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ATRUNCYSFHH vt 7 F

e ATRUNCYS Code
* Advanced TRU Nuclear fuel Cycle Simulator

e AVt 7k
e BT TV NERATORKEICH L TO— MR ED ERZERIT AW
« 7TV AT, MEIINT I35, RFIF, BRI, IFEER (B - &%) .
« FFIF&X A 7 LWR, FR, ADS, HTGR, Fusion Reactor, etc.
o REL&Z A 7' UOX, MOX, Blanket fuel, etc.

« T—=RSA4 TS5, FUFAN, BIRES 2 —LOYYEEL
« T —X 7477 ):decay matrix, burn-up tables, factors, plant schedule -|:Construction

o FENTE 2 —JL:mass and demand analysis Operation
Decommission
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EFI

« BRIEETE
e ORIGEN2*|Z & 5 E=RJ5TH CTDecay Matrix= 1ERk L 5TE
« PABEETE
« EEF]FM TBurnup TableZ 1ERL L. TERRKABERE = LA I HRE N TE
« BT HIILOBRESTE O — F. ORIGEN2, 54 %sta— N CIEREEDH V)
= ADSVEEIEL L DREER. A7 MLy 7 FELH MR EE
cWHE 74—y b T —Y—ABBICIERR]EE

BU  0.00e+00 2.00e+02 5.00e+02 1.00e+03 2.00e+03 3.00e+03 4.00e+03 5.«—— WAIFEE
TH232  0.00E+00 2.41E-15 1.50E-14 6.01E-14 2.38E-13 5.32E-13 9.37E-13 1.
TH234  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.

PAZ31  0.00E+00 7.22E-20 7.80E-20 1.24E-19 5.12E-19 1.56E-18 3.58ER18 6. ——

PA233  0.00E+00 2,78E-19 3.26E-18 2,30E-17 1.49E-16 4.21E-16 8.54E-16 1. Name [ CurlBWR ] #

U234 1.11E-04 1.11E-04 1.10E-04 1.10E-04 1.09E-04 1.08E-04 1.07E-04 1. L Tthow [ 3926 T8 M
U235  7.39E-03 7.3bE-03 7.29E-03 7.19E-03 7.00E-03 6.81E-03 6.62E-03 6. ElPow [ 1350 7 # Mie
U236  0.00E+00 7.43E-06 1.85E-05 3.68E-05 7.28E-05 1.07E-04 1.42E-04 1. [®yBu [ 8436.03 ] # Mwd/tHM
U237  0.00E+00 5.24E-08 8.96E-08 1.17E-07 1.58E-07 1.93E-07 2.26E-07 2.

U238  1.64E-01 1.64E-01 1.64E-01 1.64E-01 1.64E-01 1.64E-01 1.64E-01 1.

Burnup Tablef?!
© 2024 Toshiba Energy Systems & Solutions Corporation

* : A. G. Croff “ORIGEN2: A Versatile Computer Code for Calculating the Nuclide Compositions and Characteristics of Nuclear Materials”, Nucl. Technol., 62, P.335 (1983).
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ETFI

« ABT—4: BIRRIS FUA (2 Reactor ERARFHR, AFATITSREART)
. SA4JSUT-4: Plant data, Decay matrix, Burn-up tables, etc.

->Qutput data:
BIER BT 5 ES

BE(We), EVH I (Wth), KART 7 > hEE(t). SWU(t). DepU(t). RepU(t).

