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= Neutron Energy Classification
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Flux (Arb. Units)
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BS Spallation vs Fission
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LOW-ENERGY (<20 MeV) NEUTRONS

Neutron production — Proton energy
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Neutron production versus beam energy for a 50-crm-diam by
200-cm-long tungsten cylinder bombarded on axis by protons.

Goal: Increasing the proton energy
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5 Pulsed spallation sources

ISIS TS2 — 800 MeV proton beam

Front-End Systems Accumulator Ring
(Lawrence Berkeley) (Brookhaven)

Target
(Oak Ridge)

Linac
(Los Alamos and
Jefferson)

Instrument Systems
(Argonne and Oak Ridge)

ESS— 2 GeV proton beam
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5 Released Neutron Spectra

http:/www.indik.rwth-aachen.de/publikationen'Shelty_Nabdi_High_Energy Proton_Beam_2011.paf
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Big difference in shielding efforts !!!
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[ Moderation ?

* Reactor facilities: big volumes — based on hydrogen
(heavy water & light water)

Goal: slowing down neutrons to thermal energy (no time dependency)

Continuous neutron flux

* Spallation sources: efficiently done only in small volumes
e.g. H,-Moderators
BeryIIium used as reflector (moderation is 50 times worse as D,0)

Goal: keeping the time structure of the released neutrons
— minimize absorption/scattering between target and
small moderator volume

Pulsed neutron flux

Big difference in shielding efforts !!!
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=)= Effects on Neutron Scattering Experiments
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Cross section
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I=7= How you can shield high energy neutrons ?

Depends from the Material Cross Sections (Absorption & Scattering)

10 kb 1 mun
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| ki w——Boron-10 e Nuclear recoil 100
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10 meV 100 meV  1eV 10 eV 100eV  100eV  1keV  10keV 100 keV 1 MeV 10 MeV
Neutron energy

Good scattering materials are working well up to 1 MeV (scattering is dominating)

GEM applications outside high energy physics - Duarte
Pinto, Serge Mod.Phys.Lett. A28 (2013) Page 9
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Cross Section (b)
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RS Fast Neutrons > 10 MeV

Density of the materials becomes more and more important.
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Hydrogen has cross sections <1 barn!!!

Data can be found on: http://www.nndc.bnl.gov/sigma/
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(= Resonances !

26-Fe-56(n, total) ENDF/B-VII.1

Cross Section (b)
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Iron is not a ,,good” shielding material for epithermal neutrons !!!!
Page 11
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High Energy Neutron Shielding

GeV neutron

GeV neutron

Remove energy from system

Thermal beamstop

Hadronic shielding — high density  n mod n abs Yy abs
/I |
Often /
combined
o - >
1-5em Varies
6 tenth values current working figure
PE, wax, water, B4C, scint. | Fe, Pb
Fe, Pb, Cu, W, DU Oil. or mix with | ~3 cm BUT
B: boric acid, rubber, y->n
borax ceramic
Li also avail. etc. Concrete,
Li earth, water
~100 cm

Elements borrowed from ATLAS/CERN and mathsconcepts.com
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BS Shielding Design

Collimators along the beamline & Layered structure
(repetition of layers) of shielding material

Fast neutrons scatter in steel, res% in one or more lower energy neutrons, which continue scattering...

% %
—

Collimator blocks induce controlled reactions, expansion zones let particles escape.
This saves money on shielding downstream and reduces background.

Borated concrete reduces backscattered neutrons < few MeV,
reducing background and some activation channels.

Page 13



PAUL SCHERRER INSTITUT

5 Simulations-Tools

*  MCNPX (an advanced Monte-Carlo Code for particle physics) is a perfect tool to
describe a 3D neutron source, including moderator & shielding materials ...
(alternatives: GEANT4 & PHITS)

Input: proton beam or reactor core model

* McStas, a Monte Carlo ray-tracing code for neutron scattering instrumentation,

simulates very efficient events (neutrons) from a source surface to the detector
position (alternatives: VITESS & Restrax)

Input: neutron source description

f(A)dA = 2 I *2*(%)4 exp'(ti]

n- Maxwellian distribution

Wavelength [A]

SINQ CATIA-Model SINQ MCNPX-Model SINQ McStas-Model
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(5 Examples — PSI & ESS

SSB Choppers Thermal neutron ~ Neutron guide Detectors &
polarizer & Magnetic guide  Sample Environment

Y

R
‘ ‘ Guide hall

ICON — Imaging beamline
How good we can describe a source ?

