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Abstract

Two experimental heterogeneous reactors have
been considered. The reactors may be applied in neu-
tron capture therapy and in a conventional manner. The
channel out of the core serves as the neutron source.
At each of these facilities, both fast and epithermal
neutron fluxes for BNCT research, human clinical tri-
als, and characterized common computational tech-
niques have been evaluated.

Methods

Longstanding investigations proved that neutron
beams out of reactor cores are effective for medical
applications. In the Obninsk IPPE BR-10 reactor the
therapeutic room for conventional neutron therapy has
been created and 200 patients have passed the course
of treatment. It is assumed that the characteristics of
the WWR-c reactor at the Obninsk branch of State
Scientific Center "Karpov Institute of Physical Chem-
istry" are advantageous in comparison with the ones
of BR-10. Monte Carlo analyses were performed to
evaluate the relative significance of the epithermal neu-
tron source and boron compound characteristics on a
theoretical tumor control using a standard model. Cal-
culations were performed for both existing facilities
by using 3D models. To get the angular distribution of
the neutron beams the adjoint problems were solved.
This data was used as a source for subsequent neutron
transport treatment in water phantoms. The dose rate
distributions of neutrons, gammas, and boron captur-
ing component have been calculated. Various mod-
erators for fast neutron beams that upgrade spectral
characteristics have been studied. To select the proper
arrangement and dimensions of the moderators a
number of preliminary problems must be solved. All
these studies demonstrate the applicability of fast neu-
tron beams for combined "boost" therapy. Neverthe-
less, it is too difficult to achieve an epithermal beam
for boron neutron capture therapy. Preliminary stud-
ies of WWR-c beam port were based on "in-core" ex-
periments. The geometric model of this facility has been
used in MCNP calculations. The cross sections from
ENDF/B-VI nuclear data library have been used. Ex-
perimental data for channels placed inside the core were
available. To verify the model, the comparison between
calculated thermal neutron flux distribution and experi-
mental data has been performed.

Results

The comparison of calculated and experimental
data inside the core allows one to obtain the absolute
values of neutron flux at any point in the channel. The
normalizing relation is

9 * 1.15'10 18 xN, (1)
where cp is experimental flux density,
N is calculated neutron flux.
[The expression (1) corresponds to 10 MW of re-

actor power. All results of the calculations inside the
channel are normalized to one neutron per fission, since
this tally is the standard of MCNP code. Also obtained
is the neutron spectrum at different points of a chan-
nel, the ratio between thermal and fast neutrons along
the channel, and angular distribution of neutrons in
different points of channel.

Discussion

The calculated data for WWR-c reactor beam port
correspond to real neutron flux densities at 10 MW of
reactor power as jtotal=9.12'10 9 ± 2.27'10 9 (neu-
trons/cm3 s), jthermal=2.17'10 9 ± 0.713'10 9 (neu-
trons/cm2 s).

Such values demonstrated the applicability for
applying this reactor in the neutron capture therapy
goals, and made it possible to optimize the neutron
field characteristics by filters. Utilizing boron com-
pounds in fast neutron therapy has advantages if a pre-
liminary slowing-down moderator is used.

Conclusions
Determination of energy and angular characteris-

tics of neutron sources for treatment is very difficult.
If the core of the reactor serves as a neutron source for
therapy it is useful to apply the adjoint problem. Only
Monte-Carlo based algorithms with appropriate vari-
ance reduction techniques can guarantee good agree-
ment of experimental data with those that are calcu-
lated. As in all radiotherapies, it is important to per-
form extensive computational dosimetry studies on a
patient-specific basis in order to deliver an optimum
treatment. The field size, number of fields, angles of
incidence, and the spectrum of the therapy beam are
all adjustable parameters that must be determined for
optimal treatment.
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