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N O T I C E  

This report was prepared as an account of work sponsored by the United States 
Government. Neither the United States nor the United States Atomic Energy Corn- 
mission, nor any of their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness or usefulness of any  information, 
apparatus, product or process disclosed, or represents that its use would not infringe 
privately owned rights. 



ABSTRACT 

This report describes the different types of nuc lea r  

cross-section information that has been supplied to CTR related 

projects and is available a t  the National Neutron Cross Section 

Center. This has included data from the ENDF/B and ENDF/A 

libraries as well as the resu l t s  of c a l c u l a t i o n s  based on 

nuclear systematics. 
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Lntr oduc t ion 

The National Neutron Crass Sect ion Center (NNCSG) has provided 

cross-sect ion d a t a  f o r  a large number of n u c l e i  of i n t e r e s t  t o  t h e  

Controlled Thermonuclear Research (CTR) Program i n  t h e  p a s t  year .  The 

d a t a  were suppl ied t o  a small number of l a b o r a ~ o r i e s  a c t i v e l y  engaged i n  

t h e  CTR program and had a l imi ted  d i s t r i b u t i o n .  This r e p o r t  summarizes 

this voluminous body af mater ia l  by g iv ing  (a) sources  of  p a r t i a l  or 

complete eva lua t ions  of the d a t a  (b) c a l c u l a t i o n a l  methods used where no 

eva lua t ions  o r  experimental d a t a  e x i s t  (c) l i s t  of n u c l e i  f o r  which the  

c ross - sec t ions  were given and (d)  other  a r c h i v a l  m a t e r i a l  a v a i l a b l e  a t  

the National Neutron Cross Section Center. It is  hoped t h a t  t h i s  in fo r -  

mation would be of i n t e r e s t  to a l a r g e r  c l a s s  of use r s  and i n d i c a t e  the 

type of d a t a  a v a i l a b l e  from the NNCSC. 



2. Nuclear Cross-Sections for the CTR Program 

There is at present a large amount of research activity connected 

with the CTR program as can be seen from the proceedings of a recent 

( 11 conference. Some of the areas of interest in this program are (1) tritium 

breeding (2) energy deposition (3) material activation (4) helium and 

hydrogen production (5) atomic displacement and materials damage 

(6) dosimetry and transmutation analysis (7) fission-fusion systems and 

(8) fission product burner systems. These studies need nuclear data of 

different types, degree of detail and accuracy, In some cases a rather 

reliable knowledge of nuclear cross-sections arrived at by a detailed 

evaluation of all rhe experimental data are needed. This could be 

supplied by the various evaluations in the ENDF/B Library, whose contents 

and emphasis have been mainly determined by the needs of  the thermal and 

fast reactor research programs. In some other cases larger uncertainties 

in the cross-sections could be tolerated because all that one needs are 

order-of-magnitude estimates. In the latter case, one could use partial 

evaluations of the various nuclei where the data files are made up of a 

few reactions of immediate interest and the data files have not been 

tested against i n t e g r a l  measurements. In addition, there are a few nuclei 

whose cross-sections have not been measured either because they are unstable 

or because of other special experimental difficulties. In such cases, 

the cross-sections have to be estimated from calculations based on nuclear 

models and or nuclear systematics. In satisfying requests for nuclear 

data for the CTR program, material obtained from these different sources 

or procedures has been used and these methods are described below. 



2 .1  ENDFIB Libra rx  

The o r i g i n  and the  general  philosphy of  t h i s  neutron c ross - sec t ion  

data l i b r a r y  have been describek? It i s  meant t o  be a re fe rence  d a t a  

l i b r a r y  based on t h e  bes t  ava i l ab le  microscopic experimental d a t a  and 

covers  a neutron energy range from 1.OE-05eV to 20.0MeV. Though the 

e a r l i e r  vers ions  of t h i s  l i b r a r y  contained only neutron c ross - sec t ion  da ta ,  

Versions 111 and I V  ( t h e  cur ren t  ve r s ion  re leased  Feb.-Sept.'74) a l s o  

con ta in  gamma product ion cross-sect ions  f o r  a f e w  n u c l e i  used a s  sh ie ld ing  

m a t e r i a l s ,  As mentioned e a r l i e r ,  s i n c e  t h i s  data l i b r a r y  was formed w i t h  

t h e  needs of thermal and f a s t  r eac to r  a p p l i c a t i o n s  i n  mind, the energy 

reg ion  below a few MeV has perhaps received more emphasis t han  t h e  higher 

energy a t  around 14 MeV which i s  of  i n t e r e s t  t o  CTR app l i ca t ions .  This 

has been p a r t l y  due t o  the f a c t  t h a t  t h e r e  are more  r e l i a b l e  and larger 

number of measurements a t  lower energies  than a t  h igher  energ ies  except  

f o r  t h e  region i n  t h e  immediate v i c i n i t y  of 14 MeV. In  add i t ion ,  many of 

the  evaluat ions  a r e  fo r  an element rather than i t s  ind iv idua l  i so topes ;  

thus c r e a t i n g  s p e c i a l  problems i n  energy depos i t ion  and charged p a r t i c l e  

production c a l c u l a t i o n s .  However, a t tempts  a r e  being made t o  improve t h e  

d a t a  f i l e s  i n  the  high energy region guided by r e l e v a n t  i n t e g r a l  measure- 
* 

mencs and t o  g ive  i s o t o p i c  information i n  the  d a t a  f i l e s ,  I n  add i t ion ,  

the  ENDF/B d a t a  f i l e s  a r e  well d o ~ u r n e n t a & ~ )  and have benef i t ed  from the  

r e s u l t s  of benchmark experiments. Therefore, til.1 eva lua t ions  s p e c i f i c a l l y  

meant f o r  CTR a p p l i c a t i o n s  become ava i lab le  the  d a t a  f i l e s  i n  t h e  ENDFIB 

system a r e  t h e  b e s t  ava i l ab le .  AS a r e s u l r  of  t h i s ,  i n  s a t i s f y i n g  reques t s  

fo r  the CTR programs the cur ren t  ENDFIB L ib ra ry  l i s t  i s  scanned f i r s t  

and if the  elements o r  isotopes  whose c ross - sec t ions  a r e  requested a r e  i n  

*In Jan. 1974, NNCSC received the  ENDL eva lua t ions  which emphasize t h e  high 

energy region of  CTR i n t e r e s t  and which i n  some cases  have been compared 

24 a g a i n s t  pulsed sphere  experiments . 



the  l i b r a r y ,  the  corresponding d a t a  f i l e s  a r e  sen t .  The l i s t  of evalu- 

a t i o n s  i n  the ENDFIB-IV Library a r e  given i n  Appendix A. 

