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3.3 SEQUENCE QUANTIFICATION

3.3.1 LIST OF GENERIC DATA i

This section presents the database developed for the Browns Ferry Nuclear Plant
Probabilistic Risk Assessment (PRA) and provides a discussion of the techniques used and
steps taken in developing the database.

The following three general areas define the scope of the data analysis presented in this
section:

~ Component Failure Rates
~ Component Maintenance Frequency and Duration
~ Internally Caused Initiating Event Frequencies

Human error rate distributions are developed in Appendix B and presented in Section 3.3.3.
Common cause failure parameters are presented in Section 3.3.4. Flood initiating event
and selected split fraction frequencies used in the flood analysis are presented in
Section 3.3.8 and initiallydeveloped in Appendix E, Section E.1. Initiating event and
selected split fraction frequencies used in the interfacing systems LOCA analysis are
presented in Section 3.3.9 and initially developed in Appendix E, Section E.2.

The PRA database is primarily based on generic data developed from the cumulative
experience of a large population of nuclear power plants documented in the PLG
proprietary database. Nevertheless, many plant-specific features were considered in
selecting the appropriate generic distributions. For example, some common cause failure
parameters were developed based on detailed screening and reclassification of data to
ensure applicability of the generic information used for the Browns Ferry PRA.

The proprietary PLG generic database has evolved from the PRAs that PLG has performed
to date. It is based. on data collected from U.S. reliability data sources and from operating
data of U.S. light water reactors evaluated in past PLG PRAs. The current database can
be updated using the plant-specific data. Such updating can be achieved by means of
Bayes'heorem as described later in this section. The following subsections discuss the
methods used in developing the data for each of the three general areas; common cause
failure parameters are discussed in Section 3.3.4.

The methodology used to develop the database for this study is based on the Bayesian
interpretation of probability and the concept of "probability of frequency." In this context,
component failure rates are treated as measurable quantities whose uncertainty is
dependent on the state of knowledge of the investigation. The "state of knowledge" is
presented in the form of a probability distribution over the range of possible values of that
quantity. The probability associated with a particular numerical value of an uncertain but
measurable quantity indicates the likelihood that the numerical value is the correct one.
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A key issue in developing state of knowledge for the parameters of the PRA models is to
ensure that the information regarding each parameter, its relevance, and its value as
viewed by the analyst are presented correctly, and that various pieces of information are
integrated coherently. "Coherence" is preserved if the final outcome of the process is
consistent with every piece of information used and all assumptions made. This is done by
using the fundamental tool of probabilistic inference; i.e., Bayes'heorem. Mathematically,
Bayes'heorem is written as

P(xIE, Ep) = F L(EIx, Ep)P(xIEp) (3.3.1.1)

where

P(xiE, Ep) =- probability of x being the true value of an unknown quantity in light of
new evidence, E, and prior body of knowledge, Ep.

L(Eix, Ep) —= likelihood of the new evidence, E, given that the true value is x.

P(xiEp) probability of x being the true value of the unknown quantity based on
the state of knowledge, Ep, prior to receiving E.

Finally,'F is a normalizing factor defined as

F =—J L(Eix, Eo)P(xiEO) dx

In the context of a plant-specific PRA, three types of information are available for the
frequency of elemental events:

Type 1 = the historical information from other similar plants.

Type 2 = general engineering knowledge such as that of the design and
manufacture of equipment, sometimes expressed in terms of expert
estimate of parameter values or their uncertainty distributions.

Type 3 = the past experience in the specific plant being studied.

The information of types 1 and 2 together constitute the "generic" information, and type 3
is the "plant-specific" or "item-specific" information. The synthesis of information types 1

and 2 to develop generic distributions is explained in Section 3.3.1.3.

The 3 units at the Browns Ferry site have had collectively about 22 years of operating
experience. However, between late 1984 and middle 1985, all 3 units were shut down
and have undergone substantial, changes in equipment, procedures, and operating and
maintenance policies. It was judged that the old data are not applicable anymore.
Therefore, generic data are used for the Browns Ferry PRA. Some of the generic data
being used, however, contain the past Browns Ferry experience. Therefore, these data are
not completely discarded but are treated as data from a plant othei than Browns Ferry.
Any additional plant-specific information collected in the course of'operating the Browns
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Ferry units in the future can be incorporated into the existing data by applying
Bayes'heorem.This process is explained in more detail in Section 3.3.2.

It is very important to note that the information type 1 brings an element of plant
specificity into the generic data developed for a plant-specific PRA. In general, decisions
regarding the relevance and applicability of different pieces of information in developing
each generic distribution are made based on type 1 information. Therefore, a piece of
information may be judged as being relevant in developing the generic data in one PRA and
not relevant in another. As a result, generic distributions for different plant-specific studies
could be significantly different. The following sections describe how the general
framework described above can be applied for different types of data.

3.3.1.3 S nthesis of Generic Distributions

To discuss the way in which the failure rate distributions were developed based on
different types of information, we consider the following information types:

~ Type 1. Failure data from operating experience at various nuclear power plants.

~ Type 2. Failure rate estimates or distributions contained in various industry
compendia, such as WASH-1400 (Reference 3.3.1-1) and IEEE-500
(Reference 3.3.1-2).

By type 1 information, we mean failure and success data collected from the performance
of similar equipment in various power plants. Type 2 information, which could be called
processed data, is estimates ranging from the opinion of experts with engineering
knowledge about the design and manufacturing of the equipment to estimates based on
observed performance of the same class of equipment in various applications.

Normally, type 2 data are either a point estimate, usually referred to as the "best
estimate," or a range of values centered about a "best estimate." In some cases, a

distribution is. provided covering a range of values for the failure rate with the mean or
median representing the "best estimate" of the source. For instance, IEEE-500 provides a
"low," "high," or "recommended" value for the failure rates under normal conditions and a
"maximum" value under extreme environments. WASH-1400, on the other hand, assesses
a probability distribution for each failure rate to represent the variability of the available
data from source to source. Such distributions are normally centered around a median
value judged to be most representative of the equipment in question for nuclear
applications.

The methodology used to develop Browns Ferry failure rate data uses both types of
information to generate generic probability distribution for the failure rates. Such
distributions represent variability of the failure rates, from source to source (for type 2
information) and/or from plant to plant (for type 1 information). Obviously, these
distributions are, in fact, our state of knowledge curves for the failure rate of components.
The following discussion helps to clarify the distinction and serves as a prelude to the
discussion of the methodology.
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Suppose that we have 100 plants and that for each plant the exact value of the failure
rate of a particular type of pump is known. Let g be the failure rate of the pump at the ith
plant. Suppose further that the X; 's can be grouped into a limited number of discrete
values, say f~, through Q, with 20 of the X s being equal to Y, 35 equal to Xz,
25 equal to Q, 15 equal to A4, and finally, 5 equal to G. The frequency distribution of
the X s is then given by the histogram shown in Figure 3.3.1-1.

This histogram represents the "population variability" of the L's because it shows how the
failure rate of the particular type of pumps under consideration varies from plant to plant.
It is an exact and true representation of the variability of the failure rate at the 100 plants
in the population without any uncertainty or ambiguity because the distribution is based on
presumed perfectly known failure rates at each and every plant.

Consider now, the case where only estimates, and not the exact values of the failure
rates, are available for some, but not all, of the 100 plants in the population. With this
state of knowledge, obviously we are not able to know the exact population variability
distribution. The question is how one can use this more limited information to estimate the
population variability curve and how close the estimate will be to the true distribution, as
given in Figure 3.3.1-1.

To answer this question, first note that the desired distribution is a member of the set of
all histograms. Because of our limited information, we are uncertain as to which member
of that set is, in fact, the true distribution. This situation can be represented by a
probability distribution over the set of all possible histograms expressing our state of
knowledge about the nature of the true histogram.

For instance, if the entire space, H, of all possible histograms is composed of only
n histograms; i.e., if

H =- (h1, h2, ..., h„)

where h; represents the ith histogram, the evidence regarding the pump failure rates at
different power plants can be used to assess a probability distribution over H as follows:

P(H) = {p1, p,, ..., p„} wiihg p => (3.3.1.3)

where'p, is the chance that h; is the true histogram.

Figure 3.3.1-2 depicts the situation in which the variable X is considered to be continuous,
and the desired distribution is a density function.

For a perfect state of knowledge, we would be able to say which h; is the true
distribution; consequently, the corresponding p; would be equal to 1, and all others equal
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to 0. However, based on the state of knowledge expressed by Equation (3.3.1.3), our
estimate of the true histogram is

h =+pi h; (3.3.1.4)

which is called the "expected distribution." Another histogram of interest is one which is
assigned the highest chance of being the true histogram. We call it the "most likely
distribution," h, and we have

pm = max(pi i =1, ..., n) (3.3.1.5)

The problem of obtaining P, as defined by Equation (3.3.1.1), is formulated in the Bayesian
context as follows:

P(hi i E) F L(Eih) )Po (hi ) (3.3.1.6)

where Po(h) is the prior state of knowledge regarding the set H as defined by
Equation (3.3.1.3), and P(h;iE) is the posterior state of knowledge in light of the
evidence E. The evidence is incorporated via the likelihood term L(Eih;), which is the
probability of observing the evidence, given that the true histogram is h. Finally, F is a
normalizing factor defined as [see Equation (3.3.1.2)]:

F = QL(Elhi) PO(hi) (3.3.1.7)

The expected distribution, Equation (3.3.1.4), is our estimate of the true population
variability of the failure rate. It shows how the failure rates of similar pumps are
distributed among plants in the population. Now, if all we know about a specific pump
before we have any experience with it is that it is one member of the population, the
population variability curve also becomes our state of knowledge distribution for the failure
rate of that specific pump. In other words, generic distributions representing the
population variability can also be used to predict the expected behavior of any member of
the population, if no other information is available.

For this reason, the generic frequency distributions developed based on type 1 and type 2
information are used as the state of knowledge distributions for the components at Browns
Ferry prior to collecting and incorporating the site-specific information.

The following sections describe how.types 1 and 2 information can be used to develop
generic distribution.
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3.3.1.3.1 Generic Distributions Based on Actual Performance Records (Type 1)

The following discussion is based on the method presented in Reference 3.3.1-3. Consider
the case where the following set of information is available about the performance of a
generic component in N plants:

lt ={ ki Ti 'i=1 'N (3.3.1.8)

where k; is the number of failures of the component in the ith plant during a specific period
of time, T, ~

The desired information is (t)(X), the distribution of the failure rate of the component, X„ in
light of evidence I,. This distribution represents the variation of X from one plant to
another, and is analogous to Figure 3.3.1-1.

Following our discussion at the beginning of Section 3.3.1.3, we would like to express a
posterior state of knowledge about the true nature of the function (t)Q,). To make matters
practical, it is assumed that (I)(X) belongs to a particular parametric family of distributions.
Let 0 be the set of m parameters of (t)(X):

0=(0,,...,0 > (3.3.1.9)

for each value of 0, there exists a distribution $ (X,i0) and vice versa. Therefore, the state
of knowledge distribution over the space of all possible (r() ) 8)s is the state of knowledge ~over all possible values of 0 and vice versa.

Bayes'heorem, in this case, is written as [see Equation (3.3.1.6)]

P(0)lplg) = F L(I)i0, Ip) Pp(0)lp) (3.3.1.1 0)

where

P(0(lpl,) = posterior state of knowledge about 0 in light of evidence I, and prior
information lp.

L(i, l0, lp) = the likelihood of evidence I, given that the actual set of parameters
of $ (X) is 8.

Pp(0ilp) = prior state of knowledge about 0 based on general engineering
knowledge Ip.

and F is a normalizing factor

F = J(l [8,1 )P (8)l )d8
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The likelihood term is the (conditional) probability of observing the evidence, I,, given that
the data are based on an underlying population variability curve (I)(X,]6) with 8 as the value
of its parameters

L = P((ki, Ti ); i =1, ..., Ni8, Io) (3.3.1.1 1)

Note that L is also conditional on the prior state of knowledge lo.

If we assume that the length of operating hours, T s, at different plants is independent of
one another and that the observed failures, ki's, also have no dependence (according to our
model, each ki is based on a different underlying failure rate), the joint probability
distribution given by Equation (3.3.1.11) can be reduced to the product of the marginal
distributions as follows:

L(l,(8,1 ) = gP (k,, T, [8, I ) (3.3.1.1 2)

where Pi(ki Tii8, lo) is the probability of observing k, failures of the equipment in question
during the period Ti in the ith plant assuming that the set of parameters of the underlying
population variability curve is 6.

If the failure rate, g, at the ith plant is known exactly, using a Poisson model, the
likelihood of observing k, in Ti can be calculated from

(g T )k)

Pi(ki Tilki)= 'xp (-XiTl)
I

(3.3.1.1 3)

However, X; is not known. All we know is that X; is one of possibly many values of
variable X that represents the variation of the failure rate from plant to plant. In addition,
according to our model, X is distributed according to )Q,i8), with 8 being unknown. For
this reason, we calculate the probability of observing the evidence, (k;, T;), by allowing
the failure rate to assume all possible values. This is achieved through averaging
Equation (3.3.1.13) over the distribution of X,

P(k;, T)8, I ) =
J P(k;, T)k) )(Xi8)dk,

(3.3.1.14)

Depending on the parametric family chosen to represent $ (l,i6), the integration in
Equation (3.3.1.14) can be carried out analytically or by numerical techniques. For
example, if (I)(K[8) is assumed to be a gamma distribution that has the following form:

(3.3.1.1 5)
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with u and P, both nonnegative, as its parameters, the integral can be done analytically
resulting in (Reference 3.3.1-4)

FI(k;, TilC'P)
) (P+Ti)"'~

(3.3.1.1 6)

In developing failure rate distributions, $ (X,[0) is assumed to be lognormally distributed with
p, as the median and 6 as the standard deviation of the underlying normal. Then,

1 1 En X-p.
g(X) p,, a) =~—exp—

/2K GX, 2 6
(3.3.1.1 7)

In this case, Equation (3.3.1.14) is calculated numerically.

The total likelihood for all N plants can now be found by using Equation (3.3.1.14) in
Equation (3.3.1.12):

L(l;[e, I ) =Q j e(ale) —'exp(-xT,gk
k;I

(3.3.1.1 8)

The posterior distribution resulting from using the likelihood of Equation (3.3.1.18) in
Bayes'heorem, Equation (3.3.1.10), is a probability distribution over the m-dimensional
space of 0. Any point, 0, in this space has a one-to-one correspondence with a
distribution, $ (g(0), in the space of $ (X )0). Figure 3.3.1-3 is an example of P(0[lp I1)
constructed for 0 = (u,P), the two parameters of gamma distribution based on the pump
data from all U.S. nuclear power plants (Reference 3.3.1-4).

The "expected distribution" is obtained from (see Equation (3.3.1.4)]

(3.3.1.1 9)

The quantity Tii(X) "summarizes" the information about X and is used in this study as the
model for generic failure distributions.

Sometimes it is also useful to obtain the "most likely distribution" (see Equation (3.3.1.4)].
According to the definition, the most probable distribution of X is the one whose
parameters maximize P(0(lol,). These parameters are therefore the solution of the
following system of m equations:

aP(0|l,i
I i,max i =1,"., m (3.3.1.20)
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The methodology discussed above also applies to failure on demand-type data where the
evidence is of the form

!1 =I kl Di,i=1,...,N) (3.3.1.21)

where k; and D, are the number of failures and demands in the ith plant, respectively. This
can be done if the Poisson distribution used in Equation (3.3.1.14) is replaced by the
binomial distribution

(3.3.1.22)

Example

For motor-operated valve failure to start on demand, the following data from six plants
were available:

Plant Number of Failures (k) Number of Demands (D)
1

2
3
4
5
6

10
14
7

42
3

31

1.65 x
10+'.13x 10+4

1.73 x 10+3
6.72 x 10+3
1.26 x 10+3
9.72 x 10+3

These data, which form a set of type 1 information, I,, were used in mode 1 of the Data
Analysis module of RISKMAN (Reference 3.3.1-5), which calculates Equations (3.3.1.14)
and (3.3.1.18) and generates f(A) based on Equation (3.3.1.19). The result was a 20-bin
discrete probability distribution with the following characteristics:

Parameter
5th Percentile
50th Percentile
95th Percentile
Mean

Value
6.82 x 10-4

3.06 x 10-3

1.42 x 10-2

5.09 x 10-3

3.3.1.3.2 Generic Distributions Using Estimates of Available Sources of Generic Data
(Type 2)

As mentioned earlier, generic data frequently are not in the fundamental form given by
Equations (3.3.1.8) and (3.3.1.21). Rather, most sources report point or interval
estimates, or even distributions for failure rates (type 2 information) ~ These estimates are
either judgmental (expert opinion), or based on standard estimation techniques used by the
analysts to translate raw data into point or interval estimates, and sometimes into a full
distribution.

SECT331.BFN.08/29/92 3.3.1'-9



Browns Ferry Unit 2 Individual Plant Examination Revision 0

An example of such estimation techniques is the well-known maximum likelihood estimator
given by

kXM=-
T

(3.3.1.23)

where k is the total number of failures in T units of operating time. Most data sources
report Q, and not k and T.

To develop a model for constructing generic distributions using this type of data, the
following cases are considered.

3.3.1.3.2.1 Estimating an Unknown Quantity Having a Single True Value. The following
method is adopted from Reference 3.3.1-6. Suppose that there are M sources, each
providing its own estimate of X; which has a single true, but unknown, value, X,. An
example is the failure rate of a particular component at a given plant. The true value of
that failure rate, X,, will be known at the end of the life of the component. Before then,
however, the failure rate may be estimated by one or more. experts who are familiar with
the performance of the component. Let

Iq = (Xj; i =1, ..., M} (3.3.1.24)

be the set of such estimates where Q is the estimate of the ith expert for X,.

The objectives are to use information I2 and to obtain a state of knowledge distribution for
X,. Obviously, when everything is known about g, such a state of knowledge distribution
is a delta function centered at X,.

P(X)Perfect Knowledge) = 5(X —X,) (3.3.1.25)

Note that, in Equation (3.3.1.25), X is used as a variable representing the unknown failure
rate.

Assuming a prior state of knowledge, Po(A), about the quantity X, Bayes'heorem can be
used to incorporate information 12 into the prior and to obtain an "updated" state of
knowledge about X.

P(iL[Q, ..., Yjg) =k-'ip, ..., Rjgik)P,(ii) (3.3.1.26)

For N independent sources of information, the likelihood term, L(X1, ..., Q (X) can be
written as

Lip, .... g i ii i = ff p (g i X) (3.3.1.27)
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where P;(QX) is the probability that the estimate of the ith source is Q, when the true
value of the unknown quantity is X.

The case of dependent sources of information is discussed in Reference 3.3.1-6.
Obviously, if the ith source is a perfect one,

(3.3.1.28)

which means that the estimate, Q, is the true value. The posterior, PQ,( g, „., Q),
in this case, will be entirely determined by the estimate of this source

(3.3.1.29)

In another extreme, when it is believed that the source is totally unreliable,

(3.3.1.30)

where C is a constant. This means that if the true value is X, the estimate of the ith
source can be anything. Using a likelihood of this form in Equation (3.3.1.27) will show
that the estimate of this source, as expected, has no effect on shaping the posterior state
of knowledge.i
The likelihood term in this approach is the most crucial element. It reflects the analyst's
degree of confidence in the sources of information, their accuracy, and the degree of
applicability of their estimates to the particular case of interest.

As can be seen, the subjective nature of evaluating and "weighting" of the evidence from
different sources fits very well in the above formulation. This becomes clearer in
discussing the following models for the likelihood functions in Equation (3.3.1.27).

Suppose that in estimating the true value of X,, the ith source makes an error of
magnitude E. Two simple models relating X,, E, and Q are

/=X +E

g =X,xE

(3.3.1.31)

(3.3.1.32)

In the model of Equation (3.3.1.31), if a normal distribution is assumed for the error term
of'the estimate of each source, the likelihood function will be a normal distribution with
mean equal to X, + b;, where b; is the expected error, or, in other words, a "bias" term
about which the error of the ith source is propagated.
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Formally, we have

p(gg) = ~—exp
2 G,

(3.3.1.33)

The variance of the likelihood, o;, is the variance of the error distribution. Values of b;
and 0; are subjectively assessed by the data analyst, and reflect the credibility and
accuracy of the source as viewed by the data analyst. Sometimes, certain information
provided by the source, such as the uncertainty bound for the estimate, can be used to
assess o',.

If, in addition to a normal likelihood function, a normal prior distribution representing the
state of knowledge of the data analyst is assumed for X, with mean Q and variance Op,
the posterior distribution in Equation (3.3.1.26) will also be normal with mean, X, given by

(3.3.1.34)

and variance

(3.3.1.35)

where w;, defined as

6w= ~
I

I

(3.3.1.36)

is the weight given to the ith source.

Note that

gw) =1 (3.3.1.37)

The mean therefore is a weighted average of the individual estimates after correcting for
their expected biases. Also, as can be seen from Equation (3.3.1.36), smaller values of 6;
result in higher weights, implying that the source that is believed to make errors of smaller
magnitudes (G; is the variance of E) is assigned a higher weight, which is intuitively
expected. Extreme cases are when o; = 0 (highest degree of confidence in the ith
estimate), for which w; = 1, and when c; = ~ (no confidence at all) for which wi ——0.
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If, instead of the model of Equation (3.3.1.31), the model of Equation (3.3.1.32) is applied
and the logarithm of the error is assumed to be normally distributed, the likelihood function
for the ith source becomes a lognormal distribution

p,(gg) = ~"—.exp
42K GQ

1 En/ -(EnX, +Enb;)
2 CF,

(3.3.1.38)

where Enb; is the logarithmic mean error about the logarithm of the true value, EnX,, and o;
is the multiplicative standard deviation. Again, P,(QX,) is the probability that the estimate
of the ith source is Q when the true value of the failure rate is X,. Some evidence in
support of the lognormality of P~(Q iX,) is provided in References 3.3.1-6 and 3.3.1-7.

By using the model of Equation (3.3.1.38) for individual likelihoods in Bayes'heorem,
Equation (3.3.1.26), and assuming a lognormal prior distribution for X,, the posterior state
of knowledge will also be a lognormal with the following median value:

(3.3.1.39)

where w; is defined, as in Equation (3.3.1.36).

The median, then, is a weighted geometric average of the individual estimates after
correcting for the multiplicative biases. Note that the usual arithmetic and geometric
average methods frequently used in the literature are special cases of these Bayesian
normal and lognormal models. For instance, Reference 3.3.1-2 uses the following
geometric average of the estimates provided by several experts:

N 1/N

(3.3.1.40)

which assumes equal weights (wi = 1/N), no bias (b; = 1), no prior information, and does
not show any uncertainty about the resulting value.

Example

Reference 3.3.1-8 provides a point estimate of 5.60 x 10 for the demand failure rate of
motor-operated valves. We would like to use this estimate and to obtain a state of
knowledge distribution for the MOV failure rates. We use the lognormal model of
Equation (3.3.1.38) to express our confidence in the estimated value

1 En/ —(En/ + Enb1)

2 61
(3.3.1.41)
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where X; is the estimate (5.60 X 10 3), and X, is the assumed true value of the failure rate
that remains an unknown variable at this point. Our subjective judgment about the
magnitude of error of the data source is expressed by assigning numerical values to the
"bias" term b, and the logarithmic standard deviation a,.

(3.3.1.42)

We assume that there is no systematic bias (b, = 1). We estimate o, with the aid of
range factor, which is a more understandable quantity. Unless otherwise indicated, the
range factor here is defined as the ratio of the 95th to the 50th percentiles of the
lognormal distribution. Therefore, given the range factor, the value of o1 is obtained from
the following equation:

En RF

1. 645

For our example, we assume a range factor of 3. Normally, such a range factor represents
a relatively high degree of confidence and means that the source's estimate could be a
factor of 3 higher or lower than the true failure rate and that such a statement is made
with 90% confidence. Using this range factor in Equation (3.3.1.42) results in a value
of 0.67 for a„.

If we now use the likelihood of Equation (3.3.1.41) in Bayes'heorem,
Equation (3.3.1.26), and assume a flat prior distribution, PoQ ), the posterior distribution
will be

P(X(Q =5.6x10 ) =106.65 exp
1 En X-En 5.6X10 3

2 0.67
(3.3.1.43)

which has the following characteristics:

Parameter
5th Percentile
50th Percentile
95th Percentile
Mean

Value
1.87 x 10-3

5.60 x 10-3

1.68 X 10 2

7.01 x 10-3

3.3.1.3.2.2 Estimating Distributions Using Point Estimates of Various Sources. We now
go back to our original problem, which was estimating the generic failure rate distribution $
A,~e). This time, however, we assume that instead of having the set of (k;, T;) defined
in Equation (3.3.1.'8) from various plants, we are given one estimate, g, for each plant.
That is, the evidence is of the form

lg =(Xj i =1, ..., M) (3.3.1.44)

The model to be used is a combination of the methods presented previously and is fully
discussed in References 3.3.1-4 and 3.3.1-9. A particular family of parametric
distributions, f(A,(e), is assumed for X, and the information I2 is used in Bayes'heorem to
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obtain a posterior distribution over the entire set of possible values of 0 and consequently
over all possible distributions $ (A,]0). Formally,

P(0]l, I ) = F L(I (0, I ) P (0)l ) (3.3.1.45)

See the set of definitions immediately following Equation (3.3.1.10) for interpretation of
the terms in Equation (3.3.1.45) ~

The total likelihood function in the present case when g's'are independently estimated can
be written as [see Equation (3.3.1.12)]

(3.3.1.46)

where

P;(Q0, Io): probability that the estimate prov'ided for the lth plant (3 3 1 47)
is Q if the parameter of the population variability
distribution of the failure rates is 0.

To make matters clearer, note that we are assuming that the ith source of data is
providing an estimate for the failure rate at a particular plant, and all we know is that
failure rates vary from plant to plant according to the variability curve $ (X,)0). Each
L therefore is an estimate of one point in that distribution. As a result, there are two
sources of variability in the estimates. First, estimates of individual sources are not
necessarily perfect; i.e., they could involve errors and biases, as discussed in the previous
section. Second, even if all the sources were perfect, the estimates would still be
different due to the actual variation of the failure rate from plant to plant.

Based on our discussion in the previous section, the confidence that we have in the
accuracy of the estimate Q for the failure rate at the ith plant can be modeled by a
lognormal distribution |see Equation (3.3.1.38)]. Assuming no bias, we have

p(g g) = -~—.exp
q/2';Q

1 EnAj -En/
2 Gj

(3.3.1.48)

where g is the true value of the failure rate at the ith plant. Again, we really do not know
g, but we assume that it belongs to $ (L)8), the distribution representing the variability of
X s from plant to plant. The relationship between P;(@0, Io) and $ (X)0) is shown in
Figure 3.3.1-4.

Therefore, as we did in the case of Equation (3.3.1.14), we can write

p(ge, g) =
J p(pin) e (ale}dx (3.3.1.49)
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As mentioned earlier, in developing the failure rate distributions, $ (X,io) is assumed to be
lognormally defined by Equation (3.3.1.17). With this assumption, the integration in
Equation (3.3.1.49) can be done analytically, and the result is

p(ye. g) — 'p
2 (2+0 (3.3.1.50)

Equation (3.3.1.45), Bayes'heorem, is now written as:

p(eig...., g) =F-'ff q(vie,g) p,(eig) (3.3.1.51)

The most probable and expected distributions of X can be found in the same way as
discussed in Section 3.3.1.3.2. The expected distribution is calculated by using the result
of Equation (3.3.1.48) in Equation (3.3.1.19). The parameters of the most likely
distribution are shown to be solutions of the following system of equations:

(3.3.1.52)

—0 (3.3.1.53)

For perfect sources of information (i.e., cr, = 0), the above equations simplify and result in
the following solution:

N N

p=en g g (3.3.1.54)

(3.3.1.55)

Note that Equations (3.3.1.54) and (3.3.1.55) are similar to the conventional results for
fitting a lognormal distribution to a set of estimates. It should also be mentioned that the
results of this section apply to any set of failure rate estimates from various sources where
a true variability is suspected to exist among the actual values being estimated by each
source. For instance, if several generic sources of data provide estimates for a particular
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type of equipment and it is known or suspected that each source's estimate is based on a
different subset of the population, the methods of this section can be applied to obtain a
generic distribution representing the "source-to-source" variability of the failure rate.

Example

The following set of estimates is available for the demand failure rate of MOVs:

Source
WASH-1400 (Reference 3.3.1-1)
NUREG/CR-1363 (Reference 3.3.1-8)
GCR (Reference 3.3.1-10)

Estimate
1.00 x 10-3

5.60 x 10-3

1.00 x 10-3

To use the model of this section, we need to assign range factors to each source as a
measure of our confidence in the estimate provided by that source. In this way, we will be
able to determine Pi(Q ig), Equation (3.3.1.48), for each source.

Following our discussion in the previous example, we assign a range factor of 3 to the
estimate of NUREG/CR-1363. For the estimate of WASH-1400, we assign a range factor
of 5, which results in a broader likelihood, Pi(QK), for that source and represents a lesser
degree of confidence as compared to NUREG/CR-1363. This is due to the fact that the
estimate of NUREG/CR-1363 appears to be based on a larger sample of MOV failures in
nuclear applications than does the estimate of WASH-1400. The latter provides a range
factor of 3 for the lognormal distribution whose median (1.00 x 10 ) we have taken as the
estimate. Assigning a larger range factor of 5 also means that we believe that
WASH-1400 has overstated its confidence in the estimated median value.

The idea of broadening some WASH-1400 distributions when used as generic curves was
introduced in an early site-specific PRA study (References 3.3.1-11 and 3.3.1-12) where
the WASH-1400 curves (as given) were used as generic prior distributions. It was then
found that several posterior distributions, reflecting the evidence of the specific plant, lay
in the tail region of the prior distributions on the high side. These results led us to the
conclusion that the generic curves had to be broadened to reflect greater uncertainty.

References 3.3.1-13 and 3.3.1-14 provide further support to our decision. In
Reference 3.3.1-13, the authors reviewed experimental results that test the adequacy of
probability assessments, and they concluded that "the overwhelming evidence from
research on uncertain quantities is that people's probability distributions tend to be too
tight. The assessment of extreme fractiles is particularly prone to bias." Referring to the
Reactor Safety Study, they state, "The research reviewed here suggests that distributions
built from assessments of the 0.05 and 0.95 fractiles may be grossly biased."
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Commenting on judgmental biases in risk perception, Reference 3.3.1-14 states:

A typical taskin estimating uncertain quantities like failure ratesis to set
upper and lower bounds such that thereis a 98% chance that the true
value lies between them. Experiments with diverse groups ofpeople
making many different kinds ofjudgments have shown that, rather
than 2% of true values falling outside the 98% confidence bounds, 20
to 50% do so [Reference 3.3.1-13]. Thus. people think that they can
estimate such values with much greater precision than is actually the
case.

The numerical effect of using a larger range factor is illustrated in the following table:

Distribution

WASH-1400

Broadened
Distribution

5th
Percentile
3.3 x 10-4

2.0 x 10-4

Median

1.0 x 10-3

1.0 x 10-3

Mean

1.2 x 10-3

1.6 x 10 3

95th
Percentile
3.0 x 10-3

5.0 x 10.3

Range
Factor

We see here that the medians are the same and that the mean value increases slightly
reflecting the extension of the high side tail of the curve.

For the cases where WASH-1400 was the only source used for a failure rate, the above
methodology was used to generate a broader generic curve from the distribution of
WASH-1400. The applied range factor, however, was not necessarily the same for each
case. For the estimates from the three sources listed previously, the range factors are
assigned as follows:

Source
WASH-1400
NUREGlCR-1363
GCR

Ran e Factor
5
3
10

The above values and the estimates from the three sources were used as input to mode 2
of the Data Analysis module of RISKMAN, which evaluates Equations (3.3.1.48)
through (3.3.1.51) and obtains an expected distribution based on an integration similar to
Equation (3.3.1.19).

The resulting histogram has the following characteristics:

Parameter
5th Percentile
50th Percentile
95th Percentile
Mean

Value
1.72 x 10-4

2.15 x 10-3

1.22 x 10.2
4.55 x 10-3
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3.3.1.3.3 Generic Distributions Based on a Mixture of Type 1 and Type 2 Data

An obvious extension of the situations discussed in the previous sections is the case
where a mixture of types 1 and 2 information is available. In this case, the equivalent of
Equations (3.3.1.10) and (3.3.1.45) is

P(eii,, I,, I,) = F-'(l,, i,ie, i,)P (eilo)

If I, and 12 are independent pieces of information,

(3.3.1.56)

L(I,, I,ie, I,) = L(i2ie, i,)L(hie, I,) (3.3.1.57)

where the terms in the right side of the equation are defined by Equations (3.3.1.10)
and (3.3.1 A6).

The expected distribution of X can now be found from

(3.3.1.58)

Example

As an example, we use the combination of the data given in the examples in the previous
sections. This information was used as the main input to the Data Analysis module of
RISKMAN, which calculates Equations (3.3.1.56) through (3.3.1.58). The resulting
discretized distribution has the following characteristics:

Parameter
5th Percentile
50th Percentile
95th Percentile
Mean

Value
7.28 x 10-4

2.96 x 10-3

1.01 x 10-2

4.27 x 103

A summary of the types 1 and 2 evidence and the results of this example are presented in
Figure 3.3.1-5.

3.3.1.3.4 Failure Rate Distributions

Developing a generic database requires a thorough review, analysis, and tabulation of the
available generic data for each identified component failure mode. The PLG generic
database is proprietary, and is documented in Reference 3.3.1-15. This generic database
was used as the generic data basis for Browns Ferry. In addition to generic data sources
such as WASH-1400 (Reference 3.3.1-1) and IEEE-500 (Reference 3.3.1-2), several
well-documented site-specific failure rate data from power plants examined in previous or
ongoing risk studies were used in the development of the generic database. This ensures
that the final failure rate distributions accurately reflect all of the information that is
currently available.
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A practical difficultyin using the available generic estimates in the process of developing
generic distributions is the lack of standardization in the generic literature. This dictates
that using generic sources involves much more than a simple catalog of published failure
rate estimates. Each source presents its own unique set of advantages and drawbacks,
and these factors must be carefully evaluated before a meaningful comparative analysis
may be performed. Typical problems that are encountered include incompatibility between
failure and test data, inclusion of failures due to other than hardware-related causes,
exclusion of failures due to licensing-based reporting criteria, and a general lack of specific
documentation of assumptions, boundary conditions, and methodologies. Often, it is
simply not possible to discern the reasons for significant differences among several
sources publishing data for the same component failure mode.

Because of the inherent difficultyin ascertaining the direct comparability among these
various estimates, the only practical approach to the problem is the assignment of
subjective "weighting factors" to each piece of data, based on the perceived compatibility
of the source with the desired failure rate information. These weights are assigned by
assessing either a range factor or G parameter for the likelihood functions for each source
according to the models discussed in Section 3.3.1.3.2. This process is computerized in
RISKMAN, which takes as input various point estimates and corresponding subjective
range factors as well as actual plant operating experience of the component in question at
various plants. The code then performs Bayesian calculations based on the models and
generates an average distribution for the failure rate representing source-to-source and/or
plant-to-plant variability of the data. This process involves several iterations in running the
code and reviewing the results to ensure that the range of discrete probability distribution
is a reasonable representation of the input information and that the binning of the
distribution (20 bins or less) was done properly.

In other cases, where only one source of data is available for the component, failure rate
distributions are represented as lognormal. In general, these failure rate distributions are
derived by defining the median value and range factor as the two most physically
meaningful parameters of the lognormal distribution. (The range factor is defined here as
the ratio of the 95th percentile to the median, or the square root of the ratio of the 95th
and 5th percentiles.) To provide traceable documentation of the data sources used in this
analysis, the median value of such distributions is based on published data. The range
factor is subjectively assigned so that the resulting 5th'and 95th percentiles of the
distribution represent realistic bounds for expected or observed component failure rates.

The relative magnitudes of the range factors developed for the various distributions are
influenced by a set of consistent evaluation criteria. In general, range factors significantly
greater than 10 (i.e., a span of more than 100 in failure frequency between the 5th and
95th percentiles) are considered to produce distributions so broad as to convey a nearly
uninformed state of knowledge and therefore would be of marginal utility in any
quantification process. The mean value of such a broad distribution, while defined
mathematically, is virtually meaningless as a representation of expected component
performance because, in truth, very little is known about how the entire population
behaves. Some distributions are assigned range factors on the order of 10. Typically,
these distributions are characterized by sparse generic data not closely correlated to the
desired component failure mode and a relatively low degree of confidence in the available
source. It is felt that a distribution this broad conveys only marginal knowledge as to the
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behavior of a population and is generally indicative of the application of good engineering
judgment to minimal prior information. Some distributions are assigned range factors on
the order of 3 to 5; i.e., spans of approximately 10 to 25 between the 5th and
95th probability percentiles. While these distributions are still relatively broad, they
represent a higher degree of confidence in the failure rate estimate used as the median
value.

Treatment of the generic distributions from IEEE-500 (Reference 3.3.1-2) is discussed.
This reference contains data for electronic, electrical, and sensing components. The
reported values are mainly synthesized from the opinions of some 200 experts (a form of
the Delphi procedure is used). Each expert reports a "low," "recommended," and "high"
value of the failure rate under normal conditions and a "maximum" value that would be
applicable under all conditions (including abnormal ones). The pooling of the estimates is
done using a geometric averaging technique; e.g.,

(3.3.1.59)

This method of averaging is considered a better representation of the expert estimates,
which are often given in terms of negative powers of 10. In effect, the usual arithmetic
averages of the exponents are used, which, as discussed in Section 3.3.1.3.2, is a special
case of the Bayesian model presented in this report.

Reference 3.3.1-2 does not recommend a distribution. The method of averaging, however,
suggests that the authors have in mind a lognormal distribution. Our task now is to
determine this distribution from the given information.

The recommended value is suggested to be used as a "best" estimate. The word "best"
is, of course, subject to different interpretations. We have decided to use it as the median
value mainly for two reasons. First, for skewed, lognormal type distributions, the median
is a more representative measure of central tendency than the mean, which is very
sensitive to the tails of the distribution. Thus, we suspect that the experts who submitted
their "recommended" estimates actually had median values in mind. Experimental
evidence (Reference 3.3.1-16) also indicates that assessors tend to bias their estimates of
mean values toward the medians. The second reason is that this choice is conservative
since the mean value of our resulting distribution is then larger than the "recommended"
value. The "maximum" value is taken to be the 95th percentile of the lognormal
distribution.

For the majority of the components for Browns Ferry, generic component failure rates were
taken from PLG Generic Database (Reference 3.3.1-15). In a few cases, additional generic
distributions had to be developed for some specific types of equipment.
Reference 3.3.1-15 provides a detailed documentation of the generic distributions used in
this study. The main characteristic values of the generic failure distributions used for the
Browns Ferry PRA are presented in Table 3.3.1-1.
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3.3.1.4 Com onen IVIain enance Da a

3.3.1.4.1 Introduction

Maintenance activities that remove components from service and alter the normal
configurations of mechanical or electrical systems can provide a significant contribution to
the overall unavailability of those systems. This section describes how generic
maintenance data were used to develop distributions for generic component maintenance
unavailability.

These distributions apply to maintenance performed during normal operation or, in some
cases, at hot shutdown (but not during cold shutdown). These include both regularly
scheduled preventive maintenance activities and unplanned maintenance events. The
specific causes leading to these maintenance activities can include repairs of component
failures experienced during operation, repairs of failures discovered during periodic testing,
removal of components from service for unplanned testing or inspection, minor
adjustments, and hardware modifications.

To quantify maintenance unavailabilities, both the frequency and the mean duration of
maintenance are necessary. The frequency defines the rate at which components are
removed from service, while the mean duration is the average amount of time that the
component will be out of service. The unavailability due to maintenance is calculated
according to

QM-f ~ v (3.3.1.60)

where f is the maintenance frequency and x is the mean maintenance duration or,
equivalently, the mean time to repair.
I

To obtain a state of knowledge distribution for the maintenance-related unavailability QM.
state of knowledge distributions for both f and t are needed. Such distributions are
developed as described in the following section.

3.3.1.4.2 Frequency of IVlaintenance

The generic maintenance frequency distributions used for the Browns Ferry PRA were
selected from generic maintenance frequency distributions developed for 17 different
categories of component types and normal service duty; i.e.,"operating or standby. The
basis for these distributions is described in the PLG Generic Database
(Reference 3.3.1-15), and the component categories are presented in Figure 3.3.1-6. The
corresponding distributions were developed based on observed maintenance data from
14 light water reactor (LWR) operating units covering approximately 150 reactor-years of
experience. The statistical method used to develop these distributions was the same as
the two-stage method applied in the case of component failure rates. The distributions,
consequently, represent the probable range of variation of component maintenance data
within the generic population. In the absence of plant-specific data, such population
variability distributions are the best estimate of the maintenance frequency of various
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components. The main characteristics of these distributions are presented in
Table 3.3.1-2.

3.3.1.4.3 Duration of Maintenance

As defined in this database, the duration of a maintenance event includes the entire time
period during which the affected component is unavailable for operation. This is defined to
be the period starting when the component is originally isolated or otherwise removed from
service, and ending when the component is returned to service in an operable state. In
many cases, this duration may be only weakly dependent on the actual time required for
maintenance personnel to effect the needed repairs.

Generic distributions for mean maintenance durations were developed for 12 categories of
components based on the component type and the inoperability limitations imposed by
plant technical specifications. The basis for these distributions is described in the PLG
proprietary database (Reference 3.3.1-15), and the component categories are presented in
Figure 3.3.1-7. These distributions were developed based on over 150 reactor-years of
experience with 14 LWR units, as collected and analyzed in various PRAs performed by
PLG on those reactors. The two-stage methodology described in Section 3.3.1.2 was
used to develop the maintenance duration uncertainty distributions. These distributions
represent the plant-to-plant variability of mean maintenance duration among the plants in
the generic population. The main characteristics of these distributions are presented in
Table 3.3.1-3.

3.3.1.5 In ernall Caused Initiatin Events Fre uencies

3.3.1.5.1 Introduction

The initiating events considered for this PRA are divided into two groups according to the
method used for quantifying their frequencies. The first group is those events for which
data available from other nuclear plants are judged to be relevant. Data from other plants
are then used, as described in Section 3.3.1.3.2 to create generic distributions for the
event frequencies.

The second group consists of events that are caused by loss of support systems. These
systems have designs that are unique to plants and data for similar events from other
plants are not relevant to Browns Ferry. The frequencies of these events are evaluated
using system-specific analysis.

3.3.1.5.2 Group 1 Initiating Events

The methodology used to develop the distributions for the frequencies of these initiating
events is similar to the two-stage approach used for component failure rates. The details
of the development of the generic frequencies and the compiled raw data are described in
Reference 3.3.1-15. All of the initiating events defined for a generic BWR in
Reference 3.3.1-15 are directly relevant to Browns Ferry, except the initiator "One or Two
SRVs Inadvertently Open." This initiator has been split into two for the Browns Ferry PRA:
"One SRV Inadvertently Opens" and "Two SRVs Inadvertently Open." Table 3.3.1-4
provides the main characteristics of the initiating events frequency distributions.
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In addition to the initiating events developed in Reference 3.3.1-15, two more initiators
were defined for Browns Ferry. These are ZIEIAU [Instrument Tap Analmolies (upper
reference leg)] and ZIEIAL[Instrument Tap Analmolies (lower reference leg)]. The detailed
information for these is presented in Tables 3.3.1-5 and 3.3.1-6.

