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ABSTRACT

Calculational methodologies and data sources used to predict and recommend fission product
yields and delayed neutron and prompt neutron data for a number of actinide nuchdes are presented
and discussed This compilation of nuclear data 1s the result of a nearly three year effort under the
Japan/U S Actmide Program (JUSAP) at Oak Ridge National Laboratory to provide nuclear data
supporting the preliminary design of an actimide burner reactor In this type of reactor minor
actinides are the major components of the fuel Nuclear data for these minor actizides are therefore
essential 1n the design of such reactors Fission yield delayed neutron and prompt neutron data are
presented 1n the report for the following nuchdes Neptunium 237, Plutonium 238 240 and 242
Americum 241 and 243 and Curium 242 243 244 246 and 248 Additionally prompt neutron
data are also presented for these nuclides (except Plutonium 240 242 and Curium 242) and for
Curium 245 and 247 As n all compilations of nuclear data the information in this report 1s subject
to change as newer data become avalable Most of the data presented here are based on
calculational methodologies and should be revised as experimental data become available The
release of Version VI of the Evaluated Nuclear Data Files (ENDF/B VI) 1s expected to be completed
in 1991 and should replace this evaluation 1n areas of overlap although no serious discrepancies are
expected between this compilation and ENDF/B VI Because of the large amount of data comprising
this compilation and hmitations 1n publishing such a voluminous report a complete listing of the
explicit data 1s not included in this report The data are however available from the authors on 5%
mn high density (12 Mbyte) diskettes The file contents and formats are described in the text and

examples are given 1n the appendices



1 INTRODUCTION

The nuclear data requirements for the design of reactors are numerous and vanied
Calculations of 1sotope production and depletion require fission product yields for all nuchdes
considered calculations of reactor dynamics (or kinetics) require information concerning the
production of delayed neutrons and basic reactor physics calculations require detailed data for
prompt neutron production (1€ prompt neutron yields and spectra) Development of new reactor
types such as an actinide burner reactor requires that these data be known or approximated for
nuchdes not previously of concern

The waste actimide content of reprocessed pressurized water reactor (PWR) fuel (based on
a burnup of 33 000 megawatt days per metric ton uranium) 1s expected to be primarily Z'Np (as
ordered by weight) with smaller amounts of 2*Am *'Am 2*Cm %Py 29y 22Cpy 21py 22py and
Z8Pu (ref 1) The major emphasis of this work was to compile nuclear data needed for reactor
physics calculations for fast fission n ®'Np %Py %1Am 23Am 2%Cy 2Cm 26Cm and 25Cm
These data include (1) fission product yields (2) delayed neutron yields group parameters and
spectra and (3) prompt neutron yields and spectra The evaluation 1s based on a hiterature review
to obtain available experimental data and to dentify current computational methods to be used 1n
the calculation of unmeasured parameters Unfortunately there are few experimental data available
for most of these higher order actinides and therefore this evaluation 1s based primarily on model
calculations The methodologies models and data sources used to produce this compilation of
actimde nuclear data are discussed in this text and the recommended nuclear data are presented
(where space allows) and described 1n the the appendices

Specifically data (as indicated) for the fission systems lListed 1n Table 1 are contained in this
report (A fission system refers to a combination of fissioning nuchide and incident neutron energy )
Several thermal and spontaneous fission systems and one high energy system were evaluated as by
products of the methods and formats used in the evaluation of the fission yields For completeness
delayed neutron parameters were also calculated for these systems even though they are not of
specific interest to the actinide program Prompt neutron yields v, were calculated for many
thermal and spontaneous fission systems and some fast fission systems e ZU(F) Z*U(F) Z°Pu(F)
and **Pu(F)] 1n order to utilize measured v, data in the validation of key parameters used 1n the

prompt neutron calculations



Table 1 Summary of data presented

Fission Delayed Prompt Prompt
Fissioning yield neutron neutron neutron
system® data data spectra yield

BSU(F)
5 (F)
2’Np(T)
Z'Np(F)
Z*Pu(F)
2Pu(F)
Pu(T)
2"Pu(F)
242PU(T)
%2py(H)
241 Am(F)
43 Am(F)
#2Cm(S)
242Cm(F)
243Cm(T)
243Cm(F)
Cm(S)
Cm(T)
ZMCm(F)
25Cm(T)
ZASCm(F)
#5Cm(S)
246Cm(T)
26Cm(F) X X X
247Cm(T)
247Cm(F)
28Cm(S)
#4Cm(T)
#Cm(F) X X X
*T F H and S denote thermal fast high energy (~14 MeV)
and spontaneous fission respectively

>
Moo XX

MM M K XN
DD MMM MK X KR
ole

>
>
DD DDA DD DM K IR

This compilation should be considered preliminary simply because of the evolutionary nature
of nuclear data The evaluation of nuclear data is a continuous process, as new expenimental data
become available theoretical models and model parameters may be modified and n turn suggest

new experiments



2. FISSION-PRODUCT YIELD DATA

The direct fission yields in this compilation are the result of the continuing efforts of T R
England and B F Ruder in producing the U S fission yield evaluations For the actinides of interest
n this work, most of the yields are the result of model calculations although expenimental yields have
been used when available The methodology and models will be described first to more clearly define

terms specific to fission product yields and their evaluation

21 METHODOLOGY AND MODELS
The evaluation procedure used by England and Rider 1s described in detail n ref 2 A

synopsis will be given here The following definitions are provided to aid the reader

direct (independent) fission yield —  yield from fission after prompt neutron emission before
any radioactive decay

cumulative fission yield — direct yield from fission plus indirect yield following
decay of radionuchdes created by fission

mass chain yield — total cumulative yield from fission of all stable 1sotopes
for a given mass number A

The independent (direct) fission yields n this compilation are primanly the product of the

methodology outlined below

211 General

Independent yields are taken from a calculated charge distribution model Large errors are
assigned to the model yields as will be discussed later These model yields are merged statistically
with weighted averages of measured yields One set of cumulative yields s calculated by adding
independent yields starting with the imtial nuchide and ending with the chain yield A second set of
cumulative yields 1s calculated by starting with the chan yields and subtracting independent yields
ending with the imtial nuchde These two sets are averaged using reciprocal vanance weighting The
first set dommates the mitial nuchide yield averages The second set domnates the final chamn
member yield averages because of the small errors caused by the constraint imposed at 0% and 100%
of the chain yield, respectively The powerful and constrained merging technique and resultant error

analysis used 15 that recommended by Spinrad and Wu?® Other refinements treat delayed neutron
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emission partition direct yields between metastable and ground state 1somers handle 1someric

transition and accommodate beta decay branching ratios

2.12 Treatment of Data

The ongnal values reported 1n the hterature are tabulated along with the reference value (if
any) against which they are determmed ?> An updated value 1s then calculated by using the current
recommended value for the fission yield of the reference nuchide from the file All the updated
values are readjusted to ensure that the yields will total 100% of the chain yield, except for the small
difference between iterations To determine this adjustment the variance of the sum 1s obtamned by
summing the vanances of each chan yield Any difference n the total chain yield from 100% 1s
apportioned to each yield in the proportion 1ts varance bears to the total vaniance This method
results in a neghgible adjustment to any accurately determined absolute yield It ensures that the
adjustment 1s made primarily in the lesser known yields where most of the error lies  Yet these lesser
known values are modified by only a fraction of their standard deviation or well within their adjusted
experimental error

We refer to an adjusted experimental error due to the fact that 1n many cases the reported
experimental errors were judged to be optimistically small and have been adjusted accordingly For
example the relative standard deviation 1s not allowed to be smaller than 0 5% for mass spectrometric
measurements or 5% for Ge(L) era radiochemical measurements made since 1965 A lower limit
of 10% 1s set for sodium 10dide era measurements between 1955 and 1965 and 20% for Geiger
counter era measurements before 1955 Estimates are generally no better than +10% and are
defaulted at +30% If no accuracy 1s reported in the literature, 1t 1s assumed to be three times these
lower mits Where separate plus and minus errors are reported the smaller value plus two thirds
the difference 1s used For relative values the resultant error 1s combined statistically with the error
in the recommended yield of the reference nuclide from the previous iteration to give an error of the
updated value For absolute values a 2% upper limit of conceivable systematic error 1s combined
with the reported random error Average experimental independent yields and experimental
cumulative yields are determined for each nuclide The individual values in the average are weighted
by the nverse square of the relative standard deviation If more than the above standardized
treatment 1s required a special treatment number 1s assigned so that these various cases can be

individually treated



213 Calculated Yields

For a given mass chain a Gaussian charge distribution 1s calculated by using the most
probable charge (Z,) and Gaussian width parameter (¢6) The Z, values are venfied to be consistent
with the chan yields and the atomic number of the compound nucleus undergomng fission Sigma
values can vary by mass (or Z,) but are taken as constant in this evaluation Separate corrections
are therefore made for neutron and proton painng effects The Z, model * modified to account
for neutron and proton pairing effects S 1s given 1n Eq (1) The fractional independent yields

FIY(Z A) as a function of charge Z and mass A, are calculated using this basic model The model

Z+ 2
F,F z-7
FIYZA) = - Ly
NORM ./ (2ro)% 20

represents a Gaussian distribution of width ¢, about the most probable charge Z, for a given mass
cham A. Typically the distibution extends 3 or 4 charge units on either side of Z,e Z, +3o0r
Z, + 4) fora given mass The factors F, and F, represent corrections for neutron and proton pairing
effects®* and NORM s the factor necessary to renormalize the fractional independent yields to unity
for a given mass chain Reference 5 contains a detailed discussion of the pairing effects and also
contains data for 11 fissioning nuchdes (data for an additional 6 nuchdes appear 1n a supplement to
that report)

Equation (1) treats each charge umit along the mass chain separately but does not account
for 1someric state fission products Where 1somensm occurs the independent yields depend on a
nonlinear function of the angular momentum of each 1somer Madland® finds such a model to predict
the 1somer split (metastable/ground state) within +50% The Madland model 1s used to divide
isomeric yields between metastable and ground states in cases where these yields have not been
measured Where the angular momentum for each 1somer 1s not known the yield 1s divided equally
between the ground state and a single metastable state

The fractional independent fission yields are scaled to their respective chain yields Mass
chain yields for mass numbers 66 through 172 were used to calculate the fission yields 1n this

compilation These mass chain yields are described in ref 7

2.14 Delayed Neutron Emission
Some thought was given to the method of including delayed neutron emission 1n the existing

format for fission yield evaluations One problem faced is that Pn data (delayed neutron emission
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probabilities or branching fractions) are given for the precursors but are needed when processing the
daughter An 1terative procedure was used to determimne the amount of yield contributed to the
cumulative yield of each nuclide by delayed neutron emission from the next higher mass The
independent yields are all before delayed neutron emussion  The cumulative yields are after delayed
neutron emission The chain yield 1s redefined as the sum of the independent yields plus delayed
neutron gains from the A+1 chain minus the delayed neutron decay losses to the A—1 chain In this
way the chain yelds retain their traditional after delayed neutron emission value as measured by
radiochemistry and mass spectrometry A special problem arises for on line mass spectrometers that
measure nstantaneous yields such as Hiawatha These predelayed neutron chaimn yields must be

corrected to post delayed neutron chain yields manually

22 RECOMMENDED YIELDS

The weighted average experimental independent yields the weighted average experimental
cumulative yields and the calculated cumulative yields (where no data were available) are combined
statistically to form a single self consistent recommended value The following 1s a summary of the
procedure used to obtain the recommended values The calculated charge distribution 1s used only
when no data are available Even then the calculated yield 1s normahized to the nearest
experimentally determined value to ensure the experimental and recommended values will closely
agree A large error 1s assumed for the calculated yields to ensure any respectable data will dominate
The contributions of all precursors are added The total precursor contribution 1s then subtracted
from the expenimental cumulative yield when available or the normalized calculated yield to obtain
an independent yield (Independent yields so obtamned that are less than 0 1% are given no weight
and negative values are discarded ) This independent yield 1s then averaged with the expernimental
independent yield (if available) or the calculated independent yield and stored for later use A
cumulative yield 1s then obtained by adding the precursor contribution to the independent yield
previously obtamned This cumulative yield 1s averaged with the experimental cumulative yields (if
available) or the calculated cumulative yield to obtain a cumulative yield This cumulative yield 1s
stored as input for the next member of the mass chain

After this procedure has been followed for all members of the chain the cham yield 1s
obtained by adding the stored cumulative yields of all stable nuclides The stored independent yields
are then normalized so that their total equals the chain yield (after adjustment for delayed neutron

emission) The recommended cumulative yields are obtained by adding the independent yield of all
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precursors to the independent yield of the nuchide The total of the cham yields of each peak 1s then
obtained The difference between 100% and this total 1s distributed among the chain yields 1n
proportion to their variances This method ensures the reported chain yields will total 100% This
procedure preserves the independent yield significance of the differences between the recommended
yrelds It also allows unstable nuchdes to affect the chain yields if mdependent yields have been
determined or if the calculated charge distribution shows the yield of the nuchde to be very near the
chain yield

There are several simple summation tests that can be performed as a check of the fission yield
evaluation ® These tests are briefly described below and have been performed for all fission systems
whose yields have been evaluated Results are given in Table 2 for 2’Np 2%Pu #!Am 23Am and
#2Cm  One simple check of the yield evaluation that 1s usually made 1s the calculation of the average
charge This value may be computed from the independent yields as

Zyg = X YL Z, @
i

where the sum 1s over all 1 fission products and Y1, and Z, are the independent yield and charge of
nuchde 1 Except for small effects due to ternary fission Z,,, should be very near the charge of the
fissioning nuchde Z; Table 2 compares these quantities and lists the percentage deviation for five

actinides The yield data clearly satisfy this simple check

Table 2 Average charge comparisons

Nuchde Zp Z,.. % deviation
Z'Np(F)* 93 93 00 000
Z8Py(F) 94 94 00 000
1 Am(F) 95 94 99 001
*2Am(F) 95 95 00 000
*2Cm(F) 96 96 00 000

*(F) denotes fast fission

The average neutron number can be calculated 1n a similar fashion

Navg = E YI: Nl ’ (3)
1

where the sum 1s over all 1 fission products and Y], and N, are the mdependent yield and neutron



number The average neutron number can be used to calculate the average number of prompt

neutrons released per neutron induced fission Vp This may be done as
v, = Ap +1 - (Nm,g + Z.vg) R @

where Ag 1s the mass number of the fissioning nuchde These values have been calculated and are
given 1n Table 3 1n comparison with values from an earlier evaluation 8 The dewiations for 2*Pu(F)
and 2?Am(F) are large due to the paucity of experimental data for these nuchdes and therefore

their heavy rehance on calculated yields Another method for calculating energy dependent prompt

neutron yields will be discussed 1n Sect 4

Table 3 Comparison of prompt neutron yields

Nuclide V(ENDF/B V EVAL) v, (cal) % deviation
BINp(F) 277 2 696 266
28py(F) 297 2 006 3246
MAm(F) 317 3045 395
23 Am(F) 336 4013 1943
2Cm(F) 353 3 604 210

A check 1s also made on the yield normalization to ensure that the sum of the independent

yields equals 20

23 SUMMARY AND DATA FORMATS

The fission product yield data for fast fission of Z'Np, Z*Pu *'Am *Am, and *’Cm are
provided 1n the format 1llustrated 1n Appendix A and described here The results for Z,,,, N,,, VP
and the sum of direct yields are given for each of the five actinides ZINp(F) Z!Pu(F) *'Am(F)
Am(F) and *’Cm(F) A table of mass chain yields (in percent) are given for mass numbers 66
through 172 for each of these fission systems The column labeled calculated 1s the result of
summing the independent yields for each mass chamn and the column labeled evaluated has the
evaluated mass chain yields referred to m ref 7 The differences are usually small In some cases

where delayed neutrons are important, the coupling between mass chains results in shghtly larger

differences



A table of independent fission yields 1s also given In this table the first column represents
the chemical symbol, CS of the fission product nuchde Nuclide identifiers ID are given next and

are calculated as

ID = 10000 = IZ + 10 * IA + IS, )

where IZ 1A, and IS are the nuchde s charge mass number and 1someric state mdicator as=o0
ground state IS =1 first someric state etc) The next column has half lives HL for nuclides when
such data are known standard abbreviations are used (S seconds M minutes H hours etc)
An abbreviation L in this column represents units in the common log of years (e g I has a half
Ife of 7201L which 1s equal to 1589 x 107 years The independent fission yields are given as
fractions and their uncertainties are given 1n percent Each fissioming nuchde has 1n excess of 1000
fission product yields Recall these yields are for fission induced by fast neutrons (mean energies on
the order of 0 5 MeV)

Appendix B illustrates the format used to provide the fission product yield data for Z’Np(T)
*Pu(T) *Pu(TH) **Cm(TF) Cm(F) **Cm(SF) and #3Cm(F) where T F H and S denote
thermal fast (pooled) high energy (~ 14 MeV) and spontaneous fission Many users will be familiar
with the format in Appendix B 1n which we list the evaluation results for each of these ten yield sets
per mass number per page (mass numbers 66 172) The format 1s identical to that used mn earlier
well known reports® and 1s described below

There 1s an attempt to provide the yield data using four lines per mass number per fission
system 1ncluding the primary decay branchings half lives and Gaussian parameters The nuchde
identification s followed by g m or d meaning ground 1someric or delayed neutron Values for
delayed neutrons simply show the contribution from the A+1 mass chain and would not be retained
in listings of fission yield files such as ENDF/B VI All precursors cannot be listed 1n this format, but
the most important precursors are included in the table and in the evaluation process described
above Only the first Isomeric state 1s included 1n the process of evaluation Exceptions occur 1n a
few cases where second 1someric states are known such as 1n some ndium 1sotopes  As 1t becomes
necessary these are added subsequently to the evaluation by dividing the total (Z A) yield into equal
parts or by use of the method described in ref 6 where spins are known Evaluated experimental
values for the independent and cumulative yields are given as XI and XC respectively The
calculated cumulative yield 1s designated as CC The rows starting with RI and RC are the

recommended independent and cumulative yields Each yield 1s followed by a letter denoting the

9



uncertamty range as defined m Table 4 The reader should note that the letter P stands for
uncertainties greater than 45% In the process of independent yield evaluation, calculated yields <0 5
are assumed to have 100% uncertainty yield values between 05 and 1 0 have 64% uncertainty and
values >10 use 32% uncertanty In general the letter P should warn the reader that the yield 1s
poorly known When the independent yield 1s very small as on the wings of the mass range and for
small values near the beginning of each decay chain the uncertainty could be much larger than 32%,

