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N U C L E A R _______ S A F E T Y

In  a d d itio n  to  the  in v e s t ig a t io n s  re p o rte d  on more f u l ly  below, 

v a r io u s  to p ic s  were s tu d ie d  on b e h a lf  o f  and in  c o lla b o ra tio n  w ith  th e  

I s r a e l  N uclear H azards E v a lu a tio n  Committee (iNHEC). These a re  mentioned 

b r i e f l y  h e re .

N uclear s a fe ty  and hazards e v a lu a tio n  s tu d ie s  connected w ith  the  

proposed d u a l purpose n u c le a r  r e a c to r  f o r  sea  w ater d e s a lin a tio n  and 

e l e c t r i c i t y  p ro d u c tio n  were co n tin u ed , in c lu d in g :

a) S p e c if ic a t io n  o f  th e  n u c le a r  s a f e ty  requ irem en ts concern ing  s i t i n g  

and c o n s tru c tio n  o f  n u c le a r  r e a c to r s  in  I s r a e l .

b) S i te  s e le c t io n  s tu d ie s  f o r  th e  proposed d ual purpose n u c le a r  r e a c to r .

c) C om pilation o f  th e  INHEC requ irem en ts  concern ing  th e  p r io r  survey o f 

environm ental d a ta  (m e te o ro lo g ic a l, h y d ro -g eo lo g ica l, se ism o lo g ica l, 

oceanograph ic , dem ographic, e t c . )  a t  a s i t e  considered  fo r  a n u c le a r  

r e a c to r .

A study  o f  th e  w eigh ting  f a c to r s  o f n u c le a r  r a d ia t io n  doses 

(e x te rn a l  and in te r n a l )  acco rd in g  to  th e  number o f  people a f fe c te d  by 

th e se  do ses , was i n i t i a t e d .  The f i r s t  phase o f  t h i s  study  c o n s is te d  in  

th e  com putation o f  th e  environm ental hazards r e s u l t in g  from a h y p o th e tic a l 

a c c id e n t o c c u rr in g  in  a  n u c le a r  r e a c to r  lo c a te d  a t  d i f f e r e n t  s i t e s  in  

I s r a e l ,  and s e le c t io n  o f  the  ty p ic a l  consequences to  be ana ly sed .

A s e t  o f  is o p le th s  in d ic a t in g  th e  r a d ia t io n  doses in  the  v ic in i ty  

o f  th e  IRR-1 r e a c to r  fo llo w in g  a major a c c id e n t, was prepared  fo r  d i f f e r e n t  

r e le a s e  c o n d itio n s  (h e ig h t o f  r e le a s e ,  atm ospheric c o n d itio n s  e t c . ) .  These 

is o p le th s  a re  in ten d ed  to  se rv e  a s  a "canned" com putation fo r  ra p id  evalua­

tio n  o f  th e  consequences to  th e  environm ent in  case  o f  an emergency.



-  218 -

A guide was is su e d  fo r  th e  subm ission o f  p e r io d ic a l  r e p o r ts  to  th e  

com pliance com m ittee, concern ing  th e  s a fe ty  o f  a n u c le a r  r e a c to r  o r  chemo- 

n u c le a r  i n s t a l l a t i o n .  The p e r t in e n t  d a ta  to  be inc luded  in  th e se  r e p o r ts  

were s e t  o u t.

Background s tu d ie s  were s ta r t e d  fo r  th e  p re p a ra tio n  o f  s a fe ty  

re g u la tio n s  f o r  n u c le a r  i n s t a l l a t i o n s ,  and fo r  the  drawing up o f  s tan d ard s  

and c r i t e r i a  r e la te d  to  l ic e n s in g ,  sa fe  o p e ra tio n , e tc .  The fo llow ing  

item s a re  in  p re p a ra tio n ;

a) L icen sin g  and com pliance re g u la t io n s  fo r  n u c le a r  i n s t a l l a t i o n s .

b) C r i t e r i a  f o r  r a d io a c tiv e  w aste d is p o s a l.

c) S tandards fo r  e s ta b l is h in g  a  r a d io a c t iv i ty  m on ito ring  network in

th e  v ic in i t y  o f  n u c le a r  i n s t a l l a t i o n s .

d) S tandards fo r  t e s t in g  s a fe ty  system s in  n u c le a r  in s t a l l a t i o n s .

e) S tandards fo r  th e  environm ental surveys re q u ire d  fo r  l ic e n s in g  a

n u c le a r  i n s t a l l a t i o n .

f )  S tandards fo r  th e  emergency netw ork re q u ire d  in  a  n u c le a r  i n s t a l l a t i o n .

