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Summary

(1) Project title
Upgrading for Identifying Conditions Inside the Reactor

(2) Objectives
The objective is to plan the improvement level of scientific technology of our country together with
continuing smoothly the countermeasure operations of water decontamination and decommissioning of
Fukushima Daiichi by performing research that supports the development of technology contributing to
the counter measure of contaminated water and decommissioning of TEPCO Fukushima Daiichi NPP. In
particular, the objective is to contribute at grasping comprehensively the conditions of the reactor
internals implementing estimation from the information evaluated at the plant, analysis of measurement
data of pressure, temperature during the accident, results research development and calculations of the
accident progression and integrating these information to perform steadily the effort towards the medium

term decommissioning measures at Fukushima Daiichi NPP.

(3) Period
From: April 1, 2016
To: March 31, 2017

(4) Project organization
This project constitutes of:
* International Research Institute for Nuclear Decommissioning
D Japan Atomic Energy Agency
@ Toshiba Corporation
(® Hitachi-GE Nuclear Energy, Ltd.
* The Institute of Applied Energy

(5) Content of the research and results

The content of the research conducted in the fiscal year 2016 is the comprehensive evaluation and analysis
of core internals conditions and evaluation and estimation of the characteristics and behavior of Fission
Products (FP) and fuel debris contribute to the comprehensive evaluation and analysis. As presented
below:

(i)  Comprehensive analysis and evaluation of core internal conditions

@O  Comprehensive analysis and evaluation based on analysis of research development and data from

the plant

The analysis of the measurement data during and after the accident, knowledge obtained from the
experimental tests, results of calculations of the accident progression such as the results of the individual
considered topics in this activity adding to the various information obtained from the investigation at the
plant and the effective utilization of the results obtained during the fiscal year 2015 , (the approach by
improving the reliability of evaluation of analysis code and analysis of the accident progression
scenario), (the approach of continuing the deep estimation of the understanding of phenomena from data

analysis and inverse problem calculations), (estimations against the information obtained from the plant
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investigation as well as its surroundings), with these 3 approaches the estimation of the conditions of
assumed FP and fuel debris considered to be distributed inside the Primary Containment Vessel (PCV)
and the Reactor Pressure Vessel (RPV) of each unit was performed.

In addition, an aggregated information diagram that gathered comprehensively all the various information
that is available from each location such as the RPV, PCV and Reactor Building (R/B) to estimate the
PCV and RPV internal conditions of each unit, was prepared. Utilizing this information and the above
mentioned comprehensive evaluation and analysis, estimation diagram for dose rate distribution, FP

distribution and fuel debris distribution were prepared.

@  Construction of necessary database for the comprehensive analysis and evaluation

A database was built for sharing among the users the considered conditions from the core internal
estimation conditions together with providing reference information to perform the comprehensive
analysis and evaluation and have a unique management of data and information that was obtained from

operation at the plant and results obtained from the accident analysis code.

(i) Estimation and evaluation of characteristics and behavior of FP and fuel debris contributing to
compressive analysis and evaluation.

@D  Reduction of the uncertainties by using the analysis method

Utilizing the accident analysis code, it was obtained knowledge contributing to the comprehensive

analysis and evaluation that described (i) (D performing inverse analysis, sensitivity analysis that

considered the analysis model, boundary conditions regarding the phenomena where estimated to have

occurred in the reactor.

@  Evaluation of FP  chemical characterization

For the evaluation of the debris chemical characterization we focused on Cs whose contribution to the

dose rate is large, considering in addition to the usual chemical species, such as Csl and CsOH, special

chemical elements of Cs that are soluble in structural components. In addition it was started the activity

that analyzes the sampling at the plant for the perspective of the estimation of core internals

@  Utilize knowledge of international research

The international project (OECD/NEA BSAF Phase 2) as operating agent, by comparing the results of

various organization, the identification of the accident progression scenario, catching of the range of the

calculation evaluation uncertainty, were utilized for the comprehensive analysis and evaluation that shoed

in (i) such results.

In addition, the SAMPSON-MELCOR crosswalk was implemented and it was obtained the knowledge

to be used for understanding the accident analysis by the identifying common and different point between

the two codes regarding for example melt progression, fuel temperature increase.
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1@ (D) (b)1)-8
1@ () (k) 1)-9

1) (i) (b)2) -1

1) (i) (b)2)-2

1) (i) (b)2)-3
1) (i) (b)2)-4
1) (i) (b)2)-5
1) (i) (b)2)-6

1@ () (b)2)-7

1) (i) (b)2)-8
1) (1) (b)) -1
1) (i) (b)3)-2
1) () (b)3)-3
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1583 A 11 B 22KEICE T D FMEER
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[RM/SRM iR EE#ERS (GRRRIFDRIHLREE : 2673 (K))
IRM/SRM iR EE#ERS (GRRRIFDRIHLRE : 2873(K))
CORA-16 EXER#E R MAAP AZATHER LLEL
CORA-17 ZHER#Z R MAAP fZATHER
CORA-18 ZHER#Z R MAAP fZATHER
CORA-16 REEEfEMT EABRIA LEDREE

(k: BHEEX, T SFRBEKX)
CORA-16 BXEEfEMT KRELE

(k: BHEEX, T SFRBEKX)
CORA-17 RREEfEMT AAER{IA LERDRE

(£ \BHEEX, T AFRBEKX)
CORA-17 REEMEMT KRFEAE (L BHEBEX T FHBMEX)

1(3) (i) (g)-4 MCCI EBRIZ R 2 &5t
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X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

N NN NN DN NN DN

1(4)-1
1(4)-2
.1(4)-3
14)-4
.1(4)-5
.1(4)-6
1@4)-7
.1(4)-8
1(4)-9
1(H-10
1A-1
1(4)-12

.1(5)-1
.1(5)-2
.1(5)-3
.1(5)-4
.1(5)-5
.1(5)-6
1(5)-7
.1(5)-8

1) (i) (a)-1
@) i) (a)-2
@) i) (-3
@) i) (a)-4
1@ (i) (@-5
1@ (i) (a)-6
@) G @-7
1@ i) (a)-8
@) G (@-9
1) (i) (a)-10 D/WCAMS DEZEMBEIC DN TD|MBEIRE x i (2, 3 5

1) (i) (b)-1
1) (i) (b)-2
1) (i) (b)-3
@) (i) (b)-4
@) (i) (b)-5
1) (i) (b)-6
@) (i) (b)-7
1) (i) (b)-8
1) (i) ()-9
1@3) (i) (b)-10 D/W CAMS fiIiE THRESR

CAMS DL E & F ZE#R IR Al

BEEEHRET I — FOBENCRER~ADERTFIR

S/C O CAMS $REHFHAD 1= H DEFRZFHIANT—4

S/C CAMS MDEZEMIKIZ DN TOBERE x i (1 SH)

