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4.1.1 Asvdpa Actoxiwv (Fault Trees)

H AvaAuon Agvipou AcTtoxLwy QTOTEAEL:

- M HLEAETNC , OTNV oroia &va Yeyovoc
QVOAUETOL OE EMIPEPOUC XOMNAOTEpPOU Eemutedou Yeyovota, HE XPNON NG

- MpokeLToL yla pLo nEBodo, mou Eekwva amo eva
Kol EEELOLKEVEL OE €Vl YEYOVOC TILO

- Elvaw pla avaAuon , otnv ormoia avaAvetal pia
KOTALOTOLON €VOC CUCTAUOTOC LE TN XpNnon th¢ Aoyilkng Boolean,
ouvoualovtog [La oeLpa XapnAotepou emtnmedou.

a
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H AvaAuon Agvipou AcTtoxLwyv

-Eivat pia NG OXEONGC TWV PBOCKWV N MPWTUPXIKWY
TLEPLOTATLKWY TIOU UITOPOUV VO TIPOKAAECOUV TNV EVOC aveTOuntou
, Aeyopevou wg “ 4

: Xpnotpomnowwvtag ocuvnlwg pia dopn pe
TLUAEC Kol

1/

->e pla mOANn “ SATO oupPaivel otav T
yeyovota eL.codou

" n

, apkel va oupPel ylo v oUupPel
(Vesely et al., 1981, Hong et al., 2009).
i}

->€ pla mUAn
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lepapyia ota yeyovota twv Fault Trees

Ta yeyovota Tou SLETTOVTOL ATTO L0 CUYKEKPLUEVN
LEpapyiaL:

: To yeyovoc nou tomoBeteital otnv kopudn tou SEvtpou
Kol n avaAuon tou odnyel otn Snuovpyia tou urtoAoutou SEvtpou

: Elvail To mpwtevwv Kal to Baotko AabBocg, oto omoio
odeiletal n SuoAeLToupyia Tou oToLXEloU

: elval eva evoladepov Aaboc n emidpaon, mou MpoEpyeTal
QTtoO €va AAAO OTOLXELO N CUOKEUN, 1 KATIOLA EEWTEPLKN KoTdoTaon.

: Elvall Eva yeyovoc (AaBoc n oxt) mou ocupPaivel oto
xapnAotepo eninedo avaluvonc (dnA. dev avaAvetal o€ amAovotepa)

-



2ULBOAC TV OEVTPWY AOTOXIWY

Tavovdc kopupts

To appxd cvemBounte yeyovds svdupspov e Ty ovihuon Tov
BEVTROU TPRAULTOC

Booukd weyowde N yavovds
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‘B varowds Tov S5v oI TE TepmTEpam ey RmTUEn

M wvertoypsie varow o

BEve ddo veyordc mou Sev slvol oremiuvEve TEpriTepm, slte smatd
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Evopeon vayowde

Bew yayowdc shaTTmlk oy TOU EVEL SVRTTUYLEY O TIEPLTERM
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Afwwpata tng AAveBpac Boole

ab=Dba
atb=b+a

(a+b)+c =a+(b+c)=a+b+c ]

(ab)c = a(bc) = abc
a(b+c)=ab +ac

> Commutative Law

> Associative Law

-

} Distributive Law
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Oewpnuata tng AAveBpac Boole

at0=a

gtl=]

ae(0=0

ael=a

aea=a 7

4@ =y ./} |dempotent Law
ae a=0

at+ a=1
at+ab=a
a(a+tb)=a
a+ab=a+b

v
} Law of Absorption
4

where a=nota




MBavotnta (Probabilit

Union
For two events A and B, the union is the event {A or B} that
contains all the outcomes in A, in B, or in both A and B.

Case 1 - Disjoint Events
P=P(A) + P(B)

Case 2 - Non Disjoint Events
P=P(A) + P(B) - P(A)P(B)

Case 3 - Mutually Exclusive Events
P=P(A) + P(B) - 2P(A)P(B)

Note - Exclusive OR is not the
same as Disjoint.




