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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda: NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers;and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
N RC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, joumal and periodical articles, and transactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free, to the extent of supply, upon written request
to the Division of Technical information and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library,7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the

IAmerican National Standards institute,1430 Broadway, New York, NY 10018. '

GPO Pnnted copy price: M.50
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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 light 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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Introduction

CORSOR is a FORTRAN-5 program that 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 cla:! ding.

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

~

j 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,

|
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AXDIS, and STDIS agree with those used in the calculations of'the core
nodal temperatures and Zr 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
i 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 homogeneously in the axial direction.

At each time step the code requires the current temperature of'

each node and the extent of Zr oxidation at each node. Based upon the
i 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 curing 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. Follo w.g this release this radial position is not subject to any
further gap releasa.

,

a
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TABLE 1. GAP RELEASE FRACTIONS FOR
FISSION PRODUCT SPECIES

!

i

| Release
Species Fraction

Cs 0.05

I 0.017

Kr, Xe 0.03
Te, Sb 1.E-4

i Ba, Sr 1.E-6

4
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: 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,lFP 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. Forthedefaultmethod(whichwasused
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 tenperature range. The'

i three tenperature regimes for~which these. constants are defined are
,

j 900-1400 C, 1400-2200 C, and-2200-2760 C, with all temperature 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 of these constants are presented in Table _2. These are taken
from 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.

,

|

,
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TABLE 2. VALUES USED FOR THE CONSTANTS A AND B.IN THE DEFAULT METHOD
; FOR CALCULATION OF THE RELEASE RATE COEFFICIENTS .

Fission 900 C < T < 1400 C 1400 C < T ' < 2200 C 2200'C < T < 2760 C
Product Group A B- A B A B

'I,~Xe, Kr 7.02E-09 'O.00886 2.02E-07 0.00667 1.74E-05 0.00460
Cs 7.53E-12 0.0142- 2.02E-07- 0.00667 1.74E-05- 0.00460

ITe ") ' l .62E-11 0.0106 9.04E-08 0.00522 6.02E-06 0.00312
Ag- 3.88E-12 0.0135 9.39E-08 0.00630- 1.18E-05- 0.00411

*

'Sb 1.90E-12 0.0128 5.88E-09 0.00708- 2.56E-06 0.00426-
Ba ' 7. 50E-14 0.0144 8.26E-09 0.00631 1.38E-05 0.00290
Mo 5.01 E-12 - 0.0115 5.93E-08 ~0.00523 3.70E-05 0.00200.

Sr- 2.74E-08 0.00360 2.78E-11 0.00853 9.00E-07 0.00370
'

ZrID) 6.64E-12 0.00631 6.64E-12 0.00631 1.48E-07 0.00177
*

Ru. 1.36E-11 0.00768 1. 36E-11 0.00768 1.40E-06 0.00248
Fuel (b) , La 5.00E-13 0.00768 5.00E-13 0.00768 5.00E-13 0.00768
Cladding (b) group-, Zr 6.64E-12 0.00631- 6.64E-12 0.00631 1.48E-07 0.00177

Sn 1. 90E-12 0.0128 5.88E-09 0.00708 2.56E-06 0.00426
Structure (b) ,(Fe, 6.64E-10 : 0.00631 6.64E-10 0.00631 1.48E-05 0.00177
Cr Ni..Mn)-

,

) Temperature range' boundaries for Te are 1600 and 2000 C.-

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

i-

!
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A second method of calculating the release rate coefficients
has been added to the code and is available to t5e 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-

I 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:

1 FRC = K0(I)*EXP(-Q(I)/(1.987E-3*T))
|

where K0(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 K0

{ and Q are given in Table 3. The values of these constants still repre-
I 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 thraugh the fuel;
"

matrix, and so experience the same K0 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 released 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

i 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 (5) 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 ie employed for either mode af 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 Zr

.

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

K0 Q

Species (min-I) (kcal/rol)

Cs , I , Kr , 2.0E5 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

U0 1.46E7 143.1
2

Zr (clad) 8.55E4 139.5

Zr 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 consideration due-to very.
low pressure and lack of radiologic sig-

'

nificance. -
(c) La exhibits no significant vapor pressure

prior to conversion to La0 which does not
occur in-vessel.

!

!

,

i
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oxidation is let., than_70 percent. This same factor is applied to'the
value calculated using the M-Version calculation scheme.

I Control Rod Release

There is a great deal of uncertainty regarding the nature _of
j the release _of control rod materials in accident' situations. The vapori-

zation of boron from the B C control rods in BWR's appears to be possible
4

j 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
i 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:'

i e At 1400 C, the control rods are assumed to
i 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.-

e 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.

.o 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

7 control-rod species and no physical process is assumed in the calculations.

>

, ,. ._ _ . - _ - - - ._ --_ ,- _ - - . . . . . _ _ _ _ _ ..
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No potential for candling or for high pressure ejection of molten 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-(TAPE 25, 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

L is the TAPE 25'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.

1

~ .
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READ PROGRAM CONTROL DATA CORSOR
CONTROL PROGRAM FLOW
WRITE OUTPUT SUMMARES "

ENT
READ CORE DESCRIPTIONS l.

READ NVENTORES "

DISTRIBUTE NVENTORYi

CORTEM|
--

READ TIME, TEMPERATURE, Zr OXDATION
'

v

CALCULATE EMSSONS OF RSSON EPRODUCTS AND STRUCTURAL MATERIALS,
MODW LOCAL NVENTORES g' o

CALCULATE CONTROL ROD CONROD
| Ag, in, AND Cd EMISSONS

"

WRITE CORE TEMPERATURES AND
RELEASES OUTPUT

CALCULATE EMSSON RATES FOR e

WASH-1400 Gh6 g

FIGURE 1. FLOW CHART OF CORSOR
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CONROD

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

OUTPUT

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, Cs0H, 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 TAPE 25.

User Supplied Input

All variables are real unless otherwise noted, and all input
is read unformatted. All " 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.

=_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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3 Card 3 TSTRT, TFAIL, SM.T Variables denoting starting time for
calculations, time to halt calculation,
and time at which core melting begins.
All in minutes. SM.T is used in sub-
routine RATE for preparation of the
TRAPELT input dataset.

w. f 4 ISTEP, OSTEP Integer variables for controlling
level of time resolution for input
and output, respectively. Every
ISTEPth input record on UNIT 25 will
be utilized in the calculations.
Every OSTEPth iteration will print
temperature, FZR, and S arrays for
core, in addition to release informa-
tion. OSTEP = 0 results in printing
only the sumary listing of the calcu-
lations.

Card 5 R1, R2, NDZ Integer variables describing the core
nodalization. R1 and R2 are the iden-
tifidrs of the central and extreme
radial nodes (e.g.,1 and 10). NDZ
is the number of axial nodes in the
TAPE 25 dataset. Maxima for R2 and
NDZ are 10 and 24. R1 is . typically
1.

Card S RADDIS 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(l) is
central value, RADDIS(R2) is for outer
edge of core.

Card 7 AXDIS 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(l) is for
bottom of core, AXDIS(2) is for the
top. Equal spacing is assumed.

Card 8 STDIS R2-yalues 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.

_

_ - -- - --
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Card 9 TCS, TI2, TXE, TKR,- The total inventories of the species
'TTE, TAG, TSB, TBA, to be released in CORSOC. The order
TSN, TRU, TUO2, is requi.ed to be follows.!, and zero
TZRC, TZR, TFE, is an acceptable value for any
TMO, TSR,.TCR, TNI,- species. The recommended units for'

TM , TLA TAGR, these values is kg, although it's not
TCDR, TINR necessary. In order, these species

are cesium, iodine, xenon, krypton,
tellurium, silver (fission product),
antimony, barium, tin (clad),ruthen-
ium, UO2 (fuel), zirconium (clad),
zirconium (fission product), iron

; (structural), molybdenum,. strontium,
chromium (structural), nickel (struc-,

tural), manganese (structural),i

lanthanum, silver (control rod),
cadmium (control rod), indium (control
rod).,

TAPE 25*

In job control, a MARCH output file is attached as TAPE 2S
and is used in CORTEM. TAPE 25.is a binary file with the following input
variables:

N - Time step number

TIME In minutes since start of accident
j. 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) end 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.

<

. , , , . , . _ . _ . . . _ _ . . . _ , , , , _ . . . , - . . _ -
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APPENDIX A-

CORSOR M-VERSION

!

i -The release rate coefficients used in the default version of i

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,

-Q/RTk=k eg
where k is the release rate (min-1)-at a given temp'rature T (oK) for ae

q
'

particular species, Q is the activation energy (cal /mol) for the release
process, R the gas constant (cal /mol K), and k,(min-1) the so-called
preexponential factor. That much of the available fission product release

! data are adequately represented by this fonn has been demonstrated by
II)Kelly, et al 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. Onegroup(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 sirilarity
between the two. This similarity, coupled with the-fact that ' lease of

the species of low volatility involves vaporization as a poten' 11y

rate limiting step, is sufficient justification for using the hec of
I vaporization for Q for these species.'

The rate limiting step in the release of the volatile species
matrix so that(Kr, Xe,.I, Cs, Te): involves migration through the UO2
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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 K0 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.) l

-The beat of vaporization for the remaining species was taken
-for the value of Q. The handbook of Hultgren, et al(2) provided the
elemental heats of vaporization for the elemental forms given in Table 3. i

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 Zr0 . The vapor
2

pressures for Ba0 and Sr0 were taken from Barin's handbooks (3,4) , that

for Zr0 from Blackburn and Johnson (5) and the UO heat of vaporization2 2
,

is based on Tetenbaum and Hunt (6) 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-1) of Ba, Sr, Ru, and Zr to the vapor
pressures (atm) of Ba0, Sr0, Ru, and Zr0 to achieve the best overall

2
agreement.

It is recognized that the releases predicted in this way still
do not have a 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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REWIND,TAPEll.
DENTNn.TAPF14
CnpYSPF;TAPEll.
Cept 5pF,TADEl3.
c60YMRF, TAPE 14.

.CATALnC,TAPEll PPTWTil,IDzFRRYANT #Ps#99
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PInCHAM CilR$03 74/74 03Tal,RO11%D= A/ S/ M/-D,-OS FT2 5.14577 n?/34/R$ .19. n 6.5 4 PACE 1

Dna-I,nNG/-nt,A7Ca-CO ZDW/-FIXED,CS2 HSER/~ FIXED,D3a-Ta/-sR/-St./=E2/-ID/-F:n/ ST,Pt.=700no
FT%%,isX,Lngs/A/R,npfat,PI.=7nnno,

1 C******************************************************************
2 8'DECF Cf1RSOR
3 PRnGRAM CDR$0R ( T NPitT,Dif 7P117,T APF7%,T ARF f t ,T A PE j ), TAPE 14,
4 &TAFFl0)
5 C***
6 C*** CDRSOR CAbrULATFS YHF FRACTIONS OF REACTOR rnRF MATERIAL
7 Co** SPECTES RFl. EASED DlIRihG A CnRE HFAT-UP,
9 C***
9 C*** INPit? Fil.FS3

in C*** 1) MARCH OllTPtf7 FILE TAPF75 - AN ARRAY CONTAINING
11 C*** CORE TIME-TEMPERAft!RF. DATA
17 C*** 7) FII.E (IIStl41.f.Y P ART OF THE StIRMIT JOR) CONTAIMING
1.1 C*** Fnt. LOWING DATAt
14 C*** PLANT NAME
15 C*** ACCIDENT SEntlFNCF
16 C*** MVERSNt TRilE IISFS CDRSOR-M VFPSinN C A Lrtif. ATIONS
17 C*** FAl,SE IISES NORMAf. CDRSnp C A f.cfit.4TinNS'

