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See AIP RJAA AD2.20
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NM to HKE [MaPt [ 4 5 6 | 7 | 8 | 9 10 | FAF | '
ALT (3.0°APCHPath) | - [ 836 1154 [ 1473 | 1791 | 2109 | 2428 2746 | 2926 | |
MISSED APPROACH HKE CROWN CORGI
Turn right, climb to 6000FT via MAPH - 6000 (
HKE R111 to CVC VORTAC, _,éa{(\
via CVC R092 to ABBOT and Ae
hold. l,’
Contact TOKYO APP. \\‘ VDP
\h
“Timing not autharized for defining the MAPL MDA
DME to HKE 2.0 3.7
NM ta THR a 1.7
MINIMA THR elev. 141 AD elev. 135
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3 1000 — 7ok b D FREE
B &
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Civil Aviation Bureau,Japan (EFF:17 OCT 2013)
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120.1 - 123.875 Itg L Y S e nls RADAR AVBL
305.7 -362.3 ILS-DME_CH-30X 119.5G - 275.8G
R — EQPT REQUIRED
VAR 7 W (2009) L‘** TACAN
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S 7 | ~ —> /105
S A}; ol 85-A. og5.
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FAF : 360555.40N/1402243.84E T R105/D30.0 HUC
MISSED APPROACH HUC ITAKO
Climb on HDG027" to 600FT. IF RmmDTEU(MF)
turn right climb to 3000FT 1500 ;
via HUC R070, via HUC 26.0DME
clockwise ARC (HUC R090, Q-
via HUC 26.0DME 0T o fl
counterclockwise ARC when l
specified by ATC) to TAIYO
and hold. 600 HDGoa;r.
Contact HYAKURI APP.
Timing not authorized for defining the MAPY, ppuss i |
DME to IHY 07 14 a7 77 |
NM to THR 005 1.2 45 75 [
MINIMA THR elev. 107 AD elev. 107 =R \
e B A e HL S
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CAT T 2
DA(H) ?:VFU MDA(H) RVR/ MDA(H) VIS s 5 {%75 % @D Eﬁ%ﬁ
MV CMV .
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— 1600
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C 2400
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Civil Aviation Bureau,Japan (EFF:5 APR 2012)
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TR 1
L —BIRAE AR D% T ZI 1T DRTAEHETE MR OHEEIZ DT

AREAI TRIPHO i 2 IV RO RS SOV T
MR (B ELAEH) —RIRZZIEH R ) OV PRl 2ol DMz PR, T LBV aHEL T
l/ A %)o

Pse=fse * A/Sse .............. (A)
Pse : XBERR~DRTZRE THEE (18)/4)
fse : HM & BB AHE R O% FHEeE (5/4F)
A : SRR OB (km?)
Sse : AEARSTEIHOIAE (km?)

WRITE B L, TBERITRIFADMER (Sse) AWNEWNEE, KERETHERER D, Ziut, H—3i
2 A SN —RIITIRITT D LIE L TN D Ted T D,

LinL, T-7)Bafiss L2E0RGTHIRCOWT (@) | (Rd LD, FEENTIR) Bk b22
OFATEIFARTOIRNWE S FfR ST D Z &, R 215 R /IBhE iR D _FZE AT 2 BN 8 555
AT, B 2EE O I EER SRR A U Cb i) B a2 RIE S 720 KD @ R USRI ©
FATT % Z &b, FEEAT 1224 560 CHM— B & —RORI T35 2 L1372<, 2o, HEHi—FIsH
ZS IR BRSO FEFEAN I N DHERIIRD ThIWEE 2 Hivd,

Pl Z &hn, HERITEHBEOmMEIV NS K 2DI1FE, K ORSIRE THEREZ 5252 L LD,

(MEER A & W22 THEROBHR WIIEE) | 28
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TRATHIFR

AR T TR FH A

RETETA TR & AR TREROBER (BB

F7, BRI E LR DEEMEOFEDOHEEZ L CWDIEEITD D 5, BRERREEO M — 2 =S
IRrOMZel% TRz () TR VFHEL TWhD 7T M, JEE _FENEE0T6 DY, Zhbod
7T v MBI IER TR OHEFI L T RO LB Y TH D,

FEEFTALFR AERI THRIPHOERE (km®)
PR P e 4, 540
JIRNET 588 1, 2 590 19, 400
SR 1EE 3, 45 10, 200
PR 3 4 40, 080

ko L 30, F- ARG EZEORG T FRIE TR WK SR EN T\ D Z AR E 2 D L, e
B IEEPTCIL, T M TER TR O NS, T RO FRESRIZHERT X
D RERMEEFEEEATND EEZ D,

