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ABSTRACT 

. .  - Calculations have been performed which indicate  the  possi bi 1 i  t y  

of reducing below ten years the  e f f ec t i ve  h a l f - l i f e  f o r  transmutation 

of massive loadings of 1 3 7 ~ s  placed in a CTR blanket. The blanket 

studied i s  a modification of the  cyl indr ical  "standard blanket ' '  

~ca lcu la t iona l  benchmark, having 1 cm of Nb wall material followed by a 

20 cm t a r g e t  zone, 70 cm of moderator and a 6 cm absorber of Li. The 

2 "standard blanket" source yie lding a wall loading of 10 MW/m of 14 MeV . 

neutrons i s  assumed. Neutron production by (n,2n) react ions  in a Be 

moderator i s  used t o  increase the  thermal f lux .  For an 80% t a rge t  zone . 

loading o f  1 3 7 ~ s ,  a transmutation r a t e  of 290 k g  p ~ r . y k a r  per.  meter of 

CTR length i s  obtained, with a half-1 i f e  ('including radi,oactive decay) 

of 9.9 years.  A t  t h i s  loading, the transmutation r a t e  i n  roughly one 

percent of the  length of a CTR blanket would balance the  production 

r a t e  in a f i s s i on  reactor  of the same power. 



INTRODUCTION 

Calculations have been performed to study the f e a s i b i l i t y  of trans- 
) 

.' . muting f iss ion products by neutron-i nduced 'reactions in the blanket 

, . .  -. region of a  control led thermonuclear fusion reactor (CTR) . More 
4 ' 

s.pecifically, attention was focused upon the poss ib i l i ty  of s ignif icant ly 

shortening the 30 year half-1 i f e  of 13'cs by th i s  process. Because 1 3 7 ~ s  

; . i s  copiously produced in both plutonium and uranium f i s s ions ,  accelerating 

i t s  decay could help to  ease the radioactive waste problems attendant 

upon nuclear power generation. Further, because i t  has the 1o.west thermal 

neutron capture cross section of the moderately long-lived f i ss ion  

products, 13'cs represents a  "worst case" fo r  th i s  techni-que. 

Because of the very low neutron capture cross section of 1 3 7 ~ s ,  4 

high thermal neutron flux i s  required t o  transmute i t  a t  a  r a t e  equal to  i , ts  

. natural r a t e  of radioactive decay. Specifically,  an integrated .l/v ('1 1 
- 2 - 1 flux of 7  x n-cm - sec i s  required.. In i t i a l  calculations were 

performed using source and blanket configurations related t o  the "standard 

blanket" calculational benchmark defined a t  the ORNL Fusion Technology 

Conference. These calculations showed tha t  flux t raps could be designed 
- 2 t o  produce l /v  fluxes exceeding 1016 n-cm - sec-' . Consequently, in te res t -  

ing tl-ansniutat-iur~ rates  could be expected fo r  in f in i t e ly  d i lu t e  loadings 

of 137cs. 

In order f o r  transmutation to  be useful fo r  the reduction of f i ss ion  

product inventories, i t  must be possible to  transmute s3 y r ~  i f icant  quan- 

t i  t i e s  of target  material a t  interest ing ra tes .  Therefore, calculations 

were performed to  study the transmutation r a t e  for  macroscopic loadings of 

1 3 7 ~ s  in a  model CTR blanket. The resu l t s  o f  t h e ~ e  calculations indicate .  

tha t  a  blanket region can be designed in which 1 3 7 ~ s  i s  transmuted morc 



than tw ice  as f a s t  as i t  decays n a t u r a l l y ,  even a t  load ings  exceeding 

50% by volume. A t  such loadings the  t ransmuta t ion  r a t e  i n  rough ly  1% 

o f  t he  b lanke t  reg ion  o f  a  CTR would balance the  product ion  r a t e  i n  a  
-. 

f i s s i o n  r e a c t o r  producing the  same power. 

