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FTR SET 500,  

A MULTIGROUP C R O S S - S E C T I O N  SET 

FOR FTR ANALYSIS 

F .  M .  Mann 

FTR Set 500 i s  a 53-neutron-group,  20-photon-group, 
c r o s s - s e c t i o n  set based  on ENDF/B-V c r o s s  sections and 
n e u t r o n  s p e c t r a  t y p i c a l  o f  the Fas t  T e s t  R e a c t o r  (FTR) .  
T h i s  r e p o r t  d e s c r i b e s  the s p e c i f i c a t i o n s  and p r o c e s s i n g  
o f  S e t  500 and p r o v i d e s  one-group v a l u e s  o f  this set f o r  
u s e  i n  l i m i t e d  FTR a n a l y s e s .  
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FTR SET 500, A  MULTIGROUP CROSS-SECTION SET FOR FTR ANALYSIS 

I. SUMMARY 

The Fas t  Tes t  Reactor  (FTR) o f  t h e  F a s t  F l u x  Tes t  F a c i l i t y  (FFTF) i s  des igned 

t o  t e s t  f u e l s  and m a t e r i a l s  f o r  t h e  US f a s t  b reeder  program. The FTR, a  

sodium-cooled, 400-MWt, p l u t o n i u m - f u e l e d  r e a c t o r  l o c a t e d  a t  t h e  Hanford  
I 1  \ 

E n g i n e e r i n g  Development L a b o r a t o r y  (HEDL) was des igned w i t h  FTR Set 300' ' ' 
and 3 0 0 5 ( ~ )  c r o s s  s e c t i o n s  t h a t  were based on a  m ~ d i f i c a t i o n ( ~ )  o f  t h e  

second v e r s i o n  o f  t h e  Eva luated Nuc lea r  Data F i l e  (ENDF/B-11). 

FTR Set 500 i s  a  53-neutron-group,  20-photon-group, c r o s s - s e c t i o n  s e t  based 

on E N D F / B - v ( ~ )  c r o s s  s e c t i o n s  and n e u t r o n  s p e c t r a  t y p i c a l  o f  t h e  FTR. 

T h i s  new s e t  i n c o r p o r a t e s  a d d i t i o n a l  i n f o r m a t i o n  ga ined  s i n c e  Set  300 was 

genera ted and adds n i n e  groups t o  b e t t e r  r e p r e s e n t  t h e  h igh -energy  n e u t r o n  

r e g i o n .  I n  a d d i t i o n ,  u n l i k e  Sets  300 and 300S, Set  500 uses a  f l u x  w e i g h t -  

i n g  t y p i c a l  o f  n e u t r o n  s p e c t r a  o f  f a s t  b reeder  r e a c t o r s ,  r a t h e r  t h a n  a  1/E + 

f i s s i o n  spectrum shape. As Set 500 c o n s i s t s  o f  i n f i n i t e l y  d i l u t e  c r o s s  sec- 

t i o n s ,  s e l f - s h i e l d i n g  f a c t o r s ,  and P I  n e u t r o n  and photon t r a n s f e r  m a t r i c e s ,  

d i f f u s i o n  and t r a n s p o r t  c a l c u l a t i o n s  can now be per formed based on t h e  same 

c r o s s  s e c t i o n s .  

S e c t i o n  I 1  o f  t h i s  r e p o r t  d e s c r i b e s  t h e  s p e c i f i c a t i o n s  o f  FTR SET 500, w h i l e  

S e c t i o n  I 1 1  d e t a i l s  t h e  p rocess ing  methods, and S e c t i o n  I V  t h e  r e s u l t s  

i n c l u d i n g  FTR s p e c t r a l  averaged va lues.  S e c t i o n  V d i scusses  t h e  l i m i t a t i o n s  

o f  t h i s  processed d a t a  s e t .  





11. SPECIFICATIONS OF SET 500 

A. CROSS-SECTION SOURCE 

The source of all unprocessed cross sections used in this work is the fifth 

version of the Evaluated Nuclear Data File (ENDFIB-V). ( 4 )  ENDFIB-v pro- 
vides a unified format for the storage and retrieval of evaluated nuclear 

data. The file including evaluations is overseen by the Cross-Section Eval- 

uation Working Group (CSEWG) , which has representatives from the US govern- 
ment, federal laboratories, universities, and industrial firms. 

