
LA-UR--O3-3531“’”m-m -83-3531

,

TIT1.~:SI’ATIJSOF FISSION YIELD EVALUATI~S

.

AUTHORfS)T* R- Ewl~d) T-2

B, F. Rider, Retired, General Electric Corp. (Consultant Los Alms

National Laboratory, Group T-2)

SUBMITTEDTO: The Specialists’ Meetinu on “Yields UIXl Dccav Dnta I:ission

lmAlamos,New Mexico 87546

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



SLTATUS OF F~ssloN YIELD EvALu~TIONs

T. R. England

Theoretical Division, Los Alamos National Laboratory
Los Alamos, New Mexico 87545

B, F, Rider

Retired, General Electric Corporation
Consultant, Los Alamos National Laboratory

Los Alamos, New Mexico 87545

ABSTRACT

Very few yield compilations are also ●valuations, and very
few contain an extensive global library of measured data and
extensive models for unmeasured data, The earlier U.K. evalua-
tions and U,S. evaluations were comparable up to the rctiLsments
of the primary ●valuators, Only the ●ffort in the U.S. has been
continlled and expanded. The prel:ious U.K. evaluatiol~s have been
published. In this paper we aum,larize the current status of the
U.S. evaluation, philosophy, and various integral yield tests for
34 fissioning nuclides at one o: more neutron incident energies
and/or for apontaneoua fission, Currently there arc 50 yield sets
and for each we have independent and cumulative yields and uncer-
tain~ies for approximately 1100 fission ploducts. When finalized,
the recommended data will become part of th, next version of the
U.S. Evaluated Nuclear Data Pile (ENllF/B-VI)i I’he complete aet of
data , including the basic input of meagured yields, will be issued
as n sequ~? to the General Electric ●valuation repor~s (better
kI~OWII by the author~’ names: Rider--or earlier--tleek and Rider).

1, INTRODUCTION

Mal)y cornpllation~ and, in a few cat4es, evaluations ~f fi~sion yield~
have bcf?n pllblishrd Binre the discovrry of f’i~sion in 1939. MOHL havf! becll
limited to the yield~ of the major fissionable nucliden and/or limited to
mass chain yirlda or otherwiar limited in the ncopeI of datn in~’ludcd, Very
few compllationti could alao be clas~ed aH ●valuationti. Sinc~ 1972, tiw e!-
i’orts, Crouch in the U,K,[l] and Rider and Meek in the U,S, [2], are out-
ntanrling ~n the range of’ data cons~derrd and in their altempt to mnke global
●v~lluatiourn , 0!’ the~e, LIIP continued PvnluatioIIs of R~der, along with thr



guidance and assistance from the ENDF/B Yields Subcommittee, are the most
recent and extensive, The U.K. and U.S. evaluation procedures differ in
philosophy, in the ❑easured data accepted for inclusion, and in the evalua-
tion of uncertainties; but prior to Crouch’s retirement, mean chain yields
were comparable and tending to converge for the larger chain yields.

The ENDF/B-IV and -V yields are based on Rider’s evaluation prior to
hia retirement from G.E. in Decembel 1981, and the work has subsequently
continued at Los Alamos in close consultation with Rider. Crouch’s unpub-
lished data baae has received some updating through 1980; however, as of
●arly 1983, his 1977 ●valuations have b~en halted. Rider and Crouch did
exchange data bases through 1980 and resolved most of the differences due to
errors and/or interpretation of published data through 1980, thereby improv-
ing both bases,

This paper will susmmrize the status of the continued and more exten-
sive ENDF/B evaluations. These incorporate ths recent measurements at ANL,
ORXL, University of Illinois (HIAWATHA), Grenoble (Lohengrin), chain yields
of Maeck (this conference), and other, less ●xtensive data, as referenced in
[z] (approximately 1274 references). (We assume that other papers at this
conference will summarize the status of measured dnta.) Also , we expect
that the U.S. evaluation work will be continued and that the U.K. evalua-
tions will be rfisumed, with a cooperative exhange of the data bases as a
consequence of these endeavors. In addition, we anticipate continued co-
operation with France, Swed@n, Japan, Germany, and other countries, parti-
cularly in sllpplying data for inclusion in the evaluations,

There is a reduced level of support for ENDF/B-VI evaluations and co-
operation is even more essential now than formerly for Versions -IV and -V.
In this regard, the compilations of mea~ured data in progress at BNL (V,
McLane) ake ●xpected to be very important to the final ENDF/B-VI evaluation,
Also, the evaluation of parameters used in modeling yield distribution
where measured data do not exist are vital. Essential contributions are
being made in this area by J, Blachot and H, Denschlag (this conference), A.
C. Wahl (Washington University, retired) and Wahl’s colleagues at Los Alamos
and Livermore. Obviously, the ●valuation of Pn values are also important to
the yield ●valuation process. These have been completed in a mutual Hanford
lingin/:ering/Los Altimos ●ffort, a report submitted for publication in Nuclear
Science and &neering,

.——.
and preliminary values published in Ref. [3]. (See——— ,—

also F, Mann, this conference, ) We anticipate some assistance from HEDL In
the conclu!jive evaluations for ENDF/B-VI.

11. EVALUATIONS FOR ENDF/B

Exi~ting ENDF/B yield sets have been based on thr ha~ic evaluations by
B. F. Rider prior to ,lis rctirernen’. from General Electric. Several codc~
were written aL Los Alamo~ to ●xpand ●ach maas chain to include each nuclidc
●nd isoineric utatc in the ENDF/B decay i!les or to cover at least follr

charge units on the neutron rich side of the most probable charge. I 11
addition, these codes were used to check for errors in the decay hranf-hings,
tc provide variou~ inte~ral teots [4,5], and to ultimately provide an output
normaliz~d to 200% ir~ the required ENDF/B forma~ structure. The ENDF/11-IV



and -V results will therefore differ slightly from basic evaluations pub-
lished in any of the successive versions of the G.E. publications !2].

Since early 1982, the evaluation work has continued S: Los Alamos with
Rider’s assistance, All of the G.E. codes had to be ❑edified to replace
machine-dependent subroutines, and all ❑aster data files contained one mis-
sing column that required a tedious, but essential, replacement and checking
effort before the addition of new data, This paper is bared on Version E tu
distinguish it from the last available version listed uvder Ref. [2]. Some
data are now current LO mid-1983 and all data are cuiren~ to at least mid-to-
late 1981. In addition, duplicate measured data, resultlng from more than
one publication or ltiboratory report by the same author, have been largely--
hopefully, entirely--removefl.

We plan to update all dbta sets through 1984 (or later) for ENIIF/E-VI
and to modify the yield distribution parameL<.. and decay-branching ratios.

Current evaluations now include 34 fissionable nuclides at one or more
fission energies, including spontaneous fission, for a total of 50 yield
sets. This is an expansion by a factor of 2+ over EN’DF/B-V {11 fissionable
nuclides and 20 yi~ld sets). ENDF/B-IV, unlike ENDF/B-V and the current
evaluations, contained only ind~pendent yields, no uncertainties, and it
covered only six fissionable nuclides for ten yield sets. The current
evaluations include independent yields prior to delayed neutron emission and
cumulative yields along each mass chain subaquent to delayed emission along
with the uncorrelated uncertaintitcs in each quantity.

Table I lists the fissionable nuclides and yield sets included in
ENDF/11-IV, -V, and the preliminary evaluations for ENDF/B-VI, Table II
briefly summarizes the characteristics of each version,

111. COMMENTSON THE GENERAL EVALUATION

For each yield set the mass chain yields are ~valuated in increasing
order. Each chain consists of nine elements pl’lq significant branching to
first isomeric states and to delayed neutron emitters (treated as isomeric
states), There are up to 12 nuclidss per mass chain for mass numbere 66
through 172, or over 1100 nuclides in each yield set. The deiayed neutron
emitters couple the mass chains, hence the ●valuation p~ocedure must account
for the loss and/or gain from such couplings; this is accomplis;~ed in part
during the evaluation of each mass chain and in part by specified iteration~
during the ●valuation of ●ach yield act. The nuclide yields are invere~?
variance weighted; but, before thie is accomplished, several complications
arc considered:

(a) Most yield~ have been measured sllbaequent to delayed neutron
cml~sion, but many are now metisured prior to emission, The diff~rcnt
types are keyed in the data net.

(b) Chain yields generally have a nmaller uncert~inty than independent
yields, yet the recosmnended l~ncertainL{eN mupt bc consistent (nee Sec
V)i



(c) Some messured yields are relatlve to other fission nuclidcs and
ever! products from other fissioning nuclides; these must be converted
to absolute yields and some must be updated to new reference values.

(dj Some yield uncertainties receive special treatment numtcrs (see
Ref. [2]) tha~ modify the originally quoted uncertainty.

(e) Some yields are clearly discrepant and are rejected based on
statistical criteria (e.g., the Dixon Range Test).

(f) Yields anu uncertainties are requir<d for all nuclides, yet very
few independent yields have been measured. The distribution of the
chain yields is bated on the models discussed in Sec. IV, but these are
given large uncertainties and have little effect on their weighting
with meas~lred values.

These comments are intended to provide the reader with an idea of the
complexity of considerations used in the evalu( tions, but a complete list of
these and special treatment flags (listed in Ref. [2]) is too extensive for
this paper, We do provide more detail on the evaluation procedure in Sec.
v. Reference [5] presents some additional insight,

IV. DIM’RIBUTION MODELING

Relatively few independent yields have been measured.
used where they exist, Otherwise we use P modification of

They are bei~g
the “2P” model,

which i~ a phenomenological Gaussian diGlribution about a most-probable
charge per mass clain (see wcrk !Iy A. C. Wahl in Ref. [6]), The original
model is illustrated in Fi8, 1, In particular, the basic distribution ii
given by Eq. (1) where Zp is the most probable cllargc per mass chain and o
the Gaussian width:

1
P(Z,A) =—-—

exp[.izd ] .

(2naf )$ 2a2
(1:

[All results in this presentation assumed that a waa a con~tant 0,56 and
used Zp valuen based on Ref. [7]. AS noted in the next se~tion, the Zl~’F
are modified and u will be modified for the final evaluation for ENI)F/11-V1,
including any dependence on the chain maas,]

Using Rq, (1), the fractional independent and cumulative yields (iguor-
ing pairing eifects) ale compljted using Eqn, (2) and (3), resprctivc]y:

Z+*
FIY’(Z, A) = ~ P(A, Z)dZ (2)

z-$



z++
FCY(Z,A) = ~ P(A,Z)dZ (3)

-e

These distributions ❑ust be ❑o<ified to account for proton and neutron
pairing effects and isomeric states. In particular we use

FIY(Z,A) = FIY’(Z,A)(l t X)(l f Y)/NORIl , (4)

where X and Y are the Z and N pairing and NORM is the factor necessary to
renormalize the mass chain distribution to unity. The “+” sign is used for
products having an even Z or N and the “-” sign for odd Z or N. That is,
there are four products possible. The particular factors X,Y used for this
paper are listed in Table III and are bajed on the earlier parameter evalua-
tion at Los Alamos [Ref. 8]. These require an updating using the more
extensive independent yield measurements that have since become available.
The large Z pairing for 23% is now known to be too large, as will be dis.
cussed in a later section.

