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Abstract

- The "ACTIVE-II" is a fuel performance analysis code for a thermal
and mechanical analysis of cylindrical reactor fuel element under
irradiation, as a function of the actual reactor operating history.

The fuel element mechanical behavior is analyzed by a generalized plane-
strain procedure using matrix, especially emphasizing fuel-clad mechani-
cal interactions, fuel crackiﬁg behavior and fine analysis of stress

and strain distributions of fuel and cladding. The code also includes
models of mechanical behavior such as restructuring, swelling and creep
of fuel, fission gas release, plutonium migration, and swelling and
creep of cladding.

The ACTIVE-II code is written in FORTRAN-IV on IBM model 360/195.
The output of the calculation is given not only in digital form but also
in graphic display by plotter. Since the code is constructed by variable
dimension method, number of meshes for the calculation is almost infinite
as far as the computer can accept.

The code can be provided not only for sodium cooled fast breeder
reactor fuels, but also for fuels of PWR, BWR and heavy water reactor
like FUGEN constructing in Japan. The models, equations, materials'
properties and entire program list of the ACTIVE-II code are written in
this report.

The program of this code is available from Department of Nuclear

Fuels Development, Power Reactor and Nuclear Fuel Development Corporation.

*  Fuel Design Section, Plutonium Fuel Division, Tokai Works
#% TIBM Japan, Ltd.
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1. Introduction

ACTIVE-IT is a fuel performance analysis code for digital computer.

Under irradiation, fuel pin seems to be a living creature. Fuel
cracks, creeps and swells. Fission gas bubbles move up to temperature
gradient and form columnar grain region and central void. TFission
product ingots are formed in central void, and drops during shutdowm.
Cladding creeps and swells, and so on. Thus, in a reactor, fuel pin is
very vivid and "active".

This computer code analyzes the movements of fuel pin under
irradiation, and reproduces these "active' movements following the
actual reactor history. Therefore, this fuel performance code is named
"ACTIVE". |

The usage of this fuel pin performance code is very wide. That is,
it can supply the input condition for tramsient, safety analysis codes
of fuel pins. The code can be used to research the phenomena which is
most sensitive to the fuel pin life. It may also evaluate the safety
margin for a fvel pin design. Furthermore, fuel pin performance code
can contribute to the operation manual of a reactor for more safety and
economical usage of fuel.

There are manv computer ccdes which calculate fuel pin performance;
i.e. LIFE-I, FMODEL, CYGRO, BEHAVE, SATURN and so on. The authers had
used LIFE-I code for a while, and compared the models with experimental
results. But in order to compile some new models, and to shorten the
computer processing time, ACTIVE-IT was developed based on LIFE-I and
other codes.

ACTIVE-IT has some characteristics compared with these codes.

First, it can calculate fine structure of stress and strain dis-
tribution. By using variable dimension method, the user can choose as
many meshes as he wishes.

Second, the code is made up by many modules. Therefore, it's easy
to change any models in the code.

Third, ACTIVE-II can deal with any type of reactor fuel which has
sylindrical shape. (i.e. fast breeder reactor fuel, heavy water reactor
fuel, pressurized water reactor fuel and boiling water reactor fuel.)

Fourth, it can evaluate fuel cracking and healing which cause during
reactor power change. Fuel cracking is evaluated until every stresses

settle down below fracture stresses.
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It is remarkable that the calculation time is minimized by adopting
matrix method.

-Although ACTIVE-II has many usages and characteristics, it is still
under developing, There are many phenomena remaining unresolved which
would be included in the code. These phenomena must be clarified

through the verification of the code.
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2. Code Abstract

2.1 Model

Assuming a cylindrical geometry, axi-symmetrical analysis is
performed. As shown in Fig. 2.1, fuel column is devided into as many
meshes as the user wishes by the plane perpendicular to the axis, and a
plenum region is added at the top of the fuel column.

Fuel dimensions (i.e. clad outer diameter, clad inner diameter,
fuel diameter and central hole diameter), pellet densities, O/M ratio,
linear rod power and fast neutron flux are input for each axial regiom.
These values are constant within each axial region, but have dis-
tributions for axial direction. Thermal and mass movements are not
allowed between these axial regions.

Fuel central void is assumed to be separated from uppetr plenum
during operation but to be connected during shutdown.

Radial cross section is shown in Fig. 2.2. Fuel is divided into
three concentric zomes corresponding to the regions with colummer grain
growth region, equiaxed grain growth region and undisturbed region, and
within these regions, fuel densities are assumed to be constant.

These three regions and cladding region are divided into many submeshes
for stress and strain analysis. For example, columnar, equiaxed, un-—
disturbed and cladding regions are divided into 3,3,4, and 4 sub-
meshes, respectively.

For these sub-meshes, temperature, materials' properties including
creep and swelling, stress and strain (using plane-strain analysis) and
fuel cracking are calculated.

For time intervals, quasi-steady state is assumed.

2.2 Flow diagram

Fig. 2.3 shows the flow diagram of ACTIVE-IIL. At the beginning of
the MAIN program, dimensions for the program are decided according to
the variable dimension method.

Capsule dimensions, material properties' options, relative power
and fast flux distributions, and fuel densities are input as the
initial value, and then, operation conditions are prepared assuming
stepwise power change.

First, boundary movement and fuel densities are calculated using
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the results of the former time step, Temperature distribution is
calculated based on the coolant temperature assuming one dimensional
calculation. Gap conductance between fuel and cladding is a function
of gap width, and the thermal conductivity of fuel is a funetion of
fuel density, temperature, and 0/M ratio.

Using the equivalent stress of the former time step, the creep
strains of fuel and cladding are calculated for each sub-region. TIf one
of the increments of boundary movements, creep of fuel or creep of cladd-
ing during the time step is too much larger than the limit given by input,
time interval is cut to half and the calculation is retried at the
beginning of the‘temperature calculations,

Based on the temperature distribution, fuel restructuring,
plutonium redistribution, fission gas release, plenum pressure, fuel
burnup, fast neutron fluence and fuel and cladding swelling are also
calculated.

Those results are used for the boundary conditions of stress and
strain calculations, which are performed using matrix and gap gondition
iterations. That is, first open gap is assumed for the fuel - cladding
interface and if the calculated results show no gap, the boundary
conditions are reevaluated and the calculation is continued. After the
calculation of stress and strain, stresses for radial, circumferential
and axial directions of each sub-region are compared with the fracture
stress, which depends on temperature, to check if the fuel cracking
occurs. If one of the stresses is greater than the fracture stress, the
code marks the fuel cracking at the region, and changes the Young's modulus
of elasticity and Poisson's ratio of the region. Then the stress and
strain are re-evaluated using these moderated properties, and the
resulting stresses are compared with the fracture stresses.

After the convergence of the cracking routine or in the case of no
cracking, healing conditions are checked and the whole calculated con-

ditions are printed out before going to the next time step.
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3.

Equations

3.1 Temperature Distribution

1) Coolant Temperature
Coolant temperature at the axial position (Z) is given by the

following equation.

fz
= q{(z)dz

coolant temperature at the axial position (Z) (°C), -

0

where, Teo(2)

Te(0) = coolant inlet temperature (°C),
q(z) = linear rod power (w/cm),
= axial distance from the bottom (cm),
Cp = coolant heat capacity (wesec/g),
P = ¢oolant density (g/cma),
v = coolant velocity (cm/sec),
and s = coolant flow area (cm?).

2) Cladding Outer Surface Temperature
Cladding outer surface temperature is calculated based on coolant

temperature at the same axial position.

Teo T.(2z) + jﬁ‘i_oﬁ (2)
where, T.o = cladding outer surface temperature (°C),
T.(z)= coolant temperature (°C),
q = linear rod power (w/cm),
r., = cladding outer radius (cm),
and h, = film coefficient (w/ecm?*°C)

3) Temperature Distribution in Cladding

N (q¢/myan{r /e (i)}
€0 kot[kZH(apq/m) anfr o /r.(3) 1172

T,(i) =T (3)

~

[N

S’
!

where, T,
ke

= cladding temperature at radius r (i) (°C),

H

thermal conductivity of cladding (=aj;+a,T) (w/cm+°C)
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4) Fuel Surface Temperature

- (4)
Tfo B TCi + Zﬁrghg
where, T, = fuel surface temperature (°cy,
Ty = mean radius of fuel-clad gap (cm),

Toi clad inner surface temperature (°C),

]

and hg gap conductance (w/cmZ+°C).
5) Temperature Distribution in Fuel

Fuel radius is divided into some meshes, and in each region power
generation rate is assumed to be constant. Temperature rise across a

region (ri3rsri41) is given by the equation

qﬂl‘ 2 qllT qY ri+1
AT. = — (12,12} = (— r2 - ) &
T3 4kf(r1+l ry) 2k Ty zﬁkf) . ri ° (5)
where g"" = heat generation rate in the region (w/cm3), -
k¢ = fuel thermal conductivity (w/cm-°C),
r{ = imner radius of the region (cm),

rj41 = outer radius of the region (cm),

T

and q' = linear heat rating within the radius ri {(w/cm),

In these equations, materials' properties can be selected by
q prop

options.

3.2 Fuel Restructuring

It is assumed that, during irradiation, fuel is divided into three
regions (i.e. columnar grain growth region, equiaxed grain growth region
and undisturbed region), and central hole opens at the center. These

region boundaries are assumed to grow in a certain velocity.

—10 -
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1) Columnar Grain Growth Region

As columnar grain is believed to be formed by the movement of
voids in the fuel, the welocity of the region boundary growth depends
upon the velocity of void in the fuel. That is, the velocity is cal-

culated by the following equation.

_Q
~3/2 RTg 4T

v = CTp ir {(cm/sec) (6)

where C1 = constant given by fine tuning of the code,

Ty = temperature of columnar grain region outer boundary (°K),

Q = activation energy (cal/mole),
R =1.987 (cal/mole-°K)
and -g%—= temperature gradient at columnar grain region outer

boundary (°C/cm) .

2) Equiaxed Grain Growth Region
Agsuming that equiaxed grain growth depends on the temperature
only, the velocity of the region boundary is calculated by the follow-

ing equation.

_Q
v = Coe RT (cm/sec), (N
where C, = constant calculated by fine tuning of the code,
T = region outer boundary temperature (°K),

activation energy (cal/mole),

1.987 (cal/mole °K).

=
I

and

3) Central Void
As the results of the restructuring described above, a certain
central void is formed at the center of the fuel. The radius of the

central hole is calculated by the following mass balance equation.

2 r2

= . - . 2 L2
M m pcol(rcol cv) T oo (req rcol)

eq

. 2 2
+ 10 nalTETe (8)

7

where M = fuel weight per unit length (g/cm),
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p; = fuel density of region i (g/cm®),

ry = outer radius of region i (cm),
and the suffix i means,

cv = central veid,

col = columnar grain growth region,

eq = equiaxed grain growth region,

and f = fuel pellet.

4) Average Densities of the Regions
Within each regions, density is assumed to be independent on
the position, and is calculated as the functions of the initial

pellet density and burnup.

Density of columnar grain growth region

=] [+] B
Peol = Peor T (0.99 ~ Pth ~ pcol) X B0 > )

i
o

Paol 767 x p, *0.233 x o, (10)

where Prh theoretical density (g/cm3),

p, = initial pellet density (g/cm3),
B = burnup (a/o),
and B, = constant calculated through fine tuning of the code (a/o).

Density of equiaxed grain growth region

o 0 B
Peq = Peq + (0.965 x Pe ~ peq) X B (11)
Peq = Po (12)

Density of undisturbed region

Pmd = P (13)

3.3 Plutonium Migration

Plutonium redistribution is calculated in a subroutine, but the

plutonium generation and the feed back to the power distribution are

neglected.
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The fuel is devided into some concentric cylindrical shells of
equal mass, and the calculation is based on the assumption that the

plutonium migration is caused by thermal and chemical diffusion.

Pu

pL— - 'Y, (14)
where, p = fuel density,

CPu = plutonium concentration,

37% = flux of plutonium,

= oxD i S XV T-pxDxVE U

D' = thermal diffusion coefficient,

D = diffusion coefficient of plutonium in the mixed oxide fuel,

W o w/o of plutonium,
and WU = w/o of uranium,

3.4 Plenum Pressure and Central Void Pressure

Enclosed gas (usually helium gas), absorbed gas in the fuel (H;0,
N, etc.) and fission product gas are mixed and are filled in the plenum,
fuel~clad gap and central void. Central void is assumed to be a pres-
sure vessel separated from the plenum during operation, and to be con-
nected after shut down.

Plenum ﬁressure is calculated by the egquation

P o8l (15)
pl Vo1 + Vey T Vg
where Pp1 = plenum pressure (kg/cm?),
n = total gas moles {moles),
R = Boltzmann constant(cm3-atm/mole °K) ,
Tpl = plenum temperature (°K),
Vpl = plenum wvolume (cm3) ,
Vg = fuel-clad gap volume (em3),
and Veoy = central void volume (cm3) .
Central void pressure is calculated by the equation
Vev R
P = (n x X . (16)
cv N
VP1+VCV § VCV(I)
i=1 Tey()
where P = central void pressure (kg/cmz),
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NF = number of axial nodes,
Toy(i) = central void temperature of axial node-i (°K),
and Voyl(i) = central void volume of axial node-i (°K),

3.5 Creep Deformation

Creep deformdtion is calculated based on the second creep rate of
the material, and the creep rate functions include both thermal and

irradiation enhanced creep.

-9

ep = Adge BT 4+ Bogg (17
where ép = creep rate (1/hr),

Q = activation energy for thermal creep (cal/mole),

R = 1.987 (cal/mole °K),

T = temperature (°K),

¢ = neutron flux (n/cm?-sec),

Oe = equivalent stress

1
=7 [Ur—oé)2+(oe—oz)2+(Gz~or)2}1/2,

and . A, B, m, n = constants,

3.6 Swelling
I} Fuel
Swelling of fuel is divided into three components, which are
swelling by solid f.p., by gasious f.p. and hot pressing.

(18)

total swelling rate (1/hr)

where €

€g.g, = swelling caused by solid fission products (1/hr),
és g. = swelling caused by gaseous fission products(l/hr),
and és.hp = hot pressing components (1/hr).

The equations for these components will be given in the section

of materials' properties.

2) Cladding
The swelling rate of cladding is chosen from some empirical

equations which are given in the section of materials' properties.
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3.7 Mechanical Analysis

Equations between stress and strain are given for each concentric
cylinder regions based on plane-strain analysis.

Nomenclats used in the equations are as follows.
Oys Oys Oz = principal stresses for r, 6 and z,
€rs €p» gz = total strains for r, @ and z directions,

el, eg, €2 = creep strains for r, 6 and z directions,
8
“Z

s?, sg, =swelling strains for r, & and z directionms,
u = displacement of radial direction during time interval of
At (excluding fuel restructure),
oT = thermal expansion,
E = Young's wmodulus of élasticity,
Yy = Poisson's ratio,
P = pressure,
and A = increment during time interval of At.

1) Constitutive relations
Total strain is the sum of elastic strain, thermal expansion,

creep strain and swelling strain.

1

ex = 7 lor -v(oy + 02)} + ol + el + ef (19)
T Lo -v(o, +0)} +af + P + &5 | (20)
g = F 9% Oz T 9 Gl T Eg T Ey
ez = = {o, -v(o, + o)} +aT +ef + 5 (21)
z = 5 lo, oy + a e, + €,

2) Equilibrium
As axial symmetry is assumed, principal stresses are combined by

the equation,

+ = 0 (22}

3) Equation between strain and displacement

As a state of generalized plane strain is assumed, strain
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increments in At are functions of increment of radial displacement

in At as follows.

Al = 24 (23)
by ar

Al = 2 , (24)
8 r

Aeg = constant (25)

4) Creep law

Prandtle-Reuss flow laws are used for creep strain calculation.

p _ Ae
he,. = EEE- (20, - oe - uz)’ (26)
Ae
Aeg = E;g-x (204 = 05 = Oy), (27)
Ag
Aeg = 202 x (20, = 0, - Ue), (28)
where /2
——1—{(—)2+(—)2+(—)2}1 (29)
O = o Or—0g 050z 0,0y
(equivalent stress),
nd
@ bep = f£5(oe)

(which is given by the equation (17)).

5) Boundary conditions
At the inner and outer boundary of each mesh, radial stress is

equivalent to the contact pressure.

or = -Pji at r = ri, (30)

or = =Pg at r = ro, (31)

where i means inner boundary and o means outer boundary.

From the pressure balance between adjacent meshes,

Po,j=1 = PFi 4 > (32)
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and from the continuity of the boundary,

U (33)

0,3-1 = Ui,j >
where j denotes mesh number.

At the central hole of fuel, contact pressure equals central

hole gas pressure,

Pi,i = Pey : (34)
and at-the outer surface of cladding, contact pressure equals coolant
pressure,

Po,clad Peool: (35)

At the interface between fuel and cladding, two kinds of condi-
"tions are considered. | |

(i) When gap existsbetween fuel and clad, pressure of fuel

outer surfacé and that of clad inner surface equal to plenum

pressure.
Po,fuel = PFpl ., ' ' (36)

P Po1- (37

i,clad
(See Fig. 3.1)
(ii) When fuel contacts with cladding, pressure of both fuel

outer and cladding inner surface equal to contact pressure, and

increments of radial displacement of both boundary are same.
Po,fuel = Pi,clad = Pfe . (38)
Uo,fuel = Ui,clad (39)

(See Fig. 3.2)

As the boundary conditions of axial direction, mean stresses of
both fuel and cladding axial direction balance outside forces.
Friction force between fuel and cladding is also included in the
boundary conditions of axial direction. (See Fig. 3.3)

(i) Fuel '

— pf-g-Vf (Lf—Z) F x ALf
o} = P4 +
zf pl

x : (40)
ﬁ(r%—r%) Lg ﬂ(ri—rﬁ)

- 17 —
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where O.¢ =

of
g

Vi
re

and ALf =

mean stress of axial direction in fuel,
mean density of fuel,

gravity constant,

fuel volume per unit axial length,

fuel outer radius,

fuel central void radius,

total fuel column length,

distance from bottom of fuel,

2unrfPge (friction force),

friction factor,

contact pressure between fuel énd cladding,

radial node length.

(ii) Cladding

Q

ZC

where o

and L

1

2 - 12
oy B+ 1GdPe - riiPpy))

Z
+ porgeVor(L - =) - Fxblg) (1)
(84

= mean stress of axial direction in cladding,
= density of cladding,

= ¢ladding volume per unit axial length,

= cladding outer radius,

= cladding inner radius,

= total cladding length.

6) Mean values in each region

Mean values in each region are given by the following equation.

Ar) =

Jra(r)dr
Srdr

(42)

3.8 Fuel Cracking and Healing

During the stress-strain calculation, ACTIVE-IL checks whether fuel

“"tracking would occur in any of the three principal directions. The

cracking criterion is; if any of the principal stresses in a fuel region

reach the fracture strength, the fuel cracks to the perpendicular

direction to that principal stress in that region. The fracture stress

used in the code is the data prepared by Canon et al.l),



PNCT841~75-17

of = 15,000 + 3.7 x T (43)

where Of is the ultimate tensile stress in psi, and Ty is the tempera-
ture in °K. If crack occurs, the modifications mentioned below are
applied to that region, and the stresses and strains are recalculated
until none of the principal stresses in the fuel exceed the fracture
stress..

The modification used in ACTIVE-II is the method proposed by Weeks
et al. for LIFE—IIZ) code. The stress component perpendicular to a
crack vanisﬁes in the region, and the elastic strain existing prior to
cracking is then redistributed. TFor instance, when the stress of the
axial direction o, exceeds the fracture stress oOg, a crack occurs per-
pendicular to the axial direction. The axial elastic strain then
decreases by 0,/E, and the elastic strains in the other prineipal
directions increase by vo,/E each, As it is assumed that no volume
change occures by cracking, these changes in elastic strains are com-
pensated by equal changes in plastic strains.

In ACTIVE-II code, plastic straing are divided into creep strains
and swelling strains. Therefore the changes in plastic strains by

- creacking are described as follows.

Swelling strains for each direction
2e® = 0,/9B (44)

Creep strains

Aeg = ~0,/6G S (45)

8l = -q,_/6G (46)
6 z -

pel = o,/3€ : (47

where B is the bulk modulus and G is the shear modulus.
The mechanical properties of the cracked fuel are modified as
follows:

Young's modulus
B = Ex (- 48)

Poisson's ratio
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ve =vx(—]2:-1’ | (49)
Creep rate

e o+ 3 Lx(ml '

S s (50)

where L is the number of cracks and m is the stress exponent for
the thermal creep. ' |
. oo _
During steady state operation, crack healing is allowed. Cracks
are assumed to heal under the following conditions.
* The averaged stress in the region becomes compressive and
exceeds a cértain stress (7000kg/cm?).
% The temperature in the region exceeds 1400°C, and the pressure is
compressive and exceeds 70 kg/cm?.
% These conditions have continued more than 1 hour.
When the cracks heal, the mechanical properties of the region become
those of uncracked fuel, but the plastic strains caused by cracking remain

as before.
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4, Solution Method

4.1 Program Construction

The code is written in FORTRAN-IV by using variable dimension
method, in order to minimize the program size. Therefore, the MATN
routine is only uéed to decide the program size and the real calculation

is done in subroutine ACTIVE which is called by MAIN ROUTINE.

1) MAIN program
The program of MATIN is as fellows,

COMMON / DIM / TIA,TAM
DIMENSION A(10000),AM(30000)

TA = 10000

IAM = 30000

CAL ACTIVE(A,AM)
STOP

END

In this program, symbol A denotes the all symboles which have
dimensions except the symbols used in matrix solution. IA is the
number of As. AM denotes the symbols used in matrix solution and IAM
is the number of AMs. See section 6.1 for details.

2) Subroutine ACTIVE
As mentioned above, the calculation is done in the subroutine

ACTIVE. The flow of the subroutine and the subroutines called are as

follows.
Program options input
(LMFBR, ATR, PWR or BWR)
HEADER Title of job input
[, Control card input

Address of variable dimension setting
Address of matrix setting

INPUT Parameters input except operating conditions
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%

PROPTY

BEGIN

EDTINP

Materials' properties selection

Initial values setting

Qutput the input parameters

Beginning of time step loop

Memory of parameters before time cut

Operating conditions input

Begimning of time step cut iteration

Renewal of parameters after time cut

Caleculation of region boundaries and densities

Temperatures of coolant and cladding outer

surface calculation

Temperature distribution in the cladding
calculation

Gap conductance calculation

Burnup calculation

Neutron flux and fluence calculation

Temperature distribution in the fuel and fuel
restructuring calculation

Check the fuel restructuring speed

Length of fuel and cladding calculation

Volumes of regions calculation

Young's modulus and Poisson's ratio of fuel
calculation
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|

EQUIS£1 Equivalent stress calculation
CREEC Cladding creep calculation

CREEF_H

Fuel creep calculation

Check the creep rate

PLUTQAH Plutonium migration calculation

]

GASOUT F.P. gas release calculation

PLENP Plenum pressure

SWELL Fuel swelling rate by solid F.P. calculation
HKNS Cladding swelling rate calculation

EDTGRS" Fuel pin gross output (power & temperature)

Axial position loop

XLAME * Young's modulus and Poisson's ratio of fuel
calculation
D Fuel crack iteration loop
ITERAT Fuel swelling rate by gaseous F.P. and hot

pressing calculation

E _ Gap condition iteration loop

MATRIX Calcu}atlon of matrix A of the linear
equations (AX=B)
Factorization of a non-singular sparse matrix

MSNR A into a lower (L) and an upper (U) triangular
(A=LU)
Calculation of matrix B of the linear

BCALC ﬂ equations (AX=B)
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é

MBSR

FRICHK

UPDATE,

EDTMTX

End of axial
section?

Yes

/

End of timey—,
[

steps?

Yes

PLTOR

|
STOP

4.2 Matrix Solution

Solve the linear equations (AX=B)

Calculation of friction force between
fuel and cladding

Check the gap conditions

Check the fuel cracking

Young's modulus and Poisson's ratio of fuel
calculation

Renewal of parameters after convergence

Stress—strain output

End of axial section loop

End of time steps

Plotter output

For the calculation by matrix method, the unknown factors and

equations shown in section 3 are rearranged. Suffixes used hereinafter

are as follows.

NCR = Number of
NER = Number of
NUR = Number of
NCL = DNumber of

radial meshes in the columnar grain growth region
radial meshes in the equiaxed grain growth region
radial meshes in the umdisturbed region

radial meshes in the cladding region
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M = NCR 4+ NER + NUR

= Number of radial meshes in the fuel region
N = NCR + NER + NUR + NCL

= Total number of radial meshes

1) Unknown factotrs
Radial total strains

T T T
Er 5 Ep 5 covennenes s Er [1 ~ NI
1 2 N
Circumferential total strains
T T T
661’ eez, .......... s EGN [N+L v 2N]

Radial stresses

O 5 T_ s savacacess , O [2N+1 ~ 3N]

r

0@1’ 062’ .......... . deN [3N+1 v 4N]
Axial stresses
CZI, ZZ, ----- ass ey UZN [4N+1 Y SN]
Radial creep strains
b P p
€1, Erz, teeasaenen > €1y [5M+1 ~ 6N]
Circumferential creep strains
b
EGL’ 892, ........... > oy [6N+1 ~ 7N]
Axial creep strains
P P P
Ezl, 822:2 ---------- . EZN [7N+l v SN)
Average radial creep strains for fuel and cladding
egf, egc [8N+1 v 8N+2]

Average circumferential creep strains for fuel and cladding

D P
Sef’ Eef [8N+3 v 8N+4]

Average axial creep strains for fuel and cladding

%f . %% [8M+5 v 8N+6]

Average axial total strains for fuel and cladding

T T
Epg? €zc

[8N+7 v 8N+8]
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Radial displacement

Ul, U2y evevevsons Ugpo [8N+9 ~ 9N+10]

Radial direction contact pressures

Plys Pay veeevnnnnn Pyl [9N+11 & 10NH1]

Friction force between fuel and cladding
F [10N+12]
2) Equations
The equations mentioned in section 3 are rearranged to gather the

unknown factors at the left sides.

a) Constructive relations

Equations (19) and (20) are arranged as follows.

T 1 Vi hal P s
€ . — T Ops + == dgn.+ 3= — 3
ri Ej 3 Ej ej Ej UZJ ErJ aTJ + erj
(3=1,M) [1 ~ N]
T Vi L ¥i _ P - . s
Eej -+ Ej Orj Ej Uej + Ej sz Eej aTJ + Sej
(3=1,M) ' [N+1 ~ 2N]

b) Creep law
The equations of (19), (20) and (21) are rewrote using the

relation,
aef = si - Eﬁo (k=r,0,2).
Aag Aaj Ae; p p
i ZOP 03 " 26 . %23 T frj T T froj
e] ej e]
(3=1,M) [2N4+1 ~ 3N]
Aed h| J
_ £ . . Aep . _ Aep . ~ EP _ _Ep
2°ej r]j Gej th| Zdej z]j th| eoj
(3=1,N) [3M+1 ~ 4N]
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3 J J
A A
—_AEE_U-—'_EP_O-"' i .
Zdej rj 20ej 8] Oey 2] 2] zoj
(3=1,1) [4N+1 ~ 54]

c) Averaging the creep strainms

In order to get the mean values of creep strains in the fuel and
cladding regions, equation (42) is used.
Mean radial creep strain in the fuel region is calculated by

the equation

-
_— fosprdr
p _ Jri T
Erf = ‘[ro
s r dr
Therefore,
2 2 P 2 2 P 2 P
(r01 - ril) €t (rgy = Tip) Ep Foaeens + (rgy - r%MPErM
C(v? 42y P o
(roM ril) € ¢ 0 [5N + 1]

Using the same equation,

2 _ .2 P 2 _ .2 P _ 2 _ .2 -
(r01 ril) a1 + ... + (roM riM) EBM (rOM ril)sef 0
[58 + 2]
2 _ .2 P 2 _ .2 P _ (2 _ .24y P _
(r01 ril) €21 + ...+ (roM riM) € M (roM ril) €F 0

[5N + 3]
In the cladding region,

2 )Ep +-__+(r2 2) P

2 _ _ 2 _..2 -
(o1 i’ Srmel o TN Cen - (TonTimrl) Cre

m
[

[5N + 41

) P+ (r?_-r2) e? - (rgN-r2 ) 2 =0

(r2 -r2 ; :
oM+l “iMHL BM+1 oN "iN BN iM+1l

[5N + 5]
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2 _n2 P . 2 2 P _ 2 _..2 P
o Ther) Samnt o0t OonTin San T TanTimed) Sac
[5N + 6]

d) Radial displacement
From the equations of (19), (20), (21), (23) and (24),

stresses (gr, Og, Oz} and displacement (u(r)) are solved using the
boundary conditions described by equations {(30) and (31).
Then, the average displacement of each region is calculated

using the mean radius of each region (r).

To
jl rerdr 9 2
_ ri 2 rg + rory + 1§
r = — = .
' ) 3 To + ri
j‘ r dr
ri

The displacement of the imner radius of a region is given by the

equation;
2 2
r> T
i 5] —
u; + Py o x —————— {- — - (1-2v)r}
ot 262D r |
r3 Z
0 i -
+ Po X ————— {— + (1-2v)r}
2_,2 -
ZG(ro_ri) T
+ Ei = (? - l’i)

+—s£ {- 1_22\) T T - Y+ Yy}

+€—6P {- 1'22" - T H+Y] - Y}
=g_$ox{-ri+§—Y1+Y2}

+—;§ox{—§+Yl—Y2}

+ oT x {(1+v)T}

=0
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) T
—E:r X{—§—Y1+Y2}
Icl T
—ge \<{-§+Y1—Y2}
- e: x {-vr} [5N+7 n 6N+6]
where, 1-2v T o
Y = ll—\J . 5 1n .
1
{r% + (l-2v);2}r% Tg
Yz = n —

2(1—vi§(rg—ri) g

The displacement of the outer radius of a region is given by the

equation;

2 2

Ts T -

u, + Pi x —1{— —:0 - (1-2v) r}
26(r%-r?) T

o i
2 2
T, s —
+Po x — o (L4 -2v) T}

2G(x3-r3) T

T J—
+e_x (r -1y

2]

+:T—xv_f
r
+§x {—1_22V?—Y1 + Yo}
+¥x {- 1_22\)¥+Y1 - Yo}
= :;0 x {_ro+%_Y1 + Yy}
+¥Ox {-—-%+Y1—Y2}

+ of x {(1+v) r}

—E—ix{—‘g-—Yl'i'Yz}
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—gg X =3+ ¥ - Y,)

- s: x {- v r} [6N+7 ~ 7N+6]

e) Boundary conditions

As shown in the section 3, boundary conditions of pressure are
given as follows.

At the fuel central hole,
Pl = Pcv . [7N + 7]
At the cladding outer surface,

P41 = Peool- [7N + 8]

f) Axial displacement

According to the assumption of plane-strain analysis, axial
displacements are independent of radius. Therefore, the axial
displacement in the fuel region is given by averaging the displace-
ments of all regions:

T P P
+ +
(1 \Dezf ve + vee

£
. v r% AL -
- -_—— + .
€2t r% - rg Pfc 2Gw(r% - r%) F
1 ofgVy A
= ~2¢ Pur 2 (-l
P 'ﬁ'(]’.‘f - C) f
2 M
v rf (l + \)) 2 2 JE—
+ = (1- 7 r2)PCv 2 > 'Z (roj - rij) uTj

tf c £~ Te j=1

@+ el [7N + 9]

£

In the same manner, the axial displacement in the cladding region

is given by the equation,

T
(L+v) e +veP + veP - ¢P
z ZC
v rgi AL
te 2 7" P - 2 7 F
G Teo ~ Tei ¢ 2mG(rg, - i)
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. .
{(-P —q(x2P -1r2p)
ZﬁG(r%O - r%i) T ¢ co ¢ cl p
z (1 +v) 0 5\ =
- pagVe(l - if-)} + > > b (ro. - ri.) aT,
£ (rgo - req) 3j J ] 1
+ 2 oo P+ (1 + v) K 7N + 10]
G - 2 _ 2, ¢ V) B ' [
Tco ci

g) Radial stresses

Stresses calculated from equatioms (19), (20}, (21), (23) and
(24) are the functions of radius. Therefore, the mean stress of each

region is given by averaging the stress function as follows.

Yo
f g rdr
T
— ri
0’ =
T L%
f rdr
Jry
r
o
2 : . Zo
= . rs a 2r; In rl) .
0‘ - — -
T 2 _ .2 2 _ o
o - 1 o r%
) r
r2 2¥2 1n -2
© 1 ° My
S Y a--5 - 12 ) 1
o i

G Po P
+ 71— {1 2 - 2 } e,
i
4ri rg (ln 4?2 _
G o Tiy P
T (2 - 12)2 beoeg
o i
412 r2(1n EEDZ
G o o T
- {1 - 2 232 b o
2{(1-v) (rO - ri)
4r§ rg(ln 5292 _
- ——EF*-{l >3 . ET
2(1-) (22 - 1292 80
0 i
c fy2 ri(ln ;%JZ _
i s
~ Iy U (£2 - r2)2 boeoey
o i
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r
2 .2 Z0y2
+=—=_ N bri rolin 7 } e &S [78+1 ~ 8N+10]
2(1-v) - (x2 - )2 o

h) Circumferential stresses

Circumferential stresses are averaged by the same method.

1_2 21_-21 in 52
—_ P Ti
g, + o (1 + ) - P
& r2 - r3 r2 - 1% o
2 2r2 1n fo
ri (l [¢] ri) 0
- - -+ .
rd - rg - rJ?_ i
2 L2 _Uy2
o Ari ro(ln 3 -
- 2(1 ) {1 - . £
= (r2 - r%)Z T
2 2f1a 20y2
c { Arl ro(ln 1) } __1;
+ 1- * £
2 232
2(1-v) (r3 - r3) g
4 2 2(1 r_0)2
e a r to(ln o7 —
== — — - E
2 2y2 ro
2(1—\)) (I‘O - ri)
2 .2 Z0oy2
G o ln:l ro(ln 1) } =
+ £
- 2 _ p2y2 8
2(1-v) (ro ri) 0
G 4r§ rg(ln —]:_—~)2 -
* - 2 272 "
2(1-v) (ro - ri)
2 .2 Toy2
4rs ro(ln —) —
G ito s S _
——_ 1 - L 3 .¢ [8N+11 ~ 9N+10]
2(1~v) (r2 - )2 o

1) Axial stresses

By averaging the stress distribution u{r) in each region;
2 2

ro ri
Tz P m 7
o 0

Uz+2\)'
r, - rj . -

— 2Guee? = 2Gveel + 20G+cP - 2G(1+V) - €
T & Z z

= Z2G(14v) -aT — 26 (14+v) - si [ON+11 o 10N+10]
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j) Boundary conditions between fuel and cladding

Boundary conditions between fuel and cladding are changed

following the relationship between them.

(i) When gap exists

Contgct.pressure
Peo = Ppl [10M + 117 (1)
Friction force

F = 0 [10N + 12] (1)

(ii) When gap does not exist (stick condition)

Strain

€8 = €,c [10N + 117 (2)
Displacement

uO,M - ui’M+1 = Teo — Tf [108 + 12] (2)

(1ii) When gap does not exist. (slip condition)

At first, code calculates by the assumption of gap
existance, and if the result shows no gap, code assumes the
stick condition. Then if the friction force F, which is
calculated by stick assumption, is greater than the wvalue

estimated by the contact pressure between fuel and cladding;
F > 2““SffPfC

whera ug is static friction constant,

slip assumption is adopted.

Friction force

F = 2mugrfPfc [108 + 11] (3)
Displacement
Uo,M ~ Ui, M+l = Tei T If [10N + 12] (3)

From these [lON + 12] equations, the [10N + 12] umknown

factors are calculated using matrix method.

L3 -
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5. Material Properties

Material properties used in ACTIVE-II are defined in the subroutine
PROPTY, except fuel thermal conductivity and clad-coclant heat conductance.
As the code ACTIVE-II can deal with not only sodium cooled fast
breeder reactor fuels, but also the fuels of heavy water reactors,
of pressurized water reactors and of boiling water reactors, one must
select the appropriate properties for a certain reactor type.
Hereinafter, the material properties are described for each reactor type,
separately.

The units used in the code are standardized in CGS unit, but some of

them have units in BTU or engineering units because of the data.

5.1 Material Properties for Sodium Cooled Fast Breeder Reactor Fuels

1) Coolant~cladding heat conductance3’

he = %?9 [5.0 + 0.025 (P CRy0-8 (51)
e f "Na
where, hC = heat conductance (Btu/hr/ft2/°F),
KNa= thermal conductivity of sodium,
= 54.306 - 1.878 x 10™2T + 2.0914 x 1076712 (52)
T = temperature of coolant (°F),

Dg = equivalent flow diameter (ft) ,
4Af
=5 s
Af = coolant flow area (ft2),
= wet perimeter (ft),

P
W = sodium mass flow rate (lby/hr),

Lf * qay
T

Jf outCPdT
Tin

Lf = fuel column length,

Qay= average linear heat rating (Btu/in/hr),
and, C

D heat capacity of sodium (Btu/1b,/ft),

0.3457 - 0.792 x 1077 + 3.41178 x 107872, (53)

2) TFuel properties

Usually, fuels for fast breeder reactors are plutonium—uranium
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mixed oxide, therefore properties of (20w/oPu0,-80w/oU0,) fuel are

chosen for the representatives.

a} Thermal conductivity

= (= 54 ~12 1-p Lo

Kg = (-0.018 + T +1.75 x 107+°T) x T+gp {(W/cm-°C)
where, T = temperature (°K),

P = porosity,
and B=1.
Sales' equationq)

Option (NOK) = 2
Ke = 0.011 + 1 (W/cm-°C)
f (0.485-0.4465-)T

where, T = temperature (°C),
and D = ratio of density to the theoretical demsity,

0.99 for columnar grain region,

0.965 for equiaxed grain region.

Baily-Asamoto's equationS)

1
(3.11+355.0xx) + 0,0272 x T

Kf = 1 +5.39 x 10713 x T3}

1-P
. (1+BP)
1-0.05

(T380.05°

(W/cm+°C)

where, T = temperature (°K),

P = porosity,

X = 2-0/M (stoichiometry)
and B=1.

Biancheria's equatione)

b) Thermal expansion rate7)

Thermal expansion rate is assumed to be the same for all three
regions (i.e. columnar grain region, equiaxed grain region and
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undisturbed region).

ag = 8.192x107%+2.430x107Ix(T-20)  (1/°C)

where, T = temperature (°C).

c) Young's modulus of elasticity7)

= T (1= I .
Eg 3.59x107x(1-2.35xP) (1 22’200) (psi)

where, T temperature (°F),

1

and porosity.

d) Poisson's ratio?)

_0.317x(1-0.46xP)x(22,200-T)+0.5%(T-77)
he 22,200 - 77

where, T

and P

temperature (°F),

porosity.

e) Shear modulus

Eg
Gf = ———
2(1+vg)
f) Creep rate?)
% o
. m T
= Agxe T x(1+ikoxce+ Aqxe RL/a240x¢3xo™ (1/hr)
o =

where, Ay = 1.83x107°,
Ay = 2.82x107,
Qo = 140,000 (cal/mole},
Q; = 110,000 (cal/mole)},
= fission density (fissions/sec/cc),
Yo = 3.0x10'2 (fissions/sec/cc),

0, = equivalent stress (psi),

m = 4.5,

n =1,

d = 10.0 (u) grain size,
C = 6.0x10"23,
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fast neutron flux (n/cm?/sec) (E>0.1 MeV),
1.1034 (cal/mole/°R) .

Ao
I

amd R

g) Swelling rate

Fuel swelling is assumed to be caused by fission gases and solid

fission products retained in each region.

Solid fission roducts7)

Swelling rate caused by solid fission products are cal-

calculated based on the volume of fision products per fission.

1.147 x 10723 (cm3/fission)

Gaseous fission products7)
P N . T W N N N Y B Y e W, V) .
In the undisturbed region, gaseous fission products are

assumed to be incompressible, and to have constant volume.
39.15 (em®/mole)

In the columnar grain region and equiaxed grain region,
gaseous fission products are assumed to be controlled by ideal

gas law as follows.

(Av)gas njiRTH
av. = -
Vs Vi(Py + P31 ")
where,
AV; = volume change in the region i,
V; = initial volume in the region i,
n; = moles of fission gas retained in the region i,
Ei = mean temperature in the region i,
P = l-(csi + ci + Ui) aﬁera e stress in the region i
L 3 8 z & & ?
Pi = correction factor related to the surface tension
of fission gas bubbles,
and R = gas constants (cal/g/mole/°K).

h) Hot pressing

hp ' AORbiDoe_Q/RT P

ped? o L 22 ]+ Ps » (1- —29)at
i K142 * Ph
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h
where , Ae?p = (AE) P

vy

= yolumetric strain due to hot pressing in the region i,
Peh = DO/(1-3GT )
= theoretical density of fuel (g/cm3),

Ti = temperature (°K),
o = thermal expansion rate (1/°C),
At = time interval (sec),

Q = 4.0 x 10723 (em®)

= vacancy volume,
bi =4

= stress concentration factor in the region i,
Do = 6.8 x 1075 (cm?/sec)

= diffusion coefficient,
K =1.38 x 10716 (erg/°K)

= Boltzmann's constant,
d =10 x 107*

= average grain size, .

and Q = 98.3 (Kcal/g/mole)
= activation energy.

In the program, these factors are combined into two constants,

C and QPK7).
. - 402biD,
ka3
40x(4x10723) x4x(6.8x1073) (9.8x105)
= x 3600 x (9.8x10
(1.38x10716) x(1073)2 *
= 11.13x10% (cm?-°K/hr/Kg)
__Q _ 98300
QPR R - T1.987

49,600 (1/°K)

i) Theoretical density

Theoretical density of pellet is given as a function of plutonium

enrichment.

prp = 10.96 + 0.5 x Cpu (g/cm3)
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where, Coy = plutonium enrichment.

j) TFission gas release rate”)

Fission gas release rate is given as a function of temperature,
Ay

800

Gr(i) = exp(-4.48 - Ti) (1/hr)

where, T; = temperature (°K).
But if the swelling strain caused by fission gas exceeds 25%Z, gas

release rate is accelerated by the following equation.

Co(i) = Gr(i) + [C%¥Di—gas“ 0.25] x 100

x [G,.(columnar) - Gr(i)]

where, Gr(columnar) = gas release rate in the columnar grain
region,
d &Y ,
an V' i-gas = gwelling strain caused by gas.

By the way, number of atoms per fission (n,) and number of
fissions per Kw-hr (nf), which are used in the program, are as

follows.

n, 0.27 (n/fission)

ng 1.116 x 10!7 (fissions/kw-hr)

3) Fuel-cladding interface

a) Gap conductance between fuel and claddinga)

Gap conductance is given by the functiom of gap width.

-53.25%xAr

hg = 1873 x e (Rtu/ft2-hr-°F)

where, Ar = gap width (mm).

b) Fruction factor between fuel and cladding 7)

Friction factor is used to settle the gap conditions.
Static friction factor : us = 0.8

Dynamic friction factor : ud =0.6
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4) Cladding properties
SUS 316 stainless steel (almost equivalent AISI-316 S.S.) is

chosen for the representative of the cladding of fast breeder reactors.

a) Thermal conductivity

ke = 0.130 + 1.36 x 107% x T (W/cme°C)

where, T = temperature {(°C).

b) Thermal expansion rate?)

de = 17.0 x 1076 + 4.25 x 107% x T  (1/°C)

where, T = temperature {°C).

¢) Poisson's ratio7)

Vo = 0.3015 + 0.850 = 10~* x T

where, T = temperature (°C).

d) Young's modulus of elasticitylo)

E = 2,0793 x 10% - 8.8592 x 102 x T (Kg/cm?)

where, T = temperature (°C)

3) Creep rate

Option (NOC) = -17)
e A R
-
£ = Axe RTX0m+B><¢><on (1/hr)
where,
A = 2.7x10711
Q = 95,000 (cal/mole),
R = 1.103 (cal/mole),
T = (°R),
mo=7, . ~9¢
B = Co +— Be
Be 4

I
=
o

X
=
9

[e2]
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Be = 2.2x1020 |

Ce = 4.3x10730

¢ = neutron flux (n/cmzlsec)’
= time (sec),

and n =1,

(Boltax, Biancheria & Guha's equation)

_Q
e = Axe RTXGm+BX¢xon (1/hr)
where,
A = 2.7x107t,
Q = 95,000 (cal/mole) ,
R = 1.1034 (cal/mole) ,
T = temperature (°R) ,
m =7, ’
A - 2t
B o=C oty Xe o,
Ag = 1.0x1078/(T/910) ,
Be = 2.2x1020x(T/910) ,
Ce = 4.3x10730/(T/910) ,
¢ = neutron flux (n/cm?/sec) ,
t = time (sec),
and o =1,

f) Swelling rate

fggtion £§9§2b:1:3ij3/
27 78
-%? = [(Tw&O)xlO"lo](¢t)2-05 0 " 92exp(32.6o-§ﬂ%¥3-o.015T)
' (%)

where,
¢t = neutron fluence (n/cm?x10722) E > 0.1 MeV
T = (°K)

and & = T-623

for annealed 304 & 316 5.8
T = 370500°C
ot < 7x1022 nfcm?
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Option (NOH)} = -2
WW—W-\/V\A

% = 9%10735x(ot) 1+50(4.028-3.712x10"2 xT
+1..0145x10~4xT2-7,879x10~8xT3)
where,
$t = neutron fluence (n/cm?) E > 0.1 MeV
and T = temperature (°K)

for 20% cold worked 316 S.S.
¢t £ 5 x 1022 nfcm?

5.2 Material Properties for Heavy Water Reactor Fuels

Heavy Water Reactor means a heavy water moderated and boiling light

water cooled reactor which is now being developed by PNC.

1) Coolant-cladding heat conductance

Heat conductance equation proposed by Jens and Lottesl2) is used.

= 1/t R o
ATfilm 7.93 x ¢q x exp( 63.2) (°C)

where, q

1

surface heat flux (w/cm?),
and P

coolant pressure.

Film coefficient is calculated using the temperature difference given

by the above equation.

h, Tor (w/cm /°0)

where, r = clad outer radius (cm).

2) Fuel properties
Uranium dioxide or plutonium slightly enriched mixed oxide fuels

are used for heavy water reactor. Therefore, the properties are the

same as those used for uranium dioxide pellets.

a) Thermal conductivity

Option (NOK) = 3
P i Vo W N

TN T T

Thermal conductivity of 95% T.D. fuel is,
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38.24

kp(0.05) = T+129.4

+ 4.79 x 1071313 (W/em=°C)

where, T = °K
(01d Lyon's equatiou13))

Modification for density is,

_ 1-P N

where, kg(P)

thermal conductivity of porosity P fuel,

o =1.,5,
kg(0) = thermal conductivity of 100% T.D. fuel,
and P = porosity.

(Biancheria's equationlq))

Option (NOK) = 4
BT TV o W W Wl N
Thermal conductivity of 95% T.D. fuel is,

38.24
kg(0.05) = ——— + 6.1256 x 1071313 (W/cm+°C)
T+129 .4

where, T = temperature (°K).

(New Lyon's equationls))

Modification for density is the same as optionm 3.

b) Thermal expansion rate

Thermal expansion rate is assumed to be the same for all three
regions (i.e. columnar grain region, equiaxed grain region and

undisturbed region).

ofF = 9.61x107% + 1.57x107%xT (1/°C)

where, T = temperature (°K).

¢} Other properties of fuel

Other properties of fuel for heavy wdater reactor are the

same as those of fast breeder reactor fuel.

3) Fuel-cladding interface

Properties related to fuel-cladding interface, such as gap con-
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ductance and friction factor, are assumed to be the same as those of fast

breeder reactor fuel.

4) Cladding properties
zircaloy-2 is chosen for the representative of the cladding of

advanced thermal reactors.

a) Thermal conductivityls)

ke = 0.121 +1.24 x 107% x T (W/em- °C)

where, T="°.

b) Thermal expansion rate!?)
de = 5.675x1076+1.7x1073xT  (1/°C)
where, T="°.

¢) Poisson's ratio

ve =0.325 + 2.14 x 107% x T

where, T="°C.

d) Young's modulus of elasticity

E, = 9.898x105 - 9.265x102xT  (Kg/cn?)

where, T = °C,

e) Creep rate
Option (NOC) = -1
WNV\Mm

£

4 x10 27 g 9(T-160) (1/hr)

where |

T = °C,

H

fast neutron flux (m/cm?/sec),
E > 1 MeV

and, G, = equivalent stress (psi),
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Option (NOC) = -2

P W R T W e ]

£ = 1.02x10'13exp(1%%990¢0-85sinh(1.63x10‘1oe) (1/hx)

where,
T = °K,
0 = equivalent stress (Kg/mm? ,

= fast neutron flux (n/cm?/sec) ,
E > 1 MeV
=.1.985 (cal/mole-°K) ,
and Q = 14,000 (cal/mole)

= activation energy .

f) Swelling rate

Swelling rate is assumed to be zero in the code.

5.3 Material Properties for Pressurized Water Reactor Fuels

Material properties for pressurized water reactors are almost the
same as those for heavy water reactor, expect coolant—ciadding heat

conductance.

1) Coolant-cladding heat conductance
Coolant-cladding heat conductance is calculated by Dittus-

Boettler's equationls) as follows.

N, = 0.023 x RJ.8 x pQ.%
where,

N, = Nusselt number,

R, = Reynols number,
and P, = Prandtle number,

5.4 Material Properties for Boiling Water Reactor Fuels

Material properties for boiling water reactors are assumed to be

the same as those for heavy water reactors as mentioned before.
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6. Input and Output Format

Using a sample calculation, core storage, input parameter preparationm,
input format, output format and plotter output are described in this

chapter.

6.1 Core Storage

As mentioned in chapter 4, this code uses variable dimension
method. Therefore, the total core storage size must be given in the
MAIN routine according to the job size.

The required amount of storage space for a problem is determined

with the following parameters.

NN = number of axial sections. (input)

NCR = number of meshes into which the colummar grain retion is
subdivided. (input)

NER = number of meshes into which the equiaxed grain region is
subdivided. (input)

NUR = number of meshes into which the undisturbed region . is sub-
divided. (input)

NFR = NCR + NER + NUR. (total number of meshes into which the fuel
is subdivided.) ‘

NCL = number of meshes into which the cladding is subdivided.
(input)

NTR = NFR + NCL = NCR + NER + NUR + NCL.

NP = number of regions (concentric cylindrical shells) of equal
mass into which the fuel i1s subdivided for plutonium migration.
(input)

NBUF = storage size (in words) required for storing plotting informa-

tions. The plotting informations are written to logical umit
every NBUF steps. (input)
If NBUF = 0, then the code sets NBUF to 50.

1) Core storage required for problem data, excluding those for

matrix. (in words)
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TA = 13NFR + NUR + NP + 1 + NN (41NTR + NFR + NUR + 8NP + 101)

0 <without plotting>
NBUF( 3NP+19) <with plotting>

+

The last term NBUF(3NP+19), is added to IA when the plotting

is required.

2) Core storage required for data only for matrix. (in words)

IMA = 1332NTR + 656

3) Core storage required for program (load module).

Load module = 240K bytes

4) Region size in the REGION parameter used in the JOB card on IBM~

360 or -370 series machines.

4 (TA+IAM)

REGION = {240 -+ 1054

] K-bytes

53) Example
NN=5, NCR=1, NER=1, NUR=1, NCI=1, NP=10, NBUF=50.

The storage requirement is obtained from the above equatiomns as

follows.
IA = 4241 words
IAM = 5984 words

REGION = 384 K (multiple of 128K)

The typical MAIN program is written as below.
(See the section CONTROL CARDS)

[/xxxx JOB (XXXX, svue) eonss , REGION=384K

1 EXEC FORTHCLG

//FORT.SYSIN BD = *
COMMON /DIM/TA,IAM
DIMENSION A(4250), AM(5990)
TA=4250
1AM=5990
CALL ACTIVE (A, AM)
STOP

/% END
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6.2 Input Parameter Preparation

Since ACTIVE-II code calculates with a simplified model of fuel pin,
it is very convenient to make a summary of irradiation data. As
mentioned below, the irradiation data summary includes the information

of fuel pin fabrication and irradiation conditioms.

Table 6.1 shows the abstract of the irradiation, and the purpose
of irradiation, irradiation abstracts and references are summarized.

Table 6.2 shows the fuel pin summary of before irradiation.

Plenum volume of item 1-7 means the volume available for gas retaining,
but excluding pellet-cladding gap volume of core region. The pellet-
cladding gap volume of core region is automatically calculated and
added to the plenum volume in ACTIVE-ITI. Adsorbed gas of item 1-10
includes moisture in the pellets, and coolant flow area per fuel pin of
item 1-11 means the equivalent flow area around. the fuel pin.

Table 6.3 shows the axial distributions of parameters before
irradiation. Fuel pellet region is devided into some meshes along the
axis, and the number and interval of meshes are optional. But the plenum
region is allowed only at the top of the fuel pin, and its iength must
be calculated from the plenum volume equivalently (that is, equivalent
length (Lpl) is calculated using the plenum volume (Vpl) of item 1-7

of Table 6.2 and the inner radius (r ;) of cladding as follows).
Lpp = Vpi/(m x r23)

In this sample, 4 axial meshes are required of 3 in fuel column region
and 1 in plenum region. Rod power and fast flux distribution may be
shown as relative values along the axial direction.

Table 6.4 shows the irradiation history. Integrated time means the
time since the irradiation started, and the data are required for each
time step where the irradiation conditions are changed. The conditions
during the intervals are calculated interporatedly in the code.

ACTIVE-IT code usually needs the inlet and outlet temperatures of
coolant, and calculates the coolant temperature distributions and
coolant-cladding heat conductance using the properties of coolant and
axial power distribution. But in the case of Dounrey Fast Reactor (DFR),
in which the coolant is NaK and flows from top to bottom, or in the case

where the temperature distributions of cladding outer surface is
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calculated by other code, cladding outer surface temperatures are
required instead of coolant outlet temperature,

| Average linear heat rating and average fast flux mean the mean
values calculated by simple averaging method along the axial meshes of
fuel column.

Radii for radial profiles of rod power and fast flux mean the radii
of gravity center of radial meshes which are divided using equal mass
method, and the number of meshes should be the same used for plutonium
migration calculation. Assuming that the densify of fuel is constant,

the radius of each gravity center of mesh is calculated as follows.

rl = (ZN +rcv)
2 1/2
rf 2 .
Titl = ("ﬁg +ry)  (1=2,3,...,N)

where, r; = radius of gravity center of mesh i, (i=1,2,..., o))

Teg = fuel outer radius,

rCV

and N

radius of fuel central void or central hole,

total mesh number.

If the pellet is solid and has no central void, the equation becomes as
follows.

21-1,1/2
ri = ) X Yfg

2N
For the input of ACTIVE-II, relative values are needed for the radii.
The sample case shows the case that the pellet is solid and the number
of meshes is 10.
Radial powers for each mesh points may be relative values, and the
code normalize the power distribution as the mean value becomes umit.
In this case, as EBR-II is a fast reactor, radial power distribution is

flat.

— 50 -



Table 6.1 ZIrradiation Data Summary

Irradiation Data Summary

Title

"

G.E. Fl Group

*Purpose :

Investigation of mixed oxide fuel pin

performance under fast neutron flux

+5/A identification” X601
«Fuel pin number : TiA
+Irrad. duration t May 12, 1965 — May 22, 1965
»Reactor name ¢ EBR-II
+Maximum burnup : 1526 MD/Toxrpg
«Max.neutron fluence : nvt
(E>0.1 MeV)
-Max.linear heat rate: 471.6 w/cm

«Nominal values :

- Core pellet :

- Blanket pellet :

- Cladding :

— Pin length

Composition 20w/oPu0,-U0,, Diameter 5.488 mm

Density 95.3 %T.D

Composition s Diameter
Density ZT.D

Material 347 S.5.

|

Inner dia. 5.588 mm, Outer dia. 6,350 mm

mm, Total stack length

Lower blanket length
Upper blanket length

o

mm, Core length 361.19

Hm,

mn, Plenum length

«Irrad

Date :+ July 7, 1975
Complled: T. Kajiyama

Approved: M, Katsuragawa

iation position

S/A position in the core Pin position in the S/A

*Notes

- Mat

erial :

characteristics

- Irradiation :

characteristies

- Pos

t irradiation:

characteristics

*Reference

(1)

S,A. Robin, et. al., Short—term Fast Flux (EBR-II)

Irradiation of Pu0,-U0, Fuel Pins, GEAP-5570 (Oct., 1967)

(2)

(3

(4)

(5

LT-SL-TH81ONd



Table 6.2

Fuel Pin Summary Before Irradiation |

,Before Irradiation | - (1)

1. Fuel Pin Summary

1-1

1-11
1-12

1-13

Total Fuel Pin Length
Fuel Stack Length

Material of Cladding/End Plug

Total Weight of Fuel Pin
Total Weight of Fuel
Spring Volume
Plénum Volupe
Spring Material/Spring Constnat
Initial Internal Pressure At 20°C
Internal Gas
- Total
- He |
- Adsorbed
Coolant Flow Area/l Fuel Pin

Av. Coolant Pressure

Density of Cladding

36,119

il

347 SoS-l

22,51

7.371

Lilg:

Ccm

cm

/ l:] Maker/Lot No. | | l

Cold Worked or Solution Treated [::] 4

g

g
cm’

3

cm”® (Excluding pellet-cladding gap volume)

1.033

il

0.407x103]

=ARE

I bl e
ol le

S| |3

x | |x

2| |e

e|le

&

~3

0.822

1.68

7.98

| IKg/cm

Kg/cm?

. mole

mole

mole or ufg At I:]"C

em?

Kg/cm?

g/cm3

[T-6/-TH810Nd




Table 6.3 Fuel Pin Detail

Before Irradiation| —{(2) potton Fuel)golumn . Plgpum Top
2, Fuel Pin Detail @ V\/\/\/\/\\\
| N
/ //’; i i 3 1\.
A B C D E F G H I J K
Node Length {cm) (14,45 |3.61 |[18.06 30.06
= Fuel Inner Radius (cm) '
Fuel Outer Radius {cm) (0.2744|0.2744(10.2744
Radial Gap Size (cm)
=| Clad Inner Radius (em) 0.2794]10.279410,2794 0.2794
= Clad Outer Radius (cm) 10.3175|0.3175(0.3175 0.3175.
Pu0; Enrichment (wlo) 0.2 0.2 0.2
U~235 Enrichment (w/o) {0.007 |0.007 |0.007
Pu239/Pu2k0iPu241/Pu242
Fuel Density (g/cm3)[10.54 |10.54 |10.54
Rod Power (w/cm) 10.9792|1.0723]|0.9485 |(Relative value) 0.0
Fast Flux  (n/cm®-sec) [0.9792]1.0723]|0.9485 {(Relative value) 0.3
0/M Ratio 1.998 |1.998 |1.998
Remarks
Capsule I.R. (cm) 0.4254 dapsule 0.R. (em 0.4762

LT-S/-T¥81LONd



Table 6.4 Irradiation History

LT-G/-T%8LIONd

Irradiation History' - ()
1. Reactor Operating Data (1) (Reactor _EBR-II Position )
Date Integrated Time Coolant Av.Lipear Heat |Av. Fast Flux |Clad Surface
Inlet Temp. | Outlet Temp. | Flow Rate . (>0.1 MeV) o

Year Mo.Day Days Hours o0 °c o/sec Rating (w/cm) (n/em? *sec) Temp. (°C)

0.15 371.1 372.1 0.0 ‘

0.671 371.1 479 .4 439.8 1.53x1015

2,00 371.1 479.4 439.8

2.125 371.1 372.1 0.0

2.50 371.1 372.1 0.0

2.921 371.1 479.4 439.8

6.35 371.1 479.4 439.8

6.643 371.1 419.2 195.5

6.80 - 371.1 419.2 195.5

7.142 371.1 479.4 439.8

9.50 371.1 479 .4 439.8

10.0 371.1 372.1 0.0
2. TRadial Profiles of Red Power and F. Flux

Radius 0.224 10.3871.0.500 10.592 |0.671 |0.742 [0.806 0.866 [0.922 (0.975

Fast Flux | 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Power 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
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6.3 Input Format

Table 6.5 shows the input format, and the sample calculation is shown

in Appendix., The input explanation is as follows.

Card No. Format -

Symbol

Description

1 (215, 3E10.5)

JFA

JOUT

EPSSPD

EPSCRF

EPSCRC

Option of reactor type

1 = fast breeder reactor

heavy water reactor

pressurized water reactor

2

3

4 = boiling water reactor

Option for output style

0 = output only at the time step given
in input

1 = output at the every time step

computed in the code.

Limitation of restructuring speed, and
each region boundary movement should be
less than EPSSPD (cm) in each time step.
Default = 0.01 cm

Limitation of fuel creep speed, and in
each time step, fuel creep rate cal-
culated by the equation (17) should be
less than EPSCRF. Default = 0.05

Limitation of cladding creep speed, and
in each time step, cladding creep rate
calculated by equation (17} should be
less than EPSCRC. Default = 0.01

2 (20A4)

. TITLE

Title of the case, and can be continued
as many cards as one wishes until the
end card (*END).

The title shown in the first card is

written as the title of plotter output.

3 (1615)

Problem size and options.

Number of aixial meshes including plenum
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Card No,

Format

Symbol

Description

NCR

NCL

NP

NOK

NOS

NOC

NPLOT

NCRK

NSKIP

NBUF

region.

Numbetr of radial meshes for stress-strain
calculation in the columnar grain growth

region.

NMumber of radial meshes for stress-strain
calculation in the equiaxed grain growth
region.

Number of radial meshes for stress-strain

calculation in the undisturbed region.

Number of radial meshes for stress—-strain

calculation in the cladding.

Number of radial meshes for plutonium

migration, and for radial power distribution.

Option of fuel thermal conductivity.

(See chapter 5; Material properties)

Option of cladding swelling equation.

(See chapter 5; Materials properties)

Option of cladding creep equation.

(See chapter 5; Materials properties)

Option of plotter.
0
1

]

Plotter is not required.

plotter output is required.

Option of fuel cracking,
0 = fuel cracking is not considered.

1 = fuel cracking routine becomes active.

Option of temperature boundary.
0 = coolant outlet temperatures are input.
1 = cladding outer surface temperatures are

input.

Number of time steps for plotter output, If
JOUT of card No.l is 0, NBUF equals the
number of input time steps. Default = 50,




PNCT841-75-17

Using these numbers of meshes, the following symbols are difimed.

NTR = NCR + NER + NUR + NCL
Total number of radial meshes
NFR = NCR 4+ NER 4+ NUR
Total number of radial meshes in the fuel region
Card No. | Format | Symbol Description
4 (1615) Input and plotter options.
IDLE Options for the inputs of stress and strain
conditions.

0 = input the initial conditions of stress
and strain.

1 = the initial conditions of stress and
strain are set to zero in the code, and
the input cards from No.5 to No.l8 are
skipped.

IPFUL Number of axial position for plotter output
concerned with temperature.

IPSTN Number of axial position for plotter output
concerned with strain.

IPSTS Number of axial position for plotter output
concerned with stress.

IPCRK- Number of axial position for plotter output
concerned with fuel cracking.

5 (5E15.8) | ({(EPR(I,J), I=1, NN), J=1, NTR)

Radial component of total strain at the

initial condition.

(At the axial position I and the radial

position J.)

6 (5815.8) | ((EpC(1,J), I=1, NN), J=1, NTR)
Circumferential component of total strain at
the initial condition.

7 (5E15.8) | ((BPZ(1,J), I=1, NN), J=1, NTR)

Axial component of total strain at the

initial condition.

_57 —
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Card No. | Format | Symbol Description
8 (5E15.8) | ((TPR(I,J), I=1, NN), J=1, NTR)
.Radial component of accumulated creep strain
at the initial condition.
9 - |-(5E15.8) | ((TPC(I,J), I=1, MN), J=1, NTR)
Circumferential compoment of accumulated:
creep strain at the initial condition.
10 (5F15.8) | ((TPZ(I,J), I=1, NN), J=1, NTR)
Axial component of accumulated creep strain
. at the initial condition.
11 (5E15.8) | ((TSR(I,J), I=1, NN), J=1, NTR)
Radial component of accumulated swelling
strain at the initial comnditiom.
12 {5E15.8) | ((Tsc(t,J), I=l, NN), J=1, NTR)
Circumferential component of accumurated
: swelling strain at the initial condition.
- 13 (5E15.8) | ((T8z(1,I), I=1, NN), J=1, NTR)
Axial component of accumulated swelling
strain at the initial condition.
b TN (5E15.8) | ((SIGR(I,J), I=1, NN), J=1, NTR)
Radial component of averaged stress in the
region (I,J) at the initial condition.
(kg/em?)
15 (5E15.8) | ((sIGC(1,J), I=1, NN), J=1, NTR)
Circumferential component of averaged stress
m——— in the region (I,J) at the initial condition.
(kg/cm?)
16 (5E15.8) | ((s162(I,J), I=1, NN), J=1, NTR)
Axial component of averaged stress in the
region (I,J) at the initial condition.(kg/cm?)
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Card No. | Format | Symbol Description

17 (5E15.8) | ((ADISP(I,J), I=1, NN), J=1, NTR)
Axial displacement at the initial conditiom.
(cm)

18 (5E15.8) | ((RDISP(I,J), I=1, NN), J=1, NTR+2)
Radial displacement of the boundary at the
initial condition. (cm)

19 (5E15.8) | (RVB(I), I=1, NN)
Fuel central hole radius at the initial
condition. (cm)

20 (5E15.8) | (RCB(I), I=1, NN)
Radius of columnar grain growth region outer
boundary at the initial condition. ~(cm)

21 (5E15.8) | (REB(I)! 1=1, NN)
Radius of equiaxed grain growth region outer
boundary at the initial condition. (cm)

22 (5E15.8) | (RUB(I), I=1, NN)
Fuel outer radius at the initial condition.
(cm)

23 (5E15.8) | (RCI(I), I=1, NN)
Cladding inner radius at the initial condition.
(cm)

24 (5E15.8) | (RCO(I), I=1, NN)
Cladding outer radius at the initial condition.
(cm)

25 (5E15.8) | (CLZO(I), I=1, NN)

Axial node length. (cm)

59—
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Card No. Format | Symbol Description

26 (5E15.8) | (QSFF(I), I=1, NN)
Axial distribution of fast neutron flux,

(relative value)

27 (5E15.8) | (QSFP(I), I=1, NN)
Axial distribution of linear heat rating.

(relative value)

28 (5E15.8) | (OTOM(I), I=1, NN)

Stoichiometry of each axial section.

29 (5E15.8) | (cpU(I, 1), I=1, NN-1)

Plutonium enrichment of each axial section.

30 | (5E15.8) | (RHOP(I, 3), I=1, NN-1)

Pellet density of each axial section. (g/cmd)

31 (5E15.8) | (F(1, L), L=1, NP)

Radial power distribution. (relative value)

32 {5E15.8) Capsule dimension and coolant flow area
RCPI Capsule inner radius (cm)
RCPO Capusle outer radius (cm)

(If there is no capsule, PCPI>RCPO.)
AFNA Coolant flow area per fuel pin. (cm?)

;

T

33 (5E15.8) | (PG(I), I=1, 3)

Correction factor related to the surface
tension of fission gas bubbles for the fuel
swelling equation. (psi)

(See chapter 5; Material properties)

34 (5E15.8) Outer force
PTOF Axial force to the cladding (kg)
PO Average coolant pressure at the initial

condition. (kg/cm?)

— 60 —



PNCT841-75~17

Card No.

Format

Symbol

Description

35

(5E15.8)

RHOC
BURHL

BURH2

Cladding and fuel density parameter
Density of cladding (g/cm3)

Correction factor related to the burnup
effect on the columnar grain region density
of equation (10). (a/o)

Correction factor related to the burnup
effect on the equiaxed grain region density

of equation (10). {(a/o)

36

(5E15.8)

CMi(1)

CML(2)

DHR(1)

DHR(2)

Fuel restructuring parameter

Constant in the velocity equation of
columar grain region outer boundary move~
ment of equation (6); Ci (cm/sec)

Constant in the wvelocity equation of equiaxed
grain region outer boundary movement of
equation (7); C; (cm/sec) -

Constant related to the activation energy of
columnar grain region outer boundary move-
ment of equation (6); (Q/R) (°K)

Constant related tb the activation energy of
equiaxed grain region outer boundary move-

ment of equation (7); (Q/R) (°K)

37

(5E15.8)

GAST

TCON

PDBU

Initial gas moles in the plenum including
adsorbed gas. (moles)

The ratio of coolant temperature rize along
the fuel pin to the average linear heat
rating. (°C-cm/w) .

(If the coolant outlet temperature is given
in card No.38 or the cladding outer surface
temperatures are given in card No.39, TCON=
0.0)

Depletion factor of linear heat rating as

the burnup. (1 / a/o)
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Card No.

Format

Symbol

Description

38

TIMEB
PO1

POWAV

CFLX

TIN

TOUT
NPLOTC

| (g10.3, ¥5.1, 3E15.5, E10.5, I3)

Irradiation history data card.

- (This card and card No. 39, if necessary,

should be repeated.)

Integrated time of irradiation (days).
Average coolant pressure if changed. (kg/cm?)
Default; POI is set to the same value as the
one of the previous time step.

Average linear heat rating of fuel pin.
(w/cm)

The ratio of the average fast neutron flux
to the average linear heat rating.
(n/cn?/sec)/(w/cm))

Coolant inlet temperature. (°C)

Coolant outlet temperature. (°C)

Option of plotter output for fuel crack
pattern.

0 or blank = no plotter output

1 = plotter output at that time step.

39

(5E15.8)

(TOUTER(I), I=1, NN)

Cladding outer surface temperature distirbu-
tion at the time step. (°C)

(1f ISKIP of card No.3 equals 0, this card
should be omitted.)

40

E10.3

TIMEB

Option for the next case, and this card is
used at the end of irradiation history.
0.0

/*

next case follows.

end of job.
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Table 6.5 TInput Format (continued)

INPUT DATA FORM

PAGE QF

JOB NUMBER MAIN PROGRAM LABEY , , | KEYPUNCH RECORD pare MA_RQS—
PROBLEM MODIFICATION KEYPUNCHED BY
CODED BY DATE VERIFIED _BY

|
234567890

2
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5 ]
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I
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|

12

13

1 4
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2
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4
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5 (-]
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7
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8
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‘ON

39vd

40
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6.4 Output Format

The output consists of the list of input parameters and the cal-

culated results at each time steps. The time steps to be output can be

controlled by an optiom.

a) Input list
Page Title Contents
1 Expression of the type of reactor.
2 Title of the case
3 CONTROL NUMBER AND OPTION

Options adopted in the code by the input card No.3 and 4.

CENTRAL VOID RADIUS

COLUMNAR

EQUIAXED

Centrxal void radii of axial section 1 to MN. (cm)
GRAIN REGION OUTER BOUNDARY

Columar grain growth region outer radius. (cm)
GRAIN BREGION OUTER BOUNDARY

Equiaxed grain growth region outer radius. (cm)

FUEL OUTER RADIUS

Fuel outer radius. {cm)

CLAD INNER RADIUS

Cladding imner radius. (cm)

CLAD OUTER RADIUS

Cladding outer radius. (cm)

CPASULE INNER RADIUS

Capsule inner radius if there is. (em)

CAPSULE OUTER RADITS

Capsule outer radius if there is. (cm)

COOLANT FLOW AREA

Coolant flow area. (cm?)

FUEL AXIAL LENGTH

Fuel axial node length and the total fuel column

length. (cm)

CLAD AXTAL LENGTH

Cladding axial node length and the total cladding
length. (cm)
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Page Title

Contents

DENSITY

INITIAL

OF FUEL (3 REGIONS) AND CLAD
Fuel density of colummar, equiaxed, and undisturbed
regions and cladding density are shown for each axial

node. (g/cm®)

0/M OF FUEL

Stoichiometry of each axial node.

PLUTONIUM CONCENTRATION (WEIGHT-FRACTION)

Radial distribution of plutonium concentration of each

axial node.

AXIAL FAST FLUX (E.GE. 0.1 MEV) RATE

Axial fast flux distribution normalized as the mean value

to be unit.

AXTAL HEAT GENERATION RATE

Axial distribution of heat generation rate normalized

in the fuel region.

RADIAL, HEAT GENERATION RATE

Radial heat generation rate normalized.
GAS IN PLENUM

Initial gas moles in the plenum including adsorbed gas.

(moles)

#%% ACTUALLY USED CORE FOR ARRAY

The actually used core for array A(N) and input value.

{words)

*%% ACTUALLY USED CORE FOR MATRIX

The actually used core for array AM(N) and input value.

(words)

#%% RECOMMENDED CORE SIZE

The actually used core for the program shown in multiple

of 128 K. (byte)

b) Output for each time step

Title

Contents

STEP NO,

Integrated time steps used in the code.
(The output time steps are controlled by an option,
JOUT of input card No.l)

—_— 6"{'_
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Title Contents
TIME Integrated irradiation time from start up (hr)
POWAV Average linear heat rating: Q (w/cm)
%
e - (1+e8)
where Qp = average heat rating of input,
and E; = total axial strain of fuel columm.
TOUT Coolant outlet temperature (°C)
(If it is not given in input, the code calculate the
temperature.)
TIN Coolant inlet temperature given in input (°C)
DELT Time interval of the time step (hr)
CFLX Ratio of fast neutron flux to linear heat rating given in
input ((n/cm?/sec)/(w/cm))
PO Average coolant pressure (kg/cm?)

GROSS OUTPUT NEXT

Integrated results of fuel pin conditions.

POWER Linear heat rating of each axial section (w/cm)
FLUX Average fast neutron flux of each axial section (n/cm?/sec)
FLUENC Average fast neutron fluence of each axial section (n/cm?)
BURN UP| Average burn up of each axial section (a/o)
BURN UP| Average burn up of each axial section (MWD/T-fuel)
FUEL LENGTH ‘
Axial node length of fuel columm (cm)
CLAD LENGTH
Axial node length of cladding (cm)
THEO. DENS.
Theoretical density of fuel of each axial section (g/cm?)
COOLANT TEMP
Coolant temperature distribution of each axial section (°C)
FILM H. Coolant-cladding heat conductance of each axial section.
(w/em?/°C)
| GAP H. Fuel-cladding gap conductance of each axial section

(w/cm?/°C)

DELT GAS REL.

Gas released during the time interval from each axial

section (moles)
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Title

Contents

CUMULATI

PERCENT

PLENUM P

TOTAL CL

TOTAL GAS IN PLENUM

Total gas in plenum including released fission gas and
adsorbed gas. (moles)
VE GAS RELEASED
Cumulative fission gas released. (moles)
OF TOTAL F.P. GAS
Fission gas release rate. (Z)
RESSURE
Plenum pressure. (kg/cm?)

CENTRAL HOLE PRESSURE

Pressure in the central void. (kg/cm?)

TOTAL FUEL LENGTH AND FL/FLO

Total fuel column length and the percentage of length -
change. (em) & (%)

AD LENGTH AND CL/CLO
Potal cladding length and the percentage of length
change. (cm) & (%)

++ PERFORMANCE

Average performance of each radial region (i.e. colummar
grain region, equiaxed grain region, undistrubed region
of fuel, cladding and capsule region) is shown for each

axial section.

RADIUS Radius of the boundary (cm)

TEMP. Temperature of the boundary (°C)

AV. TEMP. Average temperature in the region (°C)

ALPHA-T  Thermal expansion rate of the region

DENS Average density of the region (g/cm?)

MASS Mass per unit length of the region (g/cm)

STRESS AND STRAIN OUTPUT NEXT

Material properties, boundary conditions, stress and
strain are shown for every radial meshes and axial
sections which are used in stress-strain calculatiomn.
The output are sepatrated into capsule, cladding and
fuel regions.

RADIUS

Radius of each boundary of radial mesh. (em)
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Title Contents
' DISPLACEMENT
Displacement of each boundary during the time interval.
(cm)
TEMP. { Temperature of each boundary
PRESS. Contact pressure at the boundaries.
ALPHA-T | ' Thermal expansion rate of each radial mesh.
POISSON RATIO
Average poison ratio of each radial mesh.
YOUNG M| Young modulus of elasticity of each radial mesh.

CREEP IN

TOTAL
SOLID CO

GAS COMP

HOT PRES

(kg/cn?)

NUMBER OF CRACK

Number of cracks in each radial mesh for radial, circum-

ferential and axial directiomns.

STRESS Stress in each radial mesh for radial, circumferential
and axial directions. (kg/cm?)
TOTAL STRAIN

Accumulative total strain in each radial mesh for radial,

circumferential and axial directions.

CREEP STRATR

Accunulative creep strain in each radial mesh for radial,
circumferential and axial directions.
DELT
Creep strain increment in the time interval in each
radial mesh for radial, circumferential and axial

directions.

SWELLING STRAIN

Accumulative swelling strain in each radial mesh.
Total swelling strain.
MPONENT
Swelling caused by solid fission products.
(for fuel region only)
ONENT .
Swelling caused by gaseous fission products.
(for fuel region only)
SING

Strains caused by hot pressing. (for fuel region only)
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Title Contents

PERCENT CHANGE IN ORIGINAL 0.D.

Percent change of outer diameter vs original diameter.
(%)

AVERAGE POISSON RATIO

Poisson's ratio averaged in fuel or cladding region.
AVERAGE YOUNG MODULUS

Young's modulus of elasticity averaged in fuel or
cladding. (kg/cm?)

GAP SIZE | Radial gap size between fuel and cladding. (cm)
FRICTION FORCE

Axial friction force between fuel and cladding. (kg/cm)

+H+ PLUTONIUM MIGRATION

Plutonium radial distribution in each axial cross
section.

RADIUS Boundary radius of mesh used in the plutonium migration
calculation. (cm)

TEMP. Temperature of boundary of mesh. (°C)

PU CONC.| Plutonium concentration in each radial mesh.

CPU TIME Accumulative computer time from the beginning of cal-

culation. (sec)

3) Plotter output

ACTIVE-II has the routines of plotter output provided by Calcoﬁp.
It requires Calcomp 1136 drum type plotter, and the paper of 13 inches
wide and about 10 meters long. The types of pens are black ink pen of
0.5 mm, red ink pen of 0.5 mm and green ink pen of 0.5 mm for No.l, 2
and 3 pen positions, respectively.

The estimated time for plotting is about 40 minutes.

Plotter output is controlled by the options given by input card.
No.3 and No.4

The first figure is the title of the output and the date of code
used is given.

The second figure is a set of fuel cracking patterns of cross

sections perpendicular to and parallel to the axis. Red and green dotted
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lines show the cracking positions. This output time position is
controlled by NPLOTC given in input card No.38.

The third figure shows the gross performance of fuel pin as a function
of time. Maximum fuel center temperature and maximum fuel surface
temperature of fuel pin are showm by black solid lines, and red line
shows the fission 'gas release rate and green line shows the plenum
pressure as a function of time.

The 4th one shows the linear heat rating and burnup of the axial
cross section specified by the option IPFUL given in input card No.4.

The 5th figure shows the maximum fuel center temperature as a
function of time of the axial cross section specified by the option
IPFUL given in input card No.4.

The 6th figure shows the radial temperature profiles of fuel tem-—
perature at each time step at the axial cross section specified by the
option IFFUL given in input card No.4. In this figure, columnar grain
region outer boundary and equiaxed grain region cuter boundary are
pointed by red and green marks respectively.

The 7th figure shows the fuel restructuring as a function of time,
Equiaxed grain outer boundary, columnar grain outer boundary and central
void radius are shown at the specified axial cross section by the option
IPFUL given in the input card No.4.

The 8th figure shows the relationship between fuel-cladding gap
and cladding hoop stress as a function of time. The axial cross section
chosen for this figure is specified by the option IPSTS given in the
input card No.4.

