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Japan’s electricity production by sources
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Japan’s Energy Mix (2030)
OPrimary Energy

|

©Secondary Energy (Electricity) *kwh

Coal , Natural
19% Gia
Oil S Coal
' 31%

52030 £ HARE RS

International Projects on SMR

v PWR, 50-77MW per module (max 12m)
v JGC, IHI, Chubu-EPCO, and JBIC involved

v Grid Connection by 2020s (exp.)

GE-Hitachi / BWRX-300

v BWR, 300MW
v Hitachi jointly developed with GE

v Grid Connection in 2029 (exp.)‘
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GX-funded R&D on the HTGR in Japan

| R I

Design modified from HTTR Manufacturing, Instaliment,
(nd. Hz Production Plant) H2 Production Test feg 2028-30

Basic - Detailed Design P
on Demonstration Reactor

.n-....‘

20305 (exp.)

Construction
& Operation
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Fast Facts on
NUCLEAR ENERGY NUCLEAR: 47+

Geothermal: 1% U.S.Sources of

Nuclear power is the Emissions-
largest source of Free Electricity

clean energy in the U.S. Solar: 9% >, in 2022

Wind: 27%

Hydro: 16%
0 EEFRREIRACRIEED

STATE of )
NUCLEAR 949 19%

48 475000

of U.S. clean power production U.S. jobs supported

1

SMR certified
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Uranium Strategy

» Support low enriched uranium
needs for today's reactor fleet ﬁ / B\
ol y

Makes HALEU available to t

commercialize advanced reactors CONVERSION (¢ < r
m etV /o .\ FABRICATION R~

Meet HALEU needs for research N :

reactors and medical isotope ’ hm‘-

production Welomcate (U0 (u‘mc:\:m

Meet long-term defense needs
Low Low
Risk Risk

11 &2 AYEHHALEU) B TS

Natrium Reactor
Sodium-cooled fast reactor +
malten salt energy storage system
TERRAPOWER

Kommerer, Wyoming

Xe-100

High-temporature gas reactor
X-ENERGY

Soadrift, Toxas
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Our Proposing
Reprocessing Process

FP(Sr, Cs, Ln, etc), PGM, U, Pu, MA(lII)

Wlth. . UO, -» U0,
Nuclide Separation
STEP |
STEP I Recovery
of PGM and Tc
STEP Il
« Recovery of U & Pu
- Separation of
MA(IIl) from Ln Mutual Separation
STEP IV of MAI)
L—J MA(II) l
/
FP(Ln, etc.) U, Pu Cm A

& 16 FHEZ TN 3 fig(Dissolution) (& AZAE 73 Bl BE
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Column test using simulan ALV

) o ; Column 2 Column
Muromac Mini-column S(Columr height 3 cm, :

Al \/ I P._Sili B :.il(l" 7’"”-7‘ ':‘L‘ M J

Sample : Simulant HLW(1.5M HNO3)

Cs Adsorption 1[1{: Removal

Selectivity o
among Alkali Meal ions

b

[HCI) / NV

19 AMP UR 863 BC (R E(Kd) B2 Cs /=Bt
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Oxygen Plasma

Dissolution of UO, Pellets in HCI Solution

Plasma Voloxidation

mm

RF:100W, 27.4kHz
~15kPa

24 sl REE (B[RO A

Hydrogen Peroxide Addition Effect
on Dissolution of U;Og in HCI solution 2M HCI+H,0,

100 (40°C) :
Concentration
of H,0,
@0.15N,
WO0.75N

8M HCI
040°C
[60°C
O70°C
A80°C

Dissolved /%
(6)]
o

time /min
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A R
~ Experimental condition:
Column volume: 8mL
Column height: 10cm
Eluent: conc.HCI

In HCI system,

3 the complete group separation
£ of An(lll) & Ln(lIl)
§ ? | can be achieved.
£
:
0 50 g 100 20

27 LUR HCL 5 Ln #7777
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Binding Energy (eV)

Q@ Ce" @ Nd" QEuU" @ Gd"

34 UO2" BI#5e = PHAE

¥4 H



35 {EERRAEIEHC GO EfiEE 2 An 81 Ln 73 HEET 75

100 |~ Ce(lV)
Oxidation Extraction L —o— Nd(lir)
‘6’ 80 |- —o— Eu(lll)
Blal
[ =
8 ol —o— Np(V1)
fo ~o—Pu(V)
2 2 ~o— Am(VI)
il

5 1.. 15 20 25
Time (h)
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HE(LRRAVE T IEE 2 B EMWARES - BCLeE DAIZEHUTT £y