MBavotnta (Probabilit

Intersection
For two events A and B, the intersection is the event {A and B} that
contains the occurrence of both A and B.

Case 1 - Independent Events
P=P(A)P(B)

P(A)P(B) Case 2 - Dependent Events

P=P(A)P(B/A)



Oouc twv Cut Sets

P=X(singles) - Z(pairs) + I(triples) - Z(fours) + Z(fives) - X(sixes) + eee

CS{A: B: C; D}

P=" (Pa+Pgt+Pc+Pp)
Pag + Pac * Pap + Pec + Pgp + Pep)

ABC * PABD * FJ»‘J\CD ¥ PBCD)

=
+ (P
=t (PABCD)

P=P,+Pg+Pc+ Py — (Pag *Pac + Pup + P + Py # Pep) + (Puge * Prgp + Paco + Pocp) — (Pagep)

Size and complexity of the formula ‘\
depends on the total number of cut

sets and MOE's.




AND-Gate
The output event enters only if all input events
apply. The output probability P is calculated with:

P=Pi-P2-P...

OR-Gate
The output event enters if one of the input events

apply.
The output probability P is calculated with:

P=1-¢1-P1) (1-P2) (I-P. ).

| XOR-Gate (Exclusive-OR)

The output event enters if only one of the input
events apply but not both.

The output probability P is calculated with:

P=]-(1-Pi) -(i-P2)- P1 - P2

Basic-Event
Primary base event or failure. The probability P is
defined directly and mostly comes from
manufacturer's data of the component. As with the
reliability block diagram P is dependent on the
time (component age).

Sub-Gate

At this point the other representation is
interrupted. The given probability P represents the
summary of other sub-elements which are not
shown further.

YroAoyLopog tng
TOoU
yeyovotocg e€0dou



Zg pio ToAn OR, 6ov éva povo amod T yeyovota 16030V eivatl apketd yio va
ovufel to yeyovog e€6dov, N mbavotnta o iva:

Or mbavotnteg TV mTLAGY AND kot OR pmopodv v DITOAOYIGTONV ROMUTO
100G KAVOVES TOV H1GOVTUL Y10 TOV GLVAVAGIO TV TVLAGMV otov Ilivako 8.5.

[lvarxoc 8.5 Kavoveg yio to abvovaouo twv moddav

AND gate

P(AB) =P (A) P (B) oe povadec mbavomrag

F(AB) = F (A) - P (B) og povadeg cvoyvotntag

Aev emzpémeton: F(A) - F(B) xobdg to amotérecua dev eival cuyvotnta

OR gate

P(A+B) =P (A) + P (B)— P (A)P (B) og poviadeg mbovotntog

F(A+B)=F (A) + F (B) og povadeg ocoyvotntag

Aev emrpenetal: F (A) + P(B) xabdg to anotérecpa eivor ympig vonua
P(A+B+C)=P(A)+P(B)+P(C) — P(A)P(B) - P(A)P(C) - P(B)P(C) + P(A)P(B)P(C)

P= Z( st terms ) — Z ( 2nd terms ) + Z(3nd terms — Z ( 4th rerms) AT

YTTOAOYLOUOC TNG
ToU
yeyovoTtoc e€obou




YToAoyLopog TNG TOU yeyovotoc e€odou

[ A] ZP(A) EiP{AﬁAHii ZP(AﬁA NA)

i=l j=i+l i=1 =i+l k=j+|

()T PA N A, NN A)




Napadsiypata FTA (Fault Tree Analysis)

AmntAd topadelypata

Example 1
0.28

Transmitter Failed

OR

Transmitter 1 [ Transmitter 2
Eailed Eailed

0.000002(2E-06)
Example 2: \alve Eailed

AND

Valve 1 Valve 2
Eailed Eailed




Procedure

Steps to get the final Boolean equation:

1. Replace AND gates with the product of their inputs.

IE1=A.B

IE2=C.D
2. Replace OR gates with the sum of their inputs.

