Csc 
6.34 Fillll Slabilit,y Test. 
6.35 Clcani'ng (md Restoration 
6..J. TH.E PHE:::;EH'-ATIO)l' OF :\L-\GNETIC HE 'ORDIXGS 

7. THE RESTORATION OF FILM 
7.1 TEU.HNICAL .:u\fD EDITOHIAL RE::;TORATION 
7.11 Editorial R estoration of Contellt 
7. J 2 'l'eclmical Re,~toration 
7.2 IRREPAR-\13LE DA.:\fAGE 
7.21 Advanced Disintegration of Xitrate Film 
7.22 E xtreme Brittleness 
7.23 Colollr Fading 
7 _24 Damage by l!'lII!fJltS 

7.3 DA1HAGE WmOH OAl BB REPAIRED 
7.31 
7.32 
7.33 
7_331 
7.332 
7.333 
7.34 
7.341 
7.342 
7.35 
7.36 
7.361 
7.37 
7_38 
7.39 
7.4 
7.5 

Di1·t 
Ind ividual Spots 
A b1'Osion 

Celluloid Scratches 
Emulsion Scratch es 
Anti-Scmtch Duplicating 

R esidual Chemicals 
IncolJl1JZete Fixing 
InslIfficient Wash ing (H ypo 'l'est) 
Brittleness 
Shl'inkage 
Step Printing 

Stickiness 
Discoloration of the Silver Image 
Damage to P erforations 
WARNING AGAINST "SEORET" PROCESSES 
~l) A..'\fD :\IAOH'Th"'E WORK 

7.51 Work by Hand 
7.52 B estO'ration jllachines 
7.53 A Combined Restoration ,1Iach ine 

8. QUALIFICATIONS OF PERSONNEL 
8.1 BASIC PRIXOIPLES 
8.2 XEED FOR QUAJ ... IFillD ST.·\FF 
8.3 NEED FOR STAFF THAINING 
8,4 INTERN.-\.TIO)l'AL STAFF EXOHA.l'\fGES 
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