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BACKGROUND RADIATION FROM FISSION PULSES

by

T. R. England, E. D. Arthur, M. C. Brady, and R. J. LaBauve

ABsmcT

Extensive source terms for beta, gamma, and neutrons following
fission pulses are presented in various tabular and graphical forms.
Neutron results from a wide range of fissioning nuclides (42) are
examined and detailed information is provided for four fuels: 235U,
238u, 232Th, ~d 239PU; these bracket the range of the delayed
s ectra. Results at several cooling decay) times are presented. For
$ !3- and y spectra, only 235U and 2 9Pu results are given; fission-
product data are currently inadequate forother fuels. The data base
consists of all known measured data for individual fission products
extensively supplemented with nuclear model results. The process
is evolutionary, and therefore, the current base is summarized in
sufficient detail for users to judge its qualit . Comparisons with

Jrecent delayed neutron experiments and total - and ydecay energies
are included.

I. INTRODUCTION

Two, and occasionally more, neutron rich nuclides remain following a neutron induced

fission, as illustrated in Fig. 1. These fission products can be any one of approximately 1300

species, and they are all present in varying amounts following a sufficiently large number of

fissions. Most nuclides are radioactive and coupled by their decay, as shown in Fig. 2 for 20 of

the 1300 products. The initial amount of each product following a fission pulse is described by a

probability per fission, or fission product yield, that varies with the fissioning species and with the

initial neutron fission energy. Figure 3 is a sirnplilled illustration of the distribution of the initially

yielded products where Zp is the most probable product per mass chain. Figures 4a and 4b show

the location of Zp and delayed neutron precursors for 235Ufast fission.
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Fig. 3. Schematic of yield distribution.
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The total population of this plexus of products remains a constant in time equal to

approximately twice the number of fissions in the pulse. However, the amount of each product

changes continuously because of decay couplings, as do radiations associated with decay. Most of

the decays are initiated by ~- transitions to excited states of the daughter product and are

immediately followed by cascading gammas to lower energy states. In some cases (- 150), the

lower energy states are long-lived and can decay by either ~- or an additional cascade of gammas to

the ground state. In approximately 270 of the initial products, some of the ~- transitions leave the

daughter product in an excited state exceeding the binding energy, S(n), of a neutron and hence

each such decay probably results in the emission of neutrons. In a very few cases (< 10), the

parent nuclide of the neutron rich products decays by the emission of an alpha particle; however,

the usual decays and radiations are illustrated in Fig. 5. Each of the ~- transition energies is

actually a mixture of energies (in some continuous probability) of an electron and anti-neutrino and

not a discrete value for either particle.
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h
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Fig. 5. Schematic of decay plus delayed neutron emission.

If we knew the fission-product yield, decay halflife, probability of each type of decay or

branching fraction, and associated energy spectrum for each type of radiation, it would be possible

todescribe the time-dependent behavior and radiation field of the fission-product debris. We now

have codes, notably, a version of CINDER1 and associated codes based on it, capable of

calculating the time-dependence of each nuclide and each type of radiation for any mixture of

fissioning nuclides. Basically, we f~st calculate the time-dependent quantity of each product and

its activity and then fold in the various spectral types and sum these into an aggregate spectmm.

The process is exact and the accuracy is limited by the uncertainties of the input data, some of this

being based on measurements and some on nuclear models.

In this report, we describe the input source data of the nuclides available through fiscal year

1987 and present aggregate, time-.dependent results of the total ensemble for the principal

5



radiations (~-, y, and n). These form the dominant background radiations for any observer or

instrument. The neutrons constitute a major portion of the discussion in this report.

The information in this report is intended as source data for further studies. For example,

any detector will see additional temporal changes due to expanding debris, depending on its

location. Here, all results describe isotropic radiation from a point source. The relative importance

of the spatial expansion of the debris is dependent on each detector’s location and is not considered

here. The detectors are assumed to be shielded against the initial prompt neutron, x-ray, and

gamma pulse sources. These can be calculated for any particular device, but they are not being

included in this discussion. Here, the source terms apply to the continuously changing interference

envkonment or background remaining following the fission pulse.

The background is device-dependentbecause of the mixture of fissioning nuclides and

numberoffissions. Except where noted,we have assumedthat eachpulse contains 1.3x 1026
fissions, or approximatelythe equivalentof I MT, if all energy isfrom thefission of a single
fissioning species.

The reader should be aware that measurements and improvements in nuclear models are

currently in progress and results from these could significantly alter data for particular fission

products. While changes in the aggregate total radiations are less likely to be significant, values at

the large radiation energies could certainly change. The information in this report can be

considered as the most extensive estimates of the radiatioh background to date and should serve as

a reference or fiducial report for further studies.

II. DATA BASE

Calculations require fission-product yields, nuclide halflives, decay branching fractions to

isomeric and ground states of the daughter products and branching by those neutrons following

beta decay (i.e., “delayed neutrons” or ‘d) and the beta, gamma, and neutron energy spectra for

each nuclide. Except for spectra, all parameters are used to form chains of nuclides coupled, as in

Fig. 2. (For fission pulses, we do not require neutron cross sections, but for extended

irradiations, cross sections are required and these, like the delayed neutrons, cross couple the mass

chains.)

A, Yield$

The fission-product yields in use area preliminary, unpublished version for ENDF/B-VI,2

described in Ref. 3; mass chain yields are listed in Ref. 3 as well. All yield data are being updated

and reevaluated prior to issue in Version VI of ENDF/B; the data in use are the most recent

available and are current to about mid-1983. For this study, we did alter the 238U fast-fission

yields primarily in their distribution along the mass chains. The method of evaluation and the

6



distribution models are described in Ref. 3. (Only the 238Uproton pairing parameter was changed

from values listed in that reference. The change was based on recent unpublished measurements

made at Grenoble, France, and it resulted in a significant alteration in the calculation of delayed

neutrons; however, it is less important to other aggregate quantities.)

Most high-energy neutron yields are based on nuclear models and systematic, not on

measurements.

B. Halflives and Decav Branching

Except for neutron branching (denoted as Pn), these data are taken from ENDF/B-V2 and are

listed in the sumrnary document of Ref. 4. As noted in a later section, we now have sufficient tests

to believe in their validity and the yield data can be assessed as generally very good.

C. Beta/Gamma SWctra and Their Decav Enenzies

Earlier testing of these ENDF/B-V dataz demonstrated that measured nuclide spectra were

usually deficient for many high-Q transitions.5~6An earlier version of ENDF/B that relied more on

nuclear model generated spectra showed better agreement with benchmark experiments than

Version V. Other countries have also discovered the deficiency and the only reasonable recourse in

the near future for individual nuclides is an augmentation of spectra using nuclear models.7 As

discussed later, this has already been accomplished for total ~– and y decay energies, but not

spectra, by the Japanese,8~gwith excellent results. As related to this report, the total ~– and y

energies recommended by the Japanese are used in place of those in ENDF/B-V. Here, however,

our primary interest is in aggregate spectra. For this purpose, we use 18- and 19-group functions

fitted to our calculated spectraG after some adjustment based on the measured spectra of

Dickens lO~ll reduced to a fission pulse. These functions also compare very well with

measurements of total decay energies but apply only to 235U and 239Pu fission. We have no

measured spectra for 238U to use for similar fits. In any case, we need improved spectra for

individual products if we are to use our developed capability for general spectra calculations for

any fissioning nuclide.

D. Pn Values and Delaved Neutron Swctra

These data were simply inadequate in any known evaluation/compilation. A very incomplete

set of Pn values (delayed neutron branching fractions), but no individual spectra, exist in the

ENDF/B files. Therefore, a large part of our effort to date on the nuclear background has been

toward compiling, evaluating, and generating a complete set of delayed neutron data. The method

of evaluating measured Pn’s is described in Ref. 12. These data have now been revised through

1985 and appear in Section III. Measured Pn’s now exist for 85 nuclides, but there are >270

7



nuclides having Q~ values exceeding the neutron binding energy S(n) based on nuclide masses.

All are assumed to be delayed neutron precursors. This assumption is very reasonable; to date, all

nuclides having the sufficient energetic (illustrated in Fig. 5) have been found to be neutron

precursors.

Thirty-four of the precursors have one or more known spectral measurements. However, we

have found no measured spectra prior to the beginning of this study that extend above 3 MeV,

although many precursors have sufficient energetic for higher energy delayed neutrons. In these

cases, it is necessary to augment the measurements with nuclear model calculations and to use

models for the 237 unmeasured spectra, as was done in Ref. 13 for 76 spectra. Some model

spectra can be important because of their large energy emission, but some are included simply for

completeness, being relatively unimportant as a result of small Pn and/or yield values.

All measured spectra are normalized; also, prior to normalization, experimental data were

generally missing at both low and high energy values. With the exception of 4, all of the 34

measured spectra had to be augmented with model values. Thus, 241 of the 271 precursor spectra

include some model values and 237 are based totally on models.

Table I summarizes the experimental spectra source and Table II, the general content of the

data base. This extensive base is a dominant pat of this report and will be further described in

Section III. Reference 14 also provides a summary of the effort through September 1986; also a

dissertation in preparation by a co-author of this report,ls will provide detail relevant to each

change made to date in measured spectra. (The dissertation is primarily concerned with aggregate

steady-state spectra e 3 MeV important to reactors. Spectra at larger energies for some individual

precursors will be discussed in the dissertation only because of the need to extend spectra to obtain

a proper norrnalization. For this purpose, it will contain some information from Refs. 14 and 16).

The extensive Los Alamos data base for delayed neutrons is summarized in more detail in the

following section. It results from national and international cooperation with periodic research

over the past ten years and from an intensive effort over the past three years.

A general bibliography for delayed neutrons is attached as Appendix A of this report.

8



TABLE I

SUMMARY OF EXPERIMENTAL SPECI’RA

Studsvik measurements:

3He spectrometers
On-line isotope separator
Measurements for -25 precursor nuclides
Energy range - 100keV -2 MeV

Maim measurements:

3He spectrometers
On-line isotope separator
Measurements for -23 precursor nuclides
Energy range -40 keV -3 MeV

INEL measurements:

Proton-recofl spectrometer
On-line isotope separator (TRISTAN-ISOL)
Measurements for 8 precursor nuclides
Energy range - 10keV -1300 keV

TABLE II

CONTENT OF CURRENT DATA BASE

+ 271 PRECURSORS (BASED ON ENERGE~CS)+

o

0

0

Pn - DN Emission Probabilities

o 85 Evaluated measurements

o 186 From systematic (fit to Kratz-Hermann equation)

Spectra (10 keV Bins]

o 34 Measured (30 augmented with Beta Code)

o 237 From model calculations (Mod.ifkd Evaporation Model)

FP Yields, tl.z, j3-, and y Branching

o Yields from a preliminary ENDF/B-VI version

o Branching from ENDF/B-V

9



III. DELAYED NEUTRONS: CURRENT DATA EVALUATION

As noted in Section II(D), of the 271 probable delayed precursors, only 34 have measured

spectra and 85 have measured emission probabilities (l% values). Such number comparisons can

be misleading. As stated in Ref. 13, we found that 29 precursors having spectral measurements

account for 70-82% of the total delayed neutron emission rate at equilibrium. For fission pulses,

the 34 measured precursors account for 75-99% of the total rate at various cooling times. (The

percentage increases monotonically with cooling time.) Furthermore, most measured spectra do

not cover the complete energy range and some unmeasured short-lived precursors are likely to

produce a large fraction of the neutrons at high energies. In addition, complete Pn data are needed

in fission-product yield evaluations.

PRCWSOrDaat

Table III lists Pn values for 271 nuclides and provides details on the bases of data for these

and each spectra in the current data files. The table is important because it is a succinct record of

the augmentations made in measured spectral data and in the origin of major data sources used in

the systematic and nuclear models. For example, under the column labelled “Spectra Source,” the

notation for 95Rb is (m) GO.2M1.8B. The “(m)” denotes that the spectra are based primarily on

measurements; but, for reasons to be described, the spectral shape below 0.2 MeV comes from

INEL measurements by Greenwood and Caffrey,17 and, above 1.8 MeV [up to Q~ - S(n)= 4.952

MeVj, the shape is based on the BETA code model.ls The dominant part of the emitted neutrons

come, in this case, from measurements at the University of Mainz and are supplied by K. -L.

Kratz,19 and other cases use data supplied by G. Rudstam.20 The 4.952-MeV energy window is

based on mass tables referenced under columns Ml, M2, and M3, where MN refers to Moller-

Nix,21and W81 refers to a preliminary unpublished version of the W83 Wapstra and Audi 1983

mass table (published in 1985).22 Q~ depends on the parent and daughter masses [sources under

Ml and M2, and S(n) on the daughter and granddaughter masses (sources under M2 and M3)].

Values listed under “Norm Area” define the range used to renormalize the low- and high-energy

spectra to the experimental data.

Only the notations under “Spectra Source” require such a detailed explanation. In general,

the G, M, and R, respectively, refer to the INEL, Mainz, and Studsvik measurements, B to the

BETA code, and EVAP to an evaporation model to be described. Only 4 of the 34 measured

spectra have no modification. ~hese have “MAINZ” or “RUDSTAM” indicated following the

“(m)”]. The reasons for modification are discussed later in this section.