3.3.1.5.3 Group 2 Initiating Events

The initiating events analysis of Section 3.1.1 identifies support systems that will cause a
plant trip when the system fails. Failure of these systems will also impact other support
and frontline systems. These are as follows:

LICA Loss of Instrument and Control Board 2A
LICB Loss of Instrument and Control Board 2B
LUPS Loss of Unit 2 120V Preferred Power
LRCW Loss of Raw Cooling Water

The frequencies of each of these events are estimated through system analysis and are
presented in the appendices of their respective system notebooks. Table 3.3.1-4 provides
the main characteristics of these distributions.
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Designator Description

ZESCIL

ZCNTPT

ZESWYD

ZLCOND

ZLDMIN

ZLFWP

ZLFWT

ZTBATD

ZTBATR

ZTBCHR

ZTBS1R

ZTCB1C

ZTCB10

ZTCB1T

ZTCB2C

ZTC820

ZTCB2T

ZTCCOS

ZTCMPR

ZTCMPS

ZTCRSD

Secondary Containment Leakage - Events per Year

Containment Pressure Tap Fails during Operation

Loss of a Switchyard - Events per Year (BFN)

Unavailability of Condenser after Initiating Event

Loss of Five or More Demineralizer Strings after Initiating Event

Loss of the Running MFW Pump in 24 Hours/Initiating Event

Loss of the Running MFW Pump in 24 Hours/Initiating Event

Batteries Fail To Operate on Demand

Batteries, 125V DC - Fail during Operation

Battery Chargers - Fail during Operation

Buses - Fail during Operation

Circuit Breaker (480V AC and Above) - Fail To Close on Demand

Circuit Breaker (480V AC and Above) - Fail To Open on Demand

Circuit Breakers (480V AC and Above) - Transfer Open

Circuit Breakers (Less Than 480V) - Fail To Close on Demand

Circuit Breakers (Less Than 480V) - Fail To Open on Demand

Circuit Breakers (Less Than 480V) - Transfer Open

Cables, Control - Fail Open or Short

Compressors Air - Fail during Operation

Compressors, Air - Fail To Start on Demand

Single Scram Rod (BWR) - Fail on Demand

Note: Exponential notation is indicated in abbreviated form; e.g., 1.32-01 = 1.32 x 10

Table 3.3.1-1 (Page 1 of 6). Component Failure Data for Browns Ferry Components

Mean
5th

Percentile
Median

1.32-01 3.87-02 1.08-01

1.69-07 3.98-08 1.27-07

9.56-02 2.42-02 7.61-02

3.15-02 5.42-03 2.13-02

2.57-05 4.10-07 6.42-06

4.97-02 3,33-03 2.41-02

4.97-02 3.33-03 2.41-02

5.19-04 6.26-05 3.46-04

7.53-07 6.36-08 3.79-07

1.86-05 9.80-07 8.25-06

4.98-07 8.74-08 3.40-07

1.61-03 2.68-04 1.07-03

6.49-04 6.48-05 3.65-04

8.28-07 5.48-08 3.79-07

2.27-04 8.54-06 8.54-05

8.39-04 3.15-05 3.15-04

2.68-07 2.99-08 1.28-07

4.64-06 9.77-07 3.46-06

9.81-05 9.84-06 4.98-05

3.29-03 2.01-04 1.63-03

2.42-04 9.35-06 9.21-05

95th
Percentile

2.94-01

3.07-07

1.97-01

7.02-02

9.63-05

1.68-01

1.68-01

1.16-03

1.64-06

5.38-05

1.13-06

3.40-03

1.40-03

2.28-06

8.54-04

3.15-03

8.69-07

1.22-05

2.40-04

1.12-02

8.72-04
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Designator Description

ZTDAOD

ZTDAOT

ZTDBDD

ZTDBDP

ZTDGS1

ZTDGS2

ZTDGSS

ZTDHOT

ZTDMOD

ZTDMOT

ZTDRYP

ZTEXJL

ZTFA1P

ZTFA2P

ZTFA3P

ZTFL1P

ZTFN1R

ZTFN1S

ZTFN2R

ZTFN2S

ZTFU1R

Dampers, Pneumatic - Fail on Demand

Dampers, Pneumatic - Transfer Open or Closed

Backdraft Damper - Fails on Demand

Backdraft Dampers - Transfer Closed or Plugged

Diesel Generators - Fail during First Hour

Diesel Generators - Fail after First Hour

Diesel Generators - Failure To Start on Demand

Dampers, Manual - Transfer Open or Closed

Dampers, Motor-Operated - Fail on Demand

Dampers, Motor-Operated - Transfer Open or Closed

Air Dryer Fails during Operation

Expansion Joint Leaks/Ruptures during Operation

Filters, Air - Plug during Operation

Filters, Oil Removal - Plug during Operation

Filters, Compressed Air - Plug during Operation

Filters, Ventilation - Plug during Operation

Fans, Large (Cooling Tower, Containment) - Fail during Operation

Fans, Large (Cooling Tower, Containment) - Fail To Start

Fans, Small (Ventilation) - Fail during Operation

Fans, Small (Ventilation) - Failure To Start on Demand

Fuses - Fail Open

Note: Exponential notation is indicated in abbreviated form; e.g., 1.32-01 = 1.32 x 10

Table 3.3.1-1 (Page 2 of 6). Component Failure Data for Browns Ferry Components

Mean
5th

Percentile
Median

1.52-03 2.37-04 1.08-03

2.67-07 1.50-08 1.10-07

2.69-04 5.33-05 1.44-04

1.04-08 2.78-09 8.33-09

1.70-02 1.07-03 8.24-03

2.51-03 2.97-04 1.49-03

2.14-02 2.50-02 1.35-02

4.20-08 1.57-09 1.30-08

4.30-03 7.49-04 2.84-03

9.27-08 9.65-09 5.05-08

9.11-05 1A1-06 2.19-05

2.66-06 9.33-08 9.70-07

5.83-06 2.04-07 2.12-06

1.76-05 6.16-07 6.40-06

3.54-05 1.15-06 1.13-05

1.07-06 4.00-08 4.00-07

7.88-06 1.55-06 6.23-06

2.93-03 3.27-04 1.66-03

7.89-06 1.55-06 6.23-06

4.84-04 6.00-05 3.00-04

9.20-07 2.67-08 2.91-07

95th
Percentile

3.32-03

8.06-07

6.27-04

2.50-08

5.36-02

7.44-03

6.44-02

1.19-07

1.05-02

2.33-07

2.76-04

9.68-06

2.12-05

6.39-05

1.08-04

4.00-06

1.58-05

8.35-03

1.58-05

1.50-03

2.56-06
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4)

00

Designator

ZTHTRR

ZTHXRB

ZTINVR

ZTLC1D

ZTLC1R

ZTMGSR

ZTPBSD

ZTPMOR

ZTPMOS

ZTPMSR

ZTPMSS

ZTPP1B

ZTPP2B

ZTPS1R

ZTPSHR

ZTPSLR

ZTPTSR

ZTPTSS

ZTRL1D

ZTRL1R

ZTSC1P

Description

Heaters/Heat Tracing Lines - Fail during Operation

Heat Exchangers - Rupture/Leak

Inverters - Fail during Operation

Trip Logic Modules - Fail on Demand

Trip Logic Modules - Fail during Operation

Motor-Generators - Fail during Operation

Switches, Pushbutton - Fail on Demand

Pumps, Normally Operating Motor-Driven - Fail during Operation

Pumps, Normally Operating Motor-Driven - Fail To Start

Pumps, Standby Motor-Driven - Fail during Operation

Pumps, Standby Motor-Driven - Fail To Start on Demand

Pipes (Greater Than 3-Inch Diameter) Rupture/Plug

Pipes (Less Than 3-Inch Diameter) Rupture/Plug

Power Supplies - Fail during Operation

Power Supplies (+120V DC ESFAS) - Fail during Operation

Power Supplies (+5V or +25V DC ESFAS) - Fail during Operation

Pumps, Turbine-Driven - Fail during Operation

Pumps, Turbine-Driven - Fail To Start on Demand

Relays - Fail on Demand

Relays - Fail during Operation

Strainers, Service Water - Plug during Operation

Note: Exponential notation is indicated in abbreviated form; e.g., 1.32-01 = 1.32 x 10

Table 3.3.1-1 (Page 3 of 6). Component Failure Data for Browns Ferry Components

IVlean

8.80-06

1.95-06

1.83-05

8.52-05

2.70-06

3.59-05

2.40-05

3.36-05

2.35-03

3.42-05

3.29-03

8.60-10

8.60-09

1.71-05

1.33-04

5.33-05

1.03-03

3.31-02

2.41-04

4.20-07

6.22-06

5th
Percentile

2.24-07

2.21-07

1.60-06

3.20-06

1.10-07

9.60-07

8.92-07

2.03-06

2.47-04

2.68-06

2.01-04

3.00-12

3.00-11

1.03-06

5.00-06

2.00-06

6.53-05

6.05-03

1.39-05

2.39-08

8.08-07

Median

2.76-06

1.32-06

1.13-05

3.20-05

1.10-06

1.10-05

8.98-06

1.59-05

1.45-03

1.77-05

1.63-03

9.49-11

9A9-10.

7.60-06

5.00-05

2.00-05

4.21-04

2.45-02

1.10-04

1.98-07

3.90-06

95th
Percentile

3.26-05

5.18-06

4.37-05

3.20-04

1.10-05

1.20-04

8.68-05

9.83-05

7.38-03

9.32-05

1.12-02

3.00-09

3.00-08

4.90-05

5.00-04

2.00-04

3.01-03

8.25-02

7.47-04

1.31-06

1.58-05
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Designator Description

ZTSCAB Accumulators, Scram - Rupture/Leak

ZTSEQD ECCAS/LOP Sequencer - Fail on Demand

ZTSMDR Signal Modifiers - Fail during Operation

ZTSPNP Nozzles, Containment Building Spray (One Train) - Plug during Operation

ZTSWBD Bistables - Fail on Demand

ZTSWBI Bistables - Spurious Operation

ZTSWPD Switches, Pressure - Fail on Demand

ZTTK1 B Tanks, Storage - Rupture/Leak

ZTTM1X Temperature Monitor Loops - No Output

ZTTORP All Strainers To Ring Header Plugged

ZTTRFR Transmitters, Flow - Fail during Operation

ZTTRLR Transmitters, Level - Fail during Operation

ZTTRPR Transmitters, Pressure - Fail during Operation

ZTV3WD Valves, Pressure Control (Three-Way) - Fail on Demand

ZTVAOD Valves, Air-Operated - Fail,.on Demand

ZTVAOF Valves, Air-Operated - Fail To Transfer To Failed Position

ZTVAOT Valves, Air-Operated - Transfer Open or Closed

ZTVCOD Valves, Check (Other Than Stop Valves) - Fail on Demand

ZTVCOL Valves, Check (Other Than Stop) - Gross Reverse Leakage

ZTVCOP Valves,

ZTVCSD Valves,

Check (Other Than Stop) - Transfer Closed or Plugged

Checkstop Valves - Fail on Demand

Note: Exponential notation is indicated in abbreviated form; e.g., 1.32-01 = 1.32 x 10

Table 3.3.1-1 (Page 4 of 6). Component Failure Data for Browns Ferry Components

Mean

2.46-06

2.94-06

2.94-06

7.06-08

3.89-07

2.21-06

2.69-04

2.66-08

3.41-06

1.30-06

6.25-06

1.57-05

7.60-06

1.52-03

1.52-03

2.66-04

2.67-07

2.69-04

5.36-07

1.04-08

9.13-04

5th
Percentile

IVledian
95th

Percentile

8.61-08 8.94-07 8.93-06

4.74-07 1.90-06 6.76-06

4.74-07 1.90-06 6.76-06

3.49-09 3.00-08 2.58-07

7.08-08 2.76-07 1.08-06

4.00-09 1.68-07 7.00-06

1.15-05 1.09-04 9.37-04

1.00-09 1.00-08 1.00-07

3.39-08 6.68-07 1.26-05

2.78-08 3.74-07 4.84-06

6.04-07 4.39-06 1.40-05

3.96-06 1.26-05 3.34-05

8.90-07 4.70-06 1.96-05

2.37-04 1.08-03 3.32-03

2.37-04 1.08-03 3.32-03

1.00-05 1.00-04 1.00-03

1.50-08 1.10-07 8.06-07

5.33-05 1.44-04 6.27-04

9.23-08 3.17-07 1.26-06

2.78-09 8.33-09 2.50-08

7.07-05 4.14-04 2.61-03
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Table 3.3.1-1 (Page 5 of 6). Component Failure Data for Browns Ferry Components

Designator Description Mean
5th

Percentile
Median

95th
Percentile

ZTVCSL

ZTVCSP

ZTVE1D

ZTVE1T

ZTVE21

ZTVE2D

ZTVHOT

ZTVMCX

ZTVMOD

ZTVMOE

ZTVMOT

ZTVMSD

ZTVR10

ZTVR1S

ZTVR1W

ZTVR20

ZTVR2T

ZTVR3C

ZTVR30

ZTVR4C

ZTVR40

Valves, Checkstop Valves - Gross Reverse Leakage

Valves, Checkstop Valves - Transfer Closed or Plugged

Valves, Electrohydraulic (Except TSV,TCV) - Fail on Demand

Valves, Electrohydraulic (Except TSV,TCV) - Transfer Open/Closed

Valves, Turbine Stop/Control - Transfer Closed

Valves, Turbine Stop/Control - Fail on Demand

Valves, Manual - Transfer Open or Closed

Disc Check Valve or Motor-Operated Valve - Rupture

Valves, Motor-Operated - Fail on Demand

Valves, Motor-Operated - Fail To Close While Showing Closed

Valves, Motor-Operated - Transfer Open or Closed

MSIV - Fails To Close on Demand (BWR)

Valves, Safety - Fail To Open on Demand

Valves, Safety - Fail To Reseat after Steam Relief

Valves, Safety - Fail To Reseat after Water Relief

Valves, Relief (Except PORVs or Safetys) - Fail To Open on Demand

Valves, Relief (Other Than PORVs or Safetys) - Transfer Open

Valves, Relief (Power-Operated) - Fail To Close on Demand

Valves, Relief (Power-Operated) - Fail To Open on Demand

Valves, Relief (Two-Stage Target Rock) - Fail To Close on Demand

Valves, Relief (Two-Stage Target Rock) - Fail To Open on Demand

5.36-07 9.23-08 3.17-07

1.04-08 2.78-09 8.33-09

1.52-03 2.37-04 1.08-03

2.67-07 1.50-08 1.10-07

2.88-05 1.08-06 '.08-05
1.25-04 3.33-05 1.00-04

4.20-08 1.57-09 1.30-08

1.55-08 1.40-10 2.87-09

4.30-03 7.49-04 2.84-03

1.07-04 2.10-05 7.47-05

9.27-08 9.65-09 5.05-08

1.80-04 7.07-06 6.34-05

3.28-04 1.21-05 1.19-04

2.87-03 7.66-04 2.30-03

1.00-01 3.45-03 8.37-02

2.42-05 9.95-07 9.49-06

6.06-06 9.76-07 4.01-06

2.50-02 6.66-03 2.00-02

4.27-03 1.14-03 3.42-03

8.88-03 8.93-04 5.85-03

9.07-03 1.03-03 5.50-03

1.26-06

2.50-08

3.32-03

8.06-07

1.08-04

3.00-04

1.19-07

5.87-08

1.05-02

3.07-04

2.33-07

4.92-04

1.06-03

6.90-03

3.33-01

9.04-05

1.44-05

6.00-02

1.03-02

1.99-02

1.68-02

Note: Exponential notation is indicated in abbreviated form; e.g., 1.32-01 = 1.32 x 10
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Designator

ZTVSOD

ZTVSOT

ZTVSQD

ZTVTCD

ZTVTCF

ZTVTCT

ZTXR1R

ZTXR2R

ZTXR3R

Description

Valves, Solenoid - Fail on Demand

Valves, Solenoid - Transfer Open or Closed

Squibb Valve Fails To Operate ori Demand

Valves, Temperature Control (Butterfly) - Fail on Demand

'alves,Temperature Control (Butterfly) Fail To Transfer To Failed Position

Valves, Temperature Control (Butterfly) - Transfer Open or Closed

Transformers (4,16-kV and Above) - Fail during Operation

Transformers (4.16-kV to 480V) - Fail during Operation

Transformers, Instrument (480V to 120V) - Fail during Operation

Note: Exponential notation is indicated in abbreviated form; e.g., 1.32-01 = 1.32 x 10+1.

Table 3.3.1-1 (Page 6 of 6). Component Failure Data for Browns Ferry Components

Mean
5th

Percentile

2.43-03 9.95-05

1.27-06 5.19-08

2.66-03 9.33-05

1.52-03 2.37-04

2.66-04 1.00-05

4.20-08 1.57-09

1.56-06 2.66-07

6.87-07 1.05-07

1.55-06 7.94-08

Median

9.49-04

4.91-07

9.70-04

1.08-03

1.00-04

1.30-08

1.05-06

4.47-07

7.00-07

95th
Percentile

9.04-03

4.07-06

9.68-03

3,32-03

1.00-03

1.19-07

3.57-06

1.37-06

4.87-06
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 3.3.1-2. Component Maintenance Frequency Data for Browns Ferry Components

Designator Description 5th
Percentile

Median
95th

Percentile

ZMBUSF Buses

ZMCMPF Compressors

ZMDGSF Diesel Generators

ZMELEF Batteries, Battery Chargers and Inverters

ZMFN1F Large Fans

ZMFN2F Small Fans

ZMHXRF Heat Exchangers

ZMPMSF Other Standby Motor- and Diesel-Driven Pumps

ZMPOPF Other Operating Pumps

ZMPPDF Positive Displacement Pumps

ZMPSWF Operating Service Water Pumps

ZMPTSF Other Standby Turbine-Driven Pumps

ZMSC1F Strainers

ZMVLVF Valves

ZMXFRF Transformers

2.66%6

2.93-04

1.03-03

2.49%5

1.47-04

2.09-04

4.15-05

1.17-04

1.58-04

6.37-04

3.35-04

4.19-04

9.27-05

2.74-05

4.40-06

1.29-07 9.86%7 7.04-06

1.22-05 1.06%4 7.85-04

1.65-04 5.99-04 2.13-03

3.87-06 1.41-05 4.14-05

3.85-06 4.03-05 4.05-04

8.85-06 7.13-05 5.74-04

2.38-06 1.62-05 1.12-04

7.96-06 4.52-05 3.27-04

1.29-05 7.35-05 3.87-04

5.73-05 3.41-04 1.35-03

2.64-05 1.39-04 8.46-04

5.99-05 2.41-04 8.89-04

5.33-06 3.69-05 2.27-04

3.94-06 1.41-05 5.72-05

1.21-07 1.26-06 1.25-05

Note: Exponential notation is indicated in abbreviated form; e.g., 2.66-06 = 2.66 x 10
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Table 3.3.)-3. Component Maintenance Duration Data for Browns Ferry Components

Designator Description Median
5th

Percentile
Median

95th
Percentile

ZMGNAD Type A (Nonroutine Maintenance)

ZMGNBD Type B (Nonroutine Maintenance)

ZMGNCD Type C (Nonroutine Maintenance)

ZMGNDD Type D (Nonroutine Maintenance)

ZMGNED Type E

ZMGNFD Type F

ZMGNGD Type G

ZMGNHD Type H

ZMHXND Heat Exchangers (No Technical Specifications)

ZMOLSD Other Equipment (Long Technical Specifications)

1.08+01

2.09+01

4.04+01

1.16+02

5.56+00

1.16+00

3.54+00

3.17+03

5.83+02

3.72+01

ZMONSD Other Equipment (No Technical Specifications)

ZMOSSD Other Equipment (24-Hour Technical Specifications)

ZMPLSD Pumps (168-Hour Technical Specifications)

ZMPMSD Pumps (72-Hour Technical Specifications)

ZMPNSD Pumps (No Technical Specifications)

ZMPSSD Pumps (Short Technical Specifications)

ZMVLSD Valves (Long Technical Specifications)

ZMVNSD Valves (No Technical Specifications)

ZMVSSD Valves (Short Technical Specifications)

3.85+ 01

6.26+00

2.87+01

1.11+01

2.66+ 02

7.47+00

1.89+01

1.32+02

4.05+00

ZMOMSD Other Equipment (48- And 72-Hour Technical Specifications) 1.31+01

6.97+00

1.31+01

2.12+01

7.46+00

3.20+00

7.13-01

2.58+00

1.46+03

6.34+01

8.20+00

7.84%1

1.37+00

5.46-01

2.58+00

1.16+00

1.99+00

1.24+ 00

1.54+00

7.23-01

6.83-01

9.91+00 1.60+01

2.02+ 01 2.88+ 01

3.71+01 6.47+01

9.52+01 2.91+02

5.68+ 00 7.50+ 00

1.14+ 00 1.48+ 00

3.49+ 00 4.13+ 00

3.16+03 4.88+03

3.68+02 1.53+03

2.75+ 01 7.41 + 01

6.01 + 00 4.04+ 01

1.37+01 1.17+02

3.42+ 00 2.02+ 01

1.57+ 01 7.27+ 01

6.20+ 00 3.08+ 01

4.72+01 8.15+02

5A3+ 00 1.82+ 01

1.01+01 5.13+01

1.69+01 4.10+02

2.70+ 00 9.52+ 00

Note: Exponential notation is indicated in abbreviated form; e.g., 4.70+02 = 4.70 x 10
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 3.3.1% (Page 1 of 2). Summary of Initiating Events and Precursors to Initiating Events
for Browns Ferry PRA

Frequency (events per calendar year)

Designator Description
IVlean

5th
Percentile Median 95th

Percentile

ZIETWB

ZIETNB

ZIESCI

ZIELCV

ZIEMVC

ZIEPRO

ZIESR1

ZIESR2

ZIESBK

ZIELPA

ZIESCR

ZIEPL1

ZIEPL2

ZIEFWR

ZIETL1

ZIETL2

ZIESR3

ZIEVSL

ZIEML1

ZIELL1

ZIERD1

ZIEEL1

ZIECS1

ZIERS1

ZIEIAU

Turbine Trip with Bypass

Turbine Trip without Bypass

Inadvertent Scram at Power

Loss of Condenser Vacuum

Inadvertent Closure of One or More MSIVs

Pressure Regulator Failure —Open

One SRV Inadvertently Opens (Two-Stage
T.R. Valves)

Two SRVs Inadvertently Open (Two-Stage
T.R, Valves)

Small Break LOCA Inside Containment

Loss of Plant Air

Events with Scram Required

Partial Loss of Feedwater —Condensate
Events

Partial Loss of Feedwater —Feedwater
Events

Feedwater Ramp-Up

Total Loss of Feedwater —Condensate
Events

Total Loss of Feedwater —Feedwater Events

Three or More SRVs Inadvertently Open

Very Small LOCA (recirculation pump seal
leaks)

Medium LOCA

Other Large LOCA

Recirculation Discharge Line Break

Excessive LOCA

Core Spray Line Break

Recirculation Suction Line Break

Instrument Tap Anomalies (upper reference
leg)

1.59+ 00 9.03-01 1.50+ 00

3.13-01 6.32-02 2.15-01

1.58+ 00 3.99-01 1.19+ 00

3.28-01 8.85-02 2.59-01

5.60-01 1.41-01 4.56-01

4.61-02 4.28-03 2,34-02

4.15-02 2.24-03 1.94-02

5.87-03 2.25-04 1.96-03

4.15-03 1.50-04 1.50-03

7.87-02 7.07-03 4.28-02

3.86-01 6.67-02 2.64-01

5.46-02 4.18-03 2.72-02

2.86-01 5.98-02 2.10-01

1.60-01 5.54-02 1.36-01

3.99-02 5.29-03 2.55-02

5.06-01 1.05-01 3.79-01

8.79-04 2.78-06 8.23-05

2.34-02 1.41-03 1.06-02

3.33-04 1.17-05 1.21-04

1.06-04 1.48-05 6.86-05

3.13-04 7.74-06 9.68-05

9.39-09 2.32-10 2.90-09

8.28-05 1.15-06 1.93-05

9.19-05 8.03-07 1.68-05

1.32-03 6.68-05 5.84-04

2.25+ 00

6.98-01

3.27+ 00

6.34-01

1.05+00

1.22-01

1.26-01

1.68-02

1.13-02

2.03-01

9.05-01

1.41-01

5.93-01

3.14-01

9,50-02

1.07+00

2.37-03

6.18-02

1.21-03

3.07-04

1.16-03

3.48-08

3.09-04

3.38-04

3.55-03
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Table 3.3.1A (Page 2 of 2). Summary of Initiating Events and Precursors to Initiating Events
for Browns Ferry PRA

Frequency (events per calendar year)

Designator Description
Mean

5th
Percentile

Median
95th

Percentile

ZIEIAL

ZIESLO

BELOSP

LICA

LICB

LUPS'RCMf'nstrument

Tap Anomalies (lower reference
leg)

Steamline Break Outside the Containment

Loss of Offsite Power Frequency

Loss of IRC Board 2A

Loss of IS.C Board 28

Loss of Unit 2 120Y Preferred Power

Loss of Raw Cooling Water

2.36-02 8.19-04

6.69-04 5.08-05

4.40-02 6.87-03

3.53-03 6.10-04

3.54-03 5.82-04

1.43-02 9.50-04

3.53-03 1.21-04

8A1-03

3.41-04

3.15-02

2.40-03

2.40-03

3.56-03

7.71-04

7.59-02

2.21-03

9.81-02

8.21-03

8.11-03

2.21-02

7.42-03

The frequency for loss of offsite power is developed as events per site-year. The frequency includes
events that may happen when the Browns Ferry unit is shut down. The above value must be multipled
by the availability factor for Browns Ferry: = 0.8. Plant-specific data are 0 events in 17.5 years. The
data sources are References 3.3.1-17 and 3.3.1-18.

System-specific analysis.
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Table 3.3.1-5 (Page 1 of 2). ZIEIAU —Instrument Tap Anomalies (upper reference leg)

P U D A T A

EHPIRICAL EXPERIENCE
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

HESH SPECI F ICATIOHS
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

PLANT NO. OF
NAHE OCCURRENCES

TINE UNITS
OR DEHANDS

R.F. HEDIAH

1) BFN1
2) BFH2
3) BFH3
4) BRUNSMK 1

5) BRUNSHK 2
6) COOPER

7) DRESDEN 2
8) DRESDEN 3
9) DUAHE ARLD

10) FERHI 2
11) FITZPTRICK
'12) GRND GLF 1

13) HATCH 'I

'l4) HATCH 2
15) HOPE CRK 1

16) LASALLE 1

17) LASALLE 2
'18) LIHERICK
19) HILLSTONE
20) HONTICELLO
21) NHP 1

22) NMP 2
23) OYSTR CREK
24) PCH BTTH 2
25) PCH BTTH 3
26) PERRY 1

27) PILGRH 1

28) QUAD CTS 1

29) QUAD CTS 2
30) RIVER BEND

31) SUSQHNNA 1

32) SUSQXNHA 2
33) VT YANKEE

34) VNP 2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
0
D

0
0
0

8.42DDE+00
7.2000E+00
7.0300E+00
1.3300E+01
1 ~ 5700E+01
1-6000E+01
2.0100E+01
1.8600E+01
1.5400E+01
2.4000E+00
1.4900E+01
5.0000E+00
1.0900E+01
1.4500E+01
3.5000E+00
6.5DDOE+00
5.7000E+00
4.4000E+00
1.9300E+01
1.9000E+01
2.0600E+01
2.3000E+00
2.0500E+01
1.4400E+01
1.2800E+01
2.6000E+00
1.2360E+01
1.3450E+01
1.7300E+01
4.0000E+00
7.1000E+00
5.4000E+00
1.7600E+01
5.5000E+00

3.8376E+02

1) 1.2000E+00 1)
2) 3.0000E+00 2)
3) 5.0000E+DD 3)
4) 7.0000E+00 4)
5) 9.0000E+00 5)
6) 1.1000E+01

2.0000E.04 1)
4 ~ 0000E 04 2)
6.0000E-04 3)
8.0000E 04 4)
1.0000E-03 5)

6)
7)
8)
9)

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)

4.0000E-06
1.0000E-OS
2.0000E-05
3.0000E-05
4.0000E-OS
5.0000E-OS
6.0000E-DS
8.0000E-05
1.0000E-04
1.5000E-04
2.0000E-04
2.5000E-04
3.0000E-04
4.0000E-04
5.0000E-04
6.0000E-04
7.0000E-04
8.0000E-04
9.0000E-04
1.0000E-03
1.2000E-03
1.5000E-03
2.0000E-03
3.0000E-03
5.0000E-03
8.5000E-03
1.0000E.02
2.5000E-02

SPECI F I C EXPER I ENCE< 0 OCCURRENCES IH 0.0000E+00 TINE UHITS OR DEHANDS

TAB3314.BFN.08/31/82 3.3.1-36
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Table 3.3.1-5 (Page 2 of 2). ZIEIAU —Instrument Tap Anomalies (upper reference leg)

0 U T P U 0 A T A

PRIOR
POSTERIOR

HEAN

1.32E-03
1.32E-03

6.07E-06
6.07E-06

6.89E-05
6.89E-05

VARIANCE 5TH PERCEHT I LE HEDIAN

6.09E-04
6.09E-04

95TH PERCENTILE

3.66E-03
3.66E-03

TAB3314.BFN.08/29/92 3. 3. 1-37
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Table 3.3.1-6 (Page 1 of 2). ZIEIAL—Instrument Tap Anomalies (lower reference leg)

I N P U D A T A

EMPIRICAL EXPERIEHCE MESH SPECIFICATIOHS

PLANT NO. OF TIME UNITS
HAME OCCURREHCES OR DEMANDS

R.F. MEDIAN LAMBDA

1) BFH1
2) BFH2
3) BFH3
4) BRUNSHK 1

5) BRUHSHK 2
6) COOPER

7) DRESDEN 2
8) DRESDEN 3
9) DUANE ARLD

10) FERMI 2
11) FITZPTRICK
12) GRND GLF 'I

13) HATCH 1

14) HATCH 2
15) HOPE CRK 1

16) LASALLE 1

17) LASALLE 2
18) LIMERICK 1

19) MILLSTOHE
20) MONTICELLO
21) HHP 1

22) NMP 2
23) OYSTR CREK
24) PCH BTTM 2
25) PCH BTTM 3
26) PERRY 1

27) PILGRIM 1

28) DUAD CTS 1

29) DUAD CTS 2
30) RIVER BEND
31) SUSQHHHA 1

32) SUSONNNA 2
33) VT YANKEE
34) IIHP 2

8.4200E+00
7.2000E+00
7.0300E+00
1.3300E+01
1.5700E+01
1.6000E+01
2.0100E+Ol
1.8600E+01
1.5400E+01
2.4000E+00
1.4900E+01
5.0000E+00
1.0900E+01
1.4500E+01
3.5000E+00
6.5000E+00
5.7000E+00
4.4000E+00
1.9300E+01
1.9000E+01
2.0600E+01
2.3000E+00
2.0500E+01
1.4400E+01
1.2800E+01
2.6000E+00
1.2360E+01
1.3C50E+Ol
1.7300E+01
4.0000E+00
7.1000E+00
S.COOOE+00
1.7600E+01
5.5000E+00

1) 1.2000E+00
2) 3 ~ 0000E+00
3) 5.0000E+00
4) 7.0000E+00
5) 9.0000E+00
6) 1.1000E+01

1) 3.0000E-03 1)
2) 6.0000E-03 2)
3) 9.0000E-03 3)
4) 2.0000E-02 4)

5)
6)
7)
8)
9)

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)

9.0000E-05
1.0000E-04
1 '000E-04
2.0000E-04
2.5000E-04
4.0000E-04
5.0000E 04
7.0000E-04
1.0000E-03
1.4000E 03
2.5000E-03
3.0000E-03
4.0000E-03
5.5000E-03
6.8000E-03
8.0000E-03
9.0000E-03
1.0000E-02
1.1500E-02
1.3000E-02
1.6000E-02
2.0000E-02
2.5000E-02
3.0000E-02
5.0000E-02
8.0000E-02
2.5000E-01

SUM 7 3.8376E+02

SPECI F I C EXPERIENCE% 0 OCCURRENCES IH 0.0000E+00 TIME UNITS OR DEMANDS

TAB3314.BFN.08/29/92 3.3.1-38



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 3.3.1-6 (Page 2 of 2). ZIEIAL—Instrument Tap Anomalies (lower reference leg)

0 U T P U T D A T A

HEAN

DISCRETE DISTRIBUTION PARAHETERS

vARIANcE 5TH PERcENTILE MED IAH 95TH PERCENTILE

PRIOR
POSTERIOR

2.36E-02
2.36E-02

1.58E-03
1.58E-03

8.07E-04
8.07E-04

9.46E-03
9.46E-03

7.62E-02
7.62E-02

TAB3314.BFN.08/29/92 3.3.1-39
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0.20

0.35

026

0.16

0.05

Figure 3.3.1-1. Population Variability of the Failure Rate

p; PROBABILITY(hi)

P1

P3 .i Pn

Figure 3.3.1-2. State-Of-Knowledge Distribution Over the Set of Frequency Distributions

SECT331.BFN.06/1 0/92 3.3. 1-/IO



Browns Ferry Unit 2 individual Plant Examination Revision 0

aata

0.001

iO

Figure 3.3.1-3. Posterior Distribution for the Parameters of the Distribution of
Pumps'ailure

To Start on Demand Rates

ytzie) P;(X;IX;)

I

I

I

I

I

Figure 3.3.1%. The Relation Between the Variability Curve and Uncertainty about
Individual Estimates
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Figure 3.3.1-5. Application of RISKMANTo Develop Generic Distribution for MOV Failure Rates
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3.3.2 INCORPORATION OF PLANT-SPECIFIC EVIDENCE~ ~

This section discusses the incorporation of plant-specific data with generic data. This was
not performed for Browns Ferry; this section is included for completeness of TVA's
approach to PRA.

This section describes an approach for incorporating plant-specific evidence. The approach
for updating initiating event frequencies, failure rates, and maintenance frequencies with
plant-specific evidence is described in Section 3.3.2.1. The approach for updating
maintenance durations is described in Section 3.3.2.2. Common cause failure parameters
are described in Section 3.3.4.

3.3.2.1 ailure and Nlain enance Fre uenc U date

When plant-specific data become available from the accumulation of Browns Ferry
operating experience, data specialization (or the development of plant-specific failure rate
distributions and maintenance frequency distributions) is achieved by applying

Bayes'heorem

as follows:

P(xiE2) = F L(E2(x) PO (X) (3.3.2.1)

where PQ,iE2) is the plant-specific failure rate distribution reflecting the plant-specific
experience E2, and the generic distribution Po(X) (i.e., the generic prior) is the prior state of
knowledge about the failure rate of the component in question. The likelihood term, L(E2iX
), takes the form of a Poisson distribution when A, is the rate of failure per unit time and
the evidence E2 is k failures in T time units

P(k,TIX) = e
kl

(3.3.2.2)

If X is a demand failure frequency and E2 is k failures in D demands, then L(E2il) is a
binomial distribution

(3.3.2.3)

The magnitude of the effect of adding plant-specific data depends on the relative strength
of the data compared with the prior level of confidence expressed in the form of the
spread of the prior distribution. Typically, both the location and the spread of the posterior
or updated distribution are affected by the plant-specific evidence. The mean value of the
updated distribution could be higher or lower than the mean of the generic prior, but adding
the plant-specific data normally reduces the spread of the distribution, as shown in the
following example. In this example, the generic distribution for the MOV demand failure
frequency presented in the example of the previous section was updated with 15 failures

S ECT332.BFN.OS/29/92 3.3.2-1
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in 5,315 demands. Calculations were performed using RISKMAN. The following table
compares some basic characteristics for the generic prior and updated distributions:

Distribution

Generic

U dated

Mean
( er demand)
4.27 x 10 3

2.88 x 10-3

5th Percentile

7.28 x 10.4

1.74 x 10-3

Median

2.96 x 10-3

2.70 x 10.3

95th Percentile

1.01 x 10-2

3.82 x 10-3

Another example of how the two-stage Bayesian procedure employed by RISKIVIANis used
to incorporate plant-specific data is illustrated in Figure 3,3.2-1. In this example, for
motor-operated valves, suppose that the plant-specific evidence revealed that there was
1 failure in 1,000 demands at the specific plant being analyzed. The RISKMAN analyst
would call up the generic distribution for the failure mode that had been developed
previously in the first-stage Bayesian procedure in Figure 3.3.1-1, and input the
plant-specific evidence to produce the updated distribution, denoted in Figure 3.3.2-1 as
"Posterior 1." As can be seen in this figure, the weight of this evidence pulls down the
mean of the posterior distribution toward 1.0 x 10, the point estimate of the
plant-specific evidence.

One useful property of Bayes'heorem is that it automatically weights the respective roles
of the prior distribution and the evidence according to the amount of evidence applied. So,
for example, if five times as much data that happen to be consistent with a point estimate
of 1.0 x 10 (i.e., 5 failures in 5,000 demands) were collected from the specific plant
being analyzed, the updated distribution (Posterior 2) would become very peaked about the
point estimate of the evidence such that the role of the prior distribution becomes
unimportant. The use of this approach eliminates the need to make and to document
difficultand arbitrary decisions about when to use generic and when to use plant-specific
data. Even for a plant with much experience, there are insufficient data for some of the
rare events that are important (e.g., small loss of coolant accident frequency) to eliminate
the need for both sources of data.

Another useful property of Bayes'heorem is that it provides a consistent treatment of any
type of evidence, even when that evidence is made up from experience data in which no
failures were observed. Suppose that we are using Bayes'heorem to evaluate the failure
rate of a pump, X, at a specific plant that tests the pump N times and observes no failures.
Using Bayes'heorem, the probability that the failure rate of the pump is equal to any
particular value, say, X = A,", is given by

p(~ IE) = F L(E IA, ")po (X,") (3.3.2.4)

where

f L(E( X)pg(X)d).

L(Eik") = likelihood of observing evidence E, given that the failure rate is X".

S ECT332.BFN.OS/29/92 3.3.2-2
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binomial distribution. If the failure rate on demand is X, the likelihood of observing exactly.
K failures in N demands is

L(k failures in N demands) = 1" (1 - XP
N

k
(3.3.2.5)

So, for zero failures in N demands,

L(0 failures in N demands) = (1 —XP (3.3.2.6)

This likelihood function is plotted in Figure 3.3.2-2 for different values of N and I,. To see
how Bayes'heorem works for this kind of evidence, assume that X can take on only one
of five discrete values: f1, .03, .01, .003, or .001) and that the prior distribution is
uniform over these values; i.e., a "flat distribution." Application of Bayes'heorem for zero
failures in N demands is illustrated in Table 3.3.2-1. As can be seen in this table, the
posterior distribution is heavily influenced by the prior distribution for N = 10 demands,
indicating rather weak evidence. However, for N = 1,000 demands, the posterior
essentially vanishes for values of X in excess of 3 X 10 s because of the influence of the
likelihood function. Thus, zero failures does not pose any problems for the Bayesian
approach, and the results are a strong function of the quantity of evidence; i.e., the
number of successful demands.

To use the RISKMAN software to update maintenance duration distributions, the raw
plant-specific data have to be processed to a form that is compatible with event frequency
updating formulae of Section 3.3.1.2. The plant data must be'converted to equivalent
values of a number of events, k, and a time period, T. We make use of the fact that
according to the Poisson model for component failures, the mean value of a failure rate, A„
can be estimated by

k
T

(3.3.2.7)

where k is the number of failures observed in T time units. The variance of this estimator
is given by

( ) k 1
Var(X) = Var — = —~ Var(k)

T T2
(3.3.2.8)

If k has a Poisson distribution, then

Var(k) =XT =XT=k (3.3.2.9)

s ECT332.BFN.08/29/92 3.3.2-3
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so Equation (3.3.1.63) can be rewritten as

A
1 k

Var(X,) = —~ Var(k) =-
T2 T2

(3.3.2.1 0)

By substituting m (the mean observed maintenance duration at Browns Ferry for X in
Equations (3.3.2.7) and (3.3.2.10), we then compute appropriate values of k and T by
solving the following equations:

k—=X =fn
T

(3.3.2.1 1)

and

(3.3.2.1 2)—= Var(X) = Var(m)
k

T2
In these equations, the mean observed maintenance duration, m, is simply the average of
the durations of all maintenance events for a particular type of component at Browns
Ferry:

m= (3.3.2.1 3)

where mi is the actual duration of the ith maintenance event for the particular component
type being considered and n is the number of such events observed at Browns Ferry. The
variance of m is given by

Var(m) = Var
fm
i~1 1

A

= —~ Var pe
n i~1

= —~ +Var(m;) = —om
n i 1 n

(3.3.2.14)

where 0 is the observed variance of the maintenance duration m,, m2, ... m„.

Now, solving for k and T in Equations (3.3.2.9) and (3.3.2.10), we get:

m m n ~ m

Var(m) 1/ n ~ o~ o~
(3.3.2.1 5)

SECT332.BFN.OB/29/92 3.3.2-4
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~ and

Om
(3.3.2.1 6)

The values given by Equations (3.3.2.15) and (3.3.2.16) can be used in a Poisson
likelihood function to update generic maintenance durations.

SECT332.BFN.OS/29/92 3.3.2-5
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Prior
Distribution

Pp(X)

.2

.2

Binomial Likelihood Function
for Zero Failures (1 - X)"

.35

.74

.90

N = 100

2.6 x
10'047

.37

N = 1,000
1.8 x 1046

5.9 x 10 l4

4.3 x 10-s

~ 003 .2 .97 .74 .049

.001 .2 .99 .90 .37

Table 3.3.2-1. A lication of Ba es'heorem for Case of Zero Failures
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3.3.3 HUMANACTION DATA

This section summarizes the results of the human actions evaluations performed in the
Browns Ferry Unit 2 Probabilistic Risk Assessment (PRA). Section 3.3.3.1 addresses
errors during normal maintenance and testing that leave systems unavailable to perform
their functions if an initiating event should occur. Section 3.3.3.2 presents the evaluation
of errors by the operating crew as they dynamically respond to the plant conditions during

the sequence of events following an initiating event. Finally, Sections 3.3.3.3 and 3.3.3.4
address their actions to recover functions through alternate alignments or restoration of
failed systems to service. Section 3.3.3.3 addresses those actions identified by a review
of the quantification of the plant model, while Section 3.3.3.4 addresses recovery of
electric power.

A summary of the methodology used to accomplish the assessment of individual actions is

presented in Section 2.3.5.2. A detailed description of the methodology, summaries of
the actions evaluated, and calculation packages leading to the results are presented in

Appendix B.

3.3.3.1 R ul s Of Ro ine Ac ion Evalua ion

The routine action evaluation addresses errors during normal maintenance and testing that
leave systems in an undetected unavailable state that prevents them from performing their
functions should an initiating event occur. As a surveillance test is performed to verify
operability after maintenance, the screening process. addresses the surveillance tests
accomplished on each system. Each system analyst follows the guidance contained in

Appendix B, Section B.2, to identify tests that have a potential to leave components in an

undetected unavailable state. The analyst quantifies the unavailability created by those

tests meeting the screening criteria using the screening error rates summarized in

Table 3.3.3-1 (References 3.3.3-1 and 3.3.3-2) for evaluation of risk significance in the

plant model.

Based on the results of the systems analyses, the surveillance tests summarized in

Table 3.3.3-2 have significant potential to leave a component in an undetected unavailable

state to warrant quantification for inclusion in the plant model. The table lists the system
in which the component is modeled, the top events impacted by the test, the name and

number of the test, a short description of error that could lead to the undetecte'd

unavailability, and the database variable use to quantify the unavailability.

3.3.3.2 Resul s Of D namic Human Ac ions Anal si

The event sequence and systems evaluations identified the operator actions listed in

Table 3.3.3-3 as being a potentially important influence for the mitigation of severe core

damage sequences. The reasoning for their explicit inclusion in the event sequence

models is found in the definition of the event tree top events in Sections 3.1.2
through 3.1.4. This section presents the

~ Qualitative description of the tasks required to accomplish the actions successfully,
and the conditions under which they must be accomplished.
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~ Quantitative evaluation of performance-shaping factors (PSF) reflecting the
operators'udgments regarding the degree of difficultyfor successfully
accomplishing the actions.

~ Distributions of the human error rates derived from the quantification evaluation
using the adaption of the SLIM methodology, as summarized in Section 2.3.5.2 and
presented in Section BA.

3.3.3.2.1 Qualitative Description of the Dynamic Human Actions

A short description of each action evaluated for the Browns Ferry Unit 2 PRA is given in
Table 3.3.3-3. Appendix B, Table B-8, presents the Operator Response Forms for each
evaluated dynamic human action. The forms are written in accordance with the
guidelines contained in Section BA.1, as summarized in Table 3.3.3-4. The descriptions
on the forms were developed by the human action analyst and licensed operators serving
on the PRA team, with information provided by the event sequence analysts regarding the
conditions under which each action is demanded.

An example of a completed Operator Response Form is given in Table 3.3.3-5. Sufficient
detail is provided to permit the operator groups evaluating the actions to recognize the
context of the action. However, detailed evaluation of the performance-shaping factors is
purposely omitted so that the operators can form their own judgments. The justifications
of the time windows for the actions are presented in the top event definitions and
Appendix C.

The dynamic human actions were also qualitatively evaluated by the three groups of
licensed plant operators who performed the quantitative evaluation. These groups
discussed the context of each action among themselves before quantitatively evaluating it.
In some cases, the groups provided practical comments that assisted the event sequence
analyst to improve the plant model. Those found to be useful for clarifying the evaluations
were either incorporated into the Operator Response Forms or included in the group
comparison and trend analysis presented in Appendix B, Sections B.5.4 and B.5.5.

3.3.3.2.2 Quantitative Evaluations

The quantitative evaluations of the licensed plant operators are elicited and converted to
human error rates using an adaptation of the SLIM methodology (References 3.3.3-3
through 3.3.3-5). Three operator groups quantitatively assessed the weight and degree of
difficultyscore of the seven performance-shaping factors in accordance with the guidelines
in Appendix B, Section B.4.2, as summarized in Table 3.3.3-6. These evaluations are
summarized in Appendix B, Tables B-10 and B-11.

The failure likelihood index (FLI) evaluations of each group are converted into human error
rate estimates independently of the other two groups in accordance with the procedures
outlined in Appendix B, Section B.4.3. After the failure rates for the individual groups are
obtained, they are merged together, giving equal weight to each evaluation group. The
individual actions are grouped by similarity of weights into groups for quantitative
evaluation against calibration actions. Calibration actions obtained from evaluations in
other PRAs are used to benchmark the failure rates of each group. The identification of
each calibration action, the basis for its failure frequency, and the source of the calibration
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PSF weights and scores are documented in a calibration action database
(Reference 3.3.3-6). To keep the differences in judgments explicit, no adjustment is made
to the normatized weights or individual PSF rating of either the rated actions or the
calibration actions during this process. The resulting evaluations are given by individual
rating group in Appendix B, Tables B-12 through B-14.

The human error rates used in the PRA aie obtained from merging the individual groups of
operator evaluations into composite quantitative estimates by assigning equal weights to
the evaluations of each operator group. This is done using the MERGE function of the
BARP software program (Reference 3.3.3-7), as outlined in Appendix B, Section B.4.4.
These composite error rates are given in Appendix B, Table B-15.

Some estimates have large range factors. This is due to both the assignment of
uncertainty to the derived error rate of each group and the variability of ratings among the
groups. Based on the recommendations of Swain and Guttman, the range factor for any
individual failure rate must be at least 10 if any of the estimates derived from the group
evaluations have a median value of less than 10 per demand, and 5, otherwise.
Therefore, the composite estimates must have at least those range factors. When the
estimates derived from the group evaluations diverge, the merging process produces broad
distributions whose mean values tend to reflect the most conservative of the group
evaluations. However, the entire distribution is retained so that the uncertainty can be
accounted for explicitly if the human action appears in risk-dominant sequences that are
subjected to uncertainty analysis.

3.3.3.2.3 Discussion Of Results

The average and the range of the FLls assessed by the three operator groups are as
follows:

Group Average FLI

3.64

3.95

2.73

Highest FLI

7.11

7.57

6.00

Lowest FLI

1.93

1.58

Although not subjected to statistical tests, it appears that Group 3 was more optimistic
regarding the difficultyof the actions. A comparison of the trends in the evaluations
indicates that this group rated the PSF for previous and concurrent actions more heavily
than the other two groups, as shown below.

Group Weight

0.15

0.13

0.17

Score

4.3

4.0

2.4
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With the higher weight, group 3 also scored this PSF as strongly helping it to.recognize the
need to accomplish the action. In essence, group 3 was quite confident that the context
of the various scenarios would drive it to the correct actions. It maintained this opinion
when the human action analysts described the implications of their ratings to them during
the elicitation process.

Each operator group brought its own perspective to the evaluation process. For some
actions, this perspective produced a wide divergence among the error rates derived from
the group evaluations. Appendix B addresses those actions that revealed a divergence of
opinion among the groups sufficient enough to produce a range factor of greater than 30
in the composite distribution.

In addition to the discussion of significant differences in the evaluations, Appendix B,
Section B.5, discusses trends observed in the evaluations, and summarizes some of the
observations and suggestions made by the operator groups during the evaluation sessions.

Differences in evaluations, trends, and comments found to be applicable to event
sequences that are found to be important during the quantification of the plant model are
discussed in Section 6.1.