TOP = |[E1+IE2

= A.B+C.D

3. Continue this replacement until all intermediate event gates
have been replaced and only the basic events remain in the
equation.

TOP = A.B+C.D

TOP




Procedure

Minimal Cut Set theory:

e The fault tree consists of many levels of basic and intermediate events
linked together by AND and OR gates. Some basic events may appear in
different places of the fault tree.

e The minimal cut set analysis provides a

, Whose inputs
(bottom)are minimal cut sets.

is an AND gate with a set of basic event inputs
necessary and sufficient to

-



Procedure

Boolean Algebra Reduction Example:
TOP =|E1 +IE2
= (A.B) + (A + IE3)
= A.B+A+ (C.D.IE4)
=A.B+A+(C.D.D.B)
=A+A.B+B.C.D.D
=A+AB+B.CD
=A+B.C.D

So the minimal cut sets are:
CS1=A

CS2=B.C.D

meaning TOP event occurs if
either A occurs (B.C.D) occurs.




Napadsiypata FTA (Fault Tree Analysis)

To SLaypappa apLOTAVEL Eva EKTOKTNG QvAyKNG Adyw
oTo . 2€ QUTN TNV MEPLITTWON EVEPYOTIOLELTALL
. YmoBgtou e otL To oloTNUO LETPNONG TNC Bepokpacioc oto doxeio sival
AOAUTWC a€LOTILOTO.

o ”

OewPOUVE TO
Otavn , TOTE aVTAEl vepO amo tn Se€apevh LECW TWV
QAYWYWV 2, KaL 2, .

Ol aywyot autot cuvdeovtatl pe ta didtpa @, kat O, peoa otn de§apevn. Ot
BaABideg B, kat B, eival cuvnOwg avoLKTEG Kal KAELVOUV LOVO € TEPLTTTWON TIOU
XpeLaletal va avtikataotabei n avtAia A. To didtpo @4, 0 aywyog 2, kat n BaABida
B, artoteAouv tn ypapun 1 (avtiotoyo umtapxeL Kot ypappn 2). To vepo ‘
dloxetevetal oto Soxelo uTO Tieon pEow tou akpoduaciouv AD, To omoio BY

TPOCOPTNLEVO OTO CWANVA 2. ‘



2U0TNHa Yugng
EKTAKTNG AVAYKNG
AOYW UWNANG
Oeppokpaaciag oe
doXEilo nieong




AvaAuon 6€vdpou
opaApatwyv FTA oto
ouotnuo Yuéng (1/2)




AvaAuon 6€vdpou
opaApatwyv FTA oto
ouotnuoa Yuéng (2/2)




Plapadelypa FTA oe BAaBn avtidpaoctiipo AOyw 1 EAEyXOHEVNC avTibpaonc os
vPnAéc OeppoKkpaoiec

Actapev y ,
kaTaoToMg Aiakomrng Alatagn eheyxou
BGAE?GC Bepuokpaoiac tou
Hooo avtidpaotnpa (CCPS,

Niakommg 2008)
BaABidag e¢odou

Eioodog
TIPOIOVTWY ’V

Beppokpaaiag

o N

AvTidpaoTripag




BAGBN oTov avTidpacThipa

Mvwawﬁsxg(&uwnc F_T. VLa BAG"B” OE
d] avtidpaotripa AOoyw Un-

IE1

I IE2 7 7
- — e e eAEyxOLLEVNC SLadLkaolog
amo Tnv Seapevn TOU QVTISPATTHPG

napgmvmnﬂ (CCPS’ 2008)
L

BE1 I IE3 IE4 I
BaABida degapevig O XelpioTrg Sev KAsivel
ABeia V1 eV avolyel - pn&%m e H BaABida
s V2 Bev pmmopsi

va KAsioel

IE6 I IE5 I
Agv yivovial EVERYEIES yia AgToyia
TO dvowpg‘ 12; parl;ﬂiﬂaq ouvayeppou b M", =)
oTn Segapev 2 OPPU)
KOMARoE! a2 ME oUVAYEPHO
yia va KAsioe:
v V2
IE7 |
O autopaTog Eheyxog T1
Q Xs::' mx S;IOWEI Sev EMTEETTE! TO AVOIY A
NG BaABidag V1

