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TEST OF PRE-ENDF/B-VIDECAYDATAAND FISSIONWELDS

by

3. XMstam and T. R. England

ABSTRACI’

Pre-ENDF/B-VI nuclear decay data and fission yields have
been supplemented by average beta and gamma energies and Pn-
values horn recent experimentsat Studsvik. This data base has been
used for a series of summation calculations, and the results have
been compared with experimentaldeterminationsof decay heat and
of delayed-neutroneffects. The comparisons are limited to thermal
fission of 23%Jand 23%%and to fast fission of 2%J. The general
impression of the comparisons is that the data base does reproduce
experimentalresults satisfactorily(with a few exceptions)within the
combined limits of error of the experimentaldeterminationsand the
calculation.

I. INTRODUCI’ION

Important input data in the calculation of the decay heat in nuclear fuel by the summation

method are the average beta and gamma energies emitted per decay of the f~sion products. The

origin of these data are:

(a) decay schemesconstructedfrom spectroscopicinvestigations;

(b) directdeterminationsof the energies;

(c) (fornuclides with incompletedecay schemes)partial experimentalinformationused to

complementa theonXicalcalculation;

(d) (fornuclides withoutexperimentalinformation)calculationsusing nuclear theory.14

Apart from the average energies, the inventoq c,~fission products, and its variation with

time, must be known. This requires the knowledge of the fission yields and nuclear decay data

such as half-lives, branchhg ratios, and Pn-values.

The aim of the present work is to te~tpre-ENDF/B-VI tables of fission yields and decay

data, and data from other sources, by comparing calculated decay heat curves with integral deter-

minations. The equilibrium number of delayed neutrons is also calculated and compared with ex-
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perirnental data. This is a sensitive test both of the Pn-values and of the fission yields, especially

the odd-eveneffects (most of the delayedneutronsare emitted from odd-Z nuclides).

The comparisonshave been limited to thermal f~sion of 2S5LJand 2%% and to fast fission

of 238U.

11. INPUT DATA

A. Aver= Beta Ener@

Spectroscopists rarely measure complete beta spectra. Instead, beta spectra are evaluated

from level schemes deduced from gamma measurementswhere the beta branches are obtained as

differencesbetweenthe gammatransitionsdepopulatinga level and these feeding it. The resulting

beta spectrum is ther~evaluated by summing the spectra corresponding to all the beta branches.

Even if the level scheme, and thus also the beta branches, is very well known, this method has an

inherent weakness. The shape of forbiddenbeta spectra is seldom known.

expectedto be small,but a realisticerror estimateis difficultto give.

More serious errors may arise for the followingreasons:

1. The level scheme may be incorrect because of erroneous

transitions,or gamma rays not put into the decay scheme. This leads to an

The error introduced is

placements of gamma

error of the beta energy

that is very difficult to quantify. It may also be wrong because some gamma rays are missing,

usually high-energyones leading to overlookinghighly excited levels. This means that low-energy

beta branches to these levels will be omitted. The average beta energy will then become too high

and the averagegamma energy (per decay) too low.

2. If only gamma spectra have been measured, ground-to-ground state beta transitions

have to be deduced from spin and energy arguments. Unless the spins are such as to effectively

prevent these transitions,such estimatesare often quite inaccurate.

Most of the above-meiltionedflifflcultiesare avoidedif the completebeta spectrumis meas-

ured. Such an experiment has been carried outs giving average beta energies, which should be

more accurate than those deduced from incomplete decay schemes and comparable to results for

nuclide-swith we~l-knowndecay schemes.

For nuclideswith incompletedecay schemes,the experimentalinformationcan still be used

to back-up a theoretical determination of the average beta energy. If experimental information is

completely lacking, we have to rely on theoretical calculations solely. Such a calculation can be

carried out using the gross beta theoryl-3 or other models.4 In the present work we use the gross

theory with parameters determined,as described in Ref. 3.

B. AverageGamma l?ner~i~

If a complete set of energies and branching ratios for the gamma rays emitted in the decay

of a nuciide is known, the evaluation of the average gamma energy per decay is straightforward.
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The only thing to bear in mind is that there is a systematiccomponent in the branching ratio error,

i.e.,theahsolutedeterminationof the branching ratio of a particular gamma ray used as reference.

The statisticalerror mav well be below 19%,but the absolutebranchingratio is seldomknown to be

better than 10% for shmt-li. cd nuclides far from stability.

For less well ~’uciiednuclides, the gamma spectrum may not be complete. Most often,

high-energy gamma rays aie missing, A lack of part of the gamma rays wiil lewdto an average

gammaenergyper decay that is too low.

“Direct”determinationsof gammaspectraand the evaluationof averagegammaenergiesare

also reported in Ref. 5, They were carried out in an attempt to avoid the difficul~jwith incomplete

gamma spectra. The main source of error is, again, the absolute determination of a pax~icular

branchingratio.

For nuclides with only incompleteexperimental information,or without any informationat

all, theoretical models have to be used in a way similar to that for average beta energies. iiearly

half of the known radioactive products require some degree of theoretical supplement for spectra

and averageenergies.

. Fission Yields

The set of pie-ENDF-6 independent fission yields available for the work6 was incomplete

in the sense that the yields of about 40 isomeric states were missing. The set was therefore

completed in the following way. The isotopic yield was retained but the isomeric splitting was

done accordingto experimentalresults7or, for isomericpairs without experimentaldeterminations,

using the model by Madland and England.g The nuclides corrected in this way are listed below

(for the model calculation,the Jrms value 7.5 was used):

?4mGa(3) - TQGa(l+):

78mAs:

79mGe(7/2+) - 79Ge(1/2-):
79mfi - 7%:

81nlGe(1/2+) - 81Ge(9/~+):

85mSr(1/2-) -8% (9/2+):

86mRb(6-) - 86Rb(2-):

9oIny(7+) - 9oy (2-):

90mzr(5-) - 90Zr(O+):

91my(9/2+) - 91y (12):

93rny(9/2+) - 93Y(1/2-):

97my (9/2+) - 97Y(1/2-):

3

Modelsplit 85:15

Yieldput = O

Experimentalsplit 100(is):O(gs)

Both yields were put = O

Experimentalsplit 19:81

Model split 19:81

Modelsplit 64:36

Modelsplit 59:41

Model split 81:19

Model split 81:19

Model split 81:19

Model split 81:19



100my(3+) - 100Y(1+):

102m~(?) . l~z~-b(?):

104m~(?) - 104~ (?):

108mAg(6+) - IOgAg(l+):

l~Ru (?) - ‘09’Ru(?):

IWmAg(72+) - ~@Ag(1/’2-):

114mAg(6+) -1 IAAg(l+):

117mSn(1~/z). 117Sn(1/~+):
120mAg(~) - 120Ag(3+):

]21mCd(1l/z-) - 121Cd(1/2+):

l~nqn (&;3.70~)- l~k (3+; 3.0%:

126m~(g-;l.G5~)- 126~ (3+;l.fjOs):

128m~1(8-;0.”72s)- 12% (3+;0.84s):

lz~sb (’?)- lzgsb (7/2+):

129mXe(11/2-) - lz%e (1/2+)
130111~(2 states;oo53s) - 13% (1-3;0.33S):

130mSn(7-) - 130Sn(O+):

131m~(1/2.) - 1311n(9/2+):

131mSn:

132mI(&) - 1321(4+):

133m~(19/2-) -1331(7/2+):

134mSb(()-). 134Sb(7-):

134mcs(8-) - 134(3 (4+):

135mCs(19/2-) - 135CS(7/2+):

136mCs(6-) - 136cs (2-):

136mBa(7-) - 136Ba(()+):

142mpr(5-) - 142Pr(2-):

146m~ (@- ~46L.a(2-):

Model split 85:15

Model split -80:-20. Spiru unknown.
gs-spinextrapolatedto 1+

o().qiIM Unknown.Model split -80:--
gs-spinextrapolatedto 1+

Modelsplit 70:30

Yieldsplit 50:50

Modelsplit87:13

Model split70:30

Model split77:23

Experimentalsplit 85:15

Experimentalsplit 89:11

Experimentalsplit 86:14

Experimentalsplit42:58

Experimentalsplit30:70

Yieldsplk 50:50

Modelspbt 77:23

Experimentalsplit68:32

Expe imeI,.~ >pu[13:87

Experimentalsplit 83:16

Yieldput = O

Model ,split43:57

Experimentalsplit 6.6:93.4

Modelsplit 30:70

Modelsplit43:57

Model split 38:62

Model split 64:36

Model split70:30

Modelsplit70:30

Experimentalsplit 5.5:94.5(from
Ref. 9)

148mpr(4) - 1A% (l-): Experimentalsplit 12:88(from
Ref. 10)

154mEu(8.) - 154Eu(3-): Model split47:53
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D Pn-Values.A
An extensive progmm for the determination of Pn-values has recently been started at

Studsvik.ll About halfthe program has been carried out including Pn-value determinations for

almost all precursors in the mass range 79-100. Precursors in the heavy mass r~lge will be inves-

tigated later. An analysis of the precursors around the light-mass fission peak has been carried

through, and the results are listed in Appendix A. The analysis is somewhatpreliminary,but great

changes are not expected. l.!singthe new results and data available in the literature,12a set of Pn-

values has been prepared for testing. Only this particular set of evaluated measurementswas used

in testing.

The delayed-neutronstudy has also yielded a set of averageneutron energies that are tabu-

lated in AppendixB.

E. Half-Lives

The delayed-neut.ronexperiment referred to abovt has led to improvedhalf-lives for many

of the precursors, and a list of “bestchoice”half-liveshas also been prepared (AppendixC).

111. RESULTINGDECAYHEATCURVES

A. 235U

When comparing decay heat curves obtained by the summation method with integral de-

terminations,one difficulty arises in that the latter deviate appreciably from each other. Thus, we

do not have a globally acceptable benchmark with which to compare. h the present work, the

comparisons have been done with the three most recent integral determinations: the Tokyo

experiment,13the Oak Ridge experiment,14and the Studsvik experiment.15 Those were all done

measuring beta and gamma spectra from irradiated samples. They are therefore similar to the

summation calculations that are also based on beta and gamma measurements. In addition, the

summation calculations have also been compared with the calorimetricmeasurements of the total

power produced by the decaying fission products, carried out at Los Alamos by Yarnell and

Bendt.16

In the calculationswe found it interestingto trace the contributionsfrom the different cate-

gories of nuclides listed as Groups (a)-(d) in the Introduction. These groups have therefore been

flagged “. the calculationsin the followingway:

Flag O: Averageenergyobtainedfrom decay Schemes;s

FIag 1: Averageenergy “directly”measuredat Studsvik;5



Flag 2: Averageenergyfrom grossbeta theorycomplementedby incompleteexperimental
informm.ion;3

Flag 3: Averageenergy from gross beta theo~.3

In the figures, the bottom curve corresponds to Flag O,the next one to Flags 0+1, the third

one to Flags 0+1+2, and the top one to Flags 0+1+2+3, i.e. to the sum of all contributions. The

contribution from a particular group of nuclides is then just the difference between consecutive

curves.

