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INTRODUCTION

The Dosimetry File (1) jssued as part of the ENDF/B-1V
Library contains thirty~six reactions in twenty-six isotopes.
Each isotope in the ENDF/B-IV Library starts with a brief descrip-
tion of the data and methods used in that particular evaluation
(File 1). The purpose of this report is to present, where
feasible, a more detailed description, summarizing those evalu-
ations that appear on the Dosimetry File.

The Dosimetry File evolved as a consequence of the Task Force
assembled at Battelle Northwest by the Normalization and
Standards Subcommittee of the Cross Section Evaluation Working
Group (CSEWG) to review the cross section sets used for dosimetry
purposes in the Inter=-laboratory IMFBR Reaction Rate {ILRR) Pro-
gram. From the list of necessary dosimetry materials prepared by
the Task Force, all reactions already included in the ENDF/B
General Purpose Library (with subsequent updating) were to be
extracted and placed on the Dosimetry File. All other reactions
on the list were assigned to Task Force members for evaluation.
The "Table of Contents" of this volume lists all the reactions
from the Task Force list, name and affiliation of the authors
of each evaluation, the particular reaction assigned, and the
Material (MAT) Number.

There are several different types of entries in the ensuing
pages:

Documentation for threshold reactions (other than
fission), which were evaluated by Task Force Members and
whose Atomic Number Z =< 90, contains a description of
the evaluation by the authors, references used, and a
series of graphs displaying the experimental data and
the evaluated curve in discrete energy regions. Immedi-
ately following each evaluation is a reproduction of the
data file as it appears on the Dosimetry File and a
single curve over the entire energy region plotted from
the evaluation on the Dosimetry File.

Documentation for threshold reactions, which were
taken from the ENDF/B-IV General Purpose Library and
whose Z = 90, containg §n extracted portion of the
Summary Documentation'? (found in ENDF-201), and the
original report is identified. These reactions are
followed (as above) with a reproduction of the data on
the Dosimetry File and a single plot of the reaction over
the entire energy range.



Documentation for exoergic reactions, which were
evaluated by Task Force members and whose Z < 90,
contains a description of the evaluations by the authors
and the references used. Following each evaluation is a
reproduction of the data on the Dosimetry File and a
plot of the data. For convenience, experimental data
from the CSISRS Library outside of the resolved resonance
energy region is plotted on the curve. The references
for the experimental data sets are included.

Documentation for exoergic reactions (including
Threshold Fission), which were taken from the ENDF/B-IV
General Purpose Library and whose Z < 90 contains an
extracted portion of the Summary Documentation(e)(ENDF-ZOl),
and the original report is identified. These reactions
are followed by a reproduction of the data on the Dosi-
metry File, a single plot of the reaction and the experi-
mental data (outside of the Resolved Resonance Energy
Regilon) and the references from CSISRS.

Documentation for reactions whose Z > 90 was con-
sidered too complex (e.g. the relationship between
Ogs O and 7 ) to extract. Since all reactions with
z"> 98 are from the ENDF/B-IV General Purpose Library,
the reader in need of detailed information is directed
to ENDF-ZOI(a . In place of summary documentation,
File 1 from the ENDF/B-IV General Purpose Library is
included here, As in the cases above, a reproduction
of the data from the Dosimetry File, a plot of the
data, experimental points outside the resolved energy
region, and references for the experimental data are
included.

In the case of 2°®U(n,f), the portion of the curve
from ~10 keV~20 MeV is enlarged and included as a
separate page.

Because of extenuating circumstances, not all the
reactions included here were renormalized to ENDF/B-IV.
Those that were not are identified with ENDF/B-III in
the Documentation Titles. The reactions include:

325(n,p),°“Fe(n,p),”*Fe(n,p), '**In(n,n"), **Ni(n,p).

+ Cross Section Information Storage & Retrieval System(CSISRY
Maintained at the National Neutron Cross Section Center.
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Appendix I contains a table of derived parameters, i.e. the
Resonance Integral of the exoergic reactions and the 235y Fission
Spectrum Average Cross Sections (T = 1.32) of all reactions on
the file.

For additional information concerning the evaluated files,
as well as corresponding experimental data, contact:

National Neutron Cross Section Center
Brookhaven National Laboratory
Upton, New York 11973
(I)ENDF/B—IV Dosimetry File; Tape 412, issued January 1975

(Q)ENDF/B Summary Documentation ENDF-201 - BNL 17541, June 1975
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Total Helium Production Cross Section
for Neutron-Induced Reactions on 6Li
for ENDF/B-IV
L. Stewart and G.M. Hale
Los Alamos Scientific Laboratory

Theoretical Division - January 1975

Below 10 MeV, the following reactions produce alpha particles

. . 6. .
from neutron interactions with "Li:

Reaction MeV Threshold (MeV)
6Li(n,t)a +4.785 -
6Li(n,n'd)a -1.472 1.717
6Li(n,an)ot -3.697 4,313

In the alpha-production data that were provided for the Ver-
sion IV dosimetry file only the 6Li(n,t)a contribution differs
from the Version III dosimetry file. The (n,t) data below 2 MeV
are based on the coupled-channel R-matrix analysis by Hale, Dodder,
Young, and Stewart that were included in the general purpose Ver-
sion IV file. The analysis included experimental data for the
total and the (n,t) cross sections and various differential cross
gsection measurements for n + 6Li and a + t elastic scattering, as
described in the File 1 comments of the Version IV data.

The (n,n'd) and (n,2np) cross sections are the same as were
provided for the Version III dosimetry files and are based on
smooth curves through the available experimental data. These data

are compared with the Version III evaluation and with experimental
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data in Figs. 1 and 2. Note that the dosimetry data for the

(n,n'd) and (n,2np) reactions are lower and higher, respectively,

than the Version III evaluatiomn.

This remark also applies for the

Version IV evaluation, which is the same as Version III for the

(n,n'd) and (n,2np) reactions.
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3.1~ 6 LASL EVAL=NOV?73 HALE,N[SLEY AND YOUNG
DIST-1974
ACCEPTED FoR DOS, FILE BY NORMALIZATION AND STANDARDS
SUBCOMMITTEE 12/73,SUPPLIED BY P,G.YOUNG LASL
DATA TABLE BELCOW IS THE TOTAL HELIUM PROOUCTION CROSS
SECTION OF LI-6, FOR CONVENIENCE IT IS LISTED AS
MTe127.THE CROSS SECTION [S COWPQSED OF THREEF REACTIONS
L€y
LI«B(N;TYALPHA
LI=6(N,;NPRIME D)ALPHA
LI~6(N;2NP)ALPHA
PERTINENT HOLLORITH FROM GENERAL FILE FOLLOWS,(MAT 1271)
TOTAL,ELASTIC,AND (N,ALPHA) CROSS SECTIONS AND
ELASTIC ANGULAR DISTRIBUTIONS REPLACED FUR NEUTRON ENERGIES
BELOW 1,2 MEy BY HALE,DODDER,YOUNG AND STEWART AT LASL JAN 74
THE NEW DATA RESULY FROM A COUPLED-CHANNEL R,MATRIX ANALYSIS
THAT 1S DESCRIBED IN THE GENERAL FILE,
(N~ALPHAIMTRLB7  SIGMA=94F .08 BaARNS
RES,PAR, MFe2 MTs151 SCATTERING RADIUS ONLY,
SMDOTH CROS3 SECTION MF=3 MT=187(1f N,T ALPHA ONLY)
BELOW 1.2 MEV BASED ON RaMATRIX ANALYS!S DESCRIBED UNDER MTsi
ALTHOUGH THME DATA OF REF 13 WERE NOT EXPLICITLY INCLUDED IN
THE ANALYS1S,THESE DATA ARE GENERALLY CUNSISTANT 4ITH THE
RESULTS OF REF 14 AND 15 WHICH WERE INgLUDEQ,IN ADDITION THE
EVALUATED (N,ALPHA) CROSS SECTYION AGREES WELL WITH THE
VERSION 1V EVALUATION OF Bwip(N,ALPHAICROSS SECTION AND THE
RATIO0 MEASUREMENY OfF REF,18,THE (N,ALPHA) BETWEEN 2 AND 15
MEY 1S BASED ON REF,1,EXTRAPOLATION TD 28 MEV 1S BASED ON
KERN AND KRESER DATA (REF,B)BETWEEN 15 AND 18 MEv,
REFERENCES

i, PENDLEBURY, E.D., REPORT AWRE 0s60/64,

2, DIMENT, K.M., AND UTTLEY, C.As, NUCLEAR PHYSICS DIVISION
PROGRESS REPORTS AERE=PR/NP 15 AND AERE~PR/NP 16 (1969),
g#sg ;R!VATE COMMUNICATION FROM C, A, UTTLEY TO LEONA

EWART,

3, HIBDON, C,T., AND MOORING, F.P.; CONFERENCE ON NEUTRON (/S

4, FOSTER, D.G.+JRys AND GLASGOWs D W,s HWW=?3116 AND HW=77311,

5, PETERSON, J.M.s ET AL, PHYS REV 42¢, 521 (1960),

6, H?P:;NS. JoBvs ET Als LOS ALAMOS SCI LAB REPORT LA=3765
(1967),

7« PRESSER, G,, ET AL, NUCL PHYS A131, 679 (1649),

B, KERN, B.D., AND KREGER, W,E.s PHYS REV 112, 926 (1958},

9, LANE, R,0,, ET AL, ANN PHYS 12, 135(1961),

1P, L+ ROSEN AND L. STEWART, LAn2643,

11, F. AJZENBERG~SELOVE AND T,LAURITEZEN, ENERGY LEVELS OF
LIGHT NUCLE!, TO BE PUBLISHED,

12, U W MEADOWS AND J,F,WHALEN, NUCL,SCI,ENGR. 41,351 (1970).

13, E.FORT AND J,P.MARQUETTE, PRIVATE COMMUNIGCATION TO

14, M,S,COATES; GyJ HUNT, AND C,AUTTLEY, PRIVATE COMMUNICAs
TION Tp L,STEWART, (1973),

15, W,P.POENITEZ, PRIVATE COMMUNICATION TO L,STEWART, (1973),

16, A, ASAMI AND M,C,MOXON: NUGL.DATA FOR AREACTORS, WELSINK!,
1978, P153.

17. R,J«SPIGER AND T,A,TOMBRELLO, PHYS,REY, 163, 64 (1972),

18, M.G.SOWERBY ET AL,, JJNUCL,ENERGY 24, 323 (1979),

19, E,T.JURNEY, LASL, PRIVATE COMMUNICATION, (1973),
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Total Helium Production Cross Section From n + 1OB
Interactions for ENDF/B-IV
P.G. Young and G.M. Hale
Los Alamos Scientific Laboratory

Theoretical Division - January 1975

Below 10 MeV, the following reactions produce helium from

. . . 10
neutron interactions in B:

Q (masses) Laboratory
Reaction MeV Threshold (MeV)
@ 8,0 Le +2.792 -
@  %8(n,a) 11" (478 Kev) +2.314 -
3)  YB(n,n'0lLi 4461 4.907
)  1%(n,t20) +0.324 -
5)  %B(n,n'a20) -5.933 6.526
) °8(n,2np20) -8.158 8.974

The total helium production cross section was derived by sum-
ming the cross sections from reactions (1)-(3) plus twice the sums
of reactions (4)-(6). The data for reactions (1), (2), and (&)
were taken directly from the Version IV evaluation. Below 1 MeV
reactions (1) and (2) are based on a coupled-channel R-matrix
analysis,1 and reaction (4) on a single-channel analysis. The ex-
perimental data included in the analyses are referenced in the
File 1 comments of the Versiom IV evaluation. Above 1 MeV, reac-
IT—TEHET Hale, P.G. Young, and R.A. Nisley, "R-Matrix Analysis of

the n + 10B System at Low Energies,'" Trans. Am. Nucl. Soc. 18,
327 (1974).



tions (1), (2), and (4) are based on smooth curves through experi-
mental data, as outlined in the File 1 comments.

The contributions from reactions (3) and (5) were also ob-~
tained from the Version IV evaluation by summing the appropriate
discrete (n,n') cross sections to particle unstable final states,
as indicated by LR flags. Reaction (6), which was not included in
the Version IV evaluation because of its small magnitude, was es-
timated from the measurements of Mather2 at 14 MeV.

2. D.S. Mather and L.F. Pain, '"Measurement of (n,2n) and (n,3n)

Cross Sections at 14 MeV Incident Energy," AWRE report
047/69 (1969).




5-8 = 10 LASL EVAL=NOV?3 HALE,NISLEY AND YOUNG
DIST 1974
ACCEPTED FOR DOS, FILE 8Y NORMALIZATION AND STANDARDS
SUBCOMITTEE 22/73, SUPPLIED BY P,G¢YOUNG LASL
PERTINENT HOLLORITH FROM GENERAL FILE FOLLOWS,(MAT 1273)

MF22 e=prevap= RESONANCE PARAMETERS ~ervumewrsmeo cacnsangecravamer
MT=151 EFPECTIVE SCATTERING RADIUS = 2,40937Ew12 CM
MF=3 LR YRR PR W S”OOTH CROSS SECT!ON-Q--Q-H-‘F--W—------wa--pp----

THE 2288 M/8 CRQOSS SECTION ARE AS FOLLOWS,
MTz487? SIGMA o3836,5  BARNS
MTe143 SIGMA aR,2P056¢4 BARNS
MT2788 SI1GMA 224%,51  BARNS
MTz784 SIGMA =3596,0  BARNS
MTRL187  (N,ALPHA) CROSS SECTION (GENERAL FILE ONLY)
@ 70 2¢ MEy, SUM OF MT=78g,781
MTE113  (N)T2ALPHA) CROSS SECTION

2 T0 2,3 MEV,BASED ON A SINGLE~LEVEL FIT TD RESONANCE
MEASURED AT 2 MEV BY DPA61,ASSUMING L=8 INCOMING NEUTRONS
AND L=2 OUTGOING TRITONS,

2,3 70 2¢ MEV, SMOOTH CURVE THROUGH MEASUREMENTS OF fFR56
AND WYE8,FOLLOWING GENERAL SHAPE OF DA 81 MEASUREMENT
FROM 4 %0 ¢ Mgy,

MT=78p  (N,ALPHAR)CROSS SECTION

@ TO 1 MEV,CALCULATED FROM THE R=MATRIX PARAMETERS
DESCRIBED FOR MT=1,.EXPERIMENTAL (NiALPHA@) DATA INPUT
TO THE PIT WERE THOSE OF MA68 AND DA6i, IN ADDITION,THE
ANGULAR DISTRIBUTIONS QF VA72 FOR THE INVERSE REACTION
WERE INCLUBED IN THE ANALYSIS, ,

1 T0 20 MEV,; BASED ON DA&4 MEASUREMENTS ,WITH SMOQTN EXTRA-
POLATION FROM 8 TO 2P MEV, DA61 MFASUREMENT ABOVE
APPROXIMATELY 2 MEV WAS RENORMALIZED 8Y FAGTOR OF 1,4,

MT=784  (N,ALPHAL) CROSS SEgTION
@ TO 1 MEV, CALCULATED FRAM THE R=MATRIX PARAMETERS
DESCRIRED FOR MT=i EXPERIMENTAL (N,ALPHAL) DATA INCLUDED
IN THE FI1T ARE THQSE QF FR72,

1 70 2¢ MEV, SMOOTH CURVE TWROUGHN MEASUREMENTS OF DA61 AND
NE?8, WITH SMODTH EXTRAPOLATION FROM 45 TO 23 MEY, THE
DA&Y DATA ABOVE APPROXIMATELY 2 MEY WERE RENORMALIZED
BY A FASYOR OF 1,4,

DATA TABLE BELOW 1S THE ToTalL HELIUM PRODUCTION CROSS
SECTION OF B~1g, FOR CONVENIENCE 11 IS LISTED AS
I;IT=107.THE CROSS SECTION IS COMPDSED OF SIX REACTIONS,

B,

B=1O(N,ALPHAR)LI=7 MT=z780
BriZ(N)ALPHAL)L1~70t478 KEY) MT=784
Bei1P{N;NPRIME ALPHAILI=® MT=113

AND TWICE THE SyM QF
BriP (N, T2ALPHA)
B=1#(N,NPRIME D 2ALPHA)
B=1B (N, 2NP2ALPHA)
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Evaluation of Sodium—-23 Neutron Capture Cross
Section Data for the ENDF/B V~III File#*+
by
N.C. Paik and T.A. Pitterle
Westinghouse Advanced Reactors Division
Waltz Mill Site P.O. Box 158

Madison, Pennsylvania 15663

This report describes the evaluation of neutron cross sections
of Na-23, material number 1156, for the ENDF/B File. Cross sec—-
tions were evaluated between 10_5 eV and 15 MeV.+ Experimental
data available up to March 1971 were included in the evaluation.

The total cross section of sodium has been re-evaluated for
the ENDF/B library in the neutron energy range from 100 eV to 15
MeV. The measurement of the total cross section for neutron ener-
gies above 600 eV and below 40 keV at the Nevis Laboratory,

(2)

Columbia University verifies a spin assignment of J=1 for the

2.85 keV resonance and a neutron width of about 410 eV. The data

indicates that the width of the resonance is wider than the earlier

(3

, and more in agreement with the measure-

(5)

measurements by Garg

(4)

ments of Moxon and Lynn. The peak value of the resonance is

*Work performed under AEC Contract AT{30-1)-4210.

tData extrapolated to 20 MEV at NNCSC and carried over to Version
Iv.

This report extracted from ENDF/B Summary Documentation ENDF 201
BNL 17541 (May 1973).
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within the statistical uncertainty of the theoretical wvalue, which
is 380 barns for a resonance with J=1.

Resonance parameters are given in Table 1. Yamamuro's(6)
measured value of 0.47 eV for FY of the 2.85 keV resonance has
been used in the present evaluation. Parameters for resonances
at 7.53, 35.4, 53.0, 114.7, 129.5, and 139.1 keV were estimated
(4) {7 (8)

from data by Moxon » Hockenbury , and Ribon with particular

(N

emphasis on the capture areas measured by Hockenbury. The
parameters for the 53.0 keV resonance, for instance, are Moxon's
values with Hockenbury's FY data.

The scattering radius was chosen to provide a good agreement
between calculation for the 2.85 keV resonance at energies above
the resonance with measured data from the Nevis Laboratory.(2>
Background cross sections are given in File 3 to improve agreement
between calculated and measured data below 1,50 keV. The resolved
resonance range is defined to be from 600 eV to 150 keV. Below
600 eV the total cross section is based on the data of Columbia(z)

and of Joki.(g)

The sodium capture cross section between 100 eV and 200 keV
is based primarily on the resonance parameter evaluation and in
agreement with the capture areas measured by Hockenbury.(7) The
radiation width for the 2.85 keV resonance, which dominates Na
capture cross section, is 0.47 eV(s) compared to 0.33 eV for the
ENDF/B Version 1 evaluation. Integral testing(lo) of this capture

cross section change of sodium indicated that the eigenvalue cal-

culation of a fast reactor system with a power reactor spectrum is

- 15 -



Table 1

Resonance Parameters in ENDF/B Version III Sodium Evaluation

Resonance
Energy7 keV J 1 Tn,eV Tvy,eV
2.85 1 0 410 0.47
7.53 1 1 0.012 1.5
35.4 3 1 0.86 0.76
53.0 2 1 1200 1.48
114.7 2 0 11.0 2.72
129.5 3 1 0.374 1.5
13%.1 2 1 3.33 1.5

not significantly affected (0.01% Ak change for I'y = 0.33 eV).
Above 200 keV and below 100 eV, the capture cross section of

(1)

the Version I sodium evaluation was retained for the present

evaluation.

- 16 -
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Evaluation of the 27A1(n,p)27Mg and 27A1(n,a)24Na
Cross Sections* for ENDF/B-IV
P.G. Young and D.G. Foster, Jr.
Los Alamos Science Laboratory

Theoretical Division March '72

The Version III ENDF/B cross sections for the 27A1(n,p)27Mg
and 27Al(n,a)zANa reactions were examined with the aim of imple-
menting several improvements for standards use. The suggested re-
visions are described below and in the accompanying figures, where

the recommended Version IV data are compared to experimental re-

sults as well as to other evaluations.

2 27

2T p1(n,p)* Mg

The only change suggested for the Version IIT ENDF/B (n,p)
cross section (Yo72) is for neutron energies below 4 MeV. At
these energies the data were modified to correspond more closely
to the Henkel (HeS54) and Grundl (Gr67) measurements, which are in
good agreement. The recommended curve from threshold to 7 MeV is
compared to the available measurements in Fig. 1. The energy de-
pendence of the curve below 3 MeV is represented by an £ = 0 pen-
etrability function for the outgoing p + 27Mg channel. From 4 to
7 MeV the recommended curve is based on a composite of the availa-
ble measurements (Ba65, Ca62, Gr67, He54).
*Submitted to Normalization and Standards Subcommittee March 1972.

This evaluation has since been incorporated into the ENDF/B-1V
general purpose library.
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The recommended curve is compared to the available activation
measurements from 7 to 13 MeV in Fig. 2, and from 13 to 20 MeV in
Fig. 3. It should be noted that the data of Ferguson (Fe67),
which are substantially lower than the evaluation, are relative
data that have been normalized to a value of 55 mb near 13 MeV.
Similarly, absolute data were obtained at only one energy (50 mb
at 14.4 MeV) in the Gabbard measurement (Ga62), and the remaining
points were normalized to that value. Therefore, since the pre-
ponderance of experimental results near 14 MeV suggests a substan~
tially higher (n,p) cross section, the evaluation was chosen to
approximately follow the measurements of Mani (Ma60), resulting in

an evaluated cross section of 77 mb at 14.1 MeV.

o 271 (n, p)? Mg
S I A D I
E o Grund), 1967 ]
L x  Calvi, 1962 4
ok e Henkel, 1954 _
O'E | Boss, 1965 -
- i
2
|O = -
£ 3
o E 3
b F .
10‘35 E
|o’4E .
,O-St ! Ll 1) 1 | I S E L
10 1.5 20 25 30 35 40 45 50 55 60 65 70
Eq(MeV)
Figure 1
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27

Al(n,a)zaNa

The recommended curve for the (n,0) cross section was changed
somewhat from the ENDF/B-III values to better agree with the ex-
perimental data of Butler (Bu63), Liskien (Li66), and Paulsen
{(Pa65). The new curve is compared to the experimental data from
threshold to 9 MeV in Fig. 4. The energy dependence of the curve
below 6 MeV is approximated by an 2 = 0 penetrability function for
the o + 24Na channel. The results from 6 to 13 MeV and from 13 to
20 MeV are shown on linear scales in Figs. 5 and 6. It is inter-
esting to note that if the measurements of Tewes (Te60) are re-
normalized by a factor of 1.37, very good agreement is obtained
with the Butler data (Bu63). The recommended curve has a value of

124 wb at 14.1 MeV.

0 2-'Al(n,u)24N0
We—y—T T 1T 1T T T T T T 1
T o Grundl, 1967
o' x Schmitt, 1961
E % Grundi, [958
L % Boyhurst, 1961
lO-Z o Tewes, 960
E X Butler, 1963
o (b) ﬁ > Liskien, 1966 3
3| X Menlove, 1967 7
10 = %
|64E E
E m
108 A S I O N B
3.0 35 40 45 50 55 60 65 7.0 7.5 80 85 90
E, (MeV)
Figure 4
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Evaluation of the 32S(n,p)32P Reaction
for ENDF/B-III
N.D. Dudley and Robert Kennerley

Argonne Natiomal Laboratory

The literature examined in this review includes all refer-
ences in CINDA 71 and its Supplements. Four experiments have re-
ported 325(n,p) cross sections near the reaction threshold of 1.6
MeV. All used the activation technique and measured relative to a
flux monitor. The beta counting of the sulphur pellets appears to
be the weakest portion of these measurements because of self ab-
sorption and self-scattering of beta particles in the relatively
thick sulphur targets.

The four data sets are shown in Fig. 1. Klema and Hanson
measured relative to a uranium fission chamber. Neither the iso-
topic composition nor the uranium cross sections are stated so
renormalization of their results is not possible. Luscher meas-
ured relative cross sections and normalized to Klema and Hanson.
Hurlimann and Huber calibrated a Hornyack button relative to H(n,p)
then measured 32S(n,p) relative to the calibrated Hornyack detec-

tor. Allen et al. measured relative to a 238U(n,f) chamber and
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238U(n,f) Cross

we have renormalized their data to the ENDF/B-III
sections. The structural detail as seen both by Luscher and
Hurlimann-Huber is well reproduced with the exception of a 20-50
keV difference in the neutron energy scale. We have chosen to in-
crease the neutron energy scale of Hurlimann-Huber by 20 keV be-
tween 2.2 to 2.9 MeV and 50 keV for data greater than 3.0 MeV al-
though this is not shown on the data plotted in Fig. 1. With the
exception of the 2.25 and 2.55 MeV energy region, the agreement be-~
tween the four experiments is reasonably good.

After renormalization of the Allen et al. data, good agree-
ment is obtained with Klema and Hanson from 3.4 to 5.8 MeV. From
5.8 to 9.6 MeV data are only available from Allen. Between 10.4
to 11.6 Santry and Butler have data relative to the Allen data at
lower energy. We have renormalized the Santry and Butler values
relative to the renormalized Allen data. From 13 to 15 MeV, Allen
measured the cross section absolutely by the associated alpha
particle technique. Santry and Butler measured relative to Allen
from 12.5 to 20.3 MeV by normalization at 14.50 MeV. Both measure-
ments seem acceptable without any renormalizationm.

Eight individual measurements are reported between 14.0 and
14.8 MeV., These data have large scatter but, in general, are con-
sistent (on the average) with both Allen and Santry and Butler.
These data are shown in Fig. 2 with error bars attached. Above 15

MeV our evaluation follows the Santry and Butler data.
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Because 32S(n,p) has been extensively used as a cross section
reference reaction, we feel additional measurements from threshold
to 20 MeV are required. The cross section situation for 3zs(n,p)
is not satisfactory for its use as a standard. Our evaluation
consists of a "best" curve and is shown as the solid line in Fig.
1 and 2. An evaluation by J. Spaepen is also shown and is similar

to ours up to 15 MeV.
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Evaluation of the 45Sc(n,y)%Sc Reaction®
for ENDF/B-IV
B.A. Magurno and S.F. Mughabghab
National Neutron Cross Section Center

Brookhaven National Laboratory

Because of the importance of 45Sc in dosimetry applications
and its use as a filter to produce a "monoenergetic" neutron beam
at 2.0 keV an accurate knowledge of the cross sections is required.
In another study(l) an analysis and evaluation of the total cross
section in the thermal and resonance region was presented. That
study is extended here to include the capture cross section from
the thermal region to 20 MeV.

The only capture cross section data sets (other than thermal)

(2)

available at the time of this evaluation were those of Romanov

(3)

(average cross sections as function of energy) Perkin N

(4) (5)

Cgikai , and Booth. This lack of data caused almost complete

dependence on a multilevel Breit-Wigner calculation using the code

RESEND(6)

for the thermal and resonance region cross section
evaluation.

As a starting point, the resonance parameters recommended in
BNL-325 (1973) were adopted. Since the spin and parity of the
ground state of the target nucleus are 7/2°, s-wave neutron cap-
ture by Sc-45 forms compound states with spins and parities 3

*Research supported by U.S. Energy Research and Development
Administration.
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and 4 . The spins of the resonances below 10 keV were not de-
termined. In addition, thermal capture Yy ray spectra measure-

7 (8)

ments of Bolotin and Delang et al. give some, but inconclu-
sive, indication that the spin of the bound level is possibly 3.
This is based on the observation of a primary transition to a low
lying state at 142 keV with spin and parity 1 and the lack of
transitions to several low lying states with possible spin and
parity of 5+. It must be pointed out that at the start of the
evaluation, thermal neutron polarization data which is important
in shedding light on the coherent and incoherent cross sections
and the spin of the bound level, were not available.

The total cross section in the energy range 3~10 keV was
calculated and compared with the experimental data. The spin of
the resonances at 3.24, 4.27, 6.59, 7.92, 8.90, 11.7 keV were
found to be 3,4,3,4,3,4 respectively. With such a choice for the
spins, several attempts were made to reproduce the minimum at 2.0
keV on the assumption that the spin of the bound level is 3. How-
ever, the best fit in the region of the minimum in the total cross
section was achieved by adopting a spin 4 for the bound level.

With the aid of the resonance parameters determined from o
the partial cross sections can be calculated. Of particular
interest is the comparison of the calculated thermal cross sec-
tions with the experimental cross section recommended in

(9 (10)

BNL-325 and more recently reported results of Dilg. As

can be seen (Table I} the results are in excellent agreement.
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Table I

0.0253 eV 18.8 ev
ENDF/B-IV ENDF/B-1IV
BNL-325 Evaluation Dilg. Evaluation
Ot(b) 50.5 £ 1.0 50.6 22.03 £ 0.25 21.7
Uy(b) 26.5 £ 1.0 26.9 (1.01) 0.9
os(b) 24 %2 23.7 21.0 20.8

The average data set of Romanovcz) (to 40 keV) and the Booth(s)

datum (20 keV) were not used since they fell inside the resolved

(3) (.15-15 MeV) and Csikai(*

energy region. The data of Perkin
(15 MeV) were used as guides for extending the capture cross
section from 0.1 MeV (upper end of the resolved energy region) to

20 MeV. The evaluation is a smooth curve approximating the data

of Perkin and Csikai.
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An Evaluation of the (n,p) and (n,np) Reactions
of the Isotopes of Titanium for ENDF/B-IV
B.A. Magurno

NNCSC

Brookhaven National Laboratory

Threshold detectors generally use elemental titanium rather
than isotopically enriched samples necessitating the evaluation of
all the (n,p), (n,np), (n,pn) and (n,d) reactions of the major
contributing isotopes separately. 49Ti and 5OTi will not be dealt
with here since they are both approximately 5% abundant and have
small cross sections. The (n,np), {(n,pn) and (n,d) reactions will
be lumped together and hereafter called (n,np). The energy range
will be divided into three regions. Region I is that of threshold
to 7 MeV. Region II, 7 to 12 MeV and Region IIT, 12-20 MeV.

46Ti(n,p)ﬁ§Sc.

4

The 6Ti(n,p)468c reaction is useful ag a dosimetry material
because of its long half lifg and simple mode of decay (i.e. 83.8
days, 0.89 MeV y). This cross section is considered one of the
primary reaction necessary in the ILRR program.(l) Until re-
cently the only data sets available in Region I were those of

Ghorai(z) (3

and Lukic. Ghorai's data was taken on the 3-MeV
Dynamitron at Auburn University and measured relative to 27A1

27 (4) .
(n,p) Mg of Grundl. Lukic, on the 4-MeV Van De Graaff of the

University of Florida, measured relative to 56Fe(n,p)56Mn(5)

b
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2 (6) 5

24
7Al(n,u) Na and 8Ni(n,p)5800.<7) These data, however, where

widely scattered and had cross section errors of the order of 20%.
Smith(g) has since measured the cross section from 3-6 MeV on the
ANL Fast Neutron Generator with accuracies of about 6%, using en-
riched 235U in a fission chamber for En % 3 MeV and enriched 238U
for higher energies. This data set alone was used as input for

the evaluation from 3-6 MeV. TFrom threshold {(1.62 MeV) to 3 MeV

(9

(no data available) Slavic from Knolls Atomic Power Laboratory
supplies '"guidance'" with model calculations.

Region II has mno available data. Smith of ANL, however, is
extending the measurement (above) to 10 MeV. If these cross
sections being measured are higher than the present evaluation,
they may help to solve the discrepancy between 235U fission
spectrum averaged cross section calculated from above (10.2 wb) and
the presently, accepted integral cross section(lo) (12.3 mb).

Region ITI (12-20 MeV) has several data sets measured as a

(L

function of energy. Liskien accounted for the possibility of

competing reactions in the text (i.e. 47Ti(n,np)465c) but appar-

(12)

ently did not correct the data. Bormann's cross section
measurements are available but very little information regarding
the experiment accompany the results. The best data available,
using isotopically enriched samples and correcting for completing

(13) The six 14 MeV experiments

reactions are those of Pai.
(Table 1) range from 203 mb to n 520 mb making their contribution

to the evaluation minimal.
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The model calculation of Slavic, the data of Smith, Pai

(heavily weighted), Liskien, and Bormann were used as input to

(14) (15)

SPLINE s, a cubic spline fitting program which generated

the evaluated 46Ti(n,p)ﬁGSc ENDF/B-1IV cross section curve.

47TiL(n,p)47Sc,47‘I‘i(njnp)468c.

47

Ti{n,p) is an exoergic reaction with an apparent threshold
of v 0.5 MeV. It is considered a secondary reaction in the ILRR

program.(l) The data by Smith(s) with that of Armitage(l6) were

the determining factors in the evaluation of Region I. As in 46Ti,

Ghorai's data were deemed too high. The data of Gonzales(17) seem
to be of different shape and magnitude compared to the other ex-
periments (see curve-3) and were ignored for this evaluation.
. 46 . 46 . ;
As in Ti{n,p) Sc Region II has no data available but

measurements by D.L. Smith are underway.

Region III has only one data set as a function of energy,

that of Pai.(13) The 14 MeV measurements of Cross,(la) Allan(lg)
and Hillman<20) are in general agreement with Pai, while those of
Levkovski(zl) and Poularikis(zz) are high.

The data of Smith, Armitage, Ghorai, Pai, Hillman, Allan,
Cross, were used as input to SPLINE and the cross section curve
was generated.

4

7Ti(n,np)%Sc was merely a connection of points as supplied

by Pai since this is the only information available.
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4 4

8Ti(g1p)f?8c, 8Ti(qlgp)47Ti

8 . .
Ti(n,p) is considered a secondary reaction in the ILRR(l)
program. It has the smallest cross section of the titanium

isotopes construed as important in the program, but the highest

abundance (v 74%).

The data in Region I are sgparse, consisting of a few points

(8) (3) 46

measured by Smith, and Ghoral.(z) See

Lukic, Ti (np)
above. All the available data sets in this Region were used as
input.

As in the above reports Region II has no data but measurements
to 10 MeV are underway by D.L. Smith of ANL.

In Region III Gabbard(23)

measured the relative cross section
as a function of energy on the U of Kentucky Electrostatic Ac-
celerator, and then normalized to his own absolute measurements

at 12.98, 13.75 and 16.60 MeV. Vonach(24) measured the relative
cross section as a function of energy and normalized to 27Al(n,a)

2hva = 111.5 mb at 14.7 MeV. Bormann's %)

data was available
but not the details of the experiments. The data of Bormann,
Vonach, Pai and Gabbard were used as input to SPLINE along with
those of Smith, Ghorai and Lukic. The resulting curve was not
renormalized since the 14.8 MeV value was approximately the same
as that derived from a weighted average of the 14 MeV experiments.
(See Table II). i.e. 66 mb.

The &STi(n,np)A7Sc, as in the case of 47Ti described above,

(13)

was determined by connecting the values indicated by Pai.
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E(MeV)

Table I

o (mb)

Reference

14.0

14.0

14.5

14.7

14.8

14.8

203

240

268

324

230

+

21

40

30

30

50

520

D.L. Allen, Nuc. Phy. 24,
274 (1961).

Bayhurst and Prestwood, in
Fast Neutron Physics, Part
IT, Interscience Publ., N.Y.
London (1963). Chapter V
by Ribe.

W.G. Cross and H.L. Pai,
Private Comm. to M.D.
Goldberg {(1963).

D.R. Koehler and W.L. Al-
ford, J. Nucl. En. 18 A/B,
81 (1964).

V.N. Levovskii et al., Yad
Fiz 10, 44 (1969). Trans.
in Sov. J. Nucl. Phys. 10,
25 (1969).

A. Poularikas and R.W. Fink,
Phys. Rev. 115, 989 (1959).

Table II

14,0

14.5

14.5

14.7

14.7

14.8

14.8

14.8

61

55

93

80

70

38

63

1+

I+

1+

I+

10

11

33

33

Bayhurst & Prestwood, Fast
Neutron Physics, Part II
Interscience Publ., N.Y.
London (1963) Chapter V by
Ribe.

Hillman, Nuec. Phys. 37, 78
(1962).

Paul & Clark, Can. J. Phys.
31, 267 (1953).

Koehler et al., J. Nuc.
Energy 18, Bl (1964).

Crumpton, J. Inorganic &
Nuc. Chem. 31, 3727 {1966) .

Prasad et al., Nuova Cim.
34, 467 (1971).

Poularikis et al., P.R. 115,
989 (1959).

Levkovskii et.al.,, Yad Fiz
10, 44 (1969).
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Evaluation of the 55Mn(n,2n)54Mn Cross Section

for ENDF/B-IV
B.A. Magurno and H. Takahashi#
NNCSC

Brookhaven National Laboratory

55
The Mn(n,Zn)SAMn cross section was one of the reactions to

be supplied by the Cross Section Evaluation Working Group (CSEWG)
for the Interlaboratory LMFBR Reaction Rate Program (ILRR). This
reaction was later incorporated into a complete isotopic evaluation
for ENDF/B-IV by H. Takahashi. The description of the evaluation
(below) was extracted from the final report.(l)
The (n,2n) activation cross section of Mh55 in the neutron

range from 12.6 to 19.6 MeV has been measured by Menlove et al.(z)
3

and A. Paulsen, and H. Liskien. The other data for the cross

sections were obtained either at one energy around 14 MeV or
measured over the fission neutron spectrum.(é)
Paulsen and Liskien's data are about 15% higher than the Men-
love data and also show small fluctuations. The Paulsen and Lis-
kien experiment was performed by using a proton recoil telescope

to measure the absolute flux, and the Menlove data are obtained

235 _,
from the ratio measurements to the U fission cross section.

These cross sections were evaluated by comparing these with

the results calculated by using the nuclear model codes GR@UGI-

(5) (6)

111 and THRESH.

*Now at Tokyc Institute of Technology.
+Submitted to the normalization and standards subcommittee Oct.

1973. This evaluation has since been incorporated into the
ENDF/B-IV General Purpose File.
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Figure 1
There are no experimental data near the threshold energy,
(Q= -10.225 MeV) and GRPCI-III code cannot treat the discrete
excited level, so that the cross sections near the threshold were
carefully evaluated by using the transmission coefficients obtained
from optical model calculatiomns.
References

Takshashi, "Evaluation of the Neutron and Gamma Ray Production
Cross Sections for 22Mn". BNL 19454 (ENDF-208) Nov. 1974.

2. Menlove et al., Phys. Rev. 163, 1308 (1967).
3. Paulsen and Liskien, J. Nuc. Energy A/B 19, 907 (1965).
4, Bormann et al., Nuc. Phys. A130, 195 (1969).

5. Takahashi, "Grogi-TII" Modified Version of Grogi-II by J.
Gilat BNL 50246 June 1970.

6. Pearlstein, "THRESH" J. Nuc. Energy 27, 81 (1973).
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Evaluation of the 54Fe(n,p)54Mn Reaction
For ENDF/B-III Dosimetry File
R.E. Schenter - August 1973

Hanford Engineering and Development Laboratory

The literature reviewed in this evaluation includes all refer-
ences in CINDA 72 and its supplements plus papers describing
recent measurements by Smith and Meadows and Paulsen and Widera.
Fig. 1-5 show the evaluation made (solid curve) together with
available experimental data and some previous evaluations. Below
2.5 MeV Smith and Meadows and Paulsen and Widera values were used
directly (Fig. 1-2). Between 2.5 and 6.0 MeV Smith and Meadows
results were directly used (Fig. 3). Smith and Meadows results
were normalized relative to the ENDF/B-II1I 235U fission cross
section. Above 6.0 MeV a smooth "eye-guide" curve was constructed

(Fig. 4-5) which fell between previous evaluations (6-13 MeV) and

numerous experimental results (13-17 MeV).
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Evaluation of the 56Fe(n,p)56Mn Cross Sections
for ENDF/B-III
N. D. Dudey and Robert Kennerley

Argonne National Laboratory

The literature examined in this review includes all refer-
ences in CINDA 71 and its supplements plus some very recent meas-
urements near the reaction threshecld. All reference cross sec-
tions have been renormalized to ENDF/B-III cross sections and
weighted least-squares fitting routines were used to systematize
the evaluations.

Virtually all measurements on 56Fe used the activation tech-
nique to determine 56Mn in activated natural iron samples. As a
result, the 57Fe(n,np+d) and 58Fe(n,t) cross section contributions
to 56Mn are included in the measurements. For dosimetry purposes,
elemental irom is usually used, so the evaluated cross sections
are appropriate for this application. It should be recognized
however, that this evaluation is not strictly 56Fe(n,p). Chitten~
den1 has measured the 57Fe(n,np) cross sections at 14.8 MeV to be
6.1 mb. From this result it can be concluded that below about 15
MeV contributions to the 56Mn activity are negligible (<0.3%) but
above 15 MeV they may be more significant.

The evaluation approach is largely based upon a subjective
analysis of the experimental technique. From this analysis a
weighting factor was assigned to each of the reported results.

The next step was to relate all relative measurements to ENDF/B-IIL
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2
cross sections if a monitor reaction was used. Santry and Butler
measured relative to the 32S(n,p) reaction. The measurement was

32 3
renormalized to the evaluation of S (submitted to the task force

working group) which was essentially relative to the 238U(n,f)

(3)

reaction. Liskien and Paulsen essentially measured relative to

(4)

H(n,p) and no renormalization was necessary. Grundl and

(5)

2
measured relative to 38U(n,f) and both sets of data

(6)

Meadows

were renormalized to ENDF/B-III. Cuzzocrea reports a number of

56 ] . .
measurements for - Fe and several other cross sections including

27Al(n,a) between 13.7 and 14.7 MeV. 1In general, all of their re-

sults were high; a flux calibration problem was assumed and their

56Fe data was renormalized by relating their 27Al(n,a) results to

the revised evaluation of 27Al provided by P.G. Young. Heming-—

way(8) reported 56Fe results by the associated alpha particle

technique so no renormalization was necessary.

(9-22)

Fourteen individual measurements are reported for the

(23

energy region 14-15 MeV. Bormann has measured relative 56Fe

cross sections and normalized to a value of 112.5 at 14.1 MeV.

(24)

Similarly, Terrell and Holm normalized their relative data to

a value of 110 wb at 14.3 MeV. All data between 13.5 and 15 MeV
were fit, weighted according to an in house assessment, to obtain
renormalization values for Bormann and Terrell-Holm. The renor-
malization values were 110.3 and 108.8, respectively.

(25) (26)

Bresesti and Fabry both measured a number of spectrum

. . . . 2
averaged cross section ratios in a thermal neutron induced 35U

s . . 5
fission spectrum. Bresesti assumed a cross section shape for 6Fe
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based upon Liskien-Paulsen and Santry~Butler and determined the
magnitude based upon integral ratios and an assumed fission spec~
trum. Fabry did essentially the same, except he allowed the
shapes to vary in an ill-defined way to essentially measure 56Fe

2

relative to 6 other cross sections including 35U(n,f). An ad-

justment to Fabry's 56Fe data was made by renormalizing his re-
ported 235U(n,f) data to the ENDF/B-III evaluation.

Finally, all renormalized cross sections were weighted ac-
cording to a subjective analysis and least squares fit to obtain
the evaluated excitation function. Figures 1 and 2 show all the
renormalized data together with the evaluated cﬁrve. The evalu-
ated cross sections are tabulated in Table I using an energy grid
such that a linear interpolation between points will result in
a negligible error. In Fig. 3 a comparison is shown of this eval-
uation to those of Kanda and Nakasima(27) and the SAND-II evalu-

ated library.(za)

All three evaluations are very similar up to
about 15 MeV where SAND-II begins to deviate gignificantly.

On the basis of this evaluation, it is felt that the shape of
the excitation function is established with considerable confidence
and the magnitude of the cross sections seems to be established to

within about *5%. TFor dosimetry applications to LMFBR~type neu-

tron spectra, no further experimental work would seem necessary.
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Evaluation of the 58Fe(n,y)59Fe Reaction
For ENDF/B-IV Dosimetry File
R.E. Schenter - October 1973

Hanford Engineering and Development Laboratory

The literature reviewed in this evaluation includes all ref-
erences in CINDA 72 and its supplements plus the theoretical
calculations of Green et al. The thermal value of 1.18
taken from Fabry et al. Resolved resonance parameters for both s
and p waves were obtained from Hockenbury et al, and were put into
File 2, Above 32 keV the cross section is described in File 3
using the results of a Hauser Feshbach calculation made with the
NCAP code of Schmittroth. For these calculations the Moldauer
Optical Potential was used with TY = 0.200 and Dobs = 22860 eV.
The NCAP results were lowered 107 to give better agreement with
integral results from CFRMF reported by Rogers and Millsap. No

microscopic capture measurements above 20 keV have been reported

for this isotope.

References
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2. Fabry et al., EANDC (E), 763, (1967).
3. Hockenbury et al., Phys. Rev. 178, 1746 (1969).
4, Hockenbury, RPI Progress Report, April 1973.
5. Schmittroth HEDL-TME 73-30, January 1973.
6. Schmittroth HEDL-TME 71-106, August 1971,
7. TRogers and Millsap HEDL-TME 72-129, ANC-13 (1972).
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Evaluation of 5900(n,y)6000,

59Co(n,Zn)SSCo, 5g(lo(ncz)SSMn. For ENDF/B-IV

T.J. Krieger, (BNL), A.B. Smith, D.L. Smith (ANL) and

J.D. Jenkins (ORNL)

The present evaluation of Co-59 (n,y) for ENDF/B IV consists
of two parts, an evaluation below 100 KeV by T.J. Krieger,
Brookhaven National Laboratory, and one above 100 KeV by A.B.
Smith and D.L. Smith, Argonne National Laboratory.

5
A. 9Co(glyl7evaluation below 100 KeV, T.J. Kreiger, BNL.

The Resonance region has been extended from 10-5 eV =36 keVv
in ENDF/B-III to 10'—5 eV - 100 keV for ENDF/B-IV. However, the
list of resonances extends to 119 keV. There is no unresolved
region. Care has been taken to tie in smoothly with the evalua-
tion above 100 keV.

The resonance parameters were taken from the recently pub-
lished new edition of the BNL 325 compilation (Ref. 1) with the
following modifications:

(1) The effective scattering radius R' was increased
from 5.3f (Ref. 1) to 6.8f in order to improve the fit of the
total cross section between resonances with the data of J. Garg
et al. (Ref. 2).

(2) The change in R' mentioned above entailed a change
in the bound state parameters. These are determined by fitting to

the experimental values (Ref. 1) of the thermal scattering and
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thermal capture cross sections and of the coherent scattering
amplitude.

(3) Unknown J-values were assigned the values 3 or 4 at
random, an attempt being made to keep the level density pro-
portional to 2J+1.

(4) To improve the fit with the data of Ref. 2, a few
resonances in Ref. 1 were eliminated completely and some in the
high energy region were shifted slightly.

(5) Unknown gamma widths (for resonances between 18.92
keV and 90 keV) were assigned the value Ty=0.48 eV. Above 90 KeV
gamma width was increased to 1.55 eV in order to improve the fit
to capture data and to smooth the tie-in with the evaluation above
100 keV,

Using the resonance parameters of Ref. 1 with the above modi-
fications, Breit-Wigner multi-level calculations were performed
and compared with the data of Ref. 2, The fit was generally
very good. However, for further improvement, a small background
contribution (no larger tham +1b below 95 KeV) to the elastic
scattering cross section was introduced in selected energy regions
of File 3. The capture cross section was not assigned a File 3
background contribution.

The thermal (0.0253 eV) cross section calculated from Files

2 and 3 follows:
Thermal capture cross section = 37.22 barns
This value is within the limits given in Ref. 1.

The resonance capture integral (lower limit = 0.5 eV) calcu-
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lated from File 2 is 76.7 barns which is within the limits given

in Ref. 1.

B. 5900 evaluation 0.1 - 20 MeV, A.B. Smith and D.L. Smith, ANL.*

The (n,y) Reaction

The cross sections for this process have been measured by
activation and by prompt gamma-ray detection techniques. There
is a metastable state in the residual 6000 nucleus but the isomer
ratio has been determined at a number of incident energies by

(6)

Paulsen and thus the total (n,Y) cross section can be reason-
ably deduced using activation techniques. Johnsrud et al.(7) have
determined the isomer activation cross section at a number of
energies up to v~ 2,0 MeV. Their results have been corrected to
obtain the total (n,y) cross section using the isomer ratios of
Paulsen. Paulsen has measured the (n,Y) cross sections at approxi-
mately 2.0, 6.0 and 14 MeV. The Johnsrud et al. and Paulsen
measurements are in agreement in the region of overlap near 2.0

MeV. Rigaud et al.(s)

determined a 14.8 MeV cross section from
observation of prompt gamma-ray emission. Their value is only
about half that of Paulsen but both are small (< 2.5mb).

The available experimental information is sparse but it does
provide reasonable guidance for the present evaluation illustrated
in Fig. 1. The evaluation follows the small structure near 0.5
MeV reported in Ref. 7. The interpolation from measurements at

6.0 to those at 14.0 MeV is essentially linear with little slope.

The available experimental information seems to preclude any ap-

#Extracted from P.T. Guenther et al. (Ref. 3).
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preciable giant resonance behavior between 2.0 and 14.0 MeV.

Above 14 MeV the evaluation slowly increases. Such a behavior is
qualitatively consistent with a small contribution from direct
capture. The evaluation compromises between measured results near
14,0 MeV. The evaluation has some uncertainties but the cross
sections are generally small and as a consequence creditable
errors will not seriously influence most applications.

The present (n,y) evaluation is grossly different from that
of ENDF, MAT-1118 as illustrated in Fig. 1. No experimental
evidence justifying the ENDF-III result over much of the energy
range could be found.

The (n,2n) Reaction

The product nucleus, 58Co, has an isomeric state which,
fortunately, decays primarily by internal conversion. Thus, with
reasonable care, activation methods have been used to give good
results.

The available experimental information was divided into three

sets. The first of these was judged most reliable by experimental
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error, detail and consistency, both internally and with other

selected sets. 1In this first group were the results of Cabe et

al.(g), Granger and Longneve(lo), Bormann et al. (omitting the

lowest energy pcints)(ll), Wenusch et al.(lz), Bormann et al.(13),

(14) (15)

Wenusch and Vonach ,» Paulsen and Liskien ,» and Goodwin and

16
Carter( ). The second set of data was given less consideration
in the evaluation and consisted of the results of Decowski et

al.(l7) (18), and Jeronymo et al.(lg). The third

, Weigold et al.
set of data, consisting of the results of Refs. 20 to 23, was not
accepted for this evaluation due to large discrepancies with the
body of available information and/or large uncertainties. In
some instances the values of the third set were not reasonably

consistent with systematics(ZA)

and/or were obviously much too
"~ small. The experimental information of all three sets is summa-
rized in Fig. 2.

Giving most weight to the first data group (above) and,

particularly, that of Ref. 15 (as it is detailed and of high

T T T T
5900{n,2n)5aCo
1o+
—_ 08 ref 9 * ref)17
L b arefl0 o refl8
& 06 + reflt ® refl9
c | v refl2  x ref20
S o ref!3 O ref2l
04 s refl5 v ref22
|- % refi6 - ref 23
0.2 -
o [; ! | JE |
0 10

E, (MeV)

Figure 2



precision) a curve was constructed through the measured values.
This curve is representative of experimental values as shown in
Fig. 2 and was used in the present evaluation. The choice of
this curve was subjective. However, more logical approaches may
be deceptive in this instance as some data, reported with the
highest precision, are obviously in error, Furthermore, some merit
should be given to demonstrated reliability of particular labo-
ratories and/or methods. These are subjective judgments.
Apparently the energies of the emitted neutrons have not been
measured. Therefore, we assume an evaporation distribution with
a temperature somewhat "softer" than that of the (n,n') process.
The present evaluation and that of ENDF, MAT-1118 are compared in
Fig. 2. There is not a great deal of difference though the pre-
sent evaluation clearly is more descriptive of measurements at

lower energies.

C. SQCo‘jng) 56Mn gvaluation, J.D. Jenkins, ORNL.

Several sets of consistent data exist for this reaction.
The ENDF/B Version ITI (MAT 1118) representation follows the
general shape of the data at energies above 8 MeV but does not
represent the experimental shape below that emergy. It is evident
from Fig. 3 that the ENDF/B straight line representation from 6.5
to 8 MeV can be improved upon.

Bresesti et al, (Ref. 5) have evaluated this reaction cross
section and their evaluation appears on Figs., 3 and 4. It appears

to follow the data more closely in the lower energy range and re-
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produces the experimental threshold at 5 MeV while the ENDF/B
evaluation is zero up to 5.5 MeV. At higher energies the Bresesti
evaluation and ENDF/B Version III evaluations are similar.

The evaluation of Bresesti et al., therefore is adopted to

represent this reaction and replaces the current evaluation

of 59Co(n,a) for ENDF/B Version IV.
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ENDF/B MATERIAL NO. 6199

GoBALT-39 RESONANCE DATA
RESONANCE PARAMETERS
150TOPE~a==~=~ """"""”‘COBALT'59
FRACTIONAL ABUNDANCE---- ~= {.PPBPEeED
NUMBER OF ENERGY RANGES--=w-~=~ 1

ENERGY RANGE NUMBER--r--cew~m 1 RESOLVED MULTIVEVEL BREIT-WIGNER PARAMETERS
LOWER ENERGY LIMIT (EV)~=w-~= 1,000PE~05
UPPER ENERGY LIMIT (EV)-~wv~= {,0QQ0E+05
NUCLEAR SPIN-=w-semcarcacp-ce 3, 800DF00
SPIN SCATTERING LENGTH (Ae)~= 4,8p0PE-01

NUMBER OF _ STATE§=wmrme-~ —— h
L VALUE=r====mm=tneuamenmcnnn o
NUMBER OF RESONANCES-=--- -

3 ¥2
SPIN SCATTERING LENGTH (A=)-w 0,B3ppRE+p0

RESONANCE WICTHS (EV)
INDEX ENERGY (EV) J VALUE TOTAL NEUTRON RADIATION FISSION

1 -5,2400Ee02  3,0000E+00  5,015PE+QL  4.967QEe01 4, 8QURE-RL  #.(02¢@E+00

2 1,3200F«P2  4.QPOPE+PQ  5,60p0E+pP  B,120PE+P@  4,890PEsPL A, QR2RE+00
3 1,3600Ee03  3,000PE+00 4 ,B580E-pi  5,6P00E-03  4,8000Eed1 A ,000@C+02

4 2,8%0UE~PI  4,000PE+20 5,B50PE~p)  4.B500FE~01 4,8000E-P1 0.0PdPE+pP

5  3,98@80E«P3  3,000PE+00 5,70Q0E=p) 5,BPPPE~P2  4,A000E-PL @,0BURE+DR

6 4,3220Fe03  4,DPUPE+OD  1,1048FE«Q2 4,1P0QE«D2  4,B0RCE=Q1 B PRURESEO

7 5.0450€«P3  3,0000F+00 6,52p0E«p2 6,5120F«02  1,pUQQESRE A, PRURE+CR
8  6,380PE«DI  4,0000E+08 2,22Q0Esp@ 2,0A9AE«8R 2,200@E-21  4,000Q€+Ad
9 8,05pYE403  3,0PPPE«PP  3,7320E+pi  3,7000Ce01 3, P228BE-P1  A,2BUBE+DO
12 8,75@0E«D3  4,DA0PF+DD  1,14pPE+g?  8,2000€.21  3,2080L-p1  A,2008E+02
11 9,690VE#03  5,0Q0DE+PR I 26QPE+QP 2,70PPEe@2  5,400RPE*@1 0 ,02BQFE+0P
12 1,0702E+04  4,pPRPE+00  4,5530F«pL  6,49P0Ce0)  &,3009EcPLi  A,200ZE+p@
13 1,18%VE«P4 3, PPURE+DD  2,75pPEepd  2,50PREePD  2,BEDPPESPL M 2DERT 0P
14 1,338CEsP4  4,pRBPE+DD  2,165PEepL  2,1BBPE.@L  6,500@EcPL  0,880ZE¢2P
45  1,5640Eeg4  3,p008E488  7,4570E+pL  7,4L020+@1  4,7920Eegl  #,0008€+00
16 1,692CE«04  4,BUPPE+OD  1,6582E4p2  1,65PCE«P2  5,2000E=pl  @,BBUZE¢OP
17 1,975KE«P4  4,PDRRE+OP  3,28QREvP@ 2.04PCE«PR  4,80@FEvpl  .PRIBE+pR
18  2,194YEeD4  3,000PE+00  7,4543Eeg2  7,4500Ee@2  4,8220Ee@i  3.2D0DE+pD
19 2,2510E404  4,00PQE+00  2,334BE+g2 P.5300Ce82 4,0800E-01  #,0800C+0B
20  2,4460E4P4 3 ,DPPOE+RB  3I,604BE«@2  3,6PPPEeR2  4,ARDREDL  @,PRRBE+PD
21 2,5450E404  4,0000E+P@  1,B44BE+P2  1,B40PEeR2  4,RPPOE-01 & ,PPRDEvEP
22 2,5920Ea04  4,2000E+@8  2,5430E+p1  2,5BOPE#2L  4,8009E-21  0,0P0RE+0D
23 2,735CE404  4,POPPERD  1,704BE4@2 1,70PPEeR2  4,8222E=@1  0.,@P0BE+0P
24  2,94DVE«04 3, QO0PE«DD 1 ,648PE+QL 1.600QFEPLl  4,800PEePl 0 ,RBBREE-RP
25  3,011PE«P4  4,pDOPE+DP  3,2748E4p2  3,270PCe22  4,8000Esf1l  #,0PUPEP0
26  3,136VE+P4 3, QPPQE«PD  1,5548Ee02 1,5500L02 4, 880PE@L  A,2PBPERD
27 3,1760PEeR4  4,0000t+00 8,88p0Ee@@  8,4P00C+80  4,8080E-f1  0,000QE+0D
20 3,27Y3YE+R4  3,Q000E+PQ  1,4248E@2  1,4200£422 4,8000EsPL 0 .RPOBEPD
29  3,305PEeR4  4,00DDE+BP  4,448REeDL  4,4D0BED1 4, B2ODESPL 9, BBERE«BD
38 3,451VEeR4  3,pB0PE+2Q  ,18pPE+py 5,7000C+P8  4,82Q2E-pL  2,0000E+20
31 3,4900E«A4  4,0000E+00 2,4648E¢g2 £,4600F002 4 ,80QQESQL  @.Q00QE+0Q
32 3,674C¢E«@4  3,0000E+00  2,648PE+pL 2,60@PEe01  4,8000E=pt  4,00PCE+d
33 4,DISCE«R4  3,pOOCE+PR  2,7480E+@Y 2,70PPEs@1  4,8DOPEsSPL  @(PPORERR
34  4,0670EwR4  4,00PQE+DD  3,68P0EsPP  3,20P0E4PP  4,8UBRE°P1  M,0200E+20
35  4,1480E4D4  4,000PE+P0 3, 6480E¢pL  3,6000E+01  4,8000EcE1  @,00200c+aP
36  4,281PE+RA  4,DPPRE+DD  3,180PE+@@ 2,7PBBE4RD  4,BORPEEL  0,009DE+g@
37  4,36\CEeP4  3,000Q0E+00  3,88p0E+pP  3,4P00EeDP  4,8080Eepi  #,2020E+00
38 4,5236Ee84  3,0000E+08  3,234BE4p2  3,2380E402 4, 8000E«g1  ,0000E+420
39  4,5970E4R4  4,0000E+00 3,004BE«P2 3,0000Eep2  4,80@0Ev01  #,0020E+20
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58Ni (n,2n)57Ni Reaction for ENDF/B~IV#*

M. R. Bhat
NNCSC
Brookhaven National Laboratory

There are extensive data on the (n,2n) cross-section of 58Ni
from its threshold of 12,415 MeV to 20 MeV. The most extensive
data covering a Wid; range are by Paulsen and Liskienl and by
Bormann et al.2 Paulsen determined the (n,2n) cross-section from
12.98 to 19.6 MeV by the activation method and the measurement of
the annihilation radiation with an accuracy of about 7%. The ac-
tivation experiments of Bormann measured the gamma and positron
activities with a Nal(Tl) detector and a y~y coincidence spectro-
meter and have a comparable accuracy and extend from 12.95 to 19.6
MeV. As can be seen from Fig. 1, though these two sets of data
are in good agreement with one another below 16 MeV, they diverge
above this energy with the Paulsen data being larger by as much
as 12% or approximately two standard deviations. Two other data
sets which extend up to 20.0 MeV; one by Prestwood and Bayhurst3
and the other by Jeronymo et al.a. Prestwood and Bayhurst counted
the 57Ni B particles and used 238U fission cross-sections to
monitor the neutron flux. These data agree with the general trend

of other measurements up to about 14.0 MeV; above this energy

*Extracted from '"Neutron and Gamma Ray Production Cross-Sections
for Nickel" BNL 50435 October 1974 M.R. Bhat.

- 108 -



they are higher giving 77.4 mb at 19.8 MeV. These cross-sgections
were considered too high and were not included in the evaluation.
The Jeronymo data obtained by measuring the gamma rays following
the decay of 57Ni give a cross-section of about 40 mb at 20 MeV
and are considered too low to merit consideration (not shown in
Fig. 1). The data of Lu and Fink5 at 14.4 MeV and Cross et al.6
at 14.5 MeV are higher than other data at this energy. The data
of Csikai7 (not shown) between 13.56 and 14.71 MeV appear to be
higher than other measurements and also show a peculiar trend

at variance with other experiments (see the plot in Ref. 8 p.
28-58-4) and were not considered in the evaluation. Other data
sets shown in the plot are by Temperley9 and by Barrall et 31.10—12.
Temperley measured the annihilation radiation from the decay of

57Ni and the data are in good agreement with cother measurements

in the energy region 13.72 to 14.79 MeV. Barrall and co-workers
obtained 30.9 % 2.0 mb at 14.5 + .2 MeV, 33.4 + 2.0 mb at 14.6 *

1.2 MeV, and 36.0 £ 3.0 mb and 14.8 MeV in good agreement with

other data sets. Rayburn13 measured the (n,2n) cross-section as
34.2 + 2.6 wb at 14.4 + .3 MeV based on °2Cu (n,2n) = 503 mb.

In the ENDF/B-III MAT

1085 evaluvation this cross-section is
found to be 533 mb., Therefore, a renormalized value of 36.2 +

2.7 mb is obtained which is slightly higher than other data at
this energy. Preiss and Fink14 obtained 52 * 5 mb at 14.8 * .9
MeV using 63Cu (n,2n) = 556 mb as the standard cross-section; this
value appears to be too high. Bramlett and Finle obtain 31.6 *

4.0 mb at 14.7 *+ .2 after their value is renormalized to
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27Al (n,0) = 116.1 mb, and is a little on the low side.

In addition, Glover and Weigold's16 measurements follow the general
trend of other data except for the last two points at 14.77 MeV

and 14.88 MeV. Some of these data were not plotted in Fig. 1 for
fear of cluttering up the diagram. After considering all these
data, a smooth curve was drawn through these data points with the
curve following the general trend of the Bormann data at higher
energies and lies lower than the Paulsen measurements and higher
than the Bormann data. 1In Fig. 1 the dashed line shows the (n,2n)

cross—-section as calculated using the code THRESH17

which uses
systematies of nuclear data to calculate the various (m, particle)

cross—-sections.

100 T |58 T L
Ni{n,2n)
o Paulsen
e Lu & Fink
g0 & Bormann THRESH ——
o Prestwood -7
o v  Temperley 27
£ m Barrall et al -7
~ X Cross et al %
P-4
O 60
l_
S
793
7
1
o
o 40 -
@
o
20 -
Ll
10 12 14 6 '8 20

En (MeV) —_—

Figure 1
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Evaluation of the 58Ni(n,p)58Co Reaction
for ENDF/B-III Dosimetry File
R.E. Schenter - August 1973

Hanford Engineering and Development Laboratory

The literature reviewed in this evaluation includes all ref-
erences in CINDA 72 and its supplements plus papers describing re-—
cent measurements b§ Smith and Meadows and Paulsen and Widera.
Fig. 1-5 show the evaluation made (solid curve) together with
available experimental data and some previous evaluations. Below
6.0 MeV Smith and Meadows values were directly used (Figs. 1-3).
Smith and Meadows results were normalized relative to the
ENDF/B~TII 235U fission crosgs section. Above 6.0 MeV a smooth

"eye-guide" curve was constructed (Figs. 4-5) which fell between

previous evaluations and numerous experimental results.

58N|(n,p)5860

10 gﬁ‘ T L
/
-4
[ e
%8N (n,p) *co g E
L 5
0.50 SRS - - .
. o ANL (N1) (73) & 4
Smith Meadows{u ANL (ND2 (73) y 1
5940 t
2 040 - Evaluation o a
g 3
= 030 F h
o o (n,p) |+ — g
w L < 4
2]
0.20 i}
& g 10°
o ot g
S
. N
. L 1 L -\ — Evaluction 1
.00 coapipo? 1 1 1 . )
oOO.OO 1.0 2.00 3.00 4,00 5.00 6.00 ‘o-‘rb | ©  Smith-Meadows (73} i
E,(MeV) £ / 3
r J ]
Figure 1 L | :I
ool .
Q Q.2 0.4 0.6 c.8 1.0 .2
E,(MeV]

Figure 2



58Nin,p 380

0.50
5 0.40
8
= 0.30
o
W
»
wn 0.20%
1% — Evaluation B
& i o ANL(NI)  (73)
C o.l0- SmlTh—Mec:ch:)ws{u ANLINNZ (73}
0.00 L L .
3.00 4,00 5.00
E,(MeV)
Figure 3
®®Ni tn,p) *®co
1.0 1 ) T T R T
0.9 - — Evaluation
08 ¢ Barry(62)

o Debertin{65)

11

0.4 i i P | | 4
‘60 7.0 8.0 3.0 10.0 1.0 2.0 130
E,(Mev)
Figure 4

- 115 ~



58

|
%

0.1 | L 1 1 ‘J__‘J‘_,“'

130 14.0 15.0

Evaluation
Storey (60) —
Bormann (66)
Temperley (68} 7]
Decowski (68)
Bresesti(70)
Paulsen-Widero (72)

|

16.0 170 180 190 200
E,(MeV}

Figure

- 116 -

5



10.
11.
12.
13.
14.
15.
16.
17.

18.

References
Smith and Meadows, Trans. Am. Nucl. Soc. 16, 1 (1973).
Paulsen and Widera, EANDC (E) 150U, 1972.
Fabry et al., EANDC (E) 127U, 1970.
Simons et al., BNWL-1312, 1970.
Bresesti, Nuc. Sci. and Eng. 40, 331 (1970).
Barrall et al., Nuc. Phys. A138, 387 (1969).
Temperley, Nucl Sci. and Eng. 32, 195 (1968).
Decowski et al., Nuc. Phys. Al12, 513 (1968).
Okumupa, Nuc. Phys. A93, 74 (1967).
Bormann et al., Z. Naturforsch, 214, 988 (1966).
Debertin et al., Nuc. Phys. 70, 89 (1965).
Konijn et al., Nuc. Phys. 48, 191 (1963).
Nakai et al., J. Phys. Soc. Japan, 17, 1215 (1962).
Glover et al., Nuc. Phys. 29, 309 (1962).
Cross et al., AECL 1542 (1962).
Barry et al., J. Nuc. Energy Parts A/B, 16, 467 (1962).
Storey et al., Proc. Phys. Soc. 75, 526, (1960).

Gonzalez et al., Phys. Rev. 120, 1319 (1960).

