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Action Research on Improvement of the Workplace Climate
- Trial Attempt to Establish a Communication Corner -
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F—J—K  WERE, frT7x—~NVIAI2=H—Vay, TrVar)H—F

Abstract We conducted action research for the purpose of activating informal communication
in the workplace. A tea corner for employees where they could communicate with each other
was established in a cafeteria of a company, and three types of interventions were made. A
questionnaire survey was conducted two times to investigate the usage of the tea corner. As
a result, three findings were obtained. 1) There was not much conversation between the boss
and his subordinates, but there were many conversations between members belonging different
departments. 2) Many conversations were held among persons in managerial positions. 3) Among
non-managerial workers, more people gained tips about work than before. The importance and
issues of this research were considered.

Keywords workplace climate, informal communication, action research
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Applying Multi-Level Modeling to Safety Climate Research
in the Japanese Nuclear Industry

BEH M (Tomohiro Fujita) *!

3] AR, EANOE BB EEOBEBEOHEN 2R E L-ZEE A0 b 5 HHE
F=FIZHL, YNVFLNUVGHEENT L. SFEE LT, REREHEISE SN E
D —DFHEHNT—EDT LT N ZHLTWLO0ED, BIVLERE Vo M NEEDRE
VHEEFBTRLZ - TVEONE) D, E5I12, BEMLOHRITIPLEFOMLE L Vo728 ) —
MR 2 RIS U CRE 2 RIZTOPELZRETT 4. 220H3EFICET 510,000 A 06 &#H
DF—=FIRL, SIVF LRV Z2IToT, DEOEZBE L 25, SMAMHBREELT
L KELIBRVDDOD, FHAL A4 727 MI—EDOKER-LTBY, F—FHERNICE
EFENERET LI EICERIILNWT L, T2, BRVOBBITHEENM TENIEERIIZVD
WL, EHOBIIHEERRTERSDH L, F LT, RERMTOHBERTIIAEDOMmIEICD
WEZRIZLTBY, RERLIVRIRNZEEZAETLIEPALIP IR AErbEdh
R, RERTRERLLE LB MR %2, Rk FEp AL TR 2 MK IS L <
W ZE DR E - ERETRTAIDOE VRS,

F—J—K  GEEE TV FLRVGH MR

Abstract This study applied a multi-level modeling approach to surveys targeting the safety
climate around employees from multiple organizations and facilities of the Japanese domestic
nuclear industry. More than 10,000 employees from 22 organizations and facilities of the domestic
nuclear industry were surveyed to investigate three research questions, whether or not: (i)
individual responses have a similar tendency within an organization or a facility; (ii) influences
on safety climate are the same among organizations and facilities regarding individual attributes
such as job position and age; and (iii) the safety climate contributes to better individual job
satisfaction beyond typical safety outcomes. As a result, although intra-class correlations
were not so high, design effects exceeded the level needed to satisfy the condition. Then, the
influences of job position on the safety climate were not so different among organizations and
facilities, however, those of age were different. In addition, the safety climate also contributed
to better individual job satisfaction. These results indicated that an independent safety policy
and procedures carried out by organizations and facilities based on the safety climate or safety
culture research have some level of importance.

Keywords safety climate; multi-level analysis; organization
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Extracting Features of Attribute-specific Safety Climate
via Sparse Partial Least Squares Discriminant Analysis

ViM% (Yutaka Nishida) *!
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®, IEHMEIC & 2 ZE50RI & WICHIIR % [FFEI24T 9 Sparse Partial Least Squares Discriminant
Analysis = v 72.
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Abstract Safety climate surveys show that the response tendency differs among attributes
such as power plant, job title and generation (i.e. age). In previous research, this difference in
the response trend was verified at the subscale level of the safety climate scale; but identifying
features that distinguish attributes is necessary to refine safety climate surveys. In this study,
we identified useful question items to identify individual attributes such as position, age, and
occupation, and we attempted to extract features of the attribute-specific safety climate. In order
to solve the problem of variable selection and multiple collinearity, we used sparse partial least
squares discriminant analysis, which performs variable selection by regularization method and
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dimension reduction simultaneously.

Keywords safety climate, safety culture, discriminant analysis, dimension reduction,

variable selection, sparse modeling
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Development of emergency response training focusing on Non-Technical Skills (3)
- Review and prospects for building a more effective training system (ECOTEC) -
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Z¥ % (Masaru Hikono) *!
W 8T (Yuko Matsui) *! &l 1IEM (Masaki Kanayama) *!
Hot %W (Reiki Yoshimoto) *2 B it (Kasumi Fujioka) *2
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Abstract Regarding the Great East Japan Earthquake of 2011, various reports have stated
that it is necessary to improve the competence to cope with accidents for the officials who
take command orders in the emergency response team. In consideration of this, at INSS we
developed an emergency response exercise curriculum (taikan exercise, ECOTEC*) and carried
it out in a test with on-site staff at a nuclear facility. This report organizes the previous steps and
reviews potential future issues in order to further enhance the training effects for participants.
In particular, we focused on four viewpoints for evaluation of participants and teams: observation
using behavior markers, analysis of speech data, subjective assessment by a questionnaire, and
analysis of speech data.

Keywords Emergency response, Non-technical skills, Training evaluation
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Considering a way to provide information to the general public
about nuclear power generation

W BE (Yoshimi Kodera) *!

BH 20114RIC 5 L2 U pk &t B E - HIREI oFIL D, FHFHEED
M LCALDRZRBENHE o TWA I L2 TE 2, FEFNREEITRS HHIRM %I
DWTHRES L7z, BIME L TE, BT NRBICHT L) A7 HHMENLT7 1 v MEHMERHET 2
BROFLPLNC £ 2R ROE T OWTHET L, RSB AW ENERTILZ2OE L.
ZORER, VAT ERERMB L2, XA T4 v MEMERBT 5 L THIRIE DS/ F
JEF N3 2 ZaTEET 2 RVICOVTOREY, HFHIRBE T L2ZE2RmDLAF LR
55DTHDHILIRBEENT.

F—T—K  ETHRE IR, R

Abstract Since the accident at TEPCO's Fukushima Daiichi Nuclear Power Plant that
occurred in 2011, the anxieties held by the general public against nuclear power generation have
increased. Based on this situation, we examined a way to provide information to them about
nuclear power generation. The study focused on the difference in effects depending on the order
of providing information. By examining this difference, we aimed at showing what points should
be noted in providing information about nuclear power generation. As a result, it was found that
the effects were different when providing benefit information after providing risk information.
People's trust in a power company's ability to operate nuclear power plants safely was a key to

enhancing acceptance for nuclear power generation.

Keywords nuclear power, the way to provide information, questionnaire survey
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Optimization of inspection interval by applying performance based maintenance concept
(Assessment of change in failure probability by probabilistic fracture mechanics)

7 B3 (Masayuki Kamaya) *2

B ORRIE, FENEEREOEZ T ERREMBOREIENTA I E2EME L. EHTH
BT T PHEREWIIE, GEk, BEREEERAOE Z AEME SN T E . ENEERLE T,
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WKL CEAANBRTFETH LI LHRE N

F—U—K GG, WATMIEE, TEEGRIOBIETIY, MRS, AR, R AREEfR A

Abstract This study is aimed at applying the performance-based maintenance (PBM) concept
to determine inspection schedule. Previously, the time-based maintenance concept has been
applied to determine the inspection schedule for nuclear plant components. In the PBM concept,
frequency of inspection is determined by operation time before the inspection. Duration before
the next inspection is extended if the component indicates no cracking for a long time. In this
study, the change in structural reliability due to applying the PBM concept was investigated
by probabilistic fracture mechanics analyses. In order to calculate the probability of leakage or
fracture (failure probability), growth of fatigue cracks initiated at the primary coolant pipe of
pressurized water reactor nuclear power plants was simulated considering variations in yield and
tensile strengths, fatigue crack growth rate, initial crack shape and so on. It was demonstrated
that the failure probability was reduced by performing inspections according to the time-based
maintenance concept. Frequency rather than detectability of inspection had a larger impact on
reducing the failure probability. It was shown that, by applying the PBM concept, the number
of inspections could be reduced significantly without increasing the failure probability. It was
concluded that the PBM concept could optimize the inspection schedule.

Keywords Performance based maintenance, Inpsection interval, Probablisitc fracture mechanics, Fitness-
for-service, Fatigue crack growth, Time based maintenance
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Fig. 1 Schematic drawing representing how to reflect inspection results to future maintenance
(concept of performance based maintenance).
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Fig2 Model for primary coolant straight pipe with a
circumferential surface crack.
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Table 1 Mean values of material strength parameters
predicted by TSS and H3T models
(Kawaguchi et al, 2005).
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Fig. 3 Fracture probability for given crack depth
obtained by Monte Carlo analyses. Prediction
model Eq.(6)was derived by a regression of
obtained probabilities.
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Fig. 4 Crack depth distribution used to determine
initial depth in the Monte Carlo crack growth
simulation.
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Fig. 5 Distribution for crack shape (aspect ratio a/c)
used for the Monte Carlo crack growth simulation.
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Table 2 Applied load conditions for crack growth

analyses.
Number

Stress T, t 1% p
No.|,. ... |ofcycles| /o R bs

distribution (/years) (C) (s) |(MPa)|(MPa)
#1 | Eq. (10) 4 175 | 1000 | 75 154
#2 | Eq. (11) 4 175 | 1000 75 154
#3 | Eq.(12) | 25 % 10° | 325 100 20 154
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Fig. 6 Thermal stress distributions in the depth
direction used for crack growth analyses.The
number of cycles for each distributions is given
in Table 2.
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Fig. 7 Probability of detection (POD) curves assumed in the Monte Carlo simulations. The shape of the POD is
determined by the mean upop and standard deviation opgp,.
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Conjugate Numerical Simulation of Wall Temperature Fluctuation at a T-junction Pipe
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Abstract Thermal fatigue cracks may occur in a T-junction pipe due to the mixing of hot and
cold fluids. To develop an evaluation method for thermal fatigue, the authors previously performed
a mixing tee experiment called the T-Cubic experiment. In this study, a fluid-structure coupled
simulation for conjugate heat transfer was carried out to investigate the predictive performance
of the flow and temperature fields and temperature fluctuation on the pipe inner surface at a
mixing tee of the T-Cubic experiment. The computational domain included 304 type stainless
steel pipe as well as the working fluid of water. Time-averaged velocity and temperature were
reproduced well over the entire computational domain. Although velocity fluctuation intensity
at a distance from the wall was relatively smaller than experimental data, the simulation could
reproduce the trend of the experimental data, especially the velocity fluctuation intensity peak
near the wall. The temperature fluctuation intensity was also larger than the experimental
data, though the tendency could be reproduced by the simulation. The temperature fluctuation
intensity on the pipe inner surface is the most important parameter for thermal fatigue and
though it was 20% to 36% larger than the experimental data at its peak, the tendency was
reproduced to a certain extent.

Keywords Thermal fatigue, T-junction pipe, Temperature fluctuation, Numerical simulation,
Large eddy simulation
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Influence of long-term thermal aging and irradiation on microstructure of
austenitic stainless steel welds

M v (Katsuhiko Fujii) *! B4 BkE] (Koji Fukuya) *!

B A—ATFA PRAT VLV ABBRERENOBER) L M OREEYSNITEI LR
HAIZ, RRIBRR) S 2723161 3 X OF308L s &R & 4 A+ Y Hs L Tl S o b & I 7 villifk
DEALZ TRz ZORE, BRI DML 7 274 MIOW S 3G X Wb 352
LEMRT D EEHIT, TORRIMRNIL LAY ) —FVo5E, ThbE CriREDRPTINZ
ZALDBA T B TH DI Dol A4 YISO X 5 ITHECREGHEE ST TG
AY ) — TNV OB E R MR L 2w S R SNz, —T7, HGHEEREIIC L D IB
L7227 7 28 2R S €A SN2, RIEMM T EMKE 7 7 2 5 TBIRAFE
Do, 7T ARSI T 2B E RO REEZEIT NSV ERREINT. 72, Mo
FZAE ) = F Vo RE T 2 RBH L0 LT, 7T AYBEERET 2REHD L
Bahorz.

F—TJ—K  F—RAFFA FRAT VL AWEESE, Wb, BEER), A 4 o Ry
AY = F NGk, GHIFTH, 7 haTa—7

Abstract Austenitic stainless steel weld specimens embrittled by long-term temperature-
accelerated thermal aging were irradiated with 6.4 MeV iron ions at 300C to study effects
of irradiation on the steels. The microstructural change was examined by an atom probe
tomography observation and the hardness change was measured with an ultra-micro hardness
tester. The hardening of the ferrite phase by thermal aging was found to reduce with irradiation.
The spinodal decomposition of the ferrite phase into an iron-enriched o phase and a chromium-
enriched o phase and G-phase precipitation occurred after the long-term thermal aging. The
modulation of the chromium density was found to reduce with irradiation. Ni/Si enriched
clusters related to G phase precipitates were also observed in ferrite phases of thermal-aged and
irradiated specimens. Formation of these clusters was enhanced by irradiation. The effects of
Mo on the microstructure of ferrite phases were reducing spinodal decomposition and enhancing
cluster formation under thermal aging and irradiation.

Keywords austenitic stainless steel weld, embrittlement, thermal aging, ion irradiation,
spinodal decomposition, G-phase precipitation, atom probe tomography
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SUS630 @ Eili K i @ SCC A i 25 8 (% 2 )
— ZAERR), REE, I D%

SCC Growth Behavior of SUS630 in High-Temperature Water (2nd report)
- The effects of thermal aging, temperature and applied stress on SCC -

I EF; (Takuyo Yamada) *! FHb 5 (Takumi Terachi) *!
A~ ¥ (Makie Okamoto) *! A #7] (Koji Arioka) *!

EH SUS630 (17-4PH A5~ L A8) 1%, ~VF 4 A4 FRFTHBLZF L Z8TH DY

A LBV IC L D AT 22 L O TX 2 BHIECEREOMECH L. 2Ok
X, BIFRTHEEE BmELFRABI TV LD, BAFICBWTH BmREIRD SNE 7
EICHWSONTW A, BRI TORBGHEGTIX, LENEROMHSHT, SEON Lk
BALBLSA R R B OB ICSCCOHE SN Twb. $/2, BRI S 3 L fifL)s
L EPRBINTVED, ZOSCCEMNDOFBIIMI SN TV, HiHTiESUS630 D
TR H O SCC A B 28T 12 J2 1§ BRI OB D W THIR, 400°C T 3,000 B [ & T o212

XV, SCCHEIEAHIING 5T & 2 Lz, ARG TIE, 51&#tE SUS630 D SCC AL RZ B IZ K
IFTEBRIOBEIZOWT, X ) EEHEEE I 350C O BRI 2 N2 TEMIi L 72, fFe T,
RERIRE & RIS DI O W TN,

Z OGS, A SO H1100 & H11501%, 290C UL T ThNiL, ®ie)s (K=30 MPay m)
5 THoTHSCCHBIBIE SN h o7z, L L, 400C & 350°C T 10,000 Hi 1 F T o #hiHi%)
DR FTRTAEF, H1100 & H1150 13 BRI R IO CTREE L, Z 1S SCC i i 1 A%
B 7.

F—7—NK  SUS630, 174PH A7 » L A, 2Ry, wisKAIc g &l (SCC), SCC Mz,
BRI

Abstract SUS630(17-4 PH stainless steel)is martensitic precipitation hardened stainless steel,
and its properties of high-strength and high-hardness can be controlled by the precipitation-
hardening heat treatment conditions. SUS 630 has been widely used for valve stems in light
water reactors, because the steel had high strength and good corrosion resistance. It is known
from SCC failures experience of SUS630 in field, that higher hardness materials, exposure to
high-temperature and long-term use affect SCC behavior of the materials. And age hardening of
materials is known to occur for long-term thermal-aging at intermediate temperature, but the
influence of thermal-aging on SCC is not clear. According to the author’s previous report, the
SCC growth rate of SUS630(H1100 and H1150) was increased with aging at 400C for 3,000h.
In this study, SCC growth rate measurements were performed using lower and longer aging
materials which were aged at 350C for 10,000h to evaluate the influence of thermal aging on
SCC for more details. In additions, the effects of test temperature and applied stress on SCC of
the materials were investigated.

In unaged H1100 and H1150 (better toughness and lower hardness materials), even at a high
applied stress condition (K=30 MPa m'?), no SCC growth was observed in simulated PWR
primary water at 290C, which contained 500 ppm B, 2 ppm Li, and dissolved hydrogen (30cc STP
Hz/kg—HzO). On the other hand, after thermal aging at 350 and 400C for up to 10,000h of H1100
and H1150, the SCC growth rate and the hardness increased with aging.

Keywords SUS630, 17-4 PH stainless steel, thermal aging, stress corrosion cracking (SCC),
SCC growth rate, light water reactor

* 1 (W) BETHREY AT AR $li & 2 7 2 0F5EAT
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1. IC®IC

SUS630 (17-4 PH A7 » L Z4) &, A5
A317%Cr-4%Ni-d%Cu D < )V 7 ¥ 4 4+ RZAF A
fLBIA 7T Y LV ASTH Y, 1020 ~1060C @ [E#EAL
BB AT M L2V % i U, Cu-rich 72 &
Dol 72 55 2 MHALF- 2T &8 5 2 LT, e
LA EAMETH LY. HARLERE (IS,
Japanese Industrial Standards) T3l %2 EH T
% H900 7> & i 1 2 HAL§ % H1150 £ T 4 B0
AT L ZVL B, B HI00 (470 ~490C / 22%),
H1025 (540~560C /2%47), H1075 (570~590C
/224), HI1150 (610 ~630TC /221) 2BlE s T
WY S OBM A — 4 (AK-steel) ¥ T, Z
M 2 H925, H11007% & X S I HE S
TWa. ZOH00~HI150 1L H7 H AL B LB AL 5
Th b, BI2IF11501F BB OEIN621T %
FQITIHRE L - ROREICHY T 5. ok
M AVEE SEEZ QM A TWDE I Enn, HK
FFIZB T EEENRD 5N 5 FRHBEFEICH S
NTW23. SUS630 DEEKIF T O FBEIREFHID
VT, Olender 5 23& ) F L AWBHIZL 2 &,
AT AL B PE S 12 & > TS D &L (SCC,
stress corrosion cracking) OISR R L 5 2
&, MRS NI LAML G E, & D B
ARZHI050 EThH B L E2HEL TS, i
T, BRI L ) SCCREZMEmMT 52 &, &
DX BRBILBIEMAICBWTYH, RN LR
BIX316CUTTHhHhAZ LG LTWS, —
ez, WA EIXSCCIZEIFRT % A%, SUS630 1% 300~
450C OImPE TR M FERN§ 2 & WALA 4 U 5546
DB, FEEREIT BT B IS B R B Al
129V TIlE, Tsubota®® 2SBWR (boiling water
reactor) DMF %= &L BEE (NWC, normal water
chemistry) 5T, SUS630 % & ok % 7 i il &
AT YLV AGOSCCHEZMEZE T & TMHEOT Al
\¥ (CBB, creviced bent beam) #EEZ:C &L D FiAE
L, ¥ — 2% &340 DL ¢ SCC IS EA 3
HTlEHEL TS, —FH T, PWR (pressurized
water reactor) @ 1 RS BEEET T OHAED
SCCEE e L7-flZiZE A LR, T80
BMOSCCIZHTBEBEBIZOVTIZ L bhoTw
W,

% Z TINSS T3 PWRI1 Kk HIM g K v > SUS
630 D SCCHEEIZOWT, RMMOBIFENIZ L S
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H1100, H1150) OFEL HbETHHFMLZ. 7z,
BSOS BAMIC S 72 o T, IR B R) S
T % 400C T3,000 W5 [ T T O BRI % 845 L
320C ® PWRI1 k& M B K, K=30 MPay m
DS G TSCCAERZT) 2 57l L7z, T ORR,
A A 0 H1100 & H1150 0 SCC 7 8 2 1,
0 EEE 0 HI00 & H1025 12 F R THhio T
Motz TOfEFRIE, Olender Y OEIET 2 [HF
AR AL LB S5 1050 DL b oo ¥ pr o i | %
YHT AR TH 72, 72, 400°C T 3,000 %
THIER) T 5 &, HER &8O HL100 & H1150 D
SCCHEJE M 1X, BHFRIFI & & D ITWimL, 2
eI & % W b ASSCC B I B A2 KT 3] 5
P % iy L 7.

PLEo X 512, SUS630 9 SCC 3 J 7 FiE 73 By )
DB L Z T HWRRENHL N -7-0T, XD
B KA A F IR EE 123 v 350°C T 10,000 K: il £ T
BRRE DAL 2 E L, SCC e g BE 12 139 A RER)
DB RFMT AL L L. 7B, SCCHEREZ
B AT TERER) OB H72 > T, XD
% O H1100 & H1150 @ 2 FER)#F 2 F v T SCC ik
JEARERZ R L, BRI X B X2k & BN
ERETAHEE LI, I 7 OHMBRGEMIC X 0 S8
WAL & SCCEB D BIARIC D W T b KMiat % [ab
L7.

AT, BT o SCC e Ji sk FLise v w55 (290,
320C) T, %M (K=30 MPay m) O#i%
DHTH o7z, BKFIZBIT LI, b4 RE
ST ESNTEY, TRENEHFICOVTHIE
BhobEEZLNL, F£IT, SUS630DSCCIZD
WTIE, BRBERF & U CRERIREE 0522, e K+
&L TREBIS T OB& S L 7.
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K, IO SUS630 TR 1 12RT & 9 42l
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D JISHIKE D 5 500C /228 DB S ~ZE T L
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(b) CTHRIUGHE, W, MKEBIE

SUS630 4~k CT SRz, MkkBIE )5 (L

Beshlc X A2 k%, v h—AME G E
1kg) T5 RiEH L4 TR L 72

SEAMKE, EENEFEMSE (SEM, scanning
electron microscopy) fi & @ & 1 # % J5 $EL ol 7
(EBSD, electron back scattering diffraction) T3
L7z WEDAT Y I A4 X%, 0lum & L7z,
SUS6301E~ VT 44 MALED 7 = 74 MA
BLOF =274 MADBEEINED, VT ¥
P4 MU RFERIZE 5 Theed 2 W i bet fEE 12
0P wIFhbbee 7 =74 MIEBRTEHDNT
12 U CTH %729, EBSD T35 BEDSHEETH - 7-.
% Z°C, EBSDMEDMHAII VT 34 ML
F—ZA7F A4 MHELTERIIL 72, X 212SUS630
DOEREMEE LT, EBSDOA A=Y 27 F ) 74
(IQ, Image quality), #J5 Xl (IPF, invers pole
figure), AR %ZRT. IQK A5, SUS630 i
Be<vr o34 MIoMEEZ 2L, F72H900
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#1 Mo R (wit%)
C Si | Mn P S Cu Ni Cr Nb Pe
Spec. | <007 | <100 | <100 | Max0040 | Max0030 | 300500 | 300500 |1500-1750] 015045 |
al.
SHTE | 005 | 026 | 084 | 0034 0003 332 426 15,60 0.24
2 ERM T O ITEY
AT HHRTA b 24 SRR it 73 FlaRmS fipor ) il % s
RLFR G ATRILES (MPa) (MPa) (%) (%) HBW HV1
. RT (1175) (1310) (10) (40) (375)
1900 | S0G 7M1 Ry 119 1333 18 53 401 428
= 320C 997 1088 9 41
; RT (1000) (1070) (12) (45) (331)
m10z5 |00 < 7ML Ry 1097 1134 19 58 352 384
2 320C 925 974 12 50
600C X 65HFMH. |  RT 976 1041 21 60 331
HIL00 | ps; 320°C 807 854 13 57 349
5 RT (725) (930) (16) (50) (277)
150 S20C X 6. | g 1000 1049 20 59 U1 348
2 320C 838 830 13 56

* 1M LBMLEE S RIE, 42 T1038TC / S

%21 H900 1%, 470C~490C / Z2i5H 5 500C X 7 K¢hl] / 28~ H

() W, JIS BitEfE (4T FRUE).
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w7z,
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tension) WERR & IV, BEHERY 2 PWR1 R HI4F
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sec) 1, FIHSCCHEE (mm) % RXEREEM (sec)
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MIZ TR DEE
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ENDLORT, 1FEALSCCHERIZBLINLH >
7z. 350C T3000 K[ O B bEsh 4 T, T Ew
SCC T 235 A e 52 & 4, 350C "¢ 10,000 B ]
RN T UL A03 RE [ TREWT L, (2(T421H A5 SCC A
Wx2EL7Z DEds, 350C 0B B T,
SCC 3t Ji TR EE DS BABE R DB % 20T 5 2 L DRIE
Eh.

