RN R R Y o £
SRS LEE

112 EPERCk KB AR E T LR mE L 8§ 138
Regulatory technology and advanced assessment methodology on

tsunami hazard reassessment for NPP (2023)

4 %% ¢ 112B013
REFBMOR) B2 #+§
PRIgLHLE
Py ERF112#59 3 112 & 12 %
FLEY 4% 1683 F ~
Rhbmer R hipi#

4pg 1122127 8p



IR X i 1 £ O 13
R T 15
- CE RS LEA AT RS
(- B 50 AL A ovh ™ B b b 0 TR+ Rt 2

(Z)7H A5 20 2 F B A oo 21
(Z)IF A NGB A T B AT oo 23
S AR ST A B ECE AT oo 27
TR E o = 27

D TR 28
(2 )E 75 5875 ooovooooveeoosoesesesssssssssssessssssssssssssssssssssssesssssssssseesssnneees 29

(2 )5 Bia A7 35 K T e 30
()% & L 55 vB 4= 45 K BT s 30
2R R R BAAEE T R AT e, 38

(F ) A F RN A 2 T B AT e, 38
(C)iTARFEFNBEE T B A s 40
o AR T RR R L M AR E T R AT e, 56
() A ENEBE T B AT s 56
(C)iTARFEFNBEE T B A s 57
T~k BPE A MBS E 2T 63
(- ),};,;z,,ps,,v,;cg,kjt_;;fy};g@;;ﬁgg;ﬁw\ﬁiégkwﬁ ............... 63
(Z)REFHES b M0 3o 67
AN KB PORIER B S 1T Y R, 75
(- kB RIEF B Bcdp € ATHC 1 s 75
(Z VKB RIEF BB A 45 s 76



(ED RS- NN - ) O A 0 O R 78

SR B E RORR B AT S T B e, 101
(- VkBFRKF--RBRRA it 2 53 S0t e
(:)«Mﬂ%ﬁj\@u@ﬁ T2 A S R e, 102
()8 BP 2 foR B2 23 S0 P, 103
()% kﬁﬁ;ﬁfkﬁ:iyk%w%,ﬁrwﬁug';ﬁ@' AN 105

ASRBF AR AFERRT R 117
(- ) F B2 KB B A 117
(CYKBPEAEEAITZ FHAE T T, 120

Fo s BEBE TR 125
B A R B s 129

- CERF RIS I N AR L T R AT PR Rz 47129
G L NSNS 129
(2 ) B B30 o 130

VR R L B A S R e TR A TN R S R R A7 17133

G L NSO 133

(2 ) B 3 oot 134
KB P23t SUE 2 02 2 7747 s 135

( P TN oot 136

(2 ) B U ot 136

L B8 2 R 139



3
2011 # 37 11 p » p AAF0a 40 - Fb RERHE 91
VAL SRR R R R LR S )

TIA R G- T ERIVABE PR RTRRE U T AR R R A

o

> 2L > 7 A N N\ R Gl R S 2 L 2p il =20 [ SR "y
£ A=A T ,x$ D BT BN Rt RN IE D S 0 iR b

RIMATHRRE* o AL OP EE - PR FVTAPT

Boeris a8t T RAAERE XA RN LBEFET  FES
R d iz ? chieE S lcfod wh 3 kX RAPM AT S o £ ¥
%%515’3&7?‘2’“3&&&% ’ j\ﬁﬂi‘ﬁ} i@qwﬁ AW EE LT R A

FTALRE R T EPRRGEF RABFI N AB AT RAPFETE

,:F,

=
ﬁ?%ﬁﬁ%%ﬁﬂﬁwﬂi’ SRR SR ERY LR

%&L‘pfpg’;ﬁimm 7L°

-

)

Wi

fe $h30 L 5 7s K I A s B
LiFr»ZRA AL HABBERETEREPEDPE AP EE
74 @;Fﬁ% D FE M N A R M s b uE ¥ S foinde R
AT AN F 4 iR A BRIt 72 R B T B R
foidrhp T R ODFEFBERSIT o AP FFE AR T Rk B/
AR U 2 > ¢ 3 EATHR I RIRER BRI IRk S fhlic
AN T ol il v S S SR R AT N R O e
FEDZ B R IR G S A AL RS 2 R WK
- kRS b A SR R RORERR SR
Pk =T

— N riﬁ]’%ilb&“f’\#vdﬁ}l EA\*%’J\;’]"}\\“*’%;&}A{

P E BT Ak R T o

17



1.

M AR RV (PWR) e R SV (BWR)F: 7 s RAlS
s T RIEG 0 2R F K PG&E(2010) ~ Thio et al. (2010)
Fe University of Washington Working Group (2017) %% 3 2 >
FrEio BT EE L B RAPF SRR TR
BT e AR » T R feit R etk S e
1R

& R F T 1 BWR i 08 (7 PSHASSHAC-3 "2/ F {7
KRR b E N hE s R AT o f EAARE G
1/10,000 ¥ » .2 B*E2F (B A Armizk) {o 17 B Erk o
A E T RZYPOMPEAFIROMBRAZHE 3m L
HAAR M ITme FlPt > A7 USRI F IR AT
= AT ALRCR BEEEA 1T 2 R

MY 2o EAZART 1/10,000 e B AR Rk 3T iR A 47 0
FHAY SBEEEBERITEFEDTS AR R E
AR BRI H AR EF AR > 2
BRTARFABAR DTELE L 10%~20% > #7155
BABRFEE Y PTARFLATIAS T - R BT Ay

o

;‘,;:r’;‘o

i

ERER



4, HEAZARF 1/10,000 e B =A% PRI IT A E A T T —JFI:
1’&FP%*BWMﬂf¢Lhﬂg 2.5 (417 BWR

H

2

Gﬁ

H

YNy ot P R E ) e

TA KL BT N s R TR A TR PR i

7 4

L AR AR S ok S (BWR)TE T R i R )5
vhs E R > 4P Laneetal (2016) -~ Cecioni et al. (2023)
F= University of Washington Working Group (2017) %% = = >
BRI ARG R AL WA e R
T B & 47(LPTHA) =™ 2 foiin g » # 3038 b s oif et
FrABETR o

2. AERFY %3 B i LPTHA ## 7 (Cecioni et al., 2023 ) »
I H fjh i at i 5N IR KR R RACRTR 0
X EABEFREE o AER M- B KL E‘d,@%‘b T 44T H B
BraE R~ B RICEREFE 3,000 g+ BiEL
TR AR L MR ABEIRA T B3 ER 2T R
4&§(60£)w“$§@¥ﬁﬁ£0

3. P lglvl'ftl'l RN AFETAGETR D AER

1730 B G @AMk R ﬁ”ﬁ 2 ek A i
)%"/4‘3 'Pg}i oﬂ/fﬁbi?P’jx_&}iEH;Z}é_:Bigj_E

%i\?kfﬁﬁi"i‘%'é ;—}\‘mlﬁg’»'ﬁ_ﬁ: ' (4"")-[ /ﬁ;/\l'—r- 5&
) -



i

AFE T R EAZARTF 1/10,000 7% K L M A s v R chdT i3 A
$70 TIE LRI R 2 s E gk B W AR # A24AR S 1/10,000
}“%p;r?‘}i% N U - iﬂﬁ»] r AR SRE N R R | /“”‘333/}57