80m 86 m 171 m

MAGIC - Single crystal diffractometer

Cover

__ Middie Shielding

ODIN —TO investigations

Supplement

iddi
Shielding Lower Middle

" Shielding

Turning Shielding
with
Turning Segments

Sample Table
Fixation

Eiger — thermal triple axes instrument
Non-magnetic / compact shielding Top View

fixed slit assembly

28
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5 et £0 "
s W| VAl ar
= § =
5 5 I § oW
 : : g ©
8 2
= s
- - g
0 b x [m] 23 35 39
Zebra— thermal single crystal diffractometer ESTIA — Reflectometer
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= Cold Source Simulations/Measurements at SINQ

ICON beamline
no supermirrors are installed, different pinhole geometries are possible,

measurement positions are closed to the source with direct view

Measurement positions

11.8 m

16.8 m

L.Giller, U.Filges, G.Kuehne, M.Wohimuther, Nucl. Instr.and Meth. 586 (2008) 59-63
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(= Simulated Neutron Flux Distribution at the ICON beamport

n/(cm2p)

3.0002-03

MCNPX results

Thermal flux distribution

5.8362-03

9x9 tally grid 50 cm inside of
first collimation

#.7482-03

first collimation

height [cm]

section

width [cm]

9x9 tally grid at
collimation entrance

height [cm]

4
width [cm]

energy range: 1eV - 0.3 meV (200 bins) — 3000 h computing time
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—= Neutron flux distribution at ICON middle position

Comparison of horizontal and vertical beam profils at middle position (11.8m)

using the McStas-MCNPX model - 20 mm aperture

-15 -10

measurement g
0
@ o
0
simulation 0

heigth [cm]

o

20

Vertical Profile - 20 mm Setup

T T T T T T T
1.0+
0.8 - .
2
g j
I 0.6 - ]7
£ ]
Iy
3 i
& 04 H
@ i
§ i —+ — measurement
Q ] f —+ — simplified model
02+ 7 improved model
f; —+— McStas-MCNPX model
(I ———
T T T T T T T T T T T T T
-20 -15 -10 -5 0 5 10 15 20
vertical position [cm]
Horizontal Profile - 20 mm Setup
T T T T T
—+ — measurement
104 simplified model a
. improved model b
—v— McStas-MCNPX model | |
08 ' .
z i
) {
c -
£ 06 i .
=
[0) 1
N 1y
T 0.4 7 4
£ ! }’
6 /
c 1]
-” y
02- / -
i
——
0.0 s
-20 -15 10

horizontal position[cm)]




PAUL SCHERRER INSTITUT

(= Measurement/simulation of cold source brightness at SINQ

Experiment — TOF setup with collimator system
- chopped : 0.15% duty cycle

- beam size: 21 mm

- solid angel : 0.693 mStr
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m Background measurements with Bonner Sphere Spectrometer
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Bonner spheres spectrometer (BSS) Response matrix of the Bonner spheres system

standard Bonner sphere system consists of a He-3 neutron detector and a set of 10 polyethylene spheres

of diameters from 2 to 15 inches (each sphere has a different energy response)
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5 Extension of BSS System

Extended energy range: > 2 GeV (interesting also for SwissFEL, ESS ...)

