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1. AIHCRAET FzIG3T'  RECORDEE LOCATIOU BY RADIATION TECHNIQUES 

Badiaactive Locator Beacon 

The devellopment of a rhdioact ive l o c a t o r  b e a c o d J 2  f o r  u t i l i z a t i o n  i n  the  
recovery of a i r c r a f t  f l i g h t  recorders  i s  continuing. The rad ioac t ive  l a -  
cd-ttor beacon must emZtq penet ra t ing  g m m  r a d i a t i o n  t o  meet t he  spec i f ied  
ranges of de tec t ion  through m t e r  and mud. Cobalt-60 as cobal t  metal w a s  
s e l e c t e d  as thc radioact ive source 'oecause it provides the  required gamma 
r a d i a t i o n  ( e . g . ,  t he  r a d i a t i o n  w i l l  pene t ra te  2 I t  of mud, 3 f t  of water,  
and 10 f t  of  air) 
01' safe use i n  many rudia t ion  devices. 

has a h a l f - l i f e  of 5 . 3  yr, and has an extended record 

The use of t he  srr?allest de"cectahli: s r s ~ ~ r c e  i s  des i rab le  i n  order t o  mini- 
mize t h e  sh ie ld ing  requirements and t o  reduce the  r a d i a t i o n  hazards in-  
volved i n  t h e  recovery operation. Eight m i l l i c u r i e s  of CoGCj w i l l  be  ade- 
quate t o  meet t he  de tec t ion  requirements of t he  Federal  Aviation Agency. 
The dose r a t e  I ft f r o m  the exposed source i n  a i r  would be -l25 mr/hr and 
at  10 f t ,  - l a 2  m r / h r .  
handling t h i s  size source, and there  would not be a s i g n i f i c a n t  hazard t o  
crash survivors  o r  rescue personnel. 

%In:xs, l i t t l e  d i f f i c u l t y  would be encountered i n  

The th ree  c u r r e n t l y  employed types o f  f l i g h t  recorders  have i n s u f f i c i e n t  
space ava i lab le  ins ide  the  case f o r  n shielded rad ioac t ive  source. The 
conceptual design f o r  t he  beacon i s  based on a CoG0 source mounted ex- 
t e r n a l  t o  t h e  fLight8-recorder t a p e  deck within a high densi ty  s h i e l d  from 
which the  source w i l l  be e.jec-ted on impact. Both uranium metal and 
tungsten-nickel a l l o y  a r e  exce l len t  shielding mater ia l s .  Uranium i s  the  
b e t t e r  sh ie ld ing  mater ia l  bu t  must be encased- i n  stainless s t e e l  cladding 
for  alpha containment snd. f i r e  resiataace. To381 weight of the proposed 
loce tor  beacon w i l l  be .-lis Yo. 

Shield Desian No. 1 
/F 

~n 8-me c o d  sourceg  cnc-a losed  in a s t a i n l e s s  s t e e l  capsule,  i s  mounted 
a t  the  center  of 2 4-in.  spher ica l  shield. 
t h a t  i t  w i l l  separa'm i n t o  two sect ions upon impact. The l a r g e r  sec t ion  
w i l l  f a l l  awzy and- expose tine source; t h e  smaller sec t ion ,  t o  which the  
source i s  at tached,  i s  firmly at tache6 t o  the  f l i g h t  recorder by means 
of a mounting bracket  (Fig.  1.1). 

The sphere i s  designed so 

in the  event of im a i r p l a n e  crash,  t he  e n t i r e  assembly w i l l  continue 
moving forward because of its i n e r t i a .  The rad ioac t ive  source sh ie ld ,  

I-R. G, Niemeyer A i r c r a f t  F l i g h t  Recorder Location by Radiation 
Techniqu.es, _II OKI\SL-TM-510 [ t o  be published) - 

q 1 -  A, 0 P B r i e i i ,  Jr- Bad-ioisotope Applications,  July-September 1962, 
CIRNL-TM-43'[ 1) 
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Fig. 1 .l. Radioactive Locator Beacon 
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being f i n d - y  anchored. t o  the  fust.lage, ~ i 1 . 1  be he ld  back, t he  shear p b s  
wi.I..l. break. , and the  source wi1.1. 'ne exposed. 

