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* Introduction of DONES and neutronics activities
* Neutronics activities for Accelerator system

* Neutronics activities for Test system

* Neutronics activities for Li and other systems

* Simulation tools, data and nuclear experiments
 Summary and outlook
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DOINE Introduction of DONES and neutronics activities ()

*  IFMIF-DONES: International Fusion Material Irradiation Facility - DEmo
Oriented Neutron Source

. Provide irradiation data for the construction of DEMO

*  Deuteron-lithium neutron source based on IFMIF using a deuteron accelerator (125
mA, 40 MeV)

*  DONES Construction phase will be started in the 2024-2025s in Granada (Spain). The
first neutron is expected in early 2030

*  One of the three important facilities of the roadmap

*  Work Package Early Neutron Source (WPENS)
*  Project of EUROfusion, hand-over phase to IFMIF-DONES Espafia consortium
* Lead by CIEMAT and contributions from 16+ research units.
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DOINE Introduction of DONES and neutronics activities )
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D{NE - - g
= neutronics activities

« Beam deposition HEBT

* Cooling water and scraper and collimator
« Atmosphere activation corrosion products « Back-scattered neutron
activation from test cell

3

HEBT collimator

Injector = Q/\ @/\

100 keV 5 MeV
LEBT RFQ MEBT
&
« D-D fusion neutrons  Beam loss in RFQ and MEBT and SRF * Beam deposition in the /
« Commissioning phase-1 * Beam deposition on MEBT scrapers Beam dump Beam dump

Impurity control

Test Cell

&
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Li Loop

* Air activation
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* Sky-shine
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DONE &

e Neutronics activities in WPENS

* Plant-level transversal activities relevant to accelerator
system(AS), test system (TS), lithium system (LS), building and
plant system (BPS), safety, remote handling and logistics
(RHL).

* The analysis activities include design analyses and
optimization, radiation dose maps, radiation shielding and
ALARA, activation and inventory, models, tools and data
developments, experimental benchmarks and validations.

e Achievements

* Involvement of 20 scientists from 10 European research units

neutronics MR&itrons

* Accomplished a total of 80+ subtasks and ~240 ppm of T °d'v'P8‘c{/ide A~
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Neutronics activities for Accelerator system (AS)
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DOINE AS radiation source terms )

e Radiation source terms

* Deuteron beam losses and depositions

* Activated AS components

¢ TC baCk'Streaming neutron and gamima. 1.0e-03 0.01 0.1 1 ?:am = -lgdog'callooo%“ (ms%t;ao 100000 le+6 le+7 1.0e+08
‘ Ll ‘

————— ittt dbittntpbe b iR T b bbb ettt

* Activated cooling water, air and argon atmosphere
Accelerator rooms beam-on total doses maps (mSv/h)

« Radiation from RFQ, MEBT and SRF

* 1 W/m beam losses assumption for safety evaluation, while higher . Warm Section
realistic beam losses are used for the RFQ and MEBT analyses. Mot oo T ae T as  ae Y

* 2x0.6 KW beam deposition at 5 MeV in two MEBT copper scrapers.

* 40 MeV deuteron beam, deposited power 2.4 kW at the HEBT scraper
and 3.2 kW at the HEBT collimator.

* Beam dump copper cone cartridge accepts 1% duty cycle of deuteron
beam (~50 kW) at 40 MeV.

* Radiation from TC: Neutron flux in the level of 101 n/cm2/s at the TIR

Losses, W/m

ol
o
o

0.001

= 0.0001

— 1.0e05

Neutron flux back
streaming from TC}#

(n/cm?/s)

Prompt neutron dose rate
(Sv/h) of BD on 1% duty cycle

Total n-flux calculated with surface source inside the TIR
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DONE Commissioning studies )

e

*  Nuclear analysis in Phase 1 ﬂ 112% (140 mA) at 100 keV
*  Deuteron energy is lower than the threshold of interaction with the Copper dump. MZO% at5 MeV
* The dominant reaction is (D, D) reactions, and produced 2.54 MeV neutrons. Phase 2 “ G g

SRF LINAC

1% at 40 MeV

*  Neutron yield is estimated to be 1.6- 3.6 -:10° n/s, the measurement performed in

the LIPAc measurement is ~9.4 -108 n/s. L5+

; WSTUMM
*  Nuclear analysis in Phase 2

*  Detailed neutronics model consists of >9000 bodies, multiple steps of deuteron and -
imulati ,,.Mfm
neutron simulations Phase 4 g . 100% at 40 MeV