PETTITT Rt EEETTTT BT PTTT AT BRI T T T BT BT Erw

84"~ PE - Moderatorkugeln B
5~ \ -
-
4 4 -
g
3 2%
o
2 4 '

|ndeX (i) dPE,inside Material dPE,outside
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RS Shielding Design for the Triple Axes Spectrometer EIGER

- Design of a non-magnet shielding with a maximum thickness of 85 cm

NEUTRA
Y

EIGER Monochromator
shielding design

|
?nes

Cover

nt laborat
o

E
,:. Middle Shielding
€ <
C
A
2 Supplement ~ Lower Middle
w Shielding Shielding

Turning Shielding
with
Turning Segments

Sample Table
Fixation

=

water scatterer

Primary beamline layout MCNPX model
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(= Gamma and Neutron Dose Rates behind the Shielding

* dose rate <10 uSv/h with a shielding thickness of 85 cm

T rTrrTrrTrrTT T T T T

: //
100_: —m— neutron dose rate _
3 / ¢ gamma dose rate 3

neutron dose
tallies

dose rate [uSv/h]
L
||

04

lead Pb

2

-
o
P 1
\
\
\
|
=S
.Y-‘n GERNVRS &N ‘\ulw\\
//
.
II
|
|}
|}
1

o v X 001 | A I I S I S S T T R S
borated polyethylens 30 25 -20 15 10 5 O 5 10 15 20 25 30
PE (5%B) radial angle [degree]
MCNPX geometry layout for the shielding Calculated gamma and neutron dose rate

distribution at the outer surface of monochromator

calculations — 17° position shielding — 17° position

« developing/simulations of different compositions of heavy concrete (non-magnetic) with a
density of approx. 5.1 g/cm3

« developing a special material composition (tungsten/paraffin) for absorbing (slowing down) fast
neutrons
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=

Heavy concrete developments

non-magnetic / magnetic samples for different applications

7 different concrete compositions were tested and simulated (all are special PSI compositions)

Sample 1: special efforts - stainless steel balls with different sizes and thermal treatment

In addition Sample 1 includes as mineral Barite — very good gamma shielding material

calculated density [kg/dm3] 5.000 4.800 4.800 4.800 4.800 4.800 4.800

effective measured density

[kg/dm3] 5.200 4.850 4.770 4.880 4.860 4.890 4.740
sample 1 |[sample 2 | sample 3 | sample 4 | sample 5 | sample 6 | sample 7

[ka] [ka] (ka] [ka] [ka] [ka] [ka]

Barite

Magnetite

Hematite

Fe-granulate St. 37

Fe-éranulate St. 37

Fe-granulate, stainless , 1.4301

Boron-carbide 5%

measured attenuation factor [1/cm] 0.313 0.213 0.204 0.213 0.208 0.217 0.207

Comparison: normal concrete: < 0.13 cm!
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= Heavy concrete Measurements

Attenuation for the fast Neutrons Incoming spectrum at ICON beamline
10000005 M1(baryte+14301) 5x104 PEPETETT BETEE T BErw T | PEEERTTTY BRI E T BErE T MR e | s aanul
100000
E * E Measured Data a0 .
= 10000 5 B Fits to | *exp(-bx) _
UE’ 1000% | =52200 FE 3x10°4 -
2 1004 - 1™ § °
p 10 b=0.313 cm 5.
‘.(-U' % § 2x10% B
Y 14 =
()] E
8 0.1+ 1x10° -
N E i
"3 12 inch sphere detector 0 r
1E-3 T j J j T j T 10" 110" 16‘ 12)2 163 16‘ 1(I)5 1;J° 16’

0 100 200 300 400 500 Energy [eV]

Thickness (mm)

Shielding for background

reduction was needed

Sample with strong steel collimator (1m)
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=== Neutron Trap Design for Eiger

* design reduces the background by around a factor of 2

friangular spike—

Original neutron trap proposal Optimized neutron trap

- triangular volume is filled with B,C powder

- in addition Eiger uses a Sapphire filter for background reduction

Page 26
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RS Neutron Filter Data for MCNPX/McStas

Sapphire filter setup on BOA

_ L [ (A 7 T rfd !
[ .
E 2 Sepphire (AbDO3) 1
[+ .
~ f
2 I ree 1 * 300K tuned : A=
3 19 * 300K untuned mva X
'E $ s+ 80K untuned
" |
g * o
Q. & N .
3
g a7
.T’ 2 ~\ 'i //
: ~SS X
§ \HJJ' ’ \ 'J e q caleulated (296@
51 et ¢ 2 bt
v 8 < - RN
7 —~— < caleulated (80K)
L]
. BCO < i
| ! s | 1 |
2 I 1 } i‘"r B~ T i
567899 2 3 4 678910 2 3 4 5678910n 2 3 4 6789

energy (meVj
Fig. 5. Totai cross-section of sapphire. The experimental data are taken {rom ref. 6.

