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Investigation on magnetite formation mechanism in PWR primary coolant system environment

Shikoku Research Institute, Inc., Chemical Technology and Biotechnology Department
Shohei Yamamoto, Hironori Oshika, Shozo Okuda, Toshiaki Hamaguchi, Hirofumi Ishikawa
Shikoku Electric Power Co.,Inc., Nuclear Power Dapartment

Kazushige Nakagawa, Kenichi Ido

Abstract

Inadvertent withdrawal of a control rod cluster was observed during lifting of the upper core structure on the 15th
outage of Ikata Unit3. The source of magnetite sludge, which is one of the causes of this event, was presumed to be
the drive shaft, but there is little knowledge about the corrosion characteristics of the drive shaft material SUS410
in the PWR primary water.

Therefore, we investigated the corrosion characteristics of SUS410 in simulated PWR primary water circumstance
at the plant start-up stage. As a result, magnetite was mainly observed in the corrosion product of SUS410; It strongly

suggests that the causal magnetite sludge originates in the SUS410 corrosion products.
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Visualization of hydrogen diffusion behavior in the ground and in the atmosphere (the first report)

- A fundamental study under idealized conditions using glass-beads as a soil -

Shikoku Research Institute, Inc., Electronics and Agricultural Technology Department
Yuji Ichikawa, Masakazu Ogita, Sachiyo Sugimoto, Ayako Hoshino, Ippei Asahi
Japan Atomic Energy Agency

Atsuhiko Terada, Yu Kamiji, Ryutaro Hino

Abstract
In this study, the diffusion behavior of hydrogen when a hydrogen pipeline buried underground is damaged was
visualized by experiments and simulations. In this first report, experiments and simulations were conducted under
idealized conditions using glass beads as a soil. A cylindrical experimental container with a diameter of 1 m was
manufactured and packed with glass beads. Hydrogen was introduced into the container through a pinhole located
at the bottom of the container, simulating a damage of a pipeline. Diffusion behavior in the simulated soil was
measured using gas heat conduction sensors and laser Raman spectroscopy was used to measure behavior in the
atmosphere near the soil surface. The results of the experiments and CFD simulations agreed well with each other.

Fundamental characteristics of hydrogen diffusion behavior under idealized conditions were clarified.
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*—U—F: KUHTF=R Key Words :  Volcanic glass
SEM-EDS SEM-EDS
Aso-4 KIEFE Aso-4 pyroclastic flow
HIS RS KA Yabakei pyroclastic flow

Chemical composition analysis of volcanic glass using SEM-EDS:

Examples of pyroclastic flow deposits in a borehole core sample

Shikoku Research Institute, Inc., Civil Engineering Department
Masashi Ushioda
NAIBA Co.,Ltd., Engineering Department
Tomohiro Nagata, Chisato Nakamura
Sikoku Electric Power Co. Inc., Civil & Architectural Engineering Department

Kozo Oonishi

Abstract

i
E
okt
PN

The chemical composition analysis of volcanic glass is useful not only to discuss the chemical evolution of magma,

but also to correlate pyroclastic flow deposits and tephra samples. We calibrated SEM-EDS for the analysis of major

element compositions of volcanic glass. Analysis of standard glass samples shows that the accuracy and precision of

SEM-EDS analysis are good enough to correlate with tephra samples. Two pyroclastic flow deposits in a borehole

core sample collected from the middle terrace of the Nakatsu Plain in Nakatsu City, Oita Prefecture, Japan, were

also measured. The chemical composition of the volcanic glass and the type of components indicate that the upper

pyroclastic flow deposit is an Aso-4 pyroclastic flow. The lower pyroclastic flow deposits below the river sediments