The 9th- figure shows the total cladding circumferential strain and
its creep and swelling components as a function of time. The axial cross
section is specified by the option IPSTN given in the input card No.4.

The last one shows the plutonium redistribution calculated in
subroutine PLUTO. Radial plutonium distribution for each time step is
shown at the cross section specified by the option IPFUL given in the

input card No.4
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Appendix A: Subroutine Dictiomary

ACTIVE-II requires five kinds of subroutines, that is, 1) FORTRAN
library subroutines, 2) IBM Tokyo data center service library subroutines,
3) IBM support subroutine (SL~MATH), 4) plotter subroutines, and 3)
original subroutines written for ACTIVE-II

The explanation of the FORTRAN library subroutines are abridged,
because they are foundamental for FORTRAN language. The full lists of
the original subroutines written for ACTIVE-II are shown in Appendix D,
and the explanations are described in this chapter. As other kinds of
subroutines are proprietary of IBM, only the explanations of these are

given here.
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Al

1)

2)

A2

IBM Tokyo Data Center Service Library Subroutines

STIMER and TTIMER
The combinative use of STIMER with TTIMER enables the users
to obtain the CPU time.

Example:

CALL STIMER (ID) .eucevevsens )

.
-

CALL TTIMER (T)  vevevevnnnns @

where 1ID=2.

The argument T in the statement @ is the CPU time from the
statement (@) to the statement (@ . (Floating type in unit of

second)

DATE

The subroutine DATE returns the date of today in the format
of month/day/vear.

Example:

REAL*8 DAY
CALL DATE (DAY)
WRITE(6,1) DAY

1 FORMAT(1HO, 'DATE', A8)

The argument DAY must be defined in double precision.

IBM Support Subroutines {SL-MATH)

SL-MATH (Subroutine Library-Mathematics)

SL-MATH provides powerful tools for the solution of many
problems in industry, science and engineering. SL-MATH is a col-
lection of subroutines dealing with matrix, algebra and numerical
mathematics. The subroutines, computational building blocks written
in FORTRAN-IV, operate on data that reside in main storage.

ACTIVE-II uses subroutine MSNR and MBSR in the SL-MATH to solve

a stress-strain matrix, which is a non-symmetric sparse matrix.
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L

Storing and processing of vectors for non-symmetric sparse matrices

A sparse N-by-N matrix A is described by three one-dimensional
arrays: An array, also named A, which contains only the non-zero
elements of the matrix A (stored row-wise), an array JA containing
the corresponding column indices of the non-zero elements of
A (stored row-wise), and an array IA containing pointers to the
locations of the first element and corresponding column index of
each row of A within the array A and JA, respectively. That is,
A(K), for K=IA(I) is the first non-zero element of the i-th row of

A, JA(K) being the corresponding column index.

The dimension of the array A (and the array JA, respectively)
is (at least) the number of non-zero elements of the matrix A.
The dimension of the array IA is (at least) N+l. IA(N+1) is the
pointer to the (virtual) element of the array A immediately
following the last location of a non-zero element, {(to indicate the

end of the last row).

Example:

The 6-by-6 matrix A =

codom
OCHOOWmO
COOHOW
NMNOUVOoO OO
orOOOR
o0 OoOOo

with 12 non-zerc elements is described by the arrays A, JA, TA as

follows.
TA(L) =1, A(LY=7, A(2)=-3, A(3)=-1,
JA(L)=1, JA(2)= 3, JA(3)= 5,
IA(2) = 4, Al4)=2, A(5)= 8,
JA(4)=1, JA(5)= 2,
IA(3) = 6, A(6)=1,
JA(6)=3,
IA(L) = 7, A(7)=-3, A(8)=5,
JA(7)= 1, JA(8)=4,
IA(S) = 9: A(9)=—1s A(lO)—_-ll-,
JA(9)= 2, JA(10)=5,
IA(6) = 11, A(11)=-2, A(12)=6,
JA(11)=4, JA(12)=6,
IA(7) = 13.
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2)

Subroutine MSNR

MSNR factoriezes a given general non-singular sparse matrix A
into a lower (L) and an upper (U) triangular factor (A=L-U).
Thereby, partial pivoting based on row-density is performed, i.e.,
the rows of A are chosen as pivot rows in the sequence of their
lengths, and the updated elements with maximum absolute value are

chosen as pivot elements (column choise).

Usage:
CALL MSMR (N,IA,JA,A,IBOT,IC,JC,IU,DI,C,IPR,IPC,IER,KA,AR)

N. Given number of rows and columns to be processed for

matrix A.

TA. Given vector (dimension N+1) containing the pointers

to the first element in each row of A in row-wise order.

JA. Given vector (dimension NT=total number of non-zero
elements of A) containing the column indices of A in

row—-wise order.

A. Given vector (dimension NT) containing the values of the

elements of A in row-wise order.

IBOT., Given dimension of vectors JC and C (refer to the section

Remarks) .

IC. Resultant vector (dimension N+l) containing the pointers

to the first element in each row of L.

JC. Resultant vector (dimension IBOT=total number of elements
in the factors L and U, excluding the diagonals), contain-
ing the column indices of the elements of L and U in row-
wise order. The column index of the last element in row
I of L is followed by that of the first element in row I
of U to the right of the diagonal.

Tu. Resultant vector {dimension N) containing the pointers to

the first element in each row of U.

DI. Resultant vector (dimension N) containing the wvalues of

the diagonal elements of L.
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IPR.

IPC.

IER.

KA.

AR.

Resultant vector (dimension IBOT) containing the numerical
values of L and U in row-wise order, with the exception

of the diagonal elements,

Resultant vector (dimension N) determining the sequence

of pivot rows.

Resultant vector {dimension N) determining the sequence

of pivot columms.
Resultant error indicator.

Auxiliary vector (dimension N) containing the column indices

of the pivot row.

Auxiliary vector (dimension N) containing initially
the values of the elements of row I of A and, finally,

those of the rows I of L and U.

This vector must be defined in double precision.

Error Table:

Code Explanation Program Action Comments
0 | No error was The total number of multiplications
detected. and the number of built-ups are
returned in KA(1) and KA(2), res-
pectively.
1000 | Length of row I | The index I is returned in KA(Ll).
of A is =zero. Processing is discontinued.
2000 | Numerical wvalue | The index of the last row proc-— A is
of the pivot essed correctly is returned in singular.
element is zero.| Ka(l).
KA(2) and KA(3) contain the pivot
row and column last chosen.
Processing is discontinued.
3000 Space of JC and | The index of the last row processed IBOT must

C is exceeded. correctly is returned in KA(1), and | be in-

processing is discontinued. creased.
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Code

Explanation Program Action Comments

5000

Pivot element P at | Same as for coede 2000, Pivot element
step I is approxi- has a value
mately zero. below the
(-FUZZSP<FUZZ) limit.

(refer to the

section Remarks).

3

Remarks:

The sequence (IPR) of pivot rows is determined by sorting the
rows by their increasing lengths. At the i-th factorization step
the row IRR(I) of A is transformed into the i-th row of L and U by
subtracting multiples of rows of U. After this process the
element with the maximum absolute value in the remaining columns
is chosen as pivot. Following this modified scheme of Gaussian
elimination, the numerical values for all non-zero elements
U (i,j; i#j) and L (i,j) are computed and stored row-wise as
one matrix in the vector C without the diagonal elements, which
are stored in vector DI. Only operations on non-zero operands

are performed.

If NT1l is the number of built-ups in L and U, and NT2 is the
total number of elements of A not located on the diagonal, IBOT
must be equal or greater than NT14NT2=total number of resultant

element in JC or C{L,U), respectively.

At the beginning of MSNR there is a statement by which a
variable FUZZ is set to zero. Only pivot elements having an
absolute value greater than FUZZ will be accepted. The user may
assign a small non-zero tolerance value to this variable by

changing this statement.

Subroutine MBSR’

MBSR solves the system of linear equations AX=B for a general
non-singular sparse coefficient matrix A, given its right-hand

sides (B) and its LU decomposition.
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Usage:
CALL MBSR (N,IPR,IPC,IC,IU,JC,DI,C,B,X,Y)

N. Given number of rows and columns to be processed for

matrix A.

IPR. Given permutation vector (dimension N) determining the

sequence of pivot rows.

IPC. Given permutation vector (dimension N) determining the

sequence of pivot columms.

IC. Given vector (dimension N+l) contaning the pointers to

the first element in each row of L.

IU. Given vector (dimension N) containing the pointers to the

first element in each row of U.

JC. Given vector (dimension IBOT as used in the preceding
factorization by MSNR), containing the column indices of
the rows in L and U stored in row-wise order as one

matrix C.

Di. Given vector (dimension N) containing the diagonal elements

of L.

C. Given vector (dimension IBOT) containing row-wise

numerical values of L and U without the diagomal elements.

B. Given vector (dimension N) containing the right-hand sides

of the system of linear equations.

X. Resultant vector (dimension N) containing the solution
of AX=B.
Y. Auxiliary vector (dimension N) contaning the intermediate

results of LY¥=B.

Remarks:

Using the permutation vectors IPR and IPC of pivot rows and
columns (determined by partial pivoting based on row density
by MSNR), MBSR solves first the forward substitution LY=B.
Then UX=Y is solved (backward substitution), and the result is

returned in X.
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The method differs from the usual forward and backward sub-
stitution in that MBSR,
(1) deals with rows and columms in permuted order, and

(2) processes only the non-zero elements of the factors L and U.

A.3 Plotter Routines

Calcomp provides basic and functional subroutines, which is a
set of closely related subroutines that generate output for control-
ling a digital graphic system. The programmer is not required to
communicate with the hardware in its own data structure. Instead,
he communicates with the set of subroutines in a manner such as:
'move the pen to specified coordinates’; 'place some characters at a

certain location on the page'; 'draw a line through a series of points'.

ACTIVE-II uses nine plotter subroutines to plot several variables
and transform the values of variables which are stored in the sequence

of time history into visible forms.

Plotting system configuration {offline) is shown below.

Plotter
program
Input data
Plot tape
S/360 K195
Computer
Calcomp 937 tape unit
1136
©0© = T
-] °
o 2] @ L]
Calcomp

drum type plotter

Calcomp 900 controller
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1) CALL PLOTS(X,X) or CALL PLOTS(X,X,LDEV)

The PLOTS entry is used to initialize the PLOT subroutines.
It must be called only once before any other call tco pletter sub-

routine is given,

X is not used.
LDEV is the logical output device number.
If LDEV is not specified, it is set to 77.

2) CALL PLOT (X1,Yl1,IPEN)

The PLOT entry is used primarily to move the pen in a straight
line to a new pasition, with the pen either up or down during the

movement.

Xl,Yl- ; are the X, Y coordinates; in millimeters from the current
reference point (oxigin}, of the terminal position to
which the pen is moved. An origin (where both X, Y
equal zero) may be established anywhere on the plotting

surface, as explained below for negative IPEN values.

IPEN = 2 ; the pen is down during movement, thus drawing a visible
line.
IPEN = 3 ; the pen is up during movement.

IPEN =-2 ; A new origin is defined at the terminal position after
or -3 the movement is completed as if TPEN were positive.
IPEN nmust be 999 in the last plotter call in a program.
The effects are the same as if IPEN=-3; except that a
999 search record is written, and the output device is

closed.

3) CALL NEWPEN (NPEN)

This entry enables program selection of any one of the three

available pens. Pen No.l is initially selected when the PLOTS entry

is called.
NPEN ; specifies the number of the pen to be selected (1-3).

The old pen is raised, and the new pen is moved to the

same physical location where the old pen was positioned.
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4)

-5y

CALL SYMBOL (X1, Y1, HEIGHT, IBCD, ANGLE, NC)

This entry is used to draw text such as titles, captions, and

legends.

X1, Y1 ; are the coordinates, in millimeters, of the lower left-
hand corner (before character rotation) of the first
character to be produced. The pen is up while moving to
this point. If X1 and/or Yl equals 999.0, X1 and/or Y1

is assumed to be the current position.

HEIGHT ; is the height, in millimeters, of the character to be
plotted.

IBCD is the text to be used as annotation. The character(s)

-

must be left-justified and contiguous in: a single

variable, an array, or a Hollerith literal.

ANGLE is the angle, in degrees from the X-axis, at which the

annotation is to be plotted. ANGLE is positive, if

counter—-clockwise.

NC is the number of characters to be plotted from IBCD. If

e

NC>0, the data must be left-justified in the first location
of IBCD, If NC=0, one alphameric character is produced,
using a single character which is right-justified in the

first location of IBCD.

CALL- SYMBDL(X1, Y1, HEIGHT, ICODE, ANGLE, IPEN)

This form of SYMBOL call is used to draw special centered '
symbols such as a box, octagon, triangle, etc., for plotting data
points. X1, Yl, HEIGHT, and ANGLE are the same as described for
the call in the above section (4). 1If the symbol to be produced
is one of the centered symbols (i.e., if ICODE is less than 14), X1,

Y1l represent the geometric center of the character produced.

ICODE ; is the integer equivalent of the desired symbol. Valid
integers and their symbols are listed in the symbl table
of the Table A.1, If ICODE is 0 through 13, a centered
symbol is produced.
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6)

7)

8)

IPEN =-1 ; the pen is up during movement, after which a single
symbol is produced.
==2 or less; the pen is down during movement, after which a

single symbol is produced.

CALL NUMBER (X1, Y1, HEIGHT, FPN, ANGLE, NDEC)

This entry is used to draw a real variable (floating-point
number). X1, Y1, HEIGHT, and ANGLE are the same as those arguments
described for subroutine SYMBOL.

FPN : is the location of the fleoating-point number that is to

be plotted.

NDEC = 0 ; only the integer portion of the number and a decimal
point are plotted after rounding.
=-1 ; only the integer portion of the number is plotted after
rounding,
=1 through 1l; specifies the number of digits to the right
of the decimal peoint that are to be plotted.

CALL CIRCLE (X1, Y1, Al, A2, Rl, R2, DS)

CIRCLE draws a circle, are, or a spiral starting at a given

point.

X1, Y1 ; are the coordinates of the starting point of the are, in

millimeters.
Al ; 1s the angle for the start of the arc, in degrees.
A2 ; is the angle for the end of the arc, in degrees.
R1 ; 1s the radius at the start of the arc, in millimeters.
R2 ; 1s the radius at the end of the arc, in millimeters.
DS ; 1s a code used to specify the type of line desired.

If DS=0.0, a solid arc is drawn.

=0.5, a dashed arec is drawn.

CALL AROHD (X0, YO, X1, Y1, S, W, ICODE)

AROHD draws an arrowhead at the end of a line segment,



PNCT841-75-17

X0, Yo

ICODE

»

H

are the coordinates of the starting point of the line

segment determining the direction of the arrowhead, in

millimeters.

are the coordinates of the tip of the arrowhead, in

millimeters.

is the length of the arrowhead, in millimeters.
is the width of the arrowhead, in millimeters.
is a two-digit decimal code 10*I+J where:
I is 0 if no line is desired from X0, YO to the arrowhead
at X1, YL.
1 if a line is desired.
2 if a line is desired and a second arrowhead
pointing in the opposite direction is desired at
X0, YO.
J is 1-7 specifying the type of arrowhead desired, as

shown in Table A.1l.

9) CALL DASHPT (X1, Y1, W)

DASHPT draws a dashed line from the present pen position to

a specified point,

X1, Y1

»

e

are the coordinates of the point to which the dashed line
is to be drawn, in millimeters.
is the length of the dash and the space between dashes, in

millimeters.

o 7

y=1

- ST S S S
- S SSS

7 J 7 7/ \ 4 4

=2 Jm 3 J—4 J=5 J=4 J=7

Table A.l Symbols for plotter
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CHARACTERS AVAILARBLE IN THE 1IBM 360 SYMBGL RBUTINE
CODES NEXT T8 EACH SYMBOL ARE: 1. INTEGER CGOE USED IN SPECIAL SYMBOL CALL.
2. INTEANAL HEXADECIMAL CODE (EBCDIC MGDULG 128!
SEE THE IBM 360 REFERENCE DATA CAAD FOR CORRESPONGING PUNCHED CARD CODES.
0 16 2 > ug By 80 & a6 __ 112 O
oo [T] 40 | 20 30 /40 50 60 70
1 17 33 4yg S  BS 9 81 J g7 / 113 1
01 @ 11 21 31 e Ui 51 61 7i
2 18 3y 50 66 B 82 /( 98 S 114 2
02 N a2 A 33 M3 < 42 52 62 72
3 ja = 35 51 67 [: a3 99 T 115 3
03 _|_ 13 — 23 il 33 2 43 $3 |L_ 63 73
y 20 _.us 36 52 68 j su M 100 U 116 I__l
oy >< 4 B 34 CD AN sS4 e 1
5 21 31 O §3 I: g | 83 \ 101 v 117 5
05 @ 15 25 .35 4ys [ 55 65 75
6 22 s 54 :] 0 [ 86 E 102 I/\[ 118 6
06 4]}. 16 + 3% 11)' 36 46 56 66 76
7. 23 ag 55 \ 7 G 87 P 103 >< 119 7
07 X 17 + >3 X 37 47 57 67 77
8 24 w oY 8 T 72 H 88 G 104 \r 120 8
a8 Z 19 28 T 4B 58 - 68 78
9 25 4} >\ 57 ’j— 73 I 89 R 105 Z 121 9
09 Y 19 28 39 49 59 . 69 79
10 26 y2 58 1 74 30 106 OO 122 e
oA jZ( 18 2A & 3a YA q: 5A l 6A M a
1 27 u3 & 53 $ 75 91 $ 107 123
08 >K 18 28 38 48 o 5B 68 g9 78
' o
12 28 uy 60 <— 76 a2 108 / 124
ac Z 1C o 3 € 5 4 < 22 X i o -7C @
%
13 29 45 61 77 [ 93 ] 100 __. 125
00 | 2V B T % X 0  sB 60 . 20
1y 30 ue 62 T 78 a4 o 110 126 —
GE 'ﬁ 1IE 7~ 2t - 3E YE + SE 5 6E > ®
v
15 31 AL 47 63 79 g5 111 127
oF __ 1F TN ?F 3F tL uF 5~ ' &F ? F
NOTES: 1. THE FIRST 14 SYMBOLS IN THE TASLE ARE CENTERED STYMBOLS.
2" ANY INTEGER OR HEX CODE. OTHER THAN THOSE SHOWN, WILL BE CONSIDERED
MODULG 128. THEREFORE EITHER OF TWO PUNCHED CARD CGDES FROM THE 360
REFERENCE CARD MAY BE USED FOR EACH SYMBOL.

Table A.1 Symbols for plotter (continued)
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A.4 Original Subroutines

Original subroutines written for ACTIVE-II are 59, and the whole
lists are given in Appendix D.

The names of subroutines are as follows.

MAIN ACTIVE AREA
ATBFUN AXTIAL AXISD
AXIST BCALC BCALCP
BEGIN BURN CHECK
CHKSPD CLEAR CLTMP
COEF CORTMP CRACK
CREEC - CREEF EDTGRS
EDTINP EDTMTX EQUIST
FLCOND FLTMP FLXCAL
FRICHK GAPCON GASOUT
GOLDN HEADER HKNS
“INPUT TOSET ITERAT
LENGTH MATRX MATRXP
OTMCAL PLENP PLOTL
PLOT2 PLOT3 PLOTS
PLOTS PLTOR PLUTO
POWCUT PROPT RHOMOD
SUBTIT SWELL TIMCUT
UPDATE UPDATP UPDTE
VOLUME XLAME

1 ﬁAiN foﬁtine
MAIN routine must be programmed by the user when the ACTIVE-TI
is run. (See the section CORE STORAGE or CONTROL CARDS.)

Sample MATIN routine:

COMMON /DIM/ IA, IAM
DIMENSION A(5000), AM(10000)
IA=5000

IAM=10000

CALL ACTIVE (A,AM)

STOP

END

2) Subroutine ACTIVE (A,AM)

This subroutine ACTIVE controls the calls to all subroutines
included in the ACTIVE-~II code. The calling flow is described in
chapter 4.

The time step interval is determined internally in the ACTIVE.
The maximum changes in time step interval, average linear power,

restructuring, fuel creep, and cladding creep allowed to take
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place within a given time step are limited to specified values.
If any of the computed changes exceed these limits, the time step

interval is cut internally by this subroutine ACTIVE.

The limiting conditions are:

1. Time step interval must not exceeds the CX times DELTO.

Presently, CX=2.0, DELTO=preceding time interval (hrs).
(Refer to the subroutine TIMCUT.)

2, Average linear power change must not exceeds the EPSPOW.
Presently, EPSPOW=50.0 (w/cm).
(Refer to the subroutine TIMCUT.)

3. Restructuring velocity must not exceeds the EPSSPD.
EPSSPD is the input value. If zero, EPSSPD is set to 0.01
(cm/sec) .

(Refer to the subroutine CHKSPD.)

4. TFuel creep increment must not exceeds the EPSCRF. EPSCRF is.
the input value. If zero, EPSCRF is set to 0.05.
(Refer to the subroutine CHECK.)

5. (ladding creep increment must not exceeds the EPSCRC. EPSCRC
is the input value. If zero, EPSCRC is set to 0.01.'
(Refer to the subroutine CHECK.)

If any of these limits are exceeded, the time step interval is
halved, and the power and coolant temperature changes are adjusted

accordingly.

Called from : MAIN (user written program)
Functions used : DATE, STIMER (library)
Commons required: ALWAYS, OTHERS, CONST, CAPSUL, IOFIL, FBRATR,
DIM, PLTOPT, DAY
Variables required:
A ~ used for all the variables except these fox
matrix.

AM - used only for the variables related to the matrix.

Variables required:
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input

of time

@

Point

Time specified on the preceding input card.
Preceding step at which the calculation has
IT-1)

just been done. (step number =

Current time step at which the calculation is
IT)

being done. (step number =

() Time once calculated but not accepted due to
criteria for restructuring wvelocity and for

the creep increment. (Limitation 2.,4.,5.)

®

Time specified on the current input card.

Variables used at the above each point of time are as follows.

Point of time () C) C) C)
time (hr) TLP TIM YTIM TIMO
average linear power (w/cm) PPOWA POWAV YPOWAV POWAO
coolant inlet temperature (°C) PTIN TIN YTIN TINO
coolant outlet temperature(°C) PTOUT | TOUT YTOUT TOUTO
average external pressure
on cladding (kg/cmz) PPO PO YPO POO

The time step

IT -

ITPLOT - step

Output timing

step

counter for calculation.

counter for plotting.

interval, DELT, is determined as (TIM-TIP).

(step number)

internally determined values, JKL, JJOQUT.

is controlled by the input walue, JOUT, and the
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OUTPUT —
JKL - is set to 2, when the time step is cut intermally due

to the limiting conditions 1 or 2 as mentioned before.

Otherwise, JKL is set to 1.

JJOUT - 1is set to 0, when the time step is cut due to the
limiting conditions 3, 4 or 5 as mentioned before.

Otherwise, JJOUT is set to 1.

JCR - is set to 1 or 2, when the fuel cracking or crack
healing occurred, respectively.
Otherwise, JCR is set to O.
(Refer to the subroutine CRACK)

3) TFunction AREA (R, DR)

The AREA calculates the area between the circle with radius R and

the concentric cirecle with radius R4+DR.

A= (r+Ar)2 - r?2 = Ar(2r+Ar)
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4)

Called from

+ CLTMP

Variables required:

R - radiuvus r. (cm)

DR - Ar.

(cm)

Variables changed :

AREA "~ Ar(2r+Ar) (em?)

Function ATBFUN (T, DT, I)

This function calculates the thermal expansion in any of the

three fuel regiomns, i.e., colummar grain region, equiaxed grain

region, and undisturbed region.

The thermal expansion is computed by integrating the thermal

coefficient of expansion from the room temperature to the tempera-

ture TH+DT/2,

a(T) = ap + a;T : thermal coefficient of expansion.
(°c-1)
: temperature (°C)
= 20 °C : room temperature
7+ 2T T+ 8T
2 2 a4
f a(T)dT = f (ap+ay AT = (agT+ — T2)
Y Y
At a3
+ (ag¥+aiT) - - (agY+ 5 Yz)
Called from : FLTMP
Commons required : OTHERS

Variables required:

T - temperature. (°C)
DT - AT. (°C)
Y - room temperature. (20 °C)
- =1, indicator of columnar region.

= 2, indicator of equiaxed region.

= 3, indicator of undisturbed region.
ALFO - ap in the expression agtaT.

(°c™h {(refer to the Common OTHERS)

ALFl - a; in the expression apgta;T.

(°c™hH {(refer to the Common OTHERS)
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5)

6)

7)

Variables changed:

AT
T+ 2

ATBFUN - a(T)dT . (-
Y

Subroutine AXTAL (X0, YO, ID)

This subroutine AXTAL is used to plot an axial section number

at the right-hand side of the graph.

Called from : PLOT4, PLTOR
Subroutines called: SYMBOL, NUMBER (library)
Variables required:
X0,Y0 - coordinates where the characters 'AXIAL SECTION='
are plotted. (mm)

" ID - axial section number,

Subroutine AXISD (MX, XMN, DX)

The AXTSD draws the latitudinal axis with regard to distance

with graduations.

Called from : PLTOR
Subroutines called: PLOT, NEWPEN, NUMBER (library)

Variables required:

MX - number of graduations.
XMN - dinterval between graduations.
DX - scaling factor.

Subroutine AXIST (MX, XMN, DX)

The AXIST draws the latitudinal axis with regard to time

with graduations.

Called from : PLTOR
Subroutines called: PLOT, NEWPEN, NUMBER (library)

Variables required:

ME - number of graduatioms.
MN - interval between graduatioms.
DX - scaling factor.
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8) Subroutine BCALC (B, ATBF, ATBCL, TPR, TPC, TPZ, PRS, RF, RC, P,
BM, G, PB, GB, VOL, RH, PLPR, CVPR, PO, PTOP,
DELT, TSR, TSC, TSZ, FLUX, TBCL, KFRIC, SWG, SWS,
ERP, EPR, EPC, EPZ, MOUNT, IFRIC, NS, RB)

The BCALC provides the vector containing the right-hand sides
of the stress-~strain equatioﬁs, i.e., stress-strain equations except

for that of the plenum-section.

Called from : ACTIVE
Functions used : ALOG (library)
Commons required : ALWAYS; OTHERS

Variables required:

| ATBF, ATBCL; TPR, TPC, TPZ, PRS, P, BM, G, PB, GB, VOL, RH,
TSR, TSC, TSZ, FLUX, TBCL, KFRIC, SWG, SWS, EHP, EPR, EPC,
EPZ, RB ~ refer to the Symbol Dictionary (Appendix C)..

RF - radii of the region boundaries in the fuel. (cm)
RC - radii of the region boundaries in the cladding. (cm)
PLPR - plenum pressure. (kg/cm2)

CVPR - central void pressure. (kg/cm?)

PO - average external pressure on cladding. (kg/cm?)
PTOP '
DELT

axial force on cladding. (kg)

|

time step interval. (hr)

MOUNT - switch used when the starting condition of the
status of pellet-cladding gap is not accepted.

IFRIC - indicator of status of pellet-cladding gap.

NS - axial section number.

Variables changed:
B - vector containing the right-hand sides of the stress-
‘strain linear equations except for those of the

plenum section.

9) Subroutine BCALCP (B, ATBCL, TPR, TPC, TPZ, RC, P, G, PB, GB,
VOL, RH, TBCL, FLUX, KFRIC, CRIF, DELT, TSR,
TSC, TSZ, PLPR, PTOP, PO, EPR, EPC, EPZ, NS)

The BCALCP provides the vector containing the right-hand sides of

the stress-strain equations only for the plenum sectiom.
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Called from : ACTIVE

Functions used : ALOG (library)

Commons required : ALWAYS, OTHERS

Variables required:
ATBCL, TPR, TPC, TPZ, P, G, PB, GB, VOL, RH, TBCL, FLUX,
KFRIC, TSR, TSC, TSZ, EPR, EPC, EPZ, CRIF - refer to the
Symbol Dictionary (Appendix C).

RC - radii of region boundaries in the cladding. (cm)
DELT -- time step interval. (hr)
PLPR - plenum pressure. (kg/cm )
PTOP - axial force on cladding. (kg)
PO - external pressure on cladding. (kg/cm?)
NS - axial section number.
Variables changed :
B - vector containing the right-hand sides of the

stress-strain linear equations for the plenum section.

10) Subroutine BEGIN (XM, ZFLX, RH, RHOP, CPU, LM, EHP, SWS, GS, GR,
RVB, RCB, REB, RUB, QSF, QSFF, QSF¥P, POW, XCPI,
XCPO, BU, HG, KFRIC, FLZO, FLZ, PRS, FLNC, CLZO,
CLZ, FL, CL, DXM, SWG, RCI, RCO, RVBO, RCBO, REBO,
RUBO, RCIO, RCOO, XMINT, RDIST, EPSEQ, SWS3, LMR,
LMC, LMZ)

This subroutine is used for initialization of some wvariables

before any of calculations is performed.

Called from : ACTIVE
Commons required : ALWAYS, OTHERS, CONST, CAPSUL
. Variables required:

RHOP, RVB, RCB, REB, RUB, QSFF, QSFP, FLZO, CLZO, RCI, RCO ~
refer to the Symbol Dictionary (Appendix C),.
RCPI - capsule inner radius. (cm)
RCPO - capsule outer radius. - (em)
RHOC ~ cladding density. (g/cc)
PT - ﬂ
FA1l, FAl2, FA21, FA22, FA3l, FA32 - refer to the Common CONST.
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Variables changed (initialized):
XM, ZFLX, RH, LM, EHP, SWS, GS, GR, QSF, QSFF, POW,
XCPI, XCPO, BU, HG, KFRIC, FLZ, PRS, FLNC, CLZ, DXM, SWG,
RVBO, RCBO, REBO, RUBO, RCIO, RCOO, XMINT, RDIST, EPSEQ,
SWS3, LMR, ILMC, LMZ - refer to the Symbol Dictionary, (Appendix C)
FL -  total length of the fuel. (cm)
CL - total length of the cladding. (cm)
ALFO, ALFl, SMQ, SMQO - refer to the Common OHTERS.
XEWTON - refer to the Common CONST.

11) Subroutine BURN (BU, POW, XM, EPZ, QSF, QSFP, DELT)

This is the subroutine which calculates the burn-up of the
fuel. 2.246 x10!9 fissions per gram of the fuel are assumed to be

equvalent to one atomic-percent burn-up. And 1 watt is equivalent

to 3.1 x10'% fissions per second. Using these constants and the

linear power, the burn-up of the fuel is computed.

Called from : ACTIVE
Commons required : ALWAYS, OTHERS
Variables required:
POW — average linear power during the time step. (w/cm)
™ - mass. (g/cm)
QSFP - axial power shape. (-)
DELT - the time step interval. (hr)
BUCNS - constant used for conversion from (w/cm) to
(atomic-percent). (3.1x1019%3600/2.246x1019)
PDBU -~ linear power decrement due to burn-up.
(1/atomic~percent)

Variables changed :

BU - burn-up. (atomic-percent)

QSF - axial power distribution factor. (g/cm)

5MQ - summation of axial power shapes multiplied by mass.
(g/cm)

BUB - average burn-up of the fuel. (a/o)
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12) Subroutine CHECK (DEQP, EF, EC, ISW)

The subroutine CHECK is used to check whether the equivalent
creep-strain increment satisfies the given criterion or not.
If the criterion is satisfied, the tentative time interval is
accepted. If not, the time interval is halved in the subroutine
ACTIVE.

Called from : ACTIVE
Commons required : ALWAYS
Variables required:
DEQP - equivalent creep-strain increment in the tetative

time interwval.

EF - criterion for DEQP in the fuel.

EC -~  criterion for DEQP in the cladding.

NN -~  total number of axial sections.

NFR -  total number of radial meshes. in the fuel.
NCL -~  total number of radial meshes 1in the cladding.

Variables changed :
ISW -  indication of acceptance of the time step interval.
If ISW=1, smaller time interval is required. 1If

ISW=0, the tentative time step interval is accepted.

13) Subroutine CHKSPD (DXM, EPS, NN, ISW, DELT)

This subroutine is used to check whether the migration veloci-
ties of each region interfaces satiefy the given criterion or not.
Lf the criterion is satisfied, the tentative time step interval is
accepted. If not, the time interval is halved in the subroutine
ACTIVE.

Called from : ACTIVE
Variables required:
DXM -  migration wvelocity in the tentative time step

interval. (cm/sec)

EPS - criterion for DXM. {cm)
NN - total number of axial sections.
DELT - tentatively decided time step interval. (hr)
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14)

15)

Variables changed :
1SW — indication of acceptance of the time step interval.
If ISW=1l, smaller time step interval is required.
If ISW=0, the tentative time step interval is

accepted.

Subroutine CLEAR (IFRIC, JFRIC, NS)

This subroutine is used for setting the initial assumption of
fuel-cladding gap condition. Fuel-cladding gap is assumed to be

opern.

Called from 1 ACTIVE
Variables required:
JFRIC - gap condition at the preceding time step.
=0, open
=1, stick
=2, 8lip
NS - axial section number.
Variables changed :
IFRIC - gap condition to be assumed at the current time step.
=0, open
=1, stick

=2, slip~

Subroutine CLTMP (POW, TO, RO, RI, R, T, TB, TBA, ATB, ATBA, RCLO,
IT, RB)

The CLTMP is used to determine the temperature and the thermal
expansion of the cladding and the capsule (if the fuel-element is

capsulated).

First, determined are the radii of interest. The cladding or

the capsule is equally divided into NCL meshes.

The temperature distribution, i.e., the temperature at each
region boundary, of the cladding (or the capsule) is calculated
using the given cladding (or the capsule) outer temperature. (See
chapter 3.1-3)) The cladding (or the capsule) outer temperature is

determined in the subroutine GOLDN.
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When the temperature distribution across the cladding (or the
capsule) is known, the average temperature and average thermal

expansion are determined.

Called from : ACTIVE
Functions used : ALOG, SQRT (library), AREA
Commons required : ALWAYS, OTHERS, CONST
Variables required:
POW - average linear power. (w/cm)
TO -  temperature at the outside of the cladding or the
capsule. (°C)

RO =~ outer radius of the cladding or the capsule. (cm)
RI ~ inner radius of the cladding or the capsule. {(cm)
CKL - I

CK2 - refer to the Common CONST

CAl - } described in the Common

CAZ - Dictionary (Appendix B).

A - same as XEWICN

PI - T

IT - time step number

Variables changed :

R - radius of each region boundary. (cm)

T - temperature at the radius R. (°C)

B - average temperature of the 'mesh. (°C)

TBA -  average temperature of the cladding or the capsule. (°C)
ATB -  average thermal expansion of the mesh. (-}

ATBA - average thermal expansion of the cladding or the

capsule. (-)
RCLO,RB - refer to the Symbol Dictionary (Appendix C).
RCL,TCL,ATCL - radius, temperature, and thermal expansion
respectively used for the numerical integfation by
NEWTON-COTES=6,

16) Subroutine COEF (OTOM, N)

The numerical coefficients in the formula for fuel conductivity

are calculated as a function of OTOM (fuel stoichiometry).
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Called from : FLTMP
Commons required : ALWAYS, CONST, FBRATR
Variables required:
OTOM - O/M ratio (i.e., X in UOx) according to fuel
stoichiometry.
N - axial section number.
JFA -  option for reactor model.
=1, for FBR r
=2, for ATR
=3, for PWR
" =4, for BWR
NOK - option number for fuel conductivity formula,
Variables changed : .
FKal, FKBl, FKC1l -
FRA2, FKB2, FKCZ -~
FKA3, FKB3, FKC3 -

refer to the Common CONST described

in the section Common Dictiomnary.

17) Subroutine CORTMP (TOUTER, TOUTO, PTOUR, ISW, TOUT)

The subroutine CORTMP is used for storing/retrieving the tem-
perature at outside of the cladding. Storing/retrieving is needed

when the time step interval is halved due to the criteria.

Called from :  ACTIVE
Commons required : ALWAYS, TOFIL
Variables required/changed:
ISW - indicator of store/retrieval.
TOUT - coolant outlet temperature. (°C)
TOUTER, TOUTO, PTOUR - refer to the Symbol Dictionary.

18) Subroutine CRACK (SIGR, SIGC, SIGZ, BM, G, TBF, TPR, TPC, TPZ, TSR,
TSC, TSZ, PRS, LM, LMR, LMC, LMZ, DELT, NS, JCR)

The CRACK computes whether fuel cracking would occur in any of

the three principal directions.

A crack occurs when the stress component exceeds the ultimate
tensle stress. The changes in elastic strain due to cracks are
compensated by equal changes in plastic strain and volumetric

expansion,
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19)

(See chapter 3.8)

The cracks are assumed to heal when the stresses in the region

become compressive.

If the fuel cracking or crack healing occurs during the time

step, the Yourg's modulus and the equations using it are re-computed.

Called from ACTIVE
Commons required : ALWAYS, XCRAK
Variables required:

S1IGR, SIGC, S5IGZ, BM, G, TBF, PRS - refer to the Symbol Dictionary.

DELT - time step interval. (hr)

NS - axial section number.
THI.C, HEALL, HEAL2, SIGFO, SIGFl ~ refer to the Common XCRAK.

Variables changed :
TPR, TPC, TPZ, TSR, TSC, TSZ, LM, LMR, LMC, LMZ - refer to
the Symbol Dictionary,

JCR - =1, if any crack occurred during the time step.
=0, otherwise.
Significant internal variables:
SIGF - pellet fracture strength (kg/cmz)

{(ultimate tensile stress).

Subroutine CREEC (EQSIG, DEQP, TBC, FLNC, FLUX, DELT, N)

The equivalent creep—-strain increments for the cladding regions
are computed according to the creep law for cladding with associated

constants.

Called from : ACTIVE

Functions used : EXP, SINH (Library)

Commons regqguired : ALWAYS, OTHERS, XCREC, FBRATR

Variables required:
EQSIG, TBC, FLNC, FLUX - refer to the Symbol Dictionary.
DELT - time step interval. (hr)

N - axial section number,

A, Q, AE, BE, CE, FM, FN - refer to the Common XCREC.
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NOC - option number for cladding creep formula. (input)

(See chapter 5 for option)

JFA - option number for reactor model. (Rafer to the
Common FBRATR)
RKR ~ ideal gas constant. (cal/mol °R)

Variables changed :

DEQP -~ equivalent creep-strain increment.

20) Subroutine CREEF (EQSIG, DEQP, TBF, POW, FD, FLUX, FTHP, LM, DELT,
N, G, EPSEQ)

The subroutine CREEF calculates the equivalent creep-strain
increments for the fuel regions according to the creep law for

fuel with associated constants.

Called from ¢ ACTIVE
Functions used ¢+ EXP (Library)
Commons required : ALWAYS, OTHERS, XCREF
Variables required:

EQS1G, TBF, POW, FD, FLUX, LM, G, EPSEQ - refer tec the

Symbol Dictionary.

DELT - time step interval. (hr)

N = axial section number,

A0, A, CFR, B,:Q, Q1, FM, FN, GD - refer to the Common XCREF
Variables changed :

" DEQP - equivalent creep—strain increment,

FTHP - thermal creep component.

21) Subroutine EDTGRS (IT, TIM, POWAV, TIN, TOUT, DELT, POW, FLUX, BU
TNA, XCPO, XCPI, TCPI, TCPO, RCO, RCI, TCLO,
TCL, FLZ, CLZ, FL, CL, OTOM, CPU, RHOT, RH,
XM, RVB, RCB, REB, RUB, RF, RC, HG, HC, TOGAS,
GR, TFR, TBFA, ATBFA, TBCLA, ATBLA, RCP, TCP,
TBCPA, ATBPA, FLNC, GS, PLPR, CVPR, FLO, CLO,
BUM, PO, FD, FDPM)

All wvariables in the argument are editted and printed tc the

printer before stress-strain matrix solving.
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22)

Called from

: ACTIVE

Commons required : ALWAYS, OTHERS, CAPSUL, COMPLT, IOFIL

Variables required:
POW, FLUX, BU, TNA, XCPO, XCPI, TCPI, TCPO, RCO, RCI, TCLO,
TCL, FLZ, CLZ, OTOM, CPU, RHOT, RH, XM, RVB, RCB, REB,

RUB, HG,

HC, GR, TFR, TBFA, ATBFA, TBCLA, ATBLA, RCP, TCP,

TBCPA, ATBPA, FLNC, GS, BUM, FD; FDPM - refer to the Symbol

IT -
TIM -
POWAV -
TIN -
TOUT -~
DELT -

CL -

RC -
TOGAS -
PLPR ~
CVPR -
FLO -
CLO -
PO -

Dictionary.

time step number.

time (hr)

average linear power (w/cm)

coolant inlet temperature (°C)

coolant outlet temperature. (°C)

time interval. (hr)

total fuel length. (cm)

total cladding length. (cm)

boundary radius of each fuel mesh. (cm)
boundary radius of each cladding mesh. (cm)
total gas in plenum. (mol)

plenum pressure. (kg/cm?)

central void pressure. (kg/cm?)

initial total fuel length. (cm)

initial total cladding length. (cm)

average external pressure on cladding. (kg/cm?)

Subroutine EDTINP (RVB, RCB, REB, RUB, RCI, RCO, QSFF, QSFP, OTOM,

CPU, RHOP, F, XCPI, XCPO, FLZ, CLZ, FL, CL, PTOP,
PO)

Input variables are printed to the printer.

Called from

ACTIVE

Commons required : ALWAYS, OTHERS, CAPSUL, PLTOPT, IOFIL

Variables required:

RVB, RCB, REB, RUB, RCI, RCO, QSFF, QSFP, OTOM, CPU, RHOP,

F, XCPI,

FL -~

XCPO, FLZ, CLZ - refer to the Symbol Dictionary.

total fuel length. (cm)
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CL ~ total cladding length. (cm)
PTOP - axial force on cladding. (kg)

PO -~ average external pressure on cladding. (k;/cm?)

23) Subroutine EDTMPX (EPR, EPC, EPZ, SIGR, SIGC, SIGZ, TPR, TPC,
‘ TPZ, TSR, TSC, TSZ, RDIS, CRIF, RCP, TCP,
TBCP, ATBGP, RCL, TCL, TBCL, ATBCL, YNG, POS,
SHR, BM, RF, TF, TBF, ATBF, PRS, EHP, TPRF,
TPRC, TPCF, TPCC, TPZF, TPZC, PRES, KFRIC, DPR,
DPC, DPZ, DSR, DSC, DSZ, POSB, SHRB, SWG, SWS,
N, RPM, TPM, GS, CPU, LM, LMR, LMC, LMZ, RCOO)

After the stress-strain matrix is solved, the stress, strain,

displacement, and detailed informations are printed out.

Called from : ACTIVE
Functions used : TTIMER (Library)
Commons required : ALWAYS, XFRIC, CAPSUL, COMPLT, IOFIL

Variables required:
EPR, EPC, EPZ, SIGR, SIGC, SIGZ, TPR, TPC, TPZ, TSR, TSC,
TSZ, RDIS, CRIF, RCP, TCP, TBCP, ATBCP, RCL, TCL, TBCL,
ATBCL, BM, TBF, ATBF, PRS, EHP, KFRIC, SWG, SWS, GS, CPU,
LM, LMR, LMC, LMZ, RCOO - refer to the Symbol Dictionary.

YNG - Young's modulus. (kg/cm?)

POS — Poisson's ratio. (-)

SHR - shear modulus. (kg/cm?)

BRF - boundary radius of each fuel region. (cm)

TF -  temperature at the boundary of each fuel region. (°C)
PRES - contact pressure at the boundary of each radial

region. (kg/cm?)
DPR - radial creep strain increment during the time

interval. (-)

DPC -— circumferential creep strain increment. (-)
DPZ -  axial creep strain inerement. (-)
POSB - average Poisson's ratio. (=)

SHRB - average shear modulus. (kg/em?)

RPM -

same as RFRPM } in the Symbol Dictipnary.
TPM - same as TFRPM
N - axial section number.
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24)

25)

Subroutine EQUISI (Sk, SC, SZ, ES, PRS, N)

This subroutine is provided to calculate the equivalent stress,
and the hydro-static pressure in the N-th axial section and all

the radial regions, using che corresponding stresses.

Called from : ACTIVE
Functions used : SQRT (Library)
Commons required : ALWAYS

Variables required:

SR -  the radial stress component. (kg/cm?)
SC -  the circumferential stress component. (kg/cm?)
SZ -~  the axial stress component. (kg/cm?)
N - the axial section number.
- NIR =  the total number of radial regions in the fuel and
cladding.
Variables changed :
ES - fhe equivalent stress. (kg/cm?)
PRS -  the hydro-static pressure. (kg/cm?)

Subroutine FLCOND (XK, XK1, ZH, FP, FP95, T)

The thermal conductivity of each fuel region is calculated in this

subroutine.

Called from : FLTMP
Commons required : ALWAYS, CONST

Variables required:

ZH - p/pth, where p and P+h are the actual and theoretical
densities of the fuel, respectively,

FP - (1-P)/(1+8P), when P=porosity, and B=1.

FP95 - FP for P=0.05, that is FP95 = (1-0.05) /(1+0.05:g)

T -  temperature. (°C)

NOK - option number for fuel conductivity formula.

Variables changed :
XK -  thermal conductivity of the fuel. (watt/cm.°C)
XK1 - temperature differential of XK.
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26) Subroutine FLTMP (POW, TCL, RCI, RUB, REB, RCB, RVE, RH, DXM, XM,
R, T, TB, ATB, TBA, ATBA, FD, RPM, TPM, TBPM,
ATBPM, FDPM, GDT, HG, F, OTOM, RHTHEO, DELT,
RFO, IT, BU, RHOP, RB, EPR, EPC, EPZ, TPR, TPC,
TPZ, TSR, TSC, TSZ, GS, SWG, SWS, EHP, WOLD,
WNEW, XEPR, XEPC, XTPR, XTPC, XTPZ, XTSR, XTISC,
XTSZ, XGS, XSWG, XSWS, XEHP, XSWS3, SWS3)

The temperature distribution and fuel restructuring are deter-

mined in the FLTMP.

The columnar grain region is equally divided into NCR meshes,
The equiaxed grain region is equally divided into NER meshes, and

for the undisturbed region, into NUR meshes.

The radial temperature distribution in the fuel is determined
at the boundaries of NP regions of equal mass through integratiocn
of the one-dimensional heat-conduction equation. (See chapter
3.1-5)) The temperatures at the boundaries of NCR, NER, or NUR
meshes are interpolated using those at the boundaries of NP regions

of equal mass.

The temperature gradients at the interfaces of the NP regions
of equal mass are stored for use in the subsequent calculation of

plutonium migration.

After the boundary temperatures are determined, the average

temperatures and thermal expansion of each region are computed.

The growth of the columnar grain region and the equiaxed grain
region (i.e., fuel restructuring) are determined using the experi-
mental formula. After the boundaries of the columnar and equiaxed
regions have been determined, a final mass balance yields the

radius of the central void

Some strains are modified considering the fuel restructuring.

Called from : ACTIVE
Subroutines called: COEF, FLCOND, OTMCAL
Functions used :  ALOG, EXP (Librarvy)
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27)

Variables required:
POW, TCL, RCI, RUB, REB, RCB, RVB, RH, XM, HG, F, BU, RHOP
- refer to the Symbol Dictionary.
RHTHEQO- theoretical density. (g/cc) (same as RHOT in the
Symbol Dictionary.
CML, DHR, PI, BURH1, BURHZ - refer to the Common OTHERS.
IT - time step number.
DELT - time interwval. (hr)
Variables changed :
DXM, FD, TBPM, ATBPM, FDPM, GDT, OTOM, RB, EPR,.EPC, EPZ,
TPR, TPC, TPZ, TSR, TSC, TSZ, GS, SWG, SWS, EHP, WOLD,
WNEW, XEPR, XEPC, XTPR, XTPC, XTPZ, XTSR, XTSC, XTSZ, XGS,
XSWG, XSWS, XEHP, XSWS3, SWS3 - refer to the Symbol Dictionary.
R~RFR
‘T-TFR
TB-TBF
ATB-ATBF
TBA-TBFA ) in the Symbol Dictionary.
ATBA-ATBFA
RPM-RFRPM
TPM-TFRPM
RFO-RFRO J
XML, CM - refer to the Common OTHERS.

~

Subroutine FLXCAL (POWAV, QSFF, ZFLX, FLNC, FLUX, DELT)

The FLXCAL computes the fast neutron flux and the fast

neutron fluence.

Called from : ACTIVE

Commons required : ALWAYS, OTHERS

Variables required:
POWAV - average linear power. (w/cm)
QSFF, ZFLX - refer to the Symbol Dictionary.
CFLX, SMQO, SMQ ~ refer to the Common OTHEERS.
DELT ~ time interval. (hr)

Variables changed :

FLUX, FLNC - refer to the Symbol Dictionary.
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28) Subroutine FRICHK (RUB, RCI, DISP, PRES, FRIC, CRIF, KFRIC, KONV,
IFRIC, NS)

The fuel-clad gap is first assumed to be open. The frictional
force is zero, and the interface pressure equals to the plenum
pressure. If the computed displacements of fuel and cladding
indicate that the gap is closed, then, frictional force is checked.
If the computed frictiomal force is larger than can be justified
by the contact pressure and the specified static coefficient of
friction, slip occurs at the fuel-clad interface. Otherwise, stick

condition is assumed.
If the assumed condition confilicts with the computed one, the

matrix is solved again with the modified condition,

Called from ACTIVE
Commons required : ALWAYS, OTHERS, XFRIC

Variables required:
RUB, RCI ~ refer to the Symbol Dicticnary.
DISP - displacement computed through matrix solving, (cm)
PRES - contact pressure at the boundary of each region,
computed through matrix solving. (kg/cm?)
FRIC ~ frictional force computed through matrix solving.(kg/cm)
NS - axial section number.
FST, GAP - refer to the Common XFRIC.
Variables changed :
CRIF, KFRIC — refer to the Symbol Dictionary.
KONV = convergence indicator.

IFRIC - fuel-clad gap indicator.

29) Subroutine GAPCON (RCI, RUB, HG)

The fuel-clad gap heat-transfer coefficient is computed as a
function of gap size, This value is used in the calculaticn of

fuel outer temperature.

Called from : ACTIVE
Function used : EXP (Library)
Common required :  ALWAYS
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30)

31)

Variables required:
RCI, RUB - refer to the Symbeol Dictionary.
Variables changed :

HG - gap heat-transfer coefficient. (cal/hrecm?+°F)

Subroutine GASOUT (RF, FLZ, POW, FD, TBF, VOL, EPR, EPC, EPZ,
ATBF, SWS, GR, GS, GRT, DELT)

The subroutine GASOUT calculates the fractional gas-release
rates, and gas-remaining rates for each of the fuel region. The
release rate for any region is increased if the swelling of the

region rises above a specified limit. (25% volume expansion)

The gas-release rate is multiplied by the amount of gas and by
the time interval to determine the amount of gas released from, or
that remaining in the region during the time step. The released gas

is added to the previous total of released fissiomn gas.

Called from : ACTIVE
Functions used : EXP (Library)
Commons required : ALWAYS, OTHERS, XGASO
Variables required:
PQW, FD, TBF, VOL, EPR, EPC, EPZ, ATBF, SWS - refer to the
Symbol Dictionary.
DELT - time interval. (hr)
AF, AN, CT, QR - refer to the Common XGASO.

A91 -  refer to the Common OTHERS.
Variables changed :

GR -~ gas released. (mol)

G8 - gas remaining. (mol)

GIR - total gas released. (mol)

Subroutine GOLDN (POWAV, QSF, TOUT, TIN, RCLO, POW, TCLO, RCPI, XCPO,
AFNA, FL, HC, TNA, TCPO, TCPI, TOUTER, NSKIP, PO,
FLZ)

The GOLDN computes the surface temperature at the outside of
cladding. The coolant temperature at the middle of each axial
section is determined by either Newton's interpolation method or

linear interpolation between inlet and outlet temperature.
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The linear power in each axial section is computed from the
given average linear power for the fuel element. The outside tem-—
perature of the capsule (or cladding) is determined after the heat-
transfer coefficient between the coolant and the fuel-element capcule

(or cladding) is calculated.

Called from ACTIVE
Functions used : ALOG, EXP (Library)
Commons required : ADWAYS, OTHERS, XGOLD, FBRATR, I0FIL

Variables required:
POWAV - average linear power for the fuel element. (w/cm)

QSF, TOUTER, FLZ - refer to the Symbol Dictiomary.

TIN - coolant inlet temperature. (°C)
TOUT - coolant outlet temperature. (°C)
RCLO - outside radius of cladding. (cm)
RCPT - inside radius of capsule. (cm)

XCPO - outside radius of capsule. (cm)

AFNA ~ coolant flow area. (cm?)

FL -~  fuel length. (cm)

NSKIP - =0, the coolant inlet, and outlet temperature is

given (input).

=1, the ecladding outer temperature is given {(input) .

PO - average external pressure on cladding. (kg/cm?)

ASSO, ASS1, ANAO, ANAl, ANA2, CO, C1, C2 - refer to the
Common XGOLD.

Variables changed :
POW, TCLO, HC, TNA, TCPO, TCPI - refer to the Symbol Dictionary.

Subroutine HEADER

The HEADER reads the title card until the *END card is encoun-
tered. The title card is printed soon after it is read before any

other output is performed.

Called from ACTIVE
Common required :+  ALWAYS, COMPLT, IOFIL
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33)

34)

35)

Variables changed :
TITLE - title
TITL - title for plotting.

Subroutine HKNS (TBCL, TSR, TSC, TSZ, FLX, DELT)

The HKNS uses the two formulae for the cladding swelling

accordiﬁg to the option NOS to determine the cladding swelling.

Called from ¢ ACTIVE
Functions used : ALOG, EXP (Library)
Commons required : ALWAYS, XHKNS, FBRATR
Variables required:
TBCL - average temperature of each region of the cladding.
| (°c)
FLX - neutron flux. (n/secsem?)

DELT - time interval. (hr)
€S, BO, Co, Cl1, C2, C3 - refer to the Common XHKNS.
JFA - refer to the Common FBRATR.

Variables changed :

TSR, TSC, TSZ ~ refer to the Symbol Dictionary.

Subroutine INPUT (EPZ, TPR, TPC, TPZ, SIGR, SIGC, SIGZ, ADISP,
RDISP, RVB, RCB, REB, RUB, RCI, RCO, QSFF, QSFP,
F, EPR, EPC, TSR, TSC, TSZ, CPU, RHOP, QTOM, FL,
CL, PTOP, PO, EPSIN, CLZO)

The subroutine INPUT reads the input cards. (See Chapter 6.3)

Called from : ACTIVE
Commons required : ALWAYS, OTHERS, CAPSUL, PLTOPT, IOFIL
Variables changed :

Refer to the Chapter 6.

Subroutine IOSET (I0)

The TOSET determines the file reference number for use of

temporary output. Presently, these variables are not used.
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36)

37

Called from : ACTIVE
Commons required : ALWAYS
Variables changed :

I0 -~ output file reference number.

Subroutine ITERAT (PRS, VOL, TBF, ATBF, SWG, EHP, RH, RF, GS, SWS,
 BM, EPR, EPC, EPZ, SWS3, SIGR, SIGC, SICZ, RHTHEO,
DELT, N, RHOP, BU, TSR, TSC, TSZ, XEHP, XSWG,
PLPR, CVPR)

The ITERAT computes the fuel swelling due to gaseous fission
products and the hot-pressing. The gaseous fission products in the
undisturbed region are assumed to contribute to swelling in that

region in a manner similar to solid fission products.

Called from : ACTIVE
Functions used : EXP (Library)
Commons required : ALWAYS, OTHERS, XITER
Variables required:
PRS, VOL, TBF, GS, SWS3, RHOP, BU - refer to the Symbol Dictiomary.
RHTHEO - theoretical density. (g/cc)
CVPR - central void pressure. (kg/cm?)
DELT - time interval. (hr)
N -~ axial section number.
C,QRK - refer to the Common XITER.
PG, BURH1l, BURH2 - refer to the Common OTHERS
Variables changed :
SWG, EHP, SWS, TSR, TSC, TSZ - refer to the Symbol Dictionary.
XEHP, XSWG - temporary use.

Subroutine LENGTH (FL, FLN, CL, CLN, FLZO, FLZ, CLZO, CLZ, EPZ)

The axial length of the fuel and the cladding is computed.

Called from ¢ ACTIVE
Commons required : ALWAYS, OTHERS
Variables required:

FLZ0O, CLZQ, EPZ -« refer to the Symbol Dictionary.
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38)

Variables changed :
FLZ,CLZ ~ refer to the Symbol Dictionary.
FL,FLN - total fuel length. (cm)
CL,CLN - total cladding length. {(cm)

Subroutine MATRX (IA, JA, A, E, P, DEQP, EQSIG, RF, RC, G, PB, GB,
FLZ, KFRIC, MOUNT, IFRIC, NS, RB)

The MATRX determines the wvector A (vector containing the values
of the elements of the given matrix of interest in row-wise order),
the vector TA (vector containing the pointers to the first element
in each row of the matrix in row-wise order), and the JA (vector
containing the column indices of the matrix in row-wise order) for

use in the subsequent matrix solving by SL-MATH. (See appendix A-2)

When the first call to the subroutine MATRX during the time
step, the initial assumption of the boundary condition for the fuel-

cladding interface is that the gap is open.

After the matrix is solved by SL-MATH, and if the results
represent that the gap is closed, the parts of A, IA, and JA related
to the boundary condition are modified at the second or the third
call to the MATRX.

Called from : ACTIVE
Functions used : ALOG (Library)
Commons requifed : ALWAYS, OTHERS
Variables required:
E, P, DEQP, EQSIG, G, PB, GB, FLZ, KFRIC, RB - refer to the
Symbol Dictionary.
RF - boundary radius of each fuel regiomn.
RC - boundary radius of each cladding region.
MOUNT - count numbér that the MATRX is called.
IFRIC - indication of the fuel-cladding interface conditiom.
=0, the gap is open.
=1, stick condition.
=2, slip condition.

NS - axial section number.
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Variables changed :

IA, JA, A - refer to the SL-MATH (See chapter A.2)

39) Subroutine MATRXP (IA, JA, A, E, P, DEQP, EQSIG, RC, G, PB, GB, CLZ,
KFRIC, NS)

The subroutine MATRXP is used for the same purpose as the
MATRX except that only the plenum section (i.e., only the cladding)

is treated in this subroutine.

Called from : ACTIVE
Functiong used ¢ ALOG (Library)
Commons required : ALWAYS, OTHERS
Variables required:
E, P, DEQP, EQSIG, G, PB, GB, CLZ, KFRIC - refer to the
Symbol Dictionary.
RC - boundary radius of each cladding region.
NS - axial section number.
Variables changed :
1A, JA, A - Same as those used in the MATRX, and
refer to the SL-MATH.(See Chapter A.2)

40) Subroutine OTMCAL (OTOM, N)

The OTMCAL computes the burnup dependent O/M ratio.

Presently, the values of OTOM are equal to the initial input value.

Called from : FLTMP
Commons required : ALWAYS

4i) Subroutine PLENP (RVB, RCI, TFR, FLZ, GRT, FL, CL, TOUT, PLPR, CVPR,
RUB, CLZ)

This subroutine is used to determine the central void pressure
and the plenum pressure. The temperature of the gas in the central
void and that of the gas in the plenum are volume averaged assuming

the perfect gas law.

Called from : ACTIVE
Commons required : ALWAYS, OTHERS
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42)

Variables requied:

RVB, RCI, TFR, FLZ, RUB, CLZ -~ refer to the Symbol Dictiomary.

GRT - total gas released in the plenum. (mol)
FL -  total length of the fuel. (cmw)

cL - total length of the cladding. (cm)

TOUT - coolant outlet temperature. (°C)

RK. - ideal gas constant. (kgecm/mol-°K)

Variables changed :
PLPR - plenum pressure. (kg/cm?)

CVPR - ecentral void pressure. (kg/cmz)

Subroutine PLOT1 (XPOW, XRL, XTL, XT, XTLMX, XRLR, XTLR, XCPGP,
XCPU, XBU, POW, RFRPM, TFRPM, RCB, REB, RUB, RCI,
CPU, BU, PFR, TFR, IT, N)

This subroutine is used to store the information in the fuel
region in preparation for plotting. The Unit conversion is also

performed.

Called from : ACTIVE
Commons required : ALWAYS, OTHERS, XFRIC, PLTOPT
Variables required:
POW - average power. (w/cm)
RFRPM - radii of concentric eylindrical shells of equal mass
into which the fuel region is subdivided. (cm)

TFRPM ~ temperature at the corresponding mesh point of RFRPM.

(°C)
RCB - radius of columnar and equiaxed zone interface. (cm)
REB - radius of equiaxed and undisturbed interface. (cm)
RUB - outer radius of the fuel. (cm)
RCI - inner radius of the cladding. {(cm)
CPU - plutonium concentration in each concentric
cylindrical shell.
BU -  burn-up. {atomic-percent)
RFR - radii of concentric cylindrical shells of equal mesh

interval into which the fuel region is subdivided.
But each region, i.e., columnar, equiaxed,

undisturbed region, is subdivided independently. (cm)
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TFR - temperature at the corresponding mesh point of RFR.

(°C)

IT - counter for plotting.

N -~ axial section number to be plotted.

GAP - gap between fuel and cladding. (cm)

NCR - number of meshes into which the columnar region is
subdivided.

NER - number of meshes into which the equiaxed region is
subdivided.

NP1 - number of radial mesh points, including inner and

outer boundaries, for plutonium migratiom.
Variables changed : all are used for plotting.

XPOW - same as POW at the specified axial section N. (w/cm)

XRL - same as RFRPM at the specified axial section N. (mm)
XTL - same as TFRPM at the specified axial section N.

(°C)
XT - surface temperature of the fuel at the specified

axial section N. (°C)

XTLMX - maximum temperature in the fuel at the specified
axial section N. (°C)

XRLR - same as RCB at the-specified axial section N. (mm)

XTLR(IT,l) - temperature at the columnar and equiaxed
boundary at the specified axial section N. (°C)

XTLR(IT,2) - temperature at the equiaxed and undisturbed
boundary at the specified axial section N. (°C)

XCPGP - same as GAP. (mm)

XCPU -~ same as CPU at the specified axial section N.

¥XBU - same as BU at the specified axial section N.

(atomic—percent)

43) Subroutine PLOT2 (XSIGC, SIGC, VOL, IT, N)

The subroutine PLOT2 is used to store the average circumferen-

tial (hoop) stress in the cladding for plotting.

Called from :  ACTIVE
Commons required : ALWAYS, OTHERS, PLTOPT
Variables required: '

SIGC - circumferential stress component in the fuel and the
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44)

45)

cladding. (kg/cmz)

VOL - volume of the each region in the fuel and the cladd-
ing., (cm3)

IT - counter for plotting.

N - axial section number to be plotted.

NCL -  total number of radial meshes in the cladding.

NFR -  total number of radial meshes in the fuel.

Variables changed : this is used for plotting.
X8IGC ~ volume averaged hoop stress in the cladding at the

specified axial section N. (kg/mmz)

Subroutine PLOT3 (XCSTN, XTSC, XTPC, RCO, RCOO, TSC, TPC, VOL, RDIS,
IT, M)

This is used to store the strain in the cladding for plotting.

Called from : ACTIVE
Commons required : ALWAYS, OTHERS, PLTOPT

Variables required:

RCO - outer radius of the cladding. (cm)
RCOO - initial outer radius of the cladding. (cm)
TSC -  circumferential swelling strain component in the fuel

and the cladding.

TPC - circumferential creep strain.
VoL - volume. (cm3)
RDIS - displacements of the radial region boundaries. (cm)
IT - counter for plotting.
N - axial section number to be plotted.
Variables changed : all are used for plotting.

XCSTN - AD/D of the cladding. (%)

XTS8C - volume averaged circumferential swelling strain in
the cladding. (%)

XTPC - volume averaged circumferential creep strain the

cladding. (%)

Subroutine PLOT4 (RFRPM, RCB, REB, LMR, LMC, LMZ, IT, N)

The PLOT4 is used to plot the fuel cracking which would occur
in any of the three principal directions at the specified axial

section. The cracks in the radial direction are dravn, if exist, as

— 117 -



PNCT841-75-17

46)

concentric circles in the circle representing the fuel pin.

The concentric circle representing crack and the one representing
region boundary are discriminated from each other by using a dif-
ferent colored pen.

The cracks in the circumferential direction are drawn, if exist,
as arrowheads. These are also discriminated by using a different
colored pen., The cracks in the axial direction are drawn, if exist,
as lines in the rectangle which represents the fuel pin.

The color is different from that of some boundaries.

Called from ¢ ACTIVE
Functions used : SIN, C0S (Library)
Subroutines called: PLOT, NEWPEN, SYMBOL, NUMBER, CIRCLE, AROHD,
DASHPT (Library) AXIAL
Commons required : ALWAYS, OTHERS, PLTOPT, DAY
Variables required:
RFRPM - radii of concentric cylindrical shells of equal mass
into which the fuel region is subdivided for plutonium

migration. (cm)

RCB - radius of columnar and equiaxed region interface.(cm)
REB - radius of equiaxed and undisturbed region interface.(cm)
IMR - number of cracks in the radial direction.

IMC - number of cracks in the circumferential direction.

IMZ - number of cracks in the axial direction.

IT - time step counter.

N - axial section number to be plotted.

Subroutine PLOTS (XTIME, XPLPR, XYP, ITP, IT, ITN, TIM, PLPR)

This subroutine is used to store the time step number and the
real time to be plotted. The pressure in the plenum section and

the gas release rate are also stored.

Called from :  ACTIVE
Commons required : ALWAYS, OTHERS, PLTOPT, COMPLT
Variables required:

IT - counter for plotting.

ITN - time step counter.

TIM - time at the ITN time step. (hr)
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PLPR - pressure in the plenum section. (kg/cmz)

P - gas release rate from the fuel pin (from the whole
axial sections). (%)

Variables changed : all are used for plotting.

ITP - same as IT,

XTIME - same as TIM. (hr)

¥PLPR - same as PLPR. (kg/cm?)

XYP - same as YP. (%)

47) Subroutine PLTOR (XPOW, XRL, XTL, XT, XTLMX, XRLR, XTLR, XCPGAP,
XCPU, XBU, XSIGC, XCSTN, XTSC, XTPC, XTIME, XPLPR,
XYp, ITP, IT, ITN)

This is the plotting routine except for that of the fuel cracking.

Called from : ACTIVE

Subroutines called: PLOT, NEWPEN, SYMBOL, NUMBER (Library)
SUBTIT, AXIAL, AXISD, AXIST

Commons required : ALWAYS, OTHERS, DAY, COMPLT, PLTOPT

Variables required: all are used for plotting.

XPOW - average linear power. (w/cm)

" XRL -~ radii of region boundaries in the fuel (mm)
XTL - fuel temperature at the corresponding point of XRL,
(°C)
XT -~  fuel pellet surface temperature. (°C)

XTLMX - maximum temperature in the fuel. (°C)

XRLR(1) - radius of colummar and equiaxed fegion boundary. (mm)

XRLR(2) - radius of equiaxed and undistrubed region boundary.

(mm)

XTLR(1) ~ tempexrature at the point XRLR(1). (°C)

XTLR(2) - temperature at the point XRLR(2). (°C)

XCPGAP- clad-pellet gap. (mm)

XCPU ~ plutonium concentration.

XBU - burn-up (a/fo)

XSIGC - clad average hoop stress. (kg/mm?®)

XCSTN - clad strain-AD/D. (%)

XTS3C - average circumferential swelling strain in the
cladding. (%)

XTPC - average circumfetential creep strain in the cladding.
(%)
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48)

49)

XTIME ~ time, (hr)
XPLPR ~ plenum pressure. (kg/cm?) i

XYP - gas release rate, (%)

ITP - time step number selected for plotting.
IT - counter for plotting.

ITN -. time step counter.

Subroutine PLUTO (CP, RVB, RCB, REB, RP, TP, GDT, XM, RH, EPZ, DELT,
D)

The PLUTO computes the radial migration of plutonium in the

fuel by thermal and chemical diffusion.

The plutonium flux between each concentric region of equal mass
is computed, and the result is used to compute the plutonium con-

centration in each region after the time interval.

Called from : ACTIVE
Functions used  : EXP (Library)
Commons required : ALWAYS, OTHERS, IOFIL
Variables required:
RVB, RCB, REB, GDT, XM, RH, EPZ - refer to the Symbol Dictionary.
RP - radii of the boundaries of the NP equal mass radial
regions. (cm)
TP - temperature at the boundary of each equal mass
region. (°c)
DELT - time interval. (hr)

Variables changed :

CP - plutonium concentration in each equal mass region.
()
D - plutonium concentration change during the time

interval. (1/sec)

Subroutine POWCUT (TIM, TIP, TIN, PTIN, TOUT, PTOUT, REPOW, PPOWA,
PTOUR, TOUTER, DELTOU, DELTIM, DELIN, DELOUT,
DELPOW, KUT, NSK, KUTCNT)

The change of the average linear power which is given from the
input card is cut up according to the option KUT. In keeping with

the power cut, the time and the coolant inlet, outlet temperatures
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are also cut up.

Called from : ACTIVE

Commons required : ALWAYS

Variables required:

TIP - time of the previous time step. (hr)

PTIN - coolant inlet temperature of the previous time step.
(°C)

PTOUT - coclant outlet temperature of the previous time step.
(°C)

PPOWA ~ average power of the previous time step. (w/cm)

PTOUR - cladding outside temperature of the previous time
step. (°C)

TOUTER- cladding outside temperature. {(°C)

" KOT - aumber to be cut up.

NSK - =0, coolant inlet, outlet temperature is given.
=1, cladding outside temperature is given.

KUTCNT- counter used for cutting.

Variables changed :

TIM - time after cut up. (hr)
TIN - coolant inlet temperature after cut up. (°C)
TOUT ~ coolant outlet temperature after cut up. (°C)

REPOW - average power. {w/cm)

DELTOU- cladding ocuter temperature increment. (°C)
DELTIM- time increment. (hr)

DELTIN- coolant inlet temperature increment. (°C)
DELOUT- coolant outlet temperature increment. (°C)

DELPOW- power increment. (w/cm)

50) Subroutine PROPTY (CPU, RHOP, RHOT)

This subroutine prepares for the numerical constants associated

with the properties.

Called from : ACTIVE

Commons required : ALWAYS, OTHERS, CONST, XCRAK, XCREC, XCREF,
XFRIC, XGASO, XGOLD, XHKNS, XITER, XSWEL,
XXLAM, FBRATR
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51)

52)

Variables required;
CPU, RHOP - refer to the Symbol Dictionary.
Variables changed :

RHOT ~ refer to the Symbol Dictionary.

Variables included in the labelled common are referred to

the Common Dictionary.

Subroutine RHOMOD (RH, RHOP, EPZ, RVB, RCB, REB, RUB, BU, XM, RHTHEO,
RDIS, DXM, RVBO, RCBO, REBO, RUBO, RCI, RCO,
XMINT, EPC, RDIST, EPR, XEPR, XEPC, R, WOLD,
WNEW, IT, DELT)

The RHOMOD computes the boundary radius of each region, and the

burnup dependent density of each radial region.

The minimum mass per unit length in columnar region is bounded

by 1073 (g/em) to avoid numerical problems.

Called from 1 ACTIVE
Functions used : SQRT (Library)
Commons required : ALWAYS, OTHERS, IOFIL
Variables required: |
RHOP, EPZ, BU, RDIS, DXM, RVBO, RCBO, REBO, RUBO, XMINT, EPC
EPR - refer to the Symbol Dictiomary.
RHTHEOQ- theoretical demsity. {(g/cc)
DELT - time interval. (hr)
BURH1, .BURHZ -~ refer to the Common OTHERS.
Variables changed :
R4, RVB, RCB, REB, RUB, XM, RCI, RCO, RDIST - refer to the
Symbol Dictionary.

Subroutine SUBTIT (TITLE)
This subroutine draws the title above each plotted picture.
Called from : PLTOR

Variables required:

' TITLE - title to be plotted.
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53)

54)

55)

Subroutine SWELL (POW, SWS, FD, SWS3, DELT)

The SWELL computes the fuel swelling due to solid fission products
by specifying the net solid volume created per fission and by multi-
plying by the number of fissions that have occurred in each fuel

region.

Calied from : ACTIVE

- Commons required : ALWAYS, OTHERS, XSWEL

Variables required:
POW,FD- refer to the Symbol Dictiomary.
DELT - time interval. (hr)

Variables changed :

SWS, SWS3 - refer to the Symbol Dictiomary.

Subroutine TIMCUT (CX, DELTO, EPSPOW)

This subroutine decides the criterion for the time step
interval itself and for the average power. The current time step
interval must not exceed the value of CX times DELTO. The absolute
value of the average power decrement or the increment must not

exceed EPSPOW.

In the code ACTIVE-II, CX, DELTO, and EPSPOW are fixed as
follows.

CX = 2.0

DELTQ = 240.,0 (hrs)
EPSPOW = 50.0 (w/ cm)
Called from : ACTIVE

Subroutine UPDATE (SIGR, SIGC, SIGZ, SIGRO, SIGCO, SIGZO, EPR, EPC,
EPZF, EPZC, EPRO, EPCO, EPZO, TPR, TPC, TPZ,
TPRO, TPCO, TPZD, DSR, DSC, DSZ, TSRO, TSCO,
TSZO, DISP, RDIS, N, EPSEQ)

After the stress—strain matrix equations are solved by using
SL-MATH, the results are stored into the corresponding variables in

the subroutine.
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Called from »  ACTIVE
Functions used : SQRT (Library)
Commons regquired : ALWAYS
Variables required:

SIGR ~ radial stress component. (kg/cmz)

SIGC - circumferential stress component. (kg/cmz)
SIGZ ~ axial stress component. (kg/cmz)

EPR - total radial strain. (-)

EPC - total circumferential strain. (-)

TPR - radial creep strain., (-)

TPC - circumferential creep strain. (-)

TPZ -~ axial creep strain. (=)

EPZF - total axial strain of the fuel. (-)

EPZC - total axial strain of the cladding. (-)
DISP - displacement. (cm)

All variables listed above are the results through matrix

solving.
N - axial section number.

Variables changed :
SIGRO-SIGR )
SIGCO-SIGC
SIGZ0~-5IGZ > in the Symbol Dictionary.
EPRO-EPR
EPCO-EPC
EPZ0-EPZ

EPSEZ, RDIS - refer to the Symbol Dictionary.

56) Subroutine UPDATP (SIGR, SIGC, SIGZ, SIGRO, SIGCO, SIGZO, EPR, EPC,
EPZC, EPRO, EPCO, EPZO, TPR, TPC, TPZ, TPRO,
TPCO, TPZO, TSR, TSC, TSZ, TSRO, TSCO, TSZO,
DISP, RDIS, N)

The UPDATP is used for the same purpose as the subroutine

UPDATE except that the UPDATP treats ouly the plenum section.

Called from : ACTIVE
Commons required : ALWAYS
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57)

Variables required:
SiGR, SI1GC, SIGZ, EFPR, EPC, TPR, TPC, TPZ, EPZC, DIST
- séme as mentioned in the UPDATE,
N -~ axial section number.
Variables changed :
SIGRO, SIGCO, SIGZ0, EPRO, EPCO, EPZO, RDIS

~ same as mentioned in the UPDATE.

Subroutine UPDTE (RVB, RCB, REB, RUB, RCI, RCO, BU, RDIST, DXM,
FLNC, WOLD, YRVB, YRCB, YREB, YRUB, YRCI, YRCO,
YBU, YRDIST, YDXM, YFLNC, YWOLD, ISW)

The subroutine UPDTE is used to store or retrieve the values of
several variables to maintain the system. The subroutine ACTIVE
decides the time step interwval, using the given time histories.

If the criterion is not satisfied, a computational control is
returned to the starting point of time step loop after retrieving
the wvalues of the variables changed between the starting point and

the criterion checking.

Called from : ACTIVE
Commons required : ALWAYS
Variables required:
ISW - a switch for controlling store and retrieval. If ISW=
1, store procedure is selected. If ISW=2, retrieval
procedure is selected.
NN -~ the total number of axial sections,‘including a
plenum section.
NFR - the total number of radial regions in the fuel.

Variables changed :

RVB - central void radius. {(cm)

RCB - radius of columnar and equiaxed region interface.(cm)
REB - radius of equiaxed and undisturbed region interface.(cm)
RUB - outer radius of the fuel. (cm)

RCI - inner radius of the cladding. (cm)

RCO - outer radius of the cladding. (cm)

BU - burn-up (atomic-percent).

RDIST(N,1) - not used.

(¥,2) - accumulated migration of columnar and equiaxed
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58)

59)

region interface caused by fuel restructuring.
(cm)
(N,3) - accumulated migration of equiaxed and undisturbed
' region interface caused by fuel restructuring. (cm)
(N,4) - mass in unit length of the current time step.
(g/cm)
Where N means the axial section number.
DXM - migration velocity (rate of restructuring)
during the present time interval. (cm/sec)
FLNC — fluence. (n/cm?)
WOLD - mass in unit length. (g/cm)

YRVB, YRCB, YREB, YRUB, YRCI, YRCO, YBU, and YRDIST have
the same contents as those of correspohding variables
without the initial Y, except that the variables with
the initial Y have the starting value of the current

time step.

Subroutine VOLUME (VOL, RFR, RCL, FLZ, CLZ)

The VOLUME computes the volume of each concentric cylinder for

each axial section.

Called from ACTIVE
Commons required : ALWAYS, OTHERS

.

Variables required:
RFR, RCL, FLZ, CLZ - refer to the Symbol Dictiomary.
Variables changed :

VOL -~ refer to the Symbol Dictionary.

$ubroutine XLAME (TBC, TBF, E, P, G, RH, LM, BM, PB, GB, VOL,
RHTHEO, N)

The XLAME computes the Poisson's ratio, Young's modulus, shear
modulus, and bulk modulus of each region for the fuel and the cladd-
ing. The Poisson's ratio and the Young's modulus are modified in

an attempt to represent the cracked material.

Called from : ACTIVE
Commons required : ALWAYS, OTHERS, XXLAM, FBRATR, IOFIL
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Variables required;:

TBF, RH, LM, VOL ~ refer to the Symbol Dictionary.

TRC - average temperature of each region in the cladding.
(°C)

RHTHEO- theoretical density. (g/cc)

N - axial section number,

E0, EP, TLG, ONU, ONUP, Al, A2, A3, A4 - refer to the Common

XXLAM.
Variables changed :

E, P. G, BM, PB, GB - refer to the Symbol Dictionary.
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Appendix B: Common Dictiomary

Some options, variables related to the dimensional size, variables
which have fixed dimensions and some constants related to material

properties are included in the following labelled commons.

B.1 Common list

Common Name Explanation

ALWAYS Variables related to the dimensional size and
some optiong are included.

OTHERS Some constants and variables having fixed
dimensions are included.

CONST . Coefficients of thermal conductivity and of
thermal expansion and of NEWTON-COTES-6 are
included.

CAPSUL Variables related to the capsule are included.

IOFIL Definition of reference numbers of input/output
files.

FBRATR Reactor model (FBR, ATR, BWR, PWR) is specified.

DIM Input sizes of variable dimensions are included.

PLTOPT Options related to plotting are included.

DAY Date is included.

COMPLT Variables used for plotting are included.

XCRAK Constants for fuel ecracking are included.

XCREC Constants for creep in the cladding are included.

XCREF Constants for creep in the fuel are included.

XFRIC Constants of friction are included.

XGASO Constants for gas release are included.

XGOLD Constants for coolant properties are imcluded.

XHENS Constants for cladding swelling are included.

XITER Constants for hot-pressing calculation are
included.
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Common Name Explanation
XSWEL Constant for solid volume per fission is
included.
FXTL.AM Constants for Poisson's ratio and Young's
modulus are included.

Details are described in the section B.3.

B.2 Subroutines in which the commons are required.

The circles in the following table represent the correspondence

between subroutines and commons.