&¢~Jﬁ%%*%¢§ﬁ%&&%¢%§%%¥o

TR A MBS E 2 P
FBEIT AP $E 0 BATEIR R B OE R VR T o A
FHEEATHERCC By FERAMPREEERIRRM S
P RepSe e FHEARBER S 0 PR AEEL fr2FER
FHEEZ HFETEE ARG Y MR gt E o
AIEF USBEERKE RPN FE Taokaetal. (2020) -k
Sz Aoy SR EH 2R HF R KR LT
g S AR SR Rl S I S ) L 1 e
W3 B Sl TP Bl SEH AR T R L o
o FE U R ERE A o
Wﬁ%*ﬁ@%’%ﬁﬁﬁﬁﬂiﬁk’%$%W%ﬁﬁﬁ
RA+HE S TP O ER R L R g Az R ok
B Ren A AR SR - AT T i
TELe £ B MAcR TR o R BEarR B MY R
KT B —
BRI ATERTR LA TS 0 A 3 KR

Cricier Bl A2 KB g'ﬁCHCLPF X o



5. BR KB NRBREFLLY PR - B kBB A
Jo ARIE KR T e bRk o B RLE ] ARk S
PP T R ATE AR RE ATEAEY LTk
%P e Y AR

6. A EBJIULF KT IS FHRALIZ R

Taoka et al. (2020) e -RIZF S 5 AF & o 2 oh > ¥ 3 B3

AR ARG R R R RRTA G TR
VKRS ME R ORBE D REHRFEL KR Kol
PR AR s RBIF R TR E e N 3 Rk S ATE 0.02

m3/h/im? » AT FHRIEE P L FRIBEF L o

Mt @ A s T R AHT(PTHA) ~ "3 Rk~ 87K Rk
M rhIRATE A 5 3R R L WA s 2 T R 4 17(LPTHA)
Fp o Rl E B KRB RRS S F RORR
A



Abstract

On March 11, 2011, an earthquake with a moment magnitude of 9.1
struck off the eastern coast of Japan, unleashing a colossal tsunami that
inflicted grave damage and casualties in the northeastern coastal regions
of Japan, culminating in a severe disaster at the Fukushima nuclear power
plant. In the tsunami hazard assessment for nuclear power facilities,
probabilistic assessment methods have gradually come to the fore, gaining
traction alongside traditional deterministic assessment techniques. The
aim of this study is to establish a probabilistic tsunami hazard analysis
protocol pertinent to coastal nuclear power plants, with a particular focus
on boiling water reactors. This research delineates the key parameters and
implementation steps across various methodologies to furnish a reference
for future scholarly inquiries. This study draws upon the United States
probabilistic seismic tsunami hazard analysis protocol to gain a
comprehensive understanding of the assessment techniques and
regulatory requirements necessary for conducting seismic probabilistic
tsunami hazard analyses at nuclear power plants. Moreover, submarine
landslides constitute the second most prevalent cause of tsunamis, yet
comprehensive hazard assessments for such submarine landslide-induced
tsunamis are scarce. To augment our comprehension of the impacts of
submarine landslide-induced tsunamis on designated protective targets,
this research amalgamates extant literature to explore probabilistic
methods for submarine landslide-induced tsunamis and the analysis of
epistemic uncertainties, employing Monte Carlo simulations to account
for epistemic uncertainties, thereby facilitating numerical simulations and
inundation potential analyses for tsunami hazards. Furthermore, this

project delves into the construction methods for watertight door



vulnerability curves predicated on tsunami requirements, which
encompasses re-digitization of hydrostatic pressure test data and
corresponding leakage rates, linear interpolation of required hydrostatic
pressure across varying leakage thresholds, refinement of three parameters
to estimate the vulnerability curves of watertight doors, investigation into
the variability of watertight door vulnerability curves with leakage
thresholds, estimation of vulnerability curves based solely on a single set
of watertight door hydrostatic pressure test data, and the planning of
hydrostatic pressure experiments for watertight doors.

The most important results of the above are summarized as follows:

1. In the “Methodology study on the Boiling Water Reactor Nuclear

Power Plants of the earthquake PTHA from USA”:

A. This study is centered on the assessment of tsunami hazards for
Pressurized Water Reactor (PWR) and Boiling Water Reactor
(BWR) nuclear power plants. By referencing and integrating the
assessment methodologies of PG&E (2010), Thio et al. (2010),
and the University of Washington Working Group (2017), it
successfully establishes a comprehensive methodology and
process. This newly developed approach is tailored for the
evaluation of numerous seismic probabilistic tsunami sources,
enabling the calculation of probabilistic tsunami hazards in both
offshore and nearshore environments.

B. In this year, the Probabilistic Seismic Hazard Analysis (PSHA)
SSHAC-3 methodology was employed to assess the probabilistic
offshore tsunami wave heights associated with subduction zones
and fault sources. With an annual exceedance probability of
1/10,000, the tsunami hazards from two subduction zones

(Manila and Ryukyu) and 17 faults were evaluated. Tsunamis



induced by the Ryukyu subduction zone resulted in offshore
wave heights of approximately 3 meters or more, in contrast to
those from other sources, which were below 1 meter.
Consequently, this study primarily concentrated on tsunamis
originating from the Ryukyu subduction zone in the context of
nearshore plant area analysis.

C. The study accomplished a detailed decomposition analysis of
seismic tsunami sources with an annual exceedance probability
of 1/10,000. It then proceeded to perform non-linear
hydrodynamic simulations on two specific scenarios that
surpassed the tsunami source decomposition threshold. Despite
these scenarios exhibiting significant variances in their initial
tsunami water levels, the resultant average difference in tsunami
wave heights within the nearshore plant areas ranged from 10%
to 20%. This relatively narrow range indicates a near-consistent
hazard level across both scenarios, thereby underscoring the
referential reliability and validity of the study's outcomes.

D. The analysis of seismic tsunamis impacting nearshore plant areas,
with an annual exceedance probability of 1/10,000, revealed that
this particular scenario had no significant effects on BWR#1 and
BWR#2. The exception was a more pronounced flooding
observed in the low-lying areas located to the northwest of
BWR#2. This finding suggests that while certain localized
Impacts were noted, the overall integrity and safety of the BWR
facilities under this specific seismic tsunami scenario remained

largely unaffected.

2. In the “ Probabilistic Tsunami Hazard Analysis of Submarine



Landslides for Boiling Water Reactor Nuclear Power Plants™:

A. This study conducted an in-depth assessment of the hazards posed
by submarine landslide-induced tsunamis to Pressurized Water
and Boiling Water Reactor (BWR) nuclear power plants.
Utilizing methodologies from Lane et al. (2016), Cecioni et al.
(2023), and the University of Washington Working Group (2017),
we successfully developed a comprehensive methodology and
procedure for Landslide Probabilistic Tsunami Hazard Analysis
(LPTHA) of submarine landslide-induced tsunamis. This
approach is designed to calculate probabilistic tsunami hazards in
both offshore and nearshore areas.

B. In this year's research, drawing on the latest advancements in
LPTHA by Cecioni et al. (2023), we incorporated the unit
tsunami method into our calculations to facilitate extensive
tsunami scenario simulations required for Monte Carlo analysis.
We executed a total of 3,000 Monte Carlo simulation analyses
focused on a potential submarine landslide zone, evaluating
dimensions like length, width, and thickness of the landslide
material, as well as the tsunami simulations induced by such
landslides. This marks a significant increase from last year's 60
simulations, reflecting a substantial advancement in our research
scope and depth.