- 117 -




T=302306°T L@*30626'T  10=300T6'7
TP=3gpepe L@»30pRR'T  TP=3g0ip'T
I2«3pOye’e LP*30GL9°T  Toe3p0cv'E
10~30¢8E"'2 (4+3Qpss'Y  T@~3g022'S
TR=3p0E9°E (@+3@62b'T  TPe30028'C
Te=3gesi'y L@e3gges'T  To~3g0e6’r
TE=30@9L's L@+3PGLT T TP=30086'S
Te-30068'9 (@+300¢2°'T  Tp-3008%'9
Te=30019°9 9a+30psz'é  T@=30029'9
T0%30845'% 9@+30000'  To~30025'9%
Tpe3peBL’y 9P+300sL’9  T8«3298902'9
TEe39892'9 90+30£LL°6  TO=3LL66'S
1@=36v00'C 90+3¢T42°6¢  TOw3GEPS'Y
To=-3092.4'y 9@+308R4'v  TE=3TEil'y
10-36T22° v 92+3066E'r  TF=3Z2ATT'y
T@=300L8'C 9230670y  TP-319066°T
TE=3RALP'C 90%3BCH6 R TE-IRRLP°T
ITpe3GRES T 90*302pB'E  To=3TesD°S
To=362T°C 90+38TvL'E  TP-36886°2
TP~368Td's 92+33Ty9'L  T@=39948'2
TE*39996°2 90+30v96°F  T@-3269L'2
TE~369L€°¢ 9@+326c0'E TB-3glcv'
TP«3p96t'2 9@+38sEE’'E Ip=389¢8°2
TP=32BGL'C 90+32682'¢  T@~30i98°C
1P-3pSEB*T 95+3R2LT'R T@-319¢P°2
TO=326¥L'T 90+306T@'E  TP=39668°7
Te-3Z6YL'T 9@+32406°2  T8-38929°%
1g-37gv@'T 9@+30679'¢  10=3£L@T'T
20%36E£9S'y 90+30921'¢  20-3LT28°E
20-3(plS'T 9@+30L09'T  2ZA=J6ETL'T
o~30LbE°2 9¢+30660'T  £@~32880'7
G@~329L8'8 GP*3A@p2'L  G@-3PPOB'S
99~32202°F S2+32000°S 9p<3pees’ T
SNHYE 3 SNYVE
;nHFummmmomu>uzmzmzoakommmmomu

6T#9 *ON ¥Yiu3ivk 6/40N3

L0+30006'Y
LE+IVGLL'T
L0+30069'T
L@+3¢625°T
LB+30002%" T
L0+305.2'T
L@+320%T'T
LP*3082p°T
FU+30000°6
9p+300SL L
S2+3200¢'9
92+32T89‘g
9B*3@8L6T'S
92+3007g' ¢
9@+308te’ ¢
9@*3082y ¥
90+328T6'¢
90+324%8'¢
9Q+30LTL’E
92+39829'¢
90+308vs'e
9P+3¢6Ip' g
90+30€T8°¢
9p+3pST2 ¢
92328312
9@+30%8@'¢
9@+3¢8Le’e
90+39505°2
90+20607'2
§2+30805'T
9e+308¢2" T
S@+30V20° L
S0+32005' b
A3
A9Y3N3

Ta=depds T
Te~30626°'T
Tpudngi‘e
To=dBefs'2
Taudgayi’'e
To«dpase'y
Te«38281'¢
Te«30280'e
Te=<dpa@s’'se
T A
To-dRabr's
Te=3¢e8l's
TesdfsBl's
TouddrEl'y
Te-dlzie'y
To=d61%2'y
Tg=3b@ds’e
Tgedlale’s
1g-3bats's
Te=366tT2's
To«dbssT's
Tosdbg2s'e
Tpader2v'2
Tp=39672'2
TUwd6902°'2
T2=-36pS9'T
Tesdlepa'2
Ta=dayve'T
20-4696€'9
2y=-dypls'e
20-3p¢GT'T
pdedBioL's
sa-Appde’ s
Lp=30032"p
shuve

NoI1453S SSO0yD

L@e300p0"2
(0%3060'T
CLECTTTARY
10»30629'7
L@+30006° T
L0430GL8°T
(8+36062°T
L@+3062T'T
(0+30000°1
90+3005L' 8
90430806 ° L
90+32052'9
9p*3u6Br s
99+30£6T'¢
9030484
gae3vgI2’y
9@ 3By 66 S
90v309a6"'%
93*38Lp8'e
9g«3BTTL S
9@e309%9'¢
90+30p6'¢
9@*30TTp'e
90e322Tp°¢
90+30802'¢
98+3%LpT'S
9@330£86'2
9@+3dpgu’2
90+3bptyte
CULE T T AR
9g+3dcey'T
sg+3000L"6
cP«30PBGtY

AJ¥IN3

19~39868°%
Tg=30066'T
Tp=3pu61°'2
Tew30ur9'2
T@-3q¢ee’e
Tp=«39052°'y
Te=30088° ¢S
Tg=30672°9
Tgs3pesa’y
Tp=30289'Y
Te«3peivr'y
T@~30¢d1'9
Tp«3269T's
Tg=388¥9°p
Te-3T840'y
Tg-3Te0r'e
Te=3g3ie L
Tp~36678°'¢E
Teu3g6d1 g
1Ta~36¥66°¢
Te«38956'2
Tg=3188L'2
Tp«38y8e° e
Te=3692¢'¢e
T@=32980'2
3p~3gud8'T
Ipw309920°2
Te«39v§s' T
To-39900°7T
20=384E9°2
co=3IvYrs’s
y@~3T692°¢
ap=3pele’ T
8@=38009° ¢
sNdvE

NOILD35 SS0Hd

NOILD3S SSQUI NOuWiniN

(dfN}

(0*3PS46°T  TE-3P068'T
(0+33049°'T  Te=30646'T
(Bv3g92L'T TE-390L2'2
(Be3p00%9°'T teeige9s' 2
¢o*38549°Y  T@=320.lr'e
(@+30058°T  Tee3¢0ds'y
t@+3gse2’T To=390856"'S
L0+3p22T'T  Tee3dfds's
90+3006L°6 To«30066°9
S@»3ppea’e  Toe3gden's
9@+3p062'.  To-300.8'9
9@+32d08'9  T@=3viBR'G
90+39248°s Te=38vB0’'4
98v3046T'c  To-3afes'y
90+=30veG"y  Te-3pi@l’y
S0¥3p191 T343/089'F
99+32696's  Tet3sépe'e
90+32v48°'c Tee3llgi's
9@+3pg6L's  Tee3zéal'e
90¢3g769'c  Ta°3y828°2
9g+3g939°s  Tpe3gEBL'Z
90+3p8%Y°'e  TBT3I6L99°2
9g»3p8LL'c  To<36918'2
9g~3p982°c  TPe=3T/8E‘?2
99»3pcRT'E  Tpe3299T°2
90+3p280°'c  T9=3¢698'T
92+3099§6°2  Te=3pGe8'T
9@+3pei8’z  To<32riv'T
90+3pp62'2  2p=3£90%°S
90+3g¢08'T  2ge3TLRE‘2
90+32942'T  pae3g9E'E
50+3908L's pe-30682°¢
G2+300808'Y  90=3IBEBE° S
c@+3pPRS e  BR=3200e"'T
SNEYE

(030066 T 997
L@*3InGRE8"T 79T
FULET Y- TAR S T
(B+3imGLG"T 147
(g*3p05p'Y  $v7
L@*3mG2E'T  Trl
Low30002'T  9E¥
LO0v3InsiB*t £
9@+30805" 6 92t
spvings2's 127
so+3dageg's 9137
90+dafiB’c VT
9p+ins62's  9uT
90*3n20T's  TYT
s@wiaTe'y 96
9@%dpLTT %y T6
9g*3aB96'c %€
9@vini98'e  TH
93*3a99L'e 9L
92+3a999'c  TL
90vInges's 99
g@*darde'e IV
CEELET 23 TaEY 98
9p*iateZ’e  Tu
9p*3n8ET'S  9v
9@+ipTea’e Iv
sevIny26°2 9%
9a+3p25%2'2 Te
9p*3p22'z  9¢
sp*dacdL'T T2
9@% BT T ot
s@+in@8t'e Tt
speindfs's 9
csp+ia0RR's T
|

Al
A9uING NOILD3S SSOD  A9n3N3 !X3aml
SNO1L03S <SOHD NOWLIN3N

X NI ¥¥3NIT A NT 89T Ol T
NOTLaiN0S30 39NYE

S3IOHIN3 N33ML3E
A3 cB+30.L08'E

MY NOTLVGdHILINT
3NTvA O NOILDV3N

96~13401IN

- 118 -



NO. 419

[aT

N | =

UNLE

NICKEL-58

TICN

SEC

[

ON

NE

ROSS

LTR

< L@'v SANTL ) SNYVB-NOT L3S SSON3

= & Q [ & [
8 : S S S S S
N I < I o = ;

e ||||"|’||'r||'||\|1l|\‘\\lill\\‘V\\\\\l\l‘J\l\l\W\\|\‘|\|‘
/
//
1’// =3
7 j
// |
/ :
/// E
//
/
/
// B
//v,
// ;
3 ;
\
\ 3
..\ E
AN
<\>\\\‘\ ;
\X
= :
,\\
L
.\\

hY
]
| sl ot sl bbbl bbb st Lo ol S fol bt s sl b Lo

- 119 -

L AD

)

1
7

L QR

1

©
@

o]

.40

CTIMES 1@

=

NERGY-



60Ni(n,p)6OCo Reaction for ENDF/B-IV*
M. R. Bhat
NNCSC

Brookhaven National Laboratory

The most extensive data on the 60Ni(n,p) cross section from
5.76 to 19.55 MeV are by Paulsen and Liskien.l—4 In these experi-
ments the induced activity was measured by y—-y coincidence count-
ing and the efficiency of the coincidence spectrometer determined
from calibrated radioactive sources whose activities were known to
*0.5%. The errors vary from 7-107 except for a few points where
they are larger, up to 16%. The measurements of Cross et. al.5
at 14.5, MeV when renormalized to an 27Al (n,0) cross section of
118.6 mb (MAT = 1135 ENDF/B-III), give 186 mb and a later resu1t6
by the same authors is 165 mb; both appear to be too high compared
to the Paulsen and Liskien data. Allan7 determined the (n,p)
cross section by measuring it at 120° to the neutron beam using
photographic emulsion plates and multiplying by 4w the observed

differential cross section. He obtained a value of 134 + 9 mb

at 14 MeV in good agreement with Liskien and Paulsen. How-

*Extracted from "Neutron and Gamma Ray Production Cross Sections
for Nickel" BNL 50435 October 1974, M.R. Bhat.
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evern, this technique has given results widely at variance with
others. Storey et. al.8 have determined the (n,p) cross section
to be 158 + 32 mb at 14.1 MeV which appears to be rather high
compared to the general trend of the other data. Hemingway9 ob-
tained a cross section of 129 + 16 mb at 14.7 + 0.2 MeV using
56Fe(n,p) 56Mn = 97.8 mb as a standard. This is to be compared
with 104 mb recommended for the standard in the evaluation (MAT-~
6410) in ENDF/B-IV dosimetry files. This implies a 67 upward re-
normalization of the Hemingway value to give 137 mb. Levkovskii
et. al.10 have measured the (n,p) cross section to be 130 + 40 mb
which again is higher than the general trend of the Liskien -~
Paulsen data. The data not considered in this evaluation are by
Preiss et. al.ll (cross section to metastable state only) March

et. a1.12 (too low) and Allan13 (highly discrepant). In looking at
all the available data it is unfortunate that there are no data
from the threshold energy to 5.75 MeV, hence the rising part of

58 . ,
Ni {(n,p) cross section curve

the curve was drawn similar to the
(after suitably shifting it for differences in the Q-values) and
smoothly joined to a curve drawn through the experimental data at
higher energies. The trend of the curve in this energy region is

mainly determined by the Paulsen and Liskien data, as shown

in Fig. 1.
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63Cu(n,y); {n,a) Reactions for ENDF/B-1V

H. Alter*
Atomics International

March 1972

Introduction

Evaluated data sets for 630u (n,vy) and (n,a) reactions con-
tained in the ENDF/B-III and SAND files were reviewed, compared and
where possible, intercompared with measured data. Specific sources
were: for ENDF/B, Tape #303, MAT #1085, release date 1/21/72; for
SAND, the National Neutron Cross Section Center at BNL provided
the reviewer with data decks for the required neutron reactioms.
In addition, the NNCSC also provided a CSISRS listing of measured

63

data for the two reactions in Cu.

Review Procedure

All data sets were independently graphically displayed and
respective data sets were then overlayed so that differences could
be visually interpreted (e.g., Fig. 1-3 the (n,y) cross sections).

(n,y) Cross Section

Below 1 eV the data from the ENDF/B and SAND libraries are
essentially identical. Above 1 eV the data sets diverge with the
SAND data being lower in magnitude. The ENDF/B data in the re-

solved resonance region is more highly resolved than that in the

* Present Address: U. S. Energy Research Development Adminis-
tration, Washington, D.C. 20045.
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SAND library. To further analyze the data in the energy region
10 eV to 30 keV, both sets of data were group averaged (group
width equal to 0.5 lethargy units) weighting with a 1/E spectrum.
Results are given in Table 1. The group constants based on the
ENDF/B parameters were obtained amalytically using the File 2
resonance parameters. The SAND data did not have parameters,

therefore the related group constants were obtained by numerical

TERYEI

TINERTT

Y]

hn.nu."nnl e o
|63 ‘ ) Aoyl I D W' LLLj IdB

10 10 |03 10
E, leV)

EqleV)

Figure 1 Figure 2

10 LRI 1) S B B B £ ) S B O M B2 ) B B S B

4 5 6
™ 10 10 107 10
E.(eV)

Figure 3
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integration. To be assured that this comparison was valid,
the ENDF/B resonance parameters were used to generate the (n,y)
line shape and these data were then numerically integrated.

Agreement between the analytic calculation and the numerical
integration is generally quite good except at the first few
resonance peaks. The differences in group constants (ENDF/B vs
SAND) are apparent and can easily be related back to the energy
dependent cross section data.

In Table 2 calculated resonance integrals for 63Cu (n,y) are
compared with a number of reported measurements. In a recent
compilation of resonance integrals, M.K. Drake* gives for 63Cu a
value of 5.1 + 0.2b. A recent compilation of values for resonance
integral cross sections, given in "Neutron Fluence Measurements',
Technical Report Series #107, IAEA, Vienna 1970, range from 4.2
to 5.1 barns. These values are given for various cutoff energies.
Generally the reported data agree reasonably well with ENDF/B-III.

Above 30 keV experimental data, supplied by the NNCSC, are
plotted on the overlay ENDF/B and SAND cross section curves (e.g.
Fig. 4-5). Resolution of the discrepant data in this energy re-
gion requires a more extensive effort than that currently applied
for this task force review. One notes however, that the magnitude
of the cross section in this region is generally less than 120 mb.

Based on this review, MAT #1085 (ENDF/B-II1) is accepted
to 30 keV and above 1.8 MeV. Between 30 keV and 1.8 MeV,

at least squares fit of the data in (Fig. 4-5) is utilized, and

* Private communication, M.K. Drake to E. Ottewitte, 1970.
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*
joined to MAT #1085 (insufficient data does not permit high
confidence in the evaluation above 30 keV).

{n,a) Cross Section

The SAND file (n,a) cross section data were obtained from the
NNCSC, and overlayed with the ENDF/B data for energies greater
than ~5.5 MeV. The SAND (n,a) data extends from .0001 eV to 18
MeV.

In Fig. 6, experimental values of the (n,0) cross section
supplied by the NNCSC and also obtained from a brief review of
the literature are plotted against the overlay ENDF/B and SAND
curves. Generally, the measured values fall between the two
evaluated curves.

In Table 3, calculated values for the fission spectrum
averaged (n,a) reaction are given. Results are given for both
the Cranberg and Watt representations of the fission spectrum.

In Table 4, both measured and calculated values of this
quantity are given. These values are all within a factor of ~2

of each other.

* Data extrapolated from 15-20 Mev at NNCSC January 1974,
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Paulsen (Nukleonik 10, 91) quotes a value of 0.34 * 0,04 for
the (n,a) reaction integrated over a Watt spectrum. Taking
measured differential cross sections, (eliminating the data points
at 10.17 and 10.98 MeV as he suggested) and calculating the fission
spectrum average using the Watt representation the following

results are obtained:

AE g {mb
5.5 = 15.0 MeV 0.343
5.5 - 19.55 MeV 0.344

This result, when compared to the calculated quantities in
Table 3, falls between the ENDF/B value 0.298 and the SAND value

0.442.

From the review of the 63

Cu (n,0) reaction one concludes that
neither of the evaluated sets is adequate. The spectrum averaged
quantity using the ENDF/B data is consistently lower than the

same quantity using the SAND data. This is consistent with the
respective sets of evaluated data, The value of 0.356 mb quoted
in BNWL-1312 does not appear to be consistent with the same
spectrum averaged quantity, 0.490 mb, calculated for this review.
The reason for this discrepancy is not known at this time.
Therefore, for ENDF/B-IV the Paulsen data, (Nukleonik, 8, 315

(1966); 10, 91 (1967), and Nucl. Phy. 63, 393 (1965) with the points

10.17 and 10.98 omitted, are to be adopted.
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Table 1

Comparison of ENDF/B-III and SAND 63Cu Capture Cross Section for

10 eV < E < 25 KeV

Group Boundary ENDF/B ENDF/B SAND

EL (Barns) (Barns) (Barns)

(A u = 0.5) (Analytic Solution) (Numerical Integration)
24.788 kev

15.034 0.109 0.110 0.081
9.1188 0.192 0.193 0.152
5.5308 0.243 0.246 1.265
3.3546 0.226 0.228 0.626
2.0347 0.721 0.730 0.096
1.2341 0.143 0.145 0.592
748.52 ev 0.046 0.046 0.007
454, 5.337 5.400 3.438
275.36 0.046 0.046 0.013
167.02 0.043 0.043 0.009
101.30 0.053 0.052 0.011
61.442 0.067 0.067 0.018
37.267 0.090 0.090 0.030
22.603 0.121 0.121 0.051
13.710 0.162 0.161 0.088
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Table 2
Comparison of Calculated and
6
Measured Resonance Integrals for 3Cu(n,y)

(Calculated: EC = 0.5 ev)

ENDF/B SAND BNWL-1312
(BARNS)
5.35 4.79 4,64
(MEASURED)

Measured Cutoff Iw, Ad-

Value Energy, E justed to E=

(v) (ev) ¢ 0.5 ev In-
Remarks cluding 1/v(b) Ref.
4.4 0.52 1/v included 4.4 1
3.09%0.15 0.5 No 1/v, restored 5,11+0.2 2
using Oa2200=4'5 b

3.17%0.18 0.62 No 1/v, restored 4.99+0.2 3

using ca2200=4.5 b

4.2%0.2 0.62 5 mil foil 5.320.2 4

1. R. Macklin and H. Pomerance, 5, 96 (1955).

2. R. Dahlberg, K. Jirlow and E. Johansson, J. Nucl. Energy
AB, 14, 53 (1961).

3. N.P. Baumann, DP 817 (1963).

4. L. Anderson, Health Physics, 10, 315 (1964).
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Table 3
Comparison of Calculated Values
for the Fission Spectrum Averaged

63Cu (n,a) Reaction

(MILLIBARNS)

DATA SPECTRUM ENERGY INTERVAL RESULT
ENDF/B CRANBERG 5.5 - 15.0 MeV 0.274
ENDF/B WATT 5.5 - 15,0 MeV 0.298
SAND CRANBERG 5.5 - 15,0 MaV 0.408
SAND WATT 5.5 - 15,0 MeV 0.442
SAND CRANBERG 10772 15 Mev 0.455
SAND WATT 10715 Mev 0.490
BNWL-1312 WATT 1071018 Mev 0.356
CRANBERG: f(E) = 0.453 exp (-E/0.965) sinh (2.29 E)lﬁ

WATT: f(E) = 0.484 exp (-E) sinh (2E)l§
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Values of the Fission Spectrum Averaged 63

Table 4

Cu {(n,a) Reaction

Fission-
Spectrum
Averaged
XSC (mb) Basis Reference Year
.76 Empirical estimate Roy, Hawton CRC-1003 1962
.72 Measurement relative to R.S. Rochlin, Nucle-
0.60 mb for 27A1 (n,a) onics 17, 54 1959
24y, -
542,07 Measurement relative to R. Nilssm, Neutron 1963
101 mb for S8Ni {n,p) Dosimetry, VII, 275
8Co
W42 Measurement relative to C.H. Hogg, L.D. Weber 1963
0.57 mb for 27A1 (n,a) Symposium on Rad. Eff.
4Na on Metals and Neut.
Dos., 133 (ASTM)
36.04 Measurement relative to R.L. Ritzman, et al. 1963
65 mb for 328 (n,p) 32P Ibid, 141
45+.05 Measurement relative to D.M. Clare, W.H. Martin 1964
76 mb for 54Fe (n,p) J. Nucl. En. 18, 703
54Mn
.52%,04 Measurement relative to A. Fabry 1965
3(:ZL) 63 mb for 325 (,p) EANDC (E) 66U
P
(2) 0.63 mb for 271
(n,a) 56Mn
(3) 1.04 mb for 56Fa (n,p)
AA Measurement relative to (Grenoble) 1965
90.6 mb for J8Ni (a,p) EANDC (E) 57U
58¢o
.382 Integration of an Sov. J. At. E. 25, 1968
evaluated curve 1251
.34%.04 Integration of an Paulsen, Nukleonik 1967
evaluated curve (over 10, 91
Watt spectrum)
.356 Integration of BNWL-1312 1670

evaluated curve
(over Watt spectrum)
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The 65

cu(n,2n) 64Cu Reaction for ENDF/B-IV
P. F. Rose *
Atomics International

May 3, 1972

I Introduction

The 6SCU(H,ZH)640u reaction has been re-evaluated for the
ENDF/B~files using a combination of selected experimental data and
a semi-empirical technique for fitting the data at energies above
15 MeV. An estimate of the (n,3n) reaction was also obtained as
a result of the analysis.
IT Theory

The theoretical approach of S. Pearlstein(l) was utilized.

Pearlstein's estimate of the (n,2n) cross-section was based upon

the expression

an,M an
Iol =g X._z_x__’,gﬂ
n,2n ne = gne on,M (1)
where One is the non-elastic cross-section and o is the sum of

n,M

the neutron emission cross—sections. Pearlstein obtained the ratio
g g as iyid
n,M/ ne an empirical fit to nuclear data.

Pearlstein obtained the energy dependent ratio ¢

n,Zn/ On,M

from statistical compound nucleus theory. His final working

equation is:

*Presently at Brookhaven National Laboratory.
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1/2[ 1, 3 1 1/2 ]+6-E
SL.%n o oP (1- ;)PE-(3- §)p+6p -6 s

p\1/2 1/2
e(s) [—2 Er+6(®) -5] +6 - 2

ba 5 S=Sn/En, and a is the familar level density

(2)

in which p
parameter of the residual nucleus (Z,N). If the threshold for the
occurrence of the (n,3n) reaction is overlapped by the neutron
energies, the {(n,3n) cross—section is calculated with p=4aS2n and
S=82n/En. For this case the cross-section using Sn is for the sum
of the (n,2n) and (n,3n) cross-sections. Equation 2 was used for
the evaluation of the 65Cu(n,2n) 640u reaction at energies above
15 MeV.
IIT Experimental

In evaluating the 65Cu(n,2n)640u reaction four sets of data,
representing the major amount of experimental information, were
selected for the analysis. Individual experimental points (nota-
bly around 14 Mev) were not included in the analysis and, where
measurements were repeated, the latest experiment was used.

The oldest experiment used were that of R. J. Prestwood and

(2)

B. P. Bayhurst . The data was partly normalized relative to the
2

fission cross-section of U 38 (3 highest energies, Circa 1961).

The lower energy points, however, were obtained absolutely. The
errors quoted in the article are inferred from theoretical con~

siderations and are not experimental errors.

(3)

A. Paulsen and H. Liskien measutred an absolute excitation
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function between 12.6 and 19.6 Mev. The measurement (1965) is
based upon a neutron flux determination by detection of recoil
protons. The quoted uncertainty is * 8% with energy uncertainties
between + 0.11 to 0.47 Mev.

4
In 1966, D. C. Santry and J. P. Butler( )

presented data for a
complete excitation function between 10 and 20 Mev. This was
measured by activation relative to the S3z(n,p)P32 cross-section.
The uncertainty of the sulphur cross-section and angular neutron
intensity are included in the quoted uncertainty of + 8%Z. Santry
and Butler quote a fission average (n,2n) cross-section of 0.251 +
0.018 mb.

A series of measurements have been reported by M, Bormann and

(5)

co—authors. Bormann's 1963 data shows prominent (n,3n) compe-

(6)

tition. M, Bormann and B. Lammers have re-measured the
(n,2n) cross-section (1969). This latter measurement is in agree-
ment with the other experiments, and does not show the prominent

reduction of cross-section near 20 Mev which the earlier measure-

ment indicates. The earlier data was not used in the present

evaluation.
IV Results

Fig. 1 shows the experimental data and the evaluated curve.
The evaluated curve was obtained from a least squares spline fit
of the experimental data below 15 Mev, and by a parametric fit of
the data above 15 Mev using the formalulism of equation (2).

An effective value of SZn was introduced in order to ade-

quately fit the experimental data at the higher energies. An
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upward shift of the (n,3n) reaction threshold is supported by
(N (8)

Lu and has been discussed in an article by Hankla and Fink .
Table 1 summarizes the parameters used to obtain the evaluated

curve.

6
Table 1 Parameters for 65Cu (n,2n) 4Cu Reaction

Parameter Value

a 1.081 barms
n,m

a 6.0 Mev t

S 10.1 MeV
n

] 18.1 MeV
2n

32 k9.0 Mev
0 effective

Values for the (n,3n) reaction were also obtained from the

theoretical fit as described in Section II.
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1
the In(n,n') ™ In Reaction for ENDF/B-III

R. Sher
Stanford University
May 4, 1972

1 115m

lslnjn;pﬂ) InL,EY = 335 Kev, Tl/2 = 4.5 hours
(1-4,4a)

Several measurements exist of the energy-dependence

of the cross section for excitation of the 4.5 hour, 335 keV

, 115 . .
isomeric state in In by neutron inelastic scattering. There is

(3 (6-8)

also a calculation by Gardner

(1)

, and some 14-MeV measurements.

Ebel and Goodman did relative measurements up to about 1.8

MeV, using an anthracene crystal for detection of the 335~keV gamma

rays. They subsequently normalized their results to those of

2 at 0.88 MeV.

(2)

Martin et al.
Martin et al. measured the cross section up to 5 MeV, using
a 1-1/2" x 2" Nal crystal for gamma-ray detection. They measured
the neutron intensity with a long counter which had been calibrated
with a Ra-Be source known to *5%. They consider their data above
4 MeV suspect since the neutron angular distribution may have been
in doubt, the neutron energy changing rapidly with angle in this
region. For the gamma counting they assumed an internal comversion
coefficient of 0.98, and a 8 branching ratio of 6%. The presently

accepted value of the internal conversion coefficient is 0.90; this

results in a 5% change in the cross sections.
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(3

Menlove et al. used various reactions in a Van de Graaff

Accelerator to cover the energy range from threshold to 8 MeV, and
from 12 to about 19.5 MeV. Gamma-ray counting on 3" x 3" and 4"

x 4" Nal crystals was employed. The cross section was determined

. 23 ] .
relative to the fission cross section of 5U in this energy

region; the fission counter efficiency was calibrated at thermal
energy. At 12,7 and 12.9 MeV the 27Al(n,a) cross section was used
for calibration. Menlove et al. used BNL-325 values of cf(ZBSU);

in the present report these have been replaced by ENDF-B-III

115

values; the resulting change in the In{n,n') cross sections is

of the order of 5-10% in the energy region between 2 and 8§ MeV.

(4)

Grench & Menlove used gamma-ray counting on a calibrated

4" x 4" Nal crystal, and determined the cross section relative to

1
97Au(n,y)lggAu. For the lg7Au(n,y) values they used the

(11)

that of

1966 evaluation of Vaughn and Grench. These results have been

renormalized to a later (1971) evaluation of Vaughn and Grench(lz),
and the new values, together with those of Martin et al., are shown

in Fig. 1 and 2. Butler and Santry(ha)

have made measurements
from 0.8 to 6 MeV relative to a calibrated long counter, and at
higher energies, calibrated against the 32S(n,p)32P cross section.
These data are plotted in Fig. 2 as read off a curve prepared by
Dudey and Kennerley; the original data are not available in

published form.

In the 14 MeV region there are measurements by Heertje et

6
al.( ) and Barrall et al.(7’8) Heertje et al. obtained 81.0 % 5.6
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mb at 14.6 MeV, normalized to the 56Fe(n,p) cross section of 117 mb.

Apparently this result was later revised to give a value for 115In

(n,n') of 55 + 8 mb.(g) Barrall, Holmes, and Silbergeld(7) report

a value of 67 * 7 mb at 14.6 MeV, and Barrall, Silbergeld, and
(8)

Gardner report a value of 63 * 5 mb at 14.8 MeV.

(5)

Gardner has calculated this cross section from 2 to

n~ 10 MeV. These are absolute calculations, and the results
are plotted as the dashed curve in Fig. 2., (The calculation does
not include precompound nucleus evaporation.)

Gardner's calculations are about 10% higher than the measure-
ments of Menlove, but support the relatively constant cross section
from & to 8 MeV. There is other supporting evidence for this in

(10)

older measurements of Cohen

D)

and a broad-spectrum experiment of

Heertje. Below 4 MeV, all the experiments are in reasonably

(6)

good agreement. The 14 MeV points of Heertje et al.
7,8)

and

Barrall et al. are also in good agreement with Menlove's data.

Most of these data are shown on Fig. 2.
Discussion

In Fig. 1 the low energy data, from threshold to about 2 MeV,

(D (2)

are plotted. The data of Ebel and Goodman and Martin et al.

have been slightly renormalized to account for the more recent

value of the gamma rays per disintegration constant mentioned

(3) (4)

above. The data of Menlove et al. and Grench and Menlove

have been renormalized to ENDF-B IIT values of the reference cross

2 197

sections, cf( 35U) and Ty Y( Au), respectively. The recommended

curve has been faired through the ensemble of points. The in-
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flection at 1.2-1.4 MeV is believed to be real; a similar behavior
seems to be present in the cross section for excitation of the
0.91 MeV gamma ray at about the same energy.(ls)

Above 2 MeV, the data are shown in Fig. 2, with the same
renormalization as mentioned above. The recommended curve from
2 to 8 MeV is faired through the points of Menlove et al.(3) and

(4a)

Butler and Santry ;s as has been noted, the data of reference

(5)

(2) are suspect above 4 MeV. Gardner's calculation , while ~10%
higher than the measurements, further supports the relative flat-
ness out to 8 MeV. Gardner's calculations are stated to have an
uncertainty of at least the order of 10%, so there is no essential
conflict between the calculations and the experimental data.

At higher energies, the recommended curve is faired through
the available data which, in the neighborhood of 14.6-14.8 MeV, are
all in reasonably good agreement. From 8 to 12 MeV, the curve is
simply a guess designed to join the lower and higher energy regions

smoothly. Neither experimental nor calculational data exist be-

tween 10 and 12 MeV.
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Evaluation of 115In(n,y)1161n For ENDF/B-1IV

F. Schmittroth
Hanford Engineering and Development Laboratory

115In(n,y)lleIn metastable reaction

The evaluation of the
described here ig primarily for use in dosimetry. Emphasis was
placed on File 2 (MT=151, resolved resonance parameters) and File
3 (MT=102, smooth éapture cross sections).

Two ﬁetastable states exist for 1161n, a 54.2 min. state at
0.126 MeV and a shorter~lived state (2.2 sec) at 0.289 MeV that
decays isomerically to the 54.2 min. state. Therefore, the meta-

stable capture described here includes both isomeric states.

Resonance Parameters

The evaluation of resonance parameters is based on the new
BNL resonance parameters.1 Since the f¢-values for these reso-
nances are not given, s- and p~ waves were assigned by a
probability method2 based on the neutron widths. Although this
method is poor compared to more direct experimental evidence,
assignments were unambiguous for most resonances., Typical proba-
bilities for a particular p wave resonance were either less than
0.01 or greater than 0.80 so that a clean separation was
obtained. On this basis, the number of s-wave resonances,
N(E), up to an energy, E, was plotted as a function of energy.

Numerical fitting procedures gave an average s-wave spacing,
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D , of (11.0 * 0.7) eV. Also, since an inspection of the graph

obs
showed that resonances were being missed above 1 keV, the resolved-
resonance range was terminated at that point. Except for

the few cases where J-values were known, a value of J=4.5 was
assigned for both s- and p-wave resonances. This unphysical value
is appropriate for a ground state spin of IO=9/2 for 115In and
provides a clue that the numbers are evaluated and not measured.

A weighted average of radiation widths gives an average value of
Py=(77 + 5) mV. Because, as described below, capture to the

1161n isomeric states accounts for 79% of the total, all radiation

widths were reduced by this factor.

Smooth Cross Sections

Above 1 keV, a standard Hauser-Feshbach calculation with
width-fluctuation corrections3 was performed for the isomeric
capture cross section. By varying the ratio, ry/Dobs’ the calcu-
lation was adjusted to an experimental value of 0.2 barns at an
incident energy of 0.85 MeV. TFor the keV range, the primary data
considered were from the work of Grench and Menlove4 and Ryves et
al.5 Other data given consideration included measurements by Cox6
and earlier work by Menlove et al.7

Other details required for the calculations include inelastic
levels8 taken from the compilation of Baés et al., Collective and
direct capture were estimated by a phenomenoclogical model for MeV

energies.
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Below 1 keV, a small "1/v" component was entered in File 3

to give a thermal cross section of 161 barns when added to the

resonance contributions. Holden and Walkerg recommend 41, 70 and

91 barns for the thermal cross sections leading to the ground

11

state, and the first and second metastable states in 6In, Te-

spectively (the total isomeric capture is 70 + 91=161 barns).

Since the resonance parameters gave a thermal cross section of

157.09 barms, only 3.91 barns had to be added as the "1/v" com-

ponent. Notice that the thermal isomeric to ground state cross

section ratio is equal to 161/(161+41)=0.80. 1In the vicinity of

700 keV, this same ratio is close to 0.78; therefore a reduction

of 0.79 for the capture widths was chosen for the resolved

resonance parameters.
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ENDF/5 MATERJAL NO, 6416

INDIUM-115 RESONANCE DATA
RESONANCE PARAMETERS
ISOTOPE===m="=m=<=mac—c-=co=vINDIUM=115
FRACTIONAL ABUNDANCE--- -~ 1,0890E+00
NUMBER OF ENERGY RANGES-=w--= i

ENERGY RANGE MUMBER--==--= gm- X RESOLVED SINGLEWLEVEL BREIT=WIGNER PARAMETERS
LOKER ENERGY L[MIT (EV)-~==-~ 1.20@0E~B5
UPPER ENERGY (IMIT (FVY)-~==-= {,2pR0E+a3
NUCLEAR SPIN===-=c==a-re~g--= §,5000E+00
SPIN SCATTERING LENGTH (A+)-= &.5p00€-21
NUMBER OF | SYATES=--=-v~ e 2
L VALUE'"'“"'"""’ ..... -—— ﬁ
NUMBER OF REYONANCES~---~ smew 89

SPIN SCATTERING LENGTH (As)-= 0,0009E+00

RESONANGE WIDTHS (EV)
INDEX ENERGY (EV) J VALUE TOTAL NEUTRON  RADIATION FISSTON

1 1,457VE«PP  5,80PBE+DD  5,9918E~02  3,0364E£-03  5,6880E-¥2  0,PBYPEVDD

3,8600E400 4,0000E+08  6,4344E-02  3,5444E-p4  6,3998E=B2 7, 0000E+0D

3 9,1200FsPP  5,00PPE+PB  6,4773E-p2  1,5727E~93  6,3200E-p2 2, PROPE+DP

4 1,21PVE+Pl  4,500RE+DQ  1,1071F-01 L, 1P00EWP4  1,1060E-P1  7,00¢pPE+RP

5  2,273WE«P1  4,500RE408  ¢,5030E~p2  1,0400F:03  6,3990E-R2  2,20dPEnD

6 2,3000Fe@l  4,500PE+0Q  6,4143F-p2  1,1B00F-P3  6,2963E-02  7,000pE+00

7 3,96BYEYRL 4, ,5PBRELDR  6,AD4RE~DR 4 ,BPRBE.B3  6,3040€-p2  A,N0UEC+0N

8 4,636UF«01 4,5300€+00 6,3223E"02 2,50PRBE-R4 6,2963E=02 B,0080C+0R

9 4,8140F@L  4.5000E+20  7,i7Q@E~p@2  6.0R00E-24  7,1120E-92  n,A002E+0P

10 6,30BKE@L 4,500BE+9d 7.5890E-g2 8,4000E-04 7,5050E=02 #,Q00BE a0
11 6,95BBE+PL  4,5PPBE+B0  6,3363E«p2  4,BPPOE~P4  6,2V63E<@2  3,PRIEE+RA
12 8,087YFeRPy  4,5QPPE+DP  5,48p0FE-p2 4 5POAE-03  5,5300Eefl2  @,ARRPE+pR
13 B,3280EePl  4,5000E+2Q  6,4270E-D2  6.8P0PE-A3  5,7670E-p2  7,MBR@E+00
14 9,4340E D) 4,590BE+DD 7. 4PPRE-~D2 7 9BBPE~B3 7., 11BBE~R2 %, 80DPE+00
15 1,258YEe@2  4,5P00E+D¢  5,518pE-~d2  3,80CRE-A3  5,1350E-02  0,0000E+p0
16  1,328LlE«Pp2  4,50@QE+00 1.4760E-01 %,4002€-03 1,4220E=01 A(OPURE+0R
17 1,502YE+@2 4,500PE+DB  7,17B0E-~02  4,6000E.03  6,7150EsA2  #,000Q0C+a0
18 1.6467E4@2 4, 5000E+0f  8,278BE-D2 4 ,BUARE.02  6,47BPE~C2 7, 0QUAE+DPD
19  1,6808Fs02 4 ,500PE+D2  §,5063E-@2 P.L1BOAER3  6,p963EwR2 0, ,QA00PE+00
28 1,7794E82 4 ,5000E+0p 6,6200E~02 1,6BABLAB3 &,3200E202 A108UBE+EH
21 1,86P%EeR2  &,5Q0PE<BR  9,90p@E-A2  #,PUPBENA2  7,9@@PESEY  2.2C4RR+00
22 2,8560F 02 4 ,5000E+00 B,5953E~02 P, 30BDEAR2 6,2963E0Q2 A CAURE~ER
23 2,11B8Ee02  4,5008F+00  6,34R3E~@2 B, 200RE~04  6,2963E-@2  Me2@4QEveP
24 2,24@3EeP2  4,5020E+08  7,94pPE~p2  3.2P0DFEAA2  4,740DEsR2 A, B020E«pR
25  2,2681FE+P2  4,5020E+00  6,4283E-~02 4 .320PEm@3  6,2963EsE2  #,20205+00
76 2,5017E«p2 4,5000E+08 1,2715€E=p1 6.,P0A0E-D2 6,7150Eep2 ?120udE+00
27 2,6696E+02 4,5900E+0p 6,6963E~02 4.,0PBAF .03 6,2963Es62 »,A22Q8+00
28  2,88859Ew02  4,5000E+00 8,2963E~02 2.PPPRE~B2  6,2963EsB2  P.(DOLRTSDE
29 2,9433F02 4,500BE+D0 1.P656E~04 4,4PPAEWR2 6,2963E-02 A 200RE+QA
38 3,1345Ee82  4,5000€406  7,7963E-02  4,580BE.B2  6,2963EsB2  7,40005+0
3L 3,398bEP2  4,50DQE+20  6,4863E~p2 L .OPPOE~A3  6,2963E~@2  »,B80@T+00
32 3,5415Ew@2 4 . 50DPE+DE  6,9243E~Q2  6.280@E-A3  6,2963E°@2 A AUOAT+pA
33 3,6210Eap2  4,5P00E«PR  7,3843E-02 4 .0880E-82  6,2963EsP2 M, PRREE+aP
34 3,7894E+02 4,.5020E+0D 6,9843E~p2 B OPAPESD3  6,2963Ewp2 A BRUEEYAD
33 3,8297E«P2  4,500ME+BP  6,4183Emp2  4,22080E~03  6,2963E=p2  M.P00Qc+pR
36 3,8420FeR2  4,5000E«PD  6,8823E~p2  5,8600F-P3  6,2963E*32 0 ,00KPF+pA
37 4,P23%EeD2  4,5PURESBP 9, 8343E~D2  B,1408F.02  6,2963E32  §,0022E+00
38 4,1156E402 4,5p0QE+00 9,4343E-p2 3,1400E-02 6,2963Ewp2 24 QDORE 00
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4,2324E«D2
4,3718F 482
4,4890E«02
4,538YE82
4,56B2F+02
4, 6965F B2
4,7755F 02
4,9A20F+R2
5,037 SE+02
5,1538E+B2
5,25400402
5,4792E#02
5,5110F+B2
5,74806F+B2
5,8019E+02
S,8909F«R2
6,8222F+82
8,1413F402
6,1959F+p2
6,4395E402
6,4707F 402
6,5480F 02
8,7408F+p2
6,8325F#82
6,3462F 02
T BATOE w02
7, 8783482
7.1985E422
7,2784E402
7,3328F 402
7,5260F%02
7,7402E 402
7,8359F+02
7,8958E402
7,95@8E+02
8,1573F«82
B,1941F+@2
8,2979E+p2
B, 3470F+22
8,5352F+p2
8,6104E402
8,6385E4p2
8,7589F«22
B,9162F4p2
8,9896F4P2
9,1300F402
9,2345F402
9,4812€402
9,5657F 02
9.7799E+82
9,9797Fa02
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4,520RE+BD
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4. 5060ERE
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4,500AE+0D
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4,508PF+20
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4,502PE«Dp
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4,50C0E+00
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703423602
&,4003E~02
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8,3943F=02
8,2163E~02
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6,6103E-02
6,5883E-92
8,7963E-02
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7.7183E-~B2
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6,4643E~32
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6.,5053€-02
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7,9683€=-92
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7,4243~02
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L VALUE=mmm=m=memcmacccn=naon
NUMBER OF REDONANCES----- -
$PIN SCATTERING LENGTH (As)-=

INDEX

CEAORE LN

ENERGY (EV)

7,3080E«QL
8,636PE«P1
1,0883E+R2
1,189RE«B2
1,1443E02
1,2871E»R2
1,44RAE4R2
1,4870E+02
1,585Y€~02
1,74R8Eep2
1,9224F402
1,9440F«p2
1,9883F«02
2,148%Ee02
2,3928E+02
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3,6687E402
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5,3011F+@2
5,5970Fap2
5,62616+82
5,6962F D2
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7,2416E402
7, 68BEFen2
B,BRS6IER2
8,125%F«p2
3,6044Fep2
B,8258E+p2
9,B676E402
9,3199E+02
9,4379E 02
9,7381E402
9,8176E+D2

J VALVE

X,58905+00
4,5000E+00
4,5p2RE+2Q
4,5p0PE«@Q
4,5pBRE+BD
4,508PE+20
4,5p04E~00
4,5PB0E«00
4,5000€+00
4,5000E+00
4,5020E+00
4,500PE+90
4,5000E+00
4,5QBRE+RR
4,500BE+00
4,3300€+80
4.5082€+80
4,500pF+00
4,5002E+20
4,509pE+08
4,5PR0E+80
4,8p0QE+2p
4,5p08RE+28
4,52RpE+B0
4,508QE+0¢
4,502pE+08
4,520pE+09
4,50PpE+2Q
4,5pOQE+BQ
4, SPRRE 2D
4,500PE+BQ
4,5000E+89
4,500pE+28
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4. SPRRE+DR
4, 502RE+DQ
4,5000E+29
4,5000E+00
4,.50DPE+DD
4,500PE+2p
4,5PDPE+DQ
4,500pE+P@
4,80RPE+BP
4,5000E«0¢
4,502pF+00
4,%0PPE+2P
4,5008C+0p
4.800PE+0p

1
50
a.FagAcean

TOTAL

6,2975€~02
6,3015E~02
6,3007En02
6,3011E~02
6,3867E-02
6,2974E~p2
6,3109E~02
6,3023E~02
6,3189€~¢2
6,3143E~92
6,2995E=02
6,3087E-02
6,3035E~02
6,3130E~p2
6,3247E~02
6,3158E~02
6,3099E~02
6,3149E02
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6,3289E~02
6,3163E~p2
&,3183E702
6,2993E~92
6,3163E~02
6,3303E-02
6,3504E~p2
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8,34B3E=p2
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6,3843E~02
6,3443E~=02
6,4543E=p2
6,3723E=p2
6,35436-02
6,524 3E~52
8,4063E~p2
6,4203E=02
6,5863E~02

RESONANCE WIDTWS (EV)

NEUTRON

1,2800E~05
8,2008EA05
4,4BPRE 5
4,8000E~05
1/ BADDEADA
B,BCPBE 06
1,4600E04
8,0000F «P5
1.4600En04
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3,2000F -5
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1.,9200EA04
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1,2200F .03
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1,0808E-03
9, 2P00EA04
5,PR02F .04
1,58P2E;D3
7, 60BRE 04
8,800RC.04
2,2800E~03
1,1600F03
1.2400F ~03
2,90B0E 03
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e 127I(n,2n)1261 Cross-Section for ENDF/B-IV

Th
R. Sher
Stanford University

May 1, 1972

1271 (0,20 %07, Q = -9.15 + 0.20 Mev, E, = 9.23 + 0.20 MeV

Relative cross sections for this reaction have been measured

from 13.2 Mev to 18 Mev(l) and from 12.4 Mev to 18.3 Mev(z). In

addition, there are a number of measurements at single energies in
(3-6)

(8)
and Gardner . Several measurements of cross-

(9,10).

the vicinity of 14.6 Mev, and calculated cross-section curves

. (7
by Pearlsteln( )
sections averaged over a broad neutron spectrum also exist

In reference (1), a thin tritium target was bombarded by 3

MeV deuterons. The cross-section values were normalized relative

to o 27A£(n,o¢)24Na = 107 107 + 5 mb at 15.21 Mev. Nal counting of

1261 decay gammas was employed with assumed branching ratios of
29% for the 386 keV gamma ray and 33% for the 667 keV gamma ray.
(9)

Presently accepted values for these branching ratios are 347%
and 33%, respectively; the present values would lower the reported
cross-sections by 62/67 = 0.925.

In reference (2), a Nal crystal was used as a combination

target and detector. In addition to relative counting, o was

rel

also based on the angular distribution of (d,t) neutrons, known
at the time to + 10%. The relative cross-sections were normalized

at 14.1 MeV in a separate experiment using a Cockroft-Walton
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generator and monitoring the neutron flux to + 5% by means of the
associated alpha particles.

In reference (3), the cross-section at 14.5 Mev was determined
by beta~counting, with an uncertainty of + 35%. 1In reference (4),
gamma counting was used, and the cross section was determined at
14.6 + 0.2 Mev relative to ¢ 27Al(n,a)zl'Na = 120.7 mb. The value
obtained was 1.66 + 0.15 barns. In reference (5), gamma counting
was used, and the neutron flux was determined with a proton re-
coil telescope. The neutron energy was 14.8 + 0.2 Mev. The éross—
section obtained was 1.67 + 0.09 barns. In reference (6), the
cross—-section was determined at 14.7 Mev relative to 027A1(n,a)24
Na = 112 mb. Gamma-ray counting with a Nal crystal was used.
Chemical separation was employed to remove Sb resulting from
127I(n,u)123Sb. The efficiency of the Nal crystal was determined
using Heath's curves, and a graphical spectrum-peeling procedure
was used. The cross-section obtained was 1.64 + 0.15 barns. How-

27

ever, the Al(n,a) cross-section used for normalization seems

127

low, and should be 120 mb; this would raise the I(n,2n) cross-—

section to 1.76 + 0.16 barms.

)

Pearlstein's calculated cross-sections are relative; he

normalized to a neutron emission cross-section, ch = 1,380 barms,

which makes the peak (n,2n) cross-section around 14.5 MeV have a

(8)

value of about 1.3 barns. Gardner's calculation is absolute,
and gives a peak (n,2n) cross-section at 16 MeV of 1.65 barms, and

a value at 14.7 MeV of 1.59 barms.
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Tt is seen that measurements up to 1968 give a peak (n,2n)
cross-section at v 14.5 MeV of ~ 1.3 barns; measurements since
1968 give a peak cross-section ~ 1.7 barns. There are no obvious
explanations for this discrepancy. The later measurements are
favored on two grounds, however. First, they are more recent;
second, Gardner's calculations, which are absolute in the sense
that they are not normalized to any assumed cross-sections, favor
the higher values.

In Fig. 1, the data of references (1}, (2), (4~6), are
compared with Gardner's calculated curve. The experimental data
of (1) and (2) have been renormalized at 14.1 Mev to agree with
Gardner's curve, Gardner's curve extends to 17 Mev; the region
from 17-20 Mev has been calculated by Pearlstein's method,
normalized to Gardner's value at 17 Mev.

There are two measurements of the average cross-section in a
figsion spectrum(g’lo). These (0.647 mb, 1.62 mb) differ by more
than a factor of two, and therefore are of no help in normalizing
the differential cross-section curve. The recommended curve
(Gardner's calculation) yields an average cross-section in a Watt
spectrum of 1.1 mb, which is close to the average of the two

measured values.

The recommended curve for ENDF-B-IV is that in Fig. 1 (solid

curve).
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1.5 —
1.0 —
o Ref (1) Renormalized
o {b) v Ref (2) Renormalized
e Ref (3)
051 — Gardener's Evaluation
-2 --- Pearlstein's Evaluation

x Ref (5)
o Ref (6)

i 1 | |
] 1e} i 12 13 14 15 16 (7 18 19 20
E,{MeV)

Figure 1
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197Au(n,y)198Au Reaction for ENDF/B-IV*

M.D. Goldberg and S.F. Mughabghab

Brookhaven National Laboratory

The capture cross section in the ENDF/B-IV File below 2 keV
is represented by the resonance parameters. In the energy region,
2-10 keV, the capture cross section was calculated by using the
average resonance parameters specified in File 2 and the code
AVRAGE—Q(l) which follows the method of Lane and Lynn(z) and ap-
plies width fluctuation corrections as discussed in their paper.

This calculated curve is shown in Fig. 1 compared with the avail-

————r
197au( ny)
"‘ 1-20 keV
£ 235
10000 - DATA NOT BASED ON U NORMALIZATION

sooor?
o FRIGKE 70
80CO - « CZIRR 73
+ KOMPE 69
_ 700K s BERGVIST 63 }
€ 000 b « ENDF/B-II |
&
%

Eq (keV)

Figure 1

197

*Extracted from "Evaluated Neutron Cross Sections of Au" BNL

50439 (ENDF-215) 74, S.F. Mughabghab et al.
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able data in this range and with the ENDF/B-III valves between 1
and 6 keV. (The curve above 10 kev is the same as that of Fig. 4.)
For neutron energies greater than 25 keV, a reassessment of
the gold capture cross section is required because of the availa-
bility of new measurements and because of a reevaluation of the
235U cross section for ENDF/B-IV. Fig. 2 shows the new 235U
fission cross section between 25 and 100 keV. It can be immedi-
ately seen that there is considerable structure in this cross
section, with fluctuations of as much as 10% or more within a
kilovolt or so. Thus, its use as a standard is quite compromised

unless the neutron energy and neutron energy spread are well known

and accounted for. In Fig. 3 this cross section is "smeared out”

by averaging points in groups of ten (effective ''resolution" a5
keV) and compared to a similar curve for the 235U fission cross
section in ENDF/B~III. This plot indicates an average change in
the absolute value of the cross section of 5-~15%.

Since it would seem that a fluctuating cross section subject

to substantial renormalization, does not make a very reliable

[’_l"ﬁ T 235 T T - T T
U (n,t) ENDF/B I¥

25-100 kev

H.ALTER, PRIVATE

COMMUNICATION,
APRIL, 1973

AVERAGED GROUPS OF TEN

235y (n,f) ENDF/B~TZ
25-100 kev

H. ALTER, PRIVATE
COMMUNICATION, 2.2
APRIL, 1973

20

o (b)

/'ENDF/B -

ENDF/B-TZ ¥

Eq (keV} 1.4

L N
30 a0 50 80 70 8O 90 100
Ep (keV)

Figure 2 Figure 3
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standard, it was decided to perform the gold capture re-evaluation
with data not involving 235U fission standardization. This follows
the procedure adopted by Carlson(S) and by Poenitz(4) in evalu-
ations presented at the 1970 EANDC Normalization and Standards
Conference held at Argonne National Laboratory and follows the
most recent recommendations of the Normalization and Standards
Subcommittee of CSEWG (July 1973). Due to an abundance of ex-
cellent recent experiments, it was also arbitrarily decided that
only data measured since 1960 would be considered.
The capture cross between 10-100 keV is shown in Fig. 4.

The following data sets were were plotted: (1) Czirr et al.(s)

(2) LeRigoleur et al.(s) €)) (8)

(9)

(3) Fricke et al.
(10)

(4) Kompe

(5) Poenitz et al.
(11)

(6) Belanova et al.
(12)

(7) and Berg-

vist. The data of Spitz et al. Moxon et al.(13) and

Bilpuch et al.(lé) were not used.

The capture cross section between 100-1000 keV is shown in
Fig. 5. Data sets of Refs. 6-10 were plotted, plus the data sets
of Barry.(ls)

Inspection of Figs. 4 and 5 show that the various data sets

are in quite good agreement with each other within the quoted
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errors. There is a general tendency for the data of Fricke et

al.(7) (Fig. 4) and Barry(lS) (Fig. 5) to be higher than others

(11)

and for the data of Bergvist to be lower; but all are never

more than about two standard deviations from the mean. The one

point of Belanova et al.(lo)

is about three standard deviations
low. The evaluated eye-guide in Figs. 4 and 5 was drawn with no
explicit weight factors for the various experiments.

For the region above 1 MeV, the only one significant new con-

(16)

tribution is that of Lindner. These data should be considered

preliminary until published and were measured relative to 235U,

but the lack of measured fluctuations in the 235U fission cross
section at these high energies made it worthwhile to see what the
new data indicated for gold capture. Fig. 6 shows two inde-

(16)

pendently normalized data sets from Lindner between 0.5 and 3
MeV. The curve between (.5 and 1 MeV is that of Fig. 5 and above
1 MeV is that of ENDF/B-III. The data up to 2.2 MeV are in ex~
cellent agreement with the old evaluation. The two higher energy
points are low by about 157 and 207 respectively. It was felt
that it was not worthwhile to give these points sufficient weight
to seriously distort the ENDF/B-III curve, which represents the
best curve through all previous measurements., An added inducement

for not trying a serious reassessment of all of the data above 1
MeV was the implications of the effect noted by Devaney.(17)
Devaney points out the importance of a multiple reactions cor-

rection for reaction cross section measurements above approxi-

mately 100 keV. The correction is particularly important for
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radiative capture, even with fairly thin samples. The relevance
of this effect to specific gold capture experiments is unknown,
but should be determined before the higher energy gold capture
data are reevaluated again.

In conclusion, the evaluated curve of ENDF/B-III between 1
and 20 MeV, which included the evaluation of Vaughn and Grench(ls)
(27)

(1.0 - 5.2 MeV) and that of Bogart above 5.2 MeV, are adopted

for ENDF/B-IV,
It is of interest to calculate the fission spectrum averages
of the capture and other reaction cross sections and compare them

with experimental measurements. For this purpose, a Maxwellian

2
52Cf fission spectrum of characteristic temperature 1.39 MeV and

represented by

$(E) = ¢ /B & F/T
was used. (C is a normalizing constant.) The calculated fission
spectrum average of the ENDF/B-IV (n,Yy) reaction of gold is 81.8

mb. This number is to be compared with an experimental value of

(19)

95.5 * 2.3 mb measured by Pauw and Aten. Since the capture

section in the whole energy range 0.100-1.5 MeV is believed to be
known to better than 18%, the source of this discrepancy could be
due to either the measurement and/or the inadequacy of represent-

ing the fission spectrum by a Maxwellian form at low energies.

235 (20)

The U fission spectrum average measurements of Fabry shed

some light on the former explanation. Fabry obtains a value of

197

88.0 * 4.5 mb for Au(n,y)lgSAu reaction. With a characteristic

temperature T = 1,32 MeV for 235U, we obtain a fission spectrum
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20
average of 84.9 mb which is within the stated error of Fabry.( )

After the completion of the evaluation of the capture cross
section of Au, it was found that two points had been inadvertently
omitted from consideration. Both were measured with the same
technique at the National Physical Laboratory in England. At 25

(21)

keV, Ryves et al. measured a value of 640 * 25 mb. This is in

excellent agreement with the value of 648 mb read from Fig. 4. At

966 keV, Robertson et al.(zz)

measured a value of 96.2 * 2.0 mb.
This value is approximately 127 higher than the value at this
energy from Fig. 5. No changes were made as a result of this
discrepancy for the reasons noted above regarding the Devaney(l7)
multiple reaction correction effect. In addition the following
data sets become available at the time of the writing of the
report:

(23)

(1) Poenitz data in the energy range 400 - 3500 keV.
This is an absolute measurement carried out by a large liquid
scintillator for the detection of prompt capture gamma rays. The
Grey Neutron Detector, the Black Neutron Detector and a 6Li—glass
detector were employed to measure and monitor the neutron flux.

(2) Macklin et al.(ZA)

data in the energy range from 3 to
550 keV. 1In this measurement a scintillation detector and a 6Li
neutron monitor were used. The efficiency of the detector was
normalized to the 4.9 eV gold resonance by the saturation method.
The 6Li neutron cross section of Uttley, slightly modified, was

adopted.

(3) Rimawi and Chrien(zs) using the iron filtered beam,
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measured the neutron capture cross section of Gold at 24.5 keV by
the activation method. Assuming a lOB(n,ay)7Li cross section of

3.487 b and a total reaction cross section of 5.9175 b for loB,

they obtained a total capture cross section for 197Au of 0.630
0.006 b. The error indicated is only statistical and does not in-
clude the uncertainly in the normalization. These new measure-
ments were plotted and compared with the ENDF/B-IV capture cross
section in the pertinent energy regions. Good agreement is noted
between the new measurements and the evaluated ENDF/B IV capture
cross sectiom.

Finally, it may be noted that preliminary results of the
capture cross section of gold between 100 keV and 500 keV were

reported by Fort(26)

in a progress report. A 47mRy detector was
used to detect the induced activities. The data is not available
at this time. Fort, however, made a comparison between his data
and those of LeRigoleur and found reasonable agreement between

the two measurements. These new data sets will be considered in

the evaluation of the Au(n,y) cross-section for ENDF/B-V.
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ENDF/B MATERIAL NO. 6283
GoLp-197 RESONANCE DATA
RESONANCE PARAMETERS

1SOTQPE~=~=o=r=== i aiaiaialet »=-=GOLD-197
FRACTIONAL ABUNDANCE ----- ===~ 1,002PE«DD
NUMBER OF ENERGY RANGES--v--- 4

ENERGY RANGE NUMBER-er--wov-- 4 RESOLVED SINGLE-LEYEL BREIT-WIUNER PARAMETERS
(OWER ENERGY LIMIT (EV)~=o--- 4,0060PE-25
UPPER ENERGY LIMIT {EV)-'-*-* 2.0880E+03

NUCLEAR SPIN=-memmroveoem=g-a * 1.,5000E«00
SPIN SCATTERING LENGTH (A»)-- 9,6Q0PE~D1
NUMBER OF [ STATES=~-rer-e-=» 1
L VALUE-=-=-==~---mao—oo= - ?

WNUMBER OF RESONANCES-----o--» 117
SPIN SCATTERING LENGTH (Ael-w ¢.2pGRE0Q

RESONANCE WIDTHS (EV)
INDEX ENERGY (EV) J VALUE TOTAL NEUTRON RADIATION FISSION

1 -2,588PEeR1  2,0PBEE+PP  1,7842E-01 B,2020E.22  1,24PDE-PL 2 BRLBEND

2 4,9D6PE<QP 2,0PPPE«PP  1,3920E-g1  4,520PEaB2  1,240PEe21l  ¢,008pE+nd

3 4,6459Eepi  1,PBPPE+PR  1,2433E-p1  4,390PE-04  1,2400E-P1  2,000pE+00
4 5,818PEsP1  {,000DE+PD  1,164DE-21  4,400PE-23  1,1280E-¢1  7,800pE+00
5  6,p3p@FsQ1  2,0000E+0Q  {,98Q0E-@L  6,800QE.02  1,3200Es01  A,PROpE+2@

6 7,8400Eep1  1,P0PQE+0PQ 1 ,4670E-P1  1,6700E-02  1,3CBPEeG1l  2,2009E+00

7 1,8YPYEep2  2,P@0PE+PP  1,27RPE-@L  7,800PE-@3  1,20CPEs01  3,204pi+0D

8 1,223¢WEed2 7,0000E+0Q  1,24BPE-QL  8,PP0PE-A4  1,24DPEs@l  3,AVUPE+DD

9 1,442¢E«p2  1,0090E+P0  1,28QPE~¢Y  8,90PQEe03  1,200PEePl  7,200QE+0Q
16 1,543YE+22 2,000PE+20  {,42p8C-p4 2,208QE-@2  1,2880€-81  9,000gf+eQ
11 1,6290Ee02  1,000PE+PP  1.8000E-gi  5.0000E-22  1,300PEeAl  7,000p€+08
12 1,649¢Eeg2  2,0B00E+00  1,1530E-¢L  9.300QE~A3  1,Q4@PE-pl  7,00DPE+EP
13 1,903CE+P2  1,0P0PE+RP  1,74p0E-gl  4.4P0PE-02  1,300PEsp1l  @,0PRgL+gd
14 2,0939EeR2  2,0000E+PD  1,245BE-pi  5,8020E-P4  1,24@0Eepl  A,0PUPE+2D
15  2,4p50E«@2  2,000BE+PP  1,72pRE-gi 7,2P@0E-@2  1,pU@REcPl  o,ABRQE+H0
16 2,5579E+@2  4,@Q0PE+PP  1,2480E-p1  8,0PPDE-p4  1,24D0E-P1 A, POUPE+DD
17 2,6240E+P2  1,PODPE+PP  2,53pPE~{y  1.33BDEZPL  1,20BPEePi 0, QVUPE.wD
18 2,7362E~D2  2,090QE+R@  1,P920€-p1  4,200PE~03  1,p500KEepy  @,@00pE+D0
18 2,9384E«22  2,800BE<dE8 5 ,1108E~g4  3.65000n81  1,4600E-¢L  ,d8dpC+00
20 3,2950EeR2  2,PR0PE+@P  1,796PE-D1  4,5600E-p2  1,34@PEeR1  7,080pE+p0
21 3,34PPE+B2  1.20PPE+RP  2,0C@RE~gL  6.,20Q@E-02  1,3400Cedl  A,0040E+ad
22  3,550PEsp2  2.PORAE+BD  1,6420E-~pYL 3, 920BE-22  1,2500EsPl N ,000QC+A0
23 3,707uEsp2  2,BROQE«8@  1,90p0F-DY  B.4BOOE-g2  1,p600Eepl  7,0R2pEvel
24 3,7510E«DZ  1,PBROE.@8  1,4390E-p1  4,3990E-92  3,30DDE~1  A,00D@E+20
25  3,815VEap2  2,P008E+0p  1,661PE-p1  6,1180E-g2 1,@50PEsCLl 0, R00@E+00
26 4,0000%ep2  2,20R0€+08  41,60QBE-py  2.9DBBE~02  1,40%0E=RL  %,BBORES20
27 4,480YEs02  1,0000E+0Q  4,20p0E-pY  2,BBBPE-21  1,322PE=01 9, 0QQQE+HD
28  4,509YE+07  2,0000E+00  1,72p0E-p1  6.20Q0E-@2  1,100PE~pl  0,000QE*nd
29 4,77@YEsp2  2,00RPE+PE  4,30pPE~pY  3,2P00E-01 1,3P00E~PLl  0,000QE+00
30 4,90QVE«DP2  1,0Q00E+PB 1 ,870PE-p1  5,7800E-@2  1,3009E~01  0,FOGPE+AD
31 4,94Q0EeB2  2,000DE+0Q  1,40@PE-gy 2.7P00E-P2  1,3300E-01  a,0000E+r?
32 5,341VEsD2  2,00VPEePP 1, 62pPE~Py 3, 5PPPE-p2  1,2780Eepl  ©®,0PBQC+52
A3 5,486VER2 1 ,PDPDRE+DR  1,BPRRE-pL  %,3PPRE-P2  1,2709E-21 5 ,0QUpE*o0
34 5,7910eep2  2,0000E+20  5,20p0E~py  3,70B0E~@1  1,5000E-0i  0,0000E+00
35 5,8Q90E482  4.@@00E«@Q  2,6200F-p4 1,47@CE-01  1,{500€=81 0,C02pE+02
36 5,870VEP2 4 ,PPDPECDQ  1,69PPE-gL  3,5P0PE-P2  1,3400E~Q1 0,B0JPEepP
37 6,B28UEsD2  2,08¢PE+C0  3,69P0E-pi  2.2400E-#1  1.4500Ea@l  7%,020DE+z?
38 6,173VE+P2  ?,00DPE«UD  2,34p0E~p1  7,4000E~p2 6@BRE=BY  7,000pE+0d
39 6,2480E402  1,0000E+00  {,7008E-P1 4.9000E-p2  1,210PE~Pl  #,000PE+E
4D 5,284PEeD2  2,000PE+PD 4| ,609PE-py  2,2000E~02 1,380YE-1  0,0800C+02
41 6,3870E#D2 2,00PPE+PR  &,3P20E-91 4,8P00E~01 1, 5000E=01 7 CBAPE+NO
42 6,5B7YE€402  1,PPUPE+B2  31,3042E-0% 6.4B0RE~03 x.z4mﬂ€-u1 9,0040E+08
43 & ,B59PE«02 1,9000E+PQ 1,3732Ee21 1.3300E~P2 1,0400Ewp)1 A,28PRE+QR
44 6,9580E4P2 1, OPPPE+EE  8,30Q0E-01 4.6700E~PL 1,6300E=@1 A BR2FE+ED
45 6,990VEep2  2,000PE+P8  §,B80Q9E-p1  7.3600E-pPL 1.44azs-01 7, 00UPE+PQ
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2
32Th Cross Section Evaluation for ENDF/B-IV#,%*%

W.A. Wittkopf
Babcock & Wilcox

232Th Cross Sections Below 50 keV

Capture Cross Sections in the Sub-resonance Region (0.001 to 10 eV)
23

The capture cross section of 2Th in the thermal and near-
thermal energy range deviates substantially from 1/v behavior;
this 1s due to the large contribution from resonance levels whose
energies are less than the neutron separation threshold. From
4.0 eV to approximately 10 eV, the capture cross-section profile
is dominated by the 21.78 eV resonance level; this profile, how-
ever, is essentially unaffected by Doppler broadening even at
normal reactor fuel temperatures. Thus, 10.0 eV was chosen as the
cut-off between the sub-resonance and resolved resonance regions.
For any E in the sub-resonance region, the value of onY(E)
can be computed by summing contributions from the wvarious positive
and negative energy resonance levels. 1In this study, these contri-

butions have been obtained with the single-~level, Breit-Wigner

formula corrected for Doppler-broadening:
® = ;cidi ¥ (x,8)
cn,y oVE ’
i

*This report is extracted from a draft copy of BAW-317.
**This 232Th evaluation is a version II set updated at the NNCSC
to meet the specifications of version IV.
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where

0,i .i
retr
1 26038 x10° a+1 ? n

Y
o = 2. : i\2
o A i , 0,1 + 71

At E = 0.253 eV, the first 32 positive levels in 232Th contribute

0.44 barns. Parameters for these levels were takne from Reference
1.

If o) ¥ (0.0253 eV) = 7.4 £ 0.1 barns

3

€]

is the preferred experimental value , then 6.96 barns must be
attributed to the negative energy levels and the remaining posi-
tive energy resonances. In this evaluation, the remaining con-
tributions were attributed to a single negative energy level at

~7 eV (first negative levels would be expected at approximately

~2 and -14 V). With T7 = 0.0321 x 107"(eV) and T = 0.0259 eV,
this -fiducial level contributes 6.96 barns to the 2200 m/sec capture
cross section, and, this model therefore, will produce the pre-

ferred value of Gny(0.0253 eV) for 232Th.

The Resolved Resonance Energy Region (10 eV to 3.94 keV)

From 10 eV to 3.006 keV, parameters for the resolved
resonances in 232Th are the recommended values given in Reference
1. The remaining parameters (last resolved resonance appears at
3.931 keV) were obtained from measurements reported by Garg, et

al.(z) The capture width was taken as constant, I' = 0.0259 eV.

All levels were taken as s~wave (g = 0) levels (none were identi~
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fied as p-wave or "doubtful"). These parameters were used
in the single-level, Breit-Wigner formula.

The Unresolved Resonance Region (3.94 keV to 50 keV)

Unresolved resonance parameters for Th-232 are given in Table
2. The s-wave parameters are identical to those used by Sehgal(3)
in his recent study of the thorium resonance integral and were de-
duced from the resolved resonance data. The p-wave strength
function was selected such that calculated, infinitely-dilute,
capture cross sections would agree well with experimental values
reported in Reference(l). The calculations were performed with
the ERIC—2(4) code and comparison of the calculated and experi-
mental capture cross sections was made over an energy range ex-
tending from 10 keV to 200 keV (the unresolved region cut-off,
however, was taken at 50 keV). TFor these calculations, the £ =1
strength function was assumed constant and independent of J, and

the average level spacing assumed proportional to (2J + l)—lg the

mean reduced neutron width can then be computed from

T"g (B) = Sgﬁl,j E v,
where
S1 = strength function
v, = penetration Factor
= 1 for =0
= x? 5 for p=1; x = 0.001914[E
I+x
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The neutron level widths were assumed to be distributed in a
chi-squared distribution with one degree of freedom (v = 1). For
Sl = 1.20 x 10_4, the calculated and measured cross sections are
in good agreement; sources for the measured data are given in
Reference 1. The Harwell data is given greater weight than that

of Sehgal(3)

, resulting in a lower p-wave strength function. The
ERIC-2 calculations utilized 100 '"narrow' groups and a potential

scattering cross section of 12.0 barms.

Table 2
232
Unresolved Resonance Parameters for Th

L =0 2 =1

J =1/2 J=1/2 J = 3/2
D 12.95 ev 12.95 1.475
S, 0.73 x 107% 1.20 x 1074 1.20 x 10°°
FY 0.0259 ev 0.0259 0.0259

The Radiative Capture Crogs Section (.05-15 MeV)*

From 0.05 MeV to 0.12 MeV a smooth curve is drawn to connect
with the value given by the solid line of Referemce 1. From 0.12
MeV to 15 MeV the solid line of Reference 1 was used. This gives

the (n,y) cross section tabulated in File 3.
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The Fission Cross Section*

The fission cross section up to 10 MeV was taken from the

(5)

work of Davey who made an evaluation of the fission cross
section up to MeV. From 10 MeV to 15 MeV the fission cross section

given by the solid line of Reference 1 was used. The fission cross

section thus obtained is tabulated in File 3.

References
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ENDF/B MATERIAL NO., 6296

THORIUM=232 RESONANCE DATA
RESONANCE PARAMETERS

150TQPE-m—w=="=n~= e m——— TRORIUM=-23¢
FRACTIONAL ABUNDANCE-~----=-- 1,0Q¢RE~AQ
NUMBER OF ENLRGY RANGES--a=-- H
ENERGY RANGE NUMBER==-re=m=w- 1 AESOLVED SINGLE~LEYEL BREIYnWILNER PAEAMETERS

LGHWER ENERGY LIMIT (EV)

1.0600E+01

UPPER ENERGY LIMIT (FV)- 3.94PRE+03
NUCLEAR SPIN=<=rmofcac~-u 2, 0f0RE+BD
SPIN SCATTERING LENGTH (A+}-~ 8,9874€-83
NUMSER OF L STATES=----- .gmmm 1
L VALYE==wm-memmmmranmaon .--- ?

