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Abst rac t  

Monte Carlo ca l cu la t i ons  were performed t o  analyze an i n t e g r a l  exper i -  

ment on a l i q u i d  oxygen sample t o  determine the adequacy o f  t h e  neutron 

s c a t t e r i n g  and gamma-ray product ion  data f o r  oxygen. The experimental  

r e s u l t s  inc luded energy- and angular-dependent NE-213 de tec to r  count 

ra tes  and secondary pulse-height  spec t ra  f o r  sca t te red  neutrons and 

gamma rays. The sample was a sphe r i ca l  dewar o f  l i q u i d  oxygen pulsed w i t h  

a 1- t o  20-MeV neutron source. Pulse-height  data were unfo lded t o  

generate secondary neutron and gamma-ray product ion  spectra as a f u n c t i o n  

of angle i n  broad i n c i d e n t  neutron energy b ins .  Analys is  o f  a l l  t he  re -  

por ted  data was based on mul t ig roup Monte Carlo ca l cu la t i ons  us ing the  

MORSE code. Results i n d i c a t e  t h a t  t h e  c u r r e n t  ENDF/B-IV neutron and 

gamma-ray product ion  data f o r  oxygen above 1 MeV appear t o  be i n  good 

order .  The on l y  major discrepancy uncovered was r e l a t e d  t o  neutron sca t -  - 

t e r i n g  and gamma-ray product ion from f i r s t  l e v e l  i n e l a s t i c  s c a t t e r i n g  

i n t e r a c t i o n s .  Calculated r e s u l t s  f o r  t he  product ion  o f  6-MeV gamma rays 

from the  6-MeV f i r s t  i n e l a s t i c  l e v e l  i n  oxygen appear t o  be low by around 

50% a t  energies above the  i n e l  a s t i c  th resho ld .  Likewise, c a l c u l a t e d  

secondary neutron spectra f o r  i n c i d e n t  neutron energies above 6 MeV are  

un i fo rmly  low a t  energies corresponding t o  neutrons having had f i r s t  

l e v e l  i n e l a s t i c  s c a t t e r i n g  events i n  oxygen. Add i t i ona l  d e f i c i e n c i e s  i n  

t he  oxygen cross-sect ion data a re  i n d i c a t e d  f o r  i n e l a s t i c  s c a t t e r i n g  from 

the  c l u s t e r  o f  d i s c r e t e  l e v e l s  i n  t h e  12-13 MeV range and f o r  e l a s t i c  

s c a t t e r i n g  a t  very sma'li angles a t  energies above 2 MeV. The s i z e  o f  t he  

i n e l a s t i c  discrepancies are l a r g e r  than t h e  20-30% o rde r  o f  e r r o r  i n d i -  

cated f o r  these cross sec t ions  i n  t h e  ENDF/B-IV unce r ta in t y  f i l e s  f o r  

oxygen. 



I. I n t r o d u c t i o n  

Ca lcu la t ions  of neutron' and gamma-ray i n t e g r a l  count r a t e s  and 

secondary energy spectra were performed f o r  comparison w i t h  . the r e s u l t s  

o f  an i n t e g r a l  measurement on 1 i q u i d  oxygen. The c a l c u l a t i o n s  and t h e  

experiments were done a t  Oak Ridge Nat ional  Laboratory1'2 as p a r t  o f  

The Defense Nuclear Agency data t e s t i n g  program. This e f f o r t  was designed 

t o  t e s t  neutron s c a t t e r i n g  and gamma-ray product ion  da'ta f o r  several  

nuc l ides  o f  i n t e r e s t  t o  DNA f o r  i n c i d e n t  neutron energies from 1 t o  15 

MeV. The ca l cu la t i ons ,  experiments, and comparisons presented here a r e  

s imi ' la r  t o  those a l ready completed f o r  carbon3 and n i  t r ~ g e n . ~  The 

procedures f o r  t he  data t e s t i n g  pro'gram were o u t l i n e d  i n  these e a r l i e r  

references i n terms o f  experimental technique, ca l  cu l  a t i o n a l  models, and 

methods o f  data comparison. 

