
o*Ht csor***-

HcO«onC^ W «dace 
s^ec«on 

u,iedac< 

icalW 

>M 

B *A >Ne 

«s 

. W ^ ™ 



% 
I 6-

r 
lit 

>"-M 

i ' 

BLANK PAGE 
i 

I 
6! 1* 

CAifc 

* 

t*-

-«->i-^^j*m!m»m»; 



Printed in the United States of America. Available from 
National Technical Information Service 

U.S. Department of Commerce 
5285 Port Royal Road. Springfield. Virginia 22561 

Price. Printed Copy $4.50: Microfiche S2.2S 

I This '«oor was prepared as an account of work sponsored by the United States 
Government Ne>th«r the Un;ted States nor the Energy Research *.-d Development 
Adm.n.svation U-i.ied States Nuclear Regulatory Commission, nor any of their 
employees, nor any of their contractors, subcontractors, or their employees, makes 
any warranty, exoress or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness or usefulness of any information, apparatus, product or 
process disclosed. o< represents that .ts use wou'.d not infringe privately ownej rights 



ORNL/CSD/TM-4 

Contract Ho. W-7405 eng 26 

COMPUTER SCIENCES DIVISION 

A 218-GROUP NEUTRON CROSS-SECTION LIBRARY IN THE AMPX MASTER 
INTERFACE FORMAT FOR CtlTICALITY SAFETY STUDIES 

W. E. Ford, II* 
C. C. Webster 
R. M. Westfall 

JULY 1976 

1 wwu • » 
fkw r«s«rf «M swam* »t M tmmm mt w*t 

• t !«••« toM aa An U M Sum I n * 

BeaBjl^ #T ̂ nQpaajavVF fwf TPC SfWSY?, (r"S)SWT#flSV 
•T M I « I M > m M V WfwaBfa'aj, I f p a t l W . S l ia lMI 0t 
aa*<aaj ascsmas. !^ ipi^WWt fnsf Hf sar • • • • • an 

Work performed for the U.S. Nuclear Regulatory :oaais*ion 
under Interagency Agreement 40-^94-75. 

NOTICE 
This docuaent contains information of a preliainary nature. 
It is subject to revision or correction and therefore does 
not represent a final report. 

UNION CARBIDE CORPORATION, NUCLEAR DIVISION 
operating the 

Oak Ridge Gaseous Diffusion Plant • Oak Ridge National Laboratory 
Oak Ridge Y-12 Plant * Paducah Gaseous Diffusion Pla.it 

for the 
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

http://Pla.it


TABLE OF CONTENTS 

ABSTRACT v 

LIST OF FIGURES AMD TABLES vi I 

ACKNOWLEDGMENTS i* 

I . The Cr i t i ca l i iy Safety Muter Cross-Section Library 1 

I I . Availabil i ty sad Uti l izat ion of the Crit itaMty Safety 
Master Cross-Section Library 4 

REFERENCES 20 

APPENDIX A: ANPX Master Library Inter face 22 

APPENDIX B: C r i t e r i a Used i n the S e l e c t i o n of Croup 
Bounds, es 33 

Mi 



ABSTRACT 

A Pj , 218 neutron group cross-sect ion library in the AMPX master 

interface format has been generated frost ENDF/B-IV data for 65 nuclides 

of primary interest in c r l t i c a l i t y safety calculations. The library was 

generated with the AlffX nodular code system. Procedures used to generate 

the cross sections and the organization of the library are described. 
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I. The Criticallty Safety Master Cross-Section Library 

The XLACS module of the AMPX modular code system* was used to generate 

a P,, 218 neutron group cross-section library from the latest CMDF/B-IV 

data for the fuel, structural, and neutron-absorbing Materials listed in 

Table 1. Data in the library are in the AMPX master Interface format 

described in Appendix A. The library is a data base for the generation 

of fine- or broad-group cross sections for shipping cask calculations and 

other criticallty safety neutronics analyses using Monte Carlo codes such 

as KEHD or MOtSE , or using the one- or two-dimensional discrete ordinates 
4 s transport codes AMISH or DOT-', respectively. 

The objective in the selection of the energy group boundaries for the 

library was to fit the important cross-section structure of materials 

likely ro appear in criticality safety problems. Emphasis was placed on 

the resonance and thermal energy ranges. Ths 218 energy grc-jp structure, 

which includes 140 epithermal groups above and 78 thermal groups below 

3.05 eV, is listed in Table 2. In the eplthermal energy range, the energy 

boundaries were chosen to fit the reaction thresholds and »*jor resonance 

levels of the following nuclides: 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-238, Pu-239, Pu-240, and Pu-241. Of 

Che 1*3 epithermal groups, 51 groups cover Che fission-neutron-energy range 

from 20 MeV to 8.03 keV. This energy range includes most of the cross-

section structure for tb^ light and intermediate-mass nuclides. It also 

includes inelastic scattering and fission thresholds for certain of the 

heavy nuclides. The 89 groups between 8.03 keV and 3.05 eV were chosen to 

bracket major resonance levels in Che incermedlace-mass and heavy nuclides. 

In the thermal energy range, several of the fuel and neutron absorbing 
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nuclides have large resonances which are broad relative to the neutron 

energy exchange per collision. The 78 closely spaced thermal groups are 

designed to account for the effects of these resonances in the presence 

of thermal upscatter. Criteria used in the selection of energy boundaries 

are listed in Appendix B. 

Among the many types of cross-section libraries that can be generated 

with the AKPX system (libraries such as AKISN-formatted libraries, CCCC-

or ISOTXS-lormatted libraries, or "working" libraries), the format of an 

AMPX master interface cross-section library is the most general way to 

store multigroup neutron cross-section data in the AMPX system. Included 

in a master cross-section library are one-dimensional multigroup cross-

section data, transfer matrices for elastic and inelastic scattering reac

tions and for neutron producing reactions (e.g., (n,2n)) with arMcrary 

orders of scatter for f.*.st end thermal data where required, resonance self-

shielding parameters for subsequent processing, fission spectrum data, 

weighting function data, etc. These data are available in a compacted 

magic word format to remove extraneous zeros and consequently to substan

tially reduce tape storage requirements. One-dimensionai and transfer 

matrix data in the criticality safety library are identified by MT number3 

in Table 1 and the MT number - reaction relation is identified in Table 3. 

Data sets with resolved resonance parameters, resonance nuclei, are 

identified in Table 1. An unresolved potential scattering cross section 

of 5 x 10^ barns/atom was used to calculate the master cross sections. 

Resonances were Doppler broadened a*: 293°K. Resolved resonance cross 

sections, which will depend on the heterogeneous system to which the 

cross sections will be applied, must be calculated and added to the master 

aIt is assumed that the reader is familiar with the ENDf nomenclature 
described in Ref. 6. 
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cro&s-section data. As noted above, parameters are included in the master 

library for the subsequent processing of resolved resonance cross sections 

by the NITAWL module of the AMPX system. The NITAWL module also combines 

the master cross-section data vith the resolved cross-section data to give 

a "complete" neutron cross-section data set. 

