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Summary of ENDFIB-V Data for Fission 
Products and Actinides 

Most often, those engaged in reactor design, fuel-cycle optimi- 
zation, and safety analysis use only a small subset of the evalu- 
ated nuclear data in the ENDFIB-V library. This summary of the 
yields, decay constants, and cross sections of fission-product 
and heavy-actinide nuclides offers those data in a convenient, 
concise format. 

BACKGROUND The ENDFIB-V national reference library of evaluated nuclear data contains 
extensive information on 877 fission-product and 60 heavy-actinide nuclides 
in a format designed for computer readability. A small subset of the data 
about these nuclides, which are produced in reactors during operation, is 
used often in core physics, safety, and accident consequence analyses. 

OBJECTIVES To review the ENDFIB-V fission-product and actinide data files and summa- 
rize the most frequently requested data in a convenient reference form. 

APPROACH After reviewing the data on fission products and actinides in the ENDFIB-V 
library (revision 0), analysts selected areas such as nuclide half-lives, decay 
energies and decay modes, and Q-values for summarizing. For the longer- 
lived nuclides, they processed the cross-section files to produce resonance 
integrals and the few-group constants appropriate for thermal and fast 
reactor applications. They omitted the extensive files on decay spectra, 
charge distribution of mass chain yields, and energy-dependent cross sec- 
tions. Comments and revisions to the library data were gathered from 
studies that had tested and evaluated the ENDFIB-V data. 

RESULTS In this report, the information selected from the ENDFIB-V library on fission 
products and actinides appears largely in table form. The report offers dia- 
grams of possible decay and transmutations as well. The main text presents 
library data that, for the most part, are unrevised. The appendixes, which 
identify deficiencies in the library, augment and comment on those data. 

EPRl PERSPECTIVE This document is a relatively concise source of the ENDFIB-V nuclide data 
that are used most often. The appendixes, which amend the library material, 
add to the value of the document as a general reference. EPRl has already 
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ABSTRACT 

A summary o f  t h e  f i s s i on -p roduc t  and a c t i n i d e  data conta ined i n  ENDF/B-V da ta  f i l e s  

i s  presented. A l l  f i s s i o n  products (877) and a c t i n i d e s  (60) i n  Rev. "0" are  i n -  

cluded. Appendices con ta in  some a d d i t i o n a l  augmentation o f  these da ta  a long w i t h  a  

p resen ta t i on  of probable data changes, e r ro r s ,  o r  e x i s t i n g  r e v i s i o n s  t o  date. 

These r e s u l t  l a r g e l y  from our experience w i t h  ENDF/B-V da ta  t e s t i n g  and comparisons 

w i t h  o t h e r  i n t e r n a t i o n a l  eva lua t ions .  The main t e x t  i d e n t i f i e s  da ta  t h a t  a re  

commented upon i n  t he  Appendices, b u t  o therw ise  i t  cons i s t s  o f  Rev. "0" data. ( I n  

t he  case o f  group cross sec t ions  processed from Rev. "0," e r r o r  c o r r e c t i o n s  a re  

discussed i n  t h e  main t e x t .  ) Mass cha in  y i e l d s ,  decay parameters ( h a l f - 1  i ves ,  

branchings, beta, gamma, and a lpha energ ies) ,  processed one-group c ross  sec t ions  

f o r  f a s t  r eac to r  spectra,  four-group cross sec t ions  f o r  thermal r eac to rs ,  and t h e  

resonance i n t e g r a l s  and 2200 m/s cross sec t ions  a re  inc luded,  as w e l l  as o the r  i n -  

format ion p e r t i n e n t  t o  t he  ENDF/B-V f i l e s .  The ex tens ive  decay spectra,  charge 

d i s t r i b u t i o n  o f  mass cha in  y i e l d s ,  and energy-dependent cross sec t i ons  are  n o t  

inc luded;  such i n c l u s i o n  would r e q u i r e  over  4000 pages. Rather, we have prepared 

t h i s  document t o  serve as a  r e l a t i v e l y  concise source f o r  t h e  most f r e q u e n t l y  

requested data and as a convenient  reference f o r  t he  f i s s i o n - p r o d u c t  and a c t i n i d e  

data conta ined i n  ENDF/B-V. The a d d i t i o n a l  augmentation o f  these data, r e l ega ted  

t o  t h e  appendices, should add t o  t he  u t i l i t y  o f  t h i s  document as a general r e f e r -  

ence. 
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SUMMARY 

The main body o f  t h i s  document summarizes t he  con ten t  and major parameters f o r  a l l  

f i s s i o n  p roduc ts  and a c t i n i d e s  i n  ENDF/B-V, Rev. "0," along w i t h  processed r e f -  

erence c ross - sec t i on  se ts  app rop r i a te  f o r  thermal and f a s t  r e a c t o r  s tud ies .  I n  an 

a t tempt  t o  make t h i s  n o t  o n l y  a re fe rence  document f o r  ENDF/B-V f i s s i o n  p roduc ts  

and a c t i n i d e s ,  b u t  a l so  a reasonably concise and accura te  summary o f  t h e  ma jo r  da ta  

requested by a  wide range o f  users,  we have l i m i t e d  t h e  main body t o  ENDF/B-V da ta  

and re l ega ted  a d d i t i o n a l  use fu l  i n f o r m a t i o n  t o  appendices. The appendices i nc l ude  

schematics o f  a l l  f i s s i o n - p r o d u c t  and a c t i n i d e  cha ins  as w e l l  as some y i e l d ,  cross-  

sec t ion ,  and a l l  decay branching f r a c t i o n  data. These chains a re  more ex tens i ve  

than  they  would be i f  1  i m i  t e d  t o  da ta  i n  t h e  decay f i l e ,  as i s  noted i n  Appendices 

A and B. I n  a d d i t i o n ,  Appendix C l i s t s  comments on t h e  ques t ionab le  da ta  i n  ENDF/B- 

V o r  e r r o r s  f lagged i n  Table 2-1. Appendix C a l s o  p rov ides  a l i s t  o f  nuc l i des  

hav ing average decay energ ies based on p o t e n t i a l l y  incomplete decay spect ra,  and a 

comparison o f  ENDF/B-V va lues w i t h  some a d d i t i o n a l  sources. For completeness, we 

have t abu la ted  (n,2n) cross sec t ions  i n  Appendix D  f o r  a l l  f i s s i o n  p roduc ts  and 

a c t i n i d e s  t h a t  o therwise have some c ross  s e c t i o n  da ta  i n  ENDF/B-V. As noted, many 

o f  these a re  based o n l y  on model c a l c u l a t i o n s  and may t h e r e f o r e  be more approximate 

than  t h e  eva lua ted  ENDF/B-V va l  ues. L i m i t e d  comparisons w i t h  eva lua ted  (n, 2n) 

cross sec t i ons  i n d i c a t e  t h a t  these da ta  a re  s u f f i c i e n t l y  accura te  f o r  r e a c t o r  

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





Sect ion  1 

INTRODUCTION 

The f i s s i on -p roduc t  data i n  t he  Evaluated Nuclear Data f i l e s  (ENDF/B-IV) (1) rep-  

resented an enormous expansion over p rev ious  vers ions and proved t o  be very  use fu l  

f o r  many app l i ca t i ons .  The data i n  ENDF/B-V (1) - was f u r t h e r  expanded, p a r t i c u l a r l y  

i n  f i s s i o n  y i e l d s  and decay spec t ra  data, and a l l  parameters were rev i sed  and 

updated. I n  a d d i t i o n ,  decay data f o r  60 a c t i n i d e s  were i nc l uded  f o r  t h e  f i r s t  

t ime. The expansion i n  types o f  da ta  i s  i n d i c a t e d  i n  Tables 1-1 and 1-2. 

This  r e p o r t  has been prepared as a  re fe rence  t o  ENDF/B-V f o r  f i s s i o n  products and 

a c t i n i d e s  and as a  summary l i s t i n g  o f  t he  most use fu l  parameters, s i m i l a r  t o  t h e  

i n fo rma t i on  f o r  ENDF/B-IV i n  Ref. (2). We have expanded the  con ten t  t o  i nc l ude  

processed re fe rence  cross sec t i on  sets appropr ia te  f o r  f a s t -  and thermal - reac to rs ,  

mass-chai n f i  ss ion-product  y i e l d s ,  and schematics o f  t h e  decay chains. Tables 

1  i s t i n g  decay and c ross-sec t ion  parameters and t he  cha in  schematics i nc l ude  a1 I 

heavy nuc l ides ,  gene ra l l y  r e f e r r e d  t o  as a c t i n i d e s ,  i n  a d d i t i o n  t o  f i s s i o n  p roduc ts  

developed i n  c u r r e n t  r eac to r  f u e l s .  

One t a b l e ,  c e n t r a l  t o  t h i s  document, l i s t s  re fe rence  parameters on one t o ,  a t  most, 

f o u r  l i n e s  f o r  each o f  t he  877 f i s s i o n  products and 60 ac t i n i des ,  The ENDF/B-V 

f i l e s  f o r  these con ta in  more than  260 000, 80-column records,  o r  about 2 . 5 - m i l l i o n  

words. T h i s  i s  t oo  extensive f o r  most users t o  process o r  even t o  i n t e r r o g a t e  f o r  

t he  f r e q u e n t l y  requested parameters. As Ref. (2 )  served f o r  ENDF/B-IV, we a n t i c i -  

pa te  t h a t  t h i s  document a l so  w i l l  be use fu l  t o  a  wide range o f  users; t h e  i n c l u s i o n  

o f  a d d i t i o n a l  processed data, (n,2n) cross sec t ions  and cha in  schematics should 

extend i t s  u t i l i t y .  Microscopic ,  energy-dependent c ross  sec t ions ,  d e t a i l e d  spec- 

t r a l  data, and y i e l d  d i s t r i b u t i o n s  a re  n o t  inc luded.  Processed mu1 t i g r o u p  cross 

sec t ions  a re  a v a i l a b l e  i n  Ref. ( 3 ) .  Mul t i g roup  decay spec t ra  f i l e s  have been 

generated and used (4),  b u t  n o t  o therw ise  publ ished.  Y i e l d  d i s t r i b u t i o n s  a re  

a v a i l a b l e  on m ic ro f i che  i n  Ref. (5) .  - 

We do n o t  at tempt  t o  summarize f o r  t h e  user o f  t h i s  document t h e  ex tens ive  data- 

t e s t i n g  r e s u l t s .  Th is  i s  gene ra l l y  a v a i l a b l e  i n  o the r  r e p o r t s  (6,7). - - However, we 

have i n d i c a t e d  those nuc l ides  con ta in i ng  known e r r o r s  o r  needed c o r r e c t i o n s  i n  t h e  

ENDF/B-V f i l e s ,  i n c l u d i n g  those t h a t  do n o t  a f f ec t  t h e  l i s t e d  da ta  i n  t h i s  document 

and those cor rec ted  be fo re  t he  second re lease  o f  ENDF/B-V. To be complete, we have 

a l s o  i nc l uded  i n  t he  cha in  schematics a l l  f i s s i o n  products having f i s s i o n  y i e l d s ,  

an a d d i t i o n a l  84 a c t i n i d e s ,  and a  t a b l e  of approximate (n,2n) c ross  sec t ions .  



The main body o f  t h i s  document g e n e r a l l y  c o n t a i n s  a summary of o n l y  t h e  ENDF/B-V 

d a t a  o r  c r a s s  s e c t i o n s  processed f rom t h e  ENDF/B-V f i l e s ;  a d d i t i o n s  o r  c o r r e c t i o n s  

a r e  r e l e g a t e d  t o  appendices. Two excep t ions  t o  t h i s  d i v i s i o n ,  as c l e a r l y  n o t e d  i n  

t h e  r e p o r t ,  a r e  t h e  (n,y) r e a c t i o n  c r o s s  s e c t i o n s  p r o d u c i n g  i s o m e r i c  s t a t e s  ( i n  t h e  

f o rm  o f  b r a n c h i n g  f r a c t i o n s )  and c o r r e c t i o n s  t o  t h e  processed c r o s s  s e c t i o n s  as 

e x p l i c t l y  i t emized .  The (n,y) branchings a r e  needed f o r  completeness i n  summation 

code f i l e s  and t h e  c ross  s e c t i o n  f i l e s  were n e c e s s a r i l y  c o r r e c t e d  b e f o r e  f i n a l  

p rocess ing .  

Table  1-1 

ENDF/B-IV vs ENDF/B-V GROSS COMPARISON OF DATA CONTENT I N  F ILES 

-------------------------------- FISSION PRODUCTS----------------------------------- 

Type o f  Q u a n t i t y  

General Content  

T o t a l  n u c l i d e s  

N u c l i d e s  hav ing  c ross  s e c t i o n s  

S t a b l e  n u c l i d e s  

Uns tab le  n u c l i d e s  

T o t a l  i s o m e r i c  s t a t e s  ( 2  0.1s) 

F i r s t  i s o m e r i c  s t a t e s  ( 2  0.1s) 

Average energ ies  d e r i v e d  f rom exp. 

Delayed neu t ron  p r e c u r s o r s  

F i s s i o n  y i e q d  s e t s  

FP Nuc l ides  Hav ing D e t a i l e d  S p e c t r a l  Data 

Be ta  and/or gamma 

Electron r e l a t e d  

Photon r e l a t e d  

Convers ion e l e c t r o n  

P o s i t r o n  o r  EC 

X-ray 

D i s c r e t e  el e c t r o n  

T o t a l  a c t i n i d e s  w i t h  decay spec. 

(41 Have c r o s s  s e c t i o n s  i n  ENDF/B-V) 



Table  1-2 

COMPARISON OF FP YIELDS I N  ENDF/B-IV AND ENDF/B-V* 

C h a r a c t e r i s t i c  Neutron I n c i d e n t  Energy 

Target  Nuc l ide  Thermal - Fast  High (14 MeV) Spontaneous 

* l o  se ts  o f  d i r e c t  y i e l d s  i n  ENDF/B-IV (- 11 000 y i e l d s ) ,  

20 se ts  of d i r e c t  cumulat ive (by A and Z y i e l d s )  i n  ENDF/B-V, 

now i n c l u d i n g  u n c e r t a i n t i e s  (- 44 000 y i e l d s  p l u s  u n c e r t a i n t i e s ) .  

Users i n t e r e s t e d  i n  t h e  eva lua t i on  o f  ENDF/B-V data should c o n s u l t  Refs. (8-10) f o r  

spectra, Ref. (2) f o r  t h e o r e t i c a l  est imates o f  average energ ies and h a l f l i v e s ,  

Refs. (5, - 12, - 13) f o r  f i s s i o n  y i e l d s ,  and (14) - f o r  f i s s i o n  p roduc t  cross sec t ions .  

There were many o the r  c o n t r i b u t i o n s  t o  eva lua ted  cross sec t ions ,  as i n d i c a t e d  i n  

t he  data t e s t i n g  r e p o r t ,  Ref. (7); - i t  inc ludes  most, b u t  n o t  a l l ,  o f  t he  f i s s i o n  

p r o d u c t  t e s t i n g  descr ibed i n  Ref. (6). - Tests o f  t h e  bu i l dup  and decay o f  t h e  heavy 

nucl ides  (ac t i n i des )  are l e s s  complete than  f o r  f i s s i o n  products.  Some r e l e v a n t  

i n fo rma t i on  can be found i n  Ref. (7) - and (15). There a re  many o t h e r  references t o  

t e s t  r e s u l t s  subsequent t o  t h e  general Ref. (7). - The e v a l u a t i o n  procedures, prob- 

lems, and some t e s t  r e s u l t s  a re  inc luded i n  o the r  papers i n  t h e  two conferences 

noted i n  Refs. (12) - and (13). - 





Sect ion 2 

SUMMARY DATA 

Table 2 - 1  1  i s t s  the  ha1 f l  i ves ,  decay energies, decay modes, branching f a c t i o n s ,  

Q-values, t h e  (n,y) a(.0253 eV) and resonance i n t e g r a l s ,  and o the r  i n fo rma t i on  f o r  

877 f i s s i o n  products and 60 ac t i n i des .  A l l  nuc l ides  have been grouped by increas-  

i n g  mass number, then charge and s t a t e  per  mass. The f i r s t  column i s  s imply a 

sequence number f o r  t he  o rde r i ng  o f  data. A1 1  o the r  columns have s p e c i f i c  meanings 

i n  t h e  ENDF/B Formats Manual (16) - and are b r i e f l y  summarized below. The nuc l ides  

having evaluated cross sec t ions  (196 f i s s i o n  products and 41  a c t i n i d e s )  a re  i d e n t i -  

f i e d  by an i n s e r t e d  l i n e  l i s t i n g  t he  cross sec t i on  a t  0.0253 eV, resonance i n t e g r a l  

and an (n,y) branching f r a c t i o n  t o  t h e  ground, f i r s t ,  and second isomer ic  s t a t e ,  i f  

any. The branching5 are  approximate values and n o t  p a r t  o f  t he  ENDF f i l e s .  For 

a l l  f i s s i o n  products having evaluated cross sect ions,  t he  a(-0253 eV) and resonance 

i n t e g r a l  values apply a t  i n f i n i t e  d i l u t i o n  and zero degrees; a1 1 a c t i n i d e  values 

were obta ined us ing  the  processing code NJOY (17) - a t  i n i f i n t e  d i l u t i o n  and 900 K. 

(Other processed cross sec t ions  appropr ia te  f o r  most thermal and th ree  f a s t  r eac to r  

spectra a re  inc luded i n  subsequent t ab les . )  

The column headings i n  Table 2 -1  apply t o  a l l  q u a n t i t i e s  except t h e  l i n e s  l i s t i n g  

t he  cross sect ions and ( n , y )  branching. The meaning and/or u n i t s  f o r  each q u a n t i t y  

are : 

Col. Heading 

Symbol 

ZZAAAS 

Q u a n t i t y  

Chemical symbol preceded by t h e  Z value and fo l l owed  by t h e  

atomic number. Nucl ides t h a t  a re  isomer ic  s ta tes  have m, n, . . .  
f o l l o w i n g  the  atomic number meaning l s t ,  Znd, . . .  isomer ic  

s ta tes  ( t he  f i l e s  general l y  i nc lude  isomer ic  s ta tes  having h a l f -  

l i v e s  1 0 . 1  s ) .  

i s  a  numeric i d e n t i f i e r  c o n s i s t i n g  o f  t he  q u a n t i t y  Z x 10000 + 

A x  10 + S ,  where S i s  t h e  isomer ic  s t a t e  number ( 0 = ground, 

1 = 1 s t  isomer ic  s t a t e ,  e t c . ) .  

H a l f  1  i f e  the  t o t a l  decay h a l f 1  i f e  i n  seconds. 

E-beta, E-gamma, These gene ra l l y  a re  aveage beta,  gamma, and a lpha decay ener- 
E-alpha g ies,  b u t  have more p rec i se  d e f i n i t i o n s .  Thus E-beta i s  t he  

+ 
t o t a l  e l e c t r o n - r e l a t e d  r a d i a t i o n  such as f3- ,  , convers ion 

e lec t ron ,  Auger, etc .  E-gamma i s  t he  average energy o f  a l l  



Col. Heading Q u a n t i t y  

"e lect romagnet ic"  r a d i a t i o n  such as gamma rays ,  X rays ,  and 

a n n i h i l a t i o n  r a d i a t i o n .  E-alpha i s  t he  average energy o f  all 
heavy charged p a r t i c l e s  and delayed neutrons. The a lpha  decay 

energy inc ludes  t h e  r e c o i l  energy. The sum o f  t h e  t h r e e  average 

energ ies i s  t h e  recoverable energy pe r  decay ( n e u t r i n o  energ ies 

a re  excluded).  A l l  values a re  g iven  i n  u n i t s  o f  eV. The user  

o f  ENDF/B-V should be aware t h a t  t he  energy f rom spontaneous f i s -  

s i o n  should be inc luded ,  by d e f i n i t i o n ,  i n  t h e  E-alpha va lue  

b u t  i s  not so inc luded.  

RTY P 

RFS 

i d e n t i f i e s  the  i n i t i a l  o r  p r imary  decay mode f o r  t h e  l i s t e d  

l i n e  o f  da ta  (see below). 

i d e n t i f i e s  the  daughter s t a t e  f o l l o w i n g  t h e  decay (0. = ground, 

1. = 1 s t  i somer ic  s t a t e ,  e t c . ) .  

Q i s  t h e  t o t a l  Q-value f o r  t h e  decay mode. 

AWR i s  t h e  "Atomic Weight Ra t io , "  meaning t h e  r a t i o  o f  t h e  atomic 

mass t o  the mass o f  a neutron. 

Branching i s  t he  f r a c t i o n  o f  decays from t ype  RTYP t o  s t a t e  RFS. 

NDK i s  t h e  number o f  decay modes. 

NSP 

MAT 

i s  t h e  number o f  spec t ra l  types i nc l uded  i n  t h e  ENDF/B f i l e s .  

(The -0 i d e n t i f i e s  those nuc l i des  hav ing decay energ ies  based 

on b e t a  s t r eng th  f unc t i ons . )  

i s  t h e  m a t e r i a l  i d e n t i f i c a t i o n  number assignment i n  t h e  ENDF/B 

f i l e s .  

The decay mode i d e n t i f i c a t i o n ,  RTYP, has t h e  f o l l o w i n g  d e f i n i t i o n s .  

RTYP Decay Mode 
- 

1. I3 Beta decay 

2. e .  C. , ($+) E l e c t r o n  cap tu re  and/or p o s i t r o n  emiss ion 

3. I T  Isomer ic  T r a n s i t i o n  

4. CI Alpha decay 

5. n  Neutron emiss ion b u t  not delayed neu t ron  decay 
(see below) 



RTYP - Decay Mode 

6. SF Spontaneous f i s s i o n  

7. P  Proton emission 

3.0. - Unknown 

M u l t i p l e  p a r t i c l e  emission i s  a l so  de f i ned  by combining t he  RTYP i n d i c a t o r s  as de- 

cimal d i g i t s  i n  the  sequence i n  which p a r t i c l e s  a re  emi t ted.  Thus, f o r  be ta  decay 

fo l lowed by a  delayed neutron, RTYP = 1.5, and a  p o s i t r o n  fo l lowed by a lpha decay 

i s  2.4, e tc .  Such compound RTYP values t he re fo re  i n d i c a t e  i n te rmed ia te  s t a t e s  hav- 

i n g  l i f e t i m e s  t h a t  a re  t o o  s h o r t  f o r  e x p l i c i t  i n c l u s i o n  i n  t he  f i l e s .  The Q-value 

f o r  such cases i s  t h e  energy d i f f e r e n c e  based on masses o f  t h e  i n i t i a l  and f i n a l  

s t a tes .  

Spec t ra l  f i l e s  con ta in  a  p a r t i c l e  i n d i c a t o r ,  STYP, de f i ned  s i m i l a r l y  t o  RTYP, b u t  

w i t h  t h e  added values o f  0. = y-rays,  8. = d i s c r e t e  e lec t rons ,  and 9. = x  rays.  I n  

t h i s  r e p o r t ,  we do n o t  i nc l ude  t h e  average energ ies f o r  each type  o f  spectra.  As 

can be be seen from the  NSP column, many nuc l i des  do n o t  have spec t ra  i n  t h e  f i l e s .  

Most o f  these have average energ ies,  and i n  some cases ha1 f l  i ves ,  based on sys te -  

mat ics (g). I n  38 cases, i d e n t i f i e d  by NSP = -0, t h e  average energ ies a re  based 

on be ta  s t reng th  func t ions ;  these 38 and those having spec t ra  a re  discussed i n  

Refs. (8-10). - -  A l l  60 ac t i n i des  have spec t ra l  data, and e s s e n t i a l l y  a l l  uns tab le  - 
f i s s i o n  products t h a t  a re  s i g n i f i c a n t  c o n t r i b u t o r s  t o  t he  t o t a l  decay energy have 

spec t ra  (264 o f  t he  711 uns tab le  f i s s i o n  products) .  

The "b" preceding some sequence numbers i d e n t i f i e s  nuc l  i des  having data e r r o r s ,  

e r r o r s  i n  some p a r t  o f  t he  ENDF/B-V f i l e ,  o r  s imply nuc l i des  having ques t ionab le  

da ta  based on comparisons w i t h  o t h e r  compi la t ions  o r  more recen t  measurements. 

Many o f  these have no e f f e c t  on t he  1 i s t e d  data i n  Table 2-1. A l l  a re  i nc l uded  i n  

Appendix C w i t h  comments on t he  e r r o r  o r  da ta  i n  quest ion. Those nuc l i des  having a 

"c" preceding the  sequence number have been i d e n t i f i e d  as probabl  e  cases requ i  r i n g  

i n v e s t i g a t i o n  f o r  t h e  so -ca l l ed  "Pandemonium Problem (2). 'I A number o f  pub7 i ca -  

t i o n s  such as Ref. (6) have noted t h a t  i n t e g r a l  t e s t s  suggest t h a t  t h i s  i s  a real 

problem i n  the  ENDF/B f i l e s ,  as noted i n i t i a l l y  i n  t e s t s  o f  t he  Japanese f i l e s  

(9-21. -- B r i e f l y ,  f o r  some high-Q (> 5 MeV) nuc l ides ,  t h e r e  appears t o  be a  syste-  

ma t i c  b i a s i n g  of  average decay energ ies i n  complex decay schemes due t o  t h e  expe r i -  

mental f a i l u r e  t o  observe a l l  o f  t he  gamma t r a n s i t i o n s .  Th is  f a i l u r e  u s u a l l y  

causes an increase i n  t he  evaluated be ta  energy and a decrease i n  t h e  average gamma 

energy. The t o t a l  decay energy i s ,  o f  course, l ess  a f f ec ted .  
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Sect ion 3 

F I S S I O N  Y IELDS 

As 1  i s t e d  i n  Table 1-2, ENDF/B-V conta ins independent and cumulat ive f i s s i o n - p r o -  

duc t  y i e l d s  f o r  11 f i s s i o n i n g  nuc l ides  a t  one o r  more neutron i n c i d e n t  energies. 

Values f o r  each product  i n  Table 2 -1  a re  inc luded a long w i t h  va lues f o r  l o w - y i e l d  

products. A t o t a l  o f  20 y i e l d  se ts  o f  each type  (independent and cumulat ive)  a re  

inc luded.  Depending on t h e  f i s s i o n  system, t h e r e  are 1100 t o  1200 nuc l i des  i n -  

c luded f o r  each type. Unce r ta i n t i es  a re  a l so  1  i s t e d  f o r  each y i e l d .  The indepen- 

dent  y i e l d s  app ly  before,  and cumulat ive y i e l d s  app ly  a f t e r ,  delayed neutron emis- 

s ion.  The data a r e  based on Ref .  (5), - b u t  have been extended where necessary t o  

i nc l ude  a l l  nuc l ides  i n  t h e  decay f i l e s  and/or nuc l ides  t h a t  a re  a t  l e a s t  f o u r  

charge u n i t s  on t h e  neutron r i c h  s ide  o f  t he  most probable charge p e r  mass chain.  

I n  a few cases, the  isomer ic  s t a t e  i d e n t i f i e r  has been rev i sed  t o  agree w i t h  t h e  

decay f i l e s  and second isomer ic  s ta tes  added. Where poss ib le ,  da ta  a re  based on 

evaluated measured data and on y i e l d  d i s t r i b u t i o n  models otherwise.  An e x p o s i t i o n  

o f  the  s p e c i f i c  eva lua t i on  process i s  i nc l uded  i n  Ref. (12) and p o s s i b l y  more 

ex tens i ve l y  i n  Ref. (13). 

These da ta  a re  too  ex tens ive  f o r  i n c l u s i o n  i n  t h i s  document. However, many users 

a re  i n t e r e s t e d  on l y  i n  t h e  mass cha in  y i e l d s .  These a re  l i s t e d  i n  Table 3-1 f o r  

a l l  y i e l d  se ts ,  where t he  T, F, and H f o l l o w i n g  t he  f i s s i o n i n g  n u c l i d e  i d e n t i f i -  

c a t i o n  r e f e r s ,  r espec t i ve l y ,  t o  y i e l d s  pooled as appl i c a b l e  t o  thermal ,  f a s t ,  and 

h igh  (" 14.7 MeV) i n c i d e n t  neutron energies; t h e  S denotes spontaneous f i s s i o n .  



h0000000000600000U000~000000030G0000000000000~00000  
U o 0 0 0 0 0 0 0 0 0 m 0 0 0 0 0 a 0 0 0 m 0 0 0 0 0 O O O O m O O 3 0 O O O O O o o o o o m o o o o o  c . . . . . . . . . . . . . . . . . . . . . . . . . .  . a + . . . . . . . . . . . . . . . . . . . . .  

. d 4 a N N W N a 4 Q ~ ~ ~ a ~ G m N ~ < c Q u l ~ \ o ~ ~ a < 9 9 9 i n 4 d N ~ - 9 & a ~ + a a ~ N a Q a a ~  
Car l4mmriFl  d d 4 4 d d d A N m  rl - d 4 d4d  4 r41- l r l  N 4 

~ o 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 a 0 0 O O O O O O O O C C O O O O O O O O O O o o o o o o o o o o o o o o o  
~0000000000m00000m000000000CC30003OOOcOOOOOoooooooooooo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  
- ~ N ~ N N m N N m N N d m N m N a b N N G N N N 9 N C V N N N N N w N - f N 9 a ~ a G G a N G N a a a N ~  - m m m m m ~ m m m m m m ~ m ~ m  

_ a  &I 
m r l m  4 d m r i  

h o O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o o o  
u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . J 0 0 0 ~ 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0  c . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.dNNNNmmaaaaaaa4Qaa4NNmC* lN*QNJ\ -adaNau \D4daduadadaaadaa  
a m m m r n ~ ~ + & r l + +  44 4 -l-lrl+-t 4- 
u 
L l  t I  
a\\\<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<i<<<<<<<<< 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 ~ ~ m m m u u u m m m N N N d 4 0 0 0 0 0 0 0 C 0 0 0 0 0 0 0 0 0 0 0 4 r i d m m ~ ~ N N m m ~ N m W  
" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 3 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0  
W 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 + + + + + + + + + + + + + + + + + + + l l  I  I I I I I  I  I I I I I  1 
- a u a u u u u ~ a u u u a w a u a u u u a a u u a L u u a a @ ~ u u u u a a w u ~ u Q , Q , a ~ u ~ a u  
N 0 d 0 ~ ~ 0 + m e m h m ~ m 9 o a m a ~ m u o o m x M + N G 0 \ G O ~ 0 \ m h l m ~ b ~ U N d ~ N d ~ a U  
~ w m f i m ~ m ~ m ~ a m ~ u a ~ m ~ ~ ~ ~ ~ m a o a ~ m m a ~ o m o ~ ~ o m ~ a + ~ m ~ m ~ m m m ~ ~  
~ w ~ u m ~ ~ ~ ~ ~ ~ + ~ ~ u 0 ~ ~ ~ ~ ~ ~ ~ ~ 1 o ~ m ~ ~ ~ m ~ u ~ a m m w m o ~ u ~ ~ o ~ ~ ~ a m m  C . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ - ~ ~ m ~ + ~ a + ~ ~ r l m ~ ~ u ~ ~ . ~ 1 ; a ~ ~ ~ ~ ~ a a r ( l m ~ ~ m ~ ~ ~ r n ~ m ~ ~ m a a ~ ~ a ~ ~ ~  
~ ~ b ~ ~ 0 4 N ~ ~ ~ ~ b ~ ~ O ~ ~ ~ . j i n ~ b ~ ~ O ~ N C ? ~ ~ G h ~ ~ O d N ~ b ~ ~ ~ ~ ~ O ~ N ~ U ~  
m a a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a m a a o ~ a o g m a a m m ~ m ~ ~ o \ m m m ~ ~ ~ ~ ~ o o o o o + ~ ~ ~ + ~  

+dd+ririt+drlddd444+ 

E: 



C . . , . , . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- d ~ 0 0 ~ ~ b 0 3 6 ~ ~ + ~ c O 9 d ~ N 4 U N N h l U d N N . j ~ N C N U ~ N Q Q ~ 9 a N ~ d ~ N C V N ~ ~ N N ~ N N  
ml-4 4 4 4  4r-irl4-l 4 ~ 4  4 -14 d d u ~ d ~ r n ~ m ~ r n m m ~ m ~  

Mcr) 
00 
I I 
aJ aJ 

0 3 4  
NLD 
c u r l  . . 
m w  



M
a
s
s
 T
h2
32
(f
)U
nc
er
ta
in
ty
 

1
6
8
 5
.
7
5
1
e
-
0
8
 +

/-
 
3
2
.
0
0
 

1
6
9
 2
.
9
2
1
e
-
0
8
 +

/-
 
3
2
.
0
0
 

1
7
0
 1
.
1
6
0
e
-
0
8
 +

/-
 
3
2
.
0
0
 

1
7
1
 5
.
0
4
1
e
-
0
9
 +

/-
 
3
2
.
0
0
 

1
7
2
 2
.
5
9
1
e
-
0
9
 +

/-
 
3
2
.
0
0
 

M
a
s
s
 U
23
5(
t)
 
U
n
c
e
r
t
a
i
n
t
y
 

6
6
 7
.
6
1
8
e
-
0
8
 +

/-
 
3
2
.
0
0
 

6
7
 3
.
9
1
9
e
-
0
7
 +

/-
 
3
2
.
0
0
 

6
8
 6
.
6
0
9
e
-
0
7
 +

/-
 
3
2
.
0
0
 

6
9
 1
.
4
3
0
e
-
0
6
 +

/-
 
3
2
.
0
0
 

7
0
 3
.
3
0
9
e
-
0
6
 +

/-
 
3
2
.
0
0
 

7
1
 7
.
7
0
8
e
-
0
6
 +

/-
 
3
2
.
0
0
 

7
2
 2
.
6
7
9
e
-
0
5
 +

/-
 
1
1
.
0
0
 

7
3
 1
.
1
8
0
e
-
0
4
 +

/-
 
4
5
.
0
0
 

7
4
 3
.
6
1
9
e
-
0
4
 +

/-
 
2
3
.
0
0
 

7
5
 1
.
1
7
9
e
-
0
3
 +

/-
 
2
3
.
0
0
 

7
6
 3
.
8
5
7
e
-
0
3
 +

/-
 
3
2
.
0
0
 

7
7
 8
.
4
3
2
e
-
0
3
 +

/-
 
1
1
.
0
0
 

7
8
 2
.
1
8
3
e
-
0
2
 +

/-
 

8
.
0
0
 

7
9
 4
.
5
3
1
e
-
0
2
 +

/-
 

4
.
0
0
 

8
0
 1
.
3
0
8
e
-
0
1
 +

/-
 

4
.
0
0
 

8
1
 
1
.
9
5
3
e
-
0
1
 +

/-
 

2.
80
 

8
2
 3
.
2
7
8
e
-
0
1
 +

/-
 

2
.
8
0
 

8
3
 5
.
3
6
0
e
-
0
1
 +

/-
 

0
.
5
0
 

8
4
 9
.
9
5
1
e
-
0
1
 +

/-
 

0
.
7
0
 

8
5
 1
.
3
1
0
e
+
0
0
 +

/-
 

0
.
3
5
 

8
6
 1
.
9
6
9
e
+
0
0
 +

/-
 

0
.
5
0
 

8
7
 2
.
5
5
7
e
+
0
0
 +

/-
 

0
.
7
0
 

8
8
 3
.
6
3
3
e
+
0
0
 +

/-
 

0
.
7
0
 

8
9
 4
.
8
7
7
e
+
0
0
 +

/-
 

1
.
4
0
 

9
0
 5
.
9
1
3
e
+
0
0
 +

/-
 

0
.
7
0
 

9
1
 5
.
9
3
3
e
+
0
0
 +

/-
 

0
.
5
0
 

9
2
 5
.
9
8
0
e
+
0
0
 +

/-
 

0
.
7
0
 

9
3
 6
.
3
8
3
e
+
0
0
 +

/-
 

0
.
7
0
 

9
4
 6
.
4
4
4
e
+
0
0
 +

/-
 

0
.
7
0
 

9
5
 6
.
4
9
5
e
+
0
0
 +

/-
 

0
.
7
0
 

9
6
 6
.
2
8
2
e
+
0
0
 +

/-
 

0
.
7
0
 

97
 5
.
9
4
1
e
+
0
0
 +

/-
 

0
.
7
0
 

9
8
 5
.
7
7
4
e
+
0
0
 +

/-
 

0
.
7
0
 

99
 
6
.
1
1
9
e
+
0
0
 +

/-
 

1
.
0
0
 

1
0
0
 6
.
2
0
6
e
+
0
0
 +

/-
 

1
.
4
0
 

1
0
1
 5
.
0
7
4
e
+
0
0
 +

/-
 

1
.
0
0
 

1
0
2
 4
.
2
3
6
e
+
0
0
 +

/-
 

1
.
0
0
 

1
0
3
 3
.
0
4
2
e
+
0
0
 +

/-
 

1
.
4
0
 

1
0
4
 1
.
8
3
5
e
+
0
0
 +

/-
 

0
.
7
0
 

1
0
5
 9
.
6
7
4
e
-
0
1
 +

/-
 

2
.
0
0
 

1
0
6
 4
.
0
1
7
e
-
0
1
 +

/-
 

1
.
0
0
 

1
0
7
 1
.
4
0
5
e
-
0
1
 +

/-
 

6
.
0
0
 

1
0
8
 6
.
7
0
6
e
-
0
2
 +

/-
 

6
.
0
0
 

1
0
9
 3
.
4
4
3
e
-
0
2
 +

/-
 
1
1
.
0
0
 

1
1
0
 3
.
0
3
4
e
-
0
2
 +

/-
 
1
1
.
0
0
 

Th
23
2(
he
)U
nc
er
ta
in
ty
 

7
.
3
6
0
e
-
0
6
 +

/-
 

8
.
0
0
 

3
.
5
7
0
e
-
0
6
 +

/-
 

8
.
0
0
 

1
.
6
0
0
e
-
0
6
 +

/-
 

8
.
0
0
 

7
.
5
1
0
e
-
0
7
 +

/-
 

8
.
0
0
 

3
.
5
0
0
e
-
0
7
 +

/-
 

8
.
0
0
 

U2
35
(f
) 