64% or 100% used 1n the evaluation process

Table 4 Key to uncertamnties of evaluated yields

File value File value
Letter Range % stored Letter Range % stored

A <035 035 I 46 6

B 035050 050 J 68 8

C 050070 070 K 811 11
D 070100 100 L 11 16 16
E 100140 140 M 16 23 23
F 140200 200 N 23 32 32
G 200280 280 0] 3245 45
H 280400 400 P 45 and up >64

For the current evaluation there are very few measurements and most of the yields depend
on model calculations The majority of tests such as Vp v, that we make for each yield set
indicate that the current evaluation 1s better than we would expect considenng the paucity of

measured data

3 DELAYED NEUTRON DATA

Delayed neutrons are commonly represented in a six group notation These groups have
no physical basis They oniginated as 6 term 12 parameter fits to experimentally measured delayed
neutron activities following fission pulse and saturation irradiation experiments 1n critical assemblies ?
Few experiments measuring six group parameters and spectra have been made since the late 1960s
The more recent delayed neutron measurements have been performed for individual precursor

nuclides °'? The data presented in this report have been derived from a detailed compilation and
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evaluation of these individual precursor data 1** An outline of the basic methodology for using data

of this type 1s given below

31 METHODOLOGY AND MODELS

A principal advantage of an individual precursor data base such as that described i ref 14
s that the single set of precursor data can be used to calculate delayed neutrons for any fissioning
system, given the appropriate fission yields The precursor data base includes delayed neutron

emission probabilities (Pn values) and spectra for each of 271 ndvidual precursor nuchdes

311 Delayed Neutron Yields

Three methods of evaluating the yield of delayed neutrons from fission are described 1n order
of preference The first 1s simply the use of experimentally determimed v, Ininstances where more
than one measurement exists for a given fissioning system an inverse variance weighted average of
the measured values 1s recommended This assumes that the reported yields are relatively good
agreement In the case of discrepant measurements consideration should be given to details of the
varnious measurements n determming the proper weight of each value n calculating the
recommended v, value Measurements of v 4 are usually reported for a specific incident neutron
energy

The second method requires knowledge of the yield from fission and the delayed neutron
emussion probablity of each individual precursor A simple summation may then be used to calculate
the delayed neutron yield per fission v, The sum of the product of the delayed neutron emission
probability Pn and the cumulative yield from fission YC, for each of 271 precursor nuchdes!®
provides the value for V4 as shown in Eq (6) This equation 1s dependent on the incident neutron
energy only in that the values for the cumulative fission yields are evaluated as a crude function of
incident neutron energy for spontaneous thermal fast and high energy (~14 MeV) fission

Vg = ), PnIYC ©)
i

Earher investigations of the systematics of delayed neutron emission did recommend empirical
correlations of v, with the charge (Z,) and mass (A,) of the compound nucleus which comprise the
third method for predicting v, More precisely, the fits were versus the parameter (A, — 3Z.) One

such correlation given by Tuttle (1975)" was based on 13 experimental data points and a more recent
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evaluation by Waldo and Karam (1982)!7 included 21 experimental data pomnts (Note that there 15
an error 1n Eq (59) of ref 16 1t should read Y = exp[C + B (A, 3Z)A/Z] ) For convenmence
these empirical correlations are repeated here in a nomenclature consistent with this text The Tuttle

expression'® for the delayed neutron yield 1s
v, = exp[C+B(A_-3Z)AJZ] , ™

where C = 14638 and B = 01832 Waldos expression'’ for the delayed neutron yield per 100

fissions 1s

v,(100) = exp(16 698 -1144Z_+03769A ) ®)

The uncertainty in these empirical fits 1s given as approximately 11% n both cases Also note that
the effect of incident neutron energy 1s not considered 1n these simple models Table 5 compares
the calculated results from Eq (6) with those predicted from Egs (7) and (8) Agreement 1s
considered to be very good except for ’'Np(T) The differences for this system are most likely due
to inadequate measured fission yield data for the system

Direct measurements of v, should be utilized where possible next the summation method
is recommended when experimental fission yield data are available and finally in situations where no
experimental delayed neutron yields or fission yield data exist the empirical formulae should be used

The energy dependence of v, 1s generally treated as a crude function of energy In most
cases where experimental data are available to determine the energy dependence 1t has been noted
that v, 1s relatively constant from thermal energies to approximately 4 MeV where 1t begins to
decrease gradually until 1t again plateaus out in the region of 7 MeV to 20 MeV  The energy
dependence of V4 1s an area that has been seriously neglected No energy dependent experimental
Vv , data were found for the actimides of nterest here and theoretical models were not obtainable
Therefore the crude energy dependent function described above was used with the summation V4
calculated from the fast fission yields representing the first plateau and the 14 MeV value used for
the second In some cases, there were no 14 MeV data and no recommendation was made other
than the value for fast fission Note that for some actimides the fission reaction 1s a threshold
reaction and in these cases the energy dependent delayed neutron yield should have a zero value

from thermal energies to the threshold energy
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Table 5 Calculated delayed neutron yield per 100 fissions

Fission* Present Tuttle fit Waldo fit
system summation Eq (7) Eq (8)
BINp(T) 1632 + 0162 1021 1008
20Py(T) 1037 + 0106 0986 0995
2#2py(T) 2101 + 0186 2166 2114
2#2pu(H) 1526 + 0169 2166 2114
Cm(T) 0299 + 0043 0288 0313
Cm(F) 0209 + 0041 0288 0313
4Cm(F) 0366 + 0052 0423 0456
#5Cm(S) 0708 + 0084 0623 0 665
#5Cm(F) 0922 + 0099 0921 0 969
5Cm(F) 1939 + 0180 2037 2059

‘T F H and S denote thermal fast high energy (~ 14 MeV) and
spontaneous fission respectively

312 Sx-Group Parameters

The fission product depletion code, CINDER10 *® was used to calculate the mventories of all
precursor nuchdes for various cooling times (to 300 seconds) following a prompt irradiation in each
of the fissioning systems These nuchde inventornies were weighted with the recently evaluated
delayed neutron emission probabilities to determine the delayed neutron activities at the various
cooling times

The delayed neutron activity curves can be approximated mathematically by a sum of N

exponentials representing N time groups as in Eq (9)

N
n,t) = 121: Ae™ ©

A nonhnear least squares fitting routme STEPIT ¥ was used to determine the parameters

13



A and A, The constant \, represents an effective decay constant for the 1™ group of delayed neutron
precursors Equation (9) 1s being used to represent delayed neutron activity following a fission pulse
therefore the coefficient A, represents the mitial activity of delayed neutrons and 1s found as the
product of the group decay constant A, and the group yield per fission o,

The six group decay constants are given m Table 6 and the normahized group abundances

a, = a/v, are given 1n Table 7

Table 6 Six group decay constants (s )

Fission® Decay group
system 1 2 3 4 5 6
ZTNp(T) 133E02° 317E02 119E01 306E01 871EO01 286

ZINp(F) 133E02 316E02 117E01 301E01 867E01 276
B3Py(F) 133E02 312E02 116E01 289E01 8S56E 01 271
20py(T) 136E02 303E02 114E01 301E01 867E 01 287
22py(T) 140E02 299E02 115E01 316E01 88IE 01 313
#pyH) 135E02 311E02 118E01 310E01 890E 01 303
MAm(F) 133E02 308E02 113E01 287E01 865E 01 264
MWAm(F) 135E02 298E02 114E01 299E01 882E01 281
Cm(F) 130E02 312E02 113E01 278E01 871E01 220
MCm(T) 131E02  303E02 115E01 292E01 8S58EO01 259
MCm(F) 130E02 299E02 108E01 275E01 8O06E 01 215
Cm(F) 132E02 300E02 113E01 290E01 854E 01 262
#6Cm(S) 139E02 292E02 111E01 312E01 857E01 283
#Cm(F) 137E02 295E02 113E01 303E01 860E 01 293

MCm(F) 147E02 293E02 114E01  320E01 9 02E 01 306

*T, F H and S denote thermal fast high-energy (~ 14 MeV),
and spontaneous fission respectively
*Read as 133 x 102
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Table 7 Normalized six group abundances

Fission® Decay group

t
yeem 1 2 3 4 5 6
ZTNp(T) 00330 01957 01573 03720 01730 00690

ZINp(F) 0 0400 02162 01558 03633 01659 0 0589
B3Pu(F) 00377 02390 01577 03562 0 1590 0 0504
20Py(T) 00236 02489 01461 03379 01849 00586
22py(T) 00122 02027 01311 03498 02270 00772

22py(H) 00207 01521 01369 03885 02102 00916
MAM(F) 00355 02540 01563 03364 01724 00454
®Am(F) 00234 02945 01537 03148 01656 00480
22Cm(F) 00763 02847 01419 02833 01763 00375
®Cm(T) 00498 02994 01399 02960 01777 00372
23Cm(F) 00547 03884 01477 02472 01319 00300
4Cm(F) 00369 03102 01512 02991 01653 00373
%6Cm(S) 00131 03577 01493 02896 01579 00323
26Cm(F) 00157 02830 01513 03200 01823 00476

*2Cm(F) 00070 02074 01376 03423 02366 0 0691

T, F, H, and S denote thermal fast high-energy (~14 MeV) and spontaneous
fission respectively

313 Sx-Group Energy Spectra

The time dependent behavior of delayed neutrons following a fission pulse can be calculated
from Eq (9) using the appropriate six group parameters given in Tables 6 and 7 and the delayed
neutron yield per fission In the individual precursor notation the same quantity may be expressed

as
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271
n,® = Y APn'YLe ', (10)
j=1

where Y], 1s the independent (direct) yield per fission of the )™ precursor and A, 15 1ts decay constant
In the previous section 1t was explamned that the six group parameters were determined from a
least squares fit to delayed neutron actvity following a pulse wuradiation as calculated by the
fission product depletion code CINDER10 ' using the individual precursor data  Although Eq (10)
ignores the coupling between mass chans which 1s included in the CINDERI10 calculations
Therefore 1n the present evaluation 1t 1s required that
At -A
Ae™ =Y f AP YL Y, (11)
k

where the subscript 1 represents mathematical group 1 the summation 1s over all precursors and f,
1s the fraction of delayed neutrons produced by precursor k that contribute to group1 It 1s assumed

that a delayed neutron precursor may contribute to either or both of the adjacent mathematical

groups as determined by the decay constants as in

A'l < A'k < A’i#l (12)
It 1s also required that
f, +f,,=1 (13)

The fractions f,, were determined by requiring that the least squares errons

[T e™ - [ re™ + (1 - f A, e P, (14)

be a mmmum The equilibrium group spectra $,(E) were then computed as

6B = Y f,,YC,Pn ¢, (E) , (15)
k

where ¢,(E) 1s the delayed neutron spectrum of precursor k
Using the method described above the group one spectra for most fission nuchides have three
primary contributing nuchdes The precursor $1Br contributes 100% of 1its delayed neutrons to group

one as would be expected however two additional precursors '*'I and '*'Cs each contribute about
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20% of their delayed neutrons to group one m a ?%U fueled system This result allows the group one
spectrum to change for different fissioning systems (since the relative yields of ¥Br I and 4!Cs

change) as suggested by ENDF/B V data for 2°U 28U and %°Pu which are based on experiments

32 EXPERIMENTAL DATA

The delayed neutron emission probabihties used in the data base include experimental values
for 89 precursor nuchdes and values calculated from systematics for the remamning 182 precursors
Emission probabilities used in the data base were taken from ref 13 an evaluation by F Mann of
Hanford Engineering Development Laboratory The 89 precursors with measured Pn values account
for no less than 95 8% of the total delayed neutrons emitted from fast fission 1n ZNp Z%pu #'Am
2Am and 2*Cm

Expenimental precursor spectra used in the data base came primarily from three sources
K. L Kratz " University of Mainz Germany G Rudstam !> Swedish Research Council s Laboratory
at Studsvik Sweden and Greenwood and Caffrey?® Idaho National Engineering Laboratory
Reference 14 gives detailed references by nuchde for each of the 34 precursors with measured
delayed neutron spectra The spectra for 30 of these 34 precursors were augmented with model
calculations as described 1n ref 14 The 34 nuchides with measured spectra account for 775 857%
of the total delayed neutrons produced from the fast fission of the five actimides considered 1n this

section Models were used for the 237 precursors with no measured spectra

3.3 SUMMARY AND DATA FORMAT

Recommended values for the delayed neutron yield per fission are given 1n Table 8 The
values for *’Np(F), Z*Pu(F), and *'Am(F) are based on the mverse variance weighted average of
experimental data from refs 21 and 22 Delayed neutron yields for all other fission systems are based
on calculations as described by Eq (6)

Formats used to provide the delayed neutron data for *’Np 2%Pu *'Am *3Am and %*2Cm
are 1llustrated in Appendix C  The yield data are given as pairs of energy (€V) and yield per fission
Four points are given for each nuchide and straight line nterpolation should be used between points

Next the six group data are given Normahzed group fractions (or abundances) are given as
well as group decay constants (s ') The group spectra are given in the 70 energy group structure of
the JFS 3 J2 library The spectra are normahzed such that they sum to umity Appendix D illustrates
the format used to provide the delayed neutron data for 2’Np(T), 2*Pu(T), **Pu(T H) *Cm(TF)
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Table 8 Recommended v 4 values

Nuchde v , per 100 fissions
z;Np(T) 16320 + ?1623
mNp(F) 108
Pu(F) 042
20py(T) 10373 + 01065
#2py(T) 21011 + 01864
22py(H) 15264 + 01692
Z‘:;Am(F) 043°
Am(F) 07951 + 00916
2#2Cm(F) 01361 + 00293
3Cm(T) 02990 + 00429
3Cm(F) 02093 + 00409
24Cm(F) 03663 + 00518
%5Cm(S) 07081 + 00837
246Cm(F) 09219 + 00991
Cm(F) 19386 + 01798

"Based on mverse variance weighted average of
experimental data from refs 21 and 22

4Cm(F) 2#Cm(S F) and **Cm(F) Basically the same information 1s presented as in Appendix C

although the format 1s more conducive to computer applhications

4 PROMPT NEUTRON DATA

The basic methodology used to calculate prompt neutron yields and spectra is described briefly
and specific references to the hterature are given For this application only first chance and

spontaneous fission are considered

41 PROMPT NEUTRON SPECTRA
Prompt neutron spectra are calculated using the methodology described 1n detail 1n refs 23
and 24 Multiple chance fission 1s also discussed in these references but it 1s not considered 1n this

work
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411 Methodology and Data
The prompt neutron spectrum N(E) 1s taken to be the average of the prompt neutron spectra
for the average ight and average heavy fission fragments N (E, Efl') and N(E EfH) respectively as

follows

N(E) = %[NEE,) + NEEN] (16)

For a given fission fragment, the neutron energy spectrum in the center of mass system can be
denved from standard nuclear evaporation theory This expression 1s then transformed to the
laboratory system resulting 1n the following expression {Eq (17)] for the prompt neutron spectrum

of a fission fragment 2

1

NEE) = — 1
C ey TR

[1;"B,(w) - u)”E,@) + YG2) - vGRu)], (17)

| = (E - ‘/Ef)z/Tm

u, = (JE + JE_f)zfrm’
b

y(ab) = f x*lexp(-x)dx

o

and E, 1s the exponential integral The three fundamental quantities that are required in Eqs (16)

and (17) are described as follows

Efl‘ — the average kinetic energy per nucleon of the average hight fission fragment,

EfH — the average kinetic energy per nucleon of the average heavy fission fragment,

T, -— maximum temperature of the fission fragment residual nuclear temperature
distribution

T, 1s a function of incident neutron energy for neutron induced fission but 1s constant for
the case of spontaneous fission Methods to obtain values for these three constants are discussed 1n

ref 23 and 1n Appendix A of ref 24 The maximum temperature may be found as
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T, = JKE+>)ag , (18)

where a; = A’k (MeV!) A s the mass number of the compound nucleus and k 1s a constant
ranging from 7 5to 110 A value of k = 11 1s typically used to represent the level density parameter
when comparing with experimental values throughout the penodic table 2 Madland and Nix® suggest
that a shghtly smaller value (k = 10) be used i the case of the constant compound nucleus cross

section approximation to adjust the spectrum for this approximation The principal advantage of
using this approximation 1s that 1t yields a closed form expression for the prompt neutron spectrum
based only on the three parameters listed above 24 For the actimides of interest 1n this work a value
of k = 94 (recommended from a comparison® with experiment for B9Pu) was used except for the
curium 1sotopes where a value of k = 8 5 was used This value of k was based on a comparison of
calculated Vv with experimental data for curium isotopes A comparison of the calculated level
density parameters with measured values® for #’Pu *?Am **Cm reveal differences on the order of

2% The total average fission fragment excitation energy <E > 1s given as

<E > = <Et> + Bn + En - <Ef>wt . 19)
where
<E > 1s the average energy release
B, 1s the neutron separation energy
E, 1s the kinetic energy of the incident neutron
<E;> .. 1s the total average fission fragment kinetic energy

Data for some actinides are given in Table 1 of ref 23 Values for the neutron separation energy
may be found in ref 27 In calculating the average energy release for the fission of the compound
nucleus we follow the method used n ref 23 The calculation of <E > by this method requires
identifying the average light and average heavy fission fragments for each case and averaging the
energy release as calculated from mass differences for these central fragments and three neighboring
fragments on each side of the central fragment The central heavy fission fragment n each case,
except 2'Np, 1s taken to be 1°Xe and the hight fragment is an 1sotope of molybdenum, calculated
from the mass difference of the compound nucleus and the heavy fragment In the case of Z'Np the

average heavy fragment was taken to be 139%%e The atomic masses used are from the work of
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Wapstra Audi and Hoekstra?® When no measured data are available <E;>,, 1s calculated using

the results of a least squares adjustment by Unik et al 2
<E;>,, = 013323(ZYA'®) - 11 64 MeV , (20)

where (Z A) refers to the fissioning compound nucleus Average masses are obtained by
interpolation of data given 1n Table I of ref 29 The method given 1n Appendix A of ref 24 1s used
to denve values for Efl' and EfH These expressions are derived from conservation of momentum

and are given as 2

A
gl - B 1w (21)
f A

(22)

