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Background

» Spectral effects are dealt with rather
crudely in NAA (e.g. fission spectrum).

» Lose definitions of constants in terms of
differential cross sections and spectra.

» Conventional spectrum-unfolding
techniques often produce unphysical
spectrum shapes.

RCM2 CRP-NAA, 7-10.May:2007,
2007-05-10 Vienna, Austria




Procedure outline

« Calculate detailed spectrum shape using full-
core Monte Carlo transport model.

» Validate the computational model with
measurements (flux distribution).

« Parameterise the calculated spectrum with
analytic function, keep the shape from the
calculation (= modulating function).

* Perform activation measurement using several
monitors (including Cd-ratio measurements).

* Adjust parameters to match measured activities,
apply modulating function - final spectrum.

RCM2 CRP-NAA, 7-10. May:2007,
2007-05-10 Vienna, Austria




Neutron spectrum

» Detailed Monte Carlo model developed.

* Al-Au(0.1%) folls irradiated in 33 channels
(6 in the core, 27 in the reflector)

« 197Au(n,y)®’Au (thermal flux monitor) and
2’Al(n,a)*>Na (fast flux monitor) activities
measured.

 Calculated and measured values
compared.

RCM2 CRP-NAA, 7-10.May:2007,
2007-05-10 Vienna, Austria
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T Au(n,y) *°Au calculated (MCNP)
¥ Au(n,y) **Au measured

RCM2 CRP-NAA, 7-10. May:2007,
Vienna, Austria
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Neutron spectrum (cont.)

« Computational model validated by flux
distribution measurements.

« Spectrum parameterised by analytic
function, modulated by the fine structure of
the calculated spectrum.

 Multi-monitor irradiation in 4 selected
channels.

« Parameters adjusted to match measured
activities.

RCM2 CRP-NAA, 7-10. May:2007,
2007-05-10 Vienna, Austria




Neutron spectrum (cont.)
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Neutron spectrum (cont.)

Results:
— Selected reaction rate ratios were considered.

— Some reactions excluded — cross sections not reliable
enough.

Basis:
— Use computed spectrum on fine group structure.

— Calculate reaction rates by multiplying flux with cross-
sections from IRDF-2002.

— Consider epithermal self-shielding.

- , 1-10. May
2007-05-10 Vienna, Austria
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Spectrum (1/u)
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Spectrum (1/u)
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Conclusions

Results:
— Method seems to work.

— Generally, adjusted spectrum reproduces well
the measured reaction rates.

— Calculated thermal spectrum lower than
measured by gold activation, particularly in
the core centre.

Question:

RCM2 - , 7-10.May. :
2007-05-10 Vienna, Austria



Conclusions (cont.)

Weaknesses:

— Threshold cross sections abundant and well-
known, resonance cross sections are not.

— Thermal spectrum in present analysis based
on Au and Zr.

Further work :
— Include 232Th, 238U and °8Fe
— Add measurements under Cd cover

RCM2 , May, ,
2007-05-10 Vienna, Austria



Summary

* Rigorous definitions of constants for NAA from
differential cross sections.

« Spectrum calculation using validated
computational model.

« Parameterisation of the calculated spectrum.

* Adjustment of parameters to match measured
monitor activities.

« Spectrum can be used to validate/adjust cross
sections of other nuclides.

RCM2 CRP-NAA, 7-10. May:2007,
Vienna, Austria
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