C. Traditionally, empirical formulas have been used in literature for
calculating nearshore hazards. This year, our study adopted an
approach similar to seismic PTHA for analyzing nearshore
tsunamis. We started with a decomposition of the tsunami source,
followed by non-linear hydrodynamic simulations, to achieve

more accurate results in calculating nearshore tsunami hazards.



Additionally, this year's computational method overcomes the
limitations of empirical formulas, such as those posed by terrain
and wave conditions.

D. The study completed a detailed decomposition analysis of
submarine landslide-induced tsunami sources with an annual
exceedance rate of 1/10,000. We selected scenarios where the
observed tsunami wave heights at certain locations not only
exceeded this annual rate but also had the minimum deviation
from it. These scenarios were then used to inversely deduce the
characteristics of the submarine landslide-induced tsunami
sources.

E. The tsunami simulation analysis focused on the nearshore plant
area revealed that the impact of submarine landslide-induced
tsunamis, with an annual exceedance probability of 1/10,000, was
negligible on the boiling water reactor (BWR) nuclear power
plant area. This finding underscores the resilience of such
facilities against this specific type of tsunami threat, suggesting
that the risk posed by submarine landslide-type tsunamis at this

probability level is minimal.

3. In the “Study on Constituting Method for Fragility Curves of

Watertight Doors™:

A. Compared to linear interpolation, linear extrapolation of discrete
data is generally less reliable. This project has refined the
digitization of data, exclusively utilizing linear interpolation
results to estimate parameters for watertight door vulnerability
curves. In cases of limited data, we adopt a conservative approach

by using the larger value between sample standard deviation and

10



range-corrected standard deviation as the estimate for the
vulnerability curve's standard deviation.

The project utilizes five threshold leakage rates to linearly
interpolate the required water pressure data for watertight doors
from Taoka et al. (2020) hydraulic experiments, which
encompass three types and a combined category. These data are
then used to estimate three parameters for each type and the
combined category's watertight door vulnerability curves: median,
logarithmic standard deviation of random uncertainty, and
logarithmic standard deviation of epistemic uncertainty.

Higher threshold leakage rates correlate with greater median
required water pressures, indicating a rightward shift in the
watertight door vulnerability curves. The logarithmic standard
deviation of random uncertainty fluctuates, affecting the
steepness of the vulnerability curves. Similarly, the logarithmic
standard deviation of epistemic uncertainty also varies, leading to
different horizontal movements of the vulnerability curves at
various confidence levels.

Based on the results of this project's vulnerability analysis, Type
3 watertight doors exhibited the least CricLee , While Type 2 doors

showed the highest Cricer,

Real-world watertight door inspection reports typically involve a
single watertightness test, where the leakage rate at a specified
test pressure is recorded to determine if it falls below the
allowable leakage rate. Using the results from our project's
vulnerability analysis, it is now possible to estimate the real-

world watertight door's vulnerability curve.

11



F. This project suggests an experimental planning requirement for
real watertight door vulnerability analysis, which slightly
advances beyond Taoka et al. (2020)'s hydraulic experiments.
Additionally, an advanced version of the experimental planning
includes water pressure tests for two types of out-of-plane shear
strains on watertight doors, as well as a simplified version of the
experimental plan, which requires loading the water pressure
until the leakage rate exceeds 0.02 m3/h/m2 or the allowable

leakage rate as per inspection standards.

Keywords : probabilistic tsunami hazard analysis (PTHA), subduction
zone source, fault source, source disaggregation, landsldie
probabilistic tsunami hazard analysis (LPTHA), Monte
Carlo simulation, unit tsunami method, Watertight Door,

Leakage Rate, Demand Water Pressure, Fragility Curve.
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Scatter Module Depth
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Annual rate of exceedance
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1.3 318 4 (Basuetal,2015)
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B F i SF kB A kp %A s (Basuet al.,
2015)
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»e A4 (Conservative Deterministic Failure Margin, CDFM) %
=& HCLPF % & -

245w K vk B PR B A 2 % 2 4 17 (Taokaetal., 2020 )
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# 2-5-1 k% ek AR (Taoka et al., 2020)

type Manual single-swinging watertight door
frame size W1500 mm = H2400 mm
effective opening size W1000 mm = H2000 mm
acceptable leakage 0.02 m’/h/'m” (water pressure < 0.1 MPa)

2252 KBPT kR EieHEREL (FLEE 4 2022)

¢ iz (MPa) R 1
%31 0.2165 0.0955
X3l 2 0.2439 0.2040
X3 3 0.2836 0.4929
(unit : mm)
frame
#.18
i T
o
/ B \”hi"?’c 1w tlele PAcking i
// |k / HH R e oy
e T Iﬁr -.:.,\f il oo packing
handle i B e
' door s | ' !/dwmm

front cross section ki sl

(c) type 3

Bl 2-5-1 -k % el Hi e 4437 (Taoka et al., 2020)
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|
o-0p O +1000 p A 1000 p
03 |~ —=-4+2000p = -2000p X% +3000p
% -3000 p O +4000p  -—+--4000 p
E
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f": o
E 02 —
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0 "
= |
0.1 1 77 ] g
acceptable leakage i, i
(water pressure < 0.1 MPa) i/
0 @ * # = * .
0 0.1 0.2 0.3

Water Pressure (MPa)

B 2-5-2 g7 1-k R vk R-IG-k 3R £ % % (Taoka et al., 2020)

| |
-0 p -O-+1000 p  —&—-1000 p -

0.3 |~ —=—4+2000p —=--2000p % +3000p
%3000 ~O-+4000p —+—-4000 p

NE p
e,
< ,
= 0.2 '
@ !
7
g e
0.1 A
acceptable leakage 4
(water pressure <
___________ -
0= *: -+
] 0.1 0.3

Water pressure (MPa)
B 2-5-3 3¢ A 2 -k P ek R-IB-K 3P E % 5 (Taoka et al., 2020)
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|
- 0p O-+1000 p -1000 p
0.3 - 42000 -=--2000p % +3000 p
¥ -3000 p +4000p  —+—-4000 p
=
<
E 0.2
@
oli]
E
=
@
—
0.1
acceptable leakage
(water pressure < 0.1 MPa) X 9
--—-—---—————q.—.—.——_—._———.—1h-—_—1:"—i"h——‘-
0 & - " i = -

0 0.1 0.2 0.3
Water Pressure (MPa)

B 2-5-4 554 3K B e RR-B-K S ORIE % 5% (Taoka et al., 2020)
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Bl 2-5-5 = Mgk B PRk 2 g Rk R
(HL %4 »2022)
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il 2-5-6

Cumulative Probability

0.5

0.1

01 015 02 025 03 035 04 045 05 055 06
Water Pressure (MPa)

Ak R b M (HLkE A 2022)
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I N &1 %&%ﬁxw%ﬂr% IR S ('S