-
]

where A, and Ay are the average mass numbers of the light and heavy fragments respectively and
A 1s the mass number of the compound nucleus undergoing fission Tables 9 and 10 summarize the

data used 1n these calculations Data for Z’Np were taken from ref 30

Table 9 Quantities used to calculate <E > for neutron induced fission

Average Average

light heavy
Nuclide fragment fragment <E.> B, <E:>
BNp 50'¢ 139%e 193 94 5488 176 00
Z3py PZr 140%e 198 64 5647 178 06
MAm 102Nb 1oxe 204 97 6309 181 31
23Am 14Nb 140y e 205 14 5363 180 78
23Cm 104Mo 10¥e 209 72 6799 184 85
24Cm 105Mo 140%e 21043 5520 184 58
2Cm 106Mo 140xe 209 94 6 457 18420
26Cm 1Mo 140%e 210 58 5158 184 05
21Cm 108\ o 1Uo0xe 209 88 6212 18379
283Cm 1Mo 1oxe 21077 4713 183 53
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Table 10 Values of A, Ay E; Ef and T,

Nuchde A Ay ES (MeV) E; (MeV) T,
ZNp 98 6 138 4 10383 05267 09240
Zépy 994 1396 10463 05305 10250
21Am 1020 1400 10283 05459 10880
23Am 103 7 1403 10024 05476 10790
23Cm 1037 140 3 10250 0 5600 10586
24Cm 1045 1405 10129 05603 10515
5Cm 1055 1405 09972 05623 10629
2%6Cm 106 5 1405 09830 0 5648 10525
%1Cm 1070 1410 09766 05624 1 0603
23Cm 1075 1415 09702 0 5600 10525

In Table 10 the values of T, are based on an incident neutron energy of 0 5 MeV which was chosen

as the average energy of a fission neutron For spontaneous fission E, 1s taken to be zero

412 Results and Data Formats

A short FORTRAN program MADNIX FOR was written to calculate prompt neutron
spectra and 1s given 1n Appendix E as Table E 1 The mput file MADNIX DAT used for these
calculations 1s given as Table E 2 The data required by MADNIX FOR include as the first entry
the number of energy groups the spectrum 1s to be generated in  Two options are available A value
of NG = 70 results 1n the 70 energy group structure of the JFS 3 J2 library used by JAERI and 1n
the work reported here any other value of NG will default to a 27 group structure Next a title card
must be provided The following data card should provide E, EfL EfH and T, in units of eV
Additional cases can be executed by providing additional title and data cards for each desired subcase
as shown 1n Table E 2 The calculated spectra are normalized such that they sum to 10 The 70
group prompt neutron spectra for the ten cases shown in Table E 2 are given 1n Table E3 A
complete listing of the contents of Appendix E and the calculated spectra are available from the

authors on a 12 Mbyte 5% 1n computer diskette

42 PROMPT NEUTRON YIELDS

Energy dependent prompt neutron yields for fast fission n ?’Np **Pu *'Am **Am and
23Cm to #3Cm have been compiled and are described 1n this section We have also calculated
prompt neutron yields for *2Cm 2*Cm *¢Cm and **Cm spontaneous fission (sf) These cases serve

as a valuable check on the neutron fission calculations since accurate experimental data are available,
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as will be discussed later The methodology and data sources used for the calculations are described

briefly and references are given that will provide additional detail

421 Methodology

In the previous section of this report we described the calculations for prompt neutron
spectra for fast fission The basic method used for the prompt neutron yield calculations 1s described
in detail in ref 23

In order to benchmark our calculations, we have calculated the energy dependent prompt
neutron yields for four additional nuclides that were considered in the work by Madland and Nix 2
The nuclides are U 2*U 2°Pu and *°Pu  For these cases we use the values gven 1n ref 23 for
the mput parameters Our results given 1n Appendix F for these four nuclides are excellent
agreement with the corresponding results by Madland and Nix given 1n Table III of ref 23

The basic equation® for the calculation of the energy dependent Vp 1S

_ <Er> + Bn + E'l - <Et>tot - <E,g>wt

v - 23)
o) <S> + <e> ’
where
<E,> s the average energy release
B, 1s the separation energy
E, s the kinetic energy of the incident neutron
<E;>,, s the total average fission fragment kinetic energy
<E;>,, 1s the total average prompt gamma energy
<S,> 1s the average fission fragment neutron separation energy
<e> s the average center of mass energy of the emitted neutrons
The parameter <e> 1s calculated as
<e> = (4/3)T, , (29)

where the parameter T, 1s the maximum temperature of the fission fragment residual nuclear

temperature distribution and 1s calculated as described 1n Sect 411 Eqs (18) and (19)
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42.2 Data Sources and Discussion

In this section, the data sources for the various mnput parameters will be discussed For the
most part these are similar to those presented in Sect 41 but are repeated here for the convenience
of the reader For some of the input parameters additional details and explanations are included

One of the key parameters in terms of its impact on calculated VP(En) 1s the average energy
release <E > <E > 1s calculated from the mass differences using the method of ref 23 with the
expenimental masses of Wapstra Audi and Hoekstra (ref 28) The central ight and heavy fission
fragments for each of the fissionable nuclides are shown 1n Table 11 For the curium isotopes the
central heavy fragment 1s 1**Xe and the central hght fragment 1s an 1sotope of molybdenum The

choice of ¥Xe as the central heavy fragment 1s based on information contained in Unik et al %

Table 11 Central hight and heavy fission fragments

Central Central
Nuchde light fragment heavy fragment
g g vy Irag
237Np 99Y 139XC
Z3py PZr 140%e
241 Am 102Nb 140)(e
243 Am 104Nb 140)(e
242Cm (SD 103M0 140){e
243Cm
2Cm (sf) 1Mo 10Xe
24Cm 105Mo 140%e
245Cm
25Cm (sf) 1%5Mo Hoxe
245Cm Mo 40y e
247Cm
28Cm (sf) %Mo 10y
2Cm 1Mo 10y e
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Figures 1 and 2 of ref 29 show the primary fragment mass distributions for %°Cm (nf) #6Cm (sf)
and *Cm (sf) In each case the heavy mass peak 1s very close to A = 140 The choice of
(Z.Zy) = (42 54) 1s based on the discussion given on page 27 of ref 29 which states that for
curium isotopes  this division generally occurs with the highest or nearly the highest yields where Z;
and Zy refer to the Z numbers for the light and heavy fragments respectively

The separation energy of the neutron inducing fission B, i1s obtained as discussed 1n ref 23
The data of Wapstra and Bos? are used 1n all cases Note that when values are read from the table
(in ref 27 Part II) the value of S(N) to be used in each case 1s that of the compound nucleus B,
for the spontaneous fission cases 1s zero

The kinetic energy E, of the neutron inducing fission 1s usually taken to be 0 5 MeV for fast
fission and 1s set to zero for spontancous fission cases

The total average fission fragment kinetic energy <E;>,, has been determined
experimentally for **Cm (n f) and for *Cm (sf) #*Cm (sf) (see Table I in Unik et al ®) Unik et
al have also performed a least squares fit of the (n,f) data which give a correlation of the (nf) data
with the Coulomb repulsion parameter 1e Z¥A”? see Eq (20)] which can be used for cases for
which an expenimental value has not been determined Also for the spontaneous fission cases the
calculated or experimental values have been adjusted within uncertainties The rationale for this 1s
taken from Unik et al ® which states The <E;>, values measured for spontaneous fission are in
almost all cases less than those measured or interpolated from the (nf) data  For **Cm (sf) and
*#Cm (sf) the adjusted values are within uncertainties 1n the expenimental values The values of
<E;>,, for the curium 1sotopes are summarized in Table 12 In our calculations the adjusted values
are used for the (sf) cases and the calculated values are used for the (n f) cases with the exception
of 2*Cm (n f) for which the experimental value 1s used For ZINp we use 175 60 (adjusted n this
work) The values of <E;>, for ®*Pu ?*'Am, and >**Am were shown i Table 9

The total average prompt gamma energy <E;>,, 1s calculated using the following

expression 3!

<E>, = (0028)A + 009 (25)

The average fission fragment neutron separation energy <S,> iscalculated using the method
of ref 23 as one half of the average two neutron separation energy <S,,> This average <S, >

value 1s calculated similar to average energy release <E,> as the average of the values for the heavy
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and hight mass peaks The average value for each of the two mass peaks 1s calculated as the weighted

average of the S, values for the seven central fragments 1n each peak (the central fragment being

Table 12 Values of <E;>, . for curium isotopes

Nuclide Calculation Adjustment Experimental

#2Cm (sf) 18539 184 80

#3Cm 184 85

24Cm (sf) 18485 184 35

2Cm 184 58

#5Cm 184 32 18420
26Cm (sf) 184 32 183 60 18390
#5Cm 18405

#Cm 18379

23Cm (sf) 18379 18290 18220*
23Cm 183 53

*Error = + 09 MeV

weighted by a factor of 2) Values for the two neutron separation energies S,, for specific fission

fragments are calculated using the masses from ref 28 as
S,, = - M(AZ) + M(A-2,Z) + 2n (26)

A small FORTRAN program FISSER has been wntten which calculates both <E;> and <S,> and
1s isted in Appendix F Table F 1 A sample input to FISSER 1s also listed 1n Table F 1 for the case
of *Cm This nput file includes the identities and masses of the seven central hght and heavy
fission fragments and the masses of their A 2 counterparts The compound nucleus and its mass are
also included 1n the input The mass values used here are mass defects relative to the nuchde mass
number A and are 1n units of MeV Appendix G contains tables of mass values for light fission
fragments (Table G 1) heavy fission fragments (Table G 2) and compound nucle1 (Table G 3) as
used 1 this work This method gives a shghtly lower value for the heavy fragment <S, > as

compared with using the <S, > values from ref 27 and 1s illustrated in Table 13 for the case of
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*Cm The new value for the heavy fragment 9 127 MeV 1s about 2% smaller than the 9315 MeV
given by Wapstra and Bos ¥ The new method has the advantage that both the <E,> and <S,,>
calculations use consistent mass values and have a dependence on the fissioning nucleus The

average value for the light fragment 1s nearly unchanged from that obtained using the <S, > values
from ref 27 The value of <S,>, obtamed by taking one half the sum of the two average values 1s

5440 MeV and 1s 1n good agreement with the previous value? of 5 496 MeV

Table 13 **Cm_two neutron separation energies (MeV)

Light fragment <S,,> Heavy fragment <S, >
102Nb 12 563 3Cs 9415
103N 12432 142¢s 9627
1040 fo 12953 Hye 8772
1%5Mo 12742 140xe 9022
106Mo 12 042 3%%Xe 9 449
1077¢ 12 952 1381 8882
1887 12632 137 8828

Average? 12 632 Average® 9127

*Central fragments *Mo and '“Xe are given a double weight

Table 14 summarizes the input data for the energy dependent Vp calculations

423 Final Results and Discussion for v,

The final results for the calculated values of the energy dependent Vp for the nuchides in
Table 14 are given in Appendix F Table F 5 at 13 energies from 0 to 6 MeV 1n steps of 05 MeV
The data are included as part of the histing of NUBAR OUT and are given as pairs of energy and
Vp These results were obtamed using the program NUBAR FOR with the input NUBAR DAT
which are also given in Appendix F For each nuchide a hnear fit of the form A(E,) + B s also
provided Considering the accuracy of the calculations 1t should be adequate to use these linear fits
if desirted The calculated values for the spontaneous fission cases are compared with the

experimental values 1n Table 15 For the cases where two experimental values were available the

values used 1n Table 15 are taken to be one half of the sum of the measured values (refs 32 and 33)
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Table 14 Input data for Vp calculations®

Nuclhde <E > B, <E>,., <E >, <S§,>
ZTNp 193 94 5488 17560 6754 5215
B8py 198 64 5647 178 06 6782 5274
HlAm 204 97 6309 18131 6 866 5414
#3Am 205 14 5363 18078 6922 5295
22Cm (sf) 20924 00 184 80 6 866 5 640
#Cm 209 72 6799 184 85 6922 5524
24Cm (sf) 209 72 00 184 35 6922 5524
2#4Cm 210 43 5520 184 58 6950 5 440
#5Cm 209 94 6457 184 20 6978 5330
#6Cm (sf) 209 94 00 183 60 6978 5330
25Cm 21058 5158 184 05 7 006 5221
#1Cm 209 88 6212 18379 7034 5111
28Cm (sf) 209 88 00 18290 7034 5111
#5Cm 21077 4713 183 53 7 062 5061

*All energies in MeV

Table 15 v, for spontaneous fission

Nuclide Calculation Experiment’>* C/E

*2Cm (sf) 2556 2551 1002
24Cm (sf) 2722 2721 1000
246Cm (sf) 2933 2930 1001
2%Cm (sf) 3120 3130 0997

The calculated and experimental values from Table 15 are found to be 1n excellent agreement
To some extent this 1s due to the use of adjusted values for <E.>,, as discussed in Sect 422
However the <E >, adjustments were both small and reasonable so the good agreement between
calculation and experiment tends to increase the confidence in the method used at least for the

spontaneous fission cases
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The calculated and experimental values of Vp for thermal fission (corresponding to E, ~ 0

In the calculation) are compared 1n Table 16

Table 16 v, for thermal fission

Nuchde Calculation Expenment®¥ C/E

#Cm 3574 343 1042
2Cm 3575

#5Cm 3744 375 0998
26Cm 3732

2#1Cm 3879 380 1021
28Cm 3857

The calculated and experimental values for the odd isotopes are considered to be n good
agreement particularly when considering the larger uncertainties in the experimental values relative
to those for spontaneous fission For *Cm the calculated value 1s higher than the experimental
value by just about 1¢  For *’Cm and *'Cm the dewviations are less than 10 Experimental values
of Vp are not available for the even 1sotopes Note that for the even 1sotopes the calculated Vp N
very close to the value calculated for the odd 1sotope of mass (A — 1)

Experimental energy dependent Vp data for the curium 1sotopes is virtually nonexistent It
may be of interest to compare the energy dependence obtained from our calculations for 25U 28U
®Pu, and **Pu included 1n Table F 5 with the corresponding ENDF/B V evaluations These
comparisons are shown 1n Table 17

The slopes obtained for the curium 1sotopes do not differ appreciably from those calculated
for the uramum and plutonium cases The ?*U and 23U calculations are 1n reasonable agreement
with the ENDF/B V evaluations The ?°Pu and ?*Pu calculated slopes are lower than those obtamed
from the corresponding ENDF/B V evaluations

The final results for the calculated values of the energy dependent Vp for the 14 nuchdes
considered 1n this section are given 1n Table F 5 The calculated values at 0 5 MeV from this work

are compared with the corresponding ENDF/B V evaluations in Table 18 Generally good agreement
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Table 17 Energy dependence (slope) of VP by nuchde

Nuclide Calculation ENDF/B V
By 01459 01487 (12 6 MeV)
B3y 01486 01436 (15 6 MeV)
B%py 01386 01581 (157 MeV)
20py 01371 01516 (00 7 MeV)
Cm 01309

24Cm 01327

2Cm 01342

26Cm 01366

21Cm 01383

25Cm 01396

Table 18 Comparison of prompt neutron yields (E, = 05 MeV)

This
Nuclide ENDF/B Vv* calculation % dewviation
By 2 466 2482 065
=3y 2421 2423 008
ZINp 2773 2721 188
Z3py 2969 3003 115
B9py 2942 3221 948
2o0py 2870 3105 819
MAm 3170 3438 845
2 Am 3363 3 460 288
2Cm 3519 3 640 345
24Cm 3552 3642 254
25Cm 3 696 3819 315
26Cm 3578 3802 625
21Cm 3679 3949 736
28Cm 3594 3928 929

*The ENDF/B V evaluations for 2°U 2%U Z°Pu Py and *Cm are
for v, (at 05 MeV) for the other nuclides, the ENDF/B V values are for

total v

1s seen for five of the first eight nuclides However for 2°Pu 2*Pu and ' Am the calculations are
8 to 9% high relative to ENDF/B V' Plutonium 239 and *°Pu were also calculated by Madland and

Nix? and the present results are in excellent agreement with the results they obtained Thus it
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appears reasonable to conclude as they did, that the high values are a result of inaccurate input data
It 1s easy to show that an error of about 19 MeV 1n the numerator of Eq (23) 1s sufficient to
account for a change of about 8% 1n VP Since the numerator of Eq (23) involves the difference
of two large terms <E,> and <E;>,, a relatively small change n these terms can account for a
large change 1n VP Only 1 the case of #’Np did we make any adjustments 1n the Input parameters
(see discussion 1n Sect 422) In this case we made a small modification n the value of <E;>,,
from 176 0 to 175 6 MeV n order to obtain agreement with the results of Madland (see ref 30)

Note that the experimental data for v, of *'Np are discrepant (see ref 30 Fig 35) Also the
ENDEF/B V evaluation appears to be shghtly high relative to the experimental data shown 1n ref 30
Our result of 2 721 for ’Np at 0 5 MeV 1s judged to be n excellent agreement with the experimental

data

43 RECOMMENDATIONS

New ENDF/B VI evaluations are available for the following nuchdes 25U 28U 2'Np 29py
*Pu *"Am and **Am The ENDF/B V evaluations for 2%Pu and the curum 1sotopes were not
revised in ENDF/B VI We would of course recommend using the new ENDF/B VI evaluations
when available  The v, evaluation for **Am 1s also unchanged from ENDF/B V It may be of
interest to compare the calculated values from Table 18 for *’Np *'Am and 2*Am with the
corresponding ENDF/B VI evaluations The calculated values for 2’Np 2*Am and **Am are 08,
47 and 3 1% higher respectively We would currently recommend using our calculated values for
prompt neutron yields for *Pu »*Am and the curium 1sotopes until new experimental data are
available All data and program listings given in Appendix F are on computer diskette and may be

obtained from the authors

5 CONCLUSIONS

Fission product yield data and delayed neutron yields and six group data including spectra
have been evaluated for the fission systems listed in Table 19 These evaluations are based primarily
on the calculational methodologies discussed 1n this report and on experimental data that are also
referenced 1n this document Calculations of prompt neutron yields and spectra were also described

and results are available for the fast fission systems listed 1n Table 19 with the exception of 2Cm(F)
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and additionally 2Cm(F) and %’Cm(F) Prompt neutron data for the spontaneous fission of **Cm
2%4Cm 26Cm and 2%Cm are also included The calculation of the spontaneous fission data was
included primarily as a check on the methods used since some experimental data were available for
those systems Also as a test of the methodology used to calculate Vp (E) these data were also
calculated for 2U(F) Z*U(F) *°Pu(F) and *°Pu(F)

Table 19 Fission systems evaluated 1n this report

=Np(D)" *Cm(F)
Z'Np(F) Cm(T)
240PU(F) 244cm (F)
242PU(T) mcm (F)
22Pu(T) 2Cm(S)

