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purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute, 1430 Broadway, New York, NY 10018
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ABSTRACT

The CORSOR code simulates the release of fission products and
structural materials from a reactor core during the in-vessel period of a
severe accident in a l1ight water reactor. The code is a simple, empirically
based treatment of release and does not treat detailed mechanisms for release
from high temperature fuel. The first-order release rate coefficients for the
species considered are presented, the input requirements of the code are
described, and an example input and output stream is supplied in an appendix.
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CORSOR USER'S MANUAL

by

M. R. KuhIman, D. J. Lehmicke
and R. 0. Meyer

January 3, 1985

Introduction

CORSOR is a FORTRAN-5 program ihat calculates fractions of 23
reactor core material species released during a degraded core accident
in an LWR. The user supplies plant-specific information, including
initial species inventories, geometric distribution of material, and
core power peaking factors. The user also supplies accident-specific
information, including time-temperature profiles of the core nodes and a
time profile of oxidation of the zirconium cladding.

The program calculates the release of each species at specified
time steps and combines appropriate releases to track the WASH-1400
groups. CORSOR also returns profiles of release rate versus time for
the species subgroups for use in other calculations.

Physical Model

The core is represented by a two-dimensional array of radial
and axial nodes. The core can be segmented radially into 10 or fewer
"annuli® and axially into 24 or fewer "disks". The result is 240 or
fewer points, each of which has its own history. The fission product
species inventory is distributed among the nodes according to power peak-
ing factors (RADDIS and AXDIS) which are specified by the user. Struc-
tural species are distributed according to a set of values (STDIS) which
describes the fraction of total core volume in each radial sector. The
fraction of the core volume found in each axial node is fixed and equal
to the inverse of the number of such nodes specified. The fraction of
the core volume found in each radial node can be established by the user
through STDIS so that the power profile of the core can be better
reflected in the code run. It is imperative that the values of RADDIS,



AXDIS, and STDIS agree with those used in the calculations of "the core
nodal temperatures and Ir oxidation. It is also important that the sum
of the RADDIS and STDIS arrays be equal to the number of radial nodes,
and the sum of AXDIS be equal to NDZ, the number of axial nodes.

The code requires 23 values for the initial inventory of the
species to be released by the core during the simulation. These masses
are then distributed among the core nodes according to two different
schemes. The fission products are apportioned according to the normal-
ized product of AXDIS, RADDIS, and STDIS for each node. The structural
and control rod materials are distributed according to the STDIS values
radially and homogenecusly in the axial direction.

At each time step the rode requires the current temperature of
each node and the extent of Zr oxidation at each node. Based upon the
temperature read, the current inventory of the species at the node, and
the appropriate coefficients stored in the core, the mass of the species
released avring the time step is calculated.

Three separate release mechanisms are used in CORSOR depending
on species and temperature.

Gap Release

A small fraction of the volatile fission product species resides
in the fuel-cladding gap during normal reactor operation and is subject
to a one-time release at 900 C. This temperature corresponds to an
initial fracture of the fuel rod cladding and represents the so-called
gap release. This release mechanism is simulated in CORSOR by releasing
the fraction of the inventory of the species in Table 1 from every axial
node at a given radial position as soon as any axial node's temperature
exceeds 900 C. This corresponds to the emission through the break in
the fuel rod of the "gap inventory" found along the entire length of the
rod. Follew..g this release this radial position is not subject to any
further gap releas:.



TABLE 1. GAP RELEASE FRACTIONS FOR
FISSION PRODUCT SPECIES

Release

Species Fraction
Cs 0.05
I 0.017
Kr, Xe 0.03
Te, Sb 1.E-4
Ba, Sr 1.E-6



Transient Release

Two methods for calculating the transient release of all
species except control rod materials are available to the user of
CORSOR. Both methods assume a first order release rate from each node
for each species such that:

FFP = FP*(1 - exp(-FRC*DTIME))

where FFP is the mass of the species released from the node during time
period DTIME, FP is the mass of the species present at the node at the

start of the time step, and FRC is the fractional release rate coeffi-

cient.

The value of FRC used in the code calculations depends upon
the method selected by the user. For the default method (which was used
for all calculations reported in BMI-2104), the value of FRC is species
and temperature dependent, given by a relationship of the form:

FRC = A(I,J)*EXP(B(I,J)*T)

wnere T is the temperature in C and A and B are constants whose values
are selected for the Ith species and the Jth temperature range. The
three temperature regimes for which these constants are defined are
900-1400 C, 1400-2200 C, and 2200-2760 C, with all temperaturz values
greater than this latter value set to 2760 C, since this has been taken
to be the maximum credible temperature for any node in the core. The
values cf these constants are presented in Table 2. These are taken
{rom NUREG-0772(1) which attempted to reduce the available experimental
data from References 2, 3, and 4 into a single usable dataset through
consideration of the experimental conditions and informed "engineering
judgment® of the data points available. This method of calculation of
the release rates is recognized as being nonmechanistic, and no attempt
has been made to account for any scaling effects to which these release
coefficients may be subject in the transition from the experiments to
the accident situation.



VALUES USED FOR THE CONSTANTS A AND B IN THE DEFAULT METHOD

FOR CALCULATION OF THE RELEASE RATE COEFFICIENTS

—_—————ee e

e e

Fission 900 C < T < 1400 C 1400 C < T < 2200 C 2200 C < T < 2760 C
Product Group A B A B R B

I, Xe, Kr 7.02E-09 0.00886 2.02E-07 0.00667 .74E-05 0.00460

Cs 7.53€-12 0.0142 2.02E-07 0.00667 .74E-05 0.00460

Te(?) 1.62E-11 0.0106 9.04E-08 0.00522 .02£-06 0.00312

Ag 3.88E-12 0.0135 9.39E-08 0.00630 .18E-05 0.00411

Sb 1.90E-12 0.0128 5.88E-09 0.00708 . 56E-06 0.00426

Ba 7.50E-14 0.0144 8.26E-09 0.00631 . 38E-05 0.00290

Mo 5.01E-12 0.0115 5. 93E-08 0.00523 . 70E-05 0.00200

Sr 2.74E-08 0.00360 2.78E-11 0.00853 .00E-07 0.00370

zr(P) 6.64E-12 0.00621 6.64E-12 0.00631 .48E-07 0.00177

Ru 1.36E-11 0.00768 1.36E-11 0.00768 .40E-06 0.00248

Fuel (), La group 5.00E-13 0.00768 5.00E-13 0.00768 .00E-13 0.00768

Cladding(®) 6.64E-12 0.00631 6.64E-12 0.00631 .48E-07 0.00177

1.90E-12 0.0128 5. 88E-09 0.00708 -56E-06 0.00426

structure(®), (Fe,  6.64E-10 0.00631 6.64E-10 0.00631 48E-05 0.00177

Cr, Ni, Mn)

%

(a) Temperature range boundaries for Te are 1600 and 2000 C.

(b) The values for A and B for these species were altered from those in Reference 1.



A second method of calculating the release raie coefficients
has been added to the code and is available to the user also. This
method, denoted M-Version in the code, has not yet been widely reviewed
but does avoid some of the recognized deficiencies of the above model.
M-Version makes use of a more physical description of the release process,
although it is still quite simple and does not account for any inter-
actions among species nor for any effects of changes in geometry of the
releasing node. In this method the release rate coefficient is given by
an Arrhenius type equation of the form:

FRC = KO(I)*EXP(-Q(I)/(1.987E-3*T))

where KO(I) and Q(I) are species-dependent constants, T is the nodal
absolute temperature, and 1.987E-3 is the value of the gas constant
multiplied by a unit conversion factor. The values of the constants KO
and Q are given in Table 3. The values of these constants still repre-
sent empirical fits to the experimental data used for the default method
described above. The values in Table 3 assume that release of the noble
gases, Te, Cs, and I, are all controlled by migration through the fuel
matrix, and so experience the same KO and Q values. Resulting release
rates are almost identical to the I, Xe, and Kr release rates from the
default model. The release of the refractory fission products and struc-
tural materials is assumed to be controlled by vaporization, so that the
Q values are heats of vaporization for these releasad species. Ba, Sr,
La, and fission product Zr are assumed to be released in oxide form and
so the heats of vaporization of these oxides have been used for Q. The
KO values are determined by adjusting the curve to the existing data.
Additional information on the derivation of this model is given in
Appendix A.

The interaction of Te with the Zircaloy cladding of the fuel
rods has been documented experimentally(s) but is not yet well understood.
An attempt to represent the holdup of Te by the unoxidized Zr in the
cladding has been made and i< employed for either mode of release calcula-
tion selected by the user. For the default version, the FRC value calcu-
lated using the A and B values appropriate for Te in the temperature
range of interest is reduced by a factor of 40 if the nodal extent of ZIr



TABLE 3. ARRHENIUS TYPE CONSTANTS USED IN CALCULATION OF
RELEASE RATE COEFFICIENTS IN M-VERSION OF CORSOR

KO Q
Species (min’]) (kcal/mol)
Cs, I, Kr, 2.0ES 63.8
Xe, Te
Ag 7.9E3 61.4
Sb (a) (a)
Ba 2.95E5 100.2
Sn (clad) 5.95E3 70.8
Ru 1.62E6 152.8
UO2 1.46E7 143.1
Zr (clad) 8.55E4 139.5
Ir 2.67E8 188.2
Fe 2.94E4 87.0
Mo (b) (b)
Sr 4 .40E5 117.0
Cr 4.62E4 84.5
Ni 5.36E4 92.2
Mn 5.04E3 56.8
La group 0 (c)

—— ]

(a) Omitted from consideration due to lack
of radiologic significance and potential
chemical reaction with in-core surfaces.

(b) Omitted from consideratvion due to very
Tow pressure and lack of radiologic sig-
nificance.

(¢) La exhibits no significant vapor pressure
prior to conversion to La0 which does not
occur in-vessel.



oxidation is le¢', than 70 percent. This same factor is applied to the
value calculatea using the M-Version calculation scheme.

Control Rod Release

There is 2 great deal of uncertainty regarding the nature of
the release of control rod materials in accident situations. The vapori-
zation of boron from the B4C control rods in BWR's appears to be possible
following oxidation of the boron by the steam, but such releases may be
small. At this time the kinetics of this process and the possible extent
and form of the release are too uncertain to include even rough estimates
in the code. The release of Ag-In-Cd from control rods in PWR designs
is expected to be signiciant, but the magnitude is still quite uncertain
and the model incorporated in CORSOR to account for release of these
species is in need of improvement.

The control rod release is calculated in the code based on the
following method:

e At 1400 C, the control rods are assumed to
fail and 0.05 of the inventory of Ag and In,
and 0.5 of the Cd are released from the
nodes reaching this temperature.