10
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Table III (Cont.)

W3eneralNotes

Cs-

E--
Pn -

F:--

This tablecontains the latest evaluated Pn values (10/86). Values indicated as derived from systematic are based on a least
squaresfit of the evaluatedPn values to the parametersin the Hernnann-K.ratzequation. (The current spectd file is labeled
tp3final.)

chemicalsymbol
nuclideID = 1OOO(FZ+1CFAI-S
halflife in seconds (For most nuclides, these values are taken from the ENDF/B-V summary, Ref. 4.)
probabilityof delayedneutronemission in per cent
uncertaintyin Pn value (0.0 for calculatedvalues)
indicates which of the six temporal groups the nuclideprobably belongs in.

Qpand S(n) arein MeV. - -

Norm Area 1 and Norm Area 2 give the energy bounds in MeV being used in normalizing the spectra that were joined at the energies
indicatedunder spectra source whereenergies are also in MeV and

E:
M3-

MN-
W81 -
W83 -

13- BETA Code
G- Greenwood and Caffrey experimentaldata

Mainz group experimental data (K. Kratz and progress reports)
Y-- Rudstam (Studsvik)experimentaldata
E- Evaporationmodel

source of mass of Z, A
source of mass of 2+1, A
source of mass of Z+l, A-1

Moller-Nix (Ref. 21)
Wapstra81 (Intermediateversion of Ref. 22)
Wapstra83 (Ref. 22)

If the spectrumsource is “EVAP,”the temperatureparameter in keV is given in parentheses.

** A fictitiousS(n) is given this nuclide to obtain apsitive energy window. Moller-Nix masses give a negative energy window.
However, this precursor has a measured Pn value.

# Most evaporation spectrawere calculated using W81 or MNmasses; some nuclidesdohave Wapstra83 masses available. W83
masses agree with those used to calculate this evaporationspectra (in terms of energy difference) with the exception of those
indicated by #. IFor#Cs-148, the W81 values give an energy window= 0.411 MeV larger than the W83 masses (Q@= 10.92,
S(n) = 5.6, Pn = 6.9075).]

The systematicPn values are ilom the Kratz-Hermannequation using Fred Mann’sfit for a and b from the Birmingham meeting,
September 1986 [a= 54.0, b = 3.44.]



Pn values and uncertainties are listed in per cent. Eighty-five are based on an updated

evaluation (through 1986), including recen~ unpublished &ta by Reeder and Warner.2s The

evaluation uses the methodology we described in Ref. 12; the updating is described in Ref. 24 (to

be published). The 85 Pn values have the notation “meas.” under the column Pn Source. The rest

use the Qp and S(n) values in the systematic equation of Hermann and Kratz: ~

Pn = a[Qp - S(n))/(Qp - K)]b , (1)

where b (= 3.44) and a (= 54.0) are fitted to the evaluated Pn’s and

K =0 even-even precursor

= 13/Al@ odd precursor

= 26/Al~ odd-odd precursor.

Exceptions to these general statements are either evident or explicity noted in the table.

Some of the problems found with measured spectra and with model approximations are

illustrated in Figs. 6-12. The data for the nuclides 9’@Rb(Figs. 6 and 7), $@Rb (Figs. 8 and 9),

and 92gRb (Figs. 10 and 11) are plotted in two forms: the three different nuclide spectra are

conventional histogram plots, followed by the same information plotted after its conversion to the

fractional number of neutrons above the abscissa energy. The fractional plots emphasize

differences at high energies, and are therefore more useful in comparison with some

measurements now in progress. The range of the abscissa for these six plots is identical to the

energy window, Q~ - S(n), derived from mass tables. The general shape of the experimental

spectrum in Fig. 6 is typical; clearly, in measurements over the total energy range, the higher range

of possible neutron energies would be very uncertain due to the relatively low counting rate.

Model calculations extend over the full energy range, and in this case, follow the general shape of

the measured spectra; these models cannot, however, reproduce the actual fme structure.
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Fig. 6. Delayed neutron spectra for nuclide 94gRb.
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Fig. 12. Normalized delayed neutron spectra for f@Rb.

CnFig. 8 a primary problem occurring with existing measured spectra and our models is

more evident. Measured spectra extend to only -2.5 MeV and are normalized over this range; yet

the energy window is -5.9 MeV. Here, the model spectra me clearly incorrect at low energies and

the measured spectral range is probably inadequate. This is the case with at least 20 of the 34

measured spectra. Essentially all single measurements are likely to be incomplete in the sense of

covering the total energy range. Thus, some are also inadequate at low energies (< 100 keV),

important in reactors. Attempts here to combine spectra suffer from the problem of normalizations,

although this is less severe than suggested by Figs. 8 and 9. As noted earlier, measured spectra do

include most of the neutrons but their energy range is usually inadequate.

Figures 10 and 11 illustrate a different, less common problem. The measured spectrum

decidedly has abackground that must be removed. This appears to be evident from the figures and

must be so if the 0.754-MeV energy window is correct.

Figure 12 compares three measured spectra. In this case, normalization affects the

comparison of even the measured spectra, especially because of the very large differences in the

22



low-energy peak, although there are real differences that are more evident when comparing ratios

of various peaks; ratios are unaffected by normalization.

Our first objective in the current work has been to obtain a complete, fiducial set of

precursor data including data for all probable precursors and a complete energy range for the

spectra. This has required some decisions that are in part subjective in the choice of spectral

models, measured data to be combined, and the specitlc method of combination. Table III defines

precisely what was combined or used for each precursor. In the case of more than one

measurement being available, of the 34 precursors having measurements, we generally used the

one covering the largest energy range. There are exceptions based on a comparison of

uncertainties. The measurement was assumed to contain essentially all of the neutrons, and any

model spectra were ftist renormalized to this dominant measurement, based on a small energy

range defined in Table III. Results were then joined and the total spectrum was renormalized. The

available hydrogen recoil measurements (8 precursors) made at Idaho National Engineering

Laboratory (INEL)17 were assumed to be more correct at small energies than the data using 3He

spectrometry.lg~~ These were similarly joined below 200 keV, as were the model results (below

approximately 100 kev) in 12 cases.

The combined spectra from models generally had little effect on the initial experimental

data, as is evident in Fig. 13 where the dashed and solid plots are essentially the same. The range

of results from various other combinations is illustrated by Figs. 13-16.

The BETA codelg was combined only with the 34 measured spectra where it could be

normalized to a small range of measured data. This code is described in Ref. 18, as well as in Ref.

13, where it was used extensively. From the previous comparisons, the code clearly needs

improvement before using it where no measured data exist to replace its low-energy predictions.

Rather, most spectra have a general shape that can be approximated by a simple evaporation model.

The following evaporation model was employed for the 231 precursors having unmeasured

spectra:
nd(l?)= C (Ee-~ - (~ - S(n))e-aT} , (2)

where

(Qp -S(n)) =a~ . (3)

From Eq. (2), the average energy is~ s 2T. We used the known spectra to derive an average

energy and to then fmd a value of “a” in Eq. (3), based on the Qp and S(n) values. The results

were used to find a general correlation between “a” and the nuclide mass number:

a = 2/3 A. (4)
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Based on this and on Eq. (3), the temperature we derived is listed in Table III for each precursor in

which the spectra are noted as being “EVAP,” i.e., derived from Eq. (2).
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Fig. 13. Normalized delayed neutron spectra for 9ARb.
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Fig. 14. Normalized delayed neutron spectra for 9GRb.

24



0.05

0.04

0.03

0.02

0.01

0.00

0.05

0.04

0.03

0.02

0.01

0.00

0

I L I I I I I I I I 1- 1 I I I I I I I I

INEL MAINZ BETA

143Cs

(. DOMINANT EXP. BEFORE ADJUSTMENTS)

[ I

0.5 1 1.5 2

E (MeV)
Fig. 15.Normalized delayed neutron speetra for 143CS.

‘k’ ‘ ‘ ‘ ‘ ! ‘ ! ‘ ‘ ‘ ‘ ‘ ‘=!=’‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ~
ETA ““n

STUDSVIK BETA

134Sn

0.5

Fig.16.

1 1.5 2 2.5 3 3.5
E (MeV)

Normalizeddelayedneutron spectraforls4Sno

25



In an attempt to verify the general validity of the extended spectra, a measurement was

made of 9GRband 97Rb. Results from Ref. 16 show a preliminary comparison with our spectra

converted to counts/channel in Figs. 17-18. More recently, we compared the 96Rb as an energy

plot with the measured spectra extended by both the BETA code and evaporation models, as

shown in Fig. 19. The measured spectra fall between the two extensions. (Here, the measured

spectra were normalized to earlier and more detailed measurements of Kratz19 over their common

energy range.) From Figs. 17-19, the higher energy neutrons are obviously present, but there is a

large uncertainty in any particular spectrum. The aggregate spectra could be significantly larger or

smaller than values shown in Section W.

-/

1000:

100=

10=

17

- 1-4MeV ——————+

“.

0.1 I I I I I

T

o 100 200 300 400 500 600 700

CHANNELS

Fig. 17. 96Rb Delayed neutron spectrum.
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Fig. 18. 97Rbdelayed neutron spectrum.
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Fig.19.Comparison of delayed neutron spectra for 9GRb.
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Prior to 1986 there were no aggregate measurements > 1.6 MeV. Very preliminary

measurements were made at Los Alamos for 235U samples irradiated by bursts from the Godiva

reactor. Results reported in Ref. 16 are shown in Figs. 20-22, where the histo~ams are the

measured spectra and the solid lines are our calculated results in 1986. Again, results are very

uncertain at high energies but demonstrate the existence of the high-energy delayed neutrons.

10-2~

10-3;

10-4:

10-5:

1o-6-- I 1 I I

012
NEUTRON

Fig. 20. Neutron spectrum,

345

ENERGY(MeV)

1-5 s after Godiva burst.
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lo-’~
o 1 2 3 4 ~

NEUTRONENERGY(MeV)

Fig. 21. Neutron speetrum, 5-10s after Godiva

10-’.2
-1

10-4:

10-5:

10-’:

burst.

o 1 2 3 4

NEUTRONENERGY (MeV)

Fig. 22.Neutron spectrum, 10-20s after Godiva burst.
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IV. CALCULATED Vd SPECTRA FROM FISSION PULSES

All of the data discussed in Section III were used in the CINDER-10 code to calculate the 271

precursor activities vs time following a fission pulse. The code includes all known fission

products coupled together by all known decay branching. There is no approximation in the

calculation other than the accuracy of the input data.

Normalized spectra and Pn values are folded into the precursor activities at various times to

produce aggregate spectra and integrated delayed neutron rates for several fissioning species.

The fission pulse consists of 1.3 x 1026 fissions over 10-4 s. Table IV is an exception.

Here, total ‘d VdUtX at time zero are based on 100 fissions for each of 42 fissioning species. This

table was actually produced using the Pn values, direct fission yields, and precursor halflives.

Such calculations are relatively simple, but cannot describe the subsequent temporal variations in

totals or in aggregate spectra. Table IV does show the importance of various fissioning systems

except for hardness of the spectrum; and we have used these results to verify the CINDER-10

calculations at time -0 (calculated results Iabelled as time = Oare actually values that apply at 10~

s).

The temporal variation of each of these 42 cases has been calculated. In this report we

primarily include the results for four fuels: 235U, 238U, 239Pu, and 232Th--all at fast or fission

neutron energies. These bracket the range of calculated spectra. Figure 23 does show the total ‘d

mte vs time for eight of the fuels.

Figure 24 shows a comparison of the 235U spectra at 5 s cooling before and after spectral

expansions. Also included is an independent calculation made by A. Sierk14 using a totally

statistical approach to both spectra and fission yields as a check on the general validity of results in

this report.

Figures 25-28 show the spectrum for each of four fuels as a fraction of the delayed neutron

rate remaining above the abscissa energy. Values at nine decay times are plotted. Total values’and

average energies are included on the plots. Figures 29-31 compare these fractions for each fuel at

1,5, and 10s and Figs. 32 and 33 show the same data in more detail above 4 MeV.

