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FPDCYS AND FPSPEC: COMPUTER PROGRAMS
FOR CALCULATING FISSION-PRODUCT
BETA AND GAMMA MULTIGROUP SPECTRA

FROM ENDF/B-IV DATA

by

M. G. Stamatelatos and T. R. England

ABSTRACT

FPDCYS and FPSPEC are two FORTRAN computer programs used
at the Los Alamos Scientific Laboratory (LASL), in conjunction
with the CINDER-10 program, for calculating cumulative fission-
product beta and/or gamma multigroup spectra in arbitrary energy
structures, and for arbitrary neutron irradiation periods and
cooling times. FPDCYS processes ENDF/B-IV fission-product decay
energy data to generate multigroup beta and gamma spectra from
individual ENDF/B-IV fission-product nuclides. FPSPEC further
uses these spectra and the corresponding nuclide activities
calculated by the CINDER-10 code to produce cumulative beta and
gamma spectra in the same energy grids in which FPDCYS generates
individual isotope decay spectra. The code system consisting
of CINDER-10, FPDCYS,and FPSPEC has been used for comparisons
with experimental spectra and continues to be used at LASL for
generating spectra in special user-oriented group structures.

I. INTRODUCTION

A computer code system has been developed at the Los Alamos Scientific Lab-
oratory (LASL) to calculate fission-product beta and gamma decay energies and

spectra from thermal, fast,and 14-MeV neutron-induced fission of a number of
232 233 235 238 239

important fissionable nuclides (including Th, U, U, U, Pu,and
241Pu). This system has been used for a wide range of neutron irradiation pe-
4 13

riods (10 to 10 s) and for cooling times from fractions of one second to
many years.l_3 There are many reactor safety and safeguards areas and other
applications where this type of information is of interest. In recent years,

great emphasis has been placed on obtaining experimental and computational



information of this kind at short cooling times for nuclear reactor safety stud-
ies of the hypothetical loss—-of-coolant accident. In this connection, compar-
isons have been made between computational and experimental results, in the

form of total decay heating and/or radiation (beta and/or gamma) spectra, meas-—
ured at a number of research establishments (e.g., Los Alamos Scientific Labo-
ratory, Oak Ridge National Laboratory, Intelcom Rad Tech, and the University of
Illinois).z_3 Such benchmark comparisons have demonstrated the accuracy of both
the general computational methods and the specific input data. Subsequently,

the code system and data have proved to be of use in nonreactor applications.
The most complete and up-to-date sources of fission-~product data are the

Evaluated Nuclear Data Files (ENDF/B) Version IV whose contents are summarized
in Ref. 4. These files contain cross sections, fission-yield sets,and decay
parameters for 824 important fission products. Spectral data (1.e., beta end-
point energies and intensities, gamma line energies and intensities) exist for
the most important decay-heat contributors among the 824 nuclides. Thus, beta
spectral data exist for 163 fission products and gamma spectral data exist for
172 nuclides (nuclides emitting both beta and gamma radiation are included sep-
arately in both types of radiation counts).

The computer codes discussed in this report, FPDCYS and FPSPEC, are essen-
tially designed to use ENDF/B-IV data.* Use of alternate data sets, depending
upon their formats, would require some program input modifications. Beyond the
input format, however, the programs are general and would need no further changes
if used with fission-product files other than ENDF/B-IV.

FPDCYS and FPSPEC are part of a LASL computer system shown schematically
in Fig., 1. The CINDER-10 code is the latest and most versatile version of a
well-known fission-product and depletion code. The most recent documentation on
the CINDER code is Ref. 5. The additional features of version 10 are discussed
in Ref. 6. This code calculates fission-product and actinide concentrations,
activities, gaseous contents, energy releases, effective group absorption cross
sections, etc,, for any fissionable nuclide mixture irradiated in arbitrary neu-
tron fluxes for arbitrary intervals of time and for arbitrary cooling times.

The spectral codes discussed in this report utilize a small portion of the

*
A single fission-product file in ENDF/B-IV format with corrections as in Ref. 4
was used.




CINDER~-10 output, namely fission-product activities and total decay energies at
the instant of time when corresponding spectra are sought.

CINDER-10 also incorporates a spectral subroutine capable of utilizing the
multigroup data produced by the FPDCYS code. This feature has been used for few-
group (~20) spectral calculations and also for multigroup calculations involving
a limited number of nuclides. However, decay energies are the only major nuclide
parameters that are usually not needed in calculations of the behavior of coupled
nuclides. Therefore, to conserve computer storage, most spectral calculations
have been made subsequent to the calculation of activities using the FPSPEC code.
This also permits calculation of any number of spectral groupings for a single
run of the CINDER-10 code.

ENDF/B-IV

CUMULATIVE

CINDER
FISSION- | __, Incys LIBRARY |~ |CINDER-10 |- B7and Y
PRODUCT A SPECTRA
DATA /
4
v ¢
X
& /&Y CINDER
(/] /‘,@
N OUTPUT
'
A X
AN
/

INDIVIDUAL
FISSION-
PRODUCT
. B”and Y SPECTRA

'

FPDCYS | ———e

————— | FPSPEC

CUMULATIVE
B and Y
SPECTRA

Fig. 1.

LASL Code System for generating multigroup B~ and Y
fission-product spectra.




FPDCYS reads the same ENDF/B-IV fission-product file used for preparing
the CINDER library to generate multigroup beta and gamma spectra for individual
nuclides for which spectral data exist on the ENDF/B-IV file.

FPSPEC combines the individual spectra from FPDCYS and the nuclide activ-
ities from CINDER-10 to generate cumulative fission-product spectra for any ir-
radiation and shutdown condition desired. Both the beta and the gamma spectra

are generated in multigroup form of arbitrary size grid.

II. THE FPDCYS PROGRAM

The FPDCYS code incorporates a number of options for computing multigroup
spectra of individual fission-product nuclides. There are four options for
calculating beta spectra and two options for calculating gamma spectra. The
beta-spectrum options are selected by a flag which controls the calling of one
of the four beta-spectrum calculating routines, BETAl, BETA2, BETA3 or BETA4.
Similarly, the gamma-spectrum option is selected by another flag which calls one
of the two available gamma-spectrum calculating routines, GAMMAl or GAMMA2.
These options are discussed below and a flow diagram is shown in Fig. 2.

The probability of beta disintegration with total relativistic energy W, in

electron rest energy units, in group i is

W

i+l
Ni(z) = f N(Z’W) dw ’ (L
W.
i
where Wi and Wi+1 are the i-th group energy boundaries, Z is the atomic number,
and N(W) dW is the probability of beta disintegration with energy in the W to
W+ dw interva1:7_8
N 2 2 .\» 2
(Z,W) W = c|M|® F(z,W) R(W) W -1)* (Wy-W)" aW (2)
where

F(Z,W) = electron density ratio or Fermi function,

C = a constant,




|| 2
Wo
K(W)

the square modulus of the transition matrix element,

maximum value of W,

shape factor dependent upon the type of transition (allowed,
forbidden unique, etc.),

The electron density ratio, F(Z,W), has a relativistic form,7’8

S

2 28
Fo (Z,W) = 4 (142 2<2'-13) ey <w2—1)s IT(+s+iy) |2
|T(3+25)] “\A c
where
L

S = (1—a222) -1,

N -13
XC = mec ~ 386 x 10 cm s

the rationalized wavelength of the electron,

e2 o1
Q =— = ——
hce 137

the fine structure constant, and a nonrelativistic form,7

F = 27
N l-exp(-2my) ?

where

1
=3

y = QZW (Wz—l)

A well-known expression for R, the nuclear radius, is9

1 1
R = <1.123A3 - 0.941A 3)x 103w .

(3)

(4)

(5)

(6)

(7N

(8)

(9



The difference among the four beta-spectrum subroutines given as options
depends mainly on the way in which the Fermi function, F(Z,W), is represented
and calculated.

Since the relativistic form of F(Z,W), Eq. (3), makes Eq. (1) nonintegr-
able analytically, one may resort to numerically integrating Eq. (1). Subrou-
tine BETA2 provides a variable-grid Simpson integration method designed to iter-
ate until the user-requested accuracy is achieved. This method is accurate but
quite time-consuming especially when high accuracy (e.g., 0.01%) is requested.

Alternately, one may accelerate the integration of Eq. (1) by calculating
F(Z,W) at a number of points per group and applying a histogram integration
procedure. Subroutine BETA4 uses such a method with three equidistant points
per group.

The remaining two options provided by subroutines BETAl and BETA3 use ap-
proximations to F(Z,W) which make Eq. (1) analytically integrable.

Subroutine BETAl uses a very simple approximation to F(Z,W) that proved to
be of good accuracy and wide use in calculating average beta energies. This
method, however, has produced considerably less accurate spectra. It uses a

simplified version of the nonrelativistic form of F(Z,W), Eq. (7), namely,lo’11

F(Z,W) = 2my . (10)

A new and better approximation to F(Z,W) is used in subroutine BETA3. It
consists of replacing the relativistic form of F(Z,W), Eq. (3), by a polynomial

expression in W:11

28
F(Z,W) = <f—-13> (wz—1>'li [AO(Z) +4,(2) W+ Ay (2) wz] , (11)
C

where the A's are functions of the atomic number Z. For a more detailed dis-
cussion of this method, the reader should consult Ref. 11.

There are two options for calculating the gamma spectra. One, used in the
GAMMA1l subroutine, consists of incorporating the unbroadened gamma lines weighted
by their intensities into an arbitrary number of constant-width energy groups
over the interval of interest.

When comparing calculated spectra with experimental ones, the latter have

an inherent energy broadening which must be accounted for in calculations,

6




The energy dependence of the line broadening depends on the particular gamma
spectrometer used. Line broadening of calculated gamma spectra is of little
importance if the chosen energy grid is such that the detector resolution (Full
Width at Half Maximum, FWHM) is small by comparison with the group width. If
the reverse is true, the broadening can be applied to the multigrouped line data
without great loss of accuracy. For intermediate cases, however, the gamma lines
must be properly broadened before multigrouping. Such a procedure is offered in
subroutine GAMMA2,

It is customary to assume that the energy resolution of a spectrometer is
essentially Gaussian, i.e., that the gamma line at E0 is represented by a Gaussian

curve about EO’ the area under which equals the line intensity, I:

. (E-EO)2
G=——exp | -—o— | . (12)

\['TE o 20

The FWHM of the Gaussian 1is related to T by
FWHM = O \}8 fn 2 = 2,35482 0 (13)

Subroutine GAMMA2 broadens each line according to a prescribed energy de-
pendence of 0 (variable SIGMA in the program) and then proceeds with the multi-
grouping into the required fixed energy grid. Subroutine GAMMA2 contains a
specific relationship between 0 and energy but it must be replaced with the

appropriate one specified for the gamma spectrometer under consideration.

III. THE FPSPEC PROGRAM

The FPSPEC program calculates aggregate beta and gamma fission-product
spectra. The temporal activities of the 824 fission products on the ENDF/B-1IV
file are calculated by the CINDER-10 code at the desired irradiation and cooling
times. The beta and gamma multigroup spectra of the individual fission products
for which spectral data are available are provided by the FPDCYS code as dis-
cussed above.12 CINDER-10 calculates concentrations, activities, and decay ener-
gies for the 824 fission products on the ENDF/B-IV file. The most important of
these from the decay energy point of view (a total of 181) have either beta or

gamma spectral data or both, These are the ones for which FPDCYS constructs




SUBROUTINES

@ BETA1
BETA2
MAIN

PROGRAM BETA3

INPUT 1
8 BETA4
GAMMA1
@ GAMMA2

Fig. 2.

General Flow Diagram of the FPDCYS Program.

cumulative multigroup beta and/or gamma spectra.12

The FPSPEC program reads the output spectral file of FPDCYS and it then
searches in the CINDER-10 output for activities of corresponding nuclides and
for total beta and gamma decay energies of the decaying fission products among
the 824 (some of them are stable). Cumulative beta and gamma spectra for the
181 fission products with spectral data on ENDF/B~IV are first obtained. These
spectra are then normalized to the total beta or gamma energy release of all 824
fission products as calculated by CINDER-10 so that the spectra be representative
of all 824 fission products. In other words, it is assumed that the fission
products for which there are no spectral data in ENDF/B-IV yield the same cumu-
lative spectral shape as those 181 for which there are spectral data in ENDF/B
-IV. This assumption was seen to be an excellent approximation when calculated

and experimental spectra were compared.2




The cumulative spectra calculated by FPSPEC are given both in terms of dis-
integrations (betas or gammas) per fission per energy bin and energy release
(MeV) per fission per energy bin. The latter representation tends to emphasize
the high-energy portion of the spectrum when plotted.

The output of FPSPEC also contains a summary of data either calculated in
the code or extracted from the CINDER-10 output. All quantities qualified by the
word '""CINDER" are from the CINDER-10 code. All quantities qualified by the word
"TOTAL" refer to all 824 fission products; the rest refer to the 181 fission
products with spectral data in ENDF/B-IV.

The programming language in FPSPEC is standard ANSTI FORTRAN. The plotting
subroutines for paper output and for film called by FPSPEC are LASL library rou-
tines and can be replaced by comparable plotting routines. The two subroutines
EXL and EXH, also called by the program, are used only to determine the line
intensity for plotting on film.

A general flowchart of the FPSPEC program is shown in Fig. 3. Card input
descriptions for both programs, FPDCYS and FPSPEC, are given in the following
sections. Listings of the two codes as wused at LASL are given in Appendices

A and B. Sample outputs for the two programs are given in Appendices C and D.

FPDCYS
SPECTRAL
DATA

SELECTED
CINDER-10
OUTPUT

» FPSPEC e

CUMULATIVE
FISSION-
PRODUCT
SPECTRA

Fig. 3.
General Flow Diagram of the FPSPEC Program.



IV. CARD INPUT TO FPDCYS

Card No.

Format

Variable

1

1X,14,6I5

7110

215

6E12.4

215

6E12.4

MTOT
NXC
MTR1

MTR2
NPNCH

JOP1
JOP2
NTAPE

NBETS
NGAMS

NBDB
IBET

EBDB(I),
I=1,NBDB

NBDG
IGAM

EBDG(I),
I=1,NBDG

V. CARD INPUT TO FPSPEC

Card No. Format Variable
1 2110 NPUN
NGAS
2 2110 NPLOT
I0PT

10

Comments

Total number of MATS to be read; MIOT = 1
gets specilal printout, normally 0.

Number of cross-section cards (this option
is not used, leave blank or 0).

First mass number on File 5, the fission-
product file,

Last mass number on File 5,

Index to get punch output of decay branch-
ing; normally O,

Index not used in this version; use 0,
Index to get spectral data; use 1.

Index; NTAPE = 1 causes output spectral
File 11 to be written,

Index; NBETS = 1 causes beta spectra to be
calculated,

Index; NGAMS = 1 causes gamma spectra to
be calculated.

Number of beta-group boundaries,

Index; if equal to 1, 2, 3, 4, subroutine
BETAl, BETA2, BETA3 or BETA4, respectively,
is called.

Energies of beta-group boundaries (eV).

Number of gamma-group boundaries.

Index; if equal to 1, 2, subroutine GAMMAL
or GAMMA2, respectively, is called.

Energies of gamma-group boundaries (eV).

Comments

Index controlling punch card output; if
NPUN= 1, punch spectral output is produced.

Index; if NGAS = 1, beta and gamma spectra
from gaseous fission products only are
generated (noble gases and halogens).

Index; if NPLOT = 1, plots of spectra will
be generated,

Index; set equal to O.



Card No.

3

10

11

12

13

14

15

FPSPEC (continued)

Format Variable

2110 ICOMPB
ICOMPG

2110 NBPLT
NGPLT

110 NBEXP

110 NGEXP

110 NBXPLT

110 NGXPLT

E12.4 QLMPLT

6E12.4 EGX(I),
I=1,NGEXP

6E12.4 GAMEXP(I),
I=1,NGEXP-1

6E12.4 GAMERR(I),
I=1,NGEXP-1

6E12.4 EBX(I),
I=1,NBEXP

6E12.4 BETEXP(I),
I=1,NBEXP-1

6E12.4 BETERR(I),
I=1,NBEXP-1

Comments

Index; if ICOMPB = 1, calculated and exper-
imental beta spectra are compared,*

Index; if ICOMPG = 1, calculated and exper-
imental gamma spectra are compared.¥

Number of calculated beta spectral points
to be plotted,

Number of calculated gamma spectral points
to be plotted.
Omit this card if NPLOT # 1.

Number of experimental beta-group bounda-
ries for comparison.
Omit this card if ICOMPB # 1.

Number of experimental gamma-group bound-
aries for comparison.
Omit this card if ICOMPG # 1.

Number of experimental beta spectral
points to be plotted.
Omit this card if ICOMPB # 1 and NPLOT # 1.

Number of experimental gamma spectral
points to be plotted.

Omit this card if ICOMPG # 1 and NPLOT
#10

Lower limit value for the ordinate when
plotting spectra.
Omit this card if NPLOT # 1.

Experimental group-energy gamma boundaries
(MeV).

Experimental gamma spectral points
(MeV/fission/MeV of scale),

Experimental gamma errors corresponding
to GAMEXP(I).
Omit cards 10-12 if ICOMPG # 1.

Experimental group—energy beta boundaries
(MeV) .

Experimental beta spectral points
(MeV/fission/MeV of scale).

Experimental beta errors corresponding to
BETEXP(I).
Omit cards 13-15 if ICOMPB # 1.

*Use nonunity index if experimental data are not input.

11
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APPENDIX A LASL Identification No. LP-476.

LISTING OF THE FPDCYS PROGRAM

PROGRAM FPOCYS(INP,O0UT,PUN,FSFTS,FSETR,FSET11)
DIMENSION H1(20),H2(5RAA),RTYP(12A),RFS(107Y,N(100),D0(1701),
18R(12A),DBR(1UA) ,KDT(92R),K2(9P2),KMTI(OBA),KS(90B™),
2KKZC(22R) , KMC (2030 ,KIC(20A), AKU(2003) ,RIK(P20B),BKI(229),
3BK2(207),BK3(2r0),ES(90R),PI(90@),FICC(900),
4KZCS(9a0) ,MCS(9RR), ICS(92RA), AU(92A),RI(9A]),
5R1(9r72),B82(9¢R)Y,R3I(9aGA),PER(IAM) ,PEG(9ARA),PEQ(92Q),
6CR(9ARY,ENN(I0AA) ,LMAT(920),CYM1(9AA),CYM2(9aR),DFLA(92Q)
DIMENSION, EBDB(2AR), SPEBET(2P3),SORSB(207),RATEN(2GR),BETAS(240),
1RETAES (2P2)
DIMENSION EBDG(220),SPEGAM(200M),SORSG(200),GAMASP(2R0),GAMAES(2R0)
OIMENSION WTQT(2R0)
DIMENSTON ERD{(2aR),WMID(20@),ERD02(27Q)
CreweeaDCYS 1S EXTRACTED FROM DCYB CODE TO PRDCESS FP DATA ONE
(eevemecee NUCLIDE AT A TIME, USE DCY8 FDR MORE EXTENDED CAPABILITIES
Coroovace 8/17%
CoeowweeN WILL BF USEO AS A COUNT OF MATS
CoevamaxxSET MTOT=MAXIMUM MATERIAL USED FOR PRINT OF SAVED DATA x%x
Cmewee KN WILL BE USED TO COUNT MATERIAL IN SAVE STATEMENTS (FOLLOWING
CreweeSTATEMENT 125 UP TO 3 DECAY MODES ASSUMED
Cr-=eeZ,A, AND STATE READ FROM FILE 8
CreweeceXeSFC ANO (N,GAMMAY BRANCHINGS READ FROM INPUT CARDS
Cr7777777777777 MODIFIED 7737775 (T0 CAL EICCIETYC.) /777777777777 7272772777
c
c CONTRNL PARAMFTERS READ FROM INPUT CARD
C MTOT=TOTAL NUMRER OF MATS TO BE READ
c NXC=NUMBER OF CROSS SECTION CARDS
(o MTR1=FIRST MASS NUMBER ON FILE S
C MTR2=LAST MASS NUMBER ON FILE S
c NPNCH=INDEX TO GE PUNCH OF DECAY BRANCHING NORMALLY @
c JOP{=INOEX NOT USED IN OCYS, INSERT @& FDR JOP1{
¢ JOP2=IMDEX TO GET SPECTRAL DATA, @, ICC,ETC (SEE INSERT AT STMT 48)
c NOTE MTOT=0® GETS SPECIAL PRINT
C/77777777772777277777777272777277777212777727727277277277777727271277777727720177777772777
MTR=Q
N=0Q
KN=@
EREST=5,110R6E+AS5
00 S04 l=1,900
PEB(I1)==9,0
PEG(I)==2,0
PFO(1)==02,0
CR(ly=n.a
ENQ(I1)=0,0
CYML(TY)=XXXXX
CYM2(I)=XXXXX
DELO(I)=n,0
580 CONTINUE
2022 FORMAT(3E12,4)
CweewexREAD CHARGE, MASS AND STATE 824 NUCLIDES
READ (8,108Q) (KZ{(IY,KMI(I),KS(1),1=1,824)
1806 FORMAT(18X,12,13,11,56%)
CweweeecREAD SICGMAR22RR,RI, (N,GAMMA), BRANCHING (BDTH GROUPS), AND CORRES=~
CowonmreaeaPONDING CHARGE MASS AND STATE, NXC NUCLIDES
Cxxkxkx REAQ CONTROL CARO xxax%
READ 1pA1,MTOT,NXC,MTR1,MTR2,NPNCH, JOP1, JDP2
1801 FORMAT(1X,14,615)
READ 2101,NTAPE,NBETS,NGAMS
2161 FORMAT(7I1@)

13



PROGRAM FPDCYS(INP,OUT,PUN,FSETS,FSETR,FSET11)
DIMENSION H1(2a),H2(5030),RTYP(10P?),RPFS(18A),N(10Q),00(1078),
{BR(12A)Y,DBR(1¢2),KNI(92A),KZ(90Q),KMI(9BR),KS(90@NM),
2KK2C(20A) , KMC(203) ,KIC(20A), AKU(2UA),RIK(2P0),BKI1(20Q),
IBK2(2An),BK3(22@) ,ES(I0B),PI(90Q),FICL(9Q@01),
4KZ2CS(9av) ,MCS(aRA), ICS(9R) , Au(9AR),RI(90Q),
SB1(902),B2(9CR),R3(9AA) ,PER(9AN),PEGT(9AR),PEQ(992E),
6CR(9ARY ,ENG(IEA),LMAT(9@A0N),CYML(9AQ),LYM2(9728),DELA(2AB)
DIMEMNSION, ERPBR(27AA), SPEBET(2F3),SORSB(28A) ,RATEN(2CR),BETAS(200),
1BETAES (POAR)
DIMENSION ERDG(200),SPEGAM(20A),SORSG(2@G0),GAMASP(2P0),GAMAES(2A0)
DIMENSION RTOT(2p7)
DYMENSION FBP1(200),WMID(2003),ERBD2(200)
Coeweee-NDCYS IS EXTRACTED FROM DCY8 CODE TO PROCESS FP DATA ONE
Crewewwews NUCLIDE AT A TIME, USE DCY8 FOR MORE EXTENDED CAPABILITIES
c------l. 8/75
CeomeeaN WILL BE USED AS A COUNT OF MATS
CevvemwtxSET MTOT=MAXIMUM MATERIAL USEO FOR PRINT OF SAVED DATA %«
CnewesKN WILL BE USED TO COUNT MATERIAL IN SAVE STATEMENTS (FOLLOWING
CoewweSTATEMENT 125 UP TO 3 DECAY MODES ASSUMED
Ceeww=Z,A, AND STATE REAQO FROM FILE 8
Crecae-XeSEC AND (N,GAMMAY BRANCHINGS READ FROM INPUT CARDS
Cr7777777777777 YODIFIED 7734775 (T0 CAL EICC,EYC,) /7777777777777777777

(@]

c CONTRNL PARAMFTERS READ FROM INPUT CARD
C MTOT=TOTAL NUMRER OF MATS TO BE READ
c NXC=NI/MBER OF CR0OSS SECTION CARDS
c MTR1=FIRST MASS NUMRER ON FILE S
C MTRZ2=LAST MASS NUMBER ON FILE S
(o NPNCH=INDEX TO GE PUNCH OF DECAY BRANCHING NORMALLY 0
(o JOP{=INDEX MOT USED IN DCYS, INSERT @ FOR JOP1
C JDP2=INDEX TO GET SPECTRAL DATA, R, ICC,ETC (SEE INSERT AT STMTY u8)
C NOTE MTOT=@ GETS SPECIAL PRINT
Cl777777772772777727720277277727272727127277272777727272727272727777727777277277072077777277177
MTR=0Q
N=@
KN=@
EREST=5.110M6E+AS
00 5@ Iz),900
PEB(1)ze0,0
PFG(1)==2,0
PFQ(1)==0,0
cR(ly=a.0
ENQ(I)=0@,.D
CYML(Ty=XXXXX
CYMR(T)=XXXXX
DELQ(I)=n,0
509 CONTINUE
2022 FORMAT(3E12,.,4)
Ce==c=eREAD CHARGF, MASS AND STATE AR24 NUCLIOES
READ (8,10¢08) (KZ(I),KMI(1),KS(I),1=1,824)
130G FORMAT(18X%,12,13,11,56X)
CreweeaREAD SIGMA22AN,RI, (N,GAMMA), BRANCHING (BOTH GROUPS), AND CORRESw
CewacraennePONDING CHARGE MASS AND STATE, NXC NUCLIDES
Cxxxkk REAQ CONTROL CARO #xakkx
READ 10@1,MTOT,NXC,MTR1,MTR2,NPNCH,JOP1, JDP2
1001 FORMAT(1X,14,615)
READ 21081,NTAPE,NBETS,NGAMS
2101 FORMAT(711@)
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AOOOOOOOO0O0O0O

6774
6773

2aa1

2002

2np23

2024

2n2s

621@

6220

62¢0
62901
6237
8101
8i1a
8120
8130

IF(NTAPE,NE.1) GO TO 6773
WRITE(11,677UINBETS,NGAMS
FORMAT(2112)

CNNTIMUE

READ 29@1,NBDB, IRET
NROM{=NBORe=1
NINT=150/(NBNB=1)

IRDH=1+ (1+NINTY% (NBDB»1)
IBDRMI=IB0OR=1

FORMAT(21IS)

IF NTAPF = {, TAPE11 IS WRITTEN,

IF NBETS = 1, RETA SPECTRA ARE CALCULATED,
IF NGAMS = 1, GAMMA SPECTRA ARE CALCULATED,
IF IBET = 1, BETA1 ROUTINE IS USED,

IF IBET = 2, BFTA2 RDUTINE IS USED,

IF IBFT = 3, BFTA3 RNUTINE IS USED,

{F IBET = 4, BEYAU ROQUTINE IS USED,

IF IGAM = {, GAMMA{ ROUTINE IS USED.

