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NATURAL DECAY OF ACTINIDES

ISOTOPES | EMISSION | HALF-LIFE DAUGHTER ISOTOPES
Np 237 o 2.1 x106 |Pa233 (27 d)
years (U233 (1.6 105 years)
Th 229
Np 239 B 2.3days |Pu239
Am 241 o 432 years NP 237
Am 242 g (B~ (0.83) 16 hours |Cm 242
(B+ (0.17) Pu 242
isom. trans | 152 years ([Am 242 g
Am 243 o 7380 years |Np 239 — Pu 239
r Cm 242 o 163 days |Pu 238
| Cm 244 o 18 years |Pu 230
L Cm 245 o 8500 years |Pu 241 — Am 241 — Np 237
r Pu 236 o 2.8 years (U 232 (72 years), ..., T1208
| Pu238 ol 87 years |U 234 (2.4 x 105 years), Th 230
|
| Pu239 o 24000 years |U 235
| Pu240 o 6540 years |U 236
| Pu241 B- 14 years |Am 241
L Py 242 o 3.7105 |U 238
years

(Z)-DRN
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Isotope Period E (W/g) neutrons/g/s E, (keV) ¥ ray Dose coeft. (Sv/Bq)
FS (oyn) ICRP-30 | ICRP-68
2Th | 1.4010"y | .2.34 107 1.2 740107 | 23107
®'pa | 3.2810°y | 1.2510° 387 27 keV (11%) 28910% | 7.1107
303 keV (2%)
300 keV (2%}
22y 69.8 y 0.620 1.05 1.85 10° 1.7 3.44107 | 29107
28T 3.06 mn 3385.2 | 2615 keV (100%) - -
583 keV (85%)
861 keV (13%)
=2y 159 10°y | 2.4610* | 4.1910° 1.2 7.2010° | 5.010®
B4 2.4610°y | 1.5710* | 4.06 10° 3.44 1.5 7.2010% | 4.910°
(¥ 7.04 10°y | 5.2110° | 651 10* | 7.68 10 167.8 186 keV (57%) | 6.8010° | 4.610%
144 keV (11%)
26y 23410y | 1.5410° | 404107 | 2.45 102 1.2 6.7010° | 4610°
28 4.4710°y | 7.4710° | 1.80 102 | 8.74 10° 1.3 6.7010° | 4.410°
“Np | 2.1410%y | 1.80 10° ~10* 0.322 335 14 keV (56%) 1.06 10° 1.1107
86 keV (12%)
“pg 27.0d 1.51 10° 215.8 312 keV (39%) - 8.810"°
98 keV (15%)
ey, 87.7y 0.499 2.2810° | 1.58 10° 1.5 1.0010° | 2.3107
ey | 24110°y | 1.7010° | 2.61 102 46.4 0.7 1.1610° | 25107
*py | 65610°y | 6.2110° 931 170 1.4 1.1610° | 25107
#'py 144y 2.85 107 2.3610° | 4710°
*py | 37410°y | 1.0310* | 1.6310° 2.58 1.3 1.16 10° | 24107
2Am 433y 0.100 0.796 | 3.1710° 28.2 B0 keV (36%) 1.20 10°® 2.0107
14 keV (36%)
22mAm 141y 1.67 10° 5.0 1.1410° | 19107
*am | 7.3610°y | 5.66 10° 177 57.0 75 keV (66%) 1.1910° | 20107
#Np 2.36d 46510 182.2 15 keV (51%) - 8.010™"
106 keV (27%)
104 keV (25%)
100 keV (16%)
278 keV (14%)
81 keV (13%)
228 keV {11%)
#ZCm 163d 107 1.7210° | 4.18 10° 1.4 3.54 10°° 1.3 10°
#Cm 30.0y 1.56 6.09 10° 133.2 104 keV (24%) | 7.86107 | 2.0107
228 keV (11%)
278 keV (14%)
100 keV (15%)
*Cm 8.1y 2.50 1.01 10" | 8.84 10° 1.3 6.00 107 16107
*em | 85010°y | 4.9810° 93.8 104 keV (30%) | 1.2010° | 3.0107
100 keV (18%)
175 keV (10%)
117 keV (7%)
*Cm | 47310°y | 89010° | ~710° | <<FS 3.0 1.1910% | 29107
*cm | 16010"y | 2.5310® 302.8 403 keV (69%) | 1.1110° | 27107
278 keV (3%)
*cm | 3.4010°y | 46610° | =310 << FS 579.1 579 keV (100%) | 4.4010° | 1.110°®
Physical parameters of some isotopes
(&J-pRN MS/2000/011
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RADIOTOXICITY (INGESTION)
DUE TO 1 g of Pu-241