NUMBER CF RESONANCES-=--- S 229
SPIN SCATTERING LENGTH (As)-= 0.PRRRE+RD

RESONANCE WIDTHS (EV)
INDEX ENERGY (EV} J VALUE TOTAL NEUTRON RAQIATION FISsIan

1 -5,1@DVFepp  5,0PPPE-P1  2,8204E-02  A,2P40F-23  2,408PE-p2 0, 0B8QE+e0

B,34B0VF+P0  5.000QE-21  2,5900E-g2  2,5000C-~R7  2,59CPEs22  @,CEUQE+EE

3 1,3110EeP1  5,080pE-B1  2,59Q@Eep2  2,8000C.27 2,5903E=@2 %, fUYQE+OD

4 2,1780E+P1  5,Q0QE-@L  2,790@E-g2  2.00@0C-23  2,59C2E=@2  2,0ROQE+a@

5 2,3450E %P1 5,0000E-CL 2.964REC2 X,7422C-03 2.59@0€=@2 a,dedQc+a0

6 3,6900E+pL  5,PP¢PE-E1  2,59@LE~C2  4.@509C-06  2,59QCE-p2  2,PRURE+uLl

7 3,8200E+P)  S.BPYBE-B1  2,5964E~82 6.3000E-87?  2,59E0Ea@2  1,0040E+00

8 4,1PPREeD1  5,P0PPE-PL  2,%9plE-e2  5,90A0E-07  2,5900Ex02 0, MBUBE+LD

9 4,7100E+@1  5.,800QE-BL  2,59pRE-g2  1.7000C.06  2,5900Eep2 A, PRUEE+0Q

18 5,946PE+pl  5,0000€-01  2,99QPE-g2  #,0P0PC-P3  2,5YP0EsP2  0,PDIBE+CR
11 6,913YE+D1  5,000PE-P1  6,790DE~p2  4,280PE-PR  2,59PDEsp2 A, MPICEVRR
12 9,PL1RREeRl  5,2002E-84  2,59856-02  S5.MBO0C-06 2. 59@0Eep2  0,000pC+7@
13 5,800VE+P1  S,A0V@E-P1  2,5924E-p2  A,0000F-06  2,59Q0EsA2  A,ARURE+RQ
14 1,0366EeR2  %,@A00E-VL  2.59B8E~02  6.PPBPL-BO  2,5900Eep2  2,0D0QE+R0
15  1,1287E«P2  5,8@0PE-PL 3, R3PPE-02  1,24PPL-P2  2,590PE=p2 1, DPBEE+00
16 1,2073E%02 5,0000E-01 4, 64p0E"D2 2,8500E~p2 2.59060Ez02 Ay BDUPE+RG
17 1,2810E«p2  5,Q0Q0QE-01  2,59BPE~p2?  B,BPOBE-B5  2,5990Ezp2 o, PB2ZEepP
18 1,291¢Es@2  5,000PE-PL  2,94p0E~g2  3,500PE~R3  2,5900Eer2  ®,080CE+nD
19 1,4B90EsR2  5,BQRRE-PL  2,598BE-D2  6.29D0E-05  2,5900€su2  »,PBOPL+08
20 1,543/Ee02 %,000QE-01L  2,6020€-22  1,2000F-34  2,5900Ewp2 ¢, ¢402E+nR
21 1,7@20E+@2  %,000PE-0L  8,592C€-Q2 6.BPORE-82  2,59C0E«@2 ¢ ,0RUPE+RD
22 1,926UEsp2  ®,P0BPE-PL  4,@9RE-D2  L,5080C.02  2,5900E-p2  o,ADUPE+CH
23 1,962CEwp2  %5,000PE-PL  2,623B8E-22  3,300BE-0d  2,5900€eQ2  n,@Q0gE+an
24 1,9936E«p2  5,0000€-01  3,69p0E-C2  4.1P0QF-02  2,590PE=@2  #,PDOBE+R
25  2,211¢Eep2  5,080PE-21  5,54p0E~@2 2.9500E-02  2,59C0EsP2  a,PRUPE+RD
26  2,514BEeP2  B5,PPOPE-PL  5,49pPE-¢2 3. 1BPRE~B2  2,5900Eap2 A, DOUDEYRE
27  2,6310E«+p2  %,000PE-0L  4,66QCE-p2 2.070PE~B2  2,5900Eep2  9,0ROUE+nE
28  2,8870€s22  5,0020€-41  5,5408E~¢2  2.928R€-02  2,598CE=32  2,000pEeR
29 3,0540VE«02 %,0000E-01 5,29p0PE-2 2,7000EzE2 2,590REwp2 A,0RYPE+CH
3@ 3,2890€+02 5,PBOQE-PL  9.79Q0E-g2  7.2000E-02  2,59BCE-p2  3,000BE+20
31 3, 448VE.D2  5,000QE-21 6, X4QPE-p2  3,750RE-P2  2,5900E-p2  A,PRYBE+EE
32 3,651¢Eep2  5,0000E-01 5,19pBE-g2 2.6DORE-02 2,59B0E=P2  4,000GE+0Q
33 3,6030Ee02  5,00P0E-04  5,19pPE~g2  2.6PBRE-P2  2,59B0EaP2 0, PUREE+AR
34 4,0090E<@2  5,0000E~01  3,67¢CE~g2  1.@BCCE-E2  2,590PE-02  A,R00PE+n0
35 4,2080EwD2  B5,P00PE-BL  2,p3RPE-p2 4 ,DPOPE-B4  2,%90DEeR? 4 ,020¢C+00
38 4,5430ke@2  5,0000E~CL  2,71QBE-32  1,20PBERP3 2 ,590VE-@2  @,0000%+20
A7 4,625¢0E«22 B,0PROE-PL  8,79@RE-72 6,2000E~R2  2,590DE=g2  2,000@E+00@
38 4,0870PEep2  3,0200E-01  §,3900E-¢2 5,8000F-@2  2,59QUE-P2 0 0POPE+00
39 5,1@5¢¥E+g2  %,000PE~01  3,P2B0E~g2  A.3PPOE-@3  2,5900EeD2  #,MPO@E+qe
40 5,2850Esp2  2,0000E-01  4,@4P0E~P2  1.4500E£-02 2,590PE=p2  9,000BE+CC
41 5,4Q10Esp2  5,00PPE~21  2,5980E-p2  R,QP@QE~BS  2,59PPE-B2  4,PPUBE+2E
42 5,6980E.P2  3,22BRE-BL  5,1900E-p2 2.6008E~02  2,5900E~C2  0,000RE+2V
4% 5,7820Eep2  5,P000E-01  2,83p0E-g2  2,4000E203  2,5909EsP2 0, ABCOE+P0
44  5,9820E#@2  %,0PPPE-PL  3,54QQ0E~g2 0.5000E-03  2,5900EsCZ @ ,000@L+a0
45  6,179VEeB2  5,0POPE-?1  3,020Q0E-02 4.3000C~03  2,5902€-@22  0,Rp2@E+00
48 6,5¢70E+D2  B,PPPPE-P) 7,8900E~02  4,5POUE~92  2,5900E<02  2,0040C+00
47 6,6520E+02  %,0000E-PL  4,69B0E-02 7.1000E-02 2,%900E-92  f,0BODED
48 6,7520B8p2  5,DPPDE-DY  2,279BE-gy  2,72BDE-Pl  2,59QBE~02  ¢,0847E+0@
49 8,873VEep2  %,2RPQE-DL  B,49PRE~p2  5.99D0E-U2  2,5900EcD2  6,PDURE+PR
"8 7,011PE«02 5,0000E-0Y 3, 899QE-~p2  1.3DBRE.P2  2,5980EsP2  7,0000c+80
5L 7,1299€«82  5,000RE-BL  5,59@@E~g2  3.0000€-02 2,5900E=d2 ,00d¢E.00
B2  7,4090Ee@2  5,0@0QPE-01  2,2598E-py  2,BB0QE~2)  2,590UEw@2 0, BROCE+RR
83 7,7870E«p2  $,02PQE-PL  3,7200E-~p2 $.1300E-D2 2,5900Eep2  7,0020€+00
54 8,PA3VEep2  5,PROPE-PY1 2 4RQBE~pL  1,85BBERR1  2,590UE=B2  4,000QE+20
55  8,243VE«P2  5,PQ0PE-P1  2,4900E~02 4,0000E~03 2,5980EeP2  7,P0I0E+00
56 8,4230E»p2  B3,BRPRE-DL  5,29pRE~p2 2,70DPE-b2  2,59PDE-D2  A,DRBPELnP
=7 6,5200E«P2  95,B00Q0E-01 2,4BpE~p2  ©,0000C-~A4 2,5900E-02 O ,M02QE+2d
58 6,645¢E.02  5,0002€-0y  3,94p2E~g2  4,3500E-92  2,5960E02  @,QRUBE+0D
89  8,9p20Ee@2  3,P0B0E-01  5,99pCE~g2  3,40PQFE-02 2,5900E-82  ©#,00UBC+00
628 9,0650E402  5,PPPOE-0L  2,8090E-g2  2,1P@PE@3  2,590CE-02 U, 00IPE+PD
61 9,434UEsp2  %,POPPE-DL  &,79p0E-p2  4,2000E-02 2,5900EeR2  £,020BE+0D
62 9,6280EeP2  5,000PE-D1  3,21pCE-g2  4,2000E~03  2,59E0LBZ  4,008Pceap
63 9,B29PLeB2  %,PPPPE-PL  5,69a0E-p2 3,1B0PE~02 2,5900E~R2 A, BROPE+CD
&4 9,9p5PEep2  5,PUPPE-01 1 ,@59PE-py 6,P0PPE-P2  2,550PEwp2  A,A2QBE+Cf
65 1,B48%E483  3,8080E-21,  |,659QE-py  4,20008E-21  2,S59BBEsP2  2,000RE+RD
66  1,8393E4D3  5,0000E-01 3, 659PE-~g2  1,1PPPE-P2  2,5900E-~02  0,000Rc+@0
67 1,06450€+03  8,2pP0E-01  3,09Q0E~g2  B.000PE~03  2,59BPE~@2  a,000QE+0@
68 1,B772E+03 5.P0PPE-P1 3,49@0E~p2  9,P000PEAD3 2,8900E%92 #OOOZEY00
69 1,0930Eep3  5,0000¢-01  2,85p0E~02 2,6PGDE-P3  2,5900E-A2 A, PP0QE+00
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135
136

138
19
1490
141
142
143
144
145
146
147
148
149
150
151
182
153
154
155
158
187
150
159
168
161

1,1180E+@3
1,1140E23
1,120%E#03
1,1350E83
1,1500E#0R3
1,1943E+03
1,2044E03
1,2279E+83
1,2431E403
1,2487E403
1,2695E83
1,2921E+23
1,3016€+03
1,3347€6#03
1,3458E403
1,3540E403
1,3999E403
1,3779E+83
1,3871E#023
1,3977€483
1,4473E+03
1,4260E#83
1,4337€+23
1,5092€+63
1,5484E+p3
1,5241E483
1,5554E+23
1,5818K+93
1,5891E+03
1,6827E03
1.,6300E+03
1,6406£+03
1,6610E93
1,6778E+23
1,7A52F+03
1,7497E+03
1,7290E+£3
1,7399E+83
1,7465E+03
1,7627E+03
1,BR32E+03
1,8118F+03
1,8R44g+03
1,8481F+03
1,8539E+D3
1,8615€+83
1,90R8E+R3
1,9322E+@3
1,9512E+03
1,9712g+03
1,9882E+03
2,P052E+03
2,B347E+B3
2,0516E+03
2,P617F*03
2,0739E+03
2,B7BYEBY
2,116/E+83
2,1474E+83
2,1624E+03
2,1783E+83
2,197KE+D3
2,2459E+03
2,2222E 03
2,27R3E%D3
2,276E403
2,2B67E+23
2,3212E+03
2,3361E+03
2,3520€+03
2,361YE+03
2,37485+03
2,3818E+03
2,3909E+R3
2,4189E+03
2,4399F+23
2,4561E+D3
2,4917E+83
2, 50876483
2,5282E«B3
2,5630E+B3
2,5691E+93
2,6117E+03
2,62335E+03
2,6342E£+03
2, 6540E 4083
2,6642E+403
2,6773E+03
2,6831E+R3
2,7126E+03
2,7214E+83
2,7332E+83

5, 0000E-~24
5,P00RE-01
S,PPIPE-PL
5 ,2000E-01
5,0000€-024
5, 0PPPE-DY
8,P0PPE-2)
5.,9809E-01
%.000QE-01
5,0B00E-B1
5.2999E-09
5,BRPRE-2Y
5,8000€-91
%, 000RE-01
5,0800E-81
5,000PE-01
5,0PBBE-D1
8, BPRPE-DY
S .080PE~DY
5 ,28aRE-0aY
5,0000E-04
5,080PPE-084
%,089PE-D1
%,PBORE-P1
3,PROME-DL
5,0000E-01
5,2020E-01
8 ,20PQE-21
%, 0000E-01
S,00VPE~D1
5,0000E-01
5,0000E-01
S, 9BOPE-01
S, BBBRE-BY
S ,P00PE-R1
S,PRUPE-BY
%.0000E~04
5,00B0E-0%
5,00vpE-01
5,B00RE-01
5,0D0PE~DY
5,@P0AE-01
% ,BRVPE-0L
5,0000E~04
S,000pE-01
5,822P0E-D1
3,000PE-01
5,000PE-021
5,000pE-01
3 ,RPQpE-21
5,B000E-01
5,BeUBE-0%
", DPDPE-D]
5,0000E-DL
5,000PE-R1
%,P0PQ0E-01
5, BPBRE-BYL
5, P00PE-01
5.000RE-01
5,0000E-01
5,0000E-R1
5.0000E-D1
%, PPYRE-D1
5. BBVPE -1
5, PPVEE-01
5,0000E-0%
5,000RE-83
8 ,0000E-P1
%.,0008E-D1
5.,0000€-01
5,0000E-P1
5, P0p0E-0
% ,PQ80E-01
5.,0090€-21
5 BRURE-BY
5,ARBRE-21
5,0000E~d1
5,0000E-01
%, POPPE~D1
5,PRBDE-BY
5,09B0E-01
5,88BRE-0Y
=,080PE-24
5,0P@0E-a1
5,000PE-21
5,P0PPFE~01
5,0000E~01
5,0000E~01
5,PB0PE-21
5,0000E~01
5.,8@¢8E~01
5,0Q20E~01

4,899BE-02
2.8600E~p2
2.9210E~02
3,99pBE~p2
4,59209€-p2
J.1800E~22
2.73p0E~Q2
5,0990E~02
4,1400E-02
1,159R2E-p1
4,4900C~02
9.0990E-~02
6,3920E-Q2
2,8823E~02
2.6744E-82
9.2184E~02
3,P325E~02
6,4BPGE~Q2
2,8135E~Q2
1,1936E-01
2,63578E-02
1,P144E~p1
5,8842E-02
2,8619%E~02
1,5B39E-p4
1,5864E~94
3,2218E-82
3,8624E~p2
2.85p1E-p1
6,9937E~p2
3,8933E~01
6,4379E-02
1.,19g4E-p1
4,43328~02
2.9616E-02
5,5788E~¢2
2.7439E-02
3.2157E-g2
5,2646E-¢2
1.8567E-01
9. 3B43E~-D2
6,2087E-2
9,4241E-02
2,8479E-02
6,0346E-02
5,3513E-02
1,1310E-p4
4,3913E~p2
1,6544E~01
1,9047€E-04
6,1574E~D2
1.1546E~01
2.84pdE~p2
4,2659E~-02
7.1306E-D2
3,1365E~p2
3,9578E-02
9.9512¢€-02
9.8776Ewg2
1,096PE-p1
7.723%E-02
7.2772E-p2
3. 2981E~p2
B,246BE-02
3,4953E-02
5,4526E-02
2,4587E-21
3.12pRE~02
1,1298€-24
5.2877€~p2
3.M76RE-E2
1.,2387E-g3
3,2733E~02
2,8834E-p2
9. 474BE-02
3,1.333E-¢2
1,6962E~D1
3,0892E-92
2.7633E-91
7,1438E-02
2,2840E~01
6,1380E~-¢2
1,5366E-04
3. 2046E~p2
2,8252E-p1
2.B478E-p2
3,3560E-n
3,5214E+p2
1.8367E~04
1,5611E-¢1
3, 32p4E-a2
2,8730E-01

2,30006-02
2,7000E~03
3,3128E-03
1.,088BE-02
2.,8P00E~02
5,9002E~03
1,4000E~03
3.5000E~82
1,5500€-82
9, ABADE~D2
1.9PPBED2
#,5800E~02
3,8B0RERD2
2,9227E~23
8,4370E~84
6,6254E.02
4,4252E 03
3,8978E02
2,2346E03
9,3465E002
6,7765En04
7. 5541F~82
3,2942E-02
2.7194€~23
1,3249¢-01
1.3274E-81
6,31026m03
1.2724E .02
2,5911F~B1
4,40376-02
3,6343E~01
3,8479€-02
§.3737C-02
1,B432E-02
3.7165€-23
2.9858£-02
£.5385E-P3
6.2968E-P3
2,6746E-02
7.9771E-D2
6. 7943E-52
3,6480E-02
6.8341E.-02
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aazTh!n,Y)
Ye. Lab
72 FEI
71 LRL
64 ORL
63 ANL
63 HAR
63 ccP
62 LRL
61 CcCp
59 HAR
59 ALD
58 ALD
58 CCP

REFERENCES _FOR EXPERIMENTAL DATA

Author
Chelnokov, et al.

Nagle, et al.

Gibbons

Stupegia, et al.

Moxon, et al.
Tolstikov, et al,

Miskel, et al.

Stavisskii, et al,

Hanna, et al.
Barry, et al.
Perkin, et al.

Belanova, et al.

References
Jad. Fiz, Iss. 13, 6 (1972)

Third Conf. Neutron Cross Sec-
tions & Tech., Knoxville, Tenn.
Vol II, 259 (1971)

Priv. Comm. (1964)

J. Inorg. & Nuc. Chem. 25, 627
(1963)

T,R,D,W,P/R=8 (1963)

At. En. 15, 414 (1963)

Phys. Rev, 128, 2717 (1962)

At. En. 10, 508 (1961)

J. Wuc.En. 8, 197 (1959)

Proc, Phys. Soc. 74, 685 (1959)
Proc. Phys. Soc. 72, 505 (1958)

Zh. Ex. Theo. Fiz. 34, 574 (1958)

- 206 -




920 U=235 | ASL, Al DE!;L;§;§74 L+STEWART, H,A_TER , R,HUNTER
! -
P,C. TO NORMALIZATION AND STANDARDS SUBCOMMITYEE MARCH 1974
PERTINENT WOLLORITH FROM GENERAL FILE FOLLOWS (MAT 1261)
ALL REFERENCES CARRIED OVER FROM GENERAL FILE
PRINCIPAL EVALUATORS= L.STEWART LASL, H,ALTER Al, R,HUNTER LASL
CONTRIBUTING EVALUATORS

NU=BAR-=B,R, LEONARD BNW: L. STEWART AND RAY HUNTER LASL,
HUMMEL ANL.

F.P,YIELDS-=aR,SCHENTER HEDL, FISSION PROD, SUBCOMMITTEE

DELAYED NEUTRON DATA=~H,HUMMEL ANL

RADIOACTIVE DECAY DATA=«C,W,REICH ANC

RESQLVED RESONANCE QATAs~J.R. SMITH ANC, Ry GWIN; R, PEELE, AND
G, DESAUSSURE ORNL

SMOOTH DATA

THERMAL RANGE C.LUBITZ KAPL: J,HARDY BAPL, B,R,LEONARD BNW
82 EV ~25 KEY~eR,GWIN) G,DESAUSSURE ORNL, R,BLOCK RPI,
J.R, SMITH ANC
25 KEV~1 MEV A,CARLSON NBS, W,POENITZ ANL,» L.STEWART
LASL, HW,AL®ER
1 MEVe2Q MEVe~R,HUNTER; L.STEWART LASL, H,ALTER
{NELASTIC SQAT-=L,STEWART, R.HUNTER LASL
SECONDARY NEUTRON D1ST,-=L,STEWARY, R,WUNTER LASL
GAMMA PRODUQTIONS~R.HUNTER, L,STEWART LASL

EVALUATIONS WILL BE DESCRIBED AND REFERENCED IN-==TBD~ow
BASES FOR EVALUATIONS

CURRENT FILE 1 COMMENTS ARE RELATIVE TQ EVALUATION
BETWEEN 23 KEV AND 2@ MEV, ADDITIONAL FILE 1 COMMENTS ARE T0 BE
PROVIDED KAPL AND BAPL (DATA BELOW 1,8 EV), ORNL AND BNL WILL
PROVIDE COMMENTS FOR UNRESOLVED ENERGY REGION~82,2 E£v T0 25 KEV,
ALL ADDITIONAL FILE 1 COMMENTS ARE T0 BE FORWARDED Tp STEWARY
WHO WILL COORDINATE AND SET UP NEW FILE 4 COMMENT FIELDS.

MF = 2

RESOLVED RESONANCE REGION
RESOLVED RESONANGE REGION REMAINS UNCHANGED FROM ENDF/B~3,
ANG REPORY BY J,R,SM1TH APPROPRIATE REFERENCE--cTBOD,

UNRESOLVED RESOMANCE REGION

COMMENTS ON EVALUATION IN THIS REGION WILL BE PROVIDED BY
ORNL {PEELLE) AND BNL (BHAT)
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MF = 3

SMOOTH DATA

L
2.
3.
4,
5,
X
7.
8,
9.
10,
1L,
12.
13,
14,
i3,
16,
17,
18,
19,
20,
21,
22,
23,
24,

THERMAL DATA==sCOMMENTS-~-TBD,

1 EV T0 A2 EV COMMENTS-~=TBD- J,R, SMITH

82 EV TO 25 KEV COMMENTS~~-TBO= PEELLE, BHAT

25 KEy TO 180 KEV

1PPKEY TO 4 MEV--~FISSION CROSS SECTIUN TAKEN AS CURVE
SUGGESTED BY U-235 TASK FORCE ANO CSEWS STANDARDS AND
NORMALIZATION SUBCOMMITTEE, IN THIS ENEKGY REGION DATA TAKEN
FROM REFERENCES 4 THROUGH 9, DATA OF REF.4 SZARO (74) RAISED
BY 1.24, BETWEEN 1 AND 6 MEY CURVE DRAWN THROUGH DATA OF
REFERENCES 3, 5. AND 7 THROUGH 11, WITH HEAVY WEIGHT GIVEN TQ
REF, 11, ABQVE 6 MEV CURVE DRAWN THROUGH DATA OF REFERENCES
7+ 8y 12 AND 13, DATA OF REFS, 12 AND 48 NORMALIZED 10 2,152
BARNS AT 14,8 MEV.-g~ALPHA CURVE BETWEEN 14 KEV AND 12 MEV
BASED On REFERENCES 1 AND 14 THROUGK 19 AS RECOMMENOED BY
U~235 TASK FORCE, ABOVE 1 MEV ALPHA CURVE SMODTHLY
EXTRAPOLATED TQ 20 MEV,~--CAPTURE CROSS SECTION DERIVED AS
THE PRODUCT OF THE FISSION CROSS SECTION WITH ALPHA~-~ABOVE
#.5 MEV TOTAL CROSS SECTION TAKEN FROM SPLINE FIT TQ DATA OF
REFERENCES 20 AND 24, BETWEEN 25 KEY AND 8.5 MEV A SMOOTH
CURVE WAS Ff* TO THE TOTAL CROSS SECTION OF ENDF/B-3,

REFERENCES

GWIN, R,, ET,AL, PRIVATE COMMUNICATION (OURNL,1573)
KAPPELER,F,SYMPOSIUM NEUT,STDS., (ANL) RONF. 7810802, 272(1970)
SZABgsI., ET.AL,2 (AS REF,5) CONF=704802, 257(1978)
SBABO,1+, ET,AL,+r KNOXVILLE CONF, VOL,2 D73({1971)
KAPPELER,F,, 2ND I1AEA PANEL STANDARD X~SECTIONS,VIENNA{(1972)
GAYTHER) D.B,s ETyAL,s» (AS REF.8) (1972)

HANSEN: G.» E®+AL.s» PRIVATE COMMUNICATIAON,L.STEWART(LASL 1972)
WHITEs P.H.y, JoNUCL,ENERGY 19,325(1965)

DIVEN, B,C.. PHYS,REV,125,1350(1957)

POENITZ, W,» PRIVATE COMMUNICATION (ANL,1973)

HANSEN, G'ys ET.ALy+ PRIVATE COMMUNICATION,L STEWART (1972)
PANKRATOV, V.Myy ET, AL+ J,NUCL ENERGY (6,494 (1962)
PANKRATOV, V.M,y ET,AL.s SOVIET J AT, ENERGY 14,167 (1963)
DESAUSSURE, G.» ET,AL:» PARYS 1966, IAEA 2,233 (1967)

CEIRR, J.B,» ET,AL,, HELSINK] 1972, {AEA 1,331 (1972)

PEREZ, R,Bss ET,AL+» ORNL=TM=36%6 (1972)

BANDL, R,E., ET.AL.+s NSE 48,324 (1972}

KONONOV, V. N.s ETyAL.r INDCLCCP)I=24L, (1971)

KUROV, M,A,, ET,AL.» J+ SOVIET AT,ENRGY, 315, (MARCH 1971)
HEATON, P,C, ET,AL,, PRIVATE COMMUNICATION (NBS,1972)
FOSTER, D,G, ET.AL., PHYS,REV,C3)57¢ {4971)

HUNTER: R(E. STEWART; L.y WIRONS TyJirs LA=5173 (1973)
KAMMERDIENER, J.hes UCRL=51232 (1972)

HUNTER, R,E, STEWART, L,s» LA=4901 (4972)
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25, DRAKE, D,M,, HOPKINS,; ¥.C,, YOUNG, C,S, AND CONDE, H,,
NSE 4@, 2%g (197@)

26, NELLIS, D.0,, AND MORGAN, I.,L., ORD-2791~17 (1966),
ALSO BUCHANAN, P,S,, ORO-2791~28 (1969)

ERROR FILE
REACTION ENERBY RANGE ESTIMATED ERROR
(IN PERCENT)

FISSIoN 25 KEV 70 1,2 MEV 4
F1sSloN 1,0 MEV T0 4,5 MEV 5
F1sS1oN 1,5 MEV T0 2,8 MEY 3
F1SSIoN 2.8 MEV T0 5,2 MEV 4
F{SSIQN 5,0 MEV TQ 6,2 MEY 7
F18S]10N 6,0 MEV TO 28 MEV 19
ALPHA 25 KEY To 1,0 MEV 19
TOTAL 2,5 MEV T0 20 MEV 2

- ey - - - -
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ENOF/B MATERIAL NO. 6261

URANIUM=235 c;QELf DT CONTENTS

RAL INFORMATION
DATA TYPE REACTION CARDS
GENERAL INFORMATION CQMMENTS 119

TABLE OF BONTE
RESONANCE PARAMETERS RESO&ANCL na#is 57:
NEUYRON CROSS SECTION FISSION 273
ENOF/B MATERTAL NO, 62631
URANIUM~23S RESONANCE DATA
RESONANCE PARAMETERS
JSOTOPE~r~er~—mmcmrme e ure e JRANT N =235

FRACTIONAL ABUNDANCE--
NUMBER OF ENERGY RANGES

ENERGY RANGE NUMBER---- 1 RESOLVED SINGLE-LEVEL BRE[TwWIGNER PARAMETERS
LOWER ENERGY | IMIT (EV)--w~-= {,00@QE+20
UPPER ENERGY LIMIT (Ey}-=mea-= §,2p328E+81

NUCLEAR SPIN-==-comecmcac w=-= 3.50DPE+B8
SPIN SCATTERING LENGTH (Ae)-u §,5663E~01
NUMBER OF [ STATES==mm-n~ weee 1
L VALUE==mm==emmmmmen e ~n [

NUMBER OF RESONANCES~m-~ 138
SPIN SCATTERING LENGTH (A=i-+ .0000E+00Q

REBONANCE WIDTHS (EV)
INDEX ENERGY (EV) J O VALUE TOTAL NEUTRON RADIATION F18S10N

1 -1,49090E«0R0 3,5BeRE+09 2.3768Enp4 3,.68208E-03 2,70080E=g2 2,878@E~01
2 2,9P2PE~PL  3,5BDPE<BY  1,352PE~pL  3,0A57E-06  3,8000E-22  ©,0RB3E~22
3 1,1400E«08  3,5800€+00 4 ,5082E-04  {.5L61E-05  I,4600E-22  1,1620E-01
4 2,p350EeR0  3,500PE+02 4,4696E~02 7.,6605€-06  3,4674Ew@2  9,8{40Cw03
5 2,9200EepP  3,.500PE+BP  2,20@BE~gL  4,8538E-P6 2,0¢0PFEe@2  2,BROQPE-01
6  3,1470EeP2  3,5000E+P0 1 ,3961E~ps  2,24085E~05  3,321PE-P2 4 ,D437E-DL
7 3,6890E4B2  3,50P0F+00 B.4379E~22 4,5594En0% 3,3696Eg2 3,0637E-02
8 4,84BUFwRR  3,5BBPE+BP  3,9592E-p2  &,D3I52E-B5  3,5945E@2  3,587QF-E3
9 5,4480EePD  3,5DBPE+OF  9,P120E~p2  8,3611F-06  6,Q0RRPE=22  3,2117E-02
18 5,6080Ce28  3,5020€40Q  6,4192E~@1  3,3319E-85 2,@@00E~B2  &,21B89F-0%
11 &,21BYE€RR 3, 5082E+80  2,3090€~g1 6.3795£-85  4,3469Eep2  1,8734E-01
12 6,3820E«20 3 ,5000E+D@ 4 ,478BE=P2  2,6834Em@4  3,4972Ee@2  9,5408@E~03
13 7,077YE«Ed  3,50PBE+R8  6,3934E~PR  4,2660E~B4  3,5574Ew@2  3,B2IFE~R2
14 B,7810EsR@@  3,58PPE+20  1,2329E~gL  4.1234E=B3  3,117PE~p2  9,1000E-02
15 9,286VESBD  3,5PPE+0Q 1 ,1874E-P1  4.6384F-B4  3,B6Q2Esg2  7,500QC~02
16 9, 73PUE«RE 3.5000E+0p 2,69p5E~01 5,3028£~05 3,2000E-02 2,3780E=DL
17 1,2180EPLl X, 5O20E+0p 4 ,00%4E-P4  4,46898£-05  3,80@0Eec@2  4,2520E-02
18 1,080VE«Bl 3, 5002E+8¢  ¢,35g%E=31 9,3332£-85  6,70@0E-g2  A4,6880¢~41
19 1,1640E408L  3,S902QE+20  4,7277E~@2  6,2744E-P4 4, p4RREe@2  4,2520E-83
20  1,2390E+01  3,8P0QE+RQ  5,3242E~2 4 ,2622E~R3  3,4500E-02  2,752Q€-02
2L 1,2861E42L  3,502QE+R0  1,1955EwpL  5,3876E-25  I,350PE=g2  8,802QE-02
22 1,327%E484 3,500QE+08 1.5144E-01 3,9350E-05 2, 06ERE=P2 41228DE~RY
23 1,370VEeB:  3,5DPOE<0Y  1,2304E~g%  3,7013E-85  3,g40PEep?  9,3580£-02
24 1,3990E+0L  3,500QE+BP  4,96B4E~QY  B,3723EeRé 2, 6000Leg2  4470dRE-01
28 1,4544€491  3,500PE+00 5,6215E~p2 1,1517E=84  3,5200E-P2 2,090RE~02
26 1,54D6ERDY 3,5028E+8¢ 7,.8887E~02 2,3707¢C«04 3,8300E-22 4,3302E~02
27 1,608HEPY 3, ,52PQE«0@  5,P34LE-02  3,6899Ew04  3,1383Ee@2  1,8617E-02
28 1,6667F01  3,5000E+00  1,3327E-g4  2.7300C-P4  3,2105Eep2  (,0089£-p1
29 1,8P52EeP1y  3,3Q00E+00 1,6038E~g4 3,8451€-04 3, 50QPE-p2  {,250BE-0L
38 1,8980E4P]  3,50P0E+PP  1,851RE~@L  1,1582E-84 5,2000E-p2  3,5003£-82
31 1,9297E04  3,5R0PE+P0  9,8194E~02  3,1936E~D3  3,4821E-02  8,8179E-92
32 2,p(3¢EeP1L  3X,5Z00E+29 2,4009E~0Y B,7714C<B5  1,391PE-p2  2,2609E-01
33 2,020VE«B)  3,5PPE+2P  5,BBL3E~p2  4,3834FB5  4,9280E-g2  7,200QE-04
34 2,061PE«Ry  3,5DOPE+PQ  B,4191E-~p2  4,9117EmP4  4,p485E<@2  4,3515£-92
35 2,1072E«P1  3,5802E+38  7,3503E-02 1.5027£-23 s 3 14588-22
36 2,2939E«Rl  3,5E00E+20  7,5436E-~P2  4,35B4E£-P4  3,267PEep2  4,2332E-02
37 2,341204@1  3,5000E€+0¢  3,2204€~p2 7,0372C-24 2/4520Eeg2  8,000PE-c3
38 2,382YE+DY  3,5080E+00 2, 2586E-p% 8,5577£.04  4,30POE=g2  14820QE~01
39 2,424°€«8]  3,50P0E+P@  5,824BE~02  2,6B35[~P4  3,100PEsP2  2,7@9PE-g2
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2,4370E401
2,520VE~DYL
2,559VE«D1
2,648VE 01
2,6740ED]
2,714VE«RY
2,7796E4D4
2,B89VE#DY
2,8351E401
2,8710E+QY
2,984%E401
3,0590E«01
3,0860EaRL
3,2070EeB1
3,3B20EeDY
3,4370E«D]
3,4850€0481
3,5487E401
3,5300E+D1L
3,6400E401
3,75B0E«RY
3,8300E401
3,9419Eep1
3,99B0EBY,
4,0530E401
4,1350E4QL
4,1890E0)
4,1873E404,
4,2230EB1
4,2699E 01
4,33PBEARY
4, I90VERY,
4,3070E4RY
4,4880EeP1
4,4950Eea1
4,5790E«R1
4,8799E081
4,7011Ee01
4,7970E%R1
4,8309E 401
4,880UE+DY
4,9000F 401
4,9415E001
S,RBYEsDL
5,0460Ea01
5,8780Eepy
5,1R68E401
5,1630E401
5,2221E481
S, 3436E0Y
5,41 32E4D1
5,5064E01
5,5840E9p1
5,6D70E DY
5,6498E4p1
5,7802€«01
5,8p60Fs0Y
5,8674E4p1
5,9750E01
6,0188E4p1
4,P837ER1
6,113VEp1
6,1579EapL
6,190PE+91
6,2400EQY
6,3020E+01
6,3320E401
6,3690E+P1
6,4300E 23,
6,580k »Dy
6,6402E401
6,7247E402
6,844VE401
6,8530VE4DL
6,9299E401
7,0404E01
7,87%0Eap]
7,1610E8p1
7,2390EapL
7,2910Epy
7,4544E01
7.547BEef]
7,5541F 821
7,6758EaR]
7.7492E 8
7,81417E+81
7,9672E+01
8,B357E4@1
8,14349E¢01
8,339PEepy
8,5BB9FE401

3,5000€+00
3,5000E+80
3,5@9PPE+20
3,5000E+28
3,500PE«20
3,50008+00
3,8000E+20
3,5000E+28
3, 5000E+00
3,5000E+00
3,5020E+00
3,5000E+00
3,5000E+00
3,5000E+28
3,5PRQE+DR
3.5020E+20
3,50808€+09
3,5000E+0D
3.,500QE+0Q
3, 500QE+20
3,50P0E«20
3,8000E+00
3,5000E+0p
3,5000E 489
3.5000E+00
3,50PRE+0Q
3,85000E+00
3,5000E+00
3,85090E+00
3,5000E+20
3.5p0DPE+2p
3,508PE+PD
3,5000E+20
3.,8900E+20
3,5080E+20
3,500CE+2P
3,5008E+2p
3,82RPE«RD
3,500AE+09
3,509%E+2¢
3,5P0BE+2Q
3.500PE+0D
3.,5000E+00p
3,5000E+00
3,5800E+20
3, B020E+20
3,5000E+00
3,5000E+20
1,5000€+00
3,500CE+00
3,8620E+8p
3,5000E+00
3,5000E+09
3,5P2PE+DD
3,5000E+00
3,5000E400
3,508PE+00
3,5020E+29
3,5000E+0D
3,5000E+00
3,.5080E+88
3,5PRPE+02
3,5P0PE 2D
3,5020E+0Q
3,5000E+00
3,5000E+00
3,3000E+00
3,80PPE+2p
3,500PE+20
3,50DPE+DD
3,500PE+00
3.50e0¢c+00
3,5000E+00
3,5000E+0D
3,500PE+29
3,5000E+00
3 ,3DUPE+RD
3,5800E+00
3,5080E+00
3,3000€E+20
3,5000E+00
3,500BE+00
3,5090E+29
3,5B2PE+20
1,5000E420
3,5028E+08
3.5020€E+90
3.5000€+2¢
3,500pE+00
3,5000E+00
3,500PE+02

1,0045E~a¢
8.506BE=g1
3.8556E~04
1.9248E-04
2,50p5E~01
1,1559E-p1
1,2067E-p1
6,5034E~02
1,4949E~24
1,30@4E-q1
6,1177E=02
1,5523E~01
5,4532E~02
9,9823E02
5,6859E~02
8,7253E~p2
L, 1610E-94
1,2350E~D1
6,9187EmQ1
1,5424E%00
1,54p2E%00
3,0834E~04
9,5523E~p2
1,5%24E~p4
2,0938Empy
4,4564E~gY
1,6522E~p4
4,1233E~p2
1,4548E=pY
6,1345E02
7.B754E~22
1,1820E~0%
2,5834En04
1,7584E~p1
5,3576E~01
1,3419Ep1
1.5280E~p1
1,3994E-py
9,398BE~g2
1,6577Ewg4
6,5694E~g2
2,4P108E=g1
6,1013E=p2
5,4353Emg2
7.,5964E~02
3,3019ERp1
1,8884F-py
7,4346E~pD2
3,6351E-q4
1,3554E~p1
1,5024E%p4
1,1117E-g4
2,5135E=p1
1,9879E~p4
1,1992E-p1
2,2113E=g4
§,5354E~p2
1,3633E~g1
2,5527Eng1
2,8513E~p1
1,2046E~74
1.,2538E-04
5,3023E-p4
5,3817E~-p4
4,6026E-04
2,40g%E~p4
2,5010E-014
§,2107E-p1
4,7545E-22
9,6423E-p2
8.9449E-02
9,48gLE-g2
2.5004E-p1
1,6041E-01
2.0872e-¢1
1,7272E-94
2,3744E-p1
1,6029E-p1
1,3864Enp4
3,6037E~21
1,P147E~g4
2,9089E-p1
2.3338E~p1
1,1613E~01
1.1299€-p1
1,4827Ep
1,2979E~04
1.7484E-01
1,3204EnpY
1,1827E~p4
8,0120E-02

1,4958€-84
6,7624E-04
5,6455E-P4
4,7599E-84
p,5685E-p5
8,513%E-P5
6,7447E-024
8,1164E-05
4,8854E-24
4.,B009E~05
1,7744E~84
2,2732E204
5,3235E-04
1,8233£~03
4,8995E.83
2.2527E«03
4,0977EA03
3,5004EPT
L, B675E.03
1,1994E.24
4, 6638E.84
3,3592E.04
£,8233E-P3
2,3637E.p4
3,8B29E~04
6,44B4E-04
2,2391E~04
1,2325E403
4,4722E504
3,4548E.P4
?.BAAPE.DS
p,BP9EE~24
2,4547€.24
8,3868E404
¥ . 5700E-04
1,8791En04
8,0305E~p4
9,3659E-04
9,8834C.04
Y, 7TO94E ~04
6,9261E~04
1, 76756504
1, 0132E.03
%,1585E04
?,6365E-04
€. 8955E~04
3,5448E-03
3,4569E-04
2,5876C.03
%,3729C-04
2,1410E.04
3,1685E.03
2,3549E~03
7,8524E~04
4,920PBEn03
4,1252EA23
1,3539E83
4.,3328E.083
2,7057E~B4
4,1265E-03
A,6253E-04
3,6278E.04
2,2520E-P4
1.7073E-04
2,6163E-04
9.,0B96E-05
1.0209C-04
1,0744£-03
1,2447E-03
4,2327E-04
4,4948F .04
8,8938E-05
3,7641E405
4.0B36E.24
7.1530E~04
2,7156E-83
2,4894E-03
2,9136E-04
2,6115E-983
3,6747E-04
2,7287E403
8,8B33E.04
4,3621E-83
4,0732E-04
©,8681E.04
1,2245E.93
7.8557E-04
8,3851p504
1,0433E.03
1,1783E-p3
7.1958E~04
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3,5¢QBE-2
2,500PE-02
2,3000E=02
3,2000E~02
3,p00PEp2
4 22RRE~D2
3, 2080E-p2
4, gUBRE~a2
3,1700E202
5. ga00E=02
3,780CE=p2
4,8094E°02
3,5269E-02
3,7724E~02
3,1861E0p2
4,3160E202
3,8247E-02
3,1492E02
4, gBOE=p2
4,8000E~22
4, pBR0E-D2
4,2491E002
3,4488£-p2
3, 3177E=R2
3,4323E-22
4, 500PE~02
3, p907Em0B2
2,8951Ew02
4,824PE=P2
4,4322E-02
4,5880E-p2
4, 1036E+02
1,7309€=02
4,5978E~02
3.8739E=02
4. @B@7E82
3,700PE-p2
4, 20800E-p2
4,8710E=02
2,4745€-82
2,5431E:02
2,p@@RE~p2
4,2943Eep2
3,1094E-02
3,2830E<P2
3,008PE=02
5,1974E~B2
3, 3454E=p2
3,4088E=02
3,3463E~02
4, 4B80BE~p2
4, §539E-82
3,8719E~02
3, @RRRE-Q2
3,9167E°082
3,5002E=@2
3,2315E-02
3, 3000E"p2
4, 20PRE-02
3,4200E-02
3,0P00E"D2
4,pRRRUE-D2
3, ¥BRE~P2
3,08PRE=p2
UL LAY Y
4,p00PE-D2
5, Q0BRESQ2
6, @@00E-g2
3.500PE=Q2
5, pPPRE=P2
4, 5UROE-22
4. 1800E82
5,p0BRE~22
4. peB0ERT2
4, pRORE=D2
5, BURBE~22
3,500PEep?
4,p20RE~D2
3,100PE~p2
INTITIRH
3,8000E-p2
5,p0R0E=02
3,2000Ev02
3, 60BBE=DR2
4, pUOCE=p2
4,70DRE=D2
4,400PED2
4’ @@QBE=Q2
4, 1000E=02
4, 8UROEeg?2
5, 2000E-82

8.5008€-02
8,250@E-B1
3,6040E=p1
146080€-01
24209PE~01
7,358PE=02
8)880@E~D2
2.5009€E-92
$11730E~01
A 2DYQED2
2,40207-02
110990E-01
118734E~02
§:@276EmE2
21313002
4,184DF~p2
744753Em02
6,8598€~22
8,500RE-A1
ip588pE+00
1 5RLRE+AD
2,6581E-¢1
8,8512€«p2
4e1662E-01
1 74888mp1
4.0000E=01
11 3409E-01
1.1049E-82
9.876RE~02
116678E~82
2¢412RE~02
618984F 02
213269E-0L
112902Em01
8,0426E-01
943193E=p2
1411590E~01
9170800ED2
4,729RPE~02
419828E-01
319569E-82
22009802
147087€-22
2¢2943E-02
412970E~D2
3. 80¢QE-21
113383E~01
4,B546E~02
32 388REQYL
112154E-01
118609E=01
519461E~02
2,1P28E-04
116DUPE~D1
715843E=02
4,858@8-01
¥,1685E~02
1102029€E~01
211300E-01
2:12000€~01
9./P00QE=02
8,504@E-02
", 200pE~21
5,0080E~71
4,2089pE-01
2:0000E~01
2.00908-21
3¢8000E-0L
713000E~p3
4, 600DERP2
41 4B0QERD2
4,9098E~22
240R99E~21
1.000QE~21
1.6000E~EL
112009E-21
2.PRYRE-0L
1.2000E-01
1¢05#2E-2L
31.2000E-01
448937E~02
214000E-p1
24284d0E-71
8,2@0@E=02
712000E-02
1,BRPRE~RL
85000E~R2
4+3409€~04
9108¢PE-D22
69)9100E =02
247402E-02



ENDF/8 MATERIAL NO, 5261
URANIUM=235 RESONANCE DATA
RESONANCE PARAMETERS
18OTOPE=mrm=mamnawmcn- oo URAN]M~235
FRACT1ONAL ABUNDANCE-~<-ne-- 1,000RE+00
NUMBER OF ENERGY RANGES-se--= 2

ENERGY RANGE NUMBER-re--=s=-s 2  UNRESOLVED SINGLE=LEVEL BREITWIGNER PARAMETERS
LOWER ENERGY LIMIT (EV)-=w 8.208RE+01
UPPER ENERGY LIMIT (EV)-~ 2.8000E404
NUCLEAR BPINw-=~=efcar--cov-n I EEQCFE+EQ
EFFECYIVE BCATYERING RADIUS-=~ 9,5643E-01
NUMBER OF L STATES=-erm-cv=n-u 2

L VAL{Ereve=masrrancanrrece~y

NUMBER OF J STATESe-wr-cmomew

s

DEGREES OF FREEDOM USED IN THE WIDTH QISTRIBUTION

T L LT e Y T N,
JaVALUE COMPETITIVE NEUTRON RAOIATION FISSION
3.,00@pE+pE 2.Q00AE-00 1,082pE~CD 2.00BPE+HO 2.0p20Esca

AVERAGE RESONANCE WIDTHS (EV)
S S
INDEX  ENERGY (EVI LEVEL SPACING COMPETITIVE  NEUTRON RADTATLON F1S510N
8,2BPRE«0A  1.P000E420 0,0000F.00 §,3278E£-05  3.50P0E-p2  3,2328F-01
B.6500E«@1  1.00PPE+PE  @.0@0BC+00 8,44B84E-C5 3 50BPE-g2  3,4@B6E-01
3 9.1PPRESEL  1.00PAE+ET  P,0000FspP  B,S939E-B5 3 SPVPE-p2  2,4394Ee01
4 9,55P0E+01  1.0@PPE+0@ P ,PPOLeE  B8,7318E~25  3,5000E-22 2,0598£.01
5 1,00PpE+g2 1 .0PRPE<p®  P,POPPEs0P  9,9434E~D5 3. 50BPE-p2  B,4620E-D2
: 1/1000E+p2  1,000DE+@0 D.0000CeP2  8,662BE~E5 3 50@0E-p2  1,3225E=01
8
9

1,2800E4@2  4.008pE¢n0 9,2PPPE+BP  4,B427E-D4 3, S000E-p2  2,9944E-81
1,80PoE+P2  1,0000E«pp 2.000PE«P2  9,8358E~E5  3,5020E-p2  2,4919E~01
2,40PPE«P2  4,0000E+0¢8 2,000PE«P8  1,3184E~04 I BPRPE~g2  3,UE95E-01

12 2,60PPE+BR  1,C0RQE+pP  7,080PEeP0  2,48@3E-05  3,500PE-p2  L,0310E+08
11 2,88RPE+P2  1,P00PE+pP  5,000PFP¢  ©,3538E-P5 3, BU@PE-g2  ?,53I0E-f1
12 2,54RRE+P2  1,2090E+90  @,RBRGEaPR  7,8914E~D5  3,90RBE-~p2  3,39Q9E-Pi
13 3,DUPPE*PR  1.00DPE+DP  p,000CE«PC0  8,@412E~P5  3,500CE-§2 3, 2833Ew01
14 I,ASPRECRZ 1, DR0BE+RE  P,DOPDEAPD  7,94B53E+25  3,50BPE~g2  3,3064E-P1
15 3,30PPE+P2  1,PORPEDD  0,000PFA00  9,9192E~R5 3 SP00E~-g2  1,8560E~01
1é 3,4908E02  ,PO00E+00 0,0000Ca00  8,4284€-0%  3,3000E~p2  3,4234E01
17 3,60PPE+B2 1, POPDE+P?  0,0000c«0C 8,9227E~E5  3.500PE-p2  3,57%7€%01
18 4,50QpE+n2  4,000pE+@R 0 ,Q00PEeP?  9,383BE~D5 3, B000E~p2  4,8849E-01
19 5,20PPE«p2  1,0000E+0@ @.0000E«PP 1,1974E~B4  F,5088E~p2  5,0149E+01
28 5,69p0€«02 1.0000E+00 ©2,0000E«PP  1,4742E~04  3,50@RE~p2  1,0543E+00
22 4,10PRESPR  1,PBOPESED P ,000PE«PP  1,0711F~24  3.500E-p2  9,231PE-0%
22 6,2000E+p2  1,0D0PE+00 §,0900F4P0 1,0828E=P4  3,50P0E-p2  6,5530E-P1
23 6,30pPE*02  L,2000C+00 0,20008e88  9,5608€~E5  3,5000E~p2  1,7534E-Qy
24 6,40pPE+@2  1.PERQE+Q2  2,0B8P0F«@P 1,1968E-P4  3,5000F-p2  1,0721E-01
25 6,50006+02  4.Q000E+3C¢ ¢, @A0PEWPE 1 ,0644E~04  3.SOPCE-p2  3,2751E-0)
26 6,60Q0E+P2  1,POPPE+2d 0,00PBE«PP  8,6759E~05  3,50B0E~p2  4,2087E-01
27 7.10R0E«02  1.9000€+90 (,0000c«P2  9,882QE~P5  3.,50P0E-p2  4,4322E-~01
28 7,29A0E4R2  1,PRPPEeQ0  @,pPRPEaPC  1,1B9SE-QA T BDEOL-g2  4,18%PE-01
29 7.4BBBEXQ2  L,PPRQE+¢ @,PP@0ceP@  1,3378E-24  Y.5000E-p2  1.%020€e01
b1 7. 55PRE+D2 1 ,PPOPE+RD B, PPOBEL@E  1,1936E~24  1.5@9%E~p2  I,2629E€-01
31 7, 70PPE+PE  1.00PPE«pd  P,POBRE+P0  1,9512€-04 3 ,5CPPE~p2  3,90@3E~01
32 8,8000E«02  {.0Q@QE+a0 Q,20PQc.P@ 8,7337E-85  %,5200£-92  2,32¢9E-¢1
33 9,10p2E«@2  {.000QE+p@  @,0000E-20 1,0182E-B4  ¥,5PPBE~g2  2,1179E-81
34 9,920RE+P2  1.PPPPEspd P,pOPPEeR?  1,0487E-D4  3,5000E-p2  1,3728E-01
35 1,P850F«@3 1 .PPOPEspP? P,P000FE4P@ 1,2153E-P4 3. SPPPE~P2  3,3029E-01
36 1,18PPE+pY  1,PROPE+p?  @,P00PFuPB 1,2142E-04  3,50@PE-p2 5, 3889E-03
37 1,22MPE*P3  1,PPPPE«p@  @,PAQ0PEeRR  B,7424E=R5  3,500BE-p2  3,2579E-01
38 1,300BE.RY  1,000PE+28  ©,0PPOFR.B0  5,0564E-85  3,SRERE-g2  B,0301F00
39 1,48PRE+E3  1.BBCBE+QR  ,0080E«08  1,0446E~24  3,5000Eep2  6,0221Ee01
4 1,4300E+p3  L,0000E«pS  P,P90PF4P0  1,3655E~04  3.5BPBE-g2  2,4724E=21
a1 1,4508E+03 1. BEO0E+2@ @,0000E«00 1,1221E=24  3,5Q000E~g2  6,3519E-01
42 1,46PPE+B3  1.P000E+20 D, 0PPPE«R?  1,i391E-04  3,52P0E-p2  6,2724E~24
43 1,48PPE+@3  1.0Q000E+07 0,0Q0PE.PC  4,4821E-D3  3,5000E-02  1,6471F-04
44 1,59ppEep3  14,PBOPE+Q8  P,DRODFsAR  7,P86PE~R5  3,5B0PE~p2  1,9345E-01
45 1,545¢E+p3  1,00P0E+00  0,QQPPL4P0  8,8144E=05  3,5000E~02  4,2664E0%
44 1,39pPE+RY 1, DBRRE+QR  P,0O0REeED  1,0195E~R4 3 30ACE-g2  5,3814f-0%
47 L, 7¢RRESRY  L,PQBPE+Qd  @,P@PRF.E@D  9,5@54E~05  3,5808E-02  5,3743£-01
48 1, 98Q0E+E3 (. 0GBBE+QZ  O,0000C«@8  9,4274E~85  350A0E-g2  3,0525E-61
49 1,91PPE+RS  1,0000E+0@ ©0,0BPPE+0Q  1,1239E~24  3,50PPE~02  4,3576E~03
L 2,0000E+@3  1.,0000E+88  (.¢000Es00 1,774E~04  3/SO00E-p2  2,9444E-03%
L3 2,1000E4@3  1,0@02E+07 P,COPPEe®d  8,5182E-05  3,580BE-P2  2,9%599£-03
52 2,30P0E+P3  |,0PODE+RR  0,PQAPE+00  9,073pE~25 3, 5PAPE-g2  5,1877£-0y
83 2,5090€+93  1,P99E+00 0,0000Fs0@  9,4107E-BS  3.50PPE-p2  5,4289E=0)
n4 2,70P0E+@3  1.PPOGE+ER  0,00PPEPP  8,4700E-P5  3,5008E-g2 5,3117fedy
1] 3,20PPE+BY  {.PPOPE«DR  P,PO0PFEe0R  $,8788E-E3 3. 5280€-32  4,0936C-0y
56 3,30p0E+@3  1.0Q00E+P0  0,0PPPEePe  9,3389E~B5  ¥,5280£-p2  6,5932¢-0y
&7 3,40p2E«pY  4,0000E«00 @,8¢00F+0@ 8,8324F~05  3,5800Ceg2  8,7381E-03
58 3.79P0E+DY  1.DOOPE+DD  @,p00PEe0F  9,2666E~85  3.SPLUE-P2  8,33%4E=01
59 4,1002E«@Y  {.0PPPE+pD  P,00P0E+QE  9,7837E-25  3,5880fegz  3,6834gn01
6P 4,30PPE+RY  1.000PE«?  D,000RF+P?  1,1081F~04  ¥,5000E£-02  6,0392E-01
61 4, 40P2E+BY 1.,00PQE+0Q 2,8020F«08 9,8861E~05  3,8800E=p2 5,2583E~01
62 4,800pE+P3  1.00PPE+P@  P,P00PFePR  9,1578E~R%  3VBOGOE-p2  3,3ITIVE-0y
53 4,900E+P3  1,PPRPE«Q?  0.PPPPE.P?  §,5578E-05  3,5020Pg-p2  5,8387£-03
44 S, POPRE+PY  L.0PBPEAZ0  B,DPBOEeS?  7,9647E-85  3.,5002Ce@2 4,8149€-01
85 5,1PPE+P3  4,0PBBE+00  @,@PUPL+02  B,37BPE-05 3, 3P02E-p2  5,5989E-03

66 5,20QpE+Q23  1,0Q0A0E+0@ 0,0080g.00Q §,8593E-05  3.5900€-p2 3,0p84E~01




5',25998+p3
S5, 3UPRE«R3
5,6000E+p3
5,82p0E+p3
5, 70PRE+D3
5,9090E+83
6,R0PRE+DI
6,19pBE+03
&, 4°P0E+p3
6,80p0E«E3
7, ROABE+PT
7. 20PBE+P3
8, 19POE+BS
8, 3000E+3
8,5000E+93
B,70ABE+@S
9, DPPRE+BT
9,20R0E+p3
1,940@E+04
1,14p0E+p4
1;17p0E+94
121998E«p4
1.20APESD4
1,22FBE+@4
1,2300E+04
1,27RRE#DH
1,33p0Ep4
1,36P2E+04
1,4600E+04
1,50P0E+04¢
1,51PRE+p4
1,69PDE+Q4
1,73P0E+D4
1,76ARE+P4
1,B0PBESR4
1,92A0E+pé
1,03BE+04
1,99MRE+P4
PN LY
2\ D2PREep4
2,04MQE+D4
2y1BRRE+P4
2,12pQE+p4
2\ 1708E+@4
2,22PBE+p4
2,23p0E+p4
2,24QRE+Q4
2,2800E+P4
2,3200E+04
2,34P0E+D4
2,420QE+p4
2,4930E+04
2,4600E+04
2,52raE+24

1.000BE+00
1.090PE+p0
1.8P0QE+p0
1.000QE+00
1.000pE+a@
4,008QE+p2
1.000PE+pD
1.0p00E+p0
1.0082E4+20
1.0000E+20
4.0P09E+Q0
1.0000E+R0
1.0PB0E+Q0
1.0000E+00
1.0P0pE+0R
1.000QE+20
1.08PPE+PO
1.2000E+a0
1.8d00E+00
1,0¢@0E+a0
1,008PE+Q0
1.0980E+00
1,8000E+30
1.0000E+00
1.,epepE+Q@
1.2888E+92
1.009RE+p0@
1.,2000E+aC
1.0000E+00
1.0@800E+0Q
1,0PPBE+2E
1,0000E+00
1.PPBRE+22
1,0ABRE+02
1,0000E+20
1.000¢E402
1.000@E+80
1.092gE%20
1,000PE+00
1,POR¢E+2R
1,0PRRE+2D
1.,0820E+08
1.,P0BBE+RR
1.000g9e+30
1.0000E+00
1.000DE+2D
1.0000E+0Q
1.PP0BE+@D
1,0808E+07
1,080QE+20
1,000Q€E+0Q
1.P00QE+R¢
1.008RE+0R
$,0020E+90

7,00005«00
P.0PEPE«RD
P.CPEOE«00
2,0002cn00
?,2000E-0?
2,0080F 29
2.,020PE00
?2.,20B0E+20
2,0P20E«80
.2C2PE-00
?,0080F=20
0.2P20E«00
B,000Pce00
2.CE2RE«00
P, pRARE-0P
?,0000E+P0
B,2ORBE-DBE
2,0000E-00
?,80¢0cedd
0,0P00E«0P
P,PP0PE«DQ
0,0000E«00
P.pPRRAE«R2
2,0000F«00
0,0P@PE«R0
9,0980E-09
P,0080E=080
@.2080E%22
f,00PRE~0R
A.08R0E+0R
?,0080F«00
?.00p0c00
7,0000E+02
?,0000E«00
®,00808c-00
2,0000E+00
f,0880E+00
?,0000E002
?,000PER0
A,pPR0E+P0
2,0200c+00
9.,00P8c+00
P.o00AC»02
G,¢0@Pced0
2.0000E+00
B,0000E+28
0,0000E«P0
A,0020c«00
B, RRRBE=DD
@,PPRAE=D2
@,00R0F«00
B,g00BCeR0
@.p0PR0E«2P
@ goaecean
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8,3994E~05
8,8355E-25
9,6242E-05
9,2938£~25
8,94B6ERER
1,3332E~04
1,0338E~04
1,6803E-24
9,3122E-05
8,2825E-25
9,8893E-23
9,3412E-05
9,1247E705
1,0663E~04
1,1118E=04
1,4565E-2¢
7,5328E£-05
1,0652E-04
9,4242€-05
1,0269€#D4
8,0284E~25
1,1050E~24
8,9174E-05
1,01996-04
9,867gE~05
8,2683E~25
1,0260E~24
9,1473E~25
8,7185E25
9,5262E-25
7.2924E %25
9,6541E~25
B, 26E2E~05
9,B441E~E5
8,9437-25
7,9465E~05
6,6591E-€5
7,0721E-25
8,L910E~E5
9,18913E-L5
8,4B88E-05
1,81C4E04
7,4929£-05
8,8157E-05
1,0129€ w24
1,2651F-24
9,4225E-05
B 6B72E-25
7,9409E-85
8,6298E-85
9,4123E~05
9,9763E~85
7,9574E~05
8,5593€-05

3.5000E-02
3,5000E~92
3,5800E-p2
3.500RE~02
3.50080E-p2
3.5088E~p2
3.,500PE=p2
3,%000¢E-02
3.5000E002
3.5P2RE-02
3,5000Ew02
3,500PE-p2
3.5002E-02
3/5000E-02
3. 508RE~B2
3.500QE-g2
3.5900E~G2
3.5000E-02
3. 5000E~02
3.5000E~p2
3.5000E-p2
3.50P0E~g2
3.599RPE~p2
3, 50080E g2
3,5000E=02
3.5002E-p2
3.5028E-02
3.5000E~p2
3.5000E-22
3.5000E=p2
3.50P0E=p2
3.5000Ep2
3.5020E~-p2
3.50080E-02
3.,5000E-02
3.5000E-p2
3.5000E-g2
3.50PRE=p2
3.,5020E-p2
3. BPBRE~-p2
3.,5000Ewp2
3:15280E~p2
3.5000E~p2
3.5000E-g2
3.5000Ecp2
3.5200E~p2
3.85000E=p2
3.5000E~p2
3:5080Ewp2
3.50P0E=p2
3.50PPE=p2
3.500BE=p2
3.5000E~g2
3.5008Evg2

5,3835€-91
8,2110E~01
9,1282E=-01
6,8495c001
3.:23356=01
2:3718E=21
1:5431E~-01
3,0045e-0a1
4,3992E~01
4 3291E=01
5,6308E~01
3,3987E~01
2,6692E-01
14+4556E-01
2,7862E-01
2,9922E=81
4,3771E01
3.5324E01
2,8175€~01
3,4881E~01
2,5643E-01
5,1890E=01
3,4P36E-01
2.8312€%064
2.1756E=01
2+9189En22
5,1896E~01
4,0897Fep1
3.6019€-01
6,3045€01
3,7591E=04
345699€-01
2.,21%0E-01
3,4094E-01
5.9540E=01
71276E-03
5,4471E-01
5,6437E=01
8:2643E=01
4,7837E~01
2.0p92E~01
2,6345E-04
2,5036E~01
5,6047E~01
712994E=01
1,0014F09
5,6824E~01
4,7216E00
2,3587E%01
2,9940E~01
3,1323¢001
85,6928 ~01
5,8617E~01
4y 7128Ew01



DEGREES OF FREEDOM USED [N THE WIOTH DISTRIBUTION
m————— Rt

JeVALUE COMPETTIVE NEUTRON RADIATION F1SSTON
4.0000E+¢0  ¢,0008C+A¢  1,9G00E+20  ¢.029BE«gR  1,UATQE+2gp

AVERAGE RESONANCE WIDTHS (EV)
—mcmmgee
INDEX  ENERGY (EV) LEVEL SPACING COMPETITIVE NEUTRON RADIATION FISSION
1 8,20MRE+P)  1.0RPBRECCP D,pORRERD 9,327BE-05  3.30MRE-p2  1,61835F=0;
2 8,8%ppEspL  1.PPPCE+PD  @,PPPPE+00 1,@33JAE-04 3 ,300CE-E2  1,1690E-01
3 9,10Q0E+PL  1.BECOE+AR ©@,0000F«@@ 1,8512E-04  3.50Q0E-P2  9,0598F-02
4 9,5°PBE+QL  1,0000E«p0  P,p000F%pp  1,0681E-P4  3,5000E-p2  ?,0703ce02
5 1,P0PRE«PRd  4.BPCOE+PR  P,POQOE«BD  §,9782E=85 3, 5000E~@2 B8,4844F-02
[} 1,18p0E+p2 1,0000E+00 2,0020E«00 1,0764E~C4 3.5000E%02 1,3140Cw@1
7 1,20PRESPR  1.0Q00E+p0  #,000PE«d0  8,9963E725  3.500(-02  1,4975f~01
] 1,80PRESPR 1. DPPDE+PD  0,PPADEPD  9,9277E-E5 3. 5PRRE~E2  {,0195E-01
9 2(40PRE+PR 1, 0PPPE+@P @,PPPPEePP 1,31B1E~E4  3.5P0PE-P2  1,5347€-01

