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ABSTRACT 

In this report we investigate the adequacy of the available 233U cross-section data for 
calculation of experimental critical systems. The "3U evaluations provided in two evaluated nuclear 
data libraries, the U. S. Data Bank FJDFIB (Evaluated Nuclear Data Files)] and the Japanese Data 
Bank [JENDL (Japanese Evaluated Nuclear Data Library)] are examined. Calculations were 
performed for six thermal and ten fast experimental critical systems using the S, transport 
XSDRNPM code. To verifj, the performance of the 233U cross-section data for nuclear criticality 
safety application in which the neutron energy spectrum is predominantly in the epithermal energy 
range, calculations of four numerical benchmark systems with energy spectra in the intermediate 
energy range were done. These calculations serve only as an indication of the difference in 
calculated results that may be expected when the two 233U cross-section evaluations are used for 
problems with neutron spectra in the intermediate energy range. Additionally, comparisons of 
experimental and calculated central fission rate ratios were also made. 

The study has suggested that an ad hoc "3U evaluation based on the JENDL library provides 
better overall results for both fast and thermal experimental critical systems. 

ix 



1. INTRODUCTION 

An assessment of the u3U cross-section data available in the ENDF/B file (Evaluated 
Nuclear Data File) and in the JENDL file2 (Japanese Evaluated Nuclear Data Library) has been 
performed. The study consisted of examining in detail the performance of these data in the 
calculation of various critical systems. The selected critical systems are benchmarks with neutron 
energy spectra in the thermal and fast energy range. The lack of available benchmark data in the 
epithermal energy range preclude a complete estimate of the adequacy of the cross-section data 
for neutron spectra in the intermediate energy range. However, simple critical systems were 
made up to serve as an indication of the difference in calculated results that may be expected 
when these cross-section libraries are used. 

In order to avoid any other source of bias, other than that due to the data, comparisons 
of the results are done for critical benchmark experiments corresponding to calculations carried 
out using similar calculational methodology. This includes the energy group structure and the 
theoretical method used. The selected energy group structures used in the calculations are the 
238-group of the LAW library3 and the 199-group of the VITAMIN-B6 cross-section library.4 
The calculations were done based on the discrete-ordinates one-dimensional (1-D) S, transport 
theory included in the XSDRNPM code.' 

A total of 16 benchmark calculations, 6 in the thermal and 10 in the fast energy range, 
were made. Additionally, four numerical benchmark cases with neutron energy spectra in the 
intermediate energy range were also done. 

The 238-group library is based on data from ENDF/B-V, whereas the 199-group 
VITAMIN-B6 library contains ENDF/B-VI data. Calculations of the u3U benchmarks were done 
for these two group structures. The u3U cross-section data of the JENDL evaluation were 
processed, respectively, in the 238- and 199-group structure using the NJOY code system.6 The 
u3U evaluation included in the 238- and 199-group libraries was replaced by the JENDL 
evaluation with the following procedure: the SMILER module of the AMPX code system7 was 
used to convert the NJOY library into the AMPX master library format. Consequently, the 
AJAX module was used to replace the existing 233U data in the original 238- and 199-group 
libraries with the new processed u3U data. A total of four cross-section libraries were used in 
the calculation of multiplication factors &) of the sixteen 33U experimental benchmark systems 
and the four numerical benchmark cases with neutron energy spectra in the intermediate energy 
range. These four libraries consist of two for the 238-group structure, one with the 233U ENDF/B 
evaluation and the other with the JENDL evaluation, and two for the 199-group structure. 

i 

.k- ' 
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2. GENERAL OvERvlEW OF THE AVAILABLE 233V CROSS-SECTION DATA 

The evaluations in ENDF/B Versions V and VI are identical. Both ENDF/B-V and 
ENDF/B-VI data for z3U are based on a 1978 evaluation which employs the Adler-Adler 
formalism* to represent the resolved energy range cross sections. In these evaluations, the 
resolved energy range starts at 0.79 eV and extends up to 60 eV. Below 0.79 eV, the cross 
sections are given in the pointwise representation. In addition to that, a background cross-section 
file is given to correct for discrepancies between the experimental and calculated cross sections 
with the Adler-Adler representation. The main disadvantage of the background cross section is 
that it is not obtained based on a meaningful reaction theory, but is merely the values needed 
to make the resultant cross sections reproduce the experimental results. 

The unresolved energy region in the ENDF/B-V (or VI) evaluation is from 60 eV up to 
10 keV and is represented by average resonance parameters. Above 10 keV, up to 20 MeV, a 
pointwise representation of the cross sections is given. 

inelastic cross section, which impacts the calculation of fast benchmark systems, 
is a threshold reaction beginning at approximately 40 keV. Investigation of these data indicates 
that additional examination of the elastic and inelastic cross sections in the ENDF/B files is 
needed. 

A more recent evaluation for z3U in the resolved energy range was done a few years 
This analysis was performed with the reduced R-matrix Reich-Moore formalism10 in the 

computer code, SAMMY." The Reich-Moore formalism is appropriate for fissile isotopes like 
since important features such as the level-level interference in the fission cross section are 

properly considered. Another important feature in this evaluation is that the resolved energy 
range was extended up to 150 eV to allow a better representation of cross-section energy self- 
shielding effects. This evaluation was adopted in JENDL. The unresolved energy range in the 
JENDL file is from 150 eV to 30 keV, and above 30 keV, a pointwise representation of the 
cross section is given. Likewise in ENDF/B, the adequacy of the elastic and inelastic cross 
sections of the z3U in JENDL needs further investigation. Table 1 summarizes the overall status 
of ENDF/B-V and JENDL 233U evaluations. 

The z3U total cross sections in the energy range from 1 to 30 eV computed with 
resonance parameters of ENDF/B and ENDL evaluations are compared with the experimental 
high resolution total cross-section data of K01ar.l~ The measured data were taken at a neutron 
flight path of about 100 m using the transmission method. Comparisons of the experimental total 
cross-section data (vertical bars) and the cross section calculated with the resonance parameters 
(solid line going into the data) are displayed in Fig. 1 for the ENDF/B evaluation, and in Fig. 
2 for the JENDL evaluation, respectively. It is clear from Fig. 1 that above 3 eV the position 
of resonance energy in the ENDFIB evaluation is not properly defined; that is, the calculated 
cross section is shifted with respect to the experimental data. This feature is not present in the 
JENDL evaluation. 

The 
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ENDF/B-V or VI 

Energy range: 

JENDL 

Formalism: 

Average resonance parameters 
given. Sampling according to 
defined parameter 

distribution 
Formalism: 

Background 
cross section: 

Average resonance parameters given. 
Sampling according to defined 

resonance parameter distribution 

0.79 eV to 60 eV. Cross 
sections are represented as 
pointwise below 0.79 eV 

Adler-Adler (converted from a 
Reich-Moore evaluation 

performed in the late 1960s) 

Yes (not suitable for 
temperature effects) 

Good 

lo5 to 150 eV. No pointwise 
representation of the cross sections 

at low energies 

Reich-Moore (rigorous 
representation of the cross sections) 

No (no problem for temperature 
effects) 

Very good Cross-section 
representation: 

Unresolved energy range 

Energy range: 
60 eV to 10 keV. Pointwise 
cross-section representation 

from 10 keV to 20 MeV 

150 eV to 30 keV. Pointwise cross- 
section representation from 30 keV 

to 20 MeV 

3 
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I 1 

Fig. 1. Comparison of experimental (vertical line) and calculated (solid line) 233U total 
cross sections for the ENDF/B evaluation. 

l l l l ~ I l i ~ i ~ l ~ i ~ l ~ i , l , l ~ i , l , l , J  
2 9 6 8 10 12 111 16 18 20 22 211 26 28 30 

Energy IeVl 

Fig. 2. Comparison of experimental (vertical line) and calculated (solid line) z3U total 
cross sections for the JENDL evaluation. 

4 



3. COMPARISON OF TEE ENDF/B AND JENDL EVALUATIONS 

Calculations of benchmark systems were performed with both ENDFB and JENDL data 
for the 238- and 199-group structures. Point cross-section data were generated with the NJOY 
code system using a reconstruction tolerance of 0.001, respectively, in the RECONR module 
(reconstruction of the temperature-independent cross section from resonance parameters) and 
BROADR (calculation of the Doppler broadening effects on the cross section). The NJOY 
procedures to generate the 238- and 199-group cross-section libraries are given in Appendix A. 
Thermal parameters at 0.0253 eV calculated with NJOY with the 199-group structure are shown 
in Table 2. The first column displays the experimental values, whereas columns two and three 
are results based on the EJADFD and JENDL evaluations, respectively. Also included in Table 2 
are the resonance integrals, fission and capture, and the ratio capture-to-fission, that is, the a- 
value defined as 

a= 

d 

k- 

where o,is the gamma capture cross section and 9 is the fission cross section. 
The numerator and denominator of Eq. (1) are, respectively, the definitions of the l/E 

weighted capture resonance integral and fission resonance integral,' which are also given in Table 
2. 

Table 3 displays the fast cross-section data averaged over the fission spectrum for the two 
"3U evaluations. These values were extracted from the NJOY PENDF files using the program 
INTER which is maintained at the National Nuclear Data Center Tables 2 and 3 
indicate substantial differences in the cross-section values of ENDFB and JENDL evaluation 
mainly in the fast energy range. In the thermal energy range, the elastic cross section differs by 
as much as 5%. The differences in the u3U cross sections in the two evaluations in the fast 
energy range appear in the inelastic cross section (-33%) and in the capture cross section 
(37%). 