R BT 6 LRSI 77 55 B RSB S 2T A 0 B - (e (Ll )
AL NaBIODRI LU (LA Ag(ID) / SOV Am(IIEL 2 5 5 EAE A0 Am(V)
A1 Am(VD)(E 38) » & BI2E1S Am AO(LERIET 3581 » (ETTRE Sl 2T 2
AR5 - TR MO » 85 Am(IDEESTE I L Am(V) -
6 B % LAEH Am(V)RE B T A HE AP T BB E B &4 TRl BE o
(AT T TODGAN,N,N*-= 2.5 = 32 HL8) F B 5 BT B ligand) » WSEHEIE —lefE B
]+ SRR ARIA & AR Am(V)IEAT M P AR SE M 39) - WA RErH
O - B L RIAE R T T S R B LR > 3 FLERE IR F(IM 25 14M
HNO: RGN IR EE S (RS ELRB M » BEFSUBIEE T AL BAE I RS ~ S b
U AT E o AT T R (L -

K2R E R - RITER T AmIDE Am(VEYEAL - ARSI PR E th Ordsr
T Am(V)RIFE > EEREEREUR - (E I sBEESA1F R LR AT LUE 15 78858 Am(ITD)
AL > LHE—SBEYE An (INECEAREFE » fLRNELES Am(VFE
A B S HYAEHESCR - (LM RESE IR B 2T R A& 8 B - S ECEE(SF #i 20T
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Z (LY AT SR » Am BUBZIT RIS BELL TR 10' DL - i REIR
(LEEFEAIT AR R RIRCR - DIOBEH » 2B ERME IM 5
14M 9 HNO: B R PSR AT A6 5T BB R R AT T e S /INIEDA b » bt
P B R R MR ST 40) -

By T RN T RS EEE T H T - sbtstdifEts 7 B 88 T8 H
Bt - EERHE M Am(V)IE YRR 450 - WRE T B R AE A (R FCAS (ligand) 14,
{ERIGRAT T > S(ERESEAVERGETE - BEEREU > fEAREEE D > ECRefam
I Am(VEVEREMAE & EEAPE(E 41) 0 CTHEESRERMERET - @il
LEAEEE - BT B RESAR TR NI [F S LEIRIBCAG YRR - I S LB R EE) 152
HEFT THIEOIT o ISR EIR A E L B R B AR AV E PSR L T R S

I T B SRR Am Bl Aot RS RUTEE - 1L H R A
fREHM Am(V) - BRGEREN - LA AIEFE SHEREMOEERNCR - LHEE
SLTHVEERE ~ BRIV EE R M SRRV E(E T E - BURHEAEEREH T ERTE
1 o B WIFEERR R BRI ER PR (it TR AR A » M R B IR AN ~ BRI ORI
WNUEYEZ 2R TEESE  BEWRIEA B TEA SR A
TCERHIHEE > WX AT P RFE S AL R > SRR SR AR S B R R A B A o
OB R IR BN 2 R fof 5% -

“Twins”
Am3* vs  Nd3+
(97.5 pm) (98.3 pm) @
R A

Ll ) |

([Rn]5f%)  ([Xe]4f®) L./_\_m3’ “;‘S'Ln%

L) - . - o - - ~» n
Eu|Gd| Tb|Dy | Ho| Er |{Tm| Yb| Lu

G e h— — — ——— Vo _p—

37 i FITR AL E(LRE
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38 SrEE(EFAY Am B Ln &/bRE

39 Am(V)FEA AR YRR e

40 $ Zot 2R Ln)Ed Am HY 3 BCEE(SHAIESS R
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_ 8o} eo| Precise control of
s 40 z x:(._ T e Am(V)-generation
B, el Is achieved with