may be the Yabakei pyroclastic flow, according to the same analysis.
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1. IXCHIZ
KINEIFAE LB OESKTHY, I 70|
3 EAFKITIT~vA 7 v X — MLAT— LDk
RKWA T ANREGEND —T7, BRICBWTHHR
WHER ER R oD, LR oMM EE (R
At miric kv, v 7~ oflbFiEbe~ 7~ o b
AR EYBEOFERE ST Z LRI E A
b, Floy KWOT 7 b=v vy T 47 D
W, AL OE W R EI2 XY ki, 2 LT
KTl EZE T S S, DFED,
KILZ & KT EITKIUAT T ADLFR R DS e
DT ENG, EHICBERE L KLRFIZE £
D KW TT T 2 DALER AR O 8V & ]V T2 G TR K
e kA N FDORFESBIRATOIL TS (F
IRIRFERZAM O UT 2 71281 541 : Tsuji et al.
2018 V),
KIZE DR LR T 24T 9 T2Iic, T E
TEIBR~A 7 7o—7REES b T&
Too TOXEEIL, EAEFBHMEE (SEM) 1 X
WA DLEELDT, REEEICETFHRE
AT 5 = & CRlBh R O LSRRG U7z Rk
XBBAET, EORME X RO v — 7 8REN Hb5
FLR A RO D, X RO ECERIZ LA /0 e hbdb &2
VN2 WDS (IR HOE X B otds) BERTH -
To D3 O ERR R O#EARIZ KD EDS (=3
VX — BN X B bIAKEH IS X9
(272 o 72, WDS 1T R HFRE (D D =¥ —75
i) A < HBE D BWAHT A TS —J7, EDS
X RV — 3 RAEIZS D N EALERH T2 O X
BRI R A R, L72S o TREF~DOEFHR IS
EDHE A=V EEREL2TNIER S RWIEAICE
W, HHHERER Tofr 2175 2 L OBk 5 F
Table 1 Sample list for SEM-EDS analysis.

BB ®H 5, KLEIZBIT A5 RO 1 2Th S
KIUH T ZATE RN &0, EDS 12X D
IR EZNTH D, AT ER SR
WA X vz SEM-EDS & VN, KILH Z A 55 Hr
ERERS ETELI END, OWEMI% %
gD & HIT R Gy IR R PS03 i VR 52 4
THBRENTR—V 7 a7 icEdEhnd KILuEH
WL DAL SRR AT 6 L OME KA R b & DXt
tex1T o7,

2. SWFERETHEM
21 BFTEFEHAR ST

LTI, AL R ay hx—&
R E 8% 2 7= ERBEMSL (JEOL  JSM-
IT700HR) & . EDS & LT Oxford Ultim Max 100
Wiz, 2B, Z @ SEM (21X EBSD  (Oxford
Nordlys Max) bz LAV TW5A, MEEE T AL
HDOEBEIILHETH D Fe £THURIEITRE: 15kV
L, BMHEEREITRE~D X A —Y (FFlCT v
71 V) JE# DI R OWA) ARSI BT 572D
(2 0.3nA & L7z, REt~DF A — VBB ITET
MET 74— NASEBTEELZROIELH &
DANRFEED 1 > ThH LN, M L-E K
BEOMEE, T 74— ASETHEHIBH TS
BIRBEEEEORE ZIZEET D2 L TBIERN
JAHEL RV BES TlERnizd, 7 —h A SET
BIRAERBILZE 0un OMEATEEIET
WIE %2AT - 70, RIERERIL 60 B & LTz,

B EB DI OO, FLHEOF Y Y 7
L—3 9 TR, S1 1T S10,, TilZ Ti0s Al 1T AL,0s,
Mn (T MnO-Fe;0s. Mg IZ Mg0, Ca |Z CaSi0s, K & P IZ
KTiP0s D& ks % JHV ., Fe |T Hematite, Na |2

Sample Annotation
NKT-4 core  8.50m N33°3322.07", E131°12'12.56"  pyroclastic flow deposit
21.63m pyroclastic flow deposit
22.62m pyroclastic flow deposit
23.81m pyroclastic flow deposit
23.90m pyroclastic flow deposit
UT-wk core  8.53-855m  N33°2328.46", E132°2821.33"  Aso-4
2101207 N33°2528.61", E131°106.32" Yabakei pyrolclastic flow deposit (non-welded)
2101213 N33°9'38.48", 131°30'11.82" Imaichi pumice fall

25
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Albite O RKRIEWY %= 7=, Hematite (92649 :
1992 2) [E— 3— R K22
TR DO & D% TN LSMIARE RO G
DERW, EESTZEZATOBROMEELE LT,
o (pZ) EEHH LT,

McGuire et al.