We have also developed and used a spin-add-energy-dependent model, for
isomeric state distributions Ref. [9]. The model requires an estimate of
the total angular momentum, J of the fragment and a statistical model is
used for this. The details ~!’s~he isomeric state model are read~ly avail-
able in Ref. [9]. Measurements of isomeric vs ground state yields made
since the publication of Ref. [9] have shown remarkably good and bad agree-
ment with the model; however, most of the cases in which agreement was poor
had very questionable spin assignments or spurious identification of the
ground vs. isomeric state assignments, In many cases, no estimates of the
spins were available and the independent yields are assumed to split equally
between the states.

Although we have no plans to further modify the basic distribution
Ilodels (only the parameters), the reader should be aware that a similar
Gaussian model based on ●lement yields (the “Ap” model) is being developed
[10] (see also Blachot, this conference), It is possible that the Ap model
is more accurate, ●specially for users intending to rely Q on calculated
distributions, For ENDF/B-VI, we will retain the use of the Zp model, along
with improvements in its parameters, because of the extensive existing
coding that permits L!S to include measured distributions and mass chain
yi~lds with the model values,

V. SPECIFIC TREATMENT FOR RECOMMENDEDYIELDS AND UNCERTAINTIES

Bccausc there have been some comments to the ●ffect that our assignment
of uncertainties is generally too small, the following sunnnary of the method
uEed for recommended yields and uncertainties in provided in mare detail
than wc would Ilormally prefer for this review paper, However, this eummary
ie ~till incomplete in thaL many yields receive upecial consideration before
incorporation into the banic files and also special treatment flags in th(’



evaluation codes [2]. As is seen in Sec. VI, the integral calculations show
larger uncertainties than would be suggested by the comparisons with meas-
ured integral quantities. The suggestion that our resulting uncertainties
are too small is probably based on the small uncertainties for some fre-
quently measured mass chain yields. Aa evidenced in Sec. VII, some of these——
are less than 1%; this is a natural result of the weighting of many measure-
❑ents. We do treat all uncertainty values as independent and uncorrelated.
The ULntegral calculations clearly indicate that , on the average, the uncer-
tainties are either too large or there are large negative correlations.
Suggestions have been made that the rccosmwnded uncertainty shouid never be
permitted to be less than l%. However, we prefer to retain the meLhods
described below and leave the option of utilizing this suggestion and its
defense “.o the discretion of the user,

A. Merhing Modrl Distributions with Experimental Values— ——

The model independent yields are normalized so that their sum equals
the chain yield. Large (100%) errors are initially given to the model
yields. These model yields are merged statistically with weighted averages
of measured yields. One set of cumulative yields is calculated by adding
independent yielJs starting with the initial nuclide and ending with the
chain yield. A second set of cumulative yields is calculated by starting
with the chain yields and subtracting j.ndependent yields ending with the
initial nuclide. These two sets are averaged using reciprocal variance
weigt.’:ing, The first set dominates the initial nuclide y’.eld averages. The

second set dominates the final chain member yield ave~ages because of the
small errors caused by the constraint imposed at C!% and 100% of the chain
yield, respectively, This technique and resulting error analysis is essen-
tially that recommended by B. I. Spinrad ,11], Spinrad and WU [12] hdVe

developed a generel correlation for independent fission-product-yield uncer-
tainties. Measurements of independent fission-product yields from thermal-
,~eutron fla~lon of 23Su 239pu, 233u, and Zdlpu were compared with expected

yields from the semiemp~rical model in our evaluation, A ger.eral correla-
tion between the experimental to theoretical ratio and the distance of the
riuclide from Zp wan constructed based on measured distributions from 23SU,
.239pu, 233u 241Pu fission. This correlation serves as a basis for assign-
ing uncertainties to theoretical yield estimates. The correlation is

Abs (Qn(Yi’(1)/YE(I)) = 0.143 + 0.108 (2(1) - Zp)2, (4)

wheLe YT and YE are theoretical and e~:,erimental fractional independent
yields of nuclide (I), Z is the charge of nucl~de (I), and Zp is the mos~
probable charge for the mnss chain.

B. Trea~ent of E~erimental Uncertainties and Yields.—. ..- .—- —c_ __. . _ .-. — ._ ——._

The original va’ ~nrted in the literature have
the master files along e ref~:renre value (if any)
were determined. An updated value was then calculat~d

been tabulated in
agafnsL which Lhcy
by using thr mo:;l



current recommended value for the fission yield of the reference nuclide
frcm our files. All the updated values were adjusted by a small adder to
~o,sure that the chain yieids cbout each mass peak would total 100% except
for the small difference between iterations. To determine this adder, the
variance of the sum is obtained by summing the variaGces of each chain
yield. Any difference from 100% is apportioned to each chain yield in the
proportion its variance bears to the total variance. That is, to a chain
yield whose variance contributes 10% to the total variance i~ added 10% of
the total difference from 100%. This method results in a negligible adjust-
ment to accurately determined absolute yields and ensures the adjustment. is
❑ade mainly in the lesser known yields. Yet these lesser known values are
adjusted by only a fraction of their standard deviation or well within their
experimental uncertainty.

The relative standard deviation repo{ted in the literature was not
allowed to be better than (smaller than) 0.5% for mass spectrometric or 5%
for GZ(Li)-era radiGchemical and other special I,,easurements made since 1965;
10% for sodium-iodide-era measurements between 1955 and 1965; and 20% for
Geiger-counter-era measurements befoie 1955. Estimates are generally no
better than 10% and are defaulted at 30%, If separate plus- and minus-
errors were reported, the smaller value plus two-thirds t,le difference was
used. ~f no uncertainty was reported in the literature, it was assumed to
be three times the lower iimit. For relative values, ~he re-uitant uncer-
tainly was combined statistically with the uncertainty in tl,e recommended
yield of the reference nuclide from the previous iteration to give an error
of the updated value. For absolute vllues, a 2% upper limit of conceivable
systematic error was combined with the reported rar,dom uncertainty.

Average experimental independent yields and experimental cumulative
yields were determined for each nuclide. The individual values in the
average were weighted by the inverse square of the relative standard devia-
tion. If more than the above standardized treo.tment is required, a special
treatment number has been assigned so that these various cases can be indi-
vidually treated. A detailed description of the special treatment numbers
are given in Ref. [2].

c. Constraints l.l~ecl in the Evaluation—..

There are se~eral integral conservation~ or constraints one could use
in the evaluation procedure as has been done, for example, by Crouch [11.
However, we prefer to use these as a test of the general quality of the var-
ious yield sets, as discussed in the Sec. VI. We do impose essentially two
constraints during the evaluation iterations. The yields about each mass
p~ak are normalized to 100% except for small variations that occur during
the final it~rat~on, and the independent yield weighted charge of of pro-
duc~s is forced to sum to the fission nuclide charge (minus the small te?r-
n~ry fission charge) by adjusting the model Zp value within its i 0.1 charge
un:t uncertainty, if nrcecearym The midpoint mass value used for sep~!rating
the two peaks is not critical because of the emall yields near eymmetric
fission. We use the nearest integral ma~s vane so the quantity

(5)



where G = the total delayed neutron yield or some assumed value if it
t

is unknown,

‘f
= the mass number of the fissioning nuclide.

For spontaneous fission, the added unity is, of course, not used.
The final ENDF/B yields are normalized to 200%; this is required Ly the

ENDF procedure and the change is insignificant.
While it is not imposed as an integral constraint, we do attempt LO

account for the coupling of ❑ass chains due to delayed neutron emission (for
- 102 nuclides in th~ current evaluation), as noted previously, for the
cumulative yields. This i- necessary
dependent values before delti;ed neutron
emission.

D, EnerRy Definitions

Yields do <epend on the neutron

because the ENDF yields require in-
emission and cumulative values after

fission energy. Future evaluations,——
especially of mass chain yields for fast reactors, mgy require either in-
formation of the dependence for some important nuclides used, e.g., on burn-
up ❑onitors, or on the use of two or more pools of fast-yield data. At a
Los Alamos CSEWG meeting in December 1982, W. 14aeck questioned the ENDF/B-V
evaluation based on a comparison of the energy dependence implied by our
evaluated yields labeled thermal and fast with his chaifi yield measurements
in two or more fast spectra (see Maeck’s review of this conference). It is
both quite possible and probable that evaluated thermal-to-fast ratios based
on ~everai experiments will not show the same tnergey dependence as the more
limited data from a single measurer made in different fast spectra. such
measurements could be useful in specifying the energy dependence for the few
nuclides where it is available, but otherwise evaluations cannot ignore the
mean cumulative yield val zs based on the results from several experiments.
That is, the data produced by a single measurer is more likely to be correct
in the qualitative behavior of yields vs energy than in the absolute fission
yield. In any case, energy depcnd?nce is one area in which revaluations
could be expanded and improved. To date, we use only four general designa-
tions fur energy: therrr’1-, fast-, high- (- 14.7 MeV) and spontaneous.
These are denoted in the cables following this section by T, F, H, S, respec-
tively.

A fission-neutron spectrum is defined as one giving a CD-115 grcund
state R-value of 2.80 for 23SU fission, using ‘eMo as a reference nuclide.
As an expedient, yields measured in the core of a fast reactor snd sel,=cted
yields measured in monoenergetic neutron energies between 9.5 and 2.0 MeV
have been pooled with fiasicn-neut.ron spectrum yields. The definitions of
thermal- and high-e~ergy neutrons in practice are fairly consistent. Ther-
mal neutrons are obtained from R reactor and are assumed to have been moa-
●rated to thermal ●quilibirum. The high-energy neutrons are obtained from
the 3H(D,N)4He Reaction. The actual energies quoted vary from 14 to 15 MeV
with 14,7 MeV being the most frequently listed mean value. The ENDF/13
format req:lires an assigned energy for each yield set, For fast yields,
thim hari been listed as 0,5 MeV in Version IV and V. This value is obvious-
ly arbitrary becaup- some nuclides have a higher thrvshold energy for fis-
sion.



E. Final Recommended Yield Procedure

The weighted average experimental independent yields, the weighted
average experimental cumulative yields, and the calculated cumulative yields
were combined statistically to form a single, self-consistent recommended
value. The following is a summary of the pro:edure used to obtain the
recommended values.