Pu(H) Cm(F)
241 Am (F) 248Cm (F)
243 Am (F)

*T F H and S denote thermal fast high
energy (~14 MeV) and spontaneous fission,
respectively

For the actizides of concern in this report few experimental data are available Comparisons
with these experimental data were made when possible and indicate that the calculations presented
here are quite acceptable and may be used with confidence until additional experimental data and
newer evaluations such as ENDF/B VI become available

The data discussed n the text of this report and presented in an abbreviated form in the
appendices are available upon request from the authors on 5% m high density (1 2 Mbyte) diskettes
The high density diskette 1s required since one of the yield files (Appendix B) 1s larger than 650
kbytes
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APPENDIX A

SAMPLE YIELD DATA AND FORMAT
ZIND(F), Z*Pu(F) *'**Am(F), AND %’Cm(F)






Tobsbsrkababaesto St et bbb o bbbt bbb ook
B D g N S P Ry T LR R R L L L

%k *%
*k YIELD SUMMARY FOR NP237F bt
*k *k

Fhddkddkkddkkddk ko kbbb kA koo kb d ok kodeok
FFhddddok Aok sk kbbb kb drddb ekt bbbk
SUM OF YI FOR THE SYSTEM = 2 00

AVERAGE NEUTRON NUMBER = 142 31
AVERAGE PROTON NUMBER = 93 00

NUBAR (CALCULATED) = 2 6963

1#%++ TABLE OF MASS CHAIN YIELDS (PERCENT) %%

MASS CHAIN YIELD CHAIN YIELD
(CALCULATED) (EVALUATED)

66 1 875E 07 1 875E 07
67 3 741E 07 3 742E 07
68 1 885E 06 1 885E 06
69 6 909E 08 6 918E 08
70 2 448E 05 2 453E 05
71 6 208E 05 6 207E 05
72 1 510E 04 1 511E 04
73 3 696E 04 3 690E 04
74 6 652E 04 6 649E 04
75 1 323E 03 1 323E 03
76 6 031E 03 6 030E 03
77 1 O046E 02 1 046E 02
78 2 443E 02 2 440E 02
79 5 658E 02 5 648E 02
80 1 117E 01 1 107E 01
81 2 361E 01 2 367E 01
82 3 579E 01 3 582E 01
83 4 830E 01 4 823E 01
84 7 646E 01 6 700E 01
85 9 541E 01 1 046E+00
86 1 314E+00 1 277E+00
87 1 727E+00 1 694E+00
88 2 161E+00 2 140E+00
89 2 525E+00 2 539E+00
90 3 343E+00 3 406E+00
91 3 934E+00 3 944E+00
92 4 469E+00 4 432E+00
93 5 119E+00 5 023E+00
94 5 138E+00 5 231E+00
95 5 689E+00 5 719E+00
96 5 490E+00 5 499E+00
97 6 117E+00 6 121E+00
98 6 109E+00 6 078E+00
99 6 115E+00 6 145E+00
100 6 440E+00 6 446E+00
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101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

\D'—‘D—‘w&\\l\b)—‘)—‘NNML\bbU\LﬂMO\O\O\\J\JO\L\wND—‘HN'—‘)—‘\J\JU‘U‘U‘U’lU‘J—‘J-\J-\LHUI\JNNO\D—‘D—‘NWJ-‘U\UIO\

127E+00
773E+00
562E+00
135E+00
159E+00
181E+00
720E+00
301E+00

378E
993E
982E
368E
173E
301E
892E
790E
313E
233E
265E
241E
136E
998E
482E
189E
308E
635E
520E

01
01
02
02
02
02
02
02
02
02
02
02
02
02
02
02
01
01
01

487E+00
733E+00
708E+00
S87E+00
910E+00
486E+00
118E+00
282E+00
806E+00
172E+00
113E+00
610E+00
477E+00
316E+00
832E+00
643E+00
130E+00
443E+00
794E+00
243E+00
725E+00
300E+00

922E
256E
S90E
658E
869E
403E
868E

40

01
01
01
01
01
01
02

127E+00
772E+00
562E+00
125E+00
169E+00
182E+00
720E+00
301E+00

377E
994E
982E
368E
173E
301E
892E
790E
313E
233E
265E
241E
135E
997E
483E
189E
308E
630E
523E

01
01
02
02
02
02
02
02
02
02
02
02
02
02
02
02
01
01
01

485E+00
735E+00
708E+00
587E+00
910E+00
485E+00
103E+00
285E+00
631E+00
301E+00
140E+00
635E+00
479E+00
317E+00
819E+00
650E+00
132E+00
449E+00
794E+00
243E+00
724E+00
301E+00

922E
256E
590E
658E
869E
403E
868E

01
01
01
01
01
01
02



157 3 168E 02 3 168E 02

158 1 256E 02 1 256E 02

159 6 382E 03 6 383E 03

160 2 466E 03 2 466E 03

161 7 657E 04 7 653E 04

162 2 980E 04 2 983E 04

163 1 275E 04 1 274E 04

164 5 530E 05 5 531E 05

165 1 902E 05 1 901E 05

166 1 106E 05 1 106E 05

167 1 528E 06 1 527E 06

168 3 918E 07 3 916E 07

169 1 275E 07 1 275E 07

170 4 012E 07 4 0l10E 07

171 1 190E 07 1 191E 07

172 4 602E 07 4 597E 07

1%%%%* TABLE OF INDEPENDENT (DIRECT) FISSION YIELDS %%

(o} ID HL YI DYI(%)
CR 240660 030E 13 64 00
MN 250660 400E 11 64 00
FE 260660 400E 10 64 00
co 270660 930E 10 64 00

740E 11 64 00
580E 13 64 00
000E+00 0 00
000E+00 0 00
000E+00 0 00
180E 14 64 00

NI 280660 54 6 H
Ccu 290660 S5 10 M
ZN 300660  STABLE
GA 310660 9 5H
GE 320660 2 27H
CR 240670

MN 250670 960E 11 64 00
FE 260670 130E 10 64 00
co 270670 190E 09 64 00

110E 10 64 00
370E 12 64 00
000E+00 0 00
000E+00 0 00
000E+00 0 00

NI 280670 18 s
Ccu 290670 61 7 H
ZN 300670  STABLE
GA 310670 78 26H
GE 320670 19 O M

CR 240680 000E+00 0 00
MN 250680 030E 11 64 00
FE 260680 S580E 09 64 00
co 270680 420E 09 64 00
NI 280680 560E 09 64 00

060E 10 64 00
620E 11 64 00
880E 13 64 00
000E+00 0 00
000E+00 0 00
650E 14 64 00

Ccu 290681 38M
cu 290680 31 s
ZN 300680  STABLE
GA 310680 68 2 M
GE 320680 287 D
MN 250690

FE 260690 180E 11 64 00
Cco 270690 160E 10 64 00
NI 280690 160E 10 64 00

750E 11 64 00
990E 13 64 00
180E 14 64 00
000E+00 0 00

CcU 290690 30M
ZN 300691 13 9 H
ZN 300690 57 M
GA 310690  STABLE

COWPEPPENHNOOWOUNNNOVOHROOOOOMANUKNHWOOOW®ONWWMW
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CE
AS
CR

FE
co
NI
Ccu

ZN
GA
GE

FE
co
NI
cu
ZN

GA
GE
GE
AS
FE
Cco
NI
cu
ZN
GA
GE
AS
SE
FE
co
NI
cu
ZN
GA
GE
GE
AS
SE
SE
FE
co
NI
cu

GA
GE
AS
AS
SE
co
NI
cu

320690
3306990
240700
250700
260700
270700
280700
290701
290700
300700
310700
320700
250710
260710
270710
280710
290710
300711
300710
310710
320711
320710
330710
260720
270720
280720
290720
300720
310720
320720
330720
340720
260730
270730
280730
290730
300730
310730
320731
320730
330730
340731
340730
260740
270740
280740
290740
300740
310740
320740
330741
330740
340740
270750
280750
290750

39 2 H
15 M

42 S

5 §
STABLE
21 1 M
STABLE

397 H
24 M
STABLE
11 8 D
0 020s
64 H

0 124S
38358
6 49 S
46 S H
14 10H
STABLE
26 OH
85D

0 129§
0 4918
511 8§
23 5 8
4 88H
0 53 s
STABLE
80 3D
40 M
71H

0 092s
0 900s
0 648S

96 S

8§ 2 M
STABLE
80 S
17 76D
STABLE
0 082s
0 231s
0 927s
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1
3
1
1
1
0
2
1
2
3
2
1
3
8
1
1
0
2
9
4
8
2
2
2
0
0
1
2
3
1
1
4
2
1
1
0
0
6
3
1
2
3
3
3
7
2
0
3
4
1

000E+00
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000E+00

860E
990E
990E
660E
680E
040E
570E
740E

13
10
08
07
08
08
09
12

000E+00

890E
360E
260E
180E
570E
900E
890E
780E
150E
150E

14
10
08
07
07
08
09
11
14
14

000E+00

010E
810E
320E
420E
250E
460E
300E

11
09
07
07
07
09
12

000E+00
000E+00

660E
870E
510E
990E
300E
600E
180E
060E
230E

12
09
07
06
06
08
11
10
14

000E+00
000E+00

730E
520E
460E
150E
980E
690E
500E
500E
770E

14
10
07
06
06
07
09
13
13

000E+00

380E
150E
950E

11
08
06

64
64
64
64
64
64
64
64

64
64
64
64
64
64
64
64
64
64

64
64
64
64
64
64
64

64
64
64
64
64
64
64
64
64

64
64
64
64
64
64
64
64
64

64
64
64

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
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00
00
00
00
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00
00
00
00
00
00
00
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APPENDIX B

SAMPLE YIELD DATA AND FORMAT Z'Np(T), 2%Pu(T)
*?Pu(T,H) **Cm(TF), Cm(F), *Cm(S,F), AND **Cm(F)
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[4Y

mass number

nuclide

haif life

1 mbdn
2 lg
7 1m
7 0m
wm243t

zp 34 39
sig0 560

cm246

7 34 10
2190 560

cm243f

2z} Y4 62
5190 560

o 244f¢

71 34 16
110 560

m246f{

7y 34 00
s190 560

c ?248¢(

zp 33 66
5190 560

pu242h

2r 1) 84
5130 560

123t

7p 33 )6
J0 (0

pu240t

7} 34 0S5
s g0 60

P 2470

zp 33 73
s190 560

xi
xc
ri
cc
re
xi

ri
cc
rc
xi
xc
ri
cc
re
xi
xc
ri
ce
'
xi
xec
ri
ce
re
xi
xc
ri
cc
re
xi
xc
ri
cc
rc
xi
xc
ri
[
rc
xi
xC
ri
ce
rc
xi
xc
ri
ce
re

Jl gag
0 007s

85

J2 ge g
0 250s

7 967e+00 2 773e+00
100 0000

100 0000
00

o0

00

00
4 S8e 08p
4 S5le-08p
4 58e-08p
00

00
2 5% 0/p
2 59e-07p
2 59e-07p
00

00
4 67e 09p
4 67e 09p
4 67c0-09p
00

00
4 98¢ 08p
4 97¢ 0Bp
4 )8 osp
00

[]
9 13c 07p
9 13e 07p
9 13e 07p
00

00

8 7le-06p
8 71le-06p
8 71le-06p
00

00

1 17e 05p
L L7e 05p
1 17e 05p
00

00

5 l14e 06p
file O(p
14¢c-06p
00

o0

1 20e 06p
1 20e-06p
1 20e-06p
00

00

1 26e~05p
1 26e-05p
1 26e 05p

kr } tching to fit

0

0
0
0

0

0
0
0

data

00
00
00
00
000168p
000168p
000168p
00
00
000390p
000390p
000390p
00
00
46e 05p
46e-05p
46e 05p
00
00
000164p
000164y
000164,
00
00
001013p
001014p
001014p
00
00
003491p
003500p
003500p
00
00
006776p
006764p
006787p
00
00
004968p
00 672p
004973p
00
00
00l 48p
001546p
001549p
00
00
006241p
006223p
006254p

ga

2

1

9

0

J3 as d
0 247s
806e+00

o000
~NOO0OO0OOQOOD

88e 070

(=== =]

49%¢

[=4
OOOO;OOOO

OO0 D

63e 0 o

(=== =]

30e 0

o]

(=== Ne]

95e

o

(=N -N=N-]
U’lOOOOS‘lOOOOWOOOO

<]
coco

67e 0

[-N-N-N-)
[=X-N-N-N-RV - N=N- =]

[+]

49e

o
[+]

=~OoOO0O0O

00013

J) as g
203 s
3 415e-01
83 5460
00
100 0000
00
00
0 021467p
0 021596p
0 021609p
00
00
0 021485p
0 021811p
0 021815p
00
o0
008695p
008724p
008725y
00
00
019065p
019201p
011204,
00
00
041986;
042833p
042849p
00
00
0563139p
059263p
059336p
00
00
217042p
221963p
222812p
00
00
180910p
209215p
185142p
00
00
073975p
07 127p
075294p
00
00
0 12210%p
0 126744p
0 127458p

[~N =N =] [N -] D200 [—N=N-]

(== ]

[=N-N=]

as ge half 1li es

0
0
0

J4 sem
19 s
648e 02

00
00
8 5030
00
00
122088p
122222p
122480p
00
00
057448p
057448p
057883p
00
00
091376p
091373p
091501p
00
00
099347p
099341p
099722}
00
00
086970p
086970p
088093p
00
00
050013p
050013p
051917p
00
00
250784p
2527717p
256674p
00
00
331277p
317441p
335900p
00
00
173037p
173692p
175023p
00
00
127092p
128467p
131229p

from ENDF

J4 se g
39 s

1 777e 02
29 0750
00

00

00

o0
0 122284p
0 128501p
0 128566p
00

00

0 057448p
0 063790p
0 063791p
00

00
0 091376p
0 093909p
0 093912p
00

00

0 099347p
0 104924p
0 104731
00

00

0 086970p
0 099424p
0 099428p
00

00

0 050013p
0 067244p
0 067265p
00

00

0 257664p
0 317313p
0 318447p
00

00

0 333890p
0 43827¢
0 387721p
00

00

0 174019p
0 195535p
0 195910p
00

00
0 129097p
0 165318p
0 166155p

35 br g
2 8T
4 025e-03
100 0000
100 0000
00
00
00
0 157676p
0 408344p
0 4087230
00
00
0 035935p
0 157173p
0 1576090
00
00
0 207112p
0 392401p
0 392526p
00
00
0 117843p
0 322121p
0 32249 o
00
00
0 042247p
0 228640p
0 2297680
00
00
0 010141p
0 127398p
0 1293240
00
00
0 099174p
0 668916p
0 6742951
00
00
0 277651p
0 978975p
1 0012711
00
00
0 095940p
0 464987p
0 4668730
00
00
0 031470p
0 325101p
0 3288550

36 kr m
4 48 h
4 298e-05
100 0000
00
00
00
00
0 002155p
0 410498p
0 410878n
00
00
0 000220p
0 157393p
0 157829%0
00
00
0 004665p
0 397066p
0 3971910
00
00
0 001469p
0 323590p
0 3239640
00
00
0 000113p
0 228753p
0 229881n
00
00
1 77e-05p
0 127416p
0 129341n
00
0 6749947
0 000245p
0 669160p
0 6745407
00
1 0338153
0 000586p
0 979637p
1 001857j
00
00
0 000510p
0 465496p
0 467383n
00
00
6 72e-05p
0 325168p
0 328922n

percent yields

36 kr g
10 73y
2 048c 09
00
00
19 9790
00
00
0 009186p
0 091195p
0 091275n
00
00
0 000938p
0 032384p
0 0324710
00
00
0 022/74p
0 102103p
0 1021790
00
00
0 006264p
0 070913p
0 0703870
00
00
0 000914p
0 046616p
0 046841n
00
00
7 5)e 05p
0 035532p
0 025916n
00
00
0 001045p
0 134732p
0 1358113
00
00
0 002436p
0 198544p
0 202¢(57)
00
00
0 0021/ p
0 0951/73p
0 095554n
00
00
0 000287p
006 2 1p
0 066002n

1

OO WwWoO

[-X-N N~

37 rb g
stable
00
00 0000
80 0210
00
00
420070n
33e-05p
419712p
420097m
00
158657p
42e-06p
158333p
158768n
00
420110n
000158p
419997p
420123m
00
330204
05e 05p
329874p
33024m
00
230650n
32e-07p
229668p
230796m
00
129156n
00e 0Bp
127491p
129416m
00
67499473
73e 07p
670202p
6755851
00
758703m
43e 06p
982462p
0043553
00
469326n
84e 06p
467670p
469562m
00
3286750
42e 07p
325453p
329209m

38 sr g 9y g
65 2 d 50h
1 230e~07 3 B8S5le 0S5
100 0000 -100 0000
00
00
00
00
6 85e 09p
6 84e 09p
6 85e-09p
00
00
1 19e-10p
1 19e-10p
1 19e 10p
00
00
6 56e-08p
6 S6e-08p
6 56e-08p
00
00
J 80e~-09p
3 80e-09p
J 80c 09p
00
00
5 69e-11p
5 6%9e-llp
5 69e—-1llp

[~NoN-NoXaNoNe]
[-X-N-N-RoNoNe=]

2 74e-1lp

2 73e-11p

2 74e-1lp
00

00
1 29e 10p
1 46e-10p
1 29e 10p
00
00
? 02e-10p
? 03e-10p
2 02e-10p
00
00
3 74e 12p
J 72e-12p
3 74c-12p

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
OOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO



APPENDIX C

SAMPLE DELAYED NEUTRON DATA AND FORMAT
Z'Np(F) Z3Pu(F) #126Am() AND #Cm(T)






1
NP 237 (F)
0
DELAYED NEUTRON YIELD PER FISSION
1 O0000E 05 1 08100E 02
4 00000E+06 1 08100E 02
7 00000E+06 6 48600E 03
2 O00000E+07 6 48600E 03
0
DATA BY DECAY GROUP

GROUP 1
GROUP FRACTION = 3 99831E 02 GROUP DECAY CONSTANT (1/8) =1 32520E 02

GROUP SPECTRUM (NORMALIZATION SUM=] 0)

