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FOREWORD 
Radiation Safety for Civil Airports was prepared by the Airports Serv­

ice, Federal Aviation Agency, and is published as Advisory Circular 150/ 
5240-6A. 

This publication provides civil airport management, safety personnel, 
and the general public with basic information on the fundamentals of radi­
ation and the technical criteria needed to cope with emergencies involving 
radioactive materials or nuclear weapons on aircraft should an accident 
occur on or near an airport. It describes the measures required by law to 
be taken to ensure maximum safety and the procedures to be followed at the 
scene of the emergency. Other forms of radiation that might be present on 
an airport, such as R F radiation from radar equipment, X-ray emitters, 
radioactive electronic tubes, and background levels associated with fallout 
air sampling, are not within the purview of this document. 

The development since 1946 of peacetime use of radioisotopes has led 
to constantly increasing use of air transportation for shipping them. So 
much has been written about nuclear energy and radiation hazards since 1945 
when, the power of the atom was first publicized that many people look upon 
this power as a sinister force. The popular notion is that the effects cannot 
be combatted. An understanding of the basic fundamentals of nuclear radi­
ation will help to lessen this fear. 

This publication is divided into three major categories: "The Radiation 
Problem," "Nuclear Radiation," and "Emergency Operations at Civil Air­
ports." The first category discusses the shipment of radioactive materials 
on civil aircraft and gives fundamental information about nuclear weapons 
on military aircraft. Radiation, methods of measuring and monitoring its 
potency and its biological effects, protection of personnel, and decontamina­
tion are covered in the second category. The third category outlines emer­
gency operations to be set up following an accident involving shipment of 
radioactive materials on commercial aircraft and nuclear weapons carried on 
military aircraft; and tells how to obtain assistance for radiological protec­
tion. Public relations and news releases are mentioned to emphasize the 
need to prevent undue anxiety. 
A glossary of specialized terms associated with nuclear radiation appears 

in the Appendix. 
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THE RADIATION PROBLEM 
Section 1 — A i r T r a n s p o r t a t i o n o f 

R a d i o a c t i v e Mate r ia ls 
T h e possibi l i ty of d isas ter caused by acci­

den ts t o a i r c ra f t c a r r y i n g radio iso topes has 
been the object of m u c h concern, especially of 
civil a i r p o r t managemen t a n d safety personnel . 
This concern, for the most part, is unwar­
ranted. 

Specialized procedures for h a n d l i n g rad io­
act ive ma te r i a l s a r e requi red . These proce­
dures can be compared wi th those t h a t a phys i ­
cian takes when dea l ing w i th a contagious 
disease; h e is m o r e careful in m a t t e r s of per­
sonal sani ta t ion . S imi l a r ly , safety personnel 
a n d c rash crews who h a v e been t r a i ned in spe­
cialized protect ive procedures a n d who a re 
aware of t h e haza rd s involved should have 
l i t t le more difficulty wi th accidents to civil or 
mi l i t a ry a i r c r a f t c a r r y i n g rad ioac t ive ma te r i a l s 
t h a n wi th o the r types of a i rc ra f t accidents. 

Cer t a in mi l i t a ry a i rc raf t , on the o the r hand , 
pose a completely different problem. Because 
t h e U . S . D e p a r t m e n t of Defense h a s a n u m b e r 
of a i rc ra f t a i rborne a t all t imes, some of which 
m a y be c a r r y i n g nuc lear weapons o r compo­
nents , i t is conceivable t h a t one of these ai r ­

c ra f t m i g h t have to m a k e a crash l a n d i n g a t 
a civil a i rpo r t . I t should be emphasized t h a t 
t h e possibi l i ty of a nuc lear explosion resu l t ing 
from an accident of th i s k i n d is so remote t h a t 
i t can be ignored. However , t h e problem 
posed by mi l i t a ry a i rc ra f t , as will be poin ted 
out in Sect ion 3, is t h a t the haza rds resu l t ing 
from an accident involv ing a nuc lea r weapon 
would l ikely be due to the convent ional h igh 
explosives conta ined in t h e weapon r a t h e r t h a n 
to a nuc lea r de tonat ion . 

Nonetheless, t h e de tona t ion of h i g h ex­
plosives o r the ove rhea t ing of the weapon 
would crea te r ad ia t ion dangers , and a i rpo r t 
safety personnel mus t be p r e p a r e d to cope wi th 
these condi t ions . I n add i t ion , any accident in 
which a nuclear weapon is involved creates 
securi ty p rob lems tha t , if imprope r ly handled , 
may compromise t h e na t iona l defense. 

W h e t h e r the accident involves a conta iner 
of radioisotopes bound for some l abora to ry or 
indus t ry , or whe ther a nuc lear bomb is on 
board , a t r a i ned a n d equipped g r o u p of safety 
personnel can cope wi th the s i tua t ion a n d can 
control t h e effects of it . I t is t h e purpose of 
th is publ ica t ion to assist t hem in do ing so. 
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Section 2 — R a d i o a c t i v e Ma t te r o n 
C i v i l A i rc ra f t 

T h e load ing a n d c a r r y i n g of rad ioac t ive 
mater ia l s , inc lud ing fissionable ma te r i a l s , in 
a n y civil a i r c ra f t in the U n i t e d S ta t e s and in 
civil a i rc ra f t of U n i t e d S ta tes r eg i s t ry any­
where in a i r commerce, wi th cer ta in except ions , 
a re governed by P a r t 103 of the F e d e r a l Av ia ­
t ion Regu la t ions p romulga t ed by the F e d e r a l 
Avia t ion Agency ( F A A ) . 

These regula t ions a p p l y bo th to t h e sh ippe r 
a n d to t h e civil a i r c ra f t ope ra to r w h o t r a n s ­
por t s the mate r ia l s , a n d bo th a re requi red to be 
fami l i a r wi th the regula t ions p resc r ib ing the 
safe t r a n s p o r t of the mate r ia l s . T h e basic re­
qui rements were d r a w n u p ini t ia l ly by medical 
a n d o the r scientific exper t s , a n d they h a v e re­
mained cons tan t a n d un i form for all modes of 
t r anspor t a t i on . 

T h e sh ipmen t of radioac t ive mate r ia l s is no 
longer l imited to t h e A t o m i c E n e r g y Commis­
sion o r one of its licensees. T h e q u a n t i t y of 
radioac t ive mate r ia l t h a t can be t r anspo r t ed 
on any one a i r c ra f t is qui te smal l , be ing l imi ted 
to 40 r ad i a t ion uni t s . T h e small a m o u n t s per­
mi t ted , packaged in app roved conta iners , a r e so 
shielded t h a t surface rad ia t ion is he ld to a safe 
m i n i m u m . A sh ipper ' s certificate of com­
pliance m u s t accompany each package . 

U n d e r cer ta in c i rcumstances , a wa ive r m a y 
be obtained from t h e A d m i n i s t r a t o r of the 
F e d e r a l Avia t ion Agency t h a t will p e r m i t 
t r a n s p o r t i n g l a r g e r a m o u n t s of rad ioac t ive 
mate r ia l o r mater ia l s . I n such cases, the A d ­
min i s t r a to r will specify t h e t e r m s a n d condi­
t ions for t h e special sh ipment , inc lud ing a 

requ i rement t h a t the ho lder of the special au­
thor iza t ion mus t not i fy a n d ob ta in the permis­
sion of the opera to rs or m a n a g e r s of t h e a i r ­
po r t s to be used. 

R a d i o i s o t o p e Sh ipments 

T h e O a k R i d g e N a t i o n a l Labora to r i e s 
( O R N L ) is t h e la rges t s ingle sh ippe r of 
radioisotopes , a n d a p p r o x i m a t e l y 85 percen t 
of t h e sh ipmen t s from O R N L have been by 
a i r t r an spo r t a t i on . M o r e t h a n 50 percen t of 
t h e a i r express a n d a i r f r e igh t sh ipments from 
the Knoxv i l l e (Tennessee) Munic ipa l A i r p o r t 
have been radioisotopes f rom O R N L . Yet 
sh ipmen t s by O R N L represen t less t h a n hal f 
of t h e to ta l , t h e ba lance be ing sh ipped p r i m a r ­
ily by commercia l firms licensed b y A E C . 

T h e p o p u l a r i t y of a i r t r anspo r t a t i on for 
these ma te r i a l s is pa r t i a l l y a t t r i bu t ab l e to t h e 
shor t ha l f - l i fe of m a n y of the radioisotopes 
which if held too long would r ende r t h e m use­
less on a r r iva l . I f sh ipped by slower surface 
t r anspo r t a t i on , the lapse of t ime could be too 
g r e a t . 

A quan t i t a t i ve analys is of t h e sh ipmen t s of 
radioisotopes and corre la t ion of t h e sh ipmen t s 
to t h e h a z a r d classification of t h e radioiso­
topes sh ipped is ind ica t ive of the re la t ive 
safety of t h e opera t ion . Radioisotopes m a y 
be d iv ided into t h r e e g r o u p s accord ing t o t he i r 
r ad io tox i c i t y : 

G r o u p I — V e r y h igh rad io tox ic i ty 
G r o u p I I — H i g h rad io toxic i ty 
G r o u p I I I — M o d e r a t e to low radio toxic i ty 

R a d i o i s o t o p e Conta iners 

T h e g r e a t m a j o r i t y of radioisotopes sh ipped 
fall in G r o u p I I I . A p p r o x i m a t e l y 90 pe rcen t 
of t hem, consis t ing of Coba l t 60, I r i d i u m 192, 
and Cesium 137, have been securely encapsu­
la ted to form sealed r ad i a t ion sources in tele­
t h e r a p y machines , i r r a d i a t o r s , r a d i o g r a p h i c 
cameras , a n d t h e l ike. (Sea led sources a re de­
s igned t o be h igh ly res is tant to leakage.) Less 
t h a n 1 percent of the to ta l mate r ia l s s h i p p e d 
by all types of t r a n s p o r t a t i o n w a r r a n t e d spe­
cial a t t en t ion beyond t h e regular p a c k i n g a n d 
s h i p p i n g requi rements . 

I n add i t ion to t h e categories l isted above, 
rad ioac t ive ma te r i a l s a re also g r o u p e d accord­
ing to t h e t y p e of r a d i a t i o n involved. R a ­
dioact ive ma te r i a l , as defined b y regu la t ion , 
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is any one or a combinat ion of ma te r i a l s t h a t 
spontaneously emi t ioniz ing rad ia t ion . T h e y 
are t rea ted a s Class D poisons. T h e g r o u p ­
i n g i s : 

G r o u p I—Radioac t ive m a t e r i a l s t h a t 
emi t g a m m a r a y s only o r bo th 
g a m m a a n d electr ical ly 
cha rged par t ic les ( a lpha , beta , 
e t c . ) . 

G r o u p I I — R a d i o a c t i v e m a t e r i a l s t h a t 
emit neu t rons a n d e i ther or 
bo th G r o u p I t ypes of r ad ia ­
t ion. 

G r o u p I I I — R a d i o a c t i v e m a t e r i a l s t h a t 
emi t electrically cha rged 
par t ic les ( a l p h a , beta, etc.) 
only, o r any o the r ma te r i a l 
t h a t is shielded so t h a t gam­
m a r a d i a t i o n does not exceed 
10 mi l l i roentgens for 24 h o u r s 
a t a n y t ime d u r i n g t r anspor ­
ta t ion . 

U n d e r exis t ing F e d e r a l Av ia t i on Regula ­
tions, not more t h a n 40 r ad i a t ion uni t s of 
G r o u p I or G r o u p I I rad ioac t ive mate r i a l m a y 
be carr ied on one a i rc ra f t . A " r ad i a t i on u n i t " 
is the measurement of 1 mi l l i roentgen per hour 
a t 1 me te r f rom any po in t on the surface of a 
container . These res t r ic t ions a re imposed for 

t h e protect ion of h u m a n life, and a s long as 
conta iners r emain in tac t and the dis tance and 
t ime separa t ion is ma in ta ined , a safe level of 
pro tec t ion is assured. 

A n app l i can t for a special sh ipment waiver 
should submi t the pe rmi t number of h is con­
ta ine r design which h a s been approved for the 
mate r ia l a n d q u a n t i t y thereof by t h e B u r e a u 
of Explos ives . Special conta iners should be 
t ho rough ly tested a n d proven to be h igh ly fire 
a n d crash res is tant before app rova l is g r an t ed . 

Shipping Labels 

Fede ra l Av ia t ion Regula t ions requi re t h a t 
radioact ive mate r ia l be identified by special 
s h i p p i n g labels. T h e special labels, approved 
by the Atomic E n e r g y Commission, a re shown 
in the figure on page 4. 

