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ABSTRACT 

The generation of a 218-group neutron cross-section 
library from ENDF/B-IV data is described. Experience in 
selecting broad-group subsets and applying them in the 
analysis of critical experiments is related. Recommendations 
on the use of the 218-group library are made. 

INTRODUCTION 

The 218-group AMPX1 master neutron cross-section library was 
developed to serve as an analytical reference and data source in the 
development of an ENDF/B-IV broad-group library for criticality safety 
studies. The primary purpose of this paper is to present the crlLerlu 
for tho selection of the 218-energy group boundaries and to discuss 
the proce-dures followed in processing the ENDF/B-IV data into the 
multigroup library. Included in the paper is a brief review of an 
effort to determine a broad-energy-group subset of the 218-group 
library which is suitable for the analysis of systems containing 
selected fuel, structural, and neutron moderating and absorbing 
nuclides. Also discussed is the effectiveness of the 218-group library 
and its broad-group derivatives in the analysis of uranium, plutonium 
and mixed-oxide fueled systems. Finally, recommendations are made on 
various approaches to applying the 218-group library in performing 
criticality safety analyses. 

Master Library Generation From ENDF/B-IV 

The initial criteria established for the 218-group criticality 
safety reference library were that it should 

1. be in AMPX master interface format1 with provision for 
problem-dependent resolved resonance processing, 

2. be suitable for the analysis of thermal systems, 
3. contain data for the fuel, neutron-absorbing and structural 

materials found in shipping casks and other equipment associ-
ated with the fule cycle, and 
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4. be sufficiently detailed so as to provide reference results 
for trial broad-group libraries. 

These criteria determined the bases for the selection of the 218-
group energy boundaries which are summarized in Figure 1. Reference 2 
contains a listing of the 140 epithermal boundaries including their 
function in terms of nuclides and reaction types. The 78 boundaries 
below 3.05 eV provide sharp definition of the thermal resonances in U-
233, U-235, Pu-239, Pu-240, Pu-241, and Pu-242. 

The weighting functions used to process the ENDF/B-IV point data 
into the 218-multigroup data are given in Figure 2. The essential 
features of the weighting functions are the high energy 1/Eo^, treat-
ment of the cross-section structure in the nonresonance nuclides and 
the 1/E "infinite dilution" weighting for the resonance nuclides. 
Under this weighting, provision is made for carrying the resolved 
resonance parameters in the AMPX master interface for problem-depend-
ent processing with the Nordheim integral method in the NITAWL module.1 

If problem-dependent data is not specified by the user, the "infinite 
dilution" values are used in producing the working cross-section 
library. 

Fig. 1. 218 ENERGY GROUP BOUNDARIES 

1. Nuclides considered: Be, B-10, C, N, 0, F, Na, Mg, 
Al, Si, K, Ca, Cr, Mn, Fe, Ni, Cu, Zr, Mo, Ag, Cd, 
In, Sn, Ba, Gd, Hf, Pb, Th-232, U-233, U-234, U-235, 
U-236, U-238, Pu-239, Pu-240, Pu-241, Pu-242. 

,2. 20 MeV <_ 51 Groups £ 8.03 keV; Boundaries chosen to 
fit structure and reaction thresholds of light and 
intermediate mass nuclides. 

3. 8.03 keV £ 89 Groups £ 3.05 eV; Boundaries chosen to 
bracket major resonance levels in the intermediate-
mass and heavy nuclides. 

4. 3.05 eV < 78 Groups _< 10"5 eV; Boundaries chosen to 
"march-over" thermal resonances in fuel nuclides. 

5. Hansen-Roach 16-group boundaries. 
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Fig. 2. POINT-TO-FINE GROUP WEIGHTING FUNCTIONS 

1. Nonresonance Material^ (fission - l/EaT - Maxwellian) 

Energy Range Weighting 
20-1.4 MeV Fission" 

1.4 MeV-0.1264 eV 1/Ea^, ^ 
0.1264-10"5 eV Maxwellian (293°K) 

2. Resonance Materials (fission - 1/E - Maxwellian) 

Energy Range Weighting 
20-0.1 MeV Fission 

100 keV-0.1264 eV 1/E 
0.1264-10"5 eV Maxwellian (293°K) 

3. Selected Structural Materials (Fe, Ni, Cr) 

Energy Range Weighting 
20 MeV-0.1264 eV (1/EE^) Inconel or 

(1/E£T) SS-304 
0.1264-10"5 eV Maxwellian (293°K) 

Since the principal application envisioned for this library was 
the analysis of thermal systems, the unresolved resonance data was 
processed at a temperature at 293 K and a background cross section of 
50,000 bn. Thermal transfer arrays were calculated with free gas 
kernels at 293 K for all nuclides with the exception of multithermal 
bound kernels for hydrogen, deuterium, boron-10, boron-11, and carbon. 