H1100 & H1150 ® 400°C 3 X UF350°C @ 24 b 5h 41
D — 4 O 1] 153 4 e > & SCCHE JE TR % SR,
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MIZTHRBHOLE

512, M & BRI O BItRZ 89, H1100
& HI150 D 2 1&, BERIRE 2 R < % 51251 T
WEALS IR S, £ 72400C D J523350C
L0 S RENCREIL L, BRIR KA SR S
7o Db s, RS & SCC A e 4 BE o #h IR ) I 1]
AAPEIZIE, RO AR S e,
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YA EAREINI. 72720, BURTIR O
WHRNOT, Fip %W LB SRR B
FMOT—5 2 EM - AL, BEESLETH .

2OoHIZMH 3 LR LM HAMT, Cudiibo
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MnTHhhAZ N, TNHIEAT YL AFHHO
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A4 X THY, 400TC T10,000 BE[E D BEEEYZ D 7 «
FA FHTHESA TV 24amBEOGHY X1
DETRKREVEHAITH - 7.

32 HOMMMEEILE, Croxy 7TI2BWT
CrOBRBEERIIERIN, A —FVGHICX
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Characterization of fracture behavior of oxidized grain boundary
in neutron-irradiated stainless steel

=il BB (Terumitsu Miura) *!
W wE (Katsuhiko Fujii) *! B4 #7) (Koji Fukuya) *!

B BSSNhZZ AT 2L AGITIEEK T TRRL R DB SERICIRILT 5 2 LIS N TH
D, T OBBE 2 BBUNG RB TR BRAL L 7R % & N BRILIE & 505 L 72/ 2R,
BAL L 7R i o THRIMASAE UZe. —T5, BRALL7oR R 2 & £ 2 WNEIRRILEE T3, BRItw A
%®ﬁﬁfﬂﬂt W OIS L, BRIL L 2R R 2 & 6613 1100MPa Td 0, HRIL L 72k
TE T RVYEIZ1700MPa TH o 72, BRAL L 72 RO 5 IRIRIE L, JHBRONERRILEE L D v
;t#“#ot.it,ﬁ HADOBILL TV WA OBEEE) & Wid 2 &, BALIZ & DAL
ﬁ@ﬂﬁﬁﬁﬁ%LﬁﬁﬁTT% Epir otz Rk RET QLR R F v ¥ A IVE]

WX BHERRBATOINHE N ZEZE S &, KD ORF SN2 7 2 L AHNZG RIS A5
b b AL L 7Rk R CRIN s L, BRERIG I REHn (TASCC) Olri % % iEtk
AL STz KR OBRAL & BEIEHE D R S TR AEINAHER § 2 88855, TASCC D Fs A4 ik
D—D2LLTERALND.

F—U—F  WEEERSIEERN, DTS, A7 VA, KRR, BN R

Abstract It is known that grain boundaries(GBs)in neutron-irradiated stainless steels are
preferentially oxidized in high temperature water; hence, the fracture behavior of oxidized GBs
was investigated by micro-tensile testing in the present study. The specimen fabricated with an
inner oxide layer containing an oxidized GB failed along the oxidized GB, whereas the specimen
with an inner oxide layer containing no oxidized GB failed along GBs of the oxide. The fracture
stress was 1700MPa for the no oxidized GB specimen and 1100MPa for the oxidized GB specimen.
It was found that the tensile strength of the oxidized GB was less than that of the inner oxide
layer. It was also found that the tensile strength of the oxidized GB was approximately one
third the tensile strength of the non-oxidized GB previously reported for neutron-irradiated
stainless steel. Considering the stress concentration on GBs due to deformation constraint in
polycrystalline material and dislocation channeling deformation, it was suggested that the
oxidized GBs would be cracked and irradiation assisted stress corrosion cracking(IASCC)
would occur when tensile stress is applied on neutron-irradiated stainless steels used in high
temperature water. Intergranular cracking propagation by repetition of further GB oxidation
and its fracture was thought as one of the initiation mechanisms of TASCC.

Keywords Irradiation assisted stress corrosion cracking, Neutron irradiation, Stainless steel,
Grain boundary oxidation, Micro-tensile testing
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Analysis of trouble cause of nuclear power plant occurred in overseas and domestic

1.

IFC®HIC
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IS HERE (Teruo Komatsu) *!
=AK FH&* (Hideo Miki) *! %W 5. (Hiroshi Ando) *!

=5 20094E 1 A2 52017412 H T TO 9 4EMNCHAE L 72N DB+ NI EITT O 5 T IVE
(B R#R%530595) &, 2008424 H 1 HA2 5201743 H31 H T TOMIZEAE L-ENOEF
NFEEHO N7 7 VEKN (RKEE1,100) OB - E21To72. TOME, T 7IVOEKIE,
WAL - ENE DI [HRFAR] &R0 HBRBEEZ 5D, RdDLEZVWI Ebh o7 HEERR ]
IZOoWTIE, WBADPEERDIL% 2 HEDTWAEDIZR LT, EWIZ10% &L 7w, T2, o
FAREE | oEEF, 23~31%DHATHERBL TWEDI0 LT, ENIZ1I~2%fETH Y,
FI0RA ¥ MEWZ LI L 72, —J7, @MEx A5 Ly - ENE DIl 4 o b7 7 VEK
DEE IO THEUL TWD. 2o e, WHHORTIFEENTO T 7 IV IEHRE IE - 7547
FTHIEIZEY, ENTT v bOBRMREH T EOWERE 2 To72), SRS LTHE L
HAHIERERMLT L L IIARBIE THELEERD.

F—TU—K  ETHFEEI, b7 TVERE, ARES

Abstract Abstract The trouble causes(total causes is 30,595) which occurred in overseas
nuclear power plants (NPPs) during past nine years (from Jan. 2009 to Dec. 2017) and the trouble
causes (total causes is 1,100) which occurred in domestic NPPs during same duration (from Apr.
2009 to Mar. 2017)were classified and analyzed. As a result, the trouble causes was found to
be "the maintenance failure" both domestically and domestically, accounting for about 45% of
the total, the most frequent. Regarding "operation failure", overseas accounts for 15% of the
total while domestic is as low as 10%. In addition, while the proportion of overseas "human
error" has been in the range of 23 to 31%, domestic was found to be around 11 to 22%, which
was found to be about 10 points lower. On the other hand, looking at the overall trend, the
proportion of individual troubles in both overseas and domestic are very similar. From these, it is
a useful activity to provide recommendations for improving the facilities and operation methods
of domestic plants and to provide information to be useful as operating experiences by collecting
and analyzing trouble information of overseas NPPs.

Keywords nuclear power plant, trouble cause, human error
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Trend Analysis of heat exchanger Failure Events at U.S. Nuclear Plants

fliA W& (Satoshi Tokuhisa) *!

B EFOREI TR ZROBZMEVPHEH SN TH L AOHICEw T, By hwa
VAT AR OBEFIEWT — 7 N—= 2B HF I N T L RERFHIRETOABEGHL D,
b, BLMBERROARGRHDbI TV L 25FH G 2t L, BAEKROMR, AREFHERK,
AEEFEN RN OGHEATo 72, TORE, BLRGOALRGIRTFARICEE 005\,
F72, TOMRE LT, FIHEDOYE #HilEH%E .

F—U—K  EFIIRENT, SN, Aok

Abstract Many heat exchangers are used in nuclear power plants. In this study, 25 events
related to the failure of the body of heat exchangers at nuclear power plants in the United
States were selected from the nuclear information database owned by the Institute of Nuclear
Safety System, and these events were analyzed in view of the history of occurrence, cause of
failure, countermeasures and the other factor. As a result, it was found that the cause of heat
exchanger failure was often poor maintenance. Also, among the countermeasures, the number of
revisions of procedures and of repairs were seen to be large.
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Keywords nuclear power plant, trend analysis, heat exchanger
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Study on Dose Calculation Method for Operational Intervention Level
- Evaluation of the Resuspension Factor for OIL1 and OIL2 -

FHH £ (Yoshitaka Yoshida) *! NG %M (Shunsuke Takahashi) *2
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F-U—K  ETFHEEE EHEOMRALV, B MR, FIRERE

Abstract In the guideline for nuclear disaster countermeasures, the operational intervention
level (OIL)is an index for decision making of protective measures to be applied in an urgent
protective action planning zone(UPZ)and in the zone immediately outside it, for the period
starting several hours after a general emergency is declared to within a week after this. The
significant pathways of exposure of the urgent protective actions(OIL1) and the early protective
actions (OIL2) were the ground shine from radioactive materials deposited on the ground,
inhalation due to the resuspension of deposited radioactive materials and the inadvertent
ingestion of soil. The resuspension factor (RF)is used for dose calculation of an inhalation of
resuspended radioactive materials and generally made in the range of 10 - 10°(m™), we used
10*(m™!)up to now. But the technical basis for this was unclear. In this study, we evaluated
the RF measured data of the Chernobyl accident and the Fukushima Daiichi accident collected
from academic papers, estimated the RF for the dose calculation based on OIL1 and OIL2, and
executed the test calculation. As a result, we found the RFs were an inverse proportion of
logarithms by elapsed time from the accident. The RFs of human activities and fire were greater
than those of stable condition. The estimated RF for OIL1 was 8.1 x 103(m™), and that for OIL2
was 6.2 x 10°(m™). By the test calculation results, the percentage of resuspension substance
inhalation dose (RSID)was about 16 - 37 % in the OIL1 dose by iodine 131, but the influence of
RSID in the OIL1 dose by cesium 137 and that in the OIL2 dose were very small. The percentage
of the RSID in the OILZ dose decreased greatly compared with that calculated by the past RF.

