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SIEX

A CORRELATED CODE FOR THE PREDICTION OF

LIQUID METAL FAST BREEDER REACTOR (LMFBR) FUEL

THERMAL PERFORMANCE

D. S. Dutt and R. B. Baker

ABSTRACT

The SIEX computer progham is a steady state heat transfer code developed
2o provide thermal performance caleulations fer a mixed-oxide fuel element in
a fast neutron enviiwonment. Fuel restructuring, fuel-cladding heat conduction
and §ission gas release are modeled to provide assessment of the temperatures .
Modeling emphasis has been placed on correlaiions tc measurable quantities
§rnom EBR-11 innadiation tests and the inclusion of these correlations 4in a phy-
sically based comoutational &cheme. .

STEX 45 completely modulan in construction allowing the user options for
material properties and correlated models. Required code Anput L8 Limited Lo
geometric and environmental parameters, with a "eonsistant" set of matercial
propenties and correlated models provided by the code. The development of phy-
dically based cornrnelations to model certain of the phenomana has reswlted in a
computer progham which provides reliabfe estimates of thermal performance char-
%e)u}stéc,é, yet rhequines a small amount of core storage and computer running

e. .
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1. INTRODUCTION

This documentation describes the SIEX combuter‘program which is a fast

‘running, steady state thermal performancelcode used to calculate coolant, clad-

ding and fuel temperatures throughout the history of a fuel element. SIEX was
developed by the Hanford Engineering Development Laboratory (HEDL) for perform-
ance analysis of mixed-oxide fuel pins irradiated under steady state fast flux
conditions. Although versions of SIEX have existed at HEDL* since 1968, this is
the first effort to.place the current techniques used by the code at the disposal
of a larger group of users.

It is necessary to have a method to accurately assess the thermal per-
formance of a mixed-oxide fuel pin in a fast neutron environment. The result-
ing thermal analyses are the basis for:

. subsequent steady state or transient stifess analysis.
. prediction of steady state or transient faiiure modes and times.
. safety related accident analyses. '

A code with short running times and relatively small storage requirements is
needed in order to be routinely used as a test design/analysis tool or to de-
fine initial conditions for a more detailed subsequent analysis.

SIEX is constructed of a series of moduls with a single set of
dimensional units used throughout to provide flexibility in model usage
and ease of upgrading as models developed from future tests are finalized.
Radial steady state heat transfer can be computed for 21 axial segments.
The code computes all major quantities which affect the thermal performance
(restructuring, fission gas generation and release, etc.) Code running times
are typically two to five seconds pér case on the Control Data Corporation CYBER-74.
The running time is dependent on the output refinement required by the user. |
The amount of core storage required is 50K octal (20K decimal) of 60 bit CYBER
words. No peripheral storage is required, subject to the input/output devices
selected by the user. ' ‘
' _ The documentation is also in modular form so that an update or modifica-

*prior to 1970, the Pacific Northwest Laboratory, operated by Battelle Mem. Inst.
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~:tion to any of the correlated (and if necessary, mathematical) models can be
+made without disturbing the rest of the document. The first section is a
wuser's manual which describes the input/output subroutines and user options.
-.Directions for the code usage in its present form and sample cases are given
.at the end of this section. The second and third sections, respectively, pro-
-vide flow charts and descriptions or brief derivations of the mathematical and
scorrelated models. Much of the code checkout and confirmation is contained in

the last section where the correlations to observations are presented.
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II. CObE DESCRIPTION

SIEX is a computer code which calculates the thermal performance charac-
teristics and dimensional changes (swelling and thermal expansion) of mixed
oxide fuel pins in a fast neutron environment. SIEX is comprised of a series
of subroutines which model certain fast reactor fuels phenomena and is corre-
lated to a significant amount of EBR-II irradiation test data. Program
development and numerical techniques have been carried out in a way which pro-
vides a code with short running times and modular independence of models. The
code satisfies the need for a data analysis and design tool in the LMFBR pro-
gram,

The fuel pin is geometricai]y modeled as shown in Figure 1. The
fuel column is divided axially into a user specified number of segments with
equal height (equal fuel volume). One dimensional radial heat transfer is as-

~ sumed at the axial center of each of these segments. The heat generated in each

segment and released fission gas is accumulated over the segments for calcula-
tion of coolant temperatures and plenum pressure. For each segment, the fol-
lowing calculations are pefformed:
e Coolant temperature
. Cladding surface temperatures
. Fuel-cladding heat transfer coefficient
. Fuel temperatures '
. Fuel restructuring radii
. Fuel and cladding displacements due to swelling and
thermal expansion '
. Fission gas generated and re]eased
The number of time (burnup) increments is left to the discretion of the
code user. For each time increment, the fission gas re]ease is updated, the

_plenum pressure is cbmputéd, and the fuel temperatures are adjusted to account

for the changing gap conductance., SIEX results are independent of the step
size.

The SIEX code consists of a "driving" routine, input/output routines,
mathematical models, and physically-based correlated models. The mathematical

.models are heat transfer, gas pressure and, to a certain extent, dimensional

Wy
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changes of the fuel and cladding. A brief explanation or derivation of these
models is included in this document for completeness. For the correlated models
(gas release, restructuring, etc.), a summary is made of the data used in the
correlation, a rationale for the models, and a model description. In most
cases, these models can be updated br entirely replaced with little effect on
the rest of the code mechanics. All internal coding is in cgs units. "Conven-
jence unit" conversions are handled in the input and output subroutines.

The primary routines are listed in Table 1 along with a description of
their usage. In those cases where auxiliary routines are used, they are
listed. Figure 2 is a diagram of the routine call sequence. Figure 3 is a
SIEX flow chart.

IIT. INPUT/QUTPUT

The Input/Output routines are a compromise between user convenience and
code flexibility. "Overrides" to data values programmed into the code provide
for new or extended applications of the code which necessitate modification.

“ The first portion deals with those assumptions which may be considered input,
but are programmed into SIEX for its use as an EBR-II test design/analy-

sis code and an FFTF fuel pin performance analysis tool. The card input pro-
cedure will then be discussed with attention given to the options provided to
the user,



-ROUTINE NAME .
- “MAIN SIEX

TABLE I
PRIMARY ROUTINES IN SIEX

DESCRIPTION

ROUT INES
CALLED

—-Physical Models
FSINTR

CSINTR
CDELD

FDELD

“PPRES

Computes the radial temperature distribu-
tion across the fuel pellet using a two
zone heat transfer modei. The integral
kdt is computed by the function S, and
fuel-cladding heat transfer coefficients
have been computed by HGAP.

Computes the coolant axial temperature
rise and the temperatures of the inner
and outer cladding surfaces.

Computes the cladding geometry during
irradiation, considering deformations
due to swelling and thermal expansion.

Computes the fuel outer radius due to
fuel thermal expansion and correlated
permanent deformations as computed by
FSWEL . .

Computes the plenum pressure based on
the perfect gas law.

STRUCT, S, T
RFIAD

SINPUT

FSWEL

Correlated Models

HGAP
FISGAS
STRUCT

FSWEL

Computes fuel-cladding gap conductance .
based on a modified Ross-Stout model.

Computes fission gas generated and
released. ‘ :

Computes the restructuring radii of the
fuel. -

Computes the permanent fuel deformations

FSINTR, CONMIX,
FDELD, PPRES,
FISGAS

S, T, RFIWD

Input-Output
INPUT -

© OUTPUT

Reads input in "engineering" units

converts to cgs.

Converts cgs units to "engiheering"
units and prints selected output tables.

6

SPAGE, FISGAS,
FDELD

SPAGE
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SPAGE

AN

FDELD
FISGAS
TERP
PMP I AFP L — TERP
CSINTR = S(SINPUT) T
S .
> FSINTR
CDELD »|  STRUCT
FISGAS
>  RFIND
HGAP - PPRES
.. FDELD > FSWEL
> CONMIX p——={ CON
1
- T
FSINTR -
i, i [ o S
FISGAS STRUCT T
l RFIND > RFIND
PPRES
FDELD SE—— FSWEL
4
OUTPUT  }——s  SPAGE

“ FIGURE 2. Primary Routine Call Sequence of SIEX.

> RFIND

- HEDL 7408-61.1



NOTE: IF DIAMETER CHANGES, OR

- FISSION GAS CALCULATIONS
ARE NOT REQUIRED, THE GAP
CONDUCTANCE CALCULATIONS
WILL NOT 8£ DONE

IS THE
GAP CONDUCTANCE
10 BE
CALCULATED

NO: INPUT CONSTAM:
USED

READ INPUT
CALL INPUT

COMPUTE INITIAL
VARIABLES

{

PO TO 80 ;
FOR THE DESIRED i
NUMBER OF PRINTOUTS !

{

INCREMENT:
* TIME

- HUENCE
© BURNUP

!

UPDATE VALUES FOR:

POWER
COOLANT FLOWRATE

DO 10 30

FOR THE DESIRED .

NUMBER OF SEGMENTS .

FIND THE AXIAL

DISTRIBUTION OF:
POWER

BURNUP
FLUENCE

i

- 30CONTINU5>

{

COMPUTE CLADDING
AND COOLANT
TEMPERATURES

CALL CSINTR

ARE
GEOMETRY
CHANGES TO Bt

COMPUTE CLADDING
GEOMETRY CHANGES
CALL COELD

FIGURE 3. SIEX Flow Chart

CALCULATE FUEL-
CLADDING GAP
CONDUCTANCE
CALL HGAP

|

1

CALCULATE FUEL
TEMPERATURES
CALL FSINTR

ARE
GEOMETRY
CHANGES TO BE
CALCULATED

COMPUTE FUEL
GEOMETRY CHANGES

1$
FISSION GAS
RELEASE TO BE
CALCULATED

' COMPUTE FISSION GAS

GENERATED AND
RELEASED
CALL FISGAS

b

CALCULATE PLENUM
PRESSURE
CALL PPRES

NO

ARE

USER REQUESTED

CALCULATIONS
O BE DON

YES

EXAMPLE
CALL STRESS

1

- OUTPUT RESLTS

1

CALL QUTPUT

80 CONTINUE
START A
NEW CASE

MEDL 7408-83.4
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“VALUES WHICH CAN BE SUPPLIED BY THE CODE

;AxiaT Power, Flux and Neutron Energy Profiles

The axial'flux profile is supplied by the function AFP, the power profile
‘by PMP, the average neutron energy by EBR, and the ratio of flux greater than
0.1 MeV to total neutron flux by FTX. In the cases of AFP and PMP, the pro-.
files are normalized to the peak values. FTX and EBR return the actual values.
Four options are available to the.user:

1. Axial power and flux profiles are identical "chopped" cosine curves
with an extrapolation distance, E, specified by the user (Reference 1).
The average neutron energy and the ratio of flux greater than 0.1:-MeV to the
total neutron flux are assigned the values consistent with EBR-II Nper-
ation. '

2. The values for the power and flux profiles are interpolated from a
user-supplied table of data and assummed to have the same shape. V '
The data table 1is programmed into the code as a data statement in BLKDAT. As in
‘the first case, the average neutron energy and ratio of flux greater than 0.1 MeV
:to total flux aré assigned constant values,

-

3. The user'may specify a functional form to be evaluated for each of
-the functions. Examples of quadratics, which were obtained by analyzing cer-
tain EBRfII gamma scan data, are presently programmed. No.significance should
be attached to these correlations which serve as examples oh]y.

4, -A11 four values may be interpo]éted from tables of va1ues‘supp11ed by
“the user through input. This will be explained in the section on card input.

*Mbdel Input Options

1. Fission gas release can_be evaluated either by the fission gas re-
Jease model discussed in Section III or a three region'mode]”in which the
fractiohvreleased for each region is supplied by the user. The three regions
of the user-supplied gas release fraction are assumed to be the fuel region char-
.acterized by columnar grain growth, the fuel region characterized by equiaxed
grain growth, and the unrestructured fuel region. The fractional release for
the user supplied case is assumed to be independent of burnup or in-reactor
time.

LA
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2. The temperatures, in degrees Centigrade, which are used to predict 4
the observed radial extent of columnar and equiaxed grain growth, may be '
taken as those presented in Section III or user-supplied values.
3. The fuel-cladding gap conductance model discussed in Section III
may be replaced by a user-supplied constant.
In all of the above cases, the models were developed on a systematic
basis, a user "override" should be used only after consideration of its effect
on the other models, e.g., an "override" of the gas release model may be use-
ful in determining maxima for pressure and temperatures, but an override on ;}’
restructuring may give erroneous results for gas release and gap conductance.

Material Properties Options

Values for the material properties used in SIEX have been coded into the

BLKDAT routine. However, these may be changed by the user through card input. '
Those material properties which may be changed by the user are: z
1. Cladding thermal expansion coefficient: The SIEX code assumes that ,

¢ = ag + a% Xx T, where T is

-

the mean coefficient of thermal expansion is a
temperature in °C and o° is the coefficient of thermal expansion, cm/cm-°C.

2. Young's modulus of the cladding: SIEX assumes EC = EC+ES xT,

where T is temperature in °C, and E¢ is Young's modulus in dynes/cn.
- 3. Poisson's ratio for the cladding which is a constant.
4, Cladding thermal conductivity: This may be input as a constant as
described in card input section. If no input is encountered, SIEX assumes
a temperature dependent: conductivity of K© = Kg + K% x T, where K® is in
watts/cm-°C and T is in °C. A sing]e-iteration'of the temperature dependence
is programmed into the evaluation of the conductivity equation, i.e.,

K¢ =-KCA+ K% T¢ + L5t x a, N o
0 ° 20(r® - 0.5t)(kS + K x TO)
_ (o] * (s} KT X 0

where 5t x 9 is, of course, a temperature correction
c c c c
2n(rg - 0.5t) (K- + Kr x Tp)

10



to the initial estimate of the cladding temperature, Tg. Tg is the cladding
surface temperature, q, heat rate, rg cladding radius, and t is the cladding
thickness. '

The fuel properties for thermal expansion and Young's modulus are of the

form
of = a: + ug x T, cm/em - °C
¢ .
Ef = EZ +‘ET xT, dynes/cmz,

respectively, where T is temperature®C. No "override" options are provided
via input but these values may be changed by changing the block data routine.

Card Input

Card input is by NAMELIST input. Though this does not conform to ANSI
standard, its user convenience is justification for its use, NAMELIST input
is free field, non-formatted,* and does not require that all variables be input
when multiple cases are run. For parametric studies, only a title card and
the variables of interest need to be input. The NAMELIST variable is IPT.
A typical input deck with a series of cases would be set up as shown in Fig-
ure 4. Table II'is a listing of the NAMELIST variables (and code variables),
units, and a description of each.

Parameter Input

Values for parameters in correlated models and coefficients for material
properties are transferred to the code through labeled common. These values
are placed in memory in the block data routine BLKDAT by means of data state-
ments. This centralization of code parameters eliminates the need to change
‘entire blocks of code when changing values for the model. The routine itself
is well “commented" to assist in making any desired changes.. '

QUTPUT ' S

SIEX output is structured to produce a series of "tables" dealing with a
particular model or calculational procedure. Explanation of the output is ac-
complished by example, Table III is the computer-generated output for the
first deck listed in Figure 4 of the input description.

* .
The sequence or position of the variables in Figure 4 is not important.

n
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CASE 3 TITLE
(T3]
INPUT VARIABLES M
steT
CASE 2 TITLE
3
INPUT VARIABLES
SIPT .
TASE 1 TITLE
- . B )
|
- v I\ ~ -\ 4
CASE | CASE 2 SUCCESSIVE CASES
SIEX TEST CASE NO. | - ALL DEFAULT USER OPTIONS

SIPT FLEN = 13,52, E = 0.00,FD = 0,1935,VOID = 0,000, :

DP = 0.2300, CT = 0.0153,PM = 12,160, CMF 7798,

HF = 30000., HG =1700.,11 = 7000, T8 = 0., .

TEMP2 = 0,, DENLO = 9088, DENHI « 9800, 1 = 11,94,

SEGNUM = 10., P8U = 2214,, EFPD = 0., STEPS = 0., ’
. =1,.'22 © w123 = .1, CCPGM = 0.0,

) = 15,00, EPL = 11015, XEFIL = 11,500, KRFIL = 0.00,

TMSWC = 2,, EXTERP - 35.0,iTAbI -1, =,

"'Aﬂ -1, =1, PrWX = 2.0 £ts,

SIEX TEST CASE NO. 2 - READ AXIAL PROFILES AND TIME STEP CONTROLS

SPTE - -1, STEPS = -2,
- THNCR (1) = 5,04, 5.60,

.04, '5.080,

PRATIO (1)
. CRATIO (1) = 1.7.50,

READX (1} = 0,0,0.1,0.2,0.3,0.4,0.5,0.4,0.7,0.8,0.9,1.0,

READPF (1) = .781,.857,.924,.970,.997, .995, 970, .923, .840, .788, .751,

781, 857, .924, .70, .997, .995, .970, .923, .840, .788, .75),
READES (1) = 11°.85,
LEADTF (1) = Ti.e5,

§

SIEX TEST CASE NO. 3 - OVER RIDE THE PROGRAMMED MATERIAL PROPERTIES

$IPT CX = 11.4,CP = 0,305, ALPHAO=9, 10E -4, ALPHAS=1 . 25E-9,
:Moocrz.xsn,moos-o.o,vm-.a,

FIGURE 4. SIEX Input Deck Set-Up.
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TABLE 11 _
DESCRIPTION OF SIEX INPUT

Input ' Input
Parameter Units
Name Definition of Parameter
.-FLEN Active fuel column length inches
E The value of E provides the axial flux and inches
power profiles as follows:
E >0 (E is the extrapolation distance
for a "chopped" cosine curve)
E = 0 (Interpolate from internally sup-
plied data tables)
0 > E 2-1 (Evaluate user-supplied
. functions)
E < -1 (Interpolate from a user sup- -
plied table which is read from
input, |E] values are expected)
FD Fuel diameter inches
VOID Fuel (fabricated) central annulus diameter inches
DP Cladding outer diameter inches
CT Cladding wall thickness inches
PM Maximum pin heat rate kW/ft
CMF Coolant mass flow rate 1b/hr
cp Coolant specific heat (If no namelist Btu/1b-°F
input is supplied, the SIEX supplied
value of CP is used) |
HF Cladding-to-coolant heat transfer coefficient Btu/ftz-oF-hr

13
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TABLE 11 (Continued)
DESCRIPTION OF SIEX INPUT

.

Input
Parameter
Name

Definition of Parameter

Input

Units

HG

CK

TI
18

TEMP2

DENLO

DENHI

Fuel-to-cladding heat transfer coefficient
(also used as an initial estimate for sub-
sequent gap conductance calculations)

Cladding thermal conductivity

CK > 0 (the value of CK is used indepen-
dent of temperature)

CK < 0 (the SIEX programmed temperature-
dependent conductivity is used)

Inlet coolant temperature

Temperature to use for the prediction of the
columar grain growth radius

T8 > 0 (the value of TB is used in making
the prediction of the columnar
grain growth radius)

TB < 0 (the SIEX programmed value is used
to predict the colummar grain
growth radius)

Temperature to use for the prediction of the
equiaxed grain growth radius :

TEMP2 > 0. (the value of TEMP2 is used to
predict the equiaxed grain
growth radius)

TEMP2 < 0 (the SIEX programmed va]ue is
used to predict the equiaxed
grain growth radius)

Fraction of theoretical density of the fab-
ricated fuel

Fraction of theoretical density of the fuel
in the columar grain growth region

14

Btu/ft -
°F-hr

Btu/ft-hr-°F



TABLE II (Continued)

Input Definition of Parameter Input
Parameter Units
Name :

TD Fuel theoretical density A gm/cc
DISH Fraction of the fuel volume (pellet or total fraction
column volume) which is occupied by voidaae

due to fabricated end dishs in the fuel pellets.
Pu Fraction of the metal in the fuel which is fraction
Pu233% or Pu24l,
U23s Fraction of the metal in the fuel which fraction
SEGNUM Number of axial segments desired. An addi-
tional node at the top of the fuel pin is
ad?ed by SIEX (maximum value for SEGNUM is
21 :
PBU Peak burnup to be achieved (needs to be spe- Mwd/MTM
& cified if EFPD, below, is zero, otherwise is
overridden by computed burnup)
EFPD Final time, effective full power days ~ EFPD
EFPD > 0 (EFPD>calculated fuel weight, and
PM are used to compute burnup)
EFPD = 0 (burnup, calculated fuel weight,
and PM are used to compute EFPD)
STEPS Output burnup and time increments as follows:

"~ STEPS < 0 The |STEPS| Qa]ues for time incre-

ments at which output is desired
will come from input values (may
be unequal). See TIINCR

STEPS = 0 (output peak burnup results only)

STEPS = 1 (output zero and peak burnup re-
sults) ,

STEPS > 1 (output results at zero burnup,

peak burnup, and at each PBU/
STEPS interval)

15
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o ) - "TABLE 11 (Continued)

~ AInput - Definition of Parameter . Input
~Parameter 4 Units
Name *

This STEPS Togic pertains to EFPD in the same
.manner as it does to PBU if EFPD is used for
-time dependency.

21 Fraction of fission gas release from fuel fraction
-columnar region

12 Fraction of fission gas release from fuel | fraction
‘equiaxed region :

Z3 ~ Fraction of fission gas release from unre- fraction
structured region -

23<0 (calculate using fission gas release
~model) '

~CCPGM Sorbed gas from fabrication per gram of fuel - cc(STP)/gm oxide
exclusive of water vapor

“FN ‘Fraction of sorbed gas which is not Helium fraction
<or Hydrogen. This gas is assumed to have
..the thermal conductivity of nitrogen.

“PPM ‘Parts per million water vapor in the fabri- ppm

cated fuel
“EPL - Effective plenum Tength I inches
-XEFIL Percent xenon tag in the fill gas percent
“KRFIL Percent krypton tag in the fi]];gas | percent
~ALPHAO The coefficient of cladding thermal expansion in/in-°F .

{a®)is assumed to be linear with temperature

(T) increase. In the expression o€ = aof + “%T,
“ALPHAO is the intercept, o, (I1f no namelist

input is supplied, the SIEX value of ALPHAQ is

. ' -used) | _
ALPHAS In the expression above, ALPHAS is the slope, in/in-C°F2
. (If no namelist input is supplied, the
- .SIEX value of ALPHAS is used) :
~YMODO . Young's modulus (E) is also assumed to be lb/in2
. v linear with temp%raturg (T) increase. In
: . the expressign E” = Eo + EST, YMODO is the
@ intercept, E- (If no uamelht input is supplied,

-

the SIEX vallle of YMODO is used)
16 '
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TABLE II (Continued)

-

Input Definition of Parameter - Input
Parameter Units
Name
YMODS 19 the expression above, YMODS is the slope, 1b/in2-°F
Ev. (If no namelist input is supplied, the
sIEX value of YMODS is used)
PNU Cladding Poisson's ratio (If no namelist in-
. put is supplied, the SIEX value of PNU is
used.)
PFLUX Peak flux {neutrons with energy < UG.1 MeV). N/cmz—sec
TMSKC Switch for desired cladding swelling hode]
as follows:
TMSHC = 1.0 (304 annealed ss)
TMSWC = 2.0 (306 annealed ss)
TMSWC =-3.0 (316 20% cold worked ss)
EXTERP External pressure psig
ITAB1 Fission gas release and plenum pressure option: *
CITAB1 = 0 (no calculations and no output)
ITAB1 = T (calculations and output results)
1TAB2 Fuel and cladding diameter increase option: *
ITAB2 = 0 (no calculations and no output)
ITAB2 = 1 (calculations and output results)
© ITAB3 Fuel-cladding heat transfer coefficients calcula- *

. tion option:

0 (use input HG as a constant) .

ITAB3

ITAB3

% ITABI through ITAB4 are the only namelist input variables
FORTRAN integers. A

7

1 (calculation of the gap coefficient) -

which are

N
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TABLE II.(Continued)

Input
Parameter
Name

Definition of Parameter : ~ Input
Units

ITAB4

TIINCR

PRATIO

CRATIO

- READX

READFP

READP

READEB

 READTF

Cladding elastic stress option: *

ITAB4 0 (no calculations - no output) °

ITAB4

1 (calculations and output results)

If STEPS is less than zerc, the time increments
at which output and ca]cu]at1ons are desired.
|STEPS| values are required. (10 maximum)

The ratio of power to the input peak power (PM)
during the corresponding time increment of
above (10 maximum.) At time zero PM is used.

The ratio of the coolant mass flow rate to the
input value (CMF) during the corresponding
time increment of above (10 maximumg. At time
zero CMF is used.

If E<-1, the positions along the length of the
pin at which power, flux, average neutron

_energy and ratio of flux >0.1 MeV to-total flux

are to be read to form tables for interpolation.
Values of READX are to be normalized to FLEN
|E| values of READX are requ1red

Axial flux profile (relative to PFLUX) correspond-
ing to the locations in READX. |E| values of

READFP are required.

Axial power profile (Re]at1ve to PM) correspond-
ing to the locations in READX |[E] values of
READP are required.

Axial distribution of average neutron energy cor-

responding to locations in READX |E|'va1ues of
READEB are required. :

Axia]wdistribution of the ratio of neutrons with

energy greater than 0.1 MeV to the total neutron
flux. ?EI values of READTF are required.

18 .
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The descriptions of the different parts of Table III are:

LN

Part 1 is a listing of all input variables along with a description of

. each variable and its units. If the user provideé either the axial profiles

or the time increment controls, additional output listing the input quantities
will be added to Part 1. An example of this additional output can be obtained
from the second example Tisted in the input description.

Part 2 is a ]isting of the predicted coolant temperature, cladding and
fuel boundary temperatures, power,and gap conductance for all axial nodes. The
variables listed here are produced by the routines CSINTR, FSINTR, and HGAP. -~

Part 3 is a listing of the predicted fuel microstructure, melting location
(if one exists), and the temperatures at which the fuel restructuring is eval-
uated for each axial location. The variables listed in Part 3 are produced by
the routines STRUCT and FSINTR.

Part 4 is the fuel radial temperature distribution for each axial position.
These temperatures are computed in the routine FSINTR.

Part 5 deals with the gaseous fission products and gas components used in
computing the plenum pressure and fuel-cladding heat transfer coefficient. An
axial and radial distribution of fission gas generated, released, and retained
is provided. A summary of the origin of the gas components in the plenum (and
fuel-cladding gap) as well as the plenum pressure is given. The variables are
computed in FISGAS and PPRES.

Part 6 provides the predicted fuel and cladding dimensional changes at all
axial positions. Fuel permanent deformations, cladding swelling, and fuel outer
postirradiation radius, may be obtained from the columns labeled "cladding
swelling %" and "fuel-cladding cold gap." A1l other values in this part are in
the "hot" condition, that is, they include the calculated thermal expansion.

The 'values in this part are computed in CDELD and FDELD.

‘Part 7 is an example of the method used to generate output required by the
user: Part 7 is a calculation of thermal and pressure (combined) cladding stresses

_using'thiCk-walled stress equations. These are computed by the routine STRESS.
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INPUT PARANETERS ySED FOR THIS ANALYSIS

DESCRIPTION

ACTIVE FUEL COLUMN LENGTM
EXTRAPOLATION DISTANCE

. FUFL DIAmETER

FUEL CENTRAL ANNULUS DIAMZTER
PIN OI4METER

CLALDING THICKNESS

MAXTIMUM PIN WEATING RATE
COOLANT MaASS FLOW RATE
COOLANT SPECTIFIC HWEAT

FIL™ COEFFICTENT

GAP COEFEICIFNT

CLADDING CONNDUCTIVITY

INLET CUOLANT TEMPERATURE
TE“P, AT CCLUMNAR (SINTERING)
TEMP, AT FQUIAXEDN GRAIN BOUND
PRACTION OF THECRETICAL DENST
FRACTION OF THEORETICAL OENSI
FUEL THEOWETICAL DENSITY
FRACTION OF FLEL vOLIME OCCUP
FRACTION OF METAL wniCH 1S PY
FRACTION QF METAL «HICw I8 yR
NUMBER OF Ax1al SEGMENTS

PEAR BURN 1P

OPFRATING TIMEEFFECTIVE FPULL

Table III
SIEX QUTPUT

18X ANALYSIS

NANE

FLEN

E

FO

voto

op

(44

(4]

N4l

(9

MF

1]

(43

11
B0UNDARY 18
ARY TEMP2
TY.UNSINTIRD DENLD
TY«SINTERED OENNT

10
1ED uY DISHM DISw
239 & PU2ay PU
ANJUM 238 °  y23Ss

SEGNUN

PBU
POWER DAYS EFD)

NUMBER OF CALCULATIONS/PRINTOUTS stePs

PISSION GAS RELEASE o COLUMNA
PIAS10N GAS PELEASE o EGUIAXE

R 20ME 131
0 I0NE 12

FISSTON GAS RELEASE o UNREBTRUCTURED ZONE 23

SURREQ G4S PER GRav 0F FUEL ' (4444 ]
FRACTION OF SCAHED GAS wMICH 18 NITROGEN Fn
PARTS PER MILLION WATER VAPOR PPy
EFFECTIVE PLENUM LENGTH ePL
PERCENT OF XENON IN THE FILL GAS XEF L
PERCENT OF KRYPTIDON IN THE FILL GAS YRFIL
COFF LINEAR EXPANSION o INTERCEPT 4LPHAD
CUEF LINEAR FXPANSTON o SLOPE ALPKHAS
YOUNGS MODULUS = INTEQCEPT YMOO0
YCUNGS MODULUS » BLGPE Yeous
POISSONS RATTQ (4]
PEMN FLUY (FMNERGY » 1 MEv) PFLUX
MATERIALC19ANNEALED YYPE 304 88 TnSal
2RANNEALED  TYPE 314 38
32202 Cw TYPE 3t1e 38 )
EXTERNAL PRESSUNE EXTERP
FISSION GAS RELLASE/PLENUM PRESS, OPTION 17481
PIN OELTA D/D OPT[ON 11282
HOT GAP COFFFICIENT OPYION 1148%
11484

ELASTIC STRESS 0°TJION

INPUT NPTIONS OR CODE 8UPPL IED VALUES CAN £F
USED, SEE TrHE USENS mANUAL IN MEOL=TPE T7ae%S,

@

SIEX TESYT CASE WO,1 ee ALL OEFAULT USER OBTIONS

vaLue

OATE 03/12/78

1,3520E+01
6.
1,9350001

N
2,30008+0)
$.,5300€=02
1,2160€001
T.7980E402
3,05008-01)
3.0000€40u4
1.7000F¢03
[N

T.0000Ee02
o.

0.

9.0260E-01)
9,8000€-01
1.1980€001
1.0000f-02

| 2,5000E-31

0.
1.0000E401
2.21400€403

0.
1,0000E400
1,00008¢00
©1.0000€+00
2,0000E-02
1.0000E=01
1.5000E001
1.1150E.04
1.1300200

0.
9.0000E-08
1,1700E-09
3,0800F+07
©7.307CFe03
3.0000E0)
2.0000F415
2,0000E+00

3.5000€E¢0y
1,0000€+00
1,0000€+00
1,0000E400
1.0000Ew00

i~
I~

™

IN

IN

IN

Ra/F? .

