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2| (Reliability)

R(t) = Pr(T > t|C) = foofT(x)dx
t

R(t)

* Reliability of the item at time t after which the mission time T is completed
under stated conditions

« Designated period of time (i.e., mission time or life time)
« Time to failure (i.e., Random variable)

« Designated conditions such as environmental conditions
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* He inflicts none of those small pains and discomforts... while on the contrary he bestows
all the pleasures, and inspires all that ease of mind on those around him or connected
with him, with perfect consistency, and absolute reliability.
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Google Books Ngram Viewer

Q. reliability engineering X @

1800 - 2019 ~ English (2019) ~ Case-Insensitive Smoothing of 0 ~
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KNsl=2 75','% (Economic Control of Quality of Manufactured Product,

SLX| 2 S Ao HA o = kX MAAO| S o= 42 FA0=

O K| 522t (“...deep-seated conviction of American production engineers. that laws
of chance have no proper place among scientific production methods’)
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. 1954 |EEE Transactions on Reliability 22t
» REY AFEELA ZAF I 0|52 Mercury 31 Gemini 2130t 2 &
i E7t Bt DAY 2 50l &M A0 &S
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« 1960 LH. S A 7| ®(Bayesian, Markov Chain &), 2% =2|(Physics of
Failure), +Z& 7 A (Structural Reliability) 2| 207t 52
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« "The factor of 10 by which reliability has improved in the past years is far less

att

ributable to our papers on reliability than to the invention [of new

technologies].”
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The Reactor Safety Study2| A|%

= US. NRC

United States Nuclear Regulatory Co
Ptngple dtIE ent

WASH-1400

The Reactor Safety Study

The Introduction of Risk Assessment to the
Regulation of Nuclear Reactors

NUREG/KM-0010

- O|2|= RAIZE QHHO| Lot ere|X el BILE
x&EHoz 97

2QIMOoRL TLAHIO| YK Al A 2 of

FYxozLt SofLts AFO| ot Alzlo] 2oto]

» The Reactor Safety Study(WASH—14 O 1972F &)

° EE|I‘|O|_| 7H-L|-X_-I|OI_| .lé_;l r% _(_ID_'(')'H Ql_ITI_ =1 E |=||.;(

Norman Saul Levine
Rasmussen
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2|23 HIIE flet M7HX| 22 (Risk Triplet)

What are the
consequences?

How likely is it?

How confident are we in our answers
to these three questions?

Kaplan and Garrick, On The Quantitative Definition of Risk , Risk Analysis, 1981
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+ WASH- 14009| 7|=5H 2|2

Ard==(Event Tree)E& ERAYLEN, FAS] 250t ARE 218 HOME
A F Lt RO AIAASIE EFUatolo] Tt SolEt 4 Y= KA

. XAl 7|=E %OJo}m _T_'QQ%, N ZHE E (Failure Mode), €
Probability) & ZICict e2|&X 22 L=

e L '='M74(Internal Event) 4= S E AT,
O|F Sol CHEX 2l PWR, BWRS| =3t AtAZ?{0f Chet 1,2,3EHA PSA Z1tE
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AECe| H|7| 52 &2lat TAX 2
7é,|'_T|_ U.S. NRC(Nuclear Regulatory Commission)?t M&A & &/(1975d)
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Lewis Committee Report

» WASH-14000]| & Xt=4HZ0f| HIHO[RRALE = oHA S 210

Chet dA 8
+ Lewis WS EYLE o= HARIEE EF(1978)
« NUREG/CR-0400, “Risk Assessment Review Group Report to the U.S. Nuclear
Regulatory Commission.”

...[The Lewis Committee] also was very blunt about
how although the methods were terrific [in WASH-
1400] and the insights were important, the executive
summary was way overstating what you could get from
this. Crucially, they studied only two reactors... Way
overstated it... Also [the Lewis Committee] also said
that although they struggled to estimate uncertainties in
the study, they had underestimated them by a good deal.

The Review Group will provide an advice and
information final report of the Reactor Safety Study,
WASH-1400.... This advice and information will assist
the Commission in establishing policy regarding the
use of risk assessment in the regulatory process, in
improving the basis for the use of such assessments. It
will also clarify the achievements and limitations of the
Reactor Safety Study.

WASH-1400 was largely successful in at least three
ways: in making the study of reactor safety more
rational, in establishing the topology of many accident
sequences, and in delineating procedures through which
quantitative estimates of the risk can be derived for
those sequences for which a data base exists.

16
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in the Executive Summary. Probably the most important
criticism of the report was not about the report itself, but
rather how the report was being used: ‘There have been
mstances in which WASH-1400 has been misused as a
vehicle to judge the acceptability of reactor risks. In other
cases it may have been used prematurely as an estimate of
the absolute risk of reactor accidents without full realization

of the wide band of uncertainties involved. Such use should
be discouraged’.
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+ A= USNRCE ZZEIMO MYSHX| %S

Ehe Washinaton Post

"75 Report on Reactor Safety Is Called Unreliable by NRC
By J. P. Smith

The Nuclear Regulatory Commission vesterday repudiated the findings of the government's most widely
accepted report on the safety of nuclear reactors, a study concluding that there is essentially no chance of an
atomic power plant disaster.

