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by 
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ABSTRACT 

The computer code EPIC models fuel and coolant motion which 
results from internal fuel pin pressure (from fission gas or fuel 
vapor) and possibly from the generation of sodium vapor pressure 
in the coolant channel subsequent to pin failure in a liquid-metal 

·fast breeder reactor. The EPIC model is restricted to conditions 
where fuel pin geometry is generally preserved and is not intended 
to treat the total di·sruption of the pin structure.· The modeling 
includes the ejection of molten fuel from the pin into a coolant 
channel with any amount of voiding through a clad breach which 
may be of any length or which may extend·with time. One-dimen­
sional Eulerian hydrodynamics is used to treat the motion of 
fuel and fission gas inside a molten fuel cavity in the fuel pin 
as well as the mixture of two-phase sodium and fission gas in the 
coolant channel. Motion of fuel in the coolant channel is 
tracked with a type of particle-in-cell technique. EPIC is a 
Fortran-IV program requiring 400K bytes of storage on the IBM 
370/195 computer. 
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EXECUTIVE SUMMARY 

The EPIC (Eulerian Particle !n ~ell)computer code was written to calculate 
material motions following pin failure in a Liquid Metal Cooled Fast Breeder 
Reactor (LMFBR) during a loss-of-flow (LOF) transient as well as a transient 
overpower (TOP) accident. EPIC assumes that the pin structure is generally 
intact after pin failure such as would be the case in the burst failure condi­
tions resulting from fission gas pressure or differential expansion loading of 
the cladding. This would result in a localized cladding breach allowing 
communication between the interior of the fuel pin and the coolant channel. 
The EPIC model is inappropriate for pin failure which involves a massive 
disruption of pin structure such as would occur when the cladding is in a 
partially or fully molten state. 

The EPIC model is appropriate for pin failures in TOP conditions. It 
is also capable of modeling pin failures in middle and lower power subassemblies 
under loss-of-flow-driven TOP (LOF-TOP) conditions. If a fast reactor core 
voids incoherently enough and if there is sufficient sodium void reactivity 
insertion from the higher power subassemblies to bring the reactor into the 
vicinity of prompt-critical, a rapid power rise will result so that middle and 
lo~er power subassemblies will experience conditions similar to those in a TOP 
with some or all of the sodium coolant still present. This LOF-TOP situation 
is not unusual in larger fast reactors with homogeneous cores. It is not 
inconceivable that failures near the center of the core may occur, so that the 
calculation of fuel motion is crucial to the determination of reactivity 
effects. 

To a large extent, EPIC is a parametric code. Our lack of knowledge of the 
physical processes involved requires this approach. Many of the significant 
features of the model are parameterized, and often only a partial mechanistic 
treatment is done. For example, initial cladding rip length, fuel particle 
size, and most heat transfer rates must be specified as input. This parametric 
approach provides a certain flexibility in the use of the code, and it also 
reflects a reluctance to treat highly complicated and poorly understood 
phenomena with models that are supposedly accurate and well-founded but 
actually make highly significant but unjustifiable assumptions. 

EPIC models a single fuel pin with its associated coolant which represents 
part of or all of a subassembly or a group of similar.subassemblies under pin 
failure conditions. This is similar to the approach used in the SAS4A 
accident analysis code (and also for the whole SAS code series). A number of 
such representative pins can take into account incoherencies within or among 
subassemblies due to different power levels, voiding.histories, coolant flow, 
etc. The EPIC code begins at the point of cladding failure and models the 
subsequent events. There must, of course, be some molten fuel in the 
fuel pin at the start of the calculation since EPIC models the motion of fuel 
and the concomitant motion of sodium. 

A one-dimensional Eulerian calculation of the hydrodynamics inside a molten­
fuel cavity is explicitly coupled to a one-dimensional Eulerian calculation in 
the coolant channel by means of a fuel-ejection model. This ejection model 
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the Eulerian cell or cells in the fuel pin which delimit the failure length and 
in the corresponding Eulerian cell or cells in the coolant channel directly· in 
front of the pin failure cells. 

EPIC uses a full donor cell spatial differencing scheme with cell-centered 
densities·, pressures and temperatures, and with cell-edge velocities. A 
combination of explicit, semi-implicit, and fully implicit differencing in time 
is used. An explicit calculation is done to predict end of time step values; 
these are then used to compute average values over the step. The average values 
are in turn used to compute updated end-of-time-step values. There is an 
option to make the time differencing strictly explicit after a specified time 
point, as for example, when conditions are no longer changing rapidly. Velocities 
in both the pin and channel are computed implicitly in time, however. These 
are computed on each pass which is semi-implicit for the rest of the variables 
besides velocity or when the calculation is fully explicit in time for the 
variables besides velocity. · 

This user's guide describes: the .mathematical models used to .specify the 
physical phenomena including the numerical approximations employed the 
structure. of the computer program and the various subprograms the input 
specifications and output; and a sample problem which will serve as a paradigm 
for the user. · 1 



1. INTRODUCTION 

The EPIC (Eulerian ~article In.Cell)computer codel,2 was written to calculate 
material motions following pin failure in a Liquid Metal Cooled Fast Breeder 
Reactor (LMFBR) during a loss-of-flow (LOF) transient as well as a transient 
overpower (TOP) accident. EPIC assumes that the pin structure is generally 
intact after pin failure such as would be the case in the burst failure condi­
tions resulting from fission gas pressure or differential expansion loading of 
the cladding. This would result in a localized cladding breach allowing 
communication between the interior of the fuel pin and the coolant channel. 
The EPIC model is inappropriate for pin failure which involves a massive 
disruption of pin structure such as would occur when the cladding is in a 
partially or fully molten state. 

The EPIC model is appropriate for pin failures in TOP conditions. It 
is also capable of modeling pin failures in middle and lower power subassemblies 
under loss-of-flow-driven TOP (LOF-TOP) conditions. If a fast reactor core 
voids incoherently enough and if there is sufficient sodium void reactivity 
insertion from the higher power subassemblies to bring the reactor into the 
vicinity of prompt-critical, a rapid power rise will result so that middle and 
lower power subassemblies will experience conditions similar to those in a TOP 
,with some or all of the sodium coolant still present. This LOF-TOP situation 
is not unusual in larger fast reactors with homogeneous cores.3,4 It is not 
inconceivable that failures near the center of the core may occur,S so that the 
calculation of fuel motion is crucial to the determination of reactivity 
effects. 

To a large extent, EPIC is a parametric code. Our lack of knowledge of the 
physical processes involved requires this approach. Many of the significant 
features of the model are parameterized, and often only a partial mechanistic 
treatment is done. For example, initial cladding rip length, fuel particle 
.size, and most heat transfer rates must be specified as input. This parametric 
approach provides a certain flexibility in the use of the code, and it also 
reflects a reluctance to treat highly complicated and poorly understood 
phenomena with models that are supposedly accurate and well-founded but 
actually make highly significant but unjustifiable assumptions. 

EPIC models a single fuel pin with its associated coolant which represents 
part of or all of a subassembly or a group of similar subassemblies under pin 
failure conditions (see Fig. 1). This is similar to the approach used in the 
SAS4A6 accident analysis code (and also for the whole SAS code series). A 
number of such representative pins can take into account incoherencies within 
or among subassemblies due to different power levels, voiding histories, 
coolant flow, etc. The EPIC code begins at the point of cladding failure and 
models the subsequent events. There must, of course, be some molten fuel in the 
fuel pin at the start of the calculation since EPIC models the motion of fuel 
and the concomitant motion of sodium. 

A one-dimensional Eulerian calculati.on of the hydrodynamics inside a molten­
fuel cavity is explicitly coupled to a one-dimensional Eulerian calculation in 
the coolant channel by means of a fuel-ejection model. This ejection model 
equilibrates the pressure (instantaneously at the end of a given time step) in 
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the Eulerian cell or cells in the fuel pin which delimit the failure length and 
in the corresponding Eulerian cell or cells in the coolant channel directly -in 
front of the pin failure cells. 

EPIC uses a full donor cell spatial differencing scheme with cell-centered 
densities, pressures and temperatures, and with cell-edge velocities. A 
com~ination of explicit, semi-implicit,l and fully implicit differencing in time 
is used. An explicit c;:~.lculation is done to predict end of time step values; 
these are then used to compute average values over the step. The average values 
are in turn used to compute updated end-of-time-step values. There is an 
option to make the time differencing strictly explicit after a specified time . 
point, as for example, when conditions are no longer changing rapidly. Velocities 
in both the pin and channel are computed implicitly in time,' however. These 
are computed on each pass which is semi-implicit for the rest of the variables 
.b~sides velocity or when the calculation is fully explicit in time for the 
variables besides· velocity. 

This user's guide describes: the mathematical models used to specify the 
physical phenomena including the numerical approximations employed (Section 2); 
the structure of the computer program and the various subprograms (Section 3); 
the input specifications and output (Section 4); and a sample problem which 
will serve as a paradigm for the user (Section 5). 
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2. MATHEMATICAL MODELS AND NUMERICAL METHODS 

2.1 The Fuel Pin 

The time-dependent transient response of the fuel pin is calculated in r-z 
space as depicted in Fig. 1. This choice of coordinates is appropriate for the 
cylindrical shape of the undisrupted fuel pin. The space containing the pin is 
divided into an arbitrary number I of axial cells having equal length. From 
the axis to the outer surface of the pin, each axial cell is further divided 
into concentric shells. The partition ~s done so that an arbitrary number !max of 
equi-volume radial subdivisions result in each axial cell. The Eulerian mesh in 
which the calculation of the pin variables is carried out thus contains I·tmax 
subcells. The radial subdivisions of each axial cell are referred to as radial 
subcells. (The option exists to carry out the calculation without radial 
divi.sion of the space containing the pin.) 

Unlike the space in which the fuel pin is described, the coolant channel 
has no defined radial subdivisions. The channel is considered to lie parallel 
to the fuel pin. There is no connection in the calculation between the fuel 
outer radius and the cladding inner and outer radius. The cladding outer 
radius is only used to calculate the coolant flow area. The cladding inner 
radius is used to calculate the cladding mass for the cladding temperature 
calcuation. It is assumed that the user's input is realistic and self-consis­
tent, but there is ·no necessary internal inconsistency in the code between an 
outer fdel radius which varies axially and inner and outer clad radii which 
e3:re constant axially. The length of the coolant channel is divided into an 
integral number of axial cells of the same length as is used in the pin. Each 
ch'annel cell lies adjace.nt to its corresponding axial pin cell and is capable 
of communicating with it when the pin cell contains some molten fuel and is an 
"ejection cell." Further discussion of the coolant channel is deferred to a 
later section. 

It is assumed that some calculation of the transient prior to pin failure 
exists, and that initial values at pin failure of all the significant variables 
associated with each mesh cell are known. An axial power profile together with 
a time-dependent power function that specifies the instantaneous power as the 
transient proceeds are provided by the user. It is assumed that there is a 
pocket of molten fuel in the pin at pin failure (the point where the EPIC 
calculation begins). This pocket of molten fuel may increase in size during the 
EPIC calculation. During each time step, the condition of each radial subcell 
is examined and updated. Whenever a radial subcell becomes fully liquid, it is 
added to the molten portion of the axial cell which contains it. Axial mesh 
structure is thus preserved in the molten fuel cavity, although radial mesh 
structure is eliminated in the molten region of each axial cell. 

The molten fuel cavity may thus have a shape such as that shown in Fig. 1 
at the point of pin failure when the EPIC calculation begins. If the fuel has 
been irradiated, it is assumed that a known amount of fission gas is entrained 
in the solid fuel. The gaseous fission products are released when the solid 
fuel melts into the molten fuel cavity during the transient and are added to 
the fission gas already present in the cavity. 
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The liquid fuel and fission gas are considered to exist'as a froth in the 
molten fuel cavity. The two components of the froth are always treated as 
having the same temperature. Flow of the froth is treated as homogeneous. 

Two equations are written to describe the instantaneous composition of the 
froth, one for the fission gas and the other for the liquid fuel. The continuity 
equation for the fission gas in the molten region of any axial cell i is 

a a 
at (V (t,z)•pf (t,z)) +--a ( V (t,z)•pf (t,z)•Uf (t,z)) p g,p z p g,p r,p 

Sf l (t,z) • X(z) -Sf .(t,z), u,me t · g,eJ (2.1.1) 

t 

z 

Pfg,p 

Ufr,p 

Sfu,melt 

X 

Sfg,ej 

p 

fg 

fr 

melt 

ej 

= 

= 

time 

axial coordinate 

volume of fuel pin cavity in axial cell ·to which equation 
( 

is applied 

smear density (total mass in cell divided by volume of cell) of 
fission gas in cell to which equation is applied (Vp"Pfg p is 
therefore the mass of fission gas in the cell) ' 

velocity of froth 

fuel melt-in rate (mass per unit time) source term during 
the time step 

ratio of the mass of fission gas to the mass of fuel in the 
material melting into the cavity 

rate of fission gas mass ejection during the time step if the 
cell to which the equation is applied is an ejection cell 
(this is removed instantaneously at the end of each time step) 

pin 

= fission gas 

froth 

= melt-in 

= ejection 

The finite difference form of Eq. (2.1.1) is 

1 (Vi,n+l 
6t p 

i,n+l - Vi,n • i,n ) + l_ • (TOP-BOT) 
Pfg,p p Pfg,p 6z 

si • xi - si 
fu,melt fg,ej' (2.1.2) 
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vi.Pi •0i+l/2 
p fg,p fr,p if ui+l/2 

fr,p > 0 

TOP = 

vi+l.Pi+l ·ui+l/2 
p fg,p fr,p if ui-:112 

fr,p < 0 

i-1 i-1 i-1/2 
if ui-1/2 > 0 v •p ·u 

p fg,p fr,p fr,p 
BOT = 

vi.Pi ·ui-1/2 
p fg,p fr,p if ui-1/2 

fr,p < 0 

n = time point n 

~t = time step 

~z = Eulerian cell length 

. . - n+l n · · 
where the bars 1ndicate time averages; 1.e., Z = (Z +Z )•1/2 and for products, 

n+l n+l n n w·z = (W ·z + W •z )•1/2, where the n values are at the beginning of the 
time step and the n+l values are at the end. All quantities are cell centered 

h 1 · i h" h h 11 d ui+l/ 2 b · h t f except t e ve oc1t es, w 1c are at t e ce e ge, e1ng at t e op o 

cell i, Ui-l/ 2 being the velocity of the lower boundary of cell i. The spatial 

differencing is a varient of the full donor-cell technique made compatible 
with semi-implicit differencing in· time."~ Semi-implicit differencing means 

. . ~1 that initially a strictly expl1cit calculation is done, 1.e. the t values 

are set equal to the tn values. Then the values at tn+l that were.generated 

explicit~y are used to form average values over the time step as above. New 
n+l values are then generated for t and the process ends, although it could 

be continued. 

·· ·· The continuity equation for molten fuel in the cavity is 

~t (V (t,z)•pf (t,z)) + ~z (V (t,z)•pf (t,z)•Uf. (t,z)) • Y 
o p u,p o p u,p r,p 

sf 1 (t,z) - sf .(t,z), ·u,me t u,eJ 
(2.1.3) 

Pfu,p fuel smear density (i.e., the mass of fuel in a cel1 divided by 
the volume of the cell) 
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Y = user-specified function which models fuel-fiss~on gas slip during 
convection. Y is the ratio of the volume of fuel to the volume 
of fission gas convected across the boundaries of the cell 

Sfu,ej the amount of fuel ejected during the time step 

The finite difference form of Eq. (2.1.3) is 

1 (Vi,n+l. i,n+l_Vi,n. i,n ) + l_ (TOP-BOT) • y 
~t p Pfu,p p Pfu,p ~z 

TOP 

si 
fu,melt 

si 
fu,ej, 

vi i ui+l/2 • p • 
p fu,p fr,p 

= 

vi+l i+l ui+l/2 •p • 
p fu,p fr,p 

i-1 i-1 i-1/2 v •p ·u 
p fu,p fr,p 

BOT = 

vi i ui-1/2 •p • 
p fu,p fr,p 

if ui+l/2 
fr,p > 0 

if ui+l/2 
fr,p < 0 

if ui-1/2 
fr,p 

>O 

if ui-1/2 
fr,p < 0 

(2.1.4) 

The numerical values of the variables in Eqs. 2.1.2 and 2.1.4 must be 
adjusted at the end of each time step to provide input for the succeeding 
calculation •. The source term Sfu,melt represents the amount of liquid fuel 
to be added to the molten. region of each axial cell as a result of melting of 
solid fuel during the time step. Whenever this occurs, the volume of the 
molten region of the axial cell i is also increased. Because of the placement 
of the radial subcell boundaries (so as to maintain constant subcell volume), 
the increments of mass and volume are always integral multiples of th~ unit 
subcell, i.e. 

vi,n+l 
p 

i 

vi,n + __ 1_ 
p Jl.max 

• 1T • 

number of radial subcells in fuel at axial cell i 

rfu = outer radius of the solid fuel at axial cell i 

(2.1.5) 



The addition of volume as well as mass of fuel and fission gas to the 
molten fuel cavity is treated as follows. The temperatures of the radial 
subcells of residual solid fuel as well as the fractions of the heat.of fusion 
satisfied in each subcell are continually updated during the calculation. 
The amount of fission energy added to each radial subcell is calculated. This 
additional energy changes the temperature and/or the fraction of the heat of 
fusion satisfied. When any radial subcell of solid fuel has become completely 
molten, it is added to the liquid portion of the axial cell. This means that 
an amount of energy equal to the total heat of fusion of the material in the 
radial subcell must be added after the solidus temperature is reached. Heat 
conduction in the solid fuel is disregarded, and only fission heating causes 
an addition of energy. Whenever a radial ·subcell of liquid fuel is added to 
the molten portion ~f an axial cell, the material is homogenized in the molten 
cavity, and the previous radial boundaries in the liquid region are disregarded 
from then on. 

Note: In the general case, where mixed oxide fuel might be considered, 
the "heat of fusion" would be a function of the mixture ratio, as would be the 
solidus and liquidus temperatures. Average values for the specific heats of 
the solid and liquid fuels as well as a latent-heat function across the solidus­
liquidus region would have to be provided. Under these conditions, the criterion 
for addition of liquid fuel to the cavity would be.attainment of the liquidus 
temperature in the particular radial subcell. At present, EPIC considers the 
fuel to be a pure substance with a unique melting point and latent heat of 
fusion. For a mixed-oxide fuel, average values for these quantities would have 
to be determined to describe the phase-change region. 

The amount of energy (per unit mass) deposited by fission in any radial 
subcell of axial cell i during a time step is given by 

. • R. 
Q~' 

= 

energy per unit mass at axial cell i, radial subcell R. 
over time step 

= nominal power per unit mass at axial cell i 

(2.1.6) 

. n . 
normalized power level at t. (a user-specified function of time) 

i, R./ ( d In the sol~d fuel, Q cP,f~ Cp,fu is the specific heat of soli fuel 
which is a function of temperature) therefore gives the temperature rise over ~t 
if the particular radial subcell has not reached the solidus temperature and 

i R. . 
Q ' /H f f is the fraction of the heat of fusion, H f f , that is s,u . s,u 
satisfied over ~t if the cell is above the solidus temperature. After the heat 

of fusion has been satisfied, the mass of fuel in the radial subcell becomes part 

or all of the source term S · E (2 1 1) d (2 1 3) fu,melt 1n qs. • • an • • • 

Define 

= Qi,R. - H •(1-F) 
sf,fu ' 

(2.1.7) 

11 
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F fraction of heat of fusion satisfied at the beginning of the time 
step. 

During successive time steps, the temperature of each radial ~ubcell 
continues to rise as fission energy is deposited until the melting point 
(solidus temperature) is reached. Eventually, during some time step if enough 
energy is added, addition of increment qi,t will carry the fuel in radial 
subcell t up to the melting point and begin melting the soiid fuel. The factor 
F is the ratio of the energy in excess of the heat required to reach the 
melting point to the heat of fusion. If, during the next time step, the energy 
increment qi,t is not sufficient to melt the remaining solid fuel in radial 
subcell t, Qex will be negative and the factor F is recomputed. When Qex 
becomes non-negative, all of the fuel in the radial subcell is melted and the 
residual energy Qex raises the temperature of the liquid above the melting 
point. When the entire radial subcell becomes liquid, the subcell is added to 
the already liquid region of the axial cell and homogenized with it. 

The cell temperature in the cavity is calculated as follows. There are 
i n+l i n . 1 " 

three stages in the calculation of Tf' from Tf' • Def1ne Tf and T 
u,p u,p u,p fu,p 

as the results of the first and second stages, respectively. 

I 

T 
fu,p 

i i i n i n i n 
Q ·s "f1t + w ·~ "f1t"V ' •p ' 

Ti,n + ex fu,melt p fu,p 
fu,p vi,n i,n c • p • 

p fu,p P,fu 

temperature of cavity cell i at time point n 

(2.1.8) 

= sum over radial subcells 1 which have melted into the cavity 
in f1 t 

si 
fu,melt 

sum of fuel mass over radial subcells t which have melted 
into the cavity in f1t 

Thus, T
1 

is the temperature of the cavity cell adjusted to take into 
fu,p 

account the remainder of the heat of fusion to be satisfied, or the excess heat 

that is represented by the radial subcell or subcells of solid fuel melting in; 

T
1 

also includes the fission heating of the cell over the time step. 
fu,p 

Tl vi,n i,n 
+ T si . f1t . . Pfu

2
p . 

T" fu,p p melt fu,melt 
fu,p vi,n i,n 

+ 
i . . 

Pfu,p s . f1t p fu,melt 

(2.1.9) 

= fuel melting temperature 

T" is the equilibrated temperature of cell i after si • f1t 
fu,p fu,melt 

of fuel melt-in. 

0 
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Ti,n+l 
fu,p 

(2.1.10) 

where the bars .are defined as for Eq. (2.1.2) 

Vi,n+l i,n+l = .p 
p fu,p 

y ratio of volume of fuel to volume of fission gas during convection 

13 

k k i-1/2 
v ·Pf .uf . u,p r,p ga·ins or losses from convection across the lower boundary 

Vj j ui+l/ 2 · 1 f h b d .p • = ga1ns or osses rom convection across t e upper oun ary 
fu,p fr,.p 

k i if ui-1/2 < 0 and k = i-1 if ui-1/2 > 0 fr,p fr,p 

j i if ui+l/2 
fr,p > 0 and j i+l if ui+l/2 

fr,p 
< 0 

Thus, Tfi,n+l is the final 
u,p 

n+l · f 11 · temperature at t. , account1ng or a convect1on 
i 

The value of Tf u,p 
including melt-in and all fission heating. has been 

computed 
n+l 

t · are 

discussed 

is formed 

is due to 

in semi-implicit fashion, since the values of V , pf , and U at . p u,p fr,p 
set equal to those at tn for the first pass and then updated as 

above. When temperatures are time-averaged at cell i, the average 

with T~'n and T; One final adjustment is made to Ti ,n+l 
This u,p u,p fu,p • 

the energy loss to the fuel which results from the vaporization of 

liquid fuel to keep the. fuel vapor. pressure at saturation. 

The· primary justification for this two-step technique, that allows the 
convenient use of algebraic expressions, is that the fuel temperature in the pin 
(as well as the sodium temperature in the channel) varies slowly with respect 
to time step size and is a stable function of time. In addition the errors 
implicit in this procedure are small compared to the errors in the treatment 
of other aspects of the energy balance, e.g., the discretized radial temperature 
shape in the fuel pin, the neglect of heat conduction in the pin and the 
approximate treatment of sodium-fuel heat transfer, and condensation in the 
channel. 

The momentum conservation equation for the fuel in the molten fuel cavity 
is 
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a a 
--at (V (t,z)•pf (t,z)•Uf (t,z)) + V (t,z)•pf (t,z)•Uf (t,z)•--a Uf (t,z' p u,p r,p p. u,p r,p z r,p 

=- v (t,z)·~a p (t,z) - v (t,z)•pf (t,z)•g- sf .•uf (t,z) p z p p u,p u,eJ r,p 

1 
2D 

c 
f(Re)•pf (t,z)•V (t,z)•Uf (t,z)·luf (t,z)l u,p p r,p r,p (2.1.11) 

where the last term on the right hand side of the expression represents a 
viscous drag force. 

Pp = total pressure 

g gravitational acceleration 

De 2•[Vp(t,z)/(~z·n)]l/2 

f(Re) a Reb 

Re De· lufr,p(t,z)IPfu,p(t,z)/~fu 
a,b constants (appropriate for the flow regime) 

~fu = absolute viscosity of molten fuel 

The finite-difference form of Eq. (2.1.11) is for Ufr,p at the upper cell 
edge i+l/2: 

1 (Vi+l/2,n+l.Pi+l/2,n+l. 0i+l/2,n+l 
~t p fu,p fr,p 

vi+l/2,n.pi+l/2,n.ui+l/2,n) 
p fu,p fu,p 

+ vi+l/2. i+l/2 
p Pfu,p 

vi+l/2 
p 

1 
~z 

0
i+l/2 
fr,p 

1 .fuj+l/2,n+l- uj-l/2,n+l) 
~z \ fr,p fr,p 

Vi+l/2 i+l/2 8i+l/2 • 0i+l/2 - •p • g -
p fu,p fu,ej fr,p 

1 • a • ( .. lfu • Dic+l/2 
2Di+l/ 2 ,. 

c 

b 

. j 0i+l/2,. Pi+l/2) 
fr,p fu,p 



,-

'•'' 

x vi+l/2.Pi+l/2 • 0 i+l/2 
p fu,p fr,p . I 0i+l/2 j 

fr,p 
(2.1.12) 

The values of the quantities defined at the cell edge (pi+l/2, Si+l/ 2 etc.) 
fu,ej' 

are obtained by averaging the cell-centered values of the two cells adjacent to 

the interface, e.g., pi+l/ 2 = l/2(pi+l+pi), 

Di+l/2 
c 

= 2·(-l-. 
1T"~z 

d · · ·f Ui+l/ 2 > 0 d · = i + 1 if Ui+l/ 2 < 0. The Vn+l. and pfn+ul,p used an J = 1 1 fr,p an J fr,p p 
in the time averages are from the solution of Eqs. (2.1.3) and (2.1.7). The 

right side can be treated as a constant. Equation (2.1.12) thus becomes a 

linear equation in ui+l/ 2 ,n+l, uj+l/ 2 ,n+l, and uj-l/ 2 ,n+l (i.e. when the alter-
fr,p fr,p fr,p 

· 1 f · id d E (2 1 12) · 1· · ui+3/ 2 ,n+l nat1ve va ues o J are cons ere , q. • • 1s 1near 1n f , 
r,p 

Ui+l/ 2 ,n+l, and Ui-l/ 2 ,n+l). Wh E (2 1 12) . . f 11 i 11 en q. • • 1s wr1tten or a cav ty ce s, fr,p fr,p 
~ system of linear equations in velocity results. The coefficient matrix is 
tri-diagonal and is solved by Gaussian elimination. The momentum equation is 
solved implicitly as above on each of the two semi-implicit passes for the 
continuity and temperature equations. 

Molten fuel is modeled as incompressible. In analyses of fresh fuel pins, 
there is nothing to prevent a cell from receiving more fuel from convection 
during a time step than can physically fit within the cell volume. (This 
overcompaction does not usually occur when modeling irradiated fuel pins since 
the 'fission gas partial pressure rapidly adjusts as mass moves from cell to 
cell, thus preventing too much fuel from moving into a cell.) When overcompac­
tion.occurs, cell boundary velocities are adjusted (conserving momentum wherever 
possible) to prevent further net mas~ flow into the cell. This· adjustment pre­
vents an initial overcompaction from worsening and will clear the overcompacted 
conditions in many cases. 

The equation-of-state in the cavity is ~ssumed to be the sum of the fuel 
vapor partial pressure and the fission-gas partial pressure computed in ideal 
gas fashion: 

P (t,z) 
p 

= 
Rf • Tf (t,z)•pf (t,z) 

p f ( Tf ( t ' z) ) + --'g...___.;..;u;;..;,._.P:__ __ ___::. .... g_._, p"----
u,sat u,p ( I p 1 - pf t,z) pf u,p u 

(2.1.13) 

15 
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P (T ) saturation pressure of fuel corresponding to T 
fu,sat fu,p fu,p 

Rfg = gas constant for fission gas 

p . 
p 
fu,p 

theoretical density of fuel (assumed to be constant, 
not a function of temperature, in the code). 

The fuel is always assumed to follow its saturation curve and no nonequilibrium 
boiling is treated. The fission gas is assumed to be at the fuel temperature. 

The expression (1 - pf /ppf ) gives the volume fraction available for 
u,p u,p 

pressurization in the molten fuel cavity. 

2.2 The Coolant Channel 

In the one-dimensional model of the coolant channel, there are from one 
to three regions which can include two-phase sodium treated with homogeneous 

·flow in an Eulerian mesh (see Fig. 1). However, only the region which includes 
the ejection cells may contain fission gas and fuel particles. In this 
region the two-phase sodium and fission gas move together without slip in a 
homogeneous flow treatment; the fuel motion is treated as particulate flow. 
This region will be calle~ the interaction zone and can include part or all of 
the coolant channel so long as it includes all the ejection cells. The 
interaction zone extends as far as a region of single-phase liquid sodium (if 
there is any) which may bound it at either or both ends. The bounding single­
phase regions extend either to the end of the coolant channel mesh or to a 
region of two-phase sodium which may intervene. There may also be a single­
phase region between the intervening two-phase region and the end of the 
coolant channel mesh. There is no discrimination, however, between the 
intervening two-phase region and any single-phase regions between it and the 
end of the channel mesh since all the cells beginning with the intervening 
two-phase region and extending to the end of the mesh are treated in a homoge­
neous flow mode regardless of void fraction. The single-phase region or 
regions bounding the interaction zone are treated incompressibly. 

The continuity equation (homogeneous flow is assumed) for fission gas in 
the interaction zone is 

v 
c 

sf . g,eJ 

(V (t,z)•pf (t,z)•U (t,z)) c g,c m,c 

(2.2.1) 

volume of coolant channel cell to which equation is applied 

p 
fg,c = smear density (i.e., total mass in cell divided by volume of 

cell) of fission gas in cell to which equation is applied 



u 
m,c 

sf . g,eJ 

= 

= 

velocity of the mixture of fission gas and two-phase sodium 

rate of fission gas mass ejection during the time .step if the 
~ell to .which the equation is.applied is an ejection cell (this 
is added instantanequsly at the end of each time step) 

' 
The motion of the fission· gas is tracked by means of an interface loca.tion 

beyond which the gas is not allowed to convect. The velocity.of the interface 
is determined by linear interpolation between the upper and lower cell-boun­
dary values. In an i~itially unvoided channel, the fission gas interface will 
t~nd to move with the liquid slug inte~faces as the slugs are expelled. In 
·an initially voided channel, however, if an interface for the fission gas was 
not tracked, the fission gas would artificially convect one cell per time step 
.(being instantly smeared across the entire cell as soon as any moved into a 
cell). Finally, fission gas is not allowed to pene~rate the sodium liquid 
slug interfaces (although fuel particles are allowed). 

The finite difference form of Eq. (2.2.1) is exactly analogous to 
.Eq. (2.1.2). The velocity of the two-phase sodium and fiss.ion gas mixture ·is 
·computed at the cell edge; all other quantities are cell-centered: 

1 (Vi,n+l. i,n+l_Vi,n. i,n ) +!_(TOP-BOT) 
~t c Pfg,c c Pfg,c ~z 

vi· i ·ui+l/2 if ui+l/2 > 0 c Pfg,c m,c m,c 
TOP = 

vi+!~ i+l ~ui+l/2 if ui+l/2 < 0 
·• c Pfg,c m,c m,c 

i-1 i-1 ·ui-1/2 if ui-1/2 > 0 v • 
c Pfg.c m,c m,c 

BOT 

i i ·ui-1/2 if ui-1/2 < 0 v • 
c Pfg,c m,c m,c 

si 
fg,ej 

(2.2.2) 

The continuity equation for the liquid sodium (homogeneous flow is assumed) 
in the interaction zone and two-phase regions is 

]_ (V (t,z)•pN (t,z)) + ~ (V (t,z)•pN (t,z)•U (t,z)) 
at· c a,c az c a,c m,c 

0 (Z.2.3) 

Pna,c smear density (mass in cell divided by volume of c~ll) of sodium 
in the cell to which the equation is applied. 

::17 
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There. are no sources or sinks for the sodium; the mass balance for a cell 
is determined solely be convection. Condensation is included as a heat loss 
term in the sodium temperature calculation, but no corresponding mass loss is 
consid~ed. There is no treatment of a sodium film. Mass loss from the 
liquid phase due .to evaporation or mass gain due to condensation during phase 
change is included as an adjustment to the sodium liquid density resulting 
from convection. The finite difference form of Eq. (2.2.3) is analogous to 
Eq. (2.1.2): 

1 (Vi,n+l. i,n+l _ Vi,n. i,n ) + !_ (TOP-BOT) = 0 
6t. c PNa,c c· PNa,c 6Z (2.2.4) 

Vi i ui+l/2 • p • 
c. Na,c m,c 

if ui+l/2 > o 
m,c 

TOP 

vi+l. i+l ·u i+l/2 
c PNa,c m,c 

if ui+l/2 < o 
m,c 

i-1 i-1 i-1/2 v • ·u c PNa ,c m,c 
if ui-1/2 > o 

m,c 
BOT 

if ui-1/2 < o 
m,c 

The temperature of the fission gas is computed as the volume~weighted 
average of the fuel temperature and the. sodium. temper~ture in a cell as 
follows: 

T = 
fg,c 

T 
fg,c 

T · fu,c 

Pfu,c 

p,l/2 
Pfu . 

= 

(2.2.5) 

fission gas temperature in channel cell to which equation is 
applied 

average fuel particle temperature in channel cell to which equa­
tion is applied 

smear density (total mass of fuel particles in cell divided by 
volume of the cell) of fuel in cell to which the equation is 
appli~d 

theoretical density of fuei (assumed constant) 



T = temperature of two-phase sodium in cell Na,c 

P = smear density of sodium in cell 
Na,c 

pp,l/2 = 
.Na 

theoretical density of liquid sodium (which is a function of TNa ) 
. ,c 

This assumption about the fission gas temperature is made 'in lieu of an 
accounting of the energy exchange between the fission gas and the other 
materials. This energy exchange process is thought to be toorcomplicated and 
too poorly understood to be modeled adequately. 

Liquid sodium is assumed to be in thermodynamic phase equilibrium with 
the sodium vapor, and the vapor pressure is assumed to be the· saturation pres­
sure corresponding to the two-phase temperature. The above assumption is made 
because of the difficulty of treating non-equilibrium boiling, and.because 
geometry and flow regime are unknown. As heat is exchanged with the system, 
temperature changes and concomitant change of phase are treated using an 
algorithm that was developed to apportion the ene-rgy input into the two-phase 
system between boiiing and heating the liquid phase (see Appendix A). The 
algorithm states that 

~E 
vap 

liE 
liq 

1 ] - . 
Tn 

Na,c 

Tn · • ~ P (Tn ) • V~ 
Na,c dT Na,sat Na,c vap 

(2.2 •. &) 

~Evap = the part of the total energy input going into change of phase 

~Eliq = the part of the· total energy input heating the liquid phase 

PNa,sat = sodium saturation vapor pressure as a function of temperature 

n s~perscript denoting beginning of the time step 

r 

= volume available fo.r vapor in the coolant channel cell to which· 
the equation is applied at the beginning of the time step 

Cp Na , liquid sodium specific heat 

Since the total energy going into the system is ~Etot (~Etot = ~Evap 
+ ~Eliq), 

... (2.2.7) 

19· 



20 

The heat capacity of the sodium vapor is also taken into account since 
this becomes significant as the quality approaches unity. It should be kept 
in mind, however, that the assumptions inherent in the thermodynamic equilibrium 
treatment of the two-phase sodium system begin to break down as the. quality 
approaches unity since the energy of the vapor phase begins to be important 
relative to the energy of the liquid phase, and it can no longer be assumed that 
there will be enough liquid to produce enough vapor at saturation conditions 
for a given volume. 

