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SIMIFR: A CODE TO SIMULATE MATERIAL
MOVEMENT IN THE INTEGRAL FAST REACTOR

Andrew M. White and Yuri Orechwa
Argonne National Laboratory

Argonne, 111. 60439

ABSTRACT

The SIMIFR code has been written
to simulate the movement of material
through a process. This code can be
used to investigate inventory differ-
ences in material balances, assist in
process design, and to produce opera-
tional scheduling.

The particular process that is
of concern to the authors is that
centered around Argonne National Labo-
ratory's Integral Fast Reactor. This
is a process which involves the irra-
diation of fissile material for power
production, and the recycling of the
irradiated reactor fuel pins into
fresh fuel elements. To
adequately simulate this process it is
necessary to allow for locations which
can contain either discrete items or
homogeneous mixtures. It is also
necessary to allow for a very flexible
process control algorithm. Further,
the code must have the capability of
transmuting isotopic compositions and
computing internally the fraction of
material from a process ending up in a
given location.

The SIMIFR code has been devel-
oped to perform all of these tasks.
In addition to simulating the process,
the code is capable of generating
random measurement values and sampling
errors for all locations, and of pro-
ducing a restart deck so that termi-
nated problems may be continued. In
this paper we will first familiarize
the reader with the IFR fuel cycle.
We will then describe the different
capabilities of the SIMIFR code.
Finally, we will describe the simula-

tion of the IFR fuel cycle which was
performed using the SIMIFR code.

INTRODUCTION

The Integral Fast Reactor (IFR)
is a generic nuclear reactor system
which is being designed by Argonne
National Laboratory (see Fig. 1). The
reactor is a power producing device,
which has very favorable features,
such as a benign response during acci-
dent conditions and an ability to
"burn up" the actinides which it pro-
duces. The latter results in a con-
siderable reduction of radioactive
waste and therefore a decrease in the
waste disposal problem.

The fuel cycle, based on metal-
lic rather then ceramic fuel has been
devised such that the fuel is taken
from the reactor, chopped up and then
dissolved in an electrorefiner. Here,
the heavy metal undergoes electrotran-
sport, and is separated from the clad-
ding and fission products. New fuel
pins are then formed from this heavy
metal. This complete cycle is in the
process of being demonstrated at Argo-
nne National Laboratory with the Ex-
perimental Breeder Reactor - II and
the associated fuel cycle facility
HFEF/S.

A modular code has been created
to simulate this entire cycle. This
code can be used to establish schedul-
ing of processes or to determine the
length of time and material require-
ments for a given cycle. The motiva-
tion for this code was actually quite



different. Its original purpose was
to produce input for a variance propa-
gation algorithm, and to test the
adequacy of the design from the mate-
rial accountancy point of view.

IFR FUEL CYCLE DESCRIPTION

A schematic diagram of the IFR
process is given in Figure 2. The
process beyins at Experimental Breeder
Reactor - II (EBR-II), a 62.5MWth,
sodium cooled fast reactor. This
reactor has been in operation since
1964 for experimental purposes, and
also provides steam for power produc-
tion. A typical reactor cycle lasts
about four months, with about 1/51h of
the core subassemblies being dis-
charged after each cycle. The fuel
subassemblies are each composed of 61
fuel elements. Each of these elements
is composed of a fuel pin surrounded
by a stainless steel cladding.

The reactor also contains subas-
semblies which form a breeding blan-
ket. The peak core flux is about
2.5e+15 n/cm**2-sec and the total
burnup is about 10%. During this
stage of the process, the transmuta-
tion portion of the code must be used
to model the change in the isotopic
composition.

When the subassemblies are dis-
charged, they are placed in a cooling
storage location, where they sit for
about 100 days. This is done so that
the decay heat can be reduced to a
level at which the assemblies can be
remotely handled in the air without
fear of melting or creating an exces-
sive radiation hazard.

The subassemblies are next sepa-
rated into elements, and using a chop-
per, are chopped into 0.25 inch piec-
es. These pieces are then placed in a
fuel dissolution basket. The electro-
refiner is the next step in the pro-
cess. It is a steel tank containing a
cadmium layer and a salt layer. In

the electrorefiner, the fuel segments
are dissolved, leaving cladding hulls,
which are then placed in a waste
stream. Once full dissolution has
been accomplished, electrotransport of
the heavy metal ions to the cathode
commences.