38 C*** TSTRT - ACCIDFNT START "iMF ( M I NilTVS)
19 C*** TFAlt. - ACCIDFNT FND TIMF ( M I N11TFS )
20 C*** SMt.T - START MFt.T TTME (MINitTES)
71 C'** ISTEP * FRE0llENCY flF Off7PlJT DtlpPS
27 C*** (ISTFP - FREnllFNrY OF TIMF-TEMPFRATil4V DATA PntNTS RFAD
73 C*** FROM MARCH TARF7%
24 C*** Rt-t
25 C*** R7-NilMRER OF RADI4l. AND STRitCTIIRAl. FACTORS D3
76 C*** MnZ - Ntf4RER nF AXIAL FACTORS os
77 C*** TXX INITIAL. INVENTORTES OF Fitf.l 8" ING SPFCIES:-

2R C*** { =."ESillM 7=TODINE 1= XENON
29 C*** 4=NRYPTnN 9 = TFl.f.11R i ti' 6 = S i t.V E R
10 Ce** 7:ANTIMnNy n=n Ap illu 9 = 71 N ( C r, A D)
13 C*** 10=RttTHENIUM 11=FilFI.(lin?) 17=Z t pCnNiff p f ff. A n)
32 C*** 13=ZiRCONIHM(FP) 14= T RON f STRUCTflRE) 15=Mnt.vPDFMleM
33 C*** 16=STpnNTitsu 17=rNpnNillM 1R=NTCNEL
34 Co** IG=MANGENFSF 20=t. A NTN ANif M 21 =S1 f.v Fn ( prin )
15 C*** 72=CAOMgHM(Rnn) 73 = T N h { Hp(Rren )
36 Co**
37 COMMnN / met,T/R t ,P7, NO2,S(74, j n ) , FCM ,T T ME,4,TSTRT,TF A f f.
3a COMMON /M/MVFRSN
39 COMMON /ENT/70,TFP(73), TEMP (7.74,10),FIRN(74,ln)
40 COMMnN /CTEMP/K,R3,R4,FLAC1.TIMF0,ISTFP
41 CONMON /INVWT/FP(73,24,fD),PWR
42 COMMnN / TOT /TCKf73)
43 COMMON /P ATES /STf tR ( 4,1000 ) , D I VT i M ( R ,761, TST , Nit M , SMI,7
44 CHARACTER *R FPNAMF(73),ACDNAM,ACDSEO
45 INTEGER Pl,R7,R1,R4,USTFP
46 LnGICAL MVERSN,PWR
47 LOGICAL Ft.AGI
48 DATA FPNAME/'CS','I?','XE','kR','TF','AC',85R','RA','SN','ptI',
49 & 'll0 2 ' , ' Z W C f. A D ' , ' 7 W ' , ' FE ' , ' p ti ' , ' S R ' , ' CR ' , ' N T ' , ' N N ' , ' L A ' ,
50 & 'AG Rnn','CD RfiD',*TH Rfin ' /
51 C***
52 C**** MVFH5N - fr MVERSN=.TRt.fF. THFN CDRSOR-M f)PT[0NS ARF SFt.FrTFlo
53 Co**
54 FL A G 1 =. F AI.SE,
55 N=n

a
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d.

PROCHA4 C095t19 74/74 f lPT = 1, lefil84 D= A/ S/ F/=H, nS Fr4 %.le%77 67/d4/St on,of.,%g e.arp p
t'

56 70=0
57 WF AI) * , Af f)M A w , Af f)S>.0
SR PD 111T I1,ACD4AS,ACDSFO
%9 UF All 8, 4 W E R S.4
h0 Q F ( M VFH SM )TlarM
68 PRINT 16
67 ELSF
63 PWlHT IS
64 FNpir
AS RFAD 8,TSTRT,TFall.,SMI.T

I' 66 PRINT 12 0,TSTRT , SMI.T ,TF A ll.
67 C***
68 C*** SrLT TS STANT-MEl.T Tf4> t t' 41*'H1 R
69 C***
10 READ *,iSTEP,f) STEP
79 READ *,P1,R7,MDZ
72 Nil 4= l
73' R t.W I NI) 75
74 P3=R7/7
75 P4=H)+1
76 C A LI. 14 V F'97
77 , slWITC(11,7nn) ,

7R WWITE(ll,1on) |
*

79 WRIT 6(14,404) |

NO. C***
Al C*** HEGi fJ M A g *s I,mir g j

i 1
.

2 .c888 W
R3 10 CONT 1 ril8F

|, R4 C AI.L Cf)pTEM

l 25 I F ( F L A C117HE14
R6 PP I''T 7%

R7 Cf) 70 ton
as El.SF
A9 CAI.I. F4IT
90 TPAP=TFP(6)
91 TC81H =TFP( 9)+TF P(l l ) +TF P(17) +TFP( 14 ) +TFPl ? ! ) +TFP f 7714 TFP f 7 4 )i

l -- 92 THC=TFP(11+'fFP(4)
I' 93- WHffE(ll,%40) TIMF ,TFP(1 ),TFP f ?) ,TFP f 5) ,TNG,TP AN ,TCriP,7FP f 7ft)

94 STnH(letJilM ) =7 l '4 V
95 STitP (7, tJtttt ) =TVP( 1 )
96 STOP(1,NUP)=TFP(7)

,

I 97 STop(4,Nt:4)=TFP(51+TVP(7)
9N STOH(%,NilM)=TPAP+TCHR
99 STnp(6,Mtim)=TFP(R)+TFP(16)
Inc STOD ( 7,f1184 ) =TVP( i n ) +TFP( 15 )
101 STnp f e,NilM)=TVP(70)+TVP(13)

102 STOR(9,NilM)=TNG
103 WRTTE(13,554) TIFF,TFP(6),TrP(7),TFP(P),TVP(10),TFP(13),
104 & TFP(l%),TFPfl6)
105 WRITE (14.55n) T)=E,TFP(9),TFP(11),TFPil?),TFP(14),TFPf71),
106 & TFP(27),TFP(23)
107 IF(USTEP.CT.0) THVN
10R T F ( gnD ( tus m , nSTVP ) .FO . 0 ) C Al.I, DitTPitT
109 ENI)IF
110 Ntl4 =NtlM + 1
111 T F ( T F A II.. CT .T I M E ) Cntil to
117 FNDIF

'

-

. . . .
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PRnt;N A4 CnRSOR 74/74 OPTzt,PnflNns A/ S/ W/-D,-l)3 FTN 5.1+517 07/n4/p%' 0 9. ft h . % 4 ' P & f;E ' 3

. 313- luo CnNTINtfF. _

914 CALL DATF
; 115 on $4 !=t,23 '

116 . TFP(fisTCKft)-TFP(T)
' 117 55 CONTINitE .

SIR PRINT 600,(FPNAME(I),7CFfI),TFP(I),1=l,73)
119 PRINT 96, TIME
120 PPINT t i f) .

.

I21 11 F0HkAT(?ICHRSnR RItN Fop ',AR,' arrinFNT SFnitFNpp e,ggy

- 122 15. F03<M AT(' OCnpSon--on iGIN a t, itELF ASE D ATF MVTHilD Si?!.FrTFD. ' , /)
123 -16 FORMAT ('OCORSnR--M R Ff.F ASF l' 8n T V "VTiffin SFI.FrTFD. ' , / )

324 25 FOPM AT(1Ho,'F.NI) nF TAPE 75')

125. 90 FORMAT (llin,'ENn OF RIIW , TIMFs',F10.3)
126 lin FORMAT (1HO,'PlfN SilMMARY',100(' '))

127 126 FORM AT(' . CflRK ltNCnVENFt): e,77,7,e ggge,/,
-' MEf4T nFr.1HSt ',F7.2,8 min',/,12R &

129. .&
.

RnTTnN HEAD FAft.IfRF: e,77,7,, PIN ',/)- '

130- 200-FnRMAT(' TIME TOT N F.I.t CS ' ,17 X , ' f 7 ' , 9 4 K , ' TE ' ,1 )X , ' Nnnt.s (; A S ' ,7 Y ,
131 E'OTHER F.P.' 6X,'NON F.P.',ng,'LAs)
132 3nn FOpmAT(' TIME fn? R FI. : AG ' ,12 X , ' SH ' ,14 N , 'll A ' ,14 N , ' Rit ' ,14 Y , ' 7 P ' , t 4 X ,
113 E'M0',147,'SR')
134 400 Filp 4 AT( ' T I M E Tnt Nrl.3 SN ' ,17 K , 'llH7 ' ,17y , ' 7.4 f CL A D) ' ,9X , ' FF ' ,12 X , ' Ar;
135 EWfiD',10Y,'CDRnD',iny,'tupon') _ f,

Ja- 1% %00 FnWMAT(F6.0,7(E16.4))

.137 550 FnRMAT(FA.0,1(E16.31)
1." 60n FnPWAT(llit,'SPVCIES INITT AI, I'7VFN1DPY FIN Af. T HVENTOff y * / ,

1.19 &((/X,AH,9T,lpFin.4,py,1PF31.4)))
140. SinP
141 END

,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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SilsgeollTINE INVFNT 74/74 DTT=1,WHtI%Dz 4/ S/ 9/=D,=DS FT4 5.14%77 . 07/04/R% ne.n6.%4 rang 3-
' Dels=1.nNG/= TIT,4 hgs = COMMON /=V!XFD css HSFR /=F f YFD,DRs-Tn/.SR /.SI./.FP /-I D/-Ppp/-ST,9f.=7ppna
FTN5,fzt Loss /A/9,0PTal,Pt.=70000

1 Cesseessessessessessessesseeeeeeeeeeeeeeeeeeeeeeeeeeesseesseeeeeeeeeee
7 SilHHHilTINFI INVFNT
.3 COMMnN /tNVNT/FP(73,24,In),PWR
4 004 MON / MFI,T/H l , P2, NDZ ,5 ( 2 4, 8 0 ) , FC M ,T T PF,4,TSTRT , TF A ll.
'S INFFCER Pl,R2
6 ' COMMON / tnt /rCW(23)
7 EntIT V AI,ENCE (TOT AI.( l ),7CS),(tnt Al.(7),Tf 7),(tnt Af.(1),73 F),

r

|. A h (TOT Al.( 4 ) ,TE R ) , ( TOT A f. ( 5 ) TTE ) , ( tnt A L ( 6 ) , T AC) , ( Tnt a t. ( 7 ) , TSR ) ,
9 &(TDT AL( R),TR A) ,(tnt AL( 9),TSN),(Tnf at.(lo),Tptt),(Tnt AI.( 13 ),Titn? ),

10| & (tnt AL( t ? ) ,72RC) , (tnt AI.(11) , r7k ) , ( TOT AI.( 14 ) ,T FF ) , f TOT AI.( l %) ,TMn) ,
11 & ( YnT A L ( 16 ) ,TSR ) , ( TOT Al. ( 17 ) ,7CW ) , (TOT Al. ( 1 H ) ,7N T ) , ( TOT A l. ( 19 ) ,T M N ) ,

12 : &(707 AI.( 70) ,TI. A) , (TOT AL( 21 ) ,T AGR ) ,( TOT AI.( 7 7 ) , Trop s , (tnt Al.( 71) ,T I N H ) .
13 DIMENSIDN R ADDIS(IO), AXDTS(2 4),STDlS(10),THTal.(7 3)
14 LnGICAL FLAG 7, PNP

15 C***
16 C**e NE AD P ADI AI., Axial. AND STRUCTitW AI. DISTRIHitTinN FACTnpS
17 C***
In READ *,(PADDIS(1),ist,p?)
19 PRINT 641
20 -PRINT.645,(RADefS(I),1=l,R7)
21 READ e,(AXntS(t),ist,NDZ)
22 PRINT 647
23 PR]NT 645,(AXDTS(f),Ix1,NDZ)

53
24 RFAD 8,(STDIS(I),Ist,P2) Ln

- 25 - PRTMT 643
26 PRINT 64%,(STDTS(I),1=l,97)
27 641 FDPMAT(/tX,' RADIA1. DISTRIRtlTION FACTOPS AWFt ') |

2R 647 FORMAT (/lX,'. AXIAL. DISTRfuliftnu FACTHRS Ap).g 8)
'

29 643 FDRWAT(/1X,' STRitCTtIH AI. utSTPTHRTION FACTopS ARF 3 ')
i

10 b45 FORMAT (167,F6.4)
j

' 31 C*** '

32 C**e VERfrY DISTHinHTTDN FACTnRS Sity Tn OnkpFSunMDgna petynto
33 C***
34 XNORMs0,
35 P h R s . F Al.S E .
36 FI,4 G2 m.F A I.S E .