R ad ia tio n  Doses from a  R ad io ac tiv e  Cloud and from D eposition  o f  F is s io n  

P ro d u c ts , as a  Function o f  D istance  from R elease  P o in t,  fo r  V arious 

Atmospheric C o n d itio n s : J .  Tadmor and H. Galron

In  th e  e v a lu a tio n  o f  th e  h azards to  th e  environm ent r e s u l t in g  from 

an a c c id e n t in  a n u c le a r  r e a c to r ,  d if fu s io n  o f  th e  f i s s io n  p roducts  re le a s e d  

from th e  r e a c to r  d u rin g  in v e rs io n  co n d itio n s  and t h e i r  d e p o s itio n  by r a in
(1- 3)a re  g e n e ra lly  taken  a s  r e p re s e n ta t iv e  o f  th e  most hazardous co n d itio n s  

However, i t  was shown in  a  p rev ious re p o r t^ ^ ’^^ th a t  f o r  sm all d is ta n c e s
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from th e  r e le a s e  p o in t and fo r  in v e rs io n  c o n d itio n s , the  r a d ia t io n  doses
ti

from dry  d e p o s it io n  a re  g r e a te r  than  th o se  from ra in o u t d e p o s itio n , the 

s i tu a t io n  b e in g  re v e rse d  a t  la r g e r  d is ta n c e s .

In  th e  p re se n t work th e  r a d ia t io n  doses from a ra d io a c tiv e  cloud

and from dry  and r a in o u t  d e p o s itio n  o f  f i s s io n  p roducts  were in v e s t ig a te d

as a fu n c tio n  o f  d is ta n c e  from r e le a s e  p o in t fo r  d i f f e r e n t  atm ospheric

c o n d itio n s . The com putations were made fo r  a p o in t source ( l  c u r ie )  re le a s e d

in s ta n ta n e o u s ly  a t  zero  h e ig h t .  The d ry  d e p o s itio n  v e lo c i ty  was taken as

10 ^ m /sec fo r  th e  halogens and 10 ^ m /sec fo r  o th e r  f i s s io n  p ro d u c ts ^ ^ \
-4The f r a c t io n  d e p o s ite d  from th e  cloud by r a in  was considered  to  be 10 fo r

-4  (7 )th e  halogens and 2 x 10 fo r  th e  o th e r  f i s s io n  p roducts . S u tto n 's
(q)d if fu s io n  eq u a tio n  and C ham berla in 's  c o r re c t io n  fo r  d e p o s itio n  were used . 

Both la p se  and in v e rs io n  c o n d itio n s  were in v e s t ig a te d ,  fo r  d i f f e r e n t  wind 

v e lo c i t i e s  ( l ,  2 , 3 m /sec f o r  in v e rs io n  c o n d itio n s  and 5 and 10 m /sec fo r  

la p se  c o n d i t io n s ) . The atm ospheric  d i f fu s io n  param eters were id e n t ic a l  to
( 9)th o se  assiimed in  a p rev io u s  r e p o r t  .

The T o ta l In te g ra te d  C oncen tra tio n  (TIC) in  the  ra d io a c tiv e  cloud ,

as a  fu n c tio n  o f  d is ta n c e  from r e le a s e  p o in t under v a rio u s  atm ospheric

c o n d itio n s , i s  shown in  P ig , 38 f o r  th e  io d in e s  and in  P ig , 39 fo r  th e  o th e r

f i s s io n  p ro d u c ts  re le a s e d .  I t  i s  seen  th a t  in  th e  l a t t e r  case  th e  TIC i s

h ig h e r d iir in g  in v e rs io n  c o n d itio n s  than  d u rin g  la p se  co n d itio n s  over th e

whole range o f  d is ta n c e s  in v e s t ig a te d .  The s i tu a t io n  i s  d i f f e r e n t  fo r  th e
•“2

io d in e s .  These have a  r e l a t i v e l y  h igh  v e lo c i ty  o f  d e p o s itio n  (lO m /sec), 

and d u rin g  in v e rs io n  c o n d itio n s , when d e p o s itio n  i s  h ig h e r, they a re  

d e p le te d  from the  ra d io a c t iv e  c loud . Thus, beyond a c e r ta in  d is ta n c e  from 

the  r e le a s e  p o in t ,  th e  TIC d u rin g  la p se  c o n d itio n s  i s  g re a te r  than  d u rin g  

in v e rs io n  c o n d itio n s .