14 2,600@aE+g2 1,000Q0€+38 7,000CCedF 2,10C3E-04  3,5000E-@2  3,4347E-3%
11 2,B0PRE4P2  1,PP0QE+QP  0,000@E+00 1,3255E~24 3, 5CRBE-@2  3,7645E-01
12 2,90ppE+p2 1.0000E+pP P,0209F+00 1,8049E-24 3.500DPEw02 2,7955C-01
13 J,BURRE«B2  A,DPPRE«dD  §,Q0PPF.0®  8,B412E~E5  3.50BPEep2  1,5417E-DQ1
14 3,15PBE«PR  1,PPPPE+PP  @,pPPPEe00  9,9316E-5 3. S000E-P2  1,1@21E~01
15 3,30PRESAZ  1.DPORE«QD  DP,pROPE#p?  1,0255E~R4  3,5IBBE-D2  §,2B2DE~32
16 T.45PRE«P2  1.DPEOE+P0  ,pPPPE«P?  1,0536E~04  3,5000E-p2 {,1413iF-0%
17 3,60PRE#02  1.0090E+30  2,p800f«88  9,1446FE-C5  3.B5000E-E2  1.,7879E-8%
18 4,50ppEed2  1.PDPRE+PD  D,pPPPLed?  9,3035E~25 3.508PEep2  2,7583E-71
19 5,20PRE+P2 1.9000E+00 P.020PE«00 1.1974E-24 3.5CBPEeE2 2,5074€-01
H ] S5,65ApE+02  4.PEORE«DD  D,pPPOCed?  1,1742E-24  3.5000Ee22  2,7137£-0t
21 6,10PRE«P2 1., 00P0E+30 @,0000C«d0 1,1996E£-04  3,5000€-p2  5.7326E=01
22 6,20ppEsp2  1.DQPPE+P?  DP,pDPPCeP?  1,PB2SE-04  3.5000E-22  4,6382€-4%
23 6,300QE+P2  1.POPCE+DD P, pPOOC0C 1,07C8E-B4  3.5000E~R2  1,09q1E-Py
24 6,40R8E+92  4,0090E+28  9,p0P0feBP  1,21%3E-24  3.5900€-g2  7,934ifed:
25 6,50P0E+p2  1.CCRPE+RE  0,p@@0CePP  1,0641E~C4  3.508PEeg2  B,2877E-02
26 4,64pE+p2 1.CpegE+20 a,2000¢C«20 9,7168E~C5 3.5000€E~¢2 2,6137E-01
27 7,1000E4p2  1,0Q0CE+Q0 @,pPPPL+P0  1,1P46E~C4  3,50@0F-g2  3,9945E~01
28 7,2900E+p2 41.,PP00E+20 2,0000ce00 1,1895E~04 3.5080E=p2 1,3883E=01
29 7,40PgE+P2  1,PPPCE+00  P,pBOCEepp  1,3378E~04  3I5@8BE-gZ  9,5192F-0Z
e 7.5OMBE+P2  L,0P0CE+Q8 0,pAP0E.PR  1,1934E~E4  3.5@0CE<g2  1,0B76E-D)
31 7,70pRE+D2 1 ,DPPRE+DC  D,PYDRE«PP  1,P512E-P4  3,5900Esp2  1,985%2E-D4
32 8,8LpgE+p2  1,0000c+90  @,p000Fe00 8,2353(~85  3.5000E-g2  1,1294E-74
33 9,10A2E+@8  1,0000€+230  @,3P00C«2® 1,018BE~24  3,5000E-¢2  1,08R9E-Q4
34 9,9¥ABE+P2  1,0p00E+00 P,pOPOEs08 9,878PE-~B5  3.5CBPE-pZ  6,8540E-02
35 1.,085¢E+@3  1,00CC€+00 P,pP00F»0@ 1,11F3E-04  3,5089€-p2  1,1274E-8%
36 1,1BPpE+@3  1.0@0CE+00  0,pPPPEepP  1,R2142E-04  3.5@B2E-p2  2,6837E~04
a7 1,22PBE+@3  1,00B0E+00  P,pOROE.BP  8,7624E-05  3.520PEvp2  1,6316E-01
38 1,30PRE«RY 1.0P0RE+20 2,000« 0D 91P564E-D5 3.59BBE~-p2 2,5191E-01
39 1,400pE+P3  1.0000€+0¢ @,0000PF«@0 1,0446E-04 3, 5000E~g2  3,0148E-01
1) 1,49R2E+B3  1.0082€+98  @,pROBEeDD  1,3858EnE4  3.S58PRE-~E2  1.2372E-04
a1 1,45P0E«A3  1,0000E+8¢  2,00008+00 1,1221E-C4  3,5@@2E-~g2  3,1810E-21
42 1,46MBE+@3  1,0000E+22  P.pOPOE«RD  1.139LE-24  3,50@8@8E-y2  3,2326E-01
43 1,4800E+p3 1, 0B0BE+EE  P,@RPPE+00  6,4821E~B5  3,5080E~p2  8,2489£+02
a4 1,50ARE+RS  1.0Q0QE+2C  9,p000repd  7,066@E~05  3.5008PE-p2  9,6713E-02
45 1,5450E+03 1.00PQE+QR ?,0000E«00 8,6144E-E5 3.5PR0E-(2 1,4221E°01
44 1,5900E+03 1.908QE+00 ?,p20@c.02 1,9195€-04 3.5000E-p2 2,3717€"01
47 1,79PpE+23  1,0000E+00  ,PRRBELBR 9.SBD4E-US 3. HOOVE-p2  2,5683Ee01
a8 1,99PPE«@3  1,0000E+pB P, POOPEsBD  9,4274E~85  3,500DE-p2  1,4587E-01
49 1,9100E+@3  1,0000E€+0@8 @,208@EaPR  1,1239E-04 T S5CQ0E-E2  2,0824E-a1
50 2,89pPE+R3  1.0PPQE+PE  P,pPOPE«QE  1.0774€-24  3,500PEs@2  1,5741E-01
51 2,10pPE+p3  1,00PPE«P2  0,pOPRE+@E  8,5182E-~85  3,59BPE-p2  1,5824Fsf)
52 2,38pPE+P3  1,800PE+02  @,g02PF«0@ 9,073pE-05  I,50Q0Eep2  1,7292E-01
83 2,5UReE«p3  1,080RE+2C P, ZA00FePp  9,6107E~25  3,5Q82E~p2 2,7144F=01
54 2,79PPE+R3 1 ,PRORESPE  D,pBBOL«22  §,4700E-25  3.52RRE-E2  2,565358F=01
55 3,20ppE+p3  1,0000E+00 P,00BPEePP  9,8045EsP5  3,SOQCEeg2  2,P844%E-u1
54 3,30RAE+@3  1.0Q0QE+Q@  @,pE00ce00  9,3389E-85  3,500@E-~g2  2.1984L-01
57 3, 4BABE«R3  1,000PE+08 2,p000C«d¢  §,8321E~85  3,50@0E~2  3,3689€-01
58 3,75PPE«PS  1.0PPPE+ER 2 ,APPOEePD  9,2664E-85  3.5008E~g2  2,111BE-0%
59 4,1000E+p3  1.000PE+C0 0,pP@PEs08  9,7P37E-E5  3,5000E~p2  1.8427€-01
6l 4,30APE+PS L, 0PPPECAR  2,pBO0E.PP  1,1061E~P4  3,50BPE~p2  3,08198E-n1
&l 4,4000E+03 1.2@ARPE+CE 2,000CE+0G 9,6941E-25 3. 5PRPEw;2 2.6279C~03
62 4,89PpE+05 | ,0POPE+C0 0,PEB0Eed2  9,1578E~E5  3,5000E~p2  1.9573E=gy
63 A, 90RRE+R3 L, wPPRE-2R  D,pB@BEess  B,5575E-25  3.,S@BBE-p2  1,94420-21
&4 5,00ARE+AY  1.0DPPE+ER  0,@RPDE«PR  7,9647E~85  3,5000E~p2  3,4059Eedy
45 5,10pRE+@3 L. PO0QE+22  2,2080c«0a  §,375CE~25  3.5PBPLey2  1.,8§63Fe@1
66 5,20QAE+@3  1.9A0PE+G2  P,2E00C«AD  8,7799E-25  3.58PREwg2  1.°042E~d1
67 5,2°ARE+R3 1.0000E+00 ?,0220€+02 8,3996E-K5 3.50p8E=R2 1.7845E701
68 5,30APE«R3  1,9P8QE+A8  8,CGFOEePQ  7,9635E-85  3,5CPGE-@2 I, 1B54Ev0y
69 5,60pPE+P3  1,0Q0pE«R  7,20RBLeEC  9,6242E-R5  3.5080E-pg2  4.5641E-01
70 5,65ARE«@3  1.PPOPE«RD  P,PRPOEeny  9,2935E~05  3,80MRE-p2  2,4B32E-D)
74 5,74RRE+PS  1,0QBPE«0D  @,CBRRCep@ £,9486E-85  3,500PE-g2  1,5168f-01
72 5,96PRE+Q3  1,08PPE+00 P ,pR00FeB®  1,3332E-84  3,5000E-§2  1,1459E~01
738 6,00PRE+RS  1.PPBPE+E D, QPOPEedR  1,2659E-D4  3.5PBPE-p2  9,273IBE-D2
74 6,10Q0E«g%  1,0000E+A0  ©,Q000CeEE  1,PB03L-R4  3,5000E-g2  1.4748E-01
75 6,4°PRE+RY  1,0000E+00 0,0000C«@F 9,3122€-B5  3.5PP@E-@2  1,4664E-D1
76 6, 84a@E gy 1.0000E+00 #,0P00E00 8,8171€-85 3.508PEwg2 2,1271€-01
77 7.00MRE+g3  1,0PCRE+0C A,PPEPEePP  9.8898E~25  3.5000bwp2  2.815%E-01
78 7,20QPE+R3 1, P0CQE«Q¥  0,0D0PFePC  9,3412E-85  3,58PPE-p2  1,6993E-01
79 8,1VPPE+RY  1,00BPE+PD P ,PPDPE4DB  9,1247E~E5  3.STPRE~e2  1,3346E-p%
Y 8,30pAE+P3  1,PPPPE+R? P ,pOPWE«P?  1,0663E-C4  3,520PE-p2  9,2910E-32
Bl 8,59PRE+RY 1.,0009E+¢0 B,0000E-09 1,4145E-24 3,5200E-¢2 912575E-02
82 8,7VpPE+B3  1,0090E+CC  2,QPC0E«P2@ 1,1565E-~24  3.5000E-g2  1,5894E~01
83 9,00R0E4@3  1.000PE+GU  @,gEQTCedd  7,5328E-L5  3.5000E-g2  2,1885E-01
a4 $,20PBE«@3  1.BLNBE+BE  D,Q0PDE+DD 1 PE52E~P4  J.SOPPE=p2  1.7882E~01
[ 1,B4POE+p4  1,000PE+00 ©0,2P00E+00  9,4242E-05  3,52PVE-g2  1.4PETE-Y1
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1] 1,1400E+R4 1.0080E+00 0,0000g400 1,B06QE24 3.5000E~p2 1.7442E=01

a7 1,179PE+@4  1,0PPOE«RZ  @,0000F+@2 B,0284E-p5  3,52BPEeR2  1,2821E-d3
88 1,19ppE+@4  4.PPPBE+AP  0,p000F4P0  4,4iP5PE~C4  3I,50PPE-¢2  2,2945£-23
a9 1,29PRE 04 4,00BRES0D ?,00DBEeDR 8,93174E-05  3.5209E~22 L.7BLBE~RY
o8 1./22P0E+04  1,0000E+20 @,20p0gw2R 140199E~24 3.5000E=g2 1.4156E-23
91 1,2900€484  4,0008E+0Q@  0,0000¢«@@  9,067E~25  3.50@PE-p2  1,1821E-0%
92 1,27PPE+P4 |, DBBRE+AD  P,@RPAL«22  8,2683E-25  3.5000E-g2  1,4535£e01
03 1,3000E+24  1,0000€+20 0,000PF«@@ 1,024pE~@4  3.5008E-g2  2,5948(-04
94 1,36P0E+R4  1.8800E+00 0,0000E+@0  9,1473E~05  3,500CE-p2  2,0443E-81
[1] 1,49P8E+@4  1.BRREC+20 Q,0090¢«00  8,7105E-85  3,580PE-p2  1,8B29E"Dd1
96 1,5¢PRE+Q4  L1.POQBE+0D  2,@PPPEedP  9,5262E~W5  3,598PEep2  3,1623E-23
57 1,51P0E+@4  1.BRPRE+E0  @,0000F«2f  7,2924E-05  3.5000E~p2  1,8843fwd1
98 1,69P0E+24  1,0R00E4P0  B,2000EeBB  9,6541E-85  3,50@0E~g2  1,7830E-¢1
99 1,79P0E+BA  1,PPPRE+R?  P,0000C«07 B,2602E-05  3,5000£-92  1,1875€-01
198 4,70AQE+@4  1,0000E+00 2,0000€+@0  9,0441E~E5  3,50PRE-g2  1,7047E-04
1pi 1,89P0E+P4  1.000PE+B0  P,00Q00E«pP  8,9437E-05  3.5902E-pg2  1,9653E-01
102 1,92PPE+P4 L. PRORESP2  0,POPBEeZd  9,611BE~PS 3, SPRPEwR2  3.563I¥E-d1
A3 1,9330E+24  1,000PE+00 @,0000E+@2  8,0845Ee05  3,5000E-p2  2.5735E-01
in4 1,99AQE+0A  1,PQ00E«p2  2,00@PFede  8,5859E-85  3,5000E-p2  2,8048E~P1
1p5 2,P0PRE«S  3,PPOOE+P?  P,200PEeD8  4,1067E~24  W.52Q0E-p2  3,7462E-84
ia6 2,020pE+@4  4.0Q00E«22  2,0000Ce00  9,0913E~85  3.300¢tep2  1,5932€-31
107 2,29P2E«pA 4 .0R99E+00  ©,0000E+p8  8,4088E~05  3,5800E-g2  1,4023E-01
108 2,100CE+04 1 ,@R0PE«B2  0,PB00E00  1,0104E~04  3.50@0E-32  1.3143f-04
109 2,1200E+4  ,0002E42¢  0,0000E«08  7,4929E~85  3,500UE-g2  1.,2490F-91
110 2,1700E+p4  1,@000E+20  §,P000C«P?  8,8157E~P5 3 500RE«E2  1,8632E~01
111 2,2208E+pA  1,000DE+00  9,P0PBEeDO  1,0120E-P4 3 SPOBE-p2  3,6550E-01
112 2,23p0E«P4  1.0000E+PR  0,P000CeR@ 1,26%1E-C4  3,50BPE-~g2  5.9199E-D1
113 2,29PRE~P4  1.00@DE+20 P, O0PPESDD 9,4228E-85  3,5000E-p2  2,9475£001
L14 2,28PPE+@4  4,0000E+00  ©,@QDRE+D?  B,8872E-25  F.50BRE~p2  1,3739E-¢1
115 2,320RE+P4  1,0PPRE+PR  §,PPPREPD  7,910PE-R5  3,5PPPE-g2  1,1823£-01
116 2,3490€404  4,0000E+28 @,pRBC«2@  8,6298E-85  3,3000E-g2  1.497¢E-01
117 2,420RE+04  4,000BE+20  2,URPREeDD  §,4601E-85  3,500PE-p2  1,5475£-01
118 2, 440RE*D4  1.0@00E400  0,PRBPE+02  1,PP27E-A4 3, 5000E~p2  2,8116E-01
119 2,4600E+84  1,0000€+0@  P,0000E«P2  7,9975€-05  3.30@0E-p2  2,895PE-2y
120 2,50QBEsPYd 1, 0POCE+ZE  4,PQP0E.22  8,5593E-¢5 3. 5080Evy2  2,352B8E-01
L VALUE=r-m~=cmcmamaop = 1
NUMBER OF J STATESw=cncn=n-=n 4

DEGREES OF FREEDAM USED IN THE WIDTH PISTRIBUTION

JeVALUE COMPETIYIVE NEUTRON RADJATIDN F1SSION
2,0002E+28 @,3080E+A0 1,2200E+9@ @.0P@REAC  2.203LEe80

AVERAGE RESONANCE WIDTHS tEV)

INDEX ENERGY (EY) LEVEL SPACING COMPET{TIVE ﬁEUTRON RADIATIQN F1SS10N
1 8,20PRER] 1.16PRE+QD P,0200ED50 213202 -4 3452B%E =p2 JeS23BE-DL
2 8,62Q0E+@Y 1.16@DE+20 P,0002Ee20 2,320gE~24 3. 50BRE~g2 33220071

3 ©,1992€+Q1  L.1600E+00  Q,38¢0c«@8  2,32086-84 T 5080E<p2 I 324Q0E-01
4 9,52A2E+BL  L.160PE«0P0  0,0800Ee2? 2,3200E~24  3,5BBEE~p2  3.3220E-A1
5 1.8090E+@e  L.160Q0E+00  (,B000Fe8p  2,320QE-C4  5,50QBE~p2 3, 522BE=d1
6 1,100PE+@2  1,180QE+00 0,0000c+@P  2,320BE~E4 3. 50PPE-g2 3, 324¢E-d1
7 1,20PRE+P&  1.160PE+QP  0,P00PE+0® 2,3200E~24  3,5080fep2  3,3270Es0)
8 1.BYPRE+DR  4.36Q0PE+PD  P,PPOPE«RPD  2,3202E-£4  3.B00PE~p2  3,920RC-Pi

9 2,40P0E4DZ  1.1600E+00 @,000PCepP 2,3280E-E4  3.5080£-22  3,3200E~01
19 2,400BE+P2  1.1600E+32  £,08BRE+@9  2,3200E~04  3,5000E-92  3,3248€-01
11 2,00AQE+P2  L,1600E+00  B,Q0Q0F«P2  2,3200E-P4  3,3PPPE-p2  3,3290E-21
12 2y9VPUES@Z  1.1600E+00 2,00QBE02  2,3200E~24  3,500PE~P2 3 ,3240E-03
13 3,00RBE+R2  1,160QE+P@  2,2@PPc40@  2,3209E~24  3,50PPE-p2  3,3200£-0%1
14 3.15A8EeB2  4.1600E+30 B,PP0PFeAP  2,320PE~D4  3,500PEep2 I, 3290E-01
15 3,30MPE+PR  1.1600€+00 §,0000Ls0P 2,3200E~P4 3, 50ROE-2R2 3, 320RE-C1
16 3. ADPRESPZ  1.1600E+2¢  D,P00PCed0 2,320DE-P4  3,5000f-F2  ¥,320@0E-01
17 3,69P0E+PE  1.1680E00  0,p900FeRe  2,3200E-84  3.S5C0RE-g2  3,32488-01
18 4,50PRE«P2  L.1600€+32 0,0000C«@@ 2,320PE~C4  3,5009EsP2  3,3230E01
19 S1200UE+0d  1.1600€+20 0,0C00PCend  2,3208E-04 3 9CERE-g2  3,3208E~01
20 5\620PE+Pz  L,1600E«00 @,0000E«D8  2,320PE-24  3,5000E-32  3.3200feP1
21 6,10PBE+@PZ  1,1600E+00 §,0000F«d0 2,32¢0E-P4  3,5200Eeg2  3,322DE~B1
22 6,20PRE+PZ  1.16BPE+RP  ,pP0PEe8P 2,3208E-P4  3,5@00Eey2  3,3240E~01
23 6,39PBE+p2  1,1600E+QD  P,pPPPEeB@  2,320DE-04  3,5000E-p2  3,3220F-P3
24 6,40PRESB2Z  1,1600E+RD  D,QBBPEARD  2,32PBE~DB4 I, SER0E-p2 T, 3200Ce0y
25 6,500PE+PE  1,160pE4p0  0,PPQPE+DP 2,3209E£-04  3,50PRE-p2  3,3200E=93
26 6,640QE+82 1.1620E+24 2.PRRQF«@2  2,320QE-24 3.5000E-¢2 3,3240E-01
27 7,1000E+R2  1.160QE+Q8  0,0000F«@D 2,320@E~P4  3,5000E-p2  3,3220E~31
28 7,2500E*@2  1.1600E+0Q@ 0 ,PP0OE+B0  2,326QE-C4  I.50P0Eep2  3,3200F=01
29 7, 4VPRE+PZ L.1602E+0C  @,0000EeRP  2,3200€~04  3,5002E-g2  3,3210¢-21
h{] 7/520BE+R2  1,1600E+00  0,@BROE+RP  2,320E-24 I S0BPE-p2  3,329RE-0)
k1Y 7,70pRESP2  1,16BPEvQD  D,2PRRE+R?  2,32BRE~B4  3,SPRPE-pR  3,322BE-0%
32 8,3uPRE+@2  1,160pE+p?  P,pOPOEsRd  2,320QE-P4  3,5008E-92  3,3240ge8y
33 9,16@EE+B2  1,16AQE+3@8  @,pfRRE+QP  2,320QE-B4  3,5000E-¢2  3,320@gedy
34 9.960RESE2  1,1600€E+00  P,0000F+@P  2,3200E-84 3. S0BVE-p2  3,3220f-0y
35 1,285pE+03 1.16PpE+30 P.02BPE«DP 2.3200E-24 3.5802E-02 3.,3200E %03
36 1,18R0E+83  1,1600E+20  D,pPBOEeRO  2,3200E-24  3,5080FE-y2  3,320E~01
37 1,2200€E+03  1.160GE+00  2,0000ce@@ 2,320QE~24  3,500PE-92  3,3220F-03
38 1,3¥RRE+@3  1,160DE4DD  D.QBPRE~pd  2,320QE~-24  3,50P0FEep2  3,3290F-0y
39 1V40PRE+P3  1,1600E+p@  ¢,PP0PE+0P 2,3209E-4  3,5000E-F2  3,3220F-03
4@ 1,4300€+83 1, 160BC4@0  9,@0BPCa88  2,3204L-R4  3,5@09C-p2  3,3220f-01
41 1,4°00E+P3  1,1600E+p0 0,p0OPCed?  2,320QE-04 3. SPPRE-G2  3.323BEed)
42 1,4000E+@3 1.160pE+@0@ A BERBE«0 2,32P0E~C4 3. 5000E-22 3,3220€=01
43 1,/4%QRE+PY  1.16P0E+P0  D,EPRPE+d®  2,320QE~R4  3.500PE-z2  3,320@8f-B1
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1,5080E+23
1,595nE+03
1,59ARE+p83
1,79RRE+B3
1, 99R0E+p3
1,910BE+D3
2.,0900E+@3
2,10A8€+D3
2, 35PRE+PI
2,50PRE+p3
2,7¢RRESDY
3,20paEs0d
3,3008E+03
3, 40PDE+p3
3, 75PBE+D3
4,10PBE+R3
4,30PDE+DS
4, 4BPRE+RS
4, BURRE+R
4, 9UARE G
5,20ARE+B3
5. 10ARE+A
5. 20pRE+83
5,22PRE+D3
5, I0RNE+03
5, 60PBE+Q3
5,65RRE+B3
5,74PRE+AY
5,90ARE+@3
6, BOARE+DI
6,1000E+23
6, 45PRE+E3
6,80PRE+R3
7 BOPREE
7.,20p2€E+83
8, 10R8E+23
8,300nE+23
8,5¢paE+083
8,700aE+@3
9,00RRE*D3
9,20RREVRY
1,0900E+04
1,14A2E+@4
1,170RE+04
1,1909E+04
1,20P8E+p4
1,2200E+24
1,29P0E+R4
1,2700E+@4
1,330qE+04
1,3000E24
1,49paE+g4
1,50PPE«4
1,5100E+04
1, 6400E+04
1,7200E+p4
1,76PBESRA
1,84R2E+04
1,9200E+04
1,93PBE+RA
1,99P2E+R4
2,000BE DA
2. 02PRE+g4
2, BAPDE+pA
2,1PR2E+p4
2,12p2E+p4
2,17ARE+DPA
2,22ppE+G4
2,23ppE+p4
2,29pPEQA
2,28p0E+04
2,32ppE+g4
2, 390RE+D4
2,42pRE~pA
2,4400E+04
2,48PRE+ R4
2,50pQE+D4

1,1600€+22
1.160QE+gp
1. 140PE+20
1.1688E+p0
1.162803E+30
1.168pE+q0
1.160QE+q0
1.,1680E+37
1.16080E+09
1,16R00E+00
1,1680E+29
1.,1600E+00
1.1600E+00@
4.1600E+p0
1,1620E+30
1,1600E+02
1.160pE+00
1.,1622E+p0
1.160pE+p0
1.1600E+30
1.1600E+p0
1.1600E+pD
1.1600E+p0
1.1600E+290
1.1620E+00
1.1600E+00
1.1688€+0¢
1.,1600E+20
1.16P0E+39
1.1600E+00
1.160PE+00
1.1600E+00
1.1600E+20
1.1698E+22
1,1600E+00
1.1600E+00
1.1600E+00
1.1600E+p9
1.1680E+09
1.,1600E+00
1,168PE+DD
1.16PpE«p@
1.16020E+00
1,1600E+p0
1.,16PPE+pD
1,16BDE+20
1.14PPE+0D
1,160PE«00
1,1600E+p0
1.16809€E+a0
1,1600E+00
1.1600E+p0
1.160pEwg0
1.16PPE«020
1,16PDE+pR
1,1600E+p¢8
1.,1600E+82
1,1600E+0€
1.1600E«00
4,160PE409
41.160PE+q0
1.1600E+30
1.,16d0E+pp
4.1629E+00
5.188PE+00
1,1600E+020
1.1600E+00
1,1682E+00
1,1600E«30
1.,1600E+a0
1,160RE00
1.16B0E420
1.,1680Eg2
L.160DE00
1,1600€+00
4.168QE+00
1.,1620E+20

P,p002g»Ra
2.00Q0E+R0
@.ae00c+a0
,3008Ee00
2.0000E%00
G.e0p0c+00
?,0000E+00
?,00p0E+80
P,00RVE*00
2,000PE+20
2,0PB0L«2Q
?.,0000E«BC
?.0000E+00Q
A,0800E+00Q
A,2002E+09
2,0008BE«0C
P,0R00E=DQ
P.pRO2ECRD
R.2CeRE+Q0
2.8900¢-02
?.0000E+00
2.,002Pg+08
7,2000E+00
P.00PPE+DA
?.p0PRE«RD
0,RA00E«00C
@, QCABE+BG
?,e%e2c+29
2.,p000g+02
A.,p0PAE«DP
?.0PEPE+QD
?,0000E+QD
2.,000PE+20C
. 200PE«RR
P.pORPE+Q0D
¢ .POERE+RD
?,0000F+02
P,p00PE+00
?,5000E+00
P,RAQOE+P0
P.PBRPE+BD
B.00PZE+DD
2,0nBAL«RE
0, pBPeE+Q2
0.00RE+D2
7.0000c+00
0,0000F+00
P,00B0FE «6D
0.g00PE«0R
3,00908¢+22
2,p0008E«R0
0.,9PP0E 0P
2.p000E+20
P.pRBBESDR
2,0200E+0P
2,9090¢«80
P.,0CD2E«DD
0,8800c+80
2,p0R0E+D2
A,p0P0E«pR
P.pOOPE#DD
2.0000c«00
P.000PE«PP
2,p00RE«00
2.0000e+00
2.008acean
2,p000E«00
#.0000QE+00C
2,2000E+00
0.p0RBE«DE
2,peRAE«R0
P, 200020
2,0000E«80
2,0PDRE+RD
0,p200E«09
2,2000E+00
P, p0BGE«2Y
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2,3200E-~04
243200E-04
2,3200E~84
2,3200E-24
2,3200E-24
2,3200E-£4
2,320@E~R4
2,32c0E-04
2,3200E-04
2,3200E-04
24320pE~C4
2,3200E-24
2,3209E-04
2,3200€-24
2,3200E~24
2,3200€-04
2,320pEw04
2,320QE~R4
2(3200E-14
2432Q0E-04
2,320pE-04
2,320pE-04
2,320PE-04
2,320QEnE4
2,3200E24
2,3200E~24
2,320BE~04
2,3200E-24
2,32¢gE-E4
2432Q0E-24
2322RE-E4
243200E-L4
2,3200E-04
2,3200E~04
2,322pE-24
2,322RE~B4
2,3200E-04
2,3200ER4
2,3200E-24
2,3200E-04
2,320RE-24
2,322QE~24
2,320QE-04
2,3209£-04
2,3209E-24
2y32¢0e-04
2,3200E~v4
2,32PPE~04
2,3200E-04
2,32¢2€~24
2,3200E04
2,320pE24
2,320pE-B4
2,3200E~04
2,320DE~24
2,3200£-04
2,3208E-04
2,3200€-04
2,3200E-24
2,320pE-04
2,3200E-~04
2,3200E~04
213200E-24
2,320BE~B4
2,3200E 04
2,3200E%04
2,3200E-04
2,3200E~04
2,320pE-24
2,3200E~04
2132ppE-04
2,3200E-0P4
2,3200Er04
2,32ppE-R4
2,3200E~04
2,3200E-24
2,3200E~04

3.5009€~02
3.5000E-02
3.508%E-02
3.5080E-p2
3.5000E=p2
3.5000E-02
3.500@E-p2
3,5¢00E-32
3.5000E~02
3.500RE~p2
3.500BEwp2
3.5000E -2
3.508BE~-¢2
3.5000E9p2
3.5200€-52
3.5000E~02
3.8000E~62
3.59PVE-i2
3.5000E=032
3.5000Cepn?
3.5200E 92
3.52082E-p2
3.5000E-p2
3.508RE=y2
3.5002E-n2
33,5800k 52
3,506BE-02
3.5000E-02
3.5288E-¢2
3.5080E-52
3.500BE9p2
3150R0E-p2
3,5000E-p2
3.5802E-02
3.5000E=y2
3.5000E~y2
3.5008E-32
3.5008E-p2
3.5000E-u2
3.508PE-p2
3.5888E ~a2
3.50RRE-Q2
3.5¢80E-p2
3.5000E-02
3.5000E~02
3V 5900E-g2
3.59200€-p2
3,5080E-B2
3.5000E-02
3.50@0€~a2
3.5000E-p2
3.50@0E=p2
3.52PPE"2
3.5000E~y2
3.5020E -2
3.50@0E~(2
3.5000E=02
3.5008E-p92
3.5000E-@2
3.500PE ~p2
3.500PE-p2
3.,50P0E=p2
3.5000E~02
3.5808E-p2
3.5P0BE=p2
3.5000€E~@2
3.5200E~22
3.,5000E~p2
3.5000E~32
3.50@0E~@2
3:5020E~n2
3/ 500PERg2
3,5808E~22
3.5000E~p2
3.5000E~yY2
3.50200E-@2
3.5000E=02

3,3290€01
3,3240€-0a4
3,3290¢-01
3, 8200621
3,32205=01
3,3230E~01
3,3200E-01
3,4220€-91
3,3290E=0¢
3,3220E~31
3,3200E-B1
379290E=N1
3,3240E "0y
3,3200E01
3,3200E~91
3,3220E=711
3,5220E~A1
3,3220C=01
3,3230e-0¢
3,327@E204
3,3290E=91
3,92a06~01
3,3220E~01
3,3209E-¢1
3,9290E~81
3,9200E-01
3,3238E=0y
3.3220E~01
3.deeE~a1
3,820E=m1
3.8200E~01
3.3240E~D1
3, 82IRE~01
3,32505=01
3,3220E%021
3, 32IRE~01
3.,3290E~21
3,3200E~01
343290Ec01
3,3230E~01
3,5202E-01
3,3220E-01
3,3240E-21
3,32998-91
3,3230E~01
3,3230€-01
3.3290E~21
3,3220E B3
3.3240E-01
3,3200E-23
3, 5220621
3,328RE-C1
3,3210E~01
3,3220Ee01
3,3200E=D4
3,320BE~01
3,3230E81
3,32a0E-01
3,3200E~01
3. 3200E-¢1
3,3200E~01
3,3200ERD4
3.,3240E801
3,322088=01
3,$240E=011
3,3220E=51
3,3220E-41
3.,3200E-01
3,38230E~03
3.32288-01
3,3290E-01
3,d220E-01
3.9230€-01
3,3220EwD1
3,9290E=01
3,3200E~01
3,9290E-01




DEGREES OF FREEDOM USED [N THE WIDTH DISTRIBUTION
JaVALUE CUMPET;T;VE NEUTRON_ RADIATIQN F1SS10N
3.0P00E+Q0 2,0PpPESDY 2:10909E+2D 2. 0R00E+pa 14203E+8¢

AVERAGE RESONANCE WIDTHS (EV)

P el e LT - --
INDEX  ENERGY (EV) LEVEL SPACING COMPETITIVE NEUTRON RADIATIQN F1sS10N
8,20P0E+@L  1.DCOQE+a0 @,VPDPEA@0  2,00C0€~C4  3,5000Een2  4,27dPE=d1
2 8,6908E+8% 1.0080E+20Q 3.00033C«00 2,0000E-R4 3.5380E-¢2 1.2720E-01
3 9,10APE+24  1.00PE+A0 0 ,QPOPE#R®  2,000PE-P4  3.5V0PE-0Z  1,2790E-01
4 9.5500E+04 1.0080E+08 2.,0P00E«20 2,000pE~R4 3.598REG2 1.2708E-01
5 1,000PE+22  4.0PPOE+00  0,00PPF«B8  2,00CQE~4  3,50PPE-p2  1.2720E<01
[ ;iiﬂﬂﬂE‘BZ 1.009QE+a0 G.0@0CE«E0 2,@0QpE~-P4 3, 52P0PE-p2 1.2700E-01
7 1,2”0¢E*ﬁ? 1.0000E+00 2,000PEe00 2,PPDPRE~24 3.500RE~P2 1.2700E~01
3 1,80PRE+PE  1,P@0PE«p0  2,P000E«@B  2,00P@E~04  3,50PCE-p2  1,2700E-D1

9 2,40P0E.02 L .0000E+00 2,PDPRCeR?  2,BBOPE~C4  X.5OQRE-gZ  4,2700E~01
10 2,00PRE*PE  4,0POCE+PY P ,QPPOE«QP 2,000QE~R4  3,50@0E-p2  1.R72DE-@1
11 2,BUPRESRZ  4,0000E«30  (.,Q0PPE-20  2,000QE~24 3 50B2E-p2  4,27085-03
12 2,99PRE+PR  1.00PCE~p0 @,0000FePP 2,000pE-~Q4  J,5C0RPE=P2  1.2720E-01
13 3,00P0E+02  4,000CE+Q¢  0,00PUEe00  2,000pE~24  3,50BPE-p2  1,2700E-031
14 3 1°M0E#PZ L. 0P2PE+00  0.000PEe00  2,000QE~B4 3, FPPUE-§2  1,2728fent
15 3,30P0E+0R  1,0PP0E+p0  2,PPPPEePP  2,00PPE-Q4  3,5B20E=P2 - 4.2728Ee0y
16 3,42PRE+PR A ,PPOBEYZE  D,QRDPEePD  2,DPOPE~B4 3, 5PRRE~PZ  4,2720E-0%
17 3, 6UABEPE  1,PP00E+CY  P,Q00PEep8  2,0000E~@4  3,500¢E-92  1.,¢730Em01
18 4,50B0E«PR  4.0000E+00 8,28Q0Ce@d 2,800Q€E-Q4  3,50eE-p2  4,2720Ce01
19 5,20RBE+G2 1.000PE+20 0.QP00E«RR 2,00@0RE~R4 3.'5%5&-212 1,2729¢<0}
2@ 5,6500€+02 1.PPOCE+al 0.Q0PPE+d? 2,00PPE~94  3,500PE-p2  4.,2790E-~01
3 6,10RBE+P2  4,000DE+30 0,0000E«0P 2,0@PQE~D4  3,500PEep2 1,2739f-01
22 6,200DE+@2  1,0@800E+00 2,Q00PE+@¢ 2,%0PQE~P4 3 ,5000E-p2  4,2700E-6y
23 6,300PE%@2  1,0000E+@0 §,pP@PEe@0 2,P0PPE~R4  3,50BPEsp2  4,2720Ee01
24 6,400RE+P2  1.P0D0E+PC 0.Q0QCCed0 2,PPPPE-P4  3,5080E-~p2 1,2720gedy
25 6,59PPE+02  4,0800E+30 0,pB0OFeP  2,8000EeG4  3,30Q0E-p2  L,2730fe01
26 §,60RRE+02  1,0000€+00 0,¢020C«00 2,800pE-04  3,5P@0E-P2  1,2730E~p4
27 7,1¥00E+@2  4.000@E€+a@ @,Q0Q0E~Q0 2,000PE-04  3,50PPE=p2  4,272DE~d3
28 7,25PRE+P2  4,DP0PPE+D0  D.pPPOEHPP  2,0000E-04  3,50B0E=p2  4,2720E=D)
29 7,40AQE+@2  1,0000E+00 @.,00@PEed0 2,BR0QE-R4  3,5200E-p2  1,2799£-0%
38 7,55M0E0%  1,0000E+00 @.000PEs0@ 2,ARC0E~24  3.50BPE-p2  4,2720£-01
31 7,7DPREPZ  1.0PPPE+D0  .000PEe0@  2,00COE-P4  3,/500DE=p2  1,2700E-03
32 B,BUPREB2  1,00BRECsd  0,pPODE.BR  2,0BCRE~84  3,5R0E-g2  4,272BE-B1
33 9,1098E+82  1.0B0BE+0@ ©,@000Cep? 2,80@Q2E-G4  3,520PE=92  1,270PE-01
34 §.9UPAE4R2 1.0000E+30  @.pB0AF«@2  2,0000E<04 3. 5080E-A2  L.27%0Cedt
35 1,P850E+83  1.PPPQE+0C  @.,p@PPE«d? 2,0000E~24  3,3000E-P2  1,273PE=01
38 1,18PBE403  1.000DE+p0  0,pP0PE«C0  2,008QE~24  3.50BPE-p2  1,2790E0%
37 1,2200E+03  {.P00QE+@d  0,p2P0F0d  2,0000E-04  3,5¢@0E-g2  1,272@E~01
38 1,30POE+@3 4 .000Q0E+p@  0.,0QCPEP¢ 2,000QE~24  3,50BRE-g2  1,2700E-D1
39 1,90PBE*R3  1,PR0DE+Q2  Q.QUBPE«P®  2,PRRRE-PA  3,50B0E-~p2  1.,2708%-03
44 1,43PRE«@S  {,2000E+20 ¢,0P00c«00 2,8000€-24  3,50BPE-ge  4,2770E-~0)
41 1,42RBE983  1.P00QE+A23  0.p000C«d0 2,000QE=04  3,5080E-p2  1.2700E~01
42 1,40pRE+R3  {,0000E«2@ 0.,pOOEsPE 2,P0PPE~04  3.5900E-y2  1,2700E~01
43 1,48PGE+03 1, 000DE+P0  O.000OLed@ 2,0000E-P4  3,50BRE~P2  L,270Q0C~D1
44 1,5000E+03 1, 0000E+00 0.0@00E~dP 2,00CPE~C4  3,500PEg2 1,2730FEw01
45 1,5450E+03  1,000PE~@0  P,0O00E«00 2,Q0PAE~P4 3, 500PE-p2  4,2720E-03
46 1,59PRE+R3  1,0PPRE+PD  0,pPODE«RPE 2,0000E~R4  3,5Q0QE-p2  4,270BE-D1
47 1,7¢ppE+23 1.P000E+00 ?.02P0E 0 2,080QE~R4 3.,5002E-p2 1,2720E~0}1
48 1,99005483  1,0808E+09  @,pPPOFs08  2,900PE~04  3.5000Eeg2 4,272BE-A1
49 1,9300E+23 1.,0PROE+3R P.0000E+A0 2,e0g2pE~04 3.50P0E-p2 1.4730E-01
50 2,00QRE+B3  1,0@PPE+20  0.aQ0PE«dr 2,B00@E~R4 3. 5900E-02 4,270PEe0)
51 2,10PPE+P3 1, DPBPE«pE  P,pP@0Eede  2,000QE~P4  3,50P0E-g2  1,2770E-0%
52 2,300BE+R3  {,000pE+p@  0,PPRPE«PP  2,B0PRE~C4  3.5BPOE-p2  1,2730E-01
LK} 2,5¢PRE+R3 1, 0BOPE.pP  0,p000FeP0 2,000QE~24  3,BERRE-pZ  1.,2720E-01
54 2,70p0ERY  1,PEAQE+0R  0,0000Cd0  2,0000E-84  3,5800€ape  \,273CE~01
55 3, 29ARE4D3 4, 0BAPE+PR  ©,POPBEAPP  2,0000E-24 3 S2ERE~E2  1,2730E-01
56 3.300RER3 4 ,000pE+00  0,@@PPE400  2,000QE-P4  3,5000E-p2  1,2700¢-04
57 3 40@AeE+@3 1. 00AQE«2@  ¢,g0Q0C«dd 2,000Q€-04  3.5PPPE-@2  1,2720E~01
58 3,750RE%P3  4.00Q0E+3@  0,p0Q0E+@@ 2,00PQE~P4  3.500PE-g2  1,273PE-04
59 4,100QE*@3 1 ,0009E+p0  0,0P0PE+00 2,00P2E-P4  3.5000E-52  {,2729f-04
68 4,30PBE*PS 4 ,0000E+pQY  (,pP@BE.20 2,000QE~P4  3.50Q0E-g2  1,2720f~d%
61 4, 40RRE+DS  1,V00PEs0@  0,p@POE«Ad  2,@BPQE-D4  3.BBPOEwR2  1,27¢RE01
82 ALBUPRECRS 1. PRRRE+BDP  P,P0R0E«DD  2,00DPE~B4  3.5UPRE-p2  4,272RE-D1
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4,900BEepT
5.0YPPE+P3
5,1900E+p3d
5,20PRE+R3
5,2°0BE+p3
5,30PpE-p3
5,60PRE+QS
5,62RQE+@3
5,70R0E+p3
5,94PE+p3
6, 0YARE+pd
6,10PRE+D
64 49RPES B3
6,8VPQE+QI
7,8000E+23
7,24R0E+p3
8,14PgE+pS
8,30PRE+R3
8,50ARE+A3
8, 70P2E+p3
9, 000PE+p3
9,28QRE+p3
1,0902E+p4
1,14p0E+p4
1,17peE+04
1,1980E+94
1,209RE+04
1,2200E+p4
1,2902E+p4
1,27P0E+p4
1,33p2E+p4
1, 35pRE+@4
1,4%PaE+g%
1,5000E %04
1,51A0E+04
1,6900E+04
1,7502E+p4
1,7600E+g4
1,84902E+04
1,92p2E+p4
1, 9%gEv4
1,9v223E+04
2.00p0E+04
2. 02rat«p4
2,0900E%04
2,16paE+pé
2,1202E+p4
2,17PnE+p
2,2208E+94
2, 23pREPA
2,2400E+04
2,2BRQE+g4
2,32RQE+D4
2,34poE+p4
2,4200E+04
2,49PBE+D4
2,45PDE+pA
2, 58RGE+g4

1.0000E+g@
1,0000E+p0
1.9000E«nd
1,0P0RE+PP
1,00@@8E+p0
1.0008E«2@
1.000PE+pR
1.,9202E+pd
1.UPPQE+3Q
1.9080E 00
1.28R2E+90Q
4 POPRE+pD
1.8888E+29
1.0000E+p0
1.2Q82E+q0
1.9200E+a0
1.3000E+ge
1.00BBBE+pQ
1.00PPE«@Q
1.2690E+02
1.0000E+90
1.8002PE+p0
1.9000E+92
1.0p00E+90
1.2p00E6+¢02
1,00Q00€+00
1.9900C~p0
1.9P0PE+0D
1.0000E+08
1.0002E+00
1.PPORE+pQ
1.4p00E+02
1.2000€+25
4. REBBEDD
1.0p00E+p0
1.000QE+00
1.008QE+p0
1.0p0BE»0
1.9000E+32
1.208BEvER
1 .200RE+pR
1.0000E+00
1.099BE+208
1.0000E«CR
4.000PE+Q0R
1.0000E+20
1.900pE+00
1.00PRE+P0
1.4009E+39
1.990pE«0D
1.vp2gc+08
1.200pE+gQ
1.000QE+00
4 .9P0QE+ES
4.00CQ0E+00
1.0029E+00
1,00RBE+RO
3 .8880E+00

0,0000c0D
A,0000E+B2
P.PP02Ev0Y
?,0000E+R0
P,0P00F«RBp
a,20e8¢c+a0
2.,2000g+00
7, 00CRE#R0
2, u703c+R0
2,9P00E+00
P, BPDOE+2D
A,0000c+00
@,0080¢+80
?.0000F+0@
@.Q00Cg+00
2,9000E+00
2,0080c400
A.p0B2ESRD
2.2000c+DE
2,3000E#28
0.00P0E+00
2.2002c420
A,gBBRE*0D
2,0000c« 00
0,30006+09
P.ad00E+R0
?.,DB00E+00
P.0C002E+00
d.p00RE+20
2.,p2022E+00
?.po00uPEeaC
0.0800E00
2.,20@0cv00
P, pOROESDBD
0.pRROERR
2,2800e+00
0.p0RPE+0D
P.8BRBEDD
d,8LB0c+0Q
?,2030ce00
2,@PDREDD
0,20000E«80
2,80e0C28
?,g0p0c.80
C.0000c+00
2,0000E+00
B,08p2E%00
2,00p0E+08
2,088 «00
2,00p0EeR0
0,0802cv20
3,3008Pc+30
A,002PE202
P.00pBE«22
o,pepPE«0D
2,00080E+00
2,pBRBELRG
B.0RBBE+B0
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2,000pE~04
2,00pQE~04
2,0000E~04
2,PDRRE~24A
2:10PCRE~D4
2,99¢gE~ad
2,00ppPE~L4
2,P00QE~P4
2,00C0E-24
2,2PCE~D4
2,BBPPE-D4
2,0000E 04
2,000gE-~04
2,800pE-D4
2,00QQE-04
2,000pE-24
2,2000E~C4
2,6020E-24
2.0000E-24
2,08¢85-24
2,000QE~G4
2,8000E-04
2,00008-04
2,00ppE~04
2,000pE-RA
2,000gE-24
2,8%08E-04
2,0000E~24
2,0RppE-£4
2,0000E-24
2,00¢9E-24
2,0ppQE~04
2,8Q200E~C4
2,B0pRE-24
2,00CQE~04
2,00¢pE~24
2.900pE~C4
2.0P2RE~R4
2,02g0E-R4
2.A80QE~R4
2,+PPRRE~DA
2.00p0c-24
2.0008E-24
2,0002E-04
2,0009E~R4
2,00pRE~£3
2,9200E-R4
2,BRCEESDA
2,20800c-24
2,P2QRE-R4
2,2000E-R4
2,0090E-04
2,0009E-24
2,800pE-R4
2,000Q6-24
2,0Q@CaE-D4
2.000BE-24
2,000RE~C4

3.5000E-02
3. BRRRE -2
3158PBE~P2
3.5882E-02
3.5980E-g2
3.5008€-a2
3.500¥E-02
3.5009E-22
3/,5000E~32
3.:5080E-D2
3.5PPDE D2
3.50@0E-92
3,50Q8E-82
3.5000E-02
3, 5009E-p2
3,5000E-02
3,52@0[-@2
3.50P0E-22
3.50BPE~@2
3,S00BE~p2
3.5000E~22
3.5080¢:42
3.50B@E-H2
3,50B2E-92
3 5000EvR2
3.5800E g2
3.5000E~22
3.50P0E~g2
3.5000E-82
3.50BVE-p2
3.520@0E-g2
3.80008E-¢2
3180B0E-22
3, 50B0E-p2
3. 5000E-g2
3.5000Ew82
3,590PE~g2
3.500PE-52
3. 5000E-¢2
3,5088E-@2
3 5000E-p2
3.5000E~g2
3.5000€0g2
3.5000E~A2
3,50080E~j2
3.5000E~¢2
3/5000E~p2
3.520BE~p2
3.50@0E~g2
3.5062E~32
3.5000E~p2
3.5000EvR2
3.%5008Ewp2
3.500BE=A2
3,5000E-p2
3.5000E-g2
3.5200E=p2
3.5@80Es2

1.2790€=01
1,2720E201
1.27U0E~D]
1.2740ER)
1,272¢E-01
1,¢73@E=01
1,2700E-01
1,2790E-04
4,2700E-81
1,2730E<01
1,272RE=01
1,2720E=01
4, 2739Cady
1,2720E=01
$.2720E-84
1,2720E~01
1.2700€~0y
1,2720E~01
1,2790£~01
4,2788E~R4
1,27030E-01
1,2748€-01
1,2720E-01
1,2720€8-04
1,272PE-0¢
1,2700E-01
1 270RE-By
1,2700E~01
L,2730Eapy
1.2700E=21
1,2790E~81
1,270PE-01
1,2700E-21
1.2728E=04
1,2790E-03
1,4720E-91
1,2730E=01
1,2700E-04
1,4720E-01
1,2730E-0y
1,2730E-02
1,2720€=04
1,2730€-01
1.,2720¢<04
1,27808-01
1.2720E204
1,2700E~01
1.2790E-0)
1,2790E-01
1.,2720E=04
1,2780E%8Y
1,2720E~01
1.,2730E-04
L, 2720E-21
1,2720E-44
1.2730E~01
1,23730E=024
1,2790E~01




DEGREES Of FREEDOM USED IN THE WIDTH PISTRIBUTION
[ repmEma—mPerempeoseEmgaTmRmeRE s nnaga

J-VALUE COMPETITIVE NEUTRON RAOTATION FISS[ONs
4.,0PRRE+QP P,2080E+00 2,P20QE+2R  p.COPOE+0D  2,39TDEHQ

AVERAGE RESONANCE WIDTHS (EV)

EEET TELL DL LDl bt Dl bl bl et dndd
INREX  ENERGY (EV! LEVEL SPACING COMPETITIVE NEUTRON RADTATIGN FISSION
i 8,20pPE+py  1.DPPPE+@D  QA,DPOOE+RP  2,B00PE~04 3 50BPE-p2  2,B620E-0y
2 8,65P0E+p1  1,vBO0E+2P 0,PPPCESRD  2,PPORE~P4  3,5000E-p2  2,B60QE~01
3 9,1000E+04  1,0080E+02 ©,0000F+08 2,0@PQE-04 3, 5000E=p2  2,863BEed1
4 9,590RE+@L  4.0POGE+EP  ,000PE+R0  2,@REPE-24  3,5CDPE-g2  2.86Q0E-JY
5 1,0UPRE~PZ  1,PPDOE+QD  0,PORPE«RP  2,PRPPE~B4  3.5PBPE-p2  2,B68BE-0)
6 1,10P8E«P2  1,0000c+00 9,p0BPE+00  2,00QQE-B4  3,500CEep2 2, ¥6@BEL-y
7 1,20PRE4B2  1,00P0ERP  O,3P0PEe2d  2,0009%-24  3,50BBE-g2  2,86200-0%
8 1,80p0E+p2  1.0P00E+P0  2,0PPPCe@0  2,00Q0E~04  3.50P0E-p2  2,8620E«01
9 2.40pRE+Q2 1.0002€E+2D P.QRRZE+RD 2 BEGBE~C4 3.30PPE-22 2,8630E=01

i® 2,60Q0E+P2  1,0P0PE+PC  0,000PE«P@  2,00008-04  3,5000Ees2  2,8620E=01
11 2,800aE+@2  1,0000E+23 2,p00PE«RR  2,000QE-P4  3,5000Eep2  2,8628€-03
12 2,99pRE+02  4,0P80E+Q@ 0,pPofeedp  2,000PE-04  3,50Q0E-pg2  2,9620geAi
13 I,00P0E+P2  1,0800E+20 0,pPPBAE4R@ 2,00PPE-C4 3, 50PPE-p2  2,8630E-0%
14 3,15PgE+p2  1.0000E+0P  P,PRPPEwDE  2,B0CPE-24  3.5000E=p2  2,8620C-dy
15 3,3002E+02  1,0000E+08  2,0000£+88  2,08CPE-¢4  3,5008£-g2  2,8630E-01
16 3,45PQE+P2  4.0000E«E0  0,3000C428  2,0008E-04  3,500RE-@2  2.9600E-21
17 3,60UPRESP2  4.0PBBE+0D  2,00QQ£«0P  2,0PDPE-P4  3,50PPE-p2  2,B600E-D1
18 4,50PRE+PE  L.DPEPE+QS  @.000PE4@0  2.,000QE-CA  3.50DEwpZ  2,3620£-2)
19 5,2098€+02  1,0A00E+00  2,3080Eep0 2,800PE-04  3,B5000E-g2  2,8630E-0)
20 5,6900E+22 1.0800E+02 @,00QPEe9d  2,P2CRE-~24  3,5900E-g2  2,8640E-01
21 6,14ABE+P2  1.000E+QR  P,000PEsPP  2,PDEPE~R4  I.50RRE=pZ  2.282DE-D1
22 6,2000E+02  1,0000€+0¢  @,0000ceg8  2,000QE-C4  3.580CEep2z 2,8600¢-01
23 6,30AREAE2 1 ,00BE«B  B.30B0Ee2¢  2,000EE-04  3,3Q6CE-02  2,8620€-24
24 6,40p0E+P2  1.PO0QE+0P  @,P0pPE+P0  2,PP0PE~04 3. SPBZE-p2  2,862PE-01
25 6,50M0E«BZ  1.0P0BE+QE  2.36GOESAD  2,00CRE~C4 3\ 50ERE-¢2  2,9600E-01
26 6,60P0E+@2  1,000QE+QD  ©,P20PEs@P  2,000PE~24  3,5000E-32  2,B620E-04
27 7,100M0E4@2  1,000QE+30  §,0000E«00 2,00QBE-24  3\5Q0UE-~g2  2,8600E-0y
28 7.2509E+92  1.PP2YE+Q0 ©0,PPPPE+P@  2,80PQPE~04  3,520QE-@2 2 ,80QPE=D3
44 7,4400E+02  1,0000Ee02 ©0,0800C«20  2,000QE-04  3,5000Eegz  2,86J0En01
38 7,\5oPRE+P2  1,0220E400 0.Q2PPEDE  2,90PPE~04  3,5088Evp2  2.,960BE=Py
31 7,7¢RBE«Q2  1,2P@PE+pe  @,Q0PCE+0@  2,000Q0€-24  3,500CE-p2  2,B62PEnDY
32 8,8400E+02  1.0000E+20 ,00@RE+Pe  2,0@CQE-C4 3, 5020E-92  2,8620E-04
33 9,10PBEsR2  1,0820E+00  0,00UPE+@P  2,000pE-04  3,5000E-p2  2,8600C~D1
34 9,9¢RRE«P2  1,0000E+00 0,0000EePC  2,Q0CPE~R4  3,500CE-p2  2,8620E~01
35 1.,0850E+03  4.000QE+@0 @.000PE+28 2,000QE-24  3,5Q00E-92  2,3640E~01
36 1,2800E+83  1,0000€+08 0.pAPGE+0P  2,00C0E-~¢4 3 S000E~P2  2,8670Ee0y
37 1,22@RE+@3 (. ¢EERE+00 @,0000E«20 2,000QE~RA4  3,5P0PE-p2  2,86Q0E~D1
38 1,38PBE+pY L, 009P2E+p3  (,000PE400 2,900DE~P4 3, 5LBPE-@2  2,86R0E~01
39 1,9800E+83  L,0PBRE43C  ©.0@Q0EA@9  2,90¢2E-04  3,50a0E-g2  2,3648E-21
49 1,430RE+@3 (. PPBRE+PE  §,00p0LePP  2,000PE~04  3,5000E-p2 2,863PEwDy
41 1,4900E+@3  1,0000€+90 0,0000E4p0 2,0PPQE~C4 I, 5060E-p2  2.B630Ewdi
42 1,40P0E+@3  1,PP00E+0p ©0,2000F+00 2,0PRPE~24  3I,S5080E=p2  2,8620E-03%
43 1,48p0E+83  1.0000E+@@  @,0800cd0 2,0800€-04  3.5000E-p2  2,8420E-9y
44 1,50@0E+03  1,00@pE+g2 0,PRPOE«Pd  2,B02PE-C4  3,5P@0Ewp2  2,863RE-01
a5 1,5450E+93  1,000PE+00  0,p000EsP0  2,0BCZQE~24 3. 5PBPE-32  2,8620E-04
a8 1,5500E+83  1,0000E400  9,00PRE+2P  2,000QE-24  3,5020€-32  2,8620f-01
47 1,70R0E+P3  1,000QEvPP  0,PRPOEe0P 2.0GPCRE-24 3, 5PQPE-P2  2,B62PE-01
48 1,960BE+@3  1,0@00E+@@  @,QA00C«00 2,870QE-24  I.50QPE-g2  2,84Q0Ee0y
a9 1,91P0E«@3  1,0000E+09 0,CBQPE+PF  2,00DDE-C4  3,50QPE-g2  2,8620E-01
50 2,00P0E+@3  1,PP2CEs0¢ 0.C0Q0E«00 2,0000E~04  3,S2@PE-p2  2,8620E-P1
51 2,10R0E+Q3  1,0P0PE«0P  ©,0000C4A0  2,0P00E-04  3,500PE-p2  2.8620€-01
52 2,32P0E+85  1,0000E4p0 0, PPPPEVPR  2,000QE-P4 3, SUBRE-g2  2,3630e-01
"3 2,50MRE*0d  4,00RQE+nD  P,0DPPE+OP  2,000BE-24  3,52RRE-p2  2,842PE~0%
54 2,79MQE+P3  1,000PE400  0.POOPEe00 2,0000E-04  3,5080E-p2  2,8423PE-p3
55 3,2¢00E+83  L,0BBQE+¢3  @.2022Ce80 2,00CRE~04  3,50@0E-p2  2,86dBE-0%
56 3,3UPRE«03  1,00R0E+Q0  0,2Bgute@dd 2,B00PE~94  3,5900E-g2 2,843PE=03
87 3V4UPRESD3  1,POOBE+QS  ,0000C+20 2,080PE<C4  3,500PE-g2  2.860BE-01
LI 3,7500E+@3 1 ,0000E«@P 0.DOEPE+0D 2,800BE"B4  3,5030E-g2 2,8630€-01
59 4,1002e+03 9 VDRPE+Q®  ¢,PB00E+00 2,0BCPE-24  3.S0QPE-02  2.9630E~d1
(34 4,39RBEeRE o, 20DPE+p@  P,PRRPE.PC  2,BPRAE-E4  3,5P@BE-~g2 2,08630Fedq
63 4,4000E+03  1,000PE+Q@ @.PEEPEe@P  2,BOCBE~C4  3,520PE-p2  2,862PE-01
62 4,8000€+83  {,UQ0pE+p0  ©,0000€480 2,B20RE-04  3.500PE-g2  2,B53BEpa
63 4,9000E+G3 4, P0BPE+p@  2,@RRRE«P8  2,BPCAE-24  3,990%E-p2  2,86%0E-01
64 S.9800E«83  1,0000E+@d  .0600C400  2,000QC~94 3, 500PE=y2  2,8620C-dy
65 5,1400E-23  1,0000E+Q@  0,000PE«@0 2,00CQE~04  3,5P@PE-p2 2,8630E-01
66 5.20PRE+03  1,0000E+p@ @,00PPEeB? 2,0D2RE-~D4  3,5P@PE-g2  2,8400E-21
&7 S.2°PRE+RY  L.0PBRESQE  0,0Q@PEe00 2,@002E~P4  3,50QPPEeg2  2,8620£-01
68 5,30PRE+PY |, 0PCRE+@Y P ,PPPOEePP 2,000QE~04  3.5CQ0Eeg2 2,4630Ea0y
49 5,6483C+03 |, ,0008E+00 0,00PPEe2P 2,000DE~84  3.50PRE-p2  2,862BL~B1
78 E,n;ﬂuc*ﬁa 1.0000Ee50  ¢,00@0Ee0@ 2,000@E~04  3.50PPE-g2 2,86¢0f-~01
71 S(7URRE4D3 1 ,000PE+Q0  2.2000Ce@0 2,@00BE~CA  3.50@0€~g2  2,53620Fe01
72 5,9480E+83  4.0000E+n0  2,20P0C+00 2,000PE~04  3.50PPE=p2  2,8400F~01
73 6,8UARESAS 1 ,000PE+39  @,0000E+00 2,080PE-D4  3.5008E~p2  2,3600F<dy
74 6,L0RDESPY 1 ,P00QE«PP 0,pPPPCa0B 2,000QE-84  3.500PE~g2  2,48620E=01
78 6,4200E+03  1.0000E+p0 @,M002C«00 2,00QQE~P4  3,5900E~p2 2,8430p~01
76 4,8203€403 4, BEBBEAYP F.,2002¢ ~20 2,P0PRE~DA 3.50RVE~pR 2,06080E=D)
77 7,80PBE+R3  1,000QE+@? 2,Q20PE«B0  2,0000E£~C4  3,5000€~p2 2,5600Fwdy
78 7,200DE+23 4 . PPOPE«R?  0,pR@0E.0@ 2,0P0QE-84  3.50Q0E~g2 2,8600Cwdy
79 8,14PRE*0Y  1.000PE+@Q@ §,Q00PE+00 2,000PE~04  3.500PE~g2  2,56A0E~01
8@ 8,J00AE+PS  1,@000E+08  P,pCOPEe2d  2,PBOPE-4  3,58PBE-p2  2,B&ABE~D1
81 8,50PPE*P3  1,0B00E+@0 P,p00PEe@0 2,000PE~04  3,5Q000L-p2  2,860PE-01
82 8,7MRRESRBY  1,0000E+p8 ©D,pOPOEeP@  2,PPOPE~C4  3,5B0PE~p2  2,3630F=0)
83 9.0URRESEY  {,¢02PE+0d  2,pROPE.20 2,PPOPE"0A  3,5UPPEwP2  2,B420F-y
&4 9,2002E+03  {.0000E«q2  3,000REe80 2,PE0PE~R4  1,50PPE-@2  2,860Pg=3q
ab 1AﬂgﬁzE‘04 1.0909Eep¢ f.8008¢+82 2,00Q0E-04 3.5@A0Ep2Z 2,8680E~04
) 1,1980E+04  1,0000E+p0  9,0000c+80 2,000Q0E~B4  3,5000E-~p2 2,8470E=01
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a7 1,1700E+04  1.,000CE+pp  0,20@0£+22 2,00QQE~B4 3 5000E-p2 2.8620E=01

88 1,1900E+p4 4. 0022EvpD  D,PROBE«BR  2,00DPE-~04  3,5000E~P2  2,0622E~dy
89 1,200DE+p4 1.8Q900E+30 2,0000E+E0 2,000pE-~94 3.500PE~22 2,8630E-01
ed 1,2200E+04 1.2020E+p0 a,2000¢+30 2.00030E~04 3,500QE-g2 2.4620Cady
(3 1,23PPE+04  1.0000E+00  0,2BP2Lep@  2,0000E~D4  3,5000LsP2  2,8620E-01
92 1,27AuE+pé  1.00PPE+P@  P,p0P0Ee@? 2,BEQPE-04  3,5000E-g2  2,8670E-01
93 1,35paE+D4  1.0P00E+P@  @,2R0QRCs20  2,000PE~24  3,5000E~¢2  2,5630E-01
94 1,30pRE+P4  1.0CPRE+BP  2,0B28{s30 2,00CPE~04  3IVSUPRE-g2  2,86¢0Ead]
95 1,44PRE+R4 4 .0PBBE+0E  2,p0RPRLePP 2,00pPPE~D4  3,5UBRBE~F2 2 ,86BPE~D1
LL] 1,50PPEQ4  1.0000E+@8  @,pRECEe@fF 2,0000€-24  3,5000E-¢2  2,8620FEe01
a7 1,51008C+04  1.8028E+98  @,gREACe0E  2,00Q@E~04  3,5000C~92 2 ,8640E-0q
98 1,6400E+04  1,0020E+«p¢ P ,EBRRCYE0  2,0002E-~4  3,5000E-@2  2,8620E-01
99 1,7°0PE+p4 1.0000E+p0 ?,0000E«00 2,0000E~24 3.5080E~02 2,8600E=01
ia¥ 1,70A2E+g4  (.000CE+00 @,0000c+0@ 2,0P0PE-04  3,5000E-p2  2,5630C-1
1Al 1,840DE+Q4  1,0000E+pP 0,0000E+00 2,PACRE~C4  3,5000E=02 2,8630f-04
in2 1,92Pp0E+R4  4,DDODE+Q@  O,2PEEE«BD  2,000QE-24  3,50PPE~p2  2,840DE-R1
103 1,990RE«P4 1. 0CODE+D@  3,0P90£e00  2,000QPE~84  3.SOBPEeP2  2,8670FE-py
404 1,9900E+p4 1.0002€+22 A, 000E00 2,00060E-24 3.5800¢~y2 2,8630E~3y
105 2,P0RQE+P4  1.,0000E+00  0,PPPPE+DR  2,00PpE-04  3,5000E-p2  2,8600E-p31
1p6 2,02P0E+P4  1.000PE+@0 O,200AFCe08  2,000PE-24  3.5020E-§2  2,8630Er01
a7 2,040@E+@4  1.0008E+0¥  §,0000E%RP 2.80PPE-04  3,5000E-g2  2,862PE-04
1p8 2,19P0E+BA  1,0P0DE+pP  P,pPPPE+Ep  2,00QPE-04  3,500PE-p2  2,086J0E-01
109 2,12paE+g4  1,0R00E«QR P.PPOOE+00  2,002PE-PA  3,500PE-p2  2,842PE-D4
110 2,170nE+04 1.,0POBE+PD ?,0000€«20 2,08¢RE~CA 3.5000E-02 2,9630E-01
111 2,22RRE+P4 1.0pERE+QR 2,8000¢+00 2.20gQE~2A 3.5200E-¢g2 2486788~
112 2,23P0E+P4  1,ePRCE+E  @,0000ce00  2,BECCE-04  3,5C00E-02  2,8630E-01
113 2,29PQE+p4  L.0@CCE+ce  0.Q000E+@9  2,00CQE-04  3,500CE-g2 2, B600E-pq
114 2,2800E+@4  1.0000E408  @,0@00Ce37  2,0900F~04  3.5000E-p2  2,8630E-01
115 2,32MpE+@4  1.0000E+@@  2,Q200FEePP  2,000PE-C4  3,50M0E-y2  2,3630E-p1
116 2,34PPE+Q4  1.B2MCQE+@2  P,pRQOE+PA  2.00C2E-C4  3.52@0E-p2  2,563@E-0q
117 2,42PCE+R4  1,0000E+00  @,Q0008E~PY  2.P0QPE-C4  3.5000E-g2  2,9620E-p1
118 2,45NpE+BA 1.¢B20E+20 P, BBRBE+DD 2,B00DE-D4 3.5928E-p2 2,8632F -1y
119 2,40p0EvpA  1.,V00RE+C0  D,PPPUE+@P  2,00PPE-04  3,5C00Eep2  2,8630E-P1
128 2,50M0E+04  1.0090E8+2¢ 2,@RGLE-GY  2.000QE-04  3,5000E-¢2  2.86ddc-01

DEGREES OF FREEDCM USED IN THE WIDTH UISTRIBUTION

.......... o
JeVALUE COMPETITIVE NEUTRON RADIATION F18510N
5.8QB0E+B3  P,PIBOE=DV  4.BO0PE4EPE  p.DOLRE+R?  1.8330E+0B

AVERAGE RESONANCE WIDTHS (EV)

INDEX ENERGY (EV) LEVEL SPACING COMPETITIVE NECTRON RADTATIQN FISStoN

8,2YPRE+Q) 1.1290€+20 R, 2ECBEsBR 2:240QE~04 3,52@B0E=32 1.43238Ee01
B8,6°0RE+D] 1.1200e+00 2,0CR0E-00 24240pE-04 3.5000E-g2 1,437%0€-p1
3 9 10PPE+PL 1.1290E+30 ?,0C22F 220 2+240pE-~0C4 3.5000E=i2 1.4336EwB1
4 9,520CE+Q@L  1,1200E+00 P,p0QPE+00 2,240PE-P4  3,500WE-g2  1.4320E-92%
5 1,00PRE+pE 1.1200€e+90 0,0002E+9¢8 2.240pE-D4 3.5080Ewg2 1¢9332E-03
6
7
8

e

1,120CE+02 1.1200E+00 ?,0000c+08 2,240PE~C4 3.,5000E-02 1.9320Ew01
1,200RE+02 1.1200E+00 2,0006E«00 2.2400E~04 3.50p2€-22 1,4330E-04
1,80RRE+Q2 1.1280E+78 2,280¢c00 2,2420E~04 3.5080E-~g2 1,4308E-21

9 2,4VPRE+PZ  1.1200E+Q0  &,0P0PEe00  2,240QE-C4 3, S5COCE-p2  1,4300£201
19 2,60PRE+Pe  1,12C0E+e@  P,POROEeRC  2,24CPE~C4  3,SOBOE-A2  1,9308E-01
11 2,8YARE+@e  1.1200E+Q0  @,0000c«00 2,2400E~04  3,5U00E-@2  1,4388E-01
12 2,94RRE«@2  1,120QE+00  ¢,0@Q2E«30  2,2400E~04  3.5002E-02  {.43a0E-0%
13 I, PLARE+P2  1,120E+ge  @,P000C+00 2,2400E~04  3.5¢POL-22  1,4320E-D1
14 3.15peE+p2  1,120Q€+00 @,2800E+0C 2.2480E~P4  3.5002E-g2  1,4330E-0y
15 3,30PPE+@2  1.12CQE+08  @,PU00Ee@@ 2,24CCE~04  3,5C0CEeQ2  1,4320Eepd1
16 3,42R0E%02 1.120QE+00 P,p00PE«RP 2,2400E~04 3.500PE"p2 1,43d0E~01
17 3,69PBE+@2  L,120pE+p@ ,P0QPELBP  2,2400E~R4  3,50RRE-p2  1,4340€-0%
18 4,SUAAESPE  1,1200E+00 0,pPRC0C+A0  2,2400E~04  3,5Q00E-p2  1,4330E-0%
19 S,20peE«g2  1,128PE+p0 A,.PP@BE«dF  2,2402E-04 3.500¢E~g2  1.,430@E-01
20 5,65AAE+P2 1, 120PE+2P  P,P0BPE+20 2,24CQ0E~04  3,5000E-D2  1,4370Eepy
21 6, 10POE+P2  1,120QE+00 P.Q@0PE+@Q  2,24C@QE-04  3,5000E-g2  1.4320E-01
22 6,20pRE%R2  1,120QE+Q0 ©.pOQPE+BP  2,24PQE-B4 3, 500PE-g2  1,4300€-01
23 6,3¢paE+@z 1, 1200E+p@  0,P0P0F+@0  2,248QE-24  3,5000E-@2  1,9320E-0)
24 6,40pUE+P2  1,1200E+00 0,p@00Ee0P 2,24CQE-B4  3,50DPE-p2  1,49320E-~py
25 6,50Q0E+@2  1.1200E+80 0,PPA0E«P0  2,240AE-~04  3,5@02PE-p2  1,4390E-0y
26 6, 60RRE+P2  1,120DE+PP D ,PRROEsDP  2,24PLBE+PA 3 S0BBEwy2  1,4390E-0y
27 7,16pBE+Q2 1.,120p0E+00 9 ,p0@0c«2P 2,240p0E~RA 3 ,50P0E-p2 1,4330E-01
28 7,2%p@E+02 1.120pE+08 P,0000c+09 2,240QE~04 3.5A008E-p2 1.,4320E~01
29 7,40p0E+P2  1,12PPE+P@  P,P000F+?  2,240QE-24  3.5000€-p2  1.43Y0Ee01
30 7,55p0E+QR 1.1200E+00  2,P0R0E.80  2,2408E-84  3,5000E-p2  1.,4330E-~01
K} 7,7000Ev@2 1.120pE~ppR 0,R800E«22 2,24C0ED4 3.5000E-¢2 1,4320€~01
32 8,80ARE«Q2  1,1200E+0¢  0,00PCEeBQ  2,24CQE~04  3,8000Esg2  1,4390E-01
a3 9V1bPRPE+P2  1,120pE+02  2,0BPOC+dP  2,24PPE-D4  3,BOPPE-PR  1,9300E-Bi
34 9, 90pRED2 1.12PBE+G0 ?,000PE+09 2,2400E~24 3,5000E~02 1.:4300E~01
ki1 1,085DE+P3  1,1PBPEvRD  0,20RPEeRf  2,2400E~84  3,5880E-g2  {,4300E-0y
36 1,1807E#@3  1,1200E+@d  0,0000c+@@ 2,24COE~04  3,5000E-g2  1.4300E€<0y
37 1,2200E+03  1,1200E+22 0,P000cedd 2,24CQE~C4  3\BOQBE-Q2  4.4320E-01
38 1,30p2E+p3  1,1200E+02 Q,PQ00E+P@  2,2400E~P4  3.5008E-g2  1,4320E-01
39 1,4000E03 1.128QE+00 7.p02Pg+00 2,2480E-24 3,3000E-p2 1,4300E-01
40 1,430RE*p3 1.1200E+pR  2,p200E«00 2,2400E~24  3,50@0E~g2  1,4300E=03
41 1,45pPE+p3  1,1200E+p8  0,p000£«2P  2,240QE-~P4  3,5000E-p2  1,4300E01
42 1,460PE+P3  1,1200E+09 0,@00QEe22  2,240@E~24  3,5000E~g2  1,4300E-D)
43 1,48p0E+p3  1,120pE+P@ 0 ,p@PPFeP@  2,240QE~P4  3,5000E-p2  1,4320E-01
44 1,58PRE«PY  1,120QE+89 O,PBOBCeBB  2,240QE-C4  3,5000E-p2  1,4320E-01
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1,5458E+83
1,59ABE+DY
1,7¢PBE+@3
1,9608E+03
1,91p2E+83
2, 0LPRE+DS
2,14pBE+@d
2,3002E+03
2,50PRE+E3
2,70RBE+P3
3,209PE+DB3
3,30APE+D3
3. 40Q0E+E3
3,759pE4D3
4, 10PRE¥R3
4,30ABE«D3
4,40PRE+Q
4,BOPPE+RD
4,90PREwES
S, BUARE+P3
5,10PBE+DD
5, 20@BE+§3
5,29PRE+@3
5, 30PRESD3
5, 60ARE+D3
5,6700E+03
5,78ARE+R3
5,9¥PRE+DS
6,00ARE+D3
6,10RRE+B3
6,45RRE*DY
6, 80PBE+BI
7,00PAE+RY
7,20PRE+D3
B 10PBE+EI
8, 30PRE+R3
8,50ANE+B3
8, 70RRE+03
9, BUABE+B
9, 20P2E+03
1,84PRE+B4
1,140pE+4
1,17PeE~D4
1,19pE+@4
1,20@pE+84
1,22MgE+@4
1,25PBEsDA
1, 270RE%84
1,330aE+04
1,300pE~04
1,44PE+04
1,5000E 04
1,51P2E+04
1,6%00E+D4
1,720pE+04
1,70RRE4R4
1,8420€E+94
1,920aE+R4
1,93PBE«R4
1,99P2E«R4
2 BRREE+E4
2, P2RQE+D4
2,8400E+04
2,10DQE+R4
2(1200E+04
2,17p3E+04
2,22pmE+p4
2,230pE+04
2,29PBE+D4
2,285 +54
2,320BE+g4
2,349pE+Q4
2,42p0E%04
2,440pE+04
2,4%0pE%04
2.,50ppE+04

1.1200E+00
1,120DE+pD
1,120pE+00
1.1200E+00
1.,1200E+00
3.122QE+D3
1,1200E+00
1.1208pE+00
1,120pE+20
1.,120pE+eD
1.120pE+20
1,1200E+00
1.,12080E+00
1,1200E+00
1,120pE+pp
1,1208pE+09
1,1200E+Q0
1,1200E+90
1,120gE+g0
1.,1200E+00
1.,120pE+@p
1.128QE+g8
1.1200E+¢0
1.128pE+gg
4.1200E+00
1.1200E+00@
1,128pE+0¢2
1.126pE+00
1.1200E+00
1.120pE+00
1.1208E+20
1.,1200E+g0
1,1200E«29
1.1200E+p0
1,1200E+09
1.,1200E-00
1,1200E+20
1.12PQE+20
1.1200E«p@
1.1288E+pp
1.120PpE+pp
1.12P0E+Q0
1.120PE+p0
1,1200€+00
1,1200E+00
1.120PE+p0
1.1220E«p0
1,1200E+00
1.1200€+a0
1,1200E+0p
1,1200E+20
1.1200E+p0
1.,1200€«p0
1.1200Es00
1.,1200E+00
1,120085+32
1,1200E+00
1,12P0E+0p
1.1200E+00
4.12PPE+p0
1,120@E+g0
1.12BQE+g@
1.1282E+00
1.120@E+g0
1.1200E+00
1.120@E+p0
1.1200E«p@
1.1200E+00
1.1200E+p@
1.1208C+p20
1,1220E+00
1.1200E=pp
1.1200Es00
41.1200E+p0
1.1200E«pp
1.1200E+p06