IF IGAM = 2, GAMMAQ2 ROUTINMNE IS USED,

READ 20m2, (ERDR(1),1=1,NBDB)

FORMAT(6E12.4)

QMINT=NINT4+1

DO 2923 1=1,NBDMy
DLTS(EBDB(I+1)«FRNB(I))/ANINTY
JNI=(I=1)*(NINT+{)+1

JN2=JIN1+NINT

IL=0

DO 2m23 II=JM1,JIN2

IL=IL+}

GIL=IL~1

EBDICIII=EBDR(TI)+QIL%DLT

ERDY (TROB) =E ROR (NBNR)

PO 2924 I=1,18n08

ERD2(I1)=EBD1 (1) /EREST+1,

DO 2325 I=1,1BnBM1
WMID(T1)=0.5*(FRD2(1)+FBD2(I+1))

READ 2@31,NBDG, 1GAM

REAO 2mp2, (EBNG(I1),1=1,NBDG)

NBDGM1=NROG=1

IF(NTAPE,MNEL.1) GO TO 6200

WRITE(11,621@) NpOB,IBET

FORMAT(211@)

WRITEC(11,6227) (ERDB(1),1=1,NBDR)

FORMAT (6E12.0)

WRITE(11,6212INBDG, IGAM

WRITE(11,622C) (ERNG(1),I=1,NBDG)

CONTINUE

PRTIMT 6201, IBET

FORMAT(1H1,10X,*METHOD %,I1,% FOR BETA SPECTRAx/)
PRINT 6237, 1GAM

FORMAT(1IHK ,12X,*xMETHKOD %*,I11,% FOR GAMMA SPECTRA%/)
PRINT 8101

FDRMAT(1HR,20X,#BETA ENERGY BOUNDARIES (EV)x)
PRINT 8110

FORMAT(IH 20X,  kononenvrrncarecncanavesennnnk/)
PRINT 8122, (EANB(I),I=1,NBDB)

FORMAT(10E14,2)

PRINT 8130

FORMAT(1HRA, 20X, *GAMMA ENERGY BOUNDARIES (EV)x)
PRINT 8140
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B14A FDRMAT(IH 420X, tececnssrsaccenc-avcvncansanek/)
PRINT 81207, (FBNG(I),I1=1,NRDG)
PRINT B1S@

8150 FORMAT(1K@,///7)
DN 2eaa3 I=1,NRDM1{
BETAS(I1)=0Q,

20083 BETAFS(I)=32,

DO 2484 I=1,NRDGM1
GAMASP(I)=@2,

2BAaYy GAMAES(I1)=A,

c RFAD 1003.(KKZC(I).KMC(I)uKIC(I)u‘K“(I)uRIK(I)uBKi(I)uBKZ(I)a
C 18K3(1), I=1,NXC)

1043 FpRMAT(15Xu!2513,11.19X.E9.1.8X.E8.!.8X.3E5.1.1X)

1036 CONTINUE
PRINT 100

100 FORMAT(1H1)
122 CONTINUE
Cewwe=eCONTROL IS RETURNED TO THIS POINT AFTER EACH PROCESSED MATY

NEPB=0
NEPG=0
NEPBG=a
NS=0
PRINT 1{Q0O

{ CONTINUE
Nz2N+
DO 2 1=1,29
H1(l)=e1

2 CONTINUE
DO 3 I=1,5000
H2(I)ze1

3 CONTINUE
00O 4 1=1,100
RTYP(I)==1,0
RFS(1)==1.0
Q(l)==1.9
DQ(I):-i.”
BR(I)=-130
DBR(I)='1-G

4 CONTINUE
MAT=P
Fe=0.,0a
MAT1=0
MAT2=0
MAT3=0
MATU4=0
MATS=@
MAT6=0
MF=8
MF1=p
MF2=0
MF3=0
MFy=@
MFS=0
MF6=0
LRP=0
LFI=n
NXC=0
MF6=0
MT=0
MT1=p
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MT2:=0
MT3=0
MTU=RA
MTS=0
MT6=20
NSEQ=@
NSEQ1=¢
NSEQ2=@
NSEN3=R
NSEQU=0Q
NSEQRS=A
NSED6=0O
Th=0.0
ih1=0,0
AHR:G,Q
AWT=0,.9
AWR1=0,0
AWR1=zR, @
cy=0,9
ce=e.e
1.1=0°
L2=0
N2=B
N1=@
LoD=9
NXC=0
LFP=0
NWD=2
NWC=@
SYMi==1
SYH2=71
NAVi=e=l
NAVEe={
10=0 _
LIS=ey
N_sp-':-l .
NAVZ=e]
DEfR==PN,@
EB=~0.0
DEG==3,.@
£6c=0,0
EA=~R.Q
T=-0,08
DFA=«p. 2
bY=-0.@
FR=@,q
TR=R,9
DTA=0.0,
Ce=====READ TO FIRST MEND RECORD (ASSUMED 10 BE FIRSTY CARD)
§ CONTINUE
READ(5,6} MATYL,MF1,MT1,NSEGY
IF(EOF.5)201;1213
1213 CONTINUE
.} FORMAT(bbxulquEuIS-IS)
1111 CONTINUE
MFT=MAT1+MF1¢MTY
1SFQ=TSEO+S
1IF(MTOT.GT,?) GO Yo 111
IF(MFT.NE.G) PRINT 11@;ISED:MATi.MFloMTlnNSEol
114 CONTINUE
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110 FORMAT(1X,BHxxx CARD,I16, 1SHNOT MEND RECORD,16H MAT,MF,MT,NSEQ=, 14,
112,13,15),
IF{MFT,NE.®) GO TD S
7 COMTINUF
Ceeew=eREAD FIRST RECORD AFTER MEND TO MT=4S{
READ(S,8) C1,C2,L1,L2,M1,N2,MAT2,MF2,MT2,NSEQ2
If (EOF,5) 24,1300
1388 CONTINIIE
ISEQ=1SEQ+1,
8 FORMAT(2E)1.4,u4111,14,12,13,15)
IF(MTP ME,451) GO TO 7
IF(MF2.NE.1) PRINT um,ISEQR
CowmmonSET ZA,AWR,MAT,MF ,MT
ZA=Cy
AWR=C?2
LRP={1
LFIslL?
NXC=N2
MAT=MAT?
MF=MF 2
MT=MTp
1ID=10,A%xZA
C woweaREAD FIRST HOLLFRITH CARD
READ(S,8) C1,C2,L1,L2/N1,N2,MAT3,MF3,MT3,NSEQ3
1IF(EOF,S) 2@1,1301
1301 CONTINUE
I1SEQ=]SEN+1
LDOD=L1
LFP=L2
NWD=N1
CeewewaNWO=NO, HOLLERITH CARDS,17 WORDS PER CARD
Cowew=alUSE FIRST CARD TD DFFINE SYMBOL(SYM{,SYM2)
Cme=cweAND REMAINIMNG TITLE H1(I), AND USE HR(I) FDR
(reweneREMAINING HOLLERITH INFO,
NW={ 7% (NWDe1)
Cewwee RFAD REMAINING HOLLERITH
RFAD(S,11) SYM1,S5YM2,(H1(1),1=1,14)
DECODE(5,2222,SYM1) IZEE
2222 FORMAT(I2,3X)
NECNOE(S5,2223,SYM2) TAAA
2223 FORMAT(1X,13,1¥%)
DECODE(S5,2224,5¥YM2) ATRAN
2224 FORMAT(UX,AY)
1F(EOF,5) 201,13n2
1382 CONTINUE
ISEQ=1SFQ+1
11 FORMAT(1X,2A5,(13A4,A2))
C %% IF IWH,GT.,A SKYP READ TO MT=0
IH=1
IFCIH,GT.@) GO TO 36
READ(S,12) (H2(I),I=1,NK)
IF(EOF,S) 201,1323
1323 CONTINUE
ISEQ=TSEN+!
12 FORMAT(16AU,42)
14 CONTINUE
G0 TN 19
37 CONTINUE
36 RFAD(S,38)MTT
IF(EOF,S) 291, 1304
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1384 CONTINIIE
ISEA=1SEA+1
38 FORMAT(72X%X,13)
IF(MTT NE.B) GO TO 37
39 CONTINIJF

CowweeuREAD TO MT=4S57
READ(S,8) C1,C2,L ,L2,N1,N2,MATS,MFS,MTS,NSENS
IFCEONF,5) 201,13nS

13085 CONTINUE
ISEQ=ISFN+1
IF(MTS £N,453) GA YO 36
MTFS=MFS+MTS
IF(MTS, NE,US7) GO TO 116
116 IF(MTF5,FQ,.@8) GO TO 16
IF(MTS _NE,.457) GO TO 39
LIsS=Lt
10s(10,.PxZAsL 1)
IDE=1Ax1D
NSP=N2
IF(ZA_NE,CY1) PRINT u@d,ISER
48 FORMAT(1HA,SHCARD ,15,8HIN ERROR)
IF(ZANE,C1) GO TO 9@@

CQQ---QREAO HALFLI"f, NO. oF AVE. DECAY ENERGIES
READ(S,45) T,0T,NMAV2,NAVY
IF(EOF,5) 2@1,13e6

1306 CONTINIE
1SEQ=1SEN+Y
45 FDRMAT(2E11.4,22%X,2111)

ComeweqaREAN AVERAGE NECAY ENERGIES
READ(S,u6) EB,DEB,EG,DEG,EA,DEA
JFC(EOF,S) 221,13a7

1307 CONTINUF
ISEQ=ISEN+1
U6 FORMAT(HE11,4)

CeweeweREAD NO, OF DECAY MODES
READ(S,u47) NOK
IF(EOF,5) 201,1308

1368 CONTINUE
ISEQ=ISEQ+!
47 FORMAT(SSX,111)

Cwee= «READ TYPE DF DECAY, ISOSTATES OF DAUGHTERS, § AND BRANCHINGS
READ(S,46) (RTYP(I),RFS(I),0(1),DR(I),BR(I),DBR(I),I=1,NDK)
IF(EDF,S) 20@1,1309

1329 CONTINUE
ISEQR=ISFQR+1

Cs/777777 INSERT T7/7S TO GET SPECTRAL OATA,ICC,ETC,WHEN JOP2=Y /777777777

VARIBLES

ES(I)= GAMMA OR BETA END POINT ENERGIES

PICI)= INTENSITIES

Frccery= 1cc

F=NORMALIZATION

STYP=2 TYPE SPECTRA

NEP= ND ENERGY POINTS (CARDS) FOR SPECTRA

NSPz NO OF SPECTRA

NDK= NO OF OECAY MODES

QENDK=ENDF/8® @ VALUE WEIGHTED 8Y BRANCHRING FRACTION

meeeeCAL QUANTITIES PER MDDE (ND BRANCHING FRACT INCLUDED)=wew

ETG= TOTAL GAMMA E

EICC= INT,CONVERSION F

ETRS TOT TRANSITION E

OO OO0
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FCE= 1CC FRACTIOM OF TOT TRANSITION E

W= BFTA E TN MCxx2 UNITS,

WAVZ BETA WEIGHTING FACTDR

EBNs BETA+ NFUTRINO E

ERA= AVE BETA E

RQ= O VALUF
NEPR=RIINMING COUNT OF RFTA END POINTS
HFPG=RUNNING COUNT OF GAMMA LINES
NEPRGSNEPB + NEPG = TOTAL COUNT OF LINES, RETA AND GAMMA

NOTE FMDF/R VALUES NOF TOT E«GAMMA INCLUOES ICC ENERGY, THEREFORE
COMPARE WITH ETR, NDT ETG

OO O0

///////////////////////////////////////////////////////////////////////
IF(JDOPR.LE,®) GO TO 39@
IF(NSP _LE.®) GO TO 398
NS=NS+1
PRINT 292,NS
292 FORMAT(1¥X, T4)
PRINT 325,5YM{,SYM2,MATS,NDK, NSP
325 FORMAT(15X,2A5/16%,4KMAT=,14/16X,4HNDK=, I13/16X, 4HNSP=,13)
PRINT 2325, 10DE
2325 FORMAT(1IH ,1SX,*xIDE=%x,1102)
IF(NTAPE,NE,1) GO TO 61082
WRITE(11,6111)8YM1,SYM2, IDE,MATS,NDK, NSP
6110 FORMAT(245,4I1a)
61072 CONTINUE
PRINT 297,ER,EG,FA,T
297 FORMAT(iH@.7HE,BETA=,E11.0/1X.8HE-GAMMA=.Eii.allx.
1BHE=ALPHA=,E11, 471X, 9HHALFLIFE=,E11.4)
PRINT Z?BU(BR(I)UI=1UNOK)
QRENDF=z@.9
PRINT 296, (Q(I),I=1,NDK)
296 FORMAT(1X,11HR=VALUE(S)=,3F11,4)
D0 295 1=1,NDK
NENDF=RR(II*Q( 1) +RENDF
DELA(MS)Y=BR(II*DQ(I)+DELQ(NS)
295 CONTINUE
PRINT 294,QENDF,DELN(NS)
294 FORMAT(1X,11HVFIGHTED Q=,E11,4,dH(+/w»,E11,4,1H))
298 FORMAT(1X, 11HREANCHINGS=,3E11,4)
eR=A.0
KSP=0
LNSP=NSP
NEP:g‘
ETG=n,0
ETR=0,Q
E1cC=0,n
FICCzp.0
EBA=0,.0
EBN=0,0
ETN=0,0
FCE=0.0
FF”-G
299 COMTINUE
KSP=KSP+1
0D 3am I=1,708
ES(I)=n,Q
PI(I)=n.0
FICC(l)=2,0

20




320 CONTINUE
IF(NSP,EQ.B) GN TO 48
READ(S,3”1) STYP,NEP,MAT8,MFR,MTA,NSEQS
303 FOPMAT(E11.4,4ux,111,14,12,13,15)
IF(NTAPE NF.1) GO TO 6771
WRITE(11,6772)STYP
6772 FORMAT(F6,.2)
6771 CONTINUE
RFAD(S,302) F
302 FORMAT(E11,.4,69X)
DO 3ta I=1,NEP
READ(S,315) ES(I),PI(I),FICC(])
312 CONTINUE
345 FORMAT(E11.4,11%,E11,4,11%,E11,4, ZSX)
I1SEQ= ISE0+NEP¢2
IF(STYP.EN,B,APRINT 326
326 FORMAT(iHﬁuiuHGAMMA SPECTRUM/1X,7(2H=w)) I

IF(STYP EN,1,AYPRINT 327
327 FORMAT(1HA, 13NBETA SPECTRUM/1X,7(2H==))
IF(STYP.GT,1,7)y PRINT 328, STYP
328 FORMAT(1X, 1UHSPEcTRUM TYPE=SsE11.4/1%X,13(2H==))
PRINT 329, F,NgP
329 FDRMAT(iNe 21HNORMALIZATION FACTOR=,E11.,4/1%X, 1UHNO, OF POINTS=,14
1)
330 CONTINUE
TNEP= TNEP+ NEP
IF(NEP,GT,7RA)YPRINT 33y
331 FORMAT(1X, {6HNEP GT 7A@naknkn)
IF(NEP,GT.72) GD TO 48
Cw-----CALCULATE GAMMA TRANSITION ENERGIES AND TABULATE
1IF(STYP,GT,08,¢) GO TO 342
DO 335 I=91,NEP
ETG= ETG + FAES(TI+PI(1)/100,.0
EICC= EICC+ FAFS(II*PI(IIXFICC(IN/100,.0
335 CONTINUE
ETR= ETG ¢ EICC
FCE= FICC/ETR
NEPG=NEPG+ NFP
IF(FCE,GT.1.MEal1p) NICC=NICC+1
PRINT 337
337 FORMAT(1HO,9X, THE=GAMMA,2X, 13HREL INTEMSITY, 12X, 3HICC)
PRINT 340, (1,ESCI),PTICI),FICC(I), I=1,NEP)
3409 FORMAT(lquUulxuﬁll UpUX,E11,U,U%sE11,4)
IF(NGAMS,NE,1) GO TO 7101
DO 338 I=1,NPDGMY
SPEGAM(1)=0,
338 SORSG(1)=0,
SUMENG=p,
IF(IGAM EO 1) CALL GAMMA{(ES,PI,NBDG,EBDG,SPEGAM,SORSG, NEP)
IF(IGAM E@,2) CALL GAMMA2(ES,P1,NBDG,ERDG,SPEGAM,SORSG,NEP)
D0 419 1I= 1:NRDGM1
419 SUMENG=SUMENG+SORSG(1)
PRINT 421, SUMENG
421 FORMAT(1H®,50X,*xTHF SUM DF THE GAMMA EMERGY SPECTRUM IS *,E12,4)
SUMENG=SUMENG%F/{0Q,
PRINT 9191
9181 FORMAT(1HA,5@X, aNORMALIZED GAMMA SPECTRUMx)
PRINT 911@
911p F_ORMAT (1H ;50X ,%kwrecen-—nocornenrcgrancpanwk)
DO 912a I=1,NBoGM1
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SPEGAM(I)=SPFGAM(1)*F/ 100,
9129 SORSG(1)=SORSG(IY*F/ 1m0,
PRINT 914@, (SPFGAM(K),K=1,NBOGM1)
9{4@ FORMAT(IH ,50X,6E12,4)
PRINT 9160
916% FORMAT({H®,5PX,*xNORMALIZED GAMMA ENERGY SPECTRUM%)
PRINT 9t74@
Q170 FORMAT(IH 950X, *ecenne-seccccccanrrrannccccaneenk)
PRINT 914@, (SORSG(K),K=1,NBDGM1)
IF(NTAPE,ME.1) GO TO 6300
WRITE(11,6317) (SPEGAM(I),I=1,NBDGMY)
6310 FORMAT(6E12.4)
WRITE(11,631%) (SORSG(I),I=1,NBDGM1)
63006 CONTINUE
PRINT 3421,SUMENG
3421 FORMAT(1H@,50X,*TOTAL GAMMA ENERGY EQUALS =,E12,4)
7101 CONTINUE
00= QQ +ETR
PRINT 341,ETG,EICC,ETR,AQ
3414 FOpMAT(lx,UHETc=,E11.0/.1X.SHEIcc=oEl1.0/1X.UHETR=.E11.0/1Xo
13H0=,E11.4)
IF(NGAMS,NE 1) GO TD 7102
IF(NTAPE, NE.1) GO TO 6400
WRITE(11,6319)ETG, SUMENG
6402 CONTINUE
GAMPDFz10@,%(1 ,~ETG/SUMENG)
AGMPDF=ABS (GAMPOF)
IF(AGMPDF,GE,1,BE*n3) PRINT 3419,GAMPDF
3419 FORMAT(1HO,1@X,*(1 » ETG / ENERGY-SPECTRUM=SUM ) X 1008 = %x,E12,4/)
7122 CONTINUE
LNSP={ NSPw1
IF(LNSP,EQ,Q) GO TO 390
GO TO 299
Cwewee=eCAL BETA AND PRINT SPECTRUM
342 CONTINUE
IF(STYP.GT,1,@) GO TO 135S
PRINT 345
345 FORMAT(1HA, 12X, 6HE=BETA,2X, 13HRFL INTENSITY)
IF(NBETS,NE.1) GO TO 7183
DO 343 I=1,NBDM1
BETAS(1)=0,
343 BETAES(I1)=0,
SUMENB=,
SUMX=g,
SuMY=g,
7183 CONTINIE
D0 349 I=1,NEP
PRINT 346,1,ES(I1),PICD) )
IF(PI(I),LE 1, 0E=27) PI(I)=1,0E=20
IF(PI(I).LE.1 . nE=200) PRIMT 3346
3346 FORMAT(1H®,35X,*xTHE INTENSITY IS ZERO BUT IT IS SET TD 1,BE=20%/)
IF(NBETS,NE.1) GO TO 71@4
EZ=ES(])
PK=PI(I)
7104 COMTINUE
346 FORMAT(IX, Id,1XsEL1.4,4X,E11,4)
IF(NRETS,NE,1) GO TO 71@S
WMAX=ES(I)/EPEST+1,
DD 348 J=1,MBDB
WTOT(J)=EBRDB(.I)/EREST+1{,
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348

71@5
31585
3344

347
7186
49
344
334

103

353
354

9301

9310

9324
9348
9370
9180

6500

3304

1107

RATEN(J)=(EROB(JI+EREST)/(ES(I)+EREST)

IFCIRET,EQ.1) CALL BETA1(EZ,PK,NBOB,EBDB,SPEBET,PLAMDA,CRAT, SORSB,
1RATEN, C22)

ZEE=1ZEE

AAA=TAAA

IF(IBET.ER.2) CALL BETA2(EZ,PK,NRDB,EBDB,SPERET, SORSR,RATEN,C2Z,
{WTDT, WHAX, ZFF, AAA)

IFCIRET.EG.3) CALL BETA3(EZ,PK,NBDB,ERDB,SPEBET, SORSB,RATEN,C22,

LWTOT, ZEE, AAA, WMAX, AP, AL,A2)

IFCIRFT.EN,U) CcALL RETAU(EZ,PK,NBDB,EBDB,SPERET,SORSB,RATEN,C2Z,
{WTDT,WMAX, ZEE, AARA)

P_UHCH 3355,5YM1,SYM2,C2Z,E2,PK

CONTINUE

FORMAT (2A5,3E12,4)

FORMAT(2A%,E12,4)

IF(NBETS,NE,1) GO TO 7106

SUMX=SIUMX+C2Z*PI(])

SUMY=SUMY+PI(I)

DO 347 K=1,NRDMI

BETAS(K)=BETAS(K)+SPEBET(K)
BETAES(K)=BETAFS(K)+SDRSB(K)

CONT INUE

CONTINUE

IF(NBETS,NE.Y) GO TO 7107

PRINT 344

FORMAT(IH ,35X,*TOTAL BETA SPECTRUMx)

PRINT 334, (BETAS(K),K=1,NBDM1)

FORMAT(1H ,38X,6E12.4)

PRINT 303

FORMAY (IR ,35X,*xTOTAL RETA ENERGY SPECTRUM«)
PRINT 334, (BETAES(K),K=1,NBDMY)

D0 353 I=1,NBDMI

SUMENR=SUMENRSRETAES(I)

PRINT 354, SUMENB

FORMAT(1HA,35%,*xTHE SUM OF THE BETA ENERGY SPECTRUM IS x,E12,4)
SUMENR=SUMENBXF/10Q,

PRINT 9341

FORMAT (1H?, 35X, *NORMALIZED TDTAlL BETA SPECTRUMx)
PRINT 9310

FORMAT({H '3SX.*-'---------w----v--w---------c*)
DO 9324 I=1,NBOM{

BETAS(I)=BLTAS(1Y*xF/ 124,
BETAES(I)=BETAES(I)xF/1rA,

PRINT 934@, (BETAS(K),K=1,NBDMY)

FDRMAT(1H ,35X,6F12,4)

PRINT 9370

FORMAT(1H®A,35X,*NORMALIZED TOTAL BETA ENERGY SPECTRUMX)
PRINT 9380

FORMAT({H ;35X ,%eene-e-nescrrcanererrenccecrrnnsmenconk)
PRINT 934@, (BETAES(K)sK=1,NBOM1)

IF(NTAPE NE.1) GO TO 6500
WRITE(11,6310)(BETAS(]),1=1,NBDM1)
WRITE(11,6310) (BETAES(I),I=1,NBDM1)

CONTINUE

PRINT 3304, SUMFNR

FORMAT(1HA, 35X, %xTO0TAL BETA ENERGY EQGUALS *,Ef2,4)
C2ZAV=SUMX/SUMY

PUNCH 3344,S5YM{,SYM2,C2ZAV

CONTINIE

D0 35@ I=1,NEP
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Wz ESCI)/(,511E+6)
WNAVE(1A, A48, BoWeP  ArWkk2)/ (U, Pa(10,345,0xWeHWa%2))
ERN= ES(I)*PI(1)xF/100,7 +EBN
ERA= FRA + ES(I)xPI(I)xFaWAV/iaQn 2
350 CONTINUE
ETN=ERN=EBA
QQRzxQR+EBRN
NEPB=NFPR+NEP
PRINT 351,EBN,FBA,ETN,QQ
354 FORMAT (11X, 1PHE=BFTA¢NWUT=,E11,4/1X, THE=BETA=,E11,04/1X,
1 11HE=-NEUTRINO=,E11,4/1X,3H00=,E11,4)
IF(NBETS.NE.1) GO TO 7128
IF(NTAPE.NE.1) GO TO 6609
WRITE(11,6317) ERA, SUMENB
66038 CDONTINUE
BETPOF=1P@,*(1 ,-ERA/SUMENB)
ABRTPDF=ABS (BETPDF)
IF(ABTPDF,.GE. 1, AEen3) PRINT 3334,RETPOF
3334 FORMAT(1HA,10X,*%(1 « E=BETA / ENERGY=«SPECTRUM=SUM) X {00
1E12,4/)
7408 CONTINUE
LNSP=zLNSP=1
IF(LNSP,EQG,0) GD TOD 390
60 TO 299
355 IF(STYP,GT,1,A) PRINT 356
356 FORMAT(1X,38Hxkxxxxx ANQTHER SPEC IS INCLUDED ®xxw«%)
398 IF(NSP,LE.9) Gn TO 48
FO:(QQ-OENDF)/QENDF
1F(EB.GT.0,0) PEB(NS)=100,A%x(EBA«ER)/ER
IF(EG.GT.0.2) PEG(NS)=100.(*(ETR=EG)/EG
PEQ(NS) =170, AxFQ
CQ(NS)=0Q
ENQ(NS)=RENDF
LMAT(NS)Y=MATS
CYM{ (NS)=SYM1
CYM2(NS)=SYM2
PDR=DELQR(NS)I*10A ,A/0ENDF

IF(JOP2.LE,@) 6O TO 48

PRINT 357
357 FORMAT(1MQ,28HCALCULATED ENERGIFS (ENDF/8))
PRINT 358,EBA,EB,ETR,EG,ETG,ETN,EICC,FCE, U0, RENDF,PDQ
358 FORMAT(1X,9HAVE RFTA=,E11.4,1%X,1H(,E11,4,1RK)/
11X, 17HAVE TRANSITION E=,E11,4,1X,1H(,E11,4,1H)/
31X, 1OHTOT GAMMA=,E1y 4/
44X, {1 JHE=NEITRINO=,E11,4/
S{X,3HCE=,E11.4/
631X, 24HFRAC CONvV E OF TOT TRAN=z,F11,4/1X,
22HG=, 1X, E114,{H(,E11,4,3He/=,FB,4,5H PCT))
PRINT 5001,FN
SAB! FORMAT(1X,3HFRz,E11.8)
IF(EICC.GT,1,AE=6) PRINT 5002,E1CC,FCE
SB2 FORMAT(80X,13HFICC AND FCE=,2E11,4)
IF(ARS((ERA=EB)/(EB+,P201)),GT,n,0001) PRINT 5010
5810 FORMAT(S@X,26HRETA ENERGIES DO NOT AGREE)
IF(ABS((ETR=EG)/(FG+,M001)),6T,@,P081) PRINT Saif
5011 FORMAT(S5@WX,27HGAMMA ENERGIES DO NOT AGREE)
TOxABS(QQ~NENDF)/(QENDF+A,(001)
IFCTR.GT,R,A3) PRINT S@12