CALCULATIONS AND RESULTS 

. . The CTR "standard b l a n k e t " ( * )  i s  a  c y l i n d r i c a l  annulus (perhaps a  . , 

s e c t i o n  through a  to rus ) ,  w i t h  i n n e r  and o u t e r  r a d i i  o f  200 and 300. cm 

r e s p e c t i v e l y .  I t s  f unc t i ons  a r e  t o  absorb the  k i n e t i c  energy of t he  

14 MeV f u s i o n  neutrons, breed tri t i  um, and s h i e l d  the  ou te r  (presumably 

I superconduct ing) magnets from neutrons. The b lanke t  zones a r e  c y l  i , nd r i ca l  

annul i , s t a r t i n g  w i t h  an i n n e r  Nb vacuum w a l l  0.5 cm th.i.ck ... TRj,s t s  

f o l l owed  by a  3  cm l a y e r  of L i  "mix" (,94% Li., 6% Nb) whi-ch represents a  

coo lan t  zone. A 0.5 cm Nb w a l l  separates t h i s  from a  second zone of Lis 

mix which i s  60 cm t h i c k .  This  i s  f o l l owed  by a  g r a p h i t e  r e f l e c t o r  30 cm 

t h i c k  and a  f i n a l  zone o f  L i  mix 6  cm t h i c k .  The spec i f i ed  DT fus ion 

neutron source o f  t he  "standard b lanke t "  i s  a  14 MeV neutron c u r r e n t  a t  

14 -2 -1 the  vacuum w a l l  o f  4.43 x  10 n-cm -sec correspondi.ng t o  a. neutron 

energy t r a n s p o r t  o f  10 M W - ~ - ' .  A1 1  c a l c u l a t i o n s  repo r ted  he re in  were 

normal ized t o  LhSs  w a l l  l oad ing  o f  f u s i o n  neutrons, 

The concept explored i n  these c a l c u l a t i o n s  i s  t o  rep lace t h e  c e n t r a l  

l a y e r  o f  L i  mix w i t h  pure moderator as shown i n  F igu re  1, t o  produce a  
, 

h igh  thermal f l u x .  Because neut ron ics  c a l c u l a t i o n s  of t he  standard b lanke t  

have i n d i c a l r d  a t r l t l u m  breeding r a t e  i n  excess o f  1  ..25,(3) adequate 

t r i t i u m  supp l ies  f o r  t he  CTR a re  assumed a v a i l a b l e .  T r i t i u m  product ion  i s  

ignored here, except as a by-product o f  Lhe ou te r  neutron-absorbing l a y e r  

o f  L i  mix which p r o t e c t s  t h e  ~ ~ ~ a y n e t s  from neutrons ' leaking through the  



FIGURE 1. Modif ied  .CTR S t a n d a r d  B l a n k e t  

Radial ~ i s i a n c e  ( t m )  



moderator. (Due to  more effect ive moderation,of f a s t  neutrons t h i s  blanket 

"'.-. . reduced neutron leakage to  the magnets by ' a t  l eas t  a factor  of four below 

levels calculated fo r  the standard blanket. ) 

I 

Using the ANISN code(4) the i n i t i a l  calcu1at i '~ns explored ways to  

produce a high l /v  flux in the moderator region. Reactor density graphjte 
! was t r ied  f i r s t ;  then beryllium was t r ied  fo r  i t s  bet ter  moderating properties 

and i t s  1 ow thresh01 d energy fo r  neutron production through (n , 2 n )  reactions. 