L | 2-2 » Z Fok B 4 3t 0.3 MPa A #icis i i A o
FenZ %> AP g2 1255737 428> A& Agtta p
TREITT T KA RERE 03MPaFF > BRI & AARREM A
k5 0.02 m¥him? o Ap 3T AP 3B 0 B R B R R LR
PFRORG BB - RERDAF TR N AARE R K
Ferr RAF ek W AP HOR RS o FEBHREZF R
FHRPAFAFRER S B F T RS B PR K S GR
RIS AP R BIEFT AM BRI TRE N B o
fpPE 5 iR dc i Bicdp 0 A2 AUutoCAD € 374 B 2-2-2 3
B 2-2-4 Hc =it o

(- kB kI g shlichy & Ardc i 1

Taoka et al. (2020) = f#g 3]k % F* R BR-IKB-K 5 R BlE
d AutoCAD #Hcix iv & % & B 73 & 2-6-1 T & 2-6-3 o Lt
Wtz 27 o (1) A1 kBl R RO R E B
Bk S EFORRE S @ H A 0 (2) 3 2 kR g AR
Fobggse > Ae p TR %-4000ufF o KR Y 0.05 mP/h/m? 2
2 0.1 mY/h/m® B Rk ok BT 0 v e F R T A 2-
6-2 0 Pl AR BlEc b gL o (3) A 3 kR Ak R
BB > P B RV R IZRE S F 5 Al RS A
"EEORRE A A B> g T4 2-6-3 0

Bl 2-6-1 1 B] 2-6-3 ~ % &5+ Taoka et al. (2020) = f&#f 3]
KB R R-BR S RBE AutoCAD #icim it Blant 0 &3
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FR— F AR B 3 B AST €48 B AutoCAD #kimit &
PR £

(= ) kBRI 2B 24 47

L7 gk 5 AutoCAD #ici it 22 3 & & %1 i % £ (2022)
it B oo B PHERCKF 0.02 mYh/m? T2 ok
BRETFREPIE FgUR 2-64° LB 2-64° > 5L H
4 %% 4 (2022) #cimiteng fOokB > 3 2 E A = AutoCAD #kc
iR FoR R B RAKA 1 % d NEAKEA 20 2d N
253 F R A A F RKBY REHIERE o

PO BB 2-6-1 T B 2-6-40 11 & & 2-6-1 & % 263> F
i) fd 2-6-3 ¢ S FFAI 3R R P TR S-2000p 8 1
~ £ (025MPa 3 0.3MPa) #ici= it Bk i %t s
0.01019 m’/h/m?* » # P ik K 5 F AT B ot 8 > &2 )5 d AP p
FEE R R E FORR B 2-6-4 2 PP HERCKF G 0.02mY/h/m?
Flot e T BR-2000p o A B4R (2) Rt o A
= AutoCAD #cix b ehg FoRRE &1 @& 5 £ (2022) Hcim it
TRABREAFEAU2KBFT 3AMPELE - (3) KPR
K F0.02 m/h/m? 2o R E FoR R $5A 1R % P A
MR A 2RR MG 1 BT A HIR(-30000) o #FA] 3 KR
P 3ZEZHRMNIE D) d X FH KRS 031 MPa &
FRRBRATE ;M E 0 Pl MPEDE S o (5) R B PER
kS VIR RP M ESNE RO EH S o (6) AL IE
g RORRIRR > T RS ENT SRR S F R
KR BEAR O HEEELA S -
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FET 20 d Bl 2-6-1 frl 2-6-2 ¥ Aok RH F 0 Rk F
SELE SIEE QUM S/ SR R R ST et
BEAIFT FRR > 4oB] 2-6-3 ki > R ARF R KR
PP & R AU IR N AR Ry o e Bk B R Ry BE R
S LMY RS BT e BRFER A Ko

F BT H S Bk 0.005882 ~ 0.02 ~ 0.025 ~ 0.03
2 0.035mih/m? s K BE FORR S T EMAP A IEST SRR
B fc s B 73 4 2-6-4 fod 2-6-5 0 B T FORBET I 0 (Q2-
5-4) 3 3%(2-5-6) foitik AT 5% A HEARE £ fofk
OB o L HR B A T ol AR L T (2-5-9)

Fost(2-5-5) P B¢ HATIOEA T B E TR AT 5k

?ﬁ$%iilﬁ&’ﬁﬁﬁr’mlb Z o A TR
R D Tiodc AR L F iR B T IR ek
AERELEMBRIEEL > T 2 FARELL ¢ MR

Eﬁ%ﬁi’afﬁ%®&4/’ﬁ%ﬂ$iﬂn* TR L
S g g% 0 KDy gRE W 15 mldp it AT
o REgpTR E g 10 Bk A T, FARG o
HF R R 30w licdy o TR DR AREL A VARG o
%%&ﬁ@&#w,%ug@%?%§%£ﬁ4ﬁwﬁ$%@
0% 2-6-44ck 2-6-5H - SRR TP end SRR B #cE
BEEF 4R FY REAREL R 5
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(=

YRBF AR kS 27 FoRR? &

1ok BMEMHR K2 T FokRY &

Fl* R BpPE PR -RKF2Z G KRBT RS T ol
Poo 1R FN(2-5-4) fo(2-5-6) 0 BEY ED, o %A E T
W E 2-6-6 frik 2-6-7c LB £ 2-6-6 fr#k 2-6-7> ¥ 4 (1)
?ﬂ1¢%Wﬁ%ﬁ¢@?ﬁﬁﬁﬁﬁ@’#%2@6#%
2-6-7 ch¥ EARR o (2) #FA 2k B eng RokRF 187
BV ERMEAELE > kd 2-6-7 v B (F HEE) ot
% 2-6-6en? B (FhdR) o (3) #AI 3 KB F Fok RS
3N 4T H /T FRMIERET > ek 2-6-7 P B (7
) PBE A 8 B (FIE) o (4) EHV R ME
FEF AR LA R T RRRT BREE PR K
TR F At o (B) RHv EHBREZ IR T 4
AR RE AT ARG BALEAKRT T RRR
d B2 e (6) F R AKBRT LB RE o L kR
FARABY BELBPE Y LKRP AT AR Bk
Mo A 3 kBT KR BhF o (7) 2R KRR
i M FERE AR R R SRRSO E4RIT T G B Mo

2ok A FAERK S 2§ Aok R R £ B

mot R A Bp iR T 0 7 i T o > jE(Range)
PR MIERA S - PES PR > T HH okt T
2 Beypendbo ] Eoo £ on Bk AR X, X, X, 0 B

v

B 5 Y=max(X, X,,..., X)) > & ] & i

78



Z=min(X,, X,,..., X,)) * BRI 2§E 2 R=Y —-Z o ¥ £ J e dicdy
Xy Xopooty Xy 2 B oA T > 2FERY 2 L EFEAT o d &
e~ @ (Ang and Tang, 1984) v 4rd. + Efrd | Bl F
& #c(Probability Density Function) 4 %] 5

f (V) =n[FWM]” (), f,@=nl-F@)]" f,(2) (261)

P fArR A NIy X RS R R SR F AL TS
¥ -

FEXEE X ZF AT Nwo) ¢ ufrorwli
Tioffe R £ 0 BlEo % B Y ST g s

#y = [ YE (V)dy = u+ o[yt (y)dy, y' === (262)
(o2

#-70(2-6-1) % - R~ (2-6-2) o FE

uy=u+0jy%WAwP*&0mW

=u+n¢f'w00rﬂ¢@3@ﬂ
9P Pfed o w] SRR Y A B F B R Sl R A

Glce IR T ) B Z hT ol

(2-6-3)