24
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5712 FORMAT(SOAX,32Hx**Q DIFFERENCE EXCEEDS 3 PCTwax)
IF(DELA(NS) . ER,Q,A) GD TO SP1S
DTR=TQx (NEMCF ¢+, 2001)
IF(DTA,GT DELA(MNS)) PRINT 5014
IF(DTN_LE.PELA(NS)) PRINT 5@16
SA16 FORMAT(5AX,3U4HN DIFFERENCE IS WITHIN UNCERTAINTY)
SA14 FORMAT (50X, 32Hn DIFFERENCE EXCFEDS UNCERTAINTY)
5815 CONTINUE
PRINT sp00
S800 FORMAT(1MA,39(2H==))
C/777777777777777777272727777277272727277777777727272777777721272727277277277277777777777
#8 CONTINUFE
Coenem=SKIP REMAINDER OF 457 THRU MEND CARD
READ(S,6) MATE,MFb,MTH,NSEGSH
1F(EDOF,S) 291,1310@
1313 CONTINUE
ISEG=ISEQ+!
IF(MATHNE,MATY PRINT 120, ISEQ,MAT6,MF6,MT6
120 FORMAT(1X,36Hxx2*NO MEND CARD OR CARD ERROR, CARD ,I5,3%,14,12,13)
KFEND=MF6+MT6
1F(KFEND,NE.?) GO TD 48
Coweee PRINT DATA FOR THIS MAT IF MTOT NE,O
CowanmeaMEXT CARD SOULD BE MEND
CoecewaPRINT DATA FOR THIS MAT
C wkkxerxnx CONTROL XFERRED BACK T0O HERE FROM 16
125 CONTINUE
CewweweAT THIS POINT ALL NUCLIDE DATA HAS BEEN READ FOR THIS MAT,
CreweeweFOLLOWING VARJARLES ARE SAVED PER MAT, %% NOTE THAT SAVE ASSUMES
CecwmnecasnaNDK LE . 4, ADD CHECK FOR THIS
MTR=MTR+1
KOI(MTRYI=ID
KR:KD}(MTP)-(1aﬂav*KZ(MTR)+1@*KMI(MTR)+KS(MTR))
IF(KR,FR,0) GO TO 101@
JF(MTOT,.EQ,%) GO TO 171@
1831 FORMAT(1X,27THINPUT AND TAPE 1D NOT EQUAL,217)
1012 CONTINUE
IF(JOP2.,LE.A)GO TO .360
IF(N,EQ.,MTOT,AND,JOP2.,ER.1) GO TO 221
359 FORMAT(1H1,26HTOT ND OF SPECTRAL POINTSS, 16)
IF(N,EQ.MTOT) GD TO 900
360 CONTINUE
IF(NSP_LE.?) NSP=0
1F(NDK,LE.@) NpK=Q
Crecn=a INSERT CRDOSS SECTIONS AND (N,GAMMA) RRANCHING RATIDS
DO 133 I=1,181
NID=10AMO*KKZC(I)+1AxKMC(I)+KIC(T)
IF(NIND_NE,ID0) 60 TO 1234
KZCS(MTRYI=KKZC (1)
MCS(HMTR)=KMC (1)
ICS(MTRY=KIC(])Y
AB(MTRY=AKAC(])
RI(MTRYI=RIK(I])
BY{(MTR)=BKI(T)
BP2(MTRY=BK2(I)
B3(MTR)=BK3(I)
1034 CONTINUE
1833 CNNTINUE
151 CONTINUE
c.---"---“----‘---------sTORED DATA.------..---------.--------.--p------

CweeeeaFOLLOWING QUANTITIES ARE STORED IN THE DRDER FOUND DN
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Cormanw THE ONL TAPE « INDEX MTR RIINS FROM | « 825 AND NUCLIDES

Covwove ARE IN OROER 2,A,1. DO LNDOP AT STATEMENT 263 ORDERS THE
Comonna PRINT A,Z,1, CROSS SECTIONS ARE APPROXIMATE, NOTE IN
Covvowe FOLLOWING LIST, THE SUBSCRIPT IS OMITTEO IF THERE IS A
Covmnee SINGLE SUBSCRIPT,
c--------.------"“------------------.----.---------------.-.------------
Commman SYMBOL MEANING

Cruvonce KD NUMERICAL TD:]“?GM*Z+1@*A+I

Covwoone SM1,SM2 TOGETHER THESt GIVE THE ALPHANUMERIC
¢ CALCULATE PERCENT DEVIATIONS FROM ENDF/B

C VALUES,

C PERCIY= PERCENT OF AVERAGF BETA

c PEG(I)=PERCENT OF AVEPAGE GAMMA

c PEQ(I)Y=PERCENT OF Q VALUE

C COCIY=CALCULATED @

¢ ENQ(I)=FNDF/B @

C LLMAT(I)Y=MAT NN,

c CYM{(1)=HALF OF 1D

c CYM2(1)=HALF nF 1D

¢ DELO(I)=UNCERTAINTY IN g

Ceevemnmncn-eaFOLLOWING VALUES ARF INSERTED seeecee

Crovewe WHEN THE NUCLIOE HAS A CRDSS SFCTION,

Covncoe DTHERWISE ALL VALUES ARE SET T0 ~0

Ceevena KZCS Z OF CS NUCLIOE

Cowvone MCS A VALUE OF CS NUCLIDE

Cormones ICS ISOMERIC STATE. OF CS NUCLIOE

Corncave A4 229m M/S CROSS SECTIDN

Cromene RI RES, INT.

Convece B1,2,3 (N,GAMMA) BRANCHING TO GND, FIRST
Covoanw AND SECONO ISOMERIC STAT OF

Crecess DAUGHTER.

Coornann
CF-------.---.--F"-.-—--’---------.----..-.---..--------------,--9-'-----.
IF(MTOT.GT.®) GO TO 2¢4e
PRINT {m,SYM1,S5YM2,ID,MAT
Coeews=FOLLOWING PRINT OF REFS TEMPORARILY REMDVED
PRINT 2A,SYM1,8YM2, (H1(I),I=1,14)
¢ PRINT 30, (H2(I),1=1,NW)
PRINT 31,Z4,AWR,NDK,NSP
TM=T/60.0
TH=T/3600,0
TD=T/86400,07
¥Y=3,15569% (1P*x7)
Y=3.15569E+7
IF(T.LE.6M,A) GO TO 146
IF(T,LE,36R,A) GO 10 147
IF(T,LE,R646:2,@) GO TO 148.
IF(T.LE,Y) GO TO 149
IF(T.GT,Y) GO 70 153
f46 PRINT 14@,T
GO TO fud4
147 PRINT 141,TM
GO TD 44
148 PRINT 142,TH
G0 T0 144
149 PRINT 143,70
GO TO 144
153 PRINT 152,TY
{44 CONTINUE
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140 FORMAT (1X, 1AHHALFLIFE= ,E12,5,1HS)
143 FORMAT(IX, 1AHHALFLIFF=S ,E124,S¢ 1HM)
U2 FORMAT(1X,108HHALFLIFE= ,E12.5, 1HK)
143 FORMAT(1X, IAHHALFLIFF= ,E12,5,1HD)
152 FORMAT(1X,1CHHALFLIFE= ,E12,541HY)
31 FORMAT({HA,UHZA= ,F11.4/
11X, SHAWR=E ,E11,4/
21X, 18HNO, OF DCY MOOES= ,13/
31X, 16HNO, OF SPFCTRA=z ,15)
PRINT 6A,T,FR,FG,FA,NT,DERB,DEG,DEA
60 FORMAT(IH?, 34X, 18HNDFCAY ENERGIES(EV)/
14X, 1 3HHALFLIFE(SEC),AX,UHBETA, 7X,5HGAMMA, TX, SHALPHA/,d4X,4E12,4/
2iX,3He /=, UEL1 2, 11/)
CweeowaPRINT DECAY MQOOE DATA
PRINT B
8@ FNRMAT(1HA, 30X, 1SHNDFCAY MDDE DATA/
18X, UHMDDE, 2X, 9HSTATE DTR, 4X, 7THQ VALUE, 7X,4H4/=Q,3%X,8HBR RATIN,6X,5
2H¢/=BR)
PRINT 9@, (RTYP(I),RFS(I),0(I),DQCI)sBR(I),DBR(I),1I=51,NDK)
9@ FORMAT(1X,6E11,4)
PRINT 50
GO IO
Cee~exsCONTROL GOES TD THIS POINT (16) IF NEXT CARD HAS MFS AND MTS5=0
16 CONTINUE
IF(MTDT . GT.@) GD TO 125
CowmnwaHECK FOP FFND CARD,
PRINT {@,SYM{,S5YM2, 1D, MAT
10 FORMAT(1HR,10(2He ),245,1X,10(2H= )/202X,U4HID= ,IR/20X,SHMAT= ,18//
1)
PRINT 20,SYM1,SYM2, (HI(I),1=1,14)
20 FORMAT(1X,245,(13A4,42))
30 FORMAT (X, (1644,42))
PRINT &3
S3 FORMAT(1HA, 1SHND MFzuS57 FDUND)
PRINT 59
S@ FORMAT(1X,79(1H=)/1X,79(1H=)/)
CweeweaNEXT CARD SHOULD BE SEND, RETURNS TO {
GO T0
20@ COMTINUE
IF(MTOT,E0,9) GO TO {
IF(N,NE.MTOT) GO TO 1
201 CONTINUE
Croen=owFOLLOWING STATEMENTS PRINT STORED DATA,
PRINT 210
210 FORMAT(1HB, 1SHRTYP=DECAY MQODE/
11X, 3@HRFS=ISOMFRIC STATE OF DAUGHTER//
25X, 4HRTYP, 14K MODE OF DECAY/
36X, 294H0A, A GAMMA (NOT USED FOR RTYP)Y/
dex,8H1,Q BETA/
56X, 22H2.@ PDSITRON AND/OR EC/
66X,6H3,08 1T/
76%X,9H4,0 ALPHAy
86X, 29HS,@ OELAYEO NEUTRONS AND BETA/
96X%X,23H6.,0 SPONTANEOUS FISSION)
229 CONTINUFE
NPAGE=%
221 CONTINIIE
1IF(JoP2,EN.U) GO TD 981
PRINT 232
232 FORMAT(1H1,17%,38HPFRCENT DIFFERENCE OF CA| AND ENDF/B=u/8X,



28

{7HNUCLINE, 7X,U4HBETA, 6X,SHGAMMA, 10X, 1HQ, 2X, 3HMAT)
PRINT 233, (1,CYyM1(1),CYMR(I),PEB(CI),PFG(I),PEQC(]),
1LMAT (L), I=1,N5)
233 FORMAT(1X,14,2Xx,245,3E11,4,15)
PUNCH 234, (T,LMAT(I),CYMI(T),CYM2(I),COCIY,ENQCI),PEQ(]),
1I=1,NS)
234 FORMAT(1X,14,15,1%,245,3E1¢,4)
PUNCH 232
PUNCH 233, (I,CYM1(1),CYM2(1),PEB(I),PEG(I),PEQ(I),
1LMAT (1), I=1,NS)
NEPBG=NEPR4NFPG
23 iRI:T 231, NEPB,NFPG, NEPBG,NS,NICC
1 FORMAT(1H1,17HNO DF SPEC LINES=,16,5H BETA H A
121HND OF NUCS wlITH SPEC=,15/1X, ! 1164 6H TOTAL, T6, 71X,
21 7HND NUCS WITH I1CC=,17)
9Q@ COMNTINUE
931 CONTINUE
END

SURROUTINE BETA3(EX,PJ,NROB,ERDB,SPERET,SORSB,RATEN,C2Z,W,Z,A,WHMAX
1,00,A1,4A2)

DIMEMSION EBDB(?GG):SPEBET(ZOG).SORSB(Z@B)vRATEN(ZﬂG).N(aaG)
EREST=S, 11706£+“5

AZRO=3, 3321k P+ U, U1 26E=B2KZFF+9,3BTRE~NS*ZEEx % 24U B52TE=Q6*2FEX 2T
142,6034E- «PBxZEFka U’

AONE =9, 62U%8e 0141 ,5766E=02+2EE+U, 326UE=DU*ZEE*x%241 4 1359E=0T*2EEx%3
1+3, 83355 ABKZEF*kale? RBT2EwIOxZEEX%S

ATNO 1,383726,026RF=A3%x7EE=3 , BUTUE-BURZEEXx%2+
165 PBPUXEXP (=2, ABS6FeRU*(10AY4,01=2EE) % %2)

Apz=3 #AZRO=4, *AONE+ATWD

Alze3 #AZRO+6,xAONE=2 ,xATWO

A2=AZRN=2,*AONE+ATWO

ZALPHA=Z/137,0Q4

ZA2=ZALPHAXZALPHA

Ss(f,«2A2)%*0, S,

WZSO=WMAXAWMAX

CKi=Ap

CK2=Ale?  kA2KWHMAX

CK3ZANa2, AA1AWMAX+A2XWZSQ

CKU=A1aHWZSN=2 AR WMAYX

CKS=AQXWZSA

WMISWMAXK®WZSQ

WMU=WMIAWMAX

WMS WMy WMAX

WMOSWMExWMAX

WM7=WMaxWMAYX
FINT2=CK1%x(WMbw] ) /6,4CK2%(KMEe] ) /5, +CKIR(WMUe1,) /4,

14CKUX (WM3=1 ) /3, +CKEX(WZSQel,)/2,
FINT1=CK1*(“"731.)/7.+CK2*(WH6-1.)/6.+CK3*(NMS-1.)/S.+
$CKUX (WMA=] ) /U8 +CKSx(HWM3w] )/3,

EAV= EREST*(FINTilFINTanl )

PI123, 101592650

SUMS= G.

SUMES=@,

TWO0S=2,%S

APWR=A#%7,333333333333333

Rs1.123+4APWR=@_941/APKR

COMPTW=3,8610uUF+Q2



5

6

10

15

49
32

55
35
S@
65

8e

161

TEMR2=(2,#R/COMPTW)x«TWDS

C1ZA3TEMP?

NGPS=NRDf=1

DO 10 I=1,NGPS

IF(W(I) GT WMAX) GO TO S

IF(H{TI+1) GT WHMAX) W(I+1)=WMAY

WIT=SW(I+1)%%T  aW(I)Rx7,

WIGSW(I+1)kkb aW(I)Rx6,
u!‘j:b'(‘_“l)**‘j-'w(x)**S-
WIUSW(TIHI)Rxd =W (T)nadd,

WIZSW(T4#1)%*3 mW(I)ux3,
WIRSW(I+1)A%2 =W () ne2,
SPEBET(I)=(CKIaWI6/6,+4CK2%WIS/5, +CKIxWIU/Y,+
ICKA*WIZ/3 . 4CKGaWT2/2 ,)*C1L74A
SORSB(I)=((CKIaAWIT/T7 ,+CKPxuWIH/6,+CKIRWIS/S,+CKUxWIL/U, ¢
{CKS*WI3/3,)*%C17A=SPEBET(I))*EREST

60 TO 6

SPEBET(1)=0,

SORS@(1)=0,

CONT INUE

SUMS=SUMS+SPEBFT(I)

SUMES=SUMES+SORSB(])

CONTINUE

C2Z=PJ/SUMS

D0 15 1=1{,NGPS

SPEBET(1)=C2Z*SPEBFT(I)
SORSB(1)Y=(C2Z«SORSB(])

SUMS=SuMS%C27

SUMES=SUMFS*C22

TMPR{=ABS (1 .,eSUMS/PJ)

IF(TMPRi=1 ,AFe1b6) 3G,30,40

PRINT u5,TMPRY

FORMAT(IR ,%xSP, NORM, WRONG, TMPRY = %,E12,.,4)
CONTINUE

TMPR2=ABS(!.=SUMES/EAV/PJ)

IF(TMPR2=1,0F=R6) 35,35,55

PRINT 56, TMPR?

FORMAT(1H ,*EN, SP, NORM, WRONG, TMPR2 = *,E12,4)
CONTINIIE

PRINT 50

FORMAT(1H ,35X,+BETA SPECTRUMx)

PRINT 65, (SPERFT(K),K=1,NGPS)

FORMAT(1H ,35X,6E12.4)

PRINT 8@

FORMAT(IH ,35X,*BFTA EMERGY SPECTRUM%)

PRINT 6%, (SORSR(K),K=1,NGPS)

PRINT 10fi,EAV

FORMAT (1H ,35%,*AVERAGE BETA ENFRGY & «,E{2,4)
RETURN

END
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SUBROUTINE BETAU(FX,PJ,NBDB,EBDR,SPEBET,SORSB,RATEN,
1C2Z )W, WMAX,Z,A,AQ,A1,4A2)
DIMENSION FRAQB(2AA),SPEBET(22A),SORSB(200),RATEN(20B),W(200)

BZTSEECTEESEEE=SECTEEEEIEZSEESSESSTSISESESSEESENSSSESSSSS=SSESTSSESE
SAME AS BETA2 BUT USES THE MIDPOINTS , NDT NUMERICAL INTEGRATION
EE=ESCCEZEESEEESZ=SESECCEEEISCECCESSSEESEESSEEISSISCESESE=SSSEEESSEESITEE

NGPS=NBDR=1 .
EREST=5.110R6F+05

OVR3=1,/3.

AAz=A

APWR=A%x*NVR3
Re1.123%xAPWRe@,941/APKWR
ALPHA=1,/7137.04

ZALPHAZZ%ALPHA
COMPTW=3,861U04F+n2
S2(1,=ZALPHAXZALPHA) k%0 ,5=1,
THOS=S«2,
AK2=(2,*R/COMPTW) &% TWOS
GMARG=3,+TWO0S

GM=GAM{| (GMARG)

GM2=GM#GM

AK1SU, #(1.45/2,)/6G42
CONST=AK1#AK2

SP1=S¢1,

SPH=S+0.5

SUMN=g,

SUMEN=Q,

D0 10 I=1,NGPS

IF(¥W(1),GE,WMAX) GO TO 5
IF(H(T+1)GT WhAY) W(I+1)=WMAX
WUS,Sx (W(II+W(T41))
W2=,5x (W (1) +WU)

We=, S (Waen(I+y))
Wi, S5x (W(I)+HW2)

W3z, 5% (W2+Wd)

WGZ,Gx (WU+WE)

W7=,5% (Wo+W(TI+1))

DELWzWl=W(])

CALL FERMI(W1,7ALPHA,S,SP1,SPH,WMAX,CONST,PN1,PEN],F7%1)
CALL FERMY(W3,ZALPHA,S,SP1,SPH,WMAX,CONST,PN3,PEN3,FZW3)
CALL FERMI(WS5,ZALPHA,S,SP1,SPH,WMAX,CONST,PNS,PENS,FZKS)
CALL FERMI(W?Y,2ALPHA,S,SP1,SPH,WMAX,CONST,PNT,PENT,FZKWT)
SPERET(I)=DELWx(PN1+PN3+PNS+PNT)
SORSR(T)=NELWXEREST#(PEN1+PENI+PENS+PENT)
GO Y0 6 .

SPEBET(I)=0.

SDRSB(1)=0,

SUMN = SUMNGSPFRET(I)

SUMEN = SUMHEN+SORSAR(I)
EAV=SIIMEN/SUMN
ENPD=(1.=AVEN/FAV)#1QQ,
ENPDS=(1,~EAVS/EAV)+ 12,
CPZ=PJ/SUMN

DO 2m4 I=1,NCPS
SPERET(1)=SPEBKT(I)*C2Z
SORSB(1)=SO0RSB(IYxC2Z

PRINT 5@

FORMAY (1HO,3S%,xBFTA SPECTRUMx)
PRINT 65, (SPEBFT(K),K=1,NGPS)



2228l alsNolelalsRoNala Aale

65 FORMAT(IH ,35X,6E12.4)

80 FORMAT(IH ,35X,*RETA ENERGY SPECTRUMx)

181

PRINT g@

PRINT 65, (SORSB(K),K=1,NGPS)

PRINT 101,FAYV

FORMAT({H , 35X, *AVERAGE BETA ENERGY & *,E12,4)
RETURN

END

SUBROUTINE RETA1(EX,PJ,NEBDB,EBDR,SPEBET,PLAMDA,CRAT,SDRSB,RATEN,
1€22)
DIMENSION ERDB(207),SPEBET(2080),SORSB(20A),RATEN(2P])

2 i I3 2 2 2 2 S22 L R+ 2 2 F 2 2 2 2 2 2 2 A2 2R P 2 2 2 A2 F R E R R R 2 22 R P L P R 2 R 2202 22

THIS SURROUTIME CALCULATES BETA SPECTRA, BETA ENERGY SPECTRA,
THEORETICAL INTENSITIES AND NORMALIZATION FACTDRS,

IT USES THE LOw BETA ENFRGY APPROXIMATION FOR F(Z,W)

NBDR = NUMRER OoF GrOUP BOUNDARIES,

ERDB = ENFRGIES OF GROUP BOUNDARIES.

SPEBET = BETA SPFCTRUM,

SORSB = BFTA ENFRGY SPECTRUM,

NGPS = NUMBER nF FNERGY GRDUPS,

EREST=5,11006E+0S

EY=EX/EREST+1,

SuMi=a,

SuMe=n,

SUM3=e,

SuMd=a,

EY2SEYXEY

EY3=EY2*EY

EYU=EYPxEY2

EYS=EY2*¥Y3

EY6=SEYI<EYI
EAVZ(EY6=2*EYSH+5  2F Y2 b *EY+2,)/(FYS=10 kEY2415 ,%EYeb,)/2,
EAV=EAVXEREST
TEMPQR=(1."1./7EY3)/3.40,2%x(1,w},/EYS)=@,5%(), =1 /7EYH)
NGPS=NRDR=1

XGPS=NGPS

D0 1@ I=1,NGPS

TFC(RATEN(I).GE_1,) GO TO S

IF(RATFN(I+1).GT.1,.) RATEN(I+1)=1,
RY2=RATEN(CI)I&ARATEN(D)

RIP2=RATEN(I+1Y*%RATEN(I+1)

RI3=RI2%xRATENC(T)

RIP3=RTP2*RATEM(]I+1)

RI4=RI2xRI2

RIPU=RIP2%RIP?2

RIS=RI2%RI3

RIPS=RIP2%RIF3

RY6G=RI3I%RII

RIP&=RIPIARIPY
SPEBET(I)=((RIP3I#RI3)/ 3,40, 2%x(PIPSeRIS)=A 54«(RIPU=RILII*PJ/TEMPQ
SDRSB(I):((RIPb-Rlb)/b.-(@.U+ﬂ.?/EY)*(RIP5-RIS)0
1(R.2541./2,/EYYX(RIPU=RIUI=~(RIP3I=RIZ)/EY/3,)/TEMPQ*EYRPJ
SORSB(I)=SORSB(I)*EREST

6D T0 6
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10

4a
4s
30

55
56
35
50
65
e

SPEBET(1)=A,

SORSB(1)=A,

CONTINUE
SUM3I=SIUMI+SPERFET (I)
SUM4=SUMU+SORSR(I)
CONTINUE
TEMP{=ARS(1.=SUM3/PJ)
IF{TEMPl=1,AE=0b) 32,30,40
PRINT uS,TEMPY

FORMAT(1H ,* SPECTRUM NORMALIZATION 1S WRDNG TEMPS = %x,E12,4)
CONTINUE
TEMP2=ABS(1.~SUMU/EAV/PJ)
IF(TEMPP=1,.BFe@b) 35,35,55
PRINT 56, TEMP2

FORMAT(1H o, ENERGY SPECTRUM NORMALIZATION IS WRONG , TEMP?2 = %,
1E12.4)

CONT INUE

PRINT 50

FORMAT (1H +35X,*BETA SPECTRUMx)

PRINT 65, (SPEBET(K),k=1,NGPS)
FORMAT(tH ,35X,6F12.4)

PRINT &2

FORMAT({H ,35X,*BETAL ENERGY SPFCTRUMx)
PRINT 65, (SORSR(K),K=1,NGPS)
C2Z=PJ/TEMPR/EYS
PLAMDA=C2Z*EYSxTEMPG
CONST=PJ/PLAMDA

CRAT=COMST

RETURN

END

SUBROUTINE BETA2(E¥,PJ,NBOR,EBDR,SPEBET,SORSR,RATEN,
1C2Z, W, WMAX,Z,A)
DIMENSION EBDB(2P0),SPEBET(20@),SORSB(20A),RATEN(20@),W(200)

SAME' AS BETA{ RUT USES THE RELATIVISTIC F(Z,W) EXPRESSION
SZCCEEEZTEEEESSsEIEZEEEEEISISEESZ=SSEESSS=EE3ESSSSISSESEEISISSSEIISESES

NGPS=NRDB=1
EREST=5,11206E+05
OVR3=1,/3.

AAsA

APWRzA%x0VR3

R=1. 123‘*API‘IR-G.901/APNR
ALPHAZ7,2972E=-03
ZALPHA=Z*xALPHA
COMPTW=3,8614UF¢n2
S=(1,=ZALPHAXZALPHA) %x%0,5w{,
TWOS=S=x2,
AK2=(2,%R/COMPTW)*x4#TWDS
GMARG=3,.4THWOS

GM=GAM{ (GMARG)
GM2=GMaGM

AK1=U ., %x(1.+8/72,)/GM2
CONST;AyitAKZ

SP1=S¢+y,

SPH=540.5

SUMN=a,

SUMEN-':GQ



CONV=p, 1
DO 12 I1=1,NGPS
IF(W(1),GE,WMAX) GO TD §
AsW(I)
TFCHCI+1)oGT, WMAX) W(T41)=WMAX
BzW(I41)
CALL SIMPSM(A,R,1,CONV,GNTGRL,ZALPHA,S,SP{,SPH, WMAX, CDNST)
SPEBET (1) =ONTGRL
CALL SIMPSN(A,R,2,CONY,QNTGRL,ZALPHA,S,SP1,SPK, WHAX,CONST)
SORSR(1)=AMTGRL*EREST
GO Y0 &
5 SPEBFT(1)=0,
SORSB(1)=0,
6 SUMN = SUMN+SPEBFT(I)
18 SUMEN = SUMEN+SORSR(I)
EAV=SUUMFN/SUMN
CPZ=PJ/SUMN
DO 2@ =1,NGPS
SPEBET(1)=SPERET (1) *C22
20 SORSB(1)3SDRSB(I)*C2Z
PRINT 50 -
S8 FORMAT (1H@,35¥%,xBETA SPECTRUM%)
PRINT 65, (SPEBET(K),K=1,NGPS)
65 FORMAT({H ,35%,6E12.4)
PRINT A0
80 FORMAT(1H ,35X,*BETA ENERGY SPECTRUM=)
PRINT 65, (SORSR(K),K=1,NGPS)
PRINT 1@1,EAV
181 FORMAT(1H ,35X,*AVERAGE BETA ENERGY = #,E12,4)
RETURN
END

{CONSTY

Ox=(Be=A)/2,

CALL FERMI(B,ZALPHA,S,SP1,SPH,KMAX,CONST,PNB,PENB,FZWB)

CALL FFRMI(A,ZALPHA,S,SP1,SPH,WMAX,CONST,PNA,PENA,FZWA)

IFCIFLG,EQ,1) FI{=PNB¢PNA

IFCIFLG,ER,2) FI{=PEMB4PENA

APNDX=A4+DX

CALL FERMICAPDY,ZALPHA,S,SP1,SPH,WMAX,CDONST,PNQ,PENG,FZKWQ)

IF(IFLG,ER,1) FI2=PNO

IFCIFIG.EQ,2) F12=PENQ

F13=a,

FI=DXx(FI1+d, *xF12)/3,
2 FI3=FT12+FI3

F12=a.

