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Abstract

In this safety research project, a study on risk assessment methods for internal fire and
experimental or analytical studies on severe accidents in mixed-oxide (MOX) fuel fabrication and
reprocessing facilities were conducted for the purpose of developing risk assessment methods.

Although, internal fire events are important in view of risk in these facilities, their risk
assessment method has not yet been developed. In this study, therefore, several internal fire risk
assessment methods for nuclear power plants were reviewed and analyzed, and based on the results,
a draft procedure of internal fire risk assessment for MOX fuel fabrication and reprocessing facilities
was developed.

In risk assessments, it is important to understand the event progression scenarios that lead
to severe accidents as well as the magnitudes of the consequences. Therefore, it is necessary to
prepare methods for analyzing these scenarios and consequences, and to acquire the related data for
that. For this reason, experimental studies on the following events were also conducted by the Japan
Atomic Energy Agency under the auspices of the Nuclear Regulation Authority.

Fires such as glove box fires in MOX fuel fabrication facilities and organic solvent
fires in reprocessing facilities
Evaporation to dryness caused by boiling of high-level liquid waste in reprocessing
facilities.
Aging of components in reprocessing facilities

According to the analytical studies based on the results, the scientific and technical

findings related to the scenarios leading to these events were obtained.
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Table 2.2.1.1
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Table 2.2.1.2 Conditions for making representative scenarios.
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Table 2.2.1.3 Common prerequisites for all scenarios.
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Fig. 2.2.1.1 Example of system diagram of the model plant (only countermeasure for design

basis accidents).
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Fig. 2.2.1.2 Example of system diagram of the model plant (including countermeasure for

severe accidents).
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(2) GB kSEFHAm AR
ARRBRIL, GB KKIZIBIT 5 FHGERFAMLF RO UIADFMIC L E R T — 2 F %
G322 &2k, KEMBHRHMmICRE T 2 FIEOBFHLZ B & LTFEM L, X2.2.1.3
Z GB AKIZBWTEE SN DFROBIZ R~ GB KK FHIRFO J b Y O fiak N~
DO CADHERE & L TIL, GB 7SHIUM O EAE 5 #F CiAfE & GB L
FREEICHERE L TV 2 HEXCR DM 5 BhRA LIADREEEIC KA C& 5, GB MM EIDZ <
SRR R SR S TV D 78D KERFIIZFIRIC Ko TR MR AET ., Zh
icl:ofa%él’j%%b DEREDERNFIEEZ SNDARENSH D, I HIT, BSRIC
THEH S AL 5 "l AME T A DIRBEDS . GB BAROBABEL GB MR B DB iR A (L HE 5 5 2
KeLZxnZ EbBRABND, £72. GB MBI OIRBEI E> TREDIXVERFEA L, #i
R[RAICHE SN WD EMEREN =7 7 L% (LLF THEPA 7 4 VX | LW 9 ,) IZAT
S, TRICK-THREEY EEELAMNIEEZ S, HEPA 7 4 VX OFFENRA L 5
%%hﬁ%éoGBkkﬁ’iGBW% CIFAET DI TEE TV L & bt S
L7, ZOLRDRGHEITIE. BSTEME ORI ~DOBRHNEL D Z &I D, ZLh
®ﬁﬁ%%ii\Kﬁn?iJB%%Hﬂ®ﬁ%%é@®%ﬁ&@GBA%WHﬂ%ﬁ%
PED 2 SOHEBIZOWTHIEEITH) 2 L & Ln, 7ok, AREOFEITFRK 29 4F 1~ Fik
31 L E TIZ JAEA IZEKFEL CTHEMe L 72 GB kKB O fE 5 22110722118 (IR 2 B D
FLOLLHLDTH D,

@ GB bt kBt OBy iR B O fE 4R

GB & i BV R RR BRI B W T, GBI EL (T 27 Vv, #ERT 7 UL, R
H—ARpx— RO maF Lo an) OBGRBET—4% (afRICHE ) BEREAEE, b.
By R TT A FCH R L « RERR S OF ¢ BAG iR T A DRRBENE) 2B LTz, 2D 9B a Kb D
T—=HIZOWTIE, 7 L= ZABO RS ERUT K D8 A T L, ARy D H
KEHEH L7z, 72, ¢ OB A DBRBEMEIZET 57 — 21250\ Tid, i Ean 4%
TT A Gy D IRIE 0D R £ O FEHE LT B3 2 BRI K O At & i L 72,

a. FHRIZHE S EERDEET — 2 ORfG

BACHE S EEBDHET —ZI2HON TR, AR -HESTEE (TG-DTA-MS:
Thermogravimetry-Differential Thermal Analysis and Mass Spectrometry) % FV T, GB f& bt
B2 o FIEHEESRME (5. 100 15 KTV 20°C/min) BRI ESNF T (BREHKL D
ZERORHR) THELL . B % TPE D W B, HERDER EORNT — 4 A BRINT 5
EE BT, B ENDBNMOTAD~ AARY MAT—HEHTE LTz, £72, v~ A AT
MVT —=Z N E R IT AR E EN DA ZFE L., £ FMREHEET D & &
BT, HREA BRI OV TICERGIAIZ LV 5 KPELHRBERZ BT 2 F I 2 4L L T2,
ZM4:%$ FHERMTOT 7 Vv D TG-DTA JIFER R 274, IR EFICHE 5 B
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PIX 3 ODAT—VICESTELZ NSNS, #221.610, ABHERZEE X TESH
L 7= BAERR A O SO EE A7 — O R i & R,

GB MBI D FIRIC L 5 BRI EE dTe/dt itk 57 L= 28GR L LTk A
U=

dﬂ = Aexp (_ E_a) ............................. (2211)

ZIT, TolIMEtOWMEREICAT 2 EEL (ge). X (s). A 1ZE RS OB
ERA (1/s) . EJZBGREOGOIEMAL = RV — (J/mol) . RITKMAEE (J/(K + mol)) .
TIZIRE (K) Thb, Z209bH A4 L EJNTHONTIE, & GB M EHZ S\ T TG-DTA-MS %>
Hradiha L, ZO/RRICEDIEE GB MEIOBN KIS % EFl 3 DOAT — VIR L,
EAT—=ICOWVWTHEHAD 4 & E, OEEZRE L, ZNHORIGHEET — X O BIRp 7
fEOFE LT, BREHKTTOT 7 VVORIGERET —2 2K 221718 T, b0
AL E,DEIZEY ., & GBMEHI DWW TIRE T 232 U CHEEMAD M dTq/dr % H#EE TX
Bo TeR, BREAR T CTORBRTIT, BAELZBGMN A LIHR T AR EL L T HIREE
FOSIAECIRNTzD . B REIS DR B EL THHRETH D,

b. BRI AR - FHAR

all Lo CHRILICEEBADRE (g/s) OMEIE. £ EEGMT A BHRE (g/s) &
RBpd 2 enTE5, LoT, M SHAEGET ZADOMALE (g/g) NEETE T, &
BT AR ORI HEZFRE TEDL 2 LIk D,