3.3.3.3 ul f R v Anal I

The quantification of the plant model and the subsequent analysis of the dominant
sequences produced a number of opportunities for operator dynamic and recovery actions,
as summarized in Table 3.3.3-7. The reasoning for their explicit inclusion in the event
sequence models is discussed in the description of the support system and frontline event
trees in Sections 3.1.2 through 3.1A. Appendix B, Section B.7, presents the recovery
action evaluation in detail.

The actions listed in Table 3.3.3-7 exclude those actions accomplished to recover offsite
power. Those actions are accounted for directly in the model used to quantify the
recovery, which is presented in Section 3.3.3.4.

Table B-18 of Appendix B presents the Operator Response Forms for each evaluated
recovery action. They follow the same pattern as those shown in Tables 3.3.3-4
and 3.3.3-5. The descriptions on the forms were developed by the'human action analyst
and licensed operators serving on the PRA team, with information provided the event
sequence analysts regarding the conditions under which each action is demanded.

The recovery actions were qualitatively evaluated by the group of licensed plant operators
who performed the quantitative evaluation. This group discussed the context of each
action among themselves before quantitatively evaluating it. In some cases, the group
provided practical comments that assisted the event sequence analyst to improve the plant
model. This included both eliminating some potential recovery actions as being impractical

, or impossible and offering alternate methods of recovery, where suitable. Wherever
appropriate to clarify the evaluations, the operator comments are discussed in the Operator
Response Forms.
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One group of licensed operators assessed the actions using the same procedure followed
for the dynamic human actions. These evaluations are summarized in Table B-19 of
Appendix B. The FLI evaluations of the group are converted to human error rate estimates
in accordance with the procedures outlined in Section B.4.3 of Appendix B, which follows
that of the dynamic actions discussed in Section 3.3.3.2. The resulting distributions are
given in Appendix B, Table B-21. Appendix B, Section B.7.3, discusses these results.

3.3.3.4 El ri P wer R ve

3.3.3.4.1 Introduction

Two top events are developed to analyze the likelihood of recovering offsite power. Top
Event EPR30 evaluates the likelihood of recovering offsite power within 30 minutes, and
Top Event EPR6 assesses the likelihood of recovering offsite power within 6 hours, given
that power was not recovered in 30 minutes.

3.3.3.4.2 Offsite Grid Recovery IVlodel

The recovery model used to derive the split fractions used in the recovery top events for
Browns Ferry employs the results of an analysis (Reference 3.3.3-8) that combines the
results of six different offsite grid analyses. The offsite power connections that these
plants have range from a minimum of 2 offsite circuits to a maximum of 12. Each specific
plant analysis develops a probabilistic distribution for offsite power recovery. Each
distribution includes the historical transmission line recovery data combined with a
site-specific uncertainty model that accounts for the redundancy and coupling among the
separate offsite power supplies. For a given point in time, the lower bound is the
10th probability percentile of the power recovery distribution. The upper bound is the
90th probability percentile calculated from Equation (3.3.3.2) that accounts for the number
of independent power lines. The equation is as follows:

f = fraction of single line outages recovered by time t,

1 - f = fraction of single line outages not recovered by time t.

If x lines are completely independent, then the fraction of outages not recovered, NR, by
time t is

NR = (1-f)" (3.3.3.1)

while the fraction of outages that are recovered is

R = 1-NR = 1-(1-f)x (3.3.3.2)

3.3.3.4.3 Recovery Factor Derivation

Two families of distributions are derived for the Browns Ferry recovery analysis. The first
set of distributions evaluates the likelihood of power recovery within 30 minutes. The
MAAP code was used to determine vessel water level as a function of time, given
successful scram but no high pressure vessel injection. Specifically, following the LOSP,
diesel generators fail to start and vessel makeup was considered not to be available from
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reactor feedwater, HPCI, RCIC, or the control rod drive hydraulic system. That calculation
indicated that a vessel level equivalent to one-third core height is reached in approximately
45 minutes. The 30-minute recovery window was defined to allow sufficient time
(approximately 15 minutes) to permit realignment of power supplies after offsite power is
recovered.

The second set of distributions evaluates the likelihood of offsite power recovery within
6 hours, given that power was not successfully recovered in the first 30 minutes. The
ability of HPCI or RCIC to maintain vessel level is limited to the 4-hour life of their
respective batteries. A MAAP analysis was performed to determine vessel level as a
function of time. In that analysis, vessel injection was terminated at 4 hours. The
calculation indicated that a vessel level equivalent to one-third core height is reached in an
additional approximate 2/i hours. The 6-hour recovery window was defined to allow
sufficient time (20 to 30 minutes) to permit realignment of power supplies after offsite
power is recovered.

For the two time intervals, four split fractions or nonrecovery values are developed
corresponding to the number of diesels that have failed. In general, the nonrecovery factor
is the result of a time-integrated model involving the failure of onsite power; i.e., the diesel
generators, and the recovery of offsite power. The model result is then normalized so that
the nonrecovery factor is appropriate to the family of sequences or scenarios for which it
is to be used.

The model is a mathematical approximation of the integral evaluated over the time interval
from zero to 24 hours of the unavailability of onsite power, times the frequency of not
recovering offsite power. The equation for the unavailability of both offsite and onsite
AC power is then

24
~U= Vf(t)f" QR(t ")]dt

0
(3.3.3.3)

where

Ou fraction of LOSP sequences in which both offsite and onsite power is
unavailable for r hours or more.

frequency of onsite emergency AC failure between times of t
and t + dt.

+R( ") = frequency of offsite power recovery within r hours after failure of
onsite power at time t.
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The electric power nonrecovery factor for the 30-minute case is then expressed as

24
yf(t)[1-<DR(t,r 0.5)]dt

RE-
24

yf(t)dt
0

(3.3.3.4)

Equation (3.3.3A) takes on this form because the nonrecovery factor applied to a specific
sequence must mathematically cancel out the diesel unavailability value that is already
contained in that sequence. The diesel unavailability value in the base sequence is the
factor in the denominator of Equation (3.3.3.4). The numerator of the nonrecovery factor
applies the unavailability of both offsite and onsite AC power found in Equation (3.3.3.3).
In other words, for a sequence involving the failure of two diesel generators, the
nonrecovery factor is the unavailability of both offsite and onsite AC power,
Equation (3.3.3.3), divided by the unavailability of two diesel generators. So, when the
sequence has the nonrecovery factor appended, the diesel unavailabilities cancel, and the
result is the sequence value multiplied by the unavailability of both offsite and onsite
AC power. An implicit assumption contained in this model is that once power is restored
from the offsite grid, the probability of subsequent power failure within the 24-hour period
that would be sufficient in duration to result in core uncovery is extremely low and can be
neglected.

For the case of the nonrecovery term at 6 hours, the form of the equation is as follows:
24

yf(t)(1-QR(t,r6)Jdt

R E ~ 0
24 24

yf(t)dt ~ yf(t)t1-QR(t,r0 5)]dt
0 0

(3.3.3.5)

where

r6 = offsite recovery within 6 hours.

T0 5
= offsite recovery within 0.5 hours.

The construction of the 6-hour term is similar to the term for nonrecovery term at
30 minutes. To correct for the nonrecovery term applied at 30 minutes, the value of the
30-minute nonrecovery term is in the denominator of the nonrecovery term at 6 hours.
Sequences that have the 30-minute term applied has a corrected term applied so that the
resulting sequence only has the offsite power recovery term multiplied by the appropriate
diesel unavailability. In other words, the resultant sequence that contains failures split
fractions of both diesels and EPR30 are multiplied by a factor such that the resultant
sequence has the term for the unavailability of AC power appended, Equation (3.3.3.3).
The diesel and the EPR30 terms are canceled out.
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3.3.3.4.4 Offsite Grid Recovery Factor Quantification

The calculation of these nonrecovery values employs the use of the Monte Carlo
simulation code STADIC (Reference 3.3.3-9). This code uses three input files to perform
the integration over time. One input file sets up the process by declaring, among other
things, the number of random database samples taken, and the number of output
variables, or answers. The second input file contains the subroutine that STADIC uses.
This subroutine, in the case of calculating electric power nonrecovery, performs the
piecewise integration of Equation (3.3.3.4). The third input file contains the Browns Ferry
database variables that are used in the quantification of the emergency diesel generator
system unavailability.

STADIC solves the integral by evaluating the two functions in the integral at time steps of
15 minutes. After the total elapsed time has reached 8 hours (33 time steps), the
functions are then evaluated at 1-hour time steps. Because the offsite power recovery
curve flattens out (see Figure 3.3.3-1) for the time greater than 8 hours, the time step can
be lengthened.

The emergency diesel generator system equations are found in the subroutine that STADIC
uses. Depending on the number of diesel generators that'have failed, the appropriate set
of equations in the subroutine is evaluated. The frequency of onsite power failure, yf(t), is
determined for the time interval between t and dt by evaluating the system failure
equations for both mission times t and t+dt. The two results are then subtracted to
obtain the probability of failure within the time interval.

3.3.3.4.5 Results

The frequency of offsite power recovery, QR(t,r), is obtained or interpolated from the
values in Table 3.3.3-8. The result, subtracted from 1, is then multiplied with the diesel
system unavailability result. The STADIC computer code uses Monte Carlo simulation of
the input distributions to create the resultant distributions. Two thousand random samples
of the input distributions and one thousand of the results were used to create the binning
boundaries of the resultant distribution. The eight cases are shown in Table 3.3.3-9.

3.3.3.5 ~R fer~n
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1 992.

3.3.3-2. Swain, A. D., and H. E. Guttman, "Handbook of Human Reliability Analysis with
Emphasis on Nuclear Power Plant Applications," prepared for U.S. Nuclear
Regulatory Commission, NUREG/CR-1278, August 1983.
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Judgement in the Evaluation of Human Reliability: An Initial Appraisal,"
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Location of Surveillance
Complexity
lSee Note 1

on Page 2)

Verification
lSee Note 2
on Page 2)

Realignment Using
Manual Controls snd
Switches Provided

by the Design

Realignment from
Jumpered Circuits or

, Other Temporary Plant
Modification

Calibrations Left
Missllgned or at

Unresponsive Setpolnts

Control Room Area
(Includes backs of panels
and/or associated
equipment)

Local (single location
exterior to the control room
area)

Low

Medium

High

Low

Medium

High

Yes
No
Yes
No
Yes
No

Yes
No
Yes
No
Yes
No

Variable
(Note 3)

ZHERCL

ZHERCM

ZHERLL

~
ZHERLM

Mean

2.0-3

5.9-3

3.4-3

1.5-2

Variable

ZHEJCL

ZHEJCM

ZHEJLL

ZHEJLM

Mean

1.8-3

4.9-3

3.2-3

1.2-2

Variable

ZHECCL

ZHECLL

Mean

4.9-3

6.2-3

Table 3.3.3-1 (Page 1 of 2). Generic Database Variables Used for System Analysis Screening of Preinitiating Event,
Routine Human Error Caused, Undetected Unavailability following Maintenance and Testing

Type of Action

U7

O

Po

n
CD

Pt
hl

CL
C
CL
C
Ol

m
X
0)
2
Ol

0

Multiple Locations
(excluding the control room
area)

Low

Medium

High

Yes
No
Yes
No
Yes
No

ZHERML
~"

ZHERMM

1.0-2

3.2-2

ZHEJML

ZHEJMM

9.6-3

2.7-2

ZHECML 1.6-2

'Refer assessments not having a generic variable associated with it to the human action analyst for a system-specific evaluation. The bases and

derivation of the distribution of each generic database variable is contained in Reference 3.3.3-1.

Note: Exponential notation is indicated in abbreviated form; 2.0-3 = 2.0 x 103.
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Notes:

1. Complexity Guidance:

Select low complexity only if it is clear that all criteria are satisfied.
Select medium complexity only if no more than two low complexity criteria are out of tolerance.

Low:

Medium:

High

Single objective.
Very clear procedures (one action/step with individual checkoff, outline or columnar form, easy to interpret).
Less than 10 closely associated calibrations and/or restorations.
Items clearly marked and separated.
Small team working directly with each other.

Repetitive or coordinated objectives.
Clear procedures (one action/step, critical steps" having checkoff, narrative form, easy to interpret).
Less than 10 restorations of varying types.
Items clearly marked in same general area.
Team in more than one location with dedicated communication.

Diverse objectives.
More than 10 restorations.
Items ambiguously marked or in close proximity.
Team in multiple locations with intermittent communication.
Any consideration that make assignment of either low or medium complexity uncertain.

2. Verification Guidance:

Table 3.3.3-1 (Page 2 of 2). Generic Database Variables Used for System Analysis Screening of Preinitiating Event,
Routine Human Error Caused, Undetected Unavailability following Maintenance and Testing

CJ

O

tlat

'n

C
Pt
N

CL
C
CLc
Q

'0
Q

ITI
X
Ol

2
D
Q

O

Yes: Second person verifies and signs off in a separate space provided for that purpose (low dependency between checker and testers).
No: Two people working together verify realignment, or less. (Moderate or high dependency between checker and testers.)

3. Legend:

ZHERLL

Complexity (low)
Location (single local)
Type of Action (realignment with controls)

'Refer assessments not having a generic variable associated with it to the human action analyst for a system-specific evaluation.
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fd
(d
(d

h)

System
Notebook

Top Test Nlmber
Event

Test Name Database Description of Error
Variable

Core Spray CS

Core Spray CS

2-$ 1-4.2.8-39AI(I I )

2-81 4.2.8 398

Core Spray Systen Logic Flmctfonal
Test Loop I (II)

Core Spray System Logic Tine Delay
Relay Calibration

ZHEJLL Breaker left In racked out position.

ZKEJLL Failure to remove Junpers.

Core Spray CS

EECM EE

2-81-4.5.A.1.df(11)

0-81.3.1'I

Core Spray FIOM Rate Loop I (11)

EECM Pwp Baseline Data Acqulstfon dnd
Evd luat Ioil

ZKERCL

ZHERLL

Failure to remotely restore valves to
their normal position.

Failure to fully reopen the fxcp manual

discharge valve after cocpletfng the test.

EPS

EPS

DIES1 0 Sl 4e9eA 1 ed(A) also
(B,C,D)

DIES2 3-SI-4.9.A.'I.a(3A) also
(38,3C,3D)

Diesel Generator A(B,C,D) Konthly
Operability Test

Diesel Generator 3A (38,3C,30) Konthly
Operabl l I ty Test

ZHERCL

ZHERCL

Failure to realign diesel exhaust fans.

Failure to realign diesel exhaust fans.

Table 3.3.3-2 (Page i of 2). Summary of Routine Human Errors Included in the Systems Analyses To Account for
Preinitiating Event, Routine Human Error Caused, Undetected Unavailability following
Maintenance and Testing

III
0

Ol

II
O

C

h)

CL
C
CL
t
0l

a
0)

ITI
sc

, 0l

Dl

0

KPCI HPI/HPCIS 2-81-4.2.8-26 CSCS-Condensate Kedder LoM Level
Calfbratfon

ZNEJLL Failure to remove inhibits/boots from
relay contacts.

HPCI HP I/KPCIS 2-81-4.2.8 26FT

HPCI HPI/NPCIS 2.81.4.2.8-27

HPCI HPI/NPCIS 2-81-4.2.8-27FT

HPCI HPI/KPCIS 2-S1.4.2.8.428

HPCI HPI/NPCIS 2-SI-4.5.E ~ 1.C

CSCS-Condensate Header Lou Level
Flnlctfonaf Test

HPCI Suppression Chamber High Level
Instruncntatlon Calibration

HPCI System Suppression Chenbcr High
Level fnstrunentation Flnlctfonaf Test

HPCI System Time Delay Relay
Calibration

HPCI System Moter Operated Valve
Operabi lIty

ZHEJLL

ZHEJLL

ZHEJLL

ZKEJLL

ZHERCL

Failure to remove inhibits/boots fran
relay contacts.

Failure to remove Inhibits/boots fran
relay contacts.

Failure to remove inhibits/boots from
relay contacts.

Failure to remove inhibits/boots from
relay contdctse

Failure to realign valves fran the control
room.

RHR RP 2-81-4.2.8-45AI (I I)

RCIC See Systen 2-SI-4.5.F.1.C
Notebook

RCIC System Hotor Operated Valve
operdbi I I ty

Loop I (II) RHR Logic System
Flnlctfonal Test

ZHERLL Failure to realign valves.

ZNEJKL Fal lure to remove Inhibits/boots from
relays.

(D
C
Ol»00

O
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System Top
Notebook Event

Test Naker Test Name Database Description of Error
Variable

RHR RP 2-SI-4.2.8.4581 (II) Division I (II) RHR System Logic
(LPCI) Mode Time Delay Relay
Calibration

ZKEJML Failure to Remove Inhibits/Boots from
Rela) se

Sec. Cont. RBI
Isol.

Sec. Cont. RBI
Isol.

Sec. Cont. RBI
Isol.

2 SI-4.2.A.9A,B

2.SI.4.2.A.10FT

2-SI.4.2.A.10A, B

Reactor Building Ventilation Radiation
Monitor 2-RM.90-'142 (143) Calfbratfon
and Fmctfonaf Test

Reactor Building Ventilation Radiation„
Monitors RM-90.140, 141, 142, 143
Instruaent Frat tonal Test

Reactor Building Ventflatfon Radiation
Monitors RM.90.140 (141) Csllbratfon
arxl Fmctfonaf Test

ZHEJLL

ZHEJLL

ZHEJLL

Failure to remove banana Jumpers that
disable the reactor building isolation
signal.

Failure to remove banana Jurpers that
disable the reactor building isolation
8'I gna l ~

Failure to remove banana Jaguars that
disable the reactor building isolation
signal.

Table 3.3.3-2 (Page 2 of 2). Summary of Routine Human Errors Included in the Systems Analyses To Account for
Preinitiating Event, Routine Human Error Caused, Undetected Unavailability following
Niaintenance and Testing
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Top Database Def fnltlon of Action
Event Varlabte

Time Constraints Keen HER

/Demand

OAD HOAD1

OAD ROAD2

Inhibit ADS actuation, Given ATIIS with an Unfsolated
Vessel

Inhibit ADS Actuation, Given ATVS with an Isolated
Vessel

Time to .122» dependent on suppression poet
heatup, but approx. 10 mfn. Four mfn. provided by
timer after reaching -122" for 14 mfn.

Level drops to -122» within 2 minutes without
injection, Cont. Press i 2.45 pslg when RPV ls
fsotated. Must fnhibit prior to 95 sec-timeout.

0.001C60

0.001C60

OAL HOAL1 Allow RPV Level To Drop and Control at Top of Active
Fuel, Given ATllS with Unlsotated Vessel

Initiate when required fn thc event. Initiate and
gain control of Injection within 1 mfn of reaching
.162" to avofd going betow -190".

0.017100

OAL HOAL2 Lower and Control RPV Level at Top of Active Fust,
Given ATHS with Isolated Vessel

OBC HOBC1 Cootdown with Turbine Bypass Valves, Given Either HPCI

or RCIC Available

Initiate and gain control of injection within 1

minute of reachfng -162" to avotd going below
190 I

Hot time sensitive - do as required during ffrst 6
hours.

0.018700

0.000792

Table 3.3.3-3 (Page 1 of 4); Summary Descriptions of Dynamic Human Actions Evaluated for the Browns Ferry PRA
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OBD H0801 Depressurfze with TBVs after Loss of HPCI/RCIC

CRD HOCRD'I Align Enhanced Flow CROHS, Given HPCI/RCIC Faf I after 6
Hours

Approximatety 15 minutes to boil down from .45» to
-122" at 2X decay heat.

Hot time sensitive - more than 90 minutes
available to altgn second fxmp.

0.128000

0.001310

CRO HOCRD2

oovs Hoows1

Align and Operate Enhanced Flow CRDHS, Given Enhanced

Mode Is Required (HPCI/RCIC Failed)

Inltfate Drywet I Spray

Kore than 45 minutes to reach top of active fust
with no Injection at 2X decay heat.

Assuac 20 to 60 minutes to avofd contairaent
conditions that could result fn release of
radioactive materials into the envfrmaent.

0.001010

0.009800

(OIIS HODVS2 Initiate Drywall Spray, Given ATIIS Assuae 10 to 40 mfnutes to avoid contafreent
conditions that could result fn release of
radioactive materials Into the envfrement.

0.026800

OF HOF1

OF HOF2

Control One Feedwater Pump and Hotwell Level, Given
Autocontrol was Successful

Control One Feedwater Amp and Hotwell Level, Given
Autocontrol Falls

Monitor during cootdown (up to 24 hours). Respond

to aterm wlthtn 5 mtnutes to avoid automatic trip.

Continuous requirement during cootdown (up to 24

hours) ~ Respond to alarm within 5 mfrates to
avoid automatic trfp.

0.000363

0.002630 (
ta
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Top Oatabsse Oeflnltlon of Action
Event Variable

'rime Constraints Neon HER

/0emsnd

OF HOF3

OF HOF4

Control Feechcater Pumps and Hotueil Level, Given
Autocontrol ls Successful, but Operators Initially
Failed to Trip 2 Feechcater Pcmps

Restore and Control RPV Level ulth Feechcater Folloulng
Shutdown from ATMS

Respond to alarm ulthln approximately 2 minutes to
avoid automatic tr ip.

Continuous control during ref III/cooldo»n (to 24
hours). Once normal level achieved, respond to
alarm uithln 5 minutes to avoid auto trip at +55«.

0.331000

0.007580

OFT MOFT1 Trip TMo of Three FeedMater Pcmps To Limit Feed»ster
F lou

OHC HOHC1 Control RPV Level and Pressure Mith HPCI and/or RCIC
during First 6 Hours

Respond in approximately 2 minutes to avoid
automatic trip of all 3 purps.

Continuous requirement - react ulthln 5 minutes of
high level alarm to prevent automatic HPCI trip at
+55".

0.001840

0.000990

OHC HOHC2 Control RPV Level and Press ulth HPCI during First 6
Hours, Given RCIC Failed or Insufficient

Continuous requirement - react uithln 5 minutes of
high level alarm to prevent automatic HPCI trip at
+55".

0.000972

Table 3.3.3-3 (Page 2 of 4). Summary Descriptions of Dynamic Human Actions Evaluated for the Browns Ferry PRA
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OHC HOHC3 Control RPV Level and Pressure ulth RCIC during First 6
Hours, Given HPCI Failed

Continuous requirement . react uithln 8 minutes
after alarm to prevent automatic RCIC trip at
y55»

0.000752

OHC HOHC4 Control RPV Level Mith HPCI Foiiouing Shutdoun from
ATVS

OHL KOHL1 Control RPV Level and Pressure Nlth HPCI and/or RCIC 6
to 24 hours, Given Short Term Control Successful

oHL KOHL2 Recover and Control RPV Level and Pressure ulth HPCI

and/or RCIC up to 24 hours, Given Short Term Control
Failed

Continuous requirement - after recovery of RPV
level react uithln 5 minutes after alarm to
prevent automatic HPCI \rip at +55".

Nonltor coolie. React to alarm uithln 15 minutes
of indication to prevent automatic trip at +55».

Continuous requirement . react to alarm ulthin 15
minutes of indication to prevent autcestic trip at
+55".

0.010300

0.001450

0.004390

OHS HOHS1 Initiate HPCI FolloMing FM Failure, Given tuo Stuck
Open Relief Valves

Estimate 10 to 15 minutes before HSIV closure at
-122".

0.008500

OHS HOHS2 Initiate HPCI/RCIC Foiioulng Fll Failure, Given One or
Ho Stuck-Open Relief Valves

Estimate 10 to 15 minutes before NSIV closure at
-122".

0.000769
O
C
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O
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Top Database Def inltion of Action
Event Variable

Time Constraints Hean HER

/Demand

OHS HOHS3 Initiate KPCI Following FII Failure during Recovery
after ATMS

OJC HOJC1 Control RPV Level with Condensate by Alternate Heans,
Given Startup Bypass Valve fails

OLA HOLA1 Control LPCI to Haintain Vessel Level at Top of Fuel,
Given ATNS

OLC HOLC1 Transfer to Condensate ln Startup Bypass Hode,
Feedwater ls Available during Cooldown

OLC NOLC2 Place Condense'te in Startup Bypass Xodei GIven it was

Maintained Operational during Cooldown and FH failed

OLP HOLP1 Control RPV Level Using LPCI Node of RKR or the Core
Spray System

Restart within 5 minutes if RPV level Is at top of
active fuel to avoid felling to -190".

Assune 30 minutes before other s»ans of level
control would be sought. Approx 2 hours to core
tacovery lf no means to cool «ore found.

Continuous requirement for close control until
subcritlcallty and refill.

Assuse 30 minutes before other s»ans of level
control would be sought. Approx 2 hours to core
tmcovery if no s»ans to cool core found.

Assuse 30 minutes before other means of level
control would be sought. Approx 2 hours to core
a+ovary If no a»ans to cooL core found.

Initiate after cooldown. Not tice sensltlve-
over two hours to core mcovery fran normal RPV

level with no injection.

0.005320

0.032400

0.078100

0.000500

0.000700

0.001500

Table 3.3.3-3 (Page 3 of 4). Summary Descriptions of Dynamic Human Actions Evaluated for the Browns Ferry PRA
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OPTR HOPTR1 Terminate Feedwater FLow, Given Feedwater Raspup

ORF HORF1 Restart and Control One Feedwater Pmy following +55"

Trip

One to two millUtes after alarm 'to avoid RPV

overfilL to +114".

Approximately 30 minutes at 2X decay heat.

0.001070

0.000421

ORP HORP1

ORP HORP2

Start RHR and/or CS Purps for LPI, Given High Pressure
injection Successful

Start RHR and/or CS Pubs for LPI, Given High Pressure
Injection Fails

Not tise sensitive - at least 2 hours to boll down

from normal level after normal cooldown.

At least 20 minutes to align as Level declines.

0.000097

0.025600

RPS HORPS1 Backup Automatic SCRAN Fmctlon with Pushbuttons and

Hara>el ARI

. Mithin one minute. 0.001200

RVD HORVD1

RVD HORVD2

Open One SRV To Assist HPCI or RCIC Cooldown

Es»rgency Depressurize by Hanually Opening HSRVs, Given
KPCI and RCIC Hardware Felled

Kot tice sensltve - do as required.

5 to 10 minutes to recognize need to emergency
depressurlze. 3 to 5 minutes to -190a once -162»

reached.

0.001530

0.006700
I
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CD

CD

CD

Top Database Oeffnltlon of Act!en
Event Variable

Tice Constraints Nesn HER

/Demand

RVD HORVD3 Emergency Depressurfze by Hsnuslly Opening HSRVs, given
HPCI/RCTC Control Felled

Align RKR for Shutdoun Hode of Cooling

5 to 10 Alrcrtes to recognize need to emergency
depressurfce. 3 to 5 Afrxrtes to -190" ence -162"
reached.

Not time sensitive - can be dane over the course
of hours.

O.OSSCOO

0.00699

OSD HOS02

OSL HOSL1

Align RHR for Shutdorrn Hode of Cooling, given 1 Loop
Unavs 1 labia

Actuate SLC, given ATNS rrith Vessel Unlsolated

Not tfce sensitive - can be dane over the course
of hours.

3 to 5 minutes available to avoid level/paver
control requirement. Suppresslcn pool reaches 170
degrees F in 20 minutes.

0.001500

O.OOSS30

OSL iNSL2 Actuate SLC, given ATNS rrfth Vessel isolated At SON porrer the suppression pool reaches 110 deg
F in spproxlmlately 2 Afrcrtes and 170 dcg F ln 7
Afnuteso

0.012200

OSP HOSP1 Align RHR for Suppression Pool Cooling Not time sensitive - approxlcetely 1 1/2 hours
before SP teaperature exceeds 1CO degrees F.

Table 3.3.3-3 (Page 4 of 4). Summary Descriptions of Dynamic Human Actions Evaluated for the Browns Ferry PRA
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OSP HOSP2

OSP HOSP3

'18 HDT81

Align RHR for Suppression Pool Cooling, given ATIIS

Align RKR for Suppression Pool Cooling, Given One Path
Unavs 1 labia

Defeat NSiV Closure Logic, Given ATHS rrfth Turbine Trip

Transfer Hode Srrftch To Refuel/Shut Dorm in Response.to
SCram

gsckup Nein Turbine Trip

Approximately 10 minutes rsrtfl HCTL if rnft st SDX

porrer.

Not tiae sensltlve - sarah more than '1 hour before
SP tcaperature exceeds 1CO degrees F.

Accccpllsh ln first 10 Afnutea of trsnafent-
approximstely 7 Afrxrtes before SP reaches 110
degrees F, forcing louerfng of level.

Hot time significant for typical pressure
reduction rates.

Do uf thin 1 Airxrta to avoid NSlV closure.

0.005890

0.000069

0.000726

0.001890
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 3.3.3%. Guidance Regarding Information To Include in Operator Response Forms

TASK IDENTIFIER with the summary reproduced from operation action summary table.

PRECEDIN EVENT
~ List initiating events after which action may be required.
~ Briefly summarize sequence of events leading to action.

Base the sequences on event tree descriptions.
Bound the range of possibilities (identify if influenced by initiating event).

~ Identify any abnormal plant responses that may complicate the situation.

INDICAT N F PLANT ONDITION
~ List what the operating crew sees that permits diagnosis that the action is

required.
~ Estimate how long the condition could exist before indications sufficient for

diagnosis are available to the operators.
~ Describe parallel indications that can mask the action requirement.

PR ED RAL UIDAN E REQ IRED A TIONS
Reference the procedure and steps that will be followed.
State whether the task is an immediate memorized action.
Briefly summarize the aspects of the action that could influence the

operators'bility

to diagnose and accomplish it.
Identify considerations in addition to procedures that could influence likelihood of
success.

CONCURRENT ACTIONS COMPETING FACTORS
~ Identify concurrent actions that could compete for attention.

Briefly describe alarms, environmental conditions, and other distractions that
could impact the operating shift's concentration and produce stress.

~ Discuss important aspects of the operator 'team interactions.

INDICATION F U CESSFUL COMPLETION SUC ESS IMPACT
~ Characterize plant state upon completion based on event tree success criteria.
~ Describe how the operators can determine they have been successful.

FAILURE IIVlPACT
~ Characterize the plant condition following failure to accomplish based on event

tree success criteria.
~ Identify later actions the operators have available to respond with once the plant

has made a transition to the failed condition.

TIME N T AINT
~ List thermal/hydraulic and physical/equipment response considerations that

influence time available before transition to failed condition.
~ Summarize what is known about time required to both diagnose and accomplish

the tasks.

TAB3334.BFN.08/30/92 3.'3.3-1 8



Browns Ferry Unit 2 Individual Plant Examination Release 0

Table 3.3.3-5. Qualitative Descriptions of Dynamic Human Actions

HORF1: Restart and Control One Reactor Feedwater Pump following a +55" Trip

PRECEDING EVENTS
~ Reactor scram for "other" reasons.
~ One or more RFPTS not tripped (OFT=F) with subsequent control failure

(OF =F).
RPV level rises to +55", resulting in trip of all running RFPTs (LBF=S).

ND ATI N F PL NT NDIT N
~ RPV pressure remains ) 300 psig.
~ RPV level = +55".
~ Panel 2-9-5 indicates 2 of 3 hi-hi level relays have tripped (red lights lit).
~ MSIVs open.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ 2-AOI-3-1; 2-Ol-3; GOI-100-12.
~ Reset at least 2 of 3 level trips on Panel 2-9-5.
~ Run MSC & MGU of the tripped RFPT to min stop.
~ Wait and observe the RPV level decrease to (55" ~

~ Restart RFPT.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Normal post trip 2-GOI-100-12 activities,

INDICATIONOF SUCCESSFUL COlNPLETION AND SUCCESS IMPACT
~ RFPT trip is cleared.
~ RFP supplying water to RPV with level maintained at +33" ~

FAILURE IMPACT
~ Makeup required from HPCI/RCIC.

TIME CONSTRAINT
~ Time available from +55" to -45" RPV level is approx 30 minutes.

TAB3335.BFN.OS/30/92 3.3.3-1 9



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 3.3.3-6. Summary of the Relationship between the Scoring and Weighting
Processes

~r: With respect to the things addressed by this PSF, are the conditions under which the
action must be accomplished helping or hindering us to successfully complete it? In other
words, we are rating the impact of the conditions on our ability to succeed in accomplishing the
action. Interpretation of the range of scores

0-3 Helps

4-6 Is Neutral

7-10 Hinders

~W~ih: Does a variation between helping and hindering have more influence on the probability
that we will successfully complete it than other PSFs? In other words, is this PSF a focus of the
action? Do we key in on the things addressed by this PSF?

0 Insignificant compared to other PSFs.

1 Low: unimportant compared to other PSFs.

2 Normal: about the same as other PSFs.

4 High: much more important than other PSFs.

Wei htin Thou h Process

Initially set the weights of every PSF equal to 2.

2. Adjust weights of the PSFs only if you believe that their importance for judging the ease
or difficultyof accomplishing the action is significantly (a factor of 2) greater or less
than the other PSFs. The weights will be normalized so that the maximum overall failure
likelihood index will be a 10, so the effect of increasing all of the weights is the same as
increasing none.

3, Generally, actions requiring similar types of skills have the same PSF weights. Some
examples of groups of actions where differences in the focus may require different PSF
weights are as follows:

Immediate recognition and reaction.
Actions where diagnosis of need would dominate success.
Actions requiring a long sequence of manipulations.
Local actions involving coordination of activities.
Adjusting or controlling against indications.

Im of W i h n H w h F ilure Lik lihoo Index Chan es

~Wi~h R in han Pr d cin h am han in he FLI

1

2
4

1~9
3~7
4~6

TAB333B.BFN.OS/30/92 3.3.3-20



Top Database Dcffnltlon of Actfon
Event Variable

Tla» Constraints

C lS HOG ISl Ensure That Various Korraaffy Closed Valves are Closed,
Given Croup 6 Isolation ls Required

At least one hour available after Group 6
isolation before release of radioactive raaterfafs
in conte frvr»nt begins.

OEE HOEE1

OEE HOEE2

OFLRB HOFLRB

PCA HOP CAT

Align and Start One RHRSM Srrfng Prarp, Given LOSP and
Insufficient EECM to Diesel Generators

Align and Start One RHRSM SMfng Prarp, Given LOSP, ATMS,
and lnsufffcfent EECM to Dfesel Generators

identify and isolate Leak fn Either Korth or South EECM

Header

Nanually Start Trro Afr Corpressors, Given Loss of
Offsfte PoMer

Five rafnutes available before dfesel generator
exceeds desfgn teapcrature.

Five rafnutes available before diesel generator
exceeds design teaperature.

20 to 30 ralrxrtes to avoid flooding RHR, CSg HPCI
and RClC.

One hour before NSRV afr reservofr ls depleted.

OR480 HOR480 Align 480V RNOV Board 2A (28) to Alternate Source Nore than 2 hours after RKR needed for core
coolfng, depending on coofdorrn rate.

Table 3.3.3-7 (Page 1 of 2). Summary of Browns Ferry Recovery Actions incorporated into the Plant Model
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ORP KORP3 Start RHR/Core Spray Prarps for Lo|r Pressure injection,
Given LOSP, Loss of 0/Cs, and Po|rcr Recovered ufthfn 6
Hours

OSPR HOSPRC Nanually Close LPCl injection Valves To Restore
Suppression Pool Cooling

OSPR HOSPRO Nanually Open Valves To Align RHR for Suppression Pool
Cooling

Core rx»ovary uf thin 30 rafnutes If the AC pouer
rrere not recovered.

First fndicatfon of requires»nt 2 to 4 hours into
transient. Suppression pool rises fros f5 deg. F
to 140 deg. F fn 4 hours at 1X decay heat.

First Indfcatlon of requfrca»nt 2 to 4 hours fnto
transient. Suppression pool rises to rkracceptabf e
teaperature In 12 additional hours.

0.043600

0.000226

0.000480

U1 KOU11 Crosstfe Unit 1 Prarps and Keat Exchanger to Unit 2
Torus, Given Flood fn Reactor Building Bassa»nt, Unit 2
Condenser Unavailable

Thirty arfrxrtes to avoid core rarcovery If injection
into RPV lost durfng the fnftlal phase of the
flood.

0.016100

U1 KOU12 Align Alternate Sources of Mater To Nafntafn RPV Level,
Given a Leak fn the Torus Ring Header and
Condensate/Feechrater Lost fn Unit 2

Thirty Ninutes lf injection into RPV lost during
initial phase of flood.

0.043600

UB HOUB1 Restore Porrcr to Both Units 1 and 2 Unit Board (4 kv),
Given Loss of Nafn Electrical Feed to that Unit

15 to 20 arfnutcs available before diesel
generators rcquf red.

0.002820
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Top. Database Def inition of Action
Event Variable

Time Constraints

UB HOUB2 Restore Power to Both Units 1 and 2 Unit Boards (4 kV),
Given Loss of 500 kV Grid

15 to 20 minutes available before diesel
generators required to operate In the smdel.

OVS HOVS1 Close a Valve To Isolate a High/Low Pressure Leak that
Occurs during Surveillance Testing of a CS or LPCI
Injection Line

Assune 2 minutes for failure mechanisms in low
pressure line to propagate sufficiently to require
reactor SCRAN and safety system actuation.

OVS HOVS2 Respond To Inadvertent Failure of High/Low Pressure
Interface Valve In the CS or LPCI InJection Lines
during Normal Operat iona

Assuse 2 minutes for failure mechanisms in low
pressure line to propagate sufficiently to require
reactor SCRAH and safety system actuation.

Table 3.3.3-7 (Page 2 of 2). SUmmary of Browns Ferry Recovery Actions Incorporated into the Plant lNodel
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Time To Recover
(hours)

0.25
0.50
0.75
1.0
1.5
2.0
3.0
4.0
5.0
6.0
8.0
10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

10th Percentile

.269

.360

.409
A68
.548
.608
.663
.706
.745
.771
.803
.838
.854
.871
.883
.894
.905
.912
.923

Table 3.3.3-8. Generic Offsite Power Recovery Model

Median

A07
.510
.562
.624
.694
.749
.788
.818
.848
.868
.889
.911
.921
.930
.937
.943
.949
.954
.961

90th Percentile

.616

.723

.773

.831

.879

.922

.936

.948

.966

.977

.984

.990

.993 =

.993

.994

.995

.996

.998
1.000

Error Factor

1.513
1A17
1.375
1.332
1.267
1.231
1.188
1 ~ 159
1.139
1 ~ 126
1.107
1.087
1.078
1.068
1.061
1.055
1.049
1.046
1.041
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 3.3.3-9. Electric Power Recovery Results

Number of
Diesels Failed

3

4-8

Time to Core
Damage (hour)

0.5"

0.5

0.5

0.5

Offsite
Power

Nonrecovery
Factor

0.475"

0.473"

0.472"

0.470"

0.272""

0.273""

0.269""

0.268""

Diesel System
Unavailability

1.0-01

1.7-02

4.7-03

2.0-03

1.0-01

1.7-02

4.7-03

2.0-03

AC Power
Nonrecovery

Factor

5.0-02

8.1-03

2.2-03

9.2-04

1.3-02

2.2-03

6.004

2.5-04

"Likelihood of not recovering offsite power within first 30 minutes.
""Likelihood of not recovering offsite power between 30 minutes and 6 hours,
given power was not recovered within the first 30 minutes.

Note: Exponential notation is indicated in abbreviated form; e.g.,
1.0-01 = 1.0 x 10-01

~,
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Browns Ferry Unit 2 individual Plant Examination Revision 0

3.3.4 COIVIMON CAUSE FAlLURE PARAMETERS

Dependent failures such as common cause failures at the systems level are treated either
explicitly by means of identifying causes of dependent failure and incorporating them into
the systems or event sequence models, or implicitlyby using certain parameters to
account for their contribution to the unavailability of the systems. Examples of the first
category are the sharing of common components, internal floods, and certain types of
human error during test and maintenance. This section deals with the second category,
addressing common cause failures that are not covered in the first category, such as
design errors, construction errors, procedural deficiencies, and unforeseen environmental
variations.

The parametric model used in this study to quantify the effect of the second category of
dependent failures is known as the multiple Greek letter (MGL) method
(Reference 3.3.4-1). The following is an overview of the method and the Bayesian
technique used in developing state of knowledge distributions reflecting various sources of
uncertainty in estimating its parameters. Due to the relatively low frequency of these
events, there are insufficient data available to justify the use of the two-stage Bayesian
procedure described in Section 3.3.1.2 for failure rates; thus, a modified technique is used
as described below.

3.3.4.2 Multi le Greek Le er IVlodel

The MGL parameters consist of the total component failure probability, Q„which includes
the effects of independent and common cause contributions to that component failure, and
failure fractions, which are used to quantify the conditional probabilities of the possible
ways that a common cause failure of a component can be shared with other components
in the same group, given component failure has occurred. For a group of m redundant
components and for each given failure mode, m different parameters are defined. For
example, the first four parameters of the MGL model are

Q, = total failure probability of each component due to independent and,common
cause events.

plus

P = conditional probability that the cause of a component failure will be shared by
one or more additional components, given that a specific component has failed.

= conditional probability that the cause of a component failure that is shared by
one or more components will be shared by two or more additional components,
given that two specific components have failed.

5 = conditional probability that the cause of a component failure that is shared by
two or more components will be shared by three or more additional components,
given that three specific components have failed.

SECT334.BFN.08/29/92 3.3.4-1
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The general equation that expresses the probability of k specific component failures due to
common cause, Qk, in terms of the MGL parameters, is consistent with the above
definitions.

The MGL parameters are defined in terms of the basic parameter model parameters for a
group of three similar components as:

0( ) +2 0( 1+0( ) (3.3A.1)

P(3) 20 + 03
0' + 20' + 0'( 2 3

g3) 03(3)

20"'+0"'3
(3.3.4.2)

5 and higher order terms are identically zero.

For a group of four similar components, the MGL parameters are as follows:

0 =0( )+30(4)+30(4)+0( ) (3.3.4.3)

)(4) 302 + 303 + 04
0', +30'30'4 +04

30',4'+ 0'„4)

3024) + 3034'+ 0(44)
(3.3.4.4)

5(4) 04(4)

30(4) + 0(4)

It is important to note that the integer coefficients in the above definitions are a function
of m, the number of components in the common cause group. Therefore, it is generally
inappropriate to use MGL parameters that were quantified for an m unit group in an E unit
group, when m 4 E. The same comment applies to the other similar multiparameter
methods.

The following equations express the probability of multiple component failures due to
common cause, Qk, in terms of the MGL parameters for a three-component common cause
group:

0, =
2 P (1 -y) 0,=1

03 =VI0<

(3.3.4.5)

SECT334.BFN.08/29/92 3.3.4-2



Browns Ferry Unit 2 Individual Plant Examination Revision 0

For a four-component group, the equations are

o, =(1-p) o,

o„= py5o, (3.3A.6)

The generalization of this is given by

ka„=~ g p (<-A...)a,(k=1,...,m)
(k-1 J I 1

(3.3A.7)

WhereP1 = 1,P2 = P,P3 =f,.",Pm+1 =0.

3.3.4.2.1 Point Estimators for the MGL Parameters

The following are simple point estimators for the first three of the MGL parameters:

m

g kn„

p
—~

m

g kn„
k~1

(3.3.4.8)

m

g kn„

g kn„
k~2

(3.3.4.9)

m

g kn„

m

g kn„
k~3

(3.3.4.10)

where nk is defined as the number of events involving k components in failed state.
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For instance, for a three-unit system (m =3), we have

Revision 0

2n2 + 3n3

Q + 2n2 + 3n3
(3.3.4.1 1)

Similarly,

3n3

2n2 + 3n3
(3.3.4.1 2)

As can be seen from the above estimators, the MGL parameters are essentially the ratios
of the number of component failures in various basic events. For instance, in
Equation (3.3.4.9), the numerator (3n3) is the total number of, components failed in
common cause basic events that fail three components (n3).

3.3.4.2.2 Uncertainty Distribution of the MGL Parameters

The uncertainty distribution of the MGL parameters can be approximated with simple
'parametric distributions if the observed events are assumed to be independent component
failures within different categories of common cause events. In other words, the set (nk
k=1, ..., m} where nk is the number of events involving failure of k components due to
common cause will be interpreted as (knk, k=1, ..., m} where kn„ is the number of
components failed in common cause events involving k component failures, and kn„events
will be assumed to have occurred independently.

With the above assumption, let us define the following conditional probabilities (for a
system of these components):

Z, —1 —P = conditional probability of component failure being a single failure.

Z2 — p(1 —)|) = conditional probability of a component being involved in a double
failure.

= conditional probability of a component being involved in a triple failure.

Note that

Z)+Z2+Z3 —1

The likelihood of observing n> single failures, 2n2 component failures due to double
failures, and 3n3 component failures due to triple failures can be modeled by a multinomial
distribution for Z/ s.

P(p,2n2,3n3iZ) Z2 Z3)- + "'+ "'Z, Z,'" Z,
"'p)l(2n2) l(3n3) I
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Rewriting Equation (3.3.4.13) in terms of P and g gives

P(p,2n2,3nsip,g) =M) "~''1-p)> p"'1-y) "2

where M is the multinomial multiplier, as in Equation (3.3.4.13).

We can now write Bayes'heorem as

n(lk Vlg, 2n,, 3n3) = —P(p, 2n2, 3n3lf4 V)+(p, V)
-1

C

Revision 0

(3.3A.1 4)

(3.3.4.1 5)

where mo and z are the prior and posterior distribution of P and g, and C is a normalizing
factor defined as

C = f''(n,. 2n2. 3n3iP, y)re(P, y)dP dy

As the prior, a multinomial distribution can be used

+(S,~) =hS<-'(1-S) -'V -'(1-V)"
'here

h is given by

r(A, +e, +c, +o,)
r(A,)r(e,)r(co)r(O,)

(3.3.4.1 6)

(3.3.4.1 7)

(3.3.4.1 8)

A flat prior distribution is obtained by setting Ap Bp Co —Do = 1.

Using Equation (3,3.4.17) in Equation (3.3.4.15) results in a posterior distribution for P and
g that is also multinomial, with parameters

A = Ao+2n2+3n3
B =eo+P
C =co+3n3
D =Dp+2n2

(3.3.4.1 9)

The mode of the posterior distribution occurs at

A-1
A+B-2

C-17= C+D-2

(3.3.4.20)

(3.3.4.21)
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The mean values are calculated from
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A
A+8

C7=
C+D

(3.3.4.22)

(3.3.4.23)

Note that, for the flat prior, the mode of the posterior distribution is

p
2n2 + 3n3

p+2n2+3n3 (3.3.4.24)

7= 3n
2n2 + 3n3

(3.3.4.25)

which corresponds to the point estimates presented earlier for a component common
cause group of size m =3. As can be seen, the approximate method results in estimators
that are similar to the commonly used estimators for the MGL parameters. The commonly
used estimators therefore are not exact and should be used only if the magnitude of error
introduced is judged to be insignificant compared with other sources of error and
uncertainty. More accurate estimators are found in Reference 3.3.4-2.