5 



Table 2.Comparison of the thermal cross sections (0.0253 eV) of the u3U 
ENDF/B and JENDL evaluations 

Percentage difference Experimental ENDF/B-V JENDL between and 

ENDF/B 
Values at 0.0253 eV 

(barns) (barns) (barns) 

Total cross section 

Elastic cross section 

Fission cross section 

Capture cross section 

V 

17 

gf 

gc 
Resonance integral: 
fission 

Resonance integral: 
capture 

a! 

587.4 587.79 

12.8k0.3 12.64 

529.1 & 1.2 528.89 

45.5 k 0.7 45.81 

2.493k0.004 2.4947 

2.296+ 0.004 2.2958 

0.9955+0.0015 0.9974 
- 1.0273 

760+ 17 756.94 

137+6 136.67 

- 0.1806 

589.40 

11.99 

53 1.42 

45.28 

2.4930 

2.2973 

0.9977 

1.0324 

774.50 

138.51 

0.1788 

0.27 

-4.99 

0.48 

-1.16 

-0.07 

0.07 

0.03 

0.50 

2.32 

1.35 

-1.00 

Table 3. Comparison of the fast cross sections of the u3U ENDF/B and JENDL evaluations 

ENDF/B Fast cross sections 
(fission spectrum 

averaged) (barns) 
JENDL 
(barns) 

Percentage 
difference 

Total 7.4953 

Elastic 4.6154 

Inelastic 0.9363 

Fission 1.8928 

Capture 0.0470 

Y (at 1 MeV) 2.57228 

7.5148 0.26 

4.2636 -7.62 

1.2481 33.3 

1.9360 2.28 

0.0644 37.0 

2.5720 -0.01 
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4. COMPARISONS OF CIUTICAL BENCElMARK CALCULATIONS USING 
=U ENDFB AND JENDL EVALUATIONS 

Benchmark calculations of the sixteen 233U critical experiments, six thermal and ten fast, 
and four numerical benchmark systems with energy spectra in the epithermal energy range, were 
performed with the four' libraries. The characteristics of these critical benchmark experiments 
are given in Table 4. The calculated multiplication factors &A were obtained with the 1-D S, 
transport code, XSDRNPM. All of the XSDRNPM calculations were done with the CSASN 
sequence, BONAMI, NITAWL, and XSDRNPM, of the SCALE43 system.14 

The six ORNL critical thermal benchmark experiments are homogen-eous unrefiected 
spheres of 233U and light water." These benchmark systems are useful to test the adequacy of 
the cross sections of the fissile material, 233U, in the thermal energy range. The XSDRNPM 
calculations were carried out with an Ss angular quadrature and a P3 scattering order. The 
CSASN input descriptions of the six ORNL critical benchmark experiments are given in 
Appendix B. Table'5 shows the b results for XSDRNPM calculations performed with the 199- 
group VJTAMIN-BG cross-section data library, which is based on the ENDF/B-VI evaluation. 
Column 1 lists the kff values calculated with 233U cross-section data ENDFA3, and column 2 
gives the results using JENDL data. A close look at Table 5 reveals that the kff results of 
calculations with the 233U evaluation in the JENDL file are much better than those obtained using 
the 233U evaluation in the ENDF/B library. In fact, the average kff obtained with the JENDL 
"U evaluation is excellent. This indicates that the parametric representation of the 233U cross 
sections in the resolved energy range is better than that in the ENDF/B library. Similarly, kff 
calculations have also been performed for the 238-group library. The results are displayed in 
Table 6. These results also indicate that the 233U JENDL evaluation is better than ENDF/B for 
thermal benchmark experiments. Note that all differences quoted in these results are related to 
the 233U cross section. 

Calculations of & for ten 2)3U fast benchmark e~periments'~ using XSDRNPM with the 
238- and 199-group structures were also done. The CSASN input descriptions of these critical 
benchmark experiments are given in Appendix C. These benchmarks correspond to unmoderated 
spheres containing 233U, which may be a bare sphere, a sphere reflected with an intermediate 
mass element, or a sphere surrounded by natural uranium or its isotopes, 23sU and/or 23sU. In 
the XSDRNPM calculations of these benchmarks an S32 angular quadrature and a P3 scattering 
order appeared to be sufficient to reproduce the experimental results. Table 7 compares the 
calculated kff values for these2"U fast benchmarks using the 199-group VITAMIN-B6 library 
for p3U for the ENDFB and JENDL evaluations. In contrast to the thermal range, the JENDL 
results indicate that the fast cross sections in the JENDL library do not reproduce kff well. In 
fact, the calculated bvalues using the 233U JENDL evaluation are higher than the experiments 
by as much as 2 % , and the average of the ten benchmarks is - 1.1 % higher. The overall results 
of the calculated kR with the 233U ENDF/B evaluation appears to be better than the JENDL in 
the fast region. A noticeable difference between the two z3U evaluations in the fast energy 
range is that the energy dependence of the inelastic cross sections of the two libraries differs 
substantially. At this point, no attempt has been made to verify the cause of the discrepancy. The 
inelastic cross section impacts the leakage, which, in turn, affects the Figure 3 shows the 
233U inelastic cross sections for the ENDF/B and JENDL evaluations: It is also noted that the 
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Table 4. Features of the 233U critical benchmark experiments 

Thermal 

97.70 

97.70 

97.70 

97.70 

97.70 

97.70 

Fast 

ORNL-5 

ORNL-6 

ORNL-7 

ORNL-8 

o m - 9  

ORNL-1 1 

1533 

1470 

1417 

1369 

1324 

1986 

sphere 

sphere 

sphere 

sphere 

sphere 

sphere' 

none 

none 

none 

none 

none 

none 

p3U-MET-FAST-O0 1 
(JEZEBEL-23) 98.2 18.424 sphere none 

p3U-MET-FAST- 
002-a 98.2 18.621 sphere HEU 

TJ-MET-FAST- 
002-b 

TJ-MET-FAST- 
003-a 

98.2 

98.2 

18.644 

18.621 

sphere 

sphere 

HEU 

NU 

p3U-MET-FAST- 
003-b 98.2 18.644 sphere NU 

=U-MET-FAST- 
004-a 98.2 18.621 sphere 

sphere 

sphere 

W 

TJ-MET-FAST- 
004-b 98.2 

98.2 

18.644 

18.621 

W 

Be mu-MET-FAST- 
005-a 

p3U-MET-FAST- 
005-b 98.2 18.644 sphere Be 

- FLATTOP-23 98.2 18.419 sphere NU 
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Table 5. Comparison of ENDF/B and JENDL 233U evaluations for ORNL 
thermal benchmarks for the 199-group library 

Benchmark ENDFIB JENDL 

ORNL-5 

O m - 6  

ORNL-7 

ORNL-8 

ORNL-9 

ORNL-11 

Average 

0.9968 

0.9972 

0.9970 

0.9969 

0.9963 

0.9954 

0.9966 

0.9997 

1.0002 

0.9999 

0.9999 

0.9993 

0.9980 

0.9995 

Table 6.  Comparison of ENDFA3 and JENDL 233U evaluations for ORNL 
thermal benchmarks for the 238-group library 

Benchmark ENDF/B JENDL 

ORNL-5 

O m - 6  

ORNL-7 

ORNL-8 

o m - 9  

ORNL-1 1 

Average 

0.9963 

0.9967 

0.9965 

0.9963 

0.9957 

0.9957 

0.9962 

1.0010 

1.0014 

1.0011 

1.0011 

1.0004 

0.9998 

1.0008 

' .  9 
r: 

x 



Table 7. Comparison of ENDFIB and JENDL 233U evaluations for ORJYL 
fast benchmarks for the 199-group library 

Benchmark ENDF/B JENDL 

0.9929 1.0125 233U-MET-FAST-O01 
(JEZEBEL-23) 

FLATTOP-23 

Average 

0.9952 

0.9975 

0.9958 

0.9971 

1.0027 

1.0061 

0.9949 

0.9974 

1.0004 

0.9980 

1.0093 

1.0088 

1.0100 

1.0085 

1.0172 

1.0181 

1.0094 

1.0097 

1.0088 

1.0112 
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U-233 lnelastlc Cross Sectlon 
ENDWB-VI VS, JENDL-3 
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v 

tn cn 
0 
8 

Energy (eV) 

Fig. 3. Comparison of the ENDF/B-VI and JENDL-3 inelastic cross sections. 
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u3U fast fission cross sections of the two evaluations are about the same up to 1 MeV. Above 1 
MeV, the JENDL evaluation has a larger fission cross section value than that of the ENDFB. The 
calculations with the 238-group library are shown in Table 8. 