LB/uR

ATU/LB=DEG F
BTU/FT002eDEGC FeMR
ATU/FTe02«DFC FakR
BTU/FTDEGC FemR '
0¢GC F '

0tG C .
DEG €

17144

MaD/MIN
Davs

FRACTION
FRACTION
FRACTION
CCso™

In

IN/INeDEG F
IN/INS(DEG FIea2
LB/INs a2
Ld/INae2eDEG ,

NEUT/CHa02eSEC

231
1aCALC  0a8YPasy
15CALC  0=BYPASS

12CALC  0emG FROM ABOVE IS USED

1nCALC  0=BYPASS

C

LR



L2

TIng 9,535 PEAK BURN UP

AXIaL  OIST PRON
SEGHENT BOTTON OF
NUMBER  PUEL, IN

670
2,028
3,380
e,732
6,084
r.a36
8,788

10,140
11,692

© @ O w ® B\ a w N

12,809

-e
O -
A

13,520

COOLANTY
TEmP,
13 4

108,

728,
143,
782,
781,
so1,
820,
830,
855,
are,
878,

2218, 91EX TESY CASE NO.3 == ALL OEFAULT USER OPTIONS

CLAD 0D
Tens,
oEG #

121,
s,
765,
108,
s0a,
s2a,
02,
039,
ot
ses,

- 895,

Table III (Cont'd)

SIEX OUTPUT

CLAD 10 FUEL OUTER

TEMP, SURF TEwp,
0LG * pEG *
199, 15Ss,
823, 1529,
847, . '1509}
069, 1u8s,
se9, 1692,
%07, 1520,
1, 1569,
933, | _1e22,
943, Tolev4,
1, a2,
9s?,

RESTRUC FUEL

INNER SURFACE

TEm®, DEG F
lael,
3537,
31598,
3633,
38SS,
3865,
3838,
3032,
3562,

3520,

BEGMENT
POWER,
KW/FY
9.96
10,82
11.56
12,01
12,16
12,00
11.53
10.87
10.08
9.27

%13

FUEL=CLAD
GAP COEF, .
BTU/FTas2eMRap
ceeveveccecncn

ss0.

1002,

1158,

1275,

1320,
1219,

t16e,

1031,

899,

797,

PAGE

Ll N
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Tabie 111 (Cont'd)
SIEX OUTPUT

TInE 9,58 PEAX BURN UP 2218, SIEX TEST CASE NO,| e ALL DEFAULYT USER OPTIONS racE 3
l'llL’ 0187 FROM FUEL ECUIAXPO EQUIAXED . FUEL COLUMNAR COLUMNAR RADIUS OF FUEL CENTRAL
SEGHENT BOTOM OF.  20NE RADIVUS,  TEwP, 20nE RanTUS, TEMP, MELTED FUEL,  VOID RaADIVS
NUMBER  FUEL, IN IhemES 0EG ¢ INCHES 0EC € INCHES INCHES
g enne sossvaccnces eesssses Seesaveccns secanes eesscsass Ssassssnans Yo
' L6T6 .0678 1570, L0568 1728, 0.0000 .0159
2 2,028 L0711 1570, L0604 1712, 0,0000 0178 :
3 3,380 - <0730 1879, «00680 1700, 60,0000 +0184
. a,732 $07%0 <1870, L0700 1693, 0,0000 0189 .
s 6.084 NI 1570, L0709 . 1 of, 0,0000 ' L0191
6 7.436 CL,0788 1570, o 0709 1693, 0,0000 0191 ’
7 8,788 L0752 1510, .0697 1701, 0.0000 L0188
[} 10,180 .07a0 1870, L0678 1711, 0.0000 0182
. 11,092 L0718 ©1s70, (0839 1r2e, 0,0000 20173
10 12,848 «0890 " aste, .0592 1731, 0.0000 0100
S \
W L ‘.
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TIne

. 9,58 PEAK BURN UP

INCH
o670
2,028

3,380

8,132
Q.oa-
7.836
8,788

10,140

11,092

12,0848

«097

1338,
1529,
1300,
1083,
1002,
1520,
159,

1622,

1679,

1712,

2218,
087

2810

1918,
1918,
1910,
1910,
1923,

1958,

1990,
2026,
2053,
2008,

Table III (Cont'd)
SIEX OQUTPUT

SIETX TESY CASE NO,1 == ALL OEFAULY USER OPTIONS

077

o880

2268,
2303,
232%,
23a2,
23020
2387,
2011,
2820,
2024,
2808,

008 L0548 .08
(RADIUS/CUTER RADIUB) e
890 . 360 250 -
TEMPLERATLRE (FAMREMHELT)
2606, 2908, 3119,
287s, 2908, 3192,
2122, :!0005 3248,
2140, 3078, 1200,
arss, s0s8, 3303,
2180, sore, 3318,
21v9, sces, 1319,
2805, sore,  3v0y,
2114, 3051, 3260,
2128, 3008, y20a,

RADIUS (INCHES)

«039

160

3283,
338,
3825,
Jaea,
3600,
3so0t,
3a9s,
3a70,
3820,
3356,

o02¢

090

3397,

a1,
3Saa,
3585,

3800,

3o,

3Jei2,
3583,
3529,

3aed,

019

040

3asSs,
31536,
3598,
3633,
3858,
3005,
3658,
383,
3580,
3516,

010
010
Jasy,

3537,
3595,

3833,
3855,

36653,
3e58,
3882,
3582,
3s20,

PaGE &

LA
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Table 111 (Cont'd)
SIEX OUTPUT

SIEX TEST CASE NO.1 == ALL DEFAULT USER OPTIONS

TIME 9.55 PEAK BURN UP 2214, -

AXTAL DIST FROM GENERAYED = = VOLUME OF F1SSION GAS RELEASED (£C) = =

RETAINED

SEGMENT BOT FUEL  FISSION GAS COLUMNAR EQUIAXED UNREST, TOTAL FISSION GAS
NUMVBER  INCH CC AT STP ZONE ZONE ZONE CC/GM OXIOE
1 676 .27 .03 .01 0.00 «04 .033
2 2,028 «30 N 01 0,00 °05 «03%

3 3.380 32 .05 .01 0.00 «06 £037
4 4,732 33 .06 .01 0.00 .07 .038
s 6.086 .33 .06 .01 0.00 .07 .038
6 7.436 .33 .06 .01 0.00 .07 «037
7 8.788 032 -~ #08 01 0.00 «06 «036
8 10.140 30 .05 .01 0.00 e 06 .034
9  11.492 1,28 006 <0 0.00 05 «032
10 12.846 25 .03 01 0.00 °04 .031

PERCENT FISSION GAS RELEASED 18,77
YOLUME OF RELEASED FISSION GAS «ST (CC AT STP)
VOLUME OF SORBED GAS 1.40  (CC AT STP)
VOLUME OF WATER VAPOR , 1,96 (CC AT STP)
EFFECTIVE PLENUM VOLUME S.71 (CC AT 20 DEG ©)
VOLUME OF FILL GAS T 0 8,32 (CC AT STP)
PLENUM PRESSURE 50. (PSIG)
EXTERNAL PRESSURE i _ " 35, (PS16)
MOLES OF MELTUM ' 2.11€-06
MOLES OF ZENOM 4.976~0S
MOLES OF XRYPTON i 2.,46E-06
MOLES OF N1TROGEN 6.26E-06
MOLES OF ARGON 6.26E-07

() e

L

PAGE
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Table III (Cont'd)
SIEX OUTPUT

TING 9,55 PEAK BURN UP 2214,  S1EX TEST CASE NO,1 == ALL DEFAULT USER OPTIONS ' PAGE o
AXIAL CLADDING CLAD QUTER FuFL OUTER CLAD INNER FUEL=CLAD FUEL=CLAD
SEMENT  FLUENCE SnELLING,X RADIUS,HOT RADIUS,HOT RADIUS,HOY HOT GAP COLD GaP
NUMBER NEUT/CMee2 PERCENY INCH INCH | INCH InEH INCH )
ose ....... esewvese LA MM AL L L L LD R L L bl Ll LA L L2 4 4 Sesasce LAl bl dd 4 * ¢
1 1.3518+21 8,a37¢-04 «1188 +099S 1008 00089 +0017}Y )

2 I.AOO[O!I 3,89)E-08 «1188 ‘.0997 1008 200069 200182 - ‘

3 §1.569E021 4,925C-00 1158 20999 . «3008 . «0008) 200138

8 1,630E42¢ 4,322€-00 1189 J1000 .100,4” «00043 200126

% 1.,6508421 3.201E=08 1159 <1001 «1008 <0004l 200123

[] l.blﬁ[o?l_ 2,2038=00 .ll!" ‘ ‘1000 © 41009 +0004S «00120

1 1,564E028 1,373€0a EESTLL) 1000 1008 00086 © ,00137

[} $1.,475C¢21 8,389E-0% 1160 . J0998 <1008 «000712 ’ 00151

‘. 1.304E021 S.151E«08 1160 0998 - «1008 +»0009]) 200109
10 1,2957%+21% 3,2606E-0% 1160 ) +099% 01008 000192 .0018%
1 1,239€021  2.769E-05 L1180

¢ N
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Table 111 (Cont'd)

SIEX QUTPUT
TIME 9.55 PEAK BURN UP 2214,  SIEX TEST CASE NO.1 == ALL DEFAULT USER OPTIONS PAGE 7

-  3eli INSIDE STRESS === ~e= OQUTSIDE STRESS ===
SEG  TANGENTIAL AXIAL = EFFECTIVE TANGENT AL AXTAL EFFECTIVE
1 -14557, -1461R, 14537, 13288, 13242, 13300.
2 -15673, -is734. 15653, 14202, 14246, 14304,
3 ~165864 ~16647, 16566, 15113, 15067, 15125,
I3 -17067, -17128, 17048, 15546, 15500, 15558.
s -17116, -17177, 17097, 15590, 15544, 15602,
6 -16749, . -16810, | 16730. 15261, 15215, 15273,
7 ~15963, . -16026. , 15943, 14554, . 14508, 14566,
8- -14947, .  ~-15008, ‘. 14928, . 13641, 13595, 13653,
9 -13740. ° =-i3801. ° 13721, 12554, 12509, 12567,
io ~12587.  -12668, 12567, 11515, © . 11469, 11527,
11 ~12365, ~12426, . 12346, 11316, 11270, 11328,



IV. MATHEMATICAL MODELS

FSINTR: FUEL TEMPERATURE CALCULATIONS

The FSINTR subroutine computes fhe steady state radial temperature distri-
bution of the fuel material of a cylindrical fuel rod. The method uses the
integral of the thermal conductivity. This allows for temperature-dependent
thermal conductivity and densification (conductivity and fuel geometry changes).
The theoretical basis has been documented in Reference 2, and is reviewed here
for completeness. Also presented is the currently used fuel thermal conductivity
equation and the method used to incorporated it into the code.

The temperature, T, within the fuel is assumed to be described by the
steady state heat conduction equation

v - (kvT) = -
k = conductivity (temperature depéndent)
q = the volumetric heat generation rate.

In cylindrical coordinates for axial symmetry and long cylinders (no axial
heat transfer), this becomes

[l ’ (rk—)] = - q(r) | | | (1)

r
Let o and o be defined as in Figure 5, mu1t1p1y (1) by r and integrate
from "o to some rad1us r. We then have

|r'k—al = -f.EQ(c)dc A , | - (2)
rm : ? . ] o
Dividing (2) by r and integrating from r to L we have
o 1 : |
kdt = - [ EZ zq(c)dzde | o . (3)
r
m -

If we can assume q(z) is a constant within an annular ring, we can perform the
integration in (3) and obtain the following:

27

" ~
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-FIGURE 5
FUEL AND CLADDING HEAT TRANSFER GEOMETRY

OUTER CLADDING RADIUS, re
INNER CLADDING RADIUS, r
OUTER FUEL RADIUS, r

COLUMNAR GRAIN GROWTH RADIUS, fy
CENTRAL VOID FORMED BY DENSIFICATION, e

FABRICATED CENTRAL VOID, fn

HEDL 7408-125.3



FSINTR

!

PERFORM CALCULATIONS
OF QUANTITIES
USED FREQUENTLY

!

DO TO 90 FOR THE
NUMBER OF REOUIRED
AXIAL SEGMENTS

f

COMPUTE POWER
DENSITY IN THE
UNRESTRUCTURED REGION

{

COMPUTE THE FUEL
SURFACE TEMPERATURE

!

FIND .rKDT AT THE
FUEL SURFACE

compuTE fKDT TO
FUEL CENTER FOR THE
FABRICATED DENSITY

!

FIND FUEL CENTER
TEMPERATURE FOR

UNRESTRUCTURED FUEL

!

COMPUTE MICRO-
STRUCTURE RADII
(CALL STRUCT)

HAS
RESTRUCTURING
OCCURED

COMPUTE POWER
DENSITY ON THE
RESTRUCTURED REGLON

Figure 6. FSINTR Flow Chart

’

COMPUTE S KDT AT FULEL
CENTER WITH
RESTRUCT URING

{

FIND FUEL
CENTER TEMPERATURE

FUEL CENTER
TEMPERATURE GREATER
THAN MELTING
TEMP,

FIND JKDT OF
MELTING TEMPERAT LRE

1

FIND RADIUS OF
FUEL MELTING

30

1
1

COMPUTE THE TEMPERATURE
AT EACH OF THE 10
EQUALLY SPACED NODES

Y

90 CONTINUE

¥

RETURN

"\

vy

RN 1%
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" "Routines Associated with the Fuel Thermal Conductivity.

No flow charts are provided for these routines because of their simplicity.

‘ §:t Evaluation of the integral of the fuel thermal conductivity.

The - thermal conductivity equation is of the form:

A S L
K] + K2 xT :
where Kf = thermal conductivity, w/cm-°K

KD KE x P x (1. + (1. +10.x(1-P)) x (1-P))”)

T = temperature, °K
P = fraction of theoretical density

KE, K{, K;, Kg are coefficients in the equation.

"~ The SIEX program requires that thfs be integrated with respect to T, resulting

in: _
f, . f f 4. -
‘IdeT - k0« [1n(ﬁq ; Kox T) + .25K5 x T7] (6)
K2

This function, S, is programmed to evaluate Equation (6). A call to SINPUT
calculates the density dependent'COefficients. These then are used to com-
pute a table of values for fkdt at every 200°C for use in the table inter-
polation routine to be described in the next section.

T: Routine to find a value of temperature given a value for skdt.

The routine uses simple linear interpolation between values of T and skdt
at intervals of 200°C. A routine to numerica]]y find the inverse of Equation
(6) could be provided if the increased accuracy is desired.

RFIND: Routine to find a radius corresponding to a qiven.temperature.

In order to find restructuring and melt radii, it is necessary to find the
inverse of Equation (5), i.e., given T, So, q, find a value of r. The numerical
solution is simply the Newton-Raphson method (reference 3). To put Equation
(5) in the proper form, we evaluate fkdt at ‘the desired temperature to obtain
the quantity S.. We then have

2 ' .
4(STgSO)/q = rz -r - 2r§ In (ro/r). ‘ (7)

0
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TS '
Define T = re - 4(ST-50)/q,

Ll

then (7) reduces to “

_ .2 2 . . '
0=r"+2r In(r/r)-1 | (8)

~ which can be solved for r numerically.

CSINTR: Computes coolant temperature and cladding temperature distributions.

The increase in coolant temperature along the pin is computed by adding the
heat deposited in the coolant at each axial node. The amount of heat passing ;2'
into the coolant from each axial segment is:
qth | |
where q, = qxw(rg - rs) the linear heat rate at the pin surface evaluated at the

center of each element

h = the element length,

LER YR

thus causing a change in temperature given by:

ATc =q, h/(CpoF) | ) | (9)
where Cp = the heat capacity
MF = the coolant mass flow rate.

Each of these temperature increases are accumulated over the length of the fuel
pin. The SIEX code considers the mass flow rate* as uniform around and along
the pin.

The temperature'increase across the thin film of coolant immediately adjacent -
to the cladding is simply given by applying the definition 'of a heat transfer
coefficient, i.e.,

q
aT = Kﬁ&

the film coefficient

where H

A
or, to compute the outer cladding temperature

_ q : '
=7 + =2 o (10)
°o ¢ angH ' :

the surface area per unit length;

*Mass flow rates for EBR-II subassemblies are obtained from COBRA analyses.
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where Tg = the outer cladding temperature

T the coolant temperature

OO0

r the outer c]adding radius.

The cladding temperature distribution is calculated using Equation (1)
with q set equal to zero; viz.,
aly .

1 g
;-a/ar (rk =0

ar
or

a/ar (rQ) = 0
where ﬁ'=-k%%-is the heat flux vector.
Integrating from rg to r, we have

Y'C =
- kﬂ = _0—9.0
ar r

Integrating again, we obtain
c
r —
T =715+ 2810 (r/rd) | | | (11)

" SIEX uses this equation to compute the inner cladding surface temperature when:

c
0

the SIEX application of (11) is

Tg, ks r-, and q, (the linear heat rate) are given. Now Qp= ql/2vrg, so that

q
T4 = T e In (r§g)

Figure 7 shows the CSINTR Togical flow.
CDELD: Computation of Dimensional Changes of the Cladding Material.

The thermal expansion. of the cladding is computed from an input linear
function of temperature; that is, the change‘in the radius of the cladding is
given by: ' T

ALJL = (ag"+ aST) (T - Tp)
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FIGURE 7
CSINTR FLOW CHART
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where ag and a%~are“input quantities, TR is room temperature, T is the average I

cladding temperature, and alL/L is the fraction of length change.

Three functions are currently programmed into the code to compute the
cladding swelling, depending on cladding material type. For annealed stainless
steel Type 304 (Reference 4 ), '

%AV/V, = Alst)™ + B

-8 3 52 3

2.65 x 10 "a” - 1.54 x 10 "a“ + 2.24 x 10

where A =
B = 0.2[1 -~ exp(~ 1.12 ot)] - o £~'
- [T, + exp(0.7 x (T - 480.)Y] .
m= 0.872 + 2.98 x 1071
a=T - 348
T = Temperature, °C » ]
¢t = Fluence, neutrons/cm2 x 10722 (E > 0.1 MeV) ;
%AV/V, = % swelling. |

" For annealed stainless steel Type 316 (Reference 4),

1wy, = (1) {ot}N (D)

where £(T) = {exp(C)/(1. + exp(C))} T 2'2§p(A)) A 2'2gp(83)}

' _ N(T) = {2. + 3. exp(D)}/{l. + exp(D)}

A =0.05 (T - 600)
B =0.06 (T -~ 460) )
C = 0.09 (T - 340) '
D = 0.05 (T - 475)

BV, = % swelling )

= Temperature, °K |

ot = 2

Fluence, neutrons/cm® x 10722 (E > 0.1 Mev)
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And for 20% cold-worked stainless steel Type 316
Wi/ = £(T) ot} N(T)

where f(T) = {%xp(C)/(l. + EXP(C))} '{(]. ;Ogig(A)) e ;Oggp(B)) }

N(T) = {2. + 3. exp(D)}/{]. + exp(D)
A =0.05 (T - 600)
B =0.06 (T - 460) | | -
€ =0.09 (T - 340) | - 2
D = 0.05 (T - 475) —

#AV/V, = % swelling

T = Temperature, °K

¢t = Fluence, neutrons/cm2 X ]0-?2 (E > 0.1 MeV).

The cladding radius is then computed by _ -

c 0
where rg is the fabricated dimension.

rt =8 x (1. 4 aL/L) x (1. + av/3V)

FDELD: Computation of Fuel Dimensional Changes

The fuel thermal expansion is computed by finding the volumetric average
radial displacement. At each node, the displacement is computed using the
coefficient of thermal expansion given by:

f_ f f -
a = a + uTxT
where af = Coefficient of thermal expansion, cm/cm-°C
_ - .
T = Temperature, °C. : oL ‘ K:)

The volumetric average thermal expansion is then computed by

——— _ 7AD/D rdr
AD/D = = qr -
< o (13)
r r
1% o T rar 19 oF 7 rar
fo rdr 1/2(r§ - rg)
rc .
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The integration in (13) is performed numerically by using the trapezoidal rule.

The fuel swelling, ADS, is supplied by the empirical routine FSWEL
which will be discussed in Section III. The fuel radius at operating conditions
is then computed by using:

rio= (r, + a0g) x (1. + 507D) . - (14)

where r% is the "hot" fuel radius.

PPRES: Computation of Plenum Pressure.

The source of gases which can contribute to a rise in plenum pressure are
assumed to be: '

. fill gas brought to operating conditions, V;

. sorbed gases in the fuel, VS

. water vapor in the fuel, v,

. released fission product gases, Vr

Thé pressure is then computed by:

Po o= (Ve + Vg + V + V) x T x P./(273 x V) (15)
where: T. < The coolant outlet temperature, °k

Patm = One atmosphere of pressure

V = The effective plenum volume.

The effective plenum volume, sorbed gas, and water vapor are input
quantities. The volume of released gaseous fission products is supplied from
the FISGAS routine which contains a correlated fission gas release model.

* This vo]umeois computed from the "Effective Plenum Length" and taken to be
at 1 atm at 20°C.
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V. CORRELATED MODELS } ’

This section describes those portions of SIEX which are correlations to
data obtained from Hanford Engineering Development Laboratory (HEDL) fuel pins
irradiated in EBR-1I. The power-burnup range is shown in Figure 8. The data

set contains a wide range of fuel densities, three types of cladding material

(annealed 304 SS, annealed 316 SS, and 20% CW 316 SS), and two fuel fabrication
methods (pressed and preslugged).

The measurements of concern are:

e~

. Postirradiation fuel-cladding gap

. Fuel columnar grain growth radius

. Fuel equiaxed grain growth radius

. Fission gas present in the plenum region

. Axial location of incipient melting (P-19), See reference 5

Figure 9 shows the interaction of these measured quantities and the models
to be developed. Each of the correlations will be discussed individually and in
some detail, but physically the interaction of correlations and the sequence of
the correlations are important. - Data are transferred to the right and upward to

.complete a correlation. Once a model has been developed and correlated, it is

used in subsequent model development rep]ac1ng the data from which it was de-
rived. To ensure a consistent data set, only data from fuel pins for wh1ch 8. Nd
burnup analysis was available were used. The time average power for each pin was
then calculated* 1in a consistent manner and adjusted to the energy assumed de-
posited in the fuel element.**

* For EBR-II pins the following constants were used: .
Average Fission ~ Nd-148 Total Energy Per

Cross-Section Fission Yields Fission Deposited ' -
- (Reference 35) (Reference 36) in the Reactor i\)
(Reference 37)
U-235 - 1.36 barns 1.75% 203 MeV
U-238 0.0855 : 1.93 i 201
Pu-239 1.64 1.n 2N

**Based on Reference 33, it was assumed the energy deposited in an element was
9.2 MeV/fission less than the total energy deposited in the reactor core,
b]anket, and reflector. -
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FSWEL: Residual Gap Correlation

It is necessary to predict the fuel-cladding hot gap in order to accurately
-predict the fuel-cladding heat transfer coefficient. It is assumed that the
" postirradiation fuel-cladding gap (as measured from postirradiation metallography)

along with the differential thermal expansion can be used for calculating the
hot fuel-cladding gap during the {rradiation of a mixed-oxide fuel pin. A
similar analysis is presented in Reference 6. A
Detailed analysis of the fuel deformation mechanisms can be accomplished
with the LIFE (Reference 7)and PECT codes. In these cases, running times are long
because a small time step is required to solve the rate equations. In keeping
with the philosophy of SIEX being a faster running code, a correlation to
postirradiation gap data is used. , '
The data for postirradiation fuel-cladding gap were measured from
75X photomosaics of transverse fuel pin cross-sections, in the as-polished
condition. Measurements were taken at four equally spaced angles, as shown in
- Figure 10. These four measurements were then averaged to provide an effective
postirradiation diametral fuel-cladding gap.

The correlation was developed by regression analysis of 232 averaged
residual gap measurements using the computer code REEP.(Reference 8). The model
is assumed to be dependent on local linear heat rate, local burnup, fabricated
gap, and the number of reactor cycles. The correlation is of the form

Gl. = 6 {] = [a(1 - exp (-G3 x C)) (16)
+ G, (1 - exp (—G5 X q, X B))
+ (Gg - a)(1 - exp (-G, x B) ]

Where G' = The "cold" postirradiation diametral gap, cm

G = Fabricated fuel-cladding gap, cm
e = 6 x'q x (q - G)

q, = Local linear heat rate, kW/ft

B = Local burnup, Mdd/kg

C = . Number of full power reactor cycles

G, through G

are fitting coefficients

1 7
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The quality of fit to data is shown in Figure 11, along with the approximate
variance of the data (root mean squared deviation). Other parameters which might

~influence the residual gap observed in a fuel pin were investigated, namely

cladding material, fuel geometry, pellet fabrication method, and pin diameter.
In each of the above cases, no significant contribution of the variable to resi-
dual gap could be found.

Figure 12 demonstrates the model behavior under certain hypothetical con-
ditions. Three power levels for a 6 mil diametral gap pin were used to evaluate
equation (16) as a function of burnup and the number of cycles. The cyclic
behavior and indeed the majority of the gap closure, occurs during the early
operating life of the fuel element. Although the imposed cyclic behavior of
one cycle every MWd/kg is arbitrary, it is typica1 of conditions experienced
by the fuel elements in the data set. |

" HGAP: Fuel-Cladding Gap Conductance

The SIEX gap conductance is a simplification of the Ross-Stoute gap conduc-
tance model similar to those models presented in References 9 and 10. Certain
procedures of the model have been simplified for efficiency and because there is

‘a lack of precise input values for some of the constants. The gap conductance

model has three identified parameters which have been adjusted by calibrating to
postirradiation observation of fuel pin performance, namely observations of melt
locations in the P-19 experiment (Reference 5). ‘

The model considers three.components contributing to the heat transfer
across the fuel-to-cladding gap. When the fuel- and cladding are not in contact,
the mechanisms are radiant heat transfer and heat conduction through the gas in
the fuel-cladding gap. If the fuel and cladding come into contact, the third
component, solid-solid conduction at points along the fuel-cladding interface
is used. In thié case, there is still heat transfer through "pockets" of gas
trapped between the points of contact. Schematic representations of the geo-
metry iﬁ these two cases are shown in Figure 13. ' '
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Radiant Heat Transfer

The radiant heat transfer relationship for twe concentric cylinders can
be written as: (Reference 11)

- _ 1 yqel od ()4 |
/he = olp + AZA (G- DT T - (1) (17)
where Tf and T? are the fuel and cladding temperatures (°K), Af and Ac the heat
transfer areas per unit length, E¢ and €c their respective emissivities, and o
the Stefan Boltzman constant. If the gap coefficient is defined as:

q,/A
Hr = Tl -fTC
f i

and is substituted into equation (17), the following expression is obtained:

e = olf ¢ AgA, G- 1TE s DA ¢ 1. (18)

Heat Transfer Across a Gas Filled Effective Gap .

The gas gap conductance of Ross and Stoute (Reference 12) is given by:
. kn | |
H =
gas : (19)
. C (pf + rc) + (gf + gc) + GAP :

where km = _the conductivity of the gas mixture in the fuel-cladding gap
GAP = fuel-cladding hot gap '
9609, the temperature jump distances to be described below
c (rf + rc) = a term dealing with the fuel and cladding surface roughness
C = a fitting parameter.

The temperature jump distapces, 9¢ and 9e represent temperature increases
at the fuel and cladding surfaces as a result of incomplete energy interchanges
between the surfaces and the gas (Reference 13) and can be written as:

km
(y +‘*1)CVPP

1_2-;3' 1/2
g' = 3 (ZﬂRmT)
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where a

= accomodation coeff1c1ent reflecting the extent of energy transfer
Rm = the gas constant for the mixture
PP = the gas pressure of the gap
y = ratio of Cp/Cv
T = temperature at the fuel surface for gg OF at the cladding surface
for 9e
Cv = specific heat at constant volume for the mixture.

g' is to be evaluated at both the fuel and cladding surfaces to produce 9¢ + 9.-

This expression was simplified by combining terms and making assumptions about
the behavior of the variables. Factoring and combining terms, we obtain:

\/m -
. 2 -
9 * 9. = aa(Tﬁr)CPP (m\/_+k‘/T)

-If it is assumed that the last term can be replaced by: 2k V'T where

T = .5(Tf + Tc) and E' is k evaluated at T,the express1on reduces to:
\/z'ﬁz '
_n 2-2 m T N =
9¢ * 9¢ =2—3 T+ yCvPP K T.
" We now substitute the following known values and approximations:
2n = 6.2832
(1 +y) = 1.659
Rm = 8.308/W
C, = 2.988/W

W is the atomic weight of the mixture

The following express1on is obtained _

20
1373 (2 =3y ¢ '"V u), em (20)

g = (gf + gc) =

Solid to Solid Heat Transfer Component

Ross and Stoute (Reference 12) have suggested that the solid to solid heat
transfer coefficient be written as:

= ]/2 )
HS = K P/(Ao X H) w/cm -°C

where KS = 2k x Kf/(kc + Kf), the effective solid conductance, W/cm - °C
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r. +r

r = (11———131/2, the root mean squared roughness, cm
‘.2 ’

P = the interfacial pressure, dynes/cm2

H = the Meyer hardness, dynes/cm2

Ao = a constant used in fitting, cm]/2

Simplification of this expression was accomplished by substituting into the

expression the values for the roughness term and Brinel] hardness* (Reference 14),

which was assumed to be proportional to the yield strength, to obtain;

HS = A X KS x P/Y . (21)

where Y is the cladding yield strength and A is a parameter to be determined
by data correlation and includes the yield strength at room temperature, Ao,

r]/z, and the Brinell hardness.

Gas Conductivity

The fuel-cladding gas gap is assumed to be filled with a mixture comprised
of helium, nitrogen, argon, xenon, an& krypton,> Data for gas component conduc-
tivities are analysed using standard regression techniques to obtain a quad-
~ratic of the form ki=Ai + BiT + C; Tz, where T is in °C. The coefficients thus
derived are given in Appendix B. From these component conductivities a gas
. mixture conductivity is computed using Brokaw's law: (Reference 15)

k = .5 ( x.k. +———7-E—-—)

m :E: 1 E:Xi j

- where X5 is the molar fraction of the ith component.
Accommodation Coefficient

An expression relating the accomodation coefficient to the atomic weight
of a gas was derived by regression techniques to the values presented in
Reference 16. The expression is of the form:

a = A exp (-[In(W) -A12/m;) .

The accomodation coefficient is then based on the avérage molecular weight
of the mixture, W, which was discussed previous]y and A], A2 and A3 which are
fitting coefficients.

¥ Because of lack of Meyer hardness data this is taken to be the Brinell
hardness ' »
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Calculation of Interface PfesSure

. The interface pressure calculation is computed as if only elastic defor-
mation occurs. If, as is shown in Figure 14, the fuel outer radius exceeds the
cladding inner radius by Ar, it is assumed that the cladding and fuel deform
elastically by this amount. For the derivation of the interface pressure the
following symbols are defined: '

c ¢ _ . . .
Ops0g = cladding radial and hoop stresses at e
of ol = fuel radial and hoop stresses at r

r’e , fc

¢ C _ . . .
€ns€g = cladding radial and hoop strains at e
ef ef = fuel radial and hoop strains at r

r’-e , P fc
Ef,EC = fuel and cladding Young's Moduli
vf,vc = fuel and cladding Poisson's radios

PP = plenum pressure
P_ = external c]addingpréssure
P = interface pressure
Pec = fuel-cladding interface radius
re = fuel innér radius
“r_ = cladding outer radius
Ar = fuel-cladding interference.
For the radial stress relationships we have from Reference 17,

c Ec cc

. c |

0= T <¢3 {sr"'v €of = -P at e _ - (1p)
1 - (v)

fo_E L Ff o i

on = ]—t—(\-"f;? {E voEg } = -P at e _ (2p)
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GEOMETRY
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PREDICTED FUEL SURFACE
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Ar - FUEL-CLADDING INTERFERENCE

HEDL 7408-125.2

N FIGURE 14. ELASTIC FUEL-CLADDING MECHANICAL INTERACTION SCHEMATIC
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Q For the hoop

Solving (3p)

c .