After a second review of the 1975 Rasmussen report, as the study is known, the NRC concluded that it was
misleading and unreliable. "The commission does not regard as reliable the Reactor Safety Study's numerical

estimate of the overall risk of reactor accident,” the five-member commission said.

The NRC also called for a staff analysis of its nuclear licensing decisions to determine whether they were
affected by an overreliance on the Rasmussen report, and said it would decide "where regulatory

modifications are appropriate.”

The NRC oversees nuclear licensing and safety.
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« TMI AP O|= U.S. NRC2| WASH-1400 &4 £21(1979H)
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« NUREG-1150, ”Severe Accident Risks: An Assessment for Five U.S. Nuclear Power

Plants,” 1990
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« U.S. NRC HAiHd Ijo:|(Use of PRA Methods in Nuclear Regulatory Activities)
=1

o
. B|AANYEBES SOl ZYEY LI ASW0IS X|YUSHACH: YA

M oO1(1995 )

« Regulatory Guide 1.174, "An Approach for Using Probabilistic Risk Assessment in Risk-Informed
Decisions on Plant-Specific Changes to the Licensing Basis,” 1998
 Regulatory Guide 1.200, "An Approach for Determining the Technical Adequacy of Probabilistic Risk

Assessment Results for Risk-Informed Activities,” 2004

The use of PRA technology should be increased in all
regulatory matters to the extent supported by the state
of the art in PRA methods and data, and in a manner
that complements the NRC's deterministic approach
and supports the NRC'S traditional defense-in-depth

philosophy.



(Evidence Based Policy)

H} & XH
L O 1

/

1

/

=
&)

=
-

=1 0|20 KLt
oj a2t 1

vl

ol
H o =
< W
p N
O IT
H_EI :_o H_I
10 W =X
o~ =g
KO p0 <k
.__A_._._ KO ol
odml o
REK =
R
TO U
e
8 X I
7 Koo T+
4l Tl =
~ MH oo
— KOl <o

O pralgrd
™ KloT = Hd
KIO 21351 10d =
515 5720
o RS <o
— k0%kO = <N
ﬂ.nt _.Ao K mol.A

=~

=0
—

242 ofL|7|

S 71 AHA|of CHet

0] = S0l

L
o

o

o2l )

2 0Lt

(Evidence Informed

N
7|0

I

—t
o
=
=
o

https://ko.wikipedia.org/wiki/

X XH
o™

A 7|t

=
o



O te| 20t AFE/H[O|H 7|=0f [HE 2
7t S8 & =70 Tt =4

SEEE

Al

24



Al 2k

J/WASH-1400°2| &= Q! 1}

st
« HAEPE A7t

M2
o O

22|

—
2l

H-E°50| O| FAH{ M OF

THs A Srop = gl

Framework A

Subparts B - K

= 7H| ek 2 (?)

Hlm_

O
.

IS wanting to

plicar

for ap

Useful

Al
ol
104
okl
oF

4

oJ
mal

OF

ch like the

N apmoa

ent a

implern

=ayl

H2| A =l

al
L

HAE Ch=7| psa O|H| =&, At

|, B=r2}10-CFRPart 53

ional
15K

qy | eek operat

xibility based on low r

mMethodoio

fle

oHofl 2| A3 N8 2| ! O} ARE

R /o |

A+ of

of




L B|ATEE OAZHO| OS] S YT K 85

. MEtS| 2ojo| T OfC|7F o= A W3t =77
. a|¢3911'=+|_|E|01|A19| OrZE|X &= &

—
. C&le—".,HIOIH DE SEAE FZO0| thet =H|
. HADL TS X NO| D HYH O YIE 4 Ut AL OfLIY| HRo| HHMDH Hohwy U
Soaoj e =30] 24

c 71&E 0l ML 2ol CHSH RFAIZE
=



5 DIAGRAM ep rue CAUSES or MORTALITY

APRIL 1855 ro MARCH 1856
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1975

The Florence Nightingale
£10 note

The first historical woman to feature on one of our
notes was Florence Nightingale (1820-1910). She is
known as the founder of modern nursing. Nightingale
appeared on the £10 note between 1975 and 1992.

Nightingale became famous for her treatment of
wounded troops during the Crimean War (1853-
1856). She was called ‘the lady with the lamp’
because she carried a light with her on her night-time
rounds of field hospitals.

After her return to Britain, Nightingale became a
powerful social reformer. She used both her personal
influence and statistical analysis to drive change.

https://www.bankofengland.co.uk/

L0
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« U.S,NRC (2016), WASH-1400 The Reactor Safety Study The Introduction of Risk Assessment to the Regulation of Nuclear
Reactor, NUREG/KM-0010

« Keller and Modarres (2005), A historical overview of probabilistic risk assessment development and its use in the nuclear power
industry: a tribute to the late Professor Norman Carl Rasmussen

« Saleh and Marais (2006), Highlights from the early (and pre-) history of reliability engineering
« Azarkhail and Modarres (2012), The Evolution and History of Reliability Engineering: Rise of Mechanistic Reliability Modeling

* The Fascinating History of Reliability Engineering
* https://assetmanagementassociates.com.au/thought-leadership/f/the-fascinating-history-of-reliability-engineering

* A brief history of reliability
» https://mathshistory.st-andrews.ac.uk/Extras/reliability _history/
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