*  Two months of commissioning, 1-hour cooling: Residual dose above 100 uSv/h of
DONES accelerator cogsrglognissionincg phases (5! Podadera)c

SRF LINAC

biological doses close to the MEBT and HPDB entrance, above 10 uSv/h in the
meters around the accelerator ‘ | oL st

—

*  Nuclear analysis in Phase 3 o forsraper
Diaﬁnoslic ’ﬁeam Ao

* 4 years of conservative commissioning and 1-hour cooling
*  Residual dose in several mSv/h surrounding the HPBD. H
*  Providing key support for obtaining the licensing for the commissioning ] #a L I R B
phases and maintenance planning. wasmn s s womn
ot e

Pseudocolor 100E-02 1.00E01 1.00E+00 100E+01 1.00E+02 1.00E+03
Var: 30_Dose | |
100E03 15BE02 251E01 398E+00 6.31E+01 1.00E+03

1 =1.000e+06 : G\’
L 1e+5 y .
10000

1000

100

=10 T‘,

; 1.000e+00 f‘% I ,’,/E\&

Total residual dose rate (uSv/h) in Phase 3 (1-hour Xoaxis (x10-2)
cooling) Decay photon source from different contributions Total residual dose rate (uSv/h) in Phase 2 (1-hour
cooling)
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pONES/ Doses during normal operations and maintanence ()
* Beam-on and beam-off analyses during normal operation Maximum residual biological dose

. . 1 h) at 1- f h
*  Full map of accelerator rooms with updated geometry and materials. values (mSv/h) at 1-day after shutdown

» Taking account neutron and photon from deuteron and neutron interactions, as well as Maximum dose

neutron/photon from TC. Region (mSv/h)

* Determination of beam-on biological dose maps and beam-off biological dose maps after 1 hour, Injector +LEBT 0.01

1 day and 1 week of cooling time RFQ 0.11
. . MEBT 18.7
* Dose maps updated in yearly basis
. SRF-CM1 0.11
HBET scraper ‘e | SRF-CM2 5.04
R = i SRF-CM3 7.57
SRF-CM4 4.07
SRF-CM5 33.6
HEBT scraper 17830
1.0e-03 L 0.91 01 ‘ l 10 Iw Ilm ‘ 10000 ‘ ‘Im ‘ le+é I’*7 1.0e+08 R|R+IC 7.91
Beam dump 0.36

Beam Off - Biological Dose - 1 hour (mSv/h) Beam Off Biological Dose - 1 Day (mSv/h)

1.0e-03 0.01 10 100 1.0e+05 1.0e-03 0.01 10 100 1.0e+05
wuum bbbl R S W | 1111111“ wullm bl LLLLLL I } Illllllw
Biological dose (mSv/h) at 1-hour of cooling time in the AS room Biological dose (mSv/h) at 1-day of cooling time in the AS room
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DOINE ALARA optimizations )

* Aluminum v.s. Stainless Steel as beam-facing material.

Residual dose from deuteron and neutron activation. 1 W/m beam losses
assumption

Aluminum results in lower doses and faster decay, thus Aluminum are
suggested to be beam-facing material.

* Fastisolation valve (FIV) shielding optimizations

[y

300 mm

/ (Insulator resistance: 10 kGy)

FIV are safety class machine protection valves

With local neutron and photon shielding and additional shadows in the
shielding plug, durability is extended from 1 year to 3 year

]

1.5m
Shield Plug ~ _ °
i L, Concrete
- us“"- ™ - -
'%— |

FIV and loca
shielding (PE+

“Solenoid Valve”

&

“PneumaticSeals”
(if EPDM: 1 MGy)
(if Viton: 0.1 MGy)

“Bonnet Seal”
(if EPDM: 1 MGy)
(if Viton: 0.1 MGy)

Dose rate [uSv/h] calculated using Aluminum (1-week)

Dominant nuclei for deuteron-activated contact doses

Aluminum

Stainless steel

. Na-24 (T=12h): 1 day
86%, 1w: 0.3%

. Co-56 (T=77d): 1d: 2%,
1w: CD 16%

. Na-22 (T=2.6y)1d: CD
8.6%, 1w: 67%

«  Co56 (CD 66-75%, T=77d)
. From Fe56(d,2n)

. Mn52 (CD 17-9%, T=5.6d)

. Mn54 (CD 7%, T=312d)
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DOINE Water and air activation L))
 HEBT scraper cooling water analysis
« Detailed models of the water flow paths and fluid activation using T o e
Actiflow code. e e Ri=5.08 cm R=5.08 am

» ACP is taken into account, but no significant impact due to the low e
corrosion rate in CuCrZr at the low temperature of 20-30 °C. Koo

Cells under neutron flux
 Total activity in range of 1E+05 Bq per kg, dose rates <1 uSv/h per litre " omerapr s
* Airborne contamination analysis

on scraper blades

Air (1.28% of Argon) is filled in the AS rooms, and TIR will be filled with e o e

Argon.