The total energy that is transferred within a cell containing two-phase 
sodium and possibly fission gas and fuel particles must be defined. Sodium 
vapor condensation on the cladding accounts for the firs~ mode of heat transfer. 
The second means of transferring heat to or from the sodium is by means of the 
liquid phase contacting the cladding. Fuel particles are assumed to be 
spherical and of uniform radius. Heat transfer from the fuel particles to the 
liquid sodium is included, but heat transfer to the sodium vapor is disregarded 
since this is negligible by comparison to the former. The energy increment 
that is transferred within a cell containing fuel particles and two-phase 
sodium during a time step 6t can thus be expressed as 

hc,con 

Ai 
cl 

Ti 
cl 

FAC 

i i i i 
-h •A •(T - Tc

1
)•6t•a 

c,con cl Na,c 

i i i 
i Pi ·vi k i 

PNa,c + __ f_u~,_c ___ c. 4nr2 •FAC•--f_u. __ P_Na-L,c + h ·A • (T -T ) • 6t • 
c,cl cl cl Na,c p fp rfp p 

PNa mfp PNa 

X (Ti 
fu,c 

Ti ) • 6t 
Na,c 

total energy change for the two-phase sodium for cell i 

(2.2.8) 

condensation heat transfer coefficient (a constant set by the user) 

area of cladding available for condensation of sodium vapor 

temperature of cladding for cell i 

void fraction in cell i 

cladding to liquid sodium heat transfer coefficient (a constant 
set by the user) 

mass of one fuel particle of radius rfp 

radius of a fuel particle 

user-specified parameter 



kfu = fuel thermal conductivity 

i i 
The first term (sodium vapo! condensation) is zero when TNa,c <Tel" The 

bars again indicate time averages. The first term models condensation, the 
second models heat transfer betwe.en cladding and liquid sodium, and the third 
treats the fuel to sodium heat transfer. In the third term, kfu/rp is the Cho-

Wright steady-state heat transfer coefficient,9 vi•pfi /mf gives the number 
c u,c p 

of particles i_n the cell (total fuel mass/mass per particle) ·and 41Tr~p is the 

surface area of one particle. The ratio, pNi /pNP , is the sodium liquid 
a c a 

volume fraction in the cell. Multiplication ty this ratio indicates that only 
this fraction of the surface area of the fuel particles 10 (in the third term) 
or of the cladding (in the second term) on the average is in intimate contact 
with the liqu·id s.odium. The Cho-Wright (steady-state) model is followed in also 
assuming: 1) there is perfect mixing of fuel particles and sodium in ~he 
cell; 2) no interference occurs in heat transfer from the fuel to sodium as 
from vapor blanketing; 3) the resistance to heat transfer is solely in the 
fuel with its low thermal conductivity (more than an order of magnitude less 
than that of sodium); and 4) the temperature distribution in the particle is 
linear. The user-specified parameter, FAC, can be used to control the heat 
transfer between fuel and liquid sodium. It can be modified without changing 

·the rest of the calculation. In _this way variations could be accounted for in 
such things as surface and convective effects which the above equation does 
not model explicitly. The p"6V energy change is included as a final adjust­
ment to the two-phase sodium temperature. 

We can thus obtain 6E1i. from Eq. (2.2.7)". The temperature of the 
1q . 

sodium liquid (the heat capacity of the sodium vapor is also included since it 
is important as the quality approaches unity) is calculated in_two steps. In 
the first step, the temperature of the liquid in the cell is computed without 
regard' for convection; and in the second, the liquid temperature is adjusted for 
convective mixing. 

then, 

Let T
1 

be the result of the first step, 
Na,c 

T' 
Na,"c 

Ti,n+l 
Na,c 

= 

= 

i 
6Eliq i 

~--~~~~-~------ + T ,n 
Vi,n+l.pi,n+l.C Na,c 

c Na,c p,Na 

Vi,n.pi,n •T' + z . 6t 
c Na,c Na,c 6z 

(2.2.9) 

(2.2.10) 
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where 

z = 

if ui+l/2 > o, and ui-1/2 > 0 
m,c m,c 

z = vi. pi ·ui-1/2 . T' _ vi+l.pi+l ·ui+l/2 . Ti+l 
c Na,c m,c Na,c . c Na,c m,c Na,c 

if ui+l/ 2 < O, and ui-l/ 2 < 0 
m,c m,c 

z i-1 i-1 i-1/2 Ti-l V •P •U • 
c Na,c m,c Na,c 

vi+l.pi+l ·ui+l/2 • Ti+l 
c · Na,c m,c Na,c 

if ui+l/2 < O, and ui-1/2 > 0 m,c m,c 

and 

Ti,n+l T' , if ui+l/2 > 0 , and ui-1/2 < 0 Na,c Na,c m,c m,c 

where 

k i if ui-1/2 < 0 m,c 

k = i - 1 if ui-1/2 > 0 m,c 

j = i if ui+l/2 > 0 
m,c 

j i+l if ui+l/ 2 < o. 
m,c 

The change in the cladding temperature with time is treated according to 
the following equation: 



Ti,n+l 
cl 

= Ti,n + __ ._tJ._t __ 

cl C •Mi 
p,cl cl 

i 

- h 
c,cl 

._P_N_a_._,_c_ + h .• A i • (Ti -Ti- ) 
p b cl,in fu,ps cl 

c p,cl 

Mi 
cl 

PNa 

. . (-i J l. l. + h • A • ( T -T ) • a 
c,fu cl fu,c cl 

specific heat of cladding 

mass of cladding in cell i 

hb = gap conductance (between fuel and .cladding) 

Ai 
cJ,in area of inner cladding wall exposed to fuel 

(2.2.11) 

. i 
T fu,ps temperature of f~el in f~~l pin at fuel-cladding interface 

h c,fu fuel vapor condensation heat transfer coefficient 

The first term in the brackets represents heat transferred by sodium _vapor 

condensation on the cladding; which is zero when T&a,c < T~1 • The second 
term represents the heat transfer between the cladding and liquid .sodium. The 
third term represents the heat transfer between fuel and the cladding across 
the gap within the pin. The last term represents heat transferred by fuel 
vapor condensation on .the cladding, which is zero when Tfu is below 3800°K. 

The conservation of momentum equation for the fission gas and sodium mix­
ture (homogeneo~s flow is assumed) in the interaction zone and the two-phase 
regions is 

aat [V (t,z)•(pN (t,z) + pf · (t,z))•U (t,z)] + V (t,z)•(pN· - (t,z) c a,c· g,c m,c c a,c 

a . 
+ pf (t,z))•U (t,z) ·-• -a u (t,z) g,c m,~ · z m,c 
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-V (t z)•~ P (t z) - V (t,z)•(pN (t,z) + Pf (t,z))•g 
m ' az c ' c a,c g,c 

-v (t,z)•(pN (t,z) + pf (t,z))•U (t,z)·Ju (t,z)l • f(Re) 
c a,c g,c m,c m,c 2•D 

c 

U (t,z) 
m c 

-h .A 
1

.(TN (t,z)- T 
1
(t,z))•a•---L-'---

c,con c a,c c Hf N g, a 

1 
- p . 

fu,c mfp 

x(U (t,z)- Uf (t,z))·IU- (t,z) ~ Uf (t,z)I·V (t,z) m,c u,c m,c u,c c 

~(pN (t,z) + p (t z))•r2 -~·c (Re )·E-2.7 
a,c fg,c ' fp 2 D fp 

(2.2.12) 

Vc - volume of fuel particles in cell to which equation is 
applied (defined at cell edge) 

total pressure in coolant channel in cell 

Ufu,c average velocity of all fuel particles one-half.cell on either 
side of cell edge where Um c is defined, so that Ufu c also 

Hfg,Na 

f(Re) 

Re 

~m 

a,b 

E 

. ' ' becomes the approximat1on to a cell-edge velocity 

heat of vaporization for sodium 

hydraulic diameter of coolant channel (defined at cell edge) 

a Reb 

(1/~m)·Dc•(pNa,c + Pfg,c)·lum,ci·Vc/Vm 

effective viscosity of the mixture 
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{ 
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0.44 if Refp 

2· r ·lu fp m,c 

Vm/Vc 

< 500 

> 500 (Ref. 11) 

U I· (p + Pfg,c)/~m fu,c . Na,c 



·•· 

The third term on the right side of Eq. (2.2.12) represents the mixture/wall 
drag and the last term represents the fuel/sodium drag. Vm/~z is the area on 
which· the cell pressure act.s to accelerate the mixture. 

The finite difference form of Eq. (2.2.12) for Ui+l/ 2 is 
c 

1 
~t 

[Vi+l/2,n+l 
c 

( i+l/2,n+l + i+l/2,n+l) 
PNa,c ' Pfg,c 

ui+l/2,n+l 
m,c 

- vi+l/2,n • ( i+l/2,n + i+l/2,n) • ui+l/2,n] 
c PNa;c Pfg,c · m,c 

+ vi+l/2 
c 

( i+l/2 + i+l/2) 
PNa,c Pfg,c 

ui+l/2 1 
~z 

(Uj+l/2,n+l _ Uj-l/2,n+l') 
m,c m,c 

= _ vi+I/2 
m 

1 
~z 

m,c 

(Pi+! _ Pi) _ vi+l/2· 
c c c 

( i+l/2 + i+l/2) • g 
PNa,c Pfg,c 

_ vi+l/2•( .i+l/2 + Pi+l/2) • ..!..•(ui+l/2,n+i + ui+l/2,n>·l ui+l/21 
c PNa,c fg,c 2 m,c m,c m,c 

I . 
x .!.. 1 ·a. f..!__. 0 i+l/ 2. (-. -i+-:1-,/-=-2 + i+l/ 2). I ui+l/ 2,. vi+!/ 2 /Vi+!/ 21. 

2 
0
i+l/2 Lllm c PNa,c Pfg,c m,c c m J 
c 

i+l/2 ,/ 
p 
fu,c 

x __!, (..!.. ui+l/2,n+l +.!. ui+l/2,n -· ui+l/2)· I ui+l/2 _ ui+l/2 I 
mfp 2 m,c . 2 m,c fu,c m,c fu,c 
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(2.2.13) 
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R i+l/2 
efp 2.r ·jui+l/2 _ 0 i+l/21··(pi+l/2 + i+l/2)._! 

fp m,c fu,c Na,c Pfg,c ~ 
m 

n 
where the bars indicate time averages using the t values and the V and p at 
n+l c 

t from the previous solution of Eqs. (2.2.1) and (2.2.3); also, 

j i if Ui+l/ 2 > 0 and j 
m,c 

i + 1 if ui+l/ 2 < o • 
m,c 

Pairs of adjacent cell-centered quantities are averaged as in the pin cavity 
momentum equation to form cell-edge values: Eq. (2.2.13) is thus a linear 

i+l/ 2 ,n+l uj+l/ 2 ,n+l and uj-l/ 2 ,n+l (i.e., when the alternative 
equation in Um,c ' m,c ' m,c 

values of j are considered, Eq. (2.2.13) is linear in Ui+3/ 2 ,n+l ui+l/ 2 ,n+l 
m,c ' m;c ' 

and Ui-l/ 2 ,n+l). The velocity values are obtained implicitly by solving the 
m,c 

resultant tridiagonal matrix as with the pin cavity momentum equation. 

A variant of the particle-in-celll2 (PIC) approach, called distributed 
particle-in-celll3 (DPIC) is used to treat fuel motion in the interaction zone 
in the coolant channel. In the PIC technique, the properties (temperature, 
mass, etc.) of a fuel particle group are associated with a point, i.e., the 
mass centroid of the group. When the centroid crosses a mesh cell boundary, 
the properties of the entire group become associated with the receiving cell 
in a single time step. The DPIC formulation associates the particle-group 
quantities with a characteristic length (rather than a point as in the PIC 
approach), whose center is the centroid of the particle group. In DPIC, as a 
particle group moves across a cell boundary, the properties of the group 
gradually become associated with the receiving cell and disassociated from the 
donor cell and are apportioned according to the relative fractions of the 
characteristic length within each cell. The DPIC technique thus makes the 
motion of fuel from cell to cell occur smoothly over several time steps 
rather than one abrupt change that occurs in a single time step with the PIC 
technique. 

The amount of fuel ejected into the coolant channel at_ the end of a time 
step is determined by the pressure equilibration technique (discussed below). 
The ejected fuel is assumed to fragment immediately into a number of particles 
of equal size. Groups of these particles are then tracked independently. The 
particle groups are assigned random locations in front of the cladding rupture. 
(The number of particles per group at ejection is a user option. Particle 
groups are combined in the channel when the number of groups exceeds a user­
specified maximum. The combined particle group is located at the center of 
mass of the original particle groups and moves at the mass-averaged velocity.) 

Each particle group begins with zero velocity if the fuel volume fraction 
in the channel cell into which the particle group is ejected is below a 
certain value (currently set at 0.3). If the volume fraction is above a 
certain value (currently set at 0.7), infinite drag is assumed between the 
newly ejected particle group and the existing particle groups in the ejection 
cell. Therefore the velocity, U, of the newly ejected particle group of mass 
M would be 
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ti = 

\ i i 
Lm u 
i . 0 

Lmi + M 
i 

(2.2.14) 

i i 
where the summation·is over the particle groups (of mass m and velocity u) 

0 
in the cell into which the new particle group is ejected. ·The momentum added 
is thus U•M, and the total momentum of the pre-existing particle groups must be 
reduced by this amount. Therefore, ·the new velocities of the other particle· 

d 
.i i 

~roups are re uced fr.om u to u , 
0 

{ 

i i u . M . 
u u i 0 I m 

i 

(2.2.15) 

If the volume fraction of fuel in the channel ejection cell is between the 
two threshold values stated above, assignment of the initial velocity is based 
on the assumption that velocity varies linearly between zero and the velocity 
wh~ch results from assuming infinite drag (as a function of fuel volume fraction). 

The fuel particles are accelerated by both drag from the medium and the 
axial pressure gradient along the channel. The position and velocity of each 
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group are then tracked separately. The cell average mass of any ceil is the.sum· 11 
of the masses of the portions of particle .groups in that cell. The·average 
fuel-particle velocity at the cell-edge.is the mass weighted average of the par-
ticle velocities on either side of the cell .edge up to one-half cell length 
away from the cell edge. · 

The velocity equation for a· particle group is 

) . 

= 
4 . ap (t,z) 

-N• (-•1T•r 3 )· c + N•(U /(t,z)·- Uf (t)) 
. 3 fp oz · m,c p,c 

X lu (t z)- uf (t),•(PN (t,z) + p (t z))·r2 ·.~.c (Re )·E-2."7 
m,c ' p,c a,c . ·fg,c ' fp 2 D fp 

-N • m • g - N • m ~. U ( t) ·I U ( t z) I . fp fp 4D fp,c m,c ' 
c 

o.s 

( 
Pf (t,z) ) X U C 

PN (t,z) + Pf (t,z) a,c g,c 
. "' , (2.2.16) 

I 
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0 

N = number of fuel particles in the particle group 

Ufp,c = velocity of the particle group 

= constant set to a value of 1.56•10-5 

The factors Co(Refp) and Refp were defined following Eq. (2.2.12) except 
Ufp,c replaces Ufu,c• The first term on the right hand side represents the force 
on a particle surface (for all the particles in a group) in a pressure field 
with a linear gradient.l 4 ,1 5 The second term is the drag on the particles 
from the medium. The last term is. the wall friction experienced by the particle 
group based on a correlation for pressure drops for particles suspended in a 
pipe.l6,ll 

The finite difference form of Eq. (2.2.16) is 

+ Nm•(_U __ - um,n )·l_u __ - um,n I 
m,c fp,c m,c fp,c 

X (pj 
Na,c (

--:-)-2.1 -- vJ . 
+ Pj )·r2 ·~·c (Rej )• m 

fg,c fp 2 D fp j 
v 

c 

~ )

.5 
pj 

____ f_u_,,'-~--

x pj + PJ 
Na,c fg,c 

• ljJ ' (2.2.17) 
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where the index m indicates particle group m; k is the cell such that ,the initial 
location of the centroid of the particle group is between the middle of cell k 
and the middle of cell k - 1; j is the cell (either k or k-1) in which the cent­
roid of the particle group is located; and -U--- is interpolated between cell 
edges at the particle location. The bars in~igate time averages as before. 

The temperature of each particle group is calculated by, 

1 Nm.mfp"Cp f (Tmf,n+l - Tm,n ) 
6t , u p,c fp,c 

k j 
m 2 .fu PNa c m n -N •4•n•r •FAC•---• ' •(T ' 

fp rf p fp,c 
" p PNa 

m j m j m n j J. J. + N •m •W ·~ - N •h •A • (T ' - T )•m ./(p •V ) 
p fp c,fu c fp,c cl fp fu,c c 

m 
Tfp,c temperature of fuel particle group m 

(2.2.18) 

The first term on the right hand side represents the heat loss to the sodium 
in the cell from the particle group, the second term is the fission heating of 
the particle group, and the third term is used to represent a fuel vapor 
condensation heat loss. 

The number .of particle groups is limited by a specified maximum. When 
this maximum is exceeded, the particle groups are combined according to their 
location within subdivisions of cells. That is, all the particles whose cen­
ters are in a given subdivision of a coolant channel cell are combined. 

In ,the coolant channel, the motion of single-phase liquid sodium slugs 
,above and below the partially voided interaction zone (see Fig. 1) is treated 
as incompressible (with the exception of qne set of conditions as explained , 
below). The motion of the sodium slugs is determined by three effects; 1) the 
pressure difference from the last cell in the interaction zone at the slug 
interface and the pressure at ,the opposite end of the slug; 2) the frictional 
resistance; and J) gravity. The pressure,at the opposite end of the slug away 
from the interaction zone is either the plenum pressure (held constant) or the 
channel pressure .at the two-phase cell forming the boundary of the single-phase 
liquid slug. No need has been seen for a compressible treatment of the liquid 
slugs except a,s it affects the interaction zone pressure in an unvoided 
channel case (see below). In such a case, where the void in front of the 
failure in the channel is caused by the.compression of the sodium, EPIC 
computes an effective displacement of the liquid slugs because of the interac­
tion zone pressure. This can alter the ejection cell pressure dramatically 
for a short time until·a significant void has been produced in the channel. 
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This incompressible (and pseudo-compressible) treatment appears to predict the 
same results as a compressible one (for example, see ·the EPIC and revised 
PLUTO curves in (Fig. 2, Reference 1) where PLUTO uses a fully compressible 
treatment). Also, the incompressible treatment allows much larger time. 
steps for the calculation, since the compressible treatment is limited by the 
Courant condition on sound speed. 

The change in the momentum over the time step of the single-phase sodium 
liquid slugs above and below the interaction zone is given by the following 
expression. 

a,b 

p 
Na,s 

u s 

~Na 

j 

+ a • (P ·IUI·D -~)b • U •IU I•M ._l . ..!.] Na,s s c,s ~N s s s D 2 
. a . c,s 

(2.2.19) 

momentum of the slug 

area of coolant channel 

mass of the slug 

constants appropriate for slug flow · 

density of liquid sodium in the slug 

average velocity of the slug 

hydraulic diameter over the length of the slug 

viscosity of liquid sodium 

index of interaction zone cell at the slug interface. 

The bars indicate time averages as before. The subscript END denotes the 
conditions at the end of the slug opposite the interaction zone'whether this is 
within the coolant channel or at the plenum. The second term on the right 
hand side of the equation, the pressure gradient across the slug, is written 
for the lower slug; the sign of the term is reversed for the upper slug. The 
third term is from gravity and the last term is a drag term. 

The slug interface position is tracked precisely from its initial position. 
Within the interface cell, the single-phase liquid part of the cell is separate 
and not homogenized with the two-phase part of the celL The interaction zone 
portion of the interface cell contains two-phase sodium, fission gas and fuel 
which convect in or out of the adjacent cell in the interaction zone. This 
material has a separate density and pressure from the single-phase liquid 



portion of the cell where the sodium is at full density and is at its original 
temperature. The interface moves with the velocity of the slug. The pseudo­
compressible treatment displaces the interface to take into account the 
interaction zone pressure compressing the slug (see below). The amount of 
this displacement, D, for one time step is 

D = (Pj - P )•f3 •6t•c (1 - t•cN /L ), (2.2.20) 
c END Na Na a s 

13 Na compressibl'ity of liquid sodium 

cNa = speed of sound in liquid sodium 

t time after pin failure 

L = length of slug s 

D = 0 if t•cNa > Ls; and 6t•cNa is the distance that the compression wave 
travels in 6t. At every time step this displacement is added to the normal 
slug displacement due to its gross velocity until the first compression wave 
reaches the end of the slug (i.e., until t"cNa > Ls) after which time the 
effect of the displacements on the interaction zone pressure is small. The 

(P~-PENn)•f3Na is the fraction of the length 6t•cNa that is actually compressed. 

The cNa·(l - t•cNa/Ls) term reduces the effect linearly to zero as the compression 
wave reaches the end of the slug ~o that no discontinuities result. The slug 
motions resulting from this approximate technique compare well with those 
calculated using a fully compressible treatment. 

In the event that pin failure occurs in an unvoided channel, initially 
all and later (up to a 0.5 to 1 ms in cases studied) much of the void produced 
in the coolant channel is caused by compression of the sodium by the interac­
tion zone pressure. The small void fraction produced by compressing the 
sodium directly in front of the pin failure can be drastically increased by 
including the effect of compression after a pressure pulse has passed through 
it. 

The approximation to this compressible effect in EPIC is made by compressing 
all the sodium in the portion of the liquid slug through which the pressure 
pulse would have passed in a compressible treatment using a pressure equal to 
the interaction zone pressure. The slug interface is then artifically displaced 
to generate a volume that would have been generated by the compression. This 
represents the maximum contribution that this phenomenon can make and can 
double the void in some cases (and reduce the fission gas partial pressure to 
half) in the interaction zone in the initial portion of the transient. As the 

.transient progresses, the effect will be less and less significant as more 
void is developed in front of the clad failure. Thus, no significant error is 
introduced by the approximation that the additional compression falls linearly 
to zero by the time the pressure pulse reaches the end of the slug. 

The equation-of-state in the coolant channel is 

P (t,z) 
c Pf (Tf (t,z)) + PN (TN (t,z)) u,sat u,c a,sat a,c 
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where 

v 

Rf .Tf (t,z).pf (t,z) + g g,c g,c 
v (2.2.21) 

1 -
pf (t,z) u,c PN (t,z) 

a,c •(l 
pp 

Na 

- aN • P < t , z ) ) • a c 

saturation pressure corresponding to sodium 
temperature TNa c<t,z). , 

The partial pressure due to fuel vapor is always assumed to be the saturation 
pressure corresponding to the liquid fuel temperature and likewise with 
sodium. In non-ejection cells, the Pc channel pressure used to compute the 
sodium compression is taken from the last time step (or the last semi-implicit 
pass), because it does not vary rapidly with the time. Vis the fraction 
of the total volume of the coolant channel cell not taken up by the liquid 
fuel and sodium (including the volume generated by compressing the liquid 
sodium). 

2.3 The Pressure-Equilibration Ejection Model 

There are two models in the code for pressure equilibration, and the user 
must select one of the models via input. The first model assumes that the 
dominant term affecting pressure equilibration is the change in fission gas 
partial pressure in the pin and channel; all temperatures are assumed to 
remain constant during ejection. The second model is more general and allows 
fuel temperature to change during ejection; this model is best suited for the 
situation where changes in fuel vapor partial pressure dominate the ejection, 
although it may be used for all situations (it is, however, less efficient than 
the first model). The fission-gas driven ejection model will be described 
first followed by the additional equation needed to describe the general 
model. 

In the first model, fuel/fission gas ejection is driven primarily by fis­
sion gas. At the end of every time step, the pressure in each fuel pin 
cell.is equilibrated with the pressure in the adjacent coolant channel cell 
(for all of the cells that delimit the clad rip). This calculation results in 
determination of the amounts of fuel and fission gas ejected from the pin 
cavity into the coolant channel during a time step. Orifice effects are 
assumed to not significantly inhibit fuel motion into the channel for the 
typical EPIC time step size. (If an orifice coefficient is used to compute 
the ejection velocity of the material with such large initial pressure 
gradients as are common in pin failure conditions, extremely small time steps 
are necessary, so that the computation is impractical.) In the pressure . 
equilibration model, details of the pressure history are ignored. It is 
believed that the area under the pressure-time curve is more important than 
its precise shape (over a small segment of the transient), and that the area 
under the pressure-time curve is determined largely by the amount of fission 
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gas initially available. It is also felt that the fuel temperature and the 
precise mechanism of the dissipation of the fission gas thermal energy is not 
importan·t. The equilibration procedure is performed at the end of each pass 
for a time step and determines the quantities·sfu,ej and Sfg,ej needed to 
complete the solution of Eqs. 2.1.1, 2.1.3, 2.1.11 and 2.2.·1. The equilibration 
calculation provides an explicit coupling between the pin and channel equations. 

In the case of ejection driven primarily by fission gas partial pressure, 
an amount of fuel ~V"Pfu,p"Y and fission gas ~V·pf is ejected from the 
pin cavity into the channel. This amount is subtr~~~ed from the original amount 

/ 

of fuel and fission gas in the pin cell and added to the original amount in the 
channel. The function Y is the ratio of the volume of fuel to the volume of 
fission gas ejected and is specified by the user. · It describes slip between 
fuel and fission gas during ejection. The expressions for the post-ejectiqn 
pressures in the pin cell i and the channel volume in front of it,. PP 
[Eq. (2.1.13 ] and Pc [Eq. (2.2.21)] are set equal: · 

p 
p 

v 

= 

= 

R •Ti,n+l.Pi,o •[Vi,n+l _ ~V. Y] 
p (Ti,n+l) + fg fu,p fg,p p 
fu,sat fu,p i,o 

Vi,n+l pfu,p•(Vi,n+l _ ~V • Y) 
p pp p 

fu 

p (Tn+l ) + p (Tn+l ) 
fu,sat fu,c Na,sat Na·,c 

R •Tn+l •(pn+l •Vn+l + pi,o ·~V • Y) 
+ .. fg fg,c fg,c c fg,p = P 

v c 
(2.3~1) 

Vn+l ___ l_•(pn+l •Vn+l + Pi,o ·~V • Y) 
c Pp fu,c c fu,p 

fu 

. (l - t. c ·-1 
) • 

\ Na 1u 
END· 
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• (1 - t•c •-
1-) ·A~ •c "At] • Na LL -~ND Na 

END 

pressure at end of upper sodium liquid slug opposite interaction 
zone 

length of upper sodium liquid slug 

area of upper sodium liquid slug 

pressure at end of lower sodium liquid slug opposite interaction 
zone 

length of lower sodium liquid slug 

area of lower sodium liquid slug 

Here PP' which is the left side of the equation, is substituted for the 
equilibrated pressure on the right side for the sake of the compression terms. 
The volume in the coolant channel which is equilibrated with the pin ejection 
cell i is not necessarily that of channel cell i alone. It may include up to 
one cell additional volume on either side of cell i, but it is added only if 
the cell above or below is not an ejection cell. The volume is d·elimited by 
the slug interfaces, and the volume expands as the slug interfaces move away 
from the failure. The purpose of this pseudo-Lagrangian expanded cell for 
equilibration purposes is to avoid the large pressure gradients that would 
otherwise occur across the boundaries of ejection cells in an initially unvoided 
channel before enough material (fuel and fission gas) has moved into the 
adjacent cell to raise its pressure. These extremely high pressure gradients 
would require very small time steps to prevent numerical problems. For a 
coolant channel voided in front of the ejection cell, the interfaces are far 
enough removed from the ejection cell so this treatment is not necessary. All 
values in Eq. (2.3.1) are at tn+l, and the tn+l values in the channel 
do not have a cell index because they are for the expanded cell under the above 
conditions. The temperatures in the channel volume are the mass weighted 

average of those of the cells within the volume Vat tn+l, and the p's are 

averaged over V. The pi,o values are values at tn+l prior to the ejection. 
The last two compression terms go to zero as described above at t > (Ls/cNa). 

These two terms must be included in an unvoided channel case, as discussed 
above, since, initially, they can drastically affect the ejection zone pressure 
for a short time. When the expression for Pp from the left side of Eq. (2.3.1) 

is substituted into the right side of Eq. (2.3.1) in the compression terms, 
Eq. (2.3.1) becomes a cubic equation in the unknown 6V. The three roots of 
the equation are found using the closed-form analytical solution. The smallest 
positive root is used. If there is no real, positive root, then the ejection 
is zero. This can happen when the channel pressure has become greater than 
the pin pressure [e.g., from a fuel-coolant interaction (FCI)]. No injection 
of channel material into the pin [a negative root of Eq. (2.3.1)] is allowed. 



In addition to the case of predominantly fission gas driven ejectiqn, for 
which the model above was develop~d, another model was created to deal with 
fresh fuel pins as well. The second model is totally general and can treat fuel 
ejection from pins with any amount of burnup (including zero burnup). In the 
case of zero burnup, the only non-co.ndensible gas present would be fill gas. 
The ejection of molten fuel and gas is then driven by the pressure of the fuel 
vapor and any fill gas present. Since this generalized model takes more 
computer time, however,the more limited model described above should be used 
a~ the option of the user for the case of predominantly fission gas-driven 
ejection. Also, the user-specified function for fuel fission gas slip described 
above is not available in the general model. 

In the generalized ejection model, the fuel temperature within the pin 
changes during the ejection as the material remaining in the pin expands to 
fill the available volume. Th_e local fuel temperature wi"thin the channel 
changes due to the addition of the newly ejec·ted fuel. The new total pressure 
in· the pin after ejection consists of the linear superposition of fuel vapor 
pressure at the post~expansion fuel temperature plus the fission-gas pressure 

,in the expanded fuel pin volume. The new pin pressure is then equalized with 
the channel pressure; the latter is a summation of the fuel vapor, fission-gas, 
and sodium vapor partial pressures at the P9st-ejection conditions. 

The equations describing the additional features of the ejection are as 
follows. The fuel remaining in the pin is cooled by expansion (andvapor 
generation) into the volume freed by ejection of material during the time 
step: 

{ 

i, o • Vi, n+ 1 · _ .! .. W 
Pfu,p p 2 

r i,o 
j!'fu,p + 

6V•P (Ti,n+l) 
fu,sat fu,p 

•H 
R •Ti,n+l fg,fu" 

fu fu,p 

P (Ti,n+l) } ·. 
fu,sat fu,p ] ·C •(Ti,n~l 

R •Ti,n+l P,fu . fu,p 
fu fu,p . 

_ Ti,o ) 
fu,p 

(2.3.2) 

where most terms are defined as for Eq. (2.3.1). 6V. is the volume of material 
(fuel plus fission gas) ejected between time tn and tn+l, Rf is the gas 
constant fqr fuel, and Hf. fu is .the latent heat of vaporiza~ion of fuel; the 
superscript o denotes va a~s at time n+l but prior to ejection. The fuel vapor 
is treated as an ideal gas. This type of temperature calculation is also per­
formed for the volume changes associated with melt-in and intra-pin convection 
of material from one mesh cell to another. 

The newly ejected fuel enters the adjacent channel cell at a temperature 

, (Ti,o + Ti,n+l)/2 
. fu,p fu,p 
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and is mixed with the fuel in that cell to obtain the post-ejection fuel 
temperature in the channel: 

n+l ·vn+l.E (Tn+l ) 
Pfu,c c fu,sat fu,c 

Po ·vn+l.E (To ) 
fu,c c fu,sat fu,c 

+ pi,o •LW•E [l•(Ti,o + Ti.,n+l)]. 
fu,p fu,sat 2 fu,p fu,p . 

(2.3.3) 

The mass-weighted energy balance allows the correct energy to be associated 
with solidified fuel in the coolant channel. Ef (T) is the energy function. 

u,sat 

Since the final pin and channel.fuel temperatures appear implicitly 
(via Pfu,sat> in the equations, an iterative technique must be used to find 
the post-ejection conditions. For+£his purpose, the equations describing the 
ejeetion may be written using Tf

1
'n as the primary unknown. u,p . . 

The number and.location of ejection cells at pin failure where the EPIC 
model starts is specified in the input. There can be from one to as many 
cells as are necessary to encompass the extent of the molten fuel cavity. The 
failure cells need not be contiguous. The number and location of failure cells 
may remain constant during the whole transient if specified, or, at the option 
of the user1 additional failure cells may be added during the transient. One 
way to add additional failure cells is for the user to program an arbitrary 
function into the code. There is a specific subroutine (RIPEXT) available for 
this purpose. There is another option presently available in the code for 
specifying the addition of failure cells. Ejection from any given axial pin 
cell can be triggered when a particular radial subcell (specified by the user) 
becomes fully molten. 

·. 



3. PROGRAMMING CONSIDERATIONS 

3.1 Description of Subroutines and Functions 

The following is a brief general description of the purpose of. each 
subroutine and function in the program. 

CHAM OM 

This routine solves the momentum equation (implicitly) for from 1 to 3 
two-phase regions in the coolant channel. 

CHIN IT 

This routine initializes certain terms for use in CHAMOM and CHMAST. 
The terms are sodium vapor condensation, FCI and the energy division between 
boiling and heating the liquid phase for sodium. 

CHMAST 

This routine solves the continuity equations for fission gas and. two­
phase sodium in the coolant channel. Also the temperatures ot fission gas 
and sodium and the convection of the fissions gas interface are calculated 
here. 

CPSLF. 

This function is for the specific heat of liquid sodium. 

CPSVF 

This function is for the specific hea.t of sodium vapor. 

CUBRT 

This routine solves a cubic equation which ;is neces!;iary for the computa­
tion of fuel ejection. 

DPFDT 

This entry in the PFSAT routine provides the derivaUve of Psat for fuel 
with respect to temperature. 

DPSDT 

This entry in the PSSAT 'routine provides the derivative of Psat for 
sodium with respect to temperature. 

EQUILN / 

· This routine calculates the ejection of fuel and fission gas from all 
ejection nodes for all time steps after t = O, adJusting densities, temperatures 
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and pressures accordingly. Also the pin arid channel pressure calculations 
for non-ejection nodes is done here. 

EQUILP 

This routine calculates the ejection of fuel and fission gas by means of 
the generalized ejection model. 

EQUILl 

This routine calculates the ejection of fuel and fission gas from all 
ejection nodes at t = 0. 

ETOT 

This function converts an energy per unit mass to a temperature for fuel. 

FUPART 

' This ioutine calcul~tes the convection, velocity and temper~ture of the 
fuel particle groups. 

INPUT 

This routine reads ali data and initializes mo~t variables and prints out 
their values in edited form. 

MAIN 

This program makes all the primary subroutine calls. There are some 
initializations, the time step is set, _the current semi-implicit pass is de­
termined and the results of the calculations on each semi-implicit pass are 
switched to the· proper storage location, clad rip extension is calculated 
under one option and particle recombination is calculated. 

MISC 

This routine adjusts FCI zone boundaries as well as the velocities, 
pressures, temperatures and densities at the FCI zone boundaries. There is an 
adjustment to the temperature in the pin cavity due to fuel vaporization. 
There is a calculation to alleviate overcompaction in both pin and channel 
cells. 