The inclusion of zszl% is based on its total Vdrate. When the total spectrum is compared

with 238U,232This the larger value at most times. This is shown at three times in the comparisons

of Figs. 34-36. 239Pu is smaller at all times and energies. The range of spectra above 4 MeV

found for the eight fuels plotted in Fig. 23 is shown in Fig. 37 at 5-s decay.
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TABLE IV

DELAYED NEUTRON YIELD RATE PER 100 FISSIONS

Fissionable
Nuclide

a
Th-227(t)
Th–229(t)
Th–232(f)
Th-232(h)
Pa-231(f)
U-232(t)
U-233(t)
u-233(f)
U-233(h)
u-234(f)
U-234(h)
u-235(t)
u-235(f)
U-235(h)
U-236(f)
U-236(h)
u–237(f)
U-238(f)
U-238(h)
NP-237(f)
NP–237(h)
Ny238 (f)
Pu-238(f)
Pu-239(t)
Pu-239(f)
Pu-239(h)
Pu-240(f)
Pu-240(h)
Pu-241(t)
Pu-241(f)
Pu-242(f)
Am-241(t)
Am-241(f)
Am-241(h)
Am-242m(t)
Am-243(f)
Cm-242(f)
Cm-245(t)
cf-249(t)
cf-251(t)
Es-254(t)
Fro-255(t)

Current
CalculatedValues
per 100 Fissions

0.37e+O0
0.51e+O0
0.31e+Ol
0.25e+Ol
0.48e+O0
0.12e+O0
0.68e+O0
0.29e+O0
0.24e+O0
0.49e+O0
0.28e+O0
O.10e+Ol
0.98e+O0
0.47e+O0
0.12e+Ol
0.77e+O0
0.22e+Ol
0.29e+Ol
0.19e+Ol
0.51e+O0
0.52e+O0
0.12e+Ol
0.32e+O0
0.29e+O0
0.29e+O0
0.16e+O0
0.36e+O0
0.23e+O0
0.70e+O0
0.74e+O0
0.79e+O0
0.22e+O0
0.20e+O0
O.lle+OO
0.33e+O0
0.32e+O0
0.47e-01
0.30e+O0
0.51e-01
0.25e+O0
0.19e+O0
0.67e-01

AT t=lO~s

a(t), (f), md~) referto thermal, fast (fission spectrum), and 14-MeV neutron fission eneraes.
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There is a dependence of the spectra on the incident energy. Figure 38 shows this for235U

at 1 and 14 MeV at 5-s deeay, the value at 1 MeV being significantly larger at all energies. This is

generally true for all fuels.
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Table V lists the total delayed neutron rates for 235U,ZS8U,ZS9PU,and 232Th at 39 times

out to 5 minutes of decay. Tables VI-IX show fractional values of the totals at 8 cooling times

remaining above each l/2-MeV energy.

TABLE V

TOTAL DELAYED NEUTRON IL4TE VS COOLING TIME

time u-235

0.0 1.28e+24
0.1 1.10e+24
O.2 9.67e+23
O.3 8.60e+23
0.4 7.74e+23
O.5 7.04e+23
1.0 4.88e+23
1.5 3.74e+23
2.0 3.Ole+23
2.5 2.50e+23
3.0 2.lle+23
3.5 1.81e+23
4.0 1.56e+23
4.5 1.37e+23
5.0 1.21e+23
6.0 9.54e+22
7.0 7.70e+22
8.0 6.33e+22
9.0 5.29e+22
10.0 4.49e+22
15.0 2.35e+22
20.0 1.51e+22
25.0 1.09e+22
30.0 8.36e+21
35.0 6.71e+21
40.0 5.52e+21
45.0 4.62e+21
50.0 3.91e+21
55.0 3.33e+21
60.0 2.85e+21
70.0 2.12e+21
80.0 1.60e+21
90.0 1.22e+21
100.0 9.38e+20
110.0 7.28e+20
120.0 5.71e+20
180.0 1.59e+20
240.0 5.74e+19
300.0 2.40e+19

u-238

3.73e+24
3.12e+24
2.67e+24
2.31e+24
2.04e+24
1.82e+24
1.16e+24
8.35e+23
6.38e+23
5.06e+23
4.12e+23
3.41e+23
2.87e+23
2.44e+23
2.10e+23
1.59e+23
1.24e+23
9.86e+22
8.01e+22
6.62e+22
3.16e+22
1.92e+22
1.35e+22
1.02e+22
8.lle+21
6.63e+21
5.52e+21
4.65e+21
3.96e+21
3.39e+21
2.51e+21
1.88e+21
1.42e+21
1.08e+21
8.29e+20
6.40e+20
1.55e+20
4.86e+19
1.86e+19

pu-239

3.70e+23
3.25e+23
2.89e+23
2.59e+23
2.36e+23
2.16e+23
1.51e+23
1.16e+23
9.29e+22
7.69e+22
6.50e+22
5.59e+22
4.87e+22
4.29e+22
3.81e+22
3.07e+22
2.53e+22
2.12e+22
1.81e+22
1.57e+22
8.90e+21
6.00e+21
4.46e+21
3.50e+21
2.84e+21
2.36e+21
1.99e+21
1.69e+21
1.45e+21
1.24e+21
9.31e+20
7.05e+20
5.38e+20
4.13e+20
3.20e+20
2.49e+20
6.52e+19
2.18e+19
8.80e+18

th-232

4.09e+24
3.51e+24
3.06e+24
2.71e+24
2.42e+24
2.20e+24
1.48e+24
1.lle+24
8.83e+23
7.21e+23
6.01e+23
5.08e+23
4.34e+23
3.74e+23
3.24e+23
2.49e+23
1.95e+23
1.57e+23
1.28e+23
1.06e+23
5.10e+22
3.15e+22
2.22e+22
1.69e+22
1.34e+22
1.10e+22
9.17e+21
7.74e+21
6.59e+21
5.65e+21
4.22e+21
3.21e+21
2.47e+21
1.93e+21
1.53e+21
1.22e+21
3.95e+20
1.59e+20
7.08e+19
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TABLEVI
235u

FRACTION OF DELAYED NEUTRONS ABOVE ENERGIES IN 1/2 MeV INCREMENTS
E

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

0s

4.1-01
1.3-01
5.1-02
2.3-02
1.2-02
6.8-03
4.0-03
2.3-03
1.3-03
7.1-04
3.4-04
1.4-04
4.4-05
1.0-05
1.5-06
9.7-08
4.2-11
3.7-12
6.3-13

1s

4.1-01
1.2-01
3.9-02
1.4-02
5.4-03
2.9-03
1.6-03
9.2-04
5.3-04
2.8-04
1.3-04
5.4-05
1.7-05
3.9-06
5.6-07
3.7-08
8.7-12
-o
-o

2.5 S

4.1-01
1.2-01
3.0-02
7.8-03
2.0-03
7.5-04
2.8-04
1.4-04
7.4-05
3.8-05
1.7-05
6.4-06
1.9-06
4.2-07
6.1-08
4.0-09
8.5-13
-’0
-’0

5s

4.1-01
1.0-01
2.4-02
5.5-03
1.1-03
3.0-04
4.8-05
8.7-06
3.8-06
1.6-06
6.2-07
1.9-07
4.3-08
7.3-09
1.0-09
6.8-11
4.4-15
‘-o
-o

10 s

3.8-01
8.1-02
1.5-02
2.7-03
5.1-04
1.2-04
1.4-05
3.9-07
2.8-08
1.1-08
3.5-09
8.3-10
1.1-10
2.8-12
4.8-14
-o
-o
--o
-o

15 s

3.6-01
7.0-02
8.8-03
1.2-03
1.8-04
3.6-05
4.2-06
1.0-07
2.8-10
9.4-11
2.8-11
6.4-12
7.7-13
-o
-o
-o
-o
-o
-0

30 s

3.5-01
7.5-02
4.1-03
1.1-04
8.8-06
5.7-07
5.4-08
1.3-09
‘-o
-o
-o
-’0
‘-o
-o
-o
-o
-’o
-o
--0

60 S

3.7-01
8.5-02
3.4-03
2.3-06
1.3-07
7.9-10
4.1-12
4.1-14
--0
-0
-’o
-0
-o
-o
-o
-0
-’o
-0
-o

TABLE VII
238u

FRACTION OF DELAYED NEUTRONS ABOVE ENERGIES IN l/2-MeV INCREMENTS

E

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

0s

4.0-01
1.5-01
6.3-02
3.2-02
1.9-02
1.2-02
7.7-03
4.8-03
2.8-03
1.6-03
7.5-04
3.1-04
1.0-04
2.3-05
3.3-06
2.2-07
1.3-10
1.6-11
3.4-12

1s

3.9-01
1.3-01
4.7-02
2.0-02
9.9-03
6.0-03
3.7-03
2.3-03
1.4-03
7.6-04
3.7-04
1.5-04
4.8-05
1.1-05
1.6-06
1.1-07
2.4-11
-o
-o

2.5 S

4.0-01
1.2-01
3.4-02
1.0-02
3.3-03
1.4-03
6.5-04
3.6-04
2.1-04
1.1-04
5.1-05
2.0-05
6.2-06
1.4-06
2.0-07
1.3-08
2.9-12
-0
-o

5s

4.0-01
1.1-01
2.9-02
7.3-03
1.7-03
4.2-04
7.1-05
1.9-05
9.0-06
4.1-06
1.6-06
5.5-07
1.4-07
2.8-08
4.0-09
2.6-10
5.1-14

-o
-o

10 s

3.8-01
8.9-02
1.8-02
3.8-03
8.1-04
1.7-04
1.7-05
4.7-07
6.2-08
2.4-08
8.0-09
1.9-09
2.6-10
9.5-12
6.8-13
-0
-o
-o
-o

15 s

3.7-01
7.7-02
1,0-02
1.5-03
2.9-04
5.7-05
5.5-06
1.1-07
6,0-10
2.0-10
6,3-11
1.5-11
1.9-12
1.7-14
-o
‘-o
-o
-o
-o

30 s

3.9-01
8.6-02
4.5-03
1.1-04
1.0-05
8.4-07
7.3-08
1.4-09

-o
-o
-o
-o
-o
-o
-o
-o
-o
-o
‘“o

60 S

4.2-01
9.9-02
3.6-03
2.1-06
1.2-07
7.9-10
5.2-12
6.4-14

-o
-o
-o
-o
-o
-o
-o
-o
-o
-o
-o
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TABLE VIII
232Th

FRACTION OF DELAYED NEUTRONS ABOVE ENERGIES IN l/2-MeV INCREMENTS

E

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

0s

4.6-01
1.7-01
6.8-02
3.2-02
1.8-02
1.1-02
7.2-03
4.5-03
2.7-03
1.5-03
7.1-04
2.9-04
9.4-05
2.2-05
3.1-06
2.1-07
2.2-10
3.9-11
9.0-12

1s

4.5-01
1.5-01
5.0-02
1.9-02
8.8-03
5.1-03
3.1-03
1.9-03
1.1-03
6.2-04
3.0-04
1.2-04
3.9-05
8.9-06
1.3-06
8.5-08
2.4-11
-o
-o

2.5 S

4.5-01
1.4-01
3.7-02
1.1-02
3.1-03
1.2-03
5.3-04
2.8-04
1.6-04
8.2-05
3.8-05
1.5-05
4.6-06
1.0-06
1.5-07
9.8-09
2.4-12
-o
-o

5s

4.4-01
1.3-01
3.1-02
7.8-03
1.8-03
4.5-04
7.5-05
1.6-05
7.0-06
3.2-06
1.2-06
4.0-07
9.9-08
1.9-08
2.7-09
1.8-10
2.6-14
-o
-o

10 s

3.9-01
9.1-02
1.9-02
4.2-03
8.7-04
2.0-04
2.4-05
6.8-07
5.6-08
2.1-08
6.8-09
1.6-09
2.2-10
7.2-12
3.7-13
-o
-’o
-o
-o

15 s

3.5-01
6.7-02
1.1-02
1.8-03
3.3-04
7.0-05
8.1-06
1.9-07
7.3-10
2.3-10
6.8-11
1.6-11
2.1-12
2.6-14
-o
-o
-o
-0
-o

30 s

3.0-01
5.8-02
3.9-03
1.4-04
1.2-05
1.1-06
1.2-07
2.8-09
-0
-0
-’o
-o
-o
-o
-o
-o
-o
-o
-o

60 S

2.9-01
6.3-02
3.1-03
2.9-06
1.7-07
1.0-09
1.1-11
2.0-13
-o
-’o
-o
-o
-o
-o
-o
-o
-o
-o
-o

TABLE IX
239PU

FRMXION OF DELAYED NEUTRONS ABOVE ENERGIES IN l/2-MeV INCREMENTS

E 0s

0.5 3.7-01
1.0 1.1-01
1.5 4.1-02
2.0 1.9-02
2.5 9.7-03
3.0 5.6-03
3.5 3.2-03
4.0 1.8-03
4.5 1.0-03
5.0 5.5-04
5.5 2.7-04
6.0 1.1-04
6.5 3.5-05
7.0 8.0-06
7.5 1.2-06
8.0 7.7-08
8.5 2.1-11
9.0 5.0-13
9.5 -o

1s

3.7-01
9.7-02
2.8-02
9.8-03
4.0-03
2.1-03
1.2-03
6.7-04
3.8-04
2.1-04
9.8-05
4.0-05
1.3-05
2.9-06
4.1-07
2.7-08
5.9-12
-o
-’o

2.5s

3.7-01
9.2-02
2.1-02
5.2-03
1.4-03
5.0-04
2.0-04
9.7-05
5.3-05
2.7-05
1.2-05
4.7-06
1.4-06
3.1-07
4.5-08
3.0-09
6.1-13
-o
-o

5s

3.7-01
8.7-02
1.7-02
3.6-03
7.3-04
1.8-04
2.8-05
5.5-06
2.4-06
1.1-06
4.1-07
1.3-07
3.0-08
5.3-09
7.4-1o
4.9-11

-o
-o
-o

10 s

3.7-01
7.7-02
1.1-02
1.7-03
3.1-04
6.3-05
7.2-06
2.0-07
1.5-08
6.0-09
2.0-09
4.7-1o
6.2-11
1.6-12
2.1-14
-o
-o
-o
-o

15 s

3.7-01
7.7-o2
7.0-03
6.9-04
1.1-04
1.9-05
2.0-06
4.8-08
1.3-10
4.4-11
1.3-11
3.0-12
3.4-13

-o
-o
-o
--o
--0
-o

30 s

4.0-01
9.0-02
4.1-03
5.9-05
4.9-06
3.0-07
2.4-08
5.6-10
-o
-o
--0
“o
-o
-o
-’o
‘“o
-o
--0
-o

60 S

4.2-01
1.0-01
3.7-03
1.1-06
6.3-08
4.2-10
1.7-12
-’0
-’o
-o
-0
“o
-o
-o
-’o
-’o
-o
-o
-o
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AppendixB tabulatesprecursors with contributionsgreater than 0.01% at various times
above Oand 4 MeV. The more important high-energyemitters are also identified in Fig. 4;
specijlcallyisotopesof As, Br, I, andRb are importantat energiesabove4 MeVfor decay times
betweenI and IOs. Measurementsof afew of theseat energies>3 MeV couldgreat[yimprove

calculationsfor the vario~~ls andprovide testsfor the nuclearmodels that must be usedfor
mostof theprecursors.