The p o in t o f  in te r s e c t io n  between the  TIC o f  th e  io d in es  fo r  

in v e rs io n  and la p se  c o n d it io n s -y a r ie s  w ith  th e  wind v e lo c i ty ,  r e f l e c t i n g
V

th e  in f lu e n c e  o f  t h i s  f a c to r  on th e  d i lu t io n  o f  th e  cloud ; h ig h e r wind



-  220 -

TTTTTTTT TTTT

u K>

tK)

D istance from  re le a se  point (m)

P ig . 38

T o ta l in te g ra te d  c o n c e n tra tio n  (TIC) o f  th e  io d in e s  in  th e  r a d io a c tiv e  
c lo u d , as a  fu n c tio n  o f  d is ta n c e  from r e le a s e  p o in t ,  fo r  v a rio u s  

atm ospheric  c o n d itio n s  and wind v e lo c i t i e s  (u)

O in v e rs io n , u = 1 m/sec
7 in v e rs io n , u = 2 m/sec
□ in v e rs io n , u  = 3 m/sec
•  la p se , u = 5 m/sec
f  la p s e , u = 10 nv/sec
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D istance from  re lease  point (m )

P ig . 39

T o ta l in te g ra te d  c o n c e n tra tio n  (TIC) o f  f is s io n  p ro d u c ts , exclud ing  io d in e s , 
in  th e  ra d io a c tiv e  cloud , as  a fu n c tio n  o f  d is ta n c e  from re le a s e  p o in t, 

fo r  v a rio u s  atm ospheric c o n d itio n s  and wind v e lo c i t i e s  (u)

O in v e rs io n , u = 1 m/ sec
V in v e rs io n . u = 2 m/sec
□  in v e rs io n , u = 3 m/sec
•  la p se  , u = 5 m/sec
▼ la p se . u = 10 m/sec
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Inversion (u 'lm /s e c )
Inversion (u=2m /sec)J---------
r~ '" 4 ^ ln v e rs lo n  (u=3m /sec)

,-710 u= 5 m /sec)Lapse
Lapse (u«lOm/sec)
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K)

D istan ce  from  re le a se  point (m)

P ig . 40

R ainout d e p o s itio n  o f  f i s s io n  p ro d u c ts , exc lu d in g  io d in e s ,  from th e  ra d io ­
a c t iv e  cloud , as  a fu n c tio n  o f d is ta n c e  from r e le a s e  p o in t ,  fo r  v a rio u s  

atm ospheric  c o n d itio n s  and wind v e lo c i t i e s
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v e lo c i t i e s  d u rin g  in v e rs io n  co n d itio n s  and lower wind v e lo c i t i e s  du ring  

la p se  c o n d itio n s  cause th e  in te r s e c t io n  p o in t to  move c lo se r  to  the p o in t 

o f  r e le a s e .  For th e  c o n d itio n s  s tu d ie d  th e  in te r s e c t io n  p o in t was 15 to  

45 km from th e  r e le a s e  p o in t .

A s im i la r  p ic ln ire i s  ob ta in ed  fo r  the  io d in e s  d ep o sited  on the

ground d u rin g  dry  atm ospheric c o n d itio n s . For ra in o u t co n d itio n s  both th e

io d in e s  and the  o th e r  f i s s io n  p ro d u c ts , show th i s  behav iour due to  the 

r e l a t i v e ly  h igh  f r a c t io n  o f  a l l  f i s s io n  p roducts  d ep o sited  by ra in o u t 

(see  F ig . 4 0 ) .

An in te r s e c t io n  p o in t between dry  and ra in o u t d e p o s itio n  as  a 

fu n c tio n  o f  d is ta n c e , as found p re v io u s ly ^ ^ ’^^ fo r  in v e rs io n  co n d itio n s , 

was found in  the  p re se n t work a lso  fo r  la p se  c o n d itio n s .