S1i.i.el.d Design N o .  2 

I n  the  a l t e y n a t i v e  iflethod, t he  s h i e l d  i s  composed or" three segments he1.d 

device (Fig. 1. 3 )  w0ul.d p u l l  -the p ins  oint o€ the slots so t h a t  a l l  -three 
p ieces  of the  shielding wou1.d f a l l  away and the  source a-ttached. t o  t he  
instrument by a chain o r  a braided s t e e l  cab1.e would be e n t i r e l y  exposed. 

L bogether by t r i g g e r - a c t i v a t e d  p ins  (F ig .  1 . 2 ) .  Upon impact ,  t ~ i e  trig:;er 

The p i n  locking the  segments of the s h i e l d  'cogether i s  held i n  a cocked 
pos i t ion  beiiiiid a s e a .  Upon irripact, thi. pl.m~ger w i l l  be forced p a s t  -the 
sear allowing the spr ing t o  compl-ete the moti.on or" withdrawin?; t h e  locking 
p i n  tr-orn t'ie sh ie ld .  The  spr ing could be replaced by an. expl.osive car-  
t r i d g e  designed to detonate at a predetennhed impact force.  

R a d i a ' c i  00 Uctector and S i m a l  Generating Device 

Another method of l o c a t i n g  f l i . g h t  recorders  involves a r a d i a t i o n  de tec tor  
such a s  t h e  audible  personal r a d i a t i o n  monitor (PXM) type device developed 
by Oak Ridge National Laboratory which ~rould be fastened to the  f l i g h t  re -  
corder tape deck along w i t h  sonar and possibly audio signal. gcneratirig 
equipmerit. I n  t h i s  case the Tlight  recorder  would. be located. by probing 
wi t 'n  a p a r t i a l l y  shielded Co60 source. 
enough, t'nc PRM-type dktector  w o u l d  e l e c t r o n i c a l l y  a c t i v a t e  t h e  sonar and 
audio equipmen-t. If the tape deck were on lanc3 it would be loca ted  by 
the  au.d.ri.ble a l a r m  and i f  i n  water o r  mud., by a sonar de tec tor .  

Vhen -the source i s  brougkt near 

The use of t h l s  type of system has many di"aWbaclis which might be d i f f i c u l t  
to overcouie. 
should be given t o  long  l i f e ,  low weight, s m a l l  s i z e ,  and. crash surviv- 
a b i l i t y .  
e s t a b l i s h  the b e s t  packaging rnet'nods and to a s c e r t a i n  the  r e l i a b i l i t y  of 
such a system. 

O n e  of the FAA requirements i s  t h a t  "every considerat ion 

Coiisiderzble development work and. t e s t i n g  would be required t o  

With t h e  assuiiption t h a t  a dose rate  of 0.2 cnr/hr would be z pr8.c-tical. 
value for activa,t ing the  PL~--ty-pe loca to r  through the  spec i f ied  shielding 
materials, a Co60 source of about 30 me would be required.  
p a r t i a l l y  sliiel.ded source of thi s s i z e  introduces s i g n i f i c a n t  r a d i a t i o n  
hazards,  and the required sh ie ld ing  would not  be e a s i l y  portable .  

The use of a 

Conclusions 

The most r e l i a b l e  method f o r  l o c a t i n g  flight recorders  zppears t o  be b y  
me is of a rad ioac t ive  l o c a t o r  beacon. Such beacons when u t i l i z i n g  Q 

CoTo source have e s s e n t i a l l y  l00$ r e l i a b i l i t y ,  f o r  they do not  r e l y  on 
f r a g i l e  e l  e c t r oni  c e quipmen t o r  hat t e L' i e s but  ob t aiii t h e i r  e me IC gy f r  an 
spontaneous rad ioac t ive  decay. This  type beacon e a s i l y  meets  the  FAA. 