Tnx=hy

DX=?,5%xDX

X=A+DX
3 CALL FERMI(X,ZALPHA,S$,SP1,SPH,WMAX,CONST,PNX,PENX,FZWX)

IFCIFLG,EQ,1) FI2=FI24PNX

IFCIFLG.ER,2) FI2=FI2+4PENX

X=X+TDX

IF(X«B)3,3,4
4 FIP=DX*(FI1+U xFI2+42,%FI3)/3,

QDIF={ «FI/FIP

IF(ABS(QDIF)=CONVI&,6,5
S FI=FIP

G0 T0 2
6 QNTGRL=FIP

RETURN

END
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34

SPURRDUTINE FERMI(WT,ZALPHA,S,SP1,SPH,WMAX,CDONST,PNI,PENI,FZWI)
COMPLEX QARG,NCE,QCX,LMGAM
IF(WI,LF.1,00Q1) GO TO 1@
WI2Mi=W]IxH]I=],
YzZALPHA*WI/wRIPMIx%0, 5
PIY=3,14159265ua%Y
EPIY=EXP(PIY)

DYW=WTI2MIx%5

OXS=WIAMIxxSPH

QRI=WMAX=W]

OXZ=QR01*0Q1
QPROD=CONST*NXS*XEPIY*QXZxW]
QARG=CMPLX(SPY,Y)

QCX=LNGAM(NARG)
QCE=CEYP(QCX)
QGAM=CARS(GCE)
QGAMP=NGAMAOGAM
PNI=QPRND*HGAMP
FZWI=CONST*QYWXEPIY*QGAM2
GO TO 2@

10 YPZA=6,78318538+ZALPHA
PNIZTPZA*CONSTAWIAWIa (WMAX@WI) &k (WMAXwWI )X ((ZALPHAXZALPHA+Q,25) % W]x
{HI=P, 25)%x%5
FZWI=1, rE+30

20 PENI=PNI%(MI~1.)
RETURN
END

SUBRROUTINE GAMMADP(FS,PI,NBDG,FBDG,SPEGAM,S50RSG,NEP)
DIMENSION EBDG(20R),SPEGAM(2A0B),SORSG(2@A),ES(92R),PI(9an),
1SPTMP1{(80),SPTHP2(8Q)

8::::::===========::::::::::===========8=3====:::::::::::8::::::::

SAME AS GAMMA{ BUT GIVES GAUSSIAN ENERGY SPREAD TO LINE SPECTRA,

NGPS=NRDGe=1
NSTDEV=2
STDEVN=NSTDEV
00 3 I=1,NGPS
SPEGAM(I)=0.
3 SORSG(I)=0,
D0 1@ J=1,NEP
IF(PI(J)=1,%E=35)31,4,4
4 SIGMA= _S74226U8E=02%x(ES(J)/10MB.)+,67998R668%(ES(J)/1200,)**0,5S
PIES=PI(J)*ES(])
IF(SIGMA) 23,23,5
S FWHMz? 35482%xSIGMA
ESPREN=STOEVNXFWHMx {1007,
EPSPRD=FS(J)+ESPRED
EMSPRD=ES (J)=ESPRED
SIGSN2=SIGMAXSIGMAx2,
DO 12 I=1,NBDRG
Kelwq
IF(EBNG(I)=ESC(J)) 12,13,13
12 CONTINUE
13 Ki=K
Kp=K
14 CONTINUE
IF(EBDG(K1+1)=EPSPRD) 15,16416




15
16

18
17

{9
20

120

201

2me
284

2n3
210

21

22
23

24
25

34
ie

40
as
S50

Ki=sKiey

GO T0 14

KulL=K1

IF(KULeNGPS) 17,17,18

KUL=NGPS

CONTINUE
IF(EBDG(K2)~EMSPRD)9,9,8
Ke=K2e{

GO T0 (7

KLL=K?2

IF(KLLe1) 19,20,20

KLL=1

SMNRY=q,

SMNRME=0,

JKi=p

KMAXzKUL=KLL#1

DO 127 I=§,KMAX

SPTMPYI(1)=0.

SPTHP2(1)=0,

D0 21 JK=KLL,kyL
DELTEZEROG(JK+1)=ERDG(JIK)
EMIN=ERDG(JK)+ ,S*xDELTE
JKIzJIK ¢4
EDIFSO=(EMIO=ES(JI))x(EMIO=ES(J))/1,0E+0D6
EARG=EDIFSA/SIGSH2
IF(EARG=1,BE»05)201,201,202
SFTMPl(JKi):PI(J)*DELTE*(!.-EARG)
GO TO 210
IF(EARG=67Q2,)203,2P3,2@4
SPTMP{(JK1)=0,

60 10 210 .
S?TMPi(JK1)=PI(J)*DFLTE*EXP(~EARG)
CONTINIUE
SMNRMzSMNRIM$SPTMP Y (JK1)
SPTMP2(JK1)=SPTMPI(JK1)*EMID
SMNRME=zSMNRME+SPTMP R (JK1)

JK1=9

QNORM{=P1(J)/SMNRM
ONORM2=PIES/SMNRNME

D0 22 JK=KLL,Kyl

JK1=JK1+1

SPTMP{ (JK1)=SPTMP1 (JK1)=GNDRMY{
SPTMPR(JKLI)I=SPIMP2(JK1)*ANORM?
SPEGAM(JK)=SPEGAM(JIK)+SPTMP1(JK1)
SQRSG(JK):SORSG(JK)&SPTMPZ(JKi)
GO Tn 3%

CONTINUE

00 24 1=1,NBOG

KK=le

IFCEBDG(II=ES(J)) 4,285,285
CONTINUE
SPEGAM(KK)=SPFEGAM(KK)+PI(J)
SORSG(KK)=SORSG(KK)+PIES
CONTINIE

CONTINUE

PRINT 40

FORMAT(1H ,50X,*xGAMMA SPECTRUM%/)
PRINT 4%, (SPEGAM(K),K=1,NGPS)
FORMAT({H ,50@X,6E12,4)

PRINT 5n _
FORMAT(IH ,58X,*GAMMA ENERGY SPECTRUMx/)
PRINT 45, (SORSG(K),K=1,NGPS)
RETURN

END
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SUBROUTINE GAMMAY(ES,PI,NROG,EBDG,SPEGAM,SORSG, NEP)
DIMENSINON EBDG(20A),SPEGAM(2@2),SORSG(228),ES(981),PI(902)

THIS SURROUTINE CALCULATES GAMMA SPECTRA AND GAMMA ENERGY SPECTRA,
NBNG = NUMBER NnF GROUP BOUNDARIES,

NGPS= NUMBER OF ENERGY GRNOUPS,

EBDG = ENERGIES OF GROUP BOUNDARIES,

SPEGAM = GAMMA SPECTRUM,

SDRSG = GAMMA ENERGY SPECTRUM,

NGPS=NRDG=1
00 18 J=1,NEP

DO 12 1=1,NBDG

K=lewy

IFCERDG(IY=ES(J)) 12,13,13

CONTINUE

SPEGAM(K)=SPEGAM(K)+PI(J)
SDRSG(K)I=SNRSG(KY+PI(JIAES(J)

CONTINUE

PRINT 2@

FORMAT(1H ,52X,*GAMMA SPECTRUM=%/)

PRINT 35, (SPEGAM(X),K=1,NGRS)

FORMAT (IR ,50X,6E12,.4)

PRINT 5

FORMAT(1H ,S0X,*GAMMA ENERGY SPECTRUM®)
PRINT 35, (SORSG(K),K=1,NGPS)

RETURN

END



s XeNakalsNelels XalsNeNeleloNeReRaslolalaXes oo Re Ro e N Kool aXe NeXaRe e XalaNa s Xe e Re NaXe NaNe Ne N

APPENDIX B LASL Identification No,
LISTING OF THE FPSPEC PROGRAM

PROGRAM FPSPEC(INP,OUT,PUN,FSETS,FSETH,FILM)

DIMENSION ERDKH(2AR) ,FRDG(2MA)Y),SPEGAM(29A),SORSG(20¥7?),BETAS(209),
IBFTAES(R2272),TSPB(200R), TSPER(200), TSPG(22A),TSPEG(2AR),DUMI(5¢0),
20UM2 (5aa) , HL(SP)

DIMENSINON ERDBM(20A0),FBOGM(2AA), GAMEXP (200),RETEXP(208)

DIMENSION GMEXP1(290),TSPEGI(290)

DIMENSINN GAMERR(2MB),GAMPER(200), GAMMER(290)

DIMENSION BETERR(2AA),BETPER(2¢R), BETMER(24Q)

DIMENSINN YENCI),YSP(3),ERX(200),EGX(20A),EGXM(2AQ)

DIMENSION EBXM(2@A)

DIMENSION TI(1Q),ABSIS(10)Y,0RDIN(C1Q)

EBOB « BETA ENEFRGY GRDUP ROUNDARIFS

EBDG « GAMMA ENERGY GROUP BOUNDARIES

SPEGAM e GAMMA SPECTRUM

SORSA « GAMMA ENERGY SPECTRUM

BETAS = BfTA SPECTRUM

BETAFS =« RETA ENERGY SPECTRUM

TSPB o TDTAL BETA SPECTRUM

TSPEB = TOTAL BFTA FENERGY SPECTRUM

TSPG « TOTAL GAMMA SPECYRUM

TSPEG « TOTAL GAMMA ENERGY SPECTRUM

IF NPUN 1, SOME DATA ARE PUNCHED

NAPLT « NUMBER OF RETA GROUPS PLOTTED

NGPLYT « NUMBER OF GAMMA GROUPS PLOTTED

IF NPLOT = 1{,PLOTTING 1S ODODONE,

IF ICpMPB = {1, COMPARISOM DF BETA SPECTRA WITH EXPFRIMENT
IF 1covPG = 1, COMPARISON OF GAMMA SPECTRA WITH EXPERIMENT
GAMEXP = EXPERIMFNTAL GAMMA SPFCTRUM FOR COMPARISDN
GAMEPR » ERRNRS CF EXPERIMENTAL GAMMA SPECTRUM
BETEXPAv EXPERIMENTAL RETA SPECTRUM FOR COMPARISON
NGEXP = NUMBER OF EXPERIMENTAL GAMMA GRQUPS

NREXP « NUMBER OF EXPERIMENTAL BRETA GROUPS

ID AND IO0OE ARE MAT IDENTIFICATION MUMBERS

IF STYP = @, GAMMA SPECTRUM 1S PROVIDED ON INPUT TAPE
IF STyp = 1.# GAMMA SPECTRUM IS PROVIDED ON INPUT TAPE
NSP IS THE NUMRER OF SPECTRA PER NUCLIDE ON INPUT TAPE
IF NBETS = 1,BFTA SPECTRA ARE INPUT FOR EACH ISOTOPE
IF NGAMS = |, GAMMA SPECTRA ARF INPUT FOR EACH ISDTOPE
GPS « GAMMAS PFR SECOND (181 F,P,)

BPS « BETAS PER SECOND (181 F.P.)

GMEVPS « GAMMA MEV PER SECOND (181 F,P,.)

BMFVAS « BETA MEV PER SECONO ({81 F.P,)

CAMVPS « CINDER GAMMA MEV PFR SECOND (181 F.P,)
CBMVPS « CINDER BETA MEV PER SECOND (181 F,P,)
GMEVPF « GAMMA MEV/FISSIDN (181 F.P,)

BMEVPF & RETA MEV/FISSINM (181 F,P,)

CGMVPF « CINDER GAMMA MEV/FISSION (181 F,P,)

CBMVPF w« CINOER RETA MEV/FISSION (181 F,P,)

TTOT =« TOTAL TIME (IN=FLUX AND SHUTDQWN)

TOCY « TIME SINCE LAST POWER STEP

DENS « ISNTORE ATOMIC. OENSITY

BETE » TOTAL CINDER MEV/FISSION (BETA) INCLUDING DENSITY
GAME « TOTAL CINDER MEV/FISSIOMN (GAMMA) INCLUDING DENSITY
BPGE =« RETA PLUS GAMMA TOYAL CINDER MEV/FISSIDN INCLS, DENS,
IF NGAS = {, GASEQUS F, P, ARF CALCULATED

JRCT = BETA ISOTOPE COUNT (181 F,P,)

1GCT = GAMMA TSOTOPE COUNT (18] F,.P,)

IGASB = BETA GAS ISOTOFE COUNT (181 F.P,)

LP-477.
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38

7421

7321

71214

7122

6101

10

IGASG = GAMMA GAS ISOTOPE CDUNT (1Rl F.P,)
NGSBT = BETA GAS ISOTOPE COUNT (R2S F.P,)
NGSGT = GAMMA AS ISOTOPE COUNT (825 F.P,)
SMGASR = BETA GASEQUS MEV /s FISSION (1R F,P
SMGASG = GAMMA GASENUS MEV / FISSION (181 F,
TGASR = BFTA GASEFOUS MFV / FISSIOM (825 F.P,
TGASG = GAMMA GASEOUS MEV / FISSION (825 F,P

ACT = ACTIVITY

CALL EXH

READ 1@,NPUN,NGAS

RFAD 10,NPLOT,10PT

READ 14, 1COHPH, ICOMPG
IF(NPLOT.EN.1IREAD 10,NBPLT,NGPLT
IF(ICOMPB.EG, $)READ 10, NBEXP
IF(ICOKPG,EN,1)RFAD 1@, NGEXP

TFCICOMPB,EU, 1, AND NPLOT EQ,1) READ {@,NBXPLT

P
)

IFCICOMPGL.EO, 1, ANO NPLNT EQ. 1) READ 1@, NGXPLT

IF(NPLOT,FG.1)READ 22,GLMPLT
I0PT=02 .

IFCTCNMPG,NE, 1) GO TD 3

RFAD 20, (EGX(T1)s1=14MNGEXP)

DO 7421 I=1,MGEXP
EGX(I)=EGX(I)%1,PE+T6
NGEXM{=NGEXPe1

DO 7321 I=1,MGEXM]

EGXM(IY=0 Sn(ECX(II+EGX(I+1))/1.PE+06
COHNTINUE

NGEXP=NGEXM]

READ 22, (GAMFYP(1),1=1,NGEXP)
READ 20, (GAMERR(1),1=1,NGEXP)
DO 2 I=1,NGEXP
GAMERR(I)=ARS(GAMERR(I))
GAMPER(I)=GAMEXP(I)Y+GAMERR(])
GAMMER(I)=CGAMFXP(I)=GAMFRR(])
CONTINUE

SMEXPG=0@,

CONTINUE

IF(IcoMPB . NE, 1) GO TO 4

READ 20, (EBX(I)Y,1=1,NBEXP)
NBEXM1=NBEXP=1

DO 7121 I=1,NBEXP
EBX(I)=FBX(I)x1,0E+Q8
ERXM(1)=(EBXC(1)+EBX(2)) A, S
DD 7122 1=2.HBEXMI

EAXM(I)=ERXM(1w1)40,5%(EBX(I+1)wEBX(Iw1))

NREYP=NRE XM

NBREXP1=NREXP+1

READ 23, (RETEXP(I), T=1,NBEXP)
READ 20, (BETERR(I),I=1,NREXP)
DO 61721 I=1,NBFXP
BETPER(II=RETEXP(T)+BETERR(I)
BETMER(II=RETFXP(I)=«RETERR(])
SMEXPR=G,

CONT I NS
READ(S,1B)NRETS,NGAMS

READ(S, 18INRDR, TREY
FORMAT(211P)

FACTR:{.”E#Gb

18CT=0

)

)

)




en

6189

2001

5101

S001

5102

7621
2002

S1R3

saa2

S104

IGCT=@

IGASB=0
IGASG=0n
NGSBT=0
NGSGT=0
SMGASR=M,
SMGASG=0,
TGASB=n,
TGASG=A,
BSUM1=9D,
GsSUMI=a,
NRDMi=NBNRw{
READ(S,2?) (ERDR(I),I1=1,NBDR)
FORMAT(6E12.4)

DENR=FROR(2)=ERDA(1)

D0 6179 I=1,NBFXP
BETEXP(I)=BETEXP(1)1/1.0F+B6%xDENRY
BETERR(I)I=BETFRR(I)/1.AE+P6+DENS
BETPER(II=RETPER(IY/1.0E+A6ADENR
BFTMER(I)=BETMER(I) /1 . BE+0Bo*DENR

PRINT 2201

FORMAT(1H2,35X,*RETA ENFRGY BOUNDARIES (EV)%x/)
PRINT 220, (EBOR(1),I=1,NBDA)

IF(NPIIN,EfN, 1) PUNCH 5161

FORMAT(IH ,*BETA ENERGY BOUNDARTES (EV)*)
IF(NPUN,ED.1) PUNCH 873, (EBDB(1),I=1,NRDB)
IFCICOMPB.EQ, 1) PRINT 54019
FORMAT(1HN, 35X, xEXPERIMENTAL BETA ENERGY POINTS (EV)I%/)
IF(ICOHPB,EO.i) PRINT 22@, (EBXM(1),I=1,NREXP)
IFCIcOMPR.EQ, 1 AMD NPUN_ER, 1) PUNCH 5182

FORMAT (fH ,*EXPERIMENTAL BETA ENERGY POINTS (EV)*®)
IFCICOMPR,EQ, 1 AND NPUN,ER, 1Y TIUNCH BT73,(EBXM(T)Y,1=1,NREXP)
READ(S5,19) NBNG, IGAM

READ(5,28)(FRDG(1),1=1,NBDG)

DENG=E£BDG(2)=ERDG(Y)

D0 7621 I1=1,NGEXP

GAMEXP(I)=GAMEXP(I)*DENG/1,0E+P6
GAMERR(I)=GAMFRR(I)«DENG/1,AE+D6
GAMPER(I)=GAMPER(I)YADENG/1,AF+06
GAMMER(T)=GAMMER(I)I«DENG/1,RE+ Qs

PRINT 2002

‘FORMAT(1HR, 35X, *GAMMA ENERGY BOUNDARIES (EV)I%/)

PRINT 229, (ERDAR(I), I=1,NRDG)

IF(NPUN,EQ,1) PUNCH 5103

FORMAT(IH ,xGAMMA ENFRGY BOUNDARIES (EV)%)

IF(NPUN,ER1) PUNCH B73,(ERDG(1),1=1,NBDG)
IFCICOMPG,ER, 1) PRINT Snn2

FORMAT (1HP, 35%, *EXPFRIMENTAL GAMMA ENFRGY POINTS (MEV)%/)
IFCICOMPG,LEQ, 1) PRINT 22¢, (EGX(1),1=1,MNGEXP)
IFCICOMPG,EQ, 1 _AND _NPUN,EQ,1) PUNCH 5104

FORMAT(IH ,*EXPERIMENTAL GAMMA ENERGY POINTS (MEV)*)
IFCICOMPG.FR,1 AND NPUNJER 1) PUNCH BT73,(EGX(I),]=1,NGEXP)
NBDGM1=NBNG=1

IFCICOMPG,NE,1) GO TO 21

DO 6 T=1,NGEXP
SMEXPG=SMEXPG4+GAMEXP (1) * (EGX(T1+1)=EGX (1)) /DENG
EGX(I)=EGXM(])

GMEYP1(1)=SMEXPG

CONTINUE

IFCICOMPBNE,1) GO 16 22

39




185

106

fea2

1803

1044

1001

35
11e

120
la
4o

80

81

83

9

95

100

40

DO 7 1=%,NBEXP
SMEXPR=SMEXPB+RETEXP(I)*(ERX(I¢1)~ERX(I))/DENB
CONTINIJE

D0 1aS5 JT=1,NBDMI

TSPR(Y)=0,

TSPLB(I)=0,

D0 106 I=1,NBOGM)

TSPG(T)=G-

TSPEG(I)=A,

IF(NGAS NE,1) GO TO (@dy

0D 1pP@2 I1=1,7

READ(6,117) OUM

CONTINUE

READ(6,128) (HL(I),I=1c10)
READ(6,122) (HL (IY,1=1,12)
READ(6, 13A)IN,GAS,AID,OENS,ACT,BETE, GAME, BPGE
1F(EOF,6) 1001, {004

IF(GAS ,NE,SH GAS ) GO TD 1m@3
NGSBT=NGSBT+1

NGSGT=NGSGT+1

TGASB=TGASB+RETE
TGASG=TGASG+GAME

GO T0 19303

CONTINUE

REWIND 6
READ(S,34)SYM],SYM2, 1DE,MATS, NDK, NSP
1FC(EOF,%)2?4, 35

RFAD(S5,4®)STYP

RFAD(6,114)TTOT
FORMATt1X,E12,.6)
READ(6,110)TDCY

READ(6,112)FPS

READ(G,11PAIDELT
RFAD(b.i}@)BETOT
READ(6,112)GAMTOT
REAO(6,11C)SUMRG
READ(6,12M¥(HL(1),1=1,10)
READ(A, 120)Y(HLCI),I=1,10)
RfAD(b.lZG)(HL(I)iI=1.1@)
FORMAT(10AB)

FORMAT(2A5,4110)

FORMAT (F6,.2)
IF(NBETS . EQ,1.ANC.STYP . ER,1.A) GD TO 8@
GO TO 9@

READ(S,22) (BETAS(I), 151, NBOMY)
READ(S,28)Y(BETAES(1)Y), I=1,NBDMY)
READ(S,20)EBA, SUMENB

DN 81 I=1,NBDM{
BETAES(I)=RBETAFS(I)/1.BE+B6
IRCT=1IBCT+1

TVMPSR=0.

00 83 I=1,NBDMY
TMPSR=TMPSB+RETAES (1)

GO TO t@e .

D0 995 I=1,NBOM{

RETAS(I)=0@,

BETAES(1)=08,

T4PSB=Q,

CONTIHNUE




JF(STYP.EQ.1,A AMD NSP NF,2) GO TD b0
IF(STYP,EN,A, A _AND _NSP NE,.2) GO TO {07
READ(5,u4@)STYP .
187 JF(NGAMS FN.1,AND,STYP,EQ.A. @) GO TO 5@
GO T0 60
S0 READ(S,2A) (SPFGAM(1)Y,I=1,NRDGMY)
READ(S,20) (SCRSG(I),I=1,NBDGMY)
READ(S, 2METH, SUMENG
D0 S2 1=1,NRDGM1
52 SNRSG(I)=SORSG(I)/1,.AE+R6
IGCT=1IGCT+1
TMPSG=0,
00 S3 1=1,NROGM1
53 TMPSG=TMPSG+SORSG( 1)
GO0 T0 7@
6@ DO 65 I={,NBNGM{
SPEGAM(I) =7,
65 SORSG(I1)=A,
TMPSG=0.
7@ CONTIMUE
125 READ(6,13@)10,GA5,AY0,0ENS,ACT,RETE, GAME, BPGE
130 FORMAT(1X,17,45,42,5(1%,E12.6))
IF(ID,NE,IOE) GO TO 125
IFCIOPT.NEL1) GO TO 139
IF(ACT ,LT.1.ME=35) GO TN 139
BETEE=RETF/ACT
GAMEE=GAME/ACT
IF(BFYEF,FQ.2,2) GO TO 13A
ABDB:AB§(1.~THPSB/BFTEE)*1QU.
IF(ABDR.GT 1, UF=p2) PRINT (31,SYM{,SYM2,IDE,ABDR, TMPSB,BETEE
131 FORMAT(IH ,SX,«ISOTOPE %,A5,A8,« ,ID = *,17,% HAS *,F9,3,« FERCEN
1Y DIFFERENCE IN BETA ENERGYs» I E. *sEf2,U,* VS, *,E12.4)
138 CONTINYE
IF(GAMEE FR.0,n) GO TO 139
ABOG=ARS(1,=TMPSG/GAMEE) x 107,
IF(ABDG.GT .1, PE=®2) PRINT 132,SYM1,SYM2, IDE,ARDG, TMPSG, GAMEE
132 FORMAT(IH ,5X,«xISOTOPE *,AS,A5,x ,1D = %,17,% HAS *,F9,3,% PERCEN
17 OIFFEREMCE IN GAMMA ENERGY, I.E. *,E12,4,% VS, *,E12,4)
139 CONTIMUE
IF(NGAS,EN,1,AND ,GAS ,NE.SH GAS ) GD TD 199
IF(NGAS.NE,1) GO TO 169
IGASB=IGASB+|
IGASG=IGASG+
SMGASR=SMGASR+RETE
SMGASGSSMGASG+GAME
169 CONTINUE
BSUM{=RSUMI4PETE
GSUM1=GSUMI+GAME
DO 140 I=1,NRDMI
TSPR(IY=TSPB(IY+RETAS(I)%ACT
140 TSPFB(I)=TSPEB(I)+HETAES(I)*ACT
DO 186 7=1,NADGMY
TSPG(I)=TSPG(IVY+SPEGAM(I)*ACT
159 TSPEG(T)=TSPEG(I)+SORSG(I)«xACT
199 COMTINMIE
REWIND 6
G0 To 1
200 GPS=n,
BPS=p.
GMEVPS=Q,
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BMEVPS=0,
D0 3om I={,NRDMY
BPS=BPS+TSPB(I])Y
300 BMEVPS=RMEVPS+TSPER(])
D0 31A 1=1,NBOGMY
GPS=GPS+TSPG(I])
319 GMEVPS=GMEVPSH+TSPEG(])
BMEVPF=RMEVPS/FPS
GHEVPF=GMFVPS/FPS
GPF=GPS/FPS
BPF=RPS/FPS
PRET=2103,.%x(1,=-3MEVPF/BRETOT)
PGAM=10AR (1 ,=GFEVPF/GAMTOT)
CRAMVPS=RBSI)MY
COGMVPS=GSIINY
CRMVBF=CRIMVPS/FPS
CGMVPF=CGMVPS/FPS
PBC=1a0,%x(1,=-BMEVPF/CRMVPF)
PGC=102A % (1 ., »GMEVPF/LGMVPF)
PRINT 2143,TT0T,TNnCY
219 FDRMAT(!H!:SXukTOTAL BETA SPECTRUM AT %,E12,6,% SEC, TOTAL AND «,
1E$2.6,% SEC, OFCAY (BETAS/SEC)%/)
PRINT 22@, (TSPR(I),I=1,NBDMY)
220 FORMAT(iH 16F15,.5)
PRINT 230,T707T,TDCY
230 FDRMAT(1H®Z, SX.*TnTAL BETA ENERGY SPECTRUM AT %,E12,6,*% SEC, TOTAL
1ANO %,E12.60% SEC, DECAY (MEV/SEC)IX/)
PRINT 220, (TSPEB(I), I=1,NBDM1)
PRINT 244,TTI0T,TDCY
2ua FORVAT(iHﬂuSX.*TOTAL GAMMA SPECTRUM AT *,E12,6,% SEC, TOTAL AND =,
1E12.6, % SEC. PDFECAY (GAMMAS/SECY%/)
PRINT 220, (T5PG(I1),I=1,NBOGMY)
PRINT 25@,TT0T, TDCY
250 FORMAY(1HZoSX.*T0TAL GAMMA ENERGY SPECTRUM AT %,F12,6s% SEC, TOTAL
{1 AND *x,F12.6,% SEC, DECAY (MEV/SEC)*%/)
PRINT ?20.(TSPEG(I),I:l.NRDGMi)
PRINT 25%
251 FORMAT(1H®,//7)
DO 252 I=1,MBOMY
TSPB(I)=TSPR(I)/FPS
252 TSPER(I)=TSPER(IY/FPS
DO 283 I=1,NB00MY
TSPG(I)=TSPG(I)/FPS
253 TSPEG(IY=TSPEG(I)/FPS
PRINT 324,7T0T,TDCY
320 FORMAT(iHﬂ.Sx.*TQTAL BETA SPECTRUM AT %,E12,6,% SEC, TDTAL AND x,
1E12.60% SFC. NDECAY (RETAS/FISSION)Yx/)
PRINT 220, (TSP8(1),1=1,NBDM1)
PRINT 33@,TT0T,ToOCY
33la FORMAT(iH?oSX.tTnTAL BETA ENERGY SPECTRUM AT %,Ef{2.6,*% SEC, TOTAL
1ANO #,E12.,6¢% SEC, DFCAY (MEV/FISSIDNYx/)
PRINT 220, (TSPEB(I),1=1,NBDM1)
PPINY 344,TTOT,TNCY
340 FORMAT(1H®,S5X,xTOTAL GAMMA SPECTRUM AT %,E12,6,% SEC, TOTAL AND &,
1E172,6,%x SEC, DECAY (GAMMAS/FISSION)*/)
PRINT 2208,(TSPG(I),I=1,HRDGEML)
PRINT 35@,TTNT,TNnCY
350 FORMAT(I1HB,5X, xTOTAL GAMMA ENERGY SPECTRUM AT x,E12.6,#% SEC, TOTAL
1 AND «=,E12,6,% SEC, DECAY (MEV/FISSION)*/)
PRINT 2020, (TSPFG(I),1=1,NBOGMY)