Hy = J. Zf, (z)dz = pu+ noJ' Z'[].—(I)(Z')]n_1 #(2)dz’ (2:64)
17 £@69 e @6 7R

=Hy —Hy
=no{[y o) gy)dy - [2[1-0@)] " 4@z} (s,
=no [y {[o()]" - [L-0()]" jé(y)dy
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748

1=

Fd,=ulo

d, =]y {[@()] ~[1-(y)]" |#(y)y’ (26)

Ft 0 o= 1d, 0 TE LTI 2R N, 0 REFE &
AR L o N(2-6-6) B d, 0 WEBEFA S R
N=2 4 N=3p > v @ d, » 9 & 2/Jr~11284 4r
3/\7 ~1.6926 - d,4p B #icit 7> % 2-6-8 -

A F 2 AR X 57 kR HERE > Tinw s >
BEL AR - PHORKET o Ao p TR KR
B4 bl B AR R M 42 0 (255) 3 H AR
WL T BB T B BECU P MR
Bro=puld3 " BHREL Ry SR R K
Bpdt frdol B0 LG RL &F LD PG 0 ERB
Beehdicdp o I 0 G 10 B 2R Y R E TR A0
bf - HAKGP R - PHEERFT O R - E2ERS

W

FTIorpe s EE - 2ERGIEEL S 3 B G v
T 2 = A

FI* kP E PRk 2§ Rk BT RS T i
Yo 1150 (2-55) o B HEHREL B 0 B %A BT 269
fr# 2-6-10 -

FI* R H P EFAERRF 27 RRBRY IS T ik
Voo MH - PEERGIEEL > ¥o=R/d, » A HF] L

2-6-11 fr# 2-6-12 ¢ 4 2-6-44r# 2-6-5 ¢ > = fEATAk B
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P Lzteng ok BRBHET S E 21 & N(2-5-5) 7
Fok B2 HEERL > 2 HEY B2 o=R/d,

nit A 2-6-9 frd 2-6-11> 11 2 £ 2-6-10 fr# 2-
6-12 0 HFMA AR > PG R BRFHEEELLE T X o
PRI oA ek x B RS T RRZ I
BRI B o5k w73 4 2-6-13 v 2-6-14> £ ¥ = d ¥

LHBREE LD o=R/d, B3 o BLBL 26-13 vk 2-
6-14> % i (1) 3A] 1k B P eng FoR B ¥ SN 3B RE
Hod 2-6-13 v 2-6-14 ¥ HALE L An e - (2) 3R 2k B
Feng FokBReEAR 5 18345 g™ FREMBRE > i
2-6-14 it AR X (7 H4E ) P REC) T A 2-6-13 et iR
By (FhiE)o(3) A3 kBTG fokRF 38R 48
TEET RS IE R A 2-6-14 e R L (7 IR
Az £ 2-6-13 BRI AL (FHE) 0 TR S 2 (4) B
moACkRE R E S AR R R SRR R
ZEFFHER KRR~ - (5) FF KBNS
KA LA RRP T R RO BARE L ¥ PR K S
R A PR - 6) AHT T UHBREZT KB A1
ARG M e G kRO BEEL 4 LA ke
BACKRRHERE L2 Fo(7) FFAKBRT 2B LT
EAAIK R R AR R L LR P A Y Lok
g ok R iR L B o A 3k F Rk R
ERELEE -08) 7 FABEAPERE > LAk B
o KR e R e £ it 9 A 013 0132 o

Elul
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3ok L PRk S 2 3 ok R R £ A
ded chig o SSCHE R F R (LA E A kFPEME

Bk dz @ FoRR)W s %R U e o thdie N ek #f
2> W=NU > H2+¢ U®ieZ@HDLF L EET o
PE(RAFELI LB REA R FRLR) B2 mE

MLigdrrmed s TLI 2> 7d kBRI T
RREHE BN A SRS S AP KRR %

2 FACKR U S0 ke B RERE S o AR T

(w.

A AREE - ENUBDBER S HERFEA G RET T
FoRBW Gy fiAawme Y > RIERHR2 T RREU
¢ BEoHEIRE L > T D _fr B, 0 A W 534 2-6-6 & & 2-
6-7> 11 % % 2-6-13 & £ 2-6-14; N ¢ E{oificih & 1 & 9
AN e B, F 7 0 A E] R & #E3% # £ (Modeling Systematic
Error, Bias) fe#-5" & #%:% £ (Modeling Random Error)
HWH- g kprma 2> Hk@fske £2 7T
oo v BN =10 R A ORI R 2 T AORER U KIpR
EFFRRBmERRHALFL o EFF KB WY B
# D,xN, =D, ° ¥ "L 4L Xk G - (Ang and Tang,
1984) » # - F P~ % L (Sampling Error) > %4 38D _Av

PoifeitE > He D enipt®A LA 8FE > B oniE it E

RN

ALZBEYE &P GENOHEEREL R J D hipt
WA KIEE o InD, =21 5 Inw, 3k & T 35%c > 58 (2-5-4) >
FInD, SRR £ 5 Inw iR £ vk L ficdy B e 2 49

L, =felNn s B¢ B s £ 2:6-13 ok 26-14 0 n S 4
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2-6-4 4r 4 2-6-55 S, = f //n i B % 520 4 2-6-15 4
% 2-6-16 -

PO s £ o0 - kR E_3F B 3% £ (Prediction Error)
(Angand Tang, 1984) - &gt j#2f# 5 A K P3| & KR
7 >t Taoka et al. (2020) k329 % = fasg A -k j P end @
- PEERFE T AR T SRR Efoftic
AL K22 B R Fpts 4 2-6-15fr & 2-6-16 ¢ >
Rp e AR R g AR RS RS TERIFL - £
2-6-6 & £ 2-6-7 chiF £ 475 MAK B F Rk R B E =
BRIk G R nTog s > ¥ - FRS X FAR R
FARRRG? B mF T RE-FHESATEARBRE R
KR B TRREL o k- PHERKF T > B4 804 9
H - AFAR R R SRR g R e G sp Ak R
g ROk R (E o % A3t A 2-6-17 ok 2-6-18 - d ¥
- Ak RS SRR PBIRBP 3 — 0 dodk 2-6-4 frdk 2-
6-5 #r7 o k- PHAER-R Sz B R AORERY B Fapsk
BE DL Lo 4 2-6-17 4 2-6-18 ¥ fEt F N £ H - #77
kPR Rk RGO EEE TG ARG KRS
¢ R TFRI R RO bR R 0 Tk B B ERIGEL i
B Stk -

el — PR K S hz B ORRY B F et £
R AEEL ON 5 - 4oV (2-5-5) 0 RNH - RPN
R CROKRARRGEL BRI L B % 7 4 2-6-19 o &
2-6-20 d gt AV A H - 2EEE AR E L Y A
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MR AERL SN E s 2 TR A BTG 3B KA
BRI O KGHRCRPEEZ e 5 %I 20545
2Nk X B WA 2-6-19 fr i 2-6-20 i d HeF o ARG
KPR AR R BARRREL AR L -