PFSAT 

This function pr·ovides the saturation pressure of fuel as a function of 
temperature. 

PHIT 

This is a user-supplied function to provide normalized power as a 
function of time. 



PIN 

This routine solves the following equations in the fuel pin: continuity 
and momentum equations for fuel and fission gas, and energy for fuel. The 
momentum equation is solved implicitly. The temperature of each solid fuel 
cell is also calculated as .a function of fission heating and the melt-in source 
term is computed. 

PLOTER 

This routine writes out. data to be used by a separate program to generate 
plots. 

PRINT 

This routine prints results at specified intervals. The reactivity cal~ 
culation is done here. 

·PSSAT 

This function provides the saturation pressure of sodium as a function of 
temp·e rat ure. 

RANDU 

This provides a '.'random number"· for use by EQUILN in placing fuel particle 
groups in front of the ejection cells. The subroutine is specifically designed 
for .IBM computers and can't be used except on IBM. 

RIP EXT 

This is an arbitrary user-supplied function .to specify the extension of 
the clad failure as a function of time. 

This routine s9lv.es a system of linear equations;. · .It is used in the 
implicit solution of the momentum equations in the pin and channel. 

SLDENS 

This function provides the density of liquid sodium as a function ·of 
temperature. 

SLGVEL 

This routine calculates the motion of the single-phase regions above and 
below the interaction zone. 

J. 
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TTOE 

This function converts temperature to energy per unit mass for fuel. 

YFACF 

This is an arbitrary user-supplied function which specifies the amount of 
slip between fuel and fission gas during convect·ion in the pin cavity and 
during ejection. 

3.2 Sequence of Execution 

The MAIN program calls these subroutines in the following order: 

INPUT (once to start problem) 
EQUILl (once at time zero) 
PLOTER (when specified according to time interval and by option) 
PRINT (when specified according to time interval) 
PIN 
CHIN IT 
CHMAST 
CHAM OM 
SLGVEL 
FUPART 

\ RIPEXT (when specified according to option) 
EQUILN 
MISC 

In addition, aside from function calls, 

EQUILl calls YFACF, EQUILP, CUBRT 
PIN calls YFACF, PHIT, SIMQ 
CHAM OM calls SIMQ 
EQUILN calls YFACF, EQUILP, CUBRT, RANDU 
MISC calls YFACF. 

3. 3 Facility Requirements_ and General Operational Information 

EPIC requires 400 K bytes of storage on the IBM 370/195 computer. There 
is one input file. There are three output files, two of which are optional. 
Besides the printer, there is an optional abreviated form of the output 
written on unit•lO and plotting information is written on an arbitrary unit 
number. 

Certain subroutines must be supplied by the user. If the amount or form 
of the plotting information is not adequate as supplied by the version of 
PLOTER provided to the user~ changes must be made to make this routine compat­
ible with the plotting program used. PLOTER is only called if the plotting 
option is indicated, of course. YFACF as supplied to the user will specify a 
no slip condition between fuel and fission gas. The user must alter the 
routine to change this. The subroutine RIPEXT as supplied to the user has a 
particular arbitrary scheme for extending the cladding failure. Should the 
user wish RIPEXT to be called, he will undoubtedly want to change the scheme, 
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in which case the scheme provided will serve as a paradigm to show him what 
must be done. The PHIT routine must be specified by the user for the tran­
sient power function. The rountines PLOTER and RIPEXT are not called unless 
the appropriate input option is set; however, YFACF and PHIT are always called 
by the cod!:!. 

Certain features of EPIC are specific to the IBM 370/195 system. They 
may have to be changed when bringing the code up on an incompatible system. 
The input unit is rewound after it is read and the input records are listed as 
read. This may not be allowed on other computer systems. The user may just 
eliminate this section of coding and the only effect will be to lose the list­
ing of the input but the edited form of the input will still appear. RANDU 
generates a sequence of so-called "random numbers" using features that are 
peculiar to the IBM hardware. This routine will probably have to be replaced 
by a user if another system is used. RANDU is only called from EQUILN and it 
does nothing more than to provide a different number between 0.0 and 1.0 every 
time it is called. It can be replaced very easily. 

All the floating point variables in the program are in IBM double precision 
(i.e., REAL*8) and all integers are full precision (INTEGER*4) except the 
following: YFL and some temporary variables in PLOTER are REAL*4 and LBUGPR is­
logical (*4). 
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4. INPUT AND OUTPUT DESCRIPTION 

D· 

4.1 Input Description 

The following is a· description of the input to EPIC~ . 

Card No. of Cards Format Variable Units Description Group in Group Naine 

1 2 72Al JOBID Two cards of alphanumeric 
case identification! 

2 r 10I6 NPL Bottom cell of molten fuel 
cavity in pin (<;99). 

NPU Top cell of molten fuel 
cavity in pin ((99). 

NPLC Bottom.cell of fuel· mesh 
( <99). 

NPUC Top cell of fuel mesh (<99). 

NPRAD Number of radial subcells at 
each axial cell in fuel mesh 
( <10). 

NCL Bottom cell of channel mesh 
(<;99). 

NCU Top node of channel mesh 
( <99). 

MPPART Number of fuel particles 
per particle group at ejec-
tion (~50-200 suggested). 

MAXPRT Maximum number of fuel par-
ticle groups allowed in 
channel before recombining 
particle groups (<1000). 

NDIV Number of divisions in each 
cell for the purpose of par-
ticle group recombination 
(~10-20 suggested). 

3 1 10!6 I NT PO Number of time s·teps between 
print-outs. 
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Card No. of Cards 
Group in Group 

3 1 
(contd) 

Format 

10I6 

Variable 
Name 

INTPOl 

IPRlO 

IPLOT 

IPCYCL 

IOPTl 

IOPT2 

IOPT3 

IOPT4 

Units 

/ 

Description 

If O, print both passes for 
all time, steps; if 1, ignore 
option. 

If nonzero, write short form 
of output on unit 10. 

If nonzero, unit ·number for 
plot data set. 

Number of time steps between 
write-outs of plot data. 

If -1, the pin cavity area 
for each axial cell is cal­
culated from the geometry of 
the molten portion of the 
r-z fuel mesh. 

If 0, read in values for pin 
cavity areas. 

If -1, the pin cavity tem­
peratures are calculated as 
mass averages over the 
molten portion of the r-z 
fuel mesh. 

If 0, read in values for pin 
cavity temperatures. 

If -1, the fuel smear den­
sities in the pin cavity nodes 
are calculated from masses 
in the molten portion of the 
r-z fu~l mesh. · 

If O, the fuel smear density 
is calculated from radii of 
a central void space read in 
for each axial pin cavity 
cell. 

If +1, one void fraction is 
read in for all ~xial pin 
cavity cells. 

If ~1, the fission gas smear 
density is calculated from 
the masses and fission gas/ 
fuel mass ratios in the r-z 
mesh. 



Card 
Group 

3 
. (contd) 

4 

f 

No. of Cards 
in Group 

1 

1 

\ 

Format 

1016 

·Variable 
Name .. 

IOPT4 
(contd) 

!OPTS 

IOPT6 

IOPT7. 

IOPT8 

IOPT9 

Units 

45 

Description 

If O, the fission gas smear 
density is calculated from 
fission gas/fuel mass ratios 
read in for each axial cell 
which are constant radially. . . 

If +1, only one value of 
I ' fission gas/fuel mass ratio 

is read for all r-z cells. 

If O, fuel ejection is 
driven predominantly by 
fuel vapor (generalized ejec­
tion model i~ used). 

If 1, fuel ejection is 
driven predominantly by 

·fission gas. 

If -1, a user supplied sub­
routine called RIPEXT is 
called to determine expan­
sion of the clad failure 
during the transient. 

If 0; no extension of clad 
failure during transient. 

If )0, clad failure will 
occur at any axial cell when 
radial subcell IOPT6 is fully 
molten. 

If O, initial·pressures in 
coolant channel cells are 
read in. 

If 1, initial coolant channel 
pressures are assumed to be 
Psat<TNa)'. 

If 0, no reactivity worths 
are read. 

If )0, !OPTS is lowest cell 
of reactivity worth mesh. 

If )0, and IOPTB )0, highest 
cell of.reactiv~ty worth 
me~h~ 
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Card 
_Group 

5 

6 

7 

No. of Cards 
in Group 

Format Variable 
Name -. 

I{(IIFAIL+l)/10}* 10!6 IIFAIL · 

!FAIL( I) 

1 6El2.5 DELZ 

ZPART 

HLP LEN 

HUPLEN 

FCIL2 

FCIU2 

1 6El2.5 DELTl 

Units . 

em 

em 

em 

em 

em 

s 

· Description 

Number of failure cells. 

Failure cell numbers in 
increasing order from 1 
to !!FAIL. Failure 
cells need not be con­
tiguous. 

Eulerian cell height. 

Fraction of DELZ for DPIC 
particle length 
(0.0 < ZPART < 0.9) (Nor­
mally ~o.s works quite 
well; if PIC is to be 
approximated with DPIC, 
then set ZPART to some 
very small number 
greater than zero.) 

Location of lower free 
surface-probably the end 
of the subassembly 
(bottom of channel mesh 
is 0). 

Location of upper free 
surface-probably the end 
of the subassembly (bot­
tom of channel mesh is 0). 

Location of lower liquid 
slug interface. In a 
totally unvoided channel, 
set to any value higher 
than the clad rip. 

Location of upper liquid 
slug interface. In a 
totally unvoided channel, 
set to any value lower 
than the clad rip. 

Initial time step (from 
t=O to TIMEOl). 

*The notation I{X} means round up to the next integer. For example, I {6/10} 1, 
I {9/6} = 2, etc. 
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Card No. of Cards Format Variable .Units Description Group in Group Name 

7 1 DELT2 s Second time step ('from 
(contd) TIMEOl to TIME02, 8t., is 

varied linearly from 
DELTl to .DELT2; between 
TIME02 and TIME03, 
8t = DELT2). 

DELT3 s Third time step (from 
TIME03 to'TIME04, 8t is 
~aried linearly from 
DELT2 to DELT3; after 
TIME04, 6t = DELT3). 

TIMEOl s See DELTl and DELT2 above. 

TIME02 s See DELT2 above. 

TIME03 s See DELT2 and DELT3 above. 
(If TIME03=0, it .is set 
to 1oo. > 

8 1 6El2.5 TIME04 s SE;!e DELT3 above. 
(If TIME04=0, it is set 
to 100 ) 

TIMAX s Maximum problem time. 

/ 
EXTIME. s Time after which differ-

encing is explicit in tlme. 
r 

. PTIMEl s Between PTIMEl and PTIME2, 
·results are printed for 
all time steps and for 
each semi-implicit pass 
each step. (If PTIMEl=O, 
it is set to 100.) 

PTIME2 s See PTIMEl above. 

POINT s Time interval between· 
prints. 

9 1 6El2.5 PLINT s Time interval between data 
writes for fuel density 
plots. 

( 
TMELT K Fuel melting .temperature 
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Card 
Group 

9 
(contd) 

10 

11 

No. of Car~ 
in Group 

1 

1 

1 

Format 

6El2.5 

6El2.5 

Variable 
Name 

FDEN 

HFGFU 

HSFFU 

RFU 

CPFU 

FUCOND 

VISCF 

HCFV 

RPART 

FFCI 

HCSL 

Units 

K 

ergs/g 

ergs/g 

ergs/g•K 

ergs/g•K 

Description 

Teciperature at which the 
(constant) physicai den­
sity of fuel is evaluated 
by a function in: the code. 

Heat of vaporization of 
fuel 

Heat of fusion of fuel 

Gas constant for fuel 
vapor 

Specific heat of liquid 
fuel 

erg~/cm•s•K Liquid fuel thermal con­
ductivity 

g/s•cm Absolute fuel viscosity 

ergs/cm2•s•K Fuel vapor condensation co­
efficient 

em Fragmented fuel particle 
radius 

Multiplier for FCI heat 
transfer 

ergs/cm2•s•K Heat transfer coeffici­
ent between cladding and 
liquid sodium 

SCOMP cm2/dyne Sodium compressibility 

CSNDNA cm/s 

·· VISCSL g/s.cm 

VISCM g/s.cm 

' 
Speed of sound in sodium 
liquid 

Sodium vapor conden­
sation coefficient 

Absolute viscosity of 
sodium liquid 

Absolute viscosity of 
two-phase sodium and 
fission gas mixture. 

/ 
I 
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Card No. of Cards Format Variable Units· Description Group in Group Name 

12 1 6El:l • .5 ·DCHANL em Hydraulic diameter of 
lower sodium liquid' slug 
from end of coolant mesh 
to HLPLEN. 

DCHANU em Hydraulic diameter of 
upper sodium liquid slug 
from end of coolant mesh 
to HUPLEN. 

RAF Coefficient in RAF(Re)RBF 
for sodium liquid and pin 
cavity friction factor. 

RBF Exponent in RAF(Re)RBF 
for sodium liquid and 
pin cavity friction fac-
tor. 

RAM Coefficient in RAM(Re)RBM 
for two-phase sodium fric-
tion factor • 

RBM . Exponent in RAM(Re)RBM 
for two-phase sodium fric-
tion factor. 

13 1 6El2.5 PLPLEN· dynes/cm2 Pressure at lower free 
surface 

PUPLEN dynes/cm2 Pressure at upper free 
surface 

TLPLEN K Temperature. at lower 
~ ) 

free surface 

TUPLEN K Temperature at upper 
; 

free surface 

ACLEND cm2 Area of coolant channel 
betwe·en end of coolant 
mesh and HLPLEN. 

ACUEND cm2 Area o.f coolant channel 
between end of coolant 
mesh and HUPLEN. 

14 1 6El2. 5 HSFCL ergs/gni Heat of fussion of 
cladding. 
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Card 
Group 

14 
(contd) 

15 

No. of Cards 
in Group 

1 

\ 
1 

Format 

6El2.5 

Variable 
Name 

CLDEN 

CPCL 

CLMELT 

Units 

gm/cm3 

ergs/gm•K 

K 

Description 

Density of cladding. 

Specific heat of 
cladding. 

Cladding melting tempera­
ture. 

HBOND ergs/cm2•s•K Bond conductance between 
solid fuel and cladding 
at cladding inner surface. 

HBONDM ergs/cm2•s•K Bond conductance between 
molten fuel and cladding 
a cladding inner surface. 

RFG ergs/g•K 

VFC 

Gas constant for fis­
sion gas 

Volume fraction of cool­
ant (used with card 
group 30 below; coolant 
flow area = VFC/(1-VFC) x 
n x r 2

1 , where r 
1 is ou€er clad ra~1us) 

16 I{(NPUC-NPLC+l)/6} 6El2.5 RFOUT(I) em Read only if NPRAD)O. 
Outer radius of solid 
fuel for cells NPLC to 
NPUC. 

17 (NPUC-NPLC+l)x 6El2.5 TFUPRZ(J,I) 

18 

19 

I{NPRAD/6} 

(NPUC-NPLC+l) 
X I{NPRAD/ 6} 

(NPUC-NPLC+l) 
xl{NPRAD/6} 

6El2.5 HFPRZ(J,I) 

6El2.5 GMPN(J,I) 

K 

g 

Read only if NPRAD)O. 
Temperature of each r-z 
cell. For each axial 
cell, NPLC to NPUC, NPRAD 
numbers are read from 
I{NPRAD/6} cards and 
skip to the next card 
for the next axial cell. 

Read only if NPRAD>O. 
Fraction of heat of fusion 
satisfied at each r-z 
cell. Read like card 
group 17. 

Read only if NPRAD)O. 
Mass of fuel in each r-z 
cell. Read like card 
group 17. 



Card 
Group 

20 

21 

22 

23 

No. of Cards 
in Group 

(NPUC-NPLC+lY 
X I { NPRAD I 6} 

I{(NPU-NPL+l)/6} 

I{(NPU-NPL+l)/6} 

1 

Format 

6El2.5 

6El2.5 

6El2.5 

Variable 
Name 

FGFUF(J,I) 

TFUP2(I) 

AF2(I) 

6El2.5 FGFUF(J,I) 

24 I{(NPUC-NPLC+l)/6} 6El2.5 FGFUF(J,I) 

25 1 6El2. 5 TEMP 

26 I{(NPU-NPL+l)/6} 6El2. 5 RVOID(I) 

27 I{(NCU-NCL+l)/6} 6El2. 5 ~CL(I) 

Units 

K 

em 

em 

Description 

Read o~ly if NPRAD)O and 
IOPT4=-l. Ratio of fis­
sion gas mass to fuel 
mass 'in each r-z cell. 
Read like card group 17. 

Read only if 'IOPT2=0. 
Temperature of each axial 
cell in the pin.cavity, 
from NPL to NPU. 

Read only if IOPTl=O, 
cross-sectional area 
of each axial cell in 
the pin cavity. From 
NPL to NPU. 

Read only if IOPT4=1. , 
Ratio of fission gas 
mass to fuel mass in 
all r-z cells, one 
value. 

Read only if IOPT4=0. 
Ratio of fission gas 
mass to f.uel mass in 
each axial cell (the 
same value is used in1 
all radial sub-cells), 
NPLC to NPUC. 

Read 'only if IOPT3=1. 
Value of void fraction 
in all pin cavity cells. 
Fuel smear density = 
FDEN X (1-TEMP). 

Read only if IOPT3=0. 
Radius of central void 
in each pin cavity cell 
which defines total void 
fraction in each cell in 
order to compute.smeat 
density, from NPL to NPU. 

Cladd~ng outer radius~ 
NCL to· NCU. 
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Card 
Group 

No. of Cards 
in Group 

28 I{(NCU-NCL+l)/6} 

29 I{ (NCU-NCL+l) /6} 

30 I{(NCU-NCL+l)/6} 

31 I{ (NCU-NCL+l) /6} 

32 I{(NCU-NCL+l)/6} 

'-., 

33 I{(NCU-NCL+l)/6} 

( 

Variable Format. 
Name 

6El2. 5 RCIN(I) 

6El2.5 TCL2(I) 

6El2.5 AC2(I) 

6El2.5 TNA2( I) 

6El2.5 VPFRO(l) 

6El2.5 PM2(I) 

34 'I{(NCU-NCL+2)/6} 6El2.5 UM2(I) 

35 I{(NCU-NCL+l)/6} 6El2.5 · WPGM(I) 

Units 

em 

K 

K 

(g/cm3) 

Description 

Cladding inner radius, 
NCL to NCU. 

Cladding temperature, 
NCL to NCU. 

Coolant channel flow 
area, NCL to NCU. If a 
zero value for AC2 is 
read at any axial cell 
I, the flow area will 
be calculated by the 
formula: AC2(I) = VFC 
xn•RCL(I)•RCL(I)/(1.0-VFC). 

If a negative value for 
AC2 is read at any axial 
cell I, the flow area 
will be calculated by 
the formula: AC2(I) = 
-AC2(I)•n•RCL(I)•RCL(I)/ 
(l.O+AC2(I)). 

Sodium temperature, NCL 
to NCU 

Void fraction in coolant 
ch~nnel, NCL to NCU. 

(Liquid sodium densities 
may be input for any or 
all of these locations 
instead of void fractions 
by simply inserting the 
negative of the denisty 
in the appropriate cell 
location.) . 

dynes/cm3 Read only if IOPT7=0. 

cm/s 

W/g 

Channel pressure, NCL to 
NCU. 

Velocity of each cell 
bottom from NCL to NCU+l. 

Watts per gram of fuel NCL 
to NCU. 



.. 

e· 

Card 
Group 

No. of Cards 
in Group Format Variable 

Name Units Description 

36 I{(IOPT9-IOPT8+1)/6} 6El2.5 TNASS(I) K Read only if IOPT8)0. 
Steady-state sodium tem­
perature for sodium void 
reactivity calculation, 
cells IOPT8 to IOPT9. 

37 I{(IOPT9-IOPT8+1)/6} 6El2.5 WFUEL(I) dk xlQS Read only if IOPT8)0. 
kg Na Fuel worths, IOPT8 to 

10P'l'9. 

WCOOL(I) dk xlQS Read only if IOPT8)0. 
kg Na Coolant worths, IOPT8 to 

38 I{(IOPT9-IOPT8+1)/6} 6El2.5 

IOPT9. 

4.2 Output Description 

Initial Print~out 

1) Listing of card input as read by the program. 

2) Listing and explanation of fixed point data (e.g. indices describing 
the mesh structure) and options chosen for the case. 

3) Listing and explanation of floating point data which describes geo­
metry, material properties, etc. 

4). Listing of various floating point arrays which store data by axial 
cell including reactivity worths, initial power.and geometry data. 

5) A description of the initial conditions in the r-z fuel mesh in­
cluding the the outer radius of each radial subcell in every axial 
cell, the total cross-sectional area from the center of the ·fuel out 
to and including the radial subcell, and the temperature, melt 
fraction, mass and fission gas to fuel mass ratio for each subcell. 

Time-dependent Print-out 

1) Time (sec) since prqbl~m initiation and current time step (sec). 

2) Normalized power level relative to the power per unit mass as input 
(WPGM), the multiplicative factor applied to WPGM at the current time. 

3) ' Locations (em) of the interaction zone boundaries (FCIL and FCIU) and 
the axial cells in which the boundaries lie. (Heights are relative to 
the bottom of the channel mesh which is zero em.) 

4) Indicies of the highest and lowest failure cells. 
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5) Total amount (gm) of fuel ejected into the coolant channel and the 
current number of particle groups into which this amount is subdivided. 

6) The highest and lowest axial positions (em) of the fuel particles in 
the coolant channel (XMAX and XMIN). (Heights are relative to the 
bottom of the channel mesh which is zero em.) 

7) Sodium reactivity change (~k). The sodium reactivity change is zero 
at steady-state conditions so that the reactivity change due to the 
density difference could be non-zero at pin failure everi with a full 
channel. 

8) Fuel reactivity change (~k). The fuel reactivity change is normalized 
to zero at pin failure. 

9) Total reactivity change (~k). Simply the sum of (7) and (8). 

10) Pin fuel reactivity change (~k). This is the current total worth of 
all pin fuel minus the worth at t=O. 

11) Channel fuel reactivity change (~k). This is the current total worth 
of all channel fuel minus the worth at t=O, which is zero, since there 
is initially no fuel in the channel. (10) and (11) add up to (8). 

Note: The user specifies the reactivity worth for each axial cell in the 
reactivity mesh. The worths may correspond to any number of pins at the 
user's option but this number must be included in the worth as input. 
Although reactivity changes are calculated and printed, these changes have 
no feedback to the rest of the calculation. The power continues to be 
given by the user-suppied function PHIT. 

The following are given for each axial ·ceil: 

12) Position (em) of cell bottom. This is relative to the bottom of the 
channel mesh which is zero. 

13) Fuel temperature (K) in the pin molten fuel cavity. This is the tem­
perature of the homogenized .cell fuel in radial subcells composing the 
cavity. 

14) Pressure (dynes/cm2) in the pin molten fuel cavity. This includes 
both the fission gas and fuel vapor partial pressure. 

15) Smear density (gm/cm3 ) of fuel in the pin molten fuel cavity. This 
is the mass of fuel in the cavity cell divided by the cavity cell (sum 
of radial subcells fully molten) volume. 

16) Smear density (gm/cm3 ) of fission gas in the pin molten fuel cavity. 
This is the mass of fission gas in the cavity cell divided by the cavity 
cell volume.' 

17) Area (cm2) of the pin molten fuel cavity cell. This is computed from A 
the outer radius of the outermost fully molten radial subcell. This ~ 
area may change during the calculationfrom melt-in . 
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18) Velocity (em/sec) of both fuel and fission gas in the molten fuel cavity. 
The velocity printed out for the cell is at the bottom edge of the ·cell. 

19) Cladding temperature (K). Since there is a one radial node treatment 
of the cladding, this is the average temperature. 

20) Pin fuel reactivity change (~k) •. This is the current worth of the 
fuel (molten and solid) in an axial pin cell minus the worth at t=O. 
The sum of these cell worths gives (10). 

21) Channel fuel reactivity change (~k). This is the current worth of 
the fuel in an axial channel cell. The initial worth is zero since 
there is no fuel in the channel at t=O. The sum of these cell worths 
gives (11) ~ 

22) Total reactivity change (~k). This is simply the sum of (20) and 
(21) for each cell. 

23) Sodium temperature (K). This is the homogenized temperature of two­
phase sodium in a channel cell. The temperature of sodium printed 
out for interface cells in the channel fs only for the two-phase 
sodium in the partial cell and does not include the liquid sodium 
from the end of the sodium slug in the cell. 

24) Fission gas temperature (K). This is for the homogenized cell fis­
sion gas in the channel. 

25) Fuel temperature (K). This is the mass-weighted average of the tem­
perature of all the sections of particle groups lying within the 
channel cell. 

26) Total pressure (dynes/cm2). This is the sum of the fission gas, 
sodium vapor and fuel vapor partial pressures within a channel cell. 
The channel pressure in front of the ejection cells, however, may be 
influenced by the creation of an expanded cell in an initially 
unvoided channel (as explained in the text) since the sodium and 
fuel and fission gas partial pressures are averaged for the entire 
expanded cell. The interface cell pressure in the coolant channel 
is always interpolated between the cells on either side of it when 
the interface cell is not an ejection cell. The pressure in the 
single-phase sodium liquid slugs in the coolant channel is inter­
polated between the interaction zone and the ends of the slugs (which 
may be in the coolant channel or at the free surfaces). 

27) Density (gm/cm 3) of liquid sodium. This is the mass of sodium in the 
channel cell divided by the cell volume. The densities printed for 
the interface cells which are not ejection cells are the mass of 
liquid sodium in the part of the cell which is not part of the slug 
divided by the total cell volume (not ·the partial cell volume). 

. 28) 'Density (gm/ cm 3) of fiss.ion gas. This is .the 
the channel cell divided by the cell volume. 
face cells are as for liquid sodium (27). · 

mass of fission gas in 
The densities in inter-



56 

29) Density (gm/cm3 ) of fuel. This is the mass of all the sections of 
particle groups lying within the channel cell divided by the cell 
volume. The densities in interface cells are as for liquid sodium 
(27). 

30) Density (gm/cm3 ) of two-phase sodium plus fission gas. This is (27) 
plus (28) plus the density of sodium vapor in the channel cell. The 
sodium vapor density is computed from the two-phase sodium temperature 
and is not book-kept. 

31) Fuel velocity (em/sec). This is the mass weighted average of the 
velocities of the sections of particle group which lie within the 
range of one-half cell below the bottom of the channel cell to one­
half cell above the channel cell. 

32) Velocity (em/sec) for the mixture of two-phase sodium and fission gas. 
The velocity printed out for the cell is at the bottom edge of the cell. 

Note: 1) The two options which force an output edit after every pass 
(INTPOl and PTIME1/PTIME2) also will give diagnostic output assoicated 
with ejection and over-compaction, 2) the code incorporates a 20% of 
Courant limitation (on local velocity not sound speed) and the time step 
size is decreased accordingly when necessary. This applies to all pin and 
channel velocities, including the individual particle group velocities. 
Also, the results of a time step will be discarded and the calculation 
repeated using a smaller time step size if the channel cells become 
severely overcompacted or if the pin pressure changes by more than 25% in 
one time step. 
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5. SAMPLE PROBLEM 

The case chosen for the sample problem is for a mid-power-rated fuel pin 
which is experiencing burst failure conditions during a loss-of-flow transient. 
This situation~ as explained in the introduction, is an important accident 
scenario to consider because of its generic nature and because it demonstrates 
one common type of problem which.EPIC is intended to simulate. 

5.1 Description of Input for Sample Problem 

Figure 2 shows the cell structure and problem specifications at t=O. A 
description and explanation of the input follows. Refer to the description of 
the input variables in section 4.1 and to the listing of the sample problem 
input cards in this section~ 

The first two cards of card group 1 give a verbal description of the 
problem. 

Referring to Fig. 2 for card group 2 one sees that the bottom cell of the 
molten fuel cavity in the fuel pin, NPL, is 22; and the top cell, NPU, is 
31. The molten fuel cavity will be described later in the HFPRZ array which. 
stores the fraction of the heat of fusion satisfied for every r-z cell in the 
fuel pin. The lowest axial cell which is fully molten (HFPRZ=l.O) in at least 
one radial subcell is 22 and the highest which satisfies this criterion is 31. 
The lowest axial cell in the fuel mesh, NPLC, is 19; and the highesy, NPUC, is 
32, which means that the molten fuel cavity could grow axially at most one cell 
upwards and three downwards with melt-in. Also.there are 10 radial subcells 
specified in the r-z fuel mesh in the pin (NPRAD=lO). The 10 radial subcells 
in each axial cell are of equal volume. The lowest cell in the coolant channel 
mesh,NCL, is 1. The highest cell, NCU, is 50. This extends the mesh structure 
almost from the subassembly inlet to the outlet, with less than a cell length 
to the inlet and outlet at each end. MPPART is the number of fuel particles 
with radius RPART (later in input) which constitute a particle group upon 
ejection. That is, when the fuel ejection model determines that a certain mass 
of fuel is to be ejected'into the coolant channel, this mass is divided up into 
amounts equal to MPPART times the mass of one particle of radius RPART, with 
any remainder forming a separate group. Thus the purpose of MPPART is to 
provide a reasonable number of particle groups into which the ejected fuel is 
divided. MPPART should vary with the size of the particle and the product of 
MPPART and the mass of a single fuel particle should probably be in the range 
of 0.05 to 0.10 grams (in this case the product is about 0.1 grams). MAXPRT is 
the maximum number of fuel particle groups allowed in the coolant channel 
before recombination. The limit on this is 1000 but a maximum of the order of 

·soo to 1000 would be very expensive in computer time. A limit lower than 
100-200 would, on the other hand, mean a less detailed calculation of the fuel 
behavior in the channel. A compromise must be made by considering how much 
fuel will be in the channel and how long the interaction zone will be; the user 
must make this decision. The number 200 was chosen for the sample problem. 
NDIV is the number of axial subdivisions in each axial cell for the purpose of 
combining fuel particle groups in the coolant channel when the number of groups 
exceeds MAXPRT. When recombination occurs, the centroids of each of the 
particle groups which are located in each of the NDIV axial subdivisions of 
each axial cell are combined into a single particle group. If NDIV times the 
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VARIABLE 
NAME 

NCU 

NPUC 
NPU 

I FAIL 
IFAI L 

NPL 

N PLC 

NCL 

AXIAL 
CELL 
NUMBER 

50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 

( 2) 27 
( 1 ) 26 

25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
II 
.jQ 

9 
8 
7 
6 
5 
4 
3 
2 
I 

RADIAL 
CELL 
NUMBER FUEL PIN 

1 2 3 4 5 6 7 8 9 10 
NPRAO 

COOLANT 
CHANNEL r------, 

VARIABLE 
NAME 

HUPLEN 

AXIAL 
LOCATION 

366.850 
361.976 

FCIU2 293.060 

231.665 

FCIL2 194.740 

• ,} flz 
~-----~ HLPLEN 

130.312 

7.23953 
0.0 

-6.54 7 

Fig. 2. Schematic Showing the Sample Problem Specifications. 
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CARD INPUT 
SAMPLE PROBLEM FOR LOF-TOP CONDITIONS 00000010 
INITIALLY 2 FAILURE CELLS, PARTIALLY VOIDED CHANNEL, NORM. POWER AT 439 00000020 

22 31 19 32 10 1 50 100 200 10 00000030 
10 1 0 0 0 -1 -1 -1 -1 1 00000040 
8 1 0 00000050 
2 26 27 00000060 

7.23953 DO 0.5 DO -6.547 DO 366.85 DO 194.74 DO 293.06 D000000070 
0.00010 DO 0.0002 DO. 0.0002 DO 0.020 DO 0.040 DO 1.0 D000000080 

'1. 0 DO 0.05 DO 0.02 DO 1.0 DO 1.0 DO 1.0 D000000090 
1.0 DO 3070. DO 3536.8 DO 2. D10 2.75 D9 3.079 D500000100 
0.5032 . D7 0.350 D6 0.040 DO 0. DO .03 DO 1.0 0000000110 
7.0 D7 0.500 D-10 2.5 DS 6. D7 0.002 DO 0.00020 D000000120 
0.436 DO 0.436 DO 0.1875 DO -0.2 DO 0.316 DO -0.25 D000000130 
2.867 D6 1.676 D6 643.1 DO 1209.0 DO 0.2 DO 0.2 D000000140 
2.64 D9 7.4 DO 0.65 D7 1700.0 DO 1.0 D7 3.0 D700000150 
0.659 D6 0.4271 DO 00000160 
0.27168 DO 0.27168 DO 0.27168 DO 0.27168 DO 0.27168 DO 0.27168 D000000170 
0.27168 DO 0.27168 DO 0.27168 DO 0.27168 DO 0.27168 DO 0.27168 D000000180 
0.27168 DO 0.27168 DO 00000190 
2751. 2696. 2648. 2600. 2548. 2488. 00000200 
2410. 2291. 2053. 1663. 00000210 
3023. 2967. 2909. 2855. 2799. 2736. 00000220 
2657. 2541. 2318. 1843. 00000230 
3070. 3070. 3070. 3070. 3018. 2953. 00000240 
2874. 2762. 2557. 2074. 00000250 
3391. 3333. 3070. 3070. 3070. 3070. 00000260 
3070. 2967. 2754. 2276. 00000270 
3587. 3597. 3490. 3187. 3070. 3070. 00000280 
3070. 3070. 2896. 2459 .. 00000290 
3786. 3774. 3685. 3487. 3275. 3083. 00000300 
3070. 3070. 2993. 2551. 00000310 
~91. ~73. 3798. 3639. 3415. 3225. 00000320 
3070. 3070. 3061. 2626. 00000330 
3929. 3907. ~46. 3690. 3468·. 3277. 00000340 
3070. 3070. 3070. 2665. 00000350 
3879. 3871. 3810. 3658. 3431. 3235. 00000360 

(' • 3070. 3070. 3070 . 2656. 00000370 
3777. 3766. 3692. 3505. 3312. 3101. 00000380 
3070. 3070. 3026. 2616. 00000390 
3567. 3596. 3481. 3220. 3100. 3070. 00000400 
3070. 3070. 2947. 2555. 00000410 
3324. 3315. 3132. 3070. 3070. 3070. 00000420 
3070. 3000. 2826. 2422. 00000430 
3070. 3070. 3070. 3070. 3070. 3020. 00000440 
2950. 2857. 2672. 2240. 00000450 
3070. 3017. 2968. 2919. 2868. 2812. 00000460 
2744. 2646. 2462. 2032. . 00000.470 
0. 0. 0. 0. 0. 0. 00000480 
0. 0. 0. 0. 00000490 
0. 0. 0. 0 .. o. 0. 00000500 
0. 0. 0. 0. 00000510 
0.6356 ·o.4329 0.1934 0.0198 0. 0. 00000520 
0 •. 0. 0. 0. 00000530 
1. 1. 0.9582 0.6159 0.4014 0.2137 00000540 
0.0154 0. 0. 0. . 00000550 
1. 1. 1. 1. 0.9707 0.6508 00000560 
0.3744 0.0544 0. 0. 00000570 
1. 1 .. 1. 1. 1. 1. 00000580 
0.6715 0.2995 0. 0. 00000590 
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1. 1. 1. 1. 1. 1. 00000600 
0.8857 0.4744 0. 0. 00000610 
1. 1. 1. 1. 1. 1. 00000620 
0.9711 0.5490 0.0513 0. 00000630 
1. 1. 1. 1 . 1. 1. 00000640 
0.9048 0.4988 0.0162 0. 00000650 
1. 1. 1. 1. 1. 1. 00000660 
0. 7225 0.3473 0. 0. 00000670 
1. 1. 1. 1 . 1. 0.7295 . 00000680 
0.4412 0.1351 0. 0; 00000690 
1. 1. 1. 0.7294 0.5084 0.3038 00000700 
0.1005 0. 0. 0. 00000710 
1. 0.5110 0.3315 0.1822 0.0254 0. 00000720 
0. 0. 0. 0. 00000730 
0.0492 0. 0. 0. 0. 0. 00000740 
0. 0. 0. 0. 00000750 
1.328 1.331 1.335 1.339 1.343 1.348 00000760 
1.354 1.362 1.378 0.470 00000770 
1.300 1.305 1.312 1.318 1.323 1.328 00000780 
1.334 1.344 1.360 0.614 00000790 
1.231 1.243 1.274 1.297 1.306 1.311 00000800 
1.317 1.327 1.343 0.817 00000810 
0.438 1.437 1.474 1.523 1.394 1.273 00000820 
1.296 1.311 1.328 1.010 00000830 
0.179 1.409 1.420 1.457 1.461 1.485 00000840 
1.314 1.292 1.318 1.146 00000850 
0.094 1.390 1.398 1.420· 1.445 1.470 00000%0 
1.462 1.263 1.305 1.221 00000870 
0.062 1.379 1.3S6 1.403 1.428 1.449 00000880 