UlbZikE 2 T, &% GB MEIOBGRAT A IR EE « #2047 % 7212 Py-GC-MS
Oy HTERBRCED K OSBRI AP B AT s BR () 2 S8 f L. 4 GB A& B b it S5 E72 8y
iR 77 ARROTIZONT, E ORI & A 72, 8 2.2.1.8 [ICB iR A O & BatlifE S opl (7
7 YN EaRT,

c. BRI A DIKBENE

AT L D . GB MR B DIREEZE 2 AJ1E E LT, GB MM B2 & A4 U 5 KB iR 77
AT DR E 2 HEET 5 Z E B AMRRIC /e o7z, T D OBGEN Ay DIE L A S
AVETH Y | R LT 5 2 L TRIBET D ATREMEN B D BRI A DRBENE T D
CENENFEAEL, FO—HIL GB MM EHIEES N, MEIOIRELZEIZ LR S5, U
ED X5, GB HAMEIOWEEIZIX, BRI ADBREEZEL TH BIZIED T 4 — KA
v 7wz D WO RRBEROY A 7 VR FEET D,

(E4) py GC-MS HT stk « BV REEE CRAE LT A% —ARAIL T T v 7 L, SR UM 2 % 5
Ryaw NI T T 4 — BRI L W 54T D Tk

(E5) gfkim v sk B - B ZBRIFN TINEA L, BE LA RAC L, B E T2 5 ERET
I, TITE, FEDICHTDHIEEFELE LT, =V T4y vy —k A4 ru~ b o7 40—Kk
NHA7a~ T 77 4—03FEOFEOWTINEMSH LT,
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VLEABSE 2. B S 372 T ARGy DMRBET 5 72 D O I SV TRET 21T - 72,
BARHNZIE, B H AR DIRBEICE B T2 O DR RE LM Z L -0 0B E LT, (1)
PRSI 32 I P2 I A RRUBR L (1) e S 4R B 7 AR K R (i) TH 2% 1 3 i 2 I 7 B D 3 T oD 3
BRAFEM LTz, 22T, ()RAMBIRE &1L, AT A-WRFE-NIEET A (£F) O=5K
SRIZBNT, W D AT AREEIZB W T HRBERS N Z 572 < R DR RE A 15
T, (ERFFRE &I, EIRRE OMGIRBEN L = 572 < A DB RIE LRI, (i)H kM
U A BRI T A JRAC F W\ T ()R R EH E B O AU RABR & L TBER L2 FIE T,
XFRWE DIRBED MAE L 22 WERR IR 2 I E T 23 BR T & O FIEITIE R a5 & R Bk
KON JIS Hikk K7201 199922113 2B E (1 LT\ 5, (ii)iR3E F5 500 & B Cl3im i sp & OY
R Z 0TV ERRRE (BRSREEL 18 Ri) IS LI T2 2 &N TEeholzizw,
(i) A e R P FE R E RRIBR b OF 8 Tl L7z, X 2.2.1.5 12 20 & OFRBR O3B & o B2
Zoand, (i) & () ORBRIEEIIFE CEEAZ AWV TV D, () TIEEEN TEZRLNBED
BATAZBANSERP LR KT S E TRIEESE, BBFE 100% F COEER/D &I
K LEEJDEDN 50%E R HBBIREEZ YV —_A T 501K L, (i) TIEER KL OFEEE D
RO AZBANSERP OB AN S, BRREZ /NS < L bRREBED kR L 72 <
ROHMBEREZ Y —_ATHRBTH D, 0B, OBRABRFREIL, KERGHA ELAZYE
HARBFZERT (NIST) 23BA% L Cu 5k CFD t% = — K FDS (Fire Dynamics Simulator)
2208 CIX KPR OB REEDOA T E LTHER SR TWD, F7o, RARBR T 7B R R
EOPIL., 727 UV NVOEGIFEIT ADERS ThHD A X 7 U IVEEATF L0 [RIEE R IR R
GENTVD,

ZZTIEHO~GE)ORBRIZ L 0 | BREIRREET A0S EZRSE L2, 2 bidEn
TNRRDIEECTH D20, T b ORERAE R Z BER T 2 72D OMEt 24T - 7o/ &L (i)
AR K& OV aR R O FE 5L B[R e R IR L OfE 2 HEE T & 2 alREMED R S 7z, 2 O
RIZE D EERBRETEIC LV A GB WA EHT DU TR e 38 IR 2 B E S HE
EL, TORBEMEZFMT 22 ENAREICRD LB 2D, b, RABEREIZOWD
THDMEEPERL Y SED Z 2D T, Bl 21X Zlochower*> !5 52 X - THEERM 72 3k
DHZBNATWD,

d. GB WM EI OB iR O E Lo

a, b L c TR L DT, GB WM Bt OB R T — % 2 A T & 7, AWFZET
BoNTT — 2Tt L, Bl 20X, GB WA TRAE Lo KFEOBIZ L W GB #Ab B
MBS IRT D56 O CiA ORI £ CORFMOHEE 0, BRI L0 A U7 Al 2
GIFRETT A DFE K AT K O FIREMEDHEEITTEH T& . GB KKFEM DR TV A Ot
REBIFTAMCET D5 LN TE D,

23



#2216 HRBMEIOKINEART —TDOERDH]

Table 2.2.1.6 Example of definition for reaction stages of each test material.

AR i i PA 1 i 2 i PH 2 i 2 i P 3
77U 150 °C~240 °C 240°C~310°C 310°C~440°C
T 7 Vv 150 °C~250°C 250°C~340°C 340°C~480°C
R H—ARp—h 440°C~500°C 500°C~600°C 600°C~650°C
ZA=1=27 V= WA 120 °C~320 °C 320°C~520°C 520°C~710°C

HH) JAEA (2019) 22017

#22

#2217 HRFHKUIBT DRICHEET =2 of (727 VL)
Table 2.2.1.7 Example of reaction rate data in nitrogen atmosphere (for acrylic).
L FEHEAL o L — B R T-A
s AT —

E, (kJ/mol) (1/s)
150°C~240°C 62 +£20 10°~10°
240°C~310°C 250+17 1020~10%!
310°C~440°C 265 10 10'8~10"

Hi) JAEA (2018) 22116

# 33 D—HEELE

#22.1.8 BGiREA ADEEFMAEROH (77 V)

Table 2.2.1.8  Example of quantitative evaluation results of pyrolysis gas (for acrylic).
SR AT —
BNy R TT ARy 150°C~ 240°C~ 310°C~ At
240°C 310°C 440°C
A7 I 6.7 22.0 69.0 97.7
. 5 2 L . . . .
AR AT A -
frx= 0.001 0.00004 0.001 0.002
S - - 0.01 0.01
ARREES % 7%( AR 0.003 0.002 0.1 0.1
[ A7 - - - 3
& Ff - - - 100.8
- EERALT

Hii) JAEA (2019) 22117
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Fig. 2.2.1.3 Examples of events to be considered in GB fire accident.
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i) JAEA (2018) 22116
2.2.1.4 TG-DTA BIERROE (727 Vv (EHRFHKEM))
Fig. 2.2.1.4 Example of measure result of TG-DTA (for acrylic in nitrogen atmosphere).
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Fig. 2.2.1.5 Summary figure of experiment apparatus for measurement for limiting oxygen

concentration (left), oxygen index (right) and oxygen concentration at extinction (right).
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@ GB 7SR VA BHRBE R R R A BR

