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The ost iqortant  source of radioactivity a t  the exit 
manifold of the ile will be due to OL9, formed by ueutron 
absorption of  (I1'*. A. recent :nocisurenent of Fermi and Asil 
i)er.?rits to e s t i x t e  that it w i l l  bo safe to stay about 80 
minutes uaily close to the e x i t  manifolas without any shield, 
Estimates are given for the raaioactivittes from other sources 
-* both in the neighborhood and farther away from the p i l e l  
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a ton ic  weight m and slov neutron cross sec t ion  

absorb about the fraction / 

If the watcr contains p p a r t s  per rnilliorror a? c lomnt  with an 

t h i s  strbtitance w i l l  

of, a l l  neutrons. 

v = 3 x 10 om 

the t o t a l  cross sec t ion  of a l l  materials (IJ, C, etc) in the ;i;e. 

I n  the above, I., = 6 x loz3 is tosctm$dt*s nunber, 

is the  total volume of ttie water i n  the pile a n q a i s  
6 3  

p u r  a 

200 ton U p i l e x C 4 + 2 5  x 10 G O ; !  amo Since, i n  a SU0,OOO kw p i l e ,  3,s x 10 19 

neutrons are absorbed per second, the nunber of  L ~ W  nucle i  forr.au by 

neutron absorption of t h e  claiont; i n  quostion bccu .es 

The nuc le i  thiis for!tled by neutron absorption nay or may not 

be raa ioac t ivc .  If, in the fo rne r  case, tile r au ioac t iv i ty  is connected 

with the emission of  pray's, it .';ay present  a hazard to the personnel 

at t h e  !*;titer e x i t  m a  of the pile. 

if the p i l e  is  shut down as soon as the n a t e r  which has been i n  the 

This hzeard is, of coursc, removed 
' /  

# 

p i l e  aurin& oporatjnn has left t!!e systex bu t  is present  as tar as tile 

personnel inspecting the water ot t t lc t  systenr clurinZ operation is concerned, 

I n  uddjtion, the radioactivity of the cooliry; water-fror the above and 

other sources t o  be discussed bslovi-may make -it necessary tc. s? , ie ld  tne 
I 

o u t l e t  p ipes  etc., for soae ciistame ., i 

The/ r a u i t t f o n  w i l l  pres.:nt little actt ial  danger. ?.!ore prob- 

ably, it nay render it difficult t o  uetect failures i n  the U sheathin,  or co;iti%. 



by overshadowing tine f i s s i o n  ac t iv i ty  vinich escapcs into the Piator 

fu i lurcs .  

To anticipate the  rosult  of the folfowiny, ctllctrlations: the 

above describec danger ap; cars to  be snell ,  t h e  grehtest a:nount of f 
activit? probebly arisinC; f r o m  d ,  

rolutively rare isotope C.9 , 

than un hour in tho im-.edicito nei&borhooa of the exit  pipings of’ tne 

p i l o  curin$ f u l l  (500,000 kn) oporation, 

2 .  

foldinz a t  the exit end of the p i l e  and that  the half life 

,9 
forned by neutron absorption of tho 

I 
/B t and‘ pcmittini.; li aaily sojourn of more 

Let us tlssime thtlt the -,xbtcr s t q s  f o r  3 seconds i n  the %ani- 

of t i e  

rauloactivc p-ouuct i s  longer than tnis. Tiie totti1 number of aisin- 
I 

tegrutions in ’these 1. i p i q ; s  etc  . , then becmes 

of u f r a y  ana that ttie absorption of this i n  the p i p i n g s  etc., can be 

nct;lectca. from the blone of’ the  e x i t  
s ,  

Tic tictivity a t  the c i s t a n c e p  

piFings, el on^ the axis of the p i l e  t h e n  becomes 

rharo P : 500 cx fs tho radius of the pile* The above calcii lation 

contains the  optlnistic tir;su.:.ption t h a t  thc a c t i v i t y  is unifor:rJy ais- 

trihuted in tho y1sr.e of the F i i l i n g .  

pilo is tile worst popition from tho p o i n t  o r  view of racriution. 