A list of the nuclides and their respective flags (both for averagebeta energy and for aver-

age gamma energy) is given in Appendix D. The actual energies used are those tabulated in

Appendix C of Ref. 3, with supplementsfrom the Studsvikmeasurementsin Ref. 5.

The calculationalso yields the uncertaintyof the points. These uncertaintieshave not been

plotted, as they would make the figurescumbersometo read. Only the errors of the integralexper-

iments are retained. It should be mentioned,however, that the uncertaintiesof the summationcal-

culation are typically around 370and thus smaller than, or of the same order, as the integralexper-

iment errors.

The irtventorycalculations were carried out using the computer code INVENT.17 It has

been shown in a benchmark experiment comparing codes~gthat this code gives results almost

identicalto the CINDER-10codelg (and also to other frequentlyused codes).

The comparison with the Tokyo experiment is shown in Figs. la-lc for the beta heat, the

gamma heat, and the total heat, respectively. Fig. la shows a very good agreement for the beta

heat. The calculated curve falls everywhere within the error limits of the experimental one. The

figure also shows that the experimental basis for the calculation is very satisfactory, the curve

flagged 0+1 corresponding to about 90% of the total effect. The remaining part is almost com-

pletely accountedfor by Group (c)-nuclides,with experimentalevidence supporting theory. Only

a very minute amourttcorrespondsto Group (d), i.e., to nuclides for which experimental informa-

tion is lacking. The number of nuclides in Group (d) is large, but their contribution is relatively

small.

The gamma heat (Fig. lb) is almost as satisfactory. The calculated curve falls within the

error limits of the integral determination over practically the whole range of cooling times. The

Flags 0+1 cume gives a contributionof about 80% of the heat, which is somewhatless than for the

beta heat. Again,nuclideswithoutexperimentalinformationgive a small contributionto the heat.

Becauseboth the beta and gammapaxtsof the calculateddecay heat agree with the integral

determination,this must also be the case for the total heat. This is seen in Fig. Ic.

The comparisons with the Oak Ridge experiment are shown in Figs. 2a-2c. The integral

measurementsextend to shortercooling times than the Tokyo experiment. Figure 2a shows a good
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agreement all the way down to the shortest cooling time used (2.7s) for the beta part of the decay

heat.

For the gamma part, the agreement is not as good, with deviations both at short cooling

times (summationcalculationis low) and in the range 100-1000s where the summationcalculation

gives a higher result. It shouldbe noted that the Tokyo and Oak Ridge experimentsdeviate signifi-

cant!, in the lattercooling-timerange.
Figure 2Cshows agreementbetweenthe Oak Ridgeexperimentand the summationcalcula-

tion, within limits of error,over the entire cooling-timerange measured.

The comparisons with the Stuclsvikresults are shown in Figs. 3a-3c. The beta curves
agree. The integr~ gmma decay heat (and also the total heat) is higher than the summationci_dcu-

Iation at cooling times below 100s. The discrepancyis not serious,however, and the curves agree

within combinedlimits of error.

In order to comparewith the calorimetricmeasurement,the summationcalculationwas car-

ried out using the same irradiation time (20 000 s) as used by Yarnell and Bendt. The curves are

plotted \“s cooling time as decay heat divided by the average fission rate during the irradiation.

Both logarithmic plots (Fig. 4a), and linear plots (Fig. 4b) are shown. The figures show a good

agreementwith a small deviationat the shortestcooling times (Fig.4b).

A more sensitive way to compare experiment and calculation is to plot the ratio between

them vs cooling time. This has been done for the total decay heat. fhe results are shown in Figs.

5a-5d for the Tokyo, the Oak Ridge, the Studsvik, and the Los Alamos experiments, respectively.

The limits of error given in the figures correspondto the combined experimental error and uncer-

taintyof the calculation.

Figures5a-5cclearlydemonstratethe agreementbetweenthe summationcalculationandthe

spectroscopicdecayheat determinations.

satisfactory.

Also, the agreementwith the calorimetricmeasurementis

B. 239pU

In the case of 239Pu,the experimental basis for the decay heat calculation is not so domi-

nant as for Z3SU,dropping from about 90% of the effect to about 8090. Thus, the theoretical

treatmentof the part of the nuclidesvith incompleteexperimentaldecay data gets more important.

The gross beta theoq”seems to give very satisfactoryresults, as seen in Fig. 6a where it is is found

that the summationcalculation agrees with the Tokyo experimentswithin limits of efiors over the

whole cooling-timerange measuredin the case of the betapart of the decay heat.

For the gamma part (Fig. 6b), the agreementis also good except for the cooling-timerange

50-500s, where the summation calculation gives results below the measured curve. This effect

7



also shows up for the total decay heat (Fig. 6c), althoughto a lesserdegree. In that case the curves
would agree within combinedlimits of error.

Fcr 239Pu,the summation calculation agrees better with the Oak Ridge experiments than

with the Tokyo ones (Figs. 7a-7c). The beta curve (Fig. 7a) agrees well over the entire cooling-

tirne range measures, which extends down to 2.7 s. The gamma curve (Fig. 7b) shows a small

deviation in the same range as the Tokyo experiment,but is much less pronounced,and within the
combinedlimits of error. The same appliesto the total decayheat curve (Fig.7c).

A comparison with Studsvik results is shown in Figs. 8a-8c. The experimental curves

cover the cooling-time range from 200 to 10,000 s. The beta curves agree, while the integral

gamma curve (and also the total) is higher than the summationcalculationfor cooling times around

1000 s.

The comparison with the calorimetric experiment is shown in the same way as for 235U

(Figs. 9a and 9b). Here there is a significantdiscrepancyover a long cooling-timerange--fromthe

shonest ones measured to about 1000s (cf. Fig. 9b). This is still a puzzle. We have good agree-

ment for 2S5Ubut not for 2%%.

In order to amplify the differences,the total heat ratios have been plotted as for 23SU(Figs.

IOa-10d). In this case, all the spectroscopicexperiments indicate a deficiency of the summation

calculation in the time range 1000-10,000s. The experimental points there are higher than the

summation calculation by 5$Z0.The calorimetric determination gives a different picture. It is

consistently higher than the summationcalculationby about 10%over a cooling-timerange up to

about 3000s; then the cuwes approacheach other.

For fast fission of 238U,we have a set of integral beta and gamma measurements from

Tokyo and, in addition, gamma measurements from Studsvik. A comparison with the Tokyo re-

sults is done in Figs. 1la-l IC for the beta heat, the gamma heat, and the total heat. The nuclides

with completeexperimentalbasis correspondto between 70 and 8070of the heat for both beta and

gamma.

There is agreementbetweenthe integralexperimentand the summationcalculationover the

whole coding-time range measured,except for a small deficiencyof the summationcalculationof

the gamma heat around 1000s (however,within the combinedlimits of error). Unfortunately,the

Tokyo experimentdoes not cover short coolirngtimes; it is not possible to verify whether the large

beta effect at cooling times below 10s, predicted by the summationcalculation,and to a large ex-

tent caused by Flag 3 nuclides (i.e., nuclideswith no experimentalbasis), is real.

The comparison with the Studsvik results on the gamma heat is shown in Fig. 12. The

Studsvik curve is higher than the summationcurve for cooling times below 100s (a tendency also

apparentin the correspondingTokyo curve).
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IV. DEL.AYEDNEUTRONS

A. NeutronYields

The second kind of test that has been carried out is a calculation of the delayed-neutron

yield at equilibriumconditions(irradiationtime: 10000s, coolingtime: O). The new set of Pn-val-

ues referred to above was used, and the fission yield sets were the pie-6 ones completed as dis-

cussed above. Tineresults are as foUows:

235u: 162.6* 7.5 neutrons per 10000 fissions;
zsgu: 365 i 31 neutrons per 10000 fissions;
239pu: 68.3 * 3.0 neutrons per 10000 fissions.

These figures should be compared with the recommended yields (based on experiments)
162~ 5 for 235u, 439 ~ 10 for 238u, and 63 + 4 for 239Pu.20The delayed-neutron yield agrees

with the recommended yield within limits of error for 235Uand 239Pu. It is low by about two

standarddeviations for 23*U.

The contributions(withuncertainties)of the variousprecursorsto the delayed-neutronyield

have been tabulated in AppendixE. It is seen that the top ten precursorscontributemore than 70%

of the number of delayed neutrons. h is also interestingto note that for 239Pu,almost one neutron

out of four originates from a single precursor--1371.

B. NeutronDecayCuWe$

The variation of delayed neutrons with cooling time can easily be calculated. Such curves

are shown for thermal fissionof 235Uand an irradiationtime of 10000s in Fig. 13a(decay time is

shorter than 12s) and Fig. 13b(decay time is up to 600 s). The results can also be directly com-

pared with experimental curves. This is shown for burst fission of 235Uin Figs. 14a and 14b,

where the comparisonis dor~ewith Keepin’srelative experirnent.21The curves agree well over the

whole range measured.

C. AverageNeutronEn-

As the mean neutron energy is known for all importantprecurscxs,it is also possible to cal-

culate the average delayed-neutronenergy as a fimctionof cooling time. Such a cuwe is shown in

Fig. 15,and it is valid for 235U,irradiatedlong enough to ensureequilibrium. The averageenergy

is about 450 keV at equilibrium. It then decreaseswith cooling time to eventually reach the value

for 8’Br: 200 keV. The decrease is not monotonic. The curve is nearly constant for the f~st SO

seconds before startingto fall.



v. CONCLUSIONS

The followingconclusionscan be drawn from the comparisonbetweenexperimentalmeas-

urementsand summationcalculationsusingthe set of data presentedor referencedabove.

For 2S5Uthe decayheat curves from the summationcalculationagree within combinedlirn-

i.tsof error with all integral determinations used in the comparisons, i.e., the Tokyo,13 O*

Ridge,lA~d S~d~v&15~pec~oscopicdeterminations~d the~S Alaos c&)rimetriCmeUUre-

ments.16 This shows that the f~sion yield set and the average beta and gamma energies are well

described in the data base, at least for those fission products that are the main contributors to the

decay heat. The delayed-neutroncomparisonalso shows that the set of I%-valuesis acceptable.