Keywords nuclear emergency preparedness, operational intervention level, radiation dose,
resuspension factor
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fPERde W13 S L2 iR — 7 —5&
SRR | BRRERE Im ]| ok L] ) S 1) WE s i %
8 3.3E-08 Cs 1986/4/26 1986 % 27 4 J Chernobyl
3 8.2E-09 Cs 1986/4/26 1987 % 25 4 F Chernobyl
8 3.2E-09 Cs 1986/4/26 1988 %7 77 A F Chernobyl
8 1.4E-09 Cs 1986/4/26 1989 % 27 4 J Chernobyl
3 6.0E-10 Cs 1986/4/26 1990 7 25 4 F Chernobyl
8 8.0E-10 Cs 1986/4/26 1991 %7 77 A F Chernobyl
8 24E-10 Cs 1986/4/26 1991/9/25 % 27 4 F Chernobyl
3 4.3E-10 Cs 1986/4/26 1991/9/25 % 25 4 F Chernobyl
8 1.9E-07 Ce 1986/4/26 1986/9/14~ 17 %7 77 4 J Chernobyl
8 1.7E-07 Cs 1986/4/26 1986/9/14~17 % 27 4 F Chernobyl
3 2.3E-07 Ru 1986/4/26 1986/9/14~17 % 25 4 F Chernobyl
8 2.0E-07 Zr 1986/4/26 1986/9/14~17 %7 77 4 J Chernobyl
9 1.0E-11 Cs 1986/4/26 1991/8 7 2 7 4 J Pripyat-Beach
9 6.0E-11 Cs 1986/4/26 1991/8 %7 7 7 4 J Pripyat-Beach
9 1.0E-10 Cs 1986/4/26 1991/8 %7 7 7 4 J Pripyat-Beach
9 5.5E-09 Cs 1986/4/26 1993/5 % 77 A F Zapolie NGEEE TN
9 1.7E-08 Cs 1986/4/26 1993/5 %7 7 A F Zapolie N BHERL
9 4.7E-07 Cs 1986/4/26 1993/5 7 25 4 F Zapolie PNISE: SN
9 7.5E-09 Cs 1986/4/26 1993/5 v 27 A F Zapolie NGEEE TN
9 44E-08 Cs 1986/4/26 1993/5 %7 79 A F Zapolie N BHERL
9 9.0E-08 Cs 1986/4/26 1993/5 v 7 F 4 F Zapolie NS SN
9 5.5E-07 Cs 1986/4/26 1993/5 % 77 A F Zapolie NRBERL
9 7.2E-07 Cs 1986/4/26 1993/5 %7 7 A F Zapolie N HHERL
9 1.1E-10 Cs 1986/4/26 1993/7 % 27 4 J Kopachi
9 14E-10 Cs 1986/4/26 1993/7 % 2 7 4 F Kopachi
9 2.7E-10 Cs 1986/4/26 1993/7 7 7 4 J Kopachi
9 1.4E-09 Cs 1986/4/26 1994/5 7 > 7 Novozybkov
9 2.6E-09 Cs 1986/4/26 1994/5 T 27 Novozybkov YNGEE: TN
9 8.7E-09 Cs 1986/4/26 1994/5 T 27 Novozybkov NI BERL
9 1.9E-08 Cs 1986/4/26 1994/5 T 27 Novozybkov PNGEEE TN
9 2.0E-07 Cs 1986/4/26 1994/5 T 27 Novozybkov UNGEE: TN
9 4.0E-10 Cs 1986/4/26 1991/7~1993/5 | w2 F 4 F Zapolie
9 6.0E-10 Cs 1986/4/26 1991/7~1993/5 | 72 J 4 7 Zapolie
9 6.3E-10 Cs 1986/4/26 1991/7~1993/5 | w72 J 4 F Zapolie
10 1.5E-07 Ce 1986/4/26 1986/9/14 ~17* %7 27 4 J Chernobyl
10 1.8E-07 Ce 1986/4/26 1986/9/14 ~17* % 25 4 F Chernobyl
10 1.5E-07 Cs 1986/4/26 1986/9/14 ~17* %7 75 A F Chernobyl
10 2.0E-07 Cs 1986/4/26 1986/9/14~ 17" %7 2 7 4 J Chernobyl
10 2.3E-07 Nb 1986/4/26 1986/9/14 ~17* % 25 4 F Chernobyl
10 1.0E-07 Ru 1986/4/26 1986/9/14 ~17* %7 77 A F Chernobyl
10 1.9E-07 Ru 1986/4/26 1986/9/14~ 17" %7 7 7 4 F Chernobyl
10 1.7E-07 Zr 1986/4/26 1986/9/14 ~17* % 25 4 F Chernobyl
10 7.2E-07 Ce 1986/4/26 1986/9/14 ~17* %7 7 4 J Kopachi NRBERL
10 8.5E-07 Ce 1986/4/26 1986/9/14~ 17" 7 7 7 4 F Kopachi INISESIN
10 5.8E-07 Cs 1986/4/26 1986/9/14 ~17* % 27 4 F Kopachi NRYBERL
10 5.9E-07 Cs 1986/4/26 1986/9/14 ~17* 7 7 7 4 J Kopachi NRBERL
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10 8.8E-07 Nb 1986/4/26 1986/9/14 ~ 17" v 7 7 4 F Kopachi
10 5.9E-07 Ru 1986/4/26 1986/9/14 ~ 17" %7 7 A F Kopachi
10 6.0E-07 Ru 1986/4/26 1986/9/14 ~17* %7 7 A F Kopachi
10 6.4E-07 Zr 1986/4/26 1986/9/14 ~17* v 7 7 4 F Kopachi
10 1.0E-07 Ce 1986/4/26 1986/9/14 ~ 17" %7 7 4 F Korogod
10 2.3E-07 Ce 1986/4/26 1986/9/14 ~17* % 7 7 4 F Korogod
10 4.2E-08 Cs 1986/4/26 1986/9/14 ~17* % 27 4 F Korogod
10 1L1E-07 Cs 1986/4/26 1986/9/14 ~ 17" %7 7 5 4 F Korogod
10 9.9E-08 Nb 1986/4/26 1986/9/14 ~17* %7 7 4 F Korogod
10 1.0E-07 Ru 1986/4/26 1986/9/14 ~17* %7 77 4 F Korogod
10 2.8E-07 Ru 1986/4/26 1986/9/14 ~17* %7 7 4 F Korogod
10 1.1E-07 Zr 1986/4/26 1986/9/14 ~17* % 7 4 F Korogod
10 1.6E-07 Ce 1986/4/26 1986/9/14 ~ 17" 7 7 7 4 F Lelev
10 3.2E-06 Ce 1986/4/26 1986/9/14 ~17* % 7 5 A4 F Lelev
10 5.2E-08 Cs 1986/4/26 1986/9/14 ~17* 7 7 7 A4 F Lelev
10 4.2E-07 Cs 1986/4/26 1986/9/14 ~17* 7 27 7 A4 F Lelev
10 1.8E-07 Nb 1986/4/26 1986/9/14 ~17* % 7 5 A4 F Lelev
10 1.5E-07 Ru 1986/4/26 1986/9/14 ~ 17" 72 5 4 F Lelev
10 2.6E-07 Ru 1986/4/26 1986/9/14 ~17* 7 7 5 A F Lelev
10 9.0E-08 Zr 1986/4/26 1986/9/14 ~17* v 7 7 A4 F Lelev
10 7.0E-08 Ce 1986/4/26 1986/9/14 ~ 17" %7 7 7 4 F Opachichi
10 9.0E-08 Ce 1986/4/26 1986/9/14 ~ 17" %7 77 A F Opachichi
10 1.3E-07 Cs 1986/4/26 1986/9/14 ~17* %7 7 7 4 F Opachichi
10 2.1E-07 Cs 1986/4/26 1986/9/14 ~17* % 7 7 4 F Opachichi
10 6.7E-08 Nb 1986/4/26 1986/9/14 ~17* %7 75 A F Opachichi
10 5.6E-08 Ru 1986/4/26 1986/9/14 ~17* %7 2 7 4 F Opachichi
10 2.1E-07 Ru 1986/4/26 1986/9/14 ~17* %7 27 A F Opachichi
10 4.0E-08 Zr 1986/4/26 1986/9/14 ~17* %7 75 A F Opachichi
10 9.7E-08 Ce 1986/4/26 1986/9/14 ~17* % 7 7 A J Pripyat NI BEEL
10 1.0E-07 Ce 1986/4/26 1986/9/14 ~17* %7 7 A F Pripyat NREERL
10 9.0E-09 Cs 1986/4/26 1986/9/14 ~17* % 7 7 A F Pripyat N HIHERL
10 7.7E-08 Cs 1986/4/26 1986/9/14 ~17* % 7 A J Pripyat PNISEE TN
10 8.5E-08 Nb 1986/4/26 1986/9/14 ~17* %7 7 7 A F Pripyat
10 7.6E-08 Ru 1986/4/26 1986/9/14 ~17* %7 7 7 A F Pripyat
10 1.1E-07 Ru 1986/4/26 1986/9/14 ~17* % 7 A J Pripyat
10 8.7E-08 Zr 1986/4/26 1986/9/14 ~ 17" %7 7 7 A F Pripyat
10 3.3E-08 Ce 1986/4/26 1986/9/14 ~17* % 7 7 4 F Yampol
10 75E-08 Ce 1986/4/26 1986/9/14~17* % 7 4 J Yampol
10 5.9E-08 Cs 1986/4/26 1986/9/14 ~17* % 27 4 F Yampol
10 1.6E-07 Cs 1986/4/26 1986/9/14 ~17* % 7 7 4 F Yampol
10 2.8E-08 Nb 1986/4/26 1986/9/14 ~17* v 7 7 4 F Yampol
10 5.5E-08 Ru 1986/4/26 1986/9/14 ~ 17" % 7 4 F Yampol
10 2.6E-07 Ru 1986/4/26 1986/9/14 ~17* % 7 7 4 F Yampol
10 4.1E-08 Zr 1986/4/26 1986/9/14 ~17* v 7 7 4 F Yampol
10 1.0E-07 Ce 1986/4/26 1986/9/14 ~ 17" 7 7 5 A F Zalecie
10 1.1E-07 Ce 1986/4/26 1986/9/14 ~17* 7 7 A F Zalecie
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10 6.8E-08 Cs 1986/4/26 1986/9/14 ~17* v 7 F A4 F Zalecie
10 1.7E-07 Cs 1986/4/26 1986/9/14 ~17* v 7 F 4 F Zalecie
10 9.2E-08 Nb 1986/4/26 1986/9/14 ~17* 7 27 5 4 F Zalecie
10 1.0E-07 Ru 1986/4/26 1986/9/14 ~17* 7 7 F A4 F Zalecie
10 2.1E-07 Ru 1986/4/26 1986/9/14 ~17* v 7 F 4 F Zalecie
10 55E-07 Zr 1986/4/26 1986/9/14 ~17* 7 27 4 F Zalecie
10 9.0E-08 Ce 1986/4/26 1986/9/14 ~17* 7 27 4 F Zapolie
10 1.1E07 Ce 1986/4/26 1986/9/14 ~17* v 7 J 4 F Zapolie
10 5.3E-08 Cs 1986/4/26 1986/9/14 ~17* 7 27 5 4+ Zapolie
10 1.0E-07 Cs 1986/4/26 1986/9/14 ~17* v 7 F 4 F Zapolie
10 6.5E-08 Nb 1986/4/26 1986/9/14~17* 7 2 5 4+ Zapolie
10 6.0E-09 Ru 1986/4/26 1986/9/14 ~17* 7 27 5 4 F Zapolie
10 3.0E-08 Ru 1986/4/26 1986/9/14 ~17* v 7 F 4 F Zapolie
10 6.0E-08 Zr 1986/4/26 1986/9/14 ~17* 7 2 5 4 F Zapolie
10 1.0E-07 Ce 1986/4/26 1986/9/14 ~17* 7 27 4 Zimovitshe N 3L
10 1.8E-07 Ce 1986/4/26 1986/9/14~17* v 7 F 4 F Zimovitshe AR HBEEL
10 4.2E07 Cs 1986/4/26 1986/9/14~17* 7 2 5 4 F Zimovitshe NG HEEEL
10 1.2E-06 Cs 1986/4/26 1986/9/14 ~17* 7 27 4 Zimovitshe AL
10 2.2E-07 Ru 1986/4/26 1986/9/14~17* v 7 F 4 F Zimovitshe
10 3.0E07 Ru 1986/4/26 1986/9/14 ~17* 7 2 5 4 F Zimovitshe
11 3.0E-09 Cs 1986/4/26 1986/7~1987/6 | 4 ¥ 1) A Conlig
11 1.5E-08 Cs 1986/4/26 1986/7~1987/6 | A ¥ 1) A Eskmeals
11 1.3E-06 Cs 1986/4/26 1986/7~1987/6 | A ¥') A Harwell CM PNSE: S0
11 7.3E-08 Cs 1986/4/26 1986/7~1987/6 | 4 ¥ A Harwell FC
11 6.0E-10 Cs 1986/4/26 1986/7~1987/6 | A ¥1) A Lerwick
11 2.3E-08 Cs 1986/4/26 1986/7~1987/6 | 7 ¥~ — 2 Bornholm
11 2.3E-08 Cs 1986/4/26 1986/7~1987/6 | 7~ <—7Z Riso
11 25E-08 Cs 1986/4/26 1986/7 ~1987/6 A > Berlin
11 1.7E-08 Cs 1986/4/26 1986/7 ~1987/6 N4 7 Braunschweig
11 49E-09 Cs 1986/4/26 1986/7 ~1987/6 4 7 Neuherberg
11 32E-08 Cs 1986/4/26 1986/7~1987/6 | / 7 = — Skibotn
11 1.5E-08 Cs 1986/4/26 1986/7~1987/6 | / V7 = — Tromso
11 9.6E-09 Cs 1986/4/26 1986/7~1987/6 | 7 4 ¥ Z ¥ KN Nurmijirvi
11 1.2E-08 Cs 1986/4/26 1986/7~1987/6 | R—F » N Warsaw
11 6.0E-08 Cs 1986/4/26 1986/7~1987/6 | 4 ¥ 1) A Chilton
11 2.8E-07 Cs 1986/4/26 1986/7~1987/6 | A ¥ 1) A Compton
11 1.2E-08 Cs 1986/4/26 1986/7~1987/6 | A ¥ A Eskdalemuir
11 8.0E-08 Cs 1986/4/26 1986/7~1987/6 | 4 ¥') A Haven
11 94E-08 Cs 1986/4/26 1986/7~1987/6 | A ¥ 1) A Orfordness
11 3.1E-08 Cs 1986/4/26 1986/7 ~1988/12 | 7 »~— 2 Bornholm
11 3.1E-08 Cs 1986/4/26 1986/7 ~1988/12 | 7~ ~—7 Riso
11 35E-08 Cs 1986/4/26 1986/7 ~1988/12 | KA 7 Berlin
11 74E-09 Cs 1986/4/26 1986/7~1988/12 | KA 7 Neuherberg
11 35E-08 Cs 1986/4/26 1986/7 ~19838/12 | / )7 = — Skibotn
11 5.9E-09 Cs 1986/4/26 1986/7~1988/8 | A # 1) 7 Ispra
11 2.8E08 Cs 1986/4/26 1986/7~1989/10 | KA 7 Braunschweig
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11 1.5E-08 Cs 1986/4/26 1986/7~1989/10 | A—7F ¥ ¥ Warsaw
11 1.0E-08 Cs 1986/4/26 1986/7~1989/12 | 7 4 ¥ F ¥ K Nurmijéirvi
11 49E-08 Cs 1986/4/26 1986/7~1989/6 | A ¥ A Chilton
11 1.6E-08 Cs 1986/4/26 1986/7~1989/6 | A ¥ ') X Eskmeals
11 3.6E-09 Cs 1986/4/26 1987/1~1989/12 | #—A bV 7 Klagenfurt
11 5.3E-09 Cs 1986/4/26 1987/1~1989/8 | *—A b 7 Bregenz
11 1.3E-08 Cs 1986/4/26 1987/1~1989/8 | *—A bV 7 Vienna
11 4.5E-09 Cs 1986/4/26 1987/7~1988/6 | 4 %) T Ispra
11 1.2E-09 Cs 1986/4/26 1987/7~1988/6 | A4 ¥ A Conlig
11 3.1E-09 Cs 1986/4/26 1987/7~1988/6 | A ¥ A Eskmeals
11 1.2E-07 Cs 1986/4/26 1987/7~1988/6 | A &Y A Harwell CM
11 3.5E-08 Cs 1986/4/26 1987/7~1988/6 | 4 ¥ A Harwell FC
11 3.0E-10 Cs 1986/4/26 1987/7~1988/6 | A4 ¥ A Lerwick
11 4.5E-09 Cs 1986/4/26 1987/7~1988/6 | 7 »<—7 Bornholm
11 45E-09 Cs 1986/4/26 1987/7~1988/6 | 7 ¥~ —7 Riso
11 8.5E-09 Cs 1986/4/26 1987/7 ~1988/6 F A ¥ Berlin
11 3.7E-09 Cs 1986/4/26 1987/7 ~1988/6 F A v Braunschweig
11 14E-09 Cs 1986/4/26 1987/7 ~1988/6 F A Neuherberg
11 1.7E-08 Cs 1986/4/26 1987/7~1988/6 | / )7 = — Skibotn
11 9.7E-09 Cs 1986/4/26 1987/7~1988/6 | / V7 = — Tromso
11 3.2E-09 Cs 1986/4/26 1987/7~1988/6 | 7 4 » 7 ¥ K Nurmijarvi
11 45E-09 Cs 1986/4/26 1987/7~1988/6 | A—F » F Warsaw
11 5.2E-08 Cs 1986/4/26 1987/7~1988/6 | A4 ¥ A Chilton
11 2.9E-08 Cs 1986/4/26 1987/7~1988/6 | A ¥ A Compton
11 40E-09 Cs 1986/4/26 1987/7~1988/6 | A ¥ A Eskdalemuir
11 4.0E-08 Cs 1986/4/26 1987/7~1988/6 | 4 ¥ A Haven
11 3.6E-08 Cs 1986/4/26 1987/7~1988/6 | A ¥ A Orfordness
11 8.0E-10 Cs 1986/4/26 1988/7~1989/6 | A %Y A Conlig
11 1.0E-10 Cs 1986/4/26 1988/7~1989/6 | A4 ¥ A Lerwick
11 1.65E-08 Cs 1986/4/26 1988/7~1989/6 | A &) A Chilton
11 1.51E-08 Cs 1986/4/26 1988/7~1989/6 | A %Y A Compton
11 14E-09 Cs 1986/4/26 1988/7~1989/6 | A ¥ A Eskdalemuir
11 4.05E-08 Cs 1986/4/26 1988/7~1989/6 | A ¥ ') A Haven
11 14E-08 Cs 1986/4/26 1988/7~1989/6 | A %Y A Orfordness
11 1.1E-09 Cs 1986/4/26 1989/7~1990/6 | A4 ¥ A Conlig
11 20E-10 Cs 1986/4/26 1989/7~1990/6 | A ¥ A Lerwick
11 2.5E-08 Cs 1986/4/26 1989/7~1990/6 | A %Y A Chilton
11 1.73E-08 Cs 1986/4/26 1989/7~1990/6 | A %Y A Compton
11 2.1E-09 Cs 1986/4/26 1989/7~1990/6 | A ¥ A Eskdalemuir
11 4.94E-08 Cs 1986/4/26 1989/7~1990/6 | A1 ¥ A Haven
11 1.6E-08 Cs 1986/4/26 1989/7~1990/6 | A %) X Orfordness
11 5.0E-10 Cs 1986/4/26 1990/7~1991/6 | A ¥ A Conlig
11 1.0E-10 Cs 1986/4/26 1990/7~1991/6 | 4 ¥ A Lerwick
11 1.08E-08 Cs 1986/4/26 1990/7~1991/6 | A ¥ 1) A Chilton
11 1.0E-08 Cs 1986/4/26 1990/7~1991/6 | A4 ¥ A Compton
11 1.1E-09 Cs 1986/4/26 1990/7~1991/6 | A4 ¥ A Eskdalemuir
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11 9.4E-09 Cs 1986/4/26 1990/7~1991/6 | A ¥ 1) A Orfordness
11 5.0E-10 Cs 1986/4/26 1991/7~1992/6 | 4 ¥ 1) A Conlig
11 1.0E-10 Cs 1986/4/26 1991/7~1992/6 | A4 ¥ R Lerwick
11 7.5E-09 Cs 1986/4/26 1991/7~1992/6 | A %) A Chilton
11 6.1E-09 Cs 1986/4/26 1991/7~1992/6 | A ¥1) A Compton
11 1.0E-09 Cs 1986/4/26 1991/7~1992/6 | A ¥ X Eskdalemuir
11 55E-09 Cs 1986/4/26 1991/7~1992/6 | A ¥ 1) A Orfordness
12 44E-10 Cs 1986/4/26 1993 v 7 F 4+ Zapolye
12 1.8E-10 Pu 1986/4/26 1993 7 27 5 4+ Zapolye
12 2.2E-10 Cs 1986/4/26 1992 ~ 1994 %7 7 7 4 J Beach-Pripyat
12 1.1E-10 Pu 1986/4/26 1992 ~ 1994 % 275 4 F Beach-Pripyat
12 2.0E-10 Cs 1986/4/26 1992 ~ 1994 v 2 4+ Kopachi
12 24E-11 Pu 1986/4/26 1992 ~ 1994 %7 7 7 4+ Kopachi
12 6.3E-10 Cs 1986/4/26 1992 ~ 1994 7 27 5 4 F Kovali
12 1.1E-09 Pu 1986/4/26 1992 ~ 1994 7 27 7 4 F Kovali
12 3.1E-10 Cs 1986/4/26 1992 ~ 1994 %7 7 4+ Mikulichi
12 7.7E-10 Cs 1986/4/26 1992 ~ 1994 I ¥ 7 Novozybkov
13 9.0E-08 Cs 1986/4/26 1986/7~1987/6 | 4 ¥ A Orfordness
13 1.5E-08 Cs 1986/4/26 1986/7~1987/6 | A ¥1) A Tromso
13 6.0E-10 Cs 1986/4/26 1986/7~1987/6 | A ¥ R Lerwick
13 6.0E-08 Cs 1986/4/26 1986/7~1987/6 | 4 ¥ 1) A Chilton
13 1.3E-06 Cs 1986/4/26 1986/7~1987/6 | 4 ¥ ') A Harwell carpark
14 1.1E07 Cs 1986/4/26 1997/5 7 27 94 F Kiev KK
15 1.7E-07 Cs 1986/4/26 2001/10/10 %7 277 4 F Chernobyl K
15 3.8E-09 Pu 1986/4/26 2001/10/10 % 25 4 7+ Chernobyl K
15 49E-09 Pu 1986/4/26 2001/10/10 %7 275 4 7+ Chernobyl KK
15 37E07 Sr 1986/4/26 2001/10/10 %7 27 4 F Chernobyl K
15 1.9E-07 Cs 1986/4/26 2002/4/18 % 25 4 7+ Chernobyl K
15 1.3E-08 Pu 1986/4/26 2002/4/18 %7 25 4 7 Chernobyl K
15 1.3E-08 Pu 1986/4/26 2002/4/18 %7 2 F 4+ Chernobyl K
15 1.8E-07 Sr 1986/4/26 2002/4/18 7 25 4+ Chernobyl K
15 47E-08 Cs 1986/4/26 2003/5/15 %7 27 4 7 Chernobyl K
15 25E-08 Pu 1986/4/26 2003/5/15 % 2 4 F Chernobyl KK
15 32E08 Pu 1986/4/26 2003/5/15 %7 25 4+ Chernobyl KK
15 1.1E07 Sr 1986/4/26 2003/5/15 %7 7 7 4+ Chernobyl K
16 2.14E-06 Cs 1986/4/26 1986/5/1~6/1 A4 > Hannover
17 6.4E-09 Cs 1986/4/26 1986 N4 7 Niirnberg
17 2.2E-09 Cs 1986/4/26 1987 N4 > Nirnberg
17 1.0E-09 Cs 1986/4/26 1988 FA Y Niirnberg
17 6.4E-10 Cs 1986/4/26 1989 N4 v Niirnberg
17 48E-10 Cs 1986/4/26 1990 KA > Nirnberg
17 44E-10 Cs 1986/4/26 1991 FA Y Niirnberg
17 39E-10 Cs 1986/4/26 1992 N4 7 Niirnberg
17 2.6E-10 Cs 1986/4/26 1993 KA 7 Nirnberg
17 14E-10 Cs 1986/4/26 1994 FA Y Niirnberg
17 1.3E-10 Cs 1986/4/26 1995 N4 v Niirnberg
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17 15E-10 Cs 1986/4/26 1996 N4 Y Niirnberg

17 1.4E-10 Cs 1986/4/26 1997 N A Niirnberg

17 1.3E-10 Cs 1986/4/26 1998 N4 v Niirnberg

17 6.1E-10 Pu 1986/4/26 1986 N A 7 Niirnberg

17 3.6E-10 Pu 1986/4/26 1987 N A Niirnberg

17 1.6E-10 Pu 1986/4/26 1988 N4 v Niirnberg

17 2.3E-10 Pu 1986/4/26 1989 N A 7 Niirnberg

17 24E-10 Pu 1986/4/26 1990 N A Niirnberg

17 2.1E-10 Pu 1986/4/26 1991 N4 v Niirnberg

17 2.6E-10 Pu 1986/4/26 1992 N A 7 Niirnberg

17 1.1E-10 Pu 1986/4/26 1993 N4 Y Niirnberg

17 1.1E-10 Pu 1986/4/26 1994 N4 v Niirnberg

17 34E-11 Pu 1986/4/26 1995 N A 7 Niirnberg

17 40E-11 Pu 1986/4/26 1996 K4 v Niirnberg

17 40E-11 Pu 1986/4/26 1997 N4 v Niirnberg

17 1.6E-10 Pu 1986/4/26 1986 N4 Y Niirnberg

17 1.2E-10 Pu 1986/4/26 1987 N4 Y Niirnberg

17 86E-11 Pu 1986/4/26 1988 N4 7 Niirnberg

17 6.3E-11 Pu 1986/4/26 1989 N4 Y Niirnberg

17 5.8E-11 Pu 1986/4/26 1990 N4 v Niirnberg

17 49E-11 Pu 1986/4/26 1991 N4 v Niirnberg

17 40E-11 Pu 1986/4/26 1992 N A Niirnberg

17 22E-11 Pu 1986/4/26 1993 N4 v Niirnberg

17 1.7E-11 Pu 1986/4/26 1994 N A 7 Niirnberg

17 1.1E-11 Pu 1986/4/26 1995 N4 Niirnberg

17 1.3E-11 Pu 1986/4/26 1996 N4 v Niirnberg

17 1.0E-11 Pu 1986/4/26 1997 N A 7 Niirnberg

17 25E-10 Sr 1986/4/26 1986 KA Niirnberg

17 1.6E-10 Sr 1986/4/26 1987 N4 v Niirnberg

17 14E-10 Sr 1986/4/26 1988 N A 7 Niirnberg

17 1.2E-10 Sr 1986/4/26 1989 N4 Y Niirnberg

17 8.0E-11 Sr 1986/4/26 1990 N4 v Niirnberg

17 74E-11 Sr 1986/4/26 1991 N A 7 Niirnberg

17 74E-11 Sr 1986/4/26 1992 N4 v Niirnberg

17 5.8E-11 Sr 1986/4/26 1993 N4 v Niirnberg

17 2.3E-11 Sr 1986/4/26 1994 N A 7 Niirnberg

17 2.1E-11 Sr 1986/4/26 1995 N4 Y Niirnberg

17 1.8E-11 Sr 1986/4/26 1996 N4 7 Nirnberg

17 1.7E-11 Sr 1986/4/26 1997 N4 Y Niirnberg

18 45E-07 Cs 2011/3/11 2011/4/7 KIS <

18 52E-07 Cs 2011/3/11 2011/4/7 KRS ATl

18 6.1E-07 Cs 2011/3/11 2011/4/7 KIS U

18 6.2E-07 Cs 2011/3/11 2011/4/7 KRS 3T

18 3.6E-06 Cs 2011/3/11 2011/4/7 HIEIED Il NGB
18 39E-06 Cs 2011/3/11 2011/4/7 IO I3l N HYHEEL
18 8.1E-06 Cs 2011/3/11 2011/4/7 KRS 3T PNSE: T
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18 8.7E-06 Cs 2011/3/11 2011/4/7 KRS AT N HEL
18 1.2E-06 I 2011/3/11 2011/4/7 KR I3l
18 1.7E-06 I 2011/3/11 2011/4/7 FIIED I
18 8.1E-06 I 2011/3/11 2011/4/7 KRS AT N L
18 2.6E-06 Cs 2011/3/11 2011/4/8 HIRIED I3l INGSE: S
18 34E-06 Cs 2011/3/11 2011/4/8 KD T NI HEL
18 7.1E-06 Cs 2011/3/11 2011/4/8 KRS AT N L
18 7.7E-06 Cs 2011/3/11 2011/4/8 FIRILD Tl AL
18 1.8E-06 I 2011/3/11 2011/4/8 KR T N HERL
18 4.3E-06 I 2011/3/11 2011/4/8 KRS AT UNGSE: S
19 1.0E-09 Cs 2011/3/11 2011/8 ~11 i S ULk T
19 1.0E-08 Cs 2011/3/11 2011/8 ~11 i VAR LT
20 56E-08 Cs 1986/4/26 1986 %7 2 5 A F Zapolie
20 7.7E-08 Cs 1986/4/26 1986 % 2 5 4 F Zapolie
20 9.8E-08 Cs 1986/4/26 1986 % 2 5 4 F Zapolie
20 5.3E-09 Cs 1986/4/26 1986 %7 2 5 4 Chernobyl
20 3.3E-08 Cs 1986/4/26 1986 % 2 5 4 F Chernobyl
20 8.3E-08 Cs 1986/4/26 1986 % 2 5 4 ¥ Chernobyl
20 1.3E-09 Cs 1986/4/26 1987 %7 2 5 4 - Chernobyl
20 8.2E-09 Cs 1986/4/26 1987 % 2 5 4 F Chernobyl
20 1.7E-08 Cs 1986/4/26 1987 % 2 5 4 ¥ Chernobyl
20 40E-10 Cs 1986/4/26 1988 %7 2 5 4 F Chernobyl
20 3.2E-09 Cs 1986/4/26 1988 % 2 5 4 F Chernobyl
20 7.0E-09 Cs 1986/4/26 1988 %7 2 5 4 ¥ Chernobyl
20 2.0E-10 Cs 1986/4/26 1989 %7 2 5 4 F Chernobyl
20 1.4E-09 Cs 1986/4/26 1989 % % 5 4 F Chernobyl
20 34E-09 Cs 1986/4/26 1989 %7 2 5 4 ¥ Chernobyl
20 80E-11 Cs 1986/4/26 1990 %7 2 5 4 F Chernobyl
20 6.0E-10 Cs 1986/4/26 1990 % % 5 4 F Chernobyl
20 15E-09 Cs 1986/4/26 1990 %7 2 5 4 F Chernobyl
20 1.0E-10 Cs 1986/4/26 1991 %7 2 5 4 F Chernobyl
20 80E-10 Cs 1986/4/26 1991 % %5 4 F Chernobyl
20 1.8E-09 Cs 1986/4/26 1991 %7 2 5 4 - Chernobyl
20 2.0E-10 Cs 1986/4/26 1992 % 2 5 4 F Zapolie
20 70E-10 Cs 1986/4/26 1992 % 2 5 4 F Zapolie
20 1.2E-09 Cs 1986/4/26 1992 %7 2 5 A F Zapolie
20 50E-10 Cs 1986/4/26 1991/12 7 25 4 F Kiev
20 1.5E-09 Cs 1986/4/26 1991/12 % 2 5 4 F Kiev
20 25E-09 Cs 1986/4/26 1991/12 7 275 4 F Kiev
20 1.0E-09 Pu 1986/4/26 1991/12 % 2 5 4 F Kiev
20 2.7E-09 Pu 1986/4/26 1991/12 % 2 54 F Kiev
20 6.4E-09 Pu 1986/4/26 1991/12 7 25 4 F Kiev
20 1.1E-09 Sr 1986/4/26 1991/12 % 2 5 4 F Kiev
20 24E-09 Sr 1986/4/26 1991/12 % 2 54 F Kiev
20 5.9E-09 Sr 1986/4/26 1991/12 7 25 4 F Kiev
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Improvement of the severe accident practice tool

JIE AR (Ikuo Kawasaki) *!
A (Akira Nakamura) *! =A% 46 (Shunsuke Takahashi) *2

3] BB IMEE—H T IRENEROBNEREIZTCHELLZZETT 272 b
(SA) HE Y —VIZBWT, BARKEEHL N (EAL) WO JE US%S42 KL Y v —
VOUREATo 7z, ERYEMSIE, EALHIREEOE T M2 & HiE > ) F oK, #E >
F AR OMERED X OHLKEREORZE ) HEIEOMILSTH 5. Ki{H v — V% HvCTSAHHE
EFEL, M2l BN EALHIRLEOLZ T HICOWTHBEAZIRDDL I ENTET L 2R
L7-.

F—7J—NK YETT VTN (SA) HEBY -V, YET T2 YT b (SA), BABSH L NV (EAL),
g, fRedg, ROFBHESG, BT IICEN AR E S (RS

Abstract We developed the severe accident (SA)practice tool based on lessons learned in
the accident at the Tokyo Electric Power Company Fukushima Daiichi Nuclear Power Station.
Reflecting the review of EAL criteria, we utilized the developed SA practice tool. Major
improvements include preparation of exercise scenarios including changes of EAL criteria,
extension of exercise scenario time and enhancement of fast forward function of event progress.
We conducted SA training using this practice tool and confirmed that the participants were able
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to deepen their understanding of the changes in EAL criteria.

Keywords severe accident practice tool, severe accident(SA), Emergency action level (EAL),

Alert, Site Area Emergency, General Emergency,

Act on Special Measures Concerning Nuclear Emergency Preparedness
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Analysis and Evaluation for ATWS Event by RELAP5-3D

M % (Chihiro Yanagi) *!
By Wt (Iwao Bamba) *3

%W fp# (Nobuhiro Ando) *2
WBE %M (Shigeo Kodama) *3

39 COWETIE, RFNREY AT AR CTRICT 7~ MERPIZIZEM S Tw
%A RELAPS -3D 2 — F&H v, ETFEIEEERESL (ATWS, Anticipated Transient Without
Scram) BFD, LGB L RN OE NI X 5 ATWSKEARSE O A %01 32D v TG
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DS PRSF R R SRR S 2 BB L7205 D, TG EMIEII N v 7)) of et b
N5 LML, FEIPRIZIAD T &350 7.