3.3.4.3 Da a Classifica ion and S reenin

Based on the above discussion, the MGL parameters and the associated uncertainty
distributions can be assessed if the values of nk's are known. Ideally, the numerical value
of the parameters of the common cause failure models should be estimated in a manner
that makes the maximum possible use of event data; i.e., reports of operating experience.
This requires review, evaluation, and classification of the available information to obtain
specialized failure data. Because common cause failures can dominate the results of
reliability and safety analysis, it is extremely important that this analysis of data be
performed within a context that represents the engineering and operational aspects of the
plant and system being modeled.

Due to the rarity of common cause events and the limited experience of individual plants,
the amount of plant-specific data for common cause analysis is very limited. Therefore, in
most cases, we need to use data from the industry experience and a variety of sources to
make statistical inferences about the frequencies of the common cause events. However,
because there is a significant variability in plants, especially with regard to the coupling
mechanisms and defenses against common cause events, the industry experience is not, in
most cases, directly applicable to the specific plant being analyzed although much of it
may be indirectly applicable. Also, and perhaps equally important, the analysis boundary
conditions that dictate what category of components and causes should be analyzed,
requires careful review and screening of events to ensure consistency of the database with
the assumptions of the system model, its boundary conditions, and other qualitative
aspects delineated in the analysis.
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The significance of this step has also been emphasized by Reference 3.3.4-3 since an
important conclusion of the Common Cause Failure Reliability Benchmark Exercise
(CCF-RBE) was that the most important source of uncertainty and variation in the
numerical results is data interpretation.

Given the raw data (event reports), a major step is the review and classification of the
events to identify where each event fits in a set of predefined categories that describes
the type of the event, its cause(s), and its impact; e.g., number of components failed.

The classification of event reports is a rather subjective exercise, particularly in light of the
quality of many of the event reports. In an attempt to reduce subjectivity in the screening
of event data to identify common cause failures, the CCF-RBE (Reference 3.3.4-3)
identified the following rules, which have been so'mewhat modified:

1. Component-caused functional unavailabilities are screened out since this kind of
dependency is normally modeled explicitly.

2. If a specific defense exists that clearly precludes a class of events, specific events
belonging to that class are screened out.

3. If the cause of the reported event is a division interconnection that, in the plant under
consideration, does not exist, the event is considered as an independent failure of
one division.

4. Events related to inapplicable plant conditions (e.g., preoperational testing, etc.) are
screened out unless they reveal general causal mechanisms capable of occurring
during power operation.

5. If the event occurred during shutdown and would be restored before resuming power
operation because of preservice testing or if it cannot occur during power operation,
the event is screened out.

6. If a second failure in an event happened after the restoration of the first, both failures
are considered as independent failures.

7. Events regarding incipient failure modes (e.g., packing leak, etc.) that clearly do not
violate component success criteria are screened out.

8. The events regarding the failure modes of interest are taken into consideration;
events regarding failure modes that are irrelevant to the system logic model are
screened out.

3.3.4.4 Even lm act Asse smen

A useful tool in developing statistical data from event descriptions is to summarize the
outcome of the event classification process up to this point in a form similar to the
example given in Table 3.3.4-1.
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To complete the description of the event impact at the original plant, the analyst needs to
identify the following:

1. Component Group Size..The number (m) of (typically similar) components that are
believed to have been exposed to the root cause and coupling mechanism of the
event.

2. Number of Components Affected. The number of components within the component
group that were affected (e.g., failed) in the event.

3. Shock Type. Whether the cause(s) and coupling mechanism(s) involved were of the
type that typically results in the failure of all components within the component group
(lethal shock) or not (nonlethal shock).

4. Failure Mode. The particular component function affected; e.g., failure to open on
demand.

Table 3.3.4-2 summarizes the information about the event for the example event described
in Table 3.3.4-1 and introduces the representation called the impact vector
(Reference 3.3.4-2).

The binary impact vector of an event that has occurred in a common cause component
group of size m has m + 1 elements,"

Each element represents the number of components that can fail in an event. If, in an
event, k components are failed, then a 1 is placed in the Fk Position of the binary impact
vector, with 0 in other positions. In the example of Table 3.3.4-1, the component group
size is 2; therefore, the binary impact vector has three elements: (F0, F>, F2). Since two
components were failed, we have Fo = F, = 0 and F2 = 1. A condensed representation
Is

I = {0, 0, 1) (3.3.4.26)

Most of the time, however, the event descriptions are not clear, the exact states of
components are not always known, and root causes are seldom identified. Therefore, the
interpretation of the event (i.e., the translation of the event descriptions into a form similar
to the example in Tables 3.3.4-1 and 3.3.4-2) may require establishing several hypotheses,
each representing a different interpretation of the event.

As an example, consider the event classified in Table 3.3.4-3. Since it is not clear
whether the third diesel was also actually failed, the binary impact vector is assessed
under two different hypotheses (Table 3.3.4-4). Under the first hypothesis, only two
diesels are considered failed, while, according to the second hypothesis, three diesels were
failed. The analyst, at this point, needs to assess his or her degree of confidence in each
of the two hypotheses. In the example of Table 3.3.4-4, a weight of 0.9 is given to the

"Common cause component group is defined as a group of (usually similar) components
that are considered to have a high potential of failing due to the same cause
(Reference 3.3.4-2).
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first hypothesis, reflecting a very high degree of confidence that only two diesels were
actually failed. The weight for the second hypothesis is obviously 0.1 since the weight
should add up to 1. This property of the weighting factors assumes that all reasonable
hypotheses are accounted for.

The expectation values for the impact vectors, taken over the two hypotheses, are

I =(PP Pj P2) =(0 9)l}+(0 1)l2 =(0 0.9 0,1) (3.3A.27)

which is also shown in Table 3.3.4-4. Note that F; refers to a single binary impact vector,
and Pi refers to an average impact vector. The appendix contains the event description
and the impacts for each of the common cause events in the PLG generic database.

3.3.4.5 Rein er reta ion of Common Cause Events: Creation of a "Plan -S ecific

As explained in Section 3.3A, the common cause events in the PLG database
(Reference 3.3.4-4) have been analyzed for the original plant. The first step to creating a
"plant-specific generic". database is to determine what that event implies for Browns Ferry;
i.e., what would have happened at Browns Ferry if a similar event had occurred. As was
mentioned earlier, the same event may not be directly applicable to the plant and system
of interest due to several reasons, such as differences in design, operation,.common cause
defenses, etc. It is therefore essential to reinterpret the event in light of the specific
characteristics of the system under consideration.

In general, the differences between the system in which the data originated and the
system being analyzed arise in two ways: first, even for systems of the same size, there
are physical differences in system design, component type, operating conditions,
environment, etc.; second, there can be a difference in system size (degree of
redundancy).

In the following discussion, a framework is described with which these two types of
differences can be taken into account explicitly in reinterpretation of the event and the
assessment of the impact vector for the system of interest.

3.3.4.6 S ems of he Same Size

First, we consider the differences, given the assumption that the system size is the same.
The question to be answered is the following: Given the qualitative differences between
the two systems, could.the same root cause(s) and coupling mechanism(s) occur in the,
system being analyzed?

In reality, this step involves a considerable amount of judgment. There are a number of
sources of uncertainty. These include the lack of detailed information about the event, its
circumstances, the nature of its causes, the nature of defenses in the original system, and
the effectiveness of defenses in the system being analyzed. Due to the uncertainties
involved and the important implications of screening events from the database by declaring
them inapplicable, the analyst must have a concrete reason for his judgment. In the cases
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in which the analyst is uncertain about whether an event is applicable or not, the impact
vector of the original system may be modified by a weight reflecting the degree of
applicability of the event, as viewed by. the analyst. This is similar to the multiple
hypothesis situation discussed earlier. Thus, the alternative hypotheses are (1) applicable
with probability p, and (2) not applicable with probability (1 - p).

3.3.4.7 Ad'us men s for Siz Diff r c

The next step is to consider the system size differences. The objective is to estimate or
infer what the database of applicable events would look like if it all was generated by
systems of the same size (i.e., the number of components in each common cause group)
as the system being analyzed. This is done by simulating, in a thought experiment, the
occurrence of causes of failures (both independent and dependent) in the system of
interest and observing how the impact of these causes changes due to difference in
system size. Reference 3.3.4-2 provides a detailed discussion of the background and
justification of the need for adjustment in an impact assessmerit based on system size
differences. Reference 3.3.4-2 also develops a set of rules and equations for changing the
event impact vectors of the original system to a corresponding set for the system being
analyzed.

The rules are presented for the following cases:

1. Mapping Down. The case in which the component group size in the original system
is larger than in the system being analyzed.

2. Mapping Up. The case in which the component group size in the original system is
smaller than in the system being analyzed.

3.3.4.8 Ma in Down lm ac Vec ors

Formulas for mapping down data from systems having four, three, or two components to
any identical system having fewer components are presented in Table 3.3.4-5. In this
table, P„'represents the kth element of the average impact vector in a system (or
component, group) of size m. The formulas show how to obtain the elements of the
impact vector for smaller size systems when the elements of the impact vector of a larger
system are known.

3.3.4.9 Ma in lm a V c rs

It can be seen from the results presented above that downward mapping is deterministic;
i.e., given an impact vector for an identical system having more components than the
system being analyzed, the impact vector for the same size system can be calculated
without introducing any new uncertainties. Mapping up, however, as shown in
Reference 3.3.4-2, is not deterministic.

To reduce the uncertainty inherent in upward mapping of impact vectors, use is made of a
powerful concept that is the basis of the binomial failure rate (BFR) common cause model
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(Reference 3.3.4-5). This concept is that events can be classified into one of three
categories:

1. Independent Events. Causal events that act on components singly and independently.

2. Nonlethal Shocks. Causal events that act on the system as a whole with some
chance that any number of components within the system can fail. Alternatively,
nonlethal shocks can occur when a causal event acts on a subset of the components
in the system.

3. Lethal Shocks. Causal events that always fail the components in the system.

When enough is known about the cause (i.e., root cause and coupling mechanism) of a
given event, it can usually be classified without difficultyinto one of the above categories.
If an event is identified as being either an independent event or a lethal shock, the impact
vectors can be mapped upward deterministically, as shown below. It is only in the case of
nonlethal shocks that an added element of uncertainty is introduced on mapping upward.
How each event is handled is separately summarized in the following sections.

3.3.4.9.1 Mapping Up Independent Events

In this case, since the number of independent events in the database is simply proportional
to the number of components in the system, it can be shown that Pj and P,'"', the number
of independent events in systems with sizes E and k, respectively, are related by the
following equation:

p(C) p(k)
I Ik

(3.3.4.28)

3.3.4.9.2 Mapping Up Lethal Shocks

By definition, a lethal shock fails the redundant components present within a common
cause group. From it follows the simple relationship

p(C) p(jl
j (3.3A.29)

Thus, for lethal shocks, the impact vector is mapped directly.

3.3.4.9.3 Mapping Up Nonlethal Shocks

Nonlethal shock failures are viewed as the result of a nonlethal shock that acts on the
system at a rate that is independent of the system size. For each shock, there is a
constant probability, p, that each component fails. The quantity pp is the conditional
probability of each component failure, given a shock.

Table 3.3.4-6 includes formulas to cover the upward mapping possibilities with system
sizes up to four. In the limiting cases of p = 0 and p = 1, the formulas in Table 3.3.4-6
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became identical to Equation (3.3.4.28) (mapping up independent events) and
Equation (3.3.4.29) (mapping up lethal shocks), respectively.

The following guidelines assist in quantification.

~ If an event is classified as a nonlethal shock and it fails only one component of a
group of three or more components, it is reasonable to expect that p is small
(p < .5).

~ If a nonlethal shock fails a number of components intermediate to the number
present, it is unreasonable to expect that p is either very small (p -+ 0) or very large
(p -> 1).

~ If a nonlethal shock fails the components present in a system, it is reasonable to
expect that p is large (p ) .5).

3.3.4.10 Develo men f Even a i I sf om lm ac Vec ors

Once the impact vectors of the events in the database are assessed for the system being
analyzed, the number of events in each impact category can be calculated by adding the
impact vectors; that is,

~ —g q( ~

i~1
(3.3 4.30)

where

n„= total number of basic events" involving failure of k similar components.

P„" = the kth element of the ith impact vector.

The n„'s are used to develop estimates of model parameters.

3.3.4.11 E ma 'on of h MGL Param er

The procedure described in the preceding sections was used to develop a Browns
Ferry-specific generic database for estimating the MGL parameters. The source of data for
generic event descriptions and classification was the generic common cause database
(Reference 3.3.4-6). The generic events database covers several hundreds of events from
PWR and BWR operating experience for the components of interest in Browns Ferry PRA.
The screening of events for applicability to Browns Ferry and the assessment of Browns
Ferry-specific impact vectors were performed by analysts who were familiar with the
specific systems. The details of this screening are documented in Table 3.3.4-7.

"A common cause basic event is defined as an event involving common cause failure of a
specific subset of components within a common cause component group
(Reference 3.3.4-2).
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The impact vector for each applicable event was mapped, if needed, to adjust for system
size differences between Browns Ferry and the plants in the generic database. The
number of components in Browns Ferry was based on determination of the combination of
components assumed to be susceptible to common cause failures. Obviously, the first
criteria to apply were to identify components that were modeled in the systems and to
determine if those components could be further divided into subgroups of similar
components with high susceptibility to common cause failures. As the result of this
process, a number of common cause component groups were identified and used as the
basis for system size adjustment or mapping of impact vectors.

The maximum number of redundancies modeled for common cause failures is four. The
underlying assumption is that the conditional frequency that five or more components have
failed given the failure of four is 1.0. In other words, if four components have failed due
to common cause, then all the components in that population are considered failed.
Table 3.3.4-7 presents impacts only up to n4, even for components that have populations
of greater than four. For example, the RCW system has seven pumps in the analysis, the
common cause screening is carried out for four pumps. This model is certainly
conservative. The uncertainty in the frequency of events involving more than
four components is large.

The result of impact vector assessment and mapping is summarized in Table 3.3.4-8,
. where for each category of components or set of n„(k = 1, 2, 3, 4), values are listed.

Also provided in the table is the number of independent events adjusted for system size
difference between Browns Ferry and the plants in the generic population according to
Equation (3.3.4.28). This was done by developing an average number of components for
the generic plant, Ppe and using it to scale up or down the total number of independent
events in the generic population:

Ni = NBFN =—>NGN
BFN

PGN
(3.3A.31)

where

PB„N = population of the component in the Browns Ferry PRA model.

PGN = average population of the component in the nuclear power plants
from which the data are collected.

NGN = number of independent events for the component failure modes in the
generic database.

The average population of a component in the generic population was obtained by first
tabulating the numbering of the component in each power plant from which the failure
data are collected. These are power plants with commercial operating experience. The
average population of the component is simply the total number of the components in the
plants divided by the number of the plants. For components that are common to both
PWRs and BWRs, the average population would be based on the total number of the
components in both types of plants. For example, diesel generators and component
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cooling water pumps are equipment that are common to both PWRs and BWRs, whereas
auxiliary feedwater pumps are unique to PWRs.

Table 3.3.4-9 shows the average number of components per plant for each component
type of interest and the type(s) of nuclear power plants considered in the calculation. The
component population and the corresponding common cause component group for each
component type in Browns Ferry are provided in Table 3.3.4-8. Given the number of
independent events for each component failure mode in the generic database, the average
number of components per plant, and the number of components in Browns Ferry, the
number of independent events for a component failure mode appropriate for the calculation
of Browns Ferry-specific component common cause failure parameters can be obtained.

Table 3.3A-8 summarizes the common cause event statistics developed for Browns Ferry.
It also provides the parameters of the prior distributions used in the Bayesian updating of
the data. These parameters, together with the event statistics, provide the parameters of
the corresponding posterior distributions according to a generalization of
Equation (3.3A.15) for a four-component system:

~ For P-factors,

A —Ap + 2n2 + 3n3 + 4n4

o+n,
~ For g-factors,

C = Co + 3n3+ 4n4

D = Do + 2n2

~ For B-factors,

E —Eo + 4n4

F = Fo + 3n3

The values of n; include not only the mapped impacts but also the plant-specific
experience. Values of Ao Bp Cp Dp Ep and Fo were derivedbased on characteristics of
prior distributions assessed for the category for each component. These distributions
reflect the estimate of the likely range of variation of MGL parameters and are provided to
supplement the incompleteness of the generic event database with respect to failure
modes and causes potentially applicable to Browns Ferry but not yet observed in the
generic population.

The posterior distributions for all MGL parameters are listed in Table 3.3.4-10.
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Table 3.3.4-1. Example of Event Classification and Impact
Assessment —Event Classification

Plant
(date)
Pilgrim

(September 1976)

Status

95% Power

Event Description

Two RHR torus cooling
valves failed to operate. It
was found that the failure
was due to excessive
pressure differential across
the valves, which exceeded
the capacity of the valve
motors.

Table 3.3.4-2. Example of Event Classification and Impact Assessment
—Event Im act Assessment

Component
Group Size

Im
Fo

act Vector
F~ F2

Shock
Type

Fault
Mode

0 0 01 Nonlethal (L) Fail to 0 en on Demand

SECT334.BFN.OS/29/92 3.3.4-1 6



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 3.3.4-3. Example of the Assessment of Impact Vectors Involving
IVlulti le Inter retation of Event —Event Classification

Cause-Effect Dia ram
Plant
(date)

Maine Yankee
(August 'I 977)

Status

Power

Event Description

Two diesel generators failed to run
due to plugged radiator. The third
unit radiator was also lu ed.

Table 3.3.4A. Example of the Assessment of Impact Vectors Involving Multiple interpretation
of Events —Multi le H othesis Im act Vector Assessment

Component
Grou Size

Hypothesis

I2

0.9 0

0.1

Probability Fo F) F2 F3

0 1 0

0 0 1

Shock
T 8

Nonlethal
(N)

Fault, IVlode

Failure during
0 eration

Average Impact
Vector (I)

PO Pg P2 P3

0 0 9 0.1

SECT334.BFN.OB/29/92 3.3.4-1 7



Browns Ferry Unit 2 individual Plant Examination Revision 0

Table 3.3.4-5. Formulas for Ma in Down lm act Vectors

SIZE OF SYSTEM MAPPING TO (NUMBEROF IDENTICALTRAINS)

p l3) 1
p (4) ip (4) p ( ) 1

p ( ) +
1

p (')
0 2 1 B 2

p(1) p )+ p()+ p

p (3) ~ p (4) y p (4) p (2) p (4) i p (4) 4. p (4) p (1) 1
p (4 +

1
p (4)+ p ( )

:O

4

N

p (3) p (4) i p (4) p (2) „ p (4) i p (4) 4. p (4)

p (3) p (4) ip (4)

p (2) p ( )+ 1
p (3)

0 0 3 1

p (2) p (3)+ p (3)
1 3 1 3 2

p (2) p (3)+p (3)
2 32'3

ip (4)
4

p () p ()+ —p )+-p ()

p —p ()+2p ()+p ()

p (1) p (2) p l2)
0 0 2 1

p (1) p l2) ip l2)
I 2

THE TERM Po IS INCLUDED FOR COMPLETENESS, BUT IN PRACTICE, ANY EVIDENCE THATMIGHTEXIST ABOUT
CAUSCS THAT IMPACTNO COMPONENTS IN A FOUR TRAINSYSTEM WOULD BE "UNOBSERVABLE

SECT334.BFN.OB/29/92 '3.3.4- i 8



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 3.3.4-6. Formulas for U ward Ma in of Events Classified as Nonlethal Shocks

SIZE OF SYSTEM MAPPING TO

O

C9

CO

CO

O
tli
M
CO

p1(2) 20 p)p 0)
p (2) pp 0)

P1(3) -30 -p)2P 0)

p (3) p2p 0)

(3/2)0 P)P1@
2P Pp1 + 0 p)P2

p3(3) PP2(2)

p1(4) 40 p)3p 0)
p (4) gp0-p)2p 0)
p (4) 4P20 -p)p10)
p4(4) p3p10)

P1( «-20-p) P ( )

(9/2)P0 P)P1( )+0 P) P2(2)
p (4) p2p (2)+2P0 p) 22

p (4) p2p (2)

P1(') -(4/3)0-P«P1(')
p2(4)-pp1(3)+0-p)p2(3)

p4(4) pp3(3)

SECT334.BFN.OS/29/92 '3.3.4-1 9
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Table 3.3.4-7 (Pa

HO, EVENT Io ~CPULATION
IN EVENT

OktCINAL IHPACTS
~ 'I I'2 P3 P4

FAILLIE SHOCK HAPPED IHPACTS HAPPED IHPAClS RKHAkKS
HCOE TYPE Pl t2 PS P4 Pl P2 PS P4

FAIL To OPERATE ON DKHANO FAIL DLALIXC HISSION TIHK

DIESEL/CENERA'IORS POPULATION 5

1 SIJR XleA.208
2 SUR XI.A.289
3 WR XI Ae$7
4 PQt XleC 9
5 WR XleAe217
6 WR XleA.339
7 WR XI.A.33T
8 SUR XVIeCe32
9 IAIEC/CR 1362

10 IRIEC/Ck 1362
'll PICL Xlele230
12 NAL XI A.29
13 Silt Xlele'I$9
14 PIAL XI.Ae2$

oeooo 0.000
0,000 0.000
0.000
1.000

1.000 0.000
0.930 0.070
1.970 0.0'IT
0.000 0.000
0.010 Oe070
0.000 0.900
Oeooo 1 eooo
0.000 '1.000
0.000 0.890
0.000 1.000
0.000 1 000
0.9J6 0.000
0.000 0.900
0.000 1eooo

0.100

0.000 0.000
Cello

0.01T
Oeloo Oeooo
0.000

RW
RW
RW
RW
RW
RW
RW
STAkT
StlRT
StlRT
START
SIAkf
STAkf
kEStlkf

TOTAL IHPACF AT ~ FN

N
5
N
L
5
5
5
5 0,000 0,000 0,000 0,000
5 0 000 0.223 0.695 0.083
N oe000 Oeooo Oeooo Deooo
N 0.000 0.000 0.000 0.000
N 0 325 Oe737 oe004 0 013
5 0.000 oeooo 0,000 0.000
5 o.'ae o.'ooo o'.ae o.'ooo

0~ 0.960 OA99 0.09$
Z DCSS+

0 000 0.000 0.000 0.000 NA OIL StatKD INDaRSe OIL USKD AfTER SAHPLINC
Oe930 OeoTO Oeooo 0.000
CAST 1.482 0.013 0.000
0,000 0,000 0.000 0.000 DIESELS ARE NOT ALICNED IN PAkALLEL
0.000 0,000 0.000 0.000 DIESKLS AkE NELL PROTECtfo FRCH TXE INATNER
0.000 0.22S 0.700 D.OTS
0.000 0.063 O.STS Oe$ 63

COOLINC UATEk IS NOT REALICNKD FLXL ANT REASCN

NA OIL TANKS Nol ISOLATEO FCR NT RKASOI
TRIP STPASSED ON NJTO STARf

TRIP STPASSKD ON Nllo START
kES'Ilkt OF DIESKLS NOT HLOELED

1.557 1.539 1.085 0.635
Z DCSR

STNOST PWPS (CORE SPRAY) POPULATICN 4

e 'i of 9). Common Cause Events Im act Vectors for Browns Fer Com onents

0.7$
O.TS

0.7$
0.7S

0.7$

Ol
0

Ol
'YT

C

KZ

et'Z.

I
ID

'TS

TD

IPt

m
)C
ID

2
IU
Ne0

1 PIRL
2 PML
3 PIRL
4 PQL
5 PQt
6 PML
7 tlJR
5 SUR
9 SIJR

10 WR
11 NJR
12 SUR
13 SIJR
14 WR
1$ PI%
16 WR
17 PIJR
15 WR
19 tlJR
20 WR
21 tlt
22 tMt
23 WR

Vlteke233
VIIIAe3ld
XVIeCe1624
XVI,C.778
XVIeC.CO I
XVI,C SC
Vl'IeA.1T6
VlleD 1$
Vll,o ~ 124
Vl1ele?89
XVI C 411
XVIeC 488
Xl.5.20T
VII.~ .$ 1

XVI,C 188
XVIeCeS$ 9
XVIeCe623
XVI.CA69
XVIeCeteI
VII 5.9I
VleEe80
VleE.36
VleEe49

4

3
3
3
3
4
4
4
2
4
4
4
2
2
2
2

- 2
2
2

2+I
2+I
2+I

O.TFO 0.200
0.000 0.000
0.000 I 000
0.000 0.000
0.000 0.000
0.000 1.000
0.830 0.000
0.997 0.003
Oe23$ 0 76$
0.000 '1.000
0.000 1.000
0.000 1.000
0.000 1.000
0.000 0 970
0.000 1.000
0.000 1,000
0.000 1.000
0,000 1.000
0.000 1.000
0.000 1.000
0.000 0.000
0.000 1.000
0.000 1,000

OA40

O.OM 0,000 STAkt
1.000 STAkf
0.000 CTlkt
1 eooo START
1.000 STAkT
oe000 SflRT
0.000 0,000 RW
Deooo Deooo RW
0,000 0,000 RW

STAkT
0.000 Oeooo START
0.000 0,000 START
0.000 0.000 StART

START
STAkT
START
STARt
STARI
START
STAkt
RW
START
STAk't

5 0.000 0,000 0.000 0,000
5 0.000 0.000 0.000 0 000
N 0.000 1,000 0.000 0 000
5 0 000 0.000 0.000 0.000
L 0.000 Oeooo Oeooo 1eooo
N 0.000 0.250 0.7SO 0.000

5
L 0.000 oeooo 0.000 0.000
N 0.000 1 000 0.000 0.000
5 0.000 1eooo 0.000 Oeooo
5 0.000 1.000 Oeooo 0.000
L 0.000 0.000 0.000 0.000
L 0.000 0.000 0.000 1 000
L Oeooo Oeooo Oeooo 1eooo
L 0.000 0,000 0.000 1.000
L 0.000 0.000 Oeooo 0.000
L 0.000 0,000 0,000 1,000
N 0'.OOO 0'.063 O.'37$ 0'.$ 63

5 o.ae o.ooo o.ae o.ae
5 0.000 0.000 Oeooo 0.000

SOTN PITS ON A ILEADER ALQATS STAkTED TOCETSER
PLFNeS ARE NOT ~ D tQFS
APPLIES TO Tle PLltS LXLLY
PLANeS DO NOT HAVE TNIS TYPE Of LOCIC
APPLICASLE
APPLICARLE

0 530 Oeooo 0.000 0.000 PLFJPS ARE VERTICAL PLDCeS

0 000 0.000 0.000 1.000 CTNOSY PNLPS NAVE ELKNLL EXPERIEXCK
0 23$ OetdS Oeooo 0.000 TUD PWPS IN EACH Rakl

NO kECIRC LIKES IN KXTRE%LY COLD AkEAS
APPL ICASLE
APPL ICASLE

I
0.7$

Nl CS STSTOI NAS KEEP'f ILL SYSTEN
APPLICLSLE
APPLICASLE
APPLI CARLE
CpERATcRC NOT LIKELY To TAc aJT pl@ps 0Qtlkc FCLNR OFKRATION
APPL ICASLE

0.7S
0 000 0.000 0.000 0.000 NA STRAINKk FAILlRES IKOKLKD SKPARATELY

CS PNPS TAKE SUCTICN FRCH SOTTLYI OF klNC XKADKR

HA PLUMP RW TEST RECXJIRKD AFTKk TI0!LTENINQ PACK!NO

ID(
~ ~

LJI

0

O



)Oo EVENT ID ~OPULATION
IN EVENT

CRICINAL I&ACTS FAIL)WE SHOCK )UPPED IIIPACTS
P'I t2 PS P4 )KOE TYPE ~ I t2 P3 P4

FAIL TO ITERATE CN DBIA)k)

NAPPED I&ACTS RBllkKS
PI P2 P3 t4.

FAIL OURINO NIBS ION TINE

24 PIC Vl EA6
2$ t)Q Vl E.374
Z6 t)Q IX.D.20$
27 P)Q IX.Do205
28 PIIR XVIoCo984
29 PQt XVI Co300

242
2

diZ
diZ

2
2

0.000 0.500 0 000 0.000
0.000 I+000
0.000 0,000 0,000 I+000
0.000 1.000
0.000 1.000
0.000 1,000

START
8 tART
STAkf
STAkt
START
STAkt

TOTAL BN'ACT Al Bfk

0.000 0 000 0.000 0.000
0.000 0 000 0.000 1.000
0.000 0,000 0.000 0.000
0,000 0.000 0,000 0,000
0.000 0.000 0,000 0.000
0.000 0 000 0.000 1.000

0.000 48)3 T.TZS 7 $63
2 PCSS

STRAINER FAILIIES IKOELED SEPARATELY
APPLICABLE
NA NO LOM SUCT IN PRESQQE TklPS
NA NO LOM SUCTIN PRESQRE TRIPS
CS PIBIPS DES!ONED FOR Q)fFICIENI NPSN
APPLICABLE

1.06$ 0.76$ 0.000 T.OOO
2 PCSR

STANDBY PUCC (BIN~ Rkk SM) POPULATION 4

1 PIC
2 PIR
3 PIN)
4 PIAI
5 PUR
6 PW
7 Pl%
8 BW
9 Blk

10 PUR
1'I SIC
12 NN
'l3 BUR
14 PUR
1$ FIQ
16 PIC'll PUR
18 PMR
19 PUR
20 tMI
21 PIQ
2Z PUR
23 tlkl
24 PUR
25 t)Q
26 tMR
27 tlBI
28 tUR

VII+k+233
VIIIA.316
XVIe Ci1624
XVI C 778
XVIoC+80)
XVI C 58
VII.A.176
VII.D 1$
Vll 0.124
Vll A+289
XVI.CA11
XVI,C.488
Xlok,207
VII 8.51
XVI C 188
XVI.C S59
XVI C.623
XVI C.669
XVI+0 801
VII.B.91
VleE.SO
VI.E 36
VI.KA9
VI+EA6
VI,E.374
IX.O.ZOS
IX.D.205
XVI,C,984

29 PUR XVI.C.300

4
3
3
3
3

4
4
4
2
4
4
4
2
2
2
2
2
2
2

2+I
241
ZtlM

2
4+2
4Q

2

0.770 0.200
0.000 0.000
0.000 I 000
0.000 0.000
0.000 0+000
0.000 1,000
0.830 0.000
0 997 0.003
0.23$ Oe765
0.000 1.000
0.000 1.000
0.000 1.000
0.000 1,000
0.000 0.970
0.000 I+000
0.000 1,000
0.000 1,000
0.000 1.000
0.000 1+000
0.000 1.000
0,000 0+000
0.000 1+000
0.000 1 o000
0.000 0.$ 00
0.000 To000
0.000 0+000
0,000 1.000
0.000 '1.000

0,000 1.000

0.030 0+000
1.000
0.000
1 000
1+000
0.000
0.000 0,000
0.000 0,000
0 000 0 000

0.000 0.000
0.000 0.000
0.000 0.000

0.440

0.000 0.000

0.000 1.000

START
STARl
STAkt
START
STAkl
START
RIBI
klkl
RIBI
START
STARf
STARf
START
START
STAkl
START
STARt
STAkT
START
STAkT
BUN
STAkl
STAkT
START
STAkT
STAkT
STAkl
STAkl

TOTAL INPACT AT ~ FN

0.770 0.200
0.000 0.000
0.000 T,OOO
0.000 0.000
0.000 0,000
0.000 0 2$0

0,000 0,000
0.000 1 000
0.000 To000
0.000 1.000
0,000 0.000
0.000 0.000
0.000 0.000
0,000 0.000
0.000 Oo000
0,000 0.000
0.000 0.063

0.000 0.000
0,000 0 000
0,000 0.000
0.000 0.000
0.000 Oe000
0.000 0.000
0.000 0 000

0,030 0.000
0,000 0,000
0,000 0.000
0,000 0,000
0,000 1,000
0,7SO 0,000

0,000 0.000
Oe000 Oo000
0.000 0.000
0.000 0.000
0.000 0.000
0+000 0.000
0.000 0.000
0,000 0.000
0.000 0.000
0+000 0.000
OD7$ 0.$ 63

0.000 0.000
0.000 0.000
0.000 0.000
0.000 1.000
0.000 0,000
0.000 0.000
0.000 0.000

0.000 0.000 0.000 0.000

0.710 4.$ LS 1.1SS 2.$ 63
2 tkNS, 2 PRSS

0.830 0,000 0,000 0.000
0.000 0.000 0.000 I+000
0.23S 0+7650.000 0.000

0.000 0.000 0,000 0.000

'l.065 0.765 0.000 1.000
2 PRNR, Z PRSR

APPLICABLE
PIBIPS AkE NOT t Di FISTS
APPLIES TO TIN PIBPS NLY
PIBIPS DO NOT NAVE TNIS TYPE Of LOSIC
APPLICABLE
APPLICABLE
PIQPS ARE VERTICAL PNDS
FIBIPS NAVE SA)% CPERATINO EXPERIENCE
BOTN flea S IN A TRAIN ARE IN SA)Q RON
NO RECIRC LINES IN EXTRBQLY COLD AREAS
APPLICABLE
APPLICABLE
APPLICABLE
~OTN STSTBIS NAVE IXEP FILL SYSTENS
SOTN STSTENS REC)lkED DIINO REFIELINO A)B) STARTLE
SOTN SYSTENS SEC)ISED DWINO REFIKLINC AND START)@
BOTN SYSTENS kEC)lkED OLNINO REFIKLINO A)B) Stdkllk
OPERAtORS NOI LIKELY TO TAO OUT PIBDS DNINO PCUER CPERA
SOTN SYSTENS RECIlkED DLQINO REFLNLINO A)B)

STAkTN'PPLICABLE

STRAINER FR)LINKS IKOELED SEPARATELY
RNR FIBIPS TARE SUCTION FROI SOtlN Of klNO READER
~IBIP RUN TEST SEC))RED AfTEk TICNTENINO PACXINO
STRAINER fAILURES IKOELED SEPABATELT
APPLICABLE
NA NO LOM SUCTION PRESQltE TRIPS
NA NO LOM SUCTION PRESQIE TRIPS
RRR PIBIPS DESICNEO fOR SUFFICIENT NPSN, NO NOT MAtER
SC)RCE fOR ERCM

APPL ICABLE

Table 3.3.4-7 (Pa e 2 of 9). Common Cause Events Im act Vectors for Browns Fer Com onents

0.75

TION

0.75

TZI

O

0)

11I
C
K

EZ.

C
Q.
C
ID

T3

0)

TTl
)4
0)
2«0a
0)

C)

0)
C

0

0)
C)



N. EVENT ID POPULATION
IN EVENT

URIC INAL IJPACTS
I'I tZ t3 t4

FAIURE SNCX NAPPED INPACTS NAPPED IJPACTt RENARXS
IKOE TYPE Pl t2 t3 P4 tl PZ t3 P4

FAlL TO (PKRATE ON DENAND fAlLO(RIN NIBSION TINK

~ ~ ~ ~

OPERAT INO PWPS (RBCCU) POPULATION 2 .

'I PIR Vlllete21S
2 PIJR Villet l$9
3 fQt Vlef.BS
C SlJR Vill C.TS
5 SUR VllleCAS
6 OR Vill C.33
7 PUR XVIeCACZ
d SlR Xl.te'l96
9 flJR Vill.t.$16

10
3
2
5
5
5
2
2
3

Oeltt Oe000
Oe000 1.000
1,170 0.000
'I,SCO 0,076
0.000 Oe170
1.170 OA40
0.000 I 000
0.000 1.000
2.000 0.000

0.000 Oe000 RIN
Oe000 RW

RW
0.000 0,000 RQI
0,000 De000 RQI
O.OKO Oe000 RW

STAlT
TRIP

0.000 RW

TOTAL IJN'ACT AT SfN

N
N
N
N
N
N
N 0.000 0.000
N
N

0.000 0.000
ZSPltt

0,000 0,000 PQPS ARE SIPPLIED CLEAN UATER fOR EACLBEAR IN COOLINO
0.'667 0'.I APPLICABLE
1 '70 0.000 APPLICABLE
0,000 0,000 PQPS NOT CPKBATINO SEYOJO CAPACITT
0.000 0.000 PQPS NT OPERATINO SETO'APACITY
Oe000 Oe000 PQPS NT OPERATINO SEYOJO CAPACITY

NA NO SELECTOR OJITCHES
PA!LIRE IKOE NT NCDKLED

1.m 0.000 APPLICABLE

3.170 0.333
ZBPkBR

OPERATINO Ptlltt (KECM,

I tUR Villet.ZIS
2 tlR Villet.lS9
3 PUR VlefeSS
4 OR Vill,C,TO
5 SUR Vill C.4$
6 SUR VI I (eC.33
7 PQt XVI.CACK
S OR Xlete196
'

PUR Vill~ ~ .$ 16

RCUI PNIRATICN 4

10
3
2
5
5
5
2
2

O.IM
0.000
1.170
I SCO
0,000
I~ 170
0,000
0.000
Ze000

0.000 0.000 0.000 RQI
1,000 0 000 RQI
0.000 RW
0.076 0.000 0.000 kQI
0.170 0.000 0.000 BQI
OA40 0.000 0.000 RW
1e000 STAkT
1.000 TRIP
0.000 0.000 RW

TOTAL IIPACI AT SFN

0.000 0.063 0~ O.S63

0.000 0.063 OD75 0.563
Z~te Z PEkt

0.1SO 0.000 0.000 0,000 APPLICABLE
0.000 0.2$ 0 0.7$ 0 0e000 APPLICLBLE
Ze340 Oe000 Oe000 0.000 APPLICABLE
0 000 0.000 0.000 Oe000 FQPS NT (PERATINO SKYQO CAPACITY
Oe000 Oe000 0.000 Oe000 PQIPS NOT CPERATINO SEYCJO CAPACITT
0 000 0 000 0.000 0,000 fQPS NOT CPElATINO SEYNO CAPACITT

APPLICABLE
fAILMtEIKOE NOT IKOELED

2.667 0.000 0.000 O,CN APPLICASLK

5e157 Oe2$ 0 0.7$ 0 0.000
2 PEER, Z PEAR

Table 3.3.4-7 (Pa e 3 of 9). Common Cause Events lm act Vectors for Browns Fer Com onents

0.75
0

0.7$

(ZT

CS

OI

Tl
(D

a ~

CZ,

C
CZ

z

P

CJI

Ce
CS

CPKRATIXO PQPS ((OOENSATEe

1 PQI Villet.210 10
2 PUR Vlllete1$ 9 3
StURVI f SS 2
4 OR VilleCeTS 5
5 BUR Vill C,CS 5
6 SUR VilleCe33 5
7 NR XVIeC.642 2
0 OR Xlet.196 2
9 tlR Villet.$ 16 3

COJOKNBATE SOOSTEl) POPULATION 3

0,1BO 0.000
Oe000 1.000
1 ~ 170 0.000
I,SCO 0 076
0.000 0 170
1 ~ 170 Oe440
0.000 1.000
0.000 Ie000
2.000 0.000

0.000 0,000 NQI
0 000 kW

RW
0.000 0.000 RW
0.000 Oe000 Nll
OeOBO 0,000 RW

START
TRIP

0.000 RW

TOTAL IJPACT AT ~ FN

0,000 0,000 0.000

0.000 0.000 0.000
2 PCDSe ZJCSS

0.000 0.000 0.000
0,000 1.000 0 000
1e7$ S Oe000 Oe000
0,000 0.000 0 000
0.000 0.000 0.000
0,000 De000 0 000

tQPS ARE BIPPLIED CLEAN UATER FCR SEL/BFAllN COCLIXC

APPLICABLE
APPLICABLE
FQPS NT (PERATINO SKTOJO CIPACITY
POPS NOT CPERATINO SETQO CAPACI'IT
PQIPS NT (PKRATINO SKYJXO CAPACITY
NA POPS NT SELECTED FOR AUTO ACTUATION
FAIWRE IKOE NT NJXJELED

ZeOOO 0.000 0.000 APPLICABLE

3,7SS 1.000 0.000
2 PCDR, 2 PCSR

STANDBY VENTILATION fAXS POPQATION 4

(D(
8,
(3

Cl



Table 3.3.4-7 (Pa

NO EVENT ID POPULATION
IN EVENT

OR ICINAL BS'ACTStl tZ P3 td
fAIUALE SHOCK HAPPED, BPACTS NAPPED lS'ACTS
IKOE TYPE ~I P2

"
P3 t4 Pl P2 t3 P4

fAIL TO OPERATE N DBWB fAILDLALINO NISSICN TINK

1 WR XIV.~ 11S
2 WR XVI.~ .SM
3 SLAL XVI Soll
4 WR IXoE,dlS
5 SLAL XVI,~ 1104
6 ttft XVI ~ e314
7 SVR XVlot~ 193
0 WR XVIeCo111R
9 WR XVI,S 106

10 Wk IXeFA4
I'I tQt Vll C.34
12 SVR XVI~ SoS'IO
13 PVR IX.K 67$
14 Wk XVIoCo269
15 SVR XVI.S.501
16 SVR XIAelSS'll tVR XVI,C,2267

4
6
3
2
2
4

4
2
4
3

4
2
6
0
2

2.000 0.000 0.000
0.000 1,000 0.000
0,000 0,000 1,000
0.000 1.000
1.000 0.000
0.000 Oe000 Oo000
0.000 0.000 0.000
0.000 0,000 Oe000
1.240 0.300
0.000 0,000 0.000
2.000 0.000 0.000
0,000 0.000 0.000
2.000 Oe000 0.000
0,000 1.000
2 000 0,000 0.000
Oo000 0.000 0.000
0.000 1,000

0,000 NM
0,000 RLM

RW
kW
kLM

le000 RQI
1.000 NM
1,000 kW

RLM
1o000 RLM

RLM
1,000 kUN
0.000 START

START
0.000 STARI
Io000 STAkf

START

TOTAL BRACT AT SfN

N
N
L
L
N
L
N
L
N
L
N
L
N 2.000 0,000
N 0,000 0,000
N 2.000 Oe000

Oe000 Ie000
N 1 o000 Oo000

5.00 1.00
Z fktt

0.000 0.000
0,000 0.000
Oe000 Oe000
0,000 0,000
Oe000 Oe000

0.00 0.00

2.000 0,000
0.000 I 000
0.000 0.000
0.000 0.000
2.000 0.000
0.000 0.000
Oe000 0.000
0.000 0.000
0.15S NAOS
0.000 0.000
2.667 0.000
0 000 0.000

0.000 0.000
0,000 0.000
0,000 0.000 NOT APPLICASLE TO RON COOLlkk FANS
0,000 0,000 fANS NAVE NO OTHER STSTEH IHIERLLXXSICHALS
0.000 0.000
0,000 1.000
0.000 1,000
Oe000 Oo000 fAHS NAVE NO OTHEk STSTBL INTERLOCK SICHALS
0.84 0.214

0,000 0.000 NO LOV fLNTRIPS
0.000 0.000
0 000 0.000 NOT APPLICASLE TO IIBIVIDUALROCII CQDLINS FANS

fANS HOT INTERLOCKED VITN ANY OTLKR STtTBI

EACN RELAI ASSOCIATED VITN CNE FAH
NLY DNE fAN IN EACH TRAIN

6.02 I.dl OA4 2.21
2 fNSR

OPERATINO VENTILATINIlANS PCPULAIIN 4
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0

OI

TlI
C

h)

C
CR.
C
0)

z
ID

m
34
ID

0

1 Wk XIVAe11$
2 tVR XVI S,330
3 SVR XVlot ll
4 Wk IX.K d1$
5 SVR XVl.te1104
6 tQt XVI.~ .314l SVR XVT.So193
0 Wk XVloCol'l12
9 WR XVI Se106

10 Wk IX.F 04
11 Wk Vll C.34
12 SVR XVI S.$ 10
1$ WR IX E 67$
14 WR XVI C.269
1$ SVR XVIet.501
1d SVR XI.S 18S
17 WR XVI C.2267

2,000 0,000 0.000
0.000 Ie000 0.000
0,000 0,000 I 000
0,000 1.000
1.000 0.000
0.000 0.000 0 000
0,000 0.000 0 000
0.000 Oe000 0 000
1.240 0.300
0,000 0,000 0.000
2.000 0.000 0 000
0,000 0,000 0,000
2.000 0.000 0 000
0,000 1,000
2,000 0.000 0.000
0.000 0.000 0.000
0.000 1.000

0.000 RLM
0,000 RW

RUN
kW
RUN

1.000 RW
1.000 RW
1.000 NM

RW
1.000 NM

1,000 NM
0.000 START

START
0.000 START
1 000 SIARI

STAkf

TOTAL IHPACT AT SFN

N
N
L
L

L
N
L

L
N
L
N 2,000 0.000 0.000 0.000
N 0,000 0.000 0 000 0.000
N 2.000 0.000 0,000 0.000
N 0,000 I 000 0.000 0.000

1 o000 0.000 0.000 0.000

5.00 1.00 0.00 0.00
2 FNOS

2.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0,000 0.000 0.000
R.OOO 0.000 0,000
0.000 0,000 0.000
0.000 0 000 0.000
Oo000 Oo000 0.000
0.1$ $ OAOS 0.04
0.000 0.000 0.000
2.667 0.000 0.000
0.000 0.000 Oe000

6.02 0.61 0.04
2 FNOR

0.000
0.000 HOI APPLICASLE TO NCRHALLY CPERATINO FANS
0.000 IKIT AftLICASLE 10 SHALL RCN CCCLIHO FANS
0.000 lANS NAVE NO OTIKR SYSTBI INTKRUXX SICHALS
0.000
0.000 ELEC SLDC fANS AkE NORHALLY OPERATlkk
I 000
0.000 fANS NAVE NO OTIKR SISTBI INTERUXX SICNALt
0.214
0.000 NO LOV FLN TRIPS
0.000
0.000 NOT APPLICASLE IO LIBIVIDUALRON COOLINS FANS