F o r G r o u p s I a n d I I rad ioac t ive mater ia l s , 
a whi te and red label is used to call a t ten t ion 
to the charac ter is t ics of these radioisotopes 
t h a t emi t g a m m a r a y s or neu t rons of con­
siderable p e n e t r a t i n g power. T h e red p r i n t i n g 
w a r n s persons no t to remain unnecessari ly 
wi th in 3 feet of the package , a n d to keep un­
developed pho tog raph ic film a t least 15 feet 
f rom it. I n the b lank spaces, the sh ipper mus t 
s ta te t h e n a m e of the ma te r i a l , the act ivi ty in 
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curies, and the number of radiation units in the 
package. 
Group III materials are identified by a 

white and blue label, used for shipments that 
emit principally alpha and beta particles of 
low penetrating power. 
Shipp ing C o m p l i a n c e 

The responsibility for compliance with 
packaging regulations rests primarily with the 
shipper. The regulations require that no ship­
per shall offer, and no air carrier or other op­
erator of aircraft shall knowingly accept, ra­
dioactive materials for air shipment unless 
the shipper or his representative has certified 
that the shipment complies with Federal Avia­
tion Regulations. Further, no shipment may be 
offered or accepted for transportation on pas­
senger-carrying aircraft unless it bears a 
clearly visible statement that it is within the 
limitations prescribed for passenger opera­
tions. 
An aircraft operator may accept such a 

certificate as prima facie evidence of compli­
ance. The following statement is considered 
acceptable: 

This is to certify that the contents of this 
package are properly described by name 
and are packed, marked and labeled and 
are in proper condition for transportation 
according to the Regulations prescribed 
by the Interstate Commerce Commission 
and the Administrator of the Federal 
Aviation Agency. 

For shipment on passenger-carrying air­
craft, the following statement is considered 
acceptable: 

This shipment is within the limitations 
prescribed for passenger-carrying air­
craft. 

When radioactive material is carried on air­
craft, the operator must inform the pilot-in-
command of the name, label type, quantity, 
and its location on the aircraft. The cargo 
manifest must be conspicuously marked to in­
dicate the presence of radioactive materials. 
Special Sh ipments 
Larger amounts of radioactive materials 

may be shipped by air only upon issuance of a 
waiver by the Federal Aviation Agency. Such 
issuance is limited to emergencies or when other 

modes of transportation are found to be im­
practical. Examples of the latter are: the 
destination of the shipment inaccessible except 
by air; or the characteristics of the material 
such that the decay rate would make the radio­
isotope unusable upon arrival at the destination 
if shipped by surface transportation. If the 
large shipment is solely for the convenience of 
the shipper no waiver will be granted. 
Shipments of radioactive materials by the 

Atomic Energy Commission (or under its 
direction or supervision and escorted by 
specially designated personnel) are covered 
by special arrangements approved by the F A A 
Administrator. 
E x e m p t e d Articles 

Some materials are so mildly radioactive 
that they present no significant hazard. An 
example of this is the use of radium com­
pounds on watch and clock dials. These and 
various other radioactive materials are exempt 
from packaging regulations if they meet all of 
the following requirements: 

1. The package is so designed and con­
structed that there can be no leakage 
of radioactive materials under condi­
tions normally incident to transporta­
tion. 

2. The package shall contain not more 
than 0.1 millicuries of Radium or Po­
lonium, nor of the amount of Stron­
tium 89, Strontium 90 or Barium 140 
that disintegrates at a rate of more 
than 5 million atoms per second; or 
not more than that amount of any 
other radioactive substance that disin­
tegrates at a rate of more than 50 mil­
lion atoms per second. 

3. The package shall be such that no sig­
nificant alpha, beta or neutron radia­
tion is emitted from the exterior of the 
package, and the gamma radiation, at 
any point on the surface of the package 
shall be less than 10 milliroentgens in 
24 hours. 

Manufactured articles other than liquids (of 
which radioactive materials are a component 
part) and luminous compounds when securely 
packed in strong outside containers are exempt 
from the packaging requirements, provided the 
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g a m m a rad ia t ion a t any po in t on t h e package 
surface is less t h a n 10 mi l l i roentgens in 24 
hours . 

Rad ioac t ive ores a n d res idues a r e also 
exempt from p a c k a g i n g requi rements if they 
are placed in s t rong t i gh t conta iners , and the 
per -p lane load does not exceed 10 mil l i roent­
gens per hour of g a m m a rad ia t ion o r equiva­
lent. Loose mate r ia l a n d leaky conta iners a re 
not permi t ted . 

Safety A n a l y s i s 
I t will be obvious, a f t e r r e a d i n g th is 

chap te r , t h a t the sh ipment of radioac t ive ma­
ter ia ls by a i r t r anspo r t a t i on is circumsci v ibed 
by all sa feguards possible. Regula t ions p u t 
r ig id res t r ic t ions on the a m o u n t s t h a t can be 
sh ipped on any one a i rc ra f t . AH sh ipmen t s 
m u s t be careful ly a n d conspicuously labeled 
so as t o call a t ten t ion to the i r presence. 

T h e conta iners a re so s t u r d y t h a t they have 
been d r o p p e d from m ov i ng vehicles a n d even 
r u n over by t ax i i ng a i r c ra f t w i thou t be ing 
broken open. I n fact , i t is no t too far fe tched 
to say t h a t , in the event of an a i r c ra f t accident, 
they may surv ive be t te r t h a n m a n y com­
ponen t s of t h e a i rc ra f t . 

T h e r e is absolutely no possibi l i ty of a nu ­
clear explosion be ing caused b y radioac t ive 
ma te r i a l s in civil a i r t r a n spo r t . T h i s wi l l be 
expla ined in Sect ion 3. 

T h e h a z a r d stems from t h a t isolated instance 
when t h e p a c k a g i n g m a y be broken in a c rash 
o r be bu rned so t h a t radiological contamina­
t ion is released. I t is to control the effects re­
su l t ing f rom such con tamina t ion t h a t a i rpo r t 
safety personnel m u s t be p repa red . T h e 
techniques and procedures for do ing th i s a re 
described in Sect ions 8 t h r o u g h 10. 
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Section 3—Nuclear W e a p o n s a n d 
C o m p o n e n t s 

I n the defense of o u r count ry , there a r e 
da i ly sh ipments of nuclear weapons a n d the i r 
components by ra i l , nava l vessel, a n d mi l i t a ry 
a i rcraf t . I n i ts a le r t a n d dispersal p r o g r a m , 
the U . S . D e p a r t m e n t of Defense has a n u m b e r 
of a i rc ra f t in t h e a i r a t all t i m e s ; some of these 
have nuclear weapons aboard . I n the event 
of an emergency, it is possible t h a t some of 
these a i rc ra f t would l and a t civil a i rpo r t s . I f 
a normal l a n d i n g is effected, there is no 
haza rd . I f t h e a i rc ra f t crashes or bu rns , 
haza rd s may be created wi th which it is es­
sential t h a t a i r p o r t m a n a g e m e n t a n d safety 
personnel be famil iar . 

T h e r e is no th ing exotic o r myster ious about 
t h e appearance of nuc lear weapons . T h e y 
look l ike w h a t they are—bombs, rockets , etc. 
E a c h bomb conta ins two pr inc ipa l compo­
n e n t s : rad ioac t ive ma te r i a l s and h igh ex­
plosives. I f the weapon is involved in a c rash 
or fire, these a re the components t h a t will be of 
p r i m a r y concern to a i rpo r t personnel . T h e 
odds aga ins t a nuc lear de tona t ion are as t ro­
nomical , bu t de tonat ion of the convent ional 
h igh explosives a n d sca t t e r ing of radioac t ive 
contamina t ion may occur. 

B o m b T h e o r y 

Deta i l s of t h e construct ion of nuclear 
weapons a r e h igh ly classified, but the basic 
pr inciples a re s imple . T o unde r s t and why a 
nuclear weapon canno t explode accidental ly , it 
is first necessary to know how it is detonated 
del iberately. 

Al l ma t t e r is composed of a toms, and a toms 
in t u r n a re composed of a nucleus a n d one o r 
more electrons in o rb i t a round t h e nucleus. 
H y d r o g e n h a s 1 electron a n d u r a n i u m h a s 
92. T h e nucleus is composed of a combina t ion 
of p ro tons a n d neu t rons , depend ing on the 
p a r t i c u l a r element or isotope. W h e n par t ic les 
a re spontaneously emi t ted from t h e nucleus of 
an a tom, t h e element is sa id to be radioact ive . 

T h e r e a r e two ways in which nuc lear inter­
act ions can be caused, resu l t ing in a t remen­
dous release of energy in a very shor t t ime, 
p roduc ing an explosion. T h e y a re known as 
" f i ss ion" a n d "fus ion ." 

I n fission, a free (o r una t t ached) neu t ron 
en ters the nucleus of a fissionable a tom (cer­
t a in isotopes of u r a n i u m o r p lu ton ium) a n d 
spl i t s t h e nucleus in to two smal ler pa r t s . T h e 
combined weight is less t h a n t h a t of t h e 
or ig ina l a tom, and t h e difference in weight , o r 
mass , is conver ted in to energy. T h e complete 
fission of / pound of u r a n i u m o r p lu ton ium 
can p roduce as much energy as the explosion 
of 9000 tons of T N T . 

I n fusion, a p a i r of l i gh t nuclei fuse (o r 
un i te ) to form a nucleus of a heavier a tom 
wi th the release of a l a rge a m o u n t of energy. 
S u c h fusion react ions can be b r o u g h t about by 
the appl ica t ion of ext remely h igh tempera­
tures . W e a p o n s us ing th is process a re often 
refer red to as " the rmonuc lea r weapons ." T h e 
fusion of al l nuclei present in / pound of the 
hydrogen isotope deu te r ium can release as 
much energy as 26j000 tons of T N T . 

S t r a y neu t rons a r e a lways present in rad io­
act ive m a t e r i a l ; therefore , the re a re definite 
l imi ts to the a m o u n t of ma te r i a l t ha t can be 
assembled w i thou t p r o d u c i n g a nuc lear re­
act ion. I f t h e a m o u n t o r shape of mate r ia l is 
such t h a t the s t r ay neu t rons can escape af ter 
on ly a few fissions, t h e mass is sa id to be 
" subc r idea l , " because t h e release of nuclear 
energy in a m o u n t s sufficient to be usable is de­
penden t on the abi l i ty of the fission process to 
cont inue in wha t is k n o w n as a "cha in reac­
t ion . " 

I f the shape or a m o u n t of radioac t ive ma­
te r ia l does not al low one neu t ron from each 
fission to escape, bu t to go on to fission a new 
a tom, cha in react ion is crea ted and the mass is 
sa id to be "cr i t i ca l . " In nuc lear reac tors the 
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chain reaction is control led so t h a t ene rgy is 
released bu t an explosion does not occur. 

T o cause a nuc lear explosion, the mass mus t 
become "superc r i t i ca l , " and to m a k e it so, the 
mass must be compressed with great force in a 
few millionths of a second. 

Mechanics of Detonat ion 

T o compress the nuc lear ma te r i a l in a bomb, 
the mate r ia l is completely su r rounded b y h i g h 
explosives, commonly re fer red to as " H E . " 
T h e pr inc ip le is known as " implos ion" because 
t h e force is inward. W h e n t h e H E is de­
tonated by t h e absolute s imul taneous f i r ing of 
m a n y de tonators a r o u n d the sur face of the 
charge , the wave from each de tona to r moves 
i nward , compress ing the nuc lear ma te r i a l a n d 
squeezing the a toms closer together . T h u s t h e 
mass becomes "superc r i t i ca l . " 

O n the o ther h a n d , if even one of the de­
tona to rs fails to fire, or if it fires even micro­
seconds la ter t h a n t h e o thers , t h e implosive 
force escapes through t h e mass , a n d t h e nu­
clear ma te r i a l is no t compressed. There fo re , 
t he mass canno t become supercr i t ica l a n d no 
nuclear de tona t ion will result . T h i s po in t is 
so i m p o r t a n t t h a t t r emendous effort has gone 
in to the design of the electrical system t o en­
sure t h a t all de tona to rs will be fired exactly a t 
t h e same t ime, a n d to ensure t h a t this cannot 
happen accidentally. 

Safety M e a s u r e s 

One migh t reasonably ask how—since all t he 
components needed to fire a nuc lea r weapon 
are present in t h e a i rc ra f t on a readiness mis­
s ion—the possibil i ty of an accidenta l nuc lear 
detonat ion can be t e rmed "negl ig ib le ." 

A l t h o u g h full nuc lear technical in fo rmat ion 
is classified, we can present t h e in format ion 
t h a t civil a i r p o r t m a n a g e m e n t a n d safe ty per ­
sonnel will need to cope wi th a possible nu­
clear accident . 

F o u r procedures for the safe h a n d l i n g of 
nuc lear weapons a re designed for t h e preven­
t ion of : 

1. Accidents . 
2. Unau tho r i zed acts . 
3. H u m a n er ror . 
4. F a u l t y securi ty . 

E a c h of these four safety systems interlock 
and so m a k e the chances of a nuc lear explosion 

negl igible . I n add i t ion to these four systems, 
fu r the r controls a re p rov ided . 

A nuc lear weapon can be completely a rmed 
( t h a t is, m a d e ready for firing) only a t t h e 
d i rec t o r d e r of the P r e s i d e n t of t h e Un i t ed 
S t a t e s ; unless the weapon is so a r m e d it cannot 
"go nuc lear . " T o prec lude t h e possibil i ty of 
p r e m a t u r e a r m i n g , a series of safety switches 
t h a t p reven t the flow of electrical cur ren t f rom 
reach ing the nuc lear componen t is incorpo­
ra ted in the design of t h e weapon. F o r added 
opera t iona l safety, a set of switches separa te 
f rom those used d u r i n g t r anspor t a t ion are 
p rov ided . These switches a r e so concealed 
t h a t no one member of the opera t iona l t eam 
knows where all of them are . 