The calculated charge distribution was essentially used only when no
data were available and even then was normalized to the nearest experi-
mentally determined yields to ensure that the experimental and recommended
values will closely agree. A large uncertainty was assumed for the calcu-
lated yields to ensure that any rfispectable experimental data would domi-
nate. The contributions of all precursors were added. The total precursor
contribution was then subtracted from the experimental cumulative yield,
when available, or the normalized calculated yield, to obtain an independent
yield. (Note: independent yields so ob~ained that are less than 0.1% are
given no weight and negative values are discarded.) This independent yield
was the,l averaged with the experimental independent yield, if available, or
the calculated independent yield and stored for later use. A cumulative
yield was then obtained by adding the precursor contribution to the indepen-
dent yield previously obtained. This cumulative yield was averaged with the
experimental cumulative yields, if available, or the calculated yield to
obtain a cumulative yield that was t,hen stored as input for the next member
of the chain. After this Frocedure has been performed for all members of
the chain, the mass chain yield was obtained by adding the stored cumulative
yields of ail stable nt.lides. The stored independent yields were then
normalized so that their total equals the chain yield (after adjustment for
delayed neutron smission). The recommended cumulative yields were obtained
by addin2 the independent yields of all precursors to the independent yield
of the nuclide. The total of the chain yields about each peak was then
obtained. Tne difference between 100% and this total was distributed among
the chain yields in proportion to their variances. This method ensures the
reported chain yields about each peak will tctal nearly 10G%. This proc -
dure preserves the independent yield significance of the differences among
the recommended yields and it allows unstable nuclides to affect the chain
yields if independent yield~ have been measured or if the calculated charge
distribution indicates the yield of the nuclide is very near the chain
yield.

VI. TESTS

Tabular data in tlis section are listed in the order of evaluation of
each set. This order roughly corresponds to the amount and/or quality of
‘he yields for each fiaeioning nuclide and incident neutron ●nergy.

A. Code and Master File Verifications at Los Alamos

AS previously noted, all input files required some reconstruction due
to a missing column on the magnetic tapes received at Los Alamo~. All
FORTRAN DO-loops had to be altered in the primary evaluation routines and



some system dependent routines had to be rewritten. In addition we incor-
porated 196 new data in the basic files, corrected several input data er-
rors, and eliminated some duplicate data due to multiple publications.
Therefore, we had to do some extensive testing to verify the resulting files
and codes.

One test was simply to plot the resulting mass chain yields, giving the
familiar double-peaked shape, as in Fig. 2. h more useful test was to
compare the 20 sets common to ENDF/B-V, as in Fig. 3. Here the uncertair,ty
values are from the current evaluation. Exact agreement is not expected
because of additions in the basic data following the release of ENDF/B-V.
The primary utility o such familiar plots is to discover gross errors in
the evaluations; for this reason, we examined the plots of all 50 yield
sets. Otherwise, we compared the yields for some specific nuclides that we
expected would remain nearly constant due to small uncertainties in measured
data. In addition, one routine in the code compares measured values for
gross errors, lack of a normal distribution, etc.

We are now satisfied that the codes and data files are correctly operat-
ing on the Los Alamos computers using only standard FORTRAN-V (not -IV)
routines.

B. Average Cher-

Table IV lists the average charge, computed from the independent
yields, and its deviation from the fission nuclide charge. Except for the
small component lost due to ternary fission, and the small deviation due to
a finite number of integrations in the evaluation, the deviations should be
zero, z ave in the table was computed

z
ave = ~ YI(Z,A).Z 1 i’

where YI(Z,A) = independent
i

and z= charge of nuclide
i

from:

(6)

yield of nuclide i,

i.

Clearly this simple check of each evaluation is satisfactory. The most
interesting feature in this taLle 1s that the largest deviation, 0.06%,
occurs for 23SU(T), the set having the largest number of measured input
yields . Prior to adding the Lohen~rin independent yield mee~urements, a
closer charge balance could be achieved, but we expect the final evaluation
for ENDF/B-VI to show a closer balance.

c. Deleyed Neutrons————

Other reviews at this conference will be discussing delayed neutron
calculations. However, we have been using evaluated emission probabilities,
P, and yields as one important test of the quality of the fission yields,
a~ in Ref. [13]. The calculation is simply made with

i
d

= ~YC(Z,A)iPni, (7)



where YC(Z,A)i = cumulative yield of ~hch precursor,

and Pni = total neutron emission probability following precursor
decay.

This test is particularly sensitive to the pairicg values used in the
❑odel distributions (Table III). As noted in Ref. [13], more than 90% of
the delayed neutrons come from the decay of ~dd-Z precursors. Accordingly,
if the Z-pairing is too large, the computed v will be too small, This was
long suspected to be the case with 23aU becau~e our energy-dependent model,
Ref. [8,9], used an incident neutron energy too close to the fission thresh-
old. The result was a 33% pairing effect. Recent results reported by Blachot
(this conference) indicate that the pairing is essentially constant for a
given fissionable element and incident neutron energy, When we use 15%, the
same value us~d for 5U(F), the result for 23aU(F) is 4.04 t 0.4 in ugree-
ment with the ENDF/B-V evaluation within the computed uncertainty.

All calculations using the pairing in Table III, our recent Pn evalua-
tions Ref. [3], and the currenc yield evaluations are listed in Table V,
along with the ENDF/B-rJ aggregate evaluations. The listed computed uncer-
tainty includes that from Loth the Pn values and yields, and these individ-
ual components are roughly equal for many yi~ld sets. For 17 of the 50
sets , the Pn uncertainty is dominant (th~s includes the thermal and fast
yields of the major fissioning nuclides, 235U, 233U, 23BU, 229Pu, and
241pu) .

D. Total Neutrons Released Per Fission—. .—

It is possible to compute the number of prompt neutrons per fission
from

; =lif+I
P

- Z YI(A,Z).N. ,
11

i

(8)

where N
f

= the number of neutrons in the fissioning nuclide (the unity
is replaced by zero for spontaneous fission).

Ni = the number of neutrons in the directly yielded fission pro-
duct ,

Assuming the nuclear charge is conserved, the Nf can be replaced by ,~f, the
total number of prompt neutrons can be romputed from

=Af+I - ZYCH(A)iAi - ;d
‘P

(9)
i

and the total number of neutrons from

—

‘t=vp+vd ’
(10)



where YCH(A) = the mass chain yield

and A. = the mass number of the chain.
1

Again, this assumes charge is conserved, otherwise it can be corrected using
the-resLlts from Table IV. UsinE Eqs. (9) and (10), the uncorrected values
of v and comparisons with the a gregate evaluations in ENDF/B-V are listed
in T~bJe VI. (Correcting the E23 U thermal value for lack of charge balance
gives vt = 2.60 t 0.29).

Apart from the generally good agreemen~, one should note the large
uncertainty, This is entirely due to yield uncertainties ar,d, of course, is
actually the uncertainty in the weighted mass number wherein the yield un-
certainties are treated as independent and uncorrelated in the expression

where A denotes on? u in each quantity and the small contr~bution to the
uncertainty in { from delayed neutrons haE been ignored.

kRecalling t c discussion of uncertainty in Sec. V, and particularly the
concern that uncertainties are too cmall in cur evaluation, the large uncer-
tain) here, we ~hink , clearly shows that yield uncertainties are not gener-
ally small. In fact, had we used the independent yields and u;lce~inties,
AN would be even larger for most of the fissioning systems, The results in
Table VI were unexpected: the large uncertainty-es compared to the relatively
good agreement of calculated and ●valuated Vt values indicates that our
uncertainties arc eiiher generally too large or that there are significant
negative cnrrslations, as noted in Sec. V.

233U measurements at the University of Iliinois (HIAWATHA) demonstrated
that, with few exceptions (those near closed shells), our earlier evalua-
tions were in good agreement with measurements and it was concluded that our
uncertainties were generally too large [14]. (The abovt} measurements were
not incorporated into the ●arlier evaluations, but are now part of the basic
data files.)

As prevl(.ely stated, there are some small uncertainties in mass chuin
yields for :.-; “v measured nuclides. The slmplc unweighed average o!
all uncertainties .UL’ cumulative yields ? l% and S 1% are listed in Tal)le
VII,

E, Pairinfl Effects—. . ——. —

A simple plot of ●lemental yields va the Z value shou.d ~how Lhr puir-
ing dim~.nishing with neutron fission ~nergy. Figure 4 and ~imilur plot.~ for
all other caseB having a
this effrct.

F. Other Integral Test~.——

All yields mummed to

non-zt o pairing listed in T~ble 111 clearly tihow

200% within i 0,5%. For thr Int-gral calculallolll;



in this section, all sets were firtit normalized 20 200%, as they would be
for final ENDF/B files.

Fission product yields are generally a direct multiplier in the estima-
tion of the content of any product, unlike, for example, their cross sec-
tions; theref~re, there are mdny possible tests.

A very sensitive test would bc a calculation of the total energy re-
lease per fission. This can be done using the mass of each fission product,
and it was done for the 20 sets in ENDF/B-V where we found remarkably good
agreement wi h ~easured values (generally within 5-15%, depending on the
yield set). This test is very sensitive because a mass loss sf only - 0.2
mass units would account for the - 200 MeV/fission. Even the calculated
uncertainties in ; all exceed Lhis. Due to the demands of time, we have
not calculated thet energy loss for the current evaluation as we did for
ENDF/B-V, but our i“ cention is to do so later; we suggest that other evalu-
ators or measu:ers perform this test.

The early imp?tus for pew yield evaluations was generated primarily by
the need for decay heat calculations frllowing a loss of flow or cooling in
nuclear reactors, and for the beta and gamma spectra of fission products.
These importaut. qllantitites, as well as the buildup of neutron absorption
with depletion of fuels, depend on other quantities and have not been cal-
culated for the current evaluation. Results for ENDF/B-V, and -IV are
available in Refs, [15] and [161, and similar calculations will be presen~ed
in other reviews at the conference.

VII, CHAIN YIELDS

Individual nuclide yields, both independent and cumulative, are in-
cluded in the ENDF/E! files bl!t not the mass chain yields, Table VIII lists
the mass yields and uncerttiinties for ten yield sets from the current evalu-
ation, These are not the final values we anticipate having for the final
evtiluations for EN’DF/B-IV, but changes in the chain yields should lle less
than those in the cumulative and independent yields, In Fig. 5, the r~tios
of 238U(F) and Z39pu(F) chain yields to 23511(F) values are plotted, This
type of plot is more informative than the usual log-linear plots.

V1lI. CONCLUSION

We have described the current evaluation for 50 yield sets, inclu~lng
the methods used and the results of various integral tests. No yield evalu-
ation can be regarded a~ final and this one is no excepLion. In fact, we
arr well aware of’ the impossibility of generating a set of yields that even
temporarily will satisfy all users and men~urcrs. However, we are al~o
aware of thr continuing need for a reference data set and Lhe general accep-
tance nnrl wide usage of the yield~ in this series.
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TABLE I

ENDF/B Fission-Product Yield Setea

NmLmn Cnagy

Nuclide ‘T’hrrral Rut 14MoV Spon

‘Th 6
-h 6
s% 456 56
m% 6
R=(J
mu 456 5: 56
mu
meu 453 45: 45:
B-u 50 6
mu
EMU 45: 456 6
MN

J’
56 6

‘P 6
ms~ 6
8wFu 456 456 56
Sq@ 56 6
~lPu 4(56 56

— ..—— .