The reader is reminded that measured data exist for a small fraction of the number of probable

precursors and their energy range, as illustrated in Fig. 39.
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Fig. 39. Number of precursors having energies > E.

Finally, some readers will be interested in the conventional six-time group approximations to

these results. This has been made for most fuels and will be of most interest to reactor designers.

Results for some fuels have been published in Refs. 26 and 27 and will be discussed in detail in

the aforementioned dissertation (Ref. 15).
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v. DELAYED ~- AND y RADIATION FROM FISSION PRODUCTS

Delayed radiations are considered to be occurring later than 10~s after the fission pulse. The

fields coming from approximately 800 different radioactive products coupled by decay produce ~-

and y rays as well as delayed neutrons. The ensemble varies with fissioning species, fission

neutron energy, and with time.

To evaluate the nuclear background following a nuclear explosion, we explicitly include all

nuclides in several hundred chains that typically consist of 6 to 20 nuclides each (isotopes and

isomers). For this, we need to know the initial yield of each nuclide, nuclide halflives, branching
fractions per decay, and the detailed ~- and y energy distributions, as discussed in Sees. I and II,

and in Ref. 4.

While the method of calculating the aggregate radiation fields from this plexus is exact, the

data are not. Measured and evaluated datapernuclide are used if known; otherwise we necessarily

resort to systematic and nuclear models. There are measured spectra for 300 of the approximately

800 radioactive products, and spectra based on systematic were constructed for the remaining,

less impofiant, unmeasured products. For three fissioning nuclides, namely, 235U, 239Pu, and

~1~ at therm~ neutron fission energies, there are high quality aggregate spectra measurements to

7.5 MeV to use in validations. Investigations based on these experiments have revealed that at

least 50 of the most important individual products are missing high energy gamma transitions. The

resulting aggregate calculations show a gamma energy that is too small and a spectrum that is

skewed towards low energy emission. (The opposite is true for beta spectra.) The number of

important products having a deficiency is too large to be corrected with a few selected

measurements, so the data base must be augmented with nuclear model calculations.

We have improved aggregate spectra for 235U and 239Pu using the recent ORNL

measurements of Refs. 10 and 11. With the exception of 241Pu, this cannot be done for other

fuels.

By plotting the spectra as a fraction of the energy remaining above the abscissa energy, as in

Sec. IV for Vd,we can compare the temporal variations of ~-, y, and delayed neutrons. This is

done in Figs. 40-43 at four cooling times. Here one can see the relatively rapid drop in high-

energy neutrons vs time compared with & and y energies. As noted on these plots, the average

and total & and y energies are larger at all times than values for delayed neutrons.

New decay heat measurements are currently being made in Japan8$ and we are in the process

of including these data in our fdes as they become available. Figures 44-47 show comparisons of

Japanese measurements of ~- and ydecay heat for 238Uand 232Thwith our calculations using data

from ENDF/B-IV and ENDF/B-V. These figures clearly illustrate the need for updating our files.

We anticipate that the Japanese will soon make available new spectral measurements that would be

useful in additional file improvements. Thus, considering the promise of new measurements,
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along with development and application of nuclear model codes, we expect to be able to greatly

improve our data base, and, consequently, improve our predictive capabilities during the next year.
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VI. SUMMARY

The dominant radiation fields produced by nuclear devices are neutron, electromagnetic (x-

ray and gamma), and electron, each being prompt and delayed, and all being device dependent. In

this report we have focussed on the delayed radiation fields that come from about 800 different

radioactive products, 270 of which are delayed neutron emitters and all of which produce spectra

of j3-and yenergies. The initial content of this ensemble is characterized by a fission-product yield

that varies with the type of device.

To predict this radiation background, we require a complete data base for each product and

various application codes. These now exist, but the data bases require improvement because of the

emphasis on high radiation energies, the need to examine different fissioning species and devices,

and the need to predict fission-product yields from a fission pulse. Some improvements can be

made with selected measurements, but many will require nuclear model calculations because of the

large number of difficult measurements needed. With sufficient supporGprogress can be made in

updating the necessary data bases during the next year by incorporating US, Japanese, and other

measurements, and by developing and applying the necessary model codes.
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APPENDIX B

INDIVIDUAL PRECURSOR CONTRIBUTIONS

In Section I we identifkd the major contributors at high energies (Figs. 4a and 4b, where

arsenic, bromine, rubidium and iodine isotopes are explicitly noted). In this appendix more detail

is provided; specifically, for 235U,238U,Zszl%, and 239Pufast fission, the per cent contribution

of each precursor to the total overall energy and to the total value above 4 MeV is listed for -0,

1.0, 5.0, 10.0, and 30.0 s. Only contributions > 0.01% are included. (Table B-I lists precursors

having energies greater than 2, 3, 4, 5, 6, 7, and 8 MeV, but not their actual contribution to

delayed neutrons.) Aggregate totals were includedin Section IV.

Tables B-II through B-IX are intended to serve as a guide in the determination of the

probable importance to calculations of future precursor experiments. It is important for the user to

realize that the listed contributions above 4 MeV are based entirely on fission-product yields,

emission probabilities, and delayed neutron spectrum models. Any single value could easily be in

error by an order of magnitude; and, if so, all other relative contributions would change. Thus, a

listed small contribution above 4 MeV should not discourage a possible measurement.
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TABLE B-I

PRECURSORS HAVING PROBABLE DELAYED NEUTRON ENERGIES

ABOVE NOTED VALUES

2.0 MeV 3.0 MeV 4.0 MeV 5.0 MeV 6.0 MeV 7.0 MeV
Nuclide Nuclide Nuclide Nuclide Nuclide Nuclide

co- 72g
co- 73g
co- 74g
co- 75g
Ni.- 75g
Cu– 75g
Ni- 76g
CU– 76g
Ni- 77g
Cu- 77g
Ni- 78g
cu- 78g
Cu- 79g
Zn- 79g
CU- 80g
Zn- 80g
Ga- 80g
CU- 81g
Zn– 81g

Ga- 81g
Zn- 82g
Ga– 82g
Zn- 83g
Ga- 83g
Ga- 84g
Ge- 84g
Ga- 85g
Ge- 85g
As- 85g
Ge- 86g
As- 86g

Ge- 87g
As- 87g
Ge- 88g
As- 88g
Se– 88g
As- E9g
Se– 89g
Br– 89g
As- 90g
Se- 90g
Br- 90g
Se- 91g
Br- 91g
Se- 92g
Br- 92g
Se- 93g
Br- 93g

co- 72g
co- 73g
co- 74g
co- 75g
Cu- 75g
Ni- 76g
cu- 76g
Ni- 77g
Cu- 77g
Ni.-78g
cu- 78g
Cu- 79g
CU- 80g
(M- 81g

Zn- 81g
Ga- 81g
Zn- 82g
Ga- 82g
Zn– 83g

Ga- 83g
Ga– 84g

Ge– 84g
Ga- 85g
Ge- 85g
As- 85g
Ge- 86g
As- 86g
Ge- 87g
As- 87g
Ge- 88g
As- 88g

Se- 88g
As- 89g
Se- 89g
Br- 89g
As– 90g
Se- 9og
Br- 9og
Se– 91g
Br- 91g
Se- 92g
Br- 92g
Se- 93g
Br- 93g
Br- 94g
Kr- 94g
R& 94g
Br- 95g

co- 72g
co- 73g
co- 74g
co- 75g
Ni- 77g
Cu- 77g
Ni- 78g
CU- 78g
Cu- 79g
CU- 80g
CU- 81g
Zn- 81g
Zn- 82g
Ga- 82g
Zn- 83g
Ga- 83g
Ga- 84g
Ge- 84g
Ga- 85g
Ge- 85g
As- 85g
Ge- 86g
As- 86g
Ge– 87g
As- 87g
Ge- 88g
As- 88g
As- 89g
Se- 89g
As- 90g
Se- 9og

Br- 90g
Se- 91g
Br- 91g
Se– 92g
Br- 92g
Se- 93g
Br- 93g
Br- 94g
Kr- 94g
Br- 95g
Kr- 95g
R& 95g
Br- 96g
Kr- 96g
w- 96g
Kr- 97g
Rb- 97g

co- 72g
co- 73g
co- 74g
co- 75g
Cu- 77g
Ni- 78g
CM- 78g
Cu- 79g
CU- 80g
Cu- 81g
Zn- 81g
Zn- 82g
Ga- 82g
Zn- 83g

Ga- 83g

Ga- 84g
Ga- 85g
Ge- 85g
Ge- 86g
As- 86g
Ge- 87g
As- 87g
Ge– 88g
As- 88g
As- 89g
Se- 89g
As- 9og
Se- 9og
Se- 91g
Br- 91g
Se- 92g
Br- 92g
Se- 93g
Br- 93g
Br- 94g
Br- 95g
Br- 96g
lb- 96g
Kr- 97g
Rb- 97g
Kr- 98g
W- 98g
Rb- 99g
Rb-loog
Rb-lolg
Sr-103g
Sr-104g
Y -lo4g

co- 72g
co- 73g
co- 74g
co- 75g
(M- 78g
Cu- 79g
cu- 80g
CU- 81g
Zn- 82g

Zn- 83g
Ga- 83g

Ga- 84g
Ga- 85g
Ge- 85g

Ge- 86g
As- 86g
Ge- 87g
As- 87g
Ge- 88g
As– 8,8g
As- 89g
As- 9og
Se- 9og
Se– 91g
Br- 91g
Se- 92g
Br- 92g
Se- 93g
Br- 93g
Br- 94g
Br- 95g
Br- 96g
Rb- 97g
Rb- 98g
m- 99g
Rb-loog
Rb-lolg
Sr–103g
Sr-104g
Y -lo5g
Y -106g
Y -lo7g
Nb-lllg
Tc-l16g
Tc-l17g
R1-1-121g
Rh-122g
Rh-123g

co- 72g
co- 73g
co- 74g
co- 75g
Cu- 79g
(h- 80g
(h- 81g
Zn- 82g
Zn- 83g
Ga- 83g
Ga– 84g
Ga- 85g
As- 86g
Ge- 87g
As- 87g
Ge- 88g
As- 88g
As- 89g
As- 9og
Se- 91g
Br– 91g
Br– 92g
Se- 93g
Br- 93g
Br- 94g
Br- 95g
Br- 96g
R& 99g
Rb-loog
Rb-lolg
Y -106g
Y -lo7g
Tc-l17g
Rh-123g
Cd–132g
In–133g
In–134g
Sb-138g
Sb-139g
I -143g
cs-149g
---
---
---
---
---
---
--—

8.0 MeV
Nuclide

co– 73g
co- 74g
co- 75g
CU- 80g
(h- 81g
Zn– 83g
Ga– 83g
Ga- 84g
Ga- 85g
As- 87g
Ge- 88g
As- 88g
As- 89g
As- 90g
Br- 92g
Br- 93g
Br– 94g
Br- 95g
Br- 96g
Rb-lolg
Y -lo7g
Cd-132g
In–133g
In-134g
-—-
---
---
---
---
-—-
---
--—
---
—--
--—
-——
——-
---
---
---
---
---
---
---
---
---
---

Continued---
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Table B-I (Cont.)