s S 30

3,0k - the aid of

2 20A owema e *0e Y -

2 : v~ R & ol ™ : _ solvation and

S =SS oy L A o

coordination

0.0 2
0.03 1000 2000 3000 40¢ 5000 1.0 5000 2000 3000 4000 B¢ environment

Time / fs Time / fs modifi

41 155 Am(V)IE RRAYEE > 14t
L RPERERUREIMERERTFE
()E AR R SV T Aot 2R

TERZBE A EHEERAY S B VERE R H » #8220 2R (L) FI2H Z2 7T 22 (MA, minor actinide)
HY 7 Bl AL B el M (8] 42) RIS m] 4% pe Al BV B Rl PkE . — > Lo BYTF
G T MA 1EH 8 (transmutation) #8712 VL SRR » HEA Lo fl MA A{LEE S HH
AT 0 YRR AR B A S R AR E 1 o BA Y =R BRI - BEATREHY
E(E 43) - MREAERAE » B55 | BRE S22 RE H oy iai2 e - EENE
AR 5 Bl EEE(E 4)MEEEEE S - [HREE2IR - EHEE%E - 5281k
BEMENIAR R BFEEMEE S R EEAE 45) - B REEIEM R - fiAL
TSR PR EDRAE - RS E S P AR B R e - a7 A
HCPRA o REERHZE DAEMEE I W M2 S Btz Ak s e sE T R E B &
VARG R = (EADRHRFE » AT S ZE R R F 8 2202 (Ln) » LIS AT 2 1 R Bfof B o 25
12 o fEREEIMEEEEAR - B VBB - I HE R il 815 L2 &SR 7 BERL i e 3%
MR E R S - BUEGUATIZEEUAMLE - Ao r] e it e A RAT 168
EIERALEABDHAE - BLSHE r BERITAELE - BEYIRMIE I &8 - BEEEE S - 6
ELH RAFHVE A I MERE - BERTRHIIR b B oy Bt 2 R P AR BB A T Ry (liE 46
47~[&] 48)> UCST (Upper critical solution temperature) (45 50°C) 0k fff M F2 AV EGE OB &
EomEkE i UCST » HEMEEEHK » B 20T R L) RYAF R 5E - 1 ERE
%2 UCST PANHF - W FTHSH £ 70 22 (L) Bl el - EEREAR[AUY -

529 H



k288 P 07 T DA 2 Tt P RS S i B S PR A R BR(PSBMA) - ([l 49) It PR R — FR &
PR VT e P % ) (PDMAPS) P s A7 ([ 50) — /b ks By R > 2 mifE 300 m%g
FLAZ 10 nm > FERLAR/N 75 - 150 um > EAREFER H HEES(ATRP, Atom-transfer
radical-polymerization) F i » R VIR A by ok b - s S e b RS
Pk DIREE S | ARG - R I 20T R (L)W EM G AEA < A6 PAALIMEEEIR)H
A HERRAERE TR AV THEEREE(C=0 ~ S=0)Z([&] 51) » DA EAE 53 H7(TG-DTA)SHETR &
BV E M BOARET Ry (8] 52) B f% DAFEE A R A IR A 88 B T R s K MRy 81k -

Uit B B /7 T > 74 0.01 ppm $ ZT R (Ln)(NOs)s IHIRIIASEA K EVIHIN A S5 -
sREREE 60°C - #ERE 30 o0 - MERIERE IR T ZTTR L) R - PEEETHNE
B TRHIR T SE IRV BR i 2 B2 10°Co TR BT AR T YR 20T R (Ln) & & &9 70%-85%
AR BT 6 22 28 (L) B RSB - 588 T UCST 2l b B i A2y = 80%e » B4
10 KBS S EER R - X EVISERETRE > IFREJI(E NI 5% < 4 pH=7 f&RIFT >
FEVHEMWAITE Dy, Ho, Tm, Yb) HUREEEMIIIRES) - W REF]
80%-90% (&l 53) > ML 2 TC 2R (La, Ce, PoUH ARSI - BRSNS > RRELHELT
P EAHBERRFEIF AR -

W VBT TR SV E S 2o T 2R BT B TE T DR PR E R R I I MR
(EHEE SRR ERR T VB > THERH ZITREMA) ~ SHEIT R Ln) =B E Ny
HERROK > ARAHFE T A T B S PSR DI m S 2 TRV T BERE ST » MRS
RIREHT B 24 SR LR e PR OB PRI A b -

L A [ S [ T
Time [ years )

42 i Z TR L) ot R MA R fE S
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N
Org. .
Aq. ?b
Extractant ,,\

43 BEIRERCE R EIE

Column
Metals

Resin
(extractant
impregnating)

44 TeiRE AR EE

46 UCST(Upper critical solution temperature) A& 141 T £y

%3 H



o
g e
§ — L)
o °
> _g 28 tnayion  LFR *%
o (it Fhiles Poly(DMAPS) interac!
> with Nfandrelease
B (3 Ln(il)ion
9, A O S s I~ | Y2

47 DMAPS F#i5i )i — S bR Bk H BT By

g > | #aua v-u—n—nm

e %

§

g & -®-Adsorption (T>UCST)
§ 4« | ~*Desorption (T<UCST)
£ )

<

0

565758500001626364650867600070711
Atomic Number

48 R EITER B SRR

°
Chemically-immobilized H,c—of—cll,

7 Y poly(DMAPS) >

Size 75-150 ym

Pore diameter 10 nm; Surface Area 300 m?/g
0=8S=0

100.-"-.v&‘-.—.—.—.—-,.- c"

49 Tt B B ER PN AT R Y AL il (PDMAPS) 451

te (%)
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50 TP AR EH S AL Y B BE(PSBMA) 451

51 &IAMERER) I3 ATaER

52 EREESTAT(TG-DTA) AL
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53 DMAPS HEE i Zot 2 ZIIFRET]
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(—) DGA fefH5(EBERE /KR o Am/Cm BY 53 BETT B