. . . . . . 
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requirements of a shel l ' - l i fe  OC 6 mon-tiis Collowea by an  ope-rating l i f e  
of 14 d.ays. 
would have no e f f e c t  on i t s  operat ion.  The isotope beacoii can r e a d i l y  
wi~tiistani; t he  FAA. requirement of a l t i t u d e ,  v ib ra t ion ,  impact shock, and 
t o t a l  immersion i n  sea  water. The beacon. i s  very- rui';qed, easy t o  F'abri.- 
ca t e  , and r equ i r e s  v i r t u a l l y  no maintenance o r  t e s t i n g .  The recovery 
operation. will r equ i r e  a portable  scintillorne'Ler , such as a model 389H 
Super Scir.'iil.lac made by Vie-Loreen Insti.urn?nt Company. 

Envirormental temp-ratures rxnging frorr, - 6 2 0 ~  t o  +LIOO°C 

It i.s recomale.ided t h a t  radiakion n e  sureinents i n  mu5, water, a,nd a i r  
should be repeaLed. ilsing an 8-mc Co" source amd a scintiJ.l.orneter 'LO coil- 
~<.c-111. t h e  opti~rfiim s i z e  source and. t o  develop recovery procedur? with a 
sc in t i l - l a t ion  type ins-Lrunent. A pro tec ted  tape dcck s1i.oul.d be i r ra-  
d i a t ed  un5.er tile most, severe conditions which might occur i n  a c t u a l  use 
and s h o d 5  -DC t i - s ted  t o  determine iY t h e  radri.ation has any detrimental- 
e f f e c t  mi t h e  rnagnet7.c tape  o r  t h e  therr.al_ insula-Lion. Dz'~aLLec3. desigi  
and developinxit work oil t he  t r l g s e r  mechanisiri should be undertaken t o  
i-nsure sati-sfac-Loi-y operation. of t'ne l o c a t o r  beacon. A prototype beacon 
should bc f ab r i ca t ed  and t e s t e d  t o  a s c e r t a i n  t h a t  a l l  r c q u k e d  conCitions 
Cor usage are met, ihcl-uiiing a c t i v a t i o n  OP the  beacori on inpac t ,  crash 
surv ivabi l i ty - ,  and recovery. 

2. r o n 1 ~ ~ - 1 2 5  X-RAY souim 

Iodine-1.25 decays with a 6O-da 
0.0354-Mev exci-Led. s t a t e  of Tey2s. The Tel55 decays by emission of a 
gmma ray  which. i s  'argely converted i n  t h e  K s h e l l  and resu l . t s  i n  cmis- 
s i o n  of the 3.02'(3-Mev KQ x ray .  'Thus, the n e t  r e s u l t  or' t h e  decay of 
11-'5 by t'ces: modes i s  t h e  production o€ two coincident phoLons which 
have energrj-es of ;i'-(.3 t o  35.4 ke.v. 
ideal.1.y s u i t e d  f o r  a po r t ab le  x-ray source, i f  a "point" source of' r d a -  
t i v e l y  low self-absorpt ion can be preparzd. 