The c u r r e n t  experiment cons is ted  o f  a dewar f i l l e d  w i t h  l i q u i d  oxygen 

pulsed by a c o l l i m a t e d  beam o f  neutrons t r a v e l i n g  approximately 50 meters 

from source t o  sample. NE-213 detec tors  were used t o  de tec t  bo th  neutrons 

and'gamma rays s c a t t e r i n g  from the sample. The detectors were placed ou t -  

s i de  the f l i g h t  path o f  t he  i n c i d e n t  beam a t  angles w i t h  respect  t o  t he  

beam d i r e c t i o n  of approximately 30, 55, 90, and 125 deg. The data were 
reduced t o  neutron and gamma-ray counts as a func t i on  o f  t ime and repor ted  

as counts per  i n c i d e n t  neutron as a f u n c t i o n  o f  i n c i d e n t  neutron energy 

by us ing  t i m e - o f - f l  i g h t  considerat ions.  Pulse-height  i n fo rma t ion  was a1 so 

recorded'as a f u n c t i o n  o f  a r r i v a l  t ime so t h a t  t he  d i f f e r e n t i a l  spectrum 

o f  neutrons and gamma rays cou ld  be obta ined by un fo ld ing  techniques as 

a f u n c t i o n  o f  i n c i d e n t  neutron energy. Gamma-ray counts induced by 

neutron i n t e r a c t i o n s  i n  t he  de tec tor  were removed from the experimental 

data which a r e  repor ted  i n  Ref. 1. 

A1 1 ca l cu la t i ons  used t o  analyze the  experiments were made w i t h  the  

MORSE5 mul t ig roup Monte Carlo code us ing  coupled neutron-gamma-ray 

mul t ig roup data from the  DNA l i b r a r y 6  processed by the  AMPX7 code 

system. The r e s u l t s  o f  the  ana lys is  a re  presented i n  the  form o f  com- 

p a r i  sons o f  the  experimental w i  t h  the  c a l c u l a t e d  r e s u l t s .  



The experimental  arrangement i s  descr ibed i n  Sect ion I 1  and the  c a l -  

c u l  a t i o n a l  model i n  Sect ion  I 11. Experimental and ca l cu la ted  r e s u l t s  are 

presented i n  Sect ion  I V  f o l l owed  by a  d iscussion i n  Sect ion V and conclu- 

s ions  i n  Sect ion V I .  

I I. Experimental Arrangements 

The ORNL experimental  setup i s  shown i n  F ig .  1. The Oak Ridge E lec t ron  

L inea r  Acce lera tor  (ORELA) was used t o  c rea te  a  wh i te  pulsed source (12 

nsec b u r s t  w id th )  from the  Be(y,n) reac t i on .  These neutrons were c o l l i -  

mated i n t o  a  13.26-cm e f f e c t i v e  dlameter bear11 dr~d l r -dveled 47.35 meters 

a long a  f l i g h t  pa th  t o  the  s c a t t e r i n g  sample forming a  un i fo rmly  d i s -  

t r i b u t e d  mono-di rect ional  source a t  t he  sample p o s i t i o n .  The source and 

f l i g h t  pa th  are shown i n  F ig .  2. 

The s c a t t e r i n g  sample cons is ted  o f  a  t h i n  evacuated Pyrex dewar 

f i l l e d  w i t h  4.27 l i t e r s  o f  l i q u i d  oxygen w i t h  a  dens i ty  o f  1.14 ,g/cm3. 

The u n f i  1  l e d  dewar weighed 1256.5 grams and was 22.69 cm i n  o u t e r  diam- 

e t e r .  More s p e c i f i c a t i o n s  o f  the dewar can be found i n  Ref. 1.  The 

4.22 cm x  4.65 cm NE-213 de tec to r ,  used f o r  both neutrons and gamma-ray 

de tec t i on ,  was. p laced a t  f o u r  d i f f e r e n t  posi  t i o n s  corresponding t o  angl es 

o f  30, 55, 90, and 125 deg w i t h  respect  t o  the  i n c i d e n t  beam d i r e c t i o n .  