¢ From 1400 to 2300 C the cumulative fraction
of the inventory released is calculated
according to:

Ag: FREL = 0.0005*(T-1400) + 0.05
Cd: FREL = 0.00033*(T-1400) + 0.50
In: FREL = 0.00011*(T-1400) + 0.05

so that at 2300 C, 0.50 of the Ag, 0.80 of the
Cd, and 0.15 of the In have been released.

¢ From 2300 to 2800 C the cumulative fractions
of the inventory released are calculated
according to:

Ag: FREL = 0.001*(T-2300) + 0.5
Cd: FREL = 0.0004*(T-2300) + 0.8
In: FREL = 0.0017*%(T-2300) + 0.15

which result in complete release at 2800 C.

Note that no release rates are calculated in CONROD for these
control rod species and no physical process is assumed in the calculations.



No potential for candling or for high pressure ejection of moiten alloy
at the time of rod failure have been taken into account in this model.
Further experimental work in this area is obviously needed.

PROGRAM MECHANICS

The flow chart for CORSOR is shown in Figure 1 with all subrou-
tines and their functions indicated.

CORSOR

CORSOR is the main routine and accepts all the user supplied
input, controls program flow by calling the various subroutines and writes
accumulated releases to various files for subsequent output and process-
ing by other subroutines.

INVENT

This subroutine reads in the initial inventories and distributes
them according to the user supplied geometric and power peaking factors
for the core under study.

CORTEM

CORTEM reads data from input Unit 25 (TAPE25, in CDC parlance)
which is presumably supplied by a thermal hydraulics code such as MARCH.
The information read includes time, time step number, fraction of core
melted, and, for each node, the temperature, fraction of Zircaloy oxidized,
and a flag indicating whether the node is in or out of the core. This
is the TAPE25 information written by MARCH.

EMIT

This subroutine calculates the releases of all fission product
and fuel and structural species except for the control rod materials.



READ PROGRAM CONTROL DATA
CONTROL PROGRAM FLOW
WRITE OUTPUT SUMMARIES

READ CORE DESCRIPTIONS
READ INVENTORIES
DISTRIBUTE INVENTORY

READ TIME, TEMPERATURE, Zr OXIDATION
CALCULATE EMISSIONS OF FISSION
PRODUCTS AND STRUCTURAL MATERIALS,
MODIFY LOCAL INVENTORIES

CALCULATE CONTROL ROD
| Ag, In, AND Cd EMISSIONS

WRITE CORE TEMPERATURES AND

EMIT

CONROD

RELEASES

CALCULATE EMISSION RATES FOR
WASH-1400 GROUPS

FIGURE 1. FLOW CHART OF CORSOR

OUTPUT




CONROD

CONROD calculates the cumulative releases of the control rod
Ag, In, and Cd.

OQUTPUT

After return from EMIT, CORSOR writes new accumulated releases
to output files which are later printed by job control. OUTPUT is then
called to print the input as read by CORTEM and the new accumulated
releases as calculated by EMIT. OUTPUT can be called with optional
frequency, or not at all, at the discretion of the user.

RATE

After the final call to EMIT, CORSOR calls RATE. RATE uses
images of the output files (created by CORSOR) to compute and print
release rates for I, Cs, CsI, CsOH, Te, and aerosol as well as the
WASH-1400 fission product groups. These rates are of the form "delta-
mass released over delta-time" and are computed at intervals which give
the best fit to actual released mass.

Program Input

User-defined information needed by CORSOR is supplied in two
sources: user supplied input and MARCH supplied TAPE25.

User Supplied Input

A1l variables are real unless otherwise noted, and all input
is read unformatted. A1l "cards" are required.

Card 1 ACDNAM, ACDSEQ 8 character identifiers for the run.

Card 2 MVERSN Logical: .TRUE. selects M-Version
method of calculating releases, .FALSE.
utilizes default method.




TSTRT, TFAIL, SMLT

ISTEP, OSTEP

R1, R2, NDZ

RADDIS

12

Variables denoting starting time for
calculations, time to halt calculation,
and time at which core melting begins.
A1l in minutes. SMLT is used in sub-
routine RATE for preparation of the
TRAPMELT input dataset.

Integer variables for controlling
level of time resolution for input
and output, respectively. Every
ISTEPth input record on UNIT25 will
be utilized in the calculations.
Every OSTEPth jteration will print
temperature, FZR, and S arrays for
core, in addition to release informa-
tion. OSTEP = 0 results in printing
only the summary listing of the calcu-
lations.

Integer variables describing the core
nodalization. R1 and R? are the iden-
tifiers of the central and extreme
radial nodes (e.g., 1 and 10). NDZ

is the number of axial nodes in the
TAPE25 dataset. Maxima for R2 and

NDZ are 10 and 24. R1 is typically

1 &

R2 values of the radial power peaking
factor which are used in INVENT to
distribute the fission product inven-
tory. These values should be normal-
ized to sum to R2. RADDIS(1) is
central value, RADDIS(R2) is for outer
edge of core.

NDZ values of the axial power peaking
factor which are used in INVENT to
distribute the fission product inven-
tory. These values should be normal-
ized to sum to NDS. AXDIS(1) is for
bottom of core, AXDIS(2) is for the
top. Equal spacing is assumed.

R2 values of the fraction of core
volume contained in the radial nodes.
This is used to distribute the struc-
tural material fuel and control rods,
and is also factored into the fission
product inventory distribution. These
values should be normalized to R2.




Card 9

TAPE25

and is used in CORTEM.

variables:

TCS, TI2, TXE, TKR,
TTE, TAG, TSB, TBA,
TSN, TRU, TUOZ2,
TZRC, TIR, TFE,
TMO, TSR, TCR, TNI,
TMN, TLA, TAGR,
TCOR, TINR

13

The total inventories of the species
to be re’zased in CORSu. . The order
is requi-e’ to be follow'', and zero
is an acceptable value for any
species. The recommended units for
these values is kg, although it's not
necessary. In order, these species
are cesium, iodine, xenon, krypton,
teliurium, silver (fission product),
antimony, barium, tin (clad), ruthen-
fum, UO2 (fuel), zirconium (clad),
zirconium (fission product), iron
(structural), molybdenum, strontium,
chromium (structural), nickel (struc-
tural), manganese (structural),
lanthanum, silver (control rod),
cad?ium (control rod), indium (control
rod).

In job control, a MARCH output file is attached as TAPE25

TAPE2S is a binary file with the following input

N - Time step number
TIME In minutes since start of accident
FCM - Fraction of core melted

TEMP - An array of nodal temperatures (F) with the
dimension (z,r) where z is the number of
axial nodes (with z = 1 representing the
bottom of the core) and r is the number of
radial nodes (with r = 1 representing the
center of the core).

S - A similarly dimensioned array of flags
(1 or 0) denoting status of the node as in-
core (1) or out-of-core (0).

FZRN

A similarly dimensioned array of fractions

denoting the fraction of nodal Zircaloy which

is oxidized.



(1)

(2)

(3)

(4)

(5)
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APPENDIX A

CORSOR M-VERSION

The release rate coefficients used in the default version of
CORSOR were arrived at by fitting curves to available data. No attempt
was made to place these curves on a theoretica’ basis nor to derive an
understanding of the release mechanisms from the relatively sparse data.
One can, however, utilize these data in an empirical fashion that is
consistent with a theoretical basis for the release process. This
approach turns out to be simpler than the default method and it provides
some insight into the relative releases of the various materials based
on their thermodynamic properties. The method used to arrive at the
coefficients in Table 3 is outlined here.

One first assumes that all release rates are governed by an
Arrhenius equation,

k = kg e WURT

where k is the release rate (min'l) at a given temperature T (°K) for a
particular species, Q is the activation energy (cal/mol) for the release
process, R the gas constant (cal/mol K), and ko(min'l) the so-called
preexponential factor. That much of the available fission product release
data are adequately represented by this form has been demonstrated by
Kelly, et al(l). Simply fitting the release data to curves of this form
clearly separated the species examined (Kr, Sr, Zr, Mo, Ru, Ag, Sb, Te,
I, Cs, Ba, Ce, and Nd) into two groups. One group (Zr, Ru, Ce, Nd)
exhibited Q values from 170 to 270 kcal/mol, while the remainder was
best described by Q values from roughly 40 to 80 kcal/mol. While the
activation energies deduced in this manner do not coincide with the heats
of vaporization of the species examined, there is a strong sir ilarity
between the two. This similarity, coupled with the fact that 1lease of
the species of low volatility involves vaporization as a poten” lly
rate limiting step, is sufficient justification for using the he. of
vaporization for Q for these species.

The rate limiting step in the release of the volatile species

(Kr, Xe, I, Cs, Te) involves migration through the U0, matrix so that



A-2

the activation energy and preexponential factor can be reasonably deter-
mined only from prototypical experiments. Thus, a simple fit of experi-
mental data for these species, without regard for their heats of vapori-
zation, is the basis for the KO and Q given in Table 3. (These coeffi-
cients do not take into account the gettering of Te by the rod cladding
material, and this accounting is treated as in the default method.)

The heat of vaporization for the remaining species wac taken
for the value of Q. The handbook of Hultgren, et a1(2) provided the
elemental heats of vaporization for the elemental forms given in Table 3.
Note that Ba and Sr were assumed to be present in the fuel as Ba0 and
Sr0 and the fission product Zr was assumed present as ZrOz.(3T:§ vapor
pressures for Ba0 and Sr0 were taken from Barin's handbooks'~’ '/, that
for Zro2 from Blackburn and Johnson(s), and the UO2 heat of vaporization
is based on Tetenbaum and Hunt(s). The release rates of these species
are in direct proportion to their vapor pressure, so the preexponential
factor in the vapor pressure expression is adjusted by a scale factor to
agree with the experimental observations. One scale factor is applied
to all species. Its value (0.0247 min~1 atm '1) was arrived at by scal-
ing the observed release rates (min'l) of Ba, Sr, Ru, and Zr to the vapor
pressures (atm) of Ba0, Sr0, Ru, and ZrO2 to achieve the best overall
agreement.

It is recognized that the releases predicted in this way still
do nct have « mechanistic basis, but this approach does have the advan-
tage of incorporating the available data into a simple framework that
has some foundation in physical phenomena.
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APPENDIX B

o Sample Input Data Set
o CORSOR Listing
e Sample Output Datz Set



Auk  ACEEEIERER , T1000,P2,
RENNFST , TA' 10, 9F,

BEGUEST ,TACES ! BF,

WENNERT, TAPEL), Py,

PLOUEST,TAPE 4, PF,

ATTL “H,TADE2S ,PRTYW2T2S, ID=KFLLY,

ATTLCH, X, CORSNAM, INSFARYANT

FTNS, t=X,L0=S/A/R, 1PT=1,PL22O0OA,

LGN,

CATALOG , TAPELO ,PRATWRFL , JD2FRIYANT RP29oq,
PFEIND,TAPELY,

REVIND,TAPF1Y,

OENMTEN . TAPF | &,

COPYSPY  TAPELL.