. 1.484 1.279 1.293 1.290 00000890 
0.046 1.376 1.381 1.398 1.422 1.443 00000900 
1.475 1.294 1.288 1.325 00000910 
0.056 1.379 1.385 1.401 1.426 . 1.448 00000920 
1.483 1.286 1'.291 1.295 00000930 
0.039 1.390 1.398 1.418 1.440 1.468 00000940 
1.448 1.273 1.302 1.235 00000950 
0.175 1.409 1.421 1.453. 1.453 1.441 00000960 
1.339 1.283 1.313 1.176 00000970 
0.466 1.426 1.433 1.474 1.433 1.262 00000930. 
1.287 1.310 1.325 1.049 00000990 
1. 116 1.373 1.259 1.279 1.298 1.308 00001000 
1.315 1.322 1.337 0.863 00001010 
1.295 1.309 1.313 1. 317 1.321 1.326 00001020 
1.331 1.339 1.354 0.625 00001030 
0.00228 0.00248 0.00248 0.00249 0.00249 0.00249 00001040 
0.00249 0.00250 0.00250 0.00252 00001050 
0.00143 0.00232 0.00255 0.00260 0.00261 0.00262 00001060 

. 0.00263 . 0.00264 0.00266 0.00268 00001070 
0. 0. 0.00219 0.00257 0.00259 0.00262 00001080 
0.00264 0.00266 0.00271 0.00277 00001090 
0.01439 0. 0. 0.00133 0.00252 0.00253 00001100 
0.00253 0.00255 0.00265 0.00281 00001110 
0.04369 0. 0. 0. 0.00154 0.00248 00001120 
0.00246 0.00244 0.00252 0.00276 00001130 
0. 08903 0. 0. 0. 0. 0. 00001140 
0. 00241 0.00234 0.00240 0.00270 00001150 
0.1408 0. 0. 0. 0. 0. 00001160 
0.00204 0.00228 0.00231 0.00263 00001170 
0.,-926 0. 0. 0. 0. 0. 00001180 
0.00179 0.00226 0.00226 0.00258 00001190 
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0.1567 0. 0. 0. 0. 0. 00001200 
0.00191 0.00224 0.00225 0.00258 00001210 
0.09472 o. 0. 0. 0. 0. 00001220 
0.00218 0.00225 0.00228 0.00259 00001230 
0.04491 0. 0. 0. 0. 0.00230 00001240 
0.00231 0.00229 0.00234 0.00260 00001250 
0.01367 o. 0. 0.00070 0.00227 0.00232 00001260 
0.00233 0.00234 0.00242 0.00263 00001270 
0.001967 0. 0.00131 0.00226 0.00231 0.00235 00001280 
0.00238 .0.00240 0.00246 0.00259 00001290 
0.00072 0.00223 0.00227 0.00230 0.00233 0.00234 00001300 
0.00236 0.00237 0.00240 0.00245 00001310 
0.2921 0.2921 0.2921 0.2921 0.2921 0.2921 00001320 
0.2921 0.2921 0.2921 0.2921 0.2921 0.2921 00001330 
0.2921 0.2921 0.2921 0.2921 0.2921 0.2921 00001340 
0.2921 0.2921 0.2921 0.2921 0.2921 . 0.2921 00001350 
0.2921 0.2921 0.2921 0.2921 0.2921 0.2921 00001360 
0.2921 0.2921 0.2921 0.2921 0.2921 0. 2921- 00001370 
0.2921 0.2921 0.2921 0.2921 0.2921 0.2921 00001380 
0.2921 0.2921 0.2921 . 0.2921 0.2921 0.2921 00001390 
0.2921 0.2921 00001400 
0.254 0.254 0.254 0.254 0.254 0.254 00001410 
0.254 0.254 0.254 0.254 0.254 0.254 00001420 
0.254 0.254 0.254 .0.254 0.254 0.254 00001430 
0.254 0.254 0.254 0.254 0.254 0.254 00001440 
0.254 0.254 0.254 0.254 0.254 0.254 00001450 .; 

0.254 0.254 0.254 0.254. 0.254 0.254 00001460 
0.254 0.254 0'.254 0.254 0.254 0.254. 00001470 
0.254 0.254 0.254 0.254 0.254 0.254.· 00001480 
0.254 0.254 00001490 
643. 643. 643. 643 •. 643. 643. 00001500 
6<'13. 643. 643. 643. 643. 643. 00001510 
662-'. 662. 687. 687. 715. 763. 00001520 
957. 1045. 1125. 1205. 1274. 1338. 00001530 
1389. 1430. 1457. 1456. 1456. 1449. 00001540 
1431. 1403. 1313. 1297. 1297. 1282. 00001550 
1282. 1253. 1253. 1253. 1229. 1082. 00001560 v 
1082. 1080. 1080. .1080. 1079. 1079. 00001570 
1079. 1078. 00001580 
0.0 0.0 0.0 0.0 0.0 0.0 00001590 
0.0 0.0 0.0 ·0. 0 0.0 0.0 00001600 
0.0 0.0 0.0 0.0 . 0.0 0.0 00001610 
0.0 0.0 0.0 0.0 0.0 0.0 00001620 
0.0. 0.0 0.0 0.0 0.0 0.0 00001630 
0.0 '0.0 0.0 0.0 0.0 0.0 00001640 
0.0 0.0 0.0 0.0 0.0 0.0 00001650 
0.0 0.0 0.0 0.0 0.0 0.0 00001660 
0.0 0.0 

644: 
00001670 

643. 643. 643. 644. 644. 00001680 
644. 647. 647. 647. 647. 659. 00001690 
659. 675. 675. 721. 775. 857. 00001700 
973. 1052. 1125. 1195. 1257. 1312. 00001710 
1356. 1389. 1407. 1432. 1430. 1424. 00001720 
1410. 1377.. 1315. 1297. 1287. 1278. 00001730 
1268. 1296: 1249. 1240. 1254. 1256. 00001740 
1230. 1230. 1230. 1216~ 1216. 1216. 00001750 
1209. . 120~. 00001760 
0. o. 0. 0. 0. 0. 00001770 

. 0. 0. 0 • 0. 0. 0. 00001780 
0. 0. 0. 0. 0. o .. 00001790 
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0. 0. 0. 0. 0. 0. 00001800 
0. 0. -.624 -.1094 -.1064 -.1098 00001810 
-.1129 -.1171 -.1234 -.1245 -.1245 -.1243 00001820 
-.1235 -.1919 -.1298 -.1268 -.4313 0. 00001830 
0. 0. 0. o.· 0. 0. 00001840 
0. 0. 00001850 
-498. -498. -498. -498. -498. -498. 00001860 
-498. -498. -498. -498. -498. -499. 00001870 
-500. -501. -502. -506. -513. -523. 00001880 
-539. -555. -563. -581. -594. -606. 00001890 
-616. -624. -624. -310. 0. 0. 00001900 
0. 0. 0. 0. 0. 0. 00001910 
0. 1291. 1291. 0. 338. 731. 00001920 
782. 778. 778. 776. 775. 775. 00001930 
774. 773. 773. 00001940 
0. 0. 0. 0. 0. 0. 00001950 
0. 0 .. 0. 0. 0. 2025. 00001960 
2025. 2025. 2506. 3995. 5052. 18484. 00001970 
50285. 58715. 66532. 73847. 78692. 81883. 00001980 
83337. 83034. 80993. 77266. 71960. 65265. 00001990 
57471. 48281. 7589. 2628. 2072. 1471. 00002000 
1427. 0. 0. 0. 0. 0. 00002010 
0. 0. 0. 0. 0. 0. 00002020 
0. 0. 00002030 



number of cells in the interaction zone is greater than 1000, NDIV is automati­
cal~y halved until the product is less than 1000. NDIV must therefore be 
appropriate for the number of cells anticipated in the interaction zone 
and for MAXPRT. In this case the number chosen was 10. 

The third card group begins with instructions for printing the output. 
INTPO is set to give print-outs at every 10 time steps. INTPOl is set so the 
option is ignored. IPRlO is 0 for no output on unit 10. IPLOT and IPCYCL are 
each 0 since no plot data is desi'red. IOPTl is -1, indicating that the geometry 
of the pin molten fuel cavity is calculated from the fully molten cells indicated 
in the data. A search is made over the r-z mesh in the fuel pin and, at each 
axial cell, the number of radial subcells which have fully satisfied the 
heat of fus~on is determined. This number of subcells divided by NPRAD is 
multiplied by the cross-sectional area of each axial cell to give the molten 
fuel area. A prototypical fast-reactor radial power profile which peaks in the 
center of the pin is assumed; there is no provision for other power shapes 
~hich may exist in certain experiments, e.g., those with 'thermal spectra. The 
otper option for IOPTl is simply to read in the molten fuel cavity areas for 
each axial cell. ;I:OPT2 is set to -i since the temperatures in each axial cell 
in the molten fuel cavity are computed from a mass-weighted average over the 
fulJy molten radial subcells and all the temperatures in the r-z mesh are 
prpvided. The othP.r option for IOPT2 is simply to read in the cavity cell 
temper~tures. IOPT3 is set to -1 since the mass of fuel in every r~z cell is 
specified. The smear density of each axial cell in the molten fuel cavity is 
tormed by summing the masses in each radial cell and dividing by the volume of 
the cavity cell. Another option for IOPT3 is to specify the radius of a 
central void space for each axial cell in the cavity. This specifies t:he total 
void in the axial cavity cell, and the rest of the volume in the cavity cell is 
assumed to be filled by fuel at the density specified in the input. This 
amount of fuel .is then spread over the whole cell volume to provide the smear 
de~sity for the cavity cell. The last option for IOPT3 is to read in one void 
fraction for all molten fuel cavity cells. The smear density for all cavity 
cells is then simply 1 minus the void fraction times the full density specified 
later. IOPT4 is set to -1 since the mass ratios of fission gas to fuel are 
specified for all r-z cells as well as the.fuel mass. The fission gas mass is 
merely summed over the fully molten radial subcells for each axial cell. 
Another option for IOPT4 is to read in fission gas to fuel mass ratios which 
are constant radially in the cavity for each axial cavity cell. These are 
merely multiplied by the smear densities calculated for the fuel to obtain the 
fiss~on gas smear densities for each axial cell. The last option for IOPT4 is 
to read in only one value for the fission gas to fuel mass ratio and use this 
as in the preceeding option but for all axial cells. IOPT5 is set to 1 since 
irradiated fuel is modeled and fuel vapor pressure is expected to play a less 
!mportant ro~e in fuel ejection. IOPT5 would have been set to 0 for fresh fuel 
or if fuel vapor pressure was expected to become important in the course of the 
calculation. For· example, a fuel pin could fail and expel fuel mainly on 
fission gas pressure and due to a power increase' or simply to a dissipation of 
fission gas pressure, fuel vapor pressure could become relatively more important 
after the initial part of the calculation. 
. I 

In card group 4, IOPT6 is set to 8 because the clad failure is intended to 
extend during the transient to axial cells which have at least 8 radial subcells 
fully molten (corresponding to a fuel melt fraction greater than 80% since 
NPRAD is 10 and since the remaining radial cells will be partially molten when 
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8 are fully molten). Another option for IOPT6 is to set it to -1 if a subroutine 
called RIPEXT is provided for determining the extension of the clad failure as 
a function of time. If IOPT6 is set to O, no extension is allowed. IOPT7 is 
set to 1 since saturation pressure conditions (according to coolant channel 
temperatures) are assumed in the coolant channel cells prior to pin failure. 
The other option is to set IOPT7 to O, and set all the coolant channel cell 
pressures in the input. IOPT8 is· set to 0 since no reactivity worths are read 
in. If IOPT8 and IOPT9 were non-zero, worths would be read in for fuel and 
sodium and a reactivity calculation would be done. The interpretation of the 
reactivities is up to the user. The worths may correspond to a single pin, a 
subassembly, several subassemblies, etc. The cells for which the worths are 
input are entirely arbitrary and can be any set of cells in the mesh. 

Card group 5 specifies the extent of the initial failure. IIFAIL specifies 
the number of failure cells. IFAIL is the array containing the failure cell 
numbers in increasing order. Note that the failure cells need not be contiguous 
and any cell may be a failure cell so long as the cell is part of the molten 
fuel cavity in the pin. 

DELZ, the Eulerian cell height, begins card group 6. DELZ was chosen for 
this case so that an integral number of cells will exactly span the length of 
the molten fuel cavity in the fuel pin. Also DELZ should not be too long 
because the detail of the calculation would be lost or too short because the 
calculation run time will become excessive unless the latter is not important. 
ZPART is the DPIC particle length expressed as a fraction of DELZ. ZPART may 
be any number from 0 to 0.9 (the value zero reduces it to a simple particle-in­
cell technique). It has been found in practice, however, that a value of about 
0.5 gives the best results in most cases. HLPLEN is the height of the lower 
free surface which would typically be the subassembly inlet, where the 0.0 
location is always set at the bottom of the channel mesh. Since the coolant 
channel mesh was chosen to reach almost from the subassembly inlet to the 
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outlet, the location of the inlet from the bottom of the mesh is less than a 
cell length and HLPLEN is -6.55 em. Likewise, the position of the upper free 
surface (which is typically the subassembly outlet), HUPLEN, is at 366.85 em, 
only about 5 em above the top of the coolant channel mesh at 361.98 em. The 
location of the lower slug interface, FCIL2, is at 194.74· in cell 27 as can be 
seen from Fig. 2. The location of the upper slug interface, FCIU2, is at 
293 .• 06 in cell 40. Th~ meaning of these interfaces is that above the upper 
interface and below the lower interface is single phase liquid at least until a 
two-phase region might intervene between the interface and the end of the 
channel. In this case there are no intervening two-phase regions and there is 
single-phase sodium from the upper interface to the subassembly outlet and from 
the subassembly inlet to the lower interface. In between the interfaces 
is a region of two-phase sodium which is treated with homogeneous flow. The 
liquid sodium in this region may originate from small slugs of liquid sodium, 
from sodium f-ilm (which is not treated at present in EPIC) or from liquid 
droplets suspended in the coolant channel; but whatever the original configu­
ration of the liq~id sodium may be in the two-phase region before the EPIC 
input is prepared, it is treated with homogeneous flow in EPIC and all the 
liquidrsodium in a cell is homogenized and treated in the same way. 

Card group 7 specifies the time step control. DELTl (in this case 0.0001 s) ~ 
is the time step from t=O to t=TIMEOl (in this case 0.02 s). DELT2 (in this ~ 

case 0.0002 s) is the time step between TIME02 and TIME03 (0.04 s and 1.0 s in 



this case). Between TIMEOl and TIME02, the time step is varied linearly from 
DELTl to DELT2. DELT3 (in this case 0.0002 s) is the time step after TIME04 
(next card group) and between TIME03 and TIME04, the time step is varied 
linearly from DELT2 to DELT3 (which are both the same in this case). These 
time step specifications are upper limits on the time step. The time step is 
set to these values by default but the time step calculated will be reduced 
according to the Courant condition (20% of local material velocities) ~nd 
according to the necessity to repeat time steps (for example, when overcompacted 
cells force this). 

In card group 8, after TIME04, the maximum problem time is specified 
(0.05 s in this case). EXTIME (0.02 s here) is the time into the transient 
af.ter which the semi-implicit differencing in time is dispensed with and 
replaced with a strictly explicit scheme (which is equivalent to completing 
only the first step of the two-step semi-implicit method). PTIMEl and PTIME2 
are used if'detailed printout (every time step and twice every time step if the 
differencing in time is semi-implicit) is desired for a particular part of the 
calculation. POINT is an alternative method of specifying the frequency of 
print-outs so that not only a number of time steps can be specified between 
print-outs but a time interval can be specified (this option as 'well as the 
previous detailed print-out option were not used in this calculation and the 
times were set outside the time limits of the problem). 

PLINT begins card group 9. This specifies a time interval such that at 
multiples of this interval (as well as at t=O) fuel density plot data for pin and 
channel will be included in the plot data written out. These data are to 
provide input for a plotting program to be run later (in this calculation the 
option isn't used). TMELT begins the specification of fuel material properties. 
No variation in temperature is allowed between the liquidus and the solidus. A · 
function (specified in Appendix B) determines the physical density used for 
molten fuel which is held constant t~roughout the calculation. Input for the 
function is a temperature which the user selects as a reasonable average ·value 
over the transient. This constant density is not only used in the fuel pin 
cavity but for all channel fuel as well, even when the channel fuel freezes. 
The heats of vaporization and fusion as well as a gas constant for fuel vapor 
(used when calculating fuel vapor densities) are also specified on card group 9. 

Card group 10 begins with the specific heat and thermal conductivity for 
liquid fuel (the latter is used in the FCI heat transfer). The fuel viscosity 
is used in the momentum equation in the pin cavity. The fuel vapor condensation 
coefficient is used in the coolant channel and must be understood as a lumped 
parameter. The value of this parameter can be varied over a very wide range 
given the uncertainty in characterizing the phenomenon. There is an automatic 
cutoff on fuel vapor condensation when the channel fuel temperature is below 
3800°K, approximately the atmospheric boiling point of fuel. Since fuel vapor 
condensation was not expected to play a large a role in this calculation, the 
coefficient was set to zero. RPART is the constant fragmented fuel particle 
radius used for the fuel-coolant heat transfer as well as the drag formulation 
for the fuel particles throughout the calculation. It should be considered as 
a lumped parameter. FFCI is an arbitrary multiplier on the fuel-coolant heat 
transfer so that the fuel-coolant heat transfer term can be varied abitrarily 
without varying anything else (for example, if RPART were varied instead both 
the heat transfer and drag would be affected). This term can model such 
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phenomena as convective and surface (i.e., contact and vapor blanketing) 
effects on heat transfer. 

The first thing specified on card group 11 is the heat transfer coefficient 
between cladding and liquid sodium. This is multified by the liquid volume 
fraction in the cell where it is used. The compressibility of liquid sodium 
and the speed of sound in liquid sodium, specified next, are constants throughout 
the calculation. The sodium vapor condensaton coefficient should be viewed as 
a lumped parameter like the fuel vapor condensation coefficient. The value 
used is derived from experimental data but may have significant uncertainty. 
The viscosity of sodium liquid is used in the drag formulation for the liquid 
slugs in the channel as well as for the effective viscosity of the two-phase 
sodium and fission gas mixture in the channel. On the average a number corres­
ponding to relatively high void fraction two-phase sodium is most appropriate 
here. 

The values of the hydraulic diameters of the lower and upper sodium slugs 
from the ends of the coolant mesh to the lower and upper free surfaces in the 
channel begin card group 12. RAF and RBF are the coefficient and exponent, 
respectively, of the Reynold's number appropriate for the single-phase sodium 
liquid slugs and the fuel/fission gas froth in the fuel pin cavity. RAM and 
RBM are for the homogeneous flow treatment of the two-phase sodium and fission 
gas mixture in the coolant channel. 

Card group 13 begins with the pressures of the lower and upper free 
surfaces (typically the subassembly inlet and outlet) which serve as boundary 
values for the momentum equations in the coolant channel. These pressures are 
held constant throughout the calculation and therefore some average value may 
be appropriate. For instance, the inlet pressure may change over the transient 
and the effective orifice resistance (~P) to lower slug expulsion may change 
with the variation in lower slug velocity. The temperatures of the. liquid 
sodium at the ends of the coolant channel mesh are specified next. Next the 
area ACLEND of the coolant channel between the lower end of the coolant mesh 
and the lower free surface (HLPLEN) and the area ACUENn'of the coolant channel 
between the upper end·of the coolant mesh and the upper free surface (HUPLEN) 
are specified. 

Card group 14 concerns the cladding, whose heat of fusion, density, 
specific heat and melting temperature are specified. Next the gap conductance 
is specified between, the fuel outer surface and the cladding inner surface. 
First a conductance is specified when the outermost radial subcell in the fuel 
is solid and secondly, the conductance is specified for the case when the 
molten fuel cavity has reached the cladding. 

Card group 15 requires two pieces of data: the gas constant used in the 
ideal gas treatment of fission gas pressure and the volume fraction of coolant 
which is used below in card group 30 to calculate coolant flow areas. 

Card group 16 specifies the fuel outer radius. RFOUT, in this case is the 
same for all axial cells. RFOUT determines the total fuel cross sectional area. 
The cross section is then divided into concentric annuli- of equal area to form 
NPRAD equal volume radial subcells. Note how the values are read in. There 
are 14 axial £uel cells from NPLC (19) to NPUC (32) and since there are 6 
values per card maximum, 3 cards are needed with 2 values on the last card. 



Card group 17 specifies the temperature of all the r-z c'ells when NPRAD > 0. 
In each axial cell which contains any fully molten radial subcells, the tempera­
ture of the axial cell in the molten fuel cavity is the mass-weighted ave.rage 
o~ the femperatures specified in the TfUPRZ array for the fully molten radial 
subcells (only if IOPT2 = -1 as it is in this case). If IOPT2 = O, the TFUPRZ 
values in the molteri fuel cavity cells are not used and the.radially homogenized 
molten fuel cavity cell temperatures are read in directly to the TFUP2 array 
below. Note how the TFUPRZ values are read in. Beginning with node NPLC (19)', 
NPRAD (10) values are read on as many cards (6 per card) as necessary (in this. 
case 2 cards per·axial cell with 6 ·on the first card and 4 on the second). 
After each group of NPRAD temperatures are read for an axial cell, the values 
for the next axial cell begin on the next card. Therefore the total number of 
cards in ttiis case needed to read in the TFUPRZ array is 14 x 2 28 cards 
(using the formula, (NPUC-NPLC+l)xi{NPRAD/6}, (32-19+l)xi{l0/6} = 14 x 2 = 28). 

Card group 18 specifies the heat of fusion array, HFPRZ, for the r-z mesh. 
These values are read like the TFUPRZ array and·only if NPRAD > 0. This array 
specifies the extent of the molten fuel cavity which is defined as the sum of 
ail r~z cells having fully satisfied the heat of fusion (HFPRZ = 1.0). Thus, 
in this case, axial cell 22 has 2 fully molten radial subcells, 23 has 4, to 
the last molten fuel cavity cell, 31, which has only 1 fully molten radial 
subcell. From inspection of the HFPRZ array, it can be seen that many add!~· 
tiona! subcel·ls have the potential of melting into the molten fuel cavity, thus 
extending the cavity radially as well as axj_aJ.ly. 

Card group 1·9 specifies the GMPN array which gives the mass of fuel in 
every r-z cell when NPRAD >·a. This group is ~ead like the previous 2 groups. 
If IOPT3 = -1, (as in this case), the fuel smear densities of the axial cells 

· in the molten fuel cavity are determined by summing. the masses in the fully 
molten radial subcells. r 

Card group 20 is read only if NPRAD > 0 and if IOPT4 = ~1, as they are .in 
this case. It is read like the previous 3 groups. FGFUF is the ratio of 
fission gas mass to fuel mass ~n every r-z cell in the fuel mesh. This is used 
to specify not only the amount of fission gas in the molten fuel cavity, but 
also the amount in each solid fuel cell which instantly becomes available for 
pressurization when the solid fuel /subcell melts into the cavity. The mass of 
fission gas in each r-z cell is the product of FGFUF and GMPN for each cell. 
In this case, it was not known at the time of pin failure how the fission gas 
in the molten fuel cavity was distributed·radially, but only that a certain 
amount of fission gas was located in a certain axial cell in the cavity. In 
each axial cell in the cavity therefore, a·ll the fission gas was put in the 
first radial subcell and the remaining radial subcells in the cavity have 
FGFUF = 0. Thus FGFUF can be used in this fashion to specify the amount of 
fission gas in the cavity as well as by a radial subcell by radial subcell 
specification. 

Card group 21 is not used in this case becaus~ IOPT2 = -1. If IOPT2 = 0, 
the TFUP2 array specifying the radially homogenized temperatures in each axial 
cell in the molten fuel cavity are read directly. 

Card,group 22 is not read in this case since IOPTl = -1 and the cross­
sectional area of each axial cell in the molten fuel cavity is computed from 
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the number of radial subcells in the cavity and RFOUT as explained above. Card 
group 22 would be read if IOPTl was O, in which case the calculation of cross­
sectional ~reas as with the IOPTl = -1 option would not be done and the cross­
sectional areas of each axial cell in the cavity would be read in directly. 
It would be up to the user, however, to make certain that these cross-sectional 
areas were compatable with the r-z mesh as computed from RFOUT in the case 
where NPRAD 1 ) 0. 

Card grou~ 23 is also not read since IOPT4 = -1. When IOPT4 = 1, one 
value of the ratio of fission gas mass to fuel mass is read and used for all 
r-z cells. 

Likewise, card group 24 is not read, but when IOPT4 = 0, the mass 
ratio is read such that each axial cell has its own mass ratio which is the 
same in each radial subcell at that axial level. 

Card group 25 is not read since IOPT3 = -1 and in the given case, the fuel 
smear density is calculated from the geometry of the r-z mesh and the sums of 
GMPN for each axial cell. If IOPT3 = 1, then a single void fraction is read· 
here such that the fuel smear density in all axial molten fuel cavity cells is 
simply the theoretical density of the fuel times one minus this void fraction. 

Card group 26 is also not read since IOPT3 = -1. If IOPT3 = O, then a 
radius of a region assumed to be void is read in for each axial cell in the 
molten fuel cavity. The rest of the axialrcell in the cavity is assumed to be 
full density fuel and the smear density is computed accordingly. 

Card group 27 specifies the outer cladding radius, RCL, for each axial 
cell in the coolant channel. These are used to calculate the coolant flow area 
(see card group 30). RCL is also used to compute the area of the clad wall 
available for condensation. 

Card group 28 specifies the cladding inner radius, RCIN, for each axial 
cell. RCIN is ?nly used to calculate the cladding volume and the surface area 
available for heat transfer between fuel and cladding. 

/ 

Card group 29 specifies the initial cladding temperature for each axial 
cell in the channel. 

Card group 30 specifies the coolant flow areas, AC2, for cells NCL to 
NCU. When the value of AC2 is positive, then it is the flow area which is 
specified. When the value of AC2 is 0.0 (as it is for all the cells in this 
case), then the coolant flow area for that cell is VFc•n•RCL•RCL/(1.0-VFC). 
When the value of AC2 is negative for a cell, then the'flow area is -AC2•n•RCL 
xRCL/(l.O+AC2) for that cell. RCL is the value for the cell being calculated, 
of course. 

Card group 31 specifies the sodium temperature in.every axial cell. In 
cells with no void fraction, it is the liquid sodium temperature. In cells 
with two-phase sodium, since saturation conditions are always assumed, the 
temperature specified is for the liquid and vapor •. 

Card group 32 specifies the void fraction in each coolant channel cell so 
that the liquid smear density is the theoretical density of liquid sodium at 
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the temperature specified for a cell times one minus the· void fraction specified. 
The vapor density is calculated from the void fraction at any given time 
during the calculation; an ideal gas formulation for the vapor pressure and 
saturation pressure conditions are assumed. As an alternative to specifying 
the void fraction for each axial cell, the· density itself may be specified by 
putting in the negative of the density. This may be done in any or all axial 
cells. In the given case, this latter option is used in the cells with 
two-phase sodium. In the single-phase cells, the zero values are interpreted 
as void fractions since they are non~negative •. It must be noted that in 
i~terface cells, the smear density of sodium is computed by dividing the mass 
of sodium in the two-phase portion of the cell only by the total volume of the 
cell, not by the partial cell volume. 

Card group 33 is not read since IOPT7 = 1. This option sets the 
pressure in each coolant channel cell equal to the saturation pressure corres­
ponding to the sodium temperature read in. If IOPT7 = 0, the pressure of each 
axial coolant channel cell will be read in. 

Card group 34 specifies the cell-edge velocities for the coolant channel 
cells. The value specified at cell I is for the bottom of cell I and therefore 
(NCU-NCL+2) values must be given, since the last value specified will be for 
the. top of c~ll NCU. 

Card group 35 specifies the axial power shape for the fuel in terms of 
watts per gram of ·fuel at each axial cell for the whole coolant channel. This 
is simply the steady-state value (with fuel in the original configuration) 
times whatever normalization factor is desired. Note that the power function 
built into the code provides a factor by which WPGM is multiplied at any given 
point during the transient. This factor should be taken into account in the 
initial specification of WPGM. In the case given here, a. normalization factor 
of 439 has been applied to the steady state values of watts per gram since 
this is the value of normalized power at pin failure. 

Card groups 36, 37 and 38 are not specified since no reactivity calculation 
is requested (IOPT8 = 0). The data specification is self-explanatory but it 
should be noted that the worths are to be interpreted by the user in terms of 
how many pins the worths represent. 

The function YFACF was programmed to model the no-slip condition between 
fission gas and fuel (YFAC = 1.0 and YFACl = 1.0). The function PHIT was 
programmed to give the following power function, (a normalized power level of 
439 times nominal power at t = 0 was assumed); a linear increase to 775 times 
nominal at 0.0016 sec; a linear decrease to ~.0 at 0.006 sec; and a further 
linear decrease to 0.1 at 0.05 sec, the maximum problem time. 