In the calculation fo r  Be the ref lector  zone was also f i l l e d  with Be. Both 

mode.rator and ref lec tor  zones were loaded t o  an atom density of 65% tha t  

of metallic Be. These calculations indicated consi:derable neutron losses to  

the inner coolant layer of Li mix. Consequently, i t  was. decided to  postulate 

gas cooling and remove the mtx from tha t  zone. The resu l t s  of b o t h  s e t s  of 

calculations a re  l i s t ed  in Table I ,  and indicate the possibi l i . ty ,of  achieving 

high average fluxes over an extensive region of moderator. (.5 

In addition to  neutron capture,  1 3 7 ~ s  will undergo transmutati-on t o  

the s table  i ~ o t o ~ l ~ ~ ~ a  in the high-energy neutron flux via the (n,2n) 

reaction t o  1 3 6 ~ s  followed by rapid (13 d )  beta decay., The cqlcula,ted f a s t  

neutron flux near the inner edge of the blanket plus an assumed (.n,2n) cross 

section of 1.5 b would give an additional in f in i t e ly  d i lu t e  speci.flc 

ac t iv i ty  of 0.021 per atom per year. Even though the h,igh ene,rgy neutron 

flux decreases rapidly with penetration into the.moderator, t h i s  process 

should enhance transmutation rates  s ignif icant ly i f  f i ss ion  product 1oadi.ngs 

are  confined to  the inner. portSiuri of the blanket (wh.ich i s  a lso the high 

thermal flux region). Cons,equently, fur ther  calculations using model 1 3 7 ~ s  

cross sections were undertaken. 



TABLE I. I n teg ra ted  l / v  f l u x  c a l c u l a t e d , f o r  m o d i f i c a t i o n s  o f  
t he  CTR "standard b lanke t "  discussed i n  t h e  t e x t .  
A lso  shown a r e  s p e c i f i c  a c t i v i t i e s  c a l c u l a t e d  us ing  
the  137Cs thermal neutron capture  cross sec t ion .  
Averages a re  over  t he  b lanke t  reg' ion between r a d i i  
204 and 264 cm. The 137Cs s p e c i f i c  a c t i v i t y  due 
t o  r a d i o a c t i v e  decay i s  0.023 per  year.  

i 

?I /v  
(cm-2-sec-1) < o$ > (per  year )  

Max. Ave. Max. Ave. 

Graph i te  

w/Li She l l  2.8 x  10 1.7 x  10 0.010 , 0.006 
15 

wo/Li She l l  7.6 x  ..I0 
15 15 4.7 ,x 10 0.026 0.016 

Bery l  1  i urn 

w / L i S h e l l  7 . 4 ~ 1 0 ' ~  4.3 x  10 0.026 0.015 
15 . 

wo/Li She l l  2.2 x  1016 1.1 x  1016 0.076 0.038 



The ENDFIB-I11 description of 1 3 7 ~ s  (MAT 1230) i s  not adequate t o  

perform theneutronics calcula t ions . '  This descr ipt ion not only does not 

contain an (n,2n) cross  section, b u t  a l l  of the  calculated non-elast ic 
' -. 

cross  section other  than capture i s  a t t r i bu t ed  t o  i n e l a s t i c  sca t te r ing .  

Therefore, i n  order t o  obtain a reasonably valid neutron t ranspor t  

cal c i l a t i o n  the m'icroscopic cross  sect ions  of the nearby nucleus 3 3 ~ s ,  

a s  given on ENDFIB-I11 (MAT 1141 ) ( 6 )  were used t o  build a model f o r  

13'Cs cross sect ions .  The 1 3 3 ~ s  descr ipt ion contains (n ,p), (n ,a) and 

(n,2n) reactions in addit ion t o  capture,  and e l a s t i c  and i n e l a s t i c  

sca t te r ing .  In order t o  build a 1 3 7 ~ s  cross  sect ion f i l e  only the  1 3 7 ~ s  

cdpture cross section of MAT-1230 was subst i tu ted f o r  the  1 3 3 ~ s  capture , 

f i l e .  (7 . . . . 

 he calculated spec i f ic  a c t i v i t i e s  f o r  neutron cap ture  on 1 3 7 ~ s  are 

due almost e n t i r e l y  t o  the thermal group. There has apparently been only 

'one determination of the  1 3 7 ~ s  thermal capture cross section ., This 

measurement was the  cross  section t o  produce the  32 mi.n 1 3 8 g ~ ~  act iv i . ty .  
* 

The value obtained was 0.110 + 0.050 b .  . Thus the  calcula ted neutron 

.. - . .capture  r a t e s  a r e  uncertain by some f i f t y  percent due t o  the  uncertainty 

i n  the  cross s'ection. 