U
n
c
e
r
t
a
i
n
t
y
 

8
.
8
1
6
e
-
0
7
 +

/-
 
2
3
.
0
0
 

2
.
8
2
9
e
-
0
6
 +

/-
 
2
3
.
0
0
 

4
.
9
1
8
e
-
0
6
 +

/-
 
2
3
.
0
0
 

1
.
0
6
0
e
-
0
5
 +

/-
 
2
3
.
0
0
 

2
.
2
9
9
e
-
0
5
 +

/-
 
2
3
.
0
0
 

5
.
6
6
7
e
-
0
5
 +

/-
 
2
3
.
0
0
 

2
.
0
1
9
e
-
0
4
 +

/-
 
2
3
.
0
0
 

6
.
0
2
7
e
-
0
4
 +

/-
 
1
6
.
0
0
 

1
.
4
5
0
e
-
0
3
 +

/-
 
2
3
.
0
0
 

9
.
1
7
3
e
-
0
3
 +

/-
 
1
6
.
0
0
 

1
.
6
1
5
e
-
0
2
 +

/-
 
2
3
.
0
0
 

3
.
5
3
9
e
-
0
2
 +

/-
 
1
1
.
0
0
 

6
.
4
7
0
e
-
0
2
 +

/-
 
1
1
.
0
0
 

1
.
0
0
7
e
-
0
1
 +

/-
 

8
.
0
0
 

1
.
7
6
2
e
-
0
1
 +

/-
 
1
1
.
0
0
 

2
.
5
3
7
e
-
0
1
 +

/-
 
1
1
.
0
0
 

3
.
8
1
7
e
-
0
1
 +

/-
 
1
0
.
9
9
 

5
.
7
2
2
e
-
0
1
 +

/-
 

1
.
0
0
 

1
.
0
2
6
e
+
0
0
 +

/-
 

1
.
4
0
 

1
.
3
2
8
e
+
0
0
 +

/-
 

1
.
0
0
 

1
.
9
3
4
e
+
0
0
 +

/-
 

1
.
0
0
 

2
.
4
7
9
e
+
0
0
 +

/-
 

2
.
0
0
 

3
.
4
8
5
e
+
0
0
 +

/-
 

1
.
0
0
 

4
.
5
2
7
e
+
0
0
 +

/-
 

2
.
0
0
 

5
.
4
5
3
e
+
0
0
 +

/-
 

1
.
0
0
 

5
.
6
5
6
e
+
0
0
 +

/-
 

1
.
0
0
 

5
.
7
4
2
e
+
0
0
 +

/-
 

1
.
0
0
 

6
.
1
3
5
e
+
0
0
 +

/-
 

1
.
0
0
 

6
.
1
9
7
e
+
0
0
 +

/-
 

1
.
0
0
 

6
.
3
6
3
e
+
0
0
 +

/-
 

0
.
7
0
 

6
.
0
9
9
e
+
0
0
 +

/-
 

1
.
4
0
 

5
.9

2
1

e
+

0
0

 
+/

- 
0
.
7
0
 

5
.
8
6
9
e
+
0
0
 +

/-
 

1
.
0
0
 

5
.
7
5
5
e
+
0
0
 +

/-
 

1
.
4
0
 

6
.
2
8
4
e
+
0
0
 +

/-
 

1
.
0
0
 

5
.
3
5
2
e
+
0
0
 +

/-
 

1
.
4
0
 

4
.
5
3
5
e
+
0
0
 +

/-
 

1
.
4
0
 

3
.
2
7
6
e
+
0
0
 +

/-
 

1
.
4
0
 

2
.
2
7
5
e
+
0
0
 +

/-
 

2
.
0
0
 

1
.
2
1
0
e
+
0
0
 +

/-
 

2
.
0
0
 

5
.
5
7
7
e
-
0
1
 +

/-
 

4
.
0
0
 

3
.
2
7
5
e
-
0
1
 +

/-
 
1
1
.
0
0
 

1
.
7
1
7
e
-
0
1
 +

/-
 
1
6
.
0
0
 

1
.
1
4
8
e
-
0
1
 +

/-
 
1
1
.
0
0
 

9
.
0
2
6
e
-
0
2
 +

/-
 
1
6
.
0
0
 

T
a
b
l
e
 
3
-
1
 C
o
n
t
'
d
 

U2
33
(t
) 

U
n
c
e
r
t
a
i
n
t
y
 

1
.
6
6
9
e
-
0
8
 +

/-
 
3
2
.
0
0
 

5
.
6
4
8
e
-
0
9
 +

/-
 
3
2
.
0
0
 

1
.
6
7
1
e
-
0
9
 +

/-
 
3
1
.
9
7
 

5
.
5
5
8
e
-
1
0
 +

/-
 
3
2
.
0
0
 

1
.
8
4
9
e
-
1
0
 +

/-
 
3
2
.
0
0
 

U2
33
(f
) 

U
n
c
e
r
t
a
i
n
t
y
 

2
.
3
4
0
e
-
0
8
 +

/-
 
3
2
.
0
0
 

7
.
8
3
0
e
-
0
9
 +

/-
 
3
2
.
0
0
 

2
.
3
4
2
e
-
0
9
 +

/-
 
31
.9
7 

7
.
2
0
0
e
-
1
0
 +

/-
 
3
2
.
0
0
 

2
.
7
0
0
e
-
1
0
 +

/-
 
3
2
.
0
0
 

U2
36
(f
) 

U
n
c
e
r
t
a
i
n
t
y
 

7
.
4
7
0
e
-
0
7
 +

/-
 
3
2
.
0
0
 

1
.
8
7
0
e
-
0
6
 +

/-
 
3
2
.
0
0
 

3
.
7
4
0
e
-
0
6
 +

/-
 
3
2
.
0
0
 

8
.
4
1
0
e
-
0
6
 +

/-
 
3
2
.
0
0
 

1
.
8
7
0
e
-
0
5
 +

/-
 
3
2
.
0
0
 

4
.
6
7
0
e
-
0
5
 +

/-
 
3
2
.
0
0
 

1
.
6
8
0
e
-
0
4
 +

/-
 
3
2
.
0
0
 

6
.
6
7
0
e
-
0
4
 +

/-
 
2
3
.
0
0
 

1
.
5
8
8
e
-
0
3
 +

/- 
3
2
.
0
0
 

1
.
2
1
4
e
-
0
2
 +

/-
 
3
2
.
0
0
 

2
.
0
5
5
e
-
0
2
 +

/-
 
3
2
.
0
0
 

4
.
1
9
5
e
-
0
2
 +

/-
 
2
3
.
0
0
 

5
.
2
3
1
e
-
0
2
 +

/-
 
3
2
.
0
0
 

1
.
0
4
9
e
-
0
1
 +

/-
 
2
3
.
0
0
 

1
.
6
8
2
e
-
0
1
 +

/-
 
3
2
.
0
0
 

2
.
4
2
9
e
-
0
1
 +

/-
 
3
2
.
0
0
 

3
.
4
5
8
e
-
0
1
 +

/-
 
3
1
.
9
9
 

5
.
2
4
2
e
-
0
1
 +

/-
 
2
3
.
0
0
 

9
.
5
7
6
e
-
0
1
 +

/-
 
2
3
.
0
0
 

1
.
5
0
9
e
+
0
0
 +

/-
 

8
.
0
0
 

1
.
6
7
2
e
+
0
0
 +

/-
 
1
6
.
0
0
 

2
.
3
0
5
e
+
0
0
 +

/-
 

6
.
0
0
 

2
.
9
5
8
e
+
0
0
 +

/-
 

6
.
0
0
 

3
.
7
9
5
e
+
0
0
 +

/-
 

6
.
0
0
 

4
.
5
2
6
e
+
0
0
 +

/-
 
1
1
.
0
0
 

5
.
6
4
0
e
+
0
0
 +

/-
 

6
.
0
0
 

6
.
2
1
7
e
+
0
0
 +

/-
 

6
.
0
0
 

5
.
6
9
3
e
+
0
0
 +

/-
 

4
.
0
0
 

5
.
5
8
6
e
+
0
0
 +

/-
 
1
6
.
0
0
 

6
.
4
1
0
e
+
0
0
 +

/-
 

6
.
0
0
 

5
.
7
5
0
e
+
0
0
 +

/-
 
1
6
.
0
0
 

5
.
0
7
7
e
+
0
0
 +

/-
 

4
.
0
0
 

5
.
8
0
4
e
+
0
0
 +

/-
 
1
1
.
0
0
 

5
.
9
1
2
e
+
0
0
 +

/-
 

6
.
0
0
 

5
.
5
6
7
e
+
0
0
 +

/-
 
1
1
.
0
0
 

5
.
2
9
3
e
+
0
0
 +

/-
 
1
1
.
0
0
 

4
.
9
3
4
e
+
0
0
 +

/-
 
1
6
.
0
0
 

4
.
2
0
7
e
+
0
0
 +

/-
 

4
.
0
0
 

3
.
3
6
3
e
+
0
0
 +

/-
 
1
6
.
0
0
 

2
.
4
7
0
e
+
0
0
 +

/-
 

6
.
0
0
 

1
.
0
1
4
e
+
0
0
 +

/-
 

8
.
0
0
 

9
.
2
4
7
e
-
0
1
 +

/-
 
2
3
.
0
0
 

3
.
4
5
7
e
-
0
1
 +

/- 
3
2
.
0
0
 

1
.
4
3
1
e
-
0
1
 +

/-
 
2
3
.
0
0
 

1
.
0
2
7
e
-
0
1
 +

/-
 
3
2
.
0
0
 

U2
38
(f
) 

U
n
c
e
r
t
a
i
n
t
y
 

1
.
7
5
2
e
-
0
8
 +

/-
 
3
2
.
0
0
 

6
.
0
5
7
e
-
0
8
 +

/-
 
3
2
.
0
0
 

2
.
2
8
3
e
-
0
7
 +

/-
 
2
3
.
0
0
 

6
.
1
8
7
e
-
0
7
 +

/-
 
2
3
.
0
0
 

1
.
7
1
2
e
-
0
6
 +

/-
 
2
3
.
0
0
 

4
.
9
4
6
e
-
0
6
 +

/-
 
2
3
.
0
0
 

9
.
3
2
1
e
-
0
6
 +

/-
 
3
2
.
0
0
 

4
.
7
7
6
e
-
0
5
 +

/-
 
2
3
.
0
0
 

9
.
3
2
1
e
-
0
5
 +

/-
 
3
2
.
0
0
 

2
.
4
2
3
e
-
0
4
 +

/-
 
2
3
.
0
0
 

8
.
0
4
9
e
-
0
4
 +

/-
 
2
3
.
0
0
 

3
.
3
3
4
e
-
0
3
 +

/-
 
1
1
.
0
0
 

1
.
1
2
8
e
-
0
2
 +

/-
 
2
3
.
0
0
 

3
.
3
4
2
e
-
0
2
 +

/-
 
1
6
.
0
0
 

6
.
9
5
0
e
-
0
2
 +

/-
 
2
3
.
0
0
 

1
.
4
3
1
e
-
0
1
 +

/-
 
2
3
.
0
0
 

2
.
3
8
3
e
-
0
1
 +

/-
 
2
3
.
0
0
 

3
.
9
3
5
e
-
0
1
 +

/-
 

1
.
0
0
 

8
.
1
4
9
e
-
0
1
 +

/-
 

1
.
4
0
 

7
.
3
0
8
e
-
0
1
 +

/-
 

1
.
4
0
 

1
.
2
7
8
e
+
0
0
 +

/-
 

1
.
4
0
 

1
.
5
8
7
e
+
0
0
 +

/-
 

1
.
4
0
 

2
.
0
6
0
e
+
0
0
 +

/-
 

2
.
0
0
 

2
.
8
4
6
e
+
0
0
 +

/-
 

2
.
0
0
 

3
.
2
4
0
e
+
0
0
 +

/-
 

2
.
0
0
 

4
.
0
6
9
e
+
0
0
 +

/-
 

2
.
8
0
 

4
.
5
2
5
e
+
0
0
 +

/-
 

4
.
0
0
 

4
.
9
7
5
e
+
0
0
 +

/-
 

2
.
8
0
 

4
.
9
7
7
e
+
0
0
 +

/-
 

6
.
0
0
 

5
.
1
0
5
e
+
0
0
 +

/-
 

1
.
0
0
 

5
.
9
3
2
e
+
0
0
 +

/-
 

6
.
0
0
 

5
.
5
2
5
e
+
0
0
 +

/-
 

1
.
0
0
 

5
.
8
1
2
e
+
0
0
 +

/-
 

1
.
4
0
 

6
.
2
4
8
e
+
0
0
 +

/-
 

2
.
0
0
 

6
.
6
1
8
e
+
0
0
 +

/-
 

1
.
4
0
 

6
.
0
8
4
e
+
0
0
 +

/-
 

6
.
0
0
 

6
.
3
2
7
e
+
0
0
 +

/-
 

6
.
0
0
 

6
.
2
2
9
e
+
0
0
 +

/-
 

1
.
4
0
 

4
.
9
8
9
e
+
0
0
 +

/-
 

6
.
0
0
 

3
.
9
7
5
e
+
0
0
 +

/-
 

2
.
8
0
 

2
.
5
1
3
e
+
0
0
 +

/-
 

4
.
0
0
 

1
.
3
0
3
e
+
0
0
 +

/-
 

8
.
0
0
 

6
.
0
1
1
e
-
0
1
 +

/-
 
1
6
.
0
0
 

2
.
6
7
1
e
-
0
1
 +

/-
 
1
1
.
0
0
 

1
.
3
5
5
e
-
0
1
 +

/-
 
1
6
.
0
0
 



M
a
s
s
 
U
2
3
5
(
t
)
 
U
n
c
e
r
t
a
i
n
t
y
 

1
1
1
 
2
.
0
0
5
e
-
0
2
 +

/-
 

4
.
0
0
 

1
1
2
 1
.
6
1
0
e
-
0
2
 +

/-
 

4
.
0
0
 

1
1
3
 1
.
6
3
4
e
-
0
2
 +

/-
 

6
.
0
0
 

1
1
4
 1
.
4
0
3
e
-
0
2
 +

/-
 

6
.
0
0
 

1
1
5
 
1
.
0
7
9
e
-
0
2
 +

/-
 
1
1
.
0
0
 

1
1
6
 
1
.
6
9
0
e
-
0
2
 +

/-
 

6
.
0
0
 

1
1
7
 1
.
0
8
5
e
-
0
2
 +

/-
 

2
.
8
0
 

1
1
8
 
1
.
0
9
4
e
-
0
2
 +

/-
 
1
1
.
0
0
 

1
1
9
 
1
.
2
1
6
e
-
0
2
 +

/-
 
1
1
.
0
0
 

1
2
0
 
1
.
2
1
0
e
-
0
2
 +

/-
 
1
1
.
0
0
 

1
2
1
 
1
.
2
9
9
e
-
0
2
 +

/-
 

6
.
0
0
 

1
2
2
 
1
.
5
3
0
e
-
0
2
 +

/-
 
1
1
.
0
0
 

1
2
3
 
1
.
5
8
5
e
-
0
2
 +

/-
 

4
.
0
0
 

1
2
4
 2
.
5
9
2
e
-
0
2
 +

/-
 
1
0
.
9
9
 

1
2
5
 
2
.
9
3
9
e
-
0
2
 +

/-
 

4
.
0
0
 

1
2
6
 
5
.
5
5
9
e
-
0
2
 +

/-
 

8
.
0
0
 

1
2
7
 
1
.
2
5
6
e
-
0
1
 +

/-
 

6
.
0
0
 

1
2
8
 3
.
5
0
7
e
-
0
1
 +

/-
 

2
.
8
0
 

1
2
9
 
7
.
4
3
5
e
-
0
1
 +

/-
 

6
.
0
0
 

1
3
0
 
1
.
7
8
4
e
+
0
0
 +

/-
 

2
.
0
0
 

1
3
1
 
2
.
8
8
3
e
+
0
0
 +

/-
 

0
.
5
0
 

1
3
2
 4
.
2
9
8
e
+
0
0
 +

/-
 

0
.
5
0
 

1
3
3
 
6
.
7
0
2
e
+
0
0
 +

/-
 

0
.
3
5
 

1
3
4
 
7
.
7
9
5
e
+
0
0
 +

/-
 

0
.
7
0
 

1
3
5
 
6
.
5
4
1
e
+
0
0
 +

/-
 

1
.
0
0
 

1
3
6
 
6
.
3
1
6
e
+
0
0
 +

/-
 

0
.
5
0
 

1
3
7
 
6
.
2
2
1
e
+
0
0
 +

/-
 

0
.
3
5
 

1
3
8
 6
.
7
5
6
e
+
0
0
 +

/-
 

0
.
7
0
 

1
3
9
 
6
.
3
7
7
e
+
0
0
 +

/-
 

1
.
0
0
 

1
4
0
 6
.
2
7
6
e
+
0
0
 +

/-
 

0
.
5
0
 

14
1 
5
.
7
9
6
e
+
0
0
 +

/-
 

1
.
0
0
 

1
4
2
 
5
.
8
7
7
e
+
O
O
 +

/-
 

0
.
5
0
 

1
4
3
 
5
.
9
3
7
e
+
0
0
 +

/-
 

0
.
3
5
 

1
4
4
 
5
.
4
7
4
e
+
0
0
 +

/-
 

0
.
5
0
 

1
4

5
 3
.
9
1
7
e
+
0
0
 +

/-
 

0
.
3
5
 

1
4
6
 
2
.
9
7
5
e
+
0
0
 +

/-
 

0
.
3
5
 

1
4
7
 
2
.
2
5
3
e
+
0
0
 +

/-
 

1
.
0
0
 

1
4
8
 1
.
6
7
0
e
+
0
0
 +

/-
 

0
.
3
5
 

1
4
9
 
1
.
0
6
7
e
+
0
0
 +

/-
 

1
.
4
0
 

1
5
0
 
6
.
4
8
3
e
-
0
1
 +

/-
 

0
.
5
0
 

1
5
1
 
4
.
1
8
4
e
-
0
1
 +

/-
 

1
.
0
0
 

1
5
2
 2
.
6
7
8
e
-
0
1
 +

/-
 

0
.
7
0
 

1
5
3
 
1
.
6
1
3
e
-
0
1
 +

/-
 

2
.
8
0
 

1
5
4
 7
.
3
4
0
e
-
0
2
 +

/-
 
1
6
.
6
6
 

1
5
5
 
3
.
2
0
5
e
-
0
2
 +

/-
 

4
.
0
0
 

1
5
6
 
1
.
3
1
9
e
-
0
2
 +

/-
 

4
.
0
0
 

1
5
7
 
6
.
1
5
4
e
-
0
3
 +

/-
 

8
.
0
0
 

1
5
8
 
2
.
9
1
5
e
-
0
3
 +

/-
 
2
3
.
0
0
 

1
5
9
 
1
.
0
0
4
e
-
0
3
 +

/-
 

6
.
0
0
 

1
6
0
 
3
.
1
6
0
e
-
0
4
 +

/-
 
3
2
.
0
0
 

U2
35
( 
f)
 
U
n
c
e
r
t
a
i
n
t
y
 

4
.
3
1
4
e
-
0
2
 +

/-
 

2
.
8
0
 

3
.
8
1
9
e
-
0
2
 +

/-
 

2
.
8
0
 

3
.
3
6
7
e
-
0
2
 +

/-
 

2
.
8
0
 

3
.
2
9
0
e
-
0
2
 +

/-
 

2
.
8
0
 

2
.
9
3
9
e
-
0
2
 +

/-
 

8
.
0
0
 

3
.
4
6
7
e
-
0
2
 +

/-
 

4
.
0
0
 

3
.
3
8
5
e
-
0
2
 +

/-
 
1
1
.
0
0
 

3
.
3
1
1
e
-
0
2
 +

/-
 

8
.
0
0
 

3
.
4
0
5
e
-
0
2
 +

/-
 

8
.
0
0
 

3
.
4
3
5
e
-
0
2
 +

/-
 

8
.
0
0
 

3
.
5
2
2
e
-
0
2
 +

/-
 
1
1
.
0
0
 

4
.
0
4
1
e
-
0
2
 +

/-
 
1
1
.
0
0
 

4
.
5
0
8
e
-
0
2
 +

/-
 
1
1
.
0
0
 

6
.
5
9
6
e
-
0
2
 +

/-
 
1
1
.
0
0
 

7
.
0
9
5
e
-
0
2
 +

/-
 

6
.
0
0
 

1
.
3
9
5
e
-
0
1
 +

/-
 
1
1
.
0
0
 

2
.
8
1
4
e
-
0
1
 +

/-
 
1
6
.
0
0
 

6
.
8
0
8
e
-
0
1
 +

/-
 
1
1
.
0
0
 

8
.
9
2
6
e
-
0
1
 +

/-
 

6
.
0
0
 

1
.
9
3
5
e
+
0
0
 +

/-
 

8
.
0
0
 

3
.
1
7
8
e
+
0
0
 +

/-
 

0
.
7
0
 

4
.
6
0
1
e
+
0
0
 +

/-
 

0
.
7
0
 

6
.
7
3
0
e
+
0
0
 +

/-
 

1
.
0
0
 

7
.
5
3
6
e
+
0
0
 +

/-
 

0
.
7
0
 

6
.
5
8
1
e
+
0
0
 +

/-
 

0
.
7
0
 

6
.
1
6
2
e
+
0
0
 +

/-
 

0
.
7
0
 

6
.
1
5
1
e
+
0
0
 +

/-
 

0
.
7
0
 

6
.
5
5
0
e
+
0
0
 +

/-
 

1
.
4
0
 

6
.
3
2
8
e
+
0
0
 +

/-
 

1
.
0
0
 

6
.
1
0
5
e
+
0
0
 +

/-
 

0
.
7
0
 

5
.
9
5
3
e
+
0
0
 +

/-
 

2
.
0
0
 

5
.
6
6
7
e
+
0
0
 +

/-
 

2
.
0
0
 

5
.
6
8
6
e
+
0
0
 +

/-
 

0
.
5
0
 

5
.
2
6
0
e
+
0
0
 +

/-
 

1
.
4
0
 

3
.
7
4
3
e
+
0
0
 +

/-
 

0
.
5
0
 

2
.
9
0
2
e
+
0
0
 +

/-
 

0
.
5
0
 

2
.
0
9
6
e
+
0
0
 +

/-
 

1
.
4
0
 

1
.
6
7
2
e
+
0
0
 +

/-
 

0
.
3
5
 

1
.
0
2
6
e
+
0
0
 +
/
-
 

1
-
0
0
 

6
.
8
4
2
e
-
0
1
 +

/-
 

0
.
7
0
 

4
.
0
7
6
e
-
0
1
 +

/-
 

1
.
0
0
 

2
.
7
9
7
e
-
0
1
 +

/-
 

4
.
0
0
 

1
.
7
5
2
e
-
0
1
 +

/-
 

4
.
0
0
 

7
.
4
3
0
e
-
0
2
 +

/-
 
1
7
.
4
5
 

5
.
6
1
6
e
-
0
2
 +

/-
 
1
6
.
0
0
 

1
.
9
2
9
e
-
0
2
 +

/-
 

6
.
0
0
 

1
.
1
2
6
e
-
0
2
 +

/-
 
2
3
.
0
0
 

6
.
7
7
2
e
-
0
3
 +

/-
 
1
6
.
0
0
 

3
.
0
5
3
e
-
0
3
 +

/-
 
1
1
.
0
0
 

1
.
1
8
1
e
-
0
3
 +

/-
 
1
6
.
0
0
 

T
a
b
l
e
 
3
-
1
 C
o
n
t
'
d
 

U2
35
(h
e)
lJ
nc
er
ta
in
ty
 

1
.
2
0
5
e
+
0
0
 +

/-
 

2
.
8
0
 

1
.
0
5
4
e
+
0
0
 +

/-
 

8
.
0
0
 

1
.
0
8
4
e
+
0
0
 +

/-
 

8
.
0
0
 

9
.
7
9
7
e
-
0
1
 +

/-
 
1
1
.
0
0
 

9
.
6
2
4
e
-
0
1
 +

/-
 

4
.
0
0
 

9
.
7
6
1
e
-
0
1
 +

/-
 
1
1
.
0
0
 

1
.
0
7
9
e
+
0
0
 +

/-
 

8
.
0
0
 

1
.
1
0
5
e
+
0
0
 +

/-
 

8
.
0
0
 

1
.
1
1
6
e
+
0
0
 +

/-
 

8
.
0
0
 

1
.
1
3
5
e
+
0
0
 +

/-
 

8
.
0
0
 

1
.
0
4
2
e
+
0
0
 +

/-
 

4
.
0
0
 

1
.
2
0
6
e
+
0
0
 +

/-
 
1
1
.
0
0
 

1
.
2
4
0
e
+
0
0
 +

/-
 

8
.
0
0
 

1
.
3
1
4
e
+
0
0
 +

/-
 
1
0
.
9
5
 

1
.
4
2
3
e
+
0
0
 +

/-
 

8
.
0
0
 

1
.
7
7
8
e
+
0
0
 +

/-
 

4
.
0
0
 

2
.
1
8
3
e
+
0
0
 +

/-
 

2
.
8
0
 

2
.
4
7
6
e
+
0
0
 +

/-
 

8
.
0
0
 

3
.
5
5
7
e
+
0
0
 +

/-
 

8
.
0
0
 

3
.6

4
8

e+
0

0
 +

/-
 

7
.
9
5
 

3
.
9
9
5
e
+
0
0
 +

/-
 

4
.
0
0
 

4
.
7
7
9
e
+
0
0
 +

/-
 

6
.
0
0
 

5
.
5
2
7
e
+
0
0
 +

/-
 

8
.
0
0
 

6
.
0
5
5
e
t
0
0
 +

/-
 

5
.
9
9
 

5
.
9
1
2
e
+
0
0
 +

/-
 

4
.
0
0
 

5
.
0
6
9
e
+
0
0
 +

/-
 
1
0
.
5
3
 

4
.
9
1
7
e
+
0
0
 +

/-
 

2
.
8
0
 

4
.
6
3
4
e
+
0
0
 +

/-
 

4
.
0
0
 

4
.
7
3
8
e
+
0
0
 +

/-
 

4
.
0
0
 

4
.
4
7
8
e
+
0
0
 +

/-
 

2
.
8
0
 

4
.
3
7
5
e
+
0
0
 +

/-
 

6
.
0
0
 

4
.
2
4
7
e
+
0
0
 +

/-
 

6
.
0
0
 

3
.
8
0
6
e
+
0
0
 +

/-
 

4
.
0
0
 

3
.
1
2
2
e
+
0
0
 +

/-
 

4
.
0
0
 

2
.
6
8
1
e
+
0
0
 +

/-
 

6
.
0
0
 

2
.
2
1
4
r
+
0
0
 +

/-
 

8
.
0
0
 

1
.
6
2
7
c
+
O
O
 +

/-
 

4
.
0
0
 

1
.
2
0
3
e
+
0
0
 +

/-
 
1
1
.
0
0
 

6
.
4
4
2
e
-
0
1
 +

/-
 

8
.
0
0
 

5
.
1
7
3
e
-
0
1
 +

/-
 
1
0
.
9
7
 

3
.
5
3
6
e
-
0
1
 +

/-
 

8
.
0
0
 

2
.
6
2
4
e
-
0
1
 +

/-
 
1
1
.
0
0
 

2
.
0
1
8
e
-
0
1
 +

/-
 
1
1
.
0
0
 

8
.
0
2
6
e
-
0
2
 +

/-
 
3
2
.
1
7
 

6
.
3
9
9
e
-
0
2
 +

/-
 
1
1
.
0
0
 

5
.
2
7
1
e
-
0
2
 +

/-
 

2
.
8
0
 

3
.
7
8
5
e
-
0
2
 +

/-
 
1
1
.
0
0
 

2
.
3
4
5
e
-
0
2
 +

/-
 
1
1
.
0
0
 

1
.
1
9
3
e
-
0
2
 +

/-
 

8
.
0
0
 

7
.
1
7
5
e
-
0
3
 +

/-
 
1
0
.
9
7
 

U
2

3
6

(f
) 

U
n
c
e
r
t
a
i
n
t
y
 

6
,
5
4
2
e
-
0
2
 +

/-
 

8
.
0
0
 

4
.
7
6
3
e
-
0
2
 +

/-
 
3
2
.
0
0
 

3
.
8
1
3
e
-
0
2
 +

/-
 
2
3
.
0
0
 

3
.
2
6
9
e
-
0
2
 +

/-
 
3
2
.
0
0
 

5
.
1
2
4
e
-
0
2
 +

/-
 
2
1
.
0
0
 

3
.
3
6
3
e
-
0
2
 +

/-
 
3
2
.
0
0
 

3
.
5
7
8
e
-
0
2
 +

/-
 
1
6
.
0
0
 

3
.
5
9
4
e
-
0
2
 +

/-
 
2
3
.
0
0
 

3
.
4
9
9
e
-
0
2
 +

/-
 
2
3
.
0
0
 

3
.
7
8
3
e
-
0
2
 +

/-
 
2
3
.
0
0
 

3
.
6
9
4
e
-
0
2
 +

/-
 
3
2
.
0
0
 

4
.
9
8
7
e
-
0
2
 +

/-
 
3
2
.
0
0
 

7
.
1
8
7
e
-
0
2
 +

/-
 
2
3
.
0
0
 

9
.
2
3
2
e
-
0
2
 +

/-
 
3
2
.
0
0
 

1
.
6
3
3
e
-
0
1
 +

/-
 
2
3
.
0
0
 

2
.
4
5
9
e
-
0
1
 +

/-
 
2
3
.
0
0
 

2
.
2
6
5
e
-
0
1
 +

/-
 
1
6
.
0
0
 

6
.
0
5
2
e
-
0
1
 +

/-
 
2
3
.
0
0
 

1
.
0
0
7
e
+
0
0
 +

/-
 

8
.
0
0
 

1
.
9
9
1
e
+
0
0
 +

/-
 
1
6
.
0
0
 

3
.
0
3
4
e
+
0
0
 +

/-
 

6
.
0
0
 

4
.
3
0
5
e
+
0
0
 +

/-
 

6
.
0
0
 

7
.
0
2
6
e
+
0
0
 +

/-
 

6
.
0
0
 

8
.
0
1
7
e
+
0
0
 +

/-
 

6
.
0
0
 

5
.
7
9
0
e
+
0
0
 +

/-
 

6
.
0
0
 

6
.
4
1
2
e
+
0
0
 +

/-
 
1
5
.
9
9
 

6
.
0
6
6
e
+
0
0
 +

/-
 

4
.
0
0
 

6
.
2
1
9
e
+
0
0
 +

/-
 
1
6
.
0
0
 

5
.
8
7
3
e
+
0
0
 +

/-
 
1
6
.
0
0
 

5
.
7
9
6
e
+
0
0
 +

/-
 

2
.
8
0
 

5
.
5
4
1
e
+
0
0
 +

/-
 

6
.
0
0
 

5
.
8
1
7
~
+
0
0
 +
/-

 
6
.
0
0
 

6
,
0
8
5
e
+
0
0
 +

/-
 

6
.
0
0
 

5
.
2
0
9
e
+
0
0
 +

/-
 

4
 -
0
0
 

3
.
6
6
8
e
+
0
0
 +

/-
 
1
1
.
0
0
 

2
.
9
4
3
c
+
O
O
 +

/-
 
1
6
.
0
0
 

2
.
3
4
1
e
+
0
0
 +

/-
 

4
.
0
0
 

1
.
7
4
1
e
+
0
0
 +

/-
 
1
6
.
0
0
 

1
.
3
6
9
e
+
0
0
 +

/-
 

8
.
0
0
 

7
.
2
9
5
e
-
0
1
 +

/-
 
3
1
.
9
9
 

4
.
2
2
7
e
-
0
1
 +

/-
 
1
1
.
0
0
 

3
.
8
7
7
~
-
0
1
 

+
/-

 
3
2
.
0
0
 

2
.
5
5
3
e
-
0
1
 +

/-
 
2
3
.
0
0
 

1
.
2
9
2
e
-
0
1
 +

/-
 
5
2
.
3
3
 

9
.
2
3
2
e
-
0
2
 +

/-
 
3
2
.
0
0
 

3
.
3
6
5
e
-
0
2
 +

/-
 

6
.
0
0
 

2
.
3
0
8
e
-
0
2
 +

/-
 
3
2
.
0
0
 

1
.
1
0
8
e
-
0
2
 +

/-
 
3
2
.
0
0
 

4
.
3
3
9
e
-
0
3
 +

/-
 
3
2
.
0
0
 

1
.
9
3
9
e
-
0
3
 +

/-
 
3
2
.
0
0
 

U
2
3
8
(
f
)
 
U
n
c
e
r
t
a
i
n
t
y
 

8
.
0
6
5
e
-
0
2
 +

/-
 

2
.
0
0
 

6
.
5
0
4
e
-
0
2
 +

/-
 

6
.
0
0
 

5
.
2
6
7
e
-
0
2
 +

/-
 

8
.
0
0
 

3
.
9
3
3
e
-
0
2
 +

/-
 
1
6
.
0
0
 

3
.
3
8
S
e
-
0
2
 +

/-
 

4
.
0
0
 

4
.
1
6
2
e
-
0
2
 +

/-
 
1
1
.
0
0
 

3
.
6
7
8
e
-
0
2
 +

/-
 
1
1
.
0
0
 

3
.
9
6
2
e
-
0
2
 +

/-
 
1
1
.
0
0
 

3
.
5
7
6
e
-
0
2
 +

/-
 
1
1
.
0
0
 

3
.
5
7
7
e
-
0
2
 +

/-
 
1
6
.
0
0
 

4
.
3
5
2
e
-
0
2
 +

/-
 
1
1
.
0
0
 

3
.
7
6
2
e
-
0
2
 +

/-
 
1
6
.
0
0
 

4
.
0
4
6
e
-
0
2
 +

/-
 
1
6
.
0
0
 

4
.
4
3
6
e
-
0
2
 +

/-
 
1
6
.
0
0
 

5
.
2
7
1
e
-
0
2
 +

/-
 

8
.
0
0
 

6
.
3
8
5
e
-
0
2
 +

/-
 
1
1
.
0
0
 

1
.
3
0
0
e
-
0
1
 +/

- 
6
.
0
0
 

4
.
6
1
5
e
-
0
1
 +

/-
 
1
1
.
0
0
 

9
.
9
7
5
e
-
0
1
 +

/-
 

8
.
0
0
 

1
.
8
7
5
e
+
0
0
 +

/-
 

8
.
0
0
 

3
.
2
3
3
e
+
0
0
 +

/-
 

1
.
4
0
 

5
.
1
3
0
e
+
0
0
 +

/-
 

1
.
4
0
 

6
.
6
2
0
e
+
0
0
 +

/-
 

1
.
4
0
 

7
.
5
6
5
e
+
0
0
 +

/-
 

2
.
8
0
 

6
.
8
6
3
e
+
0
0
 +

/-
 

1
.
4
0
 

6
.
8
5
5
e
+
0
0
 +

/-
 

4
.
0
0
 

6
.
0
0
0
e
+
0
0
 +

/-
 

1
.
0
0
 

5
.
6
6
6
e
+
0
0
 +

/-
 

2
.
0
0
 

5
.
9
6
7
e
+
0
0
 +

/-
 

2
.
8
0
 

5
.
9
4
8
e
+
0
0
 +

/-
 

1
.
0
0
 

5
.
4
5
6
e
+
0
0
 +

/-
 

2
.
8
0
 

4
.
7
2
8
e
+
0
0
 +

/-
 

1
.
4
0
 

4
.
5
5
8
e
+
0
0
 +

/-
 

1
.
0
0
 

4
.
5
4
3
e
+
0
0
 +

/-
 

1
.
0
0
 

3
.
7
5
5
e
+
0
0
 +

/-
 

1
.
0
0
 

3
.
 '
3
9
3
e
+
0
0
 +

/-
 

1
.
0
0
 

2
.
5
3
1
e
+
0
0
 +

/-
 

1
.
4
0
 

2
.
0
8
1
e
+
0
0
 +

/-
 

0
.
7
0
 

1
.
6
1
0
e
+
0
0
 +

/-
 

1
.
4
0
 

1
.
2
6
5
e
+
0
0
 +

/-
 

1
.
4
0
 

8
.
0
1
1
~
-
0
1
 +
/-

 
2
.
0
0
 

5
.
2
0
7
e
-
0
1
 +

/-
 

1
.
4
0
 

4
.
1
0
9
e
-
0
1
 +

/-
 

2
.
8
0
 

2
.
1
3
4
e
-
0
1
 +

/-
 

3
.
8
2
 

1
.
3
2
8
e
-
0
1
 +

/-
 
1
6
.
0
0
 

6
.
7
4
8
e
-
0
2
 +

/-
 

2
.
8
0
 

3
.
8
7
2
e
-
0
2
 +

/-
 
1
6
.
0
0
 

1
.
7
3
0
e
-
0
2
 +

/-
 
1
6
.
0
0
 

8
.
0
9
1
e
-
0
3
 +

/-
 
1
6
.
0
0
 

3
.
2
2
9
e
-
0
3
 +

/-
 
2
3
.
0
0
 



G G  
0 0  

I  I 
Q, aJ 

\ D W  
4Fl 
QIN . . 
- 3 4  

Ln Ln 

00 I I 

aJ aJ 
LnN 
N O  
o m  . . 
c 7 d  

-00 
00 
I I 
aJ aJ 
moo 
*N  
NOO . . 
N 9  

*e 
00 

I 1  
aJ aJ 
04 
hrl 
h o e ,  . . 
m a  

W C J 4  
O O C  
I l l  
a J a J P 1  
h m c r  
m m o  
O h 9  . . .  
m a r l  

j + + < m m m a a f i w a e  ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o o ~ o ~ o ~ o ~ o  
000000000000 "000000000o000000000OOaOOOOOOCooOOOOOO 

h l l l l l l l l l t l  l ' U I I I  I I I I I  I I I I I I I I I l I I l + + + + + + + + + + + + + + + + + + + +  
u u u u a J u a J a J a J u a J u a J  ~ a J a J a J a J a J a J u ~ a J u u u u u o w ~ Y a J a J a J b u u Y a J O O a J a J a J u a J a J u a J ~  
v O O O O O O O O O O O O  m m F l m 4 m d N N m d - 3 ~ d m O M N w a q N \ D N C w 5 : ~ 0 9 L ? m d d m d 4 0  
g N m d m o N O o m Q m <  m 4 d m b N h 4 O a m a m * O m N - 3 0 0 C C O Q a d L ~ C ? - ~ ~ Y O C O O h e ? O m * m  
m 0 m d G h O W N a 6 m 6  ~ ~ ~ ~ 4 ~ 0 ~ ~ h h O O ~ b d 0 ~ t d 0 ~ O h O ~ ~ ~ O ~ - ~ h N ~ X c U 9 0 L n r r ) ~  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  s . . . . . . . . . . . . . . . . . . .  
~ * J d J 4 4 u d N a N h  a C O N C O m O O N m h d N m 4 m Q " * N m G a h - r i + N N N r ) ~ - 3 * m m Q 9 9 Q  