Dt (EEJEHY)  — 3R AR D% Tl ZI0T D22 PR DRI DUV T
Lookisy, TEM (FEIEH) —JRZsmEERE ] OB TSI DMIZEE THERITR E 22 %5F
PEEGATND Z LG, LITEERSE R, AW THERORHICIW T, FBROE TSSO H D
ZEDFM & HIFRZI A EERF OV N O RE O FEH O ERY TR Omifd 2 VTR L7z
IEEA ORI — IS FAERFOMTZ2, TR A 2 5 LT CLT TRIEPEAOE FHEERD 2 {5
EWVND,) A TS (EEAM) IRy OV NI DTS THER S 975,
« 1 HLRLHIREA ORI SRR 3L S CU VR 2 &, AIE IR — ISR R C AR b HEoTE
THYGFENH DD LT, HRAMTIIR FERSOSENRNZ L EAEET D &, HRAMO%
THERIIAEPEANCR U TR IZFNLI T LB 2 bhD,
% FEMOFEMMEET D AEPE O THeR%E 55 &b L, (REFIEZ MR T 5 ToDICREPE O TR
O 2 {5 2 i R — R IR DT TR & U CERAL,
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- B UL —BIRAE O EARL TRIPAO R NS W2 &, B K D507/ B 2204 T
JFRIE LTITORN LS HIREN TS 2 L2 BRET 5 &, EEPHYO% PR 2 fHEl 352D
W THERL Y Homn e B bbb,

H H WZERETE TR (B1/%F - 4F)
REPEHY O THER #54.14x1078
D 2 (=3.00X 1076 ([al/4 + km?) * X9 0. 0138km?)

k 1 54/20 A/175, 720km? =47 1. 42X 10~ ¢ ([0]/4F « km?) ZERSFROIZ 2 512 L, FLDTAH

2.1 REPFEOVE THERD 2 B4 D Z & OFRSFEZONT
[HcHh (5 BLECH) — el ey (3l 20 AERI0E FISRe <, MZSRTs MRERE IR OR A
D52 I\ AR S DHET D —J5C, RAEDFEM —FIHZS RO ER T 20 4E[C 5 9% F&
FEDMFET D REPEAIO FHERIT, FHTORER 2 KX <375 2 LI X0 3 4oz S5 E 614
HEDSEFHML TWD 2 &, HEH— Ik A AR FHEE R IR E < e Z L13B 21T
WL ZEETD L, 2EFEIOE FHERITENICIT 5 07tk TR L LR H D L5 %
DN, AHI TR TN RERF O THERO 2 fHEZHND 2 & L35,

F7z, JFET RS FEORS TR FREThIe N K S HRES TN 2k, otea £ R 1 B
D_EZEEARATS DM D DA, B JAEE OISR RER) I A L C bR B < fad &
FIFERNE D R ORI T T35 2 LICHOWTGHELEZE L TR, ZoMICBWOThIRSFHE
RS ITVD,

2.2 AhoORHITFE & Db
M (EEH) — 3Rz EAERE ) O TEREI I D2 THEROR I HT->TUE, TR
TIPEEITOH I ERRAE A xR & LT eRimit U A 7 SB35 2k %E (L~ 1PRA ##) : 2013
(—BFEVEN  BARTF7E) CUT TPRAZESITHE] LU ),) (2T, BT L Cu7Ry vk
BUTHIT DRNFSRASEOR kL UTERIGRO HTW5, LLFD x “3hE AV ik%
T2 bBEOND,

F=x2 (1, 0.5) /2T=0.2275/T  (El/4F)
T : x5 (=20 4F)
Z DML OMESFHIOWTIESE | O LB THDLN, x “Fofiz AV JAEL D L 2EAD
W THERD 2 fHEIFLLF D L3810 K& 720 TS,

H H WLZeRers TR (B1/9F - 49
RENEOE PR $94.14X10°8
D 2 il (=3. 00X 107 ([E]/4F « km®) X 59 0. 0138km?)
P i #13.46X1078
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IMTERL 251
x oA T IHEDRE MR OPRSFHEZ DN T

