EJ
31s"SYMPOSIUM
ON FUSION TECHNOLOGY

4

Institute for Neutron /" ~ . This work has been carried out within the framework of the EUROfusion Consortium and has received funding
Physics and Reactor (\’ )) E U RO fu S I O n from the Euratom research and training programme 2014-2018 under grant agreement No 633053.

Technology (INR) \:’ The views and opinions expressed herein do not necessarily reflect those of the European Commission.

Karlsruhe Institute of Technology

Assessment of the Be-7 radiation dose in the IFMIF-DONES S
i ] @ Simulation with openModelica with Be-7 production rate of 0.75g/fpy, the mass transfer
I Ith lUm I 00 p simulations have been performed with a parametric studies Naming convention
. 4X COld |eg tempature: 250, 275, 290, 300 OC U06511V\10ﬂ—I(?ptio|na(|jFiIterstudy:;/\c/)ijhout-tr:aoele -100%,2;20n§t/ant 60%, 3 — start on 60% and
inearly decreases to 40% over the irradiation period, 4- 0%
- * z z - - - . LR . . . BX ICS MNass ﬂOW 050/, 100/, 15(y itrogen content: 1 — 10wppm, 2 — 30 wppm
Yuefeng Qiu?", Tamas Dézsi®, Ulrich Fischera, Francesco Saverio Nitti¢, Stanislav Simakova O T 29 [Co.ﬂ.egiempertwe;egi‘]’; D e 290, 4. 300
@ 4x Cold leg mass transfer coefficients (MTC): 3.2E-4 , 3.6E-4, 3.8E-4, 4.0E-4 Mass flow ratio of ICS: 1 — 0.5%, 2 — 1%, 3 — 1.5%
aKarlsruhe Institute of Technology, Karlsruhe (KIT), Germany ® 4x Trap efficiency: 100%, 60%, 40%, 0% Vodel D
> Centre for Energy Research, Fusion Technology Department, / C3D Engineering Ltd., Budapest, Hungary @ The effect of the increased loop temperature (tested on 250, 275,290 and 300 degC) is significant, a
- ENEA Brasimone- 1-40032 Camugnano, BO, Italy theoretical total removal can be achieved, with some increased mass flow over ICS (eg. 1%).
*Correspondmg author: yuefeng_qm@kﬂ_edu | -—- Tot.Beprod —— UOBSI4WOD  ----- UO6S11WOEL  ----- UO6S14WOE1 U06S34WOEL
— U06511W0 —— U0B534WO0 —-= UDB6511WOE2 —-- U0B6514WO0OE2 —-- U06534WO0E2

Introduction

® IFMIF-DONES, is an accelerator based neutron irradiation facility which aims at providing the irradiation data for the
construction of a DEMO fusion power plant. It is a deuterium-lithium (d-Li) neutron source driven by a deuteron
accelerator (40 MeV and 125 mA) striking at the liquid Li target, and produces neutrons through stripping reactions.

® The radioactive isotope Be-7 is produced in the d-Li reaction. The deposition of Be-7 in the Li pipes, lead to high
gamma doses, and raises a safety concern during maintenance. Therefore, a reliable assessment of the Be-7 dose In
the Li loop Is required.
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® The Be-7 production rate is estimated in [1], which is 0.75 g/year calculated for IFMIF-DONES. 1n 99.95% J 9P
the Be-7 inventory (production + decay) at 1 fpy (full power year, 345 days for IFMIF-DONES) IS  10h 99.46% : :
about 0.15 g. 1 day 98.71% Gamma dose simulation
® Recent re-evaluation [2] of the Be-7 production cross-section shows that the nuclear data in [1]  2days 97.43% @ Simulations of all the cases were done using batch run of MCNP6 code with photon library
provides reasonable estimation over other libraries, e.g. TENDL2017, FENDL3.1d, etc. 4 days 04.93% mcplib04. Results are tallied with mesh tallies and sphere tallies, and converted to the effective
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several Sv/h. Therefore, 300 °C is considered a good operation temperature for the cold leg.

Geometry and source modeling -
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@ The lithium loop model was simplified by considering only the heat
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exchanger (HX), cold leg and cold trap, where the Be-7 is deposited. lithium loop lithiug trap
@ Model converted using McCad, then integrated in to the main building cell o cell i | | SN ——  — | "t DN | DL
model
@ Source regions are subdivided into 16 segments associated with the Be-7 _-
activities on each segment, calculated Be-7 deposition analyses. ‘ o
N U06S14W1F3: Cold trap: 100% U06S14W1F4: HX1: 6.1% deposition, Cold leg:
———— UO6S11IWI1F2: HX1: 18.2% deposition, Cold 93.9% , Cold trap: 0%
" 5 MCNP model vegi 74.0%, Cold trap: 7.7% Gamma dose (uSv/h) at 345 days operation, 0 second after shutdown
- i - Summary
| _ Vi @ The Be-7 deposition and radiation dose has been assessed through multi-physics simulations, including Be-7 mass transfer simulation and gamma transport
b | simulation. A parametric study has been done with in total 192 cases.
trap 1 @ The Be-7 results very strong radiation in the lithium loop cell. With 300 °C operation temperature, Be-7 can be confined in the lithium trap cell. The HX and cold
KNeutron CAD model of the lithium loop Source region of the lithium loop (16 segments) leg need additional shielding in case of cold trap is not in duty.