Sapphire crystals

o' 1 . A.Freund NIMA 213(1983) 495-501
within shielding

Samples from three different suppliers

(Stettler — 4 crystals; Korth— 4 crystals; Kyburz —4 crystals)
- Dimension: 26 mm x 26 mm x 10 mm
- Orientation: c-plan

- Precision of orientation: 1 deg
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(5 Sapphire - Neutron Filter Measurements at BOA

fast neutrons (1eV -1 MeV)

2.0x10°* ] no crystal measurement without sapphire
1.8x10%- 10 mm 10° measurement with 120mm_sapphire
1 20 3
1.6x10* [\ il :
— 1.4x10° 1 [\ 40 mm —
5 1 \ 50 mm S
o 1.2x10° 60 mm © 104
o 4 _| f “‘ 70 — E
> 1:0x10°] \ o >
% 8.0x10°1 117 \\\ 90 mm 2
& 6.0x10° 17\ 1 8 10°;
£ 4.0x10% AN\ 120 mm I=E
2.0x10° I Resonances ?
1 = R S SN 2
0.0 v T M T v T ¥ T a T " 10 T Y T X T 4 T ¥ T Y T
750 -700 -850 -600 -550 -500  -450 0 2 4 6 8 10
t6tx [mm] wavelength [A]
fast neutron flux can be reduced by a factor cold neutron flux is reduced by 30 —
of 12.5 (120 mm sapphire) — Peak Intensity 60% (120 mm sapphire)

Comparison MCNPX simulations and Measurements Page 28
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(= Sapphire - Neutron Filter Measurements at BOA

0'8E T T T T T T T T T T T T T T T T T
£ ol % korth 3
0.7F < stettler 3
all 3
0.6 F E
§ [ X E
€ E E
€ 04F % 3
- %
0.3F 3
02 3 * Quality of the crystal are
oMb o comparable between suppliers
0 20 40 ’ 60 80 ) )
Crystol Thickness (mm) » Signal-to-noise can be chosen
depending from the application
Zhe ; , -l péak i'nten'sity lafte; trar;smi'ssio‘n ' ; | 14 ¢ Performance Of the CryStaIS iS
o reduction factor . 112 relative non-sensitive to the
(:'j L (- ' 110 § alignment (< 5% within 1 deg)
:‘>" o 18 é
o 1.0x10°- . 2
5 e
..E ] o . (@)
x 5.0x10°- 5 1* S
© " . O
8 o s " - ] 12 “(E
0.04+— ; : . . 0

0O 20 40 60 80 100 120
crystal thickness [mm]
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[~=1/= Application at TRICS/Zebra

- fast neutron background reduced by a factor of 3

(only primary instrument)

- minimal intensity loss for the used thermal neutrons

(128&24 A)

Monochromator

present state at TRICS right after monochromator
80

OLD

47.5¢cm?
(120 cm?)

y [mm]

40 20 0 20 40
X [mm]

after optimisation of TRICS beam path

NEU

y [mm]

39 cm?

x [mm]

Sapphire-Filter vs. Si-Filter

intensity loss if Si-Filter (120mm) is replaced by a Sapphire Filter
40
351 —t sapémre 55 m
E — sapphire 37 mm
304 sapphire-39-mp

— ] ——— sapphire 61 mm

T 251

[0 ]

(&) 204 nead-n Ao

oy ] o CU TI1eut Ofjls

& 15 e
3 10 |
2 5 -

O E

N
oy

(ED &
ey
00 ¢5 1.0 1.5 20 25 3.0 35 40 4.5 50
wavelength [A]

background

=

-

additional beam reduction

A\ PP

T
4

- -y

improved beam reduction

new sapphire filter
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[ TRICS to Zebra

Reference model (TRICS)

Dose Rates (DR) are valid for 1500 pA - SINQ power

n-flux n-DR g-DR
(n/s/cm2/ mA) (mSv/h/mA) (mSv/h/mA)
2.4*10° 4.2+/-0.7 0.55+/-0.1

Point of Interest

ZEBRA upgrade model (entrance to secondary beam opening)

n-flux n-DR g-DR
(n/s/cm?/ (mSv/h/mA) (mSv/h/mA)
mA)
1.25*10% 1.39+/-0.3 0.57+/-0.2

C - new insert within Monochromator shielding

Collimator: B4C/borated PE/ borated Steel  pagea:
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0.14 Asusnd sounpl sossd sosind sin

=

Comparison SINQ / ESS - Nov. 2013

Comparison — Source Spectra

0.12

0.10 +

0.06

Intensity [norm.]