ZeREts THESSIHICIY, 125 20 ARSI DV NS ORG T — Z 5D S MIZeds THeR A R
LCWD, SRS E~24 4RIZRBN T, BLTFDAT T UIZHOWTIIE FHHIEA LTV,
(1) G2 T Rz D TZEE A K0T DY Tl
@) BRI T HEEZe e TRAS ) oV Tl OBUEER)
(3) BRI EED [FIRG2H S 2 AI T O T2EahESs, EmE COREE S o R
[EERE ) OV Tl
(4) BRI IR TR —F ISRy ) O Nk
ZDHG, (4 DAT T VISR Dzl THEROREEIZIE, PRA FRARHEI TN T, mEFAEL TV
VLIRS 03 DN FSO A O E A E U TSRO HILTWND, LU ¢ 3554 =
FEERWD Z EbEZ BND, 20 x A W IARCOWT, EOIREORMAE (1. 28 kO
R 2. 28 ZLUFORT,
F=x2 (1, 0.5) /2T=0.2275/T*'  ([l/4F)
T : B (=20 4F)
* 1 HHFEITISE 2 28

L 2R FHERRHi~D  — 35345 % FAV 5k vE

PRA A UEDBE R E L CHIH 40TV 5 NUREG/CR-4407 “Pipe Break Frequency Estimation for
Nuclear Power Plants” (5535 12X b &, FEFRABEOHEE HIEE LT, x otz
BRI D120, FEIABENRT Y > TN Z LKL 72 B,

T Y o, —IRANTHER RO T/NS WS (IS, ZOEFIC LD 1 AOETE) DOIAEHE
ZHIRS DHEERET NV E U EDIL DD, FEEDOFRIDUE NRHERDRT Y 3 ATNE D I E D Dzflkr
T 572012, EPICIIT 5 BERN 58 AE~EAK 23 4E0D 29 AEEIDEIN D A ko [t — FIsze s E s
DO FFEEERARIGUS, REROSAIOMEIEH S5 ¢ oz HWTSEAERE  (x ZFHiE)
R LT, ARUENL, BIEE & BRI O EINE 9 NTONWT, ¢ R ia AV TRIE S Dt
FHOTETH D,

WO EMEDORERE TRIORT,

. y A e (Y s T AR HHE
[4F] [4F]
0 23 #90. 759 $922.0 #90. 0447
1 4 #90.209 #16.07 #90. 707
2 #90.029 #90. 84 #91.61
3 0 #90. 003 #90.08 #90. 0770
4P 0 #90. 000 #70.01 #90. 00562
& &t 29 1. 00 29.0 #92.45
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exp (-m) * m*¥

#1:P(x)= '
X

m ;Y IR (90,276 1)
x : TE PR

* 2 1 P(f) X 29 [4F]
%3 : f—e) /e

MEFRIETH D x “TOMAOBHEILS (= FHOTOH5) —1—HESNLIREOE D) THY, —
NN N D HEARE o =0. 05 Z VD &, BEDHIESIL x “Fofizd v 7.81 (=% 2 (3, 0.05))
ThHzbhb,

Ardtkn
a=0.05

A4

7.81

TR | B

x
x _RGAFR

: LSS

E 0995 099 0.975 0.95 0.9 0.5 01 0.05 0.025 0.01 0.005
1000004 000016 000098 00039 00158 0455 2710 384 502 6.63 7.88
2 001003 002010 00506 01026 0211 1386 461 5.99 7.38 9.21 106
3 007172 01148 02158 0352 0584 237 625 935 113 12.8
4 02070 02971 0484 071 1.06 336 7.78 949 1.1 133 14.9
5 04117 0554 0831 115 1.61 435 924 1107 12.8 15.1 16.8

x ZFAEIERD 2.45 THY, HEHRLV/ASOZ End, B (Z2T%, 28 LHERER (C
ZTCE, BERTE) OEITAERETHA LTS AN,

L7235 C, END BRI EH — RSB HE R D% FRERIZRT Y i a2 Cdh 5 Z L
AHECH Y, 2R THERRHIM T x — oA N B2 AT 5 Z E3FTRETH 5 LT L=,

x I % AN IHEDBRSFHEZ DN T
BIRRT. 12 AL LAZREHO & B Y, NI IBE iR 220 T2 FRRTHORO L S flfRS T
% 2 LEAEZETD &, BRI O A RO FEBEAN I T DRI Than LB
bNDT EnD, x “FHAME AR TOIRSHHIER SN TND B X HiLD,
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T U E NITERDIET HEEITBWT, FEERORARIITIBOMINED T 500N —RATTH 5,
7o, WEHEDVNSWEAIIE, BT Y A COMLSATRETH 5,
FAENRT Y OAHED B3, TOFEL D100 (1— ) YolFHERINE x “ T iz L C,

222N, 1 —(;‘) 220N +2,Y)
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2T 2T (N : 2B, T HiH)