P.0RQCE«QD
2,0000E=EE
n.oRBOC+CE
@, 0000EsBE
?,0PPRE«EE
R, QRERPE+RE
2.0A0PE~DE
9.0000E08
7,0000c+00
2,0000E+08
?.CP00E+P2
2.,88202E490
2,000PE+00
0.,000CE«02
?.,2088E+08
0 .000PE«R0
¢.0200c«00
@.PRQPE+00
2,0000c+08
?.,000Pc+00
2,020PE«22
?.BBBRE+02
#.0000c«22
2,2892c+082
G.0000F«Q0
¢.A000E+00
2.0009¢+29
2.2000E+290
P.el00ca22
¢,0000Ee8P
B.2020E22
P.02BPE+0D
$,0000F+02
?.,p8p0g+28
¢.,0000c%00
0,0800F«00
?2.0009E20
?,0802c«B0
72,0000 «20
2.,0280E+20
2.0000FE0R
?.0002E+0C
g.pARBEBE
P, CBBCE+CO
B.pedCcsCR
2,GBEPE«0Q
2.,0000c408
., p0BOE B0
?,0800¢ 00
?,0000F«00
9,0000g.00
7, pRPRF +08
2,0800E+00
2.082RE«00
P.RERAESDR
B,0080c20
0.000RceRQ
2.,0000c+00
2,000RE«00
2.0PQREeCD
?,0000E~00
0.0000E+08
2, CPLPEBD
B, BEBPESBD
0,0000EeBR
¢, BUCPE+DY
2,p000F+02
B,B0PRE+BD
'NTILRY T
2.0000E+00
2.0000E+00
2,0000c00
P,0000E+00
2,0008¢ 8¢
A,0000E+20
7.,0000E#00
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2.24C0E-04
212420E-L4
2,24CpE-R4
2,24CRE-04
2,240pE"04
2,2428E-24
2.2429E-04
2,2409E-04
2,240QE-94
2,242RE-E4
2,2420E-24
2,24CpE=24
2124CPE-04
2,2400E-24
2,2423E-24
2,2409E-04
2,240QE-04
2,24CQE-F4
2,24CpE=04
2,2400E-04
2,24DpE-B4
2,24DBE-L4
2,2400E~04
2,240QE"24
2,2400E~04
2,2402E~04
2,2400E-04
2,240QE04
2,24C0E~24
2,240pE=P4
2,242pE-04
2,240pE~P4
2,2400£-94
2,240pE~k4
2,240QE"04
2,2400E-G4
2,2400E~04
2,2400E~24
2,2400E-04
2,2490E~E4
2,2420E~24
2,24CQESB4
2,2409E-0¢
2,2400E-04
2,240pE-0¢
2,2400E-04
2,24ppE~04
2,2400E~04
242400604
2,240GE-24
2,2408E~04
202400E~04
2,242pE~C4
2,2400E-24
2,2400E~04
2,240pE~24
2,2400E~04
2,24009E~04
2,2400En24
2,240pE-04
2,240QE~24
2,2400E~04
2.240PE~R4
2,240pE~04
2,2409E~04
2,24ppE~04
2,240PE~D4
2,2400E~04
2,2420E~04
2,2400E-24
2,2400EwD4
2,2429E-04
2,2400E~24
2,240pE-04
2,2400€~24
2,2400E~04

3.5008E=p2
3.5000E~-32
3.5¢pPE-¢2
3.,5080E-02
3,5000F~g2
3,58Q0E-g2
3,5000E~p2
3.58Q0E-p2
3.50@¢E~p2
3.5080E-p2
3,5000E~p2
3,5900E~p2
3/5200E~p2
3,5008PE~p2
3.59@0E~p2
3.5000E~p2
3,50B0E~g2
3.500PE-p2
3,5800E-p2
3,5000E-p2
3,5000E~p2
3158P0E-p2
3.50080E-g2
3.5000E-g2
3,5000E-p2
3. 50@RE~-p2
3.588PE~g2
3.500PE-G2
3.5080E-02
3:590%E-g2
3:530R0E-g2
3.5800E-p2
3.5000E-g2
3.,5000E-p2
3 5¥BRE-p2
3,5002Ee@2
3.5298E-g2
3.5008PE-g2
315900E-p2
315000E~y2
3.5000E-g2
3.500PE-92
3,500RE~p2
3,5029¢E g2
3. 5000E~p2
3.5000E~p2
3.5000E~p2
3.800RE-p2
3.5088E=p2
3.5800E-p2
3.58080E~02
3.5090E-¢2
31 5200E~g2
3.5088E .02
3.500PEwg2
3.5200E-22
3.500PE-92
315000E-p2
315000E~p2
3,5000E-p2
3:5000E=p2
3,50080E-p2
3)5800E-p2
3/508PE-p2
3.5000E=D2
3.5@00E~p2
3.5020E 02
3.58PAE=p2
3.5000€-~02
3.5@88E-52
3.5000E-p2
3.52@0E-p2
3.5000E-92
315000¢-02
3.5000E-p2
3.50080E-¢2

14322521
1,4300E~¥1
1,4320E»01
1,4300F-%1
1,43230E~01
1+4338€e¢1
1.4330-021
1,4320e~01
1,4320€-01
1,4320E-01
1,4308E=01
1.1433CE-01
1.43BPE-D1
1.433@€~01
1,4320E~21
1.,4320E-B1
1,4320E-01
1,4320r-01
1,4320E=68
1,433BE-V1
1,4330p-81
1.+4328€-01
1,4300E-01
144320E-04
1,4300E-01
1,4320E=01
1,4300Ea01
1,4320E-0)
1. 430RE-B1
1,4300E-01
1,433Qc~81
1.,4300£03
1,4302En21
1,430RE~01
1,4320E~0Cy
1,4300EeBt
1,4300€£~01
1,4380E=0]
1,4320E-61
1,4320E~061
1,4320E=0y
41,4330~
1,4320E=01
1,432¢E-01
1,4320E-01
4.430¢£~01
1.4308€-84
1,4320c-01
1.4300¢08
1,4300€-01
1,4308E<01
1,4320E=21
1,4300E-01
1,4308E~81
1,4320€~21
1,4332¢-01
1,4320E91
1,4380E=-01
1,4330E=01
4,4300E"01
1.432RE~01
1,4300E-01
1,4308E-C1
1,4320e=01
1.4300E~01
1,4330€=01
1,4300€-0y
1.4320€~01
1,4300c-03
1,4380E~01
1,4390e-01
1,4320E~01
1,4300E~01
1,4300E~01
1,4300E~24
1.4302E~01




URANIUM=235 ENDF/B MATER]AL NO, 2641

FISSION
NEUTRON CROSS SECTION
REACTION O VALUE  1,925PE*@8 £V
INTERPOLATION LAW BETWEEN ENERGIES

RANGE CESCRIPTION RANGE BESCRIPTION
1?0 37 LN Y LINEAR IN LN X 87 To 478 ¥ LINEAR IN X

NEUTRON CROSS SECTIONS

RANGE DESCRIPTION
478 TO 810 Y LINEAR IN LN X

- 7% -

INDEX, ENEHGY CROSS SECTION  ENERGY (ROSS SECTION
EV

EV BARNS
1,28PPE=D5 3, 4330E#04
2,880¢YERE2 6,6687E402
4,5000E~02 4,1098E+02
7,000VE~RB2 3,1704E402
9,5020EmP2 €,6159E402
1,4@8RLE=01 2,04868E02
2,B334Em01 4,7701E+02
3,8334E~01 1,9182£+02
4,B339E=01 1,4546E402
5,8492Em@1 6,9431£401
7,8492€=01 5,4285E40%
9,8492Em04 6,5236E401
1,8310E+00 V,29P2E4+09
1,3270E%00~4,4290E401
1,7270E#Q@~3,87A0E+00
2,364LER0-7 ,1BRBE~DY
2,7450E~20~-4,2980£+00
2,943UE0a~T 1 0E0EL1
3,2730E400~1,4300E+00
3,5020E422 2,3P20E+0Q
3, 90R9UE#BO5,3600E400
4,5450E#00-2,1400E+00
4,860E+DD 7,1PODE~D1
4,9810EwR2~2,B6EREOQ
5,3890E400+7 ,1P0AE~EY
5,9890E«pD 3,6400E+00
6,2550E #0014, 790RE+RH
6,5450E«02=5,pPOPE+CQ
7,1B20E#BR ©,0000E+0P
8,363UEPR~3,93PPE+00
9,106LE+BD 2,5PP0E+DA1
F,4810EeBP 4,1430E+01
9,995LE#P02, 1 4DBE+0P
1,8430EP1 2,1400E+09
1,2992E401 2,pP0DECDD
1,1859E401 ¥,2P0BE0Q
1,2142E#01 1,4350E+01
1,4357E%01 5,74009E+00
1,4737E421~3,878RE+8D
1,5373E401 ©,POGRE+ED
1,5818E+91-2,5000E+20
1,6364E401~6,4500E400
1,6727E«0) @,0000E+20
1,7091E+0) 2,8600€+00
1,7545EwP1=7,4000ED1
1,8091E401 B,0PPRE«RP
1,8836E«01 2,8620E+0p
1,93B1E421 ©,2800€+22
1,9527E424 1,714DE+P1

BARNS
1,0000FE~83 3,1234E403
2,5300E~02 5,8540e%82
5,0000£~02 3,9201E%02
7,500@0e~02 3,0405682
1,808QE~01 2,5329E402
1.5082g~81 4,9726E*82
2,2334€~0) 1,7795E%RB2
3,2334E~01 1,7428E402
4,2812E~81 1,0406E4022
6,2492c%01 6,5391E%01
8.2492601 5,5699c981
1,0000E+00 &,8116E401
1,1820g+00=-1,9290E%01
1,3640E400-1,2140E%P1
1,8180E400-2,8600L400
2,4550E400-1,0700E488
2,80005+00 0,0000E~0P
3,Q18Q€@2 3,5700E~20
3,36406400 2,140E%00
3,6360E400 @,00RQE*R0
4,0000e4080-4,4000E%0D
4,6360C400-4,7900E00
4,8550E«20 7,1000E81
5,0910¢%00-2,8400E*00
5,5450E400-7,1000E=01
6,000PE@? 2,85600E%00
6,2910£+00 9 ,00MRESRR
6,6360E400-4,2800E%80
7,29106%00-3,5700E%80
8.4530+00 2,00PRE*B2
9,1790E«@0 1,0000E401
9,5050E00 4,0200E491
1,0085£401-2,86Q0E2R0
1,0629€4@01-7 ,1000EB1
1,1264E4@1 3,0000E%90
1,1862E+81 0,0p00E%00
1,2200c+@81 §,00@AE+R1
1,4412E4081 5,7120EBY
1., 49D4E+D1-5,0pRBE-01
1,5455E401 0,0000£+08
1,5909E401-1,2100E*09
1,6436E+81-6,43R0E00
1,6818E401 1 ,4302E+20
1,7481€4P1 1,4320E929
1,7636E+01-1,8700E%00
1,B273E%01 p,BBRPREYED
1,8727E+01 2,1400E+00
1,9436E+081 2,8400E900
1,9%545E401 4 ,5740E401

ENERGY CROSS SEGTION ENERGY CROSS SECTION ENERGY CROSS SECTION
3

'} BARNS

5,0000E~03 1,3832E%83
3.0800g-02 5,3159€+82
5,5000E02 3,7p39€%02
8.,000Pc=02 2,91758%02
1:4002E=01 2,3522E%02
1,6002E=F1 1,9082E+02
2,4334Em01 1,B3850462
3)4334Em01 1,5394E%02
4,6492E-01 7,1588F%¢e1
6,58492Fw@1 6,2223E%01
8.6492E=01 5,5983E%01
1,08¢0E+0¢ 1,1858E%01
1,2000E%00+2,3570E%01
14550008 ,2100E 00
1:9090c+0022 ,1400E*00
215450001 ,7322€%00
2.:8180€%00 7,100CE~01
3,05720£%09 3,57008E400
3,:4550£%00 6,5p00BE%20
3,6940E+00-6,9802E 00
4,29L0Ew00=3 ,7PRRESRR
4,7270E%P0n1 ,4300ERD
4,B910E4P0~1,4300E£%08
5,1450E%00r2,5000E400
5,6550E«00~1,79P0E*00
6.,0910E%PP 2,5Q00E%00
6.41,080E+00 9,0¢00E%00
6,7270E%00~3,713BE*0D
7.8180€£%00~3,9300E*0Q
8.925pE+00 ¥,BpB0E00
?.2330E%00 ©,0p00E%20
9:54406+00 8,2180€+00
1.0174E%0% 9,P28RE*20Q
110720€P1~7,1g00E~21
1149901 2,7509E%80
1.189BE%P1 2.,7080E%00
1,235pE+21 9,02BOE*2D
1,4448E¢01 4,7100E%00
1.33025+01=7,1G02E~0)
1,5545£e01~1,4307E*00
1169006981 B,2¢402E*20
14.64F(Eed1~6,4TRQE400
1,6999E«01 3,9300E*00
1.7273E%21 7,1p¢0RE"0L
117727E901~1,4300E%00
1,B364Ew@1 3,5780E%00
1,8818E%01 1,.4300E*Q0
1,9455E«01 7,34080E%0¢8
1,96 18E%21 1,8740E%21

£V BARNS
1,P000E-P2 9.6623E%02
3,5000E-22 4.8633E402

- 6,0DPFEVZ2 3.5089E%02

8,580PE-02 2.,8072E%02
1.2200E-R1 2.2525E02
1.,7000E~01 1.8561E402
2.,6334E481 1.5142€02
3,6334E«01 1.3901£%02
5.0492E~01 8.19560E%01
7.0492E-01 5.9661E%021
9,0492E401 5.7644E%01
1,0550E+00 1.143DE%01
1,2180E+0052.5000E%01
1.545%E+00n6.8702€+@2
2,000NE+00s2.14P0E*20
2.6340E+00~3,5700E%0D
2.8550E400 7.1900E=01
3.1020E+0093.5700E+2Y
3.4910£403 7.108BE*Q0
3.727CE+2039.1900E%00
4,1820E+80=3.1400F*00
4,7820E+20 ¢, 0RABESQD
4,9090E+82=2.1400E%00
S,1820E3032.,14P0E+00
5,7270E+00~14300E*00
60,1642E#00 1.4300E*00
6,4550E+00~2.8600Ev00Q
6,8180E+2072.1400E#2D
8,000PE*Q0~4,.2900E%00
9.215BE«BE 2.1430€%01L
9.3600E+00 2.0PPRED0
9.7040E+00 2.08Q0E*00
1,0267E401 @.0000E%E0
1.0811E+01-3.,6000E~04
1.1445E401 2.8B82RE4DD
1.2000E+01 5.4080E+00
1,4085E+01 2.209Q0E+00
1,4611E+01~5.5000€E%00
1.5091E+01 U.Q000E%0D
1,5638E+0123.5880€%00
1,6182E+01 0.0000E+00
1,6545E+01°4,2900E420
1,6945E421 4.2900E%00
1.7364E401 B.0220E*RD
1,7818E+01~1.8620E+00
1.8455E+01 3.9300€+00
1,8909E+01 1.272@E%27
1,9491E401 1.4290E¢01
1.9672E401 B,29DBE*20

EY BARNS
1,50@0E-02 7,7939E402
4,0000E=82 4,4981E+82
6,5000E-02 3,333I0E+B2
9,0000E=-02 2,7072E+02
1,3200E-04 2,14L3£422
1,8000E-01 4,8158E%02
2,8334E=-01 1,9642E422
3,8334E~01 1,26F3E%02
5,4492E=01 7,4885E%01
7,4492E~@81 B5,7651E401
9,4492E01 6,0738E433
1,P73pESED 1,0840E%21
1,236DE*00n2,5000E+21
1,6360E00=4,8420E400
2,182CE+@0=1 43POEEC
2,691CE%00~4 ,29PPE+LR
2,927¢E%00=7 ,10CCE~CL
3,218QE*0E~3,2100E00
3,545¢E%0¢ 8,00B2E0R
3.818PE22~7,1400E+00
4,3640E928~2,2980E00
4,8020E+Q00 7,12P0E~91
4,9450E+00c2,B40PEY0
5,2730E+0041,278DE+00
5,8480E+00 2.0080E+02¢
6,2160E%@0=1,7900£422
6,4910E+00n5,0000E% 00
6,9820E%00 ©6,2B8CCE+0R
8,1812E%00ped,2900E420
9,0529¢6+3¢ 2,5200E%01
9,4320E%82 {,000QE401
9,7590E+002~2,1400E+20
1,8339E401 2,1400E%0¢
1,0937E+015,7026E=91
1,4481E+01 2,908RESED
1,2091E+01 7,4320E+00
1,4267E«@1 2,8600QE400
1,4647E+01~5,5000E+00
1,5182E+01 7,1000E=01
14,5727E401~3,570DE%32
1,6273E401~3,5800E+C0
1,6636E+D1 P,COCRESDD
1,7089E+81 3,5720E%080
1,7455E+81 ©,0600E+82
1,7989E+d1~7 ,16PBE~F1
1,8545E+01 3,5700E+30
1,9002E4p1 2,000DE+00
1,9509E+01 L,7442£+01
1,9727E«01 6,43P2E%AV
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zasugn f:
Yr. Lsb
74 ANL
73 KFK
73 SAC
71 LAS
71 GEL
71 CAD
70 LAS
70 HAR
68 ANL
67 KUR
66 LAS
65 ALD
65 DUB
65 SAC
63 LRL
63 cce
62 CCP
61 MOL
59 CCP
58 ANL
58 COL

REFERENCES FOR _EXPERIMENTAL DATA

Author
Poenitz

Kaeppeler

~ Blons

Lemley, et al.

Deruytter, et al.
Szabo, et al.

Cramer
Patrick

Poenitz

Mostovaya

Brown, et al.

White

Wang, et al.

Michaudon, et al.
Bowman

Pankratov
Smirenken, et al.
Deruytter, et al,
Gorlov, et al.
Bollinger, et al

Melkonian, et al.

References

Nuc. Sci.&Eng. 53, 370 (1974)
KFK 1772 (1973)

Nuc. Sci.&Eng. 51, 130 (1973)
Nuc, Sci.&Eng. 43, 281 (1971)
J. Nue. En. 25, 263 (1971)

Third Conf. Neutron Cross Sec-
tions and Tech., Knoxville Tenn.
Vol. II,573 (1971)

LA 4420, 45 (1970)
J. Nuc. En. 24, 269 (1970)

Second Conf, Neutron Cross Sec-
tions & Tech., Washington D,C,
Vol I, 503 (1968)

I.A.E, 1302 (1967)

Conf. Neutron Cross Sections &
Tech., Washington D.C., Vol II,
971 (1966)

J. Nuc. En. 19, 325 (1965)

Phys. & Chem. of Fission,
Salzburg, Aust., Vol I, 287
(1965)

Nuc, Phys. 69, 545 (1965)
Phys. Rev. 130, 1482 (1963)
At. En. 14, 177 (1963)

At., En., 13, 366 (1962)

J. Nuc. En. A/B 15, 165 (1961)
At. En. 6, 453 (1959)

Priv. Comm. (1958)

Nuc. Sci.&Eng. 3, 435 (1958)
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235((n f) cont'd

Yr. Lab  Author References

57 LAS  Smith, et al. Bull, Am. Phys. Soe. 2, 196
(1957)

57 LAS  Henkel LA-2122 (1957)

57  HAN Seppi, et al. HW-53492, 22 (1957)

57 HAR Allen, et al. Proc. Phys. Soc./A 70, 573
(1957)

56 SAC  Ballini, et al. Priv. Comm. from Netter (1956)

55 SAC  Auclair, et al. Int. Peaceful Uses of At. En,

Conf. Gemeva Vol IV, 235 (1955)

55 SAC Szteinsznaider, et al,
Int. Peaceful Uses of At, En,
Conf. Geneva Vol IV, 245 (1955)

55 CCP  Adamchuk, et al. Int, Peaceful Uses of At. En,
Conf. Geneva Vol IV, 216 (1955)

54 KAP  Yeater, et al. KAPL -1109 (1954)

54 HAN Leonard HW-33384, 33 (1954)

4y LAS Williams LA-150 (1944)
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82- U=238 WARD EVAL=SEPT?3N.C,PALK
DIST~MAY74 REV-NOVYT74
P,C. TO NORMALIZATION AND STANUDARDS SUBCOMMITTEE MARCH 1974
PERTINENT HOLLORITH FROM GENERAL FILE FOLLOWS (MAT 1262
ALL REFERENCES CA;RIED OVER FROM GENERAL FILE
MF = 2
RESONANCE PARAMETERS
RESOLVED RESONANCE PARAMETERS
Fuvd. MCCROSSON (SAVANNAH RIVER LABARATURY) . IN THE
EVALUATION RESULTS OF TESTINGS OF PRELIMINARY PARAMETERS
ON [SOLATED ROD RESONANCE INTEGRAL CALCULATIONS BY
Je HARDY (BETTIS ATOMIC POWER LABORATORY) WERE CONSI!-
DERED, COMMENTS BY G, DESAUSSURE (OHNL) AND BY PAIK
CONSIDERED IN THE FINAL VALUES,

MTx151 RESQLVED RESONANCES ~ PARAMETERS INCLUDED FOR 160 Se=WAVE
AND 220 P-WAYE RESONANCES BASEQ PRIMARILY QN DATA OF REF 1-7,
MEASURED PARAMETERS WERE MODIFIED TO IMPROVE FIT TO POINTWISE
CAPTURE MEASUREMENTS OF REF 8, RESQLVRD RANGEI { EV=-4 KEV,

UNRESOLVED RESONANCES - AVERAGE RADJATION WIDTH=zg,@2358V,
ENERGY RANGE 4 KEV TO 45 KEV,STATISTICAL FIT TO DATA BY
PAIK (REF, 363 SAME TECHNIQUE AS WAS DONE FOR ENDF/B 11,
AVERAGE S~WAVE LEVEL SPAGING=20,8 EV,S-WAVE STRENGTH FUNCTION
21, Z5E-4BASED ON EVALUATED RESOLVED RESUNANCES, P-WAVE
STRENGTH FUNCTION OBTAINED BY ADJUSTING CALCULATION TO THE
EVALUATED CAPTURE CROSS SECTION, NEUTRON WIDTHS AND LEVEL
SPACING ARE GIVEN AS ENERGY DEPENDENT AT 15 ENERGIES BETWEEN
4.0 AND 45,7 KEV, P»WAVE PENETRATIQON FACTORS TO BE CALCULA-
TED USING A RADIUS OF 8,4 FERMI PER REVISEU ENDF/B FORMATS,
THE TEcHN!agE 1S ESSENTIALLY SAME AS WAS FQR ENDF/B 3.
MF =2 3

MT=18 FISS!ON RATIO RELATIVE TO U~235 EVALUATED FROM 2,98 TIMES
LAMPHERE{REF.25) BELOW 2 MEVs REFS, 26 AND 27 BETWEEN 2,2 -
5.4 MEY, AND REFS, 27 AND 28 WITH CORRECTIONS TO REF, 28,
THESE RATIOS ARE IN GOOD AGREEMENT WITH MEASURED VALUES OF
REFERENCES 34 AND 32,

THESE FISSIOM RATIQS WERE COMBINED WI!TW THE ENDF/B 1V U=235
FISSION CROSS SECTIONS,

MT=41@2 (N,GAMMA) = METHODS OF REF, @ USED BELDW 1 EV, BUT VALUE
OF 2,70 B8 USED AT ,g253 EY, RATHER THAN 2,72 B, SMOOTH CROSS
SEC {1 EV~4B KEY) INCLUDE CONTRIBUTIONS FROM (A) BOUND LEVELS
(1~=180 EV), (B) UNRESOLVED P=WAVE RESONANCES (,68-4 KEV): AND
{C) A SMALL D-WAVE COMPONENT (10c45 KEV),

BETWEEN & AND 100 KEV, BASED ON AVERAGE OF REFS, 38 AND 8,
ABOVE 108 KgV,THE EVALVATION ARE DETERMINED BY FRIESENHAHN
(REF,33), RYVES{REF, 34)AND REFERENCE 35,

ABOVE 2 MEV THE EVALUATION BY DEVANEY (REF,37) WAS ADOPTED
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- 230 -




ENOF/B MATERTAL NO, 6262

URANIUM=238 TABLE OF CONTENTS
GENTRAL INFORMATION

DATA TYPE REACTION CARDS

GENERAL INFORMATION COMMENTS 93

TABLE QF CONTENTS 4

RESONANCE PARAMETERS RESONANCE DATA 474

NEUTRON CROSS SECTIQON F15810N 33

ANIGAMMAY LES

ENDF/B MATERIAL NO, 6262
URANIUM-238 RESONANCE DATA
RESQNANCE PARAMETERS
180TOPEw=m="=a~==w--n-—=e--=URAN]UM~238
FRACT1ONAL ABUNDANGEm=~~ 1,0000E+00
NUMBER OF ENERGY RANGES--=--= 2

ENERGY RANGE NUMBER=-e~--ow-= 1 RESOLVED SINGLEwLEVEL BREITeWIGNER PARAMETERS
LOMER ENERGY LIMIT (EVi--»--~ 1.,00@0E+00
UPPER ENERGY LIMIT (EV)~=sr-= 4.002PE+23
NUCLEAR SPIN=~w-v=masmec=ra-= 3,00QFE+00
SPIN SCATTERING LENGTH (A#)-= 9,1840€-01
NUMBER OF | STATESm----- mmnom 2

L VALUYE=m~m==ne—=a FS - P
NUMBER OF RESONANCES=--v=wwv-= 190
SPIN SCATTERING LENGTH (A=)-= 2.0BDPE+B0

REBONANCE WIDTHS (EV)
INDEX ENERGY (EV} 3 YALUE TOTAL NEUTRON RaplaT1ON FLSSION

1 6,67OVE.RD  9,@000E~PL  2,7190E~@2 4 .5PP0ERB3  2,8620£~02 @,2220E+¢9
2 2,090PE«PL  5,8000E-~P1  3,56@8E~02 8.888PERR3  2,6800E-02  9,00¢@E00
3 3,6800Ce0% 5,000Q0E-21 5.710@E-02 3.1100Em02 2,690RE-p2 2,000ReE+00
4  6,615VEePl  5,PPPRE~-PL  4,8BPPE~p2  2,53PPE~P2  2,35QREsR2  P,PRURE+ED
5 8,0874%ED1 %,00BRE-~DY 2,552%e-92 2,0922¢m03 2,3509€s02 2y904@E+ad
(] 1,8254te02 . 200RE~0Y 9. 72p0Emp2 7,408REAR2 2, 6000682 2,000¢E"20
7 1,1680E02 5.PPV2ZE~D) 5.1778E~g2 P?,8270EmR2 a,e000c+08
8  1,4560E@2 5,0000E-~0L 2 ,4390E~@g2 B,9PO0EnB4 2,33 7.2020E+20
9 1,652VEe@2 5,pPPRE-P1  2,69p0E~p2 3, 4PPRE-B3 2 ,350QE-G2  9,0DYPE+c@

10 1,B96VEe2  8,pP00E-0L  1.,937PE-pL  A,690REn01  2,4700FEe@2 A,PDUEE+TY

11 2,084VE«P2  5,pPRORE-B1  7,859PE-p2  5,5P9QE~P2  2,35B0E-02  0,QUYPE+QD

12 2,372YEep2  5,8B0RE-01 B, 261PE-p2 2,911PE~02  2,35P0Eep2  #,P00PE+00

13 2,7369€eB2  5,8P00E-0%  B,PipPE~p2  2,79PRE.B2 2, 3100E-=02  B,000PE+0d

14 2,91BYE«P2 5,p000E-01 4,008PE~-D2 1,698REmD2 2,3100E02 241004QE+g9

15 3, 112¢Eeae 5,Q000e-01 2,4600E~g2 L,1000E~23 2,3500E=02 a,08dpce0

16  3,477YE+P2  B,00PPE-PL  1,P710E-04 B,3600E-02 2,3800E02 0,@BYPE+dD

17 3,76BYE«p2  9,000PE-PL  2,4768E~p2 4,2600E~83 2,3500Fe¢2  7,000pE«00

18 3,974VEsP2  5,00PPE~P1 3, 16pPE-p2 8 ,4P00E~B3  2,5Z00E-02 0.BOUPE+CC

19 4,1020E02 S, 000RE-PY 4,3200E-p2 2, 0600E-02 2,2600Ec062 N1000BE+0D

2P 4,3370E402 5,02vRE~BY 3,348RE-R2 9,9800E~03 2,3500E02 0, 0OYBES D

21 4,5410E 02 5,000QE-01 2,3960E~02 4, 6000E-04 2,3500E-02 ”,0P0gE+D

22  4,6280g.02  %,@@UQE-@1  2,9000E-~@g2 5.,5@0@C-03 2,3500E-02  0,000QE+CD

23 4,7830Ew02 5,8000E-0Y 2,73y0E~p2 3,8020E~03 2,3500E-92 21800 GE+P0Q

24  5,1B3YEe@2 5,PPP0E-P1 7, ,60@QCE-Q2 B,1600E~02 2,4400E-G2  A,00YQE+E0

25 5,352VEx02 5,0PVQE-D] 7.0500E~02 4,70P0E02 2,3500E-p2 A 200BE+00

26 5,5390Eep2  5,P000E-01  2,43p0E-Q2 B,0000E.04  2,3500E-B2  #.0POPE+00

27  5,799%EeP2  5,PRUOE-P1  6,76QPE-@2  4,4LPPE-D2  2,350DE-¥2  2,9020% 09

28  5,9480ceP2  5,0000E-PL  1,0820E~p4 B8,5100E~02 2,310PE-g2  0,000DE+00

2% 6,1984c«82  5,0000E-9Y 5,6500E~02 3,39900E-92 2,35008E=02 2102405+ 30

30 6,285VEeP2 B, pPOBPE-P2Y  3,0208E~g2 4,70DOE-03  2,358BE-22  a,08Y8E+00

31 6,6110E+02 5,000QE-21 1,6070E-01 4,3560E-01 2,5100E-92 %, 0BAPE+2D

32 6,929KEap2 5, P00QE-D] 6,7900E-02 4,3800Em02 2,4100E~p2 0, 00UBE+2D

33 7,0800E+02 8,8000E-01  4,700PE~g2 2,1000E-02 2,6BC0E-P2  7,00UPE+0P

34 7,244RE4P2 %,P00PE-D] 2,5900E~@2 4 ,20BBE~R3 2, 3500E~-02 10200@E-03

35 7,3250EeB2  5,Q00PE-P1 2, 60pQE~p2  2,5000£-03  2,3520EYp2  3,000p£+00

36 7,65Q4E402 8, 9BE8RE-BL  3,1120€-p2 7,6288E.83  2,35QBEsg2  o.204BE+A0

37 7,793KEep2  5,000PE-PY  2,55@PE~g2  2,008PE~03  2,35Q00E-p2  9,00UQE+0Q

38 7, 9070E4R2  3,p00QE-B1 3 ,@830E-02  6,538Q€.83  2,3580E~G2 ¥, BOYRE+I0

39 B,245CE+P2  B,pEOPE-P1  9,P0pPfE-72  6.6PPBOF-B2  2,4UROE-B2  7,00LBE+RQ

4b  B,506CE«02  5,PPVPE-PY  7,B12PE-g2  5,510PE-B2  2,3URVE-B2  #,Q0UPE+20

43 B,5610ER2 5,0000E-01 1,P630E -9 8,278PE-02 2,36¢0E-¢2 R GOLRE+QD

42  B,66PVE+P2  B,PPUPE-B1  2,92BPE-p2 5,70@0E-P3  2,35@0E-y2 7, 0BUBE+0D

43 9,D45VEeR2  5,PRPPE-BL 7 ,88pPE-P2  5,2P9PE-B2  2,08@VEwP2  ¢,000QEc+e?

44 9,0450ELB2  5,PR0PE-PL  3,74p0E-p2  L,3IVOPE~02  2,35Q0E=P2  A.00VQAE+Y0

45 9,3860E 002 3,0000E-01 1,6020E~01 1,3668E-01 2.,3600E=02 2, 00YPE+00

46 9,5800Ce02  9,PO0PE-01  2,1310E~@1  L.904PE-P1  2,270PE-Q02  7,00YGE+p0

a7 9,9140Ee@2  5,000PE~-P1  4,20@P0E-pi  3,90Q0E~PLl 3, DUQVE-C2 7 ,A0UPE+DD

48 1,0116F403 3,0000E-21 2,5290E-~g2 1,5908E~03 2,350PE~-g2 P BUERESRD

49  1,0229pe@3 5,@PUPE-Q91  3,18p¢QE-g2 B8,309QE~U3  2,350YEsp2  2,000QE+20

U 4,0200E+P3  5,PPBPE-R)  2,60p0E-g2  2.5PORE~R3  2,35C0Ewp2 4, QDUPEend

51  1,0540€<03  3,0000€-81  1,1230E-91  8,9000€-02 2,35Q0E-¢2  #,300¢E+20

82 1,990E+83  3,PR0PE-BY  3,90Q0E-¢2  4,7PODE-P@2  2,20B0E=Q@2  A,000@8E+00

53 1,1P89E+£3 3,0000€~081 5,85p@E-~02 P,7000E~02 2,3500E~g2 7y DBUOE +30
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1,1311€03
1,1609E403
1,1872E4P3
1,1768E493
1,1942E4P3
1.2111E«23
1,244YE+03
1,2860E403
1,2727E03
1,298LE483
1,3165E03
1,3327E+03
1,3032€«23
1,4052E483
1,4192€+03
1,4279E83
1,4437E+03
1,4734E03
1,5223€403
1,5330E03
1,546%E483
1,5660E=R3
1,5972E+03
1,6220E+03
1,6373E983
1,6613E+03
1,6883E#03
1,7890E#03
1,7222E483
1,7552E#83
1,7823E403
1,795%203
1,8079€+03
1,8455€403
1,868B0E+D3
1,8780E483
1,9029E403
1,9469E403
1,5534E4D3
1,9688E#P3
1,9743E483
2,022HE+03
2,QR9%E~P3
2,078YE403
2,0BBLE«RY
2.8959E+B3
2,1238E483
2,1448E423
2,1522E+03
2,1860E4+03
Z2,2000E+9%
2,2170E~03
2,261PE+03
2,2580E403
2,287BE+B3
2,2817€+03
2,315%E483
2, 3IIVELB3
2,3529€403
2,3555E403
2,3914E+03
2,41DBER3
2,4257E93
2,4450€03
2,4548E+03
2,4BBAE+03
2,5207E+03
2,5472E+03
2,55385E493
2,579%E 03
2,5962E403
2,6191E403
2,6317E483
2,6713E+63
2, 69506483
2,7165E403
2,7328€+03
2,7497E+03
2,7618E+03
2,7868EwB3
2,BB54E+B3
2,8280ER3
R,BA4LE+RT
2,882VE+E3
2,B965E403
2,9330EAD3
2,9557E#p3
2,9658E403
2,9863E483
3,0B24E+03
3,01526483
3,0278E403
3, P427E#D3

5,0000E~01
5,BRBRE~BY
5,209P0E-21
5.,980pE~01
5,0088€-01
3 ,0PRPE-DY
5,B00PE-D1
5,2080E-21
B5,peRRE-BY
S,P0BPE-P1
5,p000E -0
5.p000E-P1
B,6028E-21
5,000pE-01
3,800QE-24
5, 00pBE~D)Y
5,P0BPE-0Y
5,0880E-61
5,0000E-01
5,0009E-07
3,000pE-041
5,00006-0y
B,0080E-01
8,8808€-0Y
5,0008E-84
3,BRPPE-D)
5,000pE-01
5,0920E-2%
B, PYPPE-#],
5,20UPE-0)
5, 800pE-0Y
3,0090E-0y
5,0PPPE-B]
5,00¢0E-04
5, 2000E-By
5,.0000E-81
5.,0000E-01
8,8080E-01
5,.00BRBE~DY
5,0000E-031
X,8088€-8%
5,000PE-D1
9,0000E~24
5,0820E~-04
5,0020E-04
5,0000E~P1
5,000PE-81
5,0060E~84
3,220PE~EY
3,0000€E-21
5,0000E-01
5,0P0PE-01
5,P00PE-01
5,00808E-01
3 BEBRE-VL
5,000pE-DL
S, P00RE~D1
5,000PE-01
5,800pE-01
5.800QE-2]
5.,0000E-01
3,80BPE~21
5,00¢¢E~01
5.Q088E~01
5,000PE~01
5.000Q0E~01
5,00006~23
5.DBRQBE-DY
5,6800E-01
5,00RPE-01
5.80R0E-01
5,00¢0E-01
5,009QE~01
5.¢08RE~01
B,008QE-21
%,2P0PE~24
5,0000E-01
5,P0PPE-01
5,00uRE-01
S . 0B6GE-a1
3.020BE~DY
9,080RE~02]
B,0BYPE~D)
5,P00PE-A1
5.0000E-01
3,P00BE-@1
B, BERBE~DY
5,0000E-9L
$,8090E-01
S,0000E-VL
5.8000E-01
5,8000E-P1
5.8009E-01

2,65gBE=p2
2, 4350E-pL
3,20¢0e~42
8,35¢0E~g2
41,1250 -¢4
3,2620E~22
3.835PE~p1
4,3100E~g2
5.050BE~p2
2.80pPE~p2
2.7508E-g2
2.51pPE~p2
2.9558E~01
9.35p@8Evg2
3,25@08E~¢2
5.51pPE~pg2
4,1500E-¢2
1,4850€-p1
2,6380E~01
2.39¢BE~Q2
2,7508E-p2
2,89¢8E~g2
3.7880E~-04
9.35p0E~p2
7.359BE~p2
1.9380E~71
1,1550E-08¢
1./1200E~E1
3,8590E~22
1,329RE~g1
8,9350En21
2,6500E-02
3,8000E-02
3.650E~C2
2.,6200E=-02
2.6200E~02
5,35g08E~02
4,84p08E~02
2.72pRE-~D2
6.9580E~01
5,2350€-01
2,3850E~D1
8.45pCE~02
2,6500E-02
5,0500E~22
4,65pRE~B2
2,6700E-02
8,55¢CE~02
2,6350E-01
6.4350E~0A1
1,4350E-01
2,75QRBE~@2
2,5008E~-g2
1.A950E~01
2,3350E-04
1,5850E~01
4.,45Q0E-¢2
3.3000E-22
7.0508€-02
8,4500€-22
4,958RE-92
2.81pRE-g2
1.5850E-01
2,18B0E-g4
4,258BE~D2
1,1180E-p1
3.75@0E~02
§.735PE~p4
2.535QE-04
3.5350E~81
£.9350E-¢1
§,8500E-02
2,7020E~p2
2,6350€-24
4,25@0E~02
1,6850E~p1
2,5300e~02
4,B50RE~p2
4,66p0E~02
3.,568BE~02
3,1500E~02
4,1090E~02
1.9958E~C1
5,7350E~p1
3.8520€~p2
5,459BE~p2
4,45008E~p2
2,6880£~(2
2,9890E-¢2
1.4050E-p1
2,515¢E92
1,4850E-g4
2,70Q0E~p2

- 232

3, POPPE~D3
2.2DBBE-R1
8.5200C-03
§,0080E-02
8,9000E-~Q2
9,000PE~B3
2.8000F-01
2.2100c-22
2, 7DPREFB2
4, 5000E-03
#,0000E-03
1,4P0PE-03
$.B8206ERDL
7.000BE-02
9, BUBBE~23
2,910pPE-D2
1,8080E-p2
1,2500E-¢1
2,4000E~01
#.0000E~D4
4,2080E-03
", 4000E~B3
3,5500E~21%
7,0092E~D2
5,8008E-02
1.,7020E-01
9,2000PE~02
8,4000E~02
1,5080E-82
4,0%92€-01
6,7808E-81
3,0890€.083
4,450PE~02
1. 3002E~D2
2,72R8PE~03
2.7000E-03
3,000pE-02
2,4900E~02
3.7802E-23
6,7000E-01
5 ,00@0ER01
2,1500E-91
¢,1P0PERD2
3,0820E~-23
2,7000E~R2
R, 3RUBE-D2
3.2002E-03
6,2000E-02
2,4080E-01
6,2400E501
4,2000E-01
4, 000BE~DS
1,5000E~D3
8,600PE~02
2.1900€-¢1
4,3500E-01
2. 1P2RE-82
$,5000FE-03
4,7000E-22
6,1000E~02
2,6000E-02
4,6000ER23
1.,3500E=-0%
1,9500C-a1
1.9000E-R2
8,8002c-02
1,4800E~02
5,5000FE-0%
2.300BE:03
3.3222E-03
6,70202€-21
4,500806€-02
3,500PE-03
2,40PPE-01
4.9000E=02
1,4500E-01
1,8000€-03
4, SB0PE~D2
2.31P0E-p2
1,21080E-02
B,PRPRE-~G3
1.758PE-02
$,7500E-01
5,500PE~-21
1,5PRDE-~D2
3,1000E-02
2,1080€~02
3. 30gde-a3
5,5000E-03
4,1789E-B1
1.6580E83
1.2580€-01
3,5000F-03

2, 3500E002
2,3589E-02
2.3500E"02
2,3508E%g2
2,35Q0E=02
2, 350PE=p2
2,3500E42
2,1009E-02
2,3500Es182
2,3580E=¢2
2,3500Ewp2
2,3520E202
2,3500E-92
2, 3502E-02
2,35€%E=02
2,0020E-p2
2, 3500E-p2
2, 3500E9g2
2, 3500E-92
2,3580E-92
2,3500E-82
2,3500E=p2
2, 3509E=p2
2,390PEep2
2,3500E-¢2
2,3500Evg2
2, 358PE"p2
2,8U00E~p2
2,3508E-g2
2,7¢02E-p2
2,3500E=22
2, 3500E-g2
2,3500E%02

2

2,3500E~92
2,3490E~p2
2,3500E<02
2, 3500E~p2
2,5008Evd2
2, 3500E~g2
2, 350VEwp2
2.3500Esp2
7. 3908E~g2
2,3500Ewg2
2, 3500E~p2
2,3509E-p2
2, 35Q0YEg2
2,3550¢€e-92
2,3500E-902
2,3508E-p2
2,3500E-p2
2,3908E=p2
2,3500E=p2
2,3500E=02
2,350¥E=¢p2
2,350PE~-i2
2,3998E-02
2,35060E=32
2, 3500E=02
2,3500EsD2
2, 3980882
2, 3500E282
2, 3500E=02
2,3500E%02
2,350PE-p2
2, 35980E-02
2, 3500E~02
2,3500E 82
2,35PPEcER
2, 3500EvQ2
2,35¢06E%02
2,/3500E-D2
2,3580E902
2, 3508E-02
2, ¥50VESB2
2,3500E002
2, 3580E»82
2,3400E~02
2, 3500E-@82
2, 3500E=D2
2, 3500E-02
2, 3500E=02
2,3588E-02
2, 350¢E-02
2,3500E 02
2,3500€e42
2,3500E-92
2,3500Ew02
2,3500E-02
2, 35@0Evy2
2, 35P0E-02
2, 3500E-p2

2:2290E+20
oy BEBPE LD
A GUUBECDE
A BYUDE+ED
P+000PE+DD
112840E-34
nyBRYRE LD
#,C00QPE+T0
7)DO0DE~DH
A QBSUE+CR
e eaidgreaa
3,0840E+20
7,000PE+22
2,000PE+00
A,0000T+00
*,8RLEE+0D
A, BRUPE+CD
A, PedgEenn
2,00UBE+20
2,004PE+0P
@, 00ULE+OB
0,BOYPE+QD
,0PVDELCDR
", DPRYEYER
2.80YE-20
2 @BUPE+ED
0, BIUBED
®,0g4pE+20
A, BpY0E»D0
@ PBIREFDR
%,200BE+80
2,8p49¢C+02
2,00URE+0D
A BRRQEYID
3,0BYRE+00
B1BQURE*¢0
PyePYUE»DR
7,0000E+00
@ 80¢RE+DD
a.,0000€+00
2.000pE~00
P,0009E B
2,000QE+a0
0,8800E+78
M, BRIRELDR
G4 2RVREDY
B,0RURE+2R
A.0620E+00
M1000GE+YT
B, BUUBESCR
R BUOPE+2D
A,00URE+2D
") OVRRE+ED
a,gRUQE+ED
4 GRAQE+AR
B,00UAESZR
A 00PPE+CE
2, @0YEE+0R
2,004pE+D0
M, PRYRE+0D
A CBURE+0D
¢\ BBYBE+TB
A.00YAE+Q0
2,000pE+00
0,0000E+00
M, ABdpE~00
7, 0000EYaR
o, 003@c«CR
P, 20065420
2, PLIDECR
A DBOYE+20D
2,000pE+20
A,800pE+20
%, 000BE+20
A, 20BPL+20
A DLVRE+DD
a,0000E+20
@, 0000E+08
AyQ0pE+ee
%.0VUPE+20
Do 0BLAE+CE
2,0000E+20
A, PBVRE+2E
#2000E+20
0,00U0E+20
By DBURE+20
@,004eE-a0
A, 00URE+0R
7 00UpES2D
nBVUBEYCR
A, 000FE+0@8
%, Q0UEE+CO
#0000




147 3,0%81E«03 S,00PpE-01
148 3,1888F+p3 3,00BPE-0Y
149 3,1320E483 5,000pE-01
inpg 3,1481E483 B5,0000E-21
151  3,168°E423  3,000p8E-D4
152 3,1778E+03 5,008PE-21
183 3,1881E+03 5,000pE-01
154 3.2049€¢ﬂ3 5,00e@Ee-ay
185  3,2(70E«P3  5,pP0PE-PL
156 3,2249E403 5,P00PE-01
157 3,2481E03 9,200PE-01
158 3,2720E4R3 5,0080E-21
159 3.2782E-ﬂ3 8,0880PE-01
160 3,2952E+P3  5,0020€-01
14f  3,3403E+P3  5,PPRRE-D1
162 3,3202€+23 B5,000PE-01
163 3,3329E+03 5,00p0E-81
184 5,354KE4D3 B3,PP0PE-D1
165  3,3889E423  3,00P0E-?1
166 J3,4B7YE#03 5,000PE-0b)
167 J,4477Ee@3 5.80@0E-01
148 3,4353E403 5,200PE-01
169 3,4563€403 5,P0DBE-0L
170 3,4BASES2T  9,P00PE-0%
171 3,49336+23  5,9009E-P1
372 3,5264L¢83 S, @@PGE-PL
173 3,56@%E+03  5,PEPPE-01
174  3,572/€+83  8,p00PE-P1
175 3,5933E+03 5.,9900E-01
176  3,621YE4B3  %,P@YPE-D1
177 3,6289E603  B,0PRPE-D4
178 3,6718£+@3  3,PR00E-PY
179 3,6924E483 5,.000RE-01
189 3,745%E+03 5,0000E-01
181 3,7372E03 5.P0BPE-01
182  3,763%E+03  S,0Q0PE-81
183  3,780BEeR3  B,p0u06-04
184 3,B83D9E#03 5,0000E-01
185 3,856%E403 5,000RE-01
186  3,8Y2L1E+03  5,g0egE-0%
1a7 3,9013E+03 5,00ppE~-21
1688 3,943%C«03  B,000QF-01
189 3,939VEw03 5, P000E-01
190 3,9539603 5,000pE~01,
L VALYE®w~====m=== B L Tt

MUMBER OF RESONANCES----- .~ 2¢
SPIN SCATTERING LENGTH (A-)~~ B.BGEBEQEB

INDEX  ENERGY (EV)

1 1,p220E+B1
2 1,950PE+D1
3 4,519YE€D1
4 4,9500E401
5  8,3540E+p1
& 8,3B7VE2D)
7 B,9190E401
8 9,1p00E.01
9 9,3300E.01
18 9,820YEsB1
11 1,1144€+02
12 1,2160E+@2
13 1,2430E+02
14 1,3330E402
13 1,5249€+02
16 1,5890E402
17 1,7310Eep2
18 1,96440¢+02
19 2,@05¢E+02
28 2,p30¢Esp2
21 2,1900E«02
22 2,48B0E~B2
23 2,3990ge02
24 2,4260c002
25 2,5390ge02
26 2,5760E4R2
27 2,6390E4R2
28 2,7580E«B2
29  2,8230EaB2
3@ 2,950¢ce02
3% 3,2438Ee82
32 3 22B8BF«@2
33 3,343PEe02
34 3,3700E«D2
3%  3,5480bEeR2
36 3,5478pedp
37 3,6640E4D2
38 3,7370g+82

J VakUE

5.PPPRE-PL
5,00PPE-01
8,0PUPE-B1
5,80UQE-VY
5,000PE-01
3. BRVRE-DY
5,0000E-01
5,000gE-21
5,098PE-01
5,008PE-01
5.0000E-01
5,8000E~01
5,0008E-01
5,0000E-01
%,0008t-24
5,PR80E-21
5.008QE-01
5,0000E-21
5.%00QE-0Y,
5,PBUPE~-D]
5,000PE-01
B,00P0E-01
5,00epE~91
", Jee@E~-01
5.000PE-01
S,0Q0QE-D1
5,@R0QE-04
5,e0u0E-04
B,2090E-03
5,0090E-24
8,3849E-8%
%.0000E-04
3,00B2E-B1
5,000FE-01
5,0000E-04
5,0099E-23
5,0000E-024
5,8999E-93

5,55a0E-¢2
2.135BE~D%
3,1580E~p2
9.8500E-p2
3,5500E-g2
9.,7508% -2
1,0389E~91
9,4588€-g2
3,1580E-32
5,65p0E-02
5.15p0E-@2
3.1500E-92
2.5850€-01
3.15pPE-02
1,468PE-p4
1,2650E~01
9.,35p0E-~¢2
1,3150E-p1
3,80p2E~p2
2,1350E~01
2.76g0€~22
3.7350E-01
5,2350E~p1
1,28%0E-0L
3.2990E-02
2,85p0E~2
2,435PE~p1
3.53430E-01
6,35p0E-02
4,3500E-p2
4,4350E-p%
3.14g0E-¢2
T, 4350E~24
1,8380E~Z4
2.1850E-¢1
9.55p0E~¢2
3.7352E~g1
3,4590E(2
5,1850E~@3
1,9385E-g1
2.938PE-g4
1.138B8E~g1
1.5350E~04
1,3256E-01

1

TataL

2,35g2E-p2
2,35pLE-@2
2,3584E-¢2
2,35gLE~p2
2,35p8E-pR
2.35p6E-p2
2,3590E-p2
2+35p6E~02
2,35p5E~02
2.35¢8E-~02
2.3540E~p2
2.35p6E~02
2,3546E~p2
2,35313E~02
2,3537E~p2
2,3512E~p2
2.3530E~p2
2,3530E~p2
2.3540€~¢2
2.3520e-02
2.3541E~02
2,3530E-02
2,3550€-~02
2,3656E-02
2,36pBE=0p2
2,3525E~02
2,3730PE-02
2/3640E-p2
2,3618E-B2
2,3550E~02
2,3520€~g2
2,3545E-02
2.355PE~02
2,361Pk~02
2.378BE~Q2
2,3538E~02
2,3524E-02
2,3548E~02

3,200BE-22
1,9900E 01
8.0008E-083
7.50PPE~-D2
{.,2090c-02
7. 4%R0E B2
8,00PBE~02
?.3000€-22
8,0000E-03
3,300pPE-82
2,800PE~D2
& ,00¢BE-03
2.,3500E-021
8,0000E~03
3,2309F-01
4.,0300£~01
7.0000C~02
1,0B00E~21
1,4500E702
1,9000E-21
4,1000E~03
3.5D0POE~P1
5. pO0PE~RY
1.8588E~81
$,4009£-23
B.00P0E~23
2,2002£A21
3,3092E~01
+,0089E=-02
2.0090E~02
4, 2P0DE~DY
?.9002E-03
3,2099E-01
8.,P002Em02
1.950PE-01
7,2000E-02
3,5002E-21
1,1P0RE-DB2
4,950PE~01
4. 788BERBL
2.7000E~P1
9,000PE~02
1, 3000E-01
1,0900E-01

2,350PE=D2
2,350%E-p2
2,3508E~02
2,3500E-02
2,3500E-p2
2.3580E-62
2,350BEw@2
2,3502e-02
2,358BE=p2
2, 350PE=P2
2, 3500E-p2
2,3560E=B2
2, 350PE-p2
2,3500E-22
2,350PE=p2
2,3509E<p2
2,350BE°Q2
2,35009E-~p2
2, 3500602
2,3500E-92
2,3509E-g2
2, 35BBE~R2
2,3509E=-¢2
2,3500E°02
2,3500E-02
2,3500E-02
2,35P0E=02
2,35p0E=p2
2,3500Ec02
2,35B0E=D2
2,35008E=02
2,3500E%02
2,350¢E=02
2,3500E-02
2,3920Ecp2
2,3500E-02
2,3500E82
2, 3500E=p2
2,3500Ew02
2,3500E~82
2,3500E~-02
2, 3500E-2
2,3588Ewp2
2,3500E-¢2

RESONANCE WIDTHS (EV)

NEYTRON

1.5600E-a4
L, 0PPRE-Q6
4, 0BORE~DS
6.0000E~27
5.5P08E-06
6,30BBE-D8
¢ EBOOE-05
6,8BBGE~D8
5.00B0E~06
8.00BEERGS
4,0008E~¢S
6. 0€BBE-B6
1,4800c-05
4, 3000E~25
3,706BE~05
4,2000E~05
3,PR00E~p%
3,0000€-05
4,8880En05
2,0000E~05
4,1BPOE~B5
3, BOBREADS
8,0006En05
1,5609E-04
1,0000E~04
2,5000E-05
2,300PE~p4
1,4DBOERG4
1,1800E~24
3, 0R0PE~P5
2. BA3GE~A5
4,500PE-05
8,0000EnDS
1,1000C-04
2,000PEwB4
3,0000E-05
2,4080E-25
4, 2BBRE~D5

-~ 233 -

RADIATION

2,3590Es02
2,3500E-02
2,350PE~@2
2, 350RE=D2
2,350PEsp2
2, 35pRE-p2
2,3500E-p2
2,3580Es@82
2,3500E502
2, 3500E~@2
2.390VEwg2
2,3500E=p2
2,35e2Es¢2
2,3520EsR2
2,3599Ee92
2.3520Ewg2
2,3520E082
2,33pRE=p2
2,350PE-p2
2,35g¢E=g2
2, 3900E=p2
2,35p8E=p2
2,3%0PEag2
2,36QVESR2
2,359PE3p2
ZQSBEBE-zz
2,39pCE-@2
2,3529E-82
2, 350%Evp2
2,38p0PE~p2
2,35g¢Eag2
2,3500E202
2,3500E=02

2,3500E-02
2,350PE-p2
2,3500E~p2
2,3580E~p2

2,8000E«P0
B4POVDE+DD
5,2000E+00
21000REDO
A 2BYPE+D2
0,000 E+¢0
#10BUPE+0D
", O00PE+DN
4)0UUPE+DD
PeDRUPE+DD
¥+ 0840E+00
2.0026E+00
A+B2AQYE~0D
M B0YQE+0R
P OBAPE+DD
7\ BO0EE+00
2,:200QC+08
A, APBPE+DR
PPOVPE+OD
Py BUUPE+DID
A\ PORRE+ED
3,80005+08
2,0000€+00
0, 00eQE+0A
#,2000E+00
7.000pE+20
A)0RYPE+0D
7y QRUQE~RD
A, 00C0E+00
0,0000E+Q0
%, 000QE00
A P0YRE+0D
2,024QE+A0
@,)200RE00
2.,000QE+00@
@,0B4RE+A0
2, 000REED
N RULRELDR
3, CePgE~eR
2,994d¢gc+20
%, 200RE+CO
A,0CWEE~00
2,0P00E 0
A,ppvgErae

F1SsioN

a.aadgc+0a
@,080pE+00
@,008yE+00
0+PUURE+YR
2,0Q00PE+0R
0, BYYRE+DD
#,00dpE~pP
81 004QE+0Q
@,004ge+00
21004gE*2D
5)000gE+0P
Ay@dUPE+00
%, 00UPE+0B0
2.00YRE+D0
B+ 80URE+DQ
%, BPURE+DR
A 20vgeeee
A+BOYRE+PD
¥,000QE+D0
3,009Y0E+0C0
8.0020E+20
B 2RLREDD
A,020pc+20
%200 +24
5,800BE+00
a,.eP0pEDR
02,0002 +00
A, BPUPE+DD
0,000QE 00
B BRURE«RD
¥, BAURE+2D
@,00800E+90
2(BPUQE+GD
2.000¢E+R0
#,00UQE~00
2 200QE+DR
2,000QE+00
7 82¢PE+20



3,9550E802
4,0059E+02
4,0750E402
4,1352E02
4,1550E402
4,307UE4Q2
4,4840E402
4,66B0E~02
4,84DVEAD2
4,8820E402
A 9B9PECR2
5,2320€+02
5,4230€402
5,5850Ee82
5,8470E4D2
6,8610E402
6,1470E4B2
6,248VE#R2
6,3250E002
6,6788E409
6,7750E«02
6,8410E402
6,8820E«02
6,975VE402
7.1256EwR2
7,1390E002
7 ,29408E 422
7,3480ED2
7.,3982E402
7,4320EM02
7.560DE422
7 B740E 402
8,R820E#R2
8,2880E482
8,5246E#02
&,4690¢ 402
8,6000E02
8,746VE+D2
8,9060E402
9,@950EwD2
9,3Q3VE~D2
7, 4010E+@2
?,6230E4@2
9,6490E+02
9,7680E402
Y,8560E402
1,B040E403
1,8310E483
1,0470E+03
1,B628E+93
1,0680E+D3
1,87206+03
1,0740E+83
1,0818E423
1,B940E403
1,1030E+p3
1,119VE+R3
1,1500E%03
1,1559E+03
1,15926+83
1,1850E23
1,2B10E«@3
1,2200E23
1,2300E%03
1,2330E%R3
1,2510E483
1,2680E4p3
1,26306483
1,275%€83
1,2850E+87
1,2B9DER3
1,3120E«83
1,3250E%03
1,338BE«D3
4, 3620483
1,386VE«83
1,3990E+p3
1,4110E+03
1,4160E483
1,4230E#@3
1,4470E403
1, 4550E 423
1,4870E#03
1,5850E483
1,5100E403
1, 5ReVE~DI
1,5279E#03
1,5358E 483
1,5400E 083
1,5909E+23
1,5550EeB3
1,5690E«03
1,579¢0E+B3

3,P@0BE-PY
5,00008E-01
8,0000e-21
3,000 -B4
5,80006-01
® . APPRE~AY
8,002Q€E-04
5, @POBE-0y
8, B0RPE-BY
8, 0PPRE-BY
ENTITIRTT
B3,0PUBE~DY
S, 800BE-0Y
3,8800E-01
3. PBURE-BY
5. f00RE-01
5, 000PE-0Y
5,P00PE-BY
5,000pE-04
S, 3000E-Dy
5,000E-D
8.0R0QRE-BY
5,0000E-01
5,BR0QE-01
5,0000E-01
B,0P9QE-01
ER UL
5,00RQE-0]
5, A20PE-DY
5,80¢PE-03
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9 RPRBE-2Y
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5,0000E-01
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5,POURE-D1
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2.75¢@E-p2
2.4598E-g2
2,72p0E-g2
2.7202E-92
2.,45pBE-p2
2,4500E-g2
2,6600E-~32
2.452PE-p2
2.61p0E-02
2.61p0E-g2
2.6100E-g2
2.43pBE~g2
2.70p0E-g2
2.56g0E-g2
2.5500E~92
2,5508E~g2
24 9500E~Q2
2,95@8E~p2
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2.,3988E~p2
2.9508E~02
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2,46p0E~02
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ENDF/8 MAYERIAL NO, 6262
URANIUM=~238 RESONANCE DATA

RESONANCE PARAMETERS
150TOPE"urm="oamcmrmnana ~URANIUM=238
PRACTIONAL ABUNDANCE-==<=e=ns g, mmzmz.um
NUMBER OF ENERGY RANGES~-a<-=

ENERGY RANGE NUMBERm==--- ae—n 2

UNRESOLYED SINGLE-LEYEL BREITmWIGNER PARAMETERS

LOWER ENERGY LIMIT (EV)- 4,0000E+03
UPPER ENERGY L[MIT (EV)- 4,5000E+D4
NUELEAR SPIN=-e-rmane—m—o- s>~= 3,2000E+00
EFFECYIVE SCATTERING RADIUS-a ¢,184PE~01
NUMBER OF [ STATE§a~-=---- mm-e 2
L VALUE===m="ra-coamcecmnnoy 8
NUMBER OF J STATES~ 1

DESREES DF FREEDOM USED IN THE WIDTH U!S7RXBUTXON
J=VALUE COMPETITIVE NEUTRON RADIATION FISSIDN
5,20BRE~-D1 ?,pRBOEED 1.,000RE+20 D.GORRE«DL 2, 2030E0D

AVERAGE RESONANCE ulnTHs tgvy
N
INDEX  ENERGY (EVI LEVEL SPACING CCFPET{TIVE NEUTRON RAD[ATIDN FISSION
i 4,0000E+03  2.0BBPE+Q1  Q,POQCE<0F 2,iP0PE~83  3,3500E-p2  @,2DJCL%d0
2 4,50A0E%83  1,998PE+p1 @, 08@0Ee@B  2,8979E~03  2.3VPPE-p2 O,0@PPE+dp
3 5,5¥MDE«RS  1.995PE+0l  Q,pPPPE«dD 2,0947E-E3  2,3ISPPE-p2 P, VQAPE+Ip
4 6,5YPPE«P3  1.992PEegl  @,@080EedB  2,08916E~83  3,3500E-§2  0,0Q000E4Bg
5 7,59A0E428 L, V880E+g1  2,3Q@0@ted8  2,0874E~03  3,3500Eu@R  0,8Q00C¢ep
[ B/3YABE4P3  1,9B842Esp1  P,p0RPE+BD  2,0832E-P3  2,33M0E-2  0,U000E40Q
7 1,00ARE4BA  1,9800E+Q1  2,p@00C+08 2,879PE~B3  2/3500E-g2 P,U0Q0£+0p
] 1,200DE+04  1,9710Eegl  @,pPPOE+RP  2,0695E~P3  2.35PPE-g2  0,0Q20E+0a
9 1,5000E+P4 1. 9610Ewp1 7,¢0e0E+R0 2,0590E~03 2,/3500E-g2 2,0P22E+0p
10 2,0PPRE*PA  1,944DE«@l  0,p00REeRP  2,B412E-03  2,350PEap2  B,BDOUEPp
11 2,59PQE+04  1,9260E+p1  0,2000Ce80 2,9223E~B3  2,3500E-g2  €,UQU0EYOQ

12 3,840QE+E4 1 ,990E401L  0,00BE4Q8  2,0044€-83  2,350AC-@2  @,U020E¢0D
13 3,50MaEePA  1,8920E+p1  2,pP@PEaB@  1,9866E-83  2,350BE~p2  0,0020E+Rp
14 4 DOPOESQ4  1,8750E401  0,QPP0C+@8  1,9687E~83  2,3500E-g2  8,4090E40p
15 4 SUPBESDS  1.8590£491  0,p@P0C0@  1,9519E<83  2,3500E-p2  ¢,4BRPE0p
L VALYE==mmm=mnmcn m————— a--= 4
NUMBER OF J STATESn-=r-=cw-cn 2

DEGREES OF FREEDCM USED IN THE HIDTH DISTRIBUT!DN

JeVALUE COMPETITIVE NELTQQN RADXATXQN F1SS10N
5,0000E-p1 2,p20PE02 1,00¢CpE+2P 2,0B2OE+Q@ B.0020E DD

AVERAGE RESONANCE H!DTHS (EV)

INDEX ENERGY (EV} LEVEL SPACING COHPET!TI;E NEUTRUN RAD!ATION FISSION
1 4,00ARE%RY 2.0pBRE2] ?,z2p0c00 3,0269E-03 2.3500E-g2 2,0D30E%Cp
2 4,50pE+@3 1.,9982E+01 E.zﬂﬂﬂgtﬂe 3,1672E~03 21350%Ewp2 D, YBIVEYED

3 5,50AE+@3 1,9950€+01 P,0000E~00 3,2424E-03 2.3500€-p2 2.4030E+003
4 6,58RaE+@3 1.9920E+01 »,PR0BE-DR 3,2073E-03 2, 35@4g~-¢g2 23,49Q20E+39
5 7,500QE+RS  1.98B0E+B1  D,Q0PAC+08 2,9739E-¢3  2,3500E-p2  Q.4UIUEYRQ
6 8,50A0E+@3 1.,9840E+01 ®.,00¢0csa0 2,7591E-R3 2.3500e-02 ﬂ.@ﬁ?@E*ﬂﬂ
7 1,08paEe@4  1.980BE+A1  @,pECOE+@E 3 ,0997E~€3  2,3580e-92  0.2220E+d¢
8 1.20pRE+R4 1.9718E+01 P,00pOC+0R 3,0129E-E3 2.3900E-p2 Ay 0R00E+B0Q

[ 1,50P0E+g4  1.961BE+01  @,000PC«0@  3,0944E-C3  2,35BBE-P2 D, 2D20Evdp
10 2,00Q0E+p4 L ,9442E+@L  A,PEQEEePA  2,9362E-E3  2.35@0E-p2  B,YLI0E+UQ
13 2,58PBE+E4  1.92BDE+P:  2,pR@REsBE  2,9BSSE-B3  2,388¢c-92  0,4Qn0E+0p
12 3,00PRELR4  1,9090E401  0,p0BCE«P0  2,8398E-03  2.35@UE~¢2  @.YE2PE+0Q
23 3,56PpEe24  1.8928E+8%  B,p000C+p2  2,7951E-B3  2,35@8Cc-g2  C.4R2UE+0D
14 4,B0RAE+P4 1 ,8750E+21  @,p0CEEePe  2,8279E-03  2,3Y@CE-02  0.0EZRE*nD
15 4,5¢AQE+@4  1,8598E+91  D,Q0POE«®p  2,9299E-03  2.3%dYE-g2  @,Q¢ICEve0
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UEGREFS ar FREEDGH USED IN THE WIDTH D[STRIEUTIDN

JavALUE COMFETITIVE NEUTRG& HﬁDIdTIuN FISSION
1,500PE+20 P,gBRPE=DQ 1.,P200E+20 ¢ .COPRE+R® 2,280E%62

kVERRGE RESONANCE WICTHS (EV}

..... B T Y T T L L T T

INDEX ENERSY (EV) LEVEL SPACING CGHFET}TIVE NEUTRON RAQTATIQN FlssiaN
1 4,02PRE*RY 1,0983E+p1 P,pERBE-0B 6622E-63 2+350BE=02 9,8028Ev42
2 4,5000E+08 1,0972E+01 ﬂ.dﬂﬂﬂ{tﬂz 1‘7392E-BS 2.3500E-p2 0,4030E+20

3 5,500QE+03 1,0955E«p1 6,0000c+08 1,7605E-083 2.350PE~-p2 3,482¢c+49
4 6 /50ApE«Q3 1,0939E+p1 ?,0000c«00 1,7613E-83 2+3588E~-g2 @, UPIBE+0D
5 7,500pE+03 1,8947€+21 2,0000E«@D 1,83316-03 235PPE~p2 0,0@AUE+2D
6 8,500RE+Q3 1,2895E+31 ¢,0008c+00 1,5454E£-23 2.35PPE~p2 ?,403QE+02
7 I]QQFBE’BQ 1,0873E+21 2,DURDEDD 1,7022E~E3 2.3598E =32 %,40a0E+09
8 1,200pE+04 1.0824E+01 ¢,ceRRE-0R 1,6534E=23 2.35pBE-Q2 9,0220E*40

9 1.5”65;454 1,0789€+@1  @,p0QPE«BQ  1,6992E-03  2.35PPE-@2 O ,0@JUEv0Q
12 2,0Y0PE«P4  1.V675E+p1  0,00R0cePP  1,6124E-B83  2.3I5PCE-p2  €,UPQ0E*0Q
11 2,5¢PRE«R4  1.9576E+gl  0,pODOLP®  1,6417E-03  2.35PPEe@2  9,0P00g+00
12 3,09PQC+p4 1,0483Eep1 0.070RE+00 1,5594E~R3 2. 350PE-g2 B UDABEEE
13 3:5uuustwa 1,0398E+g1  P,pOOOESBY  1,5349E-P3  2,350PE~@2  ©,UQ0REYID
14 4,00ARE+P4 1,0296Eep1 0,2000E+@0 1,5529E-23 2+ 3500E-B2 ?.020E2E
15 4,5PPQE+P4  1.P289E+pl  P,000PE«@0 1,808PE-B3  2.,3500E-p2  2,9820t+ie
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ccp
CCP
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LAS

HAR

ORL
SAC
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aaeugn 'Y)
Yr. Lab
72 FEL
72 FEI
71 GA

71 LAS
71 LRL
70 LEB
68 KFK
65 FEI
64 ORL
64 ALD
63 HAR
63 ccp
60 DUK
60 LAS
60 CCP
59 ORL
59 HAR
58 ALD
58 GCP
46 LAS
45 CAV

REFERENCES

FOR EXPERIMENTAL DATA

Author
Chelnokov
Panitkin, et al.

Fricke, et al.

Drake, et al.

Nagle, et al,

Bergman, et al.
Menlove, et al.
Belanova, et al.
Macklin

Barry, et al,
Moxon, et al.
Tolstikov, et al.
Bilpuch, et al
Diven, et al.
Belanova

Lyons, et al.
Hanna, et al.
Perkin, et al.

Leipunsky, et al

Linnenberger, et al.

Broda, et al.

References
Jad. Fiz, Iss 13, 6 (1972)
At. En. 33, 762 (1972)

Third Conf. Neutron Cross Sec=-
tions &Tech., Knoxville, Tenn.
Vol I, 252 (1971)

Phys. Lett./B 36, 557 (1971)

Third Conf. Neutron Cross Sec~-
tions &Tech,, Knoxville, Tenn.
Vol I1 259 (1971)

I.C.D. (Obninsk) 6, 32 (1970)
Nuc. Sci.&Eng. 33, 24 (1968)
At. En. 19, 3 (1965)

Comm. (1964)

J. Nuc. En. 18, 481 (1964)
TRDWP/P-8 (1963)

At. En. 15, 414 (1963)

An., Phys. 10, 455 (1960)
Phys, Rev. 120, 556 (1960)
At. En, 8, 549 (1968)

114, 619 (1959)

J. Nuc. En. 8, 197 (1959)
Proc. Phys. Soc. 72, 505 (1958)

Priv.