2.2 ENDF/A L i b r a r y  

This d a t a  l i b r a r y  c o n s i s t s  of ( i )  e a r l i e r  eva lua t ions  no longer i n  

cur ren t  use ( i i )  p a r t i a l  evaluat ions  which dea l  wi th  only a f e w  r e a c t i o n s  

or  (iii) complete o r  p a r t i a l  evaluat ions  from o t h e r  d a t a  l i b r a r i e s .  As 

f a r  as  poss ib le  a t tempts  a t e  made t o  convert these  d a t a  f i l e s  t o  conform 

t o  the  ENDF/B format, though i n  some cases  they do not.  I n  the  l a t t e r  

case ,  they w i l l  have t o  be modified f o r  use with  t h e  usual  ENDF/B processing 

codes. I n  a d d i t i o n , t h e  provenance of rhe eva lua t ions  i n  t h e  ENDF/A l i b r a r y  

may not  be known. However, some of  these  eva lua t ions  could be of use  

f o r  prel iminary c a l c u l a t i o n s  and f e a s i b i l i t y  s tud ies .  Therefore, i f  

the eva lua t ion  f o ~  a particular nucleus is not found i n  the  ENDF/B 

l i b r a r y ,  the  con ten t s  o f  the  ENDF/A l i b r a r y  a r e  searched. In  a d d i t i o n  

t o  the  e a r l i e r  eva lua t ions ,  the  ENDF/A l i b r a r y  con ta ins  t h e  folLowing: 

(I) UKNDL (Version 3) (United Kingdom) Received J u l y  2, 1973 

General c ross - sec t ion  da ta  s e t s .  There Ls no documentation on t h e  

d a t a  f i l e s ;  t h e r e  i s  only an index l i s t i n g  t h e  var ious  reac t ions  i n  

t h e  d a t a  f i l e s .  It i s  t i t l e d  "CCDN Index t o  t h e  Aldermaston Nuclear 

Data Library Version: March 1973". ENDF format 

(2) UKNDL (Version 2) (United Kingdom) Received May 5, 1971 

General c ross - sec t ion  daca sets .  Ref 4. ENDF format 

(3) ENDL (U.S.A.) Received Jan. 25, 1974 

The Lawrence Livermore Laboratory Evaluated Nuclear Data Library 

(ENDL) t r a n s l a t e d  i n t o  ENDF/B format. It includes  photon product ion 

cross-sect ions .  R e f  5. ENDF format 

(4) STANDARDS ( U , S . A . )  Received Jan. 25, 1973 

ENDF/B-111 cross-sect ion measurement s tandards ,  Ref 6 .  ENDF format 



(5) (France) Received August 7, 1973 

compilation of p roper t i e s  of f i s s i o n  product nuc le i .  R e f  7 .  ENDF format 

(6) SPENG (Sweden) Received Jan. 5 ,  1973 

General c ross - sec t ion  da ta  sets, T h i s  l i b r a r y  which i s  i n  p a r t  

based on UKNDL, ENDF and KEDAK l i b r a r i e s  con ta ins  d a t a  fo r  a number 

of ma te r i a l s  not  i n  ENDF/B-111. Ref 8 

(7) KEDAK (W. Germany) Received October 26, 1970 

General c ross - sec t ion  d a t a  sets. R e f  9 

(8) SAND-I1  (U.S.A.) Received August 5 ,  1971 

Dosimetry cross-sect ions .  Ref 10 

(9) AAEC (Aus t ra l i a )  Received Sept .  15, 1971 

Also r e f e r r e d  t o  a s  "Cook Library" c ross - sec t ions  for f i s s i o n  

product nucl ides .  Ref 11. ENDF format 

(10) OBNINSK (Nikolaev) ( U .  S .  S. R.) Received May 30, 1974 

E l a s t i c  S c a t t e r i n g  and Legendre Coef f i c ien t  f i t s  t o  some 42  

nucl ides .  No reference.  ENDF format. 

(11) KONSHIN & NIKOWV (U.S.S.R.) Received Jan. 17, 1973 

235u 
F i s s ion  c ross - sec t ion  fo r  . Ref 23.  ENDP format 

(12) BOYAD, (U.S .S .R. )  Received Sept .  11, 1972 

2 3 8 ~  evaluat ion.  NO r e fe rence .  

(13) BENZI ( I t a l y )  Received Dec. 4, 1970 

Fast neutron r a d i a t i v e  cap tu re  c ross - sec t ions  of nuc le i .  R e f  12 .  

(14) LIVOLSI 1500 (U.S. A , )  Received Nov, 1, 1971 

These are based on the  Cook l i b r a r y ,  w i t h  some improvements and 

modif icat ions  i n  the  thermal and resonance regions.  Ref 13. ENDF format 

Further  information on some  of these  d a t a  l i b r a r i e s  may be found 

i n  R e f  14. 

A p a r t i a l  l i s c i n g  o f  t h e  nuc l ides  and t h e i r  material  numbers f o r  

i d e n t i f i c a t i o n  may be found i n  Appendix B. 



2 . 3  Calculat ions  Based on Nuclear Systematics 

(15 1 
These c a l c u l a t i o n s  a r e  performed by using t h e  code THRESH which has 

been described i n  d e t a i l .  This code c a l c u l a t e s  some nineteen ( n , p a r t i c l e )  

c ross - sec t ions  induced by neutrons below 20.0 M e V  i n  medium mass nuc le i .  

The cross-sect ions  f o r  charged p a r t i c l e  r eac t ions  as  well  as  f i s s i o n  

spectrum averages of  t h e  cross-sect ions  can be ca lcu la ted .  