TRSND,
SAEEIENY, RHE AR OB TR D H HEZ &0 x “ROMOPIRAEE FINT,
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A
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PLEXY, AEMEDERT Y M A, 0 N=0) THALAITHBITDRAERF I,
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2T T

F
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1-36



[ il
(1) e
O I
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p(x) =, C,p* -=p """ =0, 1, 2, )
ZAUL, WEEp b oG n BIOBEE T x BPERAET DEREZR L TN\ D,
@ BT
BB IRERAE x ORERBIUSROR CESND DR T Y oM &N,

7

|

l

3

p(x) = 3—%%91- x=0, 1, 2, --n, m{TEDTE)
Ziud, BRI S 2 FRDVAT DR m &% L&, BIRERITIS E OGN x [R5
AT DERERLTND,
Z O, FERICE < OBEIRHERD 5 BRAEHED VD IRNFRIC IS ETTEY, HMON
Em=np Z—EDFE F THEIH n ZHRIKE L& ZOMIRE L TE D,
72¥, X, o, Xa DB ORT Y UGARIESTEY, ENOLIMNTHD & &, ZOFY
=Xi+ -+ Xnld, FIEADORT Y UGHIHE, ZIERT Y O HAROFEE SN,
@ Hr~ofi
WIS x OREREE DR O THZ IO HNRT A= o, BD x “FHAiE NI,

X

-1 5
x* e B

BT ()
oo I (o) ~Eskcshy,

f(x) = (x>0, a>0, B>0)

I'la) = Iomxa_le_xdx

cxEND,
@ x ot
HERASH x DRI AR DR T 2 BAVB A B 0 x T &5,
(0 = —x7 e T (xz0)
2?F(20

ZIUE, a=n/2, B =20y ORI T D,

(2 [XMHHEE
BN H 5 KNG ENDHHERD Z & 2SR LW, TOXEO FIYEZ S TR, ez {SE
ERREVD, ZOHDXMNCEENDLMERE 1 —a b TDHEE, (B 100(1— o) %DfEEXE &V,
£, ZOaDTEEFEAREEND,

() RHEIRC X DRT Y AR ORI 2 DX EEE
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TEREEL X ISR L DIRT Y ARCHED & &, HilERIILL T LB REIND,
e F ok
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RESULTS $#)

Table 15. Frequencies of pipe breaks categorized by leak rate

Leak Numerator Denominator Lower Bound Point Upper Bound
_ Rale (N failures) (T operating years)  xjggs,any/2T  Estimate®  x3) o5 ony /2T
PWR
Non-LOCAD
=1, <15 gpm 5 484.73 0.0041 0.0103 0.0217
=15 gpm 4 484.73 0.0028 0.0083 0.0189
LOCAC
50 to 500 gpm 0 484.73 0 0.0005 0.0062
>50 gpm 0 484.73 0 0.0005 0.0062
BWR
Non-LOCAb
=1, <15 gpm 1 313.36 0.002 0.0032 0.0151
=15 gpm 9 313.36 0.0150 0.0287 0.0501
LOCA®
500 to 5000 gpm 0 313.36 0 0.0007 0.0096
> 5000 gpm 0 313.36 0 0.0007 0.0096

a. Pointestimate A = N/Tif N > 0;if N = O, A = x2, oy oy, 1//2T

b. Non-LOCA systems are those systems that if disabled, could not mitigate a LOCA (see Table 1).

¢. LOCA systems are those systems susceptible to piping failures that could result in loss of reactor coolant (see Figure 1).
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APPENDIX F

FAILURE RATE ESTIMATION METHODS

METHODS USED

This appendix shows the methods used to esti-
mate the pipe failure rates using the observed fail-
ure data and the operating experience.F‘l

The following well-known statistical methods were
used for Type-I censored data with replacement.F‘2
The general methods for estimating rates on a vearly
basis and on a transient basis are

N
Myearly) = — (F-1)
T
. N
AMtransient) = — (F-2)
D
where
A = estimated failure rate
N = number of reported pipe failures
T = total number of operating y.ears expe-
rienced
D = total number of transients.

Confidence limits for yearly failure rates were based
on the assumption that the underlying pipe failure time
distributions are exponential and, therefore, that the
resulting data can be represented by a Poisson process.
In transient evaluations, N is assumed to be binomially
distributed. However, because the probability of failure
is small, the Poisson distribution may be used to
approximate this variable for cases where the number
of transients is large. The generalized formulas for esti-
mating 100(1 - «)% confidence fimits on the failure
rates are

2 2
X“—’Z;,?,NL < \yearly) = —x;.a/z(zfjlr =9 (F-3)
and

Xi/z(ZN)

< A(transient)
2D

2

" X3 .n2N + 2) , (F-4)
2D

where

xg(b) = the chi-square variate at cumula-
tive probability “a”, with “‘b”
degrees of freedom.