Broad Energy Group Determination 

An extensive series of model calculations were performed to 
determine a broad energy group structure suitable for the analysis of 
commonly encountered criticality safety problems. The procedure 
followed in determining the broad-group structure is described in 
reference 3. The Hansen-Roach 16-group structure4 was the initial 
trial group structure for this determination. The final 27-group 
structure resulting from the determination is given in Figure 3. 
Group boundaries were added to the base 16-group structure for the 
following reasons. 
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1. 6.434 and 1.85 MeV to match fast leakage. 
2. 1.77, 1.3, 1.13 and 0.8 eV to fit the large Pu-240 resonance 

at 1.056 eV. 
3. 0.325 and 0.225 to fit the thermal resonances in U-235 (0.29 

Ev), Pu-239 (0.296 eV) and Pu-241 (0.258 eV). 
4. 0.05, 0.03 and 0.01 eV to e^culate the thermal flux shape. 

Fig. 3. 27 BROAD ENERGY GROUP STRUCTURE 

Group No. Upper Boundary Group No. Upper Boundc 

1 20 MeV 15 3.05 eV 
2 6.434 16 1.77 
3 3 17 1.3 
4 1.85 18 1.13 
5 1.4 19 1 
6 900 keV 20 0.8 
7 400 21 0.4 
8 100 22 0.325 
9 17 23 0.225 

10 3 24 0.1 
11 550 eV 25 0.05 
12 100 26 0.03 
13 30 27 0.01 
14 10 0 . 0 0 0 0 1 

This group structure was found to be adequate through the broad-
group-determination procedure for the nuclides: U-238, U-235, 
Pu-239, Pu-240, Pu-241, Pu-242, B-10, SS-304, (Ni, Fe, Cr), Cd, 
Al, Cu, H20, Zircalloy-2. 

The "nuclides of interest" for which the model calculations were 
performed are listed in Figure 3. During the broad-group determina-
tion process for U-238, it was found to be necessary to relax the 
acceptance criterion from a 0.3% Ak to a 1% Ak difference between 218 
and broad-group results. The relaxed criterion was applied to the 
models with median fission energies between 1 and 100 eV. The initial, 
more stringent criterion was retained for the thermal and fast spectrum 
testing. 

Library Performance on Water-Moderated Systems 

Analyses of uranium-fueled critical experiments with the ENDF/B-
IV data applied in the 218-group library, a 19-group subset of the 
218-group library, and as point cross sections in a continuous energy 
version of KENO are summarized in Tables 1 and 2. Results for the 
high-enriched uranium solutions are 0.5 to 1.5% Ak high, depending on 
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group structure and the H/U-235 atom ratio. The well-thermalized 
systems are predicted quite closely. Results for the low-enriched 
fuel lattice experiments are seen to be 1.5% Ak low for lattice pitches 
of 0.6 inch to near critical for the more highly moderated configura-
tions. The agreement between the multigroup and point cross-section 
results is very close. This agreement indicates that the calculated 
biases from critical are due to the ENDF/B-IV data and do not depend 
on the processing of the data into the 218-group library. 

Analyses of plutonium fueled critical experiments are given in 
Tables 3 and 4. Here the calculated bias is 0.5 to 3% Ak high depending 
on the H/Pu atom ratio and the percentage of Pu-240 in the fuel. 
Again, the close agreement between the multigroup and point cross-
section results indicates that the problem lies in the ENDF/B-IV data. 

Results from the analysis of 2 wt.% Pu(8% Pu-240)02-U02 rod 
lattices are given in Table 5. The close agreement with critical is 
apparently due to offsetting negative and positive reactivity biases 
due to the uranium and plutonium, respectively. Here again, the trend 
toward higher multiplication factors at wider lattice pitches is 
clearly evident. 



