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by

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

oratory (LASL) to calculate

has been developed at the Los Alamos Scientific Lab-

fission-product beta and gamma decay energies and

spectra from thermal, fast,and 14-MeV neutron-induced fission of a number of

important fissionable nuclides (including
232~ 233U 235U 238U 239PU ad

9 s 9 9

241PU) . This system has been used for a wide range of neutron irradiation pe-

-4riods (10 to 1013 s) and for cooling times from fractions of one second to
1-3

many years. 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).
2-3

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 (i.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.

2



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

This also permits calculation of

run of the CINDER-10 code.

calculation of activities using the FPSPEC code.

any number of spectral groupings for a single

0CUMULATIVE13-and y

SPECTRA

Fig. 1.

LASL Code System for generating multigroup 6- 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.

11. 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, GAMMA1 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

‘i+l

Ni(Z) = I N(Z,W) dW ,

Wi

(1)

where Wi and W. are the i-th group energy boundaries, Z is the atomic number,
1+1

and N(W) dW is the probability of beta disintegration with energy in the W to

W + dW interval:
7-8

N(Z,W) dW = CIM[2 F(Z,W) K(W) W(W2-1)% (WO-W)2 dW , (2)

where

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

c = a constant,



lq2 =

W() =

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

‘ ,(y Jy (w%)’ ,r’,l+s+iy),2 ,FR(Z,W) =~
lr(3+2S)] AC

where

s = (1-(Y2Z2)U ,

AC=+= 386 x 10-13 cm ,
e

the rationalized wavelength of the electron,

e2 1
0. .—!x—

Y

Iic 137

the fine structure constant, and a nonrelativistic form,
7

,?ry
‘N = l-exp(-2Try) ‘

where

Y = Clzw (w2-1)-~ ,

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

( ~ )1-—

R = 1.123A3 - 0.941A 3 x 10-13 cm .

(3)

(4)

(5)

(6)

(7)

(8)

(9)

5



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. (l). 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 BETA1 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,
10,11

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

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
11

expression in W:

(11)

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

GAMMM 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.



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 EO is represented by a Gaussian

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

(E-EO)2
-—

202

The FWHM of the Gaussian is related to 0 by

(12)

(13)FwHM= G @ En 2 = 2.35482 0 ,

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 o and energy but it must be replaced with the

appropriate one specified for the gamma spectrometer under consideration.

111. 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-IV

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-
12

cussed above. 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

7



SUBROUTINES

BETAl

MAIN

PROGRAM BETA3

FPIICYS

cumulative

General

multigroup beta

Fig. 2.

Flow Diagram of the FPDCYS

12
and/or gamma spectra.

Program.

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
2

and experimental spectra were compared.



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 ANSI FORTRAN. The plotting

subroutines for paper output and for film called by FPSPEC are IASL 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 used at LASL are given in Appendices

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

Fig. 3.

General Flow Diagram of the FPSPEC Program.

9



3

4

5

7110

Iv. CARD INPUT TO FPDCYS

Card No. Format Variable

1 1X,14,615 MTOT

NXC

MTR1

MTR2

NPNCH

JOP1

JOP2

NTAPE

NBETS

NGAMS

215 NBDB
IBET

6E12.4 EBDB(I),
I=l,NBDB

215 NBDG

IGAM

6 6E12.4 EBDG(I),
I=l,NBDG

v. CARD INPUT TO FPSPEC

Card No. Format Variable

1 2110 NPUN

NGAS

2 2110 NPLOT

IOPT

Comments

Total number of MATS to be read; MTOT = 1
gets special printout, normally O.

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

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 O,

Index to get spectral data; use 1.

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

Index; NBETS = 1 causes
calculated,

Index; NGAMS = 1 causes
be calculated.

output spectral

beta spectra to be

gamma spectra to

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 GAMMA1
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.

10



9

10

11

12

13

14

15

E12.4

6E12.4

6E12.4

6E12.4

6E12 .4

6E12.4

6E12.4

4 2110

5

6

7

8

110

I1O

110

110

FPSPEC

Card No. Format Variable

3 2110 ICOMPB

ICOMPG

NBPLT

NGPLT

NBEXP

NGEXP

NBXPLT

NGXPLT

QLMPLT

EGX(I) ,
I=l,NGEXP

GAMEXP(I) ,
1=1,NGEXP-1

GAMERR(I) ,
1=1 ,NGEXP-1

EBX(I),
1=1 ,NBEXP

BETEXP(I) ,
1=1 ,NBEXP-1

BETERR(I) ,
1=1,NBEXP-1

(continued)

Comments

Index; if ICOMPB = 1, calculated a~d 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-
riesfor comparison.
Omit this

Number of
aries for
Omit this

Number of
points to
Omit this

Number of
points to
Omit this
# 1.

card if ICOMPB # 1.

experimental gamma-group bound-
comparison.
card if ICOMPG # 1.

experimental beta spectral
be plotted.
card if ICOMPB # 1 and NPLOT# 1.

experimental gamma spectral
be plotted.
card if ICOMPG # 1 and NPLOT

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 PROGMM

PROGRAM FPDCYS( INP,O1)T, PUN,FSFT5, FSET8,FSETfl)
DIMENSION Hl(2P), H2(5n14fl), RTYP(l@O) ,RFS(lO~), f2(100),DQ(lf40) ,

19Q(tmm), ~5R(l~~o), K~lf93~) ,Kz(QP%),KMI(~U~)/KS(90fll ~
2KKZC(2@n), KMC(2’3GI),KTC (.2n~), AKfJ(2fiO),RIK(2P0) ,BKl(i?@fi),
3BK2(zG!B), BK3(2@0),ES(90kI) ,PI(90@l, ~ICC(9F10),
4KZCS(9n@) cMCS(9@@), ICs (9@n), AU(9@fl),RIf9~O),
5Rl(9@n) #B2(9rn),R3(90n) ,PER(9a(!),PEG(~nnl,PFo (900),
6CG(Q@@), E~~(qOfl),tPA7(~@0) ,C~~i(~a~l}CY~2(9~@),DELQ (90@)
DIMENST(lN. EROB(2GIFI), SPEBET(2FCJ), SORSB (20@), RATEN(2@n)t8ETAS (200),

lRETAES(?R~)
OIVENSION FBDG(2m@), S~EGAP(2fln), SORSG( 200) $GAMASP t2P9),GAMAES (200)
DIMENSION ~ToT(2PP)
DYMENSTON ER~l(20~), wMID(20@),EPD2( 2PO)

c------ncys IS EXTRACTED FRO!4 DCY8 cOf)E, TO PRocEss FP OATA ONE
cw--cmzm- NLICLIDE AT A TIME. USE 0CY8 FOR MORE EXTENDED CApAllILITIES
c-------- 8/75
C------N WILL BE USED AS A COUNT OF HATS
C------*kSET MTOT:MAXIMUM MATERIAL USED FOR pRINT OF SAVED DATA ***
cm____KN WILL BE Us~f) T(J couNT MATERIAL IN SAVE STATEMENTS (FOLLOWING
C-----STATEWENT 125 11P To 3 DECAY VOCES ASSUMED
C-----Z,A. AND STATE READ FRQN FILE 8
CW-----X-SFC AND t$J,cA~MA) BQANCHINGS REA~ FROM INPUT CARDS
C////////////// MODIFIED 713R/75 (TO CAL EICC,ETC.) /////////////1//////
c
c CONTRnL PARAMETERS READ FRCIM INPUT CARD
c MTOT=T014L NuUpER OF MATS TO BE READ
c NXC=NUMBER OF cRoSS sECTION CARDS

MTR1=FIRST NASS NUMRER ON FILE 5
; MTRZ=LA!jT MASS NU~f3ER ON FILE 5
c NPNCN=INOEY TO GE PIJNCH OF DEcAY BRANcHING NORf4A~LY @
c JOP1=INOEX NOT HSEO IN CICYS.
c

INSERT n FOR JOP1
JOP2=INDEX TO GFT SPECTRAL DATA, 0, ICC,ETC (SEE INSERT AT STMT 48)

c NhTE MTOT=O GETS SPECIAL PRINT
c//////////t/////l/////////l/////ll////l///l/////l/////l///t////t///////

14Tf?=g
N:O
KN=O
EREST=5. llRf16E+flS
DO 5fJflI=l,Q@fl
PEf3(I)=-9,.fl
PEG(I)=-c3.O
PFQ(I)=-O.0
CfJ(I)=a.cI
ENQ(I)=o.O
CYM1(II=XXXXX
CYM2(l)=X~XXX
DELQ(I)=17.o

5~CI CONTINIJE
2022 FORMAT(3E12,U)

C*-----IREAD cHARGE, MASS AND STATE 824 NIJCLIDES
READ (B, lOtiR) (Kz(II, KMI(I),KS(I),I=l ~824)

100G FORMAT (18X,12,13,11,56X)
C-W----READ sIGl~A220c?, PI, (N,GAMMA), BRANCHING (BOTH CROUPSI, AND CORRES-
cow---.---.PcINDTNG CHARGE PASS AND STATE, NXC NUCLIDES
c***** READ cONTROL cARD **&**

READ IFjflI, MTOT, NXC,VTRl,MTR2, NPNCH,JClpltJ0P2
1001 FflRMAT(lx#IQ# 615)

PEA@ 21fll,NTApE, ~BETSo’JGAMS
2101 FORMAT(fIla)



PROGRAM FpDCYS( INP,OIJT, pUN,FSFT5, FSETU,FSET1l)
DIflENSION Hi(?o), H2(5FI@i?), RTYP(lPFl) ,pFS(lL30), f?(100)~Df3(in0) ~

lBR(l@a), D9R(l~{@), KPIf970) c~Z(90@), KHI(~~fi)~KS(90fl) ~
2KKzC(2nn), KMC(?OC4),KIC (2na), AKu(PMf7), RIK(2m0) ,fjKl(2@a),
3BK2(20n), BK3(2@@),ES(9C’@l ,pI(9ti@), FICC(~00),
4Kzcs(9qa), Mcs(Qv@), Ics (~\~~)*AlJ(9nn)#RI(9@Q)D
SRl(9FCl, B2(9P@),R3(90a) ,i’EB(QoP), pEG(9RP),pE0 (9aPl#
6CO(9m@), ENQ(9@fll,LVAT (90n), CYMl(9mO) tCYfi2(9@01 ,DfLQ(Q@O)
DJMEtJsION. EBnil(2FiFi],sPEBET(2Po), SORSB(2@@),RATEN(2@9)I RETAS(200),

18ETAEs(?ma)
DIMENsION FBDG(2taa), sPEGAM(20Gl), sORSG(2@0) ,GAMASP (2P0), GAMAES(2k101
DIMENSION ~TOT(2Pa)
D7MEN.fjlON F9Pl(20P), WMID(209),E@D~( .20n)

c------ocys Is EXTRAcTEo FROM ocY8 cODE TO PPocESs Fp OATA ONE
C-------- NucLIDE AT A TIME. USE DCY8 FOR MORE EXTENDED CAPABILITIES
c... ..... 8/7s
c------N WILL BE UsED bS A COUNT OF HATS
C-.----~*SET M?~7=MAxIMLJM MATERIAL USED FOR PRINT OF SAVEIJ DATA ***
cm-w--KN WILL BE UsEII TO CoUNT MATERIAL IN SAVE STATEMENTS (FOLLOWING
c.---..cjTATEk\~NT 125 UP To 3 f)EcAY MODES ASSUMED
C-----Z.A, AND STATE READ FROM FILE 8
C-_----)(_SFC AND (N,chMMAj BQANCHINGS READ FROM INPuT cARDS
C////////l///// MODIFIED 7/3~/75 (TO CAL EICC,ETC.) ////////////////////
c
c cONTRnLPAPAHFTF.QS READ FROH INPLIT CARD
c PITOT=TOT~L NuMF!ER OF BATS TO BE READ
c NXC=NIIMRER OF cROSS sECTION CARDS
c MTRj=FIRST t4ASs NUMRER ON FILE 5
c MTRZ=LAST MASS NUIIBER ON FILE 5
c NPNCH=INOEX TO GE PIJNCH OF DECAY RRANCHING NORMALLY 0
c JOP1=INI)EX NOT USED IN DCYS. INSERT a FOR JOP1
c JOP2=INOEX TO GET SPECTRAL DATA/ 13t ICC,ETC (SEE INSERT AT STMT 48)
c NOTE MTOT=O GETS SPECIAL PRINT
c////l/////t//////////////l//l/////////////////////////l////////////////

UTR=O
N=O
KhJ=E!
EREsT=5. llfl~hE+f15
DO 50!3 I=l,9@0
PEB(I)=-n,.fl
PFG(I)=-$IrO
PFf3(I)=-O.0
CO(I)=n.0
ENQ(I)=@.o
cyMl(l)=xxxxx
CYM2(I)=XXXXX
DELO(I)=a.a

500 CONTINLJE
2022 FORMAT(3E12.U)

c-----.RE.AD cHARGE, MAsS AND STATE f12U NUCLIDES
READ (8,1ak’0) (Kz(II, KMI(I),KS(I),I= 1/824)

jOOO FoRMAT( iflX,12, T3,1i,56X)
C------REAO .51G~A220n.RI, (N,GAMMAl, BRANCHING (BOTH GROUPS)c AND CORRFSW
C-W-----WW-PJDINGDING CHARGE PASS AND STATE~ NXC NUCLIDES
c**~** READ coNTROL CARD ● ****

R~AO lBfll,MTOT, NXC,VTRl,MTR2, NPNCH,JOP1,JOP2
lD@l FORnAT(lX, Iu,615)

PEAC ?l~l, NTApEoNBETS,NGAMS
2101 FoQ~ATf71!e)
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IF(NTAPE.NE.1) GO T@ 6773
WWITE(l l,677u)NBETS, NGAMS

6774 FORMAT(211~l
6773 cONTTNUE

READ 2GJ$31,NRD8,1RET
NRDMI=NBOR-I
NINT=15fl/(Nnf)B-1)
IRDB=l+( 1+NI)JT)*(N8DB-1)
J13DRMI=IBDB-1

i?nDl FORMAT(21S)
c IF NTApF. = 1, T~PEll IS wRITTEN.

IF N@ETS = 1, RETA SPECTRA ARE CALCULATE.
; IF NGAMS = 1, Gh~U4 SPECTRA ARE CALCULATED,
c IF IBET = 1, BETA1 ROUTINE. IS USEO.
c IF IBET = 28 BFTA2 R171JTINE IS USEO,
c IF I!3ET : 3, RFTA3 ROUTINE IS USEDO
c IF IBET = 4, BETAU ROUTINE IS USEDO
c IF ICAM = 1~ GAMMA1 ~ouTINE IS USED.
c XF IGAM : i?, GAMMA2 ROUTI~:E IS LlsEn.