Common

| Sub-
routine

MAIN
ACTIVE | O
AREA
ATBFUN
AXTAL
AXISD
AXIST
BCALC
BCALCP
BEGIN
BURN
CHECK
CHESPD
CLEAR
CLTMP
COEF
CORTMP
CRACK
CREEC
CREEF
EDTGRS
EDTINP

ALWAYS
CAPSUL
COMPLT
CONST
FBRATR
IOFIL
OTHERS
PLTOPT
XCRAK
XCREC
XCREF
XFRIC
XGASO
XGOLD
XHENS
XITER
XSWEL
XXLAM

DAY
DIM

O
O
O
O
O
O
O
@)

O

O 0|00

Q|0 000
O
O

O

0|0

O|0|0|I0 0|0 |00
O

olle,

O

O
o000
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Common

Sub-
routin

CONST

DAY

DIM

FBRATR

OTHERS
PLTOPT
XCRAK
XCREC
XCREF

¥GASO~

XGOLD
XHKNS

XITER
XSWEL

XXLAM

EDTMTX

O cAPSUL
Q| COMPLT

O | 10FIL

O | xFRIC

FLCOND

FLTMP

OO0

O

FLXCAL

FRICHK

OO0

GAPCON

GASOUT

GOLDN

o0

HEADER

NKNS

INPUT

TOSET

ITERAT

LENGTH

MATRX

MATRXP

o000 |0

OTMCAL

PLENP

P1OT1

PLOT2

PLOT3

PLOT4

PLOTS

PLTOR

OO

O |0|0|0[0 |0

PLUTO

Q|0 [0]0|0|0|0|0

POWCUT

PROPTY

RHOMOCD

ololo|ololololojo|olo|ojojo|o|Ol0 |0 |00 |O|0]0|0{0|0|Q|O| ALwas

O
O|0|

SUBTIT

SWELL

O

TIMCUT

UPDATE

UPDATP

UPDTE

VOLUME

XLAME

Q1010|010
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B.3

Definition of Variables In Common

* Phe column 'Subroutine' specifies the subroutine in which

the value is set.

1) Common ALWAYS

Variable

Definition

Value

Subroutine®

NN

Total number of axial sections, in-

¢luding a plenum section

input

ACTIVE

NCR

Number of meshes dinto which the

columnar grain region is subdivided.

input

ACTIVE

Number of meshes into which the

equiaxed grain region is subdivided.

input

ACTIVE

NUR

Number of meshes. into which the

undisturbed region is subdivided.

input

ACTIVE

NCL

Number of meshes. into which the

cladding is subdividéd.

input

ACTIVE

NP

Wumber of regions, i.e., concentric
cylindrical shells, of equal mass
into which the fuel is subdivided

for plutonium migration.

input

ACTIVE

NOK

Option number for fuel conductivity
formula. (Refer to the section 2

Material Properties.)

input

ACTIVE

NOS

Option number for cladding
swelling formula.

(Refer to the section 5.)

input

ACTIVE

NoC

Option number for cladding creep
formula.

(Refer to the sectiomn 5.)

input

ACTIVE

NPLOT

Option for plotting.
=1 for plotting.
=0 for mo plotting.

input

ACTIVE
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Variable Definition Value Subroutine*

NCRK Option for cracking calculation. input ACTIVE
=1 for cracking calculation.
=0 for no cracking calculation.

NTR Total number of radial meshes in NTR=NCRH+NER ACTIVE
the fuel and cladding. +NUR+NCL

NFR Total number of radial meshes in NFR=NCR+NER ACTIVE
the fuel. . +NUR

NTR1L NTR+1 NTR1=NTR+1 ACTIVE

NTR2 NTR+2 NTR2=NTR+2 ACTIVE

NNTR2 NNx (NTR+2) NNTR2= ACTIVE

Nx (NTR+2)

NNF Total number of axial sections, NNF=NN-1 ACTTIVE
excluding the plenum section.

NCL1 Number of mesh points in the NCL1=NCL+1 ACTIVE
cladding.

NFR1 Number of mesh points in the fuel. | NFRL=NFR+l ACTIVE

NP1 Number of mesh points for plutonium| NP1=NP+1 ACTIVE
migration in the fuel.

IGEN Number of columms (or rows) of IGEN=12. ACTIVE
the stress—-strain matrix. +10xNTR

IGEN1 IGEN+1 IGEN1=IGEN+1 ACTIVE

NONZR | Number of non-zero elements in the | NONZR=24+ ACTIVE
matrix. 56 xNTR

IGENP | Number of columns {(or rows) of the | LGENP=7 ACTIVE
matrix for the plenum sectiom. +10xNCL

IGENP1 | IGENP+1 IGENPl= ACTIVE

IGENP+L

NONZRP | Number of non-zero elements in the | NONZRP=12+ ACTIVE
matrix for the plenum section 56xNCL

N1C 3 NCL ACTIVE

N2C , See the column 'Value' 2xNCL ACTIVE

N3C 3xNCL ACTIVE
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Variable Definition Value Subroutine*
N4C 4xNCL ACTIVE
N5C SxNCL ACTIVE
N6C 6 xNCL ACTIVE
N7C 7xXNCL ACTIVE
N&C 8XNCL ACTIVE
N9C 9XNCL ACTIVE
N10C 10 *NCL ACTIVE
N1iC 11 *NCL ACTIVE
N12C 12 xNCL ACTIVE
N13C 13*NCL ACTTIVE
N14C 14 XNCL ACTIVE
N15C & See the colum 'Value' 15xNCL ACTIVE
Nl NTRK ACTIVE
N2 2XNTR ACTIVE
N3 3xXNTR ACTIVE
N4 4 XNTR ACTIVE
N5 5xXNTR ACTIVE
N6 6 XNTR ACTIVE
N7 7xXNTR ACTIVE
N8 8xNTR ACTIVE

- N9 9xNTR ACTIVE
N10 10=NTR ACTIVE
N1l 11 xNTR ACTIVE
N1z 12>NTR ACTIVE
N13 13=NTR ACTIVE
Nl4 14 XNTR ACTIVE
N15 / 15 xXNTR ACTIVE
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the equiaxed region (ALFL(2)) and
the undisturbed region (ALF1(3)).

2) Common OTHERS
Variable Definition Value Subroutine
PG(3) PG(1l)=pressure due to surface ten- | Input (psi.) INPUT
sion of fission-gas bubbles
for colummar grain region.
PG(2)=pressure due to surface tem- | PG(1)=3000.,
sion on-fission-gas bubbles | PG(2)=6000.,
for equiaxed grain region. PG(3)=1000000.
PG(3)=pressure due to surface ten- | are
sion on fission-gas bubbles recommended.
for undisturbed region.
These are converted into the unit
of kg/cm? in the subroutine PROPTY.
CM1(2) | ¢CML(1)=Constant Cl for restructur- | Input INPUT
ing velocity of colummar CML(1)=1.92x107
grain region outer boundary. éiﬁil§i§?9ZXI08
CM1(2)=Constant Cl for restructur- | (for thermal
ing velocity of equiaxed. é;i?;?:i.2X10“
grain region outer boundary. are recommended.
(See Eq. (6) and (7))
DHR(2) | DHR(1)=Constant C2 for restructur- | Input INPUT
ing velocity of columnar DHR(1)=64400.
grain region outer boundary.| DHR(2)=44400.
DHR(2)=Constant C2 for restructur- | are the recom—
ing velocity of equiaxed mendations.
grain region outer boundary.
(See Eq. (6) and (7))

ALFO(S). Thermal coefficients of expansion BEGIN and
for the colummar region (ALF¥O(1)), (°cty PROPTY
the equiaxed region (ALFO(2)), and
the undisturbed region (ALFO(3)).

(See section 5)

ALF1(3) | Thermal coefficients of expansion BEGIN and

for the columnar region (ALF1(1)), (°c~2) PROPTY
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Variable Definition Value Subroutine
(See sectign 5)
ML(3) XML(1)=0.0 FLTMP
XML(2)=mass in the colmnar region. Calculated
XML(3)=mass in the columnar and the | (g/cm)
equiaxed region.
cM(2) CM(l)=mass increment of columnar Calculated FLTMP
region during the time (g/sec)
interwval.
CM(2)=mass increment of equiaxed
region during the time
interval.
PI T 3.1415927 PROPTY
P12 27 6.2831853 PROPTY
DP Constant 1.0 PROPTY
GRAV Constant for unit conversion 10-3 PROPTY
SMQ Summation of axial power shapes Calculation BEGIN and
multiplied by mass. (g/cm) BURN
$MQO Initial value of SMQ Calc,. (g/cm) BEGIN
RHOC Density of cladding Input (g/cm?) INPUT
BURH1 Modifier for burn~up dependent Input INPUT
density in the columnar region.(a/o) Recommended
(See Eq. (9)) value: 20.0
BURHZ Modifier for burn-up dependent Laput INPUT
density in the equiazed zome. (a/o) | Recommended
(See Eq. (11)) value: 20.0
CFLX Ratio of fast neutron flux to Input FROPTY
Default .
linear power. (n/cm?/sec)/(watt/cm) { = 3.17x10!2 or INPUT
CPOW Conversion ratio from input power 1.0 ACTIVE
to linear power.
BUCNS Constant for unit conversion into 3.1x10'0%3600/ PROPTY
(atomic-percent) from (w/cm). 2.246x1019
RK Tdeal gas constant 8.31436%1.0197 PROPTY
%10
(kg cm/mol-deg|K)
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Variable Definition Value Subroutine
RKR Ideal gas constant 8.31436/1.8/ PROPTY
4,186
(cal/mol+deg R)
A91 Number of fissions/watt/hr. 1.116x101% PROPTY
GASI Initial gas in the plenum sectiomn. Input (moles) INPUT
TCON Constant. of proportionality between | Input or INPUT
the power and the outlet coolant calculated or
temperature. (degC/watt/em) ACTIVE
PDBU Decreasing rate of linear power due | Input (1/a/o) INPUT
to burn-up.
BUB Average burn up of the fuel, Calculated BURN
(atomic-percent)
3) Common CAPSUL
Variable Definition Value Subroutine
RCPI Inner radius of the capsule. " Inner (cm) INPUT
RCPO Outer radius of the capsule. Input (cm) INPUT
AFNA Coolant flow area associated with Input (cm?) INPUT

the fuel element.
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4} Common CONST

NEWTON-COTES-6

(2)=216/140
(3)=27/140
(4)=272/140
(5)=27/140
(6)=216/140
(7)=41/140

Variable Definition Value Subroutine
FRAL \ Numerical coefficients in the first A
FKBL ?(NOK=l) formula for fuel thermal Calculated >COEF
FKC1 conductivity.
7 (See section 5) )
FKA2 ) Numerical coefficients in the A
FKRB2 » second (MOK=2) formula for fuel Calculated >COEF
FKC2 conductivity.
A
(See section 5) )
FKA3 Numerical coefficients in the b
FKB3 ¢ third (NOK=3) formula for fuel Calculated , COEF
FKC3 conductivity.
“ (See section 5) ;
‘ A . ) 8.143x10 6 (FBR) |)
FALL Coefficients of ther?al expansion 9.61x10 ~6(ATR)
> for the columnar region. ? PROPTY
. : : —s
FAL2 (See 1 5) 2.43x1072(FBR)
: ) section 1.57x1079(ATR) |J
A Coefficients of thermal expansion 8.143x1076(FBR) |)
FA21 5
R . 9.61x10 °(ATR)
?for the equiaxed region. 3 PROPTY
i 2.43x107?(FBR)
FA22 {See section 5) 1.57x10"9(ATR) |/
) Coefficients of thermal expansion 8.143x10 "6 (FBR) A
FA3L . 9.61x1078(ATR)
> for the undisturbed region. 5 PROCTY
. 2.43x10?(FBR)
FA32 | (See section 5) 1.57x10"9(ATR) |/
A Constants for cladding thermal 1.130 (FBR) )
(K1 0.121 (ATR)
> conductivity. - > PROPTY
, 1.36x107 *(FBR)
< -
CK2 ) (See section 5) 1.24x10 % (ATR) .
3 Constants for cladding thermal 17.0x1076(FBR) |)
CAL 5.67x107 8 (ATR)
> expansion. 5 fPROPTY
. 4 .25x1077(FBR)
CA2 )} (See section 5) 1.7%10"9 (ATR)
XEWTON(7) Coefficients for integration by XEWTON(1)=41/140 | BEGIN
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5) Common COMPLT

Variable Definition Value Subroutine
YP Gas release rate Cale. (%) EDTGRS
DDCD AD/D of the cladding. cale. (%) EDTGRS

AD-diameter change.
D-initial diameter.
TITLE(20) | Title identifying the problem. Input. HEADER
6) Common DAY
Variable Definition Value Subroutine
DAYDAY Time of date. Month/day/year DATE
7) Common DIM

Variable Definition Value Subroutine

IA Dimension size in words (4 bytes) for Input MAIN
all the variables excluding the matrix
solving. IA must be set at least as
large as the storage space required
for the problem,
(See section 6)
IAM Dimension size in words (4 bytes) for Input MAIN
the wvariables for matrix sclving.
(See gection 6)
8) Common FBRATR

Variable Definition Value Subroutine

JFA Identification of the reactor model Input ACTIVE
to be calculated. =1 for FBR
=2 for ATR
=3 for PWR
=4 for BWR
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9) Common TOFIL -

Variable Definition Value Subroutine
105 Logical card input device number. 5 ACTIVE
106 Logical printer output device number. 6 ACTIVE
107 Logical punch output device number. 7 ACTIVE

10) Common PLTOPT
Variable Definition Value Subroutine
IPFUL Axial section number for plotting the Input INPUT
information associated with the fuel.
IPSTN Axial section number at which the Input INPUT
cladding hoop strain is plotted.
IPSTS Axial section number at which the Input INPUT
cladding hoop stress is plotted.
IPCRK Axial section number at which the Input INPUT
fuel cracking is plotted.
NBUF Storage (words) required for plotting]  Input INPUT
The plotting informations are If 0, NBUF is
written to output logical wmit (77) [|set to 50 in
every NBUF steps. ACTIVE.
IPCNT Switch controlling the plotting. calc. ACTIVE
11) Common XRACK
Variable ‘Definition Value Subroutine
THLC Critical temperature at which cracks 1400 °C PROPTY
ate assumed to heal.
(See section 3)

HEAL1 Critical compressive stress by which | -7000.0 PROPTY

cracks are assumed to be healed, (kg/cm?)

when the temperature is less than,
or equal to THLC.

(See section 3)
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Variable Definition "Value Subroutine
HEALZ2 Critical compressive stress by which -70,0 PROPTY
cracks are assumed to be healed, (kg/cm?)
when the temperature is greater than
THLC.
(See section 3)
SIGFO - | Numerical coefficient in the expres- 1000.0 PROPTY
sion for og; fracture stress of (kg/cm?)
pellet.
(See section 3)
SIGFl Numerical coefficient in the expres- 0.3 PROPTY
sion for og. (kg/cm?/°K)
(See section 3)
12) Common XCREC
Variable Definition Value Subroutine
CCA ) 2.7x10711
Qcc Q in Eq. (17) for cladding [95000(cal/mol).
AE Ae creep rate, 108
BE Be [ (See section 5) 2.,2x1020 > PROPTY
CE Ce 4.3x10730
FMC m 7.0
FNC py, 1.0
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13) Common XCREF

Variable Definition Value Subroutine
\
CFAD Ag | in Eq. (17) for creep 1.83x1073
CFAL A, | rate for porous fuel. 1.07x10%
CFR bg Ix10% (fis/sec/ce)
CFB c ) (See section 5) 6x10723 PROPTY
QCF Qq 14000 (cal/mol) &
QCF1 Q1 11000 (cal/mol)
FMF m 4.5
FNF n 1.0
GDT d / 10.0
14) Common XFRIC
Variable Definition Value Subroutine
FRICST Static coefficient of friction. 0.8 PROPTY
(See section 5)
FRICDY Dynamic coefficient of frictiom. 0.6 PROPTY
(See section 5)
15) Common XGASO
Variable Definition Value Subroutine
AF Number of gas atoms per fission. 0.246 PROPTY
AN Avogadro's number. 6.02x1023 © PROPTY
CT Constants for fission gas release 4.48 PROPTY
QRG rate. ~ 8000
(See section 5)
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16) Common XGOLD
Variable Definition Value Subroutine
ASSO Constants for thermal conductivity | ;5 g )
of capsule, —
ASS1 (cal/hr/cm/°F) 34.84x1073
ANAO Constants for thermal conductivity | 449
of sodium
ANA1 y(cal/hr/cm/°F) -0.155 \, PROPTY
ANA2 17.29x1076
ACO Constants for thermal capacity of 192.053
sodium. _ -1
ACl (cal/ke/°F) 440 .,061%x10
AC2 1895.43x1078 )
17) Common XHENS
Variable Definition Value Subroutine
™
HCS 10.0 1
CBO Coefficients for cladding swelling. 9x10735
HCO > 4.028 > PROPTY
HC1 -3.712x1072
HC2 (See section 5) 1.0145x107%
HC3 | ~7.879x1078 |)
18) Common XITER
Variable Definition Value Subroutine
— : . 6
CI Constants for hot-pressing calculation. | 11,13x10 PROPTY
QRK (See section 5) 49600
19) Common XSWEL
Variable Definition Value Subroutine
SVPF Net solid volume created per fission. 0.7x1072% | PROPTY
(in?)
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20) Common XXLAM

Variable Definition Value Subroutine
EQ Constants in the formula for 25.238x10°
EP > Young's modulus of fuel. ~2.35
TLG ( See section 5) 22200
ONU Constants in the formula for 0.317
Poisson's ratio at room
ONUP temperature (25°C) ~0.46 PROPTY
(See section 5)
Constants in the formula for 2.0793x10°% (FBR)
EAL 9.898 105 (ATR)
f Young's modulus of cladding >
o . -8.8592x102 (FBR)
EAZ (See section 5) -9.265x102 (ATR)
| Constants in the formula for 0.3015 (FBR)
EA3 0.325  (ATR)
i | Poisson's ratio of cladding. ,
. 0.85x10™" (FBR)
EA4 (See section 5) 2.14x10~% (ATR)

— 144 —




APPENDIX C: SYMBOL DICTIONARY



PNCT841-75-17

Appendix C: Symbol Dictionary

The variable names listed in the following symbol table aré not
always identical to those used in each subroutine. But these are
related to each other through the column 'Subroutine' in the symbol
table and through the description of the corresponding subroutine in
section 'SUBROUTINE LIST'.

The parenthesis in the column 'Symbol' represents the axial
(left-side) and the radial (right-side) dimensional sizes of the
symbol. The variables in the parenthesis are listed in the common

AIWAYS in the section 'Common Dictionary’.

The variable in the bracket in the column 'Symbol' represents

the location of the allocated symbol in the variable 'A’.

The column 'Subroutine’ specifies the subroutine in which the

symbolvis referred.

Symbol Definition Subroutine " Unit

ADISP(NN,NTR) Initizl axial displacements  JINPUT ¢in
A[NADIS] (in each of NN axial sec-
tions and for each of NTR

regions) .

ATBCL(NN,NCL) | Cladding thermal expansion BCALC,BCALCP,
A[NATBCL] averaged in the radial region.|CLTMP,EDTMIX

ATBCP(NN,NCL) | Capsule thermal expansion CLTMP ,EDTMTX
A[NATBCP] averaged in the radial region.

ATBF (NN,NFR) Fuel thermal expansion {BCALC,EDTMIX,
FLTMP, GASOUT,

A[NATBF] averaged in the radial region. ITERAT

ATBFA (NN, 3) Fuel thermal expansion . EDTGRS, FLTMP

averaged over the each region.

A [NATBFA] | ATBFA(NN,1)-over the columnar
region.

ATBFA(NN, 2) —over the equiaxed
region.

ATBFA(NN, 3) —over the undis=
turbed region.

ATBLA (NN) Cladding thermal expansion CLTMP ,EDTGRS
A[NATBLA] averaged over the cladding.
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Symbol

Definition Subroutine “Unit
ATBPA (NWN) Thermal expansion averaged CLTMP ,EDTGRS L
A[NATBPA] over the capsule.
ATBPM (NN,NP) Thermal expansions averaged FLTMP
in the regions into which the —
A[NATBPM] fuel is subdivided for
plutoniuwm migration.
BM (WNN,NTR) Bulk modulus in the radial BCALC, CRACK kg/cm?
region of the fuel and the EDTMTX, ITERAT,
A[NBM] cladding. XLAME
BU (NW) Burn-up. BEGIN,BURN,EDTGRS |atomic-
FLTMP, ITERAT, ercent
AINBU] PLOTL , RHOMOD, P
UPDTE
BUM (NN) Burn-up. EDTGRS MWD/T
A[NBUM]
CLZ (NN) Cladding length of each axial {BEGIN,EDTGRS, cm
EDTINP,LENGTH,
A[NCLZ] section. MATRXP , PLENP,
VOLUME
CLZ0O (NN) Initial cladding length. GEGIN, INPUT, cm
[NCLZO] LENGTH
CPU (NN,NP) Plutonium concentration in the| BEGIN,EDTGRS,
. . . EDTINP,EDTMTX, .
A[NCPT] NP egual mass regions in the INPUT,PLOTI , PLUTG,
fuel. PROPTY
CPUD (NP) Plutonium concentration change| PLUTO 1/sec
A[NCPUD] during the time interval.
CRIF (NN) Friction force between the BCALCP,EDTMTX, kg/cm
A[NCRIF] fuel and the cladding. FRICHK
DELTOU (NN) Outer temperature increment POWCUT °C
A[NDELT] of the cladding
(used for power cut).
DEQP (NN,NTR) | Equivalent.creep-strain in- CHECK, CREEC,
. CREEF,MATRX, —
A[NDEQP] crement of each region. MATRXP
DXM (NN, 3) Migration velocities of zone BEGIN, CHKSFPD, cm/ sec
AlNDXM] boundaries, i.e inner FLTMP , RHOMOD,
2 TEeo UPDTE
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A[NFDPM]

regions into which the fuel
is subdivided for plutonium

migration.

Symbol Definition Subroutine Unit
radius, columnar-equiaxed
boundary, and equiaxed-wmdis- —
turbed region boundary.
E (NN, NTR) Young's modulus in the fuel EDTMIX,MATRX, kg/cm?
A[NYNG] and cladding. MATRXP, XLAME
EHP (NN, NTR) | Hot-pressing of the fuel(i.e.,| BCALC,BEGIN,
A[NEHP] compaction by decreasing the |EDIMTX,FLIMP, .
fuel porosity) contributing ITERAT.
to swelling.
EPC (NN, NTR) Total circumfetential strain. |BCALC,BCALCP,
EDTMTX,FLTMP,
A[NEPC] GASOUT, INPUT, T
: 1TERAT,RHOMOD,
UPDATE , UPDATP
EPR (NN, NTR) Total radial strain. BCALC,BCALCP,
EDTMIX, FLTMP,
A[NEPR] GASOUT, INPUT, -
ITERAT , RHOMOD,
UPDATE , UPDATP
EPSEQ(NN,NTR) | Equivalent creep-strain BEGIN, CREEF,
A[NEPSEQ] increment according to the UPDATE -
Prandtl-Reuss flow laws.
EPZ (NN, NTR) Total axial strain. BCALC,BCALCP,
BURN, EDTMTX, FLTMP,
A[NEPZ] GASOUT,INPUT, —
ITERAT, LENGTH,
PLUTO,RHOMOD,
UPDATE, UPDATP
EQSIG (NN,NTR)| Equivalent stress. CONVG, CREEC, CREEF, | kg/ e’
A[NEQSIG] MATRX ,MATRXP
F  (NN,NP) Relative power demsity in EDTINP,FLTMP,
A[NF] radial shells of equal mass. INPUT
FD (NN, NFR) Fission density in the fuel. | CREEF,EDTGRS, 1/cm?
FLTMP, GASOUT,
A[NFD] SWELL
FDPM (NN,NP) Fission densities in the fuel | EDTGRS,FLTMP 1/cm?
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cladding.

Symbol Definjition Subroutine Unit
FLNC (NN) Fast fluence, BEGIN, CREEC, n/cm
EDTGRS, FLXCAL,
A[NFLNC] HKNS , UPDTE
FLUX (NN) Neutron flux. BCALC,BCALCP, n/sece-cm?
CREEC,CREEF,
A[NFLUX] EDTGRS , FLECAL
FLZ (NN) Fuel length of each axial BEGIN,EDTGRS, cin
section EDTINP,GASOUT,
A[NFLZ] ' GOLDN,LENGTH,
MATRX, PLENP, "
VOLUME
FLZQ {NN) Initial fuel length. BEGIN,LENGTH cm
A[NFLZO]
FTHP (NN,NTR)] Thermal creep component CREEF
A[NFTHP ] contributing to total creep __
of the fuel. (not used)
G (NN,NTR) Shear modulus of each region | BCALC,BCALCP, kg/em?
. CRACK , CREEF,
A[NSHR] of fuel and cladding. EDTMTX, MATRX,
MATRXP , XLAME
GB (NN, 2) Shear modulus averaged over BCALC,BCALCP, kg/cm?
X EDTMTIX, MATRX,
A[NSHRB] the fuel or cladding. MATRXP , XLAME
GDT (NN,NP1) Temperature derivative at FLTMP ,PLUTO °C/cem
A[NGDT] each region boundary. (dT/dr)
GR (WN) Gas releage. rate from each BEGIN, EDTGRS, mole
A[NGR] axial section during the time | GASOUT
step.
GS (NN,NFR) Gas remaining in each region. | BEGIN,EDTGRS, mole
EDTMTX, FLTMP
A -] >
[NGS] GASOUT, ITERAT
HC (NN) Heat transfer coefficient EDTGRS, GOLDN cal/hr-
2,07
A[NHC] between the coolant and the e TF
fuel-element capsule (or the
cladding if the element is
unencapsulated) .
HG (NN) Gap heat-transfer coefficient | BEGIN,EDTGRS, cal/?r‘
A[NHG] between the fuel and the FLTMP , GAPCON em” - °F
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Symbol Definition Subroutine Unit
I0 (NN) Device reference number used | IOSET
A[NIO] for temporary data output. -
{(not used)
ITP (NBUF) Time step number selected for |PLOTS5, PLTOR _
A[NPIT] plotting.
KFRIC (NN) Gap status between the fuel BCALC,BCALCP,
‘ , . .| BEGIN, CLEAR,
A[NKFRIC] and the cladding of each axial EDTMX, FRICHK,, _
section. MATRX, MATRXP
(O-gap open, l-stick, 2-slip).
1M (NN,NTR) Number of the cracks summed |BEGIN,CRACK,CREEF,
A[NLM] up in the three principal EDTMTX, XLAME o
directions.
LMC (NN,NTR) Number of cracks in the cir- |BEGIN,CRACK,
A[NLMC] cumferential direction. EDTMIX,PLOTA
LMR (NN,NTR) Number of cracks in the radial| BEGIN,CRACK, _
A[NLMR] direction, EDTMTX, PLOT4
LMZ (NN,NTR) Number of cracks in the axial | BEGIN,CRACK, _
A[NLMZ] direction. EDTMTX, PLOT4
OTOM (NN) 0/M ratio(i.e., X in UOx) EDTGRS,EDTINP,
, . .. | FLTMP, INPUT, -
A[NOTOM] according to fuel stoichio-: OTMCAL
metry.
P (NN,NTR) Poisson's ratio of each region| BCALC,BCALCP,
) ‘ . e EDTMTX,MATRX, -
A[NPOS] of the fuel and the cladding. MATRXP, XLAME
PB (NN, 2) Poisson's ratio average over {RCALC,BCALCP, .
. EDTMTX, MATRX,
A[NPOSB] the fuel or the cladding. MATRXP , XLAME
POW (NN) Linear power in each axial BEGIN,BURN,CLTMP, (watt/cm
) CREEF,EDTGRS,
A[NPOW] section FLTMP . GASOUT.
GOLDN,PLOT1 ,SWELL
PRS (NN,NTR) Hydro-static pressure. BCALC,BEGIN, CRACK,| kg/cm?
A[NPRS] EDTMTX, ITERAT
PTOUR (NN) Cladding outer surface tem- CORTMP, POWCUT °C
A[NPTOU] perature of the previous time

step.
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and the cladding.

Symbol Definition Subroutine Onit
QSF  (NN) Axial power distribution BEGIN,BURN, GOLDY
A[NQSF] factor.,
QSFF (NN) Axial fast flux shape. BEGIN,EDTINP, -
A[NQSFF] FLXCAL,INPUT
QSFP (WN) Nonnormalized axial power BEGIN,BURN, EDTINE,
A[NQSFP] shape. INPUT
RB (NN,NTR) Relative radius representing |BCALC,CLTMP,FLTME,| c¢m
A[NRBAR] the each radial region. MATRX
RCB (NN) Radius of columnar and BEGIN,EDTGRS, cm
{ axed o EDTIMP, FLTMP, .
A[MRCB] equiaxed region interface. INPUT, PLOTL,PLOT4,
PLUTO, RHOMOD,
UPDTE
RCBO (NN) Initial radius of columnar BEGIN, RHOMOD cm
A[NRCB(G] and equiaxed region interface.
RCI (NN) Inner radius of the cladding. |BEGIN,CLTMPE, cm
EDTGRS,EDTINP,
A{NRCI] FLTMP,FRICHK,
GAPCON, INPUT,
PLENP,PLOT1,
RHOMOD, UPDTE
RCIO (NN) Initial inmer radius of the BEGIN cm
A[NRCIO] cladding.
RCL (NN,NCL1) Radii of the region boundaries|BCALC,BCALCE, om
i the claddi CLTMP,EDTGRS,
A[NRCL] in the cladding. EDTMIX,MATRX,
MATRXP, VOLUME
RCLO (NN,NCL1)| fnitial radii of the region CLTMP cm
A[NRCLO] boundaries im the cladding.
RCO (NN) Outer radius of the cladding. |BEGIN,EDTGRS, cm
: EDTINP,GOLDN,
A[NRCO] INPUT,PLOT3,
RHOMOD, UPDTE
RCOO (NN) Initial outer radius of the BEGIN,EDTMIX, cm
A[WRCOO] cladding PLOT3
RCP (WN) Radii of the region boundaries|CLTMP,EDTMIX cm
A[NRCP] in the capsule.
RDIS (NN,NTR2)| Radial displacements of the EDTMTX, INPUT, cm
PLOT3, RHOMOD
A[NRDIS i b dari in th 1 ? ’
[ 1 region boundaries in e fue UPDATE , UPDATP
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Symbol Definition Subroutine Unit
RDIST (NN,4) |Used for checking, BEGIN, RHOMOD , UPDTE
A[NRDIST] | (not used for calculations) -
RDIST(NN,1l)~not used.
RDIST(NN,2)-restructuring
accumulated into
columnar form.
RDIST(NN, 3)-restructuring
accumulated into
equiaxed form.
RDIST(NN,4)-mass
REB (NN) Radius of equiaxed and BEGIN,EDTGRS, cm
ndisturbed . interf EDTINP,FLTMP, INPUT,
A[NREB] u ur region interface. PLOT1, PLOT4 , PLUTO,
RHOMOD , UPDTE
REBO (NN) Initial radius of equiaxed and|BEGIN,RHOMOD cm
A[NREBO] undisturbed region interface.
RFR (NN,NFRL) | Radii of the region boundaries|BCALC,EDTGRS, cm
, EDTMTX, FLTMP,
in the fuel. GASOUT, ITERAT,
MATRX, PLOTL,
A[NRFR] RHOMOD, VOLUME
RFRO (NN,NFR1)| Initial radii of the region FLTMP cm
A[NRFRO] boundaries in the fuel.
RFRPM(NN,NP1) | Radii of the region boundaries EDTMTX, FLTMP,PLOTL | cm
of the NP equal mass radial PLOT4 ,PLUTO
A[NRFRPM] | shells.
RH (NN,NTR) Density of the fuel and the BCALC,BCALCP,BEGIN,| g/cc
cladding EDTGRS, FLTMP,
: ITERAT, PLUTO,
A[NRH] RHOMOD, XL.AME
RHOP (NN,3) | Initial demnsity of the BEGIN,EDTINP, glec
. . FLTMP, INPUT, ITERAT,
th 3 »
A[NRHOP] ree region in the fuel. PROPTY , RHOMOD
RHOT (NN) Theoretical density of the EDTGRS ,FLTMP, glece
TTERAT, PROPTY,
A[NRHOT] fuel. RHOMOD , XLAME
RUB (NN) Quter radius of the fuel. BEGIN,EDTGRS,EDTINE| cm
FLTMP, FRICHK, GAPCON,
INPUT,PLENP, PLOTL,
A[NRUB] RHOMOD, UEDTE
RUBO (NN) Initial outer radius of the BEGIN, RHOMOD cm
A[NRUBO] fuel.
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Symbol Definition Subroutine Unit
RVB (NN) Central wvoid radius. BEGIN,EDTGRS,EDTINPE, | cm
FLTMP, INPUT, PLENP,
A[NRVB] PLUTO,RHOMOD, UPDTE,
RVBO (NN) Initial central wvoid radius. | BEGIN,RHOMOD em
A[NRVBO]
SIGC(NN,NTR) Hoop stress component of the CONVG,EDTMTX, INPUT, kg/cm2
. PLOT2 ,UPDATE
A[NSIGC] fuel and the cladding. ITERA%,UPDAT%
SIGR (NN,NTR) | Radial stress component. CONVG,EDTMTX,INPUT, kg/cm2
ITERAT, UPDATE,
A[NSIGR] UPDATP
SIGZ (NN,NTR)| Axial stress component, CONVG,EDTMTX, INPUT, kg/cm2
ITERAT,UPDATE,
A[NSIGZ] UPDATP
SWG (NN,NFR) | Swelling rates due to gasecus| BCALC,BEGIN,EDTMTE .
A[NSWG] fission products. FLTMP, ITERAT
| SWS (NN,NTR) Swelling rates due to solid BCALC,BEGIN,EDTMTE, —
. FLTMP , GASOUT,
A[NSWS] fission products. ITERAT, SWELL
SW53 (NN,NUR) | Swelling rates due to the BEGIN, ITERAT,
solid fission products in the; SWELL
NUR radial meshes of the
A[NSWS3] undisturbed region.
TBCL (NN,NCL)| Average temperature of each BCALC,BCALCP,CLTMP, °C
o . CREEC, EDTMTX,
A[NTBCL] region in the cladding. HKNS , XLAME
TBCLA (NN) Average temperature of the CLTMP,EDTGRS °c
A[NTBCLA] | cladding.
TBCP (NN,NCL) | Average temperature of each CLTMP,EDTMTX °C
A[NTBCP] region in the capsule.
TBCPA (NN) Average temperature of the CLTMP,EDTGRS °c
A[NTBCPA]| capsule.
TBF (NN,NFR) Average temperature of each CRACK, CREEF,EDTMTX, °c
. FLTMP , GASOUT,
A[NTBF] region in the fuel. ITERAT, XLAME
TBFA (NN, 3) Average temperature of each EDTGRS, FLTMP °C
A[NTBFA] region in the fuel.
TBPM (NN ,NP) Average temperature of each FLTMP °C
A[NTBFPM] | equal mass shell in the fuel.
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Symbol Definition Subroutine Tnit
TCL (NN,NCLl)| Temperature at the boundaries|CLTMP,EDTGRS, °C
of the NCL radial meshes of |EDTMTX,FLIMP
A[NTCL] the cladding.
TCLO (NN) OQuter temperature of the CLTMP ,EDTGRS , GOLDN °C
A[NTCLO] cladding,.
TCP (NN,NCL1)| Temperature at the boundaries|CLTMP,EDTGRS, °C
of the NCL radial meshes of |EDTMIX
A[NTCP] the capsule.
TCPI (NN) Innter temperature of the EDTGRS , GOLDN °C
A[NTCPI] capsule.
TCPO (NN) Outer temperature of the CLTMP,EDTGRS , GOLDN °C
A[NTCPO] capsule.
TFR (NN,NFR1)| Temperatures at the boundaries|EDIGRS,EDTMTX, °C
of the radial regions of the |FLTMP,PLENP,PLOTI,
A[NTFR] fuel.
TFRPM(NN,NP1) | Temperatures at the boundaries |EDTMIX,FLTMP, °C
of the radial NP equal mass PLOT1 ,PLUTO
A[NTFRPM]| shells in the fuel.
TNA (¥N) Coolant temperature. EDTGRS , GOLDN °C
A[NTNA]
TOUTER (NN} Quter surface temperature CORTMP, GOLDN, °C
A[NTOUR] | of the cladding. POWCUT ‘
TOUTO (NN) Outer surface temperature of |CORTMP °C
the cladding of the previous
A[NTOUO] time step-
TPC (NN,NTR) Cumulative total circumferen- |BCALC,BCALCP,CRACK, "_
) ) EDTMTX, FLTMP , INPUT,
AINTPC] tial creep strain. PLOT3, UPDATE, UBDATP
TPR (NN,NTR) Cumulative total radial creep [BCALC,BCALCP,CRACK, L
. EDTMTX, FLTMP, INPUT,
A[NTPR] strain. UPDATE , UPDATP
TPZ (NN,NTR) Cunmulative total axial creep BCALC,BCALCF, CRACK, _
. EDTMTX, FLTMP , INPUT,
A[NTPZ] strain. UPDATE , UPDATP
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Symbol Definition Subroutine Unit
TSC (NN,NTR) Cumulative total circumferen— |BCALC,BCALCP,CRACK,
. . , EDTMTX, FLTMP,HKNS, | ~—
AINTSC] tial swelling strain. INPUT, ITERAT, PLOTS,
UPDATE , UPDATP
TSR (NN,NTR) |Cumulative total radial BCALC,BCALCP, CRACK,
swelling strain EDTMIX, FLTMP, HKNS, | =
A[NTSR] & . INPUT, ITERAT,
UPDATE , UPDATP
TSZ (NN,NTR) |Cumulative total axial BCALC,BCALCP,CRACK,|
swelling strain EDTMTX, FLTMP , HKNS,
A[NTSZ] i INPUT, ITERAT,
UPDATE , UPDATP
VOL (NN,NTR) |Volume. of each region. BCALC, BCALCP, cm3
GASOUT, ITERAT,
PLOT2,PLOT3,
A[NVOLI _ ) VOLTME , XLAME
WNEW (NFR) Masé in the each radial - |FLTMP, RHOMOD g/em
A [NWNEW ] region of the fuel.
WOLD (NN,NFR) Mﬁss in the each radial region |FLTMP , REOMOD, g/cm
' ‘of the fuel at the previous UPDTE
A[NWOLD] time step.
XBU (NBUF) gaﬁg_as BU (used for plotting) |PLOTL, PLTOR afo
A[NPBRU]
XCPGP (NBUF) |Clad-pellet gap PLOT1, PLTOR mm
A[NPCPGP] (used for plotting)
XCPI l(NN) Capsule inner radius. BEGIN,CLTMP, cm
A[NXCPI] ' EDTGRS ,EDTINP
XCPO (NN) Capsule outer radius. BEGIN,CLTMP, cm
A[NXCPO] EDTGRS,EDTINP

XCPU (NBUF,NP)

Same as CPU(used for plotting)

PLOT1, PLTOR

A[NPCPU]
XCSTN (NBUF) | Diameter change (AD/D)} of the |PLOT3, PLTOR #
A[NPCSTN] | cladding. (used for plotting)
XEHP (NFR) Used temporarily for modifying|FLTMP, ITERAT .
EHP considering the restruc-—
A[NXEHP] turing.
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A[NPTIME]

(used for plotting)

Symbol Definition Subroutine Unit

XEPC (NFR) Used temporarily for modifying|FLTMP,RHOMOD

EPC considering the restruc-

A[NXEPC] turing.

XEPR (NFR) Used for modifying EPR. FLTMP , RHOMOD —
A[NXEPR]

XGS (NFR) Used for medifying GS FLTMP mole
A[NXGS]

™M  (NN,3) Mass of each region in the | BEGIN,BURN,EDTGRS,| g/cm
A[NKM] fuel. FLTMP, PLUTQ RHOMOD,

XMINT (NN) Initial mass of each axial BEGIN,RHOMOD g/cm
A[NXMINT] | section of the fuel.

XPLPR (NBUF) | Plenum pressure PLOTS5 ,PLTOR kg/cm?
A[NPPLPR] (used for plotting)

XPOW (NBUF) Same as POW(used for plotting)|PLOT1,PLTOR watt/em
A[NPPOW]

XRL (NBUF,NP1)| Same: as RFRPM PLOTL,PLTOR mim
A[NPRL] (used for plotting)

XRLR (MBUF,2) | XRLR(NBUF,1)-same as RCRB PLOT1,PLTOR mm

XRLR(NBUF, 2) ~same as REB

A[NPRLR] (used for plotting)

XSIGC (NBUF) | Cladding average hoop stress. | PLOT2,PLTOR kg/mm?
A[NPSIGC] | (used for plotting)

XSWG (NFR) Used for modifying SWG FLTMP, ITERAT —
A[NXSWG ] considering the restructuring

XSWS (NFR) Used for modifying SWS FLTMP —_
A[NXSWS]

SXWS3 (NUR) Used for modifying SWS3 FLTMP —_
A[NXSWS3]

XT (NBUF) Fuel outer surface tempera- PLOT1,PLTOR °C
A[NPT] ture.(used for plotting)

XTIME (NBUF) Time selected for plotting. PLOT5,PLTOR hr
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Symbol Definition Subroutine Unit
XTL (NBUF,NP1)|Same as TFRFM PLOT1,PLTOR ?C
A[NPTL] {(used for plotting)
XTLMX (NBUF) |[Maximum temperature in the PLOT1,PLTOR °C
A[NPTLMX] |fuel. (used for plotting)
XTLR (NBUF,2) |Temperature at the radial PLOT1,PLTOR °c
point of radius XRLR.
A[NPTLR] (used for pletting)
XTPC (NFR) Used for modifying TPC con- FLTMP —
A[NXTPC] gidering the restructuring
XTPC (NBUF) Cladding average circum- PLOT3,PLTOR L
ferential creep strain.
A[NPTPC] (used for plotting)
XTPR (NFR) Tlsed for modifying TPR. FLTMP .
A[NXTPR] o
XTPZ (NFR) Used for modifying TPZ. FLTMP —
A[NXTPZ]
XTSC (NFR) Used for modifying TSC. FLTMP _
A[NXTSC]
XTSC (NBUF) Cladding average circum— PLOT3,PLTOR
ferential swelling strain. “_
A[NPTSC] (used for plotting)
XTSR (NFR) Used for modifying TSR. FLTMP _
A[NXTSR]
XTSZ (NFR) Used for modifying TSZ. FLTMP _
A[NXTSZ]
XYP (NBUF) Gas release rate. PLOT5,PLTOR pA
A[NPYP] (used for plotting)
YBU (NN) BU UPDTE alo
A[LBU] at the start of the
YDXM (NN, 3) DXMJ time step. CHKSPD, UPDTE cu/sec
A[LDXM]
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Symbol Definition Subroutine Unit
-

YFLNC (NN) FLNC UPDTE n/em?
A[LFLNC]

YRCB (NIN) RCB UPDTE cm
A[LRCB]

YRCI (NN) RCT UPDTE cm
A[LRCI] at the start of

YRCO (NN) Rco  |he time step. UPDTE cm
A[LRCO]

YRDIST(NN,4) RDIST UPDTE _
A[LRDIST]

YREB (NN) REB UPDTE cm
A[LREB]

YRUB (NN) RUB UPDTE cm
AJLRUB]

YRVBE (NN) RVB UPDTE cm
A[LRVB]

YTOUR (NN) TOUTER CORTMP °C
A[LTOUR]

YWOLD({NN,NFR) | WOLD UPDTE g/cm
A[LWOLD] )

ZFLX (NN) ratio of Frenkel pair- BEGIN, FLXCAL —_
A[NZFLX] generation rate to flux.
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Appendix D: Control Cards and Meésages

D.1 Control Cards

A typical set of control cards used for the ACTIVE-II code on
the IBM 360/195 at Tokfo Data Center is shown in Table D.1.
Included is a short FORTRAN program containing the variable 'A'
and the variable 'AM'-these dimentions must be set at least as
large as the core space required for the problem data (excluding
the data for the matrix) and for the data only for the matrix,
respectively. (See the section 6.1 Core Storage.)
And the variable 'IA' and the wvariable 'IAM' must also be the
same number as the dimensions of the 'A' and the 'AM',

respectively.

Logical unit requirements are as follows.

—_—

Logical . Device Use

Number Type
5 System input device.
6 System output device.
7 | System punch device.
77 Tape Plotter output device

Locigal unit requirements are described in the section I/0 Unit

Requirements.

On the stage of link;edit, four library data sets are required.
SYS1.DCSLIB and 'SYS1.FORTLIB includes the functional subroutines
such as SQRT, ABS, EXP, ALOG, DATE, STIMER, TTIMER, and so on,
used in the ACTIVE-II,

SYS1.PLTLIBLO includes the subroutines used for plotting such
as PLOTS, PLOT, SYMBOL, NUMBER, and so on.

FPP1.SLMATH includes the SL-MATH subroutines such as MSNR, MBSR,

and so on.
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J/7JYIL1ILAMK JO0B (1111A+ACTIV)»'KATSURAGAWA',TIME=1,REGION=384K
/HMAIN TYPE={PLOT)

/*SETUP UNIT=PLOTID=(PLOT+RINGsSAVE,NL}
/% JOBPARM LIN=20 b

//ACTIVE EXEC PLTFGCLG
//FORTLSYSIN DD *

e e i o e ke i ko ol o 2 8 e o ok e ok e ke o S ok A M 0 SO 0o o o

sk dn o
e e SOURECE PROGRAM DECK AR e
sk . 2ok R

5t e el e o o o e e e 9 o ok 2k 4 o o e e S S s o 2 MO R B A
-

//GOLSYSIN DD *
e srate i e s e s o ot o e e e ol e ot o e e e e s e 3ot e e e s sk Sk ake A ale o

s iesle Ty
Sstde sk DATA CARD kA
dedededede e de dede

e s st e e ot st e e e sl o ol e s i ok e el o ok sk e e sk ot e N v

VA
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D.2 Error Stops

The following error stops have been programmed into ACTIVE-II.

Cause Subroutine
1. Clad has hit capsule wall GOLDN
2, '*END' card missing (input miss) HEADER
3. Mass increment is too big PLUTO
4., Mass in columar zone is negative RHOMOD
5. Clad temperature is too high XLAME

6. Refer to the MSNR MSNR{SL-MATH)
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Appendix E: Sample Input

Sample input is shown in Table E.1. The sample pin is FlA
fuel pin, whose abstract is shown in Chapter 6.2, For the detail

explanation, refer to Chapter 6.3.
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Table E.1 Sample Input.

I I SIS S————— p————- PR SRS Ry FEL b e PAGE
1 0 1 0 : REC. NO. 1
ACTIVE SENSITIVITY ANLYSI REC NO. 2
% %% G .F  F-1AUEBR=2]) *=%= REC NO. 3
AXIAL MESH = 4 REC ND. 4
RADIAL. MESH REC NO 5
COLUMNMAR = 1 , REC ND. 6
EQUIAXED = 1 REC ND. 7
UNDISTURBED = 1 REC NO. B
CLADDIMGEG = 1 REC NO. 9
*END REC NO. 10
4 1 1 1 110 3 -2 -1 i 1 0 0 REC NO. 11
1 2 2 2 2 REC MO 17
0.001 0,001 0.001 0.001 REC ND. 13
0.002 0.0027 0.002 0,002 REC WO. &
0.003 0.003 6.003 0.003 REC NO. 15
0.214% 0.274% 02745 .z 745 REC NO. e
0.2794 0.27%4 0.2794 D.2794 REC NO. 17
0.3175 0.3175 0.3175 83175 REC MO+ Td
14 .45 3,61 18.06 30.08 REC NO. 19
0.9792 1.0723 0.9405 Ne3 REC WNO. 20
0.9792 1.0723 0,9485 0.0 REC NO. 21
1.998 1.998 1.998 1.995 REC WO. 72
0a2 0.2 0.2 0.2 REC NO. 23
10.54 10.54 10.54 10.54 RELC MO 24
1.0 1.0 1.0 1.0 1.0 REC NO. 25
1.0 1.0 1.0 1.0 1.0 REC MO . 26
0.4254 0.6762 0.922 REC NO. 27
3000.0 6000, 0 16600000 REC NO. 28
0.0 1.6R REC MO. 29
7.98 20.0 70.0 REC HO» 30
1.G92E+07 ].2FE+04644600.0 44400.0 REC MNe 31
0+407E=03040 0.0 REC MO. 32
0.15 0.01 3.4BE+12371.1 372.0 REC NO. 33
0.671 4398 3.0AET12371a 1 4794 1 REC M. 34
2.00 4398 3.4RE+12371.1 4794 REC NO. 35
2,125 0.01 3.6RE+12371.1 37241 REC WO, T
2.5 0,01 3.4RE+12371.1 372.1 REC MD. 37
2.921 4398 3.4RE+12371.1 [ EMC REC Tifl. 35
6435 439 .8 3.4AE+12371.1 4794 REC NO. 39
G.663 155.5 F.ARET12371.1 519.7 - REC M. 50
5.8 195.5 3.4AE+12371.1 419.7 REC NO. 41
7142 %39 R S.AREFLIZST141 4795 REC Wa. )
9.50 439.7 3.48E+12371,1 4Tk REC NO. 43
10.0 501 S EREFL2371.1 EXFI1 LT ATV &%
11.0 1.0 0.01 3.4BE+1250,0 51.0 REC NO. 45
12.0 1.0 0.01 3.4RE+1250.0 5t.0 1 REC il 46
e e et Jetsbeloe? ovtwtsted st Sttt ool Sontmien -
TOTAL RECDRDS 46
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Appendix E: Sample Quiput

Sample output is shown here, calculated for FlA fuel pin as
shown in Apperidix E. TFor detail explanation of output, refer to
Chapter 6.4, and 6.5.
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ACTIVE SENSTITI TY ANLVYSIS
o . F . F =14 R R =2 1 % & &
AXIAL MEGSH g
RADIAL ™MES
NLUMNGER 1
DU 1AXED 1
NDIGSTUR D = 1
LADDING 1

LT-SL-T%3LDNd



~=——= CONTROL NUMBER AND OPTION

NUMBER OF AXIAL SECTION NN = 4

NUMBER OF MESH FOR COLUMMAR GRAIM REGION MNCR = 1
NUMBER DF MESH FUR EQUIAXED GRAIN REGIDM NER = 1
NUMBER OF MESH FOR UNDISTURBED REGIDON NUR = 1
NUMBER OF MESH FOR CLAD REGION NCL = 1
NUMBER DF MESH FOR PLUTONIUM MIGRATION NP = 10
FUEL THERMAL CONDUCTIVITY DOPTION NOK = 3 (172/3 = SAYLES/BAILY—-ASAMOTO/BIANCHERTA]
CLAD SWELLING OPTION NOS = =2 {=1/—2 = ANMEALED 304,3165.5./20P.C.COLD WORK 3165.5.)
CLAD CREEP DPTION NOC = -1 {-1/-2 = BOLTAX+BIANCHERTAGUHA/MODI+IED)
CRACK OPTION NCRK = 1 {0/1 = NO CRACK CALC./CRACK CALC.)
PLOT OPTION NPLOT = 1 (0/1 = NO PLOT/PLOT)
AXTAL SECTION MUMBER FOR FUEL = 2
AXEAL SECTIDON NUMBER FOR STRAIN = 2
AXIAL SECTION NUMBER FOR STRESS = 2
AXEAL SECTION MUMBER FOR CRACK = 2