CrOYSRAF , TAPEY Y,

CORYSAF TAPELS,

CATALNG, TAPFEL1) ,PRTNT ], IN=FARYANT RP3909,
CATALNG,TAPEL ), paTST13, JU=ERRYANT , RP=099,
CATALNG, TAPELL ,PETWTI4, 1D=ERRYANT RP=G9G,
AEE

LFALSF,

2620,0 INSS_.0 274R.0

4 n

1 0 724

1.9 1.3 1.2 1.1 1.0 .95 ,90 .80 70 .S58
AT 49 .5) .64 .77 .99 1.12 1,27 1,35 1.44
1.7 1,50 1.50 1,47 1,44 1,35 1,27 1.12 .98 .17
A 8y A8 47

5 3i 0 0o e 0 Be B 240

230.% 16,7 IRT.0 25.5 4. 0,0 0.0 105,0 1050,0
156555 .0 K4100,.0 267,00 151500 37,0 63,0 4j4n.n
A12.0 1562,.0 0.O O .M 0,0

47,2
2566.0




PRAGKAN CARSNR T4/74 NBET=] ,RONUND= A/ S/ M/=DN, DS FTN 5,14577 NI/08/RE 30,0k 54
PAZ<LANG/ =0T APC==COMMNN/<F IXFD,CS2 NSKER/=FIXFN,DRz«TR/«SR/ 51, /«FR/=[N/=FMN/=ST,PL=20000
FTINS,I=X LN=S/A/R NPT ,PL=20000

AR A A A A A A A A A A A A A il e I T I T

tNECYK CIOMRSHIR
PRACRAM (”HFHQ(!HP”T,FHTPH',TAP‘7\,THDFVI,YAPFl!,Tﬁbflﬂ,

ATAFFI10)

CORSOR CALCULATES fHF FRACTINNS NOF REACTOR CnRs MATFRIAL
SPECIFES PFLEASED DIRING A CNRE HFAT=UP,

VWA DABWN -

INPUT FILFS:
1) MARCH NUTPHT FILE TAPF?S « AN APRAY CONTAINING
CNRFE. TIMF«TEMPERATIRE DATA
2) FILE (USUALLY PART NF THF SUHRAMIT JNOA) CONTAINING
FOLLOWING DATA:
PLANT NAME
ACCINENT SEQUFNCE
MVFERSN: TRUF USFS CNRSNAR«M VERSTNON CALCULATIONS
FALSE HSES NNRIMAL CORSNOR CALCULATINNS
TSTRT = ACCIDFNT START TIWF (MINNTHFS)
TFALL = ACCIDFNT FuD TIMF (MINUTFS)
SMLT « START MELT TIME (MINITES)
ISTEP = FREQUENCY OF DUTPUT DUMPS
NSTFP « FREOQUFNCY NF TIMF<TEMPIFRATIING DATA POINTS BFAD
FRIM MARCH TAPHF2S
Ri=1}
RO=NIIMRFR (OF RADTAI, AND STRUCTHEAY FACTORS
NNZ = NIMARFR NF AXTAL FACTNRS
TYIXY « INITIAL INVFEFNTORIFS NOF FDLL/y ING SPFCIFS:
I="FSTHw 2=TONINF I=XFENNN
AZKRYPTNN S=TFLLURTINV A=SITLVFER
TZANTIMONY R=MARTIIM G=TINI(CLAM)
1N=RUTHENTUM 11=FOFL(UN2) 12=ZIRCONTHNMICLAND)
1327 IRCNINIIM{VP) JA=TRIOINCSTRUCTIHRE) 1S=MNLYRDE MW
1ASSTRNANT UM 1 7=CHRENMT M 18=NTCKFI
1O=HMANCENE SH 20=1LANTHANIM Z1I=S1IVER(POIND)
22=CADNIIIMIRNANY ZITINDINNCROD)

COMMON /-VLT/“|,P?,Nh?_ﬁ(?l'|ﬂ\.$ru‘TvuL,M.rgTDT,T;AH
COMMOIN /M/MVYFRSH
CNMMON /EMT/TO ,TFP(23),TEMP(2,24,10) ,FZRN(24,10)
COMMON /CTEMP/K ,RI, R4, FLAGI, TIMEN, ISTFI
COMMON JINVNT/FP(23,24,10) ,PuR
COMMNON /TOT/TCK(2)3)
COMMON /VITFR/STHNIQ,lﬂﬂﬁ),“!VTl“(ﬂ,7“\,TTT,N”N,RILT
CHARACTFER®R FPNAME(23) ,ACDNAM ACHSFEN
INTEGER R ,R2,RY, RA, 1ISTFP
LNGICAL, MVERSN,PWR
LOGICAL FLAG1H
DATA FPNAME/'CS', 12, 'XF"' ,"KR' "TF' 'AG*' ,'SR',"RA*, "'SN"', P,
& HO2°, 20 CLAD® ("Z0" ,'FR, PN, 'SR, SCRY,*NT* "N, LAY,
(9 YAG BOND'L'CD RODY,YTIH RNy
cene
CEIEY MYFHRSN = [F MVFRSN= TRIF, THFN CNRSNR«M NPTINNS ARF SFLECTED
Cees
FLAG(=_FALSF,
K=0O




PROGEAM

CNOVENR

[ LR
rees
(AR

Cony

("ees

Ceeny
10

T™=0
READ
pernrT
VEAD
I1F(my
PR
FLSH
Ppw
FNBLF
RFAD
PHRINT

SMLT 15

Rean
READ
Nitm=1
KEwinN
wHiz=k?
Pa=K3
CALI
ARITI
WRITFE
WKITr

HWEGTH
'ty

CALL
TECFL

ENDIF

S, ACHMAM ACHSEND

11, ACDHNAM _ACDSEN
$ MYERSA
FRSNITHEN

IaT i IS

IeT 15

S TSTRT THALL , SWLY
120, TSTRT SMLT, TFAT)

3 START=MELT TT% In

*,ISTEP , NSTEP
*,P1,R2,MD7

n 25

/7

+1
INVENT
(11,2nn)
(11,319n)
(14,400)

MATM 1,008

110§
CORTEMN
ACIITHEN
PRIMT 2%
GNn TN 1an

CALL ¥y T

TPAR=TFP(R)
FTCORSTFPIOYATERIINIATEPCIZ2YATFRIAYSTER( 21 )eTHFRI22V4TEP (2 V)
THNO=TFDI(Y)eTFP ()

WRITEC(L],500) TIVE TFP(1),TFR(2),TFRIS) , TNG, TPAR ,TCOR ,TFR(20)

STOARCL  HURY=T | N

STOP(?2 ,HIMM)=TFP(1)

STNR(I , HUMIZTFP(2)

STORCA , NIM)I=TFP(SYeTFP(T)

STOR(S NUMIY=TPARSTCNR

STNRIA MUIMIZTFPI(RYSTFP(IA)

STORCT,HUMISTFP(IN)I+TFP(1%)

STORCR NUHMAYZTFP(20)+THFP (1Y)

STNR(OQ,NIM)=TNGC

WRITE(13,550) TIFE TFR(R),TFP(T),TFR(R) ,THFP(I1N),TFE(1),
TFP(IS),TFP(LR)

WRITEC(IA,S%0) TIME _TEPIA),TFPI(II), TFPII2),THEP(14),TFPI21),
TFP(22),TFP(2Y)

IF(NSTEP GT 0) THEN
TF(MODNIM NSTEP) . FO, 0 CALL DPOTPI

ENDTF

NUIMZNIIMe

TEITFALL . CT TIMEYIOOATH 1D




113
114
115
1"s
17
110
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
s
139

140

PROCKRAM

CNRSUR 74/74 OPT=) ,RNIINNE A/ S/ ¥/=D,=DS5 FTN S,.1+577 N2/04/8%

100 CONTINUE
CALL RATF
nn S8 '=1,23
TFR(TI=TCKIY=TFP(T)
55 CUONTINUE
PRINT AOO, (FPNAMECT),TCF(T), TFP(1),T=1,21)
PRINT QN _ TIME
PRINT 110
11 FORKAT(' ICORSNR RUN FOR ' AR, ' ACCIDFNT SFOUENCE ', AR)
15 FORMAT('OCNRSNR=«NETGINAL KELFASEH RATE METHOD SELECTED,', /)
16 FORMAT('NCNRSNR==M RFLFASE VATE YETHON SELECTEDR,',/)
25 FUPMATC(IHO,'"END NF TAPE 25")
Q0 FORMAT(INHO,*END OF RUN, TINF=',F10,3)
110 FORMAT(IHO, *RUN SUMMARY' 100("'="))

120 FORMAT(' CHORE UNCOVERED: SSET .0 WIN 2,
N ' MELT RFOIMS: P12, VI 2,
& Y RNTTAM HEAD FATLIRFE: ' ,F7.2,' ¥IN,', /)

200 FORMAT('TIME  TNT KELICS' 12X, T2° 14X, "TE* 13X, "NORLE CAS' 7Y,
SYOTHER F P, ' AX,'NON F P " AX,'LAY)

ION FORMAT('TINE TNT RELIAG' 12X, "SHY 14X, "HA® 14X, 'AN' 14, 70", 14X,
KRN0, 14Y, 'SR

Q00 FORMAT( 'TIME  TNT RFLISN' 12X, U020 ,12Y , *ZRICLAD) * 99X, "FF* 12X, "R
AROPY 10X, 'CORNPY 10X, " TNRONT)

SO0 FORMATIFA N, 7(F16,4))

550 FORMAT(FA,.N,T(H16,3))

KON FURMAT(ING, "SPFCIES INTTTIAL INVENTORY FINAL THVENTORY '/,
ARCC2X,AR,OX IPFIN 4 RY,1PF11,.4)))
STup

FMn

0o, Nk, 54

PACE



SHRRNUTINE [THYENT 74774 neT=1 ,RIVINDE A/ S/ W/=D, =N FTN S_ 1487 N2/04/70%
nl':-l,ll‘u;/-HT,AH(‘.:-(‘H'M'HM/-; TXFD,CS= USFR/=F TXFD,DRz=TR /=SSR /=5] JoFR/=iD/=PUN /ST Pl =20000
FTNS, (=X, LN=S/A/R,OPT=] ,PL=20000,

Ittt e e R R A R A R A A R R AR A AR A AL R A A Rl

SUHMKRINITINE INVENT

CUMMNON ZINVYET/FP(23,24,10) PR

COMMNON /u;’l'T/l.q’u‘),\sl-'),Q(')A,l'\),i'(“,YV"b,‘J,"\THT,"AH

INTFCER Py, 02

COAMAN /TOT/TCK(23)

