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F3—13k BHRCE OkFh) (KRETHP LV)

S e K JEH = IR IBES #+ e KR = IS
[m/s] [m/s] [m/s] [m/s]
1961 28.3 - 1991 13.2 26. 1
1962 15.0 - 1992 12.7 24.6
1963 13.5 - 1993 14.5 26.5
1964 20.7 - 1994 10.4 25.7
1965 20.0 - 1995 10. 1 24.5
1966 17.7 - 1996 17. 1 36.3
1967 16.0 27.0 1997 12.3 27.1
1968 16.3 25.7 1998 11.5 26.9
1969 16.5 27.1 1999 14.1 27.7
1970 15.0 23.3 2000 11.5 23.3
1971 14.7 23.2 2001 12.6 23.7
1972 17.7 26.5 2002 13.4 28.7
1973 13.0 21.1 2003 10.6 24.7
1974 12.8 21.0 2004 15.5 29.6
1975 12.5 22.3 2005 10.9 22.8
1976 11.0 23.8 2006 13.1 29.6
1977 12.0 23.2 2007 11.6 25.6
1978 15.4 25.6 2008 13.9 22.4
1979 13.6 32.8 2009 13.6 25.6
1980 15.4 26. 7 2010 14.3 23.3
1981 13.9 25.2 2011 14.0 25.7
1982 13.4 24.1 2012 12.1 26. 7
1983 11.7 21.1
1984 11.5 21.2
1985 12.2 24.7
1986 16.6 29.5
1987 11.6 24.2
1988 11.9 23.1
1989 18.5 31.6
1990 12.1 26.3
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Ha—1£ B

Fodk Ok (KR&JTHP LV)

i ARG [°C] i ARG [°C] A ARG [°C]
1897 -8.8 1936 -9.5 1975 -7.0
1898 -7.5 1937 6.2 1976 -9.3
1899 -7.9 1938 -10.0 1977 -8.2
1900 -9.9 1939 -8.9 1978 -8.9
1901 7.4 1940 -9.2 1979 -7.5
1902 -9.7 1941 7.8 1980 7.4
1903 6.4 1942 -9.2 1981 -8.0
1904 -9.7 1943 -8.5 1982 -8.5
1905 7.4 1944 -8.7 1983 -8.0
1906 -9.3 1945 -11.0 1984 -11.0
1907 -9.1 1946 -8.4 1985 -10.6
1908 -8.2 1947 -8.1 1986 -8.5
1909 -11.4 1948 -6.7 1987 —6.5
1910 -9.1 1949 -6.9 1988 —6.5
1911 7.3 1950 7.0 1989 -5.9
1912 -8.0 1951 7.8 1990 7.6
1913 -8.0 1952 -12.7 1991 6.0
1914 6.6 1953 -8.1 1992 -5.6
1915 7.4 1954 -8.8 1993 -5.7
1916 -10. 1 1955 1.7 1994 6.1
1917 -8.0 1956 7.6 1995 7.0
1918 6.6 1957 -71.2 1996 -8.9
1919 7.5 1958 7.6 1997 6.0
1920 6.6 1959 6.6 1998 6.1
1921 -7.5 1960 7.9 1999 6.8
1922 -9.7 1961 -8.1 2000 6.6
1923 -9.3 1962 1.7 2001 7.4
1924 -8.3 1963 -10.9 2002 -5.8
1925 -8.9 1964 6.9 2003 7.1
1926 -9.1 1965 7.4 2004 -5.3
1927 -12.0 1966 -8.3 2005 —6.5
1928 -8.5 1967 -9.9 2006 1.7
1929 -9.5 1968 -8.6 2007 -4.4
1930 -8.0 1969 -8.2 2008 -5.5
1931 -10. 1 1970 -11.0 2009 -5.4
1932 -6.7 1971 -8.0 2010 —6.5
1933 7.5 1972 6.1 2011 7.2
1934 -8.5 1973 7.8 2012 7.1
1935 7.5 1974 7.9
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Fo—13k BHRE OkFH) (KRETHP LV)