UPPER ENERGY BOUND (EV) SPECTRUM
0 OE+00 0 0000
0 4E+00 0 0000
0 5E+00 0 0000
0 7E+00 0 0000
0 9E+00 0 0000
0 1E+01 0 0000
0 1E+01 0 0000
0 2E+01 0 0000
0 2E+01 0 0000
0 3E+01 0 0000
0 4E+01 0 0000
0 5E+01 0 0000
0 6E+01 0 0000
0 8E+01 0 0000
0 1E+02 0 0000
0 1E+02 0 0000
0 2E+02 0 0000
0 2E+02 0 0000
0 3E+02 0 0000
0 4E+02 0 0000
0 5E+02 0 0000
0 6E+02 0 0000
0 BE+02 0 0000
0 1E+03 0 0000
0 1E+03 0 0000
0 2E+03 0 0000
0 2E+03 0 0000
0 3E+03 0 0000
0 4E+03 0 0000
0 5E+03 0 0000
0 6E+03 0 0000
0 7E+03 0 0000
0 1E+04 0 0001
0 1E+04 0 0001
0 2E+04 0 0001
0 2E+04 0 0001
0 3E+04 0 0001
0 3E+04 0 0002

55



0000000000000 O0O000O0OOO0OOO0OO0OO0O0O0O0

GROUP 2

GROUP FRACTION = 2 16180E Ol GROUP DECAY CONSTANT (1/S)
GROUP SPECTRUM (NORMALIZATION

UPPER ENERGY BOUND (EV)

o O

[eNeoNoNoNoNeNoNeReNoNoNo Rl

LE+04
6E+04
7E+04
9E+04
1E+05
2E+05
2E+05
2E+05
3E+05
4E+05
SE+05
7E+05
9E+05
1E+06
1E+06
2E+06
2E+06
3E+06
4E+06
SE+06
6E+06
8E+06
1E+07
1E+07
2E+07
2E4+07
3E+07
4E+07
SE+07
6E+07
8E+07
1E+08

0E+00
4E+00
SE+00
7E+00
9E+00
1E+01
1E+01
2E+01
2E+01
3E+01
4E+01
S5E+01
6E+01
8E+01
1E+02
1E+02

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

SP

[eNeNeYoNoNoNoNoNoNoNolNoNeNeNo Nl

0002
0003
0004
0005
0041
0075
0096
0136
0147
0085
0212
0314
0369
0252
0566
0735
0792
1246
0919
1142
0960
0644
0717
0436
0092
0000
0000
0000
0000
0000
0000
0000

SUM=1 0)

ECTRUM
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

56

= 3 16030E 02



0

GROUP 3

OOOOOOOOOOOOODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

2E+02
2E+02
3E+02
4E+02
SE+02
6E+02
8E+02
1E+03
1E+03
2E+03
2E+03
3E+03
4E+03
SE+03
6E+03
7E+03
1E+04
1E+04
2E+04
2E+04
3E+04
3E+04
4E+04
6E+04
7E+04
9E+04
1E+05
2E+05S
2E+05
2E+05
3E+05
4E+05
SE+05
7E+0>
9E+05
1E+06
1E+06
2E+06
2E+06
3E+06
4E+06
SE+06
6E+06
8E+06
1E+07
1E+07
2E+07
2E+07
3E+0/
4E+07
SE+07
6E+0~
8E+07
1E+08

57



GROUP FRACTION = 1 55803E 01 GROUP DECAY CONSTANT (1/S)
GROUP SPECTRUM (NORMALIZATION

UPPER ENERGY BOUND (EV)

[oNeleoNeNoNeoNoNoloNeNoNoNo e NoNeNe NoNeoNoNeNoloNoNeNoNoNoNeNoloNoleNoNoNeNe N No e NeNeo oo e o oo N ol

OE+00
4E+00
SE+00
7E+00
9E+00
1E+01
1E+01
2E+01
2E+01
3E+01
4E+01
SE+01
6E+01
8E+01
1E+02
1E+02
2E+02
2E+02
3E+02
4E+02
SE+02
6E+02
8E+02
1E+03
1E+03
2E+03
2E+03
3E+03
4E+03
SE+03
6E+03
7E+03
1E+04
1E+04
2E+04
2E+04
3E+04
3E+04
4LE+04
6E+04
7E+04
9E+04
1E+05S
2E+05
2E+05
2E+05
3E+05
4E+05
SE+05
7E+05

SUM=1 0)

SPECTRUM

[oNeNeNeNoNoNoNeNolol-RoNoNeNoNoleNeoNoNoNoNoleNeNoleNeNoloNeNoloNoNeNeNolle Ne e o Nollo No o Mo o e o le R el

58

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0001
0001
0001
0001
0002
0002
0003
0004
0005
0006
0008
0010
0013
0016
0028
0041
0052
0067
0086
0109
0136
0175

1 16790E 01



[=NeleleNeloNoNoeNoNoNoNeNeNoNolleoNeNole)

GROUP 4

GROUP FRACTION = 3 63301E 01 GROUP DECAY CONSTANT (1/S)
GROUP SPECTRUM (NORMALIZATION

UPPER ENERGY BOUND (EV)

COO000CO0O0O0O0O0O0OO0O0OOCOODO0O0DO0OOO0OCOOO0O

9E+05
1E+06
1E+06
2E+06
2E+06
3E+06
4E+06
SE+06
6E+06
8E+06
1E+07
1E+07
2E+07
2E+07
3E+07
4E+07
SE+07
6E+07
8E+07
1E+08

OE+00
4E+00
SE+00
7E+00
9E+00
1E+01
1E+401
2E+01
2E+01
3E+01
4E+01
SE+01
6E+01
8E+01
1E+02
1E+02
2E+02
2E+02
3E+02
4LE+02
SE+02
6E+02
8E+02
1E+03
1E403
2E+03
2E+03
3E+03

(o= NoNoNolleNoNolNoNoNeNoNoNoNoNoNol ol ol o)

SP

[« =]

QOO0 O0O0OO0O0O0O0O0O0DO0OOODO0OO0OO00DOODOOOOO

0222
0374
0537
0598
0752
0963
1155
1169
1254
1226
0563
0265
0119
0031
0003
0000
0000
0000
0000
0000

SUM=1 0)

ECTRUM
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

59

= 3 00650E 01



[cNecNeYoNeleNeNoNeNoNololoNoNeNeoNeNeNeNoNeNoloNoloNoloooNojoleNoNoNooejeelele N

GROUP 5

GROUP FRACTION = 1 65862E 01 GROUP DECAY CONSTANT (1/S)
GROUP SPECTRUM (NORMALIZATION

UPPER ENERGY BOUND (EV)

[eNeNeNoNoNol

4E+403
SE+03
6E+03
7E+03
1E+04
1E+04
2E+04
2E+04
3E+04
3E+04
LE+04
6E+04
7E+04
9E+04
1E+05
2E+05
2E+05
2E+05
3E+05
4E+05
SE+05
7E+05
9E+05
1E+06
1E+06
2E+06
2E+06
3E+06
4E+06
SE+06
6E+06
8E+06
1E+07
1E+07
2E+07
2E+07
3E+07
4E+0Q07
SE+07
6E+07
8E+07
1E+08

0E+00
4E+00
SE+00
7E+00
9E+00
1E+01

0000
0000
0001
0001
0001
0001
0002
0002
0003
0003
0004
0005
0007
0009
0021
0033
0042
0055
0068
0081
0101
0133
0194
0266
0394
0559
0655
0838
1039
1144
1247
1036
0913
0602
0366
0132
0037
0003
0000
0000
0000
0000

[eReNeReReReRoRoReReRoReReReNelocNoNoNeNoNoNeNeNeNeNeNeNoNoNoeNoNoloNeloNoNoNoNoNoNeNo]

SUM=1 0)

SPECTRUM
0 0000
0 0000
0 0000
0 0000
0 0000
0 0000
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000000000000000000

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

1E+01
2E+01
2E+01
3E+01
4E+01
SE+01
6E+01
8E+01
1E+02
1E+02
2E+02
2E+02
3E+02
4E+02
SE+02
6E+02
8E+02
1E+03
1E+03
2E+03
2E+03
3E+03
4E+03
SE+03
6E+03
7E+03
1E+04
1E+04
2E+04
2E+04
3E+04
3E+04
4E+04
6E+04
7E+04
9E+04
1E+05
2E+05
2E+05
2E+05
3E+05
4E+05
SE+05
7E+05
9E+05
1E+06
1E+06
2E+06
2E+06
3E+06
4E+06
5E+06
6E+06
8E+06
1E+07
1E+07
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0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0001
0001
0001
0001
0002
0002
0003
0003
0004
0006
0027
0047
0060
0053
0062
0074
0112
0162
0246
0333
0457
0615
0797
0940
1082
1161
1190
0931
0678
0447
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GROUP 6

GROUP FRACTION = 5 88701E 02 GROUP DECAY CONSTANT (1/S)
GROUP SPECTRUM (NORMALIZATION

UPPER ENERGY BOUND (EV)

C0 0000000000000 000O0000O0O000O0O0ODO0OO0OOOO0O0O0O00OO0O

2E+07
2E+07
3E+07
4E+07
SE+07
6E+07
8E+07
1E+08

0E+00
4E+00
SE+00
7E+00
9E+00
1E+01
1E+01
2E+01
2E+01
3E+01
4E+0L
5E+01
6E+01
8E+01
1E+02
1E+02
2E+02
2E+02
3E+02
4E+02
SE+02
6E+02
8E+02
1E+03
1E+03
2E+03
2E+03
3E+03
4E+03
SE+03
6E+03
7E+03
1E+04
1E+04
2E+04
2E+04
3E+04
3E+04
4LE+04
6E+04

s NeoNeNoNoNeNo Nl

SUM=1 0)

SPECTRUM

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

(o]
N

0283
0144
0068
0007
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0001
0001
0001
0001
0001
0002
0002
0003

= 2 76000E+00
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7E+04
9E+04
1E+05
2E+05
2E+05
2E+05
3E+05
4E+05
SE+05
7E+05
9E+05
1E+06
1E+06
2E+06
2E+06
3E+06
4E+06
SE+H06
6E+06
8E+06
1E+07
1E+07
2E+07
2E+07
3E+07
4E+07
SE+07
6E+07
8E+07
1E+08
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0004
0005
0056
0105
0136
0082
0079
0076
0127
0149
0263
0344
0398
0552
0719
0845
0991
1013
1162
0984
0676
0474
0346
0233
0150
0017
0000
0000
0000
0000






APPENDIX D

SAMPLE DELAYED NEUTRON DATA AND FORMAT Z'Np(T) **Pu(T)
*Pu(TH) **Cm(TF) *Cm(F) *Cm(SF) AND 2Cm(F)






LEE RN S 4 4 & 3 3 3 1 VL SR 2 N LR A 2 N N e L Y 2 Sy WNR RN n

Cm 243(T) 8 28 89
Group 1 yield per fission
Group 2 yield per fission
Group 3 yield per fission
Group 4 yield per fission
Group 5 yield per fission
Group 6 yield per fission
Group 1 Group 2
7 8805e 08 1 5462e 07
2 238le 08 4 3913e 08
2 8741le 08 5 6391e 08
3 6902e 08 7 2404e 08
4 7383e 08 9 2968e 08
6 0855e 08 1 1940e 07
7 8l16e 08 1 5327e 07
1 0031le 07 1 968le 07
1 288le 07 2 5273e 07
1 6537e 07 3 2447e 07
2 1237e 07 4 1669e 07
2 7267e 07 5 3500e 07
3 5013e 07 6 8697e 07
4 4956e 07 8 8206e 07
5 7724e 07 1 1326e 06
7 4132e 07 1 4545e 06
9 5152e 07 1 866%e 06
1 2221e 06 2 3978e 06
1 5692e 06 3 0788e 06
2 0150e 06 3 9535e 06
2 5869e 06 5 0757e 06
3 3219%e 06 6 5177e 06
4 2653e 06 8 3688e 06
S 4767e 06 1 0746e 05
7 0319e 06 1 3797e 05
9 0312e 06 1 7720e 05
1 1593e 05 2 2746e 05
1 4887e 05 2 9210e 05
1 9118e 05 3 7511le 05
2 4544e 05 4 8157e 05
3 1518e 05 6 1839e 05
4 0468e 05 7 940le 05
5 1963e 05 1 0195e 04
6 6721e 05 1 3091e 04
8 5668e 05 1 6809e 04
1 100le 04 2 1585e 04
1 4125e 04 2 7714e 04
1 8136e 04 3 5583e 04
2 3288e 04 4 5693e 04
2 9902e 04 5 8669%e 04
3 8396e 04 7 5334e 04

W= NS

976le 02
9936e 01
3994e 01
9603e 01
7772e 01
7178e 02

Group 3

2 7404e
7 7828e
9 9944e
1 2832e
1 6477e
2 1162e
2 7164e
3 488le
4 479]e
5 7506e
7 3851e
9 4818e
1 2175e
1 5633e
2 0073e
2 5778e
3 3088e
4 2497e
5 4566e
7 0068e
8 9957e
1 1551e
1 4832e
1 9044e
2 4453e
3 1405e
4 0312e
S 1769e
6 6482e
8 5350e
1 0960e
1 4072e
1 8070e
2 3201e
2 9790e
3 8255e
4 9118e
6 3065e
8 0982e
1 0398e
1 3352¢

decay
decay
decay
decay
decay

decay

07
08
08
07
07
07
07
07
07
07
07
07
06
06
06
06
06
06
06
06
06
05
0s
05
05
05
0s
05
05
05
04
04
04
04
04
04
04
04
04
03
03

67

constant (per
constant (per
constant (per
constant (per
constant (per
constant (per

Group 4

1994e 07 6
4065e 08 1
3745e 08 2
6167e 08 2
2119e 08 3
2624e 08 4
1890e 07
5267e 07
9605e 07 1
5170e 07 1
2324e 07 1
1502e 07 2
3291e 07 2
8424e 07 3
7858e 07 4
1283e 06 )
4482e 06 7
860le 06 9
3883e 06 1
0669e 06 1
9374e 06 2
0560e 06 2
4920e 06 3
3357e 06 4
0703e 05 S
3746e 05 7
7645e 05 9
2659%e 05 1
9099%e 05 1
7358e 05 1
7971e 05 2
1594e 05 3
9090e 05 4
0155e 04 S
3039%e 04 6
674be 04 8
1499e 04 1
7603e 04 1
5445¢ 04 1
5512e 04 2
84/ 0ec 04 2

sec)
sec)
sec)
sec)
sec)
sec)

Group

1416e
7443e
2399%e
8759
6927e
7427e
0879%e
8175e
0038e
2888e
6551e
1250e
7287e
5036e
4987e
7774e
4155e
5242e
2229%e
5703e
Ol61le
5889%e
3241e
2682e
4802e
0384e
0346e
1602e
4900e
9128e
4563e
1538e
0497e
1998e
6765e
5737e
1008e

N OON W

08
08
08
08
08
08
08
08
07
07
07
07
07
07
07
07
07
07
06
06
06
06
06
06
06
06
06
05
0s
05
05
05
05
05
05
05
04
04
04
04
0¢

3090e
0317e
1498e
9189%e
5756e
5917e

02
02
01
01
01
+00

Group

5551e
1457e
7554¢
5378e
5426e
8342e
4890e
6167e
2349e
5854e
0361le
6l4le
3567e
3099%e
5341e
1071e
1223e
1716e
S5044e
9318e
4801e
1847e
0892e
2505e
7415e
6583e
111l4e
4273e
8329e
3531e
0216e
8797
9818e
3966e
2131e
0547e
3542e
7387e
2327e
B667¢

6

08
08
08
08
08
08
08
08
07
07
07
07
07
07
07
07
07
06
06
06
06
06
06
06
06
06
0s
05
05
05
05
05
05
05
0s
04
04
04
04
04
04



OOOOOOO\\DJ-‘\JO\\OH\OH\J\IU\NUJUN@HH\D\JUL\

9302e
9549e
2755e
3454e
3245e
4318e
3454e
0740e
0719%e
6353e
4891e
5362e
2042e
7573e
2316e
2846e
1563e
7954e
5917e
3695e
4912e
4884e
4428e

04
03
03
03
02
02
03
02
02
02
02
02
02
02
01
02
01
02
02
02
02
03
06

0000e+00
0000e+00
0000e+00
0000e+00
0000e+00
0000e+00

COOCOCOOHMFHOOEMMEEFEMNENXNWRONNFEFOOMNS WNNHHWO

6732e
2949e
6971e
1800e
9068e
7687e
9075e
4347e
6553e
9401e
2584e
2663e
7009e
0344e
1344e
2315e
5773e
5605e
0983e
2683e
0l17e
6589%e
3907e

04
03
03
03
03
03
03
03
03
02
02
02
02
02
02
01
01
01
01
01
02
02
04

0000e+00
0000e+00
0000e+00
0000e+00
0000e+00
0000e+00

OOOO@NND—‘NU\HD—‘HD—‘\O\IO\U\wNHHD—‘mO\U\L\NP—'

7144e
8306e
0500e
2022e
8177e
7762e
1232e
4283e
8322e
31l44e
9006e
5609e
1789%e
7011e
6883e
1485e
16l4e
2354e
1869e
4187e
5459%e
1316e
8243e
8136e
2354e

03
03
03
03
03
03
02
02
02
02
02
02
02
02
02
01
01
01
01
02
02
02
03
04
06

0000e+00
0000e+00
0000e+00
0000e+00

OND—‘D—‘J-‘N\DNJ-\\JD—‘HHH\O\IO\J-\UJNl—‘b—‘m\JU\bUD—‘\J

5039e
9937e
2410e
1631le
6267e
1244e
6026e
1052e
4671e
1724e
0260e
4320e
1256e
313%e
2030e
1104e
1654e
2137e
0065e
9752e
8729%e
7189%e
1695e
5345e
2371e
2125e
2666e
9773e

04
03
03
03
03
03
03
02
02
02
02
02
02
02
02
01
01
01
01
02
02
02
03
03
04
05
08
10

0000e+00

AR AR NNFRFWUOUORHFRREREOAVWNERERENUVEPFWREW

8422e
8414e
2560e
1823e
5311le
6812e
5059e
1580e
7058e
5651e
6497e
0234e
8457e
7985e
0499%e
1815e
2301e
1684e
8939%e
9434e
3501e
7239%e
1269%e
8619e
1282e
2049e
3895e
6783e
8629e

04
03
03
03
03
03
03
02
02
02
02
02
02
02
01
01
01
01
02
02
02
02
03
03
03
04
04
05
08

wr—‘\JNU\l—‘D—‘NwO\\OD—‘HD—‘m\lkﬂwaHH\J\me—‘b—‘LﬂL\

7266e
6168e
0526e
3521e
0905e
8791e
5455e
2815e
5298e
5998e
6000e
2428e
9231e
6924e
9609e
0277e
0612e
1713e
5633e
1284e
9601e
747%e
7444e
0438e
3727e
2399%e
6226e
0578e
3056e

