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2007 [ EHR LS (LLWR, F—>
ICH B EE LA BAREH)
1B L ~ LB
HEEYO K _
HE B | 1B I ( 3AFTTHEE
(LLWEZSE) ) (D0 MBg/t FTEAN
ATRER DG E 5 B)
—M & & RBRD AL
1993F Mgt A F¥URTIEIUT IV AL
L7} Bk AL EIIC BHTUR

(RSA93) I SRBR L L& B,

EAS [ ML HHEROFA BHcET

% A4 %> 2] 2009.

TefE

FF A AP RERR® 3 nbu/y .
YA FHRIE0.5mSv/y

- AFETHAREL ¢ U R EAE(ELO Sy

SHMEEARR I, D BEHRFE Y 27 A°

E—70E9D BHET, & L ST

£ MHABKICHD 78I TE R AT %

EiE T2 BHRN B BB ET

EAE [ MEtEE#E Z Y 2% 95
BEMbICH 1B SRR AL hERY ¢ RFR] B
IZB8 9 2 H 4 &> 2] 2009.
REELESHELY ERL
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(1) REOBSMUEREYX 9 &ADTE
B L ~LBESHEREEYA DS (LLWR) OREIMHEREZEY S ANEE (WAC)

H8f 0 LLWR Ltd., Waste Acceptance Criteria — Low Level Waste Disposal
WSC-WAC-LOW - Version 5.0 Issue 1- July 2016.
https://a.msip.securewg.jp/docview/viewer/docN263D82594E751a9f3aabc7d789cechabcdc2f63¢258f9584532daea84e5c6a4f409ca9d83d54

BESN—TEBORSE (RE) /EEEOMALIZBA BN L

QA/DILA + QB1/DILB1 + QB2/DILB2 + QC/DILC < 1
where QN is the total Activity or Specific Activity of group N

Table 3.2: Radionuclide Groups for Limiting Discrete ltems

. . . . . Group A Mb-84  Ag-108m Sn-126
radionuclides and DILN is the Discrete Item Limit for that group, P Rav226 "
depending on the mass of the Discrete Item. Th-220 Th-230 Th-232
Pa-231 Np-237 Am-243
) Cm-247 Cm-248 Cf-251
Table 3.1: Discrete item Limits GroupBL | 1120
PU-238 Pu-239 Pu-240 Pu-242
Radionuclide Mass1kgorless | Massbetweenland | Mass 100 kg or Am-261 Am-242m
100 kg greater
All alpha-emitting uranium isotopes &
Group A 0.001 GBq 1 GBagft 0.1 GBqg Cm-245 Cm-246
Group B2 C-14 Cl-36 Ca-4l  Sr-80
Group B1 0.01 GBq 10 GBgft 1GBq 7103 Mo.03 Te.09 Ced3s Ceddr
Group B2 0.3GBq 300 GBq/t 30 GBq Pb-210 Ac-227
Group C 1GBg 1000 GBg/t 100 GBq Pu241 Cm243 Cm244 Cr-250
Group C H-2 Co-60 Ni-59 Ni-63 Nb-93m Sm-151 Eu-152
All radionuclides with half-life shorter than 10 years,
Mast radionuclides with half-life shorter than 20 years .

(1) U-233, U-234, U-235, U-236, U-238 and all mixtures thereol

{2) The exceptions are radionuclides that have halt-lite shorter than 20 years but decay 1o moderately long-lived alpha
emitters, notably Pu-241. Cm-244 and Cf-250.

WACIETH BEAA DB L EIERIC O W T HIRTE

(2) ILEDHBSEREREYX S & LD T5E

BZHRVHTITY — £% (ANDRA) 1RULESE Rl - RE;ET W5 Tk
BLRALERFEEEY TR P4 ANDRA Nationd Inventory — ASN[ BUEICH (% MITHE ZH 0 S L 5 (B
(HLW) of Radoactive Miterids and £ ICRIT % Let58t] 2008. BB AR ER BE)
Waste Essential, 2015. ReHAE
U7rLbya KRR 1 BE ECRBEHRE
§ N 0.25mSv/y. 1AEUREIEFSEBER L

E Al RS0 RS A SL-LILWO R A B R 5 BAEREEY % ANDRA, National Inventory - EEREE URZBS0 B BL AR
=9 (LL-iLw) (PWRODLL-ILW ; of Radioactive Materials and BCBEIPEENTEL NLLY 51 &

« burnable poison rod assemblies Waste Essential, 2015. 2

- control rods 17 B RN T WEME £ Em

- metal structures) 1FELBRLSEEE L COBA
REMEL RVHBSERE KR T AREBM(UNGG AL Z REDEL NLBGTERZYL ASN [RHME L ~NILVREHEFEEL S O A LS (RS
i (LL-LLW) D B F(E IEBRF o fick>s  Hovq FREICET IR A1 FAEICET 2 REMDO—MAE | 2008. 20m) . (FAEH)

TEL 2 BIEEY S L VBB ADESEY D—EF REEE(SHELS TR L

EEGES L N LREHE
BEED
(SL-LILW)

- 2D LUEETEEIC & SC M iE B © Ay AR
AIRC R D T VT LEEREEY

S XD D 2T REMEL NIVIRETE =
¥ ( 7RZ 70 MRAE R ELLIRERES 2
VL, T BLUNITVLEEERD Y
iﬁgﬁﬂ;ﬁ&ﬁﬁn‘ﬂﬁl/&‘)lzﬁﬁléﬂi@i‘\}ﬁﬁ?

RIS 1E KD MR Y 22<EFT
B BERY)

ol
<0.37GBq/t-a (Fi51E)
<3.7GBg/t-a (A4 D /%y 4 —)

ANDRA, "PNGMDR 2013-2015
PROJET DE STOCKAGE DE
DECHETS RADIOACTIFS DE
FAIBLE ACTIVITE MASSIQUE
A VIE LONGUE (FA-VL)
RAPPORT D’ETAPE 2015",
2015.

[ %4 A9RRI( RF .20 &b FHonoE
BOLNVISETE Y O R 5 1B R
SRERUEARKE] 1984,
EENL R & (PRESIC L A AR
FEIHBUS 2 SE

A L H ( By b
n5n) (A=A 5
% N
;ﬁ)ﬂﬁ BILEEIRE

BE L R OVRSHEBEEY —MREYIC 1E BF A& TlE L Eih LS (kL
(VLLW) <100Bq/g F5) (EBLEY

TS IGIREER)
BiEE s EREEY Management by decay for very short-lived HERELS

waste conta ning rad onudides vith a hdf-life
< 100 days.
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(2) ILEDOHRHEREEYX S &0 TE

KBHEMER L NVBREREYUS S (F—70%15) OBSEREDZ ANELE (WAC)

HH# : Michel Dutzer, FROM WASTE PACKAGES ACCEPTANCE CRITERIA TO WASTE PACKAGES ACCEPTANCE PROCESS AT THE CENTRE DE L’AUBE DISPOSAL

FACILITY, Proceedings of WADRAP 2002, SEPTEMBER 23-26, 2002.