5.2 Description o~ Output of Sample Problem 

lj 
There is first a slmple listing of all card input. Next the input is 

displayed in edited form with a verbal description for each item. The first 
page of this edit gives the fixed point input including all options. The 
second page displays the floating point data, excluding arrays, including 
geometry data and material properties. Next, power, reactivity worths, etc., 
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SAMPLE PROBLEM FOR LOF-TOP CONDITIONS 
INITIALLY 2 FAILURE CELLS, PARTIALLY VOIDED CHANNEL, NORM. POWER AT 439 

NU~1BER OF LOWEST CELL IN FUEL MESH 19 
NUMBER OF LOWEST CELL IN PIN CAVITY 22 
NUMBER OF HIGHEST CELL IN PIN CAVITY 31 
NU~1BER OF HIGHEST CELL IN FUEL MESH 32 
NUMBER OF RADIAL CELLS IN FUEL PIN 10 
NU~BER OF LO~EST CELL IN COOLANT CHANNEL 1 
NUMBER OF HIGHEST CELL IN COOLANT CHANNEL 50 

MAXIMUM NUMBER OF PARTICLE GROUPS 200 
NUMBER OF FUEL PARTICLES PER PARTICLE GROUP 100 
NU~lBER OF CELL DIVISIONS FOR PARTICLE RECOMBINATION 10 

NUMBER OF TIME STEPS BETWEEN PRINT OUTS 10 
IF THIS NU~1BER IS ZERO, PRINT TWICE EVERY TH1E STEP 1 
IF THIS Nm13ER IS NONZERO, UNIT NU~1BER FOR PLOTTING 0 
NUMBER OF TIME STEPS BETWEEN PLOTTING DATA WRITEOUTS 0 
IF THIS NUMBER IS NONZERO, WRITE RESULTS ON UNIT 10 0 

IF THIS NUMBER IS 0, READ IN AREAS OF PIN CELLS 
IF -1,AREAS ARE CALCULATED FROM R-Z HES~ AS INPUT -1 

IF THIS NUMBER IS 0, READ IN PIN CELL TEMPERATURES 
IF -1, TEMPERATURES ARE CALCULATED FROM R-Z MESH -1 

IF -1, FUEL SHEAR DENSITY IN PIN CALCULATED FROM GHPN 
IF 0, READ RADIUS OF CENTRAL VOID IN PIN CELLS 
IF 1, USE ONE VOID FRACTION IN ALL PIN CELLS -1 

IF -1, FISSION GAS DENSITY CALCULATED FROM R-Z MESH 
IF Q, READ FISS. GAS MASS RATIO FOR ALL PIN CELLS 
IF 1, READ ONE NUMBER FOR ALL CELLS -1 

IF O, FUEL EJECTION DRIVEN MAINLY BY FUEL VAPOR 
IF 1, FUEL EJECTION DRIVEN MAINLY BY FISSION GAS 

IF O, READ IN ALL CHANNEL PRESSURES 
IF 1, CALCULATE CHANNEL PRESSURES FROM PSAT!TNAl 

IF O, NO CLIID RIP EXTENSION DURING TRANSIENT 
IF -1, USE PROGRAMMED SCHEME IN CODE 
IF NONZERO, NUMBER OF RADIAL CELL WHICH MUST BE FULLY 

HOLTEN TO FAIL CLAD AT ANY AXIAL CELL 8 

IF ZERO, NO REACTIVITY WORTHS ARE READ IN 
IF POSITIVE, NUMBER OF LOWER CELL FOR REACTIVITY MESH 0 

IF NONZERO, UPPER CELL FOR REACTIVITY MESH 0 
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EULERIAN CELL WIDTH ICMl 7.23953D 00 
COOLANT VOLUME FRACTION (CONSTANT) 4.27100D-01 
HEIGHT OF UPPER FREE SURFACE lctll 3. 66850D 02 

· HEIGHT OF LOWER FREE SURFACE. ICMl -6.54700D 00 
HEIGHT OF FCI ZONE - SLUG TOP INTERFACE ICMl 2.93060D 02! 
HEIGHT OF FCI ZONE-SLUS BOTTOM INTERFACEICMl 1.94740D 02: 

INITIAL TIME STEP ISE~l 1.00000D-04 
SECOND TIME STEP ISECl 2.00000D-04 
THIRD TIME STEP ISECl 2.00000D-04 
FIRST TIME STEP LIMIT ISECl 2.00000D-02 
SECOND TIME STEP LIMIT ISECl 4.00000D-02 
THIRD TIHE STEP LIMIT ISECl 1.00000D 00 
FOURTH TIME STEP LIMIT ISECl 1.00000D 00 
MAXIMUM PROBLEM TIME ISECl 5.00000D-02 
TIME TO SWITCH TO EXPLICIT DIFFERENCING ISECl 2.00000D-02 
TIME TO INITIATE FULL PRINTOUTS ISECl 1.00000D 00 
TIME TO END FULL PRINTOUTS ISECl 1.00000D 00 
TIME INTERVAL FOR PRINTOUTS, IF NONZERO I SEC l 1. OOOOOD 00~ 
TIME INTERVAL FOR FUEL DENSITY PLOTS ISECl 1.00000D· 00 

FUEL PARTICLE RADIUS ICMl 3.00000D-02 
MOL TEN FUEL DENSITY COMPUTED AT THIPERATURE ( K l 3. 53680D 03 
~IOL TEN FUEL DENSITY I GHS/CC l 8. 49997D 00 
HEAT OF FUSION FOR FUEL IERGS/GHl 2.75000D 09 
FUEL THERMAL CONDUCTIVITY IERGS/CM-SEC-Kl 3.50000D 0~ 
FUEL SPECIFIC HEAT !ERGS/GM-Kl 5.03200D 06 
FUEL MELTING TEMPERATURE IKl 3.070000 03 
HEAT OF VAPORIZATION FOR FUEL !ERGS/GHl 2.00000D 10 
GAS CONSTANT. FOR FUEL VAPOR IERGS/GM-Kl 3.07900D 05 
ABSOLUTE FUEL VISCOSITY IGMS/SEC-CHl 4.00000D-02 

SODIUM CmiPRESSIBILITY I CM**2/DYNE l 5. OOOOOD-11 
SPEED OF SOUND IN SODIUM LIQUID ICM/SECl 2.50000D 05 
ABSOLUTE VISCOSITY OF LIQUID SODIUM IGM/SEC-CMl 2.00000D~O~ 

COEFFICIENT OF REYNOLDS NUMBER IN SODIUM LIQUID AND PIN CAVITY 1.87500D-01 
EXPONENT OF REYtmLDS tMIBER IN SODIUM LIQUID AND IN PIN CAVITY -2. OOOOOD.-0'1 
COEFFICIENT OF REYNOLDS NU~1BER FOR· 2-PHASE SODIUM 3.16000D-01 
EXPONENT OF REYNOLDS NUMBER FOR 2-PHASE SODIUM -2.50000D-01 

MULTIPLICATIVE FACTOR ON FCI HEAT TRANSFER 1.00000D 00 
SODIUM VAPOR CONDENSATION COEFFICIENT I ERGS/K-SEC-C~1**2l 6. OOOOOD 07 
SODIUM LIQUID HEAT TRANSFER COEFFICIENT IERGS/~-SEC-CM**2l 7.00000D 07 

PRESSURE IN LOWER PLENUM IDYNES/CH**2l 2.86700D 06 
PRESSURE IN UPPER PLENUM IDYNES/CH**2l 1.67600D 06 
TEMPERATURE BELOW COOLANT MESH IKl 6.43100D 02 
TEMPERATURE ABOVE COOLANT MESH IKl 1.20900D 03 
HYDRAULIC DIAMETER BELOW COOLANT MESH ICMl 4.36000D-01 
HYDRAULIC DIAMETER ABOVE COOLANT MESH ICMl 4.36000D-01 
FLOW AREA BELOW COOLANT MESH ICM**2l 2.00000D-01 
FLOW AREA ABOVE COOLANT MESH ICM**2l 2.00000D-01 

HEAT OF FUSION FOR CLADDING IERGS/GHl 2.64000D 09 
CLADDING DENSITY IGH/CCl 7.40000D 00 
CLADDING SPECIFIC HEAT IERGS/GM-Kl 6.50000D 06 
CLADDING MELTING TEMPERATURE IKl 1.70000D 03 
GAP CONDUCTANCE FROM SOLID FUEL IERGS/K-SEC-CM**2l 1.000000 07 
GAP CONDUCTANCE FROM MOLTEN FUEL IERGS/K-SEC-CM**2l 3.000000 07 
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GAS CONSTANT FOR FISSION GAS (ERGS/GH-Kl 6.590000 05 
LENGTH OF DPIC PARTICLE GROUP (CHJ . 3.619770 00 

.ABSOLUTE VISCOSITY FCR 2-PHASE SOOIUH/FISSION GAS (GH/SEC-CH 
FUEL VAPOR CONDENSATION COEFFICIENT(ERGS/K•SEC-CH**2l 0.0 

2.000000-0.4 



AXIAL CELL NODAL POWER STEADY STATE COOLANT WORTH FUEL WORTH · INITIAL CHAN. OUTER RADIUS INNER RADIUS NODAL AREA 
.W/GH FUEL NA TEMP. (KI DI<IKG* 1 0**5 DK/KGJE10**5 VOID FRACTION OF CLADDING OF CLADDING IN CHANNEL 

50 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
49 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.998310-01 
48 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
47 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
46 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
45 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
44 o:o 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1. 99831D.-0 1 
43 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
42 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
41 0.0 0.0 0.0 0.0 3.91976D-01 2.92100D-01 2.54000D-01 1.99831D-01 
40 0.0 0.0 0.0 0.0 8.21978D-01 2.92100D-01 2.54000D-01 1.99831D-01 
39 ·o.o 0.0 0.0 0.0 8.17284D-01 2.92100D-01 2.54000D-01 1. 998310-01 
38 0.0 0.0 0.0 0.0 7.26054D-01 2.92100D-01 2.54000D-01 1.998310-01 
37 1.42700D 03 0.0 0.0 0.0 8.25172D-01 2.92100D-01 2.54000D-01 1.99831D-01 
36 1.47100D 03 0.0 0.0 0.0 8.23514D-01 2.92100D-01 2.54000D-01 1. 99831D-0 1 
35 2.07200D 03 0.0 0.0 0.0 8.22752D-01 2.92100D-01 2.54000D-01 1.99831D-01 
34 2. 62800D 03 . 0.0 0.0 0.0 8.22217D-01 2.92100D-01 2.54000D-01 1.99831D-01 
33 7.58900D 03 0.0 0.0 0.0 8.22820D-01 2.92100D-01 2.54000D-01 1.99831D-01 
32 4.82810D 04 0.0 0.0 0.0 8.285S5D-01 2.92100D-01 2.54000D-01 1.99831D-01 
31 5.74710D 04 0.0 0.0 0.0 8.32974D-01 2.92100D-01 2.54000D-01 1.99831D-01 
30 6.52650D 04 0.0 O.il 0.0 8. 368 17D-0 1 2.92100D-01 2.54000D-01 1.99831D-01 
29 7 .19600D 04 0.0 0.0 0.0 8.41559D-01 2.92100D-01 2.54000D-01 1.998310-01 
28 7.72660D 04 0.0 0.0 0.0 8.36984D-01 2.92100D-01 2.54000D-01 1':99831D-0 1 
27 8.09930D 04 0.0 0.0 0.0 . 7.77391D-02 2.92100D-01 2.54000D-01 1.99831D-01 
26 8.30340D 04 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
25 8.33370D 04 .0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
24 8. 18830D 04 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
23 7.86920D 04 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1'. 99831D-0 1 
22 --...7 .3S470D ,04 0.0 0.0 0.0 0.0 2.92100D-01 2.540000-01 1.99831D-01 
21 6.65320D 04 0.0 0.0 0.0 0.0 2.921000-01 2.540000-01 1.99831D-01 
20 5.87150D 04 0.0 0.0 0.0 0.0 2.92100D-01 2.540000-01 1. 998310-01 
19 5.028500 04 0.0 0.0 0.0 0.0 2.92100D-01 2.540000-01 1. 998310-01 
18 1.84840D 04 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
17 5.052000 03 0.0 0.0 0.0 0.0 2.921000-01 2.54000D""01 1.99831D-01 
16 3.995000 03 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.998310-01 
15 2.50600D 03 0.0 0.0 0.0 0.0 2.921000-01 2.54000D-01 1. 99831D-0 1 
14 2.02500D 03 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
13 2.02500D 03 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
12 2.02500D 03 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
11 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.540000-01 1.998310-01 
10 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1. 998310-01 
9 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
8 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.998310-01 
7 0.0 0.0 .0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
6· 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.998310-01 
5 0.0 0.0 0.0 0.0 0.0 2.921000-01 2.54000D-01 1.99831D-01 
4 0.0 0.0 0.0 0.0 0.0 2.921000-01 2.54000D-01 1. 998310-01 
3 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.998310-01 
2 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.99831D-01 
1 0.0 0.0 0.0 0.0 0.0 2.92100D-01 2.54000D-01 1.998310-01 

-..J 
w 



FUEL MESH 

RADIAL CELL 2 3 4 5 6 7 8 9 10 

AXIAL CELL 32 OUTERMOST RADIAL CELL THAT IS FULLY MOLTEN 0 FUEL OUTER RADIUS !CMl 2.71680D-01 

OUTER RADIUS 8.59128D-02 1.21499D-01 1.48805D-01 1.71826D-01 1.92107D-01 2.10442D-01 2.27304D-01 2.42998D-01 2.57738D-01 2.71680D-01 
TOTAL AREA 2.31881D-02 4.63762D-02 6.95643D-02 9.27524D-02 1.15941D-01 1.39129D-01 1.62317D-01 1.85505D-01 2.08693D-01 2.31881D-01 
TEMPERATURE 3.070000 03 3.017000 03 2.96800D 03 2.919000 03 2.868000 03 2.812000 03 2.744000 03 2.64600D 03 2.46200D 03 2.03200D 03 
MELT FRACT. 4.920000-02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
MASS . 1.295000 00 1.30900D 00 1.31300D 00 1.31700D 00 1.32100D 00 1.32600D 00 1.33100D 00 1.339000 00 1.35400D 00 6.250000-01 
F.G.MASS RAT 7.200000-04 2.230000-03 2.27000D-03 2.30000D-03 2.33000D-03 2.34000D-03 2.36000D-03 2.37000D-03 2.40000D-03 2.45000D-03 

AXIAL CELL 31 OUTERMOST RADIAL CELL THAT IS FULLY HOLTEN 1 FUEL OUTER RADIUS (CMl 2.71680D-01 

OUTER RADIUS 8.59128D-02 1.21499D-01 1.48805D-01 1.71826D-01 1.92107D~01 2.10442D-01 2.27304D-01 2.42998D-01 2.57738D-01 2.716800-01 
TOTAL AREA 2.31881D-02 4.637620-02 6.95643D-02 9.27524D-02 1.15941D-01 1.39129D-01 1.62317D-01 1.85505D-01 2.08693D-01 2.31881D-01 
TEMPERATURE 3.07000D 03 3.070000 03 3.07000D 03 3.070000 03 3.070000 03 3.020000 03 2.95000D 03 2.85700D 03 2.672000 03 2.24000D 03 
MELT FRACT. 1.00000D 00 5.11000D-01 3.31500D-01 1.82200D-01 2.54000D-02 0.0 0.0 0.0 0.0 0.0. 
MASS 1.11600D 00 1.37300D 00 1.259000 00 1.27900D 00 1.29800D 00 1.30800D 00 1.31500D 00 1.32200D 00 1.337000 00 8.63000D-01 
F.G.MASS RAT 1.96700D-03 0.0 1.310000-03 2.26000D-03 2.31000D-03 2.350000-03 2.38000D-03 2.400000-03 2.46000D-03 2.59000D-03 

AXIAL CELL 30 OUTERMOST RADIAL CELL THAT IS FULLY MOLTEN 3 FUEL OUTER RADIUS !CMl 2.71680D-01 

OUTER RADIUS 8.591280-02 1.21499D-01 1.48805D-01 1.71826D-01 1 .. 92107D-01 2.10442D-01 2.27304D-01 2.42998D-01 2.57738D-01 2.71680D-01 
TOTAL AREA 2.318810-02 4.637620-02 6.95643D-02 9.27524D-02 1.15941D-01 ~.391290-01 1.62317D-01 1.85505D-01 2.08693D-01 2.318810-01 
TEMPERATURE. 3.324000 03 3.315000 03 3.13200D 03 3.070000 03 3.070000 03 3.07000D 03 3.070000 03 3;000000 03 2.826000 03 2.422000 03 
MELT FRACT. 1.000000 00 1.000000 00 1.00000D 00 7.29400D-01 5.084000-01 3.03800D-01 1.00500D-01 0.0 0.0 0.0 
MASS 4.66000D-01 1.426000 00 1.43300D 00 1.474000 00 1.43300D 00 1.262000 00 1.28700D 00 1.31000D 00 1.32500D 00 1.04900D 00 
F.G.MASS RAT 1.367000-02 0.0 0.0 7.00000D-04 2.27000D-03 2.32000D-03 2.33000D-03 2.340000-03 2.420000-03 2.63000D-03 

AXIAL CELL 29 OUTERMOST RADIAL CELL THAT IS FULLY MOLTEN 5 FUEL OUTER RADIUS !CHl 2.71680D-01 

OUTER RADIUS 8.591280-02 1.21499D-01 1.488050-01 1.71826D-01 1.921070-01 2.10442D-01 2.27304D-01 2.42998D-01 2.577380-01 2.71680D-01 
TOTAL AREA 2.318810-02 4.63762D-02 6.95643D-02 9.27524D-02 1.15941D-01 1.39129D-01 1.62317D-01 1.85505D-01 2.086930-01 2.318810-01 
TEMPERATURE 3.567000 03 3.596000 03 3.481000 03 3.22000D 03 3.10000D 03 3.07000D 03 3.07000D 03 3.070000 03 2.94700D 03 2.555000 03 
MELT FRACT. 1.000000 00 1.000000 00 1.000000 00 1.00000D 00 1.00000D 00 7.29500D-01 4.412000-01 1.351000-01 0.0 0.0 
MASS 1.750000~01 1.409000 00 1.42100D 00 1.45300D 00 1.453000 00 1.44100D 00 1.33900D 00 1.283000 00 1.31300D 00 1.17600D 00 
F.G.MASS RAT 4.491000-02 0.0 0.0 0.0 0.0 2.30000D-03 2.31000D-03 2.29000D-03 2.340000-03 2.60000D-03 

AXIAL CELL 28 OUTERMOST RADIAL CELL THAT IS FULLY MOLTEN 6 FUEL OUTER RADIUS !CHl 2.71680D-01 
\ 

OUTER RADIUS 8.591280-02 1.21499D-01 1.488050-01 1.718260-01 1.921070-01 2.10442D-01 2.27304D-01 2.42998D-01 2.57738D-01 2.71680D-01 
TOTAL AREA 2.318810-02 4.63762D-02 6.956430-02 9.27524D-02 1.159410-01 1.39129D-01 1.62317D-01 1.85505D-01 2.086930-01 2.31881D-01 
TEMPERATURE 3.77700D 03 3.766000 03 3.69200D 03 3.50500D 03 3.31200D 03 3.10100D 03 3.07000D 03 3.070000 03 3.026000 03 2.61600D 03 
MELT FRACT. 1.00000D 00 1.000000 00 1.00000D 00 1.00000D 00 1.00000D 00 1.00000D 00 7.22500D-01 3.473000-01 0.0 0.0 
MASS 8.90000D-02 1.390000 00 1.39800D 00 1.418000 00 1.440000 00 1.46800D 00 1.448000 00 1.27300D 00 1:30200D 00 1.235000 00 
F.G.HASS RAT 9.472000-02 0.0 0.0 0.0 0.0 0.0 2.18000D-03 2.250000-03 2.28000D-03 2.59000D-03 

AXIAL CELL 27 OUTERMOST RADIAL CELL THAT IS FULLY MOLTEN 6 FUEL OUTER RADIUS !CMl 2.71680D-01 

OUTER RADIUS 8.59128D-02 1.214990-01 1.488050-01 1.718260-01 1.921070-01 2.104420-01 2.273040-01 2.429980-01 2.577380-01 2.716800-01 
TOTAL AREA 2.318810-02 4.637620-02 6.956430-02 9.27524D-02 1.159410-01 1.391290-01 1.6231/D-01 1.855050-01 2.086930-01 2.318810-01 
TEMPERATURE 3.879000 03 3.871000 03 3.810000 03 3.658000 03 3.431000 03 3.235000 03 3.070000 03 3.070000 03 3.070000 03 2.656000 03 
MELT FRACT. 1.000000 00 1.00000D 00 1.000000 00 1.00000D 00 1.00000D 00 1.00000D 00 9.04800D-01 4.98800D-01 1.62000D-02 0.0 
MASS 5.60000D-02 1.37900D 00 1.38500D 00 1.401000 00 1.42600D 00 1.44800D 00 1.48300D 00 1.28600D 00 1.29100D 00 1.295000 00 
F.G.HASS RAT 1.56700D-01 0.0 0.0 0.0 0.0 0.0 1.91000D-03 2.24000D-03 2.250000-03 2.58000D-03 

AXIAL CELL 26 OUTERMOST RADIAL CELL THAT IS FULLY HOLTEN 6 FUEL OUTER RADIUS !CHl 2.71680D-01 



OUTER RADIUS 8.59128D-02 1.21499D-01 1.48805D-01 1.71826D-01 1.92107D-01 2.10442D-01 2.27304D-01 2.42998D-01 2.57738D-01 2.71680D-01 
TOTAL AREA 2.31881D-02 4.63762D-02 6.95643D-02 9.27524D-02 1.15941D-01 1.39129D-01 1.62317D-01 1.85505D-01 2.08693D-01 2.31881D-01 
TEMPERATURE 3.92900D 03 3.90700D 03 3.84600D 03 3.69000D 03 3.468000 03 3.277000 03 3.07000D 03 3.07000D 03 3.07000D 03 2.66500D 03 
MELT FRACT. 1.00000D 00 1.00000D 00 1.00000D 00 1.000000 00 1.00000D 00 1.00000D 00 9.71100D-01 5.49000D-01 5.13000D-02 0.0 
MASS 4.60000D-02 1.37600D 00 1.38100D 00 1.39800D 00 1.42200D 00 1.44300D 00 1.47500D 00 1.29400D 00 1.2B800D 00 1.32500D 00 
F.G.MASS RAT 1.92600D-01 0.0 0.0 0.0 0.0 0.0 1.790000-03 2.26000D-03 2.26000D-03 2.58000D-03 

AXIAL CELL 25 OUTERMOST RADIAL CELL THAT IS FULLY HOLTEN 6 FUEL OUTER RADIUS (C~Il 2.71680D-01 

OUTER RADIUS 8.59128D-02 1.21499D-01 1.48805D-01 1.71826D-01 1.92107D-01 2.10442D-01 2.27304D-01 2.42998D-01 2.57738D-01 2.716800-01 
TOTAL AREA 2.318810-02 4.63762D-02 6.956430-02 9.27524D-02 1.159410-01 1.39129D-01 1.62317D-01 1.85505D-01 2.08693D-01 2.318810-01 
TEMPERATURE 3.89100D 03 3.87300D 03 3.798000 03 3.63900D 03 3.41500D 03 3.22500D 03 3.07000D 03 3.07000D 03 3.06100D 03 2.626000 03 
MELT FRACT. 1.000000 00 1.00000D 00 1.00000D 00 1.00000D 00 1.00000D 00 1.00000D 00 8.85700D-01 4.74400D-01 0.0 0.0 
MASS 6.200000-02 1.379000 00 1.336000 00 1.403000 00 1.42800D 00 1.44900D 00 1.48400D 00 1.2790GD 00 1.293000 00 1.29000D 00 
F.G.MASS RAT 1.408000-01 0.0 0.0 0.0 0.0 0.0 2.04000D-03 2.28000D-03 2.310000-03 2.630000-03 

AXIAL CELL 24 OUTERMOST RADIAL CELL THAT IS FULLY HOLTEN 6 FUEL OUTER RADIUS !CMl 2.716800-01 

OUTER RADIUS 8.59128D-02 1.21499D-01 1.48805D-01 1.71826D-01 1.92107D-01 2.10442D-01 2.27304D-01 2.42998D-01 2.57738D-01 2.716800-01 
TOTAL AREA 2.318810-02 4.637620-02 6.95643D-02 9.27524D-02 1.159410-01 1.39129D-01 1.62317D-01 1.85505D-01 2.08693D-01 2.31881D-01 
TEMPERATURE 3.786000 03 3.774000 03 3.68500D 03 3.487000 03 3.275000 03 3.08300D 03 3.070000 03 3.07000D 03 2.99300D 03 2.551000 03 
MELT FRACT. 1.000000 00 1.000000 00 1.000000 00 1.000000 00 1.00000D 00 1.00000D 00 6.71500D-01 2.99500D-01 0.0 0.0 
MASS 9.400000-02 1.390000 00 1.398000 00 1.420000 00 1.445000 00 1.470000 00 1.46200D 00 1.26300D 00 1.30500D 00 1.221000 00 
F.G.HASS RAT 8.90300D-02 0.0 0.0 0.0 0.0 0.0 2.410000-03 2.34000D-03 2.400000-03 2.700000-03 

AXIAL CELL 23 OUTERMOST RADIAL CELL THAT IS FULLY MOLTEN 4 FUEL OUTER RADIUS !CMl 2.71680D-01 

OUTER RADIUS 8.591280-02 1.21499D-01 1.48805D-01 1.71826D-01 1.921C7D-01 2.104420-01 2.27304D-01 2.42998D-01 2.57738D-01 2.716800-01 
TOTAL AREA 2.31881D-02 4.637620-02 6.956430-02 9.27524D-02 1.15941D-01 1.39129D-01 1.623170-01 1.85505D-01 2.086930-01 2.31881D-01 
TENPERATURE 3.58700D 03 3.597000 03 3.490000 03 3.187000 03 3.07000D 03 3.07000D 03 3.070000 03 3.07000D 03 2.89600D 03 2.45900D 03 
MELT FRACT. 1.00000D 00 1.000000 00 1.00000D 00 1.000000 00 9.70700D-01 6.508000-01 3.74400D-01 5.440000-02 0.0 0.0 
MASS 1.790000-01 1.409000 00 1.420COD 00 1.457000 00 1.46100D 00 1.485000 00 1.31400D 00 1.29200D 00 1.31800D 00 1.14600D 00 
F.G.MASS RAT 4.369000-02 0.0 0.0 0.0 1.540000-03 2.48000D-03 2.46000D-03 2.44000D-03 2.52000D-03 2.76000D-03 

AXIAL CELL 22 OUTERMOST RADIAL CELL THAT IS FULLY HOLTEN 2 FUEL OUTER RADillq (CHl 2.71680D-01 

OUTER RADIUS 8.59128D-02 1.21499D-01 1.48805D-01 1.71826D-01 1.921070-01 2.10442D-01 2.27304D-01 2.42998D-01 2.57738D-01 2.71680D-01 
TOTAL AREA 2.31881D-02 4.637620-02 6.95643D-02 9.275240-02 1.159410-01 1.391290-01 1.62317D-01 1.855050-01 2.08693D-01 2.318810-01 
TEMPERATURE 3.39100D 03 3.333000 03 3.07000D 03 3.070000 03 3.070000 03 3.070000 03 3.070000 03 2.96700D 03 2.75400D 03 2.27600D 03 
MELT FRACT. 1.00000D 00 1.00000D 00 9.582000-01 6.159000-01 4.014000-01 2.137000-01 1.540000-02 0.0 0.0 0.0 
MASS 4.380000-01 1.437000 00 1.47400D 00 1.523000 00 1.39400D 00 1.273000 00 1.296000 00 1.31100D 00 1.32800D 00 1.01000D 00 
F.G.HASS RAT 1.439000-02 0.0 0.0 1.33000D-03 2.52000D-03 2.530000-03 2.53000D-03 2.550000-03 2.65000D-03 2.81000D-03 

AXIAL CELL 21 OUTERMOST RADIAL CELL THAT IS FULLY HOLTEN 0 FUEL OUTER RADIUS !CHl 2.71680D-01 

OUTER RADIUS 8.59128D-02 1.214990-01 1.488050-01 1.71826D-01 1.921070-01 2.10442D-01 2.27304D-01 2.42998D-01 2.577380-01 2.71680D-01 
TOTAL AREA 2.31881D-02 4.637620-02 6.95643D-02 9.27524D-02 1.159410-01 1.39129D-01 1.62317D-01 1.85505D-01 2.08693D-01 2.318810-01 
TEMPERATURE 3.07000D 03 3.07000D 03 3.07000D 03 3.07000D 03 3.01800D 03 2.953000 03 2.87400D 03 2.76200D 03 2.55700D 03 2.07400D 03 
MELT FRACT. 6.35600D-01 4.32900D-01 1.93400D-01 1.98000D-02 0.0 0.0 0.0 0.0 . 0.0 0.0 
MASS 1.23100D OQ 1.24300D 00 1.27400D 00 1.29700D 00 1.30600D 00 1.311000 00 1.31700D 00 1.32700D 00 1.34300D 00 8.17000D-01 
F.G.MASS RAT 0.0 0.0 2.19000D-03 2.57000D-03 2.590000-03 2.62000D-03 2.64000D-03 2.660000-03 2.71000D-03 2.77000D-03 



AXIAL CELL 20 OUTERMOST RADIAL CELL THAT IS FULLY HOLTEN 0 FUEL OUTER RADIUS (CHI 2.71680D-01 

OUTER RADIUS 8.59128D-02 1.21499D-01 1.48805D-01 1.71826D-01 1.92107D-01 2.10442D-01 2.27304D-01 2.42998D-01 2.57738D-01 2.71680D-01 
TOTAL AREA 2.31881D-02 4.63762D-02.6.95643D-02 9.27524D-02 1.15941D-01 1.39129D-01 1.62317D-01 1.85505D-01 2.08693D-01 2.31881D-01 
TEMPERATURE 3.02300D 03 2.96700D 03 2.90900D 03 2.85500D 03 2.79900D 03 2.73600D 03 2.65700D 03 2.54100D 03 2.31800D 03 1.843000 03 
MELT FRACT. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 · 0.0 0.0 
MASS 1.30000D 00 1.30500D·OO 1.31200D 00 1.31800D 00 1.32300D 00 1.32800D 00 1.33400D 00 1.34400D 00 1.36000D 00 6.14000D-01 
F.G.HASS RAT 1.43000D-03 2.320000-03 2.55000D-03 2.60000D-03 2.61000D-03 2.62000D-03 2.63000D-03 2.64000D-03 2.66000D-03 2.680000-03 

,AXIAL CELL 19 OUTERMOST RADIAL CELL THAT IS FULLY HOLTEN 0 FUEL OUTER RADIUS (CHI 2.71680D-01 

OUTER RADIUS 8.59128D-02 1.21499D-01 1.48805D-01 1.71826D-01 1.92107D-01 2.10442D-01 2.27304D-01 2.42998D-01 2.57738D-01 2.71680D-01 
TOTAL AREA 2.31881D-02 4.63762D-02 6.95643D-02 9.27524D-02 1.15941D-01 1.391290-01 1.62317D-01 1.85505D-01 2.08693D-01 2.31881D-01 
TEMPERATURE 2.751000 03 2.696000 03 2.648000 03 2.600000 03 2.548000 03 2.488000 03 2.410000 03 2.291000 03 2.05300D 03 1.66300D 03 
MELT FRACT. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 
MASS 1.32800D 00 1.331000 00 1.33500D 00 1.33900D 00 1.34300D 00 1.348000 00 1.35400D 00 1.36200D 00 1.37800D 00 4.700000-01 
F.G.HASS R~T 2.280000-03 2.480000-03 2.480000-03 2.490000-03 2.490000-03 2.490000-03 2.490000-03 2.500000-03 2.500000-03 2.52000D-03 



SAHPLE PROBLEM FOR LOF-TOP CONDITIONS 
INITIALLY 2 FAILURE CELLS, PARTIALLY VOIDED CHANNEL, NORM. POWER AT 439 

TIME= 0.0 DELT= 1.0000D-04 
FCI BOUNDARIES IN CELLS 26 AND 41 
9.2111D-01 GRAMS FUEL IN 10 GROUPS 

REACTIVITY CHANGES-- SODIUM= 0.0 

*** FUEL PIN QUANTITIES *** 

NORMALIZED POWER= 1.0000D 00 
FCIL= 1.8135D 02 FCIU= 2.9306D 02 
XHIN= 1.8135D 02 XHAX= 1.9511D 02 
TOTAL FUEL= 0.0 · . TOTAL= 0.0 

HIGHEST FAILURE CELL IS 27 
LOWEST FAILURE CELL IS 26 
PIN FUEL= 0.0 CHANNEL FUEL= 0.0 

*** REACTIVITIES *** 
POSITION FUEL CAVITY FUEL FIS.GAS CAVITY FUEL+FGAS CLAD PIN FUEL CHAN FUEL TOTL FUEL 

OF CELL TEMPRTURE PRESSURE DENSITY DENSITY AREA VELOCITY TEMPRTURE REACTIVTY REACTIVTY REACTIVTY 
J BOTTOM TFUP PF ROFUP ROGFP AF UF TCL CHANGE CHANGE CHANGE 

so 3.547D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.078D 03 0.0 0.0 0.0 
49 3.4750 02 0.0 0.0 0.0 0.0 0.0 0.0 1.079D 03 0.0 0.0 0.0 
48 3.4030 02 0.0 0.0 0.0 0.0 . 0.0 0.0 1.0790 03 0.0 0.0 0.0 
47 3.330D 02 0.0 0.0 0.0 0.0 . 0.0 0.0 1.079D 03 0.0 0.0 0.0 
46 3;2580 02 0.0 0.0 0.0 0.0 0.0 0.0 1.080D 03 0.0 0.0 0.0 
45 3.135D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.080D 03 0.0 0.0 0.0 
44 3.113D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.080D 03 0.0 0.0 0.0 
43 3.041D 02 o.o o.o· o.o o.o o.o o.o 1.082D 03 o.o o.o o.o 
42 2.9680 02 0.0. 0.0 0.0 0.0 0.0 0.0 1.0820 03 0.0 0.0 0.0 
41 2.8960 02 0.0 0.0 0.0 0.0 0.0 0.0 1.229D 03 0.0 · 0.0 0.0 r 
40 2.823D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.253D 03 0.0 0.0 0.0 
39 2.751D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.253D 03 0.0 0.0 0.0 
38' 2.679D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.253D 03 0.0 0.0 0.0 
37 2.6060 02 0.0 0.0 0.0 0.0 0.0 0.0 1.282D 03 0.0 0.0 0.0 
36 2. 5340 02 0. 0 0. 0 0. 0 0. 0 . 0. 0 0. 0 1. 282D 03 0. 0 0. 0 0. 0 
35 2.461D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.297D 03 0.0 0.0 0.0 
34 2.389D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.297D 03 0.0 0.0 0.0 
33 2.3170 02 0.0 0.0 0.0 0.0 O;O 0.0 1.313D 03 0.0 0.0 0.0 
32 2.244o 02 o.o o.o o.o o.o o.o o.o 1.4oao o3 o.n o.o o.o 
31 2.172D 02 3.070D 03 1.214D 08 6.648D 00 1.308D-02 2.319D-02 0.0 1.431D 03 0.0 0.0 0.0 
30 2.099D 02 3.237D 03 1.209D 08 6.602D 00 1.265D-02 6.956D-02 0.0 1.449D 03 0.0 0 .. 0 0.0 
29 2.0270 02 3.353D 03 1.2080 08 7.0420 00 9.363D-03 1.1590-01 0.0 1.4560 03 0.0 0.0 0.0 
28 1.9550 02 3.4740 03 1.2100 08 7.1510 00 8.370D-03 1.391D-01 0.0 1.456D 03 0.0 0.0 0.0 
27 1.8820 02 3.5990 03 6.747D 07 6.1940 00 7.661D-03 1.391D-01 0.0 1.4570 03 0.0 0.0 0.0 
26 1.8100 02 3.6350 03 1.1510 08 6.9510 00 8.715D-03 1.391D-01 0.0 1.430D 03 0.0 0.0 0.0 
25 1.737o 02·3.588D 03 1.2110 os 7.056o oo 8.667D-o3 1.391D-01 o.o 1.389D 03 o.o o.o·· o.o 
24 1.665D 02 3.460D 03 1.209D 08 7.165D 00 8.309D-03 1.391D-01 0.0 . 1.338D 03 0.0 0.0 0.0 
23 1.593D 02 3.429D 03 1.211D 08 6.649D 00 1.165D-02 9.275D-02 0.0 1.274D 03 0.0 0.0 0.0 
22 1.520D 02 3.347D 03 1.208D 08 5.585D 00 1.877D-02 4.638D-02 0.0 1.205D 03 0.0 0.0 0.0 
21 1.448D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.125D 03 0.0 0.0 0.0 
20 1.3760 02 0.0 0.0 0.0 0.0 0.0 0.0 1.045D 03 0.0 0.0 0.0 
19 1.303D 02 o.o o.o o.o o.o o.o o.o 9.570D 02 o.o o.o ·o.o 
18 1.231D 02 0.0 0.0 0.0 0.0. • 0.0 .0.0 7.630D 02 0.0 0.0 0.0 
17 1.158D 02 0.0 0.0 0.0 0.0 0.0 0.0 7.150D 02 0.0 0.0 0.0 
16 1.0860 02 0.0 0.0 0.0 0.0 0.0 0.0 6.8700 02 0.0 0.0 0.0 
15 1.0140 02 0.0 0.0 0.0 0.0 0.0 0.0 6.8700 02 o.o 0.0 0.0 
14 9.411D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.620D 02 0.0 0.0 0.0 
13 8.6870 01 0.0 0.0 0.0 0.0 0.0 0.0 6.6200 02 0.0 0.0 0.0 
12 7.9630 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4300 02 0.0 0.0 0.0 
11 7.240D 01 o.o o.o o.o o.o· o.o o.o 6.43oo 02 o.o o.o o.o 
10 6.516D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.430D 02 0.0 0.1 0\0 
9 5.792D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.430D 02 0.0 0.0 0.0 
8 5.0680 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4300 02 0.0 0.0 0.0 
7 4.3440 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4300 02 0.0 0.0 0.0 
6 3.620D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4300 02 0.0 0.0 0.0 
5 2.896D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4300 02 0.0 0.0 0.0 
4 2.172D 01 0.0 0.0 0.0 0.0 0.0 0.0 . 6.430D 02 0.0 0.0 0.0 



3 1 . 4480 0 1 0 . 0 
2 7.2400 00 0.0 
1 0.0 0.0 

0.0 
0.0 
0.0' 

0.0 
0.0 
0.0 

*** CHANNEL QUANTITIES *** 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

6.430D 02 0.0 
6.430D 02 0.0 
6.430D 02 0.0 

0.0 
0.0 
0.0 

POSITION SODIUM FIS.GAS FUEL TOTAL LIQ. NA FIS.GAS FUEL NA+FISGAS FUEL 
OF CELL TEMPRTURE TEMPRTURE TEMPRTURE PRESSURE DENSITY DENSITY DENSITY DENSITY VELOCITY 