04
03

02
03
03
03
02
02
02
02
02
02
02
02
01
01
01
02
02
02
02
02
02
03
03
04
04
07
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APPENDIX E. PROMPT NEUTRON SPECTRAL DATA

In this Appendix we include a listing of the program used to calculate the 70 group spectra
along with the input and output files The program used MADNIX FOR (Table E 1) 1s written in
FORTRAN 77 and runs on a VAX VMS system The main subroutme MADNIX, 1s taken from
subroutine ANASED of the NJOY code system ** The user should be cautioned that the modified
version used here 1s valid only for the LF = 12 option The program uses two functions DGAMI
and DE1 double precision versions of the incomplete gamma function and the exponential integral
respectively These two functions must be linked from an external library The equations solved by
MADNIX FOR are given in ref 24 pp 12 14 The input file MADNIX DAT corresponding to the
cases described 1n Sect 41 of this report, 1s given i Table E 2

Table E1 Program MADNIX FOR

c
c**** main program to call subroutine madnix (If=12)
C TO LINK THIS PROGRAM ON THE STC VAX USE
C LINK MADNIX SYSSLIBRARY SLATEC/LIB
c

implicit real*8 (a h o z)

character*4 title(15)

dimension ebnd(28) eb70(71)

dimension fns(70 20)

common /mainio/nsysi nsyso nshort

data nsys1 nsyso nshort /5 6,0/
c** data ebnd/3 00e+00 1 0e+01 3 0Oe+01 1 0e+02 5 5e+02 3 Oe+03
c** &17e+0410e+0540e+059 0e+05 1 4e+06 1 85¢+06 3 Oe+06
c** &6434e+062 0e+07/

data ebnd/10d 5,10d 230d250d2010225032504

*081011313,177,30,100,300,1000,550 0 3 0d+3,

* 17d+4,10d+540d+590d+5 1 4d+6,1 85d+6 3 0d+6,

* 6434d+620d+7/
c*** the following two statements are for the cray version
c** call ink( umt5=(infile open text)//')
c** call link( unit6=(outfile,create,text)//')

read(5 4) ng

ngl=ng+1

if(ng ne 70) go to 15

eh=10d+07

unow=00

ng=70

do 25 n=1ng

]=72n

eb70(j)=eh1*dexp(unow)

unow=unow 025

71



Table E 1 (continued)

25 continue
eb70(1)=10d 05
nmat=0
15 read(5 S end=20) title
read(5 2 end=20) e efl efh temp1
nmat=nmat+1
if(nmat gt 20) go to 20
C  wnte(nsyso 1) e efl efh templ
C  wnte(nsyso 6) title
do 101=1ng
1f(ng ne 70) go to 16
n=711
epl=eb70(n)
ep2=eb70(n+1)
go to 18
16 n=ngl1
epl=ebnd(n)
ep2=ebnd(n+1)
18 call madnix(g e enext 1dis ep1 ep2 templ efl efh)
fns(1 nmat)=g
10 continue
go to 15
20 continue
11=1
26 )2=)1+4
do 30 1=1ng
n=711
epl=eb70(n)
ep2=eb70(n+1)
write(nsyso 3) 1ep2 (fns(1)) }=)1)2)
30 continue
write(nsyso,3) ngl epl
J11=)1+45
1f(j1 1t 7) go to 26
stop
format(///3x 1p4el2 4 //)
format(4e12 4)
format(13 1p6e12 4)
format(13)
format(15a4)
format(3x 15a4 /)
end
subroutine madnix(g e enext 1dis epl,ep2 templ,efl efh)
c**** subroutine anased(g,e enext 1dis,epl,ep2 a,ip,1r) gro
c Aok okok ok kokok ko kok ok kokokokkok kkokkkokok Rk Rk kokokokkk kR ok kkk kR kR R KR XK k¥ gro

¢  analytic secondary energy distributions compute the integral gro

AN bW

72



Table E 1 (continued)

¢  between sink energies epl and eph for source energy e the
¢  parameters are in a in packed endf format laws 5 7, 9

¢ 11 and 12 only

¢ gamiis the incomplete gamma function (law 12 only)

c
c

el 1s the first order exponential ntegral function (law 12 only)
ek o o o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok kK ok ok K

implicit real*8 (a ho z)
¢ real*8 rc rh rlxc,xlo,xhi,rp4 bot,top,xmin
¢ real*8 hrl 12 r3 r4,de,t1 t2,epl eph theta
¢ real*8 expa expb,expc r,rerfc z
¢ real*8 a0 al a2 a3 a4 a5

common/mainio/nsysi nsyso,nshort
data brk/ 01/
ccde
data xmuin/1 d 4/ rp4/ 88622693/
data a0 al a2 a3 a4 a5/3275911 254829592 284496736
1 1421413741 1453152027 1061405429/
ccde
cibm
¢ data xmin/1d 4/ rp4/88622693d0/
c data a0 al a2 a3 a4 a5/ 3275911d0, 254829592d0
c 1 284496736d0 1421413741d0 1 453152027d0 1 061405429d0/
cibm
1(z)=1/(1 +a0*z)
rerfc(z)=r(z)*(al +r(2z)*(a2 +r1(z)* (a3 +1(z)*(ad+a5*1(z)))))
epl=epl
eph=ep2
new=0
if (epllt11e 5) new=1

¢ check imit on integration
enext=1d+10
1dis=0
g=0
1f=12
if (If eq 12) go to 110
tl=e
t2=u
de=t1 t2
if (epl gt de) return
c
¢ ***retrieve theta by interpolation
110 continue
theta=templ
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Table E 1 (continued)

¢ wte(nsyso 1) t1 epl eph theta efl efh
1 format(3x 1p6e12 4)
if (new eq 0) go to 115
1p2=2
ir2=1
theta=templ
xc=de/theta
if (en It enext) 1dis=1disc
if (en It enext) enext=en
115 continue
if (If eq 12) go to 210.
c
c ***law 12
210 ef=efl
1=0
ccde
c alpha=sqrt(theta)
c sa=sqrt(epl)
c sb=sqrt(eph)
cede
cibm
alpha=dsqrt(theta)
sa=dsqrt(epl)
sb=dsqrt(eph)
cibm
220 beta=dsqrt(ef)
aa=(sa+beta)*(sa+beta)/theta
bb=(sb+beta)*(sb+beta)/theta
ab=alpha*beta
fact=1/(3 *ab)
ap=(sa beta)*(sa beta)/theta
bp=(sb beta)*(sb beta)/theta
if (epl ge ef and eph gt ef) go to 230
if (epl It ef and eph le ef) go to 240
if (epl It ef and eph gt ef) go to 250
c region1
230 ans=fact*((( 4*theta*bb**2 5 S5*ab*bb*bb)*de1(bb)
(4*theta*aa**2 5 S5*ab*aa*aa)*del(aa))
(( 4*theta*bp**2 5+ 5*ab*bp*bp)*del(bp)
( 4*theta*ap**2 5+ 5*ab*ap*ap)*del(ap)) +
((theta*bb 2 *ab*sqrt(bb))*dgamm(1 S bb)
(theta*aa 2 *ab*sqrt(aa))*dgami(1 5 aa))
((theta*bp+2 *ab*sqrt(bp))*dgami(1 5 bp)
(theta*ap+2 *ab*sqrt(ap))*dgami(1 5 ap))
( 6*theta*(dgamu1(2 5 bb) dgamm(2 5 aa) dgami(2 S bp)
+dgami(2 5 ap)))

#00 IO NS W =
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Table E 1 (continued)

Cc

Cc

Cc

C
C

Cc

9 (15*ab*(exp( bb)*(1 +bb) exp( aa)*(1 +aa)+
a exp( bp)*(1 +bp) exp( ap)*(1 +ap))))

go to 270

region 11

240 ans=fact*((( 4*theta*bb**2 5 5*ab*bb*bb)*del1(bb)

1 (4*theta*aa**25 5*ab*aa*aa)*del(aa))
2 ((4*theta*bp**25 S*ab*bp*bp)*del(bp)
3 (4*theta*ap**25 S5*ab*ap*ap)*del(ap))+
4 ((theta*bb 2 *ab*sqrt(bb))*dgami(1 5 bb)
5 (theta*aa 2 *ab*sqrt(aa))*dgamu(1 5 aa))
6 ((theta*bp 2 *ab*sqrt(bp))*dgami(1 5 bp)
7 (theta*ap 2 *ab*sqrt(ap))*dgami(1 5 ap))
8 ((6*theta*(dgami(2 5 bb) dgami(2 5 aa) dgami(2 5 bp)
* +dgamui(2 5 ap)))
9 (15*ab*(exp( bb)*(1 +bb) exp( aa)*(1 +aa)
a exp( bp)*(1 +bp)+exp( ap)*(1 +ap))))

go to 270

region iu

250 ans=fact*((( 4*theta*bb**2 5 5*ab*bb*bb)*de1(bb)

1 (4*theta*aa**25 5*ab*aa*aa)*del(aa))

2 ((4*theta*bp**2 5+ 5*ab*bp*bp)*de1(bp)

3 (4*theta*ap**25 S*ab*ap*ap)*del(ap))+

4 ((theta*bb 2 *ab*sqrt(bb))*dgamu(1 5 bb)

5 (theta*aa 2 *ab*sqrt(aa))*dgami(15 aa))

6 ((theta*bp+2 *ab*sqrt(bp))*dgami(1 5 bp)

7  (theta*ap 2 *ab*sqrt(ap))*dgami(1 5 ap))

8 ((6*theta*(dgami(2 5 bb) dgami(2 5 aa) dgamu(2 5 bp)
* +dgami(2 5 ap)))

9 (15*ab*(exp( bb)*(1 +bb) exp( aa)*(1 +aa)+exp( bp)*(1 +bp)+

a  exp( ap)*(1 +ap) 2)))

270 continue

write(nsyso 1) g ans
g=g+ans

1=1+1

if (1eq2) go to 280
ef=efh

go to 220

280 continue

g=g*05
return

***error message

900 write(nsyso 10)

if (nshort gt 0) wrnite(nshort 10)

c**** call error

return
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Table E 1 (continued)

Cc

10 format(/33h ***error n anased***illegal If )

end

gro
gro
gro

Table E 2 MADNIX.DAT

70
70 GROUP FISSION SPECTRUM FOR Np 237
5 0000E+05 10383E+06 05267E+06 09240E+06
70 GROUP FISSION SPECTRUM FOR Pu 238
5 0000E+05 10463E+06 05305SE+06 10250E+06
70 GROUP FISSION SPECTRUM FOR Am 241
5 0000E+05 10283E+06 05459E+06 1 0880E+06
70 GROUP FISSION SPECTRUM FOR Am 243
5 0000E+05 10024E+06 05476E+06 10790E+06
70 GROUP FISSION SPECTRUM FOR Cm 243
5 0000E+05 10250E+06 0S600E+06 10586E+06
70 GROUP FISSION SPECTRUM FOR Cm 244
50000E+05 10129E+06 05603E+06 10515E+06
70 GROUP FISSION SPECTRUM FOR Cm 245
5 0000E+05 09972E+06 05623E+06 10629E+06
70 GROUP FISSION SPECTRUM FOR Cm 246
5 0000E+05 09830E+06 05648E+06 10525E+06
70 GROUP FISSION SPECTRUM FOR Cm 247
50000E+05 09766E+06 05624E+06 10603E+06
70 GROUP FISSION SPECTRUM FOR Cm 248
5 0000E+05 09702E+06 05600E+06 10525E+06
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Table E 3 Prompt neutron spectral data

VOO s WN =

EHI(EV)

1 0000E+07
7 7880E+06
6 0653E+06
4 7237E+06
3 6788E+06
2 8650E+06
22313E+06
17377E+06
13534E+06
1 0540E+06
8 2085E+05
6 3928E +05
4 9787E+05
3 8774E+05
3 0197E+05
2 3518E+05
18316E+05
1 4264E+05
11109E+05
86517E+04
6 7379E+04
52475E+04
4 0868E+04
3 1828E+04
2 4788E+04
19305E+04
1 5034E+04
11709E+04
91188E+03
7 1017E+03
5 5308E+03
4 3074E+03
3 3546E+03
26126E+03
2 0347E+03
1 5846E+03
12341E+03
96112E+02
7 4852E+02
5 8295E+02
4 5400E+02
3 5358E+02

70 GROUP FISSION NEUTRON SPECTRA

Np 237

4 9791E 03
16932E 02
3 9889E 02
7 0571E 02
9 9833E 02
1 1857E 01
1 2282E 01
1 1438E 01
9 8290E 02
7 9939E 02
6 2464E 02
4 7261E 02
3 5074E 02
2 5640E 02
1 8481E 02
13171E 02
9 3058E 03
6 5320E 03
4 5623E 03
3 1746E 03
22027E 03
1 5250E 03
1 0541E 03
7 2765E 04
5 0181E 04
34579E 04
23815E 04
16394E 04
11281E 04
7 7608E 05
53379E 05
3 6708E 05
2 5241E 05
17354E 05
1 1930E 05
8 2013E 06
5 6376E 06
3 8752E 06
2 6636E 06
1 8308E 06
1 2584E 06
8 6492E 07

Pu 238

7 5492E 03
2 2488E 02
4 7934E 02
7 8671E 02
1 0526E 01
1 2000E 01
12070E 01
11012E 01
93341E 02

Am 241

9 2804E 03
2 5877E 02
5 2470E 02
82944E 02
10791E 01
12052E 01
11941E 01
10778E 01
9 0644E 02

Am 243

87951E 03
24917E 02
5 1160E 02
8 1670E 02
1 0707E 01
12030E 01
1 1976E 01
1 0848E 01
9 1450E 02

75231E 02 72619E 02 7 3340E 02
58436E 02 56195E 02 56817E 02
4 4064E 02 4 2301E 02
32634E 02 3 1302E 02 3 1717E 02
23822E 02 2 2828E 02

17158E 02
12224E 02
8 6366E 03
6 0627E 03
4 2351E 03
29474E 03
2 0454E 03
14163E 03
9 7905E 04
6 7591E 04
4 6617E 04
3 2126E 04
22126E 04
15232E 04
1 0482E 04
72112E 05
4 9600E 05
3 4110E 05
2 3454E 05
1 6126E 05
1 1086E 05
76211E 06
5 2388E 06
3 6010E 06
24752E 06
17013E 06
1 1694E 06
8 0374E 07

1 6428E 02
1 1698E 02
82615E 03
5 7979E 03
4 0494E 03
2 8178E 03
19553E 03
13538E 03
93581E 04
6 4604E 04
4 4555E 04
3 0705E 04
21147E 04
1 4558E 04
1 0018E 04
6 8920E 05
4 7404E 05
3 2600E 05
2 2416E 05
1 5412E 05
1 0595E 05
7 2836E 06
5 0068E 06
3 4416E 06
2 3656E 06
1 6260E 06
11176E 06
7 6815E 07
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4 2820E 02

23145E 02
1 6664E 02
1 1870E 02
8 3845E 03
5 8851E 03
4 1107E 03
2 8607E 03
19852E 03
13746E 03
95021E 04
6 5600E 04
4 5243E 04
3 1179E 04
2 1474E 04
14783E 04
10173E 04
6 9987E 05
4 8138E 05
33105E 05
2 2763E 05
1 5650E 05
10759E 05
7 3965E 06
5 0844E 06
3 4949E 06
2 4023E 06
16512E 06
1 1349E 06
7 8006E 07

Cm 243

8 4649E 03
2 4362E 02
5 0572E 02
8 1329E 02
10712E 01
12066E 01
12023E 01
1 0890E 01
91752E 02
7 3561E 02
5 6946E 02
4 2888E 02
31751E 02
23152E 02
1 6656E 02
1 1855E 02
8 3687E 03
5 8709E 03
4 0991E 03
28517E 03
19783E 03
13696E 03
9 4657E 04
6 5340E 04
4 5059E 04
3 1049E 04
21383E 04
14720E 04
1 0129E 04
6 9683E 05
4 7928E 05
3 2960E 05
2 2663E 05
1 5581E 05
10712E 05
7 3637E 06
5 0619E 06
3 4794E 06
2 3916E 06
1 6439E 06
1 1299E 06
77659E 07



Table E 3 (continued)

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
T

EHI(EV)

2 7536E+02
2 1445E+02
16702E+02
13007E+02
1 0130E+02
7 8893E+01
6 1442E+01
4 7851E+01
37267E+01
29023E+01
22603E+01
17603E+01
13710E+01
10677E+01
83153E+00
6 4760E+00
5 0435E+00
3 9279E+00
3 0590E+00
2 3824E+00
18554E+00
1 4450E+00
1 1254E+00
8 7642E 01

6 8256E 01

53158E 01

4 1399E 01

32242E 01

1 0000E 05

70 GROUP FISSION NEUTRON SPECTRA

Np 237

5 9447E 07
4 0859E 07
2 8082E 07
19301E 07
1 3266E 07
91175E 08
6 2665E 08
4 3070E 08
2 9602E 08
2 0345E 08
1 3984E 08
9 6110E 09
6 6058E 09
4 5403E 09
3 1207E 09
2 1450E 09
14744E 09
1 0134E 09
6 9664E 10
4 7889E 10
32923E 10
22635E 10
15564E 10
10703E 10
73611E 11
50639E 11
3 4845E 11
7 7564E 11

Pu 238

55243E 07
3 7969E 07
2 6096E 07
17936E 07
12328E 07
8 4728E 08
5 8234E 08
4 0024E 08
2 7509E 08
1 8907E 08
12995E 08
8 9319E 09
6 1391E 09
4 2197E 09
2 9004E 09
1 9936E 09
13704E 09
9 4206E 10
6 4763E 10
4 4525E 10
30614E 10
2 1052E 10
14478E 10
99594E 11
6 8526E 11
47164E 11
32474E 11
7 2781E 11

Am 241

52796E 07
3 6287E 07
24941E 07
17142E 07
1 1782E 07
8 0976E 08
5 5655E 08
3 8252E 08
26291E 08
1 8070E 08
1 2420E 08
8 5367E 09
58676E 09
4 0331E 09
27722E 09
1 9056E 09
1 3099E 09
9 0052E 10
6 1911E 10
4 2567E 10
29271E 10
20131E 10
13847E 10
95271E 11
6 5568E 11
45143E 11
3 1096E 11
7 0007E 11
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Am 243