REFDRE FIR(E
Activity limits are derived from the safety
scenarios. Some limits are prescribed to avoid
“hot spots” in the repository. This is the case for
nuclides the impact of which is relevant not for a
single package but for a group of packages or
sometimes the whole repository. Long lived beta
emitters belong to that category. Requirements
are expressed in terms of specific mass activity
limitation.

ZRFEARHIA (RFS) 1.2
a i EHE
<0.37GBg/t-a (F9(8)
<3.7GBqg/t-a (B4 D/ r—)

WACIZHE BEAAN DB LIIEIRICO W T L RTE

REEMX S ER (SKBHOREEYE S &ASENENY HT)

L ~ L RS
B3y FARREEY, RPV PWR) |
HlEE (BWR) &

CIAB, ¥v = X4 —HA
R AL B BEZRY)
Z2ERXE Yy VHRIBERE
MIRR B BEZEY)

(3) 27 x—7 > ORGHEREREY X5 & 575 %

RHES BEME - REEE | AHFE

S B L NULREERE ERERE FEEFTERAREL
| EY (HW) Z DO ERFRE (R
JA. MOXBERF#REHL &)
LILW-LL ZANEERTE

18 LILW-SL AR hVUI0 16 By (&
b BEEEY (RTFF. =)
il CLAB) The wes te Wwththe ighe t
rad oacti v ty, desig natedf or
SFR is irtended for
disposal in the silo.
LILW-SL

=n
ax.

EERFERY)
BEILEERZEY (RFIF.
BT5

AR L AL S 1 VLLW-SL <100~300GBg-total
=) <100MBg- a
(VLLW)
sYFSUR LA
of%H 0.1Bg/g
ByEZFE 0.5Bg/g

of%FE 0.4Bg/cm2
Byt%fE 4Bg/cm2,

Element

3H
14C
36CI
41Ca
60Co
59Ni
63Ni
79Se
90Sr
93Zr
94Nb
93Mo
99Tc
107Pd
108mAg
1291
135Cs
137Cs
151Sm

total alpha emitters

(after 300 years)

Sweden's  sixth
nati ond  re ot
under the Jd nt
Conventi on  on
the sdey 4
sp ent f ue
mang enment and
on thes d ey ¢
rad oacti ve

wes te

mang enent,
2017.

Extend 1 the
SFR, 2018.

Rad onucli de

i nventory fo
pplicai on d
extersion d the
SFR re sitay -
Treat ment d
uncerta ni &,
2015.

BEEYX D HIE 4
L., 4#/SKB
A& HT

T BRI
(2001 K1E)

T BRI RERTT JERT
HIRI(1996 YIE)

Radiological capacity of Activity limit per package

the facility
TBq

SSMFS 2008:37

FERFRE R R F
NEZY O RASERR
25132 N ORE
ERIBOREICET
BT IR R B O

il

fERE IR & 72 3R
FHREEY DI 5
i, Z oK OF
ERFEIRDER

YZRIH, JBADY

R %2 BT I —
T oRERHEAICD
W0 S ZBR AL
;ﬂ:?&ﬁbtwﬂ

[N AT
(2008:37)

U R U BATIERK

10054

(ba/g)

2. 10°
9.2 104
2.4. 104

3105
1.3. 108
1.1.105
3.2. 106
5.5 104

HWELS (ERIFARFER)

SFL GElsy. MRF) . #
W53 E16,000 m?

metdlic weste @ concrete
barrier
lg acy wes te & bentorite
barrier

SFRL (%) | HAHARE
63,000 m?

#4140, yiE ABM, 1BTF,
2BTF, 1BLA)

SFR3 (aREEET), UL A
£#9107,000m3+9RPV(BWR)

i @ ( 2-5BlA, 2BM,
1BRT)

Hh_EIBEEHEEE GNPP S A by
ZRZAEy oY A ) (BE
)

EEEEA R

IR I TUHIH T DI
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Mear-surface repostories far very low-level Mear-suriace repositonies for very
aperational wasbe [; A low-level decommissoning waste

L]
Industry, research and
medical care

_D
)
{11 Il 5FR closes before SFL, shorl-lived waste
fokows the dashed ine 1o SFL. i
) Today, long-lived wasie is stored at (he nucear power WEEE I_MQ;L
plants, in Clab and a8t the Studavik site. Inteirn storage
of long-lived wasta ks plannad to take place in SFR.
(3 Mear-surface repossiones are located at the nuclear power planis sites In Forsmark,
Oskarshamn and Ringhals. At the Studswik site, similsr near-surface regoeiionas for
wasla from indusiry, research and medical care are located
(@) A possibla altemativa for very low-level decommissioning wasta. Decision has not yet been takan.
(5 Interim storsge &t nuclear power plants of other sita.

Spent fuel posiory

Table 3-9 Repository invemtory

(3) 27 =7 DRHFUREEYX S 0D TFE R

inventory [Bq] factor (1.645q)

inventory [Bql
o = . _ H-3 3A52E+12 212E+12 8.04
EL NLEEEREZEY IS (SFR) OBETEREZEYS AN Sk oZEaa1 Goreens e
£ (WAC) Crama® Tteem 4oeeein L)
P Toeiia voeeein i
 RATEDTHDA A kY EBREEAT LS A =5 -t B
-1 o s = . ) e i oagEmn %
RUIFANAIEREREE, HERDIEN, Ny T — e izEm s 5019
CEREABERICLI T DINTWS, Nogam THEE s e
- — < M54 1.81E+11 583E+11 3.05
I, BELEL T, SFRICFEINTWBHEA ~ N33 2g2e+10 s05E+10 203
RY b UEBISBECHRY 5T LISk Y, BB Be R iR &
HAREY Y OBSEELEHT 5, e SoEm e 2%
Sb-125 1.32E+11 1.54E+12 11:64
» e o T ST
2 7L = e+ cee
0 yisdadts e R
~N Z = “ece
- e TS someen Eved
Silo, BRT, 9.70E+14Bq 170,000m3 5.7GBg/m3 Eu105 Toten  asmeens 37
Ho-166m 2.08E+08 1.88E+10 217
1BMA, = iEe 1hooe %
2BMA,1BTF, U235 SSieeoy  soseeoy Ev )
2 BTF 1 BLA U238 Q52E+08 2. 09E+09 219
MNp-237 5.75E+08 1.88E+09 204
’ Pu-238 1.32E+11 2089E+11 227
and 2-5BLA = B o= 2
Vs Pu-242 2:DaE-mﬂ 4. 82E+08 238
S||OE§E 6.71 E+14Bq Am-241 2.33E+13 2 B2E+14 1210
Am-242m 5.70E+08 1.37TE+09 238
¥ FLT CBAVURY MY ERBISBRENSAE Om 343 35508 = oom.0s 2
- e o272 B Cm-244 2 10E+10 5.068E+10 240
Hi#1 1 SKB, Radionuclide inventory for application of extension of theSFR Crzét sec.oe_ zimeor Epe
Total 9 T0E+14 295E+15 304

repository - Treatment of uncertainties, Doc. ID 1427105, 2015.
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3. 75V RDEFEH