37 unStiMzo

38 575tluso
39 AXDStIMs0
'40 ' 00 5 tut,R7

41 RnSilW:RDSilN+RADDTS(f)
42 STSilmsSTSit*+5TniS ( t )
43 5 CnNTINitE
44 Dn 6 1 1,40Z '

'45 AIDSUmzAXDSUN+4XDIS(f).
46 6 CCITINHF
47 1 (( APS(NDSitN /R7)= t .01.CT.n.n t )FL AG7=.TRltF.a

4R IF (( APS(STSilu /P 7 )= 1.0) .GT .0.01 )Ft. AC7z .TpliF.
49 IF(( ARS( AIDStIM /NDR )=I .01.GT.0.n t )Ft. AG7=.TWHE.
50 Co**
51 . Co** ERRnN nit? DF PRnGRAM 1F Spu nF FACTnRS NOT CORRFCT
52 C***
53 IF(Ft.AG7) THEN
54 PRINT 700,#2,97,Np%,RnSitM,STSitM , AXDSitu
5% 700 FORMAT (14,'sts - PnwFp nR STRtICTifRAl. FACTORS 407 PRnPrpt.v',

. . . .. .. .
.. . . . . .
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SUeNudfinE thWENt 14/74 OPfat,HouNbs At S/ M/=U,*D5 FTN 5.1+577 03/U6/tS 10.15,19 PAGE 2

56 L ' dodNALIZEus 8,/5r,'kADIAL,3fkUCTHNAL AND AI!AL e,
-57 & 'tACTURS SHOUbd SUN fue ',314,,5X,'GIVEN VALUE5 8,
SS & 'sud 70s ',3F6,J)

.59 StuP
60 . ENUlf
61 C***
62 C*** READ IN!?!AL INVENTUd!'E5
63 C*** j
64 NE AD 8,7CS, f12,71E, f KR, Ff E,f AG,160, f u A ,75N ,Thu,7UO2,f1HC,TZR,TFE,
65 & fMU,TSR,TCH TNI,TMa,Tha,fAbH,TCDN,FINR
66 IF(TAGN.NE.0) PWNs IMUE.
67 D0 tu tzR1,R2 j
63 XNURMsEWONM+HADD1S(!)*5 Told (1) '

69 10 CONTINUE
10 DENsNDZ9XNOHN
71 DE5sNDZoH2
72 00 60 isR1,HJ
73 DO 60 JstenuZ
74 Dd 55 Kst,A

*
.75 FP(n,J,1)sruTAL(K)/uEM*MADDIS(!)*AXDIS(J)*STDI5(1)

76 TCK(AlsfCK(K)+FP(k,J,1)
77 53 CuklikUE ca
7e 90 60 Ks9,23 e

CN79 GuTu(57,57,57,57,57,57,57,5W,57,58,b7,57,58,57,5W,5u b7,e

00 6 57,57,58,57,57,57)K
*

st 57 fe(k,J,1)stuTAL(K)/DE5*STDIb(1)
82 TCK(K)stCE(K)+FP(n,J,1)
33 GuTH 60
34 %s FP(n,J,1)srufAL(K)/bEm*WAbu15(I)*AXpth(J)*5TDIS(1)
a5 TCK(K)s1CK(K)+FP(K,J,1)
b6 60 CuNTIkuE
97 PH!NT 100,(TCK(K),nst,J3)
SW 100 FUNMAT(th0,'IOTAb INITIAL INVENTOR 1E58',//,
89 & .61,'C5',bE,'12',82,'AE',WE,'RR',WE,'fE',9X,'AG',WE,'SB',
90 6 01,'bA',/,dF10.2,//,
91 & 6X,'SN', Hie'NU',74,eggge,gg,ogpgggye,Jg,ogge,gg,,pge,gg,ehu',
92 & #X,'5H',/,BF10.2,//,
93 & 61,'CR',61,'N!',H1,'MN',WX,'LA',/,4F10.2,//,
94 & bX , ' AL;b up ' , S A , ' CUROD ' ,51, ' I NWOU ' , / ,3F10.2 )
95 900 Cuer1 Nut.
96 NETUHN
97 END

. _ . . . . - . .. .. . _. . . . . . . ..- .. -. . . - . .. .- . . . . . - - . . . . . . . . . - . - . ,. - . . . . - . . . . . - .
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- Sp7.ppl1 TINE Cel1 HOD 74/74 flPTa l , PDtIND= A/ S/ M/=II,-45 FT4 % leS77 07/04/m% 0e.06.%4 p As:V l
pn=-LnuG#-pt,ANG==COMNON/=FIXFD,0S= I'SER /-FI X FD , lip = =T H / =SR / =St./ = > H /-I D/ = PM I'/ =ST ,0* f.= 70 000
FTN5,f=X,1,ft=S/A/R,0PT=1 PL=70000

I C***eeeeeeeeeeeeeeeeeesseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesseees
2 SnnWitVTINE CflNWnli
3 C***
.4 Co** CONRflD CAf CitL ATES THE RFI.F ASE PF CnNTRnf. Rrip A v.bnY W ATF u t Al.
5 C***
6 C*** INPtITS-

FIS$fn4 PRODHCT INVFNTDRY AURAY7 C*** FP -

CitRE NOli AI, TFMPF:R ATURV ARRAT(PFCPFFS FA4RENHEIT)9 Coe* TEMP -

9 C*** RFPM AX - ARR AT OF M AX14tl4 DFl.F ASED Cf'N)#8tt, Ron N ATVRI AI
10 C*** HT CnRF NelDF
11 C**e
17 C*** OllTPitTS- -
13 C*** TFP - TnTAI. ret.EASFD CONTPnt. ROD MATFRIAI. APRAY
14 C*** ( 71 =S i t.vEH ,77=C ADP illM ,73= f NDitIM )
15 C***
$6 INTECER Rl,W7 .

17 CliM 4ttN / MELT /Pl,R7,ND7,S(74,10),FCM,TlwF,N,TSTRT,TFAft.
18 COwMnN /EMT/TO TVP(73),TFMP(7,74,lo),F7.HHf74,10) j

19 COMMON /INVNT/FP(73,74,to),PWR
20 D14FNS10N RFPWAW(3,74,10)

21 UATA RFPMAX/770ep./

22 Ceee
23 no 100 I l = 1, N D7.

24 Dn too f?=ul,R2
%a

75 T=(TEMP (7,il,17)+TFMPft,II,17))/7.

.26 T=(T-32.1/t.9
27 TV(T.I.T.tenn.) 4:ll Tn 100
28 Dn il .t=1,1

29 IF(T.LT.71on.) Gn Tn(71,77,71).1

30 IF ( T. I,T . ? H n n . ) en 70(31,17,33).1
32 PFP4 A X f.8, t t , t ? )=FP(.1+ 70, f t ,7 7 )

37 Cetts 11
33 21 CliMT INIIE
14 FREI.=%.F-4*(T-1400.)+n.0%
35 Gn 70 %
36 ?? CONTINt1E
37 FRET.=3.33131F-4e(T-3400.)+0.5
3p cn To %
39 23 CnNTTNilE
40 FREl.=1.IllllF-4*fT-1400.)+0.ns
41 cn Tn 5
42 31 CONT J Nt|E

- 43 FREL=1.E-3*(T-730n.)+0.%
44 C4 Til %

45 37 COMTINilE
46 FREL=4.E-4*(T-7300.)+n.9
47 Gn Tn 5
48 13 CONTINitE
49 FR El.= l . 7F.- 1 * ( T-71 tIO . ) + 0.1 %
50 5 CnNTINitE
53 F R E1.= F R VI.* FP (.1 + 7 0, I I ,17 )

52 I F(FRET..GT.PFPM A X (.I, I I , I ? ) ) RF PM A X f.1, I I ,17 ) = FPFl.
53 11 CnNTINtfE
54 t ot? CONTINttE
55 DO 772 .I=1,3

' _ ~ .
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Steggpolff]EE Cit 4Hf'D 74/74 (19 7 = 1, H 818 8 4 l1= 4/ S/ p /.n , .f tS FTN %.1+%77 n7/04/R'. n o. n f. , % 4 g.g g y y

56 T11T = 0

57 DO ~2 00 f l = 1, Nn7,

SR
DO 700 17:41,H7

Te1T= TOT + RFPuAYfJ,il,f7)59
60 700 CONTINftE
65 TFP(J+20)= TOT
62 222 CONTINilE
63 R F.Tlin g

64 END

cp
I

C3
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Sif D10'IT J N E CftwTEn 74/14 HDT=l,PpHMns A/ S/ h/-D,-n.s FTN %.t+%77 07/04/4'. no.ne. %4 1 act. . I

Dnz-LONG/-11T A NGz-CONMnN/-F IXED ,rS= stSEP/=FI F FD ,DR=-TM /-52/-St./-FR /-I D/-l'*h/-ST , Pl.= 7 pond
FTN % , T z X ,1,pzS/ 4 / R , t1PTz t , Pt.z7000 0

1 C***************************************************eeseeeeeeeeeeeeeee
2 SOHpfH' TINE CnRTEM
3 C***
4 C***
5 C*** StinRnitTINE CflRTFM PEADS' A 74 F in TINF-TFMPPRATIfpE PpfWit.E OF
6 Co** THE Copr. FRnm THE MapCH TAPE 7% fitlTritt FTLF dlTH A Cf'PWFSPr NDING
7 C***. 74 X 10 IDENTIFTER PROFTI.F INDICATIMG WHETilEP nu NHT THF NetfW
8 Coe* REMAINS IN THE CHRV (San => OtlT-nF-ctiPEr S=1 => I N-cliw F )
9 Ce**

10 C***
11 C*** -- pt-7tlNF z NIlu REP nF T NNENMilST R ADi nf. RFGInN
12 C*** -- R7-70NE = NitmpFp 0F fit TEPunST PADIAL REGIns

|NDZ z NUMPFR OF AXIAL. NDDES13 C*** --

14 C***
15 C*** I

16 COMMON / MELT /RS,R2,NPR,5(74,In),FCM,TTPE,9,TSTPT TFA11.
|11 COMMON /CTEMP/K,R1,R4,FI.AGt,Ti"F0,lSTVP
'

19 COMMON /FMT/TO,TFPt23),TFmp(7,74,10),FIRfef74,10)
19 ]NTEGF.R P,RI,R7,R1,R4

20 f.UCIC Af, Ff,4G t
21 C***
22 C*** PEAD etP TO START-MFt.T TIME FOR I NPil? DATA
23 C*** c3
24 It=1 '
75 in CnNTIN1fF '

?6 READ (25,ENDz700) N,TTME,Fr4
21 IF(11MF.I.T.TSTHT)THEN
79 DD 20 Iz!,NDZ

29 RL:AD(25) (I IIM A ,DttwR,Dtf Wr,4sR 1,R7 )
30 20 CONTINtlF
31 GOTO in
32 FNOTF
33 TF(MnD(il,ISTFP).VO.0) THEN
34 EzK+1
35 I n 3n gal,NDZ
36 READ (2%) (TFM P ( 7,1,9 ) .S ( i ,9 ) , F7 Pff ( 1,0 ) ,0 =P 1,47 )
31 Dit 40 p=RI,47
38 TF(S(f,P1.NE.01 Sff,R)=1.
39 40 Cf)NTI Ntf V
40 30 CONTINilE
41 GOTO 750
47 El.SE
43 DO %0 Jat,NDZ
44 REAn(7%) ( Delw A , Dilu R , Df14C , Rz R 1,4 21
45 50 CONTINtlE
46 11:31,3 |

/47 Gntn to
I44 EN0tF

49 700 CONTINt1E
. 90 FL AG t z.Tpilg.