0.04
0.02

0.00

0.08 H |

il

L t

ha

SINQ moderator spectrum

ESS moderator spectrum

- —————-

Energy region
0.5 eV - 600

MALLL B I R B ALl B AL

1E-8 1E-7 1E-6 1E-5 1E-4 1E-3 0.01 0.1 1 10 100 1000

Energy [MeV]

neutron spectrum inside cold moderator

SINQ ratio: 8:1 (thermal to fast)

ESSratio: 1:1 (thermal to fast)

ESS - April 2016 (bunker report)

IOI l T T T T T T T T T T T T T T T l UL | EE S § ] L L l L=

= — 2m Bottom Moderator | ..ai =

— 2m Top Moderator .

|- 5.5m Bottom Moderator =]

- 5.5m Top Moderator ]

0| |

107 E =
9

100 E
8

107 E

L 1 I | 55l | 11 . I L1 1 ] L1 1 I | | | 1 1 [ 1

12 10 8 6 4 2 0 2 4
Neutron Energy(log lO(Ekin)(MeV))

neutron spectrum in front of the beamports

ESS ratio: about 1:5 (thermal to fast)

Page 32



PAUL SCHERRER INSTITUT

(15 MAGIC Beamline Layout

Partners: LLB, FZ-Julich and PSI

SSB Choppers Thermal neutron ~ Neutron guide Detectors &
polarizer & Magnetic guide  Sample Environment

Guide hall

80m 86m

* polarized single crystal diffractometer at beamport W6

e Cold & thermal beam extraction

e Elliptic guide system with a kinkat 80 m
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B Neutron and Prompt Gamma Dose Rate at 5.5 m

1.40E+07

120e:07 otal: 27 Sv/h

. Neutron flux spectrum

“ Neutron flux: 8.4*E9 n/sfcm?

6.00E+06

4.00E+06

2.00E+06

Gamma dose rate (

0.00E+00
1.00E-01 1.00E+00 1.00E+01

Energy (MeV)

1.60E+08
1.40E+08
1.20E+08 w

Total: 447 Sv/h

8.00E+07

1.00E+08

6.00E+07

4.00E+07

W6 — beam entrance 30 mm x 124 mm

2.00E+07

Neutron dose rate (muSv/h)

: 0.00E+00 . & ) ol
W6 - beam exit 30 mm x 38 mm 1.00E-09 1.00E-07 1.00E-05 1.00E-03 1.00E-01 1.00E+011.00E+03

-2.00E+07
Energy (MeV)
In comparison SINQ: around 15 Sv/h
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BS Neutron and Prompt Gamma Dose Rate at 24.5m

3.00E+05 -
Gamma dose rate A
EZ'SOHOS ‘ ) ol |
Dose rates @ 24.5m >
§2.00E+05 ‘
8
©
%1.50E+05 | ! ! I |
S Total: 0.79 Sv/h |
& 1.00E+05 l l ! ! |
= .
(40} |
U] I
5.00E+04 ! ! ! /\/\1 | (Gee® | | | ] :
0.00E+00 G - e : l_
1.00E-01 1.00E+00 1.00E+01
Energy (MeV)
1.60E+06
Neutron dose rate ”
. 1.40E+06
U\E 1.20E+06
=
70/ 1.00E+06
g 8.00E+05 Total: 13.8 Sv/h
'§ 6.00E+05
o
. T 4.00E+05
W6 —vacuum channel 10 cm x10 cm (0.5 deg ti) =~ M
. . o , 0.00E+00 w\\
New SDEF-card defined for gwde Sh|e|d|ng calculations 1.00E-09 1.00E-07 1.00E-05 1.00E-03 1.00E-01 1.00E+01 1.00E+03
Energy (MeV)
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= High Energy Shutter

6 drums are positioned within the neutron
bunker wall.