In general, evaluations are based on the latest experimental differential 

data and on advanced nuclear theories. Each evaluation is reviewed by per- 

sonnel at a different laboratory than the one at which the evaluation is 

created. A committee of CSEWG then formally reviews each evaluation and 

accepts it into the ENDF/B system. After release, the evaluation is further 

compared with integral benchmark experiments and other appropriate data. 

B. MATERIALS 

Table 1 displays the materials included in Set 500 along with the evaluators 
of the ENDFIB-V material. These materials are the minimum necessary for 

limited FTR analyses; other materials may be added in the future. 

Set 500 is based on the self-shielding factor method, ( 5 y 6 )  sometimes called 

the Bondarenko method. In this method, the weighting flux is modified to 

account for other materials by the introduction of a background cross sec- 
t ion a. (see Section I11 for more details). Table 1 presents the back- 

ground cross sections a for which the various materials were run. The 
0 

chosen values were based on past FTR calculations. 

All materials were processed at two temperatures, 300 K and 1200 K. In 

addition, the actinide materials were processed at an additional temperature 

of 2100 K. Again, the values were chosen from past experience. 
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C. GROUP STRUCTURE 

Set  300 i s  a  30-neutron-group c ross -sec t ion  se t  extending t o  10 MeV. Addi- 

t i o n a l  low-energy groups were l a t e r  added t o  form t h e  42-group 300s se t  t o  

improve t h e  s e t  f o r  s h i e l d i n g  a p p l i c a t i o n s .  To increase t h e  unders tanding 

o f  t h e  high-energy neu t ron  r e g i o n  (espec ia l  l y  f o r  pass ive dos imet ry ) ,  add i  - 
t i o n a l  groups were added above 1  MeV and t h e  se t  now extends t o  $17 MeV. 

The r e s u l t i n g  53-group s t r u c t u r e  (shown i n  Table 2 )  p rov ides  t h e  bas i s  f o r  

Set 500 and i s  d i r e c t l y  c o l l a p s i b l e  t o  t h e  42-group s e t  o f  300s. 

Un l i ke  e a r l i e r  FTR c ross -sec t ion  sets,  Set  500 con ta ins  photon p r o d u c t i o n  

c ross  sec t ions .  The photon group s t r u c t u r e  i s  shown i n  Table 3. 

D. FLUX WEIGHTING 

Most mu l t i g roup  c ross -sec t ion  se t s  ( 7 9 8 )  a re  reactor - independent  and f r e -  

quen t l y  use a  1/E + f i s s i o n  spectrum shape f o r  t h e  s l o w l y  va r y i ng  f l u x  shape. 

For  FTR Set 500, however, two we igh t ing  spec t ra  t y p i c a l  of t h e  FTR were used. 

Both spec t ra  were ob ta ined  f rom 42-group, three-d imensional  d i f f u s i o n  ca l cu -  

l a t i o n s  made by t h e  HEDL Core Physics group. The midplane f l u x  f o r  t h e  cen- 

t r a l  assembly was se lec ted  as a  t y p i c a l  co re  spectrum and was used t o  we igh t  

a l l  c ross  sec t ions .  A l i m i t e d  s e t  o f  c ross  sec t i ons  (Fe, 2 3 8 ~ ,  2 3 9 ~ u )  

was weighted w i t h  t h e  midplane spectrum c h a r a c t e r i s t i c  o f  t h e  r e f l e c t o r  

reg ion .  The use of two spec t ra  n o t  o n l y  p rov ides  more accura te  values b u t  

a l so  p rov ides  t h e  o p p o r t u n i t y  t o  judge t h e  importance o f  t h e  we igh t i ng  spec- 

trum. A d d i t i o n a l  we igh t ing  spec t ra  (such as l /En)  may a l so  be added i n  

t he  f u t u r e .  

The nex t  s t ep  was t h e  c o n s t r u c t i o n  o f  a  po in tw i se  r e p r e s e n t a t i o n  o f  t h e  

42-group f l u x e s  shown i n  F i gu re  1. S p e c i f i c a l l y ,  t h e  f l u x  per  u n i t  l e t h a r g y  

4 ( E )  was de f i ned  a t  t h e  m idpo in t  energy E* o f  each l e t h a r g y  i n t e r v a l  A U  b y  
U 

where: 
(g  

= mu l t i g roup  f l u x .  