€p

Sb]ving (4p)

L

'-p )

r
Substi;uting
or

=P
and 2
E

stress relationships

: : 2
c
- —L 7 {eg * Voept = PL*C - ch‘ >
1 - (v©) (r - ) (rS - re)
fc c fc
’ 2 2 2
= ef §.f o FFfl = "fe T Tf ZPprf
=g et T Pl
1- (vh) ® r re. -r ré -r
fc f fc f
- se'= Ar/r
c
for €p 7
P2+ rk) 1+ (95 c ¢ 20+ (9
= - e /v" +
(rf - r8) W© € ° (2 - 2 )u5C
for e:
- P+ (D) (4 ) o~ 2o (14 (v
R S P R B A T
v E (rf; - rf) (rf - rf) E
(6p) and (7p) in (1p) and (2p), we have
2 2 c 2
= P("c * r'fc) g€ (Eg vec) + 2Perc
ve(rZ - r§C) 1 - (v6)? oo (r2 - r2 )©
2 2 . 2
- PIre + ree) gf_ec + 2Pare
vc{rg - r?c) ve @ (rg - r?c)vc
2 , 2 2
-P(re, ) f 2P r
f E' f f
= — ¢ +
f('~ f) T F e (- )
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The preceding equations can be written as

2 2 -2
(r re) 2P r
6 2 - 12 - )
‘ fc c fc
and
2 2 : 2 "
(re. +r2) 2P r
S L TR O 7 s A (39)
(r f) ' (rfC - Tf) R

2 ¥ 2 i2 .2
r-+r (ro .+ re)
g - Eg = v+ 3 Zc * SC Z SN b
- e = Tfc Tfc = Tf o
2 2
2P r 2P r c
ec “p-f E c
+ [rz 2 + (rz ;:rzl ETJ/E
fc fc ' f .
or solving for P and substituting (5p) o
2 2 2 2
Pel'c Por c - ré+or
A .
R S R e R e e SR
, c “Tee Tfc T Tf E.. e = Tfe
'2' 2 o
+r c &
.._______ f = L.
bt TE L) (T b
v e E | R *

1The thermal stress contribution has been neglected for these calculations
because for extended steady state operation it can be shown that it relaxes to
nearly zero due to creep mechanisms. ' '

~The pressure calculated by (10p) is ]1m1ted to the pressure wh1ch wou]d
cause cladding yield. '

Fuel to Cladding Heat Transfer Correlation

- The gap conductance calculation was correlated, Figure 15, to data obtained
from the P-19 power -to-melt test (Reference 5). The test was des1gned to provide
data necessary to define operating (power) limits for startup conditions. The da-
ta provides'a well defined indication of fuel temperature (melt location) under.
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conditions of well characterized fuel parameters for various fabricated gap
widths. Because of the test design, the data represent early-in-life operating
history of a fuel pin, thus eliminating major uncertainties in many of the
variables (fuel-cladding gap gas composition, hot gap width, burnup effects on
fuel conductivity, etc.). This is suggested as the best possible data set to

- be used for normalizing fuel pin thermal performance to pins under actual
irradiation conditions. '

The correTation coefficients A and C (a function of interface pressure) in
gquations 21 and 19 were adjusted to obtain a "best" fit to the data obtained
using a Simplex technique to adjust parameters.

The correlation to well defined data, along with postirradiation gap
data and a quasi theoretical model for gap conductance, is used to provide
estimates of gap conductance throughout the life of the ‘fuel pin.

Figure 16 shows the HGA? flow chart.

STRUCT: Fuel Microstructure (Restructuriﬁg) Correlation

Calculation of fuel microstructure characteristics tradiationally has

proceeded using two different methods. One is a phenomenological approach

in which pore migration and coalescence is accounted for. A version of this
method has been programmed into the LIFE code (Reference 7). Another method
is to find a temperature at which the microstructure stabilizes to a clearly
identifiable characteristic. This is sometimes referred to as a grain growth
temperature. Such a temperature may be time-dependent, as was reported by
Christensen (Reference 18) or a constant. The grain growth method was se-
lected for use in SIEX for two reasons: first, knowing the locations of the
grain boundaries and their densitiéé is sufficient to permit calculation of
fuel temperature distribution; sécond, the phenomenological method requires
much longer computer times. This is because the calculations must be performed
repeatedly at relatively small time intervals to assure that a balance is ac-
curately kept as pores and gas bubbles move across boundaries. '
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The measurements of fuel microstructure, columnar and equiaxed grain growth
radii, were taken fromAphotomosaics at the time the previously mentioned "resi-
dual gaps" were measured. The columnar grain growth radius was taken to be the
extent of observed lenticular voids and columnar (radial elongation) grains. The
equiaxed grain growth radius was identified as the region (extent) where equiaxed
grains (non-elongated) did not appear to be separated from each other by gas on
the grain boundaries.

Temperatures at which columnar and ‘equiaxed grain growth were .observed,
were calculated for the measured restructuring radii at several burnup levels.
In all cases, the maximum temperature occurred on startup (arbitrary burnup

-of 60 M{d/MTM). Analysis of the data did not show a time dependence of the

temperatures used for the prediction of fuel microstructure. A simple sta-

“tistical analysis of the data was then performed resulting in a gradient de-

pendent function for the "columnar grain growth" and a constant for the "equi-
axed grain growth" temperature.

Figures 17 and 18 show the "quality of fit" of the SIEX prediction of the
extents of columnar and equiaxed grain growth. :

A .flow chart of the STRUCT routine is given in Figure 19. In operation,
STRUCT predicts fuel microstructure radii.at startup. .For each succeeding
time step the predicted fuel microstructure is compared with the beginning of
life microstructure, and the larger of the two is used. Checks to save com-
putation time are incorporated, i.e., if no restructuring had previously been
predicted, the comparison would not be executed.

FISGAS: Fission Gas Release Correlation

The SIEX fission gas're]ease model is similar to that presented in Reference
19. A report describihg a model closely resembling that in SIEX has recently
been published, see Reference 20.

The mechanisms of fission gas release are bubble migration to the central
void and diffusion in the high fuel temperature regions, and release through
grain boundaries in medium and lower température zones. The model assumptions
for this analysis are:.

e lIn the fuel region characterized by grain growth, very little
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of the generated fission gas can be retained because of high
_temperature and temperature gradients, and consequently there
is rapid diffusion and release of the gases.

~+ In the unrestructured region, a considerable amount of the
generated gaseous fission products is retained. Release is
controlled by a combination of thermal and irradiation-in-
duced diffusion processes. '

. The fraction of generated gas which is released is then gov-
erned by the equation

F = Fr Ar + Fu Au’
where F is the total fraction released, F's and A's are re-

spectively the release fractions and areas of the restructured
 and unrestructured regions.

When applying this model, the A's and F's are evaluated at each axial mode
in order to account for axial profiles. Various functional forms of
F were investigated during the data analysis.

The data for fission gas‘release were obtained from fuel elements irrad-
jated in the EBR-II. The total gas recovered from each pin was measured and

148

the percent fission gas identified by mass spectrometery. In all cases a Nd

chemical analysis was available to determine the fuel element burnup.

The data analysis was done using the regression analysis code REEP, and re-
sulted 1in the following expressions for the fractional releases from each of
the zones:

Fo= Fp o+ (L-F) x (1. -F, (1. - exp(-B/Fy))/B)

FF = 0, B < F5

= 1. - F4 (1 - exp(-(B - FS)/FS)) exp(-F6 X qz)/B x F'(B), B 3_F5

where
B = the local burnup, Mdd/kg
92 = _the local linear heat rate, W/cm
F'(B) =1 B>F

. 7
=Fg (B-Fy)y B<Fp g

E




.

-The FISGAS routine evaluates the area present in each of the three critical

~regions, the amount of fission gas generated, and also the fraction of fission
- -gas released according to the prévious model, at a user specified number of

"~ .axial segments. The volume of gas released from each segment is then computed,

-either from input fractional releases or the correlated model. The volume of
-gas released from each segment is then accumulated over the length of the fuel
-pin to determine the total volume of gas released to plenum area. This value

is then used to compute a "pin" fraction release. A flow chart for FISGAS is

shown in Figure 22.

The SIEX predicted fraction release and measured release fractions are

‘plotted in Figure 20 to demonstrate the quality of fit. Figure 21 is an
evaluation of the release rate at three different power levels for a fuel
pin similar to that of the input example of Section I as a function of burnup.

The latter plot demonstrates the burnup behavior of the gas release model and

-predicted plenum pressures.
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FIGURE 22.
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APPENDIX A GLOSSARY

FORTRAN Code Input/Output
Symbol  Equivalent Description Units
c Cladding mean coefficient of cm/cm-°C in/in-°F
a thermal expansion (a® = &g + a$T)
ot ALPHAO Intercept in the linear 2aqua- cm/cm-°C in/in-°F
0 tion for the mean coefficient
of thermal expansion
) . s 2
a% ALPHAS Slope in the linear equation cm/cm-°C2 in/in-°F
for the mean coefficient of
thermal expansion
B Local Burnup Mwd/kg ‘MWd/kg
- BU(T) Burnup in an axial segment. © MWd/MTM MWd/MTM
BUI(I) Burnup increment in an axial MWd/MTM MWd/MTM
segment. _
CCPGM Sorbed gas in fabricated fuel cc/gm of cm/gm of
oxide oxide
Tg CLIDT(I) Cladding inner surface temp. °C °F
Tg CLODT(I) Cladding outer surface temp. °C °F
a COEF Accommodation Coefficient -- --
K¢ CK Cladding condictivity W/em-°C Btu/hr-ft-°F
MF CMF Coolant mass flow rate gm/sec 1b/hr
G' COLDGP(I) Fuel-cladding radial gap " em inches
(postirradiation)
CRATIO(L)  User Specified coolant mass - --
: flow rate ratio (for unequal
time steps)
t. v, CT Cladding wall thickness cm inches
K .
i CON Btu/hr-ft-°F

Conductivity of gas components W/cm-°C
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GLOSSARY (Continued)

: FORTRAN A Code Input/Output
Symbol Equivalent Description Units Units
o cp Coolant specific heat W-sec/ Btu/1b-°F
; gm-C
C CY Number of reactor cycles -- --

DENHI Fraction of theoretical density -- --

of the columnar grain growth
. region

DENLO Fraction of theoretical density -- -

of the as-fabricated fuel
%AV/Vc DELTAD(I) Cladding irradiation induced percent percent
swelling '

DISH Fraction of the fuel column -- -
volume occupied by the _ '
dished ends of the pellets. -

e DFSWEL(I) "Hot" fuel radius cm inches

DP Cladding outer diameter cm inches.

ré DPSNEL(I) " "Hot" outer cladding radius cm inches

E EXtrapo]ation distance for :cm inches
axial power profile

E Cladding Young's modulus, dynes/cm2 1b/in2

¢ E . =E +ET :
. C o T

Ee Fuel Young's modulus dynes/cm2 1b/in?
EPL Effective plenum length cm inches
EFPD Equivalent Full Power Days EFPD EFPD

) EPV "Effective" plenum volume ‘¢c cC

Pe EXTERP » External cladding pressure dynes/cm2 1b/1’n2
FD - Fuel pellet diameter cm inches

"FLEN Active fuel column length cm in
¢t FLUENCE (I} Fluence at each axial node Negtrons/ Neutrons/cm2
' o cm

(Energy > .1 MeV)
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~ FORTRAN

GLOSSARY (Continued)

: Code Input/Output
Symbo1l Equivalent Description Units Units
FLUNCI(1I) Fluence at each axial node Nuetrons/ Neutrons/cm2
| (Energy > .1 MeV) cml
FN Fraction of the sorbed gas which -- -
is not helium or hydrogen. This
gas is assumed to have the physi-
" cal characteristics of the nitrogen.
G Fabricated fuel cladding gap cm inches
Xi GMOL(K) Moles of each gas component Moles or Moles
o - present in the fuel-cladding molar frac-
| gap tion
g GVAL "Jump" distances for calcula- cm inches
“tion of fuel to cladding heat
transfer coefficient
H 7 HF " Cladding to coolant heat W/em?-°c Btu/hr-ft2-°F
: ‘ _ transfer coefficient
HG Constant fuel to cladding heat W/em®-°C  Btu/hr-ft2-°F
~ transfer coefficient (input)
Hoe HGAS Component of fuel to cladding W/em?-°C  Btu/hr-ft2-°F
9 ‘ heat transfer coefficient due ' |
" to conductance across the gap
h " HIGHT Fuel segment length cm “inches
HGP(I) Calculated fuel to cladding  W/em?-°C  Btu/hr-ft2-°F
‘ B heat transfer coefficient
C HG1 Gap conductance correlation -~ -~
coefficient
.HGZ Gap conductance -correlation -- --
coefficient
A HG3 Gap conductance correlation -- --
' coefficient _
H, HS Component of fuel to cladding W/en®-°C  Btu/hr-ftZ-°F
o heat transfer coefficient due
to radiant heat transfer
Hr HR Component of fuel to c1addfng N/cmZ-OC Btu/hr-ftz-oF

_heat transfer coefficient due

to solid to solid heat trans-
fer 71 :
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GLOSSARY (Continued)

‘ FORTRAN Code Input/Output
Symbol Equivalent Description Units Units
ITAB] Output option selector for == -
fission gas release calcula-
B tion output
ITAB2 Output option selector for -
geometry changes
ITAB3 - Qutput option selector for - o
gap conductance calculation
ITAB4 Qutput option selector for -- -
£ : cladding elastic stress option
K Fuel thermal conductivity 4/ cm-°C Btu/hr-ft-°F
KRFIL Percent of Kripton in the - --
fill gas :
q P(1) Linear heat rate - W/em kW/ft
PBU Peak fuel burnup MWd/MTM MWd/MTM
PFLUX Peak (axial) neutron flux Neytrons/ Nuetrons/cm2
(greater than 0.1 MeV) - cné-sec sec
P PGAP ‘Fuel—c1adding interface dynes/cmzr 1b/in;2
: pressure ' ‘
PGR Percent fission gas release Percent Percent
P PLENP Plenum pressure-fuel void dynes/cm2 1b/1'n.2
P pressure '
PM Peak linear heat rate ‘ W/cm kw/ft
Linear heat '
v PNU Cladding Poisson's ratio  =-- -
Ve Fuel Poisson's ratio. - --
PPM - Fuel water vapor content ppm ppm
' PRATIO(K) ~ Power ratio app]vinq toa - -- --

time interval

72
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GLOSSARY (Continued)

perature if constant value.
is used (Input)

73

FORTRAN - Code Input/Output
Symbol Equivalent Description Units Units
q ~ PTERM Volumetric heat generation w/cm3 Btu/ft3-hr
rate of the undensified fuel
PU | Fraction of the metal in the
- fuel which is either 239y
or 241py - -
r -R(L) Radius of fuel nodes (10) cm inches
for temperature calculations
ry . RBX(I) Columnar grain growth radius cm inches
re - RCX(I) Central void radius (restruc- cm inches
tured)
RETFG(I) Fission gas retained in the cc/gm of  cc/gm of
fuel oxide oxide
Te REX(1) | Equiaxed grain growth radius -cm inches
rg ~ Cladding outer radius cm lrinches
rs RIDP Cladding inner radius cm inches
RISWEL(I) "Hot" inner cladding radius cm inches
"m . RM _Fabricated central void radius cm inches
-~ RMELT(TI) Fuel melt extent (radial) cm - inches
o RO Outer fuel radius cm inches
| RT(J,1) Radial and axial fuel tem- °C °F
perature distribution ,
S(r) 'S Integra) Kdt evaluated at W/cm Btu/hr-ft
radius r .
SEGNUM Number of axial segments -- --
STEPS . Number of time intervals at
which calculations/output is
desired -- -
T8 Columnar grain growth tem- °c °c



- GLOSSARY (Continued)

FORTRAN . Code Input/Output
Symbol Equivalent Description Units Units
TC(I) Maximum fuel temperature °c °F
Ty TCG(I) Columnar grain growth tem- °c AL
perature '
TCL(I) Maximum fuel temperature °c °F
(unrestructured)
T, TCOOL(I) Coolant temperature °c °F
L)) Fuel theoretical density gm/cc gm/cc
T TEG(I) Equiaxed grain growth tem- °c °c
€ perature ‘
TEMP2 Equiaxed grain growth tem- °c °c
perature if constant value
is used (input) 7
TI Coolant inlet temperature °c °F
TIINCR(L) Time increments to be . used Equiv. full Equiv. full
for calculation or output power days power days
1m TBAR ~ Average temperature of the °c °F
gas in the fuel-cladding gap -
TMSWC Cladding material indicator -- -
TMTM Calculated weight of metal Metric ton Metric ton
in the fuel column '
Vr TOTFGR "Pin" volume of fission gas cc @ STP cc @ STP
released . ,
TVFGR(I) Volume of fission gas re- cc @ STP cc @ STP
: leased in each axial segment : A
Te TZ Fuel surface temperature °c °F
U235 Fraction of the metal in the -- -
fuel which is 235U
VFG‘I) Volume of fission gas gener- cc @ STP

ated in each axial segment

74
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FORTRAN

GLOSSARY (Continued)

Code Input/Output
. Symbol = Equivalent. Description Units Units. .. .
VFGR(K,I) Volume of fission gas re- cc @ STP cc @ STP
; leased in each region at
each axial segment
Vf- VOFG Volume of fill gas cc @ STP  cc @ STP
' VOID Fabricated fuel central void cm inches
diameter :
v VSG Volume of sorbed gas in fuel cm @ STP cc @ STP
excluding water vapor
Yw VWV Volume of water vapor in fuel cc @ STP cc @ STP
") WBAR Average molecular weigﬁt of gm/mole gm/mole
the gas in the fuel-cladding
. gap
X(I) Distance above the bottom of cm inches
the fuel of the center of each
axial segment (the location
of the axial nodes)
XEFIL Percent of xenon in the fill - -
- gas ' »
Kq XKM Effective solid to solid con-  W/cm-°C  Btu/hr-ft-°F
ductivity ‘ '
Eﬁ XKMI X Conductivity of the gas in W/em-°C  Btu/hr-ft-°F
' the fuel-cladding gap
Y Cladding yield strength dynes/en®  1b/in?
'Eo YMODO Intercept of the linear dynes/cm2 'Ib/in2
: expression for cladding
Young's modulus
Et YMODS Slope of the linear expres - dxnes/cm2 1b/in2-'F
‘ sion for cladding Young's -C

modulus

75
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~ GLOSSARY (Continued)

FORTRAN - Code

.. Input/Output
“'Symbol  Equivalent Description - Units’ o Units
Fc Z1 | Fraction of produced fission -- -
gas released from columnar
grain growth region
Fe 12 Fraction of produced fission -- --
gas released from equiaxed
grain growth region
Fu 3 Fraction of produced fission -- --

gas released from the
unrestructured fuel region

76
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. ~ APPENDIX B
Material Properties and Correlation
Coefficient Values
Current values used for material properties and correlated model coefficients
are given in the following table. These values are programmed into SIEX in the
form of data statements located in the routine BLKDAT and transferred to the res-

pective models through the labeled common PARCOM. References and code units are
given where appropriate.

TABLE B.1
MATERIAL PROPERTY AND CORRELATION COEFFICIENT VALUES

"~ Model /Parameter FORTRAN Equivalent

o

Cladding Thermal Expansion

uC
0

c
°T
Cladding Young.'s Modulus

(o
EO
C
Er

Cladding Poissons Ratio

C
Y

Cladding Thermal Conductivity
K0
kT

C]adding_Yield Strength

Cladding Emissivity

€
c

(Reference 21)
ALPHAO
ALPHAS
(Reference 22)
YMODO
YMODS

(Referehce 23)
PNU A
(Referénce 24)
CK1
CK2
(Reference 25)

YEO
YES

(Reference 26)
EMC

77

3,79 x 1079 (em/em - °C

Value/Units

16.2 x 10" %(cm/em - °c
2)

2.12 x 10'2 (dynes/cm?)
9.2 x ]08 (dynes/.cm2 - °¢c)

0.133 (W/cm - °C)-
1.300 x 104 (W/em - °¢?)

4.82 x 10 97(dynes/cm§)
-1.076 x 10 ‘(dynes/cm“ -°C)



-

Fuel Thermal Expansion

%

f
o

Fuel Young's Modulus

£
0
£
Ey

E

Fuel Poisson's Ratio

f
Y

Fuel Thermal Conductivity

f
)
Y
Y
N
K3

" -Fuel Emissivity

€c

TABLE B.1 (Continued)

(Reference 27)
FALFO
FALFT
(Reference 28)
YMODFO
YMODFS

(Reference 29)

PNU
(Reference 4)
. FKD

- FK1
FK2
FK3

- (Reference 30)
EMF

Gas Conductivities (See Table B.2)

Postirradiation Gap {Correlation)

G

I IR I 2 I
OT T & W N —

Gy

Fuel to Cladding

RG1
RG2
RG3
RG4
~ RG5
© RG6
RG7

Heat Transfer (Correlation):

A

HG1

78

6.58 x 1076 (cm/em -°¢)
3.00 x 10~ (cm/em - °C?)

2.50 x 10 12 (dynes/cm?)
4.46 x 10 8’(dynes/cmz -°c)

<3

1.133
.78
.02935

6.60 x 10713

13.7

™o



. TABLE B.1 (Continued)

Fuel to Cladding Heat
Transfer (Correlation) (Cont.):

C C = HG2 x exp-(-HG3 x P)
HG2
HG3

Grain Growth Temperatures (Correlation)

Equiaxed grain growth FR1

temperature : _

Columar grain growth FR2

temperature

FR3
Fission Gas Yield ' (Reference 31)

Xenon from 239Pu ’ FYPUX
Krypton from 23°py FYPUK
Xenon from 23U OFYUSX.
Krypton from 23°%y FYUSK
Xenon from 238y © FYUSX
Krypton from 238U FYUSK

Fission Gas Release (Correlation)

F] FG1
F, - F62
F3 ’FGB
F4 FG4
F5 | . FG5
F6 FG6
F7 FG7
F8 _ FG8
Accommodation Coeffifient (Correlation),
A] ACl
AZ. ' _ AC2
A AC3

79

LN

11095 o
-3.394 x 10

1570. (°c) .
1886. (°C)

0.49 (°C - cm/W)

0.233 (atoms/fissien)
0.022 (atoms/fission)
0.218 (atoms/fission)
0.048 (atoms/fission)
0.214 (atoms/fission)
0.031 (atoms/fission)

5890,
0.86498
3515,
7.345
49170,
~2.88 x 1074
0.0824
0.0125

0.8121
4.516
7.714



YN

~ TABLE B.1 (Continued)
Cladding Roughness (Reference 12)
r. " 1.78 x 1078 (cm)
_Fuel Roughﬁess (Reference 32)
ry 3.3 x 107 (cm)
The values used for the EBR-II axial flux profile, axial power profile, 2

.average neutron energy, and ratio of total flux to flux greater than .1 MeV
were obtained from Reference 33. These values are used when the appropriate
.option for axial profiles is selected. See page 13 for details.

80



TABLE B.2
GAS CONDUCTIVITIES (Reference 34)

For Gas Conductivity Expressed As:

- 2 watts, : o
ki A‘*‘BTA"‘CT,m,T'InC

Coefficient Helium Nitrogen Xenon Argon
A 1308070 zoseoao™t s739x1070 17160107
B 3.606x10°  5.651x1077  1.451x1077 41221077
10 1 2.323a071 -g.015x1071!

¢ -5.848x10"19 -7.336x10

8

Krypton

9.560x10~
2.136x10°
-3.506x10"

5
7
11

N
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APPENDIX ¢ COMPUTER CODE LISTING

" FUNCTION CONMER 7as74  0Stsy  TRACE FIn o,2070381 03/12/1%

11,586,389,
FUNCTION CONMIX(T,GNO0L) - ’ [4:L13 8 2
4 coNMIx 3
c CALCULATES THE THER®AL CONOUCTIVITY OF A THREE GAS MINTURF AT TEMP CON“1x [}
, [+ T USIANG BROYAa"S FQUATION coNmMIX [
L] < CoNMIX 6
DIMENSION GMOL(S) . CUNMTX - 7
xK30, , CoNMTX o8
x0veh, . coNMTX °
NGASas conMtX 10
10 03 10 1=§,nCa8 CONMIY 1
CeChNellT) ) CONMTX 12
FEzIdeCaGMOL () : . (LR 11t
AVeaz VK eGVQL (1) /€ . . v CoNMTX 14
o ' 10 CANTINCE : ' CONRTX 15
15 CONMIX 2 _3aXKe ,S/%X0YR CoN™TX 16
' RETURN COoNMIX 17
END . CONMIX 18
FURCTION COUN Tur73 QP1ey TRACE FIn 0,2072)5% 03712715 $1,56,08,
. FUNCTION CON( X, 1) . coN 2
4 ' . ’ . coN 3
4 EVALUATES CONOUCTIVITY EQUATIONS FOR THE GAS CALLED BY INDEY K CON a
< con s
s : COUMON/NCOM/A(S,3),6M0L(S),ENF, ENC o . COwN [}
c . . reN ?
CONSACK , 1Yol (X, 2)eT08(K,3)aTae g e coN A
RETURM . " O CoN 9
END . : © . CON 10
FUNCTION TERP 78/78 OPTsy.  TRACE FIN 2,207035%8 03712775 12,006,330,
. [
PUNCTION TEQO(L,Y,XX,N) o . Teep 2
4 1ERP 3
< RCUTINE YO LINEAWLY INTERPQULATE FOR & VvALUT CORRESPONDING YO XX, TP a
[ GIVEN THE VECTORS X(INDEPENDENT VARIABLES) AND Y(OEPENDENT TLRP S
$ c VARTABLES) EACMH OF LENGTH & o TERP 'y
4 TERP 7
) DIYENSICN X(N),Y(N) . TERP ]
. [ L : TEPP 9
00 10 Ist,N . TERP 10
10 11s] TERP 11
TF{ex 07, XC(1)) GO 1O 20 . TERP 12
. 10 CONTINUE . TERP 13
fgnPayY(N) TEPP 13
. RETURN TERP 15
13 20 1F (11,60,1) GO 70 30 . TERP 16
TERP2Y (11)e(Y(ITe1)=Y(IT))a(XXaX(L1))/7(NLLLe)ex(]])) : - TERP 17
RETURN ’ . : TERP 18
30 TEWPEY(L) TERP 19
RETURN TEQp 20
29 END . teap 21
o’ B’
Y +

o ovas 3T

Pice

. Page
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20

2%

30

(s XXX}

70

SURROUTINE SINPUT

L 2K 2R BN 3N 2

Tes%a  0oTe  toace

SUBRQUTINE SINPUT(DENKHT,OENLOY

COMMON/PARCOM? . )
HG1,HG2,4GY,6a,A1,A2,4),RG1,H02,R%G3,R58,8G3,kCo,RGT7,
EYUSY,FrUSH,PYUS, FYyBX,FYURK,FYUB,FYPLX,FYPYK, FYPY,
CSU2NS,C3u23IN,CSPULEU2SS,EUSIALEPULELGANS,
FGY1,FCR,FGY,FGU,FCS,FGO,FGT?,FGO,FRI,FR2,FR],
Cni,Cx2,YEQ,YES,YHOOFO,YMONFS,Fry ,FR2,FR3,FKD,FALFO,FALFT

COMMON/THLS2/8T(2,10),NTI,NT2,TCENT(17),0(2,Q)
00 60 21,2

IF(T1,EG,1) DaDENLD

IF(1,FG,2) DeDENH]
CCI,1)=2Fn0eD/ L, 0(1,480,0(1,=D)50(),-0))
Ct1,2)=FK2

c(l,3)=Fx1y

C(l,u)sFKYe 28

CONTINUE

GENERATE TABLE 70 GIVE T AS PUNCTION OF INTEGRAL X OV

NTH aNT e}
00 80 1Is1,2

I=ll

DO 70 Jey,NTMy
ST(I,J)aB8(TCENTCI),T)
STCI,NT1)aS(ICENT(NTY), )
ST(I,NTiel)nei000,
RETURN

END

PN 8,20743%8

C X ¥ ' X-NVRTRTY N N7NV N7V NE- NN N-RTRTRVNVN R NTR X

93/712/77% 12,00,82,

20
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20
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30
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a0

L1

$0

53

SUBROUTINE FSIw

B L L LG LY Y Y,

[a X K2l

1R 78/78 [ 124 } TRACE FIN 4, 2072358

SUBPOUTINE FSINTR(1SAY)

03712775

FSINTR CO™PUTES TwE FUEL RADJAL AND lll'e TEPPERATURE DISTHINUTION

VARIARLES DEFINED IN SSINTR

R(1) =FUEL RADTAL NODE POITYIONS,CM
Ty «FUEL CENTER TE“PERATURE (UNRESTRUCTURED),NEG C
e eb gL CENTES TERCERATURE (RESTRUCTUREDY,OEG C

RIC1,3) «FUEL RaDIAL TERPERATUNE DISTRIBUTIONS(RESTRUCTURED),

DFG C
amLT(l) “FUEL MELT RADIUS(IF ONE EXISTS),C™

REAL XRFIL

COMMON/INPY/FLEN,E,FD,¥D1ID,DP,CT,0M, CHF, CP HF,nG,C%,T1,T8, IEHP?.

t CENLO,DENAT,TO,018%,PU,0235,8EGNUY ,FRULEFPD,3T1EPS,21,22.23,
3 CCPGY,FN,PPY EPL,XFFTL ,%RETL,ALPHAD, AL OHAS,
3YMO00,Y*00S,PHU,PFLUX, TUSa(,EXTERP, !'ABI.IIAGZ ITABJ.!YAGU.
ariIscR(tol, Pdl!lO(lo) cRATIO(10)

COM¥UH/RRL/RQ,HY,R02,942,810P,382,P(2,NSEG, 0ELF TR, NSECRT,NIGNT,

1 FU23S,FUR3R,FPU,EFBAR,PTERM],PT,PITR,

29(lO)-ICZP).“El(Z?)n“B'(22).Ptlf22).QBSAV(ZI)'QESIV(ZZ)o“"LT(EZ)o

SHR0SR(22),
IPC22),%GPL22Y,RT(10,22),CL001(22),CL1DT(22),1C00L(22),1CC22),
arTCL (221, TEGLR22),106(22), )
SHISWEL(22),0FELTAD(22),0PSwWEL(22),0FSnEL(22),C0L0GP(22),
8VFGA(3,22V,vFG(22),TvFGR(22),Y0TF0R,VSG, VYWY, ¥O0KG,PLENP,PLR,EPY,
THETFG(22),¥FGD(22),VFCRN(3,22),VFGI(22),
8ST1122),571(22),57R81(22),870(22),820(22),8TR30(22),
QFLUENC(22),FLUNCT(22),BU(22),BUI(22)