T o avoid de tona t ion of a weapon by 
psychot ics o r saboteurs , t h e complexi ty and 
concealment of the switch systems are backed 
u p b y per iodic a n d rigid men ta l , physica l , 
a n d securi ty checks. F i n a l l y , a t least two 
persons m u s t be present whenever access to a 
nuclear weapon is g r an t ed . 

Fo l lowing is a t abu la t ion of some of t h e 
sa feguards t h a t pro tec t the nuclear weapon 
from unau tho r i zed or accidental de tona t ion : 

Safety attained, bit: 
B o m b design. 
I n e r t s torage . 
S w i t c h i n g systems. 
Deta i led safety proce­
dures . 
Sa fe ty switches con­
cealed. 
T w o or more controls . 
Presence of two or 
more persons. 
Personne l screening. 
Swi tches locked or 
sealed. 
T w o or more controls . 
Presence of skilled 
technicians . 
A r m e d g u a r d s . 
Personnel identifica­
t ion. 
Secur i ty clearance. 
Phys ica l ba r r i e r s . 
A l a r m devices. 

Area of Concern 

Accidents 

U n a u t h o r i z e d 
Ac t s 

H u m a n E r r o r • 

F a u l t y 
Secur i ty 

T h e H i g h E x p l o s i v e s H a z a r d 

A s s ta ted above, the un in ten t iona l detona­
t ion of t h e nuclear component in a weapon is 
v i r tua l ly impossible. However , in the event 
of an accident involv ing a nuc lear weapon, 
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two character is t ics of t h e weapon m a y crea te 
a serious h a z a r d both for safety personnel a n d 
for t h e s u r r o u n d i n g communi ty . 

Basical ly , a nuc lear weapon consists of two 
componen t s : (1) t h e h i g h explosive ma te r i a l 
tha t , upon de tonat ion , creates the implosion 
or "squeeze" t h a t causes the mass of nuclear 
ma te r i a l to become supercr i t ica l , a n d (2) t he 
nuclear ma te r i a l itself. T h e l a t t e r a n d i ts 
concomitant haza rds will be t r ea ted in t h e 
next Sect ion of th is chap te r . Acc idents o r fires 
involv ing nuclear weapons a re s imi la r in ef­
fect, a n d require h a n d l i n g s imi la r to inc idents 
involv ing convent ional h i g h explosives, plus 
added precaut ions m a d e necessary by the po­
tent ia l r ad i a t ion haza rd . 

T h e h i g h explosives conta ined in a nuc lear 
weapon are of several types , d e p e n d i n g on t h e 
weapon, bu t m a y be categorized genera l ly into 
t h r e e classes: slow- a n d f a s t -bu rn ing compo­
nents used to shape the implosion wave, a n d 
an in i t ia tor (which is s imi lar in use to t h a t of 
a d y n a m i t e c a p ) . 

T o de te rmine the extent of h a z a r d associated 
wi th a nuc lea r weapons accident , t he A E C a n d 
t h e D e p a r t m e n t of Defense have conducted 
tests in which nuclear weapons were d ropped , 
burned , a n d otherwise mishand led . T h e 
resul ts of these tests were used to develop the 
gu idance presented in Section 9. 

T h e de tona t ion of t h e h igh explosives com­
ponent may take the form of smal l , l a rge , or a 
series of small explosions. T h e b r e a k u p of t h e 
weapon as a resul t of h a r d impac t o r explosion 
will p robab ly resul t in the sca t te r ing of f rag­
ments of unexploded H E a n d / o r radioac t ive 
mater ia l . Sens i t iv i ty of the H E used m a y be 
increased by powder ing , t e m p e r a t u r e changes , 
and exposure to sunl igh t . Some types of H E 
will me l t a t compara t ive ly low t empera tu re s 
a n d resolidify to form a mass ext remely 
sensitive to shock, a n d may de tona te if s tep­
ped on. E x p o s u r e to sun l igh t wil l often 
change the color of the ma te r i a l so as to render 
i t a lmos t invisible aga ins t a r u n w a y surface o r 
n a t u r a l su r round ings . 

F o r these reasons, t h e c lear ing of an a i r c ra f t 
accident scene in which a nuc lea r weapon h a s 
been involved should be unde r t aken only by 
specially t r a i ned Government demoli t ion 
teams. 

I n add i t ion to the blas t h a z a r d , b u r n i n g 
h igh explosives emit toxic a n d caustic gases, 
a n d m a n y leave h igh ly toxic res idues ; special 
care mus t be t aken to ensure t h a t the gases a r e 
no t b rea thed . T h e presence of o ther flam­
mable ma t t e r in a n y a i rc ra f t accident , such as 
gasoline, o the r volat i les a n d explosive fuels, 
may cause the weapon to be enveloped in flame. 
I f the H E is igni ted , " t o r c h i n g " may be ob­
served, in which a b r i l l i an t whi te , o range , o r 
b r i g h t red flame will issue f rom the weapon. 
Visible white or yellow smoke may or m a y no t 
be present . B o t h igni t ion and detonat ion may 
be control led, however , if t he explosive's 
t e m p e r a t u r e can be kep t below 300° F . 

Rad ia t ion H a z a r d s 

T h e o the r h a z a r d involved in a nuclear in­
c ident is t h a t caused by nuc lea r rad ia t ion . I f 
t h e weapon r ema ins in tac t w i th only super­
ficial d a m a g e , the re wil l be no rad ia t ion 
haza rd . If, on the o ther h a n d , t h e weapon is 
b roken open , o r if the H E h a s bu rned or de­
tonated , it is p robable t h a t a r ad ia t ion haza rd 
wil l exist. 

T h e rad ioac t ive mate r ia l s conta ined in a nu­
clear weapon are , p r i m a r i l y , e i ther u r a n i u m or 
p lu ton ium or both . - In genera l , t he haza rd 
arises from a l p h a par t ic les emi t ted from both 
elements . S ince a l p h a par t ic les canno t pene­
t r a t e t h e sk in , the h a z a r d is not serious as l ong 
as the par t ic les a re not ingested by way of the 
r e sp i ra to ry o r a l imen t a ry t rac t s . Pa r t i c l e s can 
en te r the body t h r o u g h a n open ing in the skin, 
bu t they would , in t h a t case, be sufficiently 
localized t h a t they could be removed. 

U r a n i u m acts ma in ly as a chemical po i son ; 
p lu ton ium, on t h e o the r h a n d , t ends to con­
cent ra te in the bone a n d bone m a r r o w , where 
the cont inuous emission of a l p h a par t ic les m a y 
cause significant in jury . 

B o t h elements react read i ly with oxygen 
a n d m a y become dispersed in t h e form of ox­
ides as smoke par t ic les . Some fissionable ma­
ter ia l s will mel t a n d be left on the g r o u n d as 
s lag , to become a i rborne o r o therwise dispersed 
if d i s tu rbed . Tes t s b y the A tomic E n e r g y 
Commission h a v e indica ted , however , t h a t t h e 
a m o u n t s of p lu ton ium oxide received f rom 
con tamina ted smoke o r o therwise a t dis tances 
g r e a t e r t h a n 1,500 feet from t h e inc ident will 
p robab ly not exceed the accepted Radioac t iv i ty 
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Concentration Guide values established by the 
Federal Radiation Council. 
In short, the best defense against radiation 

from uranium or plutonium is to prevent in­
gestion, either by filter masks or self-contained 
breathing apparatus. Persons not so equipped 
can minimize the hazard by remaining at least 
1,500 feet from the incident. 
The other element that may present a 

radiation hazard is the hydrogen isotope, 
tritium. In air, tritium becomes an analogue 
of water, T 20 or HTO. Where it can con­
centrate it can easily be absorbed through the 
unbroken skin, the lungs, or the alimentary 
system. However, once inside the body it dis­
solves in the body water and is excreted at the 
same rate as body water, with no concentration 
in the bones or organs. Precautionary meas­
ures against other radioactivity are more than 
adequate against tritium. 
Fission products, emitting beta particles and 

gamma rays, would be produced only if there 

were a nuclear reaction. Both beta and gam­
ma radiation are easily detectable with a 
radiological monitoring device, and the pre­
cautionary measures would be those taken in 
the presence of fallout, scaled down to the 
actual fission yield in the accident. As a gen­
eral rule, a radiation dose from fission prod­
ucts delivered in the open at a distance of 
1,500 feet from the incident will be negligible. 
Because the area surrounding a nuclear ac­

cident may be highly radioactive, efforts by 
airport safety personnel should be concen̂  
trated on rescue of personnel, fire containment 
and control, and preventing the H E compo­
nents from exploding. Under no circum­
stances should the safety personnel undertake 
to clean up the area in the absence of a special 
Government radiological team. The area of 
the accident should be roped off to prevent 
entry by other than members of the survey 
team. 
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NUCLEAR RADIATION 

Section 4—Radiation Fundamentals 
Nuclear rad ia t ion a n d its effects sometimes 

seem extremely confusing a n d f r igh ten ing t o 
the average person. Memory of the devas ta t ­
ing des t ruct ion and violent dea ths t h a t were 
the a f t e rma th of t h e use of the a tomic bomb 
near the end of W o r l d W a r I I is sti l l very 
vivid. People unde r s t and nuclear r ad ia t ion 
as a t h r e a t of des t ruct ion bu t do not a lways 
realize t h a t wi th p rope r p recau t ions rad io­
act ive mate r ia l may be hand led safely. 

Rad ia t ion , per se, is no t someth ing j u s t dis­
covered. Since the universe wTas created, the 
ea r th and eve ry th ing on i t have been bomb­
arded wi th background rad ia t ion . W e t h i n k 
n o t h i n g of wear ing a watch on which h a n d s 
a n d numbers have been pa in ted wi th r ad ium. 
Dent i s t s X - r a y our tee th a n d phys ic ians X -
ray thorac ic cavit ies. Sunsh ine is a form of 
rad ia t ion . T h e dange r from any k ind of r ad i ­
a t ion lies in ge t t i ng too l a rge a dose of it. 

Countless genera t ions of h u m a n i t y have 
adap ted to cosmic rad ia t ion . Peop le a t h ighe r 
a l t i tudes receive more than those a t lower 
ones, b u t the effect is h a r d l y measurable . T h e 
r a d i u m dia ls on watches a re of such low 
energy levels as to p roduce no haza rd . X - r a d i a -

t ion used in diagnosis o r t h e r a p y is careful ly 
control led. T h e b ig difference, therefore, lies 
in the fact t h a t exposures trj nuclear radia t ion , 
except for t h e use of radioisotopes in t he rapy , 
a re usual ly accidental , uncontrol led overdoses 
from fa i r ly h i g h energy sources. 

T h e r e is n o t h i n g myster ious abou t nuclear 
r ad i a t ion . A clear u n d e r s t a n d i n g of wha t i t 
is, wha t it does, a n d how to avoid in ju ry if ex­
posed to it is essential for a i rpo r t managemen t 
and safety personnel . I t is the purpose of this 
Sect ion to discuss t h e fundamenta l s of radia­
t ion in nontechnica l t e rms . 

A t o m i c Structure a n d Rad ia t ion 

All substances a re m a d e u p of one or more 
of abou t 90 na tu r a l and several more artificial 
s imple mate r ia l s k n o w n as elements . T h e 
smallest pa r t i c l e of any element t ha t re ta ins 
t h e charac ter is t ics of t h a t e lement is called an 
" a t o m . " 

T h e a tom is s imi la r t o the solar system in 
m a n y w a y s ; it h a s a cent ra l nucleus analogous 
to the sun, and one or more electrons t h a t a r e 
comparab le to t h e p lane ts in t he i r orbi ts . W h a t 
d is t inguishes one element from ano ther is the 
composi t ion of the nucleus, which is m a d e u p 
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of a definite number of particles known as 
"protons" and "neutrons." Protons are 
positively charged particles, electrons are 
negatively charged particles, and neutrons 
have no charge as the name implies. The 
particular element is determined by the 
number of protons in the nucleus; hydrogen 
has one proton, helium has two, uranium has 
92 and plutonium has 94. (The elements with 
more than 92 do not occur in nature, but are 
"manufactured" artifically from uranium.) 
The positive charge of the nucleus (due to the 
protons) is balanced in the normal atom by 
the negative electrons. 
Isotopes of elements are differentiated from 

their elements by the number of neutrons in 
the nuclei; the number of protons remains 
constant. For instance, "deuterium" and 
"tritium" are isotopes of hydrogen; hydrogen 
(jH1) has one proton in the nucleus; deute­
rium (tH8) has a proton and a neutron form­
ing the nucleus; tritium (iHs) has one proton 
and two neutrons. All have one negative elec­
tron to balance the positive proton. 
All but about 20 of the elements occur natu­

rally in isotopic forms; scientific advancements 
have created others. 
Certain elements (notably uranium, thorium, 

and plutonium) are called "radioactive" be­
cause their nuclei are naturally unstable; they 
emit particles or rays due to the spontaneous 
disintegration of their nuclei. This emission 
is known as "radiation" or "radioactivity," and 
the elements or their isotopes are known as 
"radioactive materials." 