Group 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
2 1 
22 
2 3 
24 
25 
2 6 
2 7 
2 8 
29 
3 0 
31 
32 
33 
3 4 
3 5 
3 6 
3 7 
3 8 
39 
4 0 
41 
4 2 
43 
4 4 
4 5 
4 6 
4 7 
4 8 
49 
50 
5 1 
5 2 
5 3 

TABLE 2 

NEUTRON GROUP ENERGIES 

Upper Group 
Energy (eV) 

1.69046 E+7 
1.49182 E+7 
1.34986 E+7 
1.16183 E+7 
1.00000 E+7 
8.60708 E+6 
7.40818 E+6 
6.06531 E+6 
4.96585 E+6 
3.67879 E+6 
2.86505 E+6 
2.23130 E+6 
1.73774 E+6 
1.35335 E+6 
1.10803 E+6 
8.20850 E+5 
6.39279 E+5 
4.97871 E+5 
3.87742 E+5 
3.01974 E+5 
1.831 56 E+5 
1.11090 E+5 
6.73795 E+4 
4.08677 E+4 
2.55424 E+4 
1.98925 E+4 
1.50344 E+4 
9.11882 E+3 
5.53084 E+3 
3.35463 E+3 
2.83954 E+3 
2.40378 E+3 
2.03468 E+3 
1.23410 E+3 
7.48518 E+2 
4.53999 E+2 
2.75365 E+2 
1.67017 E+2 
1.01301 E+2 
6.14421 E+l 
3.72665 E+l 
2.26033 E+l 
1.37096 E+l 
8.31529 E+O 
5.04348 E+O 
3.05902 E+O 
1.85539 E+O 
1.12535 E+O 
6.82560 E-1 
4.13994 E-1 
2.51100 E-1 
1.52300 E-1 
9.23745 E-2 
1.00000 E-5 

D e l t a  
Lethargy FTR Set 300s 



TABLE 3 

PHOTON GROUP ENERGIES 

Group 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Upper Group 
Energy (MeV) 

15.0 

10.0 

9.0 

8 .O 

7 .O 

6 .O 

5 .O 

4.0 

3.5 

3 .O 

2.5 

2 .o 
1.6 

1.2 

0.90 

0.60 

0.40 

0.21 

0.12 

0.07 

0.01 









I 11. PROCESS ING 

A. CODES 

The commonly used nuc lear  c ross -sec t ion  process ing code a t  HEDL i s  ETOX. ( 9  

However, t h e  NJOY ( l o )  process ing code developed by t h e  Los Alamos Na t i ona l  

Laboratory  (LANL) produces no t  o n l y  d i f f u s i o n  c ross  sec t i ons  b u t  a l s o  t r a n s -  

p o r t  c ross sec t ions ,  a l l  w i t h  a r b i t r a r y  f l u x  we igh t ing .  Thus NJOY was used 

f o r  a l l  c ross - sec t i on  process ing f o r  FTR Set 500. 

F i gu re  2 shows t h e  l o g i c  f l o w  f o r  NJOY and r e l a t e d  codes. NJOY i s  a  modular 

code, a l l o w i n g  f i l e s  t o  be saved a t  i n t e rmed ia te  steps. The MODER module 

conver ts  t h e  ca rd  image ENDF/B tape i n t o  b i n a r y  format .  The RECONR module 

r econs t ruc t s  r eso l ved  resonance shapes f rom t h e  reso lved  parameters. t he  

BROADR module Doppler broadens t h e  c ross  sec t ions ,  w h i l e  UNRESR c a l c u l a t e s  

c ross  sec t i ons  f rom t h e  unresolved resonance parameters. F i n a l l y ,  t h e  HEATR 

module adds KERMA ( K i n e t i c  Energy Release i n  M a t e r i a l )  and displacement c ross  

sec t i ons  t o  complete t h e  po in tw i se  ENDF/B (PENDF) tape. LANL supp l i ed  v a r i -  

ous PENDF tapes t h a t  a re  shown i n  Table 4. The use o f  these  tapes g r e a t l y  

reduces t h e  c o s t  o f  produc ing a  l i b r a r y  as ~ 5 0 %  o f  t h e  computer t ime  i s  spent 

i n  c r e a t i n g  t h e  PENDF tapes. 