This code desc r ibes  a p a r t i c u l a r  c ross - sec t ion  and i t s  v a r i a t i o n  

wi th  energy by a  form given by the  s t a t i s t i c a l  model. Fur ther ,  the  

va r ious  parameters such as peak he igh t ,  i t s  width, s teepness  with which 

i t  r i s e s  or  f a l l s  are descr ibed by a set of parameters which are determined 

by e x i s t i n g  experimental d a t a  and t h e i r  v a r i a t i o n  fo r  n u c l e i  with d i f f e r e n t  

Z and N. Thus the  only inputs  needed f o r  t h e  code a r e  the  Z , N  of the  

target nucleus and the Q-values f o r  some nineteen nuclear  r eac t ions  which 

6 6 1 
could be ca lcu la ted  from the recen t  mass t a b l e s  of Wapstra and Gove or  

from an approximate mass formula b u i l t  i n t o  the  program. The r eac t ions  

f o r  which the cross - sec t ions  a r e  ca lcu la ted  a r e  ( n , n l ) ,  (n,2n),  (n ,3n) ,  

3 3 
( n , p > ,  (n,d),  (n ,  t) , (a ,  He), ( n , Q ) ,  ( n , ~ ) ,  (nynd) ,  (n ,n t ) ,  (n,n He), 

(n,n@) , ( n , 2 p ) ,  (n,pw) , (n,dn) , ( n , m ) ,  and (n,ap). The code THRESH i s  

being cons tan t ly  updated t o  include the  l a t e s t  information on experimental 

d a t a  i n  the  form of some 13 parameters i n  terms of which  t h e  c ross - sec t ions  

a r e  ca lcu la ted .  Recently, i t  has a l s o  been extended t o  heavier  n u c l e i  t o  

include the  mass region up t o  A=83. I n  add i t ion ,  s i m i l a r  procedures 

have been adopted i n  a code C H A P I N  t o  c a l c u l a t e  charged p a r t i c l e  cross- 

sec t ions .  The ca lcu la ted  c ross - sec t ions  are given both i n  the  form of a 

l i n e - p r i n t e r  output as  wel l  a s  i n  the  s tandard ENDF/B format from which 

they can be p l o t t e d  or can be  processed f u r t h e r .  

I t  i s  i n r e r e s t i n g  t o  compare t h e  r e s u l t s  o f  t h i s  code with  a v a i l a b l e  

experimental data .  This i s  shown i n  F i g .  1 where the  experimental d a t a  on 

t h e  58Ni(n,2n) c ross - sec t ion  a r e  s h a m  from t h e  threshold of t h e  r e a c t i o n  



a t  12.415 MeV t o  20.0 MeV. Some of the a v a i l a b l e  data s e t s  have been 

l e f t  out  as  they were thought t o  b e  h igh ly  d i sc repan t  o r  f e a r  of c l u t t e r i n g  

up the  f i g u r e  wi th  too many points .  The continuous curve drawn through the 

experimental po in t s  is thought t o  be the b e s t  r e p r e s e n t a t i o n  of t h e  a v a i l a b l e  

experimental d a ~ a ,  The dashed curve shows t h e  r e s u l t  of THRESH ca lcu la t ions .  

The average r a t i o  of che values on the  continuous curve t o  the  corresponding 

ones on the dashed cu rve  is 0.74 with the  minimum and the  maximum r a t i o s  

i n  the  whole energy range d i f f e r i n g  by only 10%. 

The problems assoc ia ted  w i t h  the  (n, 2n) c ross - sec t ion  of 93Nb i s  another 

case  where THRESH type caLculat ions  based on nuclear  systemat ics  have proved 

to be he lp fu l .  The a c t i v a t i o n  measurements of the  93Nb(n, 2n) c ross - sec t ion  

gave a value of about 450 mb a t  14 MeV whereas nuclear  systemat ics  p r e d i c t e 6  18) 

a cross-sect ion o f  1281 rnb a t  14.1 MeV. This  problem was s ~ l v $ ~ ~ ) w i t h  t h e  

r e a l i z a t i o n  that t h e  ground s t a t e  o f  9 2 ~ b  populated i n  t h e  (n,2n) r e a c t i o n  

has a very long h a l f - l i f e  and t h a t  t h e  measured a c t i v i t y  corresponds t o  

t r a n s i t i o n s  t o  the  f i r s t  exc i t ed  s t a t e  wi th  a r e l a t i v e l y  s h o r t  h a l f - l i f e .  

Subsequently, experiments designed t o  measure the outgoing neutrons  and t h e  

(n,2n) c ross - sec t ions  thus  measured have given r e s u l t s  i n  s u b s t a n t i a l  

agreement with  the  THRESH type c a l c u l a t i o n s .  Thus Macher et &fO)rneasured 

1312.t83 mb a t  14.3  MeV and H'Axing e t  $?')obtained 13501250 rnb a t  14 MeV 

and Paulsen and ~ i d e h I ' ) ~ o t  1380*179 mb a t  16.8 MeV. However, chese examples 

should not b e  construed t o  mean t h a t  t h e  r e s u l t s  of THRESH c a l c u l a t i o n s  

f o r  a l l  t h e  ( n , p a r t i c l e )  r e a c t i o n s  f o r  a l l  the medium mass n u c l e i  agree 

so wel l  wi th  experimental da ta  - the  d i f f e r e n c e s  between them a r e  usua l ly  

much l a rge r .  Therefore, i n  those cases  where the re  a r e  no experimental 

da ta ,  this code can supply c ross - sec t ion  va lues  which a r e  sometimes 

moderately r e l i a b l e  o r  a t  l e a s t  can be t r u s t e d  t o  g ive  order-of-magnitude 

es t imates .  