FofF R R E B T YRR R AR Z A8 54) > 7B 2ot R (Am AT Cm)
YR s 2 BB A > B ST R AR BRI 2 (transmutation) (8] 55) i EEERAFE(ER] > 47
BT MIRE R RBERHTRUA A R E 20E - 2800 > 7Y Am AT Cm FEAEEME ISR
{BRE ~ BT OB T RS SR - RSB LR eimphEk - (AL - SZ5eR]
FAN,N,N',N'-PU =5 — H EE R (TODGA) TR BUA - FRaTEA FUREEBRE FR(T T > ¥ Am
f Cm HYITEESCR - (B(LERS BN SR EE -

WFE T AP E SRR AR r] 2818 56 S st AR e (R : 5/ TODGA fiffs
AT B2 0 2o 2 HLBE R (8 57) - BIREEAE RS 10 em > NEPASTR
8.5 mL » JEHUELEA 0.1M £ 1.2M AERERY HCL A% » LUAZE 0.5 mL/min #E{T7E
B o MERERERE 0.5 mL v YERRHUK ¢ BL S mL BB BRETHIE o [ RER S
EHVEREERICP-MS)ET Am I Cm JREHIE » SIS 8EESEHEE(a) (& 58) -
FEFTER) (& 59) ~ EHEmREN) (& 60) » HAEEE i S R s e g A
BT HE

EERGEREZZE IM HCL H > Am BYZERRIEFFAEZ 70 Cm #2BH TODGA fths¥t
Cm EAEWSAGRFT  mEi i 4R Am EERHAEFEVDEE 1533 mL [ Cm
A& Ry 21.33 mL > EFUEMWTEE(E 61) - [E 62 Bk 1 BURA[E HCl BEH T BERER
HISZEE » B BRI AR LOM HCL HoiEmE a By 1512 BERE R B 1.000 » Ham
PRECTTH, Am I8 N % 563 0 Cm il N B 537 » i RRBEZ M H @ G| -

A fERIERESL (R 63)7F 1.0M HC1 51 > TODGA fSifRsEZ R EseR » BA
Hi = AT FEAVE AR SR, - HCL JREAVERT & TODGA ¥ Cm HYMRFFRES) > {HiE
HAPE A EEHREED 1.2M) & E 2 BB i > R EESCR - A 78l
BEm AR R © BN T o BERE BTSN B AR E AR AT A S
BOELRF T AREEIAROTEE - s TSR AT R B S I ST 2R o B ARG
SCFF 0 B D PRI RO (AR ~ U)o B RSeR Ay 2 - AEIERTZE T
8 T HC RRFEERUR AT oy Bt DM R s 8 SRR R R A T e ARV ER
SEEDHIN - JRER IS 2 BUETTIERY - DUZRIEREN TR - RS54 -
K& RS A2 BIESRHAZE D BRI R A B A O B e
HEITERIE RN Z B ffabaEs -

%35 H



241Am : 451 years

, ey = 23Am : 7364 years
o 244Cm : 18 years
radiation :
1€410
16409
*Am
g sl e
; 1€07 3
Eoe g 1
16405
1E+04
1€+03 - s
1 10 100 |m m mm 1 m Mm

54 FIBERHIU RS 1 B e B (A

BO0E+04
—Np2 e AmI8Y
ot a1 S e
6.00E+04 4 —CmS  —Cm2es
5.006+04
C]
j“‘"“' Behavior of Am and Cm
3.00E+04 - in transmutation process
200E+04 -
1.00E+04 Cm-242
Cm-244
0T TIMOETT00 "Ti200 7 a0 oe il veniiiren
Operation time (days)

55 4% (Am Al Cm)19iR 5

56 Am 1 Cm S3BEHIEITE
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A i e

5§ SHHTSN ST EEGE Q)

)ISCUSSIOX

.

.

P of Am/Ci

59 Syt S8 BEATER)
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60 2% HERIREWN)

61 Am B Cm HY5:RR B4
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62 FTF HCI MRES5 M R B

HCL JRE (M) | EITE R) | 7r#ERE (o) HHamiEiE V)
0.1 0.015 1.008 fax
0.5 0.322 1.357 111-189
0.8 0.733 1.427 483-492
1.0 1.000 1.512 537-563
1.2 0.526 1.738 94-116

R 1 BRE N ETREE

63 HfETEERRIT * HCLURE ~ SrBEAE(a) ~ FEFTER) ~ BERIEHEWN)

%39 H



(Z){EFR TODGA 1 ADAAM Z=HUF| K475 DTBA 23 BEXE 2002

Z b 7E e H AR 7 I bR 7E %5 (Japan Atomic Energy Agency, JAEA)RIARFRAE:
HIBFSE N EILEIRST » RN SRS REEYHLW) F 8l 2T 2 (An) B8 2T Z (Ln)5r
HERZ AT - FEAE BB (Am) RIS (Co) AV S 3o i > 78 BHZ B P R 05 822 (transmutation)
Fiflie e B B E S > 58 TODGA - ADAAM 1 DTBA iE =f8{ L2217 /i
B DIAR AR S U R YIR B R e A RO - LU BB S iU MR
YIRVEHER (B 64) @ s&iftse - BB S ST R A IREE T S e @r s » Bt
TCENREHEIE R E TR E AR BREH Z22 T Z (L) T EZ VRS f 100 mM
HrPEE T La(11.9 mM) ~ Ce(22.8 mM) ~ Pr(10.7 mM) ~ Nd(20.3 mM) » #i T ZAVERE
Am(2.34 mM)FI Cm(0.217 mM) » EEEITEAVREEHE RS RV TR - TR
T E A E A R

