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EFFECT OF THE LOSS OF COOLANT ON THE 
RESONANCE ESCAPE PROBABILITY

C . N o t a r i a n d  A. M . L i knkr  

Co m isio n  N acional de E nerg ía  A tóm ica, B uenos Aire:;. A rgen tina

[Rt'i i’ived 27 F ebnuiry  lS>7M|

A bstrae! In  thc analysis o í  the loss o í  c o o lan t accident in n a tu ra l u ran iu m  rea e to rs  o í  thc A tucha  
o r  C a n d u  type. thc in fluen te  o í  the  c o o lan t void ing  on  thc resonanee escape p ro b ab ih ly  ap p ears  
to  be  o f g rea t im portance.

In this paper we s tudy lilis efleet 011 the reso n an ee  a b so rp tio n . unulyzing  iis b eh av io u r vs co o lan t 
density . W e use the codes C O C A P  anO W IM S,* in w hich the shad o w in g  am o n g  p in s  m the cluster, 
o r  the DancofT eflcct, is tak en  in to  a cco u n t w ith d iflerent m odels.

!n  C O C A P . ihe DancofT factor ca lcu la tio n  based  o n  C arlv ik 's  m eth o d  show s a rem ark ab le  depen- 
deney on  the co o lan t den sits . and  its \a lu e s  a t very low d ensilies lead to an  overestim u tio n  o f the 
cell reactiv ity . it is show n th at the inclusión  o f  a Bell factor in the  d d in it io n  o f  the  c luste r elVeclive 
surface im proves the ag reem ent with experim en ta l results.

1. I N T K O D U C T I O N

In  a  s im p le  r e p r e s e n ta ! io n  o f  th c  m u l l ip l ic a i io n  fa c to r  
in  a  r e a c to r  ce ll, w e  w rile :

k ,  =  n fe p  U )

a n d  w e c a n  a n a ly s e  th c  efTeet o f  \o id in g  th c  c o o la n t  
o n  e a c h  fa c to r .

W e  verify  th a t  th c  c h u n g e  o f  th c  r e s o n a n e e  e s c a p e  
p r o b a b i l i ty  p,  w ith  c o o la n t  d e n s ity  ( \  is v e ry  im p o r ­
ta n !  a n d  th a t  its  b e h a v io u r  d e te rm in e s  th a t  o f  k , .  
I t  m a y  b e  u se fu l lo  s k e tc h  th e  m e th o d s  u sé d  in 
C O C A P  (R o s s e n , 1974) a n d  W IM S  (A sk c w  ex a l ., 
1966) to  c a lc ú la te  th e  r e s o n a n e e  in te g rá is  w h ic h  a re  

d ire c t ly  r e la le d  to  th e  r e s o n a n e e  e sc a p e  p ro b a b i l i ty  p.
In  C O C A P ,  th e  r e s o n a n e e  in te g ra l  is c a lc u la te d  

w ith  th e  w ell k n o w n  fo rm u la  (w e o m it  th e  te m p e ra -  
tu r e  d e p e n d e n e y ) :

I  =  A  +  (2)

w h e re  A  a n d  B  a re  H e l ls t r a n d 's  c o e flic ie n is
F o r  c lu s te r - ty p e  fuel e le m c n ls  th e  efTeclive s u rfa c e  

is o b ta in e d  c a lc u la t in g  th e  D ancofT  c o r re c tio n ,  
(1 -  Q  w ith  C a r lv ik ’s m e th o d  (1964):

S„r. =  - U t 1 -  c 1 <3>

In  W IM S , th e  r e s o n a n e e  in te g ra l  o f  th e  h e tc io g e n e o u s  
s y s te m  is  c a lc u la te d  b y  a n  e x te n s ió n  o f  th e  e q u iv a -  
le n c e  th e o r e m s  to  c lu s te r  g e o m e try . In  e a c h  p a r t ic u la r  
p r o b le m , th e  p a ra m e te r s  re la t in g  th e  h e tc io g e n e o u s

* W e have used  W IM S  D  versión ol this coilc.

sy s te m  lo  th e  e q u iv a le n !  h o m o g e n e o u s  o n e  a r e  c a lc u -  
la te d .