AioénTiipag
T1 Bev avixXveuel

IES auzaon
Beppokpaoiag
O xelpioTHg AcToyia b
Sev emOswpEl ouvayeppoU
TOV QUTONATO (T2)

EAgyXO

A



—

11

T=IELIE2

T= (BEL+IE3) ° (IE4+BE2)

T= (BEL+BE3+IE6) ° (IE5+BEG+BEY)

T= (BEL+BE3+ET°BES) ° (IES+BEG+BED)

T= (BEL+BE3+ (BEA+IES) °BES) ° (IE5+BEG+BE)

T= (BE1+BE3+BEA°BESHES BES) ® (IES+BEG+BED)

T= (BEL+BE3+BEA°BES)°(IES+BEG+BE2)+BES"IES’(IES+(BEG+BEL))
T= (BE1+BE3+BEA’BES)"(ES+BEG+BE2)+ BESCIES+BES IES(BEG+BE2)
T=(BE1+BE3)°(IES+BEG+BE)+BEABES (IES+BEG+BE2)+{BES’IES)
T=(BE14BE3)°(IES+BEG+BE2)+BEA°BES (BEG+BEL)+
BEA°(BESIES)+(BES°IES)

T=(BEL4BE3) ({ES+BEG+BEL)+BEABES® (BEG+BEL)+ (BESFIES)

YrtoAoyLopog
e\axlotwv Topwv
(minimal cut sets)

HE Xprion g

Boolean

aAyePpoc




BAGpn atov avridpacTripa .
R I tiopg g Avarmopoaotaon
h e\axloTwv TOpWV OTO
e devdpo F.T. kat
UTTOAOYLOMOC
[] e [] g (Ws’m meayétntaq TO u’
YEYOVOTOC KOPUDNC

24E3 C 2053 ]1(:‘3 d 16E-3

5O EO08 HOOE

14E-3 10E-3 40E4 6,0E4 10E3PA-20E4PB-60E-4 6,0E-4 1,0E-3 Pg=4,0E-4 P,=2,0E4

e«‘,dpmon
P(AB)= P P(B|A)=P4/2

(BE1+BE3)° (IE5+BE6+BE2) BE4° BES°(BE6+BE2) IES°BES



AOKNon epappoyng tng texvikng FTA

21O atAO oUOTNMA AVTANONG VEPOU TOU TTIAPAKATW OXIHOTOC, TO OMOL0 amoTeAELTOL OO pLa
ninyn vepou (water source), Vo avtAieg mapaAAnAa cuvdedepevec (pump A, B), pa BaABida
(valve V), kat évav avtidpaotrpa (reactor), pia Stakormrn tTng pong tou vepol oTov
avTLOpaoTHPa ATTOTEAEL TO AVEMLBUUNTO YEYOVOC TTOU £Lval Lo aroTtu)ia TOU CUCTAMATOC.