Several weighting spectra were used to prepare the fine group data in 

the master cross-section library from the ENDF/B point deta. For non-

rebonance materials, a fission-l/EOj-Mexwellian weighting spectrum was 

used. Materials with resonance parameters were processed with a fission-

i/E-Maxwellian weighting function. In addition to being processed with 

the resonance material weight function, Fe, Ni, and Cr data sets were 

weighted over a l/ELj.(inconel)-Maxwellian and over a l/El-j(scainless 

steel 3G4)-Maxwellian weight function. The weight functions used for the 

data sets in the criticality safety library are identified in Table 1. 

'-Ir.ergy ranges over which the weight functions were used are listed in 

Vable 4. Plots of the fission-l/EoT(oxygen)-Naxwellian, the fission-1/E-

Maxvellian, the 1/ELj. inconel-Maxwellian, and the i/EET(stainless steel 

304)-Maxwellian weight functions are shown in Figs. 1-4, respectively. 

The master cross-section library was checked using the AMPX module 

RADE to prove the following cross-section relationships: 

a T " CTa + °s M 

oa ~ ac + of (3) 

°c " °n Y
 + ana + anp + °nd • • • •' <*> 

(5) 

(6) 



o T,o a,o f,a n p,o n r etc. > 0 

-1 *<*•«•> L= ^ < i v > J < 1 . 

(7) 

(8) 

II. Availability and Utilization of the Criticality Safety 
Master Cross-Section Library 

The criticality safety master cross-section library, the AMPX mod

ular code system, and the transport codes identified herein may be ob

tained on request from the Radiation Shielding Information Center at 

the Oik Ridge National Laboratory. 

The flowchart sho^n in Fig. 1 and the following summary describe how 

the master cross-section library and modules of the AMPX system can be 

used to generate either fine- c: broad-group cross sections in different 

formats: 

• The MALOCS module t.an be used to collapse data sets from the master 

library r.r; any broad group structure which is a subset of the 218 

group structure. The multigrcup fission-1/E-Maxwellian weighting 

function used in the generation of the data sets for resonance 

nuclides in the master library is listed in Table 5. There data 

can be used as a collapsing function in MALOCS. 

• The NITAWL module can be used to prepare ANISN-formatted cross 

sections from data in the master library.3 

aANISN library format is described on page 23 of Ref. A. 
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• The LAPHNGAS nodule can be used to prepare secondary gamma-ray 

production data in any specified gamma-ray group structure. These 

data are prepared from data in the ?3(DF/B libraries. The SMUG 

module can be used to prepare photon interaction cross sections 

in any multigroup gamma-ray structure. The CHOX module can be used 

to combine data from the criticality safety master cross-section 

library with the LAPHNGAS and SMUG generated data for further 

processing in the NITAWL module to ultimately generate coupled 

neutron-gamma multigroup cross sections. 

• The COMMAND module can be used to collapse ANISN-formatted data 

sets to any broad group structure which is a subset of the 218 

group structure. The weighting function listed in Table 5 can be 

used as a collapsing function in COMMAND. 

• The ICE module can be used to prepare macroscopic master cross 

sections from the criticality safety master cross-section library. 

• The UPDATE feature of the XLACS module can be used to update the 

master cross-section library by adding or removing data sets. 

• "Working" cross-section libraries produced by the NITAWL module from 

master data sets can be flux weighted in the XSDRNPM module to 

produce weighted fine- or broad-group ANISN-formatted libraries, 

"working" cress-section libraries, or CCCC-formatted libraries. 

XSDRNPM is the AMPX module with one-dimensional S n capability for 

spatial cross-section weighting. 

t . 
i 

i< 'i 
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T.ii>le . ; i^iu iiunin 
I'pjK-r Energy 1 "v'pper Energy 

ri>o£ _ _ J « * >_„.'. I. ••• i ha rgy jlanj£ | Croup (oV) Lethargy Rang 

101 i.aorcK '"i 12.481-12.507 151 2.2100E 00 15.325-15.367 
10.' 3.700OK 01 12.507-12.549 152 2.1200E 00 15 .367-15.425 
10 3 3.5500E 01 12.549-12.574 153 2.0000E i " " 15.425-15.455 
104 3.46G0E 01 12-574-12.599 154 1.9400E 00 15 .455-15 .498 
105 3.3750E 01 12.599-12.614 . 155 1.3600E 00 15.498-15.547 
106 3.J250E 01 12-614-12.660 156 1.7700E 00 15 .547-15 .599 
107 3.1750E 01 12.660-12.676 157 1.6800E 00 15 .599-15.654 
108 3.1250E 01 12.676-12.717 158 1.5900E 00 15 .654-15 .713 
109 3.0000E 01 '2 .717-12 .804 • 159 1.5000E 00 15.713-15.747 
110 2.7500E 01 12.804-12.899 1 160 1.4500E 00 15 .747-15.782 
111 2.5000E 01 12-899-13.005 161 1.4000E 00 15 .782-15 .818 
112 2.2500E 01 13.005-13.074 162 1.3500E 00 15.818-15.856 
113 2.1000E 01 13.074-13.122 163 1.3000E 00 15 .856-15.895 
U 4 2.0000E 01 13.122-13.174 164 1.2500E 00 15 .895-15 .915 
115 1.9000F 01 13 .174-13 .200 165 1.2250E 00 15.915-15.936 
116 1.8500E 01 13.200-13.285 166 I.2000E 00 15 .936-15.957 
117 I.7000E 01 13.285-13.346 167 1.1750E 00 15 .957-15 .978 
118 1.6000E 01 13.346-13.403 168 1.1500E 00 15.978-15.987 
119 1.5100E 01 13.403-13.451 169 1.1400E 00 15.987-15.996 
120 1.4400E 01 13.451-13.497 170 1.1300E 00 15 .996-16 .005 
121 1.3750E 01 13.497-13.561 171 1.1200E 00 16 .005-16 .014 
122 1.2900E 01 13.561-13.642 172 1.1100E 00 16 .014-16 .023 
123 1.1900E 01 13.642-13.676 173 1.1000E 00 16 .023-16 .032 
124 1.1500E 01 13.676-13.816 174 1.0900E 00 16 .032-16.041 
125 1.0000E 01 13.816-13.910 175 1.0800E 00 ' 6 . 0 4 1 - 1 6 . 0 5 0 
126 9.1000E 00 13.910-14.026 176 1.0700E 00 16 .050-16 .060 
127 8.1000E 00 14.026-14.151 177 1.0600E 00 16 .060-16 .069 
128 7.1500E 00 14.151-1/. .172 178 1.050OE 00 16 .069-16 .079 
129 7.0000E 00 14.172-14.209 179 1.0400E 00 16 .079-16 .089 
130 6.7500E 00 14.209-14.246 180 1.0300E 00 16 .089-16 .098 
131 6.5000E 00 14.246-14.286 181 1.0200E 00 16 .098-16 .108 
132 6.2500E 00 14.286-14.326 182 1.0100E 00 16 .108-16.118 
133 6.0000E 00 14.326-14.432 183 1.0000E 00 16 .118-16.143 
134 5.4000E 00 14.432-14.^09 184 9.7500E-01 16 .143-16.169 
135 5.0000E 00 14.509-14.560 185 9.50OOE--01 16.169-16.196 
136 4.75O0E 00 14.560-14.732 186 9.2500E--01 16 .196-16 .223 
137 4.0000E 00 14.732-14.802 187 9.0000E--01 16 .223-16.281 
138 3.7300E 00 14.802-14.865 188 8.5000E--01 16.281-16.341 
139 3.5000E 00 14.865-14.971 189 8.0000E-•01 16 .341-16.406 
140 3.1500E 00 14.971-15.003 190 7.5000E--01 16 .406-16 .475 
141 3.0500E 00 15.003-15.019 191 7.0000E-•01 16 .475-16.549 
142 3.0000E 00 15.019-15.030 192 6.5000E-01 16 .549-16.629 
143 2.9700E 00 15.030-15.064 193 6.0000E--01 16.629-16.716 
144 2.8700E 00 15.064-15.099 194 5.5000E-•01 16.716-16.811 
145 2.7700E 00 15.099-15.136 195 5.0000E-•01 16.811-16.917 
146 2.6700E 00 15.136-15.174 196 4.5000E-•01 16 .917-17.034 
147 2.5700E 00 15.174-15.214 197 4.0000E--01 17 .034-17.099 
149 2.4 700E 00 15.214-15.251 198 3.7500E-•01 17.099-17.168 
149 2.3800E 00 15.251-15.285 199 3.5000E--01 17.168-17.242 
150 2.3000E 00 15.285-15.325 200 3.2500E--01 17 .242-17.322 
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Tabic 2 (continued) 

