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SPONSOR' S C O W N T S  

0. Ozer 

E l e c t r i c  Power Research I n s t i t u t e  

The E l e c t r i c  Power Research I n s t i t u t e  (EPRI) i s  an organizat ion e s -  

tabl ished by the U.S. u t i l i t y  industry i n  order  t o  conduct and administer 

research i n  areas  r e l a t e d  t o  the  generation, transmission, d i s t r i b u t i o n  and 

u t i l i z a t i o n  of eLectr ic  power. About a quarter  of the  i n s t i t u t e ' s  budget 

( $ 3 6 . 2  mil l ion  i n  1975) i s  assigned t o  research pro jec t s  r e l a t e d  t o  the  

development of nuclear  power. 

In  the  area of neutron cross  sec t ions  and associated nuclear constants ,  

EPRIts ob jec t ive  i s  t o  provide the  u t i l i t y  indus t ry  with a standard d a t a  base 

acceptable f o r  use i n  power reac tor  appl icat ions and compatible with t h e  

requirements of ANSI s tandard N411. 

The EBDF/B l i b r a r y ,  developed primari ly  under f a s t  reac tor  funding, 

could provide the bas i s  fo r  such a standard provided i t s  performance i n  

thermal reac tor  app l ica t ions  can be improved. The major problem along t h i s  

path concerns t h e  apparent i n a b i l i t y  of the  ENDFIB d a t a  t o  p r e d i c t  observed 

uranium-238 resonance capture r a t e s  i n  c r i t i c a l  l a t t i c e  experiments. 

Since i t  i s  not  c l e a r  whether the  basic  da ta ,  the  methods of ana lys i s ,  

or t h e  i n t e r p r e t a t i o n  of l a t t i c e  experiments i s  a t  f a u l t ,  EPRI i s  supporting 

t h e  National Neutron Cross Sect ion Center t o  organize a working seminar of 

experts  i n  each of t h e  above areas  i n  a format conducive t o  f r e e  d i s -  

cussions and exchange of ideas.  

It is hoped t h a t  such a seminar w i l l  r e s u l t  i n  a b e t t e r  determination 

of areas  where fu r ther  research i s  most l i k e l y  t o  y i e l d  a solut ion.  



P. Hemmig (in absentia) 

Energy Research and Development Administration 

I consider the meeting to be an important one with considerable promise 

of being productive. It is a milestone in technology when a large number of 

people get  together to try to investigate discrepancies, accelerate 

understanding and the application of that understanding. EPRI is to be 

cornmended for their endorsement of this work. I wish you all a very 

successful meeting. 



INTRODUCTION 

The National Neutron Cross Section Center is interested in U-238 

resonance capture as part of its responsibility for development of the 

Evaluated Nuclear Data File (ENDF/B), a library of microscopic data 

useful to both the research and applied communities. It is a prime 

objective that ENDF/B be application independent. Consistent results 

should be obtained when the best differential data are used to analyze 

integral experiments in configurations which average the nuclear properties 

of many nculides over energy and space. 

Assembly of a comprehensive library of evaluated data is too massive 

a task for any one group. ENDF/B is developed with the help of the Cross 

Section Evaluation Working Group (CSEWG), a group of measurers, evaluators, 

and reactor physicists that meet regularly to plan, evaluate, and test 

nuclear data. In addition special groups of scientists are mobilized at 

times to study important problems. Part of CSEWG's program is the validation 

of ENDFIB data in the calculation of integral knchmark experiments. The 

attention of this Seminar is directed to the poor agreement obtained using 

ENDFIB data in the calculation of low enrichment uranium lattices. This 

is not a new problem but since congigurations of this type continue to play 

and important rule in nuclear power, a field which is being increasingly 

scrutinized for technial flaws, all discrepancies should be tenaciously 

investigated until understood. 