D1991 E ST EEEMEBMRICET 3:%E (B : ~N245%) (1991F12H30H)

a. Bl - REGHL AURGTEREZEYICE L TUT O3>0 RO EHS % &
() BEEDOHRETURBDODEER NMESMREA~DLTIZ AL I 2R E (BY : CEA)
(b)) TR AEFIB L. IO H B £ - FEHEHO L WHELSY OERATEEM (3BY : ANDRA)
CORBPPREITBOAERVEFICLE L R ZEEYONERE (JBY : CEA)

b, RFEORN, SIGELXBZ A WVEERIC. BIFIEEZEAICHL. ChSOMEARETFMLA-BEEZ L. WEALN
I, BLANL - REGREEREDLSMSOREDHFIS L VNI OB [T A2 HEEEHEORTEETED S
FEEEARE LR ITNIER SR,

22005FH 52006F I T TD, 1991FEICH EDKHARBRD E Y & & & & 7T
77V AMREEMB. BaBFRANERRFMESE S (OPECST) . ERFFHMMEEER (CNE) . 2FFHS. BT
h&zeHE (ASN) (2L 251, 25

32006 F M IEREEM R VB EME OFHERIREA ERICE T 5 5HEE (200656A28R)
(a) REDBAMLEDO DB A
(D) T REBDHE (35 |F B BIEAY 72 405>
(c) TR - AL

@2006FELENHE L L THRFEMERUVBRSERZYOERICEY 2ERHE (PNGMDR) 2%E
TIRFHEEHE (ASN) Y £ Lo, BEEDERUOBIIERZEYOERICEY 2 EREE (PNGMDR) 2007~
20094
1 RmFHREHE (ASN) RUTZHxLF— - [RHF/ (DGEC) BY F Lo, BMEMEDER BN EREY D ER
ICE89 2 EREHE (PNGMDR) 2010~2012%
b. B - i
RN - REIRALF TR, 2012FKFTIC, AROMEZTIAHICREZFZRE LA TNIE RS54, 21

CEAD 2 EE - ZHaICEET 22012F £ TORE
CEA, Report on Sustainable Radioactive Waste Management, December 2012.

http://www.cea.fr/english/Documents/corporate-publications/report-sustainable-radioactive-waste-
management.pdf

CEADYEE - ZH#ICEE T 220128 £ TORE (LEE

http://www.cea.fr/multimedia/Documents/publications/rapports/rapport-gestion-durable-matieres-
nucleaires/Tome%201.pdf

http://www.cea.fr/multimedia/Documents/publications/rapports/rapport-gestion-durable-matieres-
nucleaires/Tome%202.pdf

http://www.cea.fr/multimedia/Documents/publications/rapports/rapport-gestion-durable-matieres-
nucleaires/Tome%203.pdf

http://www.cea.fr/multimedia/Documents/publications/rapports/rapport-gestion-durable-matieres-
nucleaires/Tome%204.pdf

http://www.cea.fr/multimedia/Documents/publications/rapports/rapport-gestion-durable-matieres-
nucleaires/Tome%205.pdf

#WEE (X, CEAHEDF, AREVALHE L. ANDRA, CNRS (7 7 Y REMRF LY 2 —) OEBICEL Y.
BAHRIFOFRR OB - ZHROBAERRE L L O HDTH 5,

ZDHb, DB - THaldTome202DWEZITEEL W
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2012 X TORROME

(1) 9B - TiRERl
OREGFPOLE - Tita

REDETIZFEURATOMD EREHFZE (PAGIS (1985) and subsequently EVEREST (1997) and SPA (2000)) (ZH1F 3
TETEERICH EDE, XEKENMNSIA TR, TIXRTFIL, £V T LEEE,

AT S
a. REMFPOIEE
(@) 3VHRET IV XF U LDHEEICIFPUREX Y O+ R 28R,

CAVREDBESNEBFRE SN TVEDNRADERDRICL Y ZEHER,
CTUXTF U LIEAAMER S ENB MR DT, AR (50%A H85%) A [ENXATEE,

(b)
b. R&aFPDZE
(@) FMUEFNT Y ZDOEAD ORFIFEF DL WEEIF & EIR,

(b)
LILDICBHEFICOIYEEDOU S A 7LD RE,
() FVRIIFRTEELR—7 v MEEIEONT EITAA,

(d)

LI LAODBEICITEN G T O ROBENLE, FHEBEFINFEFKE SN,

TOXRTFILE (=7 v t0) HREUPRFTHRLEL, La L, BREHEMENHEZL/10ITR

Yo LFEIZ2DODRENE (LLFP T3 5Cs-135, RE#Cs-133) H S#m, Cs-13513ZF#aEns 1,

Cs-133MKR¥ACs-135ICE M N D7, WBRTERT 28 LY bFHLICEXT2ENSZ L, TD/c®d
BEFNHCRMAEDBEN DB TH S 7, WD THRWICC CIRERTIEA L,

RS

T IXTIVLDREE - BRDAHAERATETH 28%, PWRIFEL, & 5I(C,

WEBMDRE CIEARENMELBHENMBEV LD -7, ZDOE
DB K& IR

IV LOBERD /N~ FIEE ICEM TIIBER, oI, MEFo
INEBEIRRICL Y BIEIENT & ZRTIO0FEROARICLY ., I bkRD
MEICES LA b NA D - T,

- IUERICOVWTIE, BHRTT K= v beh2) RELEALEYIEE
LEWT &N, ZORERAZERBT H-HDOHWEHELEEZI NS,
LA L, AZREMLAERICEET 2HEEENAVESHETEICEONT
Andrall & » TIThN-THEFE R TlE. BEHRENER ITEL, RilE%
15D TFE->TW5,

- Andrall & > TITh 7y OFHEFRER TIE, BRI6DMAHIREA K E L,
COMEHRIEIE, BB b v 7 ZRB L OCEERBEMEIRICEET
LRPEORRERDN DERSINLEREBRETH L7720, 77 XELE
BLUORGHPLNIVEEYHICRD TEWVEZETHEEL, TOEBD L
HOEUIIEE FTAETH S, ORI ERKEDORSRTEZIRRT %
TedIZIE, ERSNIIERICDEL B> T HEDRERE (B h2YHEF
ICHFETZRIEBORAEREZRALIEL I LICE-T) AL BEH]LY
LIRNBBRRE L D75,

- INLDRERICK Y CEAIF2006F ICREEBFPOREIEDIATRD HlT %
REL, XA F—TIF /1 FOREHICESR,

It should be recalled that the transmutation of long-lived fission products is not technically possible.