PRINT 251
PRINT 4ap@,FPS
a0 FORMAT(1HY,2¢X,*FISSIONS / SEC = %x,E12,6)
PRIMT 491,RPS
4By FORMAT(IHA,2P2X,«RETAS /7 SEC = %,E12.6)
PRINT 419,BPF
U1@ FORMAT(1HR, 20X  *RETAS 7/ FISSION = %,E12,6)
PRINT 427,BMEVPS
42¢ FORMAT(IHR,20X,*RETA MEV / SEC =z *,E12,6)
IFCICOMPB,NE 1Y) GO TOQ 422
PRINT 421,SMFXpB
421 FORMAT(1KA, 20X, *EXPERIMENTAL BETA MEV / FISSION = *,E12,6)
422 CONTINUE
PRINT 430,8MEVPF
430 FORMAT(1HR,20X,*HBETA MEV / FJISSION = %,E12,6)
.~ PRINT 415,CRMVPF,PRC
415 FORMAT(1HR,5%,«CTNDER BETA MEV / FISSIOM = *,E12,6,
1% PFRCENT DIFFERFNCE = #,E12,6)
PRINT 514,GPS
510 FORMAT(1H?, 260X, *GAMMAS / SEC = %,E12,6)
PRINT s20,GPF
S20 FORMAT(1HA,2AX,*GAMMAS / FISSION = %,E{2,6)
PRINT 538,GMFVPS
530 FORMAT(1HM, 20X, *GAMMA MEV / SFC = *.E12,6)
IFCICOMPG NEL1Y GO TD 512
PRIMT 531,SMEXPG
531 FORMAT(1HP,20X,*EXPERIMENTAL GAMMA MEV / FISSION = %,E12,6)
532 CONYINUE
PRINT 540,GMEVPF
S48 FNRMAT(IHA,PPX,*xGAMMA MEV , FISSION = %,E12,6)
PRINT &35,CGMVPF,PGC
535 FORMAT(IHA,BY,xCINNER GAMMA MEV / FISSION = %,E12,6,
1% PERCENT DIFFERENCE = %x,E12,6)
PRINT 414,BETOT,PBET
610 FDRMAT(IHR,SX,xCINDFR TOTAL BETA MEV / FISSION s *,Ei12,6,
1% PERCENT DIFFFRENCE = %,F12,6)
PRINT 62@,GAMTAT,PGAM
627% FORMAT(1H®@,5%,xCTNDER TOTAL GAMMA MEV / FISSION = %,E12,6,
1% PERCENT OIFFERFNCE = x,E12,6)
PRINT 637, IRCT,IGCT
637 FORMAT(1H2,20X,4BETA COUNT = %,13,% ¢+ GAMMA COUNT = %,13)
IF(NGAS . NEL,1) GO TO 671
PRINT 677, 1GASR, TGASK
677 FORMAT(1HR?,20X,*RETA GAS COUNT = %,I3,% +GAMMA GAS COUNT = %,13)
PRINT 689,NGSBT,NGSGT
689 FORMAT(1HA, 20X, *RETA TOTAL GAS CDUNT = *,I3,x , GAMMA TOTAL GAS C
{DUNT = *113)
SMGASB=SMGASRB/FPS
SMGASG=SMGASG/FPS
YGASB=TGASH/FPgS
TGASG=TGASG/FPS
PRINT 674,SMGASH
PRINT 675,SMGASG
PRINT 672,TGASR
PRINT 673,TGASH
672 FORMAT(1HA,5X,«CINDFR TOTAL GAS RETA MEV / FISSION = *,£12,6)
673 FORMAT(1HA,5%,«CINDCR TOTAL GAS GAMMA MEV / FISSION = %,E12,6)
674 FORMAT({HR,5X,xCINNER GAS BETA MEV / FISSION = *,E12,6)
675 FORMAT (1HR,S5%, xCINDER GAS GAMMA MEV / FISSION = *,E12,6)
671 CONTINUF
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RATB=RMEVPF/REYOT
RATBC=CRMVPF/RETOT
RATG=GMEVPF/GAMTOT
RATGC=CGMVPF/GAMTOTY
IFCICNMPG.NE, 1Y GO TO 634
RATEXG=SMEXPG/GAMTOT
RATXG1=SMEXPG/GMEVPF
RATXEC=RATEXG/GMEVPFxCGMVPF
631 CONTINUE
IFCICOMPRNE, 1) GO TD 632
RATEXB=SMEXPR/RMEVPF*RATBC
632 CONTINUE
PRINT 71@,RATR
717 FORMAT(1HRA,SX,xRATIO OF BETA MEV / FISSION TO TDTAL CINDER BETA ME
1V / FISSION = %,E12,6)
PRINT 72m,RATBC
728 FDRMAT(1HOA,SX,«RATIN OF CINDER BETA MEV / FISSIDN TO TOTAL CINDER
IBEYA MEV / FISSION = %,E12,6)
PRINY 730,RATG
733 FORMAT(1HA,5%,xRATIO OF GAMMA MEV / FISSIDN TD TOTAL CINDER GAMMA
{MEV / FISSION = #,F12.6)
PRINT 748G,RATGC
740 FORMAT(1HA,5X,xRATIO OF CINDER GAMMA MEV / FISSION TO TOTAL CINDER
1 GAMMA MEV / FISSION = *,E12,6)
IFCICNHPG NE, 1) GO TO 742
PRINT 741,RATEYG
741 FORMAT(1HP,5X,xRATIO OF EXPERIMENTAL GAMMA MEV / FISSION TO TOTAL
{CINDER GAMMA MEV / FISSION = %,E12,6)
PRINT 747,RATXEC
747 FORMAT(IHA,SX,xRATIO OF EXPERIMENTAL GAMMA MEV / FISSION TOD YOTAL
1CINDER GAMMA MgV / FISSION (EXCLUDING CONVERSION ELECTRDNS) = *,
2E12.6)
PRINT 746,RATXGY
746 FORMAT(1HB,5%,%xRATI0 OF EXPERIMENTAL GAMMA MEV / FISSIDN TO TOTAL
IMEV / FISSION = %,F12.46)
742 CONTINUE
IF(ICOMPRB.NE, 1) GO TO T4y
PRINT 7u43,RATEXB
743 FORMAT(IHB,SX,xRATIO OF EXPERIMENTAL BETA MEV s FISSIDN TO TOTAL 8
{ETA MEV / FISSION = %,E12.6)
744 CDNTINUE
PRINT 793
793 FORMAT(1HO,//7,5X+xNB, TOTAL RFFERS TN ALL 825 FISSION PRODUCTS,
{THE REST REFER TO THE 181 FISSION PRODUCTS*)
PRINT 794
794 FORMAT(11HA,SX,xTHE FOLLOWING SPECTRA ARE NORMALIZED TO THE TOTAL C
{INDER«CALCULATED GAMMA AND BETA MEV/FISSION%,/,5X,x FOR ALL 825 FI
2SSIDN PRODUCTS*///)
IF(NGAS,EQ.I) RATR=TGASB/SMGASSB
IF(NGAS,EN,1) RATGC=TGASG/SMGASG
DO 819 1=1,NRDM]
EBDBM(I)=M,Sx(FBDB(I1)+EBNDB(I+1))/1,BE+Ab
TSPB(T)=TSPR(I)/RATR
B1? TSPER(I)=TSPER(I)/RATB
SMGCS=0.
DO 82¢ 1=1,NRNDGMY
EBOGM(I)=A S5« (FBDG(IY+EBNDG(I+1))/1,PE+06
TSPG(1)=TSPG(I)/RATGC
TSPEG(I)=TSPEG(I)/RATGC
SMGCS=SMGCS+TSPEG(])



82@ TSPEG1(I)=SMGCS
PRINT 83@,T70T,TDCY
83 FORMAT(IHY,SX,«NORMALIZED RETA SPECTRUM AT *,E12,6,% SEC, TOTAL AN
tD %,F12.6s% SEC. DECAY (BFTAS/FISSIDN)%/)
PRINT 220, (TSPR(1),1=1,NBDM1)
PRINT &1%,TTOT,TDCY
847 FORMAT(IHR,SX,xNORMALIZED BETA ENERGY SPECTRUM AT =*,E12.,6,% SEC, T
{OTAL AND *,F12,6,% SEC, OECAY (MEV/FISSION)%/)
PRINT ZEGu(TSPEB(I).I=1.NBDM1)
IF(NPUN,EQ.1) PUNCH 4@10,TTOT,TDCY
qe1n FORMA](lﬂ +*BETA MEV/FISSION AT %x,E12,6,% SEC, TOTAL AND #,E12,6,
1% SEC, DECAY#)
IF(NPUN.EQ,1) PUNCH 873, (TSPEB(I),1=1,NBDMY)
IF(ICNhMPB,NE,1) GO TD 841
PRINT 842,TT0T,TDCY
842 FORMAT (1HA,SX, »EXPFRIMENTAL BETA ENERGY SPECTRUM AT #,E12,6.% SEC,
{ TOTAL AND *,E12,.6,% SEC, OECAY (MEV/FISSION)I=%/)
PRINT 220, (BETEXP(1),1=1,NREXP)
PRINT 4963
U963 FNRMAT(1HA,SXsxEXPERIMENTAL BETA ERRORS (MEV/FISSIDN)%/)
PRINT 2?0.(BETERR(I).I=1.NBEXP)
TF(NPUN,_EDR,1) pUNCH 402@
4M2@ FDRMAT(IH ,*EXPEPIMENTAL BETA MEV/FISSION®)
IF(NPUNJEQ 1) PUNCH 873, (BETEXP(1),I=4,NBEXP)
IF(NPUN.ER, 1) PUNCH 4961
4961 FORMAT(IH ,*EXPERIMENTAL RETA ERRORS(MEV/FISSIDN)®)
IF(NPUN,EQ,1) PUNCK 873, (BETERR(I),1=1,NREXP)
843 CONTINUE
PRINT 85@,7707,T0CY
850 FORMAT(1Hﬂ55*atNQRMALIZED GAMMA SPECTRUM AT %,Ef12,6,% SEC, TOVAL A
IND %,F1P.b6s*% SFC, DFECAY (GAMMAS/FISSION)%/)
PRINT 228, (TSPG(1),1=1,NBOGM1)
872 FORMAT(1H ,*GAMMAS/FISSION AT #,E12,b6,% SEC. TOTAL AND ,E12,6,
i« SEC. DECAYxX)
873 FORMAT(6F12,.6)
PRINT 864,TTOT,TDCY
863 FORMAT(1HQ,SX,xNORMALIZED GAMMA FNERGY SPECTRUM AT x,Ef12,6,% SEC,
1TOTAL AND *,E12,6,+ SEC, OECAY (MEV/FISSION)Y%/)
IF(NPUNL,EQ,1) PUNCH 7836,TTOT,TDCY
7836 FDRMAT(IH ,*GAMMA MEV/FISS, AT #,E12,6,* SEC, TOTAL AND *,E12,6,
1%xSEC, DECAY®)
IF(NPUN_EQ,1) PUNCH AT3,(TSPEG(I),I=1,NBDGM1)
PRINT 220, (TSPFG(I),I=1,NBOGM1)
PRINY RS9,TTDT,TNCY
859 FNORMAT(1HA,SX, «xNORMALIZED SUM GAMMA ENERGY SPECTRUM AT %,E$2,6,* S
{EC, TOTAL AND #,E12.6,% SEC. OFCAY (MEV/FISSIDN)#%/)
PRINT 22@,(TSPEGY{(I),I=1,NBDGM])
IF(ICOMPG,NE,1) GO TD 862
PRINT 861,TT0T,TNCY
B61 FORMAT(1HN,5X, +EXPERIMENTAL GAMMA ENERGY SPECTRUM AT %,E12,6,% SEC
1, TOTAL AND %,E12,6,%« SEC, PECAY (MEV/FISSION)x/)
PRINT 220, (GAMFXP(1),I=1,NGEXP)
IF(NPUN,EQ, 1) PUNCH 3IBE1
3081 FORMAT(IH ,*EXPERIMEMTAL GAMMA MEV/FISSIONX)
IF(NPUN,TQ,1) PUNCH RT3, (GAMEXP(I),I=1,NGEXP)
IF(NPUN,EQ,1) PUNCH 37202
3062 FORMAT(iH ,*EXPERIMENTAL GAMMA ERRORS%)
IF(NPUN_EQ,1) PIIMCH BT73, (GAMERR(I),I=1,NGEXP)
PRINT A58,TT0T,THCY
858 FORMAT(1HO,5X, xEXPERIMENTAL SUM GAMMA ENERGY SPECTRUM AT «,E12,6,%*
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857

862

957
5511

6553

916

911
920

993
994

930

940

946
934

{ SEC, TOTAL AMD w,F12.6,% SFC, DECAY (MEV/FISSIDN)*/)
PRINT 220,(GMEXP{(1),I=1,NGEXP)

PRINT 857,TT0OT,TNnCY

FORMAT (1H@,5X, *xERRORS OF EXPERIMENTAL GAMMA ENERGY SPECTRUM AT =,
{E12.6,% SEC, TATAL AND &,E12,6,% SEC, DECAY (MEV/FISSION)#/)
PRINT 222, (GAMERR(1),1=1,NGEXP)
CONTINUE

IF(NPLOT.NE.1) GO TO 901

00 957 1=1,NREXP

ERXCIY=ERXM(I)

ENCODF(10,5511,ATTOT)TTOT
FORMAT(IPEL1Q,3)
FNCODE(16,5511,ATDCY)TOCY

DO 6553 I=1,kBFXP

ERX(IY=EBX(I)/1.PE+ Q6

BMIN=QLMPLT

00 918 I=1,NBDMY

JIF(TSPB(I),LT.RMIN) TSPB(I)=BMIN
CONTINUE

BEMIMN=QLMPLT

DO 92@ I1=1,NBOMY

IF(TSPEB(I) LT BEMIN) TSPEB(I)=BEMIN
JIFCICOMPBNE,1) GO TO 911

CONT INUE

COMTINUE

IF(TCOMPB.NE.1) GD TO 994

D0 993 I=1,NBEXP

IF(BETMER(I),LT . REMIN) BETMER(I)=REMIN
IF(BETEXP(I) LT, BEMIN) BETEXP(J)=REMIN
IF(BETPER(I) ,LT.BEMIN) BETPER(I)=REMIN
CONTINUE

CONT INUE

GMIN=QLMPLT

DO 93@ 1=1,NBDGMY

IF(TSPG(I).LT.GMIN) TSPG(I)sGMIN
CONTINUE

GEMIN=QLMPLT

GEMINI=QLMPLT

DO 94m I=1,NBDRM]

IF(TSPEG(I) LT, GEMIN) TSREG(I)=GEMIN
IFCTSPEGI (1) LT<GEMINI) TSPEGI(T)=GEMINY
CONTINUE |

IF(ICOMPG.NE.!) GO T0 931

DD 946 1=1,NGEXP

IF(GAMEXP(1) ,LY,GEMIN) GAMEXP(I)=GEMIN
IF(GHMEXPI(T) LT GEMINTI) GMFXP1(Y)=GEMINY
IF(GAMMER(CI) LT GEMIN) GAMMER(I)=GEMIN
IF(GAMPER(I) L T.GEMIN) GAMPER(I)=GEMIN
CONTINUE

CONTINIUF

TIC(1)=1AHBFTAS PER

TIC2Y={AHFISSINN AT

TI(3)=ATTOT,

TI(UY=10OH S, TOTAL,

TI(SY=ATOCY -

TI(6)=10H 5, DELCAY

ABSIS(1)=3HMEY

ORDIN(1)=BHSPECTRUM

CALL PLNSB(ERDRM,TSPR,+MBPLT,=1,+¢1,4478,0,,8,,0,,
171,62, ARSIS,3,0RDIN,8)



CALL PLOTM(EBDAM,TSPR, +NBP(T,=1,7,+103,0,,10,,18,,
171,63, ABS1S8,3,NRNIN,8)
71(1)=1WH'BFTA MEV/
IFCICOMPB.NE,1) GD TD 951
TI(7)=101, CALC- Vs
YT(B)Y=pH, EXP,
NRPLX=NBXPLT
IFONRBPLX,,GTHARFXP) NRPLXaINREXP.
CALL PLOSB(ERDRM,TSPEB, +NBPLT,=1,~1,+4478,0,,0,,0,.,
1Tll7b, ABS‘SU‘,“RDTN,a)
CALL PLOSRCERX,BETEXF,+NBPLX,®»1,41,=11R,08,,0,,0,,
171,76,ABS81S,3,NRDIN,8)
CALL PLOTM(EBDRM, TSPER,¢NBPLT,=1,0,+103,0,,10,,12,,
lTI;76,AnSIS,3:0RDIN,3)
DO 4321 IP=1,NRPLX
XEN(1)=EBX(IP)el, At=10
XFN(Z):EHY(IP),
XEN(3)=ERX(IFP)41,3E=10
YSP(1)=BETMER(IP)
YSP(2)=RETEXP(1P)
YSP(3)=RETPER(IP)
CALL PLOTM(XEN,YSP,+3,=1,41,%38,7,,10,,10,.,71,76,ABS1S,3,0RDIN,8)
4321 CONTINUE
G0 T0 953
951 CONTINUE
CALL PLOSB(ERPRM,TSPER, +NBPLT,=1,+1,4478B,0,,0,,d,.,
17T1,60,ABS15,3,0RDIN,R)
CALL PLDTM(ERDBM,TSPFB, +NBPLT,=1,8,+103,08.,10,,17,,
171,60,4BS1S5,3,0RDINM,8)
953 CONTINLIE
TI(1)=10H GAMMLS /
CALL PLDSBCEBNGM,TSPG, +NGPLT,wy,+1,+87R,¢,,0,,@,,
CALL PLOTM(ERNGM, TSPG,+NGPLT,=1,0,+103,0,,10,,18,,
171,60,A8S51S8,3,0R0IN,R)
TI(1)=1AHGAMMA MFV/
IFCICcov“PG.NE,1) GD TD 941
NGPLX=NGXPLT
IF(NGPLX.GT NGEXP) NGPLX=NGEXP
CALL PLOSB(EROGM, TSPEG, +NGPLT,»1,=1,+478B,%,,2,,0,,
1T1,76,4851S,3,0RNDIN,R)
CALL PLOSR(EGX,GAMEXP,NGPLXy»1,41,=11B,0,,0,,0,.,
17Y,76,ABSIS,3,NRPIN,R)
CALL PLOTM(EHDGM,TSPFG,+NGPLT,»1,3,4103,2,,10,,19,,
$1T1,76,ARS1S,3,0RDIN, )
DO 4901 1P=1,NGPLX
XEN(1)=EGX(IP)el BF=10
XEN(2)=EGX(IP)
XENC(3I)=EGX(IP)4+1 AE~10
YSP(1)=GAMIFR(IP)
YSP(2)=GAMEXP(IP)
YSP(3)=GAMPFR(1P)
CALL PLOTM(XEN,YSPJ+35-1,‘1"38,8.'10.'19.'
1T1,764ARS1S+3,0RDIN,B)
4221 CONTINUE
GO TO 9qu2
941 CONTINUE
CALL PLOSR(EGRDGM, TSPEG,+NGPLT,»1,+1,4478,0,,0,.,0,,
171,67, ABSIS,3,0RDIN,R)
CALL PLOTM(EBDGM, TSPEG, ¢NGPLT,=1,0,+103,0,,12,,10,,
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1711,60,24B515,3,0RDIN, 8)
942 CONTINUE
TI(2)=1AH SUM GAMMA
TIC3)=10OH MEV/FIS,
TIC(4Y=1AHCALCULATED
IFLICOMPGL.NE. 1Y GO TO 961
TI(S)=1AK (=) aAND F
TI(6)=1AHXPERIMENTA
TI(7)=SHL (%)
CALL PLOTM(ERNDGM TSPEG],+NGPLT,»1,2,+103,¢,,10,,10,,
171,65,ARS15,3,0RDIN,8)
CALL PLOTM(EGX.,GMEXP1,+NGPLX,=1,+1,-1R3,0,,10,,10,,
171,65,ARS1S,3,0RDIN,8)
GO TO 962
961 CALL PLOTM(ERDGM,TSPEGL, +NGPLT,=1,G,+123,0,,10.,10,.,
171,42,AR818,3,09nIN,8)
962 CONTINUE
981 CONTINUE
END

SUBROUTINE EXL

CALL VBFS(4,2050a58)
RETURN

END

SUBROUTINE FEXH

CALL VRFS(1,2052A78)
RETURN

END
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[ ]

J1PE+CY?
«2RE+Q7
«3PF¢RT
,UBE+07
.SRE+@7
LORE+QY
. TOE+B7

»
«SPAE+06
10E¢QT7
«1SE+QT
W 20E+RT
«2S5E+Q7
2ICE+RT
« 35E407
JUPE+QRT
~45E+07
«SPE+OQ7
«SSE+R7
e 6BE+RT
«&SE+QRT
p7ﬂE#07
«7SE+D7

SAMPLE OUTPUT FROM THE FPDCYS PROGRAM

METHOD 4 FOR BETA SPECTRA

METHOD 2 FOR GAMMA SPECTRA

piaFtﬁb
»11E4+0@7
»21E407
«J1E+RT7
JUIE+O7
.S1E+@7
L61E4D7
0715007

. 5AE+05
»5SE+P6
~1PE+07
~15E+27
«20E+0Q7
e 25F¢R7
«3PE4 BT
358407
LUPE+DT
o USE+ Q7
« SAE+ AT
«55E+Q7
L6RESQT
«65E4@7
«TAE+ 27

APPENDIX C

BETA ENERGY BDUNDARIES (EV)

cCBE+26
. 12E407
.22E+07
~32E+@7
L U2E+D7
»52E+827
,62F+07
. 12E+RT7

»3OF+26
o 1JE+NT7
,235#“7
» 33E+Q7
pUSE+QT
«S3E+AT
1b3F+27
e T3ECQT

JUDE+RG
e 14E¢+07
W 2UESRT
e SUE+DT
cUUESDT7
pSUECDT7
obaEfa7
e TUE+QT

GAMMA ENERGY BNUNDARIES (EV)

. 1PE+P6
L6AE+RE
~11E+27
»16E+07
~21E+07
W 26EFQT
L31E+A7
- 36E+Q7
JULE+AT
JUBE+RT
. S1E+RA7
.S6E+2Y
~61E+R7
o 66E+QT
+7T1E+07

s 15E+N6
+6RE+A6
e 11E407
» 16E+0Q7
221E4R7

2HE+NT
e 31E+07
e 36E+Q7
sUIE+QT
~UbE+QT
«S1E+0Q7
«S6E+AT
«H1E+AT
«66E+A7
e 7T1E+07

«2PE+06
p7aEf96
e 12E+Q7
«17E+07
e 228+07
W 2TE+GT
oS?Ef07
e 3TE+QT
pU2E+QT7
UTE+RT
»52E+07
057Ef07
C62E+07
0675107
«T72EeB7

«SAE+06
«15E+R7
0256407
. 35E+07
JUSE+07
«55E+07
«65SEYQAT
«T15E+07

«25E+R6
.715E+36
«13E+07
18E+AT7
«23E+QT7
.2BE+Q7
¢« 33E+07
»38E+@7
JUIE+RT
JUBEFDT
«53F+07
«58E+0T7
+63E+07
2 68E+Q7
«73E+07

bAE+QAB
e 16E+07
26E+07
e 36E+07
JUBESRT
0565§07
066E+QT

e JPE+B6
«BRES+A6
o 13E¢07
J1BE+QT
e 23E+NT7
< 288407
e 33E+AT
« 3BE+NT7
JU3E+DT
JUBESQT
«S53E+07
«S8E+27
e 63E 407
«68E+07
«73E+07

- 10E+06
L17E+07
2TERQAT
J3TE+QT
LUTE+DY
.STE+O7
6TEHET

+ 35F+06
BSFE+Q@6
c13E+Q7
s 18E+07
2 23E+07
«28E+Q7
e 33E+RAT7
«JBE+QT
JU3E+RT
JUBE+RT
,53E+07
.SBE+D7
L63E+07
«68E+0Q7
e T3E+07

«80AF+06
«18E+07
«28E+B7
e 38E+07
~UBE+OT
«S8E«Q7
«68E+B7

WUPEC D6
«9AE+ Q6
s JHE+DT
19E¢@7
.2“5'?’7
o P9E+AT
e SUE+AT
0 3GE+Q7
JUdE+RT
JUGEFDT
«SHE+QT
«59E+07
obUE+DBT
«69E+ 07
s THE+RY

«9AE+DBS
. 1GE+QT7
W 29E+Q7
e 39E+AT7
JUGE+AT
«S59E+QA7
«69E+07

«USE+0D6
0 95E+06
«14E+07
s 19E+07
«2UE+DT
229E+07
o SUE+DT
e 39E+R7
JUUESRT
JUSE+QT
JSUE+DT
«SGE+R7
JOUE+QT
26GE+07
«TUES®B7?



0s

a
33=ASe 82
MATZ2 7S
NDKs
NSPS 2
INE= 3308200
E«RETAZz ,3211E+07
EwGAMMA=s  _2881E+0@b
EwALPHAZ=0,
HALFLIFEs ,19PQE+02
BRANCHINGS®2 ,100PE+01
QeVALUE(S)E ,72a0E+07
NEIGHTED Q8 ,7200E+07(+/» ,2000E+06)

BETA SPECTRUM

NORMALIZATION FACTOR=
NO, OF PQINTSs S

E=BETA
1 «2TGRE+07

REL

«1P00E40Q}

INTENSIYY
- 1000E+QL

BETA SPECTRUM
«1830E=01
25954E=01
-36U2E=01
»U49U9E=02

IV IIN
LR T )

2.
el
2.