For 239Pu the situation is good for the beta part of the decay heat. However, the

summation calculation does not reproduce the gamma part for cooling times around 1000 s,

(clearly shown in the Tokyo and the Studsvik experiments). It is alSOtruethattheCalorimetric

determination of the total decay heat is significantly higher than that which the summation

calculationpredicts for all cooling times up to about 3000s. The results for the gamma heat could

possibly be erroneous average gamma energies (or yields) in a part of the fission product range

where the yields are larger for 239Puthan for *35U,i.e., in the mass range a few units above mass

100. The good agreementof the neutron yields indicatesthat the fissionyields are satisfactoryfor

the bromine, rubidium, and iodine isotopes. The seemingly systematic discrepancy between the

calorimetricmeasurementandthe summationcalculationof the total heat remainsunexplained.

For 23~Uthe agreementbetweenthe summationcalculationand the integralmeasurementis

acceptable,althoughboth the Tokyo experimentsand the one at Studsvik give slightly higher val-

ues for the gamma heat in the cooling-time range between 10 and 100s than does the summation

calculation. This, and the fact that the calculationof the neutron yield gives a low result, indicates

that the fissionyields must be regardedwith some care.

FinalCommen{

Some readers of this document may wonder how measured results compare with the final

ENDF/B-VI data. The data base used here is the closest available to the currently incomplete

ENDF/B-VI, with the exception of some decay energies in Ref. 5 and Pn values in Appendix A

and Ref. 12. Some, though not all, of the measured decay energies from Studsvik were already

incorporatedinto the ENDF/B-VIlibrary.

A subsequent document will provide final comparisons, and Ref. 3 will provide spectral

comparisonsbased on the currentENDF/Blibrary.
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APPENDIXA

The table below is a partial updating of Ref. 12 in the main text, obtainedby includingpre-

liminary results from the Studsvik 1989-90 experiment on delayed neutrons [G. Rudstam, K.

Aleklett, and L. Sihver (in progress)]. The table is limited to precursors in the mass range 79-100.

Certain values fkomliterature,determined via fission yields or gamma-countingof a long-

lived daughter, or normalized against another Pn-value, have been updated using new yields or

branching ratios of the nuclides involved in the determination. The method used in the determinat-

ion of the branchingratios is also indicatedin the table in an abbreviatedform. The explanationof

the symbols is as follows:

@-

n-B -

ion -

fiss -

@z-

mAz -

‘Theexperimentwas performedwith the neutron-betacoincidencetechnique;

Neutronsand beta particleswere countedseparately;

The numberof atomswas determinedby ion counting;

‘Ihe I%-valuewas evaluated from the fission yield and the neutron yield in terms
of number of neutrons for 104 fissions. The original values are given within
brackets. They are updated using yields from A. Wahl’s recent rev~ew
(WAHLJ38)in which the recommendedvalues for the Zp-modelwere chosen.

The abundance of the precursor was determined by gamma counting of a long-
lived daughter.

The neutron counterwas normalized against the known Pn-vdue of the precursor
AZ. Updatingwas done using averagePn-values from the present repofi.

TABLEA-1

m vmns

i IS t U d s ‘/ Litar8tur9 1 Pn-v81uc I
I Iv i k 89/901 I I I 1 used in I
JNuclidaI I fiia work IhthodlMf@r- I Ceamant 1 this work 1
I 1% l% I Ianca I 1% I
I I I I I I I I
I

——
I I I I I I I

i 79Ga o.Iol+-o. olo 10.098+-0 .016 n-B j 0s180j
I I [0.055+-0.012 rk/BI SOL851
I I I I I I
[ 80Ga I O.91+-0.041 0.84+-O.061 n-B I 0S180I

[ 0.69+-O.16I a/B I SOL851
i ;
I 81Ga I 11.9+-O.5 I 12.0+-0.9 I rI-E I 0S180~
I I 11.7+-1.2 I n/B I SOL851
I i I I I I
I 82Ga [ 26.3+-3.7 I 21.4+-2.2 I n-B 1 0S180I
I I I 20.9+-2.2 I n/B J SOL851
I
I 83Ga i 14.2+-1.7 ~ 43.0+-7.0 ~ n-B I 0s180 ~
I I I 62.8+-6.3 I n/B I SOL851
I I I I I I

28

0.085+-0.0151
I I
I
10.88+-0.04 ;
I I

:11.9+-o.4 :
I I
I I
[21.9+-1.4 I
I
I i

Disc-pant 119.0+-9. O I
values I I

I I



TABLE A-1 (Cont.)

I I I I
1 IS t U d s -/ Literature I Pn-value I
I IV i k 89/90I I I I I used in I
INuclide 1 I This work IMethodlRefer-1 Comment I this work I
I 1% 1% I Ienca I 1% I
i I I I I I i i——
I 84Ge 1 10.7+-1.0 I I I I I1O.7+-1.O I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I I I I
84Aa [ 0.29+-0.0310.08+-0.04!fiss I

I I I I
1 I I

85Aa [ 50.4+-2.0 I 67+-11 ; fi.sa I
I 54+-10 I fisa I
I I 22+-8 [ fiaa I
I I I I
I I I i

86Aa 1 31.7+-3.5 1 12+-8 [ fiaa [
I I 15+-11 I fias 1
I I t I
I I I I
I I I I

87M I 14.5+-2.5 I 53+-35 1 f~aa I

I I I I
I I I I

87Sa I 0.60+-0.0910.51+-0.17!fieo I
I [ 0.26+-O.071Pn87Brl
I I 0.24+-O.081Pn87Brl
I 1 0.17+-O.031Pn87Brl
I I I I

87Bx 1 2.4O+-O.1OI 3.1+-0.6 I n-B 1
[ 2.5O+-O.1OI 2.3+-0.3 1 g87Krl

Av: 2.45+-0.071 2.4+-!).4I fias !
I I 2.6+-0.5 I fias I
I I 2.57+-0.151n-B I
I [ 2.1+-0.3 1 ion I
1 I I I

90Br I 25.4+-1.7 I 30+-7 I fias I
I

i
I
I

91Br I 18+-8
I
I
I
I
I

92Rb 10.0117+-
10.0005
I
I
I
I

i 20+-5 [ fias I
I 22.6+-3.1 I n-B I

I I I
MAx731Excluded,too10.29+-0.03 I

I uncertain I I
I I

HAR68[ 151.1+-2.1 ~
MA1731 I I
LOH781Excluded,un-1 I

Icertain b-idl I
I I I

LOH781Litaratura 131.7+-3.5 I
MA1731valuesOX- I I

ICluded,too I I
[uncertain i I
I I t

L0E781Excluded,tool14.5+-2.5 I
[uncertain I I
I I

MA1701Diecrepant 10.36+-0.08!
ML70[va1u@s, un- I I
MA1701weighted I I
HAR711av8raga I I

I I
RUS641 12.46+-0.06;
MOL711 I I
MA1721 I I
MA1741 I I
0s1801 I I
SOL801 I I

I I
MA1721 124.7+-0.9 ;
MA174[ I I
LOE75I I I

I 24.6+-1.7 I n-B 10S180a
I 24.8+-1.5 1 n-B I 1S004
I I I
I 16+-5 [ fiss 1 MA174
I 9.9+-2.0 I n-B I LOli75
I 19.2+-1.3 I n-B 10S180a
I 30.1+-2.1 I n-B I 1S084
[ 25.5+-3.5 I ? I XA188
I
iO.012+-O.00~g92Sri =69
0.0125+-0.0015n-B I ARX75
0.0092+-0.0015ion I SOL80
0.0098+-0.0010ion 1 SOL80
0.0109+-0.0012n-B I 0S180
I I I

Diacrapant
values

i
I
I
119.2+-3.3
I
I
I
I
I
I o.oll2+-
I 0.0004

!
I
I

i
I
I
I
I
I
I
I
I
I
I
I
I
I
i
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TABLE A-1 (Cont.)

I I I I I
I IS t is d E -I Literature I Pn-value I
I IV i k 89/901 I I I I asedin I
!NuclideI I This work IMathodlRefer-1 Conmw$nt I this work I
I 1% 1% I Ience I
I i I I I
173=;- 1.31+-0.05!7=+=IZ=I TR1691
! I I 1.43+-C.181ion I ORS691
I I I 1.85+-0.531fisa I MA1721

I 1.24+-0.141n-B I ORS741
i i I 1.16+-0.08[n-B [ AR1751
I 1.2+-0.1 I n-B I LOH751
I / I 1037+-0.101ion I SOL801
I I I 1.36+-0.141ion J SOL801
I I I 1.39+-0.081n-B I OSXOOI
I I I 1.97+-0.22[n-B ISOL1811
I I I
I 94Rb i 9.6+-0.4 I 11.1+-1.1 ~ ion ~ ORS69~
I I I 10.3+-1.6 1 fiss 1 MA1721
I I I 8.5+-0.9 I n-B I ORS741
I I I 9.6+-0.8 I fi-B I LOH751
I I I 9.7+-0.5 I n-b 1 OST781
I I I 10.O+-1.O [ ion I SOL801

I 10.1+-0.5I n-B 1 0S180I
I ! [ 11.1+-0.9 I n-B [SOL1811
I I
I 96Rb I 13.3+-0.7 I 12.7+-1.5 I *on I ORS69;
1 I 1 13.9A-1.4 I n-B I ORS741
I I [ 12.6+-0.9 I iOXt I SOL80[
I I [ 14.5+-1.5 [ ion [ SOL801
I I 12.5+-0.9 I n-B I OST781
I i I 13.5+-0.9 I n-B I 0S1801
I I 1 14.2+-1.2 1 n-B ISOL1811
I I
I 97Rb I 23.8+-1.4 I 27.2+-3.0 I n-B I ORS741
I I 26.4+-2.4 I 25.2+-1.8 I n-B I OST781
I Av: 24.5+-1.2 I 26.9+-1.9 I iOn I SOL80[
I I 27.9+-3.1 I ion I SOL801
I ! I 21.5+-2.6 I n-B ISOL1811
I I I 26.1+-5.4 I n/B I SOL851
I I I I I I
I 98s= I 0.30+-0.021 0.36+-0.111 n-B IsoL1811
I I I 0.8+-0.2 I n-B I OST821 Bxcluded
I I I 0.23+-0.051n/B I SOL851
I
I 98Y ; 0.30+-0.10; 0.3+-0.1 ; n-B ! OST82;
I I I O.23+-O.05I n/B I SOL851
I I I I I I
I 99Y I 1.99+-0.081 1.2+-0.8 I n-B 1 LOR751Discrepant
I I I 3.0+-0.2 I a-B I OST82[ values
I I 1 1.09+-0.111n/B I SOL851

: IOOSr : 1.04+-0.08[0.75+-0.08!a/B ! SOL86;
I
I 100Y ; 1.24+-0.07; 0.85+-0.09!n/B ; SOL86;
I I i I I I

1% I
,1 I
11.32+-0.04I

9.83+-0.22

I
113.2+-0.4 :
I I
I I
I I

I
; I
I I
I I
[25.2+-0.8 I
I I
I I
I I
I I
I I
I
10.29+-0.02;
I I
1 I
1
10.25+-0.04I
1 I
I I
1.80+-0.321

I
I
I

0.90+-0:14I
I

11.09+-0.19I
I
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APPENDIX B

Preliminary resultsare from the Studsvik delayed-neutronexperiment (G, Rudstam, K.