= Cl-36+«

1e02

Tedd i
I_IHTIRFS 4

Teb4 IO B 17 IR W [ TR EE T AT L
4 I EEE s

1s85 f[— rigee o+t R o

Tedb I_ Se-T9¢ §Riiil .

1e07
Tedd [
1ed9

4

Teld

Total«

1000

10 000

" Figure 38: Doses at the outlet Saulx of the
Oxfordian - typical HLW packages (C1 + C2)
Normal evolution scenario

Table Al: Feasibility of separation and transmutation of LLFP

1e+05

Long-lived FP | Separation Transmutation
Todine Easy Practically impossible
Technetium Easy (soluble part) Feasible
Very difficult (part
insoluble)
Cesium Difficult but feasible | Unrealistic without
isotopic separation
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@MAD B - Zif
- AmD B - i IIPR RN A REE FER

L A5 35 1S % ffE)\ L i b 4 % algels,

- CmiTiE, BHDOCm-242 (163H) &£Cm-244 (18F)H&ENTH Y, KEE, WHFRE. FMHEF (BEKS
2 MEEINKE WO, BRENMT PEEICEVWTEIRW EDEENH 5,

*Np I RF¥BIITH V) EAESE~NDFEILNE W,

20125 LARE DFAFE

CAMD DB - BROM R LMK, (MAOFRTIEAMPRLEEVEBICH R ZEZERA DL EHIC,

X9 B ARG & REDEENNT L, )

* AmD 3 EE - EIEANT A ERRERR TR A A, THERRIETHEAMAIBIIME Z R H,

- FREGEFASTRID A D27 U8R & 511,

Ut A7 ILEREIC

[ m = m e
|

'

'

'

'

CURRENT ASTRID PROJECT TIMETAB

LE;

i - Commissioning of the core assembly fabrication facility (AFC) around 2020.
i - First demonstration of americium transmutation (in a test pin) a few years after Astrid diverges.

| - First recycling of Astrid fuel in 2030-2

035;

| - If applicable, demonstration of americium transmutation (at the sub-assembly scale) after 2035.

(88 : CEA, Report on Sustainable Radioactive Waste Management Executive Summary, December 2012.)

(2) 9t - TROLHS~DHE
OEZEYDOERE - K& (FUFREZT 1)

Scenarios No Transmutation | Transmutation
transmutation | Am alone of all MAs
Package HLW (CSD-V) 103,000 96,000 89,000
packages packages packages
(18,000 m3) (17,000 m3) (16,000 m3)
Packages IL-LL Structural wastes 246,000 254,000 255,000
(CSD-C) packages packages packages
(45,000 m3) (46,000 m3) (46,000 m3)
Technological waste 55,000 packages
(15,000 m3)

7E 1 {LEDOSSIER2005(C & #11F, CSD-ClziE/vLZ (hulls and end pieces) 721+ T4 <. activation product waste, alpha waste,
technological waste (organic, metallic). magnesium cladding waste, PWR primary and secondary source rodsh'& %115,

ESES

-BAE-PuY YA 7L

-Alpha limit to 2. 1019/g-glass

- (FP+MA) Bt EaEE<17.5%

-RFRELE K

-2150F F TOFHM

BRI INDFROBRER OB Y A
BB A JILERICL > TOARBEIND
LD 2T, ZNETIZHRKET IREEYIC
IEERAE N,

; Installed power W”H ]m}_ﬂemeuuat-mn of transmutation ‘

60

: \ /

0 7

\ ! /

: \ /

° 0 ;\/
NREVARAN

L 1 L L
000 2010 22020 2030 2040 2050 2060 2070 2080 2000 2100 2110 220 20N 240 2190

Aendas

Figure 29: Production by sector+

Current Parke
Park 3rd gen.¢
Park 4th gen+
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(2) 9 - TROLHS~DHE
OEZEYDOERE - K1 FUVFRE2T41) (B

=L ~RIVHF REE (CSD-V) ~D#HE
O#IpR=E1E

- NS ZAHRDFPEMADBEILYMEEEHIRE : 17.5%, MABLYESIIESIHFU NS, 75 ZAEMLEDEEICIE
FPOEERAE W, LA >T. BITOMADYEE - IS F U FTIHITEAEEZER L,

—10,000F DRICEZEFRICERT 2HET LY 7EOHRIE, BEM/IIIXI0OVE/gTH Y, MEOBRZHERICE Y

2x10VM@8 (127 %, ERERA Y, ZOFRIIMADBICKET %, Z0HE. CSD-VORKRIIERS F ) FICKE
KET %,

Scenarios Alpha limit to 1. 1019 Alpha limit to 2. 1019
Operational limit Num ler and volume of | Operational limit Num ler and volume of
CSD-V CSD-V
Without transmutation |alpha 150,000 packages fission products and | 103,000 packages
(26,000 m3) actinides (PFA) (18,000 m3)
Transmutation M | fission products and| 96000 packages fission products and [ 96000 packages
alone actinides (PFA) (17 000 m3) actinides (PFA) (17 000 m3)
MA transmutation fission products and |89,000 packages fission products and | 89,000 packages
actinides (PFA) (16,000 m3) actinides (PFA) (16,000 m3)
27
Q@ sHES Y

- MAZDEE - ZHL735E. RE209 51000 &S <7 %,
cAmD BT Rk - A L72HE. Cm-244D S ERT 5 Pu-240D 52 T, Tfﬁi&ﬁ%f*tb‘/ NELmB7gn,

C B &i‘f‘é’éf’ﬁlﬁé@“%mﬂrofﬁi’é CHRELIEREYCERFOMBERT (72—XTTUh) LIEBEDERRET V7 F
/A (Pu+MA) OFEICLY., BAMESEOERINRITERERIC A 2 AT6EM,

Toxicity by ingestion (TeraSievert, [CRP72)+

Without transmutation+
Transmutation Am alone+
,—1 MA Transmutation+

1,06+0 1.0E+1 1,0E+2 1,06+3 10E+4 10E+5 1.0E+é 1.0E+7

Wastes produced before 2040+ =

Tamps dapuis 2150 |onndes]

