
,/ -.' 

/' 

-- 
1. Y o  II.  LO P g a o ,  Report8 63 and B4 

be baaed on 0 firrion. Both of them a r e  barod on the poner  engine and t h e y  

do not rrqulre the reprrrtlon of the U l ao to lms  o r  p r e i m r s t i o n  of the element  

Q 

The f i r r t  o f  there rneolmninmn L a  Scllmrtl 's  "neutron #hip". This 

f 8  a r k i p  o r  an airplane, d r i v e n  by a u ~ n ~ f n e ,  n h i c h ,  n a t u r a l l y ,  loose.  a 

Creot  many neutron.. fhe80 neutron. have physloLoGica1 e f fec t  In t h e  nur- 

round1ny.r. 
ro oeed The 8econd & e C h m i s m  18 t h a t  of t h e  r a d l o a o t i v e  p o i s o n s ,  

a l r o  and E. 0. Laurence. - la t h i s  connec t ion  by Professo2tlG. Bruit,,  This mechanism 

oan be d i s c u s s e d  more e a s i l y  t h a n  Slc i la rd ' s  neut ron  s h i p  a n d  nil1 be t aken  

IIII r I r a t  . 

RADIOACTIVE PCISONS 

A uranium power engine will o r e a t e ,  an a by-product,  a v e r y  oon- 

s i d e r a b l e  amount of r a d i o a o t l v e  m a t e r l a l r .  There r a d i o a o t i v e  material8 o r n  

be o x t r a o t e d  from t h e  unelne by f loodinK i t  wi th  mtmr o r  romo ot i le r  ru l tab le  

r o l r e a t .  The l i f e  t h e  of t h e  d i f f e r e n t  r a d i o a c t i v e  subrtanosa raries betraen 

f n a t l o n r  o f  reoond to about one day. The l a t t e r ,  l o n g  l i v e d ,  r u b r t a n a e r  

a r e  p a r t i o u l a r l y  dangerour r inoe  they o m  be trsrisportwd t o  oonside.rrble dis- 
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t nnoes  w i t h o u t  l o o s i n c  t o o  nuoh ot' t h e i r  a c t i v i t y .  They can be s e p a r a t e d  

2. I k l b a n  and K a n r s k i ' s  depor t  

a t a d  o r  p r r t i r l l y  a r rwra ted  I f )  orn dorelop 10b k l l a r m t t r  

105 x 10s x 107 a r g / r e o  o r  1015 x 1 ~ 6  e r d d a y .  One f i r 8  , on y l r l d 8  

firsions per day. u t e r  one day ' s  run:iine 01' the  a n c i n e ,  tllb rrumbbr of r ad io -  

a c t i v e  atoms with a l i f e  time of one Jay w i l i  be, t h r e f ' o r o ,  4 x lop3 m u l t i p l l s d  

by the nu7ber of t h e s e  ntoc.8 p e r  fission. L e t  us assun. t h r t  t h e  l a t t e r  number 

i o  1/4 ( r r t ich is a low estiaute) the efflcie::cg of e x t r a o t i o n  1, then ,  1 day 

after the e x t r a c t i o n  one s t i l l  W i l i  h n v e  about  4 x loz2 r a d i o r o t i r o  .tom. ( a b o u t  

6 q r m ) .  If each emits a / - r a y ,  this w i l l  be also t h e  nmbor of /-ray8 

n t  ~ l t n l i i i n a l .  

The p h y s l o l o c i c a l  efl 'ect  o r  Llrcre - r a y s  0 1 1 1  bo v o r y  a r t ~ ~ i n i y  rn. d 
t imated by comparing it wi th  t h e  e f f e c t  o f  X-rays. 

Let  us deno te ,  f o r  convenience sake ,  t h e  i n t e n s i t y  of X-rays which 

oorresponds t o  1.9 unit p e r  second ,  a s  l R 1  unit i i i t e n s i t y .  

i n  1 corn o f  a i r  1 e l e c t r o s t a t i c  u n i t  of ions o f  both  charge8 per second. 

t h e  mans a b s o r p t i o n  ooe l ' f l o i en t  ol' a i r  i s  ahout3 

Suoh a u n i t  o r e n t e s  

S ince  

.6 om'l/gr emg3 f o r  r - r a y s  

5. A. 11. Compton and S.  K. A l l i s o n ,  X-rays i n  Theory and Yxperlment. 
Appendix LX. 

of average hardness (1 - .Sao), an a i r  l a y e r  of 1 c m  t h i c k n e s s  abso rbs  
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3.2 x lOI2 x 100 - 5.2 x 1014 i ons  p a i r s  p e r  om2 of t r re  body is about  all a 

man ann s tend .  

43 - ' I  x la3 i o n  p a i r s ,  the bod; cnnnot Stan6  :nore t han  3.2 x lU14/7 x 153 - 
s x 1010 J - r ays  :>er c m  . 