Geometry of water circuit for scraper water cooling system
* *1Ar Production in TIR (target interface room): equilibrium ~ 19.4

hours, total activity 8.202-101° Bq, which requires decay volume or

eTotal ®TCsource & Othersources

# Total » TCsource 4 Other sources
cooling time before access. 160 -
* 4Ar Production AS rooms: equilibrium ~ 17 minutes, total activity: IFEERLERLEEE  ttrrrririrrroa
1.004-107 Bq. z D !
40 41 g e E i
Ar+n—>%Ar+y Ar4l t=18h,E =129 MeV £ PRl
ElEM M : : %
g . : E 1E1
U1E+3 . :
- 4 1E2
A 1E+00 1E+02 1E+03 1E+04 1E+05
1E+2

1E+0

1E+2 1E+3 1E+4 1E+5 1E+6 1E+7

Irradiation time (s)

Ar Production in TIR

4Ar Production AS rooms

Irradiation time (s)
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Neutronics activities for Test system
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D{ONE Test system source terms L
| — Thqn
* Testcell (TC) and high flux test module (HFTM) lI“ "
» Test cell houses the target assembly (TA) and the HFTM, and provides I ":,g'; ]
shielding with the Removeable shielding blocks (RBSB), bucket and several LSP W =
shielding plugs (PCP, LSP, USP, TCCP). ~ RBSB
Beam ~ HFTM
* HFTM houses the material samples and the center irradiation capsules with ’ —1 1 =
active temperature control. | pucker Memamen 7 N
* Neutrons production from the target __ o o
* Total neutron yield of 6.8 1016 n/s, neutron flux up to 10'>n/cm?/s at the " Lioutlet ’\I
target, and 1-5 10 n/cm?/s at the high flux test module (HFTM) region. Container _J)J \
Damage rate in the range of 5-20 dpa/fpy in the centre capsules TC CAD model High Flux Test Module (HFTM)

 Neutron dose rate in the TC attenuates from
102 pSv/h to < 1000 uSv/h in beam
downstream, and < 1 uSv/h in the lateral

walls. Very challenging shielding analyses. -

/Back—plate

Neutron flux
se12 1ef AAOM /8 )oe14 26114 50412 16015

1.e+01 2.0e+0]
'

ge rate (dpa /fpy)

Displacement dama

Neutron dose rate (microSv/h)
10 100 1000 10000 100000 le+é le+7 let8 Te+9 le+l0 le+ll le+l2 le+l3 2.1e+14
I " LTI RN V11T R R T . UL L LLELIL 1

1l 41.*.“..1.” 1 o

] ;:Ju) Test Cell {

L

(3) Bucket ‘
¢ Y-line used for dose rate distribution |
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o@mF Nuclear analyses for the target and HFTM

* New reference beam profiles 2622 Harch Altermative 2005

2021 Nominal 20x5

*  Deuteron beam impings on Li target with a semi-rectangular footprint of 20x5 cm?
— - - IFMIF/EVEDA 20x5

e 2022-March Nominal 20x5

(nominal) 10x 5 cm? (reduced)

567.226cm* ‘

57(14cmi
! 284.07cm®

| 265.923cm’

* New beam profiles have been proposed to provide the balance of high damage dose and 1000
irradiation gradients.

544.172cm’ 120.709¢m?

/ 108.937cm®

238.361cm’

*  The alternative beam footprint provides a higher volume at high damage rate. 1004

Volume (cm®)

*  Deuteron beam heating deposition

*  Simulation of fine-resolution deuteron heating deposition on Li using charged-particle 104
transport function of MCNP6 (coupled d, n, p and proton transport).

77.437cm?

. High-fidelity heating data provided for Thermal hydraulics analysis of TA.