Water SUoTNUA AVTANGNG

Reactor e

Source







4.2.1 Asvdpa l'eyovotwv (Event Trees)

H avaAuvon tou Aévtpou eyovotwv aroTteAEL:

- M LEAETNC , OTNV omoia avarapiotatol
ypadLKa N AoyLlK OELPA UE TNV OToia UmopouV va EpdavIoToUV Ta YEYOVOTA OF
gva oloTnua

- ZeKlvad pE Eva (n avemBuunto yeyovoc) kot e€etalel Kata
nooo la oselpa amno EVEPYELEC Kol ppaypouc achaleioc pmopouv
va TNV TIOPELOl TOU YEYOVOTOC TPOC €val ) TEPLOCOTEPA €i6n
ATUXNUATWV

a
o



AoToyieg

A

Alappon
Kaugiygou

B
Atrouyn
QWTIAG

-
Mupo6oBeon

A
Ekkévwong
Xwpou

Emmmwoeig

P1

P2

P4

Putravon
P1:(1-P2)

EAeyx6pevo
TTEPIOTATIKO

P1-P2-(1-P3)

MpooTaoia
TIPOCWTTIKOU
P1-P2-P3-(1-P4)

Tpaupatiopég
P1xP2xP3xR4

Movtelomoinon
ETUMTWOEWV OLOPPONC
Kavoipou pe 6€evbpo
YEYOVOTWV




Evepyotroino i
METPA PY! non EVTOTIONOG ETravaAeitoupyia KAEIoIO

ATOANEIAS | OWNOYERUO0  geppoxpaoiag wogng v+ A EMINTosEIs Agvdpo yeyovoTwy yLa

oo ks amWAELA PNXAVIOHOU
pugng evog
. avtdpaotrpa (Crowl &
Sreoaren Louvat, 2011)

E¢woepun
avTidpaon

ADE=0,02475

A Zuvéxion

AeiToupyiag

KAgioipo
avmidpaoTrpa

ApPXIKO YEYOVOG:
ATIWAEIQ YUgNG
(1 yeyovog/érog)

E¢wBepun
avridpaon

ABDE=0,0001875

® O0® OO0

Zuvexion
AeiToupyiag

KAgioipo
avTidpacTipa

EgwBepun
avridpaon

ABCDE= 0,0000625

® OO




Event Trees

o ' Quantitative Risk Analysis



Event Trees - Overview

% Definitions
| # STZPS | |
# Occurrence frequency
¥ Mean Time between Shutdown
% Mean Time Between Runaway
% Example



Accidents do happenl!

# When an accident or process
deviation (i.e. an "event”) occurs ina
plant, various safety systems (both
mechanical and human) come into play
to prevent the acuden’r from
propagating.

% These safety systems either fail or
succeed. -



Event Trees

# Event trees are used to follow the-
potential course of events as the
event moves through the various
safety systems. The probability of
success or failure of each safety
intfervention is used to determine the
overall probability of each final
outcome.



Event Trees

% An Event Tree is used to determine
the frequency of occurrence of
process shutdowns or runaway
systems.

% Inductive approach

r Specify/Identify an ml’ncn‘mg even and
work forward.

r Identifies how a failure canoccur and
the probability of occurrence



Steps to Construct an Event Tree

# Identify an initiating event of
~ Inferest.
% Identify the safeTy func’rnons
desugned to deal with the initiation

followed by ’rhe |mpac’r of ’rhe safe’ry
system

& Construct the event ’rree

¥ Describe the r'esul‘rlng accuden’r evenT
~ sequences.



Identify an initiating event

# May have been identified during a -
HAZOP as a potential event that
could result in adverse consequences.

# Usually involves a major piece of
operating equipment or processing
step, i.e. a HAZOP "Study Node".



Identify safety functions

% From PID, process flow sheet, or
procedures find what safety sysTems are in
place and what their functions are.

# These can include things such as automatic
controllers, alarms, sensors, opera’ror'
m’rer*ven’ruon etc.

% On you Event Tree write across the top of
the page in the sequence of the safe’ry
intferventions that logically occur.

¥ Give each safety intervention an alphabetic
~ letter notation.



Construct the Event Tree

& Horizontal lines are drawn between
functions that apply

% Vertical lines are drawn at each
safety function that applies
= Success - upward
# Failure - downward

¥ Indicate result of event
r Circle - acceptable result _
# Cross-circle - unacceptable result



Construct Event Tree (cont.)

