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IORKWORD 

I he I,'( RI,-^0400 series desenhes in integrated ;inij computer-oriented system lor the production 
;md application of neutronics ;ind photonics calculational constants. 

I he svsicm nuts I supply re I ia hie up-to-date data, select specific tvpes ul data on request, provide out
put in a variety of forms (ulhmatclv in the form of inpul to other computer codes), and function rapidly and 
elTicienth The svstcm has now heen developed to a point where vvc are achieving these ^oals, 

I he I;( RI.-^O'IOO scries. An Integrated System lor Production of Neulronics and Photonics 
Calculational ( onstanls, comprises the lolloumy volumes: 

• \ o l . I. Part V Rev. 3. h.CSII.: A S\stem for Storage, Retrieval, and Displas of Experimental 
\eulron Data. Scplcmhcr 1976. 

• Vol I. Part B. Program ECSX4 I Version IH-l): Consersion of Experimentally Measured Cross-
Section Data from the l-our-Center-Excliangc *X-4> Format to the Livermore ECS1L Formal. December 197X 

• Vol 2. Rev. 2. A llihhographx of the Experimental Data of N>'ulron-lnduced Interactions. July 
1471. 

• Vol. .V Rev. 2, An Index of Experimental Data til Neutron-Induced Interactions. July 1976. 
• Vol. 4. Evaluated Nuclear Cross-Section Library, April 197 I. 
• Vol. S. Part A. Rev. 1, CLYDE: A Code for the Production of Calculallonal Constants from 

Nuclear Data. September 1975 
• Vol S. Part B. Rev. I. Relalivistic Transformations between Center-of-Mas.s and l.ahorator\ 

Systems lor TKO-HIKIV Nuclear Reactions, April 197X. 
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perimental Data. July 1976. 
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perimental Data. July 1976. 
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• Vol. 11. Experimental Data, Indexes, and Techniques of Obtaining a Selected Set of Neutron 

Resonance Parameters, May 1972. 
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• Vol. 15, Part A. The LLL Evaluated-Nuclear-Data Library (ENDL): Evaluation Techniques, 

Reaction Index, and Descriptions of Individual Evaluations. September 1975. 
• Vol.15, Part B. Rev. 1, The LLL Emluated-Nuclear-Dala Library {ENDL): Graphs of Cross Sec

tions from the Library, October 1978. 
• Vol. 15, Part C, The LLL Evaluated-Nuclear-Data Library I ENDL): Translation of ENDL 

Neutron-Induced Interaction Data into the ENDF/B Formal, April 1976. 
• Vol. 15, Pari D. Rev. 1, The LLL Evaluated-Nuclear-Data Library I ENDL): Descriptions of In
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DATA TESTING RESULTS FOR THE LLL 
EVALUATED NUCLEAR DATA LIBRARY 

(ENDL-78) 

ABSTRACT 
The LLL Evaluated Nuclear Data Library (ENDL-78) has been tested for validity 

by comparing calculated and experimental values of kefrfor 67 critical assemblies and emis
sion neutron spectra for 22 spheres that were pulsed with 14-MeV neutrons. 

INTRODUCTION 
The validity of a collection of evaluated nuclear 

data can, in general, be established in one of two 
ways. First, the evaluated data can be compared on 
a point-by-point basis with experimental determina
tions of the same values, where such experimental 
data exist. Since the evaluated data are largely 
developed from experimental results, such a com
parison will usually uncover only oversights or 
errors in transcription. It does nothing to resolve 
discrepancies between sets of experimental data that 
do not agree, nor is it useful in determining the 
validity of a great bulk of the data for which no ex
perimental values have been determined. For the 
1976 version of ENDL (ENDL-76). a graphical 
comparison of evaluated and experimental data was 
published in Vol. 7. Parts A and B, and Vol. 8, Parts 
A and B, ' " 4 of this series. An equivalent set of docu
ments for ENDL-78 will not be issued because of 
the excessive costs of printing and distribution, and 
because 1 believe that a more cost-effective testing 
of the validity of ENDL-78 can he accomplished. 