5 v,,nLDCoa~hOOoommo 5 m u u 4 u m m m m N N N N d d d d 4 0 d 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 F l  - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 0 0 0 0 0 0 0 ~ 0 0 0  
l I I I I I I I I I I I  a J I I  I I I I I  I I I I I I I I I I I + I + + + + + + + + + + + + + + + + +  

a J a J P 1 Q ) ~ Q ) a J a l u a J a J ~  SaJwuaJaJaJaJaJaJaJaJuaJaJuaJwaJauuaJ~aaJaJaJaJaJaJuaJaJaJaJaJaJ 
a o c o m o m m a 1 m m ~ \ 0 0  - ~ o ~ ~ F ~ N ~ o N c J c o ~ o o - ~ ~ Q ~ ~ ~ N ~ ~ ~ ~ N ~ o o ~ + N ~ c ~ ~ o o o ~ ~ ~  

N N 9 m h + o a d " i r l O  a 0 0 d m c b 0 N u b m 4 m O a J * a m 4 3 1 0 d 9 c r g o m m N a O * ~ m c h m m r l  52 m c n s ~ r l ~ r r r 0 ~ 0 ~ 1 m ~ f l ~  m m u o o o ~ o ~ ~ m ~ ~ ~ a ~ c ? m m ~ ~ m ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  



7 

0 0 0 0 0 ~ ~ d N ~ m N N N N N N N N N N C V r l d d d 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 d  -000000p0pp000000000000000000000000000000000000000 
W + + + + + l  I I l l  l l l l l l l l l l l l I + + + + + + + + + + + + + + + + + + + + + I  I  
- u a u ~ u u u a u u w u u u u a a u a u u a u u o u u u a u u u a u u u u u u ~ Q 1 ~ u u ~ u a u u  
~ ~ ~ ~ O d b N ~ b f i ~ ~ 4 W c r l N 6 d ~ ~ O U ~ ~ ~ ~ 9 b b ~ O ~ Q \ O F ~ r ( ~ ~ O ~ ~ N ~ ~ ~ ~ O ~  
~ a O b d m m G O O a h w ~ 4 d m ~ ~ 9 a N O d m a a 9 m g s O m 9 ~ b 9 O f i s O r 7 e o o a m 4 N b m m  
~ ~ N 4 N ~ ~ d ~ ~ N ! - f d ~ ~ m ~ ~ ~ ~ O h ~ ~ ~ ~ h G N ~ O ~ ~ ~ ~ h l N ~ 2 ; J ~ b d ~ ~ N ~ N ~ 4  

~ ' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
~ O O O O O o ~ O ~ O O O O O O O Q 0 0 0 0 O O O O O O O O ~ O O d ~ O O O G o O O ~ O O O O O O O O  c . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
' ~ N a N u a d G d N d ~ d * d m d d d * d d d a a a o O a 4 N d N N d d m w N r l w - J N ~ d o O ~ d a a a  

U 
.-I d 4 d d d  d d 4  ri d 4 d 

$<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< ; + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +  
~ 0 0 0 Q 0 0 0 0 0 0 ~ 4 d d d d d 4 ~ d d O O O O O O O O O O O O O O O O O O O O O O O O O O O ~  
- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0  
Q + + + + + + + + + + l  1 1 1 1 1 1 1 I 1  . . . . . . . . . . . . . . . . . . . . . .  
~ a u u ~ ~ a u u u a u u ~ u u ~ u u a a o u a a u ~ w ~ u a u ~ u o ~ a ; o u u a , ~ a a ~ u ~ ~ u ~  
w ~ a a m m m b b ~ ~ Q ~ d m ~ u m o o m o ~ m m ~ a m ~ ~ m m c D ~ ~ 9 ~ m Q d m ~ b m m b b a m ~ ~  
~ m 6 m m ~ m ~ m ~ ~ ~ m ~ ~ m ~ u ~ ~ m a m ~ ~ 0 h 0 m ~ m . ~ 0 m 0 m m a ~ a m ~ ~ 0 ~ m d ~ m 4  
~ a m m u ~ ~ ~ 0 ~ 0 u m m a m m m a m a m 0 ~ a m a 0 ~ 0 a r t m a b m a 0 a m ~ m G o d o b ~ o o  
c.J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 d m m ~ ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ ~ ~ a ~ m m r l ~ ~ r i r i m ~ r l ~ ~ a 9 m m ~ d m d d d m m m ~ m ~ 4 ~ ~  

~ ~ ~ m ~ ~ ~ 6 0 ~ N m d ~ ~ b a ~ o ~ ~ m . j m a 1 s a ~ 0 + ~ m ~ m ~ b W Q \ O d ~ m ~ m ~ b a O m o d  
~ o o o o o o o ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ ~ m m m m m m m ~ m m d d d ~ ~ ~ ~ ~ u ~ m ~  
4 d d 4 4 4 ~ + + d ~ 4 d d d ~ ~ d 4 4 d d d 4 d d 4 d d d 4 d ~ d d 4 + d ~ 4 d 4 4 d d d d 4 d  z 



h 0 0 ~ O O O O O ~ O O O 0 0 O O O O c O O 0  h O O O O O O O O O O O O O O O O a ' O O O O O O O O O O O O  
u o o O O ~ O O O m O O O O O O O O O Q 1 0 0  U O O O O O O O O O O O O O O O O m O O O O o O O O ~ O o o  
C . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  
. + ~ ~ N ~ ~ C O Q ~ ~ ~ U ~ ~ ~ C J N C J N C U ~ N N  ~ r l w m ~ ~ ~ ~ ~ ~ ~ m w ~ ~ ~ m c u m ~ ~ ~ ~ r n m m c n , a m c ~ + \ ~ a ~ ~  
a m d  44-1 w * v m m m m m m m m  a m m m m m r n m m m m m ~ r n w m m ~ m m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
U U 
k r ~ r t r  ~ r ~ ~ r i r r r ~  I I I I I  
w < < < < < < < <  a\\\,\,\\,<<\\\\,<<<<<<<<<<<<< 
g + + + + + + + + + + + + + + + + + + + + +  y + + + + + + + + + + + + + + + + + + + + + + + + + + + + +  

+,00000000a000000000h00 h O O O O O O O O O O O O O O O O O O O O O O O O O O O O ~  
U ~ 0 ~ O ~ O O O ~ O O O O O O O Q O ~ O O  U O O O O O O O O O O O O O O O O O O O 0 0 0 O O C ~ O ~ ~  
E: . . . . . . . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  

~ . ~ - ~ Q ~ ~ W Q ~ G + ~ C U ~ N ~ ~ N N N ~ N C V  ~ c l ~ ~ m w ~ ~ ~ ~ ~ ~ r l ~ a a a a ~ a r 4 a + r l r i ~ . i r i a + ~ m ~ ~  - rd N m  m m m w ~ r n m m u m m  m c l m m m m r ? c r l ~ ~ m - r ( r r ~ ~ ~ + ~  

d d d d r l N N w N m m m m m < u d < m m m  
O O O O O O Q O O O O O O O O O O O O O O  

1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 4  

~ O O O O O O O O O O Q O O O O O ~ ~ O ~ O O ~ ~ ~ ~ ~ O O  
u0000000000000000m00OOOqOOOOOOoo~ . . . . . .  c . . . . . . . . . . . . . . . . . . . . . .  
- d m m m m N N Q C I m N a G a a d a Q m 4 d d + G d c O a a r l u r t  
~ N N W N ~ ~  ~ m d d d d d ~ u r l d ~ + ~ d ~ d  
L) 

d 4 

C 
3 ~ Q m m m m ~ u e ~ c r ) C V N N N 4 d d d ~ 4 4 0 0 0 0 0 0 0  
-00000000000000000000000000000 
U l l  I I l t J l l l  I l l l l l l  l I I l I + + + + + + +  
~ ~ u a # a u a # @ a a u @ u u u # u u w a o @ a u a u o ~  
0 d ~ 0 0 0 0 0 0 4 d ~ 0 m m ~ N h ~ m ~ O r l m * m m O o O c O  
U 4 d ~ b m O C U ~ W O G d O b ~ 4 0 ~ b N 9 r i ~ b s O ~ O O h d  
N U d ~ ~ ~ b d ~ ~ ~ U m b O ~ U 0 0 N h ~ ~ N ~ Q ) ~ O O h d  s . . . . . . . . . . . . . . . . . . . . . . . , . . . . ,  
L m o o 4 N d m 4 m C O m 4 d N m a + ~ m * m b m d d d h l m m e  







Sect ion 4 

PROCESSED CROSS SECTIONS 

INTRODUCTION 

O f  t he  877 f i s s i o n  products and 60 a c t i n i d e s ,  196 f i s s i o n  products and 41 a c t i n i d e s  

have neutron cross sec t ions  f o r  t o t a l ,  e l a s t i c ,  and r a d i a t i v e  cap ture  reac t i ons  

from eV t o  20 MeV i n  ENDF/B-V. To ta l  i n e l a s t i c  eva lua t ions  a re  i nc l uded  f o r  

nea r l y  a l l  o f  these 237 nuc l ides ,  and a d d i t i o n a l  neutron r e a c t i o n  c ross-sec t ion  

eva lua t ions  [e .g . ,  (n,2n), (n,p), (n,a), e t c . ]  a r e  p resent  f o r  many o f  them. Ther- 

mal (0.0253 eV), resonance i n t e g r a l  (above 0.5 eV and a1 so above 0.625 eV), and 

154-group values have been produced i n  t h e  processing o f  each c ross  s e c t i o n  us ing  

t he  N30Y code (17). The mu l t i g roup  l i b r a r y  has been i nc luded  as p a r t  o f  t h e  TOAFEW- 

V code (15). - This  c o l l a p s i n g  code and 1  i b r a r y  i s  a v a i l a b l e  f o r  s p e c i f i c  appl i c a -  

t i o n s  t o  any user.  For convenience, we have i nc luded  re fe rence  se ts  o f  co l lapsed 

few-group cross sec t ions  i n  t h i s  s e c t i o n  f o r  a l l  (n,y) and r e a c t i o n  c ross  sec t ions  

inc luded i n  ENDF/B-V. These re fe rence  da ta  a re  a l l  based on t h e  processed m u l t i -  

group f i l e s  f o r  the  case o f  i n f i n i t e  d i l u t i o n  and Doppler broadened t o  900 K. (The 

TOAFEW mu l t i g roup  f i l e s  con ta in  data f o r  300, 900, and 1200 K a t  i n f i n i t e  d i l u t i o n  
10 

(oO = 10  b) and, f o r  a c t i n i d e s ,  a t  two o r  more a d d i t i o n a l  d i l u t i o n s  f o r  resonance 

s e l f - s h i e l d i n g  us ing  t h e  Bondarenko fo rmu la t ion . )  

The processed cross sec t ions  i n  t h i s  sec t i on  i nc l ude  o n l y  those i n  t h e  ENDF/B-V 

a c t i n i d e  and f i s s i on -p roduc t  f i l e s  ( i n c l u d i n g  those a c t i n i d e s  and f i s s i o n  products 

from the  genera l  purpose f i l e s ) .  Recent ly  we have produced (ny2n)  cross sec t ions  

f o r  a l l  237 nuc l ides  because of t h e i r  p o t e n t i a l  importance. These a re  l i s t e d  i n  

Appendix D f o r  energies above 4.274 MeV i n  t h e  f i r s t  9 groups o f  t h e  154-group 

s t ruc tu re .  

As a l ready  noted, we d i d  c o r r e c t  e r r o r s  d iscovered i n  t h e  ENDF/B-V f i l e s  be fo re  t he  

f i n a l  p rocess ing  f o r  I1 f i s s i o n  products.  The (n,y) cross sec t ions  (MF=3 MT=102) 
105 o f  45Rh (MAT=9355) a t  0.5 eV was changed from 360 t o  3600 b  as r e q u i r e d  f o r  agree- 

ment w i t h  o the r  values i n  t h e  l / v  behavior .  The i n t e r p o l a t i o n  scheme (INT) used i n  

desc r i b i ng  t he  l/v behavior  o f  10 f i s s i on -p roduc t  nuc l i des  has been changed from 
74 l i n e a r - l i n e a r  (INT=2) t o  l o g - l o g  (INT=5); t h e  nuc l i des  a f f e c t e d  a re  34Se (MAT= 

9089), s (MAT=9179), ~ ; R U  (MAT=9325), ;:RU (MAT=9327), l:;pd (MATZ9379), 

(MAT=9440), ':;SI-I (MAT=9513), ':;f~n (MAT=9516), '$!~e (MAT=9576), and l;:Sm (MAT= 

9803). These co r rec t i ons  have been made w i t h  t h e  he lp  and concurrence o f  t h e  per-  

t i n e n t  da ta  eva lua to rs ,  a l though they  do n o t  y e t  r e f l e c t  o f f i c i a l  ENDF/B changes. 



A.  Thermal Reactor Cross Sect ions 

The neutron f l u x  spectrum used i n  processing t he  mu l t ig roup cross sec t ions  and t h e  

subsequent co l l apse  t o  f o u r  groups represents t he  broad neutron energy s t r u c t u r e  i n  

t y p i c a l  m i d - l i f e  p ressur ized  water  reac to rs .  Table 4-1 l i s t s  a  s e t  o f  115 l o g - l o g  

i n t e r p o l a t i o n  p o i n t s  and Fig.  4-1 i s  a  p l o t  o f  t h e  spectra.  The d i p s  ev iden t  i n  

t he  p l o t  are  due t o  2 3 8 ~  resonances a t  6.67, 20.9, 36.7, and 66.0 eV. No f l u x  

depressions f o r  h i ghe r  energy 2 3 8 ~  resonances a re  inc luded,  b u t  p e r t u r b a t i o n s  due 

t o  160 resonances a t  0.442-, 1.0-,  and 1.3-MeV and t he  160 window a t  2.35 MeV a re  

c l e a r l y  ev ident .  The large sp ike  between 12.57 and 15.57 MeV i s  a  f u s i o n  peak t h a t  

should n o t  have any s i g n i f i c a n t  e f f e c t  an cross sec t ions  i n  t h i s  r e p o r t .  Th is  

spectra was proposed f o r  general Power Reactor Studies (PRS Spectra) i n  Ref. (22) - 
where more d e t a i l  on i t s  generat ion i s  given. It i s  a l so  summarized i n  more d e t a i l  

i n  Ref. (4), - which a l s o  l i s t s  t he  154 energy-group s t ruc tu re .  

Table 4 -1  

Point - - - - -  
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 I 
12 
13 
14 
15 
16 
17 
18 
19 
2 Q 
2 1 
2 2 
2 3 
2 4 
25 
2 6 
2 7 
28 
2 9 
3 0 
3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 
3 8 
3 9 
40 

Energy, (eV) Flux - - - - - - - - - - -  - - - - - - - - - -  
1.0000e-05 5.2500e-04 
9.0000e-03 3.5500e-01 
1.6000e-02 5.5200e-01 
2.4000e-02 7.1200e-01 
2.9000e-02 7.8500e-01 
3.3000e-02 8.2900e-01 
4.3000e-02 8.9800e-01 
5.0000e-02 9.1800e-01 
5.4000e-02 9.210Oe-01 
5.9000e-02 9.1800e-01 
7.0000e-02 8.9200e-01 
9.0000e-02 7.9900e-01 
1.1200e-01 6.8600e-01 
1.4000e-01 5.2000e-01 
1.7000e-01 3.8300e-01 
2.1000e-01 2.5200e-01 
3.0000e-01 1.0800e-01 
4.0000e-01 6.8700e-02 
4.9000e-01 5.1000e-02 
5.7000e-01 4.3700~-02 
6.0000e-01 4.1300~-02 
1.0000e+00 2.4914e-02 
1.3518e+00 1.8502e-02 
4.0100e+00 6.3200e-03 
5.5047e+00 4.6164e-03 
5.8842e+00 4.1950e-03 
6.1350e+00 3.7279e-03 
6.4490e+00 1.6524e-03 
6.6700e+00 5.3125e-05 
6.8940e+00 1.7632e-03 
7.0100e+00 2.9219e-03 
7.3080e+00 3.6042e-03 
1.7530e+01 1.7156e-03 
1.9860e+01 1.3858e-03 
2.0370e+01 1.0973e-03 
2.0900e+01 1.3739e-05 
2.1400e+01 1.0588e-03 
2.2500e+01 1.3565e-03 
3.4400e+01 8.1519e-04 
3.5600e+01 7.4897e-04 

PRS FLUX WEIGHTING  FUNCTION^ 
point Energy, (eV) Flux Point Energy, (eV) Flux - - - - -  - - - - - - - - - - - -  -----,.---- - - + - -  + * - - - - - - - -  

41 3.5900e+01 6.7872e-04 81 6.0000e+06 4.7153e-09 
42 3.6700e+Ol 9.1595e-06 82 8.0000e+06 1.2276e-09 
43 3.7400e+01 6.5453e-04 83 1.0000e+07 3.0953e-10 
44 3.8700e+01 8.2618e-04 84 1.2570e+07 2.4619e-10 
45 6.1200e+01 5.5873e-04 85 1.2600e+07 3.4731e-10 
46 6.4900e+01 4.8243e-04 86 1.2700e+07 1.0357e-09 
47 6.6000e+01 4.5797e-05 87 1.280Oe+07 2.8436e-09 
48 6.7100e+01 4.7226e-04 88 1.2900e+07 7.1910e-09 
49 6.8200e+01 4.8362e-04 89 1.3000e+07 1.6776e-08 
50 1.0100e+03 3.7829e-05 90 1.3100e+07 3.6122e-08 
51 2.0000e+04 2.2257e-06 91 1.3200e+07 7.1864e-08 
52 3.0700e+04 1.5571e-06 92 1.3300e+07 1.3222e-07 
53 6.0700e+04 9.1595e-07 93 1.3400e+07 2.2511e-07 
54 1.2000e+05 5.7934e-07 94 1.3500e+07 3.5512e-07 
55 2.0100e+05 4.3645e-07 95 1.3600e+07 5.1946e-07 
56 2.8300e+05 3.8309e-07 96 1.3700e+07 7.0478e-07 
57 3.5600e+05 3.6926e-07 97 1.3800e+07 8.8825e-07 
58 3.7700e+05 3.4027e-07 98 1.3900e+07 1.0408e-06 
59 3.9900e+05 2.7387e-07 99 1.4070e+07 1.1540~-06 
60 4.4200e+05 1.0075~-07 100 1.4200e+07 l.OH70e-06 
61 4.7400e+05 2.1754e-07 1.01 1.4300e+07 9.5757~-07 
62 5.0200e+05 2.6333e-07 102 1.4400e+07 7.8704e-07 
63 5.4000e+05 3.0501e-07 103 1.4500e+07 6.0403e-07 
64 6.5000e+05 2.9493e-07 104 1.4600e+07 /&.3317e-07 
65 7.7000e+05 2 .5005e -07  705 1.4700e+07 2.9041e-07 
66 9.0000e+05 2.1479e-07 106 1.4800e+07 1.8213e-07 
67 9.4100e+05 1.7861e-07 107 1.4900e+07 1.0699e-07 
68 1.0000e+06 9.1595e-08 108 1.5000e+07 5.8832e-08 
69 1.0500e+06 1.1518~-07 109 1.5100e+07 3.0354e-08 
70 1.1200e+06 1.3648e-07 110 1.5200e+07 1.4687e-08 
71 1.1900e+06 1.5479e-07 111 1.5300e+07 6.6688e-09 
72 1.2100e+06 1.5022e-07 112 1.5400e+07 2.8450e-09 
73 1.3100e+06 6.8696e-08 113 1.5500e+07 1.1406e-09 
74 1.4000e+06 1.2182e-07 114 1.5676e+07 1.9780e-10 
75 2.2200e+06 5.9033e-08 115 2.0000e+07 1.5477e-10 
76 2.3500e+06 9.1595e-08 
77 2.6300e+06 3.9981e-08 
78 3.0000e+06 3.1142e-08 
79 4.0000e+06 1.7073e-08 
80 5.0000e+06 9.0679e-09 

a 
F lux  values a re  g iven  i n  u n i t s  o f  neutrons/cm**2 sec. eV. 
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Fig .  4-1. PRS F lux  Weight ing Funct ion. 

The co l lapsed cross sec t ions  apply  t o  t h e  energy bounds i n  Table 4-2. 

Table 4-2 

FOUR-GROUP STRUCTURE 

Group Energy, eV 

Table 4-3 l i s t s  t h e  processed cross sec t ions  f o r  these energy groups. I t  a l so  

l i s t s  t h e  resonance i n t e g r a l  f rom 0.500 eV, t h e  c ross  sec t i on  a t  0.0253 eV as 



obta ined from the  NJOY processing, and an " e f f e c t i v e "  thermal c ross  sec t ion .  The 

e f f e c t i v e  thermal va lue i s  s imply t he  r a t i o  o f  each group-4 value t o  the va lue  o f  a 

(%/v ) ,  a l / v  cross sec t i on  equal t o  u n i t y  a t  0.0253 eV averaged i n  t h e  PRS f l u x  

over t he  group-4 energy range. S p e c i f i c a l l y ,  the value o f  o i n  t h i s  spectrum i s  
l / v  

0.554018. For cross sect ions t h a t  have a t r u e  l / v  energy dependence, t h e  t abu la ted  

values o f  o a t  0.0253 eV and the  e f f e c t i v e  thermal values would agree. For  many 

general survey ca l cu la t i ons ,  t he  use o f  the e f f e c t i v e  thermal c ross  sec t i on  w i t h  

t he  i n t e g r a l  group-4 f l u x  m u l t i p l i e d  by o i s  s u f f i c i e n t l y  accurate t o  obv ia te  
l / v  

t h e  averaging of t he  thermal cross sec t i on  f o r  minor changes i n  t h e  thermal spec- 

trum. An accurate eva lua t ion  o f  t he  thermal r e a c t i o n  r a t e  i s  ob ta ined by  m u l t i -  

p l i n g  t he  e f f e c t i v e  cross sect ions by t he  r a t i o  o f  a Gl,v fi t he  user  spectrum t o  

t he  0.554018 value. Some o(0.0253 eV) cross sect ions,  and p a r t i c u l a r l y  some reso- 

nance i n t e g r a l s ,  i n  Table 4-3 may d i f f e r  s l i g h t l y  from values i n  Table 2-1; values 

f o r  t he  f i s s i o n  products i n  Table 2-1 a re  those intended f o r  t h e  case o f  zero 

degrees a t  i n f i n i t e  d i l u t i o n ,  whereas i n  Table 4-3, a l l  values r e s u l t  from t h e  NJOY 

processing a t  900 K, i n f i n i t e  d i l u t i o n .  I n  add i t i on ,  t he re  may be very  minor 

d i f f e rences  due t o  the  i n t e r p o l a t i o n  method i n  NJOY. 



Table  4-3 

THERMAL REACTOR CROSS SECTIONS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Nuclide - - - - - - - -  
32Ge 72 

32Ge 73 

32Ge 74 

32Ge 76 

33As 75 

34Se 74 

34Se 76 

34Se 77 

34Se 78 

34% 80 

34Se 82 

35Br 79 

35Br 8 1  

36Kr 78 

MAT HT R e a c t i o n  - - - -  - - -  - - - - - - - - -  
9050 102 (n,gamma) 

t o t .  absn .  
9051 102 (n,gamma) 

t o t .  absn .  
9053 102 (n,gamma) 

t o t  . a b s n .  
9056 102 (n,gamma) 

t o t .  a b s n .  
9071 102 (n,gamma) 

t o t  . a b s n .  
9089 102 (n,gamma) 

t o t .  absn .  
9091 102 (n,gamma) 

t o t .  absn .  
9092 102 (n,gamma) 

t o t .  absn .  
9094 102 (n,gamma) 

t o t .  absn .  
9097 102 (n,gamma) 

t o t .  absn .  
9100 102 (n,gamma) 

t o t .  a b s n .  
9113 102 (n,gamma) 

t o t  . a b s n .  
9117 102 (n,gamma) 

t o t  . a b s n .  
1330 102 (n,gamma) 

103 ( n , ~ )  
104 ( n , d )  
107 ( n , a )  

t o t .  absn .  
1331 102 (n,gamma) 

103 ( n , p )  
104 ( n , d )  
106 ( n , h e 3 )  
107 ( n , a )  

t o t .  absn .  
1332 102 (n,gamma) 

103  ( n , p )  
104 ( n , d )  
107 ( n , a )  

t o t .  a b s n .  
1333 16  ( n , 2 n )  

102 (n,gamrna) 
103 ( n , ~ )  
105 ( n , t )  
107 ( n , a )  

t o t .  a b s n .  
1334 102 (n,gamma) 

103 ( n , ~ )  
107 (n,a) 

t o t .  absn .  
9145 102 (n,gamma) 

t o t .  a b s n .  
1336 1 6  ( n , 2 n )  

102 ( n  ,gamma) 
1 0 3  ( n , p )  

t o t .  a b s n .  
9160 102 (n,gamma) 

t o t .  a b s n .  
9161 102 (n,gamma) 

t o t  .absn. 

- - - - -  Four-Group Cross Sections----- 
GP 1 GP 2 Gp 3 Gp 4 - - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - - - -  

2.0993-2 5.4944-2 8.0426-2 5.4566-1 
2.0993-2 5.4944-2 8.0426-2 5.4566-1 
4.3831-2 1 .7710-1  8.0584+0 8.3657+0 
4.3831-2 1.7710-1 8.0584+0 8.3657+0 
9.4867-3 3.2202-2 4.4052-2 2.1340-1 
9.4867-3 3.2202-2 4.4052-2 2.1340-1 
2.6674-3 9.1939-3 1 .6356-1  7.9096-2 
2.6674-3 9.1939-3 1 .6356-1  7.9096-2 
3 .1746-2  2.4015-1 7.0809+0 2.3995+0 
3.1746-2 2.4015-1 7.0809+0 2.3995+0 
2.0296-2 1 .0337-1  5.9177+1 2.8898+1 
2.0296-2 1 .0337-1  5.9177+1 2.8898+1 
3.0391-2 1 .0304-1  3.8755+0 4.7364+1 
3.0391-2 1 .0304-1  3.8755+0 4.7364+1 
2.4002-2 2.5712-1 3.5707+0 2.3377+1 
2.4002-2 2.5712-1 3.5707+0 2.3377+1 
1.2347-2 4.5615-2 5 .3606-1  2.2293-1 
1.2347-2 4.5615-2 5 .3606-1  2.2293-1 
1.2237-2 4.5558-2 8.9880-2 3.3994-1 
1.2237-2 4.5558-2 8.9880-2 3.3994-1 
3.7545-3 1.0739-2 1 .6844-3  2.5084-2 
3 .7545-3  1.0739-2 1.6844-3 2.5084-2 
6.1840-2 4.3618-1 1.2057+1 6.1939+0 
6.1840-2 4 .3618-1  1.2057+1 6.1939+0 
4.2182-2 2.8102-1 5.7381+0 1.5009+0 
4.2182-2 2.8102-1 5.7381+0 1.5009+0 
6.2771-2 2.0241-1 2.6246+0 2.6943+0 
2.5011-2 0 .  0 .  0 .  
4 .2693-7 0 .  0 .  0 .  
1 . 7 5 6 4 - 3  0 .  0 .  0 .  
8 .9539-2 2.0241-1 2.6246+0 2.6943+0 
3.1774-2 1 . 4 0 2 0 - 1  7.8416+0 6.5364+0 
1 . 4 8 0 9 - 3  0 .  0 .  0 .  
1 .2928-8  0 .  0 .  0 .  
3 .3389-8 0 .  0 .  0 .  
9 .5801-5 0 .  0 .  0 .  
3.3351-2 1 .4020-1  7.8416+0 6.5364+0 
1 .4255-2  6.7455-2 1 .9907+1 1 .6780+1 
1 .7205-4  0 .  0 .  0 .  
6 .2630-8 0 .  0 .  0 .  
5 .8693-6 0 .  0 .  0 .  
1 .4433-2  6.7455-2 1 .9907+1 1 .6780+1 
3.9454-3 0 .  0 .  0 .  
3.4002-2 2 .1056-1  1 .7999+1 1.1157+2 
1 .2459-4  0 .  0 .  0 .  
9 .0496-9  0 .  0 .  0 .  
8 . 7 2 5 2 - 6  0 .  0 .  0 .  
3 .8081-2 2.1056-1 1.7999+1 1 .1157+2 
5 .9588-3  2.2653-2 4.3042-1 4.6166-2 
3.3463-6 0 .  0. 0 .  
3 .7906-7 0 .  0 .  0 .  
5 .9625-3  2.2653-2 4 .3042-1  4.6166-2 
4.3675-3 2.8643-2 1.5871-1 9.2487-1 
4.3675-3 2.8643-2 1 .5871-1  9.2487-1 
3.6180-9 0 .  0 .  0 .  
1 .2375-3  2.8779-3 1.5460-2 3.4217-2 
2.8448-8 0 .  0 .  0 .  
1 .2375-3  2.8779-3 1.5460-2 3.4217-2 
1 .8342-2  2 .1514-1  5 .4000-1  2.5630-1 
1 .8342-2  2.1514-1 5.4000-1 2.5630-1 
4.2847-3 9 .2315-2  2.8110+0 2.7301+0 
4 .2847-3  9.2315-2 2.8110+0 2.7301+0 

--Thermal Values -  
E f fec .  .0253 eV - - - - - - - -  - - - - - - - -  

9.8491-1 9.8306-1 
9.8491-1 9.8306-1 
1.5100+1 1.5065+1 
1.5100+1 1.5065+1 
3.8519-1 3 .8438-1  
3.8519-1 3.8438-1 
1 .4277-1  1 .4248-1  
1 .4277-1  1 .4248-1  
4.3311+0 4.3170+0 
4.3311+0 4.3170+0 
5.2161+1 5.1832+1 
5.2161+1 5.1832+1 
8.5492+1 8.5324+1 
8.5492+1 8.5324+1 
4.2195+1 4.2120+1 
4.2195+1 4.2120+1 
4 .0239-1  4 .0158-1  
4 .0239-1  4 .0158-1  
6 .1359-1  6 .1233-1  
6 .1359-1  6 .1233-1  
4 .5276-2  4.5195-2 
4.5276-2 4.5195-2 
1 .1180+1 1 .1133+1 
1 .1180+1 1 .1133+1 
2.7092+0 2.7016+0 
2.7092+0 2.7016+0 
4.8632+0 4.8593+0 
0 .  0 .  
0 .  0 .  
0 .  0 .  
4 .8632+0 4.8593+0 
1 .1798+1 1 . 1 7 7 8 + 1  
0 .  0 .  
0 .  0 .  
0 .  0 .  
0 .  0 .  
1 . 1 7 9 8 + 1  1 .1778+1 
3 .0287+1 3.0263+1 
0 .  0 .  
0 .  0. 
0 .  0 .  
3 .0287+1 3.0263+1 
0 .  0 .  
2 .0138+2 2.0813+2 
0 .  0 .  
0 .  0 .  
0 .  0 .  
2 .0138+2 2.0813+2 
8 .3329-2  8.3135-2 
0 .  0 .  
0 .  0 .  
8 .3329-2 8.3135-2 
1.6694+0 1.6659+0 
1.6694+0 1.6659+0 
0 .  0 .  
6 .1761-2  6.1639-2 
0 .  0 .  
6 .1761-2 6.1639-2 
4 .6263-1  4.6149-1 
4 .6263-1  4.6149-1 
4.9278+0 4.9200+0 
4.9278+0 4.9200+0 

Resonance 
Integral - - - - - - - - -  
1.1218+0 
1.1218+0 
6.9625+1 
6.9625+1 
6.0371-1 
6.0371-1 
1.3435+0 
1.3435+0 
6.1497+1 
6.1497+1 
5.7951+2 
5.7951+2 
4.3866+1 
4.3866+1 
3.6154+1 
3.6154+1 
4.5513+0 
4.5513+0 
1.0680+0 
1.0680+0 
9.2585-2 
9.2585-2 
1.3588+2 
1.3588+2 
4.9970+1 
4.9970+1 
2.3682+1 
3 .7730-1  
1 . 9 5 4 6 - 2  
2.9653- 2 
2.4246+1 
6.8589+1 
3.6824-2 
1.3503-2 
5.5027-4 
2.3315-3 
6 .9103+1 
1 .8334+2 
1.1812-2 
8.2429-3 
8 .9698-4  
1.8397+2 
1.1532+0 
1.8800+2 
G.1986-3 
5 .1050-3  
6.3048-4 
1 .8917+2 
3.4765+0 
1 .4873-3  
2.8183-4 
4.1999+0 
1.6650+0 
1.6650+0 
7.8655- 1 
1.4124-1 
2.8953-4 
9 .4958-1  
5.8553+0 
5.8553+0 
2.3641+1 
2.3641+1 



Nuclide - - - - - - - -  
37Rb 87 

38Sr 84 

38Sr 86 

38Sr 87 

38Sr 88 

38Sr 89 

38Sr 90 

39 Y 89 

39 Y 90 

39 Y 91 

40Zr 90 

MAT MT Reaction ..--- - - -  - - - - - - - - -  
9163 102 (n,gamma) 

tot. absn. 
9179 102 (n,gamma) 

tot. absn. 
9182 102 (n,gamma) 

tot.absn. 
9183 102 (n,gamma) 

tot. absn. 
9185 102 (n,gamma) 

tot. absn. 
9186 102 (n,gamma) 

tot. absn. 
9187 102 (n,gamrna) 

tot. absn. 
9202 102 (n,gamrna) 

tot. absn. 
9204 102 (n,gamma) 

tot. absn. 
9206 102 (n,gamma) 

tot. absn. 
1385 102 (n,gamma) 

103 (n,p) 
107 (n,a) 

tot. absn. 
1386 16 (nJ2n) 

102 (n,gamma) 
103 (n,p) 
107 (n,a) 

tot. absn. 
1387 16 (n,2n) 

102 (n,gamma) 
103 (n,p) 
107 (n,a) 

tot. absn. 
9232 102 (n,gamma) 

tot. absn. 
1388 16 (n,2n) 

102 (n,gamrna) 
103 (n,p) 
107 (n,a) 

tot. absn . 
9234 102 (n,gamma) 

tot .absn. 
1389 16 (n,2n) 

102 (n,gamma) 
107 (n,a) 

tot. absn. 
1189 16 (n,2n) 

22 (n,nfa) 
102 (n,gamma) 
103 (n,p) 
107 (n,a) 

tot. absn. 
9251 102 (n,gamma) 

tot. absn. 
9253 102 (n,gamma) 

tot .absn. 
9278 102 (n,gamma) 

103 (n,p) 
107 (n,a) 

tot. absn. 
9282 102 (n,gamma) 

tot. absn. 
9282 102 (n,gamma) 

tot. absn. 
9283 102 (n,gamma) 

tot. absn. 