! T Tz 67 ]
0 5 10 15 20

 Updated HFTM nuclear responses with detailed sample model DPA (Epapy)

* Aiming for estimation of neutron dose uncertainty in samples the HFTM

*  Simulation shows that the DPA-volume are similar on both the homogenous model
(h.m.) and detail sample model (s.m.)

10° 4
Temperature (C)
_ 1024 -42584 20 X
QE, 403.08 -
g — Specimen region h.m. X 377.31
S 1004 — Specimen region s.m. .
Specimen stack h.m.
10-1 4 Specimen stack s.m. 32577
Samples region R
| homogeneous o o
10723 T ™ = e =% omog samples in rigs
rigs (h.m.) (s.m.)

Primary displacement damage rate [NRT_dpa/fpy] ¢ = .
Thermal hydraulics

analyses of Li flow
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D’QNE;J% ALARA optimizations )
« Shielding optimization for the RBSB

* RBSB implements dog-legs to mitigate the neutron streaming
through the 40 mm gaps

- le+12

le+ll
le+10

100
10
1

* ALARA optimization for the bucket
* The bucket was designed to use heavy concrete.
* High fidelity shielding analyses show shielding effects are
comparable.
* Costreduction of 6x, as well as weight reduction of >50%

* Vertical dog-legs introduce many complexities for remote ] S : =]
handling, | E lo+8

* Itwas replaced by polyethene shielding in the test cell cover ==t - )
plate (TCCP) £ o0

2.1e+14

le+13
= le+12
= le+ll

= 1e0+10

1e+9
lo+8
L 1047

= le+6
100000

i; 10000

% %1000

L. 100000
10000
% 1000

10 =10

0.5 5.0e-01

Neutron dose rate (uSv/h), heavy concret

T X

e bucket and ordinary concrete bucket
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« Activation for the Air in the TC gaps

» Air exists in the TC gaps of RBSB, liner, etc. with sizes of 40+ mm

* Ar-41 dominates the total activity within 1 hour, and drops significantly,
C-14, H-3 and Ar-37 are relevant in long cooling time

* High residual activities require air circulation control to avoid additional

S . . TC li RBSB
contamination in the neighbouring rooms. Hher 8aps 8PS Neutron beam tube
. . . .. 0-seconds 1-hour 1-day
* Sky-shine simulation of beam-on radiation from the TC
. ] Ar-41 Activities 1.676E+11 1.147E+11 1.858E+07
*  Dose map up to 360 m x 280 m x 300 m, using a global model with (Bq)
Variance reduction code ADVANTG Total Activities 2.901E+11 1.419E+11 2.560E+10

Dose rate values of 0.01-0.05 (Ba)
uSv/h (88 - 430 uSv/year) at 60
m downstream

* Require additional shielding
optimization to meet the safety
requirements

Neutron H* 10 value (Sv/h)

Normalized contribution field (COF) of sky-
shine to the dose at ground level Neutron dose (Sv/h) at ground level
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Neutronics activities for Li and other systems
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DONE L1 system &

* Be-7 and H-3 production Y SN
ol o mEE | _ Hydrogen trap
* Be-7:T,,,53 days, y 477 keV, most from deuteron activation: Li-6 (d, n ) Be-7 T A L cconemier

(~15%) and Li-7 (d,2n) Be-7 (~83%) Model |
«  Be-7 production rate is ~0.75g/fpy (9.7 1015 Bq/fpy), which reaches an representation of
equilibrium inventory of 0.15g (2.0 10'5 Bq) at 1 fpy. Modelica code

* H-3 production rate is ~3.78 g/fpy (3.0 g/fpy from d-Li reaction and 0.78 g/fpy
from the n-Li reaction)

ICS

Cold Hot Trap Be-7 Be-7 Be-7
* Be-7 dose analyses Leg | Leg | ™ | MrCCL | MICHX | e
Temp. | Temp. %] [%] INnHX[g] | InCL[g] | InCT [g]
* Be-7 distribution depends on: Li loop operation temperature, cold trap efficiency,
. x . . Case-1 250 274 0.5 0.000298 8.29E-05 60 0.09462 0.05253 0.00914
mass transfer coefficient, impurity control flow rate, etc. T ooz T o T T e T o ]
ase- . | 12E-

* Parametric studies of 108 cases provide much different dose distributions, while Case-3 30 | 324 | 1 | 0000% | 912E05 | 40 | 001978 | 002766 | 010871

Case-4 300 324 1 0.000396 9.12E-06 0 0.00955 0.1464 0.00006

dose rates are mostly as high as several Sv/h.