Mmtmn Emw ——-

Nucllde Themm.1 kst 14 MA’ *n

56
6 6
6

6
6

6

6

6

6

6

6

6

6

6

56
6

6

6

‘The numbers 4, 5, and 6 refer LO ENDF/9 “.eroions XV, V, ●nd preliminary V1.

ENDF/B-IV contains only indtpel~dent yields and dnez not include uncertain-
ties.



TABLE 11

Sumnary of ENDF Evaluationsa

r’l:LLIJ’d.
QUANTI ‘H ENDF/B-IV ENDF/B-V ENIJF\’B-Vl

YEAR
FISSIONABLE NUC’S
NO, OF YIELD SETS
ISOMER RATIO EST,
PAIRING
DELAYED NEUTRC!N
CHARGE BALANCE
TERNARY F1 SS 10N
INDEP, YIELDSb
WLATIVE YIELDS
UNCERTAINTIES
NO, OF REFERENCES
NO. OF YIELDS

1974
6

i
501:0

N:
NO

NO

95&n
11000

19?8
il

Y::
YES
y~s

YES
YES
YES
YES
YES

1119
44000

19i13

u
}’E3
YES
YEs
YI?JS
YES
YES
YES
Ylls

12?4
110000

aENDF/B yields through ENDF/B-V have been based on compilations by B. F.

Rider at G,E. ●nd modified ●t Los Alamo8 to extend the chai~g. G,E. com-

pilations are NEDO-12154-1 (1974), -12154-2E (1978), -12154-3B (1980), and
12154-3C (1981). Current results are based on corrections ●nd some added
experimental data to the 1981 compilation.

b
Beginning with ENDF/B-V, delayed neutron branching fractions hnve been in-

corporated into ●valuations, Ind~pendent yields apply before delayed neu-
tron emission ●nd cumulative yields ●pply after emission.



TABLE II 1

Pairing Effects Used in

O,ue +
0$151 +/-
0.016 +/-
0.329 +/-
0.018 +/-

!:::: :$:
0.208 +/-
o.210 +/-
0,327 +/-
0.143 +/-
0.016 +/-
0.166 +/-
0.016 +/-
OE44 +/-
0.141 +/-
0364 +/-
0.018 ;/-

0,060 +/-
0.0?0 +/-
0s102 +/-
0.117 +/-
0,010 +/-
0.017 ;/-

0.C67

0.E?4

O!loe

0
0

Fccr .x

0.034
0.179
Cfoole
0.470
0.019
0. Eoe
0.149
0.286
0.264
0. 4ee
0.160
o.5if3
0.200
0.016
0.321
0.160
0. 6M
0.010

0.040
O.oee
0.118
0.132
0.018
0.019

0
y 0.074

;/- 0.301

6
0
0
0
;/’- 0.120

0
0

Evaluation

NEUTRON EFFECT,Y

0.044
0.029
0.003
0.063
0.003

“::;:

0:040
0,041
0 a083
0.028
0,003
0.032
0.003
0,047
0.027
0, 0?0
0.003

+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
+/-
r)

0.034
:. :;:

0:100
0.004
0.644
0.031
0.055
0,056
0,090
0 037
0.004
; . :;:

0.021
0.036
0.114
0.004

0(010 ;/- 0.040
0,015 +/- 0.020
0.020 +/- 0.024
0.023 +/- 0.030
0,003 +/- 0.006
0.003 :/- 0.004

0
0

0.0i3 ~~- 0.016

0,063 y- 0,055

0
0
0

0.021 ;/- 0.023

0
0
:

0
0
0

:
0
0



Average Charge

N’UCL1DE

TABLE IV

(Independent Yields, Vetsion E)

Z-AVE

91.04
:;.:;

91:99
01,98
94,01
93.99
94,01
91,98
09 97
g?, [)(j
91.99
91.!39
94,00
U3 . w
93.99
04.00
59.98
92 B98
97a e9
Q~ , C)()
;:, :)

92:00
92.00
94800
95,00
95.00
93.00
96,00
90.00
90 02
91,00
95800
94,09
95 ~00
G5 ,99
90!01
97,99
98 t 09
9?. 99
95 s98
95, m
98 u99
99 s09
99,99
99,99
03.00
91,s0
92,00

z L)EV

-0.06
-0.01
::. :)

-: ::;

-0:01
0.01

-() ~02
-o 03

0 no
-0,01
-9 01

0.00
-0 01
-0,01

0,00
_o , (-JZ
-o ~02
-().01

0.00
0!00
C)loo
0.00
0.OO
0 00
V.oo
:.::

-(.):01
0!00
0.02
0.00
0.OO

-0.01
0!00

-O.O1
0!01

-001
-0,01
-o 01
~:. :;

-0:01
-0,01
-0,01
-0!01

0,00
-0,01

(J, 00



TAME V

Delayed Neutron Compari~on (Version E Yields)

F1SS1ONAELE
~JCL I DE

r
F
i
F
d
r
F
r
r
F
F
H
F
H
F
F
F
Y
F
s
F
F
H
H
H

:
F
F

T
T
F

;
T
T
T
T
T
~
s
s
s
s
T

;
T
s

CALCULATED VALUES
PER ~o~ F]ssI()~:s

1.77+/- 0.14
2.06+/- 0.27
1.08+/- 0.18
3.54+/- 0.36
2,71+/- 0.35
0.’;76+-/- 0.05
C.66+/’- G.09

“ 1.39+/- 0.12
0.96+/- 0.?2
5,69+\- :.05
0.91+/’- 0.15
0.70+/- 0.13
2,32+/- 0.31
036+/- 0.07
0.81+/- 0.11
1.39+/- 0.16
1.40+/- 0.16
4.16+/- 1.05
1.14+/- 0.15
y:::j: :.;;

3:50+:- 0:38
G150+/- 0.09
0.7(3+/- 0.15
1.54+/- 0.23
o.7e+/- 0.11
0 WJi-j- 0.0”/
079+/- 0.10
2,15+/- 0,24
0,13+/- 0103
1.41+/- 041
1.81+/- 0.68
160+/- 0,35
0,53+/- (2,07
0.25+/- 0,05
0 76+/- 0.11
of30+/- 0,09
0.16+/- 0.03
0173+/- 0.09
0.39+/- 0.06
o,34~/- 0,05
o,44+\- 0.07
1.19+/- 0,14
0.19+/- t)to4
0,06+/- 0,02
0,25+/- 0.04
0,16+/- 0.03
0.98+/- 0,13
0,62+/- 0.09
66(37+/- 0.49

Eif~~{%-V

1.67
1,6?
0.90
4.40
2,60
() 65
0.65
1.62
0.74
5. 2“{
(),74
0.4”{
----

0.43
090
162
150
-,()()
-——
.-.—
----
..—
062
.—
-—
..—-
-—-
..----
.—-
--—
.—
-—
- -—
-—
-—
-—
-—--
-. —
----
-,—.
-—-
-—
-—
--—
-—
-—
-—-
--—
----
-—-



TABLE VI

Total Neutron Comparisons (Version E yields)

NUCLIDE CALCULATED EN!lF/B-V EVAL,

2. 66+/-
2. 45+/-
4. 37+/-
2. 99+/-
4. 48+/–
2.91+/-
2 .90+/–
z . 95+/-
2. 52+/~
2. 36+/-
2. 5G+/–
3. 58+/–
2.81+/–
4. 63+/-
3 , :;.’)+ 1-
2. 9b+/-
3. 53+/-
3.91+/–
2. 76+/-
4.@+/-

2. 72+/-
2.71+/-
4, 62+/-
4.1 8+/-
4.24+/-
2.01+/-
2 B98+/-
4. 02+/-
2. 29+/-
3. 60+/-
1. 39+/-
2, 45+/-
2, 47+/--
2, 76+/-
4 s46+1’-
2. 92+/-
3, 37+/-
f .1 7+/-
u’ 34+/-
:,(. ;2+/-
3, 30+/-
2. 22’+/-
3. ao+/-
4. 38+/-
4, 23+/-
3.1 5+/-
4, 43+/-
3. 38+/-
2. f14+/-
1. 72+/-

0.29
0.34
1.87
C.64
1.68
0.84
0.62
1.10
1.06
1.60 -
O.(I4
3.31
3.35
2.57
:.:;

3:68 ‘
1.67
0.95
2.04
4.30
5.64
4.05
4.86
4.64
5.Pf3
4.61
6.07
5.98
6.33
5,22
2,23
4.72
3.36
3,90
4 ti2
2,04
4,04
5.02
4.’72
4.15
3,60
4.38
5,08
5.04
6.40
5,54
4,85
4.84
2.67

2.44
2.48
4.49
2.4?
4.43
2.89
295
2.96
2.50
2,)2
2.51
4.27
2.30
4.92
2.88
2.96
2,89
304
2,7?
--——
2.42
2.50
4.93
4.24
4.15
2.97
3!17
3.36
2.86
3.53
----
----
2,34
3.09
5.33
3.26
3,83
4.06
414
---—
----
--—-
----
----
----
----
----
4,74
3113
---, .