ENDL exists only to provide a collection of 

Tables 1 through 4 present comparisons of 
calculated kefr values using the TARTNP computer 
code 1 0 with the nominal experimental value of unity 
for 67 just-critical assemblies. Other than inade
quacies of the evaluated data, there are several 
possible sources of discrepancies between the 
calculated value and the experimental value of un
ity. First, the Monte Carlo neutronics calculations 

data that can be used for design and effects calcula
tions of engineering configurations that depend 
upon the interaction of neutrons and light charged 
particles with nuclei for their operation. The second 
and, in my opinion, more powerful method of es
tablishing the validity of ENDL-78 is to compare 
the values of appropriate calculated parameters of 
simple geometric configurations with the equivalent 
experimental values of the same parameters, using 
the calculational method that most closely approx
imates physical reality—the Monte Carlo method. 
In what follows, calculated values of k e f f for 46 
spherical 5 and 21 cylindrical6 assemblies will be 
compared with the just-critical experimental value 
of unity. In general, these assemblies have a core of 
fissile maierial and are reflected by various 
thicknesses of several reflector materials. The 
second set of comparisons is for the time spectra of 
neutrons emitted from spheres of various materials 
having a nominal 14-MeV source at the center. 7" 9 

These comparisons will serve to test important parts 
of ENDL for neutron-induced interaction data. 

have an intrinsic statistical uncertainty that is 
specified as an input parameter to the problem. The 
calculation proceeds until the statistical uncertainty 
is less than that specified. At that time the calcula
tion ends and ilic corresponding ke(f value is written 
out. For all critical ralculations reported here, the 
statistical uncertainty used was 0.3% in k e f f . Because 
of other uncertainties to be described, it was deemed 

COMPARISONS OF keff CALCULATIONS WITH EXPERIMENT 

i 



TABLE I. Spherical critical assemblies with 2 3 3 L core. TABLE 3. Spherical critical assemblies with 2 3 9 P u co 

Reflector 
material 

Reflector 
thickness, cm 

Calculated 
k,. f f J 0.003 

Reflector 
malerial 

Reflector 
thickness, cm 

Calculated 
k e f f : 0.003 

None 0 0.994 None 0. 1.001 

He 2.05 0.996 Be 3.69 1.002 

He 4.20 1.003 Be" 5.222 1.000 

W 2.44 1.000 Be 5.25 1.003 

W 5.79 0.994 Bc a 8.17 1.001 

0 v a 1.21 1.002 l i e 3 13.00 0.997 

Oy» 1.98 1.005 C 3.83 1.005 

< > \ ; l 4.82 1.006 Ti 8.00 1.000 

I . 2.3(1 1.000 W 4.70 1.000 

1 5.31 0.999 O y b 0.66 1.005 

r 19.91 0.998 
u 
L 

1.93 

4.13 

6.74 

1.001 

1.007 

' 'Uranium enriched to approx 94'/r " 5 u . 
u 
L 

1.93 

4.13 

6.74 1.008 

tinnecess;tr\ to use LI smaller vu h ie th; un 0.3'?. The 
L 19.60 1.004 

econd source of uncertainty is in the experimental 
determination of the just-crilical configuration. I'or 
safety reasons, most so-called critical experiments 
arc the result of extrapolating lo zero the reciprocal 
neutron multiplication obtained from ;i series of 
suhcritical determinations. Especial!) for thick 
reflectors, the extrapolation method introduces an 

TABLE 2. Spherical critical assemblies with appro* 947t 
enriched 235fj c o r c 

aC'ori.' material was u-phase plutonium. All others were 
t, -phase plutonium. 

"Uranium enriched to approx 947/ L. 

uncertainty in specification of the juM-eritical con
figuration. F i n a 11 \ . the calculational models of the 

TABLE 4. Cylindrical critical assemblies with approx 
947r enriched ^^5U core. Reflectors are the same thick
ness top, bottom, and cylindrical walls. 

Reflector Reflector Calculated Ret' lector Reflector Calculated 
material thickness, cm k c f r • 0.003 material thickness, c . k e f f i 0.003 

None 0. 0.999 Be 1.27 0.993 
Be 2.22 1.001 He 2.54 0.992 
He 3.26 1.006 C 1.27 1.004 
Ik- 4.71 1.007 C 2.54 0.997 
Be 5.44 1.005 Mg 1.27 0.994 
Be 9.27 1.002 Mg 2.54 0.990 
Be 11.79 1.004 Al 1.27 0.995 
Be 20.27 1.000 Al 2.54 0.993 
C 10.16 0.999 Ti 1.27 0.990 
C 15.24 0.992 Ti 2.54 0.991 
Ni 4.94 1.018 l-e 1.27 0.999 
Cu 5.03 1.007 Fe 2.54 0.998 
Cu 10.56 1.018 Ni 1.27 0.995 
W 5.08 1.005 Ni 2.54 1.001 