F—T—K  MEAMIEREKIE, RELAP5-3D, ATWS, F#KitESEdk, Ak

Abstract In this study, the RELAP5-3D code with well-maintained plant information was used
to analyze the ATWS(anticipated transient without scram)incident for several combinations
of reactor core conditions and transient analysis conditions. The condition influences on the
predicted plant behavior were examined. The ATWS incidents analyzed occurred during a
loss of main feed water accident and a loss of load. These analyses showed that these incidents
progress towards convergence without any degradation of the reactor coolant pressure boundary
under the conservative reactor core conditions and conservative transient analysis conditions.

Keywords pressurized water reactor, RELAP5-3D, ATWS, loss of main feed water, loss of load
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Energy Environmental Education Questionnaire Survey Results Obtained
by Mihama Town Targeting the Elementary and Junior High School Pupils in 2017
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Abstract A working study of energy environmental education, targeting the pupils of
elementary and junior high schools in Mihama Town, Fukui Prefecture has been conducted.
The education was done three times a year from fiscal year 2017 in the energy environmental
education experience house "KIIPASU" in the town. The energy environmental education
questionnaire survey results obtained from elementary and junior high schools in the town in
fiscal year 2017 showed improvement of motivation towards energy learning compared to past

results.

Keywords Mihama Town, Fukui Prefecture, energy environmental education,

elementary and junior high school, questionnaire survey
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Data for validation to improve fluid-structure thermal coupled
simulation methods at a mixing tee
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Abstract Thermal fatigue cracking has been found at the mixing tee pipes in nuclear power
plants where high and low temperature fluids mix. It is important to simulate temperature
fluctuations at the pipe inner surface appropriately by numerical simulations in order to
predict thermal stress and fatigue life in the mixing tee. It is difficult, however, to simulate
the temperature fluctuations at the tee pipe due to the complexity of the fluid mixing. Hence
the simulated wall temperature has to be validated by using sufficient experimental data. The
measured data for fluid velocity, fluid temperature and wall temperature in the mixing tee are

reported in this paper.

Keywords thermal fatigue, T-junction pipe, temperature fluctuation, numerical simulation, validation data
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li‘)fﬁq:y‘](nLL I, AUENIOR U2z i AR e Sk &

IIMC L %2 X HITHREL. RENEHD T —
57 0 —1%, AR L2z e & W U
ALz, 72, 7Y v 7 EERIE50 Hz &
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2 R E R

s | A

e e | U | e | A
[mm] 0 1] E85Mm o FEM oy

2-1 25 15 25.5 60.4 0.99 0.67
2-2 25 20 14.0 48.6 0.95 0.65
2-3 25 25 25.5 61.1 1.00 0.66
2-4 25 30 25.5 60.2 0.99 0.67
2-5 25 35 252 59.9 0.99 0.66
2-6 25 40 259 59.9 1.00 0.67
2-7 25 45 25.5 59.6 0.99 0.67
2-8 25 50 25.1 59.7 1.01 0.67
2-9 25 55 25.9 59.0 1.00 0.67
2-10 25 60 26.0 58.9 0.98 0.67
2-11 50 0 14.4 50.9 1.02 0.67
2-12 50 5 26.0 59.0 0.99 0.66
2-13 50 10 25.7 60.6 0.99 0.67
2-14 50 15 25.6 59.8 0.97 0.66
2-15 50 20 25.6 59.6 0.99 0.66
2-16 50 25 26.7 61.1 1.00 0.67
2-17 50 30 26.4 61.3 1.00 0.66
2-18 50 35 26.2 61.6 0.99 0.66
2-19 50 40 28.0 59.8 1.01 0.67
2-20 50 45 26.8 60.8 0.99 0.67
2-21 50 50 26.5 62.3 0.99 0.67
2-22 50 55 26.0 61.2 0.99 0.67
2-23 50 60 254 61.1 0.99 0.67
2-24 75 0 14.6 49.9 0.99 0.66
2-25 75 5 15.6 48.8 0.98 0.66
2-26 75 10 16.0 49.5 1.00 0.66
2-27 75 15 16.1 48.8 0.98 0.66
2-28 75 20 159 50.3 0.97 0.66
2-29 75 25 15.9 50.4 1.00 0.66
2-30 75 30 15.8 49.6 1.00 0.66
2-31 75 35 16.9 50.2 0.98 0.66
2-32 75 40 17.3 50.5 0.98 0.65
2-33 75 45 17.0 51.7 0.99 0.67
2-34 75 50 17.1 53.2 1.01 0.66
2-35 75 55 17.4 51.9 0.99 0.67
2-36 75 60 18.1 51.6 1.00 0.66
2-37 100 15.0 49.1 0.99 0.66
2-38 100 18.6 53.4 1.00 0.66
2-39 100 10 18.6 53.7 1.00 0.66
2-40 100 15 18.8 53.3 0.97 0.67
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[mm] 0 [°1|F8EMm py FEM .

2-41 100 20 18.9 53.5 0.99 0.66
2-42 100 25 18.9 53.0 0.98 0.66
2-43 100 30 18.8 52.9 0.99 0.66
2-44 100 35 18.5 53.3 1.00 0.66
2-45 100 40 19.9 54.4 0.98 0.67
2-46 100 45 20.0 54.1 0.97 0.66
2-47 100 50 20.4 54.5 1.00 0.65
2-48 100 55 21.8 54.6 0.99 0.66
2-49 100 60 22.1 54.4 0.99 0.66
2-50 125 22.3 55.2 1.00 0.66
2-51 125 22.2 54.9 0.98 0.66
2-52 125 10 22.6 55.0 0.99 0.67
2-53 125 15 22.3 58.6 0.98 0.65
2-54 125 20 22.2 57.2 0.99 0.66
2-55 125 25 22.2 56.4 0.98 0.66
2-56 125 30 21.8 56.0 1.00 0.66
2-57 125 35 22.5 55.4 0.99 0.66
2-58 125 40 22.3 57.1 0.99 0.66
2-59 125 45 22.1 58.0 1.00 0.65
2-60 125 50 22.2 56.8 1.00 0.65
2-61 125 55 23.6 55.8 1.00 0.66
2-62 125 60 22.9 57.2 0.99 0.67
2-63 150 18.3 53.2 1.00 0.66
2-64 150 18.4 53.3 0.99 0.66
2-65 150 10 22.6 57.2 0.98 0.66
2-66 150 15 24.4 56.1 0.99 0.66
2-67 150 20 23.9 57.7 1.01 0.65
2-68 150 25 23.7 57.9 0.99 0.66
2-69 150 30 24.7 57.8 1.01 0.66
2-70 150 35 242 60.5 0.98 0.66
2-71 150 40 24.0 59.1 1.00 0.66
2-72 150 45 243 57.3 0.99 0.66
2-73 150 50 25.1 58.2 1.00 0.66
2-74 150 55 242 59.3 0.99 0.66
2-75 150 60 24.1 58.5 0.99 0.67

K3 IHRIE S5 AR

A LR E [C]

M | AW E [m/s)

A | ks | K] FEMW | owAE
257 59.8 34.1 0.99 0.66
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= 60°
(a) z=25mm, O=15°~60°
r="74 mm
0=60°
.
F=0mm <
(b) z=750 mm, §=0°~ 60°
r="74 mm

_O=60°

F=0mm «

(c) z=75mm, 0=0°~ 60°
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0.87
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0.00
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i+ & %3 K8 (a)DIL7T—7%
AL ORI EEHR L 72358l 2 DU F ofFRICEE T y/R, | WS | y/R, | BRPESE | y/R, | BERPESME
0.987 | -0296 | 0.333 121 | -0400 | 1.3
1 7 () DI — 0.960 | -0.241 | 0.267 126 | -0467 | 121
0.933 | -0226 | 0.200 128 | 0533 | 1.19
V/R, | WP | ZEBYRREE | y/R,, | BERPTIIM | AR EE 0.867 | -0.255 | 0.133 130 | -0.600 | 1.16
0.987 | 0740 | 0.106 | -0.067 | 124 | 0.0502 0.800 | -0.307 | 0.067 | 130 | -0.667 | 113
0.733 | -0.335 | 0.000 131 | 0733 | 111
0960 | 0.825 | 0.100 | -0.133 | 123 | 0.0531 0667 | 0228 | 0067 | 131 | 0800 | 107
0.933 | 0.870 | 0.0969 | -0.200 | 122 | 0.0568 0.600 | 0.040 | -0.133 | 131 | -0.867 | 1.04
0867 | 0oas | ooors | 0267 | 120 | 00610 0533 | 0422 | 0200 | 129 | -0933 | 0.962
: : : - : : 0467 | 0818 | -0267 | 128 | -0960 | 0914
0.800 | 0.989 | 0.0855 | -0.333 | 1.18 | 0.0635 0.400 111 | -0333 | 125 | -0987 | 0.770
0.733 1.03 | 0.0803 | -0.400 | 1.16 | 0.0641 .
134 K8 (b)DIXLT—%
0.667 1.06 | 0.0746 | -0467 | 1.14 | 0.0681
y/R,, |WRTHE ] y/R, |WHTHE| /R, | RS
0.600 1.09 | 0.0726 | -0.533 | 1.11 | 0.0702 0987 | 0243 | 0333 | 0916 | -0400 | 124
0.533 | 112 | 0.0689 | -0.600 | 1.09 | 0.0701 0.960 | 0385 | 0.267 | 106 | -0467 | 122
0.933 | 0.423 | 0.200 1.17 | 0533 | 1.20
0.467 1.14 0.0670 -0.667 1.06 0.0774 0.867 0.448 0.133 1.23 -0.600 1.18
0.400 1.16 0.0640 -0.733 1.03 0.0803 0.800 0.422 0.067 1.26 -0.667 1.16
0.733 | 0.409 | 0.000 127 | 0733 | 1.13
0.333 1.18 | 0.0625 | -0.800 | 0.992 | 0.0862 oc6r | 0330 1 0067 | 128 | 0800 | 110
0.267 121 | 0.0594 | -0.867 | 0.934 | 0.0945 0.600 | 0430 | -0.133 | 129 | -0.867 | 1.07
0200 123 | 00560 | 0933 | 084 | 0102 0533 | 0498 | -0200 | 128 | -0933 | 0.999
0467 | 0.610 | 0267 | 127 | -0960 | 0.944
0.133 1.24 | 0.0510 | -0.960 | 0.786 | 0.105 0.400 | 0.762 | -0.333 1.25 -0.987 | 0.854
0.067 125 | 0.0490 | -0.987 | 0.684 | 0.120 o
%5 K9 @oixLT—7%
0.000 125 | 0.0485
y/R, |EEWE| y/R, |EEERE| y/R, |EEW®RE
0987 | 0243 | 0333 | 0.141 | -0.400 | 0.0553
f$#2 7 (b)DOILT—% 0.960 | 0.255 | 0.267 | 0.0983 | -0.467 | 0.0587
——— F—— 0933 | 0253 | 0200 | 0.0736 | -0.533 | 0.0615
y/Ry | WHTSM | ZEREE | p/R, | HETE | 2B 0.867 | 0242 | 0.133 | 0.0602 | -0.600 | 0.0636
0.960 | 0579 | 0.187 | -0.080 | 125 | 0.0722 0.800 | 0.223 | 0.067 | 0.0540 | -0.667 | 0.0655
0850 | 0900 | 0123 | 0160 | 122 | 00760 0.733 | 0220 | 0.000 | 0.0480 | -0.733 | 0.0677
0.667 | 0264 | -0.067 | 0.0441 | -0.800 | 0.0711
0.800 0.989 0.114 -0.240 1.23 0.0761 0.600 0.348 -0.133 | 0.0441 | -0.867 | 0.0782
0.720 105 0103 | 0320 | 121 | 0.0825 0.533 | 0397 | -0200 | 0.0469 | -0.933 | 0.0874
0467 | 0359 | -0267 | 0.0492 | -0.960 | 0.0930
0640 | 110 | 0.0965 | -0.400 | 1.I8 | 0.0869 0400 | 0234 | -0333 | 0.0525 | -0.987 | 0.157
0.560 113 | 0.0943 | -0480 | 1.16 | 0.0931
##6 M9 (b)DILT—%
0.480 1.17 | 0.0899 | -0.560 | 1.12 | 0.0951
y/R, |EEWE| y/R, |ZWEEE| y/R, |EEEERE
0400 | 119 | 0.0837 | -0.640 | 1.09 | 0.100 0987 | 0.194 | 0333 | 0269 | -0.400 | 0.0557
0.320 121 | 00795 | <0720 | 1.04 | 0.107 0960 | 0212 | 0267 | 0204 | -0467 | 0.0589
0240 23 00178 | 0800 | 0992 | o112 0933 | 0217 | 0200 | 0.146 | -0.533 | 0.0619
: : : - : : 0.867 | 0214 | 0.133 | 0.0965 | -0.600 | 0.0635
0.160 125 | 0.0725 | -0.880 | 0.905 | 0.119 0.800 | 0.224 | 0.067 | 0.0693 | -0.667 | 0.0671
0.080 | 126 | 0.0724 | -0.960 | 0.715 | 0.180 0.733 | 0.222 | 0.000 | 0.0570 | -0.733 | 0.0705
0.667 | 0233 | -0.067 | 0.0521 | -0.800 | 0.0730
0.000 126 | 0.0714 0.600 | 0250 | -0.133 | 0.0477 | -0.867 | 0.0799
0.533 | 0274 | -0.200 | 0.0486 | -0.933 | 0.0894
0467 | 0293 | -0267 | 0.0506 | -0.960 | 0.0974
0400 | 0293 | 0333 | 0.0535 | -0.987 | 0.121




INSS JOURNAL Vol. 25 2018 R-2

%7 K10(a) DTF—%
01°]

» [mm] 15 20 25 30 35
0 0.000
5 0.000 | 0.000 | 0.000 | 0.000 | 0.000
10 0.000 | 0.000 | 0.000 | 0.000 | 0.000
15 0.000 | 0.000 | 0.000 | 0.000 | 0.000
20 0.000 | 0.000 | 0.000 | 0.000 | 0.000
25 0.000 | 0.000 | 0.000 | 0.000 | 0.000
30 0.000 | 0.000 | 0.000 | 0.000 | 0.000
35 | 0.00630 | 0.00636 | 0.000 | 0.000 | 0.000
40 0.113 | 0.0624 | 0.00843 |0.000860| 0.00288
45 0.399 | 0243 | 0.0747 | 0.0115 | 0.000
50 0.799 | 0.596 | 0276 | 0.0885 | 0.00692
55 0962 | 0.893 | 0586 | 0237 | 0.0450
60 0977 | 0977 | 0.850 | 0438 | 0.107
65 0930 | 0944 | 0929 | 0536 | 0.126
70 0.849 | 0901 | 0921 | 0550 | 0.133
74 0871 | 0.885 | 0.707 | 0419 | 0215

a1°]

#[mm] | 40 45 50 55 60
5 0.000 | 0.000 | 0.000 | 0.000 | 0.000
10 0.000 | 0.000 | 0.000 | 0.000 | 0.000
15 0.000 | 0.000 | 0.000 | 0.000 | 0.000
20 0.000 | 0.000 | 0.000 | 0.000 | 0.000
25 0.000 | 0.000 | 0.000 | 0.000 | 0.000
30 0.000 | 0.000 | 0.000 | 0.000 | 0.000
35 0.000 | 0.000 | 0.000 | 0.000 | 0.000
40 0.000590| 0.000 | 0.00173 | 0.000 | 0.000
45 0.000 | 0.000 | 0.000 | 0.000 | 0.000
50 0.000 | 0.000 | 0.000 | 0.000 | 0.000
55 0.000 | 0.000 | 0.000 | 0.000 | 0.000
60 | 0.00676 | 0.000 | 0.000 | 0.000 | 0.000
65 | 0.00824 | 0.000 | 0.000 | 0.000 | 0.000
70 | 0.0177 | 0.000 | 0.000 | 0.000 | 0.000
74 0.113 | 0.0416 | 0.00607 | 0.000 | 0.000

167
fF#8 10(b) DT — %
0]
r [mm] 0 5 10 15 20
0 0.000
5 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000
15 0.000 0.000 0.000 0.000 0.000
20 0.00301 | 0.000 0.000 0.000 0.000
25 0.0444 | 0.0291 | 0.0221 | 0.0114 |0.000590
30 0.205 0.198 0.167 0.121 0.0729
35 0.612 0.605 0.542 0.454 0.319
40 0.906 0.891 0.862 0.795 0.642
45 0.905 0.879 0.889 0.892 0.853
50 0.865 0.859 0.870 0.884 0.904
55 0.819 0.818 0.837 0.852 0.880
60 0.802 0.799 0.814 0.830 0.859
65 0.798 0.791 0.801 0.815 0.847
70 0.785 0.770 0.763 0.792 0.810
74 0.793 0.781 0.785 0.784 0.763
0[°]
r [mm] 25 30 35 40 45
5 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000
15 0.000 0.000 0.000 0.000 0.000
20 0.000 0.000 0.000 0.000 0.000
25 0.000 0.000 0.000 0.000 0.000
30 0.0204 |0.000570| 0.000 0.000 0.000
35 0.155 | 0.0673 | 0.0127 | 0.000 0.000
40 0.388 0.197 | 0.0675 | 0.0148 | 0.000
45 0.654 0.379 0.144 | 0.0305 0.000
50 0.848 0.604 0.271 0.0796 | 0.0103
55 0.892 0.756 0.387 0.120 | 0.0182
60 0.892 0.828 0.458 0.148 | 0.0238
65 0.887 0.811 0.428 0.128 | 0.0129
70 0.853 0.724 0.358 0.114 | 0.0191
74 0.690 0.513 0.306 0.181 0.0956
01°]
7 [mm] 50 55 60
5 0.000 0.000 0.000
10 0.000 0.000 0.000
15 0.000 0.000 0.000
20 0.000 0.000 0.000
25 0.000 0.000 0.000
30 0.000 0.000 0.000
35 0.000 0.000 0.000
40 0.000 0.000 0.000
45 0.000 0.000 0.000
50 0.000 0.000 0.000
55 0.000 0.000 0.000
60 0.000 0.000 0.000
65 0.000 0.000 0.000
70 0.00114 | 0.000 0.000
74 0.0483 | 0.00170 | 0.000




INSS JOURNAL Vol. 25 2018 R-2

168
%9 M10(c)DILT—% 4310 X 10(d)»ILTF—7%
01°] 01°]
7 [mm] 0 5 10 15 20 7 [mm] 0 5 10 15 20
0 0.000 0 0.000
5 0.000 | 0.000 | 0.000 | 0.000 | 0.000 5 0.000 | 0.000 | 0.000 | 0.000 | 0.000
10 0.000 | 0.000 | 0.000 | 0.000 | 0.000 10 0.000 | 0.000 | 0.000 | 0.000 | 0.000
15 |0.00227 | 0.000 | 0.000 [0.000920| 0.00291 15 0.0238 | 0.0201 | 0.0140 | 0.0145 | 0.00202
20 | 0.0533 | 0.0569 | 0.0370 | 0.0367 | 0.0294 20 0.126 | 0.121 | 0.0989 | 0.100 | 0.0486
25 0245 | 0252 | 0.191 | 0.163 | 0.128 25 0342 | 0331 | 0280 | 0273 | 0.164
30 0.534 | 0535 | 0459 | 0394 | 0316 30 0.560 | 0.549 | 0494 | 0476 | 0.336
35 0802 | 0798 | 0752 | 0.698 | 0.606 35 0729 | 0717 | 0.683 | 0.665 | 0.538
40 0879 | 0872 | 0.868 | 0.842 | 0.783 40 0787 | 0784 | 0766 | 0.758 | 0.669
45 0.863 | 0.851 | 0.867 | 0.864 | 0.838 45 0778 | 0756 | 0.754 | 0.745 | 0.699
50 0.835 | 0.833 | 0.856 | 0.868 | 0.869 50 0769 | 0777 | 0784 | 0783 | 0.757
55 0.801 | 0.801 | 0.831 | 0.847 | 0.860 55 0762 | 0773 | 0781 | 0.783 | 0.770
60 0791 | 0785 | 0815 | 0835 | 0852 60 0763 | 0743 | 0783 | 0772 | 0.774
65 0785 | 0782 | 0810 | 0825 | 0.838 65 0762 | 0766 | 0775 | 0767 | 0.759
70 0764 | 0757 | 0776 | 0787 | 0.787 70 0733 | 0750 | 0742 | 0732 | 0714
74 0763 | 0755 | 0770 | 0750 | 0.702 74 0713 | 0715 | 0710 | 0673 | 0.646
0[] 01[°]
r[mm] | 25 30 35 40 45 r[mm] | 25 30 35 40 45
5 0.000 | 0.000 | 0.000 | 0.000 | 0.000 5 0.000 | 0.000 | 0.000 | 0.000 | 0.000
10 0.000 | 0.000 | 0.000 | 0.000 | 0.000 10 0.000 | 0.000 | 0.000 | 0.000 | 0.000
15 0.000 | 0.000 | 0.000 | 0.000 | 0.000 15 |0.00235 [ 0.00323 | 0.000 | 0.000 | 0.000
20 | 0.0116 |0.00414 | 0.000 | 0.000 | 0.000 20 | 0.0434 | 0.0267 | 0.0138 | 0.00986 | 0.00205
25 0.0638 | 0.0293 | 0.00931 | 0.00271 | 0.000 25 0.135 | 0.0801 | 0.0448 | 0.0328 | 0.00792
30 0.176 | 0.0968 | 0.0532 | 0.0202 | 0.0107 30 0278 | 0.181 | 0.108 | 0.0786 | 0.0326
35 0403 | 0248 | 0.148 | 0.0660 | 0.0340 35 0465 | 0329 | 0210 | 0.147 | 0.0689
40 0610 | 0410 | 0251 | 0.118 | 0.0576 40 0.594 | 0447 | 0299 | 0203 | 0.100
45 0739 | 0538 | 0329 | 0.149 | 0.0421 45 0649 | 0517 | 0352 | 0209 | 0.0889
50 0830 | 0.685 | 0451 | 0220 | 0.0824 50 0711 | 0594 | 0421 | 0264 | 0.122
55 0851 | 0746 | 0511 | 0248 | 0.0902 55 0726 | 0618 | 0443 | 0268 | 0.121
60 0854 | 0762 | 0521 | 0236 | 0.0844 60 0692 | 0613 | 0433 | 0253 | 0.115
65 0835 | 0723 | 0456 | 0202 | 0.0721 65 0693 | 0569 | 0383 | 0214 | 0.0921
70 0747 | 0620 | 0374 | 0173 | 0.0741 70 0637 | 0488 | 0333 | 0.188 | 0.0936
74 0.626 | 0480 | 0326 | 0216 | 0.138 74 0543 | 0435 | 0325 | 0219 | 0.148
0[] 0[]
r[mm] | 50 55 60 r[mm] | 50 55 60
5 0.000 | 0.000 | 0.000 5 0.000 | 0.000 | 0.000
10 0.000 | 0.000 | 0.000 10 0.000 | 0.000 | 0.000
15 0.000 | 0.000 | 0.000 15 0.000 | 0.000 | 0.000
20 0.000 | 0.000 | 0.000 20 0.000 | 0.000 | 0.000
25 0.000 | 0.000 | 0.000 25 0.000 | 0.000 | 0.000
30 0.000 | 0.000 | 0.000 30 | 0.00557 | 0.000 | 0.000
35 [ 0.00526 | 0.000 | 0.000 35 0.0197 | 0.00305 | 0.000
40 | 0.0147 | 0.00638 | 0.00299 40 | 0.0361 | 0.0159 |0.00433
45 0.000 | 0.000 | 0.000 45 0.0126 | 0.000 | 0.000
50 | 0.0127 | 0.000 | 0.000 50 | 0.0320 | 0.00549 | 0.000
55 0.0125 | 0.000 | 0.000 55 0.0285 | 0.00274 | 0.000
60 | 0.0130 | 0.000 | 0.000 60 | 0.0249 |0.00305 | 0.000
65 | 0.00831 | 0.000 | 0.000 65 0.0202 | 0.000 | 0.000
70 | 0.0197 | 0.001 | 0.000 70 | 0.0390 | 0.0107 | 0.000
74 | 0.0734 | 0.0264 | 0.00358 74 | 0.0856 | 0.0433 | 0.00929