The GROUPR module c a l c u l a t e s  mu l t i g roup  c ross  sec t i ons  and produces a  group 

ENDF (GENDF) tape. The DTFR module r e fo rma ts  t h e  GENDF tape  i n t o  a  f i l e  

readab le  by DTF and s i m i l a r  t r a n s p o r t  codes. Process ing f o r  d i f f u s i o n  codes 

f o l l o w s  a  d i f f e r e n t  path.  The CCCCR module produces t h e  s tandard i n t e r f a c e  

f i l e s  ) ISOTXS and BRKOXS as s p e c i f i e d  by  t h e  DOE/RRT Committee f o r  Com- 

p u t e r  Code Coord inat ion.  ISOTXS con ta i ns  i n f i n i t e l y  d i l u t e  c ross  sec t ions ,  

w h i l e  BRKOXS c o r r e c t s  f o r  temperature and o t h e r  m a t e r i a l  f ac to r s .  

As HEDL does n o t  use s tandard i n t e r f a c e  f i l e s ,  two a u x i l i a r y  codes C I N X  (12)  

and PUPX are  used. CINX produces an ETOX-like ou tpu t ,  which i s  l a b e l l e d  

FTR Set 500. A mod i f i ed  ve r s i on  o f  t h e  HEDL l i b r a r y  hand l i ng  code PUPX 

c rea tes  a  b i n a r y  l i b r a r y  f i l e  readable  by a  new ve rs i on  o f  I D X ,  ' I 3 )  t h e  one 

dimensional ,  d i f f us i on -m ix i ng  code t h a t  s t a r t s  t h e  HEDL r e a c t o r  phys ics  

c a l c u l a t i o n  sequence. 11 



DIFFUSION THEORY CODES TRANSPORT THEORY CODES 

FIGURE 2. Logic Flow in NJOY and Related Codes. 
12 
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B. METHODS 

NJOY uses t h e  s e l f - s h i e l d i n g  f a c t o r  ( o r  Bondarenko) method. ( 5 4 )  In a 

resonance reg ion ,  t h e  neut ron f l u x  w i l l  be depressed, thereby reduc ing t h e  

c o n t r i b u t i o n  o f  t h a t  resonance t o  t h e  r e a c t i o n  r a t e .  The magnitude o f  t h i s  

s e l f - s h i e l d i n g  depends i n  a  complex way on t h e  temperature, composi t ion,  and 

geometry o f  t h e  problem. However, f o r  many problems, accurate  r e a c t i o n  

r a t e s  can be computed us ing  average c ross  sec t i ons  de f i ned  by 

and t h e  weight  f u n c t i o n  f o r  m a t e r i a l  i i s  g i ven  by 

where: 

a = 0  ( f l u x  we igh t i ng )  

a = 1  ( c u r r e n t  we igh t i ng )  

E  = Neutron energy 

T  = Temperature 

g  = Group index  

4 (E) = Assumed s l o w l y  v a r y i n g  f l u x  

u = Background c ross  s e c t i o n  

U[ = Microscopic  t o t a l  c ross  s e c t i o n  f o r  t h i s  m a t e r i a l  

~i = Mic roscop ic  c ross  s e c t i o n  f o r  r e a c t i o n  x 
X 

The f i l e  ISOTXS con ta i ns  " i n f i n i t e  d i l u t i o n "  c ross  sec t i ons  a t  300 K y  u o  = =, 
i 

u (T  = 300 K y  u o  = - ) .  Temperature and o -dependent c ross  sec t i ons  a re  x kg  0 
ob ta ined  by  i n t e r p o l a t i n g  i n  t a b l e s  o f  f f a c t o r s  



These a re  g i v e n  i n  t h e  BRKOXS f i l e .  Current  we igh t ing  ( a = l )  i s  used f o r  t h e  

t o t a l  c r o s s - s e c t i o n  f f a c t o r ,  w h i l e  f l u x  we igh t ing  (a=O) i s  used f o r  t h e  

e l a s t i c ,  capture ,  and f i s s i o n  c r o s s - s e c t i o n  f f a c t o r s .  

Group-to-group t r a n s f e r  m a t r i c e s  a t  i n f i n i t e  d i l u t i o n  were computed f rom 

where : 

g  = I n i t i a l  energy group 

g '  = F i n a l  energy group 

F::~ (E+E' ) = Legendre component o f  t h e  p robab i  1  i t y  
of s c a t t e r i n g  f rom E t o  E' 

The e l a s t i c  removal c r o s s  s e c t i o n  i s  g i v e n  by 

The t r a n s p o r t  c ross  s e c t i o n  i s  c a l c u l a t e d  u s i n g  

Note t h a t  1DX c a l c u l a t e s  u t r  i n t e r n a l l y .  