51 750 CONTINttE
52 RFTURN
53 END

1
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SHpRntrTgNE EDIT 74/74 HDT*l,pntlND: A/ S/ m/-D,-DS FTN 5.1+%71- n?/04/p% co.o6,g4 pgny yDo=-1.nNc/-nT,ARG=-COM40N/-FTXFD,CS= HSER/-FTXED,DD=-Tn/-Sn/=St./-FR/-iD/-PPD /-ST,PI,=70000
F TN 5, T = X ,l.0=S/ A /H ,0PT= 1, PL=700 0 0,

t C*********************************************************************
7 SitHHHUTINE EMIT

-3 C***
4 C***
5 C*** .THIS SURRnITINE CALCHLATES EMISSION RATES AND THE REMAINTWG6 C*** AFOUNTS OF FISSION PRUDifCTS AT FACH nr THE llSER SPECIFIFD NnDFS7 C*** IN A CORE (IIP TO 240). TIME STFPS AND TEMPFRATilRES ARE DRTAINFO
8 C*** FROM THE MARCH CODF, AND FISSinN PRODtiCT IN I T T Al. INVENTORTFS ARE
9 C*** FHDM THE ORICEN CODE.

to Co**
II C*** TIME-FRD4 MARCH ( MINtITF S)
12 C*** TEMP (2,24,101-NnDE TEMPFRATI'RF FRD4 MARCH (DFCRFFS FAHRENHFIT)
13 C*** TFP-TnTAL FISSION PRnDHCT RELFASFD(Fil.OGRAMS)
14 C*** TPAR-THTAT. F TSSInN PRODUCTS RFI, EASED EXCLUDINC CS,I & TE (KC)
15 C*** TCOR-TOTAt, CORE PRODICTS REl.FASFn(KII,nCRAMS)
16 C*** FRC-FRACTION RELEASE CDEFFICTVNT(INVFRSF MjNitTES)
17 Co** FP(TXX,MDZ,R7-Rt) FISSION PRODtlCT TWVFNTlRY
1A C*** FFP-FR ACTIDPI 0F FISSION PRnDtfCT RVt.FASED
19 C*** A,R-FRACTTHNAI. RELFASE HATE COVFFICTFNT CHNSTANTS
20 C*** Tl,17,J-DUMMY VARIAHf,ES FOR NDDF (AXIAL, & R A n t A f.) , AND SPErfES. ,

21 C***
72 C*** SPECIES ARE IDFNTIFIED IN APRAYS FP ann TFP AS Fnt.t.0wS
23 C*** tsCESillM 7=inDINE 3= XENON OD24 Co** 4=rRYPTnN 5=Tf f,LHRiff M 6= SILVER [425 C*** 7= ANTIMONY R =R A R ifl4 9 = T I N (Cf.4 DD I NG ) C3
26 C*** 10=RitTHFMittu t t =Fitt.l.(nH2) 17 = Z T RCON T H 4 (CI, A nn { NG )
71. C*** 13=ZTRCnNIHg(FP) 14=ipnN(STRffCTURE) 15:4nf.YRDENilm
2G Co** 16=STRnNTTH4 17=CHPn4Itip 1R=NICKFI,
29 C*** 19:MANGENESE 20=t,ANTHANUM 71=STLVFR(ROD)30 C*** ??=CADMIHM(ROD) 71= iNDillP f Pnn t
31 C***
32 Cnw W'N /M/MVFRSN
33 f,O'. . ';L M V ERSN , PW R
34 RFAu K(f(20) ,0 (70 )
15 COMMnN / MELT /p g ,R7,Mi>Z,5(74,3 0),FCM,TiwE,4,TSTw .TF Alf.
36 COMMON /INVNT/FP(23,74,90),PNR
37 COMMON /ENT/70,TFP(73), TEMP (7,74,10),FZRN(74,to)
3R DIMENSION 4(60),R(ho)
39 TNTEGER R1,R2
40 f.DCICAL FLAC(24,90)
41- 11ATA FLAGr?408.F4f.SF./ t

42 DATA N0/482.0E*05,5.0F+3,7.0F+3,0.0,7.05E+5,5.45F+1,1.67F+6,
43 & !.46E+7,R.55E+4,7.67E+R,7.94E+4,0,0,4.4E+5,4.6?F+4,5.36E+4,
44 & 5.04E+3,0.0/
45 DATA 0/5*63.R,61.4,0 ,100.7,70.R,157.R,t41.t,139.5,tpa 7,46 ER7.0.0.,117.0,R4.5,92.2,56.R,lRR.7/
47 DATA FNTNE/0.5555556/ . .
43 DATA 4/7.53E-12,3*7.07F-0,783.RAF-t?,l.9E-17,7.5E-14,1.90F-17,
49 & t.36E-It,5.0E-ti,296.64E-17,6.64E-10,5.01E-17,7.74F=0p,
50 & 3*6.64E-to,5.0E-13,482.07E-07,749.39F-OR,5.RRE-09,
51 & R.76E-09,5.RRE-00,1.36E-II,5.UE-13,786.64E-17,6.64F-10,
52 & 5.91E-0H,7.7pE-ft,3*6.64E-10,5.0E-11,4*l.74F-05,
53 & 2 * t . t H R-fis ,7. 5hF-6, t . 3 H E-5,7. 56E-06.1. 4 E-06,5. 00F-13,54 '& 281.48E-07,1.4RV-os,1.70F-05,0.00E-07,1*l.4RE-05,5.0F-13/== .... -, -..- 3. -. . .. .... .. -.,- ~. .,.- . , , , .

I
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4

SuppnUTINE EDIT 74/74- nPT= t ,Rolixna 4 / s/ 4/-t ,-ns FTg 5,tes77 n?/ns/ss n9.06.94 Pact. 7

56 & .nft5 0016,18.no631,.0076R,4*.nn667,7*.no61,.nn7ns,
57 b 00611,.007n9,78.nn?64,18.pn631,.0n%21,.00p%3,19.00611,
SR & .n076N,48.0046,2*.n04tt,.on476,.no29,.nn426,.nn?4p,

59 6 00764,38.nng77,.no200,.00370,38.00177,.n0769/
60 C*** . .

63 C*** TnP OF Onne...
67 C*** (CnNVERT TEMPERATURF TO CFt.Siffs FOR ENTSSinN C al.Citt.4T I ONS)
63 C***
64 HTINEsTIME-To
65 Du 100 Itat,NOZ

00 100 !? sat,R7- 66 s

67 'z(TE4r!2,II,12)+TEMPit,it.T71)/7
68 -Tr(T-32.)*F4TNE
69 -IF(T.LT.9no.) cn n 300
70 IF(FI, AC(I t ,12 ))G07- 40

11 DO 44 13st,Nnt

72 On 42 JJzt,20

73 CnTn(31,32,31,1*,34,47,34,36,47,47,47,47,47,42,47,
74 & 36,4 7,42, ' ', ,4 2 ) JJ
75 31 CnNTINtIE
76 FRIs.05*FP(1,13,T2)

77 Cn TO 39
7A 32 CnNTINilE ,

79 FRT=.017*FP(2,f3,f7) |

R0 GOTU 30
c,x3

pl 33 CnNT T Nile
,

|pa
R2 .FNiz.03*FP(JJ,11,17) pa 4

a3 Gn To 34
34 34 CnNTINIIE
#5 FRT*.00nt*FP(JJ T3.i?)
a6 Cn Tn 34
97. 36 Cng T I Nt)E

20 FRT=.OnnOnt*FP(JJ,T3,T2)

99 ' 39 CnNTI4tlE
90 FP(JJ,13,I?)=FP(JJ,13,T2).FRT

91 TFP(JJ)=TFpfJJ)*FRi

92 42 CnNTINitE
93 Ft.nct II,12 )s.TRtlE. -

94 44 CONTINttE
95 40 Kao
96 IF(T.GT.1400.) Ks70
97 IF(T.GT.7200.) Ks40
99 IF(7.GT.2760.) T=2760
99 TMELVNsT+273.0

100 DO 90 Jat,70
101 IF(J.EO.5) Gn Tn 90
102 TF(NVER5N)THFN
103 FRCzKn(J)*EXPf-0(J)/(1.9R7E-3*TkELVN))
104 El.SE
105 FRC:n(K+J)*FXP(n(K+Ji*T)
106 EppIF

107 C*** THE FnLLOWING AnJt1STMENT 70 FRC 15 TO AVillt) llNDERFLnW FRRnRS
10A C IF(rRC.LT.t.0E-n6) FRCat.nF-06
309 C- IF(TINE.cE.774n.n) THFN
110 C PRINT *,e yngge,ype,e nygmy=e,nyygg
111 C XCHKaEXP(-FRConTT*F)
112 C PRINT *,' XCpK ',XCHE

.
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StinpotlTINF FNIT 74/74 nPT=1,Pnlign= A / S/ N/-D,-fS FT4 %,1*%77 o7fngfsg .ng,pg,g4 - pany g-

113 C ENDiF
194 FFP=FP(J,11,I7)*(1.-FXP(-FPr*DTIuF))'
!!5 FP(.1, t t ,17)=FP(J,i t ,8 7)-FFP
116 IF(FP(J,il 17).GT.O.)CDTo%n
117 FFP=FFP+FP(J,11,72)
188 FP(.I,il.12)=0
119 50 TFP(J)=TFP(J)+FFP
12n 9n CONTigtf E
121 C***
127-- C*** cal.ClfLATE TE REl, EASE DFPRMnENT nw ZIPCAl.t, fly nXfDAfing AfJD TF mP
123 C***
124' IF(PVERSM)THEN
825 FPC=RH(5)*EXP(-0(51/(1.9875-3*TKFI,VN1)
126 ' Ft.SE
127 ATE =1.625E-st,

| .324 PTE=n.ptn61
129 I F (7.1,T .16 00. ) GO 70 9R

'

130 ATE =9.04E-9
131 RTE =5.??E-3

-132 IF(T.IT.7000.) Gn in 9R
133 ATE =6.075E-6
134 HTE=1.12F-1
13% 9R FPC=4TE*ERI'(RTF*T),

136 FNDIF'

137 IF(FZRN(il,17).GT.O.7) FRC=40.*FPC CD
13N C*** THE Fntl.UWINC, AD.f ttSTMFNT 70 FRC IS T0 AVHip flNDFPFI.nW Eppnp3 [4139 C I F ( F PC.t.T. I . 0 E-06 ) FHC=1.0F=06 P0*

140 FFP=FP(5,II,12)*(1.-FFP(-FPC*nTfur))
141 FP(5,If,171=FPf%,II,i?)-VFP
142 IF(FP(5,II,J7).GT.n.1Gn in 09
143 FFP=FFP+FP(5,tt,17)
144
145

.

FP(5,it f7)=n.
94 TFP(%)=TFP(9)+FFP

146 ton CONTINUE
147 IF(PNR) CAI.f. CHMRnD
148 70= TIME
149' un 80 T1=1,NDZ
150 Dn no 12=P1,N2
151 TEPP(1,il,t?)= TEMP (7,T1 T7)
157 30 CONTINtfE
153- PETt'R N
154 FND

r- - - - _ _ _
-
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SilH#pilT1NE ' Oll?Pflf ' 74/74 flPT = 1, R Hif N D= A/ S/ w/=n,=DS FTN S.1 * O 7 07/94/k$' 09.06.S1 l' A t.F. I^
DO==1.09G/=nT , AWG== Cit #MD'f /=F t W FD, CS= |lS t:p / =F I X F D , fip = 7 p p .St./=St,/.ru / = 1 p/ =('r ti/.51,857.= 740 04
FTN% , I = 4,5,0=S/ A /R ,nPT= 1, Pt.=7 0 000

1. -C*********************************************************************
2 .SitepnUTimE pllTPitT

s3 ^ CH4 MON /FWT/TO,TFP(23),TF#P(7,74,10),FZP9(24,90)
4 Cp4Mng / MELT /pt,97,Np7,,5(74,te),FrM,TI*E,4,TSTPT TFAff.