7 - RNR Py + ADS F1J - BNR (CAm FT-ENR Pu+ADS F1J-ERNR CCAm.,
I8 - RN Pusdm FIG - RHR (OO F2B-RNR Pu+Am F1G-RNR CCLA.,
m‘mp.u*“ H'ﬂlm FZ&-RN'RPu—AM F4'RNRPU|

Figure 37: Inventory of radiotoxicity by ingestion of waste produced during the scenarios studied 28
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Figure 41: Comparison of underground disposal architectures for different scenarios of the 2010
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Table 10: Thermal power and neutron emission of powders at manufacture «
(at equilibrium)+

‘ Transmutation de tous les AM | Transmutation Am seul
homogane |hétérog ADS hemegé hétérog
Fuels« FR core FReore, |CCAM20%| ADScore. | FReore. | CPAM2% |CCAm10%
%‘?f{malpp owers 15 9 56 160 4 45 7
(Relators value) o ) e8| (40 | @ 25 :6|
Neutron emission«
{Relative value)o ) 30) | pro0) | (@e0o) | s | 0o | @)

COMA MASER 73 24w b, QCAm: Am$BEREF 752040 0 b, CBAm © AmEHEHREL
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Table 11° Thermal Power of New and Used Azzemblies (at equilibrium around 2130}«

Na
e Homogéne | Hitérogens ADS Homogéne | Héterogéne
Fuel+ FR core. FR core. CCAM 20% ADS core. FR core. CCAm 10%
New assembly«
(KW / ass e 0.3 1.6 9.1 8,3 07 14
Used Assembly (5 )«
S 1 19 n 7 1 5
(KW / ass.)e ° : 5

TABLEAU 12 : EMISSIONS NEUTRONIQUES MAXIMALES DES ASSEMBLAGES NEUFS ET USES

Hisirogine || ADS Homegne]| [Hitorogias
Fuelo FReore. | FRems. | CCAM20% | ADScme. | FRowe. | CCAm20%
New bly
(Qmeﬂsg}“ 36100 | 28100 3210 | 16107 70 16100
Used Assembly « N
3 081 | 23100 2710 | 15100 3410 14100
(neutron / ass.)« ‘ . . :

CCMA MASEE 5 244w b CCam® Am R 5 Lo w b, CRm : Am BRI
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Fig.46 Dividend composition of the FR cost of production after 2120 according to
the discount rate
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H# : CoRWM, Managing our Radioactive Waste Safely, CORWM'’s recommendations to Government, July 2006.
https://a.msip.securewg.jp/docview/viewer/docN414C32541CABccd980ec06flefc7c8218bdff8e545a2e5912a4d6207edf31f21e9¢c271aee2d6

For over three decades, efforts to find solutions to the problem of long-term radioactive waste management in the UK have failed.
The Committee on Radioactive Waste Management was asked by Government in 2003 to make recommendations for the long-term
management of the UK’s higher activity wastes that would both protect the public and the environment, and inspire public
confidence.

@

The

options on CoRWM’ s long list were:

. interim or indefinite storage on or below the surface

. near surface disposal, a few metres or tens of metres down

. deep disposal, with the surrounding geology providing a further barrier
. phased deep disposal, with storage and monitoring for a period

. direct injection of liquid wastes into rock strata

. disposal at sea

. sub—seabed disposal

. disposal in ice sheets

. disposal in subduction zones

10. disposal in space, into high orbit, or propelled into the Sun

. dilution and dispersal of radioactivity in the environment

12. partitioning of wastes and transmutation of radionuclides
13. burning of plutonium and uranium in reactors

14. incineration to reduce waste volumes

15. melting of metals in furnaces to reduce waste volumes

1275 15. DR
In the course of discussing the status of the long-listed
options, CORWM decided that the last four options were

Rather, they were nuclear or waste process treatments
that in some cases were already available to nuclear
operators. These four options were therefore ruled out
of the shortlisting process. Partitioning and
transmutation was ruled out for the additional reason
that there was no proof of concept and that the cost
would be disproportionate to benefits derived.

not complete waste management options in themselves.

CoRWM agreed that it would consider, later in its
process, recommending that Government keep a
‘watching brief’ on some eliminated options (especially

subs @b @ disposal and partitioning and transmutation).

Screening criteria

long-term interim storage

bespoke options assessment process
a rational and systematic approach
transparency and traceability
robustness

Review |:> deep geological disposal
phased deep geological disposal
MCDA assessment process

(1)

Citizens'
Stakeholders Panels Pubdic I Schools |

| (7) Input 1o criteria weighting
| (2) Criteria }\ U

(8) Options

>| (8) MCDA outputs

options

(3) Waste sreams

(8) Option scores for criteria

[ @ || e

on Scores

o

’ holistic assessment ‘

* high level waste

* spent nuclear fuel

* plutonium

* highly enriched uranium

* intermediate level waste and low level waste not suitable
for the low level waste repository near Drigg (intermediate
level waste and non-Drigg low level waste)

« depleted, natural and low enriched uranium

* reactor decommissioning waste.

The four Citizens’ Panels

National Stakeholder Forum and Nuclear Site Round Tables
Discussion Guide that enabled several thousand members of
the public, including schools

A project with schools in Bedfordshire

Headline Criterion
Public Safety, Individual — short term (up to 300 years)
Public Safety, Individual — long term (longer than 300 years)
Worker Safety
Security
Environment
Socio-Economic
Amenity
Burden on Future Generations

(MCDA: Multi-Criteria Decision Analysis)
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HLW baseline case with specialist scores and CoRWM swing weights

Criteria Option Cumulative Long term interim storage
Weight 1. Interim stores, above ground, at or near current locations of waste and protected
to current standards
Safety <300 yrs 23.3 2. Interim stores, above ground, centralised and protected to current standards
Worker Safety 7.7 3. Interim stores, above ground, at or near current locations of waste and protected
Security 23.3 " .
ErvAraniment 71 4. Interim stores, above ground, centralised and protected
Sacio-Economic 0.9 5. Interim stores, underground, at or near current location of wastes and protected
Amenity 1.7 by ground cover
Burden on Fut Gen 16.0 6. Interim stores, underground, centralised and protected by ground cover
Implfel'.l'l_entahﬂily 4.0 Geological disposal
Fisty 180 7. Geological disposal
8. Deep borehole disposal
Storage Disposal Phased geological disposal
Total e 9. Phased geological disposal

Broadly, there was a general preference for geological disposal for most waste streams with a minority favouring interim storage.

The option of Phased Geological Disposal (PGD) had attracted considerable support from the public and stakeholders for its apparent
ability to deliver flexibility while reducing burdens on the future.

Current site storage options all score better than their associated centralized options. The largest contributor to this difference is the
security criterion.