BETA ENERGY §P
29606E+03
»3374F+0S
» TUG1E+QS
~673UES@S
»1210E+05

2.

12452E=01
oS541E=0Y
«5755E=-01
«3076L=01
«1938Ee02

0,

2.

R

ECTRUM
«3728E+04
+U4159E+0S
«7T76TE+BS
«5994E+BS
«4923E+04

A,

e 3082E=01
«5811E=01
S470E=01
«2UGBE=Q1
«2884E=03

«7755€E+04

JU4GUIE+AS

e 71929E+0S

«S5117€E+0S

«71575E+03
@

. 3686E=01
.59908E=n1
.5105Ew»@1
«1929E=01

0 1295E+05
«5691E+35
791 PE+0S
«U4143E+OS
2.
Q.

42U7E=-01
e6073E=01
WU4671E=01
01389E-01

«1915E+€5
«6377E+02S
o« TTBUE+QS
o3121E+25
2,
A

WUTS1E=81
6061E=01
001795'01
«9025E~02

0261 TE+QS
«69702E+05
e T3@GE+QAS
e 2117E+05
2,
A,
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2

3

«2980E+Q7

«SS0RE+DY

. CN0BE+Q1

«SOBAE+a1

0. ﬂ. 0. a. g. m.
8. P 2, 2, 2. a,
mo at 0. ao ﬂl ﬂ'
an e. 9. 0. a. G.
2, Q. B 2. 2, 2,
e, a3, 2. e, 2, 2,
an a. 0.
AVERAGE BETA ENERGY =& e1136E+07
BETA SPECTRUM
»3115E»01 ~U198EmD1Y «S30BE=A1 «6389E=01 e 7412E=01 «8354UE=01
0 9194Emn] e9916E=01 « 1ASPE+CO « 1095E+00 o 1124E+20 e1137E+02
»1135E+¢22 »1117E+00 «1083E+020 «1036E+00 W F7UdE-CY e 9013E=01
»8179E=01 1 7263E=01 »6286E=01 e5276E=01 U260E=01 e3271E=01
«2344E=01 e1516E=01 «8277E=02 «3229E=02 «U4789E-23 @,
8. Q4 @, Be Q. Ao
GF @. Q. 0. ao ﬂ.
ai a. 0. e. a. 0.
2, 2., e 2, 2. 0.
0. ﬁ. 0. 0. e. ”.
2. A, 0. 2. e, Ao
a. m. 0. 0. e. G.
a @. 0.
ENERGY SPECTRUM
«1637E+04 e638UE+BY e 1336E+05 e C2UUE+DS e 33U3E+ES «U6P2E+BS
«S9B3E+PS o TUU2E+OS 08932E+035 o 1CUAE+PSE «1180E+0C6 e 1308E+R6
«1U18E+06 e 15ATE+Q6 e 1570E+06 «1685E+06 e 1607TE+CH e 1577E+Q6
«1512E+06 e 1415€E406 0« 1288E+B6 e1133E+06 «957TE+05 e T6BRE+DS
.5736E+0S 0 3860E+0S 12189E+25 «B848E+0QY « 1353E+04 9,
e_. m. al G. a. 0.
N, Q. 2. 2, e, 2,
0. e. 0. @. e. ﬂ.
2, 2. 2., 2, D B
2. R Ry Q. 2, 2.
@, 2. 0. 2, 2. 2,
2, B B 8. e, 8.
0. a. g.
AVERAGE BETA ENERGY = e 1232E+07
BETA SPECTRUM
0 166SE=01 023%22F=01 e JAUUF=01 e 38P7E-01 «Ub6P1E=2] e5U15F=01
e62UlE=C1 7070 E=01 e T8OUE=R] «8706E-01 e 9498E=21 e1P26E+00Q
11@PF 00 e1169E+00 e 1234E+Q0Q « 1295E+00 «135CE+CQ 1400 +20
s 14LIE+PR 1481E+@Q 0 1512E+PQ e 1537E+32 e 1554E+0D e 1565F+00
e 1569E+0PQ «1566E+20 ¢« 15STE+20 15unt+00 «1517E+90 e 1UBTE+QQ
|
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+1USIE+OR « 1UR9E+0O e 1362E+00 e 1308E+00 0 1250E+20 o 1188E+00
e1121E¢0Q «JASUE+OD 0 9769E=01 e 9N10EwDY 08232E=01 o TUUUE=R]
eb6S1E=01 e5B62E=01 «SP8SE=Q J4328E=01 e 360AE=2 e 291CE=1
o 226RE=01 e 168UE=C] «1169E=01 e 7338E=02 e 3895E=p2 ¢ 148RE=02
21U6fe@3 0, Q. 2, 0, "
0. ao at G. el G.
2. 7 A 2, 8, 9,
0. ﬂ. 0.
BETA ENERGY SPECTRUM
e8791E+03 «3537E+CY e 7669E+04 «1339E+05S «2077E+QS « 2985E+05
«UP63E+PS ¢ 9309E+NS W6716E+05 «8277E+Q5 e 9979E+05 «1185E+a6
e 1375E+06 e 1579E+26 o 179RE +Pp «COABTE+DS 0 2228E+G6 s CUSBESDS
e 2671E+06 «2888F+06 « 310PE+Q6 e 33QUESDPS o JUQTE+CH e 367T9E+0P6
«3RUSE+Qe e 399UE+ 0B «U125E+06 «4235E+06 JUI23E+PH JUIBTE+RS
2UU26E+RS JUUISE+DSE UU25E+0R6 «U383E¢06 JU4313E+C6 wU4215E+00
«U0QAE+RH e 3938E+06 e 3T6RE+R6 « 3558E+06 «3333E+06 « 3C8GE+Q6
02826E+06 «25U9E+06 e 2262E+0p «1969E+06 «1673E+EA «1382E+06
»1099E+06 e8332E+85 «5900E+0S «3776E+05 ,2042E+25 « 7T902E+04
e116U4E+04 9, A, 2, 2, @,
9. m. e. e. e. e.
2. 0. 2. 2, 0. 2,
w. a. ﬂ.
AVERAGE BETA ENERGY = «2UOUE+RT
«6600E$3Y .1200E+p2
BETA SPECTRUM
e 25NTEeR] e 3513F=01 d636E=01 «5837F=01 e T102FE=01 «8U19E=01
«9776E=01 21116E400 e 1256E+00 2 13G7E+PQ «1538E+00 J1677E+02R
«1814E+00 « 19U8E+ R0 2CA77E+QQ e 22U3E+00 «2323E+20 «2U3TE+00
2 2SUUE 0O 0 2HUSE+QD 0 2737E+PQ ¢ 2B22F ¢+ « 2898E+CQ 0 2966E+00
e 3A2UE+ 2R e 3073E+00 «3112E+00Q e SI1UR2E+OP e 3162E4+020 «3171E+0P0O
e 3171E+00 «e3161E+00 «3141F+00 «311R2E4+00 «3272E+CO e 3APUE+RQ
0 2966E+0D 0 2899E+00 2 282UE+2Q W 2TULEFPD W 265PESRY «2551E+020
2 2UUBLE+PO e 2335E+00 2218E¢P0Q «cO97E+NO W 1871E¢0Q «1841E+QQ
. 1709E+00Q e 1575E+P0 «1UURE+DD e 130UE+QO o 1170E+PQ «1237E+00
. 9072E=01 07812E~01 06603E=01 «S5USSEe=Q1 JU381E=R] e 3393E=01
«C50UE=N e1728E=Q1 «1279E=01 «5695€ErA?2 e 2153Ewme? «J1PTESRT
2. e R 2. B, (718
G. e. e.
BETA ENERGY SPECTRUM
e1323E+04 e5353E+04 «116RE+RS 0 2052E+0A5 e 32P6E+PS JU6ULIF+ RS
«6365E+ 05 «83R2E+DPS 1 1069E+06 «132BF+06 e 1616E+R6 e 1929k +06
e 2268E+06 e 263NE+Mb «3B13E+06 «JUISE+Qs «3833E+26 U265E+06
2JUTRABE+CS «S5158E+06 e5612E+¢06 0 6P68E+MG 06522E+026 «bFTPE+GAS
o TUMFESRPH « TB3HE+BS «B2URE+AS «8GUBERSL «IP11E+26 «9356E+Q6
«9673E+06 e 9958F +P6 1P21E+Q7 «10UR2E+Q7 «106CE+2? s 1273E+027
.1083E+R7 «108T7E+07 «1PRTE+OT7 «1083Ev07 «1C73E+R7 «195S9E+R7



€9

o 1 AUREYQT 2 1016E+07 «9871E+06 «3539E+L26 0 9162E¢28 «BTUSE+DS
«82BBE+Qb o T795E+06 ¢ T268E+06 «6T1TE+D6 6141E+CE «5548E+RS
LUGUIE+CE «433SE+06 e 3730E+06 «3136E+06 «2562E+P6 12018E+06
«1515€E+06 «1062E+06 «6737E+05 e 3613E+05 e 1386E+ES «2028E+04
Q. Ao A, 2, 2, 2,
2. ?q 2,
AVERAGE BETA ENERGY = «3033E+07
. 7200E+QY .80200E+Q2
BETA SPECTRUM
«» 133AE+00 e 1871E+400 «2UTHE+QR «3127E+00Q «3815E+00 W US36E+0VO
.52A3E+0R «6NSIE+DD «b833E+00 e T62UE+RD «BUPCE+CA 0 9214E+OR
c100PPE+QY e 1ATRE+QAY e 1155FE+0 e 123NE+RY 1 1302E+2 e 1372E+21%
e 1439FE+010 » 15A3E+A] e 1564E+AY 1621F+01 s 16TUE+RY «1722E4+01
«176TE+PY «1806F+01 e 1BUIE+QY «1872E+01 1 1897E+RY «1917E+0}
e1933E+01 e 1GU3E+AY o 1GUBE+DY «1947E+01 o 19U2E+QY «1931E+21
e 1915F+0 e 1RB9UE+AY e 18H9E+01 «1838E+01 «18U3E+RY e 1763F+01
e1719E+0¢ 1671E+CY «161RE+R] «1562E+01 «1503E+01 e JUUCGE+RY
e 1374E+O] e 1306E+Q Y «1235E+01 e 1163E+01 o 1288F+2 «1713E+01
2 9367E+20 «86A1E+DD «TRISE+0Q0 TRATSESVO «6325E+020 « 5592t +00
»4B87SE+QR JU4185SE+QQ e 3527E+00 0 29P6E+DO «2328E¢+02D «1798E+00
s 1324F+20 «9114E=01 «S5675E=01 «2989E=01 e1127E-01 e1624E=02
ao @o ao
BETA ENFRGY SPECTRUM
«79032E+04 0« 2852E+0Q5 «b2URE+DS «1100E+06 «1722E+06 «2501E+06
e JUUAE+PA «USUUF+PG «S814E+DS e T2USE+QRS «88BUTE+RG «1C6AE+B7
0 1251E+07 »14S6E+AT7 «1675E+07 .19065+ﬂ7 e 2149E+27 0 2UBR2E+NT
2 2663E+07 02932E+47 e 32R6E+RT e SUBSE+RT 0 3766E+27 JHCURE+DT
«U328E+Q7 2UQTE+DT «UB80OE+Q7 «SIUBE+NT o SURTESCT «S657E+07
«S895E+07 e6119E+07 «6330E+QT  ,6523E+07, ,6699E+27 e 685SE+NT
0 6991E+Q7 «TIRUE+DT e T195E+07 e 7261E+0A7 dT3R2E+RT «1317E¢07
»T1305E+07 W 126TE+R7 o T7201E+07 «T1C0BE+O7 «698TE+CT «6835E+27
LObLUELRT p6UGIE+RT e 6237E+R7 «S986E+07 eST13E+27 «SU18E+D7
o S104E+RT JUTTIE+AT JUU2EESRT JUNBTESDT e 3699E+R27 ¢ 332%5€E+07
»29U9E+DYT 0 OSTHE+AT e COAUESQT ¢ 1845E+07 «15UIESRT «1177E+07
+880QE+RH «6149E+D6 «3885E+06 «2076E+06 «7937E+05S «1158E+0S
0, Q. 04
AVERAGE BRETA ENERGY = . 3328E+027
TOTAL RETA SPECTRUM
2 22U2E+RD e 312PE+R0 JUABIE+QR «S0NO8E+00 «6151E+20 o 7230E+00
«8323E+00 19419E+00 J1051F+01 e 1159E+01 s 1264E+CY e 1366E+01
e 1U6SE+PY « 1559E+01 e 16UGE+QY e 1T3UE+DY s1814E¢+QY s1888E+01
»19S6E+Q1 0 2N19E+0 «2PTTESR] e2129E+01 e 2175E+01 e 2217E+0Q1Y
e 225U4E+Q] W 22RTE+D] 231TE+D] eC3U3E+0Y e ?365E+21 e 23B3E+01
«2395E+01 CUPDESAY 1 2398E+QY e 2389E+01 1 P3TUE+RY e 2352E+01
s 232UFs1 e 22B9E+01 «22U9E+DY 12202 +01Y «21SRE+RY «2P93E+DY
. 2R3RE+DY e 1963F ¢4 «1891E+RY «1815E+01 e1736E¢21 e 1653E+01




%S

e 1568E+01 cJURAESQY e 1391E+RY 1300F+0} e 1209E+RY e 11185401
J1P28ECRY e 9382E+00 «8U9SE+QA «7627E+00 6763E+20 «5929E+020
«5125E+P0 »U35RE+QQ « 3635E+20Q «2963E+00 «2349E+00 «1801E+20
o 1324E+QQ 911UE=DY «S6TSE=QY «29R9E=01 «1127E=21 e 1624E=D2
. 0. Q.

YOTAL BETA ENERGY SPFCTRUM
«1183E+05S ¢« 4TS3E+0AS e 1829E+P6 «1793E+06 e 2TTHE+Z6 «39RSE+06
+SULRE+RSE «TA73E+06 «89U2E+DG J11PLE+DT «1328E¢07 «1572€E+07
»1832E+07 e 21C6E+AT e 2392E+R7 1 26RBE+QT 0« 2993E+07 e 3304E+2T
e 3620E+07 «3938E+07 CU2STE+RAT «USTTE+QT7 JUB9SE+CT «5210E+07
»5523E+@7 «5833E+07 «b1UBE+DT dHUUUE+RT OTURE+RT e 7T231E+07
L T3BUE+RT ¢ 7559E+0R7 e T793E+QY «B8ONUE+RT «819RE+27 «835CE+Q7
W8UR2E+DY «8585E+Q7 «865BE+Q7 «8699E+Q7 «8738E+07 «B68UF+AT
«8628E+07 «8538E+07 cBULUE+DT «8258E+R7 «80T1E+07 «TBS2E+07
cTEN3E+RT e T326E+07 e TA23E+AT «6696E+DY «b3IUTESCT «5981E+07
«SHAPE+RT .5206E+07 cU799E+QT7 «U381E+07 1 3956E+R7 «3527E+07
»310%E+07 e 26BRE+RT 02271E+07 «1881E+27 «1515E+07 e 1179E+07
«88QCE+RPS eb1UGE+DG ¢« 3885E+06 «2076E+06 e 7937E+8S «1158E+05

Q. Q. 2,

THE SUM OF THE BFTA ENERGY SPECTRUM IS «3187E+09

NORMALTZED TOTAL BETA SPECTRUM

--'---------------------------
W 22U2E=02 e 312PE=02 «U0B3F=02 «5A98E=D2 «6151E=02 1 7230E=022
oB8l23EeR2 «9U19E=02 «17S1E=01 e 1159E=01 e 126UE=CY e1366E=01
«1U65Een] e 1559E-01 e 16U9E=01 e1734E=01 e1814E=21 «1888E=01
¢ 195hE=1 e 2A19E=021 «2A7T7E=01 e 2129F=01 e2175E-21 e2217E=01
»225UFmRYy e 22RTE=01 e2317E=01 e 23U3F=n1 e 2365E=01 12383E=01
«?395E=01 W 2UAPE=RY «2398E=Q1 «23B89E=N1 e 23TUE=P e 2352E=01
.2324E=01 e 2289E=-01 «22U9E=Q1 «0202E=01 e215CE=021 1 2093E=01
e 2A3NE=O1 e1963E=01 e 1891E=01 «1815E=01 e 1736E=01 «1653E=0)
«1568E=01 e 1UBOE=~D1 «1391E=01 e 1340E=01 e 1209E=21 «1118E=01
. 1828E=N] e 9382E=0? «BUGSE=Q2 o T620E=02 e 6T63E=B2 «5929E=02
.5125F=02 e U4358E=02 e 3635E=R2 0 2963E=02 e 23UGE=R2 18P 1E=02
s 1324E=P2 e 911U4Ew03 «5675E=03 «2989E=03 e1127E=23 e 162UE=04

al 0. 0.

NORMALIZED TOTAL BETA ENERGY SPECTRUM
«1183F+03 dUTS53E+RA3 0 1729E+04 e1793E¢04 «2T7THE+QU e 3985E+04
.SU18F+QY e TAT73E+ QY e 89UCE+AY «1101E+AS «1328E+0PS e 1572E+ 2S5
« 1832E+MS e 2106E+QS «2392E+05S «2688E+0S «2993E+02S e 33MUE+AS
¢« 362BE+05 2 393RE+MS «U25TE+BS «USTTE+RS «4895E+2S «5212E+ RS
«5523E+0@5 «5833E405 «b614DEYOS «b6UULE®DS «OQTURE+ES e 7TB31E+0QS
T3I0UE+AS e 7559E+05 e T1793E+05 <8PPUE+DS «B1902E+0QS «835CE+AS
.8482E+AS «8585F+0A5 «8658E+@S «R699E+0AS «8T28E+PS <ROBUE+BS
e 862BE+0PS «8538E+AS «RULUF+AS «8258E+05 «88T1E+LRS « 7852E+0S



gs

s 1603E+QAS 0 7326E+Q25 e TA2IE+PS 06696E+AS5 «6347E4+0S
s S6CBE+RS «5206E+0S cUT7I9E+0S W4381E+0S 0« 3956E4+25
«310PE+0S . 26BOE+ QS e2271E+0S «1881E+0S «1515E+025
.8808CE+QY W61USEYOY ¢« 388SE+04 2 2ATHE+ QU «1937E+23
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«3978E=01
e 3295E=01
e 1993E~A1
«8U4T7E=R2
e2213E=02
e 6655E=023

P
24
2.

e 120UE+AS
«U11SE+AS
e 6961E+US
e TTUIF+AS
«5876E+0S
JPRBE+RS
«9179E+QU
¢ 316PE+QY
e 3366E+02
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GAMMA SPECTRUM

NORMALIZATION FACTORE

NO,

DDA NE W)

OF POINTS=

EeGAMMA
«JUISECPS
«D6R5E+06
«6SUBE+D6
«B15SE+06
«B818TF+6
«9P2T7E+D6
d1BT6E+RY
,1080E+0Y
«1SUIE+QT
J1718E+027
«1731E+07
«1896E+07
«23SSE+QY

13

REL

,T128E400

INTENSITY
LBA0AE+@A2
L2160E+02
.1000F¢n3
.12PPE+D2
<328PE+R2
. 32ARE+R1
,1520E+02
LUNRPE+N2
«1120F¢@2
JUBAPE+QY
JUS6RE+QA2
.50UPE+R2
<6UPBE+QY

GAMMA

p.

I1cC
Q.
2.
2.
e,
Q.
2.
A,
e
Q.
e,
2,
2,
Q.

SPECTRUM

«6576E+02
03682 ¢+02
o 1726E+01
«89U2E=04
«5680E+01
0 6576E+0Y
«1286E=04
«8992E+0@

mo
9;
al
e,
a,

Q

e 142UE+Q2
6278E+02
0 974SE=01

.
«3986E+01
2172E4B2
010805'@2
«101UE+QO

e

20908V

:2389&-00
WU265E+00
«6U39E+DY

[ ]

«1007E+01
«1921E+02
«5372E~01
e 3602E=02

e

.
012765'92
e T6A3E+0D1
¢« 3853E+02
e 1152E=-03
«93USE+QY
e 3703E+01
«61U2E+PD
«4033E=04

2.
e4232E+01
¢ 3496E+@2
o 108UE+B2
e 3P57E=01
«2593E+02
« 155UE+Q0
«2213E+21

e 2352E=02
o1 736E+02
$36365E+21
¢ 1435E+20
1121E+01
e 1352E+02
«2513E+01
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GAMMA ENERGY SPECTRUM

2. 1 2, 2, 0, «6655E+23
e 2199€+98 154S94E+DT «1045€+02 160B9E+03 0 2202E+ Q7 1 7896E+07
e 229UE+D8 «4225E+08 «3PB3E+Q6 «SBBUE+NT 1 2880E+Q8 o 3181E427
«1596E+07 0 95A0E+AS H6R1E+AT H1UPE+QAB «1227E+08 «1687E+06
«1796E+03 @, 2, e 1585E+073 «U3S5TE+OS 0 1653E+07
e B662E+27 1627TE+07 0 1637E+07 e 1566E+0A8 dUUTUE+RB 1 2UORE+DS
«120PE+08 WURT3IE+O8 0 3698E+08 e7313E+07 e 314TE+ QG . 29U6E+OUY
«2T32E+02 1 3220E+04 «1195E+06 «1397E+07 e S1U6E+DT 1 5969E+07
«2181E+07 «25S09E+06 «9085E+04 «1038E+023 @, 2,

e, 2. e, e, 2, 2.

a, Q. 2, e, 2, 2,

D, e e, e, 2. e,

2, 2, 2, 2, e. 2,

2, 2, 2, 2. 2, 2,

2. e, e, 2, 0. e,

P, 2, e, 2, e, 2,

Q. 2. e, 2, 2, 2,

2, 2, e, e, 2, 2,

0. 2, 9. 0. 2, 0.

0. 2, e, e, 0. e,

e, P e, 2, e, 2,

2. . 2, e, 2. 2,

2, 2, e, e, e, 2,

2, B, e, 0. e. e,

2. 2, e, e, 2, 2,

THE SUM OF THE GAMMA ENERGY SPECTRUM 1§ «4201E+09
NORMALIZED GAMMA SPECTRUM
L X L X R X R YEEY NN N XXX ]

2, Q. a, 2, 0, e1677E=2U
JH68TE+CO e 1215E+00 o 1703E=06 1 INGEE=DBS e 3016E=01 o1237E+02
e 2625F+00 cUUTSE+QAR e 3RUAE=R? o SU2RE=DY e 2UG2E+GD e 259UE=C
e 1230E=01 «69UbE=N] cUS90E=01 s 2TUGE+OD «7728E=01 o 1P23E=p?
«637UE=3s O, 2, «821UE=D6 e 2179EwQ3 e 71990E=22
JUAUSE=D] «2841E=0] o 718R0E=@2 s 666UE=0A1 e 18UGE+RD e 9639E=01
«468TE=01 0 1548E+00 e 1369E+00 e 2639E=01 1 1108E=02 «1A12Em2U
«F16UE=BT e 1055€E=04 0 3829E=03 14378E=012 ¢« 1578E=01 e1791E=01
«64B9E=D2 1 7227E=03 e 2568EwDBY « 2B75E~R6 0@, 0.

Oo 2. 0. 2, 0. 0.

2. Q. . ¢, e, 2,

2. e, A, #eo 2, e,

0. . 9, e, 2. a,

e, . 2. 0, 2. e,

e, 2, e, Ao 2. e,

e, 2, e e, 2, Q.