Table 4-3 Cont'd - - - - -  Four-Group Cross Sections----- 
GP 1 Gp 2 Gp 3 Gp 4 - - - - - - - -  - - - - * - - -  - - - - - - - -  - - - - - - - -  

2.1069-3 1.0455-2 2.5398-1 6.6837-2 
2.1069-3 1.0455-2 2.5398-1 6.6837-2 
5.7914-2 1.6738-1 1.1824+0 4.5260-1 
5.7914-2 1.6738-1 l.1824+0 4.5260-1 
1.6857-2 4.2237-2 5.7468-1 1.5813+0 
1.6857-2 4.2237-2 5.7468-1 1.5813+0 
1.6690-2 7.7688-2 1.0454+1 9.2353+0 
1.6690-2 7.7688-2 1.0454+1 9.2353+0 
1.3279-3 2.2142-3 2.2022-4 3.2312-3 
1.3279-3 2.2142-3 2.2022-4 3.2312-3 
8.3135-3 2.0370-2 3.9425-2 2.3391-1 
8.3135-3 2.0370-2 3.9425-2 2.3391-1 
4.9179-3 1.5677-2 3.2945-2 5.0156-1 
4.9179-3 1.5677-2 3.2945-2 5.0156-1 
7.1317-3 2.2464-2 8.2331-2 7.1299-1 
7.1317-3 2.2464-2 8.2331-2 7.1299-1 
1.1365-2 1.1458-1 4.3788-1 1.9479+0 
1.1365-2 1.1458-1 4.3788-1 1.9479+0 
4.2169-3 3.2838-2 1.6066-1 7.7968-1 
4.2169-3 3.2838-2 1.6066-1 7.7968-1 
9.1623-3 2.0421-2 1.7931-2 3.3886-2 
3.5594-4 0. 0. 0. 
2.6151-6 0. 0. 0. 
9.5209-3 2.0421-2 1.7931-2 3.3886-2 
3.5911-3 0. 0. 0. 
9.1621-3 6.3499-2 6.4542-1 5.5613-1 
1.8206-4 0. 0. 0. 
2.2399-4 0. 0. 0. 
1.3159-2 6.3499-2 6.4542-1 5.5613-1 
3.7688-4 0. 0. 0. 
9.1622-3 2.6509-2 6.6395-2 8.8860-2 
2.7663-5 0. 0. 0. 
1.5250-5 0. 0. 0. 
9.5820-3 2.6509-2 6.6395-2 8.8860-2 
2.0887-2 5.1475-2 3.4591+0 1.3943+0 
2.0887-2 5.1475-2 3.4591+0 1.3943+0 
9.9008-4 0. 0. 0. 
9.1622-3 3.2480-2 1.9059-2 3.1109-2 
5.0805-6 0. 0. 0. 
2.7738-6 0. 0. 0. 
1.0160-2 3.2480-2 1.9059-2 3.1109-2 
3.7665-2 1.1668-1 5.7972-1 2.7307-1 
3.7665-2 1.1668-1 5.7972-1 2.7307-1 
1.9656-3 0. 0. 0. 
9.1622-3 2.3538-2 6.4650-1 1.3365-2 
1.7801-6 0. 0. 0. 
1.1130-2 2.3538-2 6.4650-1 1.3365-2 
2.2337-4 0. 0. 0. 
1.4547-5 0. 0. 0. 
1.6059-2 1.5911-1 1.0376+0 6.4185-1 
5.2584-4 0. 0. 0. 
5.4331-5 0. 0. 0. 
1.6877-2 1.5911-1 1.0376+0 6.4185-1 
5.7315-3 1.6864-1 1.1740+1 7.6119+0 
5.7315-3 1.6864-1 1.1740+1 7.6119+0 
5.2606-2 2.6477-1 2.4932+0 8.3501-1 
5.2606-2 2.6477-1 2.4932+0 8.3501-1 
2.2352-2 5.8306-2 7.1079-2 2.0692-2 
3.3278-3 7.2843-7 1.9468-9 0. 
4.6196-5 4.0922-9 0. 0. 
2.5726-2 5.8307-2 7.1079-2 2.0692-2 
3.0451-2 6.1367-2 9.5029-2 8.8949-3 
3.0451-2 6.1367-2 9.5029-2 8.8949-3 
3.5534-2 2.3459-1 1.2594+1 8.0693+0 
3.5534-2 2.3459-1 1.2594+1 8.0693+0 
2.6196-2 7.9316-2 2.2759+0 5.5702-1 
2.6196-2 7.9316-2 2.2759+0 5.5702-1 

--Thermal Values- 
Effec. .0253 eV - - - - - - - -  --..----- 
1.2064-1 1.2036-1 
1.2064-1 1.2036-1 
8.1693-1 8.1481-1 
8.1693-1 8.1481-1 
2.8543+0 2.8484+0 
2.8543+0 2.8484+0 
1.6670+1 1.6057+1 
1.6670+1 1.6057+1 
5.8324-3 5.8202-3 
5.8324-3 5.8202-3 
4.2221-1 4.2133-1 
4.2221-1 4.2133-1 
9.0531-1 9.0363-1 
9.0531-1 9.0363-1 
1.2869+0 1.2841+0 
1.2869+0 1.2841+0 
3.5159+0 3.5093+0 
3.5159+0 3.5093+0 
1.4073+0 1.4043+0 
1.4073+0 1.4043+0 
6.1165-2 6.1049-2 
0. 0. 
0. 0. 
6.1165-2 6.1049-2 

Resonance 
Integral - - - - - - - - -  
2.1074+0 
2.1074+0 
1.0473+1 
1.0473+1 
5.1772+0 
5.1772+0 
1.1896+2 
1.1896+2 
1.9887-2 
1.9887-2 
5.2481-1 
5.2481-1 
5.0519-1 
5.0519-1 
9.7297-1 
9.7297-1 
4.7328+0 
4.7328+0 
1.6584+0 
1.6584+0 
2.8632-1 
3.4743-2 
1.9466-3 
7.4192-1 
9.5859-1 
5.6967+0 
2.4803-2 
2.3885-2 
6.7040+0 
7.4376-1 
6.9282-3 
1.4960-2 
5.7976-3 
1.4573+0 
3.0555+1 
3.0555+1 
8.3399-1 
3.9238-1 
7.5749-3 
2.9821-3 
1.2369+0 
5.2058+0 
5.2058+0 
9.1184-1 
5.2907+0 
4.1305- 3 
6.2067+0 
7.4586- 1 
2.0097-3 
9.4377+0 
3.5528-2 
6.9613-3 
1.0249+1 
1.1648+2 
1.1648+2 
2.2008+1 
2.2008+1 
9.4828- 1 
1.6515-1 
4.1366-2 
1.1548+0 
1.0975+0 
1.0975+0 
1.1341+2 
1.1341+2 
1.9652+1 
1.9652+1 



Nucl ide  - - - - - - - -  
42Mo 97 

42Mo 98 

42Mo 99 

42Mo100 

43Tc 99 

MAT MT R e a c t i o n  - - - -  - - -  - - - - - - - - -  
9284 102 (n,gamma) 

t o t .  absn .  
9285 102 (n,gamma) 

t o t .  a b s n .  
9286 102 (n,gamma) 

t o t .  a b s n .  
9287 102 (n,gamma) 

t o t .  absn .  
1308 1 6  ( n , 2 n )  

102 (n,gamma) 
t o t .  a b s n .  

9325 102 (n,gamma) 
t o t .  a b s n .  

9327 102 (n,gamma) 
t o t .  a b s n .  

9328 102 (n,gamma) 
r o t .  a b s n .  

9329 102 (n,gamma) 
t o t .  a b s n .  

9330 102 (n,gamma) 
t o t .  absn.  

9331 102 (n,gamma) 
t o t .  a b s n .  

9332 102 (n,gamma) 
t o t .  a b s n .  

9333 102 (n,gamma) 
t o t .  a b s n .  

9334 102 (n,gamma) 
t o t .  a b s n .  

9335 102 (n,gamma) 
t o t .  a b s n .  

1310 1 6  ( n , 2 n )  
102 (n,gamma) 

t o t .  a b s n .  
9355 102 (n,gamma) 

t o t  . a b s n .  
9379 102 (n,gamma) 

t o t .  absn .  
9381 102 (n,gamma) 

t o t .  a b s n .  
9382 102 (n,gamma) 

t o t . a b s n .  
9383 102 (n,gamma) 

t o t  . a b s n .  
9384 102 (n,gamma) 

t o t .  a b s n .  
9386 102 (n,garnma) 

t o t .  a b s n .  
9389 102 (n,gamma) 

t o t  . a b s n .  
1371 1 6  ( n , 2 n )  

102 (n,gamma) 
1 0 3  ( n , p )  
104  ( n , d )  
107 ( n , a )  

t o t .  a b s n .  
1373 1 6  ( n , 2 n )  

102 (n,gamma) 
103  ( n , p )  
107 ( n , a )  

t o t .  a b s n .  
9415 102 (n,gamma) 

tot. a b s n .  
9440 102 (n,gamma) 

t o t .  a b s n .  
9442 102 (n,gamrna) 

t o t .  a b s n .  

Table  4-3 Cont 'd  - - - - -  Four-Group Cross S e c t i o n s - - - - -  
GP 1 GP 2 GP 3 GP 4  - - - - - - - -  - - - - - - - -  * - - - - - - -  

3.1228-2 2.3758-1 1.8091+0 1.2101+0 
3.1228-2 2.3758-1 1.8091+0 1.2101+0 
1.4859-2 7.7505-2 7.7159-1 7.1104-2 
1.4859-2 7.7505-2 7.7159-1 7.1104-2 
4 .2795-2  4.0551-1 2.8452+0 9 .4743-1  
4 .2795-2 '4 .0551-1  2.8452+0 9 .4743-1  
9.6872-3 6.0459-2 4.4218-1 1.1087-1 
9.6872-3 6.0459-2 4.4218-1 1.1087-1 
3.9515-4 0 .  0 .  0 .  
4.7133-2 4.8791-1 2.8855+1 1.1156+1 
4.7528-2 4.8791-1 2.8855+1 1.1156+1 
1.3413-1 3.0214-1 1.2426+0 1.3884-1 
1 .3413-1  3.0214-1 1.2426+0 1 .3884-1  
2.0121-2 8.6515-2 9.5842-1 4.4528+0 
2.0121-2 8 .6515-2  9.5842-1 4.4528+0 
3.8265-2 3.7496-1 1.4205+1 2.8201+0 
3.8265-2 3 .7496-1  1.4205+1 2.8201+0 
5.3226-2 1 .4772-1  8.0066-1 3.2280+0 
5.3226-2 1 .4772-1  8.0066-1 3.2280+0 
3.6842-2 5 .9217-1  9.9917+0 1.7368+0 
3.6842-2 5.9217-1 9.9917+0 1.7368+0 
5.7672-2 '1.3443-1 3.2135-1 7.2417-1 
5.7672-2 1.3443-1 3.2135-1 7.2417-1 
2.4615-2 3.6642-1 7.4621+0 4.2858+0 
2.4615-2 3 .6642-1  7.4621+0 4.2858+0 
2.8022-2 1 . 0 8 0 7 - 1  7 .2907-1  2 .4314-1  
2.8022-2 1 .0807-1  7.2907-1 2.4314-1 
2.3260-2 3.2288-1 6.3847-1 1 .1137-1  
2.3260-2 3.2288-1 6.3847-1 1 .1137-1  
8.3415-3 5.2364-2 2 .3426-1  8.1360-2 
8 .3415-3  5.2364-2 2.3426-1 8 .1360-2  
2.9714-5 0 .  0 .  0 .  
4 .6139-2 5 .5627-1  8.9150+1 9.6042+1 
4.6169-2 5.5627-1 8.9150+1 9.6042+1 
9.1290-2 4.9123-1 1.1439+3 9.1582+3 
9.1290-2 4 .9123-1  1 .1439+3 9.1582+3 
4.1420-2 1 . 3 0 5 2 - 1  1.0363+0 2.6565+0 
4.1420-2 1 .3052-1  1.0363+0 2.6565+0 
9.7635-2 2.5279-1 2.0760+0 2.1582-1 
9.7635-2 2.5279-1 2.0760+0 2.1582-1 
8 .7985-2  7.2157-1 9.4121+0 7.8122+0 
8 .7985-2  7.2157-1 9.4121+0 7.8122+0 
7.7438-2 2.0976-1 9 .1255-1  1 .3262-1  
7.7438-2 2.0976-1 9 .1255-1  1 .3262-1  
9.1801-2 6.5623-1 7.7104+0 5.5682+0 
9.1801-2 6.5623-1 7.7104+0 5.5682+0 
6.0825-2 1 .9143-1  2.2773+1 6.8184+0 
6.0825-2 1 .9143-1  2.2773+1 6.8184+0 
2.3277-2 1 .1384-1  8.6635-1 1 .2275-1  
2.3277-2 1.1384-1 8.6635-1 1.2275-1 
6.1034-5 0 .  0 .  0 .  
6 .8844-2 5 .3198-1  1 .2038+1 2.0531+1 
6.3990-5 0 .  0 .  0 .  
3 .6763-6 0 .  0 .  0 .  
6 .9229-5 0.  0 .  0 .  
6 .9042-2 5 .3198-1  1.2038+1 2.0531+1 
9.7527-5 0 .  0 .  0 .  
7.4072-2 5 .8208-1  1.3081+2 5.2749+1 
7.1455-5 0 .  0 .  0 .  
6 .1056-5 0 .  0 .  0 .  
7 .4302-2 5 .8208-1  1.3081+2 5.2749+1 
2.6067-2 3 .3317-1  1.2036+1 1 .6716+0 
2.6067-2 3.3317-1 1.2036+1 1 .6716+0 
7 .2072-2  1 . 8 5 0 7 - 1  1.1980+0 6 .0885-1  
7.2072-2 1 .8507-1  1.1980+0 6 .0885-1  
9.6025-2 1 . 8 0 4 2 - 1  3 .6226-1  6 .1246-1  
9.6025-2 1 .8042-1  3 .6226-1  6 .1246-1  

--Thermal Values -  
E f f e c .  .0253 eV - - - - - - - -  - - - - - - - -  

2.1843+0 2.1800+0 
2.1843+0 2.1800+0 
1 .2834-1  1 .2768-1  
1 .2834-1  1 . 2 7 6 8 - 1  
1.7101+0 1 .7070+0 
1.7101+0 1 .7070+0 
2.0012-1 1 .9971-1  
2.0012-1 1 .9971-1  
0 .  0 .  
2.0136+1 1.9578+1 
2.0136+1 1 .9578+1 
2.5060-1 2.4934-1 
2.5060-1 2 .4934-1  
8.0373+0 7.9806+0 
8.0373+0 7.9806+0 
5.0903+0 5.0177+0 
5.0903+0 5.0177+0 
5.8265+0 5.8168+0 
5.8265+0 5.8168+0 
3.1349+0 3.1084+0 
3.1349+0 3.1084+0 
1.3071+0 1.3044+0 
1.3071+0 1 .3044+0 
7.7358+0 7.7211+0 
7.7358+0 7.7211+0 
4.3887-1 4 .3790-1  
4.3887-1 4.3790-1 
2 .0102-1  2.0059-1 
2.0102-1 2.0059-1 
1 .4685-1  1 . 4 6 5 9 - 1  
1 .4685-1  1 . 4 6 5 9 - 1  
0 .  0 .  
1 .7335+2 1.4737+2 
1.7335+2 1.4737+2 
1.6530+4 1.6046+4 
1.6530+4 1.6046+4 
4.7950+0 4.7854+0 
4.7950+0 4.7854+0 
3.8956-1 3 .8848-1  
3 .8956-1  3 .8848-1  
1.4101+1 1 .4056+1 
1 .4101+1 1 .4056+1 
2 .3938-1  2.3879-1 
2.3938-1 2 .3879-1  
1 .0051+1 1 .0029+1 
1 .0051+1 1 . 0 0 2 9 + 1  
1 .2307+1 1 .2250+1 
1 . 2 3 0 7 + 1  1 . 2 2 5 0 + 1  
2 .2157-1  2 .2093-1  
2.2157-1 2 .2093-1  
0 .  0 .  
3.7058+1 3.6990+1 
0 .  0 .  
0 .  0 .  
0 .  0 .  
3.7058+1 3 .6990+1 
0 .  0 .  
9 .5212+1 9.2419+1 
0 .  0 .  
0 .  0 .  
9 .5212+1 9.2419+1 
3.0172+0 3.0116+0 
3.0172+0 3.0116+0 
1.0990+0 1.0966+0 
1.0990+0 1.0966+0 
1.1055+0 1 .1033+0 
1.1055+0 1.1033+0 

Resonance 
I n t e g r a l  . . - * -* - - - -  
1 .6556+1 
1.6556+1 
6.8940+0 
6.8940+0 
2.7269+1 
2.7269+1 
3.8824+0 
3.8824+0 
9.9421-1 
3.5085+2 
3 .51  84+2 
1 .1889+1 
1 .1889+1 
9 .4804+0 
9 .4804+0 
1.3641+2 
1.3641+2 
8.1082+0 
8 .1082+0 
1 .0020+2 
1.0020+2 
3.5831+0 
3.5831+0 
7.1875+1 
7.1875+1 
6.5116+0 
6.5116+0 
7.3850+0 
7.3850+0 
2.1700+0 
2.1700+0 
4 .5834-  1 
1 .0386+3 
1 .0391+3 
1 .5275+4 
1.5275+4 
9.9338+0 
9.9338+0 
1.8474+1 
1 .8474+1 
9.1686+1 
9.1686+1 
8 .6391+0 
8.6391+0 
7 .6667+1 
7 .6667+1 
2.2514+2 
2.2514+2 
7.4698+0 
7.4698+0 
9 .1708-1  
1 .1498+2 
1 . 1 2 8 5 - 2  
1 .0527  -2 
1 . 9 4 4 1  -2 
1 .1594+2 
8 .7580-1  
1 .4664+3 
1 .0949-2  
8 . 7 2 0 6 - 3  
1 .4673+3 
1.0473+2 
1.0473+2 
1.1058+1 
1 . 1 0 5 8 + 1  
4 .2640+0 
4.2640+0 



Nuclide - - - - - - - -  
48Cd110 

48Cdlll 

b8Cd112 

48Cd113 

MAT MT Reaction 
- - * -  - - -  - - - - - - - - -  
9444 102 (n,gamma) 

t o t .  absn. 
9445 102 ( n , g a m a )  

t o t .  absn. 
9447 102 (n ,gamma) 

t o t .  absn. 
1318 16 (n,2n) 

102 (n,gamma) 
103 (n,p) 

t o t .  absn. 
9450 102 (n,gamma) 

t o t .  absn. 
9452 102 (n,gamma) 

t o t .  absn. 
9453 102 (n,gamrna) 

t o t .  absn. 
9473 102 (n,gamrna) 

t o t .  absn. 
9477 102 (n,gamma) 

tot. absn. 
9513 102 (n,gamma) 

t o t  .absn. 
9516 102 (n,gamma) 

t o t .  absn. 
9517 102 (n,gamma) 

t o t  .absn. 
9518 102 (n ,gamma) 

t o t .  absn. 
9519 102 (n,gamrna) 

t o t .  absn. 
9521 102 (n,garnma) 

t o t .  absn. 
9522 102 (n,gamma) 

t o t .  absn . 
9524 102 (n,gamma) 

t o t .  absn. 
9527 102 (n,gamma) 

t o t .  absn. 
9528 102 (n,gamma) 

t o t .  absn. 
9530 102 (n,gamma) 

t o t .  absn. 
9531 102 (n,gamma) 

t o t .  absn. 
9533 102 (n,gamma) 

t o t .  absn. 
9548 102 (n,gamma) 

tot. absn. 
9551 102 (n,gamma) 

tot. absn. 
9552 102 (n,gamma) 

t o t .  absn. 
9555 102 (n,gamma) 

tot. absn. 
9556 102 (n,gamma) 

t o t .  absn. 
9576 102 (n,gamma) 

t o t .  absn. 
9579 102 ( n , g a m a )  

t o t .  absn. 
9580 102 (n,gamma) 

t o t .  absn. 
9582 102 (n,gamma) 

t o t .  absn. 
9583 102 (n,gamma) 

t o t  .absn. 

Table 4-3 Conttd - - - - -  Four-Group Cross Sections----- 
GP 1 Gp 2 Gp 3 GP 4 - - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - - - -  

1.1611-1 2.0957-1 4.6975+0 6.1852+0 
1.1611-1 2.0957-1 4.6975+0 6.1852+0 
3.5512-2 3.2428-1 5.6183+0 1.3526+1 
3.5512-2 3.2428-1 5.6183+0 1.3526+1 
9.3230-2 1.9517-1 1.1501+0 1.2253+0 
9.3230-2 1.9517-1 1.1501+0 1.2253+0 
2.2313-3 0. 0. 0. 
4.0381-2 2.9399-1 1.9043+1 2.7446+4 
6.3476-6 0. 0. 0. 
4.2619-2 2.9399-1 1.9043+1 2.7446+4 
9.6279-2 2.0533-1 2.2127+0 1.8713-1 
9.6279-2 2.0533-1 2.2127+0 1.8713-1 
3.4299-2 2.3442-1 2.1785+1 1.7261+1 
3.4299-2 2.3442-1 2.1785+1 1.7261+1 
4.1681-2 9.2758-2 2.2762-1 4.2784-2 
4.1681-2 9.2758-2 2.2762-1 4.2784-2 
2.4044-1 5.2345-1 2.1648+1 6.5691+0 
2.4044-1 5.2345-1 2.1648+1 6.5691+0 
1.2280-1 3.7493-1 2.8571+2 1.2825+2 
1.2280-1 3.7493-1 2.8571+2 1.2825+2 
1.8824-1 2.3127-1 3.3757+0 6.3691-1 
1.8824-1 2.3127-1 3.3757+0 6.3691-1 
1.7274-1 2.2381-1 2.8293-1 6.1278-1 
1.7274-1 2.2381-1 2.8293-1 6.1278-1 
3.7254-3 3.1813-2 2.0042+0 2.7835+1 
3.7254-3 3.1813-2 2.0042+0 2.7835+1 
3.1703-2 4.3593-2 1.3612+0 6.7094-2 
3.1703-2 4.3593-2 1.3612+0 6.7094-2 
3.2746-2 1.6591-1 1.9937+0 1.4484+0 
3.2746-2 1.6591-1 1.9937+0 1.4484+0 
7.6823-2 8.6630-2 6.9448-1 4.5935-2 
7.6823-2 8.6630-2 6.9448-1 4.5935-2 
6.3631-3 4.0365-2 3.9575-1 1.2816+0 
6.3631-3 4.0365-2 3.9575-1 1.2816+0 
1.7976-2 3.4536-2 1.3493-1 7.8508-2 
1.7976-2 3.4536-2 1.3493-1 7.8508-2 
1.3339-2 1.8236-2 7.6066-2 1.0071-1 
1.3339-2 1.8236-2 7.6066-2 1.0071-1 
3.9512-2 8.5187-2 2.6923-1 1.8371-2 
3.9512-2 8.5187-2 2.6923-1 1.8371-2 
1.8482-2 2.4417-2 8.1235-1 7.2458-2 
1.8482-2 2.4417-2 8.1235-1 7.2458-2 
9.9105-3 4.6781-2 1.9546+0 3.0629-1 
9.9105-3 4.6781-2 1.9546+0 3.0629-1 
5.6649-3 7.2164-3 1.0979-2 1.6715-1 
5.6649-3 7.2164-3 1.0979-2 1.6715-1 
9.5332-2 3.5558-1 1.6860+1 3.5529+0 
9.5332-2 3.5558-1 1.6860+1 3.5529+0 
4.1734-2 1.7627-1 8.3621+0 2.4221+0 
4.1734-2 1.7627-1 8.3621+0 2.4221+0 
2.5393-2 5.8589-1 2.5394+0 3.6176+0 
2.5393-2 5.8589-1 2.5394+0 3.6176+0 
7.5168-2 2.1047-1 2.1082+0 5.5717-1 
7.5168-2 2.1047-1 2.1082+0 5.5717-1 
1.8451-2 3.0324-1 5.1470+0 3.2308+0 
1.8451-2 3.0324-1 5.1470+0 3.2308+0 
1.3397-1 3.0199-1 2.1912+0 1.2732+0 
1.3397-1 3.0199-1 2.1912+0 1.2732+0 
1.2000-1 2.5041-1 8.4230+0 1.5621+0 
1.2000-1 2.5041-1 8.4230+0 1.5621+0 
6.1528-2 3.6671-1 4.8685+2 2.4570+2 
6.1528-2 3.6671-1 4.8685+2 2.4570+2 
1.1043-1 1.9554-1 7.7235-1 3.7881+0 
1.1043-1 1.9554-1 7.7235-1 3.7881+0 
2.6092-2 2.5569-1 2.6567+0 8.6291-1 
2.6092-2 2.5569-1 2.6567+0 8.6291-1 

--Thermal Values- 
Effec. .0253 eV - - - - - - - -  - - - - - - - -  
1.1164+1 1,1140+1 
1.1164+1 1.1140+1 
2.4414+1 2.4365+1 
2.4414+1 2.4365+1 
2.2116+0 2.2066+0 
2.2116+0 2.2066+0 
0. 0. 
4.9539+4 2.0248+4 
0. 0. - 
4.9539+4 2.0248+4 
3.3776-1 3.3692-1 
3.3776-1 3.3692-1 
3.1155+1 3.1089+1 
3.1155+1 3.1089+1 
7.7224-2 7.7056-2 
7.7224-2 7.7056-2 
1.1857+1 1.1436+1 
1.1857+1 1.1436+1 
2.3149+2 2.0305+2 
2.3149+2 2.0305+2 
1.1496+0 1.1458+0 
1.1496+0 1.1458+0 
1.1061+0 1.1037+0 
1.1061+0 1.1037+0 
5.0242+1 5.0143+1 
5.0242+1 5.0143+1 
1.2110-1 1.2071-1 
1.2110-1 1.2071-1 
2.6144+0 2.6066+0 
2.6144+0 2.6066+0 
8.2912-2 8.2682-2 
8.2912-2 8.2682-2 
2.3133+0 2.3091+0 
2.3133+0 2.3091+0 
1.4171-1 1.4139-1 
1.4171-1 1.4139-1 
1.8177-1 1.8142-1 
1.8177-1 1.8142-1 
3.3159-2 3.3090-2 
3.3159-2 3.3090-2 
1.3079-1 1.3026-1 
1.3079-1 1.3026-1 
5.5285-1 5.5161-1 
5.5285-1 5.5161-1 
3.0170-1 3.0112-1 
3.0170-1 3.0112-1 
6.4130+0 6.2811+0 
6.4130+0 6.2811+0 
4.3718+0 4.3402+0 
4.3718+0 4.3402+0 
6.5297+0 6.5170+0 
6.5297+0 6.5170+0 
1.0057+0 1.0038+0 
1.0057+0 1.0038+0 
5.8316+0 5.8197+0 
5.8316+0 5.8197+0 
2.2981+0 2.2928+0 
2.2981+0 2.2928+0 
2.8196+0 2.8086+0 
2.8196+0 2.8086+0 
4.4349+2 4.1131+2 
4.4349+2 4.1131+2 
6.8374+0 6.8235+0 
6.8374+0 6.8235+0 
1.5576+0 1.5540+0 
1.5576+0 1.5540+0 

Resonance 
Integral - - - - - - - - -  
4.2575+1 
4.2575+1 
5.4393+1 
5.4393+1 
1.3767+1 
1.3767+1 
1.2428+0 
3.6759+2 
8.7358-3 
3.6884+2 
1.9225+1 
1.9225+1 
1.9413+2 
1.9413+2 
2.4207+0 
2.4207+0 
2.2626+2 
2.2626+2 
3.2825+3 
3.2825+3 
3.0251+1 



Nuclide - - - - - - - -  
52Te 12 6 

52Te127rn 

52Te128 

52Te129m 

52Te130 

52Te132 

53 I127 

MAT MT - - - -  - - -  
9585 102 

9587 1 0 2  

9588 102  

9590 1 0 2  

9591 102  

9594 102  

9606 102  

React i o n  - - - - - - - -  - 
(n ,gamma) 
t o t .  a b s n .  
( n  ,gamma 1 
t o t .  a b s n .  
(n,gamma) 
t o t .  a b s n .  
( n  ,gamma) 
t o t .  a b s n .  
(n ,gamma 
t o t .  a b s n .  
(n ,gamma) 
t o t - a b s n .  
(n,gamma) 
t o t .  absn .  

53  1129 9608 102 (n,gamma) 
t o t .  a b s n ,  

9609 102 (n,gamma) 
t o t .  absn .  

9611 102 (n,gamrna) 
t o t .  a b s n .  

9618 102 (n,garnma) 
t o t .  a b s n .  

1335 102  (n,gamma) 
1 0 3  ( n , p )  
104  (n,d) 
105  ( n , t )  
106  ( n , h e 3 )  
107 ( n , a )  

t o t .  a b s n .  
1339 102 (n,garnma) 

1 0 3  ( n , p )  
104 ( n , d )  
105  ( n , t )  
106 ( n , h e 3 )  
107 ( n , a )  

t o t .  a b s n .  
1348 1 6  ( n , 2 n )  

102 (n,gamma) 
1 0 3  t n  , p )  
104 ( n , d )  
105  ( n , t )  
106  ( n , h e 3 )  
107 ( n , a )  

t o t  . absn .  
1349 1 6  ( n , 2 n )  

102 (n,gamma) 
103  ( n , p )  
104 ( n , d )  
105  ( n , t )  
107 ( n , a )  

t o t .  a b s n .  
1350 1 6  ( n , 2 n )  

102 (n,gamma) 
103  ( n , p )  
104  ( n , d )  
105  ( n , t )  
107 ( n , a )  

t o t .  a b s n .  
1351 1 6  ( n , 2 n )  

102 (n,gamma) 
1 0 3  ( n , p )  
104 (n,d) 
105  ( n , t )  
107 ( n , a )  

t o t .  a b s n .  

T a b l e  4 -3  Cont'd --..-- Four-Group Cross  S e c t i o n s - - - - -  
GP 1 Gp 2 Gp 3 GP 4 - - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - * - - -  

3.7165-2 8.4447-2 1.1871+0 5.7690-1 
3.7165-2 8.4447-2 1.1871+0 5.7690-1 
5.4180-2 2.6486-1 4.7289+0 5.2364+0 
5.4180-2 2.6486-1 4.7289+0 5.2364+0 
4.5350-2 8.6590-2 2.2965-1 1 .1959-1  
4.5350-2 8.6590-2 2.2965-1 1 .1959-1  
9.4777-3 8.1956-2 6.8313-1 6.1215-1 
9.4777-3 8.1956-2 6.8313-1 6.1215-1 
3.7590-3 1.4009-2 2.8523-2 1.6144-1 
3.7590-3 1 .4009-2  2.8523-2 1.6144-1 
5.7036-4 4.4880-4 7.3197-5 1 .1136-3  
5.7036-4 4.4880-4 7.3197-5 1 .1136-3  
4.9789-2 4.0859-1 1 .5459+1 3.4608+0 
4.9789-2 4.0859-1 1.5459+1 3.4608+0 
3.8151-2 2.2799-1 3.6972+0 1.5031+1 
3.8151-2 2.2799-1 3.6972+0 1.5031+1 
1 .8359-2  2.6926-1 1.9781+1 1.0031+1 
1.8359-2 2.6926-1 1.9781+1 1.0031+1 
9 .4636-3  7.3597-2 9.5891-1 3.8969-1 
9.4636-3 7.3597-2 9.5891-1 3.8969-1 
4.6821-4 5.7364-4 7.3205-4 1.1137-2 
4.6821-4 5.7364-4 7.3205-4 1.1137-2 
9 .4932-2  2.9973-1 2.7883+2 9.3747+1 
2.6496-5 0 .  0 .  0 .  
1 .5723-7 0 .  0 .  0 .  
6.8146-9 0 .  0 .  0 .  
1 .5854-8  0 .  0 .  0 .  
2 .6431-5 0 .  0 .  0 .  
9 .4985-2 2 .9973-1  2.7883+2 9 .3747+1 
6.5549-2 1 .8884-1  5.0511+0 1.2247+0 
6 .5240-6  0.  0 .  0 .  
1 . 0 5 7 8 - 8  0 .  0 .  0 .  
3 .024-10 0 .  0 .  0 .  
4 .9305-8  0 .  0 .  0 .  
7 .5672-6 0 .  0 .  0 .  
6 .5563-2 1 .8884-1  5.0511+0 1.2247+0 
6 .1245-5  0 .  0 .  0 .  
4 .2209-2 1 .3963-1  1.2120+0 2.9420+0 
3.2827-5 0.  0 .  0 .  
1 .8218-8  0.  0 .  0 .  
4.0901-9 0 .  0 .  0 .  
1 .2697-8  0 .  0 .  0 .  
1 .8891-6  0 .  0 .  0 .  
4 .2305-2 1 . 3 9 6 3 - 1  1.2120+0 2.9420+0 
9.2326-3 0 .  0 .  0 .  
5 .3094-2 3 .0018-1  2.5281+1 1 .0062+1 
7.4694-6 0 .  0 .  0 .  
1 .1212-8  0 .  0 .  0 .  
4 .9873-9 0 .  0 .  0 .  
1 .3000-5  0 .  0 .  0 .  
6 .2347-2 3.0018-1 2.5281+1 1.0062+1 
1.0978-4 0 .  0 .  0 .  
3.3989-2 1 .1285-1  3.9267-1 3.3997+0 
6.1480-5 0 .  0 .  0 .  
4 .4619-8 0 .  0 .  0 .  
1 .1690-9 0 .  0.  0 .  
5.6637-7 0 .  0 .  0 .  
3 .4106-2 1 .1285-1  3.9267-1 3.3997+0 
1.5114-2 0. 0 .  0 .  
1 .3310-2 1 . 8 4 0 6 - 1  1.0259+2 5.0667+1 
1.0187-5 3.5384-7 0 .  0 .  
2.5539-8 0 .  0 .  0 .  
4 .9830-8  0 .  0 .  0 .  
4 .3872-6  0 .  0 .  0 .  
2 .8439-2 1 .8406-1  1.0259+2 5.0667+1 

--Thermal Values -  
E f  fec. .0253 eV 

Resonance 
I n t e g r a l  - - - - - - - - -  



Nucl ide  
- * - - - - - -  

54Xe132 

MAT MT R e a c t i o n  - - - -  - - -  - - - - - - - - -  
1352 1 6  ( n , 2 n )  

102 (n,gamma) 
1 0 3  ( n , p )  
104 ( n , d )  

t o t .  absn .  
9643 102 (n,garnma) 

t o t .  absn. 
1354 1 6  ( n , 2 n )  

102 (n,gamma) 
103  ( n , p )  
104 ( n , d )  
105  ( n , t )  
107 ( n , a )  

t o t .  a b s n .  
1294 102 (n,gamma) 

t o t .  a b s n .  
1356 1 6  ( n , 2 n )  

102 (n,gamma) 
103 ( n , p )  
104 (n,d) 
105 ( n , t )  
107 ( n , a )  

t o t .  absn .  
1355 1 6  ( n , 2 n )  

102 (n,gamma) 
103 ( n , p )  
107 ( n , a )  

t o t .  a b s n .  
9663 102 (n,gamma) 

t o t .  a b s n .  
9665 102 (n,gamrna) 

t o t .  a b s n .  
9667 102 (n,gamma) 

t o t .  a b s n .  
9669 102 (n,gamma) 

t o t .  a b s n .  
9684 102 (n,gamma) 

t o t .  a b s n .  
(n ,gamma) 
t o t .  a b s n .  
( n  ,gamma ) 
t o t .  a b s n .  
( n  ,gamma) 
t o t .  absn .  

( n , 2 n )  
(n,gamma) 

( n , p )  
( n , a )  

t o t .  a b s n .  
(n ,gamma) 
t o t .  absn  . 

9707 102 (n,gamma) 
t o t .  a b s n .  

9708 102 (n,garnma) 
t o t .  a b s n .  

9724 102 (n,gamma) 
t o t .  absn .  

9725 102 (n,gamma) 
t o t .  absn .  

9726 102 (n,gamma) 
t o t .  a b s n .  

9727 102 (n,gamma) 
t o t .  absn . 

9728 102 (n,gamrna) 
t o t .  a b s n .  

Table  4-3 Cont 'd  - - - - -  Four-Group Cross  S e c t i o n s - - - - -  
GP 1 GP 2 Gp 3 Gp 4 

-------a - - - - - - - *  ------c- --------  
6.7050-4 0 .  0 .  0 .  
1 .8128-2  6.6607-2 1.5802-1 2.4476-1 
1 .8128-6  0 .  0 .  0 .  
5 .7410-9  0. 0. 0 .  
1 , 9 9 0 - 1 0  0 .  0 .  0 .  
1 .5598-7  0. 0 .  0 .  
1 . 8 8 0 0 - 2  6.6607-2 1.5802-1 2.4476-1 
5 .9569-3  5.2823-2 3.4076+1 1.0579+2 
5 ,9569-3  5.2823-2 3.407641 1.0579+2 
1 .4951-3  0 .  0 .  0 .  
1 .0561-2 3.4369-2 6.6597-2 1 .3831-1  
1 .4924-6  0 .  0 .  0 .  
1 . 7 4 3 3 - 8  0 .  0 .  0 .  
1 .271-10  0 .  0 .  0 .  
6 .4900-8 0 .  0 .  0 .  
1 .2058-2 3.4369-2 6.6597-2 1 . 3 8 3 1 - 1  
5.5536-4 3.2239-3 3.6397+2 1 .6684+6 
5 .5536-4  3.2239-3 3.6397+2 1 .6684+6 
2.7172-3 0 .  0 .  0 .  
1 .0718-3  2.2915-3 1 .0694-2  8.9075-2 
6.8820-8 0 .  0 .  0 .  
3 .0628-9  0 .  0 .  0 .  
8 .527-11  0 .  0 .  0 .  
2 .6443-8  0 .  0 .  0 .  
3 .7891-3  2.2915-3 1.0694-2 8.9075-2 
4.4365-4 0 .  0 .  0 .  
4 .5148-2  3 .4277-1  3.4120+1 1 .6710+1 
2.5961-4 0 .  0 .  0 .  
3 .1782-6  0.  0 .  0 .  
4 .5854-2 3.4277-1 3.4120+1 1 .6710+1 
1 .2878-2  3.4464-1 2.0454+1 7.7936+1 
1 .2878-2  3.4464-1 2.0454+1 7.7936+1 
3 .1845-3  4.1489-2 6.3084+0 4.8441+0 
3 .1845-3  4.1489-2 6.3084+0 4.8441+0 
1 .9415-2  1.6352-1 3.3142+0 7.2502-1 
1 . 9 4 1 5 - 2  1.6352-1 3.3142+0 7.2502-1 
1 . 5 0 3 7 - 3  5.5414-3 5.8559-2 6.1289-2 
1 . 5 0 3 7 - 3  5.5414-3 5.8559-2 6.1289-2 
3.5197-2 8.6106-2 2.7291+0 1.2031+0 
3.5197-2 8.6106-2 2.7291+0 1.2031+0 
2.8642-2 2.2147-1 1.1227+1 3.2440+0 
2 .8642-2  2.2147-1 1.1227+1 3.2440+0 
1.3129-2 3.5832-2 2.1300-1 2.2819-1 

--Thermal  Values -  
E f f e c .  -0253 eV - - - - - - - -  --------  

0 .  0 .  
4.4180-1 4 .4136-1  
0 .  0 .  
0 .  0 .  
0 .  0 .  
0 .  0. 
4 .4180-1  4 .4136-1  
1.9095+2 1.9059+2 
1.9095+2 1.9059+2 
0 .  0 .  
2 .4965-1  2.5065-1 
0 .  0 .  
0 .  0 .  
0 .  0 .  
0 .  0 .  
2 .4965-1  2.5065-1 
3.0114+6 2.6894+6 
3.0114+6 2.6894+6 
0 .  0 .  
1 .6078-1  1 . 6 0 4 4 - 1  
0 .  0 .  
0 .  0 .  
0 .  0 .  
0 .  0 .  
3 .6078-1 1 . 6 0 4 4 - 1  
0 .  0 .  
3 .0162+1 2.9697+1 
0 .  0 .  
0 .  0 .  
3 .0162+1 2 .9697+1 
1.4067+2 1 .4038+2 
1.4067+2 1 .4038+2 
8.7436+0 8 .7271+0 
8.7436+0 8.7271+0 
1.3087+0 1.3046+0 
1 .3087+0 1.3046+0 
1 . 1 0 6 3 - 1  1 .1043-1  
1 .1063-1  1 .1043-1  
2.1715+0 2.1671+0 
2.1715+0 2.1671+0 
5.8554+0 5.8376+0 
5.8554+0 5.8376+0 
4 .1188-1  4 .1106-1  
4 .1188-1  4 .1106-1  
5.125340 5.1142+0 
5.1253+0 5.1142+0 
0 .  0 .  
3 .5124-1  3.5103-1 
0 .  0 .  
0 .  0 .  
3 .5124-1  3.5103-1 
1 .6057+0 1.6063+0 
1.6057+0 1.6063+0 
9.0180+0 9.0250+0 
9.0180+0 9.0250+0 
2.7130+0 2.7073+0 
2.7130+0 2.7073+0 
5 .7308-1  5.7184-1 
5 .7308-1  5.7184-1 
2.9134+1 2.9075+1 
2.9134+1 2.9075+1 
9 .5452-1  9.5254-1 
9 .5452-1  9.5254-1 
6.0352+0 6.0251+0 
6.0352+0 6.0251+0 
1 .0047+0 1.0027+0 
1 .0047+0 1.0027+0 

Resonance 
I n t e g r a l  
- - * - - - - - -  

1.1721+0 
1.7132+0 
1 . 9 0 9 2 - 3  
9.0208-4 
2.23LO-4 
5 .8390-5  
3.0876+0 
3.6574+2 
3.6574+2 
1 .2206+0 
7.6447 -1 
1 . 6 1 3 6 - 3  
5.8365-4 
1 .7759-4  
3 .9016-5  
2.2369+0 
7.4188+3 
7.4188+3 
1.0786+0 
1 . 2 1 0 3 - 1  
6 .7559-5  
3.8087-4 
1.4135-4 
3.2570-.5 
1 .5070+0 
1.0878+0 
3.8220+2 
1.2340-2 
1 .0067-3  
3.8330+2 
2.1092+2 
2.1092+2 
6 .1121+1 
6 .1121+1 
3.9537+1 
3.9537+1 
4.9903- 1 
4.9903-1 
2.3972+1 
2.3972+1 
1.0044+2 
1.0044+2 
1.9502+0 
1.9502+0 
4.8944+0 
4.8944+0 
9.8183-1 
3.1540-1 
2 .2334-3  
3.5720-2 
1.5461+0 
1 .2769+1 
1 .2769+1 
1.1998+1 
1 .1998+1 
6.4501+1 
6.4501+1 
4 .4312-1  
4 .4312-1  
2.3897+1 
2.3897+1 
8.1780-1 
8 .1780-1  
4.2242+1 
4.2242+1 
2.0300+0 
2.0300+0 



Nuclide - - - - - - - -  
59Pr141 

Table 4-3 Cont'd - - - - -  Four-Group Cross Sections----- 
MAT MT Reaction Gp 1 Gp 2 Gp 3 Gp 4 
- - - *  - - -  - - - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - - - -  
9742 16 (n,2n) 1.5829-5 0. 0. 0. 

