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Step 3aZ  Calculate the liberated energy, E,,,

Calculate the liberated energy in accordance with the method for blast effects, see
paragraph 7.5.2.

Step 3a3 Calculate initial velocity, v;

"This initial velocity of a fragment can be calculated by using of the following equation:

2xA xE,,
= e n/s 7.15
Vi ./ M, (m/s) (7.15)

where
E,, = liberated energy [J]
M, = total mass of empty vessel [kg]

A, is the fraction of the liberated energy that goes into kinetic energy of the
fragments. It depends on the situation.

Upper limit A =06
Rough estimate Ay, =0.2
BLEVE A, =0.04
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v

where
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KEDFEE LT OB DR R AR & 5 F TOR], —E O RE T

MEHBEAFERSNLDbOLE LT, FTiEO —KRITHERBIMET A0

— RO LV BLE BEE R O EAIRE 2R Lo, R R S

5.6.3-1 FRIZRT,

T=T 0+<

E @ a? X o
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21kt

X
2’Kt

T @ KD 5 x(m) OALEOWEE (C), T o : FIHIRE (50C) *!
a @ BMEER (TN, m? K) *2

kT BAHIVIREREREL 0 Cy) (1.TX107 %2 /s)

p 1 K VERE (1, 870kg,/ m?), C, : /X LB (548] kg, K)
A B HOVEMEEE (1L TIN /m/K), E : BEHIRE (F,/n?)

t oo BRBEMRGLIETA] (4, 968. 4s)

M1 KT HIT R R S R S AL 10 4R R 00 5 B R AR SR & B 7 7 (i
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FEAT 2%, el b LT REAEE, BRERC LTEROEE, AF0
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oy ga Vi t
Mz e W,/ m?] (s) C) C)
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F-15 44, 6 3, 095. 33 (49 1. 4h) 150 200
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LR LT,
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5.6.4 7 =77 bR LD KSEFBERAMIZ OV T
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NEL Z T, (VEMBREZE5.6.4-15%, 8 5.6.4-1 IR,

H5.6.4-1 % AKSIET0—T % bRV E DR ERE
BERRIREE ()
K H5 SATE 7 1A

F-15 33m* ! 19. 5m™?
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) 33m
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5.7 ZEREEE Y IR & A BRI I TN % 55 0D K 6 D BB YA
(1) HEFHOTRET D7 — A DR
T ZE B 8 i S & SRR By TR e 7 55 0D K AT K B BRI & 2k L 7,

MUZepg BRI RS L U CHET H28f1X, 5.3, 5.4, 5.5 OFMlFER LY,

ROBGENREIWE-15 L35,

FERM A AT MiaE S D kK & U THE T Dk i1%, F-15 OB K SAAE
B LRMIFIT S 7 L EEERET D,
L ZE B R AT 18 & S R AT IR 55 DAL & & 5 5. 7-1 KT~ T,

HF5.7-1F% HEMMTHEETLIFI—XA

e = R R S
J5Lf fF
VARF T I 2 v KRS V7 &
RO p-tt v
PR E
E%E%&&U‘ F-15 57%1:“/@%
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H5.7T-1 K frzerkks

E AT

B & fG R H T e s %5 oD A

(2) FHMEICHBELE LT —X
Hh 72K HEMOICKLELRDLT—X
K S BREFD | BREME: | RS RECREE | RBEmAE | BREENAER | RIEMEGEREM
o T (m®) (kW m?) (m?) (m) (s)
VA Rk .
KT 1A KT8 10 50 19. 36 2. 483 11, 008
TEITEER | Ktk 136 23 97 5.6 36, 131
F-15 JP-4 | 14.87 58 44. 6 3.8 4,968
DL O S IR E R Qg S 58 B 2 B L 7=,

O JEREAR S, L cBERREEE (), H:k
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A(nﬂ
B(n +1)

A=(1+n) +m

D & (m),

=

, B= (1n)+m

R RBEAE
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(3)

E=Rf -]

E : EHBE W n?), R @HBHELEW ), O BEHELKO)

5. 7-3 K JERRAREOD R HKS R

XHRETD S N
KOG | iR | e | 0ok | WETEULE
; G) ) W,/ m?)