T y p e s of Rad ia t ion 

There are four forms of radiation with 
which airport management and safety person­
nel will be concerned: alpha particles, beta 
particles, neutrons, and gamma rays. The 
first three are actually particles of matter with 
measurable mass. Gamma rays have no mass, 
but are pure rays of electromagnetic energy. 
Alpha and beta particles do not pass readily 

through solid matter and are, therefore, not a 
serious problem as long as they are kept out of 
the body; alpha particles will not penetrate 
even the dead external layer of human skin, 
and beta particles will not penetrate foil sheets 
or protective clothing. 
Neutrons, being solid particles of matter, 

present a more serious problem in protection 
because they travel faster and farther, and are 
of a higher energy level. It is safe to say, 
however, that practically all neutron emissions 
occur as a result of either the fission or fusion 
process and, as has been pointed out, the pos­
sibility of such reaction resulting from an acci­
dent involving a nuclear weapon is next to 
impossible. In general, precautions taken 
against other forms of radiation will suffice for 
the neutron hazard. 
Gamma radiation, being pure energy with­

out mass, penetrates solids readily. The only 
protection is in an adequate thickness of dense 
material, or in maintaining an adequate dis­
tance from the source, or both. 
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Section 5 — M e a s u r e m e n t a n d M o n i t o r i n g 
I t is ax iomat ic t h a t t h e effects of r ad i a t ion 

md t h e degree of protect ion requi red will de-
>end on how much OF i t t he re is, Measure-
nent a n d mon i to r ing a re prac t ica l ly synony-
nous ; t h e subject of t h i s Sect ion is the detec-
ion OF t h e presence OF r ad ia t ion a n d t h e deter-
n ina t ion of r ad i a t ion doses. 

Jnltt of M e a s u r e m e n t 

I t will be recalled t h a t , in Sect ion 1 which 
ieals wi th t h e t r a n s p o r t a t i o n of radioac t ive 
na ter ia ls by a i r , t h e t e r m " c u r i e " was used, 
sither wi th o r wi thou t cer ta in prefixes. A 
:urie is t h a t quan t i t y of any radioac t ive m a t t e r 
n which t h e a toms a r e d i s in t eg ra t i ng (o r g iv-
ng off the i r excess ene rgy) a t t h e r a t e OF 37 
>illion d is in tegra t ions p e r second. A "mi l l i -
;ur ie" is a t h o u s a n d t h OF a cur ie , and a "micro-
m r i e " is a mi l l ionth of a curie . T h e t e r m h a s 
1 0 re la t ion to t h e we igh t of the m a t e r i a l ; a 
5urie of a s l igh t ly rad ioac t ive mate r i a l m a y be 
ju i te heavy, a n d a cur ie OF a h igh ly radioac t ive 
substance may be very l igh t . F o r instance, 
me cur ie of Coba l t 60 would weigh about 880 
n i c rog rams , b u t a cur ie of T h o r i u m 232 would 
weigh abou t 10 tons. 

A cur ie is not a measurement OF t he r ad i -
i t ion h a z a r d . I t tel ls us how m a n y dis inte­
grat ions pe r second a re t a k i n g place. What 
happens when an a tom d is in tegra tes deter-
nines t h e h a z a r d a n d depends upon the t y p e 
OF r ad ia t ion emit ted. T o indica te the amount 
DF energy (o r r a d i a t i o n ) , and as a measure OF 
lose r a t e , t h e t e rm " roen tgen" (usual ly p ro­
nounced rent -gen, wi th a h a r d " g " ) is used. 

T h e a m o u n t of r ad ia t ion (o r t h e n u m b e r of 
roentgens) will va ry wi th t h e mater ia l . F o r 
example , a cur ie of Coba l t 60 wil l emi t about 
twice as much rad ia t ion as a cur ie of radio­
act ive i r o n ; a survey me te r wil l indicate about 
twice as m a n y roentgens f rom t h e Cobal t 60 
source. 

T h e g a m m a rad ia t ion pe r hour , measured a t 
3 feet f rom 1 curie , of some of t h e more com­
mon ly t r anspo r t ed radioisotopes is as fol lows: 

Roentgens 
Source per hour 

S o d i u m 24 __ 2.31 
Gold 198 0.30 
Iod ine 131 _ 0.28 
I r o n 59 „ . 0.77 
I r i d i u m 192 0.61 
Cobal t 60 — 1.59 
Zinc 65 0.36 
Cesium 137 0.43 

M e a s u r i n g Instruments 
Rad ia t i on canno t be detected direct ly by t h e 

senses; ins t ruments a r e necessary, therefore, t o 
detect a n d measure i t . T h e types of inst ru­
men t s described below are those of greates t 
interest a n d use to a i rpo r t personnel , 

Geiger Counter.—The average person th inks 
of al l radiological survey meters as "geiger 
counters . " T h e geiger counter is b u t one k ind 
of r ad i a t ion detection device. I t is essentially 
a low-level-intensity dose ra te ins t rument , 
l imi ted in most cases to m a x i m u m readings of 
40 o r 50 mi l l i roentgens pe r hour . Most geiger 
counters detect both -beta and g a m m a radia­
t ion. A shield can be closed over the Geiger-
Muel ler tube to screen out t h e beta and the 
g a m m a can be read direct ly. T o de termine 
the level of beta r ad ia t ion , t h e tota l is read, 
then t h e g a m m a , and t h e difference represents 
t h e beta rad ia t ion . 

Ionization Chamber.—This is a h ighe r level 
meter , r ead ing usual ly to 50 roentgens per 
hour ( r / h r ) a n d sometimes as h igh as 500 r / h r . 
I t is, therefore , especially useful t o fire service 
a n d o the r emergency personnel . 

Alpha Meter.—As the n a m e indicates , th is 
in s t rument measures only t h e shor t - range 
a l p h a rad ia t ion . T h e rad ia t ion levels a re gen­
era l ly s ta ted in d i s in tegra t ions pe r m inu t e per 
100 square cent imeters of surface. W h e n an 
area h a s been con tamina ted wi th a p u r e a lpha 
emi t te r , t he detector is he ld very close to the 
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contamina ted surface ( the r ange of a l p h a rad i ­
at ion is a ma t t e r of inches) a n d t h e surface 
gone over inch-by-inch to locate t h e contami­
na t ion . I f the surface is very uneven, i t 
should be wiped wi th a piece of cloth o r t issue 
over a measured a rea , and t h e cloth o r t issue 
moni tored . 

Dosimeters.—The meters described above a re 
ra te me te r s ; t ha t is, they indicate the ra te of 
rad ia t ion at the t ime t h e meter is read. W h e n 
the in s t rumen t is removed from t h e contami­
na ted area, t h e needle swings back to zero, a n d 
there is no indicat ion of the rad ia t ion to which 
the meter was exposed. I nd iv idua l s require 
ins t ruments t ha t will indicate the to ta l accu­
mula ted dose received d u r i n g t h e t ime of ex­
posure. T h e dose can be calculated rough ly 
by m u l t i p l y i n g t h e r a t e by t h e l eng th of expo­
s u r e ; bu t th is is somewhat inexact because the 
ac tua l dose received m a y va ry wi th several 
factors . Con tamina t ion is not a lways uni­
f o r m ; some persons in t h e same area m a y be 
more shielded t h a n o thers , etc. I n s t r u m e n t s 
to indicate accumula ted dose a re called "dosim­
eters ," a n d are of two t y p e s : 

1. Film Badges a re pieces of X - r a y film 
car r ied in special holders a n d worn on 
the person. R a d i a t i o n d a r k e n s the film 
in p ropor t ion to the a m o u n t received 
and , when developed a n d compared 
wi th film ca l ibra ted to known doses, in­
dicate t h e dose received by the wearer . 
T h e i r weakness lies in t h e t ime re­
qui red for development a n d compar i ­
son. 

2. Pencil Dosimeters a r e penci l -shaped de­
vices t h a t can be read direct ly by ob­
servat ion of a ha i r - l ine across a cali­
bra ted scale inside the ins t rument . 
T h e y require per iodic c h a r g i n g to en­
sure t h a t the ha i r - l ine is on t h e zero 
mark before the ins t rument is exposed 
to rad ia t ion . T h e r e is, however , no 
wai t ing t i m e ; t h e read ings a re ins tan­
taneous. T h e y may g ive false read ings 
if d ropped or damaged by electrical 
l eakage ; and film badges a re often 
worn wi th them for a double check in 
a reas of cr i t ical in tensi ty . 

Dosimeters do not record a l p h a r ad ia t ion , 
but th i s is of no consequence since ex terna l 
a lpha exposures a re not h a r m f u l . 

Moni to r ing 
M o n i t o r i n g of the a rea fol lowing an acci­

den t involv ing radioac t ive mate r ia l s is neces­
sa ry for several r easons : 

1. I t helps to de te rmine how long per­
sons m a y be exposed wi thout receiving 
an in jur ious dose. 

2. I t de termines t h e need for masks o r 
self-contained b r e a t h i n g a p p a r a t u s . 

3. I t assists in avo id ing the spread of 
con tamina t ion by m o n i t o r i n g of cloth­
ing , etc. 

4. I t indicates the degree of success in 
decontaminat ion . 

E m e r g e n c y rescue efforts, however, should 
never be delayed in o rde r to wait unt i l moni­
t o r i ng is accomplished. E x c e p t for possible 
ingestion of a l p h a or be ta par t ic les , the stay-
t ime for rescue opera t ions is usual ly shor t 
enough t h a t in jur ious doses will not be re­
ceived. 

Section 6 — B i o l o g i c a l Effects 
A knowledge of the effects of exposure to 

rad ia t ion on t h e h u m a n be ing engaged in emer­
gency opera t ions will he lp in de t e rmin ing how 
b ig a dose of rad ia t ion safety personnel may 
safely receive a n d , consequently, how long they 
should be al lowed or requi red to s tay and work 
in a con tamina ted area. 
B o m b Fal lout a n d Nuc lear Incidents 

Since th is publ ica t ion is concerned with inci­
den ts t ha t involve radioact ive mater ia l s r a the r 
than the effects of residual r ad ia t ion from fall­
out resu l t ing from the de tonat ion of a nuclear 
weapon, t h e rad ia t ion levels t h a t would result 
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from fal lout a re of academic in teres t only. 
T h e form of rad ia t ion of p r i m a r y concern in 
fal lout is g a m m a , a n d the levels m a y r ange , in 
the ear ly period immedia te ly fo l lowing a 
de tonat ion , u p to several t housand roentgens 
pe r hour . 

T h e only way in which safety personnel 
m i g h t be presented wi th the problem of g a m m a 
rad ia t ion would be if a fission reaction were 
s ta r ted , and th i s is ext remely unl ikely . I n any 
accident involving a nuclear weapon, moni tor ­
ing for g a m m a rad ia t ion should , of course, be 
carr ied o u t ; even in t ha t event , it is unl ikely 
t h a t rad ia t ion levels comparab le to fal lout 
would ever be met . W h a t we are concerned 
wi th here a re t h i n g s like spi l lage from a con­
ta iner of radioact ive mater ia l s , or p lu ton ium 
oxide par t ic les in smoke from a fire involving 
a nuclear weapon. T h e rad ia t ion forms that, 
a re most l ikely to be encountered will be a l p h a 
a n d beta par t ic les , especial ly t h e a lpha . T h e 
rad ia t ion levels and tolerances will be more 
near ly those t h a t a re associated with indus t r ia l 
accidents t h a n those encountered in war t ime . 

These s ta tements a r e not to be taken as min i ­
miz ing in any way the haza rds of r ad ia t ion 
from nuclear accidents. R u t a i rpo r t safety 
personnel should realize t ha t , w i th the t a k i n g 
of p r o p e r precaut ions , the haza rd is no g r ea t e r 
than t h a t of any o the r k ind of accident. F i r e ­
men who are a t a nuclear weapons accident 
scene will find t h a t the re is more haza rd from 
the possibi l i ty of an explosion from the H E in 
the weapon or from gasoline. 

Externa l a n d Internal Rad ia t ion 

I n th is publ ica t ion , we shall use the t e rm 
"ex te rna l r a d i a t i o n " to mean t ha t which is 
emi t ted f rom radioact ive m a t t e r outs ide t h e 
body ; " in te rna l r a d i a t i o n " is t h a t emit ted from 
radioact ive m a t t e r inside the body. 

G a m m a rad ia t ion , as has been said before, is 
h igh level e lect romagnet ic energy , wi th con­
siderable pene t r a t i ng power. A g rea t deal of 
d a m a g e can be done to the h u m a n body by th is 
pene t ra t ion of external r ad ia t ion . 

Both a lpha and beta rad ia t ion are relat ively 
low in pene t r a t i ng power . A l p h a par t ic les 
cannot pene t ra te the skin , a n d o r d i n a r y protec­
t ive c lo th ing will t u r n away beta part ic les . 
T h e r e is no h a z a r d from external r ad ia t ion 
emit ted by a l p h a o r beta part icles . 