STODRAGE(WORDS) REQUIRED FOR PLOTTING STEP = 590

~~~=— CENTRAL VYOID RADIUS [ CM I 1-NN

0.0010 0.0010 0.0010 0.0010

==== COLUMMAR GRAIN REGION OUTER ROUMDARY [ CM } 1-MM

- 891 —

0.0020 0.0020 0.0020 ¢.0020 —_
——-— ERUIAXED GRAIN REGIOM OUTER BDUMDARY ([ CM ) 1-NM
0.0030 0.0030 0.0030 0.00320

-—-— FUEL DUTER RADIUS [ CM ) 1~

0.2744 02744 Ne 2744 02744
———— CLAD INNER RADIUS [ €M ) 1-Ni
0.2794 0.2794 N.2794% 0.2794

w=== CLAD OUTER RADIUS { CM ) 1-hi

.3175 0.3175 0.3175 0.3175

———— CAPSULE IMNER RADIUS { CM ) 1=hN

0.4254 0.4254 04254 0.425&
———= CAPSULE OBUTER RADIUS ( CM ) 1-rN

D.4762 04762 D&t 762 QW&TH2
———— COOLANT FLOW AREA = 0.82199997 ( CMx*=2 }

———— FUEL AXTAL LENGTH { CM ] 1-MN eae TAOTAL AXIAL LENGTH = 36,1200 ( CM ) aee

LT-5/~-T%81D0Nd
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14.4500 3.6100 18.0600 0.0
——— CLAD AXTA]l LEMGTH { C# ]' =MD aee TOTAL AXIAL LENGTH = 6641300 ses
14.4500 3.6100 18 .0600 30,0600 LY
=~=— NEMSITY OF FUFE [ 3 REGIONS ) AND CLAD. € G/CC )
AXIAL SECTIOM = 3 10.6612 10.5400 10.5400 7.9800
AXTAL SECTION = 2 1f. 6612 10.5400 10,5400 749800
AXIa) SECTION = 3 10,6612 10.5400 10.5400 7.5800
AXTAL SECTIDN = 4 .0 0.0 Q.0 7.9800
==== 0/4 OF FUEL PU~DIX) 1N
1.9589 1.9980 1.9980 1.,9980
—w—=— PLUTOMEUW COMCEMTRATION [ WEIGHT~FRACTINN ) 1-np
AXTAL SECTION = 1 Na2000 a.2000 0. 7000 0.2000 . 2000 0.2000 0.7000
0.2000 N.2000 0.2000
AXIAL SECTIDMN = 2 1. 2000 G.2000 0.2000 0, 2000 0,.,2000 0.2000 0.2000
N.2000 0.2000 N.2000 .
AXIAL SECTINM = 3 fe 2000 0.2000 0.2000 0.2000 0.2000 0.20000 0.2000
N.2000 0.2000 0.2000
=== NXTAL FAST ELUX ( E ,GEs O.IMEY | RATE 1=
N.752 1.0723 0.9485 0.3000
———= AXIAL HEAT GENFRATION RATE 1=
09792 1.0723 0.9485 0.0 7
¥
——=— RADIAt HFEAT GEMERATION RATFE 1-itp :
AXTAL SECFIOM = 1 1.0000 1.0000 1.0000 1.0000 1.0000 \1.0000 1.0000
1.0000 1.0000 1.7000
AXTAL SFCTINN = 2 1.0000 1.000n 1.0000 1.6000 1.0000 1.0000 1.0000
1.0000 ~l.0000 1.0000
AXTAL SECTION = 3 1.0000 1.0000 1.0000 1.0000 1.0000 1.0100 1.0000
1.0000 1.0000 1.0000
———— IMITIAL GaS§ IN PLEMUM = D.NND&NTO  { MOLES )
Jew  ACTUALLY USER CORE FNR ARIAY = 3897 WORDS [ INpUT = 10000 )
‘<
%%  ACTUALLY USED CORE DR MATRIX = 5984 WNRDS { INPHT = 2000 1}

e R

RECOMMEMDED CNRE SEZE = 256 K BYTE
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STERP NO. 1 TIME [HRS) =
DELT {HRS) =

3.600
3.600

BOWAY [+ /0N =
CFLX [N/H/CM) =

D.010
N.34A8E 13

TOUT [C) = 372,100 TId

R

(KG/CH#=2) = 1,68

[1*3)

= 371.100
-%

*******##******#**#****#*****###*************#$#$¢$****#*$**$$¢#¢****#****#**#****$$**$$******¥#¢$#********#***#§§

GRI1SS DUTBUT MEXT

LT-S/~-T#810Nd

#++. AXTAL DISTRIBUTION {N=1,MK] +++

POWER {W/CM) 0.010 N.011 0.N09 Q.0

FLUXIM/CM#%R2/SEC) 0.34076F 11 0.37316F 11 N,33008E 11 0,10440F 11

FLUENCE (N /CMu#eR2 ) ’ D.44163F 16 N.48362E 15 0.42TTRE 15 0,.,13530F 195

BURM UPLA/D) 0.00000 0.00000 0.00000 0.0

BURN UP(HHN/T} 0.0 v DL 0.0 0.0

FUEL LEMGTH(CHM) 14,45000 3.41000 1R. 06000 0.0

CLAD LENGTHICHM) 14 .45000 3.61000 1R.NA000 30.06000

THEQ. DENS.(G/CC) 11.06000 11.046000 11.046000 1.0

COOLAMT TEMP.{C} "3Tl.301 371.557 3T71.R54 372.100

FILM Ho{W/CM=%2/L) 3.332848 3.3323L 3.33143 3.33109

GAP Hy(W/CH%=2/C) 0.814R7 "N.RI&RTS O.R14ART N+R1487

OFELT GAS REL.IMAOLES} 0.0003N00 £..0000000 0, N000300 0.0

TOTAL GAS IN PLENUM D.C0040700 (MOLES)

‘CUMULATIVE GAS RELEASED 0.0 (MOLES)

PERCEMT [OF TOTAL F«P. GAS 0.0 {N/N}

PLENUM PRESSURE - 2896 (Ko )

CEMTRAL HOLE PRESSLRE 7 R94 (KG/CHax7 }

TOTAL FUEL LENGTH AND FL/FLD 36.12000 [ ] 0.0 (n/sol

TOTAL CLAD LENGTH AMD CL/CLD Hb4.17999 (Ci*) 0.0 [0/0)

+++ PERFORMAMCE +++

& AXTAL SECTION = 1 *

- FUUFL CEMTER COLUMMAR (R ENUTAXED GR. FIIFL AINTFR CLAN [MMER CLAD NUITER CAPSULE IMMER CAPSULE NUTER
RADIUSICH] 0.00101 f.00200 0.00300 N.72 7440 1427940 NDa31750 0442640 0.47620
TEMPL(C) 3T1.325 371.3725 371.375 3I71.311 371.304 371.303 371.302 371.302
Ay L,TEMPIC) 371.325 371.325 371.3148 371,303 371.302
ALPHA-T{~) N.00303 0.003N03 N.0N303 N.00A26 0,00624
DEMSIG/CC) 10.66115 10.54000 - 1n,.54000 T.58000
MASS(G/CM) 0.0D010 N.Ne017 749291

#®  AXTAL SECTION = 2 %

FUEL CEMTER COLUMMAR GRS EMtITAXED GR. FUEL MMITER CLAD  Talhzd CLan HTER CAPSULE M-SR CAPSULE MHITER
RADTUS(CM) 0.N0101 N« NO?200 D.00300 D.2T7440 ) n.27947 0,31750 Gat 2540 Q4T7AHZ0
TEMDB,. (L) 371.585 371.5R5 371.585% 371.56R 371.541 A71.560 371.559 371.554
AV TEMPIC) 371.585% 271.5R5 AT1.57h ATl L5A0 371,558
ALPHA=T (=1} 0.003103 0.00303 M. F03013 D N0A2T J.00627
DENS{G/CC) 1066115 10.54000 1794000 T o FRNG)
MASS{G/CH) 0.00010 0.00017 ?.4929%

% AXTAE SECTIOM = 3 *

FUEL CEMNTER COLUMMNAR GR. EMITAXED (RS FIIFL DUTER LEATY [WREZ CLA TITITER CAPSUTE TR CTAPSULE THWOTER
RADIUSICM) 0.0N101 000200 0.00300 Da2 7440 N. 77940 0.31750 042540 0.47520
TEMP. (L) 371.880 371.880 3T1.880 AT1.8604 371,879 171.758 371.R5H 37L.A8597
AY JTEMPLL) 371.880 371 .RR0 371,873 371.858 ATLLHRET
ALPHA-T (-} ~ N.00303 0.,00303 M. 00303 N.N0627 YaD0R2T
DEMS(G/CC) 1066115 10.54000 1N.%4000 T.28000
MASSIG/CM) - ) 0.00010 N.00017 7.45291

= AXIAL SECTIOM*= 4 &




— [LI —

. EQUIAXED GRa. FUEL QUTER CLAD QUTER

CAPSULE TMMER CAPSULE OUTER

YOUNG Mo (KG/CM*=2)

0.2237T0F N7

0.21741E 07 0.21741F-07

MUMBER OF GRACK
RADIAL

0

n ) 0’

CIRCUMFEREMTIAL

0

0 n

FUEL CEMTER COLUMNAR GR CLAD INNER
" RADIUS(CM} S 0.0 : - 0.0 0.0 .0 - - 0,27940 0.31750 0442540 047620 °,
TEMP.(C) 0.0 0.0 0.0 0.0 372,100 372.10C 372,100 372,100
AV LTEMP(C) L )0 - ' 0.0 0.0 - - 372,100 - - - - 372.100
ALPHA-T{=) 0.0 0.0 nN.o 0.00628 0.00628
DENSIG/CC} 0.0 0.0 0.0 7.98000 . -
=== STRESS AND STRAIM DUTPUT NEXT =====
Wewrde  AXIAL SECTINN = 1 s
+++  CAPSULE [I1=1,MCL) +++
‘RADTUSICH) - - 042540 D.47620
TEMP.({C) 371.307 371.302
ALPHA-T (=} : 000628 -
++4+ CIAD (T=1eNCI ) +++ .
RADILS{CH) . 027940 0.317%0
DISPLACEMEMT (LM) N.N0175 0.00199
TEMP.{C) 371.3064 371.303
PRESS , (KG /LD ) _0.28960E 01 N.16A00E 01 - - : - - : o -
ALPHA-T(=) 0.00626
PNISSON RATIOL-) N,33306
YOUNG My (KG/CH%%2 ) D.17504E 07
STRESSIKG/CM*E*2)
RADEAL ~0.22363F N}
CIRCUMFERENTIAL 0.72244F 01
AXTAL 0.20226F 01
TOTAL STRAENI=}
RADIAL 0.62617E-02
CIRCUMFERENTIAL 0.62684E-07
AXTAL N.62645F-02
CREEP STRATM{=}
RADILAL ~N.5958RE-15 .
CIRCUMFERENTIAL 0.63651E-15
AXTAL -0.4092RE=-16
CREEP I DELT{=)
RADIAL -0.5955RE-15
CIRCUMFFEREMTIAL 5 N.63651E=15 - N
AXEAL -D.4092RF-16
SHELLING STRAIMI-)
TOTAL 0.55260E-)5
PERCEMT CHANGE iM DRIGIMAL N.N. = 0.0 (n/0)
AVERAGE POISSON RATIO{(-) = N.33306
AVERAGE YNUMG MODULUSIKG/CHE*%2) = 0.17504E 07
+4+  FUEL [1=1.MFR) +++
24DIUSICM ) 0.00101 N.0N200 : 0.00300 . 0.27640
NISPLACEMENT (M) 0.00000 T.0000 1 . DGO 0. N00R3
TEMR.(C) 371.325 371.325 371.325 3714311 °
PRESS. [KG/CM**2 ) ¢.78939F 01 (eP99R3F 01 D 79G9RRE 01 0.799508 01
ALPHA-T {~) N.N01363 0.00303 0.06N303
POTSSOM RATIO(=] Ne31705 031545 T. 31529

LT-S/-TH#RIONd



AXTAL
STRESS(KG/CME%2)

0

v]

a

RADIAL
CIRCUMFERENTTIAL

=0.29686E 01
—0.30990F 01

-0.29986E 01
=0.29998E 01

-0.289461E 01
~0,28959F 01

AXTAL
JOTAL STRATM{-~}

~0.34913E 01

-0G.34155E 01

=0.32076E 01

RADTAL
CIRCUMFEREMTI AL

D.30275E-02
0.3027T4E~-D2

0.30274E-07
0.30274E-02

D.3027T4E-02
. 0.30274E=02

AXTAL
CREEP STRAIN{-}

0.30272E-02

D.30272E-02

0.30272E-02

RADTAL
CIRCUMFEREMTIAL

D.32659E 31
0.13095E=-31

0.20904E-31
0.20731F-31

0.155A6E-31
0.15600E-31

AXTIAL
CREEP IN DELT(-)

~0eu5T5HE-31

—-0.41635E=31

—-0.31167E-31

RADIAL
CIRCUMFERENTIAL

0.326539E-31
0.13095E-31

0.20904E-31
G.20731F-31

(0.15566E~31
N.15600E-31

AXIAL
SWELLING STRAEMI-)

=D.45755E-31

-0.41635E-31

-0.31 67E-31

TOTAL
SOLID COMPOMENT

0.65783E-09
0.19297E-0¢%

0.36103£-0%9
0.19294£~-09

0.1557TE~09
C 46196E-09

GAS COMPDMNENT

0D.17605F~08

0.89015E-09

0.53401E-11

HOT PRESSING 0.0 0,0 0.0
PERGCEMT CHAMGE IN ORIGIMNAL Q.D. = 0.0 (0/0)
AVERAGE POISSON RATIO(-} = 0.31549
AVERAGE YOUNG MDDULUQIKG/CM**Z) = 0.21741F OF
I
— GAP SIZE{CM) = 0.00592
;3 FRICTION FORCE{KG/CM) = 0.0 { APEN )
| +++ PLUTONTUM MIGRATION (I=1sNP} +++
RADTIUSICM} 0.00101 0.N867AH 0.127272 0.15030 0.17355 0.19403 - 0.21255 0.22958 0. 24543 0.26032 0.27440
JEMP.(C) 371.325 371.324 371.323 371.321 371.320 371.318 371.317 371.315 371.314 371.312 371.311
PU CONC.(—) 0.20000 0.20000 0.20000 0.20000 0.20000 0.,20000 0.20000 0.20000 0.20000 0.20000
wxd AXIAL SECTION = 2 ok
w44  CAPSULE (I=1,NCL) +++ .
RADIUSICM ) 0.42540 0.4T620
TEMP.{C) 371.559 371.558
ALPHA=T(—) 000677
+++ C1AD (T=). MOV +++
RADIUS{CM) N.27940 3.31750
DISPLACEMENT(CM) 0.00175 0.00199
TEMP LG} 371.561 371.5560
PRESS ., (KG/CM**®D) 0.2R960QF 0] N.16800F D1
ALPHA-T (=} Q00627
PAISSON RATINA(=) D.33308

YOUMNG Mo [KG/CH*%2)
STRESS(KG/CM=%2)

0.17501F 07

RADTAL
cIrcuMFERENTIAL

=0.22363E N1
0a77244E 01

AXTAL
TOTAL_ STRATIME-}

0.20984% N1

RADIAL

N.62660F-02

LT-GL-THBLINd
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tIRCUHFERENTIAL
AXITAL

0+62732E-02
D.62693E-02

CREEP STRAIN(-}
RADI AL

—0.65581E-15

CIRCUMFERENTIAL

AXIAL

0.69342E-15
~0.376]13E~16

CREEP IN DELT(-)
RADTAL

~0+65581E-15

CIRCUMFERENTIAL
AXTAL

0.69342E-15

SWELLING STRAIN{-}
TOTAL

~0.37613E=16
0.63T87E=15

PERCENT CHANGE IN ORIGINAL 0.D. = 0.0 (0/0}
AVERAGE POISSON RATID(=) = 0.33308
AVERAGE YOUNG MODULUS (KG/CM¥#2] = 0.17501F 07T
4++  FUEL {I=1,NFR) :

RADIUSICM] 0.00101 G.00200 0.00300 0. 274%0

- DISPLACEMENT{CM) 0.00000 0.00001 0.00001 0.00083
TEMP, (T 371585 371.5858 57T.58% 371,568 .
PRESS « (KG/CME®2 ) 0.28939E 01 0.30113E 01 0.30144E 01 0.28960E D1
ALPHA-T(-) 0.00303 0.00303 0.00303
PDISSON RATIO(-) 0.31705 0.31550 0.31550

YOUNG Mo {KG/CM%EN2)
NUMBER OF CRACK

0.223T0E OF

0.21741E 07

0.21741& O7

RADTAL 0 0 o)
CIRCUMFERENTEAL 0 o} 0
AXTAL 0 0 0
STRESS{KG/CM**2 )
RADIAL ~-0.29779€ 01 -0.30132E 0L -0.28961E 01
CIRCUMFERENTT AL ~0.31246E 01 —0.30203E 01 —0.28958E 01
AXTIAL -0.34251E 01 -0.33525E 0Ol =0.31100E 01
TOTAL _STRAIM(= !
RADTAL 0.30298E-02 0.30298E-02 0,30297E-02
CIRCUMFERENTI AL 0.30297E-02 0.30298E-02 0.30297E-D2
AXIAL 0.30296E-02 0.30296E-02 0.30296E-02

CREEP STRAINI-)

RADIAL
CIRCUMFERENTI AL

2969331
0.76894E-32

0.17317E-31
0.16254E-31

0.106B4E~31
0.10723E-31

AXTAL
CREEP IN DELT(-)

-0«37383E~31

-0.33571E-31

~0.21407E-31

RADIAL
CIRCUMFERENTIAL

0s29693E-31
0.76894E-32

0.17317E-31
D.16254E-31

0.10684E=31
0.10723E-31

AXTAL
SHELLING STRAIN(-}

=0.37383E-31

=0.33571E=-31

~0.21407E-31

TOTAL

S0LID COMPONENT

0.T2064E-09
0.21132E~-09

0.39549E-09
0.21129E-09

0.E7058E—09
0.505BBE-09

GAS COMPONENT
HOT PRESSING

0419506E-08
0.0

0.97517E-09
0.0

0.58502E-11
0.0 -

PERCENT CHANGE IN ORIGINAL O.0. = 0.0 i0/0)
AVERAGE POISSON RATIOL-} = 0.3155¢

AVERAGE YOUNG MODUIUS (KG/CM¥*2) = 0.21741E 07

GAP SYIZF (CM) = 0.00592

FRICTION FORCE{KG/CM} = i DPEN )

0.0

LT=9L-T¥8LONd
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+++_ PLUTONIUN MIGRATION (1=1,0p] +++

0.15030

RADIUS{CM} 0.00101 D.0BLTR 0.12272 D.17355 0.19403 0.21255 0.22958 0.24543 0.26032 0.27440
CTEMPLICT 371.585  371.583  371.582 371,580  371.57A  371.5756  371.575 371.573  371.571 371.570 371.568
PU CONCa (=) 0.20000  0.70000  0.20000 0.20000 0.720000 0.20000  0.20000  0.20000  0.20000 0.20000
whk AXTAL SECTIOM = 3 s _
+++  CAPSULE (1=1yNCL} +++ -
RADIUS(CH) 0.42540 0.47620
TEMP,L(C) 371.858 " 371.857
ALPHA=T (=) 0.00627 v
i+ GLAD C]=),MCLY - +++ -
RADIUS{CM) - 0.27940. 0.31750 .
DISPLAGEMENT (M} 0.00175 0.00199
TEMP. [C) 3714559 371,858
PRESS . {KG/CM%#2 ) 0.28960E 01 0,16800E 01
ALPHA=T (=) 0.00627
PNISSON RATIO(-) 0,33311
YOUMNG Ma (KG/CH®®Z ) D L7499E 07
STRESS(KG/CHM¥#2)
RaDIAL Z0.22363F N1
CIRCUMFEREMTIAL 0.72244F 01
AXTAL G.21869E N1 _
JOTAL STRAIN(=) ) )
RADTAL D.62715E-02
CIRCUMFERENTIAL D.62TRTE-02
AXTAL D.62749E—012
CREEP STRAIMI-) -
RADTAL Z0.5B8381E-15 o
CERCUMFEREMTIAL 0,60964E=15
AXTAL —0.2582RE-16
CREEP N NELT(-)
RADTAL —0.58381E=15
CIRCUMFERENTIAL _0.60964E-15
_ AXIaL . -0.25682RE-16 _ _
SWELLING STRATM{—)
TOTAL 0.53512E-15
PERCEMT CHAMGE INM ORIGIMAL N.D. = 0.0 {0/0})
AYERAGE POISSON RATIO(-) = 033311 -
AVERAGE YOUMG MODULLSIKG/CM=%3] = 0.17499E 07
+++ FUEL ([1=1,MFR) +++ ) - }
RADIUS{CHI] 0.00101 0.00200 0.00300 0.27440
DISPLACEMENT(CHI. _0.00000 T 0.,00001 _ ~ 0.00001 . 0.000R3
TEHMP.LIC) 371,880 371.8R0 371.A80 371866
PRESS, (KG/CME®Z] 0.28939E 01 N<2G9R9E 01 D.300LAE N1 0.2R5A0E OL.
ALPHA=T (=) 0.00303 000303 0.00303
_POISSON RATIG(-) 0.31705 0.31550 N.31550

YOUNG HMa {KG/CHx%D}

NUIMBER OF CRACK

0.22369E. 07

0.21740F 0OF

0.21740€ 07

AADIAL . 0 0 n
. CIRCUMFERENTIAL a [ 0 .
AXTAL . 0 : s n

STRESSIRG/CH=*#2) -

LT-G/-T¥8LONd
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RADIAL

~0.29690E 01

+0.30006E 01

~0.28961E 01

CIRCUMFERENT AL —0.31001E Ol .-0«30070E 01l _—=0,2B959E_01
o AXTAL CT -0.32741E 01 =0.32059E 01 -0.29942E 01
TOTAL STRAIN{(-) . i
RADTAL 0.30325E-02 0.30324E-02 0.30324E~02
CIRCUMFERENTIAL 0+30324FE-02 0.30324E-02 0.30324E-02 .
AXIAL, 0.30323E-02 0.30323E-02 0.30323E-02 : B
CREEP STRAIN(-). ) ‘ :
RADIAL 0.21B16E—31 0.10586E-31 "0.48960E-32
CIRCUMFERENTIAL DeZ21448E=32 0.96273E~-32 0,49309E=-32
AXTAL : —0.23961E=31  ~0.20214E~31  —0«JBZ74C-32
CREEP IN DELTI(-) °
RADTAL D.21816E-31 0.10586E-31 De4BIGOE-32
CIRCUMFERENTIAL" 0.21448E-32 0.96273E-32 0.49309E-32
AXTAL ~0423961E-31  —0,20214E-31 —0.9BZ74E-32
SHELLING STRAIN{-)
TOTAL 0.6377DE~09 0-34996E—00 C.15088E-09

SOLID COMPONENT

0.18692E-09

0.18689E~09

0.44748E~09

GAS COMPONENT

0.17262E-08

0.8629BE-D9

0.5177T1E-11

HOT PRESSING 0.0 0.0 0.0
PERCENT CHANGE IN DRIGINAL DuD. = 0.0 (0/0)
AVERAGE POISSON RATID(—) = 0431550
AVERAGE YOUNG MODULUS{KG/CM#%2) =  0.21740E 07
GAP_SIZE(CM) = 0.00592
ERICTION FORCE(KG/CH] = 0.0 T OPEN 7
+++ PLUTONTUM WIGRATION (I=1,NPJ ++¥ ~ : -
RADIUSICM) __0,0010F 0.08678 0.12272  0.15030 _ 0.17355  0.19403  0.21255  0.22958  0.24543  0.26032  0.27440
TEMP.(C) 371.880  371.879  371.877  371.B76  371.875  371.873  371.872 371.B70 371.869 371.867 371.866
1
PU CONC. (-} 0.20000  0.20000  0.20000  0.20000  0,20000  0.20000  0.20000  0.20000  0.20000  0.20000
#ex AXIAL SECTION = 4 ##=
+3+ CAPSULE (I=1,NCL] +++
RADIUS(CM) 042540 0.47620
TEMP.L (C) 372.100 372.100
ALPHA=T (=) 0.00628
4+ CLAD {I=1,NClL) +++
RADIUS(CM) 0.27940 0.31750
DISPLACEMENT (CM) 0.00176 0.00199
TEMP.{C) 372.100 372.100
PRESS, (KG/CM2%2) D.28960E 0}  0.14800E 01
ALPHA-T (=} 0.00628
POISSON RATIO(=) 0.33313

YOUNG M. [KG/CM%%2)
STRESS{KG/CM**2 )

0.17496E 07

RADIAL
CIRCUMFERENTTAL

—0,22363E 01
0.72244E 01

AXTIAL
I0TAL STRAINMI-])

0.23743E 01

RADIAL
CIRCUMFERENTIAL

0.62759E-02
0.62831E-02

AXTAL

0.62795E-02

LT1-G/-T%8IONd
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CREEP STRATIN{-)

RADIAL —0.18715F=15

CIRCUMFERENTIAL : 0.19033E-15

AXIAL ~0.3184BE-17
CREEP IN DELT{-}

RADIAL ~0.1B715E~15

CIRCUMFERENTIAL 0.1%033E-15

AXTIAL —0.31B48E-17

SWELLING STRAIN{-)

TOTAL 0.95831E-16
PERCENT CHANGE IN ORIGINAL O.D. = 0.0 (0/0}
AVERAGE POISSON RATIO(-~) = 0.33313

AVERAGE YOUMG MODUEUS{KG/CM*¥*2 )

0.17496F 07

CPU TIME = 040 [SEC)

LT-SL-T%8ILONd
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- 7/31/75

RACTIVE-TI



— LLT -~

R-C-DIRECTION CRACK

AXIAL SECTIGN

2

STEP

36

--- CIRCUMF. CRACK

®  COLUMNAR BNDRY

A EQUIRXED BNDRY

LT1-5/-TH81ONd
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Z-DIRECTION CRACK

AXIAL SECTIOGN

=

2

STEP

s

36

-——- RAXIAL CRACK
——— COBLUMNAR GR. REGION

--— EQUIAXED GR. REGION

—— UNDISTURBED GR. REGION

LT1-GL-T%8LONd
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R-C-DIRECTION CRACK

AXIAL SECTIBN = 2 STEP - 122

—-- CIRCUMF. CRACK
... 38074 _RALK

0 COLUMNAR BNDRY

A EQUIAXED BNDRY

LT-SL-TH8IONd
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Z-DIRECTION CRRCK

AXIAL SECTION

=1

2

STEP - 122

-~-— AXIAL CRACK
—— COLUMNAR GR. REGION
--— EQUIAXED GR. REGION

—— UNDISTURBED GR. REGIIN

LT-G/-TH8LONd
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A

{

FP GRS RELERSED

LT-S/-T%81LONd

100+ SENSITIVITY ANLTSTS ACTIVE-II 3000
T AXIAL SECTION - 2
830 +
+2500
80 - _— ch— ] PR r
! |
i { ~ [ —— MAXIMUM TEMP. IN FUEL
70 + i . T o O - PELLET SURFACE TEMP,
g ; logop & X -- FP GAS RELERSED
| I — A, PLENJM PRESSURE
50 + ) )
. m-
, S
1 =
S0 T | 11500 &
1 5
! =
40 + Ll
Y [ o
+1000
30 + ] . |
S \/
i \
20 T g 1
1 L_i 500
10 I
‘ ’—’_/__,L o — ~
n_-_n.._u_______,__. i“ —— e 2
0 = + ]
C 50 10D 150 200 250 300

UPERATION TIME (H"UR)
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(W/CM)

POWER

500

yoo

300

200

LC0

ACTIVE SENSITIVITY ANLYSTS ACTIVE-I1
P ——
/
50 100 150 200 " 250 *"300
OPERATION TIME (HOUR)

(RTBMIC-PERCENT)

BURN-UP

AXTAL SECTION

[ -- POKER

X —- BURN UP

2

LT-G/-TH8LONd
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3000

C)
n
a
o
o

t 0

2000

IN FUEL PIN

1500

Lood

MAXTMUM- TEMP.

500

GPERATION TIME. (HOUR)

ACTIVE SENSITIVITY ANLYSIS ACTIVE-I1I
50 100 150 200 250

300

AXTAL SECTIGN

2

LT-S/-T%8LONd
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(°C

— 781 —
FUEL TEMPERATURE

ACTIVE SENSITIVITY ANLYSIS ACTIVE-TII

3000
2900 AXIAL SECTION = 2
2800 ' :

2700
2600 | - COLUMNAR BNDRY
2500 EQUIACED BHDATY
2U00[— s

2300
2200
2100
2000
1900
1800
1700
1600}—
1500
1400

1300 \‘xﬁ\k
1200

1100 = S

1000 I S

700

600 : =
500

o0 s cra B — S — R —— T — ———t

300
200

100 4 E ¥ ::2 F—F—F§ B =E Er E—E
0.0 0.5 1.0 1.5 2.0 2
DISTANCE FROM CENTER OF PELLET (MM)

— PR LD O X+ PO
|
|
[

= = OO0 ~ - J G ) —
PN OOOWOMN-IUENO)

MMM
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PO OO

|

|
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VOID RADIUS

(MMJ

2.00

1.50

1,00

.50

6. 00

ACTIVE

SENSITIV

Tf RNLTS §

ACTIVE-

x

104 150 200
OPERATION TIME HOUR)

*300

AXIAL

L2 S
4 ——-
X o-=-

SECTION = 2

Y@ID RADIUS
COLUMNRR BNDRY
EQUIAXED BNDRY

LT-G/-TH810Nd
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(MM

RACIAL GAP SIZE

0.60
0

OPERATION TIME (HOUR)

ACTIVE SENSITIVITY ARNLYSIS ACTIVE~II
[ My e Hopepe—¢ ; ] - —x
50 100 150 200 250

(KG/MMx=x2)

CLAD HOOP STRESS

M0 -- CLAD PELLET GAP
AXIAL SECTION =

X -- CLAD HOOP STRESS
AXIAL SECTION =

2

2

LT-S/-T%8I1DONd
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.

STRATH

(L.-=

LT 1IVE

SENSITEVIIY

ANLISIS

ACTIVE-i1

500

¥

450

{100

1350

(W/7CM)

POWER

1200

4150

{100

S0

100

i

i50

OPERATIAON TIME

200
«HOUR)

250

AXIAL SECTION

X -- CLRO STRAIN
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Appendix G: Program List

- The program is available from;
Department of Nuclear Fuels Development,
Power Reactor and Nuclear Fuel Development Corporation

1-9-13 Akasaka, Minato-ku, Tokyo, JAPAN
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COMMON /DIM/ TA.IAM 00001300
DIMENSION A(4000), AM{6000} 00001400
TA=4000 000015C0
IAM=6000 000061600
CALL ACTIVE {A,AM} - 00001700
5TOP 00001 800
END 00001900
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SUBROUTINE ACTIVE { A,AM ) 00000100

¢ 00000200
C 00000300

=====00000400
L= =00000500

s==== =00000600
=00000700

z=z=====z==scssToszzsEassmozsoz===sz=====2==x= 00000800
==00000900

A COMPUTER ANALYSIS OF FAST/THERMAL-REACTOR FUEL-ELEMENT BEHAVIOR ==00001000
AS A FUNCTION DOF REACTOR OPERATING HISTORY . ==00001100

N[ H ufn
nfw oign

==00001200
L T L T e e Y T ] s e e w=======sx=====00001300

00001400
00001500

OO OO OO O

REAL*™8 DAYDAY Q00015600
COMMON /ALWAYS/ NNy NCRyNERyMNURsNCL, NPy NDKyNOS,NOCyNPLOT,NCRK 00001790

NTRyNFRsNTRL,NTR2 +NNTR2, NNFy NCL 1 NFR14, NP1, 00001800
IGEN, IGEN]L , NONZRy IGENP, IGENP1,NONZRP, 00001900

3
ke
* NICyNZCsN3CN&GCy NSCyNELC s NTCo NBC, NICN10OC,N11C, 00002000
* N1Z2L,N13C,N14C,NISC, ‘ 00002100
&

NI ¢N2 gN3oN& NS yNOs NToNBs NIy NL1OeNIINL2,NL34N14,N1S 00002200
COMMON /OTHERS/ PG(3) ,CMLE2),DHR{2),ALFOU3), ALF1L3),XML{3),CM(2)}, 00002300

* PL,PI12+DP,GRAV SHQy SMQO, RHOC, BURHL, BURHZ,CFL X, 00002400
* CPOH,BUCNS yRKsRKR+ A9 1, GAS I, TCON,; PDBU, BUB 00002500

COMMON /CONST/ FKAl 4FKBl.FKCL1,FKA2, FKB2, FKC2, FKA3,FKB3,FKC3, 00002600
* FAL1,FAl12,FA21,FA22,FA31,FA32, 00002700

* CK1CK24CALCAZ2HXEHTONI(T) 00002800
COMMON_/CAPSUL/ RCPIZRCPO,AFNA 00002900

COMMON /IOFIL/ 105,106,107 00003000
COMMON /FBRATR/ JFA 00003100

COMMON /DIM/ TA,IAM 00003200
COMMDN /PLTOPY/ IPFUL,IPSTS,IPSTNyIPCRKyNBUF, IPCNT 00003300

COMMON 7DAY/ DAYDAY . 00002400
c 00003500

DIMENSION AC L T 5 AMC 1 ) 00003600
C 00003700

105 5 00003800
106 <] 00003200

Wik M

107 T : 00004000
ISPLOT = ¢ 00004100

¢ 00004200
C---— T0 GET THE DATE 00004300

C 00004400
CALL DATE { DAYDAY ) . 00004500

c 00004600
6000 CONTINUE : 00004700

c ‘ 00004800
C----~ TIMER ZERQ CLEAR . 00004900

C 00005000
EALL STIMER(Z2) } 00005100

c 00005200
c . 00005300

C~-~— CARD 1 00005400
c 00005500

READ(105,9006 END=998) JFA,JOUT,EPSSPD,EPSCRF,EPSCRC 00005600
C 00005700

" i 00005800
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IF { EPSSPD.EQ.0. ) EPSSPD=0.01 00005900
IF [ EPSCRF.EQ.0. } EPSCRF=0.05 00008000
IF | EPSCRC4EQs0. ) EPSCRC=0.01 00006100
C 00006200
C JFA = 1 ... FBR 00006300_
c JFA = 2 ... ATR 00006400
C JFA = 3 ... PHR 00006500
c JFA = 4 ... BWR 00006600
c 00006700 __
. C JOUT = 0 ... ODUTPUT EVERY STEF OF CARD INPUT 00006800
c JOUT = 1 ... ODUTPUT EVERY STEP CALCULATED 00006900
c 00007000
C EPSSPD = LIMIT FOR RESTRUCTURING VELOCITY (CM/SEC) 00007100
C EPSCRF = LIMIYT FOR FUEL CREEP STRAIN (-} 00007200
c EPSCRC = LIMIT FOR CLADDING CREEP STRAIN (-) 00007300
C 00007400
GO TO { 10420430440 ) o JFA 00007500
10 WRITE(ID6,9004) 00007600
G0 To 50 00007700
20 WRITE(ID6:9005} 00007800
GO TO 50 00007900
30 HRITE(IDG,9G0T) 00008000
GO TO_5¢ 00008100
40 HWRITE{ID6,9008) 00008200
50 CONTINUE 00008300
c 00008400
C-=—- CARD 2 ses TITLE CARD { CONTINUED TItL *END CARD ) 00008500
c 00008600
CALL HEADER 00008700
C 00008800
C 00008900
C~=-- CARD 3 cen CONTROL CARD 00009000
c 00009100
c 00009200
READC105,9000) NNyNCRyNER,NUR,NCL4NP, NOK s NOS s NOC,NPLOTyNCRK » 00009300
* NSKIP,NBUF 00009400
c 00009500
c 00009600
c NN = NUMBER OF AXIAL SECTION 00002700
C NCR = NUMBER OF MESH FOR COLUMNAR GRAIN REGIDN 00009800
c NER = NUMBER OF MESH FOR EQUIAXED GRAIN REGION 00009900
C NUR = NUMBER 0OF MESH FOR UNDISTURBED REGION 00010000
c NCL = NUMBER OF MESH FOR CLAD REGION 00010140
c NP = NUMBER OF MESH FOR PLUTONIUM MIGRATION 00010200
c NOK = FUEL THERMAL CONDUCTIVITY OPTION 00010300
c 1/2/3 = SAYLES/BAILY-ASAMOTO/BIANCHERIA 00010400
c NOS = CLAD SWELLING OPTION 000810500
C —1/-2 = ANNEALED 30443165.5./20P.C.COLD WORK 3165.5. 00010600
C NOC = CLAD CREEP OPTION 000190700
c =1/-2 = BOLTAYX,BIANCHERIA,GUHA/MOLIFIED 00010800
c NPLOT = PLOT GPTION 00010900
C 0/1 = NO PLOT/PLOT 0o0ol1000
c NCRK = 0 ase NO CRACK CALC. AND 2 SIGE LDOPS 00011100
c NCRK =1 cse CRACK CALC. AMD 2 SIGE LOOPS 00011200
¢ NSKIP = CODLANT TEMPERATURE INPUT OPTION 00011300
c 0/1 = NO INPUT/INPUT TEMPERATURE DISTRIBUTION 00011400
c NBUF = STORAGEIWORDS) REQUIRED FOR _PLOTTER 00011500
c IF NBUF=0,THEN CODE SETS NBUF S0 00011600
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c 00012700
c 00011800
L=========== LOCATION SET FOR DIMENSION A tosrm—cc-—cozzo=zzss======z==00011900
C 00012000
NFR = NCR+NER+NUR 90012100
NFR1 = NFR+1 0go12200
NCL1l = NCL + 1 00012300
NTR= NFR+NCL 00012400
NTRI=NTR+1 00012500
NTR2 = NTR+2 00012600
NNTR = NN*NTR 00012700
NNTR2 = NN*NTR2 000128G0
NNFR = NN¥NFR 00012900
NNFR1 = NN#NFR1 00013000
NNCL = NN*NCL 00013100
NNCL1 = NN¥NCL1 00013200
NP1 = NP + 1 00013300
NNP = NN®NP 00013400
NNP1 = NN*NP1 00013500
NNF = NN-1 00013600
N1 = NTR 00013700
N2 = NTR#2 00013800
N3 = NTR*3 000613900
N4 = NTRx*4 40014000
N5 = NTR#*5 00014100
N6 = NTR*6 00014200
N7 = NTR*7 00014300
N8 = NTR=*3 00014400
N9 = NTR*9 00014500
N1O = NTR#*10 000145600
N1l = NTR¥11 00014700
N12 = NTR*L2 00014800
NL13 = NTR#*13 00014900
N1l4 = NYR=14 00015000
NLS = NTR*15 00015100
NLC = NCL 00015200
N2 = NCL*2 00015300
N3L = NCL*3 00015400
N&l = NCL#4 00c15500
NSC = NCL#*5 00015600
M6C = NCL*6 00015700
NTC = NCL=*7 00015800
NBC = NCL=*§ 00015900
N9C = NCL#9 00016000
N10CZ = NCL#*10 00016100
N11C = NCL*11 00016200
N1ZC = NCL*12 00016300
N13L = NCL*13 00016400
N14C = NCL*14 00016500
N15L = NCL*16 00016600
c 00016700
NIG =1 00016800
NEPR = NIQ + NN 00016900
NEPC = NEPR + NNTR 00017000
NEPZ = NEPC + NNTR 00017100
NTPR = NEPZ + NNTR 00017200
NTPL = NTPR +# NNTR 00017300
NTPZ = NTPC + NNTR 00017400
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NTSR = NTPZ + NNTR 00017500
NTSC = NTSR + NNTR 00017600
NTSZ = NTSC + NNTR 40017700
NSIGR = NTSZ + NNTR 00017800
NSIGEC = NSIGR + NNTR 00017900
NSIGZ = NSIGC + NNTR 00018000
NADIS = NSIGZ + NNTR 0001 8100
NRDIS = NADIS + NNTR 00018200
NRYB = NRDIS + NNTR2 00018300
NRCB = NRVB + NN 00018400
NREB = NRCB + NN 00018500
NRUB = NREB + NN 00018600
NRCI = NRUB + NN 00018700
NRCO = NRCI + NN 00018800
NGSFF = NRCO + NN 00018900
NQSFP = NQSFF + NN 00019000
NF_ = NQSFP + NN 00019100
NOTOM = NF + NNP 00019200
NDXM = NOTOM + NN 00019300
NXM = NDXM + 3%NN 00019400
NZFLX = NXM + 3*NN 00019500
NRH = NZFLX + NN 000195600
NRHOP = NRH + NNTR 00019700
NCPU = NRHOP + 3#%NN 00019800
NLM = NCPU + NNP 00019900
NEHP = NLM + NNTR 00020000
NSWS = NEHP 4+ NNTR 00020100
NGS = NSHS + NNTR 00020200
NGR = NGS + NNFR 00026300
NQSF = NGR + NN 00020400
NPOW = NBSF + NN 00020500
NXCPT = NPOW + NN 00020600
NXCPO = NXCPI + NN 00020700
NBU = NXCPO + NN 00020800
NBUM = NBU + NN 00020900
NHE = NBUM + NN 00021000
NTCLD = NHG + NN 00021100
NHC = NTCLD + NN 00021200
NTNA = NHC + NN 00021300
NTEPO = NTNA + NN 00021400
NTCPI = NTCPO + NN 00021500
NRCP = NTCPI + NN 00021600
NTCP = NRCP + NNCL] 00021700
NTBCP = NTCP + NNCL1 00021 800
NTBSPA = NTBCP + NNCL 00021900
NATBCP = NTBCPA + NN 00022000
NATBPA = NATBCP + NNCL 00022100
NRCL = NATBPA + NN 00022200
NTCL = NRCL + NNCL1 00022300
NTBCL = NTCL + NNCL1 00022400
MTBZLA = NTBCL + NNCL 00022500
NATBCL = NTBCLA + NN 00022600
NATBLA = NATBCL + NNCL 00022700
NYN3 = NATBLA + NN 00022800
NPDS = NYNG + MNTR 00022900
NPDSB = NPOS + NNTR 00023000
NSHR = NPOSB + 2#%NN 00023100
NSHRB = NSHR + NNTR 00023200
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NBM = NSHRB + 2%NN 00023300
NRFR = NBM + NNTR 00023400
NTER = NRFR + NNFRI 00023500
NTBF = NTFR + NNFRIL 000235600
NTBFA = NTBF + NNFR 00023700
NATBF = NTBFA + 33NN 00023800
NATBFA = NATBF + NNFR 00023 900
NRFRPM = NATBFA + 3%NN 00024000
NTFRPM = NRERPM * NNPI _ 00024100
NGDT = NTFRPM + NNP1 00024200
NTBFPM = NGDT + NNP} R 00024300
NATBPM = NTBFPM + NNP 00024400
NFDPM = NATBPM + NNP 00024500
NPRS = NFDPM + NNP 00024600
NFLZO = NPRS + NNTR 00024700
NFLZ = NFLZO + NN 00024809
NCLZD = NFLZ + NN 00024900
NCLZ = NCLZO + NN 00025000
NZL = NCLZ + NN 00025100
NFD = NIZL + NN 00025200
NSH5 = NFD + NNFR 00025300
NSWS3 = NSWG + NNFR 00025400
NFLNC = NSWS3 + NN*NUR o B 00025500
NFLUX = NFLNC + NN 00025600
NDEQP = NFLUX + NN 00025700
NEQSIG = NDEQP + NNTR 00025800
NFTHP = NEQSIG + NNTR . 00025900
NVOL = NFTHP + RNTR 000256000
NKFRIC = NVOL + NNTR 00026100
NCRIF = NKFRIC + NN 00026200
NRHOT = NCRIF + NN 00026300
NRVBO = NRHOT + NN 00026400
NRZBO = NRVBO + NN 00026500
NREBO = NRCBA + NN 00026600
NRUBO = NREBO + NN . 00026700
NRCIO = NRUBO + NN 00026800
NRCOO = NRCIN + NN 00026900
NRFRO = NRCOD + NN 00027000
MRCLO = NRFRO + NNFRL . 00027100
NCPUD = NRCLO + NNCLY  ° 00021200
NTOUR = NCPUD # NP _ 00027300
NTOUG = NTOUR + NN 00027400
NPTOU = NTOUD ¢ NN 00027500
NDELT = NPTOU + NN 00027600
NXMINT = NDELT + NN 00027700
NRDIST = NXMINT + NN 00027800
NEPSEQ = NRDIST + 4%NN 00027900
NRBAR = NEPSEQ + NM#NTR 00028000
NWOLD = NRBAR_+ NNTR 00028100
NWNEW = NWOLD + NNFR 00028200
NXEPR = NWNEW + NFR 00028300
NXEPC = NXEPR + NFR 00028400
NXTPR = NXEPC + NFR 60028500
NXTPZ = NXTPR + NFR 000285600
NXTPZ = MXTPC + NFR 00028700
NXTSR = NXTPZ # NFR 00028800
NXTSC = NXTSR + NFR . 00028900
NXTSZ = NXTSC + NER 00029000
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NXGS

NXTSZ + NFR

00029109

NXSWG = NXGS + NFR 00029200
NXSHS = NXSWG + NFR B _ . 00029300 _
NXSWS3 = NXSWS + NFR 00029400
NXEHP = NXSWS3 + NUR o . 00029500
NLMR = NXEHP # NFR 00029600
NLMC = NMLMR + NNTR . 0002 9700
NLMZ = NLMC + NNTR 00029800
MEMO = NLMZ *+ NNTR o o 00029900
IPCNT = 0 000630000
IF { NPLOT.EQ.C ) GO TO 110 o 00030100
IF { NBUF.EQ.O0 ) NBUF = 50 00030200
NPIT = NtMZ + NNTR 00030300
NPPOW = NPIT + NBUF 00030400
NPTIME = NPPOW + NBUF 00030500 _ _
NPPLPR = NPTIME + NBUF 00030600
NPYP = NPPLPR + NBUF 00030700
NPRL = NPYP + NBUF 00030800
NPTL = NPRL + NPIL*NBUF 00030900
NPT = NPTL + NPL*NBUF 00031000
NPTLMX = NPT + NBUF . . 00031100 _
NPRLR = NPTLMX + NBUF 00031200
NPTLR = NPRLR + NBUF*2 00031300 _
NPCPGP = NPTLR + NBUF#2 00031400
NPCPU = NPCPGP + NBUF 00031500
NPBU = NPCPU + NP*NBUF 00031600
NPSIGL = NPBU + NBUF - 00031700
NPCSTN = NPSIGC + NBUF 00031800
NPTSC = NPCSTN + NBUF . 00031900
NPTPC = NPTSC + NBUF 00032000
MEMD = NPTPC + NBUF 000321 00
110 CONTINUE 00032200
c N 00032300
c 00032400
_LRV3 = MEMO e . 00032500 _
LRCB = LRVB + NN 00032600
LREB = LRCB + NN 00032700
LRUB = LREB + AN 00032800
LRCI = LRUB + NN . 00032900
LRCO = LRCT + NN 00033000
_LBU = LRCO # NN . _ 00023100
LRDIST = LBU + NN 00033200
LDXM = LROIST + &%NN 00033300
LFLNC = LDXM + 3%NN 00033400
o LWOLD = LFLNC # NN o ... 00033500 _
LTOUR = LWOLD + NNFR 00033600
MEMO = LTOUR + NN 00033700
C 00033800
c 00033900
C=========== LOCATION SET FOR MATRIX ( DIMENSION AM ) 00034000
c 00034100
IGEN = N1O + 12 00034200
NONZR = 56%NTR + 24 00034300
c 00034400
c 00034500
IGUESS = 10 00034600
C . 00034700
c 00034800
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C IBOT = NUMBER OF NON-ZERD ELEMENT AFTER L /7 U RESOLUTION 00034900

C 00035000

c 00035100

IBOT = IGUESS * NONZR 00035200

c 00035300

IGEN1 = IGEN + 1 00035400

_IGENP = 10*®NCL + 7 Q00355900

IGENPY1 = IGENP + 1 Q0035500

NONZRP = S4%NCL + 12 00035700

c 00035800

MRES = 1 00035900

MAUX = MRES + IGEN 00036000

MYA = MAUX + TGEN 0C036100

MJA = MIA + IGENIL 00036200

MA = MJA + NONZR 00036300

MIC = MA + NONZR : 00036400

MJC = MIC + IGENIL 00036500

MIU = MJC + IBOT 00036600

MDE = MIU + JGEN Q0036700

MC = MDI + IGEN 00036800

MIPR = MC + TBOT : 000356900

“MIPC = MIPR + IGEN 00037000

MKA = MIPC + IGEN 000371 00

MIER = MKA + IGEN . : 00037200

MB = MIER + 5 00037300

MEMOMX = MB + IGEN . 00037400

C Q0037500

c ‘ 00037600

MEPR = MRES 00037700

MEPC = MEPR + NTR 00037800

MSIGR = MEPC + NTR 00037900

MSIGC = MSIGR + NTR 00038000

MSIGZ = MSIGC + NTR ' 00038100

MTPR = MSIGZ + NTR . 00038200

MTP. = MTPR + NTR 00038300

MTPZ = MTPC + NTR 00038400

MTPRF = MTPZ + NTR 00038500

MTPRC = MTPRF + 1 00038600

MTPCF = MTPRC + 1} 00038700

MTPCC = MTPCF + 1 00038800

MTPZF = MTPCC + 1 00038300

MTPZC = MTPIF + 1 00039000

MEPZIF = MTPIC + 1 00039100

MEPZIC = MEPIF + 1 00039200

MDISP = MEPZIC + 1 00039300

MPRES = MDISP +# NTR2 00039400

MFRIC = MPRES + NTR21 . 000395G0

MDSR = MSIGR 00039600

- MDSC = MSIGC 00039700

MDSZ = MSIGZ 00039800

C . _ 00039900

c FOR PLENUM SECTION ONLY 00040000

c . 00040100

MEPRP = MRES ' 00040200

MEPLP = MEPRP + NCL 00040300

MSIGRP = MEPCP + NCL 00040400

MSIGCP = MSIGRP + NCL 00040500
MSIGZP =

MSIGCP + NCL 00040600
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MTPRP = MSIGZP + NCL 00040700
MTPLP = MTPRP # NCL 00040800
MTPZP = MTPCP + NCL. 00040900
MTPRCP = MTPZP + NCL 00041000
MTPCCP = MTPRCP + 1 00041100
MTPZCP = MTPCCP + 1 ~ 00041200
MEPZLP = MTPICP + 1 ! 00041300
MDISPP = MEPZCP + 1 00041400
MPRESP = MDISPP + NCL1 00041500
MFRICP = MPRESP + NCL1 ‘ : 00041600
MDSRP = MSIGRP 00041700
MDSCP = MSIGCP 00041800
MDSZP = MSIGZIP ' 00041900
C . 00042000
C 00042100
{===s=s==azrm=—=s==-=========sz=coooTosSa=Se== == === z==========00042200
[ : 00042300
c . 00042400
C=—=— READ CARD 4 TO CARD 23 00042500
c 00042600
c 00042700
C 00042800

_CALL TNPUT { AUNEPZ) 4AINTPR}I,A(NTPC),ALNTPZ),A(NSIGR), AINSIGC}, 00042900

% AINSIGZ) +A(NADIS )y ACNRDIS )y ACNRVBY, ACNRCB),A{NRER), 00043000

* A(NRUB} , AINRCTI) ,AINRCO},AINQSFFI; ACNQSFP), AINF)Y, 00043100

* AUNEPR) y AUNEPC) s A{NTSR ), AINTSCI,AINTSZ ) ALNCPU), 00043200

%* A{NRHOP) , A{NOTOM) s FLoCL,PTOP, PO, EPSIN, A{NCLZO)} ) 00043300

c 00043400
C-=—- MATERIAL PROPERTIES AND CONSTANTS 00043500
C . 00043600
CALL PROPTY ( AUNCPU),ACNRHOP}, ACNRHOT) 1} 00043700

c 00043800
C 00043900
c =====00044000
-------- 00044100

I L P T e S T I ' T =E=nsssSssssamsmsmsss==s=====2 Q044200
c 00044300
C 00044400
C 00044500
C--—-— SET 1/0 DEVICE FOR WORK FILE 00044600
C 00044700
CALL YQSET { A(NIO) ) 00044800

o 00044900
C==—= INITIAL VALUES SET 00045000
c - 00045100
CALL BEGIN { A{NXM) 4A(NZFLX),A(NRH)}, ACNRHOP),AINCPU], 00045200

* AUNLM ACNEHP) s A{NSWS) 4 AINGS ), A(NGR }, ALNRVB), 00045300

* AUNRCBY y AUNREB)Y, ACNRUB) , ALNQSF ), AINQSFF ), AINQSFP), 00045400

% AUNPOWY y AINXCPE)  ATNXCPO) AUNBU ) yA[NHG} L A(NKFRIC), 00045500

*® A(NFLZIO) JAINFLZ) yAINPRS Y AINFLNC), 00045600

* A{NCLZO) yATNCLZ) 4FL,CL, ATNDXM); ACNSHG)yAINRCT), 00045700

* A(NRCO) , AUCNRYBO} , AUNRCBO) s ACNREBO}y ACNRUBO ), 00045800

* ALNRCIO} y A(NRCOD) , ACNXMINT ), ACNRDIST ), A{NEP SEQ), 00045900

% AUNSWS3) s AUNLMR) s AUNLMC ) s ATNLMZ Y ) Q0046000

c i : 00046100
C==—— INPUT VALUES EDIT 00046200
c e 00046300

INP (ALNRVA) 4 AINRCBY, AlNREB T, AINRUB 1, ALNRCI )y AUNRCO 1 4 00046400
e T pa —
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* A{NQSFF) yAINQSFP), AINOTOM) , ALNCPU) » ACNRHOP ) s AINF}, 00046500

* A(NXCPI)» AUNXCPO) s AUNFLZ ) AINCLZ ), FL4CL,PYOP,PO ) 00046500

C 00046700
MEMOC = (MEMO¥MEMCMX+53000)%4/128000 00046800
MEMOL = (MEMOC+i1%*128 00046200
WRITE(IG6 ,9002) MEMO 4, TA 4 MEMOMX , IAM , MEMOC 00047000

C 00047100
IT=20 00047200
ITPLOT = 0 00047300

TIM = 0. 00047400

TIMG = 0. 00047500
TOGAS = GASI : 00047600
POWAGO = Q. 00047700
PPOWA = 0. 00047800

PPO = 1.033 00047900
00048000

00048100

00048200

< 00048300

00048400

00048500

00048600

00048700

00048800

80048900

00049000

00043100

00049200

SRS EESSESCS =SS SSSS oSS oo SSS=SSSSSSSSSSsSSsooraszmoosSSSTSss===o=xs==xo===x=00049300
TIME STEP LOCP ==00049400

NSRS E S S S s RS TS S S F NS S S S I R RS NSRS S sS S ST ms s s s == === =0 049500
00049600

00049700

140 CONTINUE : 00049800
C 00049900
IT=IT+1 00050000

c 006050100
CALL UPDTE { A(NRVB),A{NRCR), AINREB}, AINRUB}; AINRCTI), A(NRCO), 00050200

* A{NBU) » AINRDIST) , ATNDXM)y AUNFLNC); AINWOID]), 00050300

* A(LRVB)  ACLRCB), A(LREBY, A{LRUB)+ATLRCI)4AL(LRCD), 00050400

* A{1LBU) yACLRDIST) ,A(LDXM) y A{LFLNC}, A{LYWOED), 1 ) 00050500

IF { KJI.EQ.0 } GO TN 141 00050600

TIP = TIM 00050700

TIM = YTIM i 00050800

TOUT = YTOUT 00050900

TIN = YTIN 00051000

PO = YPD : 00051100
POWAY = YPOWAV 00051200

IF { NSKIPL.GT.O 3 CALL CORTMP { A{NTOUR),A(LTOUR},A(NPTOU}+1,TOUT) 00051300

DELT = TIM=-TIP 00051400

KJI = ¢ 00051500
JJaUT = 1 00051600

GO TO 390 ) 00051700

141 CONTINUE 00051800
KJIK = 0 00051900

IF {JKL-1) 160+,160+150 00052000

150 TIP=TIM 00052100
TIM=TIMD 00052200
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IF { NSKIP.GT.0 } CALL CORTMPLAINTOUR),AINTOUO},A(NPTOU),1,TOUTY 00052300
TOUT=TOUTO 00052400
TIN=TIND 00052500

PO = POO 00052600
POWAV=POKAD 00052700

JKL=t1 ; 00052800

GO _T0 360 ' 00052900

160 CONTINUE 00053000
TIP=TIM 00053100

C 00053200
[=====zz==c=o=r=osocoosco=sSss oo TooISoToESIT==nsssosssssss=a==ss=s======00053300
C 00053400
C 00053500
c 00053600
C—-=—— CARD 24 caa OPERAYING HISTORY 00053700
c 00053800
C 00053900
163 READ(IOD5,9001+END=999) TIM,POI,REPOW,CF, TIN,TOUT,NPLOTC 00054000

€ 00054100
c 00054200
TIM=TIM*24., 0 00054300

IF [ TIM=-TIMO ) 170,180,180 00054400

170 IF{NPLDT.EQ.Q) GO TO 6000 00054500
C‘........ 00054600
CALL PLTOR { A(NPPOW) ,A(NPRLISAINPTL), ACNPT ) A(NPTLMX], 00054700

% AUMPRLR)  AINPTLR} s AINPCPGP Y, Al NPCPU ), AINPBU}, 00054800

* A{NPSIGC) yAUNPCSTN) s AINPTSC)I, A{NPTPC ), 00054900

* AINPTIME) ; AINPPLPR)  A(NPYP ), AINPIT ), ITPLOY,IT ) 00055000

* GO TO 6000 00055200

180 CONTT NUE 00055300
IF { NSKIP.GT.Q ) CALL CORTMP{AINTOUR),A{NYOUD),A(NPTOU), 0, TOUT) 00055400
IF{POI.GT.0.} PO=POI 00055500

JIOUT = 1 00055600
IF_(CF) 210,210,200 000655700

200 CFLX=CF 00055800
210 CONTI NUE 00055300
POWAV=REPOWXCPOH 00056000

IF (TOUT) 230,230-:240 00056100

230 TOUT=TIN+ TCONXPOHAV#SMQ/SMOQO *FLN/ FLO 00056200
GO TO 250 00056300

240 TCON={ TOUT-TIN) /POWAV/SMQ%SMQD/ FLN%FLO 000556400
250 IF (TIM=TIP-0,01) 260,27C¢,270 00056500
260 TIM=TIP+0.01 00056600
270 IFf (POWAV-0,.01) 280,290,290 00056700
280 POWAY=0,01 00056800
290 IF {(TOUT-TIN~1.)} 300,310,310 00056900
300 TOUT=TIN+1. 00057000
C 00057190
310 TIMO = TIM 00057200
TOUTD=TOUT 00057300
PDOO=PO 00057400
TINO=TIN L 00057500

POWAD = POWAV 00057600

IF { NSKIP.GT.O0 ) CALL CORTMP{A(NTOUR),A(NTOUO}, A(NPTOU},2, TOUT) 00OSTTOO

C 000578060
C o 00057900
360 DELT=TIM-TIP 00058000

-
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C 00058100
C 00058200
CALL TIMCUTICX,DELTO,EPSPOW) 00058300

c 00058400
Co==== TIME INTERVAL CHANGE CHECK 00058500
c 00058500
370 IF ( DELT-CX*DELTO ) 385,380,380 00058700

c 00058800
C-——- POWER CHANGE CHECK 00058900
c’ 00059000
385 IF { ABS{PORAV-PPOWA)I-EPSPOW ) 390,380,380 000591060

c 00059200
c 00059300
380 CONTINUE 00059400

c 00059500
C-—== TIME INTERVAL CUT 00059600
c 00059700
TIM=TIP+DELT/2. 00059800
POWAYV=PPORA+ (POWAV-PPOWAY/2. 000593900
TOUT=PTOUT+ (TOUT-PTOUT)/ 2. 000690000
PO=PPO+(PC-PPO) /2. 00060100
TIN=PTIN#(TIN-PTIN} /2. 00060200

IF [ NSKIP.GT.0 ) CALL CORTMP{A(NTOUR),AINTOUO),A(NPTOU},3, TOUT) 00060300
DELT=DELY/2. 00060400

JKL=2 26060500

G0 TO 370 00060600

G 00060700
C PREVIDUS POWAY PRESUMES NC BURNUP OF THE FUEL ELEMENT, 00060800
c ' - b 00060900
390 CONTINUE 00061000
YSMQ = SMQ/SMQ0 00061100

391 CONTINUE 00061200
POWERC = PQUWAYV 00061300

C POWERC = COLD POWER 00061400
POWAV = POWAVEYSMQ 000661500

c 00061600
C-——- RESTRUCTURING VELOCITY CHECK 00061700
C 00061800
CALL CHKSPD { A(NDXM)},EPSSPD, NN, ICHK,DELT ) 00061900

IF { ICHK.GT.0 ) GO TO 417 00062000

C ' 00062100
C-=-= REGION BOUNDARY MOVEMENT 00662200
G 000562300
CALL RHOMOD { A(NRH} +AUNRHOP) ,A(NEPZ),AINRVB )}, ACNRCB), 00062400

* A(MREB) JA{NRUB} ; A(NBU) , AUNXM}, ACNRHOT } , ACNRDIS ), 00062500

* A{NDXM) s A{NRVBO), AINRCBO ), AtNREBO §y AUNRUBOD ) 00062600

* A{NRCI)AUNRCC) 4A{NXMINT), AINEPC), AINRDIST), A(NEPR }, 00062700

% AUNXEPR) ¢ AUNXEPC)  ALNRFR), AINHOLD) s ATNWNER ), IT, 00062800

* DELT ) 00062 900

c 00063000
C-——-— CLADDING OUTER SURFACE TEMPERATURE 00063100
c ] 00063200
CALL GOLDN { POWAV,AINQSF)}  TOUT,TIN, AINRCO}, A(NPOW), A{NTCLOY, g0063300

* RCPI +RCPO4 AFNALFLy A(NHC ) ATNTNAY, ATNTCPO) , A(NTCPI}, 00063400

* AINTOURY , NSKIPs PO, AINFLZ) 1} 00063500

c 00063600
_IF{RCPO-RCPI} 400,400,410 00063700

C 600063800
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=== CAPSU(E TEMPERATURE DISTRIBUTION

000639500

- 202 -

3 00064000

410 CALL CLTMP ( A{NPOW) ;A(NTCPO),A{NXCPO),A(NXCPT) 4 A(NRCP ), AINTCP), 00064100

* ACNTBCP) JAINTBCPA) , A(NATBGCP ), AUNATBPA) ;A(NRCLO) 1Ty 00064200

* AINRBAR) ) . 00064300

C : 00064400

C---- CLADDING TEMPERATURE DISTRIBUTION ' 00064500

C 00064600

400 CALL CLTMP ({ A{NPOW) JA(NTCLO},ACNRCO), ALNRCI), A(NRCL 1, ACNTCL]), 00064700

x AUNTBCL) y AUNTBCLA) , A(NATBCL ), ACNATBLA) s A(NRCLO) 51T, 00064800

* A{NRBAR) ) 00064900

C 00065000

L——=— FUEL-CLADDING GAP COMDUCTANGE 06065100

3 00065200

CALL GAPCON ( A(NRCI),AINRUB),A{NHG) } 00065300

c 00065400

C~-—— FUEL BURN-UP 00065500

c 00065600

CALL BURN ( A(NBU},A(NPOW) , A(NXM),AUNEPZ ), AUNQSF),A(NQSFP], 00065700

* DELT } 00065800

c 00065900

C--——- FLUX , FLUENCE 00066000

_C 00066100

CALL FLXCAL { POWAV,A(NQSFF) ,A(NZFLX),AINFLNC), A(NFLUX), DELT ) 00066200

c 00066300

C-——- FUEL TEMPERATURE DISTRIBUTION , RESTRUCTURING 00066400

c i 00066500

CALL FLTMP _ . 00066600

% { A(NPOW) A(NTCL) , AUNRCT}; AINRUB), ACNRER), ALNRCBI,A(NRYVB), 00066700

e AUNRH) oA (NDXMI » ACNKM) , AUNRFR) JA(NTFR )5 ACNTBF )5 ALNATBF 1 4 00066800

* ACNTBFA) JAINATBFEA) , ATNFD), ALNRFRPM) 4 ACNTFRPM) , AINTBFPM), 00066900

* AUNATEPM) , ALNFOPMY 4 AUNGDT ) s ACNHG Yy ALNF) s AUNITOM), AINRHOT}, 00067000

* DELT,A{NRFRO) , ITsATNBU) s ACNRHOP ), AUNRBAR) , 00067100

* AUNEPR)  AUNEPC) s AINEPZ)y ACNTPR),AINTPC}, A(NTPZ),A(NTSR), 00067200

x AINTSC), ACNTSZ) , AINGS) y AUNSHG), AINSHS }, ALNEHP ), 00067300

* A(NWOLD) , ACNWNEW} ; AUNXEPR ) s ALNXEPC Y, A[NXTPR), A[NXTPC], 00067400

* AUNXTPZ) o AUNXTSR) 4 AUNXTSC) o AUNXTSZ }o AUNXGS 39 AUNXSHG) s 00067500

* AUNXSWS) s AINXEHP) ,A{NXSWS3 ), AINSHS3) } 00067600

c o 00067700

C==<2AXTAL LENGTH 00067800

c - 00067300

CALL LENGTH { FL,FLNsCL,CLNyA{NFLZO),A(NFLZ},A(NCLZD),AINCLZ), 00068000

* A(NEPZ} ) 00068100

€ 00068200

C---= VOLUME o 00063300

c 00068400

CALL VOLUME { A{NVOL}),A(NRFR},A{NRCL),A{NFLZ),A(NCLZ} ) 00068500

c 00068600

DO_415 NS=1,NN 00068700

c 00068800
C---- YOUNG'S MODULUS , POISSON'S RATIO I ._._00068%00

c 00069000
CALL XLAME( A(NTBCL) JAINTBF), ACNYNG), AUNPDS), ALNSHR ) AINRH) o 00069100

% ATNLM) s ACNBM) , AUNPOS B) , AINSHRB) , AINVOL ), AINRHOT 1, 00069200

% NS ) 00059300

C 00069400

C—--- EQUIVALENT STRESS 00069500

c 00069600
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CALL EQUTST { AINSIGRY ;AINSIGC),A(NSIGZ},AINEQSIG), 00069700

* A{NPRS) ;NS ) ‘ 00069800

c 00069900
C——== CLADDING CREEP STRAIN 00073000
C 00070100
CALL CREEC ( A{NEQSIG),A{NDEQP), AINTBCL),AUNFLNC)+A{NFLUX), 00070200

* DEtT,NS } : 00070300

c Q0070400
% 00070500
IF § NS.EQ.NN ) GO TO 415 00070600

c : i 00070700
C-—=~ FUEL CREEP STRAIN 00070800
c 00070900
CALL CREEF { AINEQSIG),A{NDEQP), A(NTBF), AUINPOH), A{NFD) A(NFLUX), 00071000

* AIMNFTHP) ,AtNLM), DEL T,NS, A(NSHR ), ACNEPSEQ) } 00071100

415 CONTINUE 00071200

c 00071300
C-——= EQUIVALENT CREEP STRAIN INCREMENT CHECK 00071 400
C 0007500
CALL CHECK ( A(NDEQP),EPSCRF,EPSCRC; ICHK ) 00071600

IF { ICHK.EQ.0 ) 60 TO 425 00671700

417 CONTINUE 00071800
CALL UPDTE [ A(NRVB),A[NRCB},A(NREB)}, ALNRUB); A{NRCI),;A(NRCO), 00071900

* A{NBUY s ALNRDTIST ) s AUNDXM) g AUNFLNC }y ALNHOLD), 000720600

* A{LRVB) A(LRCB),A{LREB), A(LRUB),A(LRCT), ACLRCO), 000721090

* A{LBU) 4 A{LRDIST )y ALLDXM) s ATLFLNCI, A(LWOLD)}, 2 ) 00072200
POWAY = POWERC 00072300

IF ( KJIK.NE.O } GO TO 420 00072400

YTIM = TiM 00072500

YTOUT = TOUT Q0072600

YTIN = TIN 00072700

YPO = PO 00072800
YPOWAV = POHAV 00072900

IF ( NSKIP.GT.O ) CALL CORTMP(AINTOUR},A(LTOUR),AINPTOU),2,TOUT) 00073000

KJIK = 1 00073100

420 CONTINUE ) : 00073200
KJI = 1 000733G0

IF { JOUT.EQ.O0 } J3QUT=0 . 00073400

c 00073500
C---- TIME INTERVAL CUT . 00073600
c 00073760
TIM = ( TIM+TIP ) / 2.0 00073800

POWAY = ( POWAVHPPOMA 3} / 2.0 00073900

TOUT = { TOUT+PTOUT ) / 2.0 00074000

TIN = U TIN+PTIN Y} / 2.0 00074100

PO = ( PO+PPD ) / 2.0 00074200

DELY = DELT / 2.0 00074300

IF { NSKIP.GT.0 } CALL CORTMP (A(NTOUR),A({LTDUR),AINPTOUY, 3, TOUT) 0DOT4400

GO 1o 391 00074500

425 CONTINUE 00074600

C 00074700
C===— PLUTONIUM MIGRATION Q0074800
c 00074900
CALL PLUTO ({ A(NCPU )4AUNRVB),AUNRCB)4A{ NREB ), A{NRFRPM), AINTERPH), 00075000

* ACNGDT) s ACNXME , ALNRH) » A{NEPZ }, DELT, A{NCPUD) ) 00075100

c . 00075200
C———— GAS RELFASE RATE 00075300
c 00075400
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CALL GASOUT { A(NRFRI AINFLZ},AI{NPOW), AINFO)A{NTBF}, ALNVOL], 00075500
* AUNEPR) s ATNEPC) ¢ A{NEPZ )y A{NATBF ) s A{NSWS ) A{NGR ), 00075600
* A{NGS} s TOGAS, DELT ) 00075700
C 00075800
C--—=~ PLENUM PRESSURE 00075900
C 00076000
CALL PLENP { A{NRVB) yAINRCI} s A{NTFRI; A(NFLZ),TOGASsFL,CL, TQUT, ooo7s100
* PLPR,CVPR,AINRUB); ATNCLZ) )} 00076200
c . 00076300
C=——= CLADDING SWELLING STRAIN 00076400
c 00076500
CALL HKNS [ AUNTBCL) ,A(NTSR) 4A{NTSC),AINTSZ), AINFLUX),DELT ) 00076600
c 00076700
C=——= FUEL SYELLING STRAIN DUE TO SOLID FISSION PRODUCTS 00076800
C 00076900
CALL SWELL ( A{NPOW) ,A(UNSHS) ;AINFD); A(NSHS3},0ELT ) 00077000
C ) 00077100
ISP = 0 00077200
C _ 00077300
TF(JOUT.EQ.1) GO TO 440 00077400
IF{ JKL.NE.1l ) GO TD 450 00077500
IF(JJOUT.LE. O] GO TO 450 00077600
c 00077700
440 CONTINUE 00077800
" 00077900
C 00078000
CALL EDTGRS ( IT,TIM,POWAV,TIN,TOUT,DELT, ALNPOW) ACNFLUX),AINBU), 00078100
* ATNTNAY s AUNXCPO) , AUNXCPT), AINTCPID AINTCPD), 00078200
% A{NRCO) s A{NRCI ), A(NTCLOY AINTCLY ACNFLZ ), AINCLZ) o 00078300
* FEoCLyAUNOTOM)  ATNCPU )y AUNRHOT ) y ATNRHY s ACNXMY, 00078400
* A{MNRYB) s A NRCB) ; AULNREB ) ; ALNRUBI; AINRFR) 00078500
x AUNRCL) s AUNHG )Y  AUNHC ), TOGAS ; ACNGR I JAINTFR ) 000785600
* A{NTBFA) AINATBEA) JA(NTBCLA) AUNATBLA}, A{NRCP), 00078700
* A{NTCP) , AINTBCPAY, A(NATEBPA )} AINFLNC 1, ATNGS) 00078800
¥ PLPR,CVPR,FLO,CLO ,AINBUMI,PO,A(NFD),AINFOPM) ) 00078900
ISP = 1 . n0B79000
ITPLOT = ITPLOT + 1 00079100
C 00079200 -
450 CONTINUE 00079300
C 00079400
c N . 00079500
C==== AXIAL SECTION LOOP GOING FROM LOWER THO UPPER SECTION ==========00079600
c 00079700
C 00079800
DO 1000 NS=1,NN 00079900
TF{NS.EQ.NN) GO TO &00 00080000
C 00080100
JCR = 0 00080200
c : 00080300
490 CONTINUE 00080400
MOUNT = 0 00080500
KONY = 0 , 00080600
o 1ERIC = 0 00080700
CALL CLEAR(IFRIC ,A(NKFRIC) NS} 00080800
c 00080900
C IFRIC = O ++« GAP OPEN 00081000
[ IFRIC = 1 ..« STICK 00081100 _
I IFRIC = 2 eas SLIP 00081200
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c 00081300

IF { JCR.GT.0 ¥ GO TO 500 00081400
c , 00081500
C-—~- FUEL SWELLING STRAIN , HOT-PRESSING 00081600
c 00081700
CALL ITERAT ({ A(NPRS),AUNVOL],A{NTHE ), Al NATBF ), AINSHG), 00081800

* AINEHP) , ACNRH) y AINRFR) y AINGS ), AINSHS ), A{NBM), 00081900

3 ACNEPR) yACNEPC) ; ACNEPZ o AUNSHS3), AINSIGR ), A(NSTGC }, 00082000

® A{NSIGZ) y ACNRHOT ) 4 DELT NS, A(NRHOP ), A(NBU), 00082100

i A(NTSR) sACNTSCI ¢ AUNTSZ ), AUNXEHP ), AUNXSHG) 00082200

* PLPR,CVPR } 00082300

€ 00082400
500 CONTINUE : 00082500

o 00082600
C-——— DECIDE IA 4 JA y A  +es  ARGUMENT TO MSNR SUBROUTINE { SL/MATH )00082700
C : 00082800
CALL MATRX ( AM{MIA) ,AM{MJA},AMIMA},ACNYNG), AINPOS),AINDEQP ], 00082900

* A(NEQSIG) s AUNRFR) 5 AUNRCL), A(NSHR ), ATNPDSB ), A(NSHRB ), 00083000

* A(NFLZ) JA{NKFRIC) , MOUNT, IFRIC,NS, ATNRBAR) ) 00083100

c ) 00083200
C ' 00083300
==~ PIVOTING AND L / U RESOLUTION 00083400
c 00083500
CALL MSNR { TGEN,AMIMIA) yAM{MJA)y AM{MAD, IBOT s AM{MIC ), AMIMIC ), 00083600

% AM{MIUD s AM{MDI) 5 AM{MC) s AM{MIPR) , AM{MIPC), AM{MIER]), 00083 700

* AM{MKA} 4 AM{ MRES) ) 00083800

C 00083900
c ' 00084000
C---- B ARRAY CALCULATION OF AxX=8 ' 00084100
c - 00084200
c 00084300
CALL BCALC ( AM{ MB ) sAINATBE);A(NATBCL),A(NTPR), AINTPC), 00084400 .

% A(NTPZ) ,A{NPRS}, ACNRFR) , ACNRCL ) s ALNPOS ) 4 AUNBM) , 00084500

* A(NSHRY 4 A{NPOSB) s AUINSHRB) , ACNVOL ) ALINRH) , PLPR,CVPR, 00084600

* PO, PTOP, DELT s AINTSR) A(NTSC ), AUNTSZ Y, AUNFLUX), 00084700

* A(NTBCL) s AUNKFRIC) ; AINSWG)y ATNSWS ), A{NEHP ), A(NEPR), 00084800

* A{NEPC) s AUNEPZ) 4 MOUNT, IFRIC, NS, A{NRBAR) ) 00084900

T 00085000
C———— SOLVE AX=38 00085100
c 00085200
CALL MBSR {_IGENyAM(MIPR),AM{MIPC), AM{MIC), AM{MIUY , AMEMICY, 000853060

* AM(MDL) AMIMC) y AMUMB) 4 AM{MRES )y AM{MAUX) ) 00085400

C 00085500
C AM { MRES 7 ARE FINAL RESULTS 00085600
c 00085700
c 00085800
C---- FUEL-CLADDING GAP ASSUMPTION CHECK 00085900
c 00086000
CALL FRICHK ( A{NRUB) yA(NRCI)s AM{MDISP), AM(MPRES); AM(MFRIC), 000861 00

* AUNCRIF) yA(NKFRIC) s KONV TFRIC,NS ) 00086200

C 00086300
MOUNT = MOUNT + 1 00086400

c 00086500
IF { KONV.EQ.O )} GO TO 500 00086600

IF { NCRK.LE.O ) GO TO 550 00086700

c 00086800
C---- FUEL CRACKING 00086900
C 00087000
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CALL CRACK 00087100
* { AMIMSIGR},AM{MSIGC) , AM{ MSIGZ ), AUNBM),AINSHR),AINTBF), 00087200

* A{NTPR) s ACNTPC}, A{NTPZ),A(NTSR), A(NTSC),A(NTSZ}), 00087300

* AUNPRS) y ACNLM) s AUNLMRY ¢ ATNLMC) o AUNLMZ), DELT,NS,JCR ) 00087400

IF ¢ JCR.EQ.O0 ) GO TQ 550 00087500

C _ 00087500
C--—— RE-COMPUTE YNUNG'S MODULUS , POISSON'S RATIO 00087700
c 00087800
CALL XLAME{ A(NTBCL) A{NTBF), AUNYNG),A{NPOS), A{NSHR ) s ACNRH] , 00087900

x ACNLM} , ACNBM), ATNPOSB) , ACNSHRB) ,A{NVOL } , ATNRHOT) , 00088000

® NS ) 00088100

GO 70 490 - 00088200

550 CONTINUE 00088300

C 00088400
c o 00088500
¢ 00088600
c IF _CONVERGED , THEN UPDATE VALUES __ 00088700
c 00088300
C 00088900
CALL UPDATE { AM{MSIGR) tAM{MSIGC},AM(MSIGZ),AINSIGR),A(NSIGC), 00089000

% A(NSIGZ) yAM{MEPR) , AM{ MEPC) , AMIMEPZF ), AM(MEPIC), 00089100

* ATNEPR) , A{NEPC) , AUNEPZ ), AMIMTPR ), AM{MTPC ), AMIMTPZ), 00089200

# A{NTPR} ,AINTPC), AUNTPZ), AM{ MDSR), AM{MDSC]}, AM{MDSZ), 00089300

* AUNTSR) ,AINTSC) ,AUNTSZ),AMUMDISP}, ACNRDIS) s NS, 00089400

% A(NEPSEQY ) 00089500

€ 00089600
IF(JOUT.EQ.1) 60 TO 590 00089700

TF ( JKL.NE.1 } GO TO 650 00089800
IF(JJOUT.LE.Q) GO TO 650 00089900

c 00090000
590 CONTINUE 00090100

c 00090200
C---- WRITE RESULTS OF EACH AXIAL SECTION 00090300
c 00090400
CALL EDTMTX { A{NEPR) A(NEPC},A(NEPZ),AINSIGRY, AINSIGC), AINSIGZ), 00090500

* AUNTPR) s ATNTPC) 4 AINTPZ) s AUNTSR) ¢ ATNTSCY, AINTSZ) 4 00090600

* AINRDIS) ,ACNCRIF}, AINRCP), A(NTCP ), AINTRCP), 00099700

* AUNATBCPY s AUNRCL) y ACNTCL ), AUNTBCL )y ACNATBCL 1y 00090800

% A{NYNG) s ATNPOS ) o ACNSHR ), A{NBM} s ALNRFR) 4 ACMTFR ) 4 00090900

* ATNTBF) JA{NATBF),A(NPRS), Al NEHP), AM{MTPRF), 00091000

* AM{MTPRC} , AM{MTPCF ), AM{MTPCC}, AM{ MTPZF ), AMI{MTPZC), 00091100

* AM{MPRES 1 s AUNKFRIC )4 AM{MTPR) , AM{MTPC ), 00091200

* AM{MTPZ) , AM{MDSR) , AM{MDSC) 5 AM{ MDSZ }, ACNPOSB), 00091300

* ATNSHRB) s ACNSHG) y A{NSHS )5 NSy AUNRFRPM), A{NTFRPH], 00091400

% AUNGS) ATNCPU} s AUNLM) o ATNLMR) o ACNLMC) . ATNLMZ), - 00091500

* ATNRCOD) ) 00091600

c , 00091 760
GO 70 650 ‘ 00091800

C 00091900
600 CONTINUE 00092000

c 00092100
C--—— FOLLOWING ARE FOR ONLY PLENUM SECTIiON 00092200
C 00092300
CALL MATRXP ( AMUMIA) yAM{MJAT,AM(MA), AUNYNG) 4 AINPOS) s A(NDEQP ), 00092400

* AINEQSIG) s ATNRCL ), AUNSHRE, ALNPOSB) s ALNSHRB), 00092500

* ACNCLZ) s AUNKFRIC)I,NS ) 00092600

¢ . _ 00092700
CALL MSNR ( IGENP,AM{MIA),AM{MIA),AM{MA), IBOT,AM{MIC )}, AM{MIC), 00092800
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* AMIMIUY 5 AMIMDI)  AM{MC), AM{MIPR), AM{MIPC),AM{MIER ), 00092900

* AM{MKAY} AM{MRES) ) 00093000

c . 00093100
CALL BCALCP { AMUMB) A(NATRCL}, AINTPR), ACNTPC)y AINTPZ),AINRCL) 00093200

* A{NPOS) y ACNSHR) »AINPOSB), A(NSHRB}, A(NVOL ), AtNRH), 00093300

* AUNTBCL) ;ACNFLUX) + AUINKFRIC ) » A(NCRIF),DEL T, AINTSR), 00093400

* A(NTSC) JAINTSZ},PLPR,PTOP, PO, A(NEPRIZA{NEPC]}, 00093500

* ACNEPZ),4NS } 00093600

CALL MBSR { IGENPAM{MIPR], AM(MIPC), AMIMIC), AMIMIU},AM(MIC]), 00093700

% AMIMDIY 4 AMIMC) + AM{MB) ¢ AMUMRES )y AM{MAUX) } 00093800

CALL UPDATP { AM{MSIGRP} ,AM(MSIGCP), AM{MSIGZP),AUNSIGR) AINSIGC), 00093900

* A{NSIGZ)  AMIMEPRP)} , AM{ MEPCP ), AM{MEPICP ), A{NEPR ), 00094000

* A(NEPC) ,ACNEPZ) , AMIRTPRP) s AMIMTPCP ); AM(MTPZP), 00094100

% AINTPR) s AINYPC),AINTPZ ), AMIMOSRP}, AM{MDSCP ), 00094200

* AM{MDSZP) y A{NTSR) yA{NTSC) 4 A{NTSZ}y AM{MDISPP}, 00094300

* A{NRDIS}, NS ) 00094400

C 00094500
IF(JOUT.EQ.1) GO TO 640 000945600

IF ( JKL.ME.1 ) GO TO 650 00094700
IF{JJI0UT.LE. 0} GO TO 650 00094800

c 00094900
640 CONTINUE 00095000

CALL EDTMTX { A(NEPR),AINEPC! A(NEPZ),A(NSIGR),A(NSIGC};AlNSIGZl, 00095100

# AUNTPR) s AINTPC)y AUNTPZ )y AINTSR),A(NTSC )y ALNTSZ }, 008095200

* A{NRDIS} ,A{NCRIF}), A(NRCP}, ATNTCP),A(NTRCP}, 00095300

* A{NATBCP) s AUNRCL) y A(NTCL ), ACNTBCL ), AUNATBCL ), 00095400

= AUNYNG) (A(NPOS),ACNSHR I AUNBM), ALNRFR)I, A{NTFR]), 03095500

o AINTBF) ;ATNATBF) s ACNPRS ) AINEHP )}, AM{MTPRF ), 00095600

i AMI{MTPRCP) s AM(MYPCF )y AMI(MTPCCP) 4 AM(MTPZF), 00095700

* AM{MTPZCP) 60095800

* AM{MPRESP }, 00095900

* A(NKFRIC) s AMUMTPRP) 4 AMIMTPCP}, AMIMTPZIP ), AM{MDSRP), (0096000

* AM{MDSCP} s AMTMDSZP) . ALNPOSB), AUNSHRB) y AINSHG]), 00096100

