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NEUTRON REACTOR DOSIMETRY

I Dosimetry goal : to provide a reaction rate / neutron flux in a given place inside a
reactor

B Applications :

«  Flux calculation on the vessel to anticipate the embrittelment process (atoms
displacements creation, modification of mechanical properties) = PWR

« Nuclear data re-evaluation (uncertainty reduction on the cross sections) = Critical
mock-ups

«  Study about changes in materials properties due to the incidence of high neutronic flux
= Materials Testing Reactors

I Activation process & analysis

B Goal of this work : to detect neutrons into 1 keV — 1 MeV energy range
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C2A  92.97R RADIATIVE CAPTURE
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C2A EXPERIMENTAL RESULTS

Yy Spectrometry  [**Zr (n, y) %Zr ]

Irradiation Average Measurement
duration activity °Zr | error (%) k=2
(Bg/sample)
1h 4,5.10%
30 h 8,8.10°
4d 3,1.106

Accelerator Mass Spectrometry
[>*Zr (n, y) %3Zr ]

Irradiation Isotopes ratio | Measurement
duration [93Zr] / [®%Zr] | error (%) k=1

1h 1,2.108 20,8
30 h 2,6.10°7 14,6
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C2A CALCULATION VS EXPERIENCE: NUCLEAR DATA

Calculations are performed with CEA neutron transport code: TRIPOLI,
based on MC method. Nuclear data from JEFF3.1.1.

Average C/E

Irradiation catio for %57y + A(C_/E)abs
duration .. k=2
activity
1h? 1,16 0,23
30 h 1,15 0,23
4 d 1,12 0,23

Irradiation C/E ratio for + A(C/E) s
duration 937r/927r k=2

1h% 0,9 0,40
30h 0,8 0,27
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Final uncertainty value for
CIE=+220%

Main contribution: [ %Zr (n, y)
95Zr] cross section uncertainty
A0y s=19%, AC =2,8%, +
AO-other<1(y0

yspectrom

k=2

Final uncertainty value for
C/E=%33,7%

Main contribution: Accelerator
Mass Spectrometry
uncertainty

AOps=29,2%, Aoys=18% +
AO-other<1(%)

k=2
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NUCLEAR DATA : 9294Zr (n, y) CROSS SECTIONS

— IMPACT
Average C/E | Average C/E C/E rati C/E rati
Irradiation | ratio for 9Zr | ratio for %Zr Irradiation ratio ratio
A e " : for 93Zr/%2Zr | for 93Zr/%2Zr
uration activity, activity, duration tres11 | Jerra 31
JEFF3.1.1 | JEFF3.3.T1 JEFF3.1.1 | JEFF3.S.
1h % 1,16 1,04 1h% 0,9 0,8
30 h 1,15 1,04 30h 0,8 0,9
4d 1,12 1,0

Incident neutron data / TENDL-2015// MT=102 : (z,y) /
Covariances data (BOXER) Relative standard deviation

For 9294Zr (n, y) reaction, JEFF3.1.1 library
takes values from JENDL3.3.
JENDL library uses CCONE code to evaluate
Cross sections.
JEFF3.3.T1 library uses TALYS code.
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C229 CONCLUSIONS

Best C/E adjustment :

94Zr (n, y) reaction > JEFF 3.3.T1, JENDL 4.0
927r (n, y) > JEFF 3.1.1, ENDF/B VII.1

But! Uncertainty on %4 92Zr (n, y) XS values — =20% in 1 keV — 1 MeV
Very few experimental data is available for °492Zr (n, y) XS.

94,927r irradiation experience shows that 1 keV — 1 MeV neutron detection
is possible, but we need to reduce uncertainties on °49Zr(n, y) XS
values.

The purpose of this work is to show the possible 9%:94Zr
application. We demonstrated Zr neutron detection
feasibility. We hope to motivate more studies in Zirconium
nuclear data evaluation.
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NUCLEAR DATA : 9294Zr (n, y) CROSS SECTIONS

— IMPACT

Irradiation ¢Ca|C / Q>ex (by MZr (n, Y) reaction)

cueton VS A
1h' 1,2 1,1 1,2 1,1 1,0
30 h 1,2 1,1 1,2 1,1 1,0

4d 1,2 1,1 1,2 1,0 1,0

D . | Py, (DY 22Zr (n, y) reaction)

Irradiation

duration JEFF JEFF ENDF/B TENDL JENDL
3.1.1 3.2 VIl.1 2014 4.0
1hs 1,0 0,85 1,0 0,8 0,8
30 h 0,9 0,8 0,9 0,8 0,75

A(gSZT‘)(t) — N(94Z7‘) % O.((n’?gzr) x @ * (1 _ e—l(952r)*Tirrad) % e—A(9SZr)*Tcooling

[3Zzr] o, y)%Zr
- [92Zr] ‘= a(n,tot)??Zr

_ (" 02
= LN (- +1)* 1/(Tyrraa * 0(neot2r) T
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C2A  EXPERIMENTAL RESULTS

Y Spectrometry
[>*Zr (n, y) %°Zr ]

Irradiation Average activity Measurement

duration %Zr (Bg/sample) error (%) k=2
1h 4,5.104
30 h 8,8.10°
4d 3,1.106

Filtre NB avec
disque Zr

__ CaleType6 “
“ (aluminium) -\

Boitier Type 6 avec
Dosimétres Ni et AlCo 0,1%

Filtre BN
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EXPERIMENTAL RESULTS

Accelerator Mass Spectrometry
[%2Zr (n, y) 93Zr ]

Irradiation Isotopes ratio Measurement
duration [93Zr] / [92Zr] error (%) k=1
1hv 1,2.108 20,8
30 h 2,6.107 14,6
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