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THE APPLICATION OF A LIBRARY OF PROCESSED ENDF/B-1IV
FISSION-PRODUCT AGGREGATE DECAY DATA IN THE CALCULATION
OF DECAY-ENERGY SPECTRA

by

R. J. LaBauve, T. R. England, D. C. George, and M. G. Stamatelatos

ABSTRACT

Results from summation calculations by the CINDER-10
code and ENDF/B-IV decay, cross-section, and yield data
for fission pulses have been incorporated into an ENDF/B-
type format. The organization and content of this basic
fine-group source-term library is described. In addition,
two codes are described that provide pulse functions as
fits to a user-specified multigrouping of the fine-group
library. These can be readily used, essentially as Green's
functions, to produce the spectra following any specific
reactor power history. A particular set of fitted beta
and gamma spectra having wide utility is described. Ab-
sorption effects are incorporated.

I. INTRODUCTION

The ENDF/B-IV fission-product files contain neutron cross sections, decay
constants, decay energies, and other decay data for 824 important fission prod-
ucts. They also contain fission yields for these fission products broduced by
one or more fission-neutron energies (14 MeV, fast, and thermal fission) of

six important nuclides: 232Th, 233U, 235U, 238U, 239Pu, and 241P

u. Also, spec-
tral 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. 1In ENDF/B-IV, beta-spectral data exist for 163 fission prod-
ucts, and gamma-spectral data exist for 172 nuclides (nuclides emitting both
beta and gamma radiation are included separately in both types of radiation
counts). The contents of the ENDF/B-IV fission-product file are detailed in

Refs. 1-3 and summarized in Table 1I.



In recent years, great emphasis has been placed on obtaining experimental
and computational information on delayed energy release at short cooling times
for nuclear reactor safety studies of the hypothetical loss-of-coolant-accident
(LOCA). There is, however, also interest in long cooling times. A computer

’

code system has been developed at the Los Alamos Scientific Laboratory (LASL)
that uses the ENDF/B-1V fission-product data to calculate cumulative delayed
beta and gamma spectra on arbitrary energy grids for arbitrary irradiation his-
torles and cooling times. This code system is shown in Fig. 1.

It can be noted in the figure that the basic ENDF/B-IV fission-product data
library is accessed along three paths. The center path, after the preparation
of an input library, proceeds via the CINDER-10 code. CINDER-10 is the latest
and most versatile version of CINDER, a well-known fission-product and depletion
code. The most recent documentation on CINDER is Ref. 4 (for Version 7), but
the additional features of Version 10 are discussed in Ref. 6. CINDER-10 calcu-
lates fission-product and actinide concentrations, activities, gaseous contents,
energy releases, effective group absorption cross sections, etc. for any fis-
sionable nuclide mixture irradiated in arbitrary neutron fluxes for arbitrary
intervals of time followed by arbitrary cooling times. The neutron cross sec-
tions7’8 used in CINDER-10 are generated by spectrum collapse of multigroup data
generated with the NJOY code.9 This input path to CINDER-10 is the lower path
shown in the figure. Spectrum collapse is achieved with the TOAFEW8code.

The ENDF/B-1IV data is also accessed by the FPDCYS code along the upper pro-
cessing path shown in Fig. 1. This code is used to generate multigroup beta and
gamma spectra for individual nuclides for which spectral data exist on the
ENDF/B-IV file. FPDCYS incorporates four options for calculating beta spectra
and two options for calculating gamma spectra. The differences among the four
beta-spectrum options are mainly in the ways in which the Fermi function F(Z,W)
is represented and calculated. The first of the two gamma-spectrum options
consists of incorporating the unbroadened lines weighted by their intensities
into an arbitrary number of energy groups. Alternatively, gamma lines are
broadened according to detector resolutions before multigrouping in the second
option.

The output of FPDCYS and the output of CINDER-10 are input to the FPSPEC
code. Actually, only a small portion of the CINDER-10 output is utilized,
namely, fission-product activities and total decay energies at the instant of

time when corresponding spectra are sought. FPSPEC combines the individual




TABLE I

SUMMARY OF ENDF/B-IV FISSION-PRODUCT DATA FILE CONTENT

824 Nuclides (total)

181 Have differential cross sections

180 Have individual B and y "lines" (spectral data
consisting of energies and intensities)

712 Are unstable and each has an average B, v, and ¢
energy and branching fraction

10 Yield sets for 6 fissionable nuclides (10 000 yields)

(v310 000 Data entries required in ENDF/B-1IV)
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spectra from FPDCYS and the nuclide activities from CINDER-10 to generate aggre-
gate fission-product spectra for each irradiation and shutdown time. Note that
CINDER-10 also incorporates a spectral subroutine capable of utilizing the mul-
tigroup data produced by the FPDCYS code. Plots of sample output from FPSPEC
are shown in Figs. 2-5. In these illustrations, the calculated spectra are com-
pared with the LASL experiment cited in Ref. 10.

As indicated above, spectral data are not available for all 824 fission
products in ENDF/B-IV, and missing spectra must be approximately constructed.
This is done for a particular nuclide by assuming that the shape of the beta
(or gamma) spectrum for the nuclide is approximated by the spectrum shape of the
aggregate 181 nuclides from a pulse after a cooling time approximately equal to
the half-life of the nuclide in question. This shape is then normalized to the
average beta- (gamma-) decay energy of the nuclide. Figures 6 and 7, respectively,
compare the gamma spectra of 13903 with those constructed for a hypothetical nu-
clide having the same half-life and average gamma- and beta-decay energies as
139CS. The nuclide 139Cs is a relatively important nuclide in the 0.l-s cooling
time bin for 20 000-h thermal irradiation of 235U. However, it should be noted
that such constructed individual spectra are used only in the aggregate.

The libraries used in the CINDER-10 and auxiliary codes FPDCYS and FPSPEC
are extensive and the codes are designed to use the libraries for any specified
irradiation history. However, for many users the scope of application is un-
necessary and aggregate results, rather than the detailed nuclide-by-nuclide
output, are needed. The purpose of this report and the associated codes described
is to eliminate the need for extensive summation code calculations for a wide
range of problems. The summation codes and libraries have been used to produce
multigroup beta and gamma spectra vs time following fission pulses, including
the components of the spectra due to halogens and noble gases for a wide range
of applications.

We have used the summation codes and libraries to produce secondary ag-
gregate libraries and pulse functions shown as "additional output" in Fig. 1,
which can be used directly or incorporated into neutronics codes. In particular,
we have
] Used the summation codes to produce beta- and gamma-temporal spectra in

150 groups following fission pulses for each fuel and fission neutron

energy in ENDF/B-IV and stored the results in formats similar to ENDF/B.

These files delineate the noble gas and halogen spectra. Users can
readily collapse the results to other multigroup spectra.
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] Collapsing and exponential fitting and folding codes are also described,
the latter being useful for generation of spectra following finite power
histories.

® For immediate use, exponential fits to a particular few-group spectra are

provided in this report.

Because the spectra are based on fission pulses, the libraries have a gen-
eral utility. The exponential fits, for example, can be folded into any power
(fission) history that can be described analytically or by a histogram repre-
sentation. The effects of neutron absorption are also described and approxi-

mately accounted for in the methodology.

TI. LIBRARY FOR PROCESSED ENDF/B AGGREGATE FISSION PRODUCT SPECTRA

Of particular interest is the application of the LASL code system to pro-
duce delayed beta- and gamma-spectral data on a fine energy grid (150 groups in
0.05 MeV steps from 0 to 7.5 MeV) for irradiation of the ENDF/B-IV fissionable
nuclides with very short pulses (typically 10—4—3 irradiation time; shorter
pulses do not alter the calculated spectra) of thermal, fast, and 14-MeV neu-

trons. The results can then be further processed into broad groups and fit with



n
E : -ALt
functions of the type fc(t) = &ie i , as described in Secs. III and 1IV.

i=1

The fine~group results from the LASL code system are assembled into a single

library in an ENDF-like format.ll

Definitions for the format for this processed

ENDF/B fission-product and energy-yield data (PEFPYD) library are as follows,

MAT: Mat-No. of target nucleus, same as in ENDF/B.

MF: File No., used to identify

defined as follows:

MF=80 - fission induced by
MF=81 - fission induced by
MF=82 - fission induced by

Fission nuclide and energy

given in Table II.

MT: Section number used to describe
bers are as follows:

MT=801

MT=802
MT=803
MT=811

MT=812

MT=813

MT=821

MT=822

MT=823

MT=831

MT=832

MT=833

delayed energy/fission
products

delayed energy/fission
delayed energy/fission

delayed energy/fission

energy type of incident neutron,

thermal neutrons
fast neutrons
high-energy (14-MeV) neutrons.

combinations available in ENDF/B-IV are

data contents of the section. MT num-
for g + Y summed over all fission

for B_ summed over all fission products
for Y summed over all fission products

for B + Y summed over all gaseous

fission products (halogens plus noble gases)

delayed energy/fission
products

delayed energy/fission
products

delayed energy/fission
fission products

delayed energy/fission
products

delayed energy/fission
products

delayed energy/fission
fission products

delayed energy/fission
products

delayed energy/fission
products

Other MT-numbers can be defined
could be assigned to any of the

for B summed over all gaseous fission
for y summed over all gaseous fission
for v + B~ summed over the noble gas
for B_ summed over noble gas fission
for vy summed over noble gas fission
for 8 + Y summed over halogen

for B summed over halogen fission

for y summed over halogen fission

as needed; for example, MT-numbers
above spectra summed over energy.



TABLE II
FISSION YIELD DATA IN ENDF/B-IV

Incident Neutron Energy Type
High Energy

Nuclide Thermal Fast (14 MeV)
232Th - Yes No
233U Yes No No
235U Yes Yes Yes
238U - Yes Yes
239Pu Yes Yes No
241Pu Yes No No

The data are given in a TAB2 record with tables of spectra (decay energy/
fission vs energy) given for a number of cooling times. Standard ENDF/B inter-
polation schemes between cooling times (TAB2 interpolation) are not recommended
and, in any case, would be of interest only for fission pulses. However, when
the pulse data are placed on a broad-group mesh and fitted with parameters as
described in Secs. III and IV, calculations for any irradiation-cooling time
combinations are possible, precluding the need for interpolation on the fine
grid. Histogram interpolation is assigned for TAB1l interpolations.

File 1 (MF=1) information is also included, giving some processing infor-
mation and a "dictionary'" of the data to follow. The structure of MF=1 is as
described in ENDF—lOZ.ll The structure of a section containing the processed
data is

[MAT ,MF,MT/ZA,AWR,0,0,0,0] HEAD

[MAT,MF,MT/0.0,0.0,0,0,l,NTS/TSint] TAB2

[MAT,MF,MT/0.0,Tsl,0,0,l,NP/E'int/DE(E',TSl)] TABL

[MAT,MF,MT/O.O,TSZ,O,O,l,NP/E'int/DE(E',TSZ)] TAB1
[MAT,MF,MT/O.O,TDNFS,O,O,l,NP/E'int/DE(E',TSNTS)] TAB1
[MAT,MF,MT/0.0,0.0,0,0,0,0] SEND

where




TS
DE

cooling time step in seconds

decay energy in MeV/fission (MeV/s)/ (fiss/s)

E' = energy of particle (B ) [photon (Y)] in MeV

NTS = number of cooling time steps given for a particular MT

NP = number of DE,E' pairs given in a particular TABl record.
Other quantities are defined in ENDF-102, WNote that interpolation along cooling-
time steps (the TAB2 records) is always set to zero, meaning that interpolation
is not recommended, and that interpolation is always set to one (histogram) for

the TABl records. A sample PEFPYD listing is given in Appendix A.

IITI. REDUCING AND FITTING THE PEFPYD DATA —— THE FITPULS CODE

In general, the data in the PEFPYD library are too detailed along the energy
axis and not detailed enough along the cooling-time axis for application to de-
sign problems. The FITPULS code is designed to access the PEFPYD library, col-
lapse the 150 energy-group spectra into few groups (up to 25), and fit the re-
sulting spectra along the cooling-time axis with a linear combination of func-

tions of the type

n

fe(t) = E Oﬂie_)\it (MeV/fiss/s) . (1)
i=1

Note that there are two sets of parameters in Eq. (1), namely, the set of ai and
the set of ki. FITPULS contains options allowing either a least-squares single-
parameter fit, that is, a fit of the q's, given a set of A's, or a nonlinear
least~-squares two-parameter fit (a simultaneous fit of both the @'s and A's).
The first option is described in detail in Ref. 12, and the second uses the non-
linear least-squares STEPIT routine described in Ref. 13.

In both fitting routines, comparisons between calculated and original val-
ues are made for every data point. This, however, is not sufficient to guaran-
tee a good fit,because the function may oscillate wildly between data points. A
subroutine called FINECHK detects such oscillations by calculating the function
on a fine grid and printing out values differing more than 10% from those cal-
culated using a simple semilog interpolation between points on either side. TIf
this difference exceeds 100%, the point is additionally flagged by FINECHK; if

negative values occur, the user is warned that a fit has not been achieved.



The percentage differences flagged are arbitrary and may be changed by the user.
Also, it is suggested that the user insert a plotting option at this point in
the code so that oscillations in the fit can be inspected visually. The LASL
CDC-7600 version of FITPULS contains the LASL plotting routines that compare
the fine-mesh points calculated in FINECHK with the original data. The FINECHK
routine will also flag those calculated points where slopes are ascending, thus
giving additional indications of possible problems with the functional fit.

Normally, the two-parameter nonlinear fitting routine STEPIT will run to
convergence at minimum chi-square, but an option is in FITPULS to stop the cal-
culation when an input maximum allowed percent deviation (DIFLIM) of the calcu-
lated values from all original values has been achieved. For efficiency of code
operation, it is suggested that the user set DIFLIM high in early passes and
tighten up as desired convergence is approached.

Although. in principal.a two-parameter fit can be made from scratch, given
a reasonable set of parameters for a particular coarse group structure, a great
saving in total problem running time can be attained by first running single-
parameter fits. The code contains several options for selecting initial A's,
removing duplicate A's, making adjustments for resulting negative coefficients
with large values, etc. In fact, this and other fitting codes can only be run
effectively with a rather large amount of user interaction, as indicated by the
discussion in Sec. IV.

The FITPULS code also has an option for obtaining fitted pulse parameters
from data given for finite-irradiation times (IRAD=1 option). This option is
particularly useful for reducing data from a number of different experiments
with different irradiation times to pulses for comparison purposes.

The technique of running FITPULS in the normal mode, for example, IRAD=0,
is provided in the example problem sequence below. A listing of the FITPULS
code is given in Appendix B and input specifications are listed in Table III.

IV, FITPULS INPUT AND SAMPLE PROBLEM: A USEFUL FITTED SPECTRUM

The input specifications for the FITPULS code are shown in Table III. As
a sample problem, consider a multigroup collapse of the PEFPYD data for the
gamma spectra of fission products produced by a pulse (10—4—8 irradiation time)
of thermal neutrons on 233U, (MAT1=1260, MF1=80, and MT1=803). Some of the
PEFPYD data used in this example are shown in Appendix A. The broad-group

structure used for this problem is shown in Table IV. Note that there are

10




TABLE III
FITPULS INPUT SPECIFICATIONS

Card No, Format Variable Comment

(Input for Subroutine CORSBIN)

1 6I11 MAT1 MAT-No of desired fissioning nuclide.
MF1 MF desired (incident energy type).
MT1 MT desired (particle/photon data type).
2 6I11 NE No. of desired broad groups + 1.
3 6E11.4 EB(I) Energy bounds in MeV, including lower
and upper bounds. Read low to high
energy.

(Input for Program FITPULS)

1 1216 NPUN Set NPUN = 7 here if rebinned data
cards wanted; otherwise set to zero.

IRAD Set IRAD = 0 for regular pulse fit,
set IRAD = 1 to reduce finite irradi-
ation data to pulse.

NCORS Set NCORS = 0 to call subroutine
CORSBIN. Set NCORS = 1 for no call,
i.e., if input data is not to be re-
binned, which is usually the case
for fitting experimental data (IRAD
= 1).

2 8A10 TITL(I) 80 character title, if TITLE(l) =
SELECT subroutine SELECT is called
and this input goes here (see SELECT
input). If TITLE(1) = DO NOT GO,
program stops.

3 1216 IPROB Problem No. Make negative 1if fit
is to be made in segments. See con-
ditional input below.

NTOTER Option to read data from cards.
Used for experimental data.
See subroutine RUNTOTS,

NPUN Flag for punched output. Set equal
to 7 if punched output is desired,
equal to 20 if punched output not
desired. 1In general, punched output
is needed for subsequent runs.

11



TABLE III (cont)

Card No. Format Variable

Comment

3 (cont.) NSTEP

NFINL

4 6E12.5 DIFLIM

RUNTIM

TMIN

GXMIN

5 1216 KKN(T)

FITPULS Conditional Input

Flag to call subroutine DHFIT, which
calls the routine STEPIT, which per-
forms a two-parameter fit. Routine
usually not called until a couple of
passes are made to get a coarse ad-
justment of the parameters with a sin-
gle fit. Set equal to zero if call to
DHFIT is not desired, otherwise set to
1. Also note below option for call-
ing DHFIT by group.

Flag for option to read all parameters
for all groups from previous problem.
Used when striving for final conver-
gence. Set equal to 1 to activate,
otherwise set equal to zero. See con-
ditional input below.

Maximum per cent deviation allowed in
STEPIT. Set high on initial passes and
tighten up as desired convergence is
approached.

Running time. Make fraction of second
less than time limit set on control
card to get punched cards for subse-
quent run.

Minimum cooling time desired. If set
to zero, code will choose minimum cool-~
ing time available on data file.

Maximum cooling time desired. If set
to zero, code will choose maximum cool-
ing time available on data file.

Minimum allowed value of decay energy.
Set so fit is limited to about 15
decades.,

Flags for calling STEPIT routine (two-
parameter fit) by group. If call for
a particular group, say Group IG, is
desired, set KKN(IG) = IG. If call is
not desired, set KKN(IG) = zero.

If NFINL = 1, cards ouput from previous problems are read here. These cards are
the a's and A's for all groups, and they are in an ENDF-like format. If NFINL =

1, no futher input is needed. Note, however, that a's and A's for particular

12



TABLE III (cont)

Card No. Format Variable

Comment

groups can be entered in subroutine PULSFIT, distinct from this option in that
they need not be entered for every group, thus permitting a mixture of optionms.

IPROB set negative allows the data for the groups to be fitted in several seg-

ments.

KKN is set negative for a particular group if a call to subroutine TRMSEE is de-

sired. (See code listing in Appendix B.)
5 1216 NSEG
NS(I)

(Input for subroutine PULSFIT)

1 1216 LWT

NOK
KTRM

IPRT

Number of segments + 1

Breakpoints of segments

Weight function desired in single pa-
rameter fit.

If LWT =
If LWT
If LWT
If LWT
Flag for
Flag for

0, Weight
1, Weight
2, Weight
3, Weight
parameter

parameter

function = 1
function = 1/FX
function = l/FX2
function = 1/‘E‘Xl°5
selection
selection.

NOK, KTRM combination determines the
option by which the initial A's for

the group are selected.

Flag for print option.

See below.

Set equal to

1 for complete print, otherwise set

to zero.

NOK, KTRM specifications, NOK = 0, KTRM =

2 3(11X,E11.4) ALAMDA(K)

number of A's to be read in,

Read in (ALAMDA(K),K = 1, KTRM)

(Note from format that if cards from
previous run are used, coefficients

will not

be read.)

NOK = 1, KTRM = 1, A's calculated at every pair of cooling time-decay energy

points.

(No input is necessary,and card No. 2 does not exist.)

13




TABLE III (cont)

Card No. Format Variable Comment
NOK = 1, KTRM = number of A's to be calculated by code.
2 1216 KCAL (L) Selects points between which A's are to
be calculated. First point is always
selected by code. Read KCAL(L), L = 2,
KTRM
NOK = 2, KTRM = 1, cards in ENDF-like format from previous problem for this group

are read in here, and the subroutine returns immediately to main program. No fur-
ther input is needed for this group. This option is used after a single-parameter
fit has been made in a previous pass, and two-parameter fitting is now being done
in STEPIT for this group. This is similar to the NFINL = 1 option in the main
program, except that the two-parameter fits are allowed on a group-by-group basis.

3 1216 IWANT Select A's wanted by position number.
If all are to be retained, as in a
first pass, set equal to zero.

KCAL(L) Position numbers of A's to be kept.
Do not enter if IWANT = 0.

(Input for subroutine SELECT)

1 1216 ITS,ITP Number of time steps desired, indexes
of desired time steps. SELECT used if
one wishes to fit a subset of a partic-
ular data file, and this input follows
the title code.

(Input for subroutine TRMSEE)

1 1216 MLT Number of parameters to be changed
2 16 L Time step number of parameters to be
changed
E12.5 ALF(K,L) New value of o
E12.5 ALAM(K,L) New value of A
3 1216 LT Number of terms to be removed
LTM(L) Term numbers of terms removed

14



TABLE IV
GROUP STRUCTURE USED FOR SAMPLE PROBLEM

Lower Energy Upper Energy
Group No. Boundary (MeV) Boundary (MeV)

1 0.10 0.40
2 0.40 0.90
3 0.90 1.35
4 1.35 1.80
5 1.80 2.20
6 2,20 2.60
7 2.60 3.00
8 3.00 4,00
9 4.00 5.00
10 5.00 6.00
11 6.00 7.00

NOTE: There are essentially no data on PEFPYS
for E > 7.0 MeV



negligible gammas above 7 MeV, the upper bound of the last group. Also note

that in collapsing to the broad-group structure, the code changes the units of

the fission-product decay energy from MeV/fission to MeV/fission-s, the standard

units in use for pulse functions.

For the first pass, we make only a single-parameter £fitl? and allow the code

to calculate initial A's from semilog slopes between pairs of cooling~time and

gamma—energy (MeV/fission-s) points. This is done by setting the input as

follows:

Input to Program FITPULS

Card 1

NPUN = 20
IRAD = O
NCORS = 0

Input to Subroutine CORSBIN

Card 1

Card 2

Card 3

MAT1 = 1260
MF1 = 80
MT1 = 803
NE = 12

(group bounds from Table IV)

Input to Program FITPULS (cont.)

Card 2

Card 3

Card 4

IPROB = 1

NTOTER = O

NPUN = 7

NSTEP = 0

NFINL = 0

DIFLIM = 1.0 (not used in this run)
RUNTIM = 29.9 (not needed in this run)
TMIN = 0.1

TMAX = 1.0E+9
GXMAX = 1.0E-21

KKN(K) = group numbers, although not used in this run as NSTEP = 0

Input to subroutine PULSFIT

Card 1

Card 2

LWT = 1
NOK = 1
KIRM = 1
IPRT = O

IWANT = O

Repeat cards 1 and 2 for each energy group.
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Examination of the results of pass No. 1 reveal that (a) groups 1, 2, 3,
and 10 appear converged and plots are smooth; (b) although groups 4, 5, 6, 7,
and 9 appear converged, plots show rather large reversals in shape; and (c) fits
are not achieved by groups 8 and 11, as negative computed values occur between
fitted points. This run took 30 s on the CDC-7600 computer.

