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INTRODUCTION

Two projects recently undertaken at the University of New Mexico are worthy of note. The
university's Chemical and Nuclear Engineering Department has just completed the final draft of
a primer for MCNP4A, which it plans to publish soon. The primer was written to help an analyst
who has little experience with the MCNP code to perform criticality safety analyses. In addition,
the department has carried out a series of approach-to-critical experiments on the SHEBA-II, a
UO2F2 solution critical assembly at Los Alamos National Laboratory. The results obtained
differed slightly from what was predicted by the TWODANT code.

Criticality Calculations with MCNP: A Primer

With the closure of many experimental facilities, the nuclear criticality safety analyst increas-
ingly is required to rely on computer calculations to identify safe limits for the handling and
storage of fissile materials. However, in many cases, the analyst has little experience with the
specific codes available at his/her facility. This primer will help the analyst understand and use
the MCNP Monte Carlo code, Version 4A, for nuclear criticality safety analyses. It assumes that
the analyst has a college education in a technical field. There is no assumption the reader is
familiar with Monte Carlo codes in general or with MCNP in particular. Appendix A gives an.
introduction to Monte Carlo techniques. The primer is designed to teach by example, with each
example illustrating two or three features of MCNP that are useful in criticality analyses.

Beginning with a "Quickstart" chapter, the primer gives an overview of the basic require-
ments for MCNP input and allows the reader to run a simple criticality problem with MCNP.
This chapter is not designed to explain either the input or the MCNP options in detail; but rather
it introduces basic concepts that are further explained in following chapters. Each chapter begins
with a list of basic objectives that identify the goal of the chapter and a list of the individual
MCNP features that are covered in detail in the unique chapter example problems. It is expected
that on completion of the primer the reader will be comfortable using MCNP in criticality calcu-
lations and will be capable of handling 80 to 90% of the situations that normally arise in a facil-
ity. The primer provides a set of basic input files that can be selectively modified to fit the par-
ticular problem at hand.

Although much of the information required to do an analysis is provided in the primer, there
is no substitute for understanding a particular problem and the theory of neutron interactions. The
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MCNP code is capable only of analyzing the problem as it is specified; it will not necessarily
identify inaccurate modeling of the geometry, nor will it know when the wrong material has been
specified. Remember that a single calculation of keg and its associated confidence interval with
MCNP or any other code is meaningless without an understanding of the context of the problem,
the quality of the solution, and a reasonable idea of what the result should be.

The primer provides a starting point for the criticality analyst using MCNP. Complete de-
scriptions are provided in the MCNP manual. Although the primer is self-contained, it is in-
tended as a companion volume to the MCNP manual. * The primer provides specific examples of
using MCNP for criticality analyses while the manual provides information on the use of MCNP
in all aspects of particle transport calculations. The primer also contains a number of appendices
that give the user additional general information on Monte Carlo techniques, the default cross
sections available in MCNP, surface descriptions, and other reference data. This information is
provided in appendices, so it is hoped that the reader finds the primer useful and easy to read. As
with most manuals, users will get the most out of it if they start with Chapter One.

SHEBA-II: APPROACH TO CRITICAL

The approach-to-critical experiment yielded critical heights that were extremely close to
SHEBA-II's actual critical height for all three cases examined (Table I). Modeling the system
using TWODANT predicted larger values than the system needed to reach a critical state in all
three configurations and failed to register the reflective nature of the concrete crypt that is seen in
the actual values as SHEBA-II is placed in it. Above ground, the system was critical at 43.72 cm,
while below ground it reached critical at 42.40 cm; however, TWODANT runs predicted higher
values of 44.2 cm and 44.0 cm, respectively.

The UO2F2 fuel solution is worth more when SHEBA-II is in the concrete crypt than when it
is above ground (0.43 $/cm versus 0.50 $ and 0.474 $/cm, respectively). This increase in worth is
likely due to the reflection of neutrons back into the system from the concrete surrounding it in
the pit. The decrease in worth-when the polyethylene lid is placed on top of the pit-of about
0.25 $/cm corresponds to the slightly larger solution height needed for the system to be critical in
this configuration and could be the result of fission product buildup or temperature increase.

Table I. Summary of critical heights and solution worths obtained during this analysis of
SHEBA-II.

System Configuration

Above Ground

In Crypt Without Lid

In Crypt With Lid

Exp. Estimate

43.5±0.2 cm

42.25±0.15 cm

42.5+0.10 cm

TWODANT

44.2(0.17$/cm)

44.0 (0.35$/cm)

44.0 (0.33$/cm)

Actual

43.72 cm

42.46 cm

42.52 cm

Solution Worth ($/cm)

0.4367

0.5

0.474
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From these results, it is evident that the approach-to-critical procedure is a valuable and quite
accurate method for determining the amount of fissile material needed for a system to reach
critical. TWODANT is a useful tool in predicting the behavior of a system as fuel material is
added but fails to predict the actual critical height accurately. Perhaps adding more of the
SHEBAII systems structure, such as its fuel tanks, would improve the accuracy of the
TWODANT model, or else three-dimensional transport codes, such as MCNP, might be predic-
tors of the critical height by allowing the evaluation of a more realistic system model.
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