On t h e  otticr hand, the axis of the 
4 

Ihsertir! 



which is B ncG1il;iblc clctivit:? qui te  apart from thc fiicc that; the I F  forned 

emits no j -  rays anu ever its ~ 3 -  ray is  axtrenely soft. .. 

otatle.  0l8 itsell' has i, = .89 x 2 x 10 3 and, aocordioC to Ferrrii and 

It vias mentioned bei'ore that t i h  i s  ~ f t e  t40st seriobs soLrco of radio- 

ac t iv i ty  'LO be cx~ected i n  the coolink water at  the exit pijJirq;s. 

it 5s connecteci w l t h  P penetratini. fray, whicl. is veq likely, 5t w i l l  

m k e  i t  unadvisable t o  stay very ?em Co the exitmanif'oldo of Lhe p i l e  

for Tr.ore thar about 80 ninrtes d a i l y .  

. 

If 

On t h e  other h w d ,  since the radio- . 

activity of 01' decreases by e factor oi' 10 6 in 10 minutes,  his radioactivity 

v.il1 become insignif icant  rltL!.cr near t o   ha ehtrnnoe of' t b , t  t';8ter inco t!lc 

river. i 

.I 

'i'hwe ura a f a  oLhr nuc1er.r reactions %hick my muse radi&ct iv i ty  

in  the water. Only one of these 

799-u 



is  caused by the neutrons directly ( t h i s  reaction rlay be responsible for  

a non-negligible f r a c t i o n  of the absorption of  oxygen3- 

are inauced by the fast r e c o i l  protons pmuuced by the f i s s i o n  neutrons i n  

tlost c i  the others 

waiter. h o q ;  these 

Oi7 +,A/'= F ' 7 9 &  -55&f& 

mdy bo safely disregarded because FI7 is produced more abundunfly by the 

reaction. Bo kh 

produce FIB but the fi?st one is probably the  more abunurtnt soiirceo 

Roaction ( a )  2robcitly has o reasonably high cross section. 

Elowover, the abuiiasrce of' OL7 is even lovier (4 x lo'*) than,that of 

7 
and the tialf l i f c  01' GI4 very long ( 

cause no serioiis rcidiouctivity. 

= $ x 10 set). Hence, (a)  ~5.11 

Boch (b)  w.id ( c )  rcqzire reasonably f i i S t  protons, %re mmber 

of' these ccln be estimutad as follows: The nwber of f i s s i o n  neut;:ons cross- 

ine the rates jacket is L 5  x l0l9 per secc Ti..sb croes, on the average, 
.A* 

.3 e x  of water r;hich cor1ttri.m 2 x G x 10 23 /I8 l? atoms per  cffi 3 . Assming 
-24 2 

u cross  sect ion of 2 x 10 c n  for t h i s ,  the nwber of recoi l  protons 

por second becomes 



23 
i n  case (b ) ,  t h e  number of OX6 atom per cas beSw .3 x 10 Fort -* 

9 17 we CM assum about l0~"crn2 i n  t n i s  case which gives H = 6 x 10 F / 

seco This is a strong ositron a c t i v i t y  wilch has to be reckoneu with 
2 ,  

. when the leak detectin apparatus is  designed. !lowever, it i s  very 

mch snal ler  thvn the activi 

ore f'onned in a seaona. 

aue t o  0'' of which about N = 5 x IO1' . 

Trio situation is sirnila ith respect t o  reaction ( c )  : 'The. 

nuxbtor uf the 0l8 nuclei  which participate in ( c )  is 500 times smaller 

tkrtu; t:?aC r.1. t h e  UL6 nuclei yartfcipating in (b ) .  

cross sect ion for ( c )  

s ec t ion  known for (r nuclear r6action of t h i s  typ4 so that, conceivably, 

N 10 nuclei may be forma per second, This, acain, is mqre 

important for  the desien of leak detecting counters than for the t o t a l  

radioactivity in front of the p i l e ,  Only if 0 should not  e m i t  rays 

would (b)  beco-w the largost source of radioactivit2 i n  pure v:uter. The 

0x1 t h o  dther nanol, the 

'25cm2 (this i s  about the highest cross 

10 p18 

Lr i 

19 2 

17 
h d f  life of F is 64 sec anu thus has ti lurger probability o f , a i s i n t e -  
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g r a t i n g  i n  the f r o n t  !,ipini;s tnan the  F18 the 'half life p f  which is 

6700 see. 

anti (c) so t h a t ,  if 0 

t h e  w a t e r  may contribute fu l ly  as much rodibtion $8  Ff7 or F18 doa 

Actually, t h o  t o t a l  r t iciutiorr is v t q  s:mll, both frcm ( k )  
19 

is r e a l l y  frw from $'^rays, the impuritios i n  

c 
1 'It 58, prc;t>ab;iy unnecessriry to nontion that, whilo the r a a i o a c t i  vity 

l i i  
w e  t o  0 o m  be estirnuteci roasonably accurately, t h e  mol;nt of PI? snu 