Calculat.ions were performed fo r  various loadings of the  model 1 3 7 ~ s  

in the blanket f o r  the  most favorable case of the  i n i t i a l  study - the  Be 

moderated case w i t h  a R6 r e f l e c t o r ,  w i t h  the inner L-i layer  replaced by 

. . 

* The e r r o r  of + 0.033 b quoted in BML ,325, 2nd Ed. , Suppl 2, Neutron 

Cross Sections Vol I1 B was only the  random e r r o r  assigned by 
Stupegia. (8) Stupegia estimated the  t o t a l  e r r o r  t o  b e  the  value given 

in  the  ' t ex t .  



. 
vo id .  For these c a l c u l a t i o n s  the  atom d e n s i t y  o f  Be was taken t o  be 80% 

. o f  m e t a l l i c ,  w i t h  v o i d  space assumed f o r  gas coo l i ng .  F igure  2  presents 

the  r e s u l t s  o f  two s tud ies  i n  which the  Cs was loaded i n t o  the  i n n e r  20 cm 
. . ". 

. o f  b lanke t  (between r a d i i  o f  204 and 224 cm). I n  one study, the  reg ion  

was f i l l e d  t o  80% by volume, w i t h  Cs and Be, i n  va ry ing  propor t ions .  I n  

: t he  o the r  study, o n l y  Cs i n  t h ree  d i f f e r e n t  volume f r a c t i o n s  was p laced 

i n  t h i s  reg ion .  

I n  o rder  t o  understand the  c a l c u l a t e d  r e s u l t s  shown on F igure  2, 

i t  should be recognized t h a t  w h i l e  t he  mass.densi t ies of elemental Be and 

Cs d i f f e r  by l e s s  than 2%, the  atom d e n s i t y  of Cs I s  l e s s  than 7% t h a t  

o f  Be. One r e s u l t  o f  t h i s  i s  t h a t ,  on a  volume percent  basis ,  Be i s  a 

much b e t t e r  moderator. Another r e s u l t  i s  t h a t  even a, f u l l  volume 1oadt;ng 

o f  pure Cs i s  so d i l u t e  t h a t  t he re  i s  l i t t l e  a t t e n u a t i o n  o f  t he  .high energy 

neutron f l u x .  Thus, when o n l y  Cs i s  p resent  i n  t he  t a r g e t  zone the  

(n  ,2n) r e a c t i o n  probabi 1  i t y  i s  weakly dependent upon Cs concent ra t ion .  

When Be i s  loaded w i t h  the  Cs, however, t he  decrease i n  Cs (n,2n) r e a c t i o n  

p r o b a b i l i t y  w i t h  i nc reas ing  Be load ings  i s  rapid. '  

I n  t he  cases where the  t a r g e t  zone was f i l l e d  t o  80% by volume w i t h  

va ry ing  Cs/Be f r a c t i o n s ,  the  systemat ic  decrease i n  t he  Cs ( n y Y )  absorp t ion  

p r o b a b i l i t y  w i t h  i nc reas ing  Cs f r a c t i o n  f o l l o w s  f rom t h e  decreasing a b i l i t y  

o f  t h e  m ix tu re  t o  a t tenua te  the  h i g h  energy neutron f l u x .  The rad ius  a t  

which the  thermal f l u x  reaches a  maxirnum,increases w i t h  i nc reas ing  Cs 

f r a c t i o n ,  decreasing t h e  p r o b a b i l i t y  of ( n Y v )  abso rp t i on  per  Cs atom. 