TATBE(Ba). ATMEEME(Sv). MARMASL, ~ X 70—

: Plant
Mines* Conversion : Mass
Enrichment Plant '
A <€— : Mass Flow
Enriched i
: I <€-=-: Demand Flow
Uranium 1 MOX
1
A -« Fuel Storage
Fuel Fabrication Plant | 3| Reprocessing Plant f=——> Final g
A 1
1 I
Fuel ! Spent Nuclear: | Waste
Assembly : Fuel !
A 4 1 A4
Reactor €= S Fuel Storage
Spent Nuclear
Fuel

The model of ATRUNCYS

FHENE (Wat).
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e ATRUNCYS MNB4.0Y COsI72

#Eg () HeIpxINF—TXTLX B T KX/IAEA(Japan) CEA(France)
(Japan)
FHAESE CH VBA C++
SRS ][R 179 ~300
(FR7E L1008 7&E - WAKBEETEKTE)
WABEETHE F & %@%Lookup Table OEM CESARS5.3
(FRICT 177 UEH) (Okamura Explicit Method) Matrix method

BEEY)ETE Yes Yes Yes
WGt E No Yes Yes
=N R i No Yes Yes
NS No Yes No

1: Tomohiro Okamura, Ryota Katano, et al., “NMB4.0: development of integrated nuclear fuel cycle simulator from the front to
back-end”, EPJ Nuclear Science and Technology., 7, 19, (2021). https://doi.org/10.1051/epjn/2021019
2:  G. Krivtchik, EPJ Web Conf. 247 13001 (2021), https://doi.org/10.1051/epjconf/202124713001
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T T IVIREE —BA1EMatrix —

In order to validate the decay model, the time-dependent composition rates of TRUs are
compared to ORIGEN2 in a nominal case.

The masses of all nuclides are in good agreement with those obtained by ORIGENZ.

-> ATRUNCYS is accurate for predicting the time-dependent masses caused by the decay.

1E+0 < — ==
- T
- &l ﬁ.‘R\
1B-1 = A
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1E-2 \
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Comparison of mass from decay between ATRUNCYS and ORIGEN2

100
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E T JLIREE —JABETable —

In order to validate the burn-up model, the exposure-dependent composition rates of TRUs are
compared to ORIGEN2 in a nominal case*.

-> The burn-up calculation in ATRUNCYS seems to be adequate.

1E2 T AM241(ATRUNCYS) O AM241(ORIGNEN) 1E-3 —— CM242(ATRUNCYS) O  CM242(ORIGEN)
— 1242 Fay 247
1E-3 AM22MATRUNCYS) 4 AM242M(ORIGEN) 1E-4 —— . CM244(ATRUNCYS) A CM244(ORIGEN)
= === AM243(ATRUNCYS) [ AM243(ORIGEN) yz
1E-4 i - - A
g-gr-8 O LE-5 i
z —-EF- 2 . A (o}
< IES == o & —
3 We—e—e < 156
® 1E-6 | - | | = .
-] - =]
s o} = IE-7 - K
1E-7 0 é_._.-ﬁ--A—z}.-—ﬁ A &
V. el
1E-8 P 1E-8
A A
1E-9 : : : 1E-9
0 10,000 20,000 30,000 40,000 50,000 60,000 0 10,000 20,000 30,000 40.000 50,000 60,000
Exporsure(MWd/tHM) Exporsure(MWd/tHM)
1E-3 1IE-l m————— — P12 TN 'e] 12
——NP237(ATRUNCYS) O NP237(ORIGEN) PUZBATRUNCYS) O PU238(ORIGEN)
) — - PU239(ATRUNCYS) 4 PU239(ORIGEN)
— + NP239(ATRUNCYS) 4 NP239(ORIGEN) 1E-2 ] -
= ===PU241(ATRUNCYS) O PU241(ORIGEN)

_ B4 © _ B3 A — A= A — A—A—A A A
E E E—--“B_G_E_B D
s S IE4 1
Z Z - o
s A g )
.5 - =fe .
1E-3 o A= AR 1E-5
1E-6 o)
1E-6 i | 1E-7
0 10,000 20,000 30,000 40,000 50,000 60,000 0 10,000 20,000 30,000 40,000 50,000 60,000
Exporsure(MWd/tHM) Exporsure(MWd/tHM)

Comparison of mass from burn-up between ATRUNCYS and ORIGEN2

*The fuel specific of the case is
3.8wt% enriched BWR UO2 fuel.
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OECD/NEA Benchmark|Z & B 1&REE -~ > F < — 7 RIEIE-