22 REHH
LA T OREEE - HeEA TF = v 757
WIT, AL LR O A T A EAERE & A P

Table 2 Analytical results of Standard materials.

IREREL DM D IR LHNE 21T o 72, 7 AFEYER
#t& LT Lipari Obsidian (ID3506 : Kuehn et al.
2011 ¥) & MPI-DING reference glasses (Jochum
et al. 2006 V). Soda—lime glass (SRM620:NIST)
v, AR AERERE L L T Kaersutite
(131928 : McGuire et al. 1992 ?) #& 7=,

2.3 H—UL TP R E K ILE B R
(E 2L A HT %17 - 12 30EHE Table 11T

g@lﬁs&g‘g (Wt.%) Si0, TiO, ALO, FeO* MnO MgO CaO Na,0 K,O P,0; Total
SRM620 21/8/4-21/11/17 Preferred Value  72.08 1.80 360 7.1 1439 041 99.48
Soda-lime glass This study 7216 0.02 174 005 UDL 375 721 1440 038 UDL 99.71
NIST lo (=61) 035 0.04 005 007 005 009 0.3 003
Lipari obsidian (ID3506) Preferred Value 7410 0.07 1310 155 0.07 004 073 407 511 001 9885
Kuehneet al. (2011) 21/8/4-21/11/18 i‘gﬁfﬂ:ﬁ;ﬁ 140 0.02 050 005 003 002 006 022 027 002
This study 7401 0.07 1297 158 006 004 078 410 523 UDL 98.83
1o (=74) 039 0.04 010 008 005 003 004 006 0.07
Kaersutite (131928) 218/4-21/11/17 Preferred Value  39.60 5.19 1478 11.82 0.12 1242 1042 2.82 143 98.60
McGuire et al. (1992) This study 4012 517 1434 1192 011 1258 1034 2.8 149 UDL 9891
1o (1=65) 024 011 011 016 006 012 009 005 004
KL2-G (MPI-DING) 20817  Preferred Vale  50.30 2.56 1330 1070 0.17 734 1090 235 048 023 9833
Tholeiitic basalt from Kilauea Uncertainty at 95%
(cant it 198 o denczylevel 030 009 020 0.10 001 009 020 008 001 003
Jochum et al. (2006) This study 5052 2.65 1331 1089 0.15 749 1112 234 051 022 9921
lo(n=10) 025 005 013 011 006 009 009 005 004 004
ML3B-G (MPI-DING) 2U8/17  Preferred Vale 5140 2.13 13.60 1090 0.17 659 1050 240 039 023 9831
Tholeiitic basalt from Uncertain Y
Msura Loa (1975 flow) e denczyl:‘tzs %060 009 020 000 001 008 010 006 000 003
Jochum et al. (2006) This study 5168 215 13.65 1124 014 675 1056 239 039 020 99.15
1o(n=10) 0.13 007 007 007 005 009 006 007 003 0.07
StHs6/80-G (MPI-DING)  2U8/17  Preferred Value 6370 070 17.80 437 008 197 528 444 129 016 9979
Andesitic ash from Uncertaint 9
the St Helens cruption o dcnc::yl;t/:lS %0050 002 020 007 0004 004 009 014 002 002
Jochum et al. (2006) This study 6296 071 17.61 435 006 197 532 468 133 011 99.10
lo(n=10) 025 006 009 007 005 004 009 004 003 005
GORI32-G (MPI-DING) 21817  Preferred Value 4550 031 11.00 1010 0.15 2240 845 083 003 004 988l
Eg;ﬁlﬁﬁ gﬁ%ﬁiﬁif% 040 001 020 0.10 001 020 0.12 004 0003 0.0l
Jochum et al. (2006) This study 4536 030 1080 1021 0.18 2267 856 0.80 005 UDL 9892
1o(n=10) 020 005 011 015 005 011 008 004 0.02
T1-G (MPI-DING) 20817  Preferred Valie 5860 0.76 17.10 644 013 375 7.10 3.3 196 017 99.13
g‘:;g:i‘fge from gﬁﬁ?&:\tﬁ% 040 002 020 006 001 004 009 009 004 0.03
Jochum et al. (2006) This study 5854 073 1718 659 0.1 386 721 318 201 0.12 99.53
lo(n=10) 0.11 005 010 008 004 004 009 005 005 0.04

+ UDL means “under detection limit”.