A GB /SR BHRBE R R Tl R A XD LR ELER HEPA 7 ¢ /L& D3EE N
AIREZR R D TR HEWE 7 ¢ 12 A GE D 8815244 & (Apparatus for Evaluating Clogging Effect
of HEPA Filter on Confinement Capability Under Fire Accident) | (LL'F TACUAJ &9,
2.2.1.6 X O 2.2.1.7 Z M) L 0 a2 50 L7, 72385 \HEPA 7 )L X DALARZ K 2.2.1.9
(R, B TIXRBEE L~ DR R RO 2 /N T A —5 & LT, GB "4 (7
7 U (LR TPMMAL &0 5 0) (AR U I —aRx— b (BUFTPCI & 9.) K TEER PMMA)
DIRBETAE S BRI HEE my, BEVEE Hre. (XWVEAHDEE momokes X VWV IR DR
BERFIET — 2 2 MG - BB U7, F72. GB /SR UM OBRBEIC W IUE S0 D 13X WD A A
(X% HEPA 7 4 VX ORGEE Y 8285 Lz, ok, EERO GB T, BRI TH
DN FETH D PMMA DSl Z PC S DM THE S Z LT L0 ikMEZ A ESE 5
ZENEZHNDTZD, PMMA & PC @ GB /S /LEf AR DRRBERFIET — # O TSN
AT, ZRHDO ARV EMA E I ETICAE, XiE, ExF L THEE S (hE) IThE L T
PRIE S & 2 A RORBERMET — 2 2 G L, BR EEA R RO Z1TO & 2
LIZ &~ T, PMMA DIRBEIZ L D PC ~DIEBED ATHEVE Z it L7z, 2R 2.2.1.10 (AR
EIRDOE Z27RT,

a.  GB /NR/VBS BUMURIRBE R PR R

GB /3% /VEf (PMMA X% PC HMGR) ORRBERFET — % 2 Hif5 - BB L 7=, Zh b ok
BERFPEIZ, B S DRt (F) MABEmAE (S) basfd & 70 2 fEIk &R BEmiFE (S)
OFHPHERIT 22 DRI K 0 B2 508, HERRBRORE., R COMBESIFIX, FmH
BHEWETHDL ZEARB ISR E D, 2 TIHRBEmE (S) Bl s (F/S
[ZHRAF L7e ) eIk CoRBR 2 520 L 7=,

KEIRAT T, FET HIRBEN AR XL X — O EENEE 2 — AL — A L7
Do TNHERET HIZOIZIT, BEEBABEE (mp) DHEARFRERD, PMMA BREEIC
DWNT, my & S (FRRBEHRE) OB L LGt ii=N% 1572,

M = 0.0152+ Se v v v vveesrmneeennueeenuneens (2.2.1.2)

F72. Hrrav ERERBERERH] T OREREL) TRl L 72 B BHE (Hrr)) 1220V TH, mp
& Hrrav OBFRZ R L7z (K 2.2.1.8, X2.2.1.9 M), [ 22.1.8 70553752 X 9 IZ Hrrav
TS EHIEOBRDH Y . Hrraw FREHEEETHBTED Z &R IND, £, K
22.1.9 205 HrravlZ my & BREOBERH D Z L ARBEIN D,

RSB DA SN (F/IS) OFRPFANTIEH 523, 2 b OGN E HvWa Z &
T, my XN Hrraw & S D EBFR LFMIEICE 2 2 & 12705, ZOTFIET, fifra— R%
TOBIRBIRENT DO T2 D AT HOFAM - B EICH L THEHTE 5,

PMMA BRBE & PC JREE CHAE LT IRV EDORIR A 2 el L7-fE R, RS KO Fy (=
BRBEE L~ DIRFEIEE DGR &) D T Tk, PC DRBEIC - TRAT 2 IEWVEDRK
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BERIX PMMA O5A L0 K&, Eo RAEBRETESWZ E 0350572 (K2.2.1.10
LSO
CZTEAENFOITWERZ 23l L7z, BT oW bRIT, REE/LOHDICE
WS L7 WE B D ATl L 72 BED ORBER B4 720 OV ERHETH D, Ao
F ORI LR (Gp) (=T BB RUR O B R & X100) &RBEE VISR
LEKEE O W T b bR BEE L & 1 EHAR T 5 DI S (V. (SRR BEE L IRFE)
/Fv) & ORIZIE, SIZE BT ADEEBEENZRMENRH | DO E X PMMA & PC TiZ
ERICMEE 725 Z B3 ynoT- (K 2.2.1.11 2R, Ziux, PC »OEAT HIEWEDOIL
EZFEN, PMMA L RRICIRV R D AREERH D EEZRBLTVWLIHLDEEZEZ NS,
F72.PMMA & PC ABEIZIIT % HEPA 7 4 VX O BATHIFEYS 72 0 OIX W EAfT & M &
HEPA 7 ¢ V& OFEE AP O BfR 2172 (X12.2.1.12 Z8) . WTFILORBRFRICHE N T,
AP I M OEENNZFENEEI L 72, PMMA & PC AEECH L7 M-AP iR % 2D &
PMMA O R PC LV HFEILE MITHT D AP DRE WHER E o7z,

S HIT, fitE X L7z PMMA X% PC 2k LT, BRBEM O @ S I ORBED IR D3 0 5 Je OY

%’ﬁ
i

AE DT (B DO 2B LT, DKL Bﬂ%%kbt A121%. PMMA 1T
B AmE TEREE (X 2.2.1.13 /) L7=0lcxt LT, PCIXESMIRMREE L 72 -7~ (X
22LM§%%EHﬁPMMAPCﬁKﬁ@L%C\ﬁﬁ%ﬁXC D IR R T 5

AREMEIN B D R AR ERE NI ST (X 2.2.1.15 B R),

b.  GB /SRR RIABERF MR

BHFEFAD GB S8 (PMMA, PC, #EX PMMA) #HG R ORBERBR 21T\, BRBERE

DT FEFER Y — A F — LT — X G - BHL L7, 3B TIX PMMA & PC %7
HORTEERORBERET — % ZHU5G L. PMMA OBRBEIZ X 5 PC ~DIERHED "l RENE %
L7z,

PMMA & PC ZHREE & 2> L FIZERE L LD PMMA (255K L7=aBRCid, BREEIC &
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#2.2.1.9

AERIZH W= HEPA 7 ¢ /L& DfLEE

Table 2.2.1.9 Specifications of the HEPA filter used in the experiments.