For the second pass, we keep the same input as pass No. 1, except we
set ILWT = 3 for groups 4, 5, 6, 7, 8, and 9. As a result, all groups are appar-
ently fitted to within 17 except group 9, but plots are not smooth for groups
4, 5, 6, 7, 8, and 9 as illustrated in Fig. 8 for group 4. Note the apparent re-
verse of slope near a cooling time of 100 s, not indicated by the input data
points. Examination of the parameters for these indicates that there is a large
negative value of g in the sixth pair of parameters for each group. These pairs
of parameters are eliminated in the third pass. The running time for pass No. 2
was 25 s.

The input for pass No. 3 is the same as that for the second pass, except

for groups 4, 5, and 6 in subroutine PULSFIT. This is now as follows.

Card 1 IWT = 3
NOK = 1
KTRM = 1
IPRT = O

Card 2  IWANT = 20
KCAL(J) = 1,2,3,4,5,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21
(note parameter number 6 is omitted)

The results of the third pass indicate that plots for groups 4, 5, 6, 7, and
9 are now smooth, as illustrated in Fig. 9 for group 4. The running time for pass
No. 3 was 31 s,

Smooth fits for groups 7, 8, and 9 were not obtained in the first three
runs, as shown in Fig. 10 for group 8. An additional run (run No. 4) was made
for these three groups in which the input was the same as that used in run No. 2
except that the option for selecting the points for the fit was used. This op-
tion 1s activated by setting the first characters of the title card to the word
"SELECT." The input was set to remove the points at cooling-time steps of 0.5,
5, and 50 s. This effectively smoothed the fits for groups 7, 8, and 9, as
shown in Fig. 11 for group 8.

The FITPULS input for pass No. 5 is the same as for the previous passes

except NSTEP and NFINL are now both set to 1, and the card output from passes
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No. 3 and 4 are added after card No. 3. No additional input is needed. The re-
sults of this run were that all groups were fitted to within 1% after 104 s of
running time. The fits extend to >30 yr of cooling time. These aye shown graph-
ically in Figs. 12-22, and a comparison of the parameters for group 4 from the
first run with those from the last run are given in Table V.

Note that these fits are not unique, and also that good fits can be ob-
tained by using smaller numbers of parameters. The subroutine TRMSEE can be
used to assist the user in reducing the number of parameters. It is called for
a particular group by making KKN the negative of the group number.

Parameters for selected incident energy-fissioning nuclide combinations
are given in Appendix C. The accuracy of these fits vary from about 2 to 5%,
and although closer fits could be obtained, the extra effort hardly seems worth-
while for ENDF/B-IV data. An indication of the accuracy of the ENDF/B-IV
fission-product decay and yield data can be obtained by comparison with another
evaluated set,14 as is done in Figs. 23-26, where the spectra are normalized to
the same total values. More important validations are the comparisons with ex-

periment.15 The fits given in Appendix C are certainly as accurate as warranted
by the ENDF/B-IV data.

V. APPLICATION OF FITTED PULSE TO CALCULATION OF DECAY-ENERGY SPECTRA AFTER
EXTENDED IRRADIATION

The fitted pulse can be folded with a reactor power history so that decay
spectra from irradiated fuel can be calculated as a function of cooling time.
Consider a reactor operated at variable power P(t'), 0 < t' < T, for a time in-
terval T followed by a shutdown period ts. In the following equations, given

for a particular energy group,

t time since fission pulse
P(t') = power in watts at time t'

0.32042 x 10lo w-s/fission

K =
T = total time at power
tS = ghutdown time of interest, measured from T, and
H(t,T) = decay-energy release at time (T+ts) for some energy bin (MeV/s).
L
- -At .
fc = ae 'k , MeV/fiss-s, (2)
k=1
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TABLE V

COMPARISON OF GROUP 4 PARAMETERS AFTER FIRST PASS
WITH GROUP 4 PARAMETERS AFTER LAST PASS

Group 4 Parameters Group 4 Parameters

After First Pass After Last Pass
o A a A
3.912 x 1072 1.152 1.656 x 1072 1.297
1,119 x 1005 5.760 x 107 -2.081 x 102 6.712 x 10°%
1.408 x 1007 3.301 x 107% 2.335 x 1002 3.606 x 10 T
~1.006 x 10T 1.329 x 107 —9.164 x 107> 1.415 x 107+
6.292 x 1072 6.460 x 10 9.333 x 107> 6.486 x 1072
~1.505 x 102 2.611 x 1072
6.710 x 107> 1.383 x 102 2.427 x 107> 1.366 x 1072
4.864 x 1070 5.507 x 107 5.633 x 1070 5.521 x 102
5.344 x 107" 1.287 x 107> 5.195 x 107° 1.283 x 1075
4.883 x 107> 3.279 x 107" 4.965 x 107> 3.271 x 107
2.318 x 107° 1.804 x 10 1.624 x 10°° 1.568 x 107
7.550 x 107° 6.440 x 107> 7.552 x 10°° 6.466 x 107"
6.540 x 107/ 3.068 x 107° 6.660 x 10 ' 3.037 x 107
11.522 x 10°° 1.722 x 1078 ~1.207 x 1078 2.343 x 10°°
1.141 x 1077 5.725 x 107/ 8.819 x 107 5.688 x 1070
5.353 x 1077 6.395 x 107/ 1.596 x 107’ 6.395 x 107/
~5.628 x 107/ 6.215 x 107/ -8.615 x 1070 6.216 x 107
-6.003 x 1002 1.127 x 107/ 7.535 x 10MT 1.617 x 107/
6.433 x 10722 2.710 x 1073 5.539 x 10772 2.705 x 10°°
~1.140 x 1003 1.903 x 1078 4.687 x 10 2,437 x 1078
2.535 x 101 4419 x 10710 2.205 x 1071 3.424 x 1071°
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H(tS,T) is given by

T
l{(ts,T) = f 3(—;—)— fc(T+tS—t')dt' (MeV/s) )]
0

or

T L
H(tS,T>=f P Ze‘MT*ts‘“)dtv Mev/s) . (4)
0 5 —

Assume, for example, that the power history can be approximated by J histograms

with a power of Pj at irradiation time Tj. Then,
J P L .
Y !
H(ts,’l‘) = E El _;_ a, / e M (THegmt ) g (MeV/s) (5)
j=1 k=1 Tj-l
or
L P L o}
H(e 1) = E il E £ e Ak(T+t T M (T j—l)] (MeV/s) . (6)
P k
j=1 k=1

The above expressions, which are developed more generally in Appendix D,
do not include the effects of neutron absorption by the fission products that
become important for high flux levels and long cooling times (Figs. 27-29).
There are two effects of absorption; namely, the flux level can reduce the den-
sity of directly yielded products in the fission pulse, significant for those
nuclides having large cross sections and large yields; and nuclide coupling in
stable and long-lived nuclides tends to build up the concentration of more un-
stable nuclides.

Positive effects are to be expected from shielded nuclides such as 13405,
136 Cs l48mP 148 and 154Eu and, indeed, an examination of the CINDER-10
output of the problems illustrated in Figs. 27-29 reveals that the very large
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. 8 . .
effect at cooling times near 10 s is due to neutron absorption in the stable

134C

nuclide 133Cs, which produces the shielded nuclide s. Therefore, it is

readily calculated by use of the simple two-nuclide chain 133Cs(n,Y)l34Cs.

Other reactions can be handled in a similar manner, and a list of the more im-
portant fission products contributing to absorption effects are given in Table
VI. General equations are developed in Appendix D for approximating the effects
of absorption with two-nuclide chains.

These equations for the computation of fission-product decay-energy spectra
were incorporated into a code CALENDA (calculated decay energy spectra with ab-
sorption), which is useful for applying the fits to PEFPYD library data to ob-
tain decay spectra after shutdown for reactor fuel irradiated for extended times
at variable power. The present version of the code is limited to (a) a histo-
gram representation of the power history, (b) expression of the neutron flux and
cross—section data in two energy groups (fast and thermal), and (c) inclusion of
the absorption effects of only those two-nuclide chains shown in Table VI flagged
with an *,

In order to test the CALENDA code and, indeed, the practicability of apply-
ing the pulse fits to finite irradiation problems, calculations were made for a
20 000-h irradiation of 235U fuel with thermal neutrons at constant fluxes of
104 n/cmz/s (that is, negligible absorption) and lO14 n/cmz/s. Fission product
decay beta and gamma spectra were obtained in the lil-group structure for both
cases, and these were compared with results obtained directly with the CINDER-10
code,

The parameters for the beta pulse fits used in the CALENDA calculation are
those given in Appendix C. The fits for the beta spectra were to within 1% of
the CINDER-10 pulse data for all groups except group 11, which was within 1.5%.
The beta-spectra comparisons with CINDER-10 results for several groups, as well
as the sum over all groups, are shown in Table VII for the 20 000-h irradiation
at a constant flux of lO4 n/cm2/s (no absorption) case. Note in Table VII that,
in general, agreement is remarkably good, even for cooling times less than 0.1 s,
the minimum time for which the pulse was fit. Also note, however, the relatively
large deviation for group 10 at 100 s. This is due to the fact that the PEFPYD
data for the pulse is only given at two points in each cooling-time decade, and
thus is insufficient for a more accurate description of the spectra.

To obtain parameters for the gamma fits for the 23SU thermal pulse, CINDER-10
data given at six points per decade are used as input to FITPULS. Although the
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TABLE VI

FISSION PRODUCTS IMPORTANT IN DETERMINATION OF

NEUTRON ABSORPTION EFFECTS

NUCLIDE PRECURSOR(s)
905 +89%y «90g.
100, 991
104, 103,
105, 105,
116 115
130, 129, 130m,
L34, 133,
135, RELN
136, 1355, 135,
x140, _ S1405, 139,
142, 141,
144y wM4hoy (143,
147, 146,
148, L6704 #1750
jLagmy L4704 <4750
149, 147 g 147, 148, 148m,
K150, L47yq 147, 148, 148m, 149,
151 150,
(53¢ (152
154 153,
156, 155,

a
Only the listed presursors must be considered

ON DECAY POWER2

COMMENTS

Degree of importance (small) de-
pends on uncertain branching frac-
tions. Can be ignored based on
ENDF/B-IV data.

Very important at all shutdown
times.

Major negative effect

0.53.
0.47.

47Pm
47Pm

(n,Y) branching from

(n,Y) branching from

in determination of the

neutron absorption effect, but cross sections must be included for

all nuclides.

*
Nuclides included in two-nuclide chains in CALENDA code as of June 1978.
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TABLE VII

BETA ENERGY RELEASED FROM FISSION-PRODUCT DECAY AFTER
20 000 h THERMAL IRRADIATION OF 235y
(% difference between CINDER-10 and approximate method calculations)

Flux = lOAn/cmz—s

Cooling Group 2 Group 4 Group 6 Group 8 Group 10 Total
Time(s) 0.4--0.9 Mev 1.35-1.8 MeV 2.2-2.6 tleV 3.0-4.0 ¥eV 5.0-6.0 ifeV All Greups

1.0E-04
1.0E-01
1.0E+00
1.0FH0L
1.0E+02
1.01+03
1.0E404
1.0E+05
1.0E+06
1.0F+07
1.0E408
1.08409

HOWmNDRFEWVWOMSWBD®

. .
.
P
.

HHENPFPONWSNO N WS

.
.
.
LN EFOORWOWLL OV®

S,EHOOUVOONNEHEN
WOOMRMSNHFWNNDN

NWONWOWNOEESNNDN

[

O OANNNPEN P = b
ON OO e et o e
QO OCOHOOOK I
WHOOOOWNK H = -
VMEHOWWOIOOWMWUVM LN

|

|

|
O DN O bt e et e et Nt

fits could not be made as accurate as for the beta spectra fitted at two points
per decade as shown in Table VIII, the comparison with CINDER-10 for the 20 000-h
irradiation at ¢ = 104 n/cm2/s case is much better, as can be seen in Table IX.
In general, the deviation is less than that for the pulse fit for a particular
cooling time.

Comparison results for the case with a flux of 1014 n/cmz/s, a case for
which the effects of neutron absorption are very significant, are shown in Table
X for the beta spectra and Table XI for the gamma spectra. As noted previously,
only the "two-chain" reactions flagged with an * in Table VI were included in
the CALENDA calculation. Note, however, from the total sum over the energy
groups that most of the important absorption effects have been included for both
the beta and gamma totals.

Some rather marked deviations of the approximate spectra from the CINDER-10
calculations can be seen for the individual beta and gamma spectra. For example,
group 10 at 107 s, may indicate an inconsistency in the way missing spectra were
constructed, but note that these large percentage differences are due to differ-
ences between very small numbers that contribute little to the total. Also note
significant differences in some of the other groups for several cooling times,
indicating a need for including additional two-nuclide chains.

It is interesting to compare spectral absorption effects graphically, that

is, as a per cent deviation from the case without absorption, as was done in
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TABLE VIII

MAXTMUM PER CENT GAMMAS DIFFERENCE

Pulse 20 000-h Irr (104 flux)

Group Maximum Cooling Maximum Cooling
No. % Dev Time % Dev Time

1 3.8 4.0+7 -2.0 1.0+47

2 3.8 3.0+47 2.0 1.0+7

3 8.8 4.0+7 ~1.8 1.0+7

4 13.5 2.0+45 3.1 5.0+5

5 2.1 1.0+49 -3.5 1.0+7

6 4.3 2,.0+7 2.4 5.0+7

7 12.6 1.5+5 3.5 5.0+5

8 6.0 1.5+5 2,2 1.0+7

9 -2.1 1.0+7 3.6 1.0+7
10 -2.4 4.045 1.3 1.0+3
11 4.7 2.0+2 3.2 5.0+2

TABLE IX

GAMMA ENERGY RELEASED FROM FISSION PRODUCE BECAY AFTER
20 000-h THERMAL IRRADIATION OF 432y
(% difference between CINDER-10 and approximate method calculations)

Flux = lO&n/cmz—s

Cooling Group 2 Group 4 Group 6 Group 8 Group 10 Total
Time(s) 0.4-0.9 eV 1.35-1.8 MeV 2.2-2.6 MeV 3.0-4.0 MeV 5.0-6.0 MeV All Groups

1.0E-04 - 0.1 0.1 0.2 0.4 0.3 0.1
1.0E-01 - 0.1 0.1 0.2 0.4 0.3 0.1
1.0E+00 - 0.2 .1 0.2 0.4 0.4 0.1
1.0E+0L - 0.3 0.2 0.2 0.5 0.6 0.1
1.0E+02 - 0.3 0.2 0.3 0.7 0.9 0.1
1.0E+03 - 0.2 0.4 0.5 0.9 1.3 0.1
1.0E+04 0.0 0.9 0.8 1.4 - 0.6 0.2
1.0E+05 0.4 1.7 - 0.5 0.3 C.4 0.5
1.0E+06 0.6 2.3 - 1.9 - 0.8 - 0.7 0.9
1.0E+07 2.0 - 1.3 1.1 2.2 1.1 1.8
1.0E+08 - 0.6 - 0.4 1.4 - 0.4 —— - 0.6
1.0E+09 - 0.3 1.7 0.6 0.5 —— - 0.3
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TABLE X

BETA ENERGY RELEASED FROM FISSION PRODUCT DECAY AFTER
. 20 000 h THERMAL IRRADIATION OF 23°y
(% difference between CINDER-10 and approximate method calculations)

Flux = 1014n/cm2—s

Cooling Group 2 Group 4 Group 6 Group 8 Croup 10 Total
Time(s) 0.4-0.9 MeV 1.35-1.8 MeV 2.2-2.6 MeV 3.0-4.0 MeV 5.0-6.0 MeV All Grcups

1.0E-04 4.5 3.8 3.2 2.9 3.4 3.4
1.0E~01 4.5 3.7 3.0 2.7 3.0 3.3
1.0E+00 4,5 3.7 2.9 2.8 3.1 3.3
1.0E+01 4.7 3.7 3.0 2.7 4.7 3.4
1.0E+02 4.5 2.9 1.2 2.8 13.1 3.0
1.0F403 5.3 3.0 1.4 4.3 4.7 3.7
1.0E+04 6.5 4.4 1.6 1.1 1.5 4.7
1.0E+05 7.6 7.5 3.7 4.9 4.8 6.3
1.0EH06 5.1 5.1 0.9 - 0.1 0.7 3.7
1.0E+07 3.3 0.7 0.6 0.1 318.3 0.9
1.0E+08 - 5.1 - 1.4 0.8 0.8 - - 2.6
1.0E+09 0.2 0.7 0.7 5.6 ——— 0.1

TABLE XI

GAMMA ENERGY RELEASED FROM FISSION PRODUCT DECAY AFTER
20 000 h THERMAL IRRADIATION OF 235y
(% difference between CINDER-10 and approximate method calculations)

Flux = 1014n/cm2—s

Cooling Group 2 Group & Group 6 Group 8 Group 10 Totel

Time(s) 0.4-0.9 MeV 1.35-1.8 MeV 2.2-2.6 MV 3.0-5.0 MeV 5.0-6.0 MaVv All Grouvs

1.0E-04 0.6 0.6 0.4 0.5 0.4 0.9
1.0E-0L 0.6 0.6 0.4 0.5 0.4 0.9
1.0E400 0.7 0.7 0.5 0.5 0.5 1.0
1.0E+01 0.8 0.8 0.5 0.6 0.6 1.1
1,0E+02 1.0 1.0 0.6 0.7 0.9 1.5
1.0E+03 1.3 1.4 1.0 1.0 3.4 2.1
1.0E+04 1.5 2.5 2.1 1.7 56.4 3.1
1.0E+05 1.2 3.6 5.5 4.7 60.1 3.7
1.0E+06 2.1 3.0 4.0 2.5 84.1 6.1
1.0L407 1.0 - 2.3 13.3 10.0 1161.4 1.0
1.0E+08 - 0.6 - 2.8 - 7.2 - 8.7 —— - 0.8
1.0E+09 2.0 17.1 0.4 0.1 - 2.0
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Figs. 27-29. The comparisons for groups 1 and 2 of the beta spectra are shown
in Figs. 30 and 31; and groups 1, 2, 4, 5, of the gamma spectra are shown in
Figs. 32-35, respectively. Figure 36 shows the comparison for the total beta
release summed over all groups, and, finally, Fig. 37 gives the same for the
gammas. In all figures, the solid curve is the approximate CALENDA calculation
and the open circles are from CINDER-10. The large peaks at about 1085 cooling

time occurring in beta groups 1 and 2 and in gamma group 2 are due to the

133 134
Cs(n,Y) Cs reaction. The very large peaks in gamma groups 3 and 4 are also

due to this reaction, but the large percentage differences seen are again due to
differences in small numbers, as practically all of the gamma energy is con-
tained in group 2. This is evident from Fig. 37, which shows that the sum over
all the groups in this cooling~time domain is about the same as for group 2.
Figure 32 for group 1 gammas shows the negative effects of the 135Xe.

A large deviation of about 400% near a cooling time of lO6 s is seen in group
5 (Fig. 35) for the CINDER-10 calculation that is not accounted for in the approx-
imate method. The precursor of the missing reaction would probably have a half-
life of about 1.5 x 106 s, and the product nuclide would emit relatively strong
gammas in the energy region from 1.8 to 2.2 MeV. As indicated by the other

figures, additional reactions could be included to increase the accuracy of the

approximate method.

VI. SUMMARY

The results of the pulse calculations (10"4 s 1rradiation time) from the
CINDER-10 code have been collected and organized into a library of aggregate
fission-product release-energy spectra on a fine multigroup energy mesh. These
data are given for cooling times from 10._4 to 1013 s at two steps per time decade.
This library of processed ENDF/B—IV fission product yield and decay data (PEFPYD)
contains spectral data for all ten yield sets given in ENDF/B-IV and is organ-
ized in an ENDF-like format. The library can be obtained from the National
Nuclear Data Center (NNDC) at Brookhaven National Library (BNL).

A method has been developed for using the PEFPYD data in approximate cal-
culations of fission-product decay-energy spectra resulting from nuclear fuels
irradiated for a finite time. The pulse data is first collapsed to a coarse-
group structure and the decay-energy vs cooling-time data points of the resulting
broad groups are fit with a sum of exponentials. This is done with the FITPULS

code, which contains a nonlinear least-squares routine for making the fits.
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It is also worth noticing that FITPULS has the option of reducing data for a
finite irradiation time to a pulse. This option, which is not discussed in this
report, is useful for comparing different experiments run with different irradi-
ation times.