FANS NOT INTERLOCKED VLTN ANY OTHEk SYSTEN

EACN RELAY tTAkTS NE fAN
ONLY OLK FAN IN EACN TRAIN

1.21

0.7$

STAHDSY CA) TREATIKNT SANS PDPULATIN 3

ID
C
LO

CI

O



Table 3.3.4-7 (Pa

NO EVENT ID

1 WR XIVe8.11$
2 WR XVI,Ne330
3 NISI XVI.~ .77
4 WR IX,K d1$
5 SIJR XVIeSe1104
6 Wk XVI,8,314
7 SUR XVI Ne193
8 tlJR XVI.Ce1112
9 WR XVleNe186

10 PIR IXefe84
11 Wk VlleC.34
12 SUR XVI,~ .$ 10
13 WR IXeKe47S
14 Pl% XVIeCe269
IS OlAI XVleSeSOI
16 SUR XleNe18$
17 WR XVIeCe2267

e 5 of 9). Common Cause Events lm act Vectors for Browns Fer Com onents

~CPULATIOI
IN EVENT

ORICINAL INPACTS fAINRE SNOCX NAPPED IJNeACTS NAPPED IINeACTS
P'I t2 PS t4 IRON TTPE tl tZ t3 P4 tl tZ P3 P4

FAlL To OPERATE ON DOWN FAlL OlNINC KISSINI TINE

2.000 0e Coo
0.000 1.000
0.000 0.000
0,000 '1.000
1.000 0,000
0.000 0.000
0.000 0.000
0.000 0,000
1.240 0.380
0,000 0,000
2,000 0.000
Oeooo Oeooo
2.000 0.000
0.000 1,000
2.000 0 000
0.000 0,000
0.000 1eooo

0.000 0.000 RJll
0.000 0.000 Rill
Teooo NISI

NISI
NISI

0.000 1,000 RQI
0.000 1 000 NISI
0.000 1eooo RLSI

Alki
0.000 1.000 RIAI
0.000 RlM
0.000 1eooo RQI
0.000 0,000 STMT

STAR'I
0.000 0,000 START
oeooo leooo STMT

STMT

TOTAL IJN'ACT AT ~ FN

1.SOO 0.000 0.000
0.500 O.SOO 0.000
Oeooo 0.000 Oeooo
Oeooo Oeooo 0.000
Oe375 0.7$ 0 0.000
0.000 0.000 1eooo
Oeooo 0.000 1eooo
0.000 0.000 0.000
OA6$ T.OZS Oe285
1.000 0.000 0.000
2.000 0 000 0.000
Oeooo oeooo OeD00

NOT APPLICASLE lo SCT FANS

NOT APPLICASIN To SCT FANS

NOT APPLICISLE To SCT fANS
0.7$

ALL FMS IJSJEPBOENT 8 INTERLJXXED QITN SUCTION ONER

NOT APPLICLSLE To SCT fAXS

NOT AftLICLSLE lo SCT FAXS

KACN REIAT STARTS ONE FAN
CNLT CNE FM IN EACN TRAIN

'I $00 0.000 0.000
0.000 0.000 0,000
2.000 0,000 Oeooo
0.000 1,000 0.000
1,000 oeooo 0.000

e eee ~

4.50 1.00 0.00
2 FNIS

S.84 2.28 Ze29
2 fNIR

W
O

0
IJI

'Tl

ter

EZ,

C,
O.
C
D)

I
m
34
lll

OI

O

NOTOR OPERATED VALVES POPULATION 4

1 tlat
2 PISI
3 Wk
4 PI%
5 PISI
6 PIJR
7 PIJR
8 SUR
9 SUR

10 SlJR
11 Wk
12 WR
13 PIJR
14 tUR
IS PIJR
16 Wk
17 PIJR
18 SUR
19 SVR
20 WR
21 WR
22 SUR

VilleA.$48
VleEe 210
Vl,E,276
VIIeAe99
VlI,A,137
VlIeCe16
VlIIeA.26
Vl1eDe86
VlleDe49
VlI.D,46
XVIeC,$ 39
Vl1eCe12
VII.A.130
VII eA.Z
Vll Aeloo
VllleS 100
VIeEe'l94
V,De4
V D,40
XVIeC 1253
XVI,C,1428
VII leo.23

l

d
3

10
9
4
3
2
2
4
2
8
4

4
4$
4

12
2S
150
4

28

0.000 1.000 0.000 0.000 CPEN/CLOSK
0.000 oe$ 00 0.000 OPEN/CLOSE
0'.930 o.'46o o.'ooo o.ooo IDEN/aosK
Oerll Oe186 0.070 Oe003 CPEN/aoSK
1.000 oeooo Oeooo oeooo OPEN/CLOSE
0.04$ Oe123 0 188 OPEN/CLOSE
0.820 Oe180 cpEN/aosK
0.000 1,000 OPEN/CNSE
0.627 0.272 0.100 0.000 CPEN/CLOSE
o'.ooo 1'.ooo

'
IDEN/aosk

0.000 0.000 1,000 0,000 CPEN/CLOSE
0.000 1.000 0.000 0.000 COEN/CLOSE
0.000 Oeolo Oeolo Oe$ 10 OPEN/CNSE
0.998 0.000 0.000 0.002 OPEN/CNSE0~ 0e610 Oeooo 0.000 NeEN/CLOSE
0.000 1 000 0.000 0,000 OPEN/CNSK
0 100 0.23S 0.66S 0.000 CPEN/CLOSE
O.S36 0.222 D.'114 0 128 OPEN/CNSE
0.950 0.0$ 0 0.000 0.000 CPEN/CNSK
1.000 0.000 0.000 0,000 OPEN/CLOSE
o'.ooo 1'.ooo

'
IDEN/aosK

0.000 1 eooo Oeooo 0.000 OPEN/CLOSE

0.000 1.000 0.000 0.000
0.000 0 125 ODlS 0.000
0.930 oe460 0,000 0,000
0'.nI o'.186 o'.oro 0'.003
1.000 0.000 0,000 0.000
0.0150.055 0.078 Oe141
0.000 0.000 Oeooo 0.000
0.000 De063 087S Oe563
o.dZr 0.'272 o.loo o'.Ooo
0.000 Oe250 Oe7$ 0 Oeooo
0.000 0.000 1 000 0.000
0.000 1.000 0.000 0.000
0 000 Oe010 Deolo Oe510
0.998 0.000 0.000 O.DOZ
0.330 0.610 0.000 0.000
0.000 1eooo Oeooo Oeooo
0 100 0.23$ OA65 0.000
O.S36 0.222 0,114 0.128
0.950 Oeolo Oeooo 0.000
1.000 0.000 0.000 0.000
0.000 1eooo Oeooo Oeooo
0.000 1,000 0.000 0.000

NO VALVES AT NFN EXPOSED To TNK INATNKR

0.7$

o.rs

0.7$



LJI

VJ

I
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Table 3.3.4-7 (Pa

NO. KVENT lo ~OPULATION
IN EVENT

CRI SISAL IS'ACTS fAILIRE SHOCK NIPPED INPACTS NAPPED IN'ACTS
t'I tt t3 PC IKXJE TTPE tl P2 ~ P3 P4 fl Pt PS P4

fAIL TO OPERATE ON DENAIO fAILOQtlNO NISSION TINE

23 NR
SVR

tC SIR
2S NR
26 NR
27 SlR
28 SIR
29 SVR
30 SIJR
31 SlR
SZ SQR

Vll 097, 8
VII.Ce2C 50
Vl l.oe Tot
VlIeoe16$
Vll De193
VII 0.219
VII De220
VIII C.$3
IX,K,236
XIeoeSS
XVI.C.SS

76

2
4
C

81
3
2
2

13
4

0,170 0,218 0,2CS 0.369 OPN/CLOSE N 0.170 0.218 0,2C3 0.369

1.000 0.000
Oe000 1eooo 0.000 0.000
4.000 Oeooo Oeooo Oeooo
0.000 I 000 0,000 0.000
0.000 Ieooo Oeooo
0.000 1.000
O.DIS 0,002
0.000 1.000 0.000 0.000
Oeooo Ie000 0.000 0.000

OPSV CLOSE
oevaosf
OXN/CLOSE
cpKN/aosf
CPENICLOSK
OPEN/aosf
Isevclosf
OPEN/ CLOSK
CtEN/CLOSE

TOTAL IIPACT AT SfN

0.12$ OA69 0.063 0.000
Oe000 Teooo 0.000 0.000
4.000 0.000 0.000 Oeooo
0.000 I 000 0.000 0.000
0.000 Oe250 oe7$ 0 0.000
0.000 Oe063 oeSTS Oe563
0.000 oeooo 0.000 Oeooo
Oeooo 1eooo OeoOO Oeooo
0.000 Ieooo 0.000 0.000

11e49 1teSS 4.97 2.25
2JNFO

ALL VALVES INOELED VI'IN A SIECLE SICXAL

IOIOR OPNATED VALVES POPIRATION 3

I flR
2 WR
3 WR
4 tVR
5 WR
6 tlR
7 tVR
8 SVR
9 NR

10 SlJR
11 WR
12 WR
13 WR
14 tlR
1$ PIR
16 WR
17 WR
18 SQR
19 SlR
20 tVR
21 WR
22 SVR
23 SlJR

SVR
24 SVR
25 SVR
26 SlR
27 SlJR
28 SlJR

VilleA,545
VI,K,2I0
Vlef e276
VIIeAe99
VlIeAe137
Vll CeIS
Vill A,26
VlleDe66
VIIeoeC9
Vl1.0 A6
XVIeCe$ 39
VII Ce12
Vll Ae130
VII.Aet
VlleA 160
VII leo ~ 100
Vl.fe19C
V DA
V D,CO
XVI,C.1255
XVIe Ce ICto
VIII D.23
VlleDe97, 8
VlIeCetC 50
VII.D.IOt
Vlleoe165
VlleDe193
VII D.219
VlI/0e 220

6
3

10
9
4
3
2
2
4
2
8
4

30
4

4$
4

12
tS
150
4

28
76

2
C
4

51
3

0.000 Ieooo 0.000 Oeooo
0.000 De500 0,000
0 930 OA60 0,000 0.000
0,711 0,166 0,070 Oe003
1.000 0 000 0,000 0.000
0.045 0,123 0,155
Oe620 Oe160
0,000 1,000
O.SZT Oe272 0.100 0.000
0.000 1,000
0.000 0.000 1.000 0.000
0.000 Ieooo 0 000 0.000
0.000 0,010 0.010 0.510
Oe995 Oeooo Oeooo Oeoot
0 330 0.410 0,000 0,000
Oeooo 1eooo Oeooo 0.000
Oe100 Oe235 OASS 0.000
O.SM 0.222 0 114 Oe128
Oe950 Oe050 OeooO 0.000
Ieooo 0.000 0.000 Oeooo
0.000 1eooo
0.000 1.000 0.000 oeooo
Oel70 0.218 Oe243 0 369

INN/aosf
OPEN/CLOSK
opevclosf
Nevaosf
CPEX/CLOSE
OPEN/CLOSE
0%N/CLOSE
I%X/CLOSE
0%N/CLOSE
INevaosf
Opevaosf
CPEN/CLOSE
ma/aosf
OPNICLOSK
oevclosf
OPEN/CLOSE
OPEN/CLOSE
INEN/CLOSE
CPEX/CLOSE
0%X/CLOSE
Opevaosf
CPEN/CLOSE
0%N/CLOSE

1.000 0.000 OPEN/CLOSE
0.000 1.000 0.000 0.000 IDEN/CLOSE
4.'Ooo o.'ooo o'.Ooo o'.ooo IDEN/aosf
0.000 1.000 0.000 0.000 OPEN/CLOSE
o.'ooo 1.'ooo o.'ooo 'pEN/aosf

0.500 Oe$ 00 0.000
0.000 0 500 0.000
0.925 0,230 0,000
0.626 Oe146 0.021
O.TSO oeooo 0,000
Oe04$ Oe123 Oe165
0.000 oe000 Oeooo
0.000 Oe2SO Oe7$ 0
OA06 0.211 Oe02$
0.000 O.ZSO 0.750
0.000 0 750 0.2SO
0.$ 00 0.500 Oeooo
Oe005 Oe013 Oe513
0.749 0.000 0.002
O.SS3 0 305 0.000
Oe$ 00 Oe500 oeooo
0.193 0.616 0 146
OeS13 Oe19T Oe157
0.736 0.025 0.000
0.7SO Oe000 0.000
0.000 1.000 0.000
O.SOO 0.500 0.000
0,237 0.291 OAM

0.37S 0.750 0.000
0,$ 00 O,SOO 0.000
3,000 0.000 0.000
0.$ 00 0.$ 00 0.000
0.000 1eooo 0.000

NO VALVES AT SfN EXPOSED To TNE INATRER
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0.7$
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Table 3.3.4-7 (Pa

NO, EVENT ID PCPVLATION
IN EVENT

e

ORI SISAL INPAC1$ fAIURE SNCCX NAPPED INPACTS NAPtED INPACT8

tl t2 t3 Pi INDE TYPE PI P2 P3 P4 Pl P2 PS Pi
fAILTo CPERATE ON DENAND fAILORINO NISI!ON TINE

29 OR VllleC.SS
30 SlR IXeEe236
31 SlR Xleoeff
32 SlR XVIeCe3$

2
2

15
4

0.000 1.000 OPEN/CLOSE
0,01S 0.002 INeEN/CLOSE
OeoOO 1eOOO Oeooo Oe000 IXiEN/CLOSE
0.000 1.000 0.000 0.000 OPGVCLOSE

lo'IAL IISeACT AT SfN

0.000 0.250 0,750
0.000 0.000 0.000
O.SOO O.SOO oeo00
0.000 '1eooo Oeooo

13.57 11.41 4.00
Z NYSD

ALL VALVES NCOELKD VITN SINCLE SICNAL

NOTOR OPERATED VALVES POPIXATION 2

1 PlR
2 PIR
3 OR
4 PIR
5 OR
6 tW
7 tlJR
~ OJR
9 SlR

10 OR
'll tMt
12 PMI
13 Mt
14 tlR
IS PMI
'l6 PVR
17 PIJR
18 ¹Il
19 SVR
20 PVR
21 tVR
22 OR
23 OR

OR
24 OR
2$ OR
26 OR
27 OR
28 OR
29 OR
30 OR
31 SVR
32 OR

Vill.A.548
VI,K,ZI0
VleEe276
Vl1eAe99
VlIeAe 137
VlleC.16
Vill A.26
Vlleoe86
VII D.49
VlI.0A6
XVIeC.539
Vl!.Celt
Vl1eAeifo
VII.A.Z
Vl1eAeloo
VIII.8.100
VleEe194
V.OA
V.DAO
XVIeC 12SS
XVIeCe1428
Vill 0 23
Vll.oe97, 8
VII.Ce24 50
VII.D.Tol
VII.0.16$
VlleD 193
VlleDet19
VlI.D.220
VIIleCeff
IX,K,236
XleSe3 5
XVleCe3$

d

10
9
4
3
2
2
4
2
8
4

30
4

4$
4

1t
2$
1$0
4

28
rd

24'
81
3
2
2

13
4

0.000
0,000
Oeon0.'nl
le000
O.oif
0.820
0,000
OAZT
0.000
0,000
0,000
0,000
0.998
Oe330
0.000
Oe1oo
O.S36
0,950
1.000
0.000
0. 000
0.170

I 000
0.000
4,000
0,000
0,000
Oeooo
0.01$
0.000
Oeooo

1.000 0.000
0.$ 00 0.000
OA60 Oeooo
0 186 0,070
0.000 Oeooo
Oe125 oe188
oeTSO
'1,000
O.ZTt 0.100
1eooo
0.000 1eooo
1.000 0.000
0.010 0.010
0,000 Oeooo
0,610 0.000
'1,000 0eooo
O,ZSS OA6$0~ 0.114
O,OSO 0,000
0.000 Oeooo
1,000
1.000 0.000
O.tlo O.t43

0.000 OPEN/CLOSE
0%N/CLOSE

O.OOO OPEN/CLOSE
0.003 OPENlCLOSK
Oe 000 OPEN/CLOSE

IXeEN/CLOSE
IDEN/CLOSE
OPEN/CLOSE

0,000 0%N/CLOSE
CPS N/CLOSE

0 eooo CPEN/CLOSK
O.'OOO OPEN/CLOSE
0 510 IXiEN/CLOSE
0 e002 OPEN/CLOSE
0,000 CPKN/CLOSE
Oeooo OPEN/CLOSE
0,000 OPEN/CLOSE
0 e128 0%N/CLOSE
O.OOO mN/CLOSE
0.000 OPEN/CLOSE

CPS N/CLOSE
0.000 OPEN/CLOSE
0.369 OPEN/CLOSE

0 000
1,000 0.000
0.000 Oe000
1eo00 oeo00
I 000 0.000
1 000
O.OOZ
1,000 0.000
1 OOO 0.000

CPSVCLOSK
0.000 OPEN/CLOSE
O.'OOO OPEN/CLOSE
0,000 OPEN/CLOSE

OPEN/CLOSE
CPEN/CLOSE
NeEN/CLOSE

O.OOO OPEN/CLOSE
0 000 CPBVCLOSE

TOTAL IMPACT AT SfN

OA67 oeldr
0.333 Oeldr
oem o.orr
0.$ 14 Oe069
O.SOO 0.000
0 11Z Oet29
0,000 0,000

N'.000 1,000
0.54S 0.09$
0.000 Ieo00
0,500 0,500
0.667 OAST
0.012 0.517
0.499 0.002
O.'572 O'.iOZ
OA6T Oeldr
0,$ 39 0efrt
0,473 0,222
O.SOS oe008
O,SOO 0.000
0.000 Ieo00
OA67 0 167
06$2 OeSZT

1,000 0.000
OA67 Oeldr
2,000 0.000
OA67 Oeldr
O.fdr Oem
0.000 '1.000
0.000 0.000
OA67 Oe167
0.000 1eooo

15,07 9.39
2SNVZD

No VALVES AT SfN EXPOSEO 10 INE IRATNKR

ALL VALVES INDELED VITX SINCLE SICNAL
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NOe EVENt ID ~IWLATIIXI
IN EVENT

OR I SISAL OkeACTS
Pl PZ PS Pi

FAILURE SHXK NAPPED I)FACTS NAPPED INPACTS
IKR)E TYPE ~ I t2 PS Pi ~ I PZ P3 Pi

fAIL TO OPERATE ON DBWD fAILDNIINO NISSION TINE

Clka)lt SREAKERS PCPINATION 4

1 WR
2 WR
3 WR
4 tlIR
5 tVR
6 SVR
7 SVR
4 SVR
9 SVR

'IO SVR
11 S)RI
12 SUR
'1$ SUR
14 SUR

Xl.ko747
XIok.664
XI SoSZS
XloAo119
XVI C 2792
Vek 64
XloAo34
XIeko20$
XIoke217
XI A.474
Xl.ke'7
XI.S.AQ
IXoko477
XIok 504

3.000 Oo000 Oe000 0.000 DOWD
Oo000 1o000 DOWD
0,000 1,000 0 000 0 000 DOWD
0.000 Oo000 1 o000 0.000 OBND
0,000 1,000 0 000 0,000 OBND
0,000 1,000 OBND
Oe000 1 000 0.000 Oo000 DOWD
0.000 1 o000 DOWD
0,000 0,000 1.000 OOND
1,000 0,000 OBND
0.000 1 o000 OBND
Oo000 lo000 0 000 Oo000 OBND
Oo000 0.000 Oo000 1 000 DOND
Oo000 Oo000 1 000 DOND

TOTAL INPACT AT kfk

3.000 0.000 0.000 0.000
0.000 D.DQ 0.3750.$ Q
0.000 '1.000 0.000 0,000
0 000 0.000 0.000 0.000
0.000 1;000 0.000 0.000
Oo000 D.OQ 0.37S DoSQ
0,000 1,000 0.000 0.000
0.000 0.063 0 375 DoSQ
0.000 0.000 0,000 1.000
2.000 0.000 0.000 0.000
0.000 0.000 Oo000 0.000
0.000 1.000 0 000 0.000
0.000 0.000 0.000 1.000
0.000 0.000 0.000 0.000

5o000 4.184 1 ~ 1253.649
Z CSID

APPLICASLE
APPL ICASLE
APPLICASLE
SEOUENCER IS IKOELED SEPARATELY
APPLICARLE
APPLICABLE
APPLICASLE
APPLI CARLE
APPLI CASER
APPLICASLE
NA DtK TO LONO OPERATINO EXPERIENCE AT SFN
APPL ICASLE
APPLICAlLE
~ FN DOES NOT NAVE SINIIAk LOSIC

Table 3.3.4-7 (Pa e 8 of 9). Common Cause Events tm act Vectors for Browns Fer Com onents

O.TS

O.TS

IZJ

0

0)

TT
0)

C

h)

CZ.

C
CL
C
O)

13

0)

Pt
m
)C
CO

k
O)
Pt
0

CRECK VALVES PCPULATIISI 4

I PUR VII.C 126
2 SUR VlloCe42
3 WR Vll.k.$3
4 WR Vlokoktd
5 tUR VloD.290
6 WR VI,D 319
7 WR VloEo630
4 PMI VllAo315

5
2
4
4
4
4

12
4

0,000 0.000
0.000 lo000
0,000 1,000
0,000 I 000
0.000 0.000
0,075 0.290
0.000 0,000
Oo000 1.000

0.000 1.000 OPEN
Oo000 0.000 COEN
0,000 0.000 OPEN
0 000 0.000 RESEAt
0.000 OoS40 RESEAT
0.0$ 6 Oe000 RESEAT
0.000 1 o000 kESEAT
0.000 0.000 RESEAT

TOTAL INPACT At Sfk

L
N
L
N 0.000 1,000 0 000 0,000
N 0.000 0 000 Oo000 Oo000
N 0.000 0.000 0,000 0,000
N 0.000 Oo000 0.000 Oo000
N Oo000 1 000 Oo000 Oo000

0.000 Zo000 0.000 0.000
2SVCCO

FAILIIE IKOE NOT IKOELED FCR CCHSXI CAUSE
FAILIIEW)E NOT IKDELED FOR CQSDN CAUSE
FAILURE IKON NOI IKOELED FOR CNSKSI CAUSE

NA
NA
tNIS FR)LINE NODE TYPICAL Of STEAN LINE CNECK VALVES

NPCI AND RCIC PI%PS tOPULATION 2

1 SUR Vl A 1S9
2 SUR VII.E.193
3 SVR XVI,C.646
4 SUR Vl A 1$ 9

2 0.000 1 o000
2 0.000 1 o000
2 Oe000 lo000
2 1 000 0,000

START
STAR'I
STARt
STAkt

TOTAL IMPACT AT SFN

N 0.000 '1.000
N 0.000 1o000
N 0.000 1 000
N 1,000 0.000

1.000 Se000
ZIPTSS

0.000 0,000
ZTPISR

I
C
0)
O

O



Ho+ EVENT ID POPULATION
IN EVENT

ORICINAL IHPACTS fAIUIE SHOCN HAPPED IHPACTS HAPtED IHPACTStl t2 t3 t4 IRON TTPE tl tZ t3 P4 Pl P2 P3 P4
fAIL To OPERA'IE ON DEHAIO FAlL DQtlNC HISSIOH TINK

SSLC RELIEF VALVES POPULATION 2

1 SUR Vllod 50 2 1.000 O.SOO

2 STACE TARCET ROX VALVES POPULATION 13

TOTAL IHPACT AT SfN

N 1.000 O.SOO

1.000 0800
ZSVSHO

SICNAL

1 SR
2 ¹AI
3 ¹I
4 ¹¹
5 ¹R
6 ¹SI
7 SlAI
5 SW
9 SUR

10 SQI
11 SW
12 S4

V.C.376
V.C.475
V+CI362
V.Ca441
V CDCI
V.C.SSZ, 355
V+CoSIO
V C 359
V+C,293
V+C+4$3
V Co475
V.CACT

11
'll
11
4
4

11
11
11
11
6

11
4

0.016 0.009
0,0$ $ 0.0$ $
0 070 Oe96$
Ta000 0.000
O.ooo Toooo
O.OZO Ooood
0.015 0.011
0.04S O,OZ2
0.015 0 011
0.9SO 0+021
0+000 0.000
0.000 1.000

0,009 0,012 OPEN
0.070 Oo195 CtEN/ADS, NAN
0 ooo 0 000 OPEN/ADSi NAN
0,000 0+000 CPEN/ADS, NAN
0 ooo 0,000 OPE /OVERPRES
Oe004 Oooo4 OPEN/OllERPRES
0,005 0,005 OPEN/OVERPRES
0,022 0,000 KEN/OVERPRES
0.005 0,005 OPEN/OVERPRES
0.014 0.000 KEN/OVERPRES
0.000 1,000 OPEN/OVERPRES
0.000 0.000 CHEER/OVERPRES

N 0,016 O.O8 0.08 0.012
N

N
N O.ooo 1.000 0.000 0.000
N 0,020 0.005 0.004 0.004
N 0+015 0.011 Ooood 0.005
N 0.0450.022 0.022 0.000
N 0,01d 0.0'll 0.005 0.005
N 0 950 0.021 0.014 0.000
N O.OOO O.'OOO O'.OOO l.'OOO

N 0.000 1,000 0,000 0.000

0.016 0.009 O.O8 0.012
0.0$ $ O.OSS Oeolo Oo195
0.070 0+965 0.000 0.000
1.000 0.000 Oeooo Oeooo

Table 3.3.4-7 (Pa e 9 of 9). Common Cause Events Im act Vectors for Browns Fer Com onents

RHO

03
0

Ol

C

h)

EZ.

C,
EZ.
C
Ol

13

ITT
X

Q

0

TOTAL IHPACT AT SFN 1.067 2.052 0.065 1.032
2 VRCO

1 141 1.029 0.079 0,207
Z VRCS

Zoo CCS SETA fACTOR
ZCDCCS CAIHIA fACTOR
ZDOCCS DELTA fACTOR

XI
CD

C
CO

0

O



NO. DATA
DES IG

INPACT VECTORS NWBER NO OF POPULATION POPUlAT ION

OF EVENTS INDEPENDENI'N AT
AT BFN EVENTS GENERIC BFN

IN DATA BASE PlANT
Nl N2 N3 NC NIBFN 828FN N38FN KCBFN NGN PGN PBFN

PRIOR POSTERIOR

NI AO 80 CO 00 EO FO A 8 0 0 E F

1 2 OGSS
2 2 OGSR
3 2 PCSS
4 2 PCSR
5 2 PRHS
6 2 PRHR
7 2 PRSS
5 2 PRSR
9 ZIIPRBS

10 ZBPRBR
11 2 PEES
12 2 PEER
13 2 PERS
14 2 PERR
1$ 2 PCDS
16 2 PCDR
1T 2 PCBS
ld 2 PCBR
19 2 FNSS
20 2 FNSR
Zl 2 FNOS
22 2 FNDR
23 2 FNIS
24 2 FNIR
25 ZIIPTBS
26 ZBPTBR
2'T ZBPSBS
28 ZSPSBR
29 2 VINO
30 2 NV30
31 ZINIVRD
32 2 C810
33 2 VCDD
34 ZBVSBO
35 Z VR40
36 2 VRCS
37 2 PNFS
35 2 PNFR
39 ZBPEHR
40 2 PXRS
41 2 PXRR
42 2 CNPS
43 2 CMPR
44 2 LCID
45 2 VAOD
46 2 VEND

0.96 0.70 0.10
1+84 1.09 0.6C
C.31 1.13 7.56
0.77 0.00 1.00
4.51 1AS 2.56
0.77 0.00 1.00
C.SI 1.16 2.56
0.77 0.00 1+00
0.00
0.33
0.06 0.38 0.56
0.25 0.75 0.00
0.06 0.35 0.56
0.25 0.75 0.00
0.00 0.00
1+00 0.00
0.00 0.00
1.00 0.00
1.00 0.00 0.00
1.61 O.SC 2.21
1.00 0.00 0.00
0.61 0.84 I.ZI
1+00 0.00
2.25 2.29

0.33
1.59
0.00
1.07
0.77
1.07
0.77
1.07
0.00
3.17
0.00
5.19
0.00
5.19
0.00
3.76
0.00
3.76
5.00
6.82
$ .00
6.82
4+50
5.84
1+00
0.00
0.00
0.00
11.5
13.6

12.$ $ .0 2.3
11A 4.0
9A

4.19 1.13 3.69
2.00 0.00 0.00
0.50
2.05 0.07 1.03
1 ~ 03 0.08 0.21

'15.1
$ .00
0.00
1.00
1.07
1.14*ttttt
~tttttttt
~tt
ttl

392 '.06
1T4 2.06
86 tt

100
86 ~t

100
86 ~t

100 tt
46 tt
Bl tt
46 ~t
81 tt
46 ~t
81
46 ~t
Bl ~t
46 tt
81 ~t
24 4
42 4
24 4
CR 4
R4 4
42 4
75 2
19 2
2 2
1 2

784 4
784 4
7SC 4
99 4
21 4
19 2
5 c
9 4

761 0.42
338 0.48

8.37 0.30 0.87
22.9 2.25 5.31

21 3 5 23.3
156. 3.8 23.3

21 3.8 23.3
156. 3.8 23.3

21 3.d 23.3
156. 3.8 23.3
15.2
30.1
14A 1.17 3.8
26.3 1.29 3.91
TCA 1.17 3.5
26.3 1.29 3.91
15A 0.72 2.69
28.9 0.8 R.TT
15A 0.72 2.69
2S.9 O.d 2.77

21 3.d 23.3
156. 3.d 23.3
156. 3.d 23.3
839 1.58 21

21 3 $ 23.3
156. 3.d 23.3

21
156.

21
156+

21 3 8 23.3
21 3.d 23.3
21
21 3.d 23.3

156+ 3.8 23.3
156.

21 4AC 13.1
21 4.C4 13.1
21 3.8 23.3

156. 1.55 21
156.

21 3.d 23.3
156. 3.S 23.3
8.37 0.30 0.87
22.9 2.25 5.31

839 1.58 21
21 3.8 23.3
21 3.8 23.3

4
4
4
4

4
2
2
4
4
4
4
3
3
3
3
4
4
4
4
3

142 1.58
159 1.58
1C2 1.55
159 1.58
142 1.58
159 1.58
23 0.25
41 0.24
45 OA2
82 0.37
45 OA2
BZ 0.37
34 0.36
62 0.33
34 0.36
62 0.33
24 1+55
42 1.55
RC 1.55
42 0.84
15 1.58

3 31.5 1.58
75 I.sd
19 1.55
2 1.55
1 1.58

78C 1.5S
Sdd 1.58
392 1.58

99 1.5d
21 1.58
19 'I.58
s 1'.se
9 1.58

1.58
1.58
1.58
1.58
1.55
O.C2
OAB
0.84
1.58
1.58

0.63 0.85
0.79 0.79
3.d 9.58
3.8 9.58
3.8 9.55
3.8 9.58
3.8 9.58
3.8 9.58

0.54 0.79
0.2 0.29

0.54 0.79
O,R 0.29

3.8 9.58
3.8 9.55
l.d d.3'I
l.d 8.31

1.8 8.31

1.8 8.31
3.$ 9.58

3.5 9.58
3.8 9.58

3.8 9.5$
3.8 9.58

0.63 0.85
0.79 0.79
3.8 9.58
1.8 8.31
1.8 8.31

4.dl 769.
9.97 362.
43A 162.
7.11 316.
24.3 163.
T.ll 316.
2C.3 163.
7.11 316.
0.25 37.7
0.90 74.3
3.92 59A
3.12 113.
3.92 $9A
3.12 113.
0.36 49 1

2.33 9C.3
0.36 49.1
2+33 94.3
3+55 50
16.1 205.
3.58 185 ~

9A2 857
3.55 43.5
12.9 193,
1.58 97
'I.SS 175.
I'.se 23
To58 15T.
50.6 516m
36.3 622.
20.3 428.
2S.O 125
5.5S 177.
2.58 1T6.
10.0 2'7.0
4.70 31.1

2.78 2.79
8.06 8.98
37.4 31+9
T.d 24.8

17.5 32.3
7.5 24.d

17.5 32.3
7+8 24.8

1.01 2.98
3.34 4.06
34.0 12.9
7.8 9.55

'14.0 13.0
7.8 9.58

14,0 13.0
T.d 9.58

4.54 3.92
3.54 4.C1
4.54 3.9Z
3.5C 4Al
0.72 2.69

O.d 4+77
0.72 R.69

O.d 4 77
3.d 25.3

15.1 26.5
3.d 25.3

d.95 22.2
3.8 25.3

10.'6 27.'8

2.79 1.92
O.R 2.54

2.79 1.92
0.2 2.54

3.8 9.55
12.6 1R.1
I.d d.31

6A5 10.d

27.8 48.3 10.9 23.2
15.d 46+1

21.9 31.6 16.5 11.6
3.8 27.3 3.8 9.58

8.76 17.3 7.92 9.77
5.50 15.2 4.62 9.81

Table 3.3.4-8 (Pa e 1 of 2). Summar of Common Cause Failure Parameters for Browns Fer Com onents IXI
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'll

C

hl

CL
C
CL

DI
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Table 3.3.4-8 (Pa e 2 of 2). Summa of Common Cause Failure Parameters for Browns Fer Com onents os
O

'll

NO. DATA INPACT VECTORS
DESI Co

47 2 RL1D
48 2 SUBD
49 2 VSOO
SO 2 DNAD
S1 ZEVSCO
S2 2 NGSS
S3 2 NGSR

N1 NZ N3 N4 NIBFN

ZBDCGS SETA fACTOR
ZGDGGS CAIBIA FACTOR
ZDDGGS DELTA FACTOR
POPULATION fOR THESE CCNPOIENTS IS PRESENTED IN TABLE
GENERIC DATA

IBBIBER NO OF POPULATION POPULATION
OF EVENTS INDEPENDENT IN AT
AT BFN EVENTS GENERIC BFN

IN DATA BASE PLANT
N2BFN NSBFN N4BFN NGN PGN PBFN

PRIOR POSTERIOR

Nl AO BO CO DO EO FO A 8 C 0 E F

1.58 21 1.5d 21 3.d 9.58
1.58 21 1.SB 21 3.8 9.58
1.5d 21 3.d 25.3 1.58 21
1.58 21 3.8 23.3 .1.d 8.31
1.58 21
1.58 156. 3.8 23.3 T.d d.31
0.84 839 I+58 21 1.d d.31

C
Pt
t4

O.
C
CL
C

TI
CD

lll
BC
CO

k
CD

O

CD
C
Ch

O

C)



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 3.3.4-9. Average Number of Components per Plant for Each Component Type of
Interest

Component

Diesel Generator
AFW Motor-Driven Pum
AFW Turbine-Driven Pum
HHSI Pum
HPCI and RCIC Pum s
LHSI, LPCI, RHR Pum
Containment S ra Pum
CCW Pum
Service Water
SBLC Pum
Reactor Tri Breaker
MOV%

Check Valve"
Reactor Trip Breaker
Undervoltage Trip
Attachment

Plant Type

PWR, 'BWR
PWR
PWR
PWR
BWR

PWR, BWR
PWR

PWR, BWR
PWR, BWR

BWR
PWR

PWR, BWR
PWR, BWR

PWR

Number of
Components

138
55
50

193
99
187
300
40
150
926

730.8
148

Number of
Plants

67
35
45

22
69
42
68
68
20
43
67
67

Average
Number per

Plant
2.06
1.57

2.69
2.0

2.80
2.36
2.75
4.41
2.00
3.49

13.82
10.91
3.52

Shunt Tri Attachment PWR 50 7.14t "The MOV and check valve populations are the average number of the respective valves per
system for each unit. The systems considered in the population data are core spray, HPCI,
LPCI, containment s ra, HHSI, LHSI, and AFW s stems.

s ECT334.8FN.OB/29/92 3.3.4-31



Table 3.3.4-10 (Page 1 of 7). Summary of Comon Cause Failure Parameters for Browns Ferry Components

Designator Description IVlean Median
5th

Percentile
95th

Percentile

ZBCB1D

ZBCB2D

ZBCMPR

ZBCMPS

ZBCRSD

ZBDGSR

ZBDGSS

ZBDMAD

ZBFN1R

ZBFN1S

ZBFNOR

ZBFNOS

ZBFNSR

ZBFNSS

ZBLC1D

ZBMGSR

ZBPCBR

ZBPCBS

ZBPCDR

'BPCDS

ZBPCSR

Beta Factor - Circuit Breakers 480V and Above Fail on Demand
'eta

Factor - Circuit Breakers ( 480V Fail on Demand

Beta Factor - Air Compressor Fails during Operation

Beta Factor - Air Compressor Fails To Start on Demand

Beta Factor - CRDs Fail To Insert

Beta Factor - Diesel Generators Fail To Operate

Beta Factor - Diesel Generators Fail To Start

Beta Factor - Motor-/Air-Operated Dampers Fail on Demand

Beta Factor - Standby Gas Treatment Fans Fail during Operation

Beta Factor - Standby Gas Treatment Fans Fail To Start

Beta Factor - Operating Fans Fail during Operation

Beta Factor - Operating Fans Fail To Start/Restart

Beta Factor - Standby Fans Fail during Operation

Beta Factor - Standby Fans Fail To Start

Beta Factor - Logic Trip Modules Fail on Demand

Beta Factor - Motor-Generator Sets Fail during Operation

Beta Factor - Condensate Booster Pumps Fail during Operation

Beta Factor - Condensate Booster Pumps Fail To Start

Beta Factor - Condensate Pumps Fail during Operation

Beta Factor - Condensate Pumps Fail To Start

Beta Factor - Core Spray Pumps Fail during Operation

1.83-01 1.23-01 1.80-01

7.00-02 5.86-04 5.46-02

2.07-02 3.58-05 8.40-03

4.78-02 3.71-05 1.74-02

7.00-02 5.86-04 5.46-02

2.68-02 1.21-02 2.54-02

6.22-03 1.69-03 5.63-03

7.00-02 5.86-04 5.46-02

6.27-02 3.22-02 6.02-02

7.60-02 1.61-02 6.78-02

1.05-02 4.59-03 9.94-03

1.90-02 3.75-03 1.67-02

7.28-02 4.07-02 7.05-02

6.68-02 1.40-02 5.95-02

1.00-03 1.07-05 5.94-04

1.00-03 1.07-05 5.94-04

2.41-02 2,07-03 2.00-02

7.28-03 1.80-06 2.03-03

2.41-02 2.07-03 2.00-02

7.28-03 1.80-06 2.03-03

2,20-02 8.21-03 2.05-02

2.30-01

1.57-01

6.82-02

1.63-01

1.57-01

3.99-02

1.07-02

1.57-01

8.88-02

1.38-01

1.58-02

3.50-02

9.97-02

1.21-01

2.79-03

2.79-03

4.95-02

2.61-02

4.95-02

2.61-02

3.49-02

Note: Exponential notatlori is indicated in abbreviated form; e.g., 1.83-01 = 1.83 x 10

TAB33410.BFN.08/08/92



Table 3.3.4-10 (Page 2 of 7). Summary of Comon Cause Failure Parameters for Browns Ferry Components

Designator Description Mean 5th
Percentile Median

95th
Percentile

ZBPCSS

ZBPEER

ZBPEES

ZBPEHR

ZBPERR

ZBPERS

ZBPMFR

ZBPMFS

ZBPRBR

ZBPRBS

ZBPRHR

ZBPRHS

ZBPRSR

ZBPRSS

ZBPSBR

ZBPSBS

ZBPTBR

ZBPTBS

ZBPXRR

'BPXRS

ZBRL1D

Beta Factor - Core Spray Pumps Fail To Start

Beta Factor - EECW Pumps Fail during Operation

Beta Factor - EECW Pumps Fail To Start

Beta Factor - EHC Pumps Fail during Operation

Beta Factor - RCW Pumps Fail during Operation

Beta Factor - RCW Pumps Fail To Start

Beta Factor - Main Feedwater Pumps Fail during Operation

Beta Factor - Main Feedwater Pumps Fail To Start

Beta Factor - RBCCW Pumps Fail during Operation

Beta Factor - RBCCW Pumps Fail To Start

Beta Factor - RHR Pumps Fail during Operation

Beta Factor - RHR Pumps Fail To Start

Beta Factor - RHR Service Water Pumps Fail during Operation

Beta Factor - RHR Service Water Pumps Fail To Start

Beta Factor - SBLC Pumps Fail during Operation

Beta Factor - SBLC Pumps Fail To Start

Beta Factor - Turbine-Driven HPCI/RCIC Pumps Fail during Operation

Beta Factor - Turbine-Driven HPCI/RCIC Pumps Fail To Start

Beta Factor - Fuel Oil Transfer Pumps Fail To Operate

Beta Factor - Fuel Oil Transfer Pumps Fail To Start

Beta Factor - Mechanical Relays Fail on Demand

6.43-02

8.95-03

3.83-04 5.00-02 1.45-01

7.90-04 6.80-03 2.06-02

1.60-02 1.42-03 1.22-02 3:68-02

1.00-02 8.85-04 7.62-03 2.31-02

7.00-02 '.86-04 5.46-02 1.57-01

7.00-02 5.86-04 5.46-02 1.57-01

2.13-01 1.57-01 2.10-01 2.56-01

2.69-02 4.39-03 2.33-02 5.11-02

6.19-02 1.44-02 5.55-02 1.10-01

1.00-02 8.85-04 7.62-03 2.31-02

2.69-02 4.39-03 2.33-02 5.11-02

6.19-02 1.44-02 5.55-02 1.10-01

1.00-02 8.83-04 7.60-03 2.30-'02

7.00-02 5.86-04 5.46-02 1.57-01

1.20-02 1.87-04 7.42-03 3.26-02

6.59-03 5.65-08 9.77-04 2.59-02

2.20-02 8.21-03 2.05-02 3.49-02

1.30-01 8.31-02 1.27-01 1.67-01

2.20-02 8.21-03 2.05-02 3.49-02

1.30-01 8.31-02 1.27-01 1.67-01

9.96-03 8.80-04 7.57-03 2.29-02

Note; Exponential notation is indicated in abbreviated form; e.g., 1.83-01 = 1.83 x 10+1.