READ 2@02, (ERDR(I), I=~~NBOB)
2002 FoRf4AT(6E12.fJ)

Q~lINT=NTNT+l
DO 2Q23 I=l,ND~Ml
DLT=(EBDB(I+l)-ERDR(I))/nNINT
JNj=(I-,l )*(NINT+l)tl
JN2=JN1+NINT
1~=0
00 20?3 1T=J)J1,JN2
IL=IL+$
OIL=IL-i

2023 EBD1(II ):EBDR(I)+QIL*DLT
EfiDl(TRDB) =ERDB(NBD@)
Do 2@l?~ I=l#lHnB

2024 E~D2(I)=EBDl(I)/EREST+ 1.
DO ?0.?5 1=1, IBI)BP1

?025 W~TD(l)=O.5*(FRD2(I)+FBD2t 1+11)
READ z(4Cjl,NRDG,IGAK
READ ~nn2, (FPnG(I), I=l,NBDG1
NBI)GM1=NRDG-1
IF(NT.4PEONE.1> GO TO 6200
WRITE(jj,621@) NRDf3, JBET

6211iI FtiPWAT(2110)
WRITE(li,6?2P)(EBDR(l)/ I=j,NBD!3)

622GI FOR11AT(6E12.U)
WRITE (l lJ621~)N8DG, IGAM
WRITE (11,622C) (ERDG(I), I= 1,N13DGI

62rltICONTINUE
PRI~JT.6201/lBE.T

6201 F(lRHAT (l~if,lFX,*METHOD *,11,* FOR RETA SPECTR4*/)
PRINT b237~1GAu

6237 FORMAT(1H ,l@%,*METHOD *o!l~* FOR GAMMA SpECTRA*/)
PRINT 8101

8101 FORMAT (1H17,2PX,*BETA ENERGY BOUNDARIES (EV)*)
PRINT 8110

811@ FORMAT(1H ~2Fx,*---------------------=-----*/)
P~INT 8120, (EqDB(I), I=l,NBDB)

8j?fl FOQ~AT(lf$E!@,?)
PRINT 8130

8130 FOR~AT( l,H~,2@X,*GAMf4A ENERGY ROUNDARIES (EV)*)
PRINT 81U0



81uP/ FORMAT(1H ,znx,*-*---.---.--------..-------.*/)
PRINT 8j20, (fBDG(I), I=ltNRDG)
PRINT Bj5n

8150 FORNAT(lH@~//l/)
Dfl 20~3 I:ltNHDMl
BETAS(I)=a.

2003 BETAFS(I)=~.
Do 2~0u I=lfNRnGHl
GAMASP(I)=@.

2’anU GA~4AEs(I)=n.
c RFAD IOG13, (KKZCCI )tK}fC(I),KIC (13,AKU[1)IR1K[I)C6K1( IlJBK2(1)t
c 19K3(I), I=l#N~~)
1aa3 FORMAT (15X, TZ,13,1!, tflX0E9,1,8X,E8. lB8X~3E5.1~1 Xl
1006 CONTTNIJE

PRINT \O~
lFIPJFOKMAT(tHt)
$fi? CONTINUE

C------CONTROL IS RETURNED TO THIS POINT AFTER EACH PROCESSED MAT
NEPR:c3
NEPG=o
NFP13G=q
Ns=O
PRINT lnO

I CONTINUE
N=N+l
DO i? I=lt2fl
H1(II=-1

2 Cf)NTINUE
DO 3 1=I~5P@0
H2(I)Z91

3 CONTINUE
DO 4 1=1,100
RIYP(I)=-l,n
RFS(I)=-1.0
QrI)=-1.a
Do(I)=-1,~
BP(I)=-1,0
OBR(I)=-1.0

u CONTINUE
MAT=p
FQ=O.(1
MATl:tl
MAT2:n
MAT3=g
MAT4=kl
MAT5ze
flAT6=0
vF:O
MF~sR
MF2=0
MF3=V
MF4=@
MF5=CI
MF6=Pl
LRP=O
LFI=t?
Nxc=o
MF6=C3
klT=O
M?l=fl
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DTO=O’.0,

C------READ TO FIRST MEND RECORD (ASSUMED TO BE FIRST CARD)

5

ltl

CONTINUE
REAo(s,6) MATl, MFi,MTiINsCQl

S~(EOF~5)2@!ti213
c$)NTINUE
F@RMAT(66x? Io#12,T3’151
CONTINUE
t4FT=MATl+Vfl+MTl
ISFQ=ISfo+l
lF(}lToT.GT,a) GQ TO 111

I~(HFT.NE.0) PRINT llOCISEQ/MATl,MFltMTtfNSEQl
CONTINUE
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lln F~RMAT(lX,8~~*** CARD, 16,15HNOT MEND RECORD,16H MATt MF~MT,NSEOX,14P
11?,13,15)

Ir!MFT;NE:O) GO TO 5
7 cnNTIN~JF

c*-----READ FIRST REcORh AFTER MENO TO MT=U51
REA0(5,R) Cl, C2, Ll, L2,11ilN2~MAT2, MF2~MT2rNSE02
1~ (EOFS5) 2@l,1300

1300 CONTIN!IE
19E?=IsEO+1,

8 FORMAT (2E;1. U,U111,14J 12, 13,15)’
lF(MT?9NEpfJ51) GO TO 7
IF(MF~.NE.1) PRINT UFI, ISEO

C------SET zA,AbJR,~AT,MF,MT
ZA=C1
AWR=C~
LRP=L1
LFI=L2
NXC=N2
klAl=MhT2
MF=MF~
MT=MT~
lD=lc3.~*Zb

C ----*READ FIRST HOLLFRITH CARD
READ(5,8) Cl#CZ, Ll,L2,Nl:N2~MAT3v MF3~MT3~NSEQ3
IF(EOF,5) 2@l,13FIl

~301 CONTINUE
IsEQ=lsKn+l
LDO=L1
LFP=Lt2
NWD=N1

c------NWD=N(). liOLLERITH cARDS,17 woRcis PER cARD
c------usE FIRsT CARD To DEFINE SyM80L(SYMl,SYP2)
c=-----AND REMAINI~JG TITLE HI(I), AND USE H?(I) FOR
C-CD----REMAINING HOLLERITH INFO,

NW=17*(NWI)-1)
c----- READ REMAINING HOLLERITH

RFAD(5,11) SYtiI, SYP2, (Hl(I)Sl=l,141
D~COOE(5, 22??,SyMl) IZEE

2222 FORMAT(12.3X)
I)ECODE(S, 2223,SYM2) IAAA

2223 FORVAT(1X,13,1Y)
DFCODE(5~22240 SYM21 ATRAN

2224 FORMAT(UX,A1)
IF(EOF,5) 201, 13n2

1302 CONTINUE
ISEO=ISEQ+l

11 FnRMAT( lx#zA5#t13Au#A2))
C *** IF IHOGT.n SKXP READ TO M.T=w

IH=l
lF(IH’.GT,O) GO TO 36
READ(5,12) (~2(1),1=l,NW)
IF(EOF,S) 201, j3@3

1303 CONTINUE
ISEO=ISEO+l

12 FpRMAT(16Au?A?)
14 CONTINUE

GO TtJ 39
37 CONTINIJE
36 RFAO(5,38)MTT

IF(EoF,S) 201, 130U
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1304 CONTINIJE
ISEfJ=ISEQ+i

38 FOl?MAT(72x,13)
IF()~TT.NE.0) GO TO 37

39 CONTINIJF
c-----qREAD TO MT=457

READ(s,8) Cl, C?, Ll, L2, N1,N2,MAT5*WF5~ M75~NsE~5
IF(Ef)F,5) 2@ls13P15

13F15 cO~TINUE
ISECI=ISFfi+l
If(MT5;EQ.Q53) G5 TO 36
MTF5=MF5+yT5
IF(MT5.~E.U57) GO TO 116

116 IF(MTFs.F~,O) GO TO 16
1F(MT5.NE.457) GO TO 39
LIS=L1
ID=(10.P*ZA+L1)
II)E=lGI*ID
NSP=N~
IF(ZA.NE,C!I pRINT fI@,ISE.Q

40 FOR~~A?(lH@,5HCAR0 ,15,8HIN ERROR)
IF(ZA.NE.C1) GO TO 900

C-~---~REAO HALFLIF’E, NO. OF AVE. OECAY ENERGIES
READ(5,u5) TtnTINAV2,NAVl
IF(EoF,51 2@l, i3E!6

1306 CONTINIJt?
15EQ=ISEO+1

us FoR~AT(2El t*u,22x,i?Ill)
C_--WW.REA0 AVERAGE. DECAY ENERGIES

RE4D(5,46) EB, I)ER,EG,DEG,EA,DEA
IF(EOF,5) 2ol#13@7

1307 CONTINUE
ISEO=ISEO+l

ufy FORMAT(6E11.LI)
CW-----READ NOC OF DECAY MODES

READ(5,u7) NDK
IF(EOF,5) 201,1308

1308 CONTINtlE
I:EQ=IsEQ+l

47 FORMAT(55X,111)
C---- -READ TYPE OF DFcAY, ISOSTATES oF DAUGHTERS, Q ANO BRAhCHINGS

READ(%,461 (RTYP(I ),RFS(I),(J(I),DQ (I), BR(I), DBR(II?I:l,NDK)
IF(EOF,S) 2@1,13a9

1309 CONTINUE
ISEfl=IsFQ+l

C/////// INSERT 7/75 TO GET SPECTRAL DATA,ICC,ETC,WHEN JOP2=1 //////////
c VARIBLES
c Es(I)= GAMMA OR BETA END POINT ENERGIES
c PI(I)= INTENSITIES

FIcC(I)= ICC
: F=NORMALIZATION
c STYP= .TYPE SPECTRA

NEPZ N~ ENERGY POINTS (CAROs) FOR SPEcTRA
: NsP= No OF SfJECTRb
c NDK= NO OF DE.CAY MODES
c QENDK=ENOF/H Q VALIJE 14cIG14TE~ BY BRANCHING FRACTION
c u----CAL quantities PER MODE (NO BRANCHING FRACT INcLuDED)----
C ETG= TOTAL GAMMA E
c EICC= INT,CoNVERSION E
c ETR= TOT TRANSITION E
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FcE= ICC FRACTIO~J OF TnT TRANSITSON E
: W= EFTA E TIJ PC**2 U}JITS.
c WAVZ BETA WEIGHTING FACTOR
c EflN= 8ETA+ NFUIRI~O E
c ERA= 6VF BETA E
c OQ= O VALUE

NEPB=R(INNING COUNT of RFTA ENO POINTS
: NFPG:RUNNING COUNT OF CAM~A LINES
c NEPRG%NEP8 + ~Epc = TOTAL CO~JNT OF LINF+5F RETA ANO GAHPA
c NOTE FNDF/P VALUES OF TOT E-GAMMA INCLUOES ICC ENERGYI THEREFORE
c cOMPARE wITH ETR? NOT ETG
c
c
c/////l//////////l//t/l////l/////////////l//////////////////////////////

IF(JOP~.LE.ti) GO TO 3Q0
IF(NSP.LE.f~l Gfl TO 3~0
NszNs+l
PRINT 792,NS

292 FORMAT(lY, IU)
PRINT 3z5, SY~l, SYM2,MAT50NOKe NSP

325 FOR~AT(15x?2A5/16x~fJ~WAT=# Iu/16x~uHNDK=#13/lbx,uHNsp=~ 13)
PRINT 2325~IDE

2325 FORMAT(1H ,15X,*IDE=*,11$?)
IF(NTAPE,NE,l) GO TO 61OP
WRITE (I I,611ti)SYMl, SY~2, IOEaMAT5pNDKeNSP

6110 FOFMAT(2A5tuI10)
610!7 CONTINIJE

PRI~JT 297,ERtEG,FA,T
297 FORNAT( lHfi#7HEyBFTA=,El 1.411XV8HE-GAMMA=~Ell,4/ lX#

18HE-ALPHA=tEll.U/1~.9HHALFL IFE=,E1l.U)
PRINT 2?80[BR(I)81=ltNDKl
QENOF=GI.ti
PRINT 296, (Q(I),I=l,NoK)

296 FORMAT (lx, llHQ-VAL~JE(s) =~3E11.u)
DO 295 I=l,NOK
QENDF:RR (I)*O(I)+QENOF
O~LO(Nsl =BR(Il*DQ(I)+DELQ (NS)

295 CONTINUE
PRINT 29U, ~EN@F,DELO(Ns)

294 FORMAT( lXsllH~lFIGHTEO Q=,E1l.4,uH(+/IF,Ell,4,1H) )
298 FORMAT (lxSllHR~ANCHINGS=t 3E11.4)

00=0.0
KsP=O
LNSP=NSP
NEP=@,
ETG=Btfl
ETR=o.~
EICC=aPa
FICCz~.@
EBA=Or@
EbN=ota
ETNXOpO
FCE~O.0
F=t7.EI

299 CONTINUE
K$P=KSP+l
DO 3t7QI~=l,7@0
ES(I)=n~FI
PT(I)=FI.0
FICC(I)=@.~
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300 CONTINUE
IF(NSP.EQ.0) Go TO 48
f?EAD(5,3r’11) sTYP, t’JEP, MAT8, MFR,MTR#NsEcJ8

30~ FOPqAT(E ll,~,4UX~Ill,1U, 12,13,15)
IF(NTAPEONF.ll GO TO 677\
WRITE(11,6772)STYP

6772 FORHAT(F6.2)
677~ CONTINUE

RFAD(5,3f12) F
302 FoRMAT(Ellofl,69x)

DO 3!9 I=\,NEP
REAO(5,315) ES(I), pI(I),FICC(I)

31P CONTINUE
3!5 FORMAT (E\t, U,l~x,E1l.4,1 1x~E11,4,25X)

ISEO= I$CQ+NEP+2
IF(STYP. EO,O,@)pRINT 326

326 FOPMAT( lHfJ,l~HGAPNA sPECTRUM/!X,7(2H--l)
IF(STYPLEn, l,@)P@INT 3.27

327 FOQMAT(~HP/13~RETA SPECTRUM/lX,7(2H--))
IF(STYP.GT,j,@) PRINT 3.?8, STYP

328 FORMAT (lx, luHSPECTRUM TYPEa,EII.4/IX,13(2H--II
PRINT 329, F,NEP

329 FORMAT (1H0,21HNORMALIZATION FAcTOR=,E1l.U/lX, lUHNO, OF POINTS=, IU
1)

330 CONTINUE
TNEP= TNEP+ NEP
YF(NEP;GT. 7001PRINT 331

331 FORMAT,(1XP16HNEP GT 7CIO**fi***)
IF(NEP.GT.79n) GO TO 48

CW-----CALCUL~TE GAMtAA TRANSITION ENERGIES AND TABULATE
IF(STYP.GT40.M) GO TO 342
DO 335 I=I,NEP
ETG= ETG + F*Es(l)*PT(I)/10n.o
EICC= E1cc+ F*FS(I)*PI(I)*FIcC(II/100.0

335 CONTINUE.
ETR= ETG + EICC
FCEC FICC/lF.TR
NEPG=NEPG+FJFP
IF(FCE;GT.I,WW1O) NICC=NICC+l
PRINT 337

337 FORMAT( lHOOQx, 7HE-GANflA,2X, 13HREL INTENSITY, 12X,3M1CC)
PRINT 3u0. (I, Es(I),p~(I),FICC (I), I=lsNE.PI

340 FORMAT (lX, 1~, lX,Elt.U,~x, E1l.4,UX,E11.U)
IF(NGAMS,NE.1) GO TO 7101
DO 338 I=l~~PDGMl
SPEGAM(I)=O.

338 SORSG(I)=O.
SIJ~ENG=~,
IF(IGAMtECJ,l) cALL GAMMA1(ES,PI, NBDG,EBOG,SPEGA!!, SORSG,NEP)
IF(IGAM.EQ,2) CALL GAMMA2(ES, PI,NRDG,EBDG, SPEGA14, SORSG,NEP)
00 419 l=l,NHDGM1

419 SUMENG=SUMENG+SORSG(I)
P~INT u21,SIJMFNG

421 FORMAT (lHm,5@X,*THF sUM OF THE GAMMA ENERGY SPECTRUM IS *,E12,u)
SUMENG=SUMENG*F/tn@.
PRINT 91631

9101 FFIRHAT (l H0,5@X, *h’Ol?MALIZEO GAMMA SPECTRUM*)
P~INT Qlla

9jlFl FOR~lAT(lH ,50X, *-----99---o-99qk),--.P-9qk)
DO 9120 I=l,NBDGM1
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SPEGAN(l)=spEGAM(I)*F/ !@fl;
9120 SORsG(T)=SORsG(I)*F/1 n~.