In the CSEWG experience, good cooperation among measurers, evaluators, 

and reactor physicists has been instrumental in bringing about improvements 

in ENDFIB. Each disciplinary group has shown a mutual respect for the 

potential precision inherent in differential and integral experiments and in 

calculational methods. These areas are sufficiently developed that it 

is now reasonable to expect that low enrichment uranium lattices should 

be well calculated from first principles. At present however this has not 

been done and the fault lies somewhere among the nuclear data derived from 

measurements of basic data, the parameters interpreted from integral measure- 

ments, and the calculational methods. 



In  view of the  past  extensive inves t iga t ions  of this problem perhaps 

t h i s  Seminar cannot expect t o  develop any new ins igh t .  However, t h i s  

Seminar does have the advantage of a  time perspect ive of o lder  information 

and cons i s t s  of  a l a rge  group of experts  gathered i n  one place t o  have 

extended i n t e r a c t i v e  discussion dedicated t o  t h i s  sub jec t .  The object ive 

of t h i s  Seminar i s  t o  review pas t  e f f o r t s ,  descr ibe work i n  progress, and 

recornend new inves t iga t ions  aimed at understanding the  inconsistency 

between d i f f e r e n t i a l  and i n t e g r a l  data .  The Seminar i s  j o i n t l y  sponsored 

by the  E l e c t i c  Power Research I n s t i t u t e ,  3412 Hillview Avenue, P. O.Box 10412, 

Pa10 Alto, CA 94304 and the U .  S. Energy Research and Development Administration, 

Washington, D. C .  20545. 

I - v i i  - 



PROGRAM 

There were f i v e  Sess ions  each devoted t o  an a spec t  of t h e  e f f e c t  o f  

U-238 d a t a  on uranium l a r t i c e  c a l c u l a r i o n s .  The Sess ions  and chairmen 

were s e l e c t e d  wi th  t h e  he lp  of  t h e  Thermal Data T e s t i n g  Group, headed up 

by F .  J. McCrosson, ope ra t ing  w i t h i n  t h e  Cross S e c t i o n  Eva lua t ion  Working 

Group 

The Sess ions  were d iv ided  according t o  t h e  fo l lowing t o p i c s :  

Sess ion  Topic Chairman 

I Analys is  of  C r i t i c a l  and S u b c r i t i c a l  F.  3.  McCrosson, SRL 
Experiments 

I1 Experimental D i f f e r e n t i a l  Data G .  DeSaussure, OEWL 

111 Resonance Analys is  M. R. Bhat,  BNL 

IV I n t e g r a l  Measurements and Analys is  J. Hardy, 3 r . ,  BAPL 

V Methods f o r  C a l c u l a t i n g  Energy and R. Karam, GIT 
S p a t i a l  S e l f - s h i e l d i n g  E f f e c t s  

Each Sess ion  chairman was r e spons ib le  f o r  making arrangements wi th  the  

speake r s  and o rgan iz ing  t h e  d i scuss ion .  A f t e r  a l l  speakers  were heard t h e  

p a r t i c i p a n t s  d iv ided  Fnto working groups t o  p repa re  S e s s i o n  summaries and 

recommendations f o r  f u t u r e  work. Papers submit ted  i n  t h e  form of photo- 

ready copy a r e  included i n  t h e s e  proceedings 

- v i i i  - 
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EPILOGUE 

A f t e r  t h e  Seminar t h e r e  was an immediate exchange o f  informat ion 

i n t e r n a l  t o  t h e  r e a c t o r  physics  c a l c u l a t i o n s ,  t h e  comparison o f  which would 

show where t h e  r epor t ed  disagreement between s i m i l a r  c a l c u l a t i o n a l  methods 

e n t e r e d .  A f t e r  c o r r e c t i o n  of  some d i f f e r e n c e s  i n  i n t e r p r e t a t i o n  and some 

minor e r r o r s  i n  long-standing ve r s ions  o f  p rocess ing  codes ,  most o f  t he  

a v a i l a b l e  r e a c t o r  physics  ana lyses  o f  t h e  benchmark l a t t i c e s  a r e  i n  sub- 

s t a n t i a l  agreement. A t  t he  Seminar conf idence was no t  shaken i n  the  parameters 

r e l a t i n g  t o  uranium cap tu re  de r ived  from l a t t i c e  and rod measurements. 