Aleklett, L. Sihver, work in progress, to ‘ for presentation at the 1ntemational
Conference on Nuclear Data for Science and Technology, Jiilich,FRG, May 13-17, 1991.

TABLEB-1

AVERAGEDELA”fEDNEUTRONENRl@ES———.——

I IS t u d s -IL i t e r a t u r e Valua I
I [V i k 89/90[
INuclideI <En> I <En> IRefer-
1 1 keV I kev Ience

I
I 82Ga

! 83Ga
I
I 84Aa
I
I 84Ge
I
I 85Aa
I

: 86Aa
I
I 87As
I
j 87Br
1
I
I
I 88Br
I
I
I 89Br
I
I
j 90Br
I
I 91Br

; 92Rb
I

;
I 93Rb
I
I

270+-50 I 350
I

290+-50 [ 360
I

480+-40 I 370
I

530+-50 I
I

<1oo
I

<1oo
;

<1oo I

650+-40 :728-50+25
I 700
I

480+-180 [
I

<1oo
!

200+-50* I 217+-10
I 105
I 200

2LO+-50 : 190
I 250
I

470+-40* [ 474
430

:
550+-40 I 500

I
430+-70 I 300

I
150+-40* [ 199+-10

I 123
I 210
1

400+-40* i 414+-20
I 419
I 360

32

RUD82

RUD82

RUD82

used in i
this work i
<E-, keV I

270+-50

290+-50

480+-40

530+-50

50+-50

50+-50

50+-50

690+-40

480+-180

50+-50

200+-50

200+-50

470+-40

550+-40

430+-70

150+-40

400+-40



TABLE B-1 (Cont.)

! I I I I
I IS t u d s -IL i t e r a t u r e Value I

IV i k 89/901 I used in I
INuclideI <En> I <En> IRefer-I this work I
I I keV I keV Ience I <En>, keV I

I I I I I——
I I I I I I
i 94Rb
I
I

/ 95Rb
I
I
I
I 96Rb
I
I
I
I 97Rb
I
I
I 99Rb
I
I 99Y
I
[ IOOSr

/100Y
I
I133Sn
I
I134Sn
I
1134Sb
I
1135Sb
1
I
1136Sb
I
[136Te
I
\137Te
I
11371
I

:1391
I
[147C8
I
1148CS

I
I
I

/
I
I
I
I
I
I
I
I
I
f
I
I
I
1
I
I
I
I
I
I
I
I
I

i
I
I

I
I
I

i
I
I

/
I
I

i

410+-40* i 474+-20 I KSW791
I 413 I REE811
I 400 I NJD821
I I I

390+-40 I 508+-25 I KRA791
I 406 I REE811
I 360 I RUD821

I
350+-40 / 481+-25 [ RRA79;

I 433 I REE811
I 450 I RUD821
I

420+-50* I 533+-35 / KRA79;
I 540 I REE811
I I 1

490+-90 [ I I
I I I

380+-40 1 I I
I I

490+-230 I i I
I I

210+-110 I I I
I I I

360+-130 I I 1
I I I

780+-50 I I I
I I I

210+-90 [ I I
I I I

860+-40* [1033-100+501 -79i
I 680 I RUD821
I I

730+-70 [ I i
I I I

360+-40 I 325+-35 1 KRA79i
I I I

250+-90 I I I
I I i

640+-40 j 579+-25 i m79i
i 540 j RuD82j
i i i

660+-160 j 400 i RUD82i
i

530+-40 i 507 j KM79;
i i

540+-150 j I i

410+-40

390+-40

350+-40

420+-50

490+-90

380+-40

490+-230

210+-110

360+-130

780+-50

210+-90

860+-40

730+-70

360+-40

250+-90

640+-40

660+-160

530+-40

540+-150

i
i
I
i
I
i
I
i
i
i
I
i
i
i
i
i
i

i
i
i
i
i
i
i
i
i

/

:
i

Iiiiiiii
:ii

au~fore~~~g~ @HonCme. Fortbiscurve,tbefol.Iowingnuclideswereused(wiih’’bestvalue”
energiesfromRef.REE81B:420+20keV;8%r-460*20keV;135Rb-860*80keV.

33



TABLE B-1 (Cont.)

~EFERENCES IN TABLEB-1

(Abbreviatedform)

KRA79 Proc. Consultants’Mtg. Delayed Neutron Properties,Vienna, March 26-30, 1979,
IAEA publicationINDC(NDS)- 107/G+ Special,p.103 (1979).

REE81 P. L, Reeder and R. A. Warner, Nucl. Instrurn.Methods ~, 173 (1981).

REE81B P. L. Reeder and R. A.Warner,Nucl. Sci. Eng. ~, 56 (1981).

RUD82 G. Rudstam, Nucl. Sci. Eng. ~, 238 (1982).
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APPENDLXC

Preliminary results are from the Studsvik delayed-neutron experiments 1989-90 [G.

Rudstam, K. Aleklett, and L. Sihver, work in progress). Note that the literature search is

incomplete. The values given in this table are essentiallythose from delayed-neutronexperiments

carriedout at differentlaboratories.

TABLEC-1

F--

i Is t u d s -
I Iv i k 89/90
INuclideIHalf life
I Is
I
I 79Ga
I
I
I
i
I
I
I

;
I
I
I
I
I
1
I
I
I
1
I
I
I
I
I
I

/
I
I
I
I
I

i
I

Av

80Ga

Av

81Ga

Literature Half-life I
1 I ! uaad in [

Halflifa IP.efer-I Coannent I this work I
8 Ience 1 I a I

I I I 1.
2.790+-0.03212.63+-0.09-I-[2.846+-0 .014(W) [ 2.846+-0.014;
2.771+-0.055
2.850+-0.010
2.843+-0.015

1.647+-0.008
1.668+-0.014
1.606+-0.024
1.649+-0.011

1.209+-0.002
II.21O+-O.OO3
11.216+-0.003
11.214+-0.004
11.192+-0.009
11.192+-0.021

Av:l.211+-0.002

2.85+-0.01 I SOL85
I
I
I

1.66+-0.02I 0S180
1.69+-0.01I SOL85

I
I
I

1.68+-0.01 (w)

1.23+-0.01I 0S1801 1.22+-0.01(W)
1.218+-0.004[SOL851

! I
i I
I I
I I
I I

I I I I
82Ge I 4.36+-0.04[ I I 4.6+-0.4 (W)

1 I I I
82Ga 10.597+-0.00310.600+-0.010[ 0S18010.607+-0.003(W)

10.602+-0.00510.609+-0.0031SOL851
10.569+-0.01S1 I I

AV:O.598+-O.0041 I I
I 1 I I

83Ge 1 2.33+-0.06 I I I 1.9+-0.1 (w)
i i I
I I I

83Ga 10.314+-0.005[0.310+-0.O1OI
!0.297+-0.00710.308+-0.004I
10.321+-0.0221 I

AV:O.309+-O.0061 I
I I I

84Aa !4.062+-0.0671 I
14.017+-0.029[ I

Av:4.024+-O.0271 I

I
I

0s180!
SOL851

I
I
1
I
I
I

I
I :
I I
I
i 1.670+-0.014;
! I
I I
I I

; 1.213+-0.003;
I I
I I
I I
I I
I I
I I
I I
[ 4.36+-0.04 I
I
I 0.605+-0.004!
I I
I I
1 I
I I
I 2.33+-0.06 I

(if used for-aver&e:2.22+-0.19)I
I

0.31+-0.04 (w) i 0.309+-0.003 ;
I I
I I
I I
I

5.5+-0.3 (w) i 4.03+-0.03 I
I I
I I
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TABLE C-1 (Cont.)

i ;s t u d s - ; Literature I Half-life
I Iv i k M9/90 I I I I used in
INuclidelHalflife I Halflife IRefer-1 Commmt I this work
I Is i s Ience I I s
I I I I I —!

1
84Ge 10.984+-0.013

10.920+-0.029
10.937+-0.037

Av:0.970+-0.018
I

85XY 11.961+-0.006
11.962+-0.006
12.C18+-O.004
12.026+-0.005
12.169+-0.058
j2.034+-O.011

Av12.002+-O.013
I

86Ae 10.938+-0.012
10.961+-0.014
!0.937+-0.015

AV:0.945+-0.008
I

87Aa i 0.41+-0.14
I 0.58+-0.36
I 0.50+-0.04

I I
I [ 1.2+-0.3 ,~)

I I
I I
I I

2.05+-0.05 f MA17312.03+-0.01 (W)
1.9+-0.1 I LOH781

I
I /

I
; I
I I
i

0.9+-0.2 [ MA173; 0.9+-0.2 (W)
I I

/ 1
I I

0.73 [ LoR781No error given
I I 0.8+-0.1 (w)
I I

Av: 0.49+-0.04I I
I I I

88Br 116.46+-0.01I 16.4+-0.6 J
116.29+-0.01I 16.7+- ? I
116.29+-0.01I I
116.31+-0.04[ I
116.33+-0.02I I

AV:16.34+-O.04] I
I I
I 89Br 14.369+-0.015
I 14.306+-0.020
I AV:4.364+-0.043
I
I 90Bx \l.907+-O.003
I !1.911+-0.014

11.914+-0.0121
I1.903+-O.O1O[
!1.925+-0.0071

Av:l.910+-O.003[
I I

91Br 10.552+-0.0131
10.530+-0.0091
10.574+-0.016[

4.44+-0.20
4.37+-0.03
4.37+-0.03

1.71+-0.14
1.92+-0.02

I
I

MJU721 16.4+-0.1(W)
0s1801

I
I
I
I

I
[ 0.970+-0.018
I
I I
I I
I I
/ 2.002+-0.012/
I I

I
i I

!
/ I I
I I
I
I 0.945+-0.008; 1
I I

I
1 I
I I
I 0.49+-0.04 I
I I

I
1 1
I I
I 16.34+-0.04 I
I I
I I
I I
I I
I I

1 I
MA1741 4.37+-0.03(w) [ 4.369+-0.019
0s180[ I
OS180al i

i i
xA174i 1.9+-0.1 (w) i 1.910+-0.003
OS180al i

1.92+-0.06 i IS084i
i I
i
I !
i i

0.63+-0.07 i MA1741 0.54+-0.01 (W)
0.60+-0.05 i LOH75]
0.54+-0.01 ios180Ai

I 10.557+-0.02510.53+-0.03I 1S084[
I 10.582+-0.04210.51+-0.02i MA188i
I Av:O.545+-0.009i i i

i i
i i

i
: I
i
i 0.541+-0.007 I
i i

i !
I I
I i
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TABLE C-1 (Cont.)