% A{NSWS) ¢NSyA(NRFRPM}; AINTFRPM)}, AINGS) s ALNCPU}, 000956200

* AUNLM) 4 ACNLMR) y ATNLMC) s ACNLMZ ), AENRCOD) )} 00096300
IF(JOUT.LELO) JJIBUT=0 0096400

C 00096500
€50 CONTINUE Q0096600

c 00096700
Cc 00096800
IF { NPLOTL.EQ.0 ) GO TO 730 000969040

IF § ISP.EQ.0 ) GO 7O 730 00097000

C 00097100
C 00097200
{==== PREPARATION FOR PLOTTE SossssssrmEsEmzors=oms=soz=s===ss=ss=s=s======={0097300
c 00097400
C : 00097500
IF { TSPLOT.EQ.0Q ) CALL PLOTSUACTIVE.ACTIVE,7T7) 00097600

C TT IN ARGUMENTS MEANS LOGICAL UNIT NUMBER FOR PLOT Qo097 T00
IF { ISPLOTLEQ.D § CALL PLOT{Q.s204,-3) 00097800
I1SPLOT = 1 Q0097900

IF { NS.NE.IPFUL } GO TO 710 00098000

c 00098100
C---—= FUEL 00098200
C 00098300
CALL PLOTY1 { A(NPPOW) ,AUNPRL},A(NPTL), A{NPY), AUINPTLMX), 00098400

* AINPRLR) s AINPTLR) JA{NPCPGP) 4 A(NPCPU) L AINPBUY}, 00098500

= AUNPOW) s AINRFRPM) , A(NTFRPM) o AUNRCB ) AUNREB ¥+ 000984600
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* A(NRUB}, A{NRCY) ,AINCPU),AINBU},A{NRFRY, A(NTFR) , 00098700

* ITPLOT,NS ) 00098800

710 CONTINUE 000983900
IF [ NS.NE.IPSTS )} GO TO 720 00099000

c 00099100
C—-=—= CLAD STRESS 00099200
C : 00099300
CALL PLOTZ ( A(NPSIGC) 2A{NSIGC), AINVOL), ITPLOT,NS ) 00099400

720 CONTINUE G0499500
IF ( NS.NE.IPSTN ) GO TO 730 00099600

c 00099700
C———— CLAD STRAIN 00099800
c 00099900
CALL PLOT3 { A(NPCSTNI,AINPTSC), A(NPTPC)y AINRCDO}, A(NRCOD}, 00100000

* A(NTSC)  AINTPC), ACNVOL) , AfNRDIS}, ITPLOT,NS 1} 00100100

730 CONTINUE 00100200
IF { NCRK.LE,OQ )} GO TD 1000 04100300

IF { NPLOTC.EQ.O ) GO TD 1000 00100400

IF { TSP.EQ.Q ) GO TO 1000 00100500

IF { NS.NE.IPCRK ) GO TO 1000 00100600

c 001060700
TF ( ISPLOT.EQ.O0 ) CALL PLOTSCACTIVE.+ACTIVE,7T) 00100800

IF ( ISPLOT.EQ.O ) CALL PLOT(Q.y204,~3) 00100900
ISPLOT =} 00101000

C 008101100
C~——— FUEL CRACK 00101200
C 00101300
CALL PLOT4 { A{NRFRPM),AINRCS),AINREB},AINLMR ), ATNLMC), 00101400

% A(NLMZ) sIT4NS } 001061500

. IPCNT = IPCNT + 1 001015600
C 00101700
1000 CONTINUE 00101800
C 00101900
c 00102000
c ) 00102100
IF { NPLOT.NE.O LAND. ISP.EQ.1 ) 00102200

* CALL PLOTS ( A{NPTIME),A{NPPLPR),A{NPYP),A(NPIT),ITPLGT,IT, 00102300

* TIM,PLPR } 00102400

C 00102500
C _ 00102600
C==== GUOING TO NEXT TIME STEP =====z=zzm=ss======== =zsooco=sss=ssx=a====0(0102 700
C 00102800
C 40102900
PPOWA = POWERC 00103000
PPO=P0O 00103100

PTIN = TIN 00103200

PTDUT = TOUT 00103300

IF { NSKIP.GT.O ) CALL tﬂRTMP(A(NTUUR’vAiNTGUO’:A(NPTUU)oé!TUUT] 00103400

IF { KJIK.NE.O } GO TO 140 00103500

DELTD = DELY 00103600

c 00103700
GO 7O 140 00103800

C 001063900
999 CONTINUE 00104000
IF { NPLOT.EQ.O ) 60 7D 998 0004100

CALL PLTOR ( A(NPPOWH) , AUNPRL)} JAUNPTL ), AUNPT }, AINPTEMX ), 00104200

* A(NPRLR) s AINPTLR) , A{NPCPGP), AUNPLCPU ), A{NPBUD, 00104300

% AUNPSIGC) yAINPCSTN) s AUNPTSC )y ALNPTPC), 00104400
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* AUNPTIME} s ACNPPLPR) 4 AUNPYP ), ALNPIT D, ITPLOT,IT ) 00104500

998 CONTINUE 001 04600
1F ( ISPLOT.NE.O ) CALL PLOT { 0.404,999 1} 00104700
WRITE(106,9003) DAYDAY 00104800
RETURN 00104900

C 00105000
C FORMAT 00105100
T 00105200
9000 FORMAT{1615) 00105300
9001 FORMATIELD.3 4F5.1,3E1545,E10.54215) 00105400
9002 FORMATI/IHO,* *%% ACTUALLY USED CORE FOR ARRAY WORDS ¥ 00105500
#5Xy 7 ( INPUT =%,18,% )¢ / 00105600

* 1HO,' #¥* ACTUALLY USED CORE FOR MATRIX =%, 18,° WORDS',00105700
¥EX, 90 INPUT =¢,18,% )¢/ _ 00105800

* 1HO0,* ##%k RECOMMENDED CORE SIZE =%,14,% K BYTE® 00105900

9003 FORMAT{ 1HL,' *kkkk JOB ENDED NORMALLY #%&#% ACTIVE-11 %%%%%9,00106000
% 60Xy "DATE? 42X 4 A8 ) 00106100

9004 FORMAT( LHL, 9(/////y 1HD, 35K, S========== A C T I V E - I I - F0O0106200
% B R =s========%), /, 1HI) - 00106300

9005 FORMATL LHl, 9(/////y 1HO, 35X, ®========2= ACT I VE -~ 1 I - AOOL106400
¥ T R =s========'), /, 1H1) 00106500

9006 FORMAT{ZI5,10X+3E10+5 ) 00106600
9007 FORMAT{ 1HLly 9{/////y 1HQs 35X, %=====s==== A C T I VE - I 1 - P0O106700
% W R ==========9), /, 1HI) 00106800

9008 FORMAT( 1Hl, 9(/////y 1HO, 36X, ®=s=s====== ACT I VE-11 - BO0L06900
* W R ==========%), /, LH1} T 00107000

C 00107100
END 00107200
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FUNCTION AREA { R,DR ) 00000100

c ' 00000260
c AREA CALC. BETWEEN {R+DR} _AND (R} 000003200
c - 00000400
AREA = DR#*{ 2.*%R+DR ) : 00000500
00000600

RETURN 00000700

END 000008G0
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FUNCTION ATBFUN ( T,0T7,I ) 00000200
COMMON /OTHERS/ PG{3)+CM1{2),0HRI2), ALFOU3),ALFI(3),XMLI3),CHM(2)}, 00001000

* PI,PI2,0P,GRAVySMQ, SMQ0, RHOC,y BURHY, BURH24 CFL Xy 00001100

¥ CPOW,BUCNSyRKyRKR,A91,GAS I, TCON,PDBU,BUR 00001200

-C 00001300
c FUEL THERMAL EXPANSION CALC. 00001400
c . 00001500
Y-= 20. 000015600
ATBFUN = ALFO{I)I*T+ALFICT)RT*T/2 . +(ALFOCT)+ALFI{T)*TI%DT /2.~ 00001700

* (ALFOU{T)RY+ALFLIT) #Y&Y/2,.) : 00001800
RETURN 00001900

END 00002000
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SUBROUTINE AXIAL {X0D,YO0,ID} 00002100
CALL SYMBOL{XO,Y0 % AXTAL SECTION =7+0.,415) 00002200
CALL NUMBER{XO46%4+ Y0 14« sFLOAT{ID)4045-1) 00002300
RETURN 00002400
END 00002500
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SUBROUTINE AXISD{MX, XMN,DX) 00002600

DO 100 I=1.,MX 00002700
X= XMN¥x{MX~1] 00002800
CALL NEWPENI(3) 00002900
IF{1.EQe1.,0R-1.EQ.MX) GO TO 200 00003000
CALL PLOT (X/DX»220.+3) : 00003100
CALL PLOT {(X/BXy0e52) . 00003200
200 CONTINUE 00003300
CALL NEWPEN(1) 00003400
CALL NUMBER (X/DX=4oss=Te0s500sXs0091) 00003500
100 CONTINUE 00003600
RETURN 00003700
END : 00003800
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SUBROUTINE AXIST UMM, XMN,DX) 00003900
DO 100 I=1l.MX 00004000
JEMX-T+1 00004100
X = XMN#) 00004200
CALL NEWPEN{3} 00004300
IF(I.EQ.1) GO TO 200 00004400
CALL PLOT (J/DX4220.,53) 000064500
CALL PLOT (J/DX30.0:2) 00004600
200 CONTI NUE 00004700
CALL NEWPENI(1} 00004800
CALL NUMBER (J/DX-4409=Tu0s4u0yKp0e5-1) 00004 900
100 CONTINUE 00005000
CALL NUMBER (=2.0y~7.0+40090450.9=11} 000051 00
RETURN - 00005200
END 00005300
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SUBRQUTINE BCALC { BpATBF;ATBCL'TPR;TPC;TPZgPRSqRF'RCoP,BﬁvG,PB'

00005400

*® GB3yVOLyRHs PLPR,CVPR, PO, PTOPy DELT, TSR, TSC:T5Zs 00005500

* FLUXTBCL KFRICs SHGy SWS+EHP EPR,EPC,EPZ, 00005600

* MOUNT , IFRIC:NS+RB ) 00005700
COMMON /ALWAYS/ NNy NCRy;NER,NURsNCL NP, NOKNOSyNOC,NPLOTNCRKy 00005800

* NTRy NFRyNTR1;NTR24NNFR2,NNF, NCL1,NFR1, NP1, 00005900

* IGEN, IGENL ;NONZR, IGENPy IGENP1,NONZRP, 00006000

* NLC s N2C s N3C,N4Cy NSC, N6Cys NTC,NBCNOC,N10C ,N11C 00006100

* NI12CsN13C,N14Cy NISCy 00006200

* NL N2y N3y NG o NS N6 o NTyNBy NI, N1Oy NLL N12,N13,N14,;N15 00006300
COMMON /OTHERS/ PG(3),CMIE2),DHRE2); ALFOU3)},ALFIU3),XMLL{3},CM(2), Q0006400

* PI14P12,0P,GRAV, 5MQs SMQO; RHDC; BURH1;BURHZyCFL X, 00006500

* CPOW, BUCHNS, RK, RKR9 A1, GAST, TCON,PDBU, BUB 00006600

c 00006700
DIMENSION BCIGEN) , ATBFI{NN,NFR) , ATBCLINMN,NCL)} o TPR{NN,NTR) , 00006800

* TPCONNyNTR) 5 TPZUNNyNTR} 5 PRS(NNy;NTR] , RF{NN NFR1l} ,00006900

* RCINN,MNCL1) » P(NN,NTR) o BMI{NM,NTR} o G(NN,NTR) , 00007000

* PBINNs2) 5 GBUINN,2) 4 VOL{NN,NTR) , RH{NN,NTR} , 00007100

* TSR(NN,NTR) , TSC{NN,NTR) , TSZINN;NTR) , FLUXINN) » 00007200

% TBCLINNGNCL) » KFRIC{NN) ; SHGINN NFR1 , 00007300

* SWSINNNTR) 5 EHP{MNN, NTR} , EPR{MNM,NTR) , EPC{NN,NTR} ,00007400

# EPZ(NM;NTR} , RBINNy,NTR) 00007500

C 00007600
c RIGHT-HAND VECTORS B OF AX=B 00007700
C 00007800
IF ( MOUNT ) 10,10,3000 00007900

c 00008000
10 CONTINUE 00008100

€ ' 00008200
00 999 I=1,IGEN 00008300

©99 Bil) = 0. 00008400

c 00008500
DO 1000 T=1,NFR 00008600

B(I) = ATBFINSsI} + TSR{NS.I} 00008700

1000 CONTINUE 00008800
c 00008300
DO 1100 I=1.NCL 00009000
B{NFR+I) = ATBCL{NS,T) + TSR{NS,NFR#I) 00009100

1100 CONTINUE 006009200
c 00009300
DO 1200 1=1,NFR 00009400
B{NL+T11 = ATBF{NS,I) + TSCINS.I} 00009500

1200 CONTINUE 009009500
c 00009700
DO 1300 T=1,NCL 00009800
BINL+NFR+I) = ATBCLINS, I} + TSCINS,NFR+1) 00009900

1300 CONTINUE 00010000
c 00010100
DO 1400 I=1,N1 00010200
B{N2+I) = -TPRINS.I} 00010300

1400 CONTINUE 00010400
c 00010500
DO 1500 I=14N1 00010600
BIN3+1) = -TPCINS,T} 00010700

1500 CONTINUE 00010800
C 00010900
DO 1600 I=1,N1 00011000
BI{N&+I) = ~TPZI(NS,I) 00011100
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1600 CONTINUE 00011200
C 00011300
c 00011400

DO 2000 I=1,NFR 00011500
RT = RFI[NS,I} 000115600
RD = RF(NS,I+1) 0G011700
RR_= (RO+RI)*{RO-RI} Q0011800
c RA = RB{NS:I) 00011900
RA = RI 00012000
XYL = (1l.=2.%P{NS,1)}*RAXALOGIRA/RITI /7 (2.%(1.~PINS,1)}) 00012100
XY¥Y2 = (RI%RI+({1.-2.%P{NSy+1))*RAZRA)*ROXRO*ALOGI{RO/R]IY} / 00012200
* (2.%{1.=PIN5,1]))%RA*RR) 00012300
OM = 1.-2.*RO*RO*ALOG(RO/RI) / RR 00012400
BINS#+6+1) = RAR{1.+P{NS,T))I*ATBF(NS,I) + EPR{NS, 1)*{-RI+RA/2.~ 00012500
* XY1+XY¥Y2) + EPCINS,I)%#{-RA/2.+XY1-XY2) 00012600
* + TSRINS»I)#{ O.5*RA+XYL-XY2 } 00012700
* + TSCUINSI)*{ O0.5*%RA-XY14XYZ ) 00012800
* + TSZINSHI)*RAXP(NS,I) 00012900

2000 CONTINUE 00013000

c 000132100
DO 2100 I=1,NCL 00013200

RI = RCINS,I} 00013300

RO = RCINS,I+#1) 00013400

RR = {(RO+RII*{RO-RI) 00013500

C RA = RBINSsNFR+I) 00013600
RA = RI 00013700

XYL = €1.—-2.%PINS,NFR+I})#*RA*ALOGIRA/RE) / (2.%(1.-PINS,NFR+11}} 00013800

XY2 = (RI#RI+1{1.-2,%P{NS,NFR+1})*RA*RA}*RO*RO*ALOG(RO/RI} / 00013900

* (2,%(1.~P{NS, NFR+1))*RA*RR) 00014000

" OM = 1.-2.%RO*ROXALOG(RO/RI) /7 RR - 00014100
BINS+6+NFR+I) = RA*(1l. +P(NS'NFR+I3)*ATBCL(NS;I! + 00014200

¥ EPR(NS,NFR+I)*(—RI+RAIZ-*XY1+XY2)+EPC{NSyNFR*II*l—RAIZ.+XY1-XYZIOOOI43OO

* + TSRINSeNFR+IIH! 0.5%RA+XY1-=-XY2 ) 00014400

* + TSCINSyNFR+I)*{ 0.5%RA-XY1+XY2 ) 00014500

* + TSZ{NS+MFR+J)FRAXP{NSyNFR+I} 00014600
2100 CONTINUE 00014700
DO 2200 I=1,NFR 00014800

RI = RF(NS,I} 00014900

RD = RFINS,I+1} 00015000

RR = {ROFRII*(RO-RI) 00015100

c RA = RBINS,1) 00015200
RA = RO 00015300

XYl = (1.*2.*P(NS,I)l*RA*ALOG(RAIRI! / (2.%{1.-P{NS,11)) 00015400

XYZ = (RIFRI+{1.-2.%PINS,1)}*RAXRA}#ROXRO*XALDG{RO/RI) / 00015500

* {2.%{1.-P{NS,T)}*RA%RR] 000155600

TH = 1.-2.*%RI*RI*ALDG{RO/RI) / RR 00015700

- BIN6+6+T) = RA¥{1.+P(NS,I))*ATBF{NS,I) + EPR{NS, 1}*{-RO+RA/2.~ 00015800

¥ XY1+XY2Z) # EPCINS,[)#{-RA/2.+XY1-XY2] 00015900

* + TSRUINS,I)*{ O0.5*RA+XY1-XY2 ) 0060156000

* + TSCUNSyI)={ 0.5%RA-XYL4XY2 ) 00016100

x + TSZ(NS;I)*RA*P(NS,I) 00016200

2200 CONTINUE 00016300

c 40016400
DO 2300 I=1,NCL 000156500
RI = RC(NS,T1} 00016600
RD = RC{NS,I+1) 00016700
RR = [ROD+RI}*[RO-RT} 00016800
RA = RBINS,NFR+1} 00016900
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RA = RO 00017000
XYL = {1.-2.%P{NS,NFR+1))*RAXALOG{RA/RI} / (2.%(1.-P{NS,NFR+I})} 00017100

XY2 = [RI*RI+[1.-2%P (NS, NFR+I))*RA¥RA)*RO*RO*ALOGIRO/RI) / 00017200

*  {2.%(1.-P{NSyNFR+I)}*RA%RR) 00017300

TH = 1.=-2.%RI*RI*ALOG(RO/RI) / RR 00017400
BING+6+NFRI1) = RAR(L.+P(NS,NFR+I1}*ATBCLINS,I) + EPR(NS,NFR+I}* 00017500

# {=RO#RA/2.—XY1+XY2) + EPCINS,NFR4I)#(~RA/2.+XYi-XY2) 00017600

%  + TSRINSyNFR+IJ#( 0o5*RA+XY1-XV2 ) 00017700

%  + TSCINS,NFR#I}%{ 0.5%RA=XY1+XY2 ) 00017800

%  + TSZ(NS,NFR+I}*RA%P(NS,NFR+I] 00017900

2300 CONTINUE 00018000
< 00018100
BINT+7) = CVYPR 00018200

c 00018300
BIN7+8) = PO 00018400

c 00018500
SUMMA = 0. 00018600

SUMMB = O. 00018700

DO 2400 N=NS,NNF 00018800

DO 2400 I=1,NFR 00018900

2400 SUMMA = SUMMA + RHUN,1)%VOL (N,1)*GRAV 00019000
c 00019100
DD 2450 I1=1,NFR 00019200

2450 SUMMB = SUMMB + RHINS,I)%VOL{NS,I)%GRAV / 2.0 00019300
SUMMAS = SUMMA-SUMMB 00019400

RO = RF(NS,NFRL} 00019500

RI = RF(NS,1} 00019600

RR = (RO#RI} * (RO-RI) 00019700

X6 = GBINS,1} 00019800

XP = PB{NS,1)} 00019900

c 00020000
SUMRAT = 0. 00020100
SUMEPR = 0. 00020200
SUMTSZ = 0. 00020300

DO 2500 I=1,NFR 00020400
SUMRAT = SUMRAT + {RF(NS,I+1)+RFINS, I} )*{RFINS, I+1)-RFINS,T}}* 00020500

* ATBFINS,1) 00020600
SUMEPR = SUMEPR + (RFINS, I+L}+RFINS, [))*(RF(NS, I+13=RFINS,T} )% 00020700

*  EPRINS,I) - 0002 0300
SUMTSZ = SUMTSZ + (RFUNS,I+1)#RF{NS, 1)) *(RFINS, [+11-RFINS, 1) 1% 00020900

*  TSZINS,I) 00021000

2500 CONTINUE 00021100
c 00021200
c 00021300
BINT#9) = ~[PLPR+SUMMAS/(PI#RR)}/{2.¥XG) + (1.+XP1*SUMRAT/ 00021400

* RR - XP#RI#RI*CVPR/{XG*RR) 00021500

* % SUMTSZ*( ). +XP } / RR 00021600

c 00021700
SUMMA = Q. 00021800

SUMMB = 0. 00021900

c 00022000
D0 2600 N=NS, NN 00022100

DO 2600 I=1,NCL 00022200

2600 SUMMA = SUMMA + RH(N,NFR+1}*VOL{N,NFR+I1*GRAV 00022300
c_ . 00022400
DO 2650 1=1,NCL 00022500

2650 SUMMB = SUMMB + RHINS ,NFR+1)*VOL{NS,NFR+T)*GRAV/2.0 00022600
C 00022700
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SUMMAS = SUMMA-SUMMB 00022800

c 00022900
SUMRAT = Q. 00023000
SUMEPR = Q. 00023100
SUMTSZ = Q. 00023200

DO 2700 I=1,NCL 00023300
SUMRAT = SUMRAT + {RC{NS,T+]1)#%%2—-RC{NS, T)**2)kATBCLI{NS,1) 00023400
SUMTSZ = SUMTSZ + (RCINS,T#+1)%#2—-RC{NS, I}¥2)#TSZ{NS;NFR+I) 00023500

2700 SUMEPR = SUMEPR + {RCINS,I+1}#¥2-RCINSy [}*52)¥FPR{INS, NFR+I) 000235600
c 00023700
RO = RCUNSeNCLL) 40023800

RI = RC(NS,1) 00023900

RR = {RO+RI) % (RO-RT} 00024000

XP = PBINS.2} N 00024100

AG = GBINS.2} ! 00024200

c 00024300
BINT+10) = (-PTOP-—PI*{RO¥*2%PO-RI%*2%PLPR)-SUMMAS) /{2.*P % XG*RR )} +Q0024400

¥ (1. +XP)*SUMRAT/RR + XPHROXRO*PO / (XG%RR} 00024500

* + SUMTSZ*{ 1.+XP ) / RR 00024600

c 00024700
J =1 00024800

DO 2800 I=1,Nl 00024900
IF(I-NFR)} 500,500,600 00025000

500 RO = RFINS,I+1} 00025100
RI = RF(NS,I) 00025200

ATB = ATBF(NS,I) ' 00025300

GD TGO T0Q 00025400

600 RO = RCINS,.J&1)} 00025500
RI = RC{MSs ) 00025600

ATB = ATBCLINS, ) 00025700

d = J+] 00025800

700 CONTINUE 00025900
XP = PINS,I) 040256000

X6 = G{NS.I) 00026100

RR = [RO+RI) * {RO-RI} 00026200

TH = lo—2.%RI*RI*ALOG{RG/RI}/RR 00026300

OM = 1.~2.%RO*RO*ALOG(RAO/RI) / RR 00026400
BANT+10+I) = 00026500

¥ KG*{ EPRINS+T)I—-EPCINS,I1 ) * ( TH+OM-TH¥OM ) / (2.%{1.-XP}} 00026600

* ~ XG#*{ OM#TH-TH*OM )} / (2.%{1.~-XP}) * TSR{NS.I} 00026700

* ~ KG¥{ TH*OM- TH=0M ) / {(2.%(1.-XP}) =* FTSCINSsI) 00026800
BINB+10+1) = 00026900

* XG*{ EPR{NS,I)—EPCINS,1) I*( TH*OM-TH-OM } / (2.%{1.-XP)]) 00027000

* - X6%{ TH*OM-TH-0OM Y 7 {2.%(1.-XP)) * TSRINS,I) 00027100

* - XG*{ OM+ TH=-TH*0OM ) / (2.%(1.~XP)) * TSCINS,1} 00027200
BINI+10+11 = -2,%XGx(],+XP)%ATB 00027300

* - 2. ¥X6*(1.+XP) * TSZ{NS,I) 00027400

2800 CONTINUE 00027500
C 00027600
c . 00027700
C VARIABLE CONDITICGNS GAP OPEN/STICK/SLIP 00027300
c 00027900
3000 CONTINUE 00028000
c 00028100
IF{ IFRIC-1 ) 800,900,920 00028200

c 00028300
800 CONTINUE 00028400

C 00028500
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¢ DPEN 00028600
C : 00028700
B{NLO+11) = PLPR 00028800
BINIO+12) = 0. 00028900

C 00029000
GO 10 990 00029100

c ' . ' 00029200
900 CONTINUE : 00029300

C 00029400
C STICK OR SLIP 00029500
c 00029600
BINLO+11) = EPZ(NS,L1-EPZINS,NTR) 00029700

GO TO 930 ‘ 00029800

c , . 00029900
920 CONTINUE 00030000
BINLO*11) = O, 00030100

c ' 00030200
330 CONTINUE : 00030300
B{NLO+12} = RCUNS,1}=-RF{NS,NFR1) 00030400

c _ 00030500
990 CONTINUE . 00030600

c - - 00030700
RETURN 00030800

END : : 00030900
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SUBROUTINE BCALCP ( B,ATBCLsTPR,TPC,TPZ,RCyP,G;PB,GB,VOL,RH,TBCL, 00031000

% FLUX,KFRIC,CRIF, DELT, TSRy TSCyTSZ4PLPR,PTOP, 00031100
* PO,EPR, EPCy EPZ,NS } 00031200
COMMON /ALWAYS/ NNoNCRsNER, NURy NCLy NPy NDKyNOS,NOC, NPLOT,NCRK, 00031300
% NTR; NFR,NTR1,NTR2,NNTR2, NNF, NCL 1, NFR1,NP 1, 00031400
* TGENs IGENLy NONZR, IGENP, TGENP1,NONZRP, 00031500
#* N1CyN2C s N3C oy N4C, NSCy N6Cy N7C, NBG NIC,N'LOC,NI1IC, 00031600
* N12C,NI3CsN14Cy N15C, 00031700
% N1 N2 N3 N4 N5 N6 g N7y N8y NG N104N11,N12,N13,NL4yN15 00031800
COMMON /OTHERS/ PGI3),CML(2) ¢DHR(2), ALFOU 31, ALFLI3},XML{3),CME2}, 00031900
% P1,PI2,0P,GRAV,SMQy SMA0, RHOC, BURH1,BURH2,CFLX, 00032000
% CPOW+BUCNS yRK,RKRyA91, GAS I, TCON, P DBU, BUB 00032100
DIMENSION BIIGENP) , ATBCL{NN,NCL) , TPRUNN,NTR) , TPCUNN,NTR} , 00032200
% TPZINN,NTR) , RCINN,NCL1} 5 PINN,NTR} , G{NN,NTR) , 00032300
* PB(NN,2) , GBINN,2) , VOL{NN,NTR) , RH{NN,NTR} , 00032400
* TBCLINN,NCL} » FLUX{NN), KFRICINN} , CRIF{NN) , 00032500
* TSRONNgNTR) » TSCUNN,NTR} , TSZ(NN,NTR) , EPRINN,NTR) ,00032600
* EPC(NNyNTR) 5 EPZ (NN, NTR) 00032700
c 00032800
C - ‘ 00032900
c RIGHT-HAND VECTORS B OF AX=B 00033000
C 00033100
" FOR PLENUM SECTION ONLY 00033200
C : 00033300
c 00033400
DO 999 1=1,1GENP 00033500
999 B{I) = 0. 00033600
00033700
DO 1000 E=1,NCL 00033800
BII) = -ATBCLINS+1] # TSR{NS,NFR+1) 00023900
1000 CONTINUE 00034000
00034100
DO 1100 I=1,NCL : 00034200
BINIC#I) = ATBCLINS,1) + TSCINS,NFR+I) 00034300
1100 CONTINUE 00034400
. . 00034500

DD 1200 I=1,NCL 00034600 -
BIN2C+1) = ~TPR{NS,NFR+I} 00034700
1200 CONTINUE 00034800
00034900
DD 1300 I=1,NCL ' 00035000
BIN3C+I) = -T1PC (NS,NFR+1} 00035100
1300 CONTINUE 00035200
00035300
DO_1400 I=1,NCL 00035400
BIN4C+I) = —TPZ(NS,NFR+I) 00035500
1400 CONTINUE 00035600
00035700
DO 1700 I=1,NCL 00035800
XP = PINS,NFR+I] 00035900
RI = RC{NS,1) ‘ 00036000
RO = RCINS,I+1) _ 00036100
RR_= (RO#RI)*{RO-RI) 00036200
OM = 1.-2.*RO*RO*ALOG(RO/RI) / RR 000356300
B{NSC+3+1) = RC(NS,I)*(1.+P{NS,NFR+I))I*ATBCLINS, T} 00036400
4 -RI*( OME{EPR(NS,NFR+I}=EPC(NS,NFR+I) ) / 2. + EPCINS,NFR+I) )} 00036500
* - { -0.5*RI+RI*RO*ROXALOG(RO/RI} / RR ) * TSRINS,NFR+I1) 000356600
* - ( -0.5%RI-RI*RO*RO*ALOG(RO/RI) / RR ) * TSC{NSsNFR+1} 00036700
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¥ + RI*XP*TSZ{NS,NFR+T} 00035800

1700 CONTINUE 00036900
c 00037000
DO 1800 I=1,NCL 00037100

XP = P{NS,NFR*I} 00037200

RI = RCINS,I} 00037300

RO = RCINSyI+1) 00037400

RR = {RO+RI)*(RD-RI) . 00037500

TH = 1.-2.%RI%RI*ALOG{RO/RE) / RR 00037600
BIN6C+34I) = RCINSyI+1)*{1.+PINS,NFR+I))*ATBCLINS, 1} 00037700

¥ ~RO%R{ TH®[EPRINS,NFR+I)-EPC{NS,NFR+I}}/2. + EPCINS.NFR+I} } 00037800

* - [ =0.5%#RO+ROFRI*RI¥ALAGIRO/RI) / RR ) * TSRUNS,NFR+I) 00037900

* = { ~0.5%RO-ROFRI*RI*ALOG{RO/RI) / RR ) * TSC(NS,NFR+I) 00038900

¥ + RO%XPRTSZINS,NFR+]) 00038100

1800 CENTINUE 00038200
c 00038300
BINTC+4) = PLPR 00038400

C 00038500
B{N7C+5) = PO 00038500

C 00038700
c CLAD OF PLENUM SECTION AXIAL DISPLACEMENT 00038800
SUMRAT = 0. 00038900
SUMMAS = 0. 60039000
SUMEPR = 0. 00039100
SUMTSZ = 0. 00039200

D0 1850 I=1,NCL 00039300
SUMMAS = SUMMAS + RHI{NS,NFR+T)}*yOL{NS,NFR+I)*GRAY / 2.0 00039400
SUMRAT = SUMRAT + {RCUINS,I+1}%*%2~RCINS, 1)%%2 )*ATBCLINS, 1) 00039500
SUMEPR = SUMEPR + {RCINS,I+1)*%2~-RCINS, )%k )XEPRI{NS,NFR+I]} 00039600
SUMTSZ = SUMTSZ + [RCUNS,T+1)%32~RCUNS, [)**2 )*TSZINS;NFR+I} 00039700

1850 CONTINUE 00039800
c : 00039900
RO = RCINSyNCLY} 00040000

RI = RCU{NS.1) 00040100

RR = (RO+RI} * (RO-RI} 00040200

XP = PB{NS,2} 00040300

X = GB{NS,2} 00040400

c : 00040500
BINVC+6} = (-PTOP~-PI#{RO**2%PO-RI%%2%PL PR)-SUMMAS)/(2.%P I*XG*RR }+00040600

& (1. +XP)=SUMRAT/RR + XP#*RD*RO*P0O / [ XG*RR) 00040700

* & SUMTSZ#(1.+XP)/RR 00040800

C 00040900
C 00041000
c STRESS 00041100C
C 00041200
C 00041300
DO 1900 I=1,NCL 00041400

RO = RCINS,I+1} 00041500

RI = RCINS,I) 00041600

XP = P{NS,NFR+1} 00041700

X6 = GINS.NFR+T) 00041800

RR = {RO+RI} * {RO-RI} 00041900

ATB = ATBCLINS,T) 00042000

TH = 1.-2.*%RI*RI*ALOG(RO/RI} / RR 00042100

OM = 1.-2.%RO*RO¥ALOGIRG/RI} / RR 00042200

c 00042300
BINTC+6+1} = 00042400

* XG*({ EPR{NSyNFR+I)-EPCINSyNFR+I)} J*{ THH+OM-TH:0M }/{2.%l1.~XP))00042500
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% = XG#( OM+TH-TH*OM ) / {2.%{1.-XP)) * TSRINS,MFR+I} 00042600
* = XGH{ TH*OM- TH-0M ) / {2.%(1.=-XP)}) * TSC{NS,NFR+I) 00042700
BINBC+6+]1) = 00042800

¥ XG¥{ EPRINS,NFR&#I}-EPCINS,KFR*I} )*{

TH*OM=TH-DM }/{2.%(1.-%P)) 00042900

* — XG*({ TH*QM-TH-0OM. ) / (2.%{1.-XP)) * TSRINS,NFR+I) 00043000

* = XG*{ DMs TH=-TH#*OM 1 / (2.%(1e=XP)) = TSCINSyNFR#+I) 00043100
BIMNIC+6+T) = «2.%XG¥*(1l.+XP)*ATE 00043200

* — 2 KGR {1, +XP) % FSIINS,NFR+1} 00043300

1900 CONTINUE 00043400
c 00043500
BINIOC+7) = O, 00043600

c 00043700
C 00043800
c FRICTION FORCE 00043900
c 00044000
c 00044100
c 00044200
RETURN 00044300

END 00044400
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SUBROUTINE BEGIN ( XM,ZFLXyRHyRHOP,CPU,LM, EHP,SHS»GS,GR, 00044500
2 RVB,RCB,REB,RUB, OSF;s QSFFy QSFP,POW, XCP T, XCPO, 00044600
4 BU yHG 4 KFRIC,FLZ0, FLZ , PRSs FLNC,CLZ0,CLZ, 00044700
* FL,CL,DXMsSWGy RCT 4RCO, RV BO, RCBO, REBO, RUBD , 00044800
* RC10, RCOO, XMINT, ROIST ; EPSEQy SWS3, LMR,LMC+LMZ ) 00044900
COMMON 7ALWAYS/ NNy NCRgNER,NURy NCL ¢ NP s NOK¢ NOS s NOC ;NPLOT¢NCRK 5 00045000
* NTR,NFR,NTR1sNTRP2,NNTR2, NNF,NCL1,NFR1,NP1, 00045100
= TGEN, IGENI s NONZR, TGENP, IGENP1,NONZRP, 00045200
* N1C,N2C o N3C s N4y NSCs N6y NTC o NBC ,NIC,NI1OC,NL1Cy 00045300
* N12C,N13C,N14C,N15C, 00045400
* N1gNZ g N3y NGy NSoM6 o NTs N8By NGy N10,N11,N12,N13,N14,N15 00045500
COMMON /OTRERS/ PG(3) ,CML{2),DHR(2),ALFO(3)},ALFL{3), XML{3),CM(2), 00045600
* PIsPI2,DPyGRAV,SMQy SMO0, RHOC, BURHL, BURH2, CFL X, 00045700
* CPOW,BUCNS » RKsRKRs AQ1,GAS [, TCOM, PDBU, BUB 00045800
COMMON /CONST/ FKAL ,FKBl,FKCl,FKA2,FKB2,FKC2, FKA3,FKB3,FKC3, 00045900
* FALIL,FA12,FAZ1,FA22, FA31, FA32, 00046000
* CK1,CK2,CAL,CA2, XEHTON{ 7} 00046100
COMMON /CAPSUL/ RCPIRCPO,AFNA . 00046200
DIMENSION XM{NMs 3 ) , ZFLX(NN) » RH(NN,NTR) , RHOP[NN,3) , 00046300
* EHP(NN,NTR) , SWS{NN,NTR] , GS{NN,NFR) , RVBINN} , 00046400
* RCB{NN) , REB{NN) , RUB(NN) , QSFINN) , QSFF{NN) , __ 00046500
* QSFP(NN) , POW(NN) , XCPI{NN} , XCPOINN) , BUINN) , 00046600
* HGINN) » KFRICINN) , FLZOINN) o FLZ{NM) , 00046700
% SWG (NN NFR] , PRSUNN,NTR) , FLNCINN) , CLZOI(NN) , 00046800
= CPUINNy NP} 5 LMCNNSNTRY , CLZINN) , GRINN) , OXM{NNs3),00046900
¥ RCI(NN) , RCO(NN} , RVBO(NN) , RCBO(NN) , REBO(AN) , 00047000
* RUBO(NN) » RCIOINN} , RCOO(NN) , XMINTINN) , 00047100
* RDISTI(NN,4) , EPSEQ(NNyNTR) , SWS3(NN,NUR) , 00047200
# LMR{NN,NTR} , LMCINN,NTR) , LMZ{NN,NTR} o 00047300 _
C 00047400
¢ 00047500
C INITIAL VALUES SET 00047600
C 00047700 _
¢ 00047800
FL = 0.0 00047900
tL = 0.0 00048000
DO _1000 N=1,NN 00048100
DO 3000 I=1+4 00048200
3000 RDISTIN,11=0. 00048300
€ : 00048400
IF { N.EQ.NN ) GO T0 100 00048500
c 00048600
ZFLX{N) = 1.053E-22/0.85 , 00048700
FLZO(N) = CLZOIN) 00048800
FLZ{N) = FLZOIN) 00048900
CLZIN)Y = cLZO(N) 00049000
FL = FL4FLZOIN) : : 00049100
TL = CL+CLZO(N) 00049200
DXMEN,1) = O. 00049300
DXM{Ns2) = 0. 00049400
DXMIN,3) = 0. 00049500
KFRIC{N) = O 00049600
DO 1010 K=1,NCR : 00049700
RHIN, K} =RHOP (N, 1} 00049800
1010 CONTINUE 00049900
XMI{Ny1) = PI®RHOP{N,1)*(RCB{NI-RVB{N))*(RCB{NI+RVBIN)) 00050000
KK=NCR+1 00050100
KKK=NC R+NER 00050200
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DO 1020 K=KK,KKK 00050300
RHIN,KI=RHOP(N,2) 00050400

1020 CONTINUE 00050500
XMINs2) = PI*RHOP{N,2)*{REB{NI-RCEBIN)I®X(REBINI+RCBI(N}) 000540600

KK = NCR+NER+1 00050700
KKK=NFR 00050800

DO 1030 K=KK,KKK 00050900
RH{N,; KI=RHOP (N, 3) 00051000

1030 CONTINUE 00051100
XM{N,3) = PI*RHOP{N,3) *(RUBIN)-REB{N))*(RUB(N)+REB{N]) 00051200
G0051300

100 CONTINUE 00051400
00051500

KK = NFR¥1 00051600

KKK = NTR 00051 700

DO 1635 K=KK,KKK 00051800
RH{NsK) = RHOC 00051900

1035 CONTINUE 00052000
00052100

RVBDI{N) = RVBIN) 000522 G0
RCBO(N) = RCBIN) 000523060
REBO(N) = REB (N} 00052400
RUBO{N) = RUBI(N} 00052500
RCIO(N) = RCICN) 00052600
RCOD{N) = RCO{N) Q0052700
00052800

DO 1040 K=1,NFR 00052900
SWG{N,K) = O, 00053000
SWS(N,K) = 0.0 00053100

1040 GS{NsK] = 0.0 00053200
00053300

DO 1050 K=1,NUR 00053400

1050 SWS3(NsK) = 0. 00053500
B0 1000 K=L,NTR 00053600
LM{N,K) = 0 00053700
LMR{N,K} = O 00053800

LMC (N,K) = O 00053200
LAZ(N,K) = O 00054000
EHP{N,K} = 0O, 00054100
PRS(N+K) = Ou 00054200
EPSEQ{NsX) = 0, 00054300

1000 CONTINUE 00054400
00054500

DO 1400 T=1,NFR 00054600

1400 RHINN,I) = 0. 00054700
D0 1500 I=1,4NCL 00054800

1500 RH{NN,NFR+I) = RHOC 00054900
00055000

RHOP(NNs+1) = 0. 00055100
RHOP(NN,2} = Q. 00055200

RHOP (NNy3) = 0. 00055300
GRINN) = 0. 00055400
FLZDINNY = 0.0 00055500
FLZtNN} = FLZOI(NN) 00055600
CLZINN} = CLZO(NN) 00055700

FLL = FL+FLZO(NN} 00055800

CL = CL+CLZO{NN} e 00055900
00056000
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ALFO(1) = FAl2 00056100
ALFI(1}) = FAl2 00056200
ALFO(2) = FAZ1 00056300
ALF1(2) = FA22 0005640C
ALFO(3} = FA31 ‘ ~ 00056500
ALF1(3) = FA3Z 00056600
QSFE{NN} = D. 00056700
POW{NN) = 0. 00056800

sSMQ = Q. 00056900

X = 0a 00057000

DO 2000 N=1,NNF Q0057100

SM = 0. 00057200

DO 2010 K=1,3 00057300

2010 5M = SM + XMIN,K) 00057400
XMINT{N) = SM 00057500
QSF(N)} = SM * QSFPIN)} 00057600

SMQ = SMQ + QSFIN) 00057700

2000 X = X + QSFF(N) 00057800
DO 2020 N=1,NN 00057900
XCPO(N) = RCPO 00058000
XCPI(N) = RCPI 060058100
FLNCI{N) = 0. 00058200
BUIN) = 0.0 00058300
HGIN) = 4.0 00058400
QSFIN) = QSFINI*NNF / SMQ 00058500

2020 QSFFIN} = QSFFIN)*NNF / X 00058600
SHMQ0 = SMQ 00058700

: : 00058800

===m===== [NTEGRATION BY NEWTON-CGTES-6 00058900
00059000

XEWHTONL 1 ) = 41./140. 00059100
XEWTON{ 2 ) = 216./140, 00059200
XEWTONL 3 ) = 2T7./140. 00059330
XEWTONG 4 ) = 272./140. 00059400
XEWTONL 5 ) = 27,./140. 00059500
XEWTON( 6 ) = 216./140. 00059600
XEWTONL 7 ) = 41./140. 00059700
00059800

RETURN 00059900

END 00060000
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SUBROUTINE BURN ( BU+POW.XMy;EPZ, QSFp QSFP,DELT } 00060100
COMMON FALWAYS/ NNyNCRyNER;NUR;NCL, NP, NOKNOS,NOC,NPLOT,NCRK, 00060200

* NTR: NFRyNTR1 ; NTR2 ;NNTR2, NNF,NCL 1, NFR1, NP1, 00060300

* IGEN, IGEN1 s NONZIR; IGENP: IGENP 1, NONZRP, 00060400

* NICsN2C 4 N3C yN4C o NSCy NGCo N7C, NBC, NSC, N1OC,NL1C, 00060500

% N12C,NI3C,N14CyN15C, 000606900

* Nl NZyNIoNGoNS MO, N7 NBy, NI NIO,NIT,N12,N13,N 4,15 QR060700
COMMON /OTHERS/ PG(3),CML{2),DHR{ 2}, ALFO{ 3}, ALFL(32 ., XML(3),CMN{2), 000E0B0O0

% PI,P12,DP, 6RAV, SMQy SMQO+RHOC s BURHL ¢ BURH2,CFL X, 00060900

* CPOW ¢ BUCNS yRKs RKR; A9 15 GAS I, TCON, PDBU, BUB 00061000
DIMENSION BUINN) -» POHINN) , XM{NNs3) o EPZ{NNyNTR) , 00061100

* QSF{NN) , QSFP{NN} - 00061200

C 00061300
c 00061400
c BURN UP CALCULATION 00061500
c 00061600
c 000361700
SMR = Q. 00061800

BUB = Q. ~ 00061900

C : o 00052000
DD 1000 N=1,NNF 00062100

SM o= XMINL)+XMIN2)+XMIN,3) 00062200

BUIN) = BUIN) + BUCNS*POW(N)*DELT/SHM 00062300

Bua = BUB + BU(N) 00062400
QSF{N) = SM*QSFP{N)*{1.-PDBU*BU(N}} 00062500

1000 SMQ = SMQ # QSFIN) 00062600
c : 00062700
: BUB = BUB/NNF 00062800
c 00062900
C 00063000
RE TURN 00063100

END 00063200
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SUBROUTINE CHECK { DEQP,EF,EC,ISW ) 00115900
DIMENSION DEQP{NN,NTR} 00116000
COMMON /ALWAYS/ NN,NCR,NERyNURyNCLyNP,NOK,NOS,NOC,MPLOT,NCRK,, 00116100
% MTRyNFRyNTR1,NTRZ4NNTRZ, NNFy NCL 1, NFR1,NP 1, 00116200
* IGEN,TGENL, NONZR, IGENP, IGENPL,NONZRP, 00116300
% NLCyN2CyN3Cy N4Cy NSCyN6E, NTC, NBC, NIC,N1OCy NI1C, 00116400
* N12C,N13C,N14C,N15C, 00116500
e N1 oN2 ¢ N3 N4 N5y N6y NT s NB4 N9 yN10yN11,N12,N13,N14,N15 00116600
c . __._00116700
C CREEP STRAIN INCREMENT CHECK 00116800
c 00116900
ISW = 0 00117000
DO 100 N=1,NN 00117100
IFIN.EQJNN) GO T0O 250 00117200
L DO 200 J=1,NFR o 00117300
IF ( DEQP(N,JV.GT.EF Y GO TO 400 00117400
200 CONTINUE o 00117500
€ 00117600
250 CONTINUE 00117700
DO 300 J=1,NCL 00117800
. IF {_DEQPINsNFR+J}.GT.EC ) GO TO 400 e N 00117900
300 CONTINUE 00118000
L . e e .00118100
100 CONTINUE 00117200
RETURN 00118300
C 00118400
____ 400 CONTINUE _ N . 00118500
TSW = 1 00118600
RETURN e 00118700
END 00118800
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SUBRNUTINE CHKSPD { DXM,; EPSyNN,ISW,DELT )

00118900
DIMENSION DXM{NN,3) 00119000

c . 00119100
C RESTRUCTURING VELOCITY CHECK 00119200
C 00119300
iSWw =0 00119400

DO 100 N=1,NN 00119500

TF 1 N.EQ.NN } GO 70 100 00119600

DO 100 J=2,3 00119700

X = DXM{N,J)*DELT*3600.0 00119800

IF { X.GT.EPS } GO TO 200 00119900

100 CONTINUE 00120000
RETURN 00120100

200 CONTINUE 00120200
ISW = 1 00120300
RETURN 00120400

END 00120500
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SUBRQUTINE CLEARIIFRIC,JFRIC,NS) 00063300
DIMENSTION JFRICH{L) 00063400
C .. 00063500
c ASSUME + GAP IS OPEN ‘ 00063600
¢ ‘ 00063700
c IFRIC = JFRIC{NS) 00063800
IFRIC = 0 00063900
RETURN 00064000
END 00064100
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SUBRODUTINE CLTMP { POH,TO,RO;RI,RyT,TBsTBAy ATBy ATBASRCLO,IT,RB ¥ 00064200

COMMON 7ALHAYSZ NNy NCR,NER, NURy NCL s NP yNOK ; NOS s NOCy NPLOT NCRK 5 00064300
* NTPyNFRs NTR1 ,NTRZ {NNTR2, NNF, NCL 2, NFR1,NP 1, 00064400

* TGEN, IGEN]L , NONZR, 00064500

% N1 4NZ o N3 o N& JN5 o N6 o N7 gNB s NO, N10yN1LoN12,N13gN14,N15 00064600
COMMON FOTHERS/ PGU31,CM1{2) sDHRI2) s ALFOU3) s ALFL(3); XMLL 3),CM(21, 00064700

* P1,PT2,0P,GRAY, SMOs SMA0, RHOC y BURH1, BURH2, CEL X, 00064800

% CPOW, BUCNS yRKsRKRs A9 1, GAS T, TCON, P DBU, BUB 00064900
COMMON /CONST/ FKAL,FKBLsFKC1sFKA2y FKB2s FKC29 FKA3 FKB3,FKC3, 00065000

= FALL,FA12,FAZL,FA22, FA3L, FA32, 00065100

% €K1 ,CK2 ,CAL,CA2, ALT) 00065200
DIMENSTON POWINN) 5 TO(NN) , ROCNNY 5 RICNN} 5 RONN,NCL1) 00065300

% TUNNJNCLL) , TBINNSNCL) , TBA(NN) , ATBINN,NCL) , 00065400

* ATBA{NN] , RCLOINN,NCL1) y RB{NN,NTR) 00065500

C 00065600
DIMENSION RCL(7) 5 TCL{T7} , ATCL(T) 00065700

c 00065800
c 00065900
c CLADDING/CAPSULE TEMPERATURE DISTRIBUTION CALC. 00066000
T 00066100
¢ 00066200
Y = 20.0 00066300

DO 1000 N=1,MN 00066400

P = POWIN) / PI ‘ 00066500

DR = ( RO(NI=RI{N) )} / NCL 00066600

DO 1010 K=1,NCLL : 00066700

1010 RAN,K) = RI(N} + DR*{K-1) 00066800
TFIIT.NF.-1) GO TO 1016 00066900

DO 1015 K=1,NCL1 00067000

1015 RCLO(N,K] = R(N,K) 00067100
1016 CONTINUE 00067200
T 00067300
DO 1017 K=1,NCL 00067400

RE TN, NFR#K) = 2. F(R{N, K+ L) #R{Ny KE L) +RIN K+ 1T *R(N,K) +RIN; KI=R(NsK 1) 00067500

*  / (3 E(RINSK+1)+R{N,K))) : 00067600

1677 CONTINUE - _ 00067700
¢ 00067800
TOF = TO(N 00067300

AK = { CKI+CK2#TOF ) 00068000

AKZ = AK®AK 00068100

DRR = { RO(N}=RI(N} ) 7 6. ‘ 00068200

S = 0. ; 00068300

51 = 0. 00068400

DO 1020 L=1,7 00058500

RR = RII(N) + DRR%(L~1) 00068600
RCLIL) = RR - 00068700

XL = ALOG( RO(N} / RR ) 00068800

T = TOF  + P*XL 7 | AK + SORT{ AKZ+CK2#P*xXL J ) 00068900
TCLIL) = TT 00069000

c TCL NOW IN DEG C 00069100
ATCLIL) = CAL®TT + CA2%TT#%2/2. - CAL®Y — CAZ¥Y#%2/2, 00069200

SI = S1 + A(L)*RREATCLAL) ' 00069300

S = 5 + A(L)XRR*TCLEL) ' 00062400

c ) 00069500
1020 CONTINUE 00069500
T : 00069700
¢ 00069800
TF | N-EQ.NN 7 GO TO 90 00069900
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TBA(N) = § / ( RO(NI+RIANY ) / 3. 00070000

GO TD 95 00070100

90 TBAIN) = TOIN) 00070200

95 CONTINUE . 00070300
ATBAIN) = S1 / { RO{N)4RI{N) )} / 3. 00070400

c - g 00070500
IFU NCL.NE-1 ) GO 10O 100 00070600

c 00070700
C > 00070800
c NCL =1 00070900
c 00071000
Ti{N:1) = TCL{l} 006071100
T(N,2) = TOIN) 00071200
TB{N,1) = TBA[N) 00071300
ATBI{Ns1) = ATBA{N) 03071400

G0 YO 1000 60071500

C 00071600
c 00071700
100 CONTINUE 08071800

C 000719300
c NCL . GE » 2 00072000
c 00072100
L =2 : 00072200
T(Ns1) = TCL{1) 00072300

S1 = RCL(}1) 00072400

52 = 0. 00072500

DO 1030 K=]1,NCL 00072600

c 00072700
150 CONTINUE 00072800
IF € ROINsK+1)~RCL(L) ) 300,300,200 00072900

200 CONTINUE 000730090
DRDR = RCL{L}=-51 00073100

ARA = AREA{ S1,DRDR ) 00073200

ARA = ARAZATCLIL-1) 00073300

52 = 52 + ARA 00073400

S1 = RCL{L) 00073500

L = L+t 00073500

IF  L.GT«7 } 60 7O 310 00073700

60 70 150 00073800

300 CONTINUE 00073900
DRDR = DRR—-{RCL{LJ-RI(Ny;K+1}} 00074000

ARA = AREA[l S1,DRDR ) 00074100

ARA = ARA%ATCL(L-1) 00074200

52 = 82 + ARA 00074300

310 CONTTNUE 00074400
IF ( L.GT.7 ) L=T7 00074500

RAT = [ RCLALY-RI{N,K+1l) } / DRR 000744600
TINyK+1) = TCLIL} + RATH(TCLIL-1)-TCL(L}) 00074700
TB(MsK) = ( TINyKISTINJK+1) )} / 24 00074300
ATBINgK) = S2 / { DR¥(2.#%R{N, K }+DR} } 00074900

SI = R{NyK+1} 00075000

52 = 0.0 00075100

c 00075200
1030 CONTINUE 00075300
C : 00075400
TI{NyNCL1} = TO(N) 00075500

C 00075600
1000 CONTINUE 00075700

— 231 -



PNCT841-75-17 °

. 00075800
RETORN 00075900
END 00076000

- 232 —



PNCT841-75-17

SUBROUTINE COEF { OTOMsN ) 00076100

c . 00076200
COMMON FALHAYS/ NNsNCRy;NER:sNUR,NCL, NP, NOK,NOS,NOC,NPLOT,NCRK, 00076300

* NYRy NFRgNTR1 ,NTR2sNNTRZ2y NNFy NCLLy NFRI;NP 1, 00076400

= IGEN, IGENL, NONZR, IGENP; IGENPL, NONZRP, 00074500

% NICyN2CoN3Cs NLC NBCoNO6C, NTCoNBC,NIC,NIOCN11C 00076600

* N12C,NI3C,N14Cy N15C, 00075700

* NLoNZyN3 NGy NS N6 e N7 NBy NI N1O,N1L1;N22,N13,N14,N1S 00076800
COMMON /CONST/ FKAL,FKBL 4FKC1,FKA2:FKB2y FKC2,FKA3FKB3,FKC3y 00076900

* FAll1,FAl12,FA21,FA22,FA3]1, FA32, 00077000

* CK1,CK24CA1,CA2, XEWTON(T) 00077100
COMMON /FBRATR/ JFA 00077200

c 00077300
DIMENSTON OTOMINN) 00077400

c 00077500
c 00077600
C COEFFICIENTS FOR FUEL THERMAL CONDUCTIVITY 00077700
c 00077800
c 40077900
OTOMX = 2.00 - OTOMIND 00078000
IF(OTOMX) 100,100,200 00078100

100 DTOMX = ~2,*0TOMX 00078200
200 DELKF = 5,0%0T0MX*#%2 — 3, 7*0TOMX ¢+ 1.0 00078300
FKAL = -D.018%DELKF 00078400

FKBL = 54.0%DELKF 00078500

FKC1 = 1.75E-12 #* DELKF 00078600

FKAZ = 0.0l1%DELKF 00078700

FKB2 = 0,485 / DELKF . 00078800

FKCZ2 = 0.4465 / DELKF L 00078900
IFCJFA-2) 10520420 00079000

10 CONTINUE 00079100
FKA3 = 3,11 + 355,0%0T0OMX 00079200

FKB3 = 0.0272 00079300

FKC3 = b,39E-13 00079400

GO TC 30 Q0079500

20 CONTINUE Q0079600
FKA3 = 3.38 00079700

FKB3 = 0,0262 00079800

FKC3 = 4,79E-13 00079900
IF{NOK.EQ.4) FKC3 = 6.1256E-13 ¢0080000

30 CONTINUE Q0080100
RETURN 00080200

END G0G80300
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SUBRDUTINE CORTMP { TOUTER,TOUTO,PTOQUTR, ISH,TOUT 1}

00080400

COMMON /ALWAYS/ NNyNCR;NER;NURsNCL, NP NOK, NOS,NOCs;NPLOT,NCRK, 00080500

* NTR NFRoNTR1,NTR2 ;NNTR2Z2; NNF;NCLL1,NFR1, NP1, 00080600

* IGEN, IGENL { NONZR, IGENP, IGENP1,NONZRP, 00080700

* N1IC;N2C o N3C N4C, NSCo NOCs NTCy NBC, N9C, N1OC s N11C, 00080800

* NL1Z2C s NI3CN14CsN15C, 00080900

#* NL N2 N3 NGy NS g NESNT s N8By N9 NLOsNLLI,N1I2,N13,N14,N15 004081000
COMMON FIOFIL/ IDS5,106,107 00081100
DIMENSTION TOUTERINN) , TOUTOD{NN) , PTOUTR{NN} Q0081200

C 00081300
C COOLANT TEMPERATURE ADJUSTMENT DUE TOD TIME CUT 00081400
[ Q0081500
IF{ISW.EQ.D) GO TO 50 000814600

GO TO (10420:30,40) 5 ISHW 00081700

10 DO 100 T=1,NN 00081800
100 TOUTER(I) = TOUTO{I) 00081900
GO TO 60 00082000

20 DO 200 T=14NN 00082100
200 TOUTO{1) = TOUTER(T} 000822400
GO TO 60 00082300

30 DO 300 T=1.NN 00082400
300 TOUTER{I) = PTOUTR{IJ+{ TOUTER{(I}-PTOUTR(I) )} / 2.0 00082500
GO TO 60 : 00082600

40 DO 400 I=1.NN 00082700
400 PTOUTR(I} = TOUTER{T} 20082800
GO TC 60 00082900

50 READ{ID5,9000} { TOUTER({I),T=1,NN 1} 00083000
TOUT = TOUTER(NN) 00083100

60 RETURN 00083200
9000 FORMATISE15.3) 00083300
END 00083400
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SUBROUTINE CRACK 00083500
* { SIGRYSIGCsSIGZ+BMsGsTBF s TPRyTPC,TPZ,TYSR,TSC,TSZ, 000835600
* PRS ¢y LMy LMR,LMC, LMZ4 DELT NS, JCR ) 00083700

00083800

COMMON FALWAYS/ NN,NCR,NER;NUR,NCL,NP,NOK;NOSsNOC,NPLOT; NCRK

* NTRe NFRgNTR1 ,NTR2 yNNTR2, NNF, NCL1,; NFR1,NP 1, 4 00083900

* IGEN, IGENLsNINZR, IGENP, IGENP1,NONZRP , e 00084000

% NICyN2C,N3C,N4C,NSC,N6C, NTC o NBC, NIC, NIOC, N11C, 00084100

¥ N12C,N13CoN14Cy NL5C, 00084200

* N1,N2sN3,N&yN5,NENTyNBy NIy NIO,NE1,N12,N13,N14yN1S 00084300
DIMENSION SIGRINTR) ¢ SIGCI(NTR) , SIGZ{NTR} , 00084400

* BMINNyNTR) s G(NN,NTR) , TBF{NNsNFR} , TPRI{NN,NTR} 00084500

* TPCUINNsNTR} » TPZ{NN:NTR) o TSR{NN:NTR} 00084600

* TSCINNSNTR) o TSZINMsNTR) , PRSUNMNyNTR} 5 00084700

* LM{NNsNTR) s LMR{NNsNTR) , LMC(NN,NTR) , 00084300

* LMZ{NN,NTR) 00084900
COMMDN /XCRAK/ THLC, HEAngHEALZsSIGFOoSIGFl 00085000

C 00085100
c 00085200
C CRACKING CHECK JoTo.A ROBERTS AND BoJ. WRONA 00085300
C 00085400
c -00085500
JCR =0 00085600

C 00085700
IF { DELT.LE.0.001 ) RETURN 000485800

c 00085900
DO 1000 I=1,NFR 00086000

TS = TBFINS,I} + 273, - 00086100

c 00086200
SIG = SIGR(C T ) 00086300

L =1 00086400

C 00086500
C L =1 RADIAL DIRECTION 00086600
C L =2 THETA DOIRECTION 000867040
c L =3 AXIAL DIRECTION 00086800
c 00086900
IF { SIG.GT.SIGC{I) ) GO TO 10 00087000

516 = SIGC( I ) 00087100

L =2 : 00087200

10 CONTINUE 00087300

IF { SIG.GT.SIGZ(I} } GO TO 20 00087400

SIG6 = sIGZ{ I ) . 00087500

L =3 00087600

20 L ONTINUE 00087700

c 00087800
c 00087900
¢ CRACKING CHECK 00088000
c ' 00088100
SIGF = SIGFO + SIGF1*TS 000882G0

C 00088300
C SIGF MEANS CRITICAL STRESS OF BRITTLE~TO-DUCTILE TRANSITION 00088400
c 00088500
IF { SIG.LT.SIGF } GO TO 500 00088600

c 00088700
JCR =1 00088800
TSR{NSesI) = TSRINS,I} + SIG/ { 9.%BM{NS,TI} } 00088900
TSCUNSeI) = TSRINS,I} 00089000
TSZ{NS,I) = TSRINS,I) 00089100

X = 5I6 / U 6.%GINS,I} } 00089200
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IF { 1-2 } 30540,50 : 00089300

30 CONTINUE 00089400
LMRINS,E} = LMRINS,I) # 1 00089500
TPRINS.I) = TPRINS:I1) + 2.%X 00089600
TPCINSsI) = TPCINS,I) — X 00089700
TPZINS,I) = TPZ(NSsI) - X 00089800

G0 10 60 00089900

N ‘ 00090000

40 CONTINUE . 00090100
LMCINS,I) = LMCINS,I) + 1 00090200
TPCINSsI) = TPCANS 1) + 2.%X 00090300
TPRINS,I) = TPRINS,I) - X 00090400
TPZINS,I) = TPZINS,I} - X 00090500

GO 10 60 00090600
00090700

50 CONTINUE ‘ A i 00090800
LMZINS,I) = LMZINS,I) + 1 : 00090900
TPZINSsI) = TPZINS,I1 + 2.%X 00091000
TPR(NS,1} = TPRINS,1) -~ X 00091100
TPCINS,1) = TPCINS,1) - X 00091200

60 CONTINUE 00091300
00091400

LM{NSoI) = LMRINS,I) o LMCINS;I) + LMZ(NS,I) 00091500

C ' . 00091600
60 TO 1000 00091700

c 00091800
c 00091900
€ HEALING CHECK 00092000
> 00092100
c N ] 060092200
500 CONTINUE 00092300
IF ( LMINS,I).EQ.0 J GO TO 1000 ~ 00092400

HEAL = HEALL 00092500

FHL = THLC + 273, 06092600

IF ( TS.GT.THL ) HEAL = HEAL2 00092700

IF { ~(SIGR(I}+SIGC(IP+SIGZ{I)}/3. .LE. —HEAL } 00092800

® G0 TO 1000 ~ 00092900
LMRINS,I} = 0 00093000

LMC (NS,I} = 0 : 00093100
LMZINS,1} = 0 00093200
LMINS,I} = 0 00093300

C . 00093400
JCR = 2 00093500

T 00093600
c 00093 700
1000 CONTINUE 00093800
C . 00093900
c ‘ 00094000
: RETURN g . 00094100

END 00094200
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SUBROUTINE CREEC { EQSIG,DEQP,¥TBC,FLNC, FLUX,DELT4N } 00094300

C 00094400
COMMON /ALWAYS/ NNyNCRyNER,NUR,NCL¢NP,NOK, NOS, NOC,NPLOT,NCRK,» 00094500

* NTRGNFRyNTRL,NTRZ;NNTR2s NNFs NCL1,NFR1: NP1, 00094600

* IGEN,IGEN] ; NONZR, IGENP, IGENP 1, NONZRP, 00094700

* NIC o N2Co N3C o N&C e NSCo NEC, NTCo NBC, NIC, N1OC , N11C 00094800

* N12C,N13C,N14CsN15C, 00094900

* Nl sNZ2yN3sN&G s NS4 N6 s NT o NBe N9y NIOyN1T,N12,N13,NL4,NIS 00095000
COMMON /DTHERS/ PG{3),CM1(2),DHR{2), ALFO(3), ALFLI3), XML{3),CM{2), 00095100

* PIsPI2,DP;GRAV,;SMQy SMQO+ RHOC, BURHI s BURH2,CFL X, 00095200

* CPOW, BUCNS s RKsRKRs A91,GAST, TCON, PDBY, BUB 00095300
COMMON /XCREC/ A;QsAE,BE,CE,FM,FN 00095400
COMMON /FBRATR/ JFA 00095500

c 00095600
DIMENSION EQSIG(NNysNTR) o, DEQP{NN,NTR} + TBCINN;NCL) 00095700

* FLNC{NN}  FLUX{NN) 00095800

C 00095900
c 00096000
C CLADDING CREEP STRAIN CALC. 00096100
C 00096200
C 00096300
D0 1000 I=1,NCL 00096400

c 00096500
J = NFR + I . - 40096600

T = TBCINyI)*1.8 + 32, + 460, 00096700

C T NOW IN DEG R 000946800
IF{ EQSIGINyJI-LT-10,0 ) EQSIGIN,J}=10.0 00096200

C PREVENTING ZERO DIVIDE c0097000
ES = EQSIG{N,J} / T7.03E-02 00097100

C 00097200
IF{JFA—2) 50,500,500 00097300

50 CONTINUE 00097400
IF{ NOC+}! } 100,200,200 00097500

100 C = T/910. 00097600
GO T0 300 00097700

200 C = 1.0 00097800
300 CONTINUE 00097900

C 00098000
AEC = AE/C 00098100

BEC = BE=%C 00098200

CEC = CE/C 00098300

C 00098400
B = CEC + AEC/BEC * EXP{ —FLNC(N)/BEC ) 00098500

C 00098600
c : ' 00098700
C RKR IS- IDEAL GAS CONSTANT IN CAL/MOLE/DEG R 00098800
c 000989G0
X1 = A * EXP( —-Q/(RKR*T) } * ES**FM 00099000

X2 = 8 % FLUXIN) % ES**FN 00099100

C 00099200
DEP = {X1+X2) * DELT 00099340

GO TO 900 . 00099400

500 TF{NOC+1) 700,600,600 00099500
600 DEP = 4,0E-27#ESHFLUX{N)*{TBC(N,I)-160.)%DELY 00099600
GO TO 900 . 00699700

T00 TEMP = TBC(N,I)+273. 00099800
ES = 1.63E-03%EQSIG(N,J} 00099900

XFLX = FLUX({N) 00100000
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DEP = 1.02E=13%EXP{=7053./TEMP)EXFL X **0,B5%SINH{ ES}*DELT 00100100

900 IF{DEP.,LE.0.) DEP = 1.0E-30 00100200
DEQP(N,J) = DEP £0100300

c - 00100400
1000 L ONTINUJE . 00100500
C . 00100600
c , 00100700
RETURN ' 00100800

END 00100900
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SUBROUTINE CREEF ( EQSIGsDEQP,TBFsPOW+FD,FLUXFTHP LM, DELT,N, 00101300
* G.EPSEQ ) 00101100
COMMON ZALWAYS/ NNyNCRy;NERyNUR;NCLNP;NOKsNOS,NOC;NPLOTsNCRK, 06101200
* NTRyNFR,NTRL,NTRZ,NNTR2,NNF,NCL1,NFR1,NP1, 00101300
* IGENs IGENL s NONZRy IGENP, TIGENP1,NONZRP, 00101400
ke NIC,N2C,N3CoN4Cs NSCoNSCo NTCo NBCo NOC,N10C,NL1C, Q00101500
L N12C¢N13CsNI4C+N15C, 00101600
¥ NLyN2 s NIy N4 4 NS NS s NT e NBy NIy NIOsNILN12sN13,N14,M15 00101700
COMMON /OTHERS/ PG(3),CHL(2),DHRI2), ALFO(3),ALFI{3),XMLI3),CM{2), 00101800
* PI ,PI24DP,GRAV,5MQ, SMQ0, RHOC;BURH1,BURH2,CFLX, 00101900
* CPOW,BUCNSyRKsRKRyA91,GAST TCON, PDBU, BUB 00102000
COMMON /XCREF/ AD,Al,CFR4+B,4QyQ1ly FMyFN,GD £0102100
C Q0102200
DIMENSION EQSIGUNN,NTR) ; DEQP{NN,NTR) , TBFINN,NFR)} , POW(NN) o 00102300
o FOINN,NFR) » FLUX(NN) o, FTHP(NNyNTR} o LM{NN,NTR) , 00102400
* GINNyNTR)Y , EPSEQUNN, NTR) 00102500
C 00102500
c 00102700
C FUEL CREEP STRAIN CALC. 00102800
C 00102900
c 00143000
DO 1000 I=1,NFR 00103100
FSRT = POWIN)*=FD{N,I) * 3,1E+10 00103200
TX = TBF{N,I)*1.8 + 32. + 460, . 00103300
C TX NOW IN DEG R 00103400
C Q0103500
L RKR IS IDEAL GAS CONSTANT IN CAL/MOLE/DEG R 00103600
C FSRT IS NO. OF FISSIONS/ SEC /7 CC 00103700
C TX NOW IN DEG R 00103800
C 00103900
IF{ EQSIGIN,sT1).LT.10.0 } EQSIGIN,TI)=10.0 00104000
[ PREVENTING ZERO DIVIDE 00104100
IF { EPSEQI{N+1).6T.0.0} GO TO_100 00104200
EPSEQIN,T) = 1.,E-30 ) 00104300
DEQP(NsI) = EPSEQIN,I} 00104400
GO 70 1000 00104500
100 CONTINUE 00104600
ES = EQSIGIN,I) / T.03E-02 - Q0104700
LML = LM{N,I} - - 00104800
C A = AQ#1.5%k{LMLE(FM-1.}) 00104900
A = AD . . 00105000
X0 = 0.0 00105100
1T = 0 . 00105200
200 CONTINUE : 00105300
X1 = A*EXP{-Q/{RKR*TX}))*{1.+FSRT/CFR}*ES¥%FM Q0105400
C X2 = AL*EXP(-QL/{RKR*TX))/{GD*%2) + BHFLUX{N) 00105500
X2 = AL*EXP(-Ql/{RER*TX))/{G0**2) + B*FSRT 00105600
X2 = X2=ES¥%FN . 00105700
X3 = { FMHX1+FN%X2 }#DELT 00105800
X2 = (X1+X2)*DELT 00105900
IF{X2.1E.0.,) GO TO 500 00106000
X4 = ABS(X2-X0)/X2 00106100
X0 = X2 ' - 00106200
X = ES 00106300
ES = ES*{ EPSEQI(N,I)~-X2#X3 } 7/ { X3+ES/GINy1)/3. ) 00106400
IFIES.LT.0.) GO TO 500 00106500
IT =17 + 1 ) __ 001968600

IF (IT.GT.100% GO TO 500 0010670C
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IF (X4-0.0001} 300,200,200 00106800

300 IF {X4-0.0000001) 500,400,400 00106900
400 X5 = ABS(ES—-X) 00107000
IF { X5-0.5 ) 500,200,200 00107100

500 CONTTNUE 00107200
DEP = X2 00107300

IF{ DEP.LE.O. } DEP=1.E-30 00107400
DEQPIN,I) = DEP Q0107500

) 00107600
1000 CONTINUE 00107700
00107800

RETURN 00107900

END 00108000
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SUBROUTINE EDTGRS { IT,TIMyPOWAV,TIN,TOUT,DELT,POW, FLUX,BU,; TNA, 20000100

= KCPOXCPT,TCPI,TCPQ, RCO,RCYI, TCLO,TCLsFLZ,CLZ, 00000200

* FLyCL,OTOM,CPU, RHOT, RH, XM, RVB,RCB,RER, 00000300

* RUB;RF;RCHGyHCy TOGASyGR s TFR, TBFA ATBFAy 00000400

¥ TBCLA,ATBLA,RCP,TCP; TBCPA, ATBPA; FINC,6GS, 00000500

® PLPR,CVPR,FLOCLO sBUM,PO,FD,FDPM ) 00000600
COMMON /ALWAYS/ NN,NCRyNERyNURyNCLy NP NOKNOS,NOC,NPLOT, NCRK, 00000700

* NTRyNFRyNTR1yNTR2 NNTR2:NNFs NCL 1. NFR1,NP 1, 00000800

bl IGEN, IGEN1,NINZRy IGENP,; IGENP1,NONZRP , 00000900

* NICyN2C s N3C s NGC NSCoNOC, NTC NBCoNOCN1QC 4N11C, 00001000

* N12C,NL13C,N14CyN15C, 00001100

* NLgN2 s N3y N&e g NSy N6y NTy NBeNIJN1O,N11,N12,N13;N14,N15 00001200
COMMON /OTHERS/ PGI3) ,CMI{(2},DHRI2),ALFO{3),ALF103),XMLI{3),LM(2}), 00001300

#* PI1,P12,0P,GRAV:5Mg, SMQ0, RHOC, BURH1, BURH2,CFL X, 00001400
* CPOW+BUCNS +RKyRKR; A1, GAS T, TCON, PDOBU,BUB 00001500
COMMON JCAPSULZ RCPIZRCPO.AFNA : 00001600
COMMON /CCOMPLT/ YP,DDOD,TITLE(20) 00001700
COMMON FIQFIL/ 105,106,107 43001800

C ) 000401900
DIMENSION POWINN) 5 FLUX{NN} o+ BUINN) , TNAINND} ¢ XCPOUNN) 00002000

- % XCPI(NN) 4 TCPI{NN) o TCPOINN) , RCO(NN} ; RCTIINN]} , 00002100
* TCLO{NN} 4 TCLINNSNCL1) » FLZINN} s CLZ{NN) ., Q0002200

* DTOM(NN) , RHOT{NM} o, RH{NN,NTR)} , XM(NNs;3) , 009002300

# RVB{NN) s RCBINN) », REB{NN)} s CPUINN,NP} , 00002400

* RUB(MNN} , RF{NNy,NFR1) o RCINN,NCL1}) 3 HGINN) , 00002500

* HCINN) , GRINN) ¢ TFR{NN,NFR1) , TBFALNN,3) , Q0002600

#* ATBFA{NN,3) , TBCLA(NN) , ATBLA(NN) , RCP{NM,NCLY)} , 000062700

® TCPIMM,NCL1) , TBCPA{NN) , ATBPA(NN) , FLNC{NN) , 20002800

* GS(NN,NFR]) s BUMINN) , FD{NNyNFR) FDPM{NN, NP} 00002900

C 00003000
C 040903100
C GROSS QUTPUT 0OF EACH REGION FOR EACH STEP 06003200
C _ Q0003300
C 00003400
DO 50 K=1,4NN 00003500

50 BUMIK)=BU{K)*8386.0 00003600
WRITELIODG 49000) IT,TIMPOWAV,TOUT »TINsDELT,CFLX,PO 00003700
WRITE(I0679001} 00003800
WRITE{ID6,9002) POW 00003900
HRITE(IOQG6,9003}) FLUX 0004000
WRITE(Y106,9004) FLNC 00004100
WRITE{IO6,9005) BU 00004200
WRITE{(IO6,2006) BUM 00004300 -
HWRITE(ID06,9007T) FLZ " 00004400
WRITE{1ID6,2008) CLZ - o 00004500
WRITE(ID6,9009} RHOT 00004600
WRITE(IDG6,9010) TNA 0004700

DO 100 K=1,NN 00004800

HCIK) = HCIK) * 0.002093 Q0005300

100 HGIK) = HG{K) * 0,002093 20005000
WRITE({IO6,9011) HC 00005100
HRITE(IG6,9012) HG 00005200

DD 200 K=1gNN 00005300

HCIK) = HC(K) / 0.002093 00005400

200 HGIK) = HG{K) / 0.002093 00005500
HWRITE{IO06,9013) GR 02005600

TGS = 0. Q0005700

DO 900 N=1,NN 00005800
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DO 900 K=1,NFR 0040% 900
T65 = TGS + GSIN,K) 00006000
900 CONTINUE 000061040
X = TOGAS - GASI 00006200
YP = 100.*X/{TGS+X) 00006300
WRITE(106,+9014}) TOGAS:X,YP 00006400
WRITE(I0O6,9015) PLPR,CVPR 00006500
FOLBL = 100.*(FL-FLO)/FLOD 000064600
COLBL = 100.%(CL-CLO}/CLO 00006700
WRITE(I06,9016) FL,FDLBL,CL,CDLBL 00006300
WRITE(106,+9101) 00006900
DO 1000 N=1,NN Q0007000
K=N 00007100
WRITE(106,9102) K 00007200
IF{K.EQ-.NN] GO TO 950 00007360
IF(XCPTIK).GE-XCPO(K))} GO TO 910 00007400
WRITELTID6+9103) RVB{K),RCBI{K) REB(K) RUB{K)+RCT{K};RCO{K};XCPT{K),00007500
* XCPO(K) 00007600
WRITE{1O06+,9104) TFR(K,1) yTFR(K,NCR+1),TFRIK,NCR+NER+1)+TFR(K,NFR1}0D0007700
* s TCLEKs1) s TCL{KNCL1) »TCP{Ks 1) TCPIK,NCL]) 00007800
WRITE(ID6,9105) TBFA(Ke1),TBFA(K,2)sTBFA(K,3)},TBCLA(K]},TBCPA{K) 00007900

WRITE{106,9106)

ATBFA(K,1) 4 ATBFA(K,2),ATBFAI(K,3), ATBLA(K},ATBPAL{K)D0008000

WRITE{TO06,9107) RHIK.1)¢RH{KyNCR+1},RH{K,NCR#NER+1),RHIK,NFR+]) 00008100
WRITE(IDG ,9108) XM{K,1)¢XM{K2) s XMIK,3) 00008200
GO Tg 3920 40008300
910 HWRITE(I06+,9103) RVBIK)RCBIK)REB(K),RUBIKYRCI{KI,RCO{K]) 00008400

HRITELIO6,9104)

TER{Ks1) yTFR{KsNCR+1) ,TFR{K, NCR+NER#+1), TFR{K,NFR1)00008500

* s TCLIK 1)y TCL{K,NCLL} 00008600
WRITE(IDG y9105) TBFA{K,s1}+TBFALK,2)sTBFA{K,3),TBCLA(K) £0008700
WRITE{ID6,9106) ATBFA{K,Ll)ATBFA{K;2),ATBFA{K,;3),ATBLAIK)} 00008300
WRITE{IO&,9107) RH(K,1),RHI{KyNCR+1},RHIK, NCR+NER+1) ,RH{K;NFR¥1} 00008900
WHRITE(IDG y9108) XMIKy1l) o XMIKs2) ¢ XM{K,3) 00009000

920 CONTINUE 00009100
G0 TO 1000 00009200

S50 X=0.0 00009300
IF(XCPI{K)GE.XCPO{K}) GO YO 950 00009400
WRITE(IO6,9103) XsXKsXeXsRCI(K) RCO(KILHCPIL{KI,XCPOIKY) 00009500
WRITE(I06+9104) XoXoX Xy TCLIK;I) o TCLUKsNCLT) s TCPIKy 1)y TCP{K,NCL1} Q0009600
WRITE{I06,+9105) XsXsXTBCLA(K),TBCPALK] 00009700
WRITE{IO649106) XeXeXsATBLA{K)y ATEBPALK) 00009800
WRITE{ID649107) X+XsXRHIK,NFR+1} 00009900

GO TO 970 00010000

960 WRITE{IDNE:9103) XeX XeXsRCI{K),RCO{K] 00010100
WRITELLO6 +9104) XoXpXsXsTCLIKe1) s TCLIK,NCLLY) 00010200
HRITE{IOE +9105) XXy XoTBCLA(K]) 00010300
WRITELI 06 +9106) XeXsXATBLA(K) 00010400
WRITE{ID6,9107) XXy XRH{K,NFR+1) 00010500

970 CONTINUE - 00010600
1000 CONTINUE 00010700
WRITE(I06,9050) 00010800

c 00010900
c 00011000
RETURN _ 00011100

c 00011200
9000 FORMAT U 1Hl, / % * , 114(%%%) , / 00011300

* V' OSTEP NOLW"»T13,5X,"TIME {HRS) =9;F11.3,7X, "POWAV (W/00011400
¥CM) ="4F11.345X,°TOUT (C) =%,FB.3,2X,*TIN {C) =?,FB8.3, / 18X, 'DELTO0011500
¥ {HRS) =7,F11.3,7X%X,°CFLX IN/W/CM) =7,E11.3 ;4X,°P0 (KG/CM*¥*2) =% ,00011600
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¥FTa2e 7 9 %4114 (0%") } 00011700
9001 FORMAT{ / 35X,%===== GROSS OUTPUT NEXT =====0,//,1H ,"+++ AXTAQ0011800
*L DISTRIBUTION (N=14NN) +++* , / 1) Q011900
9002 FORMAT(1H ,* POWERI{W/CHM} ' G TF15.331/41H +23%,TF15.3) 100012000
9003 FORMAT(IH .° FLUX{N/CME%x2Y SEC) Yy TEL15.5,1 /o IH 25X, TE15.5) 100012100
9004 FORMAT{IH ,° FLUENCEIN/CM%%2) Py TE1S5.5¢41 /4y 1H +25X,7E15.5) 100012200
S005 FORMAT{1H ,* BURN UP(A/0) Y3 TFI54541/51H $25X%X:TF15.5) 100012300
9006 FORMAT(LIH 4* BURN UPIMRD/T) 9 2 TF15.15(/741H 421X T7F15,1) 100012400
9007 FORMAT{IH ,* FUEL LENGTH(CM} Y4 TF15.5, (/5 1 425X+ TF15.5) 100012500
5008 FORMATI(LH ,°* CLAD LENGTHI{CM) Y2 TFLE.54( /4 IH 25X, 7F15.5) 100012600
9009 FORMAT{1H ,* THED. DENS.{G/CL) T3 7F15.5s8 /5 IH 525X, TF15.5} 100012700
9010 FORMATI(IH ,* COOLANT TEMP.I(C) ¢ 2 TF1Sa3:{/+1H +23%X,T7F15.3) 100012800
‘9011 FORMATHIH ,° FILM Ho (W/CMXX2/C) Yy TF15.54(/,1H 425X, 7F15.5) 100012900
Q012 FORMAT{1H ,? GAP Ho(W/CM*%2/C) PyTF15.5+1/+1H 425X, 7F15.5) 00013000
. 9013 FORMAT(IH ,°* DELT GAS REL{MOLES)? ,4X,TF15.7,(/s1H 427X TF15.713100013100
2014 FORMAT( LHO, © TOTAL GAS IN PLENUM®, 16X, F15.8, " (MOLES)®, / 00013200
* s1iH ° CUMULATIVE GAS RELEASED®, 12X, F15.8, " (MOLES)®, 00013300

%/ +1H * PERCENT OF TOTAL F.P. GAS®', X, F15.5, ¢ {3/0)00013400

ke ) 00013500
9015 FORMATY 1H 4 ¢ PLENUM PRESSURE?, 15X, F15.3, 6Xe¢ "(KG/CM%x%2)?, /00013400
* s1H , 1 CENTRAL HOLE PRESSURE®, 9Xs Fl5.3y 6Xy "(KG/CME*200013700

*)e  } - 00013800
9016 FORMATY{ iH , ¢ TOTAL FUEL LENGTH AND FL/FLD®¢ 4Xy F15.55 ¢ {C00013900
*M) 1y 10Xy F15.54 2%y 2{0/0)%, / 00014000

* s1H & N TOTAL CLAD LENGTH AND CL/CLO®, 4X; F15.5, * {C 00014100

#M) ', 10X, F1545, 2Xy *(0/0)" } 00014200
9101 FORMAT( 1HO0¢® +++ PERFOBMANCE 4441 } 00014300
9102 FORMATL IHO,? * AXTAL SECTION = ®*, I2, * % ¢ / 14Xy ' FUEL .C00014400
*ENTER COLUMNAR GR. EQUIAXED GR. FUEL OQUTER CtAD INNER 00014500

* CLAD OUTER CAPSULE INNER CAPSULE OUTERY 1} 00014600
9103 FORMAT{ 1H 4% RADIUSICM)®, 8F1l5.5 1) 00014700
9104 FORMAT( 1H +* TEMP.(C)}',y 8F15.3 1} 00014800
9105 FORMAT( 1H +° AV.TEMP(C)", 5X, 3F15.3, 15X, F15.3, 15Xy, F15.3 } 00014900
9106 FORMAT( 1H ,° ALPHA-T{(-=)", TX, 3F¥15.5y 15Xy F15.5, 15Xy F15.5 } 04015000
9107 FORMAT{ 1H +* DENSIG/CC)¥, TXy 3F15.5, 15X, Fl5.5 ) 00015100
9108 FORMAT( 1H 4 MASS{G/CM)', TX, 3F15.5 1} 00015200
9050 FORMAT( 1HO,/ s 35X, 9===== STRESS AND STRAIN DUTPUT NEXT ====x=°0D015300
*} 00015400

C 00015500
END c0015600
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SUBRMUTINE EDTINP ( RVB,RCBsREB;RUB,RCI,RCO:QSFFsQSFP,DTOM.CPU, 00015700

* RHOP FyXCPIXCPOsFLZCLZ,FL,CL,PTOP,PO ) 00015800

C ‘ 00015900
ZOMMON JALWAYS/ NN,NCR,NER,NUR,NCL, NF,NOKsNOSsNOCsNPLDT,NCRK, 00016000

* NTRyNFRyNTRL,NTRZ yNNTR2, MNFy NCL1Is NFR1,NP 1, 00016100

* IGEN,IGENL s NONZRs IGENP, IGENP 1, NONZRP, 00016200

* NICyN2CyNIC, N4Co NSCoNOC, NTC,NBCyNFC,N1OCyN11C 00016300

* N12CsNE3C,N14C,N15C, - 00016400

* MLgN2s NIy NGoNS 4 NE ¢ NT N8By NIy N1OsN1LyN1Z, N1, N1A4NLS 00016500
COMMON /DTHERS/ PG{3),CHML{2),DHR(2),ALFO(3),ALFL{3),XHL(3),CM{2), 00016600

* PI,P12,DP,GRAY, SMQy SMQ0, RHOC, BURHL,BURHZ,CFL Xy 00016700

* CPOW, BUCNS sRK;RKR,A91,GASI,TCON,PDBU, BUB 00016800
COMMON /CAPSUL/ RCPI,RCPO,AFNA 00016900
COMMON /PLTOPT/ IPFULIPSTS,IPSTN,IPCRK,NBUF, IPCNT 00017000
COMMON /IOFIL/ 105,106,107 00017100

c 00017200
DIMENSTON RVBINN) , RCB{NN) , REB{NN) , RUB(NN} , RCI{NM) , 00017300

* RCO{NN) , QSFF(NN) , QSFP(NN)} . OTOM{NN} s CPU{NN¢NP}) 00017400

% RHOP(NNy3) y FINNyNPY} , XCPI{NN} , XCPO(NN) , FLZINN)} ,00017500

* CLZINN} 00017600

C 00017700
c 00017800
C CUTPUT OF INPUT VALUES 00017900
c 00018000
C 00418100
c 00018200
HRITE (106,9000} 00018300

c 00018400
HRITE{IDO65;9001) NN,NCR,NER; NUR, NCLy NP, NOK 00018500
HRITE{10659022) NOS,NOCsNCRK,NPLOTIPFULs IPSTN, IPSTS, IPCRK;NBUF 00018600

C RVB 00018700
WRITE{10679002}) RVB 00018800

C RCH 00018900