A source was prepared. from a sol.ut,ion OJ-' -3.0 rig NaOE and 2.0 c u r i e s  1125 
whlch was reduced i n  volwne t o  -1 drop. This  was t r a n s f e r r e d  t o  a 2-mni- 
d i m  'by 3-nun-deep hole  i n  'die source coritaiiler, which asured 2.5 mcn i n  
d-iametcr by 9 mrrL long. Tke so lu t ion  i n  the source container was slowly 
evaporatea to dryaess, followed by a double encapsul.ation p r i o r  t o  place - 
rnent of the soui-cz i n  t h e  radiographic camera. 
(I. 96 cu r i e s )  of the origi-nal. 1125 was success fu l ly  transferre6. .  

half-lif:? b. r l e c t r o n  cap-iui*e t o  t h e  

Thcs- decay c h a r a c t e r i s t i c s  make 11*5 

T e s t s  s'ilowec? tha- t  95$ 

A cooperative tes t in ;?  program i s  planned fo r  detzimining useful appli- 
ca t ions  of t h e  sourcc. P a r t i c i p a t i n g  i n  tlnis program wri.1-l be: General 
Motors Research Laboratories;  D r .  W. G.  Myers, Ohio S t a t e  University;  
Dr. K.  L .  Krabhenlioft, Harper Hospital., De t ro i t ,  Michigan; and tlie Oak 
Ridg;e National Laboratory. 

P r i o r  t o  shipment of t h e  source t o  t h e  General Motors Lahora'Gory, several  
radiographs were made or̂  t h e  hurlan hand a-t; i i is tances  of 6 mil 1.2 i n .  with 
jO-sec t o  3-min exposures. Fi-gure 2 . 1  i s  a 2-min exposure a t  1 2  i n .  using 
Kodak "Royal Blue" x-ray fi lm with an i n t e n s i f y i n g  screen. Some of the 
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SOURCE : I '25 (1.96 curies 1 
TIME: 2 m i n .  

DISTANCE : 12 in. 

FILM: KODAK ROYAL BLUE X - R A Y  
DOSE : 9.5mr 

Fig. 2.1. Radiograph of Hand 
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re so lu t ion  i s  l o s t  i n  reproduction, bu t  t h e  o r i g i n a l  p i c t u r e s  have a reso-  
l u t i o n  comparable t o  t h a t  of normal x-ray machines. 

Figure 2.2 i s  a hand exposure i n  which two p ieces  of g l a s s  a r e  shown near 
t h e  outermost j o i n t  of t h e  r i n g  f inge r .  A l s o  seen i n  t h e  p i c t u r e  i s  a 
pocket dosimeter. 
Type 3OOOX f i l m .  
of t he  r i n g  f inge r  what appears t o  be a p iece  of metal ,  i s  shown i n  Fig- 
ure  2.3. A 3-min exposure a t  1 2  i n .  on Polaro id  3000X f i lm  w a s  used. 

This  w a s  a 30-sec e q o s u r e  a t  6 in .  using Polaroid 
Another hand exposure, showing i n  t h e  outermost j o i n t  

These radiographs show t h a t  t h i s  por tab le  x-ray device can be e f f e c t i v e l y  
u t i l i z e d  as a d iagnos t ic  a i d  without t h e  necess i ty  of e labora te  equip- 
ment. 
fu lnes s  of t h i s  source both i n  medicine and i n  industry.  

Further  t e s t i n g  as ou t l ined  above w i l l  broaden the  scope of use- 



9 

UNCLASSIFII  

I 

SOURCE : I’25 (1.96 curies ) 

TIME: 3 0 s e c  FILM : POLAROID T Y P E  3000X 

DISTANCE: 6 i n .  

Fig. 2.2. Radiograph of Hand 
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SOURCE: (1.96 curies 1 DISTANCE : 12 in. 

TIME: 3min.  FILM: POLAROID TYPE 3000X 

Fig. 2.3.  Radiograph of Hand 
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Other progress r e p o r t s  issued by Isotopes Development Center are: 

Curium Program - Monthly 

Radioactive Source Development - Bi-Monthly (even) 

Safety Test ing Program - Bi-Monthly (odd) 

F iss ion  Products - Bi-Monthly (even) 

Reactor- and Cyclotron-Produced Isotopes - Bi-Monthly (odd) 

Target Development - Quar te r ly  

I so topic  Separations - Quar te r ly  
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