* Under the temperature of 300 °C and trap efficiency of 60%, almost 100% Be-7
can be confirmed in the cold trap except for the dissolved Be-7.

Operation condition of the Liloop and ICS

Case-1 Case-2 Case-4

Be-7 decay photon doses (uSv/h)
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* ACP simulations

* Li corrosion rate of Eurofer and SS316L from experimental

Activated corrosion products

measurements from ENEA Lifus 6 facility

* The production rate of dominant isotopes simulated in different Li
segments from major reaction pathways, contributed from both

neutron and deuteron.

* Mass transfer of radioisotopes simulation using Modelica based on

their dissolving curves.

* Obtained a list of radioisotopes in different Li loop components

Sum. Wall [mg]

Sum. Li [mg]

LiHX [mg]
2.623453e-01
0.000000e+00
0.000000e+00
0.000000e+00

3.303965e-01 I 0.000000e+00

Fes5 0.645691 2.891645e-01
Mn51 0.000000 1.032328e-07
Mn52 0.000000 7.546957e-04

Mn52m 0.000000  8.925280e-07

| Mns4 0.000000
Mn56 0.000000 8.065303e-05
crsl 0.004553 1.127897e-04
Ni57 0.000000 1.645170e-03
Co55 0.000000
Co56 0.000000

| cos7 0.000000 1%

Co58 0. % ;

Co58m o.mo 1.591487e-03
Co60 0.000000 6.809732e-02

Co60m 0.000000 1.621391e-06
w181 0.000005 _ 9.339950e-10
V52 0.000000  3.650830e-03
Al28 0.000000 4.575686e-02

v

9,461301970(\?)
321273V .000000e+00

0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00

7.119827e-07
0.000000e+00
0.000000e+00

o
.223366e-03

0.000000e+Q0
1.152077¢,
0.0 e+

CL [mg]
2.785806e-01
0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00
e+00

0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00

7.357418e-07
0.000000e+00
0.000000e+00

Contact dose (Sv/hr)

Time (Year)

Contact dose (Sv/h) for
Eurofer activated by neutron

1see 1 day8 days 20 days
10

10° A
TSR BESI et

10° 4 i
1074
107 4
10° 4

Contact dose (Sv/hr)

10‘-‘
10“3
107 o
CL_TC [mg] b e : :
1.047651e-01 Li volume to calculate L

0.000000+00 T v
0.000000e+00 neutron fluxes Contact dose (SV/h) for

0:000080€+00 Eurofer activated by deuteron

0.000000e+00
0.000000e+00

2.175991e-03
0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00
0.000000e+00

2.375593e-07
0.000000e+00
0.000000e+00
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* Activation inventory database and Decay gamma E
source database
« Inventory database for all the TS components, including HFTM, N
TA, Liner, RBSB, TSP, ...
* Collection of existing decay gamma source files for HFTM, TA,
TC concrete wall, etc. using unified the cR2S (common R2S)
format -

Nuclear analyses for the solid and liquid RWTS rooms

Residual dose of activated components transferred to RWTS
rooms.

specific Decay Heat (kw/kg)

H

X

Radiation from liquid waste of several sources: Li, water, etc

—
[

1.0e+09
1.0e+8
1.0e+7
1.0e+6
1.0e+5
1.0e+4
= 1.0e+3

Biological dose rate uSv/h (HFTM Containe

HFTM dose rate [uSv/h] in RW
treatment cell at 1-day after
shutdown

beam dump stopper in waste container
located in solid waste storage cell.
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Activity (Bq)

108

o

(@)

\=?
g 2 st 0§
. s 8 5 2
iof & g s8¢
o —— ] N
\ \ K:L‘?ﬁ’
\ '\I\‘ A—Enll‘al

Total Activit ("‘n‘\Bq)

Specific Activity
10° . .
(Ba/kg) ... dominant nuclides
10* 10° 10% 10 10° 10* 10! 10° 10% I 107 10°
Time (s) Time (s)
LI S B 0 RIS BN

"1 Specific Decay Heat
+1 (kW/keg)

" Total Decay Heat (k )
.lwith dominant nuclides

—— Mn56
- Tal82

— Mns4
= — 060
\W\'— aa
1| — nooa
\ Total
I S—

T
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Activation inventory for the TC components

TA dose rate [uSv/h] in irradiating
RW storage cell at 1-day cooing

Biological Dose Rate uSv/h of Be7
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Radiation dose liquid waste
storage cells