PRINT 914a, (SPFGA~l(~) ~~=lCNBDG~1 )
9140 FORMAT(1H ~5@X,6E12.U)

PQINT 916n
916~ FORHAT( lH0,5PX, *hORMbLIZED GAHNA ENERGY SPECTRUM*)

PRINT 9170
9170 FORMAT(1H ,50X, *_._._..O___Wo____o_W__-______._V~ )

PRINT 91 Ufl,(SORsG(K), K=1tNROG~1 )
IF(NTAPE.~JE.11 GO TO 630@
wRITE(ll, 631n)(SPFGAM( I)~T=l/NRDGMl)

631@ FORMAT(6E12.U)
w!?ITE( II,631Gl(S(lRSG(I )tI=l~NBDGMll

63Flfl COtJTINUE
PRINT 34211SUMENG

34.21 F?RHAT( iHCID5@x,*TOTAL GAMMA ENERGy EQUALs ●cE12cu)
7101 CONTINUE

QQ= OQ +ETR
PRINT 3Ul, ETG,EICC,ETR~OQ

341 FoRMAT(lx:4HETG=,Ell,d/# lx,5HEIcc=,Ell,4/lx,uHETR=? Ell,u/lxo
13HQQs,EllmlJ)

IF(NGA~S,NE.1) GO TO 7102
IF(NTAPEONE,l) Go TO 6uf4FJ
WRITE (1 !,631O)ETG,SUWENG

640@ CONTINUE
GAMPOF=lO@o*(l.-ETG/sUHENG)
A~t4PDF=AflS (CAMPOF)
IF(AG~PDF.GE, l;@E-fi3) PRINT 3419,GA~PDF

3419 FORHAT(lHO, l@X,*(l s ETG / ENERGV~SPECTRUH=SU~ ) X lfiO = *~E12,4/)
71@2 CONTINUE

LNSP=LNSPQ-l
IF(LNSP~EQ,O) GO TO 39f’J
Gn TO ?99

C--<---CAL BETA AND PRINT sPECTRUM
342 CONTINLIE

IF(STYP;GT,!,O) GO TO 355
PRI!JT 305

345 FORflbT(lHfl#~~x,6HE-BETA, 2XB13HRFL INTENSITY)
IF(N9ETS.NE,l) GO TO 71~3
DO 343 I=1oNBDu1
BETAS(I)=~,.

343 BETAES(I)=a.
SUhiEN8=0,
su!4X=Be
SUMY=L3.

7103 CONTINIJE
D(I 3U9 I=l,NFP
PRINT 31J6,1~ES(I),pI (1)
IF(PI(I),LE. I$oE-20) pJ(I)=”l.OE-20
IF(p I(I).LE.l.OE-20) PRINT 3346

3346 FORMAT (lH@t35x,*THE INTE/JSITY IS ZERO BUT IT IS SET TO l,0E~20*/)
IF(NBETS,NE.1) GO TO 7104
EZ=ES(I)
p~=PI(I)

7104 CqhJTINUE
346 FOQ1’AT(lx#IU/lX#Ell.fJIux/ E11,4)

IF(NRF.TS,NE.1) GO TO 71m5
wMAX=ES(I)/EPEST+l.
DO 348 J=i,~:RDB
WTOT(J)=EPDB(,l)/EREST+ 1,
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348 RATEN(.~j =(ERDB(J)+EREsT) /(ES(I)+EREST)
IF(IRFT.EQ.1) CALL BFTAl(EZc PKCNBD8C EODB~SpEBET# pLAMDAt CRAT~SORSBt

1RATEN,C2ZI
ZEE=Ii!EE
AhA=IAA/i
IF(IBET.F0,2) CALL EETA2(EZC PK~NRDBC E9DB1spE9ET8 soRsB#RATENIc~Z/

lwTOT, WMAX,ZFE,AAA)
IF(IBET.EQ,3) c4LL BETA3(EZ1pKl NB0R8ERDB~SPEBE71 SORSOCRATEN,C2Z#

IWTOT, ZE5,AA4,NWAX,AV,A le~2)
IF(IPFT.E0,4) cALL RETAfJ(EZ# pKVNBD8~EB~B~ SPERET~ SORsB~RA1EN9C2Z#

lwToT, wM~x,zEE:A~A)
c PUFICH 3355,SYM~fi SYM2,C2ZnEZ, PK
71f15 CONTINIJE
3355 FoR~AT(?A5#3E12. ul
33U4 FORMAT(2A5,~12;U)

IF(N8ETS,~E.1) GO TO 71Q6
SUMX=SIJMX+CI?Z*PI (I)
suMY=suvY+PI(I)
DO 3U7 K=1oRRDM1
BETAs(K) =BETAS(K)+SPEBET (K)

347 8ETAES(K) =BETAFS (K)+SORSB(K)
7106 CONTINUE
3U9 CONTINIJE

IF(N8ETS,NE.1) GO TO 7107
PRINT 3U4

344 FORMAT(1H ,35X,*70TAL BETA SPECTRUM*)
PRINT 334, (BETAS (K)qK=l,NBDMl )

334 FORflAT(lH P35X,6E12.4)
PRINT 393

303 FOR~lAT(lH ~35X,*TOTAL RETA ENERGY SPECTRUM*I
PRINT 334, (BETAES (K),K=1CNBDM1 )
DO 353 I=l,NBDM1

353 SUMENR=SU~ENP+RETAES(I)
PRINT 3-5u,SlJ~4ENB

354 FORMAT (lHfl#3~x,*THC SUM OF THE BETA ENERGY SPECTRUM IS *tE12,u)
suMENB=3UMEN8*F/100.
PRINT 9391

9301 FORMAT (lHn,35X, *NORMALIZED TOTAL BETA SPECTRUM*)
PRINT 9310

~310 FOR~AT(IH 835X, *---------U-W--W----*----------*)
DO 932@ I=l,KRoM1
BETAS(I)=6ETAS(I)*F/l~i3.

9320 BET4Es(I)=9ETAES(I)*F/ lPG1.
PRINT 934@, (BETAs(K), K=l~NBDMl )

9340 FOR~AT(jH t35x,6E12;u)
PRINT 937n

937n FOpMAT( tHfl~35X, *NORMALIZED TOTAL BETA ENERGY SPECTRUM*)
PRINT Q3R0

9380 FORMAT(1H ,35X, *9----------W-------*---------.-.---9T*)
PRINT c?340, (BETAES (K),K=1,NHDM1 )
IF(NTAPF.NE.!) Go TO 6500
WRITE(ll, 631O)(BETAS(I ),I=ltNBDNl)
WRIT&(\ \,631@)(BETAES( IJ,I=lJNBDMII

65@0 CnNTINllE
PRINT 33flU,SUPFNR

33v4 FORMAT (IH~V35X,*TOTAL BETA ENERGY EQUALS *,Ei2.4)
C2ZAV=SUYX/SUMV

c PUNcH J34U, SYM’l,sVM2,C?ZAV
7107 cONTINIJE

DO 350 I=l~NEp
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W= FS(I)/(,51!E+6)
WAVz(ia: O+8,0*W+?,0*W**2) /(U,R*(10,0+5,0*w+W**2) )
ERN= ES(I)*pI(l)*F/laO,O +EBN
ERA= ERA + ES(Il*pI(I)*F*MAV/l?O.@

35n CONTINUE
ETN=ERN-E9A
Q(’JsQQ+ERN
NEPB=NFPR+NEP
PRINT 351, CRN,F8A,ETN,QQ

351 FOPMAT( lX, l?HE-UFTA+NwUT=, E11.d/lX,7HE-!3ETA=lEll ,U/lX~
lllHE-NE.UTRIF:O=, E1l.11/lx#3MoQ=,ttl.u)
IF(NBETS.NE.1) GO TfI 71@8
IF(NTAPE,NE.1) GO 70 6600
w~ITE(lI,63!P) ERA,suHENB

6600 CONTINUE
8ElpDF=lV0,*(l,-ERA/SUMEN8)
ARTPOF=ABS(RETPDF)
I~(ABIPOF.GE. l~aE-03) PRINT 3334,RETPOF

3334 FOR~~AT( !HO,l@X,*[l - E-BETA / ENERGY-SPECTRUM-SUM) X 100 = At
1E12,41)

7108

355
35h
390

c

c

357

358

CONTIMUE
~NSPXLN~P-1
I?(LNSP.EQ,O) GO TO 390
GQ TO ~y9
IF(STYp,GT,l,n) PRINT 356
FORMAT (lxq38H****** ANoTHER SPEC IS INCLUDED ******)
IF(NSp,LE.~) Gn TO U8
FQ=(Q?-OE:NDF)/(JENDF
IF(EB,.GT.0,0) PE8(NS)=100,@*(EBA-EB)/ER
IF(EG.GT.0,~) PEG(NS)=100.fi*(ETR-EG)/EG
PEO(NS)=lma.@*FQ
CO(NS)=Q(J
ENQ(NS)=OENDF
LMAT(NS)=MAT5
CYM1(NS)=SYM1
CYM.??(NS)=SYM2
PDQ=DFLQ(NS)*lOn.@/OENDF

IF(JOP2.LE,@l GO TO 48

PRINT 357
FORMAT( lHfi,28t~CA1. CULATED ENERGIFS (ENDF/B))
PFINT 358, EBA, EB, ETR,EG,ETG,ETN, EICC, FCE,00,0ENOF,PDQ
FORMAT(1X,9HAVE nFTA=o E1l.U, lX, lH(,Ell .u,lll/

11X, 17HAVE TRANsITION E=,Ell,4,1X,lH(,Eil,411H)/
31X, 1OHTOT GAPMA=,Ell,~/
4jx, ljHE-NEllTRINo=, Ell .4/
51X,3MCE=tE11.fi/
6\Xt2uHFRAC CONV E OF TOT TRAN=~Ell,U/lX~
22HQ=, lx, E11.4, tH(,Ell,4, 3H+/-,F8,u,5H PCT))
PRINT 5t?(31,F~

5F101 FflRMAT (~X,3HFOa,E!l:U)
IF(EICC. GT,l,@E~6) PRINT 5Gl(J2,EICC,FcE

5002 FORMAT(80X,13HFICC AND FCE=,2Ell,~)
IF(A8S((ERA-EH)/(EB+.@qal )).GT,B,@@al) pRINT 5010

501a FORMAT (50x,?6HRETA ENERGIES DO NOT AGREE)
If(ABS((ETR-EG)/(FG+,aO@l 1).GT,@,0001) pRINT 5011

5011 FORMAT (5@x127HGAMMA ENERGIES DO NOT AGREE)
TQxA6S(OQ-OENDF)/(QENDF +kl.COOl)
IF(TO;GT,~0031 PRINT 5012
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5012 FORMAT(50X,32H?**Q DIFFERENCE EXCEEOs 3 PcT*fi*)
IF(DEL!a(NS),FOOO.fl) GO TO 5?15
DTO=TQ*(fiE~lC~4@.Rflfll)
IF(DTO, GT,OE1.O(~lS)) PRINT 5014
IF(DTQ.LE.n[ lQ(~JSl) pRINT 5q16

5016 FOf4MAT(SaX,3fIH0 OIFFERENCF IS WITHIN UNCERTAINTY)
SiFilU FORMAT(50X,32Hn DIFFERENCE EXCFEDS UNCERTAINTY)
5015 CONTINUE

PRINT 5n00
500P FoRMATr l~4a#39(?H==))

c//////////////////l/////////////l////l//////l////////////////l/l///l///
0!3 cONTINIJE

cw---SKIPIP REMAINDER oF 457 THRu MEND cARD
READ(5,6) VATb, Nf6,MT6~NSEC6
IF(EOF,5) ?01,1310

1310 CONTINUE
IsEfJ=Is~Q+l
IF(MAT6.NE,MAT) PRINT 120, 1SE0,PAT6,MF6,MT6

12~ FOR”AT(1X036H***N0 MEND CARD Of? CARO ERROR? CARD ,15,3X,14,12,13)
KFEND=MF6tHT6
IF(KFEND,NE.0) GO TO U8

C----- pRIt4T PATA FOR THIS MAT IF MTOT .NEoO
co-----NCXT cARn SOUI.D BE NEMO
co-----PRINT DATA FOR THIS MAT
C -****** CONTROL YFERREO BACK Tf’1HERE FROM 16

1?S CONTIN(JE
C------AT THIS POINT ALL NI.JCLIDE DATA HAS BEEN READ FOR THIS MAT,
C------FoLLOW1NG VARIABLES ARC SAVED pER MAT,** NOTE THAT SAVE ASSUMES
CO---NDKCLE04KCLE04. ADD cHEcK FoR TH1S

MTR=VTR+l
KDI(MTR)=ID
KR=KoI( MTR)-(j @n@V*KZ(MTR) +lO*KPI CMTR)+KS(MTR))
IF(KR’.F~,fil GO TO 1010
!F(N1OT.EQSM) GO TO 1010

1011 F!3RYAT( 1X,27HINPUT AND TApE IO NOT EOUAL1217)
1010 CONTINUE

IF(JOP2.LE,n)GO TO .360
IF(NOEO. MTOT.AND.JOP2.E0. 1) GO TO 221

359 FORM~T(lHlt26HTOT NO OF SPECTRAL pOINTS=~ 16)
IF(N.EQ.MTOT) GO To 900

360 CONTINUE
IF(NSp.LE.@) NsP=O
TF(NnK.LE.0) NoK=Cl

C------INSERT CROSS sEcTIONS AND (N,GAMMA) BRANCHING RATIOS
nil 1033 1=1*181
NIO=l OanOyKKZC (I)+lO*KMC (I)+KIC(I)
IF(NID.NE.ID) GO TO 1934
Kzc$(MTR)=KKZC (I.)
Mcs(.14TR)=KMc(I)
ICS(MTR)=KIC(I)
Au(PTR)=AKU(I)
RI(RTR)=RIK(T)
B~(MTR)=f3Kl(I)
B2(MTR)=PKi?(I)
83(MTR)=8K3(II

103d CONTINUE
1033 CrlNTINUE
151 CONTINIJE

C-----------.-----------STOREO PATA-...-..n...- .. ..-..--.-- ....-.v ------
C------FOLLOWING Quantities ARE STORED IN THE ORDER FOUND ON
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C.--. -a THE BNL TAPE - INDEx MTR RIINS FROM 1 - 825 AND NUCLIOLS
c“---”. ARE IN oRDER ZIAJI. DO LOOP AT STATE~ENT 263 OPDEQS THE
c-.”-”- PRINT A,Z,I. CROSS SECTIONS ARE APpQ(IXIMATE.
c....”.

