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ABSTRACT

An innovative MCNP-based fluence computational package MF3D is developed and validated for accurate,
BWR, three-dimensional, continuous-energy, neutron and gamma fluence computation. MF3D's
applications include: 1) fluence computations for plant surveillance and life extension, 2) thermal neutron
fluence and associated helium-production computations, 3) steel and sapphire dpa radiation damage
calculations, 4) benchmark for conventional fast-neutron fluence computer programs such as DORT, and 5)
radiolysis modeling for water chemistry analysis.

The MF3D package is mainly composed of MCNP, TGBLA (a BWR fuel lattice design computer program)
and PANACEA (a BWR core design computer program). The actual 3D-quadrant configuration of an
operating BWR is simulated in MF3D for neutron fluence computations. Inside the core, the configuration
is composed of the detailed fuel bundles with channel, control rods, distinct fuel rods and ambient water.
Interpolating the fuel exposure- and void-dependent nuclide data tracked by TGBLA and PANACEA
through an input processor generates the MCNP fuel composition. Outside the core, the configuration is
composed of the control rod guide tubes, bottom core plate, top guide, shroud, RPV and jet pumps. MCNP
is initially run in the criticality mode with ENDF/B-V and -VI cross section data and a surface source is saved
on the core periphery. A fixed source based on the surface source is then used in the next step of MCNP
computations. This two-step process is necessary to ensure that sufficient source particles reach the
activation wire locations in order to get c onverged tallies.

MF3D is employed to compute neutron and gamma fluxes at locations of interest at various exposure points
of operational cycles. Finally, the neutron and gamma fluxes at various exposure points of the cycles are
integrated over time in order to obtain the neutron and gamma fluence at various locations of interest.

MF3D was validated by benchmarking against BWR activation wire measurements at selected locations
between the shroud and the reactor pressure vessel of a BWR4 operated by BKW in Switzerland. 238U,
237Np, 235U, 232Th, 58Ni, 46Ti, 63Cu, 54Fe, and 93Nb wires were used for fast neutron response and 109Ag, 45Sc,
235U, 59Co, and 58Fe wires were used for thermal neutron response. The niobium and235U wires were present
in all of the capsules. After the irradiation, counting was performed to determine the activities of these
wires, and the measured results were presented as activities per gram of the activation wire at end of
irradiation. In addition, post-irradiation helium production measurements were made on stainless steel
samples from dosimetry hardware as additional benchmarking data for the thermal response.

The calculated fast and thermal responses of the wires agree to within 10% of the measured data, which is
on the order of the combined uncertainties of the calculated and measured data.

The steel and sapphire damage doses and their ratios are calculated using MF3D-computed neutron fluence.
The calculated steel dpa are reliable and the calculated dpa ratios between sapphire and steel are useful to
convert the measured sapphire dpa to the corresponding steel dpa.
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The innovative MF3D computational package has been developed and validated in good agreement with
the measurements and is a useful tool for computing accurate BWR fluence, dpa radiation damage and
helium production and for benchmarking existing, less precise methodologies.