S/C CAMS MDEZEMEIZ DL TOMERE x i« (2, 3 5H)
T—ILKeEM 5 S/C CAMS $RERADIBEFRE X i DRLLIKFIE
D/W @ CAMS R 2 35Tl O 1= sh DA F I A 71 (460MWe)

D/W @ CAMS 3 2 35Tl O 7= &h D ZF {4k i 2R ECE (460MWe)
D/WCAMS D F ZMEIHIC DLV T DMBEFZRE x i« (1 S1%)

SAMPSON 21— F TR & 7= S/C EEMTD FP (LI L) 5%
SAMPSON 21— F TR 1= S/C EEZHTD FP(IIR) 7%
SAMPSON 31— FTR&H 7= S/C EEHTOFP(V ) T +2) %
SAMPSON 23— F TR &= S/C ETEMTD FP(F&/ V) 5%
W/W CAMS i TOHRER

SAMPSON 23— FTR®H=D/W EEBMTD FP (LI L) 5%
SAMPSON 21— F TR &= D/W EZEETH FP(IIR) 7%
SAMPSON 0 — F TR &= D/W EEE TD FP (Kr) 2%

SAMPSON 01— F TR & 1= D/W EEE TD FP (Xe) %

1S5 3BHICE 1T D ENF KA DEAEEZ

3EHRPV, S/CENFHERIED D/WENFHETRELEDE

KERKBEZHELI-3BSHENT—4

35 S/CENEHERIEL D/WIEHEHERIE L DR

2 SHENGFRUKEEGT—% (ED 1)

2 SHENGFRUKMEEGT—% (£D2)

2 SHENGFRUKEEGT—% (2D 3)

SERICETHKEREKDEMELIZENT — 2 RUPKEEHT—4

15HICETH3A20BLUEI ARETORELENOT—4
1SHICKE T HREFREMELER LZRER
2EHICETHRELENDT—4
SEHRICBITHRELEEADT—4

ESHDIFDBIEGEA N ~ OB
AERIADTR & HBREDT D= DUIMALE
BRALIEE S D HTHER

IKFRDITHER

KFRRSARADITHER

FAALIEE S - KRIREDE 5 AR & BTERDOLLER
FALIEE S - KRIREDE 5 MAIERE & BTERDOLLER
FRITICE T HBRILIRE S, KFRREDFMELDH
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X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

1(5)-23

1(0)-9 BREEES - KRIREDHA M5 MREEEFTEROLER
.1(9)-10
-1(9)-11
. 1(5)-12
.1(5)-13
.1(5)-14
.1(5)-15
.1(5)-16
1(9)-17
.1(5)-18
.1(5)-19
.1(5)-20
.1(5)-21
. 1(5)-22
2.

MELCOR TEtE &N i- IF2 B DEERERE

MELCOR TEE St f- 1IF2 BH#DKERTE

AW CTRAW:-EREEBRE

BILIEES - KRREEDEA RS HRIEMEL BITHEROLE

BRILIEES - KRREDOEA RS HRIEMEL BITHEROLE
HERBOEEHEEI L— FREBADNE OKEKMHBE - 0.0417 g/s/rod)
T EEIEIHEE - CRFCBF-03 (0. 0417 g/s/rod)

EHREREEER . CRFCBF-03 (712mm)

SEM-EDS/WDS 7> #7#& 8 : CRFCBF-03 (894mm)
HERBEOEEHEZEI L— FREBADONE OKEKMBE - 0.0125 g/s/rod)
TEMTEEREREE R . CRFCBF-04(0. 0125 g/s/rod)

THEEE&ER - CRFCBF-04 (219mm)

TR - CRFCBF-04 (219mm)

100%KEBLRB LV 1% KELZRES B KEATDOTFEHBRRNE

TR 4.2.10)-1 HERNERERER

TR 4.
TR 4.
TR 4.
fTRE 4.
TRE 4.
TRE 4.
TRE 4.
TEX 4.
TEX 4.
TEX 4.
TEX 4.
TEX 4.
TEX 4.

TEX 4.
TEX 4.
TEX 4.
TEX 4.
TEX 4.
TR 4.
TR 4.
TR 4.
TR 4.
fTRE 4.
TR 4.
TR 4.
fTRE 4.

2.100)-2 HERENBHZHKR

2.1(5)-3 SHHEBRER

2.105)-4 SHHEBRER

2.1(5)-5 SHHEBRER

2.1(5)-6 SHHEBRER

2.1(5)-1 SHHEBRER

2.1(5)-8 SHHEBRBER

2.105)-9 SHEBIHER

2.1(5)-10 E£HHEBEHER

2.15)-11 SHEBIRER

2.1(5)-12 S=HEBRER
2.1(5)-13 EHBIL1=/kZE (m/e=2), KZES (m/e=18), 7L (m/e=40) DIRZEt
2.105)-14 (EE5EELLBEKRRESOHHZEL

TEE4.2.1(5)-15 HIIEEREERK YIMIGIE : CRFCBF-03(0. 0417 g/s/rod)
2.1(5)-16 +HEBTEERER (£dD 1) : CRFCBF-03 (0. 0417 g/s/rod)
2.1(5)-17 +EPrEERER (£dD 2) : CRFCBF-03 (0. 0417 g/s/rod)
2.1(5)-18 S£MHEEH=HER (£dD 1) : CRFCBF-03-MHS-02 (894mm)
2.1(5)-19 £HERTHER (D 2) : CRFCBF-03-MHS-02 (894mm)
2.1(5)-20 &+HEREHER (D 3) : CRFCBF-03-MHS-03 (712mm)
2.1(5)-21 =MHE=HEER (£dD 4) : CRFCBF-03-MHS-03 (712mm)
2.1(5)-22 =MHE=HEER (£dD 5) : CRFCBF-03-MHS-03 (712mm)
2.1(5)-23 SEM-EDS/WDS 3 #r#&8R (£ ®d 1) : CRFCBF-03-MHS-02 (894mm)
2.1(5)-24 SEM-EDS/WDS 3 #r#&8R (£ ®d 2) : CRFCBF-03-MHS-02 (894mm)
2.1(5)-25 #iIgIE®RAERIA YIETLIE : CRFCBF-04(0.0125 g/s/rod)
2.1(5)-26 #EBTEEI=MER (FD 1) : CRFCBF-04 (0. 0125 g/s/rod)
2.1(5)-27 #EBTEE=MER (FD 2) : CRFCBF-04 (0. 0125 g/s/rod)
2.1(5)-28 E=MHE=HEER (£dD 1) : CRFCBF-04-MHS-04 (530mm)
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TiEX 4.2.1(5)-29
TiER 4.2.1(5)-30
fTiERX 4.2.1(5)-31
TiER 4.2.1(5)-32
TiERX 4.2.1(5)-33
TiEX 4.2.1(5)-34
TiERX 4.2.1(5)-35
fTiER 4.2.1(5)-36
4.2.1(6) (i)-1