Therefore ,  n u c l e a r  d a t a  con t inues  t o  be suspected a s  t h e  major sou rce  of 

t h e  d i sc repancy  a l though t h i s  i s  not  obvious from examination of  the  measure- 

ments and t h e i r  quoted u n c e r t a i n t y .  

A u s e f u l  background f o r  the  long s t and ing  discrepancy i s  p re sen ted  i n  

Paper No. 1 by Rothenste in .  Monte Car lo  c a l c u l a t i o n s  us ing  ENDFIB-111 d a t a  

by Hardy i n  Paper  No. 2 show t h a t  t h e  d i sc repancy  between c a l c u l a t i o n  and 

experiment from previous  va lues  i s  reduced b u t  n o t  removed f o r  TRX l a t t i c e s  

even though thorough i n v e s t i g a t i v e  techniques  a r e  employed. Monte Car lo  

methods r epor t ed  by Ro thens te in  i n  Paper No. 20 were checked i n  p a r t  a g a i n s t  

Hardy's methods and showed t h a t  t h e r e  were f u r t h e r  smal l  improvements us ing  

ENDF/B-IV da ta .  I n  summary, t h e r e  was r e l a t i v e l y  good agreement between 

c a l c u l a t e d  and measured r e a c t i o n  r a t e  r a t i o s  and c r i t i c a l i t y  f o r  a  wide 

range o f  me ta l  t o  wa te r  r a t i o s  i f  Monte Car lo  methods were used c o r r e -  

sponding t o  a r educ t ion  i n  t h e  disagreement between c a l c u l a t e d  and measured 

s e l f  shielded i n t e g r a l s  from about 10 percent  t o  3 o r  4 percent .  The 

cons tan t  c r i t i c a l i t y  b i a s  and favorable  c a l c u l a t e d  spectrum dependent 

r e a c t i o n  r a t e  r a t i o s  gave s t rong  i n d i c a t i o n  t h a t  c o r r e c t i o n s  t o  t h e  d a t a  

a lone t o  accomodate  remaining d i sc repanc ie s  would be s e v e r e l y  r e s t r i c t e d  

t o  avoid worsening c a l c u l a t e d  r e a c t i o n  r a t e  r a t i o s  o r  i n t roduc ing  a  

composition dependent t i l t  i n  t h e  c r i t i c a l i t y  comparisons.  

I n  t h e  a r e a  of nuc lea r  d a t a  f u t u r e  work is expected t o  concen t ra t e  

on new experiments and r e a n a l y s i s  of  e x i s t i n g  d a t a .  Xew measurements a r e  

recommended t h a t  focus on the  de te rmina t ion  of  resonance widths  f o r  t h e  

first few resonances f o r  U-238, the  magnitude o f  ttie cap tu re  c r o s s  s e c t i o n  

i n  the  v a l l e y s  between resonances and the t ransmiss ion of  neutrons  through 

t h i c k  samples. E x i s t i n g  d a t a  w i l l  be examined f o r  poss ib l e  a l t e r n a t e  

choices  of  U-238 d a t a  that  w i l l  lead t o  cons i s t ency  wi th in  exper imenta l  

u n c e r t a i n t i e s ,  d i f f e r e n t i a l  c r o s s  s e c t i o n s  and d i l u t e  and s e l f  sh i e lded  



resonance i n t e g r a l s .  For improved unders tanding of t h e  d i sc repancy  between 

c a l c u l a t i o n  and experiment t h e  sensistivity of t h e  l a t t i c e  benchmarks t o  

reasonable  cho ices  o f  U-238 and o t h e r  data w i l l  be i n v e s t i g a t e d .  As a 

r e s u l t  of  t h e  Seminar d i s c u s s i o n ,  t h r e e  papers  by Bhat,  Chrien, and desaussure  

were submit ted  f o r  i n c l u s i o n  i n  t h i s  compendia bea r ing  on n u c l e a r  d a t a  and 

i t s  a n a l y s i s .  