22 (.n,n'a) 4.4782-7 0. 0. 0. 
28 (n,nTp) 6.7469-7 0. 0. 0. 
102 (n,gamma) 1.5663-2 7.0922-2 2.0879+0 6.4006+0 
103 (n,p) 1.1284-5 9.6608-7 7.0943-7 4.6933-7 
104 (n,d) 1.1816-6 0. 0. 0. 
107 (n,a) 6.5587-5 5.2543-5 3.6427-5 2.1316-5 

tot.absn. 1.5758-2 7.0976-2 2.0879+0 6.4006+0 
9743 102 (n,gamma) 1.6080-2 2.5463-1 1.4843+1 1.1136+1 

tot.absn. 1.6080-2 2.5463-1 1.4843+1 1.1136+1 
9745 102 (n,~gamma) 4.8350-2 2.1625-1 1.8421+1 4.9545+1 

tot.absn. 4.8350-2 2.1625-1 1.8421+1 4.9545+1 
9763 102 (n,gamma) 2.7727-2 3.1229-2 7.3084-1 1.0407+1 

tot.absn. 2.7727-2 3.1229-2 7.3084-1 1.0407+1 
9764 16 (n,2n) 2.2615-2 0. 0. 0. 

22 (n,nta) 7.3765-6 3.9873-6 2.7871-6 1.6615-6 
28 (n,nqp) 2.7716-7 0. 0. 0. 
102 (n,gamma) 6.0230-2 1.9851-1 1.2149+1 1.7672+2 
103 ( n , p )  7.8499-6 0. 0. 0. 
104 (n,d) 2.0881-9 0. 0. 0. 
105 (n,t) 1.4815-9 0. 0. 0. 
107 (n,a) 1.8713-4 5.5779-5 3.8644-5 2.2571-5 

tot.absn. 8.3048-2 1.9857-1 1.2149+1 1.7672+2 
9765 102 (n,gamma) 2.9698-2 5.0310-2 5.8690-1 2.0066+0 

tot.absn. 2.9698-2 5.0310-2 5.8690-1 2.0066+0 
9766 16 (n,2n) 2.9938-2 0. 0. 0. 

22 (n,nla) 2.9686-6 1.3205-6 9.4170-7 5.8661-7 
28 (n,ntp) 1.2140-7 0. 0. 0. 

t.ot . absn . 1.2528-1 2.8330-1 2.2689+1 2.3450+1 
9767 16 (n,2n) 6.7012-3 0. 0. 0. 

22 (n,nta) 3.2777-6 2.4726-6 1.8114-6 1.1924-6 
28 (n,nlp) 2.0156-8 0. 0. 0. 
102 (n,gamma) 4.5108-2 8.3347-2 2.9562-1 7.7989-1 
103 (n,p) 1.9058-7 0. 0. 0. 
107 (n,a) 4.3095-5 3.4712-5 2.4071-5 1.4087-5 

tot.absn. 5.1856-2 8.3384-2 2.9565-1 7.7991-1 
9768 102 (n,gamma) 5.1084-2 3.9306-1 6.0029+1 2.7278+1 

tot.absn. 5.1084-2 3.9306-1 6.0029+1 2.7278+1 
9769 16 (n,2n) 7.5792-3 0. 0. 0. 

22 (n,n'a) 3.2319-6 2.7425-6 2.0341-6 1.3715-6 
28 (n,nlp) 5.7695-9 0. 0. 0. 
102 (n,gamma) 6.1942-2 1.0238-1 2.2585+0 1.3941+0 
103 ( n , p )  4.4276-8 0. 0. 0. 
107 (n,a) 2.8604-5 2.4617-5 1.7072-5 9.9960-6 

tot.absn, 6.9553-2 1.0241-1 2.2585+0 1.3941+0 
9771 16 (n,2n) 7.4565-3 0. 0. 0. 

22 (n,n'a) 2.0371-6 2.8160-7 0. 0. 
28 (n,n'p) 1.0077-9 0. 0. 0. 
102 (n,gamma) 2.6359-2 1.0462-1 1.8303+0 6.6833-1 
103 (n,p) 2.9120-8 0. 0. 0. 
107 (n,a) 1.7189-5 1.5219-5 1.0546-5 6.1608-6 

tot.absn. 3.3835-2 1.0464-1 1.8303+0 6.6834-1 
9783 16 (n,2n) 6.1547-3 0. 0. 0. 

22 (n,nla) 3.9248-6 2.3404-6 1.6824-6 1.0659-6 
28 (n,nfp) 6.1360-7 0. 0. 0, 
102 (n,gamma) 1.2887-1 7.7426-1 1.9191+2 9.8860+1 
103 (n,p) 4.9247-6 0. 0. 0. 
104 ( n , d )  5.4627-7 0. 0. 0. 
105 ( n , t )  3.9321-9 0. 0. 0. 
107 (n,a) 5.8232-5 4.0957-5 2.8372-5 1.6563-5 

tot.absn. 1.3509-1 7.7430-1 1.9191+2 9.8860+1 
9784 102 (n,gamma) 4.9272-1 2.5740+0 2,8325+3 2.6491+3 

tot.absn. 4.9272-1 2.5740+0 2.8325+3 2.6491+3 

--Thermal Values- 
Effec. .0253 eV - - - - - - - -  - - - - - - - -  
0. 0. 
0. 0. 
0. 0. 
1.1553+1 1.1540+1 
8.4714-7 4.2291-7 
0. 0. 
3.8475-5 1.8348-5 
1.1553+1 1.1540+1 
2.0101+1 2.0056+1 
2.0101+1 2.0056+1 
8.9429+1 8.9257+1 
8.9429+1 8.9257+1 
1.8784+1 1.8747+1 
1.8784+1 1.8747+1 
0. 0. 
2.9990-6 1.4409-6 
0. 0. 
3.1898+2 3.2581+2 
0. 0. 
0. 0. 
0. 0. 
4.0741-5 1.9414-5 
3.1898+2 3.2581+2 
3.6219+0 3.6173+0 
3.6219+0 3.6173+0 
0. 0. 
1.0588-6 5.1727-7 
0. 0. 
4.2326+1 4.2145+1 
0. 0. 
2.9682-5 1.4144-5 
4.2326+1 4.2145+1 
0. 0. 
2.1523-6 1.0725-6 
0. 0. 
1.4077+0 1.4046+0 
0. 0. 
2.5427-5 1.2126-5 
1.4077+0 1.4046+0 
4.9237+1 4.9135+1 
4.9237+1 4.9135+1 
0. 0. 
2.4755-6 1.2435-6 
0. 0. 
2.5163+0 2.5093+0 
0. 0. 
1.8043-5 8.6045-6 
2.5163+0 2.5093+0 
0. 0. 
0. 0. 
0. 0. 
1.2063+0 1.2034+0 
0. 0. 
1.1120-5 5.2984-6 

Resonance 
Integral - - - - - - - - -  
1.1660+0 
7.1766-4 
8.1915-4 
1.8917+1 
4.0319-3 
7.5816-3 
3.8822-3 
2.0135+1 
1 .4618+2 
1.461 8+2 
1.8933+2 
1.8933+2 
8.7754+0 
8.7754+0 
1.9422+0 
1.0829-3 
3.6072-4 
1.2948+2 
4.0319-3 
3.9081-3 
4.6380-3 
6.7096-3 
1.3154+2 
5.4739+0 
5.4739+0 
1.8079+0 
9.1535-4 
3.6623-4 
2.3227+2 
2.1414-3 
4.0541-3 
2.3450+2 
1.2848+0 
1.1236-3 
2.1264-4 
3.0706+0 
1.0486- 3 
2.0879-3 
4.8349+0 
6.3617+2 
6.3617+2 
1.2232+0 
8.7598-4 
1.4541-4 
1.9495+1 
5.4367-4 
1.2045-3 
2.1334+1 
1.2011+0 
6.0313-4 
9.6937-5 
1.5964+1 
3.6012-4 
6,2452-4 
1.7827+1 
1.3357+0 
1.4470-3 
9.5374-4 
2.2844+3 
2.5417-3 
5.8059 -3 
4.3304-3 
2.9948-3 
2.2861+3 
3.8385+4 
3.8385+4 



Nucl ide  - - - - - - - -  
61Pn1148m 

61Pm149 

61Pm151 

62Sm144 

62Sm147 

MAT MT Reac t ion  - - - -  - - -  
9785 102 (n,gamma) 

t o t .  absn . 
9786 102 (n,gamma) 

t o r .  absn .  
9788 102 (n,gamma) 

t o t .  a b s n .  
9803 102 (n,gamma) 

t o t .  absn .  
9806 1 6  ( n , 2 n )  

22 ( n , n ' a )  
28 ( n , n t p )  

102 (n,gamma) 
1 0 3  ( n , p )  
104  ( n , d )  
1 0 5  ( n , t )  
107 ( n , a )  

t o t .  absn .  
9807 102 (n,garnma) 

t o t .  a b s n .  
1319 1 6  ( n , 2 n )  

102 (n,gamma) 
103  ( n , p )  
107 ( n , a )  

t o t .  absn .  
9809 102 (n,gamma) 

t o t .  absn . 
9810 1 6  ( n , 2 n )  

22 ( n , n l a )  
28 ( n , n ' p )  

102 (n,gamma) 
1 0 3  ( n , ~ )  
107 ( n , a )  

tot. absn. 
9811 1 6  ( n , 2 n )  

22 ( n , n l a )  
28 ( n , n 1 p )  

102 (n,gamma) 
103 ( n , p )  
107 ( n , a )  

t o t .  absn .  
9812 102 (n,gamma) 

t o t .  absn .  
9813 102 (n,gamma) 

t o t .  absn .  
1357 1 6  ( n , 2 n )  

22 ( n , n ' a )  
28  ( n , n t p )  

102 (n,gamma) 
103 ( n , p )  
104 ( n , d )  
105  ( n , t )  
106 ( n , h e 3 )  
107 ( n , a )  

t o t .  absn  . 
1292 1 6  ( n , 2 n )  

22 ( n , n l a )  
28 ( n , n l p )  

102 (n,gamma) 
103  ( n , p )  
104 ( n , d )  
105  ( n , t )  
106 I n , h e 3 )  
107 ( n , a )  

t o t .  absn . 

T a b l e  4 - 3  Cont 'd  - - - - -  Four-Group Cross S e c t i o n s - - - - -  --Thermal Values -  
GP 1 GP 2 GP 3  Gp 4 E f f e c .  .0253 e V  

- - - - * - - -  - - - - - - - -  --..----- ------..- - - - - - - - *  - - - - - - - -  
4.9272-1 2.5740+0 3.1809+2 1.9062+4 3.4407+4 1 .0788+4 
4.9272-1 2.5740+0 3.1809+2 1.9062+4 3.4407+4 1.0788+4 
5 .2649-1  2.1342+0 7.3798+1 7.7854+2 1 .4053+3 1 .4035+3 
5.2649-1 2.1342+0 7.3798+1 7.7854+2 1.4053*3 1 .4035+3 
1 .0103-3  2 .0378-2  1.7321+2 3.8965+2 7.0331+2 7.0188+2 
1 .0103-3  2.0378-2 1.7321+2 3.8965+2 7.0331+2 7.0188+2 
2.4476-1 2.1884-1 2.2133+0 3.8669-1 6 .9797-1  6.9763-1 
2.4476-1 2 .1884-1  2,2133+0 3.8669-1 6 .9797-1  6 .9763-1  
1.7475-2 0. 0 .  0 .  0 .  0 .  
6 .3086-6 2.0835-6 1.4649-6 8.8481-7 1 .5971-6  7.7097-7 
7.1012-7 0 .  0 .  0 .  0 .  0 .  
1 . 8 2 5 8 - 1  8.6070-1 7.6422+1 3.4419+1 6.2126+1 6.4207+1 
1 .5351-5  2.0558-6 1.5310-6 1.0401-6 1 .8773-6  9.4528-7 
5.8614-9 0 .  0 .  0 .  0 .  0 .  
7.190-10 0 .  0 .  0 .  0 .  0 .  
2 .3176-4 7.1627-5 4.9639-5 2.9008-5 5.2359-5 2 .4946-5  
2.0031-1 8 .6078-1  7.6422+1 3.4419+1 6.2126+1 6.4207+1 
2.0216-1 2.5966-1 3.1105+0 1.5036+0 2.7139+0 2.7077+0 
2.0216-1 2 .5966-1  3.1105+0 1.5036+0 2.7139+0 2.7077+0 
1 .0977-2  0 .  0 .  0 .  0 .  0 .  
9 .0679-2 1.4891+0 2.8696+2 4.9782+4 8.9855+4 4.0525+4 
1.3481-4 0 .  0 .  0 .  0 .  0 .  
1 .3481-4 0 .  0. 0 .  0.  0 .  
1 .0193-1  1 .4891+0 2.8696+2 4.9782+4 8.9855+4 4.0525+4 
1.3131-1 2.8625-1 1.1521+1 5.4553+1 9.8469+1 1 .0230+2 
1 .3131-1  2.8625-1 1.1521+1 5.4553+1 9.8469+1 1.0230+2 
4.2521-2 0 .  0 .  0 .  0 .  0 .  
5 .4181-6 2.2834-6 1 .6060-6  9.7138-7 1 .7533-6  8.4640-7 
1.6764-7 0 .  0 .  0 .  0 .  0 .  
2 .6797-1 1.6054+0 2.8956+2 4.6626+3 8.4160+3 1.4924+4 
2.6222-6 0 .  0 .  0 .  0 .  0 .  
5 .6192-5 3 .1366-5  2.1720-5 1 .2679-5  2.2885-5 1 . 0 8 9 2 - 5  
3.1056-1 1 .6054+0 2.8956+2 4.6626+3 8.4160+3 1.4924+4 
2.4059-3 0 .  0 .  0 .  0 .  0 .  
5 .1349-6 4 .4739-6  3 .2779-6  2.1575-6 3.8942-6 1 . 9 3 9 8 - 6  
2.3667-8 0 .  0 .  0 .  0 .  0 .  
8 .9013-2 3 .6535-1  2.7605+2 1.1695+2 2.1109+2 2.0684+2 
2.3509-7 0 .  0 .  0 .  0 .  0 .  
3 .4119-5 2 .9897-5  2.0744-5 1.2150-5 2 .1931-5  1 . 0 4 5 8 - 5  
9.1458-2 3 .6538-1  2.7605+2 1.1695+2 2.1109+2 2.0684+2 
2.2569-4 1 .1903-2  2.3910+2 1.8382+2 3 .3179+2 3.3104+2 
2 .2569-4  1 .1903-2  2.3910+2 1.8382+2 3.3179+2 3.3104+2 
5 .7084-2  1 . 4 2 6 0 - 1  3.8595+0 3.0648+0 5.5320+0 5.5208+0 
5.7084-2 1 , 4 2 6 0 - 1  3.8595+0 3.0648+0 5.5320+0 5.5208+0 
8 .9855-4  0 .  0 .  0 .  0 .  0 .  
1 . 3 1 0 5 - 9  0 .  0 .  0 .  0 .  0 .  
2 .049-10 0.  0 .  0 .  0 .  0 .  
3 .1543-1  2.7080+0 2.0540+2 4.6790+3 8 .4456+3 9 .1606+3 
6 .0087-5  1 .0369-6  2.8048-9 0 .  0 .  0 .  
1 .1809-6  0 .  0 .  0 .  0 .  0 .  
2.5663-8 0.  0 .  0 .  0 .  0 .  
3 .1310-8 0 .  0 .  0 .  0 .  0 .  
1 .1984-4 1 .0472-5  2.9472-8 0 .  0 .  0 .  
3 .1653-1 2.7080+0 2.0540+2 4.6790+3 8.4456+3 9.1606+3 
9.3845-3 0 .  0 .  0 .  0 .  0 .  
5 .60-10 0 .  0 .  0 .  0 .  0 .  
1 . 9 0 6 - 1 1  0. 0 .  0 .  0 .  0 .  
1 .7462-1  3.2500+0 3.2545+2 7.6681+2 1 . 3 8 4 1 + 3  2.3040+3 
2.0443-4 2 .1711-6  1 .5039-6  1.5087-6 2 .7232-6  1 .5179-6  
3.2373-7 0 .  0 .  0 .  0 .  0 .  
8 .8031-7  0 .  0 .  0 .  0 .  0 .  
1 .1050-8  0 .  0 .  0 .  0 .  0 .  
1 .5640-4  1.1594-5 3 .2630-8  0 .  0 .  0 .  
1 .8437-1  3.2500+0 3.2545+2 7.6681+2 1 .3841+3 2 .3040+3 

Resonance 
I n t e g r a l  - - - - - - - - -  
3 .5264+3 
3.5264+3 
7.9070+2 
7.9070+2 
2 .0485+3 
2.0485+3 
1.9715+1 
1.9715+1 
1.7204+0 
1.3255-3 
8.3433-4 
7.5950+2 
4.7859-3 
4.2887-3 
4.6130- 3 
7.8010-3 
7.6150+2 
2.7455+1 
2.. 7455+1 
1.3832+0 
3.2546+3 
1.5174-2 
1.5174-2 
3.2562+3 
3.2093+2 
3.2093+2 
1.9494+0 
1 .4725-3  
3.9288-4 
3.3880+3 
1 .7508-3  
2.4024-3 
3.3904+3 
1 .1676+0 
1 .0946-3  
2.4475-4 
3.0024+3 



Nuclide HAT MT R e a c t i o n  
- - - - * - - -  - - - -  - - -  - - - - - - - - -  
63Eu153 1359 1 6  ( n , 2 n )  

22 ( n , n t a )  
28 ( n , n l p )  

102  (n,gamma) 
1 0 3  ( n , p )  
104  (n,d) 
105  (n, t )  
106  ( n , h e 3 )  
107 ( n , a )  

t o t .  absn .  
63Eu154 1293 1 6  ( n , 2 n )  

28 ( n y n f p )  
102 (n,gamma) 
1 0 3  ( n , p )  
104  (n,d) 
1 0 5  ( n , t )  
106  ( n , h e 3 )  
107 ( n , a )  

t o t .  a b s n .  
53Eu155 9832 1 6  ( n , 2 n )  

22 ( n , n t a )  
28 ( n , n t p )  

102 (n,gamma) 
1 0 3  ( n , ~ )  
104  ( n , d )  
107 ( n , a )  

t o t .  a b s n .  
63Eu156 9833 102 (n,gamma) 

t o t .  a b s n .  
63Eu157 9834 102 (n,gamma) 

tot .absn. 
64Gd152 1362 1 6  ( n y 2 n )  

22 ( n , n l a )  
28 ( n , n l p )  

102 (n,gamma) 
103  ( n , p )  
107 ( n , a )  

t o t .  a b s n .  
64Gd154 1364 1 6  ( n , 2 n )  

22 ( n , n f a )  
28 ( n , n l p )  

102 (n,gamma) 
1 0 3  ( n , p )  
107 ( n , a )  

tot. a b s n .  
64Gd155 1365 1 6  ( n , 2 n )  

22 ( n , n t a )  
28 ( n , n ' p )  

102 (n,gamma) 
1 0 3  ( n , p )  
107 (n,a) 

t o t .  a b s n .  
64Gd156 1366 16 ( n , 2 n )  

22 ( n , n t a )  
28 ( n , n f p )  

102 ( n , g a m a )  
103  ( n , ~ )  
107 ( n , a )  

tot. a b s n .  
64Gd157 1367 1 6  ( n , 2 n )  

22 ( n , n l a )  
28 ( n , n l p )  

102 (n,gamma) 
103  ( n , ~ )  
107 ( n , a )  

t o t .  a b s n .  

Table  4 -3  C o n t ' d  - - - - -  Four-Croup Cross  S e c t i o n s - - - - -  
GP 1 Gp 2 Gp 3 Gp 4 

- - - * - - - -  - - - - - - - -  - - - - - C - -  C " - - - - - -  

2.4548-3 0 .  0 .  0 .  
5 .6165-7 0 .  0 .  0 .  
4 .4288-7 0 .  0 .  0 .  
1 .6283-1 1.7167+0 1.3744+2 1.3979+2 
8.4703-6 3.3635-7 0 .  0 .  
2.0901-7 0 .  0 .  0 .  
1 .6263-8  0 .  0 .  0 .  
4.5806-9 0 .  0 .  0 .  
7.7784-5 9.5686-6 1.0242-6 9.7977-7 
1.6537-1 1.7167+0 1.3744+2 1.3979+2 
5.3586-3 0 .  0 .  0 .  
7 .410-11 0 .  0 .  0 .  
7.2518-2 1.8791+0 2.2097+2 4.9646+2 
3.0329-4 9 .4922-6  0 .  0 .  
2.4234-8 0 .  0 .  0 .  
4 .7133-8 0 .  0 .  0 .  
2 .6507-9 0 .  0 .  0 .  
2 .0989-4 1 . 9 1 5 3 - 5  5.3980-8 0.  
7 .8390-2 1.8791+0 2.2097+2 4.9646+2 
3 .7691-3  0 .  0 .  0 .  
2 .3245-6 0 .  0 .  0 .  
3.0906-7 0 .  0 .  0 .  
9 .0448-1 1.5431+0 1.5359+2 2.2492+3 
9.7663-7 0 .  0 .  0 .  
1 .1009-8 0 .  0 .  0 .  
2.3454-5 2.0486-5 1.4181-5 8.2662-6 
9.0828-1 1.5431+0 1.5359+2 2.2492+3 
5.0035-4 3.5401-2 1.2952+2 2.6866+2 
5.0035-4 3.5401-2 1.2952+2 2.6866+2 
3.2238-3 2.5281-2 1 .1371+2 1.0555+2 
3.2238-3 2.5281-2 1.1371+2 1.0555+2 
1 .5684-3  0 .  0 .  0 .  
8 .4516-6  2.0915-7 0 .  0 .  
2 .3519-6 0 .  0 .  0 .  
3 .1478-1  5.5428-1 3.2933+1 8.0188+0 
1 . 4 5 7 1 - 5  0 .  0 .  0 .  
9 .2021-6 3.1349-7 0 .  0 .  
3 .1638-1 5.5428-1 3.2933+1 8.0188+0 
1 .4718-3  0 .  0 .  0 .  
3 .0889-6 4.4258-8 0 .  0 .  
1 .7039-6  0 .  0 .  0 .  
3.1424-1 8.5667-1 2.3897+1 4.6933+1 
1.2431-5 0 .  0 .  0 .  
2.5984-6 D. 0 .  0 .  
3.1573-1 8.5667-1 2.3897+1 4.6933+1 
1.5819-2 0.  0 .  0 .  
9.9193-6 3.1095-7 0 .  0 .  
5.1707-6 0 .  0 .  0 .  
1 .6297-1 1.6254+0 1.3221+2 1 .9132+4 
4.1701-5 1 .4636-6  0 .  0 .  
9 .4654-6 2.6459-7 0 .  0 .  
1 . 7 8 8 6 - 1  1.6254+0 1.3221+2 1 .9132+4 
1 .7975-3  0 .  0. 0 .  
1 .9538-6  1 .5996-7  0 .  0 .  
9.4043-7 0 .  0 .  0 .  
9.6173-2 3.9019-1 1.1437+1 9 .5579-1  
1 .8163-5  0 .  0 .  0 .  
1 .3436-5 1 .1222-6  7.0908-7 4.0938-7 

--Thermal Values-  
E f f e c .  .0253 eV - - - - - - - -  - - - - - - - -  

0 .  0 .  
0 .  0 .  

Resonance 
I n t e g r a l  - - - - - - - - -  
1.3028+0 
1.2984-3 
8.7487-4 
1 .447  2+3 
3 .1785-3  
3 .9486-3  
2.2078-3 
2.8672-5 
5.3691-3 
1 .4487+3 
1.6029+0 
2.1572-6 
2.5525+3 
5.9574-2 
2 .7681-3  
3 .8670-3  
1 .6230-5  
1 .7909-2  
2 .5543+3 
1.3635+0 
5 .3923-4  
4 .3300-4  
1 .8250+3 
1 . 1 0 9 8 - 3  
2 .4485-3  
1 .2857-3  
1 .8267+3 
1 .4700+3 
1 . 4 7 0 0 + 3  
1 . 2 8 0 3 + 3  
1 . 2 8 0 3 + 3  
1 .1292+0 
8 . 7 8 1 4 - 3  
1 .3028-2  
4.0386+2 
8 .2307-3  
2 .6210-3  
4.0502+2 
1.1431+0 
5 . 9 6 0 5 - 3  
1 .1526-2  
2.2938+2 
6 .9245-3  
1 . 3 6 1 6 - 3  
2.3055+2 
1 .6065+0 
8 .1629-3  
1 .5440-2  
1 .5508+3 
1 .0295-2  
2.2299-3 
1.5524+3 
1.1506+0 
4.3684-3 
9.2078-3 
1.0482+2 
1.2340-2 
8.7608-3 
1.0601+2 
1.6565+0 
6.0151-3 
9 .9541-3  
7.4536+2 
3.6845-3 
1 .5559-3  
7.4704+2 



Nuclide - - - - - - - -  
64Gd158 

MAT MT Reaction - - - -  - * -  - - - - - - - - -  
1368 16 (n,2n) 

22 (n,nfa) 
28 (n,n'p) 
102 (n,gamma) 
103 (n,p) 
107 (n,a) 

tot. absn . 
1370 16 (n,2n) 

22 (n,n1a) 
28 (n,nTp) 
102 (n,garnma) 
103 (n,p) 
107 (n,a) 

tot. absn. 
9857 102 (n,gamma) 

tot. absn. 
9858 102 (n,gamma) 

tot. absn. 
9864 102 (n,gamrna) 

tot. absn. 
9865 102 (n,gamma) 

tot + absn . 
9866 102 (n,gamma) 

tot. absn. 
102 (n ,gamma) 

tot. absn. 
16 (n,2n) 
102 (n,gama) 
103 (n,p) 
107 (n,a) 

tot. absn. 
102 (n,gamma) 

tot. absn. 
102 (n,gamma) 

tot. absn. 
102 (n,gamma) 

tot. absn. 
16 (ny2n) 
18 fission 
102 (n,gama) 

tot. absn. 
16 (n,2n) 
18 fission 
102 (n,gamma) 

tot. absn. 
16 
18 fisslon 
102 (n,gamma) 

tot. absn. 
16 (ny2n) 
18 fission 
102 (n,gamma) 

tot. absn. 
8232 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot .absn. 
1393 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
1394 16 (n,2n) 

18 fission 
102 (n,gamrna) 

tot, absn. 

Table 4 - 3  Cont'd - - - - -  Four-Group Cross Sections----- 
GP 1 GP 2 Gp 3 Gp 4 - - - - - - - -  - - * - - - - -  - - - - - - - -  - - - - - - - -  

3.2093-3 0. 0. 0. 
1.6382-6 9.1340-8 0. 0. 
3.1531-7 0. 0. 0. 
6.5592-2 1.9153-1 6.5163+0 1.1205+0 
2.1991-6 0. 0. 0. 
2.6627-6 0. 0. 0. 
6.8808-2 1.9153-1 6.5163+0 1.1205+0 
7.2424-3 0. 0. 0. 
1.1705-6 0. 0. 0. 
7.3006-8 0. 0. 0. 
5.4319-2 1.1135-1 9.0207-1 4.2530-1 
1.5644-6 0. 0. 0. 
1.4813-6 0. 0. 0. 
6.1566-2 1.1135-1 9.0207-1 4.2530-1 
9.1200-2 1.0954+0 4.6810+1 1.4328+1 
9.1200-2 1.0954+0 4.6810+1 1.4328+1 
1.4307-3 7.8414-2 9.8609+1 2.9175+2 
1.4307-3 7.8414-2 9.8609+1 2.9175+2 
7.9398-1 1.2007+0 1.5161+2 3.5966+1 
7.9398-1 1.2007+0 1.5161+2 3.5966+1 
5.9423-2 1.2273+0 1.1706+2 3.1025+2 
5.9423-2 1.2273+0 1.1706+2 3.1025+2 
2.7995-1 5.3011-1 2.4692+2 1.1418+2 
2.7995-1 5.3011-1 2.4692+2 1.1418+2 
5.4863-2 5.1930-1 1.3367+2 7.7490+1 
5.4863-2 5.1930-1 1.3357+2 7.7490+1 
4.0068-3 0. 0. 0. 
9.0051-2 1.9065-1 2.3026+1 1.3012+3 
2.3504-5 0. 0. 0. 
1.9948-4 0. 0. 0. 
9.4281-2 1.9065-1 2.3026+1 1.3012+3 
8.9277-2 8.7548-1 7.4741+1 3.7400+1 
8.9277-2 8.7548-1 7.4741+1 3.7400+1 
1.4309-1 2.9860-1 1.4846+1 1.9473+1 
1.4309-1 2.9860-1 1.4846+1 1.9473+1 
6.0909-2 8.0247-1 1.5877+2 1.0706+3 
6.0909-2 8.0247-1 1.5877+2 1.0706+3 
1.4668-2 0. 0. 0. 
2.2159-1 2.2321-3 5.7226-4 0. 
1.3405-2 1.2143-1 7.9325+1 1.3533+1 
2.4966-1 1.2366-1 7.9326+1 1.3533+1 
1.4437-2 0. 0. 0. 
8.4596-2 1.0372-5 4.9532-5 0. 
7.8745-2 2.9436-1 8.8851+0 4.0426+0 

--Thermal Values- 
Effec. .0253 eV - - - - - - - -  - - - - - - - -  
0. 0. 
0. 0. 
0. 0. 
2.0224+0 2.0113+0 
0. 0. 
0. 0. 
2.0224+0 2.0113+0 
0. 0. 
0. 0. 
0. 0. 
7.6766-1 7.6806-1 
0. 0. 
0. 0. 
7.6766-1 7.6806-1 
2.5863+1 2.5572+1 
2.5863+1 2.5572+1 
5.2662+2 5.2633+2 
5.2662+2 5.2633+2 
6.4918+1 6.1197+1 
6.4918+1 6.1197+1 
5.5999+2 5.8687+2 
5.5999+2 5.8687+2 
2.0609+2 1.9987+2 
2.0609+2 1.9987+2 
1.3987+2 1.3473+2 
1.3987+2 1.3473+2 
0. 0. 
2.3487+3 2.5216+3 
0. 0. 
0. 0. 
2.3487+3 2.5216+3 
6.7506+1 6.6686+1 
6.7506+1 6.6686+1 
3.5148+1 3.5059+1 
3.5148+1 3.5059+1 
1.9324+3 6.7366+2 
1.9324+3 6.7366+2 
0. 0. 
0. 0. 
2.4426+1 2.3159+1 
2.4426+1 2.3159+1 
0. 0. 
0. 0. 
7.2969+0 7.4145+0 
7.2969+0 7.4145+0 
0. 0. 
2.8319-2 1.0430-2 
4.6437+2 2.2776+2 
4.6440+2 2.2777+2 
0. 0. 
0. 0. 
3.8458+1 4.1668+1 
3.8458+1 4.1668+1 
0. 0. 
6.8362+1 7.7386+1 
6.2596+1 7.2848+1 
1.3096+2 1.5023+2 
0. 0. 
5.3155+2 5.2921+2 
5.1357+1 4.5852+1 
5.8291+2 5.7506+2 
0. 0. 
4.3708-1 4.6737-1 
9.8007+1 1.0376+2 
9.8444+1 1.0423+2 

Resonance 
Integral - - - - - - - - -  
1.2047+0 
3.4387-3 
5.6332- 3 
6.2603+1 
2.7640-3 
2.2227-3 
6.3822+1 
1.2669+0 
2.3589-3 
3.4913-3 
7.8586+0 
3.1505-3 
2.0991-3 
9.1366+0 
4.5610+2 
4.5610+2 
1.1229+3 
1.1229+3 
1.6701+3 
1.6701+3 
1.2056+3 
1.2056+3 
2.7844+3 
2.7844+3 
1.4680+3 
1.4680+3 
1.2235+0 
3.2078+2 
1.0347-3 
4.6301-3 
3.2246+2 
7.5734+2 
7.5734+2 
1.4026+2 
1.4026+2 
3.0078+3 
3.0078+3 
1.6861+0 
1.1624+0 
8.5372+2 
8.5677+2 
1.3313+0 
6.2569-1 
8.3715+1 
8.6264+1 
1 2205+0 
5.2127+0 
6.0493+2 
6.1162+2 
4.9222-1 
2.9722+0 
8.5644+2 
8.6024+2 
1.4695+0 
4.2669+2 
3.1692+2 
7.4541+2 
3.6019-1 
7.5779+2 
1.3714+2 
8.9532+2 
2.6476-1 
6.6337+0 
6.5747+2 
6.6446+2 



Nuclide 
------..- 
92 U235 

HAT MT Reaction - - - -  - - -  - - - - - - - - -  
1395 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
1396 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
8237 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
1398 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
1337 16 (n,2n) 

18 fission 
102 (n ,gamma) 

tot. absn. 
8338 18 fission 

102 (n,gamma) 
tot. absn. 

8436 16 (n,2n) 
18 fission 
102 (n,gamrna) 

tot .absn. 
8437 16 (n,2n) 

18 fission 
102 (n ,gamma 

tot .absn. 
1338 16 (n,?n) 

18 fission 
102 (n,gamma) 

tot. absn. 
1399 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
1380 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
1381 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn . 
1342 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
8443 16 (n,2n) 

18 fission 
102 (n ,gamma) 

tot .absn. 
8444 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
1361 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot .absn. 
8542 18 fission 

102 (n,gamma) 
tot.absn. 