£4.2.1(6) (i)-2

B4.2.1(6) (i)-3

4.2.1(6) (i)-4

B4.2.1(6) (i)-5

4.2.1(6) (i)-6

4.2.1(6) (i)-7

4.2.1(6) (i)-8

B4.2.1(6) (i)-9

X 4.2.1(6) (i)-10
B 4.2.1(6) (i)-11

X 4.2.1(6) (i)-12
X 4.2.1(6) (i)-13
X 4.2.1(6) (i)-14
X 4.2.1(6) (i)-15
X 4.2.1(6) (i)-16
X 4.2.1(6) (i)-17
X4.2.1(6) (i)-18
X 4.2.1(6) (i)-19
X 4.2.1(6) (i)-20
X 4.2.1(6) (i)-21

X 4.2.1(6) (i)-22
X 4.2.1(6) (i)-23
X 4.2.1(6) (i)-24
X 4.2.1(6) (i)-25
X 4.2.1(6) (i)-26
X 4.2.1(6) (i)-27
X 4.2.1(6) (i)-28
X 4.2.1(6) (i)-29
X 4.2.1(6) (i)-30
X 4.2.1(6) (i)-31

X 4.2.1(6) (i)-32
X 4.2.1(6) (i)-33
X 4.2.1(6) (i)-34

EHERER (20 2)
EHERER (20 3)
EHERER (Z04)
EHERER (£05)

: CRFCBF—04-MHS-04 (530mm)
: CRFCBF—04-MHS-05 (350mm)
: CRFCBF-04-MHS-05 (350mm)
: CRFCBF—04-MHS-06 (219mm)
SHEBRER (0 6) : CRFCBF-04-MHS-06 (219mm)
EHETHER (2D 7) : CRFCBF-04-MHS-06 (219mm)
SEM-EDS/WDS E 45 #7#&R (£ D 1) : CRFCBF-04-MHS-06 (219mm)
SEM-EDS/WDS FE 45 #7#8R (£ 2) : CRFCBF-04-MHS-06 (219mm)

BIR 128 [ SRR BB A F O EHEROEZ
AABRDOHBRADOEZ

73 A MBABRARRE SR

CMMR ZXBR 1A D 3 RITHIIERK

CMMR HER D=

CMMR BRI & 1T 5 BE X ERIE RN

CMMR ZXBR A D 5} £R

CMMR FHXERIKIZFBIIR 5 DIF L BB Z 5 E L 1=K
INEARF v 2 /\—IZ% %5 L 1= CMMR-1 ZRXBR (A D £ &7
FlwaBR 1 (No. 1-1) DHERAREIKR

FliREABK 1 (No. 1-1) DT SXTEET—45, BRRE,
mEROFHHER 1 (No. 1-1) FHERIK

FlEAER 1 (No. 1-1) DMMEELDINEDIEMEM & D ELER
FlwaBR 2 (No. 1-2) DFHERIAEREIRNR

FliEER 2 (No.1-2) DTSXTEHRT—8, BRRE,
mEEDFiHEHER 2 (No. 1-2) DFHERIK
MBEDBHDEMSEY L LI=FEHER2 (No. 1-2) DFHERIK
FimetiR 3 (No. 1-3) DHERAREIRR

FliEaR 3 (No. 1-3) NI XV EET—4, BMREE, BE
FlwitER 3 (No. 1-3) OMBEOWMEE EMHAL Y b
FiwetiR 4 (No. 1-4) DHERFAFREIRR

FlwaER 4 (No. 1-4) DTSXTEHRT—8, BRRE,
mEEOFiHEHER 4 (No. 1-4) DOFHERIK

FiiweiER 5a (No. 1-ba) DFHBRIAKEIKIR

FiwidEk ba (No. 1-ba) M TS XVEEHT—4, BHRRE,
MEEDFiHEER ba (No. 1-ba) DRI

FwaER 5b (No. 1-bb) DFHERARKE KR

FiwER 5b (No. 1-bb) M TS XV EET—4, BRRRE, R
mEEDFiEER 5b (No. 1-5b) DEAERIA

N=|
/«m

X

mE

mE

i
P

X

CMMR-1 ZXER (run 2) DEAER(AKR VEAERIADMERFRADRE KRR

CMMR-1Z%E& (Run 2) M TS5 XV EET—4%, BREE, RBE
CMMR-1 B (run 2) [CHEIFEHEHOBRERDT—4
A& D CMMR-1 38R (run 2 ) DEERIKALER

INERE D CMMR-1 EXER (run 2 ) DERERIA EERIAM B UEAEBRIA T AR DB
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X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

NN N NN NN DN PN NN DN DN DNDNDDNDDNDNDDNDDNDDNDDNDDDNNDNDNDDNNDNDPNNDDNDDNDDNDDNDDNDDNDDNDDNDDNDNDDNSDND

-1(6) (i)-35
-1(6) (i)-36
-1(6) (i)-37
-1(6) (i)-38
-1(6) (i)-39
-1(6) (i)-40

-1(6) (ii)-1

1(6) (11)-2

1(6) (ii)-3

1(6) (ii)-4

1(6) (ii)-5

1(6) (1)-6

1(6) (ii)-7

1(6) (1)-8

1(6) (i)-9

.1(6) (ii)-10
1(6) (ii)-11
.1(6) (i)-12
.1(6) (ii)-13
.1(6) (ii)-14
.1(6) (ii)-15
.1(6) (ii)-16
1(6) (ii)-17
.1(6) (ii)-18
.1(6) (ii)-19
1(6) (ii)-20
.1(6) (ii)-21
.1(6) (ii)-22
. 1(6) (ii)-23
.1(6) (ii)-24
.1(6) (ii)-25
. 1(6) (ii)-26
1(6) (ii)-27
. 1(6) (ii)-28
.1(6) (ii)-29
. 1(6) (i1)-30
. 1(6) (ii)-31
.1(6) (i)-32
.1(6) (ii)-33
.1(6) (ii)-34
.1(6) (ii)-35
.1(6) (ii)-36

CMMR-2 FXE& (run 3) DEAER{AKR VEAERADMERFADRE KRR
CMMR-2 8% (Run 3) M TS XY EExT—4%, BFREE, RE

CMMR-2 Z#E& (run 3 ) IZH 1+ 2 HBRA B EDERER T— 4

MnERiR D CMMR-2 EXB% (run 3 ) DEAERIK L&A R USHER (A T AR DA RA)
2 SHICE T AR5 Y E Y TROWEERILDFTEFER

2 SHICEIT AR Z VEVTROFL TEMARLEE D87 | fhETlER

MAAP B4 (ERL 27 ) 2k 1 S THAY FOBELEL
BOENORBERIRE (HIEE)