Table 8. Comparison of ENDFD and JENDL u3U evaluations for ORNL 
fast benchmarks for the 238-group library 

Benchmark ENDF/B JENDL 

0.9934 1.0126 
u3U-MET-FAST-O0 1 

(JEZEBEL-23) 

u3U-MET-FAST-O02-a 0.9959 1.0098 

U3U-MET-FAST-002-b 0.9982 1.0093 

0.9973 1.0110 U3U-MET-FAST-003-a 

U3U-MET-FAST-O03-b 0.9990 1.0099 
233U-MET-FAST-004-a 1.0034 1.0177 
u3U-MET-FAST-O04-b 1.0058 1.0176 
U3U-MET-FAST-O05-a 0.9983 1.0124 
u3U-MET-FAST-O05-b 1.0014 1.0135 

FLATTOP-23 1.0011 1.0091 
Average 0.9994 1.0123 

In addition to the benchmark calculations presented previously, comparisons of experimental 
central fission rate ratios with calculations performed using the ENDFB and JENDL 233U 
evaluations have also been canied out. The experimental data consist of measurements of the fission 
reaction rates of an isotope and measurements of the fission reaction rate of an isotope utilized as 
the standard.15 Foils containing the isotope for which reaction rates are to be measured are inserted 
in the center of a critical system, and consequently the fission reaction rates @e., 
are measured. The Cross Section Evaluation Working Group (CSEWG) has 
standard.16 For an isotope x, the central fission ratio (cf?) is 
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2% 
where $is the fission cross section of isotope x and a/ is the usU fission cross section. Table 9 
illustrates the comparisons of experimental 233U fission reaction rate ratios measured in four fast 
systems, namely -EL, GODNA, FLATTOP-25, and BIGTEN. The result displayed in column 
2 is the experimental data," whereas columns 3 and 4 show the calculated-to-experimental ratio 
(CE)  for EXDFB and ENDL for the 199-group structure. The E N D F B  calculated *3U/usU 
fission-rate ratios appear to be in better agreement with the measured values than the JENDL results. 
The explanation for the higher JENDL *3U/usU fission ratios in Table 9 and the higher values for 
the IENDL krrvalues in TabIes 7 and 8 appear to be that the JENDL fission cross section is about 
2% higher than ENDFB for the energy range 0.9 to 6 MeV. 

Table 9. Comparison of ENDFIB and JENDL u3U/usU fission central 
reaction rate ratios with measured values 

Benchmark Experiment ENDF/B 
(cm 

JEZEBEL 1.578 -i- 1.7 % 1.000 1.016 

GODNA 1.590_+ 1.9 % 1.001 1.012 

FL A'ITOP-25 1.595 & 1.9 % 0.990 1.007 

BIGTEN 1.580& 1.9 % 0.996 0.992 

i 

x 
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5. RESULTS OF CALCULATIONS OF "U NUMERICAL BENCHMARK SYSTEMS 

The lack of z3U critical benchmark experiments with energy spectra peaking in the 
intermediate energy range is a serious limitation which prevents complete testing of the available 

cross sections for critical systems in this energy regime. There is an urgent need to identify 
reliable benchmarks or perform new experiments for systems with spectra peaking in the 
intermediate energy range, as this relates closely to real situations involving u3U. 

In the absence of real benchmarks, four fictitious critical benchmark problems with 
energy spectra where the fission-rate-per-unit-lethargy peaks in the epithermal region have been 
constructed. These fictitious benchmarks will be used in calculations using 233U from both the 
ENDFBVI and JENDL-3 evaluations. It is not possible to determine which evaluation is better; 
however, we can determine how much the calculated kff values differ. This information will be 
useful in accessing the impact 233U has on intermediate range situations. 

In the determination of the benchmark parameters, the nuclide concentrations and 
dimensions were adjusted until the calculated using the ENDFIB-VI z3U evaluation was 
approximately equal to 1.0 (third column of Table lo). The SCALE input for the four fictitious 
benchmarks is given in Appendix D. The first two benchmarks, Cases A and B, are mixtures 
of uranyl-fluoride and heavy water in spherical configurations with a stainless steel vessel 
reflected by heavy water. The nuclide concentrations and the diameters of the spheres varies, 
but both cases are reflected by 10.7 in. of D,O. Case C is an infinite homogeneous medium of 
uranium (about 82 wt % 233U) and graphite, also containing a significant quantity of boron. The 
gra~hi te - to-~~u ratio is 772 and the 'OB-~O-~~U ratio is 0.586. The effect of the high 'OB 
concentration in this benchmark drastically reduces the fluxes and fission rates below 1 eV. 
Case D is an 18-in.-diam mixture of uranyl-fluoride and heavy water in a sphere with an 
aluminum vessel and no reflector. 

Calculations were performed with XSDRNPM using the 199-group ENDF/B-VI cross- 
section library. The calculated &@ values are shown in Table 10. The energy corresponding to 
the average lethargy of fission (AEF) from this calculation is also given in the second column 
of Table 10. The kR calculations using the JENDL 233U evaluation are shown in the fourth 
column of Table 10. The calculated fission-rate-per-unit-lethargy using the ENDF/B-VI u3U 
evaluation is shown in Figs. 4-7. 

In comparing the ENDF/B-VI and JENDL-3 calculations in Table 10, we observe that 
the cases A, By and D agree fairly well. These cases are the uranyl-fluoride heavy-water 
solutions. The AEF (see Table 10) and the calculated fission rates (see Figs. 4 and 7) for cases 
A and D are quite different. The good agreement in the calculated kr values using the ENDF/B- 
VI and JENDL-3 233U evaluations is probably due to compensating differences in the calculated 
fission and absorption rates in different energy ranges. 

For case C (infinite homogeneous uranium graphite) the calculated kff using ENDF/B-VI 
and JENDL-3 differs by 1.35%. This is a large difference compared to that seen for cases A, 
B, and D. About a l l  that can be said is that this case has a much different composition, has no 
leakage, and that the spectrum is different. Apparently any compensating differences in the 
fission and absorption rate are less effective than for the other benchmarks. 

14 
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Table 10. Calculations of the ken for four numerical 
benchmark cases with 199-group structure 

Case AEF(eV) ENDF/B JENDL 

A 

B 

C 

D 

2.72 

16.7 

33.1 

628.0 

1.0006 

1.0015 

1 .oooo 
1.0002 

1.0022 

1.0025 

1.0135 

1.0019 

CASE-A 13.5 Inch D20 Sphere 
199 Group ENDFB-VI Library 

Energy (eV) 

c’ 

t 

Fig. 4. Fission rate/lethargy for Case A. 

15 



. .  , 

! ,  

:: 

f Isslon-rate/lethargy 
-L -L -. 

.A4 W L  e, M U  e, H "  0, 
k l  a . .., , , , , , ,1 ,  ..., , , ,,,,,, . . . I  , , z! 

op 

W 

f Isslan-rate/let hargy 



CASE-I[) 18.0 Inch b20 Sphere 
199 Group ENDFIB-VI Library 

Energy (eV) _ -  

Fig. 7. Fission rate/lethargy for Case D. 

We conclude that for some benchmarks with intermediate spectra, JENDL-3 and 
ENDF/B-VI will produce calculated kr values that are in good agreement. For other 
benchmarks, there are significant differences. As stated at the beginning of this section, it is 
not possible to determine which of the evaluations is better for spectrum peaking in the 
intermediate energy range; all we can do is determine relative differences between the two 
evaluations. 
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6. AD HOC MU EVALUATION 

The results of calculations for the thermal benchmark experiments indicate that the 233U 
JENDL-3 evaluation does an excellent job of predicting kff of systems in the thermal energy 
range; the average &E is 0.9995 (see Table 5). The ENDF/B-VI evaluation results are lower 
(Table 5). In the fast energy range, the ENDFB-VI evaluation gives better results than the 
JENDL-3 evaluation. The average kcff for the ten fast critical benchmark experiments using the 
JENDL-3 evaluation is 1.0112, while the average kff with ENDF/B-VI is 0.9980 (see Table 7). 
The ENDFB-VI r d t s  are not totally satisfactory, however. The kff for the bare 233U sphere 
(JEZEBEL-23) is only 0.9929 using ENDF/Rm a value closer to 1.0 is desirable. 

A comparison of the fast cross sections in the ENDF/B-VI and JENDL-3 evaluations 
is given in Table 3. The ihelastic, fission, and capture cross sections in the JENDL-3 evaluation 
are higher than the ENDF/B-VI cross sections. It seems feasible that a minor change to the 
JENDL-3 evaluation in the fast energy range will improve the fast benchmark results without 
adversely affecting the thermal benchmark results. It was decided to reduce the JENDL-3 
fission cross section in the fast energy range. The 233U fission cross section in the JENDL-3 
evaluation was changed, as shown in Fig. 8. This is a uniform reduction of 2.0% between 0.1 
and 3.6 MeV. The ad hoc JENDL-3 fission is compared with ENDFB-VI in Fig. 9. The 
revised fission is lower between 0.1 and 0.9 MeV and about the same, or slightly higher, 
between 0.9 and 6 MeV. The elastic cross section was increased in the ad hoc JENDL-3 
evaluation to offset the reduction in the fission cross section. 

