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Transmutacja jgdrowa aktynowcow w gazowych
reaktorach, wspotpracujgcych ze spalacyjnym
Zrodfem neutronow.

Aleksander Polanski

Narodowe Centrum Badan Jgdrowych, TJ1.



Podkrytyczny reaktor, wspotpracujgcy ze spalacyjnym
zrodtem neutronow. (MYRRHA)
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Target level (about - 30 m)
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5 element elliptical cavity

Elliptical cavity envelope Cryomodule for the elliptical cavities MYRRHA reactor
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. guard vessel

. cover

. dhaphragm

. spallation loop

. sub-cntical core

. primary pumps

. primary hcat exchangers

. in-vessel fuel transfer machine
0. in-vessel fucel storage
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Characteristic of subcritical core

Main characteristics
Core power

Active core average power density
Accelerator energy
Accelerator current

Total flux (hottest pin)

Fast flux above 0.75 MeV {hottest pin)
Fpm He/dpa (hottest pintarget zone)
Inlet te mperature

Coolant dekta T

Velocity (fuel rod)

Temperature at cladding surface
Maximum linear power

k-eff

MYRRHA
50.-100.

250,
BO0.

3.5

4 TE+15

1.01E+15
3864
270,

130.

1.9

500.

370.
0.945

Unit
WY

Wicm®

el
mA,

nicm</s
nfcm*fs

C
C
m/sec
C
Wicm
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Monte Carlo Calculations

MCNP (Monte Carlo N-Particle code) is developed by Los
Alamos National Lab (LANL) to simulate the transport of
neutrons, gamma rays and electrons by the Monte Carlo
method. It simulates a coupled transport, i.e., it also accounts
for transport of secondary particle resulting the interaction of
primary particles.

MCNPX (Monte Carlo N-Particle eXtended) extends the
capacilties of MCNP to other high energy particles (e.g.
charged particles, heavy ions, protons, pions, etc.)
CINDER90 LANL code and library, developed for the
description of time evolution of nuclide inventories produced
In nuclear reactors and accelerators.




Geometry of subcritical core
Vertical and horizontal cross section
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1.Particle beam 4.Fuel rods filled with MOX
2.Spallation target 5.Experimental channel
3.Lead reflector 6.Cooling system of core
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Fuel rods filled with MOX
(30 % Pu02 + 70 % UOZ)

1.Particle beam
2.Spallation target
3.Lead reflector
4.Fuel rods
5.Exp.Channel Chl




Nuclide Fraction (wt%)

237Np s 33 Fraction of TRU of spent fuel

238py 3.11

239py, 46.15 Fraction after 4 years of cooling spent fuel
240py 21.19 of LWR:U-93.305%,FP5.145%,TRU-
1.35%

241py, 11.48
242py 7.03 Fuel rods filled with MOX:

241Am 2.81 (30 % PuO2 + 70 % UO2)
243Am 2.07

244Cm 0.74
245Cpm 0.07 Fraction of MA

no. zaid mass activity  spec.act. atomden. atom fr. mass fr.
(gm) (Ci) (Ci/gm) (a/b-cm)

1 93237 2.987E+02 0.000E+00 0.000E+00 2.051E-02 4.840E-01 4.786E-01

2 95241 1.601E+02 0.000E+00 0.000E+00 1.081E-02 2.550E-01 2.564E-01

3 95243 1.190E+02 0.000E+00 0.000E+00 7.967E-03 1.880E-01 1.906E-01

4 96244 4.258E+01 0.000E+00 0.000E+00 2.839E-03 6.700E-02 6.821E-02
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5 96245 3.829E+00 0.000E+00 0.000E+00 2.543E-04 6.000E-03 6.134E-03




Long term radiotoxic inventory of
spent fuel

No box: ephemeral nucleus I 00

Down arrow: neutron capture
Up arrow: main (n,2n) reactions

Horizontal arow: beta decay or EC
(opposite: half-life) I 0 |
Oblique arrow: short half-life alpha decay
(opposite: half-life)

Cm 242 to Pu 238

Cm 242 to Pu 240
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By capture, Am 241 gives : A ,-—[ 1o, { Zig ' ‘
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Am 242 in 89% of cases. ;
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Pu 242 in 17% of cases, 5h

48 Cm242in 83% of cases. ’X
18 yr:

- [ .1 The major contributors to long
term radiotoxicity are americium
and plutonium.
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Bl Nuclide € [nSv/Bq]

37Np 110 Radiotoxicity =€ * A
ZPu 230 Radiotoxicity in Sv
239py 250 - .
Activity in Bg
240py 250 _ _ _
241py 5 € Is an estimation
242py based on observation

241 Am
243 AM
244Cm

245Cm
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Incident neutron data /f U238 I/ Cross section

