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Abstract

The reactor computer code MULTIKENO-2 is developed in Japan from
the original Monte Carlo code KENO-IV. By applications of this code
on some real problems, fatal errors were detected. These errors are relat-
ed to the restart option in the code. The restart option is essential for
solving time-consuming problems on mini-computer like VAX-6320.
These errors were corrected and other modifications were carried out in
the code. Because of these modifications new input data description was
written for the code. Thus a new VAX/VMS version for the program
was developed which is also adaptable for mini-mainframes. This new
developed program, called MULTIKENO-VAX is accepted in the
NEA-IAEA data bank and is added to its international computer codes
library.

Introduction

Monte Carlo criticality program KENO-4 [1] is developed 1975 in
ORNL in USA. It is an advanced computer code, that can easily repre-
sent three dimensional configurations. The geometry representation of
the reactor core is based in this program on the concept of boxes, where
each box is composed of a number of space regions of any geometrical
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shape. The two restrictions on the geometry representation in this code
are:

(i) All regions inside a box have to be so described that each region
must enclose all the regions described before it.

Also the spheres or semi-spheres must have their centers located at
the system coordinate origin, and cylinders or half-cylinders with
their center lines on one of the system coordinate axes.

In the reflector, if exists, the first region must enclose the reactor
core and each region, following the first one, have to enclose all
regions previous to it.

(ii) Common faces of neighbouring boxes have to be of the same size.
This means no intersecting regions or faces should exist in a given
box or reflector.

Also the outer surfaces of the boxes and of the whole system must
be plane surfaces of a cube or a cuboid.

Because of the above-mentioned two restrictions, it is difficult to
represent some geometrical configurations in KENO-4 without
introducing some approximations in the geometry. For this reason the
two codes MULTI-KENO in 1983 [2] and MULT1KENO-2 in 1985 [3]
were developed in JAERI in Japan to overcome to a great extent these
two restrictions. These two codes introduced the concept of superboxes
that in turn can be divided into boxes. By this way the adjacent faces of
adjacent boxes cannot necessary be of the same size, if they are
contained each in a different superbox. Also by applying the concept of
superboxes the condition that each region should contain all the
previous regions became less restrictive. This extension increased the
availability of the code.

MULT1KENO-2 was extended over MULTI-KENO by introducing
the possibility that core boundaries may intersect the adjacent reflector
regions. Such an advantage is needed in fuel transport cask calculations.

Moreover, two additional improvements were achieved in MULTI-
KENO and MULT1KENO-2, namely: [1] option to output graphical
view of a system for examining geometrical input data, and [2] the
possibility to solve fixed source problems.

MULT1KENO-2 is written for IBM or IBM compatible computers
like FACOM-M200 and CDC-6600 mainframes.
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MULT1KENO-VAX [4] is the VAX/VMS version of MULT1KENO-
2. It was developed in our center, without changing any of the program
features, to be available for VAX-6320 or other mini-computers. This
new developed program, MULT1KENO-VAX, vyas approved in the
NEA-IAEA data bank and has been added to its international computer
codes library.

Discovered Errors in the Code MULTIKENO-2 and their
Corrections

The version of the code MULTIKENO-2 as supplied by NEA-IAEA
data bank to our center has some errors. These errors appear only in
case one use this version for a fixed source problem in a restart option.
Such a case is not included in the sample problems solved by the code
and written in the code manual. An input for the code that would
manifest these errors is given in the following:

PU-SOURCE INSIDE AN IRON SPHERE OF RADIUS 12 CM
100. 100 10000 0 16 6 3R2 5 0 3R1 2 2RO
2030 0 8 -1 1 2R0 2 3RO
1 -94200 2.93E-2
2 26100 7.87
SUPER BOX 5R1
BOX TYPE 1
CYLINDER 1 2.0 2.0 -2.0 16R.5
SPHERE 2 14. 16R.5
CUBE 0 14.-14. 16R.5
CELLBDY 0 14.-14. 14. -14. 14. -14. 16R.5
CUBOID 0 14. -14. 14. -14. 14. -14. 16R.5
1 0.225 0.347 0.161 0.170 0.084 0.013 10R0.0 0
100. 0. 0. 0.
-1
END KENO

Now it is supposed that for any reason the job is not run to its end
and is stopped after N times restart data have been written on the unit
specified for restart data writing. To restart the problem the following
input should be given:

PU-SOURCE INSIDE AN IRON SPHERE OF RADIUS 12 CM
100. 100 10000 0 16 6 3R2 5 0 3R1 2 2RO
2030 0 - N - l 1 2R0 2 3RO
END KENO
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N is here to be replaced by the number of times restart data have
been written on the restart unit for writing. Also the restart data on the
unit of writing should be copied on the unit of restart data reading.