>v 10.16 1.002 Cu 1.27 0.997 
Pb 8.99 1.000 Cu 2.54 0.998 
Pb 17.22 0.991 Mo 1.27 1.007 
I' 1.76 1.008 Mo 2.54 1.011 
J 4.47 1.008 Mo Alloy 0.0 1.006 
U 9.96 1.009 W 1.27 0.992 
V 18.01 1.006 W 2.54 0.992 



experiments usually do not lake into account sup
port mechanisms, room return of neutrons or holes 
in the assemblies. In short, the calculational models 
are ideali/ed approximations of the physical con
figurations. When all the sources of uncertainty are 
combined, there is a final uncertainty of about l'5 in 
k d l . This means that any calculated value between 
0.99 and 1.01 is as valid as a value of unity. In 
Tables 1 through -4 there are three assemblies that 
have calculated k c l j values outside the range of 0.99 
to 101. For the two : , ? U (94'r) spherical cores thai 
yield kt.n outside the 0.99 to 1.01 range, one is re
flected b\ 4.94 cm of nickel and the other bv 10.56 

cm of copper. These reflectors are special cases that 
will be discussed in the last section of this report. 

The 67 critical assemblies listed in Tables I 
through 4 have median energies of neutrons induc
ing fission that range from about 600 keV to 1.2 
MeV. depending upon the type of reflector. Thus 
these assemblies tend to test the evaluated data from 
a few hundred keV to a few MeV incident neutron 
energy. The agreement of calculated and experimen
tal k„ attics seems to be reasonabh satisfactory 
The mean value of the calculated kw.n for the 67 
assemblies is I OlIOX. 

COMPARISONS OF CALC ULATED AND EXPERIMENTAL 
SECONDARY NEUTRON SPECTRA FROM 14-MeV 

PULSED SPHERES 

The LLL pulsed-sphere program is docu
mented in Ref. 7. M) only a general description of 
[he experimental program will he given here. A 
hollow -phcre of the material lo he investigated has 
a initiated target assembly at the center. A beam 
hole gives access for a deuleron beam to impinge 
upon the target, thus producing neutrons ranging in 
energy f/om 13.2 to 15.1 MeV. depending upon the 
angle the direction of the emergent neutron makes 
with the direction of the incident deuteron beam. A 
neutron counter is placed at 30° and another at 
120°. both angles relative to tne incident deuleron 
beam. The counters are at distances that range from 
about 7 to 10 m for different experiments. The time 
of arrival of neutrons aftei the deuteron pulse (in 
hin widths of 2 ns} is recorded together with the 
counts per hin. What is reported is the ratio of the 
number of counts with the sphere in place to the 
number of counts with the sphere not in place. 

Graphical comparisons of calculated and ex
perimental neutron spectra are presented for 20ele
ments or isotopes ranging over the periodic table 
from ''Li to : - , y Pu and for H : 0 and D : 0 in Figs. 1 
through 22. The characteristic shape of each spec
trum shows a rapid rise lo a peak followed b> a 
rapid fall to a relatively wide region with shape that 
is characleristic of the material being investigated. 
The initial peak represents the transmitted and 
forward-elastic-scat lered neutrons. Lor arrival 
limes greater than ihose characterized by the peak, 
ihe spectrum is of neutrons resulting from non-

elaslie reactions and, in the case of the lightest 
targets, large-angle elastic scattering. Table 5 pre
sents a comparison m" calculated and experimental 
integrals over the transmission and elastic peak. 
over the remainder of the spectrum, and over the 
entire spectrum. Because the experiments were done 
with different flight pains and different detectors, 
the scales of the abscissas of Ligs. 1 through ?2 and 
the limits of the integrals in Table 5 are not uniform. 

The materials selected for presentation here are 
characteristic of the results obtained m the enure 
program. Lor almost all materials, measurements 
were made at both 30 and 120° (with respect to the 
direction of the incident deuterou beam), and in 
many cases for nut re than one thickness of the 
spherical shell. The caiculalional results for the two 
angles showed about the same agreement with ex
periment in each case. as is illustrated \n Ligs. Kai 
and 6(b) am 1 in Ligs. 20(a) ami 20(h). This is un
derstandable m terms of the significance of the 
angles where the data were taken. At 30 c the energ> 
of the transmitted neutrons is 15.0 MeV. whereas at 
120° the energ) of the transmitted neutrons is 13.6 
MeV. Lor most materials, most cross sections that 
would vield neutrons with energies greater than 
about 1.5 MeV (corresponding lo the longest flight 
times) are relati\eh smooth from 13.6 to 15.0 MeV. 
Since, for both angles, neutrons in the sphere will 
range from 13.2 to 15 1 MeV and contributions t-i 
the counting will come from all parts of the sphere, 
a b ilt-i;-; reciprocitv is in effect. 