For more d e t a i l e d  comments t h e  Sess ion  Summaries and Contr ibuted 

Papers should  be consu l t ed .  

- x i i  - 



Summary of Sessions I and IV 

I. Analysis of Critical and Subcritical Experiments 

IV. Integral Measurements and Analysis 

F. J. McCrosson, SRL 

J. Hardy, Jr . , BAPL 

1. SUMMARY OF LATTICE ANALYSES 

Results of ENDF/B-111 benchmark lattice calculations were summarized. 

These included calculations by the following (Tables 1 and 2): 

F. Wheeler (ANC) - Sn / RABBLE 

J. .Hardy, Jr. (BAPL) - Monte Carlo (MITFT leakage corrections) 

D. S. Craig and M. Hughes (CRNL) - Integral Transport/Nordheirn 
D. Mathews (GGA) - Sn / GAND3 

L. Petrie (ORNL) - Monte Carlo 
F. J. McCrosson (SRL) - Integral TransportfNordheim 

These results consistently indicate that criticality for low enrichment 

uranium lattices is underpredicted by approximately 2% and pZ8, the ratio of 

epithermal-to-thermal 2 3 8 ~  captures, is overpredicted by approximately 10%. 

These discrepancies can be removed by a 1.0 * 0.3 barn reduction of the 
effective resonance integral above 0.625 eV. The reasonably good prediction 

of criticality for the ORNL spheres of uranyl nitrate (93 wt % 2 3 5 ~ )  indicates 

rherc are no significant deficiencies in the 2 3 5 ~  cross sections. 
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.I. Askew described the extensive Winfr i th  experience i n  t h i s  area,  which 

was f i r s t  reported i n  the United S t a t e s  a t  the 1966 San Diego meeting on 

reac tor  physics i n  t h e  resonance and thermal regions. With t h e  U.K. cross  

s e c t i o n  l i b r a r y ,  a reduct ion of about 0.5 b i n  e f f e c t i v e  resonance i n t e g r a l  

i s  required t o  p red ic t  2 3 8 ~  capture i n  a large number of l a t t i c e s .  M. Edenius 

found the  U.K. l i b r a r y  t o  be 0.5 b lower than ENDFIB-111 i n  e f f e c t i v e  capture 

i n t e g r a l .  Hence, the  Winfr i th  s tud ies  support the -1.0 b reduct ion of 

ENDFIB-111 e f f e c t i v e  capture i n t e g r a l  suggested by CSEWG benchmark analyses. 

The SRL r e s u l t s  i n  Tables 1 and 2 provide a measure of t h e  magnitude of 

the  changes i n  going from ENDFIB-I11 t o  ENDFIB-ZV. Although the  improvement 

i s  subs tan t ia l ,  much of the discrepancy remains. One of the primary ob jec t ives  

of the  ENDF/B-IV 2 3 8 ~  cross s e c t i o n  evaluat ion was t o  improve the  pred ic t ion  

of thermal benchmark experiments, but accuracy of the d t f f e r e n t i a l  measure- 

ments, as reported i n  the l i t e r a t u r e ,  gave l i t t l e  leeway fo r  such improvement. 

Because of the high degree o f  consistency among the hundreds of bench- 

marks considered over a wide range of leakages, pi tches,  enrichments and 

moderator types, f t  was concluded t h a t  there  i s  a r e a l  discrepancy i n  the 

2 3 8 ~  epithermal capture cross  sec t ions  which y i e l d s  e f f e c t i v e  resonance 

i n t e g r a l s  which a r e  about 1.0 barn too high, and t h a t  our ob jec t ive  should 

be t o  l o c a l i z e  where the def ic ienc ies  l i e  i n  the epithermal region. Reactor 

ana lys t s  have general ly  agreed t h a t  the  reduct ion should be made i n  

unshielded regions of the c ross  sec t ion ,  and t h i s  has been accomplished by 

a var ie ty  of a r t i f i c e s ,  e.g., a constant  reduction i n  the  capture cross  

sec t ion  throughout t h e  resonance region, or a reduct ion of keV p-wave c ross  

s e c t  ions. 