DA TODGA (U= 55 — H B Bihe) Z< Bkl 2t 22 (An) I8 20t 2 (L) (6 65) @ fEHA
f4H 0.1 M TODGA/IE+—e(C12H26) » KK 3 M HNO3 » 1S i R YA R
EARFENREERR > HE2TZ )P 0 100 mM > &5 La~Ce~Pr-Nd-~ Sm
Eu ~ Gd %JT#& - TODGA #Ur i =(EUER 20t - 1 Am(ID) ~ Pu(V)HY5#EE
M LHEESIRMGRAGT > Nd B ARZEEE ]2 100 mM > 3 H7E TODGA &
2 0.7 M R A AR B KA 7y i 52 B AAERCR A E RIVER) 77 ECEED
{E) T 2T 2 (L) R 20T 2 (An) > SrBCELgE R =2 1000 MUE(E 66) - BEr
TODGA 1 =B MR THYTRZEEEE ) » AR AT S8 4E 99%HIHH Z2 T2 (Ln) 7>
BEXCR > 5 1% LA TALSPEAK &A1 67)DL TODGA-DTBA Z &R H#ET T £ T 2% (An) i1
ZITZELn) 7 - FEAEEE SRR 0.3 M DTBACC ZMEG =B-NN\N" -=Z%) -
LA SRS 2ot 2 L)t » FEm o BEREE: > IM HNOSfER7KAH > pH $2HIFE 1.3
Z 1.5 2/ BN R EEEHUEIE PRV (R 68) - ARAEAILL 0.7 M TODGA/IE
+ 0% EENAT RS EER TR T M ARIEEIEE ) o Bi& L DTBA #E{ TR
H > SRR MR 20T E L) B 20T 2 (An) 0B > L HEAE(R pH=1 ~ 2 R T - %
Am A1 Cm BY5 BN 7B~ HBHEERESS - AmDTBAE B EHISESY) > BESA SR
B Cm o $ZITELn) TR ERRET] 80% » 1T Am AY[EIUEREET 99.5% - 124558
BRE » ZARYEE AR DB ERECT B v B m B o 28I 0 BRERS iR E
WA UCEZER > FEERIEET > BRI N KA A > R r e g s 2 Lo B
RARE > (2 P R B RENVIES - N SRR HNOs g s 20 it - FRsiaiss
KBRS » MR BOIZEEURME - ISR IAZ R S Bl A B A O 324
T TIR IR A Rl B 88 -

A0 B



F—HEMUE R L ADAAMWeA: —Bheh) i Am A1 Cm(fE 69 ~ & 70 ~ & 71) » &
177KAH 1.5M HNOs - S E B MR N AVRZESRIER - i B A © 0.5M ADAAM -
S TR AL > o BB Am)RIER(Cm) R ERI4E &) - Am I3 BCEL(D
{E)EET B 96.47% » Cm BY[EIUCRAIZES] 908% » =0 ADAAM {F {6 T BES7E S50,
RGP EEE Am fl Cm> fE2E—BFEF > ADAAM ¥ Am ATERFIES RS Cm
AR > S BRSNS > Am/Cm B2 BER TSP RIS 6.9 » B
ADAAM 7557 e AR Hr N R EEFE M © B 2270 2R (An)FIEH 22T 2 (L) YL EEEL - £ TODGA
A R 0.7 M TODGA F1 3M HNOs{E 25 B ZEHUH DN B ER T #0222 (An) I8
ZITZ L)Y - @I A DTBA » RE3A XU VI 2t Z L)y [EULE - (e
Am Fil Cm WY[EIUE > FIIF ADAAM R & IR MERRCE > #F Am FI Cm S35 8 > WAE
[OERE P EFR ST AR TEEREEGEE - B DR - SRR R S
A PR B ZE R - DA B S Y B A B SR, - BETE SR A A ) R (i
HEIAA LB AL R TIR IR BRI 2 R ffrfa 2

Composition of simulated HLW

La: 11.9 mM - Am: 2.34 mM

Ce: 22.8 Cm: 0.217

Pr: 10.7

Nd: 38.0 . all Ln: 92.86 mM
Sm: 7.2 (100 mM Ln as the
Eu: 1.23 aimed solution)
Gd; 1.03 J