¥ Compu’re frequency of failures

Sofat
Loncdio j

B

¢ Qucellss ag Sa.-C-_t,‘{’T Function
M (1-MR)  pecunence prﬁbu{m‘f

In\lnwiinﬁ Event
A

A, Occortence
A
-Cr-etbuenoj

: Fax\uve a'p gace‘(‘\l -Cunt.fl(.v\

?A’le Ocecuvnencet ')Cacﬁufnt:r‘?

~Ag is the failure per demand or the
unavailability of safety function B



Occurrence Frequency

% Follow process through with each -
step to calculate the frequency of
each consequence occurring.

# Typically three final results
= Continuous operation o
r Shutdown (safely)
= Runaway or fail



Mean time between Shutdown

¥ Mean Time Between Shutdown, MTBS

is calculated from:
= MTBS=1/Zoccurrences of shu*downs

% Mean Time Between Runaway, MTBR

is calculated from:
= MTBR=1/ Xoccurrences of runaways



Example - Loss of coolant to reactor

% Four safety
Interventions

# High tfemperature alarm

= Operator noticing the
high tfemperature during
hormal inspection

= Operator re-establishes
the coolant flow

= Operator performs
emergency shutdown of
reacfor |




Example - Loss of coolant

% Assume loss of coolant occurs once per year
(occurrence frequency 1/yr)

% Alarm fails 1% of time placed in demand
(failure rate of 0.01 failures/demand)

% Operator will notice high reactor temperature
- 3 out of 4 times (0.25 failures/demand)

¥ Operator will successfully restart coolant flow
3 out of 4 times (0.25 failures/demand)

¥ Operator successfully shuts down reactor 9
~out of 10 times (0.10 failures/demand)



Resulting Event Tree Analysis

High Tenmp Operatar Up.ernor “ vdpe.rnto.r
Safety Function! Alers Alerts Notices Re-sterts Shuts Down

Operator High Temp Cooling Reac tor Result
Identifier: B C D E

Failures/Demand: 9.01 0.25 .23 2.1

g.?"lES 1‘ ’ Continue Qperation

@.98 | . g?aee-? _Shut Down
0.2475 L@ RUM'“U
8.02475 \O

—-—?.,._ 28935825 : Continue Operation
Initiating Event: v — ARBD
Loss of Cooling o °. 0875 . [o.oo1688 Shut Dowr
1 Occurrence/yr. ©.891875| gepE
' 8.0001875\CY """
2.01 .
ABC -
@.001875 Continue Operoation

8.. 25 . . 28393552 Shut Down
8.000625| ngcpE
6.0060625 Runamay

Shutdown = 0.2227 + 0.001688 + P.PBBSE2S5 = 0©.2258 cccunrrences/ypr.
Runaway = 0.82475 + 0.@0081875 + D.PB0P62S = 9.02580 occurrences/yr.




Example - Possible outcomes

# The lettering is used to |den’r|fy each
final outcome. _ _

% For instance, ABDE

+ Indicates that after Initiating event A
‘occurs, that safety system B failed (high
T alarm), that safe’ry system D failed |
(the operator was unable to re-start the
coolant) and safety system E failed (the
‘operator was unable to successful shut
down the reactor). -



Example - Determination of MTBS

# For Mean Time Between Shutdowns
take the reciprocal of the sum of all |
sequences that resulted ina
shutdown. (Example gives 1/.225 =
4 4yrs) '

¥ For Mean Time Between Runaway do
the same thing with all sequences

that resulted in a runaway. (Example
gives 1/0.250 = 40yrs)



What is wrong with the logic of
this example analysis?