The consistency of the thermal reactor calculations can also be extended 

to the large plutonium fueled fast reactor benchmarks. Here the U-238 capture 

to Pu-239 fission rate ratios are, for the most part, high by 2-8 percent 

whereas the calculated eigenvalues are low by about: 0.5 percent. There is 

also evidence that the agreement between the calculated and measured param- 

eters gets worse as the U-238 isotopic concentration increases (summary of 

CSEWG Meeting, October 23-24, 1974). It should be noted, however, that in 

fast reactor systems modifications to cross sections other than the U-238 

capture cross section(e.g,, the U-238 inelastic cross section) can improve 

the agreement between the calculated and measured values o f  the U-238 capture 

to Pu-239 fission rate ratios and the eigenvalues. 

Two new calcuLationa1 programs were presented at the meeting. W. Rothenstein 

(Bm) presented results from HAMMER calculations, but with the resonance reaction 

rates calculated by Monte Carlo (=PC). These calculations yielded good 

prediction of k and p28 using ENDP/B-I". D. Finch (SRL) also presented results 

using integral transport theory and a new resonance treatment, similar to 

RABBLE, which yielded promising results. These new results offer the possibility 

that the problems with pZ8 might lie in the lattice analysis techniques and 

not in :he differential cross sections (or the integral measurements). However, 

at this point this is rather improbable due to the good consistency among many 

previous calculations using similar techniques. For example, F. Wheeler's 

calculations used RABBLE for the resonance treatment, which should be similar 

to the new approach presenred by D. Finch. 3.  Hardy used Monte Carlo (RECAP) 

calculations, which should include the advantages of the Rothenstein technique. 
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The Wheeler and Hardy ca lcu ia t ions  a r e  cons i s ten t  within rhemselves and 

support the need for  a  1.0 barn reduct ion i n  the e f f e c t i v e  resonance in tegra l .  

A comparison of the  two methods i s  given below for  the  zero leakage c e l l  

ca lcu la t ions  fo r  TRX-1: 

Parameter Hardy Wheeler % D i f f .  

k 1.155 1.151 . 3  

28 
P 1.375 1.407 2.3 

628 0.0835 0.0835 0  

tiz5 0.1002 0.0999 . 3  

CR 0.814 0.796 2.3 

2 .  SUMMARY OF INTEGRAL MEASUREMENTS 

R. Sher reviewed some of the a c t i v a t i o n  methods used t o  measure 2 3 8 ~  

capture, 2 3 8 ~  f i s s i o n ,  and 2 3 5 ~  f i s s i o n  r a t e s  i n  l a t t i c e s .  Emphasis w a s  

placed on the cadmium r a t i o  method for  D", the  r a t i o  of epithermal/thermal 

2 3 8 ~  capture,  Among t h e  sources of possible  systematic e r r o r  a r e  neutron 

streaming, f l u x  and source per tu rba t ion  by experimental loadings, and calcu- 

l a t i o n  of the cadmium cutoff  energy. 

S. Fiarman and R. Sher presented ca lcu la t iona l  r e s u l t s  f o r  streaming 

e f f e c t s  caused by use of aluminllm sh ie lds  on 238U de tec tor  f o i l s .  

.I. Hardy, J r .  discussed 238U capture experiments i n  TRX l a t t i c e s .  p 
28 

was measured by the cadmium r a t i o  technique and a l s o  by thermal subtract ion,  

which avoids the use of cadmium-covered 238U f o i l s  (and associated questions 

o f  systematic e r r o r ) .  The two methods gave cons i s ten t  r e s u l t s .  
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D. Pellarin and W. Morris described recent parameter experiments in 

exponential assemblies of concentric-tube 238~ lattices moderated with 

D20. Included were measurements of 238~ fission, 235~ fission, 238~ capture, 

2 
and B . These lattices strongly emphasized spatial heterogeneity effects. 