T h e  D an co fT  f a c to r  is n o t  u se d  h e re . b u t  it  is p o ss -  
ib le  lo  in fe r  it f ro m  th e  re su lts .

W e  h a \ e  c a lc u la te d  w ith  b o th  c o d e s  th e  re a c t iv i ty  
v a r ia t io n  a s  a  fu n c t io n  o f  c o o la n l  d e n s ily  fo r  íh c  A tu ­
c h a  r e a c to r  ce ll (F ig . I), in  o r d e r  to  s im ú la te  a  lo ss  
o f  c o o la n l  a c c id e n t.  T h e  c o o la n t  d e n s i ty  w a s  d e -  
c re a s e d  a l  c o n s ta n !  te m p e ra tu re .  It is s h o w n  th a t  a n  
e x p re s s io n  su c li a s  (2), w ilh  ih e  d e í in i t io n  o f  e flec iiv e  
su rfa c e  g i \e n  in  (3), d o e s  n o l  le a d  lo  a  g o o d  rep re se n *  
ta t io n  o f  e x p e r im e n ta l  r e s u l ts  o n  a ir  c o o le d  C A N D U  
ce lls , a n d  th u t  it is n e c e s s a ry  to  l a k e  th e  B ell fa c to r  
a n d  ils  c h u n g e  w ith  c o o la n t  d e n s ity  in lo  a c c o u n t  
w h e n  th e  elTeclive s u rfa c e  is d e fin e d .

2. ( O M P A R I S O N  W IT H  K X P K K I M K N T A L  

R E S U L T S

W e  h a v e  s im u la te d  s o m e  o f  th e  lo ss  o f  c o o la n t  ex- 
p e r ic n c e s  in  C A N D U  2 8 - ro d s  fuel a s se m b lie s  (G rif -  
filh s , 1971) a n d  C O C A P  a n d  W IM S  a n d  w e h a v e  
o b ta in e d  th e  re s u lts  sh o w n  in T a b le  l. T h e  c a lc u la -  
l io n s  w e re  p e r fo rm e d  u s in g  th e  m e a s u r e d  m a te r ia l  
b u c k lin g  a s  g e o m é tr ic a !  b u c k lm g . s o  th a l  th e  r c s u l tin g  
re a e l iv i iy  is a  m e a s u re  o f  th e  d i s c r e p a n c y  b e iw e e n  
c a lc u la i io n s  a n d  m e a s u re m e n ts .  A s c a n  b e  seen , 
C O C A P  lits  th e  re s u lts  fo r  D 20  e o o le d  ce lls  sa lisfac*  
to rily ,*  w h ile  th is  is n o t  s o  fo r  th e  a ir  c o o le d  o n e s  
w h e re  th e  r e a c t iv i ty  is  c o n s id e r a b ly  o v c re s i in ia te d .  
T h is  lac t s h o w s  th a i  C O C A P ’s m o d e l  fa ils  a i very  
lo w  c o o la n t  d e n s ilie s .
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Fig. 1. T h e  A tu ch a  fuel e lem ent. R od  rad iu s  =  0.54 cm, 
c lad d in g  rad iu s  =  0 .5 9 5 cm , lu b e  rad iu s  (in fernal) =  5.41 cm. 
P in  cen tre  rad ii:  1.60 cm  (6 pinsX 3.03 cm  (12 pins), 4.51 cm  

(17 pins).

8 tg/cm3)
Fig. 2. R esonance  cscupc p ro b a b il in  vs co o lan t densily  

for (he A lu d ía  cell.