Finally, broad-group spectra for finite irradiation times can be generated
by simply folding the irradiation time into the analytic fits for the pulse
spectra. This is done using the CALENDA code, which also has an option for in-
cluding the effects of neutron absorption by approximating the more important
reactions with two-nuclide chains. Given the fits for the pulse groups, the
CALENDA calculation is very rapid, and thus the method provides an inexpensive
way of calculating fission-product decay-energy spectra for a variety of prob-

lems. Such a set of useful pulse fits are provided in this report.
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5e¢96308~23
er )9520"22
1+91536~22
3eD3442~23
529J95Q-22
50{1003-23
5.91933-2%
1.9135-22
4e0*3Re~23
1sD1097-22
9e3234=23
1+82030-22
46,8901 7~25
1vuYoes-22
leugngd=23
le84,333-27
letln3zp=27
Ve0UQQ0* 0
1elagpa=30
UsU0000¢ ©
6,03312-29
Ve03C0UO0* 0
le0l117=29

Ce31n4E+02
00

’ 0
Oo

1
Teu0299~19
2¢90390~ o
2,%30919~ 8
209453“- 7
l1,/8830« 7
62799~ B
’009703- 8
8635756 8
2216n29" 7
9206149~ 8
le3dgs16~ 7
Je10Ba3~ &
Be 38150~ 8
Levbdsg0= 7
1.00119~ 7
1000261- 7
legUeRY~ 7
le 3lpne= 7
le4ygou~ 7
lep43n9~ 7
/e21835" 8
led2954= 8
bebln7b" 8
S5.85221=- 3
6e17979= 8
Q402350 &
“4s33pp2~ 8
5306031" 8
3,35721- 8
J.48713~ 8
d;daoqb- 8
2.01l9nl= 8

l1e10060°*
1.25n000+
1,40000¢
1.550n0¢
1070000‘
1.85n0n*
2.00000%
2¢15000°
2¢3n000°*
2.45000°*
PehON00*
2.75000¢
2,a0000
3,05000+
3e20000¢
3,3%000¢
3.5a000¢
3,65000¢
3.8n000¢*
3.950400*%
4,10000C*
b,25000¢
4.60000¢
1‘053000‘
G.,70000¢
4, 85000+
S.onpon*
5,1%000¢
S.,3n000+

5.00000=
2.0n000=
3.50000~
5.00000'
6,50000-
B.0n000~
9.50000'
lein0o00*

1¢25000°* -

le4n0on®
1.55n00°¢
1,70000¢
1.R5n00*
2,0n000°
2.,15000*
2.,3n000°*
2.45000°*
2.60000"
2.75000*
2.90000°*
3.05000°*
3.20000*
3.35000*
3,50000¢+
3.A5000¢
3.80000¢
3.95000¢
4,10000¢
4,25000+
(‘01‘0000’
4 ,550004
4,7n000¢
4 85000+

DSCOCoccc oo Ccs caocC

-

O COCTCOoOCDCOO

COO0COCCOO0ODOCOO0OAQOODOOTCO0 OCOQMHH e NO OO OO

e 2432n~¢]
he2l0pH=2¢
442994821
Q.ZJUQY’tl
4o BODRH=2
PeT322Hb=22
9e84¥gI=22
Je03367~21
122170427
3e5543k~22
Be 6.J296=20
2.460)10-23
PeR4D13=24
1e39068-27
B4373%0=2 3
8.4174h=2%
2.81864«2
?.3596“-2“
B, BT89Y9=2n
S5.7u871=24
&S5l 3d=26
5#53'7““39
l.0820%=3n
000000+ u
6sU0D4 N2
4491042=28
0,00U00% o
2e¥3079=2n
1020117‘2R

0

]

0

0

n
SOGJIOQ- o
Lot TBOGL= H
9,79193- &8
4,50281~ 7
4,52109= R
hallc3¢= 7
1.07766= 7
»e 48081 7
1e41403" 7
5027425~ 7

014931 7

BRBYsT= 8
Q0e83044= R
Qe 76862~ 8
BaHBI69= 8B
1400840~ 7
1edBL2E6= 7
JeOUbRH= 7
Yo" 7
BeaI/9p= %
TeadbeT= g
6072858« R
64961888 = 8
6e19124~ g
Se2Z058=~ R
RQZJJOJ' R
4-09090- -]
S.9uB834=~ 8
4.0,“52- R
3oldﬂ?7- 8
2.40%6%9= 8
2019081= 93
{93872~ R

1el5000*
1e308000¢
1.45000¢
Yo nONO+
1+ 78000*
1«9n000*
2¢0%000°*
2¢2a000°
2¢35000°¢
2¢5n0000°¢
2¢85000*
2.P2n000*
2.9%000N+
301ﬂ0”0‘
3.25000+
Ve ln(nNO*
?05‘500()‘
A TG0+
A, 85000
4eNn0NO*
Ge YSOQ0*
4e3n000*
4e65000"
46.60000°*
Goe70UQD Y
44970004+
5,0%000%*
5.20000+
Se35000¢

1.00000=
250000~
4,0n000-=
‘3.50000'
7,0n000~
ASnUp0~
14000009
te15000*
1*3n000°*
1245000
1¢6n000*
14750004
1¢9n000°
2.0%000*
2¢2n000¢
2 36000¢
?.50000’
e 65000*
9.8"000*
2.9%5000*
3e10000*
3.25000¢
Ye4n000°¢
1.55000¢
3.70n000¢
1,8%000¢
4e0n000*
4,130009
4430000~
4,45000¢
4.6n000+
G,75000
4097000

OV OGO COOODOO OO OO DODDHOOO DO DOO

QODO0OO0 VDO VOOIDOLCODID DOV IDO DOQOD ™ 12, D D D

3¢12900=221260RVBU3
Ja21812=2¢1260R0B03
5,526%4.2¢126080803
4,2R014=-221260R0803
5e5AR3IN2=2212A0R0RU3
Se3422(0~221260R8V3
2¢050/6=221726023803
1+50473~211260808u3
PeQkH3Il=21126080802
1.04428=21126n00803
2.78842=22126080803
14 72¢670~2¢12602080V3
3,36116=2212A000RU3
1.71209=-2312640808u3
14551i08=-23126080803
3e8RI46-2312612080U3
190821=231,6n80R03
3,43237=-231260808u3
2¢39592=-2312A080803
5,532848=241240R0803
Sel0lie=3v1260A0R03
S.9R313=-291260R8080v3
Ad1047/0=-291260R0GU3
1.44249-22126080803
0.000U0+ V12ANA0DAVS
Ce00LOUD+ U126NRIBU3I
4,09900-291260R08U3
0.000U0+ UIZ2ANR0BU3
0.00000+ U1260R08Y3
126080 2
U1260R0811
241250R081L1
U1266R0811
1511240R0811
V1240849811
7126080811
R12ANANALYL
812AN0RYI11
7126naGcAL1
B12A0R0811
Hlpsnaaniy
8126000811
#126n9081)
71726080811
T7T12A0120811
R12608081)
1126080811
8124080811
812650RUR41
B)1260R0811
81260R0811
8126080811
B1260R0811
81260R0811
81260R0811
8124080811
8126080811
Y1250R081]
81260R0811
8126080811
B1260R0AR11Y
8126080811
8126080811
8126n80R11
81260R0811
B1760R0811
B8126n8u811
81260R80811

1654489~
9.37117=~
6,08%93.
2.,54795=
A,1440]1-
64,00042=
6, 68438a
e 9230 4=
203938~
101581 7=
BehOHI2~
1.229¢5=
Re 649U5=
8. TRBLE=
Qe 2N0Y 7=
R, A24yT=~
0067,%2-
Re 32 /34~
Ge249322=
Te4BlUO™
Te 79240~
6.50352‘
he 61038~
90127“5'
5.33259-
4,320%3«
3,85]11R=-
3,399390w
3,03081~
2.R7276-
3.1517/7-
2.111%6=
2-!7803'

337
3438
3439
34469
344)
3+42
3443
444
3449
3446
3447
3448
3439
3459
3451
3452
3953
3454
3455
3456
3457
3458
3459
34690
3461
3462
3463
3464
3460
3466
3467
34478
3469
3-70
ELNAY
39 /2
3473
e ’4
3475
3476
3477
3478
3479
34890
3483
3482
3482
3484
3485
34H6
J«H7
3448
34H9
3¢90
3491
3492
3493
3494

3495,

3496
3497
3498
3499
3500
3>01
asp2
3203
3504

63
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4,95400% o 1:BU4B3~ B S.pnpp0* 0 167463 8 8.0%000* ( 1.8R8%uB= B12ApAuRNL] 3909
Scloobue 0 1ed3466b= 8 5,15000¢ 0 2620087~ R g3.2n0600+ 0 P2.05037~ Blpa0RN81I1 35006
5.25000% ¢ le3e812~ 8 S.3n0000% 0 1227956~ 8 £.37000* o 1.3513R= BlosgR081)1 3907
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REMAINNER OF CARUS IN FILFE UELETED
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LASL Identification

APPENDIX B No. LP-0847

PROGHAM FITPULS (TAPES+TAPEGyTAPET+TAPELDe IAPE20)

THTS WROGKAM ACCEPTS FISSION-PRADUCT NATA (HFTA ANN GAMMA) IN

UNTTS O¢ eNeROY ZFISSICON WHICH ~aS gBEFN ENcHNGY BINNED INTOD rFing

GRNOUPFS (150)FOX A NUMBER OF COOLINL TIME STePS DERIVEL AS FOLLUWSe
YleLD ULATA PROM ENDF WAS FIRST PROCESStD BY THF FPCYS copk TO
SUrrLY FINE GROUP INPYY FOR THE FPSPEC CUDE. FPSPEC ALSO
REWUIRED QUTPUT FROM THE CINpFR=10 CODke FINALLY THE OQUTPUI oF
FPoMEC #AS PROCESSED By THE FOTOELF COUE wHICH PUTS THE DAlA IN
AN eNOF = IKE FURMAT WHICH IS THe INPUT DATA LIRRARY FOR THid
COuL(FITRULS),

FITPULS RERINS THIS pAlA INTO A USER CHOSEN BRUANR GROUP STRUCIURE
(NOTe THAT THIS KERINNLING CHANGFES UNITS TO ENERGY/FISSION=SELs)
AND T1TS THE DATA FOR EACH GROUW WITH Ao LINEAR CNMRINATTION OF
FUNCILONS AS FOLLOWS «=

GXC(AIK)ESUMCALF (LK) H(EXP(=ALAM(LIKIGT(I)) sSUM NVER Lx]eKTRMs
"HERE KTRM 1S THE NUMBFER OF PAIRS OF PARAMETERS (ALbos
ALAM) FUR GRGUP K,

GXC (4 9K) =ENERGY (MEV) /FISS=SEC FOR GROUP K AND COOLING TIME T(I),
MAXeaLLOUwtD VALUE FOR RTRM{KTR(K))yNOs OF PARAM, PAIKRS/GP=S5Us

MAX(ALLOWED NU, UF RRNAU GROUPS«NERG=2S5.
MaXe ALLOUWED NO, OF INPUT COOLING TIME STEFOS,1TSP=70

THIS CODE 1S USUALLY RUN IN SEVERAL PASSESs THE REASON FOR IRIS
IS Tral ON THE INITIAL PASSESsSINGLE PARAMETER(ALF) FITS ARE
MADE FPOR IHE SPFCTRA AND ON FINaAL PASSESsFITS ARF MADE MORE
ACCURATE 8y FITTING BoTH PARAMETERS, AN EACEPTINN IS THE CASE
WHERE GOUU FITS HAVE sREVIOUSLY BEEN OBTAINED FUR A PARTICULAR
GROUF STRUCTURE FOR ONE NUCLIDE ANp FITS ANE DESTRED FOR ANUJIHER
NUeLLUuE IN THE SAME GRUUP STRUCTURE, THENeTHE FTRST SET OF
PARAMETERS CAN BE APPLIED DIRECTLY TO THE SECOND PROHBLEM,

THE LUDE ALSO HAS AN OPTION OF WEDUCING EXPERIMENTAL DATa FUK
A FINITE JRRAUTATION YIME TO A PULSE AND DGSTAINING A FIT FOR THE
EQUIVALENT PULSEe FOR IHIS OPTION SET IRav=),

COMMUN /PU[SIN/ ALAMDA(S0)s FX(P00)e T(401)s XKTRM, [TSP, IPHRUBs

1 NINs NOUI

FIT
FIT
FIT
FII
Pl
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FLT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT

COMMON /PJLSDAT/ NDTe EB(25)s GXx(259400)y NERGsy ALF(25950) s ALAM(CFIY

1 5,50

COMMUN /PULSCAL/ A(50+50)y B(S0.1)

COMMUN /PYi SOUT/ ALPHa(90) e FXC(100)s PCT(100)

COMMUN /MANI/ WX (100)s TITL(8)y KTR(50)s N3[10)s KKN(25), DItLIM
DIMENSION TC{lgo)s LXX{pg)e TMN(20)s TMX(20)

COMMUN ZENQF/ MATs MFe MTe RUNTIMs NPUN

COMMUN /TRMOT/ TL(10)s LTM(50)s LT

COMMVN /F INRAU/ 1RADs NOCOKSy RADT (2001 DELT(200)

FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT

21
31
41
51
ol
71

91
101
11
121
131
161
151
161
171
181
191
201
211
221
231
241
251
261
2n
281
291
30]
3l
321
a3l
341
391
361
3N
381
391
40}
611
421
431
441
451
461
a71
481
491
501
511



N0 0o o 0ono

AOOO0OOA0ONN

s NeRKaNeleNeNsEslsNesNelsNoXel

e e NesNeNeXeNels NeNelke!

1n

NINz=D
NOUT=o
NOY=LU
RFAD (NINy170) NPUN,IRAU,NCORS

SET nrUN=T MHERE IF RERINNED DATa CARDS WAN!ED,OTHERWISE NPUN®Z0,
IRAD®UIFEGULAR PULSE FLT KEQUESTEDs =19FIT FOR FINIVE IRRADIATION

TIME DATA waANTED,
NCORSUsCALL CORSBINs =lINO CaLL.

IF (NCURSe{ Ea0) CALL CURSHIN

SEE LUHSBIN FUR MAT1yMFLl,MT]1 INPUT,

READ (NIN9150) (TITL(l)s1=1e8)

TITLSE bianfy COQRACTER (MULLERTTHY 1ITLE.

TITL (L) =CHARACTFR FOR CA| LING SUBROUTINE SELECT T0O CHOQSE DA!lA
TO BE uSED IN FiTe IF TITL{1)= StLECT +SEE SURROUIINE
SLLECT FUR INPUI,
IF TITL(l)= DO NCT GO+PROGRAM STUPSe USFN WHEN JUST
RLRINNED DATA DESIRED.

IF (11TL(]1).,EQ,10H SELECT ) CalLl SELECT

WRITE (NOUTs160) (TITL(I)el=10e8)

IF (1ITL(1)+EW,10H DO NUT Go) STOP

READ (NIN¢170) IPROB.NTUTER,NPUNyNSTEP,NFINL

IPROp = PRKOBLEM NO, MAKRE NEGATTIVE IF FIT IS MADF IN SEGMFNTS.

NTOTer = FLAG TO DENOTE SPECe OR TOTAL CalCes=0eCODE REAODS SPECTe
UATA FROM TaAPE FILE+=31,CUODF READS TOTAL NDAYA FROM CAWDS,

NPUN = FLAG FUR PUNCHy=7+PUNCH ALPHAS AND LAMDAS,z20¢ NO PUNCHe

NSTEF = FLAG TO CaLL OREIT ROUTINE WHICH FLTS ROTu ALPHAS ANU
LAMDAS ,=04ROUTINE NOT CallEDy=1sROVTINE cALLEDs ROULIINE
USUALLY NOT CALLED UNTIi A COUFLE JUF PASSFS ARE Mapt TU
AUJUST THE PARAMETERS WITH THE SINOLE FIT ALUNE, Skt
SURKOUTINE PULSHIT WHERFE POINTS ARE SELECTED FOR FITe

NFINL = FLAG FOR READING ALL PARAMATERS FRUM PREVINUS PRORelebey
PULSFLT wiLlL NOl BE CALLED FOR ANy GROyP,=n N0 EFFECIys3)
St€ READ STATEMENTS HELOW.

IF (NIOTER,GT.0) CALL HUNTOTS )
READ (NIN»180) DIFLIM¢RUNTIMy TMINYTMAX9GAMIN

DIFLLM = MAXe PEHCENT POINTWISE DEVIATION ALLOWED IN STEPITe
USUALLY SET HIYH ON INTTIAL PASSE> AND TIGHTENED UP IN
SHBSEQUENT PADSES,

RUNT M = RUNNING TIME, MAKE FRACT. OF SECUND LESS THAN THA! USED

UN CONTROL CARD TO GEY PUNGCHED CAXDS FOR SUHSEQUENT KUNe
TMIN = LOwEST COUOLING TIME DESI~EU,
TMAX = HIGMEST COOLING 1IME DESIRED,
GXMIn = MINIMUM ALLOWED VALUF OF GX(I¢K)e THIS SHNULD ARE St!
SO NO FIT 1S ATTEMPTED OvetR MORE THAN ABNUT 15 DECAULES,

NP=1 ISP

IF (1 (1) oLEeQe0) Ti(1)=leE=4
IF (1(NB),LEL.0,0) NP=NP=}
DO v Na)] NP

Te(NI=TIN)

CONT LNUE

NE aNt KRG

NROSENE ¢}

EB (Nou$S)=7,.5

FIT
FIiv
FIT
FiT
FIT
FIT
FIY
FIT

FIT
FIT
FIT
FIT
FlT
FIT
FIT
FLT
Fl

ral

FIT
31
Flr
FIT
FIT
FIT
FIT
FIT
FI1T
FIv
FIT
FIT
FIT
FILT

FIT
FIT
FI1T
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FI1T
FIT
FIT
FIT

FIT
FIT
FIT

FIT
FIT

FI7
FIT
FIT
FIT
FIT

FIT
FIT

521
s31
541
551
561
571
w8}
591

601
611
&21
&«31
A4}
651
661
671
6l
31
701
711
721
731
741
7951
761

781
791
801
fl1
R21
R31
84l
aS1
R6\
RT1
R81
A9l
901
oll
921
931
941
651}
961
971
9381
Q91
1001
101l
1021
1031
1041
1051
1061
1071
1081
1091
1101
1111
1121
1131
1141
1181

1101
[RIEA]

65
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OO0 0 aAOOO0

OO 0O0

20

3n

40

50

AN

- : Qe

KKN ® FLAL FOR CALLING STEPIT BY GROUPs=Qe¢NO CALL +=GKOUP N
STEPIT WOUTINE CALLEDs=NEGATIVE GRUUF NO.?'TRMSEE ROUTING
CALLEUs NOYE IF NSTEP =0.KKN NOT ACTIVITATEN.

READ (NINs170) (KKN({K)sKelsNERG)

OUTPUI CARNDS FROM PREVIUUS PROBLEM ARE REAU HERE IF NFINL=1.

IF (NFINLeNELLl) GO TO 30

READ (NINy150) (TITLU(I)9s]1=1sR)

READ (NIN9220) ClsC2yNULyNLUJNUL WNERG

DO 2u K=]9NERD

READ (NIN#P20) EBIX) EB(K*1) o NULINULINUL KNG
READ (NINY220) TMN(K) o TMX(K) o NULsNULINULIKIR(K)
KTRMIRTNR (R}

READ (NIN9P 30} (A1 FirebL) ¢ALAM(KGL) oLS19KTRM)
KKXSRAN (K}

IF (ARX,LT,0) CALL TAMSEE (Kel}

IF (AnXelT40) CALL TRMOLE (K0!

KTR(N) =KTKM

CONTANUVE

GO0 Tu 1uo

CONT INUE

DO Gy K=]INERU

THIS rURTION UF ROUTINE ALLOWS FIT IN SEVEHRAL SEAMENTS, ToO

ACTIvaTEs SET IPHNA NEVATIVE. NOTE = INPUT NEEOFD FOR EA. GRUUPSe

NSFG = NUMRER OF SEGMENTS o 1|
NS = WNEAKPOINTS OF SEGMENTS,

NSEG=e
NS(l1li1=1 .
IF (1rROBe . Te0) KEgap (NIN®170) NSEGY INS(LX]IsLX22,NSEG)

IF (NSEGeLEe2) NS ({2)eNP
NSEGLIENSEG=1

LTRM&=y

KTR{n) =0

DO 6U N=]sNSEG]

N1xND(N)

N2=NO(NsY)

[TP=nNg=N]¢)

1TSP=V

IX=n

IF (IMINGLTSTC (1)) TMIN=TC(]))
IF {IMAX,LEeDs0) TMAX=TU (NP}
IF (IMAX,FTeTC(NP)}) TMAX=TC(NP)
DO 4uU I=1s1TP

NNaNs* -1

IF (VA(KyNN) LT ,GXMIN) GO TO 40
IF (IGCINN) LTeTMIN)Y GO TO 40
IF (ILINN} ,GTeTMAX) GO 10 40
IX=IAe]l

ITSP=R

Lxx(np=Ix

FX{IA)ZGX(KsNN)

TLIX)=Tr (NN)

CONTINUE

CALL PULSFIT (K}

1F (NeNE,NSEGL) KTRMzKTHM=1
DO Sv J=19XTRM

LTRMZL TRM¢]
ALF(ResLTRMY=B(Jol}
ALAM(R [ TRM) =2l AMDA (J)

IF (ALAMDA(KTAM) o GTJALAMDA(KTRM=]1)) KTRM=KIRM=]
CONTinuE

KTR(A)=KTR(K) *KTRM

CONTanUE

KTRMERTR {K)

FIT
FIT
FIT
Fir
FIT
FIr

FIT
FIT
FIT
FIT
FIt
FIT
FIT
FLT
FIT
FIT
Flr
FIT
FIT
F1lT
FIT
FIT
FIT
FIT
FI1T
FIY
FIT
FIT
FIT
FIT
FIT
FIY
FIT
FIT
FIT
FIT
FIT
FIT
FIr
FIT
FI1T
FIT
FIT
FIT
FIT
FIT
FlTt
FIT
FIT
Fl7
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
Firy
FIT
FIT
FIT
FIT
FIT

1181
1191
1201
1211
1221
1231

1241
1251
1761
1271
17281
1291
1301
1311
1321
1]
1341
1351
1361
1371
1381
1391
1401
1411
1421
1431
1641
1451
1461
1471
1481
16491
1501
1811
1521
1831
1541
1651
1561
1671
1581
1691
1601
1611
1r2]
1631
1641
1651
1401
1671
1681
1691
1701
1711
1721
1731
1741
1751
1761
1771
1781
1791
101
inll
1821
1R3]
1R%1
1851
1R61
1871



o0On

70

a0

Yoo

120

13n

lag

150
160
17¢n
189
lgn

enn
21n
ean
2p

DO Tu JZ1oxKTRM
ALAMUVA(J) =ALAM (K )
BlJsl)=ALT (Ke V)

CONTINUE

WRTITT (NOUT91Y0) KeEB(K) JEB(Ke])
DO By J=1eKTRM

WRITe (NOUT200) JsALAMUALJ) 9B (Jsl)

CONTINVE

COMT AnUE

CONTanJE

DO 14y K=l (NERG

IX=0

IF (imIMeLTeTC (1)) TMIN=STC(D)
IF (IMAX,LE«0e0). TMAX=TLC(NP)

IF (IMAX,GT,TC(NP)) TMAX=TC(NP)
DO l4u I=LyNP

IF (vAa(Kyl)sLi,GRAMIN) GU TO 110
IF (1L{T)reLToIMINY GO IV 110
dF (1D oGTeIMAXY GO 10 110
IXsIAel

ITSP=LA

LXX(N)SIX

FX(IAISGXIKI}

TiIxieTr(l)

CONTANUE

KTRM=EK TR (K)

D0 leu | sleKTRM
ALAMUVA (L) FALAM (KoL)
B(Lvl)=ALt(K|L)

CONT ANVE

KKy =zARN(K)

KK2==AKN({K)

IF (AR2eEW K) KKl=mK

IF (RNEJKK1) GO TO 130

IF (NSTEPeLESU) GO TO 139

WRITe (NOUTe160) (TITL(I)sIm148)
WRITE (NOVUTes210) K

KTRMER TR (R)

IF (voTEPerTH0) Call DHFIT (K)
KTR (N)3KTHAM

CONTINUE

cathk P INECHK (K)

CONTINUE

IF (neUNEQ,T) CALL PCHUUT (LxXX)
STOP

FORMA| (8A10)

FORMAT (1HY1910Xe8A10)
FORMA} (1¢16)

FORMAT (6E12e5)

FORMA| (1n1e264H RESULTS FOP GRNUP NO.
1 17H MEV, E«UPPER a (1PE12,5:5H MEV,)
FORMa| (1HAae4H J £4¢13¢90 ALAMDA 29 1PE12e504H B =4 1PE12,5)
FORMal (1rne35H STEPIT HAS REEN CALLED FOR GROUp

FORMA| (2b11e%44111414912413,15)
FORMA| (6E11e4)
END

SURRVUUTING SELECT

213911H E=| OWER =

I3

s 1PEL12,D0

THIS ROUTINE USED FOR SELECTING A SUBSET OF THE pATA YQ RBE FliT,

COMMUN /PU[SIN/ ALAMDA(D0) s FX(200)s T(401)e KTRM,

1 NtNs NOUT

1TSP,

IPHUb,

FIT
FIT
FIT
FIT
FIT
FLl7
FIY
FIT
Iy

FLT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
F1T
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FI

FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FIT
FLT
FIT
FIT
FIT
FIT
FIT

SEL
SEL
SEL
SEL
StL
SEL

COMMUN /PJULSDAT/ NDT, £B(25)y GX(25+400)¢ NERGs ALF(25,50) s ALAM{ZSEL

1 Se5v)

COMMUN /PUISCAL/ A(GNS0)s RISQ1)

SEL
SEL

1A81
1R9
1001
1011}
1921
1931
1941
1951
1961
1071
1941
1991
2001
2nlt
Zn2l
2031
2041
2051
2061
2071
2081
2091
2101
2111
2121
2131
2141
2151
21061
2171
2181
2191
27201
2211
2221
2731
2241
2251
2261
2271
2281
27291
2301
2311
2321
2331
2341
2351
2361
2371
2381
2391
2401
2411
2421
2431
2441

67



68

[g]

OO0

O0O0O0000

1o
20

30

4n

S0
b0

10

2n

CNMMUN /MANI/Z wWX(100)e TITL(B)e IPT(S0)s ND{]10}s KKN(25)» DIFLIM
READ (NINsgA) ITS,(IPT(1l)sI=}s1TS)

[TS=wu UF TIME STFPS DESIRKED,
IPT=1wlbkxes OF DESIRED TIME STERS.