The following points were noted in the discussions: 

a. Lattice Experiments 

Overall consistency of results from a large number of experiments 

at different laboratories suggests that there are no serious systematic 

errors associated with 238~ capture measurements in lattices. (Because 

of the varied techniques employed, and the extreme range of lattice 

types and pitches covered, any such errors would have to be of a 

fundamental nature.) This concLusion is supported by the consistent 

23aU 
calculation of low kefc values, correlated with the amount of 

resonance capture. Consisrency of the CSEWG benchmark experiments 

with those analyzed at Winfrith can be inferred from the fact that both 

indicate the need for a 238~ capture integral -. 0.6 b below that required 

for isolated rod experiments (see Item c). 

b. Isolated Rod Shielded Capture Experiments 

These were reviewed by E. Hellstrand at the 1966 San Diego meeting. 

For UO rods, the average recommended values are slightly lower than 
2 

Hellstrand's own measurements; for metal rods, the recommended values 

are appreciably higher. Calculations indicate that Bellstrand's own 

results are more consistent as to slope, and between UO and metal rods. 
2 
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Overall uncertainty is 3.5%. This type of measurement is subject 

to uncertainty of normalization and flux spectrum. Interpretation is 

less straight forward than for lattice measurements. 

c. Consistency of Lattice and Isolated Rod Experiments 

Analyses of lattice capture measurements and isolated rod shielded 

integrals have been made at Winfrith and by the CSEWG data testing 

committee. Both analyses conclude that the lattice experiments require 

- 0.6 b less 2 3 8 ~  effective capture integral than do the isolated rod 

experiments. (This differs by only 0.1 b between Hellstrand's recom- 

mended values and his own results, but the latter give better overall 

consistency.) This difference is compatible with uncertainties assigned 

to tile respective experiments. Lattice measurements are considered 

to be more cleanly interpretable, although they show some sensitivity 

to nuclear data other than the 2 3 8 ~  capture cross seceion. 

Discussion of inregral experiments, and additional references, may be 

found in the following reports: 

1. M. L. Mikhail, "Elaboration d'un ensemble de donnees coherentes pour 

le calcul des reacteurs nucleaires . . . , ' I  CEA-N-1773, December 1974. 

2. F. J. Fayers, et al,, "An Evaluation of Some Uncertainties in the 

Comparison between Theory and Experiment for Regular Light Water 

Lattices," Journal Brit. Nucl. Energy Soc., 6,  2, April 1967. 

3. P. B. Kernshell, "Some Integral Properties of Nuclear Data Deduced 

from WLMS Analyses of Well-Thermalized Uranium Lattices," 

AEEW-R786, April 1972. 



4. E. Hellstrand, "Measurement of Resonance Integrals," in Reactor 

Physics in the Resonance and Thermal Regions, Vol, 11, p. 151, 

M.I.T. Press, 1966. 

3. RECOMMENDATZONS 

Sensitivity of P~~ to the resonance parameters of the first few 238u 
A- 
resonances should be reviewed. It was indicated by experimentalists at this 

meeting and also the Saclay Specialists Meeting on Resonance Parameters of 

Fertile Nuclei and 2 3 9 ~ u  (e.g. NEANDC (E) 163U, p. 149) rhar uncertainties 

in I- and r for t h e  first few resonances may be  significantly greater than 
n Y 

previously reported in the literature. Any revisions to the resonance 

parameters should be consistent with the measured value of the dilute resonance 

integral and should provide effective resonance integrals consistent with the 

Hellstrand data for isolated rods. Analyses o f  Doppler measurements, e.g., 

the work presented by M. Edenius in Session I, should be he lpfu l  in evaluating 

t h e  merit of revisions to the  cross sections. 