F i n a l l y ,  t h e  f i s s i o n  c h i  m a t r i x  i s  g iven  by 

S ince does n o t  va r y  much as a  f u n c t i o n  o f  incoming neu t ron  energy 
g+g1 

f o r  low energ ies,  t h e  CCCCR module co l l apses  groups 15 + 53 i n t o  1  group. 

C. FORMATS 

Resu l t s  o f  p rocess ing  a re  a v a i l a b l e  i n  t h e  format  o f  t h e  f i l e s  shown i n  

F i gu re  2. The main ou tpu t  i s  shown as FTR Set  500 ( t h e  fo rmat  shown i n  

Table  5 ) .  Th is  ca rd  image f i l e ,  which i s  q u i t e  s i m i l a r  t o  t h e  ETOX ou tpu t  

fo rmat ,  con ta i ns  i n f i n i t e l y  d i l u t e  c ross  sec t ions ,  f f a c t o r s ,  and t r a n s f e r  

( i n c l u d i n g  x) mat r i ces  and i s  s u i t a b l e  f o r  d i f f u s i o n  c a l c u l a t i o n s .  An 

a l t e r n a t i v e  r e p r e s e n t a t i o n  i s  a l s o  a v a i l a b l e  i n  t h e  ETOX ou tpu t  fo rmat .  

T h i s  r e p r e s e n t a t i o n  ( i n  53 groups o r  i n  t h e  42-group s t r u c t u r e  o f  FTR Set 

300s) does n o t  c o n t a i n  t h e  x mat r i ces ,  e l a s t i c  down s c a t t e r i n g ,  o r  removal 

c ross  sec t ions .  

The DTF fo rmat  has response f u n c t i o n  e d i t s  o f  KERMA and IJ ( o r  o f  f o r  t h e  
Y 

a c t i n i d e s )  as w e l l  as t h e  oa,  vof ,  and o t  s tandard e d i t s .  Complete P I  

downscat ter ing and photon p roduc t i on  ma t r i ces  a re  a l s o  g iven .  I n f i n i t e l y  

d i l u t e  values a re  g i ven  f o r  T  = 300 K, 1200 K  and ( f o r  t h e  a c t i n i d e s )  2100 K, 

as a re  va lues f o r  T  = 300 K and a. = min. 

A l l  i n t e rmed ia te  f i l e s  have been saved so t h a t  q u a n t i t i e s  l i k e  de layed 

neu t ron  spect ra ,  which do n o t  have s tandard ized  formats ,  can a l s o  be 

supp l ied .  



TABLE 5 

SET 500 FORMAT 

NG = Number o f  groups ( 5 3 )  
N X  = Number o f  downscat ter  and i n s c a t t e r  groups (53)  

1. Header Card (A8, A6, E6.2, 916) 

HOLN = H o l l e r i t h  d e s c r i p t o r  
MAT = M a t e r i a l  number 
ATW = Atomic we igh t  ( i n  neu t ron  masses) 
ICHI  = No. o f  f i s s i o n  groups 
NT = No. o f  temperature  va lues 
NGB = F i r s t  group hav ing  f f a c t o r s  
NGE = L a s t  group hav ing  f f a c t o r s  

NPFF(5) = No. of u O t s  f o r  f i s s i o n ,  capture ,  e l a s t i c ,  removal, 
t o t a l  

2. Temperatures (12F6.0) 

(TEM(K) ,K=1 ,NT) = temperatures  

3. f F a c t o r  B lock  - f i s s i o n ,  capture ,  e l a s t i c ,  removal, t o t a l  

A. SIGO(6E12.3) 
(SIGO(K) ,K=1 ,NPFF(I)) = uo f o r  I t h  r e a c t o r  

B. f f a c t o r  (16,(6F12.6)) repea ted  f o r  each group 
L = group number 
( ( F ( I , J ) , J = l  ,NPFF( I ) ) ,  I = 1  ,NT) = f f a c t o r  f o r  I t h  

r e a c t o r ,  J t h  tempera tu re  

4. F i s s i o n  M a t r i x  Data 

A. F i s s i o n  m a t r i x  (16,(6E12.6)) repea ted  ICHI t imes  
L = group number 
(CHIISO(L,K),K=~,NG) = f i s s i o n  m a t r i x  f o r  group L t o  

group K 
B. P o i n t e r  v e c t o r  (1216) 