3 .  L i s t  of CTR Requests 

There have been mainly rhree sets of requests  f o r  nuclear  da ta  for  

GTR r e l a t e d  programs. They a r e  by (I) C. W. Maynard of Wisconsin Univers i ty  

f o r  energy desposi t ion,  charged p a r t i c l e  production and r a d i o a c t i v i t y  

c a l c u l a t i o n s  (2) J. R.  Powell of  Brookhaven i n  connection w i t h  h i s  s t u d i e s  

of the  minimum a c t i v i t y  blankets and (3)  W. C. Wolkenhower for his calcu- 

l a t i o n s  of the  f iss ion-product  burner systems. The de ta i l ed  l i s t s  of these  

r e q u e s t s  and t h e  d i f f e r e n t  d a t a  s e t s  sent i n  June - August 1 9 7 3  are given 

i n  Appendix C .  I n  each case ,  either t h e  a v a i l a b l e  evaluat ions  and or the  

r e s u l t s  of the  THRESH c a l c u l a t i o n s  were sen t  t o  t h e  requestor  along with 

the p l o t s  of  a l l  the  c ross - sec t ions .  As s u c h  t h e  da ta  packages sen t  were 

voluminous and therefore a r e  n o t  given as p a r t  of  t h i s  r epor t .  These da ta  

sets were a l s o  sen t  t o  some e i g h t  l abora to r i es  i n  the  U.S. a c t i v e l y  

working i n  the CTR r e l a t e d  programs. Similar  requests fo r  c ross - sec t ions  

can be s a t i s f i e d  i n  t h e  future. 



APPEmIX A 

Contents of the ENDF/B-IV L i b r a r y  
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~ l ~ l ~ t ~ ~ ~ ~ ~ l ~ , ~ , ~ l - , I I I I I I I I ~ I I l ~ l ~ 1 1 l C I I ~ l ~ l ~  
0 ~ ~ 1 0 1 a 1 ~ 1 0 1 0 1 a 1 0 1 n 1 n 1 0 1 a t 0 1 ~ 1 0 1 0 1 0 1 0 1 n 1 0 1 0 1 n  

1 1 1 1 1 b 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
o 1 l l t l l 1 1 t l 1 l l t I ~ I 1 1  
I l l 1  l l l l l 1 t l l l ~ l ~ l t l l  
l l l l r l t l l l 1 1 1 1 l t l l i * l  
1 I I l l I l I I I I I I I l I I I l l I  
I ~ k ~ k l 1 b I C I C t l # # D L L C l  
I I I I l l t l r l l l l l l l l l l I I  
t l l l l l l l I l l l 1 l l l t l l I I  
1 1 t 1 1 1 1 1 1 1 l l 1 l I I l I l 1 I  
I l l I 1 I C c t 1 I 1 r 1 k I r I I I I  
1 1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
I l I 1 I I l I ~ I I I I l l l l l l l l  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t 1 1  
I t 1 I - 1  1 F m r 1 - 1  r 1 r I - ?  I 1 1  r - t -  
I I 1 I J I  1  I I I l J 1  I 1  I \ > I  I I I 1 d l d  
I I I I Z I  o  r I I m r 1  I I r r z r  r r r m z r z  
I I I I ~ I  I I I t I I I I ~ I  I I I ~ m ~ m  

S  I # - I  I 1 I I I - I  b R I t u b  L I I 1. - l "  
r l l l l I l t l l I I I l 1 I I I I I I  
1  I I I - I  t g I 1 0  1 I I l l  1 I - l -  
I B I # > I  I 1  1  I t > L  I I I I T 1  I I I l> l> 
1 0  8  I W I  B D  0  I . W I  S t I W L  I B  I 8 W l W  
I I I I I t I 1  1 x 1  I 1  1 1 x 1  I I I l r l E  

~ I B D ~ ~ W ~ ~ W ~ ~ W ~ D ~ ~ B L D I I ~  
+ I  1 I I 1 1  I I 1 I S  I I r I 1 I ~ a ~ m  
Z I  I I 1  B N I  I B  b t I N I  I I I I N 1  B I D I N I N  
~ I i l l I I I I I I l I I I l I I l 1 I I I  
r o  I I 1 1 0 1  1 I I * t o r  I I t k 0 C  B * k I 0 1 0  
Z I  I I I 1 l - 1  I 1 I I I I t I I 1 1 I 1 - 1 4 -  
o ~ r b ~ n s t ~ ~ n ~ ~ r r t b t r m ~ t ~  
U I  I I I 1  I I I I 1 0 1  I I I r n r  J I I l o l o  
I I I I 8 W t  I I I I 1 B d 1  I I I I W l  & I I 1 W I b  

r n n  r r  I r a m  I I I I 1 0 1  I I I B ~ I  I I I ~ n t m  
0  b  B  I S Z l  I S  0  b I Z I  I . I C Z J  I b l Z * Z  
l - C  I I 1  1 w 1  I I I I I W I  1  I I I W I  I I I I W t W  
4 s  r a  B t l - I  I I I * I W I  r  I I I ~ I  I I 1 I ~ I C  
+ I  I I I I X *  I I I 1 1 x 1  I I 1 1 % )  t I I I X I X  
I 1  1 I I I W I  I I I I I W L  I I I I W I  I I I I W I W  

I l l l I I I I I l I I I I I I I I l 1 1  
I 1 - 1  1 - 1 - 1  1  L 1  1 - 1 - 1 - 1 - 1  1 - 1  I I 1  1 - 1 -  

I -  I 1 - 1  1 - 1 - 1  I I I I - 1 - 1 - 1 - 1  - 1  I I I 1 - 1 -  
4 # ~ I ~ I ~ I ~ I ~ I - I - 1 - I - I - I - I - 1 - I I I ~ I - 1 - I - I - I - t - l -  
V I  1  I 1 1  I . I I t  I I I I I I ~ L ~ I I ~  & # I  I I 1  1 I 1 1  

1  l W 1  I W l W l  I I I l W l W l W 1 W l  I W I  I I I I W I W  
a s t z ~ t r ~  4 m r  I I ~ I ~ I ~ I C I  I I I I t I I I I I I 
U t U I U l  I U I  I I U L U I U I U I  1  I r  I I 1  I I I I 1  
I l l  I 1 - 1 1  - 1  I I 1 k I I 1  r  1 - 1  - 
W I Z I Z I ~ I Z I ~ I ~ I Z I Z I Z I Z I ~ I  I I 1 - 1  I I I I I ~ I W  
- t W I W I . I W I - I - I W l u I W I W l - I  I I I Z I  I I I I I - I -  
~ B I I ~ 1 & ~ ~ S b I ~ C ~ I X ~ I L I I C ~  I I 1 3 )  I I I I I C I l -  
W ~ U l U l - l U I - 1 - L U t U I U I U l r I  1  I I 0 1  1  I I I 1 - 1 -  
L I W I ~ I O I ~ I ~ I ~ I W I U ~ I ~ I ~ I O I  I I i r r  I 4 r  I I ~ I O  