S i n c e  1. f-ray 01' nverii!-e, s a y  ~ J U  KeY e n e r l y ,  rives J x lo3/' 

2 

If t h e  r a d i o a c t i v e  material is s;lrt?:r\i on a hcri tontnl " l a n e ,  t n e  

i i ~ i ~ . I i n i ~  1 1 1 '  - r i t y n  n l ~ * I k l t i .  i i 1 1 1 1  f i l a - , !  1 1 1 '  r( ve 1 . 1  1 1  ~ ~ I v , ~ I ! I  ! n  I , n \ I '  n p  I V ~ ~ V I  

as t h e  nuriber 01% 

mnn will be seriously i n ; u r e d  i:' ; .e s tR::ds  o : ~  R " I M ~ R  eqch 02 01' whicll e l . i i n  

dur inr ,  h i s  s o j o u r n  t l tere  1U x - r a y s .  t t - e  l i1'c tL:c .i:* n J - f i c  t I v e  

r n d l o n c t i v e  n in t c r i a l  i s  1 day ,  it nilL H m i t  titrrir1,- II dny .id J-rnys nrlti n 

mnn cnznot  i t n n d  nround,,witnout I-rotL t i o n  i n  nrl n r t * a  w.tlct1 cl intrl ins  norc  ~. .H{I  

f ' .  

/-rays leavln(;  u n i t  A r e a  01' t : i e  ~ . ~ ~ r i z o : . : t ' ~  ylhtte .  I ' I ~ U S  a 

+ adY 

i 
-- 
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Cor .- :I DENTIAL 

P R O T X r I O N  AGAINST HAOIOACTIVB PCISOtiS 

The a b r o r p t i o n  ooOff'lOlOnt8 for -rmys a re  given i n  t h e  f o l l o w i n E  
Lr 

t ab l a '  in unitr of om-'. 

6. U. Heilter,  The Qunntum Theory of  Rad ia t ion ,  p. 216. 

SO keV 100 keV 250 ksV 500  keV 1000 keV 

Air 2.2 1.45 x 1.1 .e 

llnter .19 .15 .12 
-~ ~ ~~ 

A 1  a 0 5  .44 .29 . 22  . I6  

CII (or Po) 1.1 .7 . b  

I'll h 1 8 1  I 1111 

These numbers show t h a t  t n e  d i f r i c u l t y  of p r o t e c t i o ?  inc r , . a se s  g r e a t l y  d t h  

inoreasiny, hardness 01' tno 

personnel c a r r y  in: o u t  t h e  contaminnt ion and prosumi l ly  p reven t s  ttle use of 

any r ad iono t iVe  mater ia l  w i t h  

[-rays. This h o l d s ,  f o r t u n a t a l y ,  n l s o  f o r  t h e  

f-ray8 above 330 koV. 

Lot us  asslitw t i int  t h e  perso,:nel is n t  a d i s t a r l ce  of 13 meterr fro111 

tr,r r n d l o a c t i v e  m a t e r i a l .  

be 4 x 10 

m u l t i . i l i e d  by a t  least  10 s i n c e  tile i n t e n s i t y  is ; r c a t e r  a t  t h e  b e - i n n i n c  o r  

the t r i l  tiian i & t  t n e  a r r i v a l  a t  tito u e s t i - a t i o n .  Siiice one can s t and  3 x 1 ~ )  

The riunber 01' &'--rn:ys licr cm2 a t  t i l i o  distnrioe w i l l  

24 2 
/4w x l U '  - 3 x d7 per  cm For s a f e t y ,  t i t i s  number stlould be 
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t h a n d t h e  pe r sonne l .  

- 6 -  

The rimplest p f o t e o t l o n  i n  t h e  oontaminated a r o a  p r o b a b l y  O O n @ h b @  

A d e p t h  of 6 0111 pmb- in - rh ing  t h e  r a d i o a c t i v e  m a t e r i a l  under  t h e  ground. 

a b l y  r u f f l o e n  t o  reduce t h e  a o t i v i t y  under  t h e  o r i t l o a l  m o u n t .  In t o m * ,  

t h e  wmter r o u l d  oarry the r a d i o a c t i v e  z n t e r i a l  i n t o  t h e  amage 8 y r t e a .  The 

washing creu should o p e r a t e  from wll armored t a w s - - a n  armor of 2-5 em i r o n  

#born8 adequate .  

nr dry* r r r d  t h n t  It onn he c l n t n o t ~ ~ d  with r e l n t t r n  ensn by plaoinp,  eleotrom- 

w~fiem .I. rLr. n l  l i i l * r b n t i t l i i i t m  OI* is~.Iiai* a j i l ~ i . i i l t i ~ I n ~  a J , I I \ I I \ , ~ ,  

I t  is f o r t u n a t e  t h a t  t h e  whole danger d i s a p p e a r r  in a coup le  

This method of' p r o t e o t i o n  is irni'ossible m i l e  t h e  material is f l o a t -  

i n g  in t h e  a i r .  Youever, durlne,  t h a t  t ime it may be dispermed by wind and t h e  

inr ldo  of buildinem w i t h  1'1 \ t o r e d  a l r - i n t a k o  renin i n n  anf'o. 11' t h e  r a d i o n a t 1 r o  

material is n o t  u n i f o m l y  d i s t r i b u t e d  b u t  left in r e l a t i v e l y  l a r g e  ohunks, 8om 

of t h e s o  ahunkr m y  eroapr d o t o o t i o n  and aaume c o n r l d o r a b l o  dataage beforo they 

aro  oitl ier d e t e c t e d  o r  be fo re  t h e y  decay n a t u r a l l y .  