120 170 220 
Time of flight — ns 

270 320 

FIG. I. Comparison of calculated and experimental neutron spectra at 30° for the 1.9 mfp of H2() pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designatec by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. L'n< ertain-
ties in the experimental data are estimated to rf 10% at any print. 

Materials for which more than one sphere 
thickness was investigated showed the same general 
characteristics for the emitted spectra for all 
thicknesses. Deficiencies that were apparent for 
spheres with a relatively small radius were amplified 
for spheres having large radii. This is demonstrated 

in Figs. 21(a), (b) and 22(a), (b). For that reason, a 
single thickness is presented for all but two 
materials. The thickness used in each case where 
multiple thicknesses were available was that closest 
to one mean-free-path for !4-to-l5-MeV neutrons. 

4 



150 200 250 300 
Time of flight - ns 

350 400 

FIG. 2. Comparison of calculated and experimental neutron spectra at 30° for the 2.1 mfp of l ) 2 0 pulsed 
sphere. The experimental values are designated by the symbol # , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flagj for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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150 200 250 

Time of flight — ns 

300 350 

FIG. 3. Comparison of calculated and experimental neutron spectra at 30° for the 1.0 mfp of 6 L i pulsed sphere. 
The experimental values are designated by the symbol • , and the calculated values are designated by the solid line 
with calculational statistical uncertainties given by the error flags for representative points. Uncertainties in the 
experimental data are estimated to be 10% at any point. 

6 
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Time of flight — ns 

300 350 

FIG. 4. Comparison of calculated and experimental neutron spectra at 30° for the 1.0 mfp of 7 Li pulsed sphere. 
The experimental values are designated by the symbol # , and the calculated values are designated by the solid line 
with calculational statistical uncertainties given by the error flags for representative points. Uncertainties in the 
experimental data are estimated to be 10% at any point. 
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150 200 250 
Time of flight — ns 

300 350 

FIG. 5. Comparison of calculated and experimental neutron spectra at 30° for the 1.0 mfp of beryllium pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 



150 200 250 300 
Time of flight — ns 

350 

FIG. 6(a). Comparison of calculated and experimental neutron spectra at 30° for the O.S mfp of carbon pulsed 
sphere. The experimental values are designated by the symbol • . and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. I'ncertain--
ties in the experimental data are estimated to be 10% at any point. 
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200 300 
Time of flight — ns 

400 500 

FIG. 6(b). Comparison of calculated and experimental neutron spectra at 120° for the 0.5 mfp of carbon pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with calculations! statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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150 200 250 300 
Time of flight — ns 

350 400 

FIG. 7. Comparison of calculated and experimental neutron spectra at 30° for the 1.1 mfp of nitrogen pulsed 
sphere. The experimental values are designated by the symbol # , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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150 200 250 300 

Time of flight — ns 
350 

FIG. 8. Comparison of calculated and experimental neutron spectra at 30° for the 0.7 mfp of oxygen pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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150 200 250 
T ime of flight -

300 350 

FIG. 9. Comparison of calculated and experimental neutron spectra at 30° for the 0.7 mfp of magnesium pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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10° I 1 1 r 

Time of flight — ns 

ITG. 10. Comparison of calculated and experimental neutron spectra at 120° for the 0.9 mfp of aluminum 
pulsed sphere. The experimental values are designated by the symbol • , and the calculated values are designated 
by the solid line with calculational statistical uncertainties given by the error flags for representative points. Un
certainties in the experimental data are estimated to be 10% at any point. 
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150 200 250 

Time of flight -
300 350 

FIG. II. Comparison of calculated and experimental neutron spectra ut 30° for the 1.2 mfp of titanium pulsed 
sphere. The experimental values are designated by the symbol # , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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150 200 250 
Time of flight — ns 