Table 1. Calculated Results for Uranium Solution C r i t i c a l Experiments 

Calculated K-eff 

Experiment Description 

93.2% enriched uranyl f luor ide 
s o l u t i o n spheres. I n f i n i t e water 
r e f l e c t o r 

A.98% enriched uranyl f luor ide 
so lu t ion spheres 

93.2% enriched uranyl n i t r a t e 
s o l u t i o n spheres 

Borated 93.2% enriched uranyl n i t r a t e 
s o l u t i o n sphere 

H/U-235 
Designation Atom Ratio 

CS1 
CS2 

CS4 

CSS 
CS6 

CS7 

76.1 
269.8 

490 

425.1 
1377.8 

971.6 

XSDRNPM, SR 
Hansen-Roach 
16 Group, Pi 

1.0000 
0.9963 

0.988 

0.9921 
1.0083 

1.0055 

ENDF/B-IV, AMPX 
218 Group, P3 

1.0088 
1.0033 

0.9984 

1.0057 
0.9995 

0.9973 

ENDF/B-IV, AMPX 
19 Group, P^ 

1.0159 
1.0096 

0.9973 

1.0063 
1.0010 

1.0003 

PX KENO 
ENDF/B-IV, P 1 7 

0.990 ± 0.005 
0.989 ± 0.006 

0.983 ± 00.005 

0.999 
0.993 

0.003' 
0.005 

0.992 ± 0.004 



Table 2. Calculated Results for Critical Uranium Metal and Uranium 
Oxide L a t t i c e s with Clean and Borated Water Moderators 

ENDF/B-IV Data 

C r i t i c a l Experiment 
Water/Fuel 

Volume Ratio 
P i tch 

( inches) Point XSECS 218 Group 19 Group 

WCAP0 A water moderated 
23 x 23 array of 2.72% 1.49 0 . 6 0.9869 ± 0 .0063 0 .9848 ± 0 .0068 0.9867 + 0.0044 
enriched UO2 rods 

EPRI Clean water moderated 
l a t t i c e of 2.35% 1 .20 0 .615 d.9900 ± 0 .0060 0.9864 ± 0 .0042 0 .9849 + 0.0037 
enriched UO2 rods 2 . 4 1 0 .750 0.9922 ± 0 .0050 0.9934 0.0039 enriched UO2 rods 

3 .68 0 .87 0.9984 ± 0 .0061 0.9932 ± 0.0047 0.9934 + 0.0039 

EPRI^ Borated water moderated 
l a t t i c e of 2.357, enriched 0.615 0.9837 + C.0035 
UO2 rods 0 .75 0 .9983 + 0.0036 

0 .87 1.0007 - 0.0054 

4.98% 
Q 

enriched metal rod , 
water moderated l a t t i c e s in 3 .09 0 .512 0 .9878 + O.OOv 
a bas ic 2] x 21 array from 3 .48 0 ,512 0 .9952 + 0.0050 
which rods were removed 3 .58 0 .512 0 .9965 + 0.0050 

6 .66 0 .512 0.9967 + 0.0050 
9 .40 0 . 8 1 0 .9913 + 0.0053 

10.15 0 . 8 1 0 .9908 + 0.0044 
10.38 0 . 8 1 0 .9962 ± 0 .0051 

aR. 0. Learner, e t a l . , " C r i t i c a l Experiments Performed With Clustered and Uniform Arrays of Rodded Absorbers, 
WCAP-3269-39 (November 1965). 

^R. I . Smith and G. J. Konzek, "Clean C r i t i c a l Experiment Benchmarks for Plutonium Recycle in LWR's," EPRI 
NP-196 (Apri l 1976) . 

CE. B. Johnson, " C r i t i c a l L a t t i c e s of U(4.98) Rods in Water and in Aqueous Boron S o l u t i o n , " ORNL-4280 
(October 1968). 
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Benchmark 

1'able 3. Analys is of 1'lutonium Solut ion C r i t i c a l Experiments 
b 

Experiment No. Ceometry 
H/Pu 

Atom Ratio 
WT % Pu-240 
in PIutonlum 

25 Group 
K-e f f C 

2 38.6 cm sphere 125 5 1.0197 

4 38.6 cm sphere1^ 758 5 1.0194 

7 45.4 cm cy l inder 110 14 1.0043+0.004 

9 61 cm cy l inder 210 8 1 .0086i0 .006 

13 
p 

61 cm c y l i n d e r ' 623 43 1.014510,003 

14 
Q 

38-6 cm sphere 1067 4 .6 1.0210 

U.P. Jenquin and S. R. Blerman, 11 Benchmark Experiments to Tent Plutonium and 
S t a i n l e s s Stee l Cross S e c t i o n s , " l in t t e i l e P n c i f l c Northwest Laboratories , to 
be published. 
b. The plutonium isotopes were given resolved resonance process ing throughout the 

s p e c i f i e d ENDF/B-TV range, e . g . , down to 0.5eV for Pu-240. 