Phys. Rev,

Second Peaceful Uses of At. En.
Conf. Geneva Vol 15, 50 (1958)

LA-467 (1946)
BR-574 (1945)

- 244 -



93-NP=237 ANC,LASL EVAL=JUN?3Z J:R,SMITH $ANC), W,E.STEIN (LASL)
stv MAY74
[ ] L] &% " "
P.C. YO NORHAL!ZATlON AND STANUARDS SUBCOMMITTEE MARCH 1974
PERTINENT MOLLORITH FROM GENERAL FILE FOLLOWS (MAT 1263)
ALL REFERENCES CARRIED OVER FROM GENERAL FILE
237~NEPTUNIUM EVALUATED JUNE 1573 BY J,R,SMITH (AERQUJET
NUCLEAR co> AND W,E, STEIN (Lns ALAMOS)
* #
THE BASIC CHANGES FROM THE VERSION 111 EVALUATIQN ARE.
1., A NEW FISSION EVALVUATION BY W,E,STEIN, FROM 4p KEV T0
20 MEV,
2. NEW RESONANCE PARAMETERS, BOTH RESOLVED AND UNRESOLVED
3. REVISED CAPTURE CROSS SECTIONS,
4, RENORMALIZED (N,2N)AND (N.3N) DATA,
5. READJUSTMENT OF THE INELASTIC CROSS SECTIONS 710
ACCOMMODATE THE ABOVE CHANGES,
FILES 1, Iy, AND V AND THE LOW ENERGY POINTWISE DATA IN
FILE 111 ARE UNCHANGED,
CROSS SECTION VALVES AT E=2,g253 EV ARE:

TOTAL 186,63 BARNS
SCATTER 17,51 BARNS
CAPTURE 169,10 BARNS
F1SSION 16,63 MILLIBARNS

MT=18 BELOW @&,3 EV THE FI1SSION CROSS SECTION 1S GIVEN BY
THE SAME POINTWISE FILE THAT WAS USED IN VERSION Il1,
THE FISSION CROSS SECTION AT ©,¢253 EV 1S 16,63 MB,.
ABOVE 48 KEV THE F]SSION CROSS SECTION HAS BEEN
REEVALUATED BY W,E,STEIN, THE EVALVATION FOLLOWED
WHITE ET AL (44) FROM 4% 70 5@5 KEV, KLEMA{13)(RENORM)
TO 1,8 MEV, STEIN(16), 1,8 TQ 4,2 MEV, AND PANKRATOV
(17), 4,5 To 20 MEV, NORMALIZED TO WHITE AND
WARNER(18), THE ESTIMATED ERRQRS IN THE FISSION
CROSS SECTION ARE AS FOLLOWS:

ENERGY RANGE STANDARD ERROR

(MEV) (PER CENT)
RES, RANGE LY.]
B,242<E<P,525 ia
2,565 5
0,505<E<L, 2 12
1,0<E<5,4 3
5,4<E<L4,y 1a
14,1 4
14,1<E<20,0 12

#a# REFFRENCES #ue
1, G,E,HANSEN, QUOTED IN R,B,LEACHMAN, P/86%, PROC 2ND
UN CONF ON PUAE (1958)
2, B'8§2?2"1N°V ET AL+ SOV JOURN AT ENERGY vOL 4, P250
{1
3, V,U.LEBEDEV: V.1,KALASHNIKOVA, SOV JOURN AT ENERGY
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voL 10, p357 (1961)
L.D.GORDEEVA, G,N,SMIRENKIN, 50V JOURN AT ENERGY,
V188, P783 (1957)

5, N.E,HOLDEN, CHART OF THE NUCLIDES, 11TW ED (1973)
6, R,8.IYER ET AL, PHYS AND CHEM OF FISSION, VOL %1/
Pa39, JACA,VIENNA {1965)
7, G,P.FORD AND J,S,GILMORE, LA=1997 (1958)
8, D,PAYA, THESIS, UNIVERSITY OF PARIS=-SOUTH, CENTER
D-DRSAY (1972}
9. E.PENNINGTON: PRIVATE COMMUNICATION
ig, R,,BLOCK, PRIVATE COMMUNICATION
1i, D.¥.GOLDMAN, TRANS AM NUCL S0C, VYOL 7, P84 (1964)
12, S,PEARLSTEIN, NUCL SCI ENGR, VOL 23, P238(1565)
13, J,H«LANDRUM ET AL, UCRL=74262 (1972)
14, P,HJWHITE ET AL, PWYS AND CHEM OF F1SSIgN, P219%.
1aEA, SALZBURG (1965)
18 E,D.KLEMA, PHYS REV VOL 72, RB8 (1947)
16, W,BE,STEIN ET AL, CONFab6D3IRI, P623, WASHINGTON 1968
17, V.M, PANKRATOV, soV JOURN ATOMIC ENERGY, VOL 14.
P,197 (19863)
18, P,H.WHITE AND G,P,WARNER, J NUCL ENERGY VOL 21,
pe?l (1967}
19 J.JNAGLE ET AL, CONF=7123P1, V1, P259,
KNOXVILLE (1971)
29 J,TERRELL, PHYS & CHEM OF FISSION, voLZz, P3,
1AEA, YIENNA (1965)
ENDF/8 MATERIAL NO, 6283
NEPTUNTUM-237 TABLE OF GONTENTS
GENERAL INFORMATION
DATA TYPE REACTION CARDS
GENERAL INFORMATION COMMENTS 78
TABLE oF CONTENTS 3
RESONANCE PARAMETERS RESONANCE 0ATa 995
NEUTRON cROSS SECTIQN FISSIUN 109
ENDF/B MATERIAL NO, 6263
NEPTUNIUM=-237 RESONANCE DATA
RESONANCE PARAMETERS
1SOTOPE=e==="m=mmmmmamnmmwnns NEPTUNIUM-237
FRACTIONAL ABUNDANCE=--==s=~-= 1.000DE+DE
NUMBER OF ENERGY RANGES--2--- 2
ENERGY RANGE NUMBER---~-vw=-=- 1 RESOLVED SINGLE-LEVEL BREIT~WIUNER PARAMETERS
LORER £NERGY LIMIT (EVi-=s=--% 3.0Q¢0E-01
UPPER ENERGY LIMIT (EV)--o=== 1.,3p00E+02
NUCLEAR SPIN--=r—==mc-n—-wv-w 2.5000E+Q0
SPIN SCATTERING LENGTH (A#)-+ 9,1440C-01
NUMBER OF L STATES==~mn-cwp=c-~ 1
L VALYE=====mmom=cnaomoreos @
NUMBER OF RESONANCES-=v-=3~-- 17¢
SPIN SCATTERING LENGTH (A=)-= 0.0000E«P0
RESONANCE WIDTHS (EV)
INDEX ENERGY (EV) J VALUE TOTAL NEUTRON RADIATION FISSION
1 -2,5000E+pR 2,5PPRE+DR 4,P987E-g2 8,9544E523 3,2000Ep2 2.770BE-026
2 -2,220VE-@1 2,50PPE+2Q  3,2041E-Q2 3.7693E-85  3,200@E-¢2  3,504pF-06
3 4,92p0E=B1 2,.508PE+09 3,3034E-02 3,2558E-85 3,3IPPVE-p2 1,240PE-D6
4 1,320V PR 2,5000E+0@ 3.,984LE-02 3.734QE-85 3,9UBBE~g2 3.4908E-06
5 1,480YERQ 2,5000E+DD 4,8346E-02 1,4501E~04 4,8200E=p2 94BDOPE~D7
] 1,978VE+0R0 2,5B00E+ER 4,12196=02 1,6562E-45 4,12p0E=02 213649E~06
D LENGR MR L DUnd Lamci e
% Gf%%iﬁtiil NP0 3%?7%?§:€i' T, 4%61c-08 if%?iifiii S 9edgc=07
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5,7740Eeg8
6,37B0E«2H
6,6700F R
7,18Q0E Py
7, 4LBBERI
8,3089Ew0R
8,9700E+pR
9,3000E400
11,0231
1,068YE+01
1,0840E4p1
1,109VE+R21
1,2200E02
1,261VE+@1
1,3140E401
1,5800E«QL
1,6P8VE 01
1,6850E«p1
1,7@20EwA1
1,7999%Ee81
1,7890Fep1
1,8880E«01
1,9420E4RL
1,9920E 01
2,0390E+P1
2,1090E«P1
2,1300E+P1
2.,201¢E+01
2,286RE+01
2,3870E#01
2,3974E+81
2,4970EeP1
2,6189E01
2,6540E4R1
2,7372E881
2,8480E+01
2,8920€401
2,9460E001
3,BAROE 23
3,072VE«01
3,129¢EeBY
3,1650E %R
3,3410E#RY
3.,39B0E«01
3,4670E4R1
3. 5190Cep1
3,6360E401
3,6814E#01
B, 744VEaRY
3,7920C«01
3,8460¢0401
3,8920F 01
3,9220E«021
3,9900E#01
4,1340E001
4,2380E#D]1
4,2B10E+p1
4,3630Ev@L
4,5700E«D1
4,6010ESDL
4,6340E0P1
4, 731001
4,8470€0D1
4,878VEP1
4,9829E 21
%, 03BVELPL
5,1690E01
5,2190E01
5,2620€401
5,3030EMDL
5,3B60ESDL
5,4220EP1
5,5020E401
5,6U30EADL
5,8360E«P1
5,86PVE+DY
5,9490E+21
6,0020E~0Y
6,0030EMD1
6,1420E401
6,2450¢ 01
6,2090E#01
6,3940E DY
6,4940E+01
6,5600E+01
O, 7ABVESDY,
6,794VE 401
6,8750Ee@L
7,0230Eap1
7.,0860E21
74,1480E401
7, 144%En22
7,386KEaR]
7.,4RBPERDY
7,45488 21

2.5¢B@E+ER
2,5BRQE+0p
2.508QE+00
2.,3000E+00
2.50BPE+0R
2,500pE+08p
2,5000E+29
2,500pE+00
2.5000E+09
2.,500PE+0p
2,580@E+6@
2,5000E+00
2.508PBE+DP
2,500pE+0@
2,520PE+0p
2.,500Q9E+09
2,500g€+0p
2.50BpE+0p
2,500pE+PP
2.500pE+029
2,.508Q0E+0p
2,3909E+0D
2.,5000E+00
2,5990E+00
2,509pE+09
2.5000E+00
2.5000E+0op
2,5000E+00
2,5000E+00Q
2,5004E+0p
2,5000E+0p
2,5000£+00
2.3500QAE+0Q
2,5009E+00
2.58epE+08
2,508QE+0p
2,5000E+00
2,5000E+20
2,5080E+00
2,5000E+00
2.50080E+02
2,500PE+0D
2.50PBE+DQ
2,580PE+AQ
2.,5000E+00
2.5020E+00
2,5R2RE+CP
2.500Q0E+0P
2 SRDPE DD
2.5000€E+00
2,95009€+02
2,50PDE+00
2,500pE+«00
2,50p0E~2Q
2,5000E+00
2,5D0PE+2D
2.508RE+0D
2,5008E+00
2.,5000E«up
2.5000E+0D
2,5000E+80
2.50PRE+DD
2,5200E+00
2,500PE+«0Q
2.588RE 40
2,50VDE+DP
2.50PpE+2p
2.5000E+09
2.50BBE+VP
2.500PE+PD
2.500PE+00
2,5BBRE +0B
2.500pE+0Q
2,3500aE+¢Q
2,500PE+00
2.,500E+00
2.5B2PE+DP
2,300pE+80
2,58¢2E+00
2.5080E+00
2.,.5000E+0Q
2,5902E+00
2,50P0E+00
2,5000E+00
2.500PE+0Q
2.5000E+0D
2.5eRPE+RP
2.5808E+23
2,5PPPE+0P
2.,50bPE+B@
2.5000E+00
2.5220K+20
2.500PE+2D
2.5000FE+«20
2./ SERRE+2R

¢,48286-02
3.8194E-p2
4,7923E-p2
3,5414E~p2
3,9850E-02
3,78pBE-g2
3,8529E~¢2
4,2722E~22
3,8128E-¢2
3.6108E-02
4,5381E-¢2
4,3885Em02
4,9664E=02
4,2295E-02
4,13228~p2
4,14p4E-02
4,9724E~g2
3,4644€~02
4,1311E-02
3.9585€~02
4,1322E-02
4,1339E-¢2
4,82@9E~g2
3.5878E-02
4,1738E~g2
3,5448E-02
4,1332E~p2
4,1561E-p2
4,PO50E~@2
4,1690E~p2
6,8973E~p2
4,8713E~g2
4,0880E~g2
4,4641E202
4,1344E~¢2
4,1449E~g2
4,1418€~02
4,1425€~02
4,2039E~02
5,3434Em(2
3,62856-92
4,1352E~p2
2,8042E-02
6,5962E-¢2
4,1493E~p2
3,7233E-p2
6,B672E92
4,1392E-p2
4,6415E-p2
4,1380E-02
6.3518E-¢0
5,7271E=02
4,7883€-02
7.,8027E~02
3,9097E~p2
4,139%E-02
4,1783E-02
4,1995E-02
6,2588E~02
4,2228E-~02
4,6774E~02
4,5794E~02
4,1422E-p2
4,1836E-p2
4,6393E~p2
4,8252E-02
4,1429E-02
4,1677E-02
4,2007E-02
4,1380E-p2
4,1693E-p2
4,1438E-92
4,1638E~02
1,0900€-01
4,1786E~02
4,16Q6E~D2
4.5014€6~02
4,59p5E-02
4,P63LE~02
4,1826€-02
8,2203€~22
4,722%En02
4,1581E~02
4,47126~02
5,0552E~02
4,3982E~02
4,5992E782
4,1662E-02
6,8044E-02
4,1825E-02
4,3601€~02
4,3984Ex02
4,1613E-02
4,2772E#02
4,1848E~p2

6,2199€-04
9,.2879E-05
41,16B0E«0%
7.7787€-86
1,4591E-~04
1,P688E-04
1,2100C-24
5,2009¢~04
?.4948BEw05
5.P%89E~04
8.,BR06E-04
B.,B482E-N4
$,2522E~05
7.,950BE-04
1.9575E-85
1.,0216€-04
9,2390€-04
2,43P1E-04
5,7757€-06
1,8412F-p4
1,8488E-85
3. 6499E-R5
t,@582E~084
7.4981E425
1,1298£-03
5,1618E-04
2.3076E~05
L, 2601En03
4,4704E 04
1., 8902E 03
1,7087E-P4
4,6097E03
2.3895E 04
2,8404F~03
2,4454€05
1.4622F-04
1,0971E~04
8,8758E-05
3,7597€-23
3.,2701C-04
2,76801E-04
4,7828E 25
#,38136-04
4.,5822€-04
1,8371E-04
J3,2686€-04
1.5919E.04
?.2499E-05
1,3602E.83
6,4042E-P5
1,4098E~03
4.,2901E-03
6. 5006E~P4
6,6099c04
2.2600E-03
9,P4B9E-PB
1.1742ER4
2.,8997C-04
4,8268E-04
6.5864F-04
3,0701E-03
2.3P98E~023
1,1000E204
5,3011E~04
5,0981E~03
8,9298EA23
?.13R8E~E5
3.,7277€-24
7.0291€E-24
8,1898c«25
3,8874E~024
1,3387E~24
3.1673c~04
1,9894€-03
4,6295E~04
2.9A72E-C4
2,@1PRE-03
2,6999€~03
4, B297EADY
5,2280¢~04
2,0997E~03
4,7201E-23%
2,75876-24
1.0097E~D3
4,5498C=03
5,7798E~03
2,3903€-83
3,55802E -84
2,1483E~03
8,0015€-04
?2.,2999E-03
2.6602F-03
3,4825E.04
4,A701E=83
3,4B25E-04

4, 4200E-02
3,8100E%p2
4,790PEwp2
3,5400PE=92
3,9700Ecp2
3.7700Ec@2
3,8400E=02
4,2200E5@2
3,8100Ee02
3. 5600Ew@2
4,4500E<p2
4,30p0E=-p2
4, 96PPE~D2
4,1580Es02
4,1390E<p2
4,1300PEen2
4 ,8BQ0E=02
3,44p0E=p2
4,1300E»92
3,9400E=p2
4,130¢E<02
4,1300EsB2
4,§102E=02
3,5800E=02
4,p6P0E~p2
3,4900E0p2
4,1300Eep2
4,0300Eenz
3,960PEsD2
4,pUpPRE=R2
6,p800E-p2
4,4100Ew@2
3,9800E~02
4,180CEsp2
4,13080E002
4,1$00E-@2
4,1300Ew92
4,1380E-02
3,8200E-02
5,3180E-@2
3,6000E=02
4,4300E-22
2,760CE~Q2
6 ,5520E202
4,1320€-02
3,690PEcE2
6,650PEw@2
4,13B2ESQ2
4,490PE=D2
4,1300Eag2
6,4920E-02
5,56008E0p2
4,60BRE~2
7,3708E~02
3,748RE~P2
4,4300Ew@2
4,130RE=p2
4,4 780E~Q2
6,2400E-p2
4,130PE@2
4,3780E~g2
4,332BE=p2
4,130VE=92
4,1300E=p2
4,1890E-92
3,9309E%d2
4,1300€-02
4,130PEe42
4,1300€~92
4,180PEvy2
4,135008-02
4,130PE=p2
4,1590Ecy42
1,p700E=-21
4,4300E=¢2
4,13p0Eep2
4,3080E-02
4,3200Ew02
3,3080E-02
4,4300E=-g2
§,pLe0E~02
4,55Q0E-p2
4,13p0E-p2
4,37@YE~R2
4,6000E-Q2
3.8200E-02
4,3602E-02
4,4390€-92
6,59pBE=-p2
4,1300E-p2
4,13p0E~B2
4,1 IG0E~B2
4,4300E~92
4,13pRE-p@2
4,,303E=02

6e56UBE-A6
9 1404@E -7
4121118E~C5
217800E-06
4.3920E-06
917888E-87
A.3700E~P6
21BP02E-27
113400€E-26
118000E~06
4,1000E-27
3120VPE-27
L1290BE-D6
$170YPE~ET
2:248¢E~26
115490E~06
4.9000E-27
151¢PE-26
4 9200E-R6
113400E-DS
3.8PYPE-B6
2489408E-D6
719400E-26
2.9508E-36
4,410VBE=07
L14708E-06
8.5600E-06
7140008E-27
3,2500€E-06
L19902E~07
2,602QE-06
3,2500E~06
441190€~05
211190€-25
1,837@€~05
2,440QE~BS
8,37¢ge-06
3,899QE-05
7,971QE-05
4,1200E~08
§,8740E26
3,B408E-26
4,3700E~C%
4(1BVEE-S
9,02EgE~06
Sa710gE~0E
1,276gE-05
2,025BE~B5
115043E~24
1.854¢0E~05
8,4000E-06
3,8136E-04
4,3283E-04
3,6674€-03
243742E-04
B8, 880RE~DS
343637604
9,2200c-06
S56UQPE~B6
2,69U1E-04
¥ 64UpE-D6
9421DE~D7
14R19QE~RS
5,9708E~08
214992E-26
211728E~25
117790E~05
4,830BE-DS
4, 35UPE-06
1,8420E~AS
6(L6BPE~B6
4, 950RE~26
244370€~05
4,5400E-06
2,630¢E=06
4+118pE~D5
1126060E~06
3,080YE~D6
4)2908RE~B6
3,0838RE-06
3.020@E=36
1 244PE~B6
51 440QE~D6
212900E-R6
2,514@E~06
4,91URE~DE
€ 3800E-06
3,3240E-06
347408E~00
4,43005-06
11 3400E-N6
7.400pE~0T7
2,794pE~0s
1:818PE~p6
4,2399E~0%



7,5099E+01
T, 6B30EaRL
T, 697VE4EL
7,8330E401
7.19240C81
8,0359E401
8, B6B0EwET
B,1899E+03
8,2090E601
8,3390E40]
8,3708E«01
8,5190Ew0]
8, 6870E+01
8,63B%EaRY
§,7450E«f2
B,8330E#BY
8,800VE4D1
8,9430F«0y
9,0840E401
9,1320ExB]
P,1950E401
9,2750E«R1
P,336PEwRL
9,4220E 001
9,5370Ee0y
9, 6440E @)
I TEC(RT})
9,7720E«01
9, 8450Ee02
9,8990E001
P, 9490E 21
1,001%E+82
1,03103ER2
1,@L62E402
1,819EeR2
1,021%E402
1,8378E202
1,04526402
L, pPLYEAR2
1,087REwR2
1 @782E+02

10879402
1,0912E402
1,1830E4R2
111250E 02
1,1P90E#R2
1,2171Eep2
1,1222E+82
1,1335E+02
1,137LE+02
1,1473602
1,1840E4p2
1,1579E492
1,1676E¢p2
1,1762E082
1,19087E02
1,1948E02
1,2010E«02
1,2190F+82
1,2378E+02
1,2501E482
1,2560E%02
1,2620E+02
1,271R€+82
1,275bE482
1,2948E402

2.50QQ2E+20
2,5000E+00
2,50CAE+B0
2.90e@E+up
2,900PE«¥P
2.500QE«22
2,5000E+00
2.500QE+8P
2.50PPE+00
2.5000E+0p
2,5099¢+08
2,9980€+00
2,50280E+08
2,5009E+00
2,5800E+02
2,3PDRE~DD
2,908gt+0g
2,5000E+09
2.,95000E+88
2.9000E+00
2.52002E+88
2,50R0E+0Q
2,5000E+23
2,5000E+00
2,5888E+00
2,50BCE~2Q
2,5008E+00
2,5000E+00
2,5008E+29
2,5P0QE 00
?.5000E+09
2.5000E0R
2,52PRE B0
2,300Q€E~00
2.500RE+00
2,5000E+2Q
2,.588QE+0¢
2,50BRE+DD
2,50PBE+P@
2,50VRE+00
2,5e2Qc+0¢
2,5B0QE+0Q
2,50PFE+2P
2,500VRE«RP
2,5ePPE+RY
2,5PRYE+RP
2,50egE+29
2,5880E+Q2
2.5P0QE+BQ
2. S0PPE+RY
2,5000E+00
2,5BBPE+RQ
2,5000E+80
2,.500PE+20
2,5080E+82
2,50pE+0D
2.95@egE+88
2,5900£+00
2,5000E+00
2,500QE+00
2,50RQE+0R
2,5DRPE+DR
2,500pE+00
2.5800c+08
2,500pE+00
?.500QE+00

4,1476E-D2
4,1489E02
4,1678E=02
7187§&E g2
5,4120E-22
4,1448E~g2
4,1848E-02
4.1723E~02
4,211 %E~02
4,44126~02
4, 6884E-g2
46,4073 =02
4,214PE-02
4,5022E=02
4,50p0€E~02
4,2335E~02
4,3181¢-g2
5,1293E~02
5.,4883E~¢2
4.1448EmQ2
4,1819E~02
4,1498E~32
4,8803En02
4,168BE=p2
4,1663E~02
4,1368Emp2
4,166%Em02
6,5282E=02
7.738LE~02
4,1447EmQ2
51743E~g2
%,84pLE~0R
6,2512€~02
4,2533€-02
4,2973E-02
4,1605E002
4,29p26~02
471645602
7.9688E~02
4,44pPE~02
4,1823€~¢02
4,2119£~02
4,3591E~02
4.25125*02
4,2392E~02
A 4374ERD2
4,4572En02
4, 1717622
4,2519E-02
4,56D4E~02
4,3514E~02
4,1814E-02
4,3402£=@2
4,1772E~02
4,338%6-02
4,3724E-02
4,3459£~02
A4,1778£~02
4,17226-02
4,1769E~02
4,2540E~02
4, 4D15E-02
4,3050E£~32
4,1829€-02
4,1715€=92
4,2281k-@2
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1,1P85EnD4
1,8634F~04
3,7442€~04
2,4498E403
2,8201E.83
4, 5887004
5,4226€-04
4,2002E704
8,1B15E~04
3,1103En33
8 ,5496E.03
4,1723ERDS
8, 3406C~04
5,7498E=083
3.6999c-03
L,029BE~DBI
4 ,8499E.03
4,2896E-23
4,9799ERB3
L.576BE~D4
5,1844E~04
1.8876E~024
1,8001E-83
3,6788E~D4
3,5840E w04
B,4909E~05
3,4F91E~04
3.4796E~03
2. 3I795€~83
9,9494Ea05
1.9480€93
8,308PEAD3
B,4096En03
1.2295cna3
1,6698E-03
3,0048E~04
1,5982E-83
3.3942En04
2,1783E~083
3,206BE-03
5,1311Cn 34
8,1358F-04
2.2898£.23
4,2P99E-03
1.,0894EnD3
3.BEVSEADS
3.,2701£-83
3,9831E-04
L.,21P4E~E3
4,.2995¢-03
2,2097€03
4,975BE~C4
2.8737eR83
4.3979E-04
2.,8285EA83
1,23966-83
7.4978E-04
3.,2548E-04
3.5008C-04
4,0383E504
1.,2098E-03
2. 7896E-03
1.7481E~03
5,3060E~04
4.8763E-84
¢.,46948E-04

4,1300E02
4,1 YBPE=D2
4,4300E-y2
7,6300Eeg2
5,1800Ea02
41328€E-02
4, 18Q0E~p2
4, 130PE02
4,1300E~02
4,1898E~02
4,4380Es02
6, 2900E502
4 130@5-52
4. 33p0Ep2
4" 130E w22
4,1 300E-02
4 L30PEwD?
4 T08BE02
4:99z0E-z2
4!13005-a2

4,1300E~R2
4,13p0Ce02
4, TEPBE-R2
4,43¢0E-p2
.13ﬁﬂE-ﬁ2
Y ULITH]

BT IETH
,1aeuz-02
7,5200E-02
4,1300E-¢2
4,9800E=p2
5, 3408E =92
5,716¥E-92
4,1400€202
4,1300€042
4 L SEPE-02
; 3peE=02
4.1$BEE-ﬂ2
7. 7588E-02
4%1100Eep2
4,1390€-2
4',1500E=p2
4,1500E-02
4}1&@05;92

4,1300PE3p2
4,18BRE=22
4,130¢E002
4,1308E=y2
4lyzpRLepe
4,1308E292
4,1300E<y2
4,1300E~P2
4,13@0E=p2
4, 1300E~02
4,1300E=02
4?13005.02

4, 1300E-02
4,1300€-02
4,1500€E9¢2
4,1320€-p2
4.1809€-02
§,1390E82
4,1500E02
4,1500E=-02
4,130PE-02
4,1 9RNE=Y2

6,8029Qe-05
2, 220BE~2E
41 86URE~ES
32 4108€~06
211R099€~07
9+27LPE~D6
2.620QE"06
2,600pE~06
41230PE-06
49274QE-26
404392E-06
3,160pE~08
8,3140E~86
2,550E-06
3, 204027
4, 730QE~BS
4360DEDE
3,8260E~06
3,290QE~D6
8,.620Q9E~06
8,7S0PE~06
9426U6EE~0DS
31 2400E~D0
8,PRP0BE~Q?
6, 548¢¢~-06¢
1¢346PE~05
L1 448QE-2a3
1.540pEv06
11420BEVRS
11729QECS
216290€-06
41424B¢Er00
24300QE-06
3,2180E-06
11 3BLQE~06
S,11208E~06
381UFE-06
4,07YRE~D6
9. 806PE DS
14354BE~05
11 826gErES
5,0600E-06
9.14000E~07
1181UQE~06
2,2309E-06
1,3BURE~2S
1.5140€-06
1,8628E~05
8,189009E~06
4, 4AYAE~06
14 760@E=08
1,375¢E~05
2/587¢E-05
3,2070E-05
4,838Q¢n05
101B43E-23
$14990E-03
145@91£-04
7V179QE-05
615090E~95
T\ ALLPE~TS
517289€-06
¢18142E-08
2.813¢€-05
T 7548806
411980¢€-45




ENGF/B MATERIAL ND. #2863
NEPTUNIUM=237 RESONANCE DATA
RESONANCE PARAMETERS

L ~NEPTUNTUN»237

FRACTIONAL ABUNDANCE- - 1.2¢00E.pP0

NUMBER OF ENERGY RANGES--a--- 2

ENERGY RANGE NUMBER--r-v=n--r 2 UNRESOLVED SINGLE={EVEL BREIT-RIGNER PARAMETERS
LOWER ENERGY LIMIT (EV)=----- 1.3g00E.p2

UPPER ENERGY LIMIT (EV)-=w-~- 4.00BOE+D4

NUCLEAR SPIN=--=-=-mosonogou- 2+5000E+00

EFFECTIVE SCATYERING RADXUS—- 9.1410E-01
NUMBER OF ([ STATESw-r=me=o=n- 2

L VALUE====="ma=== m—avmpe—m- e
NUMBER OF J STATES=~w=-~-= [ b 2
DEGREES OF FREEDOM USED IN THE NInTH DXSTRXBUTION
JaVALUE coﬁPchrva Nzu;ﬂan RADIATION Fxsson

2.00BQE+DP  0,pP0PC«BP  1,P20PE+R@  §.@PUDE+RU  1,3030E+00
AVERAGE RESONANCE ulDTHS (EV)

i -
INDEX  ENERGY (EV) LEVEL SPACING COMPETITIVE NEUTRON RADIATION FISSION
1 1,38pEE+02 1, 0000E+20 P,gPOOEeDD L, 1064E-B4  4.0000E-p2  5,4391E~06
2 1,98ppEv@2  1,0000E+02 D,pd0OFs.p 1,1157E-04 4, @BOPRE-g2  3,0718E<C4
3 2,B8AREYBZ  1,0000E+08  B,g0P0Cs22  1,1875E-84 4, 0UBCE-p2  2,8831E-0s
4 2,31p0E%@2 L, PPPPE+EP  0,p000F«22  1,1102ExB4 4, BPDOE-Y2  9.1923E-05
5 2,40P0E%@2 L, PPOFESQY  O,d009C.23  1,1P82E-04 4. BEOOE-P2  1,3643E-05
5 2,4900E482  1,BBERE4DD  0,pPO0EBB  1,1144E-C4 4, BOBBE-g2  1,2935E=P4
7 2,590PE+02 L. DREPEp?  P,p0@PPE+@F  1,108PE~P4  4,0PUPE-pP2  3,1592E-06
8 2,780BE%Re L. PPBPE+OR  2,Q00DEe@0  1,3112E-P4  4,0B0PE-P2  1,1138Es04
9 2,BBgPE+P2  1.0PPPE+PE P, pPORE.PP  1,1DB3E~K4  4,DPPBE~P2  3,5436E~06

10 3,30PPE4R2  1,PPPPE+P0  @,pP0PF.0P 1,1112E~04  4.QUOPE-p2  9,9855E-25
11 T, 4UPPE+R2 1,0000E+p2 P.0002E+R0 1,1086E~04 4,0000E-02 3,6693E-0¢
12 3, 67PRE*BE 1.POBOE+QD 2.0008c400 1,1147€-~04 4.0080€~g2 2.,2@74E904
18 3,77p0E+D2 1.00RRE+pD ?,2000E00 1,10088E~24 4\ DRPRE~p2 3,883 =05
14 4,1YA0E»B2  1,00PQE«pR  0,p@@9pepP  1,1141E~04 ¢, 00PRE-p2  1,9021E-04
15 4,2908E+92  4,0000E438  @,p¢00¢s0¢  L,109gE~04  4\0@F@E-C2  4,1746(-0¢
16 4, 68pRE+R2 1.008pE00 B,e000c40D 1,1124E~04 4,B0@0E~-p2 1,2090E-04
17 4, 78pRE%R2  L.V00RE+QR  @,p000£+@9 1, 109iE~04 4, 0PPOE-R2  4,4344E-08
18 5,41p0E%@2  1,006CE«00 0,p000csgd  1,11056~84 4,/ PEEOE-@2  4,9284E-05
19 5,5100E%02  1,800BE+pl 0,pPB0E+d2 1,1P93E~C4 4, 0VEPE~g2  4,8023E~06
2R 5,71RRE+DRR 1.PBRBE+OR 2,p002EsBR 1,4117E=24 4,PPRRE-@2 8,9990E~05
21 5,810RE+B2 1.,8000Ep0 2,00P0c+80 1,1094E~04 4,00RPE-R2 4,9479E06
22 6,5402E+32  1,QQ08E.00  @,p¢0%gs20  1,11620~04 4, 0BBRE-G2 2 ,9470E-04
23 6,630E+PR  1,00R0E+00  0,p0BRE+B8  1,AP94E=B4 4 PBEPE-p2  5,3310F-08
24 7,02P0E+02 1.80RPE«Q0 2,0000¢c+08 1,1132E~04 4.2080E-02 1.4373€~04
25 7,129nE+p2 1.0090E-00 ?,000Pc«B0 1,1094E04 4,0000E~02 5,5511E=08
26 7,879R€E+@2  1.UPPQPE+QR @,gPPOFsP@  1,1180E-P4  4.00POEsP2  2,112BEeD4
27 7,970BE*R2  1,0PDRE«QD P ,QPOOE#E@  1,1@93E-P4  4.BBPPE-p2  5,9194E-26
28 8,5vppE+@2 1.,0P00E+29 D,0000c400 1,1177E~24 4,00B0E~p2 3,1373E-24
29 8,69PRE+B2  1,0000EepT  DB,pPOBEsRR  1,3@92E~24 4, BPBPE-¥2  5,21PifwD4
KT’ 9,ALPPE*P2  1.PP00E+QD  0,¢PP0C«gd  1,1093E-04  4.0@PBE-P2  1,0742€~0%
31 9,5100E*p2  1,0000E+QC  @,p000C4@0  1,LB91E-@4  4,BOFRLvY2  6,5490E=0¢
32 1,BRBRE+RY 1.,00@PE+pR P pLBOE+PR 1.1158En84 41000BE-y2 2,568%E=04q
33 1,0150E+93 L, 0PRBE+P0  P.pPPRc+82 1,1092E-24  4,ROP0E-§2  1,7004E-PS
34 1,0228E+p3 1.,0P00E+20 @,000@F«00 1,11pgE-04 4.00P2E=g2 4,4391E"05
35 1,B320E+83 1.0080E+p0 &, g08Rpap2 1:189pE-24 4.0880Ewg2 6,8836E=06
36 1,285RE+03  L.00BCE+B2  O,2PPRPEsBR  1,1120E-V4  4,PRERPE-gR  1.2132Ev04
37 1,0Y2RE+@3  1.0008E+Q8  O,pPPOAE«PD  1,1096E-04  4,@Q@BE-g2  3,5497Es05
hi] 1,1212E+33 1.egagesqa ?,9083c«20 1,1182€«04 4,0008E"g2 3,9439¢-~04
39 1,1910E+05  1.0000E+20  2,pP0Rcs@@ 1,L0B7E-P4  4.@0@OE-g2  7,2341E-06
40 1,1Y9RE+R3  L.000PE+Ad  @,pPBPE408  1,11P6E-R4  4,PP00E-2  8,1492E-0%
. 1,209BE+Q3  1.0000E«0@  @,pPOQC«A¢  1,1B84E-04 4 BREBE-P2  7,921iE~D8
a2 1,2900E+83  1,0000Ee@? @,pPORE+PP  1,11650~04  4,000PE-g2 3,P127E-U4
43 1,24PRE+Q3 1.00pRE0QH P,oPORED 1,1083E~04 4.00@0E-p2 7.6323E~04
a4 1,27306+98  1.0000E«p0  @,0000FeDB  1,1176E-R4  4,0000E~p2  3,5073Ew04
45 1,2832€403  1,0000Ee00  @,pPRUFe00  1,4082€-24 4, POPRE-~P2 7 ,7846E-2§
'Y 1,3130E+03  1.0920E+20 D ,pPRBE+PE 1,1B92E~B4  4,0200E-g2 5,0588E=05
a7 1,3¢30E+09 1.0800E+@0 0,Q002c+22 1,4081E-04 4 QUBBE~Y2 T49241E=0¢
48 1,3760E+p3 1.028QE+p0 R,2P0PE+0@ 1,1137E~C4 4,008PEwp2 2,2033E=04
49 1,3H60E+B3  1,0000E+@@  &,QPCOE#P0  1,1D7BE~C4  4,00@0E-02 8,1419E-Ds
5P 1_4d95£om3 1.0000E+90  9,0P00FE+B0  1,B8967E~D4  4.0P82E-g2  7,0345E-05
L1 1,43590E+p3  1.0POPE4QC  ©,pPPBE«P0  1,1B77E-@4  4,0000E-g2 B,3214E~0¢
52 1,4008E+88  1,¢200E«00  0,p00BLedB  1,iBB7E~B4  4,POPPE=p2 4, B745E0Y
53 1,4700E+p3  1,9020E+20  0,pPP0f«dp  1,1075E~04 4, Q@Q0E-y2  B,4257E~0¢

- 249



1,4998E+23
1,5290E+p3
1,547mE+p3
1,5570E+p3
1,5780Ep3
1,5580€+03
1,622PE+pS
1,692PE+p3
1,6742E+08
1,684E+403
1,70ABE+D3
1,7148E+83
1.754RBE+Q3
1,7442E+03
1,872pE+03
1,88APE+p3
1.8Y60E+23
1,9B6BE«p3
1,9240E+03
11994@E+p3
1.,9Y70E+Rd
2,007BE+p3
2,8390E+p3
2,101BE+P3
2,128PE+pY
2,1260E+p3
2,1752E+93
2,1850E+¢3
2,214PE+23
2,224pE+pYS
2,224RE+03
2,284PE+03
2,3u82L +0d
2,3152E+93
2,336BE+P3
2,3>8@E a4
2,3790E+0Y
2,401aE+pd
2,4230E+03
2,44962E+93
2, 4BRDE+P3
2,5160E+p3
2,5498E+83
2,504RE4P3
2,613RE+03
2,604BE4p3
2,73PRE+D3
2,757k .03
2, 771PE+23
2,8120E+03
2,8400E+83
2,8690E+93
2,8988E+p3
2,9%886+93
3,0190E+03
3,866BE+p3
,351pE+R3
3,104QE+p3
3,198gE @3
3,292pE+03
3,299DE+3
3, 302pE+P3
3,3960E+03
3, 393pE4DY
3,4200€+03
3, 4888E+93
3,8470E403
3,6070E+03
3,69PRE4R3
3,754p£+03
3,004pE+R3
3, 91DPEDS
4,2270E+83
4,8760E+03
4,3318E+03
4,586pE+Y
4,497gE 93
4,672pE+P3
4,794QE+03
4 9%AQE +@3
4,00P8E+p4

1.,8000E«00
1.0020E+p0
1.0@RpE«0P
1.0080EepD
1.2P0CE«Q
1.000¢E+0Q
1,082pE+p2
1.,0PBPE+20
1.000pE0Q
1,2800E+08
1.09BPEapR
1.0000Eep0
1,0000E+20
1.,00090E+p8
1,0p0PE«n0
1,0P00E+pE
1.,0000E«pQ
1.2PRPRESRR
1.00BPE«pR
1,0000E+00
1.b000ELpR
1.0000E+p0
1.PPRRE«QR
1.,0PPPE+QQ
1.0PRRE«Q0
1.0000E+p0
1.080805+pd
1.00PQE+00
1.B0P0E+p0
1.P000E+p0
1.0P000E+p0@
1.2000E+00
1.000PE+pR
1.P08BE+3%
1,00006+00
1.¢00@E+00
1.0000Ep0
1.8000E+R
1.2900E«p0
1.D2PBE+2D
1.0BRRE+QAD
1.,0080E+00
1.4880E«80
1.000BE+@02
1.00BPE+pR
1.P008pE+p0
1.0080E«p0
1.0080E+p0
1.PPRPESGD
L BPBERE+GB
1.0P00E+20
1.BPPRE+pR
1.0000E+@0
1.2080€+90
1.PPPRE+QD
1,000PE+20
1,2RRREPD
1,000PE+gR
1.000QE Q0
1.0P@RE+gR
1.200PE+Q0
1.800BEp0
1,00BRE+@0Q
1.,208BE+QR
1.08008E.00
1.8088E«00
1.0000E+02
1.,0000€E+90
1.000RE«Q0
1,000RE+p2
1,PCRESPR
1.200@E+00
1.CEPRE+GR
1.0000E+DE
1.0080€e-00
1,2000€E+9¢
1.2290E+g0
1.000E«pE
1.00008E+0
1,BOPRE«pR
1.008RE+00

2,0000E«29
0.,0000E«00
0, QPRAE«aQ
?,00BBEe0D
?.,00R0E~20
2.0098c«20
?,ge0lce0e
.0000E480
0.000RE»Q¢
3,8200¢+20
P.PEBRE#RD
2,00BRE+D
2.80820¢C«0C
0,0000E=00
2,0000c80
0,0P0RE+00
0,0000E«00
D.oPRPESRE
0,000PE~2g
2.00080ceaqd
2,0008c+00
0,2000c«R0
?.080RE+08
B,000PE+R0
2.,0080E+00
0.,0000E+08
?,8080Ew00
2,0¢00E*00
P.RORPEw2R
2,2000E+00
2,000RE+20
?,28¢00E«80
0.,0000E00
?.2028E 23
A,20p0E+00
?,0000cs00
B, QPP00E«aR
P.p000¢ge00
2., RPBRE«0Q
2,p0glc«ge
P.oPRRESDR
2,2PB0E~20
@, 8080+ 03
2,0080c+02
B.p000c+02
2,pP00Ee2p
2,0000c402
2,0020E~20
2,p0RPE«R0
P .00BPE«BB
P,200PE«20
0.,pPRPE+YD
0,0000c+00
2.¢000E+2D
?,000PE«Rd
0.,0000C+09
B.pPROBE+ER
2,¢000E#20
2.,0008c«20
P,0R8PE-00
0,600PE=00
2.,0000c-00
?.,0000E+00
D,00PREWBY
0.0000E+00
B, p8RPE+0D
0.,0009E+00
2.0200¢+80
2,pP2PE«0D
8,BBBBE 00
2,0000Ee0R
B,p0R0g=00
2.o0BRE=BR
2,p000Ee00
2.3008E«00
G, 280000
[-3-1.0- 11714
2.0080E+08
2,0800E=20
0.pRRRE»00
2,p080ce02
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1,1081£-04
1,1078E~24
1,4088E~04
1,31872E~24
1,4P94E~04
1,4074€-484
1,1874E~84
1,1069E-04
1,1093E~04
1.4067E-94
1,1147E~04
1,4P66E-04
1,10P89€E-04
1,106%E~04
1.,1258E~0R4
1,1959£-24
1,1082E-04
1,2P5gE~E4
1,1077E-B4
1,1034E~04
1.1089E-24
1,1@853€E~-24
1,1859E~¢4
1,1047E-04
1,1R48E-04
1,1843E-24
1.1044%-04
1.1042E-24
141049E"R4
1,1046E~04
1.1064E-04
1,1036E-04
1,1839E-i4
405034624
1,1033EB4
1,40832E~24
1,1036E~04
1,123gE-DM
1,1954€~04
1,1230ER04
1,1P27E~R4
1,1P47E~24
1,1024E724
1,1P37E~24
1,1P19E~04
1,1020€~04
1,1054E~£4
1,1018E~04
1,1822E<24
1,1883E~24
1,1094E~04
1,1084E~04
1,1124E04
1,1081E~04
1,4144E-44
1,1878€E-04
1,1114E-04
1,1081E~04
1,1119E-84
1,1891E~04
1,1100E~04
1,1072E~84
1,1108E=04
1,4072E~04
1,31098E~24
1,4874En04
1,4049€-24
1.1874€-04
1,1P62E~24
1,1096E~L4
1,1853E-¢4
1,1078E-04
1,1832E~84
1,1d62E-04
1,1040E~04
1,1054E~04
1,1637E-~04
1,1044E-04
1,8993E~24
1,1014E<R4
1,1062EwP4

4.B0@PE-y2
4. 0BOBE~2
4:000BE=p2
4.PODBE~p2
4:10902E-p2
4,80QBE~g2
4 Q000E~p2
4, AD0BE-p2
4,QC@RE~G2
4.0000E-g2
4.RBRRE~p2
4,000QE-g2
4,0000E02
4.0BORE=Q2
4,0800E-p2
4.0008E~p2
4.000RE~Y2
4.POPRE-p2
4.0BRRE-B2
4.000PE~-@2
4.0R2RE~g2
ARO0RE=D2
4.00@AE-22
4,00RRE=A2
4.00pRE=-P2
4.0000E-22
4.0082E =932
4,0000E~p2
4.00PREe@2
4.000RE=02
4.PO0PE-U2
4.9080E-02
4.,000PE-P2
4.20382€-92
4.0000E-22
4,0000E-82
4.2228E-p2
4.DURBE=Q2
4.009RE~Y2
4422DBE~Y2
4.D0BBE-p2
4,00p0C~p2
4 @082
4.Q0QRE~p2
4.0PPDEwp2
4.00DBE=(2
4,0080E~p2
4,00BRE~-P2
4.08P0E~p2
4.0080Eeg2
4.000PE=p2
4.0000E~92
4.00OPE-Q2
4.000%e~g2
A4.0800E~p2
4,0000E-@2
ABBRRE~p2
4,00Q0AE=p2
4,0008E~y2
4,0000E=p2
4.09008E-p2
4.0880E-g2
4.00008E-02
ADDDBE~p2
4.0088€-g2
4.,00Q08C=g2
4.0000E-¢2
4+00@BE=g2
4.0CPOE~g2
4,8000E-p2
4,@PRRE~Y2
4,000QE~p2
4,0080E~82
4,0000E~p2
4.0800Ewg2
4,0080E~p2
4,000@E~Q2
4,0080E~g2
4.000PE~@2
4,000BE~p2
4,0000E~42

3,3248g=058
8,5545¢0¢
6,3592E=0%
B, 7129E=08
9,6923E-05
3,8137¢es
1,7884E~05
8,9587¢-0¢
1.9448E-04
9,1212E~0¢
1.9614E~24
9.4137E~06
9,7749¢-2%
9.:3121E%0¢
?.5874E=04
9.7290¢506
9,8612E~0%
9. 9877E~26
8,4718E=0%
9.,8926€90¢
7,4734E705
1,0110€-05
3.8328E =08
6.7522E=08
1.7795E=05
3,6930E0g
19638525
4,7828Es06
J.5384c-85
2,864PE-03
9.8339E-05
1.0906E%08
4.9223E-25
5,4972E=08
1,1032E2¢
3,8342E04
2,4041E~03
2,2484E=0¢
8,7873E=05
1+ 5B86E=D5
b, 29BDE~BS
8,3442¢-08
1.8588E~25
1,9196E-04
?:8775g~0%
1,8132E~05
1.5971¢-04
3,233BE=D5
5,02196-05
74973%E~8¢
4,7573E~05
L1,0143E-0%
8,9947¢-05
1.2010E-25
2.9043€~04
1,2265E0%
1.9903E804
3,4221€005%
1,4363E-04
4,268PE208
1.106QE=04
1,4834E=05
1.,5396E-04
2,4672E"DS
1,4713E-24
3,2746E%08
1,6876E~05
5,5495¢+0%
2,3034E05
1,527BE=04
8,1295E-Ps
1,B531E=04
2.2725E=85
6.4997E=05
4,6642E05
7.9293E=05
2,10B4E=05
2,1268E-24
2,2195E-05
1,0241E904
2,7916E=04




DEGREES OF FREEDOM USED In THE WIDTH QISTRIBUTION

J"VALUE  COWPETITIVE  NEUTRON  RADIATION FISSION
3.2000€+00 ©2.0000£+00  1,0000E+00 p,P000E+00  1.0083E+30

AVERAGE RESONANCE WIDTHS (EV)

B R L L L e dutnbaiatal
INDEX ENERGY {EY) LEVEL SPACING COMPETITIVE NEUTRON RACTATIQN F1ssIoN
1,39Q0E+@2 1.0000E+00 0.DPDPE«DP  1,3064E7D4 4,0982E~-02 5,4391E-06
1,980gE+a2 1.000@c+00 ?,00080c00 1.11857€~24 4,@2PRE-Q2 3.0718€=04
3 2,08PBE+02 1.,08B9E+00 0,0000E«00 1,1875E~24 4,00p0E-02 2,8034E~04
4 2.31PRE*R2 1.000@E+20 P.o0BPE+BD 1,4182E04 4.0008E-02 9,1923E~28
5 2,400pEeR2  1,0DPBE«Q0  0,P0QPEsB0  1,1PB82E~04  4,0000E-p2  1,5643E£-05
[} 2,4YPPE+02 1,0000€+20 2.0P0PE+20 1,1114E~R4 4,0090E-p2 1,2935€-04
? 2,5vpaE+82 1,0000€+20 8,0000E+00 1,128QE~P4 4.0202E~p2 3,13V2E-86
8 2,7%RqE+02 1,0900€+00 2.0000EaRR 1,1112E~P4 4.0000E~p2 1+1138E-04

N

9 2,BURDE+RE  1,0000E400 P,20R0Ce08  1,10B83E~P4  4.07Q0E-g7  3,3484€~0¢
1@ 3,340QE84 1,0000€+2¢0 2.0020ce00 143312E~04 4.,00P0E-¢2 9,9835E=05
11 3,4URRE+B2  1,0000E+38 2,p@Q@c+08  1,1086E~-G4  4.00Q0E-y2  3,6693E-06
12 3.,6700E+02  1,0P00E+Q@  @,PP@PE+00 1.1147E-P4 4, PUOPE-P2  2.2P74Eed4
13 3,770RE+P2  1,0P0PE4p@  2,0000E«p0  1,1088E-04  4.PPDPE-y2  3,8833E-~i¢
14 4,1900E+02  1,000CE+0@ P.Q@PUE«C@  1,1141EmE4  4,00PPE~-p2  1.9¢21£-04
15 4,29P0EvP2  1,000pE+d  P,pPPAEeR?  1,1P9PE-04  4,DRBOPE-p2  4,1746E-05
16 4,68PDE+02 1,0000E+0D P.@BPRE+BD 1,1124E-24 4, 00pRE-G2 1,2B9BE~Pa
17 4,780RE+DZ  1,0P0PE+0P 0,PPPPEeP?  1,1091E-24  4,CRPOE-2  4.4344E206
18 5,41PPE+B2  1.0000E+00 ©0,p0P0F«PD  1,1108E-~P4 4. BRORPE-42  4.9284F¢U5
19 5,51MQE+B2  1,0P0PE+0@ 0,p0PPE«PD  1,1093E-24  4,0RPOE-¢2  4.80236-04
20 5,71PRE+82  1,0P0PE+0P 0,00P0C+00  1,1117E~¥4  4,B0DCE-y2 B.9990E-DS
23 5,81A0E+02 1.00@pE+00 0,000Bce00 1,1094£-94 4,8C3@Eep2 4,9479E-06
22 6,53PRE+R2 1,080pE+p2 2.,0000g+29 1,1162€~24 4,BQQBE-p2 2.9470E~04
23 6,65P@E+P2 1. UECQE+PD @ ,2P00C+U0  1,1P94E-D4  4.P00PEeY2  5,33LDE~D4
24 7.P2peE+Pe  1,020PE+00 B,0000F[eP¢  1,1132€-24  4,DUBCE-P2  1.4373E-04
25 7iepoE R 1.00B2E 09 ¢, @002E+00 111894E-0C4 4.08BBE-g2  5.5511E-6¢
?6 7.870@E+R2 1.000pE+RQ ?,8C0Pc+00 1,115pE~04 4,00POE~-p2 2.1128E-24
27 7,9708E+02  1.0@0QE+0@ 0,0000f«Pd  1,1093E-04  4,BCBCE~@2  5.9191E-D04
28 8,59M0E+R2  1.PPOPE+QR @,0000c+0¢ 1,4177E-P4  4,0000E-p2  3.1373E-04
29 8,69P2E+p2 1.008pE+0D 0,008PE«08 1,1892E~04 4.0200E-02 6,2191E-P%
38 9.,41PRE+R2e  1.0P0PE4PO  @,P@00E«0@ 1,1093E-P4  4,B00PE~pg2  1.0742£=05
31 9.51p0E+B2 1,000pL+29 0,0@8Pcs00 1,1891E~D4 4,0000E~-p2 6,5492E~08
32 1,2B6BEYDY 1. PRBRE+DR  @,08PBre0B  1,113BE-B4  4,B002E-P2  2.5639£-84
33 1,0150E+83  1,0P0PE+AY  ©2,0008g+00  {,1092E-C4  4,B0QPE-y2  1.7974£=03
34 1,0228E+@3 1.,90800€«33 ?,0000c.08 1,110RE~Dq 4.,0000E-012 4,4391E~05
35 1,8828E+403 1.0080E«98 @,0000ge00 1.1@9gE-04 4.,0080E=p2 6,8638E~9¢
38 1,0850E+093 1.808pE+QD #.000Rce002 1,112pE-84 4.00@0E~-p2 1.2122E%924
37 1,0920E4+03 1,000DE+Q0 Z.0002c400 1,1094E-04 4.0000E~p2 J.+5497E~05
38 1,1210E+93  1.0PPOQE+¢y ©0,pP0PE«00 1,1182E-RP4  4,P0P0E=p2  3.5439Cw0a
39 1,131pE«P3  1,0PRPE«PP ¢ ,pPP0F«PP  1,iPBYE~R4  4,PBRPPE-~P2 7 ,2381E~Bs
40 1,1998E¢p3  1.V000E«pP 0,00P0EeP0 1,1106E~04  4,P00PE~P2  8,1452E-25
41 1,2099Ev03 1.9008E«0p 2,0080E+28 1.4084E-04 4,00008«g2 7,5211E~28
42 1,2900E+83  1,0P00E+00 @,p000E«PP?  1,116BE-04  4,0000E~p2  3,0127E~04
43 1,29PQE+g3 1.,080QE+pR ?.0000F»00 1,1083E~E4 4,0800E~2 7.6323E-08
44 1,273QE+83  1,0000E+pP  0,0P00E«P?  1,1176E-P4  4.0R02E~p2  3,5P7IE~04
45 1,2830E¢p3  4,000QE+0@  0,p0PREe@R  1,1PB2E-CA  4,0PQPE~g2  7,7846E~04
a6 1,313PE*P3  1,0000E+00 2,000PE«PP  1,1D92E=R4  4,@RPRPE-g2  3,U588E-D5
47 1,3¢3BE+0S 1.,2000E#0D P.200PE«R0 1(4P81E~24 4.0808PE~g2 7.9244E90¢
48 1,376pEepd  1.PO0RERR  0,pPBBLeBP  1,1137E~24  4.00@PE-92  2,2B33E-R4
a9 1,3860E+03  1.,0000E+p@  P.QOQOEeR?  1.1078E-P4  4,Q0@0E-g2 B, 1419E«06
a2 144292E€+03 1.0002E+00 ?.e000c~20 1.0947E~04 4+.00P2E~Q2 7:6345E705
51 1,439BE+03  1,000Q0E+p@  @,2P0PceP@  1,1077€-~04  4,PORRE-g2 B, S214E"Ds
52 1,4000E483 1,0000E+ap 2,0080ce00 1,4087E~24 4.R00RE-p2 4,8745€-0%5
a3 1,47R0E*pS 1, PPOPE+QC  ©@,0000F«@P  1,1075E=64  4.B0QPE-g2  B,.4237E-D&
54 1,499RE+03 1.0@00pEg0 F.0000F«PR 1411081E-04 4.00080E-p2 3.3288E-05
55 1,509RE«R3  1.200PE+0p D ,PBPREeRD  1,1B7BE-04  4,0090E-02 8,5545E€-04
56 1,5970E+p3 1.000pE+0p ¢.,0000E«00 1,1088E~R4 40RQBE-p2 6,3502E-05
57 1,3978E4p3  1,0000E+Q0  @,00@0C+@22  1,1@72€~04  4.Q0QRE-92  B,7129Ee04
58 1,5/80E+83 1.,000@E+ap 2.,000Bc«0D 1,1096E-24 4,0000E~g2 9.6928E-05
L1 1.,9880E+03 1.0000E«py 0,0P00EeP0 1,1074E-P4  4.0DP@0E-P2 8,813I7E=04
L1 1,622pE+p3 1.0000E00 P pORRESDD 1:1071E7E4 4.0PB0E~-p2 1.7854E"p5
61 1,6320E493  1,0P00E+00  0.,P0PBEePR  1,1P069E~04  4.PORDEsg2  B,9537Ee04
62 1,674PE+R3 1, BERRE~RP  P,PBORELDR  1,1R93E-Y4  4.QBBBEep2  1,0448(-04
83 1,6B4PE=p3  1,000PE+a0  0,2008c«@2  1,1067E~B4 4. DORPE-g2  9,1212E-06
4 1.7940€403 1.8082QE+00 0.2000F+08 1,1117e-04 4.900PE~-02 1,9614E~04
85 1,7242E403 1.2009E«g0 P,g0R0E«00 1,1066E=04 4.POPPE-Q2 9.4157E~0¢
66 1,734@E#+93  1.P000E+Q0 0,0000CeP0  1,1089E~04  4,00B0E-p2  9,7769E=053
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67 1,7%40E+03  1.VBBREpR
48 1,87p2E»23 1.2P0RE«pQ
69 1,880E+@3  1,000PE+pR
7@ 1,8Y6pE«pY  1,0008E+00
73 1,906pE«P3 1 .PPODE«PE
72 1,9240E+83  1.0CC0E+0@
73 1,934RE+p3 1.00080E+00
74 1,997R8E+@3  1.0020E+gC
79 2,0079E+R3  1,000PE+00
76 2,B39RE+RS  1,0000E+0C
77 2,1890E488  1,2882E+20
78 2,148ak+¢S  1,0080t+p0
79 2,1760E+@8  1,UP0QE+0Q
14 2,1750E+08  1,8C80E+00
aL 2,1452E409  1.CERQE+2Q
&2 2,224Q@E+¢3 1.,8G0F€«30
A3 2,2240E4+93  1.0GOPEDD
&4 2,2242E483 1 .0000E+n0
8% 2,284pE+9S  1.0CROE»0D
a6 2.395¢€+33  1,¢QA0E+qQ
a7 2,3159L+0%  1.0REDEsQD
88 2. 3960E+83  1.0000E«Q0
L1 2,3980E+p3  1,9PODE+0Q
9@ 2,3790€+@3  1.URA0E+3C
a1 2,4010E+pSs  1,PPBREYDRD
LY 2,4230E+83 1,0000E+80
9l 2,446pE+pd 1.0800C«n0
94 2,48A0E+S  1.0080E+00
85 2,5160E+p3 1.0020E«0@
96 2,5990E+03  1,0000E+00
o7 2,564pE+p4 1.,VPORE+00
98 2,6130E+@3  1.,0000E4008
99 2,604pE+p3  1,0000Es20
ipd 2,75ppERE  1,06003C408
1Al 2,7970E+p4  1.P000E+00
in2 2,77195+¢3  1,0000E«QR
in3 2,8120E«p% 1.PP0RE+@R
104 2,84PAE+ES  1.0000EvaR
in5 2,8590E4p3  1,0PPOE+RR
ipé 2,8980E+03 1.0000E+0R
107 2,9°8BE+DS  1.9980E+00
108 3,019PE«pS 1 ,000RE+0Q
109 3.886QL+33  1,000QE+gQ
118 3. 1310E+pd 1.,9000E+Q0D
111 3,1640E+33  1,0p00€+00
112 3,1980E+0¢  4.DYPRE+QD
118 3 RI2AE+EY 1.200PE+Q0
114 I.RAGRESPS 1. WDBRE+RD
115 3,3020E+03  1.000QE+00
116 3, 306QE433 1.2020E+a@
117 3,373RE03 1.2002E+00
118 3,4%09E+03  1.4RBBESED
119 3,488PE+08  1.DPODE+QD
120 3,5470E+03 1.00P0E+00
121 3,6678L+p3  1.0000E+0R
122 3,69PRE QY 1,6p2RE+09
123 3I,70ADECRS  1.000BE«2P
124 3,804BE¢PS 1, 0PORE+DD
125 3,91P0E+0$ 1.0P0RE+QY
126 4,027@E+C3  1.0P0PEsQR
127 4,8760E483  1,PACBE+0E
128 4,3310E+p3  1.000BE~eE
129 4,386PE+p3  1,000pE+ED
130 4, 497DE+D3 1.,200pE~p0
131 4, 6720E«p3 1.,2008E+0p
132 4, 794BE«BE  1,0000E+00
133 4,954pE+23 1.P00PE+58
134 q4,BepEE+@4 1.0PPRE~QE
L VALUE==-m-=reccasmaocanse =
NUMBER OF J STATES=-w--== sm-n

?,pPRBE=RR
?,0000E+20
?,0080E+2R
?,0900E42¢
2,080 BE
0.¢ABOE+37
A,gR0ec+00
@,0080c-072
0,02RBE"20
2,0009c+06¢
7.p8BR2E-B0
A,0080c+00
Q,plerc+0a
A, yCaeE+00
?,gPEPE«2D
B,pCE0g+gE
A,p0BPE«R0
?,p020E+BE
A,000Pc+00
2,9220c 00
2,0000E«00
?.,0200E»00
?,0020C+00
2.,0000¢+20
2,00BRE-DD
,000PE00
2,0%80E«0E
A,000PEs00
?,pP0BE«BP
P,0000E+RC
P,QUPBE~DR
?,0000E+20
?.,9000g+00
@,0000E«08
B,2000E+00
2.,0000E«00
2,00RBE«RQ
?.000PEe20
P, 0PBOESBD
¢ .0000E«R0
?.0000E«30
2,8000E«00
2.2P00€+R0
?,2000c«P0
?,0000F«00
?,0000E«Qd
2.,2000E~0p
?,RREBE+BD
?,coeAg+00
?,0000c+00
2,00080E+00
2,000PE+00
2,808PE+00
7.200@c+00
P,0P0PE«DD
B, Q0B0E+DD
?,9900E-8¢2
0,000PE+D2
0,gUPPEQD
Q,0A00cCR
P,P000E«2F
2,0900c+00
2,0880E+00
B,20B0E«R0
P.DRRVE«RP
@.,00a80c~00
2,0000E+00
¢.,0000c+0P

T
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1,1065E-D4
1,1283E-04
1,1059E~P4
1,1962E~24
1,1058€~04
1,1877€-24
1,1P54E~24
1,1869E-24
1,1053E~E4
1,1059E~04
1.1047€~24
1,1048€-C4
1,1043E-R4
1.,1644E~024
1,1P42E-04
1,1049E-¢4
1,1046E-04
1,1064E-24
1,1034EnES
1,1039E-04
1,1B36E~L4
1,1033E~24
1.1032E-04
1.1036E-B4
1+4U3BE-B4
1,1051E-24
1+11Q30E~L4
1,1027€~€4
1,1047E<04
1,)1026E~E4
111957604
1:1915E-04
1.1020E-04
1,1054E-04
1.1018E~04
1,4822E-04
1.,1083E-~04
1,1094€-04
1,18B4E~24
1:11104€E04
111081E-04
111144E-44
1,1078E-24
1,1146E~04
1.(1081E-04
1.111BE~R4
141081E-24
1,11pRE-24
1,1072E-B4¢
1,1108E~E4
1,1072E-P4
1,1098E-~E4
1,1871€~84
1,1065€-24
1,1974E-84
111062604
4,1094E-04
1.,1053E-04
4,1878E~04
1,1952E-04
1,1862E~04
1,1B45E~R4
1,1056E-04
1.1837E-024
1:1044E-04
1,0993E~24
1,1014E-04
1,1062E-C4

4,000 -2
4,00@8PE-72
4,0008E-g2
4.0009€E-¢2
4.2200E-p2
4.,28%C8E~p2
4, QURBE=H2
4.00ABE-2
4,D0RRE~p2
4.8000E~p2
4.0000E-22
4.000BE~p2
4,000BE~(2
4,0000E~g2
4,0000E-p2
4,8000E-¢2
4,Q009E~p2
4,B0BBE-¢2
4.0080E=g2
4. DERBE-C2
4,029PE-p2
4./POOVE-72
4.00BAE=(2
4,QY0QE-¢K2
4. 9B0RE-g2
4,0088E-42
4'.@P9RE =2
4.0000E=j52
4.0200E-92
4.0000¢ -2
4, 0002E w02
4,2989E=p2
4,2000E-p2
4.080@E~p2
4.,BQ0BE~g2
4,000PE-¢2
4.0000€-72
4,P0P0E -2
4.DBDVE=P2
4,0080E=p2
4,9000E~52
4, 000RE~P2
4, 00BBE~Q2
4. PBBRAE -2
4,0082E-02
4, BOBRE 92
4.PPEPE~g2
4,20808~02
4,008BE-p2
4.0000E-p2
4.0900E-72
4.000BE=¢2
4.0290E-p2
4,0000E=p2
4 0UVE-02
4,00B0E-p2
4,0000E-p2
4,0000E~g2
4, pPPRE=P2
4,000BE=p2
4,0000E-p2
4,P0BBEwp2
4, BPOBE-@2
4, 098RE-¢2
4., 0000E=02
4.0BBRE~P2
4,00R0E-p2
4, 00URE~F2

943171E=06
T SETAEDY
9,7290E"06
9.,8618E05
9,8077E08
8,4718E-85
9,8926E-0¢
7,4734E=05
1,2110E005
3,0308E~25
8,7592En08
1.7795E-05
3,6930E-06
1,0630E~D5
4,7820E~86
3,5344E~05
2,8640E505
9,3339E~0%
1,909736E~06
1.9203E~25
5,4972E-06
1.1032E-06
3.6342E<06
2.4841E~085
2,2484E06
8,7873E=05
1., 3046E-015
6,2930E06
8.9442Ew05
1,8538E-~05
1,3196Emp4
7,6715E706
1,6132€-25
1, 5974E~L4
3,2338E-05
5,4219E~065
7.9759E-06
4,7573E-25
1,6145E=9%
B.8947Ew05
1.2@10E=05
2,5B43E~04
1.2245€-05
1.2973E~24
3, 42218-05
1.49343E-64
4,2550E-25
1,1p6lEe04
1.4834E-05
1,5396E=04
2,4672E905
1,2713E~04
3,2746E=05
1,6876E905
$:5495€-0¢%
2.9@34E~¢5
1.5278E=04
8.1295E~08
1+,0531E~0¢
2,4725€-05
8,4997E~05
4,0662E-05
74 9953E =05
2.1934E~05
2,1266E~04
2,5195E-05
1.0233€-04
247916E04




DEGREES OF FREEDOM USED IN THE WIDTH UISTRIBUTION

T it At T L et T
JeVALUE COMPETITIVE NEUTRCN RADIATIQN Frsstan
1.000p€E+20 A,pBePESDP 1.19020E+20 2.0000E+0Q9 1.8p@RE*00

AVERAGE RESONANCE WIDTHS (EV)

INDEX  ENERGY (EV) LEVEL SPACING COMPETITIVE NEUTRON RADIATION FIssion
1 1,30RRE+p2 1.000pE+Q0 ?,0000E+00 1,3428E-04 4,CURREep2 5,4351E~06
2 1,98PpE+R2 1. UPOGE+GC  Q,pOUCELPP  1,354PE-94 & ,@GABE-@2  3,971BE-~04
3 2,0bpoE+p2 1,002pE+00 2,8000E+20 1,3442E~24 4,000RE-E2 2.8331E~26
4 2,310@E+g2 1.808pE+00 a,00a0E+@8 1.3474E-04 4, BBBPE~p2 9.1923E~05
5 2,4PPRE+p2  1,UPQE4IE  @,pOCCE«PP  1,344QE-P4  4,0URBE-p2 1.8643E~05
& 2,49p0E+p2 1,200pE+00 2.08p0c+a0 143498£-04 4.00PPE-p2 11259356~84
7 2,59ARE+02 1,0090E+002 2.,0C0PE+20 1,3448E-04 4, 000PEwy2 3,1592E~06
8 2,780QE+p2 1,000QE+Q0 ?,0PQ0E+D0 1,34B5€~24 4,008RE-P2 1,113BE=p4
9 2,88pnE+g2 1.80RRE+30 2.g020c+02 1¢345pE24 4, 0¥RDESE2 3. $a36E~ps