Table 4-3 Cont'd - - - - -  Four-Group Cross Sections----- 
GP 1 GP 2 GP 3 GP 4 - - - - - - - -  - - - e m - - -  - - - - - - - -  - - - - - - - -  

7.6736-3 0. 0. 0. 
1.2308+0 1.6272+0 2.5222+1 2.9806+2 
6.6715-2 4.6260-1 1.2800+1 5.2837+1 
1.3052+0 2.0898+0 3.8022+1 3.5090+2 
7.6021-3 0. 0. 0. 
7.1627-1 1.7000-2 4.1697-1 2.6709-2 
1.6134-1 4.6299-1 3.2338+1 2.9152+0 
8.8521-1 4.7999-1 3.2755+1 2.9419+0 
2.3123-2 0. 0. 0. 
7.0646-1 6.4086-1 3.2864-1 1.0454+0 
7.0105-2 2.8944-1 2.9883+1 2.4862+2 
7.9969-1 9.3030-1 3.0212+1 2.4967+2 
1.4805-2 0. 0. 0. 
3.4962-1 4.8267-4 1.3819-4 2.9461-6 
6.0445-2 2.6171-1 4.9235+0 1.5264+0 
4.2487-1 2.6219-1 4.9236+0 1.5264+0 
1.2739-3 0. 0. 0. 
1.5916+0 2.6189-1 3.1511-2 9.1801-3 
7.3044-2 1.3410+0 5.3440+1 1.2407+2 
1.6659+0 1.6029+0 5.3472+1 1.2408+2 
0. 2.7551-1 7.5091+1 1.0703+3 
0. 3.5394-2 8.5561+0 1.0725+2 
0. 3.1090-1 8.3647+1 1.1776+3 
2.2740-3 0. 0. 0. 
2.3745+0 1.3724+0 2.8907+1 8.5604+1 
2.6849-2 2.6720-1 2.9022+1 8.5604+1 
2.4036+0 1.6396+0 5.7929+1 1.7121+2 
1.9309-3 0. 0. 0. 
3.0422+0 3.3103+0 8.8477+1 1.1689+3 
1.9631-2 1.5640-1 1.4777+1 3.0058+2 
3.0638+0 3.4667+0 1.0325+2 1.4695+3 
3.2910-3 0. 0. 0. 
2.1580+0 1.0505+0 2.1971+0 7.4626+0 
1.0585-1 5.8856-1 1.5015+1 2.4591+2 
2.2671+0 1.6391+0 1.7212+1 2.5337+2 
3.1812-3 0. 0. 0. 
1.8481+0 1.6422+0 2.6146+1 7.6096+2 
1.2701-2 3.5143-1 1.8556+1 4.1876+2 
1.8640+0 1.9936+0 4.4702+1 l.1797+3 
1.2835-3 0. 0. 0. 
1.6042+0 2.8021-1 2.0784-1 3.8509-2 
6.2996-2 4.1876-1 6.9084+2 1.9864+2 
1.6685+0 6.9897-1 6.9105+2 1.9868+2 
2.1279-2 0. 0. 0. 
1.5909+0 2.1626+0 5.1474+1 7.9480+2 
9.2989-2 3.6264-1 1 . 7 8 8 2 + 1  2.9572+2 
1.7052+0 2.5252+0 6.9356+1 1.0905+3 
5.9484-3 0. 0. 0. 
1.3773+0 1.6004-1 2.3566-2 5.8278-4 
5.4889-2 3.6051-1 1.1336+2 1.1372+1 
1.4381+0 5.2055-1 1.1338+2 1.1373+1 
5.2776-2 0. 0. 0. 
1.2447+0 5.7921-1 4.7833+1 9.6353+1 
2.1083-2 2.9671-1 2.3855+1 4.6805+1 
1.3186+0 8.7592-1 7.1688+1 1.4316+2 
1.9992-2 0. 0. 0. 
1.2476+0 1.1292-1 2.0096-3 0. 
1.0121-2 1.1946-1 8.5206+0 1.0050+0 
1.2777+0 2.3238-1 8.5226+0 1.0050+0 

--Thermal Values- 
Effec. .0253 eV - - - - - - - -  
0. 0. 
5.3799+2 5.8397+2 
9.5371+1 9.8455+1 
6.3336+2 6.8242+2 
0. 0. 
4.8209-2 4.6977-2 
5.2619+0 5.1758+0 
5.3101+0 5.2228+0 
0. 0. 
1.8869+0 2.0058+0 
4.4877+2 4.7728+2 
4.5066+2 4.7929+2 
0. 0. 
5.3176-6 5.3178-6 
2.7551+0 2.7199+0 
2.7551+0 2.7199+0 
0. 0. 
1.6570-2 1.6637-2 
2.2395+2 1.6919+2 
2.2397+2 1.6921+2 
1.9319+3 2.0341+3 
1.9359+2 2.0355+2 
2.1255+3 2.2376+3 
0. 0. 
1.5452+2 1.6371+2 
1.5452+2 1.6371+2 
3.0904+2 3.2742+2 
0. 0. 
2.1099+3 2.1053+3 
5.4255+2 5.4136+2 
2.6524+3 2.6467+3 
0. 0. 
1.3470+1 1.7085+1 
4.4387+2 5.6350+2 
4.5734+2 5.8058+2 
0. 0. 
1.3735+3 7.4373+2 
7.5585+2 2.7118+2 
2.1293+3 1.0149+3 
0. 0. 
6.9509-2 5.7439-2 
3.5855+2 2.9164+2 
3.5862+2 2.9170+2 
0. 0. 
1.4346+3 1.0203+3 
5.3377+2 3.6298+2 
1.9684+3 1.3833+3 
0. 0. 
1.0519-3 1.0520-3 
2.0526+1 1.9338+1 
2.0527+1 1.9339+1 
0. 0. 
1.7392+2 1.8174+2 
8.4483+1 8.8276+1 
2.5840+2 2.7002+2 
0. 0. 
0. 0. 
1.8140+0 1.8456+0 
1.8140+0 1.8456+0 
0. 0. 
5.9672+0 3.2799+0 
1.1104+3 5.8142+2 
1.1164+3 5.8470+2 
2.1486+3 2.2852+3 
2.3871+2 2.5390+2 
2.3873+3 2.5391+3 

Resonance 
Integral -....---*-- 
3.5382-1 
2.8094+2 
1.3919+2 
4.2051+2 
6.6091-1 
7.8188+0 
3.4567+2 
3.5444+2 
9.6854-1 
9.2796+0 
3.0923+2 
3.1985+2 
9.8571-1 
2.0531+0 
2.7881+2 
2.8219+2 
1,5062-1 
6.9674+0 
6.4865+2 
6.5583+2 
8.9301+2 
9.9684+1 
9.9269+2 
4.3376-1 
3.2405+2 
3.1283+2 
6.3760+2 
2.1297-1 
1.0668+3 
1.8644+2 
1.2536+3 
5.9587-1 
3.0827+1 
1.5243+2 
1.8425+2 
1.8168-1 
3.0174+2 
1.92€,5+2 
4.9481)+2 
1.5356-1 
8.8988+0 
8.0019+3 
8.0110+3 
5.4515-1 
5.9005+2 
1.9651+2 
7.8716+2 
4.8293- 1 
5.6078+0 
1.2735+3 
1.2798+3 
1.1326+0 
5.5979+2 
2.7533+2 
8.3670+2 
8.9050-1 
4.7957+0 
3.0568+2 
1.1156+2 
1.3612-1 
1.3481+1 
1.4199+3 
1.4336+3 
6.1462+2 
7.1273+1 
6.8589+2 



Nuclide MAT PlT Reaction 
- - - - - - .  . - - - -  - - -  - - - - - - - - -  
95Am242rn 1369 16 (n,2n) 

18 fission 
102 (n,garnrna) 

tot. absn. 
95.411-1243 1363 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
96Cm241 8641 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
96Cm242 8642 16 (n,2n) 

18 fission 
102 (n,gamrna) 

tot. absn. 
96Cm243 1343 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
1344 16 (n,2n) 

18 fission 
102 (n,garnma) 

tot. absn. 
1345 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
1346 16 (n,2n) 

18 fission 
102 (n,gamrna) 

tot. absn. 
8647 16 (n,2n) 

18 fission 
102 (n ,gamma) 

tot. absn. 
8648 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
8749 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
8849 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
8850 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn . 
8851 16 (n,2n) 

18 fission 
102 (n,gamma) 

tot. absn. 
8852 16 (n,2n) 

18 fission 
102 (n,garnrna) 

tot .absn. 
8853 18 fission 

102 (n,gamma) 
tot. absn. 

8953 102 (n,gamma) 
tot. absn. 

Table 4-3 Cont'd 
-----four-Group Cross Sections----- 

GP 1 GP 2 Gp 3 Gp 4 - - - - - - - -  - - - - - - - -  - - - - - - - -  - - - - - - - -  
1.1579-2 0. 0. 0. 
2.1657+0 3.2844+0 1.4971+2 4.9449+3 
7.9507-3 2.7396-1 2.1960+1 1.0159+3 
2.1852+0 3.5584+0 1.7167+2 5.9608+3 
6.3650-4 0. 0. 0. 
1.4662+0 6.8942-2 1.0470-3 0. 
3.2462-2 7.3914-1 1.5911+2 4.7627+1 
1.4993+0 8.0808-1 1.5911+2 4.7627+1 
4.4371-4 0. 0. 0. 
2.7825+0 2.7519+0 9.4619+1 1.4469+3 
9.4134-3 1.6104-1 9.1065+0 1.3933+2 
2.7924+0 2.9129+0 1.0373+2 1.5862+3 
1.7016-4 0. 0. 0. 
1.1804+0 3.0934-2 3.3981-2 1.6045+0 
1.5264-2 1.8843-1 1.6467+1 9.1560+0 
1.1958+0 2.1936-1 1.6501+1 1.0760+1 
1.1480-2 0. 0. 0. 
2.1941+0 2.1507+0 1.7112+2 4.0172+2 
5.5252-3 1.6736-1 2.2684+1 3.3547+1 
2.2111+0 2.3181+0 1.9380+2 4.3527+2 
3.3409-3 0. 0. 0. 
1.9143+0 3.2380-1 1.0419+0 3.1617-1 
7.0387-2 6.9827-1 5.5983+1 5.7752+0 
1.9880+0 1.0221+0 5.7025+1 6.0914+0 
1.9832-2 0. 0. 0. 
1.9764+0 2.3527+0 6.9976+1 1.0514+3 
2.0301-2 2.9507-1 9.8639+0 1.8382+2 
2.0165+0 2.6478+0 7.9840+1 1.2352+3 
4.0406-3 0. 0. 0. 
1.6974+0 1.0023-1 3.9626-1 3.6557-2 
3.1310-2 1.7421-1 1.0007+1 7.4818-1 
1.7328+0 2.7444-1 1.0403+1 7.8474-1 
3.1769-2 0. 0. 0. 
2.0960+0 1.9209+0 6.3004+1 5.9765+1 
2.0351-2 2.8847-1 4.2175+1 4.0957+1 
2.1481+0 2.2094+0 1.0518+2 1.0072+2 
5.7611-3 0. 0. 0. 
1.7016+0 1.4661-1 8.3437-1 4.9315-2 
4.1574-2 1.9657-1 2.3724+1 1.3815+0 
1.7489+0 3.4318-1 2.4558+1 1.4308+0 
2.0403-2 0. 0. 0. 
1.0757+0 3.2341-2 1.7036-3 0. 
6.7435-2 3.4721-1 3.4008+2 9.0285+2 
1.1635+0 3.7955-1 3.4008+2 9.0285+2 
2.1563-2 0. 0. 0. 
1.6784+0 2.2381+0 1.5104+2 8.8236+2 
6.7383-2 2.7588-1 5.8042+1 2.7750+2 
1.7673+0 2.5140+0 2.0908+2 1.1599+3 
1.0577-2 0. 0. 0. 
2.0639+0 1.1218+0 6.3435-3 0. 
6.7384-2 2.7369-1 7.8413+2 1.3374+3 
2.1419+0 1.3955+0 7.8414+2 1.3374+3 
3.6985-2 0. 0. 0. 
1.6784+0 2.1717+0 3.5979+2 3.0523+3 
6.7382-2 2.6368-1 1.1765+2 1.5728+3 
1.7828+0 2.4354+0 4.7744+2 4.6251+3 
8.3656-3 0. 0. 0. 
2.2797+0 4.5065-1 1.1939+1 1.6989+1 
1.9614-2 2.6411-1 4.9156+0 1.0808+1 
2.3077+0 7.1476-1 1.6855+1 2.7797+1 
0. 3.6713-1 9.0944+1 7.9385+2 
0. 3.3947-2 2.8090+1 2.3847+2 
0. 4.0108-1 1.1903+2 1.0323+3 
0. 2.7278-2 1.1118+2 9.7869+2 
0. 2.7278-2 1.1118+2 9.7869+2 

--Thermal Values- 
Effec. .0253 e V  - - - - - - - -  - - - - - - - -  
0. 0. 
8.9255+3 6.6652+3 
1.8337+3 1.3519+3 
1.0759+4 8.0171+3 
0. 0. 
0. 0. 
8.5967+1 7.5291+1 
8.5967+1 7.5291+1 
0. 0. 
2.6116+3 2.6060+3 
2.5150+2 2.5094+2 
2.8631+3 2.8569+3 
0. 0. 
2.8961+0 3.0319+0 
1.6526+1 1.7238+1 
1.9422+1 2.0270+1 
0. 0. 
7.2509+2 6.9864+2 
6.0553+1 5.8628+1 
7.8564+2 7.5727+2 
0. 0. 
5.7068-1 6.0751-1 
1.0424+1 1.0434+1 
1.0995+1 1.1042+1 
0. 0. 
1.8977+3 2.1714+3 
3.3179+2 3.8514+2 
2.2295+3 2.5565+3 
0. 0. 
6.5985-2 6.3552-2 
1.3505+0 1.3044+0 
1.4165+0 1.3680+0 
0. 0. 
1.0788+2 8.4073+1 
7.3926+1 5.8614+1 
1.8181+2 1.4269+2 
0. 0. 
8.9014-2 8.7862-2 
2.4936+0 2.4587+0 
2.5826+0 2.5466+0 
0. 0. 
0. 0. 
1.6296+3 1.5933+3 
1.6296+3 1.5933+3 
0. 0. 
1.5927+3 1.6697+3 
5.0089+2 4.8293+2 
2.0936+3 2.1526+3 
0. 0. 
0. 0. 
2.4140+3 1.6187+3 
2.4140+3 1.6187+3 
0. 0. 
5.5094+3 5.3447+3 
2.8390+3 2.8740+3 
8.3484+3 8.2187+3 
0. 0. 
3.0666+1 3.2359+1 
1.9508+1 2.0611+1 
5.0174+1 5.2970+1 
1.4329+3 1.1389+3 
4.3043+2 3.4212+2 
1.8633+3 1.4810+3 
1.7665+3 2 .0200+2  
1.7665+3 2.0200+2 

Resonance 
Integral - - - - - - - - -  
4.8545-1 
1.8709+3 
2.8381+2 
2.1554+3 
8.1818-2 
6.2485+0 
1.8190+3 
1.8253+3 
1.5225-2 
1.1564+3 
1.1014+2 
1.2666+3 
1.4623-2 
6.3858+0 
1.5592+2 
1.6232+2 
3.2611-1 
1.9672+3 
2.5087+2 
2.2184+3 
3.1694-1 
1.8820+1 
5.9179+2 
6.1113+2 
7.3857-1 
8.2813+2 
1.1670+2 
9.4576+2 
4.5899-1 
1.0448+1 
1.0378+2 
1.1505+2 
7.1243-1 
7.5330+2 
4.9349+2 
1.2478+3 
4.9147-1 
1.5524+1 
2.4825+2 
2.6469+2 
1.0547+0 
4.2497+0 
4.0777+3 
4.0836+3 
7.7487-1 



B. Fast Reactor Cross Sections 

Here we provide cross sections collapsed from the same 154-group c ross  sect ion l i -  

brary used in  producing the  thermal reactor  cross sections t o  a s ing le  average 

value f o r  each o f  three  f a s t  reactor  spectra.  These have very d i f f e r e n t  degrees of 

hardness and should cover the  range of spect ra  of i n t e r e s t  t o  most users. 

The tabular  spect ra  used f o r  the  col lapsing in  51 groups a re  given in  Table 4-4. 

The l i s t e d  values a re  i n  uni ts  of neutrons per eV f o r  the  average value over the  

l i s t e d  energy bounds. Figure 4-2 i s  a normalized p lo t  o f  these three spect ra  con- 

verted t o  neutrons per uni t  lethargy. Average energies f o r  each spec t ra  a re  noted 

on the  p lot .  Table 4-5 l i s t s  the  average cross sections f o r  these  th ree  spect ra .  

Table 4-4 

NORMALIZED FLUX WEIGHTING SPECTRA FOR THREE FAST CASES 

(51 Histogram Values Listed as  Flux-per-Unit-Energy) 

- - - - - - - - - *  IKMW R e f .  Spectra - - - - - - - - - -  
2.0000+07 9.8704-14 1.8220+07 2.6857-13 1.6910+07 1.1208-12 1.4920+07 4.2813-12 1.3500+07 
1.1910+07 5.9365-11 1.0000+07 2.9421-10 7.7900+06 1.1887-09 6.0650+06 3.2185-09 4.7240+06 
3.6790+06 1.5488-08 2.8650+06 2.2744-08 2.2310+06 4.5052-08 1.3530+06 9.5180-08 8.2080+05 
4.9790+05 2.8859-07 3.8770+05 5.5203-07 3.0200+05 9.3859-07 1.8320+05 1.5483-06 1.1110+05 
6.7380+04 3.2054-06 4.0870+04 4.7755-06 2.5540+04 6.8404-06 7.9890+04 7.0523-06 1.5030+04 
9.1190+03 8.6304-06 5.5310+03 7.5729-06 3.3550+03 2.?7E5-06 2.8400+03 2.9125-06 2.4040+03 
2.0350+03 2.2403-05 1.2340+03 2.1978-05 7.4850+02 1.6960-05 4.5400+02 j.1321-05 2.7540+02 
1.6700+02 3.7554-06 1.0130+02 1.2238-06 6.1440+0t 3.8692-07 3.7270+01 2.0586-07 2.2600+01 
1.3710+01 9.9495-09 8.3150+00 1.1729-09 5.0430+00 9.2531-10 3.0590+00 3.9636-10 1.8550+00 
f.1250+00 3.2219-12 6.8260-Of 4.f465-13 4.1400-Of 6.0906-15 2.5110-01 7.5477-16 1.5230-Of 
9.2370-02 2.4381-19 2.5200-02 

- - - - - - - - - -  CFRMF Ref. Spectra - - - - - - - - - -  
2.0000+07 1.9380-13 1.8220+07 5.2787-13 1.6910+07 2.2006-12 1.4920+07 8.4056-12 1.3500+07 2.8564-11 
1.1910+0? 1.1655-10 1.0000+07 5.7767-10 7.7900+06 2.3338-09 6.0650+06 6.7322-09 4.7240+06 1.4377-08 
3.6790+06 2.9493-08 2.8650+06 4.3310-08 2.2310+06 7.9846-08 1.3530+06 2.0660-07 8.2080+05 5.0629-07 
4.9790+05 7.1596-07 3.8770+05 9.1609-07 3.0200+05 1.0636-06 1.8320+05 1.2555-06 1.1110+05 :.S266-06 
6.7380+04 1.6590-06 4.0870+04 1,5983-06 2.5540+04 2.0116-06 1.9890+04 1.5382-06 1.5030+04 1.9702-06 
9.1190+03 2.1834-06 5.5310+03 3.4034-06 3.3550+03 3.9203-06 2.8400+03 4.4311-06 2.4040+03 4.4250-06 
2.0350+03 6.3239-06 1.2340+03 6.9984-06 7.4850+02 8.6223-06 4.5400+02 8.5596-06 2.7540+02 8.8448-06 
1.6700+02 8.1288-06 1.0130+02 7.2565-06 6.1440+01 5.9691-06 3.7270+01 3.6317-06 2.2600+01 1.5992-06 
1.3710+01 1.0761-06 8.3150+00 1.0858-07 5.0430+00 5.0731-08 3.0590+00 6.7899-09 1.8550+00 3.7992-10 
1.1250+00 8.2161-12 6.8260-01 1.0146-11 4.1400-01 1.5828-11 2.5110-01 2.4334-11 1.5230-01 3.6978-11 
9.2370-02 7.5249-1j 2.5200-02 

- - - - - - - - - -  EBR-2 Ref. Spectra ( 
2.0000+07 1.9722-13 1.8220+07 5.3721-13 
1.1910+07 1.1861-10 1.0000+07 5.8789-10 
3.6790+06 3.9540-08 2.8650+06 5.8063-08 
4.9790+05 8.1415-07 3.8770+05 9.7221-07 
6.7380+04 9.3296-07 4.0870+04 9.5$83-07 
9.1190+03 1.8441-07 5.5310+03 9.8t26-08 
2.0350+03 7.9122-08 1.2340+03 1.5668-08 
1.6700+02 1.4241-12 1.0130+02 6.1195-14 
1.3710+01 1.8538-18 8.3150+00 3.0565-18 
1.1250+00 2.2606-19 6.8260-01 3.7234-19 
9.2370-02 j.4890-19 2.5200-02 

Metal Driver Region) - - - - - - - - - -  
1.6910+07 2.2394-12 1.4920+07 8.5544-12 1.3500+07 2.9070-11 
7.7900+06 2.3750-09 6.0650+06 7.7570-09 4.7240+06 1.6566-08 
2.2310+06 1.1983-07 1.3530+06 2.5445-07 8.2080+05 5.3800-07 
3.0200+05 1.0742-06 1.8320+05 1.1604-06 1.1110+05 1.1033-06 
2.5540+04 9.2966-07 1.9890+04 6.0335-07 1.5030+04 3.6766-07 
3.3550+03 2.4488-08 2.8400+03 3.2572-08 2.4040+03 1.1085-07 
7.4850+02 1.9812-09 4.5400+02 2.4208-10 2.7540+02 2.5658-11 
6.1440+01 1.5683-15 3.7270+01 6.8173-18 2.2600+01 1.1250-18 
5.0430+00 5.0408-19 3.0590+00 8.3065-19 1.8550+00 1.3700-18 
4.1400-01 6.1393-19 2.5110-01 1.0122-19 1.5230-01 1.6888-19 



I Energy (eV) 

Fig. 4-2. Fast  spectra used f o r  one-group cross sections. 



Table 4-5 

ONE-GROUP FAST-REACTOR CROSS SECTIONS 

Nuclide 

32Ge 72 

MAT MT Reaction lKMW Core 

9050 iO2 (n,gamma) 
tot. absn. 

9051 102 (n,gamma) 
tot. absn. 

9053 102 (n,gamma) 
tot. absn. 

9056 102 (n,gamma) 
rot. absn. 

9071 102 (n,gamma) 
tot. absn. 

9089 102 (n,gamma) 
tot. absn. 

9091 102 (n,gamrna) 
tot. absn. 

9092 102 (n,gamma) 
tot.absn. 

9094 102 (n,gamma) 
tot. absn. 

9097 102 (n,gamma) 
tot .absn. 

9100 102 (n,gamma) 
tot. absn. 

9113 102 (n,gamma) 
tot. absn. 

9117 102 (n,gamma) 
tot. absn . 

1330 16 (n,2n) 
102 (n,gamma) 
103 ( n , p )  
104 (n,d) 
105 (n,t) 
106 (n,he3) 
107 (n,a) 

tot. absn. 
1331 16 (n,2n) 

102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 (n,t) 
106 (n,he3) 
107 (n,a) 

tot .absn. 
1332 16 (n,2n) 

102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 (n,t) 
106 (n,he3) 
107 (n,a) 

tot. absn. 
1333 16 (n,2n) 

17 (n,3n) 
102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 (n,t) 
106 (n,he3) 
107 (n,a) 

tot. absn. 
1334 16 (n,2n) 

102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 (n,t) 
106 (n,he3) 
107 (n,a) 

tot .absn. 

CFRMF EBR2 Core 

4.08e-02 3.39e-02 
4.08e-02 3.39e-02 
2.26e-01 7.58~-02 
2.26e-01 7.58e-02 
2.33e-02 1.80e-02 
2.33e-02 1.80e-02 
1.29e-02 6.48e-03 
1.29e-02 6.48e-03 
2.22e-01 9.31e-02 
2.22e-01 9.31e-02 
1.73e-01 5.12e-02 
1.73e-01 5.12e-02 
1.05e-01 5.72e-02 
1.05e-01 5.72e-02 
2.06e-01 9.91e-02 
2.06e-01 9.91e-02 
4.51e-02 2.42e-02 
4.51e-02 2.42e-02 
3.36e-02 2.41e-02 
3.36e-02 2.41e-02 
7.56e-03 6.96e-03 
7.56e-03 6.96e-03 
3.89e-01 1.77e-01 
3.89e-01 1.77e-01 
2.30e-01 1.16e-01 
2.30e-01 1.16e-01 
9.48e-06 9.65e-06 
1.65e-01 9.65e-02 
5.67e-03 6.51e-03 
2.29e-06 2.33e-06 
2.00e-08 2.04e-08 
1.97e-08 2.00e-08 
3.93e-04 4.42e-04 
1.71e-01 1.03e-01 
4.24e-05 4.32e-05 
1.67e-01 6.79e-02 
3.31e-04 3.65e-04 
9.92e-07 1.01e-06 
1.19e-08 1.22e-08 
1.56e-08 1.59e-08 
2.10e-05 2.26e-05 
1.67e-01 6.83e-02 
7.73e-05 7.87e-05 
9.08e-02 2.97e-02 
3.90e-05 4.09e-05 
3.89e-07 3.96e-07 
7.88e-09 8.02e-09 
4.09e-09 4.16e-09 
1.33e-06 1.37e-06 
9.09e-02 2.98e-02 
1.14e-03 1.16e-03 
1.19e-10 1.21e-10 
1.41e-01 6.63e-02 
2.91e-05 3.37e-05 
3.81e-07 3.87e-07 
1.38e-07 1.40e-07 
2.21e-09 2.25e-09 
1.98e-06 2.17e-06 
1.42e-01 6.74e-02 
1.19e-04 1.21e-04 
3.07e-02 1.15e-02 
1.02e-06 1.04e-U6 
1.75e-07 1.78e-07 
6.31e-09 6.42e-09 
2.18e-11 2.22e-11 
1.13e-07 1.15e-07 
3.08e-02 1.16e-02 



Table 4-5 (Cont'd) 
Nuclide MAT MT Reaction lKJ4W Core CFRMF EBR2 Core 

-- 
9145 102 (n,gamma) 

tot. absn. 
1336 16 (n,2n) 

17 (1-~,3n) 
102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 (n,t) 

tot. absn. 
9160 102 (n,gamma) 

tot. absn. 
9161 102 (n,gamma) 

tot .absn. 
9163 102 (n,gamma) 

tot. absn. 
9179 102 (n,gamma) 

tot. absn. 
9182 102 (n,gamma) 

tot. absn. 
9183 102 (n,gamma) 

tot. absn . 
9185 102 (n,gamma) 

tot. absn. 
9186 102 (n,gamma) 

tot. absn. 
9187 102 (n,gamma) 

tot. absn. 
9202 102 (n,gamma) 

tot. absn. 
9204 102 (n,garnma) 

tot. absn. 
9206 102 (n,gamma) 

tot. absn. 
1385 16 (n,2n) 

102 (n,gamma) 
103 (n,p) 
107 (n,a) 

tot. absn. 
1386 16 (n,2n) 

102 (n,gamma) 
103 (n,p) 
107 in,a) 

tot. absn. 
1387 16 (n,2n) 

102 (n,gamma) 
103 ( n , p )  
107 (n,a) 

tot. absn. 
9232 102 (n,gamma) 

tot. absn. 
1388 16 (n,2n) 

102 (n,gamma) 
103 (n,p) 
107 (n,a) 

tot. absn. 
9234 102 (n,gamma) 

tot. absn . 
1389 16 (n,2n) 

102 (n,gamma) 
107 (n,a) 

rot. absn . 
1189 16 (n,2n) 

17 (n,3n) 
22 (n,nfa) 
102 (n,gamma) 
103 (n,p) 
107 (n,a) 

tot. absn . 
9251 102 (n,gamma) 

tot. absn. 



Nuclide 

41Nb 95 

42Mo 92 

Table 4-5 
MAT MT Reaction 

- - -  
9253 102 (n,gamrna) 

tot. absn. 
9278 102 (n,gamma) 

103 (n,p) 
107 (n,a) 

tot. absn. 
9281 102 (n,gamma) 

tot. absn. 
9282 102 Tn,gava) 

tot. absn. 
9283 102 (n,garnrna) 

tot. absn. 
9284 102 (n,gamma) 

tot. absn. 
9285 102 (n,garnma) 

tot. absn. 
9286 102 (n,gamma) 

tot. absn. 
9287 102 (n,gamma) 

tot. absn. 
1308 16 (n,2n) 

102 (n,gamma) 
tot .absn. 

9325 102 (n,gamma) 
tot. absn. 

9327 102 (n,gamma) 
tot. absn. 

9328 102 (n,gamma) 
tot.absn. 

9329 102 (n,gamma) 
tot. absn. 

9330 102 (n,gamma) 
tot. absn. 

9331 102 (n,gamma) 
tot. absn. 

9332 102 (n,gamma) 
tot. absn. 

9333 102 (n,gamma) 
tot. absn. 

9334 102 (n,gamma) 
tot. absn. 

9335 102 (n,gamma) 
tot. absn. 

1310 16 (n,2n) 
102 (n,gamma) 

tot. absn. 
9355 102 (n,gamma) 

tot. absn. 
9379 102 (n,gamma) 

tot. absn. 
9381 102 (n,gamma) 

tot. absn. 
9382 102 (n,gamma) 

tot. absn. 
9383 102 (n,gamma) 

tot. absn. 
9384 102 (n,gamma) 

tot. absn. 
9386 102 (n,garnma) 

tot. absn. 
9389 102 (n,gamma) 

tot. absn. 
1371 16 (n,2n) 

102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 (n,t) 
107 (n,a) 

tot. absn. 

(Cont ' d )  
l K M W  Core EBR2 Core 

1-lle-01 
1.11e-01 
3.29e-02 
8.72e-04 
1.49e-05 
3.38e-02 
4.46e-02 
4.46e -02 
9.06e-02 
9.06e-02 
4.11e-02 
4.11e-02 
8.91e-02 
8.91e-02 
3.33e-02 
3.33e-02 
1.58e-01 
1.58e-01 
2.56e-02 
2.56e-02 
3.53e-04 
1.68e-01 
1.68e-01 
1.90e-01 
1.90e-01 
4.13e-02 
4.13e-02 
1.39e-01 
1.39e-01 
7.88e- 02 
7 .88e -02  
2.15e-01 
2.15e-01 
7.39e-02 
7.39e-02 
1.37e-01 
1.37e-01 
5.02e-02 
5.02e-02 
1.08e-01 
1.08e-01 
2.05e-02 
2.05e-02 
1.33e-04 
2.17e-01 
2.18e-01 
2.23e-01 
2.23e-01 
6.65e-02 
6.65e-02 
1.39e-01 
1.39e-01 
3.02e-01 
3.02e-01 
1.15e-01 
1.15e-01 
2.76e-01 
2.76e-01 
9.95e-02 
9.95e-02 
5.28e-02 
5.28e-02 
2.75e-04 
2.19e-01 
1.79e-05 
2.15e-06 
1.00e-07 
1.81e-05 
2.20e-01 



Table 4-5 (Con t ' d )  
Nuclide MAT MT Reaction lXMW Core CFRMF E 3 R 2  Core 

-- 
1373 1 6  t n , 2 n )  

102 (n,gamma) 
103 ( n , p )  
107 ( n , a )  

t o t  . absn .  
9415 102 (n,gamma) 

t o t  . absn .  
9440 102 (n,gamma) 

t o t  . absn .  
9442 102 (n,gamma) 

t o t .  absn . 
(n  ,gamma) 
t o t .  absn .  
(n.eamma) 
t o t . a b s n .  
(n  , gamma ) 
t o t .  absn.  

(n ,2111 
(n  ,gamma) 

(n , P I  
( n , a )  

t o t  . absn .  
(n ,gamma) 
t o t  .absn.  
(n  ,gamma) 
t o t .  absn.  
(n  ,gamma) 
t o t .  absn.  

9473 102 (n,gamma) 
t o t .  absn .  

t o t .  absn .  
9513 102 (n ,gamma) 

t o t .  absn.  
9516 102 (n,garnma) 

t o t .  absn.  
9517 102 (n,gamma) 

t o t .  absn .  
9518 102 (n,gamma) 

t o t .  absn .  
9519 102  (n,gamma) 

t o t .  absn .  
9521 102 (n,gamma) 

t o t .  absn .  
9522 102 (n,gamma) 

t o t .  absn .  
9524 102 (n,gamma) 

t o t .  absn .  
9527 102 (n,gamma) 

t o t .  absn .  
9528 102 (n,garnma) 

t o t .  absn .  
9530 102 (n,gamma) 

t o t .  absn .  
9531 102 (n,gamrna) 

t o t .  absn .  
9533 102 (n,garnma) 

t o t .  absn.  
9548 102 (n,gamma) 

t o t .  absn .  
9551 102 (n,gamma) 

t o t .  a b s n .  
9552 102 (n,gamma) 

t o t  . absn .  
9555 102 (n,gamrna) 

t o t .  a b s n .  
9556 102 (n,gamma) 

t o t .  absn.  



Table 4-5 
Nuclide MAT HT Xeaction 

-- 
52Te120 9576 102 (n,gamma) 

tot. absn. 
52Te122 9579 102 (n,gamma) 

tot. absn. 
52Te123 9580 102 (n,gamma) 

tot. absn. 
52Te124 9582 102 (n,gamma) 

tot. absn . 
52Te125 9583 102 (n,gamma) 

tot. absn. 
52Te126 9585 102 (n,gamma) 

tot .absn. 
52Te127m 9587 102 (n,gamma) 

tot. absn. 
52Te128 9588 102 (n,gamma) 

tot. absn. 
52Te129m 9590 102 (n,gamma) 

tor. absn. 
52Te130 9591 102 (n,gamma) 

tot. absn. 
52Te132 9594 102 (n,gamma) 

tot. absn . 
53 I127 9606 102 (n,gamma) 

tot. absn. 
53 1129 9608 102 (n,gamma) 

tot .absn. 
53 1130 9609 102 (n,gamma) 

tot. absn. 
53 1131 9611 102 (n,gamma) 

tot. absn. 
53 1135 9618 102 (n,gamma) 

tot. absn. 
54Xe124 1335 16 (n,2n) 

17 (n,3n) 
102 (n,gamma) 
103 (n,p) 
104 ( n , d )  
105 (n,t) 
106 (n,he3) 
107 (n,a) 

tot .absn. 
54Xe126 1339 16 (n,2n) 

17 (n,3n) 
102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 (n,t) 
106 (n,he3) 
107 (n,a) 

tot .absn. 
54Xe128 1348 16 (n,2n) 

17 (n,3n) 
102 (n ,gamma) 
103 ( n , p )  
104 (n,d) 
105 (n,t) 
106 (n,he3) 
107 (n,a) 

tot .absn. 
54Xe129 1349 16 (n,2n) 

17 (n,3n) 
102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 (n,t) 
107 (n,a) 

tot. absn. 

(Cont ' d )  
lKMW Core 

3.92e-01 
3.92e-01 
3.48e-01 
3.48e-01 
5.12e-01 
5.12e-01 
2.50e-01 
2.50e-01 
3.80e-01 
3.80e-01 
1.06e-01 
1.06e-01 
3.91e-01 
3.91e-01 
9.96e-02 
9.96e-02 
1.31e-01 
1.31e-01 
1.54e-02 
1.54e-02 
3.60e-04 
3.60e-04 
5.96e-01 
5.96e-01 
3.59e-01 
3.59e-01 
5.91e-01 
5.91e-01 
1.56e-01 
1.56e-01 
6.49e-04 
6.49e-04 
4.82e-05 
6.25e-09 
4.04e-01 
3.71e-06 
1.23e-07 
7.54e-09 
2.99e-09 
3.04e-06 
4.04e-01 
9.68e-05 
2.39e-08 
2.56e-01 
9.68~-07 
5.25e-08 
2.30e-09 
6.32e-09 
9.13e-07 
2.56e-01 
1.67e-04 
1.08e-07 
1.77e-01 
5.05e-06 
2.92e-08 
3.12e-09 
1.90e-09 
2.29e-07 
1.77e-01 
1.18e-03 
1.47e-07 
4.47e-01 
1.07e-06 
2.40e-08 
1.33e-08 
1.49e-06 
4.48e-01 

CFRMF EBR2 Core 

1.90e-01 
1.90e-01 
1.56e-01 
1.56e-01 
1.70e-01 
1.70~-01 
1.29e-01 
1.29e-01 
9.59e-02 
9.59e-02 
5.25e-02 
5.25e-02 
1.15e-01 
1 -15e-01 
5.61e-02 
5.61e-02 
2.76e-02 
2.76e-02 
6.57e-03 
6.57e-03 
6.05e-04 
6.05e-04 
1.60e-01 
1.60e-01 
9.32e-02 
9.32e-02 
8.66e-02 
8.66e-02 
2.58e-02 
2.58e-02 
4.00e-04 
4.00e-04 
9.63e-05 
1.25e-08 
1.63e-01 
8.03e-06 
2.46e- 07 
1.51e-08 
6.27e-09 
6.63e-06 
1.64e-01 
1.94e-04 
4.77e-08 
1.04e-01 
2.04e-06 
1.05e-07 
4.59e-09 
1.28e-08 
1.93e-06 
1.04e-01 
3.35e-04 
2.16e-07 
7.60e-02 
1.09e-05 
5.84e-08 
6.24e-09 
3.79e-09 
4.68e-07 
7.63e-02 
2.37e-03 
2.94e-07 
1.18e-01 
2.29e-06 
4.80e-08 
2.67e-08 
3.24e-06 
1.21e-01 



Nuclide 
Table 4-5 

MAT HT Reaction 
(Cont ' d )  
l K M W  Core CFRMF EBR2 Core 

t o t .  absn.  
( n , 2 n )  
( n , 3 n )  

( n ,  gamma ) 
( n , p )  
( n , d )  
( n , t >  
( n , a )  

tot. absn.  
( n , 2 n )  
(n  , 3n )  

( n , g a m a )  
( n , p )  
( n , d )  
( n , t )  
( n , a )  

t o t .  absn.  
(n,gamma) 
t o t .  absn. 

( n ,  2n) 
( n , 3 n )  

(n,gamma) 
( n , ~ )  
(n,d) 
( n , t >  
( n . a )  

t o t .  absn.  
1294 102 (n,gamma) 

t o t .  absn .  
1356 1 6  (n ,2n )  

17 (n ,3n )  
102 (n,gamma) 
103 ( n , p )  
104 ( n , d )  
105 ( n , t )  
107 ( n , a )  

t o t .  absn .  
1355 16 (n,2n) 

102 ( n  ,gamma) 
103 ( n , p )  
107 ( n , a )  

t o t .  absn.  
9663 102 (n,gamma) 

t o t .  absn.  
9665 102 (n,gamma) 

t o t .  absn.  
9667 102 ( n , g a m a )  

t o t .  absn.  
9669 102 (n,gamma) 

t o t .  absn.  
9684 102 ( n , g a m a )  

t o t .  absn.  
9685 102 (n,gamma) 

t o t .  absn . 
9687 102 (n,gamma) 

t o t  . ab sn .  
9689 102 (n,gamma) 

t o t .  absn. 



Nuclide 
Table  4 -5  

MT R e a c t i o n  
- 
16  ( n , 2 n )  
17 ( n , 3 n )  

102 (n,gamma) 
103  ( n , p )  
107 ( n , a )  

t o t .  absn  . 
102 (n,gamma) 

t o t .  absn .  
102 (n,gamma) 

t o t .  a b s n .  
102 (n,gamma) 

t o t . a b s n .  
102 (n,gamma) 

t o t .  a b s n .  
102 (n,gamma) 

t o t .  absn  . 
102 (n,gamma) 

t o t .  a b s n .  
102  (n,gamma) 

t o t .  absn  . 
102 (n,gamma) 

t o t .  a b s n .  
1 6  ( n , 2 n )  
17 ( n , 3 n )  
22 ( n , n f a )  
28 ( n , n ' p )  

102 (n ,gamma) 
1 0 3  ( n , p )  
104 ( n , d )  
1 0 5  ( n , t )  
106  ( n , h e 3 )  
107 ( n , a )  

t o t .  absn  . 
1C? (n,garnma) 

t o t .  a b s n .  
102 (n,gamrna) 

t o t .  a b s n .  
102 (n,gamma) 

t o t .  a b s n .  
9764 16 ( n , 2 n )  

1 7  (n .3n)  
22 ( r i ,nva j  
28 ( n , n f p )  

102 (n,gamma) 
1 0 3  ( n , p )  
104 ( n , d )  
1 0 5  ( n , t )  
106  ( n , h e 3 )  
107 ( n , a )  

t o t .  absn .  
9765 102 (n,gamma) 

t o t .  a b s n .  
9766 1 6  ( n , 2 n )  

17 ( n , 3 n )  
22 ( n , n l a )  
28 ( n , n f p )  

102 (n,garnma) 
1 0 3  ( n , p )  
104  ( n , d )  

107 ( n , a )  
t o t .  a b s n .  