S & U B DIEMORBERIRE (8 No. 1)
HEBRERO D DEDKRE (GHERNo. 1)

S ROFASE (58 No. 1)

MESHSE (8 No. | DR 1-2)

#f 1-2-1 O SENBRBE (38 No. 1 DK 1-2)

S8 1-2-1 0D SEM - EDS (= &k BES4F (5B No. | DK 1-2, 500 )
S8 1-2-1 0D SEM - EDS [ & B4R4347 (HBR No. | (D 1-2, 500 )

$EI8 1-2-2 O SENERESTE (R No. 1 D34 1-2)

S 1-2-2 0D SEM - EDS 2k HES4F (S8R No. | DB 1-2, 500 )
S8 1-2-1 ) SEM « EDS (2 B854 (348 No. 1 (D 1-2, 500 )
#f 1-2-3 O SEN BT E (588 No. 1| DFEH 1-2)

S8 1-2-3 0D SEM - EDS 2k HES4F (S8R No. | DB 1-2, 500 )
S8 1-2-3 0D SEM - EDS 2k B 55347 (SBR No. | (D3t 1-2, 500 )
$EI8 1-2-4 O SENERESTE (R No. 1 D4 1-2)

851 1-2-4 O SEM - EDS (2 &k BESHT (3A8& No. 1 MK 1-2, 500 £%)
$E8L 1-2-4 ) SEM - EDS [= & B AT (BUE& No. 1 ODELH 1-2, 500 f2)
HERED D DIEDIREE (35 No. 2)

BT O ESE (58 No.2)

BE< Y OSH (B8 No. 2 DEUE 2-2)

$B15 2-2-1 O SENEIERSE (5484 No. 2 DELE} 2-2)

S5 2-2-1 0D SEM - EDS 2k HES47 (58 No. 2 DK 2-2, 200 )
S8 2-2-1 0D SEM - EDS (2 BARA4F (BR No. 2 K 2-2, 200 f)
815 2-2-2 O) SENREESH (518 No. 2 DFUH 2-2)

S5 2-2-2 0> SEM - EDS 2k HES4F (58 No. 2 DK 2-2, 100 )
8835 2-2-2 0D SEM - EDS [T B s34 (5B No. 2 RS 2-2, 100 )
#Rk 2-2-3 00 SENBIERTH (58R No. 2 DK 2-2)

S5 2-2-3 0D SEM - EDS 2k HES4F (58 No. 2 dFK 2-2, 100 )
S8 2-2-3 0D SEM - EDS 2k B 55347 (SR No. 2 (D 2-2, 200 f2)
$H18 2-2-4 O SENERESTE (3B No. 2 DM 2-2)

$R18% 2-2-4 ) SEM - EDS 1= & HEAT (38R No. 2 DBLK 2-2, 100 4)
$R18% 2-2-4 ) SEM - EDS 1= 5 AT (38R No. 2 OB 2-2, 200 48)

HEBREBRD S DEFEDKRE (HER No. 3)
AR R OMESE (58 No. 3)
ME~ 2 O5E (GEX No. 3 MEH 3-1)
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4.2.1(6) (11)-37 %Atk 3-1-1 @ SEM £RE2EE (348% No. 3 D& 3-1)

4.2.1(6) (11)-38 4R 3-1-1 O SEM - EDS 1= &k BE 447 (38R No. 3 OZRE 3-1, 500 )
4.2.1(6) (11)-39 4R 3-1-1 O SEM - EDS 1= &k B s 4347 (38R No. 3 OZR% 3-1, 500 f)
4.2.16) (i1)-40 HE#HEUBDFNDORELERIKE (B8 No. 4)

4.2.16) (1D)-41 RBEDSDEOWKEE (5 No. 4)

4.2.1(6) (iD-42 RBYMHEOMEEE (8 No. 4)

4.2.1(6) (1)-43 BFE~ Y OBHE (8 No. 4 DEH 4-2)

4.2.1(6) (11)-44 4E1k 4-2-1 @ SEM BRE2EE (34E& No. 4 DEH 4-2)

4.2.1(6) (11)-45 4Rt 4-2-1 O SEM - EDS 1= &k BE4MT (38R No. 4 OZRE 4-2, 200 f)
4.2.1(6) (11)-46 4Ef 4-2-1 O SEM - EDS 1= &k B4R4M47 (S8R No. 4 OZRE 4-2, 200 f)
4.2.1(6) (11)-47 4R 4-2-1 O SEM - EDS 1= &k B s 4347 (38R No. 4 OZRE 4-2, 500 f)
HEE4.2.106) (ii)-1 MWEYY OSHE (8 No. | OEE 1-1)

HEE4.2.106) (i1)-2 WiE< Y ASHE (A8 No. 1 DHH 1-3)

HIER 4.2.1(6) (i1)-3 4Bz 1-1-1 O SENEEEE (48 No. 1 DL 1-1)

FEE 4.2.1(6) (i)-4 4B 1-1-1 0 SEM - EDS (= & BE4MF (588 No. 1 OERE 1-1, 500 %)
FEE 4.2.1(6) (i1)-5 4B1 1-1-1 0 SEM - EDS = & Z#84347F (58 No. 1 O ERE 1-1, 500 )
HIER 4.2.1(6) (i1)-6 4B 1-3-1 ) SENEEEE (8 No. 1 DL 1-3)

FHER4.2.1(6) (i1)-7 4Bz 1-3-1 ) SEM - EDS (=& BEHF (A8 No. 1 O 1-3, 50 £)
FHER 4.2.1(6) (i1)-8 4Rz 1-3-1 ) SEM - EDS (= & BESMT (3R8& No. 1 DEREH 1-3, 500 45)
FEE 4.2.1(6) (i1)-9 4B1 1-3-1 0 SEM - EDS = & Z#84347F (5488 No. 1 OERE 1-3, 500 %)
HEE 4.2.1(6) (i1)-10 4815 1-3-2 0 SEM EIEREE (588 No. 1 DELH 1-3)

FiERX4.2.16) (ii)-11 5818 1-3-2 @ SEM - EDS [C & B @A #T (GRE& No. 1 ak#) 1-3, 50 f3)
FERX4.2.16) (ii)-12 818 1-3-2 @ SEM - EDS [C & B EH 4T (5XE& No. 1 ddak#d 1-3, 500 £5)
FEE4.2.1(6) (i1)-13 481 1-3-2 @ SEM - EDS 1= & 2485047 (588 No. 1 DA 1-3, 500 £)
BRI 4.2.1(6) (i1)-14 BFE< Y OEHE (8 No. 2 DEK 2-1)