* FeO* is calculated assuming that all iron ions are divalent.
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I
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Fig. Backscattered electron imges of (a) NKT-4
8.51 m and (b) NKT-4 23.81 m pumice.
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24m) O KRRHEREY & RO D IEHE (s
TEHEREY) : RIE 5.57-8.8Tm, T ¥ ARHiHEREY
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KA O EALI IR E . RS IR UV R
JE S U< ITWBEE D 040 L AT T 58 (=
—AJE) AL, BT OKBHER) ORI
I, BBk R, EAIR T O bESE, e,
AR T Y S DN IR NHEREY 235 £ 2,
F7o. NKT-4 27 oo kPG HEREY) & DXt %
HEgL LT, PEsd s T 20 545 0 1 HUE X
(AR - i 2009 V) &2, R—V o ZHRAIHR
FECEELZARMEOH D RH A LVT TR
HE 1R KW HefE Y (Kamata 1989 V), &4k
PG KA R b OO TH D ThLO K
T#A (A7 U =7 8fkE - 1994 7) £
e U 7z HS 6538 KA O HH ARG, 1. 000, 04Ma
(R - b 1997 ®) | 4 T K BRI O M AR AR T 0. 83

27

+0.02Ma (FFF - 11999 9) TH B, EHIT, &
IR P TR S e UT-ivk 27 H
IZEEND Aso-4 KR (FAF - fl 2020
Ushioda et al. 2021 'V) 2BV THkILH T =
DACZFA LT 24TV, NKT-4 =2 7 5k & s b i
P EAT o 72, Aso—4 MK O HAERIE, 89+ Tka (Fa
A -l 1991 ) TH D, KFEHEREY T ORA S
U <k FRRAaRHE, BEE ks 110Co A4
— 7 TR EE e, R 2. 5em R A W T
WERUEBHIE CTHEETRZITV., BEOE~Y b
DR EMEZITV lum DX A YEL R4—Z |
TEEMEICHE B 72, KILKEUBH I B I PEF 12 &
DV RELFRIRIy ZBRE LI, AT A4 KT F
A ISR 125-250 um THiIZ 7R 1% =R F
IR CREE L, BA ek & R 8w 1o B 7z,

3. SRR

31 REHSR-ARA

FRYERURL 2 4 0 I LHNGE L 72/ R & Table 212
7R9°, SRM620. Lipari obsidian, Kaersutite (22
WTIE, 202148 H 4 H2vb 2021 £ 11 H 17 H
F TOHIM TH SEM-EDS 5 1] H A En 3R 47 Bl
WCHIE L b Dz Lz, ZOHBIZK T 55
Brfix, ofriazes 8 2 o2 (bITmR & 2
W, 2D O EIFHELEE & R RV — B R
L7, MPI-DING reference glasses ® 2021 &4 8
A 17 BB 2REME A EERERISES L L
A, Ihb bl RHERMEE —% L,
StHs6/80-G [THEREAE L ¥ & Nay0 (ZFW\THF 5
VMEZ 7R L7z,

3.2 K=Y Ja7EH - KIEERERN

AR L0 W &fTol2R—V v 7 a7k
ERILTBEBERE O KILHT T AW RER %
Table 3 1275 F, NKT-4 =2 7 B0 kKRR HERS ) &
RN DEYE 5.57-8.8Tm 7 b FRHL & U 7= PR B
8.50m DOFEHEL, BANIRLE 2 HODIKEIF AT
N = NRKITT T ZNZEI, ¥~ T 4 v 7MW
ELTHRARE m &7 5 ARARRE 2 < & & IR
WCE A - BRI A 2 B e, NKT-4 =27 RO
KIFRHEREY) T DIRIE 20. 77-24. 00m DOFLEHZ
BT BAIEEK4en T ED L OB TX,
HEIIAT N A —NBUKLT T A% bEET D
DOATKIT T AEEe, ~7 4 v 78 E