T h e h a z a r d associated with nuclear acci­
dents , therefore , comes from internal r ad ia t ion , 
b r o u g h t about by a l p h a or beta par t ic les enter­
ing t h e body. T h i s can happen in several 
w a y s : by b r ea th ing con tamina ted m a t t e r into 
the l u n g s ; by inges t ing contamina ted m a t t e r 
into t h e digest ive sys tem; and by ge t t i ng con­
t amina ted m a t t e r into open wounds where it 
may en te r the blood s t ream. 

Biological Effects 

T h e r e is no r ig id s t a n d a r d by which one can 
say t h a t such-and-such a dose will p roduce th is 
o r t h a t effect on all persons exposed to it. 
Pe r sona l reaction to rad ia t ion doses—until one 
gets u p into the "posi t ively l e t h a l " bracket— 
will depend in good measure on the individ­
ual ' s age , build, a n d cur ren t physical condi­
t ion. Genera l ly , h i s react ion will be ana lagous 
to h i s ab i l i ty t o recover from in jury , disease, 
poison, etc. T h e h u m a n body h a s t h e abi l i ty 
to s lough off some of t h e mate r ia l a n d to re­
cover from some of the effects. 

Cer t a in radioisotopes have an affinity for 
cer ta in por t ions of the body. F o r instance, 
p lu ton ium <Pu 239) , which is a ma jo r con­
s t i tuent in nuclear weapons, a n d S t r o n t i u m 90 
are deposi ted p redominan t ly in the bones, a n d 
bone cancer m a y result . P u 239 is also de­
posited in the l iver. 

Some p a r t s of the body are more sensitive 
to rad ia t ion t han o thers . L y m p h o i d tissue, 
bone m a r r o w , geni ta l o rgans , a n d the l in ing 
of t h e small intest ine a re said to be radiosen­
sit ive. Muscles, nerves, a n d ful l -grown hone 
are called radiores is tant . T h e skin, l iver, and 
lungs lie between these extremes. 

T h e precise mechanism by which rad ia t ion 
a t t acks the o r g a n s of the h u m a n body is not 
known in deta i l . Cells are destroyed, and the 
dead cells and o the r biological debr is tend to 
clog the capi l lar ies and obs t ruct the flow of 
b lood; the p roduc t s formed may act as poisons. 
H igh -dose r a t e exposures (which are unl ikely 
in accidents) m a y result in epi la t ion (loss of 
h a i r ) , soreness a n d swell ing of the t h r o a t , 
anemia , ulcers, and leukemia if par t ic les a r e 
absorbed by t h e bone mar row. 

I f beta par t ic les adhe re to t h e skin and 
remain for an apprec iable length of t ime, "be ta 
b u r n s " may resul t , h a v i n g the appea rance and 
effect of bu rns received from fire. 
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T w o rules, therefore , develop from these 
biological effects: (1) do not let beta par t ic les 
en te r the body and , (2) keep them a w a y f rom 
t h e skin. H o w to do these will be discussed 
unde r "Pro tec t ion and Pe r sona l Decontami­
na t ion ." 

O n e po in t cannot be overemphas ized : Per­
sons who have been exposed to radiation do not 
themselves become radioactive! E v e n when 
a person is exposed to the most massive doses 
th is is t rue , and safety, medical , and recue per­
sonnel need have no fear in h a n d l i n g them. 

A l l o w a b l e Doses 
Radioac t iv i ty Concent ra t ion Guides (com­

monly known as R C G ) have been developed 
and publ ished for the more i m p o r t a n t rad io­
isotopes in a i r and water . These will be found 
useful to persons whose occupat ions cause them 
to be exposed frequent ly to radioac t ive sub­
stances. T h e y are to be found in t h e Na t iona l 
Bureau of S t a n d a r d s H a n d b o o k 59, " P e r m i s ­
sible Dose from E x t e r n a l Sources of I o n i z i n g 
Rad ia t ions . " T h e R C G s and recommenda­
t ions of the Fede ra l Rad ia t i on Counci l , ap­
proved by the Pres iden t , were publ ished in the 
Fede ra l Regis te r of May 18, 1960, pages 
4802-3. 

I t should be noted, however, t h a t t h e Guides 
a re in tended for genera l use a n d no t specifi­
cally for those persons engaged in emergency 
operat ions. T h e values set for th m a y be ex­
ceeded if t h e emergency requires it to save life, 
bu t the overdose should not be repeated. A 
good ru le of t h u m b is t h a t every exposure to 
rad ia t ion mus t be followed by a compensa t ing 
period of t ime to allow for the r ad ia t ion 
deter iorat ion. T h i s is t r u e whe the r one is 
hav ing a tooth X - r a y e d or a cancer t rea ted , o r 
is sav ing a life in a c rash fire. 

A x A C C E P T A B L E G U I D E F O R E M E R G E N C Y 

E X P O S U R E , M E A S U R E D I N R E M B * 

EXPOSURE 

25 rem in one day 

100 rem in one dny 
150 rem in one week . . . 

25 rem per day for a 
total of 200 rem 

CONDITION 
Single Dose 

When accomplishing ex­
tremely important tasks. 

During extreme emergency. 
During extreme emergency. 

Repeated Dose 

._ During extreme emergency. 

T h e t e rm " r e m " is a un i t of biological dose 
of r a d i a t i o n ; the n a m e is der ived from t h e 
in i t ia l le t ters of " roentgen equivalent m a n . " 
Dosimeters read in roentgens o r mil l i roentgens. 
A " r e m " is ac tual ly the absorbed dose in roent­
gens adjus ted by a fac tor r ep resen t ing the bio­
logical recovery ; for t h e purposes of th i s pub ­
lication, however, t h e t e rms rem a n d roentgen 
are considered synonymous . 

E x p o s u r e De te rmina t ion 
E x p o s u r e to external r ad ia t ion will be deter­

mined by the use of radiological mon i to r ing 
equ ipment such as dosimeters . A reasonably 
accura te es t imate can be obta ined, if personal 
dosimeters a re not avai lable , by the use of sur­
vey meters (see Section 5) and m u l t i p l y i n g the 
dose ra te by exposure t ime. 

I n t e r n a l r ad ia t ion h a z a r d s may be detected 
by t a k i n g nose wipes a n d u r ine samples . Nose 
wipes can be taken wi th cotton swabs a n d 
should be t aken of a l l persons involved in t h e 
accident and rescue effort. U r i n e samples 
should be taken of all persons wi th nose wipes 
exceeding 1,000 d i s in tegra t ions per minu te pe r 
nos t r i l . W h e n nose wipes cannot be evaluated 
immedia te ly , u r ine samples should be t aken on 
all persons wi th in 1,000 feet of t h e accident , 
and s tored for l a t e r processing if required. 

*A unit of biological dose of radiation. 

Section 7 — P e r s o n n e l Protect ion a n d 
D e c o n t a m i n a t i o n 

F r o m the s t andpo in t of a i r p o r t safety per­
sonnel engaged in accident o r c rash opera t ions , 
two t h i n g s a r e i m p o r t a n t in r e g a r d to r ad i ­
a t ion h a z a r d s : protect ion from rad ia t ion and 
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personal decontamina t ion . T h e l a t t e r serves 
two p u r p o s e s : i t ge ts r id of radioac t ive m a t t e r 
on the ind iv idua l t h a t m igh t cont inue to cause 
damage af ter the person has left the scene of 
the acc ident ; a n d it p revents the sp read of 
radioac t ive mater ia l s to clean areas and uncon-
t amina t ed persons. A r e a decontamina t ion will 
be covered unde r " E m e r g e n c y Ope ra t i ons a t 
Civi l A i r p o r t s . " 

Persona l Protection 
W h e t h e r the accident involves spi l lage of 

radioisotopes from broken conta iners o r the 
b u r n i n g or b reakage of a nuclear weapon, the 
r ad ia t ion haza rd will be p r i m a r i l y from a l p h a 
o r beta rad ia t ion . T h e a l p h a a n d beta par ­
ticles may impinge on or become mixed wi th 
dus t , be s t i r red u p by the feet of the people in 
the area o r car r ied by t h e wind , and be resp i red 
or ingested. A b u r n i n g weapon would prob­
ably p roduce clouds of h igh ly con tamina ted 
smoke t h a t would conta in no t only radioact ive 
ma t t e r bu t toxic gases as well. I t is ex t remely 
i m p o r t a n t t h a t these do not en te r the body. 

I t is also i m p o r t a n t t h a t beta par t ic les a re 
not al lowed to reach and remain on the skin 
where beta bu rns may resu l t ; ne i ther a l p h a 
nor beta par t ic les should be al lowed to en te r 
an open wound. 

Safe ty personnel a n d crash crews should , 
if possible, be equipped with self-contained 
b r ea th ing a p p a r a t u s which, in effect, carr ies its 
a tmosphere wi th it. I f it is known t h a t rad io­
active mate r ia l , whe the r as radioisotopes in 
commercia l sh ipmen t o r as a nuclear weapon, 
is involved the b r ea th ing a p p a r a t u s should be 
taken to t h e scene and used from t h e begin­
n ing . I f self-contained b r ea th ing a p p a r a t u s is 
not available^ some protect ion can be obta ined 
by cover ing t h e mou th and nose with several 
layers of d r y t u r k i s h or t e r ry-c lo th towel ing 
or wi th not less t h a n 8 layers of a cot ton 
handkerchief . 

I f a l ife is at s take , any mate r ia l t ha t will 
serve as a filter will suffice—even the h a i r nor ­
mal ly found in the nost r i l s will filter out a 
considerable a m o u n t of dus t—prov ided the re 
is no extended s tay in t h e con tamina ted 
area. I n shor t , go in and ge t out quickly, keep­
ing the exposure t ime as shor t as possible. 
W h e t h e r t h e exposure is justified will depend 
on whe ther the re is a compensa tory ga in—a 
sufficient justification would be a l ife saved. 

T h e k ind of impermeable c lo th ing normal ly 
issued to firefighters will be ample protect ion 
aga ins t external beta radia t ion . I n the ab­
sence of such c lo th ing o r when there is no fire, 
o rd ina ry c lo th ing will suffice, provided it can 
be tho rough ly cleaned of all dust and radio­
active ma t t e r t h a t may lodge on or in it. 

Despi te recent adver t i sements for " fa l lout 
c lo th ing ," there is no clothing that is protective 
against gamma radiation, which is t h e chief 
const i tuent of res idual fa l lout radia t ion . I f 
g a m m a rad ia t ion is present , don ' t expect any 
k i n d of c lo th ing to afford protect ion. R a p i d 
movement into and out of the area for rescue 
purposes , with s t r ic t ly l imited s tay- t ime, is the 
only reasonable protect ion. 

Because of the h igh level of the energy of 
g a m m a rad ia t ion and its power of penet ra t ion , 
mobile sh ie ld ing for use in rescue operat ions is 
imprac t ica l . 

Fireflghtirtg O p e r a t i o n s 
A crash fire involving a nuclear weapon 

presen ts two pr inc ipa l h a z a r d s : the h igh explo­
sive ( H E ) mate r ia l in the bomb and the radio­
act ive mate r ia l . P r o p e r l y t r a ined firefighting 
personnel will know the p rope r method of 
hand l i ng fires involving h igh explosives. T h e 
presence of h igh ly toxic gases resul t ing from 
the b u r n i n g H E , a n d the presence of radio­
active (p lu ton ium oxide) part ic les in the 
smoke under l ines the desi rabi l i ty o r approach­
ing t h e fire from t h e upwind side—a s t a n d a r d 
procedure in a n y event. 

I t is, of course, possible t ha t the process of 
keep ing a water sp ray on the bomb to hold the 
t e m p e r a t u r e down may dislodge some radio­
act ive mate r ia l , pa r t i cu la r ly if the bomb cas­
ing has been broken. If so, the sp ray and 
runoff should be r ega rded as radioact ively 
con tamina ted . 

Personal D e c o n t a m i n a t i o n 
All personnel leaving con tamina ted zones 

mus t be moni tored and decontamina ted as 
required. Such moni to r ing will g ive t h e meas­
u remen t of the rad ia t ion exposure. 

Mon i to r ing should be done wi th bo th a lpha 
and b e t a / g a m m a survey meters . T h e probes 
should be passed as closely as possible over the 
surfaces to be moni tored , w i thou t actual ly 
touching . ( T h e probes should be protected 
from becoming con tamina ted . ) Special a t ten-
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t ion should be g iven to c lo th ing t h a t is no t 
rubberized, to the h a i r , a n d to body orifices 
(nostr i ls , ears , e tc . ) . I t is advisable t o use the 
earphones for t h i s pu rpose because the slow 
response of the me te r m a y cause a reas to be 
missed, and t h e control of d is tance between t h e 
probe a n d the surface makes i t difficult to r ead 
the meter s imul taneously . 