2.0 MeV
Nuclide

Kr– 93g
Rb- 939
Br– 94g
Kr- 94g
Rb- 94g
Br- 95g
Kr- 95g
Rb- 95g
Br- 96g
Kr– 96g
Rb- 96g
Kr- 97g
Rb- 97g
Kr- 98g
Rb- 98g
Y- 98g
Rb- 99g
Sr- 99g
Y – 99g
Rb-1oOg
Sr–1OOg
Y -loog
Rb-lolg
Sr-10lg
Y -lolg
Sr–102g
Y –lo2g
Sr-103g
Y -lo3~
Sr-104g
Y -lo4g
Y -losg
Zr-1O5g
Nb-105g
Y –106g
Zr-1O6g
Nb-1O6g
Y –lo7g
Zr-107g

Nb-lo7g
Zr-1O8g
Nb-108g
Zr-1O9g
Nb-1o9g
Nb-110g
Mo-I10g
N&l 1lg
Mo-Illg

3.0 MeV
Nuclide

Kr- 95g
Rb- 95g
Br- 96g
Kr- 96g
W- 96g
Kr- 97g
Rb- 97g
Kr- 98g
M)- 98g
Rb- 99g
Y- 99g
Rb-1oOg
Rb-lolg
Sr-10lg
Y -lolg
Sr-102g
Y -lo2g
Sr-103g
Y -lo3g
Sr-104g
Y -lo4g
Y -lo5g
Y -106g
Y -lo7g
Zr-107g
Nb-lo7g
Zr–108g
N&10 8g
Zr-109g
Nb-1o9g
Nb-1IOg
N&l 1lg
Tc-lllg
Tc-112g
Mo-I13g
Tc-113g
Tc-114g
Tc-115g
Tc-116g

Tc-117g
Ru-l17g
Rh-l17g
Ru-118g
Rh-l18g
Ru-119g
Rh-119g
Ru-12Og
Rh-12Og

4.0 MeV
Nuclide

Kr- 98g
Rb- 98g
Rb- 99g
Rb-loOg
R&lo lg
Y -lolg
Sr-103g
Y -lo3g
Sr-104g
Y -lo4g
Y -lo5g
Y -106g
Y -lo7g
Nb-107g
Zr-108g
Nb-108g
Zr-109g
N&l o9g
N&l 1Og
Nb-lllg
Me-l13g
Tc-113g
Tc-l14g
Tc–115g
‘l’c-l16g
Tc–117g
Ru-119g
Rh-119g
Ru-12Og
Rh-12Og
Rh-12lg
Rh-122g
Rh-123g
Ag-125g
Pd–126g
Ag-126g
Ag-127g
Ag-128g
Cd-131g

Cd-132g
In-132g
In-133g
In-134g
Sn-135g
Sb-135g
Sn-136g
Sb-136g
Sb-137g

5.0 MeV
Nuclide

Y -losg
Y -106g
Y -lo7g
Zr-1O9g
Nb-1O9g
Nb-llOg
Nb-lllg
Tc-l15g
Tc-116g
Tc-l17g
Ru-12Og
Rh-12lg
Rh-122g
Rh-123g
Ag-127g
Ag-128g
Cd-131g
Cd–132g
In-132g
In-133g
In-134g
Sn-135g
Sn-136g
Sb-137g
Sb-138g
Sb-139g
Te-14Og
Te-14lg
I -14lg
Te-142g
I -142g
I -143g
I -144g
I -145g
Xe-147g
Cs-14 8g
CS-149g
CS-15Og
La-154g

La-155g
Pr-159g

---
---
---
---
---
---
---

6.0 MeV
Nuclide

Cd-132g
In-133g
In-134g
Sb-138g
Sb-139g
I -142g
I -143g
I -144g
I -145g
Cs–148g
cs-149g
Cs-lsog
La-155g
---
---
---
---
-—-
---
---
---
--—
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
--—

---
---
---
---

7.0 MeV
Nuclide

---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
———
---
---
---
—-—
---
---
--—
---
---
---
---
---
---
---
---
---
---
--—
---
---
--—

---
---
---
---
---
---
---
---
---

8.0 MeV
Nuclide

—--
---
---
---
---
--—
---
---
-——
---
---
---
---
-—-
---
---
—-—
-——
---
---
--—
---
---
---
---
---
---
---
——-
---
---
---
-—-
---
---
———
---
---
-—-

---
---
---
---
---
---
---
---
---

Continued
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Table B-I (Cont.)

2.0 MeV
Nuclide

Tc-lllg
Mo-l12g
Tc-l12g
Mo-l13g
Tc-l13g
Tc-114g
Tc-115g
Tc-l16g
Ru-1 16g

Tc-l17g
Ru-l17g
Rh-l17g
Ru-118g
IW-l18g
Ru-119g
Rh-119g
Ru-12Og
Rh-12Og
Rh-12lg
Rh-122g
Rh-123g
Pd-123g
Ag-123g
Pd-124g
Ag-124g
Pd-125g
Ag-125g
Pd-126g
Ag-126g
Ag-127g
Ag-128g
In-129g
Cd-130g
In-130g
Cd-131g
In–13lg
Cd–132g
In-132g
In-133g

In-134g
Sn–134g
Sn-135g
Sb-135g
Sn-136g
Sb-136g
Sb-137g
Sb-138g
Te-138g
I -138g

3.0 MeV
Nuclide

Rh-121g
Rh-122g
Rh-123g
Pd-124g
Ag-124g
Pd-125g
Ag-125g
Pd-126g
Ag-126g
Ag-127g
Ag-128g
cd-131g
In-131g
cd-132g
In-132g
In-133g
In-134g
Sn-134g
Sn-135g
Sb-135g
Sn-136g
Sb-136g
Sb-137g
Sb-138g
Sb-139g
Te-139g
I -139g
Te-140g
I -140g
Te-141g
I -141g
Te-142g
I –142g
I -143g
Xe-143g
I -144g
Xe–144g
I -145g
Xe-145g

cs-145g
Xe-146g
Cs-146g
Xe-147g
cs–147g
Cs-148g
cs-149g
cs-150g
Ba-150g
Ba-151g

4.0 MeV
Nuclide

Sb-138g
Sb-139g
Te-139g
Te-140g
I -140g
Te-141g
I -141g
Te-142g
I -142g
I -143g
I -144g
I -145g
Xe-145g
Xe-146g
Cs-146g
Xe-147g
cs-147g
Cs-148g
cs–149g
cs-150g
Ba-150g
La-153g
La–154g
La–155g
Pr-158g
Pr-159g
---
---
---
--—
--—
---
—--
---
--—

---
---

---
---
---
---
---
---
---
---
---
---

5.O MeV
Nuclide

---
—--
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
-—-
---
---
---
---
---
---
---
---
---
—--
---
---
---
---
---
---
---
---
---

---
---
---
---
---
---
---
---
---
---
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6.0 MeV
Nuclide

---
---
—--
---
---
---
---
---
-—-
---
---
-—-
——-
---
---
---
---
---
---
---
---
-——
---
-—-
---
---
-—-
---
---
--—
--—
---
--—
-—-
--—
-—-
---
---
---

---
---
---
---
---
--—
---
---
---
---

7.0 MeV
Nuclide

---
---
-——
---
---
---
---
---
---
---
-—-
---
-——
---
---
---
--—
—--
---
---
---
---
---
--—
---
---
---
---
---
---
—--
—-—
---
--—
---
---
---
---
---

---
---
---
---
---
---
---
---
---
---

8.0 MeV
Nuclide

---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---

---
--—
---
---

---
---
---
---
--—
---
---
---
---
---

---
---
—--
---
---
---
---
---
---
--- Continued



2.0 MeV
Nuclide

Sb-139g
Te–139g
I -139g
Te-140g
I -140g
Te–141g
I -141g
Te–142g
I -142g
I -143g
Xe-143g
cs–143g
I -144g
Xe–144g
cs–144g
I -145g
Xe-145g
cs-145g
Xe-146g
Cs-146g
Xe-147g
cs-147g
Cs-148g
cs-149g
Ba-149g
Cs–lsog
Ba-150g
Ba–151g
La-151g
Ba-152g
La-152g
La-153g
La-154g
La–155g
Ce-155g
Pr-155g
Ce–156g
Pr-156g
Ce-157g
Pr-157g
Pr–158g
Pr–159g
Nd–161g
Pm-162g

3.0 MeV
Nuclide

La-151g
Ba-152g
La-152g
La-153g
La-154g
La–155g
Ce-156g
Ce-157g
Pr-157g
Pr-158g
Pr-159g

---
--—
---

---

---
---

-—-
---
---
---
---
---
---
--—
---
---
———
---
---
---
---
—--
---
---

TABLEB-I (Cont.)

4.0 MeV
Nuclide

5.0 MeV
Nuclide

6.0 MeV
Nuclide

---
---
---
---
---
---
---
---
---
---
---
---
---
--—
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
--—
-—-
--—
---
---
---
--—
---
---
---
---
---
---
---
---

---
---
-—-
---
---
---
---
---
---
---
---
-—-
---
---
---
---
---
---
---
---
---
---
---
-——
---
---
---
---
---
—--
-—-
-—-
---
---
---
---
---
---
---
---
---
---
---
---

---
---
--—
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---
-——
---
---
---
---
--—
---
---
-——
---
---
---
---
---
---
---
--—
---
---
---
---
---
---
---

7.0 MeV
Nuclide

---
---
---
---
---
---
---
---
---
---
---
-——
---
---
---
---
---
---
---
---
---
---
-——
——-
---
---
---
---
---
—-—
-——
———
---
---
---
---
---
-—-
---
---
---
---
---
---

8.0 MeV
Nuclide

---
---
---
---
---
---
--—
---
---
---
---

---
---
---
---
---
---
---
---
---
---
---
---
--—
———
---
---
—--
---
---
---
---
---
---
---
---
---
---
---
---
---
---
---



TABLEB-11
235u J7J&SIONpULSE

PER CENT CONTRIBUTION PER PRECURSOR GREATER THAN 0.01%
FOR ENERGIES ABOVE 0.0 MeV

( 0.0s)

Nuclide %

Cu- 77g 0.01
Ga– 81g 0.09
Ga- 82g 0.11
Ga– 83g 0.13

Ga- 84g 0.03
Ge- 84g 0.12
As- 84g 0.04
Ge– 85g 0.38
As- 85g 6.42

Ge- 86g 0.05
As- 86g 0.66

As– 87g 2.67

Se- 87g 0.02

Br- 87g 0.04

As- 88g 0.40
Se- 88g 0.21

Br- 88g 0.50
As- 89g 0.07
Se- 89g 1.68
Br– 89g 3.67
Se- 90g 0.35
Br- 90g 7.76
Se- 91g 0.10
Br- 91g 4.00
Br- 92g 2.13
Kr- 92g 0.01

Br- 93g 0.16
Kr– 93g 0.20
Rb- 93g 0.66
Br- 94g 0.08
Kr- 94g 3.51
Rb- 94g 5.09
Kr- 95g 0.16
Rb- 95g 15.31
Kr- 96g 0.04
R& 96g 12.68
R& 97g 5.81
Sr- 97g 0.02
Y- 97g 0.02
Y- 97m 0.11
W- 98g 0.52
Sr- 98g 0.27
Y- 98g 0.12
Y- 98m 5.61
Rb- 99g 0.01

( 1.0s)

Nuclide %

Ga- 80g 0.01
Ga– 81g 0.14
Ga– 82g 0.09
Ga- 83g 0.04
Ge- 84g 0.18
As- 84g 0.01
Ge- 85g 0.06
As- 85g 12.28
As- 86g 0.80
AS- 87g 0.70
Se- 87g 0.05
Br- 87g 0.12
Se- 88g 0.35
Br- 88g 1.37
Se- 89g 0.82
Br- 89g 8.74
Se- 90g 0.18
Br- 90g 14.16
Se- 91g 0.02
Br– 91g 3.33
Br- 92g 0.82
Kr- 92g 0.02
M- 92g 0.01
Kr- 93g 0.31
W- 93g 1.58
Kr- 94g 0.34
Rb- 94g 11.24
Kr- 95g 0.17
Rb- 95g 6.71
Kr- 96g 0.01
Rb- 96g 1.15
Rb- 97g 0.26
Y- 97g 0.07
Y- 97m 0.18
Sr- 98g 0.25
Y- 98g 0.23
Y- 98m 7.79
Sr- 99g 0.02
Y- 99g 3.58
Sr-100g 0.02
Y-loog 0.87
Y-lolg 0.66
Y-lo2g 0.35
Y-lo3g 0.05
Zr-103g 0.01

( 5.0s)

Nuclide %

Ga- 80g 0.01
Ga- 81g 0.06
Ge- 84g 0.07
As- 85g 12.70
As- 86g 0.15
Se- 87g 0.12
Br- 87g 0.54
Se- 88g 0.22
Br- 88g 5.31
Br- 89g 19.07
Br- 90g 12.38
Br- 91g 0.13
Kr- 92g 0.02
R& 92g 0.03
Kr- 93g 0.15
Rb- 93g 4.09
Rb- 94g 16.70
Kr- 95g 0.02
Rb- 95g 0.06
Y- 97g 0.16
Y- 97m 0.07
Sr- 98g 0.01
Y- 98g 0.23
Y- 98m 1.06
Y- 99g 2.12
Y-loog 0.12
Y-lolg 0.03
Y-lo2g 0.07
Nb-lo3g 0.02
Zr-104g 0.02
Nb-104g 0.02
Nb-lo5g 0.47
In–127g 0.05
Sn-133g 0.02
Sn-134g 0.08
Sb-134g 0.02
Sb-135g 1.94
Sb-136g 0.09
Te-136g 0.57
Te-137g 0.94
I-137g 6.15
Te-138g 0.34
I-138g 6.25
I-139g 4.62
I-140g 0.20

( 10.0s)