• The e x is te n c e  o f  th e  in te r s e c t io n  p o in ts  d iscu ssed  above in d ic a te s

th a t  in  th e  haza rd s  e v a lu a tio n  o f  n u c le a r  i n s t a l l a t i o n s ,  a l l  atm ospheric

co n d itio n s  have to  be co n sid ered , s in ce  fo r  c e r ta in  d is ta n c e s  from the  

r e le a s e  p o in t ,  a t  which h ig h ly  popu la ted  c e n te rs  may e x i s t ,  c o n s id e ra tio n  

o f  in v e rs io n  and ra in o u t c o n d itio n s  on ly  may le a d  to  u n d eres tim atio n  o f  

th e  h aza rd s.
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QJHAZ -  A Code fo r  Environm ental Hazards E v a lu a tio n  : Y. Milmann and

J .  Tadmor

The f i r s t  v e rs io n  o f  th i s  code^^^ has now p a s t th e  debugging 

phase. The code perform s th e  fo llo w in g  c a lc u la t io n s ;

a) For a  g iven  r e a c to r  power, i r r a d i a t i o n  tim e and co o lin g  tim e, i t

c a lc u la te s  th e  f i s s io n  p roducts  in v en to ry  fo r  27 iso to p e s  which
(2 )C o n s titu te  the m ajor environm ental hazards

b) U sing S u tto n 's  d if fu s io n  eq u a tio n  i t  c a lc u la te s  e x te rn a l and in te r n a l  

doses fo r  in s ta n tan eo u s  p o in t and volume sou rces a t  v a rio u s  h e i s t s .
(3 )The v i r t u a l  d is ta n c e  concept i s  in tro d u ced . The e x te rn a l dose i s  

taken  as  th e  sxim o f th e  dose from th e  cloud p ass in g  overhead a t  a 

g iven  d is ta n c e , and th e  dose from ra d io - iso to p e s  d ep o s ited  on th e  

groim d. E x te rn a l doses a re  computed as a  fu n c tio n  o f  d is ta n c e , tim e 

o f  exposure and m e teo ro lo g ica l p aram eters . I n te r n a l  doses to  th e  

th y ro id  and bones as th e  c r i t i c a l  organs a re  c a lc u la te d  as  a  fu n c tio n  

o f  d is ta n c e  and m e teo ro lo g ica l param eters .

c) I s o p le th  w id ths as  a fu n c tio n  o f  d is ta n c e  a re  c a lc u la te d  fo r  b o th  types 

o f  exposure, from which a quick e s tim a te  o f  damage can be made.

A second v e rs io n  o f  th e  QJHAZ code i s  b e in g  developed . I t  has th e  

a d d i t io n a l  fe a tu re  th a t  i t  p ro v id es  f o r  con tinuous r e le a s e  o f  f i s s io n  

p roducts to  th e  atm osphere, a llo w in g  a  s tep w ise  tim e dependence o f  the  

r e le a s e  fu n c tio n  ( th e  f r a c t io n  o f  ra d io is o to p e s  re le a s e d  from the  

containm ent as  a fu n c tio n  o f  tim e ) . Two types o f  a c c id e n ts  a re  co n sid ered : 

ex p lo sion  type and f i r e  type .

(4 )The b a s ic  eq u a tio n s  were formula,ted by Alonso . They a re  sim ple 

m a te r ia l  ba lance eq u a tio n s  fo r  th e  growth and decay o f  ra d io is o to p e s ,  b u t 

the  source and s in k  term s c o n ta in  in fo rm atio n  about the  type o f  a c c id e n t 

and th e  n a tu re  o f th e  sa feg u ard s  o f  th e  r e a c to r .  The "ex p lo sio n  type" 

a c c id e n t i s  re p re se n te d  by a soxirce term  o f  th e  form
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S. J T )  = P , . N, , ( t ,  t ,  P^) 8 (T ) 
J >1 J J f 1  O

where th e  in d ic e s  j , i  denote th e  i - t h  iso to p e  in  th e  j - t h  ra d io a c tiv e  

decay ch a in . S. . (t ) i s  th e  source  term  as a fu n c tio n  o f  tim e, P . . i s  

th e  f r a c t io n  o f  th e  p a r t i c u la r  ra d io iso to p e  re le a se d  from the co re ,

N . . i s  th e  number o f  atoms produced in  the core as  a fu n c tio n  o f  

i r r a d i a t i o n  t im e r  , c o o lin g  tim e t  and power P^, and s (t ) i s  the  D irac 

im pulse fu n c tio n .