NOTE IV
FOLLOMING LIST, THE SUBSCRIpT IS OMITTED IF THERE IS A

c.-.”.- sINGLf $Uf3SCRIpT,
c-----------.------------------------------------------"---"--"""---"---
C-----* SYMBOL MEANING
c-..-.. KDI NuMERIcAL If)=~OO(a(4*z+ j0*A+I
Cww.-.. SMItSM.2 ToGETHER THESE GIVE THE ALPHANUMERIC
c9u---- SRR(I,MTR) RRANCHING FRCATION, MODE I
c CALCULATE PFNCrNT DEVIATIONS FROH ENDF/B
c VALUES.
c PEP(I)= PERCENT OF AVERAGE BETA
c PEG(I)=PE~cENT OF AVEPAGE GAMMA
c PEQ(I)=pERCENT OF o VALUE

CQ(I)=CALCIJIATED O
i ENQ(I)=ENDF’/B Q
c I.MAT(I)=MAT Nn.

c CYMI(I)=HALF OF ID
c CYM2(I)=HALF hF ID
c DEL()~I) =UNCFRTAINTY IN Q
c----------- .FoLLtlWING VALUES ARF INS~RTED P-=-=u
c..-... wt{F.N THE NIJCLIDC H/is A CROSS sFCTION.
cw----- OTHERWISE ALL VALUES ARE sET T(I -o
c------ KZCS
c----~-

Z OF CS NUCLIDE
tics A VALUE OF CS NIJCLIDE

C-----* ICS
Cw.--.q

IsOMERIC STATE. OF CS NUCLIOE
A4 2z!nfl 14/s CROSS SECTION

C*---** RI RES, INT.
c-” .. . . B1,2,3 (N~GA~MAl BRANCHING TO GNOC FIRST
c------ AND SFCOND ISOMERIC STAT OF
c..-..” DAUGHTER.
c.-.-..
c*-----------:-w----.--w-------.-*---.-w"---"eF""-"-"---"-"--w"."""----"

IF(HTOT.GT.@) GO TO 2fl@
PRINT l@,SyMl, SyM2~ID,MAT

c.---..fol.LnwlNG PRINT OF REFS TEMPORARILY REPOVED
PRINT ?fi,SyMl, SyM2, (Hl(1)t1=l ,lu)

c PRINT 3flI(~{2(I)c I=l,Nw)
PRINT 3~JZA,AwR,NDK,NSP
TV=T/ba.Q!
THsT/36QR’.@
TDcT/86uflGi,o
YZ3t15569*(lQ**7)
Y=3.15S$9F+7
IF(T.LE:6@.fl) GO TO 146
IF(TpLEr36@fi,n) G(Y TO 1.47
IF(T.LEtR64G:~.n) GO TO 148.
IF(.T,LErY) GO TO 1u9
IF(T.GT,Y) GO TO 153

146 PRINT 14fl,T
GO TO 144

147 pRINT lU1,TM
GO TO 144

148 PRINT IU2,TH
Gn TO IUU

149 PRINT 143,TP
GO TO 1U4

!53 pRINT 152*TY
jU4 CONTINUE
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14a F@RMAT( lx, lpH}~ALFLIF[= ,E12.5,1HSI
141 FOR)4AT (IX,1PH}+ALEL1FF= ,E1?.5,1HM)
142 FORMAT (I X, lti}~~+ALFIIFF= ,E12,5,1HH)
143 FORMAT (lX, lmHHALFLIFF= ,E12.5,1HD)
152 FORMAT( IX, lCH~~ALFLIFE= ,E12.5,1HY)
3! FO~M4T(lHfl,UHZ~= ,F1l.41

llX,5tiAWR= ,E1l.41
21X, 18HN0, OF @C~ UOOESX ,13/
3!x,16HN0, OF SPFCTRA= ,15)
PRINT 6a1T, Ff4,EG,FA,nTtOCB,0EG, @E4

60 FORMAT (jHq,3Ux, lR~OFCAY ENERGIES(EV1/
luxs13uHALFLIF F(SEC).8Xc UHQETA,7X,5HGbHMAt7X,5HALPHb/, 4%,4E12,UI
ZjX,3M+/-,dEl2.d/)

cw---PRIMTMT DECAY MoDE DATA
PRINT 8fl

80 FnRNAT( lH0,3@X,15Hf)FCAY WODE DATA/
18X, UH~OOE,2x,9HSTATE DTR,4X,7HQ vALUE,7X,4H+/-Q,3X,8HRR RAT1016x,5
~M+/-BR)
PRINT 9(3,(RTYP(I ),RFS(I)~Q(I ), DQ(I)?BR (I)~DBR(I)t I=l ,NOK)

90 FORMbT(lX,6Ell;U)
PRINT 50
GO Tl)-i

C------CONTROL GOES TO THIS POINT (16) IF NEXT CARO HAS MF5 AND MT5=0
16 CONTINIJE

IF(MTOT.GT,Q) GO TO 12%
C*--~-.CHECK FOf? FEND CARD,

PRINT IfI~SyMl, SyV2tID8MAT
10 FORMAT(ll+@, l@(2H- ),2A5,1X,10[2H- )/2@%,4HID= ,18/20Xg5HNAT= ,18//

1)
PRINT .2a,sY141, sY~2, (Hl[I)#I=l ,14)

20 FORMAT (lX,2A5, (13AfJ,b21)
30 FORMAT (lx. (16gU,A2))

PRINT 53
53 FfIR~lAT(lH~/15HN0 MF=u57 FOUND)

PRINT 5Pi
50 FORMAT(lX,79(lH-)/lX,79( lH-)/)

C*----;;E;: ;ARQ SHOULD BE SEND. RETURNS TO 1

20EI CONTIN[]~
IF(MTOT~EO,@) Gfl 10 1
IF(N.NE.MTOT) GO TO 1

?01 CONTINUE
CW----*FOLLOWING STATEMENTS PRINT STORED DATA,

PRINT ZIG!
2ifl FORWAT( 1H0,15HRTVP=DECAY MODE/

liX,3fiHRFS=ISOhFRIC STATE OF DAUGHTER//
25X,~HRTYP, llJH PQnE OF DECAYI
36X,2~H@I.n GAM~~A (NOT USED F(?R RT’fP)/
U6X,PH1;? BE.TA/
S6X,22H2.a POSITRON AND/OR EC/
66x,~}~l:0 IT/
76X~9Hu.@ ALPHA/
86x,29H5.!I DELAvEo NEuTR@NS ANO BETAI
96X,2xH6.0 SPONTANEOUS FISSION)

220 CONTINUE
NPAGE=3

221 CONTIN!lE
lr(JoP2:Efl.o) Go To 9@l
P~INT ,232

232 FORMAT (lHl*17x, 38HPFRCENT Difference OF CAL AND ENDF/B-u/8X1
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17HNUCL19E, 7X,UHFF.TA,6X, 5HGAMMA, IOX,1HQ,2X,3HMAT )
PRINT 233, (I, CYMI(I), CYM2(I),PEB( I),PFG(IlrPEQ(I),

l~NAT(I), I=l~ivS)
233 Ff3RPAT (lx, IfI,2x,2A5,3Elt ,0,15)

PUNCH ZXU, (I, I.MAT(I),CYM1(I) ICYM2(I) ~CQ(I)CENQ(I)t PEQ(Ilr
lIz1,NS)

23IJ FORMAT (1X, IU,15,1X,2AS,3E ll,U)
PuNCH z32
putJcw z33, (I, cvMI(I),CYM2(I), PEB(I)8PEG( I),PEQ(I)~

lLHAT(!),I=l,NS)
NEPBG=NEP8+NFPG
PRINT ~31, NEPB, NFPG,NEPBG,NS, NICC

231 FOPMAT(1H1,17HN0 OF sPEC LINEs=,16,5H EETA,16?6H TOTAL,16,/lX,
l?lHNO OF NUCS wITH sPEC=,15/IX,
21~NN0 NUCS ~11}{ ICC=,17)

900 CONTINUE
901 CONTINUE

END

SUFIRO(ITINE llETA3(E!, PJ, NRDf3, Ei3DB,SPERETp SORSB,RATFN, CZZ,w,Z~At WUAX
I,4V,A!,A2)
DIMEIJsII)N ERO~(20c3), sPEBET(2tIFi), SORSB( 20$?)tRATEN(2n0)?w(?00)
E5EsT=5:11v@hEtf15
AzRO=3. 3321k-~lz+u; al26E-82$ZEE+9,387@E-fi5*zEE**~+U ~8527E-@6*2FE**3

1+2.6U3UE-P8*ZF.F**Q”
AONC=9; h2U3E-tiI +l.5766E-a2*zEE+U. 326UE-04*ZEE**2+ l,1359E-Q7*ZFE**3

1+3, R33~E-f18*ZfF**U-Z,RR72E- ln*zEE**5
ATWO=I. 3837-6.~26RF-f13*ZEE-3, 81J7uE-0U*ZEE**2+

\6ta8?U*~Xp(-2.R856F-04* (ln4,01-ZEE)**2)
Ap=3. *AzR(3-u. *AoNE+ATwo
AI Z-3. *AZRO+6.*AONE-2.*ATwO
Az=AzROyZ.*A(lNE+ATWO
ZALPHAZZI137.BU
ZA2=ZALPHA*ZA~PHA
S~(!.-ZA2)**9.5-!.
HZSQ=WUAX*WMAX
CKI=A?
CK2=A1-2.*A2*W14AX
cK3=A%2, *Al*~MAx+A2*wzsQ
CKU=AI*WZSQ-2. *AP*WMAX
CK5=AL3*WZSQ
WM3=NMAX*WZSQ
W!44=WH3*WMAX
WM5=WMU~WHAX
WM6=WHS*WUAX
WU7=WH6*WMAX
FINT2=CK1*(yM6-lC)/6.+CK2* (Kt45-1.)/5.+CK3*(WM4-l .)/u,

I+CK4*(WM3-1 .)13.+CK5* (wzsQml,)/2.
FINTI:CKl*(WM7-!O)/70+CK2* (wM6-i,l/6,+CK3*(WM5-1, )/5.+

lcKu*(wMd-1,)/u:+cK5*(wM3=l; 1/30
EAv=~EEsT*(FINT1/FINT2* 1,1
PIZ3. l~159265U
suHs=O.r
SUUES=P.
TWOS=2.*S
APWR=A**B. 333333333333333
R=~.f23hAPwRvfl.941/APNP
COMpTW=3,861~tlF+R2
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TEMp2=(?,*R/COMPTW)**TWOS
C!ZA=TEMP2
NGpS=NBDB-1
DO 10 I~l,NGpS
IF(w(I).GT.MMAx) GO TO 5
IF(W(I+l).GToWMAX) W(I+l)=WMAX
w17=w(I+l )**7~-w(I)fi*7,
W16=W(I* 1)**6.-W(I) **6,
w15=w(I$1)**5.oW(l )**5,
WSU=W(I* I)**U.-W(I) **4,
w13=w(Iy l)**3.mw(I)**3.
w12=w(I+ 1)**2.oM(I) **2,
SPERE7(1)S(C~l*W16\6.+C~2*W15/5. +CK3*w1u/4,+
1C~fJ*W!3\3.+CU5*W1?/?.) *Ci7A
SORSB(1~=((C~l$\~17/7.+CK?*W1 6/6.+CK3*W15/5,+CKfJ*W14/4, +

1~~5~~1~/3.)*C12A-SPEBET (I))*EREsT

5 SPE~ET(I)=P.
SORS8(I)=@,

6 CONTINUE
suMs=suMs+sPEOFT(I)
SUMES=SUMkS+SORSB(ll

10 CONTINUE
Czz=PJ/SUHS
DO 15 I=l,NGpS
SPEBET( I)=C2Z*SPEBFT(I)

15 SORSB(I)=C2Z*SORS8(I)
sut4s=sut4s*c2z
suMEs=s[JffFs*c~z

TMPRI=ABS(!.-SUMS/PJ)
IF(TMPQi-l,aF-m6) 38,30,4(4

4@I PRINT u5cTMPRl
45 F~Rl~AT(lH ,*SP. NORM, WRONG? TMPR1 = *,E\2.U)
3i3 CONTINUE

TMPQ2=A03(l.-SUMES/EAV/PJ)
IF(TMPR2-l, @F-fi6) 35,35,55

55 PRINT 56,T~pR2
56 F~RMAT(lH :*EN. 3P. NORM, wRONG, TPPRZ = *gEIz.4)
35 cONTINllE

P~INT 5(7
50 FORMAT(1H p35X,*t3ETA SPECTRUM*)

PRINT 65, (SpERET (K),K=l,NGPS)
65 FORIIAT(lH ,35X,6E12;U)

PRINT 9n
60 FORMAT(1H 135X,*BETA E~lERGY SPECTRUM*)

PPI~JT 65, (SOPSP(K), K=1,NGPS)
PRINT 101,EAV

iOl FORMAT(iH ,35X,*AVERAGE BETA ENFRGY c *,E120U)
RFTURN
END
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SIJBROUTINE 0ETA4(F!i. pJ~NBDB# EBDR~Sp Ef3ET*SORSB, RAT EN,
lC?ZeWuWMAY,Zo~,bVo41,A2)
DIMENsION EBl?fi(2n(4),SpE13ET (2nO),SORSB( 200), RATEN(200)1W(200)

:
c
c

:
c

8%=======s=== r===-------- ------------------------- ------------- ..-..-=- . - --- -- - - ----- - -- - - - -- - - -- . - - - “ - - - - - - - - - - - - - -- -

SAPE AS 6ETA2 BUT USES THE HIDPOINTS , NOT NUPERICAL INTEGRATION

=.”----------------------- -.”----------.--.-.”..------.----.-.---Z-- -- -- .--- - ...---- -- .- - .- - -- - -- .---- .- -. --- . .-- - .- - - .-- -- -. -- -.-

5

1:

2tl

50

NGPS=NB~R-1
EREST=>. !j0~6Fi05
0VR3=1.13.
AA=A
APWR=A**OVR3
Rzl,j23$APNR-V;9U!/APwR
ALPHA=l*/137,11u
2ALPHA=Z*ALPHA
CDMp,TW=3, 8blUUF+02
Ss(l.-ZALPHA*ZALPHAl **0. 5-1.
Twns=s~2,
AK2=C2.~R/C(lMPTw)**TWOS
GMARG=3*+TMOS
GM=GAMI(GMARG)
GM2zG!4*GM