Rubber ized c lo th ing m a y be hosed off while 
sti l l on the wearer . I f nonrubber ized ga r ­
ments a re worn , i t will be necessary to remove 
a n d d iscard the ou te r c lo th ing a s soon as pos­
sible (or leave behind for removal t o a clean­
ing a n d decontamina t ion a r e a ) . F a b r i c s t h a t 
a re loosely woven will b e more l ikely to re ta in 
contamina ted par t ic les t h a n will ha rd - su r face 
mater ia ls . 

T h e person should t hen t ake a shower , pay­
ing special a t ten t ion to the ha i r , ea rs , nos t r i l s , 
a n d o the r p a r t s of the body in which dus t 
m i g h t collect. H e should then be moni to red 
and the b a t h i n g process repeated if necessary, 
un t i l mon i to r ing is negat ive . Clean c lo th ing 
may then be donned. 

E q u i p m e n t Deeontamfnat ton 
I n h a n d l i n g any nuc lear inc ident o r acci­

den t on a n a i r p o r t , it is qui te l ikely t h a t B o m e 
motorized equipment , such a s firetrucks or 
ambulances , will be used. I t is p robab le too, 
t h a t these vehicles will be taken in to t h e con­
tamina ted area a n d will , in t u r n , become con­
tamina ted . T h e y mus t be decon tamina ted s o 
t he contaminat ion will not be sp read to clean 
areas. 

Remember t ha t decon tamina t ion does no t 
destroy radioact iv i ty . I t merely removes i t to 
another place where it can be fu r the r rendered 
innocuous by b u r y i n g , conveying i t to a r emote 
area a w a y from people, o r by some o the r way . 

T h e a reas , therefore , where equ ipment is de­
con tamina ted will become contamina ted , and 
mus t , in t u r n , be cleaned u p . Use paved areas 
t h a t can be hosed down if possible. 

E x t e r i o r s of most objects can be hosed down. 
Howeve r , w a t e r should never be app l i ed to 
uphols te ry , because the rad ioac t ive m a t t e r may 
s imply be forced deeper in to the ma te r i a l . 
V a c u u m cleaners will effectively remove de­
b r i s—and then they m u s t be decontamina ted . 
U n d e r c a r r i a g e s t h a t a re coated w i th grease 
will t end to re ta in a g r ea t deal of contami­
na ted m a t t e r a n d m a y be s team cleaned to 
decontamina te . 

E q u i p m e n t should be moni to red a f t e r each 
pass . I f rad ioac t iv i ty is still detected it m a y 
be necessary to resor t to detai led c leaning of 
p a r t s wi th de te rgents . 

T o preven t , as fa r as possible, t h e contami­
na t ion of the in te r ior of vehicles t h e fol lowing 
suggest ions a re m a d e : Pe r sons w-ho h a v e en­
tered con tamina ted areas a n d walked about 
should not reenter vehicles un t i l decontami­
na ted . H a v e one person r ema in in each ve­
hicle to h a n d ou t needed equipment . D o no t 
r e t u r n con tamina ted equ ipment to the t rucks . 
Casual t ies should be car r ied to ambulances and 
the re received by a t t e n d a n t s who h a v e re­
ma ined in t h e vehicle. 

I t is p robable t h a t the casual t ies ' c lo th ing 
will be con tamina ted a n d the i r physical con­
d i t ion will not a l low the t ime n o r h a n d l i n g 
needed for decontamina t ion . I n such cases 
t h e pa t i en t s can be w r a p p e d in b lanke t s to 
he lp keep the inside of t h e ambulance clean. 
D o not , however , let con tamina t ion problems 
s t a n d in t h e way of g iv ing p r o m p t medical 
a t t en t ion . Medical personnel should a lways be 
to ld of the presence of con tamina t ion . 
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EMERGENCY OPERATIONS AT CIVIL AIRPORTS 

Section 8—Incidents I n v o l v i n g C o m m e r c i a l 
S h i p m e n t s 

Of the two types of incidents discussed in 
Section 1—(1) those involving commercia l 
sh ipments of radioac t ive mate r ia l on civil or 
mi l i t a ry a i rc ra f t , a n d (2) those involv ing nu­
clear weapons o r the i r components on cer ta in 
mi l i t a ry a i rc ra f t—the first presents by fa r the 
lesser problem. In the former case, the a m o u n t 
of radioact ive mate r i a l t h a t may be t r anspor t ed 
on. a n y one a i r c ra f t is l im i t ed ; the design and 
s t r eng th of t h e conta iners is such t h a t break­
age is unl ikely , and the re a r e no explosives 
ei ther to do the i r own d a m a g e or to scat ter 
radioact iv i ty . T h e second type , because nu­
clear weapons a re involved, conta ins much 
la rger amoun t s of radioac t ive mate r ia l accom­
panied by v a r y i n g amoun t s of h igh explosives. 

I f a conta iner does b reak and spi l lage 
occurs, t he possible sp read of contaminat ion 
by vehicles mov ing t h r o u g h the radioac t ive 
area or by people t r a c k i n g about a re p r i m a r y 
control problems. I f t h e radioac t ive mater ia l 
is d i s turbed , or if winds or a t he rma l column 
f rom an a i r c ra f t fire a r e present , t h e rad io­
act ive mater ia l could become a i rborne and be 
ca r r ied some distance. T h e i m p o r t a n t control 
act ions a re to keep unau thor ized persons out 

of the area , to protec t personnel work ing a t t h e 
accident scene, a n d to prevent t h e sp read of the 
radioact ive mate r ia l by decon tamina t ing the 
personnel and the area-
C o n t a m i n a t i o n Contro l Perimeter 

T h e first s tep t o take a f te r an accident 
involv ing a civil a i r c ra f t c a r r y i n g radioact ive 
isotopes is to establish a cordon a round the air­
c ra f t t o p reven t the en t ry of unau thor i zed per­
sons to the scene. I f t h e accident h a s occurred 
wi thou t resu l t ing in fire, t h e per imete r may be 
smal l . T h e safety personnel should set the 
a rea b o u n d a r y so t ha t no spi l lage f rom con­
ta iners will be t racked about . 

I f the a i rcraf t bu rns , the fire chief will lo­
cate the per imete r and set i t as fa r away from 
t h e scene as is necessary to afford protect ion 
f rom exp lod ing fuel t anks . I t is a lways pos­
sible tha t radioact ive mater ia l s m a y be re­
leased t h r o u g h impact or by the mel t ing of the 
lead conta iner and be car r ied some dis tance 
downwind . O t h e r t h a n th i s , i t is ext remely 
unl ikely t ha t r ad ioac t iv i ty would be detected 
a t any dis tance from t h e accident . 

Rescue O p e r a t i o n s 
Rescue of persons on the a i r c ra f t should 

never be delayed solely because of t h e possible 
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presence of radioact iv i ty . Discret ion dic ta tes 
t h a t rescue workers , firemen, and others a t t h e 
accident scene should, even before they know 
whether conta iners h a v e been broken , t ake 
s teps to ensure t h a t they do not b rea the o r 
ingest radioact ive par t ic les by w e a r i n g self-
contained b rea th ing a p p a r a t u s if ava i lab le o r 
by us ing towel ing o r cotton handkerch ie fs . I f 
smoke is b lowing t oward bui ld ings , doors a n d 
windows should be closed a n d personnel not 
he lp ing wi th rescue should s tay inside. 

I n general , the presence of rad ioac t iv i ty will 
change very l i t t le the rescue opera t ions ordi ­
na r i ly used in any crash in which radioact iv­
i ty is no t present . I f mon i to r ing conducted 
s imultaneously w i t h rescue opera t ions indicates 
dangerous levels of rad ioac t iv i ty , exposure will 
be governed by l imi t ing the s tay- t ime of a n y 
one ind iv idua l . 

Moni tor ing 
I f the radioisotope conta iner is found un­

broken, a i rpo r t managemen t ' s p rob lems a re 
over as fa r as r ad ia t ion is concerned. T h e 
mate r ia l should be held in custody by secur i ty 
forces un t i l disposal ins t ruc t ions a re issued b y 
the A E C . (See Sect ion 10, "Radio logica l 
Assistance.") Some sh ipmen t s a re , fo r secu­
r i ty reasons, accompanied by a courier desig­
na ted by A E C ; he , in effect, " o w n s " t h e mate ­
rial and is responsible for it. I f he survives 
the accident, he will r e ta in custody. 

I f t h e conta iner is not in tact , or if t he a i r ­
c ra f t is on fire, moni to r ing should be s t a r t ed as 
soon as possible. A l p h a m o n i t o r i n g can be 
delayed, genera l ly , un t i l t he b e t a / g a m m a moni ­
t o r i ng is completed, because t h e shor te r r ange 
and lower pene t ra t ing power of a l p h a par t ic les 
m a k e them less dange rous as external radia­
tion. 

W h e n mon i to r ing for beta r ad ia t ion , one 
process will show both beta and g a m m a . T h e 
same ins t rument is used for b o t h ; a r ead ing is 
t aken wi th the shield open, which detects both 
beta and g a m m a ; then wi th t h e shield closed 
for g a m m a only. T h e difference between the 
two read ings is the beta rad ia t ion . I f g a m m a 
radia t ion is found, a i r p o r t safety workers 
should wear dosimeters a n d the i r s tay- t ime in 
t h e contamina ted area should be regula ted t o 
p reven t overexposure. 

P ro tec t ive c lo th ing, such as firemen usual ly 
wear, will protec t also aga ins t a l p h a a n d beta 

r ad ia t ion , a n d should be worn b y persons a t 
the accident si te if rad ioac t ive m a t t e r has been 
released. W h i l e the r a n g e is shor t , scuffling 
about in radioac t ive dus t , c a r r y i n g of par t ic les 
in smoke a n d possible con tamina t ion f rom 
s p r a y f rom firehoses may cause appa re l to be­
come con tamina ted a n d increase t h e d a n g e r of 
r ad ia t ion ingest ion. 

Radiologica l mon i to r ing a round the si te of 
the accident should be emphasized, and moni ­
t o r i ng downwind from t h e accident (especially 
if there is a fire) should no t be neglected. 
Radioac t ive smokeborne or wind-car r ied pa r ­
ticles m a y be found as fa r as 1,500 feet o r more 
downwind . I t is p robable t h a t t h e percentage 
of con tamina t ion so ca r r i ed will be qui te smal l . 
However , a very smal l a m o u n t of ingested ra­
dioact ive m a t t e r can do a g r e a t deal of h a r m . 

A s s ta ted in Sect ion 7, a l l personnel a n d 
equ ipmen t t h a t have been inside t h e control 
pe r ime te r should be moni tored . Nose wipes 
a n d / o r u r ine specimens should be t aken of the 
personnel before they leave the area . 

A i r c r a f t p a r k e d d o w n w i n d o r t h a t m a y 
have received smoke f rom the fire should also 
be moni tored . O t h e r a i r c ra f t should not , if a t 
al l possible, be a l lowed to l and , takeoff, o r t ax i 
t h r o u g h the con tamina ted a r e a ; on t h e g r o u n d 
the i r t i res can p ick u p and sp read con tamina­
t ion and , if a i rborne , t he i r passage m a y cause 
c louds of con tamina ted dus t to be kicked 
h ighe r and sp read the con tamina t ion . 

R a d i o l o g i c a l Ass is tance 

Al l a i r t r a n s p o r t a t i o n of radioisotopes on 
civil a i r c ra f t are , a t present , m a d e by A E C o r 
a con t rac to r l icensed by them. I n t h e event 
of an accident in which such ma te r i a l s a r e in­
volved, the A E C should be notified so t h a t they 
m a y issue ins t ruc t ions for h a n d l i n g the ma te ­
rial a n d give assistance in decontamina t ion a n d 
wi th o the r radiological problems. F u l l detai ls 
a re given in Sect ion 10, "Radio logica l Assist­
ance ." 

D e c o n t a m i n a t i o n 

Personne l a n d equ ipment decontamina t ion is 
covered in Section 7. However , sp i l lage of 
rad ioac t ive mate r ia l s f rom broken conta iners 
can be spread a n d t h e area mus t be decontami­
na t ed before such sp read ing can t ake place. 
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Decontamina t ion , as has been said, does no t 
des t roy rad ia t ion . I t removes t h e dange rous 
mate r i a l to a safe place so t h a t t h e processes 
of radioac t ive decay will reduce the radioact iv­
i ty to a po in t where it is no longer haza rdous . 
F i r e h a s n o effect; you m i g h t bu rn some of t h e 
mate r i a l t h a t carr ies the radioac t ive par t ic les , 
bu t the par t ic les (o r emi t te rs ) themselves 
remain or a re a i rborne to spread fa r the r . 

Structures 
I f rad ioac t iv i ty is detected by m o n i t o r i n g of 

s t ruc tures downwind from an accident , these 
s t ruc tures should be decontamina ted . T h e 
most common methods a re firehosing a n d hot-
l iquid c leaning. F i r ehos ing is especially use­
ful on bu i ld ings const ructed of mate r ia l s 
(br ick, s tone, stucco, etc.) t h a t p rov ide numer ­
ous crevices in which con tamina t ion may lodge. 
I n hot - l iquid c leaning , a m i x t u r e of ho t wa te r 

a n d de te rgen t is forced t h r o u g h a nozzle to 
p rov ide a c leaning a n d wash ing action. 

