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The Convenient Monte Carlo Code MULTI-KENO
for Criticality Safety Analysis of Transport Casks
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Introduction

In criticality safety analysis of transport casks, an infinite array of fuel rods using a
homogeneous cell is normally assumed, since the calculation configurations of transport
casks are, in many cases, complicated. Criticality calculations are performed with the
homogeneous cell. In the case of a transport cask, using the homogeneous cell is not
adequate, since there are many fuel rods contacting reflectors in comparison with the total
number of fuel rods. We developed a Monte Carlo code MULTI-KENO (Naito et al. 1983)
at Japan Atomic Energy Research Institute (JAERI) in 1983. MULTI-KENO was
developed to express a configuration exactly without performing the cell calculation by
introducing the concept of 'SUPER BOX'. In this paper, we show some features of
MULTI-KENO and an example of calculations by MULTI-KENO.

Features of MULTI-KENO
MULTI-KENO was developed at JAERI in 1983 as an improvement to KENO-IV (Petrie
and Cross 1975) developed at Oak Ridge National Laboratory (ORNL). MULTI-KENO is

now included in the criticality safety evaluation code system JACS (Katakura et al. 1982)
developed at JAERI. MULTI-KENO has the following functions.
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SUPER BOX

A system can be divided into any number of sub-systems named SUPER BOX. A super
box can contain some boxes named BOX TYPE. A box is a rectangular lattice, which is
also used in KENO-IV. By introducing the super box concept, the size of boxes in each
super box can be selected independently. By means of several super boxes, we can specify
the calculation configuration easily. Examples of configurations of MULTI-KENO are
shown in Fig.1 and Fig.2. The system shown in Fig.1 is divided into two super boxes.
The upper super box consists of four boxes. The lower one consists of twenty boxes. The
size of the box contained in the upper super box can be determined independently of that of
the box in the lower one. An array of super boxes is enclosed by a'CORE BOUNDARY'
(CORE BDY). The system shown in Fig.2 is also divided into two super boxes. The upper
super box consists of eight boxes. The lower one consists of four boxes. An array of
boxes is enclosed by a '"CELL BOUNDARY' (CELL BDY). The cell boundary of each
super box has a double cylinder enclosure, and each outer cylinder is enclosed by a
parallelepiped. A cell boundary defines an outline of an array of boxes, a core boundary
defines an outline of an array of super boxes.

CORE BDY CELL BOY  CORE BOY
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Fig.1 Example of SUPER BOX of MULTI-KENO (1). Fig.2 Example of SUPER BOX of MULTI-KENO (2).
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Intersecting Geometry

In calculation of transport casks, A CORE BOUNDARY (CORE BDY) frequently
intersects other outer boundaries, as shown in Fig.3, and calculations are stopped due to
error when a Monte Carlo code is used. With MULTI-KENO, intersecting geometries are
permitted, i.e. it allows intersection of the CORE BOUNDARY and other outer
boundaries. An example of a transport cask configuration is shown in Fig.3. This model
consists of eleven super boxes and the corners of four super boxes intersect outer
boundaries. By introducing this function, therefore, the configurations for transport casks
can be easily expressed, since it is not necessary to take the approximations of the
configurations.

INTERSECT

SUPER BOX
SUPER BOX

Fig.3 Transport cask configuration.




Graphic Processing

Graphic processing is very useful in checking geometrical input data. It enables us to draw
an arbitrary cross sectional figure of a system defined by geometrical input data. An
example output is shown in Fig.4.

Hexagonal Array System

In criticality calculation for transport casks, it is sometimes necessary to calculate for the

system of a hexagonal array of fuel rods, and we made it possible to express a
configuration of a hexagonal array of fuel rods.
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Fig.4 Arbitrary cross sectional figure by graphic processing of MULTI-KENO.
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Calculation Method

MULTI-KENO is now included in the criticality safety evaluation code system JACS
developed at JAERL The calculation flow diagram of JACS is shown in Fig.5. JACS has
the following library and codes.