COMMON/PARCOM?
HG1,MG2,HG3,HCa,A1,42,043,KG61,RG2,R0),RGa, ncs.ncc.acr,
FYUSX,FYUSK,FYUS,FYuBXx,FYURK,FYUB,FYPYUYX, rvvux,rvpu.
CSU235,CSU23IA,C8PU,EU2TS,EU238,EPU,ELGANA,
FG1,FGP,FGY,FGU,FGS,FCe,FGT,FGA,FRL,FR2,FR]3,
Cry,C2,YE0, v:s YRODEQ, YMOLFS,FXY,FK2,FKY, FRD,FALFO,FALFY

* e oo

ComounrenrsrtancnserssuncrdrPe st arierr ctlsr s arobonsRTsssantsasscnasnnts

¢

Comen

10

PERFOQ™ 30ME INITIAL CALCULATIONS

eceeve -
ROz ,SefD

RMzVC10e,$

RuNP & 2, & RM 4 DP

WuJ £ AmAX}(RM 2 RO , 1,E=p)
Hu2 3 (RPM )eeQ

AN2 = KQee2

RQu~azl, /R¥AY
04x1,/(PIT24(RO2=RM2))
OELR®,19R0

R{1)=R0

£0 10 22,10

R(KIsR(¥re1)=DELR

LOCP TmAY EACN SECHENT o PERFORMING NtctlSAwY CILCULATXONS
00 90 Jxy,NSEG
PYERMI=P (J) 004

FSINTH
FSINTR
ESINTR
ESINTR
FSINTR
FSInNTH
FSINTR
FSINIR
FSINTR
FSINTR
FSINTR
Cov -
Con
com
com
co~
com
Com
con
comn
coM
tou
coM
con
Com
Cum
com
com
con
coM
com
ton
con
comM
co-
cCcn
com
FSINTR
FSINTR
FSINTR
FSTNTR
FSINTR
FSILTR
FSINTW
FSINTR
FSINTR
FERINTH
FSINTR
FSINIR
FSINTR
FSINTR
FSINTR
FSINTR
FSINTR
FSINTR
FSINTR
FSINIR

12,00.45,

. ’ - e
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(1

(31

70

7%

8

90

[}

100

108

113

SUBROUTINE FSINTR T6/7¢  0PTey 194CE

FIN 8,24703%) 03/12/7%

A3
184 . FEInTR
Comecvncvoosncsanccsscanssssnacovasas FSINTH
[ FUEL SURFACE TEMPERATURE FSINTR
(evsvosnnscovsnncascsnnssavncsnnvens - FSINTR
T28CLIOT(J)eP(J)/(HGP{J)aPleRIDP) FSINTR
< FSINTR
[4 EVALUATE INTEGRAL X OT AT FUEL SURFACF Tewp sTEe S FSInTR
SLOTOxS(T1Z,1) ) FSItLIR
c CALCULATE CENTER LINE TEMP #1THOUT SINTERING STEP o FSINTH
SLOTCLE SLOTOePTERM e (,SeR02~,50R™2=RM204LCC{ROAN)) FSINTR
TCLCJ)sT(SLOTCL, 1) FSINTR
Comeaccscncacsaccccancctscccscccccncassnncacscncancanos FSINTR
[+ DETERMINE TwE FUEL MICROSTHUCTURE FSINTR
Cemeuceccrvoccacnnccacnuscncncnonsnacnanccsuacnasavannns cone FSINTR
CALL STULCTLSLOTO,$%0Twe,J,184V) FSINTR
TC(N=12L L FSINTR
1F(PuX(J),LE,AM8) GG TO 20 FSILTR
(eraaveccarcccassnncrcsccnnsacaansonnssnnsancecotunsacsstnsssncnasnasase FSINTH
c DETEAMINE Tut Fuel CENTER YErPERATURE u!YN RESTRUCTURING FSINIR
Cocoronccicscncvosancacnorenseasosaannns coes FSINTR
PTERY2ePTERUL0DFNM]/DENLO FSINTR
SHIBTCePTERMe(, S-RBI(J)0'2-.S'¢Cl(J)O-Z-ﬁtl(J)'OIOILOG(NBK(J) FSINTH
W/RCX())) FSINIR
SHOTIC = SHOTA o SHIRTC e FSINTR
TC(1)a1(8X0TC, ) FSINTR
4 FSINTR
[4 OTEQMINE THE EXTENT OF MELTING (JF 1Y OCCURFS) FSINIR
4 FSINTR
IF(ICCI) LT,2760,) GO TO 20 FSINTR
SLOYVIS(2100..2) «$HOTA . FSINIR
RNLT{J)SRFEIND(SLOTH/PTERMD, ﬂﬁl(J).ﬂCl(J)) FSINIR
GO YO 3¢ ESINTR
‘20 RULT(1)aRu FSINTR
30 CONTI*LE FSINTR
(erwaccscerancecvensnnancrncessasncnen FRINTR
4 COMPUTE THE COMPLETE RADIAL TEMPLRATURE DISTRIBUTIONS AT TEN FSINTR
4 ECQuALLY SPACE NODES FSInTR
Ceoveccavecocccacccnscsnaanases soncee FSINTR
RUPS9,=AINT(RCX(JI/DELR) [} FSINTR
TReT? FSINTH
00 70 xzq,%yP FSINTR
RT(x,1)xTR FSINTR
1F(RPAX(J)=R(Ke1)) 6N,S50,060 FSINTIR
a0 TRz1((,SeR02a, S-R(iOI)tez-ﬂlz-lLoc(ROIR(KOI)))-rrER*IOSLOYo.l) FSILTR
GO TC 710 FSINTR
b1 ) 1R = 1CG() FSInTH
GO 10 70 FSINTR
(1] FRRaT((,SaRBX(J)0020,56R(Ke1)002RCK(J)0020ALOG(RBX(I)/IR(KS]1))) FSINTR
+oPTERM2.3H0TH, 2) FYINTR
70 CONTINLE FSINTR
KUPIXUP o] . FSINTR
0O A0 KSKUP,10 FSINTR
RI(K,1)2TR FSINTR
80 TR2TC(DY FSINTR
0 CONTINUE FSINTR
FSINTR
RETURN FSINIR
SUBRDUTINE FSINTR T4s7a  OPYsy TRICE BTN 8,2476381 03712778
END FIINTR

12,00,685.

12,00,45,
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55

SUBROUTINE FISGAS T4/74  OPT=} TRACE FIN 4,2474351

. SUAROUTINE FISGAS(IS) FISGAS
C . ) FISGAS
[ FISGAS COMPUTES THE VOLUME OF GAS GENERATEDSRELEASED TO THE PLENUM FISGAS
(o4 AND PETAINED IN THE FUEL. F1SGAS
[~ - FISGAS
C VARIABLES DEFINED IN FISGAS FISGAS
[ VFGL(D) ~VOLUME OF FISSION GAS GENERATED FOR EACH FUEL SEGMEN FISGAS
C VFGR(I+J) =VOLUME OF FISSION GAS RELEASED FROM EACH SEGMENT: F15GAS
c TOTFGR «~TOTAL VOLUME OF FISSION GAS RELEASED TO THE PLENUM FISGAS
(4 PGR ~PER CENT OF THE FISSION GAS GENERATED WHICH IS RELEA FISGAS
[+ RETFG(J) =VOLUME OF FISSION GAS RETAINED IN THE FUEL F1SGAS
c . FISGAS

REBL XRFIL v . CoN

COMMOM/INPT/FLENIE sFNoVOINIDPoCToPMICHF o CPoHF sHGICKoTT o TBTEMP2, coM

1 OENLOWDENHT o TDsDISHePUSU2IS+SEGNUMIPBUEFPDISTEPSHZ] oZZtZJO COM

3 CCPGMoFNePPMIERL o XEFILoKRFIL o ALPHADALPHAS,y CoM

L 3YMODO Y YMODS s PNUSPFLUXs TMSWCEXTERP s ITABL«ITAR2, ITABI» 1TABA Con

HYTINCRI10) »PRATIONL10)+CRATIO(1D) coM

COMMOMN/RAX/ROIRMIRO2sRM2 e IOPsRB2sRC2INSEGIDELRs TMTMINSEGM] o HIGHTs COM

1 FU235:FU28FPUIEFBARWPTERMLWPILPIT2, CoM

ZR(lO).xt?Z).PCX(??).nax(??).ch(22)oRBSAV(Z?)-RESAV(ZZ).RMLT(ZZ). cou

SRROSNI22) s COoM

3P122)1 e HGP(22) ¢RT(10422) 9CLODT(22)+CLINT(22) 2 TCOOL (22)TC(22) s coM

GTCLI22) o TEG(22)4TCG(22) CoM

SRISWEL (22) vDELTADN(22) s DPSWEL (22) »OF SWEL (22} s COLOGP (22) » coM

6VFOR(3422) «VFGIL22) s TVFGR(22) e TOTFGRVSGeVNVIVOFGyPLENP +PGRIEPY coM

TPETFG(22Y o VFGD(22) 4 VFGRO(922) o VFGT(22) CoM

BSTI(22)eS21(22) STRSI(?2)'SIO(ZZ)'SZO(ZZ)oSYRSO(ZZ)o [ofo} }

. SFLUENC(22) o FLUNCT (22) 9BU(22) o BUT122) - gon

c . oM

. COMMON/PARCOM/ com

¢ HGY sHG2 3 HGI 9 MGG s Al 9 A29A3+RX1+RGKsRGIVRGLIRGSsRBEIRGT coM

* FYUSKsFYUSKeFYUSsFYUBXeFYUBKSFYUBFYPUXsFYPUKIFYPUs coM

¢ CSU235+sCSUR2389CSPUSEU2IS+EU2IB4EPULELGAMA, CoM

* FGloFG29FGIaFGUyFGSeFGOeFGTIFGAIFRLIWFR29FRI, COM

. & CK1oCK2oYENWYESsYMODFOsYMOOFSeFXK19FK2sFXIsFKDoFALFOFALFT com

i 4 coM

[ . ’ coM
IF(IS.LT,0) GO TO SO : F1SGAS
c CALCULATE METRIC TONS METAL FISGAS
: RO?RM2= (RO2-RM2) . F1SGAS
[ METRIC TONS METAL PER SEGMENT FISGAS
RMTM=THTM/SEGNUM B FI1SGAS
RMTMA = ,BRIS / (RMTM®],.E6) ' .o FISGAS
YOTFGR=0 FISGAS
TOTFG = ¢.0 _ FISGAS
. DO 40 JUa1sNSEGM] FISGAS
¢ ' FISGAS
C CALCULATE THE NUMBER OF FISSION EVENTS AASED ON TME AVERASE ENERGY FISGAS
[ RELEASED PER FISSION FISGAS
C FISGAS
FISONS=RBUT () ® RMTM & §,392E23/EFBAR FISGAS
C F1SGAS
c CALCULATE VOLUME OF FISSION GAS GENERATED F1SGAS
. c FI1SGAS
VFGI(J) = FISONS '(FUZJS'FYUS o FU2389FYUB o FPUSFYPU) #22.4E3 F156AaS
. + /6.025€E2) F1SGAS
r

04/10/75 07.57.21.
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SUBPOUTINE FISGAS TesTs OPYEIL TRACE

03/12/75 12,00,89,

FIN Q,207035% 03712774
YFG(IIRVFGOCJYSVFGI(S) FI8Gas
[ F1SGAS
[ CALCULATE TWE RELEASE FRACTIONS FlSLaAS
4 Fl50GsS
Plll(nldl(.noaz-inl)/Rf,‘ZQHZ P F1SLas
PI2B(REX(J)ea2eNBY(J)e02)/R02RF2 FI3GaS
Pl3s,=P22=P} F18GaS
PCT1sP 212y FISGAS
PCT2 # P22e22 , F18SGaS
PCT3 & P234723 . F18GaS
Ceosnserccancncvnnncacanssanas - F18GAS
[4 CORRELATED GAS RELEASE MODEL F18GasS
c.....-o--o-.-.--o-.o-.---o.........o..-.. LI T LT FI$Gas
IF(23,67,0,0) GO 10 to FI1SGas
BUDEP=BU(JY/FGY . F13G4S
18 (AYCEP L T,30,) Ull(l.°(l.-EIP(-GUD!P))O‘GZIBUDIP)O(l.'767)0(G7 FISGAS
1IF(N2. LY, FGT)I02uFGT : FISGsS
O1=02 " FISGaS
BUDEPE(RUCJ)I=FGY)/FGY F135648
‘0!!!.-(l.'ilP(-RUOEP))O'GIOQIP(-lGOOF(J))IBUDEP FISCaAS
T1aFGae(BUCII-FGS) ) FINGAS
I9¢21,0F,0,0) 03!!.-(!.-ll'(-!unl'))O'GQo!lD(-!¢l~P(J))'!l'(!!) F18GAS
¢ /3UDEP . F18Gs8
IF(RrutIYI, LT, FCY) 0330,0 F1SGAS
15(03,L7,0,0) Ovup,0 FI1SGAS
PCT1I201eP]Y FI8Cas
PCT2302+P22 F18Gas
PCTY203eP} F130a8
10 CONTINUF 4 ) . F1SGsS
c....--....-.....-...............-...Flsﬁ‘,
[4 COYPUTE THUE VOLUME OF FIISION GAS RELEASED FROM EACH SEGMENT TMEN F18GasS
[ SUM TN OJTAINE Tef TOTAL VOLUME RELEASED ° F13G4s
c......--...-.o-.-...oc.'..-..-.-.o.o.I’[SGAS
VEGR(1,J) & vAG(J)ePCTY FISGsS
TVEGR({2,J) m VEG(J)ePCT2 F15Ga8
YFGR(Y,J) = VFG(J)ePCTY FISGa$
TVFGRIJ)BVFGR(],J)eVFGR(2,J)eVFGR(S,J) Flscas
TOTFGRRTICTFLR.TVIGREY) ' . FI1SGAS
TOTSG o TOTSG o VEG(J) e F1SGas
RETFORII)a(vFG(J)eTVFCR(J))aRNTIp F18G4AS
IF(IS.nE,1) GO 7O Q0 Flscas
VEGN(JI2vFG () F180AS
DO Y0 L=y, F18Gss
30 VEGRO(L,J)avFGR(L,J) FI1S506AS
40 CONTINUF FISGaS
[4 ’ : F18GAS
[ COMPUTE THME PER CENT RELEASED F13Gas
4 F136aS
IF(10TFG LE,0,0) PGRRO,0 F13Gas
IF(TO0TFG,LL,0,0) RETURN FISLAS
PGR = TOYEGR 7 TOTFG o 100, . FISGaS
‘RETURN F13Gas
$0 00 60 Js),NSEGC FIS5GAS
YFCD(J)®0,0 F13Gas
00 60 Lst,S Flscas
60 vFGRD(L,J)80,0 F18Cas
RETURN F136a8

SUBROUTINE F13CAS 78774  0PYet taace FIN a,247838%
END FlaGas

AN
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SUBROUTINE CBINTH 18778 0PTsy tRace

i
OO NNn

20

23

30

3s

L34

es

S0

35S

[ TN s BN o N o ¥ o )

[a XX 2]

OO OoOon

FIN 2,20703588 03712778

SUBROUTINE CSINTR CSINVIR

! : . CSINTR

CIINTR COMPUTES CPOLEMT AND CLADOING TEMPERATURE DISTRIBUTIONS, CIINTR

VARTAALFS DFFINED IN CSINTR COINTR

TCOOL(I) «COOLENT TFMPERATURES,DEC C CSINTR

CLIDT(1) «CLANDING INNER BOUNDARY TERPERATURE,DEC C CSINTR

CLODTY(1) <~CLADOING OUTTER BOUNDARY TEMPERATURE,DEG C CSINTR

. CSINTR
REAL WWFIL cox
COMMON/INPT/ELEN ,E,FD,VOLID,DP,CT,PH,CHP, CP,HF,HG,CN,TT,T8,TENPR,  COM
1 OENLG,OEN=T,TD,018%,PV,u235,SEGNUN,PBY,EFPD,STEPS,21,22.23, coM
3 CCOCY, SN, POV, EOL,XEFTL,RRFIL,ALPHAD, M PrAS, Co™
IYM000, Y¥BOS,PNU,PFLUX, T™SuC EYTEND, TTARY,1T7482,1TABS,1TA08, con
aT1INCR(10),PRATIOC1N),CRATIO(10) con
COMMCN/QRX /RO, HY,R02, ﬁnz Q107 ,RB2,HC2,NILG,DELR, THTM, NSEGM],MIGHT, COY
1 FU23S,FU2)A,FPU,EFRLD, Pltlu|,?! PIT2, com
2R C10),0(22),REN(22),RON(22),RCN(22),9R84V(22),RESAV(22),RMLT(22), COM
$ARCEN(22Y, com
IP(22), 40P (22),RT(10,22),CL007(22),CLI0T(R22),TC00L(22),1C(22), comn
BYCL(22),TEG(22),1CG(22), ' comn
SRISWEL(22),DELTAD(22),0PSnEL(22),0F8nEL(22),C0LOGP(22), com
BYPGE(3,22),VFG(22),TvFCR(22),TCTFGR, V3G, Yny,VOFG,PLENP,PCR,EPY, con
7ﬁ5176(22);V'GO(Ze).VPGHD(l,Iz).VFGI(22). com
88T1(22),S71(22),3TR81(22),510(22),820(22),8TR80(22), con
OFLUKNC(ZZ),FLUNCI(ZZ).BU(ll).Su!(22) comM
com
COPMON/PARCONRY con
¢ RGI,MG2,MCY,HGu,A1,A2,A3,RG6),R62,RGY,RGa, ﬁGS.ﬂco.ﬂG?. com
o FYUSX,Frysw, rvus FYURX,FYUBK,FYUR FYPUX,FYPUX,FYPY, com
+ CSU235,C8U238,CSPU,EU2IS,EU238, EFPU,ELGANA, com
o FGL,FC2,FRY,FGG,FCS,F00,F0T,FGA,FR1,Fk2,FRS, com
. Cul,c.e,vec,vzs,vuocro,vucors,rxx.rxz.rus.ruo.rALro.rALrt com
[oh]
co~

CSINTR

RIDPEDP=2,9CT CSINTR

FORM THE INTEGRAL X DT T4BLES CSINTR

CALL SINPUT(OFNMI,DENLOD) CSINTR

PESFORANM INJTIsL CALCULATIONS csinIR

Cle) /7 (rFelleCP) CSINTR

1F(CA,6T,0,0) D2 s ALOS(DP/RIDPY/(2,9P1aCK) CSINTR

. CSINTR

LOGP ThRRU EACH SECHENT o PERFORMING NECESSARY CALCULATIONS CSINTR

. 1 - CBINIR

POsPuePup(0,0,E,FLEN) CSINIR

OC 10 Jui,NSEG C8INTR

. CSINTR

DETERMINE COOLANT TEMPERATURE ALONG THE PIN STEP 2 - CSINTR

IF(J,EC,NSEG) TCONLIJISTLOOL(J=3)a(P(J)eP(J"1))0,25eH]ICHT/(CHFalP) CSINTR

IFCJLEC, 1Y TCOOL(J)IBTIo(POeP(J))0 250 HIGMT/ZICHFeCP) CSINTR

IFU(IGT 1) AND (J LT NSEC)) TCOOL(J)INTCOOL(I=1)e(P(J)eP(Je1))n,5 CSINTR

XsHIGHT/(CHFoCR) CSINTR

CBINTR

DTERMINE THF TEMPERATURE OROP POR TME FILM AND CLADOING CSINTR

CSINTR

OTFapP(J)+0} CSINTR

CIINTH

12,00.53,

OPHNORDWNODNCAS NN

paGE

N
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SUBROUTINE CSINTR ' 7as73  OPlay  TRACE FT% 0,2¢7035)

R DTERMINE THE CLADDING 10 AND OD TEFPERATURES
. .

o 00N

CLODT(J) = TCOOL(J) ¢ OTF

IF(CR,LE,0,0) 02 & ALOG(OP/RIOPYI/(2,0P]e(CHT4CK20(CLOOT(IIOP(I)
¢ ¢ALOG(OP/RIDP) /(G 0P To(CRieCN2eCLODT(III))I)
(11 DTCeP(J)eD2
CLIDT(J) » CLODT(J) o DTC
10 CONTINUE
RETURN
END

0s/32/7%

CSINTR
CBINTR
CSINTR
CSINTR
CHINTR
CSINTR
CSINIR
CBINTR
CBINTR
CSINTR
COINTR
CRINTR

12,00,53,
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SUSRCGUTINE SPAGE Y LTAL 0Prst TRACE FIN 4,2078381
SUBROUTINE SPAGE SPaGE
[4 ! SPAGE
[ ROUTINE TO WRITE PAGE NEADINGS SPAGE
(4 SPAGE
s [ 4 SPAGE
COMMON/ALFAZALFAL1G),TFIRSY SPAGE
REAL XRFIL (4oL ]
COMMCN/ZINPT/ZFLEN,E,FC,VOL0,0P,CY,PH,CHE,CP,MF,HG,CX,TT,T78,1ENP2, com
1 PENLO,DENNT,TD,OTSH,PU,LU23S,3EGNUN,PRU,EFPD,STEPS, 21,212,213, coH
10 TR CLPOM,FN,PPM EPL  XEFTL,KAFIL,ALPYA0, 4L PHAS, com
3YY0C0, Y4008, PN, PFLUX, THSwC,EXTERP, ITABY,ITAR2,1740%,1%484, com
QTIINCA(10),PRATION10),CRATIO(10) com
COMMON/QRAX/RO,R%,R02,RM2,RIDP,RB2,HC2,NSEC,DELR, TMTM, NSECH] ,HMICHT, CO%
. 1 FU2YS,FU23AR,6PU,EFBAR,PTERNMY,PT,P]IT2, Cnw
13 2R(10),X(22),REX(22),4BX(22) ,RCX(22) ,KPSAV(22),REBAV(22),RMLT(22), (O™
WHROSQ(22), . . : cev
IP(22),HCP22Y,RT(10,22),CL0DT(22),CLIDT(22),7C00L(22),TC(22), con
aTCL(22),TEGLR2),7CG(22), Cou
SRISAEL(22),PELTAD(22),0PSEL(22),DFSAEL(22),COLOGP(22), : cow
20 AVFGR(3,22),VFG(221,TvSGa(22),TOTFGR,vSG, YNV ,v06G,PLENP,PCR,EPY, com
TRETFG(22),vFGC(22),VFGRD(3,22),VFGI(22), com
6ST1(22),521022),37R81¢22),8Y0(22),320(22),8TR30(22), Con
QFLUENC(22),FLUNCTI(22),BU(22),0801(22) ‘com
[ % com
23 COMON/PARCOMY/ com
¢ HGE,MG2,45%,460,81,42,483,RG1,RG2,RG3,RGA,RCS,R0L,RGT, com
o FYUSK,FYUSS ,FYUS,FYUAX , FYUSK,FYUR,FYPUX,FYPUK,FYPY, L)
e CSUR3S,CSU23A,CSPU, EU235,8U238,EPU,ELGANA, com
. ¢ FG1,FG2,FG3,FGA,FGS,FGO,FCT FCA,FR],FR2,FR], comM
30 o Cn{,Cx2,YEN,YES,YHODFO,YHO0FS,FRY, FR2,FR3,FKD,FALFO,FaALFT cou
4 com
[4 cou
c SPAGE
¢ BRANCH ON FIRST TIME BwlTCN. L1114
38 (4 - SPaGE
© IFCIFIRST) 10,20,20 SPAGE
(4 NEW PROPLEM ee NOT THE PIRSY SPAGE
10 REAR(S,100) ALFa $PAGFE
1F(EOF (%)) 30,8 SPAGE
a0 COMTINVE SPAGE
NPAGR) SPAGE
1F1R8Te0 SPALE
CALL DATE(TODAY) SPAGE
RRITE(6,310) ALFA,TODAY $PaGE
as RETURN SPAGE
[ . SPaGE
4 NORMAL ACTION =e WRITE PACE HEADINGS SPAGE
20 NPAGENPAGe] SPaCE
nRITE(6,120) EFPD,PBU,ALFA,NPAG SPALE
S0 [4 SPACF
RETURN . $PLGE
30 XRITE(6,130) SPAGE
sTQP $PaACE
[ SPaGE
SS 100 FORMAT(1346,42) SPAGE
110 FORMAT(32MISIEX w= REF MEDL=TRE Tue$S 213006,42,01 DATE L8100 SPALE
120 FORMAT(BM] TIME ,F0,2,154 PEAK BURN UP ,F8,0,31340,42,78  PAGE, SPAGE
SUBROUTINE 8PAGE 78778 0Plei  YRACE FIN 3,207435% 03/12/7%
2ty SPAGE
130 FOKMAT(24MIFINAL PROSLEM COMPLETED ) 8PaGE
80 EnD SPAGE

03712778 12,01.33,

OBNOPADUNNT AL W

12,01.33,
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SUBROUTINE STRESS 76/78 QPTsy TRACE o FTIN q,247035)

03/12/7%
SUBRQUTINE STRESS Stagss
REAL xWfIL Com
CON=CN/IRPT/FLEN,E,FD,V019,0P,CT,04,L8F ,CP,wF ,uG,Cx, 11,10, TENP2, co™
! DENLC,MEN=T, TD, 0I5, u, 0235, SESNUN,PBY,LFPD,8TEPS,21,22,23, cov
s’ 3 CCPGM,FN,ZPM L0, XFFIL,XKQFIL,ALPHI0, 0 P AS, L}
SVPOCG.Y'CQS,FNU.PFLVI.l”st.E!YEHF.lTABI-!YlHZ.lYlBS'lYlﬁﬂa Cou
ATIINCR(10),PRATIO(30),CRATIOC(10) com
COH*ON/ﬂerlzo.“".902.9"?.9lﬂP-R“Z,NCZ.NS£6.0€LR.7'¥".NSEGHIaHIGNY. COom
1 FUZ!S.‘U?!E:'”UIEVEAG.FYER"I.PX.°IYZ. com
10 29(IO).l(?Z).FEXIZ?).REX(Z?).RCxrzZ).“BSlvtze).FESAV(Z?).R"LY(zl). com
$RR08G(22), (L]
39(2?).PG°(2?).97(10,22).CLODY(ZZ).CL107(22).YCCOL(ZZ).?C(?!). cox
4TCLE22),76GL22),T1C6(22), . Cum
. SiISAEL(ZZ).OlLllO(zz).cPShkL(??).OFSNEL(ZZJ.COLOG’(22). Con
15 ovrcn(},aa),vrc(pe),rvtcn(zz),Torrﬂn.vsc.vuv,VOlc,ﬂL[~’.FG',tFVp con
YREYFG(ZZ).VFGD(ZI).VFGHD(S.EZ).V‘GI(ZZ). . com
nsvxtaZ).szx(22).slusx(22!.srotzz).szocz:a.SYHSOtzZ). tom
QFLUENC(22).FLUNCTI(22),B8U(22),RuUl(22) com
Com
20 COmMMUN/PARCONY . comM
. NSI,“G?,“Qi,'Gu.Al,AZ,ls.ﬁcj,lnz.FGl.ICb,ﬂCS.OGO.'C7u Cow
O PTUNY TN, BT I AYURE, P VUAN, FYUA,PYPUY S YBUL, P YRy, Con
e CSURYS,CSU238,C8PU,EU235,EU230,EPU,ELGANA, com
¢ FG1,FG2,FGY,FGA,FLS,50H,FCT,FCA,FRT,PR2,FNY, com
23 . tﬂl,Cll.VEO.VES,VFODfO."CD!S,FKI.FK?.'K!,FID.IALIO,PALFY com
: coM
com
FPlxkInp/s2, STegss
LLE V¥ s1RESS
30 NC 3050 J=],NSEG STRESS
AVIESPI(CLONT(JISCLIDT(I)IV2,0 $TPESS
YOUNGSZY»OD0eYMOUSeAVYTEMP S1&ES8S
TERMQO=ZLOVT(J)=CLINT (J) STIRESS
TEFMQ1=PLFNPO((OPIs2)oRPLweQ) SIRESS
38 TEPYNP3(KFaeQ)eQPleeg STRESS
TEEMOI2YCUNGS/Z (1, =PNU) ST1PLSS
TERMOUZ (ALP=AN20 AL PIASE2, eALPHASSCLIDT(IIIOTERKDD STRESS .
I!R’OS-“"0-2/7EQHOR-1.I(?.OALOG(P’I°PI)! STARESS
TEQUCHEA PHASOTER (0w e STRESS
.0 _TF9-07=¢=--?/YE°ﬂ02-(l.-1.IlLOG(“’/ﬂP!)’Ol.I(?.O(ALGG(QPlﬂPX))O'I) STaLSS
TEOVCAE-a L PMACOTEROQIALPHASSTERMOQe(20,CL0DT  J)=CLINT(J)) S1RESS
SRIs«PLFNLP $T1RESS
SRACreFaTERP SroEss
STRESS TANGENTIAL INSTCE SuRSaCe STPESS
[+3 S‘ltJ)!(PLiNV.(PP"?O"PI--E)-2.'!lY?"’-”-OZ)IYERFO207[HN0)'(TE'HO SYRESS
140 TFOMASLTEQULBeTERMOT) : ’ $1RESS
KRTEFSS TANGEMTIAL OQUTSICE SURFACE $1RESS
SYC(J\=(2.-FLFN°-R°I-'Q-EIT€“°-rﬂﬂthoh!x-O?))/'!ﬂﬂoz‘ttﬂ'osn(ltﬂ* STPESS
10CeTERS QSO TERUQACTERMOTSTERMOA) S1eEes
- 80 AXTAL STHESS INSINE STRESS
SII(J) ® ,5e(SRISTI(J)4TERMOIC(TERNOBaTERMOSETERRGAOTERNOT)) $19£8$
AXIAL STRESS NUTS]IDE STPESS.
SIO(J)l.s-(suoosIO(J)onR"OS'(!Eﬁﬂon-T:ﬂnosottnﬂootVEGH07015RF00)) STRLSS
EFFECTIVE STHESS INSIDL : SIRLSS
S 51“51(J)-SORI(.5-((3"!-31!(J))t'20(81!(1)-82!(J))"IO(SZI(J)-snX)' STRESS
102}) siQrss
" EFFECTIVE STRESS OUTSIDE S1PESS
SULRCUTINE STRESS IXTAL OPTay 1RaCE PIN 4,2¢7438) 03742715
srﬂsa(J)-scnr(.s-((3”0-310(J))--ZO(S!O(J)-SZCKJ))'-?o(SZD(J)-SRO)- LR £-31
122)) STRESS
60 3050 CONTINCE SIGESS
RETURN 8TALSS
END STRESS