TAB33410.BFN.oe/08/92



Table 3.3.4-10 (Page 3 of 7). Summary of Comon Cause Failure Parameters for Browns Ferry Components

Designator

ZBSWBD

ZBVAOD

ZBVCOD

ZBVEHD

ZBVM2D

ZBVM3D

ZBVMOD

ZBVR40

ZBVR4S

ZBVSBO

ZBVSOD

ZBVSQD

ZGCB1D

ZGCB2D

ZGCMPR

ZGCMPS

ZGCRSD

ZGDGSR

ZGDGSS'GDMAD

ZGFN1R

Description

Beta Factor - Bistables, Switches Fail on Demand

Beta Factor - Air-Operated Valves Fail To Open/Close

Beta Factor - Check Valves (Population 8) Fail To Reseat

Beta Factor - Electrohydraulic Valves Fail To Open/Close

Beta Factor - MOVs (Population 2) Fail To Open/Close

Beta Factor - MOVs (Population 3) Fail To Open/Close

Beta Factor - Motor-Operated Valves Fail To Open/Close

Beta Factor - Two-Stage Target Rock Valves Fail To Open on Overpressure

Beta Factor - Two-Stage Target Rock Valves Fail To Open on Signal

Beta Factor - SBLC Relief Valves Fail Open Prematurely

Beta Factor - Solenoid Valves Fail To Operate on Demand

Beta Factor - Squibb Valves Fail on Demand

Gamma Factor - Circuit Breakers 480V and Above Fail on Demand

Gamma Factor - Circuit Breakers ( 480V Fail on Demand

Gamma Factor - Air Compressor Fails during Operation

Gamma Factor - Air Compressor Fails To Start

Gamma Factor - CRDs Fail To Insert

Gamma Factor - Diesel Generator Fails during Operation

Gamma Factor - Diesel Generators Fail To Start

Gamma Factor - Motor-, Air-Operated Dampers Fail To Open/Close

Gamma Factor - Standby Gas Treatment Fans Fail during Operation

Mean

7.00-02

7.00-02

3.06-02

7.00-02

4.53-02

5.51-02

5.84-02

2.70-01

1.31-01

1.44-02

'.00-02
7.00-02

4.09-01

1.40-01

2.98-01

2,61-01

2,52-01

4.73-01

4.99-01

1 AO-01

2.76-01

5th
M d. 95th

Percentile Percentile
Median

5.86-04 5.46-02 1.57-01

5.86-04 5.46-02 1.57-01

9,63-03 2,81-02 5.08-02

5,86-04 5.46-02 1.57-01

2.70-02 4.40-02 6.04-02

3.81-02 5.41-02 6.86-02

4.29-02 5.76-02 7.04'-02

1.35-01 2.62-01 3.81-01

3.86-02 1.21-01 2.20-01

1.58-03 1.22-02 2.90-02

5.86-04 5.46-02 1.57-01

5.86-04 5.46-02 1.57-01

2.75-01 4.04-01 5.08-01

3.40-02 1.27-01 2.45-01

4.60-02 2.69-01 5.50-01

3.70-05 1.08-01 8.30-01

7.77-02 2.36-01 4.11-01

2.38-01 4.64-01 6A8-01

1.28-01 4.85-01 7.91-01

3.40-02 1.27-01 2.45-01

1.42-01 2.68-01 3.85-01

Note: Exponential notation is indicated in abbreviated form; e.g., 1.83-01 = 1.83 x 10

TA 410.BFN.OS/08/92



Table 3.3.4-10 (Page 4 of 7). Summary of Comon Cause Failure Parameters for Browns Ferry Components

Designator Description Mean
5th

Percentile
Median 95th

Percentile

ZGFN1S

ZGFNOR

ZGFNOS

ZGFNSR

ZGFNSS

ZGLC1D

ZGMGSR

ZGMGSS

ZGPCBR

ZGPCBS

ZGPCDR

ZGPCDS

ZGPCSR

ZGPCSS

ZG PEER

ZGPEES

ZGPERR

ZGPERS

ZGPMFR'GPMFS

ZGPRHR

Gamma Factor - Standby Gas Treatment Fans Fail To Start

Gamma Factor - Operating Fans Fail during Operation

Gamma Factor - Operating Fans Fail To Start/Restart

Gamma Factor - Standby Fans Fail during Operation

Gamma Factor - Standby Fans Fail To Start

Gamma Factor - Logic Modules Fail on Demand

Gamma Factor - Motor-Generator Sets Fail during Operation

Gamma Factor - Motor-Generator Sets Fail To Restart

Gamma Factor - Condensate Booster Pumps Fail during Operation

Gamma Factor - Condensate Booster Pumps Fail To Start

Gamma Factor - Condensate Pumps Fail during Operation

Gamma Factor - Condensate Pumps Fail To Start

Gamma Factor - Core Spray Pumps Fail during Operation

Gamma Factor - Core Spray Pumps Fail To Start

Gamma Factor - EECW Pumps Fail during Operation

Gamma Factor - EECW Pumps Fail To Start

Gamma Factor - RCW Pumps Fail during Operation

Gamma Factor - RCW Pumps Fail To Start

Gamma Factor - Main Feedwater Pumps Fail during Operation

Gamma Factor - Main Feedwater Pumps Fail To Start

Gamma Factor - RHR Pumps Fail during Operation

1.31-01 3.14-02

2.87-01 1.38-01

1.31-01 3.14-02

3.63-01 2.18-01

1.31-01

7.00-02

3.14-02

5.86-04

7.00-02 5.86-04

1.40-01 3.40-02

1.44-01 1.38-03

2.11-01 9.67-04

1.44-01 1.38-03

2.11-01 9.67-04

2.39-01 1.05-01

5AO-01 4.15-01

4A5-01 1.34-01

5.37-01 2.09-01

4.45-01 1.34-01

5.37-01 2.09-01

7.00-02 5,86-04

1.40-01 3.40-02

2.39-01 1.05-01

1.18-01

2.78-01

1.18-01

3.56-01

1.18-01

5.46-02

5.46-02

1.27-01

9.40-02

1 Ai-01

9.40-02

1.41-01

2.29-01

5.36-01

4.29-01

5.29-01

4.29-01

5.29-01

5A6-02

1.27-01

2.29-01

2.29-01

4.10-01

2.29-01

4.74-01

2.29-01

1.57-01

1.57-'01

2.45-01

3.83-01

5.57-01

3.83-01

5.57-01

3.53-01

6.26-01

6.98-01

7.74-01

6.98-01

7.74-01

1.57-01

2.45-01

3.53-01

Note: Exponential notation is indicated in abbreviated form; e.g., 1.83-01 = 1.83 x 10
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Table 3.3.4-'IO (Page 5 of 7). Summary of Comon Cause Failure Parameters for Browns Ferry Components

Designator Description IVlean
5th

Percentile
Median

95th
Percentile

ZGPRHS

ZGPRSR

ZGPRSS

ZGPXRR

ZGPXRS

ZGRL1D

ZGSWBD

ZGVAOD

ZGVCOD

ZGVEHD

ZGVM3D

ZGVMOD

ZGVR40

ZGVR4S

ZGVSOD

ZDCB1D

ZDCB2D

ZDCMPR

ZDCMPS'DCRSD

ZDDGSR

Gamma Factor - RHR Pumps Fail To Start

Gamma Factor - RHR Service Water Pumps Fail during Operation

Gamma Factor - RHR Service (Nater Pumps Fail To Start

Gamma Factor - Fuel Oil Transfer Pumps Fail To Operate

Gamma Factor - Fuel Oil Transfer Pumps Fail To Start

Gamma Factor - Mechanical Relays Fail on Demand

Gamma Factor - Switches, Bistables Fail on Demand

Gamma Factor - Air-Operated Valves Fail To Open/Close

Gamma Factor - Check Valves (Population 8) Fail To Reseat,

Gamma Factor - Electrohydraulic Valves Fail To Open/Close

Gamma Factor - MOVs (Population 3) Fail To Open/Close

Gamma Factor - Motor-Operated Valves Fail To Open

Gamma Factor - Two-Stage Target Rock Valves Fail To Open on Overpressure

Gamma Factor - Two-Stage Target Rock Valves Fail To Open on Signal

Gamma Factor - Solenoid Valves Fail on Demand

Delta Factor - Circuit Breakers 480V and Above Fail on Demand

Delta Factor - Circuit Breakers ( 480V Fail on Demand

Delta Factor - Air Compressor Fails during Operation

Delta Factor - Air Compressor Fails To Start

Delta Factor - CRDs Fail To Insert

Delta Factor - Diesel Generator Fails during Operation

3.51-01 2,20-01

2.39-01 1.05-01

3.51-01 2.20-01

1.40-01 3.40-02

1.40-01 3.40-02

7.00-02 5.86-04

7.00-02 5.86-04

1.40-01 3.40-02

1.22-01 2.91-02

1.40-01 3.40-02

2.55-01 1.50-01

3.65-01 2.56-01

3.36-01 1.64-01

2,66-01 9.67-02

7.00-02 5.86-04

5.87-01 3,94-01

1.78-01 1.32-02

4.99-01 9.72-03

4.17-01 1.56-04

2.84-01 7.88-02

4,51-01 1.30-01

3.45-01

2.29-01

3.45-01

1.27-01

1.27-01

5.46-02

5.46-02

1.27-01

1.11-01

1.27-01

2.49-01

3,61-01

3.26-01

2.52-01

5.46-02

5.83-01

1.49-01

4.70-01

3.47-01

2.65-01

4.35-01

4.52-01

3.53-01

4.52-01

2.45-01

2.45-01

1.57-01

1.57-'01

2.45-01

2.15-01

2.45-01

3.39-01

4,47-01

4.75-01

4.14-01

1.57-01

7.19-01

3.69-01

9.49-01

9.14-01

4.72-01

7.13-01

Note: Exponential notation is indicated in abbreviated form; e.g., 1.83-01 = 1.83 x 10
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Table 3.3.4-10 (Page 6 of 7). Summary of Comon Cause Failure Parameters for Browns Ferry Components

Designator Description IVlean
5th

Percentile
IVledian

95th
Percentile

ZDDGSS

ZDDMAD

ZDFNOR

ZDFNOS

ZDFNSR

ZDFNSS

ZDLC1D

ZDMGSR

ZDMGSS

ZDPCSR

ZDPCSS

ZDPEER

ZDPEES

ZDPERR

ZDPERS

ZDPRHR

ZDPRHS

ZDPRSR

ZDPRSS

'DPXRR

ZDPXRS

Delta Factor - Diesel Generators Fail To Start

Delta Factor - Motor-/Air-Operated Dampers Fail on Demand

Delta Factor - Operating Fans Fail during Operation

Delta Factor - Operating Fans Fail To Start/Restart

Delta Factor - Standby Fans Fail during Operation

Delta Factor - Standby Fans Fail To Start

Delta Factor - Logic Modules Fail on Demand

Delta Factor - Motor-Generator Sets Fail during Operation

Delta Factor - Motor-Generator Sets Fail To Restart

Delta Factor - Core Spray Pumps Fail during Operation

Delta Factor - Core Spray Pumps Fail To Start

Delta Factor - EECW Pumps Fail during Operation

Delta Factor - EECW Pumps Fail To Start

Delta Factor - RCW Pumps Fail during Operation

Delta Factor - RCW Pumps Fail To Start

Delta Factor - RHR Pumps Fail during Operation

Delta Factor - RHR Pumps Fail To Start

Delta Factor - RHR Service Water Pumps Fail during Operation

Delta Factor - RHR Service Water Pumps Fail To.Start

Delta Factor - Fuel Oil Transfer Pumps Fail To Operate

Delta Factor - Fuel Oil Transfer Pumps Fail To Start

2.53-01

1.78-01

3.81-01

1.78-01

5.10-01

2.84-01

2.84-01

1.78-01

1.78-01

4.49-01

7.25-01

7.30-02

5,92-01

7.30-02

5.92-01

4.49-01

5.19-01

4.49-01

5.19-01

2.84-01

2.84-01

5.79-04 1.97-01 5.88-01

1.32-02 1.49-01 3.69-01

1.66-01 3.69-01 5.53-01

1.32-02 1.49-01 3.69-01

3.08-01 5.04-01 6.55-01

7.88-02 2,65-01 4.72-01

7.88-02 2.65-01 4.72-'01

1.32-02 1.49-01 3.69-01

1.32-02 1.49-01 3.69-01

2.20-01 4.39-01 6.23-01

5.82-01 7.24-01 8.16-01

4.72-08 7.74-03 3.11-01

1.69-01 5.91-01 8.81-01

4.72-08 7.74-03 3.11-01

1.69-01 5.91-01 8.81-01

2.20-01 4.39-01 6.23-01

3.24-01 5.13-01 6.57-01

2.20-01 4.39-01 6,23-01

3.24-01 5.13-01 6.57-01

7.88-02 2.65-01 4.72-01

7.88-02 2.65-01 4.72-01

Note: Exponential notation is indicated in abbreviated form; e.g., 1.83-01 = 1,83 x 10+1.
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Table 3.3.4-10 (Page 7 of 7). Summary of Comon Cause Failure Parameters for Browns Ferry Components

Designator

ZDRL1D

ZDSWBD

ZDVAOD

ZDVCOD

ZDVEHD

ZDVMOD

ZDVR40

ZDVR4S

ZDVSOD

Description

Delta Factor - Mechanical Relays Fail on Demand

Delta Factor - Switches, Bistables Fail on Demand

Delta Factor - Air-Operated Valves Fail To Open/Close

Delta Factor - Check Valves (Population 8) Fail To Reseat

Delta Factor - Electrohydraulic Valves Fail To Open/Close

Delta Factor - Motor-Operated Valves Fail To Open

Delta Factor - Two-Stage Target Rock Valves Fail To Open on Overpressure

Delta Factor - Two-Stage Target Rock Valves Fail To Open on Signal

Delta Factor - Solenoid Valves Fail on Demand

IVlean

2.84-01

2.84-01

1.78-01

2.84-01

1.78-01

3,20-01

4.48-01

3.20-01

2.84-01

5th
Percentile

7.88-02

7.88-02

1.32-02

7.88-02

1.32-02

1.69-01

2.21-01

1.07-01

7.88-02

95th
Median

2,65-01 4.72-01

2.65-01 4.72-01

1.49-01 3.69-01

2.65-01 4.72-01

1.49-01 3.69-01

3.11-01 4.39-01

4.38-01 6.20-'01

3.04-01 5.05-01

2.65-01 4.72-01

Note: Exponential notation is indicated in abbreviated form; e.g., 1.83-01 = 1.83 x 10+1.
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

3.3.5 QUANTIFICATIONOF UNAVAILABILITYOF SYSTEMS
~ ~

The Browns Ferry individual plant examination (IPE) system models are quantified using the
RISKMAN probabilistic risk assessment (PRA) Workstation Software and data in the
Browns Ferry database (Section 3.3.1). The Monte Carlo option is used and produces
uncertainty distributions for the split fraction totals. In addition to histograms representing
each uncertainty distribution, the main parameters of each distribution represented are the
mean, 5th percentile, median, and 95th percentile. Table 3.3.5-1 displays the mean
parameter for each split fraction. This mean value is used as input for the event tree
quantification.

Many top events represent redundant divisions of a single system. For example, Top
Events AA, AB, AC, and AD represent the four divisions of 4-kV Shutdown Boards. When
there are shared dependencies between top events, such as common cause failures, the
correct calculation of conditional split fractions requires that the frequency of failure of
four divisions be calculated. These failure frequencies for the four divisions are calculated
using intermediate fault trees that contain the equipment for four divisions. This method
of calculation is used for any system that has been separated into individual divisions for
the IPE.

A simple example is used to illustrate the development of the equations for the conditional

split fractions. Consider two top events, FA and FB, that are defined such that they are

dependent. This could apply to two divisions of a system that share common cause and

maintenance or it could apply to two systems sharing a group of components. Also
assume that any necessary support required for the Top Events FA and FB is available.

The event tree in which these top events appear is shown below.

Event Tree: FRONTLINE

FA FB

S1
S2

S3

FA = FRONTLINE SYSTEM — TRAIN A
FB = FRONTLINE SYSTEM — TRAIN B

Let
P(FA) the unavailability of division FA.

P(FB) = the unavailability of division FB.

P(FA FB) = the unavailability of division FA and division FB.

The objective is to define the split fractions S1, S2, and S3 in terms of the abovet probabilities. Note that S1 is not conditional and is simply P(FA). Also note that S2

and S3 are conditional split fractions and that S2 = P(FB i FA) and S3 = P(FB i FA).

SECT335.BFN.08/31/92 3.3.5-1



Browns Ferry Unit 2 Individual Plant Examination Revision 0

From basic probability theory,

P(FIFE)~P(FK) «P(FEIN@ => S3~P(FHI
P(FK)

The equation for S2 can be obtained as follows:

S2 = P(FE i FA)
P(FA)

1 - P(FK+ FB)
P(FA)

1-P(FK) - P(FB) + P(FK FB)
P(FA)

1-P(FK) —P(FB) + P(Rg «P(FB i Rg
P(FA)

In summary,

S1 P(RQ

1-P(FX) —P(FB) + P(FK) «(1 - P(FE FK)
P(FA)

'l -P(FX) - P(FB) + P(RQ «(1 —P(FXFH)JP(RQ)
P(FA)

1 - P(Rg —P(FB) + P(RQ —P(FA'FE)
P(FA)

1 —P(FB) - P(FKFH)
P(FA)

P(FH) - P(FIFE)
1 - P(FK)

S2 = P(FAFH) =
1 -P(RQ

S3 P(FE i FK)
P(RQ

The term P(FA FB) is calculated using an intermediate fault tree. For the case in which
FA has failed due to a support failure, the split fraction used for FB is just P(F B). This
approach can be used to develop the conditional split fractions for any number of top
events.

Returning to the top events for the 4-kV Shutdown Boards discussed earlier, the
methodology described above (using intermediate fault trees) was used to calculate the
conditional split fractions for the four top events. The calculated results of the

SECT335.BFN.08/31/92 3.3.5-2



Browns Ferry Unit 2 Individual Plant Examination Revision 0

intermediate fault trees are not listed in Table 3.3.5-1; only the calculated values for the
individual conditional split fractions are provided. For example, the conditional split
fractions for Top Event AB listed in Table 3.3.5-1 are AB1, AB2, AB3, AB4, and AB5.

A complete description of the methodology for the analysis of systems modeled in the
Browns Ferry IPE is provided in Section 2.3.5.

SECT335.BFN.08/29/92 3.3.5-3



SF Name... Topo ~ ~ ~ ~ ~ ~

A3EA1
A3EA2
A3EAF
A3EB1
A3EB2
A3EB3
A3EB4
A3EB5
A3EBF
A3EC1
A3EC10
A3EC11
A3EC12
A3EC13
A3EC14

A3EA
A3EA
A3EA
A3EB
A3EB
A3EB
A3EB
A3EB
A3EB
A3EC
A3EC
A3EC
A3EC
A3EC
A3EC

A3EC15

A3EC16

A3EC17
A3EC18

A3EC

A3EC

A3EC
A3EC

A3EC2
A3EC3
A3EC4
A3EC5
A3EC6
A3EC7
A3EC8
A3EC9
A3ECF

A3EC
A3EC
A3EC
A3EC
A3EC
A3EC
A3EC
A3EC
A3EC

TBL3351.BFN.08/29/92

Table 3.3.5-1 (Page 1 of 45). Browns Ferry System Quantification Results

SF Value... Split Fraction Description*................

9.1230E-04
1.4090E-03
1.0000E+00
8.9340E-04
1.3790E-03
2.1620E-02
2.2560E-02
1.4090E-03
1.0000E+00
8.7440E-04
1.4950E-03
8.5960E-04
2.1860E-01
9.1290E-04
1.3790E-03

5.0330E-04

2.2560E-02

9.1230E-04
1.4090E-03

1.4100E-03
9.1350E-04
1.3560E-03
2.2070E-02
7.6150E-04
4.9510E-04
1.8040E-02
1.0460E-03
1.0000E+00

NORMAL SUPPLY AVAILABLE
LOSS OF NORMAL SUPPLYI DIESEL AVAILABLE
G.F.
NORMAL SUPPLY AVAILABLE, A3EA SUCCESS
A3EA SUCCESSi NORMAL LOSTi ALL DG AVAILABLE
A3EA FAILI NORMAL SUPPLY AVAILABLE
A3EA FAIL, NORMAL SUPPLY LOST
A3EA BYPASS, NORMAL LOST
G. F.
A3EA,A3EB SUCCESS, NORMAL AVAILABLE
A3EA AND A3EB FAIL, UNIT BD 3B LOST
A3EA AND A3EB FAIL, UNIT BD 3A LOST
A3EA AND A3EB FAIL, NORMAL SUPPLIES LOST
A3EB BY SUPPORT, UNIT BD 3A UNAVAILABLE
A3EB BY SUPPORT, ALL NORMAL SUPPLIES
UNAVAILABLE
A3EA FAILi A3EB BY SUPPORT J UNIT BD 3A
UNAVAILABLE
A3EA FAIL g A3EB BY SUPPORT I ALL NORMAL
SUPPLIES UNAVAILABLE
A3EA AND A3EB BY SUPPORT, UNIT BD 3B AVAILABLE
A3EA AND A3EB BY SUPPORT, ALL NORMAL
SUPPLIES UNAVAILABLE
A3EA J A3EB SUCCESS i UNIT BD 3B LOST
A3EAi A3EB SUCCESS I UNIT BD 3A LOST
A3EA g A3 EB SUCCESS I NORMAL SUPPLI ES LOST
A3EB FAILS, ALL NORMAL AVAILABLE
A3EA OR A3EB FAIL, UNIT BD 3B LOST
A3EA OR A3EB FAIL, UNIT BD 3A LOST
A3EA OR A3EB FAIL, NORMAL SUPPLIES LOST
A3EA AND A3EB FAIL, NORMAL SUPPLIES AVAILABLE
G. F.
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SF Name... Top....... SF Value... Split Fraction Description*................

A3ED1
A3ED10

A3ED11
A3ED12
A3ED13
A3ED14
A3ED15
A3ED16

A3ED17

A3ED18
A3ED19
A3ED2
A3ED20

A3ED21
A3ED22
A3ED23
A3ED24

A3ED25
A3ED26
A3ED27

A3ED
A3ED

A3ED
A3ED
A3ED
A3ED
A3ED
A3ED

A3ED

A3ED
A3ED
A3ED
A3ED

A3ED
A3ED
A3ED
A3ED

A3ED
A3ED
A3ED

8.5550E-04
1.8130E-02

9.0760E-04
1.4370E-03
3.8440E-02
8.2260E-04
4.1490E-02
1.3150E-02

1.3330E-01

4.0630E-02
4.3840E-02
1.3800E-03
9.5300E-01

1.4100E-03
8.9400E-04
1.3560E-03
7.6150E-04

2.1600E-02
4.8270E-04
1.8040E-02

ALL NORMAL SUPPLIES AVAILABLE
ONE PREVIOUS DIVISION FAILSI ALL NORMAL
SUPPLIES UNAVAILABLE
TWO PREVIOUS DIVISIONS FAIL
A3EA AND A3EB UNAVAILABLE, UNIT BD 3B UNAVAILABLE
A3EA AND A3EC FAIL, UNIT BD 3B UNAVAILABLE
A3EA AND A3EB FAIL, UNIT BD 3A UNAVAILABLE
A3EA AND A3EC FAILI UNIT BD 3A UNAVAILABLE
TWO PREVIOUS DIVISIONS FAIL, NO NORMAL
SUPPLIES
A3EAi A3EBI A3EC FAILi ALL NORMAL SUPPLIES
AVAILABLE
A3EAi A3EBi A3EC FAILS UNIT BD 3B UNAVAILABLE
A3EAI A3EBI A3EC FAILi UNIT BD 3A UNAVAILABLE
UNIT BD 3B UNAVAILABLE
A3EAI A3EBI A3EC FAILi UNIT BD 3A AND 2
UNAVAILABLE
A3EC BY SUPPORT, UNIT BD 3B UNAVAILABLE
A3EB BY SUPPORT, UNIT BD 3A UNAVAILABLE
A3EC BY SUPPORT, NO NORMAL POWER
A3EC BY SUPPORT, A3EB AND UNIT BD 3B
UNAVAILABLE
A3EB BY SUPPORT, A3EC AND UNIT BD 3A FAIL
A3EB BY SUPPORT, A3EA AND UNIT BD 3A FAIL
A3EB BY SUPPORT I A3EA UNIT BD 3A AND UNIT
BD 3B FAIL

Table 3.3.5-1 (Page 2 of 45). Browns Ferry System Quantification Results CU
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A3ED28

A3ED29

A3ED3
A3ED30

A3ED

A3ED

A3ED
A3ED

1.4950E-03

4.1580E-02

8.9450E-04
2.1860E-01

A3EC BY SUPPORT i A3 EA i A3EB AND UNIT BD 3 B
FAIL
A3EB BY SUPPORT i A3EA I A3 EC AND UNIT BD 3A
FAIL
UNIT BD 3A UNAVAILABLE
A3EC BY SUPPORTiA3EAi A3EBi UNIT BD 3AI
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SF Name... Top o ~ ~ ~ ~ ~ ~

A3ED3 1
A3ED32

A3ED33

A3ED34

A3ED35

A3ED
A3ED

A3ED

A3ED

A3ED

A3ED4
A3ED5
A3ED6
A3ED7
A3ED8
A3ED9
A3EDF
AA1
AA2
AAF
AB1
AB2
AB3
AB4
AB5
ABF
AC1
AC10
AC11
AC12
AC13
AC14

A3ED
A3ED
A3ED
A3ED
A3ED
A3ED
A3ED
AA
AA
AA
AB
AB
AB
AB
AB
AB
AC
AC
AC
AC
AC
AC

TBL3351.BFN.08/29/92

Table 3.3.5-1 (Page 3 of 45). Browns Ferry System Quantification Results

SF Value... Split Fraction Description*................

8.9340E-04
1.3790E-03

2.1620E-02

2.2560E-02

1.4090E-03

1.3330E-03
2.2550E-02
7.3280E-04
2.2550E-02
4.7480E-04
2.1590E-02
1.0000E+00
4.8300E-04
1.0910E-03
1.0000E+00
4.8320E-04
1.0260E-03
1.8110E-04
6.1260E-02
1.0910E-03
1.0000E+00
4.8330E-04
8.6120E-04
4.3750E-04
5.3050E-01
4.8320E-04
1.0260E-03

UNIT BD 3B FAIL
A3EA AND A3EB BY SUPPORT, UNIT BD 3A FAILS
A3EA AND A3EB BY SUPPORT, UNIT BD 3A AND
UNIT BD 3B FAIL
A3EA AND A3EB BY SUPPORT, A3EC AND UNIT BD
3A FAIL
A3EA AND A3EB BY SUPPORT, A3EC UNIT BD 3B
AND UNIT BD 3A FAIL
ALL PREVIOUS DIVISIONS BY SUPPORT, AND NO
NORMAL POWER
BOTH NORMAL SUPPLIES UNAVAILABLE
ONE PREVIOUS DIVISION FAILS
A3EA OR A3EB FAIL, UNIT BD 3B FAILS
A3EC FAILS AND UNIT BD 3B UNAVAILABLE
A3EA OR A3EB FAIL, UNIT BD 3A FAILS
A3EC FAILS, UNIT BD 3A UNAVAILABLE
G.F.
NORMAL SUPPLY AVAILABLE
LOSS OF NORMAL SUPPLY I DIESEL AVAILABLE
G.F.
NORMAL SUPPLY AVAILABLE, AA SUCCESS
AA SUCCESS / NORMAL'OSTi ALL DG AVAILABLE
AA FAIL, NORMAL SUPPLY AVAILABLE
AA FAIL, NORMAL SUPPLY LOST
AA BYPASS, NORMAL LOST
G.F.
AAg AB SUCCESS I NORMAL AVAILABLE
AA AND AB FAIL, SHUT2 LOST
AA AND AB FAIL, SHUT1 LOST
AA AND AB FAILI NORMAL SUPPLIES LOST
AB BY SUPPORTI SHUT1 UNAVAILABLE
AB BY SUPPORT, ALL NORMAL SUPPLIES UNAVAILABLE
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SF 'Name... Topo ~ ~ ~ ~ o ~

AC15
AC16

AC
AC

AC17
AC18

AC
AC

AC2
AC3
AC4
AC5
AC6
AC7
AC8
AC9
ACF
AD1
AD10

AC
AC
AC
AC
AC
AC
AC
AC
AC
AD
AD

AD11
AD12
AD13
AD14
AD15
AD16

AD
AD
AD
AD
AD
AD

AD17
AD18
AD19
AD2
AD20
AD21
AD22

AD
AD
AD
AD

~ AD
AD
AD

Table 3.3.5-1 (Page 4 of 45). Browns Ferry System Quantification Results

SF Value... Split Fraction Description*................

3.6920E-04
6.1260E-02

4.8300E-04
1.0910E-03

1.0920E-03
4.8330E-04
9.9520E-04
1.8100E-04
8.3420E-04
3.6480E-04
3.0640E-02
3.0430E-04
1.0000E+00
4.8350E-04
2.3980E-02

3.0430E-04
7.8220E-04
7.2590E-02
4.3760E-04
1.8290E-04
2.4150E-01

4.8220E-04
9.2480E-02
2.3810E-04
1.0260E-03
7.8620E-01
1.0920E-03
4.8330E-04

AA FAILf AB BY SUPPORT g SHUT1 UNAVAILABLE
AA FAILI AB BY SUPPORT i ALL NORMAL SUPPLI ES
UNAVAILABLE
AA AND AB BY SUPPORT, SHUT2 AVAILABLE
AA AND AB BY SUPPORT, ALL NORMAL SUPPLIES
UNAVAILABLE
AAi AB SUCCESS g SHUT 2 LOST
AAi AB SUCCESS I SHUT1 LOST
AAg AB SUCCESS I NORMAL SUPPLI ES LOST
AB FAILS, ALL NORMAL AVAILABLE
AA OR AB FAIL, SHUT2 LOST
AA OR AB FAIL, SHUT1 LOST
AA OR AB FAILI NORMAL SUPPLIES LOST
AA AND AB FAIL, NORMAL SUPPLIES AVAILABLE
G.F.
ALL NORMAL SUPPLIES AVAILABLE
ONE PREVIOUS DIVISION FAILS, ALL NORMAL
SUPPLIES UNAVAILABLE
TWO PREVIOUS DIVISIONS FAIL
AA AND AB UNAVAILABLE, SHUT 2 UNAVAILABLE
AA AND AC FAIL, SHUT2 UNAVAILABLE
AA AND AB FAIL, SHUT 1 UNAVAILABLE
AA AND AC FAIL, SHUT 1 UNAVAILABLE
TWO PREVIOUS DIVISIONS FAIL, NO NORMAL
SUPPLIES
AAi AB ~ AC FAILi ALL NORMAL SUPPLI ES AVAILABLE
AAiAB g AC FAILS SHUT2 UNAVAILABLE
AAg AB g AC FAILg SHUT1 UNAVAILABLE
SHUT 2 UNAVAILABLE
AAg AB,AC FAIL, SHUT1 AND 2 UNAVAILABLE
AC BY SUPPORT, SHUT2 UNAVAILABLE
AB BY SUPPORT I SHUT1 UNAVAILABLE
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SF Name... Top o ~ ~ o ~ ~ ~

AD23
AD24
AD25
AD26
AD27
AD28
AD29
AD3
AD30
AD314'D32
AD33
AD34

AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD
AD

AD35 AD

AD4
AD5
AD6
AD7
AD8
AD9
ADF
AIF
BVR1
BVRF
CD1
CD2
CD3
CDA1
CDAF
CDF

AD
AD
AD
AD
AD
AD
AD
AI
BVR
BVR
CD
CD
CD
CDA
CDA
CD

TBL3351.BFN.OS/29/92

Table 3.3.5-1 (Page 5 of 45). Browns Ferry System Quantification Results

SF Value...

9.9520E-04
8.3420E-04
1.8110E-04
3.6930E-04
3.0640E-02
8.6120E-04
1.8690E-04
4.8340E-04
5.3050E-01
4.8320E-04
1.0260E-03
1.8110E-04
6.1260E-02

1.0910E-03

9.7240E-04
1.8100E-04
7.7430E-04
6.1250E-02
3.6480E-04
1.8110E-04
1.0000E+00
1.0000E+00
1.3770E-02
1.0000E+00
1.3961E-03
1.3940E-03
3.0003E-03
0.0000E+00
1.0000E+00
1.0000E+00

AC BY SUPPORT, NO NORMAL POWER
AC BY SUPPORT, AB AND SHUT2 UNAVAILABLE
AB BY SUPPORT, AC AND SHUT1 FAIL
AB BY SUPPORT, AA AND SHUT1 FAIL
AB BY SUPPORT, AA SHUT1 AND SHUT2 FAIL
AC BY SUPPORT I AAi AB AND SHUT2 FAIL
AB BY SUPPORT i AAi AC AND SHUT1 FAIL
SHUT 1 UNAVAILABLE
AC BY SUPPORT g AAI AB g SHUT1 g SHUT2 FAIL
AA AND AB BY SUPPORT, SHUT1 FAILS
AA AND AB BY SUPPORT, SHUT1 AND SHUT2 FAIL
AA AND AB BY SUPPORT, AC AND SHUT1 FAIL
AA AND AB BY SUPPORT, AC SHUT2 AND SHUT1
FAIL
ALL PREVIOUS DIVISIONS BY SUPPORTI AND NO
NORMAL POWER
BOTH NORMAL SUPPLIES UNAVAILABLE
ONE PREVIOUS DIVISION FAILS
AA OR AB FAIL, SHUT2 FAILS
AC FAILS AND SHUT2 UNAVAILABLE
AA OR AB FAIL, SHUTl FAILS
AC FAILS, SHUTl UNAVAILABLE
no description entered
G.F.
ALL SUPPORT AVAILABLE
G.F.
ALL SUPPORT AVAILABLE
UB42C UNAVAILABLE
UB42B & UB42C UNAVAILABLE
CONDENSATE AVAILABLE
CONDENSATE NOT AVAILABLE
G.F.

Split Fraction Description*................
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SF Name... Top....... SF Value... Split Fraction Description*................

CIL1
CIL2

CILF
CIS1
CISF
CRD1

CRD2
GO

Ql

CRD3

CRD4

CRDF

CS1

CS10

CS11

CS12

CIL
CIL

CIL
CIS
CIS
CRD

CRD

CRD

CRD

CRD

CS

CS

CS

CS

3.6609E-06
5.5952E-04

1.0000E+00
6.8636E-04
1.0000E+00
1.3351E-03

4.4008E-02

2.0415E-01

2.0249E-01

1.0000E+00

1.9948E-03

1.0336E-03

7.3443E-03

8.3427E-03

PCIS LARGE FAILURE, ALL SUPPORT AVAILABLE
PCIS LARGE FAILURE, PLANT CONTROL AIR
UNAVAILABLE
PCIS LARGE G.F.
PCIS SMALL FAILURE, ALL SUPPORT AVAILABLE
PCIS G.F.
NORMAL POST-SCRAM VESSEL INJECTION (ONE
PUMP) REQUIRED FOR 24 HOURS — SUPPORTS FOR
BOTH PUMPS AVAILABLE
NORMAL POST-SCRAM VESSEL INJECTION (ONE
PUMP) REQUIRED FOR 24 HOURS — SUPPORTS FOR
PUMP 2A AVAILABLEAND SUPPORTS FOR PUMP 1B
FAILED
ENHANCED CRDHS VESSEL INJECTION (TWO PUMPS)
REQUIRED FOR THE FINAL 18 HOURS OF THE 24
HOUR MISSION TIME — ALL SUPPORTS AVAILABLE.
ENHANCED CRDHS VESSEL INJECTION (TWO PUMPS)
REQUIRED FOR 24 HOURS — ALL SUPPORTS
AVAILABLE.
CRDHS VESSEL INJECTION (ENHANCED AND NORMAL
POST-SCRAM) FAILED DUE TO SUPPORT SYSTEM
FAILURE OR DUE TO PLANT CONDITIONS.
CORE SPRAY FAILURE'UPPORT FOR BOTH LOOPS;
LOCA EVENT i TOP EVENT ORP S
CORE SPRAY FAILURE; SUPPORT TO ONE PUMP
UNAVAILABLEI LOCA EVENTS TOP EVENT ORP F
CORE SPRAY FAILURE; SUPPORT FOR BOTH PUMPS
IN ONE LOOP UNAVAILABLE, NON-LOCA EVENTi
TOP EVENT ORP=S
CORE SPRAY FAILURE; SUPPORT FOR BOTH PUMPSIN ONE LOOP UNAVAILABLEi LOCA EVENT I TOP
EVENT ORP=F
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SF Name... Top....... SF Value... Split Fraction Description*................

CS13

CS14

CS15

CS16
GO

CS2

CS3

CS4

CS5

CS6

CS7

CS8

CS9

CSF
CST1

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS

CS
CST

1.1226E-03

1.2452E-03

7.6652E-03

8.7562E-03

2.1252E-03

3.5519E-02

3.5639E-02

9.0062E-04

9.9380E-04

2.6615E-02

2.7924E-02

9.9322E-04

1.0000E+00
3.8074E-05

CORE SPRAY FAILURE; SUPPORT FOR ONE PUMP IN
EACH LOOP UNAVAILABLE NON-LOCA EVENT TOP
EVENT ORP=S
CORE SPRAY FAILURE; SUPPORT FOR ONE PUMP IN
EACH LOOP UNAVAILABLEi LOCA EVENTi TOP
EVENT ORP=F
CORE SPRAY FAILURE; SUPPORT FOR ALL BUT ONE
PUMP IN ONE LOOP UNAVAILABLE;NON-LOCA
EVENT; TOP EVENT ORP=S
CORE SPRAY FAILURE; SUPPORT FOR ALL BUT ONE
PUMP IN ONE LOOP UNAVAILABLE; LOCA EVENT;
TOP EVENT ORP=F
CORE SPRAY FAILUREi SUPPORT FOR BOTH LOOPSi
LOCA EVENT; TOP EVENT ORP=F
CORE SPRAY FAILURE; SUPPORT FOR ONE LOOP
UNAVAILABLEI LOCA EVENTS TOP EVENT ORP S
CORE SPRAY FAILURE; SUPPORT FOR ONE LOOP
UNAVAILABLE;LOCA EVENT; TOP EVENT ORP=F
CORE SPRAY FAILURES SUPPORT FOR BOTH

LOOPS'ON-LOCAEVENT; TOP EVENT ORP=S
CORE SPRAY FAILURE; SUPPORT FOR BOTH LOOPS
NON-LOCA EVENT'OP EVENT ORP=F
CORE SPRAY FAILURE; SUPPORT FOR ONE LOOP
UNAVAILABLE'ON-LOCAEVENT; TOP EVENT
ORP=S
CORE SPRAY FAILURE; SUPPORT FOR ONE LOOP
UNAVAILABLE; LOCA EVENT; TOP EVENT ORP=F
CORE SPRAY FAILURE; SUPPORT FOR ONE PUMP
UNAVAILABLE;NON-LOCA EVENT; TOP EVENT
ORP=S
CORE SPRAY G.F.
UNAVAILABLEABILITYOF CST

TBL3351.BFN.08/29/92
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Table 3.3.5-1 (Page 8 of 45). Browns Ferry System Quantification Results

SF Name... Topo ~ ~ ~ ~ ~ ~ SF Value... Split Fraction Description*................

CSTF
DA1
DA2
DAF
DB1
DB2
DBF
DC1
DC2
DCA1
DCA2

DCAF

DCF
DD1
DD2
DDF
DE1
DE2
DEF
DF1
DF2
DFF
DGA
DGB
DGF
DH1
DH2
DHF
DI1
DI2

CST
DA
DA
DA
DB
DB
DB
DC
DC
DCA
DCA

DCA

DC
DD
DD
DD
DE
DE
DE
DF
DF
DF
DG
DG
DG
DH
DH
DH
DI
DI

1.0000E+00
2.0872E-03
1.5495E-03
1.0000E+00
2.0492E-03
1.5191E-03
1.0000E+00
2.0467E-03
1.5072E-03
4.1526E-03
2.4318E-02

1.0000E+00

1.0000E+00
2.0141E-03
1.5425E-03
1.0000E+00
4.9570E-03
4.6501E-03
1.0000E+00
3.1963E-03
2.6116E-03
1.0000E+00
4.9311E-03
4.4975E-03
1.0000E+00
5.0032E-03
4.4485E-03
1.0000E+00
5.0570E-04
1.4530E-02

G.F.
ALL SUPPORT AVAILABLE
AC POWER UNAVAILABLE
G.F.
ALL SUPPORT AVAILABLE
AC POWER UNAVAILABLE
G.F.
ALL SUPPORT AVAILABLE
AC POWER UNAVAILABLE
ALL SUPPORT AVAILABLE
UNAVAILABLEABILITYOF DCA SYSTEM GIVEN SUPPORT
TO ONE COMPRESSOR DIVISION AVAILABLE
G F ~ GIVEN PCA Fg RBC FI DO Fg DN Fi
RH=F*RI=F
G.F.
ALL SUPPORT AVAILABLE
AC POWER UNAVAILABLE
G.F.
ALL SUPPORT AVAILABLE
AC POWER UNAVAILABLE
G.F.
ALL SUPPORT AVAILABLE
AC POWER UNAVAILABLE
G.F.
ALL SUPPORT AVAILABLE
AC POWER UNAVAILABLE
G. F.
ALL SUPPORT AVAILABLE
AC POWER UNAVAILABLE
G.F.
ONLY ONE DIVISION AVAILABLE
ONE DIVISION AVAILABLEI AA AND DE FAIL FOR DI

Q(
M
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O
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SF Name... Topo ~ ~ ~ ~ ~ ~

DI3 DI

DIF
DJ1
DJ10
DJ11
DJ2
DJ3
DJ4
DJ5
DJ6
DJ7
DJ8
DJ9
DJF
DK1
DKF
DL1
DL2
DL3

DI
DZ
DJ
DJ
DJ
DZ
DJ
DJ
DJ
DJ
DJ
DJ
DJ
DK
DK
DL"'L
DL

DLF
DM1
DM2
DM3
DMF
DN1
DN2
DN3
DNF
D01
DO2

DL
DM
DM
DM
DM
DN
DN
DN
DN
DO
DO

Table 3.3.5-1 tPage 9 of 45). Browns Ferry System Quantification Results

SF Value.. Split Fraction Description*................

2.1660E-02

1.0000E+00
5.0510E-04
8.7840E-01
1.4530E-02
1.4710E-02
1.4780E-02
2.1630E-02
9.0280E-03
1.6200E-03
2.2570E-03
2.8690E-03
7 '290E-02
1.0000E+00
1.3840E-02
1.0000E+00
1.4010E-02
1.9190E-03
1.3840E-02

1.0000E+00
2 '495E-04
3.3726E-04
1.8957E-03
1.0000E+00
1.2147E-04
2.2887E-04
1.1079E-03
1.0000E+00
1.2147E-04
2.2887E-04

ONE DIVISION AVAILABLE, AB AND DH FAIL FOR DI
AND DJ
G.F.
ALL SUPPORT AVAILABLE
DI FAILEDI AAi DE i A3 EA AND DG FAILED
DI FAILED BY SUPPORT
DI SUCCESS, AA AND DE FAIL
DI SUCCESS, AB AND DH FAIL
DI SUCCESS, A3EA AND DG FAIL
DI SUCCESS I AAI DE I A3EA AND DG FAIL
DI FAILED
DI FAILED, AA AND DE FAIL
DI FAILED, AB AND DH FAIL
DI FAILED, A3EA AND DG FAIL
G.F.
SINGLE DIVISION DK AVAILABLE
G.F.
ALL SUPPORT AVAILABLE
SINGLE DIVIS ION DL AVAILABLEI DK FAILED
SINGLE DIVISION DL AVAILABLE, DK FAILED BY
SUPPORT
G.F.
ALL SUPPORT AVAILABLE
A3EC SUPPORT UNAVAILABLE
AC SUPPORT UNAVAILABLE
G.F.
ALL SUPPORT AVAILABLE
A3EA UNAVAILABLE
AB UNAVAILABLE
G.F.
ALL SUPPORT AVAILABLE
AC SUPPORT UNAVAILABLE
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SF Name... Top....... SF Value... Split Fraction Description*................

DO3
DOF
DTll

DT21

DV11
DV12

DV1B
DV1F
DV21

DV210

DV211

DV212

DV22

DV23

DV24

DV25

DV26

DV27

DV28

DO
DO
DT1

DT2

Dvl
DV1

Dvl
Dvl
DV2

DV2

DV2

DV2

DV2

DV2

DV2

DV2

DV2

DV2

DV2

1.1079E-03
1.0000E+00
4.0630E-06

4.0320E-06

4.8650E-03
8.4020E-03

0.0000E+00
1.0000E+00
4.5200E-03

4.3410E-01

5.6850E-03

9.1560E-03

6.6070E-02

4.7450E-03

4.3330E-01

4.8200E-03

8.3450E-03

5.3820E-03

6.7760E-02

AD SUPPORT UNAVAILABLE
G.F.
UNAVAILABLEABILITY OF DRYWELL DIVISION I
INSTRUMENT TAPS
UNAVAILABLEABILITYOF DRYWELL DIVISION II
INSTRUMENT TAPS
LOOP B RDVC FAILED — ALL SUPPORT AVAILABLE
LOOP B RDVC FAILURE — 250V DC RMOV BD 2A OR
2B UNAVAILABLE
G.S./BYPASSED
G.F.
DV1 SUCCESSi DC POWER (RBgRC) AND DC POWER
(DB,DB) AVAILABLE
DV1 FAILED, ONE DC POWER (RB OR RC) AND ONE
DC POWER (DB OR DD) AVAILABLE
DV1 BYPASSED, DC POWER (RB,RC) AND ONE DC
POWER (DB OR DD) AVAILABLE
DV1 BYPASSED, ONE DC POWER (RB OR RC) AND
ONE DC POWER (DB OR DD) AVAILABLE
DV1 FAILED I DC POWER (RB g RC) ANF DC POWER
(DB, DD) AVAILABLE
DV1 SUCCESS, ONE DC POWER (RB OR RC) AND DC
POWER (DB,DD) AVAILABLE
DV1 FAILEDI ONE DC POWER (RB OR RC) ANF DC
POWER (DB,DD) AVAILABLE
DV1 BYPASSEDI DC POWER (RBIRC) AND DC POWER
(DB,DD) AVAILABLE
DV1 BYPASSED, ONE DC POWER (RB OR RC) AND
DC POWER (DB I DD) AVAILABLE
DV1 SUCCESS I DC POWER (RB g RC) AND ONE DC
POWER (DB OR DB) AVAILABLE
DV1 FAILED, DC POWER (RB,RC) AND ONE DC
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SF Name... Top....... SF Value... Split Fraction Description*................

DV29

DV2B
DV2F
DW1

DW2

DWF
DWP1

DWP2

DWPF
DWS1
DWS2

DWSF
EA1
EA3
EAF
EB1

EB10

EB11

EB12

EB13

DV2

DV2
DV2
DW

DW

DW
DWP

DWP

DWP
DWS
DWS

DWS
EA
EA
EA
EB

EB

EB

EB

EB

5.5550E-03

0.0000E+00
1.0000E+00
5.2964E-05

4.9566E-03

1.0000E+00
2.8311E-05

3.2848E-03

1.0000E+00
1.8223E-03
2.2119E-02

1.0000E+00
8.0190E-04
3.7380E-03
1.0000E+00
7.9080E-04

3.6970E-03

1.4570E-02

3.7380E-03

2.1650E-03

POWER (DB OR DD) AVAILABLE
DV1 SUCCESS, ONE DC POWER (RB OR RC) AND
ONE DC POWER (DB OR DD) AVAILABLE
G.S.FULL
G.F.
UNAVAILABLEABILITYOF SAI DRYWELL PRESSURE
SIGNAL GIVEN ALL SUPPORT AVAILABLE
UNAVAILABLEABILITYOF SAI DRYWELL PRESS SIGNAL
GIVEN NO DIVISION I OR II SUPPORT
G.F. OF SAI DW PRESSURE SIGNAL
UNAVAILABLEABILITYOF FAIL SAFE DRYWELL PRESS
SIGNAL — NO DW INSTR TAP FAILURE
UNAVAILABLEABILITYOF FAIL SAFE DRYWELL PRESS
SIGNAL — DIV I OR II DW INSTR TAP FAILURE
G.F. OF RPS LOW DW PRESSURE SIGNAL
DRYWELL SPRAY FAILURE ALL SUPPORT AVAILABLE
DRYWELL SPRAY FAILURE, ONE LOOP SUPPORT
FAILED
DRYWELL SPRAY G.F.
EECW PUMP A3, ALL SUPPORTS AVAILABLE
EECW PUMP A3, OFFSITE POWER UNAVAILABLE
G.F.
EECW PUMP B3 I ALL SUPPORTS AVAILABLEI PUMPS A3
AND C3 SUCCESS
EECW PUMP B3 I OFFS ITE POWER UNAVAILABLEI A3
G ~ F ~ AND C3 SUCCESS i OR C3 G F ~ I AND A3
SUCCESS
EECW PUMP B3 i OFFSITE POWER UNAVAILABLEi A3
G F AND C3 FAILSI OR A3 FAILS AND C3 G F ~

EECW PUMP B3 I LOSS OF OFFS ITE POWER I BOTH
A3 AND C3 G.F.
EECW PUMP B3 i PUMP A3 SUCCESS i PUMP C3 FAILS

TBL3351.BFN.08/29/92

Table 3.3.5-1 (Page 11 of 45). Browns Ferry System Quantification Results W
0

th
'n
Cl

C
Pt
h)

Q.
C
CL
C

0

ITI

0)

2
Ql

O

tD
C
th
0

O



SF Name... Top....... SF Value... Split Fraction Description*................