Table 2  l i s t s  bo th .  average and maximum r e a c t i o n  r a t e s  i n  t he  t a r g e t  

zone and the  corresponding e f f e c t i v e  ha1 f 1  i v e s  ( , inc lud ing  r a d i o a c t i v e  



- 

FIGURE 2, 1 3 7 ~ 5  T R A N S M U T A T I O N  P . R O B A B I  L I T Y  P E R  Y E A R  : 

VOLUME % 137 Cs 



TABL'E' 2. Calcula-ted Transmutation Rates 
of Cs-137 i n  the Blanket of a 
Tokomak Fusion Reactor? 

Average Maximum 
Reaction Reaction -Total Reaction Reaction 
Rate ' Rate Total Transmutation Rate Rate Total 

volume @(l /v )X1O coo> . . ny2n 
Effective <o+> <a$> n ,2n Effective  ate* n Y Y  Fraction f rac t ion  f rac t ion  . T-1/2* f rac t ion  f rac t ion  T-1/2* 

RCs/IBe (bJeut/cm2-sec) (year) (year) (years)  (kg-6'-yr'-' ) ( ~ e u t / c r n ~ - s e c )  (years)  

* 
Includes radioactive decay ac t i v f t y  of 0.0229 per atom per year. 

 h his device produces ZOO MW(t) per meter of CTR device length.. 

??lb  wall material (1 cm th ick)  removed. 



decay). Also shown are the integrated l /v  fluxes and the to ta l  trans- 

mutation rates  per meter of CTR device length. The bottom row of th i s  

table  l i s t s  the resu l t s  of calculations fo r  a case in which the Nb wall 
. . -. 

; material i s  removed. I t  i s  included to  indicate the upper l imits  o f .  

improvement obtainable by redesign of the inner wall region. 

I Since the inclusion of void space fo r  coolant will doubtless be 
/ 

necessary in the target  zone, 80% volume fraction loading of pure Cs 

in the target  zone with the Nb walls in place may be the most r e a l i s t i c  

case. The calculated transmutation r a t e  of 290 kg per year per meter of 

device length for  t h i s  case i s  such tha t  transmutation in roughly 1% of 

the length of a CTR blanket would balance the producti.on r a t e  i.n a fi'.ssi.on 

reactor of the same thermal power. This transmutation r a t e ,  with an 

ef fec t ive  ha l f - l i f e  of 9.9 years, i s  deemed interest ing.  

Beryllium has not'been widely used as a moderatbng material i n  nuclear 
Z . 

' f iss ion reactors.  This i s  apparently due to  the manufacduring expense 

related to  Be toxic i ty ,  and due t o  the poor s t ructural  s t a b i 1 i . t ~  of Be 

under 'neutron i r radiat ion.  Consequently, calculations have been\rnqde to  
1 

determine the extent to  which the Be content of the blanket can be replaced 

by graphite without losing the flux enhancement obtained through Be(n ,2n.) 

reactions. These calculations were carried out' for  the case with a 25% Cs, 

55% Be loading in the target  zone. No change in the Cs transmuta,tion ra,te 

was found when the outer 50 cm of Be was replaced by graphite; replacement 

o f  the en t i r e  70 cm Be zone external t o  the ta rge t  zone decreased the 

C S ( ~ , ~ )  transmutation r a t e  by l e s s  than 10%. Thus large quant i t ies  of Be 

in the blanket may n o t  be necessary t o  achieve the desired neutron 

mu1 tip1 icati.on. 