The MCDA analysis led to three conclusions:

— Overall, geological disposal options ranked higher than storage options.

— The difference in ranking between geological disposal and storage is substantial for most waste streams and for most of the limiting
case sector scenarios.

— Generally, the borehole option is the lowest ranked geological disposal option.
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H 81 © Partitioning and transmutation Current developments — 2013 A report from the Swedish reference group for P&T-research, Technical Report TR-
13-29, 2017.
file:///C:/Users/tanabe/AppData/Local/Packages/Microsoft.Office.Desktop_8wekyb3d8bbwe/AC/INetCache/Content.Outlook/FYM39N5S/TR-13-29.pdf

- This report is written on behalf of the Swedish reference group for research on partitioning and
transmutation. The reference group has been assembled by SKB and its members represent the teams
that are active in this field at Swedish universities.

- Future P&T in Sweden

- Since this report was compiled (2013) the economical support to P&T has been reduced substantially.
SKB ended the P&T support by 2014 and support from the Swedish Research Council diminished by
the same time.

- SKB’s reason for ending the financing is that a geological (KBS-3) repository has been selected and
the application for construction is now being scrutinized by the authorities. P&T is therefore no longer
needed as an alternative option.

- From a Swedish perspective it is important to follow the international development on new reactors
and P&T and maintain a reasonable level of competence within the country.

- The application of P&T for an effective and substantial decrease in the amount of long-lived elements
that need final disposal implies the use of nuclear energy during a very long time — beyond 100 years.
Though there are legal possibilities for the power companies to plan for new reactors as exchange for
the ones taken out of operation there are presently no plans for continuing nuclear power production
after the present reactors have been taken out of operation.

(B%E) RV =T VIIHBIT 5 DHEELMR

H 81 © Partitioning and transmutation Current developments — 2013 A report from the Swedish reference group for P&T-research, Technical Report TR-
13-29, 2017.
file:///C:/Users/tanabe/AppData/Local/Packages/Microsoft.Office.Desktop_8wekyb3d8bbwe/AC/INetCache/Content.Outlook/FYM39N5S/TR-13-29.pdf

- A successful development of P&T will not eliminate the need for deep geologic repositories for high-
level waste and for long-lived wastes. The complex processes will unavoidably create waste streams
containing small amounts of long-lived radionuclides.

- The development may, however, decrease the demands on engineered barriers. It may also decrease
the required volumes of high level waste in the repositories (volumes of low- and intermediate-level
waste will, on the other hand, tend to increase as a result of the partitioning processes).

- The development may, however, decrease the demands on engineered barriers. It may also decrease
the required volumes of high level waste in the repositories (volumes of low- and intermediate-level
waste will, on the other hand, tend to increase as a result of the partitioning processes).
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-}ﬂé }_ (Marques Fernandes et al., 2012)
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< U(VD)DKA(E, 1 mmol/LTHABEDHI10050—
£ Y
“& 3mmHco,
5 i HCO: ] Marques Fernandes, M., Baeyens, B., Dahn, R., Scheinost, A.C., Bradbury, M.H. (2012): U(VI) sorption
L ] on montmorillonite in the absence and presence of carbonate: A macroscopic and microscopic study,
9 10 Geochim. Cosmochim. Acta, 93, pp.262-277.
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5.2 M4 7 VEHGHHEEE

(1) Viewpoints

a. Volume reduction
b. Mitigation of degree of harmfulness of radioactive waste

Repository concept for vitrified waste*

Volume reduction of waste & repository design Dispasal tunnel to Pitchbetween  Waste occupied
| ‘ rad tunnel distance x1) [m] waste y [ml] area [m?]
Volume of radioactive waste Vertical
i P 10 4.44 44.4

Size of repository

4

Disposal area

Waste occupied area

L]

Upper limit temperature/buffer material/100°C

1

Emplacement pitch & T-to-t distance

() Dusporsal pit vertical emplacensent metlsod (Sof rock systent)  (d)Disposal trmed horzontal entplacement method{Soft rock systen)
Figure 4.1.2.6 Specifications of the disposal tunnel and the waste package pitl

* H. Asano, et al., RWMC/TokyoTech, Cross-sectoral study on nuclear energy system for less-impacted radioactive waste management,

Effect of various spent nuclear fuel properties and reprocessing conditions on geological disposal, SFM19, Vienna, Austria, 2019

https://media.superevent.com/documents/20190626/d4939e24de05515f5dd77ae0206f8ca7/33_h.asano_crosssectoralstudy.pdf

https://media.superevent.com/documents/20190618/ecc05e8c997c0f567022ea7a7a8484ae/id33_asano.pdf 15

(2) Fuel cycle conditions and calculation

Reprocesssing/
Nuclide separation

Process Parameters Unit Referencs case Our study
Type - 17%x17 PWR
Reactor Fuel - uo2

SF cooling period year 4 4,10, 15, 20, 30, 50
U % 99.6
Pu % 99.5

H, C, I, Cl, Noble gas

100

Glass generation unit/tHM 1.25 1.25, variable
Waste loading wt% 20.8 15, 18, 20.8, 25, 30, 35
Heat generation kW /unit =< 2.3%
Vitrification MoO3 wt% = 1.5%
PGM wt% =< 1.25%
Na,0 wt% 10
Weight kg /unit 400 Limitation
Geological disposal Emplacement - Vertical/Horizontal

ORIGEN2.2-UPJ, JENDL4.0/ORLIBJ40, COMSOL Multiphysics Code

*Inagaki Y, lwasaki T, Sato S, et al. LWR high burnup operation and MOX introduction;
fuel cycle performance from the viewpoint of waste management.
J Nucl Sci Technol. 2009;46:677-689.



(3) Calculation & results

a. Properties of vitrified waste under various conditions of fuel burn-up and SF cooling period

uo,
*Vitrified waste generation : 1.25 unit/tHM
**Vitrified waste generation : 1.91unit/tHM

MoO3 : =1.5wt%
PGM : =1.25wt%
(GBWutr:lr}tlI:'ﬁVI) Spent fuel cooling period(year) I 10 20 30 50 100
Waste loading (wt%/glass unit) 17.18 17.24 17.31 17.36 17.41 17.44
28* Heat generation rate Vitrification 1.55 0.68 0.53 0.44 0.32 0.17
(kW/glass unit) Disposal 0216 0.213 0.204 0.191 0.166  0.122
Waste loading (wt%/glass unit) - 20.92 21.01 21.07 21.13 21.17
a5+ Heat generationrate  vitrification 230  1.10  0.83  0.68 048 0.4
(kw/glass unit)
Disposal  0.343 0328 0301 0273 0225 0.155
Waste loading (wt%/glass unit) 20.69  20.75 20.82 20.86 2091 20.94
6+~ Heat generationrate vjitrification ~ 2480  1.15  0.85  0.68 046  0.21
(kw/glass unit) )
Disposal 0.348 0.325 0.288 0.254 0.201 0.128

(3) Calculation & results

17

a. Properties of vitrified waste under various conditions of fuel burn-up and SF cooling

uo,

Vitrified waste

Geological disposal : Vertical, 44.4m?