AKl=ll..*(l.+s/2:)/GM2
CONST=AK1*AKZ
SP1=S+l,.
SPII=S+O.5
SUMN=fi,,
SUWEN=V.
DO 10 I=l,NGPS

IF(W(l);GE.wMAX) Co TO 5
IF(~~(I+ l).GT,M}’AY) W(l+l)=WMAX
wu=p5*(w( I)tw(I+!))
w2=p5*(kJ(I)+w4~
w6=p5*(wu+w(I+l))
Wl=p5*(W(I)+w2)
W3SpIj*(W2+WU)
w5=q5*(w4+w6)
W7=.5*(Wb+w(I+l))
DELW=W1-W(I)
CALL FERMI (wl,7ALpHA, S,Spl,SpH, wMA%, CONST, PNl,PENl,F7wl )
C,ALL FERMT(w3, ZALpHA,s~sp!,spVV WMA%#CQIJSTB pN3#pEN3~FZw3)
CALL FERYl(N5, ZALpHA,SoSpl,s~Hv bMAx, CDNS7*pN50 pkN5tFZw51
cALL Ff.RMI(w7, 7ALpHA,S,SPl,SPH, WMAX, CONST, pN7,pEN7~FZw7)
SPERET( I)=DEIM* (PN1+PN3+PNS+PN7)
SORS@(I )=nELw*EREST*(PE Nl+P~N3tpEN5+PEf’J7)
GO TO 6
SPE5ET(I)=O;
SORS8(I)=a,
SUPN = SUMN+SPFRET(I)
sUMEN = SllHENtsORS8(I)
EAV=SIIWEN/SUMN
FNPD=(l.~AVEN/EAVl#lEIO,
ENPDS=(l,-EAVS/~AVl*19Q.
C~Z=PJiSUMN
DO 2P I=l,NCPS
SPERET( I)=SpEBET(I)*C2Z
S13RSB( I)=SORSH(1)*C2Z
PRINT 5Fi
FOR~AT tlHD,35x~*BFTA SpECTRUM*)
PRINT 65, (spE~FT (K)oK=l,NGps)
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c
c
c
c
c
c
c
c
c
c
c

c

FORMAT(1H ,35X,6E1~mUI
PRINT 8P
FOR}~AT(Iti ,35x,*nETA ENERGY SPECTRUM*)
PRINT 65, (sORSR( l(],K=l,NGpS)
PRINT jni,FAV
FORMAT(1H ,35X,*AVERACC BETA ENERGY g ●,E12.u)
RETURN
END

SUBROUTINE RETAl(EfoPJ, NRDBvEB@B,SpEBET opLAHDAFcRATDSORSB,~ATENv
1C2Z)
DIMENSION FPDB(20a), SpEBET(20a), SORSR(20a) ,RATEN(2@~)

==:===.” --------- -------- -------- ----.-..= -------- -------- -------- --
--- ----- ---- -- - - . - . - - - . - -- -- . - ..- --- . - . . - - . - - -- - . --- - . - - - - - - - -

THIS SURROIJTINF CALCULATES BETA SPFCTRA, BETA ENERGY SPECTRA,
THEORETICAL INTENsITIES ANO NORMALIZATION FACTORS,

IT USES THF L~w BETA F’NERGY ApPR@xI~ATIoN FOR F(i!,W)
NBO~ = Nu~PEQ oF Ci?OuP 130LINDARIES.
ERDB : ENERGIEs OF GROIJP BOUNDARIES,
SPEBET = BETA sPFCTRIJU,
SORSB = RETA ENERGY sPECTRUM,
NGPS = NUMBER OF FNERGY GROUPS,

- -- - - - -. - --- - .- -. - . -- . --- . - . - -- . - -.. . ---- - --- --- -- -- - - . - . . - . - . - - - ----------- -------- -------- --------- -------- -------- -------- . . . . . . . . --

EREST=S. llnP6E+f15
E~=EX/EREST+l.
suMl=a,
Sufli?=p.,
SUH3=P.
suwu=oa
EY2=EY*EY
EY3=EY2*Ey
EYU=EY2*FY2
Ey5=EY2*FY3
EY6=EY3*EY3
E~V=(EY6-2. *EY5+5.*FV~-6. *EY+2.)/(EYS-l@.*EY2+15. *EY~6.)12.
FAV=EAV*FPFST
TEMpQ=(l,-1,/EY3)/3.tFJ, 2*(I,U10/EY5)-0,5*(1.- 1./EY4)
NGPS=NROf3-1
XGpS=NGPS
Oh IQ I=l,NGpS
IF(RATEN(I).G~; l;) GO TO 5
IF(RATF~l( I+l).cT.l.) RATEN(I+l)=l.
R12=RATEN( I)*RATC)I(I)
RIP2=RATEN( I+1)*RATEN( 1+11
R13=R12*RATFN(7)
RJP3=RTP2*RATEN( I+1)
RIU=R12*R12
RIPO=RIP2*RIP2
RT5=R12*R13
R7P5:RIPZ*RIF3
R16=R13*R13
$?1P6=RIP3*l?1P3
SPEBET(I)=((P!P3wR13)/3.+C3. 2*(P1P50R15)D0.5* (RIPu-R14) )*PJ/TE~PQ
SORSB(I,):((R1P6-R16)/6,m (0.u+@O?/Ey)*(RIp5-R15) +

t(P,25+1./2,/EY)*(RIPu-RI41- (RIP3-R13)/EY/3,)/TEMPQ*EY*PJ
::R;:(:)=SORSB( I)*FREST



35

50

65

80

S~ERET(l)=@.
sgRsB(I)=n,
CONTINUE
SUM3=SIJM3+SPLRET(I)
S11M4=SUMU+SORSR(II
CONTINUE
TFMPl=ARs(l.-suM3/PJl
IFt TEMP1-l,(~E-n6) 3@,30,fA0
PRINT u5?TE~Pl
F$IRNAT(lH 1* SPECTRUM NORMALIZATION IS WRONG . TEMPI = A,Elt2,41
CONTINUE
TEklP2=Af3S(l.-SUM4/EAV/PJl
IF(TE~P?-1.vlE-@6) 35,3585s
PRINT s6,TENP2
FORMAT(1H 1* ENERGY S~ECTf?UM NOR~ALIZATION IS WRONG t TEMP2 = *?

1E12.u)
CONTINUE
PRINT 5@
FORMAT(IH *35X,*BETA SPECTRUM*I
PRINT 65, (sPE@ET (k),K=l,NGPs)
FORMAT(1H ,35X,6F12.U)
PRINT OGI
FORMAT(1H ,35X,*BETA ENERGY SPFCTRUM*)
PRINT 6“5C(SfIRSi (K),K=l,NGpS)
c?z=lJJ/TE~pQ/EY5
PLAubA=c2z*EY5*TEf4PGl
COhST=PJ/PLAMDA
CRAT=CONST
RETURN
END

S118ROIJTINE BFTA2(Et, PJ, NBOR~EBDR,SPEBET~ SORSR~RATEN#
1C2Z,W,WPAXIZ,A)

DIMENSION EROB(?PO), SpEBET(200), SORSB(20n) ?RATEN(200) tw(i?001
c
c g==::===== =:== --.-----” ----- --.-.--..==Z=== 2====2=====s2= ==Z===%= z=- ---- - --- .- - --- - --. -- -
c
c SAME’AS 8ETA1 RUT USES THE RELATIVISTIC F(Z,k) EXPRESSION
c

:=====.. -------- -------- -------- -------- -- -.- -- -- -. -- -. .--- - - .- .“ -- - --- -. --.
:

===-.----------------=*==------- ------- ----

NGPS=N?IDB-1
EREST=5.l~@@6E+05
0VR3=l,/3.
AA=A
APwRaA**ovR3
R=l,123~ApklR-n.9ul/APwR
ALPHA=7.2972f-f13
Z~LpHA=Z*ALPHA
COMpTW=3.861UUF+@2
S=(l.-ZALPHA*ZALPHAI **Q.5- 1.
TWOS=S*2,
AK2=(2.~R/COMPTW)**TWOS
GMARG=3.+Tw(ls
GM=GAM1(GMARG)
GM2=GM*GM
AKl=o.*(1.+s/2.)/GH2
CONST=A~l*AK2
sPl=s+lp
SPH=S+t3.5
SUMN=8;
SUMEN=G!;
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CONV=CI.1
DO lfiI~l,~GPS
lF(~(I).GE,WHAX) GO TO 5
A=W(I)
IF(~(l+l~.GT,WMAx~ W(J+l)=WMAX
B=w(l+i)
CALL SIMPSN(A, P, l,CONV,QNTGRL, 2ALPHA, S, SP1, SPH,WMAX,CONST)
SPEBET(I)=QNTGRL
CALL SIVpSN(A, R,?,CONV,QNTGR1., ZALPHA, S,Spl, SPH,WMAX,CONST)
SpRSR(I) =fJNTGRL*EREST
GO TO 6

5 SPEBFT(I)=@.
SORSB(I)=a.

6 SIIMN = SUMNtSPcf3FT(I)
10 SUMEN = SI)VEN+SORSR(I)

E&V=SIJMFN/SUPl~
CFZ=pJ/SUMN
D(I 20 I=l,NGPS
spEBEl( I)=sPE8ETfI)*c2z

20 ;;;;;(;;=SORSfi( II*C2Z
.

50 FOGMAT (lH0,35x,*RETA SPECTRUM*)
PRINT 65, (Sp[OET (K),K=1,NGPs)

65 FOR~~AT(lH t35X,6El?.U)
P~INT 80

80 FOR~lAT(lH ,35X,*BETA ENERGY SpECTRUM*)
PRINT 65, (SoRSll (K),K=l,NGpS)
PRINT 101,EAV

101 FORMAT(1H ,3Sx,*AVERAGE BETA ENERGY = *{E12.U)
RETURN
END

SUBROUTINE SIMPSN(AS BtIFLGt CONV,QNTGRL~ ZALPHAS S,SP18SPH,WM4X~
fCONST)
OX=(B-A)/?,
CALL FERMI (fl,ZALpHA,S,Spl,SpH, WMAX, CONST, PNO,PENB,FZWB)
CALL FF~YI(A, ZALPHA,S,Spl,SPH, WVAX, CONST, PNA,PEhA,FZWA)
IF(IFIG,EQ,l) FIl=pNB+pNA
IF(IFLC.E0,2) FI1=PENR+PENA
APDX=A+DX
CALL FEFMI(ApDXC ZAlpHh,S,Spl,SPH, WMAX, CONST, PNQ,PENQ,FZWQ)
IF(IFLCFEO.ll FI.2=PN(?
IFIIFI.G.EQ,21 F12=PENQ
F13=g.
Fl=Dx*(FIl+u,*F12)/3.

2 ;;:=:T2+F13

Tr)x%i
Dx:n.5*Dx
X=A+DX

3 CALL FE~MI(X, ZALPH~.S,Spl.SpH, wPAX~CONST#PNX,PENx?FZwx)
IF(IFLGrEQ. l) FI.?=F12+PNX
IF(lFLG.E0,2) F12=F12+PENX
X=X+TDX
IF(x*B)3#30a

u FIP=DX* (FIl+u. *F12+2.*F13) /3,
QDIF=l.-FI/FIP
IF(ABS(QDIF)-CONV) 6,6,S

5 FI=FIP
GO TO z

6 QNTGRL=FIP
RETURN
END
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S~BROUTINE FERfll(Wl,2ALpHA,SrS~l~SpH~ wMAxr CONSTtpNIJpENItFzwI)
coMPLEX QARG, OCE,QCX,LNGAM
IF(wI.LF.l,aa~Il GO TO 114
WY2M1=WI*WI-I.
Y=zALp}iA*wI/*l?Ml**a.5
PIY=3.Iu159?65u*Y
EPTy=EXp(PIy)
0YW=WT2MI**S
QXS=WJ2M1**SPH
QQ1=wMAX-WI
QXZ=QQI*OQ1
QPPOD=CONST*QXS*EpIY*Qxz*wI
QARG=CHPLX(Sp!,Y)
QCX=LNGAM(OARG)
QCE=CEYP(OCx)
QGA~=CA~S(f3CE)
QGAM?=QGAM*QGAM
PNI=QPROD*OGAM2
FZWI=CONST*QYW*EPIY*OGAM2
GO 10 2CI

10 TpZA=6. ?83185308*ZALPIiA
PNI=TpZA*CONST*wI*WI* (WMAX-WI )*(MMAX-NI) *((ZALPHA*ZALPHA+O, 25)*WI*

lNx-m.25)**s
F7wI=l.flE+3fi

2El PENI=PN1*(NI*l;)
RETURN
END

SUBROUTINE GAM~A?(ESr PI~NROGcFBDGJ SpEGAM,SORSGINEp)
D~MENSION EBCG(20@), SpEGAH(2~@), S0RsG(20@) 1ES(9C@)1p1(900)~

lSPTMPl (89)tSpTHp2(8a)
c
c
c
c
c
c
c

3

a

5

12
13

14

r=====x==z========s----- -.-.....--.-.---- - --- - -- - --- - . -. - - --= == -- . - -- - - --- - ---=== - - - - - --------- -- - - - -- - - - -- . -

SAME As GAM~Al BUT GIVES GAUSSIAN ENERGY SPREAD TO LINE SPECTRA,

---=----- =======- -------- -------- -------- -------- -------- -------- ----- - .-. -- -- -- .- ..--- ---- -- -.- -.-. --- -- --- - ----- -..--“-- ----

NGPS=NRDG-!
NSTDEV=2
s~DEvN=NSTDEV
DO 3 I=l~NGpS
SPEGA~(I)=O.
SORSG(I)=O,
DO ’10 J=l,NEp
IF(pI(J) -l,?E-35)31,u#u
SIGMA=: 57u226u@Emn2*(ES(J)/janOe )+,679988668*(ES(J)/1000, )**0,5
PIES=PI(J)*FS(J)
IF(SIG~A) 23,23#5
FNH~=?.35U8Z*SIGMA
EsPRFl)=sTDEVM*FWHW* lD0(4.
EP,SPRD=FS(J)+E$PRED
EMSPRO=FS (J)-ESPRED
sIGsQ?=sIG~A*sIG~A*2,
DO 12 I=l,NBDG
KcI-1
IF(Ei3nG[I)-ES(J)) 12,13,13
CC)NTINUE
K1=K
K~=K
CONTINUE
IF(EHDG(Kl+l)-EpSPRD) 15,16,16
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Ky=Kj+l
GO TO 14
KuL=KI
IF(KUL-NGpS) 17,17c18
KUL=NGPS
coNTINuE
If(E8~G(K2)-EMspRD)9, 9~8
K?=KZ.1
cc) To 17
KLL=K~
IF(KLL-!) 19,20,20
KLL=l
sMNR~{:fl.,
SMNRME:R,
JKl=fi
K~AX=KUL-KLL+!
DO 12CI l=l,KMAx
sPTMP!(I)=a,
SPTVP~(l)=13.
DO 21 JK=KLL,KuL
DELTE=EROG(JK+! I-EBDG(JK)
EMIl)=EB13G(JK) +a.s*OELTE
JK\=JKI+~
EDIFSO=(EMID-ES (J)I*(EMIO-ES (J))/l,0E+06
EARG=EPIFSLI/SIGS02
IF(EARG-1.tiE*fi5) 201$20t0 .?02
SPT~Pi(JKi )=P1(J)*OELTE* (1.-EARG)
GO TO 2fa
lF(EARG-67@. 12f13,2G43,2@U
SPTMP1(JK1)=CI.
GO”TO 210
SPTMPI(JKl )=PI~J)*DFLTE*EXP (-EARG)
CONTINtlE
5t4tJRMr5MNRt4+sPTMPl (JKl)
SPTMP.2(JK 1)=SPTMP1(JK1) *EMID
SMNRME=SMNl?t4E+SPTMP2(JK i)
JKl=@
QNORMl=PI(J)/SMNRM
QNORMi!=PIES/SMNRVE
DO 22 JK=KLL,KuL
JK1=JKI+l
sPTMIJl (JKl)=SPTMPl(JKl) *ONORN1
SPTNPZ( JK1)=SPTMPZ( JKI)*QNORM2
$~EGAM(JK)=SPEGAM(JK) +SpTMP ![JK!)
SORSG(JK)=SORSG(JK)+SPTHP2 (JK1)
GO TO 31
CONTINUE
DO 24 I=l,~JBOG
KK=I-1
IF(EO@G(l)-E3(J)) ?0,25,2s
CONTINUE
S(JEGAM(KK)=SpEGAM(KK)+pI (J)
SORSG(I(K) =SOQSG(KK)+PIFS
CONTINUE
cONTINIJE
PRINT 40
FORMATIIH ,5PX,*GA~MA SpECTRUH*/1
PRINT 4fj,CSpEGAM(K), K=l,NGPS)
FORMAT(1H ,50X,6E12;4)
PRINT 50
FORMAT(1H ,Sflx,*GAVMb ENERGY SPECTRUM*/1
PRINT 45t CSORSG(K), K=l~NGPS)
RETURN
END
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Subroutine GAMMA I(ES, PI, Nf+DG,ERDG,SpECAM, SCIRSG,NEP)
DIMENsION EDDG(20CJ),sPEGAM(2Gkl), S0R5G( 2@ti),ES(90fi)jpI(90@)

: =============------- -----------. ------ -.- . --==--------------- ----------------- -----. .- -- .--- -- -- -- - .- - .- . ---- .- - -= -- --

c
c THIS SIJRROUTINE CALCULATES GAMMA SPECTRA AND GAMMA ENERGY SPECTRA.
c NPf)G = N(JNBFR nF GROUP BOUNDAI?IES.
c NCPS= NIJMBER OF ENERGY GROUpS.