Eigéép 45 5.9639X 103 298. 20

e WEKE V7 = 185 3.4734X 1074 17. 37
v | K

77 A-t” v = 77 2.0248 X107 101. 24

PER A 21 2.6826X 102 1343. 13

BV YRR S AL =4 22 1.0160X 10! 2, 336. 84

F-15 45t 5 22 5.3368 X102 3, 095. 33

A 5

AR CAE & 2 WA S S OWABERERERS R 2 I T, LU F s
FEARLEE 2 51 L 7.

R RrFadE, MARKRy 7ERNY - rdE) (268 % AR

— =0 (x=L)

T : FRIEE (2000C), E : BEHEE W, m?)

To : PIHHEE (50°C)* ', h : BMmER (1TW, m? /K) *2
p 1 EEE (2,400kg,/m?) , k : BV&EER (1630 m K)
C, @ B (880]/kg/K) , L :JEE (m)

1 AKFHIFRSEE CHN S N8 E 10 4R O 58S IR ST 2 B - 7 il

¥ 2 ZERERT A TR EE (U RmoBRERIE, ZEE O TR B O BB A 5%
FEALT D0, —BEEREE L CERE/NER, ERELOCETFEEHOESE, £FD
ERRENTWD, Ml BN DI WERRSFHTHDIZEnn, ZTRHDH 5
BH/INEVWHETHD 1TW m2 /K2 HWD, )
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- PER SR D AL T

T @ FFAIRE (3256°C), T o : IR (50°C) *!
E : S5 W/ m?), h : BV (17, m? /K) *?
¥ KFHGRSE CHIShZiBE 10 M O &K@ &R SR SFHE 2 R -8 72l
X2 2R TETE (VR OB ERIT, S ENE O TR R JE PH O BB R A%
FEAT D, —MAYRfE S L CRESMER, BRELXC LTEROEZE, 4ZFD
BERRENTWD, §Fl EEEBS D2 WG BRSFHTH D 2 Enh, ZhbnH b
KHL/NEWETH S 1TW/ m2K 25, )

[

CORER, BETARIITTERBY, FOr—RCBWTHLHERREL
TEAZ & 2R LT,

95 5. T-4 & HEFHMAE R

WEHOMEr — % | g | IR AR
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RUF-15 B— R 135
HER A 181 <325
FEEZ K DN F-15 2—r R 195 <200
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[CIB W TIERSFANS K KR B R AT 2BKIRPEEGERAIRAT D L9
7 JEGH % B E L CREIE L 7,

o R

= a0

BRODE S

..

BERAFERE - 22m
%5 5.8-1 X i A okk iz AT e L B 0 Rl A A (X

65 (Fhk) —IRfT 7-44

379



5.8.1
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s AP S & 9o RGP, R B I VMLE TRAET DMK I GEEUi
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- HERREREE L, FEMR LERL <7D Ko, AET D KK SRR 5 5

e DR O E CRBEERDLHOWE LT,

c BRI ORI T, RRSEMFE L TAHRKREZE L, AT DRI

5.8.2

(1)

INEZEARR[R AR AT D L) B AR E L7,

P LB L 5T — X DEH
KRR L FR D &R SEBROME
LT NS AKIFEBR DA BSEMROEEXAHE B L, BHERA

% 5.8.2-1 #IZRT,

(2)
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g EEETHE (kg /m?/s)
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A AT T D 22 s L Ex & DRI OV T

BIHE 7. 2

RO | W & 227 R EATIE T
£ R ks o> B ! B B 2 HoORE
gy Uk 7(f§/‘j 39km
SR — PREZEE ) 80kn (21. 2nm)
w S p”
T KR e Pk % 36km #) 56km
(30nm)
O : FFflixt& X : xS 4k

X1 : iRk & ZEPROMERE, RE XY

X2 Al PEZSHBLT,

FHHIL 72,
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il FH 22 5 D f5e K BfE A Pt R & C O R
(i 1 22 % ~ B o — JE A D BREE - A9 80km)