PI8 ray be twice g r e a t e r  o r  :nore thm ton times smaller than given above, 

I 
Impurities, 

The x o s t  ir;:por.t;ant impurities i n  water  are, agynrontly, Fe, SiOz, Ca, 

i!gs Nu, K, SO4, NOS, Cl, 13r, COS, 

used as an i n h i b i t o r ,  

the extent o f  a few p a r t s  pe r  mi l l ion ,  

To these PO4, may be uucied which is 
I 

In u i;ooa water source these are present only to 

The radioactive nuclei vMch xay 

abl:; no S37 ( h a r d y  to bo cxpec t ru  t o  anount b anythin, ,) ,  N16s clz6, 

t a b l e  Gives N unci A f o r  the case that t h e  clement i n  qucst'on is presen t  

t o  1 i~pn'. .  ( i 0 c . ,  thc F; assumed i n  the t u b l c  is t h e  abunamce of' the  rclevant 

i so tope )  

for outside the p i l e  (14) anu for t h e  e x i t  x a n i f o r l a  ( A ) .  

f o r m r  case, al1ov:ance s h o u l . ~  be :mae f o r  the life t h e  of the roo ioac t ive  nuc- 

l e u s .  

is very shor t .  

The table g ives ,  worei'ore, a s o r t  or "danger coei'fecients" 

tiowmer, i n  t h e  

This w i l l  decrease the aartger both i f  it is vcry long anti d S C J  it' it 

In the former cnsc, nost of the d i s i n t e g r a t i o n  mill occur 

after &!e water is well mixed K i t h  r i v e r  m a  perhaps sea water. 

latter cane, mcst of' tiie aisintegration w i l l  occur  in the fieighborhood of 

In t h e  

< 
the ? lan t ,  p a r t l y  a l ready  i n  the concv i t  t o  the r i v c r  whelR: proper  pre- 

cau t ions  can be ta,ken against the effects of it, 

7c3 4 - 7  



1 MeV (‘7.8 x 5 

1 
26 Ca45 4 1.6p.03 180 lt , 07 ” {< 4.4 X 

< < 003 2.5 hrs.? ” < 104 x lom9 

..4 c 17 1002 n i n  

??a 2-5 14,8 h r s .  

49 

27 

24 

L ,  

Ca 

.9 ** (1.1 1 0 ” ~  l0Iy ? 

> 1,2,3 ” 2 x loo@ 5 -  JT 

(4 10-10 2 1/3 

&z , 

1.7 r 12*4 ) probably .18 
none ) Fr 

S35 <<. 2, w .08 88 duys ) 

i/2 N < 403,x lo-* 8 sec Probably 2.3 10-8 
16 

present 
po s i t r c n  

ac t ive  4.8 x ) *v 500 years  110 ~ 1 3 6  

C P  0 35 37 Kin 2,2,5 IdeV 6-6 x IOe8 

e 1,8 loo7 j ?  
BrB0 6 ( 4.4 hrs) 

205 x 10-g 1 6 ( 18 min ) sort 
82 

34 hrs. * 65 5-3 x 10- 0r  105 - 

31 sec.  ? 6 x 40-6 

The l as t  column gives the analysis  of sits X water. 

i l l u s t r a t i o n  of’ a j;oss4ble water analysis.  

It is uaued only as an 

The l a s t  row gives,  for sake o f  

comparison, t he  ac tua l  (no t  for 1 ppm) r ad ioac t iv i ty  of’ 0 19 The &’ s ign  

means t h a t  the corresponaing f i g u r e  has been a r r ived  a t  by ut t r ibu t in , ;  a l l  

t h e  neutron absorption crf the  clement t o  the isotope i n  question, The PJ 

:!cans an approximato f i g u r e  obtained by assuming the smve ubsorption cross 

sec t ion  for of1 t h e  isotopes of the  clement, The r e s t  of the f igures  was 

obtained on the  bas i s  of’ t i  cross sec t ion  rmasusenent of one isotope, 8 

Eater  sa tura ted  with a i r  conta ins  about 20 2pm N2. The racioactivity, 

of this ( i f  it e n i t s  frays)  is s t i l i  considorably below t h e  racioactivily o f  the  i 

19 
O a  
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