12,01,38, Tpage g
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SUBRQUTINE FOELD - 747748 0P.1ey TRACE . ~ FIN a,267338% . 0312778
sunnou11~5 FOELN(IS) FOELD
[4 FOFLD
< [ Fk" CAUTLTES FUEL NOT AND COLN OIMENSTUNAL CHANGES RUE 10 FUFLD
4 THERMAL EXPANSINRN AuD [4¥aDIATION ¢beECTS, FCELD
4 FLELD
4 vauxAéLES OFFI%E0 IV FDELD FLELD
4 "CFSWEL(I) «FUEL »OT SLPFACE PUSITION,CM FOELD
[ CCLOGP(I) «COLD FUEL-CLADDING GaP,CH FOELD
(4 FDELD
RFAL X&RFIL ccu
COMVELZINPT/ZFLEN,E,10,v01),09,CT,88,C%F,CP, ~l,rc,rx 11,16,1¢PP2, cum
U DENLOLLENAT YL, 018%,00, 288, 866K, Pl LEFPD,81EPS,21,22,23, Cam -
3 (cry,u Fi,rn, ""L:\ F]_,-?"[L,AVP-A’) L ohas, CO
AYFCTC, fUD0S,MNU,L YT LY, THS A0, i NTERE, T1ALY, IT8H2,TTRRS, ITAB., cuv
aryieir10Y, ’-AI'G(‘“).CHAAI”(\ul cov
COPUOY/ Ao/ /H0, RN, 802,57 2,310P,RA2,RC2,NSEG,DELR, THTM,NSEGM] ,HIGHT, COM
1 FU23S,FU2IR,FPI,EFRAF ,PTEN"] ,F],PIT?2, Com -
RRELIO),X122),FEX(22),RRAX(22),MCX(22), SASAV(22),RESAY(22),HMLT(22), COM
sKAT89(22), com
3P (22),%6P122),PT(10,22),CL0DT(22),CLIDT(22),7C0NL(22),TC(22), 44
ATCL(FR2),TFGC22),TCG122), com
SISt (2?),DELTAD(22),DPS#AEL(22),0FSAELL22),C0L0GP(22), cox
OVESS(3,22),VFG(22Y,TVEGR(22),TOTEGR, V56, vAY,VOFG,PLENP,PCR,EPY, coM
. 7w61=c(22y.vrcn(azv VFGRO(3,22),VFGI(22), con
887T1¢€272),521(22),57481(22),570(22),320(22),8TR80(22), com
Q'L»EkC(ZZ).FLuNCl(ZZ). BuU(22),8V1022) com
c com
. COM‘ONIPA*CN‘/ co™
3 . NG\.FGZ.“US,“GU.!l.lP.lS.RGl.RGZ.RG!.RGU.QGS.ﬂGbiRG7. cou
¢ FYUSY FYUSS,FY IS, FYURX FYURK, FYUR, FYPLY , FYPUK,FYPY, con
. CSUZ}S.CSU?S‘.CS’U.EUZSS,E”?lB:EPU.ELGl“l. co~
¢ FG1,FG2,FG3,FGG,FGS,FG,FGT,FCB,FR1,FR2,FR], co™
¢ Crt,Cx2,YED, vis YMOCFO, vuoors FRI,FR2,FX3,FKRD,FALFO,PALPFT com
¢ coM
¢ con
. C FOELD
c FUNCTIONAL FORM OF THE THERMAL EXPANBION FOFLD
4 ' ' FOELD
DO(T)B(FALFOCFALFTeT)eT FOFLD
4 FDELD
IFCIS,LY,0) GO TO a0 ) FOSLD
¢ L e T T T L L T T L T Ty onpuppi FOELD
C COMPUTE THE VOLUMETRIC AVERAGE FUEL THERMAL EXPANSION FOELD
[ 4 B st P e e RN T D P RSN ORCC e NS REO e T e e s s s Rasssccsnnnsssns PFDFLD
00 30 J=),NSEC FOELD
Sum3ixzo, o0 FOELD
ARLEE,S FOELD
D0 10 Lwt,10 FDELD
TF(P(L).LE,RCX(J)) GO YO 20 FOELD
(S TR FOFLOD
UH3=SUN30Q(L)-DELB-ABL!-OO(RT(LoJ)) FOFLOD
10 ABLESt, FOELD
20 CONTINUE FDELD
. SUNISBUMY Sa{ (R(LL)SRCX(JI))e(RCXTIILDDCTCCIIIeR(LLISODC(RT(LL,J)) FDELD
3)-DtLR-R(LL)-DD(RT(LL I FOELD
[ FOELD
SUMIE2,45UKI/(RORa2-REX(J)202) FOELD
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SUBFOULTINE FOFLOD 78,7¢  027xy tRACE Foh @, 2670358 03712775
ABLExy,e5LYS FOFLD

¢ FUELD
(rovnrecvesnnccwsenctaticranerrsvsasteosvanns FOELD
c FUEL ¥OT RADINS AKD FUEL-CLADNING COLD 5aP FOFLD
(seavocnvnsrsvsvenacavancaas --.--.-..--....-C---.-.-‘-.--...-.-'-.---...- FLELD
nz FLELD
FSafll x FSafL(%,, 5¢410P-0,18) FRELD
OFSAEL(J)EFSWELL@4ALE FLELD

4 FLELD
[4 LIMIT THE 4MGUMT CF FUEL "QEFJRWATION® TO THAT unxcu wILL CAULSE FOELD
£ A PHESSURE LARGE EAOUGH 70 INITIATE- YIELOD, FOELD
4 PFDELD
1F (OFSWwEL(J) LT RISWEL(J)) GO TO to0 FUELD

3 . FLFLD
YIELDZYFOOYFSo(CLICT(J)=55S,) FOELD
ECEYVECNYROGSeCLINT (D) FOFLD
EFzYMCIFGeYNOOFSeETLL, ) FrFLD

XA SCPSPEL(J)002aF SnEL(J)en2 FLELD
XRSEOPSNEL(J)e22¢RISAFL(J) 002 FUELD
IHZIC‘SRtL(J)"Z-HC!(J)--Z ’ FDELD

¢ POELD
P“X-(VIFLO-lﬂ\02.ODPS-EL(J)002!"'[“’)IIR!-(?LENPOXOS!SZl ) FOELD
FSELMEINISNEL(T)o(OMYS(PNUSXRI/XRT4((OFSWEL(S)002=RCX(J)0e2)/XRY FOELD

¢ SPHUYCFC/EF )2 (0 IEXTERPaDPSwEL(J) 002/ XR ePLENPaRCA(JI0s20ECY FOELD

S 6 (XR2EF))IeMISEL({J)7EC) FOFLD

[ ) ' FOELD
IF(FSPELL.GT FSWELM/ABLE) DFSHEL(J)FSNELM FUELD
1E(FSatAL, CT FSWELM/ABLE) FSnELLaFSwELM/ZABLE FDELD

. 100  CONTINUE . FLELOD
¢ . FDELD
COLOGP(J)9,54RIDPe(1,000,010DELTAD(J))FINELL FDELD

30 CONTINUE FDELD
hETURN FOFLD

40 CONTINUF FDELD
c FDELD
4 INITILIZE TME GAP CLOSURE TG ZERC FDELD
4 FDELD
DO SO JEy,NSEG FOELD

KxsJ FOSLD
FOnELLRPSHEL(K,0, 0.!8) FDELD

S0 CONTINUE FOELD
RETURN FOELD

END FDELD
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FUNCTION FSatL Y4776 uPTEy TRICE

19

L 2R R IR R

74774 - 0Ptey 1€ FIN a,207a3%1

FUNCTION F3nEL(J,CAP,18)

FSwEL COMPUTES THF AMOUNT OF PEPMANENT 'O!L DEFORVATION BASED
ON 4 CORRELATFD MODEL A% A SUNCTION OF P0wER,AYRN YP ,LYCLES,AND
FUEL~CLADDING FABRICATELD GaP,

REAL KAFIL
COMMEN/TRPT/FLEN,E,FC,vOLID,NP,LT,Pw,(»F,CP,MF,%C,Cx,T1,78,TE+P2,
§t CENLO,NENMT,TO,DI54,PLU,U23S,SERNUK,PRU,EFPD,STEPS,Z1,22,23,

3 CCPGM,FN,PPM,EPL,XEFTL,RRFIL,ALPHAD,ALPHAS,
3Y+CR0,YM005,PNU, PFLUX, TSR, EXTERP, ITABL,1T482,1T1483,1T484,
GTIINCR(10),PRATIO(10),CRATIO(1IO)
COMMON/REX/RD,RH,R02,A%2,R10P,RA2,RC2,NSEG, DELR, THTN, NSECH] ,HIGHT
1 FU235,FU238,FPU,EFAAQ,PTERYY,PT,PLT2,
2HC10Y,x(22),HEX(22),RAX(22),RCx(22),RBSAV(22),RESAY(22),RM T (22),
$HROSG(22),

L IP(22),m0PL22),RT(10,22),0L00T(22),CLIDTI22),7C00L(22),T1C(22),

4TCL22),156(22),1C6(22),
SHISAEL(22),FELTAD22),0PSAEL(22),0FSAELC22),00L0GP(22),

AVEGR (3,22, VF3(22),TvFLR(22),TGTFGR,vS6,Vny,vOFG,PLEND,PGR,EPY,
TRETFG(22),vFGN(22)yvFGRI(3,22),vFGTIL22), .
85T1(22),321(22),97281(22),310(22),820122),87R50(22),
9FLUENC(22),FLUNC] (22),BUC22),BU(22)

COMMON/PARCOM/

#5162, H0Y, M08, 4),82,03,R851,762,RGY,RC4,R65,RGe,R5T,
FYUSX , Fruse FYUY, Py nx FYURK,FYUB, FYRJX,FYPUX,FYPY,
TSL23%,05u238,2SPU,EVRYS, 81238 ,EPU,ELTAMA,
FO1,FG2,Fu,704d,06%,F08,F57,F58,Fay,Fep,FR],

€KY ,em2,ve0, 158, YYOLFC,YMOLFS , FRL ,FX2,FR3,FKD FALFO,FALFY

CIMENSICA 0104D(C22)
SELISLY,E) 60 YO gt

YL o SUt))

(BN EEMISS LRI KD

IF(A.2,07,0,0% HU930,0

IF(AuL LT,80,) BuLsbd,

ICY = PAY o | ,E=}

Cr=iCy

1510y, LT.1,) CYe2y,

TVENSTD 20

JCYS(FPUSRLT{TINY )0, E-)

TF(PEL ,CT.00,,AND, B0, LT 1) ICYEY

C:0=1Cy o

rCHTI0ON OF GAP CLOSURE OUE TO CRACKING
C1ERGTeP(J)a(P(J)=RGRIACEXP(RGICYD)I=EXP(RGIoCY))
1IF(O3.LF,0,0) O120,0

PORTION (F GAP CLOSURE DUE TO TRANSIENT SwELLING

CUutRGue (EAP(RGCH=P(J)sBUD] El)mEXP(RESaP{J)eBUL el E=d))
¢ e (RGo=(RGIeP(J)(P(JI=RCR)) )P (EXP(~RGToBUOI=EXP(=RGT2BULY)

002GAP
FIn ¢, 2470351

FSwEL = ,SeRIDPe(},¢,01+DELTAD(I)I=(GAP«COC{C1404e030LD(J)))
IFCISAT, 1) RETuAN

CERLT(J)=010unN(JYe01e04

RETLAN

C1CsBiRD, 0

WETUARN

END

03712/77%

FOFLOD
FOELD
FNFLD
FDELD
FDELD
FOFLD
coM
COoM
com
com
COM
com

s COM
com
com
com
cou
(el ]
tom
com
cou4
com
com
COM
coM
COM
coM
com
Com
o~
Com
ComM
FDFLD
FCrRLD
FUoLn
FeeLd
FOELD
FDELD
FOELD
FDELD
FOFLD
FOELD
FDELD
FOELR
FOELD
FOELD
FDELD
FOELD
FOFLD
FCOELD
FOELD
FOELD
FOELD
FOFLD
FDLLD
FOELD
FOELD

03712775

FDELD
FOELD
FLELD
FOFLC
FDELD
FLELD
FOFLD

12,05,00,

77
78
79
80
81
82

99
100
101
102
103
j10a
105
106
107
108
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SUBROUTINE PPRES 18/7%4 0P1ntg tRACE | FIN 0,2474358 03712718
SUBQOUTING PPQES PPRES
[ : ‘ ppags
-C PPRES COMPUTES TME PLENUM PRESSUPE AT OPERATING TEPLRATURE BASED PFRES
c ON TeE PERFECT GBS Liw, [JITX
b ] [ YARIARLES OEFINED IN PPRES PPRES
¢ vs6 ~VOLUME OF SORSED GAS,CC peoes
4 my eVOLUME OF mATER VAPOR,CC . oent S
[« tPy ~EFFECTIVE PLENU™ VOLU%E,CC PPAES
[ vOFG «VOLUME OF FILL GAS,CC prPags
10 4 PLENP «PLENUM ourssuns,ovucs/cn..z PPRES
4 rpots
COMMON/MCOM/ZALS,3),06M0L(5) PPRES
NEAL =RFI{ (4
o COMMON/INPT/FLEN,E,FD,v010,0P,CT,Pu, CHF,CP,Mb,HG,CX, ” 'B.YFF'!. cou
18 {1 DENLO,NENMT,TO,DISH,PU,L23S, S[GNU*.’BU.EF’D STEPS,28,22,23, con
b} CCPGM,fN}PPM.E°L.l!F!L.!QFIL'ILP“IO.lLPleo Com
3YHOCO, 1M0DS,PNU, PFLUK, THSuC,EXTFRP, 1TAHY,1T482,17403,1T7484, con
QTTINCR(10),POATIO(10),CRATIO(10) com -
COMULN/AEX/RO,AM,Q02,R42,RIDP,RA2,HC2,NSEC,DELA, TUTKR,NSEGM],HIGHT, COM
- 20 1 FU23%,FU?38,FPU,EFRR,PTERNY,PT,PITR, . coM
PRUIN)WA(22),RENIR2),FOX(22),4CX(22),%ASAV(22), RESAV(22),R¥LT(22), CO™
$SR2%C (2, com
JP122),rCPL22),TL10,22),CLONT(22),CLIDTI(22),1C00L(22),10(22), [q o]
. GICLE22),TEG(22),106(22), Cou
" 2% SQAISAEL(P2),NELTAD(22),LPSAlL(22),DF8aEL(P2),L0LDGPL22), COom
OvFGR(3,22), VFG(22),ZWFR(22),TCTFGR,VvS8G, VNV.VOPG,DLH.P PGR,EPV, coM
TRETFC 221, VFGD(22),VFGRO(3,22),VFG1(22), com~
0ST1¢22),521(22),8TRS1(22),810¢22),820(22),8TR80(22), comM
. QFLUENC(22),FLUNCI(22),8UC22),8uUl(22) ComM
30 [4 . Con
COMNON/PARLOM/ com
® HOY,RG2,HG),H00,A,42,43,R6),K02,86G3,R04,RG5,4G8,.RGT7, [4iL]
o FYUSY ,FYUISK,FYI'S,FYURX ,FYURK,FYUA,FYPULY,FYPUK, FYPY, cov
¢ CSUPRG,L8U238,082L,,E0235,EL204,EPy,ELGamA, com
3s o FGU,FI2,FGY,FCG,FGS,FGY,FGT,FGR,FAL,FRP,FRY, cov
: e CC1,0h2,Y20,YES,Y4CO7Q, TMUDFS, FRY FR2,FRY,FRD,FALFO,FALFY cw
4 co™
[4 com
DAYA FUL,FPU/,TS,,25/ ePpPOLS
a0 c VCLUME QF SORAED Gas PP2AES
YERoE [COnMatMIvy 20t .p LTS
¢ VOLLIME NE WA TER v2PlR FPLES
ShvZePMatNTMey G2 2uFus7(18,e,30) “EQr S
¢ EFFELTIYE BLEELM wOLUME PPRES
'L . EFVEE ] aA [N aesa VL /0, PPEES
4 YOLUME CF FILL GAS PPRLS
VOFGaFEPYe(273,/7293,) PPRES
[ PLENUM PRESSUPE PPRES
PLENPE((TOTFGRIVSSsVNVOVOFG)e(TCOOL(NSEG)e273,)01083521,/(273,FPV PPRES
50 X))-y121352!, peat e
c MOLES OF PEL UM IN ThE PLEN"! AREA IMELTUM COMPOSTITION OF TRE FILL PPRES
G0 (132D G, e QLo (XSFILOARFTIL) 2,20k ooces
< vALES CF FESSISH GAS TN THE PLENUY AKEA PPELS
FOuslhL1FGuy2 2600 PPRLS
58 (4 MCLES OF XENGN (FISSICN PRGCUCT AND TAG G48) PPRES
GMOL(2) 3 ﬁG-'(Fvusi-'02}Sofvuax.ruzsboﬁqul-rPU)l('vus-VUle PPRES
¢ SFYUBFU2MAeFYPUSEPU) ¢ VOFGeXEFILS,01/2,28E0 PPRES
SURRQUTINE PPRES a7 DLAR B TRACE FIN 6,207035) 03712718
[4 mCLES OF XRYPTON (F1SSION PRODUCT ANO TAG GAS) PPRES
GMOLISY) 8 BGMe(FYIAKSFURISeFYUBKSFU2IAFYPUKAFPU)Z(FYUSEFURSS PPPES
00 @ SFYURGPURIARGFYFUSFPUY o VCFGexRFTLe 0172, 2008 PPRLS
[4 MOLES OF NITROGEN FROM THME OFF GaS (1213}
GHMOL(B) & FN o V3G / 22,4F) ppPRES
c MOLES OF ARGON FROM THE OFF GAS PPRES
GMOL(S)m ,012v8G/2,24E0 PPRES
3 RETURN PPRES
END PPOES
p

'

12,085,186,

- - e e
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FUNCTICON RFIN

(o X s XaRaXaKaXaXal

on

19

20
3o

100

D Ta/7q oPTey TRACE

FUNCY!OV»RF]ND(I]VT,RR,HV)

RFIND COMPUYES THE FUEL RADIUS AT owICH & vaLYUE OF TALTEGWAL ®DY

nilL OCCuR,
INPUT vALUES

XNy eTHE VALUE OF INTEGRAL XDY
AR «QUTTER RADLIVS
Ry eINNER RACIUS

REAL KREL

CO“"ONIlh’Y/'L!“.E.FD.VO!O.O'.C'.’"aC".C’)"'-"G.C'.Y!.'Bo!!'?lo
1 CENLO,OENMT,TO,0T84,PL,u238,35RNUM, PRY,EFPD,STEPS, 21,272,123,

S CCPLM,FN,POM EPL L XEFTL ,ARFIL,ALPYA0,ALPHAS,

3YMQOC, Y008, PNU,PFLUY, TUSHE ,EXTERP, TTAB],IT4B2,1T483,1T484,

SYTINCO(10),PRBTTO(10),CRATIO(10)

FIN &,20703%1

03732775

PEIND
AF IND
ar IND
BF IND
QF IND
RFIND
RFIND.
@k IND
aF IND
com
co™
coM
com
com
COM

COmuON/QPX/RQ,R™,R02,A*2,RIOP,R92,RC2,NSEC,DELR, THTH,NSEGH],#IGHT, COM

1 FU23S,FU238,FPU,EFRAR,PTER"Y,PT,PIT2,

RR(10),Xx(22) ,REX(R2),RBX(22),RCN(22),RBBAV(22),REBAV(22),RNL T{22),

$FRD3Q(22),

3IP122).%GP(22),RT(10,22),CL0DT(22),CLIOT(22),1C00L(22),T7C(22),

GICL(22),TEG(22),1CG(22), :
SRISWEL(22),0DELTAD(22),0PSwEL(22),0FSmEL(22),C0L00P(22),

SYFGR(Y,22),VFG(22),TVFGR(22),TOTFGR, V86, VRV, ,VOFG,PLENP,PGR,EPY,

TRETFG(22),vFGR(22),VFGRD(3,22),VFGI(22),
AST1(22),5211022),5Tn81122),370(22),320(22),3TR30¢(22),
9FLUENC(22).FLUNCT(22),8UL22),8v1(22)

ki

COMMQN/PARCOM/

MG ,HG2,4CY,HGa,A1,42,4),R6),RG2,RGY,PGU,RCS,RCH,RGT,
FYUSE,FYUSK,PYUS,FYUBX,FYURK,FYUB,FYPUX,FYPUK,FYPU,
CSU235,CSU23A,CSPUEUR)IS,EL238,EPU,ELGANA,
FGL,FG2,FGY,FGU,FGS,FGb6,FGT,FGA,FR1,FR2,FRS,

* o 000

IF(sRS(Rwev) LE,,001) GO TO 20

T5RPan2ed, oY INT

INITTAL ESTIMATE

AP ,Se(RRNHV)

0N 10 n3y,50

APP2AP e (APs 020 Te2,0RVaeQeALOGINR/AP))/ (APORVEe2/AP)e 8
1F (3PP LE,RY) APPaRVs], E=B

IF(459(4PPasP}/aP LE,1,E=5) GO YO 30

APRAPO

CONTINUE

"AITE(8,100) XINT,RA,RV

$1QP

APPERR

‘RFINDEAPP

RETUNN

FORMAT (324} FAILURE TO CONVERGE IN RFIND,3E12.0)
END ’

Cr1,Cn2,YED,YES, YMOCFO, YHODFS,FRL,FR2, PR3, FKO,PALFO,FALFT

Com
co™
cou
comM
com
cov
cou
rom
com
cum
com
comM
COoM
CoM
com
(4L ]
com
com
COo™
QrFInd
QF IND
RF IND
RF IND
REIND
RFIND
RFIND
RFIND
RFIND
RFIND
RFIND
RFIND
RFIND
REIND
RF IND
REIND
REIND

12.08.19,
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FUNCTION AFP Terta oP1sy 1eaCE

FIN 4,2074358 03/712/7%
FUNCTTON AFP(2,E,PLEN) (113
(P reeeereceerrerancitanrsrrerorroneaansrantsestevvennraananssnssuncnvene AFP
C THIS FUNCTION PROVIDES SIFXI] alTw AN AXIAL FLUY PHNFILF FROM (NG OF afD
C TwmREF USCR SELECTED O4IGINS DEPENUDING O% Tt INPUY vALUEL FOM TNt sFP
c EXTRAPOLATION DISTANCE (E) AS FOLLOWNS eceew AFD
C TTFCE LT, 21 USE TASLE LOCK 0P USING A9R(E) VALLES ww]Cw ARE READ AFP
(4 TFEELLT, 0, ANS E GE,»1) USE & USER SPECFSTED ECUATION(SEE LABLE 30 AF?
4 IF(E,EG,0) USE INTENPOLATION FRUM INPUTIED CATA TARLES - AFP
4 IF(E,GT,0) USE C%GPPED COSIME CURVE #1TrH EXTRAPOLAT]ION DISTANCE E sFP
Cevoernccccnncossccnnonscscncssonsavsnnavanancsensssancesnsscasssnsoncne LFP
4 : AFD.
COMMON/PRIFC/NOFPD, DATAX(21),0ATAFP(21),0€84R,0TFX, AFP
¢ READX(21),READFP(21),READEB(21),READTF(21),READP(21) AFP
(4 asp
1F(E) 3r0,200,100 AFD
100 CONTINULE AFP
(eeecncrcncuvarcncrecncnssocnsrscsersavonssansaverncansessacssacscsansnasa AfD
C FUNCTTION FU@ 4 CwPPPED COSINE CURVE nlTH EXTRAPOLATION DISTANCE € AFP
(eeoncmarecacccecvesncssassnnessooooronsnrrsacsorascanranncsnsnannascane AFP
XMLTRY, 53159/ (FLENI2,.0E) ifo
xteQre(NeEJaxm,? AFP
APP ot IN(1TEEN) 114
RETYEN AFP
200 CCHTINYE AFp
Cerscccccccccsacunnccosnccssecescncronncrscccccsuossstornonaconneancasnsnn AfPD
C FUNCTICN FON INTEQGPOLATION FHOM INPUTTED TAALES AFP
(eococsccaveocsnarsaversrannoncnesvanssrnessroncssnsasracssssnsavssnvase AFP
NOFPaNOFPD AFP
XuaX/FLEN AFP
AFPRTERP(OATAX ,CATAFP, XY ,NOFP) AFP
RETURN AFP
300 CNRTINUF AFD
IFLE.LT,~1,) GO 10 ago . As®
c.--------------.--.-.--o.----.----.---.-.-o..-...;.-..oo.-.,..---.....- AFO
C FUNCTION FUR USER SPECIFIFD EQUATION AFP
{oenecnccvcennnvacssmovonrsennsencenven - sase sscenasce AFP
AFPE T2Ubs,032360%2,0009%9X002 AFP
RETURN . Ysl
a00 CONTINUE ° AF®
(erornnccnenrrernosenenannerercanenecrsanenerrensvesssnncannornsesscssacass AFD
C FUNCTION FOR INTERPOLATION FROM A SET OF INPUTITED DATA AFP
c"""""""“"‘.""".."'f""'.‘.”'.".’...'.“"""."'..".. AF P
NOFPuwEe, 001 AFP
Xxex/FLEN AFP
AFPITERP (REACX,QEADFR,XX,NOFP) AFP
RETURN AbP
END AFP

12,06,38,
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FUNCTION EBR 718770 0PTey  TRACE FIN 8,247838) 03712778 12,068,881, PAGE 1

FUNCTIOV EBR(X,E,FLEN) (12 89

[4 (134 50
[4 FUNCTION TO PROVIDE Teg AXISL OUISTRIBUTION OF Tt AVERAGE NEUTRON AFP L}
4 ENERGY(MEV), SEE AFP FOP OPTIONS AND FRPLANAYION OF vANIABLES, (13 (Y]
4 ' AFP (3]
COMPON/PROFC/NOFPD,DATAX(21),0ATA7P(21),DEB4R,DTFY, AFP Su

o READYX(21),READFP(21),READEA(21),READTF(21),9E8DP(2Y) AFP 55

¢ AFP 56
1F(E) doo,200,100 LFP 57

100 CONTINUE AFP (1}
c......-..--.-.----.-.-..........-........-.-...-..--...-........-.....- AFP 59
4 FUNCTION S0P EBAN FOLLOWING & CHUPPED COSINE ®]Tn EXTRAPOLATION DI AFP 60
c..o...-.-o--.-o-----.o-.----....---.---.-.----.--.-.o.-..-.--.--o--.... AFP o1
EARICEBAR AFP 62
RETURN AFP [} }

200 CONT INUE sFP 68
(eceamccmrasccssarassacamsssaretanasseneercsoanasaasssoecsttesrasssonose As P 65
4 EUSCTILY FOR TINTERPCLATION FROM DATA TARLES AFP 66
(...............-....-.................-.-.-.-..-.........-........--... AFO %4
ERFeCEEAR AFP 68

RETUS N (12 L

300 CORTINULE : AFP 70
1F(E,LT,=1,) GO TO 400 [13.) 71
c...----.-----.-.-.....o--.o....-..-.--o..---..o--.---..-....-;‘-..-o..- AFP 72
[4 FUNCTION POR USE OF A USER SPECIFTIED EQUATION 14 73
c......-..............................-...,....,......-................. AFO 78
25N=.53)160.051!95-(112.50)-.0°u2851-(1/2.ﬂ5)002 AFP 15
RETURN . AFP T

400  COMTINUE . . AFp 77
(....-......-..-..-..-..-.-.-.-...-...............-...-.-......-.......- AFP 78
¢ FUNCTION TO INTEWXPOLATE FROM & SET OF INPUTTED DATA . AFP 79
c........-.........;..;.....-..-...--....-......-.--......-........-.... AFP 80
NCSPceEe, 008 AbP 81
xxsx/FLEN . AFP 82
ERRATERP (READX,READED, XX, NOFP) AFP 83
RETURN AFP .1

END AFP 8s
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IFCEY 369,200,100

100 CONTINUE
(=ecacsccnccecnrcnnscncccncrcsscsancecorssstrencrsrrnereassaaasensnnsaas
4 FUNCTION FOR"A CrnOPPED COSINE wlITM ENTHAPOLATION DISTANCE ¢
Corrcncvonnsccncancenncnctecrscsvossnssnvncssnonsccscasssoacannsnonevans
TFazDTH X
RETHiMh
200 COANTINUE
(recancncacscvctsnccsrmcssccascracsaracnrsssversnnonnasvasossassnasenorns
[4 FUNCTION FOR INTERPOLATION FROM A SET OF DATA VALUES
C(ecvmoreccrcccsncccnrsnaccrursanccncsovunacnccancnanntncrcatnsrencrcnsune
TFxaCiFY
RETURAN

300 COMTINUE

1F(E.LT,=1,) GO 1O w00
Crarcscscsccvronunscnanvasnssccncssconsasncvansssa cove . -
4 FUNCTION FOR USER SPECIFIED EQUATION
Comsccesccconccsnsvonsacnsrcnnansesnsssosnsssanssranne -

YFlnoYFl'

RETURN

1400 CONTINUE

c-...---..-.-----.-.I..-..-.-......-.-.-.....-....-...O..-.‘............-
[4 FUNCTION FOR INTERPOLATION FROM AN INPUTTED OATA SETY
Ceconnssrccccccncascvcnccssnncccusse L} csones

NOFPueEs, 001

XXIX/FLEN

TFXBTERP(READXyREADTF, XX ,NOFP)

RETURN

END

srp

ase
ifp
ire
sfo
AFP
L6P
AFpD

FUNCTION TFX 74778 ©Oley  TRACE FTN &, 2070388 03/712/7%

FUMNCTION TEX(Y,E,FLFN)

[ . )

[ FUNCTION TO PROVIDE TWE AXTAL DISTRISUTION OF THE RATID OF NEUTRON

[4 FLUY GREATER THAN _{MEV TO TWE TOTAL NEUTRON FLitn, SEF AFP FOR

[4 OPTTIONS aND EYPLANAYION OF VvARIABLES,

4
COMMON/PROFC/NOFPD,0ATAX(21),0ATAFP(21),0€BAP,DTF Y,
¢ READN(21),READFP(2]1),READEN(2),READTF (21),HEADP(21)

[

aFp

AF®
aFp
AP
as0
aFP
AP
AFD
AFP
AfD
arp
asp
AFP
AFp
AR D
AFPD
Y1)
AfD
AFP
AFP
AFD
aro
are
TS
AFD
AFP
AFp
AFP
AFD
AFP

12,086,449,

86
87
(1]
89
99
91
92
93
9a
95
9
97
' 9
99
100
101

&

PAGE
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Lot

19

20

30

33

FUNCTION PP - Taste 0PTey TRaCE

PIN &,207a388

FUNCTION PMP (X, F,PLEN)

FUNCTION TO PROVIDE TWE AX1AL POWER PRCFILE, SEE aFP FOR OPTIONS
AND EXPLINATION OF VARJABLES

Lo Na¥eX,

CO”"ONI’QOFC/NOf"D.DAYAI(21)polTlFﬁlll’oDEBIQ:DTF'.
. °lei(2l).qEIDV”(ZI),REIDEN(?I’.“EIDY'fll)o“Ele(ll)

[4
1F(E)Y 300,200,100
100 CONTINUE
c-..--------.-‘.--------.--..--.-oo-.--..o-o.0.--00-.--...-...--.----...
c FUNCTIOM FO@ 4 CHOPPED COSINE ®ITh EXTRAPOLATION DISTANCE [ 4
(..----.o.--.-;--.-.-.---.-..-----...--..---..-o.---..-..;o-.-...-..-.-.
pPMpE AFP(X,F,5LEN)
SETHEN :
200 CONTINUE |
c-...--o----...------.--o-..--o-------.‘...--..-o--.....-..-...o.--.-.a.
[4 FUNCTION FOR INTERPOLATIUNY FROM & SET OF DATA VALUES
c...a...-..;-..--...-.----.-.--.-....---...-o-.-...-....----...—.-.-9...
pupsg AFP(X, ¥, FLEN) - ’
eft1Lan

300 CONTINUE

IF(E.LY,=1,) GO 10 400
c-.----o--.o-.--...--.-.-.------...-.-..--.--.--o-.o....---o...vo...----
[4 FUNCTION FOR USER SPECIFIED EQUATION
C--.--.----.....-.-...-..--..---.-....b....-..--i..-.-..-........-.---.-

Prps AFPCY,E,FLEN)

RETIEN
400  CONMTINUE
c.-.---.o-.--..----.---.---.-oo..--...-.-..a.-¢oo-.o.o.-......-.-.-...-.
(4 FUNCTION FOR INTERPOLATION FRORX & SEY OF INPUTIED DATA
Crovaccevncccvennunccanovassncscnce

NOFPeeEe, 001

XXSX/FLEN

PFPI!ERP(Rtlb!,ﬂtlDP,lx,NOF?)