S R 1 REfE] K #+ R 1 RFfE] Pk #+ R 1 REfE] Pk

& [mm/h] & [mm/h] & [mm/h]
1906 30.0 1942 27.4 1978 14.5
1907 32.7 1943 50.5 1979 49.0
1908 16.6 1944 47.1 1980 31.0
1909 26.3 1945 28.6 1981 43.5
1910 29.5 1946 51.8 1982 41.5
1911 25.5 1947 81.7 1983 54.5
1912 36. 2 1948 30. 2 1984 35.0
1913 56.0 1949 53.4 1985 32.0
1914 41.7 1950 46. 2 1986 54.5
1915 41.6 1951 36. 1 1987 35.0
1916 20.0 1952 54.0 1988 32.0
1917 42.3 1953 39.9 1989 32.5
1918 33.0 1954 28.8 1990 48.0
1919 21.0 1955 24.7 1991 35.5
1920 25.4 1956 23.5 1992 32.5
1921 31.3 1957 26.6 1993 38.5
1922 46. 3 1958 37.0 1994 63.5
1923 40.0 1959 77.8 1995 25.0
1924 36. 2 1960 20.0 1996 44.0
1925 42.9 1961 60. 0 1997 45.5
1926 22.8 1962 25.1 1998 35.5
1927 48. 2 1963 30.0 1999 48.0
1928 27.7 1964 36.6 2000 57.0
1929 24.2 1965 30.6 2001 33.0
1930 58.6 1966 25.5 2002 28.5
1931 26.5 1967 31.0 2003 22.0
1932 19.1 1968 24.0 2004 41.5
1933 41. 2 1969 33.0 2005 33.5
1934 21.1 1970 27.0 2006 27.0
1935 28.0 1971 26.0 2007 45.0
1936 7.6 1972 22.5 2008 32.0
1937 43. 8 1973 30.0 2009 36.0
1938 25.6 1974 19.0 2010 31.5
1939 38.3 1975 37.0 2011 47.5
1940 49.1 1976 50.5 2012 56.0
1941 25.2 1977 46. 0
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(i FH 22 i ~ S 57— J& A T O BEEE

#) 80km)

RJAA-AD2-24.31 AIP Japan
NARITA INTL
INSTRUMENT APPROACH CHART
RJAA / NARITA INTL VOR RWY34R
TOKYO APP HOKIRE YOTDNE NARITA TOWER RADAR AVBL
124.4-127.7 CH-97X =i= 118.35-122.7-126.2 ATIS 128.25
I 1258 35°48°51°N/140°22°18°E 236.8-121.85G :
. = , 2 1 1 )
/ N
[VAR 7°W (2011)] L \ EQPT REQUIRED
MSA 25NM ,-"| . _DME
-~ E fr s I| .
4000 12200
oo o (HKEP7m] |
3,00“5‘/1700_-‘090"‘[‘* 177
B 2\ VOR/DME
B\ NARITA
X 117.9 NRE =+
\ CH-126X
\  Lssdes6N1402145E D20.0
(Y HKE VOR/DME )
e
1&9 \x ; o/
% e _\/ o D14.0cve
7 S ~_ MHA4000
5 g  CROWI >
CORGI B4 D27.0 PAR) > MAX 230KIAS
D21.2 HKEN,| HKE D10.6 HKE
%.
s CORGI(IF)
MAX 230KIAS
D21.2 HKE

Sea AlP RJAA AD2.20
Gear down operation during an approach to RWY34LR

CROWN(FAF) : 353943.73N/1402853.00E

| NM to HKE MAPt | 4 | 5 | & | 7 | 8 | 9 | 10 | FAF
|__ALT (3.0° APCH Path) — [ 836 [1154 | 1473 [ 1791 | 2109 | 2428 | 2746 | 2926
MISSED APPROACH HKE CROWN CORGI
Turn right, climb to B000FT via MAPL - 6000 (F‘f‘F) U.F)
HKE R111 to CVC VORTAC, ey 2926 i
: ST \ |
via CVC R092 to ABBOT and Paa _ }‘_/{
hold. K a0 .
i '56 H
Contact TOKYO APP. \ - >0
L E
T x =l H 800
‘Timing not authorized for defining the MAPL. || MEA ;
DME to HKE 20 37 10.6
NM 1o THR [v] L7 86
MINIMA THR elev. 141 AD elev. 135
CIRCLING
CAT i
woaH) | BYRS T mpam) | wis By KBS e 1 S
A 1000 1600 ZEHEDN D O R E
B .
700 (565) | 1200 | 730 (595) | 21. 2nm= 39km
C ( ) ( ) 2400
D 1600 3200