Upper Energy 
Group (eV) Lethargy Range 

201 3-0000E-01 17.322-17.409 
202 2.7500E-01 17.409-17.504 
203 2.5000E-01 17.5C4-17.610 
204 2.2500E-01 17.610-17.728 
205 2.0000E-01 17.728-17.861 
206 1.7500E-01 17.861-18.015 
207 1.5000E-01 18 .015-18.198 
208 1.2500E-01 18.198-18.421 
209 1.0000E-01 18 .421-18 .526 
210 9-0000E-02 18.526-18.644 
211 8.O0OOE-O2 18.644-18.777 
212 7.0000E-02 18.777-18.932 
213 6-0000E-02 18 .932-19.114 
214 5.0000E-02 19.114-19.337 
215 4.0000E-02 19.337-19-625 
216 3-OOOOE-02 19.625-19-795 
217 2.5300E-02 19 .795-20 .723 
218 1.0000E-02** 20.723-27.631 

**Bottom energy of group 218 is 1.0000 x 10 
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Table 3 . D e f i n i t i o n of Reaction Types 

MT 
Number Description 

1 Total cross section (redundant, equal to the sum of 
all partial cross sections) 

2 Elastic scattering cross section 
4 Total inelastic cross section (redundant, equal to 

the sum of MT=51,52,53,...,90,91) 
16 (n,2n) cross section 
17 (n,3n) cross section 
18 Total fission cross section 
22 (n,n')a cross section 
23 (n,n')3a cross section 
2U (n,2n)ot cross section 
25 (n,3n)a cross section 
26 (n,2n) isomeric state cross section 
27 Absorption cross section (sum of MT=18 and 102) 
28 (n,n')p cross section 
51 (n,n') to the 1st excited state 
52 (n,n') to the 2nd excited state 

90 (n,n') to the 40th excited state 
91 (n,n') to the continuum 
101 Parasitic absorption (redundant, sum of MT-102,103, 

104,105,106.107,108,109) 
102 (n,y) radiative capture cross section 
103 (n,p) cross section 
104 (n,d) cross section 
105 (n,t) cross section 
106 (*i,Hê ) cross section 
107 (n,t) cross section 
108 (n,2 0 cross section 
109 (n,30 cross section 
111 (n,2p) CTOHB section 
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Table 3 (continued) 

MT 
Number Description3 

112 (n,pa) cross section 
113 (n,t2at) cross section 
1018 Chi for lowest group 
1021 "Background" data for capture reaction to be proc

essed in NITAWL module 
1022 "Background" data for fission reaction to be proc

essed in NITAWL module 
1023 "Background" data for elastic scattering reaction to 

be processed in NITAWL module 
1099 Point-to-fine group weighting function 

descriptions from Ref. 6. 
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Table 4 . Po in t - fo -F ine Croup Weighting Functions 

• Son Resonance Mater ia ls ( f i ss ion-1/EOj-Maxwel l ian) 

Energy Range Weighting 

20-1-4 MeV Fission 
1.4 x 106-0.1264 eV 1/E0T 

0.1264-i.O x 1 0 - 5 eV Kaxvellian (293°K) 

• Resonance Materials (fission-1/E-Maxvellian) 

Energy Range Weighting Spectrum 

20-0.1 MeV Fission 
1.0 x 105-0.12*4 eV 1/E 
0.1264-1.0 x 10" 5 eV Maxwellian (293°) 

• Selected Structural Materials (Fe, Ni, Cr) ' 

Energy Range Weighting Spectrum 

2.0 x 107-0.1264 eV <(1/E£T) inconel or 
Ifl/FI,) stainless steel 304 

0.1264-1.0 x 10~ 5 eV Maxwellian (293°K) 
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Taole 5 . 218-Oroup Fiss ion-1/E-Maxwel l ian Weight Function 

Weight Weight Weight 
Croup Funct ion Group Function Group Function 

1 8.3273O0E-Ol a 51 1.681100E-01 101 2.666800E-02 
2 1.787OO0E 00 52 2.91420CE-01 102 4.138500E-02 
3 1.O651O0E 00 53 4.307800E-01 103 2.568000E-02 
4 5.149199E 00 54 4.189100E-02 104 2.487300E-02 
5 3.536099E 00 55 2.204700E-01 105 1.492600E-02 
6 1.020399E 00 56 1.508200E-01 106 4.616200E-02 
7 4.904799E 00 57 1.192400E-01 107 1.587300E-02 
8 4.2275O0E 00 58 4.009400E-02 108 4.0S2200E-02 
9 1.336599E 00 59 2.006699E-01 109 8.7010S8E-02 