Nuclide %

Ge- 84g 0.01
As- 85g 6.19
Se- 87g 0.17
Br- 87g 1.56
Se- 88g 0.06
Br- 88g 11.79
Br- 89g 23.24
Br- 90g 4.85
Rb- 92g 0.05
Kr- 93g 0.03
Rb- 93g 6.12
Rb- 94g 12.79
Y- 97g 0.16
Y- 98g 0.11
Y- 98m 0.02
Y- 99g 0.48
Zr-104g 0.01
Nb-104g 0.02
Nb-105g 0.36
In-127g 0.05
Sb-134g 0.04
Sb–135g 0.78
Te-136g 1.27
Te-137g 0.94
I-137g 14.88

Te-138g 0.10
I-138g 9.97
I-139g 2.89

cs-141g 0.13
cs-142g 0.07
cs-143g 0.58
cs-144g 0.04
La-147g 0.04
La-149g 0.04

( 30.0s)

Nucli.de %

As– 85g 0.04
Se- 87g 0.08
Br- 87g 7.49
Br- 88g 26.69
Br- 89g 5.27
Br- 90g 0.01
Rb- 92g 0.01
Rb- 93g 3.09
R& 94g 0.45
Y- 97g 0.02
Nb-105g 0.01
Sb-134g 0.07
Te-136g 3.30
Te-137g 0.10
I-137g 46.52
I-138g 6.36
I-139g 0.05

cs-141g 0.40
La–146g 0.01
La-147g 0.01

Continued
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I

( 0.0s)

Nuclide %
Sr- 99g 0.03
Y- 99g 2.10
Sr-100g 0.03
Y–loog 0.76
Sr-10lg 0.03
Y-lolg 0.78
Y-lo2g 0.29
Y-lo3g 0.28
Nb-lo3g 0.01
Y-lo4g 0.02
Zr-105g 0.02
Nb-lo5g 0.15
Nb-106g 0.03
Nb–107g 0.04
Ag-124g 0.01
In-130g 0.05
In-130m 0.08
In-131g 0.07
In-131m 0.16
In-132g 0.14
In–133g 0.07
Sn-133g 0.02
Sn-134g 0.22
Sn-135g 0.01
Sb-135g 1.22
Sb-136g 0.59
Te-136g 0.06
Sb-137g 0.06
Te-137g 0.24
I-137g 0.61

Sb-138g 0.01
Te-138g 0.28
I-138g 0.95

Te-139g 0.10
I-139g 1.83
I-140g 1.04
I-141g 0.56

Xe-141g 0.01
I-142g 0.11

Xe–142g 0.10
cs-142g 0.10
Xe-143g 0.07
cs-143g 0.93
Xe-144g 0.03
cs–144g 1.17
cs-145g 1.79
Cs-146g 0.32
cs-147g 0.07
La-148g 0.03
La-149g 0.02

( 1.0s)

Nuclide %

Nb-lo3g 0.02
Zr-104g 0.01
Zr-105g 0.01
Nb-lo5g 0.31
Nb-106g 0.03
Nb-107g 0.04
In-127g 0.02
In-130g 0.09
In-130m 0.06
In-131g 0.04
Sn-133g 0.03
Sn-134g 0.30
Sb-135g 2.19
Sb-136g 0.67
Te-136g 0.16
Sb-137g 0.04
Te-137g 0.51
I-137g 1.60

Te-138g 0.47
I-138g 2.29

Te-139g 0.08
I-139g 3.63

Te-140g 0.01
I-140g 1.22
I-141g 0.33

Xe-141g 0.02
cs-141g 0.01
Xe-142g 0.15
cs-142g 0.19
Xe-143g 0.09
cs-143g 1.71
Xe-144g 0.04
cs-144g 1.55
cs-145g 1.45
Cs-146g 0.11
cs-147g 0.05
La-147g 0.01
La-148g 0.04
La-149g 0.05

TableB-II(Cont.)

( 5.0s) ( 10.0s) ( 30.0s)

Nuclide % Nuclide % Nuclide %

Xe-141g 0.02
cs-141g 0.05
Xe-142g 0.06
Cs-142g 0.18
Xe-143g 0.02
cs-143g 1.50
Xe-144g 0.01
cs-144g 0.42
cs-145g 0.06
La-147g 0.03
La-148g 0.02
La-149g 0.06
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TABLE B-111
235u ~SSION p~SE

PER CENT CONTRIBUTION PER PRECURSOR GREATER THAN 0.01%
FOR ENERGIES ABOVE 4.0 MeV

( 0.0s)

Nuclide %

Ga- 83g 0.03
Ge- 85g 0.02
As- 86g 0.04
As– 87g 0.38
As- 88g 0.05
As- 89g 0.01
Se- 89g 0.03
Br- 90g 0.01
Br- 91g 7.99
Br- 92g 81.03
Br- 93g 0.02
Br- 94g 0.01
Rb- 95g 2.16
Rb- 96g 3.91
Rb- 97g 2.61
E@- 98g 1.43
I-140g 0.01
I-141g 0.19

( 1.0s)

Nuclide %

Ga- 83g 0.02
As- 85g 0.04
As- 86g 0.13
?Ls- 87g 0.25
Se– 89g 0.03
Br- 90g 0.06
Br- 91g 16.83
Br- 92g 78.66
Rb- 95g 2.40
Rb- 96g 0.90
Rb- 97g 0.30
Rb- 98g 0.02
I-140g 0.04
I-141g 0.28

( 5.0s)

Nuclide %

Ga- 82g 0.03
As- 85g 3.94
As- 86g 2.52
k- 87g 0.01
Se- 89g 0.02
Br- 90g 5.55
Br- 91g 69.67
Br- 92g 14.93
Kr- 95g 0.03
Rb- 95g 2.29
I-140g 0.71
I-141g 0/29

cs-147g 0.02

( 10.0s) ( 30.0s)

Nuclide % Nuclide %

As- 85g 39.14 As- 85g 67.92
As- 86g 2.93 Br- 90g 32.08
Br- 90g 44.25
Br- 91g 11.82
Br- 92g 0.05
Kr– 95g 0.02
Rb- 95g 1.06
I-140g 0.71

TABLEB-IV
238U~SSIONp~SE

PER CENT CONTRIBUTIONPERPRECURSORGREATERTHANO.OIW
FORENERGIESABOVEO.OMeV

( 0.0s)

Nuclide %

Ga– 81g 0.05
Ga- 82g 0.11
Ga- 83g 0.22
Ga- 84g 0.09
Ge- 84g 0.14
A.s- 84g 0.01
Ga- 85g 0.01

Ge– 85g 0.48
As- 85g 2.83
Ge- 86g 0.11
As- 86g 0.47

( 1.0s)

Nuclide %

Ga- 81g 0.10
Ga- 82g 0.11
Ga- 83g 0.08
Ge- 84g 0.26
Ge- 85g 0.10
As- 85g 7.00
Ge- 86g 0.02
As- 86g 0.72
As- 87g 0.61
Se- 87g 0.02
Br- 87g 0.02

( 5.0s)

Nucli.de %

Ga– 81g 0.06
Ge- 84g 0.14
As- 85g 9.96
As- 86g 0.18
Se- 87g 0.07
Br- 87g 0.19
Se- 88g 0.17
Br- 88g 1.90
Br- 89g 12.02
Br– 90g 10.27
Br– 91g 0.26

( 10.0s)

Nuclide %

Ga- 81g 0.01
Ge- 84g 0.02
As- 85g 5.72
As- 86g 0.01
Se- 87g 0.12
Br- 87g 0.70
Se- 88g 0.05
Br- 88g 5.09
Br- 89g 17.25
Br- 9og 4.74
Kr- 92g 0.02

( 30.0s)

Nuclide %

As- 85g 0.04
Se– 87g 0.07
Br- 87g 4.39
Br- 88g 13.96
Br- 89g 4.72
Br- 90g 0.01
Rb- 92g 0.01
NY 93g 2.59
Rb- 94g 0.54
Y- 97g 0.02
Nb–104g 0.04
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Table B-IV (Cont.)

( 0.0s)

Nuclide %

Ge- 87g 0.01
As- 87g 1.89
As- 88g 0.50
Se.-88g 0.09
Br- 88g 0.08
As- 89g 0.21
Se– 89g 1.49
Br– 89g 1.21
Se– 90g 0.53
Br- 90g 3.56
Se- 91g 0.33
Br- 91g 4.57
Se- 92g 0.03
Br- 92g 4.84
Kr- 92g 0.01
Br- 93g 1.29
Kr- 93g 0.49
Rb- 93g 0.15
Br- 94g 0.29
Kr- 94g 4.37
Rb– 94g 2.20
Kr- 95g 0.29
Rb- 95g 9.79
Kr- 96g 0.16
W- 96g 13.46
Kr- 97g 0.02
Rb- 97g 3.92
Y- 97m 0.03
Rb- 98g 1.44
Sr– 98g 0.26
Y- 98g 0.04
Y- 98m 1.81
Rb- 99g 0.33
Sr- 99g 0.04
Y- 99g 1.20
Sr-100g 0.07
Y-loog 0.59
Sr–10lg 0.12
Y–lolg 1.03
Sr–102g 0.02
Y-lo2g 0.63
Y-lo3g 1.33
Zr–103g 0.01
Y-lo4g 0.24
Zr-104g 0.02
Y–lo5g 0.11
Zr-105g 0.12
Nb-lo5g 0.37

(1.0

Nuclide

Se- 88g
Br- 88g
Se- 89g
Br- 89g
Se- 9og
Br- 90g
Se- 91g
Br- 91g
Br– 92g
Kr- 92g
Br- 93g
Kr- 93g
Rb- 93g
Kr- 94g
Rb- 94g
Kr- 95g
Rb- 95g
Kr- 96g
Rb- 96g
Rb- 97g
Y- 97g
Y- 97m
Sr- 98g
Y- 98g
Y- 98m
Sr- 99g
Y- 99g
Sr–100g
Y-loog
Sr-10lg
Y-lolg
Y-lo2g
Y-lo3g
Zr-103g
Nb-103g
Zr-104g
Zr-105g
Nb–105g
Zr-106g
Nb-106g
Nb-lo7g
Tc-llOg
Tc-lllg
Rh-l17g
In-129g
In-129m
In-130g
In-130m

‘s)

%

0.19
0.30
0.90
3.92
0.33
8.41
0.08
4.75
2.31
0.03
0.08
0.93
0.53
0.53
6.84
0.38
5.60
0.05
1.63
0.22
0.03
0.07
0.29
0.09
5.25
0.04
2.77
0.08
0.88
0.01
1.10
0.95
0.30
0.02
0.02
0.05
0.09
1.01
0.02
0.19
0.35
0.01
0.02
0.02
0.16
0.02
0.20
0.14

( 5.0s)

Nuclide %

Kr- 92g 0.03
Rb- 92g 0.02
Kr- 93g 0.60
R& 93g 2.32
Rb- 94g 14.01
Kr- 95g 0.06
Rb- 95g 0.1$
Y- 97g 0.10
Y- 97m 0.03
Sr- 98g 0.02
Y- 98g 0.13
Y- 98m 1.42
Y- 99g 2.43
Y-100g 0.18
Y-10lg 0.06
Y-lo2g 0.24
Zr-103g 0.02
Nb-103g 0.04
Zr-104g 0.09
Nb-lo4g 0.04
Nb-105g 2.15
Nb-106g 0.08
Nb-107g 0.05
Tc-lllg 0.03
In-127g 0.02
In-129g 0.06
In-129m 0.04
In-130g 0.03
Sn-133g 0.08
Sn-134g 0.85
Sb-134g 0.05
Sb-135g 8.04
Sb-136g 0.67
Te-136g 0.95
Te-137g 2.14
I-137g 4.37

Te-138g 1.60
I-138g 7.48

Te-139g 0.02
I-139g 9.28

Te-140g 0.04
I-140g 0.76
I-141g 0.03

Xe-141g 0.03
cs-141g 0.04
Xe-142g 0.12
cs-142g 0.17
Xe-143g 0.08

( 10.0s)

Nuclide %

Rb- 92g 0.03
Kr- 93g 0.13
W- 93g 4.24
Rb- 94g 12.64
Y- 97g 0.13
Y- 98g 0.07
Y- 98m 0.04
Y– 99g 0.65
Y-lo2g 0.02
Nb-lo3g 0.02
Zr-104g 0.08
Nb-104g 0.08
Nb-105g 1.98
Tc-lllg 0.02
Rh-l15g 0.02
In-127g 0.02
In-129m 0.03
Sn-133g 0.03
Sn-134g 0.10
Sb-134g 0.12
Sb-135g 3.79
Sb-136g 0.03
Te-136g 2.51
Te-137g 2.52
I-137g 13.44

Te-138g 0.58
I-138g 14.48
I-139g 6.86
I-140g 0.05

Xe–141g 0.01
cs-141g 0.11
Xe-142g 0.02
cs-142g 0.09
cs-143g 0.86
Xe-144g 0.01
cs-144g 0.10
La-147g 0.06
La-148g 0.02
La-149g 0.19

( 30.0s)

Nuclide %

Nb-lo5g 0.09
Rh-l15g 0.02
Sb-134g 0.20
Sb-135g 0.01
Te-136g 7.84
Te-137g 0.31
I-137g 53.29
I-138g 11.24
I-139g 0.13

cs-141g 0.40
La-146g 0.02
La-147g 0.02
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Table B-IV (Cont.)