BRI 4.2.1(6) (i1)-15 W@~ OEHE (8 No. 2 DEH 2-3)

BB 4.2.1(6) (i1)-16 48t 2-1-1 ) SEN BREREE (38R No. 2 DI 2-1)

BB 4.2.1(6) (i1)-17 481 2-1-1 O SEM - EDS 1=k BEHHT (3RE& No. 2 DAL 2-1, 50 %)
BB 4.2.1(6) (i1)-18 %At 2-1-1 ) SEM - EDS 1= & BESMT (5088 No. 2 DI 2-1, 500 )
FEE4.2.1(6) (i1)-19 481 2-1-1 ) SEM - EDS 1= & 2485047 (5188 No. 2 D 2-1, 500 £)
FEE 4.2.1(6) (i1)-20 %At 2-1-2 ) SEM BREREE (38R No. 2 DI 2-1)

BB 4.2.1(6) (i1)-21 481 2-1-2 O SEM - EDS 1= & BEHHT (3RE& No. 2 DAL 2-1, 50 %)
BB 4.2.1(6) (i1)-22 481 2-1-2 O SEM - EDS 1=k B 404 (308& No. 2 DR 2-1, 50 4%)
FEE 4.2.1(6) (i1)-23 %At 2-1-3 ) SEN BREREE (38R No. 2 DI 2-1)

BB 4.2.1(6) (i1)-24 481 2-1-3 O SEM - EDS 1= & BEHHT (3RE& No. 2 DAL 2-1, 50 4%)
FERE4.2.1(6) (ii)-25 81 2-1-3 @ SEM - EDS [ L B EH 4T (5B No. 2 dDak#d 2-1, 200 £5)
FiERE4.2.1(6) (ii)-26 81 2-1-3 @ SEM - EDS [ & #8047 (5XE& No. 2 ek} 2-1, 200 £5)
FERE4.2.1(6) (ii)-27 5818 2-1-3 @ SEM - EDS [ & B EH 4T (5XE& No. 2 dDak#} 2-1, 500 £5)
B 4.2.1(6) (i1)-28 481 2-3-1 O SEM EIEREE (588 No. 2 DELH 2-3)

FERE4.2.1(6) (ii)-29 81 2-3-1 @ SEM - EDS [ & B EH 4T (5XE& No. 2 dDak#d 2-3, 200 £3)
FiERE4.2.1(6) (ii)-30 fE1 2-3-1 @ SEM - EDS [T & B =047 (5RE& No. 2 dDak#d 2-3, 500 £5)
B 4.2.1(6) (i1)-31 BiE <~ OEHE (8 No. 3 DEH 3-2)

B 4.2.1(6) (i1)-32 BFE <~ OEH (8 No. 3 DEH 3-3)
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TEX4.2.1(6) (ii)-33 #ELH 3-2-1 (O SEM EREREE (5(E& No. 3 MEtH 3-2)

HEX 4.2.1(6) (ii)-34 FE1 3-2-1 0D SEM - EDS [Z & S @72 #7 (5L5& No. 3 ¥ 3-2,
1EX 4.2.1(6) (ii)-35 fELE 3-2-1 0 SEM - EDS [Z & B = #7 (55& No. 3 ¥ 3-2,
TEX4.2.1(6) (ii)-36 fELEH 3-3-1 @ SEMEREREE (5XE& No. 3 MEtH 3-3)

HEX 4.2.1(6) (ii)-37 $E1 3-3-1 0 SEM - EDS (2 & S @7 #7 (55& No. 3 ¥ 3-3,
1EX 4.2.1(6) (ii)-38 fELE 3-3-1 0 SEM - EDS [Z & B8 72#7 (5{5& No. 3 ¥ 3-3,
HEX 4.2.1(6) (ii)-39 FEi 3-3-1 0 SEM - EDS [Z & S @7 #7T (5L5& No. 3 ¥ 3-3,
1EX 4.2.1(6) (ii)-40 FE1 3-3-1 0 SEM - EDS [Z & B = #7 (55& No. 3 ¥4 3-3,
1R 4.2.106) (ii)-41 BrE~<Y OEE (5X8& No. 4 O F 4-1)

1ER4.2.1(6) (ii)-42 BrEm~< Y OEE (5X8& No. 4 D # 4-3)

FTEX4.2.1(6) (ii)-43 fEiH 4-1-1 @O SEM EREREE (5XE& No. 4 DEH 4-1)

TER 4.2.1(6) (ii)-44 %8B 4-1-1 @ SEM - EDS 2 & 2 E 4T (52B& No. 4 D # 4-1,
TER 4.2.1(6) (ii)-45 #E1H 4-1-1 @ SEM - EDS = & B #8047 (52B& No. 4 D # 4-1,
TER 4.2.1(6) (ii)-46 #E1H 4-1-1 @ SEM - EDS 2 & 2 E 4T (52B& No. 4 D # 4-1,
TER 4.2.1(6) (ii)-47 %@ 4-1-1 @ SEM - EDS 2k B B4t (5RB& No. 4 D&t #d 4-1,
TERX4.2.1(6) (ii)-48 #ELH 4-1-2 ) SEM 8525 & (5XE& No. 4 DEtH 4-1)

TER 4.2.1(6) (ii)-49 #E1H 4-1-2 @ SEM - EDS 2 & 2 E 4T (52B& No. 4 D # 4-1,
TiER 4.2.1(6) (ii)-50 #EH 4-1-2 @) SEM - EDS & B B4t (5B& No. 4 Dt #d 4-1,
TR 4.2.1(6) (ii)-51 #ELH 4-3-1 ) SEM £ 5 & (5XE& No. 4 (D EtH 4-3)

TER 4.2.1(6) (ii)-52 #E1H 4-3-1 O SEM - EDS 2 & 2 E 4T (52B& No. 4 D # 4-3,
TiER 4.2.1(6) (ii)-53 @ 4-3-1 @ SEM - EDS = & B804 (52B& No. 4 D& # 4-3,
TiER 4.2.1(6) (ii)-54 %@ 4-3-1 @ SEM - EDS 2 & 2 E 4T (52B& No. 4 Dt # 4-3,
fTiER 4.2.1(6) (ii)-55 @ 4-3-1 ) SEM - EDS 2k B B4t (5RB& No. 4 DEt#d 4-3,
4.2.1(6) (iii)-1 BHEHOBEZEIL