RJAA-AD2-24.31 AIP Japan
NARITA INTL

INSTRUMENT APPROACH CHART

RJAA / NARITA INTL VOR RWY34R
TOKYO APP HOKUSO VOR/DME NARITA TOWER RADAR AVBL
1150  HKE
124.4-127.7 ctoorx | we 118.35-122.7-126.2 ATIS 126.25
I 1258 35°48'51"N/140°22 18°E 236.8—121.85G \ -

VAR 7°W (2011)

MSA25NM

‘\
BT~ 1172 T
~T17.Tocy, 177
MAPt ~=<Y0RTs¢
D2.0 HKE

EGPT REQUIRED
148 DME

138

D20.0
CvC
92°
CJHKE VOR/DME .
s, 27
(f(-(\ ABBOT
s, 92/
SO Di4.0cve

> N & MHA4000
CORGI 6 D27.0 : (FAF) MAX 230KIAS
D21.2 HKEN,, HKE D10.6 HKE
%,
MHA 5000
MAX 230KIAS

See AIP RJAA AD2.20
Gear down operation during an approach to RWY34L/R

CROWN(FAF) : 353943.73N/1402853.00E

NM to HKE [MaPt | 4 [ 5 | 6 [ 7
ALT (3.0°APCHPath) | — | 836 [1154 | 1473 ] 1791 | 2109 | 2428 | 2746 [ 2926 |
MISSED APPROACH HKE CROWN CORGI

Turn right, climb to 6000FT via
HKE R111 to CVC VORTAC,
via CVC R092 to ABBOT and
hold.

Contact TOKYO APP.

*Timing not authorized for defining the MAPt

DME to HKE 50
NM to THR 0 1.7 8.6 / 19.2
MINIMA THR elev. 141 ADelev. 135
CIRCLING B RN B 5 e Hh s
CAT RVR/ . -
MDAH) | BYR | MDAH) | wis ZEHRI O O FRRE
*B\ 1000 1600 21. 2nm= 39km
| 700 (565) | 1200 | 730 (595) [
D 1600 3200
Civil Aviation Bureau,Japan (EFF:17 OCT 2013) 19/9/13

i i

ATP
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i it

PRI ZE PR D fie KBl AR Pt 10k T O EREE

(R 22 P ~ g o & FE AT O #REfE %9 36km)

RJAH-AD2-24.15 AIP Japan
HYAKURI

INSTRUMENT APPROACH CHART

RJAH / HYAKURI ILSY or LOCY RWY03R
HYAKURI APP ILS - LOC HYAKURI TWR
120.1 - 123.875 1098 IHY - 118025 126:2 RADAR AVBL
305.7 - 362.3 ILS-DME_CH-30X 119.5G - 275.8G

EQPT REQUIRED
TACAN

EMERG SAFE ALT 100NM 14400

VAR 7°W (2009)
MSA 25NM

=~ TAIYO

\ R080/D26.0 HUC
20
HYAKURI - 0’
oS e D32.0 HUC
36°11'13N/140°24 49°E 270" MHA 3000
ITAKO(IAF)

090"

R105/D30.0 HUC

MHA 5000 |]|

ITAKO(IAF)

FAF : 360555.40N/1402243.84E R105/D30.0 HUC

MISSED APPROACH ITAKO
Climb on HDG027" to 600FT, E Rr105/D15.0 (1AF)
turn right climb to 3000FT 1500 RS | oo
via HUC R070, via HUC 26.0DME 1477(L0 R165 R1a7 H @0

clockwise ARC (HUC R090, 07()°— r P \
via HUC 26.0DME o ‘ reos |t oo Pt B
counterclockwise ARC when{ 7—=025> ‘\ 5 500@
specified by ATC) to TAIYO ey, N b 2500
and hold. 040G {7500 150 !

D130 ARC —

Contact HYAKURI APP.