High Temp Operater  Operater Operator

Safety Function! Alerm Blerts Notices Re=Sterts  Shuts Daun:

Operator High Temp Cooling Reac tor Result
Identifier: B c D E
Failures/Demand: 9.61 B.25 0.235 2.1

g e 1‘ ’ Continue Operation

9.98 . . g?aaa? Shut Down

B.2475 BDE Runoway
3.82475

A AB _
i 9.905625

Initiating Event: —e |
ABD
Loss of Cooiing | @.e075 . I'o- 581558 Shut Down
1 OC(UI"PQTICE/QI“- 6.0819?5 HBDE
. *@ Runawsy
0.80001873

8.01
RBC .
P.A81875 Continue Operotion

| 0.5385 . —_LH?BBSSE ’ Shut Domn
0.800625| agcpe
| a.eeeases@ Runamay

Shutdown = 9.2227 + ©.001688 + P.PBBSE25 = ©.2258 eccurrences/ynr.
Runaway = 9.B2475 + 0.@p21875 + 0.0@02625 = B.P25B0 eccurrences/yr,

Continue Operaticon




What is wrong?

¥ If the operator R i SRS,
fCliIS TO nOTice The : Failures/Denand: 8,01 8.25  8.25 e.ﬂl Oc,mmo y
high temperature SO

Gf'l'erl The alar.ms v 8. 2475 EE"W‘@“""“!

£ O Conti 0 i
r @.0885625 nrinue Dperation

fails, then he/she  wuesn | e O
will never restart i@

9.001875 O Continee Operation

the cooling =1 B
[ )
0.882625| apcpe
‘ a.aaeases® Runaway

Shutdown = 9,2227 + 9.001688 + 0.BEOSE2S : 0,2258 sccurrences/ys,
Runaway = ©.82475 + 09.0081875 + 0.0800625 = ©,02500 occurrences/yr,




In Class Example

¥ Construct an Event Tree and determine the
MTBS and MTBR for a loss of coolant for ’rhe
reactor shown in Figure 11-8.

r Assume loss of coolant occurs once every three
years.

= Alarm fails 0.1% of time placed in demand

= Operator will notice high reactor temperature 3 out
of 4 times

= Operator will successfully restart coolant flow 4 out
of 5 times

- = Operator successfully shuts down reactor 9 out of
10 times



Solution - Construct Event Tree

Sd-c*e'}‘-( Fondlion:

Tadendifrers
Foulures / Dewongd

:Ym'\\o\'ll‘mj Event:

Lo¢s of coolant

uvﬁh Aemp.  Operator  Opecador eral or
Alarm Alerts Nidwes pﬂfot- Stads Shots downm
Op'el‘ﬂor Tewmp Co v\\w" Reacton
4 V v
B C D E
0.001 0.15  0.20 0.10

' A4 A (™) Contuse O

A\D
0.449 ,459(2)(A O Shotd
oTgown
A9 c'i)
ADE
229 Runawa
A
O.B/\((‘ L-mhl'ﬁ)(.'%) A Con’n'ﬂoe. Of@fﬁhoh
| ABD
'0.000(01'5\ .Oolx,?ﬁ)t-?‘-')mf )g\“u‘. doch
EOQ)CI?S)LZO‘)
0.001 ABDE
.ool @) (2o '0)® E

¥ un o war

(0.00)(25)>

A&C@ Runa way -



Solu’ruon ConTmued ;
Occurrence Fr'equency

Event A 0.999 x0.8 =0.7992

Event AD 0.999x0.2x0.9 =0, 17982

Event ADE 0.999 x0.2 x0.1 = 0.01998

Event AB 0.001x0.75x0.80 = 0.0006

‘Event ABD 0.001x0.75x0.20 x0.9 =0.000135
Event ABDE 0.001x0.75x0.20x0.10 = 0.000015
Event ABC 0. oo1>< 0.25=0.00025



Solution Continued - ' '
Mean Time Between Events

Mean Time Between Shutdowns

MTBS = — B -
> 0Occurences of Shutdown

1
= 9
0.17982+0.000135

MTBS =

56Yyrs

Mean Time Between Runaways
1
> Occurences of Runaways
SkEgn] satde -
0.01998 + 0.000015 +0.00025

MIBR =

MTBR = 49.4yrs