The c o l  1  imated beam was centered on the  face o f  the  dewar a t  an angle 

o f  2  deg w i t h  respect  t o  t h e  ho r i zon ta l  l i n e  o f  the  de tec tors .  The 

experimental  data cons is ted  o f  i n t e g r a l  count ra tes  and pu lse-he igh t  

spec t ra  f o r  bo th  neutrons and gamma rays a t  each de tec to r  l o c a t i o n .  

I 11. Cal cu l  a t i o n a l  .Model 

A. Codes and Cross-Sect.ion Data 

A l l  c a l c u l a t i o n s  presented i n  t h i s  r e p o r t  were made w i t h  the  MORSE5 

mu l t i g roup  Monte Car lo code us ing  coupled neutron-gamma mul t ig roup data 

processed by t h e  AMPX7 code system. 
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The oxygen cross-sect ion data s e t  used i n  the c a l c u l a t i o n s  was taken 

from the  DNA MAT 4276 data f i l e  (equ iva len t  t o  ENDFIB-IV) . A dens i ty  o f  

0.04306 at lbarn-cm was used f o r  the  1 i q u i d  oxygen. The Pyrex dewar 

was mocked up as pure Si02 us ing  DNA MAT' 4194 s i l i c o n  data (equ iva len t  t o  

ENDF/B-IV) w i t h  dens i ty  o f  0.02325 at/barn-cm and DNA MAT 4276 oxygen data 

w i t h  a dens i ty  o f  0.0465 atlbarn-cm. 

The cross sec t ions  f o r  each case were processed by AMPX i n t o  a 

103-38 coupled neutron-gamma group s t r u c t u r e  w i t h  a P 7  Legendre expansion 

and a 1/E we igh t ing  f u n c t i o n  t o  s imulate the i n c i d e n t  source spectrum. 

The cross-sect ion group s t r u c t u r e  i s  shown i n  Table I along w i t h  the  

de tec tor  e f f i c i e n c i e s .  The neutron groups are  equa l l y  spaced i n  l e tha rgy  

between 20 MeV and 300 keV. The c a l c u l a t i o n  was run  i n  the MORSE pr imary 

p a r t i c l e  mode i n  which gamma rays are  produced u t i l i z i n g  neutron t o  gamma 

group t rans fe r  probabi 1 i ti es and gamma-ray angular  p roduct ion  data. 

B. Cal c u l a t i o n a l  Procedure 

Neutrons and gamma rays were fo l l owed  f rom product ion  t o  de tec t i on  

as a f u n c t i o n  o f  space, angle, and t ime. Neutron h i s t o r i e s  were 

s t a r t e d  un i fo rmly  per  uni t le tha rgy  f rom 20 MeV t o  the  lowest  energy 

w i t h  repo r ted  experimental data. The i n i t i a l  s p a t i a l  coord inates o f  

the neutrons were determined by s e l e c t i n g  x and y un i fo rm ly  over t he  

138.1 -cm2 e f f e c t i v e  cross-sect ional  area o f  the neutron beam and p l a c i n g  

z a t  the l ead ing  edge o f  t he  sample. Neutrons were s t a r t e d  s ' t r a i g h t  

ahead i n  the  z d i r e c t i o n .  Gamma rays produced i n  the  sample acqui red 

the p o s i t i o n ,  t ime, and ca l  cu l  a t i o n a l  weight  o f  the neutrons which 

produced them. 