Timing not authorized for defining th

DME 1o [HY 0.7 1.4 47 7.7 |
NM to THR 005 1.2 4.5 75 |
MINIMA THR elev. 107 AD elev. 107 = — \
CAT I Loc CIRCLING e K 5 o A
7o) 5
AT DA Ay | MDAr) | BYRT | DA VIS ZEHE D B O HiHE
A 900 1600 30nm=56km
B 580 (473)
7 (2 7 4 7 1
< 307 (200) | 750 |480(373) | 1000 5300
D 1400 | 660 (553) | 3200
Civil Aviation Bureau,Japan (EFF:5 APR 2012) 8/3/12
ATIP
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Table 15. Frequencies of pipe breaks categorized by leak rate

Leak Numerator Denominator Lower Bound Point Upper Bound
B Rale (N failures) (T operating years)  xio s any/2T  Estimate?  x{; g5 ons2/2T
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/TifN > 0;if N = 0, A = x3; ¢y o /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-1

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 yearly
basis and on a transient basis are

N
Myearly) = — (F-1)
T
) N
Mtransient) = — (F-2)
D
where
A = estimated failure rate
N = number of reported pipe failures
T = total number of operating yéars 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, IN 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 limits on the failure
rates are

2 2

xa/).(zN)_ <\ Iv) < X1.a2N + 2) F-3
o SMorearly) s T (F-3)
and

X2/2(2N)

=< ANtransient
5D ( )

2
o an@N +2) E4)
2D

where

x3(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 i5 0.10, «/2 is 0.05, and upper limit uses the
95th percentile.

If D, the-number 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)

» (N + DF, E5)
D-N + (N + DF,
where
F, = F_,» (2N, 2D-2N + 2}
Fy = Fiun(N +2,2D-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
0.95 guantities are used (e = 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
zero as the point estimate when N = 0. More realistic
point estimates for such cases are '

_ X3s@N + 1)

A : F-6
2T (F-6)

2

\ = X3 52N + 1) , T

2D

and

N = (2N + I)F, , F-5)
2D -2N + 1 + (2N + DFy

where

Fy = Fy5@CN + 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 (I-3), (F-4),
and (F-5) to the case where o = 1.00 and both a/2
and 1 - «/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, \ 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 + 1/2, I/T). (F-9)

Because the gamma distribution with parameters
(N,2)isidentical to the chi-square distribution with
2N degrees of freedom,F-> 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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TABLE 2. SUMMARY OF RECOMMENDATIONS FOR INTERIM CHANGES IN THE WORKBOOK VALUES
OF THE DISPERSION PARAMETERS o, AND o,

For crosswind spread o=, irrespective of the terrain roughness, release height and sampling duration up to
up to about 1 hour, use the formula*
oy/x = o, f(x}, o, in radians

with u'ei the best available estimate of the standard deviation of the wind direction fluctuation for the
sampling time of interest and for the neight at which u is specified, and with values of f(x) as follows:
x(km) 0.1 0.2 0.4 1 2 4 10 >10
12
f(x) 0.8 0.7 0.65 0.6 0.5 0.4 0.33 0.33(10/x) /

2 2
For x > 20 km add to the square of the o; as obtained above the quantity 0.0326 x and take the square root
to give the total u; with a8 the total change of mean wind direction over the depth of the plume.

For_vertical spread 0 for any sampling time for a surface release, and say >10 min for an elevated release
(see Section 2), use the existing Workbook curves with adjustment or constraint as follows:

(a) For terrain with z  different fron 3 cm apply factors based on F. B. Smith's nomogram (Ref. & or
Ref. 6, p 377)

(b) To allow for 'urban heating' adopt a stability category one-half category more unstable than that
prescribed in the normal way in the Workbook

{c) For evaluating the concentration at the surface from a surface release, consider estimates of the
effective mixed depth h' at the mid-time of sampling, recognizing especially its growth from
very small values on stable nights, and then adopt either o7 as given by the curves, or 0.8h',

e

(4) For buoyant plumes, increase the a;z obtained from the curves by adding wzliﬂ where aH is the
estimated plume rise.

*, 1 see otes on Table 2'

% : Atmospheric dispersion parameters in gaussian plume modeling Part II
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