l I I t I I L I l I I I I I I I I 1 1 I l  
1 I l l  I I 1 1 1  I l I l l l I I I I 1 1  
1 1 1 1 1 1 1 1 1 1 1 l l 1 1 1 1 1 1 1 1  
l L l I I l l l l l l € L I ~ I l l I I 1  
I I I L I ~ L 1 * l l 1 l I I I i L I l I  
I I l I I I I I I I Z 1 1 1 1 1 1 1 1 1 1 l  
I L I I I I - C - # - I - I O I  B L I L L I I r  I Z I Z  
r  I I 1  1  I x 1 x l ~ 1 I 1 4 - 1  t I 1 2 1  1  1  6 1  1 0 1 0  
1  1 0 1  1  l O l ~ l ~ l ~ l u ) 1 W l ~ l ~ l ~ T O I  I I I 1  I W I U l  

1 I I Q . 1  R I I l Z I l B I I  1 I 1 8  I a B I I C  
0 1  I 1 - 1  I INIIITIIIII-14 I ~ I N I I K I I Z ~ L L I L E I I T I ~ I W I W  
X I n -  I t -  4 2  I t -  I+ U Z  I 4 1 a  1 4  1- I Z  8 2  I Z  I 2  B Y 1 # W  C h l  D M  B W  J W  T O  0 1 3  
I- l 4 l C l 0 1 ~ L 4 I O I Y I Y 1 Y  1 Y  I Z  1 0 1 0  1 0 1 3  I* 1 l -  ; I - I t -  I W  I Z t Z  
Z J ~ a ~ l X ~ k l l ~ b X # f d l ~ l *  1 4 1 4  I W  I U  D U  I ~ ~ l O I ~ ~ b J B ~ l ~ I ~ l U ~ U  
4 1 -  ~ m ~ ~ ~ m t m  m ~ t a - b k -  r *  I& I& I ~ I ~ I J ~ Z S O I ~ ~ ~ ~ ~ E ~  l x t x  

I B B l B R h 1 8 ~ 1 1 8 8 l k 1 ~ 1 0 @  
I r l l r l t l l l l l l l t l l l l I I  
I I I I I I t  I 1  I t  I I T I I A I J I A I A I  1  
L  1 L L  I L t 1 I 1 L I I I L I a l W t u J 1 r n L  1 
I I I I I I 1  I I I I I I I 1  1 4 1 4 1 * 1 ~ 1  I 
I I 1 I I 1  t I I I r 1  I I I I J t J f A I A I  I 

a l A O A 8 ~ W A l A . X  # J l J l A 8 J D A ~ X 1 ~ 8 X I A #  @ *I - 8  - B  # 
C ) Z I Z i Z 1 Z l L I Z ~ Z L L I Z I Z L Z l Z I L ~ Z l J I ~ & C I C . L C l ~ l W ~ ~  
~ ~ m ~ m ~ r n r m ~ r n ~ m ~ m ~ m  t m 1 m 1 4 1 m  L ~ L ~ I A I ~ L ~ I - ~ I - I  C M I O ~ C I  

I I l 1 I I l L I I I I I I 1 8 1 1 1 I I  
~ t t l v t t F I r l l t l 1 L 1 l r l l  
I A I W  IIGIAI~.ICSICU~.+II-Y ICS I-; I N I ~  amr~-. I ~ J ~ S ~ I A I ~ ~ ~  

r l e ~ c  I -  O D S E P .  I W I I N  I D . D D I I P  1 ~ - 1 m t 1 - ~ m 3  1 1 ) 0 1 0 1 r ~  6 .w  - 3  i n ~ 8 n e r n 1 1 m 1  
~ ~ , - ~ ~ . - + L N I . I I ~ I ~ I N I N I N  I N  ~ a ~ a  I ~ I B  ~ c u ~ r l ~ r l ~ r l ~ d ~ d ~ m ~ e i a  
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ n ~ t ~ m ~ ~ ~ ~ c . t r . c r l ~ r ( ~ ~ t r l ~ r l ~ ~ ~ ~ ~ ~ t ~  

l 1 1 1 1 1 1 l l l F l I l l l l l l 1 1  
C U I C I m  I ~ B ~ l D I d b N l ~  O t  l t *  t m  1 0  & d 8 W  1 W I R  1 *  1 0  I M B k  
m ~ n  r n  1 n 1 m  I *  ~ m r r n ~ m ~ u \  B t o  r h  r h i r p ~ m  r m ~ m ~ w ~ r o  I Q  1 0  
4 1 d I ~ I v 4 1 4 l d I d I ~ I I d I r l I  I d l ~ l ~ l d l d t d l ~ l ~ l d l ~ l ~  

> t ( l f  l l ~ a b 1 l l l I l l l l 1 1 1  1 1  1 1  1 1  l l  l l l l l l l r l I 1 1 1 1  
O l b l l W  1 W  I W 1 ~ L I 1 3 1 3 1 3 1 3 I c l  I *  I 3 I 3 1 U I r Z l 3 I ~ l ~  I ~ J L J I U  
m l X l X l X l X I U I m I ~ c W I W I W C C 3 I ~ I - 1 I - I l ~ 1 ~ I  I I I & = I t  
~ L I I I ~ I I I I I I I I I I ~ I I I I I I I I  I I I I I I I B I I I I I I I I I I I I  
P I *  I W I ~  1 t 1 m  I ~ M I D I R I W B I P Y  I ~ I Q  I - ~ I ~ I  ~ n t ~ o ~ ~ w i ~ ~ r n ~ m  
o am 1.r o m  o m  rn r *  r e b a m o  I- r~ r r  r h  b b  I o r -  b *  ICI I C I  I- IW-. m h  

I l l  I 
T I 1  I 
I l l  I 
1 1 1  I 
I l l  I 
I l l *  I t  I 
I h I h  l h  I 
1 1 1 1 e 1  1 
s = s J s *  c 
I W l = 3 I -  1  
1 m 1 7 1 r  I 
1 1 1 1 1 ~  1  
r r l r n ~ n  I 
I N l d l N  I 







APPENDIX B 

P a r t i a l  Contents of the ENDF/A Lib ra ry  



AAEC Fission Produc t  Data Library Received 9/15/71 
Cook L ib ra ry  

AAE C 
B 

ENDF 
FORMAT 

MAT 
+I - 

+I OF 
RECORDS 
ENDF 
FORMAT 

(Cont ' d )  



E N D F / A - ~ O ~  (cont'd) 

ENDF 
FORMAT 
MAT 

F OF 
RECORDS 
ENDF 
FOKMAT 

489 

50 1 

48 3 

501 - 
18,891 TOTAL 

* 
OT, Onn, One, ny, aTr a r e  t h e  r e a c t i o n  type  g iven  f o r  each i so tope .  