INSS JOURNAL Vol. 25 2018 R-2

11 10(e) LT — %

0[]
r [mm] 0 5 10 15 20
0 0.000
5 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000
15 0.0350 | 0.0462 | 0.0389 | 0.0278 | 0.0180
20 0.143 0.164 0.145 0.111 0.0851
25 0.315 0.333 0.299 0.247 0.202
30 0.470 0.484 0.446 0.388 0.334
35 0.590 0.599 0.568 0.523 0.469
40 0.654 0.656 0.635 0.604 0.556
45 0.651 0.656 0.643 0.631 0.584
50 0.688 0.688 0.677 0.667 0.629
55 0.704 0.700 0.693 0.684 0.649
60 0.719 0.715 0.708 0.692 0.651
65 0.715 0.710 0.701 0.680 0.633
70 0.693 0.682 0.673 0.649 0.598
74 0.667 0.655 0.644 0.620 0.570
0[°]
r [mm] 25 30 35 40 45
5 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000
15 0.0208 | 0.0125 | 0.000 0.000 0.000
20 0.0830 | 0.0551 | 0.0298 | 0.0172 | 0.00752
25 0.180 0.124 | 0.0733 | 0.0417 | 0.0212
30 0.295 0.218 0.139 | 0.0851 | 0.0429
35 0.422 0.329 0.219 0.141 0.0724
40 0.505 0.404 0.283 0.184 | 0.0950
45 0.536 0.445 0.307 0.192 | 0.0911
50 0.577 0.484 0.346 0214 0.105
55 0.589 0.496 0.352 0.215 0.105
60 0.590 0.476 0.329 0.196 | 0.0975
65 0.556 0.454 0.307 0.184 | 0.0905
70 0.516 0.426 0.288 0.185 0.104
74 0.492 0.415 0.309 0.228 0.153
01°]
7 [mm] 50 55 60
5 0.000 0.000 0.000
10 0.000 0.000 0.000
15 0.000 0.000 0.000
20 0.00202 | 0.000 0.000
25 0.00549 | 0.000 0.000
30 0.0217 | 0.00248 | 0.000
35 0.0364 | 0.00870 | 0.000
40 0.0517 | 0.0189 | 0.00700
45 0.0410 | 0.00466 | 0.000
50 0.0488 | 0.00807 | 0.000
55 0.0428 | 0.00435 | 0.000
60 0.0413 | 0.00683 | 0.000
65 0.0384 | 0.00745 | 0.000
70 0.0587 | 0.0230 | 0.00408
74 0.0971 | 0.0472 | 0.0140

169
F#£12 H10()DILT—%
0[°]
r [mm] 0 5 10 15 20
0 0.000
5 0.000 0.000 0.000 0.000 0.000
10 0.00946 | 0.00831 | 0.00520 | 0.000 0.000
15 0.0673 | 0.0702 | 0.0619 | 0.0492 | 0.0252
20 0.171 0.172 0.158 0.138 | 0.0938
25 0.298 0.297 0.279 0.244 0.181
30 0.405 0.399 0.386 0.345 0.279
35 0.494 0.490 0.474 0.440 0.376
40 0.552 0.547 0.534 0.503 0.441
45 0.552 0.542 0.557 0.517 0.468
50 0.607 0.602 0.589 0.560 0.507
55 0.632 0.627 0.608 0.580 0.528
60 0.647 0.640 0.623 0.596 0.542
65 0.647 0.641 0.615 0.586 0.533
70 0.624 0.618 0.596 0.567 0.520
74 0.605 0.605 0.580 0.555 0.518
0[°]
r [mm] 25 30 35 40 45
5 0.000 0.000 0.000 0.000 0.000
10 0.000 0.000 0.000 0.000 0.000
15 0.0266 | 0.0172 | 0.0107 |0.000850| 0.000
20 0.0889 | 0.0634 | 0.0482 | 0.0242 | 0.0176
25 0.173 0.120 | 0.0939 | 0.0550 | 0.0364
30 0.257 0.191 0.154 | 0.0920 | 0.0603
35 0.346 0.268 0.216 0.137 | 0.0921
40 0.406 0.321 0.259 0.168 0.112
45 0.430 0.347 0.262 0.174 0.108
50 0.464 0.377 0.289 0.191 0.114
55 0.476 0.384 0.288 0.191 0.108
60 0.477 0.377 0.285 0.185 0.104
65 0.459 0.360 0.265 0.173 0.0967
70 0.444 0.355 0.270 0.180 0.107
74 0.453 0.380 0.310 0.225 0.148
01°]
7 [mm] 50 55 60
5 0.000 0.000 0.000
10 0.000 0.000 0.000
15 0.000 0.000 0.000
20 0.0106 | 0.00399 | 0.000
25 0.0172 | 0.00798 | 0.000
30 0.0360 | 0.0202 | 0.00407
35 0.0535 | 0.0296 | 0.00785
40 0.0650 | 0.0365 | 0.0113
45 0.0514 | 0.0211 0.000
50 0.0613 | 0.0262 | 0.00262
55 0.0541 | 0.0214 | 0.000
60 0.0499 | 0.0214 | 0.000
65 0.0462 | 0.0199 | 0.00174
70 0.0622 | 0.0342 | 0.00640
74 0.101 0.0618 | 0.0209




INSS JOURNAL Vol. 25 2018 R-2

170
4313 K11(a) DT —% ft#14 K11(b)DILTF—%
01°] 01°]
rfmm)] 0 5 10 15 20
7 [mm] 15 20 25 30 35
0 0.00164
0 0.00175 5 0.00142 | 0.00155 | 0.00195 | 0.00164 | 0.00238
5 0.00146 | 0.00162 | 0.00135 | 0.00153 | 0.00153 10 0.00156 | 0.00203 | 0.00218 | 0.00202 | 0.00288
o To0o1es [ ooorea loooree 000170 0.00153 15 | 0.00205 | 0.00382 | 0.00332 | 0.00243 | 0.00250
: : : : : 20 0.0174 | 0.0174 | 0.0174 | 0.0166 | 0.0102
15 0.00143 | 0.00153 | 0.00126 | 0.00150 | 0.00124 25 0.0871 0.0869 0.0805 0.0697 0.0510
20 | 0.00132 | 0.00162 | 0.00138 | 0.00144 | 0.00141 30 0.1% | 0.197 | 0.189 | 0.162 | 0.129
25 0.00140 | 0.00162 | 0.00140 | 0.00147 | 0.00138 33 0232 | 0239 | 0250 | 0247 | 0234
: : : : : 40 0.0973 | 0.104 | 0133 | 0.174 | 0231
30 | 0.00888 | 0.00601 | 0.00138 | 0.00135 | 0.00130 45 0.0251 | 0.0263 | 0.0316 | 00502 | 0.119
35 | 0.0519 | 0.0333 |0.00972 | 0.00620 | 0.00138 0 | 0.0282 | 0.0272 | 0.0250 | 0.0237 | 0.0344
55 0.0311 | 0.0329 | 0.0321 | 0.0298 | 0.0272
40 0.149 | 0.104 | 0.0430 | 0.0258 | 0.00703 ” 00046 T0.0271 00307 100305 100316
45 0248 | 0214 | 0.131 | 00712 | 0.0224 65 0.0251 | 0.0262 | 0.0290 | 0.0277 | 0.0311
50 0181 | 0242 | 0232 | 0140 | 0.0545 70 0.0269 | 0.0273 | 0.0303 | 0.0308 | 0.0366
74 0.0284 | 0.0321 | 0.0378 | 0.0596 | 0.0862
55 0.0331 | 0.121 | 0243 | 0210 | 0.0980 7]
60 | 0.00504 | 0.0227 | 0.154 | 0249 | 0.142 7 [mm] 25 30 35 40 45
65 00209 | 0.0208 | 0.0838 | 0248 | 0.147 5 0.00195 | 0.00292 | 0.00435 | 0.00211 | 0.00385
10 |0.00230 | 0.00321 | 0.00466 | 0.00233 | 0.00415
70 ] 00243 | 0.0226 | 0.0676 | 0249 | 0.149 15 | 0.00218 | 0.00315 | 0.00435 | 0.00217 | 0.00371
74 0.0336 | 0.0630 | 0.171 | 0204 | 0.138 20 | 0.00538 | 0.00544 | 0.00449 | 0.00217 | 0.00374
0] 25 0.0269 | 0.0210 | 0.00910 | 0.00607 | 0.00418
30 0.0784 | 0.0525 | 0.0280 | 0.0124 | 0.00815
r[mm] |40 43 50 53 60 35 0.183 | 0.129 | 0.0640 | 0.0311 | 0.0177
5 0.00153 | 0.00196 | 0.00173 | 0.00260 | 0.00164 40 0246 | 0.199 | 0.113 | 0.0605 | 0.0306
10 | 0.00156 | 0.00217 | 0.00176 | 0.00263 | 0.00155 45 0222 | 0248 | 0.174 | 0.0993 | 0.0489
50 0.127 | 0238 | 0218 | 0.134 | 0.0624
15 | 0.00135 | 0.00188 | 0.00171 | 0.00260 | 0.00167 > 00508 | o182 | 037 o156 00713
20 | 0.00144 | 0.00179 | 0.00159 | 0.00245 | 0.00140 60 0.0295 | 0.143 | 0245 | 0.164 | 0.0727
25 | 0.00159 | 0.00176 | 0.00179 | 0.00269 | 0.00149 65 | 00318 | 0150 | 0239 | 0.149 | 0.0621
70 0.0560 | 0.186 | 0225 | 0.137 | 0.0632
30 | 0.00153 | 0.00185 | 0.00168 | 0.00242 | 0.00195 P 0129 | 0200 | 0179 | 032 | 0.0977
35 | 0.00135 | 0.00167 | 0.00168 | 0.00254 |0.000940 01°]
40 | 0.00276 | 0.00214 | 0.00176 | 0.00266 | 0.00176 r [mm] >0 >3 60
5 0.00415 | 0.00156 | 0.00106
45 1 0.00726 | 0.00252 | 0.00191 | 0.00263 | 0.00228 10 1000443 | 0.00162 | 0.00143
50 0.0145 | 0.00296 | 0.00162 | 0.00218 | 0.00140 15 | 0.00418 | 0.00151 |0.000870
55 0.0259 | 0.00592 | 0.00168 | 0.00211 | 0.00146 20 000423 | 0.00136 | 0.00137
25 | 0.00491 | 0.00233 | 0.00129
60 0.0404 | 0.00938 | 0.00176 | 0.00275 | 0.00116 30 1000503 | 0.00213 10.000780
65 0.0411 | 0.00762 | 0.00176 | 0.00236 | 0.00146 35 | 0.00892 | 0.00165 | 0.00140
70 0.0514 | 0.0230 | 0.00821 | 0.00308 | 0.00201 40 0.0107 | 0.00332 | 0.00154
45 0.0128 | 0.00585 | 0.00162
74 0.0927 | 0.0675 | 0.02864 | 0.00426 | 0.00167 50 0.0171 10.00733 | 0.00115
55 0.0188 | 0.00477 | 0.00143
60 0.0176 | 0.00301 | 0.00126
65 0.0158 | 0.00443 | 0.00112
70 0.0324 | 0.0174 | 0.00389
74 0.0716 | 0.0383 | 0.00913




INSS JOURNAL Vol. 25 2018 R-2

%215 K1l(c)DL7T—7%

0]
r [mm] 0 5 10 15 20
0 0.00201
5 0.00153 | 0.00223 | 0.00224 | 0.00242 | 0.00221
10 0.00694 | 0.00768 | 0.00358 | 0.00431 | 0.00500
15 0.0271 | 0.0320 | 0.0217 | 0.0210 | 0.0247
20 0.0971 0.104 | 0.0797 | 0.0699 | 0.0688
25 0.202 0.206 0.183 0.171 0.155
30 0.225 0.226 0.231 0.233 0.222
35 0.126 0.125 0.158 0.188 0.215
40 0.0538 | 0.0547 | 0.0751 0.100 0.145
45 0.0409 | 0.0418 | 0.0428 | 0.0491 | 0.0790
50 0.0462 | 0.0454 | 0.0433 | 0.0426 | 0.0490
55 0.0416 | 0.0423 | 0.0435 | 0.0438 | 0.0431
60 0.0360 | 0.0393 | 0.0414 | 0.0438 | 0.0423
65 0.0367 | 0.0404 | 0.0414 | 0.0430 | 0.0458
70 0.0411 | 0.0459 | 0.0467 | 0.0519 | 0.0677
74 0.0526 | 0.0568 | 0.0627 | 0.0837 | 0.119
0[°]
r [mm] 25 30 35 40 45
5 0.00177 | 0.00163 | 0.00177 | 0.00160 | 0.00184
10 0.00388 | 0.00204 | 0.00330 | 0.00223 | 0.00320
15 0.0114 | 0.00757 | 0.0104 | 0.00334 | 0.00403
20 0.0413 | 0.0227 | 0.0263 | 0.0149 | 0.0143
25 0.109 | 0.0694 | 0.0560 | 0.0338 | 0.0301
30 0.182 0.130 0.100 | 0.0610 | 0.0506
35 0.238 0.202 0.168 0.107 | 0.0812
40 0.218 0.229 0.204 0.140 | 0.0982
45 0.156 0.219 0.226 0.176 0.116
50 0.100 0.190 0.232 0.194 0.121
55 0.0722 | 0.160 0.225 0.199 0.125
60 0.0649 | 0.154 0.224 0.196 0.119
65 0.0762 | 0.170 0.220 0.174 0.107
70 0.114 0.191 0.209 0.153 0.101
74 0.159 0.189 0.176 0.146 0.121
01°]
7 [mm] 50 55 60
5 0.00205 | 0.00238 | 0.00397
10 0.00216 | 0.00267 | 0.00445
15 0.00252 | 0.00232 | 0.00391
20 0.00562 | 0.00446 | 0.00445
25 0.0118 | 0.00780 | 0.00588
30 0.0197 | 0.0121 | 0.00496
35 0.0327 | 0.0198 | 0.00627
40 0.0399 | 0.0226 | 0.00791
45 0.0495 | 0.0256 | 0.00896
50 0.0531 | 0.0237 | 0.00776
55 0.0522 | 0.0215 | 0.00639
60 0.0497 | 0.0173 | 0.00585
65 0.0398 | 0.0123 | 0.00770
70 0.0521 | 0.0317 | 0.0199
74 0.0885 | 0.0518 | 0.0275

171
f+#£16 M11(d)DIL7T—7%
0[°]
r [mm] 0 5 10 15 20
0 0.00170
5 0.00531 | 0.00687 | 0.00556 | 0.00603 | 0.00338
10 0.0236 | 0.0203 | 0.0173 | 0.0198 | 0.00991
15 0.0671 | 0.0636 | 0.0524 | 0.0608 | 0.0368
20 0.146 0.143 0.129 0.135 0.0933
25 0.207 0.209 0.201 0.204 0.168
30 0.190 0.201 0.210 0.214 0214
35 0.122 0.137 0.153 0.161 0.205
40 0.0820 | 0.0924 | 0.105 0.113 0.166
45 0.0699 | 0.0754 | 0.0779 | 0.0853 0.131
50 0.0607 | 0.0642 | 0.0668 | 0.0719 | 0.104
55 0.0539 | 0.0558 | 0.0612 | 0.0648 | 0.0907
60 0.0517 | 0.0541 | 0.0588 | 0.0619 | 0.0864
65 0.0515 | 0.0549 | 0.0616 | 0.0681 | 0.0935
70 0.0590 | 0.0640 | 0.0733 | 0.0861 0.114
74 0.0750 | 0.0827 | 0.0973 0.117 0.137
0[°]
r [mm] 25 30 35 40 45
5 0.00425 | 0.00496 | 0.00417 | 0.00417 | 0.00551
10 0.0113 | 0.0155 | 0.00842 | 0.00936 | 0.00897
15 0.0348 | 0.0313 | 0.0182 | 0.0214 | 0.0154
20 0.0827 | 0.0655 | 0.0468 | 0.0496 | 0.0323
25 0.150 0.119 | 0.0891 | 0.0859 | 0.0504
30 0.201 0.173 0.135 0.125 0.0756
35 0.209 0.213 0.181 0.164 0.110
40 0.189 0.217 0.203 0.185 0.127
45 0.162 0.206 0.216 0.199 0.140
50 0.144 0.192 0.220 0.202 0.146
55 0.129 0.181 0.218 0.200 0.143
60 0.130 0.182 0.216 0.194 0.136
65 0.143 0.192 0.210 0.178 0.116
70 0.163 0.197 0.198 0.158 0.106
74 0.171 0.184 0.178 0.153 0.121
01°]
7 [mm] 50 55 60
5 0.00566 | 0.00378 | 0.00257
10 0.00663 | 0.00460 | 0.00393
15 0.00877 | 0.00677 | 0.00483
20 0.0148 | 0.0104 | 0.00851
25 0.0251 | 0.0192 | 0.0149
30 0.0417 | 0.0273 | 0.0161
35 0.0600 | 0.0383 | 0.0193
40 0.0698 | 0.0427 | 0.0169
45 0.0787 | 0.0471 | 0.0172
50 0.0752 | 0.0460 | 0.0174
55 0.0690 | 0.0433 | 0.0164
60 0.0615 | 0.0371 | 0.0129
65 0.0548 | 0.0311 | 0.0150
70 0.0634 | 0.0462 | 0.0312
74 0.0911 | 0.0706 | 0.0389
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172
%17 H11(e) DT —% 218 M11(H)DILF—%
01°] 01°]
7 [mm] 0 5 10 15 20 7 [mm] 0 5 10 15 20
0 |0.00392 0 |0.00865
5 0.00836 | 0.0141 | 0.0137 | 0.00846 | 0.00711 5 0.0259 | 0.0267 | 0.0230 | 0.0195 | 0.0122
10 | 0.0314 | 0.0381 | 0.0412 | 0.0311 | 0.0242 10 | 0.0580 | 0.0599 | 0.0553 | 0.0499 | 0.0361
15 0.0849 | 0.0924 | 0.0920 | 0.0746 | 0.0629 15 0.108 | 0.112 | 0.102 | 0.0971 | 0.0742
20 0.155 | 0.160 | 0.159 | 0.137 | 0.123 20 0.155 | 0.156 | 0.149 | 0.146 | 0.124
25 0.191 | 0.193 | 0.193 | 0.185 | 0.175 25 0171 | 0172 | 0172 | 0172 | 0.159
30 0.184 | 0179 | 0.189 | 0.195 | 0.197 30 0.161 | 0.164 | 0.168 | 0.174 | 0.174
35 0.142 | 0.139 | 0.152 | 0.168 | 0.185 35 0.133 | 0137 | 0.145 | 0.156 | 0.166
40 0.109 | 0.111 | 0.125 | 0.142 | 0.164 40 0.113 | 0118 | 0.124 | 0.139 | 0.155
45 0.0917 | 0.0932 | 0.102 | 0.120 | 0.142 45 0.100 | 0.104 | 0.109 | 0.125 | 0.142
50 | 0.0785 | 0.0803 | 0.0876 | 0.104 | 0.128 50 | 0.0892 | 0.0938 | 0.102 | 0.114 | 0.136
55 0.0670 | 0.0727 | 0.0790 | 0.0955 | 0.119 55 0.0787 | 0.0824 | 0.0948 | 0.107 | 0.130
60 | 0.0634 | 0.0682 | 0.0754 | 0.0982 | 0.122 60 | 0.0755 | 0.0802 | 0.0962 | 0.111 | 0.133
65 0.0651 | 0.0688 | 0.0789 | 0.106 | 0.135 65 0.0753 | 0.0838 | 0.101 | 0.115 | 0.136
70 | 0.0747 | 0.0832 | 0.0940 | 0.118 | o0.146 70 | 0.0822 | 0.09026 | 0.108 | 0.121 | 0.139
74 | 0.0908 | 0.0995 | 0.113 | 0.131 | 0.152 74 | 00958 | 0.100 | 0.112 | 0.126 | 0.140
0[] 0[]
#[mm] | 25 30 35 40 45 r[mm] | 25 30 35 40 45
5 0.0107 | 0.00923 | 0.00781 | 0.00598 | 0.00577 5 0.0170 | 0.0158 | 0.0134 | 0.00949 | 0.0146
10 | 0.0275 | 0.0213 | 0.0183 | 0.0170 | 0.0113 10 | 0.0426 | 0.0337 | 0.0307 | 0.0240 | 0.0270
15 0.0637 | 0.0485 | 0.0385 | 0.0338 | 0.0216 15 0.0776 | 0.0638 | 0.0594 | 0.0440 | 0.0450
20 0.123 | 0.0961 | 0.0740 | 0.0619 | 0.0380 20 0.123 | 0.107 | 0.0980 | 0.0722 | 0.0695
25 0.171 | 0.146 | 0.118 | 0.0930 | 0.0625 25 0.158 | 0.142 | 0.130 | 0.102 | 0.0923
30 0.194 | 0.181 | 0.153 | 0.122 | 0.0860 30 0.174 | 0.165 | 0.155 | 0.128 | 0.113
35 0.190 | 0.199 | 0.179 | 0.150 | 0.110 35 0.171 | 0177 | 0.172 | 0.149 | 0.130
40 0177 | 0198 | 0.188 | 0.163 | 0.122 40 0.165 | 0179 | 0178 | 0.157 | 0.137
45 0.163 | 0193 | 0194 | 0174 | 0.131 45 0.157 | 0177 | 0.180 | 0.165 | 0.142
50 0.156 | 0.191 | 0.197 | 0.178 | 0.134 50 0.155 | 0.177 | 0.184 | 0.167 | 0.142
55 0.149 | 0.187 | 0.195 | 0.175 | 0.130 55 0.151 | 0.176 | 0.182 | 0.163 | 0.136
60 0.151 | 0.190 | 0.196 | 0.169 | 0.123 60 0.158 | 0.179 | 0.181 | 0.160 | 0.130
65 0.160 | 0.190 | 0.189 | 0.154 | 0.110 65 0.166 | 0.180 | 0.178 | 0.153 | 0.121
70 0.170 | 0.186 | 0.180 | 0.149 | 0.110 70 0.166 | 0.179 | 0.176 | 0.152 | 0.124
74 0.170 | 0.180 | 0.173 | 0.155 | 0.126 74 0.160 | 0.173 | 0.175 | 0.158 | 0.140
01°] 0[]
#[mm] | 50 55 60 r[mm] | 50 55 60
5 0.00566 | 0.00606 | 0.00379 5 0.0115 | 0.00920 | 0.0100
10 | 0.00931 | 0.00733 | 0.00595 10 | 0.0210 | 0.0164 | 0.0170
15 0.0184 | 0.0130 | 0.00845 15 0.0338 | 0.0284 | 0.0232
20 | 0.0285 | 0.0222 | 0.0151 20 | 0.0523 | 0.0437 | 0.0330
25 0.0451 | 0.0316 | 0.0217 25 0.0695 | 0.0566 | 0.0400
30 | 0.0618 | 0.0403 | 0.0258 30 | 0.0859 | 0.0686 | 0.0462
35 0.0791 | 0.0514 | 0.0309 35 0.102 | 0.0805 | 0.0499
40 | 0.0860 | 0.0534 | 0.0291 40 0.105 | 0.0825 | 0.0470
45 0.0923 | 0.0535 | 0.0296 45 0.108 | 0.0848 | 0.0446
50 | 0.0914 | 0.0523 | 0.0281 50 0.108 | 0.0768 | 0.0404
55 0.0847 | 0.0489 | 0.0247 55 0.0990 | 0.0705 | 0.0340
60 | 0.0771 | 0.0433 | 0.0192 60 | 0.0898 | 0.0627 | 0.0271
65 0.0688 | 0.0415 | 0.0213 65 0.0822 | 0.0573 | 0.0304
70 | 0.0791 | 0.0586 | 0.0399 70 | 0.0940 | 0.0714 | 0.0482
74 0.105 | 0.0781 | 0.0494 74 0.113 | 0.0923 | 0.0599
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19 M2 Dir—4
61°] z =25 mm z =50 mm z="75mm
0 0.824 0.788
5 0.819 0.813
10 0.816 0.782
15 0.874 0.794 0.755
20 0.742 0.715 0.683
25 0.485 0.555 0.572
30 0.387 0.414 0.448
35 0.301 0.330 0.345
40 0.192 0.253 0.260
45 0.0815 0.166 0.186
50 0.0278 0.0751 0.110
55 0.00867 0.0283 0.0474
60 0.00896 0.0119 0.0176
1220 H12(b) DITT—%
01[°] z=100mm | z=125mm | z= 150 mm
0 0.741 0.692 0.635
5 0.740 0.686 0.630
10 0.734 0.675 0.617
15 0.702 0.645 0.599
20 0.646 0.594 0.553
25 0.558 0.535 0.511
30 0.456 0.449 0.442
35 0.354 0.360 0.371
40 0.265 0.277 0.289
45 0.190 0.197 0.216
50 0.121 0.127 0.143
55 0.0604 0.0697 0.0844
60 0.0243 0.0304 0.0402
f+#21 HM13(@)Dir—%
61°] z =25 mm z =150 mm z="75mm
0 0.0108 0.0165
5 0.0116 0.0184
10 0.0141 0.0196
15 0.0154 0.0191 0.0266
20 0.0472 0.0348 0.0346
25 0.0289 0.0416 0.0446
30 0.0241 0.0334 0.0404
35 0.0252 0.0258 0.0338
40 0.0279 0.0276 0.0309
45 0.0157 0.0254 0.0305
50 0.00408 0.0169 0.0247
55 0.00228 0.00483 0.0121
60 0.00292 0.00223 0.00376