The " f i r e  type" a c c id e n t i s  re p re se n te d  by a  source term  o f the

form
-1

S. . (T) = 
J . i

f KF. . N. . ( r . t+ T .P  ) 0 < T S K'

th a t  i s ,  th e  source  term  i s  assumed to  be p ro p o rtio n a l to  the  number o f  

atoms e x is t in g  a t  tim e T fo r  th e  perio d  0 < T s  K ^ , and zero fo r

T > k ”^ , so th a t  K ^ i s  th e  tim e needed to  e x tin g u ish  the  f i r e .

The s in k  term in c lu d e s  ex p ress io n s  fo r  double and s in g le  c o n ta in ­

m ent, and fo r  eng ineered  sa feg u ard s  such as  emergency s p r ^ s ,  fo rced  

p la t in g  o u t, r e te n t io n  system s and d e lay  system s.

The s o lu tio n s  o f  th e  eq u a tio n s  tu rn  out to  be cumbersome. As an 

example, we reproduce h ere  the  s o lu tio n  fo r  one o f  th e  sim ple c a se s , 

namely a f i r e  type a c c id e n t, w ith  s in g le  containm ent, a de lay  system , and 

o n ly  two ra d io is o to p e s  in  every  ra d io a c tiv e  decay chain . Let A^(t ) denote 

th e  a c t i v i t y  o f  th e  p a re n t iso to p e  in  chain  i ,  and B^(t ) th a t  o f  the 

dau g h te r is o to p e . 4> i s  th e  s in k  term , t ' th e  de lay  time o f th e  r e te n t io n  

system , V th e  v e n t i l a t io n  c o n s tan t and D th e  decontam ination  f a c to r .
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a^ (t ) =

1-exp  (KF^ -<t>̂  )T

VDA (O )exp(-A . t ' )  — — ^ —  
^ i  A. A.

f o r  0 < T < K

1 1

e x p (-F ^  )-e x p (K '^ « ^  )

VDA^(0)exp(F - t  T') - j - 5g=i---------------------- ♦
1 1

exp(K 't>̂  ) -e x p (* ^  T)
i  i f o r  T > K-1

1-ex p  (KFg -<J)g )T

VD exp{-Ag T ')  gB .(O ) .  . u  ^  +
1 a . t i .1 1

b^ (t ) = < + aB .(O )

1-exp  (KF -4) )K 
A f  A .

-1

*  ^ ‘a . -® 'a .
1 1

f o r  0 < T < K-1

1-ex p  (KFg -<t)g )K ^

VD e x p ( - A 3 _ T ' )  ^ B . ( O )  _k f _  ------ ^--------  +
1 B . B^

l-exp (K F ^  

1 1



-  227 -

exp(-K"^<t>^ )-exp(-<t>^ T) 

B .(0 )      —  +
S. 1 \

i

exp(-K  )-exp(-<t)g T)

+ B. (0) --------------    —  f o r  T > k “^
D  ̂ <tig

i

w here

-KFj -KF^ )
i  i  1 1

bBi (o ) = b . ( o ) -^ b . ( o )

,B , (0 ) = exp (F . ) ^
\ ( ° >

C -1 '  A . ' »
1 1

(0) = gB. (o )exp(F g  ) + ^B. (O )exp(F^ +K"̂ <t>g )
1 i l l

-  ^B . (O )exp(K "^0>g )
i  i

S im ila r  r e s u l t s  have been  o b ta in e d  f o r  a  v a r i e ty  o f o th e r  ca se s  

and th e  e q u a tio n s  a r e  in c lu d e d  in  th e  program .

O ther f e a tu r e s  in c lu d e d  in  th e  code a re  C h am b erla in 's  c o r r e c t io n  

te rm  f o r  d e p o s i t io n  when th e  h e ig h t  o f  r e l e a s e  i s  g r e a t e r  th a n  zero^^^ >



-  228 -

and c a lc u la t io n  o f  th e  d i r e c t  r a d ia t io n  from the r e a c to r  b u ild in g  (co n sid ­

e r in g  b u ild -u p  and a t te n u a t io n  f a c to r s ) .