Source neutrons i n  each energy group were given i n i t i a l  t imes 

determined by the t i m e - o f - f l i g h t  of a neutron a t  the  midpo in t  o f  each 

energy group t o  the  lead ing  edge o f  t he  sample. R e l a t i v i s t i c  v e l o c i t i e s  

were used throughout t h e  ca l cu la t i ons .  The i n i  ti a1 times were smeared 
I 

w i t h  a Gaussian approximation o f  t he  exper imenta l l y  determined t ime 

spread as fo l l ows  : 



Group 
No. 

Table  I .  Energy Grpup S t r u c t u r e  (103 Neutron Groups and 
38 Gamma-Ray ~ r o u p s )  and Detec tor  ~ f f i c i e n c i e s  

Upper Energy 
( ev> 

- - - 

Detec to r  Group Upper Energy 
E f f i c i e n c y  No. (ev) 

Detec tor  
E f f i c i ency  



7 

T a b l e  1 (Cont 'd . ) 
Group Upper Energy 

NO.  (ev) 
D e t e c t o r  

E f f i c i e n c y  



where R1 and R2 are  random numbers and T  = 12 nsec. 

The c a l c u l a t i o n  model f o r  the ORNL experiment i s  shown i n  Fig. 3. 

N e i t h e r  t h e  f i l l  tube no r  t h e  styrofoam dewar support s t r u c t u r e  were 

i nc luded  i n  mocking up the  Pyrex dewar. The detec tor  coordinates i nc lude  

t h e  2-deg r o t a t i o n  between the  beam and detec tor  a x i s  i n  t he  experiment. 

Count ra tes  were c a l c u l a t e d  as 4 x  E where + i s  the  fl ux a t  the 

d e t e c t o r  center  determined by next. f l i g h t  es t ima t ion  and c i s  t he  

d e t e c t o r  e f f i c i e n c y  given i n  Table 1. The count ra tes  were converted t o  

counts per  MeV per  i n c i d e n t  source neutron by mu1 t i p l y i n g  the  count r a t e  

by  the  t ime  b i n  w i d t h  and by d i v i d i n g  by the  corresponding energy group 

w i d t h  i n  MeV. The f r a c t i o n  o f  i n c i d e n t  neutrons i n  each energy group 

i s  equal ( w i t h i n  s t a t i s t i c s )  s ince the  group boundaries a re  equa l l y  

spaced i n  l e tha rgy  and t h e  s t a r t i n g  energ ies  were se lec ted  un i fo rmly  i n  

l e tha rgy .  

,The de tec to r  count r a t e s  were repo r ted  as func t ions  of the  i n c i d e n t  

neutron energy. The t ime b i n s  f o r  t he  c a l c u l a t i o n  were determined from 

the  ener'yy yroup buundari es , E, as to1  'lows : 

where, 

T  = f l i g h t  t ime i n  sec from acce le ra to r  source t o  sample face  fo r  

a neutron energy E a t  t he  source, 

D = d is tance i n  cm from acce le ra to r  source t o  sample face, 

E '  = 1.06434 x 10-3 x  E, where E i s  the energy i n  MeV, 

c  = speed o f  l i g h t  i n  cm/sec. 



; F ig .  3. Geometry o f  Oxygen Dewar Used i n  ORNL Experiment. 



Although the  neutron f l i g h t  t imes s c a t t e r i n g  i n  the sample and t r a v e l l i n g  

t o  the  d e t e c t o r  a re  i nc luded  i n  the c a l c u l a t i o n s ,  they are  genera l l y  smal l  

compared t o  the f l i g h t  t ime o f  t he  neutrons from the  source t o  the  sample 

as determined b y  Eq. ( 2 ) .  