EOWTVALENCE (TOTALC(D)  ,TCS),(TATAL(2Y ,TI2) ,(TOTALC3Y,TYH),
5ITHTAL(l).TIN),(TnTALrSV,TTF),(THT»Ics),|Au\,flmT|1«7),1'u),
SI(TOTAL(R) Tﬂl‘,lTNTll(7\,Tfﬂ),lTHThl(lﬁ\,TH”‘,iY”TAL(11)'1MM}|'
A(TOTALC12),TZRCY ,(TOTALCIY) ! EYLOTOTALCIA) L IFF ), ITOTALCLIS) ,TuN),
SITOTAL(IA),TSR) L, (TOTALILIT),TCR) , (TOTALCIH) ,TNT) , (TOTALC19),THN),
L(THTAL(7ﬂ\,TLl).lTHTHIl)l),TlGD),(YHYA'{?7),T(HU|,|THNAL|/l\_Vyuwy

DIMENSIONN RADDISCI0) , AXDTS(24) ,STNIS(10), TNTAL(23)

LNGICAL FLAG? ,PWR

HEAD PADTIAL ,AXTAL AND STRUCTHRAL NDISTRIRNTINON FACTNRS

READ O,HJM\(HQ'[\,!=|,'—~‘7I

PRINT A4

PRINT K4S ,(RADNTIS(I) ,T1=1,RD)

READ $,(AXDISITY, 1=1 ,ND7)

PRINT K42

PRINT 645, (AXDIS(T),I=1,ND7)

READ $_ (STDISCI)Y,I=1,R2)

PRINT K43

PRINT A4S, (STNISC(T),I=1,°2)

FOPMAT(/Z1X,* RADTAL PISTRIRNTINAN FACTARS AwF: ')
FORMATCZ1X," AXTAL DISTRIVHTION FACTHRS ARE: )y
"(:plﬁlT(/‘Y.' STRUCTUHRAY NISTRINATION FACTIWRS ARE: L
FORMAT(IRY FA 4)

VFRIFY DISTRINNUTION FACTNARS SV TH CNREESPOANDING MIOVRED

XNNRM=O,
PulRz _FALSF,
FLAG2= . FALSE,
RNSUIMzZO
STSlUiM=0
AXDS!IM=D
pns i=1,R?
RNSHUM=RNSIIMARANNTS(T)
STSHM=STSIMSETNIS(T)
S CNONTINUFE
PN & T=1,ND2
AXDSUMZAXDEUIMSAXDISIT)
& COITINUF
I ((ARS(KNSIM/R2)=1,0) GT N, 01)FLACY= TRUF,
IFCCARS(STSUNM/R2 )= 0Y CT 0, 01)FLACO=_ TR,
IFC(CARSCAXDSUIMINNZ ) =] ,0)Y GT O, MNIFLAGY= TRIE,

FRRNR NNUT NF PRNGRAM 1F SI'M NF FACTNRS NNT CNRRFCT
IF(FLAG?) THFN

PRINT 200,R2,R2,ND7 ,RNDSUM, STSUIM AXDSHM
FORMATCIX, "SA% = PAWFR NR STRUICTHRAL FACTNRS NOT PRNPFRI VY,




SUSRUUTINE InVENT 14774 UPTEL ,KIUNLUE A/ S5/ W/=D,=DS FIN S5.14577 03/06/85 10,184,168

& Y ONURMALIZELE Y, /S5, 'KADIAL,STRUCTUKAL ANU AXIAL ',
N "EACTURS SHOULY SUM Tor ', 314,,.5X, "GIVEN VALUES ',
8 'Sum Y0: ',3F8.2)
STuP
ENDTY
Lese
Cess READ INITIAL INVENTURIES
Cesn
HEAD * , TCS, T12,ThE, TKR, TTE,TAG, 100, TOA, TSN, ThU,TUOZ2,TZRC,TZR,TVE,
~ FMU, TSR, TCHR TN] ,THU  TLA, FAGK , TCDOR, TINR
IF(TAGR . NE 0) Pux=, Txlic,
L0 1v I=R1,R2
ANURMZXWURMSRADDEIS(T ) *s5Tuln())
CONTINUE
DENSNUZ®XNORM
VESENDZ*N2
vl K0 I=RI1, N2
LO 6u J=1,.n0L
Dt 55 K=),R
FPUR ,J 1 )STUTALIK ) /UEMSKAUD IS (T)SAXDIS(J)*S5TDIS())
TCKIR)SICRIK)I+FE(N,J, 1)
55 CurlInJE
LU 6V K=9,23
GUTU(ST7,57,57,57,57,571,57,58,57,58,57,57,58,.57,58,58,57,
57,57,58,57,57,571)K
FP(R,J, 1)=TUTALIK) Z7DESESTDIS(])
TCRLK )= CRIR) o¥FPIK U, 1)
GUTU B0
FPIKE,,J 1)ETUTALIK) 7UERSRALLISLID®*AXDIS(J)*STLIS(])
TCR(K)=ICK(K)+FP(K,J,1)
hu CONTINUE
PRINT 10U (TCEK(K) ,A=),43)
10U FURMAT(INO, "TUTAL INITIAL INVENTURLIES:',Z/7,
OR,"CS " B, " 12" 8K, "KE" ,BX, "KR" 8K, "TE" ,8X, "AG" ,HX,"'SB"',
8X,'BA',7,8¢10,2,7/7,
X, "SNT BA, MU LTIX, 02 5K, "2FCLAL ,TX,ZR" BX, 'FE"',8X, 'm0,
BX,'Sx',7,8v10,2,7/7,
OX,"CR" ,BX,"MI" BXA,"MN" 8X,"LA"' ,/7,4F10,2,77,
SK, "AUKODT J5A, '"CORUD* 5K, YINRDD" ,7,3F10,2)
Sou CONTINUE
HETUKN
eND




SHARNITINGE CrNROD 74/74 NPTl ,FPUNN= A/ S/ M/=D , =hf FTY S _14577 n2/04/0%

ry(l:-!,()ﬂl(./-wl,AH(A:-I*HNNV‘M/-$ IXFD,CS= USER/=FIXFN hR==TH/«SR/ =5 Job /=D oM =5  PL=20000
FTRS,I=X, Lh=S/A/R, WT=1,PL=20000,

(..'Q....".'..".0..‘.."..“....".'.O'Ol"'l..l'.l‘.'ttul"l'.t'l'.t

SHARIHITINE CoNROb
CeEe
cere SONROD CALCULATES THE RFELFASFE NF (
Chaen
Cees INPUTS~-
Cren Fp - FISSINN PROPUCT INVENTORY ARRAY
ey TEMp - CORE NODAL TEMPERATIHRE ARRAY(DFORFFS FAMRENHIETITY
Ceen REPMAX « ARRAY 0DOF AAXTMIIM RFIFASED ConraiYg ROD MATHFRIAM
e HY CNRF NODd
Cess
Ceny MITPHTS -
Coen TFPD - TOTAIL RELEASED CONTREN] RON MATFERIAY APRAY
Cese (21=STLVER,22=CADNMIIM 23=TNNTIIM)
Ceen

“MINTROI, BN ALLAOY MATERTAL

AT P S wN-

INTEGER R W2

COMMON ZMELT/PL,R?2 ,NN7 ,S(24,10) FCM TI¥F N TSTRT , TEAT
COMMNN JEMT/ZTO TFP(23),TFMP(2,24,10) ,F7ZRN(24,10)
COMMON ZINVYNT/ZFP(23,24,10) ,PWF

DIMEFNSTON RFPMAX(Y, 24,10)

DATA RFPMAX/ZTI20%0 7/

Mt 100 11=1,NN7
npn o100 12=R1 ,R7
F=(TEMP(2,T1,12)+TFMP(L,11,12)
T=(T=32,)/1 R
IF(T LT 1400 ) N TN 100
nn 11 =y, 0
IF(T . LT, 2300,) GV TNE21,22,23%))
IF(T.LT.2RAN ) CN TOCI ,312,33).)
REPMAXCA, 11, 12)=FP(0420,71,72)
Ot 1
CINTINNE
FRELZES F=49(T=1400_ )N N5
anoTH S
CONTINUE
FREL=I_I1IIIF=AR(T-14NN V4N 5
Gon ™ S
CONTINNE
FRELZI 111 11F=A8(T=1400_,)+0 05
oNn ™M §
CONT [ NUF
FRELZ1 . Fel®(T=21N0_ Y40 5
o™ S
COMTINUE
FRELZA F=4%(T=23100 )40 R
Gn ™ %
CONTINUF
FRELZ1  TF«18(T=2300_ )40 15
CONTINUE
FRELZFRFLSFP( 1420 ,T1,12)
IF(FREL . GT.RFEMAXCI,T1,72)) RFEPMAXII,T11,12)=FPFI
11 CONTINUE
100 CONTINIE
by 222 J=1,3




T e e S e L R i R ORI R s R B s s e

SURRNUTIKE CHNRMD 14774 NPTy ,uniinns A7 S/ w/=0,=DS FTH S, 14577 N2/08/R%  NO DK 54 VACH ?
56 TOT=0,
s7 pno200 T1=1,N07
L] DO 200 12=R1,R?
59 THT=TOT + RFPMAXCI,TL, I
Yy 200 CONTINNE
al TEP(J420Y=TOT
w2 222 CONTINUE
a3 RETUHRN
e ENn

@




SHURRMITING CNHETEM 14/74 NPT=4 ,PMiNNnz A/ S/ W/=D =D FTY S_1+4877
DN==LNNG /- ‘-Y,Ah«.:—fﬂdl‘f\‘“-b TXFN,CS= NSFP/=F1YFN NRzaTR /= NR/ell /ot R/eDse'V]

FINS , I2X LO'=S/A/R, 1PT=) yPL=2n000

(0'00000-0000.0'tcoaton.ntotloto.cto'ttttot-'ttctocoo-‘vto'ovtovot-a'c
SUMRIMITINE CNRTEM

Coes

Cesn

Caen SUHRRNITINF CORTFM PEANS A 24 ¥ 1D TIMF=«TFUPFRATHRE PRI TLE Nk

Coen THE CORE FRNM THE MARCH TAPF2S NTPUT PTILF HITH A CORRFSPONDINS

Caen 24 X 10 IDENTIFIER PROFILFE IMDICATING WHETHER NR NOT THFE NODE

Cees REMATNS IN THF CuURE (S=N => MiIT=NF=CIWE: S=1 => TN=CN¥¥)

Ceen

e

cees Rl<7IINF = NIIMAFRE NF TNNERMOST KADTAL RFGINN

CeEn R2=7ZNNF = NUMBRFR NF MMITEPMOST RPANDTAL REGTION

Cees NDZ = NUMRER NF AXTAL NNODES

Cern

CEen

OB A DPAS WN -

COMMNN ZMELT/R1,H2,ND7 ,S(24,10) FC¥ TIME Y TSTRT,TFATI
COMMON /CTEMP/K R, RA FLAGL,TIMEN IS5THF

COMMON ZFMT/TO TFP(23),THEMP(2,724,10) ,F7NI 24,10)
INTEGER R, R ,R?2,R3 R4

LUGICAL FLACG)