In order to validate the system of ATRUNCYS™ code, the OECD/NEA benchmark study*
WaS adopted ' Fabrication Fabrication Fabrication Fabrication -

[ Unat ‘]ﬁrEnrichment\%( Fabrication \_: PWR UOX N%( PWR UOX A /AL\
al Pant [1 Pwruox |1 c N Am W
- Cowe || e
. po eprocessing "G
Fuel & Core Specific owe L) (o) (Cowmmex)) | it
’ D’ I
Fuel burn-up 60 [GWd/tHM] ) 5 JEL a2 / ~—
Fabrication time 2 [Year] . . e
Flow chart in the scenario - %"
Min. cooling time 5 [Year]
= PWR MOX ®PWR UOX
Power (/Plant) 1.5 [GWe] 70
60
Load factor 0.8176 7 50
=
o 40
Loss rate 0.1 [%] § o
EFPD** 410 [day] £ 20
10
Core fraction (fuel) 1/4 0
0 20 40 ) 60 80 100 120
**EFPD: Effective Full Power Day time[y]
*NEA/NSC/WPFC/DOC(2012)16 Installed capacity in the scenario

“Benchmark Study on Nuclear Fuel Cycle Transition Scenarios Analysis Codes”
© 2024 Toshiba Energy Systems & Solutions Corporation 13



UO, fabrication needs MOX fabrication needs
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900 90,00
800 80,00
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£ R + COSl(awrage)
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300 30,00 DESAE2.2
200 20,00
L 10,00 « VISION
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OECD/NEA BenchmarklZ & A 1&REE -2 3 — F & D LLE8#ERPu, Cm-—

« Cm & Pu losses are in good agreement between ATRUNCYS and COSI.

« There are two type of results,
» on the one hand, codes are not considering the decay
; COSI(CUMUL), ATRUNCYS(C), and VISION,
» on the other hand, codes are considering the decay
; COSI(DECAY), FAMILY21, EVOLCODE, and ATRUNCYS(D).
« Pu-238, -240 are produced by the decay of Cm-242, -244.
» Cm-242 -> Pu-238 (alpha-decay)
» Cm-244 -> Pu-240 (alpha-decay)

14/ 14
Cm
et "
2 A~
| 2 —+— COSI (DECAY)
E, s « FAMILY 21
=4 > COSI (CUMUL)
N "
4 2 VISION
2' S x EVOLCODE
y E ¢ ATRUNCYS(D)
- ® ATRUNCYS(C)
0

Year 120

Accumulated Cm and Pu losses in reprocessing plant in the scenario

Year
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OECD/NEA BenchmarklZ X A 1REE -3 — F & o LLB#E R Am, Np-

« Am & Np losses are in good agreement between ATRUNCYS and COSI.

« FAMILY21 & EVOLCODE are different from ATRUNCYS and COSI.
> FAMILY21 & EVOLCODE have a larger cooling time than COSI.
> Am-241 is produced by the beta-decay of Pu-241(14y).
> Np-237 is produced by the alpha-decay of Am-241(432y).

« The first period of the scenario, Am & Np losses obtained by ATRUNCYS
are larger than other codes.

» ATRUNCYS has larger initial spent fuel in spent fuel pool than other codes, because spent fuels
loaded in first year are not be reprocessed in ATRUNCYS.

x EVOLCODE
+ ATRUNCYS(D)

® ATRUNCYS(C)

120 ‘ 140
Am

- —e— COSI (DECAY)
E = FAMILY 21

E COSI (CUMUL)
7 VISION

v

czcs .

Mass(tHM)

o

=

0 Year 120 0 120

Year
Accumulated Am and Np losses in reprocessing plant in the scenario
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ATRUNCYS % FA\N7=FORSETIDBES#8EE (FORSETIHE S *

FORSETI: Fuel Cycle based on Light-Water-Reactor with Surplus Enriched Uranium for TRU-production Inhibition

*Use UO, fuels with HALEU in the LWR,

*Discharge the UQ, fuels before burned out,

*Reprocess the spent-UQO, fuels and extract Pu with high 2*Pu composition ratio,
eFabricate MOX fuels with the reprocessed Pu,

*Use the MOX fuels in the LWR,

*Multi-recycle the MOX fuels.