;

5. Common /CTFrP/K,P3,R4,Ft.AGt, TIFF 0,iSTFP ,|
6 LOG 1 Cat,FLAGt

;
7 IMTFCER P.R1,92,R3,R4

1

N VV1NT en
|# 90 FORMAT (tHt)

10 IF(M.LF.1) THEM
31 PRif3T 91, TIME '

12 91 FORMAT (?ot,'TImr SINCF START HF ArrIDFPT =',Elp.4,' Pit''///)

13 FNDIF
j' 14 PWINT 97,F,Tt4E,FCP

15 92 FORMAT (10X,'1 =',15,10Y,'Ti'E z', Fin.4,tny,'Fra =',Ein.4//)

16 PPINT 93, (R R.R=RI,P1)
17 91 FstRMAT(pX.5('Tpnt',12,')',6t,'Sf',12,')',7X))

la oft 60 i=1,40%
19 PRINT 94,(TEMP (7,I,9),S(i,9),9:P1,93)

20 94 FOR4AT(lli ,71,9(34,Etn.3,27,F10.11)

21 60 CONTINilF
22 PRINT 95 jU
23 95 Ff'pWAT(5(/))

ra
.24 PNTNT 93, (R,R,R=P4,P2) "#

25 PO 10 !=1,NDZ

26 P81NT 94,(TF9P(7.T,R),5(1,p),p=pt,R2)*^

27 70 CONTINilF
78 PPINT 95
79 PRINT 700,(TFPfJ),.f=1,R)
30 PR f MT. 205, (TFP(.1) ,.t=9, t h)

~ 31 PWINT 706,(TFP(.11,.1=17,70)
32 706 FOR4 AT( ' OTOT AT, REf,6. ASF CR ' , t 1X , ' f'I ' ,111, ' M4 ' ,7 X , ' t. A-CPntip ' ,
33 _. 6 // t ou , pE t %.5)
34' PRIh? 190,(Tf'P(.8),J=21,73)

35 '190 FUkPAT(1HO,'TnTAf,RFl.FASE 8 C ( RHD ) ' ,0 X , ' rI'( Witp) ' ,8 4, ' i N ( pf'f q ' ,
36 &//10X,3E19.5)
37 _200 F0phAT(tHA,' TOTAL WEI.FASE CS',11Y,'t?',114,'NF',13Y,'*l'',11F,'TF',
3R &l3W,'AC',13X,'SR',11X,'PA'//lnX,pFl$ 5)

. 39 20% FDR M AT( l H O , ' TitT AI. W Fl.F ASF S4 ' ,11N , ' RII' ,1 ?X , ' Inn? ' ,101, ' */ R (Of. Alq ' , N X
40 4,'7.R(FP)','tX,'FF',13X,'un',11X,'SN'//tus,RFl%.5)
41 RETUPN
42 END

, . . ' . .. ,. .. .. ._ .
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StfM2ntifTrE CATE 74/74 OPTal,Niitaxn= A/ S/ m/-ge,-nN FTN %.1+%77 M7/04/R% 09.n6.%d I. A r.F 1
nn==LnNG/-nt, ARC =-CriuMnN/=FI XEP,CS= HSER/-F f XEn, pH=-Tn/-SH/-St./-FR/-I fi/-l'*f'/~57, Pr.=70nno
FTN S,1 = X ,1,0=S/ A /R eflPT= 1 Pl.=2OOOO.

1. C*********************************************************************
2 SURRptlTINE RATE
3 C***
4 C*** PATE CALCitt.ATES ann PRINTS RFI.FASE RATFS Til A F i l,E Fnp
5 C*** INPit? TO THE TR APMFI,7 PRnt;R AM.
b C***
7 Cn4MnN / RATES /STOR(9,1000),nTVTI"(R,70),TST,1CnHNT,541.7
R CHARACTER *2 SPNAME
9 CHARACTER *% SPSTAT

10 DIMEhe: inn IREl.( 4,70 ),TRPTI H f 9,7n ) , D AT( 10,20 ) , SilM ( R ) ,FFT P ( R ) ,
it EKAR(R),KPSAR(R)
12 SPNAME=' '
13 I CnI847= iCnf TNT- t
14 C***
15 C*** ICnUNT IS THF Nil"RFR nF FNTRIES IN THE PFI E ASF TARI.ES.
16 C***
17 pp 745 J=1,R
1R Co**
10- C*** THIS t,nnP I,nnPS nN SPECIFS. ( CES i tt u ,7yg,g,ttp g tig , g yp n3ng,,373= nNT I H 4,
20 C*** R81THENin4,ttn7, AND Nn41.E CASES)
71 C*** IT CHonSES WHICH ENTRTFS IN THE.RFl.EASF TARI.ES Witt. RE THF FND
72 C***' POINTS FnP DIFFFPENTTATInN siy unVING nnwN THF R El.F A S F. TAPI.FS
23 C*** IN STEPS nF 4 ASS WHICH ARE F 0tt AI. Tn 14 flF TliE FINAI. REl.RASF Felp

.24 C*** THAT SPECTES. IMDTNE HSFS THE SAMF STFPS AS CESill4, Sri J=7 fr THF S'25 C*** I,ntiP (5 SKIPPED. H
26 C*** #'
27 K=J+1
2 P. IF(J.Fn.2)CriTn 74%
79 Ctf7=.07
30 90 ' FR AC=CitT * STOR ( K , T CntlNT )
31 DH 100 I:1 tCnttNT
32 C***
33 C*** REI. EASES HEGIN PFFnRE START-NEf.7, nitt TRAP nnESN'T. FTPP
34 Co** WHICH ENTRY IN THF TAPLES CitRRFSPelHns Tf1 S1 A DT-NFI.7, a es t.
35 C*** 4AKE IT THE INITIAL Pn1NT.
36 C***
37 + IF(STnR ( t e f ) .I.T.SMs.7)cnTfl 100
3R ntVTIM(.1,1)=STnP(1,1)
39 TRPTIN(J,1)=STOP(1,1)
40 IR Et,(J ,1 ) = T
41 cntn 105
47 100 CONTINttE
43- 105 Dn 170 1.=1,70
44 C***
45 C*** STFP pnWN TH 71 STFPS ffMTil. THE PnTTnr tiF THE T A HI.E IS PFarHFP.46 C***
47 LP l a f.+ 1
48 LP2=L+2
49 J ROW = I R EL (J ,I.)
50 XTST=STOR(K,TRnW)+ FRAC
51 I F ( X TS T. GT. STn R ( K , T Cntl'tT ) ) CnTO 110
52 on 110 i =l R t1W ,1 Cntt NT
53 IF(STOP(K,T).f.T.XTST)CnTn 11n
54 nIVTI 4(.I,l.PI )=STt1R(1 T )
55 I R E L(.I, f.P I ) = I

_ _ - _ _ _ _ _ _ _ .
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- 56- IF(i.En.iCfHINT)CilTo 11%
57 .cnfo 170
58 f11 CnhTI4ffE
59 120 CDMTINilE
60 130 pf vTI4(J LPI)=STnR(1,1CntlNT)
61 T REI.(.1, LP t ) =iCDUN T
62 135 Izo
-63 k OllNT=l.P 1
64- C
65 C*** THF FULLnwiNG IF LnnP TAMFS THE PREVitHIS SFT nF STFPS AND,

66 C*** DF.TERufMES IF ANT ARE Tnn etc op inn Smal.L. THF CH ITF R Ints
67 C*** F06e ACCEPT Amt.E STFP S t 7.t: IS C"6A1># THAN 4 Af3D l.ESS THAP 7.5

,64 C*** TIMES THE PRFJ.:Otts STEP Sf7F. THIS WII.I. PWEVFNT Tnn DR ASTIt'
69 C*** A f)fFFERENCE IN SLnPF nF TWil NEICHR0plNC l.INF49 SFCPFMTS nr THF
70 C*** PIECE-WISE I,1NEAR APPRotiMATin4 nF THE NFLFASF-Ti"E PROFil.r.
71 C
72 ten Ist+1 ,

73 IPtsi+1 !
'

74 TP7=f+7
75 II,0s t p1 VTi M t.1, T P 11-n T V Ti m f.I, f ) ) * . 4
76 XHizRLn*6.2%
77 TSTaplVTiM(.I,IP2)-DIVTI4(J,IPI)
79 Tf(YST.LT.XLn)COTO lin
79 IF(TST.CT.XHI)CnTn ISO
80 I F( 3 P2. Fn.M ntINT )CitTf1 210
R1 GnTil 14n U3

22 150 K HllN Tz K Dil4T + 1 h
m83 C ,

THFa4 C*** A LAPCE St.nPE FHl.l.pWS A SM Al.t. nNF. INSElt? AN EXTDA STEP 8+FOWF
85 C*** SMAT,f..St.nPE STEP. Nnw . THF SFnits;N('F IS Sr a f.L-MED IllM=(. A RCF.

R6 C
97 IF(knUNT.CT.19)CnTO 7jn

|
Se iP1:1+1 i

99 twt 157 N4sfP2,EnHNT
90 M*N0ttMT+iP2-NM
91 . M M i s M,- 1

- 92 ..DtvTIM(.1,4) n1VT14(J,441)
#3 152 CONTINHE
94 D I V T I M (J , T P1 I shl V TI M (.1, I P2 ) = EI.0
.95 INDz!REL(J,1)
96 nn 15% MsIND,1COHNT
97 IF(STOR(1,M).LT.DIVTim(J,TPI))CnTn 15%
98 DIVTIM(J,IPt)=5THR(1,M)
99 IF(DTVTIM(J,IP1).NE.DIVTT4(J,TP7))CnTn 160

100 On 154 e64s!P7,KnHNT
101 C
107 Co** THFRE 15 fin SPACE FnP THE FXTRA STFP. PFVFPT Til DRIGINAl. SFntifNCF.
103 C 1

1104 MwMt44-1
105 DIVTIM(J,MMMt)=PlVTiptJ.44)
106 154 CONT 14HE

.
107 -DIVTIM(J.NnHNT)*n.

| 100 NfMINTsMnHNT-1
|, 109 CnTn 140
| - 130 155 Cn4714UE

til 160 Dn 170 NT4*TP2,NnitNT
112 C

l

I

. . . . . . . . . . .

-
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-- -- ~ - - - -
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113 C*** INFL IS A LIST nF TABI.F I.INFS WHFHE END Putut T Pf FnN M AT illN IS
114 Co** STONFD. IT 15 AN INPFv.
115 C
116 i M = I P 2 + R f. TIN T=N I 4
117 TMutslN-1
!!8 IREL(.I,IMisipFL(J TM41)
119 170 CilNTINtf E
120 IREL(J,IPfleM
121 . GnTn 140
122 180 pnugfsknUNT+1
123 C
!?4 C*** A SMALL SLnPE Fns.t.nwS A t.AncF nrF. ADn AN FXTPA STFP PFTVFFM THFP
125 C*** Sn THE SEQUENCE WILL PE I.ARGV St.n!HH-SMALI..
126 C
127 IF(KolfMT.GT.19)Gnto 210
124 IP3=T+3
129 Dn 182 N4 SIP 3,KO INT
130 * M = T P 3 + NnitHT= H 4
131 MM1*M-1
132 DTVTIM(J,M)=pTVTIW(.1,uM11
133 102 CONTTNilE .