J BOTTOM TNA TFG TFU PH ROSLC ROFGC ROFPC ROI1C UP 
50 3.5470 02 1.2090 03 0.0 0.0 1.7490 06 7.1870-01 0.0 0.0 . 7.1870-01 0.0 
49 3.475D 02 1.209D 03 0.0 0.0 1.812D 06 7.1870-01 0.0 0.0 7.1870-01 0.0 
48 3.4030 02 1.2160 03 0.0 0.0 1.8750 06 7.1730-01 0.0 0.0 7.1730-01 0.0 
47 3.3300 02 1.2160 03 0.0 0.0 1.9370 06 7.1730-01 0.0 0.0 7~1730-01 0.0 
46 3.258D 02 1.2160 03 0.0 0.0 2.000D 06 7.1730-01 0.0 0.0 7.1730-01 0.0 
45 3.185D 02 1.2300 03 0.0 0.0 2.062D 06 7.1440-01 0.0 0.0 7~1440-01 0.0 
44 3.113D 02 1.2300 03 0.0 0.0 2.1250 06 7.1440-01 0.0 0.0 7.1440-01 0.0 
43 3.041D 02 1.2300 03 0.0 0.0 2.1880 06 7.1440-01 0.0 0.0 7.1440-01 0.0 
42 2.968D 02 1.2560 03 0.0 0.0 2.2500 06 7.0890-01 0.0 0.0 7.089D-01 0.0 
41 2.896D 02 1.2540 03 0.0 0.0 2.3140 06 4.3130-01 0.0 0.0 4.315D-01 0.0 
40 2.8230 02 1.240D 03 0.0 0.0 2.0770 06 1.2680-01 0.0 0.0 1.2720-01 0.0 
39 2.7510 02 1.2490 03 0.0 0.0 2.227D 06 1.2980-01 0.0 0.0 1.3030-01 0.0 
38 2.679D 02 1.2960 03 0.0 0.0 3.1540 06 1.9190-01 0.0 0.0 1.9250-01 0.0 
37 2.606D 02 1.2680 03 0.0 0.0 2.5720 06 1.2350-01 0.0 0.0. 1.2400-01 0.0 
36 2.534D 02 1.2780 03 0.0 0.0 2.769D 06 1.2430-01 0.0 0.0 1.2490-01 0.0 
35 2.461D 02 1.2870 03 0.0 0.0 2.957D 06 1.245D-01 0.0 0.0 1.2510-01 0.0 
34 2.389D 02 1·.2970 03 0.0 0.0 3.1770 06 1.2450-01 0.0 0.0 1.2510-01 0.0 
33 2.3170 02 1.3150 03 0.0 0.0 3.6040 06 1.2340-01 0.0 0.0 1.2410-01 o:o 
32 2.244D 02 1.3770 03 0.0 0.0 5.4250 06 1.171D-01 0.0 0.0 1.1810-01 0.0 
31 2.1720 02 1.4100 03 0.0 . 0.0 6.6430 06 1.1290-01 0.0 0.0 1.1420-01 0.0 
30 2.0990 02 1.424D 03 0.0 0.0 7.2180 06 1.0980-01 0.0 0.0 1.112D-01 0.0 
29 2.027D 02 1.430D 03 0.0 0.0 7.4750 06 1.0640-01 0.0 0.0 1.0780-01 0.0 
28 1.9550 02 1.432D 03 0.0 0.0 7.5620 06 1.0940-01 0.0 0.0 1.1080-0l 0.0 
27 1.882D 02 1.407D 03 1.5610 03 3.5990 03 6.747D 07 6.2400-01 7.3190-04 5.9180-01 6.2470-01 0.0 
26 1.8100 02 1.3890 03 1.4010 03 3.6350 03 1.151D 08 6.8050-01 5.6300-05 4.490D-02 6.8060-01 0.0 
25 1.737D 02 1.3560 03 0.0 0.0 1.128D 08 6.877D-01 0.0 0.0 6.8770-01 0.0 
24 1.6650 02 1.3120 03 0.0 0.0 1.0840 08 6.9710-01 0.0 0.0 6.9710-01 0.0 
23 1.5930 02 1.2570 03 0.0 0.0 1.0410 08 7.087D-01 0.0 0.0 7.0870-01 0.0 
22 1.5200 02 1.1950 03.0.0 0.0 9.978D 07 7.2160-01 0.0 0.0 7.216D-01 0.0 
21 1.448D 02 1.1250 03 0.0 0.0 9.5460 07 7.3590-01 0.0 0.0 7.3590-01 0.0 
20 1.376D 02 1.052D 03 0.0 0.0 9.113D 07 7.505D-01 0.0 0.0 7.5050-01 0.0 
19 1.303D 02 9.7300 02 0.0 0.0 8.6800 07 7.6600-01 0.0 0.0 7.660D-01 0.0 
18 1.2310 02 8.570D 02 0.0 0.0 8.2480 07 7.8830-01 0.0 0.0 7.8830-01 0.0 
17 1.1580 02 7.7500 02 0.0 0.0 7.8150 07 8.0380-01 0.0 0.0 8.0330-01 0.0 
16 1.0860 02 7.2100 02 0.0 0.0 7.383D 07 8.1380-01 0.0 0.0 8.1380-01 0.0 
15 1.0140 02 6.7500 02 0.0 0.0 6.950D 07 8.2220-01 0.0 0.0 8.2220-01 0.0 
14 9.4110 01 6.7500 02 0.0 0.0 6.518D 07 8.222D-01 0.0 0.0 8.2220-01 0.0 
13 8.6870 01 6.5900 02 0.0 0.0 6.0850 07 8.251D-01 0.0 0.0 8.2510-01 0.0 
12 7.9630 01 6.590D 02 0.0 0.0 5.652D 07 8.2510-01 0.0 0.0 8.2510-01 0.0 
11 7.2400 01 6.4700 02 0.0 0.0 5.2200 07 8.2730-01 0.0 0.0 8.2730-01 0.0 
10 6.5160 01·6.4700 02 0.0 0.0 4.7870 07 8.2730-01 0.0 0.0 8.2730-01 0.0 
9 5.792D 01 6.470D 02 0.0 0.0 4.3550 07 8.2730-01 0.0 0.0 8.2730-01 0.0 
8 5.0680 01 6.4700 02 0.0 0.0 3.9220 07 8.2730-01 0.0 0.0 8.2730-01 0.0 
7 4.3440 01 6.4400 02 0.0 0.0 3.4900 07 8.2790-01 0.0 0.0 8.279D-01 0.0 
6 3.6200 01 6.4400 02 0.0 0.0 3.0570 07 8.2790-01 0.0 0.0 8.2790-01 0.0 
5 2.8960 01 6.4400 02 0.0 0.0 2.6240 07 8.2790-01 0.0 0.0 8.2790-01 0.0 
4 2.1720 01 6.440D 02 0.0 0.0 2.1920 07 8.2790-01 0.0 0.0 8.2790-01 0.0 
3 1.448o 01 6.430o 02 o.o o.o- ·1.759o 01 8.280o-o1 o.o o.o 8.280o-o1 o.o 
2 7.2400 00 6.4300 02 0.0 0.0 1.327D 07 8.2800-01 0.0 0.0 8.2800-01 0.0 
1 0.0 6.430D 02 0.0 0.0 8.9420 06 8.2800-01 0.0 0.0 8.2800-01 0.0 

0.0 
0.0 
0.0 

NA+FISGAS 
VELOCITY 

UM 
7.7300 02 
7.7400 02 
7.750D 02 
7.7500 02 
7.7600 02 
7.780D 02 
7.780D 02 
7.820D 02 
7.310D 02 
3.380D 02 
0.0 . 
1.291D 03 
1.291D 03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

-3.100D 02 
-6.240D 02 
-6.240D 02 
-6.160D 02 
-6.0600 02 
-5.940D 02 
-5.810D 02 
-5.6800 02 
-5.5500 02 
-5.3900 02 
-5.2300 02 
-5.1300 02 
-5.060D 02 
-5.0200 02 
-5.01.00 02 
-5.000D 02 
-4.990D 02 
-4.9800 02 
-4.980D 02 
-4.980D 02 
-4.9800 02 
-4.9800 02 
-4.9800 02 
-4.9800 02 
-4.9800 02 
-4.980D 02 
-4.9800 02 
-4.9800 02 



SAMPLE PROBLEM FOR LOF-TOP CONDITIONS 
INITIALLY 2 FAILURE CELLS, PARTIALLY VOIDED CHANNEL, NORM. POWER AT 439 

TIME= 5.39870-03 OELT= 1.00000-04 
FCI BOUNDARIES IN CELLS 21 AND 42 
3.7607D 01 GRAMS FUEL IN 70 GROUPS 

REACTIVITY CHANGES-- SODIUM= 0.0 

*** FUEL PIN QUANTITIES *** 

NORMALIZED POWER= 2.4316D-01 
FCIL= 1.4651D 02 FCIU= 2.9731D 02 
XMIN= 1.4974D 02 XMAX= 2.2422D 02 
TOTAL FUEL= 0.0 TOTAL= 0.0 

HIGHEST FAILURE CELL IS 30 
LOWEST FAILURE CELL IS 22 
PIN FUEL= 0.0 CHANNEL FUEL= 0.0 

*** REACTIVITIES *** 

POSITION FUEL CAVITY FUEL FIS.GAS CAVITY FUEL+FGAS CLAD PIN FUEL CHAN FUEL TOTL FUEL 
OF CELL TEHPRTURE PRESSURE DENSITY DENSITY AREA VELOCITY TEHPRTURE REACTIVTY REACTIVTY REACTIVTY 

J BOTTOM TFUP PF ROFUP ROGFP AF UF TCL CHANGE CHANGE CHANGE 
50 3.5470 02 0.0 0.0 0.0 0.0 0.0 0.0 1.1010 03 0.0 0.0 0.0 
49 3.4750 02 0.0 0.0 0.0 0.0 0.0 0.0 1.102D 03 0.0 0.0 0.0 
48 3.4030 02 0.0 0.0 0.0· 0.0 0.0 0.0 1.103D 03 0.0 0.0 0.0 
47 3.330D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.103D 03 0.0 0.0 0.0 
46 3.2580 02 0.0 0.0 0.0 0.0 0.0 0.0 1.104D 03 0.0 0.0 0.0 
45 3.185D 02 0.0 0.0. 0.0 0.0 0.0 0.0 1.1060 03 0.0 0.0 0.0 
44 3.1130 02 0.0 0.0 0.0 0.0 0.0 0.0 1.1060 03 0.0 0.0 0.0 
43 3.0410 02 0.0 0.0 0.0 0.0 0.0 0.0 1.109D 03 0.0 0.0 0.0 
42 2.968o 02 o.o o.o o~o o.o o.o o.o 1.113D 03 o.o o.o o.o 
41 2.8960 02 0.0 0.0 0.0 0.0 0.0 0.0 1.2330 03 0.0 0.0 0.0 
40 2.823D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.253D 03 0.0 0.0 0.0 
39 2.7510 02 0.0 0.0 0.0 0.0 0.0 0.0 1.254D 03 0.0 0.0 0.0 
38 2.679o 02 o.o o.o o.o o.o o.o o.o 1.257D o3 o.o ·o.o o.o 
37 2.6060 02 0.0 0.0 0.0 0.0 0.0 0.0 1.2820 03 0.0 0.0 0.0 
36 2.534D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.282D 03 0.0 0.0 0.0 
35 2.4610 02 0.0 0.0 0.0 0.0 0.0 0.0 1.2970 03 0.0 0.0 0.0 
34 2.3890 02 0.0 0.0 0.0 0.0 0.0 0.0 1.300D 03 0.0 0.0 0.0 
33 2.3170 02 0.0 0.0. 0.0 0.0 0.0 0.0 1.320D 03 0.0 0.0 0.0 
32 2.244D 02 3.1250 03 5.7720 07 6.9760 00 5.0230-03 2.319D-02-1.162D 03 1.4380 03 0.0 0.0 0.0 
31 2.172D 02 3.367D 03 3.7180 07 4.557D 00 7.7410-03 1.3910-01-2.013D 03 1.469D 03 0.0 0.0 0.0 
30 2.0990 02 3.5270 03 4.5060 07 4.6930 00 8.616D-03 1.8550-01-4.882D 02 1.4930 03 0.0 o,o 0.0 
29 2.0270 02 3.742D 03 5.5730 07 4.951D 00 9.2780-03 2.0870-01-6.810D 02 1.5050 03 0.0 0.0 0.0 
28 1.955o 02 3.9920 03 6.295D 01 5.2380 oo 8.811D-03 2.087D-01-4.142o·o2 1.509D 03 o.o o.o o.o 
27 1.8820 02 4.1600 03 7.112D 07 5.415D 00 8.803D-03 2.0870-01 8.0570 02 1.5130 03 0.0 0.0 0.0 
26 1.8100 02 4.2330 03 9.4070 07 5.9020 00 9.6600-03 2.0870-01 9.0270 02 1.4&80 03 0.0 0.0 0.0 
25 1.737o 02 4.136o o3 7.985D o7 5.579D ·oo 9.526D-03 2.087D-01 6.196o 02 1.449D o3 o.o o.o o.o 
24 1.6650 02 3.999D 03 6.889D 07 5.214D 00 9.721D-03 2.087D-01 6.340D 02 1.3970 03 0.0 0.0 0.0 
23 1.5930 02 3.786D 03 5.318D 07 4.597D 00 9.582D-03 2.0870-01 7.9790 02 1.336D 03 0.0 0.0 0.0 
22 1.520D 02 3.5830 03 3.5030 07 3.980D 00 7.789D-03 1.855D-01 2.031D 03 1.265D 03 0.0 0.0 0.0 
21 1.4480 02 3.318D 03 6.536D 07 5.458D 00 1.0680-02 1.623D-01 2.028D 03 1.1760 03 0.0 0.0 0.0 
20 1.3760 02 3.1230 03 9.521D 07 6.2980 00 1.198D-02 4.6380-02 0.0 1.089D 03 0.0 0.0 0.0 
19 1.3030 02 0.0 0.0 0.0 0.0 0.0 0.0 9.989D 02 0.0 0.0 0.0 
18 1.231D 02 0.0 0.0 0.0 0.0 0.0 0.0 7.923D 02 0.0 0.0 0.0 
17 1.1580 02 0.0 0.0 0.0 0.0 0.0 0.0 7.3560 02 0.0 0.0 0.0 
16 1.0860 02 0.0 0.0 0.0 0.0 0.0 0.0 6.999D 02 0.0 0.0 0.0 
15 1.0140 02 0.0 0.0 0.0 0.0 0.0 0.0 6.9000 02 0.0 0.0 .0.0 
14 9.411D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.662D 02 0.0 0.0 0.0 
13 8.6870 01 0.0 0.0 0.0 0.0 0.0 0.0 6.630D 02 0.0 0.0 0.0 
12 7.9630 01 0.0 0.0 0.0 0.0 0.0 0.0 6.465D 02 0.0 0.0 0.0 
11 7.2400 01 0.0 0.0 0.0 0.0 0.0 0.0 6.447D 02 0.0 0.0 0.0 
10 6.5160 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4400 02 0.0 0.0 0.0 
9 5.7920 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4380 02 0.0 0.0 0.0 
8 5.0680 01 0.0 0.0 0.0 0.0 0.0 0.0 6.437D 02 0.0 0.0 0.0 

·7 4.3440 01 o.o o.o o.o o.o o.o ·o.o 6.434D 02 o.o o.o ·o.o 
6 3.620D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4320 02 0.0 0.0 0.0 
5 2.8960 01 0.0 0.0 0.0 0.0 0.0 0.0 6.432D 02 0.0 0.0 0.0 
4 2.1720 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4320 02 0.0 0.0 0.0 



/ 

3 1.4480 01 0.0 
2 7.2400 00 0.0 
1 0.0 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

*** CHANNE~ QUANTITIES *** 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

6.4310 02 0.0 
6.4300 02 0.0 
6.4300 02 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

POSITION SODIUM FIS.GAS FUEL TOTAL LIQ. NA FIS.GAS FUEL NA+FISGAS FUEL NA+FISGAS 
OF CELL TEHPRTURE TEHPRTURE TEHPRTURE PRESSURE DENSITY DENSITY DENSITY DENSITY VELOCITY VELOCITY 

J BOTTOM TNA TFG TFU PH ROSLC ROFGC ROFPC ROHC UP UH 
50 3.5470 02 1.1750 03 0.0 0.0 1.738D 06 7.187D-01 0.0 0.0 7.187D-01 0.0 7.9230 02 
49 3.475D 02 1:1770 03 0.0 0.0 1.7900 06 7.184D-01 0.0 0.0 7.184D-01 0.0 7.930D 02 
48 3.4030 02 1.1800 03 0.0 0.0 1.8430 06 7.175D-01 0.0 0.0 7.175D-01 0.0 7.9360 02 
47 3.330D 02 1.1810 03 0.0 0.0 1.8950 06 7.1720-01 0.0 0.0 7.172D-01 0.0 7.941D 02 
46 3.2580 02 1.1850 03 0.0 0.0 1.948D 06 7.167D-01 0.0 0.0 7.167D-01 0.0 7.9540 02 
45 3.1850 02 1.1910 03 0.0 0.0 2.0000 06 7.1490-01 0.0 0.0 7.1490-01 0.0 7.9670 02 
44 3.1130 02 1.1930 03 0.0 0.0 2.0530 06 7.1430-01 0.0 0.0 7.1430-01 0.0 7.9750 02 
43 3.0410 02 1.2010 03 0.0 0.0 2.1050 06 7.1350-01 0.0 0~0 7.1350-01 0.0 7.9600 02 
42 2.9680 02 1.2440 03 0.0 0.0. 2.1570 06 3.2350-02 0.0 0.0 3.2360-02 0.0 8.1440 02 
41 2.8960 02 1.246D 03 0.0 0.0 2.180D 06 4.768D-01 0.0 0.0 4.770D-01 0.0 1.0870 03 
40 2.823D 02 1.253D 03 0.0 0.0 2.297D 06 1.5380-01 0.0 0.0 1.5430-01 0.0 1.3630 03 
39 2.7510 02 1.2600 03 0.0 0.0 2.4280 06 1;8530-01 0.0 0.0 1.8570-01 0.0 1.6400 03 
38 2.6790 02 1.2650 03 0.0 0.0 2.5100 06 9.0210-02 0.0 0.0 9.0750-02 0.0 9.7750 02 
37 2.6060 02 1.2760 03 0.0 0.0 2.7230 06 1.1520-01 0.0 0.0 1.1580-01 0.0 1.0540 03 
36 2.5340 02 1.2860 03 0.0 . 0.0 2.9440 06 1.398D-01 0.0 0.0 1.4040-01 0.0 1.3670 03 
35 2.4610 02 1.3110 03 0.0 0.0 3.5070 06 2.0070-01 0.0 0.0 2.0130-01 0.0 2.7620 03 
34 2.3890 02 1.3490 03 0.0 0.0 4.5200 06 2.6290-01 0.0 0.0 2.6360-01 0.0 6.5170 03 
33 2.3170 02 1.426D 03 0.0 0.0 7.3010.06 1:4460-01 0.0 0.0 1.4590-01 0.0 8.0530 03 
32 2.2440 02 1.5390 03 0.0 0.0 1.3470 07 1.1400-01 0.0 0.0 1.1640-01 5.9450 03 6.685D 03 
31 2.1720 02 1.625D 03 2.713D 03 3.6790 03 2.0870 07 2.027D-01 0.0 3.096D 00 2.040D-01 5.3880 03 7.349D 03 
30 2.099D 02 1.678D 03 2.8050 03 3.8980 03 5.0510 07 1.263D-01 7.3390-03 1.7970 00 1.3680-01 2.5980 03 3.863D 03 
29 2.0?7D 02 1.711D 03 2.973D 03 4.0830 03 5.729D 07 1.495D-01 5.969D-03 2.377D 00 1.583D-01 1.9190 03 2.6230 03 
28 1.955D 02 1.759D 03 2.9090 03 4.2560 03 6.318D 07 2.112D-01 3.8930-03 2.571D 00 2.1760-01 1.0730 03 1.7670 03 
27 1.8820 02 1.788D 03 2.972D 03 4.1700 03 7~1120 07 2.0360-01 4.3250-03 2.913D 00 2.1040-01 9.8760.02 2.1650 03 
26 1.8100 02 1.786D 03 2.7370 03 4.279D 03 9.4070 07 3.2240-01 3.142D;...03 2.8630 00 3.264D-01 4.8420 02 4.7970 02 
25 1.7370 02 1.789D 03 2.9770 03 4.3260· 03 1.098D 08 2.6250-01 5.191D-03 3.3390 00 2.6900-01-8.7210 01-8.562D 01 
24 1.665D 02 1.6200 03 2.4320 03 4.0510 03 6.889D 07 3.6450-01 3.797D-03 2.462D 00 3.6880-01-7.967D 02-1.9560 03 
23 1.5930 02 1.5520 03 2.1340 03 3.855D 03 5.318D 07 4.1510-01 3.715D-03 1.8490 00 4.1920-01-1.4830 03-2.648D 03 
22 1.5200 02 1.523D 03 2.1700 03 3.612D 03 3.5030 07 4.0330-01 5.4010-03 2.3610 00 4.0900-01-2.1420 03-3.663D 03 
21 1.4480 02 1.4660 03 '1.6370 03 3.6100 03 3.4990 07 3.3000-01 0.0 3.680D-01 3.3050-01 0.0 . -3.66.9D 03 
20 1.376D 02 1.167D 03 0.0 0.0 3.3910 07 7.457D-01 0.0 0.0 7.4570-01 0.0 -3.538D 03 
19 1.3030 02 1.0900 03 0.0 0.0 3.239D 07 7.669D-01 0.0 0.0 7.669D-01 0.0 -3.448D 03 
18 1.2310 02 9.8740 02 o.o o.o· 3.087D 01 7.8510-01 o.o o.o 7.851D-01 o.o -3.376o 03 
17 1.1580 02 8.8930 02 0.0 0.0 2.9350 07 8.0010~01 0.0 0.0 8.001D-01 0.0 -3.3210 03 
16 1.0860 02 8.0770 02 0.0 0.0 2.7830 07 8.1120-01 0.0 0.0 8.1120-01 0.0 -3.2840 03 
15 1.0140 02 7.4710 02 0.0 0.0 2.6300 07 8.1840-01 0.0 0.0 8.1840-01 0.0 -3:262D 03 
14 9.411D 01 7.061D 02 0.0 0.0 2.478D 07 8.2210-01 0.0 0.0 8.221D-01 0.0 -3.250D 03 
13 8.687D 01 6;821D 02 0.0 0.0 2.326D 07 8.242D-01 0.0 0.0 8.242D-01 0.0 -3.2440 03 
12 7.963D 01 6.672D 02 0.0 0.0 2.174D 07 8.2550-01 0.0 0.0 8.255D-01 0.0 -3.239D 03 
11 7.2400 01 6.576D 02 0.0 0.0 2.022D 07 8.2660-01 0.0 0.0 8.266D-01 0.0 -3.2360 03 
10 6.5160 01 6.5150 02 0.0 0.0 1.8700 07 8.2710-01 0.0 0.0/ 8.271D-01 0.0 -3.2340 03 
9 5.792D 01 6.4820 02 0.0 0.0 1.7180 07 8.2730-01 0.0 0.0 8.2730-01 0.0 -3.2340 03 
8 5.0680 01 6.4670 02 0.0 0.0 1.5650 07 8.2750-01 0.0 0.0 8.2750-01 0.0 -3.2330 03 
7 4.3440 01 6.4570 02 0.0 0.0 1.4130 07 8.2770-01 0.0 . 0.0 8.2770-01 0.0 -3.2320 03 
6 3.6200 01 6.4480 02 0.0 0.0 1.261D 07 8.2780-01 0.0 0.0 ·8.2780-01 0.0 -3.232D 03 
5 2.8960 01 6.442D 02 0.0 0.0 1.1090 07 8.279D-01 0.0 0.0 8.2790-01.0.0 -3.2320 03 
4 2.1720 01 6.4390 02 0.0 0.0 9.5680 06 8.279D-01 0.0 0.0 8.279D-01 0.0 -3.231D 03 
3 1.448D 01 6.436D 02 0.0 0.0 8.0470 06 8.280D-01 0.0 0.0 8.280D-01 0.0 -3.231D 03 

'2 7.2400 00 6.4330 02 0.0 0.0 . 6.5250 06 8.2800-01 0.0 0.0 8.2800-01 0.0 -3.2310 03 
1 0.0 6.4310 02 0.0 0.0 5.0040 06 8.2800-01 0.0 0.0 8.2800-01 0.0 -3.231D 03 

co. 
0 



SAMPLE PROBLEM FOR LOF-TOP CONDITIONS 
INITIALLY 2 FAILURE CELLS, PARTIALLY VOIDED CHANNEL, NORM. POWER AT 439 

TIME= 1.0399D-02 DElT= 1.0000D-04 
FCI BOUNDARIES IN CELLS 18 AND 42 
4.26940 01 GRAMS FUEL IN 193 GROUPS 

REACTIVITY CHANGES-- SODIUM= 0.0 

*** FUEL PIN QUANTITIES *** 

NORMALIZED POWER= 2.0730D-03 
'FCIL= 1.2815D 02 FCIU= 3.0135D 02 
XHIN= 1.3066D 02 XHAX= 2.5902D 02 
TOTAL FUEL= 0.0 TOTAL= 0.0 

HIGHEST FAILURE CELL IS 30 
LOWEST FAILURE CELL IS 22 
PIN FUEL= 0.0 CHANNEL FUEL= 0.0 

*** REACTIVITIES *** 

POSITION FUEL - CAVITY FUEL FIS.GAS CAVITY FUEL+FGAS CLAD PIN FUEL CHAN FUEL TOTL FUEL 
OF CELL TEHPRTURE PRESSURE DENSITY DENSITY AREA VELOCITY TEHPRTURE REACTIVTY REACTIVTY REACTIVTY 

J BOTTOM TFUP PF ROFUP ROGFP AF UF TCL CHANGE CHANGE CHANGE 
50 3.5470 02 0.0 0.0 0.0 0.0 0.0 0.0 1.113D 03 0.0 0.0 0.0 
49 3.475D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.114D 03 0.0 0.0 0.0 
48 3.4030 02 0.0 0.0 0.0 0.0 0.0 0.0 1.115D'03 0.0 0.0 0.0 
47 3.330D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.115D 03 0.0 0.0 0.0 
46 3.258D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.117D 03 0.0 0.0 0.0 
45 3.185D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.120D 03 0.0 0.0 0.0 
44 3.113D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.120D 03 0.0 0.0 0.0 
43 3.041D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.124D 03 0.0 0.0 0.0 
42 2.9680 02 0.0 0.0 0.0 0.0 0.0 0.0 1.130D 03 0.0 o.o 0.0 
41 2.896D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.235D 03 0.0 0.0 0.0 
40 2.823D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.253D 03 0.0 0.0 0.0 
39 2.7510 02 0.0 0.0 0.0 0.0 0.0 0.0 1.255D 03 0.0 0.0 0.0 
38 2.679D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.260D 03 0.0 0.0 0.0 
37 2.606D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.286D 03 0.0 0.0 0.0 
36 2.5340 02 0.0 0.0 0.0 0.0 0.0 0.0 1.294D 03 0.0 0.0 0.0 
35 2.4610 02 0.0 0.0 0.0 0.0 0.0 0.0 1.316D 03 0.0 0.0 0.0 
34 2.3890 02 0.0 0.0 0.0 0.0 0.0 0.0 1.332D 03 0.0 0.0 0.0 
33 2.317o 02 o.o o.o . o.o· o.o o.o o.o 1.362D o3 o.o o.o ~.o 
32 2.244D 02 3.1820 03 2.272D 07 4.968D 00 4.492D-03 2.319D-02 5.892D 02 1.503D 03 0.0 0.0 0.0 
31 2.172D 02 3.4010 03 4.6370 07 5.0600 00 8.341D-03 1.391D-01 1.066D 03 1.540D 03 0.0 0.0 0.0 
30 2.0990 02 3.5630 03 5.035D 07 4.933D 00 8.923D-03 1.855D-01 1.274D 03 1.569D 03 0.0 0.0 0.0 
29 2.027D 02 3.7920 03 6.414D 07 5.261D 00 9.604D-03 2.087D-01 7.556D 02 1.585D 03 0.0 0.0 0.0 
28 1.955D 02 4.0210 03 6.572D 07 5.3010 00 8.928D-03 2.087D-01 3.242D 02 1.591D 03 0.0 0.0 0.0 
27 1.8820 02 4.181D 03 6.276D 07 5.116D 00 8.347D-03 2.0870-01 5.001D 00 1.596D 03 0.0 0.0 0.0 
26 1.8100 02 4.227D 03 6.003D 07 4.940D 00 8.151D-03.2.087D-01-5.6120 02 1.580D 03 0.0 0.0 0.0 
25 1.7370 02 4.142D 03 4.742D 07 4.415D 00 7.581D-03 2.087D-01-8.812D 01 1.534D 03 0.0 0.0 0.0 
24 1.665D 02 4.006D 03 6.027D 07 4.920D 00 9.188D-03 2.087D-01 1.041D 02 1.485D 03 0.0 0.0 0.0 
23 1.593D 02 3.762D 03 5.982D 07 4.899D 00 1.005D-02 2.087D-01-3.516D 02 1.424D 03 0.0 0.0 0.0 
22 1.520D 02 3.466D 03 4.410D 07 4.554D 00 8.9100-03 1.855D-01-8.884D 02 1.358D 03 0.0 0.0 0.0 
21 1.4480 02 3.301D 03 2.961D 07 3.831D 00 7.450D-03 1.623D-01 2.167D 02 1.275D 03 0.0 0.0 0.0 
20 1.376D 02 3.132D 03 1.217D 07 2.267D 00 4.311D-03 4.638D-02 0.0 1.181D 03 0.0 0.0 0.0 
19 1.303D 02 0.0 ~.0 0.0 0.0 0.0 0.0 1.075D 03 0.0 0.0 0.0 
18 1.2310 02 0.0 0.0 0.0 0.0 0.0 0.0 8.441D 02 0.0 0.0 0.0 
17 1.158D 02 0.0 0.0 0.0 0.0 0.0 0.0 7.8080 02 0.0 0.0 0.0 
16 1. 0860 02 0. 0 0. 0 . 0. 0 0. 0 0. 0 0. 0 7. 359D 02 0. 0 0. 0 0. 0 
15 1.0140 02 0.0 0.0 0.0 0.0 0.0 0.0 7.141D 02 0.0 0.0 0.0 
14 9.411D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.837D 02 0.0 0.0 0.0 

·13 8.687D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.735D 02 0.0 0.0 0.0 
12 7.963D 01 ·o.o o.o o.o o.o o.o o.o 6.547D 02 o.o o.o o.o 
11 7.240D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.498D 02 0.0 0.0 0.0 
10 6.516D 01 0.0 0.0 0.0 0.0 0.0 .0.0 6.471D 02 0.0 0.0 0.0 
9 5.792D 01 0.0 0.0 0.0 0.0 • 0.0 0.0·. 6.456D 02 0.0 0.0 0.0 
8 5.068D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.448D 02 0.0 0.0 0.0 
7 4.344D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4410 02 0.0 0.0 0.0 
6 3.620D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4370 02 0.0 0.0 0.0 
5 2·.896D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.4350 02 0.0 0.0 0.0 
4 2.1120 01 o.o o.o· o.o o.o o.o o.o 6.434D 02 o.o o.o o.o 



3 1.448D 01 0.0 
2 7.240D 00 0.0 
1 0.0 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

*** CHANNEL QUANTITIES *** 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

. 6.432D 02 0.0 
6.431D 02 0.0 
6.431D 02 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

POSITION SODIUM FIS.GAS FUEL TOTAL LIQ. NA FIS.GAS FUEL NA+FISGAS FUEL NA+FISGAS 
OF CELL TEMPRTURE TEMPRTURE TEMPRTURE PRESSURE DENSITY DENSITY DENSITY DENSITY VELOCITY VELOCITY 

. J BOTTOM TNA TFG TFU PM . ROSLC ROFGC ROFPC ROHC UP UH 
50 3.5470 02 1.1570 03 0.0 0.0 1.7380 06 7.1860-01 0.0 0.0 7.1860-01 0.0 8.2120 02 
49 3.4750 02 1.15~0 03 0.0 0.0 1.7910 06 7.1830-01 0.0 0.0 7.1830-01 0.0 8.2180 02 
48 3.4030 021.1610 03 0.0 0.0 1.8440 06-7.1760-010.0 0.0 .7.1760-010.0 8.2240 02 
47 3.3300 02 1.1630 03 0.0 0.0 1.8970 06 7.1720-01 0.0 0.0 7.1720-01 0.0 8.2310 02 
46 3.2580 021.1670 03 0.0 0.0 1.9500 06 7 .. 1640-010.0 0.0 7.1640-010.0 8.2430 02 
45 3.1850 02 1.1710 03 0.0 0.0 2.0030 06 7.1510-01 0.0 0.0 7.1510-01 0.0 8.2540 02 
.4 3.1130 02 1.1750 03 0.0 0.0 2.0560 06 7.1450-01 0.0 . 0.0 7.1450-01 0.0 8.2540 02 
43 3.0410 02 1.1830 03 0.0 0.0 . 2.1100 06 7.1510-01 0.0 0.0 7.1520-01 0.0 8.2090 02 
42 2.9680 02 1.2240 03 0.0 0.0 2.1520 06 3.1130-01 0.0 0.0 3.1140-01 0.0 1.2120 03 
41 2.8960 02 1.2450 03 0.0 .0.0 2.1560 06 3.6310-01 0.0 0.0 3.6330-01 0.0. 1.8360 03 
40 2.8230 02 1.2570 03 0.0 0.0 2.3650 06 1.6500-0t 0.0 0.0 1.6540-01 0.~ 1.9570 03 
39 2.7510 02 1.2690 03 0.0 0.0 2.5850 06 1.4610-01 0.0 0.0 1.4670-01 0.0 2.2130 03 
38 2.6790 02 1.3090 03 0.0 0.0 3.4490 06 1.6920-01 0.0 0.0 1.6980-01 0.0 2.3270 03 
37 2.6060 02 1.3710 03 0.0 0.0 5.2200 06 3.1010-01 0.0 0.0 3.1070-01 2.5460 03 1.4860 03 
36 2.5340 02 1.4980 03 2.1450 03 3.59.10 03 1.1350 07 5.6730-01 0.0 3.2830 00 5.6730-01 3.8300 03 1.4860 03 
35 2.4610 02 1.5870 03 2.1780 03 3.8240 03 3.3980 07 2.i680-01 6.0370-03 1.0400 00 2.2480-01 7.2140 03 7.2700 03 
34 2.389D 02 1.6250 03 1.8660 03 3.8410 03 2.7240 07 1.0580-01 3.7480-03 1.7490-01 1.1300-01 7.3240 03 9.2430 03 
33 2.317D 02 1.6920 03 2.4930 03 3.8970 03 3.6390 07 9.6570-02 3.5530-03 7.7210-01 1.0430-01 7.0400 03 1.0300 04 
32 2.2440 02 1.7740 03 3.0850 03 3.9670 03 4.6490 07 7.2640-02 2.3650-03 1.5500 00 8.0350-02 5.8610 03 8.5470 03 
31 2.1720 02 1.8230 03 3.0390 03 4.1490 03 5.5090 07 7.8650-02 2.2220-03 1.2650 00 8.7400-02 4.8990 03 7.3910 03 
30 2.0990 02 1.8680 03 3.2730 03.4.1800 03 6.4350 07 8.2500-02 2.0930-03 1.9140 00 9.1330-02 3.8780 03 5.3230 03 
29 2.027D 02 1.8990 03 3.220D 03 4.0820 03 6.8370 07 8.616D-02 2.0010-03 2.0060 00 9.540D-02 2.9380 03 4.2500 03 
28 1.955D 02 1.9220 03 3.1810 03 4.0900 03 7.1490 07 7.9580-02 1.6930-03 1.6970 00 8.9670-02 1.2130 03 2.9090 03 
27 1.8820 02 1.9410 03 3.4320 03 4.1710 03 7.8450 07 8.4320-02 1.7310-03 2.6410 00 9.3330-02 8.1120 02 1.7580 02 
26 1.8100 02 1.9040 03 2.3910 03 4.1890 03 7.7010 07 2.4090-01 3.7930-03 9.9640-01 2.5010-01-9.7200 01-9.7160 01 
25 1.7370 02 1.7200 03 3.6520 03 4.1990 03 4.7420 07 2.6130-02 4.0160-03 1.2960 00 3.5180-02-1.6950 03-1.6950 03 
24 1.6650 02 1.8170 03 3.1540 03 4.2490 03 6.6310 07 1.2950-01 4.0300-03 ·2.3170 00 1.3800-01-1.9870 03-2.8840 03 
23 1.5930 02 1.7930 03 2.8810 03 3.9250 03 6.0520 07 1.5040-01 4.6580-03 2.2700 00 1.5890-01-2.8360 03-5.1230 03 
22 1.5200 02 1.7180 03 2.3350 03 3.7610 03 4.7000 07 1.3010-01 7.2430-03 7.9090-01 1.4170-01-4.6970 03-7.7660 03 
21 1.4480 02 1.6700 03"2.3420 03 3.7230 03 2.5430 07 2.5490-01 0.0 1.7070 00 2.5690-01-5.5810 03-5.5800 03 
20 1.3760 02 1.6160 03 1.9530 03 3.5200 03 1.9750 07 3.3630-01 0.0 9.7810-01 3.3780-01-4.5240 03-3.7810 03 
19 1.3030 02 1.6030 03 2.1570 03 3.4400 03 1.8470 0.7 4.8510-01 0.0 2.8130 00 4.8510-01-4.2470 03-3.7810 03 
18 1.2310 02 1.5820 03 0.0 0.0 1.8260 07 1.2810-01 0.0 0.0 1.2840-01 0.0 -3.7090 03 
17 1.1580 02 1.0270 03 0.0 0.0 1.7460 07 7·.8890-01 0.0 0.0 7.8890-01 0.0 -3.5660 03 
16 1.0860 02 9.5580 02 0.0 0.0 1.6620 07 8.0590-01 0.0 0.0 8.0590-01 0.0 -3.5100 03 
15 1.0140 02 8.8270 02 0.0 0.0 1.5780 07 8.1460-01 0.0 0.0 8.1460-01 0.0 -3.4800 03 
14 9.4110 01 8.1590 02 0.0 0.0 1.4950 07 8.1980-01 0.0 .o.o 8.1980-01 0.0 -3.4620 03 
13 8.6870 01 7.6220 02 0.0 0.0 1.4110 07 8.2300~01 0.0 0.0 8.2300-01 0.0 -3.4510 03 
12 7.9630 01 7.2120 02 0.0 0.0 1.3270 07 8.2490-01 0.0 0.0 8.2490-01 0.0 -3.4450 03 
11 7.2400 01 6.9260 02 0.0 . 0.0 1.2430 07 8.2610-~1 0.0 0.0 8.2610-01 0.0 -3.4410 03 
10 6.5160 01 6.7380 02 0.0 0.0 1.1590 07 8.2680-01 0.0 0.0 8.2680-01 0.0 -3.4390 03 
9 5.7920 01 6.6190 02 0.0 0.0 1.0750 07 8.2720-01 0.0 0.0 8.2720-01 0.0 -3.4370 03 
8 5.0680 01 6.5450 02 0.0 0.0 9.9140 06 8.2740-01 0.0 0.0 8.2740-01 0.0 -3.4360 03 
7 4.3440 01 6.5010 02 o.o 0.0 9.0160 06 8.2760-01 0.0 0.0 8.2760-01 0.0 -3.4360 03 
6 3.6200 01 6.4750 02 0.0 0.0 8.2370 06 8.2780-01 0.0 0.0 8.2780-01 0.0 -3.4350 03 
5 2.896D 01 6.4590 02 0.0 0.0 7.3990 06 8.2790-01 0.0 0.0 8.279D-01 0.0 -3.4350 03 
4 2.1720 01 6.4500 02 0.0 0.0 6.5600 06 8.2790-01 0.0 0.0 8.2790-01 0.0 -3.4350 03 
3 1.4480 01 6.4440 02 0.0 0.0 5.7220 06 8.2800-01 0~0 0.0 8.2800-01 0.0 -3.4340 03 
2 7.240D 00 6.439D 02 0.0 0.0 4.8830 06 8.2800-01 0.0 0.0 8.2800-01 0.0 -3.4340 03 
1 0.0 6.436D 02 0.0 0.0 4.045D 06 8.280D-01 0.0 0.0 8.280D-01 0.0 .'-3.4340 03 