TABLE VII

tlean Value of Uncertainty in Cumulative Yields

Yc> 1.0% Yc<l.oz
kfyy M# MEAN o

44.22
# N&

8:00 - 186 49.81 820
12.02 2414 61.64 Blb

220 48 20 775
-lj:~ 252 776

193
e.lil
9.(M3

11.99
11.3R
10.48
16.16
13.56
14.%7
13.87
12.0(3
17.07
13.38
11.20
11.21
1?,88
19!12
IG.23
20.93
20.37
20.34
19.82
20, e3
leleB
20.67
le.oe
12.41
15,65
12,48
15189
16.0?
12,70
14.26
1?,08
Ie.le
14!84
16114
16,87
17,08
17.18
ie.ti
10.29
20843
17.lB
14.’72

190
200
172
! 86
1U(J
231
205
231
2GI
212
224
275
203
:;;

219
240
244
255
lee
195
19?
214
172
164
150
170
188
235
200
217
200
215
244
193
181
213
19?
180
224
204
;;:

1g5

4Q 21
::; ;;

49.84
50.90
47.90
D3.41
65.1!)
5360
54.83
62,65
52.lB
64.30
49.19
bl.33
iw:

63:69
G4 a32
56.13
64.23
5s 87
65,02
65.72
64.24
67!18
64.tl
4U .62
64.19
6360
6675
63.77
63 67
64.42
64.25
64. M
65,23
64 ~~
64.lZ
65.66
66.34
68.01
66,38
60,63
66.37
81.43

054
056
024
854
807
651J
841
815
045
B45
BZ5
B02
?56
832
B3L)
851
7B9
032
825
788
852
B63
:::

QO1
830
e~:,
870
85C
8s0
M49
833
856
841
?09
884
805
822
885
898
847
873
::;

739



TABLE VIII

Chain Yields per 100 Fissions and Uncertainties, Version E

n4ss U23ST U235F U235H L230F
66 6.aE-06 +/- 32.~ 6.S69E-0~ +/- 23.00 2 93QE-04 +/- E.U3 3.726E-06 +/- 32.~ E.449E-05
67 3-42BE-07 +/- 32.W 2. IIoE-% +/- 23.K L.696E-04 ●/- B.W 2.155E-05 +/- 32.oo 1.3E16E-04
6a 5.650E-07 +/- 32.~ 3.661E-06 +/- 23.~ 9.08BE-~4 ‘/- 11.~ 9.954E-06 +/- 16.W 2.9S5E-04
69 1.227E-OS +/- 32.W 7.WIE-W +/- 23-00 1.4!4E-03 +/- 32.00 1.29aE-o!, +/- 16.W 5.00EIE-04
70 2.841E-~ +/- 32.W 1.732E-05 +/- 23-W 2.418E-03 +/- 11.~ 1.604E-05 +/- ~6.00 9.002E-04
71 6.590E-ti +/- 32.~ 4.220E-05 +/- 23.00 4.042E-03 +/- ~1.00 2.ME-05 +!- ~6.00 i.59iE-03
72 2.524E-~ +/- li.~ 1.5CM5E-04 +/- 23-W 6.066E-03 +/- 0.00 6.076E-05 +/- 32.W 2.994E-03
73 9.604E-05 +/- 32.W 4.9iOE-04 +/- 16.IM 1.161E-02 +/- ~1.W 2.080E-04 +/- 23.00 5.220E-03
74 3-209E-04 +/- 23.W 1.06!E-03 +/- 23.~ ~ ‘:ZE-02 +/- 11.W 2.787E-04 +/- 32.00 Ei.00IE-03
75 1.054E-03 +/- 23,W 6.?36E-03 +/- 16-W 2.764E-02 +/- 11.W 4.645E-04 +/- S7.00 1.3E6E-02
76 3.~-03 +/-
77 7.553E-03 +/-
78 2-070E-02 +/-
79 4-329E-02 +/-
60 1.270E-01 +/-
81 l.mE-of +/-
82 3.224E-Of +/-
S3 5.394E-01 +/-
64 l.mc+m +/-
85 1.317E- +/-
06 l.=E~ ●~-
07 2.558E_ +;-
0S 3.565E+a3 +/-
89 4.771E~ +/-
W 5.7S5E+Wi +/-
91 5-910E~ +/-
92 S.977E~ +;-
93 6.349E~ +/-
94 6.417E+U3 +/-
95 6.W7E- +/-
96 6.274E+O0 +/-
97 5.937E+O0 +/-
96 S.747E+O0 +/-
99 6.mlEa +/-

?W 6.232E_ +/-
701 5.f70Em +/-
IO2 4.~Ea +/-
103 3.030E~ +/-
104 1.~E+U2 +/-
105 9.W3E-01 +/-
106 3.999E-01 +j-
i07 1.449E-01 +/-
109 5.091E-02 +/-
109 2.993E-02 +/-
113 2.514E-02 +/-
111 !.849E-02 ●/-
112 1.279E-02 +/-
113 1.444E-oz +/-
114 1.251E-02 +j-
11S 1.W4E-02 +/-
f16 1.52iE-02 +/-
117 5.834E-03 +/-
11E /.034E-03 +/-
<19 7.2EJ3E-03 +/-

32.~ 1.127E-02 +/-
8.(X 2-925E-02 +/-
8.00 5.429E-02 +/-
6.W E.505E-02 +/-
6.00 1-146E-01 +/-
4.m 2.091E;OI +/-
2.80 3.262E-01 +/-
0.= 5.734E-01 +/-
0.70 1.c124E+oo +1-
0.35 1.350E+m ●/-
0.% 1.939EuM +/-
O.W 2.4E2E+W +/-
0.70 3.483E~ +/-
1.W 4.4!2E+W +/-
1.00 5.444E+o0 +/-
i.W 5.721E+W +/-
1.00 S.030E+O0 +/-
0.70 6.244E+O0 +/-
l.~ 6.28.9E,W +/-
l.~ 6.414Z~ +/-
l.m 6.190E+a3 +/-
0.70 5.9s4E+a3 +/-
i.oo 5.911E+O0 +/-
!.~ 5.765E+O0 +/-
1.CU 6.274E+IX +/-
1.W 5.199E- +/-
!.cm 4.355E+~ +/-
I.OO 3.241E+O0 +/-
~-40 2.W7E~ +/-
I-4O 1.169E~ ●/-
J.4O 5.309E-01 +/-
2.80 2-763E-O! +/-
4.m 1.144E-O! +/-
8.00 8.254E-02 +/-
4.~ 6.055E-02 +/-
4.00 4.266E-02 +/-
4.00 3.705E-02 +/-
6.@2 3.219E-02 +/-
6.W 3.193E-02 +/-
0.00 2.831E-02 +1-
6.KI 3.369E-02 +/-
8.W 2.946E-02 +/-

16.00 2.~75E-02 +/-
11.00 2.804E-02 +/-

23.00 4.097E-02 +/-
l!.m 6.815E-02 +/-
!1.W 1.022E-01 +/-
11.W 1.716E-01 +/-
23-W 2.596E-01 +/-
11.CKI 2.9.90E-01 +/-
I1.W 6.077E-01 +/-

l.~ f.!llE+oO +/-
1.40 ~.544E+o0 +/-
0.70 1.6513E+~ +/-
1.W 2.626E+~ +/-
~.~ 2.440E+o0 +/-
0.70 3.374E+W +/-
1.40 4.139EZ(XI +/-
0.70 4.594E+O0 +/-
0.70 4.871E+O0 +/-
1.W 5.164E+W +/-
0.70 5.250E+O0 +/-
0.70 5.221E*O0 +/-
0.50 5.180E+O0 +/-
0.70 5.299E+O0 +/-
0.50 5.564E+W +/-
0.50 4.215E+O0 +/-
1.41? 5.OSEIE+W +/-
1.113 4.042E+O0 ●/-
1.40 3.532E+W +/-
1.00 3.333E+~ +/-
l.~ 3.198E+W +/-
2.00 2.1137E+O0 +/-
2.80 i.075E+O0 +/-
1.M 1.577E+CM3 +/-

11.03 1.320E~ +/-
16.00 I.21OE+W +/-
11.00 !.263E+O0 +/-
!6.133 1.113E+W +/-
2.CK) 1.127E+W +/-
2.W 1. I04E+(M +/-
2.80 1.lllE+@3 +/-
2.80 1.086E+m +/-
6.CQ 9.B67E-01 +1-
2.W 1.0S5E+a3 +/-

11.&3 1.082E+o0 +/-
li.m 1.104E+03 +/-
S.OO 1.108E+Oi3 +/-

U23RH
+1- 11.ca
+/ - 16.w
+/- I6.W
+/- 16.@3
+/- 16.CQ
+/- 16.00
+/- 19.00
+/ - 11.00
+/- !6.CH3
+/- 16.(IY

2H6E+W +/- !.cm 1.571E+o0 +/- 2.80
604E+o0 +/- 1:00 1.6B5E+W +/- 2.00
054E+o0 +;- 1.40’2.215E~ +/- 2.00
7e4E+oo J./- 2.00 2.914E+~ +/- 2.OO

.2313E+O0 +1- 1.40 3.166E+O0 +/- z.eo

11.~ 8.025E-04 +;- 23.00 2.197E-02 +;- 16.OU
11.00 3.310E-03 +/- 11.00 3.127E-02 +/- I3.OO
11.00 1.126E-02 +/- 23.W 4.(3B4E-02 +/- 11.OQ
8.00 3.278E-02 +/- 23.IXl 1.690E-01 +/- 11.00

1!.(M 4.72!E-02 +/- 32.(XI 2.127E-Oi +/- 16.00
II.(M 1.083E-01 +/- 16.00 3.324E-01 +/- 11.00
11.~ z 133E-01 +/- !6.00 4.526E-01 +/- 16.00
6.@3 3 952E-01 +:- 1.40 6.690E-01 +/- 2.80

11.(xi B 194E-oi +/- !.40 1.124E+KI +/- 2.80
2.00 7 390E-01 +/- I.OO 1.~3E+O0 +/- 1.40

11.m 1
4.00 1
4.00 2
2.80 2
Z.ao 3
4.~ 3.979E+W +/- 2.00 3.764E+O0 +;- 2..90
6.W 4.2ElBE+IXI +/- 2.EIO 3.926E+O0 +/- 2.80
6.00 4.eE2E+O0 +/- 2.00 4.475E+O0 +/- 2.eo

11.W 4.765E+O0 +/- 4.OO 4.994E+O0 +/- 8.00
4.00 5. I06E+O0 +/- I.OO 4.963E+O0 +/- 2.OQ
Ei.00 5.996E+O0 +1- 4.00 5.578E+~ +/- 11.00
6.00 5.546E+~ +/- 0.70 5.305E+o0 +/- 2.02
8.00 5..962E+W +/- 1.00 5.457E+W +/- ~1.00
2.80 6.163Z+O0 +/- 1.AO 5.685E+O0 +/- 1.40
8.00 6.672E-00 ●/- 1.W 4.996E+O0 +/- 11.00
8.~ 6.202E+O0 +/- 1..40 5.611E+O0 +/- 2.eo

11.00 6.440E+O0 +/- 1.00 4.609E+O0 +/- a.oo
2.!30 6.299E+O0 +/- 1.OQ 4.651E+~ +/- 2.00
a.~ 5.033E+~ +/- 1.00 3.587E+O0 +/- 6.00
4.03 4.075E+cm +!- 2.IM 3.233E+O0 +/- 2.00
4.~ 2.473E+WI +/- 1.40 2.434E+IW +/- 4.00

li.IX 1.234E+O0 +i- 8.W 1.728E+O0 +/- 6.IX
11.00 6.o1OE-OI +/- 16.W 1.222E+O0 +/- 16.0r
4.00 2.423E-O! +/- 11.OC 1.217E+O0 +/- B.oc

tl.130 1.347E-01 +/- 16.IY3 1.026E+O0 +/- 11.W
2.00 7.47eE-02 +/- 2..3 1,040E+CX3 +/- z.eo
0.00 5.527E-02 +1- 4.00 !.006E+O0 +/- 6.00
6.00 5. 146E-02.+/- .9.~ 9.2139E-01 +/- 6.00

1!.00 3.E128E-02 +/- 16.00 7.1B4E-01 +/- 11.00
4.00 3.294E-02 ●/- 6.GO B.392E-01 +/- 4.W

11.00 3.940E-02 +/- 11.Cu3 6.753E-01 +/- 11.00
8 00 3.658E-02 +/- 11.00 7.090E-01 +/- B.OO

11.00 3.9S4E-02 +/- 11.00 B.344E-01 +/- 11.OC
11.~ 3.439E-02 +/- 16.ou 7.353E-01 +/- 11.00