D0 2u K] sNERG
ONn lu I=14+1TS
It=Iv1 (1)
ALaMuall) =T (1)
AlKe3)=GXIKsI1)
CONT¢NUE
CONT s NUE

DO 4y K=]yNERO
nn 3v I=191TS
GX(Kyddz=AIKyI1}
T(r)YsaLAMOA(I}
CONT I NUE

WRITE (NQUT960) (TeT(I)sGR(KeI)sI®]-1ITS)
CONT iNVUE
ITSP=sL TS
RETURN

FORMAT (1216) '
FORMa] (&n  IZ,13,3H TS91E12,594H GX®y1EL1245)
END

SURRUUTINE TRMSEE (LKeKKX)

THIS wOUTINE IS CALLED IF KKN IS SET NEGATIVE FOrR A GROUP,
ROUTanE PRINTS QUT TERM RY TERM CALCULATIUN OF FX FOK USE IN
ADJUSTING FITTING PARAMETERS, THIS DONE RY CHANGING AND/OR
REMOV ING PARAMETERS,

COMMUN /MANIZ/ wx(100)s TITL(R)e KTR(S0)s NSL10)s KKN{25)s DIFLIM
COMMuUN /PULSINS ALAMDA(D0) s FX(P00)s T(401)s KIRMy ITSPy IPKUbS
1 NINs NOUT

StL
StL
SkL
StL

oL
IR
St.L
StL
SEL
StL
SeL
SEL
StEL
SEL
SkEL
SEL
SEL
SEL
StL
SEL
SEL
StEL
SEL
StbL
SEL
Stli.
SEL

TRM
TRM
TRM
TRM
TRM
TRM
TRM
TRM
TRM
THM

COMMUN /PYI SOAT/ NNT, £B(25) e« GX(254400) s NERGs ALF (254501 ALAMIZTRM

1 Se80)

COMMUN /PULSCAL/ TRM(GVUsS0)y TPRTISD)

COMMUN /FINRAU/ IRAD, NCOHS, RADT(200)s DELT(200)
COMMuUN /TRMOT/ TL{10)s LTM(SO)s LT

K=K

KTRMERTR (K}

TLI1)=10HORIGINAL ©

TL(2)=10HARAMATRS F

TL(3)=)0HUR GROUP

IF (AnX.EQ,0) GO TO 10

WRITE (NOUTe190) (TLII)vI=1e3) 9K

WRITE (NOUTe100) (LeALT IK9L) s ALAMIKSL) oL=1sKTRM)
IF (AKX.GT,0) GO TO 90

DO 40 I=)sITSPK

FX(I)SOQ

DO 3v L31sxTRM

TRM (Lo L)AL F(Ky L) #EXP (=ALAM(Ks[)*T(I})
IF (IRADLELO0) GV TO 20

IF (IKM{IsL)eLT,0e) TRM{TeL}=0,
COFFtnLF(ﬁcL)/DELT(I)/AtAM(KoL)°02
XPO13Le~EAP (=ALAM Kyl } #RADT(I))

XPO2F L o=ERAP(=ALAMIK LIRVELT (1))

XPAIFe XL (=ALAM(KoL) ¢ (T(L)=DELT(I)/24))
CONT UL

IF (4xAULEQel) TRM(I,4L)SCOFF@XPN]1®XPO2#XPOS
LTMiL) =L

FXeliasrx(lyeTRM (I,

TRM
TRM
TRM
THM
TRM
TRM
THM
TRM
THM
TRM
TRM
KM
THM
TRM
TRM
TRM
TKM
TRM
fhea
Th
Twe.
TR
TR
TH*
Tres
The

Theoo

220
230
240
250
260
270
240
290
300
310
320
330
340
3IL0



s NeReNeXe]

3n
4n

S0

60

Tn
80

Sa

100
11n

120

13n

lan

15n
l6an
170
18p
19n

200
210

CONTINUE

COMTANUL

Kil=}

Ko=Kied

IF (AceGToKTRM) K2z=KTRM

WRTTe (NOUTs1/g) (LTM(L} L=KYeK2)

DO 5v L=191TSP

WRTITE (NOUT4180) T(1),6X(Kel)e (TRM(I4{}sluK]l K2)

.CONT inUE

KlxKeed

IF {RleLEecKTRM) GO TO S0

DO Ru 1=1oITSP

PCTDIr=u,

1F (VA(Ks])YelEGNe) GO TO 70
PCTYDir=/Gr(Kel)aFX{I))/6x(KeI)*100,
CONT L nvUF,

WRITE (NOUT91Y9q) TeT(1)9GX(KeI}aFX(I)sPCTDILF
CONT inVE

IF (ARX,LL,0) RETURN

CONTINUL

READ (ININ»210) MLT

IF (MLT,Ede,0) GO TO 110

DO 1VU MMEy1 oMLY

READ (NTNg200) LeALF (KoL) sALAM(K4L)
CONTinnUE

CONTANUE

REFAD (NINe210) LTo(LTMIJI)eud=1oLT)

ML_T=NyU UF PARAMETERS TO BE CHANGED
LT = NUMBER OF TERMS TU BE REMOVED,

LTM{L) = tERM NOS, OF TERMS YO RE REMOVED,
IF (L1eEQen) METURN

LTX=v

LL=1

KTRMSK TR (K}

DO 19U L=1l¢KTKM

IF (LiIM(LL) EW L) GO YO 120
LTX=si1Xe]
TRM(AoLTX)=ALF (Ko )

TRAM (&L Tx) =ALAM(K,|)

GO Tv 139

CONTINUE

LL=t Lo

COMT A NUE

KTRMSL T X

DO 19U L=l4KTHM

ALF (Rel)=TRM{L,L)
ALAMIR Y| )STRM(2,L)

CONTiNUE

TL())=10HREVISED PA
TL(2)=510HRAMEIERS F
KTR{N)=KTXM

TL(3)=1UHUR GKROUP

WRITE (NOUTe150) (TL(T)Y?PI2103) K
WRITE (NQUTs160) (L.ALE(K'L).ALAM(K'LSvL=1’KTRM)
RETURN

FORMAL (JM}e¢S5K43A10,13)

IR
T4
TH:
Thare
TH"
1w
The
MG
LIRS
T
TH
TRH
THM
THM
THM
THM
TRM
TRM
TRM™
ThRM
TRM
TRM
THM
TRM
TrM
TeM
TRM
THM
TRM
TrM
‘HM
iRM
TRM
TRM
IRM
TRM
THM
TRM
KM
fHM
TRM
TRM
TRM
TRM
"KM
<M
HM
L
Riu
P tM
“IM
TR
TRM
iRM
TRM
TRM
TRM
TRM
TRM

FORMAT (irNe3H | Se13¢10H ALFIKSLITWIPELLsAsL1IH ALAMIKILI=o1PRLl @) TRM

FORMA | (1Mne25K cCoUL TIME GXy5115)
FORMA] (1P7E1D,.8)

TR
Ther

FORMMIL (1rpe3n 12,1343H T=e1E12.506H GX391t12¢594H FX=9]1E12eD98H PTR"

1CTRIr=elt12.9)

FORMAT (1642E1249)
FORMAT (1216)
END

TH

T,
TR
TRM

30
400
410
420
430
440
450
460
470
480
490
500
]10
520
€30
K40
8550
560
&70
%80
590
00
6l
620
630
s40
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
ROO
|10
R20
a3n
840
AS0
£60
/70
R80
RY0
900
9ln
920
Qin
Qe
9h0
Qe
S0
qu}
Q0
1000
1alQ
M sl
MR
1140
1050
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70

OO0

[}

OO OOOOO0

(g XeNe}

OO0

OO0

10

2n

30

40

50

SURRUVUTINE COKSRIN

ROUTANE FURMS CONARSE GRUUPS FROM FINE GROUP DATA IN ENDF=LIKE

FORMAT

COMMUN, /PJLSIN/ Ap(S0)s FX{200)e T(401)9 Kte ITSP, IFROR.

1 NOU

COMMUN /PULSDAT/ NDF, EB(25), Gl (25+400)9 NERG, F0(200), DUM(70)

1 Toris0)

COMMUN ZENNF/ MATY1s MFle MT1s RUNTIMs NPUN
READ INPUT

READ (NIN'9Q) MAT) ¢ MF]leMT]

MAT1ZMAT NO, OF FISSINNING NUCLTOE DESIRED,

MFi=uaT TYPE UESIREDIMF1=80=F«P.DATA FOR TAERMAL PULSEsMFl=yi=

rePe UATA FOR FAST PULSFETCe

NINe

coRr
COw
[W011}
conx
cur
COK
cOr
CORr
COx
cOH
CURr
COX
COR
COxr
cor
COR

MT1z 1 YPE UF F,P, WANTEVIMT1=801=0ATA FOR RtTA« P{US GAMMAMI1=802=COR

vala FOR GAMMA ONLY'MT1=803=DATA FOR BcTA= OMLYSETC,
SFARLRn ENUF TAPE FOR DESIRED DATA.

CONTANUE

READ (NDFe100) (AN(I1)9I=197) sMATIMFsMT o NSEU
IF (MrsEQe=0) MF=AQ

IF (MaT.eW,=1) WKITE (NUUT+110) MAT4NDF
IF (mal.tw,=1) SIinP

IF (maT,LV ,MATY)Y GD TO 10
IF (malJEV ,MATT) GO Tn 20
WRITE (NOUTs110) MAT],NUF
SToP

CONTInUE

1F tMreLTeMF1) GO 10 10
IF (mreEQevFl) GU TO 30
WRTTE (NQUTs120) MF14NUF
SToP

CONTINUE

IF (M1eLTeMTY) GO TO 10
IF (M1«EQsMT1) GO TD 40
WRITE (NOUTe130) MT1,NUF
STNP

CONT LVUE

READ (NUF9160) NT

REAND (NOFeQQ0) NICKHT
ITSPENT

REAN BROAU GRUUP STRUCTURE

RFAD (NINv9Q) NE
READ (NIN#150) (ER{N)¢N=19NE)

NExNU OF BROAU GROUPS PLUS ONE

ER=EwpRGY gOUNDS INCLUVING UPPLR AND LOWER HBOUNDS 1IN Mgy
NE=z=Nt ]

NF.RGENE

DO 70 1Tzl 4NT

READ (NUF9160) T(IT),KE

RFEAD (NOFsa0) NICNT

READ (NSF#150) (EN(K} oFA{K) sK=] WKE)

KE}1=ne+l

EatKei)3(Ea(XKE)«ba(KE=1)) ¢EQ(KE}

THE rYUuLLING LUOP CHANGES UN]ITS TO MEV/SEC, THE TIME DURATIUN

OF Tne PULSE 1S ASSUMEU TO BE 1.t=% SEC.

DO Suv K=}]KE
FXIKIsFY (R)/]eE=é
CONTINUE

CALL KEBIN

00 6y lt={i,NE

Cour
CoR
COR
[of 1.
cor
Cun
CuRr
CUR
cOn
con
CUR
cunr
COR
COn
cun
Ciwet
coun
COR
COR
CUR
Cur
CUR
LUH

CUR
con
COK
COx
Cuw
CUKR
CORr
[o{s]3}
COR
CORrR
COR
[of o1}
coR
Ccow
COR
COR

10
20
30
40
50
of
70
Bo
90
100
110
120
130
140
150
160
170
180
1v0
200
210
220
740
740
250
260
270

290
100
110
320
130
A0
1%0
60
270
280
190
400
“10
.20
%30
440
450
l‘bo
4l
480
490
®00
510
520
«30
540
550
&A1)
&if)
K380
690
600
10
HE0
¢ 30
640
50
£.60
70
B0




OO0 0O0

SR(IceIT)=pUMITIE) CCR

An CONTINUE CUR
7n CONTINUE COR
DO 8p lb=zlyNE COR
WRTTE (NQUTe170) IE.EB(IE)vER(IF L) CCH
WRITE (NOUT180) (ITeT(IT)yGR(IFsIT)eIT=]l,,NT) CUK
WRITE (NPYNsS0) MAT]aMFae¢MT] COow
WRITc (NPJNeSU) NEGNT cor
WRTITE (NPUN¢1Y0) IEER(IE)sEB(IFeL) Cor
WRTTe (NPUNe190) (ITeT{IT)oGRIIFeIT)IeITS)eNT) conr
80 CONTLINUE COR
REWINU 10 Cow
RETURN CCH
COR
Sn FORM&Al (6l11) COKM
1ng FNRumI (64100864 14912,13415) conr
110 FORMAL (1H]15H SORRYy MAT ¢ (Té913H NOT UN TAPF ,13) CUR
129 FORMAY (1HyeleH SORRYs MF = olse)3H NOT ON TAPE 413! con
130 FORMAT (1M1e14H SORQYY MT = sl4vl3H NOT ON TAPE 413) Cu
lag FORMAL (55Xs111) Ct st
150 FORMAT (6E11e4) Cl~
lag FORMAMT (1)Xseltl1le4¢33X0]111) com
170 FORMAL (1rn,1/H ENERGY BIN NO, 413,6H FROM J1PE12 S4AH MEV U 4)PCuN
1 E12e505H MEVe) con
180 FORMm1 (1M s13H TIME QTEP = ¢13416H COOLING TIME = 91PE12.596H FA CUH
12 ,17E12.9) CoRr
190 FNRMAT (2(11192E1104)) Con
END COR
SUARUUTINE REBIN Rt 43
REd
RNUTINE FOR BNQOAD GROUP BINNING, BOUNDARIES DO MOT HAVE TO =ER
COINCLIDE wITH FINE GROUP BOUNDARIESe WRITIEN BY GRAHAM RER
FOSTERe L ASLa1975. -t
CHANVED OCTy 1977, LASLY Ds GEOWGE REs
L {3}
COMMUN /PULSIN/ An(S0)s Y{200)s T{401)s NXs ITSP, 1PNOB, NINs NOUIRER
CoMMun /P SDAT/ NDTs U(25)s GB(250400)9 NJUr X(200)s V{70)e 'U!(DUKEY
1 R+
SUMIESUMREQ . FIRe
NUYsNye] e 4
NX]=ivA®) Nen
NO v Llu=zl,NUL RE v
10 VI(TUI=0,. Rty
DN 2u IX=lNX Rtb
SUMIESUM] Y (TA) ) Red
20 CONTINUE RE
FIND THe PIRST RIN Rer
DO 3v 1X=z14NX REH
1F (AtIX) . gQeV(f))Y GO TU 50 REH

an IF (ATIRA 6T V1)) GO TU 40 o
WRT1Te INOUTs110) He
RF TURN g Rt
G0 VIDIBSY(IX=11% (X (I =aU (1)) Z7IX(IX)=X(IX=1)) REH
50 IX=lAe] REr
DO BU IuUzi NU RE
6o IF {(A(1X)eGT,U(TUs1)) GU TO 70 R »-
VITUISVIIU)+Y (IX~1) Rt
IF {4AsGT4NX) GO TO 90 RE ~
Ix=1ael REH
‘60 TV 60 RE1
70 VITUISVIIU) oY (IX=1)a(ylIyel)=X(TX=]1))/(XR{TRA)=X(IX=])) RER
RN CONTLWUE . RE
90 IF (A(NAL) (GTeU(N1)) WRITE (NOUT120) X{NARL)sUINUL) nRer
00 1vu TU=19NU )
100 SUMesuMa ey (1uy Rt =

&~9Q
700
710
720
730
T40
150
760
770
740
790
aQo
AlQ
a2g0
%))
r40
£50
760
&70
n80N
R0
600
910
920
930
940
930
asn

10
20
30

S

60

70

g0

S0
100
110
120
130
140
150
160
170
180
190
200
.10
~a0
230
P40
250
260
270
7480
290
00
310
320
330
0
250
360

71



o
1ia
l2¢g
13q
c
c
c
c
c
C
c
c
c
C
10
20
C
3n
40
S0
c
c
c
c
c

72

ERRD3ye0014

RE

IF (Aud>(SUM2=SUM]) (GT ERPUSUM]) WRITE (NOUT4130) SUM]sSUM2 RE o

RE TURI Qt -

HY

FORMA [ (29H CANT FIND FIRST ENERGY BOUND) Rt

FORMri (17/HO®®aa® | AST UATUME10,3+427H EXTENUS REYOND END OF GRIDELIWES

] 0.3'!)?‘ 06@00/) R
FORMM[ (32HO%Pae® INTEGRAL BEFORE REBINNINGVE]10,3,41H DOES NUI tnuarts

1L INIeGRAL AFTER REBINNING E10s396H cosdwy) REM
END HER

SIJRRUUTINE RUNTOTS YITEN

[ N

ROUTINE TU READ TOTALSeI.EeeGX(Ksl) SUMMED OVER FNERGY, NU~N

RUN

COMMUN /PULSIN, ALAMDA{50)e FXx(200), T(401)y KTRM, 1TSP, IPKUH, RuUN
1 NINs NOUT
COMMUN /PJLSDAT/ NOTs EB(25) GX(254400) ¢ NERGs ALF(25950) ¢ ALAMIZHUN

HUN

1 S5V RUN
COMMUN /PJLSCAL/ A(SNeS50)s R(S0+1) HUN
COMMUN /PJ|_SOUT/ ALPHA(S0)s FXC(100)e PCT(100) RN
CoMMUN /FINRAU,/ IRAD, NCORSs RANT(200)s OELT(200) RN

HUN
THIS SUBROUTINE [s USED FOR REANDING EXPERIVMENTAL DATA, NN
UHFORIUNAIELYy THIS CAN gt RECEIVED IN A VAKIETY OF FORMATS>0 RUN
THIS KOUTINE MUST BE CUNTINUALLY CHANGED TU ACCOMANATE WHATEVER RUN
FORMM| THS DAla IS IN, ThE FUNNMY LOOKING STATEMFNTS BELOW AKE RUN
FOR ReANnING SOME ORNL VATA IN THE WHITTYEMOXE JUNK FOKMAT, RUN

RUN
DIMENSION HOR(B) RUN
RFAD (NIN9 30 NPINEJNHD RUN
DN 1V L=1'NHD RUN
RFAD (NINe#S0) (HDR(I)e13108) RUN
WRITE (NOVYTsS0) (HDR(1)91=148) RUN
CONTINUE RUN
DO 2u I=]1 NP RUN
IF (LeLECNE) EB(1)=0,0 RUN
READ (NIN»40) (GK(KoI)eK=x10s15S) RUN
WRITE (NOVTs40) (GX(Kel) K=1091%) RUN
RANT(L1)=GX (1041 RUN
TIIISOX(11e1)*GX(12e]1)/2,40 RUN
DELTIL)=1e0 RUN
GX(191)=(9X(1341)+BX(1491))%GX(100I)/GX(1201) RUM
CONT INVF, RUI.
ITSP=ENP RUN
NF=z} RU»
NERGD) RU»
RFTUKN Rut,

RUN
FORMAT (1216) RUN
FORMAT (621269} HUN
FORMAY (B8A310) R
ENN RU"N
SURRUUTINE OHFIT (K) OHr

Dhr
ROUTLINE WITH SURROUTINES FUNK AND STEPIT PERFORM Tw0 PARAMETER oH-
FITSeL1eE, ROTH ALF AND ALAM. ADAPTATION oF STEPTIT CODE BY OHt
MeGed1AMATALAIOSYL ASL41Y769FOR THIS APPLICATION, DHr

Dhi

COMMUN /PULSIN/ AL AMDA(SQ)e DH(20U)s T(100)9 NERSs PERDIF(10U) ohHi
1 calutln0)e W(100)s KTHMy ITSPy, IPROHBs NINe NOUT DHe
COoMMUNn /PUSDAT,/ NDT, EB(25), HOLD (25,100) ¢ NV, NTRACE, MASK(70)s DHF
1 X(7u)s XMAX{(TQo)s XMIN(/g)s DELTAX({70)s DELMIN(Tn), DUMMY, MATRIReDHE

2 EQRI?0

e7U) s

CHISOs ASAV(1O00)s VEC(70)e TRIAL(TO)y XSAVE(70)* CHI(DHF

270
3H0
90
400
410
420
430
440
450

460

10

20

30

40

50

60

10

B0

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
Ao
310
220
330
240
I
360
370
80
39D
400
410



3 70)e SECOND(Ey2) sy OLDVEC{TO) s SALVO(TO0)s ADSC({7Nn,15) s CAIOSL(15) sDHF 110

6 DUMISBEH)» NERGY ALF(22950)s ALAMIZGYS() DHE 120
COMMUN /MaNI/ TC(100)s TITL(B)e KTR{S0)s ND(10)y KKN(25)s NDLFLIM DHF 130
COMMUN ZENNF/ MAT, MFy MTy RUNTTMy NPUN DHF 140
COMMYUN /FINHAU/ 1RADs NCOKSs RANT(200)s DELT (200} DHF 150
DIMENSIUN TTL (10} e xLL(XD)s YLL(1O0) DHF 160
DO 1u KKzl KTRM [Iald 170
[1=2%nK=] Dt 180
1 J=2¥AK D 190
X(T1I=ALF (KyKK) DM 200
X(rJ):ALAW,(KoKK) D& 210

‘0 CONT‘NUt DM 220
NVz2¥nTRM DHF 230
IF (nNvelES70) GO TO 20 OHF 2490

WRITE (I10UTe130) NV DHF 250

RF TUIKN DHE 260
2n CONTInNUE OHF 270

DN 30 [=19NVe2 OHF 580
XMINGL)=X(1)%0,] OME 290
18 (Aql)elTeOoy XMIN(I)m10eaX(I, DHF 300
XMax(1)l=x(y)#ln, DHF 210
IF (a(d)iTo0, ) XxMAx(I)sx(I)00,1 OnE 320
XMINCL*1)=0e59%x (o)) DHF 130
XMAX([41)Z2,00x(lel) DHF 340