EB14

EB15

EB2

EB3

EB4

EB5
I

EB6

EB7

EB8

EB9

EBF
EC2
EC3
EC4
ECF
ED10

ED11

EB

EB

EB

EB

EB

EB

EB

EB

'B

EB

EB
EC
EC
EC
EC
ED

ED

8.2230E-03

7.9590E-04

6.3160E-03

1.6530E-01

7.9520E-04

2.5880E-03

8.0190E-04

3.6670E-03

1.1970E-02

1.9320E-01

1.0000E+00
3.7120E-03
3.7180E-03
1.2000E-02
1.0000E+00
1.0100E-02

1.3810E-02

EECW PUMP B3 i A3 FAILSI C3 G ~ F I OTHER
SUPPORTS AVAILABLE
EECW PUMP B3i A3 SUCCESSI C3 G F I OTHER
SUPPORTS AVAILABLE
EECW PUMP B3 i PUMP C3 SUCCESS I PUMP A3
FAILS
EECW PUMP B3i BOTH PUMPS A3 AND C3 FAILi
OTHER SUPPORTS AVAILABLE
EECW PUMP B3i PUMP A3 G ~ Fbi PUMP C3
SUCCESSI OTHER SUPPORTS AVAILABLE
EECW PUMP B3 I PUMP A3 G ~ F ~ i PUMP C3 FAILSI
OTHER SUPPORTS AVAILABLE
EECW PUMP B3i BOTH PUMPS A3 AND C3 G ~ F
OTHER SUPPORTS AVAILABLE
EECW PUMP B3i OFFSITE POWER UNAVAILABLEi BOTH
PUMPS A3 AND C3 SUCCESS
EECW PUMP B3i OFFSITE POWER UNAVAILABLEiA3
FAILS AND C3 SUCCESS, OR C3 FAILS AND A3
SUCCESS
EECW PUMP B3 i OFFS ITE POWER UNAVAILABLEi BOTH
PUMP A3 AND C3 FAIL
EECW PUMP B3 GUARANTEED FAILS
EECW PUMP C3 I ALL SUPPORTS AVAILABLE
EECW PUMP C3 i A3 G F ~ I ALL SUPPORTS AVAILABLE
EECW PUMP C3 i A3 FAILS i ALL SUPPORTS AVAILABLE
EECW PUMP B3 G.F.
EECW PUMP D3 i C3 G F i (A3 SUCCESS B3
FAILS) OR (B3 SUCCESS A3 FAILS), ALL
SUPPORTS AVAILABLE
EECW PUMP D3 i C3 FAILS I (A3 SUCCESS OR B3
G.F.) OR (A3 G.F. B3 SUCCESS), ALL SUPPORTS
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SF Name... Top....... SF Value... Split Fraction Description*................

ED12

ED13

ED14

ED15

ED16

ED17

ED2
ED25

ED26

ED3

ED4

ED5

ED6

ED7

ED

ED

ED

ED

ED

ED

ED
ED

ED

ED

ED

ED

ED

ED

1.9570E-01

2.4120E-01

1.2000E-02

1.4280E-02

3.7180E-03

9.7680E-03

3.6700E-03
1.3670E-02

7.7650E-02

3.7070E-03

9.4090E-03

3.6740E-03

6.6260E-02

3.6790E-03

AVAILABLE
EECW PUMP D3 i C3 FAILSi (A3 FAILS B3 G ~ F )
OR (A3 G.F. B3 FAILS), ALL SUPPORTS AVAILABLE
EECW PUMP D3i C3 G ~ F ~ I BOTH A3 B3 FAILi ALL
SUPPORTS AVAILABLE
EECW PUMP D3, C3 G.F., (A3 G.F. B3 FAILS)
OR (A3 FAILS B3 G.F.), ALL SUPPORTS AVAILABLE
EECW PUMP D3 g C3 FAILS ~ A3 B3 G F i ALL
SUPPORTS AVAILABLE
EECW PUMP D3 g ALL A3 B3 C3 G ~ F ~ I ALL
SUPPORTS AVAILABLE
EECW PUMP D3 I C3 SUCCESS i (A3 G F ~ B3
FAILS) OR (A3 FAILS B3 G ~ F ) I ALL SUPPORTS
AVAILABLE
EECW PUMP D3I ALL SUPPORT AVAILABLE
EECW PUMP D3I C3 FAILS A3 AND B3 SUCCESSi
ALL SUPPORTS AVAILABLE
EECW PUMP D3 g C3 FAILSi (A3 FAILS B3
SUCCESS) OR (B3 FAILS A3 SUCCESS), ALL
SUPPORTS AVAILABLE
EECW PUMP D3i C3 G ~ F ~ I A3 B3 SUCCESSi ALL
SUPPORTS AVAILABLE
EECW PUMP D3 I A3 FAILS B3 AND C3 SUCCESS i
OR B3 FAILS A3 AND C3 SUCCESS, OTHER
SUPPORTS AVAILABLE
EECW PUMP D3 I C3 SUCCESS i (A3 SUCCESS AND
B3 G.F.) OR (A3 G.F AND B3 SUCCESS), ALL
SUPPORTS AVAILABLE
EECW PUMP D3 i A3 AND B3 FAIL C3 SUCCESS I
ALL SUPPORTS AVAILABLE
EECW PUMP D3 i C3 SUCCESS i A3 AND B3 G F ~

ALL SUPPORTS AVAILABLE
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SF Name... Topo ~ ~ ~ ~ ~ ~

ED8 ED

ED9 ED

EDF
EPR301
EPR302
EPR303
EPR304
EPR30B
EPR61
EPR62
EPR63
EPR64
EPR6B
FA1
FAB
FAF
FB1
FB2
FBB
FBF
FC1
FC2
FC3
FCB
FCF
FD1
FD2
FD3
FD4

ED
EPR30
EPR30
EPR30
EPR30
EPR30
EPR6
EPR6
EPR6
EPR6
EPR6
FA
FA
FA
FB
FB
FB
FB
FC
FC
FC
FC
FC
FD
FD
FD
FD

Table 3.3.5-1 (Page 14 of 45). Browns Ferry System Quantification Results

SF Value...

7.9160E-01

3.7120E-03

1.0000E+00
4.7500E-01
4.7300E-01
4.7200E-01
4.7000E-01
0.0000E+00
2.7200E-01
2.7300E-01
2.6900E-01
2.6800E-01
0.0000E+00
1.5900E-02
0.0000E+00
1.0000E+00
1.5830E-02
2.0290E-02
0.0000E+00
1.0000E+00
1.5830E-02
1.5830E-02
2.3570E-01
0.0000E+00
1.0000E+00
1.5830E-02
1.5830E-02
1.5830E-02
9.4870E-01

EECW PUMP D3, A3 B3 C3
SUPPORTS AVAILABLE
EECW PUMP D3 g C3 G F
OR (A3 G. F. B3 SUCCESS)
AVAILABLE
EECW PUMP D3 G.F.
OFFSITE GRID RECOVERY,
OFFSITE GRID RECOVERY,
OFFSITE GRID RECOVERY,
OFFSITE GRID RECOVERY,
G.S.
OFFSITE GRID RECOVERY,
OFFSITE GRID RECOVERY,
OFFSITE GRID RECOVERY,
OFFSITE GRID RECOVERY,
G.S.
ALL SUPPORT AVAILABLE
BYPASS
G.F.
FA SUCCESSFUL
FA FAILS
BYPASS
G.F.
FA, FB SUCCESSFUL
FA OR FB FAIL
FA AND FB FAIL
BYPASS
G.F.
FAi FBg FC SUCCESSFUL
FA OR FB OR FC FAIL
TWO PREVIOUS DIVISIONS
FA, FB, FC FAIL

ALL FAIL, ALL

(A3 SUCCESS B3 G.F.)
ALL SUPPORTS

ONE DIESEL FAILS
TWO DIESELS FAIL
THREE DIESELS FAIL
FOUR DIESELS FAIL

ONE DIESEL FAILS
TWO DIESELS FAIL
THREE DIESELS FAIL
FOUR DIESELS FAIL

FAIL

Split Fraction Description*................
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Table 3.3.5-1 (Page 15 of 45).

SF Name... Topo ~ ~ ~ ~ ~ ~

FDB
FDF
FE1
FEB
FEF
FF1
FF2
FFB
FFF
FG1
FG2
FG3
FGB
FGF
FH1
FH2
FH3
FH4
FHB
FHF
FIWTRF
FIWTRS
FWA1
FWAF
FWC1
FWC2
FWCF
FWH1

FD
FD
FE
FE
FE
FF
FF
FF
FF
FG
FG
FG
FG
FG
FH
FH
FH
FH
FH
FH
FIWTR
FIWTR
FWA
FWA
FWC
FWC
FWC
FWH

FWH2

FWHF

Browns Ferry System Quantification Results

Split Fraction Description*................SF Value...

BYPASS
G.F.
ALL SUPPORT AVAILABLE
BYPASS
G.F.
FE SUCCESSFUL
FE FAILS
BYPASS
G.F.
FE, FF SUCCESSFUL
FE OR FF FAIL
FE AND FF FAIL
BYPASS
G.F.
FE i FF I FG SUCCESSFUL
FE OR FF OR FG FAIL
TWO PREVIOUS DIVISIONS FAIL
FEi FFi FG FAIL
BYPASS
G.F.
FIRE WATER NOT AVAILABLE
FIRE WATER AVAILABLE
FEEDWATER AVAILABLE
FEEDWATER NOT AVAILABLE
ALL SUPPORT AVAILABLE
OPERATOR FAILS TO TRIP 2/3 FW PUMPS
GUARANTEED FAILURE
ALL SUPPORT AVAILABLEUNDER ONE OF THREE
MFW PUMPS RUNNING CONDITION
ALL SUPPORT AVAILABLEUNDER ONE OF ONE MFW
PUMP (ASSUMED PUMP A) RUNNING CONDITION
GUARANTEED FAIL

0.0000E+00
1.0000E+00
1.5900E-02
0.0000E+00
1.0000E+00
1.5830E-02
2.0290E-02
0.0000E+00
1.0000E+00
1.5830E-02
1.5830E-02
2.3570E-01
0.0000E+00
1.0000E+00
1.5830E-02
1.5830E-02
1.5830E-02
9.4870E-01
0.0000E+00
1.0000E+00
1.0000E+00
0.0000E+00
0.0000E+00
1.0000E+00
8.6480E-05
2.4800E-04
1.0000E+00
3.1420E-03

2.4606E-02

1.0000E+00
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SF Name... Topo ~ ~ ~ ~ ~ ~

GA1
GAB
GAF
GB1
GB2
GB3
GBB
GBF
GC1
GC2
GC3
GC4
GC5

GC6
GCB
GCF
GD1
GD10
GD2
GD3
GD4
GD5
GD6

GA
GA
GA
GB
GB
GB
GB
GB
GC
GC
GC
GC
GC

GC
GC
GC
GD
GD
GD
GD
GD
GD
GD

GD7 GD

GD8
GD9
GDB
GDF
GE1

GD
GD
GD
GD
GE

Table 3.3.5-1 (Page 16 of 45) ~ Browns Ferry System Quantification Results

SF Value...

1.4180E-01
0.0000E+00
1.0000E+00
1.3910E-01
1.5790E-01
1.4180E-01
0.0000E+00
1.0000E+00
1.3940E-01
1.3750E-01
1.3910E-01
2.6680E-01
1.5790E-01

1.4180E-01
0.0000E+00
1.0000E+00
1.4150E-01
1.4180E-01
1.2650E-01
2.0630E-01
4.3290E-01
1.3940E-01
1.3750E-01

2.6680E-01

1.3910E-01
1 '790E-01
0.0000E+00
1.0000E+00
1.7420E-01

ALL SUPPORT AVAILABLE
BYPASS
G.F.
ALL SUPPORT AVAILABLE
GA FAILS
GA FAILS BY SUPPORT
BYPASS
G. F.
ALL SUPPORT AVAILABLE
ONE PREVIOUS DIVISION FAILS
ONE DIVISION FAILS BY SUPPORT
TWO PREVIOUS DIVISIONS FAIL
ONE DIVISION FAILS BY SUPPORT AND ONE
INDEPENDENT
TWO DIVISIONS FAIL BY SUPPORT
BYPASS
G.F.
ALL SUPPORT AVAILABLE
THREE FAIL BY SUPPORT
ONE PREVIOUS DIVISION FAILS
TWO PREVIOUS DIVISIONS FAIL
THREE PREVIOUS DIVISIONS FAIL
ONE DIVISION FAILS BY SUPPORT
ONE DIVISION FAILS BY SUPPORT AND ONE
INDEPENDENT
ONE DIVISION FAILS BY SUPPORT AND TWO
INDEPENDENTLY
TWO FAIL BY SUPPORT
TWO FAIL BY SUPPORT AND ONE INDEPENDENTLY
BYPASS
G.F.
ALL SUPPORT AVAILABLE
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Table 3.3.5-1 (Page 17 of 45).

SF Name... Topt ~ ~ ~ ~ ~ ~

GEB
GEF
GF1
GF2
GF3
GFB
GFF
GG1
GG2
GG3
GG4
GG5

GG6
GGB
GGF
GHl
GH10
GH2
GH3
GH4
GH5

GE
GE
GF
GF
GF
GF
GF
GG
GG
GG
GG
GG

GG
GG
GG
GH
GH

- GH
GH
GH
GH

GH6
GH7
GH8

GH
GH
GH

GH9
GHB
HPL2
HPL3
HPL4

GH
GH
HPL
HPL
HPL

TBL3351.BFN.OS/29/92

Browns Ferry System Quantification Results

Split Fraction Description*................SF Value...

BYPASS
G.F.
ALL SUPPORT AVAILABLE
GE FAILS
GE FAILS BY SUPPORT
BYPASS
G.F.
ALL SUPPORT AVAILABLE
ONE PREVIOUS DIVISION FAILS
ONE DIVISION FAILS BY SUPPORT
TWO PREVIOUS DIVISIONS FAIL
ONE DIVISION FAILS BY SUPPORT
INDEPENDENT
TWO DIVISIONS FAIL BY SUPPORT
BYPASS
G.F.
ALL SUPPORT AVAILABLE
THREE FAIL BY SUPPORT
ONE PREVIOUS DIVISION FAILS
ONE DIVISION FAILS BY SUPPORT
TWO PREVIOUS DIVISIONS FAIL
ONE DIVISION FAILS BY SUPPORT
INDEPENDENT
TWO FAIL BY SUPPORT
THREE PREVIOUS DIVISIONS FAIL
ONE DIVISION FAILS BY SUPPORT
INDEPENDENTLY
TWO FAIL BY SUPPORT AND ONE IN
BYPASS OF HPCI/RCIC (OHC=S)
HPCI FAILURE LONG TERM, RCL=S
HPCI FAILURE LONG TERMI RCL F
HPCI FAILURE LONG TERMI RCL F

0.0000E+00
1.0000E+00
1.7470E-01
1.7190E-01
1.7420E-01
0.0000E+00
1.0000E+00
1.7860E-01
1.5630E-01
1.7470E-01
2.4680E-01
1.7190E-01 AND ONE

1.7420E-01
0.0000E+00
1.0000E+00
1.8540E-01
1.7420E-01
1.4730E-01
1.7860E-01
2.0520E-01
1.5630E-01 AND ONE

1.7470E-01
3.7360E-01
2.4680E-01 AND TWO

DEPENDENTLY1.7190E-01
0.0000E+00
8.2230E-02
8.3410E-02
1.3650E-01

AND OHC=F
AND OHC=S
AND OHC=F
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SF Name... Top....... SF Value... Split Fraction Description*................

HPL5

HPL6
HPLF
HR60

HR6F

HRC1
HRC2
HRC3
HRC4
HRC5
HRC6
HRCF
HRF
HRLO

HRLF

HSO
HS1

HSF
HUM1
HUM2

HUM3

HUMF
HXA1
HXA2

HPL

HPL
HPL
HR6

HR6

HRC
HRC
HRC
HRC
HRC
HRC
HRC
HR
HRL

HRL

HS
HS

HS
HUM
HUM

HUM

HUM
HXA
HXA

1.8020E-02

8-8030E-02
1.0000E+00
0.0000E+00

1.0000E+00

5.6554E-04
8.6574E-03
3.0573E-04
8.7362E-03
3.0261E-04
7.7013E-03
1.0000E+00
1.0000E+00
0.0000E+00

1.0000E+00

0.0000E+00
3.2300E-03

1.0000E+00
7.0813E-04
4.3520E-04

5.1983E-04

1.0000E+00
5.4880E-03
8.7390E-03

HPCI FAILURE LONG TERM, RCL=B(BYPASSED) AND
OHC=S
HPCI FAILURE LONG TERM, RCL=B AND OHC=F
HPCI GUARANTEED FAILURE LONG TERM
GUARANTEED SUCCESS WHEN TOP EVENT OHC IS
SUCCESSFUL
GUARANTEED FAILURE WHEN HPI AND RCI ARE
FAILED OR OHC IS FAILED
HARDWARE FOR CONTROL OF RCIC & HPCI
HARDWARE FOR CONTROL OF RCIC ONLY
HARDWARE FOR CONTROL OF HPCI ONLY
CONTROL OF HPCI/RCIC
CONTROL OF HPCI/RCIC
CONTROL OF HPCI/RCIC
G.F.
G.F.
GUARANTEED SUCCESS WHEN TOP EVENT OHL IS
SUCCESSFUL
G.F. WHEN HPL AND RCL ARE
FAILED OR OHL IS FAILED
FEEDWATER AVAILABLE
OPERATOR RECOVERS MAIN CONDENSER DURING
REACTOR BUILDING FLOOD FROM TORUS
FEEDWATER NOT AVAILABLE
GIVEN ALL SUPPORT AVAILABLE
GIVEN ALL SUPPORT AVAILABLEEXCEPT A3ED (DIVISION
C)
GIVEN ALL SUPPORT AVAILABLEEXCEPT RN (DIVISION
B)
G.F.
HX A FAILURE ALL SUPPORT AVAILABLE
HX A FAILURE ALL SUPPORT AVAILABLE— FOLLOWING
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SF Name... Top....... SF Value... Split Fraction Description*................

HXAF
HXB1

HXB2
HXB3
HXB4

HXB5
HXB6
HXB7

0

HXBF
HXC1
HXC2
HXC3
HXC4

HXCF
HXD1

HXD10

HXD11

HXD2

HXD3

HXA
HXB

HXB
HXB
HXB

HXB
HXB
HXB

HXB
HXC
HXC
HXC
HXC

HXC
HXD

HXD

HXD

HXD

HXD

1.0000E+00
5.2700E-03

2.0830E-02
5.3540E-03
2.9810E-02

3.2200E-01
5.4880E-03
8.7160E-03

1.0000E+00
5.3540E-03
2.9810E-02
5.4880E-03
8.5850E-03

1.0000E+00
5.2080E-03

5.4880E-03

8.4500E-03

5.2700E-03

1.7120E-02

OFFSITE POWER RECOVERY WITHIN 6 HOURS
RHR HX A G.F.
RHR HX B FAILURE ALL SUPPORT AVAILABLE, HXA &
HXC =S
RHR HX B FAILURE GIVEN HXA=F OR HXC=F
RHR HX B FAILURE GIVEN HXA=B OR HXC=B
RHR HX B FAILURE GIVEN HXA=F & HXC=B OR
HXA=B & HXC=F
RHR HX B FAILURE GIVEN HXA=F & HXC=F
RHR HX B FAILURE GIVEN HXA=B & HXC=B
RHR HX B FAILURE ALL SUPPORT AVAILABLE, HXA &
HXC =S — FOLLOWING RECOVERY OF OFFSITE
POWER WITHIN 6 HOURS
RHR HX,B G.F.
RHR HX C FAILURE ALL SUPPORT AVAILABLE, HXA=S
RHR HX C GIVEN HXA=F
RHR HX C FAILURE GIVEN HXA=B
RHR HX C FAILURE ALL SUPPORT AVAILABLEI HXA S

FOLLOWING RECOVERY OF OFFSITE POWER
WITHIN 6 HOURS
RHR HX C G.F.
RHR HX D FAILURE ALL SUPPORT AVAILABLE'XAI
HXB & HXC =S
RHR HX D FAILURE GIVEN HXA=B & HXC=B &
HXB=B
RHR HX D FAILURE ALL SUPPORT AVAILABLEI HXAI
HXB & HXC =S — FOLLOWING OFFSITE POWER
RECOVERY
RHR HX D FAILURE GIVEN HXA=B OR HXC=B OR
HXB=B
RHR HX D FAILURE GIVEN HXA=F OR HXC=F OR
HXB=F
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SF Name... Top....... SF Value... Split Fraction Description*................

HXD4

HXD5

HXD6

HXD7

HXD8

HXD9

HXDF
INAF
INAS

INBF
INBS

INCF
INCS

INDF
INDS

INEF
INES

INFF
INFS

INGF

HXD

HXD

HXD

HXD

HXD

HXD

HXD
INA
INA

INB
INB

INC
INC

IND
IND

INE
INE

INF
INF

ING

2.0830E-02

1.9510E-01

3.2200E-01

5.8910E-01

5.3540E-03

2.9810E-02

1.0000E+00
1.0000E+00
0.0000E+00

1.0000E+00
0.0000E+00

1.0000E+00
0.0000E+00

1.0000E+00
0.0000E+00

1.0000E+00
0.0000E+00

1.0000E+00
0.0000E+00

1.0000E+00

RHR HX D FAILURE GIVEN ONE PREVIOUS HX
BYPASS AND ONE FAILED
RHR HX D FAILURE GIVEN TWO PREVIOUS HX
FAILURES
RHR HX D FAILURE GIVEN TWO PREVIOUS HX
FAILED & ONE BYPASSED
RHR HX D FAILURE GIVEN HXA=F & HXC=F &
HXB=F
RHR HX D FAILURE GIVEN TWO PREVIOUS HX
BYPASSED
RHR HX D FAILURE GIVEN TWO PREVIOUS HX
BYPASSED & ONE FAILED
RHR HX D G.F.
G.F.
INTACT CONTAINMENT'TR TO DEBRISi DWSI AND
SPC
G.F.
INTACT CONTAINMENTI WTR TO DEBRISi DWSI NO
SPC, VENT
G.F.
INTACT CONTAINMENTi WTR TO DEBRIS i DWS i NO
SPC, NO VENT
G.F.
INTACT CONTAINMENTI WTR TO DEBRISi NO DWSi
SPC
G. F.
INTACT CONTAINMENTi WTR TO DEBRIS g NO DWS i
NO SPC, VENT
G.F.
INTACT CONTAINMENTI WTR TO DEBRIS'O DWSg
NO SPC, NO VENT
G.F.
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Table 3.3.5-1 (Page 21 of 45).

SF Name... Topo ~ ~ ~ ~ ~ ~

ING
INH
INH

INGS
INHF
INHS

IS01 ISO

IS02 ISO

ISOF
IVCO
IVC1
IVC2
IVC3

ISO
IVC
IVC
IVC
IVC

IVCF
IV01
IVOB
IVOF
JAF
JAS
JC1

IVC
IVO
IVO
IVO
JA
JA
JC

JC2
JHF
JHS
KCF
KCS
EFF
KFS
KHF
KHS

JC
JH
JH
KC
KC
KF
EF
KH
EH

Browns Ferry System Quantification Results

Split Fraction Description*.............. ~ ~SF Value...

0.0000E+00
1.0000E+00
0.0000E+00

INTACT CONTAINMENTi NO WTR TO DEBRIS i VENT
G. F.INTACT CONTAINMENTi NO WTR TO DEBRIS i NO
VENT
RCIC STEAMLINE ISOLATION FAILURE, ALL
SUPPORT AVAILABLE
RCIC STEAMLINE ISOLATION GIVEN SUPPORT TO
FCV-71-2 OR FCV-71-3 FAILED
RCIC STEAMLINE ISOLATION GUARANTEED FAILURE
G.S.
ALL SUPPORT AVAILABLE
LOSS OF PCA OR POWER TO THE OUTBOARD VALVES
LOSS OF DCA&PCA OR DCA&PWR TO OUTBD VLVS OR
PCA&PWR TO INBD VLVS OR PWR TO INBD&OUTBD
VLVS
G. F.
ALL SUPPORT AVAILABLE
BYPASSED
G. F.
G. F.
BYPASS CONTAINMENTI WTR TO DEBRIS
BYPASS UNAVAILABLEGIVEN LC HARDWARE
FAILURE
BYPASS UNAVAILABLEGIVEN LC SUPPORTS FAILED
G.F.
BYPASS CONTAINMENTI NO WTR TO DEBRIS
G.F.
EARLY CONTAINMENTI WTR TO DEBRISI DWS
G.F.
EARLY CONTAINMENTg WTR TO DEBRIS I NO DWS
GUARANTEED FAILED
EARLY CONTAINMENT'O WTR TO DEBRISi NO DWS

2.2228E-04

4.2375E-03

1.0000E+00
0.0000E+00
7.7839E-05
4.9663E-05
5.0102E-05

1.0000E+00
1.1620E-15
0.0000E+00
1.0000E+00
1.0000E+00
0.0000E+00
4.4860E-02

2.6690E-04
1.0000E+00
0.0000E+00
1.0000E+00
0.0000E+00
1.0000E+00
0.0000E+00
1.0000E+00
0.0000E+00
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Table 3.3.5-1 (Page 22 of 45).

SF Name... Topo ~ ~ ~ ~ ~ ~

L8FO
LSF1
L8F2
L8FF
LSH1
LSH2
L8H3
L8HF
L8TR1
L8TR2
LSTRF
LC1
LCF
LECF
LECS
LFF
LFS
LHF
LHS
LM11
LM1F
LM21

L8F
L8F
L8F
L8F
LSH
LSH
L8H
L8H
L8TR
L8TR
LSTR
LC
LC
LEC
LEC
LF
LF
LH
LH
LM1
LM1
LM2

LM22

LM2F
LM31

LM2
LM3

LM32

LM33

Browns Ferry System Quantification Results

Split Fraction Description*................SF Value...

0.0000E+00
6.8261E-03
8.5858E-03
1.0000E+00
2.7872E-02
1.1184E-02
1.6763E-02
1.0000E+00
6.8250E-03
8.5850E-03
1.0000E+00
5.8080E-03
1.0000E+00
1.0000E+00
0.0000E+00
1.0000E+00
0.0000E+00
1.0000E+00
0.0000E+00
2.0690E-03
1.0000E+00
2.0510E-03

1.0670E-02

1.0000E+00
2.0350E-'03

9.8830E-03

8.3430E-02

GUARANTEED SUCCESS
ALL SUPPORT AVAILABLE
LOOP II VESSEL INSTRUMENT TAPS UNAVAILABLE
G.F.
LEVEL 8 TRIP, ALL SUPPORT AVAILABLE
LEVEL 8 TRIP, HPCI ONLY
LEVEL 8 TRIP, RCIC ONLY
LEVEL 8 TRIP, GUARANTEED FAILURE
ALL SUPPORT AVAILABLE
LOOP II VESSEL INSTRUMENT TAPS UNAVAILABLE
G.F.
STARTUP LEVEL CONTROL FLOWPATH UNAVAILABLE
QUARANTINED FAILS
G.F.
LATE CONTAINMENTJ WTR TO DEBRIS g DWS
G. F.
LATE CONTAINMENTJ WTR TO DEBRIS i NO DWS
G. F.
LATE CONTAINMENTi NO WTR TO DEBRIS i NO DWS
ALL SUPPORT AVAILABLE
G.F.
FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56B)
GIVEN LM1 SUCCESS
FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56B)
GIVEN LM1 FAILED
G.F.
FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56C)

LM1 AND LM2 SUCCESS
FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56C)— LM1(LM2) FAILED AND LM2(LM1) SUCCESS
FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56C)

LM1 AND LM2 FAILED

W
0

CO

C

h)

Q.
C
Q.a
fO

iii
X
0)
2

O

I
C
M
0

O

TBL3351.BFN.08/29/92



SF Name... Top....... SF Value... Split Fraction Description*................

LM34

LM3F
LM41

LM42

LM43

LM44

LM45

LM46

LM4F
LPC4

LPC5

LPCF
LPRESF
LPRESS
LT11
LT1F
LT21

LT22

LT2F
LT31

LM3
LM4

LM4

LM4
LPC

LPC

LPC
LPRES
LPRES
LTl
LT1
LT2

LT2

LT2
LT3

2.0690E-03

1.0000E+00
2.0200E-03

9.5740E-03

4.0840E-02

5.5140E-01

2.0510E-03

1.0670E-02

1.0000E+00
2.8416E-04

6.1766E-03

1.0000E+00
1.0000E+00
0.0000E+00
2 '400E-03
1.0000E+00
2.6530E-03

1.0030E-01

1.0000E+00
2.3830E-03

FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56C)
— LM1 AND LM2 DISABLED/BYPASSED
G.F.
FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56D)

LM1I LM2 AND LM3 SUCCESS
FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56D)
— LM1, LM2 OR LM3 FAILED
FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56D)

TWO OF LM1 I LM2 AND LM3 FAILED
FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56D)
— LM1, LM2 AND LM3 FAILED
FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56D)
— LMl, LM2 DISABLED AND LM3 SUCCESS
FAILURE OF MSIV LOW RX LEVEL 1 SIGNAL (56D)

LM1, LM2 DISABLED AND LM3 FAILED
G.F.
LPCI FAILURE GENERAL TRANSIENT ALL SUPPORT
AVAILABLE
LPCI FAILURE GENERAL TRANSIENT, ONE RHR
LOOP FAILED
LPCI G.F.
HIGH PRESSURE AT VESSEL MELT-THROUGH
LOW PRESSURE AT VESSEL MELT-THROUGH
ALL SUPPORT AVAILABLE
G.F.
UNAVAILABLEABILITYOF DIV I, CHANNEL 58B LOW RX
LEVEL SIGNAL GIVEN LT1 SUCCESS
UNAVAILABLEABILITYOF DIV II CHANNEL 58B LOW RX
LEVEL SIGNAL GIVEN LT1 FAILED
G.F.
FAILURE OF DIV II, CHANNEL 58C LOW RX LEVEL
SIGNAL — LT1 AND LT2 SUCCESS

TBL3351.BFN.08/29/92
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SF Name... Top....... SF Value... Split Fraction Description*................

LT32

LT33

LT34

LT3F
LT41

LT42

LT43

LT44

LT45

LT46

LT4F
LVF
LVP1

LVP2

LVS
MCD1
MCDF
MELTF
MELTS
MSVC1
MSVC2

LT3

LT3

LT3

LT3
LT4

LT4

LT4

LT4

LT4

LT4

LT4
LV
LVP

LVP

LV
MCD
MCD
MELT
MELT
MSVC
MSVC

1.0410E-01

6.6410E-02

2.9400E-03

1.0000E+00
2.1120E-03

1.1570E-01

4.9890E-03

9.2990E-01

2.6530E-03

1.0030E-01

1.0000E+00
1.0000E+00
2.9975E-05

3.6651E-03

0.0000E+00
3.1260E-02
1.0000E+00
1.0000E+00
0.0000E+00
7.7830E-05
4.9660E-05

FAILURE OF DIV II (58C) LOW RX LEVEL SIGNAL
LT1(LT2) FAILED AND LT2(LT1) SUCCESS

FAILURE OF DIV II, CHANNEL 58C LOW RX LEVEL
SIGNAL — LT1 AND LT2 FAILED
FAILURE OF DIV II, CHANNEL 58C LOW RX LEVEL
SIGNAL — LT1 AND LT2 DISABLED/BYPASSED
G.F.
FAILURE OF DIV II (58D) LOW RX LEVEL SIGNAL
— LT1, LT2 AND LT3 SUCCESS
FAILURE OF DIV II (58D) LOW RX LEVEL SIGNAL
— LT1, LT2 OR LT3 FAILED
FAILURE OF DIV II (58D) LOW RX LEVEL SIGNAL
— TWO OF LT1, LT2 AND LT3 FAILED
FAILURE OF DIV II (58D) LOW RX LEVEL SIGNAL

LT1, LT2 AND LT3 FAILED
FAILURE OF DIV II (58D) LOW RX LEVEL SIGNAL

LT1, LT2 DISABLED AND LT3 SUCCESS
FAILURE OF DIV II (58D) LOW RX LEVEL SIGNAL

LT1I LT2 DISABLED AND LT3 FAILED
G.F.
G.F. OF LOW RX LEVEL TRIP LOGIC
UNAVAILABLEABILITYOF FAIL SAFE LOW RX LEVEL
SIGNAL GIVEN NO INSTR TAP FAILURE
UNAVAILABLEABILITYOF FAIL SAFE LOW RX LEVEL
SIGNAL — LOOP I OR II INSTR TAP FAILURE
G.S. OF LOW RX LEVEL TRIP LOGIC
ALL SUPPORT AVAILABLE
G.F.
CORE DAMAGE HAS OCCURRED
NO CORE DAMAGE HAS OCCURRED
ALL SUPPORT AVAILABLE
LOSS OF SUPPORT EITHER INBOARD OR OUTBOARD
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SF Name... Topo ~ ~ ~ ~ ~ ~

MSVC3 MSVC

MSVCF
MT11
MT1F
MT21
MT2F
MT31
MT3F
NAO
NAF
NBOCB

MSVC
MT1
MT1
MT2
MT2
MT3
MT3
NA
NA
NBOC

NBOCF
NCD1
NCDF
NH11
NH1F
NH21

NBOC
NCD
NCD
NH1
NH1
NH2

NH22 NH2

NH23 NH2

NH2F
NIEB
NIEF
NPI1

NH2
NIE
NIE
NPI

NPIF
NPII1

NPI
NPII

TBL3351.BFN.08/29/92
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SF Value... Split Fraction Description*................

5.0090E-05

1.0000E+00
7.5428E-04
1.0000E+00
1.1271E-04
1.0000E+00
7.5428E-04
1.0000E+00
0.0000E+00
1.0000E+00
0.0000E+00

1.0000E+00
0.0000E+00
1.0000E+00
3.0330E-03
1.0000E+00
2.9980E-03

1.4630E-02

3.0330E-03

1.0000E+00
0.0000E+00
1.0000E+00
2.7960E-04

1.0000E+00
2.6200E-04

MSIVs
LOSS OF SUPPORT TO BOTH INBOARD AND
OUTBOARD MSIVs
G.F.
ALL SUPPORT AVAILABLE
G.F.
ALL SUPPORT AVAILABLE
G.F.
ALL SUPPORT AVAILABLE
G.F.
THE EVENT IS NOT AN ATWS
THE EVENT IS AN ATWS
THE EVENT IS NOR A BREAK OUTSIDE
CONTAINMENT
THE EVENT IS A BREAK OUTSIDE CONTAINMENT
NO CORE DAMAGE HAS OCCURRED
CORE DAMAGE HAS OCCURRED
SAI DIVISION I POWER SUPPLY AVAILABLE
G.F.
SAI DIVISION II POWER AVAILABLEAND NH1 IS
SUCCESS
SAI DIVISION II POWER AVAILABLEAND NH1 IS
FAILED
SAI DIVISION II POWER AVAILABLEAND NH1 IS
DISABLED/BYPASSED
G.F.
INITIATOR IS NOT BOC, FWRU, OR PRFO
INITIATOR IS BOCI OR FWRU/ OR PRFO
SAI DIV I LOW RX PRESSURE PERMISSIVE SIGNAL
FAILED GIVEN DIV I SUPPORT AVAILABLE
G.F.
SAI DIV II LOW RX PRESSURE PERMISSIVE
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Table 3.3.5- i (Page 26 of 45).

SF Name... Topo ~ ~ ~ ~ ~ ~

NPII2

NPII3

NPII

NPII

NPIIF
NRUB
NRUF
NRVO
NRVF
OAD1
OAD2
OAIF
OAL1

NPII
NRU
NRU
NRV
NRV
OAD
OAD
OAI
OAL

OAL2

OBC1
OBCF
OBD1
OBD2
OBDF
ODWS1
ODWS2
ODWSF
OEE1
OEE2
OEEB
OEEF
OF1

OBC
OBC
OBD
OBD
OBD
ODWS
ODWS
ODWS
OEE
OEE
OEE
OEE
OF

OFOF2

Browns Ferry System Quantification Results

Split Fraction Description*................SF Value...

SIGNAL FAILED GIVEN DIV I SIGNAL SUCCESS
SAI DIV II LOW RX PRESSURE PERMISSIVE
SIGNAL FAILED GIVEN DIV I SIGNAL FAILED
SAI DIV II LOW RX PRESSURE PERMISSIVE
SIGNAL FAILED GIVEN DIV I SIGNAL DISABLED
G.F.
INITIATOR IS NOT FWRU
INITIATOR IS FWRU
NO STUCK OPEN SRVS
STUCK OPEN SRVSINHIBIT ADS I ATWS I UNISOLATED VESSEL
INHIBIT ADS, ATWS, ISOLATED VESSEL
GUARANTEED FAILED
LOWER AND CONTROL VESSEL LEVEL, ATWSi
UNISOLATED VESSEL
LOWER AND CONTROL VESSEL LEVELi ATWS i
ISOLATED VESSEL
ALL SUPPORT AVAILABLE
G.F.
ALL SUPPORT AVAILABLE
LONG TERM HPCI OR RCIC AVAILABLE
G.F.
OPERATOR ALIGNS DRYWELL SPRAY, NON-ATWS
OPERATOR ALIGNS DRYWELL SPRAY DURING ATWS
G.F.
OPERATOR RECOVERS EECW, NON-ATWS
OPERATOR RECOVERS EECW, ATWS
BYPASS
G.F.
CONTROL VESSEL LEVEL WITH FEEDWATER,
AUTO-CONTROL = S, 1 FEED PUMP
CONTROL,VESSEL LEVEL WITH FEEDWATER,

6.3410E-02

2.7960E-04

1.0000E+00
0.0000E+00
1.0000E+00
0-OOOOE+00
1.0000E+00
1.4910E-03
1.4700E-03
1.0000E+00
1.6490E-02

1.8550E-02

7.9338E-04
1.0000E+00
1.3120E-01
8.6016E-04
1.0000E+00
9.6280E-03
2.7370E-02
1.0000E+00
5.0050E-04
1.6400E-02
0.0000E+00
1.0000E+00
3.8410E-04

2.4910E-03
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Table 3.3.5-1 (Page 27 of 45).

SF Name... Topo ~ ~ ~ ~ ~ ~

OF3 OF

OF4
OFF
OFT1
OFTF
OFTS
OG161
OG16F
OG51
OG5F
OHC1
OHC2
OHC3
OHC4
OHL1
OHL2

OF
OF
OFT
OFT
OFT
OG16
OG16
OG5
OG5
OHC
OHC
OHC
OHC
OHL
OHL

OHR
OHS
OHS

OHRF
OHS1
OHS2

OHS3
OHSF

OHS
OHS

Browns Ferry System Quantification Results

Split Fraction Description*................SF Value...

AUTO-CONTROL = F, 1 FEED PUMP
CONTROL VESSEL LEVEL WITH FEEDWATER, 3 FEED
PUMPS
CONTROL VESSEL LEVEL WITH FEEDWATER, ATWS
G.F.
OPERATOR TRIPS TWO FEED PUMPS
G.F., OPTR=F
GUARANTEED SUCCESS, OPTR=S
161KV OFFSITE POWER
161KV OFFSITE POWER GUARANTEED FAIL.
500KV OFFSITE GRID UNAVAILABLE
G.F.
CONTROL OF HPCI AND RCIC
CONTROL OF HPCI ONLY
CONTROL OF RCIC ONLY
CONTROL OF HPCI DURING ATWS
LONG TERM CONTROL OF HPCI/RCIC GIVEN OHC=S
LONG TERM CONTROL OF HPCI AND/OR RCIC GIVEN
OHC=F
GUARANTEED FAILURE
OPERATOR STARTS OF HPCI — NON-ATWS, 2 SORVS
OPERATOR STARTS RCIC/HPCI — NON-ATWS, NO
SORV
OPERATOR STARTS HPCI DURING ATWS
OPERATOR STARTS RCIC/HPCI — G.F.

3.3590E-01

7.7770E-03
1.0000E+00
1.8170E-03
1.0000E+00
0.0000E+00
5.9198E-04
1.0000E+00
3.9230E-04
1.0000E+00
1.0610E-03
9.1750E-04
7.3590E-04
1.0350E-02
1.4740E-03
4.4930E-03

1.0000E+00
8.4290E-03
7.8720E-04

5.2570E-03
1.0000E+00
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OIV1

OIVF
OJC1

OLA1

OIV

OIV
OJC

2.2560E-03

1.0000E+00
3.2040E-02

7.7450E-02

OPERATOR DEFEATS MSIV CLOSURE INTERLOCKI
NON-ATWS
G.F.
OPERATOR CONTROLS VESSEL LEVEL WITH
CONDENSATE USING ALTERNATE FLOW PATH
OPERATOR MAINTAINS VESSEL LEVEL AT T.A.F.

X
O(
CO

O

O

TBL3351.BFN.08/29/92



SF Name... Top....... SF Value... Split Fraction Description*................

OLC1

OLC2

OLCF
OLP1
OLPF
OPTR1

ORF1

ORFF
ORP1

ORP2

ORP3

ORPF
OSD1
OSD2
OSDF
OSL1
OSL2
OSP1

OSP2

OSP3

OSPF

OLC

OLC

OLC
OLP
OLP
OPTR

ORF

ORF
ORP

ORP

ORP

ORP
OSD
OSD
OSD
OSL
OSL
OSP

OSP

OSP

OSP

4.7900E-04

6.9510E-04

1.0000E+00
4.7900E-04
1.OOO0E+00
1.7960E-03

4.1980E-04

1.0000E+00
9.5840E-05

2.5820E-02

4.3660E-02

1.0000E+00
1.0130E-03
1.5380E-03
1.0000E+00
5-4420E-03
1.2420E-02
7 '170E-05

5.7740E-03

7.2130E-05

1.0000E+00

WITH RHR/CS
OPERATOR CONTROLS VESSEL LEVEL WITH
CONDENSATE, FEEDWATER SUCCESSFUL
OPERATOR CONTROLS VESSEL LEVEL WITH
CONDENSATE, FEEDWATER FAILED
G.F.
OPERATOR CONTROLS LPCI/CS
G.F.
OPERATOR TRIPS 2 FEEDWATER PUMPS DURING A
FEEDWATER RAMPUP
OPERATOR RESTARTS FEEDWATER FOLLOWING LEVEL
8

TRIP'.F.

OPERATOR FAILS TO START THE RHR AND CS
PUMPS
OPERATOR STARTS RHR/CS, HIGH PRESSURE
INJECTION FAILED
OPERATOR RESTORES EECWi STARTS RHR/CSi LOSP
WITH POWER RECOVERED
G.

F.'PERATOR ALIGNS SDC BOTH RHR LOOPS AVAILABLE
OPERATOR ALIGNS SDC ONE RHR LOOP AVAILABLE
G.F.
OPERATOR STARTS SLC, UNISOLATED VESSEL
OPERATOR STARTS SLC, ISOLATED VESSEL
OPERATOR ALIGNS SPC BOTH RHR LOOPS AVAILABLE,
NON-ATWS
OPERATOR ALIGNS SPC BOTH RHR LOOPS AVAILABLE
ATWS
OPERATOR ALIGNS SPC ONE RHR LOOP AVAILABLE,
NON-ATWS
G.F.

Table 3.3.5-1 (Page 28 of 45). Browns Ferry System Quantification Results Ul
O

tO

n
Cl

hl

O.
C
O.
C

0
Gl

lT1
lc

2
Ql

O

C
tO

O

Cl

TBL3351.BFN.08/29/92



SF Name... Top....... SF Value... Split Fraction Description*................

OSV1

OSVF
OSW1

OUB1

OUB2

PCA1
PCA2

PCA3

PCA4

PCAF
PX11
PX1F
PX21

PX22

PX23

PX2F
R4801
R480B
RA1
RAF
RBl
RBC10

OSV

OSV
OSW

OUB

OUB

PCA
PCA

PCA

PCA

PCA
PX1
PX1
PX2

PX2

PX2

PX2
R480
R480
RA
RA
RB
RBC

2.3330E-03

1.0000E+00
7.5160E-04

2.8540E-03

4.9230E-03

4.4467E-03
4.8760E-03

3.2886E-02

5.1329E-02

1.0000E+00
7.9450E-04
1.0000E+00
7.9200E-04

3.8810E-03

7.9450E-04

1.0000E+00
1.3000E-02
0.0000E+00
2.5380E-04
1.0000E+00
1.4420E-04
7.1009E-03

OPERATOR DEFEATS MSIV CLOSURE INTERLOCK
DURING ATWS
G.F.
OPERATOR TRANSFERS MODE SWITCH TO
REFUEL/SHUTDOWN
OPERATOR TRANSFERS UNIT BOARDS, UNIT 1 OR 2
POWER LOST
OPERATOR TRANSFERS UNIT BOARDS, UNIT 1 AND
2 POWER LOST
ALL SUPPORT AVAILABLE
UNAVAILABLEABILITYOF PCA SYSTEM GIVEN SUPPORT
TO COMPRESSOR A OR D UNAVAILABLE
UNAVAILABLEABILITYOF PCA SYSTEM GIVEN SUPPORT
COMPRESSORS A AND D UNAVAILABLE
UNAVAILABLEABILITYOF PCA SYSTEM GIVEN SUPPORT
TO COMPRESSORS B AND C UNAVAILABLE
G.F.
POWER AVAILABLEFROM 250 V DC RMOV BOARD 2B
G.F.
POWER AVAILABLEFROM 250V DC RMOV BOARD 2A AND
PX1 IS SUCCESS
POWER AVAILABLEFROM 250V DC RMOV BOARD 2A AND
PX1 IS FAILED
POWER AVAILABLEFROM 250V DC RMOV BOARD 2A AND
PX1 IS DISABLED/BYPASSED
G.F.
RECOVER 480 V RMOV BD 2A OR 2B
BYPASS
ALL SUPPORT AVAILABLE
G.F.
ALL SUPPORT AVAILABLE
LOSP WITH NO ACCIDENT SIGNAL AND EECW
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SF Name... Top....... SF Value... Split Fraction Description*................

RBC11

RBC17
RBC19

RBC20

RBC
RBC

RBC

RBC4
RBCF
RBF
RBI1
RBIF
RBISOF
RBISOS
RC1
RCF
RCI1
RCI2

RBC
RBC
RB
RBI
RBI
RBISO
RBISO
RC
RC
RCI
RCI

RCIF
RCL1

RCI
RCL

RCL2 RCL

RCLF
RCW1
RCW10

RCL
RCW
RCW

RCW12 RCW

RCW13 RCW

TBL3351.BFN.OS/29/92

1.1418E-02

7.5184E-03
1.3106E-02

1.7493E-02

1.7345E-03
1.0000E+00
1.0000E+00
1.1832E-01
1.0000E+00
1.0000E+00
0.0000E+00
1.4420E-04
1.0000E+00
6.6250E-02
6.6940E-02

1.0000E+00
1.8220E-02

1.0700E-01

1.0000E+00
2.5213E-05
4.2960E-05

1.1619E-03

8.2220E-04

UNAVAILABLE
LOSP WITH AN ACCIDENT SIGNAL AND EECW
UNAVAILABLE
GIVEN ALL SUPPORT AVAILABLEEXCEPT RCW
GIVEN ALL SUPPORT AVAILABLEEXCEPT LOSP & RCW
UNAVAILABLE
GIVEN ALL SUPPORT AVAILABLEWITH AN ACCIDENT
SIGNAL EXCEPT LOSP & RCW
GIVEN ALL SUPPORT AVAILABLEEXCEPT EECW
G.F.
G.F.
ALL SUPPORT AVAILABLE
G.F.
REACTOR BUILDING NOT ISOLATED
REACTOR BUILDING ISOLATED
ALL SUPPORT AVAILABLEALBE
G.F.
RCIC FAILURE; ALL RCIC SUPPORT AVAILABLE
RCIC FAILURE; GIVEN MANUAL START OF
RCIC/HPCI FAILED(OHS=F)
RCIC G.F.
RCIC FAILURE; LONG TERM OPERATION; GIVEN
EARLY OPERATOR CONTROL OF HPCI/RCIC (OHC=S)
RCIC FAILURE; LONG TERM OPERATION; GIVEN
OHC=F
G.F. OF RCIC LONG TERM OPERATION
ALL SUPPORT AVAILABLE
POWER TO ONE OPERATING RCW PUMP (1A) AND
PUMP 1D UNAVAILABLE
POWER TO ALL UNIT 2 RCW PUMPS AND RCW PUMP
1D UNAVAILABLE
POWER TO ONE OPERATING UNIT 1 AND ONE UNIT
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Table 3.3.5-1 (Page 31 of 45).