300 350 

FIG. 12. Comparison of calculated ard experimental neutron spectra at 30° for the 0.9 mfp of iron pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with calculations! statistical uncertainties given by the error flags for representative points. I ncertain-
ties in the experimental data are estimated to be 10% at any point. 
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400 

Time of flight -

FIG. 13. Comparison of calculated and experimental neutron spectra at 30° for the 1.0 mfp of copper pulsed 
sphere. The experimental values are designated by the symbol # , and the calculated values are designated b\ the 
solid line with calculational statistical uncertainties given by the error flags for representative points. I nc tain-
ties in the experimental data are estimated to be 10% at any point. 
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200 300 400 500 
Time of flight — ns 

600 700 

FIG. 14. Comparison of calculated and experimental neutron spectra at 30° for the 1.0 mfp of niobiui.' pulsed 
sphere. The experimental values are designated by the symbol • . and the calculated values are designated \v the 
solid line with calculationai statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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2 0 0 3 0 0 4 0 0 5 0 0 

T i m e of f l i gh t - ns 

6 0 0 7 0 0 

F IG . 15. Comparison of calculated and experimental neutron spectra :it M)° for the 1.(1 mfp of tin puis-.H sphere. 
The experimental values are designated by the symbol • , and the calculated values are designated by the solid line 
with calculational statistical uncertainties given by the error flags for representative points. Uncertainties in the 
experimental data are estimated to be 10% at any point. 

19 



200 300 400 

Time of flight — ns 
500 

riG. 16. Comparison of calculated and experimental neutron spectra at 30° for the 1.0 mfp of tantalum pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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150 2 0 0 2 5 0 3 0 0 3 5 0 

T i m e o f f l i gh t -- ns 

40!) 

F I G . 17. Comparison of calculated and experimental neutron, spectra at 3(1° for the 1.(1 mfp of «o i f ram pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with calculational statistical uncertainties gi>en by the error flags for rcpresenlath e points. I ncertain-
ties in the experimental data are estimated to he l() rr at any point. 
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200 300. 400 500 
Time of flight — ns 

600 700 

FIG. 18. Comparison of calculated and experimental neutron spectra at 30° for the 2.0 mfp of gold pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with caiculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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200 300 400 500 600 700 
Time of f(i;..fit — ns 

FIG. 19. Comparison of calculated and experimental neutron spectra at 30° for the 1.0 mfp of thorium pulsed 
sphere. The experimental values are designated by the symbol # , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. I'ncertain-
ties in the experimental data are estimated to be 10% at any point. 
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200 300 
Time of flight — ns 

400 

FIG. 20(a). Comparison of calculated and experimental neutron spectra at 30° for the 1.5 mfp of 2 3 5 U pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with calcalational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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200 300 
Time of flight — ns 

400 

FIG. 20(b). Comparison of calculated and experimental neutron spectra at 120° for the 1.5 mfp of 2 1 ? l pulsed 
sphere. The experimental values are designated by the symbol # , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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200 300 400 500 
Time of flight — ns 

600 700 

FIG. 21(a). Comparison of calculated and experimental neutron spectra at 30° for the 0.8 mfp of 2 3 8 U pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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150 200 250 
Time of flight — ns 

300 350 

FIG. 21(b). Comparison of calculated and experimental neutron spectra at 30° for the 2.8 mfp of 2 1 s l pulsed 
sphere. The experimental values are designated by the symbol • . and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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200 300 

Time of flight • 

400 

FIG. 22(a). Comparison of calculated and experimental neutron spectra at 30° for the 0.7 mfp of 2 3 9 P u pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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200 300 

Time of flight — ns 

400 

FIG. 22(b). Comparison of calculated and experimental neutron spectra at 30° for the 1.2S mfp of 2 , 9 P u pulsed 
sphere. The experimental values are designated by the symbol • , and the calculated values are designated by the 
solid line with calculational statistical uncertainties given by the error flags for representative points. Uncertain
ties in the experimental data are estimated to be 10% at any point. 
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TABLE 5, Time integrals o* emergent neutrons from pulsed spheres. 