THE NELTRUI4 SHIP 

The d i f f i c u l t i e s  connected wi th  t h e  c o n s t r u c t i o n  o f  a neu t ron  s h i p  are 

Supposing n a t u r a l l y  preater t t r n  t h o s e  connected wi th  a StBti0MI-y h e a t  engine.  

that .  t h s e  d i f t ' i c c i t i e s  c a n  be oreroome, one con a s sune  that t h e  powur of  t h e  

eng ine  of the neu t ron  s h i p  is abou t  1/10 of the power of t h e  s t a t i o n a r y  encine.  

The nmbwr o!' neu t rons  which t h e  machine osn e m i t  and still  keep t 'unctioniny, 

i .a i i  tin a n ~ ~ ~ ~ ~ a t ~ n t t  1.11 Ita I/DI Imi f ' t rr t t+l l t  rtllr 1.1uiir II * a 

cecond a v a i l a b l e .  

I O ' "  110iit81.1i11a Ion1 

The macrosoopfo a b r o r p t i o n  c o e f f i c i e n t  X of air is  &-  1.7 x lo-* am''- 
@ &--  + 

Y 4 + 6 .  /L 
The d e n s i t y  of neu t rons  i n  free.apaae r o u l d  be where T i n  

t h e  r e l o o i t y  of t h e  neu t rons  <- 1.2 x lo-'' x 3/4 x 2.7 x lo1' x 2731293 I 

4.6 x 10" om" t h e  ab ro rb ing  oroar r e o t i o n  p e r  cam, N t h e  number of 
t nm CONFIDEN"PAE, 
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* CONFIDENTIAL 

4 Assuming a v e l o c i t y  Of 360 km/hour - 10 

t - lo'' r if t k e  illrne passes  t h e  o b j e o t  onoe. 

t - Em. This is, o f  c o u r s e ,  a v e r y  short  d i e -  

tnnce  &n - 1 10 t t i n t  it appenr s ,  off hand, t h n t  t l m  r eu t r c -n  s h i p  does no t  

c o n s t i t u t e  a serious darye r .  

c./ 8ec for  the p lane ,  we can  e8tinute 

For n parsml;es we hare 
e t  

nr or r - tiOn (l+ H 4 ) e  

I t  must b e  a d n i t t e a ,  however, t l m t  O l i r  e s t i m a t e s  "a). be c o n s i d e r a b l y  

in e r r o r .  k l so , the  p i l o t  could ,  f o r  s h o r t  t imes,  produce b u r s t s  of n e u t r o n s  

by r e l e a s i n g  much g r e a t e r  numbers of neut rons .  Such b u r s t s  cou ld  be produced 

by removing t h e  s c a t t e r i n &  s h i e l d  of* t!.e e..L' - -i:ie. 

An sdoqimto p r o t o c t i o n  of'  t ) , c *  ; r i l o t  ni n i r i n t  t h n  n r . i J t r v n n  could he prt , -  

p r o s e n t  a t  t h e  timo t h e  s h i p  flied over.  

t h e  f l i g h t  of t h e  neu t ron  s h i p ,  could  boaqu i t s  t h i n  ( a c o u c l e  o f  cm t h i c k  ) 

s h e e t  of a hydroReiieod m t e r l r l  or rny  otllur n n u t r  , n  abrvr!lin(: r u h t a n o e .  

The F r o t e o t i n g  s h i e l d ,  if p r e s e n t  a t  
a 

On t n e  whole, i t  ac.pears t h a t  the ceut ror .  s h i p  c o n s t i t u t e s  a less s e r -  

ioua menaoe tlmi t h e  r n d i o a c t i r e  poisono. Tho r e n s m  f o r  t h i s  is enion-  

..- - , . __ _ _  _ _  .. - I --- 
I . , , . : I .  
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long time to a rclativelj ,  small area. 

, t a i l e d  s 

Rscommendatione: 

(a) 'Resesroh on r rndtatlon o f  r lrr lon  produote 
l r  ruggeeted. 

(b) Arranppmnte for the manufaatwe of eleotro- 

roopee ln , f iuf i lc lent  numbers to ecrve 88 detectore 

of radioact ive  poleone a t  important po in t s  ehould be 

cone idered. 

( c )  Beparation of radioactive materiale  from 

other materials  In the power plant  ehould be Invest igated.  