(Cont ' d l  
J KMW Core 

4.47e-04 
5 . 2 4 e  -07 
5 .74e-03  
1 . 2 3 e - 0 6  
1 . 9 1 e - 0 4  
6 .38e-03  
4 .83e-02  
4 .83e-02  
3.78e-02 
3.78e-02 
3 .29e-01  
3.29e-01 
1 .79e-02  
1 .79e-02  
1 . 4 6 e - 0 1  
1 . 4 6 e - 0 1  
3 .44e-02  
3 .44e-02  
2 .88e-01  
2 .88e-01  
5 .76e-02  
5 .76e-02  
1 . 7 3 e - 0 4  
4 . 6 2 e - 0 8  
7 .77e-08  
9 . 2 3 e - 0 8  
1 . 3 8 e - 0 1  
2 .44e-06  
4 .38e-07  
4 .31e-08  
3.05e-10 
5 .32e-05  
1 .39e-01  
4 .38e-01  
4.38e-01 
3.77e-01 
3.77e-01 
3.99e-02 
3.99e-02 
2 .63e-03  
2.95e-07 
4 .33e-06  
4.10e-08 
3.32e-01 
1 . 1 9 e - 0 6  
6.85e-08 
1 . 0 0 e - 0 7  
3 .33e-10  
6 .99e-05  
3 .35e-01  
8 .45e-02  
8 .45e-02  
3 .42e-03  
1 . 5 7 e - 0 6  
1 .52e-06  
2 . 4 8 e - 0 8  
4 . 6 3 e - 0 1  
4 .08e-07  
3 .69e-08  
6 .03e-08  
1 . 0 1 e - 1 0  
4 .53e-05  
4 .67e-01  

CFRMF EBR2 Core 

8.78e-04 8 .94e-04  
1.03e-06 1 . 0 5 e - 0 6  
3.54e-03 2.69e-03 
2.41e-06 2 .46e-06  
3 . 8 4 e - 0 4  4.52e-04 
4 .81e-03  4.04e-03 
3.60e-02 1 . 9 0 e - 0 3  
3.60e-02 1 .90e-03  
2 .25e-02  1 . O l e - 0 2  
2 .2%-02  1 . 0 1 e - 0 2  
1 . 9 4 e - 0 1  5 .18e-02  
1 .94e-01  5 .18e-02  
1 . 4 9 e - 0 2  1 .41e-02  
1 . 4 9 e - 0 2  1 . 4 1 e - 0 2  
9 .19e-02  5 .56e-02  
9 .19e-02  5 .56e-02  
2 .45e-02  2.05e-02 
2 .45e-02  2.05e-02 
1 . 5 4 e - 0 1  2 .48e-02  
1 . 5 4 e - 0 1  2 .48e-02  
2 .70e-02  1.37e-02 
2 .70e-02  1 .37e-02  
3.40e-04 3.46e-04 
9 .08e-08  9 .24e-08  
1.54e-07 1 .61e-07  
1.84e-07 1 . 9 3 e - 0 7  
8 .01e-02  2.84e-02 
3 .94e-06  4 .11e-06  
8 .60e-07  8 .76e-07  
8 .46e-08  8 .61e-08  
5.99e-10 6.09e-10 
5.67e-05 5.78e-05 
8.05e-02 2.88e-02 
2.36e-01 7 .51e-02  
2.36e-01 7 .51e-02  
2.36e-01 9.48e-02 
2.36e-01 9.48e-02 
3.00e-02 2.45e-02 
3.00e-02 2.45e-02 
5 . l b e - 0 3  5 .26e-03  
4.03e-07 4.10e-07 
4 .88e-06  5.04e-06 
8.06e-08 8 .20e-08  
2.17e-01 9.87e-02 
2.36e-06 2.47e-06 
1 .34e-07  1 .37e-07  
1 .97e-07  2.01e-07 
6.53e-10 6.65e-10 
8 .68e-05  9 .20e-05  
2.22e-01 1 . 0 4 e - 0 1  
5 .63e-02  3.68e-02 
5 .63e-02  3.68e-02 
6 .73e-03  6.87e-03 
3 . 0 9 e - 0 6  3.14e-06 
1 . 7 9 e - 0 6  1 . 8 4 e - 0 6  
4 .88e-08  4.96e-08 
2 .79e-01  1 . 3 3 e - 0 1  
8 .05e-07  8.28e-07 
7 .24e-08  7 .37e-08  
1 .18e-07  1 .20e-07  
1 . 9 9 e - 1 0  2 . 0 2 e - I 0  
5 .21e-05  5 .38e-05  
2 .86e-01  1 . 3 9 e - 0 1  



Nuclide 

60ru'dl46 

Table 4 - 5  
MAT MT Reaction 
-- 
9767 16 (n,2n) 

17 (n,3n) 
22 (n,nfa) 
2'8 (n,nfp) 

102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 (n,t) 
106 (n,he3) 
107 (n,a) 

tot. absn. 
9768 102 (n,gamma) 

tot. absn. 
9769 16 (n,2n) 

17 (n,3n) 
22 (n,nfa) 
28 (n,nlp) 

102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 (n,t) 
106 (n,he3) 
107 (n,a) 

tot. absn .  
9771 16 (n,2n) 

17 (n,3n) 
22 (n,nla) 
28 (n,nlp) 

102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 (n,t) 
107 (n,a) 

tot. absn. 
9783 16 (n,2n) 

17 (n,3n) 
22 (n,n'a) 
28  (n,n7p) 

102 (n,gamma) 
103 (n,p) 
104 (n,d) 
105 ( n , t )  
106 (n,he3) 
107 (n,a) 

tot. absn .  
9784 102 (n,gamma) 

tot. absn. 
9785 102 (n,gamma) 

tot. absn. 
9786 102 (n,gamma) 

tot. absn. 
9788 102 (n,gamma) 

tot. absn. 
9803 1 0 2  (n,gamma) 

tot. absn .  
9806 16 (n,2n) 

17 (n,3n) 
22 (n,n1a) 
28 (n,ntp) 

102 (n,gamrna) 
103 ( n , p )  
104 (n,d) 
105 (n,t) 
106 (n,he3) 
107 (n,a) 

tot. absn . 

(Cont ' d )  
lKPlW Core CFRMF EBR2 Core 



Nuc 1 ide 

62Sm148 

62Sm149 

Table  4 -5  
MAT HT Reac t ion  

t o t y a b s n .  
1319 1 6  ( n , 2 n )  

17  ( n , 3 n )  
102 (n,gamma) 
103 (n  , p )  
107 ( n , a )  

t o t .  absn .  
9809 102 (n,gamma) 

t o t .  a b s n .  
9810 1 6  (11,222) 

17 ( n . 3 n )  

- 
(n , P )  
( n , d )  
( n , t >  

( n  , h e 3 )  
( n , a >  

t o t .  a b s n .  
( n , 2 n )  
( n , 3 n )  

( n , n l a )  
( n , n ' p )  

(n,gamma) 
( n , p )  
(n  , d )  
( n , t )  

( n  ,he31 
( n , a )  

t o t .  a b s n .  
(n,g-a) 
t o t .  absn  . 
( n  ,gamma) 
t o t .  a b s n .  

( n , 2 n )  
( n , 3 n )  

( n , n l a )  
( n  , n l p )  

( n  ,gamma) 
( n , p )  
( n  , d )  
( n , t )  

( n , h e 3 )  
( n , a )  

t o t .  a b s n .  
( n , 2 n )  
( n , 3 n )  

( n , n l a )  
( n , n ' p )  

( n  ,gamma) 
( n  ,P)  
( n , d )  
( n , t >  

( n , h e 3 )  
(n, a > 

t o t .  absn .  
( n , 2 n )  
( n , 3 n )  

( n , n l a )  
( n , n t p )  

(n  ,gamma ) 
( n , p )  
( n , d )  
( n , t >  

( n , h e 3 )  
( n , a )  

t o t .  absn . 

(Cont Id )  
l K M W  Core 

3 .50e-01  
3 .50e-01  
1 . 3 5 e - 0 3  
5 .68e-07  
2,46e+00 
1.57e-05 
1 .57e-05  
2.46e+00 
4 .22e-01  
4 .22e-01  
4 .79e-03  
1 .83e-06  
2.69e-06 
3.30e-08 
2.76e+00 
4.23e-07 
2.05e-08 
3.71e-08 
3.76e-11 
3.37e-05 
2.76e+00 
5 .23e-04  
1 . 4 1 e - 0 6  
4.51e-06 
7 .43e-09  
5 .09e-01  
6 .21e-08  
1 .52e-08  
2 .63e-09  
1 . 3 5 e - 1 1  
2.98e-05 
5 .09e-01  
4 .16e-02  
4.16e-02 
2 .23e-01  
2.23e-01 
3.34e-04 
1 .93e-07  
2.31e-09 
9.20e-10 
4.29e+00 
9 .03e-06  
3.70e-07 
9 .73e-08  
4 .05e-09  
2.10e-05 
4.29e+00 
2 .25e-03  
5.10e-07 
8.88e-10 
3 .68e-10  
4.92e+00 
2 .69e-05  
1 .88e-07  
3 .42e-  07 
1 .56e-09  
2 . 5 7 e - 0 5  
4 .92e+00 
4 .93e-04  
4 . 3 7 t - 0 7  
1 .29e-07  
7 .76e-08  
2.63e+00 
1 . 4 3 e - 0 6  
1 . 4 4 t - 0 7  
2 .99e-08  
7 .23e-10  
1 . 5 8 e - 0 5  
2.63e+OO 

EBR2 Core 

2 .10e-01  
2 .10e-  01 
2.70e-03 
1 .14e-06  
5.40e-01 
3 .40e-05  
3.40e-05 
5 .43e-01  
1 .92e-01  
1 .92e-01  
9.74e-03 
3.65e-06 
3.29e-06 
6.59e-08 
6 .12e-01  
8.70e-07 
4.09e-08 
7 .41e-08  
7.51e-11 
3 .87e-05  
6.22e-01 
1 .05e-03  
2 .82e-06  
4.84e-06 
1 .49e-08  
1 .80e-01  
1.24e-07 
3.04e-08 
5 .25e-09  
2 .70e-11  
3.20e-05 
1 .81e-01  
1 .86e-03  
1 .86e-03  
7 .90e-02  
7.90e-02 
6 .68e-04  
3.85e-07 
4 .61e-09  
1 .84e-09  
9 .90e-01  
1 .90e-05  
7.48e-07 
1 .95e-07  
8 .18e-09  
4 .53e-05  
9 .91e-01  
2.49e-03 
1 . 0 2 e - 0 6  
1 . 7 7 e - 0 9  
7.35e-10 
1 .23e+00 



Nucl ide  

63Eu154 

T a b l e  4 - 5  
MAT MT R e a c t i o n  

. - -  
1293  1 6  ( n , 2 n )  

17  ( n , 3 n )  
22 ( n , n f a )  
28 ( n , n f p )  

102 (n,gamma) 
103 ( n , p )  
104 ( n , d )  
105 ( n , t )  
106 ( n , h e 3 )  
107 ( n , a )  

t o t .  a b s n .  
9832 1 6  ( n , 2 n )  

17  ( n , 3 n )  
22 ( n , n t a )  
28 ( n , n t p )  

102 (n,garnrna) 
103  ( n , ~ )  
104 ( n , d )  

107 ( n , a ) -  
t o t .  a b s n .  

9833 1 0 2  (n,gamma) 
t o t .  a b s n .  

9834 102 (n,gamma) 
tot. a b s n .  

1362 1 6  ( n . 2 n )  

t o t .  a b s n .  
1364 1 6  ( n , 2 n )  

22 ( n , n t a )  
28 ( n , n ' p )  

102 (n,gamma) 
103  ( n , p )  
107 ( n , a )  

t o t .  a b s n .  
1365 1 6  ( n , 2 n )  

22 ( n , n T a )  
28 ( n , n 7 p )  

102 (n,gamma) 
103  ( n , p )  
107 ( n , a )  

t o t .  a b s n .  
1366 1 6  ( n , 2 n )  

22 ( n , n q a )  
28 ( n , n ' p )  

102 (n  ,gamma) 
103  ( n , ~ )  
107  ( n , a )  

t o t .  a b s n .  
1367 1 6  ( n , 2 n )  

22 ( n , n t a )  
28  ( n , n l p )  

102 (n,gamma) 
1 0 3  ( n , p )  
107  ( n , a )  

t o t .  a b s n .  
1368 1 6  (n,2n) 

22 ( n , n t a )  
28 ( n , n t p )  

102 (n,gamma) 
1 0 3  ( n , ~ )  
107  (n,a) 

t o t .  absn  . 

(Cont ' d )  
l K M W  Core 

8 -24e-04 
2.22e-07 
2.75e-12 
3 .57e-11  
2.96e+OO 
4.66e-05 
6.47e-08 
l .lle-07 
4.69e-10 
3.79e-05 
2.96e+00 
6.64e-04 
8.57e-07 
3.10e-07 
5 .16e-08  
2.74e+00 
1 .79e-07  
5 .33e-08  
1 .69e-08  
5.08e-12 
2 .05e-05  
2.74e+00 
6.49e-02 
6.49e-02 
4.08e-02 
4.08e-02 
3.95e-04 
1 . 4 7 e - 0 6  
6.15e-07 
7.19e-01 
2.04e-06 
1 .38e-06  
7.19e-01 
3.89e-04 
5.58e-07 
5.02e-07 
1.31e+00 
1 .72e-06  
3 .62e-07  
1 .31e+00 
1 . 8 8 e - 0 3  
1 . 7 1 e - 0 6  
1 . 3 1 e - 0 6  
2.71e+00 
6 .15e-06  
1 . 3 8 e - 0 6  
2.71e+00 
4 .27e-04  
4.10e-07 
3.34e-07 
6 .14e-01  
2 .52e-06  
2.82e-06 
6 .15e-01  
2 .03e-03  
8 .36e-07  
5.59e-07 
1 .50e+00 
1 . 1 8 e - 0 6  
5.56e-07 
1 . 5 0 e + 0 0  
5 . 8 6 e - 0 4  
3.11e-07 
1 .48e-07  
3 .16e-01  
3.20e-07 
3.82e-07 
3 .17e-01  

EBR2 Core 
--- 
1 . 6 5 e - 0 3  
4.44e-07 
5.49e-12 
7 .14e-11  
6 .71e-01  
9 .62e-05  
1 .29e-07  
2.23e-07 
9 .37e-10  
8 .16e-05  
6 .73e-01  
1 . 3 3 e - 0 3  
1 . 7 1 e - 0 6  
7.66e-07 
1 .03e-07  
8 . 5 7 e - 0 1  
3 .64e-07  
1 .06e-07  
3 .38e-08  
1 . O l e - 1 1  
2 .20e-05  
8 . 5 8 e - 0 1  
7 .22e-03  
7 .22e-03  
8 . 3 4 e - 0 3  
8 .34e-03  
7 .89e-04  
3 .21e-06  
1 . 2 3 e - 0 6  
4 .09e-01  
4.62e-06 
3 .13e-06  
4 .10e-01  
7 .76e-04  
1 . 2 2 e - 0 6  
1.00e-06 
4 .43e-01  
3 .88e-06  
8.15e-07 
4 . 4 4 e - 0 1  
3 .75e-03  
3 .75e-06  
2 . 6 l e - 0 6  
5 .50e-01  
1.4Oe-05 
3 .13e-06  
5 . 5 4 e - 0 1  
8 .53e-04  
9.00e-07 
6.67e-07 
1 . 8 4 e - 0 1  
5.61e-06 
5.11e-06 
1 . 8 5 e - 0 1  
4 .06e-03  
1 .85e-06  
1 .12e-06  
2.27e-01 
2 .68e-06  
1 . 2 4 e - 0 6  
2.31e-01 
1 .17e-03  
7.03e-07 
2.96e-07 
1 . 1 7 e - 0 1  
6.93e-07 
8 .51e-07  
1 . 1 8 e - 0 1  



Nuc 1 ide 
Table 4-5 

MAT M'I Reaction 
- --- -- 
1370 16 (n,2n) 

22 (n,nfa) 
28 (n,n'p) 
102 (n,gamma) 
103 (n,p) 
107 (n,a) 

tot. absn . 
9857 102 (n,gamma) 

tot. absn. 
9858 102 (n,gamma) 

tot. absn . 
9864 102 (n,gamma) 

tot. absn. 
9865 102 (n,gamma) 

tot. absn . 
9866 102 (n,gamma) 

tot. absn. 
9867 102 (n,gamma) 

tot. absn. 
1031 16 (n,2n) 

17 (n,3n) 
102 (n,gamrna) 
103 (n,p) 
107 (n,a) 

tot. absn. 
9872 102 (n,gamma) 

tot. absn. 
9875 102 (n,gamma) 

tot. absn. 
9876 102 (n,gamma) 

tot. absn. 
8030 16 (n,2n) 

17 (n,3n) 
18 fission 
102 (n ,gamma) 

tot. absn. 
1390 16 (n,2n) 

17 (n,3n) 
18 fission 
102 (n,gamma) 

tot. absn. 
8131 16 (n,2n) 

17 (n,3n) 
18 fission 
102 (n,gamma) 

tot. absn. 
1 3 3 i  16 (n,2n) 

17 (n,3n) 
18 fission 

122 (n,gamma) 
tot. absn. 

3231 16 (n,2n) 
17 (n,3n) 
18 frsslon 

162 (n,gamma) 
tot. absn. 

1393 16 (n,2n) 
17 (n,3n) 
18 fission 
102 (n,garnma) 

tot. absn. 
1394 16 (n,2n) 

17 (n,3n) 
18 fission 
102 (n,gamma) 

tot. absn. 

(Cont ' d )  
lKMW Core 

9.97e-04 
1.89e-07 
6.84e-08 
1.72e-01 
2.34e-07 
2.27e-07 
1.73e-01 
1.93e+00 
1.93e+00 
1.57e-01 
1.57e-01 
2.05e+00 
2.05e+00 
2.38e+00 
2.38e+00 
8.75e-01 
8.75e-01 
1.03e+00 
1.03e+00 
6.72e-04 
2.22e-06 
2.63e-01 
2.68e-06 
2.34e-05 
2.63e-01 
1.66e+00 
1.66e+00 
4.70e-01 
4.70e-01 
1.56e*00 

EBR2 Core 

1.99e-03- 
4.47e-07 
1.37e-07 
6.7Se-02 
4.92e-07 
4.91e-07 
6.95e-02 
3.57e-01 
3.57e-01 
1.48e-02 
1.48e-02 
8.04e-01 
8.04e-01 
3.44e-01 
3.44e-01 
3.37e-01 
3.37e-01 
1.74e-01 
1.74e-01 
1.34e-03 
4.44e-06 
1.36e-01 
6.13e-06 
5.68e-05 
1.38e-01 
3.28e-01 
3.28e-01 
1.82e-01 
1.82e-01 
2.77e-01 
2.77e-01 
3.50e-03 
1.02e-05 
7.61e-02 
4.17e-02 
1.21e-01 
3.47e-03 
3.59e-05 
2.55e-02 
1.52e-01 
1.81e-01 
2.36e-03 
4.02e-06 
5.56e-01 
1.02e+00 
1.58e+00 
9.98e-04 
1.16e-05 
1.67e-01 
3.08e-01 
4.75e-01 
1.68e-03 
6.13e-06 
2.28e+00 
2.29e-01 
2.51e+00 
1.23e-03 
2.73e-07 
2.05e+00 
1.29e-01 
2.18e+00 
3.45e-04 
6.09e-06 
7.22e-01 
2.72e-01 
9.94e-01 



Table 4-5 (Cont'd) 
Nuclide MAT FlT Reaction IKMW Core CFRMF EBR2 Core 

- - -  
i 3 9 5  15 (n,2n) 

17 (n,3n) 
18 fission 
102 (n,gama) 

tot. absn. 
1396 16 (n,2n) 

17 (n,3n) 
18 fission 

102 (n,gamma) 
tct . absn. 

8237 1 6  (n,2n) 
1 7  (n,3n) 
18 fission 

102 (n,gamma) 
tot. absn. 

1398 16 (n,2n) 
17 (n,3n) 
18 fission 
102 (n ,gamma 

tot. absn. 
1337 16 (n,2n) 

17 (n,3n) 
18 fission 
102 (n,gamma) 

tot. absn. 
8338 18 fission 

102 (n ,gamma 
tot .absn. 

8436 16 (n,2n) 
17 (n,3n) 
18 fission 
102 (n ,gamma) 

tot. absn. 
8437 16 (n,2n) 

17 (n,3n) 
18 fission 
102 (n,gamma) 

tot. absn. 
1338  16 (n,2n) 

17 (n,3n) 
18 fission 
102 (n ,gamma) 

tot. absn. 
1399 16 (n,2n) 

17 !n,3n) 
18 fission 
37 (n,4n) 
102 (n ,gamma) 

tot. absn. 
1380 16 (n,2n) 

17 (n,3n) 
18 fission 
102 (n,gamma) 

tot. absn. 
1381 16 (n,2n) 

17 (n,3n) 
18 fission 
102 (n,gamma) 

tot. absn. 
1342 16 (n,2n) 

17 (n,3n) 
18 fission 
102 (n,gamma) 

tot. absn. 
8443 16 (n,2n) 

17 (n,3n) 
18 fission 
37 (n,4n) 

102 (n,gamma) 
tot. absn . 



Nuclide 

94f u244 

Table 4-5 
MAT MT Reaction 
-- 
8444 16 (n,2n) 

17 (n,3n) 
18 fission 
37 (n,4n) 
102 (n,gama) 

tot. absn. 
1361 16 (n,2n) 

17 (n,3n) 
18 fisslon 

102 (n,gamma) 
tot. absn. 

8542 18 fission 
102 (n ,gamma) 

tot. absn. 
1369 16 (n,2n) 

17 (n,3n) 
18 fission 
37 (n,4n) 

102 (n,gamma) 
tot. absn. 

1363 16 (n,2n) 
17 !n,3n) 
18 fisslon 
37 (n,4n) 

102 (n,gamma) 
tot. absn. 

8641 16 (n,2n) 
17 (n,3n) 
18 fission 

102 (n,gamma) 
tot. absn. 

8642 16 (n,2n) 
17 (n,3n) 
18 fission 

102 (n,gamma) 
tot. absn. 

1343 16 (n,2n) 
17 (n,3n) 
18 fission 
37 (n,4n) 

102 (n,gamma) 
tot. absn. 

1344 16 (n,2n) 
17 (n,3n) 
18 fission 

102 (n,gamma) 
tot. absn. 

1345 16 (n,2n) 
17 (n,3n) 
18 fission 
37 (n,4n) 

102 (n ,gamma) 
tot. absn. 

1346 16 (n,2n) 
17 !n,3n) 
18 fission 
37 (n,4n) 

102 (n,gamma) 
tot. absn . 

8647 16 (n,2n) 
17 (n,3n) 
18 fisslon 
37 (n,4n) 

102 (n,gamma) 
tot. absn . 

(Cont I d )  
lKMW Core 

2.21e-03 
1.51e-05 
2.17e-01 
1.82e-08 
2.45e-01 
4.65e-01 
1.30e-04 
2.24e-06 
2.89e-01 
1.86e+00 
2.15e+00 
5.89e-01 
9.29e-02 
6.82e-01 
1.30e-03 
9.38e-06 
4.21e+00 
1.78e-09 
4.46e-01 
4.66e+00 
8.21e-05 
1.90e-06 
2.27e-01 
3.18e-09 
1.18e+00 
1.40e+00 
4.87e-05 
2.53e-08 
3.24e+00 
2.12e-01 
3.45e+00 
1.98e-05 
4.45e-08 
1.64e-01 
3.60e-01 
5.24e-01 
1.25e-03 
2.25e-06 
2.75e+00 
2.23e-09 
2.71e-01 
3.02e+00 
4.05e-04 
1.22e-05 
4.14e-01 
9.03e-01 
1.32e+00 
2.20e-03 
1.38e-05 
2.72e+00 
8.68e-09 
3.40e-01 
3.06e+00 
5.51e-04 
2.46e-05 
2.64e-01 
2.00e-08 
2.51e-01 
5.16e-01 
3.48e-03 
1.71e-05 
1.92e+00 
1.13e-07 
3.34e-01 
2.26e+00 

CFRMF 

4.33e-03 
2.96e-05 
4.11e-01 
3.58e-08 
1.44e-01 
5.59e-01 
2.55e-04 
4.40e-06 
5.39e-01 
l.lle+OO 
1.65e+00 
2.69e-01 
4.28e-02 
3.12e-01 
2.56e-03 
1.84e-05 
3.18e+00 
3.50e-09 
2.09e-01 
3.39e+00 
1.61e-04 
3.73e-06 
4.29e-01 
6.25e-09 
5.98e-01 
1.03e+00 
9.56e-05 
4.97e-08 
2.87e+00 
1.19e-01 
2.99e+00 
3.88e-05 
8.73e-08 
3.13e-01 
2.01e-01 
5.15e-01 
2.47e-03 
4.41e-06 
2.31e+00 
4.37e-09 
1.39e-01 
2.45e+00 
7.96e-04 
2.40e-05 
7.46e-01 
5.21e-01 
1.27e+00 
4.35e-03 
2.71e-05 
2.29e+00 
1.70e-08 
1.85e-01 
2.48e+00 
1.08e-03 
4.84e-05 
5.14e-01 
3.93e-08 
1.55e-01 
6.71e-01 
6.98e-03 
3.37e-05 
1.97e+00 
2.22e-07 
1.86e-01 
2.16e+00 

EBR2 Core 



Nuclide HAT 

8 8 4 8  

Table 4-5 
MT Reaction 
- 
16 (n,2n) 
17 !n,3n> 
18 fission 
37 (n,4n) 

102 (n,gamma) 
tot. absn. 

16 (n,2n) 
17 (n,3n) 
18 fission 
37 (n,4n) 

102 (n,gamma) 
tot. absn. 

16 (n.2n) 

37 (n,4n) 
102 (n,gamma) 

tot .absn. 
16 (n,2n) 
17 (n,3n) 
18 fission 
37 (n,4n) 

102 (n,gama) 
tot. absn. 

16 (n,2n) 
17 !n,3n) 
18 flsslon 
37 (n,4n) 

102 (n,gamma) 
tot. absn. 

16 (n,2n) 
17 !n,3n) 
18 fission 
37 (n,4n) 

102 (n ,gamma ) 
tot. absn. 

18 fission 
102 (n,gamma) 

tot. absn. 
102 (n,gamrna) 

tot. absn. 

(Cont ' d l  
lKMW Core CFRMF 

1.37e-03 
4.86e-05 
5.53e-01 
1.16e-07 
1.68e-01 
7.22e-01 
4.56e-03 
6.66e-05 
2.93e-01 
2.12e-07 
6.14e-01 
9.12e-01 
4.77e-03 
3.53e-05 
2.16e+00 
4.12e-08 
2.36e-01 
2.40e+00 
2.39e-03 
3.32e-05 
1.50e+00 
4.51e-08 
2.83e-01 
1.78e+00 
8.14e-03 
3.46e-05 
1.99e+00 
1.76e-07 
2.08e-01 
2.21e+00 
1.85e-03 
2.25e-05 
9.82e-01 
1.90e-08 
1.79e-01 
1.16e+00 
3.48e-01 
1,lle-01 
4.59e-01 
1.62e-01 
1.62e-01 

EBR2 Core 

1.39e-03 
4.95e-05 
6.93e-01 
1.18e-07 
8.40e- 02 
7.79e-01 
4.64e-03 
6.78e-05 
3.82e-01 
2.16e-07 
1.33e-01 
5.20e-01 
4.90e-03 
3.59e-05 
1.79e+00 
4.19e-08 
1.31e-01 
1.92e+00 
2.43e-03 
3.38e-05 
1.69e+00 
4.59e-08 
1.31e-01 
1.82e+00 
8.62e-03 
3.52e-05 
1.79e+00 
1.79e-07 
1.30e-01 
1.93e+00 
1.89e-03 
2.29e-05 
1.08e+00 
1.94e-08 
1.06e-01 
1.19e+00 
9.04e-03 
l.lle-03 
1.02e-02 
9.91e-04 
9.91e-04 



Sect ion 5 

FINAL COMMENTS 

We have attempted t o  prov ide  the  user w i t h  the most usefu l  and complete i n fo rma t ion  

poss ib le  w h i l e  preserv ing a  record o f  p e r t i n e n t  data from ENDF/B-V. For t h i s  dual 

purpose, t h e  appendices are s i g n i f i c a n t  because some data not  inc luded i n  ENDF/B-V 

are inc luded a t  t h i s  p o i n t ,  along w i t h  an important comparison o f  ENDF/B-V decay 

energies w i t h  those i n  t he  Japanese f i l e  (20) - f o r  high-Q nuc l ides  (see Table C-3). 

The Japanese f i l e  values f o r  these are based on model ca l cu la t i ons  (19- a), us ing  

t h e  Gross Theory of Beta Decay, - not on experimental data. For aggregate beta  and 

gamma ca l cu la t i ons ,  these do appear t o  provide b e t t e r  agreement w i t h  f i s s i o n  pu lse  

experiments (2,1),  as d i d  ENDF/B-IV (23,24). -- Except f o r  t he  i d e n t i f i c a t i o n  o f  

"Pandemonium Nucl ides" i n  Table C-2, we have no suggestion as t o  which i n d i v i d u a l  

nuc l i de  i n  e i t h e r  f i l e  might have the  more co r rec t  average energies. 

As a  general comment on the  q u a l i t y  o f  ENDF/B-V data, we have found 1  i t t l e  o r  no 

reason t o  quest ion branching r a t i o s ,  ha1 f l  ives ,  etc.  f o r  any s i g n i f i c a n t  e r ro rs ,  

and the  y i e l d s ,  cross sect ions,  and spectra are g r e a t l y  improved over ENDF/B-IV. 

Only aggregate ca l cu la t i ons  o f  decay energies f o l l o w i n g  a  f i s s i o n  pu lse  i n d i c a t e  a  

need f o r  reexamining the  average energies f o r  some o f  t he  high-Q nucl ides.  For 

t o t a l  decay heat ing and a c t i v i t y  f o l l o w i n g  extended f i s s i o n  i n  reac tors ,  the  data 

are very good. 
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Appendix A 

ENDF/B-V FISSION-PRODUCT DATA DIAGRAMS 

The r a d i o a c t i v e  decay and neutron absorpt ion p rope r t i es  o f  1188 f i ss ion -p roduc t  

(F.P.) nuc l i des  are shown here i n  12 diagrams. A l l  877 nuc l ides  o f  t h e  ENDF/B-V 

F.P. f i l e  are shown i n  s o l i d  squares, w i t h  h a l f l i v e s  and decay energy (keV) values. 

Decay paths,  decay branching f r a c t i o n s ,  processed 900-K (n,y) thermal cross sec- 

t i o n s ,  o(0.0253 eV), and resonance i n t e g r a l s  I ( O .  5 eV-20 MeV), and t h e  2 3 5 ~  thermal 

f i s s i o n  y i e l d  f r a c t i o n s  are a l so  shown. 

The F. P. decay and neutron absorpt ion p rope r t i es  are g iven i n  t h e  F. P. f i l e ;  F. P. 

y i e l d  f r a c t i o n s  are  inc luded w i t h  data desc r i b i ng  each f i s s i o n a b l e  nuc l ide .  Many 

nuc l ides  assigned nonzero y i e l d  f r a c t i o n s  i n  one o r  more o f  t h e  20 y i e l d  se ts  o f  

ENDF/B-V a re  absent from the  F. P. f i f e .  These 308 nuc l ides  a re  shown here i n  

dashed squares, and the  decay paths o f  these are  shown w i t h  dashed l i n e s .  An 

a d d i t i o n a l  t h ree  nuc l ides  ( 9 6 ~ c ,  9 6 m ~ c ,  and 124~), absent from bo th  t h e  F.P. f i l e  

and the  y i e l d  sets,  have been added t o  complete mass chains and are  a l s o  shown w i t h  

dashed squares. 

Some 19 isomer ic  s t a t e  nuc l ides  o f  the  F. P. f i l e  a re  absent from the  y i e l d  se ts ,  

and t h e i r  y i e l d s  have necessar i l y  been assigned values from p o r t i o n s  o f  y i e l d s  of 

associated ground o r  lower isomer ic  s ta tes  present  i n  t h e  y i e l d  data. The a f f e c t e d  

y i e l d  values, as w e l l  as a l l  data values a d d i t i o n a l  t o  o r  i n  var iance w i t h  ENDF/B- 

V, a re  i n d i c a t e d  w i t h  an as te r i sk .  These data i nc lude  Pn values o f  17 o f  t h e  105 

delayed neutron precursors i d e n t i f i e d  i n  t he  F. P. data f i l e  [see Ref. (z)] as w e l l  

as a l l  neutron absorp t ion  branching f r a c t i o n s  (2) .  
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Appendix B 

AUGMENTED ENDF/B-V ACTINIDE DATA DIAGRAMS 

The r a d i o a c t i v e  decay and neu t ron  absorp t ion  p r o p e r t i e s  o f  144 a c t i n i d e s  t h a t  may 

be produced i n  r e a c t o r  f u e l  a r e  shown here i n  t h ree  diagrams. The 60 a c t i n i d e  nu- 

c l i d e s  o f  t h e  ENDF/B-V a c t i n i d e  f i l e  a re  shown i n  s o l i d  squares, w i t h  h a l f l i v e s  and 

decay energy (keV) values. Decay paths,  decay branchi  ng f r a c t i o n s ,  processed 900-K 

( n , ~ )  thermal cross sec t ions  ~~(0.0253 eV), and resonance i n t e g r a l s  I ( 0 . 5  eV-20 

MeV), and s i g n i f i c a n t  (n,2n) paths a re  a l s o  shown. An a d d i t i o n a l  84 a c t i n i d e  

nuc l i des  a re  shown w i t h  dashed squares, and t h e i r  decay paths a re  i n d i c a t e d  w i t h  

dashed l i n e s .  Decay da ta  f o r  5 1  o f  these were ob ta ined  from t h e  INEL supplemental 

a c t i n i d e  da ta  f i l e  o f  Reich and Bunt ing. Data f o r  t h e  remain ing a c t i n i d e s  r e s u l t  

f rom t h e  p rocess ing  o f  da ta  o f  Ref. (1). - 
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Appendix C 

LISTING OF NUCLIDES HAVING ENDF/B-V QUESTIONABLE DATA OR ERRORS 

A1 1 o f  the  ENDF/B-V f i ss ion-produc t  and a c t i n i d e  data have been incorpora ted  i n t o  

summation codes, i n c l u d i n g  decay spectra, and aggregate comparisons made w i t h  

a v a i l a b l e  measurements, as referenced i n  t h e  main t e x t .  Add i t iona l  comparison o f  

many i n d i v i d u a l  cross sec t ion  and decay parameters w i t h  measurements and o the r  

evaluat ions have been made, and var ious consistency checks (e. g. , the  comparisons 

between average energies and values der ived  from spectra) have been made. Based on 

these comparisons and t e s t s ,  we i temize  i n  t h i s  Appendix those nuc l ides  and t h e i r  

parameters t h a t  should be reviewed f o r  t he  nex t  vers ion  o f  ENDF/B o r  be fore  us ing  

the cu r ren t  Version-V data. 

Table C-1 provides a l i s t  o f  nuc l ides  t h a t  were f lagged w i t h  a "b" i n  Table 2-1, 

a long w i t h  l i m i t e d  comments regarding quest ionable ENDF/B-V Rev "0" da ta  o r  da ta  

e r ro rs .  Most of these have no e f f e c t  on the  data i n  Table 2-1. 

The so-ca l led  "Pandemonium Nuclides," f lagged w i t h  a "c" i n  Table 2-1, a re  l i s t e d  

i n  Table C-2; average beta- and gamma-energies from ENDF/B-IV, -V,  and the Japanese 

values are  a l so  inc luded.  Th is  l i s t  inc ludes  those nuc l ides  i d e n t i f i e d  by C. W. 

Reich, Idaho Nat iona l  Engineering Laboratory. 

Table C-3 compares ENDF/B-V values w i t h  Japanese average beta- and gamma-energies 

f o r  a number of high-Q nuc l ides  (see comments i n  Sec t ion  5) .  T h i s  l i s t  was sup- 

p l i e d  by T. Yoshida, NAIG Nuclear Research Laboratory. 

Table C-4 l i s t s  nuc l ides  f lagged w i t h  a "dl' i n  Table 2-1. These show a s i g n i f i c a n t  

inconsistency between average decay energies tabu1 a ted  i n  t he  spec t ra l  f i 1 es w i t h  

t he  values computed from the  spectra. In some cases the  incons is tency  i s  between 

the  t o t a l  energy ca l cu la ted  from the  spectra and the  t o t a l  Q value. 



Table C - 1  

LISTING O F  NUCLIDES HAVING ENDF/B-v QUESTIONABLE DATA OR E R R O R S ~  

No. Nuclide MAT - - - - - - - - - - - - - - - - - - - -  Comment - - - - - - - - - - - - - - - - - - - -  
Q-value error. (Q=0.05MeV should be 0.12 MeV) 
Cross section interpolation error lNT=2 should be INT=5 
Negative elastic scattering cross section 
Half life to be reviewed (6.5s should be approx. 13.45s) 
Half life error (0.3s should be 5.3s) 
Cross section interpolation error INT=2 should be INT=5 
Q value error. (Q=14.0MeV should be 6.1 MeV) 
Half life error (0.56+6s should be 0.56+7s) 
Cross section interpolation error INT=2 should be INT=5 
Review beta energy--some refs. do not use 0.0 
Cross section interpolation error 1NT=2 should be INT=5 
Cross section interpolation error INT=2 should be INT=5 
Error in cap. cross sec. at E=O.SeV (change 360. to 3600.) 
Cross section interpolation error INT=2 should b e  INT=5 
Half life error (1.5s should be 4.6s)1.5s 
Cross section interpolation error INT=2 should be INT=5 
Q value error (Qz0.05 MeV should be 0.396 MeV) 
Cross section interpolation error INT=2 should be INT=5 
Spec t ra  energies need to be reviewed 
Spectra energies need to be reviewed 
Q values need to be reviewed--some refs differ. 
Cross section interpolation error INT=2 should be INT=5 
Review beta energy--some refs differ from 0.0 
Negative elastic scattering cross section 
Review beta energy--some refs differ from 0.0 
Review beta energy--some refs differ from 0.0 
Beta decay branching needs to be reviewed 
Review Q value--some refs differ 
Negative elastic scattering cross section 
Cross section interpolation error INT=2 should be INT=5 
Q value and ave. energies in error (Q value=6.15 MeV 
should be 0.615 MeV) 
Negative elastic scattering cross section 
Halflife needs review (3.325s is 0.55s in tab of isotopes) 
Halflife needs review (2640s recently reported as 330s) 
Negative elastic scattering cross section 
Negative elastic scattering cross section 
Thermal cross sections updated on second release, 6/83 
Fast capture cross section needs review 
fast capture cross section updated on second release, 6/83 
X-ray energy and other spectral errors, corr. on second rel. 6/83 
X-ray energy and other spectral errors, corr. on second rel. 6/83 
X-ray energy and other spectral errors, corr. on second rel. 6/83 

a The "No." and MAT columns i n  t h i s  t a b l e  correspond t o  t he  sequence and MAT values 
i n  Table 2-1. 