3n CONTAnUE . DHE 350
WRITL (NQUWTYs16Qn) ST Hy 160

WRTITe (NOUTe170) (X(T)elzlonV) Yo 270
WRITe (NOJT.180) ke 380
WRITE (NOUTs1/70) (XMIN(1)el=]sNvV) Dhe 390
WRITE (NOUTs190) DM 400
WRITe (NQUT«170) (XMAX(I)eI=1eNV) {re- 410
DO 4v I=isNV Diet 420
DFLTAA(L)Zne1*X (]} DK 430
DELMANGL) a0, 0010X (1) Drir 440

40 MASK(L)=D DHF 450

NFRSS1TSP DHF 460
DO Sv I=}eNERS OHF 470
QW=1e DHF 480

SO W(l)®(1le/DH{I))usiQu OHF 490

CHSY=RU e DHF  &00
NO 1uu lalNEKRS OMF 510
CAL.CUL) =0 DHF K20
NO 9u J=]1NVece OHF 8§30
I¥ (LNRADLLE«D) GO TO 60 ORF  t40
COFFaA{)/DELI (T} /X (Jel)0e? DHF 8%
XPO13]e=EAP (=X (J*1)®RAVT(])) DHF =60
XBO28 | e=EAP (=A(Je1)#DELT(I)) DHF &70
XPOIBEAP (=X (Je1)# (T(I)=~VELT(I)/24)) DHF &80
CALCYL)SCALC(]) ¢COFFuxrU1«Xp029xPO3 DHF 890
GO TV 90 DHF  e00

60 TEMpaA(JQI)“T(I) DHF 410
IF (neS(TeMP) e[ Feh00) GV TO 70 DHF 620
XPO=V. DHF &30
GO Tu 80 DHF &40
70 XPO=A(JI#EXP(~TEMP) DHF &S0
An CALCHL)SCALC(I)eAPD UHF /60
Qp CONTINUL DHF &70
PERDIF(1)=100e»(CALC(I)/DH(I)el,) DHF &80
100 CHSASCLHSQe (CALC(I)YmDH (L)) ®(CALC(I)=DH(L) )W ()W T) DHF  &90

WRTTL (NQUT9200) CHSQ DHF 700
WRITE (NQUT.210) DHF 710
WRITe (NOJYTi220) DHF 720
WRITe (NOJT#230) (T(I)sUH(I)eCALC(I)PERDIF(I)o1l=14NERS) DHF 730
caLl STEPITY DHF 740
DO tecu I=] 4NERS DHF 790
CALC(1)=0e DHF Y60
DO Yeu Jz=1leNVe2 OHF 770
IF (ixADLESO) GO TO 110 DHF 780

COFFZALI) /NELT(I) /X (Jel)a®2 DHF 790




74

11o

120

130

lan

19n
len
179
l8g
19n
20n
21n
2720
23p
240
290
240

10

20

XPQl=o=EAP (=X (J*]1)#RAVT (1)) DHE

XPO2=1e~EAP (=A(Je1)enEL] (1)) OHF
XPNIBLXP (=X {Je 1) (TIT)=VELT(1)/24)) DHF
CALCULI)=CALC(I)+COFFuaxPU1oXPO2*xP03 DHF
GN Tuv 120 D
TEMPEA(Je1) 0T () OHF
IF (ABS(TEMP) «GTeA0N) GU TO 120 OHF
CALCHL1)=CALCIL) sR{J)REXP («TEMP) DhF
CONTinUE DHF
00 19U I[=14NEKRS OHF
PFROAF (1)=100ee(CALC(I)/DH{T)=],) DHF
WRITE (NQUT220) OH#
WRITE (NOUTY230) (T(I)sUH(IY+CALC(I)sPERDIF (1)y]l=1,NERS) DHF
ENCOVE (3%,24n,TTL (1)) K VHF
ENGOUE (2042504 XLL)Y OHF
ENCOUL (2V426U,YLL() UHF
CALL rLOTM (TsPERDIF y=NERSs190snoUes1e0los [TL934eXLLOP0eYLLLO) OHF
NO 1%y J=]KTRM DHF
[1=2vu~l OHF
1J=2%y UHF
ALF{ngJd) =X (1) DRF
AL aMIirR o J) =X (1) (#1214
CNANT InNUE IInE
RETURN nf
DHE
FORMAL (24H0 TOO MANY TERMS, NV =e13) DHF
FORMAL (1H0sl0Xs1AMINITIAL PARAMETERS./) DHF
FNRMA| (1M 120X96E12.4) DHF
FORMAT (11 910X,12HLOWRR LIMITS,/) Onf
FORMAl (1A ¢1UXe12HUPPER LIMITS,/) Oh
FORMAL {1r ¢10Xe36HCHI=SQUARE WITH ORIGINAL GUESSES 1S ¢E12¢%) -
FNORMAT (1MNs1nXeI1HCOMPARISON WITH INITIAL GUESSFS,/) O
FORMA L (1M0s//4GRg1HT e L0Xe2HDHIAX14HCALC Y 7TAs6HPERNTF /) Vg
FORMAKY (1N s04p12s4) Dh
FORMA I (32HPEKRCENT DEVIATION FOx GROUP NO, 912) Dh:
FORMAL (2UH TIME IN SECONDS ) DHi
FORMM| (204 PFERCUENT DEVIATION ) DH
END DHF
SURRUUTINE FUNK FUN
CoMMUN /PYLSIN/ ALAMDA(SQD) s OH{200)s T(100)9 NERS, PERDIF(10U0) FUN
1 CALV(1nQ), W(100)s KTHM, ITSPs IPROBe. NINs NOUT Fun

COMMUN /PJLSDAT/ NDT, E£B(25)¢ HOLD(254100)9 NVe NTRACE, MASKI(T70)9 FUN
1 X(7Yye XMAX(/Q)s XMINC(/O)e DELTAX(70)9s DELMIN(70), DUMMY, MAIRIASFUN
2 FRRU/0470)y YHISOQ. BSAY(100)s VEC(70)s TRIALI(TO), XSAVEL(TO)r LHI(FUN
3 70)s XECOND(Z,2)y DLDVEC(70)e SALVO{T70)e AOSC(7n,15)s CHIOSLI15) ¢FUN

4 NUMISB6) s NEKG, ALF(22¢50) ¢ ALAM(C5+50) FUN
COMMUN /MHMNI/ TCU100)s TITL(R) 9 KTR(SO)s NS(]0)s KKN(PS)s DIFLIM FUN
COMMUN. ZENDF/ MAT, MFy MTy TLIMITs NPUN FUN
COMMUN /F INRAU/ 1RADs NCOKSs RANT(200)s DELT({200) FUN
DIMENSIUN | XX(20) FUN
CH1Su=0, FUN
NO Suv [=)9NERD FUN
CaLCt1)=0Qe FUN
DN 4u J=]1 9NV FUN
IF {ixADLE.Q) GO TO 10 FUN
COFFSALJ)Z0ELT(T) /X (Jel) a2 FUN
XPO1=Le=EAP (=X (J*1)#RADT (1)) FUN
XPO2B Le=EXP{=X{Je)eDELT (1)) FUN
XPN3BEXP (=X (Je1)*(T(I)=VELT(I)/24)) FUN
CALCULI)=CALCIL)«CNFFuyPU12xP02%xP0O3 FUN
GO Tu 40 FUN
TEMPBA(IJel 14T {]) FUN
IF (ApSI{TEMP) oLEerD0,) GO YO 20 FUN
XPN=V, FUN
GO Tu 30 FUN
XPOzALJ) #EXP (=TEMP) FUN

A00
R10
R20
R3N
R4 Q
as0
R6D
R70
R80
890
Q00
Qln
920
930
940
Q50
960
Q70
Q410
Q90
1000
inln
1tn2n
1p30
1140
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170

10
20
30

50
60
70
80
9n

100

110

120

130

140

150

160

170

180

190

200

210

220

230

260

250

260

270




30
40

50

60

70
Rq
9n
lon
1in
12n
130

lan
15n

1n

2n
40
%0

0

CALC (1) =CALC(L)+XPO

CONT LNUE
RSAVAILI=(CALCII)I=PH (D) } WD)
CHISuwzLHI>N*BSAV(T)®RSAV (I}
DIFMAA=0,

DN 6y I=)eNERS

PERDir{1)=100ea (CaLC(T)/DHITIY=1,)
TSTLimM=AED (PERDTF (1))

IF (ULFMaX LTeTSTLIM) UIFMAX=TSTLIM
CONT ANUE

IF (uiFMax LE,DIFLIM) CHISO=],E-20
capl SErONp (TYM)

IF (tLIMITLT,.1) TLIMIT=299,.5

IF (IYM LT TLIMITY) GO 10 80

WwrRITe (NOYTH1ND)

wRTTe (NOYYs1lln)

WRITE (NOJUTe120) (X(IYelalsNV)
WRTITC (NPJUNSSOD) (X(T1)e133eNV)
WRITe (NQYTsld0)

WRITe (NQUTs140)

WRTTE (NOUTs190) (T(I)2UHII)sCALC(Y) 9PERDIF (1) sI=ysNERS)

DN 7v RXz]1NEKG
LXX(RA)=]TSP
CONTINUE

CALL PCHOUT (LxX)
CONTINUE

RETURN

FORMA1 (1PsEll.a),

FOAMAT (1HOs1UXe22H4TIME LIMIT WaS REACHED /)
FORMAT (1H ¢1UXe305THE LAST SET OF PARAMETLRS WAS,/)

FORMAT (1N +20Xs6E12,4)

FORMAI (1N ¢ 1UX;29%COMPARISON AT EXPIRATION TIME,/)
FORMAT (1HNe// 49Xy 1HT, LUXs2HDHy X s 4HCALC s TAW6HPERDTIF 4 /)

FORMAL (1M +4E]2e4)
END

sunRuuTINE STEpll

COMMUN /PULSIN/ ALAMDAIDQ) s DH{(200)s T(100)¢ NERS, PEROIF(100U)»
1 CALG(100)¢ W(100)y KTHMy [TSPy IFROBy NINe NOUT

ST+
ST
ST

COMMUN /PU{ SDAT/ NDT, EB(25), HOLD (25,1000 ¢ NVy NTRACE, MASK(70)e ST:

1 X(Tvu)s XMAX(Ta)e XMINC/Q)e DELTAK(TO)
2 ERR(r0+7U)s CHISQ, RSAY{100)s VEC(TO0)

DELMIN(TA)

TRLIAL(70)s XSAVE(T70)

MATRIKs STt
CHI(STe

3 70)e SECIND{C2)y OLNVEC(T0)s SALVO(TO0)s AOSC(TA,15) CHIODC (15} sSTE

4 DUM(SB6)y NERGe ALF (239501 ALAMIZSy50Q)
COMMUN /MANI/ DX (100)s TITL(ARYs KTRISO)

NVMAA=TO

MNsSQuUe=1S

Kw=g

RATIV=10,0

CoL1v=0499

NCOMP=5

ACK=¢co0

SIGNLr=2,£8
HUGE=1.£3/

IF (nv) 1310e1310,10
NACTLIv=0

DO 9uv Ll=1NV

1IF (MaSK (1)) 90,20,90
IF (vebTAX(I)) 60430460
IF (A{I)) 50040450
DELTAALI}Y=p.01

GO TV 60
DELTH#A(T)=n0laX (]}
1F (AMARX(IY=XMIN(T}) TU70+80
XMAX (1) =HUGE
XMIN (1) ==NGE

STE
STe
STE
STe
STt
STe
STe
STE
STE
ST
STE
STt
STe
STe
STe
STt
STe
STt
ST¢

STr.
ST:

STt

ST

280
290
200
30
220
330
40
350
360
370
340
190
400
410
420
430
440
-]
460
&70
480
490
500
g10
820
830
540
850
R6N
sS70
c8n
890
«00
610
620
630

196

230
240
250
260
270
7480
290

75




76

AN

Sn
log
i1n

12n

130

lap
150

160

170

180

199
200
210

220

23

240n
250
2Ap
270

280
29n
300

310

320
330
340
350
360

370

NACTIVaNACT IV,
X(T)=AMAX] (XMIN(I) AMINL (XMAX(I)oR(I)))
CONTINUE

COMPAKSZ(0,

1F (nvalTIVa]l) 1006130120

DO 11u Jzl 4NV

MAGK (u) =Q

GO Tu 10

AxNALI IV

SHR=C,U/ (A=lel)
P=2,uo(],0/SORT{A)/(1.0"0e502SUR)=1.0)
COMPARZAMINL (0999, ARS (1l = (14=COLIN)#eSUB)® (], ePu(],=COLIN)I))
CAl L FUNK

NF =1

IF (nv) 1310013104140

D0 120 I=1,NV

DX(I)=vkLTax(l)

CHIOLU=AHISY

NOSCsY

NCIRL=0

NZi1PsyY

MAIN pU LOOP FOR CYCLING THROUGH THE VARIAGLES.
FIRS! TRIAL SIEP WITH EACH VARIABLE IS SEPARATE,
NACKSY

NO qeu T=]l,NV

oLnveL(l)y=vEC!(T])

VEC(L)30,40

TRYAL (L) =00

IF (mMaSK(l)) 18091504180

VEC(L)==0e0

GO Tu Y40

NACKSNACK ¢

XSAvVE (1) =X (I}

IF (SIGNIF«ABS (DX (1)) =ABS(X(I))) 34093404200
X{I)SASAVE (1) +DX(])

NFLAu=1

IF (ALD)=AMIN(I}) 22042104210

IF (A1) ~AMAX(TY) 23042304220

NFL AV=NFLAG+]

GO Tu 2%0

CALL PUNK

NF=NFr el

CHIME=CH]ISA

IF (LriSu~CHIULD) 38042409250
NFLAUENF L AGe]
X{1)®asave (1) =px{I)

IF (X(I)=AMIN(T)) 350+200+260
IF (A(L)=AMAX{I)) 27042709350
CALL FUNK

NF=NFel

IF (LnlSO-CHIOLD) 37042809290
NFLAUSNFLKGel

IF (nPLAG=3) Jn09340,350
TRIAL(I):gx(I)“0.5”(CH150'CHIME)/(CHIME-Z.O’CHIULOocHISO)
IF (InIALIT)) 31043504310
VEC(4)=TRIAL (L) /ARS (DX (I))
X{y}aaSave(l)eTRIAL(D)

CALL FUNK

NFzNPrei

IF (LHISG=rrIUVLN) 320,330+330
CHIOLu=CHISW

GO Tv 3a0

TRIAL (1) =0,0

VEG(41=20,0

GO Tv 350

VEC(1)=2=0e0

X(1)®ASAVE(L)

NCIRLzNCIRCe]

IF (NCIRC=NACIIV) 45049509950
AX(It==nx(1)

ST
ST
Sy
sT
S§"
51

ST

STE
STt
STE
STE
STe
STE
STE
5T
Slt
STE
ST
STt
STt
STL
STL
STe
ST¢

STe
STE
STE
STE
STe
STE
STe
STt
STE
STH
>t
STE
LIt
STE
STt
STE
STt
STe.
STE
STe
STE

300
310
320
330
40
350
60
370
ano
490
400
610
420
430
440
450
460
&70
480
490
%00
510
520
530
540
850
660
R70
"40
590
~00
610
620
~30
640
6Y0
660
w10
680
~90
700
710
720
73

740
750
760
770
780
790
ALo
RLO
/20
R30
RGO
R5N
néon
R70
ABN
A9N
Q00
910
920
930
Qe
950
q60
Q70
Q9dQ
Q90




A LOwrR VALUE HAS BEEN FOUND. HENCE THIS VARIABLE WIlLI. CHANLE, STe 1a00

380 NCYRC=0 STE 1010
DEL=UA(]) 5Tt 1020

39n CHIMEe=CHIULD $Y+ 1630
CHTIOLU=CHISY STL 1040
VFC{4)sVEC(I)+DFL/ARS (DX (1)) 5 . 1nb50
Terac(l)={RIAL(T)+DEL S.5 1060
DEL=ALK*DEL 5Lt 1n70
xsave(li=x¢l) S.z 108y
X(1)SASAVE (1) *DEL STt 1090

IF (ACD)=RYMIN(I)) 44004000400 S’F 1100

400 IF (A(L)=AMAXII)) 41009109440 ST 1110
41n CALL PUNK ST 1320
NF=NF el STe 31130

IF (LHISQeCHIULD) 390,4200420 STE 1140

420 CINDKH=0.5/ACK'(ACK““Z“EHIMEO(ACK”“Z'I.O)“CHIOLD-CHISO)/(ACR°CHIWLSTL 1150
1 =(ALR+4]1,0)*CHINLDsCHIDW) 3T 1160
X(1)=sASAVE (1) *CINDER®DEL 5TE 1170
CALL PUNK STe 1180
NFzNF el STeE 1190

I1F (vniISUCHIULD) «30¢4%00440 5Tk 1200

430 CHIOLUSCHISQ : STE 1210
TRIAG(I)=2TRIAL (1) «CINDERGUEL STe 17220
VEC(4)=VEC(]) ¢CINDERODEL/ABS (DX (I)) 5Te 1230

GO Tv 450 STE 1240

44p X(1)SASAVE(]) STE 1250
450 IF (nelPa=ly 93094604460 STe 1260
46 IF (ABS(VEC(I))=ACK) 490,470s470 STE 1270
470 DX (J1=ALR®ABSI(DX (1)) STe 1280
VEC(AISVECLIIVZ7aCK STE 1290
OLNVEL (1) =0LDVEC(T) /ACK ST 1300

DO 48U J=1.MOSGUE STE 1310

4R ERR(LeJ)=LRR(L4J) 7aCK STE 1320
490 SUMOSUSD STE 1330
SUMV=y e 0 STE 1340

DO Suy J=l NV STE 1350
SUMO=SUMQ+OLOVEC(J) @2 STE 1760

500 SUMVBSUMVeVEC(J)oup 5Tt 1370
IF (SUMUaSIMV) 93059309510 $TE 1380

510 SUMOSSURT (SUMO) STE 1390
SUMVESURT LGUMV) STE 1400
COSINE=0,0 STE 1el0

00 S2u 1=l 4NV STE 1420

529 CNSINE=COSINE*OLDVEC (J) /SUMOSVEC (J) /SUMV STE 1430
IF (NelP=ly 93049304540 STE 1440

93 IF (MACK=NACTIV) 93095604960 STE 1450
940 IF (NACx=NACTIV) 5605504550 $TE 1460
550 IF (nNeIP=-NCOMP) 56045707570 STE 1470
96 IF (LUSINL=CUMPARY 9309570¢570 STE 1480
STMON SaYd5, TAKE AS MANY GIANT STEPS AS POSSIBLE.,. STE 1490

570 NOTAN|I=0 STE 1%00
NTRY®U STeE 1810
NRETRYS=U STE 1820
KL=1 sfe 1830
NOSCINOSC4Y STE 1840

IF (NUSC=MNSQUE) 600+6004580 STE 1850

580 NOSC=MUSQUE sTe 1860
DO S¥u Kz=&,MOdUE >TE 1870
CHINL (K=1)=CRINSCI(K) sTe 16880

DO SYU Jzl NV STE 1890
X0SClUIK=4)SXUSC(J9K) HTE 1600

590 ERR(JsK=1)=ERR(J*K) STE 1610
600 DO 6iu Jz=1 NV STE 1620
XNSCLUINODCI=A (U} STE 1630

610 ERR{JsNUSC)SVEC(J) /SUMY STE 1640
CHIOSL (NOSC)=CHIOLD STE 1650

IF (NUSCe=2) 67096204620 5TE 1460

SEARLH FOR A PREVIOUS SYCCESSFUL GIANT STEP IN A DIRECTION MURE  STE 1670
NFARLY PARALLEL TO THE UIRECTION OF THE PRUPOSED STEP THAN WAdD Thesle 1680




78

IMMEULATELY PREVIOUS ONt,
620 COXCum=0,0
DO 69U 1=l 4NV
630 COXCUMTCUACOMCERR (JoeNOSC) PERR(JWNUSC=1)
NAH=nUSC=¢
64pn NTRYSU
DO 6oy K=K sNAH
NRETHY=NAH=K
COSINL:O.U
DO 62U Jsl NV
650 COSINESCOSINE*ERR(JINOSCY®ERR (JoK)
IF (VUSINE=-COACOM) 66092609680
66n CONTINUE
670 CHIBARZCHI ()
GO Tv 700
680 NTRY=}
KL=K*}
DN 6vU Uzl NV
SALVUIJ) =TRIAL ()
690 TRIALIJI=IX(J)=XO0SC(JsK))/ZACK
CHIBAR=2CHIOLD¢ (CHICSCIR) =CHIOLD)Y /ACK
700 DO T72v J=l,NV
Xsave (J)=a(J)
TRIALIJ)=ACK®IRIAL ()
IF (MASK(J)) 72097104720
710 X(J)=AMAXI(AMIN](X(J)OINIAL(J),XMAX(J)).XMLN(J))
720 CONTiINUL
CALL runK
NFaNr ¢}
IF (LnlSQ=cHIULD) 73047409740
730 CHIBAR=CHIOLD
CHIOLU=CHISQ
NGTANISNGLANT ¢}’
GO Yv 700
tan IF (WKETRY) T760+/609750
7sp 1F (voIaNT) 810,810,760
760 CINDER=0.5/ACKys (ACKau20LHIRAK=(ACK#u2=]140)#CHIOLN=CHISQ) / (ACK
1 #CHIDAK=(ACK*),0)#CHIOLD*CHISQ)
NO 78U J=l NV
IF (MASK (Jy) T80+¢770s780
TT0 X(J)SaMaXL (AMINY {XSAVE(J)*CINDER®TRIAL (J) s AMAX (J) ) o XMIN(J))
780 CONTaNUE
CALL PrUNK
NF=NF el
IF (vnISQ=cRIVLD) R30+7909790
190 IF (NUIANT) 830.8n0,830
8o IF (WIRv) 81098304810
810 DO 8cU J=z=l NV
TRTAL (J) =5ALVU (J)
820 X(J)SASavE (J)
GO Tv wvb0
839 DO 8%y J=1,NV
TRIAL(Jy=TRIAL (J)/ACK
84n X{J)IASAVE (J)
88q IF (WoIANT) POO,BRO.900
8an IF (WKETRYY) B/fps870+640
Y70 IF (WiIRY) R80s920,48R0
88p NTRYsy
GO TV 679g
89pn CHTIOLU=CHISQ
9nn IF (NIRY) 9l0e1a04910
Y10 NOSC=u
GO Tv 160
920 NOSCEZMAXY (NUSC~]19q)
930 CHI(LI=CHIOLD
Yan CONTINUE
ANOQTMER CYCLE THROUGH THE VARIAMLES HAS HBEtN COMPLETED,
PRIN| ANQOTHER LINE OF INACES,
NZIPanNZIPe