HFEE T A kRMnE FokRA 2 0 £ 2-6-15 0 &
2-6-16 Z Kk H PR FoRBRPY EEREA it ER R L > £ 2
6-19 fr# 2-6-20 chizd #H,F 5 KB 7 FRBP EIFPE
Z AR £ 0 7 A 10T 2 feh® S 43(Square Root of
Sum of Squares, SRSS) &7 & » RLEF-RBM T F-K R
NHBEEEL R 0 BRI 2-6-21 frd 26220 BFk 2-
6-21 frd 2-6-22 ¢ » B - MAKBPF ARG T LR
ZARORRY BB L R % 8 4 2-6-15 fr 4 2-6-16 4p
PR T AR BT R RRRD[ T T R
BT pEL > B %4 d £ 2-6-15 {v# 2-6-16 { #71 % 2-
6-21 fr# 2-6-22 -

BRI R 2621 frk 26220 Vet (1) kR
Rk (7 0HE) s, PR R A R 0 P
ok F0.02mPhim? 2 «b > 7% FEAIRK B P E KRB, 2
WH - AR R R AR RF, <02 FIEECH Y R R KR
¢RI RIGEE 2 2 )I* L F* Rk 0.02 méh/m? 2 % ok
Ba T oA 3 KR D[ R F EEREL O ERIRE L
0.1544 (4 2-6-15) » #t3 £ Ak % F* ¢ BB R F £ Hiticit
% % 00538 (% 2-6-15) » 4 & ¢ EARRIFE itk
%% 01056 (% 2-6-19) ® & » # i 01185 (% 2-6-21) i»

%?
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#0100 0.1544 (4 2:6-21) « e d v P HERKF 2 F fokR
BT A 3 KBS R ERREE L HRE L
0.1544 (4 2-6-15) » #7% #F3-k &%/ ¥ EIFRIEL ¥ iR
BE (% 26-19) F e A H- gARBM P EBHREL
HEARE L (% 2-6-15) » s gy Rt das (£ 2-6-21) - (2)
KRB FARR (R ) Dp TF Rk SR A
fa— b ehgF 4 2P R -K S 0.02m3him? 2 #1 5 sk B
7 FHF AORRY EE R AR L (£ 2-6-20) o
F AR R R SOk RG[ 2 E - Sk R TR R
KB p TR R G Ak B Y B RIEL 2 % - (3)
KB E SRR (ERE) 32 3R g g R (7
B hB T2 BB ARl 0 2 FEE R KR B
PR o (4) kBT FAAKER (FAE) DB [ wH - A
AkBmEHS 30 T AR HEAILL123 232 7 - (5)
KHPE IR (EPE) hp [ w8 - FAkmm L2
232 AR RHFRELLE LT 2/ o
Aok BT & PRk S 2§ AR R £ H R £ A

g dok Bt £ A (g ) oA (e

ARERN)T A B AL K e 2ok B I A

4e3V(2-5-8) om0 4 T B BRI f T8 % A A

4o (2-5-2) o o Br «frlBU &d SRSS e & > #H4F & HiiE

. 2 2
R R NS RS SR AR LT S
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DoMPa) ~ Br v Ao v Pos st gemms s 50 4 2-6-23 44
2-6-24
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22-6-1 #5731k @ P e it ok & (m3him?)

kR R L

MPa |ou 1000 -1000u  2000p  -2000u 3000  -3000p  4000u  -4000u
0 0 0 0 0 0 0 0 0 0
005 |0 0 0 0 0 0 0 0 0

01 |o 0 0 0 0 0 0 0 0
0.15 0 0 0 0 0 0 0 0 0

0.2 0 0 0 0 0 0 0 0 0
0.21 --- --- --- 0.1573 0.1130 - --- --- -
0.24 - - - - - - --- 0.2232 0.2356
025 |0 01197 007858 - 0.06179 0
026 |- 01459 019635 ---
0.3 0.1187 - - - - - --- --- -

%02-6-2 57| 2 k% Hcr it sk S (mihim?)

s R L

MPa |ou 1000x  -1000g  2000x  -2000p  3000u  -3000p  4000u  -4000u
0 0 0 0 0 0 0 0 0 0

0.05 |0 0 0 0 0 0 0 0 0.000885
01 |0 0 0 0 0 0 0 0 0.000878
0.15 [0.004109 0 0.003445 0.001932 0 0 0 0.000635 0.001746
02 |- 0.003425 0.01454 - 0.01649 - 0.01069  0.006496
021 [0.01339 - 0.01443  0.01009 --- 0.003159 ---

025 [0.03820 0.04703 0.1659  --- 0.02630 ---

026 |- 0.02307 - 0.03140 0.009531 0.01661 0.01686
03 [0.1408 02008 02514 -

031 |- 0.08227 03181 01009 001330 0.1295  0.1490
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4 2-6-3 453 30k % e it ok & (m3Yhim?)

s SO 3

MPa |ou 1000x  -1000g  2000x  -2000p  3000x  -3000u  4000x  -4000u
0 0 0 0 0 0 0 0 0 0

0.05 |0 0 0 0 0 0 0 0 0

0.1 0.000704 0.001142 0.002140 0.005975 0.000423 0.001393 0.003405 0.002861 0.002770
0.15 |0.004532 0.004094 0.009175 0.01484 0.002373 0.01133 0.006936 0.01294 0.006682
0.2 0.004532 0.009668 0.01238 0.02062 0.004581 0.02067 0.02060 0.02216 0.01141
0.25 ]0.009212 0.013595 0.01501 0.02211 0.01019 0.03583 0.04407 0.03463 0.02493
0.3 0.01243 0.018731 0.01690 0.02012 0.01019 0.03454 0.04203 0.04379 0.03519

4264 KRpPEPERKFZZRRNR (FHFE) Bk
PO i i
Al 1 $pAl 2 }A3 13 $A
0.005882 9 9 9 27
0.02 9 9 8 26
0.025 9 9 8 26
0.03 9 9 8 26
0.035 9 9 8 26
%265 RBFPEFHRRFLF IR (EP46) B
P iRk 5 kg A
(m*/h/im?) %3 1 %3 2 B33 o %
0.005882 9 9 9 27
0.02 9 8 5 22
0.025 9 8 5 22
0.03 9 8 4 21
0.035 9 8 4 21
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3266 KBPEPERRKF2ZZ IR (F43E) ¢ E(MPa)

i 2R 3
(m3/h/m?) %A1 5 2 A3 3 R
0.005882 0.2118 0.1789 0.1326 0.1713
0.02 0.2164 0.2456 0.2587 0.2389
0.025 0.2179 0.2583 0.3150 0.2589
0.03 0.2195 0.2680 0.3619 0.2743
0.035 0.2211 0.2755 0.4072 0.2879

3267 KBPEPERRKF2ZZ IR (FEPFE) ¢ E(MPa)

P i -k I8 il
(m*/h/m?) %401 %4 2 A3 o1 sl
0.005882 0.2118 0.1789 0.1326 0.1713
0.02 0.2164 0.2313 0.1945 0.2164
0.025 0.2179 0.2401 0.2264 0.2277
0.03 0.2195 0.2461 0.2345 0.2322
0.035 0.2211 0.2502 0.2520 0.2376