'XSDRNPM a n a l y s i s of spheres , KENO-IV a n a l y s i s of c y l i n d e r s . 
•f 
"6.604 mm thick s t a i n l e s s s t e e l r e f l e c t o r . 
o 
'Water r e f l e c t e d . 

Table 4. Analysis of Pu-Al Rod Lattices a 

Lattice 
Spacing (in) 

H/Pu 
Atom Ratio 

ENDF/B-IV 
PX KENO, K-eff 

25 Group 
KENO-IV, k-eff 

Al-1.8 wt% Pu (5. 58 wt% Pu-240) Rods 
0.75 630 1.0189 ± 0.0051 1.0232 + 0.0053 
0.80 810 1.0138 ± 0.0062 1.0169 + 0.0084 
0.85 1000 1.0092 ± 0.0051 1.0214 + 0.0093 
0.90 1204 1.0116 ± 0.0040 1.0214 + 0.0076 
0.95 1418 1.0022 ± 0.0051 1.0223 + 0.0064 

Al-2 wt% Pu (16. 46 wt% Pu-240) Rods 
0.75 578 1.0311 ± 0.0059 1.0272 + 0.0058 
0.80 743 1.0267 ± 0.0062 1.0328 + 0.0056 
0.85 918 1.0314 ± 0.0050 1.0268 + 0.0072 
0.90 1104 1.0308 ± 0.0045 1.0210 + 0.0061 
0.95 1300 1.0327 ± 0.0050 1.0276 + 0.0055 

a. V. 0. Uotinen, et al., "Lattices of Plutonium-Enriched Rods in Light 
Water - Part I: Experimental Results," Nuclear Technology 15̂ , 257 
(August 1972). 
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Table 5. Analysis of El'RI^ Mlxcd-Oxlde Lat t i ces 

Benchmark Latt ice H/Pu6 Crit ica l Boron 25 Group 
Experiment No. Spacing (cm) Atom Ratio No. of Rods (wpptn) KENO-V K-eff 

1 1.0031 185 469 3.5 0.9920 i 0.0042 
2 1.003 185 761 688.5 0.9972 i 0.0037 
3 1.2/»64 391 195 4.1 1 .0073 A 0.0041 
4 1.2464 391 761 1093.5 1.0070 i 0.0036 
5 1.4186 564 160 6 .0 1.0089 i 0.0045 
6 1.4186 564 689 768.0 1.0056 1 0.0033 

aR. L. Smith and G. J. Konzek, "Clean Crit ical Experiment: Benchmarks for Plutonium 
Recycle in LWR's," NP-196, Vol. 1 . , Bat te l l e P a c i f i c Northwest Laboratories, 
April 1976. 

^Tlie plutonium isotopes were given resolved rcsotinnce processing throughout the 
s p e c i f i e d ENDF/B-IV range, e . g . , down to 0.5 uV Cor Pu-240. 

Recommended Procedures For Applying the 218-Group Library 

The 218-group library is too large to be effectively used in 
systems analysis. However, there are three procedures for applying 
the library in a practical manner to achieve reliable results. 

1. If the system to be analyzed principally consists of the 
nuclides studied in the determination of the 27-group structure given 
in Figure 3, the AMPX module MALOCS1 can be used to weight-function 
collapse co this group structure for problem-dependent resonance 
processing and systems analysis. 

2. Lattice cell calculations can be performed with the 218-
group library in the AMPX module XSDRNPM1 in a reasonable amount of 
CPU time. Therefore, a very effective procedure is to perform problem-
dependent resonance processing and lattice cell analyses in 218 groups, 
followed by a flux collapse to a broad-group structure for the systems 
analysis. 

3. Finally, if the system to be analyzed contains nuclides 
appearing in Figure 1 but not in Figure 3, the opportunity exists for 
the user to develop his own broad-group structure. As noted before, 
the nuclide- dependent criteria to be considered in selecting a broad-
group structure are tabulated in reference 2. 

This work was funded under a task supported by the Transportation 
Branch, Office of Nuclear Material Safety and Safeguards, U.S. Nuclear 
Regulatory Commission. 
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