TABLE VIII (Cont.)

n4ss U235T U235F U2351
120 7.514E-03 +/- 11.CO 2.S57E-02 +/- 6.m3 1.113E+o0 +/-
121 1. 152E-02 +/- 6.CO 3.229E-02 ●/- S.W 9.604E-01 +/-
122 8.705E-03 +/- 11.CO 2.726E-02 +/- 11.(X3 1.170E+@3 +/-
123 1.443E-02 +1- 4.~ 3.S90E-02 +/- 11.CM3 1.217E+W +/-
124 1.737E-02 +/- 11.IX) 4.6134E-02 +/- 11.00 1.316E+O0 +/-
125 2.6a3E-02 +/- 4.00 5.411E-02 +/- B.C42 1 4eeE+oo +/-
126 4.454E-02 +/- S.OO EJ.572E-02 +/- 11.~ 1.503E+W +/-
117 1.!611E-O! +/- 4.00 3.0245-01 */- 4.03 2.040E+CKI ●l-
128 3.315E-01 +;- 2.FC 3.953E-01 +/- 11.00 2.490E+W +/-
I29 6.607E-01 +1”- 6.(X 8.443E-01 +/- 4.CO 3.567E+O0 +/-
130 1.733E+03 +/- Z.= 1.7!3E+O0 +/- 6.KI 3.54BE+@3 +/-
131 2.bZE~ +/- O.5Q 3.2~E+O0 +/- 0.70 4.098E+W +1-
132 4.282E~ +/- 0.35 4.651EKK) +/- 0.70 4.13S3E+~ +/-
133 6.654E- +/- 0.35 6.7\6E+O0 +/- 0.50 5.587E+CX3 +/-
134 7.7E19E+cm +1- 0.50 7.641E+O0 +/- 0.50 5.729E+IM +1-
135 6.492E~ +/- 0.35 6.565E+~ +/- 0.70 5.456E+W +/-
136 6.267E+4M +/- 0.35 6.2!6E- +/- 0.50 5.334E+O0 +/-
~37 6.136E~ +/- 0.50 6.210E@0 +/- 0.35 4.Q24E+O0 +/-
~30 6.627E~ +/- 0.70 6.666E+O0 +/- 0.70 4.5aa:40n ●/-
I39 6-235E~ +/- l.~ 6.327E+O0 +/- 0.50 4.749E+@3 +/-
~40 6.134E+im ●j- 0.70 5.949E- +/- 0.70 4.493E+W +/-
?41 5.711t+a7 +/- I.cm 5.891E- +/- 1.40 4.49cE+W +/-
!42 5.733E+U2 +/- 0.70 5.510E+iX) +j- 1.CM3 4.2413E+(M +/-
143 5.945E+U7 +/- 3.35 5.7!5E+m -/- 0.50 3.E127E+W +/-
144 5.443E~ +/- 0.35 5.265E+03 +/- 0.70 3.147E* +/-
145 3.9toE+u3 +/- 0.35 3.765E- +)- 0.50 2.732E- +/-
146 2.977E~ +/- 0.35 2.915E+CX2 +/- 0.S0 2.235E~ +/-
147 2.21SE~ ●/- 0.50 2.\20E+-lX3 +/- 0.70 1.626Ea +1-
148 1.657E+C0 +/- 0.35 1.679E- +/- 0.35 1.2!8E+O0 +/-
;49 1.054E~ +y- I.W ~.031E+O0 +/- 0.70 6.602E-01 +/-
1% 6.434E-91 +/- G.50 6.a39E-01 +/- 0.50 5.103E-01 +/-
151 4.052E-01 +/- 0.70 4.lIOE-01 +/- 0.70 3.623E-0$ +/-
152 2.~7E-01 +/- I.W 2.75EE-01 +/’- 2.W 2.621E-01 +/-
I53 1.460E-01 +/- 2.P? 1.602E-0~ +/- 2.80 2.cJ7cE-ol +/-
!54 7-225E-02 +/- I.W 7.430E-02 +/- 4.W a.137E-02 +/-
155 2-935E-02 +/- 4.w 4-043E-02 ,,’- 11.CKl 6.480E-02 +/-
l=& 1.34!E-02 */- 2.BO 2.027E-02 +/- 2.60 5.37BE-02 +/-
957 5.162E-03 +/- a.~ 6.766E-03 +/- !6.00 3.S37E-02 +/-
158 1.9a9E-03 +/- 16.~ 6.206E-03 +/- lF.Gij 2.3S9E-02 ‘/-
159 8.S93E-04 +j- 6.CX3 2.756E-03 +/- il.~ 1.225E-02 +/-
160 1.146E-04 +/- 32.~ 1.063E-03 +/ 15.c43 7.301E-03 +/-
161 7.645E-05 +/- 4.CX) 3.241E-04 -/- 8.W 5. !67E-03 +/-
162 6.-E-U +/- 32.~ 5.397’E-05 +/- 23.00 2.032C-~3 +/-
163 2.778E-W ./- 32.00 8.99iE-06 +[- 23.~ 1.613E-03 +/-
I64 0.706E-07 +/- 32.W 5.401E-06 +/- 23.~ 9.931E-CM +/-
165 6.578E-07 ./- 23.~ 2.1’jOE-M +/- 23.W 5.471E-04 +j-
166 2.920E-07 +/- 23.12c 13.C,57E-07 +/- 23.~ 2.7130E-04 +/-
167 1.675E-07 +/- 23-@ 3.59f3E-07 +/- 23.W 1.13e5E-04 ‘/-
168 S.S25E-W +/- 23.~ S.931E-M +/- 23.00 1.0E4E-04 +/-
169 1.565E-CM +/- 23.U3 5.334E-06 +/- ?3.~ 7.WIE-05 +/-
17O 3.2alE-~ +/- 23.W 1.U05E-09 +/- 23.00 2.299E-05 +/-
171 1.565E-09 +/- 23.00 6.269E-W +/- 23.C43 1.794E-05 +f-
172 5-397E-1O +/- 23.IXI 1.792E-09 +/- 23.~ 1.662E-05 +/-

i U2313F U230H
8.00 3.443E-02 +/- 16.00 7.B9SE-01 +/- 1!.00
6.00 3.773E-02 +/- 11.W 7.651E-01 +/- 4.00

11.~ 3.6!9E-02 +/- 16.~ E.62TE-01 +/- 11.CKI
1!.00 3.891E-02 +/- 16.00 9.357E-01 ‘:/- 11.00
11.00 4.269E-02 +/- 16.00 1.050E+OQ +/- 11.~
8.00 4.565E-02 +/- e.cm 1.193E+O0 +/- 6.00
4.W 5.t09E-02 +/- S.OO 1.365E+O0 +/- 16.00
4.00 1.331E-01 +/- 4.00 1.505E+CM2 +/- 6.00

11.00 4.179E-01 +/- 6.OU 1.675E+~ +/- 8.00
s.00 9.441E-01 +/- 4.OO 2.076E+O0 +/- 8.00
e.00 1.R39E+O0 +/- 6.CM3 3.202E+W +/- 11.00
2.80 3.232E+O0 +/- 1.40 4.050E+o0 +1- 2.00
2.80 5.137E+O0 +/- 1.40 4.846E+~ +/- 1.40
6.00 6.74SE+O0 +/- 0.50 6.125E+O0 +f- 2.00
2.80 7.s45E+O0 +/- 2.00 6.547E+MI +/- 2.00
4.00 6.950E+O0 +/- 0.70 5.890E+O0 +/- 2.00
4.00 6.897E+OG +/- 2.BO 5.744E+O0 ●/- 2.00
2.80 5.999E*O0 +1- 0.70 4.9E16E+CH3 +/- 2.m
6.00 5.694E+~ +/- 1.40 4.a59E+~ +/- 2.80
4.~ 5.630E+CX3 +/- I.W 5.046E+O0 +/- 2.90
2.80 5.8i3E+O0 +/- 0.70 4.6~9E+O0 +/- 1.40
4.W 5.404E+O0 +/- 2.00 4.357E+~ +/- 2.’90
6.Cn3 4.564E+CM3 +/- !.00 4.lM)E+oo +/- 4.00
2.80 4.5S4EWX +/- 0.70 3.933E+O0 +/- 2.s0
2.00 4.539E+O0 +/- 0.70 3.655E+O0 +/- Z.ao
6.00 3.776E+W +/- 0.10 3.014E+O0 +/- 4.00

\\.00 3.41SE+U3 +/- O.7C 2.094EwX3 +/- Ii-@l
•.~ 2.542EKK) +/- f.00 2.094E+IXI +/- 2.W

11.00 2.i190E+o0 +/- 0.70 1.759E+O0 +/- f6.00
E.C4) \.613Ea +/- 1.00 1.427E+W +/- 6.00

11.CK) 1.263E+W ●/- 1.00 1.069E@0 +/- 16.00
8.(X) 0.017E-01 +/- i.40 8. 144E-01 +/- 6.00

11.~ 5.235E-01 +/- 1.00 5.0B8E-01 ●1- 16.IX)
lt.m 3.EtleE-ol +/- 2.00 3.928E-01 +/- 6.00
11.00 2.143E-01 +/- I.Oil 2.564E-01 +/- lIE.(X3
11.~ 1.2713E-01 +/- 16.IX 1.579E-01 +/- 16.W
2.05 G.72EIE-02 +/- 2.00 1.09aE-01 +/- 2.80

11.W 3.714E-02 +/- 16.00 0.379E-132 +/- 16.00
11.00 1.660E-02 +/- 16.C43 4.334E-02 +/- 16.~
B.@3 7.158E-03 +/- !6.00 2.635E-02 +/- 1!.00

tl.~ 3.047E-03 +/- 23.(X3 1.594E-02 +/- 1~.00
8.00 1.154E-03 +/- 8.Cx3 8.340E-03 +/- 4.IX

11.~ 2.751E-04 +/- 32.00 6.040E-03 +/- 16.’30
11.00 1.649E-04 +/- 32.W 3.453E-03 +/- 16.00
11.00 1.M7E-04 +/- 32.~”2.027E-03 +/- 16.(X)
11.00 6.574E-05 +/- 23.00 1. I16E-03 +/- 16.W
8.00 4.579E-05 +/- 32.03 6.349E-04 +/- e-w

11.~ 3.904E-05 +/- 16.CO 3.753E-04 +/- 16.W
11.00 2.292E-05 +/- 32.CKI 2.035E-04 +/- 16-W
i3.~ 1.375E-05 +/- 32.00 1.305E-04 +/- 8.00

11.00 S.235E-06 +/- 32.~ 6.05BE-05 +/- 16.00
\i.@3 4.611E-06 +/- 32.00 3.358E-05 +/- 16.@
8.U3 8.606E-06 +;- 32.~ 2.i61E-05 +/- 16.CU)