W I M S ’ r c s u l ts  a r e  r a t h e r  w o rs e  fo r  th e  lo w e r  
p i lc h e s  a n d  im p ro v e  fo r  th e  l a s t  tw o . In  th is  c a se  
th e  r e s u l ts  f o r  th e  D 20  a n d  a i r  c o o le d  c e lls  a r e  c o m -  
p le te ly  e q u iv a le n !  e x o e p t fo r  th e  lo w e s t p i tc h ;  th u s  
W IM S  d o e s  n o t  s h o w  th e  d if ie re n !  b e h a v io u r  b e tw e e n  
a i r  a n d  D 20  c o o la n t  f o u n d  in  C O C A P .

A n o th e r  d i f le re n c e  is  t h a t  in  a lm o s t  a ll  th e  c ases , 
C O C A P  o v e re s t im a te s  th e  re a c t iv i ty  a n d  W IM S  
u n d e re s t im a te s  it.

3. THE P-FACTOR

T h e  b e h a v io u r  o f  th e  fo u r  fa c to rs  fo r  th e  A tu c h a  
r e a c to r  c e ll w a s  a n a ly z e d  a s  a  fu n c t io n  o f  c o o la n t  
d e n s ity . I t  w a s  c o n d u d e d  t h a t  p  is  th e  f a c to r  h a v in g  
th e  g r e a te s t  v a r ia t io n .  T h is  is  s tr ic t ly  s o  fo r  C O C A P , 
b u t  n o t  s o  m u c h  fo r  W IM S  w h ic h  s h o w s  a  n o n  n e g li-  
g ib le  d e p e n d e n c y  o f  «  w i th  ó.

T h e  r e s u l ts  a r e  s h o w n i n  F ig . 2. W IM S  p re d ic ts  
a  s m o o th e r  v a r i a t i o n  t h a n  C O C A P .  A s  th e  r e s o n a n c e

e s c a p e  p ro b a b i l i ty  is c u lc u la te d  b y  m e a n s  o f  t h e  
r e s o n a n c e  in te g rá is ,  a n d  ni ih cse  q u a n t i t ic s  t h e  
¿ -d e p e n d e n c y  is g iv en  th ro u g h  t h e  D an co lT  fa c to r ,  « c  
h a v e  p lo t te d  in F ig . 3 th e  D an co fT  fa c to r  c a lc u la tc d  
w ith  b o th  c o d c s  fo r  th e  A tu c h a  ce ll A g a in . C C X 'A I’ s 
v a lú e s  d e c re a s e  fa s te r  th a n  W IM S ' w h c n  <) te n d s  to  
ze ro .

In  o r d e r  to  d r a w  a  c o n c lu s ió n  a b o n t  th is  d isc re -  
p a n e y , w e h a v e  c a lc u la te d  th e  D ancofT  coefT icicm s as 
a  fu n c t io n  o f  th e  c o o la n t  m a c ro s c o p ic  c ro s s  se c t io n  
£  fo r  th e  S w ed ish  D 20  c o o le d  M a rv ik c n  r e a c to r .  In 
F ig . 4  w e c o m p a r e  th e  r e s u l ts  o b ta in e d  u i th  C O C A P . 
W IM S  a n d  L e s lie 's  m e th o d  ( I % 5 |.  A n  c x c c llc n l a g rc c -  
m e n t  b e tw e e n  C O C A P 's  a n d  L e s lie 's  re s u lts  is 
a c h ie v e d , w h ile  W I M S ’ v a lú e s  e x h ib it  a c o n s id e ra b le  
d iffe re n t  b e h a v io u r .

T h e  c o in c id e n c e  b e tw e e n  th e  t u o  d if le re n t m e t h o d s .  
t h a t  u s e d  b y  L e s lie  a n d  th e  e o d e  C O C  A P , su g g e sts  
t h a t  th is  c a lc u la t io n  is c o r r e d  a n d  w e lo o k  for 
a n o th e r  á -d e p e n d e n t  fa c to r  a lle c tin g  th e  re s o n a n c e  
e s c a p e  p ro b a b i l i ty .