R e fe re n c e s ;

1 . MILMANN, Y. and TADMOR, J . ,  I s r a e l  AEG Semi-Annual R eport Ju ly -D ee. 1964, 
IA-1021, p .132

2 .  GALRON, H. and TAMOR, J . , P roceed ings o f  th e  Second N a tio n a l H ealth
P hysics M eeting, Nahal Soreq, 6 May 1964, p .17

3. HOLLAND, J .  Z ., USAEC R eport ORO-99

4. ALONSO, A ., "NtJBE” -  A D ig i ta l  Code to  E valuate  th e  H azards o f  D if fe re n t
Types o f  R eac to r A ccidents

5. CHAMBERLAIN, A. C ., UKAEA R eport AERE HP/R 1261

R e la tiv e  Hazards o f  F is s io n  P roducts in  th e  Environm ental H azards E valua tion      ■”     ' ■ — II I I. ■  ̂II
o f  N uclear R eac to rs  : H. G alron and J .  Tadmor

( l -3 )In  c o n tin u a tio n  o f  th e  stu d y  re p o r te d  p rev io u s ly  th e  r e l a t i v e

hazards o f  th e  f i s s io n  p ro d u c ts  which may be re le a s e d  in  an a c c id e n t a t  a 

n u c le a r  r e a c to r  were ev a lu a ted  fo r  r a in  c o n d itio n s .

The i n f i n i t e  time r a d ia t io n  dose caused by con tam ination  o f  the  

ground was co n s id e red . T his v a r ie s  w ith  d is ta n c e . At r e l a t i v e ly  sh o rt 

d is ta n c e s  from the  r e le a s e  p o in t (a  few km), th e  sequence o f  im portance

o f  th e  f i s s io n  p roducts  arranged  acco rd in g  to  m agnitude o f  r a d ia t io n  dose

i s

^ 103 „ 137 „ 137 „  106 _,106 .,131 „ 95 .Ru , Cs -  Ba , Ru -  Rh , I  , Zr e t c .  (1 ;

This sequence i s  determ ined by th e  f i s s io n  y ie ld ,  gamma energy , p ercen tage  

o f  r e le a s e  from m olten f u e l ,  and r a d io a c tiv e  decay o f  th e  v a rio u s  f i s s io n  

p ro d u c ts . At d is ta n c e s  o f  a few te n s  o f  k ilo m e te rs , th e  sequence i s  

d i f f e r e n t ,  th e  ra d io a c tiv e  io d in e s  b e in g  th e  main c o n tr ib u to rs  to  th e  

r a d ia t io n  dose. T h is change i s  caused by th e  f a c t  th a t  d u rin g  ra in o u t 

c o n d itio n s  th e  d e p le tio n  o f  th e  io d in e s  from the t r a v e l l i n g  cloud i s  

r e l a t i v e ly  low er as  compared w ith  th e  o th e r  f i s s io n  p ro d u c ts .
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I t  i s  in t e r e s t in g  to  n o te  th a t  th e  sequence o f  im portance o f  th e  

f i s s io n  p roducts d ep o sited  d u rin g  dry  w eather co n d itio n s  ( fo r  which th e  

halogens have th e  h ig h e s t v e lo c i ty  o f  d e p o s it io n ) , i s  s im ila r  to  ( l )  

over th e  whole range o f  d is ta n c e s  s tu d ie d , up to  70 km.

I f  we co n s id e r th e  r a d ia t io n  doses from contam inated ground as  a 

fu n c tio n  o f  tim e s in c e  d e p o s it io n , th e  sequence o f  im portance o f  the  

f i s s io n  p roducts  v a r ie s ,  owing to  th e  d if fe re n c e s  in  th e  r a d io a c tiv e  decay 

o f  the  p ro d u c ts . F ig u re  41 i l l u s t r a t e s  th i s  f o r  the  case o f  d e p o s itio n  

a t  a  d is ta n c e  o f  7 km, d u rin g  ra in o u t c o n d itio n s .