EBDG = ENERGIEs (IF GROUP BOUNDARIES.
: SPEGAM = GAH~~A SPEcTRUH,
c SORSG = GA~~A ENERGY SPECTRUN.

: ~==== = == =-- --- .-- ---- - -- .- -- .- ----------.----..--------zq--------------------------------.-- -- --- -- -- --- -- -- ..---------- - . .-

c
N~PS=NBDG-1
DO 10 J=l,NFP
DO 12 I=l,NBDG
K=lQ1
IF(E90G(1)-ES(J)) 12,13,13

12 CONTINUE
13 SPEGAM(K) =SpEGAM(K)+PI(J)

SORSG(Kl=SnRSG(K)+PI (J)*ES (J)
1(3 CONTINUE

PRINT 29
20 FORMAT(1H ,5VY,*CAMUA SPECTRUM*/)

PRINT 35c(SpEGAM( K),K=t,NGP5)
35 FORMAT(1H ,50X,6E12.U)

PRINT 50
S0 FORMAT(1H #5flX,*GAMMA ENERGY SPECTRUM*)

PRINT 35, (SflRSG (K),K=i,NGpS)
RETURN
END
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c
c

c
c
c
c
c

:
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c
c

:

:
c

:

:
c

;

:
c
c
c
c
c
c
c
c
c

APPENDIX B IJISL Identification No. LP-477.

LISTING OF THE FPSPEC PROGRAM

PROGRAq, FPSPEC(lNP,OUT,PUN,FSETS, FSET6,FILP)
OIMENsION FRn[\(2RC), FROG(2nn),sPEGAM (2YFl), SORsG(~(3@), BE7As( 20G),

lBFTAES(2a~) tTSP@(2Pn), TSpE8(200), TSPG(29@)tTSPEG (2a@)\DUMl(5@0),
2CIUH2(5nfi), ~~L(5P)
DIMENSION ERD9K(?Oa), E6DGM(2nfi), GAMEXP (2@0),RETEXP(200)
DIMENSION G}4ExPI(2go),TsPcc1t200)

PTMEIJsTON GAP’rRR (i!nO), GAMPFR(20P) ,GAM2F.R(29C!)
C)IMFNSION RETERR(2nn), 8ETPER(2PO) ,RETPFR(2@O)
DIMENsION YE~(3), YSP(3),E@X(200), EGX(20fl), EGXt4(2a@)
DJMFNsION EBxt4(20(~)
DIMENsION TJ(lq), A8SIS(l@), 0RDIN(10)

EBDR - BETA ENERGY GROUP ROUNOAPIFS
E8DG - GAMHA ENERGY GROUP BOUNDARIES
sPEGAM - CAPb’A spEcTR(jM
SORSR ~ GA~~MA ENERGY SpECTWUM
BETAs - B~TA sPECTRIJM
BFTAFs - BETA ENERGY SPECTPIJM
TsPB D TOTAL BFTA SpECTRUM
TsPER - TOTAL BFTA FNEQGY $PECTRuM
TSPG - TOT4L GAMMb SPECTRUM
TSPE.G - TOTAL GAPMA ENERGY SPEcTRllM
IF NPUN 1, SOKE DATA ARE PLINCHED
N~PLT - NIJMRER OF RETA GRO\lpS PLOTTED
NGPLT - NUMBER OF GAMMA GROUPs PLOTTED
IF NPLOT = j,PLOTTING ts DONE.
IF ICOMPB = 1, COMPARISON OF BETA SPECTRA WITH EXPERIMENT
IF ICOV~G = 1, CO$lPAI?ISON OF GAMMA SPECTRA WITH EXPERIMENT
GAPEXP R EXpFRIMFNTAL GA~t4A SPFCTRUM F(IR COMPARISON
GANEPR ~ ERRl?l+s GF EXPERIMENTAL GAHMA $PECTRIJN
8ETExP - EXPERIMENTAL F!ETA SPECTRUM FOR COMPARISON
NGEXP 4 NUMBER OF EXPERIMENTAL GAMMA GROUPS
NREXP - NIJM8ER OF EXPERIMENTAL ~ETA GROUPS
ID AND IOE APE MAT IDENTIFICATICIN hlJM13ERS
IF STYP”= 0. GAMMA SPECTRUM Is PRflVJDED ON INPUT TAPE
IF STYP = 1.0 CA14MA SPECTRUM IS PROVIDED ON INPuT TAPE
Nsp IS THE NIIMRER OF SPECTRA PER NUCLIDE ON INPUT TAPE
IF NBETS = i,BFTA SPECTRA ARE INPUT FOR EACH IsOTOPE
IF NGAMS = !, GA~~MA SpECTRA ARF INPUT FOR EACH ISOTOPE
GPS - GA!~llAS PFR SECOND (181 ~,P,)
BPS a BETAS PEI? SECOND C181 F.P.)
GwEVPs - GAMMA MEV PER SECONO (181 F,P,)
BMFVPS - BETA PCV PER SECOND (lRj F.P.)
cGMVPs - cIkDER CAMMA MEV PER S[cOND (181 F.P,)
CBMVPS w CINDER BETA KEV pER SECQNO (181 F,P,)
Gt4Ev~F = GAM~’A ME’J/FISSIOh (181 F.P.)
BMEVPF - PETA MEv/FIsSTf)N (181 F,P.)
CGMVPF - CINDER cAMMA MEV/FISSION (!81 F,P,)
C@MVPF Y CINDER RETA MEV/FISSICN (181 F.P,)
TTOT - TOTAL TIME (IN-FLUX AND sHUTDohJN)
TDCY - TIME SINCF LAST POWER STEP
DENS - YSflTnPE ATOPIC OENSITY
NETE - TOTAL CINDER MFv/FISSTON (BETA) INCLUDING DENSITY
GAME - TOTAL CINDER KEV/FISSIO)~ (GAMMA) INCLUDING DENSITY
8PGE - ~ETA pLus GA~~MA TOTAL. CINDER MEv/FISSION INCLS, DENS,
IF NGAs r 1, GASE@US F, P; APF” CALCULATED
IRCT = FiETA ISOTOPE COUNT (181 FOP,)
lGCT = GAr4!4A IsOTOPE COUNT (181 F.P.]
IGAS@ = RETA GAS IsoTOPE COUNT (181 FCP,)
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c
c

lGASG = GAMMA GAs ISOTOpE cOUNT (!R1 FOP,)
NGSNT s BETA GAS IsOTOPE COUNT (R25 F.P,)
NGSGY : GA)’~lA r,As ISOTOPE COUNT (825 FOP,)
sMGAsR = RETA GASE(lllS MEV / FISSION (lR1 F,P;)
sVCbsG = GAM~{A GAs~fllIs PEV / FISSION (181 F@P,)
TGASt_l = BETA GASEOUS HEV / FISSIO~J (825 F;P.)
TGASG = GAMMA GAsEOUs MEV / FISSION (825 F,P,)
ACT w AcTIVITY

CALL EX~~
REhf) lR,NPUN,NGAS
RFAD 10,NPLOT,TOPT
READ la,ICOMPB,ICot4PG
IF(NP1oT,EQ.1)PEAD lm,NBpLT,NGPLT
IF(ICOMPB~ EQ, l)READ IO,NBEYP
lF(TCO!.:pGY En. l)RFAD 10,NGEXP
IF(ICOMPB,EIJ. l,ANDOFJ~LOT ,EO,l) READ lGI,NBXPLT
IF(ICOMpG. En, l.~ND.NPLnT .EQ.1) READ ln,NGXPLT
IF(NpLOT.EQ. l)READ 2@,QLNPLT
IoPT=R
IF(TCnMPG;~JE.1) GO TO 3
RFAD ?v, (EGX(I), I=l,NGEXP)
DO 7421 I=l,~lGEXP

7421 EGX(I)=EGx( I)*l.PE+Gj6
NGEXMl=NGEXp-1
DO 73ZI I=l~~!CEXNl
EGXM(IY=fi. 5*(EGX(1)tEGX (1+1))/I.oE+F16

7321 COIJTINUE
NGEXP:NGF.XM1
RFAP zn, (GA~’FYP (I), I:l,NGExp)
READ 2(1,(GAHERR( I), I=11NGEXP)
DO 2 I=ltN~EXP
GAMERR( I)=ARS(CAPERR(I) )
GAMPER( I)=GA~{E%P( I)+GAMERR (1)
G~MHER( l)=GA~~FxP( I)-GAMFRR (1)

2 cONTTNUE
SMEXPG=tl,

3 cf)NTI~uE
IF(ICOMPB.NE.1) GO TO 4
READ ?O, (EBX(I), I=l,NBEXP)
NREXMI=NBEXP-I
DO 71,21 I=l,NBEXP

7121 Enx(I]=EBx (I)*l.nE+n6
Epx$f(l )=(FBx( l)+Enx(2))*@05
DO 7122 I=2,1!RI:XP1

7122 ERXM(I) =ERxM(I- i)+O.5*(EBX [1+1)-EBX(I*l))
NREXP=NUiiXMI
NflFXPl=Nf3EXP+!
READ 2CJ,(RETEXP (I), T=l,NoExP)
READ .?n, (BETEI?t? (I),I=l,NREXP)
00 61al I=l,~RFXP
UETI’ER (I)=PETEXP (T)+RETERR (I)

6101 BET~FR( I)=FIETFxp (I)-RETF.RR (I)
syExfJR=kl,

ti CnNTIIJi)E
READ(S, 101N8ETS#NGAMS
R~Al)(5, lfi)NRDR, !qET

10 FORMAT(~Ilfl)
FACTR=l.0E+(16
18CT=0
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IGCT=@
ICASB=tI
IGASG:17
NGSBT=O
NGSGT=O
SHGASR=fl,
s~GAsG=ya
7GASRZCI.*
TGASG=fl,
5SUMI=9t
Gs[JMl=a.
NRDM1=NBDR-I
READ(5, 2m)(Ef3DR(I), Y=l ?NBDB)

28 F(lRMAT(6E!2.U)
D~NR=EnDB(2)-ERl)R(l)
DO 6109 I=l,Ni3FXP
6ETEXP(I)=RETEXP(?)/l,(4F t@6*!)ENB
BFTERR(l)=BETFRR(l)z1. flE+@6*OENB
BETPEQ( l)=PETPER(IIz1. 0E+a6*DEtuR

6\09 RFT~ER(I)=BETHER(I)/i.@E+@6*DENR
PRINT 2anl

2@@\ FORMAT (1HQ,35X,*RETA ENFRGY BOLINDARIES (EV)*/)
PRINT 2Ffl, (EBDB(I), I=l,NBDR)
IF(NPllN.EO, l) PUNCH 51fil

5101 FORHAT(lH ,*l+ETA ENFRGY 1301JNDARTES (EV)*)
XF(NpUN~E~.1) PuNCH 873, (EBDB(I ),1=1,NtiDB)
IF(IcOMPB.EQ.1) PnIFJT 5~fll

5001 FORMAT( lH@,35X, *EXPER1MFNTA1. BETA E.NERG’f POINTS [EV)*/)
IF(IC~MPB:tfi, lj PRTNT 2.20#(E~lXM( I),1=l,NREXP)
Jr(ICO~P9. EQ. i.A~jD.NPUN.EQ, 1) PIINCH 5192

5102 FORMAT [lH, ,*EXPEQIWENTAL RETA ENEi?GY POINTS (EV)*)
IF(ICOMp8.EQ. l;A~Jl).NplJN.En;l) ~lJNCH 873~(EBXM (J), 1=l,NREXP)
REA0(5,1n) NRnGOIGAM
RFAD(5, 29)(FPDG(I), I= l~NBDG)
DrNG=EBDG(?)-ERDG(l)
Dfl 7621 I=l,NGExp
GAMEXP(I)=GA~E%P(I)*t)ENG/ lo0E+06
GAMERQ(l)=GAHFf?R(I)*DENG/ 1.aE+@6
GAMPER(I)=CA~PER(l)*DENG/ lPflF+m6

762! GAMMER(I)=GAMMER(I)*DENG/ 1.@E+06
PRINT 2002

2002 FOR14AT( 1HF),35X,*GAMMA ENERGY BOUNDARIES (EV)*/)
PRINT 2P0, (ERDc(I), I=I,NBDG)
IF(NpUN.EO,l) PUNCH 51m3

51P3 FORMAT(IH ,*GAMMA ENFRGV BOIJNDARIES (EV)*)
IF(NPuN.E~J.1) FuNCH 873, (EIIDG( I), I=I,NBOG)
IF(IcO’+~G.EQ, l) PRINT 50n2

50n2 FORHAT( lHP,35X, *EXPFRI~FNTAL GANMA ENERGY POINTS (MEV)*/)
IF(ICOMPG~EQ.1) pRYNT 22P, (EGX(I), I=1,NGEXP)
IF(ICOMPG.EO. 1.AND.NPUN. EQ.1) PUNCH 51HU

5104 FORMAl( lHt, *EX}jERIME~fTAj. GAMMA FhERGY POINTS (HEV)*)
IF(ICOMpG. FQ.l.AND.NpUN.EQ. 1) PUNCH 11731(E.Gx (I)? I=l,NGEXP)
NBDGM~=NFIFG-1
IF(TCil14PG.NE,lI GO TO 21
Dn 6 Y=18NGEXP
SMEXPG=SMEXPG+GAMEiP (I) *(EGX(I+l)-EGX(I))/DENG
EGX(I)=FGXM(I)

6 G~EXPI(I)=SMEXPG
21 CONTINUE

IF(ICOMPf3.NE.1) Gn TO 22
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Do 7 i=i, NRfx P
7 SyFXPR=SMExpB+RETEXP( I)* (ERX(I+l)-ERX(I))/DENB

22 Cf)NTINuE
DO 105 J=~,NBDYl
TSPR(T)=O.

105 TSP[.D(I)=P,
Do 106 ?=!,~8DGMl
TsPG(I)=fl.

106 TSPEG(I?=O,
IF(NGAS.NE, l) GO TO 1001
DO JP@2,1=l17
READ(6,11nl OUM

l@02 CONTINUE
REAP(6, 120) [HL(I)c I=tc 1?)
READ(6, 120) (HL(I),I:18 la)
READ(6, \2a)(HL(I)#l=l# la)