The X-ray energy and spec t ra l  e r r o r s  do n o t  a f f e c t  t he  average energies i n  
Table 2-1. Spontaneous f i s s i o n  energy i s  n o t  inc luded i n  t he  average alpha 
energy, as i s  requ i red  by the  ENDF/B-V formats manual. 

A l l  noted cross sec t i on  e r r o r s  were co r rec ted  be fore  processing t he  few-group 
values i n  Sec. 4. 

See a l s o  Tables C-2 through C-4. Table C-4 l i s t s  nuc l ides  having spectra t h a t  
do no t  reproduce one o r  more average energies as 1 i s t e d  i n  the spec t ra l  f i l e s .  



Table C-2 

NUCLIDES TO BE EXAMINED FOR PANDEMONIUM EFFECT 
AND 

ENERGY COMPARISON WITH JNDC  FILES^ 

ENDF/B - I  V 
Nucl ide MAT H a l f l i f e ( s )  Q(MeV) B e t a  Gamma 
33-AS 80 9076 1.650+01 6 .000  2 .523  0.607 
3 3 - A s  82 9078 2.100+01 7.200 3.211 0.288 
33-As 82m 9079 1 .300+01 7.200 1 . 8 1 9  2.995 
35-Br 87 9125 5.570+01 6 .840  2.136 1 . 7 2 6  
35-Br 88 9126 1 .600+01 8.600 3.067 1 . 8 8 1  
36-Kr 91 9152 8.570+00 6.120 2 .578  0 .724  
36-Kr 92 9153 1.840+00 5.970 2.403 0.752 
37-Rb 92 9169 4.530+00 7 .770  3 .459  0 .261  
36-Kr 93 9154 1.289+00 7.510 2 .758  2.040 
37-Kb 93 9170 5.860+00 7.360 2.027 1 . 4 1 5  
39-Y 96 9213 6.000+00 6.500 2 .408  1 .461  
39-l' 96m 9214 1.000+01 7.000 0.000 0.000 
38-Sr 97 9194 4.000-01 7.400 2.350 1 .838  
39-Y 97 9215 3.700+00 6.670 2 .162  0.935 
39-Y 97m 9216 1.110+00 7.337 0.000 0.000 
38-Sr  98 9195 6.500-01 5.810 1 . 6 9 0  1 .496  
39-Y 98 9217 2.000+00 7 . 3 0 0  2 .845  1 .943  
39-I' 98m 9218 6.500-01 7.300 0.000 0.000 
41-Nb 98 9258 2.860+00 4.585 1 . 8 6 5  0.140 
39-Y 99 9219 1.400+00 6.390 2.092 1 .647  
40-Zr 99 9238 2.100+00 4 .445  1 . 6 2 1  0.794 
41-Nb103 9264 7.000+00 4.570 1 . 9 0 1  0.330 
43-Tc102 9307 5.280+00 4.500 1 . 5 0 9  0.464 
43-Tc102m 9308 2.610+02 5 .000  0.720 2.547 
43-Tc104 9310 1.092+03 5.400 1 . 1 9 3  1 . 4 4 8  
44-Ru107 9336 2.520+02 3.150 1 . 2 3 8  0 .251  
45-Rh108 9360 1 .680+01 4.500 1 . 8 2 8  0.709 
45-Rh108m 9361 3.540+02 4.500 0 . 8 0 4  2.440 
45-Rh110 9364 2.850+01 5.400 1 .346  2 .268  
45-Rh110m 9365 3.000+00 5.400 2 . 4 8 1  0.056 
49-In120 9489 3.080+00 5.400 1 . 0 3 9  3.060 
49-In120rn 9490 4 .440+01 5.300 2.472 0.176 
49-In121 9491 3.000+01 3.380 1 .020  1.012 
49-In121m 9492 2.256+02 3 .100  1 . 0 9 1  1 .082  
51-Sb134 9569 1.070+01 8.490 3 .952  0.000 
51-Sb134m 9570 8 .500-01  8 . 4 0 0  2 .954  2 .094  
54-Xe139 9652 4.040+01 5.020 1 . 7 8 7  0 . 9 2 8  
54-Xe140 9653 1 .360+01 4 .060  0 . 8 8 1  1 . 3 6 2  
55-Cs140 9673 6.370+01 6.050 1 . 9 3 1  2 . 1 3 1  
54-Xel4l  9654 1.720+00 6.000 1 . 5 7 1  2 .270  
55-Cs141 9674 2.490+01 4 .980  1 . 3 7 7  1 . 8 2 5  
57-La142 9710 5.550+03 4 .517  0.947 2 .400  
55-Cs144 9677 1.001+00 8 .100  2.350 3 . 0 4 1  
57-La144 9712 4.030+01 5 .300  1 . 5 1 1  1 . 9 3 7  
59-Pr148 9751 1.380+02 4 .800  2.044 0.300 
59-Pr149 9752 1.500+02 3.000 1 . 1 5 8  0 . 2 5 1  
61-Pm152 9789 2.460+02 3.470 1 . 4 3 9  0 . 2 8 8  
61-Pm152m 9790 4.500+02 3.470 0.900 1 . 2 8 7  
61-Pm154 9793 1.080+02 4.000 0.760 1 . 8 8 5  
61-Pm154m 9794 1.680+02 4 .000  1 . 0 3 4  1 .522  

ENDF 
Beta 
2 .455  
3 .155  
1 , 8 0 8  
2 .496  
2 .540  
1 . 9 4 1  
2 .368  
3 . 4 8 1  
2 .336  
2 .605  
3 .147  
1 .107  
2 .620  
2 .154  
2 . 4 2 3  
2 . 5 2 7  
1 . 8 0 6  
2 . 9 8 3  
1 . 9 5 9  
2 . 6 0 6  
1 . 4 8 7  
1 . 8 4 8  
1 . 7 0 0  
0.940 
1 .582  
1 . 2 5 0  
1 . 8 0 0  
0 . 7 8 0  
1.182 
2.367 
2 .258  
0 .935  
0 .971  
1 . 4 8 3  
2 . 8 0 0  
3 .780  
1.7G2 
1 . 1 8 1  
1 . 6 4 9  
2 .345  
1 .912  
0.896 
3 .180  
1 . 4 6 1  
1 . 6 4 8  
1 . 1 5 8  
1 . 3 1 0  
1 . 1 3 4  
0 .915  
0.912 

'/B - V 
Gamma 
0.610 
0 .400  
3 .100  
1 .554  
3.000 
1 . 7 3 3  
0 .752  
0 .261  
2.240 
1 . 3 2 0  
0 . 0 0 3  
4 . 0 3 1  
1 .490  
1 .800  
1 . 8 2 1  
0.176 
3 .151  
0.814 
0.080 
0 .611  
0 .823  
0.317 
0.469 
2.377 
1 . 9 4 0  
0.180 
0.347 
2.500 
2 .480  
0.056 
0 . 3 3 1  
2 .972  
0 . 9 7 6  
0.120 
2 . 0 3 6  
0.000 
0.760 
1.210 
2 . 3 0 0  
0.776 
0.800 
2 .750  
0 . 9 5 1  
1 . 8 2 4  
1 . 2 2 1  
0 . 1 2 6  
0 . 2 8 8  
1 . 2 9 0  
1 . 8 5 6  
1 . 9 4 0  

JAPAN 
Beta Gamma 
2 . 4 7 8  0.259 
1 . 9 9 0  2 .954  
1 . 9 5 4  2.763 
1 . 8 1 3  2.410 
2 . 4 5 4  3.210 
2 .055  1.617 
2 .262  1 .078  
2 . 8 5 6  1 .566  
2.727 2.757 
2 .147  2.675 
3 . 0 2 4  0.000 
1 . 3 2 4  4 . 0 3 1  
2 .603  1 . 5 0 1  
2 . 4 7 2  1 . 2 3 1  
2 .683  1 . 4 7 2  
2 .139  1 .051  
3 . 2 1 6  2.041 
2 . 9 8 9  2 .596  
1 . 9 6 5  0 .080  
2 . 3 7 5  1 . 1 4 7  
1 . 4 6 3  0 . 8 2 3  
1 . 6 8 6  0.720 
1 . 9 5 2  0.579 
0 . 8 5 5  2.430 
1 . 2 4 4  2 . 6 7 8  
1 . 2 1 2  0 .241  
1 . 8 1 3  0 . 3 3 8  
0 . 7 8 9  2.272 
2 .202  0 .486  
2 .237  0.777 
2 . 2 2 8  0 . 3 3 1  
0 .953  2 .976  
0 .985  0 .926  
1 . 5 0 3  0 . 0 5 3  
2 .781  2 .256  
2 .284  3 .272  
1 . 0 0 2  2.239 
1 .204  1 . 1 4 9  
1 . 4 2 9  2 .791  
2 . 0 4 8  1 . 4 8 9  
1 . 2 7 6  2 .135  
0 .915  2 . 5 2 3  
2 .649  2 .193  
1 . 3 3 8  2 . 0 9 1  
1 . 6 5 3  1 . 1 6 5  
1 .137  0.180 
1 . 3 8 5  0 .115  
0 .864  1 . 4 6 6  
0.839 1 .852  
0.928 1 . 7 0 0  

a These nuc l ides  have complex spec t ra  i n  ENDF/B-V (and f o r  some i n  ENDF/B-IV) and 
t h e r e f o r e  may have i n c o r r e c t  average energ ies (see t e x t ) .  The nuc l i des  were 
i d e n t i f i e d  by C. W. Reich; ENDF/B-V energ ies were taken from Table 2-1, and JNDC 
values from the  1981 l i b r a r y  o f  Ref. (20). 



Table C-3 

COMPARISON OF AVERAGE BETA- AND GAMMA-RAY E N E R G I E S ~  

- - - - - - - - - - -  E-Beta - - - - - - - - -  - - - - - - - - - -  E-Gama - - - - - - - -  
(MeV) (MeV) 

Nuclide JNDC(E) JKDC(G) ENDF/B-V JNDC(E) JNDC(G) ENDF/B-V 

a This comparison was supplied by T. Yoshida, April 1981. JNDC(G) refers to model 
calculations using the gross theory o f  beta decay. These values were adopted i n t o  
the JNDC fission product library. JNDC(E) refers to experimentally based energies. 

b~uclides from Table C-2 to be examined again for ENDF/B-VI. 

C 
These nuclides are n o t  based on spectra or beta strength functions in ENDF/B-V. 



NUCLIDES I N  ENDF/B-V REV "0" HAVING SOME SPECTRA ERRORS 

Nuclide 
35-Br- 82m 

Nuclide 
62-Sm-151 
90-Th-232 

a 
Th is  l i s t i n g  o f  nuc l ides  i s  based on a comparison o f  average 
energies der ived  from i n d i v i d u a l  spectra w i t h  e i t h e r  t h e  t o t a l  
Q value o r  average energies f o r  i n d i v i d u a l  spec t ra  as t abu la ted  
i n  t he  f i l e s .  Nucl ides showing d i f f e rences  grea ter  than 15% i n  
any component are tabu1 ated. 





Appendix D 

(n,2n) GROUP CROSS SECTIONS 

Table D - 1  l i s t s  (n,2n) cross sec t ions  and the (n,2n) t h resho ld  Q-value f o r  a l l  nu- 

c l i d e s  hav ing  any cross sec t i on  data i n  the ENDF/B-V f i s s i on -p roduc t  and a c t i n i d e  

f i l e s .  The energy group bounds are l i s t e d  f o l l o w i n g  t h e  t a b l e  as w e l l  as t h e  

source o f  these  data. 



Table D - 1  

N,2N CROSS SECTIONS 

Nuclide Thres. Group Group Group Group Group Group Group Group Group 
1 2 3 4 5 6 7 8 9 

*** Fission Products *** 
32 Ge 720 10.80 1.1880 1.1880 1.1880 0.9982 0.0859 0. 0. 0. 0. 
32 Ge 730 6.79 1.3270 1.7494 1.7494 1.7494 1.7494 1.4665 0.0803 0. 0. 
32 Ge 740 10.20 1.2720 1.2720 1.2720 1.2654 0.3412 0. 0. 0. 0. 
32 Ge 760 9.45 0.7140 1.0079 1.3578 1.1220 0.7645 0.3203 0. 0. 0. 
33 A S  750 10.20 1.1562 1.1832 1.1525 1.0268 0.6546 0.1447 0. 0. 0. 
34 Se 740 12.10 1.0060 1.0060 0.9371 0.1693 0. 0. 0. 0. 0. 
34 Se 760 11.20 0.5967 0.7295 0.8895 0.8674 0.4236 0. 0. 0. 0. 
34 Se 770 7.42 1.5825 1.6612 1.6612 1.6612 1.6612 1.0047 0.0020 0. 0. 
34 Se 780 10.50 1.0977 1.1166 1.0808 0.9748 0.6667 0.0842 0. 0. 0. 
34 Se 800 9.90 1.0408 1.2474 1.2420 1.1879 0.9891 0.3239 0. 0. 0. 
34 Se 820 9.26 0.8304 1.2472 1.3545 1.3274 1.2129 0.6333 0.9062 0. 0. 
35 Br 790 10.70 0.7749 0.8832 0.9591 0.8929 0.4293 0.0104 0. 0. 0. 
35 Br 810 10.20 0.5706 0.6676 0.7837 0.7089 0.4354 0.1019 0. 0. 0. 
36 Kr 780 11.90 0.3690 0.3568 0.3110 0.2030 0.0401 0. 0. 0. 0. 
36 Kr 800 11.50 1.1665 1.1415 1.0417 0.7865 0.2830 0.0025 0. 0. 0. 
36 Kr 820 31.00 1.3477 1.3366 1.2817 1.1139 0.6214 0.0385 0. 0. 0. 
36 Kr 830 7.47 1.4131 1.4200 1.4200 1.4136 1.3972 1.2858 0.5860 0. 0. 
36 Kr 840 10.50 1.4326 1.4625 1.4252 1.3049 0.9120 0.1144 0. 0. 0. 
36 Kr 850 7.01 1.2704 1.3119 1.3091 1.3018 1.2771 1.1655 0.6129 0.0206 0. 
36 Kr 860 9.85 1.3809 1.5427 1.5083 1.4094 1.1187 0.2482 0. 0. 0. 
37 Rb 850 10.50 1.2125 1.2770 1.3225 1.1849 0.7209 0.1038 0. 0. 0. 
37 Rb 860 8.19 1.5534 1.5534 1.5534 1.5534 1;5534 0.4435 0. 0. 0. 
37 Rb 870 9.94 1.2110 1.2901 1.3088 1.2059 0.9938 0.5874 0. 0. 0. 
38 Sr 840 11.80 1.6251 1.6624 1.4747 0.8357 0.2605 0. 0. 0. 0. 
38 Sr 860 11.50 1.0900 1.0900 1.0900 0.5228 0.0036 0. 0. 0. 0. 
38 Sr 870 8.44 1.5184 1.5184 1.5184 1.5184 1.5043 0.2844 0. 0. 0. 
38 Sr 880 11.10 0.2497 0.2759 0.2508 0.2176 0.1119 0. 0. 0. 0. 
38 Sr 890 6.57 1.2573 1.3068 1.3067 1.3049 1.2976 1.2587 0.9740 0.1368 0. 
38 Sr 900 7.57 0.4730 0.8285 1.2484 1.3413 1.2970 1.0959 0.2757 0. 0. 
39 Y 890 11.50 1.2000 1.1633 1.0051 0.8550 0.2021 0. 0. 0. 0. 
39 Y 900 6.63 1.1947 1.7703 1.7718 1.7718 1.7718 1.5675 0.1327 0. 0. 
39 Y 910 8.22 0.6391 0.9992 1.2659 1.2786 1.2249 1.0001 0.2532 0. 0. 
40 Zr 900 12.00 1.1526 1.1318 0.9908 0.6303 0.1433 0. 0. 0. 0. 
40 Zr 910 7.19 1.1640 1.1640 1.1631 1.1593 1.1450 1.0646 0.5223 0.0072 0. 
40 2r 920 8.64 0.8239 1.1402 1.2240 1.2034 1.1206 0.7804 0.0555 0. 0. 
40 Zr 930 6.50 0.7901 1.1359 1.2919 1.2957 1.2838 1.2228 0.8173 0.0477 0. 
40 Zr 940 8.23 0.6566 1.0495 1.3246 1.3333 1.2749 1.0076 0.1506 0. 0. 
40 Zr 950 6.32 0.6320 1.0325 1.3657 1.4062 1.3984 1.3542 1.0248 0.1501 0. 
40 Zr 960 7.84 0.4836 0.8807 1.3468 1.4409 1.4034 1.2144 0.3025 0. 0. 
41 Nb 930 8.82 1.0456 1.1466 1.2183 1.2167 1.1006 0.5853 0.0359 0. 0. 
41 Nb 940 7.37 1.5748 1.6682 1.6682 1.6682 1.6682 1.0453 0.0033 0. 0. 
41 Nb 950 8.61 0.7521 1.1459 1.2878 1.2780 1.2251 0.9426 0.1174 0. 0. 
42 Mo 920 12.60 0.6111 0.4189 0.2625 0.1286 0.0078 0. 0. 0. 0. 
42 Mo 940 9.69 1.3434 1.3434 1.3434 1.3434 0.7289 0.0036 0. 0. 0. 
42 Mo 950 7.37 1.0195 1.1464 1.1494 1.1463 1.1333 1.0532 0.4602 0.0013 0. 
42 Mo 960 9.16 0.9351 1.1942 1.2153 1.1897 1.0918 0.6118 0.0124 0. 0. 
42 Mo 970 6.82 0.8521 1.2015 1.2900 1.2896 1.2835 1.2410 0.8574 0.0375 0. 
42 No 980 8.64 0.6594 1.1055 1.3365 1.3325 1.2741 0.9500 0.1042 0. 0. 
42 Mo 990 5.74 0.4649 0.8813 1.3299 1.4050 1.4035 1.3914 1.2531 0.3976 0. 
42 MolOOO 8.30 0.3247 0.6999 1.2794 1.4405 1.4002 1.1528 0.1694 0. 0. 
43 Tc 990 8.58 1.6976 1.6151 1.5158 1.4255 1.2583 0.7641 0.0616 0. 0. 
44 Ru 960 10.10 1.2860 1.2860 1.2860 1.2860 0.4096 0. 0. 0. 0. 
44 Ru 980 10.30 1.2580 1.2580 1.2580 1.2352 0.2812 0. 0. 0. 0. 
44 Ru 990 7.47 1.5885 1.6542 1.6542 1.6542 1.6542 0.9661 0.0010 0. 0. 
44 RulOOO 9.67 1.0527 1.2048 1.1986 1.1603 1.0122 0.3640 0. 0. 0. 
44 RulOlO 6.81 0.9693 1.2480 1.2810 1.2801 1.2752 1.2395 0.8802 0.0440 0. 
44 Ru1020 9.22 0.8105 1.2268 1.3341 1.3101 1.2065 0.6641 0.0104 0. 0. 
44 Ru1030 6.40 0.7154 1.1648 1.3906 1.3998 1.3977 1.3800 1.1819 0.2587 0. 
44 Ru1040 8.89 0.5403 1.0294 1.4149 1.4294 1.3554 0.9336 0.0325 0. 0. 
44 Ru1050 5.94 0.4676 1.7878 1.8684 1.8684 1.8684 1.8684 0.6255 0.0003 0. 
44 ~ ~ 1 0 6 0  8.43 0.3658 0.7835 1.3864 1.5235 1.4698 1.1581 0.1513 0. 0. 
45 Rh1030 9.31 0.7149 0.7347 0.7587 0.7854 0.6931 0.2941 0. 0. 0. 
45 Rh1050 9.02 0.8100 1.2599 1.3902 1.3744 1.2985 0.8704 0.0438 0. 0. 

Meth. 



Table D-1  

N ,2N CROSS SECTIONS 

Nuclide Thres. Group Group Group Group Group Group Group Group Group Meth. 
1 2 3 4 5 6 7 8 9 

46 Pd1020 10.60 1.2160 1.2160 1.2160 1.1090 0.1455 0. 0. 0. 0. 1 
46 Pd1040 10.00 1.1339 1.1912 1.1699 1.1017 0.8830 0.2651 0. 0. 0. 2 
46 Pd1050 7.09 1.1415 1.2667 1.2694 f 2669 1.2556 1.1885 0.7040 0.0264 0. 2 
46 Pd1060 9.55 1.0561 1.3093 1.3177 1.2726 1.1109 0.5013 0. 0. 0. 2 
46 Pd1070 6.55 0.9735 1.3196 1.3927 1.3924 1.3876 1.3544 1.0494 0.1543 0. 2 
46 Pd1080 9.23 0.8512 1.2816 1.4264 1.3888 1.2473 0.6485 0.0095 0. 0. 2 
46 PdllOO 8.81 0.6536 1.1219 1.4894 1.4958 1.3880 0.9251 0.0456 0. 0. 2 
47 Ag1070 9.53 1.4459 1.4736 1.5069 1.4906 1.3428 0.6557 0. 0. 0. 3 
47 Ag1090 9.18 1.3373 1.3607 1.3889 1.3795 1.2747 0.7210 0.0140 0. 0. 3 
47 ~glllO 8.71 0.7625 1.2607 1.4809 1.4679 1.3867 0.9614 0.0439 0. 0. 2 
48 Cd1060 10.90 1.4719 1.5295 1.5908 1.3103 0.6755 0. 0. 0. 0. 4 
48 Cd1080 10.30 1.2580 1.2580 1.2580 1.2352 0.2812 0. 0. 0. 0. 1 
48 CdllOO 9.86 1.1208 1.3183 1.3144 1.2768 1.1107 0.3215 0. 0. 0. 2 
48 CdlllO 6.98 1.0962 1.3693 1.3860 1.3858 1.3818 1.3500 0.9489 0.0427 0. 2 
48 Cd1120 9.40 0.9156 1.3612 1.4346 1.4103 1.2994 0.6550 0.0011 0. 0. 2 
48 Cd1130 6.54 1.7320 1.7320 1.7320 1.7344 1.6489 1.2379 0.3407 0. 0. 3 
48 Cd1140 9.05 0.6314 1.2007 1.5222 1.5184 1.4403 0.9623 0.0471 0. 0. 2 
48 Cd1151 6.16 0.6844 1.8016 1.8376 1.8376 1.8376 1.8063 0.4119 0. 0. 1 
48 Cd1160 8.69 0.9737 1.2846 1.5347 1.6470 1.5285 0.9043 0. 0. 0. 4 
49 ln1130 9.43 1.4400 1.4584 1.4849 1.4466 1.1963 0.5119 0. 0. 0. 4 
49 In1150 9.03 1.9658 1.8888 1.7230 1.7584 1.2562 0.6081 0. 0. 0. 4 
50 Sn1120 11.10 1.2125 1.2658 1.2882 1.1726 0.7195 0. 0. 0. 0. 4 
50 Sn1140 10.30 1.2580 1.2580 1.2580 1.2352 0.2812 0. 0. 0. 0. 1 
50 Sn1150 7.54 1.5945 1.6444 1.6444 1.6444 1.6444 0.9152 0.0002 0. 0. 1 
50 Sn1160 9.56 1.3616 1.3616 1.3616 1.3616 0.8342 0.0085 0. 0. 0. 1 
50 Sn1170 6.94 1.0556 1.4392 1.4880 1.4878 1.4845 1.4543 1.0480 0.0485 0. 2 
50 Sn1180 9.33 0.9387 1.4301 1.5278 1.5019 1.3853 0.7303 0.0057 0. 0. 2 
50 Sn1190 6.48 0.8340 1.3743 1.5767 1.5810 1.5797 1.5643 1.3242 0.2247 0. 2 
50 Sn1200 9.11 0.6909 1.2809 1.6037 1.5953 1.5000 0.9581 0.0435 0. 0. 2 
50 Sn1220 8.80 0.4662 1.0294 1.6250 1.6847 1.6314 1.2361 0.0690 0. 0. 2 
50 Sn1230 5.90 0.4975 1.0374 1.6401 1.7290 1.7280 1.7179 1.5728 0.5098 0. 2 
50 Sn1240 8.51 0.3164 0.7812 1.5570 1.7521 1.7176 1.4339 0.2020 0. 0. 2 
50 Sn1250 5.75 0.3006 1.7540 1.8950 1.8950 1.8950 1.8950 0.8562 0.0061 0. 1 
50 Sn1260 8.19 0.2016 0.5523 1.3834 1.8001 1.7893 1.5920 0.4178 0. 0 2 
51 Sb1210 9.25 1.5344 1.7037 1.7480 1.5208 1.1253 0.5091 0. 0. 0. 4 
51 Sb1230 8.98 1.1685 1.2826 1.3405 1.2521 1.1244 0.6345 0. 0. 0. 4 
52 Sb1240 6.45 1.0088 1.7893 1.7970 1.7970 1.7970 1.6706 0.2150 0. 0. 1 
51 Sb1250 8.71 0.5500 1.1554 1.6848 1.7212 1.6742 1.3143 0.0994 0. 0. 2 
51 Sb1260 6.31 0.8510 1.7987 1.8166 1.8166 1.8166 1.7412 0.2991 0. 0. 1 
52 Te1200 10.30 1.2580 1.2580 1.2580 1.2352 0.2812 0. 0. 0. 0. 1 
52 Te1220 10.10 1.2860 1.2860 1.2860 1.2860 0,4096 0. 0. 0. 0. 1 
52 Te1230 6.94 1.4238 1.7284 1.7284 1.7284 1.7284 1.3635 0.0459 0. 0. 1 
52 Te1240 9.41 1.3826 1.3826 1.3826 1.3826 0.9465 0.0183 0. 0. 0. 1 
52 Te1250 6.60 0.9657 1.5021 1.6600 1.6614 1.6581 1.6304 1.3031 0.1961 0. 2 
52 Te1260 9.09 1.4274 1.4274 1.4274 1.4274 1.1755 0.0598 0. 0. 0. 1 
52 Te1271 6.35 0.7371 1.3426 1.7146 1.7331 1.7311 1.7143 1.4825 0.3022 0. 2 
52 Te1280 8.75 0.5062 1.1065 1.7024 1.7545 1.7033 1.3131 0.0834 0. 0. 2 
52 Te1291 6.08 0.5291 1.1064 1.7164 1.7960 1.7948 1.7827 1.6085 0.6255 0. 2 
52 Te1300 8.39 0.3565 0.8544 1.6360 1.8154 1.7790 1.4970 0.1908 0. 0. 2 
52 Te1320 8.05 0.2894 0.7030 1.5215 1.8613 1.8383 1.6203 0.4442 0. 0. 2 
53 1 1270 9.15 0.9901 1.4969 1.7154 1.6332 1.3796 0.6892 0.0228 0. 0. 4 
53 I 1290 8.77 0.7559 1.3977 1.7222 1.7226 1.6661 1.2511 0.0645 0. 0. 2 
53 I 1300 6.58 1.1471 1.7762 1.7788 1.7788 1.7788 1.5999 0.1528 0. 0. 1 
53 I 1310 8.34 0.5546 1.1660 1.7402 1.7871 1.7376 1.3801 0.1691 0. 0. 2 
53 1 1350 7.78 1.5955 1.6108 1.6108 1.6108 1.6108 0.7357 0. 0. 0. 1 
54 Xe1240 10.50 0.9901 1.0039 0.9887 0.9337 0.7405 0.1160 0. 0. 0. 3 
54 Xe1260 10.20 1.4241 1.5144 1.5073 1.4598 1.2365 0.3491 0. 0. 0. 3 
54 Xe1280 9.48 1.3679 1.7962 1.8333 1.7966 1.6401 0.8238 0. 0. 0. 3 
54 Xe1290 6.91 1.3337 1.8223 1.9000 1.9000 1.8951 1.8462 1.3032 0.0388 0. 3 
54 Xe1300 9.26 1.0740 1.7296 1.9210 1.9060 1.7984 0.9851 0.0165 0. 0. 3 
54 Xe1310 6.60 1.0198 1.6829 1.9451 1.9500 1.9500 1.9225 1.5508 0.2311 0. 3 
54 Xe1320 8.93 0.7959 1.5092 1.9439 1.9585 1.8822 1.3262 0.0740 0. 0. 3 
54 Xe1330 6.58 0.7627 1.3873 1.7797 1.8008 1.7980 1.7739 1.4733 0.1969 0. 2 
54 Xe1340 8.46 0.6328 1.2912 1.9311 2.0085 1.9470 1.5439 0.2048 0. 0. 3 
54 Xe1350 6.48 1.0426 1.7866 1.7928 1.7928 1.7928 1.6545 0.1993 0. 0. 1 
54 Xe1360 7.88 0.4218 0.8928 1.5352 1.6975 1.6661 1.4564 0.4071 0. 0. 3 
55 Cs1330 9.04 1.5941 1.6027 1.6129 1.6023 1.5302 1.0537 0.0532 0. 0. 3 
55 Cs1340 6.82 0.9550 1.5542 1.7676 1.7708 1.7653 1.7209 1.2148 0.0409 0. 2 



Table D - 1  

N,2N CROSS SECTIONS 

Nuclide Thres. Group Group Group Group Group Group Group Group Group Meth. 
1 2 3 4 5 6 7 8 9 

55 Cs1350 8.86 0.8554 1.4982 1.7913 1.7853 1.7143 1.2585 0.0667 0. 0. 2 
55 Cs1360 6.64 0.9028 1.5225 1.8232 1.8328 1.8273 1.7853 1.3167 0.0845 0. 2 
55 Cs1370 8.38 0,6543 1.2660 1.8051 1.8491 1.8034 1.5123 0.2435 0. 0. 2 
56 Ba1340 9.25 1.1808 1.6488 1.6945 1.6701 1.5476 0.8420 0. 0 0. 2 
56 Ba1350 7.20 1.1942 1.6675 1.7378 1.7371 1.7313 1.6828 1.1586 0,0514 0. 2 
56 Ba1360 9.23 1.0015 1.6000 1.7659 1.7472 1.6517 1.0740 0.0498 0. 0. 2 
56 Ba1370 6.95 1.0740 1.6408 1.8037 1.8041 1.7982 1.7486 1.2177 0.0388 0. 2 
56 3a1380 8.54 0.4768 0.5573 1.3206 1.4996 1.5000 1.4623 0.3682 0. 0. 3 
56 3a1400 6.22 0.0140 0.0479 0.2203 0.6982 1.5349 1.8717 1.6186 0.2397 0. 2 
57 La1390 8.79 1.1761 1.6978 1.8010 1.7824 1.7001 1.2328 0.0736 0. 0. 2 
57 La1400 5.05 0.3824 0.8205 1.5506 1.8329 1.8387 1.8353 1.7833 1.3321 0.2387 2 
58 Ce1400 9.04 0.6426 0.8390 1.0923 1.2978 1.0902 0.5304 0. 0. 0. 4 
58 Ce1410 5.49 0.5925 1.1308 1.7117 1.8089 1.8083 1.8026 1.7221 1.0410 0.0122 2 
58 Ce1420 7.21 1.0025 1.3068 1.6083 1.7521 1.7385 1.2060 0.4836 0. 0. 4 
58 Ce1430 5.22 0.0542 0.1691 0.6210 1.4055 1.8489 1.8695 1.8389 1.4585 0.2819 2 
58 Ce1440 6.92 0.0265 0.0926 0.4150 1.1581 1.8282 1.8671 1.3932 0.0510 0. 2 
59 Pr1410 9.36 1.7343 1.8088 1.8546 1.7009 1.1501 0.4647 0. 0. 0. 4 
59 Pr1420 5.90 0.8251 1.3925 1.7523 1.7758 1.7740 1.7619 1.6133 0.6053 0.0013 2 



Table D-f 

N,2N CROSS SECTIONS 
Nuclide Thres. Group Group Group Group Group Group Group Group Group Meth. 

1 2 3 4 5 6 7 8 9 

*** Actinides *** 
90 Th2300 6.79 1.3284 1.4902 1.5725 1.6687 1.7767 1.8000 1.4715 0.1226 0. 3 
90 Th2320 6.34 0.3476 0.4129 0.7123 1.3782 1.8444 1.9548 1.5153 0.2349 0. 3 
91 Pa2310 6.81 0.8712 1.0845 1.1726 1.3159 1.4619 1.2905 0.9810 0.0817 0. 3 
91 Pa2330 6.66 0.3961 0.4237 0.4572 0.5148 0.5487 0.5655 0.4944 0.0490 0. 3 
92 U 2320 7.26 1.4856 1.5886 1.6003 1.7010 1.7793 1.5905 0.8430 0.0365 0. 3 
92 U 2330 5.74 0.0778 0.1758 0.3714 0.5012 0.4726 0.3761 0.2707 0.1810 0.0027 3 
92 U 2340 6.77 0.2020 0.2020 0.2025 0.3619 0.4560 0.3157 0.1596 0.0105 0. 3 
92 U 2350 5.31 0.0141 0.0614 0.1617 0.2887 0.4273 0.4521 0.4011 0.2303 0.0178 3 
92 U 2360 6.91 0.2500 0.2500 0.2509 0.5212 0.8819 0.9395 0.8034 0.1269 0. 3 
92 U 2370 5.12 0.2500 0.2500 0.2500 0.3127 0.6312 1.3385 1.3276 0.7075 0.0349 3 
92 U 2380 6.14 0.1461 0.1931 0.4176 0.8530 1.2997 1.4348 1.2478 0.3532 0. 3 
93 Np2370 6.76 0.0080 0.0339 0.0997 0.1867 0.2414 0.2309 0.1539 0.0139 0. 3 
93 Np2380 5.35 0.0100 0.0100 0.0105 0.1786 0.5254 0.7128 0.6688 0.3524 0.0035 5 
94 Pu2360 7.33 0.1000 0.1000 0.1016 0.5954 0.7977 0.7217 0.3452 0.0053 0. 3 
94 Pu2370 5.83 0.0500 0.0500 0.0508 0.2649 0.3651 0.3139 0.1921 0.0380 0.0001 3 
94 Pu2380 6.97 0.1786 0.1492 0.1154 0.5673 1.0589 1.0408 0.5028 0.0092 0. 3 
94 Pu2390 5.66 0.0089 0.0380 0.1142 0.1990 0.2356 0.2288 0.1920 0.0991 0,0016 3 
94 Pu2400 6.53 0.0089 0.0380 0.1142 0.1882 0.2321 0.2280 0.1519 0.0143 0. 3 
94 Pu2410 5.25 0.0310 0.0310 0.0311 0.1059 0.4211 0.5734 0.6833 0.6520 0.1029 3 
94 Pu2420 6.30 0.0084 0.0296 0.1372 0.4012 0.7399 0.7974 0.6110 0.1038 0. 3 
94 Pu2430 5.04 0.2000 0.2000 0.2001 0.2226 0.3653 1.2192 1,2859 1.3626 0.4654 3 
94 Pu2440 5.99 0.1000 0.1000 0.1005 0.2618 0.6142 1.1128 1.4579 0.6212 0. 3 
95 Am2410 6.63 0.0500 0.0501 0.0680 0.1300 0.2100 0.2021 0.1254 0.0117 0. 3 
95 A~12420 5.55 0.0100 0.0100 0.0105 0.1786 0.5254 0.7128 0.6688 0.3524 0.0035 5 
95 Am2421 5.46 0.0100 0.0100 0.0105 0.1786 0.5254 0.7128 0.6688 0.3524 0.0035 3 
95 Am2430 6.35 0.0400 0.0400 0.0400 0.0400 0.1101 0.1400 0.0664 0.0115 0. 3 
96 Cm2410 6.04 0.0050 0.0050 0.0050 0.0079 0.0103 0.0135 0.0209 0.0167 0. 3 
96 Cm2420 6.94 0.0050 0.0050 0.0050 0.0094 0.0151 0.0220 0.0224 0.0015 0. 3 
96 Cm2430 5.68 0.0300 0.0300 0.0301 0.0736 0.1965 0.3152 0.4792 0.4259 0.0038 3 
96 Cm2440 6.77 0.0500 0.0500 0.0500 0.0901 0.4578 0.5849 0.4260 0.0329 0. 3 
96 Cm2450 5.52 0.2128 0.2319 0.2496 0.2500 0.5685 0.8465 0.8481 0.6573 0.0628 3 
96 Cm2460 6.34 0. 0. 0.0075 0.0393 0.5881 1.2759 0.5224 0.0323 0. 3 
96 Cm2470 5.15 0.1000 0.1000 0.1000 0.1000 0.2460 0.8632 0.8167 0.8520 0.2569 3 
96 Cm2480 6.18 0.1000 0.1000 0.1004 0.2175 0.5378 0.9029 0.6213 0.1002 0. 3 
97 Bk2490 6.20 0.2000 0.2138 0.2577 0.3069 0.9937 1.6618 1.4613 0.5815 0. 3 
98 Cf2490 5.59 0.1036 0.1506 0.1681 0.1840 0.3928 1.1617 0.9860 0.7146 0.0443 3 
98 Cf2500 6.61 0.1000 0.1036 0.1363 0.1946 0.5320 1.0333 0.8802 0.2588 0. 3 
98 Cf2510 5.10 0.1000 0.1025 0.1348 0.1674 0.3626 1.1586 1.0125 1.0325 0.2745 3 
98 Cf2520 6.17 0.1500 0.1500 0.1500 0.1500 0.1666 0.5906 0.5300 0.2661 0. 3 
98 Cf2530 5.15 0.1000 0.1000 0.1000 0.1000 0.2460 0.8632 0.8167 0.8520 0.2569 5 
99 Es2530 6.45 0.2000 0.2138 0.2577 0.3069 0.9937 1.6618 1.4613 0.5815 0. 5 

a ~ i s t e d  values app ly  f o r  t h e  h ighes t  energy groups i n  t h e  PRS group structure: 

Group 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Energy Range (MeV) 

10.000 18.221 
18.221 16.905 
16.905 14.918 
14.918 13.499 
13.499 11.912 
11.912 10.000 
10.000 7.788 
7.788 6.065 
6.065 4.724 

L i s t e d  Q-value i s  t he  t h resho ld  i n  MeV. 

Meth. r e f e r s  t o  t he  o r i g i n  o f  these cross sec t ions :  
1 re fe rs  t o  an unpubl ished model based on Q-values (R. E. Schenter) 
2 r e f e r s  t o  va lues produced by the  THRESH code. 
3 r e f e r s  t o  eva l  uated ENDF/B-V eval  uat ions.  
4 r e f e r s  t o  va lues based on BNL-325 p l o t s .  
5 re fe r s  t o  values based on Q values s i m i l a r  t o  one of t h e  above. 
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