173
fi#22 K13(Mh)DIL7T—7%
61°] z=100mm | z=125mm | z=150 mm
0 0.0215 0.0223 0.0215
5 0.0230 0.0274 0.0219
10 0.0252 0.0267 0.0230
15 0.0313 0.0278 0.0258
20 0.0391 0.0343 0.0277
25 0.0442 0.0379 0.0318
30 0.0447 0.0398 0.0368
35 0.0377 0.0396 0.0386
40 0.0364 0.0395 0.0385
45 0.0309 0.0317 0.0321
50 0.0267 0.0260 0.0271
55 0.0166 0.0191 0.0209
60 0.00717 0.0102 0.0129
fF#23 H14(a) OTT— %
61[°] z =25 mm z=50mm z=75mm
0 0.0827 0.131
5 0.0971 0.139
10 0.108 0.155
15 0.118 0.146 0.204
20 0.285 0.225 0.238
25 0.218 0.276 0.286
30 0.159 0.255 0.262
35 0.192 0.205 0.244
40 0.179 0.198 0.222
45 0.102 0.171 0.204
50 0.0457 0.124 0.177
55 0.0197 0.0567 0.0991
60 0.0179 0.0197 0.0633
%24 H14(b) DT —%
61°] z=100mm | z=125mm | z=150 mm
0 0.194 0.172 0.171
5 0.184 0.183 0.169
10 0.176 0.198 0.161
15 0.239 0.198 0.171
20 0.261 0.224 0.195
25 0.275 0.231 0.208
30 0.269 0.252 0.226
35 0.257 0.244 0.235
40 0.245 0.262 0.241
45 0.220 0.229 0.215
50 0.188 0.196 0.207
55 0.131 0.147 0.158
60 0.0749 0.110 0.111
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Counter-Current Flow Limitation in Vertical Pipes and a Pressurizer Surge Line

AE  EHE (Michio Murase) *! WA & (Takayoshi Kusunoki) *!
WH ¥ (Koji Nishida) *! 1 W38 (Akio Tomiyama) *2

EH RBIETIE, SHIEEICBU ARt R (CCFL) otk 7 — % % M L < Wallis
BOMBRAEL L7z, METHRECBIAREESw=D"Y [/ DIFHEEFE LZTFTTITAEX)
FETFRTERORBRMVETRZY, Yy —7Zy Y FMTOCCFLLTIES=0 W=D), ¥ v—
Ty Y FMTHOCCFL-UTIES=1 (w=L), HNTHCCFLPTIES =05 (w=D"L") T
HTEEHLNICL. F72, MERF— 2 2HOWTHAWUAEOEZE 2 361 L, WA o 2
AREVZ LD Wallis BIOMBEROA R m & B C &5 (ue/n) DOFRBEIETERL,
WK~ R, MRIRE 7Y ) VKB, SRE ) ) VKR 3EEICK AL, mEC
AT ARIIEIHE U Cue/i, DIBEH 2L L2 8518, Yy =72y VLEWMEAET AT
W —VETHOCCFLZFHMIL, p=1 (w=L) THEm =094, EHC; =124 = 0.1 Wallis
FIOM B 2 8 L 72,

F—U—bF  MESGY—VE, S, GOl (CCFL), CCFLMIMX, REE

Abstract In our serial studies, we derived Wallis type correlations for counter-current flow
limitation (CCFL)in vertical pipes by using existing CCFL data. The characteristic length of w
= DU/ (where D and L respectively denote the diameter and the Laplace capillary length)
in the dimensionless velocity was different depending on the limiting location, and our results
indicated that CCFL-L at the sharp-edged lower end, CCFL-U at the sharp-edged upper end,
and CCFL-P inside vertical pipes are respectively expressed by #=0(w=D),=1(w=1L), and
S = 05(w = D*L%). We also evaluated effects of fluid properties on CCFL in vertical pipes by
using existing CCFL data. The most effective fluid properties is the liquid viscosity, and so we
expressed the slope m and constant C, in the Wallis type correlation with the viscosity ratio of
gas and liquid ( /1) . We classified three regions for effects of u/u, on m and C and we obtained
exponent functions of u /u, for m and C in the case of the small x, (room-temperature to high-
temperature water)for CCFL-L and CCFL-U except CCFL-P without high-temperature CCFL
data. We evaluated CCFL characteristics in a pressurizer surge line with the sharp-edged upper
end, and we derived a Wallis type correlation with # = 1(w = L), the slope of m = 0.94, and the
constant of C, = 1.24 * 0.1.

Keywords pressurizer surge line, vertical pipe, counter-current flow limitation (CCFL), CCFL correlation,
characteristic length

SRR (CCFL) 284U 5%. CCFLAs4 L % &

INEARE 74 (PWR) CTHUE S5 Fig,
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AL 72 EA - RREVE R AR RIS ER (SG) Dfx
BUEICHAL, BB XD L 2 EHMiIKAERDT
A L CEDE T3 55 iR iz 2y,
AL IHATK &\ & B K O T ASHIR S 15 &l

k1 (BR) T HR4ey A7 L0980 Hli > 2 7 2 0F980;
* 2 fFREE

JRLN D EHIK RS U TR O W HN BT
LYENH 5720, PWROFEMMEN TIX, AR
W& T ARILHE & DBtR % 52 A CCFLAHBI R AYE
AENTn5,
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EAHED S OERALICHY A TEZ. Ay LT
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FERME, VR, KEFETHERINLTE), KF
FHCTCCFLAE LR T W, MES Y — V&38R EE,
SEIVER, BXOHEOZIVREHT L MERE
THRINTEBD, $HEHE TCCFLAAL 5. SG
EZBE T AOMUTETHIKINTEY, Ly
T (EiRM) OEAF TCCFLAAL 5.

Ry ML ZEF VARV CCFL %% it
ENTWBD, KREGHPZEE - KEBHTDH ) EE -
KEBIV WY, T KEEOBEZDRESRL
B L OVAWAEASR Y b L7 TOCCFLIZ T
HEIIHEIC SN TV o/z. 2T, FEEHIL,
1/15%6/NEF NV (D = 50 mm, L/D = 8.6) THDZE%-
KEERY B X OEBEITT 5 ZRTER® %
T, /7= VY 25D TLD = 754~9312
BR5E L 72 CCELAHBIS & Al X 2 L 7-9.

MEEFY — V& %2 /512 L 72 CCFL 3 A6id T
A OO CCRLASSRIE A T4 U 5 0 i a1
THELBLHPEIWSNTRL, $/2, DELDBIV
AR PEAE A CCFLAFEIC IUT T BUIBH & I &
NTwiwn, X512, MESHY— VEORERMIE
T3 MIEIWRLR L, 22T, FEELIL, BES
T v M OMERY— V&% /1012 /MR L 7o 22
- KFEE (D = 30 mm, L/D = 63)9 LEEED
R A f B L 7222 - KREEER (D = 30, 40, 60
mm) " BER L. T, —KIGEHEET L K
LY, IREEONERT—% (D = 30~650 mm,
L/D = 45~63) & FEREFMITH T 5 ZIRITIERNT
P2 HCTHEELY, 8OV K2 & st
BAIR3 % CCFL ¥ -3 2 254 L 7=

FRIEAE COSUA I FERRIZZ C EE ST 5
W00 LA L, SGIEEE I T & 5 CCFL 7 —
FIA v, FIT, FEFEHEOIE, SGREAE DT
EEREEBT LEEEEH O TRGAE T TORER - KE
B9 L A RERY BXOEROMUTE %
H TR 217w, T OSGIEHE &
WCHllSE S 72 ROSA-IV/LSTF 7 — "% % &6 T
CCFLHMRX & AR S 28I L 22", £/, SG
EEGE O T & B L 225509 g sy —
BoOMEE 2L -2 ToMERD X O
KT —F #HWTCCFLEMEZ AL, ¥ T KR
ORI E ASRIES O B, Fim, &N CHEERITH
HICHWARERSPRRLZEEZHSL2ICLE
W 2512, ZoFKEY Llyukhinds® 2k
D =20 mm, JEJJP = 06~4.1 MPaC®» CCFL 7 —
5 W TEIREE DR - KRISHEH T E % 8E

175

Ho bk TSR 5 CCFLH R 2 18R LA
PERFMGLAEY. L L, KOREOERST
ST B EFMEIIFER STV AR,

Ry b LT OKPE EMESET — V8 OMIERE
TOCCFL B & "SGR @ T i T CCFLIZD
WTHIRTHE L72®® . A3, iEsSTo
CCFL"®V ¥ i 844 — 45T CCFL Y1V @ 2
DVWTHRS. &k, EBROYE, MEAREED
JLEpFFED—BRE LCHEL 7.

2. CCFL#BEX

A N7 T v b oBmPE - HEGET T, BlE—
RICZARE T IV TEMR R T 5 % T KL%
FHET X ZETEREN L vz, T KE
OFEIZIE Wallis 12 X 5 %k CCFLA B 2315
CAAHINTWS.,

H(*}]/Z +mHE]/2 — C

J

(j=KorW) (1)

1/2

H;—J%%—li——} (k=GorL) (2)
gw(p—pg)

H, 3 mRIeiE, ¢ [m/s*] EEIMEE, J, [m/

s] I3ARERE, wlm] BREEX, plke/m’] &

BHETH Y, EIC LA mi: CCFL MM &

SEEN 5. Bankoff 5® IRERE S wE KR THEL

TW3,

w=D"l 0<p<1 (3)

L=[o/lglp.—p )]~ (4)
D [m] \FWHEEE L m] 35979 AKE, 6 [N/m]
FERERITHE. RQ)OREEIwIZL Y ER
DASCCFLAF IS S T3 A £ 5728, CCFL
MBI OB T3 (3) DO E LMD CTHET
H5.

RQ)DIERTCH A H, 1&, =0T Wallis/¥5 * —
%J 12, p=1TKutateladze’$5 X — ¥ K, |27¢
5. J0 LK ZERITHEED &V CHIE A
T& 5.

J,=K;/D"*,D"=D/L(k=GorL) (5)
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3. WNETITOZES - KEER

RETI, MEHT—VEORHL/10DH/NE T
Ve 72285 - KEBRE MERRY — V& OSEE
TR L7222 - KEBROBEICOW TR S, %
BoHML, mENMREOBIZE & CCFLAEDOME T
H5b.

31 RERXRE

IMEZY — D4 1/104/NE TV (D = 30 mm, L/
D = 63) Ze4& - KEBREEY 2 1IRT. )
WRERZWHALT B72012, TE% v 27, R, b
Wy 2277 ) VEIIREIZL Tna. ARz Fin
2R TR L C TRy 2 1R L, Bk 2 i
KRCHHL T ERY v 712835, B3y v 713
KRR EN TV AD, FERXT X — 5 132K
KR ETH D, ZROWHHI L TENET
T AHKIEEEY T v 7 NOKM EAFTHEL
7o, EBRTIE, BRIE & HBAKEOMICHEFHG 0
FEELZ. MPORIZINVEOWERTH 5.

Upper tank

D =30 mm
L=1,900 mm
L/D=63
R=110 mm

Lower tank
Hot leg

Surge line

( F : Flow meter, P : Pressure gage, R : Regulator)

M1 WESY— VE1/102R - KERERE©

TEZRY— Y EOEE LT o CCFLMlEH o
280 - KEBREEY 2X 2 1RT. WEIREL T
LT B0, Tk v, REEk, Ly v
77 )NVEREICLTWA. HWiRBR[E Ty ~
ZIBHE L, WKk E BEY v 2 1G5, B
57 I RRCH SN T WD, FEBFRT X —=F1%
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R E EBAKRETH S, ZROWTIIIH M LT
HNET T HKEEE TS v 7 NOKM EHFET
MEL?. By 2123y v 2 bl Ly v 2
ML, By 7 oKMIE02 mIZ L7z $hE
BomEIED =30, 45, 60 mmo 3FEFE L, E
I Y D nwy ¥ —7 Ty I THY, Figlilix
D/2DOWHEERIT2. T2, By v KA OFE
ZHNETA7-012, Mo LY 27 %#HWT, D
=30 mm, E#% ¥ 27K601, 02, 03, 045, 06
m CCCFL Z il L 7z.

Upper tank

Test section

(D = 30,45, 60)

800

Pump .
ﬂ Adr Lower tank

(Qg) (300 % 300 1100)  Unit (mm)
-]
Reservoir «——
i OO

K2 SR O Fi CCFL 224 - A 10
3.2. EBRHFER

g9 — V8 1/1022 % - KB To CCFL
TRk 2 B 312, mENMREEZ X 4 1R

fEFE ComBIRN (K4) 1%, HFTFKRED
W RRALE A3 E A o i D34 (CCFL-U) M
TOREWEL 20, GEHREOYE (CCFL-S) f#
FHETOKBEPERL 20, HEHRHE O KM ALBO
Yty (CCFL-L) it A &R B 2 & Jg R 75 it A2 7
. 0 < 1B TIECCELS, 0 > 1D,
TIZCCFLL, 6 > 1D} J, TIZCCFL-UDE L
72. CCFL-STIERQ) D ER S HEEDICZRY
W CCFLUTRAQ) DRERE SN TSI AES
L2, Zois, DHEKELL5IFER3D
Wallis ¥ 4 7 7 F & L CIZCCFL-UDS B L < 22 1)
PRI O LU T T KR OBIRAA: U % W] fg
BREL D, EEHIF300 mm DO FERESEMTIE,
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0.8 T T T T T
9 [deg] | CCFL-S CCFL-L CCFL-U
0.0 O |
TS »
06% o 2.0 v v |
v_© 5.0 o o
m@wm
S fo, @
:? 04 | o -
]
o L, @
L O N P
D
02 | im 4
in)
L | L | L | L
0 0.2 0.4 0.6 0.8
JL*112

3 ERY— V5 1/103 T o CCFLE®

Upper junction Inclined pipe

CCFL-U

CCFL-L

(c) 6 = 5.0deg, J,;, = 0.07m/s, Jg = 5.5m/s

4 IERBY— VE /10 % B ComBhRE

CCFL-S & CCFL-U % & L T F /K J, DA
NSV EHVDLA, §iiEEE o L To CCFL-U A
WIREMEIC %, M2IRLEY Yy —T 2y Y
3T CCFL-U O FEiuf Rl 42 Hi Tk R 5.

K 3R L7z )12, BUERMTIEHE T ARITED
HIR XN AAEIC L ) CCFLEMS R 5720, #F
fifixt 5 & BHEC L Citam 3 2 L ED D 5. T2, %
TARTEEAHBR SN AHAEICL DR Q)ITBIT 210
KRESw BRR D20, Hi/NETFIVEBROM RS
LEMGHETOCCFLE FMT ABICIIERESw
FHLPICLTBLLEND 5.
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4. MEEICHTSCCFLHME

SR TUE, & MK EAHIR S I A s
VX =7y VT THOCCFLL, Yxy—7xTv Y
T ToHOCCFL-U, ETFwmas7 7y Ny JDOEN
TOHOCCFLP TR Q) IZBIFA2REESw 23R L 5.
Z 2T, RETIIETARERERDIHFIR I N AET &
\ZCCFLAF I D WTik RS, F72, BEED Lk
DYPEAEA CCFLAIZ R AT $ B O W TR D AR
R TBL.

41. v —7IT v TFimTOHCCFL

FE O, SCIRAEOTEHZ BT 5 MEE %
HWWTREE T TOZA - KRFEBRY LA - k%E
B9 B X OV R oM USRS & TR
AT\, ET OSGIREEE Tl E & 72 ROSA-IV/
LSTE7— %" % &% T CCFL-L DM B & 1 Hf
PEZEH LY,

J?+0.88J,"* =0.76+0.05 ,5.6<D*<19 (6)

EXTix, KQoREESWIIHEEDTH D,
A1) OWERITHEH, 1ZWallis’$F X —%J" 12
%b.

X(6) ECCFLLF—% Lot %X 525”7,
285 - KREBRY TOBEIZ20 mm, ER - KFER
1 ToOEEIZ14, 20, 27 mmTh b, SGIEEE T
ZEA - K (SW) THBH, 224 - AL E #PH
IR S HEREN T VW &2 SHB(6) Z &4

0.8 Air-Water (15)
0.1 MPa S-W (16)
Condensation (17)
] ROSA/LSTF  (18)
0.6 v Eq. (6) (17)
N %
"“- O 4 B N
< \?
02 I
0 I 1 I 1 I 1 I
0 0.2 04 0.6 0.8

*1/2
J

M5 ¥v—7xv I TFHcoCCELRHEY
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LIMRT— 7 IZEH7z. WROMUTEIC L 5 G
EB ToOERIZI84 mmTH Y, BMEERTIE
R DGR T 9 5 72D AR . FE~)
O SGIZEGES % H\ 72 ROSA-IV/LSTF 5" To
EAE1X196 mm, HEI1, 3,7 MPaThHAb. Zh
LOWEMENZ { 1X, X(6) D CCFLEECy = 0.76
WX AAHEN S £ 0.050#EPHICH 5. CCFL-L®
SOV TR 23R sz

42. v —7IT v EimTOHCCFL

FHESIE, ERY— VB O 2 B L 22l
#D = 30, 45, 60 mm THZ%ER, - KEER 247\,
Richter D512 X %5 D = 19~140 mm TD 2% -
KEBT—5 @ 2HWT, Yy —FTv YL
%19 % CCFL-U DA & REA X 238 L7 @,

KJ?+0.90K;"* =1.5+0.1,7.0<D* <51 (7)

EXTid, XKQoORERSWEIFITIARSLT
H0, R RIcHEH, 13 Kutateladze 785 % —
YK 5.

K(7) ECCFLUTF— % L o Lg% K612 /R 7.
Richter® 1 Wallis and Makkenchery ™ % 5| H
L CCCFLF =% # X" L T\ % %%, Wallis and
Makkenchery ® (33N TH FARBED LTI
75 K, OWEM %757 L72d O TCCFLF — % 135R
LTHEHY, EBREECEBRSEMOFEMITEME T
V. EARIED =19, 25, 32, 38, 44, 51, 64, 76, 89, 100

1.6 X Doietal. (10)

& Richter  (26)
-——-Eq.(7) (4

A

1.2

O I I I 1 I I I 1 I I I I I I
0 0.4 0.8 1.2 1.6

KL*112

M6 Yy¥—7Tv Y coCCRLRHEY
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140 mmT&®» %. D = 19~38 mm & 140 mm T
D = 44~100 mm & 9 (1) D@8 C & AE m 23/
Lo TWA, Doib " id 3HF O LEEY ~ 2
ERHEL, s 7 LMY v 7 TIED = 30, 45,
60 mm CHlEL, HfE% >~ 27 TiZD = 30 mm TK
fi£. % 100, 200, 300, 450, 600 mm THIE L TWw5b. 4
sy yr, Mgy v, MfEs » 7 TCCFLAFEIS
HERAEDS L 0HMEITNSZ V. [fE 5~ 7 Tidk
MAEL B IEER Q) DERC LW mAKE L
oTwWh, Bt Ly v 27K BIULEY
Yo KN OEBEINEVD, R(T)TRERC =
IS5ORMENE 01 & LTHo 72, A TIEAES:
KRR ELTVDLA, H6IEETES - KRBT
DPEMETH 5.