(X) 
f\) 



SAMPLE PROBLEM FOR LOF-TOP CONDITIONS 
INITIALLY 2 FAILURE CELLS, PARTIALLY VOIDED CHANNEL, NORM. POWER AT 439 

TIME= 2.9940D-02 DELT= 5.4283D-05 
FCI BOUNDARIES IN CELLS 6 AND 45 
6.3767D 01 GRAMS FUEL IN 182 GROUPS 

REACTIVITY CHANGES-- SODIUM= 0.0 

*** FUEL PIN QUANTITIES *** 

NORMALIZED POWER= 1.1625D-03 
FCIL= 4.0874D 01 FCIU= 3.1953D 02 
XHIN= 4.4917D 01 XMAX= 3.0906D 02 
TOTAL FUEL= 0.0 TOTAL= 0.0 

HIGHEST FAILURE CELL IS 30 
LOWEST FAILURE CELL IS 22 
PIN FUEL= 0.0 CHANNEL FUEL= 0.0 

*** REACTIVITIES *** 

· POSITION FUEL CAVITY FUEL FIS.GAS CAVITY FUEL+FGAS CLAD PIN FUEL CHAN FUEL TOTL FUEL 
OF CELL. TEMPRTURE PRESSURE DENSITY DENSITY AREA VELOCITY TEMPRTURE REACTIVTY REACTIVTY REACTIVTY 

J BOTTOM TFUP PF ROFUP ROGFP AF UF TCL CHANGE CHANGE CHANGE 
50 3.5470 02 0.0 0.0 0.0 0.0 0.0 0.0 1.1290 03 0.0 0.0 0.0 
49 3.4750 02 0.0 0.0 0.0 0.0 0.0 0.0 1.130D 03 0.0 0.0 0.0 
48 3.4030 02 0.0 0.0 0.0 0.0 0.0 0.0 1.132D 03 0.0 0.0 0.0 
47 3.3300 02 0.0 0.0 0.0 0.0 0.0 0.0 1.133D 03 0.0 0.0 0.0 
46 3.2580 02 0.0 0.0 0.0 0.0 0.0 0.0 1.1360 03 0.0 0.0 0.0 
45 3.1850 02 0.0 0.0 0.0 0.0 0.0 0.0 1.1390 03 0.0 0.0 0.0 
44 3.1130 02 0.0 0.0 0.0 0.0 0.0 0.0 1.160D 03 0.0 0.0 0.0 
43 3.0410 02 0.0 0.0 0.0 0.0 0.0 0.0 1.203D 03 0.0 0.0 0.0 
42 2.9680 02 0.0 0.0 0.0 0.0 0.0 0.0 1.287D 03 0.0 0.0 0.0 
41 2.8960 02 0.0 0.0 0.0 0.0 0.0 0.0 1.4180 03 0.0 0.0 0.0 
40 2.8230 02 0.0 0.0 0.0 0.0 0.0 0.0 1.4260 03 0.0 0.0 0.0 
39 2.7510 02 0.0 0.0 0.0 0.0 0.0 0.0 1.4070 03 0.0 0.0 0.0 
38 2.6790 02 0.0 0.0 0.0 0.0 0.0 0.0 1.4130 03 0.0 0.0 0.0 
37 2.6060 02 0.0 0.0 0.0 0.0 0.0 0.0 1.4270 03·0.0 0.0 0.0 
36 2.5340 02 0.0 0.0 0.0 0.0 0.0 0.0 1.4250 03 0.0 0.0 0.0 
35 2.4610 02 0.0 0.0 0.0 0.0 0.0 0.0 1.4190 03 0.0 0.0 0.0 
34 2.3890 02 o:o 0.0 0.0 0.0 0.0 0.0 1.4250 03 0.0 0.0 0.0 
33 2.3170 02 0.0 0.0 0.0 0.0 0.0 0.0 1.4760 03 0.0 0.0 0.0 
32 2.2440 02 3.3210 03 2.6920 07 4.4530 00 5.8310-03 2.3190-02-1.8650 02 1.6750 03 0.0 0.0 0.0 
31 2.1720 02 3.4640 03 2.534D 07 3.752D 00 6.140D-03 1.391D-01-6.892D 01 1.700D 03 0.0 0.0 0.0 
30 2.0990 02 3.6340 03 3.1240 07 3.9500 00 6.8530-03 1.8550-01-2.403D 02 1.7000 03 0.0 0.0 0.0 
29 2.0270 02 3.8700 03 3.2890 07 3.832D 00 6.7370-03 2.087D-01 7.7060 01 1.700D 03 0.0 0.0 0.0 
28 1.9550 02 4.065D 03 3.5270 07 3.872D 00 6.491D-03 2.0870-01 6.074D 01 1.7000 03 0.0 0.0 0.0 
27 1.882D 02 4.1750 03 3.322D 07 3.612D 00 5.925D-03 2.087D-01-1.433D 02 1.700D 03 0.0 0.0 0.0 
26 1.810D 02 4.2180 03 2.922D o7 3.205D oo 5.288D-03 2.087o-o1-4.600D 02 1.700D o3 o.o· o.o o.o 
25 1.7370 02 4.1700 03 2.9720 07 3.2790 00 5.569D-03 2.0870-01-5.259D 02 1.7000 03 0.0 0.0 0.0 
24 1.665D 02 4.0890 03.2.756D 07 3.1400 00 5.601D-03 2.087D-01-7.322D 02 1.6850 03 0.0 0.0 0.0 
23 1.5930 02 3.9590 03 2.748D 07 3.1870 00 6.0430-03 2.0870-01-5.806D 02 1.638D 03 0.0 0.0 0.0 
22 1.5200 02 3.698D 03 2.459D 07 3.151D 00 6.1500-03 1.855D-01 2.141D 01 1.5870 03 0.0 0.0 0.0 
21 1.4480 02 3.3760 03 2.3570 07 3.298D 00 6.4390-03 1.623D-01 3.8940 02 1.519D 03 0.0 0.0 0.0 
20 1.376D 02 3.275D 03 2.3240 07 3.3570 00 6.4900-03 4.6380-02 0.0 1.4340 03 0.0 0.0 0.0 
19 1.3030 02 0.0 0.0 0.0 0.0 0.0 0.0 1.3470 03 0.0 0.0 0.0 
18 1.231D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.074D 03 0.0 0.0 0.0 
17 1.1580 02 0.0 0.0 0.0 0.0 0.0 0.0 9.8920 02 0.0 0.0 0.0 
16 1.0860 02 0.0 0.0 0.0 0.0 0.0 0.0 9.410D 02 0.0 0.0 0.0 
15 1.014D 02 0.0 0.0 0.0 0.0 0.0 0.0 9.214D 02 0.0 0.0 0.0 
14 9.4110 01 0.0 0.0 0.0 0.0 0.0 0.0 8.935D 02 0.0 0.0 0.0 
13 8.687D 01 0.0 0.0 0.0 0.0 0.0 0.0 9.095D 02 0.0 0.0 0.0 
12 7.9630 01 0.0 0.0 0.0 0.0 0.0 0.0 8.960D 02 0.0 0.0 0.0 
11 7.2400 01 0.0 0.0 0.0 0.0 0.0 0.0 8.760D 02 0.0 0.0 0.0 
10 6.5160 01 0.0 0.0 0.0 0.0 0.0 0.0 8.462D 02 0.0 0.0 0.0 
9 5.792D 01 0.0 0.0 0.0 0.0 0.0 o.o. . 7.992D 02 0.0 0.0 0.0 
8 5.068D 01 0.0 0.0 0.0 0.0 0.0 0.0 7.576D 02 0.0 0.0 0.0 
7 4.344D 01 0.0 0.0 0.0 0.0 0.0 0.0 7.184D 02 0.0 0.0 0.0 
6 3.620D 01 0.0 0.0 0.0 0.0 0.0 0.0 6.8500 02 0.0 0.0 0.0 
5 2.8960 01 0.0 0.0 0.0 0.0 0.0 0.0 6.7540 02 0.0 0.0 0.0 
4 2.1720 01 0.0 0.0 0.0 0.0 0.0 0.0 6.683D 02 0.0 0.0 0.0 

CX> 
w 



3 1.4480 01 0.0 
2 7.2400 00 0.0 
1 0.0 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
a.o 

*** CHANNEL QUANTITIES *** 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

6.6220 02 0.0 
6.573D 02 0.0 
6.534D 02 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

POSITION SODIUM FIS.GAS FUEL TOTAL LIQ. HA FIS.GAS FUEL NA+FISGAS FUEL NA+FISGAS 
OF CELL TEMPRTURE TEMPRTURE TEMPRTURE.PRESSURE DENSITY DENSITY DENSITY DENSITY VELOCITY VELOCITY 

J BOTTOM TNA TFG TFU PH ROSLC ROFGC ROFPC ROMC UP UH 
50 3.5470 02 1.1360 03 0.0 0.0 2.0160 06 7.182D-01 0.0 0.0 7.182D-01 0.0 1.3170 03 
49 3.4750 02 1.1380 03 0.0 0.0 2.3060 06 7.1800-01 0.0 0.0 7.1800-01.0.0 1.3180 03 
48 3.4030 02 1.1410 03 0.0 0.0 2.595D 06 7.1760-01 0.0 0.0 7.1760-01-0.0 1.3180 03 
47 3~3300 02 1.1430 03 0.0 0.0 2.8S5D 06 7 .173D-01 0.0 0.0 7 .173D-01 0.0 1.318D 03 
46 3.258D 02 1.146D 03 0.0 0.0 3.175D 06 7.184D-01 0.0 0.0 7.1840-01 0.0 1.305D 03 
45 3.1850 02 1.3010 03 0.0 0.0 3.4620 06 8.8420-02 0.0 0.0 8.843D-02 0.0 1.2680 03 
44 3.1130 02 1.3140 03 0.0 0.0 3.5700 06 6.9270-01 0.0 0.0 6.9270-01 0.0 9.9630 02 
43 3.0410 02 1.5670 03 1.9990 03 3.0710 03 1.5470 07 6 .. 4640-01 0.0 3.5770 00 6.4640-01 1.8000 03 9.9630 02 
42 2.9680 02 1.7880 03 2.040D 03 3.1680 03 3.9210 07 4.5550-01 0.0 1.3940 00 4.5600-01 8.7930 02 8.7320 02 
41 2.8960 02 1.7660 03 2.5250 03 3.5930 03 3.8760 07 1.9610-01 1.6660-03 2.0340 00 2.0090-01 1.5670 03 1.5560 03 
40 2.8230 02 1.7260 03 2.1390 03 3.7770 03 3.8140 07 1.3740-01 3.1290-03 4.5690-01 1.4510-01-6.1400 01-6.5160 01 
39 2.7510 02 1.6640 03 2.6730 03 3.934D 03 4.445D 07 1.666D-01 5.404D-03 1.842D 00 1.745D-01 6.711D 02-6.526D 02 
38 2.6790 02 1.593D 03 2.463D 03 3.838D 03 4.038D 07 1.831D-0~ 7.172D-03 1.570D 00 1.922D-01 1.682D 03 1.689D 03 
37 2.606D 02 1.607D 03 3.015D 03 3.827D 03 3.535D 07 1.008D-01 4.3600-03 2.355D 00 1.0740-01 1.832D 03 1.0600 03 
36 2.534D 02 1.589D 03 2.871D 03 3.756D 03 3.2860 07 1.0100-01 4.7810-03 1.9240 00 1.0800-01 2.4560 03 1.4640 03 
35 2.4610 02 1.561D 03 2.9230 03 3.6900 03 3.0150 07 8.8310-02 4.6090-03 2.0970 00 9.4920-02 3.6070 03 6.9030 02 
34 2.3890 02 1.5120 03 2.9170 03 3.8430 03 1.9560 07 5.0090-02 2.7000-03 9.8140-01 5.4880-02 6.7580 03 1.7560 02 
33 2.3170 02 1.5340 03 2.2860 03 3.7970 03 1.6010 07 1.8080-02 1.1080-03 1.1580-01 2.193D-02 4.4560 03 2.6160 04 
32 2.2440 02 1.7310 03 3.7910 03 3.9340 03 3.2550 07 1:3230-03 6.4690-05 3.3840-01 7.4290-03 2.2740 03 7.1510 03 
31 2.1120 02 1.703o ·o3 3.963o 03 4.041o o3 3.210o 01 3.185o-o3 1.824o-o4 1.239o oo 8.407D-03 5.3ooo 02 2.730D o3 
30 2.0990 02 1.7170 03 3.7340 03 3.9310 03 3.3480 07 9.7380-03 5.4800-04 1.4510 00 1.5330-02 1.0400 03-1.5960 03 
29 2.0270 02 1.7130 03 2.5020 03 3.8740 03 3.2890 07 2.2440-02 1.1490~03 1.8080-01 2.932D-02 6.0030 02 4.3320 03 
28 1.9550 02 1.722D 03 3.816D 03 4.0680 03 3.527D 07 1.289D-02 5.076D-04 1.486D 00- 1.847D-02 3.354D 02 1.138D 03 
27 1.8820 02 1.717D 03 2.0310 03 4.043D 03 3.711D 07 8.892D-02 2.6190-03 1.965D-01 9.668D-02 4.983D 02 5.006D 02 
26 1.810D 02 1.713D 03 2.3640 03 4.0310 03 3.455D 07 3.915D-02 1.3820-03 2.136D-01 4.607D-02 4.127D 01 4.552D 01 
25 1.7370 02 1.7000 03 1.7000 03 0.0 2.9720 07 9.7350-03 5.7190-04 0.0 1.601D-02-9.191D 02 3.319D 03 
24 1.6650 02 1.6850 03 4.130D 03 4.153D 03 3.081D 07 8.050D-0.4 4.318D-05 1.329D 00 5.452D-03-1.857D 03-9.382D 03 
23 1.5930 02 1.665D 03 3.801D 03 4.0080 03 2.7510 07 2.886D-03 2.8660-04 4.2540-01 7.940D-03-7.926D 02-7.548D 03 
22 1.520o 02 1.6210 03 3.7660 03 3.8280 03 2.459D 07 3.6440-03 1.064o-o3 1.769o·oo 8.021o-o3-2.052o 03-8.8830 03 
21 1.4480 02 1.5700 03 3.6340 03 3.698D 03 1.9050 07 3.1600-03 8.7920-04 1.3100 00 6.898D-03-3.5160 03-1.0710 04 
20 1.3760 02 1.5360 03 3.6260 03 3.6890 03 1.5510 07 2.4040-03 5.9430-04 1.1450 00 5.4680-03-4.5110 03-1.5270 04 
19 1.3030 02 1.4920 03 3.5070 03 3.6000 03 1.1950 07 1.5730-03 3.8150-04 4.7040-01 4.1570-03-5.965D 03-2.6670 04 
18 1.2310 02 1.2110 03 3.3060 03 3.5770 03 4.4800 06 4.2530-03 1.0420-03 3.7420-01 5.6940-03-7.2230 03-1.1610 04 
17 1.1580 02 1.0350 03 2.6710 03 3.5730 03 6.8440 06 1.2710-02 3.292D-03 2.991D-01 1.6080-02-7.610D 03-8.4780 03 
16 1.0860 02 9.7070 02 1.6380 03 3.5660 03 6.6980 06 1.933D-02 5.4970-03 7.7050-02 2.4870-02-6.9790 03-1.9730 03 
15 1.0140 02 9.2640 02 2.409D 03 3.5630 03 5.530D 06 9.080D-0.3 3.094D-03 1.2300-01 1.2200-02-6.8850 03-6.8890 03 
14 9.4110 01 9.0460 02 2.5220 03 3.5610 03 1.0130 07 1.525D-02 5.5150-03 2.7520-01 2.0780-02-7.6270 03-5.0140 03 
13 8.6870 01 9.1570 02 2.5130 03 3.5770 03 8.5820 06 1.6760-02 4.6380-03 2.3410-01 2.1410-02-6.8260 03-6.8230 03 
12 7.9630 01 1.0510 03 1.9620 03 3.5820 03 6.5220 06 4.7540-02 3.9490-03 3.6030-01 5.1580-02 0.0 -3.7490 03 
11 7.2400 01 1.2970 03 2.5120 03 3.850D 03 1.6540 07 1.7280-01 4.002D-03 1.6670 00 1.7720-01-7.214D 03-7.2100 03 
10 6.5160 01 1.3570 03 2.3520 03 4.055D 03 8.0050 06 2.141D-01 2.1570-04 1.7790 00 2.1430-01-4.0650 03-2.8810 03 
9 5.7920 01 1.6250 03 2.1350 03 3.3750 03 2.0340 07 3.028D-01 0.0 1.4390 00 3.0430-01-4.4790 03-4.5460 03 
8" 5.0680 01 1.6740 03 2.3150 03 3.1930 03 2.5070 07 3.4310-01 0.0 3.8270 00 3.4310-01-4.9790 03-5.0140 03 
7 4.3440 01 1.6260 03 2.2270 03 3.0710 03 2.025D 07 3.7800-01 0.0 3.7210 00 3.780D-01-4.8570 03-5.0140 03 
6 3.6200 01 1.5960 03 0.0 0.0 1.9700 07 1.3120-01 0.0 0.0 1.3180-01 0.0 -4.9950 03 
5 2.8960 01 7.5860 02 0.0 0.0 1.7210 07 8.222D-01 0.0 0.0 8.222D-01 0.0 -4.9300 03 
4 2.1720 01 7.4670 02 0.0 0.0 1.4560 07 8.2660-01 0.0 0.0 8.2660-01 0.0 -4.9150 03 
3 1.4480 01 7.3210 02 0.0 0.0 1.1900 07 8.2760-01 0.0 0.0 8.2760-01 0.0 -4.9110 03 
2 7.2400 00 7.1660 02 0.0 0.0 9.249D 06 8.2780-01 o.o 0.0 8.2780-01 0.0 -4.9100 03 

. 1 0.0 7.0170 02 0.0 0.0 6.5950 06 8.2790-01 0.0 0.0 8.2790-01 0.0 -4.9100 03 



SAMPLE PROBLEM FOR LOF-TOP CONDITIONS 
INITIALLY 2 FAILURE CELLS, PARTIALLY VOIDED CHANNEL, NORM. POWER AT 439 

TIME= 4.9932D-02 DELT= 2.8958D-05 
FCI BOUNDARIES IN CELLS 1 AND 50 
6.7847D 01 GRAMS FUEL IN 87 GROUPS 

REACTIVITY CHANGES-- SODIUM= 0.0 

*** FUEL PIN QUANTITIES *** 

NORMALIZED PO~ER= 2.3098D-04 
FCIL= 7.23950-01 FCIU= 3.57270 02 
XHIN= 7.2395D-01 XHAX= 3.56670 02 
TOTAL FUEL= 0.0 TOTAL= 0.0 

HIGHEST FAILURE CELL IS 30 
LOHEST FAILURE CELL IS 22 
PIN FUEL= 0.0 CHANNEL FUEL= 0.0 

*** REACTIVITIES *** 

POSITION FUEL CAVITY FUEL FIS.GAS CAVITY FUEL+FGAS CLAD PIN FUEL CHAN FUEL TOTL FUEL 
OF CELL TEMPRTURE PRESSURE DENSITY DENSITY AREA VELOCITY TEHPRTURE REACTIVTY REACTIVTY REACTIVTY 

J BOTTOM TFUP PF ROFUP ROGFP AF UF TCL . CHANGE CHANGE CHANGE 
50 3.547D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.184D 03 0.0 0.0 0.0 
49 3.475D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.214D 03 0.0 0.0 0.0 
48 3.403D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.230D 03 0.0 0.0 0.0 
47 3.3300 02 0.0 0.0 0.0 0.0 0.0 0.0 1.254D 03 0.0 0.0 0.0 
46 3.2580 02 0.0 0.0 0.0 0.0 0.0 0.0 1.285D 03 0.0 0.0 0.0 
45 3.1850 02 0.0 0.0 0.0 0.0 0.0 0.0 1.328D 03 0.0 0.0 0.0 
44 3.113D 02 0.0 0.0 0.0 0.0. 0.0 0.0 1.371D 03 0.0 0.0 0.0 
43 3.041D 02 0.0 0.0 . 0.0 0.0 0.0 0.0 1.422D 03 0.0 0.0 0.0 
42 2.968D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.467D 03 0.0 0.0 0.0 
41 2.896D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.521D 03 0.0 0.0 0.0 
40 2.823D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.5280 03 0.0 0.0 0.0 
39 2.751D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.497D 03 0.0 0.0 0.0 
38 2.679D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.497D 03 0.0 0.0 0.0 

·37 2.606D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.510D 03 0.0 0.0 0.0 
36 2.534D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.511D 03. 0.0 0.0 0.0 
35 2.461D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.505D 03 0.0 0.0 0.0 
34 2.389D 02 o.o ·o.o o.o o.o o.o o.o 1.504D 03 o.o o.o o.o 
33 2.317D 02 o.o o.o o.o o.o- o.o o.o 1.5440 03 o.o o.o o.o 
32 2.244D 02 3.3620 03 2.001D 07 3.664D 00 5.101D-03 2.319D-02 1.2330 02 1.700D 03 0.0 0.0 0.0 
31 2.172D 02 3.4840 03 1.924D 07 3.1760 00 5.172D-03 1.391D-01-6.113D 01 1.7000 03 0.0 0.0 0.0 
30 2.099D 02 3.6230 03 2.017D 07 3.068D 00 5.2520-03 1.855D-01-6.187D 01 1.700D 03 0.0 0.0 0.0 
29 2.027D 02 3.7810 03 2.074D 07 2.9530 00 5.1410-03 2.087D-01-1.151D 02 1.700D 03 0.0 0.0 0.0 
28 1.9550 02 3.9420 03 2.265D 07 2.993D 00 5.122D-03 2.0870-01-2.1080 02 1.7000 03 0.0 0.0 0.0 
27 1.8820 02 4.0690 03 2.5050 07 3.0780 00 5.1540-03 2.0870-01-1.7460 02 1.7000 03 0.0 0.0 0.0 
26 1.810D 02 4.1550 03 2.8050 07 3.2190 00 5.3280-03 '2.0870-01-1.1720 02 1.7000 03 0.0 0.0 0.0 
25 1.7370 02 4.1850 03 2.9350 07 3.2600 00 5.4300-03 2.0870-01 4.1510 00 1.7000 03 0.0 0.0 0.0 
24 1.665D 02 4.1500 03 2.9160 07 3.2470 00 5.5740-03 2.0870-01 2.3640 02 1.7000 03 0.0 0.0 0.0 
23 1.5930 02 4.0590 03 2.9910 07 3.3530 00 6.0300-03 2.0870-01 2.3740 02 1.7000 03 0.0 0.0 0.0 
22 1.5200 02 3.8830 03 2.8970 07 3.4070 OG 6.3930-03 1.8550-01 1.2180 02 1.7000 03 0.0 0.0 0.0 
21 1.4480 02 3.478D 03 2.859D 07 3.6430 00 7.060D-03 1.6230-01-9.8750 01 1.6920 03 0.0 0.0 0.0 
20 1.376D 02 3.335D 03 2.8520 07 3.7370 00 7.239D-03 4.6380-02 0.0 1.6190 03 0.0 0.0 0.0 
19 1.303D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.5450 03 0.0 0.0 0.0 ~ 
18 1.2310 02 0.0 0.0 0.0 0.0 0.0 0.0 1.2570 03 0.0 0.0 0.0 
17 1.158D 02 0.0 0.0 0.0 0.0 0.0 0.0 1.1020 03 0.0 0.0 0.0 
16 1.oa6o 02 o.o o.o· o.o o.o o.o o.o 1.oo1o 03 o.n o.o o.o 
15 1.0140 02 0.0 0.0 0.0 0.0 0.0 0.0 9.5720 02 0.0 8.0 0.0 
14 9.411D 01 o.o o.o o.o o.o o.o o.o 9.095D 02 o.o o.o· o.o 
13 8.6870 01 0.0 0.0 0.0 0.0 0.0 0.0 9.131D 02 0.0 0.0 0.0 
12 7.963D 01 0.0 0.0 0.0 0.0 0.0 0.0 9.0400 02 0.0 0.0 0.0 
11 7.240D 01 0.0 0.0 0.0 0.0 0.0 0.0 9.0200 02 0.0 0.0 0.0 
10 6.516D 01 0.0 0.0 0.0 0.0 0.0 0.0 8.9410 02 0.0 0.0 0.0 
9 5.792D 01 0.0 0.0 0.0 0.0 0.0 0.0 8.817D 02 0.0 0.0 0.0 
8 5.068D 01 0.0 0.0 0.0 0.0 0.0 0.0 8.789D 02 0.0 0.0 0.0 
7 4.3440 01 0.0 0.0 0.0 0.0 0.0 0.0 8.7210 02 0.0 0.0 0.0 
6 3.6200 01 0.0 0.0 0.0 0.0 0.0 0.0 8.6430 02 0.0 0.0 0.0 
5 2.8960 01 0.0 0.0 0.0 0.0 0.0 0.0 8.5660 02 0.0 0.0 0.0 
4 2.172D 01 0.0 0.0 0.0 0.0 0.0 0.0 8.505D 02 0.0 0.0 0.0 

e· 

<X> 
U1 



3 1.4480 01 0.0 
2 7.2400 00 0.0 
1 0.0 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

*** CHANNEL QUANTITIES *** 

0.0 
0.0 
0.0 

0;0 
0 .. 0 
0.0 

0.0 
0.0 
0.0 

8.4260 02 0.0 
8.340D 02 0.0 
1.3620 03 0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

POSITION SODIUM FIS.GAS FUEL TOTAL LIQ. NA FIS.GAS FUEL NA+FISGAS FUEL NA+FISGAS 
OF CELL TEMPRTURE TEMPRTURE TEMPRTURE ·PRESSURE DENSITY DENSITY DENSITY DENSITY VELOCITY VELOCITY 

J BOTTOM TNA ' TFG TFU PM ROSLC ROFGC ROFPC ROMC UP UH 
50 3.5470 02 1.5820 03 2.0910 03 2.8570 03 9.0240 06 1.7300-01 0.0 1.5440 00 1.7300-0·1-5.4250 01-3.9670 02 
49 3.4750 02 1.490D 03 1.8100 03 2.8570 03 1.0420 07 3.4050-01 0.0 1.349D 00 3.4120~01 0.0 -4.7920 02 
48 3.4030 02 1.4690 03 1.8940 03 3.0700 03 9.3550 06 4.497D-01 0.0 2.0780 00 4.4990-01 1.533D 03 1.5780 03 
47 3.3300 02 1.4740 03 0.0 0.0 9.5960 06 2.1710-01 0.0 0.0 2.1850-01 2.2450 03 2.2430 03 
46 3.2580 02 1.5270 03 1.7500 03 3.0710 03 1.525D. 07 5.150D-01 6.2170-04 1.1420 00 5.1590-01 0.0 1.4200 03 
45 3.1850 02 1.5220· 03 1.748D 03 3.4760 03 1.802D 07 2.9390-01 2.289D-03 5.2080-01 2.975D-01 1.8340 03 2.5680 03 
44 3.1130 02 1.5540 03 2.254D 03 3.474D 03 1.7510 07 1.1480-01 1.3570-03 8.5460-01 1.1840-01 1.5380 03 1.0790 03 
43 3.0410 02 1.5270 03 2.1020 03 3.6960 03 1.9960 07 1.6560-01 3.0640-03 7.9960-01 1.7050-01 1.2830 03 1.2840 03 
42 2.9680 02 1.5490 03 2.8950 03 3.7170 03 1.8160 07 4.8580-02 1.3580-03 1.0160 00 5.2400-02 1.595D 03 2.9210 03 
41 2.8960 02 1.5660 03' 1.8590 03 3.347D 03 1.9240 07 8.2900-02 2.5670-03 2.1770-01 8.8280-02 0.0 2.9270 03 
40 2.823D 02 1.6040 03 2.9650 03 3.7050 03 2.2440 07 4.2110-02 1.3500-03 1.0560 00 4.663D-02-5.580D 02-5.5780 02 
39 2.7510 02 1.5290 03 1.9790 03 3.5960 03 1.9810 07 1.0410-01 3.9650-03 3.9220-01 1.1030-01 1.2150 03 3.2940 0~ 
38 2.6790 02 1.5850 03 3.2440 03 3.7070 03 2.3120 07 4.1320-02 1.8180-03 1.9630 00 4.5670-02 1.1630 03 3.0880 03 
37 2.6060 02 1.6090 03 2.7250 03 3.6390 03 2.630D 07 6.5110-02 2.9690-03 1.0820 00 7.115D-02 1.9800 03 4.1560 03 
36 2.5340 02 1.6450 03 2.8830 03 3.6020 03 2.8800 07 5.3570-02 2.5160-03 1.2380 00 5.9660-02 2.0070 03 3.6260 03 
35 2.4610 02 1.6740 03 3.1490 03 3.5650 03 3.2510 07 4.6900-02 2.2360-03 2.3250 00 5.2530-02 4.8440 02 4.8030 02 
34 2.3890 02 1.6790 03 3.0780 03 3.7700 03 3.6420 07 6.681D-02 3.2590-03 1.8690 00 7.3660-02-9.2930 01-9.3440 01 
33 2.3170 02 1.6860 03 3.0670 03 3.8630 03 3.7510 07 6.8440-02 3.3540-03 1.6460 00.7.5600-02-3.8690 02-3.8830 02 
32 2.2440 021.7260 03 2.3730 03 3.7890 03 4.1020 07 9.4830-02 4.4390-03 6.1580-011.0420-011.1730 03-6.5790 01 
31 2.1720 02 1.7350 03 3.2360 03 4.0480 03 3.9930 07 4.2100-02 1.8010-03 1.1000 00 4.9220-02 8.9910 02 9.0310 02 
30 2.0990 02 1.7040 03 3.3430·03 4.0240 03 3.1950 07 1.0660-02 3.3360-04 3.5840-01 1.6540-02 7.2120 02 7.2150 02 
29 2.0270 02 1.7020 03 2.3810 03 3.962D 03 3.1360 07 2.0950-02 6.5740-04 1.2460-01 2.7160-02 0.0 2.1710 03 
28 1.9550 02 1.7010 03 2.4650 03 4.0200 03 3.1480 07 1.4280-02 4.5740-04 9.9390-02 2.0350-02 5.2700 02 5.2720 02 
27 1.8820 02 1.7010 03 2.7590 03 3.9930 03 3.1210 07 1.1280~02 3.8160-04 1.3420-01 1.728D-02 9.8990 01 4.7170 02 
26 1.8100 02 1.7020 03 2.1650 03 3.9390 03 3.1320 07 2.4080-02 8.2590-04 8.7970-02 3.0450-02 8.4750 01 8.4440 01 
25 1.7370 02 1.7000 03 4.1310 03 4.1310 03 3.2020 07 0.0 0.0 2.2190-04 5.8010-03 0.0 -1.3420 04 
24 1.6650 02 1.7000 03 1.7000 03 0.0 2.9160 07 1.6900-02 1.0660-03 0.0 2.3610-02 0.0 7.5540 03 
23 1.5930 02 1.7090 03 3.6890 03 3.9140 03 3.0730 07 9.3300-05 4.6890-07 1.1670-02 6.0910-03-2.9880 01-7.3960 03 
22 1.5200 02 1.700D 03 3.8970 03 3.9050 03 2.969D 07 7.5070-05 1.753D-05 3.5170-01 5.653D-03-6.650D 02-1.0100 04 
21 1.448D 02 1.6920 03 3.5650 03 3.8790 03 2.8630 07 9.4900-04 5.870D-05 7.8430-02 6.5520-03-1.7970 03-1.7950 03 
20 1.3760 02 1.6490 03 3.5550 03 3.8470 03 2.3910 07 1.1670-03 1.6520-05 1.0510-01 5.8310-03-2.3500 03-2.3410 03 
19 1.3030 02 1.6390 03 3.6490 03 3.8480 03 2.2940 07 3.1420-04 1.3120-06 4.0980-02 4.8200-03-5.5470 03-2.8830 04 
18 1.2310 02 1.4710 03 4.1240 03 4.1300 03 1.3820 07 5.8850-05 1.4610-06 1.2830 00 1.8870-03-5.9820 03-3.4400 04 
17 1.1580 02 1.3590 03 3.603D 03 3.8220 03 6.1590 06 3.8980-04 1.0150-06 4.9190-02 1.5240-03-8.5570 03-5.0000 04 
16 1.0860 02 1.1830 03 3.7300 03 3.8140 03 2.5800 06 3.4510-04 1.4490-06 1.4100-01 6.8010-04-1.0630 04-5.0000 04 
15 1.0140 02 9.8350 02 3.4340 03 3.8060 03 1.3930 06 1.8660-03 3.7060-06 1.5020-01 1.9170-03-1.0580 04-3.3610 04 
14 9.4110 01 9.3040 02 2.6230 03 3.7980 03 1.2730 06 4.8450-03 6.0080-06 7.0370-02 4.8750-03-1.0880 04-1.8730 04 
13 8.6870 01 9.1910 02 2.1310 03 3.7960 03 1.2510 06 3.9470-03 5.2670-06 3.3120-02 3.9740-03-1.2610 04-1.5050 04 
12 7.9630 01 9.0770 02 2.3960 03 3.7920 03 1.3950 06 6.8220-03 1.1420-04 8.5390-02 6.9540-03-1.2510 04-1.1170 04 
11 7.2400 01 9.0790 02 2.4970 03 3.7740 03 2.9830 06 2.5430-02 1.0440-03 3.4710-01 2.6490-02-1.3100 04-5.3890 03 
10 6.5160 01 8.9790 02 9.2310 02 3.7580 03 1.8030 06 1.7410-02 1.2120-03 2.4220-03 1.8630-02 0.0 -2.3350 03 
9 5.7920 01 8.9130 02 3.4240 03 3.7940 03 4.1810 06 1.0160-02 1.1860-03 7.3460-01 1.1360-02-7.3620 03-3.2950 03 
8.5.0680 01 8.8750 02 3.5930 03 3.8140 03 5.0460 06 7.5780-03 1.3780-03 9.9640-01 8.9680-03-8.2770 03-4.3520 03 
7 4.3440 01 8.8010 02 3.3490 03 3.7670 03 6.2970 06 1.0120-02 2.1500-03 6.5810-01 1.2280-02-7.4210 03-6.6600 03 
6 3.6200 01 8.7240 02 3.2850 03 3.6970 03 5.4860 06 1.004D-02 1.9950-03 5.6010-01 1.2050-02-6.2480 03-3.1020 03 
5 2.8960 01 8.7980 02 3.5950 03 3.8360 03 7.3510 06 1.2860-02 1.9720-03 1.6620 00 1.4840-02-5.5690 03-5.5710 03 
4 2.1720 01 8.7200 02 3.0160 03 3.7020 03 9.0850 06 2.9630-02 3.4920-03 1.0440 00 3.3130-02-5.8950 03-4.0360 03 
3 1.4480 01 8.6540 02 1.9680 03 3.5840 03 6.4110 06 4.7370-02 4.1160-03 3.3040-01 5.1500-02-5.6840 03-5.6840 03 
2 7.2400 00 8.5860 02 1.4250 03 3.5680 03 5.5480 06 7.6320-02 4.7610-03 2.2730-01 8.1090-02-5.6680 03-5.6840 03 
1 0.0 2.0350 03 2.2740 03 3.0710 03 5.5350 06 1.5610 00 1.5620-02 7.6520 00 1.5760 00-5.6740 03-5.6840 03 

....... 
-.. ~) 



are displayed~ Next, data for the whole r-z fuel mesh is displayed when 
NPRAD > 0. This data includes, for each axial cell, the fuel outer radius, 
the outermost radial subc~ll that is fully molten, the outer radius of each radial 
cell, the total cross-sectional area out to and including each radial subcell, the 
temperature·fraction of heat of fusion satisfied, mass and fission gas to fuel 
mass ratio for each radial subcell. 