Spent U (1t)/ 1000 | dissolving
obtained from JAEA-rev. 2015-002

64 R TEREEVIHLW) ATt
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1 ,‘,‘ \' .
(ORI Gl g B ol 10 St
HNO, concentration/ M ; L

N Dl =2 i
HNO; concentration/ M

66 0.1M TODGA ¥~ 8 Z2 Tt 2 (L) I T 2 (An) Z 7 ECEE(D)

67 TALSPEAK f#t:&)
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Metal concentration (%) at each sta

69 LA ADAAM 77 Am A1 Cm

Aqueous phase Organic phase
20 T , 4 12 -.-m T 7 i
0 H
= [ BRI
1 g | ’l/ e
(a) = 8 NT_...-L.-
il L
10 § 6 ;
AT
| | ;-
Q
- I ’ WS /
! OFh2
Am L
/l | 2 om
0 0
0 2 4 6 8 10 12 0 4 6 10
Stage numbers for organic phase

Stage numbers of aqueous phase
70 DL ADAAM 438 Am 1 Cm-2

543 H
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(PU)LA TPEN FH{LI4E RS AR 14 B 1R S I 2T 2 (Ln) DAY EE AU RERFFSE

FERREMIEER T > 457 8% (transmutation) SRES 7 5502 JE FE AR D TR 14 Bty 1 22 1
K T 2Tt EZMAREEA KL= IARRR B - e =T
SUHY o Bl B R B i B TR EE SRR > I Z T 2R (MA) RIS 22 7T 22 (Ln) 2 Y o0 BB
Am 81 Cm i T Z2N S EE(E 72) 0 BB TR EEEEA M - BEES
W2 BN - NIt > B s 2N H eI ZEHUR R R i PR RHEER F
flr R a V) 7R A R YRR

NNN N -PUQ-IEIE AL 2 —f#(TPEN) & BB NERE B 7 T > \fES T
JgX_EEEFEME AR FIEC i A R S BT - S HAE R = R EUR T BT

JB77 0 240 TPEN R B 8IS S KA ZE FLaVEE - FREI T HARIRK AR rY
JEM - KRl - 32 IHZERHRE TPEN BSEREEE K LB R asss & - RETHE = E
ZotZ L)) ST ZEHL - BT ReEE (L, Tonic liquid) &8 dA b5 i T f St ra i 1
AN EEY) - BEARZORE - RFNEEEMACERRENE - @k TPEN B4
TS TR ASAE S TR DU AR MERTE TR » W H 20t RIS B AU
BE

WFZery B Ry &k TPEN BUDIAERENTFT K IR T /RAS(L-TPTNA) > 1 NTI Pk
TFEEE > SHEEE = (EH 2T E o) DB YEEEEE J1(E 73) - B EZERUERE: - /&
& pH ~ RS - BRI > ST REFIER - HET iR HUEAR TP - W% A TR
IL-TPTNA ¥R [E§f T Z L) (IDe @AY EEE M - IL-TPTNA &R EIEZ T g
WER - gliEE G TPEN WRTRE(LEY) - MG b B & S A RIRE R L
FIRASAERS > I IET > (R TRR - BEALER NTE T2 T(E R e A%
52 FEE SR FES 2 BRI R A B LS 2 o &k IL-TPTNA BB 5(MS) ~ B IR(NMR) ~
AAMEEEIRSE T - S8 E T HASHNIEEYE - EREiREUr - IL-TPINA 25 RIFH
{EERRBEE  WRESA SO N R NS BRI E S -

HTEINER(E 7)FTEH A B IR B T19/KH .5 mL) - WARHS T 223580 pH
HEPTFR#EE %%m%nﬂwmum%ﬁmﬁmwmu AR HEKRES > DME
RESRFURA N S EE S HE K 160 rpm > ZBHIFREIRE 10 /7882 12 /N8> 5%
ﬁ%%@ﬁﬁmm’mwgﬁm¢mi%%%gﬁ FIF] ICP-AES #{TEBRETRE
iAo ETREEHGEE By T R R ZE AR (8 75) » #E1T T R[] pH {E ~ BRI
JEERE R > 455E3R0H  Bu'fE pH & 5.5 £ 6.0 B E A R EERCR » il H ZEHEY
REEZIFRE R MRS - ST 12 /NEHERFREARRS > 72 pH £ 5.5 2 6.0 HYF[E

545 "