The cathode deposit produced
through this process, in addition to
the heavy metal, contains salt, cadmi-
um and other impurities. It is there-
fore further processed in the cathode
processor. This separates the cathode
deposit into (1), a metal ingot, which
is transferred to the next stage, and
(2) 5 impurities, which are recycled in
the electrorefiner.

The metal ingot is then alloyed
with zirconium, and is fed into the
casting furnace. Here, fuel pin molds
made of silicon are used to form the
pins.

The molds are broken and the
cast fuel pins are placed in a pin
processor. At this point, they are
cut to the correct length, weighed,
jacketed in sodium and clad in steel.
Once the pins are in the cladding,
they are referred to as elements. The
reject pins and scrap metal are sent
back to casting.

Once 61 elements have been cre-
ated, a subassembly can be formed.
This is then ready to enter the reac-
tor as fresh fuel.

SIMIFR CODE DESCRIPTION

Code Capabilities

The SIMIFR code was designed to
model the transfer of material from
one location to another. This trans-
fer ij governed by logic statements
which are input by the user, e.g. if
the content of location x is greater
than that of location y. The transfer
fractions can either be input as frac-
tions, or can be computed using user



supplied subroutines. In addition to
the exact values of inventory, typical
values which would be obtained through
measurements using various instruments
are output. The capability of trans-
muting the different isotopes is also
provided.

The SIMIFR code provides two
types of storage locations. These
are:

1) discrete locations, in
which individual items
with particular identifi-
cation labels are stored,
and,

2) homogeneous locations, in
which a mixture which is
isotopically homogeneous
is stored.

Each of the discrete items is
isotopically homogeneous, but there is
no requirement that the items at a
discrete location must have the same
isotopic ratios.

Transfers can occur between any
number of locations, and need not
preserve the isotopic ratio of the
location from where the material was
transferred. The code automatically
determines the number of discrete
items to be produced in a transfer
using the assigned average weight at a
particular location. If the transfer
is from one discrete location to an-
other, and the average weights are the
same in both regions, the identifica-
tion number of the item does not
change and the measurement values are
also preserved.

There are three types of mea-
surements which are programmed into
the code. They are:

and,
1)
2)
3)

Bulk,
Elemental
Isotopic.

With each of these measurements
there is associated a recalibration
period, a systematic error, and a
random error. A systematic error is
one which is constant over several
time steps. A random error changes
for each measurement. The recalibrat-
ion period specifies the period over
which each systematic error remains
constant.

The SIMIFR code follows the
movement of material through the cycle
using two types of algorithms. The
first of these dictates when a trans-
fer of material should occur, and the
second dictates the fractional amounts
to be transferred to the different
areas. The type of algorithm which
dictates whether a transfer should
occur has the form of a FORTRAN IF
statement, with any number of logical
expressions and operators allowed.
The fractional amounts to be trans-
ferred can either be input as a con-
stant, or can be added as a subrou-
tine. Flags indicate whether or not
the transfer involves a change in form
of the material, and whether or not
the isotopic ratio must change.

There are five forms of output
from the code:

1) a long edit,
2) tally information,
3) a short edit,
4) a summary edit, and,
5) an input deck for a vari-

ance propagation code.

The long edit includes the exact
value of the inventory present, and
"measurements" from instruments (e.g.
balances) which include the various
error components which are to be ex-
pected. The output frequency is con-
trolled through an input parameter.
The tally information gives the amount
of material transferred from one loca-
tion to another, and is useful when
material balances are to be performed.
The short edit gives the number of
items and their actual total weight at



all locations. The frequency of this
edit is also controlled through input.
The summary edit gives the actual
total isotopic weight and the calcu-
lated total isotopic weight (both
summed over all locations), and is
useful to ensure that mass has been
conserved. This edit was also used to
generate the results presented in this
paper. The final output is the input
for a variance propagation code.
Coupling the simulation with this code
allows for the validation of both
methods.

PROGRAMMING DETAILS

The SIMIFR code is written using
FORTRAN 77, and is currently running
on a VAX 8700. The source code is
approximately 4000 lines long, but can
become considerably larger if addi-
tional subroutines are added to deter-
mine transfer fractions for the dif-
ferent processes.

The CPU time required is highly
problem dependent. Obviously, it
increases with the following items:

1)
2)
3)

4)

5)

number
number

of locations,
of time steps,

complexity of additional
subroutines,
number
tions,
number

of transfer loca-
ands
of isotopes.

