WRITTEN ASSIGNMENT - TREE DIAGRAMS,
CONDITIONAL PROBADILITY, ANTD INDEPENDENCE

. BRLIARIITY

1.1. Background. The concept of reliability of & system can be quan-
tified as one minus the probabilily of o ealastrophic system Balure.

If a systern has n eomponents, with probahilities of failure P(F), 2 =
1.2 ... ,m, then the law ol total probability says that the probability
P of a calastrophic system Failure O is

P(C) = P(CIF)) - P(E) + P(C|F2) - P{E3) +- -+ P{CIER) - PUE)

A component for which P{C|F)) = 1 is considered a eritical component,
tecanse its Falure gnarantess a catastrophic systemn fallure. In this
case, Lhe wocondilional probability of a catastrophic lailuee IP0C)
always greater than or equal to the sum of the probabilities of failure
of the critical components.

A pronciple of safety engineering s medundoney, which mesns every
eritical component has one or more backup components capable of
Laking over the fupclion should Lthe primary unil fadl.

In other words, Lhe system bas oo compooents [or shich
PaF)=1

Thromgh redundancy, a system can in Ltheory be made more reliable
than any of its components.

1.2, Problem 1. Suppose failure of a certain component increases the
probability of a catastrophic failure of the system, but does not guar-
antee it.

Assume the component has a probability of failure P(F) of 1/1000(
cach time il is activated. Assume alzo that the conditional probabilities
ol a catastrophic system failure {C) are:

P{CIF) = ;&= the probability of €7 given that the component failed

PO} = e the probability of C given that the comprment did not fail
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1.3. Problem 2. The Three Mile Tsland nuclear power station is lo-
cated near Harrisburg, PA. Two nuclear resctors designed and built by
Lhe Babeock and Wileox corporation were located on the site,

While a nuelear detonation of the type produced by nuclear bombs is
betievexd to be impossible in a pressurized water reactor, a breach of the
reactor vessel and containment building could result in a Chernobyl-
typee accident that might. render & sizeable portion of the state of Penn-
sylvania uninhabitable for thousands of years - dire consequences in-

dlpexl.

To evaluale the risks inmvolved, during the design phase the safety of
these reactors, which depend on constant circulation of cooling water
Lhrough the reactor core, was evaluated in a study known as WASH-
1400, WASTT used techmiques similar to tree diagrams to estimate the
probability of certain events, and also made assumptions about the
indepencence of certain events. It has been criticized for being loo
optimistic.

{m the operator’s console there are two levers that shut off the emer-
peney feedwater pumps for the steam generators. Suppose the proba-

hility that each of them is closed by mistake on a cortain day at 11000,
and they are opened and closed independently.

Diraw a tree diagram representing the possible onteomes if there are
two independent events, € (valwe 1 is closed by mistake) and O (valve
2 is closed by mistake), each oecorring with probability 1/ 1000.

What is the probability P{C; M%) that both events occcur on a given

day? :
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Diraw & prohability tree diagram representing the possible outcomes
when the system and component are activated, The first stage of the
trewe diagram shonld represent the two possible outcomes F' (component
[ails) and & {eomponent does not fail) that result from activating
the component, and the sceond stage shonld represent the possible
cutcomes of activating the system as a whole, O (catastrophbic Tilure)
and ¥ [no catastrophic failure),

What is the incondidfional probahility PiC) of a catastrophic failure
in this system?
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Department of Energy photograph of the Three Mile Tsland site. The
reactors are located in the two small cylindrical containment buildings
at the right center of the photo. Reactor 2 35 highlighied. The four
large hourglass shapes are cooling towers.

During the investigation, it was determined that both emergency
feedwater valvis for the steam senerators had becn mistakenly left
closed Lhe day belore. Operators testilied that they never closed one
vilve and not Lhe olher, that they always either opened hoth or closed
both (the levers are right next to each other on the console).

Draw a new teee diagram taking this into account {assuming a 1,/ 1000
probability of closing cither of them by mistale as hefore). What is the
probability that both are accidentally closed under this scenano? How
many vears of normal operation have to pass belore we expect Lhis to
happen onoe?!
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1.4 UA232, The MeDonnell-Donglas TO-10 was a first generation
wide-body jel desizned Lo compete with the Boeing TAT. At the time of
its design, control syslems oo commercial aireraft were mostly mechan-
ical (hydraulic). Pressure on the controls in Lhe cockpit was amplificd
and fransmitted to other parts of the plane through hvdraclic Quid
contained in 4 system of high-pressure tubing, much like the power
hrake system of an antomohile. And, like the hralke system of a car, a
leak in Lhe Lobimg that caoses loss of oid gquickly tesalts inoa faidlore
of the syalem.

To reduee the probability of this occuring to an acceptable level, the
- 10w designed with Lhree independent hydranlic systemes. Tn the
event of even a double failure, the remaiming system wonld allow the
pilots to control the plane.

Diraw . tree diggram representing the possible outeomes for a fAight
on an aireraft with three independent hydranlic systems. Assume that
on any given Hight the probability of failure of each individual hydraolic
systemm 15 11000, and that the systems are independent: failure of one

M‘I_L[mu;: the probaliliby of Eailure in the obhers.
PlEa|F1) = P{F;) PiFs5|F) = P(F;) and so on
The first stage should represent the two events Fy and FJ, representing
the failure or non-failure of the first hvdranbic system, the second shonld
represent fuoand 1, and s0 on. The final stage should represent be
event catastrophic failure O or no catastrophic lure O, Assume that
all conditional probabilities of catastrophic failure given goro, one, or
Lwer Lpelraulic system [aflures are serg, but the conditional probability
ol  given that all three hydraulic systems failed is one.

Whal, is the unconditional probability PUC) of a catastrophic failure?
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WERITLEN ASSMGNMENT TREE DEAGRAMS, CONDITIONAL PROBARILITY, AND INDEPENDENCE

Assnming the law of large numbers applices, meaning Lthe properiion
ol catastrophic failures approaches P(C) as the sample size Increascs,
how many catastrophic failures do we expect in 1,000, 000 fights?
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How many flights do we need to make belore the number of cata-
strophic failures we expect reaches 17

l
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If there are 500 planes of this thpe each making thres fights per day,
how many years would it take to sccumulate this number of fights?
[The risk wonld often he stated a5 "one event in this many years of
normal operation”™. )
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O July 19th, 1989, an undetectad metallurgioal Baw cansed the fan
disk on Lhe rear cugine of a DC-10 (o disiotesrate o Qight, osalling
in the loss of all three hydraulic systems. Investigalion revealed Lhal
there was a section of the tail vear the cogine where the lines of all
three svstems were located in close proximity. Describe (bricfly) why
this wonld change the probahility of catastrophic failure P{C") and what
the effect would he
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NTSB photograph of Hight UA232 taken before the crash landing. The
apparent white dot oo the right horizontal stabilizer is damage cansed
when the fan disk in the tail-mounted engine disintegrated. Like the
recent landing in the Hudson river, the exceplional skill and profes.
sionalism of the pilots is credited with greatly reducing Lhe loss of life

On newer commereial aircraft, hiydraunlic systems have been replaced
by electromechanical devices controlled b computers ["Hy by wire™),
but the need for reduncancy still exists.