AAEC F i s s i o n  Product Data Library Received 9/15/71 
Cook L i b r a r y  

ENDF 
FORMAT 

* AAEC MAT 
I so tope  # 11 - - 
Z r - 9 5  40 

96 41 

97 42 

Nb-95 43 

Mo-95 44 

96 45 

97 4 6 

98 47 

99 48 

100 49 

Tc-99 50 

Ru-100 5 1  

101  52 

102 5 3 

103 54 

104 55 

10 5 5 6 

106 5 7 

Rh-103 58 

LO 5 59 

Pd-103 60 

105 6 1 

106 62 

107 6 3 

108 64 

109 65 

110 66 

112 6 7 

Ag-109 68 

111 69 

(cont  Id )  

# OF 
RECORDS 
ENDF 
FORMAT 



ENDF/A-7 02 ( c o n t  ' d )  

AAEC 
> 

~ s o t o ~ e '  I 

In-  115 7 7 

ENDF 
FORMAT 

MAT 
# 

I OF 
RE CORDS 

ENDF 
FORMAT 

1 8 , 8 4 3  TOTAL 

>k 
0 T 7  onn, one, ny ,  oTr are t h e  r e a c t i o n  t y p e  g i v e n  f o r  each i so tope .  



AAE;C Fission Produc t  Data Lib ra ry  Received 9/15/71 
Cook L i b r a r y  
ENDF it OF 

FORMAT RECORDS 
AAEC MAT ENDF 

Tsotope # // FORMAT ---  

(cont ' d)  



AAE C 
# 

ENDF 
FORMAT 
MAT 

# 

# OF 
RECORDS 
ENDF 
FORMAT 

* 
O T 9  On*, one, ny, CT,,,~ are t h e  reaction t ype  g iven f o r  each i s o t o p e .  



ENDF/A- 704 

M C  F i s s i o n  Product  Data Libra ry  Received 9 /15 /71  
Cook L i b r a r y  

ENDF I OF 
FORMAT RECORDS 

A B C  MAT ENDF 
~ s o t o ~ e "  +/ B FORMAT ---  

Xe-132 118 7118 483 

133 119 7 11 9 r t  

134 120 7 1 2 0  1  I 

135 121 7121 11 

136 122 7 122 I I  

CS-133 123 7 123 11 

134 124 7 124 I I 

135 1 2 5  7125 I I 

136 126 7126 11 

13i '  127 7127 1 1  

Ba-134 128 7 128 l 1  

136 129 7129 11 

137 130 7130 I I 

138 131 7 131 I I  

140 132 7 132 1 1  

La-139 133 7133 f 1  

140 134 7 134 I I 

Ce-140 135  7135 11 

141 136 7 136 r  1 

142 137 7 137 I I 

143 138 7138 I I 

144 139 7139 1 1  

Pr-141 140 7 140 489 

142 141 7 1 4 1  483 

143 142 7142 11 

145 143 7 143 11 

( cont  Id) 



ENDF/A-704 (cont Id)  

ENDF 
FORMAT 

MAT 

1) OF 
RE CORDS 
ENDF 
FORMAT 

I I 

18,843  T o t a l  

k 
oT, unn, one, ny,  aTr are the reaction t y p e  given for  each  isotope. 



AAEC F i s s i o n  Product Data Library Received 9/15/71 
Cook L ib ra ry  

AAEC 
// 

-- - 

Sm- 148 

149 

150 

15 1 

15 2 

153 

154 

15 6 

Eu- 1 5 3  

154 

155 

156 

157 

Gd-155 

156 

157 

158 

159 

160 

Tb-159 

160 

161 

Dy-160 

161 

ENDF 
FORMAT 

MAT 

4) OF 
RECORDS 
ENDF 
FORMAT 



ENDF 
F ORMAT 

MAT 
V 

i/ OF 
RECORDS 
ENDF 
FORMAT 

17,388 TOTAL 

YC 

'T ' Onn J 'ne J 

ny, oTr are the r e a c t i o n  t y p e  given f o r  each i s o t o p e .  



E N D F / A -  707" 

KEDAK Data L i b r a r y  Received 10/26/70  

React ion  ~ ~ ~ e ' ' *  
KEDAK 

I s o t o p e  K G  K G  K G  K G  K G  - -- --  - -  - -  --  # - 
A1-27 1 458 1 459 2 152 2 153 2 154 130027 

3 001 3 002 3 003 3 004 3 005 
3 016 3 027 3 102  3 103 3 107 
3 2 0 1  3 2 5 1  4 0 0 2 f  

( c a n t  i n u e d )  



ENDF/A-~o~* ( c o * ~  inued) 

Reaction ~ ~ ~ e * *  
mDAK 

I s o t o p e  K G  K G  K G  K G  K G  1) 
L -..A- -_I I C Y  - C I  _C_1 

H- 2 ( D )  1 458 1 459 3 001 3 002 3 003 10002 
3 0 0 4  3 0 1 6  3 0 2 7  3 1 0 2  3 1 0 3  
3 1 0 7  3 2 0 1  3 2 5 1  4 0 0 2 t  

Mo- 94 f 458 1 459 2 1 5 2  2 153 2 154 420094 

*ENDF/A Tape No. a s s i g n e d  b u t  data n o t  conver ted  t o  ENDF f o r m a t .  
**See KFK-880 f o r  r e a c t i o n  type  values .  
+center-of-Mass System, 



Isotope - 
N i 

ENDF/A- 7 08" 

KEDAK Data L i b r a r y  Rece ived  10/26/70  

Reaction 

KEDAK 
n 

+:ENDF/A Tape No. a s s i g n e d  b u t  da ta  n o t  converted to ENDF format. 
**See KFK-880 for  react ion type values. 
"center-of    ass System. 