4.2.1(6) (iii)-2 SURC-2 EEREE

4.2.16) (iii)-3 T afEERRK

B4.216) (iii)-4 HEETILE

4.2.1(6) (iii)-5 U0,~Zr0, Zt RIKEER

4.2.1(6) (iii)-6 FE+HEERZEL

4.2.16) (iii)-7 yARFKEEIE

4.2.106) (iii)-8 ZrO fmiTtt DLt

4.2.16) (iii)-9 HBEZTE®D Zr0 AT %R (X7 —IL3I)

B4.2.16) (iii)-10 EHEFESHEL Q=1.22x10°xP(T, t))

B14.2.106) (iii)-11 yARFREREL Q=1.22x10°xP(T, t)), [m/s]

4.2.16) (iii)-12 ZrO ATt L (Q=1.22 x 10°x P (T, t))

B4.2.106) (iii)-13 EHEFESMZEL (Q0.61x10°xP (T, t))

B4.2.16) (iii)-14 yARFEZEIL Q=0.61x10°xP (T, t)), [m/s]

B4.2.16) (iii)-15 Zr0 {mHTtt A ZE1L (Q:=0. 61 x 10 x P (T, 1))

4.2.16) (iii)-16 EESETE® Zr0 miTtLn %

4.2.1(6) (iii)-17 EHREOREZEL

4.2.16) (iii)-18 SHREODEE, EHEZE (t=500s)

4.2.1(6) (iii)-19 Zr0 f@iTtt D EHE S

XxXX1

500 %)
500 &)

100 &)
100 &)
500 &)
500 &)

200 %)
200 %)
500 f&)
500 f&)

500 f&)
500 f&)

200 %)
200 %)
500 f&)
500 f&)



X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

N RN NN NN NN DN DN DN NN DNDNDDNDNDNDDNDNDDNDDDNDNDPNDDDNDDNDDNDDNNDDPNDDDNDDPNDDNDNDPNDNDNDDNDNDNDDNDDPNDDDNDDDPNDDDNDDDNDDNDDNDDNdDDNDND

.1(6) (ii1)-20
1(6) (iii)-21
1(6) (iii)-22
1(6) (ii1)-23
1(6) (ii1)-24
1(6) (iii)-25
1(6) (iii)-26
1(6) (iii)-27
1(6) (iii)-28
1(6) (ii1)-29
.1(6) (ii1)-30
.1(6) (iii)-31
.1(6) (iii)-32
.1(6) (iii)-33
1(6) (iii)-34
.1(6) (iii)-35
.1(6) (iii)-36
.1(6) (iii)-37
.1(6) (iii)-38
.1(6) (iii)-39
.1(6) (iii)-40
L1(6) (iii)-41
L1(6) (iii)-41
1(6) (iii)-42
1(6) (ii1)-43
1(6) (iii)-44
1(6) (iii)-45
1(6) (iii)-46
1(6) (iii)-47
1(6) (iii)-48
1(6) (ii1)-49
.1(6) (iii)-50
.1(6) (iii)-51
.1(6) (iii)-52
.1(6) (iii)-53
.1(6) (iii)-54
.1(6) (iii)-55
.1(6) (iii)-56
.1(6) (iii)-57
.1(6) (iii)-58
.1(6) (iii)-59
.1(6) (iii)-60
.1(6) (iii)-61

E#EHE L1 (No. 2: Q,=8.0x10°%, Zr:5masskh)
BEZIENo. 2: Q,=8.0x10°% Zr:bmass%), [K]

y AmFEZE{E No. 2: Q,=8.0x10°, Zr:5mass%), [m/s]
Zr0 @At > %251k (No. 2: Q,=8.0x 10°, Zr :5mass%)
E#EEZ{E (No. 3: Q,=4. 0% 10°, Zr:5mass%)

BEZTIE No. 3: Q=4.0x10° Zr:5mass%), [K]

y HRFEZEIE (No. 3: Q,=4.0x10% Zr:5mass%), [m/s]
Zr0 @At > %251k (No. 3: Q,=4.0x 10°, Zr:5mass%)
E#EEZ{E (No. 4: Q,=8. 0% 10°, Zr:10mass%)

BEZIE (No.4: Q,=8.0x10°% Zr:10mass%), [K]

y HREFEZEIE (No. 4: Q,=8.0x10°% Zr:10mass%), [m/s]
Zr0 @At > fZE 1k (No. 4: Q,=8.0x 10°, Zr:10mass%)
BESE T RO Zr0 fmAT L 2% (R4 —IL Al
EREDREHEL
ZrOQﬁEH?tta)ﬁ5$§
EiEEESPS

ﬂ%fhak1t [K]

y ARGUERZEAL,
JAQUS Vi1l |4
BESE T RO Zr0 fmAT L 2% (R4 —IL Al
EfREDREHEL
Zr0 AT LE D EFE R
HEETIL
AHEHER GERRE)

ETILEAEDSEHE

NEBEED

R TL—EEME

BrmAyia

PCVRBEEE=F —HADLLE

FKRETEAE

Case-01 [/ * T v\ N HEENKER
Case-01 ;RE - TERMBFHER (2D 1)
Case-01 ;RE - TEMBFHER (2D 2)
Case-01 771 - BEMBREMITHER
Case-01 &HEATE, %K - BiEEREMBIHER
Case-02 [ /1 - ¥ v/ \E N FENFER
Case-02 ;B - MiREHFER (2D 1)
Case-02 ;B - MREHHER (ZD2)
Case-02 77 - BEMBEMITIER
Case-02 &HEATE, 2K - BEREMETHER
Case-03 [£ /1 - ¥ v/ \E N FENFER
Case-03 B - MiREHFER (2D 1)
Case-03 /B - MREHER (ZD2)

il

[m/s]

il

XXXIl



X 4.
X 4.

X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

X 4.
X 4.

X 4.

X 4.

X 4.

X 4.

X 4.

X 4.

X 4.

X 4.

X 4.

X 4.

X 4.

X 4.

X 4.

X 4.