MOY was used to generate 199-group cross sections based on the ad hoc 233U JENDL-3 
evaluation. SMILER was then used to produce an AMPX library, and this file was used in the 
u3U benchmark calculations. Calculated kcff values using these data are compared with the 
ENDF/B-VI and JENDL-3 values in Tables 11 and 12. The calculated rC, values for the 
thermal benchmarks are almost unchanged from the original JENDL results. The calculated k, 
values for the fast benchmarks are greatly improved relative to both the ENDF/B-VI and 
JENDL-3 values given in Table 7. The calculated & for the JEZEBEL-23 benchmark is 1.0007 
compared to 0.9929 with ENDFB-VI and 1.0125 with JENDL-3. The average kff for the 
reflected cases, not including the two tungsten reflected cases, is 0.9986. The calculated kff 
results for the bare and reflected cases using the ad hoc JENDL-3 evaluation are good. This is 
not the case for calculations using the ENDFBVI evaluation. It is also noted that the calculated 

for the 235U, normal uranium, and beryllium reflected benchmarks are in good agreement and 
differ by only small amounts from the average value of 0.9986. The higher kff for the tungsten 
reflected cases appears to be due to problems with the tungsten cross sections or may possibly 
be due to problems with the specifications for those benchmarks. Using the ad hoc JENDL-3 
evaluation, the average & for all 16 benchmarks (fast and thermal) is 0.9999; these are 
excellent results and represent substantial improvement relative to either the ENDF/B-VI or 
JENDL-3 evaluations. 
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Fig. 8. Comparison of fission cross section for JENDL-3 and ad hoc JENDL. 
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Fig. 9. Comparison of fission cross section for ENDF/B-VI and ad hoc JENDL. 
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Table 11. Result of calculations of the ORNL thermal benchmarks for the 
199-group library with the 233U ad hoc evaluation 

Benchmark ENDF/B JENDL AD HOC- REV 

ORNL-5 

ORNL-6 

O W - 7  

O m - 8  

o m - 9  

ORNL-11 

Average 

0.9968 

0.9972 

0.9970 

0.9969 

0.9963 

0.9954 

0.9966 

0.9997 

1.0002 

0.9999 

0.9999 

0.9993 

0.9980 

0.9995 

0.9995 

1.0000 

0.9997 

0.9997 

0.9990 

0.9980 

0.9993 

Table 12. Result of calculations of the fast benchmarks for the 199-group 
library with the 233U ad hoc evaluation 

Benchmark ENDF/B JENDL AD HOC-REV 

u3U-h4ET-FAST-O0 1 
(JEZEBEL-23) 

233U-MET-FAST-O02-a 

233U-MET-FAST-002-b 

FLATTOP-23 

Average 

0.9929 

0.9952 

0.9975 

0.9958 

0.9971 

1.0027 

1.0061 

0.9949 

0.9974 

1.0004 

0.9980 

1.0125 

1.0093 

1.0088 

1.0100' 

1.0085 

1.0172 

1.0181 

1.0094 

1.0097 

1.0088 

1.0112 

1.0007 

0.9989 

0.9995 

0.9988 

0.9976 

1.0068 

1.0057 

0.9980 

0.9988 

0.9985 

1.0003 
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It is essential that the revised z3U fission cross section should be in good agreement with 
measured data. This has been investigated by examining the p3U/u5U fission cross-section ratio. 
The ENDF/B-VI USIT fission cross section was used, along with the new z3U fission cross 
section. The IENDL-3 revised z3UPsU fission ratio is compared with the measured values 
from Kandax7 in Figs. 10 and 11. The evaluated ratio is in good agreement with measured 
values. Based on this study, we conclude that the newaz3U fission cross section is reasonable. 

A comparison of the z3Up5U fission reaction rate ratios for four fast benchmarks using 
ENDF/B-VI and IENDL-3 cross sections is given in Table 9. The calculated ratios using the 
new evaluation are compared with those using the other evaluations in Table 13. The calculated 
values using the ad hoc evaluation are in good agreement with the experimental values and with 
ENDF/B-VI values for the IEZEBEL, GODIVA, and FLATTOP-25 benchmarks. The 
calculated ratio for the BIGTEN benchmark is low relative to both the experimental value and 
the ENDF/B:VI result. We are currently unable to conclude whether this is due to a problem 
with the z3U fission cross section or due to some other cause related to the BIGIEN benchmark. 

Calculated values of the "8vpv and 237NppsU fission ratios using ENDF/B-VI, JENDL-3, 
and the ad hoc cross sections are compared in Table 14 for the JEZEBEL-23 and FLATTOP-23 
benchmarks. These two benchmarks contain 233U, while the ones given in Table 13 do not. The 
calculated values for the u7Np/235U fission ratio using all three evaluations are in good agreement 
and are also in agreement with measured values. The calculated values for the "8U~5U fission ratio 
using the ad hoc cross sections are lower than the corresponding ENDFB-VI calculated values and 
are also low relative to the measured values. One important factor which influences the calculated 
238Up'U fission ratio is the 233U inelastic scattering cross section. The higher 233U inelastic cross 
section in the JENDL-3 and ad hoc evaluations, relative to the ENDFB-VI evaluation, appears to 
be the principal reason for the lower values of the calculated u8U/235U fission ratio using these 
evaluations, relative to the corresponding values using ENDFB-VI. 
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. U-233/U-235 Flsslon-raflo 
Kanda ratio data (1985) 

M os 0.6 a7 os tu 1.a 1.1 12 

Energy (MeV) 

Fig. 10. Comparison of measured and evaluated 233U1u5U fission cross-section ratio. 

U-233/U -235 Flss Ion-r at lo 
Kanda ratio data (1 985) 

-- I a 4 5 6 7 

Energy (MeV) 

Fig. 11. Comparison of measured and evaluated u3Up5U fission cross-section ratio. 

22 



Table 13. Comparisons of 233Ur-35U fission central-reaction-rate ratios 
ENDF/B JENDL AD HOC-REV 

( C m  (CE)  (C/E) Benchmark Experiment 

JEZEBEL 1.578+ 1.7 % 1.000 1.016 0.998 

GODIVA 

FLATTOP-25 

BIGTEN 

1.590+ 1.9 % 

1.595 k 1.9 % 

1.580+1.9% 

1.001 

0.990 

0.996 

1.012 

1.007 

0.992 

0.994 

0.989 

0.976 

Table 14. Comparisons of "8Ufu5U and mNpfu5U fission central-reaction-rate ratios 
ENDF/B JENDL AD HOC-REV 

( C m  (CE) WE) Benchmark Experiment 

JEZEBEL-23 

u7NpfusU 

FLATTOP-23 

0.213+1.1% 

0.977 & 1.6 % 

0.191+1.0% 

1.012 

1.010 

0.998 

0.985 

1.008 

0.981 

0.983 

1.007 

0.977 

u7Np/u5U 0.892 k 1.6 % 1.013 1.014 1.012 

i 

?" 
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7. CONCLUSIONS 

In this study we have investigated the adequacy of the available 233U cross-section data 
for benchmark calculations of experimental critical systems. An ad hoc 233U cross-section 
evaluation, based on a modification of the JENDL-3 evaluation, was developed for test purposes. 

Benchmark calculations of sixteen =U critical experiments, six thermal and ten fast, and 
four numerical benchmark were performed. Calculations were done using the ENDF/B-VI, 
JENDL-3, and ad hoc JENDL-3 evaluations. In the ad hoc evaluation the fission cross section 
between 0.1 and 3.6 MeV was set to a value 2% lower than those given in JENDL-3. Using 
these values, excellent results for calculated bvalues are obtained for both the thermal and fast 
benchmarks considered in this study. Results obtained with the ad hoc evaluation represent a 
big improvement relative to either the ENDF/B-VI or JENDL-3 evaluations. As discussed in 
Sect. 6, the ad hoc u3U fission cross section is in agreement with the measured cross settion, 
based on a comparison of the evaluated and measured 233U/235U fission ratio. 

The lack of critical benchmark experiments with spectra peaking in the intermediate 
energy range is a serious limitation which prevents testing of the 233U cross sections in this 
energy range. At the present time, measurements of 233V cross sections from thermal to 600 eV 
are planned at the Oak Ridge Electron Linear Accelerator (ORELA). In addition, Los Alamos 
is planning to pedorm integral measurements on 233U. These measurements will lead to more 
accurate 233U data for use in applications which have specra in the intermediate energy range. 
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APPENDIXA 

A.l. Listing of the NJOY Procedure to Process "U Cross Sections in the 238-Group 
Structure 

cat > input233 << eof 
0 
61 
* r e C O n f  
21 22 

+pendf tape for 11-233, mat 9222, jendl evaluation*/ 
9222 3 0 
.0010.7 I 
*u-233, jendl evaluation*/ 
*processed by the njoy system*/ 
*R. Q. Wright & L. C. Leal 4-1-96*1 
01 
*broadr+ 
2223 
9222 1 0 1 0.0 
.0011 
300. 
01 
*umsr+ 
21 23 24 
9222171 
300. 
l.el0 1 . ~ 6  1.5 1.e4 1x3 100.50. 
01 
*the+ 
02425 
092228 1 1 0  1221 0 
300. 
.013.oooo 
*groupr+ 
21 25 0 26 
9222 1 0 4 5  1 7  1 
* u-233 jendl evaluation, mat 9222*/ 
300. 
l.el0 1.4 l.e5 1.4 l.e3 1.e2 50. 
238 
1.0000-5 1.0000-4 5.0000-4 7.5000-4 1.0000-3 1.2000-3 
1.5000-3 2.0000-3 2.5000-3 3.0000-3 4.0000-3 5.0000-3 
7.5000-3 1.0000-2 2.5300-2 3.0000-2 4.0000-2 5.0000-2 
6.0000-2 7.0000-2 8.0000-2 9.0000-2 1.0000-1 1.2500-1 
1.5000-1 1.7500-1 2.0000-1 2.2500-1 2.5000-1 2.7500-1 
3.0000-1 3.2500-1 3.5000-1 3.7500-1 4.0000-1 4.5000-1 
5.0000-1 5.5000-1 6.0000-1 6.2500-1 6.5000-1 7.0000-1 
7.5000-1 8.0000-1 8.5000-1 9.0000-1 9.2500-1 9.5000-1 
9.7500-1 l.ooOO+O 1.0100+0 1.0200+0 1.0300+0 1.0400+0 
1.0500+0 1.0600+0 1.0700+0 1.0800+0 1.0900+0 1.1000t-0 
1.1100+0 1.1200+0 1.1300+0 1.1400+0 1.1500+0 1.1750+0 
1.2000+0 1.2250+0 1.2500+0 1.3000+0 1.3500+0 1.4000+0 
1.4500+0 1.5OOO+O 1.5900+0 1.6800+0 1.7700+0 1.8600+0 
1.9400+0 2.ooOO+O 2.1200+0 2.2100+0 23000+0 2.3800+0 
2.4700+0 25700+0 2.6700+0 2.7700+0 2.8700-i-0 2.9700+0 
3.ooOO+O 3.0500+0 3.1500+0 3.5000+0 3.7300+0 4.0000+0 