% 2-6-8 d, 4 M T

F 2 3 4 5 8 9
d, 1.6926  2.0588 2.3259  2.8472  2.9700
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#2690 MEARELAOS B kRPF AR (F ) HERE L

i 2R 3

(m3/h/m?) %A1 5l 2 A3 3 R
0.005882 0.0982 0.1413 0.3190 0.2817
0.02 0.0967 0.2014 0.4367 0.2743
0.025 0.0970 0.2362 0.5081 0.3408
0.03 0.0976 0.2695 0.5766 0.4025
0.035 0.0986 0.3014 0.6291 0.4552

#2610 MERAMEREL SRR HFF AR (KR E) HEiREL

P i -k I8 il
(m*/h/m?) %401 %4 2 A3 o1 sl
0.005882 0.0982 0.1413 0.3190 0.2817
0.02 0.0967 0.0947 0.0981 0.1130
0.025 0.0970 0.0938 0.1267  0.1071
0.03 0.0976 0.0920 0.1005  0.1053
0.035 0.0986 0.0916 0.1058  0.1122

% 2-6-11 M H - 2ERIRBFG IR (FHE) HicR B L

Fe iRk 5 kA
(m*/h/im?) #31 ¥ 2 A3 A0 A
0.005882 0.0788  0.1560 0.3109
0.02 0.0848  0.2292 0.4182
0.025 0.0869 0.2780 0.4597
0.03 0.0890  0.3200 0.5099
0.035 0.0910  0.3567 0.5496
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42-6-12 M H - 2IERIRBPE LR (FRFE) $tHcEE L

o g K LE

(m*/h/m?) AL &2 A3 rd o
0.005882 | 0.0788  0.1560  0.3109
0.02 0.0848 00917  0.1068
0.025 0.0869 00918  0.1158
0.03 0.0890  0.0939  0.1109
0.035 0.0910 00965  0.1214

22613 KHPEPEEKS L F KR (FHE) HERE LB,

il k% PR g
(m*/h/m?) #41 %7 2 A3 o0 %l
0.005882 0.0982 0.1560 0.3190 0.2817
0.02 0.0967 0.2292 0.4367 0.2743
0.025 0.0970 0.2780 0.5081 0.3408
0.03 0.0976 0.3200 0.5766 0.4025
0.035 0.0986 0.3567 0.6291 0.4552

% 26-14 kBPEFEORERF2Z 2 fORBR (EPE) S$iEE L4

P ik kg gl
(m*/h/m?) Al a2 a3 vyl
0.005882 0.0982 0.1560 0.3190 0.2817
0.02 0.0967 0.0947 0.1068 0.1130
0.025 0.0970 0.0938 0.1267 0.1071
0.03 0.0976 0.0939 0.1109 0.1053
0.035 0.0986 0.0965 0.1214 0.1122
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% 2-6-15 kp g FRE (FehdE) ¢ BB L iR L

il S Ko Rl
(m3/h/m?) %3 1 KA 2 A3 A1 Al
0.005882 0.0327 0.0520 0.1063 0.0542
0.02 0.0322 0.0764 0.1544 0.0538
0.025 0.0323 0.0928 0.1796 0.0668
0.03 0.0325 0.1067 0.2038 0.0789
0.035 0.0329 0.1189 0.2224 0.0893

#26-16 kB Z RKER (EPNHE) P EarBofiii g $HiciR i 5

P ik O ik
(m*h/m?) 3l 1 %3 2 I
0.005882 0.0327 0.0520 0.1063 0.0542
0.02 0.0322 0.0335 0.0477 0.0241
0.025 00323 00332 00567  0.0228
0.03 00325 00332 00554  0.0230
0.035 00329 00341 00607  0.0245

N,

% 2:6-17 kB PFEFR RS2 F AR (7)) ¢ e F

il o= M K P
(m¥/h/m?) 54 1 i A3 oy %A
0.005882 1.2366 1.0446 0.7742 1.0000
0.02 0.9058 1.0283 1.0831 1.0000
0.025 0.8418 0.9978 1.2168 1.0000
0.03 0.8003 0.9768 1.3191 1.0000
0.035 0.7680 0.9569 1.4142 1.0000
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% 2-6-18 R HFEFEARRFZF AR (EpHE) ¢ @ F

=M G i !

(m3/h/m?) %3 1 KA 2 A3 A1 Al
0.005882 1.2366 1.0446 0.7742 1.0000
0.02 1.0000 1.0688 0.8989 1.0000
0.025 0.9571 1.0545 0.9941 1.0000
0.03 0.9454 1.0598 1.0101 1.0000
0.035 0.9305 1.0529 1.0605 1.0000

22619 KB AKE (FHE) ¢ OGIRIEL iR £

iRk “3 A KR
(m3/h/m?) RS - 2ERPE
0.005882 0.2372 0.2732
0.02 0.0920 0.1048
0.025 0.1844 0.2216
0.03 0.2516 0.3065
0.035 0.3092 0.3818

% 2-6-20 RBmPF AR (EPE) ¢ EFREL O EARE L

P 6 -k w03 Ak B
(m*/h/m?) AR S H- »ERIE
0.005882 0.2372 0.2732
0.02 0.0873 0.1004
0.025 0.0488 0.0575
0.03 0.0573 0.0676
0.035 0.0735 0.0768
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% 2-6-21 k%P F RORE (F ) R HEIRE L B

ol e
(m3/h/m?)
0.005882
0.02
0.025
0.03
0.035

kA
FA1 A2 U3 a3l
00327 00520 01063  0.2785
00322 00764 01544  0.1178
00323 00928 01796 02314
00325 01067 02038  0.3165
00329 01189 02224  0.3921

% 2:6-22 KRB F AR (EP4E) PR HERE 2 4

i Sl
(m3/h/m?)
0.005882
0.02
0.025
0.03
0.035

k% RE A
331 %3 2 S |
0.0327 0.0520 0.1063 0.2785
0.0322 0.0335 0.0477 0.1032
0.0323 0.0332 0.0567 0.0619
0.0325 0.0332 0.0554 0.0714
0.0329 0.0341 0.0607 0.0806

94




# 2-6-23 kB KRR (FE) F A Mg
i e D, (MPa) / 5.1 3,1 3.
(m¥/h/m?) s 1 KA 2 A3 vy %A

0.2118/ 0.1789/ 0.1326/  0.1713/
0.0982/ 0.1560/ 0.3190/  0.2817/

0.005882
0.0327/ 0.0520/ 0.1063/  0.2785/
0.1035 0.1645 0.3362 0.3961
0.2164/ 0.2456/ 0.2587/  0.2389/

0.00 0.0967/ 0.2292/ 0.4367/  0.2743/
0.0322/ 0.0764/ 0.1544/  0.1178/
0.1019 0.2416 0.4632 0.2985
0.2179/ 0.2583/ 0.3150/  0.2589/
0.0970/ 0.2780/ 0.5081/  0.3408/

0.025
0.0323/ 0.0928/ 0.1796/  0.2314/
0.1022 0.2931 0.5389 0.4120
0.2195/ 0.2680/ 0.3619/  0.2743/

0.03 0.0976/ 0.3200/ 0.5766/  0.4025/
0.0325/ 0.1067/ 0.2038/  0.3165/
0.1029 0.3373 0.6115 0.5120
0.2211/ 0.2755/ 0.4072/  0.2879/
0.0986/ 0.3567/ 0.6291/  0.4552/