Ay > IL-TPTNA ZEri ¥ Bu™ B BALEGE ST » 28— B A > Bu™ 81 IL-TPTNA Hf9 NTf”
FLEFI TPEN BASREMEC (A BRI ENEC &Y - BRI T ZEHEEER » &2
IERIEE R 12 /N Bu AVZERERES] 72% - fEHEIE1% - ZERUEF RS » Bn
HIBENAEERE - FERERY B PSRRI T - ZEECR 23 AR AckE: - B8
FUAEERERE N ZEECRA T HE SR ET—EER - ZEHEER
EFIA] > ERARE T RN B E—EN LR - MRIRE 7 s OFDETE
(@ 76)F1 X GH4REEASE ST (E 77) > Bu'B T2 IL-TPTNA VSR FRIEE T T
SEECA ST TE o XS4 s Am4SHE Y (EXAFS) (B 78) 0 Hie—35 8 T Eu Btk
B ER T DU B R R SR TR T IR E TR 45HE - (e B R R w3 ok
E > IL-TPTNA 1E R @A AU H I AU B 55 & B T BB A A B AR E AT
fILfEF - fFREiy pH {E T > IL-TPTNA 095y A5 a4 28k » ARt 7 HE Eu™ iy
ZEHIRES] -

RZIFERER T IL-TPTNA JE—HALS K M TR A T S B = (E i 2 T 2 (Bu) ey
EtERE  Hakat i e TIRE MG I A A AR T SR T e B R AL
IL-TPTNA FERZRE U 1 B ehpa 2 B E R VB EA > AR S B 2T R (MA) L5
FITR LR ER LITR TSR TR RATMERE » 5 — W R A HU Ry R ARA AL RE TS
Bpe it 7 E ARSI -

’ - (,-‘ e H Rare Earth Elements He
\ separation LiBe BICIN|OIF Ne

1 ~--T_—’ 1 l ‘ Na Vg Al'SI P 'S |ClAr

»1,—:.‘- = P @ @ o | K CaS@Ti 'V CrMnFe Co Ni Cu Zn Ga Ge As Se B¢ Kr

(- 1 d ~ Rd Sr Zr NoNo Tc RURNPEAGCE In SaSd Te | Xe

) SRSULTL Transmutation Cs 82 MRIHI Ta W Re Os Ir Pt AuHg TI Pb Bi Po Al Ra

_____ 1 = .l 03 Fleat reduction Fr RJ’- RI Db Sg BA Hs Mt
‘ M R -Srr A
90! @ § r]: 5 , .

______

72 K ZITEMAFIHZITR (L)L Am B Cm FE R TR A ik
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Ton exchange

73 IL-TPTNA B NTf 45 & ZEH(Ln)(I1D)

1.5mL aqueous phase containing
target metal ions

1.5mL (Cgmim)*NTf, Ionic liquid
phase containing
(IL-TPTNA)*NTf;

-

ICP-AES measurement of metal ions
concentration in aqueous phase

_EQ

=

Shaking
(160 rpm)

‘
ols
g,

Centrifugation of

\_

aqueous phase

Extraction percentage calculation

E= [cM]hl_[Caq]Iln %100 = [C".]’bl

X 100

[Caqlini
[Qh-mdwmnmmmh

B [Caq]in(

Be edracion

[Caglym = CONCRNY 350N of metal ions in aqueous phase afler e exiracion
[Calsm = concentration of metal ions in IL phase afler the exyacion

74 FEHUE SR

Aqueous phase;

" [Eu*]=0.05mM, V= 1.5 mL
PHy= 3.5, pH adjustment: HNO,
[NOy] adjustment: NH,NO,

Lonic liquid phase:
[IL-TPTNAJ= S mM, V = 1.5mL
- solv: (Comim)'NTf;,
Shaking time: 12 h
T=298K

-l - .\./.\.

- Eudt

0.04
INo] o

o i
0.00 0.02

Fig. 3: Variation of the extraction percentage (E) of

0.06

0.08

Eu?* as a function of the nitrate ion concentration

100
80 '.°.\
. ~.~.~.
\? 60 F (Ev*]=0.05 mM, V= 1.5 mL
< [(Cemim)'}= 0~ 1.0 M, pH = 3.5,
) 4 pH adjustment: HNO,
Lonic liquid phase:
(IL-TPTNA)= S mM,
20F V=15mL
ing time: 12 h
el - Eudt
o 4 e 2 2 4
00 02 04 06 08 10
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Fig. 4: Variation of the extraction percentage (E) of Eu**
as a function of the concentration of (Cgmim)* in aqueous

phase
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Transmittence

0.8

0.6

0.4

0.2

@ (IL-TPTNA)  [Ex"]) = 11

—— IL-TPTNA
—— [IL-TPTNAJ[Eu"J=1:1

1250 1000 750 500 9 8 7 6 5 4 3 2 1 0
ppm (1H, MeOD-d4, 0.05%TMS)

Wavenumber (cm”)

1750 1500
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. Measurement / confirmation facllity (X4 tank)

Secondary trestmentfaciity | () ALPS treated water satistying the standard

ALPS d water fer pump

... Flow meter and flow control valve

Seawater transfer pump

Discharge shaft (up and d eam pools)