MGCL library
MAIL code
ANISN-JR code
REMAIL code
KENO-IV code
MULTI-KENO code
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Fig.5 Calculation flow diagram of JACS. Fig.6 Calculation model for ANISN-JR
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MGCL (Naito et al. 1981) is a multigroup constant library generated from an evaluated
nuclear data file ENDF/B-IV (ENDF-201 1975) or JENDL (Shibata et al. 1990). MAIL
(Komuro et al. 1990) is a code which generates effective macroscopic cross sections from
MGCL and atomic number densities. The Sn code ANISN-JR (Koyama et al. 1977) is the
JAERI version of ANISN (Engle 1967). REMAIL (Naito et al. 1981) is used to change
ANISN-type macroscopic cross sections to KENO-type ones, and vice versa.

In this report, we show an example of criticality calculations for the transport cask applying
two uses of MULTI-KENO. The calculation configuration is shown in Fig.4, and the
calculation flow diagram is shown in Fig.5. The first calculation was performed with the
conventional method, using the MAIL, ANISN-JR, REMAIL and MULTI-KENO codes.
Figure 6 shows the calculation model for ANISN-JR. The regions of the fuel assemblies
were homogenized by this code. REMAIL was used to change the ANISN-type effective
macroscopic cross sections to KENO-type ones. The second calculation was performed by
the SUPER BOX function of MULTI-KENO. This is a more advanced method. In these
calculations, the number of neutron energy groups was 137. The history of neutrons were
taken to be 103 batches of 300 neutrons with MULTI-KENO.

Results and Discussion

The effective multiplication factor (keff) obtained with the conventional method was
0.8776+0.0034 (keff+c), while that with the advanced method was 0.8378+0.0038
(keff+o). The keff value with the conventional method was 4.8% Ak/k greater than that
with the advanced method. This is because, with the conventional method, we assumed the
infinite array of the fuel rods using the homogeneous cell generated by ANISN-JR.
Therefore, this value was considered to be greatly overestimated. Below, we consider the
reason for this result using the four factor formula. The four factor formula is as follows:
keo = gpnf
koo is the infinite multiplication factor; € represents the fast fission factor, p the resonance
escape probability, 1 the neutron yield per absorption and f the thermal utilization factor.
keff = koo / (14L/A)
The L value represents the neutron leakage from the system, and the A value the neutron
absorption in the system. This time, we calculated the keff and koo values for the total
system. The results of the calculation are as follows:
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keff = koo / (1+L/A) = 0.8378 (the advanced method)
keo = gpnf = 0.8637

1+L/A = 1.0309

keff = keo / (14L/A) = 0.8776  (the conventional method)
keo = gpnf = 0.9002

1+L/A = 1.0258

The ratios of the keff and keo values between the conventional method and the advanced
method are as follows:

keff(conventional) / keff(advanced) = 0.8776 / 0.8378 = 1.048

keo(conventional) / ko°(advanced) = 0.9002 / 0.8637 = 1.042

1+L/A (conventional) = 1+L/A (advanced) = 1.0258 / 1.0309 = 0.995

With the conventional method, the keff and keo values are higher than those with the
advanced method. We calculated the following ratios to examine this result.

€(conventional) / E(advanced) = 0.995

P(conventional) / P(advanced) = 1.008

Nf(conventional) / Nf(advanced) = 1.039
The values of €, p and nf were obtained by the following equations.

€ = Fiotal / Fihermal ; P = Athermal / Atotal ; Nf = Fihermal / Athermal
The Fiotal value represents the fission in the total neutron energy, the Fihermal value the
fission in the thermal neutron energy; the Aqa) value represents the neutron absorption in
the total neutron energy, the Ahermal value the neutron absorption in the thermal neutron
energy.

As a result, the nf value is the strong factor attributable to the increments of the keff and koo

values with the conventional method. This is because, with the conventional method, we

assumed the infinite array of fuel rods with the homogeneous cell. The neutron spectrum of

the homogeneous cell was different to that of fuel rods contacting reflectors. In the case of
a transport cask, there are not many fuel rods, so it is not adequate to perform the cell
calculation. On the other hand, using the super box function of MULTI-KENO, we can
express each fuel rod even though the calculation configuration is complicated.
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