( 0.0s)

Nuclide %

Zr-1O6g 0.01

Nb-106g 0.12
Nb-107g O.26
Nb-108g 0.03
Tc-l12g 0.01
Ag–124g 0.02
Ag-125g 0.02
Ag-126g 0.01
Ag-127g 0.02
Ag-128g 0.01
In-129g 0.08
Cd-130g 0.01
In-130g 0.09
In-130m 0.14
Cd-131g 0.04
In-131g 0.24
In-131m 0.56
Cd-132g 0.02
In-132g 1.02
In-133g 1.16
Sn–133g 0.05
In-134g 0.09
Sn-134g 1.33
Sn-135g 0.17
Sb-135g 2.94
Sn-136g 0.02
Sb-136g 2.47
Te-136g 0.06
Sb-137g 0.46
Te-137g 0.32
I-137g 0.20

Sb-138g 0.17
Te-138g 0.78
I-138g 0.56
Sb-139g 0.02
Te-139g 0.50
I-139g 2.04

Te-140g 0.11
I-140g 2.12

Te-141g 0.05
I-141g 2.49

Xe-141g 0.01
I-142g 0.55

Xe-142g 0.11
cs-142g 0.04
I-143g 0.14

Xe-143g 0.15
cs–143g 0.61

( 1.0s)

Nuclide %

In-131g
In-132g
Sn-133g
Sn-134g
Sb-134g
Sn-135g
Sb-135g
Sn-136g
Sb-136g
Te-136g
Sb-137g
Te-137g
I-137g
Sb-138g
Te-138g
I-138g

Te-139g
I-139g

Te-140g
I-140g

Te-141g
I-141g

Xe-141g
I-142g

Xe-142g
cs-142g
I-143g

Xe-143g
cs–143g
Xe–144g
cs-144g
Xe-145g
cs-145g
Cs-146g
cs-147g
La-148g
La-149g
Ba-150g
La–150g
La-151g
Pr-155g

0.17
0.01
0.10
2.21
0.01
0.11
6.60
0.02
3.45
0.19
0.35
0.85
0.70
0.01
1.64
1.78
0.49
5.18
0.16’
3.12
0.01
1.85
0.03
0.06
0.21
0.10
0.08
0.24
1.47
0.22
1.78
0.05
4.19
0.66
0.11
0.05
0.14
0.01
0.02
0.07
0.01

( 5.0s) ( 10.0s) ( 30.0s)

Nuclide % Nuclide % Nuclide %

cs-143g 1.86
Xe-144g 0.10
cs-144g 0.78
Xe-145g 0.01
cs-145g 0.27
La-147g 0.03
La-148a O.O4
La-149g 0.25
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Table B-IV (Cont.)

( 0.0s)

Nuclide %

Xc-l44g 0.13
cs-144g 1.04
Xe-145g 0.03
cs-145g 4.12
CS-146g 1.54
cs-147g 0.13
Cs-148g 0.04
La-148g 0.02
La-149g 0.06
La-150g 0.02
La-151g 0.06

( 1.0s) ( 5.0s

Nuclide % Nuclide

( 10.0s) ( 30.0s)

% Nuclide % Nuclide %

TABLEV
238UFISS10Np~SE

PER CENT CONTRIBUTIONPERPRECURSORGREATERTHANO.OIW
FORENERGIESABOVE4.0MeV

( 0.0s)

Nuclide %

Ga- 83g 0.02
Ga- 84g 0.02
Ge- 85g 0.01
As- 86g 0.01
As- 87g 0.13
As- 88g 0.03
As- 89g 0.02
Se- 89g 0.01
Se- 91g 0.01
Br- 91g 4.42
Br- 92g 89.28
Br- 93g 0.07
Br- 94g 0.02
Rb- 95g 0.67
Rb- 96g 2.01
Rb- 97g 0.86
W- 98g 1.92
In-133g 0.02
I–140g 0.01
I-141g 0.41

( 1.0.s)

Nuclide %

Ga- 83g 0.02
As- 86g 0.05
As- 87g 0.09
Se- 89g 0.01
Br- 90g 0.01
Br- 91g 9.52
Br- 92g 88.15
Rb- 95g 0.79
Rb- 96g 0.51
Rb- 97g 0.10
W- 98g 0.02
I-140g 0.04
I-141g 0.64

( 5.0s)

Nuclide %

Ga- 82g 0.02
As- 85g 1.43
As- 86g 1.43
Se- 89g 0.01
Br- 90g 2.12
Br- 91g 63.24
Br- 92g 26.74
Kr- 95g 0.04
Rb- 95g 2.62
I-140g 1.25
I-141g 1.05

cs-147g 0.03

( 10.0s)

Nuclide %

As- 85g 30.47
As- 86g 3.58
Br- 90g 36.41
Br- 91g 23.04
Br- 92g 0.21
Kr- 95g 0.06
Rb- 95g 3.20
I-140g 2.97
I-141g 0.07

( 30.0s)

Nuclide %

As- 85g 66.69
Br- 9og 33.30
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TABLE B-VI
239pu ~SSION PULSE

PER CENT CONTRIBUTION PER PRECURSOR GREATER THAN 0.01%
FOR ENERGIES ABOVE 0.0 MeV

( 0.0s)

Nuclide %

Ga- 80g 0.01
Ga- 81g 0.08
Ga- 82g 0.06
Ga- 83g 0.04
Ge- 84g 0.06
As- 84g 0.04
Ge- 85g 0.11
As- 85g 4.50
As- 86g 0.33
As- 87g 0.92
Se- 87g 0.01
Br- 87g 0.06
As- 88g 0.08
Se- 88g 0.10

Br- 88g 0.52
Se- 89g 0.52
Br- 89g 2.68
Se- 90g 0.08
Br- 90g 4.41
Se- 91g 0.03
Br- 91g 2.75
Br- 92g 1.68
Kr- 92g 0.02
Br- 93g 0.19
Kr- 93g 0.54
Rb- 93g 0.83
Br- 94g 0.02
Kr- 94g 1.92
Rb- 94g 6.68
Kr- 95g 0.07
Rb- 95g 17.11
Kr- 96g 0.02
R& 96g 11.51
Rb- 97g 4.14
Sr- 97g 0.03
Y- 97g 0.05
Y- 97nl 0.37
Rb- 98g 0.28
Sr- 98g 0.31
Y- 98g 0.32
Y- 98m 14.50
Rb- 99g 0.01

( 1.0s)

Nuclide %

Ga- 80g 0.02
Ga- 81g 0.11
Ga- 82g 0.05
Ga- 83g 0.01
Ge- 84g 0.08
As- 84g 0.01
Ge- 85g 0.02
As- 85g 7.93
As- 86g 0.37
As- 87g 0.22
Se- 87g 0.03
Br- 87g 0.16
Se- 88g 0.15
Br- 88g 1.26

Se- 89g 0.24
Br- 89g 5.76
Se- 90g 0.04
Br- 90g 7.42
Br- 91g 2.13
Br- 92g 0.60
Kr- 92g 0.04
Rb- 92g 0.02
Kr- 93g 0.77
Rb- 93g 1.87
Kr- 94g 0.17
Rb- 94g 13.18
Kr- 95g 0.07
Rb- 95g 6.86
Rb- 96g 0.96
Rb- 97g 0.17
Sr- 97g 0.01
Y- 97g 0.16
Y- 97m 0.51
Sr- 98g 0.26
Y- 98g 0.55
Y- 98m 15.14
Sr- 99g 0.02
Y- 99g 6.92
Sr-100g 0.02
Y-loog 1.37
Y-lolg 0.88
Y-lo2g 0.44

( 5.0s)

Nuclide %

Ga- 80g 0.01

Ga- 81g 0.04
Ge- 84g 0.03
?Ls- 85g 8.05
As- 86g 0.07
Se- 87g 0.08
Br- 87g 0.68
Se- 88g 0.09
Br- 88g 4.48
Br- 89g 12.24
Br- 90g 6.34
Br- 91g 0.08
Kr- 92g 0.03
Rb- 92g 0.05

Kr- 93g 0.36
Rb- 93g 4.92
Rb- 94g 19.20
R& 95g 0.04
Y- 97g 0.33
Y- 97m 0.17
Sr- 98g 0.01
Y- 98g 0.54
Y- 98m 1.50
Y- 99g 3.90
Y-loog 0.17
Y-lolg 0.04
Y-102g 0.08
Zr-103g 0.02
Nb-lo3g 0.10
Zr-104g 0.05
Nb-lo4g 0.11
Nb-105g 3.55
Nb-106g 0.09
Nb-lo7g 0.04
Tc-109g 0.03
Tc-lllg 0.06
Rh-llsg 0.02
In-127g 0.14
In-129g 0.08
In-129m 0.06
Sn-134g 0.02
Sb-134g 0.02

( 10.0s)

Nuclide %

As- 85g 3.54
Se- 87g 0.10
Br- 87g 1.66
Se- 88g 0.02
Br- 88g 8.87
Br- 89g 13.48
Br- 90g 2.25
Kr- 92g 0.01
Rb- 92g 0.07
Kr– 93g 0.06
R& 93g 6.69
Rb- 94g 13.28
Y- 97g 0.31
Y- 97m 0.02

Y- 98g 0.23
Y- 98m 0.03
Y- 99g 0.80
Nb-103g 0.03
Zr-104g 0.03
Nb-lo4g 0.14
Nb-105g 2.50
Tc-lllg 0.03
Rh-l15g 0.03
In-127g 0.13
In-129m 0.04
Sb-134g 0.04
Sb-135g 0.47
Te-136g 1.27
Te-137g 0.54
I-137g 22.67

Te-138g 0.06
I-138g 17.30
I-139g 2.18

cs-141g 0.25
cs–142g 0.08
cs-143g 0.57
cs-144g 0.02
La-146g 0.01
La-147g 0.05
La-149g 0.04

( 30.0s)

Nuclide %

As- 85g 0.02
Se– 87g 0.04
Br- 87g 6.28
Br- 88g 16.74
Br- 89g 2.55
Rb- 92g 0.01
Rb- 93g 2.82
Rb- 94g 0.39
Y- 97g 0.03

Nb-lo4g 0.04
Nb-105g 0.08
Rh-l15g 0.02
In-127g 0.02
Sb-134g 0.04

Te-136g 2.74
Te-137g 0.05
I-137g 58.24
I-138g 9.19
I-139g 0.03

cs-141g 0.64
La-146g 0.02
La-147g 0.01

Continued
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Table B-VI (Cont.)

( o .0s)

Nuclide %

Sr- 99g 0.02
Y- 99g 4.50
Sr-10Og 0.02
Y-loOg 1.31
Sr-1Olg 0.02
Y-1olg 1.12
Y-1o2g 0.38
Y-1o3g 0.36
Zr-103g 0.02
Nb-103g 0.08
Y-1o4g 0.04
Zr-104g 0.02
Nb-104g 0.02
Zr-105g 0.06
Nb-105g 1.23
Nb-106g 0.29
Nb-107g 0.34
Nb-108g 0.01
Tc-109g 0.04
Tc-llOg O.06
Tc:lllg 0.04
Tc–l12g 0.02
Rh-l17g 0.01
Ag-124g 0.03
Ag–125g 0.01
In-127g 0.03
In-128g 0.01
In-129g 0.26
In-129m 0.03
In-130g 0.05
In-130m 0.08
In-131g 0.04
In-131m 0.10
In-132g 0.05
In-133g 0.01
Sn-133g 0.01
Sn–134g 0.07
Sb-135g 0.90
Sb-136g 0.25
Te-136g 0.08
Sb–137g 0.02
Te-137g 0.17
I-137g 1.22

Te-138g 0.20
I-138g 2.08

( 1.0s)

Nuclide %

Y-lo3g 0.06
Zr-103g 0.03
Nb-lo3g 0.13
Zr-104g 0.04
Nb-lo4g 0.05
Zr-105g 0.04
Nb-105g 2.39
Nb-106g 0.35
Nb-107g 0.34
Tc-109g 0.06
Tc-llOg 0.06
Tc-lllg 0.06
Rh-l17g 0.01
In-127g 0.07
In-128g 0.01
In-129g 0.32
In-129m 0.05
In-130g 0.09
In-130m 0.06
In-131g 0.02
Sn-133g 0.02
Sn-134g 0.08
Sb-135g 1.51
Sb-136g 0.27
Te-136g 0.18
Te-137g 0.33
I-137g 2.92
Te-138g 0.32
I–138g 4.61

Te-139g 0.02
I-139g 3.10
I-140g 0.74
I-141g 0.16

Xe-141g 0.03
cs-141g 0.03
Xe-142g 0.09
cs-142g 0.31
Xe-143g 0.04
cs-143g 1.92
cs-144g 1.07
cs-145g 0.69
Cs-146g 0.04
La-147g 0.02
La-148g 0.05
La-149g 0.05

( 5.0s)

Nuclide %

Sb-135g 1.31
Sb-136g 0.04
Te-136g 0.63
Te-137g 0.60
I-137g 10.61
Te-138g 0.22
I-138g 12.10
I-139g 3.85
I-140g 0.12

Xe–141g 0.03
cs-141g 0.12
Xe-142g 0.04
Cs-142g 0.25
Cs-143g 1.63
Cs-144g 0.27
cs-145g 0.03
La-147g 0.04
La-148g 0.02
La-149g 0.07

( 10.0s

Nuclide

( 30.0s)

% Nuclide %

Continued
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( 0.0s) ( 1.0s)

Nuclide % Nuclide %

Te-139g 0.03
I-139g 1.69
I-140g 0.68
I-141g 0.29

Xe-141g 0.02
cs-141g 0.01
I-142g 0.02

Xe-142g 0.06
Cs-142g 0.18
Xe-143g 0.04
cs-143g 1.14
Cs-144g 0.87
cs–145g 0.91
cs-146g 0.11
La-148g 0.03
La–149g 0.03

TableB-VI(Cont.)