53615E 07
3 6850E 07
25327E 07
1 7408E 07
1 1964E 07
8 2232E 08
5 6518E 08
3 8846E 08
2 6699E 08
1 8351E 08
12613E 08
8 6691E 09
5 9586E 09
4 0956E 09
2 8152E 09
19352E 09
13303E 09
9 1450E 10
6 2872E 10
4 3229E 10
29726E 10
2 0444E 10
14063E 10
96757E 11
6 6592E 11
4 5850E 11
3 1584E 11
71137E 11

Cm 243

53376E 07
3 6686E 07
2 5215E 07
1 7330E 07
11911E 07
8 1866E 08
5 6267E 08
3 8673E 08
2 6580E 08
1 8269E 08
1 2556E 08
8 6303E 09
59319E 09
4 0773E 09
2 8026E 09
1 9264E 09
13243E 09
9 1035E 10
6 2585E 10
4 3030E 10
2 9588E 10
2 0348E 10
13995E 10
9 6284E 11
6 6259E 11
4 5613E 11
31415E 11
7 0605E 11



Table E 3 (continued)

OO WNHA WN =

EHI(EV)

1 0000E+07
7 T880E+06
6 0653E+06
4 7237TE+06
3 6788E+06
2 8650E+06
22313E+06
17377E+06
13534E+06
1 0540E+06
8 2085E+05
6 3928E+05
4 9787E+05
3 8774E+05
3 0197E+05
23518E+05
1 8316E+05
1 4264E+05
1 1109E+05
8 6517E+04
6 7379E+04
5 2475E+04
4 0868E+04
3 1828E+04
2 4788E+04
1 9305E+04
1 5034E+04
1 1709E+04
9 1188E+03
7 1017E+03
5 5308E+03
4 3074E+03
33546E+03
26126E+03
2 0347E+03
1 5846E+03
12341E+03
96112E+02
7 4852E+02
5 8295E+02
4 5400E+02

70 GROUP FISSION NEUTRON SPECTRA

Cm 244

8 1617E 03
2 3750E 02
4 9726E 02
8 0500E 02
1 0657E 01
12052E 01
1 2046E 01
1 0935E 01
92272E 02
7 4034E 02
S7354E 02
4 3223E 02
3 2016E 02
23353E 02
1 6804E 02
1 1963E 02
8 4458E 03
5 9255E 03
4 1374E 03
2 8784E 03
1 9970E 03
113825E 03
9 5552E 04
6 5958E 04
4 5486E 04
3 1344E 04
2 1586E 04
1 4859E 04
1 0225E 04
7 0345E 05
4 8383E 05
3 3273E 05
2 2878E 05
1 5729E 05
1 0814E 05
7 4337E 06
5 1100E 06
3 5125E 06
2 4143E 06
1 6595E 06
1 1406E 06

Cm 245 Cm 246 Cm 247

8 3667E 03
24130E 02
50197E 02
8 0891E 02
1 0675E 01
1 2048E 01
12026E 01

7 9688E 03
23332E 02
4 9103E 02
7 9835E 02
1 0608E 01
12033E 01
12058E 01
10909E 01 10969E 01 10947E 01
92009E 02 92680E 02 9 2484E 02
73774E 02 7 4376E 02 7 4207E 02
ST141E 02 57651E 02 S 7519E 02
43073E 02 4 3491E 02 4 3396E 02
3 1913E 02 32243E 02 3 2176E 02
23282E 02 23531E 02 2 3487E 02
16756E 02 16939E 02 16910E 02
11929E 02 12061E 02 12043E 02
84233E 03 85171E 03 8 5S0S3E 03
59103E 03 59763E 03 5 9688E 03
41271E 03 41734E 03 4 1686E 03
28715E 03 29036E 03 2 9006E 03
19922E 03 2 0146E 03 2 0126E 03
13793E 03 13947E 03 13934E 03
9 5332E 04 96402E 04 9 6316E 04
6 5808E 04 6 6547E 04 6 6490E 04
4 5383E 04 4 5892E 04 4 5855E 04
31274E 04 3 1625E 04 3 1599E 04
21538E 04 21780E 04 2 1763E 04
14827E 04 14993E 04 14981E 04
10203E 04 10317E 04 1 0309E 04
70190E 05 7 0978E 05 7 0924E 05
4 8277E 05 4 8819E 05 4 8782E 05
33200E 05 33572E 05 3 3547E 05
22828E 05 23084E 05 2 3067E 05
15695E 05 1S5871E 05 15859E 05
10790E 05 10911E 05 1 0903E 05
74175E 06 7 S007E 06 7 4952E 06
S 0988E 06 5 1560E 06 S 1522E 06
3 5048E 06 3 5441E 06 3 5415E 06
24091E 06 24361E 06 24343E 06
16559E 06 16744E 06 16732E 06
11381E 06 11509E 06 1 1501E 06

8 1229E 03
23617E 02
4 9452E 02
8 0115E 02
10619E 01
1 2026E 01
1 2040E 01
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Cm 248

7 8402E 03
2 3039E 02
4 8642E 02
7 9306E 02
1 0564E 01
1 2010E 01
1 2059E 01
1 0989E 01
92983E 02
7 4682E 02
57932E 02
4 3732E 02
3 2438E 02
2 3686E 02
1 7058E 02
12151E 02
8 5830E 03
6 0240E 03
4 2075E 03
29278E 03
20316E 03
1 4066E 03
9 7232E 04
6 7123E 04
4 6292E 04
31901E 04
2 1971E 04
1 5125E 04
1 0408E 04
7 1603E 05
4 9250E 05
3 3869E 05
2 3288E 05
16012E 05
1 1008E 05
7 5671E 06
52017E 06
3 5755E 06
24577E 06
1 6893E 06
11611E 06



Table E 3 (continued)

42
43

45
46
47
48
49
50
51
52
33
54
55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
1

EHI(EV)

3 5358E+02
27536E+02
2 1445E+02
16702E+02
13007E+02
10130E+02
7 8893E+01
6 1442E+01
47851E+01
3 7267E+01
29023E+01
22603E+01
17603E+01
13710E+01
10677E+01
83153E+00
6 4760E+00
50435E+00
3 9279E+00
3 0590E+00
2 3824E+00
18554E+00
14450E+00
1 1254E+00
8 7642E 01

6 8256E 01

53158E 01

4 1399E 01

32242E 01

1 0000E 05

70 GROUP FISSION NEUTRON SPECTRA

Cm 244

7 8397E 07
53884E 07
3 7035E 07
2 5454E 07
1 7495E 07
12024E 07
8 2644E 08
5 6801E 08
3 9040E 08
2 6833E 08
1 8442E 08
12676E 08
8 7124E 09
5 9883E 09
4 1160E 09
2 8292E 09
1 9447E 09
13368E 09
9 1900E 10
6 3180E 10
4 3439E 10
2 9869E 10
2 0541E 10
14128E 10
9 7200E 11
6 6889E 11
4 6047E 11
31714E 11
7 1280E 11

Cm 245

7 8226E 07
53766E 07
3 6954E 07
2 5399E 07
17457E 07
1 1998E 07
8 2464E 08
5 6678E 08
3 8955E 08
26774E 08
1 8402E 08
12648E 08
8 6935E 09
59754E 09
41072E 09
2 8231E 09
1 9406E 09
1 3340E 09
91705E 10
6 3047E 10
4 3348E 10
2 9808E 10
2 0500E 10
14101E 10
97014E 11
6 6766E 11
4 5967E 11
3 1663E 11
7 1256E 11

Cm 246

7 9104E 07
5 4369E 07
3 7369E 07
2 5684E 07
17653E 07
12133E 07
8 3389E 08
57314E 08
3 9392E 08
27075E 08
1 8609E 08
12790E 08
8 7910E 09
6 0424E 09
4 1532E 09
2 8548E 09
19623E 09
1 3489E 09
92733E 10
6 3754E 10
43834E 10
30142E 10
20729E 10
14259E 10
98100E 11
6 7514E 11
4 6481E 11
3 2016E 11
7 2044E 11

Cm 247

7 9046E 07
54330E 07
3 7342E 07
2 5665E 07
1 7640E 07
1 2124E 07
8 3328E 08
5 7272E 08
3 9364E 08
2 7055E 08
1 8595E 08
12781E 08
8 7847E 09
6 0380E 09
4 1503E 09
2 8528E 09
19610E 09
1 3480E 09
9 2669E 10
6 3710E 10
4 3805E 10
30122E 10
20716E 10
14250E 10
9 8043E 11
6 7477E 11
4 6459E 11
32003E 11
7 2066E 11

Cm 248

7 9804E 07
54851E 07
3 7700E 07
25911E 07
1 7809E 07
1 2240E 07
8 4128E 08
5 7822E 08
39741E 08
27315E 08
1 8774E 08
12904E 08
8 8689E 09
6 0960E 09
4 1901E 09
2 8801E 09
19798E 09
1 3609E 09
93557E 10
6 4321E 10
4 4224E 10
3 0410E 10
20914E 10
14386E 10
9 8980E 11
6 8121E 11
4 6901E 11
32307E 11
72736E 11
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APPENDIX F PROMPT NEUTRON YIELD DATA

In this Appendix FORTRAN and data files used in the calculation of the energy dependent
prompt neutron yield are given The FISSER FOR code was used to preprocess some of the
parameters needed 1n the prompt neutron calculations as described 1n Sect 422 Table F 1 contains
a hsting of both the FORTRAN source and a sample input file The FISSER input data correspond
to *Cm neutron fission The output quantities are 210 43 MeV and 544 MeV corresponding to
<E,> and S,> respectively, as shown i Table 14 Details of the <S,> calculation for **Cm (n f)
are given in Sect 422 Table 13 We brefly describe the program NUBAR FOR used to calculate
the prompt neutron yield in Table F2 Listings of the program (Table F3) the mput file
NUBAR DAT (Table F 4) and the output file NUBAR OUT (Table F 5) are also given

Table F 1 Listing and input data for FISSER FOR

IMPLICIT REAL*8 (AHO Z)
DIMENSION AL(7) AH(7) CN(4)
DIMENSION S2L(7),S2H(7)
FC=10/93150
DN=16 142
15 CONTINUE
DO 25 N=17
C*** READ ML(Z A) DML(Z A) MH(Z A) DMH(Z A) DML(Z A 2) DMH(Z A 2)
C*** DML AND DMH ARE THE MASS DEFECTS REATIVE TO A
C*** GO TO STATEMENT 20 IF NO MORE DATA, RUN FINISHED
READ(1,2 END=20) ML DML MH DMH D1 D2
C*** CALCULATE MASSES IN ATOMIC MASS UNITS FOR THE LIGHT AND
C*** AND HEAVY FRAGMENTS
AL(N)=FC*DML+DFLOAT(ML)
AH(N)=FC*DMH +DFLOAT(MH)
C*** CALCULATE THE TWO NEUTRON SEPARATION ENERGIES FOR THE
C*** LIGHT AND HEAVY FRAGEMENTS
S2L(N)= DML+D1+DN
S2H(N)= DMH+D2+DN
C*** WRITE OUT THE MASSES IN AMU FOR THE LIGHT AND HEAVY FRAG
WRITE(6,1) AL(N),AH(N)
25 CONTINUE
C*** READ MCN AND DCM FOR THE COMPOUND NUCLEUS
READ(1 2 END=20) MCN DCM
C*** CALCULATE THE MASS OF THE COUPOUND NUCLEUS
CN(1)=FC*DCM+DFLOAT(MCN)
K=1
C*** WRITE OUT THE MASS OF THE COMPOUND NUCLEUS
WRITE(6 1) CN(K)
ERSUM=00
C*** CALCULATE ER AVE
DO 10 N=17
SUM=AH(N)+AL(N)
DIFF=CN(K) SUM
ER =931 50*DIFF
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Table F1 (continued)

WRITE(2 3) N,AL(N) AH(N) SUM,DIFF ER
C*** THE CENTRAL FRAGMENTS RECEIVE A DOUBLE WEIGHT
IF(N EQ 4) ERSUM=ERSUM+ER
ERSUM=ERSUM+ER
10 CONTINUE
C*** ER AVE = ERSUM/80
ERAVE=ERSUM/8 0
C*** WRITE OUT ER AVE
WRITE(2 4) ERAVE
SUM1=00
SUM2=00
C*** CALCULATE THE TWO NEUTRON SEPARATION ENERGIES
DO 30 N=17
C*** CENTRAL FRAGMENTS RECEIVE A DOUBLE WEIGHT
IF(N EQ 4) SUM1=SUM1+S2L(N)
IF(N EQ 4) SUM2=SUM2+S2H(N)
SUM1=SUM1+S2L(N)
SUM2=SUM2+S2H(N)
WRITE(2 3) N S2L(N) S2H(N)
30 CONTINUE
C*** CALCULATE THE AVE TWO NEUTRON SEPARATION ENERGIES
SUM1=SUM1/80
SUM2=SUM2/8 0
C*** SN IS THE AVERAGE FISSION FRAG NEUTRON SEPARATION ENERGY
SN=025*(SUM1+SUM2)
WRITE(2 5) SUM1 SUM2
WRITE(2 6) SN
C*** GO TO STATEMENT 15 TO READ INPUT FOR NEXT CASE
GO TO 15
20 STOP
1 FORMAT(2X 4F14 7)
2 FORMAT(2(5X I3 F12 3) 2F10 3)
3 FORMAT(I4 3F12 5 F10 5 F10 3)
4 FORMAT(/5X ER AVE = F93)
5 FORMAT(//5X S2NL = F733X S2NH = F73)
6 FORMAT(/5X SN = F73)
END

Nb 102 76350 Cs 143 67745 79929 74472
Nb 103 75240 Cs 142 70538 78950 77053
Mo 104 80370 Xe 141 68320 83559 75690
Mo 105 77360 Xe 140 72990 80760 80110
Mo 106 76270 Xe 139 75690 80370 82383
Tc 107 79 160 1138 72290 82350 79550
Tc 108 76 280 1137 76507 79790 83821
Cm 245 60998




Table F 2 Documentation for NUBAR FOR

Read ER BN EFTOT EGTOT SN and ZA
Compute AC

NZ = ZA/10000

AC =ZA 10000*FLOAT(NZ)
Compute a eff
Compute ESTAR, TM AND EPS
Compute NUBAR(E)

Linear fit 1s done using NUBAR(E) at 05 and 6 0 Mev
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Table F 3 Listing of NUBAR FOR

DIMENSION EN(13) XNU(13) FNU(13)
CHARACTER*4 TITLE(18)
DATA EN /0005,101520253035,4045505560/
1 CONTINUE
READ(1 15 END=30) TITLE
READ(1 10 END=30) ER BN EFTOT EGTOT SN ZA
NZ=ZA/10000
AC=ZA 1000 0*FLOAT(NZ)
C=AC/9 40
IF(NZ EQ 93) C=AC/8 5
IF(NZ EQ 96) C=AC/8 5
NP=13
DO 20 N=1,NP
ESTAR=ER+BN+EN(N) EFTOT
TM=SQRT(ESTAR/C)
EPS=40*TM/3 0
T1=ESTAR EGTOT
XNU(N)=T1/(SN+EPS)
20 CONTINUE
WRITE(2 16) TITLE
WRITE(2 17) ER BN EFTOT EGTOT SN AC
WRITE(2 13)
WRITE(2 11) (EN(N) XNU(N) N=1 NP)
A=(XNU(13) XNU(2))/5 5
B=XNU(2) 05*A
DO 25 N=1 NP
FNU(N)=A*EN(N)+B
25 CONTINUE
WRITE(2 12) A,B
WRITE(2 11) (EN(N) FNU(N) N=1 NP)
GO TO 1
30 STOP
10 FORMAT(6F10 5)
11 FORMAT(1P6E12 5)
12 FORMAT(/10X, LINEAR FIT A = 1PE1255X B = E125 /)
13 FORMAT(/1H )
15 FORMAT(18A4)
16 FORMATY(// 18A4)
17 FORMAT(6F10 4)
END




Table F 4 Listing of NUBAR DAT

186 980

186 436

193 937

198 64

198 154

199 179

204 97

20514

20924

20972

20972

21043

209 94

20994

21058

209 88

209 88

21077

PROMPT NUBAR
6546 1718 671
PROMPT NUBAR
4806 17007 6782
PROMPT NUBAR
5488 17560 6754
PROMPT NUBAR
5647 17806 6782
PROMPT NUBAR
6534 1771 677
PROMPT NUBAR
5241 17753 6838
PROMPT NUBAR
6309 18131 6866
PROMPT NUBAR
5363 18078 6922
PROMPT NUBAR
18480 6866
PROMPT NUBAR
6799 18485 6922
PROMPT NUBAR
18435 6922
PROMPT NUBAR
5520 18458 6950
PROMPT NUBAR
6457 18420 6978
PROMPT NUBAR
18360 6978
PROMPT NUBAR
5158 18405 7006
PROMPT NUBAR
6212 18379 7034
PROMPT NUBAR
18290 7034
PROMPT NUBAR
4713 18353 7062

00

00

00

00

URANIUM 235
4998 922360
URANIUM 238
4915 922390
NEPTUNIUM 237
5215 932380
PLUTONIUM 238
5274 942390
PLUTONIUM 239
5220 942400
PLUTONIUM 240
5241 942410
AMERICIUM 241
5414 952420
AMERICIUM 243
5295 952440
CURIUM 242(SF)
5640 962420
CURIUM 243
5524 962440
CURIUM 244(SF)
5524 962440
CURIUM 244
5440 962450
CURIUM 245
5330 962460
CURIUM 246(SF)
5330 962460
CURIUM 246
5221 962470
CURIUM 247
5111 962480
CURIUM 248(SF)
5111 962480
CURIUM 248
5061 962490
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Table F S Listing of NUBAR OUT

PROMPT NUBAR URANIUM 235
1869800 65460 1718000 67100 49980 2360000

0 00000E+00 2 40705E+00 5 00000E —01 2 48156E+00 1 00000E+00 2 55579E+00
1 50000E+00 2 62976E+00 2 00000E+00 2 70346E+00 2 S0000E+00 2 77690E+00
3 00000E+00 2 85009E+00 3 S0000E+00 2 92304E+00 4 00000E+00 2 99574E+00
4 50000E+00 3 06820E+00 5 00000E+00 3 14042E+00 5 50000E+00 3 21241E+00
6 00000E+00 3 28418E+00