RETURN

END

arp

Akp
app
afFp
aFe
AFD
Ase
AFp
aFp
Afp
Afp
ifp
s
Afp
AFP
AFp

AFP

AfP
)
AP
AFP
AP
AFP
AfD
AP
Afp
iFp
AF P
AFP
Afo
irp
AP
iFp
AFP
AFP
AFp
Afp

03712/7% 12,008,008,

120
12%
126
127

128

129
130

131

132
133
134
138
136
137
138
139
140
144
162
143
tea
1us
148
147
148
149
150
151
152
153
158
155
156
ts?
158
159
160

PAGE
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¢

10

15

20

23

3

a5

40

45

50

55

SUBROUTINE CDELD 74774  OPT=l  TRACE FIN -4,2474351

SUBROUTINE COELD

COELD COMPUTES THE CLADDING DIMENSIONAL CHANGES OUE TO THERMAL
EXPANSION AND IRRADIATION INDUCED SWELLING.

VARIABLES DEFINED IN CDELD
DELTAD(J) -PERCENT CLADOING SWELLING
DPSWEL (J) =OUTER CLADDING RADIUS (HOTY
RISWEL (J) ~INNER CLADDING RADIUS (HOT)

OO AOOO

REAL XRFIL
CCOMMON/INPT/FLENSESFDoVOIDDP s CToPMoCMF 4 CPoHF o HG o CX o T o TBy TEMP2
1 DENLOSDFNHISTDoNISHePUU2I= 9 SEGNUNMSPRBUEFPD9STEPSe2)922+2

3 COPOMIFNGFPMoEPLWXEF TLyKRF IL s ALPHAOyALPHAS

JYMCOO0 s YMODSPNUSPFLUX+ TMSWCeEXTERP y ITABL+ITAR2+1TABIIITARL,
SGTTINCR(10) +PRATIO(10) +CRATIC(1I0)

L COVMON/RAX/RORMeRO2 ¢ PH24RIDPIRAPIRC2oNSEGIDELR« TMTM I NSEGM] s HIGHT
1 FU2AS,FUR3BFPUNEFRARPTERML WPTIZPIT2

CRO10) o X(22) +PEX(22) «RBX{P2) +RCX(22) 9RESAV{22) +RESAV(22) s RMLT (22) o
SRROSO(22) s

3P (22) ¢HGP(22) sRT (106221 9CLODT(22) +CLINT (2212 TCOOL (22)9TC(22) 0
GTCLI(22)+TEGI(22)9TCA(22)

SRISWEL (22) o DELTAN(22) +NPSHEL (22) s DFSWEL (22) 9 COLDGP (22} s
6VFGR(3422) s VFGH22) s TVFGR(Z2) 2 TOTFGReVSGoVWVIVOFGePLENP s PGRIEPY
TRETFG(22) 2 VFGD(22) « VFGRD(3922) 4 VFG1(22)
BSTI(?22)9SZ1(22)4STRST(22)sSTO(22)+S20(22)+STRSO(22)

GFLUENC(22) «FLUNCEI(22) +BU(22)9BUT(22)

COMMON/PAPCOM/

® HOLyHG2 s HGI o HGL AL 9823 AVeRX1 4ROK<RGISRGLyRXSsRGHIRGT

e FYUSXsFYUSKeFYUSIFYUBXsFYURKsFYLIB+FYPUXFYPUKsFYPUy

¢ CSH2354CSU2IBCSPUSEUZISEUZIZ+EPUIELGAMA,

e FOLIFG2eFGIoFGLeFGSeFGOsFGToFGBFRIFR2sFRI,

¢ CK)IeCK2eYEOQIYESIYMODFOeYMOUFSoFKY oFK24FKIsFKD+FALFOLFALFT

oo

c-;.----------;-------------~------ -------- cmmcccnnnes

€ COMPUTE THE CLADDING AVERAGE TENPERAYUPE AND THERMAL EXPANSION

(recermcvecenncrcoacnncennnrcrcccaransvrcecanana
DO 20 JU=1sNSEG
CLMYC-(CLODT(J)OCLIDT(J))/Z 0
DELTAT=CLMTC-20.0
ALPHA=ALPHAD+ AL PHASSCIMTC

IF(FLUENC(J).LT.100,.) GO-TO 10

Cormmmemca oo ne e —ecaccsa o mm———

c _ COMPUYTE THE CLADDIMG IRRADIATION SWELLINGsPERCENT

Creseccccacocnccecenanccccensnensan
Co® CONVFRT CLADDING MIDWALL TEMP TO XKELVIN
CLMTX=CLMTC+273,
TTRAN=THSWC+,00001
GO TO (1+293)s1TQAN

REFERENCE -~ HEDL-TME T71-~139

-0 0n

ALF=CLMTC-348,
A2 20~ 0ALF~] S4E-SPALF2242,65E-80A Fee)

CNELD
COELD
CDELD
CDELD
CNELD
COELD
CDELD
COELD
CDELD
CNELD
comM
Com
coM
CoM
CcoM
con .
com
coM
ComM
(o]
comM
CoM
cou
cov
(o] ]
coM
comM
CoM
coM
CoM
COoM
coM
com
coM
coM
coM
COELD
COELD
CDELOD
CDELD
CDELD
CNELD
COELD
CDELD
CDELD
CDELD
CDELD
CNELD
CDELD
CDELD
CRELD
cneLo
CDELD
CDELD
CRELD
COELD
CDELD

i/

04710775 07.57.26.

e
VENOPONPIPWUN=OODBNITNEWN
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O

60

65

70

75

a0

85

90

SUBROUTINE COELD = 74774 OPT=1  TRACE

2PIOOO Nnnof

FTIN 402474351

PONET=0,R72¢2,98E~32CLMTC

CEl.+EXP{0.1%(CLMTC-480,.))
DELTAD(J)ioELTAD(J)OA“((FLUENC(J)’l.E*Z?)"PONET-((FLUENC(J)
o =FLUNCI(J))®]1.E~22)%4PONET) o o2 & (EXP(=1.12E=-22%{(FLUENC(J))
¢ =FLUNCI(I))=EXP (- -1.12E=229FLUENC(J}))/C

REFERENCE == HEDL~TME.71-139

COEF3=10.
GO TO 4

COEF331, .
A = .05“(CLMTC-600 )
R = ,062(CLMTC=660,)

098 (CLMTC=-340,)
D = 058 (CLMTC~4T75,) _
PONET=(2.+3.%EXP (D)) /(1. +EXP (D))
COEF1=EXP(C) /(1. +EXP(C))
.COEF2=COEFJ3e (., 002/ (1., +EXP(A))+,006/(1.+EXPB)))
DELTAO(J)“DELTAD(J)°COFFI°COEF2/3o¢((FLUENC(J)’loE-ZZ)"PONET-
. l(FLUENC(J)-FLUNCI(J))’l E=22)22PONET)
C
10 _CONTINUE

04710775 07.57.26.

CDELD
CDELD
CDELD

CDELD -

CDELD
CDELD
COELD
CDELD
CDELD
CDELD
CDELD
CDELD
CDELD
CNELD
CDELD
CNELD
CDELD
CDELD
CDELD
COELD
CDELD
COELD
CDELD

CDELD
COELD

Covermremmnmemsnerene—x S

C COMPUTE THE CLADDING DIMENSIONAL CHANGES

COELD
 CDELD

C------ ............................. -—em
DPSHEL(J[=DP¢ S'(l v+« 01#DELTAD(J) )2 (1. +ALPHASDELTAT)
RISWEL(JYSRIDP/2¢%(1.04.0120ELTAD(J) )2 (1.0¢ALPHARDELTAT)
20 CONTINUE
¢
RETURN
END

CDELD
COELD
CDELD
CDELD
CDELD
COELD
CDELD

34
kL
36
37
38
39

40

41
42
43
44
45
46
47
48

PAGE
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SUBROUTINE STRUCY Ya/%  0PYey  YRACE

e X aXalaXaXaXaRaNaRaRaly e

v
'

anoon

4

PIN 4,26743%). 03732775
SUBROGUTINE STRUCT(SLOYC, SHUTH,J,18aV) STRUCT
sTRUCY
STRUCT 15 USED TO DETERMINE TWe LOCATION (RADIAL G!YtNV) 0f FUEL sTPUCT
HICEOSTAUCTUNE CrARACTERISTICS, sreucy
s$1ouCT
VARIARLES DEFINFL IN STRUCT ‘ sTauCY
1C6(d) eTuE TEWPERATURE USED TO LOCATE THE EXRTENT OF AL
COLUMNAR GHAIN GROWTM stauct
TEG(S) eTHg TEMPERATURE USED TO LOCATE TwF EXTENT OF STRUCT
ENQUIAXED GRAIN GHOWTH S1RLCT
RBA(J). eTHE TRADIAL EXTENT OF COLUMNAR GhAIN GNOWTW STRUCT
REX(J) wTnE RADTAL EXTENT OF EUNTAXED GRAIN GAO=TH STRLCT
LIS END] e TrE CENTRAL YOID WAQTUS FURMFD ON DENSIFICATION STRUCY
. sTRYCT
FEAL W&FIL . coM
COMYLS/INPT/FLEN,E,F), v0IC,0P CT,PH,CHF,CF,HF,HG,CK,T1,TH,TEMP2,  COM
1 DENLC,DENMT,T0,0T84,PU, 235, SEG% Y, PUU,EFPD,STEPS,21,22,13, oM
Y CCPGH,FN,PPH LB, XFFIL ,mRFIL,ALPHAO,4LPHAS, com
3YFOP0,YMOCS,PNU, PFLUX, THSWC,EXTERP, 1TABY,1TA82,1T4R%,1T4040, coM
QTIIMCP(10),PRATIO(10),LRATINC(10) com
COMMON/RRY/RO,HY ,PO2,PF2,0ICP,PRP?,RC2,NSEG,DELN, TMTM, NSEGH] ,NIGNT, CU™
| Fuls,Fu2sy, '9U.!FRAQ PLERmY, P, P12, . ton
?*(10).1(2?).9‘1(22).ﬂ“l(22) HCI(22).uHSAv(ZI).“tsAV(227.NﬂLY(ZZ)o [9VL]
twRGSG(22), cox
IP(22).,MGPI22),1T (10, ?2),(Lon¥(22),tL10Yr??).YCOOLleP)'Yflzz), com
STCL(22),TEG(22),7CG(22), com
SRISWEL(22), PELIAD(ZZ)-DPSIEL(22)rOFSuiL(22)oC0LOG’(’?). com
OVFGR(3,22),VFG(22),TVFGR(22),TUTFGR,vSG,vwV,V0FG,PLENP,PGR,EPY, com
7u:vrc(eZ).vrch(>?).thﬂo(}.?a).Vtcx(z?). © o coM
BST1(22),521022),3TR81(22),810(22),820022),3TRS0(22), comM
QFLUENC(22) . FLUNCT(22),%11€22),8ul(22) com
com
COMMGN/PARCOU/ cox
e MG, H02,MGY, M50, 81,82,83,RCY,R02,8063,R16,RGS,RGH,RCT, co™
¢ FYUSK,FYUSH,FYUS,BYURX,FYURK,FYUA,FYPUY, !vvul,rvnu, com
e CSU2VS,CU230,C5PU,EU21S,EU238,EPU,ELGANA, cox
¢ FG1,FG2,FGY,FGa,FGS,FGO,FGT,FGA,FR],FR2,FRY, ) cox
. cu\,cu?,veo,vzs,vnooro.vvoors,rxl.ruz,rns.ruo.raLro,raLrt com
. . tom
) (4]
® ® v B e e e e e M e e E e % e e e E e R e e 8 8 ® "R e e ea STRUCY
EVALUATE THE COLUMNAR AND EQUTAXED CRAIN GROaTM TEMPERATURES STRUCT
P R I I R N I i O R N R O L N TS Y ) SIRUCY
isd stayuc?y
TCO(JIRFRI=FRIO () srauct
IFLTR.GT,N,0) YCG(JIaTh STRULY
TEG(J)eFay sTeyuct
JIF(TEPR,GT,0,0) TEG(J)ITENRY STRUCY
Cevmsnccnvrcnncscansvracssosncnncscsnvasrsacssensestonvenanscasvsonanasans JTRYCYT
CALCULATE TwE RANIUS OF THE EQUIAXED GRAIN GROWTW ZONE STRUCT
Covesprracruenrcscnnttonarssssrnssnsauncassasve ascee cones $TPYUCT
RExAM STRUCT
IF(TCLd), L1 TEG(J)) GO Y0 10 STRUCY
SLOTESS(TEG(I),1) = SLOTC STRYUCY
RESRFIND(SLOTE/PTERM],KO,RNM) STRUCT
1F(RESavV(J) LE,RM) GO TO 20 STRUCT
1F{PELLT REBAV(J)) RES RESAV(J) sYRUCY

IZ.OG.S!.
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Sot

40

[}

70

15

80

(1]

SUBROUTINE STRUCT 7a/7a° OPYef ' 1RACE

" FIN 8,2070358 03742775
20 PESREWRE * STRUCT
‘. (eovercrscccvoccossnsssnanssvssnsncne .- STRUCY
C CALCULATE THE COLUNNAR GHAIN GROWTH nAo!us s R STRUCT
c-......--.-..-......-...................-.. S10UCY -
RA3RM SYRUCT - -
IF(TCL{JI LT, IC6CJ)) GO TO so STRUCY
SHCTHESTICG(1), 1) o stayce
SLTINTAZA=OTR=5L0T0 staccy
SHOTL2S(TCG(JY,2) STRUCT
RUEAFIND(SLTOTE/PYLANE , RO, RM) sTRUCY
30 1F(RBSAV(JI,LE.KM) GO 10 60O , : . STRUCT
IF(RELLT, RESAVIJ)) GO TO 4o . . STRUCY
RAIRESAV(]) STRUCT
X151(¢, s-uoz-.s-na-oz-anz-ALoc(vo/na)).91£nnlosuoro.t) sTauCY
§-0TaxS(xT8,2) staucy
a0 R523%5: 80 $1QuCT
RC B SCAT(SAR = (0&\;0/0k\~!)~(nez-ouz) ) STRUCT
K02 8 PI t-Z STRLAT
4 : $TRUCT
4 SAVE ThE VALUES CCMPUTED ¥OR RB,RC o AND RE stauct
4 . svaucy
. REX(]) s RE L10uCY
RBX(1) = &8 $ToULCY
KEX(l) s RC $10uCT
IF(1S5av ,NELL) 6O TO SO stauct
RASAV(JI2RB sTauct
KESAV(JIsRE STRUCT
50 RETURN STRUCT
END 8TAUCY

12,06,53.

38
3s
36
37
L3n
39
uo
al
642
[} )
1
qas
ae
ar
Q8
e
50
51
52
53
sa
sS
b1
57
LY
59
(1]
(1]
62
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PROGRAM SIFX 14/77¢  OPImt TRACE - FTh a,20743%) 03712/s7% 12,06,%%, PAGE 1

PROGRAY SIEX(IMPUT,OUTPUT,TAPESEINPUT,TAPESIOUTAUT) ’ S1EX 2
c Sifx 3
[4¢ SIEX CUNTIUL ROUTINE-aCONTROLS SUANOUTINE CALL SEQUENCE AND SIFX 4
[4 INCREMENTS TIME ,BURNUP,AND FLUENCE, SiFx L]
s 4 . SIFX [}
[ VARTABLES DEFINED IN SIEXe SIfx 7
4 EFep =ELAPSED TIME,FFFECTIVE PyLL POaEN Oars S1EN 8
C. Py wPEAR PIN PQOwfE® ,dATTS/CH S1Fa L}
C CrF «CNOLANT MASS FLfOa KATE,Gr/SEC SiEx 10
1) (4 P8y «PFAY AUQLUP ,wwD/uTw . SIEN 1t
4 aytlly eSFGUENT RUKNUPR,“aN/vw s1rx . 12
[4 ALl SSFGYENT BURNUP INCHEMENT ,MaD/MTM Sifx 13
4 FLUENC(]) «SEGHENT FLUENCE ,NEUTRONS/CHee? SIEx 1a
X [4 FLUENCTI(1)=SEGUENT FLUENCE INCREMENT, NEUTHONS/CHas2 S1FX 1%
18 C L8 8) «SFGYUENT FORER, WwATTS /(™ S1EX 1o
c ) : S1Ex 17
PEAL XRFIL ) com 2
t(‘""(“-/!h“f/fLEN.F.FD,VOID.D".tY.’F.("F.t’-"F.NGoC'(.”.'B.""’Z. CoM 3
1 NENLA, NENAT, TO,O15%,FU, U235, 3E0GRM, PR, EFPN, STEVS, 21,22,28, com a
20 3 CCPOL™, PN PPu EPL, XEFTL,KUF L, AL P A0, AL PNAS, com S
. 3YMONQ, Y00S5, PNU, PFLUY, TVSHC,EXTERP, ITanl,11482,1T4R%,1T00e, co .
ATTINCH(10),PuaTIU(10),CRAT0(10) con 7
COMMON/RABXN/RY,RM,RD2,RH2,RIDP,NR?,RC2,NSEG,DELR, TNTV, NS!G"!.N!GN'. con . [
1 FU2IS,FU23IA,FPL,EFRAR,PTERYY,PT,PIT?, com Q
25 24030),X022),952022),4PX(22),4CK(22),R54v(22),RFS4V(22), ~"L7(22)o com 10
: © O OERRUSQ(22), cov ' 1!
Jp(e2y,=np (), H!(lo.ze).CLonv(2?).CLID‘(22).1(00L(22).1C(22). Com 12
QTICLE22), TEGIR2),1CG(R22), com 13
. : © RRISWEL(22),NFLTAN(22),CPSmEL(22),NFSNREL(22),C0LDGP(22), co~ 18
30 - . OVFGR(Y,22),¥FG(22),TYFGR(22),T0TFGR,YSG,vwY,VOFG,PLENP,PGR,EPY, Cow 1%
' THETFG(22),VFGN(22),¥FGRD(3,22),vFGRE(22), cov 18
8ST1022),521122),51H81€22),810(22),820(22),8TRS0(22), con 17
. QFLUENC(22),FLUNCT22),811022),BU1(22) cou 18
[4 : cum 19
3s - COMMCN/PAR(CAMY com 20
- ¢ HG1,MG2,H6Y,HGU,81,42,43,861,PR2,kGY,PG4,R65,RGa,RGT, coM 21
¢ FYUSX, FYUSE, FYUS,FYUBY  FYURR FYUR, FYPLX, FYPUK,FYPY, COnm . 22
¢ CSUR39,C5U238,05Pu, kU235, EU238,EPL,ELLAMA, (L] 23
. ¢ FG1,FG2,F03,°Gu,FGS5,FGe,*GY,FGA,FR],FrP,Fu}, o Cou 24
1] v ’ * Cxq,Ce2,YE0,YES,YNODFC,YMONFS,Fry , Fud, Ful, FuD,FALFO,"aALFY cow © 28
[4 com 26
[4 cew 27
c LA L I A L R L D L I L LI L P LT L L PR P Y TR T R TP L YT O S A 19
[4 | {3 4VR i SIEX 20
‘s t G A RN ae RN NN TR esCsr ARSI sssRaCSsTstoanstTataesnsancaonevesnosas SIF ] . 2]
10 CaLL Iwmyr . S1Ex 22
[ 4 L R T T ey - S1€Fx 23
< TIME INCREMENY CONTRQOL oo INCREMENT TIME,PLUENCE,AND BUSNUP SiEx P4
[4 ceccecsesnvrcovssescssusan - o QI€EN - 2% .

s0 [ 4 it 26 - R
PBUS0,0 . SIEX 27
BUPATZ0,0 S1Ex 28
SECINCEN 0 . (313 29
o ISTEP=AMAX|(ABS(STEPS)+1,,2,) SIEN 30
S ' 00 80 nay,ISTEP SIEX 31
: IF (x,EQ,1) EFPDR0,0 $1€x 32
IF (X, EQ,1) GO TO 20 SIEX 33



L0l

O

80

3

70

75

s

990

93

100

ies

118

PROGRAM SIEX

20

. 1]
4
4
4
¢
C
¢
¢
4
L
c
<
4
a0
C
4
c
S0
c
¢
C
(4
4
c -
. 60
C
c
c
70

PROGG AN SIEX

a0

PPU 3 PAuePv oFLENaTIINCA(<®1) Z(TNTMO) EO)e(EFRAQ/(LFRANSELGAMAY)) SIEX
SECINCRTIINCR(M=])er buCu ) SIfX
BURAT = PH oFLEN oT1[+CA(K=1) /(THTMal Eb)e (ZFBAQ/(EFBARCLLGAMA)) SIFX
0O 30 Jui,NSEC SIEX
BUL(JIZBURAT «PMP (X (J),E,FLEN) s1ex
IF (% ,EG,1) AuI(J)»e0, SIEnr .
1F(x.EC,2) ALIC(])sBUl(JY=00, SI1EX
BU(JI®HU(J)eRULTI D) SI1EX
FLUNCTI(JIBPFLUXQSECINCOAFP(X(J),E,FLEN) SI1EX
FLUENC(J)RFLUENC (J)eFLUNCT (D) $iPx
PLJ)zPMaPUP (X (JY,E,FLEN) SI1Ex
CONTINVE ) siex
LR R R L T R P L P Y Y Y L L LT Y TR LY Y YL T Y T A S 2
CLACOTING TEMPERATUSE CALCULATIONS P s ’ S1Ex
F e TR e E et E PR C R TR RS AT P eeaE Y rEsTACeESeRcvsRRTaasonsnasase S]F X
CaLL CSINTA . . L3134
B PN IR E I NP e NI P RN P SR YR ORI INTOPNCE PPN RaeRR TR RPPasROnaveen ]7
CLADDING DEFOVMATIUNSewTHERMAL EXPANSION AND IRRADIATION SwELLING SIEX
e N L LT LTI T YT T YN L PPy P P PP TP YT Y Y Y Y Y Y TR S L 4
caLL CHFLD . s$1ex
1F (174B1,£Q,0) GO 70 w0 SIEx
IF (17aR2,26Nn,0) GO YO o S1Ex
1F (1TaB3,E7,0) G TQO o SIEX
seceerarrtnuranvesteccsnrdrenrrcrcsorrenrlCssRnansenoasaroncascess SIEX
PUEL = CLICOING HEAT TRANSFER COEFFICIENY ) SIEX
B T T LT T LY T P T P P R P Y PR SIS LY T L R
CALL MGAP SI1EX
cesscescsnraretscertnanrcrcssnTsssn s rcanEstentonr e sssaneannnesse STEX
FUEL TEMPERATURE CALCULATINNS . Si1gx
.-.-.----~-.------------y-----o--..--....o----.---f-o.--.--.--o-o- sx[x
CALL FSINTKR (1) $1Ex
1F (1T4R2.6C,0) GO 7O 50 SItx
B L D L LR T T e Y L L L L L L T LY TP P S LA |
FLEL CIMEr UL CHeNGES ¢ §ifx
LR L R e R L L e L DL D R R L R R L e L L R L T S1€x
Catl FLFLS 1) SiEx
IF (1TA41,.EQ,0) GO TO &0 SIEX
eeerascrrvsaprsePrer oo orra e raneReseseasEneSsesnvencassnanenceme X
FISSION GAS WELFASE ANC FORMATION $1¢x
T T T A T T T Ty Py 31 2 1
caLL Flscas ) S1Ex
E R e A L L L PR Y TR L W 4
FLENUPF ERESSONE o 1y
L R R T Y T Y A YL T B ]
{aLL PPRES S1Fx
1F (17a8¢,£0,0) GO 10 70 $1ex
L Ry T P P T Y Y Y Y PP PR Y P P LR PR L Y LY O B 2
ELASTYIC STRESS CALCULATIONS SIEX
meecswmesrremesmeccctesnrresCedncererrerTsARercnernannaenasnssseave SIEX
CALL ST9ESS SIFX
1F(K,EQ,1 ,AND,ABS(STEPS) ,LE,0,0) GO TO 80 S1EX

© CALL QurPut $1Ex

14776 0°Vey TRACE PIN G 2678381 03/12/75
~ SIExX
015 16 st

74774 0P ey TRACE FIN 0,2¢703%) 03/12/7%
IF (0,GT,1) CHMFaC™FeCRAT]IO(RwE) SifFx
IF (x,GT,1) PMEPMPRATIO(Xet) S1fx
IF (n,GT,1) EFPPIEFPDeTIINCR(KeY) t1Ex
IF (% ,G1,?) PYSPM/PRATIO(X=2) . Si1fx
IF (R, 06Y,2) CYFeCHF/CRAT]IO(R=2) SIfFX

12,00.55,

34
3s
36
37
3e
39
an
4y
u?
43
4a.
as
as
ar
ae
(1)

12,06.55,

9
92
9

" pace

PAGE,

F)

3

<\



80l

10

1%

20
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30

33
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S0

53

SUBROUTINE WGAP - 74774 0PTay TRACE

oOOonNn

LN oY NaKaXaXaXa¥aXaRaNaRakallal

10

FIN 0,20743%1 | 0371277%
SUBROLITINE HGAP “GAP
H“GAP
HGAP
SUBPCUTINE MGAP CaLCULATES AN EFFECTIVE FutleCLaD GAP CONDUCTANCE wGAP
whiCh IS DEPENDENT ON TRE MOT GAP®S NI0OTH AND (4S8 COnPOSITION HGAP
HGapP
ese GLOS3ARY ses “GAP
RISWEL(I)e VECTOR OF DEFQRrED INNFR CLADDING RaB]] HGAP
CLIDT(L) = VECTON OF INNEP CLACOING TEPERATURES HGAP
GUOL (1) = PRACTINN CF HELIUM IN PLENUY GAS LIXYd
G™0L (2) = FRACTION UF XENCV IN PLENUM GAS nGaP
C“0L(3) =« FRACTION CF KRIPTON IM PLENUM GAS KGAP
TPOL . = TOUTAL MOLES OF GAS IN THE PLENU® AREA HGAP
OFSWEL(J)= VECTOR CF DEFOPMEL FUEL RaNII "GP
HGAP
HGAP
DIMENSION GMn(S),HSAVI(22) ’ HGAP
. LOGICAL 160 oo HGAP
COMMON/HCOM/8(S,3),6M0L(S),FENF,E~C ’ wGAP
WESL XFF]IL . . com
COMMCE/ZINPTZFLENE,FO,VII0,0P,CT,Pm (B (P, M5, uG,CK,TL,T0,TErP2, ron
1 DERLO,DENMT,TO,0I8M,20,U238,3LGNIM, PAU,EFPD,STERPS,21,22,23, Cum
3 CCPGM FN,PPM EPL,XEFTL ,RRFTL,ALPHI0, A LPHAS, cow
3YMODC, YHODS,PNU,PFLUX, THSWC,EXTERP, TTABN,1TAB2,1TABY,1TA84, (4L ]
GITIINCR(10),PRATIO(10),CRATIOC(IM) Com
COMFON/RRX /PO, KM, R0, A2 , RIOP,NR2,RE2,NIEG,NELR, THTM NSECH],HIGHT, COM
1 FURIS,FLRIR,FPU,SFBAR,PTIERYY,P]I,P1TY, cov
2W1C),2(22) ,RFR(22),520(22),RCX(22),RRS4V(22),RESAV(22),R¥ T (22), (oM
$+308Ct22), com
3P(22)em3P(22),RT(10,22),CL00T(22),CL 10T (22),TC00L(22),7CC22), com
GTCL(22),TEG(R2),TL6(22), ’ Cow
SRISWEL(22),0ELTAJ(22),0PSwEL(22),0F3EL(22),C0L0CP(22), coM
bVFGR(Y,22),VFL(22),TVFGR(22),T01FGR,¥8C, vV, vOFG,PLENP,PCR,EPY, CoM
TRETFG(22) . VFGN{22),VFGRD(Y,22),VFG](22), com
8STI(22),821(22),8TRS1(22),81C(22),520(22),8TRS0D(22), com
QFLUENC(22),FLUNCI(22),8U(22),Bul(22) Con
cov
COPMON/PARCOVY/ Co™
o MG, MG2,MGY,4GU,01,A2,83,PG1,RG2,RG3,RG4,R65,RGH,RCT, com
@ FYUSK,FYUSK, FY'US FYURK, FYLRAX ,FYUR, FYPUX,FYPUK,FYPU, com
e £S1123%,L8U238,C8PU,EU235,EU230,EPU,ELGAMA, . COm
. 'Gl.'GZ,IG!,FGG.FGS,'GO.FG7.FGG."!I.'ll.?ﬂ). coM
¢ CRY1,Cn2,YEQ,YES,YMODFO,YRODFS,FnL,Frd,Fud,FuD,FatfO,PaLfFY com
coM
COm
HeAP
- OATA STATEMENTS rGAP
] HG AP
DATA Grwsu,,131,3,83,7,14,,39,%/ HGaP
DATS 1T ,NGAS/S50,97 HoaP
111300 , HGAP
CALL FSINTR tO) HG AP
CaLL FISGAS (0) HGaAP
CALL PPRES : HGAP
CaLL FOELD (0) HGapP
) HeAP
® ® ® 0 e e EEe S e EE® e e e 00 esseseeenee HNGAP

12,06,%%,
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601

SUBRQUTTINE mGap tas/%u 0Py TRACE FIn 4,207435% 03/12/,75  12,08,89, PAGE 2

c CALCULATE COMPOSITION CF GaS PHESENT IN GAP “GAP 36
[ ® ® ® e e N ® e e e e e e e e e e e 0 e e e e oo ecaa HGAP 3s
(14 c HGAP 3
TM0LE0,0 o “iap 37
T . DD 20 Ta1,NGAS - ) ' HGaP 38