TTiickness, Angle, 
deg 

Ttansm isskin anrl clastic peak Nondastic Tota l - 1 5 to 1.5 MeV 

Material mfp 
Angle, 

deg Exp l ( l ) Calc V' Deviation E»PKI) Calc C* : Deviation Exp l ( l ) Calc ','' Deviation 

H 2 0 1.9 30 0.310 0.310 0.0 0.225 0.234 +4.0 0.535 0.544 +1.7 

D , 0 2.1 30 .381 .379 -0 .5 0.215 0.247 + 14.9 0.596 0.626 +5.0 
6 L i 1.0 30 .627 .635 +1.3 0.239 0.227 -5 .0 0.866 0.862 -0 .5 

' L i 1.0 30 .646 .648 +0.3 0.258 0.244 -5 .4 0.904 0.892 -1 .3 

Be 1.0 30 .656 .702 >7.0 0.290 0.276 - 5 . 1 0.946 0.978 •3 .3 

C 0.5 30 .755 .762 +0.9 0.151 0.163 •5 .3 0.906 0.925 +2.1 

C 0.5 120 .839 .858 +2.3 0.137 0.140 +2.2 0.966 0.998 +3.3 

N 1.1 30 .575 .575 0.0 0.220 0.235 •6 .8 0.795 0.810 • 1.9 

0 0.7 30 .695 .662 -1 .7 0.208 0.226 •B.7 0.903 0.8B8 -1 .7 

H g 0.7 30 .675 .724 +7.3 0.123 0.134 +8.9 0.798 0.858 • 7.5 

A l 0.9 120 .648 .630 - 2 . 8 0.258 0.223 -13 .6 0.906 0.853 - 5 . 8 

T i 1.2 30 .519 .508 -2 .1 0.203 0.207 +2.0 0.722 0.715 - 1 . 0 

Fc 0.9 30 .608 .606 -0 .3 0.168 0.175 +4.0 0.776 0.781 +0.6 

Cu 1.0 30 .632 .645 +2.1 0.362 0.331 -8 .6 0.994 0.976 -1 .8 

Nb 1.0 30 .721 .722 +0.1 0.324 0.298 -8 .7 1.045 1.020 -2 .5 

Sn 1.0 30 .678 .693 +2.2 0.425 0 4 1 0 -3 .5 1.103 1.103 0,0 

Ta 1.0 3U .681 .669 - 1 . 8 0.125 0.108 -13 .6 0.777 0.806 -3 .6 

W 1.0 30 .691 .670 -3 .0 0.106 0.137 +29.2 0.797 0.807 +1.3 

A i l 2.0 30 .427 .437 +2.3 0.525 0.482 - 8 . 2 0.952 0.919 -3 .5 

T h 1.0 30 .647 .640 - I . I 0.473 0.433 -8.5 1.120 1.073 - 4 . 2 
" S V 1.5 30 .480 .469 -2 .3 1.313 1.260 - 1 . 0 1.793 1.729 -3 .6 

235U 1.5 120 .579 .536 -7 .4 1.487 1.447 - 3 . 0 2.066 1.978 -1 .3 
238 , , 0.8 30 J6 70 .652 -2 .7 0.721 0.679 - 5 . 8 U 9 1 1 3 3 1 - 1 . 3 
23BV 2.8 30 .239 .225 -5 .9 0.315 0.317 +0.6 0.554 0.542 -2 .2 
« » P u 0.7 30 .689 .686 -0 .4 0.689 0.642 - 6 . 8 I J 7 8 1.328 -3 .6 
239p „ 1.25 30 0.521 0.504 -3 .3 2.619 2.414 -7 .8 3.140 2.918 - 7 . 1 

DISCUSSION 
Since the upgrading of ENDL evaluations is a 

continuing process, the information presented in 
Tables 1 through 5 and Figs. 1 through 22 serves to 
indicate where work should be done to improve 
ENDL. From Tables 1 through 4 there is an indica
tion that nickel and copper evaluations should be 
looked at since critical assemblies having thick 
reflectors of these materials yield calculated k e f f 

values outside the limits of acceptability. There is, 
however, another item of information that needs to 
be added. Both nickel and copper are resonant in 
the range being tested with these critical assemblies. 
The Monte Carlo code, TARTNP, that was used 
for the calculations uses group-averaged cross sec
tions with continuous neutron energies. Where 
there are resonant energy regions the group cross 
sections can lead to erroneous answers due to the 
self-shielding phenomenon. Another Monte Carlo 
neutronics code, ALICE, uses the probability table 
method" to calculate properly in the energy regions 
where the cross sections are resonant. Results with 
ALICE give values of kjff of 1.000 for the critical 

assembly that is reflected by 4.94 cm of nickel, and 
1.009 for the 10.56 cm of copper reflected assembly. 
There still remains the problem with the cylindrical 
assembly that is reflected by 2.54 cm of molyb
denum. ALICE calculates the same value for kefr as 
does TARTNP. This is understandable since the 
resonance region for molybdenum is at lesser 
neutron energies than for nickel and copper. 