ENDE/A- 709" 

KEDAK Data L i b r a r y  Received 10/26/70 

Reac t ion  ~ ~ ~ e ' ' ' '  

I so tope  K G K G K G K G _ -  - -  - -  - -  
KEDAK 

a 

*ENDF/A Tape No. a s s igend  b u t  d a t a  n o t  converted to ENDF format. 
-8 J 

,cdcSee KFK-880 for  reaction type  values 
+center-of- ass S y s t e m .  



1 UKNDL Da ta  L i b r a r y  Received 5 /5 /71  
I Version 2 

ENDF 
1 React i o n  ~ ~ ~ e *  

I so tope  ME' MT MF MT MF MT MF .MT MF MT 
UKNDL MAT 

D 41 
V of 

RECORDS - 



E N D F / A - ~ O ~  (cont inued)  

React ion  ~ ~ ~ e *  
UKNDL 

!# I so tope  ME m E WALT WXL - 
ENDF 
MALT 

# - 
4 of 

RE CORDS 

1982 

(continued) 



~mF/A-801 (continued) 

Reaction ~ y p e *  
Isotope - E-JLL W Z  

*See ENDF-102 Vol 1 for react ion type values. 

ENDF 

24402 TOTAL - - 



UKNDL D a t a  Library Received 5/5/71 
Version 2 

I. 

React i o n  
UKNDL 

# Isotope MFMT MF. m ME XL UFm m m  -.- 

ENDF 
MAT # o f  

RECORDS - - 
8044 1180 

(continued) 



ENDF/A-802 ( con t inued )  

Reacrion ~ y ~ e *  
UKNDL 

D =sotope  M_F& lQx lga  w m  

ENDF 
MAT 
B - 

of 
RECORDS 

(continued) 



E N D F / A - ~ O ~  (cont inued)  

React ion ~ ~ ~ e *  
ENDF 

IJKN*L MAT # o f  
# RECORDS 2 E E  MFX BMT wmm31T, P1Fm.L - - 

- 
25535 T o t a l  

9cSee ENDF-102 vol  1 for reaction type values. 



UKNDL Data L ib r a ry  Rece ived  5 / 5 / 7 1  
Version 2 

ENDF 

UKNDL I4AT I of  
7'# RECORDS I .sotope MF MT MI? MT MF MT E s  f / .  - % . . .  

(Cont inued)  



E N D F / A - ~ O ~  (cont inued)  

Reac t ion  ~~~e~~ 

I so tope  MF MT MF MT MF MT MF MT MF MT _--. W... Y L L Y  Y -  4- 

ENDF 
UKNDL MAT # o f  

I/ # RE CORDS - -  - 

( con t inued )  



Reaction ~ ~ ~ e *  

I so tope  MF MT MF MT MF MT MF MT MF MT _ -Y -1 -- ULY -- 

*See ENDP-102 vo l  1 for reaction type values. 

ENDF 
UKNDL MAT 11 of 

# 4) RE CORDS 
- L _  _I_ 



ENDF /A- 804 

UKNDL Data L i b r a r y  Received 5/5/71 

Reac t ion  ~ ~ ~ e ' ~  
UKNDL 

I s o t o p e  MF MT M F  MT MF MT MF MT MF MT f/ -- -L_ c- -- -I_ __C 

VAC 3 1 3  2 4  2 17 2 

SCAT 3 1 3  2 4 2 5 6 

EMF 
MAT # of 

RECORDS - - 

- 
1597 T o t a l  

%ee ENDF-102 val I for reac t ion  type values. 



U.K. LIBRARY lU3CEIVED JULY 2, 1973 

Version 3 
Nucleus UK Library No. No. of Cards 

H 923 (A) 299 

DIND20 905(A) 789 
(Deuterium in D 0) 

2 
T 252 (A) 43 6 

He-3 220CE) I95  

He -4 221 (D) 230 

Li-6 9 14 (A) 1080 

Li-7 215(E) 496 

Be-9 967(A) 35 1 

B-10 90 (B) 475 

B-11 49 (B) 725 

C 902(B) 1317 

N 259 (A) 3 534 

0 933 (A) 1037 

F-19 23(E) 28 8 

Na-23 182(E) 1582 

A1-27 35(F) 905 

S i 25 ( E l  29 6 

Cl 141 (E) 408 

K 8403) 2569 

Ca 138 (E) 253 

T i  190(B) 88 1 

V 952 (A) 804 

Cr 45 (E) 839 

Fe 906 (B) 7003 

Fe 908 (A) 7447 

Ni 907 (B) 3328 

Cu 73 (A) 3076 

CU-63 250 ( 3 )  54 

CU-65 251 (B) 58 

Ga 105 (B) 292 

Zr 82(B) 1742 

Tape No. 

805 
( 3  



U.K. Library (continued) 

Nucleus 

Nb-93 

Mo 

Ag-107 

Ag-109 

Cd 

Cd-113 

Xe-135 

Eu-151 

Eu-153 

Ta 

W 

Au-197 

Pb 

Th-232 

Pa-233 

U-233 

U-234 

0-235 

U-236 

U-238 

U-239 

U-240 

Pu-238 

Pu-239 

Pu-239 

Pu-240 

Pu-240 

Fu-241 

Pu-241 

Pu-242 

Am- 241 

Am- 24 3 

Cm-244 

UK Library  No. 

79 (C) 

81 (B) 

973 (A) 

974 (A) 

70 (A) 

7 1  (B) 

4 ( F )  

921 (A) 

922 (A) 

328 (B) 

213 (B) 

222 (E) 

26 ( C )  

9 30 

8 6 (A) 

87 (B) 

953(A) 

159 (B) 

9 54 (A) 

160 (A) 

27 6 (A) 

27 7 (A) 

274 (A) 

161 (A) 

404(B) 

402(B) 

7703) 

403 (B) 

60 (A) 

9751A) 

956 (A) 

957 (A) 

9 76 (A) 

No. of Cards 

5579 

1309 

1107 

1205 

2203 

1088 

66 

3458 

4055 

2069 

238 

690 

545 

7 74 

900 

1835 

823 

4354 

749 

5886 

1119 

1060 

438 

3334 

4382 

2669 

1052 

1661 

2155 

1069 

1213 

574 

1649 

Tape  No. 