19 3,30ABE+P2 1, PPRPE+@Y 0,APAPE«PP  1,3488ErR4 4, PPOPE-P2  9,Y835E-~p5
11 3, 40RRE+RZ  1,000PE4P8 0, 3RBPELRE  1,3454E-84  4,0000Fp<@2  3,5693E-04
12 3,670DE+p2 1, UPOPE+BD  P,0P00E«Q0  1,3529E-R4 4. POPREeg2  2.2074Ee04
13 3,77QpE+p2 L DOROE+@®  B,Q0@0EeP?  1,3456E-84  4,QUPBE-g2  3,8433E-0¢
14 4,19pRE+P2  1,POPPEsQE  P,pPEPE.PP  1,3521E-B4  4,0000F-g2  1,9021E-04
15 4,2900E+p2 1, POBOE+QD  0,0088E+80  1,3489E~E4 4, PPPRE-D2  4,1748E-36
16 4,680BE+Pe  1,0000E+Q¢  @,00C00E«00  1L,3SPPE~R4  4,PPPPEeP2  1.2Q9BE~P4
17 4, 7UPPE+PR  1.VPPGE+OR  B,QPRPESBE  1,3463E-R4 4 OPPRE-A2  4.9344E~24
18 5,42PBE+R2  1,0PRRE~IR  @,0PPRE~DE  1,3477E~%4 4 000VE-E2  4,9284Eee5
19 5,51p8E«p2  1,00PZE«AC  ,pPEOE«ED  1,3463E-R4 4, PPOBE-g2  4,8P23E-~u4
28 5,71AQE+@2  1,0000E+38  §,2GRPC+0@  1,3492E-B4 4, 00BBE-g2  B.Y99PE~23
21 5,82PRE+P2  1.PPDPESDE  ,0DOPEed2  2,3444E-04 4\ QDPRE-p2  4,9479E~06
22 6,53A0E+02  1.000PE4B8 P,0@PPFsPD  1.3548E-B4 4. Q0@BE-Y2  2,547PEeg4
23 6,63pRE+p2  1,0P0QE+PE  A,pOPPE+R8  1,3464E-B4 4, 00PRE-p2  5,33LPE~06
24 7 B2PRE+Q2 1. 0002E4pR 2,0000c+20 1(3510E-04 4, 0PPBE-p2 1.9373E004
25 7,120RE+p2  1,0DPRE+CD  D,DPOPPE+RE  1,3464E-RB4  4.PUBRE-p2  5,5%51iEeds
26 7.87ARE4Q2  1,0000E4pD  9,0@QPEe08 1,3532E-04 4 00LRE-@2  2,1128E~04
27 7.9782E+g2  1,VPCPE4RE  P,0000E+B8  4,3463E~D4  4,029DE-Q2  5,9191E~d¢
28 8,59MBE+p2  1.0fCOE+P0  A,00PPE+P¢  £,356BE-04  4,000PE-22  3.1373E~04
29 8,690@E+@2 1.008pE+RD P.0BB0E»RQ 1,3462E~P4 4,0002¢€~g2 6,2191E%06
32 9. 41pRE+Q2 1.,0000E+00 2,0200c400 1,3463E~04 4,208BE~72 112742625
31 9.510pE+g2  1,000pE+p0  0,P000E+R@ 1, 346BE~04 4 ,P0@RE-E2  6,5450E-06
32 1,0060E+03  1,00PPE+¢P  #,00PPFe@P  1,35426724 4, DOPRE=P2  2.5429E-74
33 1,215QE+93 1, VPPOE+R0  2,0000£+80  1,3462E~24  4,000PE«P2  L.7RI4E~CS
34 1,042BE+P3 4, PEORESBP 0,p000FeBP  L1,3471E-0@4 4, PORBE-¢2  4,4391E-03
35 1,0328E4p3 1.2P00E+00 2,pCACERE 1,3459€~24 4, BRORE=P2 6,8834E=C4
36 1,0B5RE+p3 1, DODOE+GD  0,B880Ee88  1,3495E~24 4. PUPREeP2  1.2132E-04
37 1,0920E+98  1,DP0PE«30  @,B@RPLePP  1,3464E~B4 4, 0PPPE-P2  3,5497E-0%
38 1,1210E+p3  1,0P00E+a0  @,000CE»82 1,3571E-B4 4 PPAPE-@2  3,5435€E-04
39 1,131DE+43 1, BROPESPD D, pPBPEsP? 1, 345pE-04 4, PPODE~P2  T7.2381E-06
40 1 199PE+p3  1,0000E+00 ©,00P0E+P0  1,3478BE+24  4,QPOOE=P2  B,1492E-05
41 1,2090L +p3 1.PBRBEDD D,p00Pp«RP 1,3482F~04 4,2020E-p2 7¢5211E=08
4z 1,23PRE+p3  1,00PPE+PD @, POPOE~BZ  1,355QE-D4  4,098DE-P2  3.0127E-04
48 1,204006+08  1,0800E+3¢  G,p000E«08 1,345iE-RA  4,Q000E-@2  7,0323E-04
a4 1,2730E«p3  1,POPQE4Q0  ©,ROQ0C4PP  1,3564E-Q4  4,0P8PE-@2  3,5Q73E-04
45 1,2830E6403 1, 000PE4R0 P, OPDPESDP  1,344PE~B4 4 PPRRE~F2  7,TB4E-Ps
46 1,3139E+03  1,0000E+@0  @,0PQCE+BP  1,3462E-04  4,0202E-p2  5,0B86E~05
47 1,3239E+03  1,0000E+@@  0,PP00E4PP  1,3449E~04 4 OPBEE-P2  7,9241E~06
48 1,376DE«PY 1, DRDRE+DP  P,PPPRFePP  1,3S4TE-RA  4,PRPRREeRZ  2,2p33E-D4
49 1,356RE+p3 1 ,0000E+Q@ 0,000QE+PP  1,3445E~B4 4, 0PQPE~32 B,1415E-P6
=2 1,4298E+03  1,0000€+88 @,3020FeP8  1,3310C-04  4,.00Q8E-@2  7,4345(-0%
81 1,4390E+p3 1, 0PPPE+P2  2,p000Fe@R  1,3443E024  4,00DBEep?  8,3214E-05
52 1,40RRE+P3 1, 0PQ0PE+28 A, 0002EeB0 1,3455E~B4  4,00BRE<B2 4 ,B745E=p%
53 1,47p0E+p3 1, D0PCE+RQ  Q,P000C#RP  1,3444F-24 4, PPPPE-P2  8,4297Ew06
54 1,4994E+03 1, P0QPE+RD P, P@RPE«0R@  1,3449E~04 4, Q0BRE-P2  3,326BE-0%
55 1,5090E+p3 1 ,PDDPEeRD  0,POCPE«DE  1,3441E-C4 4. MPRPE~P2  8,5545E-P6
56 1,3470E+p8  L,DDODE«QQ  P,PA0PE«@P 1,3457E-04 4, Q0CCE~Y2  6,3502Ec0%
87 1,5078E+BY L, BOOQEYQR  9,P000E«P@  1,3437E~84 4, BBREEeP2  8,7129E~08
a8 1,5780E+p3  L.0O2RE+Q0  @,Q000EeD0  1,3487E~04 4, PPRREcp2  9,4928EgE
59 1,588DE+@3 1, POPPE+QP  0,0P0PE«Rd  1,3434C~24 4, PPBPEeU2 8,8137E~04
68 1,622PE+@3  1,0Q0PE+Q@  0,P200F«@0 1,3437E-P4  4,0000E-P2 1,7884F-p%
a1 1,6920E+03 1.COBOE+QD 2,0P0PE«00 1,3433E~24 4, 2022Ewp2 8,9587E~08
62 1,6742E+p3 1 ,PDPPESAR  0,2000F408 1,3463i~B4 4, PPRBE-U2 1,2448Eel4
63 1,6842E+p3  1.0000E+p?  D,PO0PE+CP  1,3432E-B4  4,0C80E-02  9,1212E=04
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1,7042E+03
1,714pE«23
1, 7348E83
1,744QE+03
1,87P8E+083
1,B8P0E+03
1,896QE+03
1,906PE+@3
1,924BE+03
1,9342E403
1,9970E+@3
2,0070E+03
2,0398E+@3
2,101PE+93
2,1280E23
2,136DPE+03
2,1750E+03
B50£+83
+214pE*03
2,2240E+03
2,2940E+Q3
2,2843E+83
2,305RE*R3
2,3150E+R3
2, 336RESQY
2,398pE+R3
2,379BE#R3
2, 401BE+R3
2,4230E403
2, 4%6PE+R3
2,480pE+RY
2,5160E+03
2,5998E+p3
2 (504pE+RY
2,6130E+p3
2,6040E+03
2,73p0E+83
2, 7579E+p3
2,771pE+p3
2,812pE+p3
2,684a0€+83
2,8890E+p3
2,BYBPE+QS
2,9580E+03
3,P198E+p3
3,066QE4DS
3,1310E+03
3,16408+83
3,1988E+Q3
3,2320E+93
3,2990E+@3
3, 3L20E+pS
3, 356RE+p3
3, 3930E+023
3 ABRRESPS
3, 48RAE+QS
3,5470E+03
3,6470€+03
3,69P2E+03
S}TDAQEOQS
3,8640E+03
3. 9LPRE+RS
4,0270E+@3
4, B76BE+03
4, 3S1PE+PD
4,3860E«03
4,497pE @3
4,6720E«p3
4,7948E403
4,994pE+p3
q,B0ABE+G4

1.280PE+g@
1.2¢00E+08
1. P000E«p0
1.2000E+00
1.0000E+00
1.,0P@RE~QD
1.2P80E+00Q
1.0DP0RE~0D
41.200BE+02
1.,P000E+0
1.0PR0E+pQ
1.9P0RE+p0
1,B220E+pp
1,0PBBE20
1.,0022E+90
31.9PERESRR
1.000CE«a
1.0020E-04
1.0000E+p0
1.0000E+20
1.0000E+p0
1.98008E+00
1.2P2RE+pD
1.0000E+p0
1.0000E+p0
1.000RE+00
1.PR@RE+pP
1,2090E+p0
1.,0000E+30
1.0280E+pR
1.0000E+pP
1.9002E+00
1,20PBE«p0
1.VP22E~n0
4.0880E+ap
1.,0000E+a0
1.2028@E+00
1.0000E+p?
1.,0882Ee0D
1,000RE+00D
1.,06%8E+q8
1.0809E+p0
1,0P0pE«30
1.0820E+0D
1.000QE+20
1,000DE+DR
1,0000E+00
1,0000E+90
1.00PPE«00
1,9998Eep0
1.008pE~p0
1.0000E000
1.2900E+00
1.0020E+00
1.9008E>00
1,008@E+30
1.P0PBE+32
1.,000DE+30
1.9PBBE+2¢
1.000QE+p2
1,0000E+2
1.20PREL2D
1,0000E¢09
1,000Qt«00
1,PDPRE+p?
1,0000E+p0
1.P08PE+gR
1.9000E+00
1.0p80E+a0
1,.9R0gE+2Q
1.080¢¢€+08

2,0080E«00
2.208B8Es20
0 .RPOOEeBR
2.0000c+08
2,000RE+00
P,Q0PDELR0
0,2000Ee00
?.,RPORESBP
?,0880E~08
0,000RE R0
2,0000E+00
P.pPPRERD
#.gPBOESRY
P.008BEeRD
?,0200C+R0
2. pEERESID
0.pRBAEQ
@.gdaacga
¢.pR00E«p2
2.,0028ce20
2,0000F«@Q0
2. pOBPESOD
P,YBROE«0R
2,0000E#20
?.,Q008C+RR
0.,0000E«20
8,0800E+20
2,0000c«00
2,00R0E+882
?,z000c+00
D, 2290C+p0
®,2200C«00
f,28p0E00
2.2%e0c+0
0,4028c400
2,p8PAc«00
2,0080E00
2.0000E«00
¢, pP00F w00
?,0000E00
@.,g0a0c+002
P, 0000E+0¢E
P,pfpoc+09
2,000RE«0C
B,0C2BE~QQ
D,gBBRE+RR
?,0CBCER0
2,¢0pREr00
A, pBpee+ae
2,080PE+00
2,p2PDE«R0
R,00p0E402
P,P0PPE+PO
@,0000E%00
?.0UB0E+20
Q,p¢pdc+pa
?,2000€+00
@,0002E+00
0,00PPE+00
Q.20PRE«20
A,00R0E+RA
?,2RpR2E+00
A, PBYOE0
,2000E«00
P, eoDBE+2Y
P.DPRPESPY
?,20080Ee2R
2.20R0E«00
2,0000c«00
P.00QPE-DP
#0030 «00C
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1,349 E~Ea
1,3432€=04
1,3489E~R4
1,3428E=04
1:3664E704
1,3424E24
1,3430E«4
1,342pE04
1,3444F-04
1,341 8E~04
143434604
1,3414E=D4
1,3422EnD4
1,3424E~04
1.3408E~04
1,34022E~24
1,3403E~24
1,340LE~04
1,3409E~04
1,3408E=04
1,3427E704
1,3394E~04
1,339pE~R4
1,3394E~24
1,339pE~24
1,33B9E~04
1,3394E~R4
1,3387E-04
1:3412E~04
1,3387E-04
1:3383E-24
1,340TE-B4
1,3384E~B4
1.3410E<04
1,3373E-~24
1,3375E-24
1,3446E-24
1,3372E424
113376E~24
1,3451E~04
113464E-24
1,3452E-04
1+3478E-24
1.344gE-04
1.3525E-84
1+3488E-04
1:3491E~0C4
143448€-p4
1.3484E-C4
1.3449E~E4
1.3471£-04
1,3437£~04
1.34BAE~24
1,34376-24
1,3469€-04
1,3436E-£4
1.3429L-04
1,344pE-24
1,3426E-R4
1,36467E~R4
143414E-P4
1 34ABE~4
143443E-04
113425€-P4
1,3409E~24
1:3448€-04
1.3395E~04
1,3404E-24
1,3342E~04
1,3367E+24
1,3425c-04

4.,BOPPE-p2
4 0809E~p2
4,0DERE-p2
4\ @00BEwp2
4. 000PE=p2
4 DRORE-pP2
4.BBROE~p2
4,POARE=p2
Y LI T I
4. DPRBE=p2
4\ 00R0Eeg2
4,/PRADE~g2
4,BORPE~P2
4,0000E«g2
4, PRLRE~E2
4,0PBBE~g2
4,D0BRE~42
4, 08gUE-y2
4.008PE~p2
4, @PEUE~¢2
4,00PBE-P2
4.0PPPELp2
4,DPPVE~B2
4,00PBE-p2
4.0200E-g2
4,0000E-p2
4,0000E-p2
4,0200E g2
4.DOYRE-p2
4,BPBDRE-D2
4,P22RE-Q2
4. BREBE~Y2
4.,002PE-@2
4,0PABE~Y2
4.0280E~g2
4.,0@@0E~42
4 @0QCE~-p2
4.000RE-§2
4,0000E-¢2
4.00DRE~y2
4.8099E=02
4.00DPE-p2
4.000DE~¢2
4.,000PE~2
4, 00DVE=P2
4.R890:-p2
4.0P00E~P2
4,0PPOE~H#2
4.0BPPE-p2
4.PP00ER2
4.0200E~-72
4,0000E-02
4, 8P0RE-p2
4,6002E-02
4,0000E~¢2
4.,000PE~42
4.0RORE~02
4.pP0RE-Q2
4.QRORE~P2
4.RPPRE-D2
4.@8PBE~E2
4,008BE-g2
4,00PRE-22
4.00PRE~A2
4.DPPRE =02
4,00BRE~§2
4.8990E-£2
4. 0P00E~22
4. 000RE=02
4.0900E -2
4.0800E~52

1.9614E=04
9,2157E0¢6
9,7749E=a5
9. 51iQLE=28
T 5674E~04
9. 7290E~26
9. 861RE~0E
9,8277E=25
8,47.8Ee05
9,8926F=08
7.0734E05
1.,011PEns
3,8328E=058
8,7522€=86
1,7795E05
3,6938Ew06
1,0630€-05
4,7820E-08
J12394E-05
2,4640E=05
5,8389E=25
1.¥926E~06
1.9203¢€=05
5,4972E-26
1,1092Fwde
3,83420~08
2,4041E-08
2.2464E=06
8,7873E-03
1,5468E~03
6,2930E-04
8,3442¢-05%
1.8598¢-05
1,3198E-04
720TTHEGS
1.,6432€-05%
1,5971E<04
3,2338Ew0%
5,0219t85
7.9799E-06
4,7573E-2%
1,6145E+05
8,8947¢+05
1,2P10F =05
2,20436-04
3,2285E~25
1,5923c-04
3.4221€05
1.,4343E024
4,2868E-25
1.1060E-04
1.49634€-05
1,5396E-04
2,4672E~05
152743604
3,2748€-05
1,6878£905
5,5495£-05
249034Ep5
1,5273E-D4
8,1295¢£=06
1.0531E-04
2,2725E-95
6:9997E~C3
4,6662E205
7+50233E-05
2.1234E-025
241266EeD4
2,2195€85
1,0211E-D4
2,7916E04




OEGREES OF FREEDOM USED N THE WILTH DISTRIBUTipN

1t o g o e 0 g e e
JaVALUE COMPETITIVE NEYTRON RADIATIQN F1SS]ON
2,0000E+p0  2,PRPPEPD  1,0OCOE+20 @.00RRE+pd  1.9930E+CR

AVERAGE RESONANCE WIDTHS (EV)

P L L T peme -

INDEX ENERGY (EV) LEVEL SPACING COMPETITIVE NEUTRON RADIATION FISSION
1 1,30pRE+D2 1.0000E«p0 ?.,0000E«20 1,3428E~24 4.00PPE-p2 5,4391E-06
2 1,98788 02 1.90QaE+02g 2.0000ge20 1,354g€E~04 4,BBBRE-Q2 3,0718Ew04

3 2,09paE+p2 1,0200E«00 7.0002EeR0 1,3441E04 4.,0808E ~p2 2,8031E-R4
4 2,31QPE+02 1,PP00E+p0 ?,000@0E00 1,3474E~04 4,000RE-Q2 $.1923E-05
5 2,4V0RE-Q2 1,08PQE+20 2.0P00c«00 1,3449E~D4 4.0000:-92 1.5643E-05
6 2,4900E02 1.,00P9E«p8  2,PPP0E«PW 1 ,34BBE-R4 4,000RE-g2 1,2935E-04
7 2,5vpoE+R2 1.0P20E«00 A,08eRE«PR 1,3448E~24 4.PBBDE=02 3,1592E~68
8 2,768ppE+P2 1,00080E«pd 2,2000c+00 1,3485€E-24 4.00@0PEap2 1.1138E-04

9 2,880pE+D2 1.2886E+09 ?.0000E+RR 1,3488E~04 4,0980e-92 3,35486E~0¢
19 3,30PPE«R2  1.0000E+p8 O,P000Fe08  1,3488E-24  4,00BCE-~g2  9,9855E-05
1 3,4000€+02 1,0000E+20  ¢,Q000CePO  1,3454E-24  4.0009E-p2  3.6693E-08
12 3,87PRE+D2 1,0000E+00 B.20PRE+PR 1,3320E-24 4,00RPE~p2 2.2074E784
13 3,7709E402 1,2000E+00 ?.,000Bg+00 1,3454E24 4.0000E~g2 3,8833¢90¢6
14 4,1900E+02  1,PQ0QE«p?d @,Q@RQE«P3  1,3521E-94  4,0200E-p2  1.,9021Eed4
15 4,29P0E+p2 1,P000E+00 ¢.60P0E+02 1,3459E~04 4.0002E~g2 4,1748E=04
18 4,60806+82 1.9p8pEs00 ¢,0P@PERD 1,3500E~94 4, 0000L-p2 1.12090E=04
17 4,7800E+p2  4,000QE+p0 Q,0PPPEePB  1,3461E~P4  4.@BQ0E-Y2  4,4344E-D6
18 S 4100E+p2 1,000QE+38 ?.0080E+80 1,3477E~04 4.,02RBE~p2 4,9294€708
19 5.,51ppE+p2 1.PPDBE+30 2.88P0E+02 1,34563E-04 4.000PE-~p2 4,8p23c-08
20 5,7100E+p2 1.00CGQE+p0 @,000RE+P0  1,I402E~D4  4,Q00PE-G2 B, Y990E-D%
21 5,81M0E+p2  1.PPOUE+PD  P,PPPAE+B0  1,3464E-04  4.PORPE-(2  4,9479E-06
22 6,53PNE+p2 1.0089E+p2 P.,28PPE«00 1,3546F-94 4,C0RRE~y2 2+9470E=04
23 6,63pRE*+R2 1,0009E+p? P.0BROE+0D 1,5464E-24 4.00RRE~Y2 5,3310E026
24 7.,02P2E+p2  1,0000E+pD  P,PRO0E¢B0  1,3510E-24  4.00R0E-F2  1,4373E-04
25 T 1ePRE+Be  1,0P00E+p0  P,pO00FeBB  1,3464E-84  4,0090Eeg2  5,5511E+06
26 7.8700E+02  1,0000E+pP  0,PR00PEw00  1,3532€-24  4.0000E-y2  2,1128E~04
27 7,9700E+g2  1,0000E+@0 @,0000£+@9 1,3463LsP4  4.0PAQE-A2  5.9191E~06
28 8,59ppE+p2  1.V00PE+pP P,P0QPEePD  1,3586B3E-P4  4.00QPE-p2  3,1373E~24
?29 8,69YMQE*02 | ,0000€+a0 0,0000Ee00  1,34626-04 4 .CUQPAE-2  6,2191E~06
30 9.4100E%02  1.000QE«pP  @,pURPEeBD  1,3463E-84  4.00PPE~P2  1.0742E-0%
31 9,51A0E+P2  1,0000E+00 §,Q000E«BD  1,346QE~B4  4.02QBE~g2  6,5490E~26
a2 1,RRERESDS 1. VEPRE+RD  D,BRDDE#DD  1,3542E-C4  4.,.208RE-f2  2,563PE~24
33 1,0150E+p3  1,0P00E+Q0  P,20Q0E+20  1,3462E~04  4,00Q9E~Y2  1.7024Ee05
34 1.92208E+23  1,000QE+p@  @,0000c+8¢ 1,3471E-04  4.008QE-A2  4,4391E%0%
35 1,0320E+23 1,000PE+pQ 2.,0R0BE+00 1,3459E~-B4 4.0PERBE-P2 6,8636E~256
36 1,095pE+P3  1,000QE+PP  P,PODPE+@R  1.3493E-PA  4,0000E-y2  1,2102E~04
37 1,0920E+03  1.0P0PE+pP  7,Q00PEeBD  1,3486E-B4  4,0000E~p2  3.5497EwDS
a8 1,1210E+p3 1,0000E+00 2,2P00c«R20 1,5571E~04 4.009RE-p2 3,5439E904
39 1.1310E+08  1,0DPPE+pR  @,PR0PE«RD  1,34B4E~L4  4.00PPE-P2  7.234LEvDs
40 1,1990E+93 1.008PE+p2 2.,20P0PE«RQ 1,347gE~04 4+008PERPR 8.,1452E"25
4l 1,2090E+03 1.0080E+08 . pREBESAD 1,3482E-C¢ 4.03220E-072 T23214E-08
a2 1,2500E+03  1,002QE4pP  B,Q000E4B@  1,3550EvC4  4.0702E-p2  3.0127Ew=04
ad 1,249P@E+03  1.000QE+00 0,0000c«P2 1,345LE~P4  4.090@E-p2 7.6323€-24
a4 1,2730E+p3 1.0000E+a0 ,02000F«20 1,3564E-04 4.,00BBE=pP2 3,5¢73E~24
45 1,2830E+03  1,0000E+00  0,0800ce07  1,344GE~R4  4.0000E-y2  7.7844E+04
ab 1,313@E+98  1,0CPQE+g0  @,0000E+08 1,3462E-P4  4,BPPRE-¢2 5,0536EeP5
a7 1,3230E+p3 1,8000E~00 2,000@8Ee0D 1,3449E~R4 4.000BE-p2 7.9241ED6
48 1,3768E+28  1,000pk4p8  B,pRBBEa¥Y  1,3517E704  4,BBPOE-P2  2.2033Ew04
49 1,3960E403  1,00P¢E+p0  P,QP0PEeRD  1,3448E-B4  4,D0PPE~J2  8,1419E-Ds
L1 1,4298€+p3  1.,B00PE+g0  @,Q00@E«R@  1,33LQE-04  4.02@BE~E2  7.6345£=08
51 1,439pE+038 1.P09pE+@ 7,0000c»00 1,3443E-04 4.,PP0RE~Q2 B.3214FE=08
s2 1,40PRE+Q3 1,2008pE+00 0,0082c+00 1,3458Ea04 4.0880E~-p2 4.874%c28
53 1,47PRE+Q3 1,0000E+a0 ,0000c+00 1,3441E-04 4, BEPRE~GR2 B8,4237E=06
54 1,4990E+p3 1.,000pE+0 Z.0000E«02 1,3449E-04 4.,8BPPE-Y2 3,3248E~05
55 1,509pE+038  1,000PEspE  0.QPBPEeDO  1,3444E-F4  4.09PBE-p2  8,5545E-Ds
56 1,597RE+pS  1,0Q00PPE+pP@  P,P0QBE+00 1,3457E~04  4,00PPE-p2  6,35%2F-D5
87 1,5572€+@3  1,0Q000t+00 8,2Q@0c+2¢ 1 ,343TE-R4 4. Q0EQE-G2  8,7129E=BS
58 1,578pE+p3  1,0P0PE«30  A,0000£400  1,3467E~L4  4,0020Ewg2 9 ,6928E05
39 1,5880E+03 1,00080E+QD 7.0000¢+00 1,3436E~24 4.,00PPE-P2 8,8L37E-08
60 1,6220E+03  1,0800E+p8  0,PP0PEeBB  1,3437E-04 4. POPPE~A2  1,7854E-05
61 1,6320E+p3 1,00P0Ep0 ?.,0000E+00 1,3433€-024 4.000BE-p2 8,9537E-28
62 1,6742E+p3 1.,2P0PE+pD P.RPPDEDR 1,34463E~24 4.DRPRE-@2 1,0448E<D4
63 1,6084PE493  1.000QE«p¢  0,2000€+@9 1,3432E~04  4,08PPE-p2  9,1242E=06
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1,7042E+p3
1,714BE+23
1,7548E+83
1,744QE483
1,87P0E423
1,B8PRE+@3
1,8Y68E48T
1,906PE+B3
1,924BE¢03
1,954BE+@S
L,997BE«R3
2,8078E+@3
2. @SYBE+RT
2,101RE+23
2,1¢80E+93
2,1560E+p3
2,1758E+03
2,1850E+08
2,2140E403
2,2248E+53
2,2%4pE+p83
2,204pE+93
2,3Y5BE+pS
2,3150E+p3
2.336BE+R3
2,35R0E+@3
2,3790E+@3
2,401E+@3
2,4230E403
2,4960E+p3
2,4800E+@3
2,516BE+B3
2,5590E+p3
2,5640E+023
2,6130E+p3
2,6049E403
2,73pRE+03
2,787BE+RY
2,773,2E+p3
2,8122E+03
2,B40BE4QY
2,8090E+03
2,8989E+03
2,998PE«PS
3,019pE+03
3,056RE+D3
3,1810E+p3
3,104RE 3
3,198RE+Q3
3,2320E+03
3,2490E+p3
3,3028E+p3
3, 326nE+@3
3,3930E+p3
3, ASPRE+RS
3, 488pE+R3
3,5472E4p3
3,6¢70E+03
3,6908E 403
3,7340E+93
3,804pE+03
3,910PE«p3
4, 0270E 93
4, BT62E+E3
4,3310E+03
4,3860E+03
4,4970E03
4,6720E%3
4,7942E403
4,954BE4p3
4,POPREFDS

1.0080E00
1.9282E+0D
1.008QE+a0@
1.000Q€E+2Q
1.0020E00
1.0P0QE+pR
1.0080E+00
1.,000RE*0@
1.0080E+0p
1.0000L+00
1,000pE+q2
1.080pE+008
1,0289QE+pQ
1.0Q0@E+p0
1.0980E+R
1,0PPPE~pR
1.00d0gE+Q0
1.0908pEepp
1,020QE+q®
1.P8CQE+QQ
1.000QE+p0
1,000QE+Q0
1.902pE+pg
1.,060pE«nT
1.,0900E+p8
1.9p8pE~gp
1,0QRQE+pe
1.0p2pE+qp
1,200QE+g@
1.00BgE+20
1.2090E+p¢
1,0PRRBESDD
1,2Q0pE+QQ
1,0800E+28
1,000Q9E+pP
1,0080E+30
1,00Rp€E+20
1,02R0E~00
1.,080pE+pp
1,9882E+00
1.,9000E+38
1.08PBE+pD
1,002PE+Q0
1,00PPE+80
1.00@8pE+p@
1,0DPPE9D
1.,2200E+02
1.000BE+22
1.000@E«QQ
1,.0000E+30
1.,000PE«p0
1.802pEep0
1.0Q000E+28
1.P0P2E+20
1.92BRE+pD
1.8000E+p0
1.0Q8QE+ad
1.2000E+g0
1,000BE+p0
1.0000E+20
1.0000E+00
1.8020E+@0
1.0000E+p0
1.0008FC«0@
1.0000E+p0
1.POPPE+RR
1.0000E+00
1,9000E«0B
1.8BORE+QR
1.9000E+08
1.08BBE+p0

¢.0dedc«de
2, 2BRUEL DD
¢.R008cad0
@,90@dceda
?.0P0QE 08
2.000REce0R
#,0009c 00
0.0P90E00
2.2200E=QD
?+0020E«00
?13800¢ 30
?,6000F+ 20
?.0000c+00
?.0000E2RP
¢.R000E-082
J,008RPE+ 2D
P, pEPRED0
9. 20PBE RS
2.020@c+R0
?.0000c+20
0,0000E+C0
?,0000c«20
0. 000DE~DO
2,08DPE«B0
?.R0BBESED
?.0P@0E«20
A.0000¢eE?
¢.c020c+20
2,00RPEBD
?,p0B2c 20
?,0PEOEPR
P,pBRYEL2R
?,0P0PE=00
2,2000E00
?.,09RPC«00
2,8B00E+20
@,0008E«00
0, pPR0E 2D
LTI TIY T
D, p0PPEDR
?,2000g+020
P.p2RPFeR0
2.pPOREED
0.,0020EwB0
0,0820ce00
2,00RPE20
?.0000c+20
?.,0029890
0, GPZPER0
2,a000¢e22
?,0000¢00
?,00082E+00
2,0000c+00
2.,2000E420
7.000PEED
?,002@caC0
@,8000c483
3,2000E4 00
9,9000E+00
7,200 0c~ 00
P.20BRE«RP
P.BPROESDBD
0.,0002e+00
@, 3000+ 2C
?,0000E«00
".2000R«00
2.2080e+00
90,9200 «00
?.2900c+00
2,0P0PE+22
2. PREOE SRR
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1,3491E-04
11343pE~2A
1345904
1,3428E~24
1,3684E-64
1,3421E~24
1,345pg~04
1,342pE~04
1,3444F~04
1,341gF-04
1,3434E-04
1,3414EmR4
1,3422€~04
1,3404E-04
1,34PpE~04
1,3402E-04
1,3403E~24
1,34C1E~24
1,3409E-24
1,3405E~04
1.3427E-04
1.3394€704
1,3398E~04
1,3304E-04
143390624
143389604
1,3394E~04
1,3387E-04
1,3412E04
1,3387E24
1,3383E-04
1,3427E~04
1,3381E~04
1,3410E~04
1,3373€=04
1,33785-04
1,3416E~04
1,3372E=04
1,3378E~04
1,3484E~04
1,3464E~04
1,3452E~4
1,3476E~04
1,3448E~04
1,3525E~04
1,3424E-B4
1,349 E-04
1,344pE~04
1,3484En04
1,3444E~24
1,3474E~24
1,3437E~24
1,34841E-P4
1,3437E~B4
1,3469E-04
1,3436E724
1,3429EnD4
1)3440E~04
1,3426ER04
113467604
1,3414E-04
13445624
1,3413E~04
1,3425E~C4
1,3409E~04
1,3418E-04
1,3395E=04
1,3404E~04
1,3342E-DA
1,3367E~D4
103425E-04

4. 0000E-g2
4, DERBE~D2
4,0EEPE~02
4,0000E~g2
4,R00BE-p2
4,0000Eep2
4,0880E-02
4.0009E~-p2
4.,08DRE-g2
4,GBBBE-52
4.0000E~¢2
4.0P0RE-@2
4/DRRRE~p2
44008PE-p2
4,000RE~p2
4/00ORE-p2
4 BEBOEwY2
4.8088E-p2
4.,200PE-32
4.0000E-p2
4.000@E~-g2
4.2288E-p2
4. 0PPRE-02
4,00PBE~p2
4,000BE-p2
4. BPOBE=p2
P LTI T
4,0008E=¢y2
4,DBDOE~-p2
4700BRE-p2
4,00B80E=g2
4.0000F w2
4,0082Ep2
4.,292PE-g2
4,0200E~g2
4,000PE-g2
4,88UBE=p2
4. 00PPE~R2
4,08URE~g2
4.000BE~p2
4.0@8Q0Ewg2
4,BPBOE~p2
4 02RPEg2
4.080PE~g2
4,8090BE~g2
4,DEBBE~D2
4,BBBRE~g2
4 gopeE-p2
4,BBBBE=g2
4. @00RE-g2
4 PPPRPE~p2
4,0008E-22
4 BPRBE-R2
4.0000E-g2
4, PEABE-22
4.@20RE~02
4.0000E~p2
4.088BRE-g2
4,BBRBE~Y2
4,0PBPE=g2
#,0008E-p2
4, B08PE-G2
41 0P00E~p2
4.0%00E~g2
4.0000E-p2
4.0P0BEwP2
4.0000Ep2
4 DPRPE«P2
4.pBR2E-p2
4. fPROE=p2
4. 0eQeE-g2

1.9614E~04
9,2187E=08
9.776%E005
9,8441E~04
7,5674E~04
9.7290E~26
9.841REVDS
948977E-06
8.4748E-05
9.8926E=0¢
7,0734g-05%
1.0140E-053
3.8308E-05
6,7832E=9¢4
1,7795E+25%
3.6920E~08
1,063PE=025
4,7820E~86
3,5394E-05
2,3642E-05
P1UIBFE~DS
1,08906E°04
1,V233E~05
5,4972E=08
1,19%2e-~086
3,5342E-0¢
2,4041E~0%
2,2484E~0¢
8,7873€=05%
1,3p86E=08
6,298PE~08
8,5442¢023
1,8588E=05
1,3L96E~04
7+6775E-D8
1,6132e~0%
1,5971E=04
3,2338E~25
5,8249E"05
7,9739E~08
4,7%73E~058
1,6245E~05
B,8947E~05
1,2010E~05
2,5043E~04
1,2265E~05
1,5903€~04
3,422LE~05
1,4363E-94
4,2080E-05
1:1080E=04
1,4834€~23
1.9356E~04
2,4672E=05
112713Ew04
312746E=05
1,8876E=05
5,5495€=05
2.3034E~05
1.9278E-04
8,1295E°0¢
119531E~3¢
242725E-09
§,4997E-0%
4,6642E~0%
7+9053E=05
2.1B04E038
2,1266E-04
2,519%€-03
1,0211E-04
2,7916€=04




INDEX

ENERGY (EV}
1,3¢08E+02
1,9600E+Q2
2,08Q0E+02
2,310pE+p2
2, 4PRBER2
2,490BE+D2
2, 59PRE~D2
2,78p0E*02
2,8802E+02
3, 300E+D2
3, 4080E+02
3,67@0e%02
3,7702E+p2
4,1%P2E+p2
4,2900Ep2
4, 68PPE+D2
4,7889E+02
5,4100E402
5,51PBE*R¢
5,71PPE+P2
5,018PE+02
6,53PBEP2
6,63P3E 402
7,0200E%@2
7,120PE*D2
7.870pE@2
7,970RE+D2
8, 590QE+@2
8,4900E402
9,41ppEp2
9,510RE+P2
1,28608E483
1,8150E+03
1,8229E+03
1,0929E+03
1,B85pE~03
1,092RE~RY
1,1210E+p3
1,1348E403
1,1990E+D3
1,2990E+@3
1,23PRE +93
1,2400E+D3
1,2730E+D3
1,2832E+903
1, 313BE«RY
1,3230€+@3
1,3762E+23
1,386RE+R3
1,4290E+p3
1,4990E+03
1,46P0E+23
1,47pRE+D3
1,4992E+23
1,509QE+p3
1,547pE+p3
1,5570E+03
1,5780E+03
1,568RE+03
1.,6220E+p3
1,6328E+g3
1,674t «p3
1,684pE+p3

DEGREES OF FREEDOM USED in THE WIDTH OISTRIBUTION

Sy L S LA L L LY L ELT P

ImVALUE COMPET{TIVE NEYUTRON RADIATION FISSTON
3,0000E4@0 Q.@PGPE+BE  1,BACPEEP g .AUOBEYEe  1,0d3RE00
AVERAGE RESONANCE WIDTRS (EV)
T P L L LT EE I
LEVEL SPACING COMPETITIVE NEUTRON RADLlATIQN F1SStON
1.8000€+00 0,0000ge00 1,3428E~04 4,Q020E=(2 5,4391Em08
1.0090E+20 ?.¢PB0c R0 1,354pE~C4 4,0000E-~y2 3,0718E~04
1.,00P0E+g0 2,00008¢e00 1,3444E~24 4.,0022€~g2 2,9831E~26
1.,P080E+p0 0,000 00 1¢3474EnL4 4,P040E=g2 9.:1923E=0%
1.088pE+p0 2,20RBE»BD 1(3449EmDA 4, BPPRRE~D2 1.3543E~D3
1,0009€«p0 P,0000ceR0 1,:3488E~04 4,00PPEsg2 1.2935¢~04
1.0p00E+p0 ?,0080F+0D 1,344pE0R4 4, B009E -2 3,1592E986
1,00P0E«00 2.,0030E+00 1,3485€-04 4,20900E~g2 1,1138E~24
L,202¢Ce0d  O8,QPRGF4BE  1,345QE~E4  4,0000E-g2  3,3436E-d4
1,2000Esp0 2,00080E+00 1,3484En04 4. 00@RE~y2 9,98%5Ec05
1,0000E80 8.0880¢ce082 1,3454E584 4,089PE~p2 3,6693E~06
1.00E8€E+00 2,p003c+80 1,3529€-24 4,03d0E=g2 2.2074c:04
1.0P2PEQR 2,0000c+00 1,3458En24 4,0000E-p2 3,8893g-046
1.0pRPE+gp  P,PPEBEe@D  1,3521E~BA  4,BBOPE~p2  1,V021E-24
1.PP20E+QR Q,0000e480 1,3459€724 4.000RE-Q2 4,1746EcD6
1.2000E+33 3,00BOESBD 1,3500E=24 4.0900E-g2 1,20%02E"04
4.2080Eepd ©,0P0PEsB0 1,3462E~24 4,0800E-p2 4,9344E =08
1.PPOCE«AP 2,g000g+00 113477624 4,0000E=p2 4,9284L205
1,9P20E+p0 2,p008PE+20Q 1,3463Em04 4,090RE~p2 4,6p23E=96
1,0000E+2@  ©,0000E+B8  1,3492E-P4  4,0000E-g2  B,Y930E-@5
1.,9020E+20 ?.000RE+20 1,3464€~04 4,0D0BE-p2 4,9479E~06
L.00A0E«QR 2,pP00E+00 113544E04 4IDGGBE-32 2.5470E 04
1.,0000E«08 3,08BBE*BB  1,3464E-84 4, 08PBE-FZ  5,3340Te06
1.000BE+24 ?,0000c000 1,351pEn24 4,0PPPE=p2 1.4373cw04
1,0000E«00  2,0002E¢08 1,3464E~PA  4.0PO0E-g2  5,5511£-04
1.2000E+Q0  ©@,pE0PE«B0  1,3532E~04  4,00PQE~p2  2,112BE-R4
1.BROPE+gd  P,POPDESPE  1,3463E~04  4,PPPPE-P2  B,9191F=04
1., 0PROE+00 P,00B2E»00 1,3568E04 4. 0000E=p2 3.,1373E=04
1.0000E%g0 9,0000c+080 1,3462E-24 4,0200E~p2 6,2191E=08
1.0PPOE+2R ©,PPEAE4PR  1,3463E-DA  4,BPDBE~PR2  1,0742E=03
1.0PPQE«g0 0,p00PE+P0  1,3460E-P4  4,0000E=p2 6,5490E-0¢
1.6208E«aQ G, BEEBEALT 1,3542E~04 4,0800E~g2 2.5639c-04q
1.0000E+29  9,000PE+PD  1,3462€~04  4.DDPPE-P2 1,7004AEw0S
1.PEPRE+QR  0,0000g4@8 1 ,3471E-P4 4 02QPE~g2  4,4391-0%
1.2000E+20 ,0000g«00 1,3480€~24 4,B00RE~g2 6,8636E-0¢
1.00BBE2Q 0,0000c 00 1,3498E=C4 4:B20BE-g2 1.,2182E-04
1.,00DDE#20 P,g0P0E«PD 1+3444E"D4 4, 0RPRE~p2 3.5497E-05%
1,B0PRE+pE B,2RP0E+P8  1,3571EmP4 4, BRPRE-P2  3,5439F004
1.00BRELED  2,0000E480  4,3450E-04  4,0000E-@2  7,236iE=dé
1.20B0E-pD P.000PE+ED 1,3478E~04 4,908PE=D2 8,1452¢+2%
1.000@E«QQ  0,Q000c+@2  1,34852E~04  4.000QE-@2  7.42LLE-06
1.08PRE+pD 2,2000E«20 1,355Q9E~04 4,BRARE~p2 3,0127c~04
1,2820e+0¢ 0.0000E«BY 1,3451E~04 4,0008E=-g2 7,0323€06
L{.00PRE+pP  P.PUPBE«RD®  1,3564E-P4  4,BQPPE-P2 I ,5D73Ee24
1.00DPE+Q2 P, 2RERESDP  1,3449E-B4  4,00PPE-g2  7.7846£-ds
1.000BE+30 ?,pPPOELDD 1,3462E~D4 4 RRBRE-72 5,0536E505
1.00PRES0 2,00008Es80 1,3449E~04 4, 0022E~Q2 7,9241E-D4
1.0000E+90 0,0P00F4BF L ,3547€~04  4,000REeg2 2,2033C-04
1,0000E+80  0,PRPPE+E0  1,344BE-04  4,0800E-02  8,1410E-0s
1.0000E«29 A,pPPPE4BP  1,3310E-~04  4,0000E-g2 7,6345£«05
1.0000E+p0  P,p002€e00 1,3443E-04  4,0000E-p2  B.3214FeDp
1.008QE«gd  7,0P0PE#BA  1,3459€-04  4,0000E-g2 4,8745£~0%
1.000PE+pp 2.geceg9p 1,3441E~B4 4.,0200Eep2 8,4297E=06
1,800PE+pD  B.20QPE+08  1,3449E~B4  4,000PE-p2  3,3268E-0C9
1,0008E+08  ,pP00F+88  1,3441E~B4 4 0280E~02  ©,5545F-04
1,0000Esp0  @1,POPPESDD  1,345YE-P4  4,.PPODE=P2  6.5532£e38
1.00PpE+Q0 P, gPPREe@P - 1,3437E-P4  4,00P0E-p2  B,7129E-~24
1.2200E«00 0,0PORE+RD 1,3467E-04 4/ 0DPRE~p2 9,6928E-05
1,0000E+¢0  0,0P0@PE+89 1,3434E-84  4.RCCBE~-g2  B,BLiI7E-0s
1,0000E+00  P,QQ0@F 400  1,3437E-84  4,00B80FEe@2 1.7B34E-05
1.,2000Eeg0  @,000@c+d0 1,3433E-24  4.00RQGE~¢2  8,9537E204
1.,9008E+00  0,g0QPE+BY  1,3463E-04  4.0QERE~g2  1.044BE-04
1.2000E+p0  P,0000EeB0  1,3432E~04  4,0000EF2  9.1212E-06
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1,784gE+p3
1,724BE+03
1,7340E+03
1,7442E 493
1,8700E+p3
1,88RpE+Q3
1,8960E+03
1,906PE+p3
1,524pE+p3
1,9340E+p23
1,9970E+93
2,PU70E+p3
2,0592€E+03
2,1010E+p3
2,128QE+03
2,1260E+53
2,1750E+83
24185BE¥R3
2,214PE+D3
2,224BE+03
2,2%4RE%03
2,284pE%3
2,305pE+p3
2,3150E+p3
2,3960E+p3
2,3%80E+p3
2,3793E+83
2.4912E+p3
2,4230E+03
2,44960E+23
2,48PDE+p3
2,516BE+p3
2,5590E+03
2,564RE403
2,8130E+03
2.604QE+03
2,75PpE+2Y
2,7%7@E+p3
2,7719E+p3
2,812eE+23
2,84pRE«3
2,869pE+23
2,898BE+23
2,9500E+93
3.81908+23
3,B668E+03
3,1310E«p3
J,104RE+p3
I,19080E+23
3,2420E423
3,249pE+p3
3,3020E+p3
3, 306DE«PS
3,3932E+p3
3,45PPE+RI
3,4B8PE+RI
3. 5472E+33
3,6070E+03
3,69P0E+03
3,724pE+p3
3,8648E423
3,910E+p3
4,B272E+23
4,0/62L*B3
4,3310E+p3
4,386PE+33
4,497BE+RY
4,672PE+03
4,7Y4RE+PY
4,9240E+3
4,BRPRE+D4

1.0pPPE+p@
1.0000Eep2
1.8@00REepQ
1.,8000E+30
1.0000E+0Q
1.2000E+08
1.9000E+20Q
1.0008E+p08
1.P0PREDD
1.00PQE«pR
1.,8222€+28
1.000PE+p0
1.0000E+3Q
1.90088E+p@
1.4000E+30
1.,2020€+p0
1.900RE+R
1.PBORE«pD
1.0p0RE+9Q
1,008@0E+QQ
1,00POEvQD
1.00P22E+00
1.0PPPESQD
1.008QE+00
1.VBRBEQD
1.0000E+00
1.000086+20
1.80PBE+00
1.9090E«00
1.00PPEp@
1.000pE+aR
1.PPPPE+PB
1.0200k«00
1.BRARE~0E
1.6080E~a0
1.0200E+p0
1.2000E+p¢
1.0000E+2D
1.2P0RE+pD
1.0300E+a@
1.0003E+38
1.,0P0BE+00
1.8QBRE+3D
1.Pp0BE+p9
1.PPRPE+RD
1,00PBE+28
1,0P2RE+20
3.PEPPE3D
1.0080E+20
1,000RE20
1.,0PPOE«aD
1.80B0E+30
1.000pE«p0
1.,0000E+p0
1.0DPRE~0D
1.PPRBE+3D
1.82C¢E+30
1.00PRE+p0R
1.0000E+38
1.00@0E+20
1.908pE+p0
1.2920E+00
1.2090E+p0
1,962k +08
1.2989E+00
1.000@E+00
1.8909E+00
1,0P00E+00
1.000pE+00
1,2200E+00
1,908k +00

@,0008E+00
0,0000E«00
P,000PE~00
?,0000C+00
0.,00P0E+00
7,8000c+80
P.2020cw0R
?.,2082c+00
".200Pc+00
P ELORE«DR
2.,909BE+00
R,000@c+00
¢,0080E.00
Z,e2ePcepe
9,0080c+00
0,0882E+023
?,0000c«08
2.CRERELRR
2,BECRE+22
?,0000¢+80
0,2P00F«B0
P,2P00E«20
n,0000c+00
?,a000c.00
02,0PPRE«RO
?,BECPEeDD
?,008085e02
f.2008c00
2,0800c+80
9,00208g+20
A,0000c«08
LY
02,0000 «B0
?,2980E«00
0,000PE«00
2,0000c«00
a,00a80ce20
2,0000E«00
P?,0200EeDE
2,8820F«20
#,2F00Ee00
A.,000CE«00
?,0000ce00
2,2820c»00
0.0902c400
7.,8890c+00
2,0000c«00
#,p0008c+00
?.000@ce20
2,4020c+00
P.oP0lce20
0,p000c+20
#,p000E000
?,0200p=00
P,pPRBE«B0
P.,000Pce00Q
?,0000E+00
g.,000BC-Q0Q
7.geo8C+30
P,5000F+00
P.pYBBE+2D
P,0P0RE+BR
P.PPBRE«BR
2,pB02E 4D
8, 0000ESED
¢,0220¢s@0
0.,000QE+02
(1LY L]
n,0PP0F«0G
2,p020c+0a
B,PRRRE+RR
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1,3454E-24
1,343E-E4
1,3450E~24
1,3428E-C4
1,3664E-04
1.3421€-04
1.,345pE-04
1,342pE~24
1.3444E04
1,3419E-04
1,3434E~04
1,3414E-24
1,3422E-24
1,34p6E-04
1,3408E-24
1,3402E24
1,3403E-64
1,34@G1£-24
1,3409E-04
1,3405E-24
1,3427E-24
1,3394E~04
1,3308E~B4
1,3394€E-04
1,339pE=04
1,3389E°84
1,3394E-04
1,3387E-~024
1, 3442E-04
1,33B7E~D4
1,3383E~04
1,3427E-04
1,3354E-04
1,3419€-04
1,3373E-04
1,3375€-04
1,3416E-04
4,3372E<04
1,3374E-04
1,3454E~24
1,3464E704
1.3482E-04
1,34756E-024
1,3448E~04
143528E~04
1+3444E-24
1:3491E-84
1344824
1,3484E004
1¢3445E-04
1,3471E~04
1,3437E~R4
1434B4E~04
1,3437E~R4
1.3449E~D4
143436E~04
1,3429€-24
1,344pE-04
1,3426E-24
1,3467€-04
1.3414E-04
134458 =04
1.,3413E-94
1,3425E~04
1,34p9E~04
1.3448€E~04
1,3396E-04
1,3404E2084
1,3342E-94
13367624
1,3425E-24

4,20Q0E-g2
4,0000E~p2
4.,9000E-g2
4. 0000E-R2
4,0000E-p2
4. 020QE -2
4,0000@k-¢2
4.0880c-g2
4,09029€~-02
4.880PE-g2
4.88BBE-(2
4.8000£-92
4.00@0E-Q2
4.QBRRE-42
4,00PPE¢2
4.P9RBE-g2
4.,00B0E~pg2
4,020%-92
4., 826BE~p2
4.2000Eey2
4.000PE ~g2
4.BORRE~-R2
4,C0PPEp?
4,0800E-02
4.0000E-p2
4,0000¢~02
4,08000€-02
4,0200E-g2
4.008R¢c-p2
4.DPPRE-R2
4,0008E-42
A,RBPRE~p2
4.20PBE-p2
4.80@0E~Q2
4,80P0E-g2
4.0000E-p2
4.0000E-p2
4,000 -g2
4,8DPDREwp2
4,0080QE -2
4,800QE 22
4.0000F -2
4.000PE02
4.0900E~22
4,0000E-82
4,PPRRE-D2
4.00P0E-p2
4.pPBAE =GR
4.000RE-D2
4.0PPBELD2
4,0080E-p2
4,0080FE=p2
4.,0000E-32
4.0C0QE~p2
4,0000E~p2
4,000RE~p2
4.000QE-02
4. 0VQBE=g2
4.,0000E~2
4.P0BRE~p2
4,.DPORE~P2
4.P2RRE-R2
4,0008¢-52
4,000RE-E2
4,0200E<p2
4,808PE-02
4,0000E~02
4,0000E-N2
4,80BBE-p2
4.002@Ew@2
4, BBBOE-2

1.9614£-24
$.2157E"08
9.7769£~05
9.,3131€-0¢
7.5674E~Rg
9,7290¢=2¢
9.861PE005
9.8877e304
8,4718E-0%
9.8926¢ 04
7,0734E85
1,9110¢=¢5
3,8328E-05
6.7502~118
1.7795(~45
3,6920E-R¢
1.0600E=05
4,782BE-D6
3,9384£05
2,4640€205
9,8339£~05
1.0926E~08
1,9223E%05
5.4972Ea86
4,1i092Ecn4
3,5342E~08
2,4041€~05
2,2464E006
8,7873E~05
1,3086E>05
6,2980E%06
8,3442E-03
1.B%5a8E=05%
1,3196£304
7.8775E40¢
1.6132E-058
1,5971E=04
3.2338£-05
5,224 9E=05
749759€-06
4,7573E40%
1,0145E~05
8,8947E~09
1,201PE=0S
2.5043E~04
1.2265E505
1.5923E:04
3.4221E~08%
1,4363E-04
4,2660E0%
1.1860E=-04
1,4834E-05
1.5398Ew04
2.,4672E~DY
1,2713E84
3,2746E~05
1,6876E-05
5,5475E08
2.,3034E-05
1.5278E-D4
B.1295Ee08
1.8531E004
2,2725E-05
6,4937€-05
4,64625=25
7.9@33E=05
2,+1004E-05
2.1246E-04
2.219%E-D05
1.0g518-04
2,7916€~04




DEGREES OF FREEDGM USER iN THE WIDTH OISTRIGYTIQN

__________ R L iyttt TN ST U S S
J=VALUE COMPETITIVE NEUTRON RADIATIQN F158530N
4,90080E+20 0.@2BRE~0P 1.8000E+0E C.CERRE+DD 1.9020E"2¢

AVEPAGE RESDNANCE WIDTHS (EV)

INBEX  ENERGY (EY) LEVEL SPACING COMPETITIVE NEUTRON RADIATID FISSTON
1 1,3¥PRE+R2 1. 00RREQE  0,0000ce02 134286204 4,0080E-G2 5,4391E-d6
1,980qE+02 1,0020E+00 P.g0Q0g+0a 1.354pE~E4 4.000RE=(2 3,8718E~04

3 2,08pRE+R2 1,9000E+p0 2.ppPdcpe 1,3441E-04 41 PRRRE=Y2 248031E~06
4 2,31MPE+Q2  1.0000E+«30 0,p000c400 1,34746€-04 4. 0080E-pZ  9,1923E-05
S 2,4¢pRE+02 1.000QE+p0 P,eBRPE«00 1,3449E-04 4.,0000€E-g2 1.3643E~05
] 2,4902RE*R2 1,P000E«pR 0,0200FE+00 1.3488E-C4 4.0202E-p:2 1,2935F=04
7 2,5YPOE~R2  1,DDPPEepD  P,@PODE4PD  1,344BE~P4  4.0PQPE=p2  3,1532E-Ds
8 2,78ppE+2 1. 0R2QE+30 P,00p0cw00 1,3485E-04 4,00@RE~-32 1,1138E~04
9 2,84902E402  1,000QE400  ¢,0080Ee80 1,345BE-04  4,00@QE-g2  3,34B4E~06
10 3,30P0E+P2  1,000pE+pR  (,p0P@F.00  1,3406E~C4  4,DEBOE-P2  §,9B835E~0H
11 3,40paE+a2 1,000pE+00 A.p0RBE+0R 1.,3454E024 4,P0RBE-p2 3.6693E=08
12 3,67PBE+P2  1.00PPE+QR P, pPPRE*PP  1,3529E-04  4,DPARE-P2  2,2074E-P4
13 3,7700€E402 1.,0000E+00 P.0000E+20 1,3458E~-24 4.0DARE-p2 3,88%3E~86
1.4 4,190RE+02  1,0P00E+D@  P,PPPRE0R  1.3521E-~24  4,8DEPE-P2  1,9D21E-D4
15 4,29ppE+p2 1,00020E4+20 P,g020E+20 1¢3459E-04 4, 0202E ~¢2 4,1746E=06
16 4,68PRE+R2  1.000PE+p0  0,pODREeBB 1 ,350PE-~04  4.C00CE~g2  1.,2090c-04

17 4, THPBE+B2 1,PPBGE+ 2R A,0000c 00 1,3461E-04 4,020k g2 4,4344E=06
18 5,410QE+@2  1,0000€+0¢  @,pA00FL+@8  1,3477E-24  4.0000C-¢2  4,9284E~05
19 5,51P2E+g2 1,PO0PE«pP  P,00PPL«00 1,3463E-84  4,0000E<g2  4,8P23E-06
28 5,71ABE+@2  1,0000E+@D  (,0PBRE«P@  1,3492E-84  4,P0B0E-g2  B8,9990E-05
21 5,81P8E%02 1,0P00E+dP O,PUOREePd  1,3464E-D4  4.D0PPE-p2  4,9479E<D6
22 6,53ARE+@2  1,PPBPE+P?  P,P0OPF.B@ 1 ,3544E-D4  4.QUPPE-P2  2,5470E=04
23 6,63PBE+P2  1,R2RQE+g@  P,2BRRC+PD  1,3444E-P4 4, BRRRE-pP2  5,3310E-ds
24 7,02PBE*@2  1,PODDE«ps  0,p@0Pr+09  1,351PEaB4 4, 0UPPE-g2  1,4373E-04
25 7,12PRE+Gd  1,0P00E«00  2,0000E«08 1,3464E~04  ¢.P@Q0E-¢g2  5,5511E~04
26 7.87PRE+@R  1,P00DE«3P  P,@POOE+DP  1,3532E-D4  4.0BPPE~P2  2,1128E-04
27 7,9700E+g2  1.P0P0E+P0  B,GO0OCePD 1 3463E-P4 4, @0PPE-g2  B,9191E-06
28 B,59PRE*@2  1,0000E«@d 0,p0@0F«0F 1,3568E£-24 4, @EPRE~P2  3,1373E004
29 8,69P0E+02  1.PPPQE+Q0  0,0008F«d8  1,3462L~04  4.BBERE~Q2  6,2191E<06
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944PU=239 GE~-BRO,LAS FVAL-MAR74 B,A,HUTCHINS, R.HUNTER, L.STEWART
DIST-1974 REV-DCT74
P,C., TO NORMALIZATION AND STANDARDS SUBCOMMITTEE MARCH 1974
PERTINENT HOLLORITH FROM GENERAL FILE FOLLOWS (MAT 1264)
ALL REFERENCES CARRIED OVER FROM GENERAL FILE

PRINCIPAL EVALUATORS 5 B,As HUTCHINS (GE-BRO) R HINTER(LASL):
L STEWART{LASL) (R\LABAUVE(LASL),

CONTRIBUTING EVALUATORS

NU~BAR=2B,R,LEQNARD,JR,(BNW LAB), THERMAL UATA TASK FORCE
FvP,YIELDS=-=R, SCHENTER (HEDL), FIS AND DEUAY PROD TaSK FORCE
DELAYED NEUTRONS=-«H, HUMMEL C(anL?)e COX (ANL)

RADICACTIVE DECAY=s=C,W,REICH (ANC)

RESOLVED RES.=wJ.R¢ SM]TH (ANC).« R, GWIN tQRNL), R, KINSEY (BNL

SMOOTH DATA

THERMAL RANGEe-B, R, LEONARD(BNW LAB), THERMAL DATA TASK FQRCE
1 EV = 1 MEV =~F, SCHMITTROTH{HEDL)s T,APITTERLE(WARD)

G, DESAUSSURE (ORNWL), W, POENITZ (ANL)
1 MEVs 20 MEve=L, STEWARYT (L_ASL), R, HUNTER(LASL)
INELASTIC SCAT~-L,STEWART, R, HUNTER (LASL)
SEC NEUT DISTRIBUTIONS~~ L, STEWART, R,HUNTER (LASL)
GAMMA=PROD=~ R, HUNTER AND L, STEWART ({ASL)

EVALUATIONS ARE DESCRIBED AND REFERENCED IN ENDF=199 (REF, 1)
MF = 2

RESOLVED RES,
PRIMARY DATA SOURCES ARE GWIN(7) FOR FISSION AND CAPTURE
AND DERRIEN(8) FOR TOTAL, PARAMETERS (SLBW) GENERATED BY
SMITH, KINSEY AND GARBER, ENERGY RANGE 1 EV T0 321 EV.

UNRESOLVED RES,
PRIMARY DATA SOURCES ARE GWIN(9) AND WESTON (ig), ENERGY=
DEPENDENT SLBW PARAMETERS PROVIDE SECONUARY STRUCTURE
IN FISSION, CAPTURE AND TOTAL CROSS SECTIONS, ENERGY RANGE
321 EV TD 25 KEV, INTERPOLATION SHOULD BE ON CROSS SECTIONS,

MF = 3

SMOOTH DATA
THERMAL DATA~-ENERGY DEPENDENCE SAME AS VERSION [11I,
RENORMALIZATION OF FISSION AND CAPYURE TO 22082 M/SEC
VALUES OF 741,7 AND 27@,2 FROM 1873 LSU ANALYSIS Of
THERMAL DATA TASK FORCE(6),
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1 EV TQ 25 KEV=~SMQOTH CONTRIBUTIONS IN THE RESOLVED RANGE
CHOSEN TO MAKE COMBINED RESONANCE AND SMOOTH FISSION AND
CAPTURE CRGSS SECTIONS CONSISTENT WITH GWIN(7) MEASUREMENTS,
AND TOTAL HITHW DERRIEN VALUES(8),

SMOOTH DATA IN UNRESOLVED ONLY FOR INELASTIC SCATTERING
AND MINOR ADJUSTMENTS AT RANGE BOUNDARIES,

25 KEV T0 1 MEV~STOTAL BASED ON MEASUREMENTS OF SMITH(1%)
AND HEATON(12), FISSION PRIMARILY BASED ON GWIN DATA(9) AND
THAT OF PFLETSCHINGER(13), CAPTURE OBTAINED FROM ALPHA
MEASUREMENTS OF GWIN(®), WESTON(12) AND HOPKINS(14),
INELASTIC LEVELS ADJUSTED FOR LOW LYING LEVELS TO PARTIALLY
COMPENSATE FOR INCLUSION tN THE ELASTIC CHANNEL,

ELASTIC DETERMINED FROM BALANCE OF TOTAL,

L MEV TQ 20 MEV~sDATA BASED ON EVALUATION OF HUNTER(2),

WITH FOLLOWING ADJUSTMENTS ~1)FISSJCN TO CONFORM TO
ENDF/B~1V Um235 FISSION AND INTEGRAL MEASUREMENTS 2)TOTAL
T0 AGREE BETTER WITH HEATON (12) 3)ELASTIC FOR BALANCE AND
AGREE WITH UNITARITY, FIRST, SECOND; THIRD AND FOQURTH
CHANCE FISSION INCLUDED, WITH MT=1g BEING THE SUM,

REFERENCES
1) PU=239 DATA EVALUATIONS FOR ENOBF/B=1V, ENUF-~199(T0 BE [SSUED),
2) HUNTER, STEWART, HIRONS, LA~8172 (JUNE, 1973),
3) SOLEILAC, FREMAUT, GAURIAU, J, NUCL, ENG, 23 (1949),
4y FISSION PRODUCT DATA FOR ENDF/B=1V, R,E, SCHENTER

{70 BE PUBLISHED),
5) DELAYED NEUTRON DATA FOR ENDF/8=-1V, S, COX (T0 BE PUBLISHED),
6) THERMAL NEUTRON DATA FOR ENDF/B=1V, J, SYEHN (70 BE PUBLISHED),
7) GWIN: PRIVATE COMMUNICATION ¢1973),
8) DERRIEN, CN26/6L1, HELSINKI (y978),
9) GWIN, SILVER, INGLE, TRANS, am, NUC, S0C, 45, 481 (1972),
1QIWESTON, ToDO, YRANS. AM, NUC, SO0C,, 482 (1972).
L1)SMITH, GUENTHER, WHALEN (1972).
L12)HEATON, SCHWARTZ (1972).,
13)PFLETSCHINGER, KAPPELER: NUGC, SCI, AND ENG,. 42 (1972),
14)HOPKINS, DIVEN, NUC, SCI. AND ENG, 12, 18% (1982),
15)COPPOLA, KNITTER, Z.PHYS. 232, 286 (197@) - 228,286 (1569),
16 KAMMERDIEMER, UCRLs51232 (1972},
17)BARNARD, FERGUSON, MCMURRAY, VAN HEERDEN, NUCL, PHYS, 74 (1965)
18)ZAMYATNIN, SAFINA, GUTNIKOVA, I1VANNQVA, ATOMNAYA ENER, 4 (1958)
19IKUNTER, STEWARYT, LA-4981 (1972},
20)DRAKE, HOPKINS, YOUNG, CONDE, NUC, SCl, ENG, 42, (1972},
24INELLIS) MORGAN,; ORC=2791=17 (1966),
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PLUTONIUMS23S

PLUTONIUM~23

DATA TY
GENERAL INFO

RESONANCE PA
NEUTRON ¢ROSS

PE
RMATION

RAMETERS
SECTION

[SOTOPEmm==="=armuaacrmcoan=-nP UTON]UM=239

FRACTIONAL ABUNDANGE- == 1.000DE+0D
NUMBER OF ENERGY RANGES--a=-= 2
ENERGY RANGE NUMBER=m-=-- .nmn 1
LOWER ENERGY LIMIT (EV)--o=- 1,0000E+00
UPPER ENERGY LIMIY (EVI-vwr-« 3,0100E+02
NUCLEAR SPIN---===n--e~ec-v-a 5,0000E-C1
SPIN SCATTERING LENGTH (A)-w 0,B094E-01
NUMBER OF | STATE§==-r=-- -enn :
L VALUEmmeo=mes—mmnmennon -=-s 2

NUMBER OF REbONANCES—-~--a--~ 28
SRIN SCATTERING LENGTH (A-)-~- 3, BBBﬂE‘ﬂD

INDEX ENERGY (EV

1 ~2,2080E~03
2 2,9800E=03
3 7,8L3I0E4D0
4 1,0941g+01
5  1,189PE+01
6 1,4310E«p1
7 1,4685E+D1
3 1,5470EeRY
§  1,7658E+01
18 2,22408€+01
11 2,3905E+21
12 2,6252E481
13 2,726PE«01
14 3,2328ce01
15 I3, SALLEeR]
16 4 143VE4QY
17 4,1885Ee04
18 4,48pREaD]
19 4,7840E0Y
20 4,9700E+D]
21 5,0L19€+01
22  5,282VE«D1
23 5,5660FE«01
24 5,7550E»01
25 5,79BYE«0Y
26  5,9254E«01
27 6,0970E401
28 6,34L4VE+DBY
29 6,5550E«0
39 6 ,5790E+R1
31 7,4087E4DY
32 7,495¢€+21
33 8,1600EsRL
34 8,2650E+401
35 8,271VE«D1
38  8,527VEsBY
3? 8,5535E 01
hi:] 9 BTTIVE DY
39 9,2980EP1
49 9,5430E+8
41 9,6491E+01
42 1,P02%F+02
43 1,0385F+02
44 1,05326+02
45 1,B874E+02
45 1,1D44%E«02
a7 1,14595+82

) W VALUE

9.0000E+00
2.,02PPE+DD
1.,0000€E+0@
1.008PE+0D
1.00BQE+00
1.002PE+DR
1.0220E+00
»,2BDPRE 00
1.0280€+22
1.0000€+00
2,0000E+00
1.0000E+0Q
?.000RE+@Q
2.0000PE+00
4,PPBPE+BP
1.02ROE+00
4,8080E+2D
1.,0008E+29
2.,0020E+2Q
#,000PE+00
1,0P2PE«0Q
1.0PRPE+0Q
4.088QE+00
2,08BRE+DD
n.BRRRE+DDY
1.000QE+2Q
n.0PPPE+2D
1,020PE«RD
7.,000PE+020
1.0000E+20
1. P0OPE+DD
1.GRURE+RA
n.ceeoE+00
n.8828E+20@
B,2000E+00
?,8002E+0Q
1.0000E+00
1,0000E«00
1,20@RE+00
1.2pBRE+DD
7.20PRE+0P
n,2000E+PQ
1, 0DVOE+RP
1,0P0QE+00
1,0000E+0Q
”,BEeRE+0D
*,2020E+20

TOTAL

5,4085E»04
9,9242E~02
8,8849€~02
1,9917E~01
6,6014E-92
1,7162E~01
6,8790E-02
7.2443E-04
7,3692E-02
1,1862E-3L
7.8272E702
8,2%13E~02
4,3666E-02
1,6682E-01
4,7241E-02
4,9747E-02
1.8545€-01
4,884BE~02
2,6386E-04
8.1161E-81
5,7427E-p2
6,2088E-02
5,6880E~-02
6,3558E~D1
9,9816Er0Y
1,4351€-94
6,8132E400
1,5270e~-01
1,3397E~21
1,2639€-01
7.3291E~0Q2
1,451 3603
9,3746E7BY
1,2428E400
3,9929E702
2,3542E400
5,9523E-02
5,799BE~D2
5,8278E-02
5.8485E -2
1,7009E+0P
6,0025€+00
4, 7634E-D2
4,58p3¢-02
6,7854E-02
4,4423E-82
1.24g1EC0

TABLE OF CONTENTS
GENERAL INFORMATION

REACTION

COMMENTS
TABLE QF CQUNTENTS

ENDF/B MATERIAL ND, 6264

RESONANCE DATA

FISSION

RESONANCE DATA
RESONANCE PARAMETERS

RESOLYED SINGLE=-LEVEL BREIT=-WIGNER PARAMETERS

REBONANCE WIOTHS (EV)

NEUTRON

4, 708BE~B5
2,4200E~24
8,1904€~04
1,8860PE-03
1,014PE~03
5,9900E-a4
1.7986E-p3
2,1200E 03
L, 6920E-23
2,6140E-23
2,7200E-24
€.,5130€-23
4,10800E:04
8,1600End4
2.4100Enp4
3.7470E-03
1.4520E~03
5, 0480£-03
#.,8560E-23
3.,8070E.03
2.9270E-03
9,6580E~03
1.3500E~03
1,9562E~02
9,1580E-03
4.5070E-03
2.4288E.02
4,9802E-04
3.9710E~23
1.1192€-02
3.,2910E-03
3.B126E~02
3,7699E~23
3,7960€-23
9,2900E-24
8,01B2E-p2
7,5230Em83
1.129BE~02
7,7BRAC~04
1,9850C-83
1,3936E-02
1,3491C=02
1,63405-03
4,8C30E-83
0,35408-83
1,4230£-83
1,1080E~03
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RADIATION

4, pOOREsg2
3, 90Q0E-p2
4,g155E@?2
4, 4225E-02
4,0632Ew02
3,5919E-D2
3, 684BE~E2
3, 9PRBECH2
3,8479EC0p2
4, ¢582E-02
3,7367E502
3,9679E~02
3.,98RPE202
4,8185E902
4, 2448Eap2
4, 202BE-B2
5,9392E-82
3.8763E0P2
5.g415Es02
6,1BRPE=D2
4,1879E02
4,3963E=82
3,7342E.02
4,5000Ea02
3, 900PE=@2
3,8103E02
5,2099E~02
5,5201E%02
3,200PE~B2
8, 0313E-02
3‘3296:=02

3,7654E<082
3,9400E02
3, 9400E~02
3., 9uaas.zz
3,900RE w2
3"9863E002
110Ee-R2
4',9704E902
3,3916E902
4, 2B0PE<Q2
4 QUQDE=-02
3, 5868E-02
3, 6299602
3,6414E202
3,8763EsD2
3. 9BD1ESY2

ENDF/B MATERTAL NO, 6264

FI18SSION

510000E~03
4y 0020E~02
4,5845E~-02
415308E~211
244368E~02
&,53B1E-22
JeQ160ELR
4,8350E-PY

X4+3521E-02

61942022
3.:2693E-02
401321€~02
44246QE~03
1e17681E-€L
4 55206~03
3,972pE-B3
A14608E=02
4,1370E~-03
2438598 -4
T1460pE-71
143021Ep2
R1437CE~D3
L18L58E~02
8, 8B0PE~31
9,50UPE-01
110099E-22
617360E+00
9416799E~-22
1,0000E~01
5,4887e-02
341724E-02
8,7346E-02
819469E~P1
1.,200RE+20
A@REAE+70
2.2620E+00
112187662
8, 390QE~D3
71796PE~D3
1,4584C-02
116450E+20
5,947¢E+ca
1, 0L32E-22
4,7010E-03
2,2086E-02
142287E-p2
ty3ECBE+DD