( 5.0s) ( 10.0s) ( 30.0s)

Nuclide % Nuclide % Nuclide %

TABLEB-VII
239pu~ss10Npu~E

PER CENT CONTRIBUTIONPERPRECURSORGREATERTHANO.O1%
FORENERGIESABOVE4.0MeV

( 0.0s)

Nuclide %

Ga– 83g 0.01
ILs– 86g 0.03
As- 87g 0.17
As- 88g 0.01
Se- 89g 0.01
Br– 91g 7.00
Br- 92g 81.60
Br- 93g 0.03
W– 95g 3.08
W– 96g 4.53
W– 97g 2.37
R& 98g 0.98
I-140g 0.01
I-141g 0.13

( 1.0s)

Nuclide %

As– 85g 0.03
As- 86g 0.08
As- 87g 0.11
Se- 89g 0.01
Br- 9og 0.04
Br- 91g 14.84
Br- 92g 79.93
Rb- 95g 3.38
W– 96g 1.03
R& 97g 0.27
W- 98g 0.01
I-140g 0.04
I-141g 0.19

( 5.0s)

Nuclide %

Ga- 82g 0.02
As- 85g 3.97
As– 86g 1.81
Br- 9og 4.51
Br- 91g 69.44
Br- 92g 17.16
kr- 95g 0.02
W- 95g 2.16
I–140g 0.67
I-141g 0.22

( 10.0s)

Nuclide %

As- 85g 43.42
As– 86g 2.32
Br- 90g 39.66
Br- 91g 12.99
Br- 92g 0.07
kr- 95g 0.01
Rb- 95g 0.79
I–140g 0.72

( 30.0s)

Nuclide %

As- 85g 72.37
Br- 90g 27.62
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TABLE B-VIII
232~ ~SSION p~E

PER CENT CONTRIBUTION PER PRECURSOR GREATER THAN 0.01%
FOR ENERGIES ABOVE 0.0 MeV

( 0.0s)

Nuclide %

Zn– 79g 0.01
Zn- 81g O.03
Ga- 81g 0.15
Zn- 82g 0.03
Ga- 82g 0.32
Ga- 83g 0.80
Ga- 84g 0.23
Ge- 84g 0.64
As- 84g 0.05
Ga- 85g 0.04
Ge- 85g 2.14
As- 85g 10.38
Ge- 86g 0.40
As- 86g 1.35
Ge- 87g 0.06
As- 87g 7.86
Se- 87g 0.03
Br- 87g 0.02
As– 88g 1.23
Se– 88g 0.40
Br- 88g 0.25
As– 89g 0.30
Se- 89g 3.72
Br– 89g 2.48
Se- 9og 1.03
Br– 90g 5.60
Se- 91g 0.47
Br– 91g 5.35
Se– 92g 0.04
Br- 92g 4.55
Kr- 92g 0.02
Br- 93g 1.16
Kr– 93g 0.76
Rb- 93g 0.16
Br- 94g 0.18
Kr– 94g 4.74
Rb- 94g 1.79
Kr– 95g 0.26
W- 95g 7.28
Kr- 96g 0.08
Rb- 96g 5.64
Kr- 97g 0.02
Rb- 97g 4.70
Y- 97m 0.02

( 1.0s)

Nuclide %

Ga- 80g 0.01
Ga- 81g 0.24
Ga- 82g 0.28
Ga- 83g 0.24
Ge- 84g 0.99
As– 84g 0.03
Ge- 85g 0.37
As- 85g 22.26
Ge- 86g 0.07
As- 86g 1.80
As- 87g 2.18
Se- 87g 0.08
Br- 87g 0.07
As- 88g 0.02
Se- 88g 0.70
Br- 88g 0.92
Se- 89g 1.91
Br- 89g 7.10
Se- 90g 0.56
Br- 90g 11.51
Se- 91g 0.10
Br- 91g 4.78
Br- 92g 1.87
Kr- 92g 0.04
Br- 93g 0.06
Kr- 93g 1.23
W– 93g 0.52
Kr- 94g 0.49
Rb- 94g 5.05
Kr- 95g 0.29
W- 95g 3.63
Kr- 96g 0.02
W- 96g 0.60
Rb– 97g 0.22
Y– 97g 0.02
Y- 97m 0.03
Sr- 98g 0.15
Y- 98g 0.04
Y- 98m 2.52
Sr- 99g 0.01
Y- 99g 0.87
Sr-100g 0.01
Y-loog 0.10
Y-lolg 0.07

( 5.0s)

Nuclide %

Ga- 80g 0.01
Ga– 81g 0.12
Ga- 82g 0.01
-- 84g 0.45
As- 85g 26.22
As- 86g 0.38
Se- 87g 0.22
Br- 87g 0.49
Se- 88g 0.51
Br- 88g 5.02
Se- 89g 0.01
Br- 89g 18.10
Br- 90g 11.69
Br- 91g 0.22
Kr- 92g 0.04
Rb- 92g 0.02
Kr– 93g 0.66
I?& 93g 2.03
W- 94g 8.57
Kr- 95g 0.04
Rb- 95g 0.09
Y- 97g 0.06
Y- 97m 0.02
Y- 98g 0.04
Y- 98m 0.60
Y- 99g 0.65
Y-loog 0.02
Nb–105g 0.01
Tc-lllg 0.02
In-129g 0.02
Sn-133g 0.03
Sn-134g 0.50
Sb-134g 0.02
Sb-135g 2.86
Sb-136g 0.21
Te-136g 0.52
Te-137g 1.58
I-137g 2.81
Te-138g 1.22
I-138g 4.81

Te-139g 0.02
I-139g 5.52

Te-140g 0.03
I-140g 0.41

( 10.0s)

Nuclide %

Ga- 81g 0.02
Ge- 84g 0.08
As– 85g 14.60
As- 86g 0.02
Se- 87g 0.36
Br- 87g 1.83
Se- 88g 0.15
Br- 88g 13.15
Br- 89g 25.19
Br- 90g 5.23
Kr- 92g 0.02
R& 92g 0.04
Kr- 93g 0.14
Rb- 93g 3.62
Rb- 94g 7.50
Y- 97g 0.07
Y- 98g 0.02
Y- 98m 0.02
Y- 99g 0.17

Nb-105g 0.01
Rh-l15g 0.01
Sn-134g 0.06
Sb-134g 0.06
Sb-135g 1.31
Te-136g 1.32
Te-137g 1.80
I-137g 8.52

Te-138g 0.43
I-138g 9.09
I-139g 3.96
I-140g 0.03

Xe–141g 0.01
cs-141g 0.09
Xe–142g 0.02
cs-142g 0.08
cs-143g 0.68
Xe-144g 0.01
cs-144g 0.09
La-147g 0.04
La-148g 0.01
La-149g 0.05

( 30.0s)

Nuclide %

As– 85g 0.10
Se- 87g 0.19
Br- 87g 11.29
Br- 88g 34.84
Br– 89g 6.65
Br- 9og 0.01
Rb- 92g 0.01
W– 93g 2.14
w- 94g 0.31
Rh-l15g 0.02
Sb-134g 0.10
Te-136g 3.98
Te-137g 0.21
I-137g 32.88
I-138g 6.81
I-139g 0.07

cs-141g 0.33
La-146g 0.01
La–147g 0.02

Continued
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Table B-VIII (Cont.)

( 0.0s) ( 1.0s) ( 5.0s) ( 10.0s) ( 30.0s)

Nuclide

I&- 98g
Sr- 98g
Y- 98g
Y- 98m
Rb- 99g
Sr- 99g
Y- 99g
Sr-10Og
Y-loOg
Y-lolg
Y-1o2g
Y-1o3g
Tc-l12g
Ag-125g
In-129g
In-130g
In-130m
Cd-131g
In-131g
In-131m
In–132g
In-133g
Sn-133g
In-134g
Sn-134g
Sn-135g
Sb-135g
Sb-136g
Te-136g
Sb-137g
Te–137g
I-137g
Sb-138g
Te-138g
I–138g

Sb-139g
Te-139g
1-139g

Te-140g
I-140g

Te-14lg
1–14lg

Xc-l4lg
1-142g

Xc-l42g
Cs-142g
1-143q

% Nuclide

0.50 Y-lo2g
0.16 Tc-lllg
0.02 Rh-l17g
0.88 In-129g
0.11 In-130g
0.02 In-130m
0.43 In-131g
0.01 Sn-133g
0.08 Sn-134g
0.07 Sn-135g
0.02 .sb-135g
0.02 Sb-136g
0.01 Te-136g
0.01 Sb-137g
0.03 Te-137g
0.02 I-137g
0.03 Te-138g
0.01 I-138g
0.07 Te-139g
0.16 I-139g
0.33 Te-140g
0.37 I-140g
0.03 Te-141g
0.04 I-141g
1.11 Xe-141g
0.11 I-142g
1.47 Xe-142g
1.11 cs-142g
0.05 I-143g
0.28 Xe-143g
0.33 cs-143g
0.17 Xe-144g
0.11 cs-144g
0.84 Xe-145g
0.48 cs-145g
0.01 Cs-146g
0.50 cs-147g
1.69 La-148g
0.10 La-149g
1.58 La-151g
0.07
2.27
0.02
0.50
0.18
0.03
0.20

% Nuclide

0.03
0.02
0.02
0.05
0.04
0.03
0.04
0.05
1.58
0.06
2.84
1.32
0.13
0.18
0.76
0.53
1.51
1.34
0.41
3.71
0.12
2.00
0.01
1.46
0.04
0.04
0.29
0.09
0.10
0.38
1.36
0.28
1.76
0.03
2.59
0.36
0.08
0.03
0.05
0.02

I-141g
Xe-141g
cs-141g
Xe-142g
cs-142g
Xe-143g
cs-143g
Xe-144g
cs-144g
cs-145g
La-147g
La-148g
La-149g

% Nuclide % Nuclide %

0.02
0.04
0.03
0.14
0.15
0.10
1.50
0.10
0.68
0.14
0.02
0.02
0.07

Continued
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Table B-VIII (Cont.)

( 0.0s) ( 1.0s) ( 5.0s) ( 10.0s) ( 30.0s)

Nuclide % Nuclide % Nuclide % Nuclide % Nuclide %

Xe–143g 0.28
Cs-143g 0.60
Xe-144g 0.19
cs-144g 1.19
Xe-145g 0.03
cs-145g 2.96
Cs-146g 0.97
cs-147g 0.10
Cs-148g 0.02
La-148g 0.02
La-149g 0.02
La-151g 0.02

TABLEB-IX
232~~SS10Np~E

PERCENTCONTRIB UTIONPERPRECURSORGREATERTHANO.0195
FORENERGIES ABOVE4.OMeV

( 0.0s)

Nuclide %

Ga- 83g 0.09
Ga- 84g 0.04
Ga– 85g 0.01
Ge- 85g 0.06
As- 86g 0.04
As- 87g 0.58
?is- 88g 0.07
As- 89g 0.03
Se- 89g 0.03
Se- 91g 0.02
Br- 91g 5.52
Br- 92g 89.71
Br- 93g 0.07
Br- 94g 0.01
Rb- 95g 0.53
R& 96g 0.90
Rb- 97g 1.09
W- 98g 0.71
I-140g 0.01
I-141g 0.40

( 1.0s)

Nuclide %

Ga- 83g 0.06
Ge- 85g 0.02
As- 85g 0.03
As- 86g 0.14
As- 87g 0.38
Se- 89g 0.04
Se- 9og 0.01
Br- 90g 0.02
Br- 91g 11.57
Br- 92g 86.06
R& 95g 0.62
W- 96g 0.22
Rb- 97g 0.12
I-140g 0.03
I-141g 0.61

( 5.0s)

Nuclide %

Ga- 82g 0.05
As- 85g 4.54
As- 86g 3.58
As- 87g 0.02
Se- 89g 0.02
Se- 9og 0.01
Br- 90g 2.92
Br- 91g 63.60
Br- 92g 21.58
Kr- 95g 0.03
W- 95g 1.96
I-140g 0.82
I-141g 0.83

cs-147g 0.02

( 10.0s) ( 30.0s)

Nuclide % Nuclide %

Ga- 82g 0.01 As- 85g 82.24
As- 85g 52.71 Br- 90g 17.76
As- 86g 4.86
Br- 90g 27.25
Br- 91g 12.61
Br- 92g 0.09
Kr- 95g 0.02
Rb- 95g 1.33
I-140g 1.08
I-141g 0.03
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