Radiotoxicity (log) A

Pu241

> Time (log)
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10°y 10%y 10°y 10°y
TOTAL
(URT+Pu+ | 3110° | 7.710" | 4210° | 5210°
Np + Cm + Fp)
Sv/TWhe
Components
(%)
URT / / 6 28
Pu 90 97 88 50
Np / / 1.3 13
Am 9.2 2.5 2.7 6.8
Cm 0.3 0.4 / /
Long Lived
Fission 6.010% | 2410° | 3210% | 9.610%
Products
URANIUM COMPONENTS (Sv/TWhe)
Depleted U | 2.410* | 3510° | 1.410° | 5710°
U from
reprocessing | 2.110° | 4.810° | 2.210° 1.4 105
(URT)
Mill tailings | 7.210° | 6.610° | 2610° | 6.510'

Components of the radiotoxicity source term

Evolution with time (Sv/TWhe)
(PWR fuel irradiated at 33 GWd/t)
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MAIN LONG-LIVED FISSION
PRODUCTS CONTRIBUTION (%) TO FP
RADIOTOXICITY SOURCE TERM

10°y 10%y 10°y

Se 79 6 5 3
T=6.510%y
Zr 93

. 12 12 14
T=1510y
Tc 99

. 36 37 36
T=2.110 Y
Sn 126

; 24 24 17
T=1010"y
1129

, 16 16 22
Cs 135 6 5 5
T=2.310°y
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Potential radiotoxicity to wastes

__ log,, (Sv/TWhe) Am
- —a
—
- /S s
Y
[ ~
- ¢
- E\
- log,, (years)
“‘Illlill|ll||lllll|||lllol|lll%
0 1 2 3 4 5 6 7
: open cycle
: 0.1 % Pu ; 100 % AM to wastes
'0.1% Pu; 1% Am; 100 % Np, Cm to wastes
'0.1% Pu; 1% Am, Np; 100 % Cm to wastes
:0.1 % Pu; 1 % Am, Np, Cm to wastes

Radiotoxicity reduction : Theoretical cases

(i.e. one does not say what is done with the
materials after partitioning)
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Average cross-sections
5 = [o(E) 0(E) JE/ [ 6(E) JE(b)

Isotope ¢ : Thermal n reactor ¢ : Fast n reactor
| (PWR) (FR)

Of Oc o of Gc o
Np-237 052 33 032 17 GI
Np-238 134 136 0.1 | 36 02 0.05
Pu-238 24 277 12 | 11 058 0.53
Pu-239 102 587 058 | 1.86 056 0.3
Pu-240 053 2102 396.6| 0.36 057 1.6
Pu-241 1022 409 0.40 | 249 047 0.19
Pu-242 0.44 288 655 | 024 044 1.8
Am-241 1.1 110 027 20
Am-242 159 301 1.9 | 32 06 0.19
Am-242m 595 137 023 | 33 06 0.18
Am-243 044 49 (1D| 021 18
Cm-242 114 45 39 | 058 1.0 17
Cm-243 88 14 016 | 72 1.0 0.14
Cm-244 10 16 16 | 042 06 1.4
Cm-245 116 17 015 | 51 09 0.18

U-235 388 87 022 | 198 057 0.29
U-238 0.103 086 83 | 0.04 030 7.5
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Scenarios with P/T, at equilibrium

Example of a reactor park (60 GWe), with which it is possible to reach
equilibrium i.e. consumption = production of Pu, Am, Np :

Fraction of reactors in the park : 70 %

8% 22 %,
PWR
UOX Pu K’A"O"Q Pu + MA Pu + MA
Standard FR
14
1450 MWe 50 Mwe 1500 MWe

Losses to repository (0.1 %, Pu ; 1 % Np, Am, Cm)

Repository

Np : homogeneously recycled in the core : (UPuNp)O; fuel

Am : heterogeneous recycling (targets at the periphery of the core:
AmO; + inert matrix)

Cm : separated and left to decay — Pu, then recycled together with the

rest of Pu.