BROND-2.2 MT=4 : (z,n') total inelastic scattering

BROND-2.2 MT=2 : (z,z0) elastic scattering
BROND-2.2 MT=1: (ntotal)

EAF-2007 MT=102: (z,g) radiative capture
EAF-2007 MT=18: (zfission) total fission
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Incident energy (MeV)




Incident neutron data /| EAF-2007 | | MT=18 : (z fission) total fission / Cross section
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1,00E+16,
1,00E+15
1,00E+14

p(1GeV)+U-238
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1,00E+12,
1,00E+11- _°
1,00E+10,
1,00E+09
1,00E+08

1,00E+07' : :
1,00E-06 1,00E-03 1,00E+00 1,00E+03

Energy [MeV]

+ INCL4-ABLA
- CEM

+ QGSM-SMM
* Exp. data
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Neutron flux density [n/cm2]
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Energetic Gain Subcritical Core
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Energetic Gain
Keff=0.98

Q-fission/Q-beam

2 3 4
Proton Energy (GeV)
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Proton energy 2 [GeV]

Target Cross sec Target neut. Core neut. Fission neut. Gain  k-eff
Pb 14,14 33,47 26750 19667 622 0,99536
U 17,41 70,01 5221 3809 1185 0,98304

W 12,86 39,42 2440 1760 55,7 0,9721
Fe 4,28
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Proton energy 2 [GeV]

= Calculations = Calculations
—— Boltzmann fit of Data1_C i Boltzmann fit of Data1_B

/ : }

4000 // | ' /
2000

0 d : d : . . '-—""'/

T T T T
0,970 0975 0,980 0,985 ; X 0,975 0,980 0,985
K-eff k-eff

IS
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Energetic Gain

g

Fission Neutrons per proton
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Characteristic of subcritical core

® Target I=135 cm fi=8 cm
: Accelerator energy [GeV]
™| = Accelerator current [mA]

: @ Accelerator power [MW] 5
= "™ Max core power [MW] 3110
. : Core power [MW] 300
. = K-eff 0,995

. Radius of core [cm] 26

: Hight of core [cm] 140

| Size of fuel batch [mm] 36
& Initial neutron flux [n/cm2/s] 9,44E+15

- : Max (6 y)neutron flux [n/cm2/s] 5,00E+16
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Neutron spectrum in experymental channels
Energy of protons 2 GeV

Neutron spectrum in experymental channels
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0,01

1E-3

1E-4 4

1E-5

Neutron Flux per Proton

1E-64 |-
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1E-111E-10 1E-9 1E8 1E-7 1E-6 1E-5 1E4 1E-3 0,01 0,1

Neutron Energy [GeV]



—=— 575 MW
—— 500 MW
——400 MW
— 300 MW
—— 250 MW
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2,80E+016

2,60E+016

2,40E+016

2,20E+016

2,00E+016

1,80E+016

1,60E+016

1,40E+016

Neutron flux [n/cm2/s]

1,20E+016

1,00E+016

8,00E+015 A

Time [months]
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Cal. 4,00E+017

3,50E+017

3,00E+017

2,50E+017

2,00E+017

1,50E+017

1,00E+017

Neutron Flux [n/cm2/s]

5,00E+016

0,00E+000

5
Time [years]

Burn up (GWd/MTU)

4 5

Time [years] Time [years]
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Mass Fraction

Transmutation of MA (Am, Cm)

Fuel (Np-237,Am241, Am243, Cm-244, Cm-245)

Transmutation of Am-241

— 300 MW
— 50 MW

0

12 3 4 5 6 7 8 9 10 11 12 13

Time [months]

Fuel (Np-237,Am241, Am243, Cm-244, Cm-245)

, Transmutation Cm-244

— 300 MW
— 50 MW

i
4 5 6 7 8

Time [months]

L L
9 10 11 12 13

Mass Fraction

Mass fraction

1 Transmutation Am-243

Fuel (Np-237,Am241, Am243, Cm-244, Cm-245)

— 300 MW
— 50 MW

12 3 4 5 6 7 8 9 10 11 12 13
Time [months]

Fuel (Np-237,Am241, Am243, Cm-244, Cm-245)

_ Transmutation Cm-245

— 300 MW
— 50 MW

4 5 6 7 8 9 10 11 12 13

Time [months]




Transmutation of Actinides ( Np-237, Pu-239, Am)

—— Np=237
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Time [years] Time [years]

Time [years]
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Control assembles

Experimental channels

Lead reflector




2020

SFR Prototype ASTRID

2017- Construction >

2022- Operation,
Coupling to the grid

Reference technology

LFR Pilot Plant MYRRHA

GFR Demonstrator ALLEGRO

(2010 onstrcton >,
| . |

| Supporting infrastructures, research facilities - loops, testing and qualification benches,
Irradiation facilities incl. fast spectrum facility (Myrrha) and fuel manufacturing facilities
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