The c a l c u l a t e d  secondary energy spec t ra  f o r  the  experiment inc luded 

t h e  e m p i r i c a l l y  determined energy r e s o l u t i o n  o f  t he  de tec tor  g iven by R, 

, t h e  f u l l - w i d t h  a t  half-maximum o f  t h e  r e s o l u t i o n  f u n c t i o n  i n  percent :  

where A  was 250 f o r  neutrons and 170 f o r  gama rays,  B was 670 f o r  neu- 

t r o n s  and 288 f o r  gamma rays,  and E was an energy i n  MeV un i fo rm ly  

s e l e c t e d  i n  the energy group o f  the dete.cted p a r t i c l e .  The spec t ra  were 

ob ta ined by time-dependent c a l c u l a t i o n s  w i  t h  t ime b ins  being determi ned 

by Eq. ( 2 )  where E corresponded t o  the  broad group energy boundaries 

used i n  ,unfolding the  experimental  pu lse-he igh t  spectra.  

I V .  Comparison o f  Experimental and Calculated Resul ts  

The f i g u r e s  which f o l l o w  summarize t h e  c a l c u l a t i o n s  performed f n r  

comparison w i  t h  t he  experimen t a f  data. A1 1  c a l c u l a t i o n s  were made w i  t h  

t he  MORSE Monte Car lo code us ing  the  ENDF/B-IV oxygen c ross-sec t ion  s e t .  

The i n t e g r a l  count r a t e  comparisons f o r  bo th  neutrons and gama rays a t  

t h e  var ious  de tec tor  l o c a t i o n s  are  given i n  F igs.  4 t o  7. I n  a l l  

f i g u r e s  the .  e r r o r  bars represent  one standard dev ia t i on  of the  mean val ue. 

F igures 8 through 31 g i ve  the  secondary energy spectra comparisons f o r  

bo th  neutrons and gamma rays a t  a l l  f o u r  de tec to r  angles. I n  the 

m u l t i p l e  energy spec t ra  f i gu res ,  each s e t  of comparisons i s  p l o t t e d  a t  

t h e  mid-po in t  o f  the  app rop r ia te  i n c i d e n t  neutron energy b i n  ( i  .e. ,  the  

p l o t  a t  11.25 MeV on t h e  s lan ted  energy sca le  corresponds t o  the  spectrum 

o f ' secondary  neutrons a r i s i n g  from i n c i d e n t  neutrons i n  the  10.0 t o  12.5 

MeV ' energy range ) . 



V .  Discussion 

The i n t e g r a l  neutron count r a t e  comparisons i n  F igs.  4  through 7 a re  

genera l l y  i n  good agreement except f o r  the  10% t o  40% disagreements i n  

the neutron r e s u l t s  above 10 MeV a t  a1 1  angles, and a t  3 MeV and above 

4  MeV a t  30 deg. I n  these l a t t e r  comparisons the  c a l c u l a t i o n s  a r e  

un i fo rmly  h igher  than the  experimental r e s u l t s .  The gamma-ray i ntegra l  

r e s u l t  comparisons show e x c e l l e n t  agreement a t  a l l  angles and energies 

above the  6 MeV th resho ld  f o r  i n e l a s t i c  gamma-ray product ion  i n  oxygen. 

Results below t h i s  energy have l a r g e  , s t a t i s t i c a l  e r r o r s  and a re  the 

r e s u l t  o f  gamma-ray product ion  i n  the  glass dewar and o t h e r  background 

sources. 

Looking c lose l y  a t  the unfo lded neutron spec t ra  comparisons f o r  t he  

30-deg de tec to r  i t  i s  c l e a r  t h a t  the  major reason f o r  t he  discrepancies 

i n  the 30-deg i n t e g r a l  r e s u l t s  i s  the  disagreement between the measurements 

and the  ca l cu la t i ons  f o r  e l a s t i c  sca t te r i ng .  The c a l c u l a t e d  detec tor  

response f o r  the h igh  energy s ide  o f  the  peak r e s u l t i n g  from e l a s t i c  

s c a t t e r i n g  i n  the oxygen sample i s  un i fo rm ly  h igh  f o r  a l l  o f  t he  i n c i d e n t  

neutron energy b i n s  shown i n  F igs.  8, 9, and 10. This disagreement i s  

most pronounced i n  the  2-3 MeV energy b i n  where the  ca l cu la ted  k inemat ics 

