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B/B-FSAR

After a missile exits the turbine, it may impact various floors
and walls of the plant. The impact area of each missile at
each impact is assumed to be uniformly distributed between

the minimum and maximum impact areas, as shown in the table.
The assumption of an independent random variable at each impact
also accounts fo the rotational motion of the missile within
the plant.

The initial direction of the missile at the time of ejection

is defined by two random angles, 0 _ and ©,. 0 is the vertical
angle measured from the vertical axis in tge pane of the

disc and O, is the deflection angle measured from the plane

of the disc. For the disc in the first quadrant, ©  is assumed
to be a random variable with a range of 0° to 90°. YFor disce
in the remaining guadrants, 9 is established by adding 90°

to the 9, for the disc in the preceding quadrant. This implies
that only one random variable is reauired to define av for

all disc segments. The vertical angles for all the fragments
are selected randomlv within the respective quadrants. Figure

C.2-2 schematically represents the vertical angles for the
discs and the fragments.

The range of deflection angles for the discs and the fragments
was obtained from Reference 2. For each LP unit, the 9, 's
for the inner discs and fragments vary from -5° to +5°; fo
outer fragments, ©,  varies from 5° to 25° (or from -25° to

?. These angles are shown schematically
in Figure C.2-3. Within the specified range, all values of
the random variable under discussion are considered equally
likely; therefore, a uniform density function is used to define
the probability law of exit angles.

"

C.2.4 Frequency of a Plant Damage State

Let ¢ denote a plant damage state such as the loss of cold
shutdown capability or a radiclogical release of a certain
level. Precise expressions for 7 in terms of various eguipment
failures are defined from the plant logic. On the assumption
that turbine missile generation can occur at any of the three
speed conditions w,, i = 1,7,3, and using the theorem of total

probability, the frequency of this damage may be expressed
as:

3
f£(z,At) = ) £
i=1

Co 2-4

2 (tlwg) £, (w,at) (C.2-1)
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in which

£ (z,At) = frequency of damage state 7 per year for
a selected inspection time At.

fl (mi,bt) = frequency of missile generation per vear
at speed condition Wy and inspection time

At.
fz (;Iui) = conditional frequencv of damage state
' 3, given missile generation at speed con-
ition Wy

For this report, At measures accumulated turbine operating
time since last inspection.

Using plant logic, g may be expressed as

m

j=2
where

Si = minimal cut sets of the & -fault tree

m
J

= operation of union on events cj‘
> !

From Equation C.2-2, the following expression can be established:
m
A f2 (lewi; (C.2-3)

£, (Clup)< ;

The conditional frequencies f2 (z.lw.) are estimated by a
simulation process in which missiles’are generated and traced
through the plant spaces as described ir Subsection C.2.5.
With these conditional frequencies available, 52 (Zlw,) is
calculated using Equation C.2-3. Then, the frequency1

of the damage state can ke evaluated using Ecuation C.2-1
and the data given in Table C.2-1. Because Egquation C.2-3
presents the upper bound of Fz (zlw,), it follows that the
estimate of damage state frequencieé is conservative.

C.z-s
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The second scenario involves missiles striking plant components
outside of containment resulting in loss-of-hot-shutdown capa-
bility, but in response to the requiremen:s of Regulatory

Guide 1.115, this scenario will also address loss-of-cold-
shutdown capability and is designated as M. Thus, for this
analysis, an accident beyond design basis is assumed

if M or C occurs.

The plant logic for M and C is presented by means of a fault
tree. The master fault tree is given in Figure C.4-1. Further
branch expansions for M are shown in Figures C.4-2 through
C.4-14. The branch for C is shown in Figure C.4-2, and it
simply consists of the 20 components/equipment listed as con-
tainment targets 1.1 through 1.4.3 in Table C.3-1. Each event
in the fault tree represents an important plant component

or components, the failure of which is assumed to result in
failure to achieve cold shutdown or LOCA.

The circle below each event in the fault trees represents

the space designation in which one or more of those components
are located or through which cabling or piping are routed.
Turbine missile entry into a space is assumed to result in
failure of all components in that space. The symbol /) represents
an OR condition whereby the failure of any event in the branch
would result in failure of the branch. The symbol () indicates

an AND condition such that all events immediately below the
branch must fail in order for the branch to have failed.

In this way, the fault tree can be interpreted as indicating

the space combinations which, if Penetrated by a turbine missile,
will lead to M or C. This assumption is conservative because,

in most cases, the components of interest do not consume the
entire space in which they are located, and a missile entering
the space may not necessarily impact the component. 1In addition,

failure of the components may not necessarily resu 't in the
assumed accident.

It is noted that operator interdiction is not included in

the fault tree. This is a conservative assumption as including
recovery actions would result in lower failure frequencies,

It has been shown in Reference 1, that for certain components,
failure to start on demand is significant, thus, this is
included in the fault tree where appropriate. Table C.4-2

list§ the median frequency and assessed range of these special
conditions.

Before proceeding, it is important to note some points

in the fault tree logic. It is assumed that for the large
puwps, failure of the control room or DC power does not mean
failure to start or stop the pumps. The switchgears for these

PuUmps can be operated mechanically. Also, it is again pointed

Out that conservatism is involved when the containment is breacted.

C.4-2
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