I I I
I IS t U d s - I Literature
I Iv i k 89/90 I I I
INuclide IHalflife I Halflife IRefer-I Conmmnt
I Is I s lence I

I 92Rb 14.499+-0.04514.48+-0.02I ARX751 4.48+-0.02(W)
I 14.481+-O.C03[4.54+-0.02I SOL801
I [4.385+-0.043[ I I
I
I
I

i
I

;
I
1
I
I
I
I
I
I
I
I

I
I
I

i

i
I
1
I
I
I
I
I
I
I

/
I
I
I
I
I

/
I
I

14.222+-0.0701 I I
Av:4.484+-O.0031 I I

I I I I
93Rb 15.865+-0.002[ 5.86+-0.13 I TR1691 5.85+-0.02 (W)

15.843+-0.0071 5.89+-0.04 I ORS69[
15.868+-0.0081 6.39+-0.35 I ORS74[
I5.873+-O.O1OI 5.8$+-0.13 1 AR175i

AV:S.864+-O.0041 5.86+-0.05 I LOX751
I i 6.12+-0.08 I SOL801
I 1 5.85+-0.03 i 0S180[
I [ 5.74+-0.08 ISOL1811
I I I I

94Rb 12.707+-0.0011 2.76+-0.08 I ORS741 2.71+-0.01 (W)
12.713+-O.001~ 2.67+-0.06 I LOH751
[2.721+-0.0021 2.73+-0.02 I OST781
12.711+-0.0021 2.83+-0.03 I SOL801

Av:2.711+-O.003~ 2.69+-0.02 I 0S1801
I I 2.76+-0.06 ISOL181[
I I I I

95Rb [0.378+-0.00110.383+-0 .006[ ORS7410.377+-0.001 (W)
10.379+-0.0011 0.37+-0.04 I LOX751
10.379+-0.00110.377+-0.006 I 0ST781
10.378+-0.00110.377+-0.0041 SOL80i

Av:O.379+-0.001j 0.40+-0.01 [ 0S1801
I ~ 0.40+-0.01 iSOL1811
I 10.377+-0.001 [ SOL851
I I I I

96Rb 10.194+-0.00210.199+-0 .0041 ORS7410.199+-0.002 (W)
10.200+-0.00110.197+-0.0051 OST781
10.202+-0.001[0.205+-0.0041 SOL801
10.201+-0.00110.203+-0.003 I 0S1801

Av:O.201+-0.0011 0.22+-0.01 ISOLX811
I I I I

97Rb 10.167+-0.00110.172+-0 .005[ ORS7410.169+-0.002 (W)
10.168+-0.00110.171+-0.004 i OST781
10.168+-0.00110.182+-0. 0071 SOL801
10.168+-0.0011 0.20+-0.02 ISOL1811

AV:0.168+-0 .00110.169+-O .0011 SOL851
I I I I

98Zr 130.04+-0.04I I I 30.7+-0.4 (w)
I I [ I

98Rb i0.102+-0.002[0.106+-O.0061 ORS741 0.107+-0.001(W)
IO.1OO+-O.O(J2IO.114+-O.O13I OST78i

Av:o.lol+-o.Ooll0.11+-0.02ISOL1811
I [0.106+-0.001[ SOL851
I I I I

I
Half-1ife I
used in I
this work I

s I
I
I

4.484+-0.006 I

I
I
I
I
1 5.864+-0.004
I
I

:
I
I
I
I
I 2.712+-0.005
I
I
I
I
I
I
I 0.378+-0.001
1
I

!
I
I
I
I 0.201+-0.001
I
I
I
I
I
I 0.169+-0.001
I
I
I
I
I
I
I
I 0.104+-0.001
I
I

;
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TABLE C-1(Cont.)

i Is t u d 8 - I Litaratura
I IV i k 89/90 I I I
INuclidaIHalflife I Slalflife Islefer-1 co~t
I Is I 8 [ence I

I I I I I
I 99Rb 10.051+-0.00110.059+-0.0011 SOL861 0.059+-0.001(w)
i 10.051+-0.0011 I
I {0.049+-0.0011 i
I Av:O.0503+-0.0007[ I ;
I I
I IOOSr 10.131+-0.015!0.204+-0.002I SOL86!
I 10.144+-0.021[ I I
I 10.177+-0.0091 I I
I 10.166+-0.0181 I I
I AV:O.163+-O.0111
I I / I
[ 101Y [ 0.48+-0.1110.431+-0.007[SOL86[
I [ 0.30+-0.11: I I
I Av: 0.39+-0.09 ! I I
I
I 1291n I 0.76+-0.09i 0.59+-0.02I 0S1801

10.673+-0.01210.61+-0.01[ SOL851
: AV:O.675+-O.0121 I I
I
[ 1321n 10.227+-0.01410.22+-0.03j OS1801
I [0.201+-0.02710.204+-0.0061SOL851
I Av:O.222+-0.012[ I
I I I I
1 133Sn 11.225+-0.035[ I
I ~1.034+-O.0801 I !
I Av:l.194+-0.070[ ! I
I I I I
I 134Sn 11.042+-0.026[ t
I [1.034+-0.006[ I i
I AV:l.034+-O.0061 I I
I I I
I 135Sb ;1.641+-0.003[ 1.69+-0.02 : U681
I [1.641+-0.003[ 1.60+-0.15 I LOE781
I Av:l.641+-O.0021 I I
I I I I I
I 136Sb 10.926+-0.020[0.75+-0.20I KA1771
I 10.934+-0.026[ 0.9+-0.1 1 LOI178[
I AV:O.929+-O.0161 I I

I I
~ 136T0 ; 17.4+-0.3 : 17.5+-0.2 I LOH781

I 137Te ~ 2.39+-0.12 : 2.1+-0.5 ; LOj375~
[ 2.25+-0.17 I

: Av: 2.34+-0.10 I ! !
I
I 147CS ~0.229+-O.001~0.214+-O.030; OST78~
I !0.228+-0.00110.229+-0.0011SOL85j
I AV:O.229+-O.0011 I I

0.201+-0.002(w)

0.43+-0.01(w)

0.63+-0.04(W)

0.20+-0.01(w)

1.44+-0.04(w)

1.04+-0.02(W)

1.71+-0.01(w)

0.82+-0.02(W)

17.5+-0.2 (W)

2.5*-O.1 (W)

0.227+-0.002(W)

1 Half-1ife I
I used in I

I this work I
e

j /
i 0.053+-0.004 I
t I

I /
I I
[ 0.203+-0.007 ~
I I
I I
I I
I I
I
I 0.431+-0.007 I
I I
J I
I
] 0.631+-0.024 ;

I i
!
I 0.208+-0.005 !
I
I I
I I
[ 1.19+-0.07 I
I

i
I I
I 1.034+-0.006 [
i I
I I
I I
I 1.641+-0.003 [
I I
I I

i 0.927+-0.016 :
I I
} I
I I
[ 17.5+-0.2 t
I
[ 2.33+-0.10 ;
I
I I
I
I 0.229+-0.001;
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TABLEC-1 (Cont.)

—. .— ...
I I I I
i ;S t U d 6 - t Literature ! Half-life I
I IV i k 89/90 [ I I used in 1
INuclidelHalflife I Halflife IRefer-1 Camnant I this work I
I Is Is Ience I I s I
I t I I I —1 I
I 147Ba 10.900+-0.03510.70+-0.04ISOL18110.892+-0.001(W) I 0.83+-0.06 I
I [0.890+-0.048I 0.70+-0.05I OST82I I
I AV:O.897+-O.02810.91+-0.04} SOL851 / I

I I I I
j 148Cs?j0.154+-O.011: I 0.15+-0.01(w) I 0.139+-0.017:
1 10.120+-0.0121 : I I I
I Av:O.139+-0.0171 I I I I
I
I 149La
I
I

1.088+-0.037
!

1.17+-0.12I SOL85
I

I
1.10+-0.03 (w) I 1.095+-0.035 I

I I
I I

MA177 W. Rudolph, K. L. Kratz, and G. Herrmann, J. Inorg. Nucl. Chem. W, 753 (197’7).

MA188 K. L. Kratz et al., Z. Phys. A ~, 229 (1988).

w DatasenttoT. R.EnglandfromR.Willi~W~er,d~ed 11/16/89. Tabulationof
f~sion product half-lives for mass chains 66-172 is to be used on the new (~14th)
editionoftheG.E.ChartoftheNuclid=o

For other references,see AppendixA.
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APPENDIXD

TABM D-1

Note: Nuclides are den@edZ-A(m).

Flags ib and ig are for the averagebeta and gammaenergydefinedas follows:

Flag 0: Averageenergy fromdecay schemes.

Flag 1: Averageenergy “directly”measuredat Studsvik.

Flag 2: Averageenergyfrom gross beta thco~ complementedby incomplete
experimentalinfcrmationo

Flag 3: Averageenergy .romgross beta theory.