o f  e l a s t i c  s c a t t e r i n g  appear t o  i n d i c a t e  t h a t  most o f  t he  events i n  t h i s  

b i n  come from i n c i d e n t  neutrons w i t h  energies above the  2.3 MeV oxygen 

t o t a l  cross sec t i on  minimum. The experimental r e s u l t s  show the  opposi t e  

i n  t h a t  most sca t te r i ngs  occur below the  2.3 MeV minimum. Since the  

h igh energy s ide  o f  the e l  as ti c  peak i n  each energy b i n  i s  most sensi t i v e  

t o  small angle s c a t t e r i n g  ( less  than 30 deg) from the reg ion  of  the  dewar 

being h i t  by the  beam, i t  appears l i k e l y  t h a t  t he  P7 Legendre representa- 

t i o n  o f  t h e  low angle s c a t t e r i n g  i s  n o t  s u f f i c i e n t  f o r  such a  h igh  

reso l  u t i o n  angular  measurement. S i m i l a r  r e s u l t s  were found f o r  n i  t rogen 

i n t e g r a l  measurements ,l so i t  seems u n l i k e l y  t h a t  i t  i s  the  oxygen data 

t h a t  i s  a t  f a u l t .  Small angle s c a t t e r i n g  c ross-sec t ion  measurements i n  

both n i t rogen  and oxygen are  n o t  a v a i l a b l e  t o  v e r i f y  t h i s  conclusion, 

however, and runs us ing h ighe r  o rder  PR expansions would be p r o h i b i t i v e l y  

expensive and I  mi t e d  by core s  tordye requirements . 



A discrepancy n o t  ev iden t  i n  t h e . i n t e g r a 1  r e s u l t s  which does appear 

i n  the spec t ra l  comparisons i s  t he  discrepancy i n  the  f i r s t  l e v e l  i n e l a s t i c  

s c a t t e r i n g  peak f o r  oxygen (shown about 6  MeV below the e l a s t i c  peak i n  

each -energy b i n  o f  t he  spec t ra  f i gu res )  a t  i n c i d e n t  neutron energies above 

t h e  i n e l a s t i c  t h resho ld  o f  6  MeV. The c a l c u l a t i o n s  o f  i n e l a s t i c  s c a t t e r -  

i n g  a t  almost a l l  angles (see Figs.  8 t o  19) appear t o  be l.ow w i t h  the 

e f f e c t  most pronounced a t  i n c i d e n t  energies r i g h t  above threshol  d. This 

s t r o n g l y  i n d i c a t e s  t h a t  the  f i r s t  l e v e l  i n e l a s t i c  cross se'ct ion a t  these 

energies i s  low by from 10%-20%. Fur ther  evidence for- t h i s  conclusiur i  

can be i n f e r r e d  f rom the  secondary gamma-ray spectra where the  ca l cu la ted  

gamma-ray product ion  f rom the  6 MeV f i r s t  i n e l a s t i c  l e v e l  (producing a  

6  MeV gamma ray )  i s  u n i f o r m l y  low f o r  i n c i d e n t  neutron energies g rea te r  

than 6 MeV (see F igs .  20 t o  31 ) .  A s i m i l a r  b u t  smal le r  discrepancy occurs 

i n  the i n e l a s t i c  s c a t t e r i n g  f rom the  c l u s t e r  of  d i s c r e t e  l e v e l s  i n  oxygen 

f rom 12-13 MeV where t h e  c a l c u l a t i o n s  appear t o  be h igh  (see F igs .  13 

and 16) .  