WRITE({106,9003) RCB 00019000

C REB 00019100
WRITE(106,9004) REB 00019200

[ RUB 00019300
.HRITE (106 ,9005) RUB 00019400

C RCI 00019500
HRITE{I06,9006} RCI 00019600

c RCO 00019700
WRITE(ID6,9007) RCO 00019800

C 00019900
IF { RCPO-RCPI ) 2005200,100 00020000

100 CONTI NUE 00020100
WRITE(IDG6,9008) XCPY 00020200

WRITE (106,93009) XCPO 00024300

GO TO 300 00020400

c 00020500
200 CONTINUE 00020600
WRITE{IO6,9010) 00020700

C 00020800
300 CONTINUE 00020900
HRITE(ID64+9025) AFNA 00021000
WRITE(106,9011)F FL , FLZ 00021100

C 00021200
WRITE(IN6,+9012) CL , CLZ 00021300

c 00021400
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WRITE{IQ6,9013)

00021500

LENGTH =* , Fl2.4 4 * { CM )} Lee® 1 /7

— 245 —

C 00021600
DO 1000 I=1+NN 00021700
WRITE(IDS6,9014) 1 4 { RHOP(I,})yJ=1,3 } 4 RHOC 00021800

1000 CONTINUE : 000219900

c 00022000
WRITE(ID6,9015) OTCOM 00022100
WRITE{ID6,9016} 00022200
DO 2000 I=1 ,NNF 00022300
WRITE(IN6,9017) I 4+ [ CPU{Isd)yd=1:NP } 00022400

2000 CONTINUE 00022500

C 00022600
WRITE{ID6,9018B) QSFF 00022700
WRITEUING6,9019) QSFP 00022800
WRITE {106 ,9020} 00022900

c 000230Q0
DO 3000 I=1,NNF 00023100
WRITE(IQ6,49021) I 4 { FUI,J3)sd=14NP ) 00023200

3000 CONTINUE 00023300

c 00023400

C 00023500

_ WRITE(ING 3024} GASI 00023600

C 00023700
RETURN 00023800

o 00023900

C ' 00024000

- 9000 FORMAT (1HI , // 25X,%===== INPUT VALUES OUTPUT NEXT =====9°,// 100024100

9001 FORMAT (1HD,' ———— CONTROL NUMBER AND OPTION * 4 // 00024200
* 10Xs "NUMBER OF AXIAL SECTION NN =* , 13 , / 00024300
* 10X,*NUMBER OF MESH FOR COLUMNAR GRAIN REGION NCR =9, 00024400
* 13 4 / 00024500
* 10X, TNUMBER OF MESH FOR EQUIAXED GRAIN REGION NER =1, 00024600
* 13 + / 40024700
* 10X, *NUMBER OF MESH FOR UNDISTURBED REGION NUR =°, 00024800
* 13 4 / 00024900
* 10X, NUMBER 0OF MESH FOR CLAD REGION NCL =", 13 , / 00025000
* 10Xy *NUMBER OF MESH FOR PLUTONIUM MIGRATION NP =*,13 , / 00025100
* 10Xy*FUEL THERMAL CONDUCTIVITY OPTION NOK =%,13, 00025200
* S5Xe®(1/2/3 = SAYLES/BAILY-ASAMOTO/BIANCHERYA)® 3 00025300
9002 FORMAT (1HO.' ——-— CENTRAL VOID RADIYS { CM ) 1-NN o, 7/ 00025400
* {10Xs9F12.4}) ) 00025500
9003 FORMAT {1HOs" =—--— COLUMNAR GRAIN REGION OUTER BOUNDARY { CM } 00025600
#1~NN ® ¢ 7/ C10X+9F12.%4) } ' 00025700
9004 FORMAT {1HOD,* ———-— EQUIAXED GRAIN REGION QUTER BOUNDARY { CM ) 00025800
#1-NN ® o //. (10Xs3F12.4) } 00025900
9005 FORMAT (1HO,* ===~ FUEL QUTER RADIUS { CTM ) 1-NN ® 4 7/ 00026000
¥ (10X+9F 124} ) 00026160
9006 FORMAT {1HOs* =-—= CLAD INNER RADIUS { CM ) 1-NN ® , /7 00026200
* {10X29F12.4) } 00026300
9007 FORMAT (1HOs* --—— CLAD OUTER RADIUS ( CM } 1-NN ® » 7/ 00026400
* (10X,9F12.4) 1} 00026500
9008 FORMAT (1HO+* ——-—— CAPSULE INNER RADIUS ( CM ) I-NN * , S/ 00026600
* {10X,9F12.4) ) 00026700
- 9009 FORMAT {1HO,® —---— CAPSULE OUTER RADIUS { CM } 1-NN * o // 00026800
i (10X,9F12.4) ) 00026900
9010 FORMAT {1HO,* #%&x THIS FUEL IS UN-ENCAPSUL ATED ki v ) 00027000
9011 FORMAY {1HQs* --——— FUEL AXIAL LENGYH { CM ) 1-NN aese TOTALOOO27100
* AXIAL (L0X+9F12.4) ) 00027200



PNCT841-75-17

9012 FORMAT {1HO,% ——=—— CLAD AXIAL LENGTH ( CTM ) 1-NN ees_JOTALQDO27300
# AXTAL LENGTH =% 4 F12.4 4 * € CHM ) aee’ 4 // {10X,9F12.4) ) 00027400
9013 FORMAT (1HO,' ---= DENSITY OF FUEL ( 3 REGIONS ) AND CLAD { &/CC 00027500
*) v /) ' _ 00027600
9014 FORMAT (1H ,10X,'AXIAL SECTION =*,13,5Xe4F12.4% ) 00027700
9015 FORMAT (1HOs% ~---- O/M 0OF FUEL  PU-0(X) 1I-NN * 5 /7 00027800
¥ {10X,9F12.4) ) i 00027900
9016 FORMAT {1HO,¥ ===— PLUTONIUM CONCENTRATION { WEIGHT-FRACTION ) 00028000
E1-NP Y 7 ) 00028100
9017 FORMAT (1H ,10X,"AXIAL SECTION =% ,13,5X,7TF12.4, / (34X,TF12.4) } 00028200
9018 FORMAT {1HO,* ==—= AXIAL FAST FILUX { E .GE. O.IMEV 1 RATE 1-NN 00028300
®1 , /7 (10X,9F12.4) ) 000284500
9019 FORMAT (1HO,' -——— AXIAL HEAT GENERATION RAYE 1-NN ' 4, // 00028500
* (10X,9F12.4) ) 00028600
9020 FORMAT {1HO,' -—--— RADIAL HEAT GENERATION RATE 1-NP * , / ) 00028700
9021 FORMAT (1H 10X,  AXTAL SECTION =% y13,5Xs7FL2.4, / (34X, TF12.4) ) 00028800
9022 FORMAT {1O0X,'CLAD SWELLING OPTION NOS =%,13, 00028900

% 5Xy7(—-1/-2 = ANNEALED 304,3165.5./20P.C.COLD HORK 3165.5.)00029000

* Py / 000291 00

* 10X, "CLAD CREEP OPTION NOC =%,13, 00029200

* BXs'(-1/-2 = BOLTAX,BIANCHERIA,GUHA/MODIFIED}® , / 00029300

* 10X+ *CRACK OPTION NCRK =9,13 4, 5X , "{0/1 = NO CRACK CALC00029400

. %, /CRACK CALC.)®* 4 / 00029500

* 10X, *PLOT OPTION NPLOT =°,13,5X,°(0/1 = NO PLOT/PLOTI®*y/ 000295600

* 20X, *AXTAL SECTION NUMBER FOR _FUFL =',13, / 00029700

¥ 20Xy TAXTAL SECTION NUMBER FOR STRAIN =°,13 , / 00029800

* 20X *AXTAL SECTION NUMBER FOR STYRESS =%,13 , / 040029900

¥ 20X, *AXIAL SECTION NUMBER FOR CRACK =%,13, / - 00030000

¥ 20Xs"STORAGE {WORDS) REQUIRED FOR PLOTTING STEP =*%,14, / } 00030100
9024 FORMAT{ 1HG,* —-——— INITIAL GAS IN PLENUM =*,F1l5.7,* { MOLES )" )00030200
9025 FORMAT{ 1HO,% —=—— COOLANT FLOW. AREA =% , F15.8 o % { CM¥Xx2 }* 00030300
c 00030400
END 00030500
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SUBROUTINE EDTMTX { EPR,EPC,FPZ+SIGR,SIGC,S16GZ,TPR,TPC,TPZ, TSR, 00030600

* TSCyTSZ4RDIS,,CRIF,RLP,TCP,TBCP4ATBCP,RCL,TCLy 00030700
* TBCL,ATBCL,YNG, POS,SHRy BMyRF, TF, TBFs ATBF4PRSy D0030800
* EHP, TPRF s TPRC,TPLF,TPCC, TPZIF,TPZC, 00030900
* PRESsKFRIC, DPR,DPCyDPZ, 00031000
* DSRyDSC,D57,P0SB,SHRBySWG+SHS s NeRPM; TPM,4GSy 000311060
* CPUsLMy LMR,LMC,LMZ,RCOD ) , 06031200
C 00031300
COMMON /ALWAYS/ NN,NCRyNER,NURy NCLsNP,NGK,NOS,NOC,NPLOT,NCREK, 00031400
* NTRyNFRsNTR1,NTR24NNTR2y NNF; NCL2s NFR14NP1, 00031500
* IGEN, IGEN1 , NONZR, IGENP, IGENP1,NONZIRP, 00031600
* NICsNZ2Cy NIC, NGCy NSCy NGCyNTCy NBCNIC4 NLOC,N11C, 00031700
* N12C,N13C,N14CyN15C, 00031800
* MLyNZsN3yNGyNSyNEy N7 NByNIsNIOWNLITIJN12yN13I;N14,N15 00031900
COMMON /XFRIC/ FST,FDY,GAP 000329000
COMMON /CAPSUL/ RCPIJRCPU,AFNA . 00032100
COMMON /COMPLY/ YP,0DOD,TITLELZ20) 00032200
COMMON /IOFIL/ 105,106,107 00032300

DIMENSICN EPR{NNysNTR) + EPCINN,MTR) » EPZ(NNyNTR} , SIGRINN,NTR} ,00032400

* SIGCIMNyNTR) , SIGZ{NNyNTR} , TPR{NN,NTR} , TPC(NNsNTR,00032500

* TPZINNJNTR] , TSR{NN,NTR) , TSCINN,NTR) , TSZ{NN,NTR) , 00032600

* RDIS{NN,NTR2} , CRIF(NN} , RCP{NN,NCL1) , TCP(NN,NCL1) ,00032700

* TBCPINN,MCL) , ATBCP{NN,NCL) , RCL{NN,NCLL) . 00032800

* TCLUNN,NCL1) » TBCLONN,NCL} y ATBCLINN,NCL) , 00032900

* YNG{NNsNTR) , POS{NN,NTR} , SHRINN,NTR} , BM{MN,NTR) , 00033000

% RE(NN,NFRL) , TF(NN,NFR1) , TBFINN,NFR} s ATBFINN,NFR) ,00033100

* PRSINN,NTR) 4 EHP(NN,NTR)} , PRES{NTRI) , KFRIC(NN) , _ 00033200

% DPR{NTR} 5 DPC{NTR) , DPZ{NTR) , DSR(NTR) , DSC(NTR) , 00033300

% DSZINTR) » POSB(NN,2) , SHRB(NN,2} , SWGINNy,NFR) , 00033400

x SWS{NN,NTR} , RPM(NN,NPL} , TPMINN,NPL} , GSINN,NFR) 00033500
DIMENSION CPU(NNsNP) 5 LMUNNsNTR) s LMR(NN,NTR) , LMC{NN,NTR) , 00033600

% LUMZ (NN;NTRY , RCOOCNN) 00033700

C 00033800
3 00033900
c DETAILED AND MATRIX RESULTANT OUTPUT : ) 00034000
C 00034100
C 00034200
WRITE(106,9000] N 00034300

IF _(RCPO-RCPIY 200,200,100 e 00034400

100 CONTINUE 00034500

c CAPSULE QUTPUT o 00034600
WRITE{106,+9110) } 00034700
WRITE(ID6,9210) ( RCP(NyI},I=1,NCt1 } 00034800
WRITE(106,9220) { TCP(NyI)3I=14NCLL ) 00034900
WRITE(I06,9310) { ATBCP(NsI},I=1,NCL ) . . 00035000

200 CONTINUE 00035100

¢ CLAD OUTPUT 00035200
WRITE(106,9120) : 00035300
WRITE(106,9210) ( RCL(NsI),I=1,NCLL } 00035400
WRITE(I06492401 ( RDISIN,I+1),I=NFRL,NTR1 ) 00035500
WRITE(106,92200 ( TCLIN,1),I=1,NCL1 } 00035600

J1 = NFR 00035700
IF{N.EQ.NN) J1=0 : 00035800
WRITE(176,0230) ( PRES(JL+1)sI=1,NCL1 ) 00035900
WRITE(I06,9310} (ATBCLIN,1),1=1,NCL) 00036000
JCOUNT = 0 00036100

400 1F{JCOUNT.GE.1} GO TO 500 00036200
JIJ = 2 00036300
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KK = NFR1 00036400
KKK = NTR 00036500
KKKK = NCL 000365600

GO TN 600 00036700

500 KK =1 00036800
KKK = NFR 000356900
KKKK = MFR 00037000

Jl1 =0 000371 00

JJdJd =1 00037200

600 CONTINUE 00037300
WRITE{IO6,9320) {(POS{N+I},I=KK,KKK) 00037400
WRITE(TIO6,9330) {YNG{NsI¥yI=KK,KKK] 00037500

IF { KK.GT.NFR } GO TGO 650 00037600
WRITE{I106,95600) 00037700
WRITE(IOE,9601) { £MRIM,I),I=KK,KKK } 00037800
WRITE{IO6,9602) ( LMCIN,I),I=KK,KKK )} 00037900
WRITE(I06,9603) ( E1MZI{NsI1),1=KKyKKK } 00038000

c 00038100
650 CONTINUE 00038200
WRITE{TO6 4+9340) 00038300
WRITE{T1D6,9392) [SYIGRIMN, I}, I=KK,KKK) 00038400
WRITE{ID6+9392) (SIGC{N, 1)y =KK,KKK) 00038500
WRITE(106,9393) (SIGZ{N,1),I=KK,KKK) 00038600
WRITEL106,+9350) 00038700
WRITE(IDG639391) (EPRIN,I),I=KK,KKK) 00038800
WRITE{106,:9392) (EPCINyI},I=KKsKKK] 00038900
WRITE(ILQ6,9393) (EPZ{N,T},I=KK,KKK) 00039000
WRITE{1(16,9360) 00039100
WRITE{106,9391) {YPRIN,I),T=KKyKKK]} 00039200
WRITELIDS 49392) (TPCI{N,T),I=KK,KKK) 00039300
WRITE(I06,9393) (TPZIN,T1),I=KKsKKK] 00039400
WRITE{106,9370} 00039500
WRITE{ING6,9391) (DPR{JL+T),1=1,KKKK] 00039600
WRITE{IC6,9392) (DPCUJE+1),1I=1,KKKK} 00039700
WRITE(I06,9393) (OPZ{J1+1),I=1,KKKK) 00039800
WRITE(IDG +2380) 00039900
WRITE(T106,9381) ([TSRINsI),I=KK, KKK} 00040000
IF{JCDUNTLER.O) GO TO 700 cocs0100
WRITE(106,9382) {SWSIN,I),I=1,NFR} 00040200
WRITE(TID6,9383) {SWGIN,I),I=1,NFR) 00040300
WRITE{106,9384) (EHPIN,I),I=14NFR) 00040400

c . 00040500
700 CONTINUE 00040600
c WRITELIN6,9385) [DSRIJ1+I},I=1,KKKK] 00040700
DO = ( RCL{N,NCL1)-RCOO{(N} ) / RCOOIN} * 100, 00040800
WRITE{106,9250) DBDOD 00040900
WRITE{IO6,94101 POSBINyJJI) 00041 000
YNGB = SHRBINyJJJ}#2.%({1.+POSBIN,JJII)) 00041100
WRITE(YO6 494201 YNGB : 00041200
IF(NLEQ.NN} GO 7O 900 00041300
IF(JCOUNT.GE.1} GO TO 800 00041400
WRITE(ID6,9130) 00041500
WRITE(IDE,9210) (RFIN,T),I=1,NFR1) 00041600
WRITE({IDG 49240} (RDISIN,I),I1=1,NFR1) 00041700
WRITE (106 +9220) [ TF(NsT),T=1,NFR1) 00041800
WRITE(106+9230) ( PRES{I},I=1,NFR1 ) 000419200
WRITE{ID6,9310) (ATBF(N,T1),I=1,NFR) 00042000 -
JCOUNT = 1 00042100
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GO 70 400 ’ 00042200
800 WRITE(ID6+9430) GAP 00042300
IF { KFRIC{MN)}=-1 ) 801,802,803 . 00042400
- 801 WRITE{IO6,9700) CRIF{N} - 00042500
GO TO 804 00042600
802 WRITF{ID6,9701) CRIF(N]) 00042700
GO TO 804 30042800
803 WRITE{ING,97Q2) CRIF(N) 00042900
804 CONTINUE 00043000
WRITE(IDG ,9140) 00043100
WRITE(TI (6425103 (RPMIN,I1),I=1,NPIL) 090043200
WRITE(ID6+9520) (TPM(N,I),I=1,NP1) 00043300
WRITE{106,9530) {CPUINsT),I=1,NP) 00043400
C ) 00043500
RETURN 00043600 _
900 CONTTI NUE 00043700
C 00043800
C TO GET THE CPU TIME ACCUMULATED ( SEC ) 00043900
C 00044000
CALL TTIMER(TIMER) 00044100
C 00044200
WRITE(IO6,+12321) TIMER 00044300
- RETURN 00044400
ST . 00044500
12321 FORMAT(IHO,*CPU TIME =1 ,F7.2," {(SEC)? ) 00044600
9000 FORMAT(Z22HO#*#%% AXIAL SECTION = 4 12, SH %% ) 00044700
9110 FORMATI29HO +++ CAPSULE (I=1,NCL} #+++ ) 00044800
9120 FORMAT(29HO ++#+ CLAD ([I=1,NCL} +++ ) 00044900
9130 FORMATIZ29HO +++ FUEL (I=1,NFR} +++ ) 00045000
9140 FORMAT{40HO +++ PLUTONIUM MIGRATION (I=14NP) +4++} 00045100
9210 FORMAT(21H RADIUS{CM) y TF15.5, (/s 1H ,20Xy 7F15.5 ) )} 00045200
9220 FORMAT{19H TEMP.(C) » TFL15.3, (/s 1H ,18X, TF15%.3 } ) 00045300
9230 FORMAT{21H PRESS. {KG/CM%%2)} 4 TE15.5¢ (/5 1H ,20%, TE15.5 ) ) 00045400
G240 FORMATI{21H DISPLACEMENT(CM) 4, TF15.5, (/s 1H ,20%s TF15.5 } } 00045500
9250 FORMATIU /4 Xy *PERCENT CHANGE IN ORIGINAL O.De =94 F15.5,' (D/0)7 / )} 00045600
9310 FORMATI(2TH . ALPHA-T(-! 1 TF15.5440/41H 226X, TF15.5) )00045700
9320 FORMATI(27H POISSON RATIO(-) g TF15.54{/y1H 426X, TF15.5) 100045800
9330 FORMATI(Z2TH YOUNG Ma{KG/CM*%%2]} v TELS.5,0(/31H 226Xy TE15.5) 100045900
9340 FORMAT{23H STRESS{KG/CM¥Ex2) } 000460090
9350 FORMAT{23H TOTAL STRAIN(-) ) 00046100
9360 FORMATI(23H CREEP STRAIN(-) 1 00046200
9370 FORMAT{(23H CREEP IN DELTI~} ) 00046300
9380 FORMAT{23H SWHELLING STRAIN{-) ) 00046400
9381 FORMAT(27H TOTAL v TE1S5.5,{/51H 126X+ TE15.5) 100046500
9382 FORMATI2TH SAOLID COMPONENT 9 TELS55,1/y1H 26X, TE15.5}) ) 00046600
9383 FORMAT(27H GAS COMPONENT y TELS.5:(/+1H 426X TEL5.5) 100046700
9384 FORMATI{ZTH HOT PRESSING y TE15.5,{/4y1H 426X+ TE15.5} )00046800
9385 FORMATI{27TH INCLEMENT IN DELT v TELS5.5,(/41H 26X, TE15.5) 100046900
9391 FORMATI{27TH RADIAL 9 TE1S5.5.1/41H ,26%X.s7E15.5) 100047000
89392 FORMAT(2TH CIRCUMFERENTIAL r TELS5.5,{/4y1H 26X, TE15.5} 100047100
9393 FORMATI{2TH AXIAL + TE15.5,1/41H ,26X,7E15.5} 100047200
9410 FORMAT{37H AVERAGE PDISSON RATIO(-) = 4y F15.5 } 00047300
9420 FORMATI(3ITHO AVERAGE YOUNG MODULUS(KG/CM%%2) = , E15.,5 ) 00047400
9430 FORMAT(3THO GAP SIZEI(CM) = 4 F15.5 ) 00047500
9440 FORMATI(3TH FRICTION FORCE{KG/CM) =4, E15.5 1} 00047600
9510 FORMAT(20H RADIUS{CM} s 11F10.5, /sy 1H , 19Xs 11F10.5) ) 00047700
9520 FORMATI(18H TEMP, (L) v 11F10.3y &/ IH 5 17X, 11F10.3) } 00047800 _
9530 FORMATI1BH PY CONC. (-} ,10%, 1OF10.5, {/y 1H » 24Xy 10F10.5}) )} 00047900
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9600 FORMAT( YH ,* NUMBER OF CRACK " } Q0048000
9601 FORMAT{27H RADI AL 111046115, (/41H 421X, 00048100
* 7I15) 1 00048200
2602 FORMATI27TH CIRCUMFERENT I AL 211046715, 0 /4 1H 221X, 00048300
* J115) ) 00048400
9603 FORMAT(27H AXTAL »E20,6115,0/51H 421X, 00048500
* 71151 ) 00048600
9700 FORMAT(37H FRICTION FORCE{KG/CHM] = 4 El5.5 » 00048700
* ¢ { OPEN )* ) 00048800
9701 FORMAT{3TH FRICTION FORCE{KG/CM} = 3 E15.5 » 000483900
* 1 {_SLie )°* ) 00049000
9702 FORMATI3TH FRICTION FORCE(KG/CHM) = 4 E15.5 4 00049100
* { STICK 3°' ) 00Qa9200

END 00049300
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SUBROUTINE EQUISTI { SRsSC,5Z,ES,PRS,N } 00107300
COMMON /ALWAYS/ NNsNCR,NERsNUR,NCL, NP, NOK, NOS,NOC,NPLOT,NCRK, 00107400

* NTRy NFRyNTR1yNTR2yNNTR2, NNFy NCL1,NFR1,NP 1, 00197500

* TGEN,I1GENL, NONZRy IGENP, IGENP1,NONZRP, 00107600

* N1CyN2CyN3CyN4Cy NSCoyNO6Cy NTC,NBCyNIC,N1OC,N11C, 00107700

* N12C,NI3CyN14C, N15C, 001073800

* N1 gN2oN3y N4 N5y N6y NT NB, NO,NIO,NLE,NL2,NTI3,N14,N15 00107900
DIMENSION SRINM,NTR) , SCUNN,NTR) 5 SZ{NNsNTR) , ES{NN,NTR) 00108000

* s+ PRSINN,NTR} 00108100

c : 00108200
C EQUIVALENT STRESS CALC. 00108300
c 00108400
DO 1000 T=I,NTR D0108500
ES(NsT) = SQRTL{ ({SRIN,T}=SC{NsI))}%%2 + [SRINyI)=SZ(N, ) )sx2 00108600

* + {(SC{N,T}-S7(N,I1))%%*2) / 2.0 } 00108700
PRS{NsI} = = { SR{N,I)+SCIN,I)+SZ(NyI} } / 3.0 00108800

1000 CONTINUE Q0108900
C 00109000
RETURN 00109100

END 00109200
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SUBRDUTINE FLCOND { XKsXKLsZHsFP,FP95,T |} 00049400

C 00049500
COMMON /ALWAYS/ NN,NCRsNER,NUR. NCL, NP, NOK,NOS,NOC,NPLOT;NCRK, 00049600

* NTR, NFRyNTR14NTR2,NNTR2, NNF, NCL 1, NFR1,NP1, 00043700

% IGEN, IGENL s NONZ R IGENP, I GENP1,NONZRP , 00049800

x NICyNZCy N3C ¢ N&C,NSCy NEC, NTC4NBC, N9C, NLOC,NL1LC, 00049900

* NL2C4N13C,N14C,N15C, 00050000

* NL N2y N3, NG 4 N5y NGO ¢ NT 3 NBy N9y NLO¢NLI1,NL2,N13,N14,N15 00050100
COMMON /CONST/ FKAL ,FKBL.FKC1l,FKAZ2, FKBZ2, FKC2, FKA3, FKB3,FKC3, 00050200

* FAl1,FAL2,FA21,FA22,FA31, FA32, 00050300

% CK14CK2,CAL,CA2, XEWTONLT) 00050400

C 00050500
c 00050600
C FUEL THERMAL CONDUCTIVITY CALC. 00050700
c 00050800
C 00050900
IF{ NOK-2 } 100,200,300 00051000

C ~ 00051100
100 7 = T+273. 00051200
XK = {FKB1/Z + FKAL + FKCL*Z##3) #* Fp 00051300

XK1 = [(=FKBL/Z%*2 + 3 4FRCL*Z#%2) * FP 00051400
RETURN 00051500

C 00051600
200 XK = FKAZ + L./ {{FKB2=FKC2%ZH)*T} 00051700
XKL = =1 /0 (FKB2-FKC2%ZH)*T*T) 00051800
RETURN 00051900

c ) 00052000
300 Z = T+273, 00052100
A3 = FKA3*FPOS/FP 00052200

B3 = FKB3*FP95/FP 00052300

L3 = FKC3*FP/FPYS 00052400

C 00052500
C BIANCHERIA OPTION 00052600
C 00052700
XK = 1./7(A3+R3%Z} + C3%7#%3 00052800

XKL = ~B3/{A3+B3*Z)%*2 + 3,%C3IKI**2 60052900
RETURN 006053000

C XK 1IN W/CM/DEG C 00053100
c XK1 IN W/CM/DEG C /DEG C 00053200
£ 00053300
END 00053400
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SUBROUTINE FLTMP ( POWLTCLyRCI,RUB,REB;RCByRVByRHyDXAM, XMsRy Ty 0053500
* TBrATByTBA, ATBA,FOLRPM, TPM, TBPM, ATBPM, FDPM,GDT,00053600
¥* HG4Fy OTOM,RHTHEOQ, DELT 4 RFO, IT, BU,RHOP,RB, 00053700
* EPRJEPC,EPZTPRyTPC,TPL TSRy TSCyTSZ,GSySHG,SHWS,00053800
* EHP WL Dy WNEW s XEPRy XEPCy XTPRy XTPLXTPZ,XTSR, 00053300
* XTSCeXTSZs XGSs XSHGy XSWS, XEHP, XSWS3, SKWS3 ) 00054000
C 00054100
REAL*8 R1,R2,4R3,R4,R1R,R2RyR3RyRHDYy RHD2,RHD3, XMD1, XMD2, XMD3 00054200
COMMON FALWAYS/ NNyNCR,NER,NURyNCLsNP,NOK,NOS,NOC,NPLOT,NCRK, 00054300
* NTRy NFRyNTRL,NTRZ,NNTRZ, NNFs NCL1,NFR1,NP 1, 0005440Q0
* IGEN, IGENLyNONZR, IGENP, IGENP1,NONZRP, L 00054500
%* NICsN2Co N3CyN4C, NSCyNEC, NTC, NBC,NOC, N10OC, N11C, 00054600
* N12CyN13C,N14CsN1I5C, 00054700
* NL N2y N3y NGgNSgNEo NTy NBy NIy NIGSNTITI N124N13I,N14,N15 00054800
COMMON /OTHERS/ PG{3),CHM1{2),DHR{2), ALFOU3),ALF1(3), XML(3},CM[{2}, 00054300
* PI,P12,0P4GRAV,5SMQ, SMQ0, RHOC,BURHI,BURH2,CFLX, 00055000
bl CPOWs BUCNSyRK4RKR,A91,GAS T, TCON, PDBU, BUB 00055100
COMMAON /CONST/ FKAL yFKBL,FKC1,FKAZ2:FKB2y FKC2yFKA3,FKB3o FKC 3, 00055200
* FAll1,FA12,FA21,FA22,FA31,FA32, 00055300
% - CK1,CK24CAL,CAZ, XEWTON(T]) 00055400
COMMON /IOQOFIL/ I05,106,107 00055500
COMMON /FBRATR/ JFA ’ 00055600
C 00055700
REAL*8 XAR 00055800
DIMENSTON POWINN] 4 TCL{NN,NCL1) , RCI{NN] + RUBITHNN] 00055900
* REBINN) » RCBINN) , RVB{NN} , RHINN,NTR} y DXM(NN:3) , 00056000
it XMINN,3) , RINNyNFR1) 4 TU(NN,NFR1) , TBINNsNFR)} , 00056100
¥ ATB{NN,NFR} 4 TBA(NN¢3) , ATBA{NN,3) » FDUNN.NFR) ., 00056200
% RPM{NNsNPLl} o+ TPM{NNsNP1} , TBPMINN,NP)} , FDEM(MNysMNP) ,00056300
* GOT{NN,NPL} , HG(MN) , ATBPM{NNsNP) » FINNgNP} , 00056400
3 OTOM(NN) , RHTHEG{NN) , RFO(NN,NFR1) , BU{NN}, Q0056500
#* RHOP {NN,3) 4y RBINN,NTR) 00056600
DTMENSIUN EPR{NNy NTR) s EPCINNyNTRY,EPZ{NN,NTR),TPRINN,NTR ), 00056700
TPCINNsNTR) 2 TPZ(NNyNTR) 4TSRINNsNTR}yTSCINN,NTR ), 00056800
* TSZ{NNyNTR) «GS (NNy NFR) y SWGINN; NFR} ySHS(NN,NTR ), 00056900
* EHP (NNyNTR) s SWS3 (NN, NUR} 00057000
DIMENSINON WOLD{NNsNFR) 4WNEWINFR),XEPR{NFR},XEPCINFR ), XTPRINFR), 00057100
. XTPCINFR)  XTPZ{NFR) sy XTSRINFR) JXTSCINFR)I4XTSZ(NFR ), Q0057200
* XGS{NFR} s XSHGINFR) s XSHS{NFR), XEHPINFR)yXSWS3INUR) Q0057300
C 00057400
C . 00057500
C FUEL TEMPERATYURE DISTRIBUTION , RESTRUCTURING CALC. 00057600
C Q0057700
C 00057800
BT = 1.0 00057900
IF{JFALGE.2} BT = 0.5 Qo0s8000
C 00058100
DO 1000 N=1,MNF . 00058200
C 000458300
P = POWIN)*B.E0L1E+02 00058400
C P NOW TN CAL/CM/HR 00058500
TO = TCLIN,1) + P/{HGIM)®=2,.%PIXRCI(N))Y / 1.8 00058600
C T NOW IN DEG C o L Q0058700 _
W = POWIN) : 100058800
C W NOW IN WATTS/CM 00058900
C RUBI{N) NOW IN CM 00059000
o e . 80059100
RHOT = RHTHEQ{ N ) 00059200
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C 00059300
700 RO = RUB(N) 00059400
C o __. b0oo059500
G RO NOW IN CM 00059600
C . 00059700
RIN,NFR1} = RO 00059800
T{N,NFR1) = TO 00059900
RPMIN,NP1l) = RO 00060000
TPM{N,NP1) = TO N ____0pos0100
C 00060200
C SUBDIVIDE EACH ZONE 00060300
C 00060400
DR = {(RCBIN)-RVEIN}) / NCR 00060500
C 00060600
R{N,1} = RVYRB(N) . Dopse0T0oO |
DO 3100 I=2,NCR 00060800
3100 R{N,I} = R{N,I-1) + DR 00060900
C 00061000
DR = (REB{(NI-RCB(N)) / NER 00061100
C 00061200
K = NCR+2 _ _._ 00061300
KK = NCR+#NER 00061400
R{N,NCR+1) = RCB(N) o 00061500
DO 3200 I=K,KK 00061600
3200 RIN,T} = RIN,I-1) + OR 00061760
C 00061800
DR = (RUB{N}-REBINI) ¢/ NUR o 00061900 _
C 00062000
K = NCR+NER+2 - e 00062100
KK = NFR 00062200
RINJNCR+NER+1) = REB(N} 00062300
DO 3300 I=K,KK 00062400
3300 R{NsI) = R{N,I-1) # DR _____ __ 00062500
C 00062600
o IF{1TL.NE.1l) 60 T0O 3330 . o _.00062700_
a0062800
00 3333 I=1,NFR] 00062900
3333 RFOINLI) = RIN,I) 00063000
3330 CONTINUFE 00063100
C 00063200
DO 3400 I=14NFR 00063300
RBINGI) = Zoa¥{RIN,T+1)*R{N, I+E}+RIN, T+L)2RIN, TI+RIN, I)%*R{N, 1)) / 00063400
* (3. % {RIN, T+1 ) +R{N, 1))} 00063500
3400 CONTINUE 00063600
C 00063700
XML{1) = Q. 00063800
XMLI2)} = XMI{N,1}) 00063900
XML{3) = XMINsL)+XM(N,2) 00064000
SM = XMINSI)+XMIN2)+XMINs;3) 000641 00
SF = 0. - 00064200
C 00064300
DO 1100 J=1.NP 00064400
1100 SF = SF+F {N,J) 00064500
C 00064600
NPNP = NP * 2 00064700
DM = SM/NP 00064800
C DMD = SM/NPNMP 000464900
XMl = SM 0006%000
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RR = RO 00065100
T = 70 00065200
WW = e 00065300
C : 00065400
1 =3 000565500
C ' 00065600
NM = NP ‘ ' 00065700
DDM = DMO 00065800
C : e _ 00065900 _
300 DML = XM{N,1) 00066000
SAT = 0. R _00066100_ .
C 00066200
. GO TO ( 310+3204330 } , 1 00066300
310 J = 1 00066400
P =1, ~ (RHOP{N,I} + (0.99%RHOT =~ RHOP{N,I1}} *BUIN}/BURH1)/RHOT 00066500
50 TO 340 000666900
320 J = MCR+l 00066700
P = 1., — (RHOPI{N,I) +{0.965%RHOT — RHOP{N,I)) *BU{N)}/BURHZ2)/RHOT 00066800
60 TO 340 00066900
330 J = NCR+NER+1 00067060
P = 1. — RHOPIN,T}/RHOT 00067100
340 CONTINUE 00067200
C L 00067300
FP = (l.=P)/{1.+BT*P} 00067400
FPO95 = (1.-0.05)/(1.+BT%0.051} 00067500
C 00067600
400 CONTINUE 00067700
IFIDOM-DML) 200,100,100 00067800
100 IF(1-2) 110,120,130 00067900
110 RT = RVBIN) - 00068000
G0 70 140 00068100
120 RI = RCBI{N) 00068200
GO TO 140 L 00068300
130 RI = REB(N) 00068400
140 DM = DMt 00068500
ICHECK = 1 ‘ 00068600
Gl TO 500 - 0DD0&BTO0
C 00068800
200 OM = DDM 00068900
XAR = RR*%2 - DM/(PT#*RH{MN,J)} 00069000
IF{XARLT.0.) XAR = 0, 00069100
RI = DSQRT{XAR) . 00069200
ICHECK = 0 = 00069300
c 00069400
500 DR = RR - RI . e e . 00069500
W1 = WHMP%F (N,NM)/(SF#5M) 000569600
W3 = W1%RH{N, J) 00069700
DW = WL%DM 00069800
WW = HWW - DiW 00069900
C 00070000
o FUEL THERMAL CONDUCTIVITY CALCULATION o o . 00070100
C 00070200
¢ o - 00070300
C 0DTOM MODIFY 00070400
C 00070500
CALL OTMCAL { DOTCMyN ) 00070600
c e ee.________DOQ@TOTOQO
CALL TCOEF { OTOM,N } 00070800
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c 00070900
C THERMAL CONDUCTIVITY ITERATION LOOP 00071000
c B o 00071100 _
JTEMP = O 00071200
TIT = 11 00071300
540 CONTINUE 00071400
¢ 00071500
TCR = L.¥ALFOLIIR(TTT=20.3+#ALFL(II*(TTT*T17-400.1/2. 00071400
c TCR = 1.+ALFO(I}%{TT~20.)+ALF1(I)*(TT*TT-400.0/2. 00071700
IH = RH(N,J) 7 {RHOT#TCR) 00071800
c B 00071900 _
CALL FLCOND(XKy XKL ZHoFP4FPO5,TTT} 00072000
c CALL FLCOND { XKsXKl,ZH,FP,FP95,TT ) 00072100
c 00072200
IE(WWoLEL 0.} WW=0,0 00072300
C TF(WW.LE.O.) GO TO 550 00072400
IF(RI.LE.0.001) 6O TO 550 00072500
DT = W3%{RR##2-RI*#21/ (4e *XK)—(HIRRT##2/ (2, *XK)=WH/(PI2%XK) ) % 00072600
x ALOG (RR/RY) 00072700
GO TO 560 : 00072800
550 DT = WIHRRREXD/(4,%XK) __ -~ 00072900
560 CONTINUE 00073000
IF{JTEMP.EQ.2}_ GO TO 570 00073100
TTT = TT+DT1/2. 00073200
JTEMP = JTEMP + 1 00073300
GO T0 540 00072400
570 CONTINUE _ . o 00073500
¢ 00073600
C END OF THERMAL CONDUCTIVITY LDOP ) 00073700
€ : 00073800
TBPMIN,NM) = TT + DT/2. 00073900
ATRPMIN,NM) = ATBFUN { TT,DT,I ) 00074000
SAT = SAT + ATBPMIN,NM)®DM 00074100
FDPMIN,NM) = F{N,NM)%NP*RH{N,J) / {SM*SF) 00074200
c FDPM NOW IN FISSIONS*CM/FISSIONS/CM*%3 00074300
c 00074400
XML = XML — DM 00074500,
RR = RI 00074600
TT = TT % DT ... 00074700
€ 00074800
IF(ICHECK.ER.0) 6O TO 600 00074900
ATBA(N,I) = SAT/XM{N, T} 00075000
IF{RR.LE.0.) GO TO 825 00075100
T =1-1 00075200
IF(I.GE.1) GO TO 831 - . . 00075300
GG Tn 829 00075400
825 DO 826 JJ=1,I . 00075500
ATBA (NyJJ) = ATBAIN,T) 00075600
826 CONTINUE 00075700
829 CONTINUE 00075800
DO 830 JJ=1,NM 00075900
TPM(N, JJ} = 1T 00076000
RPMIN,JJ} = RR 00076100
TBPMINsJJ) = TBPM({N,NM} 00076200
ATBPMIN,JJ) = ATBPM(N,NM) 00076300
FOPM{N,JJ} = FDPMIN,NM) 00076400
B30 _GDTIN,JJ) = -DT/DR . . 00076500
G0 T0 860 00076600
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C 00076700
831 GRDT = DT/DR 00076800
Y = 0.1%{1T-T0) /R0 00076900
IF{ GRDT-Y ) 835,840,840 00077000
835 GRIT = Y 00077100
840 TK = TT+273. 00077200
IF(GRDT.LE.0.) GRDT=1.E=06 00077300
C 00077400
GO TD { B4L,842 ) , 1 00077500
841 CONTINUE 000774600
DRCB = CML{ID*(TK**({-1,5)) * EXP{-DHR{I)/TK} % GRODT 00077700
CM{L) = PI2*RR%RH(N,J)}*DRCB 00077800
GO TO 843 00077900
842 CONTINUE 00078000
DREB = CMLUI)*EXP{-DHRII}/TK} 00078100
CM{1) = PI2#RR¥RH{N,.J)*DREB 000678200
843 CONTINUE 00078300
DDM = DDM-DM 00078400
1F (DDM.56T.0.) GO TO 850 60078500
TPMINGNM) = 7T 00078600
RPMIN,NM} = RR 00078700
GOT{N,NM) = -DT/DR 00078800
NM = NM=1 00078500
IFINM.GF.1) GO TO 300 00079000
G0 TO 7700 00079100
850 IF(I.GE.L) GO TO 300 00079200
GO _TO 860 00079300
600 TPHMIN,NM) = TT 00079400
RPM{N,NM) = RR 00079500
GDTIN,NM) = -DT/DR 00079600
IF{RR.LE.D.) GO TO 650 00079700
N = NM - 1 00079800
DMl = DMI - DM 00079900
DDM = DMO 00080000
IFINM.GEL1) GO TO 400 00080100
&0 TO 7700 00080200
650 DO 660 JJ=1,NM 00080300
TPM({N,JJ) = TT 00080400
RPM{NsJJ) = RR 00080500
GDT{NyJJ) = ~-DT/DR 00080600
660 CONTINUE L o 00080700
7700 GRDT = DT/DR 00080800
Y = 0.1%{T7-T0} /RO 00080200
TF(GRDT-Y) 7835,7840,7840 00081000
7835 GRDT = Y 00081100
7840 TK = V14273, 00081200
IF{GRPT.LE.0.) GRDT=1.E-06 00081300
TFUL=2) 79047204710 00081400
710 DREB = CML{2) *EXP(=DHR(2}/TK) 00081500
TM{2] = PI2*RR*RH (N, NCR+1} *DREB 00081600
ATBAIN,T)=SAT/{XM(N,I}=DM1} o _ 00081700
DML=0. 00081800
SAT=ATBPMIN,I-1) 00081900
I=1-1 ] 00082000
720 DRCB = CML{1)*(TK*%{-1.5) }*¥EXP{~DHRI 1)/TK)*GROT 00082100
CM{1) = PIZ#RR#*RHIN,1)*DRCB 00082200
ATBA{N,T1}=SAT/ (XM(N,T)=-DML) 00082300
DMi=0. 00082400
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SAT=ATBPM{N,T~-1) 00082500
T=1-1 00082600
790 CONTINUE o . po0082700 _
ATBA{NsI1=SAT/(XMIN, 1T ~DML) 00082800
c - e et et e .. 00082900
¢ 00083000
860 CONTINUE . 00083100
TiNy1) = IT 00083200
FO{Ns1) = FDPMI{N,1} e 00083300
C 00083400
c L 00083500
c INTERPOLATION 00083600
c 00083700
IJ =2 00083800
DO 1400 K=2,NFR - _ 00083300
1601 TF( RIN,KI-RFMIN,TJ) ) 1403,1403,1402 00084000
1402 19 = 1J + 1} e 00084100
IF(1J.GE.NPI] GO TO 1404 00084200
GO TO 1401 : 00084300
1403 RAT = { RPMIN,TJI-R(NsK) 7 7 ({ RPM{N,TJI-RPM{N, IJ=1} ) 00084400
TIM,K) = TPMIN,IJ) + ( TPM{N,TJ-1)~TPM{N,TJ} ) * RAY _ 00084500
FDIN,K} = EOPMINSIJ) + ( FOPM(N, IJ-1)-FOPM{N,TJ) } * RAT 00084600
60 _TD 1400 - o o 00084700
1404 FDIN,K) = FDPMIN, NP} 00084900
TN,K) = TPMIN,NPL) + ( TPM{N,NP)-TPM(N,NP1) ) * ( RPMI{N,NP1)~ 00084900
* RIN+K) ¥ 7 { RPM{N,NPLI=-RPM(N,NP) } 00085000
1J = NP .. 00085100
1400 CONTINUE 00085200
c ... 00085300
DO 1405 K=1,NFR : 00085400
TBAN,K) = [ TN, KI+T(N,K+1) ) / 2.0 00085500
1405 CONTINUE 00085600
c - e I ... 00085700
PO 1500 1J=1,3 00085800
ST = 0. 00085900
IF { I1J4-2 } 1501,1502,1503 00086000
1501 1JKL = 1 00086100
TJKZ = NCR 00086200
G0 TO 1504 o e 00086300
1502 TJKL = MCR + 1 00086400
1JK2 = NCR + NER e 00086500
GO TO 150% 000856600
1503 [JKL = NCR + NER + 1 00086700
1JK2 = NFR 00086800
1504 CONTINUE ) o . 00086900
C 00087000
DO 1550 1JK=1JK1,1JK2 00087100
DDT = { TUNsIJK}-T{N,IJK+1] ) 00087200
ATBIN,FJK) = ATBFUN{ T(N,IJK+11,00T,1J ) 00087300
1550 ST = ST + TB(N,IJK) 00087400
TBA{MN,TJ) = ST / (TJK2-[JKI+1) e 00087500
1500 CONTINUE 00087500
C I — e e e e e QQOBTT00
c 00087800
DXM{N,3) = =CM{2) 00087900
DXM{N,2) = CM{2}=CM(1] 00088000
DXMINs1) = CM(1) ) e o 00088100
c 00088200
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c 000488300
c 00088400
c REGIDON MASS CALC, AND MODIFICATION 00088500
c 00088600
c __ 00088700
c 0008880¢C
4100 CONTINUE 000688900
c . 00089000°
DXMINy1) = DXMINsL1) / { PIZ*RH{N,1}%RYBIN} } 000891040
DXM{N,2} = DRCH 00089200
DXM{N+3) = DREB 00089300

[ 00089400
00 6100 T=1,MFR - 00089500

6100 WNEWI(I) = PI=RHINSI)*{RIN, I+1)*#2-R{Ny T} x%x2)%{ 1. +EPZ (N, 1)) 00089600
1# (fIT.LE.1) GO TO 6900 ‘ 00089700

J = NFR 00089800

I = NFR 00089900
AEPR{J] = 0. 00090900
XEPC{J) = 0. 00090100
ATPR{J} = 0. 00090200

XTPC (4} = 0. 00090300
XTPZ{ 4 = O. 00090400
XTSR{J) = O, 90090500
XTSC(J) = 0. 00090600
ATSZ{J) = Q.. 00090700
X650d) = 0. 00090800
ASW3(J) = 0. 00090900
X545{J) = 0. 00091 000

XEHP (J) = G. 00091100

6200 CONTINUE 00091200
W = WNEW(J) 00091300

6250 IF{UWOLD{(N.I)~H) 6400,6300,6300 00091400
6300 DW = W/WNEW(J) 00091500
XEPR(J) = XEPR{J} '+ DW®EPR({N,I) 00091600

XEPC (J} = XEPC{J) + DW*EPC(N, I} 00021700
XTPR{J) = XTPR{JI}) + DW*TPRIN,I) 00091800
XTPL(J) = XTPC{J) + DW*TPCIN,I1) 00091900
XTPZUJY = XTPZ(J} + DW*TPZI(N,I) 00092000
XTSR{J) = XTSR{J) + DW*TSR{N,I) 00092100
XTSC(J) = XTSC(J) + DWHTSCIN,I) 00092200
XTSZUJ) = XTSZ{J) + DWHTSZIN,I) 00092300
XGS{J) = XGS{J) + DW %GS(N, I} 00092400
XSWGLJ) = XSHG(J) + DW*SWGIM,T) 00092500
XSHW5(J) = XSWS(J) + DWHSWS{N, I} 000925600
XEHP(J) = XEHP(J) + DW*EHP(N,I) 00092700

WOLD (N,I) = WOLD{N,I)-W 00092800

J = J-1 ) 00092900
IF(J.LE.0) GO TO 6850 00093000
XEPR{J} = 0. 00093100
XEPC{J) = 0. 00093200
XTPRUJ) = 0. 00093300

XTPC (4} = Q. 00093400
XTPZ{J} = Q. 00093500
XTSR{J) = Q. 460093600
XTSC(J) = 0. 00093700
XTSZLH = 0. 00093800
XGs{J) = 0. 00093900
XSW3(J} = 0. 00094000
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XSHS(J) = O. 00094100
YXEHPUJ} = 0. 00094200

GO TO 6200 ~ 00094300

6400 DW = WOLDIN,I}/WNEW(J) 00094400
XEPR(J) = XEPR{J) + DW*EPR{N,I) 00094500
XEPC{J) = XEPCUJ} + DW*EPC(N,I} 00094600
XTPR{J)} = XTPR(J} + DW*TPR(N,I) 00094700
XTPC{3) = XTPCUJ) + DWXTPCIN,I) 004094800
XTPZ2(J) = XTPZU{J) + DU*TPZIN,I) 00094900
XTSR{J) = XTSR{J) + OUW*TSR{N,TI} 00095000
XTSC(J) = XTSC{J) + DW¥TSCUIN,IL) 00095100
XTSZ(Jd) = XTSZI(J) & DWHTSZIN,I) 00095200
XG50J) = XGStJ) + OW *GS{N. 1) 00095300
XSWGLJIE = XSWG(J) + DHHSWGIN, I} 00095400
XSWS{J) = XSWS{J) + DWHSHWSIN,T} 00095500
XEHP{(J) = XEHP{J} + DW*EHP{N,I) 00095600

W =W - WoLD(N, I 00095700
I=1-1 00095800
IFIT.GE.1) GO TO 6250 00095900

DW = W/WNEW(J} 00096000
XEPRUJ)Y = XEPRUJ)+DW*EPR{N,1) 00096100
XEPCA(J) = XEPC{J)+DU*EPCIN,1]} 00096200
XTPR{J) = XTPRUJI+DH*TPR{Ns1) 00096300
XTPC(J} = XTPC{HN+DWH*TPC{N,1) 00096400
XToZ{J} = XTPZ{J)+DW*TPZ(N,1) 00096500
XTSR(J) = XTSROJI+DW=TSRIN,S L) 00096600
XTSC(J) = XTSC(I+DW*TSCIN,1) 00096700
XTSZ{J} = XTSZUJ)+DWRETSZIN, L) 00096800
XGS{J) = XGS{JI+DW*GS(N,s1) 00096900
XSWGLJ) = XSHGIJY+DW#SWGIN,1} 00097000
XSHS(J) = XSWS{J)+DWHSUS(N,y1} 00097100
XEHP(J} = XEHP(JY+DW*EHP (N, 1) - 00097200
Jd=J-1 00097300
IF{1.LE.0).GO TO 6850 00097400

DO 64530 1 = 1,4 00097500
XEPR{I) = EPRIN,T) C0097600
XEPL(I) = FPCIN,I} 00097700
XTPR{I} = TPR{N,I) 00097800

XTPO (1) = TPCIN,T} 00097900
ATPZLI1 = TPZ{i{N,1) 00098000
XTSR{T) = TSR{N,T1} 00098100
XTSZ(I) = TSCIN,I) 00098200
XTSZ(1) = TSZI(N,I} 00098300
XGS{I} = GSINsI} 00098400
XSHE(I) = SWGIN,I) 00098500
XSHWSIIY = SHSIN,I) 00098600
XEHP(I) = EHPIN,T) 00098700

6450 CONTINUE 00098800
6850 D0 6550 T=1,NFR 00098%00
EPRINsI}) = XEPRI(I) 00099000
EPC(N,I) = XEPCHI) 00099100
TPRINsI} = XTPR{I) 00099200
TPC{NsI) = XTPC{I) 00099300
TPZIN,IY = XTPZ(1} 00099400

c TSR{NsI) = XTSRIT} 00099500
c TSC{NsT}) = XTSC{E) 00099600
c TSZINsI) = XTS52(}1) (0099700
C GS{NsI) = XGS{I) 00099800
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[ SWG{MsI) = XSHG(I) 20699900
€ SWS{N,I) = XSUWUS(T} 00100000
C EHPIN.I) = XEHP(I} 20100100
6550 CONTINUE Q0100200
6900 DO 6950 I=1,NFR 00100300
6950 WOLD(N,I) = WNEW(I} 00100400
1000 CONTT NUE 00100500
c 00100600
4200 CONTI NUE 00100700
c 00100800
RETURN 00100900

END 00101000
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SUBROUTINE FLXCAL { POWAV,QSFF,ZFLXy FLNC,FLUX,DELT ) 00101100
COMMON /ALWAYS/ NN,NCR,NER,NUR, NCL, NP,NOK,NGS,NOC,NPLOT ;NCRK, 00101200

* - NTR,NFR,NTR1,NTR2,NNTR2, NNF,NCL1,NFR1,NP 1, 00101300

% TGEN, IGENLy NONZ R, [GENPy TGENP1,NONZRP, 00101400

% N1C,N2C s N3C,N&C, NSCy N6Cy NTC, NBC,NIC,N1OC,N11Cs 00101500

% NI2C,NI3C,N14CsN15C, 00101600

* NIy N2y N3y N4 s NS, NE S NT o NBo NIy NLO,NLI,N12,N13,N14sN15 00101700
COMMON 7OTHERS/ PG(3) CML(2),DHR(2), ALFO(3),ALFL(3),XML(31,CM(2), 00101800

* PI1,P12,DP,GRAV,SMQ, SMQ0sRHOC,BURH1, BURH2,CFLX, 00101900

X CPOW, BUCNS y RKy RKRy A9 1y GAS T, TCON, PDBU, BUB 00102000

c 00102100
DIMENSION QSFF(NNI , ZFLX(NN) , FLNC{NN) s FLUX{NN} 00102200

c 00102360
C FLUX , FLUENCE CALC. 00102400
c 00102500
DO 1000 N=1,NN 00102600
FLUX(N) = CFLX*QSFF{N)*POMAV*SMQO/SMQ 00102700
FLNC(N) = FLNC(N)} # FLUX(N)*DELT#*3600. 00102800

1000 CONTINUE 00102900
C 00103000
RETURN 00103100

END 00103200
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SUBROUTINE FRICHK { RUB,RCI,DISP,PRES,FRIC,CRIF,KFRIC,KONV,IFRIC, 00103300

* NS ) 00103400

C 00103500
COMMON /ALWAYS/ NNyNCRyNERyNURy NCLyNP4NOKsNOSyNOC,NPLOT,NCRK, 00103600

* NTRyNFR,NTR1,NTRZ yNNTR2, NNFy NCL1,NFR1,NP1, 00103700

* IGEN, IGEN]1 s NONZR, IGENPy IGENP1,NONZRP, 00103800

* NICyN2C yNICy NGy NSCoNOECy NTC, NBCy NIC,NIOC,N11C, 00103900

* N12C,N13C,N14C, N15C, 00104000

* NLgN2p N3 N4 N5,N6 4 N7, N8, N94N1D,NTI,N12,N13,N14,N15 00104100
COMMON fOTHERS/ PGI31,CML(2},DHR( 2}y ALFOT3) 9 ALFL(3)4XML{3),CM(2}, 00104200

* PI,P12,DP,GRAV,SMQ, SMQD, RHOC, BURH1, BURH2,CFL X 00104300

* CPOW, BUCNS yRKsRKR+A91,GAS T, TCON, PDBU, BUB 00104400
COMMON /XFRIC/ FST,FDY,GAP 00104500

c : 00104600
DIMENSION RUB(NN}) o RCI(NN} o DISP{(NTR2) , PRES{NTRI) , 00104700

¥ CREIF{NN]) , KFRIC{NN) 001 04800

C 00104900
c 00105000
C 00105100
C FRICTION FORCE CHECK 00105200
c 00105300
c 00105400
I ( TFRIC-1 } 100,200,300 00105500

c 00105600
100 CONTINUE 00105700

c 00105800
GAP = (RCI(NS)+DISP{ NFR+2 })1—(RUB{NS}+DISP(NFR#1]}) 00105900

C 00106000
IF { GAP ) 102,102,101 00106100

101 CONTINUE 00106200

C 00106300
c GAP OPEN 00106400
C 00106500
IFRIC = 0O 00106600

GO TO 300 00106700

C 001 06800
102 CENTINUE 00106900
GAP = 0. 00107000

IFRIC = 2 001907100

c IFRIC = 1 00107200
KOMY = 0 00107300
RETURN 00107400

c 00107500
200 CONTINUE 00107600

C 00107700
GAP = O. 00107800

GRIC = PI2*{RUB{NS)+DISP{NFR+1})}*PRESINFR+1)*FST 00107900
IF(GRIC.LE.O.} GO TO 202 ’ 00108000

If ( FRIC-GRIC ) 201,201,202 00108100

C 00108200
201 CONTINUE 00108300

c 00108400
c STICK 00108500
c 001085600
IFRIC =1 00108700

GO TO 300 00108800

202 CONTINUE 00108900

c 00109000
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00109100

SLIP
’ 00109200
IFRIC = 2 00109300
KONV = O 00109400
RETURN 00109500
300 CONTINUE 00109600
KONY =1 00109700
KFRIC{NS) = IFRIC 00109800
CRIF{NS) = FRIC 00109900
00110000
RETURN 00110100
END 00110200
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SUBROUTINE GAPCGN ( RCI,RUB,HG 1} 00000100

COMMON JALWAYS/ NNyNCRyNERyNURyNCL,NP, NUK,NUS'NDC,NPLDT.NCRK' 00000200

¥ NTRy NFRyNTR1,NTR2,NNTR2, NNFs NCL1,NFR1,NP1, 00000300

* IGEN,IGENL s NONZR s IGENP, IGENP1,NONZRP, 00000400

* NICyN2CyN3CyN4C o NSCy NO6Cs NTCoNBCs NIC,NIOC,N11C 06000500

* NL2CsN13CyN14CyNL5C, 00000600

* N1 yN2ZsN3 gy NGNSy NEJNTyNByNIyN1OsN12,N12,N13,N14,N15 00000700

DIMENSION RCI{NN} , RUBUNN} 4 HGINN) 00000800

C 00000900

c FUEL-CLADDING GAP CONDUCTANCE CALC, 00001000

c 00001100

DO 1000 N=1,NN 00001200

RO = RCI{N) 00001300

RI = RUB{N) 00001400

‘X_= RO=-RI 00001500
JF{XalTe0e) X=0.0 00001600 -

c HGIN) = 1873.%EXP(-135.2%*X) / 144. 00001700

c HG NOW IN BTU/HR/IN/IN/DEGF 00001800

c 00001900

C 00002000

HG({ N ) = 508.05 * EXP{ -53,23%X ] 00002100

C . 00002200

c HG NOW IN CAL/HR/CM/CM/DEG F 00002300

c 00002400

1000 CONTINUE 00002500

RETURN 00002600

END

00002700
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SUBROUTINE GASOUT ( RF,FLZ,POW,FD,TAF,VOL,EPR,EPC,EPZ,ATBF,SHS, 00002800

* GR,GSsGRT,DELT 1§ 00002900

c . 00043000
COMMDN JALWAYS/ NMyNCRyNERsNURy NCLy NPy NOKyNOS,NOC,NPLOT,NCRK, 00003100

* NTR, NFR,NTR1 ,NTR2 ,NNTR2, NNF, NCL 1, NFR1,NP1, 00003200

* IGEN, IGENLNONZRy IGENPy IGENP1+NONIRP, 00003300

* N1CyN2CosNIC o N4C yNSCoNOECy NTCy NBC,NIC,NI1OC,N11C, 00003400

* N12C,N13Cs N14CsN1ISC, 00003500

* N1 4N2yN3yN& 4 NS5y N6 ,N7yNB, NI, N1O»N11,N12,N13,N14,N15 00003600
COMMON JOTHERS/ PG{3},CML(2),DHR{2), ALFO{3), ALF1{3),XML{3),CML2Z}, 00003700

* *1,P12,DP,GRAV; SMQy SMQ0, RHOCy BURHLy BURH2,CFL X, 00003800

* CPOW,BUCNSyRK+RKR,A91,6AST,TCON,PDBU, BUB 00003300
COMMON /XGASD/ AFyAN,CT4QR 00004000

C 00004100
DIMENSION RFINN,NFR1) , FLZ(NN} , POWINN} , FD{NN,NFR} , 00004200

* TBFINNNFR} , VOL{NN,NTR) , EPR{NNsNTR} , EPC(NN,NTR} ,00004300

* EPZ(NNyNTR) , ATBF(NN,NFR) , SWS(MNNy,NTR) , GR{NNMN) , 00004400

* G S (NN,NFR) 00004500

c : 00004600
c GAS RELFASE RATE CALC. 00004700
C 00004800
C 00004900
c AF IS ATOMS 0OF GAS PER FISSION 00005000
C AN 15 AVOGADRQ'S NUMBER coeos1oo
c 00005200
c FRPT IS FRACTION OF GAS RELEASED PER HOUR 00005300
c 00005400
C GRI{N) = GAS RELEASED FROM AXTAL SECTION N 1IN DELT 00005500
C GS{NsI) = GAS REMAINING TN AXTAL SECTION N , RADIAL REGION I 00005600
c GRT = TOTAL GAS RELEASED 00005700
C 00005800
00 1000 N=1,NNF ) 30005900

DFN = A91*POW{N)*DELT 00006000

GR{N) = 0. 00006100

C 00006200
00 1100 I=1,NFR 00006300

T = TBFIN,I1%1.8+32.0 + 460.0 00006400

FRPT = EXP{ -CT-QR/T } 00006500

DGS = AF*VOL(N,T}*FD{N, T}*DFN/AN 00006500

GO = GSINsI) 00006700

EG = EPRINsTI+EPCIN, T} +EPZ{N, I} -3 *%ATBFIN, T}-SHWS(N, T} 00006800

EHR = 0. 00006900
IF{EG-0.25) 200,200,100 00007000

- 100 EHR = (FG-0.25)*100. 000G7100
200 F = FRPY + EHR*0.0005 00007200

X = F*DELT 00007300
IF{X~0.1} 300,400,400 : 00007400

300 ¥ = {La-X/344X¥X/12.V%X/2. 00007500

7 = X=X*xY 00007600

REL = GO*ZI + DGS*Y 00007700
GSiN,I) = GO+DGS—-REL : 00007800

GO 7O 1100 00007200

400 TF{X-170.} 500,500,500 Q0008000
500 GSINsI) = DGS/X 00008100
GO TO 700 00008200

600 GS{N,I) = DGS/X + {(GO-DGS/X)ZEXP(-X} 00008300
700 REL = GO + DGS - GS{N,I) ' 00008400
1100 GR{N} = GR{N) + REL 00008500
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C 00008600
GRT = GRT + GR{N) 00008700

C 00008800
1000 CONTINUF 00008900
c 00009000
c 00009100
RETURN 00069200

END 00009300

Y]
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SUBROUTINE GOLDN { POWAV,QSF,TOUT,TIN,RCLO,POR,TCLD}y RCPT,

00009400

* XCPO,&ENA,FL,HC,INA,TCPD,TCPI;TOUTER,NSKIP,PD. 00009500

* FLZ ¥ - 00C09600
COMMON /ALWAYS/ NNyNCRyNEW,NURy NCLy NPy NOK ¢ NOSoNOCsNPLOTSNCRK, 00009700

* NTRy NFR,NTR1,NTR2sNNTRZ2, NNFsNCL1,NFR1,NP1, 00009800

* IGEN, IGENL,NONIRy IGENPy IGENP1 ,NONZRP, 00G09900

* NLCyN2C 4 N3Cy N4C s NSCy NOCy NTCy NBCyNOC,NLIOC,N11C, 00010000

* N12C,NI3C,N14C,N15Cy 06010100

* NL N2 N3 N4 g NGy NE G NTy NBy NSy MIOyNI1yNL12,N134N14,N15 ___ 00010200
ZDOMMON /OTHERS/ PG{3),CML{2)},DHR{2),ALFO{3),ALF1{3), XML 3)},CM(2}, 00010300

* PI ,PI12,0PyGRAV, SMQ, SMQO, RHOC, BURH1, BURH2,CFL X, 00010400

* CPOW.BUCNS,RKsRKRyA91,GASI,TCON,PDBU,BUB 00010500
COMMON /XGOLD/ ASSO,ASS1,ANAO,ANAL,ANA2,CQO,C1,C2 00010600
COMMON /FBRATR/ JFA : 00010700
COMMON /ICFIL/ 105,106,107 00010800
DIMENSION QSFINNY o TCLO(NN) , POWINN) , RCLO(NN} 5 HCINN) 0060109060

* TNA{NN) o, TCPOINN) , TCPIINN) ", TOUTER{NN) , FLZ{NN) 00011000

c ' 00011100
C 00011200
c CLADDING OQUTER SURFACE TEMPERATURE CALC. 00011300
c 00011400
c 00011500
[=======s=s=====S======cSsS===Ss====S===S===S===s===sS=s===s=s============xa==(](J01 1600
C CALCULATES CLAD 0D TEMPERATURE FOR ENCAPSULATED (RCPILLT.XCPO), 00011700
C AND UNENCAPSULATED (RCPILGE.XCPQO) FUEL ELEMENTS. i 60011800
c TEMPERATURE DROPS IN NA ARE DETERMINED BY NEWTONTIAN EXTRAPDLATION 00011500
c {2-3 AND 8-9). *%x 00012000
C CAPSILE TS ASSUMED TO BE STAINLESS STEEL 00012100
[=====s==fco==os=o=oScooo=sS S Cs S sCs S RE SRRSO =N a==zossxacszzs=ss==00012200
C 00012300
AF=AFNA 00012400
WB=POWAV*8,.6011E+02 00012500

C 00012500
c WA IS AVERAGE POWER IN CAL/HR/CM 00012700
c 00012800
TINF = 1.8%TIN + 32, 00012900

TOUTF = 1.8%TOUT + 32, 00013000
BO=CO+(L1+C2*TINF)*TINF 00013200
Bl=C1l+2.*C2*TINF 00013200

82=C2 00013300
DTMP=TOUTF-TINF 00013400
CPDT={RO+{R1/2.+B2XDTMP/3. ) *¥DTMPI%DTMP 00013500
WOOT=WB*FL/CPDT 00013600

JNX=0 00013700

IF {XCPD=-RCPI) 110,110,120 00013800

110 JNX=1 00013900
120 RCPO=XCPO . L B 00014000
IF{ NSKIP ) 121,121,122 00014100

121 CONTINUE 00014260
TNACNN) =TOUT 00014300
TCPO(NN] =TOUT 00014400
TCPITNN)=TOUT 00014500
TCLOCNN)=TOUT 00014600

GO TO 123 00014700

122 CONTINUE 000148060
TNAUNN} = TOUTER({NN) 00014900
TCPO{NN} = TOQUTER{NN] 00015000
TCPI(NN)Y = TOUTER(NN) 7 00015100
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TCLOINN) = TOUTER{INN) 00015200

123 CONTINUE 00015300
POW{NN} =G. 00015400
XNF=NNF 00015500

S=0. 000155600

SPH = 0. 00015700
[=========ccoszrxaxss—s=—o=====ss==sSs=Ssrsas mmm mmzzcmsrss====000158 00
DO 130 N=1,NNF 000153900

SPH = SPHW + QSFI(N} 00016000

130 S=S+QSFINI*FLZ{N) 00016100
IF{ NSKIP.GY.C ) GO TO 135 000156200

X=0a.. 000156300

SH=0. 000156400
EETETEEESTERTE==SESE====T === sormassrrosssssozsmsmss=mz=r==s==2==00016500
C 00016600
135 CONTINUE 00016700
DO 1000 N=14+NN 20016800

C 00016900
IF { NSKIP.GY.O ) TNAIN) = N*{ TOUT-TIN ) / NK * TIN 00017000

IF( NSKIP.GT.O0 } GO TO 155 . ‘ Q0017100
SWH=SH+QSF IN}*FLZIN) 60017200
C=CPDT={SH~QSFINIXFLZI{N}/2.}3/5 00017300

140 CP=BO+(Bl+B2*X) *X 00017400
X1={CH#(BL/2.4+B2*X/1.5)*X¥X}/CP Go01750¢C
EPS=ABS{X1-X) /X1 00017600

X=X1 00017700

IF (EPS5-.00001) 150+140,+140 000178060

150 T=TINF+X 00017900
TNA{N)={ T-32. ) 7/ 1.8 - 00018000
TEF{JFALGE.2) THNA{N) = N *{TOUT-TIN)/NN+TIN 00018100

== THIS IS NA TEMPERATURE AT AXJIAL NODE N s==s=ssssszzossszzazs======00018200
155 CONTINUE 000138300
HW=WB*QSFIN)XXNF/5PW 00018400
POWINI=W / B8.6011E+02 00018500

C 00018600
C POWI{N]) NOW IN WATT/CHM 00018700
C 00018800
IF (JNX) 1704170.160 00018900

160 RCPO=RCLOI(N) 00019000
170 pP=PI2=RCPO 00019100
IF{ NSKIP.GT.0 ) GO TO 195 00019200

GO TO (2100,2200,2300,2200),JFA 00019300

2100 DE = 4.*AF/P 00019400
CNST=4 ., *¥WDOT /P 00019500
CNSTL=H/RCPNO/PI2 00015600

TB=T 0019700

Y=0. 00019800

180 XK=ANAO+[ANAL+ANAZ=TB) *TB 000199C0
CP=CO+(C1+C2*TB}*TB 00020000

PE=C NSTHCP/XK 00020100

C== THIS IS PECLET NO. EE=EE==s======== EEm==w=mss ======00020200
XNU=5,0+0,025%( PE%*0.8} 00020300

C== THIS IS NUSSELT NQC. === =sr=—========s====s=s-orco=sm=smmaossm=m=szmam===000204 00
HCE N ) = XNU¥XK/DE 00020500

C HC NOW_IN CAL/HR/CM=®%x2/DEG F 000205600
Y1=CNSTL/HCIN) 00020700
IFIYL.lE.Qs) GO TO 190 00020800
TB=T+¥Y1 /2. 0400209200
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EPS=ABS{Y1-Y) /Yl 00021 000

Y=Y1 00021100

IF {EPS-.0001) 190,180,180 00021200

190 T5=T+Y : 00021300
GO TO 196 : ‘ 00021400

2200 HFLUX = POW(NI/P ' 00021500
IF{HFLUX.LE. 0.} 60 TO 2210 00021600
DTFILM = 7.93%(HFLUX#%%0, 25} *EXP(-P0/63.2) 00021700

€ DTFILM = HFLUX/1.1443 00021800
T5 = (TNA(N) +DTFILMI*1.8+32.0 00021900

HCINY = HFLUX/DTFILM#1762.3%252.0/929.03 00022000

¢ HC NOW IN CAL/HR/CM**2/DEG F : 00022100
. GO TO_196 00022200
2210 HCIN) = 0.0 00022300
T5 = TNA(NI*1,8+32.0 . 00022400

G0 TO 196 00022500

c 00022600
C 55585 F i LM COEFICTIENT OF PWR (JFA =31 $8600022700
C % % % ( DITTUS — BOETLER EQ. )} * % % 00022800
2300 CONTINUE 00022900
C_##% INTEGRATED HEAT CAPACITY IS IN KCAL/KG 00023000
OTMP = TOUT - TIN 00023100

CPDT = 2.623%DTMP - 0.01473%*DTMP*%2/2, + 3.528E-05%DTMP%%3/3, 00023200

C #%% FLP IS IN M 00023300
FLP = FL/100.0 00023400

T #%% WBP IS TN KCAL/HR/M 00023500
WBP = WB/10. 00023600

C #%% AFNAP IS IN Mwx2 00023700
AFNAP = AFNA/Z10000.0 00023800
C #%& GAMMAP IS IN KG/M*¥3 00023900
 GAMMAP = 860.8 + 1.042*TNAIN} = 0.00514*TNA(N)**2 00024000

T #==% WP IS IN M/HR 00024100
WP = FLP*WBP/{CPDT*AFNAPGAMMAP) 00024200

C #%% DEP 1S IN M 00024300
DEP = 4.*AFNA/(PI2*RCP0%100.) . 00024400

€ #%=% ENUP 1S IN M¥%2/HR 00024500
ENUP ={0.4015E-06 = 1.T91E-09%TNAIN) + 2.946E- 125TNACN)®%2}#3600. 00024600

T #=# REYNOL'S NUMBER 00024700
REP = WP%DEP/ENUP 00024800

C #%% PRANDTLE'S NUMBER 00024900
PRP = 5,491 — 0.03B1XTNAIN) + 0.TTTE-04*TNA(N)#%2 00025000

T #%% THERMAL CONDUCTIVITY IS5 IN KCAL/M/HR/C 00025100
RAMDAP = 0.4847 + 1.596E=03*TNAIN) = 5.497E=-06XTNA(N)#*2 00025200

C %%k FILM COEFICIENT 1S IN KCAL/HR/M¥*2/C 00025300
HCP = 0.023%RAMDAP/DEP*REP*%) .8 #PRP¥*0 .4 00025400

HCIN) = HCP/18. 00025500

G *%% HC IS IN CAL/HR/CMH¥2/F : 00025600
HCP = HCP#l.1622E-04 : 00025700

C #%%x HCP IS IN W/CM¥#2/C 00025800
TS = (TNACN)+#POW{N}/(PI2*RCPO®HCP))*1.8 + 32.0 00025900

GO TO 196 00026000

c 00026100
195 CONTINUE 00026200
T5 = TOUTERINY*1.8 + 32.0 ' 00026300

HCO N ) = 0.0 00026400

196 CONTTNUE 00026500
TCPOINY={ T5-32. ) / 1.8 00026600

C==  THIS IS5 CAPSULE 0D TEMPERATURE ==c=s=s=====s=ssaa====== =====22====00026700
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. IF {JNX} 210,210,200 00026800
200 TCLOINI=TCPO{N) 00026900
GO TN 1000 00027000
210 Wi=2.*W/PI2 00027100
XL=ALOG(RCPO/RCPI) 00027200
XKO={ASSO+ASS1%TH} 00027300
T4=T5+WLAXL/ { XKD+ SORT { XKO*XKO+ASS 1%W 1 XL )} ) 00027400
TCPI{N)=( T4-32. )} / l.8 00027500
C== THIS IS CAPSULE ID TEMPERATURE =======ss===sss=sssss=s=ss=sss==s=s=====00027600
IF {(RCPI-RCLOCN)} 220,220,230 00027700
220 HRITE (ID6,270) N Q027800
c 00027900
STOP 00028000
C 00028100
230 C=wWxALOG(RCPI/RCLO(N) I /PI2 00028200
DO=ANAO+{ANAT+ANAZ *T4 ) *T4 00028300
DiI=ANAL+2.*ANAZ*T4 00028400
D2=ANAZ 00028500
Y=0. 00028600
240 XK=DQ+{D1+#D2%Y) &Y 00028700
Y1={C+{DL/2,+D2%Y/1.5)¥¥%Y) /XK 00028800
IFi(Yl.LE.0.} GO TO 250 00028900
EPS=ABS{Yl-Y}/¥Y1 00029000
Y=Y1 00029100
IF {EPS-.0001} 250,2404240 00029200
250 TCLOIN)={ T4+Y-32. } / 1.8 T 00029300
C== THIS IS CLAD OD TEMPERATURE ErmrETssrrEcssrasrzEascmnasrzoss=c=a=e=0002 9400
C 00029500
1000 CONTINUE 00029600
c 00029700
c 00029800
270 FORMAT( 1H1l 3¥=-——=— SUBROUTINE GOLDN —-=——- v [ 00029900
* (HO," FUEL-CLAD HAS HIT CAPSULE WALL IN SECTION',12.%.%'/, . 00030000
%2X,VEXECUTION CONTINUATION IS NONSENSE®) 00030100
RETURN 00030200
END 00030300
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SUBROUTINE HEADER 00030400

c 00030500
COMMON /ALMAYS/ NNsNCR,NERyNUR,NCL,yNP,NOK,NOS,NOC,NPLOT.NCRK 00030600
COMMGN /COMPLTY/ YP,DDDD,TITL(20) 00030700
COMMON /IOFTIL/ 105,106,107 00030800
DIMENSION TITLE(20)} 000309200

DATA CEND/**ENDY/ 00031000

C 00031100
C TITLE CARD READ TILL FOUND *END CARD 00031260
c 00031300
ISW = 0 00031400

100 READ{I05,9000,END=300) TITLE 00031500
IF ( TITLE(1) - EQ . CEND ) GO TO 200 00031600
WRITE{IO&6,900L)} TITLE . 00031700

IF { ISW.NE.O ) GO TQ 100 00031800

00 101 I=1,20 00031900
TITLII) = TITLELT) 00032000

101 CONTINUE 00032100
ISW =1 Q0032200

GD TO 100 00032300

c : 00032400
300 WRITE{I06,9002} 00032500
STOP 060032600

c 00032700
200 CONTINUE 00032800

C 00032900
RETURN 00033000

C 00033100
C FORMATY 00033200
C ' 00033300
9000 FORMAT(Z20A4} 00033400
9001 FORMATI(LHO20X,20A4%) 00033500
9002 FORMAT{1Hly*=~=—— SUBROUTINE HEADER ———===%, / 00033600
# 1HO, **END CARD MISSING { *END CARD MEANS TITLE CARD END )* ) 000633700

c 00033800
END 00033900
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SUBROUTINE HKNS { TBCL+TSRaTSCeTSZHFLX,DELT ) 00034000
COMMON JALWAYS/ NNJNCRyNER,NURs NCLy NPy NOK,NDOSyNOC,NPLOTNCRK, 00034100

* NTRyNFR4NTRI4NTR2 ,NNTR2, NNFyNCL1,NFR1,NP1, 00034200

* IGENy IGEN] y NOINZR,y IGENPy IGENP1,NNNZRP, 00034200

* NLCyNZC o N3C s N4Co NSCyNGCy NTCyNSCa NICN1OC,NIIC, 00034400

* N12C¢N13C,N14C,N15SC, 00034500

* NL+N2sNIyNAJNS s NH o NTs NBs NIy N1ODN21,N12,N13,N14,N15 00034600

c Q0034700
COMMON /XHKNS/ CS,.BD,.C0,C1,C2,C3 00034800
COMMON /FBRATR/ JFA 00034900
DIMENSION TBCLUINN,NCL} , TSRE{NN,NTR) , TSCU{NNsNTR) , 00035000

= TSZ{NNysNTR}) 4 FLXI{NN) . 00035100

C 30035200
C 30035300
C CLADDING SWELLING STRAIN CALC. . 00035400
[ 00035500
C 00035600
DO 1000 N=1.NN 00035700

FLUX = FLXIN} 00035800

C 00035900
DO 2000 I=1,NCL . 00036000

TX = TBCLIN,T) 40036100

SW = TSRINsNFR+1) B 00036200

C 00036300
IF{JFA-2) 10,20,20 00036400

10 CONTINUE 00036500
TF{NDS+2) 200,200,100 . o 00036600

100 TK = TX + 273, 00036700

C TX IN DEG C 4 TK NOW IN DEG K 00036800
FX = FLUX/1.2E+22 00036900

SITA = TK-623.+1.E-50 00037000
IF{SITA.LT.CS) SITA = CS§ 00037100

XN = 2.05-27T./SITA+7B./SITA¥%2 00037200

SDH = (FX*3600. ) *%XN* ({TK~40.) %1 E=10)*EXP{-0.015%TK-5100./TK+ 00037300

# 32.6) / 300. 00037400

GO TO 300 00037500

G 00037600
200 XN = 1,50 00037700
T = TX 00037800

C TX IN DEG C 4 TC NOW IN BEG C ) : 00037900
X = ALOG{80/300.) + XNH*ALOG{FLUX*3600.) 00038000

SDH = EXPU X ) * {(CO+TCH(CL+TC*{C2+TC*(C3})) 0038100
IF{SDHeLT404} SDH = 0. 00038200

300 CONTINUE -00038300

C . 00038400
TSRINGNFR+I) = (SWHE{1l./XN)} + SDOH*k{1./XNI*DELT )%%xXN 00038500

GO T 30 00038600

c 00038700
20 TSRINLNFR+I} = SH 00038800

30 CONTINUF 00038900
TSCINyNFR+I) = TSR{N,NFR+I]} 00032000
TSZ{INyNFR+TI)} = TSRIN,NFR+1) 00039100

2000 CONTINUE 000392200
1000 CONTI NUE 00039300
RETURN 00039400

END 00039500
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SUBROUTINE INPUT { EPZ,TPR,TPC,TPZ,SIGRsSIGC,S1GZ,ADISP,RDISP, 00039600
* RVBsRCB,REB,RUB,RCI,RCO, QSFF,QSFP,F, EPR,EPC, 00039700
* TSRy TSC,TSZsCPU,RHOP y OTOMy FL,CLy PTOP, PO, EP SIN, 00039800
* cLZO ) 006039900
c . 00040000
TOMMON 7ALWAYS/ NNy NCRyNER,NUR, NCLy NP, NDK, NGS,NOC, NPLOT,NCRK, 00040100
% NTRy NFRyNTR1,NTR2,NNTR2, NNFy NCL 1, NFR1,NP 1, 00040200
* TGEN, IGENI , NONZR, IGENP, IGENP1,NONZRP, 00040300
* NLCyN2Cys N3Cy N4Cy N5CoNEC, N7Cy NBC, NOC, N2OC,NL1C, 00040400
* N12C,N13C,N14C,N15C, 00040500
* « N1yN2, N3, N& N5 N6y NTy N8y N9, NI, N1T,N12,N13,N14,N15 00040600
COMMON /OTHERS/ PG(3),CMI{2),DHR{ 2}, ALFO(3),ALF1{3),XML(3),CM(2}), 00040700
* PI,PI2,DP,GRAV,SMQ, SMQ0, RHOC, BURH1, BURH2,CFL X,y 00040800
* CPOWy BUCNS s RKsRKRy A91, GAS 14 TCON, PDBU, BUB 00040900
COMMON /C APSUL/ RCPI,RCPO,AFNA 00041000
COMMON 7PLTOPT/ IPFUL ,1PSTS, IPSTN,IPCRK, NBUF, IPCNT 00041100
COMMON /TIOFIL/ 105,106,107 00041200
DIMENSIGON TPR{NN,NTR) ;TPCENN; NTR) ,TPZ(NN,NTR],5 IGR{ NN,NTR ), 00041300
* SIGC{NNyNTR) ySTGZ NNy NTR) » ADISP{NN,NTR),RDISP{NN,NTR2), 00051400
* RVB(NN) ,RCB(NN] ,REB{NNT ,RUBINN) RCIINN},RCOUNNT 00041500
* QSFF{NN) yQSFP{NN) , F{NN, NP}, EPZ (NN, NTR}, EPR{NN,NTR}, 00041600
* EPCINNyNTR} , TSR{NNyNTR} 5 TSC(NN,NTR) , TSZ{NN,NTR} , 00041700
# CPUINN,NP} 5 RHOP{NNs3) , ODTOM{NN) , CLZO(NN) 00041800
c 00041900
c 00042000
€ READ CARD & 10O CARD 23 00042100
c R 00042200
C 00042300
c - i 00042400
C-——— CARD & ..+ SKIP AND PLOT OPTIGN 00042500
C 00042600
READ(115,90007 IDLE,IPFULy,IPSTN, IPSTS, IPCRK 00042700
c 00042800
C R 00042900
c IDLE = INITIAL VALUES SET OPTION 00043000
c 071 = CARD INPUT/ZERO SET BY CODE 00043100
c IPFUL_= AXIAL SECTION NUMBER FOR FUEL PLOT 00043200
¢ IPSTN = AXIAL SECTION NUMBER FOR STRAIN PLOT 00043300
C 1PSTS = AXTAL SECTION NUMBER FOR STRESS PLOT 00043400
€ IPCRK = AXIAL SECTION NUMBER FOR CRACK PLOT 00043500
C . 00043600
TF{I0LES 100,100,200 00043700
100 CONTINUE 00043800
READ(105,90011 EPR 00043900
READ(I05,9001) EPC 00044000
READ(105,9001) EPZ 00044100
READ{105,9001}) _TPR 00044200
READ(105,9001) 7TPC 00044300
READ{105,9001) TPZ 00044400
READ(105,9001) TSR 00044500
READ(105,9001) TSC 00044600
READ{105,9001) TSZ 00044700
READIIG5,9001)  SIGR 00044800
READ(T05,9001) SIGC 00044900
READ(I05,9001) SIGZ 00045000
READ(105,9001) ADISP 00045100
READ{]05,9001) RDISP 00045200
506 T0 300 00045300
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C 00045400
200 CONTINUE 00045500

c 000455600
00 1000 N=1,NN 00045700

DO 1050 M=1,MTR 00045800
EPR{NsM) = 0,0 00045900
EPC{NsM) = 0.0 00046000
EPZ(NsyM} = 0.0 00046100
TPR{NsM) = 0.0 00046200
TPCiN,M) = 0.0 00046300
TPZ{N,M) = 0.0 00046400
TSR{NsM) = 0.0 00046500
TSC{NsM) = 0.0 00046600
TSZ{NsM) = 0.0 00046700
SIGR{N,M = 0.0 00046800

SIGC (N,M) = 0,0 00046900
SIGZ{N,M) = 0.0 . 00047000

1050 ADISPIN,M) = 0.0 ' 00047100
DO 1000 M=1,NTR2 00047200
RDISPIN,M) = 0.0 00047300

1000 CONTINUE 00047400
c 00047500
300 CONTINUE 00047600

c 00047700
C==== CARD & “ee CENTRAL VOID RADIUS { CM ) 1 - NN 00047800
READI(I05,9001) RVB 00047500

C-—=— CARD 6 Py COLUMMAR GRAIN REGIOMN BOUNEARY [ CM ) 1 - NN 00048000
READ{105,9001) RCB 00048100

C-——- CARD 7 ese EQUTAXED GRAIN REGION BOUNDARY ( €M ) 1 - NN 00048200
READ{IO5,9001) REB 00043300

Ce=—~ CARD 8 sse FUEL OUTER RADIUS { CM ) 1 - NN 00048400
READ{ID5,9001) RUB, 00048500

C-——= CARD 9 e CLAD TNNER RADIUS ( €M ) 1 - NN 000485600
READI{TIO05,9001) RCI 00048700

L-=~= CARD 10 sue CLAD OUTER RADIUS { CM } 1 = NN 00048800
READ{IO5,9001) RCO 00048900

C=—== CARD 11} see CLAD AXEAL LENGTH ¢ €M ) 1 - NM 00049000
READITO5,90Q01) CLZD 00049100

C--—- CARD 12 ses AXTAL FLUX RATE { ~ ) 1 — NN 00049200
READ(105,900L) QSFF 00049300

C———- CARD 13 <. AXIAL POWER RATE ( - ) 1 — NN 00049400
READ{ID5,9001) QSFP 00049500