No. FHEH 7 4 L& I B 00 ~1i% A 18 1 TR 5
(mm) (m?) (m*/min)
1 TNH AR 1LEU-180-MFA 580%580 30 50
2 /N—"T7% A X | ILEU-180-JLL1
292x580 16.5 25
(%%E)
i) JAEA (2018) 2*M6 R 22 —HEIE

*HARZ TV 7 4L X EL
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7% 2.2.1.10  GB 7SR VESBHER BE R M55k O bF 78 F B O 2L

Table 2.2.1.10 Summary of research development for combustion characteristic experiment of

GB panel material.
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(1) A5 U 3A D FFAfl il
B X (PMMA, ¥R |- EB#EOLRR|TVWEAWNERE
PMMA, PC) Beks T — | L EZEEOBKE
25 (S, F | BLE2, RBEW O
W2 OEE) | VWOREEEIE
W b — & —
B xvH
7L ORI & —
7 H3 5 PCH
RIES 5 2
L AR
it e X BRZIEA 0 J7 . iR
(PMMA, PC) FESYAR L Rk —
D%
R = BRBEREE T — & | IT W AR EE | MR ToRbE
(PMMA ( &) /PC (F | /5 (PMMA Bl | & ZEOBEFRE | T —2 Lo
&) BRBEDN D PC & | Bl MR E | EVW LV PC~D
w5 (PMMA (LJ@) /HB | B A BBE~DE | TR R L O | T2 B85
PMMA (F/&)) Bk o &%) PR
=y feE X PC OBRZIENY B BB 2 8T
= (PMMA & PC % IEX%)) 5 UERE L7 A—H L L, iEHE
A) IR S AR A NELD, £,
figdf I D 1 22 o BB N A L 45
% WE @ PR B A& B
il

) JAEA (2020) 228 £ 5.1 (KA —HELE
M1 RBERAMET — & RBEE B (SRR (mo)) . EGEEE (Hre) . 1XVVESE A Z5E)
UTVVEFE AR (mgmoke) « 1 RVVEAL R KL A7)
X2 0SB ORBEEAE, F: RBEE L ~OE EEEOR K&
FHED BRI D & HF)

(BRHERRE 2 RE L CRHH
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Fig. 2.2.1.6 Schematic of ACUA.

) JAEA (2020) 22118
2.2.1.7 ACUA DML
Fig. 2.2.1.7 External view of ACUA.

32




15

12
'
29t
=3 PMMA:
B Hpp o = 72.58S
z 6
i

0 0.02 0.04 0.06 0.08
S (m?)

HHL) JAEA (2020) 22118
[22.1.8 BT O FE B Hrrav I RIETIRBETIRL S O R B
Fig. 2.2.1.8 Influences of S on Hrr.av.

14
12 ¢
10 F
@ i
80 [rc ]
36
o
o
I 4 ¢
2 PMMA:
HRR‘av B 4766m,)
0 1 —
0 0.001 0.002
m, (kg/s)

HiH#L) JAEA (2020) 22118
2.2.1.9 E#Fﬁﬁﬂvzi‘éj@%\é%ﬂﬁg Hrr.av i:&&ij‘E%{ﬁ/}\Eg m, @%ﬁ?ﬂ

Fig. 2.2.1.9  Influences of mb on Hrrav.
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Fig. 2.2.1.10 Example of particle size distribution of soot emitted by PMMA combustion and PC

combustion.
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Fig. 2.2.1.11  Influences of V/Fv on Gp soot generation fraction Gp.
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Fig. 2.2.1.12 Example of relationship between soot load per unit area of HEPA filter and
differential pressure of HEPA filter.

K APMMALR
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i) JAEA (2020) 22118
X22.1.13 KEOETOB K22.1.14 BAREKEOHE K22.1.15 KEOHETOH

(PMMA /3 )L) T OB (PC /3FIL) (PC 733 1)
Fig. 2.2.1.13 Example of Fig. 2.2.1.14 Example of Fig. 2.2.1.15 Example of
flame behavior (PMMA panel). status after natural fire combustion behavior (panel).

extinguishing (PC panel).
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Fig. 2.2.1.16 Example of relationship between load weight of suspended particles loaded per

unit filtration area of HEPA filter and differential pressure of HEPA filter.
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Table 2.2.2.1 Arrangement of radioactive material migration behavior according to event progress scenario and data acquisition status.

FEUB ISR B B lis )39 W 15t 140 7 [l

JBE R X R [ 104°C LA F 104°C~120°C 120°C~170°C 170°C~300°C

DL

BEHR D T IR I 2N 2N~6N 6N~ 14N —

PR 255 KRR KA, MEEARR. ZEX KRR IR EX L BED NO2 | 25, NO2 & UV NO™

SFE RR 4 %05 NO

Ru OXAH~OE | REE ORI R E > =hu T =y AOBAL-$E%E | Ru(NOs)s D5y fif

BERBATHEM,. B | =7 ey by 1% RuO4 RuO4

i

Ru OKHE~D#
17 & FEAM 2 4 B
RT—4

a. ARF XUIEHR E SRl ffR

a. ARF X3 TR F S RIFER

b. HAEERIC L DM Ru OFAE
Ik %h F

c. BEWRITH T B Ml A Fe IR BE o 3 FAl

d. RuOs DHEFE R (FE 4 5)

e. Ru(NOs)s D 4 if 5 (J6 )

f. =7 | LD EERE RO
A~ DI

VBT Gtz

=il

f. =7 1 L DEERE IR D EERE K ~
DY

h. RuOs= EEHE K~ D WL
i. RuO4s=>RuO+ 7 4 V¥

j- RuO4=>RuO02+ 7 4 /L F

(R

g HEPA 7 4 V22 K D FRE g HEPA 7 4 M Z (2 K D% (BiR) NO2 %EIZ K 2 Wi EEH o2
. AR, MED NO2&IZ LS | 1 RuOs=RuO2+ 7 4 L F
Ru o[BI [ i i R oD B 2 (IR - A & CIRIRAL)
k. RuOs=RuO2+ 7 4 /L ¥ BNy R SIS E DR T O
(IRIR - EERR AR TIRIEAR) NO: HIZ LD EERHOE
BNy R OGO T 7

T =& DB IR
Ui

a. —HWEMIE 6 KO ICHR

2.22.10

f. MELCOR?227 Z it = — RIT

&0 RN FA
g —MIZ DF=10%(1 B%)
1052 B)

N

o —H eI 116 g RSk 22210
b. AR ERFFE
c. W Z 298 TG T E

f. MELCOR?227 T 21— N|Z &
D & B B

g —fAIC DF=103(1 E¥) 1% 1052
B)

A KB RRRTT, —E e e,
T UASC ik 222100 222,11

h. A AR B O R 5
THUETE
S

e. RLEMIET, = WEDIE

1.1.6 &U\jcrﬁk 22211

jo M2 R THRASG T E

[RAL N ¥ A @ 7R

I

*1 1 SERK 27 AR R ONERY 28 AR D2 A SE B G e,

¥ 0 REPEIZ I T BRI OV TIIAkE L CTRFTFTH D . .

46




< 2.2.2.2 RuOs i OGS EE B 0 —

Table 2.2.2.2 List of RuO4 decomposition reaction rate constants.

#MEE RuftiSE BERMF HNOs Hz0 NOz NO i S R R

B4 [mol/min] [l lequiv. ve Ru]l [equiv. vs Rul [equiv.vsRul [equiv.vsRul 1%EES Y TaES ol LY Y
1 1.7x10" 120 1 500 o 0 681x10" 1.34x 10"
2 1.7x10° 120 01 500 ] 0 6.26 % 10° 115x10™
3 1.7%10°® 120 0 300 o 0 2.95% 107 6.55 x 107"
4! 1.7%10° 120 0.1 500 100 0 - -

5 1.7x10° 120 01 500 10 0 9.43x 10" 1.85 x 10
6 1.7%107 120 0.1 500 75 0 994 % 107 £75 %107
7 1.7x10° 120 01 300 75 100 293 %107 496% 10
§ 1.7%10° 120 0.1 300 75 10 1.82 x 10° 407 % 10™
9 1.7x10° 120 0.1 500 7.5 1 214% 107 447= 10"
10 1.7%10° a0 01 500 0 0 1.21 % 10° 1.79 %10
1 1.7x10° 60 01 500 0 0 1.28%10° 256% 10"

HEh : JAEA (2019) 2223 2 —¥E1E
*] ERE S 413, RulZHTAHAWMLUIZ NOMEFLUENRKLZWVWREBRTHD . NOIZELD
HERFENKE <. RuOs DA HEE 2 TEMICIEMT 5 Z S IZR#EETH - 7=,
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Fig. 2.2.2.1 Conceptual diagram of development progress and radioactive material migration

behavior of evaporation to dryness event.
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Fig. 2.2.2.2 Emission characteristics of Ru.