43. EATOHCCFL

Doi 5" ik 3 Mo Ly > v (MK MK
BIXOHME Z28HLTYyy—72y YV LEHTO
CCFL &2l L7225, MIE% 27 ®D = 30, 45 mm
THEWNETO 7Sy 71 v 7L (D =60
mm TIEFEAEET). ik, EWAsSET LW
WA LA ROV TERA L TLEEY ¥ 7 IZHAT
LBMETHY, B THRAETSH. FEHXLHIE, Doib
1992 X 5D = 30, 45 mm TO4FHN CCFL & ML L
Tw % Richter #t45® 12X % D = 19, 38 mm D& J,,
THWCCFLAELTWA EHWL, Pxv—7Tv
Y IR THEWCCFL (CCFL-P/SE) @A
Az L,

JPD™* +0.60J,"° D" =0.95+0.07 ,

70<D'<165  (8)
EXcid, RQOREESWIIDVLYTH 5.

R@) & vy —FT vy Y EHIEIRTOEMNCCFL
F—=7 LOWREK7IRT. EREEFRICLDE
BLASERZ: O AHED A3+ 0.07 & LI R & W,

FZHELE, EMETHATY Y Ry VOBEN
CCFLICHT 20tk 7 — @V 2T, W
CCFL (CCFL-P) oz mH L7,

JJ2D™M +0.907 2D =1.2+0.07 ,

6.6<D'<18.6 (9)

FRXTix, XK@ EHEEIC, XQoREESIwZ
D045L0.5 »/G i) ;.,) )
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1 T
091 |®
- A
d ~ @D
- 08 1 A DA
Q o)
g ~N
N A
S 07 F
O Doietal., 30mm (10)
O Doietal., 45mm (10)
06 A Richter, 19mm  (26)
A Richter, 38mm  (26)
--—- Eq. (8) (19)
0.5 1 1 1 1

0 0.1 0.2 0.3 0.4 0.5
Jz prie

7 Yy —TTv Y FMIBIRTO N CCFLY

RO E ETHAATIY y Fy Y TOHEMNCCFL
FAmE AR oY 4 e RN 7 e 17 S
FET2R - KR THD. CCEFLPTIZH7IT/RL
72 CCFL-P/SE & ) J 25K &\,

1.4 D
12 %2} O 18mm (28)
LRy 0 25.4mm (29)
AN
A A 31.8mm (30)
1 E% o 50.8mm (31)
® 08 -——-Eq.(9) (19
& %%¢
"0 0.6 [ N
) 8%
<
04 N
ELI\
L 0
0.2 \{
O L 1 L 1 L 1 L 1 L 1 L 1

0 02 04 06 08 1 12 14
JL*1IZD*1IS
8 LTIy FLy Y THOHEMNCCFLY
EEPRKRELLBERQOREESIWIZL 124
Y CCFLERAC, = 179124 B E SR TWn5B Y,

G EHWTRO DS 2K ICERL, ERE
Ce = L79% 8T % kA rE oz,

K?+0.90K;"*=min[(1.2+0.07)D"*,1.79] ,

D' >6.6 (10)
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44. AEETOCCFLICHTAEROEE

SR E 109 A CCFLMBR o e C 128 #
LT IIRY. 22T, :X(6)» CCFL-LHMR,
X (7) » CCFL-UMBR, K (9) &£ (10) ® CCFL-P
MBI B X 0K (8) » CCFL-P/SEA B & ik L
Tw5. CCFL-UIZ, Kutateladze’¥5 * — % Ffic
ThHhbHD, BREICILTC X—Eiixrss. Z
DD BN TIXEEIKREL 2B ITE KR E
%Y, CCFL-PTIZ—@MEL79\Z#ET 5. Ccld
CCFL-P, CCFL-U, CCFLLODJEIZKEL, ZDJHE
WCHETREREYPZ 25D, LrL, EENKELR
% & CCFL-L & CCFL-U ® K/NEAR AL L, L3
THFRRESHIE SN, LRl vy —T Ty Y
TOHENHIRTH 5 CCFL-P/SE L, $FEDEKMNT
L, BENPKELS 2B EFFREL TR,

2

1.8 |

--6-- CCFL-L, Eq. (6)
-——-CCFL-U, Eq. (7)
12 + —24— CCFL-P, Eq. (9)
—————— CCFL-P, Eq. (10)
i —<— CCFL-P/SE, Eq. (s)|

1 L 1 L 1
0 20 40 60
D*
9  REAETOCCFLICHT % kom0

% T ROBIBRALE LS X 1 $FIEAF N T O d Bk iE
FEEFIE S (D LIETFERA FR) BLUOEN
BB R B, CCFL-LTId, #WIRAYVE < AR
WREL D, LU CTO%HTARERRE S, & T
TOH FAKERRERE S, LD Uy -JL>0) 12
I TiTHEAKRSN, BROKUPKRELS 2D L
ERLCEMASHMT Y. g ke T
EDOETADE iy -Jy) ZWETIEIAHN=X
ATHY, J, ZFEERELTVS AT =X LIEH
5T\, CCFL-UTIZ, WA < F 4B
AVNZ WA, & T IRRFE G I, 2SI K & <
BT 5 720 $IE S5 AN PR O IR IE X 5545 2547
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35, FMEOENINS S EBHIKRE VG S
2, ENTERIROAKIIIEK S N A LT Ewmh
ST 5 CCFL-P/SEHRAEL 5. T AD—
TRBBARDOAKILNZ e o> T LA - T 5 72D
¥ oI ACCFL-U L ) /& £ 72 4. Wallis and
Makkenchery ® |2 X AU, /NIRRT T
WCBRRDOARILDTERK S5 2%, KRIEOEERE CTIlIKIEAS
RSN nwE LTwh, W TR T hIXE X
TdHbHZ LN 5 CCFL-P LRI R 578, BEED
K& %5 ECCFLP/SEDEL W XD, K
CERECTRBIROAIPAE LTI B S (Bt
SR G HWENG) LHEEINS. &AM
M 12 X hiE, CCFLP (D =18 mm) I2BWVT
DEROKIDOIEI & LAPBIEEINTBY, Kt
EHYE X D) FumlZ WALE TR S A 58035 v
ELTwA. L72dsoT, /MIEETIZCCFLL &
CCFL-P & THENTOREIIRED;EHLL T 5 L
BEND.

4.5. SAEE CCFLICX Y 2 MHEEDRE

MEETO T T v 74 ¥ ZRIRICRT % ik
OB T BHRIEZ WA, 7T v 74 v 7k
BTOJ, & J, ORFR%R$ CCFLICXT T % ik
HAEO RS 258134 7w,

Wallis™ 13, E¥tE Fiiaisy v Foy Y0
HE (D=19mm) TRREZV LY VKERE
H 729288 % 47\, B L 72 CCFL-P 7 — % O —if
W LCaX(11) TS N D A oS kRN, (7
Tk ol) # WM EZRLTWS.

NL:[pL(pL_pG)gD3]”2/ﬂL (11)

L2L, N, IZEFTNTWABELED DRI
INTWZR W,

Iyukhin 5% &, E¥iE Pl vy —71v Y
DOHEE (D =20 mm) THIRHE (P =06~
41 MPa) OFEREKZHWIZEBEEITV, B L
72CCFLT7— % = Wallis® oM THL, %
EMEE OB (po/p) " THIIEL TW
4. LH»L, CCFLT— % 2% W KAE F TOZEA:
KT D22 RBIE1Z# 0.2 MPa DR EBEITAY L,
po/PLIFZESR - ARITHEH T E v,

Zapke and Kroger®? 13, Ty vy —7x v
DEE (D = 30 mm) TEREL A ) —IVKE
WaxHWERE2 T, U5 L72CCFLT—% %
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Wallis B OMBTE L, #&%E2X(12) TEHRIN
BT — 3V VB Ohy DIEFEA R Oh, % THIIE
LTwW5,

Ohy ::uL/(O-pLD)I/Z (12)

XD LIS, O IZEENTVBHEEDDEY
PEIIHERE S LT,

HHHIE, TSy v — 7Ty JOHRES %W
T, D =20 mmTDZER - KERY L% 7
B VARERFERY B LD =14, 20, 27 mm T
R - KFEBRYY B AT, RHIEIE LS ORI e/
w DIEEBEE % H w7/ CCFL-LMHEARZER L 72
19 Z o CCFL-LMM oM"Y Tk, HEkmF%
T S N7 TR VEME B 3 % £ O R E 2
DOWTHGES U Cug/p, % IR L 72,

Q) ~AWIZEETN TR AR ZET
KRBT Y 22 L R TEAMHITE g D
EAL A E WS RS, FH L QAR
DR IE TN puo/pw 2 L, 51 % CCFLIZ X ¢
% Wallis B OHBR 2 &L L7z, HEDDEEIX
% T K= oW BRI E 12 & ) CCFL-L, CCFL-U,
CCFLPCH® 7% 5728, D = 18~20 mm O #iHIZ
FRE U TR I ue/pn 2350(1) O B Bitm & % 8
Cy WCHITTEBEZOWTHET L7z, wo/u & Cy B
IOmEOBBREKIOICRTY. HHFEDOZREER -
K2 BTN U Cue/ iy DFENRK X VI E /NS v
FIRICX D TE S, 225 - 7)) YKBBTIE,
U/t D Cyy DS BEDS AR BE ORI BT & m~
DFBEPIRE CEREHEBICXSTES. 2%,
K, ARREEZ ) &) VKW, W) k) YK
WO 3HIMICK S TE L., ZOFMRELD, e
B CHCCFL 7 — % % T 74 2 S A SR
TERWIEDWHSITH 5.

BI10IC R T @B Cp & A Fem % K, KRR 7))
) VKB, RIRES ) k) VKB O 3 I
T EATHR/ANZ I T g/, DI E KD
7z RO zug/w DB E W TCCFLT — %
ML 72 ue/m OFREBAECTHEIIE L 72 CCFL-L
% B1112, CCFL-U#% [¥1212, CCFL-P% X131
ARY. 11 ®CCFL-L & 412 CCFL-U i % i K
25 E KO Z R L, X130 CCFL-P I i
EZ ) ) VKB OERERT. K11 ~1312R
F CCFL 7 — # 125t L T/ 3 i % v € Wallis
MOMBN 1) OABLm & EZ8C &Ko7z
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] 2.5
11 ﬁ :: 58 m §f§)16> O 0.6-4.1 MPa, 20 mm (20)
1 o U’, 20 mm (20’) /‘\\ 7MPa 1 X A-W, 19-140 mm (26)
¢ U, 19mm (26) ) ! | 2 +  A-W, 30-60 mm (10)
09 O P,19mm (13) '.’ ' | - 1 -——-Eq. (14)
: ® P18mm @y i é@ S (A-W: air-water)
08 o ro ] ’;.: 15
] .
: OOO © 9 A Steam- ~
Ve Water s_p
0.7 o (@) o) \\A/I 1 ;—- 1 o
g Air-Glycerol A Air-Water ?
0.6 R Y]
] X 05 f
0.5 Ll Ll Ll Ll
1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 0 N
/]
Ho/HL 0 02 04 06 08 1
0.4 *1/2
25 A L,20mm (20 . (W /B )"K,
A L, 20mm {1516 ] 12 o/, DIBBIECCHIIE L 72 CCFL-U
D & U, 20mm (20) ]
2 ¢ U 19mm (26) ]
o | O RAImm 09 7yp, & AW (3
s e P 18mm () ] 18T O A-G33% (13
' o | i + A-G50% (13)
o ;A . 1.6 s A AGBO% (13)
| O@ @] I: ° lA ] L A A-G70% (13)
. (@] | ! ] ~ 4 r X A-G75% (13)
Air-Glycerol o ! ! \?\;etam 1 ; I B AEG (13
A A \\ A " ater : - 1 2 | O A-W (28)
0.5 \ & ] 2 X AW (29)
A 1 o O
Air-Water ] 2 1 * g?;
0 R R R T T T B ST R S SRR T N o? 08 I - Eq. (15)
1.E-05 1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 "Q Tl
/] Q8 L
Ha/H £, 00 dCos= £0.15
BU10 /sy BSEEL Cp & BB m A2 ST Y D oo4 b
(L: CCFL-L, U: CCFL-U, P: CCFL-P) i
0'2 1 1 1 1 1 1 1 1 1 1 1 1
13 0 02 04 06 08 1 12 14 1.6
' X Air-Water (15) J 1zpigf / 0.07
O 0.1MPa (16) - (Wolk)
1.2 X 0.6 MPa (20) BI13  ue/p DR ECCTHIIE L 72 CCFL-P
O 1.1 MPa (20) (A: air, EG: ethylene glycol, G: glycerol, W: water)
1.1 A 1.6 MPa (20)
+ 2.1 MPa (20) .
1 & 4.1 MPa (20) & +226(ug fu )P I
A ROSA/LSTF (18) .
0.9 ——Eq. (13) =(1.2£0.05)-(ug /u,)""* (CCFL-L) (13)
dC,=+0.05
0.8 K2 +2.13(pg )P K
0.7 =(1.98+0.19)- (g /u, ) (CCFL-U) (14)
X
0.6 L L . .
0 0.1 0.2 0.3 0.4 Jg'?+0.900""?
0.15( J *\1/2 *
(M ) >() =(1.58+0.15) (g /u, )" /D™ (CCFL-P) (15)

11 uo/w OIEBIAFCCHIIE L 72 CCFL-L®



INSS JOURNAL Vol. 25 2018 C-1

182
1 HlCm & ERCATH 2 WA EO 28 @
Liquid Water Low concentration glycerol High concentration glycerol
CCFL-L(p=0) m = 226 (ug/u) *® m =074 (ug /1) *™ N/A
56<D'<19 Cy = (12 +0.05) (ug/p) ™™ Cy = 0.78 (ug/py,) *®
CCFL-U (B =1) m =213 (pe/p) ™
7<D'<51 Cy = (198 = 0.19) (pg/p) ™ N/A N/A
CCFL-P (= 05) N/A m =090 m =011 (ug/w) ¥
6.6<D'<38 Cos = (158 £ 0.15) (ug/u ) ™ | Cp5 = 087

KN(13) ~(15) 1 Fu LW L/72CCFLT— % 2°%
HRENLFIIH L TER L2 D TH S, o
IR % &4 CCFLAHMAX OA B m & w8 C 1203
B DREE R IR, FHI OB R I8
WMEDOmBLLIZC ORMMNHKES. CCFL-PIC
KT B - KT —=FIERY7-5 7w,

1112 7% L 72CCFL-L T %, Ilyukhinb® &
Yonomoto & ¥ & THIEMEOAHEAK X <, K (13)
IZROSAIV/LSTE 7 — % ™ L o —FHE .
EDOFRIZH S N ThRWA, FEERSEE &g ik
DOMEICEDEDNG. L7255 T, SGIEEED
CCFL #FAifi 12 13 Kusunoki 5 " 12 & 5 :(6) o fdi i
BHEIEL, KW RY Y —7 Ty VT THCCFL
A2 E A (13) O 2 HE2E 3 5. Fele 5 FEERTHI
EEDOHEDR E VL EH ), FHlT RIS LT
WY AR A BET 2UEND 5.

M1212/R L72CCFL-UICHE T A EHE S DHMIX
EAEK300 mmOMEZRYT — Y ENOBEHTH %
B, DREIIEFE20 mm TORMZEMEIZFE O T
B0, X(4) o KROFNOBEHEIIBH S 2 THhW

X 131278 L 72 CCFL-P & X (15) I3 g 7)) &
) VKRB OFIRIHTHEOTHY, (15 %
MEE QRS ARITIHFEH T 25 2 LI TE W,
71 ®CCFL-LT Cy & mlZxt 3 % ue/u, D EA
ZALT 5 O L HBRIC, A - KR Tl ue/w, DI
AR (15) LB W REMEATR & {, ZA - KFEERIC
L DRV UETH 5.

5. MEHY—ETOCCFL

Takeuchi 5 © 1, AP600 D HITE 24— V45 % f
S LCHRME, e, SiET VAR TOCCFL%
FEAM L, fEFHA DY 1 EELL LTI SR IE A T T K
wEAHIR N5 &Rtz 72, AP600 D
/NBEE SR EE 1 APEX % F W 72 FRUINGE BT 4 ED A 5
JeHi (LOCA) BEFEEBICB VT, hERE LA
) ANVDIENBRE» LSRR L WE L, Nt

WO KA & ¥ T K& % K& T CCFL % 3
L7z, 51k, ZOAPEXTF—% & KIOEOEFEN
CCFLIZx 4 5 &8 C = 1.79 £ ki L, APEX 57—
Z13 Cx = L5IZI WV EFHI© L7243, CCFLAMIRI;
RRELTVAWV., 22T, EH#5Y 13, MaEs
BCTOCCFLLSEED Y ¥y —7 Ty IV LimTO
CCFLZ It L, MERY— V& 233 % CCFLAM
B & 38 L 72,
ZHONVHHL TV DH8PE - FHigmra— §
RELAP5 CTI3i(1) ~(4) T S 1L 5 CCFLAHEY
AMEH XN THBY, RELAP5/MOD32 T3z (3)
DB BIOXNDDmMEC, # ANTH. LizhsT,
RELAP5/MOD3.2 T il 3 %5 CCFLAH B X TId ik
PRIV D BL I C, DAMEDN S +dC, 125D,
JEPEERNT CRERTRNTIC & 0 RS S DR % JFAli L
w5 (33>.

51. $AEE L% TOCCFL

LW IMEHROY Y —T Ty Y RIS
% CCFL D5k 57— % % JIWw T CCFLAHE X % &
L7

K +0.90K,"* =1.4+0.2 (16)

X16) EERkT—F LDk % KI4IZRT.
h D01 MPa” i3 22 - KR TH Y, Doivn " &
Richter 1M 6 12k L= @M E R LT 5. “I1R”
13D = 300 mm (ZxF9 % BRIRGEE 7OV TO— @G
HOMBETHY, —HIIIETKTEEINSL &
BH2ER - IRGEMTEME L7, BRIRFE 7 OVEN R
H L 72 5 R O A B XU E £ 140 mm £ TO
725 - REBTF— 5% hpoBBERTEY, K
FIHEAT 5 EETKREIMET L, SiREEDORE
R KRICEAT 5 AR mHBIEEEEITREL &
2™ Tyukhin Y 13, D =20, 30 mm TOHEZ,-
KF—¥Thb. “1~8MPa"™ AL TORM®
ZZM L T 03~1.6 MPa" O MED 1115 % FoR
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X 0.1MPa *a

X 0.1MPa *b

+ 0.3-1.6MPa *c

A 1-8MPa *c

® APEX *d
---------- 1R, 300mm, 0.1MPa
Eq. (16)

1.5

0 PR R S S S R S
0 0.5 1 1.5
’q-*1/2

14 SREAS Lo CCFL oM & A & @
(*a Doi et al."” | *b Richter ™, '
*¢ Ilyukhin et al.®" , *d Takeuchi et al."®’)

L7:. APEX “13 AP600 i/ M HERSEE TH 1,
MEEHY —VEOELIESY mmTH Y, CCFLIZ
H/NE BT LOCA B F2 5k LS S M-l E T dh
%. CCFLMIE T3 ERRZEE R BT O DK
EWe, T 2EHREDIEL b AN S DS
K& 25,

52. ZETKAREDHFIRLAE

& — V8 O BUIEAE & SEE L To
CCFLAMED I & [M1517R 7. MRS DRk,

2 i —T
T T Lt T
1.5 'L l,,/l l
i
S 1 H!

CCFL-U, Egq. (7)

- === Inclined pipe*
3 *Murase et al. (12)
05
O I I I I 1 I I I I 1 I I I I 1 I I I I
0 50 100 150 200
D*
B15 MmEHY -V EOMEHE LHEE LmTo
CCFL o ki
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B 1R LEREEOMERY — VEOMMHE
1065 L2284 cd 5. st o34 % CCFL
HBERIE, —WROCRHR & ZRITHATIC & > TR 72
%%%#~ﬁ?é€@m%ﬁ#%ibtwm.w
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TT690 & wD SCCIZB§ % A & 4R DRE

Current Knowledge and Future Challenges on SCC in Alloy 690 TT

JeH 15 (Takumi Terachi) *! I #Fy (Takuyo Yamada) *!
A <%z (Makie Okamoto) *! Al %7 (Koji Arioka) *!

BH  PWRIRRERBEIZBIT S TT6904 4D SCCIZHT 5 INSS DHGHLAIZDWT, CHkF —
L I L 72, TT690 A48t PWSCCHEITEEI 2 A3, ¥ I ToRE R iR EE 13 SCC 3 Jit oo ik
HTF&%b. TTEOOAEEZ O L EENE WD, 600542380 5N BT LL 728
b3 E U<, R 2 LML SN ABREDANTIR 600 80 ICEI TSCC A LRwne
Ez2o6N5b. WERSCCHAIZEBHOTAEZMNG LG THBL SN, WM IRERE R
WRIBEIGER L R WERICE A UG5 RIS, —T, 410C U Eosiikah Ttk
Fr T4 EEMOBRIEL L EDMER I N TV SHS, PWR ORI B\ THL
FIHCIET 2121E, BER K E R EOBAMNBERNFLEELEZ bbb, RENLBAEEL
LT, #V—FIG& LTHELZREDEILILEE NET 2R E SN D, TT690 54D
SCCEAMME L LTix, BEHIMOBIILHOMPEL LTELAF YT 1 AP HF I EEZ B,
SCCHA DM FEMEFEMIIE, RN - REE - ) - bW - Wi - B aEL EHMEERT L0
MEMEMZR T A TR0 APLETH 5.