A second r e s u l t  o f  l e s s e r  importance was a l s o  obta ined i n  s tudy ing  

the  combinat ion Be-graphi t e  nloderator. The tri ti um product ion  per  source 

6 neutron due t o  L i  (n ,-y) cap ture  reac t i ons  i n  t he  ou te r  absorber l a y e r  
-. 

increased f rom 0.18 f o r  t he  pure Be moderator case t o  0.42 when a l l  Be 

ex te rna l  t o  t h e  t a r g e t  zone was rep laced by g raph i te .  Th is  i n d i c a t i o n  

t h a t  t r i t i u m  product ion  may be achieved s imul taneously w i t h  t ransmuta t ion  

l e d  t o  a c a l c u l a t i o n  f o r  which the  t a r g e t  zone was fo l l owed  by 20 cm o f  

Be, and the  remain ing 56 cm o f  the  b lanke t  was f i l l e d  w i t h  the  Li-Nb 

absorber mix. T r i t i u m  product ion  increased t o  0.94 per  source neutron w i t h  

a decrease o f  o n l y  20% i n  the  Cs(n,-y) t ransmuta t ion  r a t e  below t h e  r a t e  

f o r  t he  f u l l  Be b lanke t  case. Thus, o p t i m i z a t i o n  o f  bo th  t r i t i u m  p,roduct ion 

and t ransmuta t ion  . . r a t e s  seems poss ib le .  

Other aspects of the  r e l a t i v e  m e r i t s  o f  b e r y l  1  ium and carbon as 

moderators i n  CTR b lankets  i nc lude  the  gas product i ,on ra tes ,  wh.ich s t r o n g l y  

determi'ne s t r u c t u r a l  s t a b i  1 i ty, and the  induced ra.di.oact1vi. ty., These 

e f f e c t s  might  be expected t o  d t f f e r  i n  t he  14 MeY neutron source f l u x  o f  

t he  CTR from t h e  same e f f e c t s  i n  a f i s s i o n  r e a c t o r  neutron f l u x .  Conse- 
\ 

quent ly ,  these r e l a t i v e  e f fec ts  have been est imated f o r  th.e DT fus ion  

reac to r .  

Gas Product ion 

The neut ron  mu1 t i p 1  i c a t i o n  of th.e b e r y l  1  i,um b lanke t  th-rough, t he  (n ,2n) 

r e a c t i o n  i s  achieved a t  t he  expense o f  he l ium gas product ion  v i a  the  

reac t i on :  

8 ips '~e(n ,2n)  Be - 2  He. 



With the  neutron spectra produced by the  14 MeV DT source, a d d i t i o n a l  

he1 ium and t r i t i u m  gas a r e  a l s o  produced by means o f  t he  reac t i ons  

.. .. 
4  6 'Be(n, He) L i  

' B e ( n Y 3 ~ )  ' ~ i  

and the  secondary r e a c t i o n  

6 ~ i  (n , 3 ~ )  4 ~ e .  

Helium i 's produced i n  the  g raph i te  b lanke t  by the  r e a c t i o n s :  

12c(n, 4 ~ e )  'Be 

4 "c(n,nl)  3  He. . . .. . . 

Ca lcu la t ions ,  which a r e  repor ted  elsewhere, have been performed 

f o r  100 cm b lankets  of pure Be and pure g raph i te  a t  80% th.eoreti.ca1 dens i ty ,  
. . 

The product ion  r a t e s  of he l ium and t r i t i u m  i n  the  f i r s t  cm of a  Be b lanket ,  

g iven i n  terms o f  percent  o f  i n i t i a l  b lanke t  atoms per  year,  a re  4.5% yr-' 

and 0.2% yr-l , r e s p e c t i v e l y .  I n  a  g raph i te  blank; t he  correspondi,ng 

hel ium product ion  r a t e  i s  2.2% y ~ ' .  