48



ZER YT e

,L >
:/.Ujj}}‘-‘}b EE%’]D@!’EB ﬁzu&m*ﬁl
1 / ﬁyj"u:/jl‘ =] m| — o5
o ey 1 i
RSB L = 7w ; S
oy | 2= K CRH1F)
Ny S| / AAILINA '
IS - . RE—5— /
Iz /
- EUE
E#F --

HiH : JAEA (2019) 2223
2223  HEAHERASIN OO 578 A M & 2 7o HEREME Ru BAT 258 O FFAf 2 7o S E AR EE X
Fig. 2.2.2.3 Schematic diagram of experimental apparatus for volatile Ru migration behavior

on the effect of added nitrite.
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Fig. 2.2.2.4 Example of results of Ru migration behavior on the effect of added nitrite.

49



Dilution gas line ﬂ

LT
Ruthenium recovery system Vapor generator Mass flow
Mass ﬂ:W Condenser controller
GD 2r Gag
(] washing ' | Evaporator \
bottle (A) |H| Glass =

Filtar Filter Q z
A pumdl Al Silica gal | | ———, Syringe %_)
Exifaust . Mixer \—‘Heater pumg Press maonitor E.;Q-
ine -

2 Exhaust Li Q
Il Outlet Reaction pipes Inlet ) Gaseouws RuO, gererator
copnectar . bannecr
1=C]| [

uF'ipe#BmF'ipe#Bﬁi § mpil;e#ZmpipeM =

-4
L i i s ST Water Gas washing hattle (B)
Thermostatic chamker Roket Vacuum [
pumplB)

Exhaus = Refrigaratar
Heater )
t Line

Hi : JAEA (2020) 2224
2225 Ru=x7 1Y VARCER ORI 72 R E R 2
Fig. 2.2.2.5 Schematic diagram of experimental apparatus for evaluation of Ru aerosol

generation behavior.
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Fig. 2.2.2.6 Example of results of Ru aerosol generation behavior experiments.
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Fig. 2.2.2.7 Results of NO; and NO to Ru mole ratio evaluation experiments.
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Fig. 2.2.2.8 Schematic diagram of experimental apparatus for evaluation of chemical behavior of

RLIO4.
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Fig. 2.2.2.9 Results of RuO4 decomposition behavior experiments of nitric.

(Experimental conditions: Ru/H,O molar ratio is about 1/500, gas phase temperature is about 120°C)
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Fig. 2.2.2.10 Results of RuO4 decomposition behavior experiments of NO,.
(Experimental conditions: Ru/HNO3s/H,O molar ratio is about 1/0.1/500, gas phase temperature is
about 120°C)
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Fig. 2.2.2.11 Schematic diagram of experimental apparatus for RuO4 migration behavior

associated with vapor condensation.
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Fig. 2.2.2.12 Results of RuO4 migration behavior associated with vapor condensation. (with NO;

addition)
5% 20%
4% _
15% S8
'@" - =
Q . s
= 30y IS © AR+ AT 1B OO R Ve C BN L 72 A b 13
B =0 ) Ry FILE(= |7 ST = A R RuOs & R . =4
B @ SUSEPIED UL L= F WP Ru FLK(RuO; 10% [g
[ 2% ) =
E 05 Ru [l ik
1% % B
(s]
0% 0%
0 50 100 150 200

FATEERE [cm]
ot - JAEA (2018) 2222 % —ffEIE
22213 RRUEEMEICEE D RuOs OBATEBRBRAE R (NO, JEHIN)
Fig. 2.2.2.13 Results of RuO4 migration behavior associated with vapor condensation. (without

NO; addition)
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Fig. 2.2.2.14 Schematic diagram of experimental apparatus for the Ru gas-liquid contact.
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Fig. 2.2.2.15 Example of results of Ru gas-liquid contact.
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Fig. 2.2.2.17 Trial analysis model for full scale virtual facility.
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Fig. 2.2.2.18 Example of analysis results of full scale virtual facilities.
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Fig. 2.2.2.19 Schematic diagram of apparatus for water supply.
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1.E+00
® 5.0 mL/min & 25 mL/min A 100 mL/min
1.E-01 O200mL/min 31 L/min
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2
LE-03 68—
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F K AR EARE [C]
gt - JAEA (2020) 2224
22220 EAKRPIZEIT H5FA~D Ru BATEIG OB
Fig. 2.2.2.20 Example of Ru migration rate to gas phase in water supply.
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Fig. 2.2.2.21 Example of Cs migration rate to gas phase in water supply.
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Fig. 2.2.2.22 Example of Nd and Ba migration rate to gas phase in water supply.

59



it : JAEA (2018) 2222
22223 HED OB
(FLIE A O VERUEEE, No4 @ 150°C, No.7 : 270°C, No.10 : 400°C)
Fig. 2.2.2.23 Example of dry matter.
(Making temperature of dry matter. No.4: 150°C, No.7: 270°C, No.10: 400°C)
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Fig. 2.2.2.24 Example of physical property values of dry matter.
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0 353

it - JAEA (2020) 2224
X 2.2.2.25 ZIRICIRATET L OB
(R E Y. AL SUS304 SUATREEE T 2 /R, )
Fig. 2.2.2.25 Schematic diagram of 2D analysis model.

(The shaded area indicates the dry matter, and the white area indicates the wall surface of the

SUS304 storage tank.)
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Fig. 2.2.2.26 Example of 2D analysis results of temperature distribution of dry matter.
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Fig. 2.2.2.27 Example of 1D analysis result of change in temperature of dry matter over time.
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2.2.3 BB OBRFELI

FHLBR % OB D i, #ESE ORBIEE 1T O 72 OBRYLIEHERFIZITBRYLAI & LT
BRANKEEET B U 7 A (NaOH) K OERE (HNOs) N AIMHEH S D Z &R —ikiT
BV FOBBRGLRILTIE U TRIZEOMOBRYEAIAEH S d 7, BRYEZEITEARMIC
Bar. Bl ORMITHE L TO DB ENE 2 508 R A 4 v O & AR 3R TV
fig L CERIRMICHRE L oo, BB ORM OB EZ#IT L2 ko bNnd, FTNEO
P FH P AL BR SRR oD 2 2p i K OVBL A I3 AL B gk B 2 7 o L A 8l (R-SUS304ULC) KR
Ua=gh (Zr) MMEHINTEBY ., A7 LRGBS KON Zr WEE 2869 57201
BMBEAEMTRHNLNTWS, ZOfTIX R-SUS304ULC IZ Zr L DA »H— bif & LT
Z 2 (Ta) ZBFEEEHR., Zr ZBFEST 25 2 L TRES D 223, Ta l36EiR (FELE
MEfE 2 bR <) 16 L CIIEN M R&IEZ /R T2, TABVKERT CHERALSTL, £
o KEEZWIRN L CTES ML T 288 L LTHLNTWD VS, SRR (AR, 7
V=T LEIRE) OV OIRIK & 7 D aTRENE 2 53 5 8l H NaOH & W 7o PR
TERED B G ETIC RIT T B OV THMAT 5720 LU N OB 2 FHE L JAEA ~O
FFEIZ XD | TRk 29 FEED SR 2 LIS SEHE L7z 22322235 £ 2231 ICRBOME %
ZNE I