The spec t ra l  comparisons f o r  gamma-ray product ion  appear t o  show 

s u b s t a n t i a l  d iscrepancies n o t  apparent f rom the  i n t e g r a l  r e s u l t s  shown 

i n  F igs .  4 t o  7. The o n l y  impor tan t  discrepancy, however, i s  the  one 

discussed above i n  connect ion w i  t h  underpred ic t ing  gamma.-ray product ion  

f rom f i r s t  l e v e l  i n e l a s t i c  s c a t t e r i n g  events i n  oxygen. The l a r g e  

d iscrepancies i n  t he  r e s u l t s  f o r  neutron energies below the  6  MeV 

oxygen' th resho l  d  i n d i c a t e  t h a t  the gamma-ray background (poss ib ly  from 

t h e  boron i n  t he  g lass dewar) was n o t  ca l cu la ted  p r o p e r l . ~ .  

V I  . Concl usions 

The cur-rent ENDF/B-IY neutron and .gama- rayp roduc t i on  data f o r  

oxygen above 1  MeV appear t o  be i n  good order  based on the  comparisons o f  

c a l c u l a t e d  and measured i n t e g r a l  and d i f f e r e n t i a l  r e s u l t s  made i n  t h i s  

study.  The on l y  major discrepancy uncovered was r e l d l e d  (;u neutron 

s c a t t e r i n g  and gamma-ray product ion  f rom f i r s t  l e v e l  i n e l a s t i c  s c a t t e r i n g  

i n t e r a c t i o n s .  Ca lcu la ted  r e s u l t s  f o r  the product ion  o f  6  MeV gamma rays 

f rom the  6 MeV f i r s t  i n e l a s t i c  l e v e l  i n  oxygen appear t o  be low by 
' 



around 50% a t  energies above the  i n e l a s t i c  threshold.  Likewise, ca lcu-  

l a t e d  secondary neutron spectra f o r  i n c i d e n t  neutron energies above 6 MeV 

are  un i fo rm ly  low a t  energies corresponding t o  neutrons having had f i r s t  

l e v e l  i n e l a s t i c  s c a t t e r i n g  events i n  oyygen. 

Add i t i ona l  de f i c i enc ies  i n  t h e  oxygen c ross-sec t ion  data a r e  i n d i -  

cated f o r  i n e l a s t i c  s c a t t e r i n g  f rom the c l u s t e r  of d i s c r e t e  l e v e l s  i n  

the  12-13 MeV range and f o r  e l a s t i c  s c a t t e r i n g  a t  very smal l  angles a t  

energies above 2 MeV. I n  both cases the data g i ve  r i s e  t o  ove rp red i c t i on  

o f  the c a l c u l a t e d  r e s u l t s  o f  these events. I n  the  case o f  forward 

sca t te r i ng ,  however, c a l c u l a t i  onal model d e f i c i e n c i e s  a re  the  more 1 i k e l y  

explanat ion o f  the  discrepancies t h a t  were found. 

I t  should be noted t h a t  t he  s i z e  of the  i n e l a s t i c  d iscrepancies a r e  

l a r g e r  than the  20-30% o rde r  o f  e r r o r  i n d i c a t e d  f o r  these cross sec t ions  

i n  t h e  ENDFIB-IV unce r ta in t y  f i l e s  f o r  oxygen.* The e f f e c t  o f  such 

discrepancies on the  r e s u l t s  o f  an e a r l i e r  a i r  t r a n s p o r t  s tudyg a re  

minimal main ly  because o f  the  low importance o f  oxygen data i n  general 

o t h e r  than t h e  2.3 MeV t o t a l  cross sec t i on  minimum. The e f f e c t s  prob- 

ab ly  do become more impor tan t  i n  concrete sh ie lded s t ruc tu res  b u t  no 

q u a n t i t a t i v e  measure o f  the  e f f e c t  can be quoted as y e t .  l0  
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F i g  4 -  Comparison o f  Neutron and Gamma-Ray I n t e g r a l  Resu l t s  a t  
30 deg w'th C a l c u l a t i o n s  Using ENDFIB-IV Oxygen Data. 



Fig. 5. Comparison of Neutron and Gamma-Ray Integral Results at 
55 deg with C~lculations Using ENDFIB-IV Oxygen Data. 
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Fig. 6 .  C.omperison of Neutron and Gamma-Ray In tegra l  Resul ts  a t  
90 deg w i t h  Celcula t ions  Lsing ENDFIB-IV Oxygen Data. 