AEAD P TH START=MFLT TIME FOR [NPUT DATA

1i=1
CONTINUF
READ (25,FNDP=2n0n) N TTME FCw
IF(TIME LT TSTRT)ITHEN
pon 20 1=1,M07
RUADC2S) (DUMA _DIIMA _PDIIME W=R 1,02)
CONTINUF
anTnN I1n
FMDIF
IF(MAD(TL,LISTFRY FO D) THEN
K=K+
PN o3 =] ,NDZ
READC2S) (TEMP(2,1,R) . S(T,R), F7ZRN(T W), 0=k, kD)
N an P=R| L R2
IF(SCI,RY _NE DY S(T,R)=1,
CONTINOE
CONTINIF
GOTN 2%0
ELSF
nn SO J=1 ,NNn7
READ(?2S) (DUVA, DIIMAR NDHNC R=R1 ,92)
CONTINUE
I1=11#1
GoTNn 10
ENDIF
CONTINUF
FLAGI= TPIF
CUNTINUE
RFTURN
END
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wow -
No-O

w
PN w

w -
®»

- ew
wWN -0 ¢
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SURROUTINE EwIT 74/74 (0BT ,ROUNDE A/ S/ M/=D,=DS FTV 5,14577 Ny /nasns
DN==LONG/=NT , ARCE=COMMON/=FTXFD ,CS= USFR/=FIXEN , NRzeTR/=SR/=S1/=FR/=IN/=Prn/=ST,PL=20000
FTNS, 1=X,LO=S/A/K,0PT=] ,PL=20000,

I R I I Innmmnmm
SURRIMITINE EMIT

ceve

Cewn

Cesx THIS SURRMITINE CALCULATES EMISSTON RATES AND THE HEMATNTING

Ceon AVIIINTS OF FISSION PRODIICTS AT FACH NF THE UISER SPECIFIFD NODFS

Ceen TN A CORE (UP TO 240), TIMF STFES AND TEMPFRATIIRES APF ORTAINED

Cesn FROM THE MARCH CODF, AND FISSINM PRONUCT INTTTAL INVENTURIFS AKF

Cons FRIM THE ORJGEN CODF.,

Cens
Cees TIME-FROM MARCH (MINITES)

cees TEMP(2,24,10)=NIDE TEMPERATIRE FROM MARCH(DFGRFFS FAHRFNMFTIT)
Ccexn TFP=TNTAL FISSION PRADICT RELFASFN(KILOGRAMS)

Cess TPAR=TOTAL FISSIONN PRODIUCTS RELEASED EXCLUDING €S,1 & TFE (KXG)
ceee TCOR=TOTAL CNRE PRODICTS RELFASFN(KILOGRAMS)

CEen FRC=FRACTINN RFELFASE CNEFFICTENT(INVFRSE MINUTES)

Ceen FPITXX NDN7 ,R2=R1) FISSINN PRODMICT TMVENTHRY

Cees FFP=FRACTION NF FISSTION PRODICT RFLFASEN

Cers A,R=FPACTTNNAL RFLFASF RATE COFFFICTIFNT CONSTANTS

Coen T1,12,)0=DUMKMY VARTAKLFS FOR NODF (AXTAL & RADIAL), AND SPECIES,
Ceen

Cess SPECIFS ARE IDFNTIFIEDN TN ARRAYS FP AND TFP AS FNALLOWS:

Cees 1=CFSTIM 2=INDINE I=XENNN

cees 4=KRYPTIN S=TFLLURTIM h=STLVER

ceen T=ANTIMNONY AzAARTHM G=TINI(CLADDING)

Ceses 10ZRITHEMT I 1= (N2 12=21RCOMTHNMCCLANDING)
cesn 13=ZIRCAMTHNIFP) 1A=TRONC(STRUCTHRE ) 1S=MNLYRDENIIM

Cexx 1A=STRONTTIM 17=CHPOMINM 1R=NTICKF],

Cees 19=MANGENFSF 20SLANTHANIIM 21=STLVFR(RON)

Cees 22=CADMTUNM(RNOD) 2¥=INDIUM(PON)

Cese

COMM 4§ /M/MVFRSN
LD i, MVERSH,PWR

RFAu KO(20),0(20)

COMMON Iﬂﬁb?lﬂl,ﬂ?,lh?,S(?l.Iﬂ),FCN.TIUF,N,TSTR'-TFAlL
COMMON /INVNT/FP(23,24,10),PuWR

COMMON IE"?IT“,TFP(?!\.TFIP(?.?‘,'O).FI““(?‘,!O)

DIMENSTION A(KRD) ,R(KD)

INTEGER R ,R2

LOCICAL FLAG(24,10)

DATA FLAG/240% FALSF,/

DATA IUI“?.0E005.5.0F§1,1.0#01,0.0,?,QNFQS,S.QSFO!,l.ﬁ?lo&,

. |.0&507,'.55'04,7.67E0Q,7.9O€06,0.0,4.4H0§,4.67F04,5.)ﬁlol.

& S,03E+3,0, 0/

PDATA 0/5‘6).l.6t.d,n.,lnn.7,1o.u,|%7.n,141,1,|lo,w,jun,7,

ER7,0,0,,117,.0,R4,5,92,2,5A 8,188,727/

DATA FNINE/O 5555556/

PATA A/?.%)t-l:,301.07r-e,701.alr-|7.|.9:-17,7,5r-|4,|.onr-|7,
1.36F=11,5,06=113,296,64F~12,6,646=10,5,01F=17,2,74F=08,
l.ﬁ.ﬂlr-lﬂ,ﬁ.ﬂr-l3,4'?.07F°07.7‘°.JQF-OQ,*.OﬂP-ﬂon
l.?ﬁf-OQ,S.QRE-OQ,I.JGE-II.S.UF-!l,?tﬁ.ﬂlt-!?,ﬂ.ﬁ‘?-\n,
59«08, 2, TRF=11,396,64F=10,5_0F=13,481_74F=0S,
7‘!.IHE-"§.7.ShF-6,'.3ﬂ€°9,7.‘6F-0h,I.OF-ﬂﬂ,S.OOF-ll,
?'l.l.F-O?,I.CQF-OS,!.70?-0*,0.00:-01' *1.4R1 =05,5,0F=113/

rar>v>»

AW s A e > 5

0o Nk, 54
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SURPNUTINGE FMIT 14774 NPT=1 ,RMMINNDE A/ S/ M/=h,=DS FTN 5 14577 N2/0A4A/8% ne_ 0k 54

.f’lﬂ,.ﬂnlh.l._nﬂhl|'.ﬂﬂ7hﬂ.dt'ﬂﬂhh")0.0ﬂk\'_dﬂ1nu_
,0061|'_nn)nu,yt,nﬁTkR,lc.nnh\|,.wm%)\,_ﬁﬁukl,xo.nru|1,
NNTE6N, A% 004K, 2¢ _N0ALL, 00426, 0029, NNA2K, .DOTJAR,
LONT68,39,00177,,.00200,,.00370,3%,.00177,.0076R/

™P OF 1LONP, ..
(CNNVERT TEMPERATURF TN CFLSINS FOR FMISSTINN CALCUHLATINNS)Y

NTIMF=TIME=TD
. 100 T1=1,NDZ
pe 106 J2=R1,R2
“2(TEMP 2, T1,I2)4TEMP(Y 11,1200/,
T=(T=32,.)*FNINF
IF(T.LT 90N, ) €GN "N 100
IF(FLAGCIY,12))Yam 40
DN 44 13=] ,NDL
nn 42 JJ=t,20
GNTN(31,32,3)3, L34,472,34 06,47 ,42,47,47,47,42,47,
36,422,422, ., A0
CONTINIE
FRI= 05*FP(1,13,12)
GnNn T™H 39
CONTINNFE
FRI= 017%FP(2,13,12)
GNTH 319
CNONTINIE
FRI=O3FP(IJ,TY,12)
GNn TO Yo
CONTIKIE
FRI= O0N1*FP(JI,T3,12)
anoTN 3o
CONT I NIF
FRI= . ONOONISFP(NI,T3,T2)
CONTINU
FPCJN, I3, 12)=FR(II,T13,12)=FR]
TFP(JI)I=TFR(II)+FRT
CNNTINUFE
PLAGITIY, 12)=,.TRUF,
CONTINUE
K=0
IF(T.GT . 1400,) K=20
IF(T.GT,.2200,) k=40
IF(T.GT.2760,) T=2760,
TKFLYN=T4+273,0
pn 90 J=1,20
IF(J.FN.S) GN TN 99
TFI(MVERSN)THFN
FROSKN(JISFEAPI=O(II /T ,IRTE=ISTKELYNY)
FLSE
FRCZACK+JISFXPIRIK4IS*T)
ENDIF
THFE FOLLOWING ANDJUSTMENT TN FRC 1S TO AVOID UNDERFLOW FRENRS
IF(FRC.LT.1.NF=0R) FRC=1 ,0F=0kK
IF(TIME . CE.2T4AR_N) THEN
PRINT #,*' FR(C=',FRC,' NTImE="' NTIME
XCHEKZEAP (=FRCENTIVF)
PRINT *,' XCHK=z' XCHK




113
ite
115
116
117
e

119
120
121

122

123

124
12%
126

127

128
129
130
(]

132
133
134
13%
136
137
138
139
140
14}
142
143
144
145
146
147
148
149
150
151
152
153
154

SURROUTINE FMIT

50
an

Cews
cCeen
Cees

9R

cose

c

90
100

RO

T4/774 NPT=1 ,PNINNE A/ S/ M/j=D,=DS FTN S 14577

FMDTF
FEP=FRID, 11,12)%( 1 ,=FXP(=FPCENTIME DY)
FPOI, T, I2)=FP(J,T1,12)=FFP
IFIFPCI,T1,12) . CT 0,)COTNSH
FFP=FFPFP (I, 11,12
FPCI, 1Y ,12)=0
TEPIII=TEP(J) +FFP

CONT INUE

CALCYLATE T RELFASK NFPEMNENT NN ZIRCALLIOY NXTHATTIAN AuD TEup

TF(MVERSN)THEN
FRC=KN(SISEXP(=N(S5) /(1 ,9RTF«J¢TKFLUNY)
FLSE
ATE=1_,625E=11
ATF=0_010K1
IF(T.LY 1600,) N TN 98
ATF=9_N4F =R
RTE=5,27E=-13
TF(T.LT.2000,) GN Tn aa
ATE=A_025F =6
HTF=3 _12F=)
FRC=ATESEXI'(RTHET)
FNDF
TF(FZRN(TI, 12).CT . 0,.7) FRC=40,%FR(C
THE FOLLOWING ANDIUSTMENT TO FRC IS TO AVOTD UNDFPFLNW FRRNOES
IF(FRC.LT 1, 0E=N6) FRC=1,0F=06
FEPSFRIS,T1,12)0 01 . =FXP(=FRCSNTINF) )
FPRES, TV, I2V=FPIS, 11,12 =P
IF(FPIS,11,12) . 6T n YN TN ©oQ
FFP=FFP+FP(S,11,12)
FP(S, 11, 12)=0,
TFP(S)=TFP(S)4FFP
CONTINUE
[F{PNR) CALIL CimRnn
TO=TIME
nnoRO T1=1,NN7
NN RO 12z=R1,R2
TEVMPLL,T1,92)=TEMP(2,71,12)
CONTINUE
RETURN
END