10 6.0624O0E-C1 60 1.495300E-01 110 9.530997E-02 
11 5.46*>1COE-01 61 3.279000E-02 111 1.053600E-01 
12 9.586599E-01 62 2.657000E-01 112 6.899297E-02 
13 7.310500E-O1 63 1.910599E-0." 113 4.879000E-02 
14 1.501800E 00 64 3.299699E-01 I K 5.129300E-02 
15 1.393OO0E 00 65 1.921700E-02 115 2.666800E-02 
16 1.428900E 00 66 1.973600E-01 116 8.455700E-02 
17 3.217500E-01 67 5.896100E-01 117 6.062500E-02 
18 4.043199E-O1 68 6.782299E-02 118 5.789400E-02 
19 2.2577O0E-O1 69 1.718500E-01 119 4.746600E-02 
20 6.707OOOE-01 70 1.335300E-01 120 4.618900E-02 
21 1.152499E 00 71 1.197600E-02 121 6.381094E-02 
22 1.177600E 00 72 7.503498E-02 122 8.068895E-02 
23 1.4»6600E-01 73 3.434900E-02 123 3.419100E-02 
24 1.164200E 00 74 4.217300E-01 124 1.397600E-01 
25 4.480700E-01 75 2.489800E-02 125 9.431100E-02 
26 3.808200E-01 76 3.419100E-02 126 1.164100E-01 
27 8.313000E-01 77 6.280094E-02 127 1.247500E-01 
28 4.8i^700E-01 78 7.696098E-02 128 2.120200E-02 
29 4.857399E-01 79 1.053600E-01 129 3.636800E-02 
30 3.209100E-01 80 9.309000E-02 130 3.774000E-C 
31 3.183800E-01 81 2.469300E-02 131 3.922100E-02 
32 1.087700E 00 82 5.129300E-02 132 4.082200E-02 
33 8.889000E-01 83 5.406700E-02 133 1.053600E-01 
34 9.646000E-01 84 6.453794E-02 134 7.696098E-02 
35 6.231400E-CI 85 3.774000E-02 135 5.129300E-02 
36 2.482800E-01 86 6.351298E-02 136 1.718500E-01 
37 2.99' , ,'OOE-01 87 3.333600E-02 13, 6.988597E-02 
38 1.625200E-01 88 9.972697E-02 138 6.364495E-02 
39 3.593200E-02 89 2.656700E-02 139 1.053600E-01 
40 8.923095E-02 90 2.729300E-02 140 3.226100E-02 
41 2.7029O0E-O2 91 2.8058C0E-02 141 1.652900E-02 
42 1.961100E-01 92 1.846200F.-02 142 1.005100E-02 
43 1.431000E-01 93 2.728400E-02 143 3.424900E-02 
44 3.922100E-02 94 3.905100E-02 144 3.546500E-02 
45 1.053600E-01 95 2.690700E-02 145 3.676900E-02 
46 4.054599E-01 96 3.704200E-02 146 3.817200E-02 
47 1.823200E-01 97 3.357600E-02 147 3.968800E-02 
48 3.856600E-01 98 3.474400E-02 148 3.711800E-02 
49 2.682599E i01 99 1.270700E-02 149 3.419100G-02 
50 3.136600t>01 100 

- 1 , 

2.853600E-02 150 3.991700E-02 

a Read 8.327300 x 10 

100 

- 1 , 

2.853600E-02 150 



Tab If 5 i. v m iiiueii) 

Weight 
Group Func t ior. 

151 4.157600E-O2 
132 3-826400E-02 
153 3.046400E-C2 
154 4.2111O0E-O2 
155 4.9597O0E-O2 
156 5.2186O0E-O2 
157 3.506OO0E-O2 
158 5.826800E-02 
159 3.390200E-O2 
160 3.5O9100E-O2 
161 3.636800E-02 
162 3.774000E-02 
163 3.92'900E-02 
164 2.O2O40OE-O2 
165 2.061800E-02 
166 2.105500E-02 
167 2.15O500E-02 
168 8.734699E-03 
169 8.810800E-03 
170 8.887500E-03 
171 8.968897E-03 
172 9.050898E-C3 
173 9.132696E-03 
174 9.215098E-03 
175 ?.302597E-03 
176 9.390797E-03 
177 9.478997E-03 
178 9.567797E-03 
179 9.662099E-03 
180 9.756397E-03 
181 9.853497E-03 
182 9.948697E-03 
183 2.531800E-02 
184 2.59750OE-02 
185 2.666800E-02 
186 2.739900E-02 
187 5.715800E-02 
188 6.062500E-02 
189 6.453794E-02 
190 6.899297E-02 
191 7.410794F-02 
192 8.004296E-02 
193 8.701098E-02 
194 9.530997E-02 
195 1.053600E-01 
196 1.177800E-01 
197 6.453794E-02 
198 6.899297E-02 
199 7.410794E-02 
200 8.004296E-02 

Weight 
Group Func t ion 

201 8.701098E-02 
202 9.530997E-02 
203 1.053600E-01 
204 1.177800E-0i 
205 1.335300E-01 
206 1.541499E-01 
207 1.824700E-01 
208 3-1077OOE-01 
209 2.059300E-O1 
210 2.737000E-01 
211 3.591100E-01 
212 4.618100E-01 
213 5.803500E-01 
214 7.040200E-01 
215 8.121099E-01 
216 4.041300E-01 
217 1.213400E 00 
218 3.591500E-01 
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APPENDIX A 
AMPX Master Library Interface* 

The AKPX multigroup master cross-section library formats have been 

designed with a generality paralleling that of the ENDF/B point data li

braries. For example: 

1. Resonance parameters can be passed. 

2. Any number of reactit., cross sections is allowed. EHDF/B 

identifications are retained where possible. 

3. Any scattering p- .ess can be represented anisotropically to any 

order. 

4. Any process can have a transfer matrix. For example, XLACS 

produces a transfer matrix for each inelastic level. 

5. Temperature dependence is allotted on thermal scattering kernel. 

Special arrays designated "magic-word" arrays are used to compact the 

potentially very lengthy transfer arrays on the interfaces. These formats 

effectively eliminate zero and impossible elements from the transfer arrays. 

Four types of arrays are used in the formats: 

1. The aforementioned "magic-word" array, 

2. Temperature dependent 1-D arrays, 

3. Temperature independent 1-D arrays, and 

4. The resonance parameter array. 

A.l Magic-Word Array 

The structure of a magic-word array is as follows: 

1. Length of magic-word string which follows, 

2. Magic word for first non-zero group (note that this is not 

necessarily the first energy group), 

•This material was taken from Section 11 of Ref. 1, 
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?- String of transfer elearnts for this group, 

4. Magic word for next group, 

5. String for next group. 

etc., until r.ie length specified in the first word is 

satisfied. 

A read statement for this array would contain a list: 

L.(X(I>,I-1.L) 

A eagle word is a 9-digit integer consisting of three 3-digit inte

gers (IUJJJKKK). The masher of the group scattered into is KKK. Ill is 

the lowest nus&ered (highest energied) group which scatters to KKK. JJJ 

is the highest numbered group which scatters to KKK. After the aagic 

word, the transfer string to group KKK is in reverse order: 

IIIJJJKKK 

o(JJJ-»KKK) 

o(JJJ-l-HCKK) 

G(KKK*KKK) 

a(KKK-l-HCKK,Y 

o(III-KKK) 

Note chat the within group tera does not necessarily fall in the string. 

1 
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A.2 Temperature Dependent 1-D Arrays 

These arrays are structured as follows: 

1. ENDF/B Process ID (HT), 

2. Temperature in °K, 

3. Average cross section for each energy group, 

4. etc. 

.» 1 Temperature Independent 1-D Arrays 

Temperature independent 1-D arrays are structured: 

1. EMDF/B process ID for 1st process, 

2. Average cross sections for 1st process for all groups, 

3. EMDF/B process ID for 2nd process, 

4. Average cross sections for 2nd process for all groups, 

5. etc. 

A.4 Resonance Array Structure 

The makeup of this data array is as follows: 

1. Mass ratio (A) for the isotope. 

2. o , potential scattering cross section. 

3. Average statistical factor, g, in the unresolved region. 

4. Number of resolved resonances. 

5. s-factor. This factor is used to determine the region over which 

the Nordheim Integral Treatment is applied for a resolved resonance. 

6. Average energy level spacing, ( D ) , for the I » 0 unresolved 

sequence passed, 

7. yn)> average unresolved neutron width. 

average unresolved gamma width. 

9. (ff), average unresolved fission width. 
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10. 

11. 

12. 

13. 

14. 

15. 

16." 

17. 

18. 

19. 

20. 

21. 

Energy of first resolved resonance. 

[*n, neutron width of first resolved resonance. 

Ty, gaama width of first resonance. 

Tf, fission width of first resonance. 

r-factor (used in Nordheim Treatment). 

