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A helium (He) accumulation fluence monitor (HAFNhasbeen developetbr fastreactor
dosimetry. Inorder toevaluatehe measurement accuracy of neutron fluence bydHtkiev
method, the HAFMs of enriched boron (B) aperyllium (Be) were irradiated in the Fast
Neutron Source Reactor "YAYOI". The number of He atoms produced in the HMEkés
measured and compared witle calculatedalues. As aesult of this study, ®vasconfirmed
that theneutron fluence could be measured within 5 % by the HAR®hod, andhat met the
required accuracfpr fastreactor dosimetry.

1. Introduction

A He accumulation fluenceonitor? (HAFM) has beendevelopedor fast reactor
dosimetry in variougradiation tests andhaterial surveillancéests. The He productiomate is
measured by counting He atomscumulated inthe HAFM and the neutron fluence tizen
obtained using measured He production rates in the sesyeasemployedfor the foil
activationmethod. Another application of the HAFM is expectéat the direct measurement of
He production in the structural component materiafastfreactors.

The calibration of the HAFM measuremsgistem as to counting He atomghe HAFM
materialsvas carried out using the He iongiplantedsamples in the previous study, and the
counting errowasevaluated to be approximately 5%

Based orthe laststudy, the accuracy of measuring neutron fluence by the HAFM method
was evaluated. Athe measurement accuracy of neutron fluemasdetermined by that of He
production rates during irradiation, HAFMs wereadiated inthe well characterized fast
neutron spectrum field of the Fast Neutron Source ReactofOYA' of the University of
Tokyo. The accuracy of measuring neutron fluemaes evaluated by comparing the measured
He production witrcalculatedvalues usinghe neutrorilux and He productiocross section.

2. HAFM Measurement System
2.1 SystemOultline

The HAFM measuremerslystem is illustrated iffig. 1. Anelectricfurnace isused to
melt theHAFM materials, and the released He atawese counted by means ofregnetic type
gas masspectrometer. The number of He atomigch can be measured this system ranged
10" ~ 10". This range coverthe expected number of He atomisenthe HAFM isused in
a typicalfast reactor irradiatiofield.



2.2 Calibration

The calibration of the HAFM measuremegistem haslready been performeding the
He implantedsamples. The samples ofopper,aluminum and vanadiurchips contained He
ions of 10° ~ 10° which had beeimplanted by the iosource andhe accelerator dfyushu
University. The relation between the number of He atant the masspectrometer output
indicatedgoodlinearity asshown in Fig. 1. The countingerror of He atomsvasevaluated to
be approximately 5 % in thgystem.

3. Experiments
3.1 Irradiation

The specifications dlAFMs andtheir irradiation conditions are summarized &bl€ 3.
TheHAFMs of 93 % enriched B welgadiated at three locationtoseare reactor core center
(Glory hole:Gy), underthe leakageneutron field fromthe reactor coréFastcolumn:FC) and
at an experimental hotaroughthe blankesurroundingthe corg(BLK) to total fluences of 18
~ 10" n/cnf. At BLK, theHAFMs of Be were alsaradiated to test the applicabilityr fast
neutron monitoring.

The He production rate spectra in eantadiation positionare shown in Fig. 3.
Consideringeachneutron spectrunthe He production in B type HAFM occurredth neutron
of which energy ranged 1IkeV ~ 1 MeV at GyandBLK, and with neutron leghan 10 keV
at FC. As to BeéypeHAFM, the Hewas produced with neutron oveMeV atBLK.

3.2 Measurement and Calculation

The number of He atommoduced irthe irradiatedHAFMs wascounted by the HAFM
measuremergystem. Some of theradiated HAFMs were measured independently by the
systent of Kyushu University t@ecure theeliability of this experiments.

The He production rate waslculatedwith the neutron flux and He production cross
sections processed from the JENDL-3.2 cross selifi@ny™ ®. The neutron spectraere
determinedased orhe foil activationrmethod.

4. Results

The measured (M) anzhlculated(C) number of He atoms are shownFRigs. 4 to 7.
The average value &f/C ranged0.98 ~ 1.03 forthe B typeHAFMs andwas 0.96 fothe Be
type HAFMs ashown in Bble 2.

It was foundthat thedifferences of He production between ttadculatedand measured
values were as follows: wtas lesghan 5 %for the B type HAFM at GyBLK andFC, and it
was also lesthan 5 %for the Be type HAFM aBLK. This resultindicated that the Be type
HAFM could be appliedor fast neutrormeasurement over 1 MeV.

The differences of the measured values between our results and those by Kyushu
University were lesthan the experimentarror,that means themeasured values were reliable.



5. Conclusion

In order toevaluate the measurement accuracgeftron fluence by the HAFvhethod,
the B and Be type HAFMs welgadiated in "YA'OI". The number of He atoms in the
irradiatedHAFMs were measured and compared whih calculatedalues. As aresult, it was
confirmed that the neutron fluence could be measured within 5 % by the HAFM method, and
that met theequired accuracfpr fastreactor dosimetry. This result indicatbat the HAFM
can beapplicable to monitor neutron fluencés various irradiationtests andmaterial
surveillance tests conducted in fesshctors.
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