STE

STt
STE
STk
STE
STE
STE
STE
STE
STE
STE
STE
STE
STE
ST
STE
STt
STE
STE
STe
STE
STE
STE
STE
STk
STE
STE
STe
STt
STe
STE
STE
STE
STt
STe
CTt.
STE
ST
STe
STE
STk
STE
STE
STe
STt
STe
STe
STE

1490
1700
1710
1720
1730
17490
1750
1760
1770
17R0
1790
1R00
1R10
1R20
130
1840
1R50
1560
1R170
1R8N
1RY0
1900
1910
1920
1830
1940
1950
1960
10790
19480
1690
2000
2nl0
2020
2630
2040
2050
2060
2n70
2n80
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
21490
2200
22”210
2220
2230
22490
2290
2260
e>2lo
2780
2290
2300
21310
2320
2130
21340
2350
2360
2370



950

960
970
LY
99n
1000
1010
1020

1030

1049

1050
10A0n
10790

1080

1090

1lno

1l1n

1120

113pn
1140

1180

Gn Tu 1790

STE

A MINIMUM HAS BEEN FOUNU, PRINT THE REMAINING TRACES. STE
NOSC®y STt
DO 90U I=l,NV STE
STEPLI 445 see STEPIT WITH OSCTLLATION SEARCHs MATRIX INVEKDIONe STE
ANDN AUTOMATIC STEP SIZE ADJUSIMENT, CHANULER 2/STE

IF (AMAX)Y(VEC(I)Y9STGNILe0eVEC(TI)})) 97099609970 5Tk
CONT ¢nUE STE
GO Tu 1n1v STE
NGATe=1 STt
DO 1uu0 I=] 4NV STE
1F (maSK(ly) 1000,980,1000 STE
1F (S {DA(1) ) «aBS(DELMIN(TI})) 100099900990 sTe
NGATE=0 STe
DX{11=DX (1) /RATTIV STE
1F (NGATE) 160416001010 STk
CHISw=Cn]0LD §TE
IF (3AHS (MATRIX=100)=50) 1020+1020,1310 STE
IF (NACTIVeNV) 1310610301310 STE
CAMFPUIE THE STANDARD EXRORS AND THE CORRELATIONS, STE
FACzraT]O®e (MATRIX=100) STE
ESUMSy el STE
00 1Uv0 I=yeNV STt
IF (UELMIN(I)) 1040,10290,10640 STk
DX (1) =AuS{FACYDELMIN(I)) STt
GO TU 1060 STE
DX (1) =ABSIFAC®UX ()} STE
IF (UALI)) 1310413101070 STe
Xsave(ly=x(I) STE
DO 1us0 Jz)s? STE
X{T)SASAVE (L) *DX (1) STt
CaLL PUNK STE
NF=Nr e} STE
SECOND (1 9J)=CHISUE STE
Dx(tIi==0x(1) STt
ERR (Lo 1)z (SECUND(141)=2002CHIOLD*SECOND(L192)) /DR (T)0®2 STE
ESUM=Ee SUMCABS(ERR(T,1)) STE
DO 110 I324NV STe
IM=I=| STe
DO 14¢0 ys1e1IM STE
DO 1310 K=),2 STE
X(I)SASAVE (1) eDX (1) STt
PO 140l =192 sTe
X(J)BASAVE (J) eDX () STE
CaL rUNK STt
NFaNF ¢4 STE
SFCONUL(KyL) SCHESE STe
X{J)sasave (Y STE
DX (J)==UX(.]) STt
X(1)ysasave (1} 5TE
Dx(Ii==NxiY) STE
ERR(19J)=0,25% (SECOND(191)=SECOND(]1+2)=SECUND(291) «SECOND(21921) STE
1 7aB5(UX(1)*DX(J)) STE
ESUMSESUMeABS (ERK (T 4J)) STE
ERR({Jel)ztRR{LI,0) STe
RRAAARSABS (ESUMY /FLOAT(NY) #ap STE
NGRAre=0 sTe
DO 14640 I=1eNV STE
DO liael JUZ1eNV STE
1F (exR{Ivd)) 114ne113091140 STH
NGRArE=1 Sik
ERR(L9J)=ERR (I 4J) /BRAAAK STE
DET=1eV STe
DO 1150 U=y eNV STE
SALVVIJ)I=],0 STe
DO 13UV I=1 NV STE
BI1GAUJ=0,.0 STE

2180
2390
2400
2410
2420
2430
2440
2450
2460
2470
2400
7490
2a00
7510
2520
2530
25840
2850
2660
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
26380
2690
2700
2710
2720
2730
2740
2750
2760
2710
2780
2790
2R00
2810
2R20
2R30
2840
Z2R50
2R60
°R70
2R8B80
2890
2900
2910
2a20
2030
2940
2050
2960
2970
2980
2970
3n00
3nln
3n29
3030
3040

79
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(e NeNelel

1160
1170

1189
1190

120q

1210

1220
1239
1249

1250

1260
1270
128p
1290

13np
1310

132¢
1330
1349
135p

DO 1480 U=y 4NV
IF (5aLVOU1J)) 116n,118Ur1160

IF (ABSIERR({JrJ))=BIGAJY) 1180911801170
BIGAVJUEABRS (ERR (U9 J))

K=

CONY ANUE

IF (w16AaJJ) 120091190,1200

NET=V.0

GO Tu 1310

SALVVIK)=zu,0

DET=ve TPERR (KoK}

TRIAL (K} =] ,0/ERR(K4K)

ERR(NyK)=U,0

XSAVE (R)=]1,0

M=K=}

IF (M) l24ne124001210

DD 1€30 U=1M

XSAVE (J)=EQR (K, J)
TRIAL(J)I=EQR (K, J) #TRTIAL (K)

IF (5aLVD{J)) 119n,123093220
TRTAL (J) ==TRIAL (J)

ERR(AsJI=U,0

McKe )

IF (M=NV) 125041250+1290

DO lcsl JzMmyNV

XSAVe (Jy sEQR (J,K)

IF (5aLVO{Y)) 1190v1260%31270
XSAave (J) ==XSAVE (J}

TRIAL (J)==ERR (J,K)nTRIAL (K)

ERR(ViK) =0, 0

NO 13v0 J=1eNV

DD 13yl K3 4NV
ERR(AsJ)=ERR (K, ) + XSAVE [ J) @ TRIAL (K)

CALL P UNK

WRITE (NOJUT,1320)

WRITC (NQUTe1330) (X{(1)e1=14NV)

1IF {unlSueTel,E=?n) WRITE (NOUTs1340) CHIDG
IF (LhIDBQeLEs]l,F=20) WRITE (NOUT,1350) OIFLIM
RETURN

FORMAT (//71Xe2pH FINAL VALUES OF X(I))

FORMAE (1X4]10H X = sl0E12e6/(10Xs]10E1des))
FORMAL (///71X923HFINAL VALUE OF CHISQ = +EL1D.8///)
FORMAT (1HpslRe10H DIFLIM = E15.8)

END

SURRUUTINE FINECHK (kL)

ROUTLINE CALCULATES INTERMEDIATE POINTS AND CHECKS fFOR

REASUNABLENESS,

COMMUN /PUSIN/ ALAMDA(SQ0)s FX(200)s T(401)s KTRM,
1 NTNe NOUT

COMMON /PJSUAT/ NDT, LB (25)s GYX(259400)s NERGe ALF (25450}

1 S50
COMMUN ZPJLSCAL/ A(S0+50)y B(SO1)

COMMUN /MANI/Z TC(100), T{TL(8B)y KTR(50)s NO(10}s KKN(25),

STe
STE
STe
STt
STe
STE
STk
STE
STE
STt
STE
STE
STt
STE
STE
STE
STE
STE
STk
STg
ST
STt
STE
STk
STg
ST¢
STe
5Te
STE
STe
STL
STE
STE
STE
STE
STe
STE
STe
STE
STt
S1E
STe
STE
STE
STE

FIN
FIN
FIN
FIN
FIN

1PKRUK FIN

FIN
ALAM(ZF N
FIN
Fla

nittLIm  FIN

COMMUN /FINRAD, IRAD, NCOKS, RANT(200)¢s DELT (200, FIN
DIMENSINN FXPL700)s TP(/00)e TICL0)s XL(10}s YL(3g)s TPF(700) FIN
K=KL FIN
ENCOUE (274170,TI(1)) K FIN
ENCOVE (2041904 XL) FIN
ENCOUE (1042004¥L) FIN
XL (2)=10H SECUNDS, FIN
FXMINSFY (1) FIN
DO (v I=1.171SP FIN
IF (ratl) oL ToFXMINY FXMIN=FX(])} FIN

3n%0
3n60
an’o
3080
3090
3100
3110
31éan
3130
3140
3150
3160
3170
3180
3190
37200
3210
3220
3730
3240
3250
3760
3rro
3280
37290
3300
3310
33<0
3330
3340
3350
3360
3370
3380
31390
3400
3410
3420
3430
3440
3450
3460
3410
3489
3490

140
150
160
170
180
190
200




[eNeNe)

s NeNel

10 CONTINUE

?n

30

40
SN

AD

1ng

DELF=U.

L=n

TP(1)=T(])

DFe=1 (1)

rOMT UL

L=+l

DELFSUELF 140

TP (L) =DELF8DEC

IF (1P (L) eGELT(ITSP)) GU TO 30

1IF (QIP(L) /DEC) «GE 410,00 DELF=1,0
IF (1P (L) /0EC) ,LEL10,V) LEC2DEC®10,0
GO Tv 20

CONTINUE

‘NK=_

THIS LOOP 1S TO IMCREASt TIME MeSH By FACTUR OF FIVE.

NPF=1

TPF(NFF)=TP(])

DO su Nz=29NK

IF (nPFoGT,700) GO TO S0
DELF=(TP(N)=TP(N=1)) /5.0

DO 4v NJ:lob

NPFzivwF ¢}

TPF (NPF ) =TPF (NPF=y) +DELF

CONT inNUE

CONTANUE

IF (nPFeGTo700) WRITE (NOUTs140) TPF(NPF)
NK=Nrr

00 6u N=|] ¢NK

TPUNI=TPF{N)

CONT aWUF

WRITL (NOUT,180y) K

DO 9uv N=]eNK

FXB{N}ZU,

KTRM=A TR (1)

DO 8YU J=]19eKTRM

IF (4nADWLECD) GU TO 7O

XPO=ALF IKe J) YEXP (wALAMIK ) R#TP(N))
COFFSALF (KyJi/7DELT(N) JALAM(K, ) et g
XPO1BLe~EAR (=ALAM (K4 JYONAUT (N) )
XPOZB Lu =t AP (=AL AMIK, J)¥DELT(N))
XPAZLL XP (=ALAM(Ky J) B (TIN)=DELT(N)/241)
FXP (IN)SFXP(N)$SCOrFaxpOl exPD2eXPN3
GO Tv 8p

TEMPSALAMIK s J) #TF (N)

IF (#pS(TCYP) «GTe600) GU TO RO

FXP () =EXFIN) CALF (Ke J)PEXP (= TEMP)
CONT iINUE

CONT {nUE

WRTITE (NQUT210) (NeTPIN)sFXP Ny sN=1sNK)

TEST rUR POINI DEVIATIUN AND SLNOPE REVERSALS

NFLG=Sy

LFLGsvu

NK | =INR=}]

WRITE (NQUT+190) K

DO 14U Nz=24NHKIL

IF (rAP(N) (GTeg,s) GO TO 100

NFLGSNPLG*Y

GO Tv 110

CONT INUE

1F ("AV(N'])oLEoOoOoOR'P'XP(N‘l’oLtoOoO) GO 70 11ln
AVLGS (ALOG(FXP (N=1}))+pALUG(FXP(N+1)}) /2.0
FAVG=EXP (AVLG)

FOIF=abS ((FXPIN)=FAVG) /7EXP (N))

Flmn
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIin
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIM
FIN
FIn
FIN
FIN
FLIN
FIN
FIN
FIN
Fin
FIN
FIN
FIN
FIN
FIN
Fin
FIN
FIN
Fln
FIN
FIN
FIn
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN

210
720
230
240
290
?F)l’)
270
280
290
300
alo
320
330
410
150
60
370
380
390
400
410
y-4]
430
440
450
460
470
480
490
500
s10
s20
530
540
850
560
570
/80
590
r00
Al0
2Y-4)]
630
/40
’\50
660
670
680
A90
700
710
720
730
740
750
760
779
780
790
ROQ
Al0
R20
A30
R40
A0
RGO
RTO
R30
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OO0 0O0O0O00 00

OO0OOO0O0000

11n

120

130

lag
159

lAp
170
18p
19p
2np
210
2?n
23n
240
290

TF (rulb eYFelep) LFLG=LF|Ge1

IF (rult ,GE.1e0) WRITE {(NOUT,423n) N

IF (PUlF s0Fe0el) WRITE {(NOUTs22n) NoFDIF

IF (rXPIN) GTeFXP (N=1)) WHITE (nOUT9160) N

CONTanUE

IF (raP(1) LEeQes) NFLGENFLGe1]

IF {(FAP(NK) ¢LE,0e) NFLUSNFLG+]

IF (nrPLG,tQe.0) GU TO 14V

WRTTE (HOUT240) NFLG

RETURN

CONTINUE

IF (LrLO.tQe0) GO TO 130

WRITE (NOVUTs250) LFLG

CONT1NUE

NK=]*nNK

CALL PLOTM (TP FXPgMNKe=LloUs090e09loUeleO0sTIo30eX| 9P09YLe10)
CALL PLOTM (ToFXswITSP1 "1 relow790,81,091e00TIoe3naXL9s204YLs1D)
RETURN

FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN

FORMA! (1Hpelt8H PLOTS CUT AT TP =1PE12+5928H SEC aAS POINT LIMIT REFIN

1ACHEUV)

FIN

FORMAa! (33H0 POINT DEvVIATION CHECK FOR GROUP,13/,51H NOTE = UNLY VFIN

1ALUES GREATER THAN TEN PERCENT FOLLOW)

FORMA| (30HO0 FUNCTION RISING AT POINT NO,,.13)

FORMal (25HFINE CHECK HUR GROUP NUO, +12)

FORMAI (2bHW FINF CHECK FOR GROUP NOs 412)

FORMAL (2UH TIME IN SECUNDS )

FORMA} (JUH FX{T) )

FORMaT (4({2Xelas2XeF10e3,2X,£10.3))

FORMA| (1940 AT PUOINY NUMBER 413¢8H FDIF = 4Fheq)

FNRMAL (22HN CHECKX POLNT NUMBEw ¢13)

FORMAl (12H0 IHERE ARF #13+30H MEL FXP VALUES. FIT NO GOODe!
FORMAL (21H0 FI1T RATHFR POOR AT ,I3,21H POLINTS, CHECK PLOT)
FND

SURRUUTINE PULSFIT (KKF)

THIS KOUTINE PROVIDFS A SINGLE ©LARAMETER FLIT FOR A COMBINATIUN
OF LINEAR FUNCTJIUNS OF THE FORM ==

FA(T)=SISUMGALPHA (K)sEXP (~ALAMDA(K) T (L)} ySUM OVER K=]1.KIRM,
THE NUMHER UF TERMS USED TO REFPRESENT FXe

GIVEN A SET OFr ALAMDASs (SEE COMMENTS BELOW) s THIS RAUTINE SOLVES
FOR KLHPAS,

FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN
FIN

PUL
PUL
PUL
FUL,
PUL
PUL
PUL
PUL
PUL
PUL

IT I> AUVLISABLE T0O Maxk A SINGL: PARAMETER FIT WITH PULSFIT brFOXLPUL

MAKING A TWO PARAMETER FIT wlTH SIFPIT.

COMMUN /PULSIN/ ALAMDA(DD)s FX{P00)s T(401)9 KTRM, ITSP, IPRUB,
1 NINs NOUI

COMMUN /PULSCAL/ A(50¢50)s H(50.1)

COMMUN /ZPJLSOUT/ ALPHA(SQ)e FXC(100) s PCT(100}

COMMUN /MANI/ w(l00)y 1ITL(R)s KTR(50)s NS(10)s KKN(Z25), DIFLIM
COMMUN /FINRAU/ IRAD, NCOKSs RANT(200)s DELT(200)

DIMENSIUN XCAL(T1)Y

I1T8=1

IPRO=AKF

READ (NIN9P230) LWT«NOKsRTRM,y IPRT

LWT=w1 FCN DESIREN =N sWS o] aWz1/FXsZE2IWR1/FXP02,234W2)/FX0%1e5,
NOK=rLAG FOR ALAMNDA PARAMETER SFLECTION
KTRMENO. OF ALAMUAS USkDL IN FIT,
WUK=0 9K TRMzKk IRV READ (ALAMDA(K) ¢K=]sKTKM)y THIS UPTION
USED tOR INTTIAL INFUT +FOR EXAMPLETWU ALAMNAS PER TIME
UCCAUE - 1.0'0.%.0:1'0.05'“001'O.OOb’t'c.
NUKE] K TRM=1 ¢ ALAMDAS CA[ CULALTED FROM SLUPES AT EVERY PalR
vr POINTS.

PUL
PuL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
puL
PUL
PUL
PUL
YUl
PUL
PUL
PUL
PUL

R0
Q00
910
q20
930
940
as0
960
90
Q80
Q40N
1000
1nlo0
1020
1030
1040
1050
1060
1n/0
1n80
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
17210
1220

250
260
270
280
290
00
310




OO0 N00

o000

anooaoacan

MUK=] oK TRMzITRMGREADU TN (KCAL (L) oL=2¢KIRM) (121R) s WHICH SELECTSPUL 320

tRUSE POINTS TO RE USED IN THE CALCULATION OrF THE Al AMDAD. PUL 349
NUTE =a KCAL ALSO USED TO ELIMINATE UNWANTED PARAMETENS IN PUL 340
SUBSEWENT RUMS, SEE RFLOW, PUL 350

UKz 2ok TRM=1 s READ KIRM(GBEXeT11Y AND H(Re]1) Al AMDALKY k=1 ?&TRM PUL 360
(8 (Ke1)sALPHA(K) ) (6EY]1,4) FRUM PREVIOI> PROHBLEM, TAHIS OMIION PUL 370
I> USEN WHEN FTIT FOR THIS GROUP IS NOW BEING NONE IN STeFiT, PUL 1380

IPRTFLIPRINT A=MATRIX S0 4NO PRI T PUL  av0
NOTE == BYPASS IWANT READ Bt Ow IFf NUK=2, PUL 400

PUL 4l0

IF (NUK N ,2) GO TD 10 PUL 420
RFAD (NIN#250) KTRM PUL 49
READ (NINe260) (B(Ke1)sALAMDA(K) yKe=] o KTRM) PUL 440
RETURN PUL 450

10 CONTINUE PUL 460
1F LNURGLE,0) GO TD 60 PUL 40
KTRM 1S NU OF INPHT ALAMDAS.ITSP 1S NO OF lIME STEPS USED IN rliTe PUL 440
PUL  49¢C

LNOP 1V CALCULATE ALAMDA FOR SEILECTED STePa, PUL  &00
PUL &1

NOK=s 1 I5P PUL '®2n

DO 2u L=} eNOK PUL /30
KCAL L) = PUL R40

20 CONTINUE PUL &S50
IF (NIRM,EQLL1) GO TO 30 PUL  &6Q
KeabiLl=] PuUL. &0
READ (ININ#230) (KCAL(L)91.=2+KTRM) PUL  &H0

30 CONTInNUE PUL  ®YQ
IF (Lebbke2n) GO TO 40 PUL. 00
WRTITE (NOUTe220) PUL  AlO
STNP PUL  #20

4n CONTINUE PUL &30
1IF (RIRM GT.2) KTRM=KTRM=] PUL k40

IF (RIRM,tQel) KTRU=NNK=1 . PUL 690
ALAMUA (L) =1/T(1)9),5 PUL  R6N

DO gu K=]eXTRM PUL &0
KjlsKiabl (K) PUL aBO
K2=KLablL (K*1) PUL 490
TST=(1(K2)=T{KR])) BUL 700

IF (I15Tetd,000) GO TO S0 PUL 710
ALAMUA (R« 1) =ALOGIFX(K1I/FX(K2)) /(T (K2)=T(KL)) PUL  T20

IF (ALAMPA(K+]1) ,LF .0} ALAMDA(Ke1l)=ALAMUA(K) /2, PUL 730

50 CONTLnUE PUL 740
KTRMSR TRM* 1 Aut 730

1F (ALAMDA (1) o LFeALAMDA(2)) ALAMDA(1)}=ALAMUA(2) %>, QUL 760

IF (MLAMPDALL) «GTe (ALAMDR(2V182,)) ALAMDA(L)SALAMNA MY P2, FuL 7170

1F (ALAMDA(KTRM) ¢GT, (1s/TULITSP))) ALAMUDA(KIRM)=1,/T(ITSP) PUL 780

G0 Tv T BUL 790

An CONTInUL RPUL RON
RFAD .AININ¢240) (ALAMDA(K)IK=] sKTRM) PuL Alo

7n CONTINUE PUL R2D
PUL  AR30

SFLEG! ALAMDAS WANTED,E«Ge LEAVF OUT ONE Or A NUPLICATED Palk,. PUL  R40
IwANI=NU, OF ALAMDAS kEPT. SET=n [F ALL ARt KEPT, PUL  R50
KCAL (L) =ALAMDAS WANTEDe NOTE = IWANT USUALLY SEY TO ZER0O ON PUL 86D
INTTIAL RUNS,AND KCAL (L)Y NOT REAU, PUL RrID

ALSO NOTE «= THIS INPIJT NEEDED FOR EACH SEGMENT. PUL 880

. PUL  AY0

RFEAD ININ¢P30) TWANT, (KCALIL) s =1 IWANT) UL 900

IF (LWANTSLESD) GO To 1Ug PUL 810

DO 8u L=]1s]WANT PUL 620
LLaxkvat (L) PUL 930
ALPHA (L) =aLAMUA (L) PUL 940

8n CONTINUE PUL 950
KTRMS (Wan | PUL 960

DO v K=]9sKTRM PUL 970
ALAMUA (K) SALPHA (K) PUL 980

9qa CONTINUE PUL 690

100 CONTINUL PUL 1000




84

oao0

o000

aoonon

1?0

139
lagn

18n

lAp

17n
1R\
190

200
21n

WRITe OUT INPUT FOR DEBUG

WRTTL ANOUTs270) (XsALAMDA (K} ¢KCAL (K) sKCAL(Ke])sK=y 1 KTRM)
WRITe (NOUTe280) (I4T(I}eFX(1)9131s]ITSP)

DO liv I=14ITOp

W(T)S e /FA(L) 02

IF (LwT EQ3) wildal /FX(I)aaley

IF (LwTeEQ.Ll) wily=la/P X (1Y

IF (LwTelb ) w(l)=1,

CONTINUE

WRITE (NQUTs290) LWT

CALCULATE R MATRIX

DO 1%y K=14KTRM

H(K’l)zoc

DO 13V 1=1l,1TSP

IF (IRAU.LE.0}) GO TO 120
XD]=:AP(-5LAMnA(K)0RAnT(I))

XPP=tAP (=ALAMUA (K)#DELT (1))

XP3=CLAP (=ALAMDA (K) ¢ (T (1) -DELT(11/2,))

B(K-L)*H(ﬁcl)‘FX(!)“1./DELT(I)/ALAMDA(K)°'£°(1.-!91)’(1.-XPZ)’XPJ
1 oWl

GO Tu 130
CONT IwuUE
B(KsLIEH (K 1) +FX(T)REXP (=ALAMDA(K) #T(TI) )W (])
CONTnNUE
CONTINUE

CA|.CULATE A MATRIX

DO 19y 1=1+KTKM

NO 120 J=l4XTHRM

A(T.vi1=0,

CONTAnNUE

DO JYu K=l KTKRM

AlLAMB AL AMU A (K)

DO 1ou L=1l¢KTRM

DN -Yfy I=l.ITSP

1F (i{KADLLELO) GU TO 160
XPN1F]e=EAR (=ALAMDA (K) RALUT (1)
XPO231+=EAP [=ALAMDA (L) $RAUT(T)
XPN38ie~EAP (=ALAMDA (K) ®UELT (1)
XPO4GBLe~EAR (=ALAMDA (L) ®VELTI(T)
XPOSSEAP (=ALAMDA(K)# (T(1)y=DELT
XPNLBEXP (=ALAMDA (L) 8 (T(Ly=DELT
COFF=1e/DELT (L) /ALAMDA (K) #a 2.
COFTBLe/70EL Ty ZA1 AMDAILYOH2
A(KILITA(RGL)*COFFRCOFTHXPOI4XPN2*XPO3AXPOw?XPOSaxPO6BW(])
GO Tu 170

CONTINUE

A(KsL)SEXP (= (ALAMOALAMUA (L) )OT(T))SW(I)*A(KsL)

CONTANUE

CONTLNUE

CONTINUE

1/72.))