Natural R R \/ R \\/
<L Uanium Dep. U n-emission NUCllde _n)capture /./ 7 _ /_/ p
Uranium Enrichment > e — ; /-’241Am 7‘242Am7.)243Am._>244Am
UO, Fabrication abrication e \ : : : A :
: / / DN TN T
Surplus Enriched MOX F_A With High !' EC 4 y v v A
UOZ FA LWR I d . ngh Fissile Pu Fissile Pu, v a_decay - 238PLJ/“'>'239PLL—+24OPU +241Pu _>242PU + 243Pu
rradiation Rep. U e Ve
. [ .
SF e .7
T , \ \ v,
Spent Fuel / / 237Np7—>238|\|p 239pr'

Reprocessing <
Radioactive \; \::, \L\ f:\

waste
233) —> 234 —> 235J —> 236(J—> 237 <«— 238 =239

FORSETI Concept Burnup chain

© 2024 Toshiba Energy Systems & Solutions Corporation 18

*Wada, Satoshi, et al. "Fuel-Cycle Scenario to Reduce Radioactive Waste from Light-Water Reactor." EPJ Web of Conferences. Vol. 247. EDP Sciences, 2021.



ATRUNCYS % FH\ 7=FORSETIDBESIREE (FREESF VU #)
Current FORSETI
Parameter
Uo, MOX Uo, MOX
EFPM: [month] 15.0 15.0 15.0 15.0
Discharge exposure [GWd/tHM] 45.0 45.0 45.0 45.0
Thermal Power [MW1] 3,900 3,900 3,900 3,900
Power density [kW/I] 50 50 50 50
Fabrication time [year] 2 2 2 2
Minimum cooling time [year] 15 15 15 15
235U 3.9 1.2 9.0 1.2
238 96.1 91.9 91.0 94.7
238py - 0.2 - 0.1
Composition rate[wt%] 239py - 3.6 - 2.9
240py - 2.1 - 0.8
241py - 0.4 - 0.2
242py - 0.6 - 0.1

Electric power (MWe)

Electric power (MWe)

2025 2050 2075 2100 2135 2150
Year

Current type Scenario

30000

25000
20000
mUuo2
15000
u MOX
10000

5000

2025 2050 2075 2100 2125 2150
Year

FORSETI concept Scenario
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ATRUNCYS % FE

LA7=FORSETID#ES:

T (5

Hilfi#ER)

BT BEAM24] mAM242 mAM242M m AM243 BCM244
5.0E+7 | mNP237 mPU238 mPU239 mPU240 mPU241
_ mPU242 AGIIOM mCS134 mCS137 mEU154
4.5E+7 | mEU155 u1129 B KRS RH102 RH106
4 0F+7 mRUIO6 BSR90 TCO98 ®TC99 B Y90
= 3.5E+7
80 3.0E+7
S 25647
©
T 2.0E+7
(o't
1.5E+7
1.0E+7
5.0E+6
0.0E+0
2019 2044 2069 2094 2119 2144

Year

Current type Scenario

5.5E+7
EAM24] mAM242 mAM242M mAM243 @BCM244
5.0E+7 | mNP237 B PU238 mPU239 mPU240 B PU241
] mPU242 AGIIOM mCS134 mCS137 mEUI54
4.5E+7 | mEU155 m 1129 B KRS85 RH102 RH106
40E+7 | ™ RU106 @SR90 TCO98 mTC99 HY90
= 3.5E+7
203 0E+7
E 2.5E+7
%2 0E+7
1.5E+7
1.0E+7
5.0E+6
0.0E+0 '
2019 2044 2069 2094 2119 2144
Year

FORSETI concept Scenario
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