Statistical factor, g. 

>As for 10-15 for second resolved resonance. 

10+(6 x number of resolved resonances) - Energies at which to evaluate 

the unresolved "averaged" cross sections - low-to-high (eV). 

These energies will span the unresolved energy range. 

A.5 Master Interface Specification 

The format of the master cross-section interface is specified below. 

Reference is made to the array definitions made immediately prior to 

this section. The format of gamma-ray data is included below; however, 

the criticality safety master cross-sectior library contains only neutron 

data. 
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Leakth (Words) 

no 
Record Length (Words) Coatcots 

IDT - interface Identification nuaber 

nVUe - nuaber of nuclides in this interface 

Ilk - nuaber of neutros energy groups 

IFTG - first thermal neutron group 

HSU - zero 

11 - number of gamma energy groups 

12 - zero 

13 - zero 

14 - zero 

15 - zero 

A(1-100) Hollerith information describing 

the interface 

50 ID(1-50) information describing the first 

nuclide on the interface 

(See the description of record Rl below 

for a specification of the ID array.) 

NNUC+1 50 As for record 2 for NNUCth nuclide 

NNUC+2 2x(NC+l) Neutron energy group boundaries (high-to-

low in eV) followed by corresponding 

lethargy boundaries 

NNUC+3 2x(Il+l) Gamma energy group boundaries (high-to-

low in eV) followed by corresponding 

lethargy boundaries 

NOTE: Records 2 through NNUC+1 constitute a Table of Contents for the 
interface. Record NNUC+2 or NNUC+3 is omitted when NO0 or 11=0, 
respectively. 
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The following set of records is repeated NNl'C times, one nuclide after the 

other: 

Record Length Concents 

Rl SO 10(1-18) - Hollerith information describing 

the nuclide 

ID<19) - nuclide identification nuaber 

ID(20) - nuaber of resolved resonances 

1D(21) - number of points at which to 

evaluate unresolved "averaged" cr?ss 

sections 

10(22) - nuaber of one-dimensional neutron 

arrays (teaperature independent) 

10(23) - nuaber of two-dimensional neutron 

processes; i.e., a process which requires 

a neutron-neutron transfer array 

10(24) - nuaber of teaperature dependent 

one-diaensional neutron arrays 

ID(25) - nuaber of one-diaensional gaaaa 

arrays 

ID(26) - number of two-diaensional gamma 

processes 

ID(27) - nuaber of neutron to gaana produc

tion processes 

ID(28) - not used 

ID(29) - mass number (neutron equivalent) 

ID(30) - ZA 
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Contents 

ID(31) - neutron (XLACS) weighting option 

ID(32) - identifier of neutroa weighting 

ID(33) - gauss (SNUG) weighting option 

ID(34) - energy per fission (watt-sec/fission) 

ID(3S) - energy released per capture (eV) 

ID<36) - zero 

ID(37) - number of processes with Bondarenko 

factors 

IDC 38) - nunber of o g's 

ID(39) - nunber of tenperatares 

ID(40) - naxinun nunber of groups with 

Bondarenko factors 

ID(41) - zero 

ID(42) - identifier of gasaa production 

weighting function 

ID(43) - zero 

ID(44) - gasaa production (LAPHNGAS) 

weighting option 

1D(45) - ENDF Material nunber for fast 

neutron data 

ID(46) - ENDF aaterial nunber for theraal 

neutron data 

10(47) - EKDF aateiial lumber for gaaaa 

data 

ID(48) - ENDF aaterial nuaber for gaovsa 

production data 
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Record Length Contents 

ID(49) - standard CITATION identification 

nuaber 

ID(SO) - mvfcer of records for this nuclide 

*2 ID(38)+ID(39)+2 (0o(i),i-l,ID(38)), (T(j),j«l,ID(39)).ELO.EHI 

where ELO a.id EHI define the range over 

where the Bondarenko factors apply 

R3 6 * ID(37) (HTiti«l,ID(37))t 

(MFiti»l.ID(37)), 

(•Li(i-1,ID(37))( 

(NXt.i-l.IDO?)), 

(MYi,i«l,ID(37)), 

(NZiti«l,ID(37)), 

where 

M7 is the MT nuaber of the process, 

NF is the first group with Bondarenko 

factors for the process, 

NL is the last group with Bondarenko 

factors, and 

NX, NY, NZ are zeros, presently 

The following two records are repeated ID(37) times: 

R4 NLj-tfFi+l (aKr(i),i=NF,NL) 

Infinite dilution values for the cross 

section of process MT 

R5 (M^-NF^l)* (((BF(i,j,k),i=l,ID(38)),j=»l,ID<39)), 
ID(38)*ID(39) k«NF,NL) 
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Record Length Contents 

R6 6xID(20)+9+ID(21) Resonance data array 

R7 ID(22)x(NG+l) Teaperature independent one-dimensional 

arrays 

R8 ID(24)x(NG*-2) Teaperature dependent one-diaensional arrays 

R9 ID(23)x4 (MTX(I),I»1,ID(23)), 

(LX(I),I«1,ID(23)), 

(NLX(I),I«1,ID<23)), 

(NTX(I),I«1,ID<23)), 

where KTX * the ENDF/B process identifica

tion (HT), LX = the aaxiaua length of a 

single aatrix for the ith process, NLX «• 

the expansion order of the cross sections 

for the ith process, NIX s the number of 

temperatures at which the cross section 

for the process is evaluated 

The following arrays are repeated for each two-dimensional neutron process, 

through ID(23) processes. 

R10(a) T(i) The teaperature (°K) at which the transfer 

arrays are given for the ifTi process 

NOTE: NT - 0 will not require th* array 

R10(b) L(i)aax The ?Q array for the MT^ process at Tj, 

vritten (X(I),1-1,LX) 

R10(b+1) L(i)max The Pj array for the MTj process at Tj 
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Record Length 

R10(b+NL) L(i)aax 

Contents 

The PJJL- array for the MTj process at Tj 

R10( ) Li(i)max The ?Q array for the KT^ process at T 2 

R10( ) Li(i)max The P^. array for the KT^ process at TJJX-

****Repeat this pattern until all neutron processes are exhausted. 

Ga«a Production Arrays 

PI ID(27)x4 <MrYitl-l,ID(27)), 

(LYi,i=l,ID(27)), 

(NLYi,i=l,ID(27)), 

(MIY1(i-l,Ib(27)), 

where MTY^, LY^, and NLYi have meanings 

as stated in record R9. NNYj is a data 

type identifier. An NNYj of zero identi

fies the product^in arrays for the ith 

process as fractional yield data. A 

value of one (1) designates trtat the 

arrays are in cross-section units. 

The following records are repeated for ID(27) processes 

P2 L(i)m?.X 

written L, (X(I),1=1,L) 

PQ neutron to gamma transfer matrix, 
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Record Length Contents 

P(2+NL^) L(i)max PJJL. neutron to gamma transfer matrix 

» • • 

• » • 

****Repeat until the two-dimensional gamma processes are exhausted. 

Gaaaa Arrays 

Gl ID(25)x(Il+l) One-dimensional gamma interaction arrays 

G2 ID(26)x4 (mZiti'ltlJi(26)), 

(LZi,i-l,ID(26)), 

0*1^,1-1,10(26)), 

(NT2i,i=l,ID(26)) [NTZ£ will always have 

all zeros.] 