27 

i 

?d- 

' I  



4.7500+0 S.oooO+O 5.4OOO+O 6.0000+0 6.2500+0 6.5000+0 
6.7500+0 7.oooO+O 7.1500+0 8.1ooO+O 9.1000+0 1.0000+1 
1.1500+1 1.1900+1 1.2900+1 1.3750+1 1.4400+1 1.5100+1 
1.6000+1 1.7000+1 1.8500+1 1.9OOO+l 2.0000+1 2.1000+1 
2.2500+1 25000+1 2.7500+1 3.oooO+1 3.1250+1 3.1750+1 
33250+1 33750+1 3.4600+1 3.5500+1 3.7000+1 3.8000+1 
3.9100+1 3.9600+1 4.1000+1 4.2400+1 4.4000+1 4.5200+1 
4.7000+1 4.8300+1 4.9200+1 5.0600+1 5.2000+1 5.3400+1 
5.9OOO+1 6.1000+1 6.5000+1 6.7500+1 7.2000+1 7.6000+1 
8.oooO+1 8.2000+1 9.OOOO+1 1.oooO+2 1.0800+2 1.1500+2 
1.1900+2 1.2200+2 1.8600+2 1.9250+2 2.0750+2 2.1000+2 
2.4000+2 2.8500+2 3.0500+2 5.5000+2 6.7000+2 6.8300+2 
9.5000+2 1.1500+3 1.5000+3 1.5500+3 1.8000+3 2.2000+3 
2.2900+3 2.5800+3 3.oooO+3 3.7400+3 3.9000+3 6.0000+3 
8.0300+3 95000+3 1.3000+4 1.7000+4 2.5000+4 3.0000+4 
45000+4 5.oooO+4 5.2000+4 6.0000+4 7.3000+4 7.5000+4 
8.2000+4 85000+4 l.oooO+S 1.2830+5 1.5000+5 2.0000+5 
2.7000+5 3.3000+5 4.oooO+5 4.2000+5 4.4000+5 4.7000+5 
4.9952+5 55000+5 5.7300+5 6.0000+5 6.7000+5 6.7900+5 
75000+5 82000+5 8.6110+5 8.7500+5 9.0000+5 9.2000+5 
1.0100+6 1.1000+6 1.2000+6 1.2500+6 1.3170+6 1.3560+6 
1.4000+6 15000+6 1.8500+6 2.3540+6 2.4790+6 3.0000+6 
4.3040+6 4.8000+6 6.4340+6 8.1873+6 1.0000+7 1.2840+7 
1.3840+7 1.4550+7 1.5683+7 1.7333+7 2.0000+7 

0.125 0.025 6.7400e+4 1.2730e+6 
31 
3 221 *thrsct*l 
3 251 *mubar+/ 
3 252 *xi*/ 
3 253 *gamma*/ 
3 452 *nubar+/ 
61 
6 221 *thrsct*l 
01 
01 
*stop* 

eof 
lhomele5alu233dulxrjoyrsic < input233 
echo 'njoy run is finished' 

L- 

A.2. Listing of the NJOY Procedure to Process u3U Cross Sections in the 199-Group 
Structure 
cat > input233 << eof 
0 
61 
*reCOK+ 
21 22 
tpendf tape for u-233, mat 9222, jendl evaluation*/ 
922230 
.0010.7 I 
*u-233, jendl evaluation*/ 
*processed by the njoy system*/ 
*R. Q. Wright & L. C. Leal 4-1-96*1 
01 
*broadr+ 
2223 
9222 1 0 1 0.0 
.001/ 
300. 
01 
*unresr* 
21 23 24 
9222171 
300. 
l.el0 Le6 1.4 1.e4 Le3 100.50. 
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01 
*he& 
02425 
0 9222 8 1 1 0 1221 0 
300. 
.013.oooo 
* P U P r +  
2 1 2 5 0 2 6  
9222 1 0 4 5  1 7  1 
* u-233 mod1 evaluation, mat 9222*/ 
300. 
l.el0 1.e6 1.e5 1.e4 l.e3 1.e2 50. 
199 
1.0000e-05 5.0000d)4 2.000043 5.000043 1 .OOOOe42 1.450042 
2.1000e-02 3.0000e02 4.oooOe-02 5.oooOe-02 7.0000e-02 l.OOOOe-01 
1.2500c-01 1.5WOe-01 1.840041 2.2500e-01 2.7500e-01 3.2500e-01 
3.6680e-014.1399e-015.0000415.3158e-01 6.2506e-01 6.8256e-01 
8.OOOOe-01 8.764341 
1.0000e+00 l.O4OOe+00 1.08OOe+00 1.1253e+00 1.3000e+00 1.4450e-i-00 
1.8554e+00 2.3824e+OO 3.059Oe+00 3.9279e+00 5.0435e+00 6.4760e+00 
83153e+00 1.0677e+O1 1.3710e+01 1.7604e+01 2.2603e+01 2.9023e+01 

' 3.7266e+014.7851e+01 6.1442e+017.8893e+Ol 1.013Oe+02 1.3007e+02 
1.6702e+02 2.1445e3.02 2.7536e+02 3.5357e+02 4.5400e+02 5.829Se+02 
7.4852e+02 9.6112e-t.02 1.2341e+03 1.5846e+03 2.0347e+03 2.2487e103 
2.4852e+03 2.6126e+03 2.7465e+03 3.0354e+03 3.3546e+ 03 3.707&+03 
4.3074e+03 5.5308~+03 7.1017e+03 9.1188e+03 l.O595e+04 l.I709e+04 
1.5034e+04 1.9305e+04 2.1875e+04 23579e+04 2.4176e+04 2.4788e+04 
2.6058e+04 2.7000e+04 2.8501e+04 3.1828e+04 3.4307e+04 4.0868e+04 
4.6309e+04 5.2475e+04 5.6562e+04 6.7379e+04 7.1998e+04 7.9499e+04 
8 Z03e + 04 8.65 17e + 04 9.8037e+ 04 1.1 109e +05 1.1679e + 05 1?,277e+ 05 
1.2907e+05 1.3569e+05 1.4264e+05 1.4996e+05 1.5764e+O5 1.6573e+05 
1.7422e+05 1.8316e+05 1.9255e+05 2.0242e+05 2.1280eC05 2.2371e+05 
2.3518e+05 2.4724e+05 2.7324e+05 2.8725e+05 2.9452e+05 2.9721e+05 
2.9849e+05 3.0197e+OS 3.3373e+05 3.6883e+05 3.8774e+05 4.0762e+05 
4.5049e+05 4.9787e+05 5.2340e+05 5.5023e+05 5.7844e+05 6.0810e+05 
6.3928e+ 05 6.7206e +OS 7.065 le  + 05 7.4274e + 05 7.8082e + 05 8.2085e + 05 
8.6294e+05 9.0718e+05 9.6164e+05 1.0026e+06 1.1080e+06 1.1648e+06 
1.2246e+06 1.2874e+06 1.3534e+06 1.4227e+06 1.4957e+06 1.5724e+O6 
1.6530e+06 1.7377e+06 1.8268e+06 1.920Se+06 2.0190~+06 2.1225e+06 
2.2313e+06 2.3069e+06 2.3457e+06 2.3653e+06 2.3852e+06 2.4660e+06 
2.5924e+06 2.7253e+06 2.8651e+06 3.0119e+06 3.1664e+06 3.3287e+06 
3.6788e+06 4.0657e+06 4.4933e+06 4.7237e+06 4.9659~+06 5.2205e+06 
5.4881e+06 5.7695e+06 6.0653e+06 6.3763e+06 6.5924e+06 6.7032e+06 
7.0469e+06 7.4082e+06 7.7880e+06 8.1873e+06 8.6071e+06 9.0484e+06 
9.5123e+06 1.0000e+07 1.0513e+07 l.l052e+07 1.1618e+07 1.2214e+07 
1.2523e + 07 1.28Ne +07 1.3499e+ 07 1 3840e + 07 1.419 1 e + 07 1.4550e + 07 
1.4918e+07 1.5683e+07 1.6487e+07 1.6905e+07 1.7332e+07 1.9640e+07 
0.125 0.025 8.2085e+5 1.2730e+6 
31 
3 221 *LhrscL*/ 
3 251 *mubar*/ 
3 252 *xi*/ 
3 253 *gamma*/ , 
3 452 *nubar+/ 
6/ 
6 221 *thrsct*/ 
O/ 
01 
*Stop* 

eof 
Ihomele5alu233dirlxnjoyrsic < input233 
echo 'njoy run is finished' 
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APPENDIX B 

B.l. CSASN Procedure to Execute XSDRNPM for ORNLS Critical Benchmark 

#csasn parm=s'm=700000 
oml-5 benchmark - R. Q. Wright & L. C. Leal, 10-30-95 
199s  multiregion 
H 1 0.0 0.066360 end 
0 1 0.0 0.033607 end 
N 1 0.0 1.178-4 end 
U-233 1 0.0 4.328-5 end 
U-234 1 0.0 7.16-7 end 
U-235 1 0.0 1.80-8 end 
U-238 1 0.0 2.810-7 end 
"€I-232 1 0.0 1.9641-7 end 
end comp 
spherical vacuum reflected 0.0 end 
1 34.595 noextennod 
end zone 

end 
#xsdmpm 
o d - 5  benchmark, R. Q. Wright & L. C. Leal 10-10-95 

-1$$ 700000 e 
1$$ 3 2 4 0 1 0 1 8  831103532  
25s -1 5z -1 e 3SS 82 5 1 e 
5** 1.04 1.04 e t 
1 3 s  fl 
14SS 1001001 1008016 1007014 1092233 1092234 1092235 