134 p l VTI 4 (J , iP2 ) =nI VT T M (.I, T P I ) + 4 tt l
135 I N Ds !R FL(.1, t P11
136 On ins Maino.fCptlut
13T IF(STitH (1,41.5.T.DIVTIM (J T P2))c.nto I MS
138 DIVTIM f.1, IP2)=STne t t ,M)

139 IF(DIVTIM(J,IP2).NV.DIVTIM(J,IP31)CnTO 100 j'
140 Do 124 " M = I P.4, R ptf M T bd

C"-141 C
142 C*** Nti RonM EXISTS Fsp THF F1TRA STFD. PEVFPT Tn THE ItPIGINAI,SEntfFNCF.
143 C
144 MMMl=MM.I
14% DI VT I M (.I, M4 M 1 )=p f vT t w (J , M't)
146 IR4 CD4TI MflE
147 ntVTIM(.1,KnHNT)so.
148 KOUNT=K 0lf NT= 1
149 GnTO 140
150 195 CONTINilE
151 190 00 200 NTMalP3,RntlNT
152 C
153 C**G CnHpFCT 7 TIE INnEW.
154 C
155 IM=1P3+wnstMT NIM.
156 IMMtstM-1
157 IN EL(J e t M) sI REL(.1, i M 41 )
158 200 CONTINilE
159 1 REf.(J,IP2) =4 -
160 GnTn ten
161 .210 ritT= CUT +.01
162 C
163 C*** THE MAXIMil4 NH4HFW OF FMTRTFS TM THE TRAPwFLT RFt.FASE TAnf.E
164 C*** 15 20 THIS MAXTMffM HAS OFFN #FACHF0 RFFopF THE COMOITIONINC
.365 C*** OF THE PIECEWISE LINFAR APPMnXTMATJnN IS CnMP3,ETE. TNrHFASE
166 C*** THE STEP SIZE OKTNEEN ENDPOINTS-AfID STAWT OVER.
167 C
168 Dn 220 ist,20
169 PIVTIM(J,1) 0
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Sit;;sillTI%E E ATE 74/74 ORTst,Reit%ns A/ S/ N/*D,-DS FTN S.88%77 n7/H4/75 04.06.54 g, ArE 4

170 TRPTI4(J,1)so.

373 IREL(J,f)sn.

472 220 CflNTINtfE
373 Gotti 94

174 23n Do 24n Iz2,untINT

175 C
176 Co** THE ENDPOINT TARI.E IS COMPI.ETE. NnW MIDPn1NTS Wil.l. RE cal.rtfl.ATFn

177 C*** TO WHICH THE St.0PE OF THF I.INEAR SECPENTS Wti.l. RE ASSIGNED. TitESF

178 C*** MIDPOfMTS ARE THE.ACTU4f. TRAPMEl.T TIMES.
179 C
1R0 Imtsi-t

TRPTIN(J,1)stDIVTIMfJ,11+nivTtF(J,TMI))/2.181
182 240 CnNTINtfE
123 KPisNOUNT+1
184 TRPTIM(J KPt)sSTnR(1,1CntfMT)

185 C
186 C*** THE I.AST TIME IN THE COPSnD RELFASF TARI,FS IS IISED TWICE. FIPST TT

197 C*** APPE%RS AS THE ENDPOINT DF THE SFCFFNT WHICH HAS AS ITS ILFCJNN]NC
140 C*** POJNT THE I.AST 7% SURTOTal,WHICH IS 1.FSS THAN THE TnTAT RF.I. EASE.

189 Co** THE LAST TIME IN THE CHHSDR RFLE ASF TARI.E IS Al.An IISED NITil THE
190 C*** NEXT-TO-LAST TIMF IN THE CnPSi1R REl.FASE TAHLE Tn ARRTVE AT A
191 C*** SLOPE NHTCH IS ASSIGNED TO THE I.AST TIMF IN THE CnHSnR RFl.FASF
192 C*** TARLE, AND TS ALSn TMF FINAL. TINF TN THE TRAPuRI.T RFI. EASE T A RI.ES,
193 Co** THIS PROVinES THE milST ArrUHATE RATE FnR THE HEAD-FATL T1pF.

.

|

194 C*** THIS NIGHT PRf1 VIDE PRDRI. EMS TF THE NFXT-Tn-l.4ST SEGMFNT IS 53
195 C*** 1.ONG AND MitCH f11FFERF.NT FROM THIS (.AST, VFHV SHORT, SECNENT. Ed

'
196 C

197 MAR (J)sKnttNT
198 NPIAR(J)sRP1 i

199 245 CONTINttE ;

200 INnsNAR(t) |

201 DO 246 Tat,1Nn

202 C
203 C*** THE InDINE TTNES ARE MADE IDENTICAL. Til THE CVSitiM TIMFS. THIS IS,

204 C** * NECFSSARY Frik PROPER DFTEPMINATTON 81F CSI AMn C$nH PATES.
205 C
206 DIVTIM(2,1)sDIVTIM(1,t)

207 IRFl.(2,1)stRFl (1,1)

200 TRPTIM(2,1)=TRPTIM(1,1)

209 246 CONTINttE
210 TRPTIM(2,KPIAR(t))sTRPTIM(1,KP1AR(1))
211 KAR(2)KAR(f)
212 KPIAR(2)sRP1AR(1)
213 DO 400 Jzt,R

|
214 .KsJ+1

l 255 RAT (J,2)s(STnR(u,tREL(J,2))*STnR(K,1RFI(.1,1)))/fDIVTipfd,2)-DIVTT
- 216 * M(J,1))/60.* ton 0

217 C
218 C*** THE SECONn RATE IS SIMPl.Y DFf2TA-RFl.FASE OVFR DELTA-TIME.

|219 C
220 ITSTalREI(J,21-TREL(J,1)

221 IF(1757.EQ.11GOTO 26%
222 INDsIREL(J,1)
223 Do 250 IsIND,ICfHINT

224 IF(STOR(1,1).LT.TRPTim(J,2))COTD 250
225 TACNzSTOR(K,1)*1000
226 GOTO 260

'

___

.._
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227 250 CnhTINI'F
228 26n P AT (J ,1 ) mT ACK / (TRPT ] M (J ,7 ) =TR PT T M (J ,1 ) ) /10. -R A T (.1,7 )
229 C
230 C** * THE FIRST R ATE IS C AI.Citt. ATEn Sn TH AT INTFGkAfinw nF TT AND THF
231 Co** SECOND RATE WILI. EQUnl. THE COPSnP RFl. EASE AT THE T f uE t'V 7tIV
237 C*** SECnND RATE. THIS CnVFRS AI.f. REf.E ASFS PR IOR TO START-pyt.T TfMP.
233 C
234 I F ( R A T (.1,11. f.T .O. ) R A T (J ,1 ) = 0
235 SIIM (J i = ( R AT (J ,1 ) + R A T (J ,7 ) ) * (TPPT I M (.1,71-TR PT I M ( J ,1 ) ) * 3 0. / l pop .

.736 C
737 C*** A RifMNING INTFCRATIDN OF THFSF St.flPFS Wil.I. RE MAINTAINFD. 47
238 .C'** THE END OF CnHSTRitCTinN f1F THF l'It rEWISE LINE AR PROFILE, THF
239 C*** INTEGRATION Wit,L RE COMPARFD TO Tite ACTtIAI. CnRSOR RFl.FASE, AFD
740 C*** Al.t. RATES Wil.t. RE ADJilSTED RT A FACTriR TO HRING THF INTF GR ATis. 4
241 C*** INTO LINE WITH THE ACTtfAI. REl.FASE.
242 C
743 cnTn 270
244 265 T A CK = (STnR (x , t R Eg. ( 3 ,1 } ) + Si nR ( w , T R F t,( t ,7 ) ) ) / 7. * t o on.
245 C
246 C*** THIS STEP Itf7FRPnt.ATES A REf.EASF FOR THF TIME OF THE SECOND RATE,
747 C*** WHICH IS NOT [N THE COPSnp T A RI,VS , THIS STFP 15 flNI.Y PF RFn# MFD
?49 C*** WHFN THE FritST TIMF AFTER START-4Ft.T TIME IN Tite CnRSnp TAPI.FS
249 Co** IS ITSELF THE FHnPolNT nF THF FIRST l.ifN AR SVGMENT.
7%0 C
253 GnTn 260
757 770 knilWT=M AR(J) 7753 kPl=NPIAR(J) >-*
254 Pn 280 f=3,KntlNT *
755 C
756 C* * * AI.t. StinMF00ENT R ATFS APF SIMRI.Y PFt.T A-#VI.V ASE nVER DEt.TA-TiwV.
257 C
259 JMlai-l
759 R AT (J , I ) = (Stil# ( K , i P E!.f J . T ) )-Stil# ( st , I R FL f J .141 ) ) ) / ( D I V T I M (.1, T )-D T
760 * VTIM(J,TM1))/60.*1000
761 SU 4 (J ) = Sit M (J ) + ( R AT (.1, i ) +P A T f d , T M t 1 ) * ( Tk PT i 4 (J ,11-TR PT i t* f.I,1881 ) ) *
762 * 3n./gn00,
763 790 CnNTINilE
764 R AT(J, hP1 )*(STnR(N I nllNT )-STnp t y , T rnisq1 -111/(StriR ( 1,1 Criti=T )-STn#
265 * (l,ICOllNT-1))/AD.*1no0
266 C
267 C*** THIS IS THE If!STAMTANEnttS RATE TN FFFECT RIGHT AT HEAD-VAft.
76R C*** TIME.' 17 IS ASSIGNED fn HEAD-Fall. TlwE IN THf TPAPMEI.T TAPLFS.
269 C
270 SitM (J )*S'IN (J ) + (P A T (.I, N Dif 47) +R AT (J ,R P t ) 1 * (TR PTI M (J , M P11-TR PT l 88 (.1, K
27I * DilNT))*30./10nn.
272 FCTR (J ) sSTOR ( N , IC011NT ) /SHM (J )
773 DO 290 Int,xpt
274- R A T (J ,1 ) =R AT (.I,1 ) * FCTR (J )
275 .790 CONTINtlE
276 SilH= 0
277 DO 399 ist,MP1
27R TR PT I M (J ,1 ) = (TRPT I M ( J ,1 )-SIIR ) * 60'

279 C
2A0 C TURN TRAPuEl.T T14FS 1070 SFCPNDS MF AStf4FD FP11M MARCH 7.FPn.
281 C
202 399 CnNTTNilE
783 400 CONTINUE

. . - _ _ _ _ - . - _ _ _ _ _ _ _ _
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284 Cl=260./177
285 C2=133./740
7A6 C3:150./133.
287 Iwn=pPIAR(t)
2RN DO 410 i=t,TND
249 C
290 ce** Ti3RN CESIUM AND IDDINIC R ATFS IPTn CSI AND CSnli RATES.
791 C
797 ' RAT (9,1)=Cl* HAT (7,1)

793 PAT (10.T)=(RAT (1,1)-C2* RAT (9,11)*C3
794 410 CnNTINilF
295 CS I Stim =Cl * STt1R ( 1,1 CollNT )
796 CHSU M = ( STOH ( 7,1 CollNT ) *C7 *C R I SITU ) * C 3

297 SPSTAT='tDn00'
798 SPNAME = 'CS'
299 PRiht 4A0
300 480 FnRMAT(liit)
301 PPINT 44n,SPNAME
302 WNTTE(10,1440)SP%AME,SPSTAT,iMn
303 IND=NPtAP(!1
304 Do est K=t,IND
305 PRTNT 550,TRPTI"(1,N), RAT (1,w)
306 dPITF.(10,1550)TRPTIM (1,K ),R AT(1,W )
307 41 CONTINilE
308 DO 420 I=7,to
309 IF(f.En.7)CnTo 437 m

a
310 IF(1.ro.1}cnTo 433 $ I
311 IF(l.EO.4)Cnfo 414
317 IF(I.EO.%)C070 415
313 IF(i.EO.A)COTn 416 |

314 1F(I.EQ.7)COTO 4170
315 IF(i.En.9)Coto 41un
316 1F(I.En.9)COTn 410n ~j
317 cnTn 4700 '

-3tR 4t? .IND=8PIAR(t)
319 J=2
324 L=3
321 SPSTAT='tanon'
372 SPNAME='T7'
373 Cntal 417
374 413 IND=KPIAR(1)
325 J=0
326 L=1 *
327 SP5ft+='lonon'
328 SPN A g,'1' CI '

329 CnTen 4.7
330 414 IND=NPtAR(1)
331 f=1
332 Jain
333 SPSTAT='tonon'
334 SPNAME='CH'
335 cnfo 417
336 435 IND=RPIAR(4)
337 1=4
33R L=4
339 SPSTAT='ntnen'
340 SPNAME='PS'

- . . . ~ .. .. .. . . ..
. - . . .. -.