The CPU time requirement for the
performance of 2880 time steps of the
IFR Simulation (described below) was
about 60 seconds.

Three big arrays provide most of
the storage for the code. These con-
tain the integer, real and character
data. The code is variably dimension-
ed, but does not feature memory man-
agement. This was deliberately omitted
to enhance portability.

SIMULATION OF IFR PROCESS

For the simulation of the IFR
Fuel Cycle, 21 locations were used.
These locations included the reactor,
subassembly storage areas, fuel ele-
ment handling areas, electrorefiner
areas, and cathode processing areas.
Of these 21 locations, 10 were dis-
crete and 11 were homogeneous.

Nine isotopes and two elements
(U and Pu) were considered in the
analysis. Separate material balances
were produced for each isotope and for
the total mass.

For this problem, all of the
transfer ratios were input as con-
stants (i.e. no subroutines were added
to compute these internally).

There are 10 bulk measurement
instruments, 9 isotopic measurement
instruments, and 5 isotopic sampling
techniques in this calculation. Esti-
mates of the recalibration times and
of the systematic and random standard
deviations of all these were given.
The most accurate evaluations are the
balances. These can give measurements
accurate to within .001%. The least
accurate evaluations are associated
with the sampling in the electrorefi-
ner (+/- 30%) and the non-destructive
analysis (+/- 30%).

Sixteen control expression were
employed in this simulation to control
when processes could begin. The con-
cept of shifts was also introduced by
allowing certain processes to operate
only 8 hours in a given day.

The transmutation option was
used only in the reactor; the half
lifes of the isotopes are sufficiently
long that decay is not significant in
the other portions of the fuel cycle.

A total of 50 simulations were
performed. The number of time steps
in each simulation was set to 2880 (4
months). The first time step corre-
sponds with the initial batch of mate-



rial entering the Fuel Cycle Facility
(not an equilibrium state). All simu-
lations started from the same actual
state, however, due to the random
nature of the measurements, they did
not all begin with the same calculated
state.

RESULTS OF SIMULATION

The purpose of performing the
simulations was to determine the dis-
tribution of the inventory difference.
The standard formula for inventory
difference is [1]:

I.D. = BI + A - R - El

Where BI is beginning inventory,
A is additions to the inventory,
R is removals from the invento-
ry, and
El is the ending inventory.

In our problem, we have a closed
cycle, and therefore the terms A and R
are both zero.

The cumulative distribution
function for the inventory difference
is given in Figure 3. This figure
gives the percent of simulations which
resulted in a lower inventory differ-
ence than that given on the X-axis.
For example, we can see that 80% of
the simulations yielded inventory
differences of less than 1400 grams.
A histogram of the distribution is
displayed in Figure 4.

Other results of the simulation
indicate that the standard deviation
of the difference between the measured
and calculated values was 4039 gm at
the beginning and 4285 gm at the end
of the simulation. The increase in
the standard deviation during the
course of the simulation was due to
the movement of material to a location
in which the measurement variances
were much greater (i.e. the electrore-
finer). The reason the magnitude only
increased by 250 grams is due to the

fact that the majority of the material
resides either in the reactor or in
the assembly storage locations both at
the beginning and end of the simula-
tion.

Using the standard propagation
of errors formula, and neglecting
covariances, one would expect the
standard deviation of the inventory
difference distribution to be a factor
of four greater. The obvious reason
for this discrepancy is that there are
in fact strong covariances in the
calculation. The greatest source of
these is in the determination of the
material content of the assemblies in
the reactor. Here, the error is al-
most totally a systematic one, and
therefore, the beginning and ending
measurements, although possibly sub-
stantially different from the actual
values, cancel in the inventory dif-
ference equation. We can represent
this algebraically as:

I.D. = (a + e + N,) - (b + e + N2)

where a and b are the true in-
ventories, e is the sys-
tematic error, identicaly
at beginning and ending
times, and, N1 and N2 are
random zero mean variables
which represent measure-
ment errors which are
different at beginning and
ending times.

Because we have a closed cycle, a=b,
and, therefore,

I.D. = N, - N2

As a result, Var (I.D.) will be small-
er because the two systematic terms
will always cancel out.



Figure l.IFR Fuel Cycle
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Figure 2.
IFR FUEL CYCLE DESCRIPTION



Figure 3.
Cumulative Distribution Function for

Inventory Difference
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Figure 4.
Histogram of Inventory Difference
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