IS** 0.066360 0.033607 1.178-4 4.328-5 7.16-7 1.80-8 

33** fl.0 t 
35** 39i 0 34.595 36SS 139r2 
39ss 11 a s s  t3 
SO$$ 2r-18 3r-102 t 

1092238 1090232 

2.81-7 1.9641-7 t 

4 9 s  1092233 109223s '1092233 1092238 iooiooi 

end 

B.2. CSASN Procedure to Execute XSDRNPM for ORNL6 Critical Benchmark 
' #csasn parm=size=700000 

oml-6 benchmark - R. Q. Wright & L. C. Leal, 10-30-95 
199gr multiregion 
H 1 0.0 0.066345 end 
0 1 0.0 0.033620 end 
N 1 0.0 1.224-4 end 
U-233 1 0.0 4.512-5 end 
U-234 1 0.0 7.44-7 end 
U-235 1 0.0 1.80-8 end 
U-238 1 0.0 2.910-7 end 
TH-232 1 0.0 2.0491-7 end 
B-10 1 0.0 2.6307-7 end 
end comp 
spherical vacuum reflected 0.0 end 
1 34.595 noextennod 
end zone 

end 
#xsdmpm 

-1SS 700000 e 
l$S 3 2 4 0 1 0 1 9  831103532 
2% -1 5z-1 e 35s 825 1 e 
5** 1.04 1.0-6 e t 

o d d  benchmark, R. Q. Wright & L. C. Leal 10-10-95 
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13ss fl 
14SS 1001001 1008016 1007014 1092233 1092234 1092235 

1092238 1090232 1005010 
15** 0.066345 0.033620 1.224-4 4512-5 7.44-7 1.80-8 

33** fl.0 t 
35** 39i 0 34.595 36SS 139r2 
39% 11  4 0 s  f3 
49SS 1092233 1092238 1092233 1092238 1001001 
5OSS 2r-18 3r-102 t 
end 

2.91-7 2.0491-7 2.6307-7 t 

B.3. CSASN Procedure to Execute XSDRNPM for ORNL7 Critical Benchmark 

#cam parm=size=70oooO 
od-7  benchmark - R. Q. Wright and L. C. Leal, 10-31-95 
199s  multiregion 
H 1 0.0 0.066329 end 
0 1 0.0 0.033633 end 
N 1 0.0 1.2744 end 
U-233 1 0.0 4.6798-5 end 
U-234 1 0.0 7.72-7 end 
U-235 1 0.0 1.80-8 end 
U-238 1 0.0 3.010-7 end 
TH-232 1 0.0 2.1333-7 end 
B-10 1 0.0 5.1230-7 end 
endcomp . 
spherical vacuum reflected 0.0 end 
1 34.595 noextennod 
end zone 

end 
#xsdrnpm 
o d - 7  benchmark, R. Q. Wright & L. C. Leal 10-10-95 

-1SS 700000 e 
1SS 3 2 4 0 1 0 1 9  831103532  
2$s -1 5z -1 e 3SS 825 1 e 
5** 1-04 1.04 e t 
13ss fl 
14SS 1001001 1008016 1007014 1092233 1092234 1092235 

1092238 1090232 1005010 
15** 0.066329 0.033633 1.274-4 4.6798-5 7.72-7 1.80-8 

33** fl.0 t 
35** 39i 0 34595 36SS 1 3 9 ~ 2  
3 9 s  1 1  40ss E3 
49SS 1092233 1092238 1092233 1092238 1001001 
5OSS 2r-18 3r-102 t 
end 

3.01-7 2.1333-7 5.1230-7 t 

B.4. CSASN Procedure to Execute XSDRNPM for ORNU Critical Benchmark 
#csam pann=size=700000 
o d - 8  benchmark - R. Q. Wright & L. C. Leal, 03-13-96 
199gr multiregion 
H 1 0.0 0.066315 end 
0 1 0.0 0.033646 end 
N 1 0.0 1319-4 end 
U-233 1 0.0 4.8455-5 end 
U-234 1 0.0 8.01-7 end 
U-235 1 0.0 2.10-8 end 
U-238 1 0.0 3.110-7 end 
TH-232 1 0.0 2.2135-7 end 
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B-10 1 0.0 7.5757-7 end 
end comp 
spherical vacuum reflected 0.0 end 
1 34.595 noextennod 
end mne 

end 
W m p m  
oml-8 benchmark, R. Q. Wright & L. C. Leal 10-10-95 

-1$$ 700000 e 
1$S 3 2 4 0 1 0 1 9  831103532  
2$$ -152-le 3% 8 z 5 1 e  
5*+ 1.04 1.04 e t 
13SS fl 
14$$ 1001001 1008016 1007014 1092233 1092234 1092235 

1092238 1090232 1005010 
15** 0.066315 0.033646 1.319-4 4.8455-5 8.01-7 2.10-8 

33** fl.0 t 
35** 39i 0 34.595 36S$ 1 39r2 
3 9 s  11 40s f3 
49$$ 1092233 1092238 1092233 1092238 1001001 
SO$$ 2r-18 3 ~ 1 0 2  t 
end 

3.11-7 2.2135-7 7.5757-7 t 

B.5. CSASN Procedure to  Execute XSDRNPM for ORNL9 Critical Benchmark 
#csasn pann=size=700000 
o d - 9  benchmark - R. Q. Wright & L. C. Leal, 03-13-96 
199gr multiregion 
H 1 0.0 0.066300 end 
0 1 0.0 0.033657 end 
N 1 0.0 1.363-4 end 
U-233 1 0.0 5.0066-5 end 
U-234 1 0.0 8.27-7 end 
U-235 1 0.0 2.10-8 end 
U-238 1 0.0 3.270-7 end 
TH-232 1 0.0 2.2693-7 end 
B-10 1 0.0 1.0048-6 end 
end comp 
spherical vacuum reflected 0.0 end 
1 34.595 noextennod 
end zone 

end 
#xsdmpm 
oml-9 benchmark, R. Q. Wright & L. C. Leal 10-10-95 

-1S$ 700000 e 
IS.$ 3 2 4 0 1 0 1 9  831103532 
2$$ -1 52 -1 e 3SS 8z5 1 e 
5+* 1.04 1.04 e t 
13% fl 
145s 1001001 1008016 1007014 1092233 1092234 1092235 

1092238 1090232 1005010 
15*+ 0.066300 0.033657 1.363-4 5.0066-5 8.27-7 2.10-8 

33** fl.0 t 
35** 39i 0 34.595 36S% 13912 
3 9 s  1 1  403% t3 
49$$ 1092233 1092238 1092233 1092238 1001001 
50% 2r-18 3r-102 t 
end 

3.27-7 2.2693-7 1.00486 t 
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B.6. CSASN Procedure to Execute XSDRNPM for ORNLll Critical Benchmark 
#csasn pann=size=700000 
ornl-11 benchmark - R. Q. Wright & L. C. Leal, 10-31-95 
199s multiregion 
H 1 0.0 0.066467 end 
0 1 0.0 0.033525 end 
N 1 0.0 7530-5 end 
U-233 1 0.0 3346-5 end 
U-234 1 0.0 5.25-7 end 
U-235 1 0.0 1.00-8 end 
U-238 1 0.0 2.560-7 end 
TH-232 1 0.0 1.4757-7 end 
end comp 
spherical vacuum reffected 0.0 end 
1 61.011 noextennod 
end zone 

end 
#xsdmpm 
ornl-11 benchmark, R. Q. Wright & L. C. Leal 10-10-95 

-IS$ 700000 e 
IS$ 3 2 4 0 1 0 1 8  8 3 1 1 0 7 0 3 ~  
2SS -1 52 -1 e 3SS 82 5 1 e 
5** 1.06 1.06 e t 
13SS fl 
14SS 1001001 1008016 1007014 1092233 1092234 1092235 

1092238 1090232 
IS** 0.066467 0.033525 7.530-5 3.346-5 5.25-7 1.00-8 

33** fl.0 t 
35** 39; 0 61.011 36$$ 139r2 
39ss 11 40% B 
49SS 1092233 1092238 1092233 1092238 1001001 
50SS 2r-18 3r-102 t 
end 

256-7 1.4757-7 t 
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#xsdrnpm 
u23nu10 benchmark, 199-grp cross sections, 06-28-95 
1SS 3 3 6 0 1 0 2 8 1 6 3 1  102532 
2$$ - 2 0 0 e  3$S 8 z 5 1 e  t 
13$$ 6~12x2 
14$$ 1093237 1094239 1092233 1092234 1092235 1092238 

2092235 2092238 
15++ 2rl-15 4.7253-2 5.2705-4 1.0-15 3.2975-4 

33++ fl.0 t 
35++ 39i 0 19i 5.0444 7.3456 36$S 1 39r2 20r3 
3955 11 2 4oSS t3 
49SS 1093237 1094239 1092233 1092235 1092238 
SO$$ 5r-18 t 
end 

3.4902-4 4.7518-2 t 

C.5. CSASN Procedure to Execute XSDRNPM for zf3v-MET-FAST-003-b Critical 
Benchmark 