SEM-EDS {2 &2 KA T AU FRR ST : R —V o 7 a7 3k o KA HEAs ) % Bl

L CHNA B A ZRIRREZTeN  NKT-4 27
EER KRR HERE TR O D X 9 728 mm A B X
LA XOARAITR NV, W &b RER
TR TER Do, BHICEE L7z e aap o
Wri & 5 & IO B WA O/ AR TX,
HAUMEEEZ T 285 0 F 2 — 7 WS R 5
nosb0bH5 (Fig. 1), BAICEEN D KLY
T ADALFAE T AT T2 2 A, NKT-4 27
EEB 8. 50m 12 WVTIE Si0, T 70 25 T2wt. %,
NKT-4 =27 FHEBIZF VN TIL Si0, T 76 226 78wt. %
it TH-o7- (Fig. 2),

UT-ivk 27 HIZEENDIHERBRT 77 TH D
Aso—4 KILIKRIZxE LKILA 7 212 W T H REERIC

BRI 2 T o712 & 2 A, Si0, T 70 205
T2wt. % & 720 . NKT-4 =27 E#B 8. 50m I23 1) 5k
W T AR & — B LTz, FEVARS NG IR
KEERHEREY) (210120-7) ho®a s, SHET
B4 (210121-3) O KIUT 7 A DALFEFARL T %
fFol=L 2 A, 210120-7 % Si0, T 78wt. %A% .
210121-3 1% Si0, T 70 725 T2wt. % & 2 o 7=,

4. BFE
4.1 BEFSABERELOTHROEL

AW X AHEHE T T ATE D Sy BTl & HELEff
T D EIEE A EREN—EERT N, —HB
(StHs6/80-GDNa,07¢ £) TH T D/ HrfE o E

Table 3 Analytical results of volcanic glasses in boring and outcrop samples.

SiO, TiO, ALO; FeO* MnO MgO CaO Na,0O K,0 P,0; Total

NKT-4 8.50 m

67.77 042 1443 173 011 043 139 474 434 004 9540
lo(n=12) 079 005 030 0.17 004 007 023 011 020 0.04
100% normalized 71.04 044 1512 1.81 011 045 146 497 455 0.04 10000
NKT-421.63 m

7233 020 11.65 1.04 0.09 0.18 1.08 328 422 0.00 94.07
lo(n=10) 1.80 006 023 0.10 004 002 008 025 020 0.00
100°% normalized 76.89 0.22 1238 1.11 0.09 0.19 1.15 348 448 0.00 100.00
NKT-422.62 m

7247 018 1156 1.02 0.05 018 1.01 336 400 000 9384
lo(n=14) 070 004 016 0.08 006 002 004 016 017 0.00
100°% normalized 7723 0.19 1232 1.08 005 019 1.08 359 427 0.00 100.00
NKT-4 23.81 m

7274 021 1136 093 0.04 015 095 317 425 000 9380
lo(n=12) 0.60 004 016 010 005 002 006 015 011 0.00
100% normalized 77.54 0.22 1211 099 0.05 0.16 1.02 338 453 0.00 100.00
NKT-4 23.90 m

7264 021 1166 097 0.06 018 1.09 335 407 000 9424
lo(n=12) 091 006 022 005 005 003 008 010 010 001
100°% normalized 77.09 022 1237 1.03 006 0.19 116 355 432 0.00 100.00
210120-7 pumice in Yabakei pyroclastic flow

7512 024 11.80 0.64 0.04 0.07 099 298 457 000 9644
lo(n=11) 049 004 012 016 004 003 012 0.06 0.13 0.01
100% normalized 77.89 025 1223 0.66 004 0.07 1.03 3.09 474 0.00 100.00
210121-3 Imaichi pumice fall

66.88 0.50 13.67 235 0.06 045 166 403 439 003 9402
lo(n=11) 075 005 035 014 004 005 013 010 006 003
100°% normalized 71.14 053 1454 250 006 048 1.77 428 467 0.04 10000
UT-iwk Aso-4 8.53-8.55 m

6771 043 1401 167 0.10 041 1.19 459 443 008 94.61
lo(n=14) 057 007 038 040 006 006 022 018 031 005
100% normalized 71.56 046 1481 1.76 0.10 043 126 486 4.68 0.09 100.00
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Fig. 2 Volcanic glass compositions in borehole core and outcrop samples. “Pfl” means pyroclastic flow.
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