0.035
0.0329/ 0.1189/ 0.2224/  0.3921/
0.1040 0.3760 0.6673 0.6008
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# 2-6-24 kg ROKER (ERFE) 5 Rehddk
ik D, (MPa) / 5.1 3,1 3.
(m3/h/m?) A 1 A 2 #43  #rt %A

0.2118/  0.1789/  0.1326/  0.1713/
0.0982/  0.1560/  0.3190/  0.2817/

0.005882
0.0327/  0.0520/  0.1063/  0.2785/
0.1035 0.1645 0.3362 0.3961
0.2164/  0.2313/  0.1945/  0.2164/

0.0 0.0967/  0.0947/  0.1068/  0.1130/
0.0322/  0.0335/  0.0477/  0.1032/
0.1019 0.1005 0.1169 0.1531
0.2179/  0.2401/  0.2264/  0.2277/
0.0970/  0.0938/  0.1267/  0.1071/

0.025
0.0323/  0.0332/  0.0567/  0.0619/
0.1022 0.0995 0.1388 0.1237
0.2195/  0.2461/  0.2345/  0.2322/

0.03 0.0976/  0.0939/  0.1109/  0.1053/
0.0325/  0.0332/  0.0554/  0.0714/
0.1029 0.0996 0.1240 0.1272
0.2211/  0.2502/  0.2520/  0.2376/
0.0986/  0.0965/  0.1214/  0.1122/

0.035
0.0329/  0.0341/  0.0607/  0.0806/
0.1040 0.1023 0.1357 0.1382
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Leakage (m3/h/m?)
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Leakage (m3/h/m?)

Leakage (m*/h/m?)

| |
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X
0.2 1—
2
0.1 ai
acceptable leakag e
(water pressure <
0 = # 5
0 0.1 0.3
Water pressure (MPa)
(@) & mBl(Taoka et al., 2020)
I
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Leakage (m3/h/m?)

Leakage (m’/h/m?)

! |
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Water Pressure (MPa)
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SRR RORR B E M A R
I 4 2-3-23 vk 2-3-24 ek B G FORR B I R A
Hoo T U E S RICA T R RT3 )
ESCI I REVERIELNTE 6 LV i B O NP £ N = S R W
B AR o

GRS AL RSN LR & SEREEIRE ¥R T

B12-5-6 5 %1 1% 4 (2022) = fEAFAK G2 b 3
Mo Ak PHERKF L 002 m/h/m® > 2 F RRRT R
RE o I 4 2-623 F - AR D, frp, 0 T FE AT
o foadr 2 b AF Y S0 2 ) 2-5-6 & BN R 2-7-1 T e

B 2-6-4 {c§] 2-7-1 & W] 5 £ATH =1 18 0 = AR R
PO ok R o 40 2 e LRt A | v (1)
AL RBPEFTs F R RRY M B2 o § R REdp o
FLd RAF T - (2) FAU2RRFEATHRELL > 5 3B
7 Aok REI S RE 0 TR 2-6-4 26 P T EH-2000 p 0
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ol 2-6-4) 3 i F AR B B0 B Y QLB F
FoR R BARE L L L BT M o

d 3R B PRR S RBRRBIE ATE T ah g KRR gt
B R SR F RORBRET AR A kg
FOACKR AT SUL oA §E 0 - B E AT 1 R ok
R gy s 0

(C)kBMg RoRReASEE T 2 5 0 S0 R

52X 02 AR R 0,02 m/h/m? B B 0 g ROk BT R
AR B AE R Ao A R fIF & 2-6-23 frd 2-6-24 % - %
5D, frfy,  E AR KRBT G RRY TR S
ALl S o) 2-7-2 A7 o Bl 2-7-2 2 5 A AR A
WA DL 0 T RS 50% 0 W54 (2-5-3) 2 0 =50%
23N(2-5-7) WY ARG R ARBRT hiE b A S AR
R FORBREN R B A A ELRR 2-7-20 W Al (1) 4
A LRHFEG FARRE P L m SRR RE A - (2)
A2k B F oK RENEL LY AR 0 Rk
B 2 TR G AR R B 2 R & o (3) &
A3k FIGIRRENEL SFPS RGOS TR
KB ERE M S  F FIRRF ARG S L MR ERR G 2
(4 FEFT L mAFIRREF PR EpRLL 2
ALK R R R ROE i s SRR RT( AR ) )
PE3F 8K (D, F)e

FIS

Ho be r w@ 2 ian g, o AR PR RS 0.02

mP/h/m? & B v R R R R R ) 25 28] 3 fodt
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BAKRPZ SRR LIS R o A wf* £ 2623 frik 2-
6-24 % - < %KD, ~ B, v B, 0 1 E (2-5-3) frt(2-5-2)
FEokBMPE RKRY R 5% R 95% 15wk
oo JFE &0 A Bl4cB] 2-7-3 3 B 2-7-5 o o LB
2-6-4 4o 2-6-5> 11 % [ 2-7-3 1 B 2-7-5 ¥ a0 i (1) #5A) 2
RGP ER L FIRBRI T B S 1 B peAR T
TR R 5% SR 95% T s R BT 3RS M R A
Aol o (2) A3 RGP EP 2L F KB F HEH
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REfeT b Y LB - (3) 2Ty Ak RET F A
Fz 5% ok~ 95% R ke T 30l R ML R A
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BN R R PR R F R RBLE TR ME S B BT
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RIS A HE > P LB RETE > L dkBF
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2 5% 15 s K S 50% 1 ok B 95% 15 R B e T ik 4F
Pd &R A W 4oB] 2-7-6 I B 2-7-9 A7 o LB A 2-6-240 11 %
B 2-7-6 2 B 2-7-9 ¥ (1) 23] 1R F 4,82 0 50%
oo R fo T il JF M0 RO RT3 SEADK R F B v
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B o

KB eng G A s (HCLPF) % € Cooor @ 29

- N=2L &
8 o

Cricior = Dme[ﬁRclfl(S%r/iJcD*l(gS%)] (2-7-1)

AT AP > RS 10%9% BC, T

-+ N2l F o
+ F o

_ Pc®7 (10%) 7.
Cp. =D, 8™ (2-7-2)

1 %
C,, =D, e @ (2-7-3)
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Bode e > M2 QT 250Q2-T73) R ERARRT O

Chicrr ~ Cron T7Cro A A 2-T-1o Lz 4 2-7-1- 7 4w (1) Clos
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P Cron L AT Criipr °(2) Crpge ' Cricipe B 7 Cg*" Criopre 14
FOEHE Cpp P Crgpe ? § VRS 2 (3) 73 #FAIK R T 514
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% 2-7-1 kB PP SRR S 0.02mYh/m? 9% B K& Cooor © Cuo 77 Coog
FERE 3 R
(MPa) Al BpAl 2 A3 1y R
Cicire 0.1751 0.1873 0.1509 0.1516
Clo 0.1899 0.2033 0.1674 0.1778
Clo 0.1707 0.1831 0.1482 0.1515
% 2-7-2 Hqu)s ‘J*‘Frﬂ] K $ e E‘ J\@CHCLPF A ClO%’fr’Cl%
% BkR PRk S (m3h/m?)
(MPa) 0.005882 0.020 0.025 0.030 0.035
Chcier 0.0682 0.1516 0.1725 0.1737 0.1730
Cion 0.1031 0.1778 0.1943 0.1973 0.1991
Cio 0.0682 0.1515 0.1708 0.1727 0.1723
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