807 
11 



The concents of t h e  S p e n g  Libra ry  are as follows: 



LLL ENDL Data in ENDF/B Format 

Received Jan. 25, 1974 

Material MAT Number N,xY Included 

Neutron 7 000 -."- 
Hydrogen 7001 Yes 

Deuteron 7002* Yes 

Tr i ton  7003 

He 
3 

7 004 

--- 
Yes 

Yes 

Yes 

Yes 

Yes 

7010 Yes 

cl* 7011 Yes 

N 
14 

7012 Yes 

016 7013 Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

P 
31 

7019 Yes 

s~~ 7020 Yes 

clNat 7021 Yes 

Ar 
NaC 7022 Yes 

*The energy-angle distribution of secondary neutrons from the n,2n 
reaction for D is represented by an energy-angle Legendre expansion 
i n  the ENDL system. No equivalent representation exists in the 
ENDF/B system. Consequently, the representation in the translated 
form is deficient. 



LLL ENDL Data i n  E N D F I B  F o r m a t  

M a t e r i a l  

KNa t 

C a  
N a t  

TiNa t 

v 5 1 

Na t 
Cr 

Mn 
5 5 

Fe 
Nat 

N i  
58 

N a t  
Cu 

N a t  
G a  

N a t  
Z r 

~b~~ 
%Nat 

107 
Ag 

A~'O' 

CdNat 
Nat  

S n 
Nat 

B a  

E u Nat 

~d~~~ 

Ho 
165 

T a  
181 

WNat 

P tNat 

Au 
197 

pbNat 

~h~~~ 
u233 

MAT Number N,xY Included 

Y e s  

Y e s  

Yes 

N o  (Planned) 

N o  ( P l a n n e d )  

Y e s  

Y e s  

Y e s  

Y e s  

Yes 

No (Planned) 

Y e s  

Y e s  

No (Planned) 

N o  (Planned) 

Yes 

Yes 

Y e s  

Y e s  

Yes 

Yes 

Y e s  

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 



LLL ENDL Data i n  ENDF/B Format 

Material 

u234 

u235 

u236 

U 
23 7 

u238 

u239 

u240 

N~~~~ 

Pu 
2 38 

Pu 
239 

Pu 
240 

P u 
241 

h24 2 

4 5 
Sc  (Par t ia l )  

54 
Fe (Par t ia l )  

Fe56 (Par t ia l )  

pe58 (Pa r t i a l )  

~ e " ~ ( ~ a r t  i d )  

Re187(Partial) 

dgl (PartLal) 

~r'~~(~artial) 

Crude F i s s ion  Producr 

MAT Number 

7051. 

7052 

7053 

7054 

7055 

7056 

7057 

70.58 

7059 

7060 

7061 

7062 

7063 

7064 

7065 

7066 

7067 

7068 

7069 

7070 

7071  

7072 

N,xY Included 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

N o  

N o  

No 

N o  

N o  

N o  

N o  

No 



o Paulsen / . Lu B Fink 

E n  ( M e V )  ------(z 

F i g .  1. 5 8 ~ i  (n,2n)  Cross-Section 

n Borrnann 

; 8ol o Prestwood 
v Temperley 

E - Borral l  et ol 

z 
0 60- 
I- 
0 
W 
In 
I 
V) 

40 
a 
U 

20 

x Cross e f  ol 

- 

+ 

O10 12 14 16 18 20 



APPErnUI  C 

Requests for CTR Related Pro jec t s  



Cook 
Nucleus Library 

Livolsi ENDF/B 
" 1500" 111 THRESH 
Series UKNDL SpenR MAT NO Other Calculation 



Cook " 1500" 
~ u c l e u s  Library Series UKNDL - 

ENDFIB 
III Any THRESH 

Speng MAT NO Other Calculation 

X 



Nucleus 

6 3 Ni 

Cook 
Libra ry  

L i v o l s i  ENDF/B 
"1500" I11 Any THRESH 
Series UKNDL Speng MAT NO Other Calculat ion 



Nucleus - 
" ~ b  

9 2 ~  

93% 

4 ~ 0  

9 5 ~ o  

9 6 Mo 

9 7 Mu 

9 8 No 

9 9 No 

100 Mo 

9 7 Tc 

98 TC 

9 m ~ c  

' l2 ~n 
114 S n 

115 Sn 

'lssn 

1 1  7 
Sn 

ll"n 

119 S n 

la ' ~ n  

lZ2 ~n 

12 4 
S n 

lalsb 

1 2 3 ~ b  

Cook 
L i b r a r y  

7044 

7 045 

7046 

7047 

7 048 

7 049 

7050 

7078 

7079 

7080 

7081 

7082 

7083 

7085 

7087 

7090 

7092 

Livolsi ENDF I B 
" 1500" IIT. 
Series UKNDL Speng MAT NO - - Any 

Other - 

573 
Benz i 

574 
Benz i 

630 
Benz i 
631 

Benzi 

THRESH 
Calculation 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



Nucleus 

12gI 

134 Cs 

135 C s 

1 3 6 ~ s  

137 Cs 

1 3 4 ~ a  

135 Ba 

1 3 6 ~ a  

1 3 7 ~ a  

138 Ba 

181 Ta 

l e a W  

183W 

"aW 

l e s W  

04pb 

"'pb 

'07pb 

2 0 8 ~ b  

241Am 

2 4Zh 

2 43Am 

2 44Am 

Cook 
Library 

7 100 

7124 

7125 

7126 

7 127 

7128 

3129 

7130 

7131 

Livolsi 
"1500" 
Series 

1614 

1628 

1629 

1630 

1631 

1633 

1634 

1635 

1636 

1637 

ENDF/ B 
111 'l2lRESH 

UKNDL S p e n ~  MAT NO Other Calculation - 



LivoLs i ENDF/ B 
Cook " 1500" 111 Any THRESH 

S e r i e s  UKNDL Speng MAT NO Other C a l c u l a ~ i o n  Nucleus L i b r a r y  - 
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