Radiotoxicity as a function of time

log 10 (Sv/TWhe)

— A =——

™.

FT T T[T T T oryrTT

B
S~
—C
\

90.000C years

SN
S

\ / 300, O(Ichaxs

/

//‘
5400 years

&

legg (years)

.OITTTTTTTWT_ITITWITWII

(ZJ) -DRN

=

A: Opencycle

B : Recycling only of Plutonium.
0.1 % Pu; 100 % Am, Np,
Cm, etc ... to the Repository

C : Scenario with P/T.

0.1 % Pu;1 % Am,Np, Cm
losses to the Repository

MS/2000/011
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""Leakage with Slowing Down'' (LSD) concept for

LLFP transmutation

CaH,

B C

moderator ZrH

etc
LLFP targets
(ex. Tc-99)
00
core blanket/ (@) &
reflector O

Transmutation in a "moderated” S/A :

1 - The neutron surplus available leaking out of the core, is used in the blanket/reflector.

2 - These neutrons are slown down to the required energy ("spectrum tailoring™) using moderator

(not-absorbing) matenals in the specific S/A.

Example : Reaction rate of Tc-99

10 0.6
Integral values :
gl = = Fast peutron spectrum rate - Thermalized spectrum : 41.3
| e Thermalized spectrum rate - - Fast spectrum 1 4.9
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p + Pbuy (thin target)

Number of particles per incident proton

E, (MeV) 500 1000 2000 3000
proton 2.1 4.0 7.4 10.2
neutron 13.0 18.8 26.0 31.1
deuton 0.1 0.5 1.3 2.1

triton 0.04 0.1 0.4 0.6
hélium 3 0.001 0.01 0.07 0.1
alpha 0.09 0.3 0.6 0.8
xho 0.1 0.5 1.1 1.7
p + Unat (thin target)
Number of particles per incident proton

E, (MeV) 500 1000 2000 3000
proton 1.4 2.9 6.3 9.4

neutron 18.0 24.9 32.7 38.0
deuton 0.06 0.3 1.1 2.0
triton 0.03 0.1 0.4 0.6

hélium 3 0.0004 0.007 0.05 0.1
alpha 0.06 0.2 0.6 0.8
P 0.1 0.5 1.1 1.7
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The MEGAPIE Initiative

CEA-Cadarache, FZ Karisruhe and PSI started an
initiative to carry out a joint

MEGAwatt Pllot Experiment

taking advantage of PSI’s high intensity proton
beam to demonstrate the feasibility of a liquid
PbBi target at power levels relevant to ADS and to
gain experience in designing, operating and
disposing of such a target.

Goals, Objectives and Activities

e Continue, intensify and co-ordinate ongoing and
planned R&D efforts at participating institutions

e Have a well researched and instrumented PbBi-
target ready to go in the SINQ target position in the
beginning of the year 2004

e Operate the target at full SINQ beam power for
3-6 months in order to accumulate relevant
integrated leads

e Monitor spallation products during operation and
carry out post operation investigations t0 assess
the service potential and desirable design changes
for a prototype target

(2 -DRN M$/2000/011
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MEGAPIE
Liquid Metal
Target for

SINQ
conceptual draft

connecting head

top shielding

EM-pump for bypass flow

.78
- ol —

i______,_.- heat exchanger

upper second enclosure

SRHGH | REATTY T 1Y (YL 3L 1) 1Y
= W

) |—— LM containment hull

jower second enciosure
(double walled and cooied!

main downflow annuius
auxiliary heating
bypass flow tube

return flow guide tube

Conceptual draft of the MEGAPIE Target for SINQ
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Seismic isolator
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Cold air downcomer
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Accelerator Driven System
Scheme of the Reactor Assembly of a 80 MW
Demonstration Facility
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GAS—COOLED DEMONSTRATION MOX ADS

Staintess sleel blonket

Nickel cefector

(U.Pu)O,

Fuel:

3040 kg (U+Pu)

He

Fuel mass:

Coolont:

Fisside region

Pb-Bi

Target material:

Keff:

0,95

Bulfer region
HBeam pipe

~8 pem/day

100 MWTh

Average fiux (inner region): 1,1 10" n/om2s

Beom current i
Torget power:
Enrichment;

Reactivity loss:

Power:

[—— Safety/conlrol red
30O
(o]e]

1,9 mA
1.5 MW

1270 |

Core voiume:
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