Some selections from the output for the transient are provided. The 
printout at t = 0 shows conditions as input but after the first ejection of fuel 
and fission gas into the coolant channel. Notice that the lower sodium slug 
interface has moved from 194.7 in cell 27 to 181.4 in.cell 26 because fuel was 
ejected into the channel at 181.4 em and the slug interface was automatically 
redefined to be at that location. About 0.9 gm of.fuel was ejected at t = 0 

· and this was divided into 10 particle groups. The cavity pressure reflects the 
final equilibrated values after ejection in ejection cells 26 and 27. The same 
is true of the fission gas and fuel smear densities in the pin •. The smear 
density of fission gas and fuel in the coolant channel reflects the ejection as 
well. The channel pressure in the lower slug is entirely changed as a result 
of the ejection. The pressure in cells 26 and 27 is the equilibrated pressure 
after ejection but the pressures in the single~phase lower slug are merely 
linear interpolations between the inlet pressure and the interface cell pressure 
(in this case 1.15 x 108 dynes/cm2 in cell 26). This interpolation and 
linear pressure drop in the slugs is assumed throughout the calculation. 

The next printout is from approximately 5 msec. The upper slug interface 
has not moved much since it has been essentially insulated from the high pin 
failure pressures by the long voided portion of the channel. The lower slug 
interface has moved downward partially as a result of the extension of the clad 
rip downwards (it has also extended upwards) as the molten fuel cavity expanded 
(the option of extending the clad rip to cells with 8 radial subcells fully molten 
was specified and this extended the failure upwards to cell 30 and downwards to 
cell 22) considerably with the high power level. It is noted from the printout 
of the cavity area that the cavity has expanded radially significantly and axially 
it was extended 2 cells on the bottom and 1 on the top. In the coolant channel, 
it is seen that considerable fuel and fission gas has been ejected (36 gm fuel) 
and there is a significant FCI (peak sodium temperature 1789K). 

The printout at about 10 msec shows somewhat similar conditions in the pin 
cavity as at 5 msec. There has been considerable motion of material in the 
coolant channel, however and the FCI has increased (1941K peak sodium temperature. 
By about 30 msec into the transient, the pin pressure has been considerably 
reduced, and there has been extensive material motion in the coolant channel. 
The fuel moving upwards in the coolant channel has almost caught up with the 
upper slug interface (XMAX = 309.1, FCIU = 319.5). The printout at 49 msec shows 
a further progression of essentially the same trends. 
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APPENDIX A 

ENERGY DIVISION ALGORITHM FOR SODIUM: 
ENERGY REQUIRED FOR BOILING VERSUS 

HEA'l:'lNG '!'HE LIQUID PHASE 

Assumptions 

1. The vapor phase can be treated like an ideal gas. 

2. 

3. 

4. 

The two-phase mixture follows the saturation line [for which we have an. 
expression: P = P (T)]. 

sat . sat 

/ Changes in volume fractions c~n be ignored as an effect. 

Condensation on ~!adding does not affect.the energy apportionment between 
the two phases. 

Since the ideal gas law gives ·PV = MRT, and Mvap' the mass of the vapor, 
is changing due to boiling and due to' AT, 

M2 
·~ = 

Ml 
vap 

Then, 

M2 
~ 
Ml 

vap 

. or 

M2 
2ap 
Ml 

vap 

now, 

Tl p2 Tl P (T2) sat --T2 pl pl p (Tl) ' 
sat 

(r' 
Tl ).[~sat (Tl / AT)] 

+ AT P (Tl) . . sat 

1 
p 

X 

1 + AT 
, T1 

M1 + AM ___!.ap vap 

Ml . 
vap 

sat 
[tl + AT]. 

p (Tl) 
sat 

·. \ (A~ l) 

(A. 2) 

(A. 3) 

(A.4) 
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and 

P (Tl + t.T) 
sat 

dP (T 1) 
sat 

:: p (Tl) + t.T --d-=-=T=--­sat 

so that 

Ml + t.M 
vap vap 

Ml 
vap 

Ml + t.M 
sat 

vap vap : ( 1 -~n • [1 HT • dT 
dP (Tl) ] 

Ml 
vap 

so that 

Ml + t.M 
vap vap :: 1 + t.T sat • 

[

dP (T 1 ) 
1 

Ml 
vap 

t.M 
vap 

dT 

[

dP (T 1 ) 
t.T sat • 

dT 

p (Tl) 
sat 

- ___!_] 1 • 
T 

Now, from the Clausius-Clapyron equation, 

p •H 
vap fg 

T 
dP 

sat 
dT 

and we realize that energy that goes into generating t.Mvap is 

t.E 
vap 

H t.M and Ml = pl ·vl 
fg vap vap vap vap 

(A.S) 

(A.6) 

(A. 7) 

(A.8) 

(A.9) 

(A.lO) 

(A.ll) 



.~ 

~·· 

so, 

t.E = H opl ovl ot.T 
vap fg vap vap 

(Aol2) 

and 

H pl 
fg vap 

dP (T1 ) 
sat 

dT (Aol3). 

.so 

t.E 
vap 

dP (T1 ) 
sat 

dT 
o vl 

vap 
X 

[

dP (T1 ) 
sat 
dT. -=p-1~' (~T-r1 -:-). - T} J. ot.T o (Aol4) 

sat 

Now we realize that to heat up the liquid J ignoring t.Mvap) that 

t.El. 1q 

and since we follow the saturation curve, t.T = t.Tvap = t.Tliq' so 

t.E 
vap 

t.Eliq 
= 

dP (T 1 ) 
Tlo sat 

dT 

This expression is accurate up to "'90% of the critical tempera.tureo 

(Aol5) 

(Aoi6) 
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APPENDIX B 

MJ.\.TERIAL .PROP·E:~'fiES. USEP ;I:N THE PROGRAM 

Fuel 

. The following material properties are.tt;eated as constants throughout the 
calculation and are specified in the input:-

Mel~ing t~mperature 
Heat of vaporization 
Heat of fusion 
Specific heat of liquid fuel 
Therma·l conductivity for liquid fuel 
Gas constant for fuel vapor 
Absolute fuei viscosity 

The theoretical density of liquid fuel is treated as a constant in the 
program· but· the user specifies a temperat~re as input with which.the con~tant 
fuel .density is calculated from the following function: 19 

p = 
11.08 

(B.l) 
1 + 9.3•10-S•(T-273) 

where p is in g/cm3 and T is in K. 

The specific· heat of solid fuel is given by the followi~g:l9 

where Cp is in ergs/g•k and T is in K. 

The vapor pressure of fuel is given by:20 

·' ... ; 

p exp[69.979 - 76800 - 4.34 ln(T)] = 
sat T (B.3) ( 

where P is in dyne.s/cm2 arid T in K. 
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Sodium 

The following material properties are treated as constants throughout the 
calculation and are specified in the input: 

Compressibility of liquid sodium 
Speed of sound in liquid sodium 
Absolute viscosity of liquid sodium 
Absolute viscosity of two-phase sodium 

The theoretical density of liquid sodium is given by the following function: 6 

0.1818 + 0.756428•(1.0- T·0.0003659)0•586885 (B.4) 

where p is in g/cm3 and T in K 

The theoretical density of sodium vapor is given by the following funtion: 19 

where Hfg and· P are given below and T is in K. sat 

The specific heat of liquid sodium is given by the following:l 9 

C = 0.85563•107 + 0.3808•107/(1.0- T/2733)0.5738 
p 

where CP is in ergs/g•K and T is in K. 

The specific heat of sodium vapor is given by the following:l 9 

C = 0.85563•107 - 0.3808•107/(1.0- T/2733)0.5738 
p 

where Cp is in ergs/ g •K and T is in K. 

The vapor pressure of sodium is given by21 

T < 1144 K 

p [28.4597 - 12818.5 
- 0.5 ln(T)] sat 

exp 
T 

(B.5) 

(B.6) 

(B.7) 

(B~8) 



1144 K ( T .< 1644 K . 

""':I.:2U~V.B 
P sat = .e~pJ~_..Q .• :~.1,_2.;5 -~ "" .. .. :T --. .- .:Q. ~13A4 .1n(T }] (B. 9.) 

T ) 1644 K 

;10461.-_8 
P sat ~. -~~p_[J;"7_.,A~.49 ,,... ····- -;:-· · .+ 0.0(8_9 J!l(T)_] '(B.:IO) 

where Psat ~~s J!l ~~Y!l~/.cm-2 ;,.~!ld T .i!l !<.• 

· The q~~t .~f ,Vjtpo_r:~~~_t:J!)n f()r J~odi_ulll _is g·iven ~y <2:1. 

I(R.H) 

Cladding 

The fo_ll_()~:i_ng _ggt_ter:!~<l.:l P:t:9P.e_rties a:r,-e trea.t:~d a,~ c9n:s,_t,~n:t:s thr,o.4ghou.t .the 
ca1culatipn .anci "'Ci~I:~ ~sRe.c;JH~~:9 in the i~p1Jt:~ 

Theor,e_t!s<ll ~~-~s~SY. 
Mel ~in~ :t~l!l_P~.r:.?t~-~~ 
Spec~fi.c .l:t~,~t 
Heat ·of J~.§.i_o,~ 

Fission Gas 

The ~s.e!" m1,1~.~ .·.~.P~.ci.f;Y &- J?!l.§ co~~:;.t(l_l)t for thee :Lc;l~~-a.J. :_g.as .fo:rmula.t·ion of 
fis~ion _g~.s p_~e-~_su_r.~.· 

( 
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APPENDIX C 

DICTI_ONARY OF VARIABLES IN COMMO.N STORAGE 1N EPIC 

Note that for· all smear densities in the coolant channel in the slug 
interface cells, the smear density is the mass of the material in the partial 
cell on the interaction zone side of the partial cell divided by the total 
.cell volume, not by the partial cell volume. All velocities are values at the 
bottom edge of their .respective cells, i~e~, ui is the velocity of the bottom 
edge of cell i. With respect to all variables whose values· are heights, the 
bottom of the channel mesh is zero. 

The following variables each have three time values. · The variable names 
ending in 1 are for the beginning of time step values. The variable names : 
ending in 2 are for the beginning of time step values on the first (explicit) 
pass and on the second pass are for the end of time step values which were 
calculated during the first (explicit) pass and which are used to form the 
semi-implicit average values on the second pass. The variab~e names ending in 
3 are for the current end of step value being calculated on each step. 
Therefore, at the end of the first pass, the 3 values become the 2 values for 
the second pass. When the differencing in ti~e is strictly explicit, this 
scheme becomes irrelevant, but the 1, 2 and 3 ·values function as they do on the 
first (explicit) pass when the differencing is semi-implicit in time. 

Name Dim. I Unit Description. 

ACl (100) cm2 Cross-sectional area of coolant 
AC2 (100) cm2 channel by axial cell. 
AC3 (100) cm2 

AFl (100) cm2 Cross-sectional area of molten 
AF2 (100) cm2 fuel cavity in the fuel pin by 
AF3 (100) cm2 axial cell. 

AMl (100) cm2 Total cross-sectional area of 
AM2 (100) cm2 coolant channel minus equiva-
AM3 (100) cm2 lent cross-sectional area of 

fuel, i.e., Am= Ac- Vfu/ 
flZ where Vfu is the volume 
of all fuel. in the cell, flZ 
the.cell height. 

;I 

FCILl em Interaction zone/lower sodium 
FCIL2 em slug interface location. 
FCIL3 em 

FCIUl em Interaction zone/upper sodium 
FCIU2 em slug .interface location. 
FCIU3 em 

ROFGCl (100) g/cm3 Smear density of fission gas 
ROFGC2 (100) g/cm3 in coolant channel by axial 
ROFGC3 (100) g/cm3 cell. 
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Name 

ROFPCl 
ROFPC2 
ROFPC3 

ROFUPl 
ROFUP2 
ROFUP3 

ROGFPl 
ROGFP2 
ROGFP3 

ROMCl 
ROMC2 
ROMC3 

ROSLCl 
ROSLC2 
ROSLC3 

ROSVCl 
ROSVC2 

,RQSVC3 

TCLl 
TCL2 
TCL3 

TFGl 
TFG2 
TFG3 

TFUl 
TFU2 
TFU3 

TFUPl 
TFUP2 
TFUP3 

TNAl 
TNA2 
TNA3 

Dim. 

(100) 
(100) 
(100) 

(100) 
(100) 
(100) 

(100) 
(100) 
(100) 

(100) 
(100) 
(iOO) 

(100) 
(100) 
(100) 

(100) 
(100) 
(100) 

(100) 
(100) 
(100) 

(100) 
(100) 
(100) 

(100) 
(100) 
(100) 

(100) 
(100) 
(100) 

(100) 
(100) 
(100) 

Unit 

g/cm3 
g/cm3 
g/cm3 

g/cm3 
g/cm3 
g/cm3 

g/cm3 
g/cm~ 
g/cm3 

g/cm3 
g/cm3 
g/cm3 

g/cm3 
g/cm3 
g/cm3 

g/cm3 
g/cm3 
g/cm3 

K 
K 
K 

K 
K 
K 

K 
K 
K 

K 
K 
K 

K 
K 
K 

/ 

Description 

Smear density of fuel in cool­
ant channel by axial cell ob­
tained by summing all fuel 
particle groups in a cell and 
dividing by cell volume. 

Smear density of fuel in the 
molten fuel cavity in the fuel 
pin by axial cell. 

Smear density of fission gas 
in the" molten fuel cavity in 
the fuel pin by axial'cell. 

Smear density of two-phase 
sodiUm plus fission gas in 
coolant cha?nel by axial cell. 

Smear density of sodium 
liquid in the coolant channel 
by axial cell. 

Smear density of sodium vpaor 
in the coolant channel by 
axial,cell. (This is not book­
kept but calculated every time­
step from void fraction and 
saturation conditions.) 

Temperature of cladding by 
axial cell. 

Temperature of fission gas in 
coolant channel by axial cell. 

Average temperature of all 
fuel particle groups in an 
axial cell .in the coolant 
channel. / 

Temperature of the fuel/ 
fission gas froth in the 
molten fuel cavity in the 
fuel pin by axial cell. 

Temperature of the two~phase 
sodium in the coolant chan­
nel. In slug interface cells, 
this is the temperature on 
the interaction zone side. 
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Name Dim. 

UFl (100) 
UF2 (100) 
UF3 (100) 

UGl (100) 
UG2 (100) 
UG3 (100) 

UMl (100) 
UM2 (100) 
UM3 (100) 

UP! (100) 
UP2 (100) 
UP3 (100) 

Unit 

cm/s 
cm/s 
cm/s 

cm/s 
cm/s 
cm/s 

cm/s 
cm/s 
cm/s 

cm/_s 
cm/s· 
cm/s 

Description 

Velocity uf fuel in the mol­
ten fuel cavity in the fuel 
pin by axial cell. 

Velocity of fission gas in the 
molten fuel cavity in the fuel 
pin by axial cell. (At the pre­
sent time, this is the same 
as that of the fuel, UF, because 
no mechanistic calculation of 
fuel/fission gas slip is done.) 

Velocity of two-phase sodium 
and fission gas mixture in 
coolant channel by axial cell. 

' 
Average velocity of particle 
groups centered one-half cell 
above to one-half cell below 
node edge by axial cell. 

The following variables have only two time values. For these variab~es, 
there is no need to store the current calculated end of step value separately, 
so the newly calculated end of step value is placed immediately in the 2 value, 
replacing the beginning of time step value on the first pass and replacing the 
old end of time step value on the second pass. 

Name 

APERl 
APER2 

FGILl 
.l<'GIL2 

HFPRZl 
HFPRZ2 

MELTRl 
MELTR2 

Dim. 

(100) 
(lqO) 

I 

(10,100) 
(10,100) 

(lOD) 
(100) 

Unit 

cm2 
cm2 

em 
em 

Description 

The area of cladding available 
for condensation of sodium or 
fuel vapor. Set to 2Tircl"F/~z, 
where rcl is the cladding outer 
radius, and F is 8Z for all 
axial cells except the inter­
face cells where it is the 
length of the portion of the 
cell in the interaction zone. 

Lower interface position of 
fission gas within interaction 
zone. 

Fraction of heat of fusion 
satisfied for each r-z cell 
in the fuel pin, the first 
index being for radial sub­
cell. 

The outermos~·fully molten 
radial subcell by axial cell. 
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Name 

NFCILl 
NFCIL2 

NFCIUl 
NFCIU2 

NMPl 
NMP2 

PFl 
PF2 

PM! 
PM2 

PPOSl 
PPOS2 

PTMPl 
PTMP2 

PVELl 
PVEL2 

SVLSil 
SVLSI2 

svusn 
SVUSI2 

TFPRZl 
TFPRZ2 

TLSil 
TLSI2 

TMPPLl 
TMPPL2 

Dim. 

(100) 
(100) 

(100) 
(100) 

(1000) 

(1000) 
(1000) 

(1000) 
(1000) 

(10,100) 
(10,100) 

Unit 

dynes/cm2 

dynes/cm2 

em 
em 

K 
K 

cm/s 
cm/s 

K 
K 

K 
K 

g/cm 3 

g/cm 3 

Description 

Cell number of lower slug/ 
interaction zone interface. 

Cell number of upper slug/ 
interaction zone 'interface. 

Number of fuel particle 
groups in the coolant channel. 

Total pressure in the molten 
fuel cavity in the fuel pin 
by axial cell. 

Total pressure in the coolant 
channel by axial cell. 

The position of the center of 
each fuel particle group. 

The temperature of each fuel 
particle group. 

The velocity of each fuel par­
ticle group. 

Volume of single-phase portion 
of interaction zone/lower slug 
interface cell except when the 
interface cell is an ejection 
cell, in which case this is zero. 

Volume of single-phase portion 
of interaction zone/upper slug 
interface cell except when the 
interface cell is an ejection 
cell, in which case this is zero. 

Temperature of each r-z cell 
in the fuel pin, the first in­
dex being for radial subcell. 
(Only the solid fuel cells are 
updated during the calculation.) 

Temperature of single-phase por­
tion of interaction zone/lower 
slug interface cell. 

Adjusted smear density of 
liquid sodium in lower inter­
face cell, to provide correct 
local density in interaction 
zone portion. TMPPL = PNa/ 
(1 - SVLSI/(Ac·6z)). 



Name 

TMPPUl 
TMPPU2 

TOTMSl 
TOTMS2 

TUSil 
TUSI2 

Dim.· Unit 

3 g/cm
3 g/cm 

g 
g 

K 
K 

Description 

Adjusted smear density of 
liquid sodium in upper inter­
face cell to provide correct 
local density in interaction 
zone portion. TMPPU PNa/ 
(1 - SVUSI/(Ac·~z)). 

Total mass of fuel ejected 
into coolant channel. 

Temperature of single-phase 
portion of interaction zone! 
upper slug interface cell. 

The following are miscellaneous arrays arid variables • 

Name . ·Dim. 

ACLEND 

ACUEND 

A TEMP X (10,000) 

ATMP (1000) 

BTEMPX (100) 

CLDEN 

CLMELT ,-

CPCL .,. 

CPFU 

CSNDNA 

DCHANL 

DCHANU 

Unit 

2 em 

2 em 

g/cm 

K 

3 

ergs/g-K 

ergs/g•K 

cm/s 

em 

em 

Description 

Area of coolant channel between 
end of mesh and HLPLEN. 

Area o'f coolant channel between 
end of mesh and HUPLEN. 

Temporary storage for elements 
of tri-diagonal matrix used for 
solution of momentum equations 
in pin a~d channel. 

Temporary storage 

Temporary storage for constant 
vector and solution vector in 
solution of momentum equations 
in pin and channel. 

Cladding density 

Cladding melting temperature 

Cladding specific heat 
·' ·' 

' 
Specific heat of liquid fuel. 

Speed of sound in liquid sodium. 

Hydraulic diameter of lower 
slug. 

Hydraulic diameter of upper .. · 
slug. 
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Name Dim. 

DELA (100) 

DELT 

DELTl 

DELT2 

DELT3 

DELZ 

EXTIME 

FCI (100) 

FDEN 

FFCI 

FGFUF (10,100) 

FRACHF 

FUCOND 

GMPN (10,100) 

HBOND 

HBONDM 

HCFV 

Unit 

s 

s 

s 

s 

em 

s 

ergs/s•cm 

g/cm~ 

ergs/cm•K•s 

g 

ergs/K•s•cm2 

ergs/K•s•cm2 

ergs/K•s•cm2 

Description 

Effective area (volume/6z) of 
material ejected by axial cell. 

Time step size. 

First time step specified. See 
input description. 

Second time step specified. See 
input description. 

Third time step specified. See 
input description~ 

Eulerian cell height. 

Time after which calculation is 
explicit in time. 

Fuel-coolant heat· transfer per 
unit height over a time step. 

Theoretical density of liquid 
fuel. 

Multiplier applied to heat 
transfer coefficient between 
fuel and sodium. 

Ratio of mass of fission gas 
to mass of fuel in each r-z 
cell in fuel pin. 

Not presently used. 

Thermal conductivity of liquid 
fuel. 

Mass of fuel in each r-z cell 
in the fuel pin. 

Gap conductance between solid 
fuel and cladding at cladding 
inner surface. 

Gap conductance between molten 
fuel and cladding at cladding 
inner surface. 

Condensation heat transfer 
coefficient for fuel vapor. 



Name 

HCSL. 

HCSV 

HFGFU 

HLP EN 

HSFCL 

HSFFU 

HUPLEN 

It:;T 
J 

iCYCLE 

IF AIL 

IF MAX 

IF MIN 

IlL 

IILSLG 

rtu 

-· 

--

(100) 

Ull.ft · 

ergs/K•s•cm2 

ergs/g 

em 

ergs/g 

etgs/g 

Crti 

Description 

Heat. transfer coefficient bet-::­
ween cladding and liquid sodium. 

Condensation heat transfer 
coefficient for sodium vapor. 

Heat of vaporization for fuel. 

Height of lower plenum free 
surface. 

Heat of fusion for cladding. 

Heat of fusion·for fuel. ' 

Height of upper free surface. 

Counter for turning on print­
out according to number of 
time steps between printouts,., 

Counter for turning on plot­
ting data writeout according 
to number of time steps be­
tween writeouts. 

Set to one for ejection celis, 
otherwise zero by axial cell. 

Highest ejection cell!' 

Lowest ejection cell. 

Index of last cell with full. 
density sodium in lower slug 
at end opposite interaction 
zone. 

Index of first cell with less 
than full density sodium on 
the end of the lower sodium 
slug opposite to the interac­
tion zone or zero if the slug 
extends to the bottom of the 
channel. 

Index of last cell with full 
density sodiUm in upper ~lug 
at end opposite interaction 
zone. 
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Name Dim. 

IIUSLG 

!LIM 

!LIMP· / 

I NT PO 

!NT POl 

!OPTS 

. IOPT6 

!PASS 

IPCYCL 

!PLOT 

IPRlO 

IRST 

IRSTl 

Unit Description 

Index of first cell with less 
than full density sodium on 
the end of the upper sodium 
slug opposite to the interac­
tion zone or zero if the slug 
extends to the top of the 
channel. 

Set to the dimension of the 
arrays for the pin and channel 
mesh, presently 100. 

Set to the dimension of the 
fuel particle group arrays, 
presently 1000. 

Interval between printouts. ·{ 
See input. 

Switch to turn on double print­
outs every time step. See 
input. 

Option for fuel ejection. See 
input • 

Option for clad rip extension. · 
See input. 

Counter for indicating which 
of two semi-implicit passes is 
being done.· 

Number of time steps between 
writeouts of plot data. 

If non-zero, unit number for 
plot data set. 

If non-zero, option for writing 
short form of output on unit 10. 

Set non-zero in EQUILN when 
time step is to be repeated 
because of overcompaction or 
because of drastic increase in 
pin pressure. 

Set non-zero if time step is 
in the process of being 
repeated. 



Name Dim. Unit 

IY 

JOBID ( 7 2', 2) 

MAXPRT 

MPPART 

NCL 

NCU 

NCUl 

NDIV 

NFL! 

NFL2 

NFL3 

NFL4 

NFL5 

NPL 

NPLC 

NPLl 

NPRAD 

Description 

Seed for "random number" gen~­
rator subroutine initially and 
on each call. 

Alphanumeric case identifica~ 
tion. 

Maximum number of fuel. particie 
groups allowed. 

Number of fuel particle per 
particle. group at ejection. 

Lowest cell in channel mesh. 

Highest cell in channel mesh •. 

NCU + 1. 

Number·of cell subdivisions· for 
particle recombination. 

Number of arrays in 
COMMON/FLOAT2/divided by 3~ 

Number of arrays 'in 
. COMMON/FLOAT2/divided by 2 

':. 

assuming TFPRZ and HFPRZ 
each count as 10. 

Number of time dependent 
arrays in COMMON/FLOAT3/ 
divided by 2. 

Number of undimensioned 
variables is COMMON/FLOAT!/ 
divided by 3. 

Number of undimensioned 
variables in COMMON/FLOAT2/ 
divided by 2. 

Lowest pin cavity cell. 

Lowest cell in fuel mesh. 

NPL + 1. 

Number of· raaial cells in fuel 
mesh. 
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Name Dim. Unit 

NPU 

NPUC 

ON 

PHI 

PI 

PLINT 

PLPLEN dynes/cni2 

PMAS (1000) g 

PMASS g 

POINT s 

PTIMEl s 

PTIME2 s 

PUPLEN dynes/cm2 

Pl 

Pl25 

P25 

P5 

RAF 

RAM 

RBF 

RBM 

Description 

Highest cell in pin cavity. 

Highest cell in fuel mesh. 

Set to l.ODO. 

Current value of normalized 
power. 

Set to lT• 

Time interval for plotting. 

Pressure of lower plenum. 

The mass of each fuel-particle 
group. 

The mass of one fuel particle. 

Time interval for printouts. 

Time to initiate full printouts. 

Time to end full printout. 

Pressure of upper plenum. 

Set to 0.1 DO. 

Set to 0.125 DO. 

Set to 0. 25 DO 

Set to 0.5 DO. 

Coefficient in RAF(Re)RBF for 
sodium liquid and pin cavity 
friction factor. 

Coefficient in RAM(Re)RBM for 
two-phase sodium friction 
factor. 

Exponent in RAF(Re)RBF for 
sodium liquid and pin cavity 
friction factor. 

Exponent in RAM(Re)RBM for 
two-phase sodium friction 
factor. 
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Name Dim. 

RCL (100) 

RCIN (100) 

RFG 

RFOUT (100) 

RFPCN (100) 

RFPN (100) 

RFPPN (100) 

RFPO 

RFPON· (100) 

RFU 

RNAO 

RPART 

RVOID (100) 

SCOMP 

SMELT (100.) 

SVCON (:100) 

TCL (100) 

Unit 

em 

em 

ergs/cm•K. 

em 

K 

K 

K 

K 

K 

ergs/cm•K 

K 

em 

em 

g/s 

g/s 

K 

Description 

Outer cladding radius by 
axial cell. 

Inner Cladding radius by axial 
cell. 

Gas constant for fission gas. 

Outer radius of solid fuel 
by axial cell. 

Channel fuel reactivity compo­
nent by axial cell. 

Total fuel reactivity by axial 
cell. 

Pin fuel reactivity component 
by' axial cell. 

Total fuel reactivity at t=O. 

Total fuel reactivity by axial 
cell a t=O. 

Gas constant for fuel vapor. 

Total sodium void reactivity 
at t=O. 

Radius of fuel particles in 
channel. 

Radius of central void in 
each pin cavity cell. 

Sodium liquid compressibility·. 
• • ! I 

Rate of fuel melt-in for a 
time step by axial cell. 

Rate of sodium vapor conderi.,. 
sation for a time step by 
axial cell. 

Cladding temperature by axial 
cell. This includes the tem­
perature-equivalent of the 

.·heat of fusion satisfied when 
the energy content has raised 
the temperature above the 
solidus. 
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Name Dim. 

TIMAX 

TIME 

TIMEOl 

TIME02 

TIME03 

TIME04 

TLPLEN 

TMELT 

TN ASS (100) 

TO 

TUPLEN 

VAPS (100) 

VFC 

VISCF 

VI SCM 

VISCSL 

VPFRO (100) 

WCOOL (100) 

Unit 

s 

s 

s 

s 

s 

s 

K 

K 

K 

K 

g/s•cm 

g/s•cm 

g/s•cm 

Description 

Maximum problem time. 

Current time. 

First time step limit. See 
input. 

Second time step limit. See 
input. 

Thirq time step limit. See 
input. 

Fourth time step limit. See 
input. 

Temperature at upper free sur­
face. 

Fuel melting temperature. 

Steady state sodium tempera­
ture for reactivity calcula­
tion by axial cell. 

Set to 2.0 DO. 

Temperature at upper free sur­
face. 

Ratio of 6Evap/6Eliq• See 
Appendix A. 

Volume fraction of coolant. 

Absolute fuel viscosity. 

Absolute viscosity of two­
phase sodium and fission gas 
mixture. 

Absolute viscosity of sodium 
liquid. 

Void fraction in coolant 
channel by axial cell. 

Coolant reactivity worth 
by axial cell. 
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e Name Dim. 

WFUEL (lOO}' 

WPGM (100) 

XMPJ{ 

XMAXO 

XMIN 

XMINO 

YfL 

zo 

ZPART 

W/g, 

em 

em· 

em 

em: 

Des~ription 

Fuel reactivity worth by axial 
cell. 

Watts per gram of fuel by axial 
cell. 

Highest fuel particle position 
in coolant channel. 

Highest fuel. particle position 
in coolant channel at t .= zero. 

Lowest fuel particle position 
in coolant channel. 

Lowest fuel particle position 
in coolant channel at t = zero. 

"Random·Number" from b.O to, 
1.0 resulting from RANDU call. 

Set to 0.0 DO 

Length of DPIC particle group. 
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M.'PEiWIX D 

LIST OF SYMBOLS USED IN TEXT 
\ 

Quantities 

English Letters 

a coefficient of Reynold's number in a Reb formulatio~. 
/ 

A area 

b exponent of Reynold's number in a Reb formulation 

c speed of sound 

Cn drag function 

Cp specific heat · 

D 

E 

F 

/ FAC 

g 

he 

Hfg 

"Hsf 

k 

L 

m 

M 

MU 

p 

Q 

R 

displacement 

hydraulic diameter 
I 

energy. 

fraction of heat of fusion satisfied 

multiplicative factor on FCI heat ·transfer term 

gravitational acceleration 

heat transfer coefficient 

heat of vaporization 

heat of fusion 

thermal conductivity 

·length of slug 

mass 

mass 

momentum 

pressure 

heat 

r 
gas constant 

111 
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English Letters (Contd) 

Re Reynold's number 

S mass source or sink 

t time 

T temperature 

U velocity 

V volume 

W axial power distribution 

X ratio of fission gas mass to fuel mass in fuel pin 

Y factor determining amount of fission gas-fuel slip 

z space 

Greek Letters 

l- a void fraction 

a compressibility 

lJ viscosity 

p density 

~ normalized power level 

~ constant factor in particle momentum equation 

Subscripts 

b- bond 

c channel 

cl clad 

C,On condensation 

ej . ejection 

END end of slug 

ex excess or remainder 

fg fission gas 



0!1.13 

~ubscripts (~ontd) 

. f:.P fuel partie),.~ 

fr froth 

fu fuel 

in inner 

liq liquid 

111 m~xt1,1r~ 

max maximuU} 

melt IJ,lelt;.,...iiJ. 

Na sogium 

p pin c;avi t;y 
I 

ps pin .fu~l' l?:tll:'f~gg 

s sl:ug 

sat saturat:i,on 

to~ total, 

vap vapor 

Superscripts 

1 radial c~1.1, ind~~ 

L low~ r sl.l.l~ 

lJ upp~:r ~J.l!~ 
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