. . . .- . -
- - - - - -> -
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143 COTn 417
342 4th IND=KPIAR(3)
343 J=3
144 L=3
345 SPhTAT='80000'
346 SPNAMF='TF'
347 GOTH 417
348 4170 ]ND=KPlAR(5)
349 J=5
350 l, = 5

351 SPSTAT='Ol000'
352 SPNAMF='SR'
353 CilTO 417
354 41R0 I N D= K P l .1R ( 6 )
355 J=6
3%6 f.=6
357 SPSTAT='01000'
35R SPNAME='R!I'
359 GftTti 417
360 4190 IND=KPIARf7)
361 .I = 7
362 1.= 7
363 SPSTAT='01000'
364 SPNAME='t,A'
165 G"1Ts' 417 CD
366 4200 INP=KDIAR(R) k167 J=9 O
169 f,= H
169 SPSTAT='80000'
370 SPNAME='f3C'
371 487 CONTINitF
172 PR i r47 4 4 0,Sl*N A uF
373 hpITE(10,1490)$PNA4F,SDSTAT,lHD
374 nn 419 K=l,fMn
175 PRINT 550,TRATIMil,,K), PAT (J.P) |
176 NRI TF i l o,9 5501 TppTi m ( t,, K ), k AT (.1, h )
177 419 CDMTINHK
17R 420 OnNTINffE
379 PRINT 560
3R0 PRINT $70,FCTR(1),FCTR(2),FCTP(1),FCTo(4),FrTR(5),FCTD(6),FrTO(7),
1R1 & FCTP(R)
.1 R 2 PRINT 5RO
3R3 PR I N T 5 40, STOR ( 1,1 Cnif N T ) , CSI SilP' , CHSH M , STOp ( 4, i C0llNT ) ,
3R4 & Stop( %,100tlNT ),ST(19 f 6,ICDfleJT),STf e4( 7, f rDitF),
135 & STOR ( 9, T CptINT ) , S700 ( 9, T CliU NT )
3R6 PN1NT 600,Ct87
1R7 RETilRN
1RR 400 FORMAT (//ft,42,' REl.FASF RATES {N C/S')
199 1490 FORM 4T(lX,88** 8,A2,' pet,EASF RATES fu C/5',

*

190 & /lX,49,/lX,12)
391 %50 FORMAT (IX.2F15.4)
192 1550 FORMAT (2Fl5,4)
393 560 FDPM AT( I Hl ,1 X , ' Miff,T T Pt.TC AfinM FACTORS C5',6X,'12',6X,'TF',1X,
394 & ' A EROSof ' , 4 X , ' SD ' 6 X , ' Dil ' . 6 X , ' t.4 ' . 6 X , ' alC ' / )
395 570 FORMAT (24X,RFR.4,//)
396 5HO FORMAT (IX,'FINAT, RE[, EASES (KG)!

I ? ' ,10 K , ' f*S I ' .,9 X , '.CSO H ' , R X ,sn, e ',c' av ....e.... . .. .... ... .a... ... . . . . . , . . - . .
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MI,0CMDATA ZVRO 74/74 O Pt st ,p nitNit= A/ S/ #/*ft,=D% FT4 5.je%77 h7/t)(/ps on.n6.%4 l' A t;F 1

00s-brHc/.pT, ARcz.CngunN/ yf trn,CS= tisrR/.FIXFD,DP==TR/=SR/=SI./=EP/=TP/= Pun /=ST,Pl.=700nn
F1 tl% ,1 = E ,1,.ts **/ A /R ,0PT z t PI.= 70 0 00

1 C**esseessesseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee**ee
2 p t,0CN HATA trun

1 COMMON /FMT/To,TFP(73), TEMP (7,74,16),FERH(24,10)
-4 COMMON /CTEMP/K,91,94,FLAct,TipF0,JSTFP
5 C04m0N /INVNT/FP(23,74,10),94p
6 Common / tnt /TCN(23)
7 COMMnN / M FLT /R t ,9 7, ND7,5 ( 2 4,10 ) , FrM ,T i t'E , N . TSTRT , TF' A l l,
p LOGICAt PWR
9 DATA S/740el./

10 DATA TFP/23eo./
11 DATA TrK/71on./
17 DATA TEwP/4RoeQ./
13 END

cp
8

M
N

4

i
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C81950R Lil3 FnR M ACCIDE%T SEQIIECCE ]
CORSnR*=nRTCTO11,Et'LFASE Of.TE KFTsinD SEl.FCTED. |

CORE IINCOVERFDt 262n.no 4fm
#ELT MEGi4St 2142.00 MI4
ROTTOM HEAD FAILURE: 3055.00 MIN.

.|
1

RADIAL DISTernUTION FACTORS AREg I1.5000
f.1000
1.2000
1.1000
1.0000
9900

.9000
4000
1000

.5900

AXI At. DTSTRimIITInN FACTORS ARE: 4700
4900

.5300

.s400

.T100
9500

1.1:P00
1.2100 o,s
l.1900% M
f.4400 Lab

1.4100
t.5000
t.5000

) t.4100
1.4400
I.3500
t.2100
1.1700
.nsnn
7100

.A400'

.5300
4900
4100

STRUCTIFR AL DTSTRIUnTION FACTORS ARE:
1.000n
3.0000
1.0000
$.0000
1.0000
t.0000
I.0000
t.0000
t.0000
t.0000

TOTAL ggrygag yyyggynggggg

IE RR TE AG 39 MA

- -

. . .
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Ob pvg>4SE w a it .% t w e;/5

860G17.9329 -%4.3404
1%5337.9318 21.249%
150027.9119 35.9204
166507.9304 43.9224
366977.9308 46.2461
167347.9308 48.6147
167737.930# 57.0324
1An037.910e 77.6769
168277.9302 37.2539
168687.9304 49.4294
168967.910 A 69.an96
169501.9362 1.7854
170857.9308' 0621
174271.9308 .2722
179953.9304 2.0729
ta3191.910p 61t%

T2 PFI,ERSE PATES IN C/S
1A4917.9108 2.0606
145437.9104 1.4709
146027.930# 2.6919
1A6507.9344 3.1930
166927.9300 3.463A
1A7347.9308 3.56ag

167737.9309 4.2729 |

16#037.9304 5.8236
1Aw277.9308 6.5411
169607.9304 3.7050
160967.9305 5.2178 $'149501.930s .1331 jno
170057.9308 0007 un

|
174271.93e4 01n6
179953.9308 .1566
1R3193.9104 0462

CJ PFI, EASE RATES IN C/5
1A4987.930R 4.2349
165337.930e .3.0276
166027. tion 5.5309
166507.41ng 6.536a
1669?*.950m 7.0411
167341.9508 7.3061
167737.9304 R.7476
164037.930s 11.9192
168277.9309 13.3912
1636n7.930A 7.5R51
169967.9309 10.7216
149581.930# .2724
110057.9308 0n15
174273.9308 0182
179953.9300 3205

|

| In3193.930R .0946-

CH RET.FASE RATES IN G/5
164917.9304 58.e43n

t 165317.930m 22.2189
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16e#77.wina 4H.n663
167337.0319 50.613%
167737.0333 59.7756
'60037.9308 80.7796
169277.910m 90.6R09
169607.93ns 51.3715
169967.93ns 72.637)
1695nt.93ne 1.R564
170057.930s .n036
174271.93nR 7R49
179953.930R 7.1529
1R3193.9308 6351

PS Pri. EASE RATES IN G/S
164987.93ns 3.4536
165457.91np 26.7444
166377.93nR #0.9%68
366987.93n# 126.9n57
167557.93nR 173.0011
167977.93nn 236.6107
168277.930R 369.3597
1694R7.9309 601.399h
169667.930R 570.Stop
169R77.9308 446.156%
369304.93na a3.4193
170413.930s 0513
173739.91n8 4666
177433.9109 7.03n3
190743.910R 37.1394
182593.930R 85.43R7 03
IR3193.93nR ine.hson /,

m

TE PEl. EASE RATES 1N G/S
164987.9309 0.000n
165777.930R .3h01
167377.930R 1.1735
167797.930R 7.5166
168067.9309 7.9564
16A?t7.030m 16.oH46
368337.930R 77.6nh7
16R457.930R ??.79R6
168607.430R 11.51R7
1687R7.9109 14.97nn
169937.9309 19.191R
169153.9108 5.0%33
1697n5.930R .n16R
17tt?7.930R 0009
174793.93n4 055%
178753.930R 4332
tWO913.93ns 4746

'
1R7473.93nR 4459
323193.93np _.4697

SP PEI. EASE RATES IN G/S1

164917.930R .1n69'

165397.930R 9405
166177.910p 3.pn17
16677;.93ne 4.9997
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167677.9102 p.21%7'
<

160987.9339 10.6494
140277.93E4 13.4770
lAeC27.9122 21.0313
160637.930# 23.5219
16s727.9308' 15.47n6
16e967.9308 15.37A4
169291.9308 1.6277
170113.930s 0006
172267.9308 0025
175993.9308 0965
179473.9308 6059
181633.93 R 1.7571
182#33.9308 3.0667
123193.9309 3.3975

RU DElEASE RATES IN C/5
164917.930R .1363
165457.9308 9666

166327.930# 3.0405
166997.9308 4.9363
1674%7.930s 6.749%
167977.9308 8.5011
169307.9308 11.5338
169577.9309 15.7731
168817.9308 12.AA47
169243.930A 4.77N1
170317.930A 0010
172939.9304 0179
176233.9308 .3587 5'
178633.930s 1.1235 BJ

'
190313.930# 2.2584
191513.9308 3.6617
182353.9308 5.090n

-192953.9308 6.3107
193193.930m 6.5926

LA PEl. EASE RATES IM G/S
164917.930m .pn07

165547.93## 479%
166567.930s .1091
167317.930A .1722
167917.930R .2491
169247.930A .3815
168397.930R I.0476
164487.9308 2.0937
169547.9308 2.e467
369607.9308 3.4976
160667.930s 3.6799
1697R7.9102 7458
168997.9309 4944

169429.930# 0034
170533.930# 0000
173419.930R 0007
179353.9308 0141
193193.930s 0590