Ru'Ô  r.137^R .'37 ,

Ru'°^Rh”*

I
t9
8Ol ,133

I
S
E ,133,S 132eou .132

.134

o
(AO
eo
%

129

10 CO

Time since deposition (hou rs)

F ig . 41

R ad ia tio n  doses from f i s s io n  p ro d u c ts  d ep o sited  d u rin g  ra in o u t c o n d itio n s , 
a s  a fu n c tio n  o f tim e s in ce  d ep o s itio n
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IA-984, p .128
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3. GALRON, H. and TAMOR, J . ,  P roceed ings o f  th e  Second N a tio n a l H ealth  
P hysics M eeting, Nahal Soreq, 6 May 1964, p .17

T urbu len t D iffu s io n  from an In s tan tan eo u s  P lane Soxirce : Y. Milmann and

J .  Tadmor

In  a p rev ious work^^^ th e  c o n c e n tra tio n  o f  d if fu s in g  m a tte r in  a 

tu rb u le n t  medium was computed n u m erica lly  u s in g  Jo se p h 's  ex p ress io n  extended 

to  th e  case o f  a  p lan e  so u rce , w ith  i n i t i a l  c o n d itio n s  governed by S u tto n 's  

d if fu s io n  fo rm u la ^ ^ \ In  c o n tin u a tio n  o f  t h i s  work, a more g en era l s o lu tio n  

o f  th e  problem has been developed.

The b a s ic  eq u a tio n  governing d if fu s io n  i s

^c
5 t = d iv  (D g rad  c )

where c i s  th e  c o n c e n tra tio n  o f  d if fu s in g  m a tte r ,  t  i s  th e  tim e v a r ia b le  

and D th e  d if fu s io n  c o e f f i c ie n t .  In  a  tu rb u le n t  medium D i s  n o t c o n s ta n t.

On the  b a s is  o f  experim en tal in v e s t ig a t io n s ,  i t  i s  b e s t  g iven by th e  r e l a t io n

D .  k "  (1)cr

where cr i s  th e  s tan d ard  d e v ia tio n  o f  the  p h y s ic a l dim ensions o f  the 

d i f fu s in g  s p o t,  K i s  a p ro p o r t io n a l i ty  c o n s ta n t and n i s  an exponent 

determ ined ex p erim en ta lly .

S ince th e  s ta n d a rd  d e v ia tio n  i s  a  r a th e r  d i f f i c u l t  q u a n tity  to  d e a l

w ith  in  d if fu s io n  phenomena, we t r i e d  to  f in d  a  r e l a t io n  w ith  more convenien t
( 2 )v a r ia b le s .  The u su a l approach i s  to  re g a rd  D a s  a  fu n c tio n  o f  th e
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c o o rd in a te s , D = D (x ( t) ,  y ( t ) ,  z ( t ) ) ,  and proceed to  so lve  th e  d if fu s io n  

equ a tio n  by an i t e r a t i v e  p rocedu re . The approach which we used was to  

f in d  an eq u a tio n  w ith  t  as the  (on ly ) e x p l i c i t  v a r ia b le

D = D (t) (2)

I'ne advantage o f  th i s  l i e s  in  th e  f a c t  th a t  the  d ivergence o p e ra te s  only 

on th e  s p a t i a l  c o o rd in a te s , so th a t  th e  b a s ic  equation  can be w r itte n

= D( t )  (3)

The p a r t i c u la r  problem on which th i s  method was t r i e d  was th a t  o f  

an in s ta n tan eo u s  p lane  soxirce which i s  in tro d u ced  in to  an i n f i n i t e  medium 

w ith  a x ia l  symmetry. The d if fu s io n  eq u a tio n  i s

The i n i t i a l  c o n d itio n  i s

2
c ( r , 0 )  = exp j  (5)

cr o

and c o n se rv a tio n  o f  m a tte r  g iv e s :
00 2 it

c ( r , t )  r  dr d<l) = M (6)

o o

where M i s  th e  t o t a l  amoiant o f  d i f f u s in g  m a tte r in tro d u ced  in to  th e  medium
*-

a t  tim e t  = 0 . L et u s in tro d u ce  an o th e r tim e v a r ia b le ,  t  , d e fin ed  by

t

t *  = jTcCt)  d t  (7)
o

The equ a tio n  w i l l  now be
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which can be so lved  e a s i ly :

c ( r , t  ) = c o 2 , * a +ht o

exp - 2 , *  
cr + 4 t  

o

The square  o f  th e  s tan d a rd  d e v ia tio n  i s  

P c ( r , t  ) r^  d r  d0
cr = 2  - I  *

=  CT +oJ J c  ( r , t  ) r  d r  d<|)

so th a t  we can w r ite  th e  fo llo w in g  in te g r a l  eq u a tio n  fo r  D (t)

t

D ( t)  = K (r^   ̂ f

(9)