N2/nasns

ng _nK %4

PALE
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SUMREMITINE OUTPUT 74774 PT=1 , RONINDE A/ 87 W/
Phz=l,MIG/=NT ,ARG=CHMMON/«F [XFD,CS= HUSER/=-FTXEN, K=
FTHS, I=X , LN=S/A/R, NPT, PLZ20000,

(’.0.‘.‘..0.0000.'..(0Ottt‘t‘taclocctlt-t-'t'.tctottt'ott"tcotnttontvc

SHRAENUTING AUTPUT
CUMMON ZFMT/TO TFP(23), THW (2,24,1 ) ,FZRN(24,10)
CrnumnN /'rl,T/‘H,H?,Nl"f,ﬁ()d,ll'),l(M,Tlvk_.,“-\Yo-r.ungv
COMMON JCTEMP /Y RPY R4 FLAC!I TIMFO ,ISTF}
LNGTICAL FLAGH
[MTFGFR P ,R1 ,R2, R} R4
PRINT an
FNRMAT(IHDY
TFIR . LF.1) THFYN
PRINT 931 ,TIwE
FORMAT(2NX ,"TIMFE SINCFH START 0 cer - e VIVY L2 2Y
FNDIF
PRINT 972 K _TIWF ¥FCH
FORMATC(LION, *™ ="', 1S,10X, "TIwE =' ¢
PRINT 93, (R, R R=W], P
FORMATI(RY,SC'TRNC" ,12,%) "', 60, *'S(*,
Ny AN T=1,ND7
PRINT Q4 ,(TEMP(2,1,R), S(T,0),F
FORMAT(IN ,2Y, S(3X F10_ 3,07, .F1
COMTINIE
PRINT @S
FORMATI(S(Z))
PRINT 93, (R KR Rz=PA _V2)
™My 70 T=) NPT
PRINT 94, (TEMP(2,T R) 501, ,R)
CONT INUF
PRINT 95
PRINT 200, ,(TFPCJI),J=1,8)
PRIMT 208, (TFPI) ,I0=9,14)
PRINT 208, (TFPC.1Y ,0=17,2M)
206 FORMAT('OTOTAI RELEASFE CR 13, 'n ’ s "TLA=CE
&//710X RF1S5,.S)
PRINT 190,(TFP(0),J=21,723)
190 FUORMATC(INN, *TATAL RFLFASKE AC(R'Y e LON, CIN(ROD)Y
&/710X,3F15.5%)
200 FORRAT(INA, *TOATAL PELFASE CS°,1
I, AGY 13X, *SA 1 IX,"RAY /710X,
208 FORMATCINO, *TOTAL, KFLFASKE S8°' .0
&, "ZRIFPY ', *IX,'FF' 13X, ¥n"* 13X ‘ LRF1S.5)
RETUEN
FND

-
COXT APV WN=-




NN o . e o e e e e e
S DVODVNDIPABDWN=O O AT NBWN-

~
~
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PO AT N b wN =D O 3-10-Ula>:

SURRONTINE QATE
DAZ=LANG/ =NT ARG =COMBON/=F I XED,CS= HSER/=FTAEN , DRZaTR/=SR/ =81/ «FR /= 1N/ =1k /=8T, PLE20000

FINS, 12X, LO=S/A/R,0OPT=],PL=20000,

T4/774 OPT=] ,KOUNNDE A/ S/ M/ef, =S FTN S_14577

[ A i I I

cese
Cess
Cens
Cceen

cese
ceen
Cceee

cess
Cceee
Cees
Conn
Cess
ceen
cees
cene
cees

Q0

cree
cees
cess
cses
coes

SURRIMITINFE RATF

RATE CALCULATES AND PRINTS RFLFASF RATFS T A FILE ¢nR
INPUT TD THF TRAPMFLT PRNGRAM,

COMMON /RATES/STOR(9, 1000) , NTIVTIM(R,20),TST, ICONNT, SMI.T
CHARACTER®D SPNAMF

CHARACTER®S SPSTAT

DIMENCTON IREL(A,20), TRPTIN(?,20) , PAT(10,20),SUM(R) ,FrTR(R),
AKAR(R) ,KPI1AR(RA)

SPNAME="' *

ICNHUNT=TICONINT =

ICOUNT IS THF NIVAFR OF FNTRIFS IN THF RFLFASF TARLFS,

ne 24% J=1,8

THIS LNOP LANPS ON SPECTES, (CESTUM TELLUK UM AERNSOL, STRONT TN,
RUTHENTNIM 1102, AND NNRLE GASES)

IT CHONSES WHICH FNTRIFS IN THE RELEASE TARLFS WILL RE THE FHD
POINTS FOF NIFFEPENTTIATION RY MOVING NNWN THE RELFASF TARLES

IN STEPS NF MASS WHICH ARFE FNNAL TN 7% OF THE FINAT, RELFASF Fowp
THAT SPFCTES, IARTHNE USFES THFE SAMF STFPS AS CESTUM, SN =2 [V THE
LONe IS SKIPPED,

K=J+1

IFCI,FD_2)00TN 248
cuT=_07
FRACSCHTE®STOR (K, TCOINT)
DI 100 =1, 1CMINT

RPELEASFS REGIN REFIRE START=MFLT, RIIT TRAR NOESN'T, FIMp
WHICH ENTRY IN THF TARLES CHRRFSPONDS TN S1A0T=MFI,T, aAMp
MAKE IT THE INITIAL POINT,

TFESTORCL, T LT . SMLT)GOTH 100
DIVTIMEI,1)=8TNP(1,1)
TRPTIM(J,1)=STOR(1,1)
IREL{JI,1)=7

GOTN 108

100 CONTINUFE
185 DN 120 L=1,20

cese
Coee
Cens

STEP DOWN TN 7% STFPS NNTIL THE ROTTAM® 0OF THE TARLE IS BFACHFD,

LPI=1L+1

LP2=L+2

TRUNZIREL(J,1)

XTST=STNR(K, IRNW)+FRAC

IF(XTST . GT.STNR(K, ICOUNTIIGATN 130

DY 110 Y=TIROW, ICOUNT
lF(STHP(K.!).LT.!TST)CnTn 110
PIVITM(I,LP1)=STOR(T, 1)
IRELCI, 1L PY)=]

N2/NA /RS

09,06 N4
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SURENUTINE RATS

IFCI EN ICIHINT)YCOTH
enNTn 120
CONTINNE
CONTINIE
DIVTINCI,,LPY)=STARCYL,ICNHINT)
IRELCI,LPI)=ICOUNT

1=0
KOUNT=LPIY

C*88 THF FOLLNDWING TF LNNP TAKFS THF PRFVIONS SFT F STFPS A

Cee® DETERMINES IF ANY ARF TNn RIG NP TNN SMALL, THF CRITERIMO

Ce®s FORk ACCEPTARLFE STEP S17¢ IS | THANY 4 AND LESS THAM 2.5
Cees TINES THE PRE WIS STEP ST2F, THIS WILL PREVENT TON DRAST I
Ce8% A DIFFERENCE IN SLOPF OF TWll HEIGHRORING LINFAR SFOMFNTS NF THE
CE98 PIFCE=NISE LINFAR APPRNOXIMATION NF THE NFLFASE=TINE PROFTLF,

(
140 I=l+)
IPiI=T+)
IP2=1+2
XLO=(DIVTINCI, TPL)=DNIVTINMII, T))* 3
XHI=XLN®A 25
TST=DIVTIMCO,IP2)Y=NIVTINII,TP1)
IF(YST LT XLA)GOT IS0
IF(TST. AT XHTIGCOTND 18D
IFCIPZ2 . FO _KMMNINTICHTN 210
GUITH 140
150 KONNT=KMMINT 1
c
Ce88 A LAFCFE SI1NPF FOLLNOWS A SMALL NN INSERT AN FXTRA STFP Nt
Ceses SMALL S1LIOWPE ST, NNW THF SENNENCE ¢ PALL=MEDTHM=LARGE .
(
IF(KNUNT GT 193G0OTN 210
IPizle}
MY 152 NM=IP2 KHINT
MEKMMIMTSIP2=ym
MM i=M-
NIVTIMCI MYISDIVTIM( Muy)
CONTINUE
DIVTINCI,TPI)I=DIVTIMNCGI, IP2)=XLD
IND=IRFELIJ, T
DY 1SS M=IND,ICOINT
IF(STORCI, M) LT . DIVTINEI,TP1))IEATN 158
DIVTIMC(D,TPI)I=STOR(Y M)
JF(DIVTIMCILIPIY  NFE _DIVTTIVN(],TP2))CGNTNA 14D
NN 1S4 MM=TP2 KNININT
¢
Cee8 THFRE 1S NN SPACF FNOR THF FXTRA STFP, RFEVYFRT T NRIGCINA
p
MMM] =M.
DIVTIM(J MMM ) =PIVTIMC ), u)
154 CONTINDFE
PIVTIM( I KNUNT )=,
KOUNT=KNIINT=1
anNTon 140
1S5S CONTINUF
DO 170 HIM=TP2 KNIINT




113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
158
156
157
158
159
160
161
162
163
164
165
166
167
168
169

SURRNUTINE RATH 74/74 NPT=| ,PMIND= A/ S/ M/=D,=h§ FTN S,14577 N2/04/RS

C8% IRFL IS A LIST NF TARLF LINES WHFRE EMD POINT THMFORMATINON IS
Cess STOURED, T 1S AN TNDFY,
C
TMZIP2 4K IINT=N]W
TAaMi=zin-1
TRELCI,IMI=TRFL(J, TMMY)
170 CONTINUE
IREL(J,TIP1)=M
GNTN 140
1RO KNUNT=KOUNT+
c
C*e® A SMALL SLOPE FNLLOMS A LARGF NOMF_  ADD AN FXTPA STFP RETWREEM THEM
Cees SN THE SENUENCF WILL RF LARGE= 1 NTHNM=SMALL,

IF(XODUNT AT 19)GNTN 210

IPI=T+)

DN IR2 MM=IPI KOUNT
MZTPISKNINT=NM
MM zM-]

NIVTIM() MISNTVTIM(I M)

182 CONTINDE
NIVTINGI,TP2)=NIVTIMCI, TR ) XN
IND=IRFL(JI,TIPY)

PN RS M=THD, 1CNUNTY
IF(STORIL MY LT DIVTINGI, TIP2))OOTH RS
DIVTIMNCGY,IP2)=STOR(L M)
IFIDIVTINCO L IP2) NEDIVTIMOI, IPYYOATN 190
PO 1RE MMZIP Y KNINTY