)
)
)
)
(I .)
(1172.))

PRINI A MATRIX

IF (1PRTLLT,]1) GO TO 210

WRITe (NOUT»300) IPROR

DO 2vy K=l ,KTKM

WRITe (NOUTs310) (A(KeL)sL=)}sKTRM)
CONTINVE

CONTInUE

‘WRTTE (NQUT+320) TPROR

WRITE (NOUT9310) (R(Kel)eKx]leKTeM)

SURRVUTINE LSS SULVES THE SET OF LINEAR LQVATIONS AA=zR
CALL LSS (KTRM,1350¢A,8¢DsDET)

WRITE (NOVYTs320) IPROR

PUL
PUL
pUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
ouL
PUL
PUL
PUL
PUL
UL
PUL
PLUL
B
PUL
PUL
PUL
FUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL

1nlo0
1020
1030
1na0
1050
1060
1al0
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1700
1710
1720
12390
1740
172920
1260
1210
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1340
1390
1400
1410
1420
1430
1440
1450
1460
1470
1440
1490
1500
1510
1520
1530
1540
1850
1760
1870
1880
1830
1600
1610
1620
1630
1640
1650
1660
1870
1680
1490



220
2%
240
250
260
27n
2Rg
29n
3np
31n
320

10

20

40

S0

WPITe (NOJUT+310) (R(Kel) K=l sKTRM)
L=o

CALL SEFFIT (IPRO,L)

RFETURN

FORMAT (1M1 945H ONLY FLFTY TERMS ALLOWED IN FIT,

FORMani (1216)

FORMAT (3(11X9E1146))
Foaunt (S5Xs111)
FORMAY (1P&EY],4)

YOU WANT 13}

PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL
PUL

FORMA] (3r K=9eI39]1H ALAMUA(K) =, 1PE]12.509H KCAL(K)=zel3gy1H RCAL (KePUL

11)=e13)

FORMAL (4n  I3,13,6H T(l)3,1PE1249,7TH FX(1)=34,1PE12,5)

FORMA| (1rpebH LwT=,13)

FORMAL (16H0 A-MATRIX FOR 416)
FORMM) {(2X,10E17243)

FORMK| (19H0 R-MATRIX FOReIA)
END

SURRUVUTINE SEEFIT (IPsLF)

ROUTINE COMPARES FIT wilH ORIGINAL VALUES,

COMMUN /PULSIN/ ALAMDAIDQ0)e FX{D00)e T(401)s KTRM,

1 NINs NOUi
COMMUN /PULSCAL, A(50+50)¢ R(50,1)

COMMUN /PJLSOYT/ ALPHA(SQ)s FXC1100)s PCTDLF(100)
COMMUN /FINRAD/ LRaps NUOKS, RANT(200)s DELT(200)

DIMENSINN TICl0)e XL (100, YL(IO
DO 3u Ll=)11TS¥

PcTLLr {I)=n,

FXC(11=20,

DO 2V Kz} ek 1RM

ITSP,

IF (V=ALAMRA(K)OT (1)) (6T ,300s) ALAMDA(K)==300,0/7 (1)}

IF (ARAULE.D) GO TO 10

COFF=p (K)/DELT (1) /ALAMUA (K) 682
XPOLl=1e~EAP (=A AMDA (K)#RADTI(I))

XPN25 ] a=EXRP (=ALAMDA(K)“VELT(I))

XPO3=e A2 (ALAMDA(K ) # (T(L)=DELT{(T1)/24))
FXC(4)3FXC(I)*COFFaxpPOlexPO22XPN3

G0 Tu 2n

CONTINUE
FXC(A)=FXQ(I)OB(K)°EXP('ALAMDA(K)°T(I))
ALPHA (R} = (K)#EXP (maAL AMDA(KY®#T (1))
CONTINUE

PETNF (L) S(FXUT)=FXC(I) ) /FX(1)®100,

IF (LreLEen) B0 TQ 30

WRITE (NOUTe90) [4T(I)

WRITE (NOYT9100) (KyALPHA(K) yK=]KTRM)
CONTLInNUE

IPROS P

WRITE (NQUTsll0) IPRO

WRITE (NOUTe120) (1eT{I)yFX(I)oFRC(I)PCTOIF(X)oTI=141TSP)

RMS=v,

DO 4u I=]sITSV

RMSaRM3+PCTDIF (1) 0np

CONT IinNUE

RMS=HMS®#(,5

WRITe (NQUTe130) RMS

AR1=U,

ARP=V,

DO sU 1=291TSP

AR1=AK1e (FX(1)4FX(1=]))/2,08(T(1)=T(lml})
ARP=AKZ2* (FXC LIV eFXCII=1))/240%tTL{I)=T({I"1)})
CONTINUE

ARDIFr=(AR]l .AR2) /AR]1 %100,

WRITc (NQOUTsléeg) ARYsAH24ARDIF

I1PNRUBY

PUL
PUL
PUL
PUL
puUL
PUL
PUL

SEE
SEE
SEE
Ste
Stt
Stt
Skt
StE
St
St
Stk
StE
St
SEL
SEE
SEE
Skt
St€
StE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
SLE
SEE
StE
SEE
SEE
SEE
SEE
SEE
SEE
SEE
StE
SEE
SEE
SEE

1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1R20
1R30
1840
1850
1R60
1R70

400
410
420
430
440
450
460
470

85




FXMIn=FX (1) SEE

DO 6u I=a],y1T7SP 3EE

IF (PALI)eLEe0s0) FX{I)ZFX(I=1)/10, SEE

IF (PAUT) oL TeFXMIN} FxXMIN=FX(]) SEE

60 CONTINUE SEE
DO 7u I=]1¢ITSP SEE

1IF (rAC(I) L TeapXMIN) FXC({I)EFXMIN SEE

70 CONTIWUE ) StE
ENCOUE (404150, T1(1)) SEE
ENCOvE (1041604XL (1)) SEE
ENCOvE (1U,17U,YL (1)) SEt
178=118P SEE
1Say SEE

IF ((FPX{)1)/FX{IT5P«l))sbTel00.) GO TO 80 SEE
ITS==iT5P SEE
IS=z=~1 SEE

80 CONTINUE SEE
c CalLl. PLOTM (ToFXoITSoISe090¢0091091a0TI0409XL 0204 e10) StEE
Cc CALL PLUTM (TOFXCoITSe i3y =lo~eTs00slasleoTiro0yX ¢100YL0s10) SEE
RETURN SEE

c SEE
9n FORMal (1BH TERMS FOR STEP +I3+8H T(I}) = »]1PEl>,s5) SEE
100 FORMal (6{2X91342Xs1PE10,3)) SEE
11n FORMAI (107H1 STEP NO, TIME URIGINAL VALUE COMPU I SEE
1EN VALUE PENKCENT DIFFERENCE IrANR=+13) SEE
120 FORMAL (16,1P4F18,5) Stk
130 FORMAL (21H0 RONT-MFEANSSQUARE=]1PE12.5) SEE
lan FORMmI (13HO ORIG INT =,41PE12e59204H FITTED INT= ]1PE12.5v19H PERSEE
1CENT VLIFF =241PF12.5) SEE
159 FORMa| («OQHRCOMPARISON OF ORIGINAL WITH FITIED DATA,) SEE
lan FORMAL (L1OQHTIME(SEC) ) SEE
170 FORMAT (10H FX(1) ) SEE
ENQ StE
SURRUUTINE PCROUT (LXX) PCH

C PCH
c ROUTINE PUNCHES OUT PARAMETERS IN ENDF«LIKL FORMaAT, PCH
C PCH
COMMUN /PJLSIN, ALAMDA(D0)s FX(200)y T(401)}e KTRM, ITSP, IPKUY, PCH

1 NINs NOUI PCH
COMMUN /PJLSDAT/ NNT, EB(25)s GX(25+400) ¢ WERGy ALF(25450)s ALAM(2PCH

1 545V} PCH
COMMUN /MANI/ TC(100)s TITL(B)y KTR(S0) e N3{10)s KKN(PS)s DIFLIM PCH
COMMUN /ENNF/ MAT, MFy MTy RUNTIMe NPUN PCH
NDIMENDION F{10)s Pl10)e L{10)e 1.XX(20) PCH
NPUN=/ PCH
Clzne PCH

N =v PCH
NSEQ®} PCH
WRITE (NOUT»30) (TITL(I)el=1e7)MATIMFIMTNSEQ PCH
WRTTe (NPUNe3U) (TITL(L1}yI=197)sMATIMFIMT(NSEQ PCH
NSEQ=ENSEQ+ PCH
WRTITe (NOUT»40) CleCleNULONULINULINERGIMATOIMFIMI NSEQ PCH
WRITE INPUNs&4U) Cle(l oNULONULINULINERGYMATIMF oMT 4,NSEQ PCH

DO 2v Kz)] ¢+ NERG PCH
NPX=NIR(K]) PCH
LPX=LAXLK) PCH
ER1=EB (K) PCH
ERP=cB (Ke]) PCH
CALL CLAFP (EBL1,F(1)4P(1),LI{1)) PCH
CALL CXFp (EBZ2,F(2),P(2),4L(2)) PCH
NSEQ=SNSEQey PCH
WRIT& (NOUT»50) ((F(IyoP(I)ot (1) ok=1902) o NULSNULINUL 9sKeMAT ¢MFIMT PCH

1 +NSEW) PCH
WRITE (NPUNeSO) ((FUI)OP(I) L (I} ol=102) sNULINULINUL ¢KeMAToMF aMT PCH

1 +NScu} PCH
ERt=1 (1) PCH
ER2z3) (LPX) PCH
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480
490
500
R10
520
830
40
550
560
s70
80
5§90
600
610
620
630
6490
650
660
AT0
680
690
700
710
720
730
740
750
760
770
7380
790
R00

10
20
30
40
50
60

80

90
100
110
129
130
140
150
160
170
180
190
200
210
220
230
240
250
760
270
280
290
00
310

*320

230




QOO0 0O00

10

20

30
40

S0

70

call CAFP (EBLF(1)yP(LllqL 1)) PCH

CALL LXFP (EB2,F(2),P(2),L(2)) eCnr

NSEQENSEQY PCH

WRTTe (HOUTsS0) ((F(I)oP (1) oL () s12192) #NULONULINUL oNPXoMATIMF oM] PCH

1 +NSEW) pCH
WRITE (NPUN$SU) ((FII) 9P (I sl (I} el=192) sNULINULINULINPXSMAToMFoMT PCH

1 WNSEW) PCH
ALF (R yNPXeY) =0, PCH

ALF {ReNPX*2) =0, PCH

ALAM{AY " PAelizn, Pl

ALAM(RINPAS2)20, Pt

Ji=1 PCH

CONTINUE PCH

Eil=ALr (KeJY) PCH

Eo=abLr (KeJ1el) PCH

EazALr (KyJu)142) PCH

FX1=ALAM (R J1) PCH

FX2=mLAM (R, Jle]) PCH

FXA=ALAM(K,Jl+2) PCH

NSFQ=nSEQe) PO

Calll. LXFP (Elor(l)oP (1) o (1)) PCH

CALL LAFP (FX14FL2)4P(2)4L{2)) P

CALL CRFP (EQsF(3)eP(3)9L(3)) PCH

CALL LXFP (FX2,F(4)4P(4) 4L (4&)) PCH

CALL CAPP (E39F (D) PSS} (5)) PCH

CALL CLAFP (FX34F(6)4P(6)4L(6)) PCH

WRITE (~0UTs60) (FLT)oP(T) oL (1) eI%E196) sMATIMF¢MT (NSEUW pCH

WRITE (NPUNsBO) (FLI)ePII) oL (1) s IxE106) 9yMATIMFMI(NSEQ PCH

TF ((J1+2).6E«NPXY GO TU 20 PCH

J1xJied PCH
GO Tuv 10 PCH
CONTLINUE - PCH
MAT L=y PCH
MF =V eCH
MT 1=V PCH
MEND==] PCH
NSEQSNSEQeY PCH
WRITE (NOUTsTU) MAT,MFeMT]1sNSEQ PCH
WRITC (NPUNyT0) MAT,MFIMT] yNSEQ PCH
NSEQENSF O+ PCH
WRITE (NQUT97U) MAT¢MFloMT]#NSEND PCH
WRITG (NPUNeTO) MAT MFLIMT19NSEQ PCH
NSEQSNSEQeY PCH
WRITe (NOUT.T0) MAT1sMFLyMT]1 yNSFQ ACH
WRITe (NPUN,TO) MAT1 MF1l,yMT]4NSFU PCH
WRTTE (NQVUTTU) MEND PCH
WRITE (NRPUNsT0H) MEND PCH
SToP PCH
PCH

FORMAT (64100A601a912413,15) PCH
FORMMYT (1P2E11,596111,19,12413,15) PCH
FooMal (2(FB8eD,A1,12),4111,164,12,13,15) PCH
FORMAT (5(FB8e59ALs12)914y12013915) PCH
FORMAL (66X [4,12413,15) PCH
END PCH
SUBRUUTINE CXFP (X9sFeSeN) CXF
LGB ORARD DB ORNVBORON TP QRNRBIRBRRBIRERNBORARNCCR N ERORTDRORNANRSpRGCXE
CONVERT x FOR PUNCHING “CRF
X o PLUATING POINT NUMBER = F#1n,0#%N @CAF
F « Ve999995 LE F LT 94799995 YOXF
S = 92IGN (HOLLERITH + OX =) OF EXPONENT CXF
N = CAPONENT QCKF
QQQG"°““9°09§Q#§°G906D°“¢0960ﬁ6000¢“00'.Q9¢'90.90¢¢¢Q0¢.0“900'0Q09ch
DATA SP /lHe/9s SM /1H&/ CAF
IF (AWNELV,0) GO TO 19 CAF

340
90
150
370
280
190
400
410
420
4 3
440
450
460
e’n
480
490
500
510
®20
830
[T
6950
Y]
a70
€84
&90
600
610
620
630
(X3¢
£50
660
A70
~80
690
760
710
2 2-50}
730
T40
750
7&0
T70
780
790
R00
Alo
R20
R3Q
R40
RS0
R60
RTQ
A30

10
20

40
50
60
70
80
990
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88

OO0

1n

2n

3n

40

S0

60
70

10

20

3n
“n

F=feV

S=SP

N=n

RFE Tllrn

NzALVOL10 (ARS (X))

IF (AnS{Xlelel) 4ns2ne20

FzX/40e 008N

S=SP

IF (ABS(F)=9.9Y99995) 70930930

FIF/Ltuen

N=N&1

60 Tu 70

Nz eV

FaX#]yus0#®N

S=qM

1F (ABS(F)29,995995) 70950450

F=F/1U0

N=Ne]

IF {n) 60+60¢70

S=SP

CONT iwUE

RETURN

END

SURRVUTINE LSS (NyuUyIeA9BeDsDET)

DIMENSIOUN A(IsNYs B(IsM)y COM2(R)s COM3(S)s DIN)
NoyBLE <le S2s DUTPRO

DATA (CUM2(J)eJx1sS) /DUHLSS SINGULAR SYSTEM, INPHT DESTROYEU.
1= /
DATA (COM3(J)ru=1+5) /H0HLSS CALLED WITH NeLE,0 NR NoGT,I
1 = /

LIRMSL IS ONLY FOR tASL STATISTICS
CALL LIBMSG (logH 8 LSS }
TO PUi MEDSAGE IN SYSTEM DAYFILF

NNzN

IF (NNoLEeNeORNN,BT,1) GO TO 140
MMM

SNzl

DO 9u J=]19NN

L=d=¢

IF (JeEWGNN) LO TO 70
T=aB>(A(JUsY))

MinJ

MPzJe|

DN 1V Kz=MZ NN
X=ABS (A (K J))

IF (A.LE.T) GO YO 10
T=X

Ml =zK

CONTINUE

IF (MiekQeJ) LO T0 40
DO 2V K=]1sNN

T=A (VoK)
AlJen)ZA (M) 4K)
A(Mlen)=T

SNzw=>N

IF (MMeLEep) GO TO 490
DO 3V K=13MM

TxR{(JeK)}
B(Jden) s (M) 4K)
B(Mlen)=aT

IF (atJded) EQeg,) GO TO 130
DO 6V K=M2 4NN

Slzane

S2=0e

IF (Ll kW,0) GU TO S0
S1=DVIPROVL2ALY 1Yy 19ATL14K)9])

CXF
CxF
CXF
CXF
CX¥¢

Car

CAFf

CXF
CXF
CAF
CXF
CXAF
CxF
CX¥
CAF
CXF
CxF
CXr
CX¢t
CXF
CXF
CXF
CXF

LSS
LSS
LSS
LSS
LSS
NLSS
LSS
LSS
LSS
LSS
LSS
LSS
LSS
LSS
LSS
LSS
LSS
LSS
L.SS
LSS
L.SS
LSS
LSS
LSS
LSS
L.SS
LSS
LSS
LSS
LSS
LSS
LSS
LSS
LSS
L.SS
LSS
LSS
LSS
LSS
LSS
LSS
LSS
LSS
LSS
LSS

100
110
120
130
140
1%n
100
170
180
190
200
FRY]
220
230
Paa
250
PAN
270
P80
291
390
aln
220

10
an
30

50
60
70
a3n

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
240
290
300
310
'320
930
340
350
60
270
380
3IV0
400
410
420
%1
440




S0 A(Jym)I={ALUWKI=S1Y /A (g ) 1.SS

S22NVIPROIJrAIKe LYo TealleM2) 1) LSS
A A(KIMZ) ALK ML) aS? LSS

Tn IF (mMmelLEen) ©O TO 9p LSS

IF (a(JeJ) EQ.0.) GO TU 130 LSS

00 RU K=1rMM LSS

S1=0e LSS

IF {wotW,0) GU YU An LSS
S1=DUIPROVvALJe1) e T eBL1sK)01) LSS

Rn BRI (b JeK)=S1) /A1 D0 ) LSS

9n COMTLINUE LSS
DETxA{]le)) oSN LSS

IF (ueT.kd,0e) GO TO 130 LSS

IF (we.EQ.l)y GO TOU 150 LSS

DO luu J=dWNN LSS

100 DET=ULT#A(Js ) LSS
IF (veT.EV,04) 60 TO 130 LSS

1e tMm bnenY G Ta 18N LSS
M3=Nive] LSS

DO leu Jsl MM LSS

NN 1iv L=4eM3 LSS
MY=NN=L LSS

Sl1z0e. LSS
M2=Mie] LSS
KeNN~mle] LSS
S1=DVIPRO(KsAIM]IIM2) 4T eB(M24U)0)) LSS

110 B(MysJul=B{M]lsJ)=S) LSS
120 CONTanUE LSS
GO TV 130 LSS

13n CALL LAHRT (19COMDPN) LSS
NDETY=Ve LSS

GO Tu 1%0 LSS

lan CALL LABRT (1eCOM3N) LSS
NET=Ve LSS

15n RETURN LSS
END LSS

LUENT DOIPRU DOY

enTRY DOTPRU DUt

veu 42/0HNOTPRU, 18/5 poT

BRR R RDRNROINRRIRCRRBOBRNIRPIROIRDERGDONRRIRERRTUNADEDIHORINBGDBOIRORGHOHOT
@ “por
@ #DOTPRU IS A FURTRAN COMPATIRLE FUNCTION=TYPE SUBPRNGRAM “por
bt *YPUT
° CALL INL SEQUENCE Z = VOTPRO(N, Xy IXy Y4 1Y) “poT
L “pOT
¢ WHEHE =X= AND =Y~ ARE Htal VECTORS EACH CONYAING wporT
® =N= ELEMENTS, DoT
“ eiX= AND =!Y~ ARE THE SPACINU BETWFEN SUCCESSIVE @p0T
) ELEMENTS OF =X= AND «Y= RESPECTIVeLY *NOT
@ “00T
o THE RESULT RETURNED /Y #DUTPRO® IS THE INNER PRODUGT (XAsY) OF InE  *#DOT
4 VECINRS =X= ANp =Y=e Iefe THE SUM OF X(I)®Y (1) FOR I=1 TO N¥DOT
#* ~UUi
'Y fHF RESULT IS DOUBLE PRE~TSION BUT Wit RE USEL AS Lo wUal  #DOT
hd PREGISION UNLESS ®pUTPRO® IS ptcLaRtu TO dfF nOUHLE 4po1
@ PRECISIUN IN THE CALLING PROGRAM, epor
bt LR ¢
o THE RESULT IS ZEROU IF N = 00 INFINLITE IF N o .Te 0 wpor
@ “por
HEBGGIRPBERIRLRORRRBTPULRDORBNOOPUROBAVHOEOGRBRITNAORIBD VBB ERIBReRERPaReR{))!
b “D0T
@ MOPDIFIED 9/15/72 Ry J SOPKAs Ces4 TO ELIMINAIE ACCESS OUT OF WANGE #DOT
. AND IMPROVE IN=CANE OQOCUMENTATLON®DUT
o epoT

BB B BB B RN BLR RV DRI RNBNDRBRRBBRIVC AL R INOIRVOER B RBRGN GBI BRIV RRaow 0T

450
460
470
480
490
500
&10
)20
530
540
/50
K60
&70
580
590
400
610
420
~30
~aQ
650
660
&70
680
£90
700
710
720
730
740
790
760
770
780
790
ROO