T a b le  1. R eac tiv ity  valúes for the  loss o f  c o o lan t experim en ts in C an d u  2K-rod
cells

C O C A P  W IM S

P itch  D 20  A ir D ¡ 0  Air
ícm) p (•',.,) ,, (•■„,) p ,, ( - ,

'2 4  0.1078 10.1947 -1 .5 2 6 5  1.55%
26 -  0.6825 3.6506 -  3.8930 3.7848
28 0.4871 3.2055 -3 .2 7 0 3  -3 .2 9 9 8
30 2.6110 4.3309 — 1.4320 -  I (,()!(.
32 2.8462 4.7344 -1 .6 3 2 2  - 1 2 3 7 4

B(g/cmJ )
Fig. 3. DancofT facto r vs co o lan t density  for 1 he A tucha 

cell.

4. THE EKEECIIVE SI 1(1 ACE AM >

THE BELL EACI OR

A c c o rd in g  to  th e  f o rm u la t io n  o f  th e  e q u iv a ie n c e  
th e o re m s ,  th e  h e te ro g e n e o u s - s y s te m  re s o n a n c e  in te ­
g ra l  c a n  b e  p u t  in  te rm s  o f  a n  h o m o g e n c o u s -e q u iv a -  
le n t  o n e :

w h e re  a e =  \ / N \ ,  N  b e in g  th e  re s o n a n c e  a b s o rb e r  
n u m b e r  d e n s ity  a n d  1 th e  sy s te m  m e a n  c h o rd .

L e s lie  et  al.  (1965) s h o w e d  th a t  th e  v a lid i ty  o f  th is  
e q u iv a ie n c e  c a n  b e  e x te n d e d  f ro m  is o la ie d  r o d s  to  
in fin ite  la t t ic e s  a n d  c lu s te rs  as  w eil, u s in g  th e  e x p re s -  

s io n :

íh o .c . =

w h e rc  a  is th e  c o o la n t -d e n s i ty  d e p e n d e n !  Bell fa c to r.
T h e  s a m e  a u th o r s  s tu d ie d  th e  b e h a v io u r  o f  a  w ith  

c o o la n t  d e n s ity , g iv in g  a n  a n a ly t ic  fo rm u la  fo r  in fin ite  
la t t ic e s  a n d  a  p lo t  o f  th e  B ell fa c to r  vs I  fo r  th e  
3 7 - ro d  S G H W  e lu s te r .

T h is  c o r r e e t io n  c a n  b e  in tr o d u c e d  in  C O C A P ’s fo r-

2 ( c m ‘)

Fig. 4. DancofT facto r vs c o o lan t cross section  for the  M ar- 
viken ccil.

T ab le  2. Rcacliviiy  valúes íor the loss o f 
co o lan t experim en ts in C a n d u  28-rod  c e lK  

wiih the Bel! co rree tio n

COCAP

Piich d 2o Air
(cm) i» (", J P C\ J

24 -  4.5749 4 0017
26 -4 .5 0 6 7 -  1.3928
2S -2 .7 3 2 7 -  1.0384
30 -0 .1 7 1 2 0.7062
32 -0 .5 2 8 1 1.5388

m a lism  a s  fo llo w s:

/ =  A  + B  ^ i r S lU: A/.

In  th is  w ay . w c in tr o d u c e  a n o th e r  ¿ - d e p e n d a n  fa c to r , 
l f  w c  s u p p o s c  th a t  L e s lie 's  a  v a lú e s  c a lc u la te d  fo r  th e  
S G H W  cell c a n  b e  u se d  fo r  th e  C A N D U  cell u n d e r  
s tu d y  a n d  w c a d o p t  th e  v a lú e s  a =  1.125 ( I  =  0.37) 
a n d  a  -= 1.2 ( I  =  0) fo r  th e  D 20  c o o le d  a n d  a ir  
c o o le d  ce lls . r e s p e c tiv e ly . w e c a n  r c c a lc u la te  th e  cases  
o f  T a b le  1. T h e  r c s u l ts  a re  s h o w n  in  T a b le  2. T h e  
a g re e m e n t  w ith  e x p e r im e n ta l  r e s u l ts  is  b e t te r  fo r  th e  
a ir  c o o le d  c e lls  a n d  r a lh e r  w o rs e  fo r  th e  l o u  p i tc h e s  
o f  th e  D > 0  cases.