J = dummy 
(IOSPEC(I),I=1,NG-1) = v e c t o r  d e s c r i b i n g  c o l l a p s i n g  

o f  f i s s i o n  m a t r i x  





I V .  RESULTS 

A. VERIFICATION 

As NJOY was a  new code t o  HEDL, i t s  r e s u l t s  were v e r i f i e d  aga ins t  values 

ob ta ined  by  NJOY a t  LANL and by ETOX a t  HEDL. 2 3 8 ~ u  values f rom LANL were 

'a lmost  i d e n t i c a l  t o  values obta ined i n  t h i s  study, d i f f e r i n g  o n l y  i n  t h e  

f i f t h  decimal p lace.  As t he  LANL r e s u l t s  were from a  CDC 7600, w h i l e  t h e  

HEDL r e s u l t s  were f rom a  UNIVAC 1144, t h i s  smal l  d i f f e r e n c e  cou ld  j u s t  be 

f r om t h e  d i f f e r e n t  word s i zes  o f  t he  two computers. Resu l t s  o f  t h e  LANL 

NJOY process ing f o r  d i f f e r e n t  m a t e r i a l s  were compared w i t h  d i f f e r e n t  codes 

a t  ORNL and ANL, and no d isc repanc ies  were found. 

2 3 9 ~ u  mu l t i g roup  values c a l c u l a t e d  by  t h e  HEDL code ETOX were i d e n t i c a l  t o  

t h e  va lues c a l c u l a t e d  us ing  NJOY w i t h  a  1/E f l u x  we igh t ing .  Other s p e c i a l -  

i z e d  codes i n  use a t  HEDL showed e x c e l l e n t  agreement w i t h  t h e  i n f i n i t e l y  

d i l u t e  q u a n t i t i e s  c a l c u l a t e d  by  NJOY us ing  va r i ous  f l u x  weight ings.  

The DTF s i d e  of t h e  cha in  was checked by  comparing Monte Car lo  r e s u l t s  w i t h  

ANISN runs  us ing  s i m i l a r l y  prepared c ross  sec t i ons  t o  Set 500. 

B.  FTR SPECTRAL-AVERAGED VALUES 

Table 6  presents  spect ra l -averaged va lues f o r  t h e  c ross  sec t i ons  o f  Set 500 

f o r  two spect ra ,  FTR core  cen te r  and FTR r e f l e c t o r ,  based on t h e  co re  c e n t e r  

weighted mu l t i g roup  c ross  sec t ions .  
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V .  LIMITATIONS 

Although t he  p resen t  c ross -sec t ion  s e t  i s  adequate f o r  l i m i t e d  FTR analyses, 

d e t a i  l e d  analyses w i  11 r e q u i r e  more data.  A d d i t i o n a l  ma te r i  a1 s  (such as 

2 3 2 ~ h  and f i s s i o n  p roduc ts )  a re  needed f o r  ana l ys i s  o f  nonstandard 

assembl i e s  and f u l l  c y c l e  i r r a d i a t i o n s .  Also more m a t e r i a l s  (bes ides Fe, 

2 3 8 ~ ,  and 2 3 9 ~ u )  should be weighted w i t h  t h e  r e f l e c t o r  f l u x  t o  p r o p e r l y  

i n d i c a t e  t h e  s p e c t r a l  v a r i a t i o n  o f  t h e  FTR. 

The p resen t  s e t  i s  h e a v i l y  b iased toward r e a c t o r  phys ics  c a l c u l a t i o n s .  For 

s h i e l d i n g  c a l c u l a t i o n s ,  t h e  present  1  i b r a r y  i s  q u i t e  1  im i t ed .  A c t i v a t i o n  

c ross  sec t i ons  a re  needed f o r  delayed photon source terms. The photon 

p roduc t ions  ma t r i ces  and KERMA f a c t o r s  should be mod i f i ed  t o  i n c l u d e  t h e  

decay o f  s h o r t - l i v e d  a c t i v a t i o n  products .  For t h e  t r a n s p o r t  o f  neutrons 

through sh ie lds ,  a  d i f f e r e n t  f l u x  we igh t i ng  i s  needed, h igher -o rder  s c a t -  

t e r i n g  moments need t o  be inc luded,  and d i f f e r e n t  m a t e r i a l s  (e.g., H)  need 

t o  be added. 

Nonetheless, t h e  FTR Set 500 i s  a  major s t a r t  on a  nuc lear  da ta  l i b r a r y  t h a t  

w i l l  a l l o w  FTR analyses us ing  t h e  l a t e s t  a v a i l a b l e  nuc lea r  da ta  eva lua t i on .  
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