In the following are the errors and their corrections as they have
been done in the MULTKENO-VAX code:

Statement
IF(INTRTN.EQ.O)
CALL PICTUR(..)

IF(NTYPST.LT.O)
RETURN
IF(JJ.EQ.l)
CALL SOCINP(..)

Position
line No.611 in
SUB. KENO

line No. 100 in
SUB. SOCINP
line No. 91 in
SUB. START

Correction
IF (INTRTN.EQ. 0. AND
NTYPST. GT.O)
CALL PICTUR (..)
to be omitted

(IF(JJ.EQ. LAND. NTYPST.
GT.O)
CALL SOCINP(..)

These corrections done in MULT1KENO-2 were recognized by the

NEA-data bank.

Usually restart option is notjieeded if a large computer is available.

Because our computer is a mini-computer (VAX-6320), we needed
the restart option almost in all the problems solved by the code. Thus
these errors were not discovered by the code authors, while they were
detected by us.

3. Modifications Carried out in the Code

New version of the program differs from the previous version in the
following features:

1. New version of the program allows the same concepts and structure as
MULT1KENO-2 (NEA 0933/02), but it is adapted for VAX-
computers and other mini-computers.

2. Restart option is revised because of its importance by solving of time-
consuming problems on mini-mainframes.

3. In order to get this new version, the following subroutines have been
revised: MAIN, KENO, PICTUR, RESTRT, SOCINP, START,
XXMOD, AREAD, KENOG, FINALE.

4. As well as a new function ESMAT1 has been added.
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5. Following subroutines were dummied out: PLOTS, PLOT, SYMBOL,
NUMBER.

6. All changes introduced in the program are indicated by comment
statements.

7. All test cases mentioned in the code manual of MULTI-KENO [2]
and MULT1KENO-2 can also be solved by the new code
MULT1KENO-VAX without any change in the input data.

8. The two manuals for the old versions of the program are still valid,
except the input data description.

9. New input data description was written and was added to the program.

4. Sample Problem

We present one sample problem to demonstrate that the modified
code MULT1KENO-VAX gives the same results as the original code
MULT1KENO-2.

The chosen sample problem, which is stated in the code manual of
MULTI-KENO [2], is for a point source at the center of a thorium
sphere of radius 100 cm. The calculations were carried out with 26
energy groups and with PO-cross sections. We intentionally selected this
problem from the code manual of MULTI-KENO, because the input
data of it as stated in the manual has some errors. We corrected these
errors. Without these corrections the job of this sample problem would
not run on the computer.

In the following table the results for the total neutron flux as
obtained by the two codes MULT1KENO-2 and MULT1KENO-VAX are
presented:

5. Conclusion

A modified version of the reactor computer code MULT1KENO-2
has been developed in our center. This new version is added to the
international computer codes library in the NEA-IAEA data bank. This
allows the use of our version in different nuclear research centers in
many countries.

By the modifications introduced in this advanced code to make it
adaptable for mini-computers the availability of the code is increased.
Beside that the new version is a VAX-version.
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Distance from
center (cm)

1.0
10.0
20.0
30.0
40.0
50.0
60.0
80.0
99.0
100.0

Total neutron flux (in arbitrary units)
as calculated by

MULTIKENO-2
2.90 10'1

1.32 10"2

5.01 10-3
1.85 10-3
6.32 10"4

2.74 10'4

9.64 10-5
2.40 10-5
2.61 10"6

2.14 10"7

MULTIKENO-VAX
2.90 lO'1

1.32 lO-2

5.00 lO-3

1.84 lO-3

6.31 10"4

2.73 10"4

9.62 10-5
2.39 lO-5

2.57 10"6

2.10 10-7

Figure (1) illustrates the attenuation of the total neutron flux as

calculated by the two codes.
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