TABLE VIII (Cont.)

mss
120 3.6
!2s 3.7
!22 5.4
!23 4.0
174 1.0
115 I.*
!26 2.s
127 4.9
12S 6-9
fm 1.3
I= 2.0
131 3-s
132 5.4
133 7-a
!34 7.6
l= 7-6
1= 7.1
137 S-6
lU ●.f
139 5.s
140 5.3
141 5-2
142 4.8
143 4.4
144 3-7
14S 2.9
f46 2.4
147 2.0
148 1.6
149 1.2
IW 9.6
1s1 7.5
152 5.7
153 3.s
154 7.6
155 1.5
l% 1.1
157 7.2
!56 3-7
159 1.9
la ●.s
!61 4.6
162 2.*
163 8-5
164 3.2
16s 1-2
166 6.3
167 1.7
I= 4.9
!69 1-6
170 3.4
171 1.6
172 4-9

13
m
12
1!

tz
)1

19

11

I’9

17
19
‘4
m
IY

w

la

12
15
n
u
‘a
m
u
12
u
17
*
!7
n
m
7
15
n
n
i7
)3
la
is
17
14
19
11
m
u
13
14
17
m
Is
*
)9
‘2
u

W239T flJ239F
:-C2 +/- 1~.W 5.657E-02 +/-
:-02 +/- O.W 6.161E-02 +/-
[-02 +/- 11.~ 7.256E-02 +/-
:-o2 +/- Z3. W 7.31oE-o3 +/-
;-01 +/- 11.(Y3 1.23SE-01 +/-
;-of +/- 0.03 1.345E-01 ●/-
~-ol ●/- 8.~ 2.E63E-01 ●/-
:-~1 ●/- 6.~ 5.107E-OI +/-
“-OI +/- 1~-CO S.923E-01 +/-
:+00 +/- 4.m 1.495E~ +/-
{- +/- 16.~ 2.372E+@ ●l-
;~ +/- 0.50 3.0E5Ea ●/-
[- +/- 0.70 5-323Ea +1-
:- +/- 0.70 6-951E- +/-
[* ●/- 0.70 7.369Ea +/-
;- ./- 0.70 7.%tE_ +/-
[* ./- l.m 7-040E- ●/-
;- ●/- 0.- 6-561E+m ●/-
:- ●/- 1.40 6-129EW +/-
:- +/- 4.0 5.602E- +/-
:- ●/- 1.m3 5 293E+w +/-
:- +/- 2.W 5.~lE~ +/-
;- +/- I.m 4.603E-a +/-
;* +/- 0.50 4.343E_ +/-
:- ./- 0-50 3-692E~ +/-
:- ./- 0.= 3.~7E_ ●/-
:- ●/- O.W 2-457E_ +/-
:- +/- !-40 l-966E~ +/-
:- ●/- O.W 1.654E_ +/-
:- +/- l-m f.240Em ●/-
:-09 +/- 0-= 9.922E-01 ●/-
:-01 ●/- 2-03 7.644E-01 ●\-
:-01 +/- 1.40 5.977E-01 ●/-
;*1 */- 6.~ 4.-IE-O1 +/-
;-OI ●/- 1.40 2.619E-01 +~-
:+1 +/- 11.~ 2.023E-01 +/-
;-01 +/- 2.W 1-434:-01 +/-
:-02 */- 6.03 1-039E-01 ●/-
:- +/- 23.W 6.23ZE-02 +/-
[-02 +/- 6.W 3-691E-02 +/-
:-03 -/- 32.~ 2-228E-02 ●/-
:-~ ●/- 6.~ 7.964E-03 ●/-
:-~ +/- 32.~ 5.602E-03 ●/-
:- +/- 32.W 2.539E-03 ●~-
;-@ ●/- 32.~ 1.%6E-03 +/-
I-O4 +/- 23.m e.150E-c4 ●l-
:~ +/- 16.~ 5.699E-M ●/-
[-~ +/- 32.~ 2.574E-@ ●/-
[-~ ●/- 32.~ 7.365E-~ +/-
:- ./- 32.W 2.461E-05 +/-
:-07 +/- 64.~ 7.27tE-~ ●/-
:-07 +/- 32.CE3 2.478E-= +/-
:U +/- 32.~ 7.367E-07 +/-

mJ24!l U23
11.~ 2.610E-02 +/- 23.~ 1.425E-02 ●/-
I1.W 2.667E-02 ●/- 32-W 1.554E-02 ●/-
1I.W 2.66EJE-02 ●/- 32.~ 1.528E-02 +/-
16.~ 2.773E-02 ●/- 32.W 1.W5E-CJ2 +/-
11.~ 3.3WE-02 +/- 32-W 2-520E-02 +/-
0.00 4.905E-02 +/- B.~ 1- I03L-01 +/-
6.~ 8.294E-02 +/- ~6.~ 2.510E-O! ●/-
O.W 2.333E-01 +/- 4.(M 5.505E-01 +/-
6.U3 3.876E-01 +/- 23.W 0.@7SE-0: +/-
6.r~* S.301E-ol +/- 23.~ 1.616E- ‘/-
6.W 1.B39E+~ .?- :1.W 2.165E_ +/-
0.70 3.091E+~ + - 1.40 3.495E+~ +/-
I.@ 4-563E+W ‘/- I.4 4.799E- 4/-
0.70 6.736E_ -/- l.~ 6.043E+~ +/-
9.70 7.J21E~ P/- 1.40 6-133E+W +/-
0.70 7.243E_ +/- 1.4O 6.163E~ +/-
1.4 7.l17E~ +/- 1.40 6.S65E_ +/-
O.”FO 6.7~~ +/- 1.40 6.ataE+m +/-
l.m 6.599E* +/- z.m 5.=E+W +/-
1.40 6.231E~ +/- 2.~ 6.29ZE_ +/-
0.70 5.732E_ +/- 2.W 6.515E_ +/-
2.60 4.092E+~ +/- 1.4O 6.525EtO0 +~-
0.70 4.7S4E_ +/- 1.4O S.694E+W +f-
0.50 4.5** ●/- 1.40 5.942E+iM +/-
la 4.209E*~ +1- l.~ 4.671E+(XI +/-
0.= 3.269E_ +/- I.4O 3-420E+4M +/-
0.70 2.7a9E+cm +/- 1.4O 2.569E~ +/-
1.W 2-285E~ +/- I.4O ~.746E~ +/-
0.35 1.936E* 4/- 1.W 1.2a9EMM +/-
0.70 1.476E+W +/- I.4O 7.731E-01 +1-
0.70 1.2#6E_ +1- 1.40 5.4M6E-01 +/-
I.4O 9.~34E-01 +/- I.4O 3.130E-01 +/-
2.60 7.192E-01 +/- 1.40 2.124E-01 +/-
4.w S.411E-01 +/- 4.W 9.73SE-02 +/-
2.~ 3.602E-01 +/- 2.U3 4.641E-02 ●/-

11.m 2.422E-01 +i- 6.~ 2.141E-02 +/-
4.IXJ 1.719E-01 +/- 2.80 1.153E-02 +/-
8.~ 1.353E-01 ●/- 4.~ 5.313E-03 +/-

16.~ 9.426E-02 +;- 23-W 2-260E-03 ‘/-
11.00 4.~--02 ●/- 4.w 7.773E-04 +/-
~6.~ 2.095E-C2 +/- 23.W 3.175E-M +/-
4-~ 8.464E-03 +1- 4.w 1.113E-04 +/-

23-~ 2.723E 33 +/- 23-W ~.527E-05 +/-
45 W 9.024E-W -/- 2:.~ 7.142E-W +/-
45.W 3.152E-O_i +/- 23.~ 2.~51E-06 +/-
32.~ 9.645E-05 +1- 23.~ 7.450E-07 +/-
32.~ 6.59dE-05 +1- 23.~ 4.524E-07 +/-
32.W 2.9Ei5E-05 +/- 23.W 6.323E-06 ●/-
32.~ 1.361E-C5 +/- 23.~ 1.627E-06 +/-
32.W 5.71MX-W +f- 23.CU3 5.515E-03 +/-
32.00 1.676E-W ~;- 23.~ 1.638E-W +/-
32.W 3.142E-07 +/’- 23.00 5.429E-10 +/-
32.W 1.W7E-07 +/- 23-W 1.606E-10 +/-

3T 11 !32F
8.00 5.416E-Ci2 +/- 16.W

II.* 4.728E-02 ●/- 6.~
11.~ 3.642E-02 +/- 16.W
32.~ 2.926E-02 +/- 16.~
11.W 2.639E-02 +i- :6.00
11.~ 3.360E-02 +/- 11.W
16.W 4.795E-02 +/- t6.W
11.u2 7.551E-02 +/- 6.C3
11.W 1.821E-01 4/- 16.W
16.~ 2.824E-01 +/- 4.W
23.~ 8.064E-01 +/- 16.~

l.~ 1.615E+O0 +/- 2.W
1.40 2.896E- +/- 1.40
l.m 3.944Em +/- 2.W
l.~ 5.351E- +/- z-m
2.a 5.491E_ +/- Z.@
4.@ 5.623E~ +/- 2.W
0.70 5.6mE- 41- 4-W
2.W 7.021E~ +/- fl.W
4.~ 7.146E~ +/- 2.00
1.40 7.815E* +/- Z.m
2.UO 7.320E_ +/- z.ao
1.40 6.495E~ +/- 4.00
l.~ 6.5BOE~ +/- Z.W
t.m 7.a93F- +/- 2.ao
9.W 5.2a7E+oo 4/- 2.BO
0.70 4.539E_ +/- 2.80
2.60 2.926E~ */- 4.m
I.W 1.992E+u3 +/- 2.60
2.80 1.059E~ +/- 6.00
1.40 3.471E-01 4/- 16.~
2.CO 3.551E-01 4/- 6.~
2.60 7.527E-02 ‘1- 16.W
6.~ 6.443E-02 +/- S.W
2.60 6.842E-03 +/- 23.W

23.~ 3.S98E-03 +/- 23.00
6.W 2.541E-03 +/- 11.00
O.W 9.271E-C4 +/- 23.~

32.~ 4.61 tE-04 +/- 32.00
6.00 9.699E-05 +/- 32.~

32.00 6.868E-05 +/- 32.00
6.W 1.440E-05 +/- 23.W

32.CN3 7.929E-06 +1- 32.W
32.W 4.611E-06 +/- 32.W
32.W 2.02fE-U5 +/- 32.~
23.00 3.512E-07 +/- 23.~
32.~ 1.372E-07 +/- 32.W
32.00 9.701E-W +/- 32-W
32.00 5.262E-06 +/- 32-W
32.00 2.672E-W +/- ?2.W
32.00 1.06~E-06 +/- 32.Ca3
32.00 4.6iiE-~ +/- 32-W
32.113 2.371E-W +/- 32.00



TABLE VIII (Cont.)