E==== CARD 14 oes 0/ M ( INPUT X OF PU-0(X) } ® - NNF 00049600
READITIOD5,9001) OTOM 00049700

c 00049800
- L==== CARD 15 au. PULUTONIUM CONCENTRATICN { WEIGHY RATE ) 1 - NNF 00049900
READ{IDS,9001) { CPUiN,1)sN=1,NNF } 00050000

c 00050100
C—=—= CARD 16 «ea DENSITY OF UNDISTURBED REGION [ G/CC ) 1 - NNF 00050200
READI(I054+9001) { RHOP{N,3),N=1,NNF ) 00050300

C 00050400
Co=~= CARD 17 <ee« RADIAL HEAT GENERATION RATE { — ) 1 — NP , 1 - NNF 00050500
READIIOS,9001) ( Fil,1),I=1,NP ) 000505600
IFI{NNF.LE.1} GO TD 2001 00050700

DO 2000 N=2 4NNF 00050800

B0 1999 I=1,NP 00050900
FIN,T) = F{1,1) 00051000

1999 CONTINUE 00051100
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2000 CONTI NUE 00051200
2001 CONTINUE 00051300
C 00051400
c i ‘ 00051500
C~——= CARD 18 .. CAPSULE INNER RADIUS,OUTER RADIUS,COQOLANT FLOW AREAQQ051600
READ(I05,9001) RCPI,RCPO,AFNA 00051700

L———= CARD 19 e.e SURFACE TENSTON OF VOID IN FUEL 3 REGIONS 00051800
C FROM 1 7O 3 ( KG/CM¥%2 ) 00051200
READ{ID5,9001) (PG(I),I=1,3) 00052000

Cow—== CARD 20 aes AXIAL FORCE ON CLADDING ( KG ) 00052100
c COOLANT PRESSURE { KG/CM**2 ) 00052200
READ{10%5,9001) PTOP,PO - 00052300

Co=~— CARD 21 <.. CLAD DENSITY { G/CC ) , DENSITY MODIFIER BY BURN-UPO0G52400
READ{I0O5,+9001) RHOC,BURHI,BURH2 Q0052500

C——== CARD 22 ... CONSTANTS FOR BOUNCARY VELDCITY 00052600
READ(IONS,900L) {CML{L),L=1,2),(DHR{L),1L=1,2) 00052700

C-——-— CARD 23 <aa INITIAL GAS MOLE IN PLENUM { MOLE } 00052800
READIIO5,9001) GASI,TCON,PDBU 00052900

C 00053000
RETURN 00053100

c 00053200
C FORMAT 00053300
C 006053400
9001 FORMAT(5EL15.8) 00053500
9000 FORMAT(156I5) 00053600
[ . 00053700
"END 00053800
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SUBROUTINE TOSET(IO) 00053900
COMMON FALWAYS/ NNsNCRyNERyNURy NCLy NPy NOK; NOS,NOC, NPLOT¢NCRK, C0054000

* NTRy NFRyNTR1,NTRZ2, NNTR2y NNFs NCL1yMFR1, NP1, 000454100

* IGENy IGENL s NONZR, IGENPy IGENP L, NONZRP, 00054200

* NICyN2C s NIC s N4Cy NSCy NGCyNTC, NBC,NIC,NIOC,NT1C, 00054300

* N12C.,N13C,N14C,N15C, 00054400

* N14N2y N3 NGNSy NEe NToNBy NGO, NIOSJNLIL,N12,N13,M14,N15 00054500

c 00054600
c LOGICAL UNIT SEY FOR WORK FILE 00054700
C 00054800
DIMENSION FO{NN) 00054900

DO 100 T=1,NN 00055000

I10{1) = [+10 00055100

100 CONTINUE 00055200
RETURN 00055300

END 000554090
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SUBROUTINE ITERAT { PRS,VOL,TBF,ATBF,SHG yEHP 4RH,RF+GSys SHS, 00055500

x BMy EPRy EPCEPZ+SHS3s SIGRy SIGCy SIGZyRHTHED 00055600

* . DELT 4Ny RHOP,BUs TSRy TSCyTSZ,XEHPy XSUG , Q0055700

e PLPR,CVPR 1} 00055800
COMMON ZALWAYS/ NNy NCRs NERyNURy NCLyNP,NOK, NOSs NOCy NPLOT,NCRK y 00055900

* NTRy NFR,NTRL ,NTRZ,NNTR2s NNF,NCL 1, NFR 1,NP 1, 00056000

* IGEN, IGENL , NONZR s IGENP, LGENP 1,NONZRP 4 00056100

% N1C,NZT,N3Cy N&4Cy N5Cy N6ECy MTCoNBCy NIC,N1OC,N11C, 00056200

* _N12C,NI3C,N14C4NiSCy . 00056300
* NT NZ N3y N4y NS4 NG5 NTy N8y NGy NIO, N11,N12,N13,N14,N15 00056400
COMMON /OTHERS/ PGI3),CM1(2),DHR(2),ALFO{3),ALF1{3), XML{3),CM{2), 00056500

% PT,P12,DP,GRAV, SMQ, SMQO, RHOC, BURHT, BURHZ,CFLX, 00056600

% . CPOW, BUCNS 5 RKyRKR 3 A9 1, GAS Ty TCONs PDBU, BUB 00056709
COMMON /XITER/ C,sQRK 60056800
DIMENSION _PRS(MN,NTR) , VOL(NN,NTR) , TBE(NN,NFR) , 00056900 ___

e ATRF{NNy;NFR) s SWG(NN,NFR) , EHP(NN,NTR) , RH{NN,NFR),00057000
* RE(NNoNFR1} s GSUNN,NFR) , SWS{NN,NTR) , BM{NN,NTR) ; 00057100
* EPRINNsNTR) , EPCINNyNTR) y EPZ{NN,NTR) , 00057200
% SWSI(NN,NUR) , SIGR{NN,NTR} , SIGC{NN,NTR) , 00057300
% SIGZINN,NTR) y RHTHEO(NN] , RHOPINN,3) , BU(NN) , 00057400
* TSRINN,NTR) , TSC{NNs,NTR) , TSZ{NM,NTR) , XEHP(NFR) , 00057500
* XSWG INFR) 00057600
c e _00057700_
C 00057800
c FUEL SWELLING STRAIN , HOT-PRESSING CALC. 00057900
c 00058000
c ) 00058100
c RK 15 IDEAL GAS CONSTANT IN KG*CM/MOLE/DEG K 00058200
C GS IS FISSION GAS IN MOLES CALCULATED IN GASOUT SUBROUTINE 00058300
C BM 1S BULK MODULUS 00058400
C 00058500 -
c 00058600
K =1 B 00058700
TET1 00058800
C 00058900
RHOT = RATHEDT N ) 00059000
c 00059100
DO 1100 I=1,NFR 00059200
T = TBFIN,I} + 273, . . 00059300
C . 00059400
C 00059500
IF ( I.GT.NCR ) K=2 00059600
IF { I.GT.NCRNER } K=3 00059700
C 00059800
IF(K=2) 100,100,110 00059900
C 00060000
c SWELLING CAUSED FROM FISSION SOLID 00060100
C 00060200
110 SWS{N,T) = SWS3{N,J) + 2.389%GS(N, 1) /VOLIN, I)%2.54%2,54%2.54 00060300
J = J+1 00060400
100 CONTINUE 00060500
C _ 00060600
c _ - . 00060700
3 SWELLING CAUSED FROM HOT PRESSING 00060800
C 00060900
GO TO (2104220,230) , K 00061000
210 P = 1. - {RHOP(N,I) + (0.99%RHOT = RHOP(N,I)} *BUIN}/BURHL)/RHOT 00061100
GN TO 240 00061200
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220 P = 1la — (RHOP{N,I) +10.965*RHOT — RHOP(N,T1) *BU{NJ}/BURHZ)/RHDOT 00061309
GO TO 240 00061400
230 P = 1. — RHOP{N,1)/RHOT 00061500
240 CONTINUE 00061600
REHP{I) = EHP(N,T} 00061700
XSWGILI) = SWHGIN,I) 00061800
c TEMP = ={ C/T }y*PRS{N,T)%( P + XEHP{I} Y*DELT* 00061900
C . TEMP = ={ C/T }*PRS{N,I)*{ P+ XSHGIIV+XEHP{I) )HDEL T* 00062000
c * EXP{ ~QRK/T ) 00062100
TEMP = - C/T % PRSIN,I) % P * DELT * EXP({-QRK/T} 00062200
IF{TEMP.GTo0,) TEMP=Q, 00062300
EHP(NyI) = XEHP(I} + TEMP 00062400
IF{EHPIN,I).1T.-P} EHPI(N,I¥=~P 00062500
c 00062600
C 00062700
C SWELLING CAUSED FROM FISSION GAS 00062800
C 00062900
c 00063000
P = PGIK) 00063100
TEMP = PRS(N,I} 00063200
IF{TEMP.1T.0.0} TEMP=Q.0 00063300
PPP = P + TEMP 00063400
IF( PPP,LE,CVYPR 1 PPP = CVPR 00063500
SHGIN,I) = GSIN,T}*RK=#T /7 [ VOL{N,T}*(PPP} } 00063600
C ' 00063700
C SHGIN,TI) = GSINsI)=RKXT / ( VOL{N,TI*(P+TEMP]} } 00063800
C SHGINI) = GS{NsT}*RK*T / { VOL{NysT)%p ) 00063900 _
C 00064000
TSRIN,T} = { SWSIN,I)+SWGIN,I}+EHP(N,I) 3 / 3. _ 00064100
TSC{N,I) = TSRIM,I} 00064200
TSZ{N,I) = TSRIN,I) 00064300
C 00064400
1100 CONTINUE e 00064500
C 00064600
RETURN S N _ 00064700
END 00064800
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SUBROUTINE LENGTH U FLsFLN,CLyCLN,FLZO,FLZ,CLZ0,CLZ,EPF 1} 00064900

COMMDN /ALWAYS/ NNsNCRyNERyNURy NCLy NP, NOKsNOSsNOC,NPLOT,NCRK, 00065000
* NTR,NFRyNTR1 NTR2,NNTR2,NNF,NCL1,NFRI,NP1, 00065100
* IGEN, IGENLy NONZRy IGENPy IGENP1,NONZRP, 00065200
% NICyMN2C 4 N3CyN4L o NSCs N6Cy NTC, NBCs NSCy NLOC4N11C, 00065300
* N1ZCyN13CsN14CyN15C, 00065400
a NMLoNZyN3gNA NSy NE6 s NT s NB, NI  NEQOSNT1sN12-N13,N14.NLS 00065500

COMMON 7OTHERS/ PG{3),CML{2) sDHRE{2) s ALFO{3),ALFL{3),XMLI3),CM{ 2}, 00065600

* P1,P12,0P,GRAV,SMQs SMQO,RHOC,BURHYyBURH2,CFI X, 00065700

¥ CPOW 4 BUCNS+RKsRKRyA91+GAST,TCON,PDBY, BUB 00065800

c 00065900
DIMENSION EPZ{NN,NTR} , FLZINN) , FLZO{NN} 4 CLZINN] , 00066000

* CLZO{NN) 000661 00

c 00065200
c AXTAL LENGTH CALC. 00066300
C 00066400
FL = 0. - 00066500

CL = 0. 00066600

c 00066700
DO 1000 N=1,NNF 00066800
FLZIN) = FLZOINI*{1.+EPZINy1)1} 00066900

FL = FL+FLZ(N) 0067000
CLZIN) = CLIO(N) *(1.+EPZ{N,NFR+1)]} 00067100

CL = CL+CLZ{N) 00067200

C CLZIN} = FLZIN) : 00067300
1000 CONTINUE : 00067400
C 00067500
CL = CL + CLZOUNN)Y*{}.+EPZ({NN,NFR+1)}} 00067600
CLZ{NN) = CEZOINN) *(1.+EPZ{NN,NFR+1)) 00067700

FLN = FL : 00067800

CLN = CL 00067900

c , 00068000
C 00068100
RETURN : 00063200

END 00068300
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SUBROQUTINE MATRX [ TA,JA,A.E,P,DEQP,EQSYG,RF,RC,GyPB,GR,FLZ,y 000001 00

= KFRICy MOUNT IFRIC,NSoRB ) 00000200
COMMON JALWAYS/ NNoNCR,MER,NUR,NCLyNPNOK,NDSyNOCsNPLOTyNCRK, 000003 00

* NTRyNFR,NTR1,NTR24NNTR2, NNFyNCL1,NFR]1,NP], 00000400

* IGEN IGENI s NONZRy IGENPy IGENP1, NONZRP 4 00000500

* NICsN2CyN3C ;NGCyNSCyNE6Cy NTC s NBC,NICsN1OCINLIC, 00000600

¥ Ni2C,N13C,N14C,N15SC, 00000700

* N1sNZ2yN3g NG yNEsNE s NTyNBy NIy NLOJNI1sNL12yM134N14,N1S 00000800
COMMON /OTHERS/ PGE3),CM1{2),DHR{2),ALFO{3},ALF1{3),XML{3),CM(2}, 00QO00900

* PI1,PT2,DP,GRAV, SHQ)y SMQO, RHOC, BURH1+ BURH2,CFL X, 00001000

* CPOW, BUCNS ,RK,RKRyA91,GASI, TCON, PDBU, BUB 00001100
COMMON /XFRIC/ FST,FDY 00001200
COMMON /IOFIL/ T05,106,107 ‘ 00001 300
DIMENSION TIA{IGENL) . JA(NONZRY , A{NDNIR} , E(NN,NTR) , 00001400

* PI{NN,NTR) , DEQP(NN,NTR) » EQSIG{NNsNTR] , 00001500

* RE{NN,NFRL) » RC(NN,NCL1}) » G(NNyNTR) o PBINN;2) ., 00001600

* GB{NN,2) 5 FLZINN} , KFRICINN) ,» RB{NN,NTR) 00001700

c 00001800
c 00001900
c ELEMENTS A OF AX=B , AND IA,JA FOR USE IN THE SUBSEQUENT 00002000
C CALL TG THE SL-MATH SUBROUTINES 00002100
c 00002200
c 00002300
IF { MOUNT ) 20,20,10 00002400

c 00602500
10 4 = 5&6%NTR + 20 00002600

GO TQ 3000 00002700

c 00002800
20 CONTINUE 00002900

C 00003000
J = 0 00003100

K=1 00003200

c 1 - N 00003300
BO 1000 I=KsNl1 60003400

XE = E(NS,T) 00003500

XP = P{NS,I} 00003600

J = J-+ 1 00003700

TIA(TY = J 00003 800

JAtS } =1 000032900

Atd ) =1.0 00004000
J=J+1 00004100

Jatd } =1 + N2 00004200

AlJ ] = -1./XE 00004300
Jd=Jd+1 00004400

JA G P =1 # N3 000045030

Al )} = XP/XE 00004600
J=J+ 1 00004700

JALJ ) =1 + N4 00004800

AlJ } = XP/XE . 00004900
Jd=Jd+1 00005000

JA(U 2 ) =1 + NS 00005100

A J}t = -1.0 00005200

1000 CONTINUE 00005300
c 00005400
c N+l - 2N 00005500
c 000055600
D0 1100 I=KsNL 00005700

XE = E{(NS5,I) 00005800
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XP = PINS,I) - 00005900

3= J+ 1 00006000
 IALI+NL) = O 00006100
JA) = 1 + NI 00006200

- ALJ) = 1.0 00006300
J= a4+l 00006400

JALJY = 1 + N2 00006500

AlJ) = XP/XF 00006600
L Jd=Jde1 00006700
JALD) = 1 + N3 00006200

AW = =1./XE 00006900
J= 3+ 00007000

JALJ) = 1 + N4 00007100

AtJ) = XP/XE 00007200
= ae) 00007300
JATI) =1 + N6 00007400
AfJ) = =1.0 e L . . 00007500

1100 CONTTNUE 00007600
c 00007700
c 2N+1 - 3N 00007800
c - o ) 00007900
DO 1200 I=KyN1 00008000

XEP = DEQPI(NS,1) S 00008100

XES = EQSIGUNS, 1) 00008200
J=J+1 00008300
TA(I+N2) = J 00008400

JALJ) = 1 + N2 e o 00008500

AtJ) = XEP/XES 00008600

J=Jd+ 1 e 00008700

JATJ) = 1 + N3 00008800

A(J) = =XEP/(2,*XES) 00008900

3= J+1 00009000

JALJ) =1 + N& o o 00009100

ATI) = —XEP/{Z,*XES} 00009200
J=J+1 00009300

JALD) =1 + NS 00009400

ALd) = -1.0 00009500

1200 CONTINUE 00009600
c o 00009700
C 3N+1 -~ &N 00069800
c 00009900
DO 1300 I1=K,NiL 00010000

XEP = DEQPINS,I) 00010100

XES = EQSIGINS,1) 00010200
J=J+1 00010300
TACI+N3) = J 00010400

JAGJ) =1 & N2 00010500

A{J) = =XEP/(2.%XES) 00010600
J=J+1 00010700

JALN =1 + N3 00010800

AlJ) = XEP/XES 00010900

J = J+ 1 00011000

JALS) =1 + N4 00011100

A{J) = -XEP/{2.%*XES) 00011200
J=J+1 00011300

JATJY = 1 + N6 00011400

AlJ) = -1.0 00011500

1300 CONTINUE 00011600
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C 00011700
C 4N+1 - SN 00011800
C 00011900
DO 1400 I=K,N1 00012000

XEP = DEQPINS,I) 00012100

XES = EQSIG{NS,I) 00012200
Jd=J+ 1 00012300
IA(I?N4) = J 00012400

JALD) =T + N2 00012500

AlJd) = —-XEP/{2.%XES) 00012500
J=J+1 00012700

JA(J) =1 + N3 00012800

A{J} = =XEP/{2.%XES) 00012900
J=J3+1 00013000

JALJ)Y = 1 + N4 00013100

AtJ) = XEP/XES 00013200
J=J+ 1 00013300

JA(S) =1 + NT 00013400

AtJY = =-1,0 00013500

1400 CONTINUE 00013600
C 4G013700
C 00013800
C 5N+1 - 5N+3 00013900
C 00014000
DN 1800 I=1,3 00014100
J=J+1 00014200
TIA{I+NS) = 00014300

DO 1850 I.J=1,NFR 00014400

RO = RF(NS3TJ+1) 00014500

RI = RF{NS,TJ) 00014600

JA(JS) = NS+({I-1)#NTR + 1J 00014700

4{( J ) = (RO+RI) *{RO-RI) 00014800
=3+ 1 00014900

1850 CONTINUE 00015000
JA(J) = NB + 1 + 2%{[-1} 00015100

RO = RF{NS,NFR1} 00015200

RI = RF{NS,1]} 00015300

Al J ) = ~(RO+RI}*(R0D=-RI) 00015400

1800 CONTINUE 00015500
c 00015600
C 5N+4 = S5N+6 00015700
c 00015800
DO 1900 I=1,3 00015900
J=Jd+1 00016000
JA{T+NS5+3) = 00016100

DO 1950 1J=1,NCL 000616200

RO = RCINS,TJ+1) 00016300

RE = RCINS,1J) 0Q016400
JATS) = NS + (I-1)*NTR &+ NFR + IJ 00016500

A J )} = (ROFRIIF{RO-RI) 00016600
J=J+1 00016700

1950 CONTINUE 00016800
JALI) = N8 + 2 + 2%¥(1I-1) 00016900

RO = RC{NS4NCLEI) 00017000

RI = RC{NS,1} 00017100

A J ) = =(RO+RT ) *{RO-RI} 003017200

- 1900 CONTINUE 00017300
. C 00017400
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SN+7 = TNtb6 00017500
c 00017600
K=0 00017700
C INNER DISPLACEMENT 00017800
DO 2000 T=1,.,Ni 00017900
J=J+1 00018000
TA[I+N5+8) = J 00018100
IFUI=NFR} 64046404650 00018200
640 RO = RF{NS,I+1} ¢0018300
RI = RF({NS,1) 00018400
GO TO 660 00018500
650 K = K+l 00018600
RO = RCINS,K+1} . 00018700
RI = RC{NS,K) 00018800
660 CONTINUE 000189090
XP = PUNS,I) 00019000
X6 = GINS,I} 00015100
RR =(RO+R1) *(RO-RI) 00019200
C RA = RB(NS,1) 000] 9300
RA = RI 00019400
AYL = [1e-2.%X%P)2RA%*ALOG(RA/RI) / {2.2(1.-XP}) 00019500
XY2 = RO*RO%{RI*RI4¢ (1. -2.%XP}*RA*RAJXALOG(RO/RI} / 00019600
* ({2« *RR¥{]1.-XP}*RA) 00013700C
Jadd) =1 00019800
AfJ) = RA-RI 00019900
J = J+l 00020000
JAtd) =1 + NS 00020100
AlJ) = «RA¥{1.-2.%XP}/2. —-XY1l+X¥2 00020200
J=J+1 00020300
JAtJl = 1 + N6 00020400
AlJ) = —=RA¥{1.-2.%XP) /2, +XY1-XY2 00020500
J=J+1 00020600
AtJd) = RAxXP 00020700
IF{I-NFR) 670,670,680 00020800
670 JAlJ) = N8 + 7 00020900
J=J+1 00021000
JALJ) = N8 + B + 1 00021100
A(J) = 1. 00021200
GO TO 590 00021300
680 JAUJ) = N8 + B 00021400
J=J+1 00021500
JAGJ) = N8 + 9 + 1 00021600
Afd) = 1. ' 00021700
690 CONTINUE 00021800
J=J+1 00021900
JALJIY = N9 + 10 + I 00022000
AlJd) = -RI%RI*(RO*RO/RA+ (1. -2, ¥XP)*RA}) / {2.%XG*RR} 00022100
J=Jd+1 00022200
JA{Y) = N9 + 11 + 1 00022300
AlJ) = ROXROF{RIXRI/RA+{1.-2.¥P)I*RA) / (2.*%XG%¥RR) - 00022400
2000 CONTINUE 00022500
c 00022600
c DUTER DI SPLACEMENT ] 00022700
c 00022800
K=0 00022900
DO 2100 I=1,Nl 00023000
J=J+1 00023100
TA{I+N6+s) = U 00023200
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IF{I-NFR} 700,700,710 00023300

700 RO = RF{NS,I+1) 00023400
RI = RFiNSyI) 00023500

G0 70 720 00023600

710 K = K+ 1 00023700
RO = RC{NS,K+1} 00023800C

RI = RC{NS,K) 0002390¢C

720 CONTINUE 00024000
XP = PI{NS,I) 00024100

XG = G(NS,I) 00024200

RR = {(RO+RI)*{RO-RI) 00024300

c RA = RBINS,I) 00024400
RA = RO 00024500

XYL = {1.-2.%%XP) #*RAFALOG{RA/RI) / (2.%(1.-XP}} 00024600

XY2 = RO*RO*{RI*RI+(1.-2.*XP}*RA*RA}FALOG(RO/RI]) / 00024700

* (2. %RRERAX{L o —=XP}) 00024800
JALS) =1 00024900

AlJ}) = RA-RO 00025000

J = J+] 00025100

JAGS)Y =1 + NS - : 00025200

AlJ} = —RA¥{1.-2.%XP) /2. ~XY1+XY2 00025300
J=Jd+1 00025400

JALJY =T + N6 00025500

AlJ) = —RA%([1.-2.%XP)/2. +XY1-XY2 00025600

J=Jd 4+ 1 : 00025700

AlJ) = RAZXP 00025800
IF{YI-NFR} 730,730,740 00025900

730 JALJ) = N8 + 7 00026000
J=Jd+1 00026100

JAfJ) = N8 + 9 + 1 00026200

ACJ) = 1. 00026300

GO TD 750 00026400

740 JALJ) = N8 + 8 00026500
Jd=J+1 40026600

JA(J) = N8 + 10 + 1 00026700

ALY = 1. 00026800

750 CONTINUE 00025900
J=J3+1 00627000

JA(J) = N9 + 10 + T 00027100

ACJ) = —-RI*RI*(RO*RO/RA+{1.-2.%XPHRA) / (2.%XG*RR} 00027200
J=J+1 00027300

JALJ) = N9 + 11 + 1 00027400

AlJ) = RO*RO*{RIZRI/RA+{1.—2.%XP)HRA) / {2.*XG*RR) 60027500

2100 CONTIMNUE 00027600
C 00027700
C BOUNDARY CONDITION FOR PRESSURE 00027800
c FUEL 00027900
J=4J+1 00028000
IAINT+T) = J 00028100

JALJ) = N9 + 11 00028200

AlJY = 1.0 00028300

c - 00028400
C 00028500
J=J3+1 00028600
TAINT+B) = J 00028700

JA{J) = N10O + 11 00028800

AlJ) = 1. 00028900

c 00029000
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C FUEL AXYTAL DISPLACEMENT 00029100
C 00029200
J=J+1 00029300
XGB = GBINS,1) 00029400
XP8 = PBI{NS,1} 00029500
IAINT+9) = J 06029600
JA{JS) = NB + 1 00029700
A(J) = XPB 00029800
J=J+1 00029900
JAtJ}l = N8 + 3~ 00030000
A(J] = XPB 00030100
J=J+1 00030200
JA{J) = N8 + 5 000320300
AfJl = -1.0 00030500
Jd=dJ4+1 00030500
JALJ} = NB + 7 00030600
AlJ} = 1.+XPB 00030700
J=J+1 00030800
RO = RF(NS,NFR1) 000330900
RI = RF{NS.1} 00021000
RR = (RO+RI)*(RO-RI1) 00031100
JA(F) = N9 +# 11 + NFR 00031200
A(J) = -XPB®*RO*RO /{XGB*RRI) 00031300
J=Jd+1 00031400
DL = FLZ{ NS ) 00031500
Jatd) = N1O + 12 00031600
C==== REMARK 00031700
A{J) = DL/ (2.%*XGB%PI*RR) - 00031800
C==== REMARK 00031900
c 00032000
C CLAD AXIAL OISPLACEMENT 00032100
C 00032200
J=J+1 00032300
IA{NT+10} = & 00032500
RO = RCINSsNCLL) 00032500
RI = RC{NS,1) 00032600
XPB = PBINS,2) 00032700
%GB = GB{NS,2) 00032800
RR = {RO+RI}*{RO-R1) 00032900
JALJY = N8 o+ 2 00033000
A{J) = XPB 00033100
J=J+1 00033200
JALJY = N8B + 4 00033300
ALY = xPB 00033400
Jd=J+ 1 00033500
JA(JS) = N8 + & 00033600
AfJd) = -1.0 00033700
J=3+1 00033800
JA{JS) = N8 + 8 00033900
A{J} = l.+#XPR 00034000
J=J4+1 00034100
JA{J}) = N9 + 11 + NFR 00034200
A(J) = XPB%RI*RI / {(XGB%*RR) 00034300
J=J+1 00034400
JA{J) = N1O + 12 00034500
C==== REMARK 00034600
A{J) = -DL f{2.%*XGB*PI*RR) 00034700
C==== REMARK 00034800
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¢ 00034900
c STRESS === SIGR === 00035000
¢ , . 00035100
K =0 00035200
DO 2600 I=1,N1 00035300
J=17+1 00035400
TA{NT+10+I} = J 00035500
JATDY = N2 + 1 00035600
ALY = 1.0 00035700 __
J=J+1 00035800
IF{I=NFR) 770,770,780 £0035900
770 RO = RFINS,I+1) 00036000
RI = RFINS,I} 00036100
GO 70 790 00036200
780 K = K + 1 00036300
RO = RCUNS.K+1} 00036400
RI_= RCINS,K) 00036500
730 CONTINUE 00036600
XP = P{NS,I) 00036700
X6 = GINS,1) 00036800
RR_= {RO+RI)} #* (RD-RI) 00036900
TH = 1.-2.*RI*RI*ALDG(RO/RI)/RR 00037000
OM = 1.,-2.%*RO*RO*ALOG(RO/RI}/RR 00037100
JAUH = NS + T 00037200
ALJ) = XG*{{l.~THI®OM & TH ) / (2.%{1.-XP)}) 00037300
J=J+ 1 60037400
JALJ) = N6 + 1 00037500
AUH = X6*((TH=1.)%0M = TH ) 7 (2.%(1.=XP)) 00037600
J=4J4+1 00037700
JATJY = N9 + 10 + I 00037800
AlJ} = —RISRI*O0H / RR 00037900
d =3+ 1 00038000
JALJ) = N9 + 11 + I 00038100
A(J) = RO%RO*TH / RR 00038200
2600 CONTINYUE 00038300
C 00038400
C STRESS ===  SIGC === 00038500
C 00038600
K =0 00038700
DO 2700 1=1,N1 00038800
J=J+1 00038900
TA(NB+10+1) = J 00039000
JALJ) = N3 + 1 00039100
AUJY = 1.0 00039200
J=J4+1 00039300
C 00039400
IF(I-NFR) 830,830,840 00039500 .
830 RO = RF[NS,1+1) 00039600
RI_= RFINS,I) 00039700
GO T3 850 00039800
840 K = K + 1 00039900
RO = RCINS,K+1) 00040000
RI_= RCINS+K) 00040100
850 CONTINUE 00040200
XP = P{NS,I} 00040300
XG = GINS,I} 00040400
RR = (RO+RI) * {RO=-RI) 00040500
c 00040600
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1,-2.%RI *RI*ALOG(RO/RI)/RR

TH = 00040700
OM = 1.-2,*RO*RO*ALOG{RO/R11/RR 00040800

c 00040900
JATJ) = N5 + 1 00041000

ALJ) = XG#*{(0M-1.)%*TH- OM ) / (2.%{1.-XP)) 00041100
J=J+1 00041200

JALJ) = N6 + 1 00041300

AL = XC*({1.-OM)*TH+ OM } / (2.%*(1.=XP)) 00041400
J=J+1 00041500

JACJY = N9 + 10 + I 00041600

A(Jd) = -RI*RI*{2.-0M)/RR 00041700
J=4J+¢1 00041800

JACJ) = N9 + 11 + % 00041900

AUJ) = RO*RO®(2.-TH) / RR 00042000

2700 CONTINUE 00042100
c 00042200
c STRESS === SIGZ 00042300
c 00042400
K =20 00042500

DO 2800 I=1,N1L 00042600
J=J+1 00042700
TA(NS#+10+1] = J 00042800

JALJ) = N4 + 1 00042900

ATH) = 1.0 00043000
J=Jd+1 00043100

c 00043200
IF(1-NFR) 890,850,900 00043300

890 RO = RFINS,I+1) 00043400
RI = RF{NS,I} 00043500

G0 70 910 00043600

900 K = K + 1 00043700
RO = RCINS K1) 00043800

RI = RCINS,K) 00043900

910 CONTINUE 00044000
XP_= PINS,I) 000441 00

X6 = GINS4I) 00044200

RR_= (RO4RI)*{RO~RI) 00044300

T 00044400
TH = 1.-2.%RI*RI*ALOG(RO/RI)/RR 00044500

M = 1.-2.*RO*RO*ALOG(RD/RI)/RR 00044600

c 00044700
JATJ) = N5 + 1 00044800

ALJ) =2, ¥XG*XP 00044900
J=J+1 00045000

JALJY = N6 + 1 00045100

ATJ) =<2, %XG*XP 00045200
J=J+1 00045300

JALI) = NT + 1 00045400

ALJY = 2.%XG 00045500
J=J+1 00045600

ALJ) = —2.%XG*[1,+XP) 00045700 .
IF{I-NFR) 920,920,930 00045800

920 JALJ) = NB + 7 00045900
50 TO 940 00046000

930 JAUJ) = N8 + 8 00046100
940 CONTINUE 00046200
J=J+1 00046300
00046400

JAEJ) = N9 + 10 + I
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Ald) = —2,%XP*R]®=RI/RR 00046500
I = J+ 1 000465600
JALS) = N9 + 1l <+ I 00046700

ACTJY = 2Z2.%XPEROHFRO/RRA 00046800

2800 CONTINUE 00046900
- C 00047000
c 00047100
3000 CONTINUE 00047200
C 00047300
IF { IFRIC-1 } 950,960,970 00047400

[ 00047500
C 00047600
950 CONTINUE 00047700

c 000471800
C 00047900
C GAP OPEN 00048000
" 00048100
€ 00048200
J = J+1 00048300
TA(N1O+11) = J 00048400

JA(J) = N9+11 + NFR 00048500

A(J} = 1. 00048600

J = S+ 1 00048700
TATNLIO+12) = U 00048800

JAa{Jd) = N10 + 10 00048900

ACTY = 0. 00049000
Jd=J+1 00049100

JACIY = NID + 11 -000492 00

AtJ) = 0. 00049300

J = J+1 00049400

JALJ) = Nig + 12 00049500

A(TY = 1. 00049600

c 00049700
G0 TO 990 00049800

C 00049900
C 00050000
960 CONTINUE 00050100

C 00050200
C STICK ASSUMPTION 00050300
¢ 00050400
J=J+1 00050500
TAINLO+11) = J 00050600

JALJ) = N8B + 7 00050700

ALJY = 1, 00050800
J=J+ 1 00050900

JALJ) = N8 + 8 00051000

A{Jd) = =1, 00051100

C ' 00051200
G0 TO 980 00051300

C 00051400
o 00051500
970 CONTINUE 00051600

o 00051700
T SLIP ASSUMPTION 00051800
[ 00051900
J=J+ 1 60052000
IA{N1O+11) = J 00052100

JAUJ) = N9 + 11 + NFR 00052200
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AlJ} = PI2#%RF (NS, NFR1)*FDY 00052300
J=4d+1 00052400
JA(JS) = N1O + 12 00052500
ALY = -1. 00052600
00052700

980 CONTINUE 00052800
00052900

J=J+1 00053000
TAIN1Q+12) = J 000531490
JAUJY = N8 + 9 + NFR . 00053200
Al = 1. 00053300
d =4+ 00053400
JA{J) = N8 + 10 + NFR 00053500
At} = -1, 00053600
990 CONTI NUE 00053700
Jd = J+l 00053800
TA{N1O+13} = J 00053900
00054000

00054100

RETURN 00054200
END 00054300
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SUBROUTINE MATRXP { TA,JA,A+E,P,DEQP,EQSIGyRC,GsPBsGB.CLZKFRIC, 00054400

* NS ) 00054500

C 00054600
COMMON JALWAYS/ NN,NCR,NER;NURyNCL,NP,NOKyNOS,NDC,NPLOT s NCRI, 00054700

* NTRy MFRy NTRI NTR2NNTR2, NNF; NCL1s NFR1, NP1, 000548400

* TGEN, IGENL ; NONZ Ry IGENP, IGENPL,NONZRP, 00054900

a NICsN2C, N3C, N4Cy NSC,y N6C; NTC, NBC,NIC, N1OC s N11C 4 00055000

* N12C,NI3C,N14CoN15Cs 00055100

* N1yNZyN3oNGoy NS NE ¢ NT, NBy N9y N1IOyN1TsN12,N13,N14N1S 00055200
COMMDN JOTHERS/ PG(3},CML(2),DHR(2) 4 ALFO{3),ALFL{3),XML{3),CH(2}, 00055300

* PI,PT2,DP,GRAV+SMQy SMO0, RHOC BURH1; BURHZ2,CFL X, 00055400

% CPOM s BUCNS yRKRKRyA91,GAST, TCON, PDBU, BUB 00055500

c Q0055600
DIMENSION JIAUIGENPL) , JAUNONZRP) , AINONZRP) ; ECNN,NTR} , 00055700

* PINN,NTR} s DEQPINN,NTR} , EQSIGINMyNTR} , RCI{NNsNCL1),00055800

* G(NNsNTR} , PBINN,2) , GBINN,2) , CLZINN} , KFRICINN] 00055900

C 00056000
C 00056100
C ELEMENTS A OF AX=B , AND TA,JA FOR USE IN THE SUBSEQUENT 00056200
C CALL TO THE SL-MATH SUBROUTINES 00056300
c 00056400
c FOR PLENUM SECTION ONLY 00056500
c 00055600
C 00056700
J =0 00056800

c 1 -N 00056900
DD 1000 I=14NCL 00057000

XE = E(MS,NFR+T} Q0057100

XP = PINS,NFR+I} 00057200
Jd=J+1 00057300

TA{I) = J 00057400

JALT) =1 00057500

ALY = 1.0 00057600
J=J+1 00057700

JA(J)Y =T + N2C 00057800

AlJ) = -1./XE 00057900
J=J+1 00058000

JA(J) = 1 + N3C 00058100

A(J) = XP/XE 00058200
J=J+1 00058300

JALJ) = 1 + N&C 00058400

A0J) = XP/XE 00058500
J=J+1 00058600

JALJ) =1 + N5C 00058700

A{J) = -1.0 00058800

1000 COMTINUE 00058900
c 00059000
c N+l - 2N 00059100
c 00059200
DO 1100 I=1,NCL 00059300

XE = EINS,NFR+I) 00059400

XP = P{NS,NFR+I} 00059500
J=J+1 00059600
TAINIC+I) = 00059700

JALJ) = 9§ + NIC 000598090

ACJ) = 1.0 00059900

J=J 4+ 1 00060000

JAtY) = 00060100

I + N2C
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AfJd) = XP/XE 00060200
J=J¢1 00060300
JAgE) = 1 + N3C- 000560400
Al{J} = -1./XE 00060500
J=J4+1 00060600
JAlJ} = 1 + N4C 00060700

ACJ) = XP/XE 00060800
J =4+ 1 00060900
JALJY =T + N&C 00061000
ACJ) = ~1.0 000561100
1100 CONTI NUE 00061200
c 00061300
c 2N+1 - 3N 00061400
C 00061500
DD 1200 I=14NCL 00061600
XEP = DEQPI{NS, NFR+I)} 00061700
XES = EQSIGINS,NFR+I} 00061 800
J=J+1 00061900
TA{NZ2C+I) = J 00062000
JALJ) = 1 + N2C 00062100
AlJS) = XEP/XES 00062200
J=Jd+1 00062300
JAtJ) =1 + N3C 00062400
AlJY = —-XEP/{2.*XES} 00062500
J =J el 00062600
JA{JY =1 + N4&C 00062700
A{J) = —~XEP/{(2.*XES) 00062800
J=J+1 00062900
JA{J) =1 + N5C 00063000
Af{J} = -1.0 00063100
1200 CONT]I NUE - 00063200
c 00063300
c 3N+1 - 4N 00063400
c : 00063500
DO 1300 I=1,NCL 00063600
XEP = DEQP{INS,NFR+I} 00063700
XES = EQSIGINS,NFR+T1} 000638060
J=Jd+1 00063900
TAfI+N3C) = J 00064000
JA(J) =1 + N2C 00064100
A(J) = —XEP/ (2. %XES) 00064200
J=J+1 00064300
JAlJ) =1 + N3C 00064400
AfJ}) = XEP/XES 00064500
J=dJ4+1 00064600
JAULH =1 + N4C 00064700
A(J) = —XEP/(2.%XES} 00064800
J=J4+1 00064900
JAfJ) = T + NeC 00065000
AtJ} = -1.0 00065100
1300 CONTINUE 000565200
c 00065300
c 4N+1 -~ SN 00065400
c 00065500
DO 1400 I=1,NCL 00065600
XEP = DEQP{NS,NFR+I) 00065700
XES = EQSIG{NS,NFR+I} 00065800
J=J+1 00065900
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FA(E+N4C) = J 000646000

JalJ}) =1 + N2C 00066100

AlJ) = -XEP/(2.%XES) 000662060

J= J+1 00066300

JA{J) =1 + N3C 00066400

AlIY = =XEPS (2. %XES) 000656500
J=J+1 00066600

JA(JE = I + N4&C 00066700

AlJ) = XEP/XES 00066300
J=J+¢1 00066900

JAUJ) = 1 + NTC 00067000

A(J) = 1.0 00067100

1400 CONTINUE 00067200
c © 00067300
C 00067400
c Q0067500
C SN+1 - 5N#3 00067600
C 00067700
DO 1800 I=1,3 00057800
J=J+1 00067900
TA{I+N5C) = J 00068000

c 00068100
DO 1850 I.J=1,NCL 00068200

RO = RCINS,TJ+1) 00068300

RI = RC{NS,I4} . 00068400

JA{J) = N5C + (I-1)*%NCL + YIJ 00068500

ALJ) = {RO+RIY={RO-RI} 00068600
J=J+1 00068700

1850 CONTINUE 00068800
C 00068900
JA(J) = NBC + I 00069000

RO = RCINS,NCLL) 0005691 G0

RI = RCI{NS,1) 00069200

A(S) = —[{RO+RI)%=(RO-RI} 00069300

1800 CONTINUE Q0069400
C 00069500
C S5N+4 ~ TN+3 00069600
C 00069700
C INNMER DISPLACEMENT SN+4 ~ 6N+3 00069800
[ 00069900
D0 1900 I=1sNCL 00070000

=1 +1 00070100
TA{T+N5C+3) = 3 00070200

RO = RCI{NS,I+1) 00070300

RI = RCINS.I) 00070400

RR = {(RO+RI)} *{RO-RT} 00070500

XP = P{NS,.NFR+I) 00070600

XG = GI{NS,NFR+I) 00070700

JALJ) =1 + N5C 00070800

A(J)} = -RI%{1,-2,¥P)/2. + RI*RO*ROFALOG{RO/RI} /7 RR 00070900
J=J+1 00071000

JALJY =1 + N6C 00071100

A(J) = =RI%{].,-2.%XP)}/2. = RI#ROD#%*RO*ALOG{RO/RI) / RR 00071200
J=J+1 . ‘ 00071300

JALJ) = NBC + & 00071400

A{J) = RI=*XP 0007I500
J=J+1 00071600

JA{J} = NBC + &4 + 1 00071700
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AlJ) = 1.0 00071800

J=J ¢+ 1 00071900

JA{J) = N9C + 5 + 1 00072000

AlJ} = -RTI*{{1.-2.*%XP}*RI*RI+RO*R0O} / (2.*XG*RR) 00072100
J=J4+1 00072200

JAlGJ) = N9C + 6 + 1 00072300

AlJ) = 11.-XP)*RI*RO*RO / {XG*RR) 00072400

1900 CONTINUE 00072500
C : 00072600
c DUTER DISPLACEMENT 6N+4 — TH+3 00072700
C 00072800
DO 2000 I=1.,NCL 00072900

4 =4 +1 00073000
TA{I+N6C+3) = J 00073100

RO = RCINS.T+1} 00073200

Al = RCINS,I) 00073300

RR = {RO+RI}*(RO-RI} 00073400

XP = P(NS,NFR+I} 00073500

XG = GINS NFR+T) 20073600

JAlJr = I + NEC 00073700

A{Jd) = ~RO¥(1.-2.*%XP) /2. + RO¥RI®RI*ALOG{RO/RI)/RR 00073800
J=J+1 00073900

JAtJ) =1 + N6C 00074000

AlJ} = —RO*F{1.-2.%XP) /2. — RO®RI*RI¥ALOGIRD/RII/RR 00074100
J=Jd+1 ' 00074200

JA(JS) = NBC + 4 00074300

AlJ) = RO*XP 00074400
J=J+1 00074500

JA(J) = N8C + 5 + 1 - 00074600

A{J) = 1.0 00074700
Jd=J+1 00074800

JAUS) = N9C + 5 + 1 00074900

AlJ) = -RO*RT*RI%*(1.-XP} / (XG*RR) 00075000
J=44+1 00075100

JAGJ) = NOC + 6 + 1 00075200

AtJ) = RO%(RIFRI«(1.-2.%XP}*RO*RO} / {2.*XG*RR} 00075300

2000 CONTINUE 00075400
c 00075500
c BOUNDARY CONDITION FOR PRESSURE 00075600
C Q0075700
J=J+1 00075800
TAINTC+4) = J 00075900

JA(J) = N9C + 6 00076000

A(J) = 1.0 00076100
J=4J+1 00076200
TA{NTC+5} = J 00076300

JA{J) = NIQGC + & 00076400

Al = 1. 00076500

c 00076600
C 00076700
c 00076800
c CLAD AXIAL DISPLACEMENT TN+6 00076900
c 00077000
Jd=Jd+1 00077100
TAINTC+6) = J 00077200

RO = RCINS,NCL1} 00077300

RI = RC{NS,1} 00077400

XPB = PB{NS,2) 00077500

— 294 —



PNCT841-75-17

XGB = GB{NS,2) 00077500

RR = (RO+RI)*{RO-RI)} : 00077700

JA{J) = N8C + 1 00077800

A{J) = XPB 00077900
Jd=J+1 000780040

JAC(J) = NBC + 2 00078100

A{J) = XPB 00078200
J=J+1 00478300

JA{J) = NBC + 3 00078400

Aldy = -1.0 00078500

J =4+ 1 00078600

JA(J) = NBC + 4 ' 00078700

AfJd) = l.+XPB 00078800
J=4J+1 00078900

JA(J) = N9C + b 00079000

AtJ) = XPB®RI*RI / {XGB*RR) 00079100
J=J+1 00079200

Ja(Jy = N1oC + 7 . 00079300

C==== REMARK 00079400
A{J) = ~CLZIN3) / [2.%PI[*XGB*RR) 00079500

C==== REMARK 00079600
c Q0079700
c STRESS === SIGR === TNeT — 8N+6 00073800
C 00079900
DO 2300 T=1,NCL 000800040
J=J+1 00080100
TA{T+NTC+6) = J 00080200

JATJ} = 1T + N2C 00080300

AtJ) = 1.0 00080400
J=J+1 00080500

RO = RCINS,I+1) 00080600

RI = RCI{MNS,.I} 00080700

RR = {RO+RI)*{RO-~-RI} 03080800

XP = P{NS,NFR+I) 00080900

X6 = G{NS,NFR+I} 00081000

TH = 1.-2.%RI%*RI=*ALOG(RDO/RI}/RR ' 00081100

OM = 1.-2.%RO*RO*ALOG(RO/RI)/RR 00081200

JalJ} = T + N5C 00081300

Ald) = XG6%({1l.-THI#*OM + TH ) /7 {(2.%(1.-XP)) 00081400
=3+ 1 00081500

Jaldr =1 + NoC ) : : ' 00081600

AlJ) = XU ITH=-1.3*0M = TH ) / (2.%(1l.~XP}) 00081700
4d=J+1 00081800

JAatd) = NoC + 5 + I 00081900

A{Jd) = ~RI%XRI%=OM / RR 00082000
J=J+1 . 00082100

JAUJ) = N9C + &6 ¢+ 1 00082200

A{JY = RO%RO=TH / RR 00082300

2300 CONTINUE 00082400
c 00082500
C STRESS === SIGC === BN+7 — 9N+& 00082600
c 00082700
DO 2400 TI=1,NCL 00082800
J=J+1 00082900
TA{1+MNBCH+6) = J 00083000

JA(S) =1 4+ N3C 00083100

AlJ) = 1.0 00083200
=4+ 00083300
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C 00083400
RD = RCUINS,I+1) 00083500

RI = RCUNS,T1) 00083600

RR = (RO+RI)*(RO-RI} 00083700

XP = PINS,NFR+I) 00083800

XG = G{NS ¢NFR+I) . 00083900

TH = 1.-2.%RI%RI*ALOG{RO/RI) / RR 00084000

OM = 1.-2.%RO*RO*ALOGIRAO/RI) / RR 00084100

C . 00084200-
JALJ) =T + N5C 00084300

Af{J)} = XG*{(OM-1.}*TH- OM) / (2,.,%{1.,-XP}) 00084400
J=J+1 ' 00084500

JALJY = 1 + N&C 00084600

AfJ) = XG*{(l.-OM)*TH+ OM} /7 (2.%{1.=XP))} 00084700

J =4+ 1 00084800

JA{J) = N9C + 5 + 1 00084900

AlJd) = —-RI*RI*{2.~0M) / RR 00085000
J=J4+1 00085100

JAGJY = N9C + &6 + 1 00085200

AlJ) = RO*RO*(2.-TH) / RR 00085300

2400 CONTI NUE 00085400
c ‘ 00085500
c STRESS === S5IGZ === IN+T — 10N+6 00085600
c 00085700
DO 2500 I=1,NCL 00085800
d=J+1 00085900
TA(I+NIC+6) = J 00086000

JATS) =1 + N4C 00086100

AtJY = 1.0 00086200
J=J+1 00086300

RO = RCE{NS,I+1) 00086400

RI = RCINS,I} 00086500

XP = P{NS ,NFR+[} 00086600

XG = G{NS NFR+I} 00086700

RR = (RO+RI}*{RO-RT} 00086800

C 00086300
TH = 1.-2.%RI*RI *ALOG(RO/RI) / RR 00087000

OM = 1.-2.%RO%¥RO*ALOG(RO/RI) / RR 00087100

c ‘ 00087200
JALJ) = 1 + N5C 00087300

AlJd) =—2,%XGxXP 00087400
d=J+1 00087500

JALJ)Y = 1 + Né6C 000874500

A(J) =-2.%XG*XP 00087700

Jd =J+1 00087800

JatJ) =1 + N7C 00087900

A{J) = 2.%XG 00088000
Jd=Jd+1 00088100

JA{J) = NBC + 4 00088200

ALJ) = —2.%XG*{1l.+XP) 000838300

J= 4 +1 ) 00088400

JALJ)Y = NSC + 5 + 1 00088500

AlJ) = -2.%KP*RI*RT / RR 00088600
J=4d+1 00088700

JA{J) = N9C + 6 + 1 04088800

ACJ) = 2.,%XP¥RO*RO / RR 00088900

2500 CONTINUE 00089000
c 00089100

— 296 —



PNCT841-75-17

c FRICTION FORCE 10N+7 00089200

C _ 00089300
J=J+1 : 00089400
TATNLOC+7) = J 00089500
JAtJ) = N1OC + 7 00089600
ATJV = 1.0 00089700

c 00089800
g =Jd+ 1 00083900
JAINIOC+8} = J 00090000

3 _ 00090100
RE TURN 00090200

END 00090300
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SUBROUTINE OTMCAL { OTOM,N } . 00090400
COMMON /ALWAYS/ NNyNCRyNER,NUR,NCLy;NP; NOK;NOSsNGC, NPLOT,NCRK, 60090500
% NTRsNFRyNTR1,NTR2 NNTR2, NNFy NCL1,MFRI,NP 1, 00090600
* IGEN, IGEN] yNONZ R+ IGENP, IGENP1,NONZRP, 00090700
* NLCyN2CyN3C N4Cy NSCy NOC, NTCo NBC,NIC, N1OC,N11C, 00090800
* N12CaNI3C+N14C,N15C,y 00090900
* NI gNZyN3y NGNSy NEyNTy NBy NI, N10OsN21.N12,N13,N14yN15S 00091000
DIMENSION OTOMINN) 00091100
/ 00091200

OTOM (0O/M} MODIFY / 00091300
] 00091400

RETURN 00091500
END 00091600
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SUBROUTINE PLENP ( RVB,RCIsTFR,FLZ,GRT,FL,CL,TOUT,PLPR,CVPR,RUB, 00000100

* CLZ ) 00000200
COMMDON /ALWAYS/ NNyNCRsNERsNURyNCL,NP,NOK,NOS,NOC,NPLOTyNCRK 00000300

¥ NTRyNFRyNTR1,NTR2 ,NNTRZ, NNFy NCL1,NFR1,NP1, 0000040G0

* IGENs IGENL y NONZ Ry IGENP, IGENP1, NONZRP, 00000500

* NICyN2C s NIC,NACyNSCyNOCINTCoNSC,NIC,NIOC,N11C, 00000600

* N12C,N13CyNI4CyN15C, 00000700

* NI yNZ N3y NGy NS o N6 s NTsNBs NIy N1OsN1TyN12,N134N144N1S 00000800
COMMON /OTHERS/ PGE3),CM1(2),DHRE2),ALFO(3Y,ALF1(3),XMLL{3),CME2), 00000900

* P1,PI2,DP+GRAV,SMQ,5MQ04 RHOC, BURH1, BURH2,CFLX, 00001000

* CPOW,BUCNSyRK,RKR,A91,GAST,TCON, PDBU,RUB 00001100

C 00001200
DIMENSION RVB(NN) , RCI{NN) , TFR{NN,NFR1) , FLZ(NN) ,RUB(NN) , 00001300

* CLZ{NN) 00001400

c 00001500
c 00001600
C PLENUM PRESSURE , AND CENTRAL VOID PRESSURE CALC. 00001700
c : i 00001800
c 000G1900
VT = 0. 40002000

VTT = Q. 00002100

TO = TOUT + 273. 00002200

c VPL = PI*RCI(NN)I*RCY (NN} #CLZ{NN) 00002300
VPL = PT=RCI{NNIZRCY (NN)*( CL~FL )} 00002400

c 00002500
DO 1000 N=1,NNF 00002600

VYVO = PI*RVBIN) *RVB{N}*FLZ (N} 00002700

VT = VT + vvD 00002800

“TX = TFR{N,1) + 273. 00002900

VTT = VTT + vvO/TX 00003000

C 00003100
VGAP = PI*{ RCI{NI+RUBIN)}*{RCI{NI-RUBIN])} } * FLZIN) 00003200

VPL = VPL + VGAP ) 00003300

c 00003400
1000 CONTINUE 00003500
C 00003600
C 00003700
VTIOT = veL + VT 000603800

c 00003300
[ TAV = VTOT/{VPL/TO + VTT) 00004000
C 00004100
C RK IS IDEAL GAS CONSTANT IN KG*CM/MDLE/DEG K 00004200
C 00004300
c PLPR = GRT%RKX*TAY / VTOT 00004400
c 00004500
PLPR = GRT®RK*TO / VTOT 00004600

CVPR = GRTH*RKAVT / {(VTOT*VTT} 00004700

C 00004800
C PLPR,CVPR NOW IN KG/CM%%2 00004900
C 00005000
C 00005100
RETURN 00005200

END 00005300

- 299 —



PNCT841-75-17

SUBROUTINE PLOTYI { XPOWsXRLeXTL ¢ XT o XTLMX» XRLR, XTLRy XCPGP+ XCPUy 00000100
* XBU,POW, RFRPM, TFRPM, RCByREB,RUB,RCE,CPU,BU, 00000200
* RFRyTFRyIT,HLN )} 00000300
COMMON /JALWAYS/ MNyNCRZNERyNURyNCL NP sNOK,NOS,NOC,NPLOT,NCRK, 000460400
* NTR; NMFRyNTRI,NTR2,NNTRZ2, NNFy NCL 1, NFRI,NP 1 00000500
COMMON /OTHERS/ PG(3),CMI02),DHRE 2}, ALFO(3),ALFL{ 3}, XML 3),CM(2), 00000600
= Pl .PI2,DP,GRAV, SMQ, SMQ0, RHOC, BURH1,BURHZ, CFLX Q0000700
COMMON /XFRIC/ FST.FDY,;GAP 00000800
COMMON /PLTOPT/ IPFUL,IPSTS.IPSTN,IPCRK,NBUF, IPCNY 00000900
DIMENSION XPOWINBUF) , XRL{NBUF,NP1l) , XTL{NBUF,NPl) , XTINBUF) ,00001000
b XTLMXINBUF) 5 XRLR{NBUF,2) , XTLR{NRUF,2) , Q0001100
# XCPGP{NBUF)} , XCPU(NBUFsNP}) 4 XBU{NBUF) 5 POWI{NN) . 00001200
* RFRPMINN,NPL) 4 TFRPM{NN,NPl) , RCB{NN) , REB(NN} , 00001300
* RUB(NN) .y RCIINN)} 4 CPUINN,NP} » BUINN) , 00001400
= RFR{MN4NFR1) , TFRINN,NFR1) 00001500
C 00001600
C FUFL REGION PLOTTER PREPARATION o 0000k 700
C Q0001800
C 00001900
XPOWR{IT) = POH(N) 00002000
XBUIIT) = BUIN) e ___bO0O2100
XRLR({(ITy1} = RCBIN)*10. 00002200
XRLR({ITy2) = REB(N)*10, L . 00002300
XCPGP(IT) = GAP * 10.0 00002400
XTLR(ITs1) = TER{N,NCR+1}) 000025400
XTLR{IT42) = TFR{N:NCR+NER+1) ‘ 00002600
e . - R el Ll e -..00Q02T00__
XTLMAX = 1,E-10 : ' 00002800
DO 100 I=1,NP1 e e 00002900
XRL{IT,1) = RFRPM({N,1)#*10,0 00003000
XTL{IT,1) = TFRPM{N,I) 00003100
TF | XTLOETI0aGToXTLMAX )} XTLMAX=XTL{IT,1) 00003200
__ IF U 1.EQ.NPL ) GO TO 100 L 00003300
XCPUCIT,I} = CPUIN,I) 00003400
100 CONTINUE - _ , , 006003500
XTLMX(IT) = XTLMAX 00003600
XTIIT) = XTLEIT4+NP1) 000037900
RETURN Q00038040
END 00003900
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SUBROUTINE PLOTZ { XSIGC,SIGC,VOL,IT,N } 00004000
COMMON /ALWAYS/ NNyNCR,NER,NURy NCL,NP,NKy NOSsNOC, NPLDT,NCRK, 00004100
* NTRyNFRyNTRL,NTR2,NNTR2, NNF,NCL 1, NFR1,NP 1 00004200__
COMMON /OTHERS/ PG(2),CML(21,DHR(2},ALFO(2),ALF1(3),XML{3},CM{2}, 00004300
* P1,PT12,DP,GRAV,SMQ, SMQ0s RHOC, BURHL, BURH2,CFLX 00004400

COMMON /PLTOPT/ IPFUL,IPSYTS,IPSTN,IPCRK,NBUF, IPCNT 00004500
DIMENSION XSIGCINBUF) , SIGCINN,NTR) , VOL(NNyNTR) 00004600

c 00004700
c 00004800
C CLAD STRESS PLOTTER PREPARATION A 00004900
c 00005000
c CLAD AVERAGE HOOP STRESS 00005100
c 00005200
X = 0. 00005300

Y = 0, 00005400

DO 100 I=1,NCL 00005500

Y = ¥ + VOL{N,NFR+I) 00005600

X = X + SIGC{N,NFR+I)*VOLI{N,NFR+T) 00005700

100 CONTINUE 00005800
XSIGCIIT) = X*0.01 /7 Y 00005900

RE TURN 00006000

END 00006100
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SUBROUTINE PLOT3 { XCSTN,XTSC,XTPCsRCQ,RCO0,TSC,TPC,VOL 4RDES, [T,N100006200

COMMON ZALWAYS/ NN,NCR;NERyNURyNCL,NPyNOKyNOS,NOC,NPLDT,NCRK, 00006300

* NTR, NFRyNTRY ,NTR2,NNTR2, NNF, NCL1, NFR1, NP1 00006400
COMMON fOTHERS/ PG(3),CML(2),DHR(2), ALFO{3),ALF1{3},XML{3),CM{2}, 00006500

* PI+PI2,DP4GRAV,5MQy SMQ0, RHDC,y BYURHY, BURH2,CFLX 00006600
COMMON /PLTOPT/ IPFUL,IPSTS,IPSTN,IPCRK,NBUF, IPCNT 00006700
DIMENSION MCSTMONBUF) o, XTSCI{NBUF) , XTPCINBUF) , RCOINN} , 00006800

* RCOO(NN) o TSCINN,NTR) , TPC(NNyNTR} , VOL(NN.NTR) ., 00006900

* RDIS(NN,NTRZ2) 00007000

c 00007100
c 0900907200
C CLAD STRAIN PLOTTER PREPARATION 00007300
c 00007400
c 00007500
XCSTNLIT)Y = ( RCO(MNI+ROISIN,NTR2)-RCOO{N] J} / RCOO(N) * 100. 00007600

X = 0. ' 00007700

Y = 0. 000607800

I = Q. 00007900

DO 100 I=1,NCL . 00008000

Z = 7 + VOLIN,NFR+1} 00008100

X = X + TSC(M,NFR+I]*VOL{Ny NFR+T} . 00008200

Y =Y % TPCIN,NFR+I)*=VOLIN,NFR+I) 00008300

160 CONTINUE 00008400
XTSCL{LIT) = X*100. / 2 ) 00008500

XTPC (IT) = ¥Y*100. / 1 00008600
RETURN : 00008700

END 00008800
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SUBROUTINE PLOT4 ( RFRPM;RCBsREBsLMRsLMCyLMZ, IT,N ) ' 00008900
REAL*8 DAYDAY - 00009000
COMMON /ALWAYS/ NNyNCRyNERyNURyNCL,NP;NOK,NOS,NOC,NPLOT;NCRK 00009100

* , NTR, NER, NTR1,NT R2 s NNTR2s NNFs NCL1, NFR1,NP 1 00009200
COMMON /OTHERS/ PGI3) sCHL(2),DHRI 2}, ALFO(3), ALF1{3),XML{3},CH{2), 00009300

* PT,P12,DP,GRAVSHQy SHQ0,RHOC, BURHL, BURH2,, CFLX 00009400
COMMON _/PLTOPT/ IPFUL,IPSTS,IPSTN, IPCRK, NBUFs IPCNT 00009500
COMMON /DAY/ DAYDAY 00009600
DIMENSION RFRPMINN,NPL) , RCB(NN) , REB{NN) , 00009700

* UHMRUNN,NTR) o LMCINNsNTR) o LMZ{NNyNTR] 00009800

c ' 00009900
Cx¥%%* IPCRK = AXIAL SECTION FOR FUEL CRACK 00010000
C ' 00010100
c FUEL CRACK PLOTTER PREPARATION 00010200
c . 00010300
C 0001 0400
c CRACK PLOT 00010500
c : 00010600
C 00010700
c ' " 00010800
IF_{ IPCNT.GT.0 ) 60 TD 100 . 00010900

CALL SYMBOL(O.+200s+10.,7%% RUN DATE #%',0.,14) 00011000

CALL SYMBOL{304+1850+10e,DAYDAY,0.,8) 00011100

CALL SYMBOL (40491004 ¢104s' ACTIVE-11°,0.,9} 00011200

CALL PLOT(200. 40, -3} 00011300

100 CONTI NUE 00011400

C 00011500
c 00011600
DX = 100. / {RFRPMIN,NP1)*10. ) 00011700

RADT = RFRPMIN,1}*10.%DX 00011800

DELRL = { RCBIN}-RFRPMIN,1} ) / NCR * 10.0 00011900

DELRZ = { REBIN)-RCBIN) ) / NER * 10.0 00012000

DELR3 = { RFRPM{N,NPL}—REB(N) ) / NUR * 10.0 00012100

CALL PLOT { 150.+0.+-3 ) 00012200

CALL NEWPEN{1} 00012300

RAD = RADI 00012400

CALL CIRCLE ! RADs130,40,+360.¢RAD4RADy0.0 ) 00012500

C : 00012600
C : 00012700
C RADIAL 00012800
C 00012900
c 00013000
DO 10040 K=1,3 00013100

TF [ K-2 ) 10041,10042,10043 00013200

10041 KK = 1 00013300
KKK = NCR : 00013400

DELR = DELRI1 00013500

50 10 10044 00013600

10042 KK = NCR+1 : 00013700
KKK = NCR+NER 00013800

DELR = DELRZ : 00013900

GO TO 10044 00014000

10043 KK = NCR+NER+1 00014100
KKK = NFR 00014200
DELR_= DELR3 00014300

10044 CONTINUE 00014400
c 00014500
c 00014600

— 303 —



PNCT841-75-17

T304 -

D0 10050 KL=KKy KKK DO014700
CALL NEWPEN(2} 00014500
LR = LMR {(N,KL) 00014900
DLR = DELR /7 {LR*+1] 00015000
IF_ ( LR,EQ.0 ) GO TO 10051 . 00015100
c 00015200
DO 10060 L=1,LR 00015300
RAD = RAD + DLR#DX 00015400
CALL CTRCLE ( RAD+1304904+3609RADRAD¥0L5 ) . 00015500
10060 CONTINUE 00015600
C e . 00015700
10051 CONTINUF 00015800
c 00015900
RAD = RAD + DLR®DX 00015000
CALL NEWPEN{1) 00016100
CALL CIRCLE { RAD,130.40.+360.4RAD,RAD,0.0 ) 00016200
10050 CONTINUE _ ... 00016300
C 00016400
IF { K.EQ.3 ) 60O TN 10040 00016500
CALL SYMBOL ( RAD,130.4347Ks0er=1 ) 00016600
CALL SYMBOL { 0.130.+RAD3.,Ks900y=1 ) . __ ____ _.._00016700
CALL SYMBOL { -RADs130.9349Ky1804,=1 } 00016800
_CALL SYMBOL { 0u,130a—RADs34+Ks270es=1 ) 00016900
¢ 00017000
10040 CONTINUE 00017100
c 00017200
___CALL SYMBOL { =35.415.,544*R-C~DIRECTION CRACK'504y19 ) . 00017300
CALL AXTAL U <50.+0.91PCRK } 00017400
CALL SYMBOL [ 304 40¢ y%es"STEP =7 ,0.46 ) o o 00017500
CAUL NUMBER ( 584 90a940esFLOAT(IT)900s~1 1 00017600
c 00017700
T 00017800
L CIRCUMFERENTEIAL | —— e _...80017900
c 00018000
_ CALL NEWPENI(3) ) o 00018100
00018200
LCMX = 0 00018300
00 10070 K=1,NFR 00018400
o JF L LMCINsK)LGTLLCMX } LCMX=LMCIN,K) R .o...00018500
10070 CONTINUE 00018600
e © ., 00018700
TE 70 LEMXTNETD ) ANG=2.%BT 7 LCMX 00018800
RAD = RADI 00018900
€ 00019000
D 10080 K=1,3 S e e e ... 00019100
1F ( K-2") 10081,10082,10083 00019200
_10081 KK =1 __ ___ N _ .00019300Q _
KKK = NCR 00019400
DELR = DELRIL 00015500
GO T0 10084 00019600
.10082 KK = NCR+1 S e 00019700 _
KKK = NCR+NER 00019800
DELR = DELR2 - - 00019900
GO T0 10084 00020000
10083 KK = NCR+NER+1 . 00020100
KKK = NER 00020200
. DEWR = 9QEER3 _ _ __ e e ... 00020300
10684 € ONTINUE 00020400
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C . 00020500

DO 10090 L=KK,KKK 00020600

RADO = RAD ) _ . B 00020700

RAD = RAD + DELR#DX 00020800

IF ( LMC (N,L).EQ.0 } 6O TO 10090 00020900

1C = LMC (N,L) 00021000

c 00021100

DO 10100 LL=1,LC i , 00021200

ANGL = ANG*(LL-1) L 00021300

X0 = RAD*COS{ ANGL ) 00021400

YO = RADXSIN({ ANGL ) + 130. - 00021500

X1 = RADO*COS{ ANGL ) 00021600

Y1 = RADO*SIN{ ANGL ) + 130. 00021700

" CALL AROHD ( XOsYOysX1lsYlsRAD-RADO;3.0,6 ) 00021800

10100 CONTINUE , 00021900

c 00022000

10090 CONTINUE N . 00022100

c 00022200

10080 CONTINUE . 00022300

c 00022400
CALL NEWPEN(2} B 00022500

CALL SYMBOL { 150.1180as4ay' === 0443 } 00022600

CALL SYMBOL ( 16644180ey%e," CIRCUMF. CRACK® 400y1% ) 00022700

CALL NEWPENI{3) 00022800

CALL SYMBOL ( 150451604 s4es?==="400s3 ) 00022900

CALL SYMBOL { 166.4160.+40¢" RADIAL CRACK? 04,12 1} 00023000

CALL NEWPEN(L) . 00023100

CALL SYMBOL { 150.+140ey%arsls0as—~1 ) 00023200

CALL SYMBOL { 166441404 444, COLUMNAR BNDRY? ;0.0 1% ) 00023300

CALL SYMBOL [ 150.+1204+441290us-1 ) 00023400

CALL SYMBOL { 166.,120.9%;* EQUIAXED BNDRY® 300,14 ) 00023500

CALL PLOT-{ 300.+0.,-3 } 00023600

c 00023700

C 00023800

c AXIAL 00023900

C : 00024000

c 00024100

LZIMX = 0O : 00024200

DO 10110 K=1,NFR 00024300

TF { LMZ{NsK)<GT.LZMX ) LZMX=LMZ{NsK) 00024400

10110 CONTINUE o 00024500

C 00024600

DY = 100, / (LZMX+1) 00024700

CALL NEWPENTL} : 00024800

c 00024900

YO = 190. 00025000

DO 10119 K=1,4 00025100

CALL PLOT { 0.+Y0+3 ) 00025200

YO = Y0 - 20.4 00025300

CALL PLOT ( 0. +Y0s2 ! 00025400

YO = YO - 1.5 00025500

CALL PLOT { 0.sY0,3 ) 00025600

YO = YO ~ 1.5 00025700

CALL PLOT ( 0.sY0s2 ) 00025800

Y0 = YO = 1.5 00025900

10119 CONTINUE 00026000

CALL PLOT { 0.sY0,3 ) 000261 00

CALL PLOT ( 0. 3y70.s2 3 00026200
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c_ 00026300
ARAD = RADE 00026400
CALL PLOT ¢ RAD,180.,3 1} 000265090
CALL PLOT { RAD80.+2 1} 00026500
C _ L 00026700
D0 10120 K=1,3 00026800
IF ( K-2 ) 10121,10122,10123 00026900
10121 KK = 1 00027000
KKK = NCR 00027100
DELR = DELRI1 00027200
GO T0 10124 00027300 _
10122 KK = NCR+1 00027400
KKK = NCR+NER 00027500
DELR = DELRZ2 00027600
GO TO 10124 o 00027700
10123 KK = NCR+NER+1 00027800
KKK = NFR ) 00027900
DELR = DELR3 00028000
10124 CONTIMUE 004928100
c 00028200
DO 10130 L=KK, KKK L 00028300
CALL NEWPENI(1) 00028400
RADD = RAD . B L 00028500
RAD = RAD + DELR*DX 00028600
CALL PLOT { RAD¢180e.43 1 00028700
IF | L.LT.KKK } 60O TO 10125 00028800
CALL PLOT { RAD,B0.,2 ) 00028900
50 TD 10126 00029000
10125 CALL DASHPT ( RAD,80.,200%FLOAT(K) } o 00029100
10126 CONTINUE 00029200
IF ( LMZ {NsL).EQ.O } 60O TO 10130 00029300
tZ = LMI (N,L) 00029400
CALL NEWPEN(2) e 00029500 __
c 00029600
RADE = (RAD+RADQD)*0.5 00029700
DD 10140 LL=1,LZ 00029800
Y = 180.=DY*LL 00029900
CALL AROHD { RADC,YsRADO,Y,RADC-RADN,2.46 ) 00030000
CALL ARODHD ( RADC,YyRAD,Y,RAD-RADC 2406 ) 00030100
10140 CONTINUE .00030200
C _ B 00030300
10130 ZONTIMUE 00030400
C 00030500
10120 CONTINUE 00030600
c 00030700
CALL NEWPENI{1l] 00030800
CALL PLDOYT { RADI,180.43 1} 00030900
CALL PLOT ( RAD+180.,2 ) 00031000
CALL PLOT ( RADI,80.,3 ) 00031100
CALL PLOT { RAD+80.s2 1} ‘ 00031200
CALL SYMBOL ( O+ 9154 959" Z-DIRECTION CRACK® ,04y17 ) 00031300
CALL AXIAL { O 0. IPCRK ) . 00031400
CALL SYMBUL { 80. )Oo !40 !_._S_IEP =0 f_g_o_’é ’ ’ _ L '777”7”@073175"0&*
CALL NUMBER { 108. 904 +4sFLOAT(IT)}044~1 ) 00031600
C 00031700
C 00031800
C o 00031900
c 00032000
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CALL NEWPEN{2) 00032100
CALL SYHBGL ( 130.1170.|‘!’-"--"' ,0-'3 ' 00032200
CALL SYMBOL { 145.4170s94e+* AXTAL CRACK® 404,11 1} 00032360
CALL NEWPENI1} 00032400
CALL SVYMBOL { 130491500924y 8—-=u=m "9y0erb } 00032500
CALL SYMBOL ( 146.4150.s%,"COLUMNAR GR. REGION®,0.,19 } 00032600
CALL SYMBOL ( 130e41300y4%ey?'~—=%,40.,3 } 00032700
CALL SYMBOL ( 146.4130.94.5"EQUIAXED GR. REGION"O-,IQ ) 90032800
CALL SYMBOL ( 130e4110uyBar?=~%40492 } 00032900
CALL SYMBOL { 1464451104 4%.,"UNDISTURBED GR. REGION';O.;ZZ ) 00033000
CALL PLOT { 2404,404¢=3 } 00033100
c 00033200
RETURN 00033300
END 00033400
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SUBROUTINE PLOTS { XTIME,XPLPRyXYP,ITP, IT,ITN,TIM,PLPR ) 00033500
COMMON 7ALWAYS/ NN, NCR,NER,NUR,NCL NP ,NOK,NOS,NOC,NPLOT,NCRK, 00033600
% NTRy NFRy NTR1 4 NTR2 ,NNTR2y NNFy NCL1, NFR1,NP 1 00033700
COMMON /OTHERS/ PG(3Y,CML{Z)yOHR(2) 4 ALFO(3),ALF1(3),XML(3},CM12), 00033800
* PI,PI2,DP,GRAV,SHQ, SMQO,RHOC, BURH1,BURH2,CFLX 00033900
COMMON /PLTOPT/ IPFUL,IPSTS,IPSTN,IPCRKsNBUF, IPCNT 00034000
cOMMON /COMPLY/_YP,DDOD,TITLE(20) 00034100
DIMENSION XTIME(NBUF) , XPLPR{NBUF} , XYP{NBUF} , ITP{(NBUF) 00034200
ITP(IT) = ITN 00034300
XTIME(IT) = TIM 00034400
XPLPRIUIT) = PLPR 00034500
XYP{IT) = YP 00034600
RETURN 00034700
END 00034800

—.308 —



PNCT841-75-17

SUBROUTINE PLTOR { XPOWsXRLeXTL o XTo XTLMY» XRERs XTLRy XCPGAPo XCP Uy 000349090

. XBU XSIGC ¢ XCSTNy XTSCo XTPCo XTIME XPLPR 4 X¥YP 00035000

* ITPL,IT,ITN } 00035100
REAL*8 DAYDAY 00035200
COMMON /ALWAYS/ HWN,NCR,NER,NURy NCLyNP,NOK,NOS;,NOC,NPLOT,NCRK, 00035300

# NTRyNFReNTRE4NTR2,NNTR2,NNFyNCL1,NFR1, NP1 00035400
COMMON /OTHERS/ PG{3),CMI{Z2),DHR(2}, ALFO{3)-ALF1(3)},XMLEI3},CM{2), 00035500

® PI,P12,DP,GRAV,SMQ, 5MQ0, RHDOC, BURH1, BURHZ,CFLX 00035600
COMMON /DAY/ DAYDAY 00035700
COMMON /CQOMPLT/ YP,DDOD,TITLE(2D) 00035800
COMMON /PLTOPT/ IPFUL,IPSTSIPSTNIPCRK:NBUFy IPCNT 00035900
DIMENSION XPOWINBUF) , XRLUNBUF.NPL) , XTLINBUF, NP1) 00036000

& XT{NBUF) » XTLMXINBUF} s XRLR{NBUF,2} , XTLR{NBUF,2) , 00035100

* XCPGAPINBUF) s XCPUINBUF,NP} , XBUINBUF} , 00036200

*® XSIGCINBUFY , XCSTN{NBUF) , XYSCU(NBUF)} , 00036300

* XTPCINBUF) 4 XTIMEINBUF) . XPLPRINBUF) , 00036400

* XYP{NBUF} , ITP{NBUF} 00036500

C #eoodkods 000365600
Cakaxk [TP = TIME STEP MUMBER SELECTED 00036700
Ck¥xk XPOW = POWER {R/CM) 00036800
Cx%kk XBU = BURN-UP (ATOMIC-PERCENT} 00036900
Cotoeie XTL = FUEL TEMP {DEGC} 00037000
Coegek XRL = FUEL RADIAL COODINAYE (MM 00037100
CHxxx XTLMX = FUEL PIN MAKIMUM TEMP {DEGCY) 00037200
Caxxk XPLPR = PLENUM PRESSURE (KG/CMA%E2 } 00037300
Coddek XYP = FISSION GAS RELEASED PERCENT LI O | 00037400
CHsokk XT = PELLET SURFACE TEMP {DEGC) 00037500
Cix%k&x XTIME = TIME {HRS) 00037600
Cexxe XSIGC = CLAD HOOP STRESS (KG/MM%%R2} 009377Q0
Cexkr YRLR{1) = COLUMNAR GRAIN REGION BOUNDARY (MM) 0003780C
Ckxk XRLR(2} = EQUIAXED REGICN BOUNDARY (MM 40037900
Cx¥xaek NCPGAP = CLAD-PELLET GAP {MM} 00038000
Ck%xk%x XCSTN = CLAD STRAIN - DELTAD/D - PERCENT ((} 00038100
Cxxikk XCPU = PLUTONIUM CONCENTRATION 00038200
Ckkkk XTSC = CIRCUMFERENTIAL SHELLING STRAIN COMPONENT ACCUMULATED 00038300
C#%%#% XTPC = HOOP CREEP STRAIN ACCUMULATED 00038400
Ces YPFUL = AXTAL SECTION FOR FUEL AND CLAD-PELLET GAP 00038500
C*&kx [PSTS = AXIAL SECTION FOR CLAD HOOP STRESS 00038600
Cx¥x% FPSTN = AXIAL SECTION FOR CLAD STRAIN « PERCENT CHANGE 00038700
Colardk IN ORIGINAL 0.D. 00038800
Cr%esx 00038900
Cx%¥xx PLOT PEN SELECTION N=1 =--- BLACK 00039000
ook 2 =--— RED 00039100
Caedkeas 3 ~—— GREEN 00039200
DATA IPLT /0/ 00039300

Cx&wx IPLT = 1 -—--SKIP PLOT AXIS 00039400
ITN = TTN - 1 00039500
XRLI1,1) = 0. 00039600

C ek 00039700
IF ( IPCNT.GT.0 ) GD TO 100 00039300C

CALL SYMBOL({Q.+200.410.5%%% RUN DATE **"0.,14) 00039900

CALL SYMBOL{30.3185.510..DAYDAY,0.,8} 00040000

CALL SYMBOL(40.9100,41044% ACTIVE-T1%,0.+9) 00040100

CALL PLOT{100.+0.4-3] 00040200

100 CONTINUE 00050300
CALL PLOY {150.+0.4+-3 )} 00040400

(ke 00040500
FMPMAX = t.E-10 00040600
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DO 1000 I=1,1T7 00040700
TE{XTLMYX{I) GCT.FMPMAX) FMPMAX=XTLMX{I) 00040800

1000 CONTINUE 00040900
DO 1100 1=1,10 00041000

MM =1000%1 00041100
TF{FLOATI{MM) .GT.FMPMAX) G0 TO 1200 00041200

1130 CONTINUE 00041300
1200 CONTIMUE 00041400
MY = MM / 100 00041500

ok 00041600
MN = 50000 _. 00041700
IF{XTIME(IT).LT.100000.) MN = 5000 00041800
IF{XTIME(IT)}.LT.10000.) MN = 500 00041900
IF(XTIME(IT).1T=1000.) MN = 50 00042000
TR{XTIME(IT) L LTL100,) MN = § __ DD04%2100

DO 1300 1=1,10000 00042200

MMN = MN#] 00042300
IF{(FLOATI{NMN) .GT.XTIME{TT))} GO TO 1400 00042400

1300 € ONTINUE 00042500
1400 CONTINUE 00042600
MX = NMN / MN 00042 700

Cxdkk YRITE AXIS 00042800
DY = MY / 220, 00042900

DX = MX / 390. 00043000

CALL NEWPEN (3) 00043100

TALL PLOT (=34, ,0.,3} 00043200
 CALL PLOT(=34,4220,,2) o 00043300
CALL NEWPEM (2} 00043400

CALL PLOT (0s4220443) 00043500

CALL PLOT {0, 40442} 00043600

CALL MEWPEN (1) 00043700

ZALL PLOT {3000 0042} 00043800

CALL PLOT (300,43220.42) e _ 00043900

CALL PLOT (0o 2220442} 00044000
__bAa 1590 I=1,.My . ___ e 00044100
J=MY-T+1 00044200
_IF(MONIY ;5).NE.1) GO TO 1600 00044300
TALL PLOT (298, ,J/DY,3) 00044400

CALL PLOT {302.,J/NPY,.2) e __D0044500

F = FLOAT(J*100} 00044600

o CALL NUMBEPR (303, ¢J/DY=2,0¢%c9F9Qay=1) i ./ D00A4T7 00
G0 TO 1500 00044800

1600 CONTINUE 00044900
CALL PLOT (299.0,J/DY,3) 00045000

. CALL PLOT {(301.0,J/0Y42) N e 00045100
1500 CONTINUE 00045200
CALL NUMBEP {3034+=2+409%ay0e902r—1) N 00045300

TALL SYMROL (328, ,80.0,5., TEMPERATURE { C )% 390.,17) 00045400

CALL NUMBER {324.,41480422900490.4—1) 00045500

DO 1700 1=1,MX 00045600

CALL NEWPENY3) . 00045700
N T S 3 1 00045800
IF(T1.EQ.1) GN TN 1650 e 00045900
TTUUUCALL PLOTII/DX,220.,3Y 00046000
CALL PLOT(J/DXy0.42} 00046100

1650 - ONTINUF 00046200
o F=FLOATAMNEYY o 000456300
TCALL NEWPENI(1) 00046400

— 310 -



PNCT841-75-17

CALL NUMBER(J/DX~4%00y~Ts0y%e03Fs00y—1) 00046500
1700 CONTINUE 00046600
LALL NUMBER(~2.0y=To1%s¢0090ay=1}) 00046700
CALL SYMBOL{100,05-20.0950"OPERATION TIME (HOUR) ', 0aq21) 00046800
CALL NEWPEN(Z) 00046900
TALL NUMBER(—14. =225 ¢50900¢0as—1) 00047000
1=0 00047100
2000 1=I+1 00047200
CALL PLOT(~1.0,1%*11.0,3) 00047300
CALL PLDT(1.0,[%*11.0,2} 00047400
1=Is1 00047500
F=FLOATII%5) 00047600
CALL PLOT(-2.0,FLOAT(11%11.0,3} 00047700
CALL PLOT(2.0+FLOAT{T}#11.0,2) 00047800
CALL NUMBER (-15.051%11+0-2003%09F300y=1) 00047900
IF(1.LT.20) 6O TO 2000 00048000
CALL SYMBOL {~20. 18004545 FP GAS RELEASED (  }9,90.y 21) 00048100
CALL SYMBOL (—20.4170435545108450.5—1) 00048200
CALL NEWPEN{3) 00048300
CALL PLOT(=36.040. 31 00048400
CALL PLOT{-32.0,0.,2) ] 00048500
CALL NUMBER(~t2. ¢y—2+0¢%a3s00y0cs~11 00048600
XPLMX=1.E-20 3 00048700
DO 2050 I=1,1T 00048800
TFUXPLMXe LT. XPLPR{I}} XPLMX=XPLPR(1) 00048900
2050 CONTINUE 00049000
DO 2060 1=1,100 e 00049100
IF{XPLMX.6T. FLOAT(I%*1001) GO TO 2060 00049200
1PLN=I 00049300
60 10 2070 00049400
2060 CONTINUE 00049500
2070 CONTINUE 00049600
1=0 00049700
2100 1=1+1 - 00049800
CALL PLOTI(-35.0,FLOAT{1)%*11.0,3} 00049900
CALL PLOT(-33.0,FLOATIII#11.,0,2) 00050000
I=1+1 00050100
F = FLOAT(I#5%IPLN) 00050200
CALL PLOT (=36, FLOAT(I)%11,0,3) B 000650300
CALL PLOT(=32,,FLOAT(I)*11.0,2} 00050400
CALL NUMBER(=46. FLOAT{I)¥11.0-2,0,405Fs0es=-1] o 00050500
IF(1.1T.20) G0 TO 2100 00050600
CALL SYMBOL{—50+7580s 455" PLENUM PRESSURE (KG/CM&%2}%,90,,26) 00050700
CALL NEWPEN({1L) 00050800
DX = NMN / 300. 00050900
DY = MM 7 220, 00051000
1M = 17T-1 00051100
DO 4000 [=1,1TM 00051200
CALL SYMBOL [XTIME(I)/DXsXTLMX(I)/DY,2:0,0,005=1) 00051300
CALL PLOT (XTIME(I)/DX,XTLMX{1)/DY,3) 00051400
CALL PLOT (XTIME(TI+1) /DX, XTLMXII+1}/0Y,2) _ 00051500
4000 CONTINUE ' 00051600
CALL SYMBOL (XTIME(IT)/DXyXTLMX{IT)/DYy2.050,0.p=1) 00051700
DD 4100 I=1,1TM 00051800
CALL SYMBOL UXTIME(I}/DX,XT(I)/DY24051y04s=1} 00051900
CALL PLOT (XTIME(I}/DX,XT(1)/DY,3) 00052000