(1) AKRFEWIe iR (NaOH K O HNOs D A2 H{ZIE 23k i FFPE L2 M T 3 B2 0 e ik
)
C)NwH&UHM%@QE&ﬁ BT Bk FE WL 28
@ KEWI D HEA FFME I T T R
Q)%ﬁﬁ%(M@H&@HM%@&E&@@W&@K&@#%@ fife B 7l B

ATk, BfS L2y — 2 o2 2 LU T () K OISR T,

(1) ARFERIE LB (NaOH K 8 HNOs 0 A2 FLIR 8 AN B I B M 12 M E 3+ B o ek

)

JERBUG TS GRE, pH X OVEBAL) IZX > THRFE UIKENREET DL LD, Ta
MEMH L T 2EE 2B Tk NaOH 12 £ 2 BRYICHEVIKE 2 I L, A0 R PE 3 I
T2 LNBESND, £ T, BMESHREER A £ X512 NaOH %k & U HNO; ik
IZRHIRIE S, Wﬁ*@&om%&&ﬁ@%ﬁﬁbtoit NaOH A& 1212 1E L 723k

BR A & e 52 5 R & S L BEAR A Rr 1 i#%@%ﬁﬁbkoﬁﬁ gt e LT
Wﬁ&@*%%ﬂ%@@%ﬁﬁi%TaH%%ﬁ% PEBRA R ME IS M T B DA T

BRALFRNIAKFETF ¥ — Y Lol Ta MR A szUﬁé@%@%%EﬁétwK
33% i I AE R Ta A4 5A8R A B OF 50 % ¢ A] FEAE AT Ta #4508 A & BUBR ICfiE L 72,
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D NaOH &k & O HNOs I8k D 22 HARIBIZ 31T 2 K FE WU ZEH)

fli Ta B R OVFEREAH Y (SR & [R) CME O B2 W CIRER O i L5 15 CRUE) o Bp 8%
AT LT NaOH & HNO; & Z A2 AITIRIET 2 BB IRV T, KR E & ONRE IR
wNT A= L LTeRERR 2 i U7z, MRS 2 % 2232 1087, BRIEABRIT NaOH
VIR IR 1E—HNO; IR 12 15 —NaOH IR iEI2 1E—HNOs IR IR 18 DO NEIZ & 7RI T 48 B 20 L .
KV T ORI B AR AR E SRV L D 1 HRORKIC X DKL RO ZERIC
R DRI EAT o e R ICEHBE R OUKERINE 250 L. 2 AU RIE T IR & ONREE D&
BIZOWTHRA Lz, BEITHEEOIEL 2 2B/ L 1504720 3kl Lz, &
AIRIERBROFEM 7 v — 2 X 2.23.1 (2, BEABREEONME 2K 2.23.2 12, ABRA DS
BlaX223312, Flo, @BETKREENEEEOINBLEZ K 2.23.4 12, ZHERFERERORR
FfE&#K 223212, RBFEROF A 22351277,

4 2.2.3.5 1%, BRI 80°C 1235\ T NaOH IR ) OY HNO; VIR DR E 2 /3T A —
2 & LT2 A DR HIRIER ORER A O Ta H O RIEE (BRI E/Ta MORmE) kU5
HIZIE®% ORI O FHKERE GRE A H oKFERE/Ta O ER) OREREROFHHET
b5, il Ta MRRER A 1T A ICHA] L COKERE LML TR ERERISTRAE L
KRFEZRINLTNDZ EZRLTWDN, BRMEAGHRBAITERET 2 b DD KFERINS
RELHHENTND Z EZRL TS, RHEIRERERO LM CIXFEBED I 1ETHIE Lz
B BEAM BB ORIERBRATOKFIRE (7.8 massppm) & Ll U CRBRTE OKFRED
NI AR TS Ilmassppm FRETH o7, £ 2T, BHMEEHM OKFZRINO /ML XV
FIHE\ZRERIES 5 728D 12 Tmol/L . IR 80°C D NaOH /KA H11Z 168hr HftiRiE L. FEEY)
WitglZ K0 Ta#OA 20 H UKRREZRE Lz, £O/E, 11.0, 11.1 X T 12.8 mass
ppm &7 o7, A UHIETHIE L RRIBEBORBR A O Ta fHOKEIRE X 6.8 mass ppm T
ST Z DD BMBEAMITERER NaOH EIRIIZIETIEKFEEZWINT 2 2 & 2R
DGR AT,

B BEA MM Ta I IR U COKFBRILESIE] S 12 FIK &2 REd 2 72 IR ER
B & [ 42 0> NaOH EIIRIERF O Ta BARO A RIZIEEN A N Ta & Zr LN Ta & AT
L A4 (SUS304) DAV THED Ta DB NN AA=y 7 EFiERNE L, &
B i FE LT, Ta % Zr e OV Ta % SUS304 Jb & LT 1:10 & L7z, EEXALFT — & HlEL
E O AN 2 2.23.6 (2, £72. A ROFI A2 £ 2233, M 223.7 KUK 2238
(a7 N IS

#2233 1%, 80°C |28} 5 Ta DREBMOPEF L THSH, £72. X2.2.3.9 (X NaOH
ERHFIZEBIT 5 Ta OEM-—pH B TH 5, JE Sz Ta D HRRIEENMN 2 Z O ENM-—pH
M THERET D &L R TRBRERL Y HM () REMICHY, RIETDHEH Y — NG
ELTTKRFEMNIAEL, M Ta MERBT O AIRERRIC X 2 KFERINEB ORGSR & —BF
b, Fo, Ta XN Zr WONZ Ta XL ONSUS304 & DH v 7 U > WD Ta DFENLIE Ta HAKD
H AR AL Il L CEMICBIT L T 0 | Ta fEE CTOKFERAESCRINABA T 5 Z
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ExRRET D, —F, Ta KON Zr WONZ Ta LN SUS304 &L D F v 7Y 2 ZIKED Ta DIT )V
= 7 EFIT OV TIL, NaOH JE A Tmol/L Dt DREIZAT E 72l & 72 2B 2358 5
iz, 1} 2.2.3.7 VX 2.2.3.8 1% 80°C I ﬁymﬁmbﬁﬁ~TMﬂMm$M&®w/
TN THED Ta DANAS=y 7 EROUER R TH D, Z DORHRIT NaOH IR IERFIC
Ta N BGOSR Th D SUS304 X° Zr LT 5L 2O DOEEN Ta LV B2
JERENMEZA LD Y — RGO —ME8 &% 5 2 LD, Ta Bi#E 1 T O KFE I A LWL
PS5 2 & RmRT D, R HIRIEAERE O R H A M EER 007K FR AR S 4
DOHEIFAN T Tmol/L DFEMFDR R b/NS L RoTmDIFZOMRIZE DD EEZBND,
INHDZ ENHLRARBEARBRICEWTEMBZEEHMRBRAIIERET 2 H O DKFERIN
WIEI SN DAER L Ip o 72 DX Ta HOEN D BRIZIE BN R L CEMITBITT S Z
L&Y — RSO —E% Ta A DB ENSIEZITHZ LICE2bDEEZLND,