These terms are defined as for record R9 

except that they apply to gammas. 

Repeat the following records for each process: 

G3 L(i) The* PQ array for the MTZ-̂  gamma process, 

written (X(I),I-l,LZ) 

• • • 
• • • 
• • • 
G(3+NLi) I (i) The PNLZ* a r r 3 y f o* the NTZ^ gamma process 

****This concludes the data for a nuclide. 



33 

APPENDIX B 

Criteria Used in the Selection of Group Bounds.".ies 

Criteria used in the selection of boundaries for the 218-group energy 

structure are listed in Table A.l. (The 218-group energy structure is 

listed in Table 2.) Various versions of BNL-325, 7" 1 4 ENDF-200,15 and the 

ENDF/B data*6 were sources of the criteria. Information in Table A.l can 

be used to identify cross-section structure by nuclide and thereby aid in 

the selection of broad-group structures from the 218 group set. Thresholds 

and resonance regions are identified by reaction type aown to approxi

mately 500 eV. Below 500 eV, individual levels are not identified by 

reaction type since they may exhibit significant scatter, capture and/or 

fission. 

Table B.l. 

Energy (eV) 

20+6a 

6.43^+6 
4.8+6 
4.304+6 
3+6 
2.479+6 
2.354+6 

1.85+6 
1.5+6 

1.4+6 
1.356+6 

aRead 20xl06. 

Criteria for Selection of the 140 Epithermal 
Group Boundaries 

Criterion 

Upper cutoff 
0 - inelastic threshold 
C - inelastic threshold 
N - n,a threshold 
Hansen-Roach boundary 
N - inelastic threshold 
0 - n,a threshold 
B-10 - upper bound on 1.9 MeV (.4b) n,a level 
Be - n,2n threshold 
U-238 - fission plateau 
B-10 - lower bound on 1.9 MeV (.4b) n,a level 
Hansen-Roach boundary 
Ni - inelastic threshold 
0 - upper bound on 1.312 MeV (6b) n,n' level 
Mg - inelastic threshold (1.34 MeV) 
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Table B.l (continued) 

Energy (eV) Criterion 

1.317+6 Si - ine las t i c threshold 
1.25+6 B-10 - inelastic threshold 

0 - low»r bound on 1.312 HeV (6b) n,n' level 
1.2+6 Th-232 - fission threshold 

B-10 - n,t threshold 
Ca - inelastic threshold (1.187 MeV) 

1.1+6 0 - upper bound on 1 HeV (8b) n,n' level 
1.01+6 K - inelastic threshold 

Pu-240 - fission plateau 
9.20+5 Zr - inelastic threshold 
9.00+5 Hansen-Roach boundary 

0 - lower bound on 1 MeV (8b) n,n' level 
8.75+5 Al - inelastic threshold 

Si - upper bound of 805 KeV (7.5b) n,u* level 
8.611+5 Fe - inelastic threshold 
8.20+5 Be - upper bound of 810 KeV (5.3b) n,n' level 
8.00+5 Be - lower bound of 810 KeV (5.3b) n,n* level 
7.50+5 Na - upper bound of 710 KeV (8b) n,n' level 

Si - lower bound of 805 KeV (7.5b) n,n' level 
6.79+5 Cu - inelastic threshold 
6.70+5 Be - n,a threshold 

Be - upper bound of 620 KeV (7.5b) n,n' level 
Na - lower bound of 710 KeV (8b) n,n' level 

6.00+5 U-236 - fission threshold 
Be - lower bound of 62U KeV (7.5b) n,n' level 
Si - upper bound of 570 KeV (7.8b) n,n' level 

5.73+5 Pb - inelastic threshold 
Cr - inelastic threshold (575.1 KeV) 
Mg - inelastic threshold (584 KeV) 

5.50+5 Si - lower bound of 570 (7.8b) n,n' level 
4.9952+5 Fe - n,p threshold 

0 - upper bound on 442 KeV (17b) n,n' level 
4.70+5 Na - inelastic threshold 

Mg-24 - upper bound on 430 KeV (12b) n,n' level 
4.40+5 N - upper bound on 432 KeV (6.5b) n,n' level 
4.20+5 N - lower bound on 432 KeV (6.5b) n,n' level 



35 

Table B.l (continued) 

Energy (eV) Criterion 

4.00*5 Hansen-Roach boundary 
0 - lever bound on 442 KeV (i7b) n,n' level 
Mg-24 - lower bound on 430 KeV (12b) n,n* level 

3.30+5 Mg-24 - upper bound on 275 KeV (13b) n,n* level 
2.70+5 Si - upper bound on 200 KeV (lib) n,n' level 

Cd-113 - inelastic threshold 
2.00+5 Mo - inelastic threshold 

Mg-24 - lower bound on 275 KeV (13b) n,n* level 
1.50+5 Si - lower bound on 200 KeV (lib) n,n* level 

Cr-52 - upper bound on 138 KeV (10b) n,n' level 
1.283+5 Mn-55 - inelastic threshold 

F - upper bound of 100 KeV (26b) n.n' level 
Cr-52 - lower bound on 138 KeV (10b) n,n' level 

and upper bound of 95 KeV (18b) n,n* level 
Mg - upper bound on 81 KeV (Mg-25) and 85 KeV 

(Mg-24,45b) n,n' levels 
1.00+5 Hansen-Roach boundary 

Al - upper bound on 89 KeV (18b) n,n* level 
8.5+4 Fe - upper bound on 83.7 KeV (27b) n,n' level 

Cr-52 - lower bound on 95 KeV (18b) n,n' level 
8.2+4 Fe - lower bound on 83.7 KeV (27b) n,n' level 

Al - lower bound on 89 KeV (18b) n,n' level 
F - lower bound on 100 KeV (26b) n,n' level 

7.5+4 Fe - upper bound on 74 KeV (22b) n,n* level 
7.3+4 Fe - lower bound on 74 KeV (22b) n,n' level 
6.0+4 Gd - inelastic threshold 

Mg - lower bound on 81 KeV (Mg-25) and 84 KeV 
(Mg-24,45b) n,n' levels 

Na - upper bound on 55 KeV (10b) n,n' level 
Al - upper bound on 35.04 KeV (34b) n,n' level 
Cr-52 - upper bound on 51 KeV (25b) n,n* Jevel 

5.2+4 F - upper bound on 49.7 KeV (30b) n,n' level 
5.0+4 U-238 - fission threshold 

Th-232 - Inelastic threshold (50-2 KeV) 
Pu-240 - fission threshold 
Na - lower bound on 55 KeV (10b) n,n' level 
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Table B.l (continued) 

Energy (eV) Criterion 

4.5+4 F - lower bound on 49.7 KeV (30b) n,n* level 
Cr-52 - lower bound on 51 KeV (25b) n,n* level 
U-236 - inelastic threshold (46 KeV) 
U-238 - inelastic threshold (44.9 KeV) 
U-234 - inelastic threshold (44.3 KeV) 
Pu-238 - inelastic threshold (44.3 KeV) 
Pu-240 - inelastic threshold (*3.1 KeV) 
U-233 - inelastic threshold (40.6 KeV) 

3.0+4 Fe - upper bound or. 27.9 KeV (90b) n,n' level 
F - upper bound on 27.? KeV (32b) n,n* level 