Drum Sequence:
1. Borax (50% epoxy / 50% B,C)

2. Standard steel

3. Standard steel

4. Borax

5. Standard steel

6. Tungsten/parafin (density 11.8 g/cm?3)

Effective thickness: each drum 20 cm

n-dose rate: 15.2 uSv/h
g-dose rate: 0.5 pSv/h

(only prompt gammas from the drums)

N-Dose rate can be reduced more by replacing steel with tungsten drums.
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Neutron background at 170 m

1.00E+00
1.00€-01 ST gy

1.00E-02
1.00E-03
1.00E-04
1.00E-05
1.00E-06

1.00E-07 4.2 n/s/cm?

1.00E-08
1.00E-091.00E-071.00E-051.00E-031.00E-011.00E+011.00E+03

Fast Neutron flux /

\

= Neutronic Background at Sample Position

Shielding around guide
behind 77m:

» 2m heavy concrete
with vacuum tube belt

e 75m standard concrete
(0.5 m thickness)

/ Neutron dose rates \

@80m ouside guide shielding
tally E: 1.3 uSv/h
@150m inside guide shielding

tally F: 0.2 uSv/h
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neutron flux

pE

biological shielding

1E9 o

1E8

1E7

1000000

100000

10000

1000

100

detector

TO-chopper

= spectrum in front of the chopper
® spectrum behind the chopper

1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 1E-3 0.01 01 1 10 100
energy [MeV]

TO — Chopper thickness

Tungsten
Thickness 0 (in front 50 100 200
(in cm) of the
chooper)
Dose rate 47.1Sv/h 8.3 19 047
¥ mSv/h mSv/h mSv/h
Dose rate 8.1 kSv/h 2.7 0.54 0.12
n Sv/h Sv/h Sv/h
Total neutron 2.3E10 3E6 6.3E5 2.6E5
flux
e(nn/emz/s)l 1 3-4 times better as St37
Inconel 650
Thickness 0 (in front 50 100 200
(in cm) of the
chooper)
Dose rate 47.1Sv/h 16.7 2.5 0.61
Y mSv/h mSv/h mSv/h
Dose rate 8.1kSv/h % ¢ 0.55 0.12
n Sv/h Sv/h Sv/h
Total neutron 2.3E10 4 .8E6 7.6E5 2.45E5
flux
¢ (inn/cm2/s)
Slightly worse as tungsten
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(15 TO - Chopper

Position: @ 6.25m

Materials:
* Inconel750

« Tungsten

1111111

Neutron dose rate

gggggg // \

1008407 /\\\_/\—M_/v
00E+06

~+-without TO

“#Inconel 750

Neutron dose rate (muSv/h)

| p]
| Prompt pulse
| ‘ \_ ptp /1
@ 1 Mev -> redUCtlon faCtor >1OO (Inconel) 1O e Lo0E07 10006 Lo0E05 Lo0e.0s 1o0E03 100E02 Lo0e0r 100E400 Looesor L00Er02 100403 Lo0E+0a
@ 1 MeV ->reduction factor >500 (Tungsten) Energy (MeV)
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=

Top View

fixed slit assembly

instrument
shutter

RF flipper

®
polarizers ®
of

G
Q
E
3
<
1]
=
<
O

[0}
o ;
ﬁ gelen® s ' 1
M
3
E
>
g
g
<
5]
0

monolith

N moderator

guide field
vacuum

I T ]
11 X [m] 23 35 39

E2 - Estia beamport

* Reflectometer at beamport E
* Cold neutron beamline

» Elliptic guide system (Selene) —only 40 mlong
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2. Bunker Components — Detailed
Simulations




eECollimator Simulations

108
i 107
108
5105 |
4 1l
2
51020

103 10° 103 10° 10°
Energy (eV)
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“:H h-Dose Rates

Corresponding
. dose rates:

~+ Det.3-1.28v/h
* Det. 4a/b — 62/44 mSv/h
* Det. 5-4 mSv/h

Det.6 —40 muSv/h
Det.7 -85 muSv/h !