#csasn 
u23kg76 benchmark - R. Q. Wright & L. C. Leal, 06-19-95 
199s  multiregion 
np-237 1 0.0 1.0-15 end 
pu-239 1 0.0 1.0-15 end 
u-235 1 0.0 1.0-15 end 
u-233 1 0.0 4.7312-2 end 
u-234 1 0.0 5.2770-4 end 
u-238 1 0.0 3.3015-4 end 
u-235 2 0.0 4.4892-2 end 
u-238 2 0.0 3.2340-3 end 
end comp 
spherical vacuum reflected 0.0 end 
1 4.5999 noextennod 2 6.5887 noextennod 
end mne 
moredata collapse end 

end 
#xsdrnpm 
u23kg76 benchmark, 199-grp cross sections, 06-19-95 
1$$ 3 3 60 1 0 2 8  16 3 11025 32 
2$$ - 2 0 0 e  3SS 8 z 5 1 e  t 
13$$ 6rl 2r2 
14$$ 1093237 1094239 1092233 1092234 1092235 1092238 

15++ 2rl-15 4.7312-2 5.2770-4 1.0-15 3.3015-4 

33++ fl.0 t 
35++ 39i 0 19i 4.5999 6.5887 36SS 1 39r2 20r3 
3 9 s  11 2 4oSS B 
49SS 1093237 1094239 1092233 1092235 1092238 

2092235 2092238 

4.4892-2 3.2340-3 t 

5OSS 5r-18 t 
end 

C.6. CSASN Procedure to Execute XSDRNPM for 233U-MET-FAST-004-a Critical 
Benchmark 
#csasn 
u23w10 benchmark - R. Q. Wright & L. C. Leal, 06-29-95 
199gr multiregion 
np-237 1 0.0 1.0-15 end 
pu-239 1 0.0 1.0-15 end 
u-235 1 0.0 1.0-15 end 
11-233 1 0.0 4.7253-2 end 
u-234 1 0.0 5.2705-4 end 
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u-238 1 0.0 3.29754 end 
zc 2 0.0 7.95284 end 
ni 2 0.0 9.7124-3 end 
cu 2 0.0 4.0774-3 end 
w 2 0.0 5.1468-2 end 
end comp 
spherical vacuum reflected 0.0 end 
1 5.0444 noextennod 2 7.4828 noextennod 
end zone 
moredata collapse end 

end 

u23wlO benchmark, 199-grp cross sections, 06-29-95 
1SS 3 3 60 1 0 2 10 16 3 1 10 25 32 
2$s - 2 0 0 e  3SS 8 2 5 1 e  t 
13SS 6rl 4r2 
14SS 1093237 1094239 1092233 1092234 1092235 1092238 

15** 2rl-15 4.7253-2 5.2705-4 1.0-15 3.2975-4 

33** fl.0 t 
35** 39i 0 19i 5.0444 7.4828 36SS 1 39r2 20r3 
39SS 1 1 2  4oss f3 
49SS 1093237 1094239 1092233 1092235 1092238 
50SS 5r-18 t 
end 

w m p m  

2028000 2029000 204oooO 2074000 

9.7124-3 4.0774-3 7.95284 5.1468-2 t 

C.7. CSASN Procedure to Execute XSDRNPM for mU-MET-FAST-O04-b Critical 
Benchmark 

#csasn 
u23w76 benchmark - R. Q. Wright & L. C. Leal, 06-28-95 
199gr multiregion 
np-237 1 0.0 1.0-15 end 
pu-239 1 0.0 1.0-15 end 
u-235 1 0.0 1.0-15 end 
u-233 1 0.0 4.7312-2 end 
u-234 1 0.0 5.2770-4 end 
u-238 1 0.0 3.30154 end 
zr 2 0.0 7.9528-4 end 
ni 2 0.0 9.7124-3 end 
cu 2 0:O 4.0774-3 end 
w 2 0.0 5.1468-2 end 
end comp 
spherical vacuum reflected 0.0 end 
1 45999 noextennod 2 10.3911 noextermod 
end zone 
moredata collapse end 

end 
#xsdmprn 
u23w76 benchmark, 199-grp cross sections, 06-28-95 
1SS 3 3 8 0 1 0 2 1 0 1 6 3 1 1 0 2 5 3 ~  
2$S - 2 0 0 e  3SS 825 l e  t 
13SS 6rl 4r2 
14% 1093237 1094239 1092233 1092234 1092235 1092238 

IS** 2rl-15 4.7312-2 5.2770-4 1.0-15 3.30154 

33** fl.0 t 
35** 39i 0 39i 4.5999 10.3911 36SS 1 39r2 40r3 
39ss 1 1 2  4oss n 
49% 1093237 1094239 1092233 1092235 1092238 
5OSS 5r-18 t 
end 

2028000 2029000 2040000 2074000 

9.7124-3 4.0774-3 7.9528-4 5.1468-2 t 
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C.8. CSASN Procedure to Execute XSDRNPM for 23JU-MET-FAST-005-a Critical 
Benchmark 

#csasn parm=size=700000 
u23be76 benchmark - R. Q. Wright & L. C. Leal, 03-21-96 
199s  multiregion 
np-237 1 0.0 1.0-15 end 
pu-239 1 0.0 1.0-15 end 
u-235 1 0.0 1.0-15 end 
11-233 1 0.0 4.7312-2 end 
u-234 1 0.0 5.2770-4 end 
u-238 1 0.0 3.30154 end 
bebound 2 0.0 1.1984-1 end 
0-16 2 0.0 1.3776-3 end 
end comp 
spherical vacuum reflected 0.0 end 
1 4.5999 noextennod 2 8.7960 noextennod 
end zone 

end 
#xsdrnpm 
u23w76 benchmark, 199-grp cross sections, 03-21-96 

-1$$ 700000 e 
1$$ 3 3 9 0 1 0 2  84831102532 
2$S -2 5z-1 e 3SS 825 1 e 
5** 1.04 1.04 e t 
13$S 6rl212 
14$$ 1093237 1094239 1092233 1092234 1092235 1092238 

15** 2rl-15 4.7312-2 5.2770-4 1.0-15 3.30154 

33** fl.0 t 
35** 54i 0 34i 4.5999 8.7960 36SS 1 54r2 353  
3 9 s  11 2 40SS f3 
49$$ 1093237 1094239 1092233 1092235 1092238 
SO%$ 5-18 t 
end 

2004309 2008016 

1.19840-1 1.37760-3 t 

C.9. CSASN Procedure to Execute XSDRNPM for "U-MET-FAST-005-b Critical 
Benchmark 
#csasn parm=s'ize=700000 
u23be76 benchmark - R. Q. Wright & L. C. Leal, 03-21-96 
199gr multiregion 
np-237 1 0.0 1.0-15 end 
pu-239 1 0.0 1.0-15 end 
11-235 1 0.0 1.0-15 end 
11-233 1 0.0 4.7312-2 end 
11-234 1 0.0 5.2770-4 end 
11-238 1 0.0 330154 end 
bebound 2 0.0 1.1984-1 end 
0-16 2 0.0 1.3776-3 end 
end comp 
spherical vacuum reflected 0.0 end 
1 4.5999 noextermod 2 8.7960 noextennod 
end zone 

end 
#xsdmpm 
u23w76 benchmark, 199-grp cross sections, 03-21-96 

-I$$ 700000 e 
I$$ 3 3 9 0 1 0 2  84831102532 
2SS -2 5z -1 e 3SS 8z 5 1 e 
5** 1.06 1.06 e t 
13$$ 6rl2r2 
14$$ 1093237 1094239 1092233 1092234 1092235 1092238 

2004309 2008016 
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15** 2rl-15 4.7312-2 5.2770-4 1.0-15 330154 

33** fl.0 t 
35** 54i 0 34i 45999 8.7960 36SS 1 54r2 353 
39ss 11 2 4oss f3 
49$$ 1093237 1094239 1092233 1092235 1092238 
5OSS 5r-18 t 
end 

1.19840-1 1.37760-3 t 

C.10. CSASN Procedure to Execute XSDRNPM for FLATTOP-23 Critical Benchmark 
#csasn parm=size=700000 
flattop-23 benchmark - R. Q. Wright and L. C. Leal, 11-30-93 
199s multiregion 
u-233 1 0.0 4.6710-2 end 
np-237 1 0.0 1.M5 end 
pu-239 1 0.0 1.0-15 end 
11-234 1 0.0 5.87724 end 
u-235 1 0.0 1.4158-5 end 
u-238 1 0.0 2.79594 end 
11-235 2 0.0 3.5050-4 end 
u-238 2 0.0 4.7717-2 end 
end comp 
spherical vacuum reflected 0.0 end 
1 4.2058 noextermod 2 24.1194 noextennod 
end mne 
moredata collapse end 

end 
Bksdrnpm 
flattop-23 benchmark, 199-grp cross sections, 11-30-93 
1SS 3 3 62 1 0 2  8 163 1 1025 32 
2SS -2 5z -1 e 3SS 82 6 1 e 
5** 1.06 1.06 e t 
13SS 6rl2r2 
14% 1092233 1093237 1094239 1092234 1092235 1092238 

IS** 4.6710-2 2rl-15 5.87724 1.4158-5 2.79594 

33** fl.0 t 
35** 39i 0 2i 4.2058 18i 4.610 24.1194 
36SS 1 39r2 22r3 
39ss 1 1  2 4oss f3 
49SS 1092233 1093237 1094239 1092235 1092238 1092238 
5OSS 5-18 -102 t 
end 

2092235 2092238 

3.5050-4 4.7712-2 t 
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D.l. CSASN Procedure to Execute XSDRNPM for CASE A Numerical Benchmark 