C*e8 NO ROOM EXISTS FOR THF FYTRA STFP,  PEVFRT TN THFE ORTGINAL SEOISNCE

MMM MM
NIVTIME I MMM Y =DTIVT IV, Y
1R4 CONTINNE
DIVTIM(I KNINT ) =0,
KOUNT=KNINT=1
aNTo 140
185 CONTINUE
190 PN 200 NIM=]IPI KMINT

Cc
Coss CORRFECT THF INDEX,
c
IMZIPIOXMINT =N M
THMI=[M-)
TRELC(J, IM)=TRFL(J, TMMT)
200 CONTINUE
l'.‘-'l(d' IP21=m
GNTN 140
210 CUT=CHT+ 01
Cc

C*E& THE MAXIMUM NUMRER OF FNTRTFS T™ THE TRAPMELT RELFASE TARLE
C**% 1S 20, THIS MAXTMIIM HAS RFEN RFACHED REFORE THE CONDITIONING
Ce*%¢ OOF THE PIFECFWISE LINFAR APPHOXTMATION 1S COMPLETE , TNCRFASE
C**% TUF STEP SIZF RETWEEN FNDPNINTS AND STAWT NyER,
C

nn 220 1=1,20

PIVTINCI,T)=0,

09,nk, 54
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SUARMITING RATE 74774 (PT=) ,RNUND= A/ S/ M/=D «Nf

TRPTINCI,1)=0,
TREL(J,T)=n,
220 CONT I NI
cOTn 9n
DO 240 1= ,KNUNT

THE FENDPOINT TARLE 1S COMPLETE, NOW MIDE S WILL RF CALCHLATED
TO WHICH THE SLOPF OF THF LTHEAR SEGYENTS RF ASSIGNFD. THESE
NIDPODINTS ARF THE ACTUAI TRIAPAFLT TIMES,

mizti=-1

TRPTINCI, TIS(DIVTINCI, TYenTVTTII(J,TM1)) /2,
CIONTINUE
KPI1=KOUNT &1
TRPTIMC(J KPP )=STNR( ], TCOUNT)

THE LAST TIME IN THE CNRSNR RELFASF TARLFS 1S5 HSED THICE, FIPST IT
APPEAKRS AS THF FNDPOINT OF THE SFOMFNT WHICH HAS AS ITS RECINN]NC
POINT THF LAST 7% SURTNTAL WHICH IS LESS THAN THF TOTAIL RELFASKH,
ITHE LAST TIME IN THE CORSOR RFLFEASFEF TARLF IS ALSO HNSEN WITH THE
NEXT=TO=LAST TIMNF IN THE CNPSOR RFLFASFH TARLF TN ARRTVF AT A

SLOPE MHICH IS ASSIGNED TN THE LAST TIMF IN THF CORSNR RELFASF
TARLF, AND TS ALSD THF FINAL TIMF TN THE TRAPMELT RFLFASF TARLFS,
THIS PROVINES THF MNST ACCURATE RATE FOR THE HFAD=FATL TIME

THIS MIGHT PROVINE PRARLEMS TF THE NEXT=TN=LAST SFGMFNT IS

LUONG AND MICH DIFFERENT FROM THIS LAST, VERY SHORT, SFOMENT,

KAR(J)=KNINT
KPIAR(J)=KPY
245 CONTINUE
IND=KAR(Y)
NG 246 T=1,1ND
c
Cses THF INDINE TTYNFES ARFE MANDF TDNFENTICAY T THE CHFSIUN TINMES, ™IS IS
CEeE NECFSSARY Fhik PRNPER DETERMINATION OF CST AND CSO PATES
{
DIVTIM(2,1)=NIVTIN(],T)
IRFLI2,1V=IRFLCL,T)
TRPTIM(2,1)=TRPTIN(I, I
246 CONTINUFE
TRPTIM(2,XPIAR(1))=TRPTIMN(] KPIAR()))
KAR(2)=KAR(Y))
KP(AR(2)=KkPIAR(Y)
pH 400 J=1,8
K=J+1
RlT(J,?)’fST”"(l,IDFL(J,7))-‘T”“(K,IDFL(J,l0))/(HYVTTB(J'j)-p[vT;
* M(J,1)Y/60 01000,
e
Cees THE SFCON QAT & SIMPLY DFLTA=RFLFASF NVFR DELTA-TINE,
-
ITSTZIRFL(J,2)=TREL(J, 1)
IF(IVST . EN . 1YGNTN 268
IND=IREL(J,1)
pnN 250 T=IND, ICOUNT
IF(STORCY, 1) LT, TRPTIN(.,2))OATD 250
TACK=STOR(K,I)*100D,
GOTO 240

ne

-

.54




27
228
229
230
231
232
233
234
23s8
736
237
238
239
240
24i
242
243
244
245
246
247
249
249
250
251
252
753
254
25S
256
257
258
259
260
261
262
7613
264
265
266
267
268
269
270
2
272
273
274
275
276
2mn
278
279
280
281
282
283

SURRNUTING PATH 74774 OPT=1 ,ROUND=E A/ S/ M/=D, D5 FTN S_14577 N2/04/R% N NK_ 54 PACF

250 CONTINUE
260 PAT(J,1)=TACK/(TRPTINCI,2)=TRPTIN(I, 1)) /10, <RAT(1,2)
c
C®%& THFE FIRST RATF [S CALCNLATED SN THAT JINTFGEATION OF TT AND THF
Co%s SECOND RATE WILL FOUAL THE CORSNR BFLEASE AT THE TIwe 0F Ty
Co%e SECOND RATE, THIS COVERS ALQ, RELEASFS PRIOR TN START=MELT TIME,
c
TFCRAT(I, 1) LT, 0, IRAT(J,1)=0,
SUMIVE(RATIS, LV4RAT(I,2) ) $(TPPTINGI, 2)=TRPTIN(], 1)) %30, /1000,
¢
Cov® A RUNNING INTECRATION OF THFSE SLOPFS WILL AF MAINTAINFD, AT
Co¥8s THE END OF COMSTRUCTION OF THo DIFCERTSE LINERR PROFILF, THF
C*¥*® INTFGRATION WILL RE COMPARFDN TO THE ACTUAL CORSNR RFLFASK, AMD
Ce#® ALL RATES WILL AF ADJUSTED RY & FACTOR TN RRING THE TNTEGRATI4
CE¥® INTN LINF WITH THF ACTUAL RELFASF,
c
enTn 270
265  TACK=(STORC(K, IRFL(1,1))4STOR(K, TRFL(1,2)))/2, #1000,
C
Ce$s THIS STFEP [NTFRPNLATES A RELEASE FOR THE TIMF OF THE SECOND RATF,
C*®® WHICH IS NOT [N THE CORSOR TARLES, THIS STEP IS ONLY PERFUPMED

CO®® WHEN THE FIRST TIMF AFTER START=MFLT TIME [N THF CNRSNR TARLFS
Ce®% IS ITSELF THE FNNPNINT NOF THF FIRST LTN AR SFGMENT,
GOTN 2460
270 KOUKRT=KARC(.D) ®
KPI=KPIAR(D) LK
DY 280 1=3,KNUNT o
c
CH$® ALL SURSFOUENT RATFS ARF SIMPLY NFLTA=PFLEASE NVER DELTA=TIVE
c
ILAERE
RAT(J, I I=(STOR(K, IRPFELEI, 1) ) =STORIN  TRFLAI, IMII Y)Y Z(DIVTIN(I, TY=DT
* VTIM(J,TML) ) /60, %1000,
SUMEN=SUMOI S (RAT I, TISPAT (), TN ) S (TRPTTIM(], 1) =TRRTTIF(,), 1M1 ) )"
30, /71000,
280 CONTINUFE
RAT(J, KP1)S(STORCK, . MINTY=STOR(K , TCNINT=1) )/ (STAR(Y, 1CHINT )= STHR
* (1,ICONNT=1))/A0 1000,
c

C*®¢ THIS IS THE [USTANTANENIS RATE TN FFFFCT RIGHT AT HEAD=FATL
Ceee TIME, IT IS ASSIGNED TN HEAD=FATL TI¥F (N {HF TRPAPNFLT TARLFS,
4
S"-(J)SS".(J)O(PRT(J,KW"UT,OQAT(J.KPI,)‘(TQVT"fJ.Kp'“TPPTI'(J,K
* NUNTYII®SIO, 7000,
FCTROJ)I=STOR(K, ICOUNT ) Z7SIM (D)
DN 290 =1 ,kP1
RAT(J,II=RAT(I, 1) $FCTRC,Y
290 CONTINUFE
StR=n,
N 399 1=1,xpt
TRPTII(J,I):(TRPTIilJ.I)-S"I)'ﬁﬂ.

c
C  TURN TRAPMELT TIMFS INTN SFCONDS MFASURED FRPNM MARCH ZFRN,
c

399  CONTINUE

409 CONTINUE




SHARNNUTING RATE

C1=260,7127,
c2=133,/72%A0,
CI=15n. 7131,
INN=KPIAR(T)
P 410 T=1,TNT

s
Coes TUHRN CESIUM AND TODINE RATFS INTH CST ARD

{
RAT(S,1)=CI*RAT(2,1)
RATC(10,1)=(RAT(1,1)=C2%RAT(9,1))%C)
410 CONTINUF
CSISUM=CI*STNR( I, ICNINT)
CHSUM=(STNR(?2,ICTINT)Y=C2%CS]
SPETATz'10000"
SPNAMF = 'CS5°
PRINT 480
FORMAT(INY)
PRINT 490, SPNAMF
WRITF(L10,1490)SPNAMFE  SPSTAT, THD
INND=KPLIAP(])
DO 411 K=1,TND
PRINT qm*v,rvv?;'.’l,r\,uATH,\-)
.;.lT'(‘Cvli'\‘n\)TLH'rldc1,'\,‘“"-7"!,'7
CUONTITHNUF
no =2,10
1F N,2)C0TNH 412
1F(1 < H)GNTH 413
IFil 1LAIENTD 414
1IF(1] LHICNATY AYS
1FCY LHIENTN 416
1FC1 LhenTn 4110
IFCT . ED _R)GOTH 41uD
IF(1.F0,9)GNATN 41490
GOTHO 4200
IND=KPIARCY)Y
J=2
L=1
SPSTAT="10a000
SPNAMEzYY O
cNTH 417
IND=KPIARLY)
J=0
L=1
SPST 10000
SPNA= 'C1*
GNTn 4.7
IND=KPIARC(Y)
=1
J=10
SPSTAT='10000
SPNAMF='CH"
coTnN 417
IND=KPIAR(A)
J=4
L.=4
SPSTAT="Nn1nnn
SPNAME=z"PS"