2.1(6) (iii)-6

1(6) (iii)-6
-2(1) (i)-1
.2(1) (i)-2
-2(1) (i)-3
22(1) (i) -4
-2(1 (i)-5
.2(1) (i)-6

22(1) (ii)-1
21 (-2

21 (ii)-3

21 (i)-4

21 (ii)-5

21 ()-6

2 (ii)-7

2(1) ()-8

21 ()9

22(1N) (ii)-10

220 (ii)-11

2(0) (ii)-12

2(1) (ii)-13

2 (i)-14

L2(1) (ii)-15

2(1) (ii)-16

2 Case-03 77 - BEMEEMITHER
3 Case-03 HHRIATR, #F - B EEMITHER

MHREIZETEE) TTUVBERARDBT
SAMPSON + & LML EMBITEETIL (REHK)
gt/ — F 2 EIX

Cs IRREE DIERZE L

REEDEREIL

Mo JKREE DHERFZE L

o LRE - BEARSBREEDERE
BEAMBEXESXFZAWVV-ERL (R —TAMILERFHAHKEREK
B TIL) OBAHTHER (Baston et al., 1985)
YoT 4 PERILMBEMTITION KB EE DV LZERE 304 T2 LR
EDORERBRICAVNVON-EEDHEKXRK Elrick et al., 1984)
1,273 K TKERIE YV LRRICES N 304 R T2 LABOREEILYIE
W E ORI ER S HE R (Elrick et al., 1984)
1,273 K TKERIEE YV LRRICES NI 304 R 70 LABOREEILYIE
DITAREELIILDRED (Elrick et al., 1984)
422 (D)-BITRT T oBGBont=r4FRLI I LREDHERN
(Elrick et al., 1984)
& - BREBERAREY O TILIM RTULR@. 9 wt%sSi) HERFRE
DWHBFHIERZ (SEM/EDX 7347) #5 R (Di Lemma et al., 2016)
IO LNRESINT 304 T LAMREBRFREO X #REH/A2—2 Di
Lemma et al., 2016)
1LOWB KIZHEIT 5L 7 LRE - BEEHRICES 316 A7 LAHEHERA
EEEMED A REFEKREN
1,03 KIZHIT 5t LRkE - BEREHRRICEL S 316 X7 L XHHEHER
A DR
V4T RARFARRMRTITONI=KBEIEES Y LERE AR TUL
A DRERBRICAVLON-EEDIRKE (Beard et al., 1990)
1,500 KIZBWTEY TTUBEIDL (CsiMo0r) &S & RIS 1= 304
RATULAMFRBHERENDS T RARY L)L (Do et al., 2016)
1,217 KIZBWTEY TTUoBtEI DL (CsiMo0s) & & RIG S 1= 304
RATULAMHRBHERENDS T RARY L)L (Do et al., 2015)
1,073 K TKEIEE SV LERRICESNTZ 316 RTU L AMEABRFRE O
X#&EH/82—> Di Lemma et al., 2017a)
1,073 K+ L<KIE 1,273 K TKERIEESDLRRICEBIN-316 RTL
AARBERARED ST ARY FJL(Di Lemma et al., 2017a)
1,073 K TKEIEE I LERICESNT- 316 R T2 L RAMRABRFFRE
(R o SEM/EDX 7 #r#&R (Di Lemma et al., 2017a)
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X 4.

X 4.

X 4.
X 4.
X 4.

X 4.

X 4.
X 4.

X 4.

X 4.
X 4.

X 4.

X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

X 4.

2.2(1) (i)-17
2(1) (ii)-18
22(D) (i)-19
22(1) (ii)-20
221 (ii)-21

2.2(1) (ii)-22

2.2(1) (ii)-23

2.2(1) (ii)-24

2.2(1) (ii)-25

2.2(1) (ii)-26

2.2(1) (i)-27

2.2(1) (ii)-28

2.2(1) (iii)-1

2.2(1) (iii)-2

2.2(1) (iii)-3

2.2(1) (iii)-4

2.2(1) (iii)-5

2.2(1) (iii)-6

2.2(1) (iii)-7

2.2(1) (iii)-8

2.2(1) (iii)-9

2.2(1) (iii)-10

2.2(1) Giii)-11

2.2(1) (iii)-12

2.2(1) (iii)-13

2.2(1) (iii)-14

2.2(1) (iii)-15

2.2(1) (iii)-16

1,073 K£ L<IX1,273 K TKERIEE DD LERRICESNTF-304 R T L
A8 (RAED, 316 7L AR (KA OHEEBRAFRERCYEBIHEO
SEM/EDX S #r#&E R LLE (Di Lemma et al., 2017a)
1,270 K TD Hy/H0 eIzt g 5 304 R 7> L R AR EER L YIIE D #E K TE
T (Elrick and Powers, 1987)
316 AT LR (1.0 wt%Si) DKZESKFER (1,473 K) TOERILER
RE B R R AR O R AL IR B OMEEBSRRER
W - BARREERAER (Ar-5%H,-5%H.0 D) 1% 304 X7 > L RHEAER D
i LFEEHE
KLt S LEAFIZASTEAER (Ar-5%H,) 1% 304 X 7> L R4

(4.9 wt%Si) DI Y LHEEREKREFNE
BHARHBRAIRO 316 X 72 L AHHEER /& EELL 1) B E O HiE S ER
S
ERFEZALV= CsFeSi0y B KU CsoMoO, EXBDEEEIE (1,273 K)
BRIFZAN-ZEFEKTO CsFeSilHABNDEEZE L
1,073 K TKERE LV LERICES NI 316 T U LAHEHBRARE®
MABE S EREAER  (SEM/EDX)
KAV LDORIGEE - REKFEElrick et al., 1984 ;
Bowsher et al., 1990)
MEBECEDCRE - BARETILHEK
EKAEL SV LDORIGEE - REKFHE ((@)Ar FES, (b) Ar—-4%H, S5E
=, (c)Ar-4%H,-H,0 FZF&) (Bowsher et al., 1990)

EEEERFOREMHOEXERIECE L VBREEFv—

(Hofmann, 1999)

Cs R— LB TRERILYMOBRRT OO vIL

Si-0-HDIRRICHIT 2B HAEDEILDE (P=10 bar)

(a) H,0/H,=100, (b) H,0/H,=10, (c) H.,0/H,=1, (d) H,0/H,=0. 1

Si-0-HD 3 TRITHITS Si TEFKEDEILDELE HO0/H, 2 ELLDIEE

(1750°C)

Mah oo Si HETHERAR

H, AR, 1700°CHEBRENBETE

Hy+H,0 (B2 s 20°C) A X, 1700°CiRER LS EE

He+H,0 (B2 & 50°C) A X, 1700°CHERZR N BT E

Si HREFEEDFHE

Si0~Na0 RMDIKRER (F4fi5, 1994)

Si0;-Fe0; RMIKEER (Pelton, 2006)

Si0,-Cs:0 RMIKEER (Kim, et al., 1994)

Si0,-A1,05-Cs:0 M 75 X1L&EE (Bollin, 1972)

Si0,-B,05-Cs,0 %D 5 XL &k (Svcheva, et al., 2008)
Si0,-B205-Na0-Li0 RASADH S REFREIZRIZT Cs:0 FMDEE
(Parkinson, et al., 2005)

HERIER
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X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

N RN NN NN NN DN DN DN NN DNDNDDNDNDNDDNDNDDNDDDNDNDPNDDDNDDNDDNDDNNDDPNDDDNDDPNDDNDNDPNDNDNDDNDNDNDDNDDPNDDDNDDDPNDDDNDDDNDDNDDNDDNdDDNDND