It w o u ld  b e  in te re s t in g  to  c a lc ú la te  th e  Bell fa c to r  
fo r  th is  ce ll a n d  a n a ly s e  its  b e h a v io u r  w ith  <$ for d iffe r- 

e n t  g e o m e tric s .

5. C O N C U  SION S

W e  h a v e  o b s e rv e d  t h a t  th e  r e p r e s e n ta t io n  o f  the  
e lu s te r  r e s o n a n c c  in te g ra l  b y  m e a n s  o f  th e  fo rm u la  
l  =  A + B s  d o e s  n o t  lea d  to  a  s a tis fa c to ry
s im u la t io n  o f  th e  lo ss  o f  c o o la n t  e x p e r im e n t .i l  re s u lts  
in  2 8 - ro d  C A N D U  c e lls  w h c n  th e  c la s s ic a l  d e lin í t io n  
S d r =  ( l — C ) is u se d . E v e n  th o u g h  th e  c a lc u la -  
t io n s  c a n  b e  d i re c tly  f it te d  w ith  th e  e x p e r im e n ta l  
re s u lts .  w e in te n d  lo  ju s t ify  th is  b y  in tr o d u c in g  th e  
Bell f a c to r  a s  a  c o r r e c t io n  o f  th e  c ffec tiv e  s u rfa c e  a s  
th e  e q u iv a ie n c e  th e o re m s  su g g est.

T h e  d e p e n d e n c y  o f  th e  Bell fa c to r  o n  c o o la n t  d e n ­
s ity  te n d s  to  im p ro v e  C O C A P 's  a g re e m e n t  w ith  e x ­
p e r im e n ta l  re s u lts  fo r  a ir  c o o le d  ce lls , a l t h o u g h  a 
c h e c k  o f  th e  v a lú e s  u se d  fo r  C A N D U  ce lls  is s till 
n e e d e d .

W ith  re s p e c t  to  W IM S ' r e s u lK  th e  b e h a v io u r  o f  
th e  D an co lT  fa c to r  w ith  <*> is n o t  c lc a r  (F ig . 3); n e v e r-  
th e lc s s  w e  o b s e rv e  th a t  th is  c o d o  g iv es  a  s im ila r  f it t in g  
fo r  D 2C) a n d  a ir  c o o le d  cells.

It m u s t  b e  a ls o  t a k e n  in to  ¿ tcco u n l th a t  a l th o u g h  
we h a v e  r e s t r ic te d  o u r  a n a ly s is  to  th e  /)- fa c to r,  th is



is not the only one which varíes with coolant density. 
Moreover, in COCAP its variation is decisive but in 
WIMS we find that é’s variation is of similar impor- 
tance. The dependency of r j f  on 6  is almost negligible 
in both codes.

Leakage is another parameter aflected by the loss 
of coolant which has not been considered here.
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BOOK REVIEWS

Public R egulation o f S ite  Selection for N uclear Pow er 
P lañ ís, E r n e s t  D. K l e m a  an d  R o b k r t  L. W e s t . R esearch 
P ap e r R2, R esources for the F u tu re , W ash ing ton . D.C.

T h is  volum e co n sis ts  o f a com prehensive b ib lio g rap h y  o f 
articles c o n cern ed  w ith nuclear pow cr p lan t site selection, 
reg u la tio n  a n d  p resen t p ro ccd u res  and  reform  proposals. 
Each  o f the  m any  articles listed  is ad eq u ate ly  sum m arized  
w ith sufücient d ela íl to  en ab le  read ers  to  select oasily and  
quickly  any  top ic  which m ay be o f interest. T he hib liogra- 
phy  is th e  ñ rs t s tage o f an investigation  which will hope- 
fully identify  a n d  eva lúa te  feasible a lte rn a tiv es  to the p re ­
sent p ro ced u res  for nuclear pow er p lan t site selection. A 
cen tra l them e in the ev a lu a tio n  is the possib ilit) o f select- 
ing a lte rn a tiv e  p ro ced u res  which will eventually  reduce the 
long  lim e req u ired  for o b ta in in g  ap p ro v a ls  an d  hcenses for 
nuc lear p lan t sites.