Nuclid(aib ig

30- 71m
27- 72
32- 72
27- 73
32- 73rn
27- 74
31- 74
27- 75
32- 75m
28- 76
33- 76
28- 77
32- 77
29- 78
33- 78
29- 79
33- 79
36- 79m
29- bO
34- 80
29- 81
33- 81
36- 81
30- 82
34- 82
30- 83
34- 83
31- 84
35- 84
31- 85
36- 85rn
32- 86
36- 86
32- 87
37- 87
32- 88
37- 88
33- 89
38- 89

00
33
00
33
00
33
00
33
00
33
00
33
00
33
of!
33
11
00
33
00
33
11
00
33
00
33

H
11
33
00
33
00
33

0
33
11
33
00

Nucli& ib iq

30- 71 0 0
28- 72 3 3

2a- 73 3 3
32- 73 0 0
28- 74 3 3
32- 74 0 0
28- 75 3 3
32- 75 0 0
29- 76 3 3
34- 76 0 0
29- 77 3 3
33- 77 0 0
30- 78 0 0
34- 78 0 0
30- 79 3 3
34- 79m o 0
36- 79 0 0
30- 90 3 3
35- 80m O 0
30- 81 3 3
34- $lm o 0

31- 82 1 1
35- 82m O 0
31- 83 3 3
3S- 83 0 0
32- 84 3 3
36- 84 0 0
32- 85 3 3
36- 85 0 0
33- 86 1 1
37- 86m O 0
33- 87 3 3
38- 87rn O 0
33- 88 3 3
38- 88 0 0
34- 89 3 3
39- 89m O 0

Nuclid~ ib ig

31- 71 0 0
29- 72 3 3

29- 73 3 3

29- 74 3 3
33- 74 0 0
29- 75 3 3
33- 75 0 0
30- 76 2 2

30- 77 2 0
34- 77m o 0
31- 78 0 0
3S- 78 0 0
31- 79 1 1
34- 79 0 0

31- 80 1 Z
35- 80 0 0
31- 81 1 1
34- 81 0 0

32- 82 1 1
35- 82 0 0
32- 83 1 1
36- 83m O 0
33- 84 1 1

33- 85 1 1
37- 8S O 0
34- 86 0 0
37- 86 0 0
34- 87 3 3
38- 87 0 0
34- 86 3 3
39- 88 0 0
35- 89 1 1
39- 89 0 0

Nuclida ib ig Nuclide ib iq

30- 72 0 0

30- 73 2 2

30- 74 2 2

30- 75 0 0
34- 75 0 0
31- 76 0 0

31- 77 3 3
34- 77 0 0
32- 78 0 0

32- 79m O 0
35- 79m o 0

32- 80 1 1
36- 80 0 0
32- 81m 3 3
35- 81 0 0

33- 82m 1 1
36- 82 0 0
33- 83 1 1
36- 83 0 0
34- 84 0 0

34- 85 1 1
38- 85m O 0
35- 86m O 0
38- 86 0 0
35- 87 1 1

35- 88 1 1

36- 89 1 I

31- 72 0 0

31- 73 0 0

31- 74m o 0

31- 75 0 0

32- 76 0 0

32- 77m O 0

33- 78m O 0

32- 79 1 1
35- 79 0 0

33- 80 1 1

32- 81 1 1
36- 8ti O 0

33- 82 1 1

34- 83m 1 1

35- 84m O 0

35- 85 1 U
38- 85 0 0
35- 86 1 1

36- 87 1 1

36- 88 0 0

37- 89 1 1
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TABLE D-i (Cont.)
Nuclide ib ig Nuclide ib ia Nuclide ib iq Nuclida ib igNuclide ib ig

34- 90
38- 90

35- 91
39- 91
35- 92
40- 92
35- 93
39- 93
36- 94
41- 94m
36- 95
41- 95m
36- 96
40- 96

37- 97
41- 97m
37- 9a
41- 98m
38- 99
42- 99
38-100
41-100
38-101
43-101
39-102
43-lo2m
39-103
44-103
39-104
43-104

40-105
45-lo5m
40-106
45-lo6m
40-107
45-107

41-108
4S-108

41-109
4!5-109

42-310
46-110
42-111
46-111

42-112
47-112
43-113
47-113
43-114
.7-114

33
00

33
00
33
00
33
00
33
00
33
00
33
00

::
32
00
11
02
22
00
33
00
33
00
33
00
33
20

33
00
33
00
33
00

33
22

33
00

33
00
33
00

33
00
33
00
33
22

35- 90
39- 90m

36- 91
40- 91
36- 92

36- 93
40- 93
37- 94
41- 94
37- 95
41- 95
37- 96
41- 96

3a- 97
41- 97
38- 98
41- 98
39- 99
43- 99m
39-loom
42-100
39-101
44-10:
40-102
43-102
40-103
45-lo3m
40-104
44-104

41-105
45-105
41-106
45-106
41-107
46-107m

42-108
46-108

42-109
46-lt)5uI

43-110
47-nom
43-111
47-lllm

43-112
48-112
44-113
48-l13m
44-114
48-114

11
00

11
00
00

00
00
11
00
11
00
11
00

11
00
11
22
11
00
00
00
33
00
33
22
33
00
33
00

33
00
33
00
33
00

33
00

33
00

33
00
33
00

33
00
33
00
33
00

33- 90
37- 90
40- 90
34- 91
39- 91.m
34- 92
39- 92
34- 93
39- 93m
35- 94
40- 94
35- 95
40- 95
35- 96
39- 96

36- 97
40- 97
36- 98
40- 98
37- 99
41- 99
37-1oo
41-loom
37-101
42-101
38-102
42-102
38-103
43-103
38-104
42-104
46-104
39-105
44-105
39-106
44-106
39-107
44-107
47-107
40-?08
45-sJ8m
4c!-108
40-109
44-109
47-109
41-110
45-110
41-111
46-lllm
48-111
41-112
46-112
42-113
47-l13m
42-114
47-l14m

33
11
00
33
00
33
00
33
00
33
Oc
33
00
33
11

33
00
33
23
33
10
33
00
33
33
33
02
33
22
33
22
00
33
00
33
00
33
22
00
33
22
02
33
33
o@
3 0
2;
33
00
00
33
00
33
00
33
00

36- 90
39- 90

37- 91

37- 92

37- 93
41- 93m
38- 94
42- 94
38- 9S
42- 95
38- 96
42- 96

39- 97m
42- 97
39- 98m
42- 98
40- 99
43- 99
39-1oo
43-1oo
40-101

41-lo2m
44-102
41-103
45-103
41-lo4m
45-lo4m

42-105
46-105
42-106
46-106
42-107
46-107

43-108
47-108m

43-109
46-109

44-110
47-110
44-111
47-111

44-112

4s-113
48-113
4s-114

00
00

11

11

11
00
11
00
11
00
11
00

::
00
00
11
00
11
00
33

33
00
33
00
33
00

33
00
33
00
33
00

22
00

33
00

33
00
33
00

33

33
00
33

37- 9oln
40- 90m

11
00

38- 91 00

38- 92 11

38- 93
41- 93
39- 94

11
00
01

39- 95 01

39- 96m 02

39- 97 11

39- 98 11

41- 99m 11

40-100
44-1oo
41-101

22
00
00

41-102 33

42-103 33

41-104
45-104

33
00

43-105 00

43-106 22

43-107
47-lo7m

22
00

44-108
47-108

00
00

44-lo9m
47-lo9m

33
00

45-nom
48-110
45-111
48-11-

45-112

22
00
33
00

33

33
00
22

46-113
49-113
46-114

41



TABLE D-1 (Cont.)

Nucllde ib ig maclide ib LCJ Nuclide ib iaNuclide ib ig

33
00
00
33
00
33
00
00
33
03
33
22
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
22
00
00
00
00

Nuclide ib Lg-
42-115 3 3
47-l15m 3 3
49-115 0 0
43-116 3 3
47-116 0 0
43-117 3 3
47-117 2 0
50-1171TI o 0
43-118 3 3
47-118 0 0
44-119 3 3
48-119 0 0
44-120 3 3
48-120 2 3
45-121 3 3
49-121m O 0
45-122 3 3
49-122 2 2
45-123 3 3
49-123 0 0
46-124 3 3
50-124 0 0
46-125 3 3
50-12%u O 0
46-126 3 3
50-126 2 2
47-127 3 3
50-127 0 0
47-128 3 3
51-1281a O 0
48-129 3 3
51-129m O 0
54-129m O 0
48-130 3 3
51-130m o 0
54-130 0 0
48-131 3 3
51-131 1 1
54-131 0 0
48-132 3 3
52-132 0 0
49-133 3 3
53-133m o 0
50-134 3 3
53-134 0 0
56-134 0 0
50-135 3 3
54-135 0 0
50-136 3 3
54-136 0 0
51-15? 1 3
56-137m O 0
51-13a 3 3
55-138 0 0
51-139 3 3

43-115
47-115
50-115
44-116
48-116
44-117
4e-l17m
50-117
44-118
48-118
45-119
49-l19m
45-120
49-120m
46-121
49-121
46-122
50-122
46-123
50-123m
47-124
51-124m
47-12.5
50-12S
47-126
51-126m
48-127
51-127
48-128
51-128
49-129m
51-129
54-129
49-130m
51-130

44-115 3 3
48-l15m O 0

45-115
48-115

33
00

46-115
49-l15m

33
00

45-116
49-l16m
45-117
48-117

33
00
33
00

46-116
49-116
46-117
49-l17m

22
00
33
00

47-l16m
50-116
47-l17m
49-117

22
00
00
00

33
00
33
00
33
02
33
00
33
00
33
00
33
00
33
00
33
00
22
02
12
00
00
00

45-118
49-l18m
46-119
49-119
46-120
49-120
47-121
50-121m
47-122
51-122m
47-123
50-123
48-124
51-124
48-125
51-125
48-126
51-126
49-127m
52-127m
49-128m
52-128
49-129
52-129m

46-118
49-118
47-119
50-l19m
47-120m
50-120
48-121m
50-121
48-122
51-122
48-123
51-123
49-124m
52-124
49-125m
52-125m
49-126m
52-126
49-127
52-127
49-128
53-128
50-129m
52-129

33
00
22
00
33
00
33
00
33
00
33
00
00
00
22
00
00
00
00
00
10
00
22
00

47-l18m
50-118
48-l19m
50-119
47-120

00
00
00
00
33

48-121
51-121
49-122m
52-122
49-123m

33
00
20
00
00

49-124 00

49-125
52-125
49-126

00
00
20

50-127m
53-127
50-128
54-128
50-129
53-129

22
00
00
00
11
00

50-130
53-130

49-130
52-130

00
00

50-130m
53-130m

11
00

11
00

49-131m
52-131a

33
00

49-131
52-131

33
00

50-131m
53-131

33
00

50-131
54-13-

11
00

50-132
53-132
51-133
54-133m
51-134
54-134

11
00
11
00
11
00

51-132m
54-132
52-133m
54-133
52-134
55-134m

00
00
11
00
00
00

51-132 OLJ49-132
53-132nl
50-133
53-133
51-134m
54-134m

00
20
11
00
33
00

52-133
55-133
53-134m
55-134

00
00
00
00

51-135
55-135m
51-136
55-136m
52-137
56-137
52-138
56-138
52-139

11
00
11
00
13
00
33
00
33

52-135
55-13s
52-136
55-136
53-137

11
00
11
00
11

53-135 11

11
00
11

00

11

54-135m 00

53-136m
56-136m
54-137

53-136
56-136
55:137’

11
00
00

54-138 55-138= 11

01

53-13a .1●

54-139 55-13953-139 11
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TABLE D-1 (Cont.)