10f13 READ(6, 13fl)1n, GAS,ATD,DENS, ACT, BETE,GAME~BPGE
IF(EflF, 6)jfinl. ltJGlu

1084 IF(GAS.NE.5H GAS ) GO TO ln03
NGSBT=NGSBT+l
NCsGT=NGSGl+l
TGASR=TGASB+PETE
T~ASG=TGASG+G4tJF
Go To 10P3

1001 CONTINUE
f?~WINo 6

1 REAo(5, 3@)5y~l,sYMz, IoE# flbT5#NDK,Nsp
IF(EnF#s12~@#35

35 RFAD(5,U.H)STYP
RFAD(6,11@)TTgT

!10 FORMAT(IX,E12.6)
READ(6,11fl)TDcY
READ(6,11@lFPs
READ(6,11fl)DELT
RFAD(6, f!@)F?ETnT
READ(6,1”1P)GAMTOT
REAo(6,1fclsut411G
READ(6, 12f4)(HL(I)#I=l# 10)
REAO(6, 12fl)(HL(I), I=l~ 1~]
RFAD(6, 120)(HL(I); I:181O)

128 FORMAT(1?A8)
3a FORPAT(2A5,UI1O)
4fl FORMAT(F6.2!

IF(N13ETs,EQ. 1.ANC.STYP,EQ. 1.0) GO TO 80
GO T# 90

6(3 READ(5, ~@) (BETAS(l),I=t ,NRDMt)
REAP(5, 2@) (f3fTACS(I), I=! ,NRDH1)
RFAP(5, 2n)EBA,sijMENll
DO 81 I=l,NBDMI

81 BETAES(Il=9ETAFS(I)/1. fiE+06
18CT=1B~7+l
T~Ps13=0.
D(I83 l=l,NF!DH1

83 T~PSR=TMPS13+RETAES(I)
GO TO ~gfl

90 D(l 95 I=1,N8DM;
RETAS(II=O,

95 BETAES(J)=O.
Tt4PSB=~.

\On CONTIIJUE
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lF(ST~P>~Q Ol.@.A$JD.NSp.NF.2) GO 70 60
lF(ST~P.EQ,fl,fl.ANO,NSP,~E .21 Gn TO !07
READf5,u0]STY~

107 ;~(~~A;~.FO. l.AFJD.STYP,EQ; 0.0) GO TO 50

50 REAf)(5, 2n)(SpFGAM(Il, I=l ,NPDGM1)
READ(S, 20) (SC’RSG(I), I=l ,NBDGMI)
READ(5, 2@)ETf;0sUMENG
00 52 Y=l#NnoGM\

52 snf?sG(I)=soRsG(I)/1.nE+06
IGCT=TGCT+l
T!4PsG=fl;
DO 53 I=l,NROGM1

53 TMpSG=TMPSG+SORSfi(I)
G,O TO 7EI

6@ Do 65 Ix!,NBnGMl
SPEGA~(I)=fl.

65 SORSG(Ij=klC
T~PSG=fl.

70 CONTINUE
!25 REAO(6, 13@) I0,GAS,AlD,DENS, ACT, RETE,GAPE,BPGE
130 FORMA7( lX,17,AS,A2,5(iy, E12.6))

IF(ID.N~oIDE) GO TO t25
IF(IOpT.N:.1) GO TO j39
lF(ACT. LT. l.~~E-35) GO TO 139
13ETEE=RETF/ACT
GAMEE=~AME/~C~
IF(PFTEF,FQ,P.P) GO TO 13R
ARDt3=ARS(i,WT~~PSB/~3FTEE) *100,
IF(AF3f)R~GT. 1.oF-cA2) PRINT 131, SYI!l, SYP2,10E, ABDB,TMPSR, BETEE

131 TORyAT(!}{ 15x,*ISOTOPF *~A5~A5t* ,ID s *~17,* HAS *,F9,3,* l=ERcEFJ
lT, DIFFERENCE IN BETA ENERGYI I.E. *~E12,u~* VS. *,E12.fJ)

138 CONtINIJE.
IF(GAMEE,EO.O.m) GO TO 139
ABDG=ABS(l,-TVPSG/GAMFE) *lcI~,
IF(ABDG.GT .i.fiE-@2) PRINT 132, sYM1, SVM2?IDE,ARDG, TMPSG,GAMEE

132 FORMAT(1H ?5X,*ISOTOPE *,A5vA5,~ jID = *~17,* HAS *jF9.3,* PERCEN
lT, DIFFERENCE IN GAMVA ENERGY, I.E. *IEl?,u,* VS. *1E12,4)

i39 CONTIN1.1~
IF(NGAs, EO, l.AND.GAS,NE.5H GAS ) GO TO 199
IF(NGAS.NF.,1) GO TO 169
IGAS0=IGAsF3+l
IGASG=IGASG+t
SHGASB=SUGASR+RETE
sMGAsGzsMGASG+GAME

169 CONTINUE
13sUM!=RSUMl+P~TE
GSUMl=GSU~fl+CAME
DO ifJ$lI=l,NRPM1
TSPR(I) =TSpf3(T)+RETAS(I )*ACT

lUU TSPF13( I)=TSF’EB( I)+HETAES (I)*ACT
DO 15fi T=l,kPDGM!
TsPG(I) =TSpG(I\+SpEGAM( I)*ACT

159 TspEG(T )=TSPEG(Il+SORSG( I)*ACT
199 CONTTNOE

R~WINo 6
GO TO 1

200 GPS=GI;
BPs=F1.
GMEVPSZ@,



B~EVPS=fl,
DO Inn I=l,N~DMl
BPS=lIPS+TSpQ(I)

3n@ B~EVPS=RMEvPS+TSPEP(I)
DO 310 I=ltfJODGMi
GPS=GPS+TSPG(I)

31~ GPf.vPS=C~F v~S+TSPEG(I)
E3MEVPF=R)ClE’VPS/FPS
GMEVPF=GMFVpS/FPS
GPF=GPs/FPS
BPF=RPs/FPS
PBET=l@O.*(1.-RMEVpF/BETOT)
PGAM=l@M,*(l,-GFEVPF/GAPTOT)
cRMVPS=HSI)Ml
CGMVPS=GSIJM1
CRMVPF=cl\MVpS/FPs
CGMVPF=CGMVPS/FPS
PBC=l@CI;*(l,-RPEVpF/CRHVPF)
PCC=lfl@.*(1.-GMEVPF/CGMVPF )
PRINT 21G,TTOT,TrICY

210 FOR~AT( lHl,Sx,*TCTAL BFTA SpECTRUM AT *,E12,4,* sEC, TOTAL AND *,
lE1?.6,* SEC. DECAY (BETAS/SEC)*/)
PRINT 2,2a,(TSpR(I ), I=l,NEjDHl)

220 FORHAT(lH ,AF 15.5)
PRINT ~30,TTOT,Tl)CY

230 FoR~lAT(II-i~15Y,*TnTALBETA ENERGY SPECTRUM AT *,E12,6c* SEC, TOTAL
l/iNCI *,E1.2.6,* s~c, I)ECAY tMEV/SEc)*/)
PRINT 220, (TSpEfl( 1), I=1,NElDNl )
PRINT 2fI0,TTOT,TDCY

i?4@ FOR~AT( lHfi,;X,*TOTAL GAM~A SPECTRUM AT *,E12,6,* SEC, TOTAL AND *,
1E12.6,*, SEC. D~CbY (GhM~AS/SEC)*/)
PRINT 2,?PI,(TSpG(I ), I=lpNBDGMl )
P~INT ?5a,TTOT,Tr)CY

25fl FORMAT( ll{E~sX,*TOTAL GAVMA ENERGY SpECTRUM AT *,F1Z,6,* SEC, ToTAL
t AND *,F12.6,* SEC. DECAY (MEV/sEC)*/)
PRINT ?.23,(TSPEG(I), I=1,NPDGM 1)
PRINT 251

251 FORMAT(~}iOF///)
DO 252 I=l,fJbDMl
TSPB(J)=TS~R(I)/FPS

252 TSPEa(T)=TSPEH(l)/FPS
DO 253 I=l,l~nDc~l
TSPG(l) =TSpG(I)lFpS

253 TSPE’G(I)=TSPEG(I)/FPS
PRINT 3?fl,TTnT,TnCY

32n FORMAT( lH005X,*,TOTAL BETA SPECTRIIM AT *,E12,6,* sEC, TOTAL AND *,
1Fi2.6,* SEC. DECAY (FIETAS/FIsSION)k/)
PRINT 22[z, (TS~8(I), I=1~N6DM1 )
PRINT 330,TTOT,TDCY

330 FPRMAT( lH~,SX,*TPTAL RETA ENERGY SPECTRUM AT *,E1206,* SEC, TOTAL
lAND *,E12,h,* SEC. f)FCAY (MEV/FISSION)*/)
PRINT 22(4, (TSPE’B( I), I=l,NRDM1 )
PPINT 3Un,TTOT,TnCY

340 FORMAT (l~{@,5x,*TOTAL GAMMA SpECTRUM AT *~E12,6,* SEC, TOTAL AND +,
1El?,6,k sEC. DECAY (GAMMAS/FISSION)*/)
PRINT 22g, (TSnG(l), 1=l,F!RDG~l )
PRINT 3Sm,TTOT,Tr)CY

35B FORM4T( !Hfl,5X,*TOTAL GAPMA FNERGY SPECTRLIM AT *?E12,6,* SEC, TOTAL
1 AND ti,C12,6,* SEC, DECAY (MEV/FISSION)*/)
PRINT 2?(3,(TSPFG( 1),1=1CN9DGM1 1
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PRINT 251
PRINT 4Q0,FpS

Utl[?FORMAT( 1H1,2$’X,* FISSIONS / SEC c *,E12,6)
PRINT unl,BpS

401 F~RHAT( lHCl,??%,*RFTAS / SEC = *,E1?,6)
PRINT uIB,BpF

fJl@ FflR14AT(l\{9,2t~X,*PETAS / FIsSION = *,E12,6)
PRINT u2Gl,BHEvPS

u2C F(IRMAT (IH~,2mX,*PETA nEV I SEC = *,E12,6)
IF(ICOMpB.NE.1) GO TO U22
PRINT u21,SMF!4PB

421 FcRMAT( !Hfl,2flX,*EXPEf?IHENTbL BETA MEV I FISSION = *,EIZ.6)
422 C(lNTINIJE

PRINT u3FI,BMCVPF
430 .FORMAT (1H0,21’X,*HETA MEv / FISSION = *,E12,6)

PRINT f.J15,CRPVPF,PflC
415 FOR/4AT(lH@,5x,*CINDE.R BETA MEV / FISSION = *,E12,6,

1* PERCENT Difference = *,E1?,6)
PRINT 51ti,GP5

510 FOR~lAT( lMP,2VX,*GAHflAS / SEC = ●,E1Z,6)
PRINT 52(3,GPF

520 FORMAT (~Hm,2nX,*GAMMAS / FISSION = *,E1?,6)
PRINT 53fl,GMFVPS

530 FORPt.T( lH~,2(’X,*GAMMA MF.V / SFC = *,E12,61
IF(ICOl~PG.NF.1) GO TO 532
pRINT 531,SMEXPG

531 FORlqLT( lH~,2QX, *EXPERIMENTAL GAMMA MEV / FISSION = *,E12,6)
532 CflNTINUE

PRINT 5fJf4,GMEvPF
54U FnRWAT( lHn,?[’x,*GAuMA HEV / FTSSION = *,E12,6)

P~7NT 535,CGHVPF,PCC
535 FORHAT( lHm,~Y,*cINrjER GAH~b ~Ev / FISSION = *~Ei.?.6?

1* PERCENT DIFFERENCE = *,E12,6)
PRINT ~ln,BETOT~PBFT

610 FORllAT (lHP15x,*CINDFR TOTAL 8ETA MEV / FISSION = *,F12,6,
1* PERCENT DIFFFRENCF = *,Fl~,6)
PRINT 62g,GAMToT,PGAM

620 FCIRMAT( lH@,5X,*CTNoER TOTAL GAVMA MEV / FISSION = *,F.12.6,
1* PERCENT DIFFERENcE = *,E1?,6)
PRINT 63m, IRCT,1GCT

63P FORMAT(;H~, 2@X,*f3ETA COUNT = *,73,*
IF(NGAs.NE.1) CO TO 671

,GAMMA COUNT = *,13)

PWINT 67n,1~ASR/TGASG
670 FORMAT (1HP,20X,*PETA GAS COUNT = *,13,*

PRINT 689,NGSP7,NCSGT
~GAMMA GAS COUNT = *,13)

689 FORMAT (l Hfl,2[lX,*13iiTA TOTAL GAS COUNT = *,13,*
10UNT = *,13)

, GAMNA TOTAL GAS C

SMGASBZSMGAS~~lFpS
St4GAsGsSMGASG/FPS
TGASi)=TGASO/FPS
TGASG=TGASGIKPS
PRINT 674,SMGASB
PRINT 675,S$~GASG
PRINT 672,TGASR
PRINT 6730TCAsC

672 FORMAT (lH9,5x,*cINC)FR TOTAL GAS BETA F!EV / FISsION = *,E12C6)
673 FORMAT (lNn~~x,*CINnCR TOTAL GAS GAMMA MEV / FISSIOl~ = *cEt2,6)
674 F~RMAT( tH*,5x,*Cl~DFR GAS f4ETA kEV / FISSION = *,E1?,6)
675 FORMAT( lH@,5X,*CINDFR GAS GA!~MA WEV / FISSION = *,Ej2,6)
671 CONTINUF
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RbTB=RMEVpFIREYOT
RATRc=cRMVPF/RETOT
RATG=GMEVpF/GAMTOT
RATGC=CGMVPF/GAMTOT
IF(ICnMPG.NE.1) Go TO 631
RATEXG=SHEXpG/CAMTOT
RATXG1=SMEXPGIGHEVPF
RAT%EC=RATEXG/GMEVPF*CGMVPF

631 cflNTINUE
IF(ICOHPn.NE.1) GO TO 632
RATEx13=sMExpR/PMEVPF*RATBC

632 CONTINUE
PRINT 71fl,RATB

710 FORMAT (lHO,’5X,*RATI0 OF BETA YEV / FISSION TO TOTAL CINDER BETA ME
iv / F~sSION = *,E12.6)
PRINT 720,RATBc

720 FORMAT (lHti,SX,*RATIfl OF CINDER BETA MEV / FIssION TO TOTAL CINDER
lBETA MEV / FISSION = *~E12,6)
PRINT 730,RATG

730 FORMAT (lHflt5x,*RATI0 OF GAMMA MEV / FISSION TO TOTAL CINDER GAKHA
lMFV / FISSION = *,F12.6)
P~INT 7u(4,~ATGc

740 FO~MATClH0,5x,*RATI0 OF CINDER GAMMA MEV / FISSION To TOTAL CINDER
1 GAMMA UE~ / FISS1ON = *,E12.6)
IF(ICOHPG.NF,l) GO TO 742
P~INT 7U1,RATEX.G

741 FORMAT(l}~@c5X,*RAT10 OF EXPERIMENTAL GAMMA MEV / FISSION TO TOTAL
lCINOEI? GAMMA MEv / FISSION = *,E12,6)
PRINT 7U7,pA7XEC

747 FORMAT (lH@,5x,*RATI0 OF EXPERIMENTAL GAMMA MEV / FISSION TO ToTAL
iCYNOER GAMMA MEV / FISSION (EXCLUOING Conversion ELECTRONS) = *?
2E12.61
P~INT 7U6,RAT%C1