T h e  volum e ís d iv ided  in to  four parís:
P a rt I c o n ta in s  lite ra tu re  a ssoc ia ted  w ith the process o f 

pow er p lan t siting  as ca rried  o u t by the various Utilities in 
the U.S. It includes r e p o r ts o n  ac tua l siting  p rocc ilu res and  
describes the  an aly tical too ls used  for site assessm ent. 
P ap e rs  a re  included  which co n sid er the range o f factors 
tak en  in to  a cco u n t in any  site asscssm enl.

P a r t 2 deais w ith the  p ub lic  reg u la tio n  o f  siting. L itera- 
tu re  is included  w hich describes the  licensing p iocess car- 
ried  o u t by the U.S. N uclear Rcgulu tory  C om m issiop  
u n d e r the  term s o f the Federal G ov ern m en t. R egulatory  
ob jectives b ea rin g  o n  n uc lear site ap p ro v a ls  have changed 
significantly  o v er the  past 30 years and  articles a re  cited 
which describe the  changos which have occurrvd . O th e r 
a rticles cover local governm ent, S tate, an d  Federa l ageney 
regu la tions. A few a rticles a re  c ited  w hich cover siting 
p rac tices in c o u n tries  o th er th an  the U.S. T he volum e 
co u ld  have been im proved  if this section  liad been 
ex p an d ed  an d  m ade m ore com prehensive. Speci.il p rom i- 
nencc is given in th is  section  to the d escrip tion  o f experi- 
ences o b ta in e d  m  pursu in g  new p ub lic  o b jec liw s  for en- 
v iro n m en ta l p ro tec tion .

P a r t 3 co n ta in s  articles on  som e aspeets o f  the  present 
critic ism  o f  pub lic  reg u la tio n  which a re  likely to influence 
ju d g em e n ts  o n  any  p ro p o sa ls  for the reform  o f siting  p ro ­
cedures. T h e  m ain  topics which were critica! o f present 
reg u la to ry  experience were th at reg u la to ry  s tru c tu re  and  
p rac tice  are  u n responsive  to  the public  in te res t; ih a t regu- 
la to ry  decisión  m ak in g  is insufficiently accessible to  p ub lic  
sc ru tin y  a n d  p a r t ic ip a ro n ;  an d  th a t p resen t procedures 
en co u rag e  a n d  p ro tec t inefficient practices. T h is  section 
a lso  q u o tes  som e influentia l legal decisions w luch have 
been  in stru m en tal in fo rm ing  reg u la to ry  prácticos. Som e 
case s tud ies a re  c ited  o f  reg u la to ry  experience o u tsid e  the 
electrical in d u stry  w hich have o r a re  likely to influence 
reg u la to ry  reform .

F inally , P a r t 4  q u o tes  selected p ro p o sa ls  an d  analyses of 
reco m m en d a tio n s  for reg u la to ry  reform  o f  nuclear p lan t 
siting  p ro ced u res  in the  U.S. An a rray  o f reform  pro p o sa ls  
a re  c ited  which co n ta in  d istinct suggestions which have 
given rise to  w idespread  com m eni an d  d isc u s ió n . The 
lite ra tu re  show s su b stan tia l ag recm en i in detail o f  m any

reform  pro p o sa ls  an d  refleets c lear d issa tisfac tion  w ith the 
presen! reg u la to ry  processes.