The agreement shown in Table 5 and in Figs. 1 
through 22 between calculated and experimental 
data of the LLL pulsed-sphere program ranges from 
excellent to fair. In general, the integrals under the 
transmission plus elastic peaks and the total in
tegrals agree well with experiment. Several cases will 
be examined where deficiencies appear in details of 
the spectra for times greater than the latest time 
associated with the peak. In the case of the W 
sphere, both the detail and the integral of the later-
time portion of the spectra are not good. Details of 
the evaluation for W will be looked at in the near 
future. 

30 



REFERENCES 
i. I) li. Cullen. R. J. Houerlon, M. H. MacGregor. and S. T. Perkins. Ma/or Seutrnn-liuT-ned lntva.-tn.n-

iZ < 55i: Graphical. Experimental Data. Laurence Livermore Laboraiorv. I.ivermore. C A. Rep; 
l'CRLoO-400. ml. 7. Pan A. Rev. I (1976). 

2. D [£. Cullen. R. J. Hovvermn, M. H. MaeUregor. andS. T. Perk in v. Ma/or Scut ran-Induced hit era //,.«> 
<7. > 55i: Graphical. Experimental Dale. Lawrence l.ivermorc 1 aboratorv. l.ivermorc. CA. Rep!. 
UCRL-MMOO. vol. 7. Part B, Rev. I (19761 

3. D. !:. Cullen. R. J. Houerton. M. H. MacGregor. and S. T. Perkins. Supplemental Sew.nm-Induced In
teractions IZ < S5i: Graphical. Experimental Data. Laurence I ivcrmorc l.uboratorv. I ivcrmorc. ( A. 
Repl. L'CRL-5040n. col. 8. Part A. Rev. I (1976). 

-1. D. L. Cullen. R. J. Houerton, M II. MacGregor. and S. T. Perkins. Supplemental Seutr.m-lndiiced In
teraction'. \Z. > 35i: Graphical. Experimental Data. Laurence I ivcrmorc I .ib.ir.iMr>. 1 ivc;: ' . re . ( \ . 
Rept. l.'CRI.-50400. vol. X. Pari B. Rev. I (1976). 

5 V. L. Hampel. private communication (1970). The .aleulalion.il models « ere developed hv NL ll.impc: 
from report^ of the experimental configurations. 

6. Documentation unavailahle. The caleulational models were developed bv the author about I Ti l from 
various sources in the literature. 

7 . C Wong. J. D. Anderson. P. Brown. I . b. Hansen. J. I . Kammerdicncr. (. I aiijn. .old H. la.ai. 
I.ivermore Pulsed Sphere Program: Program Summary t/irmivh July I1)'I. lawrciKe livcrm.ae 
Laboratory. Livermore. CA. Rept. U C R L o l 144. Rev. I ( I T J i and addendum '•>'?! 

K. W. Webster and C. Wong, Measurements at the Seutron l-'nit-sion Spectra from Sphen . ..! \. i> II 
:J<L\ :i"i'. and :<"Pu. Pulsed by I4-Mel' Seutrans. Laurence Livcrmore L.ik.raiorv. I iven.-o-e. < \. 
Rept. UCID-I7332 (1976). 

9. L. i-. Hansen, private communications (1977. I97X), Triesc unpuhhshed d.a.i are for reneasurcments of 
some of the earlier data and for previouslv unmeasured materials. 

10. [:. !•". Plechatv and J. R. Kimlinger. TARTSP: A Coupled Seutron-Photon M.-nte i'ariu Iran-port t Wo. 
1 lurenee Livcrmore Lahoralorv. I iveimore. CA. Repi. I'C'RI "-«>-4c)( 1. v.. ;4 ( | T h i 

11. D. 1-.. Cullen. Bonderenko Self-Shielded Cross Sections and Multi-Band Parameters Derm .1 'mm the 1.11. 
Evaluated-Nt'clear-Data Library IESDLK Laurence Livermore I ahor.ilor.. Ir.ermore. ( \ . Rcpi 
i:CRI.-?0400. vol. 20 (1T"<). 

RMD/cj 

.11 

http://lntva.-tn.n-
http://ib.ir.iMr
http://aleulalion.il