2 Gi-17
2 (ii)-18
2 Gii)-19
2 (ii)-20
2D (ii)-21
2@ (iii)-22
2 (iii)-23
2 (ii)-24
2(D) (iii)-25
2(1) (iii)-26
20 Gii)-27
2D (iii)-28
2 (ii)-29
21 (ii)-30
L2(1) (iii)-31
22(1) (iii)-32
2(1) (iii)-33
2 (ii)-34
2(1) (iii)-35
22(1) (iii)-36
2(0) (iii)-37
22(1) (iii)-38
2 (iii)-39
22(D) (iii)-40
22(D) (i) -41
2(1) (iii)-42
2(1) (iii)-43
2(D) (iii)-44
22(1) (iii)-45
22(1) (iii)-46
2(0) (iii)-47
L2(1) (iii)-48
22(1) (iii)-49
22(1) (iii)-50
22(1) (iii)-51
22(1) (iii)-52
22(1) (iii)-53
22(1) (iii)-54
22(1) (iii)-55
22(1) (iii)-56
22(1) (iii)-57
22(1) (iii)-58
22(1) (iii)-59

SO TILDOHEBEIRR
F v UIN—AEND SR

BREINHTF (BEHF 1)
BRINHT (BEH2)
BRINHT (BEH3)
BRINHT (BEH 4

BEIN-tEI D LHF
BEIN-tEI D LAF
BEIN-EI D LAF
HEIN-EI D LAF
BEIN-EI D LAF
BEIn-t D LAF
BRIt I LATF
BEIn-t D LAF
BRIt D LAF
BRIt D LAF
BEIn-t I LAF
BEIn-t I LAF
BEIn-t I LAF
BRIt I LATF
BRIt D LAF
BRIt D LAF
BEIn-t D LATF
BEIN-EI D LAF
BEIN-tEI D LHF
BEIN-tEI D LHF
BEIN-tEI D LAF
HEIN-EI D LAF
HEIN-EI D LAF
BEIN-tEI D LHF
BEIN-EI D LAF
BEIN-tEI D LHF
BEIN-tEI D LHF
BEIN-EI D LHF
BEIN-tEI D LHF
BEIn-t I LAF
BEIn-t I LAF
BEIn-t I LAF
BEIn-t D LAF
BEIn-t D LAF
BEIn-t D LAF
BEIn-t D LAF
BEIn-t D LAF

(Ar+H;0
(Ar+H;0
(Ar+H;0
(Ar+H;0
(Ar+H;0
(Ar+H,0
(Ar+H,0
(Ar+H,0
(Ar+H,0
(Ar+H,0
(Ar+H,0
(Ar+H,0
(Ar+H,0
(Ar+H,0
(Ar+H,0
(Ar+H,0
(Ar+H,0
(Ar+H;0
(Ar+H;0
(Ar+H;0
(Ar+H;0
(Ar+H;0
(Ar+H;0
(Ar+H;0
(H2+H20
(H2+H20
(H2+H20
(H2+H20
(H2+H20
(H2+H20
(H2+H20
(H2+H20
(H2+H20
(H2+H20
(H2+H20
(H2+H20
(H2+H20

XXXV

(V—=FHFRX)
(V—=FHFRX)
(V—=FHFRX)
(V—=FHFR)
(V—=FHFR)
(V—FHFR)
(V—FHFR)
(V—FHFR)
(V—FHFR)
(V—FHFR)
(V—FHFR)
(V—FHFR)
(Si0) ERER,
(Si0) ERBR,
(Si0) ERBR,
(Si0) ERBR,
(Si0) ERBR,
(Si0y) FHER,
(Si0y) FHER,
(Si0y) FHER,
(Si0y) FHER,
(Si0y) FHER,
(Si0y) FHER,
(Si0y) FHER,
(V—=FHFR)
(V—=FHFR)
(V—=FHFR)
(V—=FHFR)
(V—=FHFR)
(V—FHFR)
(V—FHFR)
(V—FHFR)
(V—FHFR)
(V—FHFR)
(V—=HHSR) HE&,
(V—=HHSR) HE&,
(Si0y) EBER, ZD1)

ER,
ER,
ER,
ER,
ER,
ER,
ER,
ER,
ER,
ER,
ER,
ER,
Z01)
ZD2)
ZD03)
ZD4)
ZD5)
ZD 6)
20
ZD08)
Z09)
Z? 10)
D 11)
D 12)
ER,
ER,
ER,
ER,
ER,
AR,
AR,
AR,
AR,
AR,

xaOND)
zh2)
zm3)
zTn4)
Z05)
zh 6)
20D
zh8)
zn9)
D 10)
D 11)
D 12)

D 1)
D 2)
D 3)
Tn4)
Do)
Zh 6)
28D,
zh8)
zn9)
Zn 10)
D 11)
D 12)



X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.
X 4.

N RN NN NN NN DN DN DN NN DNDNDDNDNDNDDNDNDDNDDDNDNDPNDDDNDDNDDNDDNNDDPNDDDNDDPNDDNDNDPNDNDNDDNDNDNDDNDDPNDDDNDDDPNDDDNDDDNDDNDDNDDNdDDNDND

2(1) (iii)-60
22(D) (iii)-61
22(1) (iii)-62
22(1) (iii)-63
2(D) (iii)-64
22(1) (iii)-65
22(1) (iii)-66
2(0) (iii)-67
22(1) (iii)-68
22(1) (iii)-69
2 (ii)-70
2 Gii-T
2 (ii)-72
2 Gii)-T73
2 (ii)-74
2 Gii)-75
2 (iii)-76
2 Gi-T1
2 ()-8
2 Gii-79
2(1) (ii)-80
L2(1) (iii)-81
2(1) (iii)-82
22(1) (iii)-83
2(1) (iii)-84
22(1) (iii)-85
22(1) (iii)-86
2(0) (iii)-87
22(1) (iii)-88
22(1) (iii)-89
2D (ii)-90
2@ (iii)-91
2(1) (iii)-92
22(1) (iii)-93
2(D) (ii)-94
21 (iii)-95
2(1) (iii)-96
20 (ii)-97
2(1) (iii)-98
21 (ii)-99

22(1) (iii)-101

BEIN-tEI D LAF
BEIN-EI D LAF
HEIN-EI D LNF
BEIN-EI D LAF
BEIN-tEI D LHF
BEIN-tEI D LAF
BEIN-tEI D LHF
BEIN-tEI D LAF
BEIN-EI D LAF
HEIN-EI D LAF

oD LRFOY A XBAERZR (FD 1)
oD LHFDY A XBIEHR (0D 2)
OO LHFDORTERITY TS
OO LHFORTRITY S
OO LHFDORTERITY S
OO LHFDORTRITY TS
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