P a v e d A r e a s 
P a v e d r u n w a y a n d t ax iway surfaces may be 

firehosed, hosed and scrubbed or , in the case of 
a spha l t ma te r i a l , f lame-treated. T h e first 
method uses wa te r only to push the contami­
n a n t off the area . T h e second uses street 
sweepers , wa te r a n d a detergent . I n t h e t h i r d 
method, the surface is softened and a t h i n layer 
removed. 

U n p a v e d A r e a s 
W h e n unpaved areas a re contamina ted , the 

surface may be scraped off and removed, filled 
over , o r p lowed under . I f contamina ted by 
a l p h a o r beta emi t te rs , t he fill need not be 
t h i c k ; wi th g a m m a emi t te rs t h e fill thickness 
should be de te rmined by rad ia t ion levels. 
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Section 9—Incidents I n v o l v i n g N u c l e a r 
W e a p o n s 

I n an a i r c ra f t accident involv ing a nuc lear 
weapon, several haza rd s may be present t h a t 
do no t occur in t h e commercial sh ipmen t of 
radioisotopes. B las t s of v a r y i n g degree m a y 
occur as a resul t of de tonat ion of the h i g h 
explosives in t h e w e a p o n ; toxic o r caust ic 
fumes may be given off by b u r n i n g h igh ex­
plosives; l a rge r quant i t ies of radioac t ive ma te ­
rials m a y be scat tered and rad ioac t ive p lu to ­
n ium oxide m a y be car r ied over considerable 
distances by smoke. But the odds against a 
nuclear explosion are astronomical/ 

Detonat ion of t h e h i g h explosives a n d the 
presence of toxic o r caust ic gases a r e t h ings 
wi th which the wel l - t ra ined firefighter should 
be t ho rough ly fami l ia r . T h i s Sect ion, the re ­
fore, will deal p r i m a r i l y wi th the radiological 
aspects of t h e problem. 

Notif ication 
A n a i rc ra f t c a r r y i n g a nuclear weapon will 

not normal ly l and a t a civil a i r po r t unless 
absolutely necessary. I f th i s necessity should 
ar ise , t he a i rc ra f t commander wil l use a i r - to-
g r o u n d rad io t ransmiss ion , e i ther t h r o u g h the 
a i rpo r t traffic control tower o r re layed t h r o u g h 
an F A A F l i g h t Service S t a t i on , to a le r t a p p r o ­
p r i a t e au thor i t i es to the emergency condi t ions . 
T h e procedure h a s been establ ished a n d is 
i l lus t ra ted in the fol lowing example of an 
unclassified t r ansmiss ion : 

E X P L O S I V E C A R G O W I N G S O F 
A I R C R A F T . I F E X P L O S I V E 
B E C O M E S E N V E L O P E D I N 

F L A M E S , D E T O N A T I O N M A Y 
B E E X P E C T E D I N F I V E M I N ­
U T E S . A P P L Y E M E R G E N C Y 
P R O C E D U R E S A C C O R D I N G L Y . 

T h i s is i n t e rp re t ed as fo l lows: 
1. E X P L O S I V E C A R G O . T h e ca rgo 

is h a z a r d o u s a n d can be convent ional 
h i g h explosive bombs, nuc lea r weapons 
o r components , or o the r cargo t h a t m a y 
explode when exposed t o fire o r im­
pac t . 

2. W I N G S O F A I R C R A F T . T h i s 
p h r a s e indicates t h e locat ion of t h e ex­
plosive ca rgo . I n bombers , bombs a r e 
usua l ly ca r r i ed in t h e bomb b a y ; in 
t r a n s p o r t a i rc ra f t , in t h e fuse lage; i n 
f ighter-bombers or in te rcep tors , u n d e r 
t h e wings , a n d / o r in o r u n d e r t h e fuse­
lage. 

3. F I V E M I N U T E S . T h i s is t h e a i r ­
c ra f t commande r ' s best es t imate , based 
on the t y p e of explosives a n d the thick­
ness of the b o m b casing, of t h e t ime 
avai lable for fighting t h e fire a n d 
w i t h d r a w i n g before de tonat ion . 

T h e H i g h E x p l o s i v e s H a z a r d 
I t was ment ioned in Section 3 t h a t the nu­

clear components in a weapon a r e su r rounded 
by h i g h explosives needed to p roduce t h e 
implosion requi red to make t h e mass become 
supercr i t ica l . Some of the H E m a y be sensitive 
bo th to impact a n d t e m p e r a t u r e changes . T h e 
sensi t ivi ty of some is increased by p o w d e r i n g 
and , if scat tered, m a y de tona te if s tepped on. 
O t h e r s change color if exposed to sun l igh t , a n d 
become difficult to see on pavement . F o r these 
reasons, once t h e fire is ex t inguished o r con­
ta ined , c leanup of t h e a rea should be left t o 
especial ly t r a i ned t eams of Government per­
sonnel. 

I n d r o p and fire tes ts conducted by t h e A E C 
a n d the D e p a r t m e n t of Defense, i t was found 
t h a t de tona t ion of t h e H E components by 
i m p a c t a lone is no t l ikely. T h e bomb cas ing , 
however , m a y b r e a k on impac t , resu l t ing in the 
sca t t e r ing of t h e H E , w i t h the h a z a r d s 
described above. 

I n t h e case of fire, it h a s been de te rmined 
t h a t de tonat ion can usua l ly be avoided if t h e 
t e m p e r a t u r e of t h e weapon can be he ld below 
300° F b y appl ica t ion of wa te r s p r a y o r foam. 
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If the H E begins to burn "torching" (bright 
jets of white, orange, or red flame) may be 
seen especially if the casing has been broken. 
However, torching does not necessarily occur. 
The burning of the H E may result also in the 
liberation of toxic and caustic gases. For this 
reason and because of the presence of oxides 
in the smoke, personnel should not be allowed 
to remain downwind without proper respira­
tory apparatus. 

T h e Rad ia t ion H a z a r d 
If the bomb casing remains intact there will 

be no radiation hazard. If the casing breaks, 
the nuclear materials may be scattered with 
the resulting radiation being almost com­
pletely alpha. If the weapon explodes or 
burns the plutonium oxide (again alpha) will 
be carried in the smoke cloud. Gamma radi­
ation and neutrons will not be released unless 
some fission reaction takes place (which is a 
very remote possibility). 
Contro l led A r e a 
As soon as the aircraft has come to a stop, 

a controlled area not less than 1,500 feet in 
radius should be established around it. Un­
authorized persons should be denied entrance 
to this area. The controlled area has been set 
at the 1,500-foot distance because: 

1. It has been determined a safe distance 
for personnel in the event the entire 
charge of H E is detonated. 

2. The hazard of smokebome plutonium 
oxide will be insignificant at this dis­
tance, even on the downwind side. 

3. The interests of the national security 
may be adequately protected at that 
distance. 

The perimeter of the controlled area should 
be guarded by airport police with such addi­
tional assistance by other police and security 
forces as may be required. 
Buildings within 1,500 feet of the scene of 

the accident, especially on the downwind side, 
should have all windows and doors closed and 
ventilation system intakes shut down to avoid 
contamination of their interiors. 
Firefighting 
If the accident results in an aircraft fire, the 

techniques used should be the same as those 
used for any fire involving explosive materials 

and toxic chemicals. The weapon should be 
kept as cool as possible—below 300° F—by 
the application of a water stream, water fog 
or foam. Care should be exercised to ensure 
that the application of water to the weapon 
does not break down the foam applied to the 
aviation fuel. 
Act ions 
When the notification of a possible crash 

landing is received from an aircraft com­
mander or pilot in command, the sequence of 
actions should be generally as follows: 

1. The airport traffic control tower 
should alert the crash, safety and 
security personnel of the anticipated 
accident. Information received from 
the aircraft commander—location of 
the weapon, time before detonation, 
etc.—should be passed on to them. 

2. The airport manager should notify the 
Joint Nuclear Accident Coordinating 
Center (JNACC) in accordance with 
the procedures described in Section 10 
and ask for radiological assistance. 

3. As soon as the aircraft has come to a 
stop, the controlled area should be 
marked oft* and security guards posted. 
Do not allow souvenir collecting. 
Preserve the accident scene intact for 
the review of Government author­
ities. 

4. Rescue operations take priority over 
everything else. 

5. Locate the weapon and keep it cool 
as described above, while extinguish­
ing the fire. If the weapon becomes 
engulfed in flames the fire chief may, 
at his discretion, order the with­
drawal of all personnel to the 1,500-
foot perimeter. 

6 . If A E C or military special teams have 
not arrived by the time the fire is con­
trolled, all personnel who have been 
engaged in the operation, including 
aircraft crew members, should be held 
at the perimeter, unless they require 
immediate medical attention, until the 
arrival of the teams. Do not admit 
anyone to this area except authorized 
personnel. 

7. Do not try to clean up the site of the 
accident! This can be dangerous. 
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Specia l t eams have been t r a i n e d for 
do ing th i s . Le t t h e m do i t . 

8. I f first a id is required, i t should be 
min imal p e n d i n g t h e a r r i v a l of t h e 
special t eams a n d phys ic ians especial ly 
t r a ined in rad ia t ion medicine. 

9. U p o n t h e a r r iva l of t h e t eams , all 
personnel a n d equ ipment he ld a t the 
control led area pe r imete r will be 
moni tored and decontamina ted as 
required. 

10. T h e special t eams m a y call on a i r p o r t 
managemen t for assistance a n d will 
advise on the c leanup a n d decontami­
na t ion jobs. I f so, do i t t he i r w a y ! 
T h e y a re t h e exper t s . 

11. Section 11, " P u b l i c Re la t ions , " offers 
suggest ions for dea l ing wi th the pub ­
lic and news media representatives. 

Section 10—Radiological Ass is tance 

I n the event of a n incident a t or nea r a civil 
a i rpor t , whe ther involv ing the sh ipmen t of 
radioact ive mate r ia l on civil o r mi l i t a ry ai r ­
craf t o r a nuclear weapon on a cer ta in tact ical 
mi l i t a ry a i rc raf t , radiological assistance can 
a n d should be obta ined t h r o u g h the R a d i o ­
logical Assis tance P l a n . 

T h e Rad io log ica l Ass is tance Plan 

T h e Radiological Assis tance P l a n is ma in ­
ta ined jo int ly by the A tomic E n e r g y Commis ­
sion a n d the U . S . D e p a r t m e n t of Defense. I t 
is an organized means of m a k i n g avai lable 
manpower , i n s t rumen ta t ion , and t r a i n e d per­

sonnel who a re experienced in e v a l u a t i n g a n d 
h a n d l i n g radiological incidents , wherever a n d 
whenever they m a y occur. 

I t is i m p o r t a n t to s tress t h a t t h i s is an 
assistance p r o g r a m . I t is not in tended t h a t 
assistance t e a m s will p e r f o r m all ac t ions con­
nected wi th a radiological incident . W h e n 
called, t h e teams will be d i spa tched immedi ­
a t e l y ; however , i t is unl ike ly t h a t they would 
a r r i v e in t ime to p a r t i c i p a t e effectively in t h e 
first or emergency phase . A i r p o r t personnel 
m u s t be p r e p a r e d to act d u r i n g the emergency 
phase w i thou t outs ide assistance. 

W h o M a y A p p l y for Ass is tance 
Assis tance and advice m a y be requested by 

a n y person, o rgan iza t ion , local o r S t a t e official 
cognizant of an inc ident o r accident involv ing 
rad ioac t ive mate r ia l s or ioniz ing r ad i a t ion 
in jur ious to t h e hea l th a n d safety of the com­
m u n i t y o r of ind iv idua ls . 

W h e r e fo A p p l y for Ass is tance 
T o ge t he lp from the Radiological Assis tance 

T e a m s , cal l immedia te ly t h e A E C Ope ra t i ons 
Office neares t t h e scene of the accident or inci­
dent involv ing the radioac t ive mate r i a l . A E C 
offices, the i r te lephone numbers a n d addresses, 
a n d t h e a rea for which each office is respon­
sible a r e g iven in the A p p e n d i x . T h e special 
te lephone n u m b e r s will be answered 24 hour s 
a day . 

Ca l l s m a y also be placed to the A E C - D e -
p a r t m e n t of Defense J o i n t Nuc lea r Accident 
Coord ina t i ng Cente r ( J N A C C ) , Albuquerque , 
New Mexico, te lephone n u m b e r 505-264-4667, 
if a nuc lear weapon is o r is suspected to be 
involved. T h e neares t A E C office o r mi l i t a ry 
ins ta l la t ion m a y be cal led a n d requested to 
re lay t h e message. 

K i n d of Ass is tance A v a i l a b l e 
W h e n a request for radiological assistance 

is m a d e , g ive all of the in fo rmat ion possible 
concerning t h e incident . F r o m th i s in fo rma­
t ion, t h e ini t ial de te rmina t ion is m a d e a s t o 
w h a t capabi l i t ies should be d r a w n upon a n d 
sent t o the scene. A E C h a s avai lable capabi l ­
ities f o r : a l p h a , beta , a n d g a m m a m o n i t o r i n g ; 
s a m p l i n g a n d mon i to r ing of a i r , water , and 
food; r ad ia t ion decon tamina t ion advice and 
ass is tance; r ad i a t ion medical services; r ad io ­
chemical sample ana lys i s ; a n d special is ts in 
nuc lea r weapons accidents . 
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T h e mi l i t a ry services radiological assistance 
capabi l i t ies include most of those l isted above, 
p lus a special capabi l i ty for explosive o rdnance 
disposal opera t ions . 