#C REl.tkRC mATFS IN C/S
164917.9308 10.6627
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TIME 707 RGt,1 cs 12 TF Nont.E Gu nTHER F.P. NO" F.P. fR7779 O. O. D. G. O. G. O.2729 1274E+01 .7957F-01 9753E-03 1466E+01 6 1747F-01 5630F=077729 3224E+01 7955E-01 4767F*03 1466F+01 6 1641E-03 1166F-067730 4606E+03 .1137E+00 1195E-02 4952V+08 6 5693E-01 1ml?F-062730 4607E+01 .1137E+00 1396F-02 4953E+08 0, 7R57F-03 7504E-062731 4607F+01 .1117E+00 .1197E-02 4954F+01 0, .1010F=02 .3743E-067731 4607E+01 .113RE+00 .1399F-07 4955F+01 C. .1770E-07 4041E-062731. 4607E+01 .It38E+00 1400F-07 49%6F+08 0 1516E-07 4RR4F-062732 4607E+01 .1139E+00 .1401E-02 4957F+01 0 .1Rl7E-07 .5777E-062732 4609E+01 .3139E+00 4401F-02 4959E+01 0 .?t31F-02 6769E-062733 460RF+01 .1140E+00 1405F-02 4060F+0! 0 7463F=02 7R20F=062733 460RE+0! .Il40E+00 .1407E-02 496tF+01 6 .2Rl5F-02 9934F=062733. 4609E+01 .114tE+00 1409F=02 4461E+01 0 11R9F-07 .1012E-052734 4609E+0! .1142E+00 1412F-07 4465F+01 0 1597E-07 .Itenr-052734 4610E+01 .3142E+00 .1415E-02 4966E+0! 0 4027E-02 .127RF=OS2735 4610E+01 .1143E+60 141RF-02 4968E+01 0, 4490E-02 .1425E-052735 46tlE+01 .ll44E+00 1471F-02 497tE+01 0 4991E-07 .3597F-052735 4615E+01 .1145F+00 .1474E-07 4473E+01 n. 5576E-07 .1749F=057736 5979E+01 .145RE+00 1911F-02 6317E+0) 0, 6106E-07 .1910E-0%2736 58R0E+0! .3459E+00 1Rl5F=07 6340E+01 0 6714E-07 2124E-052737 .599tE*01 .1461E+00 .lR70F-02 6141E*05 O. 7417E-07 7131F=052737 .5982E+01 .1462E+00 .lR76F-07 6346F+01 0 .R159E-07 7557F=0%2737 .5964E+DI .1463E+00 1R17E-07 6349F+01 0 .R960F-07 .279HF-052739 58R5E+01 .1465F+00 .lR3RF=02 6351E+01 0, 9R10E-07 .3057E-05273R. 5RR7E+01 .3467F+00 .lR46F-07 6357E+01 0 1079E-01 .3337E-057739 .5890F+01 1469F+00 1RS4F-02 6162E+01 0, .3193E-Og 163RE-052739 5892E+0! .147tE+00 .lR61E-07 6367E+01 0, .l?99E-01 3966V-057739 5896E+01 .1473E+00 .lR73F=02 617)F+01 0 .1476E-01 4371F=05 037740 .5R99E+08 .1476F+00 1RR5F-07 6379E+01 0 .1567F-01 4717F-05 {2740 .M904F+01 .147AE+00 .lR9RF=0? 63R6F+01 0. .1724F=01 .5136E-05 c37741 5909E+0! .34R7F+00 .1911E-07 6344E+01 0 .1900F-01 .559NF-052741 .5914E+01 .14R5E+00 1910F-02 6407F+01 0 .7096E-01 6103F-052741 707tF+01 .1774E+00 .229pF*02 7651E+01 0 7114F-01 6656E-057747 707HE+01 .177RE+00 717tE-02 7667E+01 0 7554F-01 7764E-052742. 7045E+08 .17R4t+00 7347t-02 7675E+01 6 7R7tE-01 7934F-0%7743 7094E+0! .1790E+no 7377F-02 7690E+01 0, 3tlNE-01 .R67%F-0%2743 7802F+01 .1797E+00 2413F-07 7707F+01 0, 3450F-01 949hF-052743 7ttp +91 .lR04E+00 7455F-02 777%E+0i n. .3R706-01 5041t=04 (2744 .7123- ~1 .lP13E+00 7504F-02 7746E+0! O. 4737F-01 .1144F-04 |2744 7135E+ot .1972E+00 7%63E-07 7761F+01 0, 4694E-01 1760F-042745 7149E+01 .1R31E+00 2635F=02 7795E+01 0 571RF-01 .1190F-042745 7166E+01 .lR46E+00 2777F-02 7976E+01 0 5R36E-01 .1547E-042745 7187E+01 .lR67E+00 794RF=07 7R65E+01 0, 6617F-01 1753F=042746 7787E+01 .lRR4E+00 .3016E-07 7970E+01 0 7757E-Ol .2067F=042746 9359E+01 .?tR9E+00 45RHF-02 91 HIE +01 0, 9571E-01 75RgE-042747 842RE+01 .2242E+00 193?E-07 93tlE+01 0 .1727E+00 .3474F-042747 .R534E+01 .2322E+00 4417F-07 4506E+01 0 1646F+00 4945F=042749 8794E+01 .251RE+00 51R3E-02 99R4E+0! 0, .7707F+00 9719F-042749 9442E+01 .3005F+00 7An%E-07 .lll7E+0? 0 5905F+00 2707F-032750 .1020E+02 357tF+00 .112?E-01 .175%K+07 0 1031E+01 5406E-032751 1107E+02 4229E+00 .1556E-01 .4415E+07 0, 1634E+01 9R10E-Oi2752 .1169E+02 4696E+00 .2079E-01 .1529E+07 0, 7251F+01 .3439E-072753 .1363E+02 5679E+00 764RE-01 .1906E+07 0 .3073E+0! .7003E-072754 .1442E+02 6220E+00 3313E-01 .1950E+02 0 3R72E+01 2706F-07,

2755 3512E+02 6744E+00 4069F-01 .207RE+0? 0 477?E+01 .3442E-022756 1640E+02 770RE+00 5014E-01 .7317E+07 0, 595'E+01 41R6E-022757 17b2E+02 9617E+00 6000F-01 .2%14E+02 0 7105E+01 5512E-022758 .1966E+02 9553E+00 7799F-03 7767E+02 0, .RH16E+01 6760F=072759 2034F+02 .1066E+0! .R671E-01 .301?E+02 n. 4057E+0? 9207F=077760 7196V+02 .31RRE+01 107AF+00 317NE+07 0 174RF+07 .1014F-01
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2729.. o0. O. n. O. a. o. O,

2729. . 240F-64 .44RE-05 594F=05 .140F-n1 0 n. n.
2729 50er-od .935F=05 .123F=04 .797F-03 0. n. D.

2730 304F=04 346E-04 .193E-04 455F-01 0 n. n.
2730 .383E-03 .702E-04 .265F-04 626E-03 0 O. O.

2731.' .349E-03 .262E-04 .142F=04 .an9F-ni 0 o, n,

2733. .190E-03 .327E-04 42%E-04 30lE-07 0 O. n.
2731. .234E-03 .395E=n4 512E-04 473E-07 p. n. o,

2732 .253F-03 .468E-04 604E-04 343E-n? o. O, 0,

2732 .33pE-03 .548E-04 70%F-no .367E-n2 0. O. O.

2733. .400E-n3 634E-04 817E-04 192E-n? n. O. O.

2733 46AE-03 '.725E-04 923F-n4 .2tPE-02 C. O. O.

2733 543E-03 .R21E-n4 .304E-01 .746E-n? n, o. O.

2734. 67AE-03 975F=04 .It1E-n1 775E-n? 0 O. D.

2734 .723E-03 .104E-03 .t30E-01 107F-02 c. O. O.

2735.. .A29E-03 11%E-03 .544E-01 34nr-07 0. O. n.

2735. .949E-03 . 12AE-03 .159F-03 376F-07 6 p. o.
2735 .10RE-02 .142E-01 .475E-03 413F-02 0 O, n.
7736 .123E-07 .157E-03 .193E-03 4%3E-07 4. n. O.

2736 .140E-02 .177E-03 209F=03 495E-07 0 a. O.

2737 .160E-02 .tS9E-01 .229E-03 540E-02 0 O. O.

2737 .392E-07 .20PE-03 .249F=03 59RE n2 o. O. n.
2737 .207F-02 .779E-03 .27tE-01 639F-02 9 O. O.

2738 .235E-02 .249E-03 793F-03 693E-n? 0, p. o.
2739 26AF-02 277E-03 318F-03 752E-n? A. o. o.
2739 .306E-02 .297E-03 .344F-n3 .R13E-02 6 n. O.

2739 .350E-02 .324E-01 .377F=03 9AOF-n? 0. p. o.
2739 400E-02 353E-01 4n?E-n3 950F-07 6 n. O. 03

7740 459E-07. 385E-03 434F-01 .tn3E-nt 0, n. o. d,

7740 52nE-02 420F-03 469E-03 .111F-01 O. 0 O. b)

2741 .609E-02 459E-03 506F=n3 .170E-01 0 n. o.
2741 .703F-02 50nt-n3 545F-03 .t?9V nl 0 O. p.

7741 91tE-02 546F-03 54RF-03 119E-nt 0, n. O.

2742 437E-02 596E-03 614F-03 150E-01 0 n. n.
2142 .107E-OS 652F=03 694E-03 .tA7F-Ot 0 o. O.

7743 .123E-01 714F-01 73RE-03 174E-Ol 0, 0, e.
2743 .14tE-01 743E-n1 197F-03 .lANF-nt 0 O. o.
2743 .161E-01 .860E-03 96tF-03 204E=ot p. n. n.
2744 .tg4E-01 946E-#3 937F-03 .270F-Of 0. o. o.
2744 .210E-01 .in4E-02 .101F-02 .23RE n! 0 4 G.

2145 .277E-01 . 129E-07 .110E=p? 797E-01 n.
~ o. o.2745 .241E-01 .it5E-02 .509E-02 .759E-nt 6
p. p.

2745 .325E-01 .146E-02 .33tF=02 .3ter-ng 0 o, 0,

2746 .396E-01 .173E-02 .t47F-02 347E-41 0 O., n.
2746 .51?E-01 .217E-07 .17aE-02 40lE-of 0 O. O.

2747 .697E-01 .291E-02 .203E-02 '.4pnF-Og O. O. O.

2747 .997E=ot 4ttE-02 .753F-02 .%93F=of O. 3 O.

2748 .173E+00 .740E-02 .361F=02 9%hF-Al 0. 4 G.

2749 .400E+00 705E-01 697F-07 .16 4 F + 0 n_ .a. O. O.

2750 .713t+00 396r-nt .113 r.= 01 767E+00 0 p. o.
2751 .114t+0! 693E-01 .172F-01 407F+n0 0. n. O.

2752. .159E+01 .990E-01 .235E-01 554F+00 6 O. O.

2753 .212F+01 136E+00 .313E-01 71RE+00 c. O. O.

2754 .271E+nt .tnoE+0c 399r-og 947E+nn 0, o, n.
2755.- .333E+03 .227E+no 494F-os .316E+01 6 o, n.

7)56 415E+01 .205E+00 61er-ol .146F+01 0 n. O.

2157 .508E+01 395E+00 760E-Os 179F+nt 0, 4 o.
7758 612E+01 434E+00 421E-os 717E+nt O. o. O.

| 2759 .729E+0i 577E+00 .iloE+no 76pE+ng o. n, n.
L---. - -____ covn__ cwin mo cisc.na ..sar.na sa c.a. a ,. a
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,,uos,.Battelle's Columb Laboratories , , , , o.a,,

505 King Avenue
Columbus, OH 43201- 93 - 6747
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Division of Accident Eva tion TechnicalOffice of Nuclear Regulato Research ,,,,,,,co,,,,,,,,,,,,,,,,

U.S. Nuclear Regulatory Co sion
Washington, DC 20555 j

12 suPFLEMENTARY NOTE:

I3. 48s're.ACT (200 w.res er el

The C0RSOR code simulates the releas f fission products and structural
materials from a reactor core during in-vessel period of a severe
accident in a light water reactor. e ode is a simple, empirically based
treatment of release and does not t eat tailed mechanisms for release from
high temperature fuel. The first-frder re . ase rate coefficients for the
speciesconsideredarepresented,ftheinput equirements of the code are
described, and an example input and output s eam is. supplied in an appendix.

/
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"'""'"release from fuel
severe accident

Unlimitedmodeling
core degradation 's acuairvclasoaicatio~

a.. ,
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,n,.,,,

Unclassified
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