In these equations, « is the fraction left out of the
intervals. For example, with 90% confidence lim-
its, o is 0.10, /2 is 0.05, and upper limit uses the
95th percentile.

If D, thenumber of transients, is small, then the-
Poisson approximation of the binomial distribu-
tion is not adequate, and 100(1 - )% confidence
limits for the transient failure rate are

NF
D-N+ 1+ NF,

= (transient)

=D- 1§N++(IJ)EU1)FU 3
where
F, = F,,», 2N, 2D -2N + 2)
Fy, = F,,»QN+22D- 2N)
F,(b,c) = F variate at cumulative probabil-

ity “a”, with “b” and “c” degrees
of freedom,

As before, for 90% confidence limits, the 0.05 and
(.95 quantities are used (« = 0.10)..

In this study, yearly rate confidence limits were
always based on Equation (F-3). Transient rate
confidence limits were based on Equation (F-4) if
D - N =100, and on Equation (F-5) otherwise.

The lower limits in Equations (F-3), (F-4), and (F-5)
are not defined in cases where no failures are observed
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(N = 0). Zero is the appropriate lower limit in these
cases. However, Equations (F-1) and (F-2) also give
zere as the point estimate when N = 0. More realistic
point estimates for such cases are )

x5 502N + 1)

A= e (F-6)
2
X = —XO-SO(‘Z;)JF L (F-7)
and
(N + DE,, Py

T 2D-2N + 1 + @N + DF,
where

Fy = Fy2N + 1,2D-2N + 1) and the F
and x? distribution percentile and
degree of freedom notations are as
defined above.

Equation (F-6) applies for yearly rates and is
used with the upper bound from Equation (F-3).
For transients, Equation (F-7) is used with the
upper bound from Equation (F-4) and
Equation (F-8) is used with Equation (F-5). Equa-
tions (F-6) and (F-7) are applicable to events occur-
ring according to a Poisson distribution regardless
of the number. of failures observed. A similar com-
ment applies to Equation (F-8) and the binomial
distribution. Typical estimates from Equation (F-6)
are in the following table for comparison with
Equation (F-1). Equation (F-6) has been used in
other failure data studies, such as Reference F-3.

N A

30 30.15/T

20 20.15/T

10 10.15/T
5 5.15/T
2 2.18/T
1 1.19/T
0 0.23/T

The estimates of Equations (F-6) through (F-8) can
be obtained in two ways. The first is to consider shrink-
ing the confidence intervals of Equations (F-3), (F-4),
and (F-5) to the case where o« = 1.00 and both a/2
and | - «/2 are 0.5. Because of the differing degrees of
freedom, the intervals do not shrink to a single point.
The equations use an average for the differing degrees
of freedom. Because the estimates use 50th percentiles,
they are related to medians.

The second way of considering Equations (F-6}
through (F-8) uses the medians directly. In a
Bayesian context, A is regarded as a random varia-
ble. With Poisson sampling and a noninformative
conjugate prior distribution, the posterior distribu-
tion for the occurrence rate has a gamma distribu-
tion with parametersF‘

(,B) = (N + 1/2, 1/T). (F-9)

Because the gamma distribution with parameters
(N,2) is identical to the chi-square distribution with
2N degrees of t’reeclcm,F‘5 Equation (F-6) can be
shown to be the median of the distribution
described by Equation (F-9). Using a similar rela-
tion between 3 and F distributions, Equation (F-8)
can be derived as the median of the posterior failure
rate distribution obtained in sampling from a bino-
mial distribution with a noninformative conjugate
prior distribution.

In summary, Equations (F-6), (F-7), and (F-8)
describe median-point estimates for the failure
rate. They can be used when N = 0, and are more
conservative in that case than the point estimates
given in Equations (F-1) and (F-2). In this work,
they are used with the upper confidence limits in
Equations (F-3), (F-4), and (F-5), respectively,
whenever no failures are observed.

In estimating the above confidence limits, all
components in the sample were assumed to have
exactly the same true failure rate. No effort was
made to account for possible variations arising
from the mixture of populations having different
true failure rates. For further discussion of the
assumptions and limitations of these confidence
limits, see References F-2 through F-6.
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