(10)

(11)

The s o lu t io n  o f  th i s  eq u a tio n  i s

D ( t)  = 2 (2 -n )  + D ^o
n /  (2 -n ) (12)

where D = d (o) .
0

Let us now d e riv e  th e  ex p ress io n  fo r  a  = a ( t ) :  

t

f v ( t ) d t  = 1 |2 (2 -n )K ^  A  + ^ ^

2 2 . a  = cr + 4  
o

/ D ( t ) d t  = cr + 
o

|2 ( 2 - n )  Kt

2 / n - l  2 /  ( 2 - n ) ^ t

from which

a ^ ( t )  = 2 (2 -n )  Kt + a2 -n 1
°  J

2 / ( 2 - n )
(13)
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An ex p ress io n  very  s im ila r  to  e q .l3  was derived  in  R e f .2 by an 

e n t i r e ly  d i f f e r e n t  method -  making an assum ption about the  form o f D and 

s e p a ra t in g  the  v a r ia b le s .  The ex p ressio n  ( in  our n o ta tio n ) i s
1 2  /  (2 -n )

( U )a ^ ( t )  = (2 -n )  K ( t - t^ ;

The s l i g h t  d if fe re n c e  may stem from d i f f e r e n t  i n i t i a l  co n d itio n s  assumed 

in  th e se  methods.

In  c o n tin u a tio n  o f  th e  p re se n t work, th e  d if fu s io n  c o e f f ic ie n t  and 

s tan d a rd  d e v ia tio n  as a  fu n c tio n  o f  tim e w il l  be found fo r  v arious i n i t i a l  

d i s t r i b u t io n s ,  and conclu sions w i l l  be drawn reg a rd in g  the  Lagrangian au to ­

c o r r e la t io n  fu n c tio n  and spectrum  o f  tu rb u len ce .

R e fe re n ces ;
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Maxima o f  S u tto n ’s E quation C orrected  fo r  DeTX)sition : Y. Milmann and

J .  Tadmor

S u tto n 's  eq u a tio n s  fo r  th e  ground le v e l  co n ce n tra tio n  o f  a

d if fu s in g  cloud and fo r  the  d is ta n c e  o f  maximum c o n c e n t r a t i o n ^ d o  not

tak e  in to  account d e p le tio n  o f  the  c loud by d e p o s itio n . Chamberlain

in tro d u ced  a c o r re c t io n  fo r  S u tto n 's  equation  in  o rd e r to  take  in to
(2)accoixnt th i s  d e p le tio n

A study  i s  be ing  c a r r ie d  ou t to  f in d :

a) th e  d is ta n c e  from th e  r e le a s e  p o in t which maximizes C ham berlain 's 

equation  fo r  a  p a r t i c u la r  h e ig h t o f  r e le a s e .

b) th e  h e i ^ t  o f  r e le a s e  which produces the  maximum co n ce n tra tio n  a t  a 

g iven d is ta n c e  from th e  r e le a s e  p o in t .
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This problem i s  o f  im portance in  th e  desig n  o f  th e  h e ig h t o f s ta c k  

r e le a s e  in  a  n u c le a r  i n s t a l l a t i o n ,  m ainly  when re le a s e  o f p a r t i c l e s  o f  h i ^  

v e lo c i ty  o f d e p o s it io n  i s  in v o lv ed . I t  tu rn s  out th a t  f o r  a  g iv en  d is ta n c e  

from th e  so u rce , an in c re a s e  in  th e  h e i ^ t  o f  r e le a s e ,  w ith in  c e r t a in  l i m i t s ,  

may cause an in c re a s e  in  the  ground c o n c e n tra tio n  a t  th i s  d is ta n c e .

R e fe re n ces ;
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