Nuclide ib ig

56-139
52-140
57-140
52-141
57-141
52-142
57-142
33-143
58-143
53-144
58-144
53-145
50-145
54-146
58-146
54-147
59-147
55-14a
59-148
55-149
60-149
55-150
60-150
56-151
61-151
56-152
sl-152m
57-153
62-153
57-154
61-154
57-155
62-155
50-156
63-156
58-157
63-157
59-150
64-158
39-159
64-159
60-160
65-160
60-161
65-161
61-162
66-162
62-163
62-164
62-165
66-165
65-166
66-167

00
33
00
33
02
33
00
33
00
33
00
33
11
33
11
33
11
33
22
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
33
33
00
00
00

Nuclide ib ig

57-139
53-140
58-140
53-141
58-141
53-142
58-142
54-143
59-143
54-144
59-144m
54-145
59-145
55-146
59-146
55-147
60-147
56-148
60-148
56-149
61-149
56-150
61-150
57-151
62-151
57-152
61-152
58-153
63-153
58-154
62-154
58-155
63-155
59-156
64-156
59-157
64-157
60-158

60-159
65-159
61-160
66-160
61-161
66-161
62-162

63-163
63-164
63-165
67-165
66-166
67-16=1

00
11
00
33
00
33
00
33
00
33
00
33
00
11
00
33
00
22
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33
00
33

33
00
33
00
33
00
33

33
33
33
00
00
00

Nuclide ib ig Nucli& ib ia

54-140

54-141
59-141
54-142
59-142m
55-143
60-143
55-144
59-144
55-145
60-145
56-146
60-146
56-147
61-147
57-148
61-148m
57-149
62-149
57-150
62-150
58-151
63-151
58-152
62-152
59-153

59-154
63-154m
59-155
64-155
60-156

60-157

61-158

61-159

62-160

62-161

63-162

64-163
64-164
64-165

67-166m
68-167m

43

02

11
00
33
00
11
09
11
00
11
00
11
00
11
00
00
00
33
00
33
00
33
00
33
00
33

33
00
33
00
33

33

33

33

33

33

33

33
33
33

00
00

55-140

55-141

55-142
59-142
56-143

56-144
60-144
56-145

57-146m

57-147
62-147
58-148
61-148
58-149

58-150

59-151

59-152
63-152m
60-153

60-154
63-154
60-155

61-156

61-157

62-158

62-159

63-160

63-161

64-162

65-163
65-164
65-165

67-166
68-167

12

11

11
00
11

11
00
11

00

11
00
00
00
33

33

22

33
00
33

33
00
33

33

33

02

33

00

33

22

33
00
00

00
00

Nuclide ib ig

56-140

56-141

56-142
60-142
57-143

57-144

57-145

57-146

58-147

59-148m
62-148
59-149

59-150

60-151

60-152
63-1S2
61-153

61-154m
64-154
61-155

62-156

62-157

63-%58

63-159

64-160

64-161

65-162

66-163
66-164
66-165m

68-166

00

11

00
00
11

11

11

li

11

22
00
22

00

00

00
00
33

22
00
33

00

33

00

32

00

00

00

00
00
00

00
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APPENDLXE

TABLEE-1

DELAYED-NEUTRONYIELDSAT EQUILIBRIUM
(THERMALFISSIONOF 2~5U)

Number of neutrons/10 000 fissions= 0.1626e +03 +/- 0.7539e + 01.
Nuclide contribui~ons(per cent) in order.

nuclide contribution

1
3
5
7
9

11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77
79

(53,137 )
(as, 89 )
(35, 88 )
(53,139 )
(37, 95 )
(35, 87 )
(34, 91 )
(39, 97 )
(55,143)
(51,135)
(39,102)
(53,140)
(55,145)
(36, 93 )
(35, 92 )
(33, 67 )
(36, 94 )
(51,136)
(34,89 )
(34, 88 )
(55,142)
(54,142)
(31, 82 )
(56,147)
(39,100)
(49,129m)
(55,147)
(37, 92 )
(57,148)
(49,131)
(49,132)
(51,134)
(38, 99 )
(49,130m)
(49,129)
(31,83 )
(31,79 )
(47,121)
(55,148)
(37,100)

0.1332a+02+/-0 .l247e+Ol
0.9461e+Ol+/-0 .5O89a+OO
0.7101e+Ol+/-0 .4586e+OO
il.4888a+Ol+/-0 .82O7e+OO
o.4000a+ol+/-o .l944a+oo
0.3073e+Ol+/-0 .ll57e+OO
0.2294e+Ol+/-0 .l992e+Ol
0.1S65e+Ol+/-0 .4446e+OO
0.1450a+Ol+/-O.1005e+OO
0.1354~+01+/-0 .2lO3e+OO
0.9678a+OO+/-0. 6932e+OO
0.8005a+OO+/-O.2O36O+OO
0.6817e+OO+/-O.8362a-Ol
0.5847a+OO+/-O.4ll5e-Ol
0.5428e+OO+/-O.3534a+OO
0.4748e+OO+/-O.3O77e+OO
0.3032e+OO+/-O.l244a+OO
0.2549e+OO+/-0.3494e+O0
0.2299e+OO+/-0.8557a-Ol
0.1759a+OO+/-O.9O65a-Ol
0.15476+00+/-0.14949-01
0.l107a+OO+/-O.lO48a-Ol
0.8663a-01+/-O.5564e-Ol
0.5953e-01+/-O.35O8a-Ol
0.5439e-Ul+/-O.33O6e-Ol
0.4449e-01+/-0 .lO56e-Ol
0.3828e-01+/-0 .2466e-Ol
0.3316e-01+/-O.l3O3e-O2
0.3007e-01+/-0 .l854e-Ol
0.2167e-01+/-O.l223e-Ol
0.1909@-01+/-O.7663e-O2
0.8838e-02+/-O.5858e-O2
0.83L.e-02+/-O.23l5e-O2
0.7137e-02+1-O.2204e-02
0.4928e-02+/-O.l72Oe-O2
0.2298e-02+/-O.lO99e-Ol
0.9493e-03+/-O.22O7e-O3
0.1095e-03+/-O.7l92e-O4
0.1053e-03+/-O.68O9e-O4
0.6875e-05+/-O.5OO3e-O5

nr—

2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78

nuclide contribution

(37, 94 ) 0.1038e+02+/-0.3744e+O0
(35, 90 ) 0.8166e+Ol+/-0.99OOe+OO
(53,138) 0.4928e+Ol+/-0.5805e+O0
(33, 85 ) 0.4267e+Ol+/-0.269Oe+Ol
(35, 91 ) 0.3364e+Ol+/-0.l3l3e+Ol
(37, 93 ) 0.2872e+Ol+/-0.lO65e+OO
(39, 99 ) 0.2288e+Ol+/-0.4776e+OO
(50,133) 0.1558e+Ol+/-0.ll92e+Ol
(37, 96 ) 0.1363e+Ol+/-O.869le+OO
(33,86 ) 0.l121e+Ol+/-O.7244e+OO
(55,144) 0.8338e+OO+/-0.lO6Oe+OO
(52,137) 0.7125e+OO+/-0.l732e+OO
(37, 97 ) 0.S866e+OO+/-O.5O69e-Ol
(53,141) 0.5603e+OO+/-O.2536e+OO
(52,136) 0.5386e+OO+/-O.3lO9e+OO
(39,101) 0.3952e+OO+/-O.972Oe-Ol
(52,138) 0.2561e+OO+/-O.l864e+OO
(39, 98 ) 0.2402e+OO+/-O.7398e-Ol
(32,84 ) 0.1938e+OO+/-O.5566e-Ol
(34,87 ) 0.1654e+OO+/-0.3927e-Ol
(38, 98 ) 0.1418e+OO+/-O,l666e-Ol
(55,141) 0.8930e-01+/-O.3575e-Ol
(55,146) 0.6708e-01+/-O.l6Ole-Ol
(31, 81 ) 0.5562e-01+/-O.l79Oe-Ol
(49,130) 0.5163e-Ol+\-O.1289e-01
(33,84 ) 0.4024e-01+/-O.4667e-O2
(36, 92 ) 0.3403e-01+/-O.3247e-O2
(54,141) 0.3306e-01+/-O.2l83e-O2
(50,134) 0.2362e-01+/-0.l798e-Ol
(37, 98 ) 0.2040e-01+/-O.l3l3e-Ol
(57,147) 0.1899e-01+/-O.5597e-O2
(57,149) 0.8706e-02+/-O.8259e-O2
(49,127) 0.8018e-02+/-O.l8O4e-O2
(31,80 ) 0.6277e-02+/-O.l473e-O2
(38,100) 0.4401e-02+/-O.29O6e-O2
(37,99 ) 0.1266ca-02+/-O.82l8e-O3
(49,128) 0.6300*-03+/-O.2547e-O3
(47,122) 0.1080e-03+/-O.8569e-O4
(47,123) 0.3100e-04+/-O.2O3Oe-O4
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nr—

1
3
5
7
9

11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77

TABLEE-2

DELAYED-NEUTRONYIELDSAT EQUILIBRIUM
(THERMALFISSIONOF 238U)

Number of neutrons/10 000 fissions= 0.3649e +03 +/- 0.3141e + 02.
NucIidecontributions(per cent) in order.