Upper limit temperature of buffer material : 100°C

Time after disposal vs. Temperature of buffer material placed surrounding waste package at the repository

120

120

120
100 fo=mmmmmmmmm e m e
;e M
<
=] =
=
; &0
g. Cooling period, year Cooling period, year
o e— 1, —
= 2 — e
A —
20 = 20 i —
100 m— 1$ =
0 ] 0
01 1 10 100 1000 01 1 10 100
Time, year Time, year
28 GWd/tHM 45 GWd/tHM

1000

01 1 10
Time, year

1000

70 GWd/tHM
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(3) Calculation & results

a. Properties of vitrified waste under various conditions of fuel burn-up and SF coolin

1 e = .-
= Pu238 Pu238
= Am241 w 09 wAm241
=Cmza4 :E 08 ::r';:“
=5ra0 § 07 «¥90
mvso e 5137
"Ci137 ] ®Bal3Tm
®Bal37m £ Rh106

A L fo
w5134 2 o3 Eals
= Pr1ad4 E 0.2 = Others
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50 100
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28 GWd/tHM 45 GWd/tHM 70 GWd/tHM
19

(3) Calculation & results

a. Properties of vitrified waste under various conditions of SF cooling period and

UOZ/Bum-Up : 45GWd/tHM Spent fuel MA Heat generation MoOs PGM Waste
Waste loading : 35wt% COOI'(CE;)S”M separation  rate (kW/glass content content ge?glgast;on
Mo & PGM : 70% separation %) unit) (wts) (wt%) unit/tHM)

0 5.80 1.16 0.90 0.447

4 70 5.65 1.18 0.92 0.438

90 5.60 1.19 0.93 0.435

0 3.03 1.15 0.90 0.451

10 70 2.80 1.18 0.92 0.439

90 2.77 1.19 0.93 0.436

0 P 231 2.28 1.14 0.89 0.455

20 70 2.05 1.17 0.92 0.441

90 1.99 1.18 0.92 0.437

0 1.86 1.13 0.88 0.458

30 70 1.63 1.17 0.91 0.442

90 1.56 1.18 0.92 0.437

0 1.29 1.12 0.88 0.461

50 70 1.05 1.17 0.91 0.443

90 0.98 1.18 0.92 0.438

0 0.64 1.12 0.87 0.463

100 70 0.40 1.16 0.91 0.444

90 0.33 1.18 0.92 0.439

20



(3) Calculation & results

b. Properties of vitrified waste under various conditions of SF cooling period and MA separation ratio

UO,/Burn-up : 45GWd/tHM

Waste loading : 35wt%

Mo & PGM : 70% separation
Geological disposal : Vertical, 44.4m?

8
8

' MA separation:70% ; MA separation:90%

=
[¥]
o
[
]
o

8
8

o

o
©
(=]

Temperature of buffer material, °C

Temperature of buffer material, °C

60 B0 e e
40 ; C;';J]mg period, year a0 f Cﬂi]h-ng period, year
[ 7| J— 30 —
20 | 50— 20 | ) —
[ 100 —— [ 100 —
o L Ll PR AR " . o C P Liil Lo PRI PR
0.1 1 10 100 1000 0.1 1 10 100 1000
Period after disposal, year Period after disposal, year
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5.3 MOX fuel
(1) heat generation characteristics
14.0 14.0 - - 9.0
Cooling period for spent fuel: 4y Cooling period for spent fuel: 4y Np: -
Np:0.01% so | 90w% Wi
120 UO, 1 j20F MOX 1 Am
7.0 )
e . Np: " Pu
100 [ 1 100F . o . &

3123 0.02%

o
o

80 1 80

Heat generation rate of SF, kW/THM

L
Heat generation rate of spent fuel, KW/THM
wn
o

Np: 0.03% 40
6.0 F AM:141% 4 gOo E h
Cm: 7.99%
Np: 0.03% 3.0
Am: 1.52%
40 . 7 4.0 b
Cm:4.51% — EP+U+Pu: 2.0
: 60.31%
20 | epeveru FPassbu | 4 20 g3.97% : 10 e SON B
93.07% 0.0 16.01% 12.66% FP: 10.81% FP:
0 0 ’ 4 10 20 10
45 70 45 70 Cooling period after discharge, year
Burn-up, GWd/THM Burn-up, GWd/THM
Heat generation rate of spent fuel with burn-up of Contribution of minor actinides in MOX spent fuel

45GWd/THM and 70GWd/THM at 4 years of cooling after (45GWd/THM) on heat generation rate
discharge and the contribution of MA (Np, Am, and Cm)

Inagaki.y, et al., LWR High Burn-Up Operation and MOX Introduction; K. Kawai, et al., High burn-up operation and MOX burning in
Fuel Cycle Performance from the Viewpoint of Waste Management, LWR; Effects of burn-up and extended cooling period of
Journal of NUCLEAR SCIENCE and TECHNOLOGY, Vol. 46, No. 7, p. 677— spent fuel on vitrification and disposal, JOURNAL OF

689 (2009) NUCLEAR SCIENCE AND TECHNOLOGY, 2018, VOL. 55, NO.

10, 1130-1140
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(2) STERHF &ETE AL - MmOX
ORIGEN2.2-UPJ, JENDL-4.0 (ORLIBJ40)

I st s _ Y7 l?Joj/T_x RWMCE E#%/RTAERR
uo, MOX
JFR - 17x17 PWR
e PRBENE GWd/THM 45 28, 45, 70

Ao P RO T [ year 4 50, 100 4,50, 100
Carry-over fraction of U % 0.442
Carry-over fraction of Pu % 0.548

BAE/IE DB
H, C, I, Cl, Noble gas % 0
MA (Np, CM, Am) % 0 0, 70, 90
BEEHDEREE wt% 20.8 30, 35 16, 20*, 25, 35
HEE kW/unit =23
MoO; &H & wt% =1.50

#5 2B, PGM &FE 2 wt% =1.25
Na,0 &= wt%/unit 10
777 ZAEMLE - INFLEEA TR
H 7 2B 51E liter/unit 150
77 RAEE EE kg/unit 400

HfE AL ETE TR - BEZ

(2) FHEHR : MOX

*20wt% : UO2/MOXEA DIZED H 93

Table 1. Waste loading and number of glass units per THM at various conditions of burn-up and cooling period (upper table,

U0, fuel; lower table, MOX fuel).