1,1625E402
1,1619E402
1,1885Ee02
1,2103E02
1,234YE402
1.2627€%02
1,2769E 402
1,3195%Ee02
1,338%¢+02
1,3684E+02
1,3932E402
1,4300E02
1,4352€+02
1,4631«82
1,473%E+02
1,4827E+02
1,4949E402
1,5696E 402
1,5709€+02
1.6452E462
1,6712E+82
1,700REe02
1,7045€402
1,743vEeR2
1.,745%E 02
1,7598EP2
1,7722E+02
1,7690E+R2
1,836UE«R2
1,8501E02
1,8575E«B2
1,8825E02
1,9064E+02
1,9532E402
1,966YE+02
1,994RE+02
2,0330£402
2,0382E 02
2,0392E#p2
2,2423E402
2,8736E4p2
2,1110Eep2
2,12@2EsQ2
2,1324E+02
2,1852E%02
2,1949E#02
2,2023€02
2,23106ED2
2,248YE402
2,2777€«02
2,2789E+02
2, 3L40ER2
2,326%E402
2,3439E+02
2, 390bE w02
2,4P60E+D2
2,4287€402
2,4750E402
2,4887E+02
2,512VE+02
2,545/E+02
2.,5607F+02
2,5980E+p2
2,59B2E «B2
2,6030E402
2,4270E+02
2,6270E4R2
2,6420E402
2,6910E+02
2,694%C4082
2,7262E402
2,7489E+02
2,7857E402
2,7728E+82
2,7955€4@82
2,8292E402
2,8573E+02
2,BB20E+02
2,9233E4D2
2,9840F D2
2,9860E402

n,PPVRE+2R
P.2pPRE+BR
1.8PV0E+20
”.ePRQE+28
A,0PBEE+DP
C,ee20c+20
2,8PRPE+DP
2,2208E <08
1,800PE+RD
a,8800E+00
?.22908E+2D
1,0000E+d0
1,2P2@E+2¢
1,00PEE+EQ
7,000QE+30
7,00PBE+DQ
P,O0PPE+DP
?.0PORE-DD
n,BPORE+DQ
1.008QE+2Q
1,200RE+0D
A, QORRE+2D
¢,0C00E+0D
7. QPDRE+8B
?,BCeRBE+RD
1. 00VQE+RE
1.200QE«DQ
1.00BPE+RP
1,000pE+00
P,BROPE+VR
0,l00RE+RD
P, OPDPE+DD
?,0800E+0D
2,0000E+09
1.0B@RE-B2
1.002pE+20
1.2000E+0Pp
1.0000E+00
. P00DE~R2R
?,0008E+2Q
1.002g¢L+2¢
2,000PE«02
0.0029E+80
P,00BQESOD
1,00RQE+« 8¢
1.,000PE+DD
1.,0020E+00
1.08008E+80
1,0000E+20
?,000¢E+0¢
1,0000E+00
1,000EE+28
2.0280pE+00
1,800PE+0D
1,200DE+00
P,Z0RAE+00
1.2028E+00
¢.BPRPPE+0P
{.P0ORE+DD
1,000PE+2D
1,808BE+00
1,000pE+2¢8
n,PB2pE+00
”,POVIE + B0
2,0000E+20
2,2020E+00
1.0000E+DD
2,d820E+08
n,B0RE+2D
1.,0080pE+00
1,0RRPE~0D
1,P000E+20
1,8799¢0E+00
2 .0890€E+20
7, DCR0E+0P
1.080B0E«0D
#,2020E+00
2,222PE+00
n,BR30E«00
1,P20RE+00
1,2200E+00

6,9644E-02
2,5342E-01
8,5384E 02
8,7584€-C2
&,43R9E-p2
5,2178€-02
5,3921E~-02
3,B143E+CP
5,4549E~-p2
1.3399E-@1
3.,9296E=p2
1,4353E-04
6,9547E-02
6,6838E-p2
1,0469E400
1,5¢91E-a1
1,1179E-01
4,3085E-02
6,1657E-21
7,4540€-02
9,8%48E~p2
4,9726E~02
1.8141E-p1
1,0816E408
2,4182E~D4
7.212%9E-22
4,9818E~g2
5,8374E-22
5,58p1E-22
1,8361E+p0
3,9756E-p2
5.BB95E-g2
6.67p3E-p2
5.1129E-g1
1.1197E~p3
1.36p8E-01
7.8953E-02
8,2925E~p2
2,9872E-g1
1,913%E~p1
5,684LE-02
1,1BpB8E+*30
1,5093E*g0
1,6793E-p1
6,3643E~02
6,8068E~g2
5,06Q8E=g2
5,94p2E~02
8,5501E~(2
8,0941E+00
6,5418E02
5,3765E~02
1,0043E-g1
6,P5pPE-L2
7.091%9E-02
2,A160E-01
9.,4225€-02
9.1685£-¢2
5,5344E-22
B,1863E-p2
5,A322€-02
8,8555£-92
4,0148L+00
3.9451E-92
3,9921E-p2
4,6895€+00
4,9295E-02
4,5820e-02
1,3420E~C1
6,66906-02
8, 9223802
7 14B4E-01
1,5148€-01
5,2998E+00
1,2783E~01
7.9690E-02
3,4095E~01
7.0197E+08
1,1649E-01
B,1747E-02
6,8367E-2

6.4400E-R4

1,1421€.02
1.,7354p~02
7.5848¢-63
4,389PF.03
6.3780F-03
4,9210E-03
X,5598E-082
6.5690E-03
4.2087E-02
2,5680F-¢4
3,5310E-83
3,5478F=03
8.,238RE~23
2.8610E-93
1.,9110E~83
5,7920E-P3
4,.2BSBELB3
2,8574£-02
2.8660E.02
6,548PE-03
7.26PBE-R4
2,4079E-03
1,5950F-083
1.198BE-B4
2,129BE~23
3,8108E-03
1,371PE-~D3
1.821PFE~23
1.,5937E-02
7.560BE~D4
4,895DE~D3
4.703PE-03
5.9526g=02
A SLADEDT
1,0181E-02
1,9530c~03
2.925PEaB3
5,3723E~02
1,3920E-03
6,8440E~03
4,073BE~03
2,3220E-03
1,6520Ea23
8.6630E03
3,46BPE~23
7,.90BRE~B3
3,982BE~23
1,8010E~P3
2.8604E~02
4,9160E-RS
4.1765E-02
1,434DE=03
9,6600E-03
6,0L90E-B3
5.9EPRE-05
7.,125dE-23
2,685p£-23
4.6244E-02
4,P863E-82
3,4229E-03
7, 055PE~03
4,1396E-02
4.5100E-04
9.21BRE-94
7.8582E-22
X,2958£-93
1.8200€-93
4,1990E~23
#,8903€~-03
2.,5223E-02
8,8410¢-03
2,5178¢-0a2
1,7846F=-02
2,7332E-02
1.9690E002
9,4500E-04
3.8754E-02
1,3488€-02
3. TATRE-E3

1.0567€-92
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3,900CE-02
5,8972E592
3, 4043202
3, 89L12E~a2
2, 4BBRE~D2
3, 58256-02
3,2422E=02
3,8698E=02
4,3630E-R2
4,1669E302
3, 5080E=02
5, 6949E%02
3,4800E~02
4,8982E%02
4,4000E=92
5.4L37E%Q2
5,B228E-p2
3,9BRBE=R2
4,BOBDESY2
3,8764E=g2
3,8172E=02
3,5382E~02
6,PUPPE~A2
4, 4000ESQ2
4, 45DPE~P2
4,@743E-02
3,9129E%p2
4,0238E.02
3,3653E-22
3.,9002E=p2
I e0PBlEsp2
3, 6966E-D2
4,7592E-02
5,9430E=p2
&,9531E-p2
4’ /B6R6E=pP2
3,9000E-02
2,8392E-p2
2,6577E~02
3,0088E=p2
4,2941E=02
3, 9001k eE2
4,2000E~g2
3,8595E~02
4,7597Ewg2
4,p485Ewp2
3,1694E-p2
4,9491Es02
7, 026826702
474500E~02
4, 1033E%02
3,7000E-p2
3,900PEs@2
3,9179Ep2
4,8%45E<p2
4,1520E02
3,4792E-n2
2, 600902
3, 3894E=p2
3, 5055€-p2
3,1174E=p2
5,5751E-2
3,9080E<p2
3. 3800E<02
3,902PE~p2
3,9002E=02
3, 6819E32
2,7685E-¢2
5,580PE-22
3,2188E-02
3,35828282
5,6000E~-p2
4,6734E-02
4,2000E02
4,9316E202
4,7342E=02
4,pOORPE-92
3, 9UBYESD2
4,BA8%E~@2
5,2749Ew@2
3,7164E%02

3.2290E-02
119203221
343157E-02
4,1088E-922
319008E~02
111475€-¢12
119578E~02
31740QE+20
4,3700E-03
719331E-02
2,8039c+00
84309LE-92
X, 12dQe-¢2
S1618QE-03
11224pE+00
849963E-02
4,7472E-92
" BROPE+AS
51400BE~01
74136QE-03
5,3828E-p2
1¢3618E-02
1+190gE~£L
§.560p8-01
219299 -21
219257€E-02
5¢8710E-p3
104762802
2:8347€-p2
117842€+20
Zy@229E+cE
412634802
1144L0€E-~02
£,2154E~CL
4,6469£-072
717294E-p2
3. 004PE~C2
B, 1608E~02
211892E~01
1.16B00E~01
7,059PE~G3
1,1377E%00
11456pE~DP
1402790E-01
9403BE-C3
2,4115€-02
1.11206Ew32
6,8890E-¢3
113418E-0C2
R A24PE00
2.2467€-02
8,208pE-23
4, POUPE~C2
1,1724£-02
4216455E-022
2,POVRE~CL
9,230¥8E~02
8,2991E-02
5,2060E-03
?.765PE-23
2.3726E-22
2.5749E-022
319644E+ED
#,2320gc+C0
2,8820E+00
4,5800E+20
9(1BOPE~DS
1,6195¢-22
7 5DBPE~02
219852g~02
3.,8418E-02
84568gE~-01
7.9266E-02
54.240QE+29
5.1184E-02
112698E702
3,000pE-01
81958PE+2D
5,4511E~02
2,5251e-02
2,0636E-02




ENOF/8 MATERIAL NOD. 6264

RPLUTONIUM~239 RESONANCE DATA
RESONANCE PARAMETERS
1SOTOPE-m=r==r=m==weemcr-p=-sp| UTONIUN»239
FRACTIONAL ABUNDANCE=~~--~ -~ 1.0202E+80
NUMBER OF ENERGY RANGES-wwe--= 2

ENERGY RANGE NUMBER--~e-mg=-= 2 UNRESOLVED SINGLE=|EVEL BREIT-HIGNER PARAMETLRS

LOKER ENERGY LIHIT (EV)- 3.8100E+D2
UPPER ENERGY LIMIT (EV)- 2,5000E+04
NUCLEAR SPIN==s=m=rom~nnmpe- ~ 5.8000E-01

EFFECTIVE SCATYERING RADIUS-- 9.8535E-21
NUMBER OF L STATES- H

L VALUE====="mcmmmmamcr—mea—n
NUMBER OF J STATESerer=com=cn 2

DEGREES or FREEDOM USED iN THE WIDTH WISTRIBUTION

-
J=YALUE CﬂMPETlTlVE NEUTRON RAD!ATIDN FIS5I0N
2.,0000E+00 2.,pRRREDD 1,80gpE+2P RDUBRECED 2,0800E%22

AVERAGE RESONANCE WIDTHS (EV)

INDEX  ENERGY (EV) LEVEL SPACING CDMPET[TIVE NEUTRON RADIATION F1SSI0ON
i 3.01RAE*02 8,7800E+08 ?.,2200F«80 11273gE~03 4,18@0E-g2 2.902@ceag
2 3,2000E+@2 B.7B0QEe0@ ﬂ.aﬂﬂﬂcowu 4,8174E~B4  4,16PPE=p2  2,8030c+0p
3 3,4000E+02 B.7802E+p0 P.0000g+00 3,9544E~04 4,160PE~-p2 2,8p30c+0p
4 3,60PQE+EZ  B,7BURE+DP  B,0000¢«BPp 3 ,B79PE-BA 4. 1600E-p2  2,8820Ev00
5 3,80RAE+R2 8.780RE+pP P2,0000E+00 5,1612E-04 4,160RE=p2 2,8020E+00
é 4,0400E+02 8,7800E«00  0,0008E+00 6 ,6419E~F4  4,1600E~p2 2,803 +0p
7 4;3@905'02 8.,780@E#pP R, pR20¢F«00 2,8519E~24 4,1600E~p2 2.,8020c+0g
3 4,60PpE+PR  B.7BPDESQP B, pBOQL+B8  2.860TE<B4  4,1600€-g2  2,800Qc4q
9 4,920pE+02 8.7800E+pD 0,pP00E«00 6,6726E-C4 4.1680E-p2 2.8020E+0p

10 4,9508E+g2  §.780QE«00 @,3000te00  3,8878E-84 4, 162DE~g2  2,8840c%0p
11 4,98paE+p2 8.78CRE«pP (Y111 03Y 1] %, 0314E~C4 4.16080g-p2 2,8p20E*0p
12 5,01PpE+p2  8,7800E+00 0,0080F+88  6,2863E~D4 4. 160DE-g2  2,8030E+37
13 5,04RpE+Q2 8.7B0BE+GD 2.00@0 00 117592683 4.16D0E-p2 2.8020E+0p

14 5,460pE+p2 8.7BPRE+pD 2,2Pp0c+20 248613E~D3 4,1600E-g2 2.8030E+2¢
15 5,5%ApE+P2  B.7BPPE«P0  D,QPPPEAPR  1,7891E-03 4 1602E-p2  2,8PU0E+0p
16 5,95PPE+P2  B.7BBBESE  B,0080£+00  1,901PE~D3 4. 168PE-g2  2,8030E+ay
17 6,0000E+32 8.780QE+00 Q,2200¢+20 9,4918Ea04 Ay 1600E~g2 2.,8d0MpE«Ry
18 6,40ppE*p2 B,7BBRE«20 P, PPRBE«30 7:4847EuD4 4.16BPEcp2 2,8020¢+0p
19 7.2500E+@2  B,7820E+P@  2.@ZEOLePD  5,7978E-D4 4. 160ME-g2  2,802PE¢dp
20 7,7°PRE+@2  B.7B00E«QE  0,PR00FePP  9,3243E-B4  4,16B0E~p2  2,.8B2PEeDp
24 8,00MQE+p2  B.78PGE+RS  0,00PPEeP0  3,4304E-04  4,160PE~g2  2,9020¢+08
22 8,25ppE+p2 8.78PRE+D P.,0PRDE«ppR 6,5279E~04 A4.1609Lap? 2,5DBRE2p
23 8,59@0E+p2 8.78PRE#QQ N,002RE+DD 2,8615E-04 4,1680E~g2  2,8020£+0p
24 8,64Unpeeg? 8.7BBBERR ?.0080E20 2,881 4E~C4 4.168BE~p7  2,8020E+03
25 8,7992E+@2 B.780DE+QP n,poRoge00 2,9807E~24 4.16BRE~g2 2.0900C+0¢p
26 8,7°MgE+@2  B.78P0E+Q0  0,Q@0PE«BQ  6,6652E~04 4. 160BE~p2  2,8P3AE+0p
27 9,229pE+@2  B,780PL+Q@  @,¢000ge@0 8,7394E-C4  4,169QE-p2 2,8000E+QQ
28 9,72ppE+@2  B.7800E+Q0  0,.PRPALBE  1.584PE-C3  4.168BE-j2  2,8@90E+up
29 1.89p2E+p3 8,7800E+90 ?,C200E*00 9,2072EsR4 4.16BBE~@2 2,%02¢E+ap
3@ 1,16p0E+p3 B,7800E+00 ?,¢BEBE«00 9.366PE~D4 4.,16@PE-p2 2,8p2¢E+0a0
31 1,25ppE+@3  8,7880E¢p8  6,pBPCE«PD B,2524E~C4  4,1680E-g2  2,8020E40g
32 1,20A2E+p3  B,7B0PE«p@  P,p@BOE+BD  3,6441Ee04  4.16@0E-p2  2,8P20EsaQ
33 1,27pgE+23 8.,78P@E+q@ ?,000ar»ag 36465604 4.1600€~¢2 2,8029Evue
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1,28PQE+p3
1,2902E03
1, 30PRE+p3
1,3APRE+23
1,320pE+p3
1,3302E+@3
1,3400E+p3
1,3500E4p3
1,3702E+23
1,39PRE+p3
1,410RE+B3
1,4300E+p3
1,49A2E+g3
1,47pRE+03
1,4988E+83
1, 5122E+03
1,53peE+R3
1,54PRE+@d
1,5°02€E+03
1,70p8E+3
1,6600E+73
1,8°00E+p3
1,9%PoE+@3
1,9200E+03
1,740RE+p3
1,9%00E+p3
2, 1000E+p3
2,20P0E+R3
2, 40RRE+Q3
2,42P0E+p3
2,60PRE+B3
2,62pRE+@3
2,6400E~D3
2,60PBE 3
2, 6800E+03
2,700Q€E+a3
2, 7200E+p3
2,79PRE+23
2,79PRE+Q3
2,7750E+23
2,00RPE«Y
2,99PPE+P3
3,0750E+03
3,259BE+p3
3, 79PQE+03
4,25PRE+DY
4, 790PE+RY
5,22P0E+03
5,75PBE+P3
§,25PBE+R3
6,7°PBE+R3
7.,25@8E+83
8,250RE+@3
8, 790PE+23
9.,25p8E+p3
9,5000E403
9, 75RBESBY
1,0UPRE+E4
1,5000E+04
2,000AE 4
2.50MpE+RA

8,7880E+a0
8,78PBPE+pQ
8,782pE+p2
B,78B8pE«pgd
8,788pE+02
a,7800Ewqd
8,780¢E+pp
8,78BPEBD
8,780¢E+qd
8,780@E+pR
8,780EE«p
B,7B0QE«pD
8,780QE+qq
8,78BBE+p0
8.7802E%pd
8,780QE«pY
8,7800E+p0
8,782PE«pPR
8,7600E«pQR
A.7800E«20
8,78RCE+pD
B,780BE+pD
8,780PPE«pD
8,7800E+20
8,780PE+pQ
8,7802E+g0
8,780¢E+p0
8.782PE+pg
8.7800PE«pp
8.78P0E+00
8,7820E+p0
8.78PQE+pR
8,780PE+pR
B.7802E+p0
8.7800E+p0
B.7800E+ap@
8.7800E=p0
8.7828E+90
B.7820EgQ
8,7808E«20
8,78008E«p0
B,7BPBE+R
8.7800E+00
8.7800E+p0
8.,780RE+p0
B,78BBE+2D
8.780PE+p0
8.788RE+28
8.7820E+08
8,7802E+20
8.76P0E«00
8.7820E+80
8.7800E+00
8.,7800E+p0
8,7B20E«00
8,7800E+Q0
8,780PE+BB
B.7B2HE w0
8.7800E+20
8,.78CdE+39
8,7800E+D0

¢\ gOBRE«2D
?,0000E+20
2,0000c+80
?,0080E#00
@,peesc«@d
?,2000c+00
@,p000C 00
@, pPRRE=PD
@ ,000CE .00
?,0008E00
?,pORPEADY
P,0000E+00
@.0eddceae
?,0000E«D0
?.,0000c08
2,0000E«0R
0.000Pc@0D
B,PPPPE«BD
?,0PBREwRR
2,8000E«08
?,p002Ew00
2,000PCwpp
2,0000E+00
2,8000c400
P,o0P2E«DD
2,2080F«2D
8. 0PBRESRD
0,000 «P0
0.0PB0E00
D, pP20E«20
0, 00PPE-RR
0,p082g+00
2.,0RBPE=DD
2,p020E+29
P.ARBOE«DD
P,0R0RE«R0
P,PROBEwDD
P,0000Ep0
P.QODOE«DD
D,28PPE+BD
0,pPBBE+DD
P,20B0E»00
?2,0080g»08
2,20080c480
2,000 «20
2,000DE+20
2,0000¢ 400
2.0008F 020
?,300@c+20
?,2008g«308
P,00D0c+0R
?.2000¢+00
7,0000c«P0
2,0000F+29
P,B0RRE~20
0,80d0g+00
P, 0P0L 00
D, BPCAE 3D
7.p088¢+00
0.pBRHE+RO
P.pPR0E00
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316474EC4
3,646BED4
3, 6449E-04
3,6417E~04
3,6373E£~94
3,6317€~04
3,6249E~04
8,4468E~D4
3,5567En04
3,493LE~04
3,4259E~04
3,354¢9En04
3,2797E€~24
3,2004E~04
3,1157E~04
3,026pE=R4
2,9306E~04
2,BB895E-R4
6,374PEnD4
9,4651E=04
9,7678E=4
1,P695E-023
3,96B6EnD4
3,6536E~04
3,3282E~04
7,0435E~24
8,4514EnR4
9,0028E-04
1,(P4BBE~DY
1,1848E-03
9,829pE-R4
4,40505 724
4,326LE~24
6,24B2EC4
4,1699E=04
4,B90LE~24
4,0118E~024
3,9339E~04
8,7917E-~D4
4,3775E-04
1,1817E~83
4,B994E-04
5,0274E~04
7, 9200E~04
9,6457E-L4
8,5307E~24
940374ErD4
9,4552E-24
9,0362E~04
8,9375E-24
840529E~P4
T19653E~24
848419E-B4
7.5504E~04
8,4B41E~D3
3,5814E-04
7,3442E04
7.7887€~04
7.8440E-04
5,0B64E-24
2/,8290E~B4

4,1690E-g2
4,160PE~y2
4, 1688E-p2
4,16B2E=92
4, 16Q8E~p2
4, 1680E-02
4.1600E~02
40160PE~G2
4,1688Eep2
4,1600E=p2
AVL6BBE~p2
44 16PPE~p2
4.1600E~g2
4,1600E~p2
AV16DPE~02
4.1600E~p2
#,168PE~p2
4,16BREwp2
4.160DERD2
4,1600Eeg2
431680E~g2
4\ 1600E -2
4./1600E~p2
4.1600E~p2
4.15PRE-p2
4,1600Enp2
4,162RE-22
4,16B0E~-p2
4, 16P0E~Q2
$,1600E~p2
4,1600E~02
4, 16PRE=p2
4.1800E~p2
#,1600E 52
4,1600E-p2
4.160PE-02
#1180PE=02
4:18BRE~22
4,16PRE~p2
47 150PE-p2
4,1680E-p2
411408 -2
4,1600E-@2
4, 2608RE~02
4,1502E-02
4.,1800E-g2
4.16BPE-02
4,160BE«p2
4.1600E-p2
4,1600E-¢2
4 1600E-g2
4,1600E-C2
4.1602€-92
4.,1600Eap2
4,160RE~02
4160002
4,1600c-072
4.1608E~p2
4. 16B0E-02
4160052
4.160PE~02

2,802RE*00
2,8pQ0E$00
2,Bp00cv00
2,BRBBE40D
2,8pR2E+0p
2,.800@c+00
2,3000E+08
2,8020E+00
2,822BE+00
2,8000E~0p
2,8030E%00
2.,8030E%00
2,8800E400
2,8000E+00
2,8B20E%ap
2,8000E+00
2,8000E+00
2,8B0RE~2p
2,80p0E+00
2,8030E~08
2,8080E+02
2,800RE0D
2,80Q0E+2p
2,8000E+0p
2,3P80E+00
2,08000E+08
2,8000E+07
2,BR0PE+Pp
2,49020E+00
2.8880Ev82
2,800RE+P2
2,8PDDERD
2,8000E+0R
2.9000E+22
2,8000E+p0
2.8000E+0
2.8Q00E+0D
2,80020E+p2
2,0800E+00
2,8000E%0s
2.8920E+02
2,8030E+90
2.8Q20c+20
2,80a00¢cv20
2.8g00E+0p
2,8290t+0a
2,0@00E+AR
2,8g30c+0¢
2,8030E+e0
2.8d3acea9
2.8padc+0p
2.,8020E%0y
2,0p30E~9Q
2,8070E+0y
2,8BOPE+DY
2,6020E+29
2.8p00E09
2.9D3PE+2Y
2,8p30E+00
2,8p208+20
2,8020€+00




DEGREES OF FREEDOM USED IN THE WIDTH UISTRIBUTION

mmmmmemme e Prmeapeme e tameam—mme——. PR
J=VALUE COMPET{TIVE NEUTRON RADIATION Fission
1.0000E+20 2,2080E+90 1.,8Q0QE+ED D.QVBPE+RY 1.0PIRE+TD

AVERAGE RESONANCE WIOTHS (EV)

INDEX ENERGY (EV) LEVEL SPACING coMPeTxrva NEUTRON RADIATIQN FISSton
1 3.8100€+02 3,11%4E+00 2,00BRE+d0 4,517pE~R4 4.1600E-(2 1.1932E-02

2 3,2¢ppEep2 3,11%4E+00 P,00RREFDD 4,8174E~C4 4,1698E-p2 3.6375EwB2
K] 3,40AQE+R2 3,1154E+00 2,0080c+00 3.9544E~04 4,16P0E-p2 4,2973E-82
4 3,60AQE @2 3,14%4E+00 2.2000c+2a 3:8799€~24 4.1680€~-22 5.4720E-~02
5 3,8¢ARE+P2 3,1154E+00 P,OP0PE+PO 1,8314E~04 4,1688E022 4,4729e~02
& 4,24P0E+D2 3,1134E+00 2,0000E+00 2,3568E~04 4,1680E-p2 9.9986E°02
7 4,3002€E%02 3,1154E+20 ®.0C3PE+02 2,8519E~24 4.1680E-n2 2,042pE-01
8 4,6200E+R2 3,1154E+20 2,000Pc+00 2,8607E~04 4,16P0E~p2 2,8735€201

9 4,92PRE+RPR  3,A154E+p0  p,P0Q@OE+PR  2,3677E~P4  4,16RPE-E2  3,278BE-0y1
10 4,99PRE+@2  3,1154E+0@ 0,PBPOC+P@  3,B876E-P4  4,18B0E=-p2  2,9P47E~A
11 4,98PAE+82  3,1154E400 B,p000EB8  5,0314E~C4  4,1600E-g2  2,2542E-01
12 5,@1PRE+P2 3.1154E+00 7, 0020E«00 6,2863E-D4 4,1600€-g2 1.8749E-01
13 5,04Pac+02 J.115%4E+00 @.a200c+00 §,24198-24 4.160PE=p2 1.0415E-01
14 5,40MRE*D2 3,1154E+00 ,0080E+00 7,3140E-04 4.1600E-p2 7+13469Ew02
15 5,55ARE+R2 3,1154E+20 @,000PE+0Q 6,3481E-04 4,1600e-02 2,1530E-02
16 5,9°PRE~R2  3,1154E+0@ 0,0000Ee00 6,7452E-P4  4,160PE-p2  2,85{4E232
17 6,00AQE+02 3. 1154E+@0 0,p00PF00 I, 368QE-P4  4,16P0E-02  6,5P29E-03
18 6, A0BRE D2 3,1154EpD P.ROARE+DD 2,6274E~D4 4,16BRE~(2 7+8529E-03
19 7,2°0BE+PR  3,1154E+00 0,p000c+p0 2,@572E-04  4,1608E-g2  2,1544g-02
28 7,75R0E+82  3,1154E+08  B.,2002¢+82  3,3084E-24  4,1608(-p2  4,1223E~d2
21 8,B0ANE+PR  3,1154E+Q0 P.0POPE«UQ  3,4304E-B4  4,160QE-~p2  §,9130E~02
22 8,2°00E+P2  3.,1154E400 B,0000ce00 2,3163E~P4  4,1600E-p2  B8,8579E~P2
23 B,5UPRE+PR  I,11%54E+00  @,0PC00E«@F  2,8618E-04  4,160PEep2  7,7324E-22
24 8,60ARE+P2  3,1154E+00 0,Q00PE«@8 2,8Bi4E-P4  4,16PCE-P2  6,0307E~D2
25 8, 70PRE+R2 3.11%4E+00 2.,200PE+R0 2,90@7E-D4 4,16B8RE-p2 4,5715E-82
26 B,75PRE«R2  J,1154E+00 0,PPQQE+PE  2,3651E-04  4,160BE-g2  1,7494£=02
27 9.25pRE+@2 T.1154E+00 ?,0080C«08 3,1811E~04 4.1608RE=g2 4,5(3e¢-02
28 9,750RE+P2  3,1154E«pd  P,Q@PPEsPE  5,620%E~R4  4,16@9E-p2  6.02128v92
29 1,09PBEYRY  3.1154E+pD  0.Q000CePD  3,267QEnP4  4,168QAE~p2  5,5425Ew02
ap 1.16P0E+@3 3.1154E+p0 .QOJPE~DD 3,3234E~04 4.16PRE~-p2 4,3526E-P2
31 1,22PRE+R3 3,1154E+00 ?.00020E 00 2,9282E-04 4,1600E=p2 1.9867E%02
32 1,2000E+Q3 3.11B84E+00 2.0000E«02 3,6441E~D4 44160BE=p2 5.,6731E-22
33 1,27PRE+R3 3.1154E+00 P AOQ2E«DD 3,6463E504 4,16R0E-p2 7.11608-22
34 1,280PE*P3  3,1154€¢pR  ¢,pO00CPP  3,6474E-B4  4,180PE-g2  0,3922£eC2
3% 1,29MRE«R3 3,1154E+00 2.@BDRE«PD 3,6468E-24 44169PE-g2 1,1095£~3,
36 1, 3°PQE«03 3,1154E«00 ¢.00d@cede J3,6449E=-04 44160%E=¢2 1.5884€=01
37 1,31P0E+03  3,1154E+p0 7, p0PPE+P8  3,6417E-R4  4,160RE-g2  1,7426E-01
38 1,32PBE~@3  3.1154E#g0  #,Q000E«PR  3,6373E7P4  4,1609E~g2  2,2095E-D1
39 1,33APE+P3  3,11%4E+80  ¢.pOPPE«P0  3,6317E-04  4,160PE~g2  2,8p18E-01
42 1,3400E+P3 3, 1154E+00 0,P00RE«@P  3,6249E04  4,1600E-p2  3,6171E-P1
41 1.35PpE+23 3,11534E+08 2.2082c00 2,9971E~24 4.,160BEep2 J.4440E-01
42 1,37PQE+p3 3,1154E+00 2.20P0E=00 3,5567E~04 4,16@0E-p2 3,6414E-01
43 1,39ApE.23 3,1154E+09 2.200%c+d2 3,4934E-04 4.1600E-2 247944E~DY
44 1,41PRE+@3 3.14154E+08 ?,0000E«20 3,4259E~04 4,18@P0E~-g2 2.1477E-P1
4% 1,4300E+03 3,1154E»p0 P.pPPRE«22 3, 3549E-04 4,168PE-p2 1.483%2E-91
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a8 1,42PRE«Q3

47 1,47PBESRD
48 1, 49A8E+23
49 1,51pec+a3d
52 1,53P0E+03
51 1,5900E+03
52 1.,55@0e+93
53 1, 70PRE+Q3
54 1,BUPABE+DRS
55 1/850QE+@3
56 4,960BE+R3
57 1.92PAE+03
58 1,940RE+D3
5% 1,9oABE+p3
1] 2,16P2E+D3
61 2,200@E+p3
62 2.40PRE+PT
63 2,4500E+03
64 2, 6UROE+RI
&5 2,62P0E+03
66 2 64PRE+P3
#7 2,66PPE+DP3
68 2,68PE+p3
55 2,72PRE+p3
79 2,72p0RE+93
71 2,79PRE+83
72 2,75A0E+Q3
73 2,7750E+83
74 2,80PRE+Q3
75 2,9002E+03
76 3,8752E+83
77 3,29P2E+93
78 3,790 +p3
79 4,2908€+@3
.1'] 4, 79PRE+PS
a1 5,2900E+D3
82 5,750BE+B3
a3 6, 25RRE+DY
84 &', 75APE+B3
85 7.25PPE+R3
86 8, 25ARE+R3
87 8,75ARE+P3
88 9,2°M0E+@3
89 9, 50PRE+@3
L1 9,79PRER3
o1 1,00PpE+R4
92 1,52PRE+PY
%3 2, 000RE R4
94 2, SUPAE+p4
L VALUEw=r=-~—=n-e ~—

3.1154Ev00
B.1104E40D
3.1134E49p
3.11%4E+0
3.1154E+00
3.1154E+00
3.1154E+00
3,11%4E+00
31184000
3,1154E+00
3.1154E+00
3,1154€+p0
3,1154E400
3.,1154E+00
3,3154E+77
3,1154E+pp
3,11%4E+p8
3,3154E08
3,1154F«pp
3. 1154E+p2
3,1154E+p0
3,1154E+pp
3.11%4Egg
3,1154E«p0
3, L154E+08
3,1134E+28
3,1154E+@p
3.1184E+00
3,1184E+00
3, 1154E+400
3,11%4E w00
3,1154E%30
3,1184E+00
3.1154€+30
3,1154Ep0
3,1154E+p09
3,1154E4p0
3,1154E+29
3,1154E+p0
J,1154E+p0
3,1154Ee00
3,1154E+00
3,1154E+p0
3,1154E«p0
3.1184E+p2
3,1104E«gp
J.1154Eep2
3,1134E438
3,1154E«p2

2.000PE=BQ
P.OOBEDO
2.0000€»00
2.p000¢cenn
¢.0000ce20
F.peeac+an
2, BTBOE«3D
f.e2Cog+20
P.DPROE 30O
?.,0009c+00
2,2008E+00
0,.0000E«p0
¢,2000E+20
?,0PBOE«RR
P BPROE+P0
B.POBRE+DE
@.,9028c+0¢C
2,2288E+08
2,2000E«02
?.00Q0E+ 08
0.,0000E00
2.0008E«00
B,00P0E~@R
?.8202E+00
2. 2200E~00
?.@a00c e
?,2802c+26
7. 0800E+00
P.2200Fe00
2, 0009E+00
. BRADE«DD
6, BPTE BB
P,00P0E+0R
7,8000c+ad
@.0R0PE~20
P.eBE0E+00
P,ORpOE+2D
P, 2C00E+00
?,0PPPERD
P, QRAPEBP
7.98@RE+a3
?,0BPRE+RD
P.ARPBE«0OQ
A.ABROE+@R
P.PB00E+00
7,00RRE«DD
P.RBROE+2D
A .2222¢Ea09
2,0020c 28

s
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3,2797E~04
3,)2PBLE-04
3.11B7E~D4
3,026QE~04
2,9306E"24
2,88R8E~24
2,2617E-R4
3,3505E-04
3, 4655E~24
3,7947€-04
3,96486£~04
3,6536E~024
3,3282E~04
2,4993E~04
2,9988E~24
3,1944E~24
3,7214E-24
4,2112E~R4
3,4876E-R4
4,4P50C-04
4,3261E-04
4,2482E-04
4,1606E-04
4, B9C1E~C4
4,8118E~04
3,9339E-24
3,1854E-024
4,3775E-E4
3,000(E-R4
7.2584E-04
5,8271E~04
2,8032E~24
3,4227E~04
3,8270E-24
3,2067€-24
3,3550E~04
3,2062E-04
3171324
2,8575E~04
2,8263E-24
5,1374E-04
2,6791E-24
2,9821E-04
3,5814E"24
2,6P59E-04
2:17637E-R4
2,7833E~04
3,:4294E"2¢
3,2237E~04

4,1600E~p2
4,1600E-2
4,1600Ewp2
4 160DE~g2
4,1600E~g2
4.16R0E~Q2
4.1609E~p2
4,16B0E~p2
4,1600E<p2
4,1800E~p2
4.1680E-g2
4,1500E-p2
4,16008E-02
4. 16PPE-p2
4.16QPE-2
4,18DPE-P2
4,168PE-92
4,1600E-¢2
4,1500E-p2
4, 16p0E~g2
4,4600E-p2
4,16800E-¢2
4,16BRE-g2
4,1600E-82
4,1688E-g2
4, 16088E-p2
4.1600E-p2
4. 1680Ep2
4,1680E<02
4.1600E-g2
4. 16RRE-y2
4016098 -p2
4.1688E-y2
4.1600€-p2
4,16QPE-p2
4,1600E-02
4,16P0E-02
4,1609E-92
4,16PBE -2
4.160%E-¢2
411600€e02
4.1680E-92
4.160RE-p2
441680E-p2
4.1608E=p2
4,16BBE-02
4,1689E-p2
4,1800E~02
4,160PE~g2

142385E%21
9,2121E~02
8,7106E%02
4,72%4€~02
3,1589E~02
2,5p67£~02
3.7374E%03
1,1227E-02
2,4184E-02
5,8232E-02
5,1p46€=02
3,5185E~02
2.157PE#02
4.2848E-03
4,7856E-03
4,8322E903
1.7292€%02
3,2148E-02
5,8722E~03
3.1475€=02
4,2p28€202
5,4745e-02
7,2973E-02
9.1998E-02
1,1993€001
1,5485E8~01
1.18856-01
1,08218-01
3,54978-02
3,7169E~82
5,0522E-02
5,8628¢-02
2,0377E=02
1.4379e-02
2,4391E-02
4.,85828-02
24173202
2,0632e~02
1,2812E-02
2,5165E"02
3,6881E=02
5,4350E<82
1.,2342E°02
5,9978E=A2
5,8p20E-82
2,9128E-82
2,8395E-02
4,9416E~02
8,0820e-02




CEGREES OF FREEOOM USED iy THE WIDTH UISTRIBUTION
JeVALUE  COMPETITIVE  KEUTRDA RADIATION  FSS1ON
P.9p2pE+@0 ot an 1,000pE+2¢2 ZCARRE+D 2.9032E*20

AVERAGE RESONANCE WIDTHS (EW)

S
{NDEX ENERGY (EY) LEVEL SPACING COMPETITIVE NEUTRON RAGIATICN FISSION
1 3,01ARE+P2  8,7800E+p0 0,pI0PEePO 1,756PE-B3  4.,16@0E-F2  1,28A0E~10
3,20PRE+p2  8,70802Eep?  B,pRPREeRP  1,756PE~E3  4.16QPE~p2  1.0020E~12
3 I, 40paE+@2  8.780QE+pP P ,pOPOFeBB  4,756QE-F3  4.18Q0PE-g2  1,.0P00F-1p
4 J.6upae+ge 8.,780PEs@D@ P.agelcape 1.756PEeR3 4,/16PPE-p2 1.,090PE~1p
5 3,84PPE+@2 8.7800E+p@  0,p0@@FePR  4,754PE-E3 4. 16PPE-g2  1,0POPE~1D
] 4,090QE+p2  B.7B0QE«pP  Q.pPBREeEE  1,756PE-B3  4.,168PE-p2  1.PP@PEe1d
7 4,3¢paE+02 8.78008E«80  2,08007«00 1,756pE-E3 4.180REwp2 1.,0002E-10
8 4,60pRE+D2 B8,78008Ep0 7,0800F-00 1,756@E~E3 4:16PPE=p2 1,0020E~12
9 4,9¢PRE+D2 B,78BPE+pD P.DBDRE+DD 1,756PE~R3 4:1608Ewp2 1.2008Eeip

10 4,9%ApE+p2 8,7890E+0D ?.pRROEA00 1,756QE~R3 4 16PRE~p2 1,202BE~10
11 4,9BPBE«P2  B,7BOBE«2@ P, BPBRE.PE  1,756BE~R3  4.1680E~p2  1,0P30E=-12
12 5,8302E+p2 8.78008E«20 A,0009F«00 1,756PE=R3 4V160PE~g2 1,0000E-12
13 5.P4QAE+@2  B.7B00E+Q0  P,p000paDR L ,756BE~R3  4.160PE-g?  1,00D0F-10
14 5,46pREv02 8,78PpE+00 2.8060F08 1.756pE=R3 4.156RPE~p2 1.,8020E~1p
15 5,5%02E+g2  8,7800E«g0  7,0000p«P28 1,756PE-R3  4.L6EPE~g2  1,0070E=-10
16 5,9%PRE+p2  B,780CE«py £,pU00EePP  1,756PE~R3  4.180%E~p2  1,9030E=1p
17 6,PYAQE+P2  8,78PQE+p@  0,0000F«PB  1,758BE~R3  4.16@PEep2 1 ,DPBPE~12
18 6,4PPRE+PZ  B.7BDRE+pP  P,pRBREeBd  1,756QE~RS  4.16PBE~p2  1,0Q@00E-102
19 7125a9E+02 8.7800E+a0 #,0080e00 1,756gE£~23 4.16@0E-g2 1.2020¢10
28 7,790aE+@2  8,7600E+3@  P,p@@PLeB@  1,754@E~C3  4,16QPE-g2 1, 0PIPE~1D
21 8,DPMRE+P2  6.,78PPE«p?  0,pPPPEePD  1,756PE~A3  4.1609E-p2  1,0020f-12
22 8,2°P0E+@2  8.78ADE«p?  0,0000Fe08 1,756PE-E3  4.16PAPE-p2  1,0D2PE~-10
23 8,5¢pnE+@g2 8.782PE+DD ?,090PEe00 1,756pE~83 4.169DE-g2 1.02092¢w10
24 8,642RE+02 8,7800E+00 2,0A00E«RP 1,756pE~R3 4.160PE~p2 1.0P2PE"10
25 8,7¢ppE+Pz  B,78DPE+PP P ,PBBOE«PR  1,756PE-03  4.1600Ewp?  1.9990%-10
26 8,73PPE+PR  8,7BDPE+pP  0,p0POrePp  1,7580E~B3  4.1609E-p2  1,PQ2PE-10
27 9.2500€+02  B,7EBREvRE  2,3BRRE«R®  1,T756QE~E3I 4. l6@PE-g2  1.0000E~1p
28 9. 73BBE+D2 8,78BDE+pP 0,p000E~0p 1,7560E"83 4 1609E-g2 1.49008g-4p
29 1.0400E+93  8,780PE#0P 0,aPPOFsP7 1,754RE~E3  4.1600E-p2  1.0P2PE-10
32 1,16P0E+@8  6,7800E+@P @, pOOAE«PP  1,756PE~23  4.,160PE-02 {,dPAQE=1Q
31 1,2°08E«23 8.,7880E+gR a,0820E%00 1,756pE~E3 4.1800E=p2 {.¢p20e-10
32 1,2000E+03  8,78PQE«pD P ,pPOOEPP 1,7560E"B3  4.168PE~p2  1,2020EsiQ
33 1,27@0E+p3  8,7800E+pP  P,pQPBEePD  1,756PE-B3  4,1600E-p2  1,0P00F-19
34 1,2BABE+R3 8,78BRE+8 2,pRB0E»20 4,7560E-23 4.1678E-g2 1,9830c~19
35 1,2900€+83 8.7820E+30 2,p0RRPE«00 1,756pEnR3 4:.16B0E-@2 1,8832c-10
36 1,34ACE+93  B.780BE+@d  @.CCOGCePZ  1,756PE-03  4.16PPE-p2  1,0020€-12
37 1,31m@E+p3 8,780pE+00 0,2¢00E»00 1,756pE~@3 4. 160RE-g2 1,00%0E=10
38 1,32R0E+pS  B,78PPE+00  0,PPOPE»BD  1,758PE~23  4,1689E=p2  1,DB32E~1p
39 1,330pE+@3  B8.780PE+p?  B,PAPPE~RP  1,756BER3  4.188PE-~pP2  1,2PIBE-10
4R 1,3400E+03 8.780QE+p8 2,0000E+08 1,7562E~03 4,1602E-p2 1.002PE~3
41 1,3500E+B3  8,780PE«PN  A,0BREeR0  1,756PE~03  4.1600Fep2  1,0¢00g-1¢
42 1,37A2E+Q3  8.78@PEepd  0,p0PRE#PP  1,756BE~RY  4.16PPE-p2  1,022PE=1p
43 1,3%Q2€+23 8.7828QE~28 a,goaag»aa 14256QEnE3 4.16@PE=g2 1.48a8c-1a
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1,41P0E+03
1,4302E423
1,4%PBE+B3
1,4700E+23
1,49PPE+@3
1,51P0E+03
1,53PPE+R3
1,54BRE+R3
1,559RBE+RY
1,700BE+R3
1,88QBE+p3
1,890PE+03
1,9900E+83
1,9200E+93
1,9480E 03
1,97PRE+03
2,10pPE+p3
2,20800E423
2,40PRE+R3
2,4500E+23
2,6000E+03
2,62pRE+R3
2, 69PRE+RI
2,6800E403
2, 68PRE+RY
2,7082E+03
2,7200E+p3
2, 74PREBY
2,7302E403
2,7750E+p3
2,69PPE+RY
2,92PRESDI
3,0750E%p3
3,25000403
3, 750083
4,2500E+03
4,730RE€+@3
5,23A0E+03
5,73pRE+D3
6,23PREYRY
6,7%08E+23
7,25PRE+R3
8,2502E+03
8,75PE+03
9,25pBE+p3
?,5¢p2E+p3
9, 75RAE+@3
1,POPRE+2A
1,5¢PRE+p4
2,0DPAE+EA
2, 50PRE D4

8,7800E+00@
8,7¢80E«p%
8,73@DE+@@
8.,78Q0E+a¢
8,780pE+00
8,78PpE+pp
8.780QE+p0
8.7800E+p0
8,788pE+p0
8,7800E+20
B8.7800E+d
8,780PE+p0
8,7800E+00
8.,78PDE+p0
8,7830E+38
8,78PPE+p0
8.780DE+p2
B,7820E+00
8,780PE+pQ
8,7800E+Q0
B,78R0E+20
8,780PE+0P
8.,7800E«29
8,7800C+p0
B3,788PE+D0
8.7800E+3@
8,7800E+20
8.7800E«pR
8.,7800E+20
8,7622E+29
8,7800E+020
8,780RE+QD
8.7800E+2B
8,7820E+20
8.780PE%p0
8,780QE+g0
8,780RE+QH
8,78PQE+Q0
8,78PPEPD
8,780QE+00Q
8,780BE+a@
8.7000E+00
8,7880E+20
8.76800E%00
B.7802E+p0
8,7600E«3@
8,78P@E+p0
8,780PEvpD
8,7802E+09
&.,788pEeRD
8,780pE+20

?,0000F«00
P09 20
2.DORDE+DD
7,8200c+ae
?.D0RDEPD
?.0082E82
P, DOROE«DB0
?,0000E+00
0.0PBBE+BD
?,0000E+D0
9.0820c+28
2.0000c«Q0
P.02RPE00D
R.002CEe0D
3. 08BRE+00
2.,2000c400
2,0800¢s00
?,0000¢09
P, D0DPE+DD
?.2802c+040
0.0800Ew B2
2. 2002Ee00
?,0000E«PP2
?.,0P00c«2D
2,00020E+00
2,0000c+20
0.2000¢00
2.,0000ge00
B.0PPPED0
2,0000E«0P
2,0002PEw2D
2,20BPECBD
P,008PE«00
7.0008Fs082
?.P000ER0
P.B000ce0
0.000PE+00
0,00PPELBD
P.0PDPESDD
2,0000c400
8,0000E+83
?,0000¢+20
?.0000c+00
0,0020c+20
2,0000e4290
#,0000€,00
P,0000E#00
?,800PE+00
2,0000€+00
?,2020E4D0
0,000 »20

1:7568E~83
1,756BE~23
1,756pE~B3
1,7568E~03
1,7562E~03
1,756gE-23
1,756@E~23
1,756QE~P3
1,756BERDI
1,756RE~D3
147568E~83
1,756QE~023
1.756@E~23
1,756BE-B3
1.7568E"63
1,7560E~R3
1.756pE~03
1,7562E-23
1.756QE-03
1,756RE~EY
1,756QE=E3
1,756QE=R3
1,756RE-03
1,7568E"03
1,756RE~23
147562E-23
1,754Q€-03
1,756QE=83
1,756PEn03
1:756QE-DB3
1,756QE-03
1.1756pER3
1,756pE~RJ
1,756gEr03
1,7569E-03
1,756pE"D3
1,756pE03
1,756QE~R3
1,756pE~R3
1,756 pE~23
1,756gE03
1,756pE=R3
1,756QE~23
1,756pE~0Y
1,756QE~R3
1,756pE=03
1,756pE=0Y
1,7560E=03
1.756@E=-03
1,756gE-03
1,756QE~D3
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4.160PE-p2
4,16PRE~p2
4.,1600E-p2
4,1600E¢2
4s160DE-p2
4.16@PE=g2
4416P2E-22
4:1600E=-p2
4116B0E~p2
4116800E~p2
4:,16@8E~p2
4.1600E~92
4.160PE~g2
4.16P2E~y2
4,1600E~p2
4:1180RE~g2
4:1808E-g2
4.1600E-g2
4.16P0PE=p2
4,1602E-g2
4.16RRE~p2
411600E-92
4.1600F-g2
4:16PREcg2
4,16@8PE-p2
4. 160%E-g2
4.16@0Ewg2
441800E~g2
4,1680E~p2
4:1600E-p2
4, 160RE-02
4.168%E-p2
4,1680E~p2
4,1680E=¢2
4,160PE-p2
4:,1680E-92
4(16HBE-¢2
4,16@0E~p2
4:16BBE~-p2
44 160PEA2
4,1600E-p2
4,1600E-02
4,1600E-p2
451600E~02
4.1609E-02
4,16PRE~p2
4+ 1600E-g2
4.168¢E-g2
4,160PE=-g2
4:1600E-22
4.16PPE-p2

1,0020E-12
1,2000Es1p
1.,8930E"10
1,00900E-19
1,0p0RE=19
1.0820¢c-1¢
1.090RE~10
1.0222E~t0
1,0B932E~1p
1.0P00E=10
1,292%E=10
1.8p00E-1p
1.,2400E"10
1.,00%0€~1p
1:0P3RE=1D
1.,0p20E=1p
1.9030€~10
1,2020e~1p
1.0¢00E=ta
1.2p00E~10
1.9030E~10
1.,0290E=10
1,20008€~10
1.082RE~10
1,2020€-1p
1.9690E~10
1,0090E~1¢
1.8020Eein
1,0000E=1¢
1,000PE=40
1,P000E~10
1,0000E=10
1,0000E"10
1,0000e~10
1,0800E~10
1,0000E"10
1,0@30E-10
1,8Q0RE=1p
1.,8p295-1p
1,9090¢E=1p
1.,99d0g"1p
i,0p000€-1p
1,0020E=10
1,0020E~1p
1.,0¢00E-1p
1,000PE~10
1.,4030E-12
1,408308E~18
1,2000E=~1p
1,2020E=18
1,2229¢€~10




OEGREES OF FREEDOM USED §N THE WIDTH UISTRIBYUTIGON
JVALUE  COMPETITIVE  NEUTRON  RADIATION FISSION
1.000pE+pQ P, 0O0REDR 2,0P0pE+LR Q.QUPRE+pS 2.0000E+20

AVERAGE RESONANCE WIDTHS (EV)
ey

INDEX  ENERGY (EY) LEVEL SPAGING COMPETITIVE NEUTRON RAOLATION F3SS10N
1 I, PLARE+P2 I, 1i%4E+Q0 P.QPOREP@  6,2308E-04  4,16Q0E-g2  1,2Q00QE+d9
2 3,20PBE+Q2  I.1154E+P@ 2,000BE«0@ 6,23CBE~P4  4.1600E-g2 1,2000€E+2@
3 3,4000F+92  3,1184E4pF P ,pP00E«R0@ 6,23CAE~P4  4,160PE-g2  1,WPDPE+0Q
4 3. 6PAPE+P2  3.1154E+20 @,pORCEP@  6,230BE04 4. 16@PE~p2  1,0030€+Cp
5 3, 80AnE+@2 3,1154E900 A,0000E«00 6,2308E=04 4,160PEvg2 1,2Q20E%20
6 4,04PPE+@2  3,11%4E+30  0,0000c«00 6,2308E704  4,1600E-p2  1.2000E+0Q
7 4,30ARE+P2  3,1154E«p0 P ,pP0PE«00  6,2308E-04  4,1600E-p2  1,dP2BE+0p
[ 4,60P0E+02  3,1104E«00 Q,pROCE+@C  6,23C8E-04  4,1609E~g2  1,0030E%0p
$ 4, 92RREPE  3,1184E«p0  P,2209p+0P  6,23CBE-04 4, 1609E-p2  1,02Q0E¢Pp
10 4,9502E02 3. 1154E%p0 2,0000E+00 6,2308E~%4 4,1600E-g2 1,0000E+2p
11 4,98p@E+@2  3,11%4E«p0  §,0000E«d¢  6,23¢8E~04  4,1600E-g2  1.0020E49¢
12 S\P1ABE+P2  3,1134E400 2,0000c+20  6,2308E~P4  4,16Q0PE-g2  1,0000¢+0Q
13 5,8400E+p2 3, 1154E+00 7,p000E«00  6,230BE~04  4,1600C-p2  1,0030€+00
14 5,400PE+p2  3,1154E+p0 0,p00CE+0C 6,2308E~04  4,1600E-p2  1,0Q30E+0p
15 5,52@0E«@2  3,1154E4pP P,000@CedR  6,23PBE=04  4,1620E-g2  1,0022840p
16 5,9%pat+p2 J.1134E430 P,0200rs00 6.2308E~D4 4.1600E~g2 1.2030€+0p
17 4,QURBE+P2  3,1154E+pp 0,p0R0£eP0  6,2308E~R4  4,1600E-p2  1,0P22E+0p
18 6,40PRE*@2  I,1154E«00 ©,p000L09 6,230RE=P4  ¢,16@0E-~¢g2  1,0032€+03
19 7,2200E+92 3,1154E+00 a,p280c08 6,2328€-024 4.16@80E-¢2 1.,4030E+00
28 7,7°00E+02  3.1154E+00 0,p000cs00  6,23CBE~P4 4, 16B0E-g2  1,9P30EvER
21 8,00PRE+PZ  3,1154E+p@ 0,0002¢+28  6,2308£-04  4.160PE-(2  1,0P20E+0p
22 8,2°P2E+E2 I, 1154E+pP  D,p00Rre20  6,2308E-D4  4,1600E-p2  1,2030£+07

23 8,52PRE+@2 3,1154E+p0 P,0000c+00 6,2308E~04 4,180PEwg2 1,0@g238E%00
24 8,49pAE+@2 3.1154E+00 ?,0000F«00 6,23CBE-04 4.16@PE=g2 1,0820£+0p
25 B,7VPRE+P2  3.11%4Eepp D, pDDOFePR  &,23C5E~R4  4.16POE-p2  1,0220£+02
26 8,790E+@A2 3. 1154Ep0 ?,0900c+00 6,23C8E-04 4,1600E-02 1.,40230E+20
27 9,2%a0E+@2  3,1154E00 @,p000F.00 6,2308E-04 4.160%E~-02 1.2920€+03
28 9,72MBE+P2  3,1154E+0@ A,p0PPE+PP  6,230BE-€4  4,16@80FE-p2  1,802PE+20
29 1,040PE+03 3.1154E+0 Q,0P00c+00 6,2308E~E4 4.1600Eep2 1.9822E%29
20 1,160PPE«R3  3,1154E+00 0,pP00c«00 6,2308E-P4  4,16@0FE~(2  1.9000E+0p
31 1,2°PBE+pP3 3.1154E«00 B,0000F«00 6,2328€~C4a 4.1600E-p2 1,09708+3g
32 1,25PRE+P3 3+1154E«pP P.pRRIEXDD 6,23pBE-04 4,16QPE-p2 1.00pBERO
33 1,27PRE+P3 I, 1154E+p0  0,0000¢+08  6,23C8E-04  4,1600E~-p2  1,0808c+dg
34 1,28M2E+p3 3,1454E+90 ?,0008c+00 6,2308E-R4 4.1600g-p2 1,0800E%0¢g
35 1,2%PRE+H3 3.1154E+p0 ,0000c+00 6,2308E-04 4.160P0E-92 1.0020E%6¢
36 1,30P2E+D3 3.1154E+00 0.,0e0Rce00 6,23¢8E-04 4,168PE~p2 1.0020¢+0g
37 1,31MRE+AS  3,1154E+p@ 0,¢000g+00  6,2308E-04  4,1600f-y2  1,003Dc+2p
38 1,32p2E+@3  3,1154E+p0  0,Q00BE«@0@  6,23C8E~04  4,1600E-p2  1.,0020£+00
39 1,33PBE+@Y  3.1154E¢p@  2,2000p+80 5,2308E-04  4,1600E=¢2  1,003BE+0D
40 1,34AQE+@3  3,1154E«p0  0,p000E«P@  6,2308E~R4  4,160PE-p2  1,0830C+0Q
41 1,350BE+B3  3,1154€+08 0,pPRCE«0D  6,23CBEeR4  4,16B0E-p2  1,083DEvRp
42 1,37PRE+@3  3.1154E+pp  0,QPO0F+P0  6,2308E-84  4.160CE-p2  1,0072E+0¢
43 1,390PE+Q3  3.1154E+00 0,20Q0C¢P@  6,2328E-04  4.1600L-@2  1,0Q20E%0Qa
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1,41P0E+83
1,430%E+03
1,4500E+83
1,4700E+@3
1,4900E403
1,51PPE+PI
1,53P0E+@3
1,54A0E+03
1,5900E+03
1,7088E+p3
1,8000E+@3
1,85ARE+03
1,90@2E+p3
1,92PPE*@3
1,94R0E+03
1,95RBESR3
2.100RE*Q3
2,2000E4+03
2, 40BGEYES
2,45ppE+P3
2,6BPRE+D3
2,62pnE+a3
2, 69PREYDY
2, 650RE03
2,6800E+03
2,72R0EpY
2,720DE+83
2,7900E+RR
2,72PRE+@3
2,7752E+03
2,8000E+23
2,90nE+83
3,8750E+03
3,25PRE+RY
3,7300E+@3
4,25pRE+03
4,730PE+B3
5,25ARE+DY
S, 75PRE+BY
§,25pE+@3
&,79p0E+83
7.25pRE+ D3
8,25p0E+23
8,750pE+03
9,2900E+03
9,50PPEYS
9,75PRE+D3
1,00A3E+34
1,30ARE+04
2.PpRRE+g4
2,50pRE+D#

3.1154E+00
3,4154E400
3,1154E+00
3.1154€400
3,1154E+p0
3,1154E+g0
3,1184E+09
3,1154€+09
3,1184E+99
I,1154E+00
3.1154E+Q0
3.,115%4E90
3.1154E¢pp
3.1154E+pp
3.1154E+20
J.1154E%00
3.1154E+00
J,1454E«pg
T.11%4E+p0
3.1184Ep0
J.1454E-0D
J,1154E+82
3,1454E«p0
3,1154E+08
3.1154E+3¢
3,1154E+p0
3,1154E«pp
3.,1154E+pp
3.1154E+pp
3.11%4E400
3. L154E+¢0
3,1154E4 40
J.1154E#pD
J+1194E+p0
3,1154€E+20
J.1154E+90
3,1154E+p0
3.1154E4p9
3.11%4E4g0
J.1154Eepp
3.1154E%00
3,1454E+00
J.1484Eep0
3.11%4E+p0
J.1154E+p80
3.1154E+p0
3, 1154E 00
3,1154E«¢2
3.11%4E+00
J,1154E+p0
3,1154E«00

?.000RE~RD
?.PUBBEDD
2.Q000%E+00
2.8200c+00
?.0000E»RQ
7.,0020c«00
0,0080c«22
f,800%c+00
?.2000E=0D
2.0000E«20
P.@PBOEDR
P.Z000E«EC
P,pBR2ESLDD
A.pPR0E«Q0
2.0000C«00
2,30C8E400
P, Qe02ER0
0.0000E~00
P.ABERESDP
2.e200E«B2
@.20RPE«DQ
2.2000c+29
?2.pBROESTD
B.DRBBESB0
#,2222c+q0
2,080PE+00
@,0080E208
P,E0R2E»00
7,00080c09
P,0PDREBD
2,0000c+80
2,0C80c+00
P.00BEE«D0
?,0000E220
B.00080c00
X.9000c400
0,p000E~00
?,0000g«00
2 ,0008E+20Q
,0000c+00
2.gle0c»00
9,000t «00
R,geo8c«0R
D,0000E«80
?,0020E+00
% ,0002E«BD
2,PPBBE+0D
0,0800E+00
7,0000F+20
2.0080E+20
?.,0000F«00
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6,23C8E~B4
6,230BE~D4
6,23¢BE-04
$,23C8E-R4
6,2308E~04
6,2308E~04
6,2328E-04
6,2308E-R4
6,2308E 04
6,2308E-R4
6,2308Em04
&,2308E=04
6,2308EP4
6,2308E~D4
4,2308E"04
6,230RE-24
6,2328E"04
6,2308¢E~04
§,230BEvB4
&§,2308E-04
6,23P8E~04
6,2308E£=04
6,2308E~24
6,2303E-04
4,23C8EnD4
6,2308E-24
642308E-04
6,23CBE-R4
$,2308E-84
&, 2328E~24
6,2308E-24
6,23¢aE-R4
6,23C8E-R4
£,2328EmR4
6,2304E~24
6.2328E-24
4,23C8E~R4
6,2328E-04
6,2368E~R4
6,2308E=04
4,2308E-04
6,2308E-084
6,2308E~04
6,2308E~04
6,23CBE-R4
6, 230E-24
6,2308E-D4
642308En04
6,2308E~04
6,23CaE~04
6,2308E~C4

4,1680F-g2
4, 1600E g2
4,1600€-52
4.168DEp2
4,16BBE-p2
4,1680E~g2
4.16PPE-p2
4, 1620E-g2
4,1600E=g2
4.16PPE-g2
4:168BE~g2
4.1609E002
4116008E-g2
4.16BRE-p2
4:11680E~p2
4.16B0E=g2
4,1600E~(2
4,1600E~g2
4:1608E=p2
4.,16@82E~g2
4.168RE~p2
4.16808E-92
401680892
4,16B0E~p2
471600E~p2
4v1680E-p2
4,1600E~g2
4.1690E~p2
4\ 1600E-g2
4,1692E~p2
4,1600E-@2
4\1600Eeg2
4,1600E=p2
4.1600E-p2
4,1602E-p2
4,1600€-02
4,16DRE~p2
4.1600E-p8
4,1600E-02
4,160PE-22
4,14620E-02
4,1600€-32
4,1608€-p2
4,16BBE-P2
4,16A0E~02
4,1600E~02
4,1600E~02
4/1600E-p2
4.1600E-g2
411887E-02
4,160BE-92

1.,0C98E+00
1,0220E+30
1.,VP20E+2Q
1,02205+80
1,0022E+00
1.9038€+00
1.,0p20E00
1,002RE*00
1,490803c+22
1,4000E422
1,2030E+08
1,0800E+28
1,8p30¢c+88
1,8022E+00
1,00230€+00
1,00208+08
1,0080E400
1,0000E+08
1.,0p09c+20
4.,8Q3ag+aa
1.,8B232E+00
1.6000F+02
1.,8%80¢+0p
1.0800E+0p
1.0BBPE+0P
1,0802e+00
1.,0820c+2¢@
1,00BRE+GE
1,0070e+20
1,00830E409
1.,98308¢g+ag
1.0830E+0p
1,0P20E+08
1.2020E20
1,0020E+22
1,0020E400
1,0B2RE+0D
1.,9000E+ 20
1.48720¢£+00
1.0920E+30
1.,2930E+30
1.083RE“D3D
1.,0020E+00
1,282RE*pP0
1,28¢0E400
1,Y830E20
1,780BE+2D
$.,9090E+30
1.08090E%02
1,@020E+00
1.0020E*nY




DEGCREES OF FREEDOM USED IN THE WIDTH OISTRIBUT!ON

r————

JaVALUE  GOMPETITIVE  NEYTRON RADIATION FISSION
2.0000E+p2  @,000DE+PP  1,8B0QE+DP g, Q0POE+p®  3,2040E+rn

AVERAGE RESONANCE wIDTHS (EV)

P . AL T el Lt}

INDEX  ENERGY (EV) LEVEL SPACING COMPETITIVE NEUTRON RADIATION Fission
1 3.2100Ev@2 2.1181E+08  p,QRGRE+P®  4,2343E-04 4v160REeR2 100208920
2 3,2008E+82  2,1484E+00  ¢,0000pep®  4,234TE-04 4,168RE-¢2 1,0030c+3g

3 3 40PPE#Q2  2,1181E+pd  B,0BCPEBE  4,2363E-B4  4,16@P0E-g2  1,0000E+0p
4 3,60PRE+B2  2,1181E+p@ . @P@0E«EE  4,2363E=24  4,1600E-p2  1,8030F+0p
5 3,80P0E+P2  2,11B1E+p0 @, 00P0£+@0  4,2383E°04  4,16P0E-p2  1,3020E40D
s 4.D4PDE+P2  2.1181E+0@ A, Q00PEeBC  4,2363E-04  4,16P0E-p2  1,9020E+00
7 4,30APE#PR  2.1181E+0@  §,POP0F+P8  4,2363E~P4  4,16PBE-p2  1,B0Y0E+0p
8 4,6000E+02  2,1181E+00  0.0GOPE«B0  4,2363E-04  4,/168PE-92  1,00I0E+08
9 4,92PPE+D2  2,138AE+pD  D,DDDDEBO  4,2383E~24  4,168BE-p2  1,0030E£40g

10 4,9oP0E+@2  2.1181Ewp@ P, 0000F«B0  4,2383E-24  4,16P0E-p2  1,0090F+03
11 4,9800E402 2,1181E+22 2.,3208BE«00 4,2363E04 4,160PE-p2 1,0070E+00
12 5.R1A0E+R2  2,1181Eepd  2,pP@PE«@@  4,2363E~24  416QPE-p2  1.,200P:+20
13 5,04PRE+p2  2,1181E4pZ  P,PBCOE+P0  4,2363E-P4  4.1600E~g2  1,002@E+20
14 5,40MRE+02  2.1181E+p8 #,000PE«0P 4,2363E~R4  ¢.1600E-g2  1,0020E+0p
15 5,5200E+02 2.1181E+98 P, ERPOE+DP 4,2363E-04 4,1600E=p2 1,0022¢%00
16 5,9288E+02 2.11B1E+p¢  P.00PPE«@0  4,2363E-B4  4,18QPE-p2  1,0020E+0p
17 6,00PAE+P2  2.1181EspF  P,BP00C+00  4,2363E704  4,1600E-g2  1,3000E+00
18 6,4BPRESP2  2,1481E+p0  9,p00PEa0P  4,2363E-04  4.16Q2E-g2  1,000dE+qQ
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339Pugn,f!
Yr. Lab
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57 LAS
57 LAS
57 HAN
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APPENDIX T

Derived Parameters Compared With Integral Measurements

e ms U235 Fission Spectrum Average

Dosimetry File FABRY**
Isotope/Reaction  Dosimetry File BNL-325% (T=1.32) (wmb) (mb)
011 (n, total He) 425.87 486.0
103 (n, total He) 1722.17 1722 £ 5 512.3
235ata,y) 0.346 0.311 * 0.010 0.291
2';(Al(n,p) 4,222 4.0 + 0.4
2701 (ay0) 0.801 0.73 + 0.02
323(n,p) 63.87 69 * 2
835¢(n, 1) 11.29 11.3 + 1.0 5.879
AGTi(n,p) 10.24 12 * 0.3
4704 (nyp) 21.40 20.0 + 2.0
484 tnyp) 0.194 0.32 + 0.02
3SMn (n, 20) 0.367 0.25 % 0.01
4 e (nyp) 77.67 82.5 + 2.0
56Fe(n,p) 1.145 1.07 + 0.06
8e (n, 1) 1.58 1.19 * 0.07 1.695
59Co(n,Zn) 0.262
P eotn,r) 76.67 75.5 + 1.5 6.433
3960 (ns ) 0.168 0.156 * 0.006

*S.F., Mughabghab and D.I. Garber, Neutron Cross Sections, Vol. 1. Resonance
Parameters, BNL-325, Brookhaven National Laboratory (1973).

*%A, Fabry, "Evaluation of Microscopic Integral Cross Sections Averaged in a
235y Thermal Fission Neutron Spectrum (for 29 Nuclear Reaction Relevant to
Neutron Dosimetry and Fast Reactor Technology)," BLG-465, Centre d'Etude de
1'Energie Nucleaire (1972).

+A11 cross sections in this column have been normalized to U235 (n,f) = 1250
(chosen by A. Fabry. See reference above.)
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APPENDIX I (continued)

Derived Parameters Compared With Integral Measurements

Resonance Integral (barns) U235 Fission Spectrum Average

Dosimetry File FABRY**

Isotope/Reaction Dosimetry File BNL-325% (T=1.32) (mb) (mb)

58i(n,2n) 4.9 x 107

381 (a,p) 101.5 113 ¢ 3

60x1 (n,p) 2.658

53cu(n,y) 5.55 4.9 + 0.4 11.01 10.1 + 1.5

3cutn,a) 0.396 0.50 * 0.05

65Cu(n,2n) 0.464

5 (a,n®y 166.8 188 + 4

WS 0 ta,y) 3242.74 3300 * 100 136.6 146 * 5

1271 (n, 2n) 1.368 109 * 0.05

197 4utn,y) 1564.70 1560 + 40 84.92 88 ¢ 5

23204 (n, £) 69.01 83.0 £ 3.5

23204 (2, v) 85.58 85 + 3 103.8

2354 (n, ) 282.00 275 £ 5 1243.2 1250+

238 (n, ) 295.4 328 + 10

B8 ta,v) 277.53 275+ 5 75.60

237Np(n,f) 1322.8 1370 ¢ 75

23% 4 (n, £) 303.90 301 ¢ 10 1782.4 1859 ¢ 60

*S,.F. Mughabghab and D.I. Garber, Neutron Cross Sections, Vol. 1. Resonance
Parameters, BNL-325, Brookhaven National Laboratory (1973).

**A, Fabry, "Evaluation of Microscopic Integral Cross Sections Averaged in a
235y Thermal Fission Neutrom Spectrum (for 29 Nuclear Reaction Relevant to
Neutron Dosimetry and Fast Reactor Technology)," BLG-465, Centre d'Etude de
1'Energie Nucleaire (1972).

tAll cross sections in this column have been normalized to U235 (n,f) = 1250
(chosen by A. Fabry. See reference above.)
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