T he  b ib lio g rap h y  will be a m ost useful refe ren te  for 
w orkers in the a rca  o f n u c lear p lan t licensing and  legula- 
tion. It p rov ides a m ost com prehensive  survey o f the litera- 
tu re  on  siting  w ithin the U.S.

As.si.vwm D trec lttr  o f J  S h a w
N tu le o m c s  l .d b o r a to r  \
Queen M ar y  Colleyc  
U niiersit  v of Lontlon

M anagem ent o f Low Level Radioactiva W aste , V oluines 1
and 2, c d i t e d  by M klvin  W. C a r t k r , A.  A l a n  M ouhi ss i  
a n d  B i k n d  K a u n , P e r g a m o n  P res s .

T his  book . pub lished  in tw o volum es. is based  o n  the 
p ap e rs  p resen ted  at a Sym posium  o n  M anagem ent o f low 
lcvel rad ioactivo  wastes. which w as held in A tlan ta . ( ieor- 
gia. U S A on 23 27 M ay. 1977. All the p ap ers  in J u d e d  
have been reviewed and  edited . A to ta l o f 70 p a p é is  are  
p resen ted  m the tw o volum es in 10 ch ap te rs  c o v en n g  a 
wide range o f topics. W ith o u t d o u b t this co llec tion  of 
p ap ers  specilies the cu rren t sta te  o f know ledge in the a rea  
o f  low  leve! w aste m anagem ent.

T he present U.S. N uclear R egu la to ry  C om m ission  m an ­
agem ent p ro g ram m e for low leve! w aste. long  term  c o n ­
s id e ra ro n *  an d  tra n s p o n a tio n  p ro b lem s a re  covered  in an 
in tro d u c to r) ’ chap tcr. T h e  g e n e ra tio n  an d  source  o í low 
leve! w astes are  dealt w ith in a n u m b er o f  papers c i»\ering 
in detail siich topics as the  origm  an d  charac tc risiics of 
n o n tra n su ra n ic  w aste from  the n uc lear fuel cycle, so urces 
o f w aste from  light w ater reac to rs . sohd w astes gen era ted  
in a largo eom m ercial reprocessing  p lant. d eco n lam m atio n  
o f nuclear p lan ts. ca rb ó n  14 p ro d u ctio n  in reac to rs  and  
fusión fuel cycle wastes.

C osí beneíit is d ealt w ith in C h a p tc r  3 an d  tw o papers 
a re  c ited  which describe risk assessm onts o f rad io ac tiv e  
w aste m anagem ent an d  c o s t-b e n e tit  analyses s tud ies of low 
level w aste m anagem ent.

T h e  subject o f volum e red u ctio n  o f low level b a s te s  is 
cu rren tly  an im p o rta n t top ic  and  in C 'hapter 4 a  n u m b er of 
p ap ers  describe the  p rob lem s a ssoc ia ted  with present 
m ethods. T he o p tio n s  availab le . the o p e ra tio n  o f  a fWudised 
bed systeni, a BW R radw aste  system  and  a cyclone m ciner- 
a to r  a re  all describcd  in som e detail.

C h a p te rs  5 an d  6 include p rob lem s a ssoc ia ted  with 
liqu id . so lid  an d  gaseous w aste trea tm en t system s \  wide 
range  o f  top ics is covered  which include a review  o f liqu id  
w aste m anagem ent a t Los A lam os, rem oval o í  p lu io n iu m  
an d  u ran iu m  from  process s tream s using u ltra lilira tio n  
m em branes. ion exchange lechn igucs for rem oval o! tech- 
netium . ¡ncm eraiion  techniques. gas p rocessing  s \s te m s  
an d  the dcsign and  tip eratio n  o f liquid w aste trea tm en t 
system s. O th e r p ap ers  dea! w ith so lid ification  p ro c e d e s  for 
liqu id  w astes an d  the o p e ra tin g  costs  for nucleat pow er 
p lan t w aste system s.

W aste  d isposa l technology an d  lan d  b u n a l case  h isto ries 
a re  d ealt with in C h a p te rs  7 an d  X They include p ro b lem s