Y. Qiu | 15th International Symposium on Fusion Nuclear Technology (ISFNT-15) | Las Palmas de Gran Canaria, Spain, from 10-15 September 2023. | Page 25



(FMIF ) )
DOINE Outlines )

Simulation tools, data and nuclear experiments
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DOINE Simulation codes and data )
Highlights of tools and data developments
R/ll?é: LVIC * SuperMC and McCad are common tools for producing MCNP model
GeoUNED * New modeling program GeoUNED facilitates CAD-to-MC conversion based on FreeCAD/Python
I( Deuteron McUNED * McUNED is validated for AS simulations, and McDeLicious for d-Li neutron source simulations
: transport gﬂcgﬁgg%g * SrcUNED-AC is an MCNP subroutine providing direct sampling of secondary neutrons and
' = . photons from deuteron based on double-differential spectra.
* OpenMC has been benchmarked for test system simulation
ZICS XQCT'" * Actiflow code was recently adopted for water activation simulation of AS and TC water cooling

Actiflow loop

E%g:"::l? 3.0 * Recently D1SUNED was extended to the SDR of light ion activation, and extensive validation has

MCR2S been done for DONES application.

e eaea

( .

| Variance ADVANTG * In addition to ADVANTG, OTF-GVR is an effective global variance reduction method, which is
' reduction OTF-GVR intensively used for TC shielding calculations.

I( f___B;E;___\ TENDL-2021 * TENDL has well-known deficiency in deuteron libraries, and recently JENDL-5 provides

| . . JENDL-5 deuteron data for several isotopes: Cu-63, Cu-65, Al-27, Nb-93 and

' libraries FENDL-3.1d/3.2

* Newly released FENDL-3.2 is currently under validation for the DONES application
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DONE Neutronic experiments ()

BATCH #3 — ORDINARY CONCRETE

0.8% Viscocrete

 The IFMIF-DONES mock-up experiment

* Aims to characterize the shielding performances of ordinary concrete
and heavy concrete.

S|+ Cement:360kg
. a4

* Concrete mock-up prepared at Granada using local aggregates.

* The first experiment on ordinary concrete was performed in an NPI-Rez
U180m cyclotron in March 2023.

* Five sets of foils (Fe, Al, Ti, Au In) used in five locations. Most of the foils Experiment setup
have good statistics on the counting, except Fe/Ti at the rear position

Depth [cm]
. . ags |Activation
* LIPAc prototype accelerator neutronics activities under Broach Foil o 2|  so 75 100 Statistcal Error
Fe 0.06%| 0.52%) 2.10%| 2.38% 4.43%| <1%
Approach phase 2 (BA-H) Al 0.09% 082% 0.71% 0.90% 2.96% 1-3.2%
. . . ITi 0.04%| 0.17% 0.22%j 0.72%j 4.15% >3.2%

* The LIPAc accelerator will provide a strong deuteron beam with Au 003 o003% 003 oW 017%

In 0.04%| 0.09%! 0.08%| 0.13% 0.16%|

125mA power and 9 MeV energy. The deuteron will deposit in the high-
energy beam dump (BD) and produce neutrons up to 104 n/s.

* One conceptis to utilize the neutrons produced from deuterons
interacting with the beam dump materials.

* Another proposal is benchmarking and validation of tools and libraries
against experimental data.

* Experiments and radiation survey with the 5 MeV deuteron beam
commissioning campaign is ongoing.

—

Total dose rate (wsv/n) [N ..o ..
"2 "3 |.‘ lns 1 !‘
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Outlines o)

Summary and outlook
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Summary

e With the contributions of more than 10 research units, the neutronics activities in the framework of EUROfusion
WPENS has achieved many successful outcomes in the last 3/4 years.

* These activities include design analyses and optimization, radiation dose maps, shielding and ALARA, activation and
inventory, models, tools and data developments, experimental benchmarks and validations

* These data are key inputs for the accelerator system(AS), test system (TS), lithium system (LS), building and plant
system (BPS), safety, remote handling and logistics (RHL).

« Application-driven developments for the simulation tools, data, and nuclear experiments provide strong support
and acceleration for the nuclear analysis.

* Qutlooks
* Deuteron data developed are in urgent demand for the needs of high-quality simulations.

* Dedicated benchmarking and experiments are not sufficient for the validation and verification of tools and data
« Systematic quality assurance is further required for the productive calculation.
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