#csasn parm=size=600000 
d2ox-1 
199gr multiregion 
H 1 0.0 1.78490-4 end 
D 1 0.0 5.93180-2 end 
0 1 0.0 3.34610-2 end 
F 1 0.0 3.71290-3 end 
U-233 1 0.0 5.38380-4 end 
U-234 1 0.0 8.250006 end 
U-235 1 0.0 4.10000-7 end 
U-238 10.0 1.30945-3 end 
SI 2 0.0 1.69820-3 end 
CR-50 2 0.0 7.17402-4 end 
CR-52 2 0.0 1.38346-2 end 
CR-53 2 0.0 1.568543 end 
CR-54 2 0.0 3.90485-4 end 
MN 2 0.0 1.73630-3 end 
FE-54 2 0.0 3.501943 end 
FE-56 2 0.0 5.44404-2 end 
FE-57 2 0.0 1.24646-3 end 
FE-58 2 0.0 1.66194-4 end 
NI-58 2 0.0 5.27065-3 end 
NI-60 2 0.0 2.01500-3 end 
NI-61 2 0.0 8.72394-5 end 
NI-62 2 0.0 2.77159-4 end 
M-64 2 0.0 7.02547-5 end 
H 3 0.0 3.98860-4 end 
D 3 0.0 6.60780-2 end 
0 3 0.0 3.32380-2 end 
end comp 
spherical vacuum reflected 0.0 end 
1 17.088 oneextennod 2 17.189 oneextermod 3 44.367 noextermod 

end zone 
end 
=xsdrnpm 
k-calculation and reaction rates for d2ox-1 sphere, 01-10-96 

- 1 s  700000 
1$$3 4 53 1 0 3 26 16 3 1 10 40 3z 
2$$-20 132-1 323$$172 12 1 e 
4$$ 0 5 0 -2 e 
5** 1.04 1.04 e t 
13$$8rl 1512 3r3 
14% 
1001001 1001002 1008016 1009019 1092233 1092234 
1092235 1092238 2014000 
2024050 2024052 2024053 2024054 2025055 
2026054 2026056 2026057 2026058 
2028058 2028060 2028061 2028062 2028064 
3001001 3001002 3008016 
15** 1.784904 5.93180-2 3.34610-2 3.71290-3 

13.5 in sphere, R. Q. Wright & L. C. Leal 01-10-96 

5.38380-4 8.250006 4.10000-7 
1.30945-3 1.69820-3 
7.17402-4 1.38346-2 1.56854-3 3.90485-4 1.73630-3 
3.50194-3 5.44404-2 1.24646-3 1.66194-4 

3.98860-4 6.60780-2 332380-2 t 
5.270653 2.01~00-3 8.72394-5 2.ni59-4 7.02547-5 

33## fl.0 t 
35** 
15i 0 16 2i 16.5 17.088 17.189 2i 17.5 24i 19 44 l i  44.367 
44.621 

36$S 20rl2 30r3 4 4 
3 9 s  1 2 3 2 4 0 s  f3 

' 
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49SS 3r1092233 3r1092234 3r1092235 3r1092238 

51SS 16rl 5Or2 64r3 47r4 22r.5 t 
end 

50SS -101 -102 -18 3q3 

C.2. CSASN Procedure to Execute XSDRNPM for CASE B Numerical Benchmark 

#csasn parm=size=600000 
dZox-l 
199s multiregion 
H 1 0.0 1.78490-4 end 
D 1 0.0 5.93180-2 end 
0 1 0.0 334610-2 end 
F 1 0.0 3.71290-3 end 
U-233 1 0.0 1.70800-3 end 
U-234 1 0.0 8.250006 end 
U-235 1 0.0 4.10000-7 end 
U-238 1 0.0 1.39830-4 end 
SI 2 0.0 1.69820-3 end 
CR-50 2 0.0 7.17402-4 end 
CR-52 2 0.0 1.38346-2 end 
CR-53 2 0.0 1.56854-3 end 
CR-54 2 0.0 3.90485-4 end 
MN 2 0.0 1.73630-3 end 
-54 2 0.0 3.501943 end 
E 4 6  2 0.0 5.44404-2 end 
E-57 2 0.0 1.24646-3 end 
FEc58 2 0.0 1.66194-4 end 
NI-58 2 0.0 5.27065-3 end 
NI-60 2 0.0 2.01500-3 end 
NI-61 2 0.0 8.72394-5 end 
NI-62 2 0.0 2.77159-4 end 
NI-64 2 0.0 7.02547-5 end 
H 3 0.0 3.988604 end 
D 3 0.0 6.60780-2 end 
0 3 0.0 3.32380-2 end 
end comp 
spherical vacuum reflected 0.0 end 

end zone 
end 
=xsdrnpm 
k-calculation and reaction rates for d2ox-1 sphere, 04-02-96 

-IS$ 700000 
1SS 3 4 53 1 0 3 26 16 3 1 10 40 32 
2.% -20 132-1 3z3SS 172 12 1 e 
4SS 0 5 0 -2 e 
5** 1.06 1.06 e t 
13SS 8rl 152 3r3 
14SS 
1001001 1001002 1008016 1009019 1092233 1092234 
1092235 1092238 2014000 
2024050 2024052 2024053 2024054 2025055 
2026054 2026056 2026057 2026058 
2028058 2028060 2028061 2028062 2028064 
3001001 3001002 3008016 
15** 1.78490-4 5.93180-2 3.34610-2 3.71290-3 

10.0 in sphere, R. Q. Wright & L. C. Leal 04-02-96 

1 12.700 oneextermod 2 12.801 oneextermod 3 39.979 noextennod 

1.70800-3 8.250006 4.10000-7 
1398304 1.69820-3 
7.17402-4 1.38346-2 156854-3 3.90485-4 1.73630-3 
3.50194-3 5.44404-2 1.24646-3 1.66194-4 
5.27065-3 2.01500-3 8.72394-5 2.ni59-4 7.02547-5 
3.98860-4 6.60780-2 332380-2 t 

33## fl.0 t 
35** 
15i 0 11.7 2i 12.2 12.700 12.801 2i 13.1 24i 14.6 39.6 li 39.979 
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40.233 
36$$20rl2 30r3 4 4 
39$$ 1 2 3 2 40$$ i3 
49% 3r1092233 3r1092234 3r1092235 3r1092238 
SO$$ -101 -102 -18 3q3 
51$$ 16rl 50r2 64r3 47r4 226  t 
end 

C.3. CSASN Procedure to Execute XSDRNPM for CASE C Numerical Benchmark 

#csam 
hiss(~233) benchmark- R Q. Wright & L C. Leal, 04-29-96 
199grp infh 
U-234 1 0  3.120006 end 
U-233 1 0  9.805305 end 
11-236 1 0  4.26700-7 end 
U-238 1 0  1.71900-5 end 
h 1 0 1.12600-4 end 
boron 12.058826-3 end 
 graphite 1 0 7.56500-2 end 
o 10 1.65000-3 end 
ca 1 0 5.6970-4 end 
end comp 
end 
#-pm 
hiss(u233) benchmark 199-grp cross sections, 04-29-96 
1%S 0 1 1  1 1 1 1 0  8 3 1 2 0  25 25 0 0 
2S% -2 0 1 e 
3% 1510 2 0 8 0 0 0 
43% 0 5 0 -2 e t 
13SS lor1 
1 4 s  1092234 1092233 1092236 1092238 1001001 1005010 1005011 

1006312 1008016 1020000 
15" 3.12004 9.8053-5 4.2670-7 1.7190-5 1.1260-4 

33** fl.0 t 
35- 0.0 10.0 
36St 1 
3938 1 40%$ f3 46SS A) 
4 9 s  1092235 1092238 1092235 1092238 1001001 1005010 

1005011 1020000 
50S% 2r-18 2r-102 4r-101 
513% 16rl 5012 64r3 47r4 22r5 t 
end 

5.74538-5 2.33246-4 7.5650-2 1.650-3 5.6970-4 t 

C.4. CSASN Procedure to Execute XSDRNPM for CASE D Numerical Benchmark 

#csasn parm=(siZ+=600000) 
u-233 cased 26.7 cm sphere, R Q. Wright & L C. Leal, 08-27-96 
199gr multkegion 
H I 0.0 1,78490-4 end 
D 10.0 5.93180-2 end 
0 1 0.0 3.34610-2 end 
F 1 0.0 3.71290-3 end 
U-235 10.0 1.0000-20 end 
U-234 1 0.0 2.04210-5 md 
U-233 10.0 1.82342-3 end 
U-238 10.0 1.26420-5 end 
al 2 0.0 5.94690-2 end 
end comp 
spherical vacuum reflected 0.0 end 
122.900 oneextennod 2 23.300 noextennod 

end zone 
end 
-=?o;dmprn 
k-calculation and reaction rates for case #d sphere, 08-27-96 

' 
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- 1 S  600000 
l%S32741029163110403z  
2%%-252-132 3 S 8 z 1 2 1  e 
5** 1.06 1.06 e t 
13fE8rl 2 
14tS 
1001001 1001002 1008016 1009019 1092233 1092234 
1092235 1092238 2013027 
15** 1.78490-4 5.93180-2 334610-2 3.71290-3 

1.82342-3 2.04210-5 1.0000-20 
126420-5 594690-2 t 

33Hfl.Ot 
35** 
27i 0 41i 12.0 3i 22.9 23.3 
36%' 70rl4r2 
3 9 s  1 2 40% f3 
4 9 s  3r1092233 3r1092234 3r1092235 3r1092238 
50s-101-102 -18 3q3 
t 

end 
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