B. The effects on p28 due to the proper inclusion of interference scattering - 
from bound levels and the very high energy resonances should be further examined. 

The proper analysis was described in a paper by B. R. Leonard given at the 1972 

Kiamesha Lake Conference (CONF-720901, P. 81). Presently ENDFIB ignores these 

effects which can be discerned in transmission measurements (see, for example, 

the presentation by D. Olsen (ORNL), Session 11). 
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C. There should be a coordinated e f f o r t  t o  qua l i fy  the ca lcu la t iona l  - 
methods themselves. A systematic comparison of the techniques used by 

D. Finch, J. Hardy, W. Rothenstein, and F. Wheeler would provide valuable 

information concerning the in te r - re la t ionsh ips  of the various methods. 

Also, a documented comparison o f  the  e d i t s  of ENDFIB t o  m u l t i g r o u p  

processing codes on a common group s t r u c t u r e  would se rve  t o  berter define 

the s t a r t i n g  point of the l a t t i c e  ca lcu la r ions  and provide valuable 

information t o  the developers of processing codes. Some l imited work i n  

t h i s  a rea  has beendone, b u t  none of i t  has been adequately documantled for  

thermal reac tor  appl icat ions.  

D. The above work has been c a r r i e d  out t o  some extent ,  but the  questions - 
a r e  s t i l l  r a i sed  wi th in  t h e  reac tor  community because t h e  results have 

been inadequately published. This c l e a r l y  suggests tha t ,  t o  avoid dupl i -  

ca t ion  and provide a more cohesive program, these e f f o r t s  should be coordi- 

nated through specific funding t o  a s i n g l e  responsible  arganizatkon, and the  

results made known to the general  reac tor  community. 

. A d e t a i l e d  review should be made of the current  most important - 
techniques f o r  measuring 2 3 8 ~  capture i n  l a t t i c e s  (e.t;. , modified conversion 

28 
r a t i o ;  cadmium r a t i o  and thermal sub t rac t ion  methods for  p ). Sources of 

systematic e r r o r  should be evaluated and compared. Work i n  t h i s  area, 

funded by EPRI, i s  now i n  progress a t  Stanford. 
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238" 
F. A review should be  made of t h e  major i n t e g r a l  measurements of  - 
capture i n  reactor  l a t t i c e s .  This should include a  comparison of techniques 

and r e s u l t s  a s  well a s  an evaluat ion of  r e l i a b i l i t y .  Results should be 

compiled according t o  reac tor  types and the  qua l i ty  of the  measurements. 

Comparison should be made with i s o l a t e d  rod r e s u l t s .  

G. Three experiments were proposed for  analyzing Lhe 2 3 8 ~  capture cross - 
s e c t i o n  under heavi ly shielded condit ions and loca l iz ing  the  discrepancy 

i n  energy: 

1) Se l f - ind ica t ion  transmission measurements on a resonance-by- 

resonance bas i s  through th ick  samples of  uranium. An experiment 

of t h i s  type was performed a t  R P I  and analyzed by T. Byoun and 

R. Block i n  the unresolved resonance region. Data e x i s t s  i n  the 

resolved region down t o  approximately 20 eV. Thus, the da ta  f o r  

se lec ted  resonances could b e  analyzed a t  l i t t l e  cos t  to  evaluate  

the  meri t  of the  information provided by t h i s  technique, 

2) An experiment i n  which a small ~f~~~ source dr ives  a  surrounding 

homogeneous mixture of 2 3 8 ~  and moderator. The r n ~ d e r a t o r / * ~ ~ ~  r a t i o  

would be varied t o  progressively sof ten  the spectrum. The 2 3 8 ~  

capture/ source neutron would be measured and calculated.  A l i q u i d  

system (uranyl n i t r a t e  i n  H 0 or D O?) would grea t ly  s implify t h e  
2 2 

experiment, i f  feasible .  

238 3) Time of  f l i g h t  spectrum measurements i n  heavily shielded u 

samples. 
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