11
21
31
41
51
61
71
81
91
101
111
121
131
141
151
101
171
181
191
201
?11
221
231
241
251
P61
27N
741

89



90

DUTPRO vaTA Jaur
LY V- -1 FETCH «Na » X2 nor

MAU ZERO X0 our

EY Y-k FEICH «lx= p X4 uoT

Jah by PETCH =Ivy= » X5 nor

>a)l ©2 FETCH 1ST ELEMENT Or ~x= » y1} nur

Sad Yo FEICH 1ST ELFMERNT NF Y- . X3 nui

avl! ¢ 2 o B7 Bor

abl  Ap =Ne o Hl [PV

LAZ b9 SHIFT LO=ORNER HIT UF aN= INTO SIGN 8LlI X& DOT

Snh RS =]Ye P HS5 uoT

MAS U LERO XS DoT

583 Ry ~]Xe » B3 DOy

~uk  Me -1Y= n HA oor

L 81¢B7,TW0 BRANCH IF «N= oJLE. 2 nar

sp2 d3 =[X= o B2 norv

Nb x24NUp BRANCH IF =N< IS U0Dy LN&ORDFR BIT UN, Dor
HoBabBaatvaRdBRan0lLs00RNBD0dRRLRBRRLORRBRRRRNRRRLBRRLBLORRDRRAGANPRDEER)T
» epor
i HI=0RDELN PART OF THF INNER PRODUCT IS ACCUMULATED TN A0, *DoT
* LO=0RUDER PART TN XS, *u0T
o *oar
VHRGPRPBRDIRBLOLABIOPOORLIBNEIRECRTHAPEVBNBIBBOIRNCBRIRHBRORIDEBRRIONRRIRRw()T
LUOP raz2 XiwxJ UPPER PRUD X»Y vorT
rAa6  Xnexbd QurT

VA4 K16X3 LOWER PROD XsY bor

a1 A1+83 FETCH NEXT ELEMENT UF axe vor

VAT AfeXH por

SA3 A3+BY FETCH NExT ELEMENT UF aye por

VAL  ApeXD por

rad  APeXg vorT

NU bor

FAD  Xg4eXDd por

NAD  Ap ) por

rasS Agex{ oor

NOD raz X1%X3 UPPER PRUD XsY 007
rAb  AneXd pur

VAL  K]eX3 LOWER PROD X»Y nor

Sal  ApeB2 FETCH NEXT ELEMENT Ub =X~ vor

VAT KeXd bor

53 A3+RO FETCH NExT ELEMENT UF =ye voT

VAL X2 +X6 0orv

ra0  A2+Xp Dot

apl 81-R7 DECREMENT ELEMENT CUUNTER Rl por

FAY  A4+X5 por

NAD  Xn por

raS  Agex/ poT

Ca ¥1+B7.L00P LOUP BACK IF MQORE THAN 2 FLEMENTS STILL por

# REMAIN TO BE PROCESSFD not
L B1+BU,FINISH BRANCH IF LAST 2 ELEMENTS Al READY PRUCESSLUQUT

Ss2 Bp LERD QUT =IX= AND =1iY= FUR »oNL SET QF nor

S6 BN FETCHES TO ELIMINAYE ACrESS OUT OF RANGE LUT

cu BOsBULLUOP LOOP BACx TO PRUCES> LAST » ELEMENTS ooT

LYY PP Y v eeerpn T R res LY T FRe e L PP R LT XYL T TP LR Y- DAL 2L L 016N

*

*DOT

% Hl1-ORDER PART OF THE RESULT IS RETUWNED IN X6t LO~0PNFR PART IN K7 #00T

@

00T

RN RRBORPBRERBBUBULRVORRERBRREPRLRBILNLODRNAGDLORQORRBBEORORDR IO VERPAIGBCCNHOT

FINTSH

TWO

ral
vacl
NAS
NAL
VAT
raé
(V]

Le

Sué
dub

A0 xS
Ko X9
Al
2
AjeXe
A3Je X4
B0osBU4NUTPRO
B19B0yZERD
80
gh

net

DT

Lo

noT

por

vor

RETURN TO CALLING PROGRAM poTr
BRANCH IF =Nw= (Lbs U DUt
LERO OUT =IX= AND =ilY= FUR 2ND SEI OF DoTv
FETCHES TO ELIMINATE ACCFSS OUT OF KANGE DOT

291
301
311
221
331
41
™1
3anl
371
281
391
401
411
421

431
4461
451
461
AN
48
491}
s01
511
821
531
561
a%1
86l
571
81
g91
601
A1l
w2l
631
hel
A51
661
61
(33!
691
701
Tl1
721
731
741
751
761
AR
781
791
r01
ail
p21
rR31
R4l
AS1
R61
]l
R3]
AY
901
911
921
031
941
951
961



Nt 41«87 ,4NUD BRANCH [F -N= kU, 1 10} al)

e BACRU [ JOP BRANGCH TO PRNOCESS 2 ELFMENTS DUT oMy

ZERn (W] Y yRag TNN HRANCH 1+ “N= JLT. U noury 93]

SA7 80 IF N = n DUY joul

MAb 0 RESULT = ZERQ DOT 1011

[X¥} BneBUNDOTPRO RETUKRN TO CALLING PROGRAM DOT 1021}

INN MA7 L IF N LT, 0 DOT 1031

M6 d RESULT = INFINITE DOT 1nel

tu BAsBU4DUTPRO RETURN Tn CALLING PROGRAM DOT 1051

[ 21)) DOT 1ao6)
SURRUUTINE LABRT (ISWeLFEOLs INX) LAR

DIMENDION  HOL (8) LAB 10

LOGIVAL PS, TS LAY 20

IF ((1SW.ENe0) ,ORL(ISWeUTaS)) RFTURN Lads 50

GO TV (10920¢30040450)9 ISW LAK 40

DATA NP /10/9 PS /aTRUEe/s TS /. FALSE./ LAY 50

10 IF (PSeANU (NF,GT,0)) PHRINT A0e LHOL s INX LAR 60

NP =Nre] LLAB 10

IF (1Is) STnP LAY 80

RFTUMNN LA 90

P20 PS=4ralSt. LAd 100

RETURN LAH 110

30 PSs,.IKUE, LAR 129

NP=INA Lag 130

RETURN LAB 140

40 TS=.lInUt, LAB 150

RF TURN LAH 160

%n TS=,ralLnxte. LAB (70

RETURN LAH 180

Cc LAB 190

6n FORMAT (1Hns9XK48A1043X106) LAB 200

END LAR 210

END LA 210

APPENDIX C

SOME USEFUL FITS OF THE PULSE DATA

This appendix contains a listing (Table IC) of the parameters for 11 energy
group pulse fits for 5 ENDF/B-IV fission-yield sets. The parameters for the fits,

given in Table IC, are in an ENDF/B-like format and are for 233U thermal, 235U

thermal, 238U fast, 239Pu thermal, and 232Th fast neutron incident energy for
both beta- and gamma-decay energy spectra.

In the ENDF-like format, columns 66-70 contain the "MAT-No.'" that is used
to identify the target nucleus, The MAT-Nos. used in Table IC are the same

as those used in ENDF/B-IV and are as follows.

MAT No. Target Nucleus MAT No. Target Nucleus
1260 233U 1264 239Pu
1261 235U 1296 232Th
1262 238U
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data for that MAT. The next two

which identifies the energy of the

A zero in column 70 signifies the end of the
columns, 71 and 72, are used for the MF-No.,
incident neutron. Here only two numbers are used; MF=80 denotes 'thermal"
neutrons, and MF=81 denotes '"fast' neutrons. A zero in column 72 signifies the
end of the data for that MF.

Columns 73-75 contain the MT-Nos. that are used here to identify whether the
parameters are for a fit for the beta decay energy spectrum (MT=802) or a fit
for the gamma decay energy spectrum (MT=803). A zero in column 75 signifies
the end of the data for that MT.

The data for a particular MAT, MF, MT combination are given in field widths
of 11 and are organized as follows.

The sixth field on the first data card (number 11 in this case) gives the
number of broad-energy groups for which the pulse fits are given.

1.

On the next card, the first two fields give the energy bounds for the
group in MeV; 0.1 to 0.9 MeV for group 1, for example. The sixth field
gives the group number; 1, 2, 3, 4, etc.

The first two fields on the third data card give the cooling-time range

in s over which the fit was made; 0.1 to 1 x 109 s for group 1, for ex-
ample. The sixth field gives the number of pairs of parameters used in

the fit; 16 for group 1, for example.

Next follows a number of cards containing the o

fit.

1 and li used for the pulse

16

fc(t) =E die—}\it
i=1

contain the sixteen parameters needed for the fit.

For example, for group 1, so six cards are needed to
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This appendix summarizes the conceptual basis and equations of this report

for those readers who feel a need for additional detail.

I.

BASIC EQUATIONS IN ABSENCE OF NEUTRON ABSORPTION EFFECTS

During the fission process, the fission products are generated directly by

fission and by decay or neutron absorption from precursors; absorption and de-

cay also transmutes each product.

Summation codes account for all simultaneous

processes for each product, including the continuing decay following the end of

the fission interval.

The buildup and decay processes are continuous, and summation codes neces-

sarily provide information at specified time intervals.

The basic libraries

described in this report provide the aggregate summation spectra following a

fission pulse in a multigroup format at two or more points per time decade out

to 109

5

s (= 2.778 x 10" h ~ 31.7 yr).

Collapsing the fine-energy multigroups

to a reduced, but still multigroup, set and fitting each group to a single func-

tional form results in a practical but still accurate description of the group

decay energies at any decay or "cooling'" time.

These can be used as Green's

functions to provide the decay energies subsequent to specified power (fission)

histories.
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Because the fits are to pulse decay data, the functions do not account for
changes in the ensemble of products due to neutron absorption. Absorption al-
ters the decay energies, particularly at long (2104 s) cooling times. The ef-
fect depends on the magnitude and spectra of the neutron flux, and on the length
of the fission history. As described in Sec. V of this report, neutron absorp-
tion effects can be accounted for to good approximation in a relatively simple
way. In general, absorption decreases the density, hence also the decay energy
of some products, and increases the density of others. The net effect, the one
of Iinterest here, tends to be an increase in decay energy, depending on the de-
cay group. At some long cooling times, the net effect is very significant but
is due to only a very few nuclides -- primarily the shielded nuclides, which are
generated only by absorption, and certain nuclides associated with 135Xe and

148Pm

The following equations apply only in the absence of neutron absorption;
for long irradiation times and large neutron fluxes, these must be corrected at
long cooling times as described in this appendix and in Sec. V. For simplicity
of exposition, subscripts for the decay group and fissioning nuclide are ignored;
group results must be summed over each fissioning nuclide. 1In addition, decay
energies can be presented in four related ways: (1) gamma (beta) energy/s,

(2) gammas (betas)/s, (3) gamma (beta) energy/fission, or (4) gammas (betas)/
fission. Presentation on a per fission basis is preferable in that it eliminates
the actual fission rate and is, for example, independent of the reactor power
level. However, this is only possible for a constant fission rate prior to cool-
ing. For broad multigrouping, it is also preferable to use the actual energy
release per second or per fission rather than multiplicities, because the latter
requires a specification of the average energy per group, which is not neces-
sarily well approximated by, for example, the midpoint of the group energy.

We have specified energies in MeV units. The relation between MeV/fiss
and MeV/s is

MeV/s
MeV/£1 Z —
eV/flss = fiss/s ° (01)

where the numerator is the energy release rate during the cooling time, and the
denominator is the fission rate prior to cooling. Let

fiss = total number of fissions prior to the beginning of the
cooling time,
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S(t') = fission rate (per second) during the fission interval,

f(t) = MeV/fiss/s at t seconds following a fission pulse (that is,
the release rate in MeV/s normalized to the number of fissions
during the pulse),

F(t,T) = MeV/fiss at t seconds following a constant fission rate of
T seconds,

H(t,T) = MeV/s at t seconds following a fission interval of T seconds.

Then

fiss s(e')dt' . (D2)

0
c?“‘x
-3

If sS(t') is a constant = S, then

S Fiss/s Fiss

F(e,7) = B(ET) [MeV/s _ MeV ] _ (03)

All quantities are computed on some arbitrary unit volume.
Here we are using f(t), F(t,T), etc., to represent quantities calculated
by summation codes or approximations obtained from fitted functions. The actu-

al quantities can be accurately fitted to several functional forms. In this

report we have used a linear sum of exponentials

N

£(t) =§ aie'ht (MeV/fiss/s) . (D&)
i=1

The number of exponentials N required for a specified accuracy of fit depends
on the total time over which f(t) is to be used and on the energy group. How-
ever, the number is minimized by use of a nonlinear least-squares fit to the
ai, Ai parameters. For example, an extreme case is the fit achieved to the
total beta plus gamma energy release rate over a very long cooling time —- 23

*
exponentials have been used to achieve fits well within 1% out to > 300 000 yr.

*
The pulse fits are based on 6 points per time decade from 0.1—1013 s and form
the bases of the 1978 ANS 5 decay-heat standard.
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The multigroup spectra, which do not require such accuracy, use fewer exponen-
tials. In addition, when the pulse fits are folded into an extended fission
interval, the resulting accuracy is further improved.

In practice, the pulse values were obtained from the summation code using
10_4 s as the irradiation time. The code normally provides F(t,T) and H(t,T).

Therefore, the pulse data f(T) is obtained from f(t) = Exiﬁgl = F(t,T) x 104.

The use of 10_4 s for the pulse is arbitrary; for times < 10_2 s, the value of
f(t) does not change. This is to be expected because the fission product half-
lives are long compared to such short irradiation times.

The value of the fitted pulse function is that, once obtained, it can be

used to produce F(t,T), the energy release rate at t seconds following any
finite fission period T.

T
F(t,T) = / f(t+T-t")dt"’ (MeV/fiss) , (D5)
0
or changing variables,
t+T
F(t,T) ==/ f(t')de® (MeV/fiss) . (D6)
t

Using the fitted form [Eq. (D4)], this results in

N
§ : % A A

F(t,T) = —e i (l-e 1) (MeV/fiss) . (D7)
i1

Alternately, we can fit Eq. (D7) to the result of, for example, an experi-
ment following a finite fission time to generate the parameters ai, Ai for an
equivalent pulse function. This is useful, for example, when it is necessary
to combine the results of several experiments, all having different fission
intervals.

In the ANS 5.1 decay-heat standard, the concept of heating (or energy re-
lease rate) function following an infinite, constant fission rate (T#®) is used

and is derived from the pulse function. That is,

108




[+

F(t,x) =/ fF(t')dt' . (D8)
0

This is only possible in the absence of neutron absorption. Otherwise the mag-
nitude of F(t,T) would increase continuously with increases in T. However, the
concept is useful in that the F(t,») function could, like the pulse function,

be used to generate the finite irradiation values. Thus,

t+T ) oo
F(t,T) =[ f(e")de' = [ f£(e')de! —f £(t')de
t t t+T
= F(t,o) - F(t+T,») (MeV/fiss) . (09)

The pulse function f(t) and the infinite irradiation function F(t,») therefore
contain equivalent information. In this report, we have concentrated on gen—
erating the pulse function because users will likely find it easier to apply to
a variable fission history (although either function can be used). It should

be noted the the ai, Ai parameters apply for either function, provided that the

fit extends over a sufficiently long cooling time. Thus,

N
_ % ALt .
F(t,») = el (MeV/fiss) . (D10)
i

1=1

However, for practical reasons, the ANS 5.1 decay-heat standard defines 1013 s

as infinity so that the factor (l—e—xiT) with T = 1013 s multiplies the terms in
this expression; that is, Eq. (D7) is used for F(t,») in the standard where

T = 1013 S.

In the case of a variable fission rate S(t), it is necessary to use MeV/s

rather than MeV/fiss [i.e., H(t,T) rather than F(t,T)].

T

H(t,T) =f S(t") f(t+T-t')dt" (MeV/s) . (p1l)
0
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Alternatively, one can use the power level

T

H(t,T) =f P—%f(t+T—t')dt' (MeV/s) R (D12)
0

where

P(t) = power in watts at time t .

and

K = watt-s/fiss (for 200 MeV/fiss, K = 0.32042 x 10—10)

II. APPLICATION OF THE FUNCTIONAL FITS

The Variable f(t) is only a symbolic representation of pulse library data
-~ of the summation code output. Most of the expressions in this appendix and
in the main text are useful only when the pulse values are approximated by a
simple functional form such as Eq. (D4). With Eq. (D4), the user can readily
construct expressions to be used in practice. For example, if P(t) can be de-

scribed by J histograms of constant power Pj over time intervals Tj’ then

J N
P o -\ (T+t-T.) - (T+t-T. .)
H(t,T) =§ _%E 1—12 e K 3" e k =17 (Mev/s) ¢, (D13)
7= =1
where T = 0.

0

If the power is constant over the entire period, then this reverts back to
Eq. (D7) multiplied by P/K.

The reader is reminded that there i1s a set of coeffictents Oui,ki) for each
energy group and for each fissioning nuclide. Thus, the expression [Eq. (D13)]
should, strictly, have a group subscript. In addition, if there is more than
one fissioning nuclide, the Pj/K should be replaced by the fission rate for each

nuclide Sjl and summed over . In general, for each group g, Eq. (D13) becomes

J L N o .
kig -A (T+t-T,) =X (T+t—T,_ )
B (e,D) =§ QS_ Sjlz Xegg  © kig I o K =171 (p14)
3=1 T=1 =1
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ITI. ABSORPTION EFFECTS .

Absorption couples mass chains and changes the fission-product distribu-
tion. The effect is dependent on the type of reactor (neutron spectrum) and the
power history (magnitude of the neutron flux). Therefore, precise calculations
of F(t,T) or H(t,T) must resort to summation calculations; there is no single
tabulation of F(t,T) appropriate to all reactors and, of course, the pulse func-
tion does not incorporate the absorption effects.

Most of the absorption effect occurs in those nuclides near the line of
nuclide stability where half-lives are long and where most of the radiocactive
nuclides that are shielded from precursor decay by stable nuclides are located.
Because these nuclides are not only generally long lived but also have rela-
tively small decay energies, their effect is primarily evident following a long
fission interval and long cooling times.

On a nuclide~by-nuclide basis, the neutron absorption can increase or de-
crease nuclide concentrations, hence decay energy. Except for a few nuclides,
the net effect is small and positive. At some cooling times there is a very
large effect that can be identified as due to only a few specific nuclides. Be-
cause these are few in number and do not require explicit calculation of their
short-lived precursors, it is possible and practical to supplement the F(t,T)
and H(t,T) values with values from correction equations that account for the
modified spectra at long cooling times for any power history. This has been
done in the main text, and parameters appropriate to light water reactors are
included there. The equations apply to any type of reactor with appropriate
cross sections. For completeness, this apperndix summarizes the basis of the
corrections.

The most significant absorption effects do not require explicit calcula-
tions for short-lived precursors nor do the significant corrections require com-
putation of multiple captures in fission products. However, the corrections are
dependent on fluence, flux level, and neutron spectrum. While the net correc-
tion could be approximated with an empirical expression at short cooling times,
the long cooling times, where corrections are particularly important, require
accurate knowledge of the behavior of specific nuclides. For this we have found
that two nuclides per chain for those few nuclides presented in the main text
are sufficient. 1In addition, a general solution of the differential equations

for two coupled nuclides can be programmed and used for all nuclide pairs.
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Let Nl’NZ = the density of the first and second nuclide, where 1 and 2
denote parameters of the respective nuclides (N is normally
given in units of 1/b-cm).

]

A=1 0¢dE = absorption rate per unit density. If ¢ is given on
a group basis (two groups are adequate for thermal reactors), the

value of A is Z ¢ ¢ (s-l).
g 88
-1

A = decay constant (s ).

§. = fission rate from fuel i (fiss/s-b-cm).
vy = nuclide yield per fission from fuel 1.
E. = energy per decay, where j denotes the B or y decay group (MeV).
o = branching fraction for the type of coupling between nuclide 1 and 2.

[The nuclide subscript (1,2) has been omitted for simplicity of expres-

sion from A, Yy Ej and a.]
For simplicity in writing the general solution, let

B=A+ A . (p15)

<
n

zjyjsj (§ denotes fissionable nuclide) . (D16)

oA or gl depending on the coupling, where the yields y, will
be cumulative, direct, or zero, depending on J
the nuclide. (017)

=<
"

With or without neutron absorption (i.e., B = A in absence of absorption),

the general solution for Nl and N2 during a constant fission rate for a time

interval t are

) 4+ N, (0)e , (18)
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[ —Blt -82t
N, (t) =y Y 1__e +2
2 11 1_3132 B, (8,787) 82(82—81)

+ y,N, (0) + Y + N_(0)e "2 (D19)

For a constant fission rate over the entire figsion interval, Nl(O) = NZ(O)
= 0 for fission products. If the power or fission history is variable, as would
be the flux and Bl 9 values, these equations can still be applied by using Atj in

place of t for each histogram interval j and using Nl(Atj_l) and N2(At ) in

j-1

place of Nl(O) and N2(0)° In this case, N (t) is the density at tj = Atl +

1,2
At2 + ... + Atj. The associated group decay energies are thus )\NEY

It is necessary to evaluate these equations during and followiag the fis-
sion interval. 1In addition, it is necessary to subtract the densities or ener-
gy emission rates that occur in the absence of neutron absorption because this
energy is included in the F(t,T) and H(t,T) functions. From a computer code
viewpoint, this is easiest to do by coding the general equations and computing
the results with and without a neutron flux —— or, rather, a flux too small to
result in any significant absorption effects.

We assume that the fission history can be described by histogram intervals
during which Y and A are constant. In this case, N(0) = 0 for the first inter-
val and Eqs. (D18) and (D19) provide the basis for recursion equations for subse-

quent intervals j of duration Atj. For example, Eq. (D18) becomes

-R. At
1 ] -B.At,
- (e -~ ) 373
N5 = Y15 P Ny s (D20)

Nl(tj)

1,2,3, ..., J,

e
I}

and similarly for N2(tj).
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If J = the final fission interval, then at any shutdown time t

—Alt
Nl(t) = NlJ e . (p21)
e—Alt_ e—xzc At -
- . D
Ny (£) = a M Ny g X, A +t Ny e (

Note that if the coupling is by (n,y), then the first term for Ng(t) in Fq.
(D22) 18 zero, that is,

= th ( )
= D23
Nz(t) N2J e

(In programming these equations, any potential problem with roundoff can

-9
be avoided by replacing each beta or lambda with, for example, g(1-10 “/t), where
t is the shutdown time or At

j appearing in the exponentials. This permits Egs.
(D20)~-(D23) to be evaluated without resorting to a special set of equations, yet

the effects of the change in beta are too small to alter calculated densities.)
The energies are given by

MeV/s = ([N(t)-N(t)'] AE

(D24)
where N(t)' is the density without neutron absorption.

If the fission rate S is constant and applies to a single fissioning nu~
clide, the MeV/fiss from any nuclide is

. _ MeV/s _ [N(£)-N(t)']AE
MeV/fiss = Fiss/s S

(D25)
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