746 FORMAT (.1H0,5X,*RATI0 OF EXPERIMENTAL GAMMA MEV / FISSION TO TOTAL
lflEV / FISSION = *,F12.6)

7u2 CgNTINUE
IF(ICOMPR.NEot) GO TO 744
P~INT 7U3,RATEXB

743 FORMAT( lHatSX,*RATIO OF EXPERIMENTAL BETA MEV / FISSION TO TOTAL B
lETA MEV / FISSION = *,E12.6)

744 CO)JTINUE
PRINT 793

7Q3 FORMAT(lHc3,///,5x,*NR. TOTAL RFFERS Tn ALL 825 FISSION pRODUCTS,
lTHE REsT REFER TO THE 181 FISSION pRODUCTS*)
PRINT 794

794 FORMAT(lHa~Sx, *THE FOLLOkING SPECTRA ARE NORMALIZE TO THE TOTAL C
lINOER=cALCULATEO GAMMA AND OETA MEV/F’ISSION*,/,5X,* FOR ALL 825 FJ
2SSION PRODUCTS*///)

81fI

7F(~JGAS~EQ.1) RATP=TGASO/sMGASO
IF(~GAs.EQ, l) RATGC=TGASG/SMGASG
DO 81? l=ltNf3f)Ml
EBDBM(I )=n.5*(EBnB( I)+EBr)B( 1+1))/1.cJE+06
TsP8(T)=TSPl+(I)/RATR
TSPER(I)=TSpE@(I)/RAT@
SMGCS=O.o
DO 82P l=l,NRnGMl
EBOGM(I) =GI.5*(FBPG( 1)+EBDG (1+1))/la@E+t16
TsPG(II=TSpG(I)/QATGC
TsPEGcI)=TSPEG(I)/RATGC
sMGCS=SHGCS+TSFEG(I)
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820 TSPEG1(l)=SMGCS
PRINT 83Gl,TTOT,Tf)CY

83fl FORNhT(! U\,5X,*~OR~AL1ZE0 RETA SPECTRUM AT *8E12,6,* SEC, TOTAL AN
ID *,F1?.6,* SEcC DFcAY (HFTAs/FIssION)*/)
PRINT 220, (TSpR(Il, I=l,Nf3DMl )
PRINT B09,TTDT,TDCY

84P FORHAT( lH?15x, ?NORMAL1ZED BETA ENERGY SPECTRUM AT *pEi?.6,* SEC, T
!OTAL ANI) *,F12.6,* sFC. DECAY (MEv/FISSION)*/)
PRINT 2F0, (TSpEB(I), I=l.NBDM 1)
IF(NpUN.EQ,ll PUNCH dOlO,TTOT,TOCY

U@lfl F@RUA?(lH ,*FIETA MEV/FISSION AT *,E12,6P* SEC, TOTAL AND *#E12,6f
I* SEC. ~ECAY*)
IF(NpUN.EQ.i) PuNCH 873s(TSpE8( I),l=l,NB0Ml)
JF(ICfIWPf3.NE.1) GO TO 841
PRINT 8u2,TTOT,TDCY

842 F@RMAT( lHOt5X, *EXPERIMENT AL BETA ENERGY SpECTRUN AT *cE12.6~* SEC,
1 TOTAL ANO *,E12;6,* SEC, OECAY (MEV/FISSION)*/)
PRINT 2?0, (BETFXP (I), I=1,NREXP)
P~INT 4963

4963 FORM4T( \Ha15X,*EXPERIMENTAL BETA ERRORS (MEV/FISSION)*/l
PRINT 2~P, (8ETERR (I), I=l,N8EXP)
JF(NPuN.EO, l) PLINCN dO?@

4020 FORMAT(}H ,*EXPEPIMrMTAL BETA MEV/FISSION*)
IF(NpUN:EO.l) PUNCH 873, (BETExp( I),1=lcNf3Exp)
IF(NPUN.EQ.11 PUNCH u961

4961 FORMAT().H ,*EXPERIMENTAL RETA ERRORSIMEV/FISSIOh)*)
IF(NPUN.EQ,lI PuNCH 8730(8ETERR (I)! I=1oNRE.XPI

841 CONTINIJE
PRINT 8513,TT@T,TDCY

8S0 FORMhT( lH2,5X, *NORMhL1ZED GAMNA SpECTRUM AT *,E12,6?* SEC, TOTAL A
lNf) *,E12,6,* SFC; DECAY (GAMMAS/FISSION)*/)

PRINT 220, (TSPG(I ), I=l~N80GMl )
872 FOR~AT(lH ,*CANMAS/FISSION AT *,E12,6,* SEC. TOTAL AND *#E12,4,

1* SEC. ’OECAy*)
873 FORMAT(6E12.6)

PRINT 860,TTOT,TI)CY
8bV F?RMAT( 1PO?5X,*NORMAI. IZEO GAHMA FNERGY SpECTRUM AT *pE12,6~* sEC,

lTOTAL A~D *,C1?,6,* sEC. DE.CAY (MEV/FISSION)*/)
IF(NPIJN.EO,l) PUNCH 7836,TTOT,TDCY

7836 FORMAT(IH ,*GAMtqA MiiV/FISS. AT A,E12,6,* SEC, TOTAL AND *,Ei2,6,
l*SEC. DECAY*)
IF(NPUN;EQ, l) PUNCH A730(TSpEG( I), I=l,NBDGMl )
PRINT 220, [TSpFG( 1),I=l,N9DGMl )
PRINT 859, TTOT,TDCY

659 FflRM4T (ll{n,5X, *NORMA1.IZED SIJM GA~MA ENERGY SPECTRUM AT *tE12,60* S
lEC. TOTAL A~JD ●,E12.b,* SEC. OECAY (MEV/FISSIONl*/)
PRINT 2?0, (TSpEG\ (I), S=l,Nf3DGMl )
IF(IC13MPG.NE.1) GO TO 862
PRINT 86!,TT(IT,TI)CY

861 FoRMAT( I}I0,5X,*EXPERI MENTAL GAMPA ENERGY SPECTRUM AT *~E12,b#* SEC
1. TOTAL AND *,E12.6,* SEC. @ECAY (MEV/FISSION)*/)

PRINT 2~@,(~AflFxP(1),1=1tN~E%p)
IF(NPIIN.EO,l) PUP’CH 3(3[’1

3(401 F(lR~ATOU ,*FXPERINFNTAL GAMMA MEV/FISSION*)
IF(NPl,IN~”EQ,l) PUNCH ~73, (GAMEXP (I)t1=l,NGEXP)
IF(NpuN.EO,l) PUNCH 3002

3@02 FORMATOH ,*F.XPERIMFNTAL GAMKA ERROQS*)
IF(NPuN.EQ, lI DIINCH R73, (GAPERR( I)11=11NGCxP)
PRIIJT 8>8,TTOT,TDCY

858 FORMAT (iH015X, *EXPf.RIYEN7AL SUtl GAMMA ENERGY SPECT~U~ AT *tEi2,6t*
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1 SEC, TOTAL A~IP *~E12.h,* SFC. DECA’f fMEV/FISSIoNl*z)
PRINT z?O, (GMExpl (I), 1=1 CNGEXp)
Pt?INT 857,TTfIT,TnCY

857 FOR~AT( lHfl#5X,*ERRORS OF EXPERIMENTAL GAMMA ENERGY SpFCTRU~f AT *8

1E12.6,* SEC. TnTAL AND *,E12,6,* SEC, DECAY (PEV/FISSION)*/)
PRINT z2q, (GAMERR (llt I=l~NGExp)

862 CONTINUE,
IF(NPLoT.NE.1) GO TO 9G1
DO 957 Y=l,NHFxp

957 EPX(I)=ERXM(I)
ENCOnF( lG, SSll,ATTflT)TTOT

5511 FuRMAT(lPEf@,3)
Fycol)E(lfl#5sll, ATDcY)TDcY
DO 6553 l=i,kREXP

6553 EPX(I)=EBX(I)/i.@Et06
f3MIN=QLMpLT
DO 910 l=l,NBP~l
IF(lSPB( I),LT.~MTNI TSP6(I)=8PIN

QfO cflNTINt.lC
8~MIN=QLMPLT
DO 920 I=l,~RDMi
IF(TSPEB(X ).LT:BE141N) TSPEB(I)=8EMIN
TF(IcOMpB.NE.1) GO TO 911

911 cONTINUE
920 cCINTINuE

IF(JCOMPB.NE.1) GO TO 99u
D(l 993 I=l,NBExP

IF(BET}fER (I),LT,~FMIN) BETMER(I)=REMIN

IF(13ETExp( I),LT.BEMIN) BE?EXp(J)=RE~IN
IF(flETPER (ll,LTmREMI~!) RETPER(I)=REMIN

993 CflNTINUE
99u CONTTNUE

GMIN=(JLMPLT
DO 930 I=l;NBDGM1
I~(TSpG( I),LT.GMIN) TSPG(I)=GMIN

930 CONTINuE
GEMIN=QLMPLT
GEMIN1=QLMPLT
DO 94t7 I=!p~BD~Ml
IF(TsPEG (I).LT.GEMIN) TSFEG(I)=GEMIN
I~(TSpEGl (I).LT.GEMINl) TSPEG1(I)=GEMIN1

94fl cONTINUE
IF(ICOMPG:M, !) GO TO 931
DO 946 I=l,!~GExP
IF(GAHEXp (I).LT,~EMIN) GA~ExP(I)=GE~IN
IF(~14FXPl(1>,LT0GE~1Nl) G~FxPl(l)=GE~~INl
IF(GAMMER( I).LT.GEMI~) G~~MER(J)=GEMI~
IF(GAMPER (I).LT.GEMIN) GAt4PER(I)=GEHIN

946 C~NTINUE
931 CONTINIJF

T~(!)=IaHRFTAS, PER
TI(2)=lnHFISSION AT
TI(3)=ATTOT,
TI(U)=I(3H S. TbTAL,
TI(5)=ATDCY ‘
TI(~)=ioH S. PrCAY
ABSTS(j)=3H~!~v
ORDIN(l) =8HS~ECTRUM
CALL PLflS13(E~!DRM, TSPR?+NBpLT~ -l,+10+47R~@.tO.~Ocl

lTI,60, ARSIS,300ROIN,8)
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CALL pLOTMtEBD~~, TSpOt+NBpLTt-1 ,n~+lf13t 0,t10,01B,t
lTI,6@. ARSIs, T,npDIN.fi]

TI(\)=lOH.9FTA MEV/
IF(lCOMPII.NE,l) GO TO 951
TI(7)=i0t~r cALco VS
T7(8)=6H. Exp.
NRPL)(=NBXPLT
IF(”NRPLX, GT.~JPFXPl Nf+PLXSNREXP.
CALL PLOS~(L~nFM, TSpkBt+tJBpLT, -lc-ls+U7Br 00t@.,Ott

!TIo76abnSlS#T,RROJfla~)
CALL PLOSR(E8X,RETEXF,+NBpLx/- l,+lt-l lBtO.tO,tn,t

lTIt76, APSIS#3,nRI)IN,8)
C/tLL PLOTM(f[~PH~4, TSPERc+NBPLTs -1,0/+103/0,/10,01D.t

tT1c76, AnSISt3tOROIN,8)
DO 43?1 IP=l,NRPLX
XEN(l):EnX (Ip)-1.@E-10
XFN(2)=EnY(IP)
x~N(3)zERx (IP)+l.oE-lc3
YSP(l)=flETMER(IP)
YsP(z)=RETEXP(IPI
ysP(3)=PETPER(1P)
CALL pLOTM(xFN,YSp,+3#-1/+lt-38, O.tlO. ,10,tTI176tA@SIS, 3tORDIN,Rl

4321 CONTINUE
GO TO 953

951 CONTINUE
CALL PLOS8(~.BDRM, TSPE@t+NRPLT,Wl ~+lt+u7B*0~pB,,0q,

lTIt6fl, A8.S1St3,0RDIN,8)
CALL PLOTM(EpORMt TSpFB,+NOpLTS- ltU~+lf13#0.*lf3,?lfl.t

fTx,60, ABsIs#3,@RDI~J#8)
953 CONTINUE

TT(lI=IGH GAu~hS I
CALL PLOSF!(E BDGM,TSpGc+NGPLTt -l, +tt+U7Dt@.tO,tOot

lTI#6@, A8sIs#3,0RPTN,81
ChL1. PLOTM(ERnGM, TSPGt+NGpLT 9*l#0#+!@3t@e@lan910e ?

lTI,6f3, Af3SIS,3,0ROIN,8)
TI(l)=IoUGA~MA ~FV/
IF(SCO~pG.N~,i) GO TO 94t
NcpLx=NGxPLT
IF(NGPLx.GT .*.’GEXP) NGPLX=NGEXP
CALL PLflSR(EPoGM# TSpEC~+NGpLT~ -i8-lt+078t fi,on,s0,t

lTIp76s A8SIsc3,@ROIN,8)
CALL PL(lSp(EGX. GAhfFXPtN~pLXI ~l#+l#*ll~t@~t@.~Om#

lT?,76, AflSIS,3, flRPIN,R)
CALL P1.OTM(EPPCfA, TSPFGp+NGPLTO -lr~t+i03t0,11a,~la.~

lT1,76, ARSJS#3,0RbIWn8)
DO 4t?fij IP=l,NcP~X
XEN(l)=EGX (IP)-loOE-ltl
XEN(2)=EGX(Ip)
XEN(3)=EGX (ID)+l.OE-10
YSP(l)zGAMt’FR(IP)
YSP(?)=GAMEXP(IP)
YsP(3)=GAMPFr?(TP)
CALL PLOTM(xE N,ySp,+3S-11+1 c-38,0.t10.clOot

lTI,7b, A8Sl$,3tO~DI~,8)
4R01 c~NTINUE

GO To 942
941 CONTINIJE

CALL pLOSR(E[~OGMc TSpEGr+NGPLT c-lr+l~+47Bpfitt@,t0, t
lTIt6@, AHSIS~3jORDJN,8)
CALL PLOT~~(EBOGM, TSPEGr+NGPLTj -ltOt+103/n.tl@,/lf~,t
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1T1,6G, A13SIS,3,0RDIN,8)
942 CONTINUE

TI(~)=\a H SIJ~ GA}’MA
TI(3): IOH MEv/F Is.
TI(u)=l~HC A1.Cll LATEO
IFjTCOMpG.NCol) GO TO ~61
TI(5)=laH (-) ANO E
TI(6)=I OHXpEQIMENTA
TI(71:5HL (*)
CAL1 PLOT~{(EpnGP, TSPEGl#+NGpLT~ -l#@~+l@3#@,,10.#lO,r

lTI, ~5, AQSTs,3,nHDIN,8)
CALL pLoTM(EGx, G~Cxplc+NGpLxr- l,+lr*l@3vfl.#10.~l@.#

1TI,65, ARSIS,3,0RDIN,8)
GO TO 962

961 CALL PLOT M(EROGM, TSpEGlt+NGpLTo wl~0~+l@3~@,o10,f10~t
lT1, un, ARS1S,3,0QnIN,8)

962 CONTINUE
901 Cf)NTINUE

END

SUEIROIJTINE EXL
CALL Vf)FS(l,?n50f15B)
RETURN
END

SUBROUTINE FXH
CALL v8Fs(lt205nm701
RETURN
END
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