LINEAR FIT A = 145930E01 B = 240859E+00

0 00000E+00 2 40859E+00 5 00000E —01 2 48156E+00 1 00000E+00 2 55452E+00
1 50000E+00 2 62749E+00 2 00000E+00 2 70046E+00 2 50000E+00 2 77342E+00
3 00000E+00 2 84639E+00 3 S0000E+00 2 91935E+00 4 00000E+00 2 99232E+00
4 50000E+00 3 06528E+00 5 00000E+00 3 13825E+00 5 50000E+00 3 21121E+00
6 00000E+00 3 28418E+00

PROMPT NUBAR URANIUM 238
1864360 48060 1700700 67820 49150 2390000

0 00000E+00 2 34682E+00 5 00000E—01 2 42272E+00 1 00000E+00 2 49833E+00
1 S0000E+00 2 57367E+00 2 00000E+00 2 64873E+00 2 50000E+00 2 72352E+00
3 00000E+00 2 79805SE +00 3 S0000E+00 2 87231E+00 4 00000E+00 2 94633E+00
4 50000E+00 3 02009E+00 5 00000E+00 3 09361E+00 5 S0000E+00 3 16688E+00
6 00000E+00 3 23992E+00

LINEAR FIT A = 148582E01 B = 234843E+00

0 00000E +00 2 34843E+00 5 00000E—01 2 42272E+00 1 00000E+00 2 49701E+00
1 50000E+00 2 57130E+00 2 00000E+00 2 64559E+00 2 S0000E+00 2 71988E+00
3 00000E+00 2 79417E+00 3 50000E+00 2 86846E+00 4 00000E+00 2 94276E+00
4 50000E+00 3 01705E+00 5 00000E+00 3 09134E+00 5 S0000E+00 3 16563E+00
6 00000E+00 3 23992E+00



Table F5 (continued)

PROMPT NUBAR NEPTUNIUM 237
1939370 54880 1756000 67540 52150 2380000

0 00000E+00 2 6487SE+00 5 00000E—01 2 72091E+00 1 00000E+00 2 79284E+00
1 50000E+00 2 86455E+00 2 00000E +00 2 93603E+00 2 SO000E+00 3 00730E +00
3 00000E+00 3 07835E+00 3 50000E+00 3 14919E+00 4 00000E+00 3 21982E+00
4 50000E+00 3 29024E+00 5 00000E+00 3 36047E+00 5 S50000E+00 3 43049E +00
6 00000E+00 3 50033E+00

LINEAR FIT A = 141711E01 B = 2 65006E+00

0 00000E+00 2 65006E+00 5 00000E —01 2 72091E+00 1 00000E+00 2 79177E+00
1 50000E+00 2 86262E+00 2 00000E+00 2 93348E+00 2 S0000E+00 3 00434E +00
3 00000E+00 3 07519E+00 3 50000E+00 3 14605E+00 4 00000E+00 3 21690E+00
4 50000E +00 3 28776E+00 5 G0000E+00 3 35861E+00 5 S0000E+00 3 42947E +00
6 00000E+00 3 50033E+00

PROMPT NUBAR PLUTONIUM 238
1986400 56470 1780600 67820 52740 239 0000

0 00000E+00 2 93368E+00 5 00000E—01 3 00330E+00 1 00000E+00 3 07270E+00
1 50000E+00 3 14189E+00 2 00000E+00 3 21087E+00 2 S0000E+00 3 27965E+00
3 00000E+00 3 34823E+00 3 50000E+00 3 41661E+00 4 00000E+00 3 48480E+00
4 50000E+00 3 55280E+00 5 G0000E+00 3 62060E+00 5 50000E+00 3 68822E+00
6 00000E+00 3 75566E+00

LINEAR FIT A = 136792E01 B = 293490E+00

0 00000E+00 2 93490E+00 5 00000E —01 3 00330E+00 1 00000E+00 3 07169E +00
1 50000E+00 3 14009E+00 2 00000E+00 3 20849E+00 2 50000E+00 3 27688E+00
3 00000E+00 3 34528E+00 3 S0000E+00 3 41368E+00 4 00000E +00 3 48207E+00
4 50000E+00 3 55047E+00 5 00000E+00 3 61886E+00 S SO000E+00 3 68726E+00
6 00000E+00 3 75566E+00



Table F5 (continued)

PROMPT NUBAR PLUTONIUM 239
198 1540 65340 1771000 67700 52200 2400000

0 00000E+00 3 15139E+00 5 00000E —01 3 22098E+00 1 00000E+00 3 29036E+00
1 50000E+00 3 35955E+00 2 00000E+00 3 42852E+00 2 50000E+00 3 49731E+00
3 00000E +00 3 56589E+00 3 S0000E+00 3 63429E+00 4 00000E+00 3 70249E+00
4 50000E+00 3 77051E+00 5 00000E +00 3 83834E+00 5 50000E+00 3 90599E +00
6 00000E+00 3 97346E+00

LINEAR FIT A = 136814E 01 = 315257E+00

0 00000E+00 3 15257E+00 5 00000E —01 3 22098E+00 1 00000E+00 3 28939E+00
1 50000E+00 3 35779E+00 2 00000E+00 3 42620E+00 2 S0000E+00 3 49461E+00
3 00000E+00 3 56301E+00 3 S0000E+00 3 63142E+00 4 00000E+00 3 69983E+00
4 50000E+00 3 76823E+00 5 00000E+00 3 83664E+00 5 S0000E+00 3 90505E+00
6 00000E+00 3 97346E+00

PROMPT NUBAR PLUTONIUM 240
1991790 52410 1775300 68380 52410 2410000

0 00000E+00 3 03520E+00 5 00000E —01 3 10494E+00 1 00000E +00 3 17447E+00
1 50000E+00 3 24380E+00 2 00000E+00 3 31292E+00 2 50000E+00 3 38184E+00
3 00000E+00 3 45056E+00 3 S0000E+00 3 51909E +00 4 00000E+00 3 58742E+00
4 50000E+00 3 65557E+00 5 00000E+00 3 72352E+00 5 50000E+00 3 79130E+00
6 00000E+00 3 85889E+00

LINEAR FIT A= 137081E01 B = 303640E+00

0 00000E +00 3 03640E+00 5 00000E —01 3 10494E+00 1 00000E+00 3 17348E+00
1 S0000E +00 3 24202E+00 2 00000E+00 3 31056E+00 2 S0000E+00 3 37910E+00
3 00000E+00 3 44764E +00 3 50000E+00 3 51618E+00 4 00000E +00 3 58472E+00
4 50000E +00 3 65326E+00 S 00000E+00 3 72180E+00 5 50000E+00 3 79035E+00
6 00000E+00 3 85889E+00



Table F5 (continued)

PROMPT NUBAR AMERICIUM 241
2049700 63090 1813100 68660 54140 2420000

0 00000E+00 3 37144E+00 5 00000E —01 3 43841E+00 1 00000E +00 3 50519E+00
1 50000E+00 3 57180E+00 2 00000E+00 3 63822E+00 2 S0000E+00 3 70448E +00
3 00000E+00 3 77056E+00 3 50000E+00 3 83646E+00 4 00000E+00 3 90220E +00
4 50000E+00 3 96777E+00 5 00000E+00 4 03318E+00 5 S0000E+00 4 09843E+00
6 00000E+00 4 16351E+00

LINEAR FIT A = 131838E01 B = 337249E+00

0 00C00E+00 3 37249E+00 5 00000E—01 3 43841E+00 1 00000E+00 3 50432E+00
1 50000E+00 3 57024E+00 2 00000E+00 3 63616E+00 2 S0000E+00 3 70208E +00
3 00000E+00 3 76800E+00 3 50000E+00 3 83392E+00 4 00000E+00 3 89984E +00
4 50000E+00 3 96576E +00 5 00000E+00 4 03168E+00 5 50000E+00 4 09760E+00
6 00000E+00 4 16351E+00

PROMPT NUBAR AMERICIUM 243
2051400 53630 1807800 69220 52950 244 0000

0 00000E+00 3 39211E+00 5 00000E—01 3 46035E+00 1 00000E+00 3 52839E+00
1 50000E+00 3 59624E+00 2 00000E+00 3 66391E+00 2 SO000E+00 3 73140E+00
3 00000E+00 3 79871E+00 3 S0000E+00 3 86584E+00 4 00000E+00 3 93280E +00
4 50000E+00 3 9995S8E+00 5 00000E+00 4 06619E+00 5 S0000E+00 4 13263E+00
6 00000E+00 4 19891E+00

LINEAR FIT A = 134284E01 B = 339320E+00

0 00000E+00 3 39320E+00 5 00000E —01 3 46035E+00 1 00000E+00 3 52749E+00
1 50000E+00 3 59463E+00 2 00000E+00 3 66177E+00 2 S0000E+00 3 72891E+00
3 00000E+00 3 79606 E+00 3 SO000E+00 3 86320E +00 4 00000E+00 3 93034E+00
4 50000E+00 3 99748E+00 5 00000E+00 4 06463E+00 5 50000E+00 4 13177E+00
6 00000E+00 4 19891E+00

PROMPT NUBAR CURIUM 243
2097200 67990 1848500 69220 55240 2440000

0 00000E+00 3 57385E+00 S 00000E—01 3 64027E+00 1 00000E+00 3 70652E+00
1 50000E+00 3 77261E+00 2 00000E+00 3 83854E+00 2 S0000E+00 3 90432E+00
3 00000E+00 3 96993E+00 3 S0000E+00 4 03539E+00 4 00000E+00 4 10069E +00
4 S50000E+00 4 16585E+00 S 00000E+00 4 23086E+00 5 S0000E+00 4 29571E+00
6 00000E+00 4 36043E+00
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Table F5 (continued)

LINEAR FIT A = 130937TE01 B = 3 57480E+00

0 00000E +00 3 57480E+00 5 00000E —01 3 64027E+00 1 00000E+00 3 70574E+00
1 S0000E+00 3 77121E+00 2 00000E+00 3 83668E+00 2 S0000E+00 3 90215E+00
3 00000E+00 3 96761E+00 3 SO000E+00 4 03308E+00 4 00000E+00 4 09855E+00
4 50000E+00 4 16402E+00 5 00000E+00 4 22949E+00 5 S0000E+00 4 29496E+00
6 00000E+00 4 36043E+00

PROMPT NUBAR CURIUM 244
2104300 55200 1845800 69500 54400 2450000

0 00000E+00 3 57489E+00 5 00000E —01 3 64220E+00 1 00000E+00 3 70933E+00
1 50000E+00 3 77630E+00 2 00000E+00 3 84311E+00 2 50000E+00 3 90975E+00
3 00000E+00 3 97623E+00 3 50000E+00 4 04255E+00 4 00000E+00 4 10871E+00
4 50000E+00 4 17472E+00 5 00000E+00 4 24057E+00 5 50000E+00 4 30627E+00
6 00000E+00 4 37182E+00

LINEAR FIT A = 132660E01 B = 357587E+00

0 00000E+00 3 57587E+00 5 00000E—-01 3 64220E+00 1 00000E+00 3 70853E+00
1 50000E+00 3 77486E+00 2 00000E+00 3 84119E+00 2 S0000E+00 3 90752E +00
3 00000E+00 3 97385E+00 3 50000E+00 4 04017E+00 4 00000E+00 4 10650E+00
4 50000E+00 4 17283E+00 5 00000E+00 4 23916E+00 5 S0000E +00 4 30549E+00
6 00000E+00 4 37182E+00

PROMPT NUBAR CURIUM 245
2099400 64570 1842000 69780 53300 246 0000

0 00000E+00 3 74373E+00 5 00000E—01 3 81180E+00 1 00000E+00 3 87970E+00
1 50000E+00 3 94742E+00 2 00000E+00 4 01498E+00 2 50000E+00 4 08238E+00
3 00000E +00 4 14961E+00 3 S0000E+00 4 21669E+00 4 00000E+00 4 28360E +00
4 S0000E+00 4 35035E+00 5 00000E+00 4 41695E+00 5 S0000E+00 4 48340E+00
6 00000E+00 4 54970E+00

LINEAR FIT A = 134164E01 B = 374472E+00

0 00000E+00 3 74472E+00 5 00000E—-01 3 81180E+00 1 00000E+00 3 87888E+00
1 50000E+00 3 94596E+00 2 00000E+00 4 01304E+00 2 50000E+00 4 08012E+00
3 00000E+00 4 14721E+00 3 50000E+00 4 21429E+00 4 00000E+00 4 28137E+00
4 50000E+00 4 34845E+00 5 00000E+00 4 41553E+00 5 50000E+00 4 48262E+00
6 00000E+00 4 54970E+00
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Table F5 (continued)

PROMPT NUBAR CURIUM 246
2105800 51580 1840500 70060 52210 2470000

0 00000E+00 3 73215E+00 5 00000E—01 3 80147E+00 1 00000E +00 3 87060E +00
1 50000E+00 3 93956E+00 2 00000E+00 4 00835E+00 2 S0000E+00 4 07696E+00
3 00000E+00 4 14540E+00 3 S0000E+00 4 21367E +00 4 00000E+00 4 28178E+00
4 50000E+00 4 34973E+00 5 00000E+00 4 41751E+00 5 S0000E+00 4 48513E+00
6 00000E+00 4 55260E+00

LINEAR FIT A = 136569E01 B = 373318E+00

0 00000E+00 3 73318E+00 5 00000E—-01 3 80147E+00 1 00000E+00 3 86975E+00
1 50000E+00 3 93803E+00 2 00000E+00 4 00632E+00 2 S0000E+00 4 07460E+00
3 00000E+00 4 14289E+00 3 S0000E+00 4 21117E+00 4 00000E+00 4 27946E+00
4 50000E+00 4 34774E+00 S 00000E+00 4 41603E+00 5 S0000E+00 4 48431E+00
6 00000E+00 4 55260E +00

PROMPT NUBAR CURIUM 247
2098300 62120 1837900 70340 51110 248 0000

0 00000E+00 3 87907E+00 5 00000E—01 3 94927E+00 1 00000E+00 4 01929E+00
1 50000E+00 4 08913E+00 2 00000E+00 4 15879E+00 2 S0000E+00 4 22828E+00
3 00000E+00 4 29760E+00 3 SO000E+00 4 36674E+00 4 00000E+00 4 43572E+00
4 50000E +00 4 50452E+00 5 00000E+00 4 57317E+00 5 S0000E+00 4 64165E+00
6 00000E+00 4 70997E+00

LINEAR FIT A = 138309E01 B = 388012E+00

0 00000E+00 3 88012E+00 5 00000E —01 3 94927E+00 1 00000E+00 4 01843E+00
1 50000E+00 4 08758E+00 2 00000E+00 4 15674E+00 2 50000E+00 4 22589E+00
3 00000E+00 4 29505E+00 3 S0000E+00 4 36420E+00 4 00000E+00 4 43335E+00
4 50000E+00 4 50251E+00 5 00000E+00 4 57166E+00 5 50000E+00 4 64082E+00
6 00000E+00 4 70997E+00

PROMPT NUBAR CURIUM 248
2107700 47130 1835300 70620 50610 249 0000

0 00000E +00 3 85696E+00 S 00000E—01 3 92783E+00 1 00000E+00 3 99852E+00
1 50000E+00 4 06902E+00 2 00000E+00 4 13934E+00 2 S0000E +00 4 20948E+00
3 00000E+00 4 27945E+00 3 S0000E+00 4 34924E +00 4 00000E+00 4 41885E+00
4 S50000E+00 4 48830E+00 5 00000E+00 4 55758E+00 5 S0000E+00 4 62670E +00
6 00000E +00 4 69564E+00
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Table F5 (continued)

LINEAR FIT A = 139602E 01 = 3 85803E+00

0 00000E +00 3 85803E+00 5 00000E —01 3 92783E+00 1 00000E+00 3 99763E+00
1 50000E+00 4 06743E+00 2 00000E+00 4 13724E+00 2 S0000E+00 4 20704E+00
3 00000E+00 4 27684E+00 3 50000E+00 4 34664E+00 4 00000E+00 4 41644E+00
4 50000E+00 4 48624E+00 5 00000E+00 4 55604E+00 5 S0000E+00 4 62584E+00
6 00000E+00 4 69564E+00
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APPENDIX G ATOMIC MASS VALUES
Mass differences are given in ref 28 The values are given In MeV relative to the A

number of the nuchde For example the value for Zr 96 1n Table G 1 1s —85 442 MeV The mass
In atomic mass umits (amu ) for Zr 96 1s

96 00000 + ( 85442/93150) = 95908275

Values are not given 1n the Wapstra Audi and Hoekstra evaluation (ret 28) for the following
nuchdes

Nb 107 Mo 109 Mo 110 Tc 111 Tc 112 1141 and I 142
We recommend a value of —60 840 MeV for I 141 The other six nuchdes have been left

blank 1n Tables G 1 and G 2 For these cases a choice can be made from one of the other 8 10
evaluations given in ref 28

97



Table G 1 Light fragments

Sr 94
Sr 95
Sr 96
Sr 97
Sr 98
Sr 99
Sr 100

Zr 95
Zr 96
Zr 97
Zr 98
Zr 99
Zr 100
Zr 101
Zr 102
Zr 103
Zr 104

78 836
75 050
72 880
68 810
66 380
62 150
60 200

82 348
81214
78 300
76270
72 520
70170
67290
64 650
61 450

85659
85 442
82950
81283
77 790
76 590
73 380
71770
68 290
66 260

85 608
83 528
82328
79 929
78 950
76 350
75240
72260
70 940
67290

86 186
83513
83 559
80760
80370
77 360
76 270
72910
71 460

82350
79790
79 160
76 280
74 920
71 640
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Table G 2 Heavy fragments

Te 133
Te 134
Te 135
Te 136
Te 137
Te 138

1134
I135
1136
1137
1138
1139
I 140
1141
I142

82970
82430
77870
74 460
69 480
66 110

83 990
83 821
79 550
76 507
72290
68 880
64 250
60 840

Xe 136
Xe 137
Xe 138
Xe 139
Xe 140
Xe 141
Xe 142

Cs 139
Cs 140
Cs 141
Cs 142
Cs 143
Cs 144

86 429
82383
80110
75 690
72 990
68 320
65 500

80710
77 053
74 472
70 538
67 745
63 370

Table G3 Compound nucleus

Np 238

Pu 238
Pu 239
Pu 240
Pu 241
Pu 242

Am 242
Am 243
Am 244

47 451

46 160
48 584
50122
52952
54713

55 463
57 169
59877

Cm 242
Cm 243
Cm 244
Cm 245
Cm 246
Cm 247
Cm 248
Cm 249

54 800
57177
58 449
60 998
62 614
65528
67 388
70 746
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