SURRMITING RATSH 74774 NET= , WNINDz A7 S > ’ . N2/04/88 N9.06,%4

cOTnNn 417
414 IND=KPIARCY)
=3
L=3
SPSTAT=
SPNANF=
GNTHn 4
IND=KP)
J=5
1.=S
SPSTAT='01nnn"
SPNAMF="SR"'
Carn 417
IND=KPIAR(AK)
J=6
1=K
SPSTAT='"n100n"
SPNAMF="RY
GNOTH 417
IND=KPIARTT)
Jz=?
1.=7
SPSTAT='"N1000"
SPNAME="1A"
OT 417
INP=KDIAR(R)
J=R
L=R
SPETAT='Innn0"
SPNAME "N
CONTINIE
PRINT 4490, SPNAWE
WRITE(IO, 1400 )SPNANF  SPSTAT, IND
Nt 419 K=, Tun
PRINT SSO, TRPTIMOL K) ,PAT(J,K)
MRITFIIND ISSOYTRRTIN(L +X)LEAT O 0D
419 CONT NI
CONTINNE
PRINT SAD
PRINT ST0,FCTR(1),FOTR(2) ,FCTRP(Y) ,FOTR(4) ,FOTR(S),FOTR(A) ,FCTO(T),
& FCTPIR)
PRINT SAD
PRINT HQA'GT”gr"‘ﬁ”“N!,'er\HF‘fh’!n'fTHUfl,Yr\“NT),
& STOR(S , TCOUNT) STORIK, ICTIUT) ,STUR( T, fCniwTy,
P STOR(R,TCOUNT) STNR(Q, ICHHINT)
PRINT &00,CHUT
RETURN
490 FORMAT(//1Y,A2,"' RELFASF RATES IN G/S')
1490 FORMAT(IX,"®#3% ' A2, ' RELEASF RATFS TW
(3 I AS, 21X, 12
S50 FORMAT(IX,2F15.4)
1550 FORMAT(2F1S,.4)
560 FOPMAT(IHT,IX, "MULTIPLICATINN FACTNRS:
& "AERNSOL ' 4%, "SR’ AX, "W
570 FUD-AT(?AI,HFR.Q,//)
SHO FORMAT(IX, 'FINAL RFLFASKFS (¥G):

r T A TR we
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DOV AP S wN-

-
N -

RLOCKDATA Z¥RND
NNz ,M4C/ =0T  ARCz=CNUN
FINS, I=d,LIs5/R/R,WPTz

CeeEsisaneses
ALOCK
COuMON
COMMNN
COvMnN
el LI
COMMNN
LOUGICA
PATA §
DATA T
DATA T
DATA T
FND

74/74 NPT=] ,ROUNDE A/ S/ %/=N, =DNS FTNY S5,.14577 02704788
ON/=FIXFN,C5= NSFR/«FIXFD,NRz=TR/«SR/=S[,/=FP/=[N/-P¥N/=ST PL220000
1,PL=20000,

11t et L A R A R A A R R R A
DATA 7¥un
JEMT/TO, TFP(23),TEMP(?,24,10) , F2RN(24,10)
JCTEMP/K P, RA FLAGY  TIMEN, ISTFP
ZINVNT/VP(23,24,10) PwR
/TOT/TCK(2Y)
IMFLT /R, B2 NP7, S(24,10) ,FOCM, TIVE N TSTRT, TFATL
L. PwWR
7240%1 7/
FP/23%0,/
cx/23%0,7
EVP/ZARDRG 7/

na_ Nk sS4

VALK

¢-8



copsne pUN FOR SRR fcCTOF
CORSNR-=NRIGINAL RELFASF RATF
CORF NINCOVERFD! 2620,00

MELT REGINS: 274K 00
AOTTOM HFAD FATLURE: 305S .00

RADIAL DISTRIRUTION FACTNRS ARF :

1.5000
1.3000
1.2000
j.1n0n0
1.0000
LA500
L9000
LAONO
L1000
AT

AXTIAL DISTRIRNTINN FACTORS ARF :
4700

LA9an
<53Ind
+H4ADN
1700
<LASN0
L1200
1.2700
< ISOND
L4400
L4700
L5000
5000
4700
L4400
< 3500
<2700
L1200
La50n
<1700
L5400
5300
+A90N0
L4700

STRUCTURAL DISTRIUATION FACTNRS ARE:
10000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1

L0000

TOTAL INTITIAL TINVENTORIFS:

cs 12 XF
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cl

LA A TS
164917 ,9308
165337,.930%
1660279309
166507 ,9308
166927 ,9308
187347 .930R
167737,.930R
160017 90K
1648277,.930R
162607, 9300
1689467 ,930%8
169501.930R
170857.9308
174271.9308
179953.930%
1R3193,.930R

RELEISE RATFS IN G/S
164917 ,.9%0R
1AS137.9%08%
168027 .930R
186507 ,.930R
146927.9308
1A7347,.930%
187737 ,.9%0R
16R037,.9308
148277.930R
1AR6NT 9308
1AR94T7 ., 9108
149501.9308
170857.9308
174271.9308
179953,.93%08
1RI193.9%08

RFLFASE RATES IN G/S
164917.9308
145337,.939¢
166027,.¢ iR
166507 . LINA
16657 2 OR
167347.9+08
1677379343
168037,.930R
168277,.9308
168607,930R
16R967.9308
169501 ,930R
170857.9308
174271.9308
179953,.9308
183193,9308

CH RELFASE RATES IN G/S
164917 .9300
165337.930R

L

S4_3404

21,7495
35.9296
43 _Ru74
457451
4R 6147
$7.0324
17.67489
87,2539
49_4294
9 AR
1.785%
LOn21

« 2722
2.0.29
H11S

2.0484
1.4789
2.6919
3.1930
J.AR3R
J.56RY
4,.2729
S.8214
6.5411
31.70%0
5.2
L1330
<0007
JOIRK
« 1564
LN462

4,.2349
3.0274
5.5%5109
6.5368
1,091
7.30813%
R.7476
11.9182
13,3912
7.5851
10,7216
« 27724
.ﬂn]\
LOIR2
« 32058
L0944

S8.8430
22.2189




16RN2T S 10R AR NEKD
1A7347,9308 S0,.613%
1A7737,.9308 59,2754
TARO3IT.9I0R RO,T7294
1AR277 9308 90,4809
1ARENT 9308 S1.3715
16R9KT 9308 12.6371
169501 ,830R 1.85K4
170857.9308 N0k
174271.9308 +2R49
179953.9308 2.1529
1R3193,.9308 «6351

PS RELEASE RATES IN G/S
164917,.930R 3.4536
165457 ,.930R 26,2444
166327,930R RO, 9568
1669R7,.930R 126,9057
167557,.9)3a% 173,.0011
167977,9308 236,.6107
168277.930R 69,3587
16R4RT 9308 601,399
16R667,.930R ST0.810R
168877 ,9308 4461565
169309,9308 #31.4183
170413,.9308 0513
173239.9%08 «4664
177433.93%0% T.03013
1RCT«3.9308 17,1394
1R2593.930R8 85,9387
1R3193. 908 108 KA50K

TF PELEASE RATES 1IN G/S

164917,.9308 o,0000
165727.930R <3807
1ATINTT . 9308 1.1735
1A7797,.9308 2.5164
1680K7,9308 7.95h4
1AR217,.930R 16,0848
1AR337.9308 22.6082
1ARAS7 ,930R 22,7986
168R07 9308 11,502
1ARTRT . 930R 14,8200
16R91317 9308 19,.181R
169153.930R 5.0533
1A9T70S5,.9308 MNIGR
171127.930R 0009
174793.9308 <0555
17RTS3,.930R8 4332
180913,.9308 L4746
1R2473,.930R L4459
1R3193,.9300 <4697

SR RELEASE RATFS IN G/S

1£4917,.9308 N LLL
165397,.9308 « 9405
1A6177,.930R 3.6n3

166777 ,9308 4.9997



» B.h
167677908 #,.21%7
148007 9308 16,0401
168277 ,.930% 13,4770
1AR4RAT 93108 25.031)
148617, 930N 23.521¢
1ARTART 930N 15.4706
1AR967 9 0R 1S, 3784
149291 .930% 1.6271
170113,.9308 LONDK
1722679300 L0025
175993_.9308 0965
1784713 ,9%0R L6059
181633,93) R 1.7571
1R2R33_.930% I.06AA2
1R3193.9308 3.397%

RU RELEASE RATFS IN G/S
164917,.9308 L1363
165457 ,.9308 L966K
166227.9308 3.040%
166987 ,9308 4.93613
187557,.930% £.7495
167977.9308 K. 5011
16R3INT 9308 11,5339
1AR577.9308 15,7231
16RR17,.9308 12, 0847
1A9243,930R 4,781
170317.930R LJanln
172939,.9308% LO01M
176233,.930R LISR?
17R633,.9308 1.1235
1R0313.9309 2.2584
121513,.9%0R 361}
1R2353.9%0R 5.090R
122953.9308 6. 3307
123193, .930% 6.5926

LA RELEASE RATES 1IN G/S
144917 ,.9300% N0
165547 9308 N295%
1656567.9308 L1091
167317.930% «1722
167917.9%08 «248)
168247 .930R <JIR1S
168397 ,9308 1.0076
16R4RT7 93008 2.0937
1ARS4T7 9308 72.8847
JGRENT 9208 3 4926
1ARGAT . 930R 3.6299
1GRTRT7 93INR LTAS8
160997 9308 L4544
169429,.9308% 0n3a
170533.9308 Lon0o
173419,.9308 o002
179353.930R 141
1R3193 9308 L0590

NG RELEASE RATF IN /S
1684917.9200 70,6627
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IMAGE eVALUATION
TEST TARGET (MT-3)

150mm

6




SPFECIFS INITIAL INVENTORY FIMAL INVENTNRY

CSs 2.3010K402 7.3904% =01
12 1.67T00F 0} 1 HOROP =)
¥ 1.R700F 02 A 14 =0
(2 2.5500F«0 ) 2,724 =07
T J. 45008 01 Q. 4011F 400
AG n, n.

SR v, n. s
RA 1.0500E402 1.29R7F+01
Sw 1 .0500F«0) 4, 2500F 2
R 1.4720F 402 3.4273E+002
N2 1 .SAS56F+05 1.SR43E+05
ZPF CLAD 6.4100KEsN4 B ANKSE+04
FA 2.6700L402 2.AR9%F 02
F¥ 1.5150F 404 1.4793K+04
N 2.3700F 402 1.9505F+02
SR &.3000E4+01 5.4A7AF +01
o 4,.1400F«0) 4,.0424F 01
N 72.9600¢ 403 2.4997¢ 401
N 4,.3200F402 A 21R2F 4002
1A 1.5620F+0) 1.5hN2Fen?
AGC RND 0. n,

co POD 0. D

iN ®ROD 0. n,
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