Waste loading (wt%)

Number of glass units

(Glass unit/THM)

(Glass unit/GWd)

Restriction factor

UQ; Fuel Cooling period Burn-up (GWd/THM)
(year) 55 70 55 70 55 70 55 70
4 20.88 2049 1515 1.966 0.0275 0.0281 Heat
10 21.81 2168 1406 1777 0.0256 0.0254 MoO; content
20 21.90 2176
30 21.96 2181
Number of glass units
Waste loading (wt%) (Glass unit/THM) (Glass unit/GWd) Restriction factor
MOX Fuel Cooling period Burn-up (GWd/THM)
(year) 28 33 45 28 33 45 28 33 45 28 33 45
4 16.32 16.17 16.05 1.550 1.820 2435 0.0554 0.0552 0.0541 Heat
10 19.85 20.01 19.53 0.995 1.175 1.614 0.0355 0.0356 0.0359 PGM content
20 20.85 20.52 20.02 1.607 0.0357
30 21.17 20.83 20.32
Table 2. Required separation ratio of Mo and PGM and waste loading of waste glass.
UQ, Fuel MOX fuel
Cooling period Bumn-up (GWd/THM) 55 70 28 33 45
10 Waste loading (wt%) 29.0 27.8 20.1 20.1 19.5
Required separation ratio (%) Mo 44.7 41.4 - - -
PGM 423 411 3.1 14 -
20 Waste loading (wt%) 343 33.1 224 220 215
Required separation ratio (%) Mo 582 56.5 - - -
PGM 56.3 56.2 14.4 144 149
30 Waste loading (wt%) 393 381 239 236 232
Required separation ratio (%) Mo 65.9 65.1 - - -
PGM 64.4 64.9 21.9 229 250

The hyphen means separation of the element is not required because heat generation rate is already reached to 2.3 kW/glass unit without its extraction

Kawai K, Sagara H, Takeshita T, et al. High burn-up operation and MOX burning in LWR;
effects of burn-up and extended cooling period of spent fuel on vitrification and disposal.
J Nucl Sci Technol. 2018;55(10):1130-1140.

24



6. N FriEET 2T /Integrated approach for future NFC system
(1) Potential areas for reducing environmental impact in geological disposal

| U-ore |—>| Milling |—>| Conversion |—>| Enrichment |

SNF
- Storage/cooling period
(short & long)

v LWR
| Fuel Fabrication |—> -UO2,MOX |+
-B.U.
T - Fuel comp.

U,Pu/Recovery

A

l

Reprocessing
- Recovery(U,Pu,others)

v

HLLW

)

A 4

Partitioning &
Separation ratio

- MA

-Cs, Sr

-PGM

Vitrification

Nuclear Fuel Cycle

Radioactive Waste Management

Advanced Technology

Economical issues
- Storage period
- Plant Capacity
- No. of glass
- Disposal area

Non-proliferation
- Pu, U, others

- Waste loading
- Heat generation

Geological
Disposal

- Storage/Cooling

- Mo

-

Transmutation

- Fast Reactor
- ADS

Secondly Wastes |

* Treatment process

* Storage
* Disposal

* Vol. Reduction & Solidification
* Shape, Volume and Weight

at the Repository

- Pitch

- T-T distance

- Occupied area

- Repository area

- Excavation volume

- Upper-limit temp./
buffer material

Safety Assessment

Long-term & Post
Closure Safety
- Nuclide migration
- Exposure dose

Y

Y

Environmental

impact

- Amount of waste,
- Size of repository

Radiation effect

(2) BB A I VEHDZHRME

Current

e
Burn-up Sf;:‘eer;t Reprocessing Pre-conditioning of HLLW \\/Iilttrrilffilc::t:::st{e Geological disposal
Reactor Fuel (GWd/tHM) | cooling /Purex
period | /Recovery(%) | Nuclide separation | SR** | WL*** [ Sp**** | Emplace- Effects on repositor
(vear) (%) (wt%) (year) ment P Y
Waste occupied area,
U/99.5 _ Vertical/ example:
LWR uo, 45 4 Pu/99.5 0 20 50 Horizontal .4.4m X 10m =44m2,
vertical emplacement
Future
4 S Np 0 Waste package pitch(m)
© MA | Am
15 g Cm 70 16 Tunnel-to-tunnel
) distance(m)
LWR, 20 B | gps | © | 90 20 | <50
FR 2 s i 2
d uo, 45 uU/99.5 I r . Waste occupied are(m?)
Advanced 30 99 2% 50 Vertical/
Reactor, a Horizontal . .
etc., MOX >45 Pu/99.5 © Mo Mo Entire repository area(m?)
50 y 99.5 30 >50
°> Tunnel excavation volume
2
70 £ Ru | 999 | 35 (m?)
§ PGM Rh Upper limit temperature
100 o Pd 100 of buffer material (°C)

*Vitrification: Glass matrix and glass melter operation, Limitation: Heat generation=2.3kW/unit, MoO3=1.5wt%, PGM =1.25wt%,

Na,0=10wt%, Weight=400kg/unit

**SR: Separation ratio, ***WL: Waste loading, ****SP: Storage period

Target nuclides/Load reduction/Geological disposal

Separation ratio(wt%)

Heat generation of vitrified waste(kW/glass)

Waste loading(wt%)/Upper limit/Vitrified waste

Repository area (waste occupied area)

Number of vitrified waste
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B :3M HNO, * NafEDIZE (FEOBLEEHZETE)
[mol/l] | [mol.%] [mol.%)]
Cs CsNO, FP(ZILAUER) 0.034 3.35 7.74
Sr  SrNO; FP(ZILH) L EERE) 0.013 1.30 2.99
Ba Ba(NO,), FP(7ZILA)LHEERE) 0.018 1.78 4.11
Zr  ZrO(NO,),*2H,0 FP(GERERE) 0.056 5.50 12.7
Mo H,MoO, FP(BF%ER) 0.051 5.06 11.7
Ru  Ru(NOy), FP(EH£1E) 0.034 3.38 7.81
Rh  Rh(NO,), FP (B £1&) 0.006 0.58 1.33
Pd  Pd(NO,), FP(B &) 0.023 2.31 5.35
La La(NO,);"6H,0  FP(S2A2=F) 0.020 2.00 4.63
Ce Ce(NO,);*6H,0  FPMA(SUAZR7OFZFEE)  0.052 5.16 11.8
Nd Nd(NO,);*6H,0  FPMA(SUAZR7OF=R&E#H)  0.065 6.46 14.8
Fe Fe(NO,),"9H,0 [EBERY 0.065 6.46 14.9

Na NaNO, B R R 0.573 57.3 0
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