T h e person or persons responsible for the 
site a n d facilities involved may p rov ide for 
the necessary r ad ia t ion c leanup from o ther 
sources. A E C teams , however , will not be 
w i thd rawn unt i l a p p r o p r i a t e s teps have been 
taken a n d the re is reasonable assurance t h a t 
the publ ic heal th a n d safety will not be ad­
versely affected. 

Assistance F r o m O t h e r Sources 
Assistance may be sought from the follow­

ing sources: 
1. S t a t e and local officials may contact the 

Office of Civil Defense, U . S . Publ ic 
H e a l t h Service, a n d F A A a i r p o r t traf­
fic control towers and F l i g h t Service 
S ta t ions . I n fo rma t ion c o n c e r n i n g 
t he i r policies and capabi l i t ies should 
be obtained from them a n d m a d e a p a r t 
of the a i r p o r t emergency opera t ions 
plan, 

2. Severa l S ta tes h a v e organized Rad io ­
logical Emergency T e a m s , usual ly 
u n d e r t h e di rect ion of the S t a t e board 
of heal th . T h e i r services may be ob­
ta ined by not i fy ing the S t a t e police o r 
h i g h w a y pa t ro l , t he local sheriff's office 
or the local police depa r tmen t . 

Section 11—Public Relat ions 
Accidents involving a i r c ra f t t ha t a re ca r ry ­

ing commercial sh ipments of radioisotopes a re 
no more newswor thy t h a n accidents to a i r c ra f t 

t h a t a r e not . Rescue a n d a i rpo r t safety per­
sonnel will need to t ake some special precau­
t ions, bu t t h e general public is in no danger . 
Unnecessary a l a rm, however , may follow upon 
an accident to an a i r c ra f t c a r r y i n g a nuclear 
weapon, a n d th i s Sect ion is concerned p r i ­
mar i ly wi th t ha t problem. 

U n h a p p i l y , experience has shown t h a t a 
la rge segment of the public is morb id ly fasci­
na ted by a i r c ra f t accidents and will t h r o n g to 
the scene even a t the r isk of j a m m i n g roads so 
t h a t emergency equ ipment cannot get t h rough . 
If, u n d e r these condi t ions, it becomes known 
t h a t a nuclear weapon is involved a n d t h e H E 
detonates , pan ic will p robably spread rap id ly . 
Some people m a y be exposed needlessly t o con­
t a m i n a n t s . Ca lm decisive direct ion will be re­
quired. T h e na t iona l secur i ty may also be 
endangered by mis in format ion be ing circu­
lated about a nuclear weapon. 

E a c h a i r p o r t m a n a g e r should have , as a p a r t 
of h i s d isas ter control p r o g r a m , a p rep lanned 
publ ic in format ion p r o g r a m to enable h im to 
cope wi th these problems. 

N e w s Releases 
A sta tement on rad io o r television t ha t a 

disabled a i rc ra f t is c i rc l ing the a i rpo r t and 
will a t t e m p t to land in " x " minutes is sure to 
b r i n g out a crowd. Agreements should be 
read ied wi th representa t ives of news media 
t h a t such announcements will not be made . 
T h e c rowds not only h a m p e r rescue efforts but 
endange r themselves. 

Pos tacc ident announcements mus t be factual , 
wi th no speculat ion as to the probable cause of 
the accident . 

I f a commercial sh ipmen t of radioisotopes 
is involved, there is no objection to disclosing 
th is in format ion , p rov ided t h a t such an an­
nouncement is necessary: 

1. T o provide necessary public protect ion 
a n d assistance. 

2. T o prevent needless a l a rm if rumors 
s ta r t . 

3. T o ensure a n accura te presenta t ion to 
the publ ic . 

I f a nuclear weapon is involved, t h e na t iona l 
securi ty must be considered basic. Official 
conf i rmat ion of t h e presence of the weapon 
should be fo r thcoming only when it will have 
significant value in m a i n t a i n i n g the publ ic 
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safety a n d in keeping people out of the d a n g e r 
area. 

I f a courier accompanies a sh ipmen t , he wil l 
be responsible for issuing all announcements . 
I n nuclear weapons incidents the a i rc ra f t com­
m a n d e r will have t h a t responsibi l i ty . I f the 
courier or a i rc ra f t commander is incapaci ta ted , 
the person in charge of emergency opera t ions 
mus t use h i s best j u d g m e n t about news re­
leases unt i l the special Radiological Assistance 
Teams ar r ive . I f an in fo rmat ion announce­
ment must be made to a l lay fears o r in the 
interests of safety, it is suggested t h a t the 

announcement be p a t t e r n e d on those shown in 
the A p p e n d i x , F o r m s s imi lar to these a r e 
ca r r ied by all cour iers for use in emergencies. 
T h e y have been app roved in fo rma t by p r o p e r 
au thor i t ies . 

Annoucements , if m a d e at a l l , should be com­
plete enough to prevent t h e sp read of specula­
t ion a n d unfounded rumor . T h e y should a l lay 
concern a n d w a r n people to s tay away f rom 
h a z a r d areas . T h e y mus t never disclose classi­
fied in format ion . Requests for fu r ther infor­
mat ion should be refer red to the A E C or the 
U . S . D e p a r t m e n t of Defense. 
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A p p e n d i x 
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EXAMPLES OF EMERGENCY INFORMATION TRANSMISSIONS 
I n fo rmat ion A n n o u n c e m e n t N o . 1 

A United States <«"*> . —,. aircraft 
carrying (cargo description) accidentally 
crashed (or other circumstance) at approxi­
mately at (location) 
Against any remote danger (from the crash, 

or an atomic1 or high explosive detonation), in 
the interest of national security and to facili­
tate removal operations, visitors are asked to 
stay out of the area that is under surveillance 
by guards. There is no need for evacuation. 
>U«e the terms "nuclear" and "atomic" only when less specific terms will not serve. 

I n fo rmat ion A n n o u n c e m e n t N o . 2 

A United States <trpB> aircraft 
accident has occurred at (Umeand location) 
It involves conventional high explosives and 
radioactive materials. There is no danger of 
an (atomic *) explosion. However, the high 
explosives in the weapon (have detonated, aw 
burning. m«y datontto) 
Li the interest of public safety, visitors are 

asked to stay out of the area now under 
surveillance by guards (or indicate area). (If 
true:) There is no need for evacuation. An 

experienced explosive ordnance disposal team 
has been ordered to the scene of the accident 
as a precautionary measure, 
If scattering of fission fragments is possible, 

the following may be added to the release: 
The greatest potential danger in an accident 

of this kind is the effects of blast caused by de­
notation of the conventional high explosives 
in the weapon. Local scattering of nuclear 
material in the form of finely divided dust 
may have resulted nearby and downwind from 
the explosion (fire). It would have no sig­
nificance to health unless taken into the body 
as by breathing or swallowing, and it is con­
sidered unlikely that any person would inhale 
or swallow an amount that could be hazardous 
to his health. Spectators have been (are) 
warned to remain at least a half mile—6 or 7 
city blocks—from the accident scene (and if 
true) until a monitoring team, now enroute to 
the site of the accident, can survey the ground 
and verify the safety of adjacent areas. 
Decontamination is a simple washing pro­

cedure and, therefore, evacuation (of the type 
to cause public concern) will riot be necessary. 
* Use the terms "atomic," "weapon," and "naclear" cau­tiously and only when other wording will not serve. 
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GLOSSARY 
A B S O R B E D DOSE. The amount of energy 
imparted by nuclear (or ionizing) radiation 
to unit mass of absorbing material. The 
unit is the "rad." 

A L P H A PARTICLE. A particle emitted 
spontaneously from the nuclei of some radio­
active elements. It is identical with a he­
lium nucleus, having a mass of four units 
and an electric charge of two positive units. 
It consists, in short, of two protons and two 
neutrons. 

ATOM. The smallest (or ultimate) particle 
of an element that still retains the charac­
teristics of that element. 

B A C K G R O U N D RADIATION. Nuclear (or 
ionizing) radiation arising from within the 
body and natural surroundings. The main 
sources are Potassium 40 in the body, Potas­
sium 40, Uranium, Thorium and Radium in 
the rocks, and cosmic rays. 

B E T A PARTICLE. A charged particle of 
very small mass emitted spontaneously from 
the nuclei of certain radioactive elements. 
It is identical physically with an electron 
moving at very high speed. 

CONTAMINATION. The accidental pres­
ence of radioactive materials. 

CRITICAL MASS. The minimum mass of a 
fissionable material necessary to maintain a 
fission chain reaction under precisely speci­
fied conditions. 

CURIE. A unit of radioactivity; the quan­
tity of any radioactive material in which 
3.700 x 1010 nuclear disintegrations occur 
per second. 

DECAY. The decrease in activity of any 
radioactive material with the passage of 
time. 

DECONTAMINATION. The reduction or 
removal of contaminating radioactive mate­
rial from a structure, area, object or person. 

DEUTERIUM. An isotope of hydrogen of 
mass 2 units; sometimes used in fusion-type 
weapons. 

DOSE. A total or accumulated quantity of 
nuclear (or ionizing) radiation. The expo­
sure dose, expressed in roentgens, is a meas­
ure of the total amount of ionization pro­
duced. The absorbed dose, given in rads, 
represents the energy absorbed per gram of 
specified body tissue. 

D O S E RATE. The amount of radiation that 
an individual would receive or to which he 
would be exposed per unit of time. Com­
monly user* to indicate the level of radio­
activity ir »• contaminated area. 

DOSIME' T J&. An instrument for measuring 
and reg... .ering total accumulated exposure 
to radiation. 

E L E C T R O M A G N E T I C RADIATION. A 
traveling wave motion resulting from oscil­
lating magnetic and electric fields. Gamma 
rays are an example; others are X-ray, 
radio and radar. 

ELECTRON. A particle of very small mass, 
carrying a unit negative or positive charge. 
The electrons surrounding the nucleus of an 
atom are negative. 

ELEMENT. One of the b̂ sic varieties of 
matter occurring in nature which, individ­
ually or in combination, compose substances 
of all kinds. 

FALLOUT. The contaminated particulate 
matter resulting from a nuclear explosion. 

FILM BADGE. X-ray film worn or carried 
in a special frame, as a dosimeter. 

FISSION. The splitting of the nucleus of a 
heavy element into (generally) two nuclei of 
lighter elements, with an accompanying re­
lease of energy. 

FUSION. The combination of the nuclei of 
light elements to form the nucleus of a heav­
ier element, with an acccompanying release 
of energy. 

G A M M A RAYS. Electromagnetic radiation 
of high energy originating in atomic nuclei; 
physically identical with X-rays except in 
their source. 

30 



IONIZATION. The separation of a normal 
electrically neutral atom or molecule into 
electrically charged components, especially 
as used in this publication, the removal of an 
electron from the atom or molecule, leaving 
a positively charged ion. 

ISOTOPE. Forms of the same element hav­
ing identical chemical properties but differ­
ing in their atomic masses and nuclear prop­
erties. A radioisotope is one in which the 
nuclei are unstable. 

MEGACURTE. One million curies. 
MICROCURIE. One-millionth part of a 
curie. 

MILLICURIE. One-thousandth part of a 
curie. 

MILLIROE NTGEN. One-thousandth part 
of a roentgen. 

MONITORING. The procedure of locating 
and measuring radioactivity with survey 
instruments. 

NEUTRON. A neutral (i.e., with no electri­
cal charge) particle present in all atomic 
nuclei except ordinary hydrogen. 

N U C L E A R R A D I A T I O N . Radiation 
(alpha, beta, gamma and neutrons) emitted 
from atomic nuclei. 

N U C L E A R W E A P O N . A weapon in which 
the explosion results from the energy re­

leased by reactions involving the atomic 
nuclei; may be either the so-called A-Bomb 
or H-Bomb. 

NUCLEUS. The small, central, positively 
charged mass of an atom. In ordinary hy­
drogen, it consists of a single proton; in all 
others it is made up of both protons and 
neutrons. 

PROTON. A positively charged particle, 
identical with the nucleus of ordinary hy­
drogen. 

RAD. A unit of absorbed dose of radiation; 
it represents the absorption of 100 ergs of 
radiation per gram of tissue. 

RADIATION UNIT, 1 milliroentgen per 
hour at 1 meter distant from any point on 
the surface of a container. 

REM. A unit of biological dose of radiation. 
ROENTGEN. A unit of exposure dose of 
gamma radiation or X-rays. 

SHIELDING. Any material that absorbs or 
attenuates radiation, thus protecting per­
sons behind it. 

SUPERCRITICAL. The state of a given fis­
sion system when the quantity of fissionable 
material is greater than the critical mass; a 
highly supercritical system must exist for a 
nuclear explosion to occur. 
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