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Thermocouples due to Transmutation of Cu and Au in Cable Looms \ \ Dominance of Decay Heat in Transmuted Rhodium of CXRS mirrors \

« The cable looms are distributed all around the ITER and attached to the
inner wall of the Vacuum Vessel (VV) and under the divertor cassettes.

* The results include distributions of neutronics characteristics calculated with
the MCNP5 3D Monte Carlo code assuming ITER operation with 0.54 Full
Power Years (FPY) on 500 MW fusion power of DT plasma with 14 MeV
neutron source defined in the modified MCNP B-lite model of ITER tokamak.

CXRS-Core in Upper Port Plug (UPP) #3  Actual MCNP C-Model of ITER tokamak
.. Ly =l

Two hot spots at the entrance to Upper Port &y —----G]
o soom gh i)

i
¥ = Total musins hasting

=

(3 v e
2 e g

TV
A W

The major transmutatlon of gold and copper is

%
3
¢
¢
£

. \ |
\ N\ \ )

OO 3 40
6. Shutter components
7. Shutter cutout volume
8. Actuator
9.

GDC Antenna
GDC Antenna cutout volume

=

observed on the (n,g) radiative capture reactions. 3. Optical path cutout volume OO out volume
The maximum transmutation was observed in 4 Window g o eeutvetme
) T 5. Window cutout at the closure 10. M1
gold, amounted 3 atom% for the highest radiation plate 11.M2
spot at the in-vessel loom, and 1 atom% for the : 12. M3
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Transmutation of copper is 100 times less than neutron capture to Rh-104. This isotope is instable and undergoes beta decay (half-life 42.3 s) to
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Conclusions and recommendation for nuclear heat calculation in Rhodium (Rh)
« The temperature gradients together with the nuclear transmutation of the cable’s copper [1]

Voxels along the in-vessel loom with max loads at the Vertical cut of the CAD model of the divertor cassette with could result in formation of thermocouples and hence non-inductive parasitic voltages due

entrance to Upper Port (v27) and Top in-vessel (v59) the cable loom at its lateral side the Radiation-Induced Thermoelectric Sensitivity (RITES) effect [2]. This transmutation
effect should be reduced in order to enhance the performance of the magnetic sensors.
\ Use of gold (Au) in connectors for diagnostics at inboard blanket « Case of M1 in front of CXRS on hard spectrum demonstrated 20 times higher decay heat

than prompt (neutron + photon) heat in Rh. It indicates mandatory of Rh activation
calculations in its nuclear heating assessments. Other studied mirror materials show
negligible decay heat contribution.

« In other cases of using Rh under neutron irradiation, the factor of decay heat dominance
could be even higher because radioactive isotope Rh-104 is produced on (n,g) reaction
which is reversed proportional to neutron energy, and (n,g) is higher on softer spectra.

« Decay heat during a 400 s plasma pulse raises quickly and saturates at 18 W/cc. Due to
the short half-life of 42.3 s, it decays rapidly after the pulse.
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Transmutation of gold inside the inter-blanket gaps of
inboard blanket between its FW and beginning of VV.

Conclusions for gold transmutation

* Highest cross-section is (n,g) producmg
mercury through beta-decay of Au-198.

« Other transmutation reactions such as

(n,p), (n,d), (n,t), (n,alpha) with production

of Pt, Ir have much lower (lower by 4-5

orders of magnitude) cross-sections.
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