20 TMOLzTvOLeGMCL(T) ) HGAP 39 ' °
. mBRaR=zC,0 . “GAP “o -
1] .. 00 30 Ist,mnGAS = HGAP : al
. "BANIREARSGMOL(T)eCMN(]) . MGaAP e
30 GM0L (1)=GMOL(T)/ZTHOL . KGAP ey
WBASZRPAR/THOL HEAP - T}
wT3T120,0 : mGAP 3]
70 [ ® ® ® o e % 8 ®m e s M e O P 8 S % e S e 00 e e s e s 08 8o “GAP an
[4 DETERYINE InERMAL EFFECTS OF FUEL AND CLAD SURFACFS (JuvP DISTANCE ~GaP “7
[4 ® ® e @ m e e ® e 8 " S O L e s ® e E S 606 e e e e s e e MGAP a8
4 . ' MG AP ’ [1]
COEF = 4] +» EXP(«(ALOG(%NOAR)e A2)0e2 /A3) HGAP 50
78 PRMXZPLENPL1013521, HGAP 51
. ' X113(2,«C0EF)/CNEF . HGAP 52
[ 4 ® » ® o wm e » 0o ® o o o0 d oo e s o0 e e e o e ve e o e e e HGAP P )
¢ LOOP TwPy a1 SEGMENTS YO COMPUTE & PUEL TO CLADDING MEAT TRANSFER wGaP | Sa
4 COESFICTIENT ) . HGAP 59
80 [< *» % 5 = 8 e ® e e e OO N e E O O N e OO e PN 0 e s e e MLAP 11}
0070 Jm,NSEG HLAP 57
TsRY (L, ) HGAP 58
Q0 THARE ,Sa(T+CLIOT(I)) HGAp : 59
XKMIxsCONMIA(TBAR,GHOL) . HGAP 60
[1} TRARETHARG2TS, HGAP ot
. GVALSX ] oXaM]Xa1323, »SQRT(TOARCNBAR) /PR X ~GAP 62
c . : WGP 63
[ " ® * D e e e m NS P ® e w e W e e e " 806 e e e e a0 e HGAP (Y]
C DEVERMINE K0T GAP wICTHe IF CLOSURE OCCURS, CALCULATE INTERFACIAL wCaP (31
90 4 PRESSUNE HGAP (1)
. 4 *» % e ®w e 6 e ® 6 S e e e e e T D B e ® e e e e e e w e e e NP 7
¢ , MG AP 68
N pPCaPrPRAMY MGAP X
: GAPBKISWFL(J)eDFSWEL () . HGAP 70
(1] . 1 (GAP,GY,0,0) GO YO SO HGAP "
. ¢ ‘ HGAP 12
XR1SCPSnEL(J)oe2eRISHEL(J) 002 . WGP 73
TNRPE[FSWEL(J)ee2aHCX ()00 . HGAP 78
YIELOEYFQoYESe(CLIDT(J)=555,) HGAP 15
100 EC . =Y40DG «¥YN0DS oCLIDT(Y) MGAP . 76
" EF  =YMODFOeYMODFSeT ' MG AP . A/
1F(GIP LE,0,0) PLAPZPGAPO(ECoABI(CAP)I/RISREL(J)e2,0(EXTERP MGAP 78
SeDPSHEL (J)ea2/XRYPLENPAOFSWEL(J)0020EC/(XR2eEF)))/(PNY HGAP 79
. Co(RISALL (J)er2¢DPRaFL (U)o e2)/XR 0 ((0F3nEL(J)0R2eRCX(J)0e2)/XRY HGAP 80
108 © e=PNUYeEC/EF) HECAP 81
' PHAXZ(YTELDaXRI42 oEXTERPOOPSNEL (J)e02)/(RISnEL(JI2024DPSNEL(J) 002 HGAP 82
*) HGAP (3]
1F (PGAP GT,PHAX) PGAPaPMAX . HGAP 8a
(4 . . HGAP .13
110 S0 CONTINMUE HGAP (1Y
4 THE FACTORS MGX AND MGXX SIMULATE TME PLASTIC aND TIME OEPENDENT HGAP 87
[ DEFORMATION OF THE SUPFACE ROUGHNESS, THESE FACTORS MavE BEEN HGAP (1]
4 USED FOR CORRELATION OF THME GaP CONOUCTANCE CALCULATION, KGAP 89
HGXBEXP (HG24PGAP) KGAP 1]

¢



otl

115

120

12%

130

13¢

100

150

149

183

SUBROUTINE HGAP

[ XaXaXala

(s XaXsXaKa

60

(s NaRaNala K2

L1y
¢

100

78/73  (PTsy TReCE

MEXX & EXP(«EFPNenGa) )
IFLHGXX LT ~GX) MOXRMGXX
EPSeHGLemGX o GVAL

BTN 4,2078358

03712775 12,06,%9,

HGAP
HGAP
“GaP
MMGAP
LI

DPEN GAP=«CALCULATE GAP CONDUCTANCE BY CLASSICAL THEO?Y OF GA3 ™IX HGaP

TChxs¥
INCZCLINT(J)e273,
IXFuTe27y,

HRAD 3 S,67Ee12 ¢ (TXFee24TKCe02) & (TRF4TKL) 7 (1./EMFo

¢ (OFSAEL(JI/RISFEL(J))o(1,7EnCml,))
HGASIXKMIL/ (AMAXL(GAP,0,0)eEPS)
»8e0,0

IF(GAP,GT,0,0) GO YO &0

. ® ® e e e e e e % P P T S 8O % PR SR > e a8 e
CLOSED GAP =o TEMPERATURE CROP ACCHOSS FUEFL CLADDING INTERFACE IS5
ROSS anD STOUT

CALCULATE KBY 4 METRCD STMULAR TD ThAT PROPOSED AY

XREB(S(TeS,,1)=5(TeS,,1))/10,

xrLElx

IF(CREN, 0, 0) 24CeCx]oln2eCLIDT(Y)

XNPE2  aXUF e XRC/(XXFeXR()

HSThG3oXKMa (PGAP=PRMX) /YIELD

WGP (J)BHGES ¢ HS o HRAD

TECLIDT (I aP (17 (RGP () 06,2032+ 18WELCSY)
JF (4MS(TeTCrMN),6T,10,) GO 10 w0

CONTINLF )

CALCLLATIL G2P COVDUCTANIE COMERGENCE CRITERIS

ITT30ITT3e)

1F (1773,67,25) GO YO °0

160z, FaLSE,

oD R Jry,NcER

1€ (A0S MR (J)ahSAVI(IN) /NGB Y, AT, ,01) TGOS, TPUE,
Frovs,s .

17 CiTrs, s ,000 FalTe

P30 sl LB ACT e (RGP (Y a5 ()
hSav1L])134G0(d)

COMNTINUE )

1F (150) 5¢ 10 1¢

LA A

PETTECE,1CCY

BETHS N

FOSMAT (» NMGAP WAY FAILED TD COMVERGE N 2% IYTERATIONS®)

END

HGAF
HGaP
HGAP
GAP
“wGAD
“CaP
“GAP
HGAY
HGaP
HGaP
“GaAP
HGaAP
nGAP
HiLaP
HGar
nGAP
L IAYY
nGAP
HGAP
HGAP
HGAP
HGAP
“GaP
AP

KG AP ~Qﬂf

HiaAP
HGLP
HGAP
HGAP
MG AP

KGAP

WG LF
K3:P
AP
“iep
HGaw
st
HGAP
HGAP
“GaP
Gk
“o AR
M AT
HGAP
LI
HGAP

91
92
93
94
95
9
L X}
Qe
99
100
109
toe
103
104
105
106
107
108
100
110
111
112
113
114
115
116
117
118
110

L 120
-t1ed

122
123
124
125
126
127
128
129
132
13
132
153
130
136
136
1y
PR
139
1490
14y
142
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SURROUTINE INPUT T4/74

[a X o)

35

a0

as

50

55

o0 o

L R N N

P

-
n

1 1CE

Le

SUBRQUTINE INOUY
CIMENSTION C(SY)
ECUTVALENCE (C(1),FLEN)

£Th 5.2070351.

COMMON/PEOFC/NCFPO, DATAX(2)),DATAFO(21),CELAR,DTF X,

COYMON/ZALFAZALFA(YW),IFTIRST
REAL «RF .

COMMON/INPT/FLEN,F,FO, V01D, NP, CT,PM,CnF,CP,HF, G, 0%, 11,10, TENP2,

4 PEALX(21), 0L ADFF (1), READER(D1),9ELDTH(21),READP(2])

1 DENLO,DENNT,TO,0ISH,PU,U235,3E06NUM,PRY,EFPD,STFPS,21,22,23,

3 CCPGM,FN,PPM,EDL ,XEFIL,KRFIL,ALPMaD,ALPNAS,

3YMOLD, YMCOS, PNU,PFLUX, TMSaC,EXTERP, 1TABY, 1TAB2,1VABY, 17488,

GT1I%CR(10),PRaTIO(10),CRATIO(10)

037127715 12,07,04,

InPUT
INPUY
INPUT
InPUT
InN2UT
1nPuT
cox
com
Com
cov
comM
coM

COMSON/RAX/PR, PV, QC2,6M2,R100,4P2, 002, %5L6,DELA, THT», NSEGYL ,HTIGHT, CO™

1 FL23S,Fudta, PRy, fraae, BTEANY, P ],P]T,,

PREIN), X(R22),FEX(22),mBa(22),5CX(22),AREAV(R27),wESAV(22),4M T(22),

TREQECI2T),

IP(22).m5P122),R7(10,22),CLC0T(223,CLIDT(22,,.1€CCO0L(22),1C(22),

ATCL(R22),TEG(22),1C6L(22),

SHISREL(22),DLLTAD(22),0PSHEL(22),0FSnEL(22),C0LOCP(22),

BVFGR(Y,22),¥FC(22),TYFGR(22),TOTFGR,VSG, VWY, VOFG,PLENP,PGR,EPY,

TRETFG(22),vFGO(22),VFGRO(3,22),VFG1(22),

ESTI(2Y,521(22),8TRS81122),8100229,320€22),3T080(22),

SFLULNC(R2),FLUNCLI(22),EL(22),4%01122)

COMMON/PLACC/

C5U235,C8U238,C5PU,E1235,EU23R,EPU,LLGANMA,
FG1,FG2,FC3,FGO,FGS,FG6,FGT, FLA,FRY,FR2,FRS,

NAMELIST/IPT/FLEN,P*,0P,CT,CMF,CP,HF, KNG, (X, T, TR, TEMP2,DENLOD,
s DEMRI,Fn,SE5NY~,FEU,EFPD,19,D18%,0285,PU,21,22,23,CCPGN,PPH,FN,
SEPL,ALFRA0, ALPHAS,YHODO, YHINS,PNU, XEFTL, KRFIL,

FOL,m62,76Y,M0u, a1 ,42,83,R01,K62,P03,KGU,P5S,R0s,NGT,
FYUSX,IVUSK,f!us,Fvu!x.tvonn,rvuh,lqul,rquK,Fqu,

CK!,C!éTVéO,YES.Y"OD’O.V"ODFS,VKI.FIZ'FII.FKD,FAL’O.'AL'V

SPFLUN, T#5wC, EXTERP ,RM,E,v010,STEPS,1T4B),1T7482,1T4BY,1TABS
¢, TIINCA,PRATIO,CRATIO,READX,READFP ,READEB,READTF ,READP

JFIRSTRat

cox
[goL)
cou
co™
com
coM
cou
cow
oM
com
coM
com
€ou
cum
com
com
com
con
com
INPUY
INPULT
InNPUT
| R7LIVA ¢
[ CTIV) 4
INPUT
InNOUY

i Rt L L L T T T T LT T Yy F¥T 1V}

FEINITIALTIF INPUT PARAMETERS TO PROPER UNITS FOR THE NEXT CASE

Ineyt

Itbdihttthitethdl AL A4 IIL LI AL II TSI P TR T TR LYY P Y Y P Y T TP SN-1T) {

ESHIsEFPOS

paysvays

CALL SPAGE
FLENEFLEN/2,54
1F(E,67,0,0) €8E/2,%4
FDeFD/2,54
v01Dev010/2,54
0PzHP/2,54

CTaC1/2,5%u
PR3PM/I00), 0 (2,54082,)
CMFECHF /1260
CPaCPsu,188

MFRHF/S 6761Ee8
HGIHG/S 6T61EwR
CX=CK/,0173

INeuY
Ivouyr
D ALITAd
InPUT
INeyt
RITVA §
InkUY
Ineuy
I~PuY
INPUT
INPUT
InPUT
INPUY
INPUT
18PUY

O 4P ABRWNNT AD NN

PAGE
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SUBROUTINE INPUT 76774 OPTe] TRACE FIN 4,2¢T74351 04710775 07,.57.30. PAGE ?
Ti=TI*1.8432. ’ INPUT k1
- EPL=EPL/2.56 INPUT 35
60 ALPHAQ=AL PHAD/]1.8 INPUT 36 .
ALPHAS=ALPHAS/), 24 INPUT 37 .
YHODS=YMNNS /16,894 TE4®],B) . INPUT Ja
YMODO=YMND0/6,894TES INPUT 39
. EXTEPP=EXTERP/6.8947€4 : 1nPUT 40
63 (4 . . . ) . INPUT 41
[ P e INPUT 42 .
c READ THE INPUT DATA ' ) 1neUT 43
c e L e L EL L IHPUT 44
. READ (S+IPT) ' , o INPUT 45
70 [ B S C TR P PP S INPUT 46
[ LIST INPUT DATA WITH EXPLANATION OF SYMBOLS AND UNITS REQUIRED INPUT o7
C B e e L L LE L D INPUT 48 ;
[ 1HPUT “9
‘ c CARDS TO ALLOW OLD DECKS WITH FLENAND £ IN FT. TO BE RUN INPUT 50
75 [4 . INPUT 51
IF(FLENGLTo4) FLEN®FLEN®12, ' INPUT 52
IFIE.LT.2.0AND.E,GT.0.0) E=E®*12, : . InPUT S3
WRITE (6+120) 1NPUT S4
[ ) 1nPUT 55
80 WRITE (5+130) (C(I)el=149) INOUT . 56
WRITE (64140) (C(1)e1=10+18? : . ' INPUT 57
WRITE (64150) (C(1)eIn19,26) : INPUT 58
WRITE (64160) (C(11,1227435) ' . INPUT 59
WRITE (641700 (C(1)41%36,4062) ) 1nePuT 60
8s DTARI=1TAR] ' ’ INPUT 61
NTAR2=]TAR2 . : Ineur 62
[ MEGREI R LK) : INeUT 63
DTARG=]TABG . . P INPUT 64
. WRITE (6.180) DTAR1.DTAR?+DTARIHOTABA . . INPUT 65
90 c avensmccccscnescaccnacsn - INPUT 66
c CONVERSINM OF INPUT VALUES TO CGS UNITS . . 5 INPUT 67
c e e L DL Ll bt INeyT 68
EFPDS=EFPD - : INPUT 69
pPaYS=PAY o INPUT 70
. 9S . FLEN=FLEN®2,54 v INPUT 71
\ T IF(E.GT.0.0) E=E®2,54 INPUT . 4
FD=FN®2,564 ) INPUT 73
v0iD=v0o1InNe2,54 . ) . INPUT T4
DP=NP*2 .54 ) o ST INPUT 75
100 CT=CT*2,56 ) ’ . . 1nPUT 16
PH=PMa(]1000./(12.%2.54)) ) © O INPUT 77
CMF=CMF®,1260 ’ : INPUT 78
cP=CP®4,186 . INPUT 79
MFzHF 85 .6T61E=6 ’ . , INPUT 80
10S HG=HG25 ., 6T61E-6 R INPUT el
. CX=CK®,0172 . INPUT 82
TI=(T1-32.)/1.8 INPUT 83
EPL=EPL®2.54 INPUT 84
ALPHAND=ALPHAN®] .8 INPUT as
110 ALPHAS= AL PHAS®], 26 INPUT 86
. YMODS=YMNDS® (6,894TC4*1.8) . INPUT 87
YMONO=YMODOYE,894TF4 INPUT 88
EXTERP=EXTERPYE ,BILTES INPUT 89"’

MSEG=SEGNUMe ], ’ INPUT 90

&GF/’ ] ) | fw-/\‘ Wy
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118

120

12%

135

140

15¢Q

15S

1nS

SUBROUTINE INPYT

C

Crrancnccecnacasssne ccacas

c
C

Cesmorscsnccacasnnccsssuan ..

OO0 OO0 O0OnNn

[aXaNalal

(a]

ek akakalsNal

[aNaNaXg]

[a BN o)

T4/7¢ OPIsy TRACE

NSEGMISIEGNUN

COMPUTE SOME INPUT DEPENOENT QUAANTITIES mWlCM RFMAIN CONSTANT
FOR THE ENTIRE CASE

cecsscasscscanans
SEGMENT LENGTH

HIGHTBFLEN/SEGNUM

WEIGHT OF TME METAL IN TWE PUEL COLUMN (Tw)

THIM = BAISEcbe,25ePTa(FDea2v010se2) oFLEN eDENLO #TD #C1,=D1$H)

COMPUTE TME FRACTION OF FISSION EVENTS FROM EACH METAL
COMPONENT

FTOT 2 U235¢CSU235 ¢ (1,-U235-PU)eCSU238 o PUsCSPY
FU23S ® Y23SeCSU235/F10TY

FU238 = (1,=U235=PL1)eCSU23B/FTOT

FPU z PLsCSPU/r7 70T

CO:PUVE ThE AVERAGE ENERGY RELESED FOR EACM FISSION EVENT

EFRAR 3 EV2ISeFU23% ¢ EU238#FU238 + EPUCFPY

HSTEP=AMAY|(1,,ABS(SIEFS))
I £8TEP5) 10,360,380

P 31678 15 NESATIVY THME VALUTS FGR TIMF INCHREMENTS, PCWER Q2710
$h3 CA0ULANT FLOa “2TE TAT10 wILL BE USSC [N ThE CALCUL:TIINS AND
FUTHILD (jU THE OUTPLY

CONTINUF
rRTTE (6,190)

" PaySen,0

20

30

uo

CC 28 ini,NSTFP

DACIsTAvROTIINCRLT)

DLalIzCMaPieTI0(]1)012,02,%30) £}

FLOUMA Y Sel=aT (1), 128

¥OPTE (L Q00) L1L,YTINTILY,DAYS,PRATIO(]),PONER, CRLATIO(]),FLON
TR RS 3

Cd TS 60

CRANTINUE

DFOBUSN LR L INDICATED BY TE€R0 FOR EFPD, 1S ThE TIME STEP INDICATOR

THE APERNERIATE FuLL POWE® DAYS T3 SCHIEVE ThIS RUIN UP FOR THE PR
IFOLEFPRLGT,0,9) GO TC <0 '
EFFD 3 PRU « TMTHel E6 /(PHeFLEN) o (EFBARELGAMA)/EFBAR

CONTINUF '

00 SO0 1x3,NSTEP
TIINCO(I)alFPD/FLOAT(NSTEP)

PIN 4,2670381 . 03/12/75

LIVA 4
INPULTY
IWout
Inoyt
Tvour
Jueyt
Inoyt
1.PuUT
1ueyy
INPUT
InNeuT
IR LIT) §
NPyt
InPuY
LI
InPUT
NPyt
INPUTY
INPUT
Inoyt
TPyt
NIV
Tue Y
1oL
(L AVAS
I1nPUT
NPyt
eyt
}ENCITR
A
1201
tno
IsPuT
UL
INPUT
ZL4VA S
InPyUY
NPT
eut
INZt
INPUY
INeer
IvPut
IvPuY
ELAVAS
INPUT
InPUY
INPUT
1vPuY
Ivour
InNPUT
1NPUT
INPUT
INPUT
INPUTY
1noULT
INPUT

12,07,04,

91
92
93
9a
93
9%
97
98
99
100
101
102
103
104
108
108
107
108
109
110
111
112
113
114
118
116
117
118
116
120
121
e
12}
122
125
126
127
128
129
139
131
132
133
T334
13%
136
137
138
139
149
1uy
142
1a3
144
145
14
147

PAGE

LN



144}

178

183

190

198

SUBROUTINE INPUT 74/76  0PTeg TRACE

208

210

218

22¢

225

FIn a_ 2e72351 . 03712718

PRATIO(T) ey, 1aeyy
CRATID(T )=y, INPUT

S0 CONTINUE LIV 4

[ Inpy?
4 IF F 1S LESS THaN =1, VALUES FOR FLUX,AVERACE NEUTRON ENERGY, AND InPUY
[ 4 POaER PROFILES(AXTAL) ARE YO BE READ PROM INPUTeeIn TMAT EVENY InPUT
[ THE POOFILES wlLL BE LISTED, INPUT
[ NPyt
60 CONTINYE INPyT
IF (€.6T,«1,) GO TO B8O tnPUT

- ANzefe,0001 1vPuT
MRITE (6,100) InPUT

00 70 Jsy,NN INPUT
XXEREADY (]) | L1} ]
XFLUXZAFP(XXoFLEN,E,FLEN) INBUT
AERAFRERL(XXaFLEN,E,FLEN) 1NoyT
XFRzTFXCXXaFLEN,E,FLEN) tnout
XPEzEMP (NYeFLEN,E,FLEN) ‘ . fuey?

70 wPITEC(H,10) xx.xPbe,lEuln,xPH.lFu InoUY
80 CONTINLE Inoyr

[4 cectncenctccnunssanacnanne eaw INPUT
g IVITIALIZE THOSE vak1ABLES ACCU™ULATED DURXNG Teg RUNNING QF A CAS IneyT
cererosrnctncanssnnsonunuse INPUT

€0 90 J=y,NSEG INPUT
RESAV(J)=0,0 {nPUTY
RBSAV(J)20,0 Inous
QELTLD (220, 0 INPUY
gutJyse,o e

. BT {00, NPyt
FLUSND (J):0,0 INVUT
FLLNCT ()20, ¢ INOUT
X(JISHIGHT«(FLOAT(J)e,S) INPUY

90 HGP(J)eMG INPYT
X{NSEG)FLEN INPUT

CALL FCELD (=1) ineuT

' CALL FISGLS (-1} INPLT
RETUSN InopY

c iIneur
c : ' InpLY
100 FORMAT(1M1,//,8%, 8%Sheee AX14{ ?Lul NEUTRON ENERGY,aND PouER 018T InoUT
SRTBUTIONS USED FOR THMIS ANALYSIS wew o/7, INPUT

¢ 10X,99%AXTAL NEUTRON AVG NEUTRON RATIO OF FLU INPUT

X LINEAR HEAT v/ INPULTY

¢ 9X,106mPOSITION FLUX(TOTAL) ENERGY 6T ,1 MEV InPyTY

+10 KUTING . e/ INPUT

¢ BX, 10O (RLATIVE)Y (RELATIVE) (MEV) . TOTAL FLY fnrut

ox (RFLATIVE) o’ INaUT

¢ MA,1))Herramncens seecorcmca tenrccncnne ecconenes [NPYT

‘e resercacnn ) INBYT

110 FOSMAY [7,8X,F7,3,9%,F7,3,9%,F7, 3,90,F7,3,9%,F7,%) INeyY
120 FORMAT (01X, uSHecaceas Si€x ANALVSXS erccss e// INPUT
L4 37X, USHINPUT PARAMETERS USED FOR THIS ANALYSIS o /7 INPUT

* 21Y,u9H DESCPIPTXON NAME s 25H InopY

. vapyE Y4 INPUT

¢ 21%,4d9m LR AL LT T T T e c=evas ,25n1 MV ¢

4 meeceeccecnccea. 7)) INPUT

130 FORMAT( INPUT

¢ s’

12,07,0a,

108
{89
150
151
152
193
150
158
156
187
158
159
160
161
162
163
164
185
100
107
168
100
170
174
172
173
1714
178
178,
11?7
178
179
180
181
182
183
1tu
185
184
187
188
189
190
101
192
193
190
198
196
197
198
199
200
201
202
203
204

PAGE
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SUBROUTINE INPUT 78,74 - OPYmy TRACE FTN 4,2¢70388
- -
¢ 21%,89MACTIVE FUEL COLUMN LENGTH FLEN s1PELT,4,
230 s oM 1IN,y )
o {7X,8ma0
. PUIREXTRAPOLATION DISTANCE 3 W 1PEYT 4,
& IN,/ :
. e 21X ,U9HFUEL OIARETER FO »IPELT 4,
23% ‘ ¢ am  IN,/, . . :
¢ 21%X,09%FUEL CENTRAL ANNULUS DIAMETER vol0 +1PEYTY,4q,
o Un 1IN/, . . .
¢ 21%,u9HPIN DIAMETER pe WIPEIT 4,
o 8" IN,/, : .
240 ¢ 21X,49nTLADDING THICKNESS cr W IPELT &,
= o Un IN,/,
¢ 21%,89HMMAXIMUM PIN HKEATING RATE (4] 2 1PENT 0,
¢ ITH Kw/FT,7,
¢ 21X%,094CO0LANT ®ASS FLOw RATE 4. #»IPELT R,
‘- 248 ¢ TH  LB/MR,/, '
¢ 21Y,U9CO0LANY SPECIFIC »EAY ce s 1PELT 0,
¢ 1UH RTU/LBSCES F )
160 FORMAT(
Toe 21X, u9MF LM COFFFICIENY 14 W IPEYT L Hy
250 o 20H BTU/F14a240EC FerR L/,
 PIX,L9=CAP CCEFFICIENT (1] s1PELT .4,
¢ 20M ETU/FTes2eDEG FerR ,/,
* 17X,iraen
. dHOMCLANDING CONDUCTIEVEITY - cx 21PEL1T,.4Q,
25% ¢ 1IN BTU/FTDEG F=HR ,/,
e 21X,UOKINLET COOLANT TEMPERATURE 11 »1PELT .4,
. ¢ Tn DEG F ,/, :
- ¢ 17X, Lhen . .
- PUOnTENP, AY COLU™NAR (SINTERING) BOUNDARY 18 »1PELT 4,
260 e Th CEG C L7,
¢ 1IN, ran X
. yUORMTENP, AT EQUIAXED GRAIN BOUNDARY TERP2  ,1PELT,6,
¢ TH DEG C ./,
. ¢+ 21X,49HFRACTION OF THEORETICAL DENSITY=UMSINTRD OENLO ,1PE17,0/
268 ¢ 21X, U9HFRACTION OF TWEORETICAL OENSITY=SINTERED DENMI ,1PEL7,.4/
. ¢ 21Y,u9=FUEL THEORETICAL DENSITY 10 o1PELT (4,
: o I GuCC )
150  FOMMAT(
¢ 17X, Uree
270 ¢ LJuUsFRACTION OF FUEL YOLU™Et OCCUPLIED BY DISN DISH W 1PELT 4/
o 17X,umee
. JUQHMFRACTION OF RETAL =#niICh 18 PU239 ¢ PU2at PU o1PELT 0/
¢ 11X, 0Kee’
. JUGHFRACTION OF METAL »MICH 13 URANTIUM 238 u23s »1PELT, 07
271% o 21X,U9%NUMRER OF AX]AL SEGMENTS STGNUM ,1PELT. a8/
¢ 17X, Lmee
. JUQHPEAK BURN LP PBU e 1PELT .4y
¢ AN man/NIM, 7,
* 17X,Umee
280 . GONDPERATING TIME-EFFECTIVE FULL PONER DaYS FEFPD 21PELT 4,
o 61 DAYS ,/,
* tTX,0khee . -
. JAGHNUMBER OF CALCULATIONS/PRINTOUTS STEPS ,IPE1T7,a/
+ 17X,aKee
288 . 49nFISSTON GAS RELEASE « COLUMNAR ZONE 1 »1PELT .0,

INPUT
IneyT
1wout
1oyt
Iney?Y
INPUT
INPYTY
INPUTY
Ineut
InPUT
LIV 4
| ETLAVAS
INPUT
Inpyt
1upPUY
INPUT
InpPUT
INPUT
1%PUT
1hPul
149oyt
tnoyut
1Lt
VLI
InPUT
InPUT
INPUT
INPUY
1nPLY
NPT
EYLIVA ¢
Ineyr
INPUT
INPUT
fInPUT
INPUT
Inbut
I\NPUT
INPUT
InPyTY
INPUTY
InNeyT
INPUT
INPUT
InPUT
INPUTY
INPUT
InByt
INPUY
tNPUT
InPUT
INPUY
InPUTY
INPUT
INPUTY
NULITA S
INPUT

0371277 12,07,04,

208
206
207
208
209
210
21t
212
213
216
215
216
17
218

219

220
e2!
222
223
224
228
226
227

T 228

229
230
23
232

233

234
235
23s
237
238
239
260
241

242

243
2uu
24S
24ub
207
248
249
250
2S1t
252
253
254
25S
2%6
257
258
259
260

261

pace
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- SUERUYTINE INPYT 78/%74 - OPtsy 1RACE FIN a,207835), 83712715 12,007,084, PAGE
’ . - .

4 10M FRACTION ) TvPyY - 282 ..
160 FChmaT( INPUT 263
o 1TX, UMen : INPUT 2ed
’ wOFISSION GAS FELEARSE o ELUTAXED IOME 72 »1PE17,4, 1sPUTY 255
299 e« 10M  FRACTION o/ InPuT 2eb
» 17X, uMen INPUTY 267
. LOFFISSION GAS RELEASE = UNRESTAUCTURED 2ONE 23 IPELIT 8, INPUT 268
¢ 10M FRACTION ol : InPUT 269
¢ 21X,49HSOHBED GAS PER GhAm OF FUEL CCPGM  ,L1PELT,8, INPUT 270
29% o TH .CC/G™ L7, . INPUY 271
¢ 17X, Unes . . InPUTY 272
+ JUSHFRACTION OF SORAED GAS wmiICw IS NITROGEN Fw +1PEYT 87 TNPUT 273

¢ 2.X,L9HPARTS PER MILLION AATER vaPQR Fow J1PEYT e/ INPUT - 2718 -

¢ 21X, SG-EFFECTIVE PLENUM LENGTR (248 21PL 1T .4, INPUT 215
300 e Gn IN L/, . InPuT 276
B  21X,u9PERCENT OF XYENON IN THE FItLL GAS XEFIL L,1PEL17.87 INPULY | 277
¢ 21X,LOWPERCENT OF XRYPTON IN THE FILL GAS KAFIL  L1PELT,87 INPUT 218
¢ 17X,UKee . * . InPUT 219
. JUSHCOEF LINEAR EYPANSION » INTERCEPT ALPHAD ,1PEY7.,a8, InPUT 280
30 X e 134 IN/INDEG F ) ’ 18PUT 281
170 FORwATY( . 1Pyt 282
¢ 1TV, uree 1oyt 283
. ,09-CCEF LINEAR EYPANSIOY = SLOPE ALPHAS L1PE1T7,8, INPUT b4
e [d%  (N/Ike(REG Fleas2 ,/, Ineyt 285
310 ¢ 1T, bma ) . . 1nPUY 260
. s UORYOUNGS MCDULUS = INTERCEPT . Y000 L31PEL1T,8, INPUT 287
¢ 10 LA/INSe2 ,/, INPUY o8
¢ 17X, Unee INPUT 269
. . sUOHYOUNGS MOOULUS = SLOPE Y008 LIPEIT.3, INPUY 290
MS ¢ teH 2 L2/INee2-CEG ,/, : ey 291
¢ 17X, K00 INPLY 292
. ,&a=2015508S RarTt0 PNU e1PELT 4/ InPUY 29}%
o 21X, UGePEAK FLUX (ENEKGY » 1 'MEVY . PFLUX  L1PE1T,4, INPUY 294
o 1T KEUT/CHae2=SiC o/ . INPUY 29%
320 ¢ 21X,890-RATERIAL (1SANNEALED TYPE 308 S8 THEWC  L1PELT,8, INPUT 296
- ¢/ . INPUY 297
¢ 21X,4%H 2EANNEALED YYPE 316 8S Y INPUT 2908
¢ 21x,09% 3220% Cn TYPE 316 83 ) ' o/ 1neuY 299
o 21X, uonEXTERNAL PRESSLRE . EXTERP ,1PE1T7,.,4, INPUY 300
328 e H4n DPSIG ) INPLY o1
' \ 180 FOamMaT( INPUY o2
¢ 21X,L9#F1SSION GAS RFLEASE/PLENUM PKESS, OPTION 1T7TaB1 L1PE17,8, ItPUY 303
¢ 21n  1zCALC 0=BYPASS o/ INPUY 304
o 21X,49H4PIN DELTA O/D GPTTION 1TAR2 ,L1PtiT,8, INPUTY © 308
330 e 2i1M  I3CALC Q=BYPASS o/ . INPUT 306
¢ 21%,09+40T GAP COEFFICIENT OPTION . 11403 L1PELIY &, INPUT 307
¢ 3V §sCALC O=xWG FwCM ABOVE 18 USED o/ INPUT 308
¢ 21Y,00NELASTIC STAFSS DPTION 17ABa  L1PEYT,8, INPUT 309
e 1A JxCALC O=BYPASS ,/// INPUY 310
138 e 171,53ee INPUT OPTICNS 002 CODE SUPPLTED VALUFS CaN BE of INnPUT 311
& 21X,5340SEN,  SEE Trf USEXS Manyal I8N MEDL-TME Ta-SS, ) InPUY 312
190 FORMAT(1M1,//105% ==e SU™MARY TARAULATION OF PIN POWER AND COOLANT INPUT 313
. ® FLOW RATE VE2SUS TIME INCREMFNT FOR THIS ANALYSIS ewe v el INPUT 3ta
o IJALAMANSLYSIS L8N, AMTIMESTEP ,22x,8MTIMESTEP ,TX,EnTIESTEP / INPUT 318
330 ¢ 16X, 12HELAPSED TIME ,aX,10%CUMULATIVE SX,11NPONER RATIO ,6X,8MTIN INPUT 316
eE8VEP ,0X,10MFLON RATIO ,0X,7HCDOLANT o/ INPUT n?
* 10X, 1IHaITHIN STEP ,BX,4HTINE ,8X,11HTO INPUT PM ,7X,SHPONER InPUT 318

e ! . Y
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SUBPOUTINE InPUT

3a8

200

>0 600

- N

Tas7a OPTey  TRACE FTh 3,207035) 03712718
s 71X, 12MTD INPUT CMF S0, 8nFLOnTATE ele InPUY
AX,BMTIMESTEP ,9X,10HDAYS(EFPDY 23R LOMDAYS(EFPD) ,7X,74(RAT10) INPUT
o OX SHKR/FY , QX,THM(RATIQY , OX,SMLA MM - o/ InPUY
AX,8Mecunnace , S),|(Necccncnans ¢5Xy)0Hecccnnnnce ,7),8Nccnancse THPYT
¢1X,9N0acncccea 161, 9nnnccccacn ,7Y,8Heacnocnn ) INnPUY

'ORNAT(/,Ol.l!o‘l.'Y.Soﬂlnf7.lal03'75.2.lSI.VS.Z.OI!FS.ZoQqub.OJ INPUY .

