
24th Symposium on Fusion Technology

11 - 15 September 2006 - Palace of Culture and Science, Warsaw, Poland

TOPIC: H - Fuel Cycle and Breeding Blankets

MEASUREMENT AND ANALYSIS OF THE NEUTRON AND GAMMA-RAY

FLUX SPECTRA IN A NEUTRONICS MOCK-UP OF THE HCPB TEST

BLANKET MODULE (P4-H-244) 

Klaus Seidel(1), Paola Batistoni(2), Ulrich Fischer(3), Hartwig Freiesleben(1), Axel Klix(1), Dieter Leichtle(3), Erik

Poenitz(1), Siegfried Unholzer(1)

1. Technische Universitat Dresden Institut für Kern- und Teilchenphysik D-01062 Dresden Germany
2. Associazione EURATOM- ENEA sulla Fusione, Via Enrico Fermi 45, I-00044 Frascati (RM), Italy
3. Forschungszentrum Karlsruhe, Institut für Reaktorsicherheit (IRS) Postfach 3640 76021 Karlsruhe Germany

The nuclear parameters of a breeding blanket, such as tritium production rate, nuclear heating, activation and dose rate, are calculated

by integral folding of an energy dependent cross section (or coefficient) with the neutron (or gamma-ray) flux energy spectra. The

uncertainties of the designed parameters are determined by the uncertainties of both the cross section data and the flux spectra obtained

by transport calculations. Also the analysis of possible discrepancies between measured and calculated integral nuclear parameter

represents a two-step procedure. First, the energy region and the amount of flux discrepancies has to be found out and second, the cross

section data have to be checked. To this end, neutron and gamma-ray flux spectra in a mock-up of the EU Helium-Cooled Pebble Bed

(HCPB) breeder Test Blanket Module (TBM), irradiated with 14 MeV neutrons, were measured and analysed by means of Monte Carlo

transport calculations. 

The flux spectra were determined for the energy ranges that are relevant for the most important nuclear parameters of the TBM, which

are the tritium production rate and the shielding capability. The fast neutron flux which determines the tritium production on 7Li and

dominates the shield design was measured by the pulse-height distribution obtained from an organic liquid scintillation detector.

Simultaneously, the gamma-ray flux spectra were measured. The neutron flux at lower energies, down to thermal, which determines the

tritium production on 6Li, was measured with time-of-arrival spectroscopy. For this purpose, the TUD neutron generator was operated

in pulsed mode (pulse width 10 &#61549;s, frequency 1 kHz) and the neutrons arriving at a 3He proportional counter in the mock-up

were recorded as a function of time after the source neutron pulse. 

The spectral distributions for the two positions in the mock-up, where measurements were carried out, were calculated with the Monte

Carlo code MCNP, version 5, and nuclear data from the European Fusion File (EFF-3) and the Fusion Evaluated Nuclear Data Library

(FENDL-2.0/2.1) using a detailed geometrical model of the experimental set-up. For the relevant energy and time ranges, ratios of

calculated-to-experimental values were derived. The results are discussed in connection with the design parameters relevant for the

TBM.
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