CALL PLOT {XTIME(I+1)/DX,XT(I41)/DY,2) 00052100
%100 CONTINUF 00052200
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CALL SYMBOL [XTIMECIT)/DX XTI MX{IT}/DYe24000100.0—1) 00052300
CALL NEWPENI3) ) 00052400
DY=50.0%IPLN / 110.0 00052500

DO 4200 TI=1,ITH 00052600

CALL SYMBOL (XTIME(I)/DX;XPLPR{I)I/DY+2.0929009-11} 00052700
CALL PLOT {XTIME(I}/DX,XPLPR{I)/DY:3) 00052800
CALL PLOT (XTIME(I+1)/DX,XPLPR(I+1}/DY,2} 00052900
4200 TONTINUE 90053000
CALY SYMBOL (XTIME(ITI/DX,XPLPR{IT)/DYy2.07270.5-1) 00053100
CALL NEMPEN{2) 00053200
DY = 50./110. 00053300

Do 4300 I=1-1TM 00053400
CALL SYMBOL (XTIME(I)/DX,XYP{I}/DY52:004:0.5—1} 00053500

CALL PLOT (XTIMEUT}/DXXYP(13}/DY;3) 00053600
CALL PLOT (XTIME(I+1)}/DX.XYP{i®1}/DY,2} 00053700

4300 CONTINUE 00053800
CALL SYMBOL lXTIMElITlIDX'XVPIITllDYvZ.O:#vOo'-l) 00053900
CALL NEWPEN{1l]} - 00054000

CALL SUBTITATITLE) 00054100
CALL AXIAL (340.+210.5IPFUL) 00054200
CALL SYMBOL (340.516005%.50¢0.5—1) 00054300

CALL SYMBOL (342.415Bes8%ey? — MAXIMUM TEMP. EN FUEL "4 0.4 25) 00054400

CALL SYMBOL (340.415%ey%4evls0a9—1}) 00054500

CALL SYMBOL {342.4152414%0+s" == PELLET SURFACE TEMP.?,0.¢24) 00054600

CALL NEWPEN(Z2}) 00054700

CALL SYMBOL (340.+s14Basber%o0ey—1) 00054800

CALL SYMBOL (342.4+146.9%as" == FP GAS RELEASED'?O:;19D 00054900

CALL NEWPEN{3) 00055000

CALL SYMBOL 1340-:142.|4.¢2'0-'-13 00055100

CALL SYMBOL (342.,140q,%0+" =- PLENUM PRESSURE®¢0.519} 00055200
C¥#%x%x WRITE AXIS FOR FUEL TEMP 00055300
CALL NEWPENI1} 00055400

CALL PLOT {52044+0.+=3) 00055500

CALL PLOT (3004404,2) 00055600
CALL PLOT{300.+220.4+2) 00055700

CALL PLOT10.,220.,2) 00055800
XRLMAX=1.E-10 00055900

DO 4400 I=1.,1IT7 00056000
IF(XRLIT,NP1}.GT.XRLMAX) XRLMAX=XRKRL{I,NP1) 00056190

4400 CONTINUE 00056200
DO 3000 I=1,20 Q0056300
X=0e.5%[1~-1} 00056400
IF(XRLMAX.LT.X) GO TO 3100 00056500

3000 CONTINUE 000565600
3100 CONTINUE 00056700
XD =1 00056800

DXp_ = X/300,. 00056900

CALL AXISD {MXD,0.5,DXD) 00057000

CALL SYMBOL {65.3-17.45,y"DISTANCE FROM CENTER OF PELLEY (MM)®, 00057100

0. +35) 00057200

CALL PLOT {0« 30043} 00057300

CALL PLOT{0.4220.+2) 00057400
DY=FLOAT (MM} /220, 00057500

DO 3200 I=1.,MY 00057600

CALL NEWPENI(1) 00057700
J=MY-1+1 00057800

Y= 100.%J ; 00057900

CALL NUMBER(=1TasY/DY-203%4e1Ys0ey-1) 00058000
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IF(1.EQ.1) GO TO 3200 00058100
CALL NEWPEN{3) 00058200
CALL PLDOT{G.Y/DY,3) 00058300
CALL PLOT(300.,Y/DY,2) 00058400

3200 CONTINUE 00058500
CALL NEWPEN(1) 00058600

CALL NUMBER(—174 324 3%0y0040a3=1) 00058700

CAEL SYMBOL{~-23.,70.0+5.+9FUEL TEMPERATURE { € )%,90.,22) 00058800

CALL NUMBER{-2T7.:163:042:0500+905-1} 00058900

DD 3300 I=1,IT 00059000
ICODE = 1-1 00059100

ISHL = 0 00059200

[SWZ2 = 0 00059300
IFI{ICODE.GE.13) ICODE=13 00059400

CALL PLOT {XRL(I,1)/DXD,XTL{I,1)/DY,3) 00059500

DD 3400 J=2,NPL 000595600

CALL SYMBOLIXRLAT ,J=1)/DX0yXTLE{TIyJ=1}/DY+2.09 ICODEsQ.s~1} 00059700
IF{ISHL.EQ.}) GO TD 3410 00059800
IFIXRLAT D LT XRLR{TIL1)) GO TO 3410 00059900

SALL PLOTUXRLR{] ,1)/DXDeXTLR{I,1)/DY,2) 00060000

CALL NEWPEN{2) 00060100

CALL SYMBOL(XRLRUI,1)/DXD,XTLR{T;1}/0Y¥¢2.5 ICODEsD.s—1)} 006060200

CALL NEWPEN{1] 00060300

ISWl =1 00060400

3410 CONTINUE 00060500
IF(ISW2.EQ.1} GO TO 3420 00060600
IF{XRLUTI + JIoLT.XRLRI{T2)) GO TD 3420 00060700

CALL PLOT{XRLRUI,2)/DXDeXTLRII,2V/DY,2) 00060800
CALL NEWPEN({3) 00060900

CALL SYMBOUL(XRLR(I,2)/DXDsXTLR{I;2)/DYs2-4 ICODEs0Qus—1} 00061000

TALL NEWPENI(1) 00061100

I1sW2 =1 00061200

3420 CONTINUE 00061300
CALL PLOT(XRL(I,J)/DXD XTL(1,J)/DY,2} 00061400

3400 CONTINUE 00061500
CAEL SYMBOL {XRL(I4NP1)/DXDeXTL{I;NPY)/0Y,2.0, ICODE4Q.s~1) 00061600

3300 CONTINUE 00061700
CALL NEWPEN{2} 00061800

CALL SYMBOL(3204+1904 3% COLUMNAR BNORY® 500, 14) 00061900

CALL NEWPENI(3) ' 00062000

CALL SYMBOL(320.5180.v4e9  EQUIAXED BNDRY® 400414 ) 00062100

CALL NEWPENI(1) 00062200

CALEL AXTAL {320.,210.5IPFUL) 00062300

D0 5000 I=1,IT 00062400
IF{T1.6E.15) GD TO 5010 00062500

ITX = ITP{ 1 } 00062600
ICODE = I-1 00062700

YY = 160.0-5.0%(1-1) 00062 800

CALL SYMBOL(320.+YY46+0, ICODEsQay=1]) 00062900

CALL SYMBOL(323.,YY=2.0s4.04° === STEPY;0.,9} 00063000

CALL NUMBER(360¢+YY=2e0¢%e s FLOAT(ITX)30.,4-1) 00063100

5000 CONTINUE . 00063200
- GD 1O 5020 00063300
5010 CONTINUF 00063400
CALL SYM3OL (369, +934+44930+0.s-11 00063500

CALL NUMBER (3744 9934 44+ FLOATUIT},04,~1) 00063600

5020 CONTINUE 00063700
CALL SUBTITH(TITLE) 00063800
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CH%k% WRITE AXIS FOR vOID RADIUS 00063900
CALL NEHPEN{1l} 00064000
CALL PLOT{4800,005-3) 00064100
CALL PLDOT{300.490.:2} 00064200
CALL PLOT (300.9220.,2) 00064300
CALL PLOT {0.3220.+21% 00064400
CALL AXIST{MX,FLOAT(HN),¥X/300,.1} 00064500
CALL SYMBOL (100.+-20:355.+*OPERATION TIME {(HOUR}®; 0., 21) 00064600
CALL PLOT{0c50.4+3) 00064700
CALL PLOT{0.+220.,2) 00065800
VMAX = 1.E-20 00064900
DO 5100 I=1,1T7 00065000
TF(VMAX.LT. XREAT 1)) VMAX=XRL{T,1) 00065100

5100 CONTINUE ' 00065200
D0 5150 I=1,100 00065300
XX = 0elx({1-1} 00065400
IF{VMAX. LY. XX} GO TO 5200 00065500 .
5150 CONTINUE 00065600
5200 CONTINUE 00065700
MMM={1-1) #10+1 00065800
DY = Xf220. 00065900
OXT = NMN / 300Q. 00066000
DO 6500 I=1,MXD 00066100
F=0. 5% (MXD-T1) 00066200
CALL NEWPEN(2) 00066300
CALL NUMBER(-20. yF/DY-2.034:04F30.92} 00066400
IF{1.EQ-}1.0R.T.EQ.MXD} 6D TO 6500 00066500
CALL NEWPEN(3} 00066600
CALL PLOTH0. ,F/DY3) 00066700
CALL PLOT(300.,F/DY:2) 00066800
6500 CONTINUE 00066200
CALL NEWPEN{1) 00067000
CALL SYMBOL{-28.,80.+5.5?VY0ID RADIUS (MM)®,90.516]) 00067100
DO 6600 T=1:1TH 0006T200
CALL SYMBOL {XTIME(I)/DXT XRL{Y,1)/DY3209 O 900p-11) 00067300
CALL PLOT (XTIME{I+1)/DXT+XRL{I+1,1)/DY,2) 00067400
6600 CONTI NUE 00067500
CALL SYMBOL (XTIME(ITI/DXTeXRL{ITo1}/DYs2a9 O 400e-1} 00067600
DO 65610 I=1,1THM 00067700
CALL SYMBOLUXTIME(T)/DXT XRLR{I 13/DY,2.9390.0~1) 00067800
CALL PLOTHXTIME(I+1)/DXT,XRLR{I+1,1)/DY,2) 00067300
6610 CONTINUE 00068000
CALL SYMBOLU(XTIMELITI/OXToXRLR{IT;13/DY;20539000~1) 00068100
DO 6620 T=1:ITM 00068200
CALL SYMBOL (XTIME({T}/DXTXRLRII+2)/DY9209490a03—11} 00068300
CALL PLOT{XTIME{T+1)/DXTXRLR(I+1,2)/DY, 2} 00068400
6620 CONTINUE 00068500
CALL SYMBOLUXTIME(IT}/DXT o XRLRIIT,2)/0Y¥32094300s-1) 00068600
CALL AXTAt(320.,210..1PFUL} 00068700
CALL SYMBOL (320.918055%4404049—1) 00068800
CALL SYMBOL (32341784540’ ——= VYOID RADIUS®,0.416} 00068900
CALL SYMBUL {320:,172.,4.731001“"1' 00069000
CALL SYMBDL (323.41700y4es? ——— COLUMNAR BNDRY®,0.y19) 00069100
CALL SYMBOL {320e+16%esbesbs00y—1} 00069200
CALL SYMBDL {323.4162.+%4.9° ~——— EQUIAXED BNDRY®,0.,19} 00069300
CALL SUBTITI(TITLE) . : 00069400

Chdx%x WRITE AXIS FOR MAXTMUM FUEL TEMP. 00069500

CALL NEWPENI(L) 000695600
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CALL PLOT(480a500~31 00069700
CALL PLOT{300:90.+2) : 00069800
CALL PLOY{300.,5220.,2]) 00069900
CALE PLOTI0.+220042) 00070000
CALL AXISTIMX,FLOAT (MN),MX/300.) 00070100
CALL SYMBOL{100cr¢-20.0¢5.,°0PERATION TIME (HOUR}®.0.,21} . 00070200
CALL PLOT(0.50.53) 00070300
CALL PLOT{0. 3220. 42} 00070400
DY = MY/220. 00070500
DO 6000 [=1.M4Y 00070600
J=MY-I+1 00070700
CALL NEWPEN{L} 00070800
IF{MODIT «5}«NE.1} GO TO 6100 00070900
F=FLOATLJ#100} 00071000
CALL NUMBER(-19.,J/0Y¥=243%0sFy0ap—1) 00071100
IF(I.EQ.1} GO TO 6000 Q0071200
CALL NEWPEN{3) 00071300
CALL PLOT{0.0,J/DY,43} 00071400 -
CALL PLOT{30GC.,J4/DY,2) 00071500
GO TO 6000 00071600
65100 CONTINUE 00071700
CALL PLOT {0.0,9/DY,3} 0007:800
CALL PLOY (2. .,4/DY,2) 00071900
6000 CONTINUE ' 00072000
CALL NEWPENI{1} 00072106
CALL NUMBER {-19:.:-2:03%¢30240as—1} : 00072200
CALL SYMBOL (-22.,40.0,5., "MAXIMUN TEMP., IN FUEL PIN { C §9,90., 00072300
31) : 00072400
CALL NUMBER([-26:5178¢ 4205009900, ~11 00072500
DY=MM/220. 00072600
DD 6200 I=1,1TM 00072700
CALL SYMBOL (XTIME(I)/DXTeXTLMX(I)}/DY42.0,IPLT40.e-1) 00072800
CALL PLOT (XTIME(I+1)/DXT XTLMX{I+1)/DY,2} 00072900
6200 CONTINUE 00073000
CALL SYMBOL (MTIMEUIT)/OXT+XTLMX(IT)/DYs2.05IPLT40.5—1) 000731060
SALL AXIAL{320.,210.1IPFUL) 00073200
CALL SUBTITHTITLE} 00073300
Cxx%% WRITE AXIS FOR POWER 00073400
PMAX=1,E-20 000732500
DO 7000 I=1,1T 00073600
TF{PMAK.LT. XPOWLI)) PMAX=XPOWII) 00073700
7000 CONTINUE 00073800
DO 7100 I=1,10000 00073900
MP=100%Y 00074000
IF{FLOATE(MP).GT. PMAX) GO TO 7200 00074100
7100 CONTINUE Q0074200
7200 CONTINUE 00074300
DYP = MP/220, 00074400
DY = DYP 00074500
MPY=MP /50 00074600
CALL NEWPENI(1]} 00074700
CALL PLOT (480¢40e9-3) 00074800
CALL PLOT (300. 4y0es2) 00074900
CALL PLOTI{300.+220442) 00075060
CALL PLOT(D.+220442} 00075100
CALL AXIST (MX,FLOATUMN),MX/300.1} 00075200
CALL SYMBOL (100.,=20.+5.+*OPERATION TIME (HOUR}®;0.,21) 00075300
CALL PLOT {0.:0.,3) 00075400
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00075500

CALL PLOT {0.,220.42)
DO 7300 I=1,MPY 00075600
CALL NEWPEN(1l} 00075700
J=MPY-1+1 00075800
F=J%50. 0D007590¢
IF{MOD(T+2).NE.1} GD TO 7400 00076000
CALL NUMBER(-1T.sF/DY=209s%o9Felop=l} 00076100
IF{I.EQ.1) GO TO 7300 00076200
CALL MEWPENM(3) 00076300
CALL PLOT {0.,F/DYe3) 00076400
CALL PLOT {300..F/DY,2} 00076500
GO TO 71300 00076600
7400 CONTINUE 00076700
CALL PLOT {2.+F/DY.3) 00076800 -
CALL PLOT {0.+F/DY,y2) 00076900
7300 CONTINUE . 00077000
CALL NEWPENI(1l} 00077100
CALL NUMBER (~17c3=20+%0900304s0-1) 00077200
CALL SYMBOL€=-23.,83.0,5.5%POHER (HW/CM}® +90.,12) 00077300
CALL PLOT {0.:0.4+3) 00077400
DO 7500 I=1,17 00077500
CALL PLOT (XTIMEIL}/OXT+«XPOWI(I}/DY:2) 00077600
CALL SYMBOL (XTIME(I)}/DXT,XPOW(I}/DY42.0,IPiT;0.5—130 00077700
7500 CONTINUE 00077800
YBUMAX=20.0 00077900
IF{XBU(IT}.LT.10.} YBUMAX=10. 00078000
IF(XBULIT) LT.1.0) YBUMAX=1.0 00078100
DY= YBUMAX/220. 00078200
CALL PLOT (330.40.43) 00078300
CALL PLOT (3309220042} 00078400
DO 7510 I1=1+10 00078500
F = YBUMAX-YBUMAX*{I-11/10 00078600
CALL PLOT (330..F/DY;3) 00078700
CALL PLOT (332.,F/0DY,2) 00078800
CALL NUMBER {334, +F/DY~229453F90as1) 00078900
7510 CONTINUE 00073000
CALL PLOT(330040.43) 000791060
CALL PLOT{332.40.,2) 00079200
CALL NUMBER (334.4=2079%030+040.,11 00079300
CALL SYMBOL (360. 06001509 BURN=UP [ATOMIC~PERCENT}®390., 24) 00079400
CALL PLOT (0. 40043} 00079500
DO 7520 I=1,1IT 00079600
CALL PLOT (XTIME(I)/DXTyXBU(I}/DY,2) 00079700
CALL SYMBOL {XTIME(I}/DXT,XBU{I1)/DY+2.9490.4+-1} 00079800
7520 CONTINUE : 00079900
CALL AXIAL ( 380.:210.,1IPFUL 1} 00080000
CALL SYMBOL (380.416003%090300,—1} 00080130
CALL SYMBOL (38249158048 a.9" —= POWERT40.59) 00080200
CALL SYMBOL (38009140sv%es4200y-11) 04080300
CALL SYMBOL (382.4138.,%4" == BURN UP",0.,11} 00080400
CALL SUBTIT({TITLE) 000B805G0
C#x%%% TLAD-PELLET GAP AND CLAD HOOP STRESS 00080600
GAPMAX=1.E~10 00080700
SIGMAX=1.E-10 00080800
SIGMIN = 0. 090080900
DO 8000 TI=Ll,IT 00081000
EF(GAPMAX.LT. XCPGAP{T)) GAPMAX=XCPGAP(I} 00081100
IF(SIGMAX.LT.XSIGCII)) SIGMAX=XSEIGCII} 00081200
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IF | SIGMINSGT.XSIGCI{TI) )} SIGMIM=XSIGCII) 00081300
8000 CONTINUE 00081400
DO 8100 I=1;10000 00081500
XG=0.05%] 00081600
IF{XG.GT.GAPMAX) GO TQ 8200 00081760
8100 CONTINUE 00081800
8200 CONTINUE 00081 200
DYG=XG/220. 00082000
MGY=5%F 00082100
00 8300 I=1,10000 00082200
X5=5.0%T 00082300
IF(XS.GT.5IGMAX) GO TO B400 00082400
8300 CONTINUE 00082500
8400 CONTINUE 00082600
ISI6X = 1 00082700
DO B410 I=1,10000 00082800
XSMIN = =5,0%] ' 00082900
TF [ XSMINLLT.SIGMIN ) GO TQ 8420 00083000
B410 CONTINUE 00083100
8420 CONTINUE 00083200
ISIGN = 1 00083300
IF { SIGMIN.GE.O. } TISIGN = 0 00083400
IF{ SIGMIN.GE.DOs } XSMIN=0 00083500
XS = XS=XSMIN 00083600
I = TSIGX+ISIGN 00083700
DY3=X5/220. 00083800
MSY=_I#*5 00083900
CALL NEWPEN{(1} 00084000
CALL PLOT {510.40.¢-3) 00084100
CALL PLOT {300. +0.+2) 00084200
CALL PLOT €300.4220.+2) 00084300
CALL PLOT (0.,220.+2) 00084400
CALL PLOT {0.+0.+2) 00084500
DO 8500 i=1,M5Y 00084600
J=MSY-T+1 00084700
JNUM = J-5*ISIGN 00084800
IF{MOD(J,5)NE.O) GO TO 8450 00084900
CALL PLOT (298.,2.0%4/DY5,3) 00085000
CALL PLOT (300.:1.0%J/0Y5,2) 00085100
FFUJINUMLT. 0} CALL PLOT(302.41.%J/DYS,3) 00085200
TF{JNUMJLT.0) CALL PLOT(30%4.,1.%J/DYS, 2} 00085300
CALLNUMRER{305.71o0%J/DYS~2 4340y 1.0%[ABSLINUMI; 0.41) 00085400
GO TO 8500 00085500
8450 CONTINUE 00085600
CALL PLOT{299,,1.%J/DY¥S,3} 00085700
CALL PLOT(300.,1.%0/DYS,2) 00085800
8500 CONTINUE 00085900
IF(ISIGN.GT.D) CALL PLOT{302.+0443) 00086000
IF{ISIGN.GT.0) CALL PLOT({3044+0es2) 00086100
CALL NUMBER{30%.s=24 14095 .*ISIGNs0ay 1} 00086200
CALL SYMBOL{3294. +804+54+"CLAD HOOP STRESS {KG/MM%*2)%,90.,27) Q0086300
CALL AXIST (MX,FLOATI{MN} MX/300.) 00086400
CALL SYMBOL{100.,-20.+5.3"0PERATION TIME {HOUR)}?,0.,21) 00086500
CALL NUMBER (-17uy=2esftas0e20a92} 00086600
DD 8600 I=1.MGY 00086700
IF{MOD(I,5).NE.O} GO TO B700 00086800
CALL NUMBER (=17.40+01%I/DYG-204%e00+01%T190.492} 00086300
CALL PLOT (0,,0.01*%I/DYG43} 00087000
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CALL PLOT (2.:0.01%1/DY6.2} ’ 00087100

G0 TO 8600 : 00087200

8700 CONTINUE 00087300
CALL PLOT {0.:0.01%I/DYG,3) 00087400

CALL PLOT {1l.,0.00%1/DYG,2) 00087500

8600 CONTINUE _ 00087600
CALL SYMBOL (=22.4B0.55.s°RADIAL GAP SIZE {MM)9,90., 20) p0087700

X0 = XTIME{1) /DXT o 00087800

Y0 = XCPGAP(1)/DYG 00087900

CALL SYMBOL (X0:Y042.040,0.,-1) 00088000

DO B8RO0 I=2,1T 00088100

X0 = XTIMEII) /DXT 00088200

YO = XCPGAP(I)/DYG 00088300

CALL PLOT {(X0,Y0,2) 00088400

CALL SYMBOL {(X0sY092c00y0ap~11} 00088500

8800 CONTINUE 00088600
X0 = XTIME{1l)}/DXT 00088700

Y0 = (XSIGC(1}-XSMIN)/DYS 00088800

CALYL SYMBOL (IXOsY¥YD42es%90ay—~1} 00088900

DD 8960 I1=2,1T 00089000

X0 = XTIME{I)/DXT 000891 00

YO = {XSIGC{T)-XSHINI/DYS 00089200

CALL PLOT {X0,Y0,21 00089300

CALL SYMBOL (X0 4Y0s2.+44069-1) 00089400

8900 CONTINUE 00089500
CALL SUBTITI(TITLE) 00089600

CALL SYMBOL(3430 +160av40+40s004-1} 00089700

CALL SYMBOL{345.4158. y&ee® =~ CLAD PELLEY GAP?,0.,19) 00089800

CALL AXIAL (361.,152.,IPFUL) 00089900
TALL SYMBOL (343, 4130csd.9490.9—1} _ - 00090000

CALL SYMBOL{345. 4128, 34497 =~ CLAD HOOP STRESST,0.,420) 00090100

CALL AXIAL (361.,122.,1IPSTS) 00090200
Ck%¥& CLAD STRAIN AND POWER 00096300
STNMAX = 1.E-10 00090400
STNMIN = 0. 00090500

0D 3000 I=1,IT 00090600
TF{STNMAXLToXCSTNIT}) STNMAX=XCSTN(I) 00090700

IF ( STMMIN.GT.XCSTN{I} ) STNMIN=XCSTN(I) 00090800

IF { STNMINL.GT.XTPC{I) } STNMIN=XTPC(I) 00090900

9000 CONTINUE 00091600
STNXXX = STNMAX-STNMIN 00091100

HASA = 5.0 00091200
IF{STNXXXebLTo1l0.}) HABA=0.50 00091300
IF(STNXXX.LT.1.) HABA=0.05 00091400

DO 9100 1=1,10000 00091500

XS = HABA*I 00091 600
IF({XS.GT.STNMAX) GO TD 9200 00091700

9100 CONTINUE 00091 800
9200 CONTINUE 0009] 900
ISTNX = I 00092000

PO 9210 I=1,10000 00092100

XS = ~HABA*] 00092200

IF { ¥S.LT.STNMIN } GO TD $220 00092300

5210 CONTINUE 00092400
9220 CONTINUE 00092500
ISTNN = 1 00092600

IF ( STNMIN.GE«D. )} ISTNN=0 00092700

T = ISTNX+ISTNN . 00092800
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DY = [#HABA/220. 00092900
MSY = I 00093000
CALL NEWPEN(1) 00093100
CALL PLOT{5004+0.,-3) 00093200
CALL PLOT{300.,0.,2) 00093300
CALL PLOT(300.¢220.42) 00093400
CALL PLOY (0. 52204,2) 00093500
CALL PLOT{0.¢0.,2) - 00093600
DO 9300 I=],MPY 00093700
J = MPV-T+1 00093800
F = J%50. 00093900
CALL PLOT(298.,F/DYP,31 00094000
CALL PLOT(300.,+F/DYP,2) 00094100
CALL NUMBER(301+,F/DYP=20540yF¢0ay—1) 00094200
9300 CONTINUE 00094300
CALL NUMBER(301e4=2. 444 4009009-1) 00094400
CALL SYMBOL{320.490.5505° POWER (W/CH)?390.,12)} 00094500
CALL AXISTUMX,FLOAT(MN},MX/300.} 00094600
CALL SYMBOL{100.y=20255."0PERATION TIME (HOUR}®; 0., 21} 00094700
Y0 = 0. 00094800
IF{YO-HABA*ISTNN,tT.0,) CALL PLOT(=22.,Y0/DY,3) 00094900
TF{Y0~HABA*I STNN.LTo0.) CALL PLOT(-20.,Y0/DY,2) 00095000
CALL NUMBER(—=19.y=2.4%05ABS(YO—HABA*ISTNN)p0.2] 00095100
DD 9400 I=1,MSY 00095200
YO = YO+HABA 00095300
TF{YO-HABA*ISTNN.LT.0.) CALL PLOT(-22.,Y0/DY,3) 00095400
IF(YO-HABA*ISTNN.1LTo0.) CALL PLOT{-20.,YQ/DY, 2} 00095500
CALL NUMBER[=19.,Y0/DY=2.4649ABS{YO-HABAXISTNN);00s2) 00095600
CALL PLOT{0.,Y0/DY,3) 00095700
CALL PLOT(2.,Y0/DY,2) 00095800
9400 CONTINUE 00095%00
CALL SYMBOL{-34.480.45.+'CLAD STRAIN ({)",90.:15) 00096000
CALL SYMBOL(XTIME{1)/DXT  XPOH(1)/0YPs2490s0.s-1) 000961 00
DD 9500 1=2,17 00096200
X0 = XTIME(I)/DXT 00096300
YO0 = XPOW(I)/DYP 00096400
CALL PLOT(XO,Y0,2) 00096500
CALL SYMBOL{X0+Y042Ze0404,-1) 00096600
9500 CONTINUE 00096700
XS =-I1STNN*HABA 00096800
CALL SYMBOL (XTIME{1)/DXT,y{XCSTN{1}=XS)/DYs2us4s0Qes=1) 00096900
DO 9600 I=2,1T 00097000
X0 = XTIME(I)/DXT 00097100
Y0 = {XCSTN(I)=XS)1/DY 00097200
CALL PLOT{X0,Y0,2) 00097300
CALT SYMBOLUX0+Y¥042<1440.,-1) 00097400
9600 CONTINUE 00097500
CALL NEWPEN{Z) 00097600
CALL SYMBOL {XTIME(1)/DXTy(XTPC{1)-XS)/DY52092500,-11) 00097700
DO 9610 I1=2,1T 00057800
X0 = XTIME(I}/DXT 00097900
YO = (XTPC(I}-XS)/DY 00098000
CALL PLOT (X0,Y0,2) 00098100
CALL SYMBOL (X0sY0y2v920.s~1) 00098200
9610 CONTINUE 00098300
CALL NEWPEN{3} , 00098400
CALL SYMBOL (XTIME(1}/DXT,{XTSC(1)=XS)}/D¥y22935004=1) 00098500
DO 9620 I=2,17 00098600
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KTIME(T)}/DXT

X0 = 00098700

YO = (XTSCHI}-XS)/DY 00098800
CALL PLOT (X04+Y0,2) 000983900
CALL SYMBOL (X0+sY0:2.93+0.45-1) 00099000
9620 TONTINUE 00099100
CALL NEWPEN(L} 00099200
CALL SUBTITATITLE) 00099300
CALEL AXIAL {(340.,,1800,IPSTN} 00099400
CALL SYMBOL {340.49165c4%01%430cy—1} 00099500
CALL SYMBOL (342.4163049%.97 —= CLAD STRAIN®;0.515) 00099600

CALL NEWPEN{Z} 00099700
CALL SYMBOL (340441554 95%0924009-11} 00099800
CALYL SYMBOL (342,+153e+%0s® —- HOOP CREEP STRAIN ACCUMULATED®, 00099900

* 0.433) 00100000
CALL NEWPENI3) 001001Q0
CALL SYMBOL (340435143 c7%a93300y—1} Q0100200
CALL SYMBOL {3424414la4%a9? —— CIRCUMFERENTIAL SWELLING STRAIN®, 00100300

* 0.+35) 00100400
CALL SYMBOL (358. 3135« s%e9 "COMPONENT ACCUMULATED?y0.421) 00100500
CALL NEWPENI(1} 00100600

CALL SYMBOL (34061100940.905005—11} 00100700
CALL SYMBOL (342.,108.4%.5s" == POWER?';0.+9) 00100800
CALL AXIAL { 360.,102.,1PFUL } 00100900
Cadad PLUTONIUM CONCENTRATION 00101000
CALL PLOT (560.40.,-3) 00101100
CALL PLOT {300.4+0.:2) 00101200
CALL PLOT (300.5220.42) 00101300
CALL PLOT {(D.4220.,2) 00101400
CALL SUBTIT(TITLE)} 00101500
XCPUMX=1.E~10C 00101600

DO 9700 1=1,1IT 00101700

DO 9700 J=1,NP 00101800
TE{XCPULT s J) oGT o XCPUMX) XCPUMX=XCPU{TI,J1} 00101900

9700 CONTINUE 00102000
DO 9710 1=1,100 00102100
X=0.05%1 00102200
IF(X.GT. XCPUMX)} GO TO 9720 00102300

9710 CONTINUE 00102400
9720 CONTINUE 00102500
MY = T*5 00102600

DY = X/220. 00162700

CALL AXISD (MXD,0.5.DXD} 00102800
CALL SYMBOL (65.+-17.:5.+"DISTANCE FROM CENTER OF PELLEY (MM}*, 00102900

* 0.,35]} 00103000
CALL PLOT (0« ¢0.43) 00103100
CALL PLOT {0.4220.,+2) 00103200

DB 9730 1=14MY H01903300

CALL NEWPENI1} 00103400
J=MY-T+1 00103500
¥=0.01%*J 00103600
IF{MOD(J+5). NE.O) GO TO 9740 00103700

CALL NUMBER (-17.3Y/DY=-2.72459Y40.4+2) 00103800
IF{1.EQ.1} GO TO 9730 00103900

CALL NEWPEM{(3} 0010400¢
CALL PLOT (0. 2Y/0Y,3) 00104100
CALL PLOT {300..Y/DY,2) 00104200

GO T 9730 00104300

9740 CONTINUE 00104400
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CALL PLOT (0.,Y/DY,3) : 001 04500
CALL PLOT (2.5Y/DY,2) - P 00104600
9730 CONTINUE : ' 00104700
CALL NEWPENIL) : 00104800
CALL MUMBER (=17s;1=2u¢bes0c¢Dap=1} 001 04900
CALL SYMBOL (- 23..70.,5..'PLUTUNIUH CONCENTRATION® ;90.,23) 00105000
DO 9800 I=1,1T 001051 00
ICODE=1=-1 00105200
15HW1=0 00105300
1SH2=0 00105400
IF{ICODE.GE.13) JCODE=13 00105500
X2 = ( XRLLTs10¢ xRLl!.2)llZ 0 00105600
DO 9900 J=2 ,NP 00105700
X1= X2 00105800
X2= { ARL{1.,J)+ XRLUI,J%+13)/2.0 00105900
CALL SYMBOL (X1/DXD,XCPU(I¢J-13/0Yy2.00 ICODEyQay~1)} - 00106000
IF{ISW1.EQ.1) 6O TO 9910 00106100
IF{X2.LF. XRLRIT1,1}) GO ¥O 9910 00106200
Y = XCPULI J} # (ACPULTJ-F)-XCPULT, J))%(X2-XRLR{T, 1)} /{X2-X1) 001056300
CALL PLOT (XRLR{T,1)/DXD,Y/DY,2} 00106400
CALL NEWPEN(2) 00106500
CALL SYMBOL{XRLR(I;1}/DXD;sY/DY;2.¢ICODE;0op—1} 00106600
CALL NEWPEN{1)} 00106700
TSH1=1 00106800
9910 CONTINUE 00105900
IF{ISH2.EQ.1) GO TO 9920 00107000
TF{X2.LT. XRLR(I ;2)) GO TO 9920 00107100
Y = XCPU{I,J) + (XCPU{I¢J=1)-XCPULT,J)P%(X2=XRLR{T,2)1/1X2-X1) 00107200
CALL PLDT (XRLRII,2)/DXD,Y/DY,2) 06107300
CALL NEWPEN{3) 00107400
CALL SYMBOL(XRLR(I 2} /DXD,Y/DYs2+5I1CODEs0oyp=1} 00107500
CALL NEWPENI{1) 00107600
I1SH2=1 . 00107700
9920 CONTINUE 00107800
CALL PLOT (X2/DXD,XCPU(I,J)/DY,2) 001 07900
9500 CONTINUE 00108000
CALL SYMBOL {X2/DXD,XCPU{I4NP)/DY,2., ICODE;0.,-11) 00108100
9800 CONTIMNUE 00108200
CALL NEWPEN(1) 00108300 -
CALL SYMBOL {320.+200, s%4o4%PLUTONTUM CONCENTRATICN?®; Oey 23} 00108400
CALL AXIAL (320.,193.,IPFuUL) 00108500
CALL NEWPEN(2) 00108600
CALL SYMBOLI320, 9180 9% COLUMNAR BNDRY® ;0.4 14) 00108700
ZALL. NEWPEN(3) 00108800
CALL SYMBOL(320.s170.y4.s" EQUIAXED BNDRY®;0.414) 00108300
CALL NEWPEN(1] 00109000
DO 10000 I=1,IT 00109100
IF{1.GE.15) GO TO 10010 00109200
ITX = ITP( 1 ) 00109300
ICOJE = 1-1 00109400
Y¥=160.~5.%{1-1) 00109500
TALL SYMBOL {3204 +YY4%e0yICODEsDeyg~1) 00109500
CALL SYMBOL(3234,sYY~2.0s440," === STEP',0.,9) 00109700
CALL NUMBERI360.sYY-2.0s4eyFLOAT{ITX)40as~1) 00109800
10000 CONTEINUE 00109900
GO TO 10020 00110000
10010 CONTINUE 00110100
CALL SYMBOL (3690393a14e9307029=1) 00110200
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c CALL NUMBER (374949934 94+ sFLOATIIT},054-1) 00116300
10020 CONTINUE 00110400
c 00110500
CALL PLOT{600.+04+=3) 00110600
RETURN i 00110700
END 00110800
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SUBROUTINE PLUTO { CP,RYB,RCB;REB,RP; TP, GDY o XM, RH, EPZ.DEL T.0 § 00005400

C \ 00005500
COMMON /ALMAYS/ NNoNCRyNER, NURyNCL, NP, NOK,NOS,NOC,NPLOTs NCRK 00005600

* NTR¢ NFRy NTR1,NTR2 {NNTR2, NNF; NCL 1, NFR1,NP 1, 00005700

* 1GEN, IGEN] s NONZ R, IGENP, IGENP1,NONZRP 00005800

* NICoN2C,N3C s N4C, N5Cs N6Cy NTC,NBC,NIC ,N1OC sN11C ¢ 00005900

* N12C,N13C,N14C, N15C, 00006000

" N1, NZoN3+ N4y N5oNE» NT; NSy NI, NIOsN11,N12,N13,N14,N15 00006100
COMMON /OTHERS/ PGI3),CMIL2),DHRE2D, ALFO{3),ALF1{3), XMLL3),EN(2), 00006200

* PI +P12,0P;GRAV,SHQ, SMQO, RHOCs BURH1, BURH2: CFLX, 00006300

® CPOH, BUCNS , RK; RKR2 A9 15 GAS 1, TCONs PDBU; BUB 00006400
COMMON /IGFIL/ 105,106,107 00006500

c | 00006600
DIMENSION CP{NN,NP) , RVB(NN) , RCBINN} , REB{NN} , RP(NN;NP1} , 00006700

% TPINMgNPL) » GOT(NN,NP1) , KMINN,3) , RH(NN,NTR) , 00006800

* EPZ{NN,NTR) , D{NP) 00006900

c 00007000
C : . 00007100
c PLUTONIUM MIGRATION CALC. 00007200
c 00007300
c 00007400
DO 1000 N=I,NNF 00007500

c A 00007600
ISW = 0 00007700

S = DELT#3600, 00007800

TX = XMIN,L)+XM(N,2) +XM{N,3} ‘ 00007900

900 CONTINUE 00008000

T =3 , 00008100

B = 0. 00008200

X = 0.0 00008300

c 00008400
DO 1100 J=14NP 00008500

c 00008600
K = NP=J+1 00008700

R = RPIN,K) 00008800

T = TPI{N,K} 00008900

c 00009000
600 IF(I-2} 100,200,300 00009100

c 00009200
100 RR = RVB(N) 00009300
11 =1 00009400

60 TO 400 00009500

c 00009600
200 RR = RCBIN) 00009700
11 = NCR+1 00009800

60 TO 400 00009900

c 00010000
300 RR = REB(N) ‘ 00010100
IT = NCR+NER+1 00010200

C - 00010300
400 CONTINUE 00010400

C - 00010500
If {R=RR) 450,500,500 00010600

450 T=1-1 00010700
1F { 1.EQ.0 ) GO TD 500 00010800

GO T 600 00010900

500 CONTINUE : : 00011000

c 00011100
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XY = =1.E+05/(1.9865%T) 00011200

€ U = L.+EPZ(N,II} 00011300
U= 1.0 00011400

H = CX/G7NP 00011500

1F{ XY+60s olT. 0. .OR. K -EQ. 1 ) GO TO 700 00011600

C 00011700
V = CP{N,K}=CPIN,K~1) 00011 800

W = tL.-(CPIN,K)+CPIN,K=11)/2.1%{CP{N,K) #CPIN,K-11}/2. 00011900

IFL V.GToW ) ISW=1 00012000

A = PIZ¥RP(N, K} ¥U%0, 046 *EXP({ XY 1#{ W*L1.0%GDT{N,K1/T — 00012100

* 2.%V/ {{RPIN,K+1 1 =RPIN,K=1)) ) } * RH(N,1I) 00012200

GO TO 800 00012300

c 00012400
700 A = 0. 00012500

¢ 00012600
BOO DIK} = { A-B ) / H : , 00012700

c . 00012800
Y = ABST DIKI/CP(N,K) ) 700012900
IF{Y.6T.X) X=Y 00013000

B = A 00013100

c 00013200
1100 CONTINUE 00013300
c 00013400
TF( X 1 950,950,960 00013500

950 DO 1200 J=1,NP 00013600
CPIN;J) = CPIN;J} + D(JI*S : 00013700

1200 CONTINUE 00013800
GO TG 1400 00013900

960 P = 0.01/X 00014000
IF(P.GT.S) GO TO 950 00014100

DO 1300 J=L,NP 00014200
CPINsJ) = CPiNy,d1 + D(JI*P 00014300

1300 CONTINUE 00014400
§ = §-p 00014500

50 _TO 900 00014600

C 00014700
1400 CONTINUE 00014800
€ ' : 00014900
IF( I1SW.EQ.0 ) 6O TO 1000 00015000
WRITE{I106+9000] Nsl GP (NyJ1,J=1,NP } 00015100

9000 FORMAT(1H1,%=~—=— SUBROUTINE PLUTQ ~---- MASS INCREMENT 100 B16 --00015200
¥===9,/1H0,13,/(LHO,10E12.4]) ' 00015300

1000 CONTINUE 00015400
T 00015500
c 00015600
RETURN 00015700

END 00015800

— 324 -



PNCT841-75-17

SUBROUTINE POWCUT ( TIM,TIP,TIN,PTIN,TOUT,PTOUT,REPOW,PPOWA,PTOUR, 00015900

*  TOUTER4DELTOU,DELTIM,DELIN,DELOUT , DELPOW ,KUTy NSK, KUTCNT ) 00016000
_ COMMON FALWAYS/ MMyNCRyMER,NURyNCL,NP,MOK,NNS,NOC,NPLOT,NCRK, 00016100
TTTTTT® NTR,NFRyNTR1 ,NTR2yNNTR2,MNF,NCL1,NFR1,NP1, g00ls200
* N B IGEM, IGENL1,NONZR, IGENP, TGENP1,NONZRP, __DDO16300
* NICyN2C,NIC,N4C, NSCyNEC, NTC,NBC,NOC ,N1OC,N11IC,y 00016400
%* N12C,N13C,yN1&4C,NL5C, 00016500
% N1 yNZ s N3 3 NG 4 N5 4 NE ¢ N7y NBy NG yN1 0+ N1 1,N12,N13,N14,N15 00016600
c e o, 00016700
DIMEMSINN TOUTERINN)} , DELTOU{NNF , PTOUR{NN) 00016800
e e e .. . BOO16900
C 00017000
IF (KUTCNT.GT.1} 60 TO 10 00017100
NELTIM = { TIM=TIP } / KUT 00017200
e DELIN = { TIN-PTIN } / KUT e e e i __0OD1 7300
DELPOW = ( REPOW-PPOWA ) / KUT 00017400
__m_#___LﬁiﬂﬁﬁmGT 0y GO TQ 100 e o...... 00017500
NELOUT = { TOUT-PTOUT } / KUT 00017600
GO TN 200 : 00017700
100 DO 150 I=14NN 0001 7800
. 150 DELTOULT) = ( TOUTERLTI}-PTOURIT) ) / KUT . . .. _._____ 00017900
200 CONTINUE 000180600
G o ... 00018100
c - 00018200
c 00018300
10 CONTINUE 00018400
TIM = TIP +« DELTIM o 00018500
TIN = PTIN + DELIN 00018600
IF{NSK.GT.0) 60O TO 300 - 00018700
TOUT = eTouT + DELOUT 00018800
GO T 400 _ 00018900
300 TOUT = PTOURINNY + DELTOU(NN} 00019000
__.5%00 CONTINJE e e e ... __.__00019100 _
REPQW = PPOWA + DELPNM , 00019200
e PETURN - R e e e e e, . 00019300
END 00019400

¥
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SUBROUTINE PROPTY { CPU,RHOP,RHOT 1} 00019500
000195600
COMMON /ALWAYS/ NNyNCRyNERSNURyNCL, NPy NOK,NOSyNOC,NPLOT NCRKy 03019700
% NTRyNFRyNTR1;NTR2Z2 s NNTRZ; NNFoNCLL NFRI, NP1, 00019800
* IGEN, IGEN1sNONZR, IGENP, IGENPI,NONZRP, 00019900
* N1CyN2CoN3C; NaC o NBCyNOC NTCoNBCsNOC,NIOC,N11C» 00020000
% N1Z2Cy,NL13CsN1&4Co N1SC, 00020100

#* NLeN2 s N3 ;NG NS 3 N6 ¢ NT s NBe NIy NLIONLIIoN12:N13,N144N15 00020200
COMMON /OTHERS/ PGI{3),CMI{2)}DHRE2)}, ALFO(3), ALFII{3 ), XMLI3),CHL2), 00020300
* PI;PI2,DP;GRAV,;5MQs SMQO, RHOC ; BURH1, BURH2:CFL X, 00020400
b CPOW ¢ BUCNS s RKsRKRyA91,GAS I, TCON,PDBU, BUB 00020500
COMMON /CONST/ FKAL sFKBLFRCL+FKA2,FKB2, FKC2,FKA3,FKB3,FKLC3, 00020600
* FAll,FA12,FA21,FA22,FA3]1, FA32, 00020700
* CKL4CK23CAL4CA2, XEWTONIT) 00020800
COMMON /XCRAK/ THLC ,HEAL1l ,HEAL2,SIGF0,SIGF1 00020900
COMMON /XCREC/ CCA,QUC.AE;BE,CE,FMC, FNC 00021000
CAOMMON /XCREF/ CFAO+CFAl sCFR;CFBsQCFs QCF1 ¢+ FMF, FNF, GDF 00021100
COMMDN /XFRIC/ FRICST,FRICDY 00021200
COMMON /XGASD/ AF:AN,CT,QRG 00021300
COMMON /XGOLD/ ASSO:ASS1,ANAD,ANALl: ANA2, ACO4 ACY, AC2 00021400
COMMDON /XBKNS/ HCS yHBOsHCOsHC 1o HC 2, HC3 00021500
COMMON /XITER/ CI,QRK 00021600
COMMON /XSHEL/ SVPF 00021700
COMMON /XXLAM/ EQ+EP+TLG,ONU,ONUP,EALl,EAZ,EA3,EASL 00021800
COMMON /FBRATR/ JFA 00021900
C 00022000
DYMENSION CPUINNgNP) ; RHOP{NN.,3) ¢ RHOT(NN) 20022100
[ 00022200
G 00022300
[ MATERIAL PROPERTIES , AND CONSTANTS SET UP 00G22400
C : 00022500
c 00022600
C 00022700
C 00022800
C FOTHERS/ 000223900
c 40023000
C 00023100
PI = 3,1415927 ) 00023200
Pi2 = 6.2831853 00023300
op =1, 00023400
GRAV = 1.E-03 00023500
CFLX = 1.041FE+14 * 12.%2,54 / 1000. 00023600
C CELX NOW IN (N/CM%x%£2) / {H/CM) 00023700
BUCNS={3.1FE+10)%3600./{2.246E%+19) 00023800
C 00023900
C BURNUP IS 1. AFTER 2.%E#19 FISSIONS PER GRAM OF FUFL . 00024000
C 00024100
A9l = 1l.116E+14 . 00024200
C . 00024300
C UNIT = 3,1%10%%]10FISSTIONS/WATT/SEC*3600SFC/HR = 11.16E+12 FISSIONS00024400
C JHATT/HR 00024500
C - 00024600
RK = 8.31436%1.0197%*10. 00024700
RKR = 8.31436/1.8/4.186 00024800
C 00024900
c R = 8.31436 JOULE/MOLE/DEG K ¢ 1 JOULE = 1.0197%10. KG%CM 00025000
C RK IS IDEAL GAS CONSTANT IN KGH*CM/MOLE/DEG K 00025100
C RKR IS TIDEAL GAS CONSTANT IN CAL/MOLE/DEG R 00025200
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c 00025300
c 00025400
C CONVERSION TO KG/CM%%2 FROM PSI] 00025500
C 00025600
C 00025700
B0 500 I=1,3 00025800

PGII) = PGII) * T7.03E-02 00025900

500 CONTINUE 00026000

c PG NOW IN KG/CM®#2 00026100
c 00026200
c /CONST/ 00026300
c 00026400
C 00026500
IF{JFA-2} 470,480,480 00026600

470 CONTINUE 00026700
FALL = 8.143E-06 00026800

FA12 = 2.430E-09 00026900

FA21 = B.143E-06 00027000

FA22 = 2.430E-09 00027100

FA31 = B.143E-06 00027200

FA32 = 2.430E-09% 00027300

GO 79 490 00027400

480 FAll = 9.61E-06 00027500
FA12 = 1.57E=09 ‘00027600

FA21l = 9.,61E-06 00027700

FA22 = 1.57E-09 00027800

FA3]l = 9.,61E-06 00027900

FA32 = 1.57E-09 00028000

490 CONTINUE 00028100

c 00028200
IF{JFA-2) 510+520,520 00028300

510 CKYI = 0.130 00028400
CK2 = 1.36E-0% 00028500

CAl = 17.0E-06 00028600

CAZ2 = 4.25E-09 00028700

GO TO 530 00028800

520 CK]l = 0.121 00028900
CK2 = 1.24E-0% 00029000

CAl = 5,675E-06 00029100

CA2 = 1.7E-09 00029200

530 CONTINUE 00029300

C 00029400
c RHOT FOR UDZ = 10,96 G/CC FOR UY-~Pyon2 11.06 {20HT.PC} 00029500
C 00029600
NO 1000 N=1,NNF 00029700

DO 1000 I=24NP 00029800
CPUIN,T) = CPUIN,1) 00029900

1000 CONTINUE 00030000
C 00030100
DO 1500 N=1,NNF . 00030200
RHOTIN) = 10.96 + 0.5%CPUIN,1) 00030300
RHOPI(Ny1) = 0.T6T#*RHOPIN,3) + 0.233%RHOTI(N) 00030400
RHOP{Ny2) = RHOP{N,3} _ 00030500

1500 CONTINUE 00030600
RHOT(NN) = 0. 00030700

c 00030800
C 00030900
c 00031000
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c 00031100
c FXCRAK/ == SUBROUTINE CRACK == 00031200
C 00031300
C 00031400
THLC = 1400. 000631500
HEALL = -T000. 00031600
HEAL2 = -70. 00031700
SIGFO = 1000. 00031800
SIGFl = 0.3 - 00031900
C 00032000
c 00032t 00
c 00032200
c 00032300
c 00032400
C . FXCREC/ == SUBROUTINE CREEC == 00032500
4 00032600
C 00032700
CCA = 2.7E-11 00032800
QCC = 95000. 00032900
AE = 1.0E-08 00032000
BE = 2.2E+20 00033100
CE = 4.3E-30 00033200
FMC = 7.0 00033300
FNC = 1.0 00033400
C 00033500
C 00033600
c 00033700
c FXCREF/ == SUBROUTINE CREEF == 00033800
C 00033900
c 00034000
CFAD = 1.83E-03 00034100
C CFAL = 2.82E+07 00034200
CFAl = 1.07E+06 00034300
CFR = 3.,0E+12 00034400
C CFR IN FISSIONS/SEC/CC 00034500
CFB = 6,0E~23 00034600
QCF = 140000. 00034700
QCF1 = 110000. 00034800
FMF = 4,5 00034900 .
FNF = 1.0 00035000
GDF -= 10.0 00035100
C 00035200
C 00035300
c /XGASO/ == SUBROUTINE GASOUT == 00035400
C 00035500
C 00035600
AF = D.246 009035700
c . 00035800
o AF IS ATOMS OF GAS PER FISSION 60035900
c 00036000
AN = 6.02E+23 00036100
c 00036200
C AN IS AVOGADRO'S NUMBER 00036300
c 00036400
CT = 4.48 00036590
QRG = B0O0O0. 00036600
c 00036700
c 00036800

— 328 —



PNCT841-75-17

C /XFRIC/ == SUBROUTINE FRICHK == 00036900
c 00037000
c 00037100
FRICST = 0.8 00037200

¢ FRICDY = 0.6 00037300
FRICDY = Q. 00037400

C 00037500
c 00037600
C IX60oLD/ == SUBROUTINE GOLDN == 00037700
c 00037800
c 00037900
ASS0 = 9.18B * 252. / (12.%2.54%4) 00038000
ASS1=4.214F-3 * 252. / {12.%2.5%) 00038100
ANAOD=54.306 * 252. / (12.%2.54) 00038200
ANAL=-0.01878 % 252. / (12.%2.54) 00038300
ANAZ2=2.0914E-6 * 252. / (12.%2.54) 00038400

ACO = 0.345696 * 252. / 0.4536 00038500

ACl = =0.79211E-04 * 252. / 0.4536 00038600

AC2 = 3.41178E-~-08 * 252, / 0.4536 00038700

c 00038800
C 00038900
c 00039000
c : 00039100
c FXHKNS/ == SUBROUT INE HKNS == 00039200
c 00039300
c 00039400
HCS = 10.0 00039500

HBO = 9.0E-35 00039600

HCO = 4.028 00039700

HC1 = -3.T712E-02 00039800

HCZ2 = 1.0145E~04 00039900

HLC3 = ~-7.BT79E-08 00040000

c 00040100
[ 00040200
C /XITER/ == SUBROUTINE ITERAT == 00040300
c 00040400
c 00040500
LI = 11.13E+06 00040600

c CI NOW IN DEG K *CMx®2/HR/KG o+ 1 KG = 9.8E+405 DYNE 00040700
ARK = 49600. 00040800

C 00040900
C ' 00041000
c FXXLAM/ == SUBRDUTINE XLAME == 00041100
c 00041200
C 00041300
EQ = 3.59E+407 * 7,03E-02 00041400

EP = =2.35 00041500

TLG = 22200.. 00041600

ONU = 0.317 00041700

ONUP = —-0.46 00041 800

C 00041900
IF{JFA-2} 1910,1920,1920 00042000

1910 CONTI NUE 00042100
EAl = 2.0793E+06 00042200
EA2=-8.8592E+02 00042300
EA3=0.3015 00042400
EA4=0.850E-04 00042500

GG TO 1930 00042600
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1920 EA1=9.89BE+05 00042700
EAZ = -9, 2656402 00042800

EA3 = 0.325 - . 00042900
EA4 = 2.14E-04 00043000

1930 CONTINUE 00043100
T ; 60043200
c /XSHEL/ == SUBROUTINE SWELL == 00043300
c 00043400

c 00043500 _
SVPF = 0.70E-24 00043600

c _ 00043700
c NET SOLTO VOLUME CREATED PER FISSION eae 00043800
c 00043900
C 000544000
c - - 00044100
RETURN 00044200

END 00044300
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SUBROUTINE RHOMOD { RH,RHOP, EPZ,RVB,RCB,REB,;RUBy BUy XM, RHTHEDsRDI $+00044400

% DXM,RVBO, RCBO,REBG, RUBD,RCI, RCO, XKMINT,EPC, 00044500
* ROISTEPR XEPR,X EPCy Ry WOLDyWNEW, IT, DELT 3 00044600

c 00044700
COMMON /ALWAYS/ NNyNCRyNER,NURy NCLyNP,NOKyNOS,NOCyNPLOT,NCRK, 00044800

* NTRyNFRyNTR1,NTR2 NNTRZ2, NNFs NCL 14 NFR1,NP I, 00044900

* IGEN, IGENL,NONZR, IGENPy IGENPI,NONZRP, 00045000

* N1CyN2Cy N3C o N4CyN5C, N6C, NTCy N8C, NOC,NL1OC,N11C 00045100

* N12C,N13C,N14Cs NI5C, 00045200

% NLsN2,N3, NGy NS N6y NT, N8B, NI, N1OsNLII,NL2;N13,N14,N15 00045300
COMMON /OTHERS/ PG{3),CM112),DHR(2}, ALFO{3),ALF1{3), XML{3),CM(2), 00045400

* P1,P12,0P,GRAV, SMQs SMQ0, RHOC, BURH1,BURHZ, CFL X4 00045500

* CPOW,BUCNS 4RK,RKR; A9 1 GAS T, TCON, PDBY, BUB 00045600
COMMON /IOFIL/ 105,106,107 00045700
DIMENSTON RH(NN,NTR) , RHOP{NN, 3 ) , EPZINN,NTR) , 00045800

* RVBINN) s RCBINN) , REBINN) , RUB(NN) , BUINNY , 00045900

* XMINN,3) , RHTHED(NM) , RDIS(NN;NTR2) , DXMINNo3) , 00046000

* RVBOINN) , RCBOINN) , REBO(NN) y RUBO(NN} , 00046100

* RCI{NN) , RCO(MNN) , XMINT(NN) , EPCINN,NTR} , 00046200

% RDISTINN,4) , EPR{NN,NTR) 00046300
DIMENSTON R{NN,NFRL) , XEPRINFR) , XEPCINFR) , WNEW(NFR} , 00046400

¥ WOLD (NN, NFR) 00046500

C 000466 00
C 00046700
c DETERMINATI ON OF EACH ZONE BOUNDARY 00046800
c 00046900
c 00047000
DD 1000 N=1,NNF 00047100

c 00047200
DXM{N,11 = DXM{N,1) * DELT * 3600. 00047300
DXM{N,2) = DXMIN,2) * DELT * 3600. 00047400
DXM{Ny3) = DXM{N,3} * DELT ¥ 3600. 00047500
RDIST{N,3) = RDIST{N,3) + DXM(Ny3} 00047600
RDISTIN,2) = RDIST(N,2) + DXM{Ny2) 00047700
RVBIN) = RVBIN) & RNIS(N,1) 00047800
RCB(N) = RCB (N} + ROIS(N,NCR+1J ¥+ DXM{N,2} 00047900
REBIN) = RER {N) + RDISIN,NCR+NER41} + DXM(N, 3} 00048000
TF(RVB (N} .LT.RVBO(NI) RVB(NI=RVAGIN) 00048100
1F(RCB(N).LT.RCBOIN}) RCBI{N)=RCBO(N) 00048200
TE(REB{N) L LT.REBOINI} REBINI=REBOI(N) 00048300
RUB(N) = RUR (N} + RDIS{N,NFR+1} . 00048400
RCI(N) = RCI (N) + RDIS{N,NFR#2) 00048500
RCOIN) = RCO (N} + RDIS{N,NTR+2] 00048600
TF(REBIN] .GE.RUB(N)) REB(N} = RUB{NI—0.001 00048700
IF(RCB(N}.GE.RER{N)} RCB(N} = REB(N)-0.001 00048800

RAOT = RHTHEO{N} = 00048900

SM = XMINTUN) / { 1.+EPZ(N,1) ) 00049000

C 00049100
DO 1100 1=1,3 00049200

C 00049300
IF11-2) 100+200+300 00049400

100 KK=1 00049500
KKK=NC R 00049600
RI=RVB (N} 00049700

RO = RCB(N) 00049800

R10 = RVBNI(N] 00049900

ROO = RCBO(NI 00050000

COF = 1. 00050100
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RAT = 3,99 A 00050200

BUR = BURH1 00050300

GO TO 400 00050400

200 KR=NLR+1 00050500
KKK=NC R+NER 00050600
RI=RCB (N} 00050700

RD = REB(N) 00050800

RID = RCBO(N) 00050900

R0OD = REBOIN) 00051000

COF = 1. 00051100

RAT = 0,965 00051200

BUR = BURHZ 00051300

G0 TO 400 00051400

300 KK=NCR+NER+1 00051500
KKK=NF R 00051600
RI=REB (N) 00051700

RD = RUB{N} 00051800

Ri0 = RERG(N} 00051900

ROO = RUBO(N) 00052000

COF = O. 00052100

RAT = 1. 00052200

BUR = 1.0 00052300

400 CONTINUE 00052400

C 00052500
ERAY = 0. 00052600

FCAV = O. 00052700
IF(IT.LE-1) GO 7O 501 00052800

DO 500 K=KK,KKK 00052900

ERAV = ERAVH+EPRIN,K) 00053000

ECAV = ECAV+EPC(N,K) 00053100

500 CONTINUE 00053200
ERAV = ERAV/ [KKK-KK+11) 00053300

ECAV = ECAV/ {KKK-KK+1) 00053400

501 CONTINUE 00053500
CX = (l.+ERAV)#(1.+ECAV) 00053600

C TX = Lo+ERAVFECAV+EPZ(N,1} 00053700
C 00053800
T 00053900
o BURN-UP DEPENDENT DENSITY CALC. AND AXIAL MODIFICATION 00054000
T ' 00054100
£ 00054200
DO 1200 K=KK,KKK 00054300
RH(N,#} = RHOP(NsI) + COF®{RAT*RHOT-RHOP{N,I}) * BU(N)/BUR 00054400
RHIN+K) = RH(N,K}Y 7 { (1.+EPZI(N,KJ} * CX ) 00054500

c RH{N,K} = RHIN,K} / CX 000545600
1200 CONTINUE 00054700
c 00054800
IF ( I.FQ.1 ¥ GO TO 1100 00054900
XMIN,I) = PI®{RO+RI}#*(RO-RIJI*RH{NsKK) 00055000

C . 00055100
1100 CONTIMUE : 00055200
RDOTSTI{Ns4) = L.+EPZ{Ny1] 00055300
XMINg1) = SM=XM{Ny2)=XMIN,3} 00055400

C 00055500
c < REGION BOUNDARY UPDATE 00055600
T 00055700
C L33 2 ___ 00055800
TF{XM{N,1}.6E.0.0001) GO 70 1300 00055900
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XMI{N,1) = 0.0001 00056000

1300 XAR = RCB(NI*RCBINI-XMINsL}/IPI%ERH(N, 1)) Q0056100
IF(XARLE-0.) XAR = 0.0 00056200
RVB(N) = SQRT{XAR) 000546300
TF{RVB (N) .GE.RYBOIN}) GO TO 1400 00056400
RVB{N) = RVBO(N) 00056500

1400 XMINsL} = PI#*RH{N,1}*(RCA{N}*RCB{NI-RVBINI*RVBIN}} 00056600
IF{XM(Ny1).GT=0.) GO TO 1405 00056700
WRITEIIO6,9000) N 00056800

STOP 000456900

1405 CONTINUE 00057000
C Ga057100
SMD = XMINglJ+XMIN,2I+XM({N,3} 00057200

c 00057300
DO 1500 1=1,;3 00057400
TF{I-21 141041420,1430 00057500

1410 KK =1 000576500
KKK = NCR 00057700

GO TO 1440 00057800

1420 KK = NCR+1 00057900
KKK = NCR+MER 00058000

GO TO 1440 00058100

1430 KK = NCR+NER+1 00058200
KKK = NFR 00058300

1440 CONTINUE 00058400
DO 1450 K=KK,KKK 00058500
RHINsK) = RH{N,K)*SMD/SHM 00058600

1450 CONTINUE 00058700
c 00058800
XMIN,T} = XM(N,T)*SMD/SM 00058900

C 00059000
1500 CONTINUE 00059100
c T deox 00059200
C 00059300
RDIST{N+&) = SM 00059400

1000 CONTINUE 00059500
c 000595600
c PLENUM 00059700
c 00059800
RCIOINN) = RCI (NN} + RDIS{NN,NFR+2) 00059900
RCO{NN) = RCO {NN)} + RDIS(NN,NTR+Z2) 00060000

c 00060100
RETURN 00060200

c . 00060300
G000 FORMATI(IHL 4% =——=~ SUBROUT INE RHOMOD ———==—% , / % 00060400
# 1HO,"MASS IN COLUMNAR ZONE OF AXIAL SECTION ¥,I2,* 15 NEGATIVE?)00060500

c 00060600
END 00060700
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SUBROUTINE SUBTIT (TITLE) 000608G0
DIMENSION TITLE(1) 00060900
CALL SYMBOL {3.0,222.053.0,TITLE,0.,80) 00061000
CALL SYMBOL (2500422203522 ACTIVE-T1%:0.+9) 00061100
RETURN ' 00061200
END 00061300
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SUBROUTINE SWELL { POW,SWS,FD,SHS3,DELT ) N 00061400
COMMON 7ALWAYS/ NN,NCRyNER, NUR, NCL o NP yNOK NOS s NGC NPLAT 9 NCRK ¢ 00061500
= " NTRy;NFRyNTRI,NTRZ,NNTR2,NMF,MCL1,NFR1,NP1, 00061600
1GEN, IGENI, NONZ R, IGENP, IGENP 1, NONZRP , 00061700
R NICyN2Cs;N3C,N&CsNSC,NECNTCyNBCNIC,NIOC,MIIC, 00061800
" N12C,NI3CyN14C, N15C, 00061900
* NL pM2 yN3 o N4 s N5 4 NE 4 N7 o N84 NI, N1O,N11,N12,N13,N14,N15 00062000
COMMON 7OTHERS/ PGI3),CMLI2)4DHRI 2} ALFOL 31 s ALF1( 3] XML{3),CM(2)y 00062100
* _ PI1,P12,0P,GRAV,SMQ, SMQO, RHOC, BURHI,BURHZ2,CFLXy 00062200
* CPOW, BUCNS, RK, RKR,A91, GAS T, TCON, PDRU, BUB 00062300
_______COMMON /XSWEL/ SVPF o o 00062400
DIMENSTION POWINM) , SWSUNN,NTR) , FD{NM,NFR} 5 SWSZ{NN,NUR) 00062500
c_ 00062600
c 00062700
c FUFL SWELLING STRAIN DUE TO SOLID FISSION PRODUCTS 00062800
c 00062900
c__ . ____ 0D06300Q
C SVPF = NET SOLID VOLOME CREATED PER FISS 10N 00063100
G 00063200
DO 100D N=1,NMF 00063300
_ DEN = AQL*POWIN)*DELT o 00063400
c 00063500
C DEN 1S THE NUMBER OF FISSIGNS IN THE CROSS_SECTINN_NFE_FUEL R00 00063600
c OF OME CM IN HEIGHT 00063700
c 00063800
J =1 00063900
DD 1100 I=1,NFR_ . __._0006&000
NSAS = SYPFHDFNEFNIN, 1) %2,54%2 B4%5 .55 00064100
IF{I.LE.NCR¢NER) GA TOD 10O 00064200
SWSITN,JY = SWS3(N,J} + DSWS 00064300
4 = J+l 00064400
GG 70 1100 00064500
100_CONTINUE e ] 00064600
SWSIN,T) = SWS(N,I) + DSwWS 00064700
1100 COMTINUE L 00064300 _
1000 CONTINUE 00064900
RE TURN 00065000
END 00065100
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SUBROUTINE TIMCUTHCX,DELTO,EPSPOW) 00120600
CX = 2, 00120700
DELTO = 240.0 00120800
EPSPOM = 50.0 00120900
RETURN 00121000
END 00121100
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SUBROUTINE UPDATE ( SIGR,SI1GC,S516Z,SIGRD,SIGCO,S16GZ0,EPRLEPC, 00065200

% EPZF,EPZCyEPRO, EPCOy EPZO,TPR, YPC, TPZ TPRO; 00065300

* TPCO,TPZ0,DSR;DSCyDSZ» TSRO, TSCO, TSZ0,DISP, 00065400

= RDIS,N,EPSEQ } 00065500

C 00065600

COMMON 7ALWAYS/ NNyNCRy;NERyNURs NCL, NP, NOKNOS¢NOCy NPLOT ;NCRK 00065700

* NTRy NER,NTR] 4NTR2,NNTR2, NNFy NCL1; NFR1,NP 1, 00065800

® TGEN, LGENL 4 NONZRy IGENP, IGENP1,NONZRP, 00065 900

* NLCyN2Cy N3C,N4C,NSC, NOC, NTCo NBCoNIC, N1OC,N11C, 00066000

* N12CyNL3C,N14C,N15C, 00066100

% M1, N2y N3y NG g N5 ;N6 4 N7, NB, N9, NLIOsN11sNL12,N13,N14,N15 00066200

c 00066300

DIMENSION SIGR(NTR) , SIGCINTR)} , SIGZINTR) y SIGRO{NN,NTR} , 00066400

= SIGCO(NN,NTR} 5 SIGZO(NN,NTR} , EPR{NTR) , EPC(NTR) , 00066500

* EPROINN,NTR) , EPCO(NN,NTR) o, EPZO(NN,NTR} , TPR{NTR) ,00066600

* TPCINTR} ¢ TPZINTR) , TPRO(NN,NTR) , TPCO{NN,NTR) , 00066700

% TPZOINN,NTR) , DSR(NTR) , DSCUNTR) 5 DSZ{NTR) , 00066800

* TSRO(NN,NTR} » TSCO(NN,NTR) , TSZO(NN,NTR) , 00066900

* DISP{NTR2) , RDIS{NN,NTR2} , EPSEQ(NN,NTR} 00067000

3 ‘ 00067100

c 00067200

¢ 00067300

c UPDATE SOME VALUES FOR NEXT TIME STEP 00067400

C 00067500

¢ 00067600

c 00067700

N0_1000 1=1,NTR 00067800

SIGRO(N, I} = SIGR(I} 00067900

SIGCO{N,I) = SIGC(I} 00068000

SIGZNIN,I) = SIGZ(1) 00068100

EPROIN,I) = EPR{T} 00068200

EPCO(N,I) = EPC(I) 00068300

c 00068400

XXX = (EPRUI}+EPC(II+EPZFI/3. 00068500

X1 = TPR{I} ~ TPRO(N,I) 00068600

XX1 = EPR{I)-TPROIN,I)=XXX 00068700

TPRO{NsI) = TPRII} 00068800

TPRII) = X1 00068900

X2 = TPCII} - TPCO(N,I) 00069000

XXZ = EPC{IT=TPCOIN,[)—XXX 00069100

TPCO(N,I) = TPC(I) 00069200

TPCI1) = X2 00069300

X3 = TPZ(I) - TPZOIN,I) 00069400

XX3 = EPIF-TPZO(N,1}-XXX 00069500

TPZOIN,I) = TPZLI) 00069600

TPILI) = X3 00069700

XXX = 2% (LIXXL~XX2) %524 (XX2-XX3) *42+ (XX 3=XX 1}%%2) 00069800

EPSEQIN,I) = SQRT{ XXX 1/3.0 - 00069900

c 00070000

TF { I-NFR } 100,100,200 00070100

100 EPZO(N,I) = EPZF 00070200

GO T0r 1000 00070300

200 EPZO{N,I} = EPIC L 00070400

c 00070500

1000 CONTINUE 00070600

3 00070700
c . o _ 00070800

DA 2000 I1=1,NTR2 00070900
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ROIS(N,T) = DISP({ 1 ) 00071000

2000 CONTINUE Q0071100
c 00071200
C 00071300
RETURN o 00071400

END 00071500
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SUBRDUTINE UPDATP ( SIGRsSIGC,SIGZySIGROs SIGCOsSIGZO,EPR,EPC, 00071600
% EPZC4EPRO,EPCO, EPZO, TPRy TPCyTPZ, TPRO, TPCOy 00071700
% TPZ0,TSR,TSC,TSZ,TSRQ,TSCO,TSZ0,DISP,ROIS,N } 00071800
C 00071900
COMMON /ALWAYS/ MN,NCR,NER,NUR, NCL, NP, NOK, NDSsNOC, NPLOT ,NCRK 00072000
* NTRyNFRyNTRL sNTRZ NNTR2y NNFy NCL 1, NFR1,NP 1, 00072100
% TGEN, [GEN1 s NONZ Ry IGENP, IGENP 1, NONZRP, 00072200
® NIC¢N2CyN3C4N&GC,NSCy N6EC, NTC,MBC, NOC, N1OC s N11C s 00072300
& NI2CyN13CyN14CyN15C, 00072400
* MLyNZ 3 N3y NG N5 4 N6 o NT s N8By N9y NLOsN11sN12,N13,N14,N15 00072500
C : 00072600
DIMENSTON SIGR(NCL) , SIGCINCLY y SIGZ(NCL] 5 SIGRO(NN,NTR) 00072700
% SIGCOINM,NTR) o SIGZO{NN,NTR) , EPRI(NCL} , EPCINCL] , 00072800
* EPROIMN,NTR) , EPCO(NN,NTR) , EPZO{NNsNTR} 3 TPRI(NCL) ,00072900
x TPCINCL) o TPZINCL} , TPROINN,NTR) , TPCOINN;MTR)} 00073000
* TPZOINN,NTR) o TSRINCL) , TSCINCL) , TSZINCL} o 00073100
* TSRO(NNyNTR) 5 TSCC{NNGNTR] , TSZOtNN,MNTR) , 00073200
% DISP{NCLL), RDIS{NN,NTR2) 00073300
c 00073400
c 00073500
¢ 00073600
C UPDATE SOME VALUES FOR NEXT TIME STEP --= PLENUM SECTION ONLY ~ 00073700
c 00073800
c 00073900
c TPRyTPC,TPZ,TSR,TSC,TSZ ARE USED TEMPORARY FOR INCREMENT OF 00074000
c STRAIN PESPECTIVELY 00074100
c 00074200
c 00074300
DO 1009 I=1,NCL 00074400
K = NFR+I 00074500
SIGRO(N,K) = SIGR(T} 00074600
SIGCOIN.K) = SIGCII} 00074700
SIGZOINgK) = SIGZ(Y) L o 00074800
EPRO(N,K) = EPR(I) 00074900
EPCO{N,K) = EPC(I) L 00075000
XXX = TPR{I} = TPROIN,K) 00075100
TPROIN,K) = TPR(I) 00075200
TPRIT) = XXX 00075300
XXX = TPCU1) = TPCO(N,K} e 00075400
TPCOTN,K) = TPC(1} 00075500
TPCUI) = XXX 00075600
XXX = TPZ{1) = TPZO(N,K) 00075700
TPZO(N,K) = TPZ{I)} 00075800
TPZLI) = XXX 00075900
EPZD{N,K} = EPZC - 00076000
ROISIN,K+1) = DISP{ T ) 00076100
c _ 00076200
1600 CONTINUE 00076300
o 00076400
RDIS{N,NTR2) = DISP{ NCLI ) 00076500
£ 00076600
RETURN 00076700
END 00076800
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SUBROUTINE UPDTE { RVB,RCByREB, RUBsRCIsRCO; BU;ROIST, DXMy 00109300

¥ FLNC sWOLD,YRVB,YRCB,YREB, YRUB, YRC I YRCO, 00109400

* YBU,YRDIST ; YDXMs YFLNC, YHOL D, ISH ) 00109500
DIMENSION RVBINN) ;RCB{NN);REB{NNI;RUB{NN}yRCI{NNI RCO{NN), 00109600

* BUINN) sRDISTINN: 40 o DXMINN,3), FLNCINNI HOLD{NN,NFRD, 00109700

* YRVBINN] YRCBENN)  YREBINNI s YRUBINNY; YRCI{NND, 00109800

& YRCO(NN) s YBULNNDI s YRDISTINNy %) - YOUM{NN, 30, YEFLNC{NNI, 00109900

% YHOLD{ NN, NFR) 00110000
COMMON FALWAYS/ NNgNCRyNERgsNURs NCLy NPoNDKsNOS s NOC, NPLOT NCRK, 00110100

% NTR, NFR;NTRI (NTR2, NNTR2; NNFs NCL1,NFR1: NP1, 00110200

% IGEN, IGENL , NONZRy IGENP, I GENP1,NONZRP 00110300

x NIC  N2C,N3CyN&C: NSCoNOCy NTC,NBCoNIC,N1OC,N11C, 00110400

* N12C,N13L,N14Cy N15C, 00110500

* NLaNZsNBs NGNS NO ¢ NTy N8By NOsNIO;NLLN12,N13,NL45NLES 00110600

C 00110700
c 00110800
GO0 TD ( 1,2 ) 5 ISH 00110900

C 00111000
1 CONTINUE 00111100

C 00111200
DD 100 N=1,NN 00111300
YRVBIN) = RVBI{N) 00111400
YRCB{N) = RCB{N) 00111500

YREB (N} = REB({N} 00111600
YRUB{N) = RUBi{N} 00111700
YRCIC(N) = RCI(N) 00111800
YRCOIN) = RCOIN) 00111900
YBUI{N} = BUIM} 00112000

YELNC (M) = FLNCIN) 00112100

DO 110 J=1.4 ‘00112200
YRDIST{N.J) = RDIST{N,J) 00112300

110 CONTINUE 00112400
DO 120 J=1,3 00112500
YDXMIN,JY = DXMIN,J) 00112600

120 CONTINUE 00112700
DO 130 J=1,NFR 00112800
YHWOLD{N,J) = HOLD(N,J) 00112900

130 CONTINUE 00113000

C 00113100
100 CONTINUE 00113200
RETURN 00113300

c 00113400
2 CONTINUE 00113500

C 00113600
DO 200 N=1,NN 00113700
RVB{N) = YRVBIN] 00113800
RCBIN) = YRCB{N) 00113900
REBI{N} = YREB{N) 00114000
RUBE{N) = YRUB(N) 00114100
RCIIN) = YRCIIN) 00114200
RCOLN} = YRCO{N} 00114300

BUINY = YBUI(N} 00114400
FLNC{N) = YFLNC(N) 00114500

DD 210 J=1,4 00114600
ROIST{NsJ) = YRDISTEN,J) 00114700

210 CONTINUE 00114800
DO 220 J=1.3 006114300
DXM{N, J} = YDXM(N:J) 00115000
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220 CONTINUE 00115100
DO 230 J=1,NFR 00115200

HOLD (NyJ) = YHOLDINsJ) 00115300

230 CONTINUE 00115400
200 CONTINUE 00115500

C 00115600
RETURN 00115700

END 00115800
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SUBROUTINE VOLUME ( VOLsRFRsRCL,FLZ,CLZ } 000769090
COMMDN JALWAYS/ NNy NCR,NER,; NURs NCLyNP+NOK,NCSsNOC, NPLOTyNCRK, 00077000
% NTRyNFRyNTR1,NTR2,NNTRZ, NNF,yNCL1s NFR1,NP1y 00077100
* IGEN, IGENLy NONZR, IGENP, IGENP I NONZRP, 00077200
* N1CoN2Co N3Gy N4Cy NSCy NSCyNTC oy NBCy NICNI10OC,N11C, Q0077300
* N12CyN13C,N14C,N15C, 00077400
= NLoN2 NIy N4Gs NS4 NO N7, NB, NI, NIO,N21,N12Z,N13,N14,N15 00077500

COMMON /OTHERS/ PG{3),CHM112),0DHR12},ALFO{ 3}, ALFI(3},XML(3),CM{2)s 00077600

* PL,PI2,DP,GRAV,S5MQySMQO, RHDOC, BURHL, BURH2,CFL X, 00077700

* CPOM, BUCNS ; RKsRKRyA21,GAS I, TCON, PDBU, BUB 00077800
DIMENSION VOL(NNyNTR) , RFR{NN,NFR1} , RCL{NNyNCL1}) , 00077900

* FLZINNY » CLZINN) 00078000

c 00078100
c ©0078200
c VOLUME CALC. 40078300
c 00078400
C 00078500
N0 1000 N=1oNNF 00078500

C 00078700
C FUEL 00078800
c 00078900
DD 1100 I=1.NFR 00079000
VOL{Ns+I) = PI®{RFR{NyT+1}+RFR(N, I} #{RFRIN, T+1)-RFR{N, T} }*FLZIN) Q0079100

1100 CONTINUE 00079200
c 00072300
c CLAD 00079400
c 00079500
D0 1200 I=1,NCL 00079600
VOL{N,NFR+[}) = PI*{RCL(N, I+1)+RCLIN, T}I*{RCLAN, T+1}-RCL{N,T)} * 00079700

* < GLZ{N} 00079800

1200 COMTINUE - 00079900
[ 00080000
C 00080100
1000 CONTINUE ' 00080200
c 00080300
c 00080400
[ PLENUM : ‘ 00080500
c . 00080600
DN 2000 T=1,NCL 00080700
VOL{NNsNFR$#T) = PI*{RCLINNy I+1)+RCLINN,I) )% {RCL{NN, I+1)-RCL(NN,Y}}00080800

* *CLZ (NN} _ 00080900

2000 CONTINUE 00081000
C 00081100
c co081200
RETURN 00081300

END 00081400
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SUBROUTINE XLAME{ YBC,TB8FyEyP+GsRHsLMyBMsPB,GByVOL, RHTHEG,N 1} 00081500

COMMON /ALWAYS/ NNsNCRsNERyNUR,NCL,NPyNOK; NOS,NOCeNPLOT,NCRK 00081600
% MTRyNFRsNTR1 s NTR2+,NNYR2, NNF, NCL1,NFR1,NP 1, 00081700
* TGEMy IGENL ¢ NONZRy IGENP, IGENPL,NONZRP, 000681800
* NICyN2Co N3C NGC, NSCy NOCy NTC o NBCy NIC, N1OC s NL1C 00081900
* N12Cy¢N13C,yN14CyN15C, 00082 000
* NL1oNZ2yN3yNGyNS N6 N7y NBy NIy N1OSN1TyNL2,N13y N14,N1S 00082100

COMMON 7FOTHERS/ PGU3).,CML(2),DHRI2); ALFO(3) ALFI{ 3}, XML{31,CM(2), 00082200

* P{,PI2,DP,GRAV,5MQ, SMQ0, RHOC, BURH1, BURHZ,CFL Xy 00082300

* CPOW, BUCNS;RKyRKR, A91,GAST, TCON, PDBU,BUB 00082400
COMMON /XXLAM/ EOQ,EP+TLG,CNU,ONUP,ALl, A2, A3, A4 00082500
COMMON /FBRATR/ JFA 00082600
COMMON /IOFIL/ 105,106,107 00082700
DIMENSION TBCIMNM,NCL) , TBFINN,NFR} o, E(NN.NTR)} . PINN,NTR) , 000828040

* GINNsNTR) s RHINN,NTR) , LM{NN,NTR} , BM{NN,NTR] , 00082900

* PBIMNys2) » GBINNy2) 5 VOL{NN;NTR} , RHTHED(NN} 00083000

C . 00083100
C 00083200
C YOUNG®S MODULUS /PDISSON*S RATID,SHEAR MDDULUS » AND BULK MODULUS 00083300
C 00083400
c 00083500
C 00083600
C GIVEN VALUES OF EP,ONU,ONUP PERTAIN TO U02 - GIVEN EO AND TLG ¢0083700
C REFER TO (U.8 PUL2102 .0, FOR UD2 ED=3.16 AND TLG=16300. 00083800
C 00083900
C 00084000
C 00084100
C FUEL 00084200
C 00084300
C 00084400
IF ( N.EQ.NN )} GO TQ 500 00084500

c 00084600
RHOT = RHTHEO{ N } 00084700

J =20 00084800

K=1 00084900

KK = NCR 00085000

C : 00085100
SP = 0. 00085200

SG = 0. 00085300

SV ='0. 00085400

c 00085500
C : . 000855600
400 CONTINUE 00085700

C ' 00085800
DO 1100 T=K+KK 00085900

LML = LMIN,I) 00086000

T = TBFIN,I)*1.8 + 32,0 00086100
IF(T-TLG+200. .GT. 0«) T=TLG-100. 000856200

PS = 1.-RHI{N,I)/RHOT 00086300

EX = EO*({l.+EP*PS)*(1.~-T/TLG) ' 00086400

PX = ONU*(].+0ONUP*PS) ' 00086500
PINsT) = (PX#*{TLG-T)+0.5#%{T-7T73} / {TLG-T7.) : 00086600
PiNsT) = PINsT) / (2.)%*LML 000686700
E{N,T) = EX / (l.5)**%LML 00086800
GiNsI) = E(N,I) /7 (2.+42,%P{Ns1)) 00085900
IF{GINsI)«LT.10.0}) GI{NsI)=10.0 00087000
BMINyI) = EIN,I) /7 (3.%(1.-2.%P{NsI)1)1} 00087100

¢ 00087200
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SV + VOLIN,T)
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Sv = 00087300

SP = 5P + PIN,I}*VOLI(N,I} 00087400

56 = SG + GINsIIXVOL(N,T) 00087500

C 00087600
1100 CONTINUE 00087700
J = 1 00087800

C 80087900
IF{J-2) 100,2004300 00088000

100 K=KK+1 00088100
KK = NCR+NER 00088200

GO T4 400 00088300

200 K=KK+1 00088400

' KK = NFR 00088500
GO TO 400 00088600

300 CONTINUE 00088700

c ' 00088800
PB{N,1) = SP / SV 00088900
GB(N,L) = SG / SV 00089000

C 00089100
500 CONTINUE 00089200

C Q0089300
c CLAD 00089400
C 00089500
K=NFR Q0089600

c ‘ 00089700
SP = 0. 00089800

S6 = 0. 00089900

5V = 0. 00090000

C 00090100
DO 1200 I=1,NCL 00090200

K = K¢l 00090300

TC = TBCIN,.I} 00090400
PINyKY = A3+A4%TC 00090500
IF{TC+A1/A2.GT.0} GO TO 1111 00090600
E{N,K) = Al+A2%TC 000690700
G{NyK) = EIN,K) /12.42.%P(N,K}) 00030800
BMIN,K) = EIN,K) / {3.%(1,=2,*P(N,K})} 00090900

c 00091000
SV = SV + VYOLIN,K} 00091100

SP = 5P + P{N,K)AVOLI{N,K)} 00091200

56 = SG + GINyK)%VOL{NyK) 00091300

C 00091400
1200 CONTINUE 00091500
PB{N,2} = SP / SV 00091600
GR{N+2) = SG / S¥ 00091700

c 00091800
c 00091 900
c E « G . BM NOW IN KG/CM%E%2 006092000
C 00092100
c 00092200
1000 CONTINUE 06092300
c 00092400
RETURN 00092500

1111 WRITE(IO6,1112) N 00092600
1112 FORMAT{1Hl,"'-——== SUBROUTINE XLAME ———=—' , / , 00092700
* 1HO,"CLADDING TEMPERATURE OF AXIAL SECTIDN *,1I2,® 1S TOO HIGH') 00092800

stap 00092900

END 00093000