-5s
66 1.8
67 3.7
a 1.3
69 4.6
70 1.s
71 2.-
72 9.7
73 2-3
74 5.4
75 1.2
7s 2.8
77 6.C
78 2.7
79 4.6
m 1.1
St 1.7
62 2.0
U 2.9
64 4.7
65 5.7
66 7.6
a7 S.9
ma 1.3
82 l.e
m 1.0
91 2-4
92 3.0
m 3.m
S4 4.3
95 4-8
M 4.9
97 5.3
u 5.8
=6.1

la ●.a
10I 5.9
102 6.0
lW 8.s
104 ●.o
lmi 5.s
la 4-3
107 3.2
la 2.~
106 1.6
flo ●-2
f~l 2.9
?12 1.2
113 7-9
114 5.s
11s 3.s
CSG 4.s

117 4-8
116 3.9
fcg 4.0

PU239T
‘7E-07 ./-
WE-O-I */-
InE-a -f-
E-06 +/-
)IIE-05 *./-
x-m +/-
!6E- +/-
i511+ +/-
‘7t-(M +/-
‘7E-03 +/-
!6E* ●/-
-a +/-
i2E-03 +/-
b7E-03 +/-
17E-O! +/-
Im-oi ●l-

IIE-01 */-
;7E-01 +/-
!4E-01 +/-
;3E -01 ●/-
17E-01 */-
UE-ol +/-
I2E- *l-
IIE+m +/-
I2E- +/-
I6E- +/-
OE- +1-
Mm +/-
ma +/-
‘SE- ●/-
Ma ●l-
ti+m ●/-
uE- ●/-
ME- +/ -
w- +1-
17Ea ●/-
=m 4/-
I7E- +1 -
7E~ +/-
KE- +/-
!SE- ●/-
i3Ea +/ -
5Ea */-
ma ●/-
‘*-01 +/-
mE-ol +/-
9E-01 ●/-
‘W-oz */-
‘7E~ s/-
17E-02 */-
UE-02 */-
5E-02 ●/-
nE-03 */-
‘6Ea ●/-

~239F
23. ~ 0.1 S3E-07 +/-
23. W 2.699 E-- +/-
23. ~ 7.929 E-m */-
23-W 2.941E-05 ●/-
23. ~ 6. 133E-~ +/-
23. U3 V.77’X-_ */-
45-W 4.529C-04 +/-
23. ~ 7.mE-_ ●/-
32. W 1.633E-03 */-
32. W 2.332E-03 •~-
32. ~ 5.453E-03 +/-
1:. ~ I-207E-02 ●/-
11. ~ 2.~E-02 +/-
23. - 5-929E-02 +/-
~6-W 9-745E-02 +/-
16. W 1.346E-01 ●l-
23. = 2-l~E-01 +/-

O.7O 3. C~E-01 ●l-
2.~ 4.933E-01 +1-
0.50 6.016E-01 +/-
0.70 7.-.01OI +/-
0.70 *-023E - ●/-
1.40 1.323E~ +/-
2.~ <.727E+W ●/-
2.~ 2.033E _ ●/-
1.W 2.4~~ */-
1.40 3.014E~ +~-
s.40 3.611EHMI +/-
2.W 4.’iwE+m +/-
2-W 4.67-- +1-
2.- 4.6n~E~ +/-
2.00 5.3iSEa +j.-
2.~ S.653E+W ●/-
2.~ S.956E~ ●l-
4.m 6.5* E- ●/-
I-W &653E~ ●/-
2-0 6-7-- +/-
2.00 6.646 E- +/-
2.W 6.535E+W +/-
2.W 5.344E_ +/-
2.W 4.%2E~ ●/-
6.~ 2.957E~ ●/-
6.~ 1.927E~ +/-
mm 1.-- +1-
6-W 6.213E-01 +1-
2.60 3. S47E-01 +.’-
2.60 l.~E-01 +/-
4.(XZ 1.266E-01 +/-
4.~ 9.366E-02 +/-
●.- 7.017E-02 +/-
6.C1 S.696E-02 ./-
~.~ 6.059E-02 ●/-

~l. W 6. *59E-02 ●/-
11. m 5.--02 +/-

Pu24 ST U233T T14232F
16. @ 1.370E -07 +,- 23. ~ 2.602E-07 +/- 23. W 1.164E-06 +/- 32. ~
16. W 2.545E-07 +/- 23.W 1.179E-06 +/- 23.~ 4.077E-M +/- 32.W
16.@ 5.674E-07 +/- 23.(X3 3.629E-06 +/- 23.W 1.494E-05 +/- 32-MI
16.W 1.273E-ti +/- 73.W 9.960E-W +/--2W.W 3.4502-05 ‘/- 32.00
16.03 4.~E-~ +/- 23.00 3.913E-= +/- 23.(Y3 6.752E-05 +/- 23.~
32.m 6.653E-- +;- 23.W 1.724E-W +/- 23.~ 1.715E-04 +/- 23.W
32.~ 2.545E-ti +/- 23.~ 4.966E-W +/- 23.~ 4.247E-M +/- 16.IM
23.~ 5.mE-u5 ●/- i6.~ 1.W6E-C3 +/- 23.@ 6-519E-M +/- ~6-W
16.~ 9.7=-~ +/- 23-W 2.722E-03 +/- 23-W 1.179E-03 ‘/- ~6-130
23.00 2.937E-04 +/- 23.W 8.159E-03 +/- 23.~ 2.a9SE-03 +/- 16.~
16.CW 9.7916-04 +/- 23.(X3 I-452E-02 +/- 23.~ 6.690E-03 +/- i6.CX3
6.~ 1.956E-03 +/- 23.@ 2.601E-02 +/- 23-~ 1.159E-02 ●/- 6.W

16.W 8.973E-03 +/- 6.~ 5.444E-02 +/- 23.~ 4.559E-02 +/- 8.W
6-W 1-536Z-02 +1- ~6.W ~.502E-01 ●I- 11.0 7.BISE-02 +/- 11-W

16.00 2.991E-02 +/- 16.W 2.359E-01 +/- 23.~ 1.965E-01 +/- !6.W
11.~ 6.355E-02 +/- 16-W 3.670E-01 +/- 4.~ 4.773E-01 +/- lt,~
6.~ 1.H-01 +/- Em 5.655E-01 +/- 2.60 l-100E~ +/- :6-W
2.- 2.016E-01 +/- 2.W 1.014E+W +/- l.~ 2.175E@0 +/- 2.W
1.40 3.S26E-01 +/- 2.~ 1.66BE- +/- 1.00 3.992E+W ●/- 2.m
l.~ 4.06BE-01 +/- I.ZO 2.227E~ ●/- 1.W 4.15sz+cm +,~- 1.40
1.40 5.960E-01 +/- 2.IX3 2.046E+W +/- 1.40 6.553E+W +/- 2.CM3
*.40 7.575E-OV +/- 2.00 4.034E+O0 +/- 1.40 6.934E~ +/- 2.80
1.40 9.766E-01 ●/- 2.~ S.459E+~ +/- 1.45 7.291E~ +/- Z.m
2.~ 1.221E~ +/- 4.~ 6.335E+W +/- 2.cW 7.5S9E~ ●/- 4.m
I.m 1.539E*W +/- 2.W 6.636E+W +/- 1.40 7.968E+W ●/- A.QO
1.40 I-671E+C0 +/- 2.~ 6.551E- +/- 1.W 7.365E+4X3 +/- 2.U3
l.~ 2.333E~ +/- 2.~ 6.542E+W +/- 1.40 6.052E+~ +/- 2.00
1.W 2.966E~ +/- Z-m 6.953E~ +/- 1.40 6.766E~ +/- 4.~
I.m 3.4mE+lm +/- 2.@ 6.797E+W +/- 1.40 5.7~3E+O0 +/- 6.W
1.w 3.%3E+m +/- 2.W 6.347E- +/- 1.40 5.665E- +/- 2.60
1.W 4.43~E~ +/- 2.W 5-635E* +/- i.cci 4.444E+~ +/- d.cm
0.70 4.690E~ +/- 2.~ S-498E- +/- 1.40 4.465E+W +/- 1.40
l.~ 4.977Ea +/- 2.W 5.175Ea +/- 1.40 3.709E~ ./- 6.~
2.~ 6.077E~ +/- 2.m 4.077E- +/- 2.00 2.661E- +/- 2.cm
0.70 6.272E+~ +/- 2-W 4.379E~ +/- l.- 1.?62t~ +/- 6.~
i.~ 6.266E_ +/- 2.w 3-166E+O0 ●/- 1.40 7.249E-01 +/- 11.~
1.00 6.656E- 4/- 2.m 2-404Ea +/- 1.40 3.737E-01 ●1- 11.C41
l.~ 6.729E~ +/- 4.W 1.593E~ ●/- 2.m 1.565E-01 ●/- 4.00
l.m 7.099E~ +/- 2.00 9.755E-Of +/- 2.60 9-175E-~ +/- 11.~
2.60 6.254E~ +/- 2.60 4.939E-01 +/- ?.60 5“.160E-02 +/- 2-60
1.4 6.127E~ +/- 2.CU 2.453E-01 +/- 2.@ 5.320E-02 +/- 6.W
6.~ 5.145E+(M +/- 11.~ 1.131E-01 +/- 4.m 5.109E-O2 +/- 11.W
0.00 3.599E~ +/- 11.C4J 7.267E-02 +/- 6-~ 6.272E-02 +/- 16.00
6.~ 2.259E~ +/- 6-W 4.326E-02 +/- O.m 5-252E-02 ‘/- 6.W
6.W 1.340E+= +/- O.m 3.713E-02 +/- 4.00 7.259E-02 +/- 16.W
2-W 5.7WE-01 +/- 4.W 1.944E-02 +/- 8.W 7.451E-02 +/- 6.W
2.60 2.366E-01 +/- 4.~ 1.3EIE-02 +/- O-W o-~E-02 ‘/- 6.00
2.= 1.545E-0~ +/- 6.~ 1.312E-02 +/- a.~ S.034E-02 +/- 4.W
2.m 7.342E-02 +/- 23.@ I-251E-02 +/- O.@ 7.507E-02 +/- 16-00
6.~ 4.401E-02 +/- 16.~ ~.256E-02 +/- 6.W 5.78iE-02 +/- 4.m
G.a3 2.913E-02 +/- 32-W 1.313E-02 +/- ff-m 7-362E-02 ‘-/- ~6-~

11.00 2.547E-02 +/- 23.W !.204E-02 +/- O.~ 5.9~6E-02 +/- 2.BO
11.m 2.42SE-02 +/- 32.@ 1.261E-02 +/- 0.00 6-296E-02 +/- il.~
11.~ 2.42SE-02 +/- 32.W 1.293E-02 +/- 6.M 5.703E-02 +/- 16.@
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