¢9

2,
e 1567E+R6
e 1635E+06
«1138E+05
7B09E+0Q
«6175E+@5
«85S5UE+0BS
«1947E+00
« 1554E+05

2,
e 391KE+BS
«IN12E+0B6
«6T72E+03
2,
W4UT5E+DS
0 2903E+D6
022955002
«1789E+04

TOTAL GAMMA ENERGY EQUALS

QQSQQIS.S&&

e

VNPV INNINOETD

NORMALIZED GAMMA ENERGY SPECTRUM

CY IR T YRR YL L LY LD L L L Rl

'
W TUUBE=D1
«219T7E+B4Y
JUTASE+BS

[ ]

T 1167E405
e 2636E+06
«5520E+03

029955#07

[ ]

«4283E+01
«U19UESGS
e 2953E+0A6
«1129E+01
s 1116E+06
¢5213E+25S
«9961E+C4
e TUQ2E+Q0

[ ]

+1570E+0B5
«20OSIEFNAG
«B695E+@S
« 310SE+B3
«3189E+06
e 2243E+0U
e 3668E+0S

Jd4TU3E+DY
e TESUE+PS
e 2267E+0S
e 1202E+0U
e 1179E+2S
o 1711E+06
«2100E+R2
«4254E+05S
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ETG= ,2995E+07
EICCs @,

ETRs ,299SE+R7
0N=  ,TA9UE+R7

CALCULATED ENERGIES (ENDF/B)

AVE BETAs .1819F+07 ( .18195+a])

AVE TRANSITION Ex ,299SE+07 ¢ ,2995E+07)
T0T GAMUAS _2995E+Q@Y

E=NEYTRINOE ,2280FE+07

CE= @,

FRAC CONV E OF TOT TRANSZ 0,

0s L TOGUESDT7( ,7200E+AT+/= 2,7778 PCT)
FOS «,1477E-01

Q DIFFERENCE IS WITHIN UNCERTAINTY



APPENDIX D
SAMPLE OUTPUT FROM THE FPSPEC PROGRAM
BETA ENERGY BOUNDARIES (EV)

L9

2, . 100ABE+Ae 2PAGRE+DG IPRAPELQ6 JURBARELQ6 SARBPE+R6
+bBABOE+R6 .7AOAAE+Ag JBPPRRE+ MG 1 9PRARE + 6 .1000CE+@7 11PQAPE+CT
1200PF+Q7 . 13P0B7E+QY CIUPARE+DT  15PANE+QT7 1600BF+07 17270E+Q7
«18002RE+RY .19APRE+Q7 20B0PE+AT 210PPE+RT 2200RF+07 23I0QRESQT
JourpnE+QY .250RRE+RY PHERAEF AT W 2TNERESQT W 28300E4+027 W 29ARUE+RT
32202407 c31APRE+RT .32000F+07 «33INRCESAT 3130pE+R7 «35A0RF+P7
0 36I0UESNT .37000E+R7 « 38P0AE+DT 139000E+Q7 W4NQerE+07 WJU1NARF+RT
JU2NRDESBY LU3A0RE 4T JUUBRRE+RT JUSPORE+AT WU62PPESDT JUTANCE+RT
JUBRBRESQAT LU9RBRE+RY .SAGARAE+QA7 S1ZARE+RT «52ABUE+AT o S3ARRE+RT
cSUPPRECRT .55AAPE+R? .S6ANRE+AT «STARCE+AT .5800A0CE+RT .SOUNRE+ET
6AARRAE+DT L61000E+QT 6200RE+RT 63MCRE+RT WHURBNESBT 65ABNESBT
66PANE+LAT .6TAPPE+QT J6BPOPE+ET 2 69NOREAT . 7002RE+QAT TIRAGESRT
W T2200E+ QT .730Q0E+QY JTURARE+DT L1SA0AE+Q7

GAMMA ENERGY BOUNDARIES (EV)

e, .507QA0E+0AS . 10PPRE+06 «1SPRRE+B6 0 27BRAE+ M6 0 2SQACUE+RS
JICARPE+NS .352PRE+Pe JUPPPREYAG JUSAANESB6 «SAN2PE+B6 «S5ABRE+A6
LHANAGESAA c6SHRNE+ AR L TPZANF+0A < 7SOPANE+QS JB200AE+R6 «BSDPUE+EH
ORCPAE LS .950A0E+QPe 1GRAVELRT W 10520E+A7 . 118RQE+AY « 11500E+07
0 12222E427 L1250RE+Q7 W 13900E+07 W 1352PE+07 14RPNESRT s 145PCE+CT
2 1SAPCE+PT . 155PAE+B7 J16P00E 007 W 1650NE+RT 17000E+R7 W 17500E+27
1BRCPE+DT .1850RE+Q7 19020E+07 W 195ARE+N7 W 2HARRESRT W 2ASARE+RT
W 2100RE4RT .2150CE+ DY L 22070E 407 W 22570E+@T W 23GNRE+QT W23500E+27
2UPPRE+QT L2USABE+NT 2500eEenT ,25509E+07 W 260NNESQT 0 26500E+CT
W2TAUAERT L2750PE4 A7 L2BA0RE+ VT W 28SZCE+DT W 29PRCEH+OT W POSRRESLRT
W 3C2RRAESDT .3052AF +@7 310CRE+RT «315AAE+RT CI2ANNE U7 0 3250QE+Q7
3322PE+NT ,33502F+027 J3URANESDT 34SORECQT « 35CNAE+AT ¢ 3550AE+E7
W 3600BPECRT .36500E+QY W 3700PFE+AY «375PPE+QT W 3800A0E+AT 0 385CUE+L7
30200E+RT .3950NE+n7 JUPRPRE+AT LURSPRE+RT JUIDRPESNT 4 ISERESLT
LU2RRAESDT LUSSPRAE+@7 JU30Ad0E+RT LUISORE+DT JU44ACRPE+DT JUUSPRE+ET
WUSPNAE+QRT LUSSARE+RY JUEPADESRT JUBSARE+QT JUTANAELRT WUTSAVERET
JU3APRESRT JURSACE«RT JuouGRERT WUISHAE+AT SONPANE+AT «5A500E+07
.S1APCEC AT +515PRE+R7 LSPAARE+AT 1 52500E+0R7 «S30P0E+AT o 535RARE4RT
SUACAES QT LSUSPRE+QY «S50RRE+NAY .5S55PPE+AT .S600CF+AT7 1 SHSNPESRT
S7PARESOT LSTSAPE+RY LSRAQRE+QY «S85PRE+Q7 «592PRAE+R7 e S9SAPE+LT
6CANAELAT . 6G5SA2E+AY JH1CARE+QT O15PRE+BT W62P0QE+B7 W 625ARE+R7
p 5IPPRE+AT .63507E+07 LHUBARE+DT 26USPERESQT 550BARE+QT 0 65500E+27
LbLAAPELQAT .6650AE+Q7 L6T0NRE+RT 6THARE+D7 H6BAPRESDY «6b85VAE+ET
692CAE+QT 6950APE+Q7 . 7CRPRE+QY WTASOAE+Q7 7100RE+AT W 71S0GE+RT
LT1220AFE+07 .725RRE+A7 W 73QNBE+O7 ¢ 73SEAESD7 TUPRAEYRT «TUSNOE+LT

. 75ARAE+DT
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2SRPAAE+RS
,118a2E+06
172P0RE+RB
L2720+ 06
.35QARRE+P6
JUUPCAE+RS
. 53ACAF+VH
W h5PACELAL
JTTORRESRS
LB9CN2E+Q6
e 17°6CPE+Q7
«11720E+27
«13480E+Q7
W 1523PE+07
o 17587E+RT7
2 19982F +¢7
e 22380F+n7
W 2U930PE+Q7
«2T798UE+AT7
«3118PE+Q7
«3UTBRES+AT
e 3833 +RT
JU2UBAESRT
2L6b6ACE+RT
«SPRAE+NT
+5STRAE+ @7
«62TRBE+QT
o6618PF+07
71980E+A7
o T17932E+07

TOTAL BETA

W2030AF+19
(226T1E+19
L1530UE+19
.99RASE+18
W62937E+18
«36527E+18
«16575E+18
STR20E417
W22U36E+17
C62998E+16

SPECTRUM AT

.6P0B2E+05
. 1200¢E+Qp
. {RSACPE+Qs
22TSPVWFe g
J365PAE+Rp
LUSSNAE+ Qs
.55AACE+ DA
. T9QPAE+CH
.O1PPOE+ s
. 1BURRE+D7
«12C20E+07
.13820E+07
.15620E+17
. 1BP2AF+RT
JOPLR2RECAT
222820707
.2552%F+87
. 2R52AE+A7
.31827%E+007
.35U2PF+ 7
239373t +07
JU322%+07
JUTURBE+QT
.51829E+27
.56620F+07
~6172CE+27
«6712CE+QY
.73022E+07

,22104E+ 19
.19724k+19
. 14366F+19
»92757E+18
.5797A9E+ 1R
.3280KF+ 18
e 1U4332E+18
LUB218E+1Y
-1B924E+17
LUB233E+16

EXPERIMENTAL GAMMA ENERGY POINTS (MEV)

JTEPPAE+0S
137A2PE+B6
2PPPRE+RE
W 20BARE+B6
. 38A00E+R6
JUTAPBE+AG
W STNARE+R6
WO9NBAE+RS
,B1720E+06
L93PRAE+RA
2 17T60E+QT
o« 12280E+RT
140BRE+DT
. 159R0E+A7
«1B3RAF+QA7
W2PTBRE+PT
e 2318AE+RAT
W 259BPE+RT
.2R9RBE+NT
.32380E+77
. 359RAFE+QAT
L 396RAE+AT
JUIRARDE+2T
LUBRBAE+NY
.525RAE+AT
«57380RE+A7
. 62580E+B7
Jb79BAE+AT
L73980E+07

.19470RE+A3 SEC,

e P2GU2E+19
«18839E+19
«13U27F+19
«86179E+18
«531ARE+18
«29241E+18
«12A6PE+1R
JULUGPF+17
«15786F+17
e 363H%FE+16

TOTAL AND

«8PCPAE+OS
s 1UNRCE+AS
o2 1SPCE+NE
« 3ASAAE+ 26
e 395ARE+AH
«UBSARAE+DS
e S9NNRE+YH
W T71P20E+26
+BINPAE+AG
W ISPARRE+QE
W 11000E+27
0 1262PE+07
s 1UU2OEYDTY
0 16U42HE+RT
1 RR2AE+AT

L9AANAE ¢+ 0S
«15APRPE+QS
o2 3APPAESRH
« 32PPNE+Q6
«U10PPE+BS
«SP0PRESR6
b1PCAE+ RS
e 7370 PE+ AL
«8SAFPE+ U6
e 9T7SAPE+P6
«11240E+Q7
«12880PE+37
214680E+07
216T8RE+RAT
» 191RAE+NT

2 2122¢E+QT7 W21580PE+07
e 2362CE+Q7 «239R0E+BT7
e 2652VE+QAT 0 26980E+A7
0 29520E+Q7 0 29980F+07
e 3302RE+Q7 ¢ 33580E+07
e 36620E+07 «3718PE+Q7
JUPAU2PE+QT JUINBPECRT
s GUS2UE+QT «U4528RE+Q27
WUBB2UE+AT JUFUBPE+R7
0S342RE+AT o DUIRPE+QT
«58220E+07 «HB98RE+RT
e63520E+Q7 «bU3BRPEFDT
»69020€+87 «69980E+R7
e T5N20E+Q7 ¢ 75980E+0Q7
«184T70GE+B3 SEC,
0 22955E+19 e22398E+19

«18023E+19
0 12491E+19
s TIRTRE+ R
JUBGUBE+1A
0 25860RE+18
«10P72E+18
e 35A53E+17
e 12926E+17
0 26917E+16

o 17160PE+19
e 11592E+19
0 73926E+18
JHdU3T72E+18
1 2267UE+18
«83U4PSE+17
¢ 3089%E+17
s 1P372E+17
«19033E+16

DECAY

J10NPRESCH
s 16QPRESCS
«2USBUESAG
+335PPE+P6
JU2SAPECARS
«S1S5UBNE+RS6
bINPOESCH
e 715000RE+26
«BTIARPELRS
J1000RE+R7
«11520E+27
«13220E+27
«15€20E+07
«172°RE+27
e 19620F+07
0 22R2PPE+DT
1 2US2AF+RT
«2752RE+R7
o 3062RE+RT
e 3U220E+RT7
e 3TR2PE+PT
JU182U6E+RT
H6A2CESRT7
«50220F+07
«55R20F+@7
e59Q20%E+27
«e65320E+027
o 71020E+R7
«T7020E+R7

(RETAS/SEC)

e21612E+19
«162U0E+19
e 1076PE+19
e682B81E+18
JUAI6PESLB
«19665E+18
e6B7B3E+LT
e COU2PEFLT
«81S18E+16
e12636E+16
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[~ ]

,78890E+15S
C11629E+15
J10200E+13

TOTAL BETA

2 1P322E+18
e 13428E+19
o 10122E+419
< 18U4SEE+19
e 15U16E+19
e 11136E+19
261567E+18
ecU22hF+18
W 108RPE+18
e 34326E+17
«47H95E¢16
« 7T7°PBSE+ 1S
e 73695E+13

«UBI1REFSIS
-BS5U13E+ 1y
« 15557F 25

ENERGY SPECTRUM AY

+33262E+18
~{U771E¢19
«19387F+19
~JRGR2E+19
~1U763E¢19
-12331E+19
,S5373CE+18
.20970E+18
2 93656E+17
226T60E+17
229616k +1p
.576UBE+ 1S
.1142PE+ Mg

TOTAL GAMMA SPECTRUM AT

e 17436F+19
«2L1KSEFL9
«2P6UIE+19
e 1TARTE+19
«638R1E+18
e SUPIIELIR
e 2UOOUES 1B
J18164E+18
«1RAIGE+LA
e 175¢9E+18
«56993E+17
J1UR2IE+18
.1516RE+18
1 27396E+17
e 7253 +17
2 17753E+17
»17579E+16
«B878GUE+16
68ER23E+16
e 106R2E+ 15
JRURBLIESIYU
e 3ABTUE+S
e 13975E+11

22U139E+10
«1594RE+ 19
.12123F+19
.181A8E+19
~1125¢E+19
JU2I5UE+ 1R
.P3U12E+ 18
J19427E+ 1R
-18R0KRE+ 18
217119E+1R
.55397E+17
0 16323F ¢ 1R
~9U2S53E+17
«32851E+¢17
«6B23RE+ 17
~17614E+17
-13934E+1p
~11603F+17
.53658E+16
«19173E+ 14
.22883F¢15
e12760E+18

Ba

ﬂ.

gl

0
e
a

,37139E+15
LSR6SBE+14U
.S2U3TE+RU

«1947P0PE+0@3 SEC,

,57386E+18
L1620TE+19
C19UB2E+19
J17661E+19
,1UPRBE+19
,95013F+18
JUBUI6E+1R
L18USBE+18
L79696E+17
L 205UAE+17
J18826E+16
LU4A133E+15
. 39PBUE+0S

«1947@RE+03 SEC,

e 96633E+18
«19107E+19
«23971E+19
.11083E+19
e 15862F+19
« 3599CE+18
e 25T23E+18
e 22136E+18
0 27972F+18
e 13246F+18
JU9969E+17
«1381UF+18
.55196E+17
«bOT3I6E+LT
«BUSS3IESLT
«21590E+17
1 21713E+16
e 1P20UE+LT
«38371E+16
s 2UUTRESLS
JUSUGYE+LS
« 38599E+14
[

[ ]

[ ]

TOTAL AND

0 22938E¢+15S
e 36352E+14

BRI IAESLB
»17115E+19
¢ 19354E+19
e17169E+19
e13375€E¢+19
«86608E+18
»39770E+18
¢ 16309E+18
«b6549E+17
e 15UBIE+LT
o 1UB6RF+16
0 25261E+15

0 2A927E+19
e 1974NFE+ 19
0 75825E¢+18
«1P121E+19
11341419
239653E+18
e 3U355€+18
0 25MSHE+18
0 31240E+18
o11P95E+18
JUUUTAESLT
e12119E+18
WU31P2E+LT
0 10372E¢+18
0 8T7ULUESLT
e19917E+17
e 311TUE+16
o 1PB6TE+1T7
0236BTE+16
«B83958E+12
«e66129E¢+15
285254E+13
O
2.
Q.

TOTAL AND

0 18859E+15
o 19043E+ 14

W 18UTPAE+03

J10GT3E+19
L18P11F+19
e 19120E+19
«16629E+19
o 126U3E+19
«7B1QUE+18
«33775E+18
e1U362E+18
oSUUTUESLT
«11128E+17
e12160E+16
o §13414E+ 1S

.184700E+A3 SEC,

«190R7E+19
e 6999UE+18
e 22BM1E419
11006E+19
1 1890CE+19
0 36280PE+18
«30929E+18
e23942E+18
e21U15E4 1B
«B2AURE+1T
«49592E+17
«16821F¢+18
e 39MQ8E+17
«12512E¢18
62626E+17
012118E#17
JUBUQRES16
0« 93325E+16
«11556E+16
JUUTIUIE+LD
e TB0193E+15
«13758£+13

e

2,

2,

SEC,

+15A78E+15
JT12A1E+]3

e 11880RE+19
L 18669E+19
e 18823FE+19
e 160U2E+19
«119A3E+19
069786E+18
«28534E+18
e125Ub6E+18
cU3B9dE+L7
«T5146E+16
«98752E+1S
«S50812E+14

DECAY (GAMMAS/SEC)

023658F+19
0 25335E+19
e 17123E+19
o 72772E+18
o10476E+19
«3RR23E+18
0 20320F+18
«2AQUTE+1S
e 1555RE+18
«59005E+17
«85G62E+17
e 17552E+18
e 32999E+17
e 10396E+18
e 32U4bSE+1T
W U93INUETLS
e57792€+¢16
«B81UBTE+1G
dU1654E+1S
0 22560QE+14
e SUUIIEFLS
0 1622UE+L2

DECAY (MEV/SEC)



0L

TOTAL GAMMA ENERGY SPECTRUM AT

«21215E+17
o« 7799QE+18
J1P922E419
LI5R23E+19
«85596E+18
JR2TRTE+18
W45611E¢18
«3R6APE+ 1R
JUS63PF+1A
«UTTHREF1B
«17240E+18
JUbH22ES18
«SUG91E+18
«10752E+18
«ICHTUESLS
JAPR3UIESL7
LBUB32E+16
JUSP3IIESL7
e 3T7217E+17
b11TAEHLS
«SQCOURE+1S
.1950@3E+16
0 92609E+ 11
0.
8,

TOTAL BETA

«820A35E=03
«B83529F=03
o61828F=07%
U032 E=R3
WS L2hF=(]
e 14755E=03
68172c =004
o P3IRILE=DU
1 906UPE=DS
¢ 25L51E=PS
3187 1E=06
dB6STGE=RT
d41206E=D9

SPECTRUM AT

»1R3F9E+ 1A
.59RUIE+ 1R
«R1RT73F+18
,1765hE+19
~1U3U3E+LG
»b6TA9E+ 1A
»UIRARE+LR
~U2253F+18
~U65U1E+18
~UT5ASE+ 1A
.17732F ¢18
.55119E+18
»JUbUUES1R
21 3ASGE+ 1A
»2916AF+18
.B2SREE+L 7
.67939E+16
2HPIUIESLT
L29379E+17
.11072E+15
»13902E+ 16
.81366E+15

al

2,

A

«BG299E =03
.SANUPF=03
37473 =23
0« 23395F=03
e 13253E=27
«57902C=02y
-« 1GUAFE=QY
.76U51F=05
2 10U6T7E=Rg
«3USP6E=27
.62RUBE=17

«11463E+18
«BOA9T73E+IB
«17377E+19
«11360PE+19
o P1P17E419
«584BTIF+18
JU9S1TE+18
J49255E+18
dTR632F+18
o 3TU21E+18
«15616F+18
JU4T31SE+1B
W 2PS6RPE+18
J2UUUREFLS
« 36558E+1A
e JGRUBE+LT
s 1B69UEHLT
e637T79E+17
e 212P6E+17
o JU266E+1U
«2T8T0E+16
«2UTO9SE+1S

.19470@PE+@3 SEC,

.72683E-03
W76110E=03
SU2UHE=QT
JJURIBE=RT
L21UT79F=03
L11813E=03
LJUBT22F =0y
.16762E=04
L 63775E=05
L 1U693E=05
L12176E=06
1 236GRE=R7
W2118UE=17

TOTAL AND

L194700E+03 SEC, TOTAL AND

e 37668E+18
e 93061E+18
.587RAF+1R
«1MRT9E+1G
e 15594E+19
«66U1GFE+18
«6T8S1E+18
«STNNSE+18
cBAUUNE+LA
¢ 3190@3E+18
p14119E+18
JU2118E+18
e16272E+18
«42273E+18
«38271E+18
e 9310CE+17
«15511E+17
¢S5T7336E+17
e 132PUE+LT
WU93ITE+L3
+UBBUIE+ 16
«S55201E+14

@

@,

Q.

092739E=03
e T2R1NAE=23
o 50U6ASE=Q3
e3227dE=03
e 1965UE=pn3
«1044TE=Q3
¢4C691E=04
«1U4URSE=QY
e522°2E=AS
e 1ABTUE=QS
0026675'97
e 1U6B6E=QT

«1BU70AE+B3 SEC,

.18U70%E+@3 SEC, DECAY (MEV/SEC)

042397E+18
«36837F+18
e 1882SE+ 19
e 12380FE¢19
0 26933E+19
162584E+18
062633E+18
«55hHhTF+18
«5h2A3E+18
e 2399AF ¢+ 18
e 15902F+18
«B2PUGE+18
o 14950E+18
«51618E+18
«27707E+18
e57269E+17
0 20341E+1T7
WU9TIIESLT
e 65012E+16
e 2628UE+ U
JU3678E+16
«89772E+13

2.

2,

2.

«9NUBSE=RT
069327E=Q3
«46831E=03
0 29R66E=P]
e 17926E=03
0 9160AE=0Y
0 33703E=04
.12“835'0“
L1923 -05
e T6BGUE=Q6
e T618G9F=07
e 7693UE=DA

«644T7T7E+18
d1UBAKE+LS
s JUQKRRE+1Q
«85S12E+18
«15US5F¢+19
o SUTIIEF18
WU4P163F+18
JU9782E+18
W41613E+18
e 17551E+18
¢281UBE+18
«62738E+18
e12786F+18
WU3UR6E+18
e 1US527E+18
0 235U40NE+1T
0 29332E+17
dU43798E+17
e 23632E+16
e 13478E+15
«JUIS1E+LS
0 10669E+13

DECAY (BETAS/FISSION)

«87317E=C3
e65611E=23
U3UTIF=0A3
e 27585E=C3
e 163075E=23
e 7944TE=RU
0277885-90
’1@6705-20
0 32933E=0FS
e S10UBE=RS
-6@910E-07
e 28765E=08



1L

TOYAL BETA ENERGY SPECTRUM AT

JU1TA ESNY
o SU2UGE=NT
»77253E=03
,T4ST1E=AS
2b22RPF=A3
dUUG91E=Q3
L CUBTIE=0]
2 97860c=04
. L6395KE=04U
19269505
031223874
e 29772E=38

< 13U3BE=N3
.59673E-0%
.7832UE=03
»730S1E=NY
~596U41E=03
<U41737E=03
.21777E=0Q3
<RUTIRE=QY
.37836E=04
~1PB11E=Py
e11965E =05
,23289E=04
WU46137E=1p

TOTAL GAMMA SPECTRUM AT

o TRUUAF=P3
«97623E=03
«833RBE=N3
o 6P29F =013
e ?28232E=03
0 2193UE=03
2 107207E=3
e 733R2E=0U
T6227E=04U
e 23C25F=24
e 566U3F=04
«61279E=04
e 11068E=224
e 29327E=24
e71721E-RS
W T1218FE=rp
¢« 355N9E=5
e 43155E=07
«33961E=07
«12457EeRs
«56U60F=11
e,
P

26UU29E=PY
«48978E=03
«73157E=03
«USUS1E=03
c17111E=03%
e 9USR2E=0RY
«7BURSE=0y
69161E=0y
p22380E=04
»659b6E=QA4
«13272E=0y
.2756RE=0Ay
«T71159F=05
»5629dE=Rp
LUbRTUF =05
.21678E=05
.77459E=08
«92UU4SE=Q7
.51550E«87

Na

2.

Q.

«19870AE+23 SEC,

.2318UE=03
L6UBLOE=RT
CTB626E=03
.71351E=03
.56906E=A3
«383RSE=N3
L18752E=03
LTUSH9E=0Y
«32197E=04
.82981E=05
.76857E=06
J1621UE=PE
L 15757E=16

«19470AE+RAY SEC

e 39A39E=3
e 17191E=0%
0 968U1E=03
JUUTTUE=DT
JOUPBRF=03
o 14542E=03
«12392E=03
2, 89U26E=Ry
«11301E=03
«53515¢E=04
«2A1RTE=PY
1 558ATE=04
0 22299E=04
«2US37E=04
. 3U159E=04
«B722UE=RS
«87721EeRp
s49302E=2S
. 155R2E=05
«980UPE=09
«183R1E=06
2 15594E=0Y

e,

2,

2.

o TOTAL AND

e32447E=03
e 691USE=Q3
«78191F=03
0e69361F=03
eSUN3I6E=B]
.3“9895-93
.16067E-M3
«6588TE=0Y
0 26BBSE=QY
«62U95E-05
e56834E=06
e 10205EwR6

«8USUUE=NT
e 79587E=03
e 30633E=023
+UBBRRTE=R3
2 U5818E~23
»16719E=073
e 13R79E=03
0e10122E=03
012621E=8%
WUUR2IE=24
2 17966E=04
eURCHIE=DUY
e17413E=04
dU19PUE=0Y
e 35335E~04
oRAUBUE=NS
e 12594E=0S
dU390UE=-QS
e 95693F=06
¢33919E=09
0 26716E=D6
e 34UU2E=-08

@,

@,

2.

TOTAL AND

.184TPAE+@3 SEC, DECAY (MEV/FISSION)

dUPbG2F=]
e 1276UF=23
o TT2UUE-R]
e67179E=R3
«S5107RE=03
e 3159%E=23
e 1 36USE=NT
¢ SRRP2E~DY
0 21991E~24
e UU957E =05
«U9127E=06
e SU192E=27

«18470CE+B3 SEC,

e 76786E=03
1 28277E=023
«92115E=03
W UNUBLRE=R]
e T6355F=R3
e 14657E=03
e 12495E~03
P6726E=04
eB6516E=04
e 331USE=QY
«2AR3SE=QY
.5937bf¢@0
e 15795F=04
. 505UQE=nY
04895405
e 1635RE=RAS
e37773E=0AS
e Ubb6BEE=RSH
«2B357E«Pb
«55583Ew09

8.

g,

Q.

cUT9QUE~2]
e TSUHPUE=DBD
e T6RULF=03
¢bUBPTE=C]
JUBARQE =2
2CR193E~03
e 11528E~03
W506BHE=FY
e 17612E=04
e 3A359f=pS
¢ 3989%5E=P6
e 20528E=C7

DECAY (GAMMAS/FISSION)

e10235E=022
e691TTE=C3
«29399F =23
e42323E-C3
e12452F=23
8209 1E=0U
18Ub26E=2Y
«62R52E=024
1 2383RE=PU
e 3UT28F =04
e 1791 PE=0U
e13332E-24
«U1999E=04
e13116E=24
e 19919E=05
e 2334BE=FS
e 32920E=25
e16828F =06
0911035'?8
e 2199NE=B6
¢65545E»10

7.

P

2.



~ TOTAL GAMMA ENERGY SPECTRUM AT ,194702E+@3 SEC, TOTAL AND ,1847MQE+@3 SEC, DECAY (MEV/FISSION)

.B5TATE=AS . 73968F=0y WJU6311E=D4G ¢ 1521RE=N3 W1712BE=03 2HNUBE=ET
«31511E=03 L20U175E=(3 e32713E=03 . 37596E=03 o 14882E=03 e 590C6E=P3
.52122E=03 .3307hE=0T 7P203E=n3 p237U9E=N3 W 7T6P53EeQ3 c6P55PEeE3
Wb3IRUE=NT .71330E=03 LUSBGUE=V3 ¢ U3951E=P3 W5PZ16E=03 e 3USUBE=L3
2 JUSAPE=RY .57945E=P% LAUORGF =0T WHIVANE=RT JIPRAIE=02 W62U39F=03
W33UUCE=DT . 26950E=P3 W 23627E=03 W 26R3IIE=03 W 2528UF=p3 W 221 PIE=E3
s JBU2TE=R3 17734E=R3, L 2UAPSE=03 W2TUL1E=D3 e 25303E=03 e 1773UE=P3
L 15594F=033 J1TRATRE RS «19899E=03 W2IA3NE=R3 W 22UB9E=03 . 2AA99E=L3
W18E3UFn] .18RA2FE=03 .28535E=-03 e32U9TE=R3 022707 6F=B3 W16811E=03
L19208E=03 «1919PE=03 1511RF=R3 «12RB9E=N3 0 96951E=0Y W 7P9PSE=RY
e 69650F =y .6BRABE=AY L63PATE=DY W STPAIBE=RY LOUBPRE =AY W 11372E=83
o 18A35F=nN3 L 22268E=R3 c19115E=03 1 17P15E=n3 W 211P7E=R3 0 253URE=P3
W2P216F=03 .139976E=03 830a3E=2Y W6573RERY 60U 2E=RY e 51656F=tU
JUIUTAF=Y .52759E=Ry L9B7UUE=RY W17P78E=N3 W« 2AB53E =03 01753KE=03
o 12392F=n3 L117RUE=D3 L1UT6E~DT W15Ub61E=013 «11193E=03 +S5R6B7E=04Y
L 32USTE=04Y . 32556EnAy JUM33AE=NY W 37612E=04 0231 356F =04 0 95172E=R5S
W 3U272E=DS ,2TUUTE=PS LU3202E=05 0 62666EmBS 082176E=0S W 11850E=p4Y
18193E=py .2U257t=0y 1 25766F=04 e 2316UE=04 2WPBIE=0U o 17694E~04
L 15036F«=0U .11869E=0y .85671E=05 +533U4SE=QS 0 2626UE=0S WI5UT2E=06
2UT12E=06 LUUT29E=07 .57635E=08 0 19924E=08 17618E=07 WSUUS1E=R7
L 2PUSIE=T6 .56163EeRp .11259E=05 «16U9GE=05 o 176U6E=BS 0 13797E=ES
o 78789FE =06 .32871E=0¢ L1001 7E=B6 W 22301E=0Q7 0 36267E=08 1U310A2E=09
o3743UE-10 Q. 2. 0, 2, 8.

e, Q. a, @ e, 8.