The c a l c u l a t e d ' h e l i u m  product ion  r a t e s  i n  g r a p h i t e  a re ,abou t  h a l f  of 

t he  b e r y l  1  i'um' values. Nevertheless, t he  gas product ion  i n  th.e b e r y l  1  ium 

b lanke t  i s  a c t u a l l y  l e s s  than i n  the graphi'te per .  thermal neutron ava i . lab le  

f o r  transmutation.. I n  any event, t he  gas product ion  r a t e s  i n  bo th  m a t e r i a l s  

a r e  so h igh  t h a t  n e i t h e r  m a t e r i a l  would have any s t r u c t u r a l  s t a b i l i t y .  To 

be used i n  a  14 MeV DT neutron f l u x  of t h i s  magnitude e i t h e r  m a t e r i a l  

would have t o  be encased i n  a  s t r u c t u r a l  m a t e r i a l  w i t h  a  g rea te r  res i s tance  

t o  r a d i a t i o n  damage. 



Induced Rad ioac t i v i  t i e s  

. - . 
The a c t i v i t i e s  o f  t he  r a d i o a c t i v e  daughters produced i n  the  same 

. . -. b l anke t  have a l s o  been est imated. I n  b e r y l l i u m  the  o n l y  long- term 

6  a c t i v i t y  i s  t he  1.6 x  10 y r  beta e m i t t e r  l oge  produced by neutron capture.  

Ca lcu la t i ons  i n d i c a t e  a  bu i l dup  per  day o f  5.4 c u r i e s  per  meter o f  l e n g t h  

; f o r  t he  f u l l  b lanke t  th ickness.  I n  g raph i te ,  1 ° ~ e  a c t i v i t y  i s  a l s o  

- produced by the  (n ,a) r e a c t i o n  on the  1.1% 13c iso tope.  Since the re  a re  

no experimental  determinat ions o f  t h i s  cross sec t ion ,  a  value was obta ined 

f o r  t h i s  a c t i v i t y  by assuming t h a t  t he  13c(,n,a) cross s e c t i o n  was equal 

t o  t h e  sum o f  the  12c(n,a) and 12~( ,n ,3a)  cross sec t ions .  Thus the  value, 

0.015 c u r i e s  per  day per  meter, may be erroneous by a  f a c t o r  of severa l .  

  his' i s  n o t  o f  p a r t i c u l a r  importance s ince  the  dominant a c t i v i t y  i n  g raph i te  

14 
i s  t h a t  o f  t h e  5730 yr beta  e m i t t e r  .C produced by  neutron cap tu re  b y  13c. 

  hi's 14c product ion  r a t e  i s  i n i t i a l l y  0.83 c u r i e s  per  day per  meter .  It 

i s  a c t u a l l y  t ime dependent s ince  t h e r e  w i l l  be apprec iab le  b u i l d u p  o f  13c 

d u r i n g  i r r a d i a t i o n  by neutron capture  i n  "c. . However, t h i s  w i l l  be 

compensated i n  p a r t  by the  (n,2n) r e a c t i o n  on 13c which has a  th resho ld  

energy o f  5.3 MeV. The ana lys i s  o f  t he  e f f e c t s  o f  these secondary r e a c t i o n s  

has n o t  been c a r r i e d  ou t .  These c a l c u l a t e d  values of a c t i v ' i t y  do r io t  

i n d i c a t e  any p a r t i c u l a r  problems. 

'Thus, i n t e r e s t i n g  t ransmuta t ion  r a t e s  may be obta ined f o r  massive 

luadi r lgs of 1 3 7 ~ s  i n  a  CTR b lanket .  Transmutat ion o f  s i g n i f i c a n t  q u a n t i t i e s  

o f  Cs appears f e a s i b l e  a t  these i n t e r e s t i n g  t ransmuta t ion  r a t e s .  Cent ra l  

t o  t h i s  achievement i s  t he  i n c l u s i o n  o f  Be i n  the  i n n e r  b lanke t  regions,  

a l though l a r g e  amounts may n o t  be necessary. Problems associated w i t h  t h e  

use o f  Bc as. a modcrator appear n o t  t o  be much worse than s i m i l a r  ones 

associated w i t h  the  use o f  a  g raph i te  moderator. 
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