F—TJ—NK  TT690%4, SCCHERERE, KEAA, WHIMTE, Fv Y714

Abstract Stress corrosion cracking (SCC)of Alloy 690 TT in the primary PWR system has
been evaluated by reviewing past INSS experiments along with literature data. Although Alloy
690 TT has excellent PWSCC resistance, the degree of cold work and temperature contribute as
accelerating factors for SCC propagation. Since Alloy 690 TT has a high chromium content, SCC
caused by grain boundary oxidation which is often observed in Alloy 600 is hard to initiate in a
short period. Only the condition with dynamic strain reproduces the SCC, which is assumed to
be due to the protective oxide film being mechanically fractured and not repaired in time. On the
other hand, a high-temperature atmosphere above 410 C reproduced the cracking of Alloy 690
TT, which was accompanied by the formation of cavities. However, extra acceleration factors
such as oxidation and hydrogen are necessary for cracking caused by cavity formation during
the lifetime of power plants in the service temperature range. The typical influences of corrosion
are assumed to be the acceleration of vacancy diffusion by involvement of hydrogen generated
as a result of the cathodic reaction. Cavity formation caused by vacancy diffusion during long-
time usage is considered to be the major contributor to the SCC initiation mechanism of Alloy
690 TT. To clarify the possibility of crack initiation, quantitative evaluations based on interaction
with various influencing factors such as cold work, temperature, stress, carbide, grain size and
corrosion are necessary.
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Keywords Alloy 690 TT, SCC initiation mechanism, hydrogen gas, cold work, cavity formation
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* 1 (W) BETHREY AT AR $li & 2 7 2 0F5EAT
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72 TT690 & & D RIS EME~D A X, 1989
fE1ZD.C. Cook 254, Indian Point 3 5HE X O
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Ringhals 2 5 CTiHO SN, BEIZE K O
O LTONTWED, BEEFTOLEZ AL
JEEE (stress corrosion cracking, SCC) (X
EINTwiwn,
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b, K&, FHAFYET 41, KA OWTE
BL7Z 72, AHOKRFTIETTE0 6 40 SCC
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L0, BEAEAR D 5% 215 5 SCCHEA: DA 2%
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THEMEZSICHH SN, BRNITHRE DR
BWE BTS2 LI12L), BRNTT /) —FE
SRAEIND T EDHEREE SN S, SHimAHIZ
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water reactor, BWR) BE¥iD X 5 ICBENAAT
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BYAPCRBFBAL S HE 2 &%E 2 R2LTw5
rEZLNBY. kT, BEEETIHVPWRE
T CIXE TSR TSCCHEL L Z & s, Hil
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Ytr, WRIIM TR 22 L2 AT 5720, 22
LOERCL DV ELZRAF X ©F 1 A% i
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RI2AT Y LA O = v o )V ORIEEIZ DWW T
360C ~500C Tl & 17V, WM L% 59 %
CE X DML D ERRE LT
5. Fiz, GREMTIC X 2EMHEEOMING, ik
TOREDERX T Z-HELPICbF 5342 &
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WL OBEN ML, BB CTRATIIZ BT
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KEOEEIZ & ) SCCHEEDRAE S N2 W FetEDs
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23. SCCERREANDIEDE

PWRI1 KA B BE T » SCC e Ji o B 12 L T
Kex R G4E&TT L=y AR OIR RS S h
TWw5 (24)~(28),<32).(43>~(45>‘ yﬁbﬂix 5 v 1/X§|l’—ﬁ]7§? &
IR T —ESCCOEMDPEL L Z L Dbho
TWABY, v TP VHEEETH 5600648120V T
X, RIS A itl_b‘SCCl%)El_FFZIP%
Ash, Wbz &L F— & L Tid50~150k]/mol
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TNVEFRETDMEEENETH 5.
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VEAETHH60085ERTTEOAEICDO VT
SCCHEE &L P DOWEKAEZ R T Z L bh o
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EDHBEEZFHIENAMLN TS, Lozano-
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P S B BESR LT, B O (RIS X ) #1
DAL B E VIR ZIRFE L T b, SCCH
OB, S, BT OEAET RN S
HIAHDHE H Z LR B, HRMAER LEEL &
5L TEHRPIHSND L VWIEZTH D,
I, BROBEIE L2 VRAH TH LN
SLEROTEH L= ANV F =12V THRS., K3 T
(&, TT690 G4 D KA H R R DO b = 4 v
F—1Z, FIMEH240k] /mol FEEE & KNI A TE
WA E DT ENbh b Kb oREERIZD
WTIE, WEIEBPXERN T RbEEZONS
728, MEOKRIEE L DML D 5 LHfEmS 5.
Arioka 5 132 F ¥ L 28D = v )V o kIEEK
ZHE L, B T251k]/mol FEEE, I LAF
TI7K]/mol FETH 5 Z L 2 WMHE LTS, %Ki
BARZZ KA RZEDOTEEALT AV ¥ — 1 3& HN TH
WCEDVHEEINLDOTH L7020, BEEROEN:
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VF— (117k]/mol) DRIZIIFEVENH Y, €
DK S D& o TR\,

B, KHIZRE TR LN CalBss ok g
IZoWT, KRAhE PWRES KT Z2BETL =Y
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AR 5 EARGE L7236, KEHF L ) PWR
BRETOHPECEREELZRT I EDYoT
W5 Z i, SCCHEREATKBEEIIZ X - T 5
MO TMES N2 72d L L EIN 5.
PDhkokBh, EOZEICE L CIWEILHD
fls, B EHEE R AR O BRI 7 RO BIR 3%
HLTwa bHfshs, M3 TREL DT
7 L= AROMWERFEZ R L TWBh, —iiX
FHimfl L TCBY) SCCHERERELZT L =T A
RICEMT 2 2 & 0RO T O RET O 4HAFE
ENTVD. FREDOME - BREESM ClEEARAA A
AL AR Z RIR T2 H D TH L7720, TDJE
FHZOWTREHIMRET 2179 S & I2& - C, BRz2H
s D ENEETH 5.

24. SCCEBEERNDRILOTZE

SCCHERICIEMALVBHG L TwdEELLN
05, ZTOFEAICOWTIEIE L 2o T\,
TT690 A4 (40%CW, T-L) ®05TCT ilgh % H
v, PWRIUGRBEBEERSE T TR & £ 72 SCC DI
AR FHEMSE (scanning electron microscopy,
SEM) B R EF -V BT Lo MEE
(Auger electron spectroscopy, AES) 2 X ) &%
OO 2 X 4 1R 9. TT690 A 4 it &
PEIZEN DA R7EAS, BRI I B nm A2 O 51
BWTBALEDPER I N TWDL Z E3bhrs. 7z,

4 TT690 A4 (40%CW, T-L) PWRESE T TH M L 72 SCC DB SEM {438 & OF AESIZ & 5 ML %

(05TCT, 360C, K=30MPay m)
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SCCRAEMITIIRROIE EEBW AL, AES
WX MG SNIOTHD EEZOND. B
FimEE30 cc - STP/kg-H,O DERIESMETIE= v &
VB TR S/ rVE L TRETDH S
720 SCCZN T I EmBEMMIZT 7 T
LTWwaB DD 5. BALA B A SCC I JE o Bk
B L S EBWR & O R BHEIFAET S
RMT T, SCCRHEUNMMEREMN LML RY T ) —
RIS & BIEHERAAEL L Z ERRLHMHNT
WwW5h, LA L, REMTIESCCRENMTEMAD
1§7b)a_mv\«lﬂ<(RTEL%Nlo7b)’Sb%hé bl
5, Pl BRENNOBEBMITET LTV RANE
Z2OND. D1, TT6904 4 dSCCHEHT
7 ) — PR OERIOG S EE 2 E % D L3 2
W, B, MREMICBIT AR, SCCES
HEDOE 60054 LD D TTEEED FHHELIE
BKENDBZEDNbPoTEY, SCCEZMLEA
BOMICEHEN MBI S Twnen®,
X4 Tix, SCCOMED4IE 2B W TEE nm
ﬁr@mﬁﬂza_wtmu&# 25N, BEEHRTIE
ST NVBEPKRTLTWAZ bbb, F0
728, SCCRZMITIC X VBREIKEH LT
X, = v VosiEEE . SR omEbsE LT
W5 EEZ NG, HUOEETIZB DRI
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ERBETOMR STV D )

B4 & H B 2 S 3RILS 172 SCC o 2 Bl
B AESIZ X B M E % M 5 1R 7. SCCHumiE
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/N

SCCRAUMIBOMMmIZRD SN BILES &
P ORGBREH OBRZ K 6 1SR T . BII%ROR
BRI, OB RIEREHAY & LERE
KA MBEECHRLIEOES > HRD. Hlb,
KO ASSCChmDBALIR S 2R L, Himds
SCCHAMERDIRIMEE L T aDH. X6 (a) IFRED
BRI LR T, Simgrh 3 SR IR
WEPHELTWDLZEb2s. T2, BILES
RO E L HITHITLTWDE T LR, Th
SOBALIIFORICHET L2 b0 L Ak s b, K
5 (a) DRI SCCHEMm AT £ TRl b N7 IR W LIX
SCC D e JE 3 L 72 12 IS BRI TR L 72
LbOTHY, MILASCCHEBEDLESMETIERW
LR ENG. B, WHEINTLEORE~DE %
I L7214 6 (b) Ti&, 10-30% D% RN A o1t
EEBIES O EOHPAIZINE Y, WML X2

LHIZEO N ho 7.

PLIZIR L 72 SCC A3 R B AL D R A2 5, SCC
HEREIZSEAT U CAE U 2 R IRAL o B 22 A3 BK B ) &
% BEMRIZOWTIE, TT6904 4 d SCCHEE D F
72 B RN TR WIS D 5.

l5 TT690 4 é(m%mmimmcmmnm+ﬁ&P%TfﬁﬁtthME®MB X B
(0.5TCT, 360C , K=30MPay m)
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2.5. SCCEHERADKEZEDHE

PWRIUREREE FI2B1F % 600540 SCCIE, 7
V= FHlOEBMABTMESI NG 2 & HRS
NTW2Y 2070, KEPSEELKEEZHD
L3 B D & A0 ok S o B A
CRBRBICHMEANETH L 2 En s, HEMNE
KFEOMG % IR TRILIMER S LT 2w,
PWRI1 UGREREE T T OIKFE DB\ B 5 2 M
&, R THE SR TwW A RERLEZERT T
HH L7250 FERTH D, RIBIAIEL R L
LIS HEREKREDRHIESCCITMERET L L LT
Z2TiThDH. HLBRW BRI O W TIEREIL D
0, KRFEWR A 7 OERIC X0 IEEERR TR
HENORTEGIEEIT DR, KENRIEEE
IS 2 & L7oKEFERFTEER Em s Tn
Z) (17),(19),(20),(23),(57)~(59)'

KFEIZPWRI K% IZ 25~35¢c + STP/kg-H,O ¥
ENTEDY, 320CITBT % KFEGHEZ0.025MPa ]
WA, EiREEAPICBT B AEKSICRKN T 5
KREHFEZ, PR TIIRATIO MPafE T T
ET Y. Zoflid, &EOHERAE L7 bR
WZCryO; D ER T A RIS E SN A EME, V>
A POXEHCTKREFEICHRE LD DTH 5.
TR PR R AT IR S % 72 0 KK D FEA T
HIEE B & B 25, SCCHEMD & 9 % /T <,
B WIKESES R ICAE L TV A RIS E T
v, Lol, BEIZXSH Y — FRIOAFEAER
ELTHGT 5720, WAL 5 TRz
119 2L DHEETH 5.

Wi D—>TH % HELPIX, MEHIZRALZ
KEVEN OB ZMRL, NGBV TR
CHIVEE RS E LB 2 & R HE L Twng @60
Sofronis & @ 1 [ K A3 O BB RERE X 72 5
IANF =2 S8, BT eEICB 5 R %R
EIREEZWMAEEL 2 L 2 HGHRIE O R S TR
LCTw5. #EsfRIdses il cidmd, [
T 22 IEERES B E S T W b, KEIME D%
BB T L0 TiE, &BE
8% (transmission electron microscope, TEM) M
4S5t R AN & 23N | NIV N T VDY A 1) biay 1B
ENBHFLE LT, HENLRBEHLH Y. F72,
<7 u R LT, TSR oK FE
EWFFEDBER E LT, £ OMEDKFDOREIZ X
DAL 5 2 A S TWw5 ©,

HELPIZ X 2 Hafii R 22 fLOB B L, K FRE~D
FYUT A EREFIEST L0, HAFYET 1
HEEEALTCSCCHITICELGTAZEAMESN
5. PWREGMTO#HH L LTI, Paraventi ™
ANi-16Cr-9Fe &2\, TIVIT U H A, KEF
ZABLUOPWRESiF T ) — 7THBEE T, B
7)) — T HEDIRFEN A & PWRERBE Tl §
A lhHWELTWS, TTEI0A & IZx LT,
Arioka & ® A30.1MPa @ il 7 A kBRI BV T,
WEZT NI YT ANSIKES ANZY ) Bz 72 HEIC
R EIIRICER T L 2MALTWS. 2
DO, KFEHTANPERZMEST S EE2RL
Z OB\ TN R ZZILOLFAPEIhTnwE T L
ZRELTN5,

M7 I2EHBIZL D TTE90H4 (20%CW) B X
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PWR1 %A @ 0.025MPa 2 DK EGHETE 2,
KEDVMRIOEFRAHGT D bbb, —FT,
RFEH R EAREDOZETANZDWTIE, WHHE % SCCIK
ZE % 50 600 A 4 & i SCCPEI L 5 TT690 &
GORF CTHBREOEEI RO HNTBY, L&
& SCCREAZMED M IZHBESRD LNV, ZD
7o, BISSNIKEERN L U7 T8 Hl
TSCCHEMEDRER T & 7% 5 L 13% 2 HEw.

KRFEDZE N L TIARFAW 2T 5 2 L1
IR RZ2HHLE L EHHETE LD, BIEIC
L ZRPUIREN TR, AWIZiE, BEE L7z %
FERFETDVIG L A 7 ¥ % AR S 5 IREA
Shen 5@ 12X DI_EENTVE. A ¥ VAERHO
P12 600 54D SCCITR L TIRIBEN-HDTH
. RIRICAELC =L 78R8, FRNTHEDRA Y ~
MHEL, SCCEEHRIELEEZLMHTHY F v
YT 4 AR L Sl U B2, G A R A
BIEENIE RN 5F, TTEEEICH L TOES
WZOWTH AT,

PLED X 912, KFEIZOWTIIMEOZLIZ
T5IERNRDOMENZFTLS DL R EROHD
WHHENHESNS, R IloBE ZET A 1E
L, REDF v ET 1 AR E NS 2 B )
728, FEICEMIN R SCCHAITH LTI EE A
WHENT LR WREENH L. 72721, KEOFRE
JETH DAY — FRISDIREERFALIZ DOV TIEHIA
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26. SCCERNDHAFvET 1 DHE
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S5O HEBIZEE100nm ML EOR AR F ¥ ¥ 5 1 23,
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L, DX BH T hs, SCCIRHD S P20
um DFLFF x ¥ 4 ERE % ReD, SCCt B HEE
EOBRERKL2bD0ZKIITRT. MAFr Y
7 A A E TN T4t B L SR 7 — ¥ (3
EE e, SCCHEEEE LMEND L LAUR
Bahiz, 72720, FHll SR F vy €T 1 Of
RESITHD L HEIE, 1.5%F I8 X 3R 5
GO T 2T HIINERMETH 72, Kk
AT BT B 22O HREIX 1Inm TH ), ZHIF
DY A ZORFF ¥ €T 1 AU T RIS
ETEXRVD, BIEHRIHAF Yy T 1 DS OE
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WHEHC X VR RAF Y ETAPBELIZAT VL A
8 % F o 72 UG TREABR IS X D B A T b T
Wz MWK BEOANY Y AZBET 5 L, KR nm
F— 7 — DB AN 7 AN T IVAE N ERTE
L5, 20X M CIIRRTHIEST 2580
LIl bProTEY, HARF YT 4 IR AOM
BB T AR EIN T A, —T, &
KT SNBICAELEZANY TR EF Y E
T A TR 2 AN 7 2 G OREE L 72351 TR R
HNIEL W 2D L. oMb, ~Y
7 LNTIVIET TR TR DI T 2 FH T & 2w
CLERRELTVS. PWREEPIZEIT 28 AF v
YT 4 OB HAMEICT 2720121, FEBIERAK
HCERMRBZ1T) 2L TRAF Y ET 1 24K
SRR 2, UM IREBREOTHEICLD
KRGOV TOMA LT 5 2 EALEE
EZLND.

27. RFRRICHOZE

BB 72 SCC I = 1 % 7R 36004 4 1, KLY IS
M,Cs % 4 7OAtM % A5 5 ™. —J5, TT6904
EDORFNEMuCs 7 4 7 D BALY AR FE D 50% LA
E2EETEP. ZnS oAU IZPWR BB
DSCCREZMEICHELZ RIZTT I EMVHERSINTE
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D, A7 YL AMOYETIRRALMEN T S22
ZEIX o> TSCCHEREDS—HLLHKRT 352
EAHER SN TWSE ™. TTE04 412k LTI,
Arioka 5 ™ % Toloczko 5 ™ 233 % 17v>, Ak
WA DR M EO AR A R 2 &
RRELTWS .

—7, Yonezawa b ™ 1k, = v r VLS54 TH
X750, it zBamises L
XD SCCREZMMPRT LI LAMEL TS,
fif SCC PN BEN 7= BILPE S D X750 1%, AL A%
PR O E R AICEATB LY E L
BROWWE D% XL o EHAPMHEERE ™.
F72, TTEOOA &K L Tid, IRBEEMELT
ARBICHWO NS D OWEREM & B 2T - 2
WMPBREZ#55 2 LI X D jRfbicEhx £ L S
H, TO I &AHISCC MR H L P R 120 < 5
BERIETTEMIEHINTHE S Mz, KR
RALUN I EN 2 AR -2 E LS 2 LD,
R RIS R 2B L ERB EEZLNRTED,
NFMERICH L THRET LI ERBREINT
w5 (81>'

WITKFF v €T 1 A D AL O 5% 5] % ik~
. RFF v €T 4 132 ALAEE - R, R
BB TERT 7. g, =2l E
Brrrr7 b LTERTLFEEICE2b0EEZS
N5, TD7D, R HAH RIS A 12 M R 8
FEASH 7 BEINNIL, F v ©F 1 AR O HHE & %
B3 5. F72, RIALWEER L TV Crid#i))sE
MICIECr03 8 LTHRELRRETH DL LMD, K
1L DR TEIRIC OV T L IO ML Z I T 5
CENEELEZOND. ISR OFEEICHE
LT3R E RIS L ) HFEILEILT 5 LGS
BH, WAOWEIZED DEED RN &9 b H
WiEedZl LIZHATHY, SEAHOMRILE
PRLEREADO—DLEZ BN,

3. SCCHAME

TT690 & &3 SCCHIWCEN LM ETH D, K
FWRSCCHRAETHEL LTH SN 5 & ER KB
TOPWRIWKZERSE T I2BIF 5 SCCHE D HLE
BT R Y725 v, SCCHADEZ TN &
&, ERT0EL LOMHAERETD LIS 20Db
STENMEB SN ELSHHSNTH D,
Maeguchi & ® 12 X 2 B AALH D W T O ERE
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FIREERTlE, 11 FERET3H SCCAAEL T2\,
—7J, Andresen 5 © % Bruemmer 5 1%, 360C
O PWR BRI T H ZB)IL ) 245 L 72R12 SCC
RELSEHLIEEWMELTCWAS, HIZ, Zhaid®
DFRERTIZ3607C 1 J7 e EE O 8 i EEKERIZ & )
il 72 SCC OBIE & RO TV 5.

INSOTF—F1L, WESLEBMMEL EOh#ESE
PEAM E 72082, TT6904 éf%of%ﬂmm
ZMERTIEEZRLTWA D, EEMIZSCC
SO REME 2 R 5 2 a#ﬁ%thé holbial

Tl¥, SCCHAMIEDIRI A B F 2, INSSIZBI)
% BUHLA % H S SCCHAEN DR ZER T2 T 5
MAZBRD.

31. ERMERMHICES SCCRERER

Wiko & BY, WAEIL > TZhai b 13 &M
HEMETHRARSCCOBTER AL 5 Z & &
HLTWD, REBRII3%DOHEEIMTAMA SNz
TT690 44T, 360C » PWRI KRBT iy
JHBDT700MPa% 4 5- L TIibN72d DTh -
72, BHOKESRIC R SEREDOSCCTIE RV
DO, WAL EMETHEL S 2 LR
KNk vz b, —)T, Maeguchib® 12X 5
535MPa F T D M B ilBR Tl IR BN T 2D
T11 % TH SCCHAEDFRD TV,

ZHEOHLHEMOSCCHERBRELTT T Vb
7 F R % e R 0 SCC 38 4 Bk % F Mt
LTwb. X102 TT690H 4D Em E&MTFI2B
% SCCHAERBED /7 v FIEDKEEZRT. 360C
DO PWRI KA BB T CKAH=30MPay m#H Y4
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7oAk, — RSN SCC OB HERR S 7z
BURE 5 CUIWIBRIC BT L 72386 L 72 SCC T & v
728, Atedkie L CRBRE4T) 2 & TSCCZAEL
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¥ —ORKFHICE ) SR i L 72561208, 2
RN T O HAEDRZ MR W R R ST
Wb,

32. SCCRENDEHMEADEE

TT690F 4 OPWRI K 5 B B 5% T 12 B 1T
HSCCH AR E LT, HELRSCCOIRA - #
BN EADPHERLET DEMETOAHHINT
W27 Bruemmer 5% 13 TT690 44: (31%CW)
D75 by FREFEH, Kii275MPay”
m A4 A 5 44MPay/ mAH 24 F T 200 I [ 221 T HY
s, Zo#HR3008 MRS 28 ZEH) % 8
419 2 & T, 360C ®PWRI1 SRS SMTL
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Development of ultrasonic testing system for cast stainless steel and application in the fields

il {-#& (Hiroshi Ishida) *!

B ORE AR EMBERGEC X DBEIRFEIR E W, MEKEET5ET (PWR) O
27 v U ASE 1 RGHME OB IR RN LT, KR 2 IR TR 7 & HEhRG e E
oL HAFEE Y AT AR L. TRETIZ, vy 27y TR X BEE, o iEEE
RS X DA XY, KRS 2 WEE & A2 AL, EREEICBWTH Z0H
FVEZHERE L 72

BIZE L2 HEMHRG > A 7 & 2 EROBREICHT T 5 720 ORBETIAEZER L, iz #Efiid
HILZIDVMERDP Y AT AICHMT BN TE, BB LY AT AL, EROMERTT
I KA HM RIS, R DB OMEEE COMMAIREE - 7.
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Abstract The reactor coolant piping in pressurized water reactors (PWRs)is usually made of
cast stainless steel which has a large attenuation due to the coarse grains and anisotropic crystal
structure. In this work, an automatic scanning system with a large twin crystal transducer and
an automatic scanning machine was developed for ultrasonic testing of the cast stainless steel
piping. After that, performance and usefulness of defect detectability of the developed system
were validated by a test with mock-up specimens at INSS and by a verification test out of INSS,
and the applicability of the system was checked in the field.

Documents for the ultrasonic testing procedure with the developed automatic scanning
system were prepared in order to apply the system to real plants, and the inspectors perfected
themselves in the developed system by preparing the procedure. The developed automatic
scanning system and the documents were transferred to the company dealing in inspections in
the Kansai Electric Power Co., Inc. group for applications to e inspections in the utility’s nuclear
power plants.

Keywords PWR, Cast stainless steel, Main coolant pipe, Ultrasonic test, twin crystal transducer
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Knowledge Transfer for Long Term Operation
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Abstract This paper describes what is important to realize long-term operation of nuclear
power plants based on the experience of author who have been involved in the operation of
nuclear power plants for more than 30 years. It is to develop a knowledge base covering the
entire process of construction, operation and decommissioning, and three important factors are
identified in this development: the duplication of knowledge among stakeholders, the transfer of
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