- 
F ig .  7. Comparison o f  Neutron and Gamma-Ray I n t e g r a l  Results a t  

125 deg w i t h  Calculat ions ,Using ENDF/B-IV Oxygen Data. 
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F'iy. 8. Securlddry Ncu.trun Spectra Comparisons a t  30 deg Us'ing 
ENDF/B-IV Oxygen Data. 
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F i g .  9. Secondary Neutron Spectra Comparisons a t  30 deg Using 
ENDFIB-IV Oxygen Data.  
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F i g .  10, Secondary Neutron Spectra Comparis~ns a t  30 deg Using 
ENDFIB- I V  Oxygen Data. 
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F i g .  11. Secondary Neutron Spec t ra  Comparisons a t  55 deg Using 
ENDFIB-IV Oyygen Data. 
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F i g ,  12 ;  Secondary Neutron Spect ra  Comparisons a t  5 5  deg Using 
ENDF/B- I V  Oxygen Data. 
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F i g .  13.  Secondary Neutron Spectra  Comparisons a t  55 deg Using 
ENDFIB- I V  Oxygen Data.  
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Fig.  14 .  Secondary Neutron Spec t r a  Comparisons a t  90 deg Using 
ENDF/ B- I V Oxygen Data. 
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F i g .  15 .  Secondary Neutron Spectra  Comparisons a t  90 deg Using 
ENDF/B-IV Oxygen Data .  
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F i g .  16 .  Secondary,  Neutron S p ~ c t r a  Comparisons a t  90 deg Using 
ENDFIB- I V  Oxygen Data.  
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F i g  . 17.  Secondary Neutron Spectra  Comparisons a t  125' deg Using 
ENDF/B- IV Oxygen Data .  
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F i g .  '18. Secondary Neutron Spectra  Curol~ar*isuns a t  125 deg U s i n g  
ENDF/B-IV Oxygen Data .  
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F i g .  19..  Secondary Neutron Spectra Comparisons a t  125 deg Using 
ENDFIB- I V Oxygen Data. . 
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F i g .  21.  Secondary Garma-Ray Spect ra  Comparisons a t  3 0  deg Using 
ENDFIB- I V  Oxygen Data .  
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' Fig .  22.  Secondary Gamma-Ray Spect ra  Comparisons a t  30 deg Using 
ENDF/B-IV Oyygen Data. 
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F i g .  23. Secondary Gamma-Ray Spectra  Comparisons a t  55 deg Using 
ENDFIB- IV Oxygen Data.  : 
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F i g .  21, Secondary Gamma-Ray Spectra Comparisnns a t  55 deg Using 
ENDFIB-I V Oxygen Data.  
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F i g .  25.  Secondary Gamma-Ray Spect ra  Comparisons a t  55 deg Using 
ENDFIB- I V  Oxygen Data .  





ORNL DUG 76-8729 

I ORELR OXYGEN SPHERE, 



ORNL DWG 76-8730 

ORELR OXYGEN SPHERE 

I 90 DEGREE GRMMR SPECTRR 

0 2 4 6 8 10 12 14 16 18 

Secondary Enorqy (Me V I 

F ' i g .  20. Ijecondary Gac~olrd-Rdy Spectra comparisons a t  90 deg Us ing  
ENDFIB- IV  Oxygen Data .  
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* F i g .  29. Secondary Gamma-Ray Spectra  Comparisons a t  125 deg Using 
ENDFIB-IV Oxygen Data .  
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FSg. 30. Secondary Ganuaa-Kay Spectrd Curr~parisuris a t  125 deg Using 
ENDFIB- I V Oxygen Data. 
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F i g .  31. Secondary Gamma-Ray Spectra  Comparisons a t  125 deg Using 
ENDFIB-IV Oxygen Data.  
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