@ KBV DS BEAB ) R PR L2 R E T R

PR RA R OB A & L CTid, Ml Ta MEBR A IZ DWW TR RM E26 4 O LG Ry D 2
FIZXVBEANINDOTHPEENIC G 2 5B EZ T D72012 33 LT 50% D+
EEHE L7 b D b L, BRI FRICHRHIRIKE T v — ¥ Lic, BHMEAMREAIC
DWTIIKRFEF ¥ —Y L7 b D& NaOH WIRIRIE L7 D& f 7o, KRR DS IR A0 47
PRI ETHBE R T D OICBRILFAIKRET v — P OHRAIC OV TIARET v—
RFRTIZ 2 0 . NaOH ISR IEIZ £ 2 A 122V Tk NaOH IR IEREMIC L W KFRE D
%%%ﬁw\ﬁ%¢§ﬁﬁf%%ﬁ%%%mLEJ%%M@ﬁ%W%Ltoik\ﬁﬁﬁc
WL & V72 K DS EAENIC & 0 MR R PR I RE T B A Wit B 7200, B Rh % 0 kB
2N T H 5 IR 2550 Uiz, sBRE 2% 2234 10877,

AR OANBLA K 2.2.3.10 (2, FIIEREREE OB 2 [X 2.2.3.11 |2, ZWERRHEEE 0 48 %
(] 2.2.3.12 12, BBRAEROFIZX 2.23.13 25X 22323 1277, £/, RAREEERR
BORMBEAM O Ta & Zr & ORMEITLFITIST 5 KFED ZIRITHA0 D 53 ik e D 4 [
22324 (2R T,

4 2.2.3.13 725X 2.2.3.18 1% 6 R EXL PRI AKFE T ¥ — ¥ LKFEREDY 99 mass ppm
(272 > 7= fl Ta #4588k i} OY 71 mass ppm (272 > 72 33% &4 FEIEEAT Ta A4 5805% 73 ONZ 100
mass ppm (272 5 72 50% ¢ ] EAEAD Ta #4588 F 0 5[ 5RHBR I W THUS L7z )S J1-Z A dh
L BT BEE OB T 5, ZibORBFRERITOTHAPEEZIR T S5 & 5 IR ES
L2 LIIRLTIEVD DD, 80°C OENRFNEA TiX, 2000 FFf £ TORERNICI T
ENF RN RERR] OE VM K DI - AR D BRZE 2 B LIX A B o 7o, £72. 100 mass
ppm F TOKFZIRE TIIERTORBRA DIERAZE BB COWE CTh - 7=,

X 2.2.3.19 1% 60 5 MBS FEANTIREINCKFE T ¥ — ¥ Lo BMESHMRER T 0515k
ARERIZ BV THESSG LIS -2t Th 5, REEENEER i O /KFE R 1 36.8 mass ppm T
o5, BN BEMIFFEDO B ZER ST 5O EE I OMNTONTIIHER TE A
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3o T2 3 AT ORER T DSERRET O MR TR U, BT Ta/Zr SR 82650 CHErER
(AT U7z, [X12.2.3.20 1% 10 3 [EIBESEFRICTRFIBICKE T v — 2 LIz B AR
DN T b RO SRR 21T WVEUS L 72 - ZL R CH 5 RRFEhatBR i ok Rk
FE1X 9.9 mass ppm T 5, < BV E LWV EIENE Ze 38 TR L 72556 b & > 7203 K 2.2.3.20
(2R T &K D ICRIRIEAZ T Ta/Ze 826 S CHatErIcil+2 2 L b b o7,

(¥ 2.2.3.22 1% 80°C, 7mol/L ® NaOH ¥A#K(Z 168hr {ZE L ZARF%h S & 7= A B2 6 4 3
TR ORIZE O B B2 MR O BRI B W TR L7 J1—EA difR o 61 T &
Do Flo, X2.2.3.23 (XRER AT THaMERIIZHEET L 72 168hr Rizh OFRER T DAV E T
HbD, ZORERBROKFZREIL 11.1 mass ppm TH D, 728, [F URIESRMTHER
L DR OKFEIREE 12.8 mass ppm) & TY 1000hr FF2h K6k ([ 11.0 mass ppm) 1%
JEMERE T Cd o 72,

Ko T, BMBEMKTFO Ta TBICKFRIT D ATREVEN & 2 BRYLEHE 2 3HH 35 LTk
Ta 5ICEH T H/KFEIRE 10 mass ppm FIE DS HZ E R D [REMRH D, k. FHH 2231
X Ta ICEH T HKREDESHRIC Ta/Zr FICIEL - T 5 2 LICER L UBRELR
D Ta IZHAETDKEDREEHRD Ta/Zr H6 T H TOFEINI LI KT TREIT OV THIZ
LCHEy, EENRERESSMN (BKE 6.0kgm?) TIEESHIO Ta DKEEHEN 10
mass ppm £ D %< 725 EARFBMRACFINDREET HEBENIEFICELS s EHEL TV
Do

BMEEGM D Ta MIZEEER U T WK SRR TR R ME I C 2 8 2 T RIS D
WTHRETT 2 72 OIS R HIRE B % O B 8EH D Ta & Zr & OFRNITHIZI T 5K
FOyA e ZIRA AV E RS ATIE (SIMS) (2L 0 i LTz, odrkE S o fl %X 2.2.3.24 121
T, KESMILZr & Ta L OREUAED Zr & Ta & BWSFFEETDEEHTEL > T
L2 ENRENT, Lo T, BMBEAM O Ta MICWIL S 7=k I1E Ta #BICH) — 209
HOTIERLSFHDL 2BORHELTWD L IHICTa & Zr & OREITLHICHEEL - BT 572
DI EDKFE TH > THEBAREICEEZRIET b0 LEEX BN,

(2) BB (NaOH K O HNO; D32 FLIZIE A& M KIF T B O MR RER)

P O AR ROMHNE S DR ARTE T D 72 6 0O B YL /F 3 13 75 AL B0 e 3% o0 e fix B ] L2 b L C
IEFICHIMTHDZ L5 NaOH 2 L7 BRMERICE DB RBARIIAER LD &
RHRNWEEZ LN, BRYEEEICL Y Ta ORNBRER BENIAM L% I CHET S £m
BB AR RN Uil H EEE (HNOs BREEH) SR T3 Tt A ME 28 BR YL ZE AT EL ik
LCIR T T BN H L, T2 T, TAN D ERERICEMT 27 ARY Y M LT
U 77 % RN L7z NaOH ¥R B O HNOs IR IC AS BRI S S - MM A M RBR T & R A
R L TRV EMBAMREBR A 2t Rl F RN O S B e R A 4> &2 5T HNO;
R Z R Lo N U0 L& 5T HNO IR TR A Flli L. BRYMEENEMBES
M O RAE T B2 il Uiz,
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#2231 BRYAEZED B AT O H0IT BT T 50 B rE R O 2L
Table 2.2.3.1 Outline of experiment to confirm the effect of chemical decontamination works on
the Zr/Ta/Stainless steel explosive-bonded joints deterioration.
BN H Y BT —# HEEAF RBRANT A =X
NaOH ¥ & &k O - NaOH % % O* HNOs
o £
HNOs &% » %2 A - fili Ta 44 Vi
KSR &
RITICHB T DKFE - B HEEH - Rk
B R
WA 25 ) 0D T 52 - R
KSR - fili Ta 44
i b sk - 33% MMM | « KFF ¥ —V R
7K S RIS 73 A A )
< BT = OF Bl Ta #4 - BARE IR
Rt o R T 2
- T T TR + 5O% THIFERERL | - BAIRF 2B ]
O R
Ta #4 O
- B A
B G 1R 3 25 i 2
BaERR | CRIFTEED -BREE « BMAEAH BV TTURE
T2

HUHBL) JAEA (2018~2021) 223272235 4 FH - ER%

#2.2.3.2 NaOH &k J U HNOs ¥& K O 22 HRIR R ER O iBR S
Table2.2.3.2 Experimental conditions of alternating immersion test with NaOH and HNOs.