[ 80 ZA%MEER M (ALPS) BR B (&Y /K PER R R

Adsorption
Precipitation Treated

1st 2nd Water
™
LA smgeh et

» 15t Stage: FeCl; = hydroxide precipitation removes transition metals
» 2nd Stage: Na,CO;+NaOH = carbonated precipitation removes Ca and Mg

Adsorption
Precipitation Treated
—— QOOOOOO" Water
' o6 ., L 00

* Precipitation Stage: Na,CO;+NaOH = carbonated precipitation removes Ca and Mg
(deleted 15t stage)
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HEFT TAHBARYESREE PR TR - % ““ﬁFﬁﬁZE’ﬂﬁHi%ﬁﬁé PREERE AP RN E R
PR SR B B R 22 AR E T RDOA (8] 88) » TREITMEDHIETT - f8 MY

51 H



TR S TAE(E 89) M T > RS T o - R A S (ISF) - PRiE it
ERERENHA - SHFaE RIVER - B EBEE T HEE 2024 4
A4y 2.5 EAKREEZE(E 90) » B 5ERP IR SERIRH IR T G2
SRR F IR HE A DL AT RZ RE AN RHIEER T BB Rk B SR R TRl - EHR X
RE A RPE SR e B (K IR B

Unit 1 SN Unit 2 (R Unit 3 Unit4)

Removed fuel Removed fuel
(assemblies) (assemblies)
566/566 . 1535/1535 e
Refueling floor Spent Fuel Pool (Compieted s (Conilatad I
on Feb. 28, 2021) L 1) on Dec. 22, 2014) |
—_—
= -
Fuel debris S | 8 \ ‘
4 -Q.V.Q- -OVO-
Preparations for fuel removal Fuel removal completed

in progress
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|__Pusher pipes

Telescopic
arm

Tilting

mechanism

Enclosure
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End effector (gfip;

/ / v v

Smm
" °
et
E >
n

The mounted camera can '
determine the size of the fuel
debris to be retrieved.

Claws help grasp the size of
‘ the fuel debris

84 I PR [l SN M5 -2

Glove box*
for separation and measurement of the retrieved fuel debris

Fuel debris

. . To analysis facility in Ibaraki

Transport container

85 R [l STh et -3

E:ge_ln,d,ed into the pedestal (22m in length) Dual-arm manipulator
nclosure B

Inside PCV Installed in the
enclosure & remotely-
operated by on-site

workers

» Arm-type equipment
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Small drone

P =
| M Investigation Area Some CRD
Drone: f--°°°3 housings have
Underwater —————— dropped from
v = their original

: e
(2022 to 2023) !
| locations.

| Scale & 191%179X54[mm)
Weight : 185[g] (including a battery)
Flight duration : about 8 minutes
ilns(a!lrd devices ©
.Light (90Im (45Im X 2)},
-Ultrahigh-sensitivity camera (front only)

87 FIFE AR AR R

Dak-4chi NP8
After 7 month After 91 months

from the accident from the accident
(November 2011) (October 2018)
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The difficult-to-
Number of evacuated people return zone

N t ¢ Fukush

HHH =z -
R,

About 25 thousand people still evacuees
from the lived town in August 2024,
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Outline

3. Activities
pubﬁc:mml/F’roposal/Opmion

- Symposi
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e a——
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SRR ELEs, - fERE T FIVERT - TIEPHEREEURIE S M EIEE - K
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Initial fertilization/

U

Zeolite addition
&

Plowing

=

Planting

=

Additional Fertilization

=

Reaping

&

Threshing

Nl

Polishing
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10.00%

1.00%

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

& 98 2012~2022 FJEri P (e IR B /KRS N 1

Cs tr ,~,u‘,:r fare

rans actor

K transfer factor

The transfer factor

LI
).000
1.000%
0.100%

0.010¢

Chaff

[l 99 #EEAFHTE IR T KRS N T

dditional K fertilization Zeolite Add. Chaff Straw Root
A 60kg/0.1m2 Zeo | 140 | 190 2800
B 60kg/0.1m2 | 100kg/0.1m2 120 | 140 2700

c 60kg/0.1m2 | 200kg/01m2 | 110 | 160 | 1s00
D Zero ! Zero 190 190 | 2100
E Zero | 100kg/0.1m2 120 | 180 | 2000
F Zero 200kg/0.1m2 150 150 1900
Soll 5400Bq/kg
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Cs Concentration

(Barkg)
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| 2500
2000
1500
1000

500

(1)
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—
2017 2018 2019 2020 2021 2

® Brown rice

u Chaff

_ 2014, it vill be eaten by

jfmT-"

102 2012~2022 F#EIREENFEYYERTE
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As for the sample in

the wild boar during

dryness and a sample

a small quantity.
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