2.5+4 Fe - lower bound on 27.9 KeV (90b) n,n' level 
F - lower bound on 27.3 KeV (32b) n,n' level 
Mg-25 - upper bound on 20 KeV (8.5b) n.n' level 
Al - lower bound on 35.04 KeV (34b) n,n' level 

1.7+4 Hansen-Roach boundary 
Ni-58 - upper bound on 15.5 KeV (142b) n,n' level 
Mg-25 - lower bound on 20 KeV (8.5b) n,n' level 

1.3+4 U-235 - inelastic threshold 
Ni-58 - lower bound on 15.5 KeV (142b) n,n' level 
Ni-60 - upper bound on 12.5 KeV (52b) n,n' level 
Cr-53 - upper bound on several levels from 3.3 to 

10.5 KeV (10 to 25b) 
9.5+3 Ni-60 - lower bound on 12.5 KeV (52b) n,n' level 

Mn - upper bound on 8.87 KeV (140b) n,n' level 
8.03+3 Pu-239 - inelastic threshold 

Mn - lower bound on 8.87 KeV (140b) level and 
upper bound on 7.17 KeV (150b) level 

6+3 Na - upper bound on 2.8 KeV (380b) n,n' level 
Ni-62 - upper bound on 4.6 KeV (30b) n,n* level 
Mn - lower bound on 7.17 KeV (150b) n,n' level 

3.9+3 Zr-96 - upper bound on 3.84 KeV (170b) n,n' level 
Mn - upper bound on 2.375 KeV (600b) n,n' level 

3.74+3 Zr-96 - lower bound on 3.84 KeV (170b) n,n' level 
3.0+3 Hansen-Roach boundary 

Zr-92 - upper bound on 2.73 KeV (160b) n,n' level 
Cu - upper bound on 2.55 KeV (Cu-65,22b) and 2.06 

KeV (Cu-63,41b) levels 
Cr-53 - lower bound on several levels from 3.3 

to 10.5 KeV (10 to 25b) 
Ni-62 - lower bound on 4.6 KeV (30b) n,n' level 

2.58+3 Zr-92 - lower bound on 2.73 KeV (160b) n,n' level 
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Table B.l (continued) 

Energy (eV) Criterion 

2.29+3 Zr-94 - upper bound on 2.26 KeV (50b) n,n' level 
2.2+3 Zr-94 - lower bound on 2.26 KeV (50b) n.n* level 
1.8+3 Na - lover bound on 2.8 KeV (380b) n.n* level 

Cu - lower bound on 2.55 KeV (Cu-65,22b) and 2.06 
KeV (Cu-63,41b) levels 

1.55+3 Zr-91 - upper bound on 1.53 KeV (90b) n,n' level 
1.5+3 Zr-91 - lower bound on 1.53 KeV (90b) n.n* level 

Mn - lower bound on 2.375 KeV (600b) n,n* level 
1.15+3 Mn - upper bound on 1.098 KeV (420b) n,n* level 
950 Mn - lower bound on 1.098 KeV (420b) n,n* level 
683 Zr-91 - upper bound on 679 eV (75b) n,n' level 
670 Zr-91 - lower bound on 679 eV (75b) n,n' level 

Cu-63 - upper bound on 577 eV (23b) level 
550 Hansen-Roach boundary 

Mn - upper bound on 337 eV (2000b) level 
Cu-63 - lower bound on 577 eV (23b) level 

305 Zr - upper bound on 302 eV (Zr-96,55b) and 291.5 
eV (Zr-91,400b) levels 

285 Zr - lower bound on 302 eV (Zr-96,55b) and 291.5 
eV (Zr-91,400b) levels 

240 Cu-65 - upper bound on 229 eV (13b) level 
210 U-238 - upper bound on 208.6 eV (900b) level 

Cu-65 - lower bound on 229 eV (13b) level 
Mn - lower bound on 337 eV (2000b) level 

207.5 U-238 - lower bound on 208.6 eV (900b) level 
192.5 U-238 - upper bound on 189.6 eV (2800b) level 
186 U-238 - lower bound on 189.6 eV (2800b) level 
122 Th-232 - upper bound on 120.75 eV (600t) level 
119 Th-232 - lower bound on 120.75 eV (600b) leve.'. 

U-238 - upper bound on 116.9 eV (1500b) lfyel 
115 U-238 - lower bound on 116.9 eV (1500b) level 

Th-232 - upper bound on 112.87 eV (450b) level 
Sn-116 - upper bound on 111.2 eV (62b) level 

108 Th-232 - lower bound on 112.87 eV (450b) level 
Sn-116 - lower bound on 111.2 eV (62b) level 
U-238 - upper bound on 102.7 eV (3700b) level 
Ba-135 - upper bound on 104 eV (52b) level 
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Table B.l (continued) 

Energy (eV) Criterion 

IOC Hansen-Roach boundary 
U-238 - lower bound on 102.7 eV (3700b) level 
Ba-135 - lower bound on 104 eV (5?b) level 
Sn-112 - upper buwd on 94.8 eV (10b) level 

90 Sn-112 - lower bound on 94.8 eV (10b) level 
Ba-135 - upper bound on 82 eV (80b) and 88 eV 

(55b) levels 
82 U-238 - upper bound on 81.1 eV (250b) level 
80 U-238 - lower bound on 81.1 eV (250b) level 
76 Pu-239 - upper bound on 74.7 eV (1300b) level 
72 Pu-239 - lower bound on 74.7 eV (1300b) level 

Ba-135 - lower bound on 82 eV (80b) and 88 eV 
(55b) levels 

Th-232 - upper bound on 69.13 eV (1500b) level 
67.5 Th-232 - lower bound on 69.13 eV (1500b) level 

U-238 - upper bound on 66.2 eV (3300b) level 
Pu-239 - upper bound on 66 eV (1000b) level 

65 U-238 - lower bound on 66.2 eV (3300b) level 
Pu-239 - lower bound on 66 eV (1000b) level 
Sn-124 - upper bound on 61.95 eV (8b) level 

61 Th-232 - upper bound on 59.46 eV (180b) level 
Sn-124 - lower bound on 61.95 eV (8b) level 

59 Th-232 - lower bound on 59 eV (180b) level 
53.4 Pu-239 - upper bound on 52.7 eV (1000b) level 
52 Pu-239 - lower bound on 52.7 eV (1000b) level 
50.6 Pu-239 - upper bound on 50.1 eV (800b) level 
49.2 Pu-239 - lower bound ™ 50.1 eV (800b) level 
48.3 Pu-239 - upper bound on 47.8 eV (200b) level 

Sn-118 - upper bound on 45.75 eV (12.5b) level 
47 Pu-239 - lower bound on 47.8 eV (200b) level 
45.2 Pu-239 - upper bound on 44.6 eV (900b) level 
44 Pu-239 - lower bound on 44.6 eV (900b) level 

Sn-118 - lower bound on 45.75 eV (12.5b) level 
42.4 Pu-239 - upper bound on 41.7 eV (700b) level 

Pu-240 - upper bound on 41.6 eV (45b) level 
41 Pu-239 - lower bound on 41.7 eV (700b) level 

Pu-240 - lower bound on 41.6 eV (45b) level 
Sn-117 - upper bound on 38.8 eV (20b) level 
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Table B.l (continued) 