nuclide contribution

(53, 137 ) O.9372e+Ol+/-O.1350e+01
(35, 90 ) O.8320e+Ol+/-O.2497e+01
(33, 85 ) 0.5979e+Ol+/-0.36OOe-}Ol
(53,138) 0.4620e+Ol+/-0.l38le+Ol
(35, 91 ) 0.3759e+Ol+/-0.2453e+Ol
(51,135) 0.3602a+Ol+;-O.2322e+Ol
(35, 88 ) 0.2534e+Ol+/-0.7325e+OG
(55,145) 0.2231e+Ol+/-O.l4l6a+Ol
(35, 92 ) 0.1709e+Ol+/-O.llO5e+Ol
(51,136) 0.1506a+Ol+/-0.2O63a+Oi
(55,144) 0.1447a+Ol+/-0.4524e+OO
(36, 94 ) 0.1308e+Ol+/-3.9794e+OO
(55,143) 0.1225e+Ol+/-0.3369e+O0
(35, 87 ) 0.1043e+Ol+/-0.l992e+OO
(39,101) 0.8388e+OO+/-0.2750e+O0
(52,136) 0.7466e+OO+/-0.4862e+O0
(50,134) 0.7106e+OO+/-0.5408e+O0
(37, 97 ) 0.6160a+OO+/-O.3929e+OO
(37, 98 ) 0.2628e+OO+/-O.l688e+OO
(39,100) 0.2106e+OO+/-0.7987e-Ol
(33, 87 ) 0.2014*+00+/-O.l347e+OO
(39, Sa ) 0.1820a+OO+/-O.5O53e-Ol
(55,142) 0.9623a-01+/-O.2l78e-Ol
(34, 91 ) 0.8332a-02+/-O.7234O-Ol
(38,100) 0.7764e-01+/-O.5ll6e-Ol
(49,132) 0.5868e-01+/-O.4OO8e-Ol
(31, 82 ) 0.5194e-01+/-O.33l6a-Ol
(51,134) 0.4423e-01+/-O.l594a-Ol
(54,141) 0.3655e-01+/-O.359le-O2
(49,12%n)0.2771a-01+/-O.l829e-Ol
(33, 84 ) 0.2685a-01+/-O.l447e-Ol
(57,147) 0.2088e-01+/-O.6649e-O2
{31, 83 ) 0.1610a-01+/-O.7697a-Ol
(49,127) 0.6212a-02+/-O.3967a-C2
(49,130) 0.4224a-02+/-O.2795c-O2
(49,129) 0.1774e-02+/-O.l265e-O2
(37,100) 0.1095a-02+/-O.7968a-O3
(47,123) 0.5261e-03+/-O.34l7a-O3
(47,121) 0.4184e-03+/-O.2568a-O3

x

2
4
6
8
10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78

nucli~

(37, 94 ) 0.8451e+Ol+/-0.2447e+Ol
(35, 89 ) 0.7456e+Ol+/-0.2164e+Ol
(53,139) 0.5099e+Ol+/-O.l587e+Ol
(27, 95 ) 0.3938e+Ol+/-0.ll9Oe+Ol
(37, 96 ) 0.3654e+Ol+/-0.2271e+Ol
(50,133) 0.2844a+Ol+/-O.2l66e+Ol
(39, 99 ) 0.2349e+Ol+/-0.7907e+O0
(53,140) 0.1711e+Ol+/-O.lO9Oe+Ol
(33,86 ) 0.1614e+Ol+/-O.lO22e+Ol
(37, 93 ) 0.1503a+Ol+/-0.3126e+O0
(39, 97 ) 0.1316a+Ol+/-O.3797e+OO
(53,141) 0.1260e+Ol+/-0.9257e+O0
(52,137) 0.1059e+Ol+/-O.3999e+OO
(52,138) 0.8951e+OO+/-0.6498e+O0
(36, 93 ) 0.7970e+OO+/-O.98Ole-Ol
(39,102) 0.7119e+OO+/-O.5O57a+OO
(34,89 ) 0.7047e+OO+/-O.5l29e+OO
(55,146] 0.4096e+OO+/-0.2616e+O0
(32, 84 ) 0.2199e+OO+/-O.l4l5e+OO
(38, 98 ) 0.2078e+OO+/-O.6855e-Ol
(54,142) 0.1828e+OO+/-O.5922e-Ol
(34,88 ) 0.1291a+OO+/-O.lOO2e+OO
(34, 87 ) 0.8906e-01+/-O.3432e-Ol
(55,147) 0.7798a-01+/-O.5O24a-Ol
(56,147) 0.6811a-01+/-O.5684e-Ol
(31,81 ) 0.5648.-Ol+/-3552e201Ol
(55,141) 0.4805e-01+/-O.2Ol7e-Ol
(57,148) 0.4350a-01+/-O.2329e-Ol
(57,149) 0.3154e-01+/-O.293le-Ol
(38,99 ) 0.2688a-01+/-O.lO56O-Ol
(36, 92 ) 0.2576e-01+/-O.3l53e-O2
(49,130m)0.1696a-01+/-O.llO8e-Ol
(37, 92 ) 0.1275e-01+/-O.l439e-O2
(55,143) 0.5232a-02+/-O.3382e-O2
(31, 80 ) ).3558c-02+/-O.2l29e-O2
(49,131) 0.1769.-O2+/-1477e702O2
(49,128) 0.8463a-03+/-O.6lO3e-O3
(31,79 ) 0.4965@-03+/-O.2888e-O3
(47,122) 0.4121e-03+/-0.32O2e-O3
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nr—

1
3
5
7
9

11
13
15
17
19
21
23
25
27
29
31
33
35
37
39
41
43
45
47
49
51
53
55
57
59
61
63
65
67
69
71
73
75
77

TABLE&3

DELAYED-NEUTRONYIELDSAT EQUILIBRIUM
(THERMALFISSIONOF 23%%)

Number of neutrons/10 000 f~sions = 0.6830e +02 +/- 0.295~e + 01.
Nuclide contributions(percent) in order.

nuclide cont=~

(53,137 ) O.2391e+02+/-O.2135a+01
(53,138 ) O.9816e+Ol+/-O.1284e+01
(35, 89 ) 0.7034e+Ol+/-O.3828e+OO
(35, 88 ) 0.4674e+Ol+/-0.3556e+O0
(39, 99 ) 0.3891e+Ol+/-u.8916e+O0
(37, 93 ) 0.2743e+Ol+/-O.l684e+OO
(33, 85 ) 0.1665e+Ol+/-0.lO58e+Ol
(51,135 ) 0.1511e+Ol+/-0.985Oa+OO
(37, 96 ) 0.9070e+OO+/-0.49l4a+OO
(55,144 ) 0.8109e+OO+/-0.2705e+O0
(52,136 ) 0.5960e+OO+/-O.5lO3a+OO
(35, 91 ) 0.5413et+OO+/-O.3588a+OO
(33, 86 ) 0.2791a+OO+/-O.l8O7e+OO
(39,101 ) 5.2544c+OO+/-O.l643a+OO
(55,142 ) 0.2117e+OO+/-O.48l2O-Ol
(36, 93 ) 0.1995e+OO+/-O.2l74e-Ol
(55,141 ) Oo1730e+OO+/-0.7317a-Ol
(35, 92 ) 0.1291e+OO+/-O.84O8a-Ol
(49,12%n)0.1012e+OO+/-O.6672e-Ol
(39,100) 0.9488e-01+/-O.5678e-Ol
(34,87 ) 0.7276e-01+/-O.4922a-Ol
(34,89 ) 0.5586e-01+/-O.4O87e-Ol
(55,146) 0.4995e-01+/-O.32lle-Ol
(51,134) 0.3765e-01+/-O.ll42e-Ol
(57,147) 0.3290e-01+/-O.2O59e-Ol
(54,141) 0.3047e-Ol+/-0.2009e-02
(33,84 ) 0.2868e-01+/-O.l8O9a-Ol
(49,127) 0.2604e-01+/-O.l68Oe-Ol
(56,147) 0.2009e-01+/-O.l686e-Ol
(36, 92 ) 0.1490e-01+/-O.l422e-O2
(49,132) 0.1267e-01+/-O.867le-O2
(38,100) 0.9076e-02+/-0.5993e-02
(49,129) 0.6491e-02+/-O.46l8e-O2
(38, 99 ) 0.5309e-02+/-0.3607e-02
(49,128) 0.3127e-02+/-0.2255e-02
(31,79 ) 0.7018e-03+/-O.4542e-O3
(47,121) 0.2945e-03+/-O.l942e-O3
(47,123) 0.4805e-04+/-O.3l47e-O4
(37,100) 0.1696e-04+/-0.1234e-04

m
2
4
6
8
10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76

(37, 94 ) 0.1040e+02+/-0.l632e+Ol
(35, 90 ) 0.7675e+Ol+/-0.8854e+OO
(37, 95 ) 0.5337e+Ol+/-O.l233e+Ol
(53,139 ) 0.4452e+Ol+/-0.lO5Oe+Ol
(39, 97 ) 0.2764e+Ol+/-0.896letOO
(35, 87 ) 0.2489e+Ol+/-0.3421e+O0
(55,143) 0.1662e+Ol+/-0.3862e+O0
(50,133) 0.1034e+Ol+/-O.79O7e+OO
(53,140) 0.8181e+OO+/-O.5299e+OO
(55,145) 0.6923e+OO+/-0.4466e+O0
(52,137) 0.5693e+OO+/-0.3825e+O0
(39, 98 ) 0.4929e+OO+/-O.lO56e+OO
(37, 97 ) 0.2561e+OO+/-O.l3l9er+OO
(53,141) 0.2292e+OO+/-0.1716e+O0
(36,94 ) 0.2018e+OO+/-O.l4OOe+OO
(51,136) 0.1769e+OO+/-0.2424e+O0
(38,98 ) 0.1387e+OO+/-O.8978e-Ol
(52,138) 0.1085e+OO+/-O.7898e-Ol
(50,134) 0.1008e+OO+/-O.7673e-Ol
(54,142) 0.8724e-01+/-O.9584e-O2
(49,130m)0.6126e-01+/-O.4OOle-Ol
(39,102) 0.5355e-01+/-O.3837e-Ol
(34,88 ) 0.4623a-01+/-O.3628e-Ol
(32,84 ) 0.3360e-01+/-O.2l73e-Ol
(37, 92 ) 0.3123e-01+/-O.l853e-C2
(31,81 ) 0.3012e-01+/-O.l925e-Ol
(33,87 ) 0.2795e-01+/-O.l879e-Ol
(57,148) 0.2456e-01+/-0.l55le-Ol
(49,130) 0.1551e-01+/-O.lOlle-Ol
(37,98 ) 0.1416e-01+/-O.9ll5e-O2
(57,149) 0.1021e-01+/-O.97O6e-O2
(31,82 ) 0.7885e-02+/-0.5067e-02
(31,80 ) 0.6475e-02+/-O.4ll2e-O2
(49,131) 0.3766e-02+/-O.3l3Oe-O2
(31,83 ) 0.8142e-03+/-O.3892e-O2
(55,147) 0.6700e-03+/-O.4322e-O3
(47,122) 0.1802e-03+/-O.l432e-O3
(55,148) 0.3995e-04+/-O.2583e-O4
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