ENOD InPUY

12,07,04,

319
320
321
122
323
. 324
32%

PAGE
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10

13

20

2s

30

33

a0

[} ]

S0

£ 1]

BLOCK DATA 4774 " CPley TRace FIn a,26733%1 . 03/1271%
BLOCKX CaTa BLwDAY
[ : BLYDAT
c RLKDAT
REAL XEFIL COm
COMMUN/INPT/FLEN,E,FO,V0I0,0P,CT,09 LV ,CP,HF,mG,Cn,T],78,TFEnP2, cov
1 DENLO,NENNT, TO,0ISM,PU,U23S,8LGNUNM,PAULEFPD,STEPS,T1,72,13, tor
3 CCPGM™ PN, PPM EPL XEFTL XOFTL,aLPHAN,sLPKAS, com
JYHODC,YHONS PANY,LPFLUX, TMSnC , EXTESP,1TABE,1T2B2,1TARS, 1148, com
SYIINCR(10Y,PRATIOCL0),CRATIO(TO) con
" COMMON/RAX/QO,RM™,POQ,RM2,RINFP ,HAD ,RC2,NSEG,DELR, THTH NSEGML,NIGHT, CO
1 FU23S,FUP38, PP, EFOAR,PTERVY ,PT, PITR, Com
2RIL0),X(22) ,REX(22),HAX122),RCXI22),RBSAV(22),RFSAV(22), "'LY(Zl). com
SKROS0(22), com
IP(22) . GP(22),KT(10,227.CLCNTL22),CLINT(22),1C00L(22),1C(22), CoM
GTCL(22),TEG(22),TCG(22), com
SPISWEL(22),NELTAD(22),LPS»EL(22),DFSnEL(22),C0LDGP(22), - com
OVFGR (3,223, VFG(22),TVFGO(22),TOTFGE, v5G,vuy,vOFG,PLENP,PCR,EPY, com
TREIFG(22),vFGD(22),VFGWO(Y,22),VFGL(22), com
85T1(22),521¢22),87981¢22),870(22),520(22),8TR30(22), cum
OFLUENC(Ez).FLUNCl(22).8U(22’.“Ul(21) COm
4 ’ . com
COMMON/PARCOMY, con
* HGY,MG2,4G3Y,%64u, A[,ll,l} RGT.RG2,RGY,RGu,RGS,RG6,RGT, con
¢ FYIUSY, FYUSK, FYUS,FYURX,FYURX,EYUR, FYPyY, SYPUX, FYPY, coM
* CSUZ!S,(SUZH.CSPU.EUZ!S.!U?}!.!’U.ELGANM cov
¢ FGL,FG2,FGY,FGQ,FGS,FGs,FCT,FA,FR],FR2,FRY, . com.
¢ CR1,Cn2,YEQ,YES,Y“COFO,YHODF S, FX1,FRI,FKS,FKD,FALPO,FALFY co~
[4 ) . com
. c cov
COMMON/TBLS2/9T(2,108),NT(2), TCENT(17),C(2,8) aLxpar
COMMONZHCOM/ZALS,3) ,GHOL(SY ENF EMC ALxDATY
4 , BLxDAT
COMMON/PROFC/NOFPO,DATAXL21Y,DATAFP(21),0EBAR,DTF N, ALKDAY
¢ READY(21),READFP(21),READEB(2)),READTF(21),REANP(2Y) BLXDAY
t ' . BLKCAY
Co @ @ v o o e veoeoewossnooeoeeosooveosososeoaveosaws BRLEIUAT
(4 PARAETERS FOR THE CORRELATEN MODELS ALNDAY
Co om0 0o o ceo e ewevwvoeanaecooaonnosoveovoonscenaoosoaoss BLKDAT
4 aLxDAT
[ 4 COEFFICIENTS IN THE FUEL-CLADDING CAP CORRELATION BLxDAY
c ’ BLXDATY
OATA RG),RG2,RG3,RGA,RGS,966,0G773 ,8782€=6,120,,°,522+,39%,,08600 BLX0AY
¢ ,.000,.11E=u2 A AT
C LAY
[4 COEFFICIENTS IN THE GaP CONDUCTANCE CORRELATION BLulat
4 ! BLuDAT
OATA rGY1,M62,mC3,M00/1,3095%Cwd, =, 339aF=0,53,7,3,E=)/ CLYOAT
4 o BLXDAY
[ 4 COEFFICIENTS USED FOR PUEL RESTRUCTURING BLKDAT
[4 BLKDAT
OATA FN{,FR2,FR3/1886,,,4895,1570,/ BLXLAT
< BLKCAT
c COEFFICIENTS FOR THE FISSION GAS RELEASE CORRELATION BLNGAT
c- ) : BLxDaY
OATA FG3,FG2,FC3,FCA,FCS5,FG6,FC7,FGB8/5890,,,86408,3818,,7,3488, BLKDAT
¢ Q9170,,-,00020883,,0824,,00124008/ BLDAY
SLKDAY
{ \
) LS

12,07.114,

PP ANENDOWN
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8LOCK DATA

60

65

- 70

73

80

8s

90

95

105

OO0 000 OO0 OO0 000 OO0

(2 X2 Xe]

OOV

c
C

76774 0PIl  TRACE FIN 4.24T4351

FISSION GAS YIELDS == XENONCXRYPTON AND TOTAL FOR U235,U238
AND PU .

DATA FYUSXsFYUSKIFYUSeFYURXeFYUBKsFYUBFYPUXsFYPUKFYPU/ 21749

. .0482v.26569-.21350.03085v.2k635-.23316o.02330.?5ﬁ§61

FISSION CROSS SECTIONS AND DEPOSITED ENERGY PER FISSION FOR U235
U238 AND PLUTONIUM,

DATA CSU235.CSU238+CSPU/1.369.0855,1.64/

DATA EUPIS+EUZIARLEPU/20).9201.0211.7

ENFRGY WHICH 1S LOST FROM THE FUEL PIN DUE TO GAMMA LOSS
DATA ELGAMA/9.2/

04710775

BLXDAT
BLKDATY
BLKDAT
BLKDAT
BLXDAT
BLKDAT
BLKDAT
BLKDAT
BLKDAT
BIL.KDAT
BLKDAT
BLKNAT
BLKDAT
BLXDAT

Co @@ ecaceooecacneenrmensenoeenenesannmeseaeeedKIAT

¢

MATERTAL PROPERTIES

BLKNAT

o R R R L I I B N I I R R L R = BLXDAT

OO0 000 000 OO0

COOLANT SPECIFIC HEAT

DATA CP/1.277/

CLADDING THERMAL EXPANSTON ‘

DATA ALPHAO+ALPHAS/1642E-69347908E=9/
CLADD!HGQCONDUCYKV!TY ‘
DATA CKi+CK2/41328341.3E-4/ »
CLADDING ELASTIC PROPERTIES AND YIELD

DATA YMONOsYMODSsPNU/2.1236E12+-9,18E84.3/
DATA YEO+YES/4.82E9+=1.078E7/

CLAODING EMISSIVITY

DATA EMC/.90/

FUEL THEPMAL EXPANSION

DATA rALro.rAer/.6573;—5.2.991539/

FUEL CONDUCTIVITY

DATA FKDJFKLoFK2:FK3/ 1.1331078+.02935+6.6E=13/
FUEL ELASTIC PROPERTIES

DATA YMOOFQ+YMODFS/2.5E12+=4.455E8/7

FUEL EMISSIVITY

OATA EMF/.8C/

GAS CONDUCTIVITIES
REFz P,ELLILEYTHERMAL CONDUCTIVITY OF 46 GASES AT ATMOSPHERE

B8LKDAT
BLXDAT
BtL.KDAT
BLKNAT
BLXDATY
BLKDAT
BLKDAT
BLKDAT
BLKDAT
BLXDAT
BLXKDAT
BLKDAT
BLKDAT
BLKDAT
BLKDAT
BLKDAT
BLKNAT
BLKDAT
BLXDAT
BLKDAT
BILKDAT
Bt KDAT
BLKDAT
BLXDAT
BLKDATY
BLKDAT
BLXDAY
BLXDAT
BLKDAT
BLKDAT
BLXDATY
BLKDAT
BLKDAT
BLKDAT
BLKDAT
BLKDAT
BLKDATY
BLKDATY
BLKDAT
BLKDAT

07.57.38,

34
s
26
a7
38
19
40
41
42
“3
L&
45
%6
a7
48
49
50
51
52
53
S4
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
13!
72
7
74
75
76
17
78
79
80
81
82
83
84
85
86
87
88
89
90

PAGE
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115

BLOCK DATA

120

125

130

135

140

145

150

155

OO0 000 OOM

[sXaNelaKs

; - T4/T4  OPT=l' TRACE FIN 402474351 - 04/10/7S
PRESSURE +PROC FOURTH SYMP ON THERMOPHYSICAL PROPJAPRIL 1968 . BLKDAT
: BLKDATY
DATA (A(1+J)eJ=1+3)/1.30R4E=393,6961E~6+~5.848E-10/ BLKDAT
DATA (A(29J)9J=163)/S5,7392E=591,4509E=T+~2.3279E~11/ BLKDAT
DATA (A(3+J)9J=13)/9,5598E=5+2,1357€~7+=3.5057E~11/ BLKDAT
DATA (A(49J)oJm193)/2.5T0E=425,651E~T9=T74,336E~11/ BLKDAT
DATA (A(SsJ)sJd=1+3)/1.716E~494,122E~Te~8.015€~-11/ BLKDAT
o BLKDAT
ACCOMODATION COEFFICIENTS BLKDAT
o ) BLKDAT
DATA AleA2+A3/.812194.51679747139/ . BLKDAT
_ ' BLKDAT
CONSTANTS BLKDAT
R . BLXDAT
DATA Pl+P1T72/3.1415927+6.28318/ BILXDAT
BLXDAT
: BLXDAT
TEMPERATURES USED IN THE TABLE LOOX UP PROCEEDURE FOR INTEGRAL KDT BLKDAT
: . . BLKDAT
DATA TCENT/0.09100,0200,040049600.,9800,91000,91200.91400,91600.¢ BLKDAT
¢1800402000492200,92400,92600.42800,¢3000./+NT/2217/ BLKDAT
~ BLKDAT
c e m e e e e e m e e e e cameeaeeae- ==« BLKDAT
DATA FOR EBR~IT AX1AL PROFILES (ODEPLETED OXIDE BLANKET) o BLXDAT
R R B R I I B R - » = = o ~ = BLKDAY
. BLXDAT
DATA DEBAR+DTFXsNOFPD/.8B8+e85+21/ _ , BUKDAT
DATA DATAX/0.090e05¢00a1900159029402510396359.490459:50.559069.659,7¢ BLKDAT
* 0750-800850a90095910/ BLKDAT
DATA DATAFP/,7819¢8199¢857+48909.924949514.9709.988s BLKDAT
* 099701490995 9.98T7+e9709.948¢:9239894+e8609,8279,7BBseT762¢4.751/ BLKDAT
. . ' BLKDAT
'."“"-"--""-"'"“’"‘""----"--‘--“"-BLKDAT
INITIAL VALUES OF CERTAIN INPUT PARAMETERS. THESE INITIAL VALUES BULKDAT
WILL BE OVERRIDDEN IF _ANY INPUT 1S ENCOUNTERD. ) BLKDAT
..-----------------~_---------~--------BLKD‘T
: BLKDAT
DATA DISH/0,.01/ . BLKDAT
DATA FN/.10/ BLKDAT
BLKDAT
END BLKDAT
o R’
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SOUTINF DUTPUT 1370 CPtey 1oaCE

oNnNo o

[a Nz Xl

FIx 9, 2+783%)

SURRJUTIAE ouTPUT
COMMON/=COr/A(S,3),GR0L(S)
REAL XRFIL

CCHMON/INPT/FLEN,E,FD,VOID,0P,CT,PM,C¥F,LP,M¥,mG,CR,T1,TB,TENP2,

1 DENLG,DEVWI,TO,DISH,PUL,U235,356Num, ¥AL,EFPD,STERS,T1,22.235,
3 CCWGM, Fr, PP, PL,XEFTL,<RFIL,ALFHAQ,AL?MS,

IYMCOC, YU INS,ONG, PFLUX, TUSaC, LYTERD, ITa81,1T482,17483,1%4R4a,
QTIINCR010),PR4T12(10),C0ATI0C1D)

63/32715

cCLIPUT
ouTPUT
com
co
CCv
o
com
[ ]

CAMvIN/I=X 00,44, R02,A%2,109,592,R02,NSEG,CELR, THT" NSEGML,nIGNT, CCVv

1 FU233,FUP3s FRUL,FFOLS,0TE0m:,T,P]T2,

2RL10),X(¢2),RFX(22),RBX(22),RCu(22),RASAVI22),RESAV(22),RM T (22),

$RARCSC(R2),

3P (223, HGP(22),RT(10,22),CLODT(22),CL1IDT(22),1C00L(22),1C(22),

ATCL(22),TEG(22),TC6(22),
SRISWEL(22),PELTAD(22),0PSnEL(22),DFSnELI22),C0LDGP(22),

BVFLR(Y,22),VF0(22), TYFER(22),TUTFGR,vSC,ymV,¥0FG,PLENP,PGR,EPY,

TRETFG(22T,VFGN (P2, VFGR0(3,22),VFGTI(22),
AST[(22),521(22),5TKSI(22),8T0(22),570(22),3TRs0(22),
OFLLENC(2E),FLUNCTI(R22),3U(22),R01(22)

COMMON/PARCOY/, :
HG1,HG2,H6Y,HGa,AL,42,A43,R51,R02,RG3,RE4,RG5,KG6,RGT,
FYUSY,FYUsx,FYUS,FYUBX,FYUAX,FYUR,FYPuX,PYPUX,FYPY,
CSU235,C8U>38,05PU,LU235,EU238,EPU,ELGAMA,
FG1,FGL2,FG3,FGu,FGCS,FGb,FGY,FGB,FRY,FR?,FRS,
CA1,CMQ,YED,YES, YMODFO,YMCOFS,FXY ,FK2,FX3,FrD,FALFO,PALFT

R A A 3

CALL SPAGE
CONVERT 10 (B,/INee2

PLENPEPLENP/b,800TEQ
EXTEWPEXTERP /6, BOQTER

CONVERT TFMPERATURES T0 OFG, F AND LENGTMS TO INCHES

€O 10 J=1,10
R(J)=R(J)/2,%4

00 30 131,NSEG
TCCOL(I)=2TCCOL(T)e), 8032,
CLODT(1)=2fL00T(T)e],8e32,
TCLCI)=TCL(1) e}, 8032,
TCCLI=TC(1)et, 8032,
REA(IVEPEX(13/2,54
RCx(I)=zaCY(1)/s2,50
REX(1)xELY(])/72,54
QrLT(I)zAMLT(T) /2,54
COLNGP(T)sCOLNGP(T)/72,.%0
DESHEL{])a0FSnEL(TI) /2,58
DPSAEL(1)DPSwEL(I)/2,.50 .
RISwEL{])eR]SAEL(I)/2,58
x{lysx(1y/2,548
PLIVzP(1)e12,02,54/71000,
HGP(1)muGP(T1)e)T61,8
CLIOT(I)uCLINT(I)e},8032,
RROSQ(I)IS(R(I)/R(1))we2

1] U TR

[ L)
(4]
com
com
CC™
com
cum
COm
oM
[
cox
comn
con
(el
comM
rov
cuv
CoM
coM
ouTPUY
outPut
ouTPUYY
ouTPUY
outeut
ouTPLUY
outPLTY
ouTPUT
puTPLY
outTPUT
sQuTPUY
ouTPUY
outPUY
ourPLY
outPUY
ouTPUTY
CuTPUY
ouTRPUTY
OUVTPUY
outPyuT
fyTPLY
CuTPULY
outPuY
outPuY
CuTPUL
oyTrLY
oyTPUY
GutPUT
ouTPUY
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SUBROUTINE OuTPUT 74774 GPT=y T3aCE  FIN a,2e703%8 037124715 12.,07.18, page 2

00 20 Js=i1,10 ouTPUT 3a

20 RY(J,1)BRY(J,1)e1, oo):. ouTEHT 3

60 : 30 CONTIMUE OuUtPUY 38
[ wececssseccscoeanscsRNarcoetRSRCcEREsRETeRGcssRatsoTanasoansessssnesae DUTHYT by 4

4 CUTPUT TABLE (] e= BUUNDARY TEMPERATURES,POsER AND CAP CONOUCTIANCE OuTPUY 38

c sscrercascarnancssncsanentacscsasaeRenecesnbatensssensassanaassnes UTPYT 39

PRITELL, 180) cuTPLTY (14

11 RRITE(&,100) (3,XCI),TCO0LLT),CLODTCIY,CLIDY(I),RT(1,2), TC(!). [ITAVR § [3]
¢ P(1),mCP(1),1a1,NSEG*]) OuTPUY [}

nRITE(6,200) X(NSEG)o TCOOL (NSEG),CLODT(NSEG).CLIDTINSEG) QuTPUTY a3

¢ ,P(NSEG) OuTPUT 1]} .

CALL SPAGE ouTPUY [1]

70 c LTy RS RS  TTX -1 ] (13
c OQUTPUT Ta3LE TIT ee FUEL STRUCTUSF INFOOMATION outeyt ar

(4 P L T Y L LT LT T T T T T P P T S J 88 4213 § un

nRITE (b6,110) QUTPUY ae

. WRITE (85,1200 (JoX(JI),REXCJII,TEG(I),RONCIILTCC(JI), RULT(J)HREXLJY,J OUTPUT 50

75 ¢ ] ,ASEGHMY) ouTPULY S
[4 wescetencntsnenerssnscraceasremenovesesnosvectaascacraeasssaannews OUTPUT 52

(4 QUTAUT TABLE IV =e FUEL RADIAL TEMPERATURE DISTRIBUTIONS outPUT 53

[4 PPN rarlrRrrErRaselentecsrbcbscsasevttosesacsntbéadtancasnnscanceans O LTPYT $s

3 RALTE QUT WADE] AND TEWPRAATURLS FOR LACK BIuUMEN? ovrrut (1]

1] CaLL 4SPAGE ouTPUY L1
wP1TE (m, 230 VAR AVRS Sy

ARITE (&,340) (R(4),Xx2),{0) ouTEer o S8

nSITE (&,15M) ouTrUY 59

“3ITE (0,142) (PROSQ(x),nky, 1) CuTPUY 60

a8 rRITE (&,100) QUTPUT 61
: . PRITE(S,170) €J,XCJ), (RT(K,J),k53,10),Ju),NSEGMHY) ouTPUT 62
[ Svcentmmcntsverrnecrerese T T e maansvsssasssstannsencnavesnennanse OUTPYT 63

[ OUTPUT TABLE V o= FISSION CAS INFORMATION outreuT ba

[4 emsesrresatacance s e Neton SRS AR r RSV eRYOnscRsERea s suassanasannsnane OUTPUT 11

Q0 IF (17Ta31,E0,0) 6N 0 6o auTeuY b6
Cal Svagt (VAL 67

WPITE (&, 199) Qateyy b8

ASTTL (0, 208) (S X0, VEGLIY, IVFGACL,0),191,3),TVFGR(J),RETFG(JY,d NUTFUT (4]

430 NSELUY) [ 1 K VA 10

95 RITE (»,210) PGw QuTPLY n
WRITE (6,220) TOTFGR,VSG,VeV, EPV,VYOFC,PLENP,EXTERP L OuTFUT 72

WRITE (6,23¢) GuOL ouLTPUY 7
85 IF (1TAR2 €92,C) GO Ty &0 ouYPUT 14 -

CALL $PAGE QUTPUT 15

100 4 B R L e e T T LT T Y T yrep yp iy , 172 £ 711 § 78
¢ OUIFPLT TARLC V] ew FUEL AND CLAGDING GENWETEY (RANGES NuTPUT 1

t e TV S 1 TR 78

(311 (5,240 ouTPUT 7

06 S35 J=1,M566M) OutPUT a0

109 GAPCcRISWEL (JY=CFSHEL(J) ouTPUY [ 3]
IF(GaP , LT,0,0) GAPRO,0 ouTPUY 82

RRITE (6,250 J, FLUFNC(J)»DEL'ID(J)oD°$I£L(J),DlshEL(J) RISWEL(J), OuTPUY 83

¢ GaP, I2LDGF (Y outTHUY 84

S0 CONTINLE oUYPUT [

110 PRITE(6,250) NSEG,FLUENC(NSEG) ,DELTAD(NSEG),OPSKEL (NSEG) ouUTFULT 8e
&0 1F (1T426,E0,0) GO 10 80 OuTPUTY &7

CaLL SPAGE oVuTPUTY (1]

WRITE (6,260) ouTPUY 89

00 70 Js1,NSEG OuUTPUY 9

B o~
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118

SURROUTINE QUTFUT T4/7¢  -0PTsy.  TRACE FTN &,247a)51 03/712/77%
8T1(J)=ST1(J)/0,8%uTta ouTFU?
SII(JIxS21(J)/6,89uT¢0 ouTPUY
STRSI(JY=3TRSI(J) /6. R907EG ouTruT
STO(JI=8TIN(J) /06,8547t OuTPUY
SIC(J)=s820())/6,8947FQ B ouTrUY
STRSGTJ)=31050(J)/6,8907E0 ouTPUY

120

12%

130

133

1640

150

15%

160

165

"PITE (5,270) J,871¢0),821¢J),8TRS1(J),870(J),.820¢J),8TRSO(J) ouTPUTY
70 CONTINUE ouTPUT
R0 CONTINUE ‘outPUT
i o L R Ty T Y T N T YT T Y P ARV i 7)1
C CONVERT yARTABLFS NEEOED FOR FUTURE TIME STEPS 10 CGB yYNITS outPUT
[4  mArescemestmamscassscesuNceRcsencRsEacLaranassvsannebsansaansnenen DUTPUT
CO 90 J31,NSEG 0uThUT
X(JysY(Jreg,5¢ ouTPULTY
RAX())eR3Y(J)e2, 54 QuIPLIY
"REX(J)EQEX(]))e2,54 oureut
Q0 HGPIIIEHGP(JI/Z1T0Y .8 outTPyY
EYTERPSFEXTEAP QD ,B947E L OuTPUT
RETURN [JTARGVR ]
4 ) nyTFUT
100 FORMAT (/1S,SX,FT7,3,9X,F7,0,8X,P7,0,0X,F7,0,6X,FT,0,7X,F7,0,7X,P7,2 OuTPUT
¢ LT, FT.0) outThUTY
110 FORMAT(/7/71%,101% AxTaL 018t sapM FUEL EQUIAYED CQUIAXED FU OytPUTY
¢EL COLUMNAP coLumrNaR RADIUS CF FUEL CEnTRAL o/e QUTFLT
® 101M" SEGHENT EOTOM OF I0NE RADIUS, TENP, ZONE @4ADJUS OUTPUT
o, TENmP, MELTED FUEL, vOolD maolus, o/¢ OUTPUT
¢ 101H NUMBER FufL, IN INCHES DEG C INCHES outkUT
+ DEG € INCHES INCHES ofe OUTFUT
¢ 10N eceasece evecaccew csssescscens Ssccncne osoanasasene QUIPUT
. mecanss seccameve sescascsem ) ouTPUY
120 ’0""“(/lslsl.lr7-)o“x'r‘ooulf-l"e-o:“'l’qnala','b.o:!"'q.acs"'Q. Quteur
. . 4y - nuTHULTY
130 FORMAT (1m0, A 1X,15%Q40TUS (INCHES) ) QuTFnY
180 FORYAT (21X,F7,%,9F10, 1) ouTPUY
1%0 FCRMAT (1WA, 5TX, 24" (RARJUS/QUTER RADIUS) a0 ) ouTPUTY
160 FORMAT (UrOSEG 4SX,uMINCH 45X, 2SHTEMPERATURE (FAHRENNEIT) )  ouvrPUl
170 FORMAT(/1%,F10.3,F16,0,9F10,0) ouTPUT
180 FOAvAT(/7/7118%  AXTAY OIST FROM COOLANY cLsD obd CLAD OuTPUY
¢ 10 FUEL OQUITER RESTRYC FuFL SEGHENY FUEL=-CLAD /9 OUTFUT
e 117w SEGMENT © BOTTOM OF TENP, TEMP, TEnP, $ ouTPLY
SURF TEmP, INNER SURFACE PCwER, GAP CONEF, o/» OUTPUT
¢ 1174 NUMRER FUEL, 1IN 0EG ¥ DEG F QUTPUT
e OFG F TEmP, DEG F BYU/FYas2amAaf o/ OUTPUT
¢ 1{TH"cencean cevenens aveasman cosuana ouTPUT
denacsevaa ervsrvnreonce ewe seveance ) outPuUY
190 FORMAT(//100m% AXTAL DOIST FROWM GENERATED » « YOLUME OF FI8310 OutPUT
. 8N GAS WELEASED (CC) = » RETAINED ole OUTPUT
¢ 100H SEGNMENT BOT FUEL FISSION Gal COLUMNAR ECUTAYED UN QuUTYPUIT
eREST, ToTAL FISSION GAS e/s» OQUYPUT
4 100M NUMBER INCM CC av sTP IONE I0ME 20 ouTPULY
oNE CC/Gm OXJIDE o/e OUTPUY
* 100M smoe ecvacnen cesosnse esvesnmnces ecveosnssss weoeowes QUTPYUTY
¢moeue wecenace smescscase ) CUTPUY
200 FORMAT(/714,3%,F8,3,F12,2,F12,2,F12,2,F12,2,F12,2,F14,Y) ouTPLTY
210 FORMAT(////31H PERCENT FIOISION GAS RELEASED F9,2) ouTPUT
220 FORMAT (/314 VOLUME GF RELEASED FISSION GAS ,F9,2, ouUTPUY
4 1ar  (CC AT 8TP) ’ OUTPUT

r
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17%

18%

198

SUBROUTINE CUTPUT 78778 0Ptel 1 {714 4 FTN a,207838% 03/712/7% 12,0714,
* /7/731% YOLUME OF BORAED CaY 79,2, ouvTPLY 138
¢ 1AM (CC AT 3T1P) . : ourePyY 189
. //731% YOLUME OF waTER vAPOR NAN P nuUTFUT 150
¢ 1aM  (CC AT STP) » outPuY 151
e /73t EFFFCTIVE PLENUM VOLUME oF9,.2, [IVARVA§ 152 .
¢ 19 (CC 4T 20 OE¢ C) outPut 15y
. /7311 YOLUME OF FILL CaS oFo.2, ouTPUY 154
- e t4M (CC AT STPy) ., QUYFUT 148
* /731m PLENUM PRESSURE sFO, 0,80 (PBIG) . ourPut 156
3 /731M EXTERNAL PRESSURE JFQ,0,80 (P816) ) OuTPUT 157
230  FORMAT(/31H MOLES OF WELIUM eIPE1T.2 ourteut 158
¢ /7,314 MOLES OF ZENON o I1PFYL,2 ouTPUY 1%9
4 /,31¢ MOLES OF KRYPTON p1PELY,2 ouTPUY 160
4 /,%1% MOLES OF N1TAOGEN PIPELL,2 outPUY 164
< & /y31H MCLES COF 492G0N . - g1PELL 2 ) DutPUY 162
240 FORVAT (/771004 AxTAL CLADNING CLAD OUTER FUEL OUT CuTrULT 16}
eEQ  CLAD INNER FUFLeCLAD FUFLeCLAD e/0 OUTPYT 164
¢ 100K SEMENT  FLUENCE SHELLING,T RADIUS,MOT RADTUS,NDT RADI OUTPUY 169
+US,»0Y HMOT GAP COLD Garp /s OUTPUT tes
¢ 100M NUMBER NEUT/CHeo2 * PERCENT INCH INCH INC DuTPUY 167
*"n INCH © INCM o/ ODUTPUTY 168
o 100N eew neveae secencsa enecscssvenw Peavewwesws senn OYUTPUTY 169
¢moncin LT PP soassona ouTHUY 170
250 FORMAT(/713,2%,1PE12,3,2¢,1PEL12,3,0PF10,0,2F12,4,2F12.%) QutPut m
260  FORMAT(//16¥,2)mewn JNSIDE STRESS mee ,15¥,24Heme QUTSIDE STRES OUTRUT 172
S eee o/ ouTFUT 173
4 854 SEG TANGENTI AL AX]sy EFFECTIVE TANGENTIAL ourteut 174
¢ AXIAL EFFECTIVE o/e OUTPUT 178
¢ 8SH  eew cecevoserew Cocsvesven oOecsvecens cwescancess o JUTPUT 176
¢ecmnsnece wermccceve ) oyreuy 117
270 FORMAT(/,18,P13,0,F13,0,F28,0,3%,F12,0,713,6,F11,0) ouvauy 178
260 FORMAT(/,SH TOP, , SN FT 35X ,0PF7,0,0X,F7,0,0%X,F7,0,38X,F7,2) LITARITA 179
END ourpuT 180
/ , .
W/ f/
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