HH ESEE

IR (mol/L) 1. 3.7

W (°C) =i, 50, 80

L) JAEA (2020) 2234 % —¥ok 2

#2.2.3.3 NaOH &K TIZHIT D Ta DiRiEENM (KIE : 80°C)

Table2.2.3.3 Immersion potentials of Ta in NaOH solution (Temp.: 80°C).
Imol/L 3mol/L 7mol/L
B B EPAS
e SUS % | Zr xf e SUS %I | Zr %t e | SUS Xt Zr %t
=iH =iH =18
-1.21 -0.28 -1.10 -1.21 -0.59 -1.07 | -1.30 -0.91 -1.09

(BEfZ : V vs. SSE)
L) JAEA (2020) 2234 % —¥okZs
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#2234

RS 7K S8 A L RkiR 0O FRIBR 2

Table2.2.3.4 Experimental conditions of Hydrogen absorption embrittlement test.

HH

ESEE

IKFTF ¥ —

KRR REL)

BRALFEN T v — VR
3 e Ur6h (ffi Ta JEZERL . 33% (5 M EAE#E Ta £4
Je Y 50%¢4 [ = LB A Ta #4)
10 J2 Y 30 min (A EEEH))

NaOH* #1215 HF ] -

0. 24 KON 168h (EMEEHH)

k JEEE Tmol/L. &R 80°C

BARESIEE  (°C)

80. 200

B s (h)

24, 168,

1000 & T~ 2000

Hjﬂﬂ) JAEA (2018’\“2021) 2.2.3.2~2.2.3.52.2.3.5 %%&:ﬁ;ﬁz

NaOH;2 &

Al BR

(48hr)

2231

KR “Ng%gﬂ KR
R (48hr) &
13Ny F

HiEL) JAEA (2020)

2234

NaOH & HNO; & O HIZ{ERR O 7 10—

Fig. 2.2.3.1 Flow of alternating immersion test with NaOH and HNOs.
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i) JAEA (2018) 2232
42232 RIEEHABRERE

Fig. 2.2.3.2 Immersion test apparatus.

Tt A
i) JAEA (2020) 2234
2233 R{EAER A

Fig. 2.2.3.3 Appearance of test specimens for immersion test.
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i) JAEA (2018) 2232
2234  FRBUHED A oy Hr L E S
Fig. 2.2.3.4 Appearance of Thermal Desorption Spectroscopy.
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.2.2.3.5 Effect of solution concentration on corrosion rate and hydrogen absorption.
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X 2.2.3.6 EBRALFET — 2 HEEE O

Fig.2.2.3.6 Schematic view of electrochemical test apparatus.
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% 2.2.3.7 Ta.-SUS304 %} CTHIE 7z Ta DAV = v 7 &t (80°C)
Fig. 2.2.3.7 Galvanic current of Ta measured with Ta/SUS304 coupling (Temp.: 80°C).
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Fig. 2.2.3.8 Galvanic current of Ta measured with Ta/Zr coupling (Temp.: 80°C).
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Fig. 2.2.3.9 Corrosion potential of Ta in NaOH solutions of various concentrations

on the Pourbaix diagram (Temp.: 80°C).
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Fig. 2.2.3.10 Appearance of test specimens for tensile test.

) JAEA (2020) 2234 (—HBdZ)
22311 BB E
Fig. 2.2.3.11 tensile test machine.
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Fig. 2.2.3.12 Tubular electric furnace for thermal aging test.
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Fig. 2.2.3.13  Stress-strain diagram for pure Ta test specimens
with electrochemical hydrogen charge.
(hydrogen charging time : 6h, hydrogen concentration : 99mass ppm, thermal aging

temperature : 80°C)
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Fig. 2.2.3.14 Appearance of Fractured pure Ta test specimens
with electrochemical hydrogen charge in tensile test.

(thermal aging time : 2000h)
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Fig. 2.2.3.15 Stress-strain diagram for pure 33% cold rolled Ta test specimens
with electrochemical hydrogen charge.
(hydrogen charging time : 6h, hydrogen concentration : 71mass ppm, thermal aging

temperature : 80°C)
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Fig. 2.2.3.16 Appearance of Fractured pure 33% cold rolled Ta test specimens

with electrochemical hydrogen charge in tensile test.

(thermal aging time : 2000h)
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Fig. 2.2.3.17 Stress-strain diagram for pure 50% cold rolled Ta test specimens
with electrochemical hydrogen charge.
(hydrogen charging time : 6h, hydrogen concentration : 100mass ppm, thermal aging

temperature : 80°C)
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Fig. 2.2.3.18 Appearance of Fractured pure 50% cold rolled Ta test specimens
with electrochemical hydrogen charge in tensile test.

(thermal aging time : 2000h)
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Fig. 2.2.3.19 Stress-strain diagram for SUS304ULC/Ta/Zr explosive bonded joint test

specimens with electrochemical hydrogen charge.

(hydrogen charging time : 1h, hydrogen concentration : 36.8mass ppm, thermal aging

temperature : 80°C)
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Fig. 2.2.3.20 Stress-strain diagram for SUS304ULC/Ta/Zr explosive bonded joint test
specimens with electrochemical hydrogen charge.
(hydrogen charging time : 10min, hydrogen concentration : 9.9mass ppm, thermal aging

temperature : 80°C)
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Fig. 2.2.3.21 Appearance of Fractured SUS304ULC/Ta/Zr explosive bonded joint test

specimens with electrochemical hydrogen charge in tensile test.

(hydrogen charging time : 10min, thermal aging temperature : 80°C, thermal aging time :

168h)
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Fig. 2.2.3.22 Stress-strain diagram for SUS304ULC/Ta/Zr explosive bonded joint test
specimens immersed in NaOH solution.

(solution concentration : 7mol/L, immersion time : 168h)
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Fig. 2.2.3.23 Appearance of Fractured SUS304ULC/Ta/Zr explosive bonded joint test

specimens immersed in NaOH solution in tensile test.

(immersion time : 168h, thermal aging temperature : 80°C, aging time : 168h)
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Fig. 2.2.3.24 SIMS images of the hydrogen distribution in surface of explosive-bonded joint
specimens after alternating immersion test with NaOH and HNOs.

(solution concentration : 7mol/L, solution temperature : 80°C)
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