Pnergy (eV) Criterion 

39.6 U-235 upper bound on 39.41 eV (500b) level 
Pu-240 - upper bound on 38.1 -»V (650b) level 

39.1 U-235 - lower bound on 39-41 eV (500b) level 
Pu-239 - upper bound on 38.5 eV (120b) level 

38 Pu-239 - lower bound on 38-5 eV (120b) level 
1-238 - upper bound on 36.7 eV (4800b) 

37 Sn-117 - lower bound on 38.8 eV (20b) level 
Pu-240 - lower bound on 38.1 eV (650b) level 

35.5 U-235 - upper bound on 35.16 eV (600b) level 
34.6 U-235 - lower bound on 35.16 eV (600b) level 

U-238 - lower bound on 36.7 eV (4800b) level 
33.75 U-235 - upper bound on 33.5 eV (380b) level 
33.25 L-235 - .ower bound on 33.5 eV (380b) level 

Pu-239 - jpper bound on 32.3 eV (120b) level 
32.25 U-235 - upper bound on 32.05 eV (400b) level 
31.75 U-235 - lower bound on 32.05 eV (400b) level 
31.25 Pu-239 - iower bound on 32.3 eV (120b) level 

U-235 - upper bound on 30.8 eV (150b) level 
30 Hansen-Roach boundary 

U-235 - lower bound on 30.8 eV (150b) level 
27.5 Pu-239 - upper bound on 26.2 eV (300b) level 
25 Pu-239 - lower bound on 26.2 eV (300b) level 

Th-232 - upper bound on 23.45 eV (2100t) level 
Ba-135 - upper bound on 24.4 eV (40b) level 
Pu-239 - upper bound on 22.2 eV (1000b) level 

22.5 Th-232 - lower hound on 23.45 eV (2100b) level 
Ba-135 - lower bound on 24.4 eV (40b) level 
Pu-240 - upper bound on 20.4 eV (2400b) level 
U-238 - upper bound on 21 eV (5500b) level 
Th-232 - upper bound on 21.78 eV (1500b) level 

21 Pu-239 - lower bound on 22.2 eV (1000b) level 
Th-232 - lower bound on 21.78 eV (1500b) level 

20 U-238 - lower bound on 21 eV (5500b) level 
U-235 - upper bound on 19.3 eV (1000b) level 

19 U-235 - lower bound on 19.3 eV (1000b) level 
Pu-240 - lower bound on 20.4 eV (2400b) level 



40 
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Energy (eV) Criterion 

18.5 Pu-239 - upper bound on 17.7 eV (1100b) leve' 
Pu-241 - upper bound on 17.83 eV (1500b) le*el 
Gd-157 - upper bound on 17.1 eV (990b) level 
Ag-107 - upper bound on 18.3 eV (600b) level 

17 Pu-239 - lower bound on 17.7 eV (1100b) level 
Pu-241 - lower bound on 17.83 eV (1500b) level 

16 Gd-157 - lower bound on 17.1 eV (990b) level 
Pu-239 - upper bound on levels at 14.3 and 

14.68 eV (1700b) 
15.1 Pu-241 - upper bound on 14.75 eV (2500b) level 
14.4 Pu-241 - lower bound on 14.75 eV (2500b) level 
13.75 Pu-241 - upper bound on 13.4 eV (1800b) level 

Ag-107 - lower bound on 16.3 eV (600b) level 
Pu-239 - lower bound on levels at 14.3 and 

14.68 eV (1700b) 
U-233 - upper bound on 12.9 eV (500b) level 

12.9 Pu-241 - lower bound on 13.4 eV (500b) level 
U-235 - upper bound on 12.39 V̂ (900b) level 
Pu-239 - upper bound on 11.9 eV (1400b) level 

11.9 U-233 - lower bound on 12.9 eV (500b) level 
U-235 - lower bound on 12.39 eV (900b) level 
U-235 - upper bound on 11.67 eV (550b) leve. 

U.5 Pu-239 - lower bound on 11.9 eV (1400b) level 
U-235 - lower bound on 11.67 eV (550b) level 
U-233 - upper bound on 10.45 eV (620b) level 
Pu-239 - upper bound on 10.95 eV (1600b) level 

10 Hansen-Roach boundary 
U-233 - lower bound on 10.45 eV (620b) level 
Pu-239 - lower bound on 10.95 eV (1600b> level 
Hf - upper bound on 5 levels with peak at 

7.78 eV (Hf-178,10,000b) 
In-115 - upper bound on 9.12 eV (1000b) level 

9.1 U-235 - upper bound on 8.79 eV (1000b) level 
Ag-109 - upper bound en 5 19 eV (12,000b) level 
Pu-241 - upper bound on 8.6 eV (1800b) level 

8.1 U-235 - lower bound on 8.79 eV (1000b) level 
Pu-241 - lower bound on 8.6 eV (1800b) level 
Pu-239 - upper bound on 7.85 eV (1800b) level 
U-238 - upper bound on 6.67 eV (8000b) level 
Gd-155 - upper bound on 7.74 eV (160b) level 
In-115 - lower bound on 9.12 eV (1000b) level 
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Energy (eV) Criterion 

7.15 Pu-239 - lower bound on 7.85 eV (1800b) level 
Gd-155 - lower bound on 7.74 eV (160b) level 
U-235 - upper bound on 7.08 eV (210b) level 
Pu-241 - upper bound on 6.93 eV (1000b) level 

7 U-235 - lower bound on 7.08 eV (210b) level 
U-233 - upper bound on 6.82 eV (800b) level 
Gd-155 - upper bound on 6.302 eV (510b) level 
U-236 - upper bound on 5.49 eV (48000b) level 

6.75 Pu-241 - lower bound on 6.93 eV (1000b) level 
6.5 U-233 - lower bound on 6.82 eV (800b) level 

U-235 - upper bound on 6.39 eV (600b) level 
6.25 U-235 - lower bound on 6.39 eV (600b) level 
6 U-238 - lower bound on 6.67 eV (8000b) level 

Gd-155 - lower bound on 6.302 (510b) level 
5.4 U-234 - upper bound on 5.19 eV (59,000b) level 
5 Hf - lower bound on 5 levels with peak at 7.78 

eV (Hf-178, 10,000b) 
U-234 - lower bound on 5.19 eV (59,000b) level 
U-235 - upper bound on 4.845 eV (210b) level 

4.75 U-235 - lower bound on 4.845 eV (210b) level 
Pu-241 - upper bound on 4.3 eV (2200b) level 

(couplet) 
In-115 - upper bound on 3.86 eV (850b) level 

4 Pu-241 - lower bound on 4.3 eV (2200b) level 
(couplet) 

3.73 U-235 - upper bound on 3.61 eV (170b) level 
U-233 - upper bound on 3.66 eV (280b/ level 
U-236 - lower bound on 5.49 eV (48,000b) level 

3.5 U-235 - lower bound on 3.61 eV (170b) level 
U-233 - lower bound on 3.66 eV (280b) level 

3.15 In-115 - lower bound on 3.86 eV (850b) level 
U-235 - upper bound on 3.1 eV (90b) level 

3.05 U-235 - lower bound on 3.1 eV (90b) level 
Ag-109 - lower bound on 5.19 eV (12,000b) level 
Cutoff between ENDF/B hydrogen data for fast and 
thermal energy ranges. 