102 10° 10° 108102
Enery (eV)

Det. 8 —0.2 muSv/h
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= Shielding materials for ESTIA

Guide support
mineral cast (concrete with epoxy) or granite

Heavy concrete

andard guide shielding (not optimised)
20 cm steel
50 cm borated heavy concrete (non-magnetic)
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RS New high-precision Shielding Material — Mineral Cast

Epustone Epument

Mineral cast is used as the base of high-precision machines

Epustone has the mechanical properties of granite — interesting for our ESTIA project

Epument has a high hydrogen content — (composition of quartz, basalt and epoxy)
Optimisation: add a thermal neutron absorber (B4C) in the composition.

First test series (14 compositions) on BOA@SINQ (activation, attenuation for diff. E) with BSS system

Partner: RAMPF Machine Systems GmbH & Co. KG
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=

3.5x107

Thermal neutron transmission

mine‘ralcast ‘
granit w
normal concrete M
3x107*
“\
\
\
bare counter
\
‘o \Y
c \
S 20’ [\
8 \
L, .
c \ v
§ 1sxa0” @\
= \
9]
c
1x107
5x10° - v
-
0 L .‘ ._. L T |
0 20 40 60 80 100 120 140 160

material thickness [mm]

Mineral cast is better as

standard concrete or granite

Comparison 1 — Standard mineral cast

Fast neutron transmission

9000 T T
mineralcast @
granit ¥
8000 heavy concrete M |
7000 H
. 12 inch sphere
__ eo00| ®
%)
c
> v
3 5000
O, e
c
S 4000 v
5 L
Q [} \
S 3000 L
e v
2000
o A\ 4
1000 |
-8
0 L L L L L L L
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material thickness [mm]

Activation decay (irradiation time 10 sec)

T T
mineralcast @
granit w
normal concrete M

P The tested Granite

includes Thorium!
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= 100 v
=
>
n [ ]
>
E
o ]
=
©
i
]
)
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500 600
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=

1000006

10000 |

8

1000

100

neutron [counts]

10 |

O

1

O

8

O

T
6
normal
heavy

Thermal neutron transmission

4+,

g

neutron [counts]

. .

0

1 1 1
0 20 40 60

1
80

1 1
100 120

1 1
140 160

material thickness Imml

properties as

\_ heavy concrete !!

Mineral cast has similar

100000

neutron [counts]

)

1000
0

1
180

800000 [

700000 |

600000

500000 |

400000

300000 |

200000

100000

Comparison 2 — Borated mineral cast — Composition 6

"6
normal i
heavy

Epithermal neutron transmission

Lt

1 1 1
60 80 100 120 140 160 180

material thickness Imml

1 1
0 20 40

10000

normal

6
heavx )

Fast neutron transmission

20

60 80 100
material thickness

40

120 140
mmi

160 180

Best samples are: without ash and a high B4C (5%) content -> sample 6 and 9

Next Step: increasing hydrogen in sample 6 (was measured in July 2018)
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RS Vacuum tests

EPUMENT 130/3 — Gas Treatment

0.001

1E-4

——without sample:
—— EPUMENT 130/3

1E-5

mbar*l/s
cm

1E-6

1E-7 —r— T — —rrr —r—rrrm
100 1000 10000 100000 1000000
Ze|t (S) P.Ruttimann 14.02.2018

Onlyfor high vacuum environmentmineral cast shows a delayed behaviour, but neutron guides require only 1E-3 mbar
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(15 Attenuation of Concrete

| i\ieutrongDose rate
1E+00 app——t — - VU MEeV . _ IR ——

Standérd Concrete
® el N D
8 Heavy Concrete
© | \
@ |
Z1E0M4 -2 . RE————
é Standgrd Concrete
@
==Y T I, - ——— | _\
>
©
C1E08 L ____ S | Heavy Concrete |
| | | \
| | |
1E-1 ] : : :

0 S0 100 150 200
Distance from the incident point [cm]

Standard concrete: without Boron

Heavy concrete: without Boron, density: 4.4 glcm3 66 wt% Fe
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= SINQ Upgrade

N | [T s e 1
0 1 R T =T ) o o T R
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