0. e e, 0. 8 0,

FISSIONS 7 SEC = .247528E+22

RETAS 7/ SFC = ,428766E+20
BETAS / FISSION 2 ,173219E=01
BETA MEV / SEC = ,536854E+20

0 216886E901

PERCENT DIFFERENCE =

BETA MEV / FISSION =

CINDER BETA MEV / FISSION 3 ,220944E=-01 . 183656E+01

GAMMAS /7 SEC = ,580429E+20@

GAMMAS / FISSION 3 ,234490E=01

GAMMA MEV / SEC s ,580977E+2@

EXPERIMENTAL GAMMA MEV / FISSION = 29U231E=D]

«23U712E=01

GAMMA MEV / FISSION =




CINDER GAMMA MEV / FISSION = ,234867E-01 PERCENY DIFFERENCE = ,660528E~01

CINDER TOTAL BETA MEV / FISSION 8 ,2961%8E-01 PERCENT DIFFERENCE = ,267668E¢02

CINDER TOTAL GAMMA MEV / FISSION = ,298372E-01 PERCENT DIFFERENCE & ,213359E+8@2
BETA COUNT o 163 »GAMMA COUNT & {72

RATIO OF BETA MEV / FISSION YO TOTAL CINDER BETA MEV / FISSION 8 ,732332E+@R

RATIO OF CINDER BETA MEV / FISSION TO TOTAL CINDER BETA MEV / FISSION 8 ,746@34E+00

RATIO OF GAMMA MEV / FISSION TO TOTAL CINDER GAMMA MEV / FISSION 3 ,786641E+00

RATIO OF CINOER GAMMA MEV / FISSION TO TOTAL CINDER GAMMA MEV / FISSION & ,787161E+080

RATIN OF EXPERIMENTAL GAMMA MEV / FISSION TO TOTAL CINDER GAMMA MEV / FISSION s ,986122E+00

RATIO OF EXPERIMENTAL GAMMA MEV / FISSION TO TOTAL CINDER GAMMA MEV / FISSION
(EXCLUDING CONVERSION ELECTRONSY = ,986774Es00

RATIO OF EXPERIMENTAL GAMMA MEV / FISSION TO TOTAL MEV 7/ FISSION = ,125359E+0}

NB, TOTAL REFERS TO ALL 825 FISSION PRODUCTS, THE REST REFER TO THE 181 FISSION PRODUCTS

THE FOLI.DWING SPECTRA ARE NORMALIZED TO THE TOTAL CINDER=CALCULATED GAMMA AND BETA MEV/FISSION
FOR ALL 825 FISSION PRODUCTS

NORMALIZED BEYA SPECTRUM AT ,194700E+03 SEC, TOTAL AND ,{B47COE+Q3 SEC, DECAY (BETAS/FISSION)

€L

e11272E=02 »17194E=02 0 12656E=02 0e12663E=02 0 12356Eep2 922tk=0
.ézzGKE-GZ «12873E=02 e 17393E=022 099422E=03 e 94b6b67E=03 :ééﬁqfé-2§
. 26E=03 «79253E=03 W TUNTIE=03 e68910E=n3 63948E«03 e59359E=03
.S?GSBE-GS eS1170E=03 .475u1E=03 UU4P6SHE=QA3 WUATB2E=A3 e37668E=C3
.3;750E-03 2 319UbE=CT e 29330E=03 e26B37E=03 1 2UUTRE=DN] e22265E=23
o PA1UBE=ND «1RA0RE=AT e 16131E=03 e1U266E=03 e 12508E=0A3 e 1P8UGE=-03
e 9378QE=0y . 7906SE=0y .6h532E=04 «5556UE~BY 46N22E=04 e 37944E=C4
«31456E=04 0 266PPE=0y e 22BBRE=MY e19779E=04 e 1TOUSE=2Y4 1 14575E=C4
.1237?5-00 e 1AU3RE=PY «872RUF=05 0 71329E=05 e57219E=05 W UU9T72E=RS
e 34753E=05 «26608E=05 «20P63F=05 e JUBUSE=(S « 105P0E=05 e69706E=06
.43529§-@6 . 26582E=0p e 16626E=P6 e 1265UE=06 e 1PUBUE=PS 83178E-027
e 64153E7 WlU47119E=07 e 32359F=07 e 20BSUE=Q7 1 10505E-07 3G278E=08
«Sh26TE=DP9 .85818F=17 «2R927E=17 '
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YL

@

L~

NORMAL JZFD BETA ENERGY SPECTRUM AT

«S569U3E=-04
s TUBTRE=P]
«105U9E=n2
1 P?1B3i=p?
«850L3E=(]
e61UISE=FD
2 3396UE=NT
e1336UF=n3
W60R22E=04
e 1B936E=RUY
.26311F=05
WU263UE=06
JUN6SUE=QB

NORMALIZED

«89UBRGE=N]
«12UQA2E=R2
e 10593Er?
«87693F=p3
«35865E=nY
«2TR6S5E=N]
«12828E=03
e 9322UE=P4
096QRUF-@U
«89962E=01U
e 2925PE=d
«71958F=0y
. TTRUBE=RY
1 UPLRAE=-RY
e 37257E=n4y
e 91114E=2s
0 93221E=06
e 8511 PF=ns
«35219E=@S
»SUR23F=AT
cU31UUE=RT
,15825F=0r6
o T1726Em=11

.183U9E=03
LAIUBUE=DB3
L1 Ph9SE=r?
~99751E=023
.81U39F =03
.56991F=03
2 296U4NE=N3
-11568E=03
.51bh66E=0u
.1U762E=04
.16338FE=05
.318M2F«0p
26300 NE=14

GAMMA SPECTRUM

»123R9E=0>
-R18UQE=NZ
a62221F=0%
-92938E=03
e577U1F=03
.21737E=0%
«12¢16E=0%
e 9972 TE=RY
«06512E=04
.87861E=0y
L28U32E=0y
«838A3F =0y
LUB3ITUE=RY
«1686PE=0y
«35A22E=24
»9R399E=0A5
.71515E=0¢
.50SURE=Rg
.2753%9E=0g
2{17UUE=Qg
<~b65U488E=07

Pa

A,

al

AT

4

A
e

«31657E=23
.8B3ASE=0A3
APTI6E=02
«9TUINE=D3
LTT706E=03
LS2U1UE=A3
,25606F=03
C1P182E=03
LU396UE=NU
L11331E=04
,1P3BKE=0S
,221UBE=06
«21516E=16

19470AE+B3 SEC, TOTAL AND

. U9505F=03
.98P63E=03
W12303E=02
JS6RRIE=N3
«B1406E=R3
C18U71E=R3
L13202E=03
C11361E=03
W 14356E=03
L67985E=04
,256U6E=RY
TPRGTE=NY
.2B328E=04
31171EenY
LU43395Eeny
W11081F=04
L11146F=05
C62632E=05
.19693E=R5
. 12569E=08
.23351F=06
,19810E=07

,194720E+P3 SEC, TOTAL AND

JUUIRTE=03
¢ GUUITE=D3
e 1P6TTE=P2
e FUTIIE=03
e 73786E=03
«UTT78E=03
e 21939E=03
»89968E=04
e 36712€E=04
«85337E=05
«RR338E=06
e 13935E=06

«10740E=02
e 12111E=02
e38916E=03
eS51943E=A3
e582PHE=03
e 27351E=R3
e 17632E=03
+ 1285903
e16R33Fe03
«S69U3E=0YU
0e2282P1E=04
06220 =04
0 22121E~04
e 53234E=QU
«UUBASE=QY
0 1P222E=04
» 15999E=05
«S5S775E=05
e12157E=029
«U3P9RPE=D9
e 3394AE~R6
«43755€E-08

e 55566E=03
L99359E=03
o 18548E=D2
e 91733E=03
e697UBE=ATY
e U3136E=03
e 79230F =04
«3AR29E=04
«61389E=05
«67082E=06
e 73999E=07

«18U700E+@3 SEC,

e 975UBE~D3
e 15923E=03
e 11702E=R2
JS6UAUF=RY
L97PACE=N3
LIR620F=P3
W 1587UF=03
e 1228BE=0A3
«1P991E=03
JU21ATE=DY
e 25452E=04
W 7626HE=04
W2AARbE=QY
WbUR16E=RY
. 321U2k=04
062191L=05
e 2WT782E=0S
L47897E=RS
,59311Fe0b
«22758E=08
. 36025E=06
« 71061 2E=09
2,
2,
a,

L LBUTRAE+@3 SEC.,

«65536E=03
e 1020GE~0Q2
103RUE=E2
CABUGUE=R3
«65665E=23
 38U9RE=P3
.15741E=€3
«69211E=C4
e CUVUGE=CY
»41455E=25
.SU4TTE=Rb
. 28831E=07

DECAY (GAMMAS/FISSION)

e12142F=02
e 13IRA3E~C2
«87831E~03
e53767E=03
«15819E=03
e 12751E=03
e 798UT7E=0CU
e 37283E=~0C4
441 1RE=24
«9PPBIE=VY
«53354E=CU
.1666?5'?“
0 253QUE=PS
e 29661E~ES
e 41822E=05
e21378E=06
e11579E=027
e 27935E=0C6
«83267E=~10

2,

)

0.

DECAY (MEV/FISSICN)



§L

NORMALIZED GAMMA ENERGY SPECTRUM AT

J10RRRE=QU
,UPA32E=A3
e66215FE=03
«811AUE=nY
+U393%E=03
JURUBGE=P]
0 23UB%E~-N]
«19R810E=03
0 23419E=N3
L 2US16E=03
L8RUARIF=1Y
2 2392RF=]
0 2F223E=03
.55183F=pd
»157U3F=3
JU1P3UE=01Y
«43538F=nS
02311PE=04
o 19121E=-04
e 3139U4E-06
e 2599U4E=Nb
«1P239E«25
JU7530ke10
a,
2,

NORMALTZED SUM

o | PEBRE=PY
+13CSRE=Q?
JUIRTCE=2
«8267PE=P2
.1182R8E=0Q1
»1724UF=01
W 18863E=01
W 2PU2T7E=NY
eC2196UE=R]
023726E=-021
~2UR2TE=D]
e 253%3F=y
0 2bUTE=(
02751°E=01
«285b66E=01

.93906RF =Ry
230712t =01%
JU2019E=0%
.9Pr61T7E=P3
-73613E=073
»3U237E=03
. 2253NE=07
e ?16BbE=PY
.23B86E=03
J2UIRIE=03
.87413E=0y
.2R2R0E =03
.17782E=03
673 PUE=RY
21U970%E=PY
.U41359E=0y
. JUB6ARE=RPS
.3P816E=0y
.15078E=04
.56R2Ut=07
.713U9E=06
<U1T59E=Dp
0.
ﬂl
0

.58832F =AY
,U1558E-23
.BI1RLE=N3
JSA3NUE=DT
LARTRTIF=02
,30015€203
,25U11E=03
. 25279E=03
.36250F=03
.19206F~03
L8A1UbE=0UY
L2U28UE=03
. 1P552E=03
,125UUE=03
L 18763E=R3
.51245E=AY
+SURBIE=AS
32733 =04
 1PBBUE=-DY
.73218E-08
. 1U430UE=05
L 12726E=06

,

GF

)

GAMMA ENERGY SPFCYRUM AT

e1AUBLE=RT
o 16130F=0)
W US272E~R2
291733F=02
»1256UE=01
»173RAE=0QY
L 19AR9E=Q]
c2P6UUE=Y
. P2273F =01
.23970E=01
nPUTYUE=QY
.25616Fa0y
«27125E~01
.27579E=01
.28716F=01

,16369E=03
2P2ASF=02
,SU19QE=02
L9756UEwR2
L136U3E=01
L17686E=01
L193U3E-01
L2ABYTE=N1
,22566F=01
(2U162E=01
«2UT95E=1Y
. 25R59F=01
,27230e-01
27TRUERAY
. 28903E-01

«194700E+03 SEC, TOTAL AND

019332F=03
ed47762E=03
e 3IP1T71E=-03
e S5B834E=Q3
.8ANISE=33
«JUNBFE=RZ
e 34823E=N3
129257E=03
e U412RUE=D3
e 163TUE=0(3
e T24b1E=04
.Zlble-MS
«B3513E=04
e21696€=03
e 19642E=03
e 47782E=04
e 7961 7E=05
e 29U27E=0R4
e67769E=RS
#»25311E=08
e20961E=05
e 28331E=07

B

2.

2.

.19470@F+@3 SEC, TOTAL AND

e ISTRIE=R3
0 2SPR62E=02
e5T2R7F=02
»1P315E=01
e1U44U3E=-01
0 18027E=D1
e 19691E~021
e211ROE=01
0 22979E=01
e 2U3PS5E=01
W 2URBTE=DY
260 75E=01
e 2T31UE=Q]
027921E'91
2291 0VE=0Q]

0 21760PE=3
e 18906E=03
e F6616E=03
0635U0Fen3
e13823E=02
e32120E=03
e 321U5E=R3
.2857“E-a3
«288USE=AT
0e12317€=03
«82078E=04
0 26B1UE=(]
o 167TUTF=04
o C6UGPE=ND
«1U22NE=0V3
.29392F=0a4
. 1PUUAE=AY
e25513E~A4
e 33366E=05
«13490E=Q7
e 2241 T7E=05
«460T7UE=08

eS57461F=n3
«26952E=02
66869E=02
.153265-@1
.183“8E'e1
2P 2E=01
e 21475621
(2326701
2UUUGE=D1
,2UGU9E=-21
e 263U3f=0N1
027391E=01
28186E=21
e 292U2E=01

e 33092£=03
e TU9H1E=0]
e T6922E=03
e U3AARTE=R3
e79322F=03
e 28079E=03
e 21639E=R3
e 2553uk~2%
e21357E=03
0 90RA77E=24U
.10007E-ﬂ3
e 32199E=23
e65623F=24
0 22277E=23
e TUSSSE=CY
17082E~04
e |15PSUE=RY
«224879E=0C4
e12129E=05
o691 TUE=0T
e 17527E=05
0507565.09

B

2,

2,

«18474RE+@3 SEC,

«90552E=P3
o JUNUBE=L2
e 7USH1IE=L2
011389E'21
e 16619E=01
e18629%E=01
e 2PA229E=-01
0 21730E=21
«23URIE=C1
e 2U53GE=21
«2S5AGUE=C]
e 266HSE=R1
e 274S6E=21
0 084Q9E=01
¢ 29317F=01

»184700E+B3 SEC, DECAY (MEV/FISSION)

DECAY (MEV/FISSIO0N)



9

e 293SBE~N]
QEQSUUE-QI
e 2961 PE=p
2 297T70F=p1Y
0 29807E=1
e 298NRE=R]
e ?9R17E=01
e29817E=011
.29817E-01
e29817E-01

.29399F=01
.295UBRE=D]
P296URE=DY
«297RSE~R]
.29807E=01
«2980P8E=01
,29817E=01
22981 7E=01
“29817E=011
.29817E=01

EXPERIMENTAL GAMMA ENERGY

»14185E=014
s I1250Fery
L2B132F=03
+35392E=R%
L46B75E=p

e37975E=03
+38P65E=03
2 DU92AF=03
JTT175E=03
¢e59705E=03
«53355E=03
«67180E=03
e52210F =23
«43788E=R3
e 3333PE=03
e 2TURRE=N3
2B722F=03
e C2IARE=QT
W11177E=03
2 21621F=03
L 79625E=04
W 1P123E=03
.?06305'00
»35980AF=nU
» 2USUSE=RS
e 17272E=04
-~ TRU9QE=CG
=, 4?232RE=0S
e 27612E=06

~bP66S5Eay
.1P812E=03
.30671E=0%
»30204E=03
«36567E=P3
JU32U3F=03

LUS5341E=03
L46121E=03
LH1UNRE=QAT
. 75627F=03
.5U925E=R3
-501!“5'93
,93370E-23
JUUlURE=PY
.3R265E=37
n;E}?SE‘ﬁ;
.275°3E=03
.31415F=0%3
«19523E=03
. 122R6E=A3
,2PRBUE=03
-650855-0&
-1166“5'33
. 169U7E=0y
. 62A73E=Ry
»180U5E=05
«92115E =05
=.93615E=05
«.13787E=05

SPECTRUM AT

. 2945pF~01
,29553E=01
.29673E=01
W 29796E=01
.29307E=01
. 29810E=01
«29817E=01
«29817¢7=01
2 29817E=01
<2981 7E=01

.83500F =0y
W 1260PE=03
L 29NRUE=AT
,38B9BE=03
JU3981E=03
«33663E03

.61385E=03
W6936PE=23
W T7215E=03
,7h250F=03
L67265E=03
,551A5E=03
L11149F=02
235761E=03
,36A53E=03
,33975F=03
,310ASE=Q3
W2T646E=03
L13967E=03
< 13R75E=03
W130U1E=03
W 6T7SRE=0Y
.79725F=04
o 34339E=04
,38637E=04
. 11555E=05
CU3751E=05
 UBBBAE=R5
«,15781E=A7

0 2FUGRE=CY
«29561Fe21
0 2OTCP3E=D1
0 298A2E=-01
0 29807E=-01
«29R12E~-01
e29817E=01
«29R17E~01
29817E=01
029817E=p1

.194787E+A3 SEC,

e 78200PE=P4
e 13593E=A3
e27757E=03
e39297E=-03
eS4235E-03
e 2TUBIE=03

«TTASPE=QR3
«e82°4RE=R3
0 9P930E=P3
«83U9SE=¢3
0e62P75E=03
«6P7T5E=03
«9318AE~13
e39729E=-03
0 26156E=03
«28176E=03
0 2737WE=~QAJ
e 29358E=03
e1232Gt=023
.198665-03
e 10861E~N3
e 1AUN2E=DT
.27329E-GU
«27978E=0U
e23963E=04
o, ?7RIUTE=QS
=, 497@5SE=Ab
«81U430E=0S
e, U16UUE=Db

TOTAL AND

2 C95PRE=]
02957 1E =01
029728E=01
e 29RPGE=Q1
«29807E=01
e 29R1UF=n]
0 29817E=01
029817E=01
e 29817E=01
02981 T7E=01

0 13292€-03
e13213E«03
e21098E=R3
e 32PURE=03
«5P865E=03
«27185E=03

«67685F =03
e TUBBLSE=D3
«BRS1AE=03
«82375E=03
«59555E=03
« 76855E=03
«5504SF=-n3
1 3680ASE=N3
«30991E=03
e29139E=03
e 233UPE=23
e 26955E=03
«10R72E=03
e 17970PE=03
.861A5E=04
e 1USS2E=ATY
JU63JUE=PU
o P2URE~AY
,2881ME=04
,6U3P5E=05
»,16056E=DS
«4763UE=05
*,32327E=06

.1847AGE+@3 SEC,

.ZQSU@E-Gl
e 29586E=21
e 29751E~01
 29807E=P1
e 29R2TE=C1
e 29R16E=£1
.298175'“1
0e29817E=021
0e29817E=21
0e29817F=01

e12118E=23
o {URPBE=RD
022367E=03
031909E=023
W 47034E=23
e 310284E=23
JU6QTHE=R]
671 15E=023
«7927SE=23
«68360FE~03
«57265E=063
e 722PRE=P3
’000085-93
WU222UE=C3
URT22E=03
e 32W9TE=F3
2APB82E=0Q3
0e21615SE=P3
e11283E=03
01516ﬂ5'03
«6105SE=04
e 73235E=04
e 71535E=024
« {SASUE=04
QIUBSRE-GU
19246E=24Y
e 90955E=26
=.17327€E=05
U391 0PE=C7

DECAY (MEV/FISSION)



LL

EXPERIMENTAL SUM GAMMA ENERGY

o 2B371E=S
e 1163UE=DT
n3131¢€'ﬂ3
o T19¥UTE=QRD
dJU137E=R2
,22524F=02
e 08923E=p2
LU2333E=02
e ST8RRE=2
JT6R69E =02
e FTUGPE=D2
L11526E=01
,165U1Eeny
«184T72E=D1
0 7113E=01
e 2156RE=01
,229R5E=01
e CUSBAE=R]
o 25U22E=-01
26636E=01
0 27439F ey
«28R12E-01
W 20PUNF=01
«29311E=01
e 29385E-01
«29427E=01
.29“236'0‘

»1U970E=0y
2 13737E=Q%
~UAS15E=n1
. 15234E=02
.23821E=02
,30736Ee2
~UB228E=02
L6P3UUE=DD
e 79933E=32
0 1P0STE=01
L143UQE=Ry
.16859E=01
.1874BE=01
«21766E=01
«232TUE=01
L, 2UT59E=01
«255ANE=01
. 26870L=01
~27526E=01
- 0RUSAE=Q
.0883UE=01
2 2913UF=01
,29313E=01
L 29UPNERDY
+29403E=ny
e 29424E=01

SPECTRUM AT

W31670E~0U
L16317E=03
LU92UAE=03
,99777E=03
L 16553E=02
W2UB31E=R2
«33192E=p2
WUTA02E=02
L63U33E=02
(B29AE=A2
J1A3UbE=0Y
.12183E=01
,15A9RE=01
L17173E=01
L 19P65E=01
W27637E=01
L 22R39F=01
(23572601
(2491PE=0Y
 25737E=01
L27A3TE=01
(2T626E=01
L28576E=01
L2B8BRSE=01
,29199F=01
«29311E=01
L 29U0BEwAL
(294 13E=01
«2942UE=DY

«19U7APE+A3 SEC,

«U4731PE=QU
e13435E=033
«57568k=03
«11157E=02
»181BPE=B2
»25656F =02
0 362TUE=Q2
059292E=02
bTPTOE=B2
«B7158E=22
.lﬂbﬂﬂE-ﬂl
e 12U99E=01
e 155R2E=01
e 174S59E=-01
e192S54E=AY
0 2PBURE=QAY
022236F=31
e 238U2E~A1
0 050A2UE=NY
0 25960E=V1
e 27159E=01
0 2T7843E=0Q]
e28612E=01
«2B922F=01
e 29235E=01
«29307E=01
.ZQMBBE-QI
0 29423E=0Q§

TOTA[ AND

.7389“E'0“
0 21678E-QA3
«63897E=03
e12118E=R2
«19706E=R2
e26471E=02
e 3A981E~H2
«53287E=02
e 7P611F=02
e 91277E=012
e 10977E=01
«13022E-01
e 15957¢=01
e17783F=01
e195°P6E=01
021096E=01
e 22488E=01
e 2U133E-01
«25153E=01
e 26190E=A]
«27269EF=01
«2RAS8E=N]
|286A1£-m1
0 28955E=n
1 29284E=0A1
e29319Een]
«2940ASE=N1
0294 39Em~01
129U422E=01

«18470A2E+P3 SEC,

«98131E=24
c2UBUPE=CD
o T06ATE=RD
 13075E=02
e21117E=02
W 2THAUGF =02
JUNBRONE=R?
e 55692E=022
e 73782E=022
e FUBB3E=R2
e 112P6E~0Y
e 13397E=01
«16186E=01
«18287E=0C1
«19820E=01
«21327E-01
e 22675E=01
0 2U332E=C1
025279E=21
e 26367E=21
«27337€=01
«28155E=01
«28775E=21
«28979E=01
«29376E=01
129352E=-01
0 29UBbE=C
«29435E=21
2 29423E=01

DECAY (MEV/FISSION)



~
oo

ERRORS OF EXPERIMENTAL GAMMA ENERGY SPECTRUM AT

,25245E=05
.S7UBBE=AS

«89RT5F =05
.113805-90
W 14922Fany
e 15349E~-014
 16UKSE=RY
.176335-00
0 22SPPEeU
«24P82E=014
W 22952E=0d
.207195-00
e 31702F«04
«34350E=04
WU991UE=0Y
0313625-90
W 321RhE=NY
e 32151F =04
0e32723E=04
e23252E~04
e 26T URE~RY
0 22223E=nU
e 218UbE=U
150G 1E=04
o 13PU2E=PU
«81535E=05
«5783CE=05
 363U1E=05
«20578E=05
«18585E=05

«3630A2E=05
«64R1AE=05

s RNt =g
«12208E=02u
»1551UE=0y
21UT34E=0Qy
. 16996E=0y
«18932E~0Qu4
s 217UbE=QUY
. 2U372€=04
LO3UUTE=DY
e 2U593E=04
e 33015k =0y
»32706E=04
2U1769E=0y
.3“7?3F'QU
«3PP5HhE=Qy
«32616E=04
-267135-90
e 23772F=0y
L27977E=0y
«197UUE=RY
.21198E=04y
«15566F=0y
.13872E=04
-7UlUSE=0%
cUS861E=0S
.22235E=05
«U7622E=05

W43762E~05
«69705E=05

.99222F =05
. 13573E=04
. 1695AF =04
,1UB1RE=2Y
,19U49E Ry
.2155UE=04
C2U121E=0y
C2Ub2AE=RY
.2UBS1E=RU
«26176E-04
L 3U9ARE~PY
,31P63F=a4
«33511F=04
L31UUTE=RY
«3R61SE=24
«31915E=04
2 2USTRE=04
L23549Eeny
(2UT0BE=0Y
L2P3UBF =04
. 1B6URE=UY
«15552E=04
L1203 1E=04
L6T290F =05
JUUTT6E=BS
LUT630E=B5
«30849F =05

e i7628E=05
e 7T6185€E=35

e 17#285E=04
e 14R28E~AY
0 18210E=04
e 13765E=04
e 21U30E=DY
023682E=04
e 26URUE=QUY
025522E=04
«25224E=04
+28RBIE=RY
e31173E=04
e 31P28E=04
« 2R2UBE=AU
e31351E=04
e31138E=04
+3655RE=04
«2U99RE=RU
e25963E=04
.220?65-00
e 236BUE=0QY
¢« 15UBSE=-04
.ISQSUE-GU
e11616E=84
+57525E=05
CUU7U3E=BS
 UUBUSE=DS
«24801E=05

«1947P0E+03 SEC,

054T65E=B5
«8034RGE=QRS
1P2RPE~NY
«13916E-04
0 18422E-04
.102865-%0
e CP8PAE=0U
e ?3P51E=04
0 266M2E=0U
.256UPF-OU
.203035-00
0 3PURRE~RY
26321E-0Y
e 33801E=04
e 3BA7CE=0U
.332995-@0
e 310P8PE=0U
WUN193Eeny
023571E=04
025493E-04
e 21U25F =04
«23683E=04
W 1UUGRE=RY
0 14286Ew04
e 17278E=024
e5598RPE=05
.01131E-05
«46359E=n5
QEZSBQE-GS

TOTAL AND

«184702E+0B3 SEC, DECAY

¢« 55930QE=05
«89067E=05
W 104USE=CU
.1”236&'7”
e17862E=024
e 16PEBE=0U
«184S53E=04
e 2PB6BE=CU
. 25160E=04
e 24118E=04
e 24315F =04
e 33208E~CU
«31221E~Cu4
,43239F=¢4
e32340F =24
e32371E=04
e 30277E=CY
WUP3NTE=RY
e 2UUSTE=04
e 23UQUE=BU
e 27361E=24
e 20123E=24
e17748E=0R4
C12R1UE=2Y
e 99675E=£5
¢« 69855E=05
e58410E=0S
e 386902E=05
e 2B970E~@25

(MEV/FISSION)
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