Civil Aviation Bureau,Japan (EFF:17 OCT 2013)

Hili: ATP
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RJAH-AD2-24.15 AIP Japan
HYAKURI

INSTRUMENT APPROACH CHART

RJAH / HYAKURI ILSY or LOCY RWYO03R
HYAKURI APP ILS - LOC HYAKURI TWR
120.1 - 123,875 e 1180 302 RADAR AVBL
305.7 - 362.3 ILS-DME_CH-30X 119 5G 275. BG
— EQPT REQUIRED -
[VAR 7'W (2009) \r_ o TACAN
MSA 25NM T~ EMERG SAFE ALT 100NM 14400

val ®- // \

»zt~ac343'{"‘~"E5\""ﬁF / 1749

n’

_ ==, TAIYO
\ ‘ﬁl 2 f : A1 i Roawl:}zs 0 HUC
1889
S/ 258, VORTAC ..%"260’ )
&/ HYAKURI _ L -
Il'l 113, ?éﬂl-élég i .‘ . o - i\Da'Ia?RO HUC
[ . |3671113N140°24 49E] ;D_Tur‘ = —2T0 3000
| 2874 e
N - S | ITAKO(IAF)
— Mﬁp'ﬁ-ocl : R105/D30.0 HUC
\ B4.7 mj ( F—
KASUMIGAURA AD
|57 7 IHY, £ Huc Ries
i& 1500
; MHA 5000
: D36.0 HUC
; I — o _ 105’.‘
N ! > 285 A 5gs.
AN ) ITAKO(IAF)
FAF : 360555.40N/1402243.84E —‘ R105/D30.0 HUC
MISSED APPROACH HUC ITAKO

Climb on HDGO027" to 600FT,

turn right climb to 3000FT

via HUC R070, via HUC 26.00DME .

clockwise ARC (HUC R090, 070-"

via HUC 26.0DME o

counterclockwise ARC whent

specified by ATC) to TAIYO

and hold. 600~50G
2027

Contact HYAKURI APP. ==

R105D15.0 “AFJ

Timing not authorized for defining the MAPL. pousy

DMEto IHY . 07 14 4.7 7.7
NM to THR 005 1.2 4.5 7.5
MINIMA THR elev. 107 AD elev. 107
CAT I = Loc - CIRCLING i%jt%ﬁ% iz
Juy
AT pam) AVE) | moam) | BYR | mDaH) | wis ZEHED 5 O BRRE
30nm=56km
| A | a0 1600
B 580 (473)
307 (200) | 750 480 (373) | 1000 5400
D _ 1400 | 660 (553) | 3200
Civil Aviation Bureau,Japan (EFF:5 APR 2012) 8/3M12

Hili: ATP
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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 = 0, X = x%, ¢y an .y’ 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“—’lz(iNL < Myearly) = —X:.a/z(if: *+2 (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)

F,
*D- 1~§N++(N)+U1)FU (5]
where
F = F,,, 2N,2D-2N + 2)
Fy = F_ (N +2,2D “aN)
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
0.95 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), (F4), 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 )

2
o Ma@N+D (6)
BT

2
% = XgsoCN + 1) , (F-7)
2D

and

_ 2N + DF,,
"~ 2D-2N + 1 + (N + )F,

) (F-8)

where

Fy = FygN + 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‘

(a,8) = (N + 172, I/T). (F-9)

Because the gamma distribution with parameters
(N,2) is identical to the chi-square distribution with
2N degrees of freedom,F-3 Equation (F-6) can be
shown to be the median of the distribution
described by Equation (F-9). Using a similar rela-
tion between 8 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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F-2.

F-3.

E-5.

F-6.
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