SF Name... Topoooiooo

RCW15 RCW

RCW2
RCW4
RCW5

RCW
RCW
RCW

RCW7 RCW

RCW9
RCWF
RD1
RDF
RE1
REF
RF1
RFF
RG1
RGF
RH1
RHF
RI1
RIF
RJ1
RJF
RK1
RK2
RK3
RKF
RL1
RL2
RL3

RCW
RCW
RD
RD
RE
RE
RF
RF
RG
RG
RH
RH
RI
RI
RJ
RJ
RK
RK
RK
RK
RL
RL
RL

Browns Ferry System Quantification Results

Split Fraction Description*................SF Value...

2 PUMP, AND PUMP 1D UNAVAILABLE
POWER TO ONE OPERATING UNIT 1 AND ALL UNIT
2 PUMPS, AND PUMP 1D UNAVAILABLE
POWER TO ONE RCW PUMP (1A) UNAVAILABLE
POWER TO ALL UNIT 2 RCW PUMPS UNAVAILABLE
POWER TO ONE UNIT 1 PUMP AND ONE UNIT 2
PUMP UNAVAILABLE
POWER TO ONE UNIT 1 PUMP AND ALL UNIT 2
PUMPS UNAVAILABLE
POWER TO RCW PUMP 1D UNAVAILABLE
G.F.
ALL SUPPORT AVAILABLE
G.F.
ALL SUPPORT AVAILABLE
G.F.
ALL SUPPORTS AVAILABLE
G.F.
ALL SUPPORT AVAILABLE
G.F.
ALL SUPPORTS AVAILABLE
G.F.
ALL SUPPORTS AVAILABLE
G.F.
ALL SUPPORTS AVAILABLE
G.F.
ALL SUPPORT AVAILABLE
LOSS OF'ALTERNATE SUPPLY
LOSS OF NORMAL SUPPLY
G.F.
ALL SUPPORT I RK SUCCESS
ALL SUPPORT I RK FAILS
RK FAILS BY SUPPORT

5.3649E-01

2.4872E-05
4.4808E-04
3.2888E-05

2.0175E-03

2.5659E-05
1.0000E+00
1.4420E-04
1.0000E+00
2.7103E-04
1.0000E+00
2.7103E-04
1.0000E+00
5.4206E-04
1.0000E+00
1.6143E-04
1.0000E+00
1.6143E-04
1.0000E+00
1.6143E-04
1.0000E+00
1.3490E-04
1.0160E-03
2.4290E-02
1.0000E+00
1.3490E-04
1.5230E-04
1.3490E-04
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SF Name... Topo ~ ~ ~ ~ ~ ~

RL4
RL5
RL6
RL7
RLF
RM1
RMF
RN1
RNF
Rol
ROF
RP1
RPAl
RPAF
RPB1

RL
RL
RL
RL
RL
RM
RM
RN
RN
RO
RO
RP
RPA
RPA
RPB

RPB2 RPB

RPB3
RPB4
RPB5

RPB
RPB
RPB

RPB6 RPB

RPBF
RPCl

RPB
RPC

RPC2
RPC3
RPCF
RPD1

RPC
RPC
RPC
RPD

TBL3351.BFN.OS/29/92

Table 3.3.5-1 (Page 32 of 45) ~ Browns Ferry System Quantification Results

SF Value...

1.0170E-03
9.7800E-04
2.429'OE-02
2.3950E-02
1.0000E+00
3.4305E-04
1.0000E+00
3.4305E-04
1.0000E+00
2.7103E-04
1.0000E+00
2.5662E-04
1.3130E-02
1.0000E+00
1.2750E-02

1.9040E-02

3.7290E-02
1.3130E-02
1.2890E-02

3.4260E-01

1.0000E+00
8.7460E-03

3.4260E-01
1.3130E-02
1.0000E+00
8.5010E-03

RK SUCCESS I SHUTDOWN BOARD 2A FAILS
RK FAILS I SHUTDOWN BOARD 2A FAILS
RK SUCCESS, SHUTDOWN BOARD 2B FAILS
RK FAILSI SHUTDOWN BOARD 2B FAILS
G. F.
ALL SUPPORTS AVAILABLE
G.F.
ALL SUPPORTS AVAILABLE
G.F.
ALL SUPPORTS AVAILABLE
G.F.
ALL SUPPORTS AVAILABLE
RHR PUMP A FAILS, ALL SUPPORT AVAILABLE
RHR PUMP A G.F.
RHR PUMP B FAILURE ALL SUPPORT AVAILABLE,
RPA=S, RPC=S
RHR PUMP B FAILURE GIVEN RPA=F OR RPC=F
(WITH OTHER SUCCESS)
RHR PUMP B FAILURE GIVEN RPA=F AND RPC=F
RHR PUMP B FAILURE GIVEN RPA=B AND RPC=B
RHR PUMP B FAILURE GIVEN RPA=B OR RPC=B
(WITH OTHER SUCCESS)
RHR PUMP B FAILURE GIVEN RPA=F AND RPC=B,
OR RPA=B AND RPC=F
RHR PUMP B G.F.
RHR PUMP C FAILURE, ALL SUPPORT AVAILABLE,
RPA=S
RHR PUMP C FAILURE GIVEN RPA=F
RHR PUMP C FAILURE GIVEN RPA NOT ASKED
RHR PUMP C G.F.
RHR PUMP D FAILURE ALL SUPPORT AVAILABLE,
RP(AIBiC) SiSIS

Split Fraction Description*................

W
O

CO

n
CD

C
rt
h)

CL(
Q.
C
CD

a
CD

rrl
CD

2
CD

0

Ã
CD
C
lh
O

O



SF Name... Top....... SF Value... Split Fraction Description*................

RPD10

RPD2

RPD3

RPD4

RPD5
RPD6

4)

RPD7

RPD8

RPD9

RPDF
RPF
RPSO
RPS1
RPS10

RPS11

RPS2
RPS3
RPS4
RPS5

RPD

RPD

RPD

RPD

RPD
RPD

RPD

RPD

RPD

RPD
RP
RPS
RPS
RPS

RPS
RPS
RPS
RPS

4.0910E-01

3.4200E-01

2.5890E-01

6.2610E-01

1. 3130E-02
1.2890E-02

3.4260E-01

1.2750E-02

3.4040E-01

1.0000E+00
1.0000E+00
0.0000E+00
1.7848E-05
1.3696E-06

.1.0257E-03

1-7848E-05
1.8701E-05
1.7848E-05
1.7848E-05

RHR PUMP D FAILURE GIVEN 1 PREVIOUS BYPASS
AND 2 FAILURES (MODELED AS RPC 6 RPD FAILED)
RHR PUMP D FAILURE GIVEN RPAIRPC OR RPB F
(MODELED AS RPB=F)

RHR PUMP D FAILURE GIVEN 2 PREVIOUS
FAILURES (MODELED AS RPA OR RPC FAILED AND
RPB FAILED)
RHR PUMP D FAILURE GIVEN RPA, RPC AND RPB
=F
RHR PUMP D FAILURE GIVEN RPA, RPC AND RPB=B
RHR PUMP D FAILURE GIVEN RPA OR RPC=B, AND
RPB=B
RHR PUMP D FAILURE GIVEN 2 PREVIOUS
BYPASSES AND A FAILURE (MODELED AS RPB=F)
RHR PUMP D FAILURE GIVEN 1 PREVIOUS BYPASS
AND 2 SUCCESSES (MODELED AS RPB=B)
RHR PUMP D FAILURE GIVEN 1 PREVIOUS
SUCCESS i 1 BYPASS I 1 SUCCESS I 1 FAILURE
(MODELED AS RPB=F)

RHR PUMP D G.F.
G. F.-

REACTOR SCRAM — G.S.
REACTOR SCRAM — ALL SUPP. AVAILABLE
REACTOR SCRAM — LOSS OF CONTROL AIR OR (RH
AND RI)
REACTOR SCRAM — LOFW, LVP FAILED(MANUAL
SCRAM ONLY)
REACTOR SCRAM — LOSS OF DB OR DD
REACTOR SCRAM — LOSS OF DB AND DD
REACTOR SCRAM — LOSS OF RB OR RC
REACTOR SCRAM — LOSS OF (RB OR RC) AND (DB
OR DD)

TBL3351.BFN.OS/29/92
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SF Name... Top....... SF Value... Split Fraction Description*................

RPS6

RPS7
RPS8

RPS9

RPT1

RPT2

RPT3

RPT4

RPT5

RPT6

RPT7

RPT8

RPT9

RPTF

RVCO
RVC1
RVC2
RVC3

RPS
RPS

RPT

RPT

RPT

RVC
RVC
RVC
RVC

1.8701E-05

1.7848E-05
1.7848E-05

1.8701E-05

1.0732E-04

1.1123E-04

1.1308E-04

1.1536E-04

8.2781E-03

1.1752E-04

8.0644E-03

1.4739E-04

9 '513E-03

1.0000E+00

9.3210E-01
6-1540E-02
4.2540E-03
4.4020E-04

REACTOR SCRAM — LOSS OF (RB OR RC) AND DB
AND DD
REACTOR SCRAM — LOSS OF RB AND RC
REACTOR SCRAM — LOSS OF RB AND RC AND (DB
OR DD)
REACTOR SCRAM — LOSS OF RB AND RC AND DB
AND DD
RPTS WITH TURBINE TRIPPED — ALL SUPPORTS
AVAILABLE
RPTS WITH TURBINE TRIPPED — ONE ATWS-RPT
DIV DISABLED
RPTS WITH TURBINE TRIPPED — ATWS-RPT (BOTH
DIVISIONS) DISABLED
RPTS WITH TURBINE TRIPPED — ONE RPT-EOC DIV
DISABLED
RPTS WITH TURBINE TRIPPED — ONE ATWS-RPT
AND ONE EOC-RPT DIV TO SAME PAIR OF
BREAKERS DISABLED
RPTS WITH TURBINE TRIPPED — ONE EOC-RPT DIV
AND OPPOSITE ATWS-RPT DIV DISABLED
RPTS WITH TURBINE TRIPPED — ONE EOC-RPT AND
BOTH ATWS-RPT DlVISIONS DISABLED
RPTS WITH NO TURBINE TRIP (EOC-RPT
UNAVAILABLE) — ALL SUPPORTS AVAILABLETO ATWS-RPT
RPTS WITH NO TURBINE TRIP — ONE ATWS-RPT
DIV DISABLED
RPTS WITH NO SUPPORTS AVAILABLE (GUARANTEED
FAILED)
NON-ATWS, 0 SRV STUCK OPEN
NON-ATWS, 1 SRV STUCK OPEN
NON-ATWS, 2 SRVs STUCK OPEN
NON-ATWS, 3 OR MORE SRVs STUCK OPEN
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SF Name... Top....... SF Value... Split Fraction Description*................

RVC4
RVC5
RVC6
RVC7
RVC8
RVC9
RVDO

RVD1
GD

RVD10
4l
00

RVD11

RVD12

RVD13

RVD14

RVD15

RVD16

RVC
RVC
RVC
RVC
RVC
RVC
RVD

RVD

RVD

RVD

RVD

RVD

RVD

RVD

RVD

8.9920E-01
9.2600E-02
9.6170E-03
2.3340E-03
0.0000E+00
1.0000E+00
0.0000E+00

9 '310E-01

9.9310E-01

9.4460E-01

9.4910E-01

6.9000E-03

5.8000E-03

5.2000E-02

5.1700E-02

ATWS, 0 SRV STUCK OPEN
ATWS, 1 SRV STUCK OPEN
ATWSg 2 SRVS STUCK OPEN
ATWS, 3 OR MORE SRVs STUCK OPEN
NOT BRANCH OF INTEREST
BRANCH OF INTEREST
FAILURE BRANCH g ONE OR TWO SRVS NEEDED g

HPCI /RCIC FAILURE g 1 OR MORE STUCK OPEN
SRVS
REMOTE MANUAL BRANCH g ONE SRV NEEDED g 0 g 1
OR MORE STUCK OPEN SRVS g 4 SRVS AVAILABLE
REMOTE-MANUAL BRANCH, THREE SRVS NEEDED,
HPCI/RCIC HARDWARE FAILURE, 0 STUCK OPEN
SRVS, 6 SRVS AVAILABLE
REMOTE MANUAL BRANCH g THREE SRVS NEEDED g

HPCI/RCIC OPERATOR FAILURE, 0 STUCK OPEN
SRVS, 4 SRVS AVAILABLE
REMOTE MANUAL BRANCHg THREE SRVS NEEDED g

HPCI/RCIC OPERATOR FAILURE, 0 STUCK OPEN
SRVS, 6 SRVS AVAILABLE
OVERPRESSURE BRANCHg ONE SRV NEEDED g

HPCI/RCIC HARDWARE FAILURE, 1 OR MORE STUCK
OPEN SRVS, 4 SRVS AVAILABLE
OVERPRESSURE BRANCHg ONE SRV NEEDEDg
HPCI/RCIC HARDWARE FAILURE, 1 OR MORE STUCK
OPEN SRVSg 6 SRVS AVAILABLE
OVERPRESSURE BRANCHg ONE SRV NEEDEDg
HPCI/RCIC OPERATOR FAILURE, 1 OR MORE STUCK
OPEN SRVS g 4 SRVS AVAILABLE
OVERPRESSURE BRANCHg ONE SRV NEEDED g

HPCI/RCIC OPERATOR FAILURE, 1 OR MORE STUCK
OPEN SRVS, 6 SRVS AVAILABLE
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SF Name... Top....... SF Value... Split Fraction Description*................

RVD17

RVD18

RVD19

RVD2

RVD20

RVD21

RVD22

RVD23

RVD24

RVD25

RVD26

RVD

RVD

RVD

RVD

RVD

RVD

'VD

RVD

RVD

RVD

RVD

7.3000E-03

5.6000E-03

5.6100E-02

9.9420E-01

6.0500E-02

1.0100E-02

6.9000E-03

5.5400E-02

5.0899E-02

2.0340E-08

2.2610E-08

OVERPRESSURE BRANCHi TWO SRV NEEDED/
HPCI/RCIC HARDWARE FAILURE, 1 STUCK OPEN
SRV I 4 SRVS AVAILABLE
OVERPRESSURE BRANCHi TWO SRV NEEDED g

HPCI/RCIC HARDWARE FAILURE, 1 STUCK OPEN
SRV I 6 SRVS AVAILABLE
OVERPRESSURE BRANCHI TWO SRV NEEDED i
HPCI/RCIC OPERATOR FAILURE, 1 STUCK OPEN
SRV, 4 SRVS AVAILABLE
REMOTE MANUAL BRANCHI ONE SRV NEEDED'g 1
OR MORE STUCK OPEN SRVS, 6 SRVS AVAILABLE
OVERPRESSURE BRANCHi TWO SRV NEEDEDi
HPCI/RCIC OPERATOR FAILURE, 1 STUCK OPEN
SRV, 6 SRVS AVAILABLE
OVERPRESSURE BRANCHi THREE SRVS NEEDEDI
HPCI/RCIC HARDWARE FAILURE I 1 STUCK OPEN
SRV, 4 SRVS AVAILABLE
OVERPRESSURE BRANCHi THREE SRVS NEEDEDi
HPCI/RCIC HARDWARE FAILURE, 1 STUCK OPEN
SRV, 6 SRVS AVAILABLE
OVERPRESSURE BRANCH g THREE SRVS NEEDED I
HPCI/RCIC OPERATOR FAILURE, 1 STUCK OPEN
SRVI 4 SRVS AVAILABLE
OVERPRESSURE BRANCH, THREE SRVS NEEDEDi
HPCI/RCIC OPERATOR FAILURE, 1 STUCK OPEN
SRV, 6 SRVS AVAILABLE
FAILURE BRANCHY ONE SRV NEEDEDI HPCI/RCIC
SUCCESSi NO STUCK OPEN SRVSi 4 SRVS
AVAILABLE
FAILURE BRANCHi ONE'SRV NEEDEDI HPCI/RCIC
SUCCESSI NO STUCK OPEN SRVSi 6 SRVS
AVAILABLE
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SF Name... Top....... SF Value... Split Fraction Description*................

RVD29

RVD3

RVD30

RVD31

RVD32

RVD33

RVD34

RVD35

RVD36

RVD37

RVD38

RVD

RVD

RVD

RVD

RVD

RVD

RVD

RVD

RVD

RVD

RVD

9.3310E-08

9.4800E-01

5.7720E-09

7.1950E-07

1.2860E-06

1.2940E-07

5.7730E-09

7.1040E-07

1.2860E-06

6.9000E-03

5.8000E-03

FAILURE BRANCH, TWO SRV NEEDED, HPCI/RCIC
HARDWARE FAILUREi 0 STUCK OPEN SRVS i 4 SRVS
AVAILABLE
REMOTE MANUAL BRANCHi ONE SRV NEEDED/
HPCI/RCIC OPERATOR FAILURE, 1 OR MORE STUCK
OPEN SRVS, 4 SRVS AVAILABLE
FAILURE BRANCHI TWO SRV NEEDED I HPCI/RCIC
HARDWARE FAILURE i 0 STUCK OPEN SRVS I 6 SRVS
AVAILABLE
FAILURE BRANCH, TWO SRV NEEDED, HPCI/RCIC
OPERATOR FAILUREi 0 STUCK OPEN SRVS i 4 SRVS
AVAILABLE
FAILURE BRANCHi TWO SRV NEEDED i HPCI/RCIC
OPERATOR FAILUREi 0 STUCK OPEN SRVS i 6 SRVS
AVAILABLE
FAILURE BRANCH, THREE SRVS NEEDEDi
HPCI/RCIC HARDWARE FAILURE, 1 STUCK OPEN
SRV, 4 SRVS AVAILABLE
FAILURE BRANCHi THREE SRVS NEEDEDi
HPCI/RCIC HARDWARE FAILURE, 1 STUCK OPEN
SRVI 6 SRVS AVAILABLE
FAILURE BRANCHY THREE SRVS NEEDED/
HPCI/RCIC OPERATOR FAILURE, 1 STUCK OPEN
SRV, 4 SRVS AVAILABLE
FAILURE BRANCHI THREE SRVS NEEDED i
HPCI/RCIC OPERATOR FAILURE, 1 STUCK OPEN
SRV, 6 SRVS AVAILABLE
OVERPRESSURE BRANCHi ONE SRV NEEDED g

HPCI/RCIC SUCCESS i NO STUCK OPEN SRVS i
4 SRVS AVAILABLE
OVERPRESSURE BRANCHI ONE SRV NEEDED i
HPCI/RCIC SUCCESS i NO STUCK OPEN SRVS i
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SF Name... Top....... SF Value... Split Fraction Description*................

RVD39

RVD4

RVD40

RVD41

RVD42

RVD43
RVD44
RVD45
RVD5

RVD6

RVD7

RVD8

RVD9

RVD

RVD

RVD

RVD

RVD

RVD
RVD
RVD
RVD

RVD

RVD

RVD

RVD

7.3000E-03

9.4830E-01

5.6000E-03

5.6100E-02

6.0499E-02

0.0000E+00
0.0000E+00
1.0000E+00
9.9270E-01

9.9440E-01

9.4390E-01

9.3950E-01

9.8990E-01

6 SRVS AVAILABLE
OVERPRESSURE BRANCH J TWO SRV NEEDED i
HPCI/RCIC HARDWARE FAILURE, NO STUCK OPEN
SRVS, 4 SRVS AVAILABLE
REMOTE MANUAL BRANCHY ONE SRV NEEDEDI
HPCI/RCIC OPERATOR FAILUREI 1 OR MORE —STUCK
OPEN SRVS, 6 SRVS AVAILABLE
OVERPRESSURE BRANCH, TWO SRV NEEDED,
HPCI/RCIC HARDWARE FAILURE, NO STUCK OPEN
SRVS, 6 SRVS AVAILABLE
OVERPRES SURE BRANCHi TWO SRV NEEDED g

HPCI/RCIC OPERATOR FAILURE, NO STUCK OPEN
SRVS, 4 SRVS AVAILABLE
OVERPRESSURE BRANCH/ TWO SRV NEEDED I
HPCI/RCIC OPERATOR FAILURE, NO STUCK OPEN
SRVS, 6 SRVS AVAILABLE
NOT BRANCH OF INTEREST
NOT BRANCH OF INTEREST
BRANCH OF INTEREST
REMOTE MANUAL BRANCHg TWO SRV NEEDED i
HPCI/RCIC HARDWARE FAILURE, 0 OR 1 STUCK
OPEN SRVS, 4 SRVS AVAILABLE
REMOTE-MANUAL BRANCH, TWO SRV NEEDED/
HPCI/RCIC HARDWARE FAILURE I 0 OR 1 STUCK
OPEN SRVS I 6 SRVS AVAILABLE
REMOTE MANUAL BRANCHi TWO SRV NEEDED I
HPCI/RCIC OPERATOR FAILURE, 0 OR 1 STUCK
OPEN SRVSI 4 SRVS AVAILABLE
REMOTE MANUAL BRANCHI TWO SRV

NEEDED'PCI/RCICOPERATOR FAILURE, 0 OR 1 STUCK
OPEN SRVSI 6 SRVS AVAILABLE
REMOTE MANUAL BRANCHi THREE SRVS NEEDEDI
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Table 3.3.5-1 (Page 39 of 45).

SF Name... Topo ~ ~ ~ ~ ~ ~

RVLO
RVL1
RVL2
RVL3
RVL4
RV01
RV02
RVOB
SDC1
SDC2

SDCF
SGT1
SGT2
SGT4

RVL
RVL
RVL
RVL
RVL
RVO
RVO
RVO-
SDC
SDC

SDC
SGT
SGT
SGT

SGT5
SGT6

SGT
SGT

SGT8 SGT

SGT9
SGTF
SGTOPF

SGT
SGT
SGTOP

SGTOPS SGTOP

SHT21
SHT210
SHT211

SHUT2
SHUT2
SHUT2

TBL3351.BFN.OB/29/92

Browns Ferry System Quantification Results

SF Value... Split Fraction Description*................

HPCI/RCIC HARDWARE FAILURE, 1 STUCK OPEN
SRV, 4 SRVS AVAILABLE
ATWS-EVENT TREE BYPASS
RELIEF OR SAFETY MODE — PWR4
RELIEF OR SAFETY MODE — PWR6
RELIEF MODE — PWR4
RELIEF MODE — PWR6
NON-ATWS
ATWS
BYPASS
SHUTDOWN COOLING FAILURE ALL SUPPORT AVAILABLE
SHUTDOWN COOLING FAILURE, ONE RHR LOOP
FAILED
SHUTDOWN COOLING G.F.
GIVEN ALL SUPPORT
GIVEN ALL SUPPORT AVAILABLEEXCEPT DM
GIVEN ALL SUPPORT AVAILABLEEXCEPT DN & AA
UNAVAILABLE
GIVEN ALL SUPPORT AVAILABLEEXCEPT A3ED
GIVEN ALL SUPPORT AVAILABLEEXCEPT A3ED AND AA
UNAVAILABLE
GIVEN ALL SUPPORT AVAILABLEEXCEPT A3ED, DN &
AA UNAVAILABLE
GIVEN ALL SUPPORT AVAILABLEEXCEPT RM
GUARANTEED FAILURE
STANDBY GAS TREATMENT OR HUMIDIFIERS NOT
OPERATING
STANDBY GAS TREATMENT AND HUMIDIFIERS
OPERATING
ALL SUPPORT AVAILABLE, SHUT1 AVAILABLE
SHUT1 AVAILABLE, UB41A AND UB42A FAILED
SHUT1 AVAILABLE, UB41A AND UB41B FAILED

0.0000E+00
2.0340E-08
2.2610E-08
6.8870E-03
5.7910E-03
1.3220E-05
1.3720E-05
0.0000E+00
1.1326E-02
2.6635E-02

1.0000E+00
1.5514E-03
1.1099E-02
1.2845E-02

2 '906E-02
2.8724E-02

3.0454E-02

3.0668E-02
1.0000E+00
1.0000E+00

0.0000E+00

1.0750E-04
1.9540E-03
1.5410E-04
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SF Name... Topo ~ ~ ~ ~ ~ ~

SHT212
SHT213
SHT214
SHT215
SHT216
SHT217
SHT22
SHT23
SHT24
SHT25

SHUT2
SHUT2
SHUT2
SHUT2
SHUT2
SHUT2
SHUT2
SHUT2
SHUT2
SHUT2

SHT26 SHUT2

SHT27
SHT28
SHT29
SHT2F
SHUT11
SHUT12
SHUT13
SHUT1F
SL1
SL2

SHUT2
SHUT2
SHUT2
SHUT2
SHUT1
SHUT1
SHUT1
SHUT1
SL
SL

SL3 SL

SLF
SP1
SP2
SP3

SL
SP
SP
SP

SPF SP
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SF Value... Split Fraction Description*................

2.3880E-03
1.5410E-04
1.8390E-01
1.6880E-04
2.6160E-03
1.1560E-04
1.0750E-04
1.0750E-04
1.0750E-04
2.3880E-03

1.5410E-04

2.5490E-05
1.1730E-04
5.0810E-05
1.0000E+00
1.0750E-04
2.3880E-03
1.5410E-04
1.0000E+00
5.7591E-03
2.7449E-02

3.1245E-02

1.0000E+00
7.4123E-04
2.5350E-02
1.3160E-02

1.0000E+00

SHUT1 AVAILABLE, UB42A AND UB42B FAILED
SHUT1 AVAILABLE, UB41B AND UB42B FAILED
SHUT1 FAILED, UB41A AND UB42A FAILED
SHUT1 FAILEDI UB41A AND UB41B FAILED
SHUT1 FAILEDI UB42A AND UB42B FAILED
SHUT1 FAILED, UB41B AND UB42B FAILED
SHUT1 AVAILABLE, UB41A FAILED
SHUT1 AVAILABLE, UB42B FAILED
SHUT1 AVAILABLE, UB41A AND UB42B FAILED
SHUT1 AVAILABLEi UB41Ag UB42A AND UB42B
FAILED
SHUT1 AVAILABLEi UB41Ai UB41B AND UB42B
FAILED
SHUT1 FAILED
SHUT1 AND UB41A FAILED
SHUT1 AND UB42B FAILED
G.F.
ALL SUPPORT AVAILABLE
UB41A FAILED
UB42B FAILED-
G.F.
ALL SUPPORT AVAILABLE
SUPPORT TO ONE SLC PUMP DIVISION AND TWO RWCU
ISOLATION VALVES AVAILABLE
SUPPORT TO ONE SLC PUMP DIVISION AND ONE RWCU
ISOLATION VALVE AVAILABLE
G.F.
SUPPRESSION POOL COOLING ALL SUPPORT AVAILABLE
SUPPRESSION POOL COOLING DURING ATWS
SUPPRESSION POOL COOLINGi ONE LOOP RHR
FAILED
SUPPRESSION POOL COOLING G.F.
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SF Name... Top....... SF Value... Split Fraction Description*................

SPR1
SPRF

SW1A1

SW1AB
SW1AF
SW1B1

SW1B2

SW1BB
SW1BF
SW1C1

SW1C2

SW1C3

SW1C4

SW1CB
SWlCF
SW1D1

SW1D10

SW1D2

SW1D3

SW1D4

SPR
SPR

SW1A

SW1A
SW1A
SW1B

SW1B

SW1B
SWlB
Swlc

SWlc

SWlc

SWlc

Swlc
SWlc
SW1D

SW1D

SW1D

SW1D

SWlD

7.0000E-02
1.0000E+00

1.3430E-02

0.0000E+00
1.0000E+00
1.3890E-02

6.6980E-02

0.0000E+00
1.0000E+00
1.2520E-02

7.9910E-02

3.1470E-01

1.3430E-02

0.0000E+00
1.0000E+00
1.3070E-02

6.6980E-02

6.0900E-02

3.1100E-01

8.1210E-02

OPERATOR RECOVERS SUPPRESSION POOL COOLING
OPERATOR FAILS TO RECOVER SUPPRESSION POOL
COOLING
RHRSW PUMP A1 i A2 FAILS i ALL SUPPORTS
AVAILABLE
RHRSW PUMP Al BYPASS, A2 SUCCESS
RHRSW PUMP Al G.F.
RHRSW PUMP Bli B2 FAILSi ALL SUPPORTS
AVAILABLE
RHRSW PUMP B1 2 I B2 G ~ F I ALL SUPPORTS
AVAILABLE
RHRSW PUMP Bl BYPASS, B2 SUCCESS
RHRSW PUMP Bl G.F.
RHRSW PUMP C 1 i ALL SUPPORTS AVAILABLEI C2
FAILSi A2'UCCESS I Al BYPASS
RHRSW PUMP C1 I ALL SUPPORTS AVAILABLEI A2
FAILSi Al SUCCESS i C2 FAILS
RHRSW PUMP C1 I ALL SUPPORTS AVAILABLEI A2 i A1 I
C2 ALL FAIL
RHRSW PUMP C1 I ALL SUPPORTS AVAILABLEi C2
FAILS, A2 AND Al G.F.
RHRSW PUMP Cl BYPASS, C2 SUCCESS
RHRSW PUMP Cl G.F.
RHRSW PUMP D1 i ALL SUPPORTS AVAILABLEI D2
FAILS
RHRSW PUMP Dli ALL SUPPORTS AVAILABLEi Blr B2
AND D2 ALL G.F.
RHRSW PUMP D1 I ALL SUPPORTS AVAILABLEi B2 AND
D2 FAIL, Bl SUCCESS
RHRSW PUMP D1 i ALL SUPPORTS AVAILABLEi B2 I B1
AND D2 ALL FAIL
RHRSW PUMP Dli Bl FAILSi (B2 G ~ F ~ AND D2
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SF Name... Top....... SF Value... Split Fraction Description*................

SW1D5

SW1D6

SW1D7

SW1D8

SW1D9

SW1DB
SW1DF
SW2A1
SW2AF
SW2B1
SW2BF
SW2C1

SW2C2

SW2C3

SW2C4

SW2CF
SW2D1

SW2D2

SW2D3

SW1D

SW1D

SW1D

SW1D

SW1D

SW1D
SW1D
SW2A
SW2A
SW2B

- SW2B
SW2C

SW2C

SW2C

SW2C

SW2C
SW2D

SW2D

SW2D

1.2880E-02

1.3890E-02

6.8960E-02

1.2880E-02

7.0930E-02

0.0000E+00
1.0000E+00
3.5890E-02
1.0000E+00
3.5910E-02
1.0000E+00
3.6860E-02

8.8990E-03

7.6260E-02

3.5890E-02

1.0000E+00
3.6800E-02

1.1170E-02

7.0110E-02

FAILS) OR (D2 G.F. AND B2 FAILS), ALL
SUPPORTS AVAILABLE
RHRSW PUMP D1i B1 SUCCESS'2 G FBI D2
FAILS, ALL SUPPORTS AVAILABLE
RHRSW PUMP D1 i ALL SUPPORTS AVAILABLEI 2 / 3 OF
(B2 i B1 i D2 ) G F ~ AND THE THIRD ONE FAILS

RHRSW PUMP D1 i ALL SUPPORTS AVAILABLEi B2
SUCCESS i B1 BYPASS i D2 FAILS
RHRSW PUMP D1 i ALL SUPPORTS AVAILABLEI D2 G ~ F g

B1 SUCCESS I B2 FAILS
RHRSW PUMP D1 i ALL SUPPORTS AVAILABLEi B2 AND
D2 G.F., B1 SUCCESS
RHRSW PUMP Dl BYPASS
RHRSW PUMP D1 G.F.
RHRSW PUMP A2, ALL SUPPORTS AVAILABLE
RHRSW PUMP A2 G.F.
RHRSW PUMP B2, ALL SUPPORTS AVAILABLE
RHRSW PUMP B2 G.F.
RHRSW PUMP C2i A2 SUCCESS'1 BYPASSi ALL
SUPPORT AVAILABLE
RHRSW PUMP C2 i A2 FAILSI A1 SUCCESS i ALL
SUPPORT AVAILABLE
RHRSW PUMP C2 i A2 AND A1 FAILg ALL SUPPORTS
AVAILABLE
RHRSW PUMP C2, A2 AND A1 G.F., ALL SUPPORTS
AVAILABLE
RHRSW PUMP C2 G.F.
RHRSW PUMP D2i ALL SUPPORTS AVAILABLEi 2B
SUCCESS, 1B BYPASS
RHRSW PUMP D2 i ALL SUPPORTS AVAILABLEi B2
FAILS, B1 SUCCESS
RHRSW PUMP D2 i ALL SUPPORTS AVAILABLEI B2 AND
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Table 3.3.5-1 (Page 43 of 45).

SF Name...

SW2D4

SW2D5

SW2D6

SW2DF
TBO
TB1
TB2
TB3
TBB
TBF
TOR1
TOR2
TORF
Ull
U1F

U3F
UB41A1
UB41A2
UB41AF
UB41B1
UB41B2

UB41B3

UB41BF
UB42A1

Tope o ~ ~ ~ ~ ~

SW2D

SW2D

SW2D

SW2D
TB
TB
TB
TB
TB
TB
TOR
TOR
TOR
U1

U3
UB41A
UB41A
UB41A
UB41B
UB41B

UB41B

UB41B
UB42A

Browns Ferry System Quantification Results

Split Fraction Description*................SF Value...

B1 FAILS
RHRSW PUMP D2I ALL SUPPORTS AVAILABLEi B2
FAILS, B1 G.F.
RHRSW PUMP D2 g ALL SUPPORTS AVAILABLEf B2 AND
B1 G.F.
RHRSW PUMP D2 i ALL SUPPORTS AVAILABLEi B2
G ~ F I B1 SUCCESS
RHRSW PUMP D2 G.F.
G.S.
ALL SUPPORT AVAILABLE
UB42B FAILS
UB42A FAILS
G.S.
G.F.
GIVEN MEDIUMS LARGEI OR EXCESSIVE LOCA
GIVEN GENERAL TRANSIENTS OR SMALL LOCA
G.F.
TOP EVENT U1 WITH ALL SUPPORT SYSTEMS
AVAILABLE
TOP EVENT U1 G.F. DUE TO
SUPPORT SYSTEM FAILURE
UNIT 3 CROSSTIE G.F.
ONE DIVISION WITH NO TRANSFER
ONE DIVISION WITH TRANSFER
G.F.
UNIT BOARD 1B FAILS WITH NO TRANSFER
UNIT BOARD 1B FAILS WITH TRANSFER, UNIT
BOARD 1A SUCCESS
UNIT BOARD 1B FAILS WITH TRANSFER, UNIT
BOARD 1A FAILED
G.F.
UNIT BOARD 2A FAILS WITH NO TRANSFER

1.1990E-02

3.5910E-02

3.7950E-02

1.0000E+00
0.0000E+00
1.6219E-02
6.0058E-02
6.0794E-02
0.0000E+00
1.0000E+00
3.6254E-04
1.2970E-06
1.0000E+00
5.3057E-02

1.0000E+00

1.0000E+00
2.3330E-04
2.2390E-04
1.0000E+00
2.3330E-04
2.2400E-04

3.5360E-05

1.0000E+00
2.3330E-04
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SF Name... Top.......,SF Value... Split Fraction Description*................

UB42A2

UB42A3

UB42A4

UB42A5

UB42AF
UB42B1
UB42B2

UB42B3

UB42B4

UB42B5

UB42B6

UB42B7

UB42BF
UB42C1
UB42C2
UB42CF
UB43A1
UB43AF
UB43Bl
UB43BF
V1S

UB42A

UB42A

UB42A

UB42A

2.2390E-04

2.2400E-04

3.5360E-05

1.9060E-05

UB42A
UB42B
UB42B

1.0000E+00
2.3330E-04
2.2400E-04

UB42B - 3.5360E-05

UB42B

UB42B

UB42B

UB42B

2.2410E-04

3.5370E-05

1.9060E-05

5.9330E-05

UB42B
UB42C
UB42C
UB42C
UB43A
UB43A
UB43B
UB43B
V1

1.0000E+00
1.2844E-04
1.5245E-04
1.0000E+00
2.2316E-04
1.0000E+00
2.3311E-04
1.0000E+00
0.0000E+00

UNIT BOARD 2A FAILS WITH TRANSFER,
BOARD 1A & 1B G.F.
UNIT BOARD 2A FAILS WITH TRANSFER,
BOARD 1A & 1B SUCCESS
UNIT BOARD 2A FAILS WITH TRANSFER,
BOARD 1A OR 1B FAILED
UNIT BOARD 2A FAILS WITH TRANSFER,
BOARD 1A & 1B FAILED
G.F.
UNIT BOARD 2B FAILS WITH NO TRANSF
UNIT BOARD 2B FAILS WITH TRANSFER,
BOARD 1A & 1B G.F.
UNIT BOARD 2B FAILS WITH TRANSFER,
BOARD 2A FAILED, UNIT BOARD 1A & 1
GUARANTEED FAILED
UNIT BOARD 2B FAILS WITH TRANSFER,
BOARD 1A, 1B & 2A SUCCESS
UNIT BOARD 2B FAILS WITH TRANSFER,
BOARD 1A, 1B OR 2A FAILED
UNIT BOARD 2B FAILS WITH TRANSFER,
UNIT BOARDS 1AI 1B AND 2A FAILED
UNIT BOARD 2B FAILS WITH TRANSFER,
BOARD 1A,1B & .2A FAILED
G. F.
ALL SUPPORTS AVAILABLE
OG16 UNAVAILABLE
G.F.
ALL SUPPORTS AVAILABLE
G.F.
ALL SUPPORTS AVAILABLE
G.F.
GUARANTEED SUCCESS

UNIT

UNIT

UNIT

UNIT

ER
UNIT

UNIT
B

UNIT

UNIT

2 OF

UNIT
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Table 3.3.5-1 (Page 45 of 45). Browns Ferry System Quantification Results

V2S
V3S
VNTF
VT1F

VT1S

VT2F

VT2S

WETF

WETS

V2
V3
VNT
VTl

VT1

VT2

VT2

WET

WET

0.0000E+00
0.0000E+00
1.0000E+00
1.0000E+00

0.0000E+00

1.0000E+00

0.0000E+00

1.0000E+00

0.0000E+00

GUARANTEED SUCCESS
GUARANTEED SUCCESS
G.F.
REACTOR VESSEL LOOP I INSTRUMENT TAPS
FAILURE HAS NOT OCCURRED
REACTOR VESSEL LOOP I INSTRUMENT TAPS
FAILURE OCCURRED
REACTOR VESSEL LOOP II INSTRUMENT TAPS
FAILURE HAS NOT OCCURRED
REACTOR VESSEL LOOP II INSTRUMENT TAPS
FAILURE OCCURRED
NO WATER ON DRYWELL FLOOR AT VESSEL
MELT-THROUGH
WATER ON DRYWELL FLOOR AT VESSEL
MELT-THROUGH

SF Name... Top....... SF Value... Split Fraction Description*................
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*The terms "lost," "failed," and "unavailable" are used interchangeably in split fractiondescriptions to identify the states of previous top events upon which the current top event
depends. Occasionally, the mode of failure of a preceding top event (i.e., by a loss of its
support or by an intrinsic failure) can influence the evaluation of the current top event.
When the mode of failure of previous top events can influence the split fraction failurequantification, and the preceding top event failed due to a support failure, this is noted
by the phrase "by support." Otherwise, it is failed due to intrinsic failures.
The term G.F. stands for guaranteed failed. This term is reserved for split fractionconditions that lead to a known failure of the associated top event.
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3.3.6 GENERATION OF SUPPORT SYSTEM STATES

The IPE methodology employed by TVA in performance of the Browns Ferry PRA uses the
RISKMAN workstation software and linked event trees. This methodology does not
develop specific support system states; it completely links the support system calculations
with the frontline analysis to ensure that frontline-to-support system dependencies are
accurately tracked. A discussion of the PRA methodology employed is provided in
Section 2.3.

SECT336.BFN.OB/29/92 3.3.6-1
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3.3.7 QUANTIFICATIONOF SEQUENCE FREQUENCIES

This section describes the sequence quantification process. The list of initiating events
quantified through the plant sequence model is presented in Section 3.1.1. The event tree
models that are constructed to describe the plant response to each of these initiator
groups are presented in Sections 3.1.2 through 3.1.4. Figure 3.3.7-1 illustrates the linking
of the event tree structures, which is performed to delineate the accident sequences from
the initiating event categories to the plant damage states. The same support model event
trees are used for each of the analyzed initiating event categories. The particular frontline
event tree models used vary, depending on the initiating event category. Table 3.3.7-1
identifies the sequence of event trees that is used for each initiating event category.

An illustration of the event tree sequence quantification process is provided in
Figure 3.3.7-2. Each sequence through the group of trees is quantified one at a time. The
frequency of each sequence is calculated by multiplying the initiating event frequency,
expressed in units of expected events per year, by the product of the branch split fraction
values along that sequence path. The result is a sequence frequency expressed in units of
events per year. Both success and failure branches are considered. To account for
intersystem dependencies, the branch split fraction values are quantified dependent of the
status of the preceding top events in the sequence path. Therefore, the branch split
fraction values for the same top event in different sequence paths in the tree may differ.

The initiating event category frequencies are reported in Section 3.3.1 ~ The system
quantification results from Section 3.3.5 are used for the top event branch split fraction
values. For event tree quantification, the mean value of each system unavailability is
used; i.e., a point estimate quantification is performed. These system results are
computed by Monte Carlo simulation and thereby reflect the uncertainties in the
component failure rates. Uncertainties are later propagated at the sequence level using the
dominant sequence model.

The system models are evaluated once for each unique boundary condition; e.g., with all
support available, for loss of offsite power, for station blackout conditions, etc. The
resulting system unavailabilities for each boundary condition are called split fractions. In
this study, the split fractions are generally given a four-character code name. The first
three characters are the same as the associated top event names. The fourth character is
a sequential numbering of the different boundary conditions that were evaluated. If more
than 10 boundary conditions are evaluated, an additional fifth character is used to continue
the sequential numbering of the split fractions. The letter "F" as the fourth character
signifies that the split fraction has a numerical value of 1.0; i.e., guaranteed failure.

A key aspect of the event tree quantification process is the assignment of the appropriate
system unavailability result (i.e„split fraction) to each of the branch points in the event
trees. Table 3.3.7-2 indicates the modeled impacts of each initiating event category on
the plant model. The identified impacts are included in the logic rules for assigning the
appropriate split fractions. By including the impact of the initiating event categories on the
assignment of split fractions via the logic rules, the same event tree may be used for a

large number of initiators.

The split fraction assignment logic is prepared for each top event by the user prior to
executing the event tree quantification computer software program. The Event Tree

s EGT337.BFN.08/29/92 3.3.7-1
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Analysis module of RISKMAN is used to link the event trees for each initiating event and

to quantify each sequence. Split fraction assignment logic for each of the top events and

for each event tree is provided in Appendix D. Examples of this assignment logic are

described below.

The basis for the logic rules, which are used to assign the split fractions, is provided in the
dependency tables (Section 3.2.3) and the definition of the system top events
(Sections 3.1.2 through 3.1.4). Alternatively, the system models for each top event can
be reviewed to identify the dependencies of one system on the other systems.

Table 3.3.7-3 provides the assignment rules for four different top events. The first three
top events appear in the support system event trees described in Section 3.1A. Top
Event TB appears in the frontline event trees described in Section 3.1.2.

The split fraction for Top Event OG5 is set equal to the value represented by OG5F (i.e.,
1.0) for the case when the initiating event category is loss of offsite power or loss of the
500-kV grid. For other situations, the split fraction for Top Event OG5 is set equal to
OG51 (i.e., 3.4 x 10 ), which is the frequency at which the 500-kV switchyard would be

lost during the 24-hour period following an unrelated plant trip. This failure rate is derived
from the system analysis quantification associated with the Browns Ferry electric power
system model. As there are no top events preceding Top Event OG5 in the event tree
models, there are no dependencies on other top events.

The logic for the assignment of split fractions for Top Event OUB is slightly more complex.
The model for transfer of the unit boards depends not only on the status of power from
the 500-kV switchyard (i.e., Top Event OG5) but also on the failure of the main
transformers that provide electrical power feed to the individual units; i.e., MT1 for Unit 1

feed and MT2 for Unit 2 feed. If the 500-kV switchyard fails or if both the Unit 1 and
Unit 2 main transformers fail, the value equivalent to split fraction OUB2 (i.e., X.X x 10 )

is assigned. For the case in which only one unit main transformer is failed, the value
assigned is equivalent to split fraction OUB1; i.e., A.A x 10 . Finally, for other cases in
which Top Event OUB is questioned, a value equal to split fraction OUBF (i.e., 1.0) is
assigned to the branch point. This split fraction is not to be confused with a split fraction
(assigned value of 1.0) representing guaranteed failure. Rather, this "default" split fraction
serves as a mechanism to flag conditions that may not be'accounted for in the associated
logic rules.

The logic for Top Event UB42A is even more complicated. This is because the split
fractions for power availability via this unit board are dependent on the status of the
previous unit boards (i.e., Top Events UB41A and UB41B) as well as on the status of the
unit board transfer (Top Event OUB) and the loss of offsite power initiating event category.
This results from the fact that the three unit boards are susceptible to common cause
events. For example, if one of the Unit 1 unit boards is failed, it may have been due to a

common cause event. Therefore, the conditional probability that the third unit board fails,
given that one of the first two have failed (i.e., split fraction UB42A3), is higher. Similarly,
the conditional probability that the third fails, given that the first two are both failed (i.e.,
split fraction UB42A5), is even higher.

A different evaluation of split fractions is demonstrated by split fraction UB42A4. In this
case, the two previous unit boards were not questioned (i.e., bypassed) in the event tree

SECT337.BFN.08/29/92 3.3.7-2
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models. In other top events, this also results from failure of a top event representing the
first division of a system due to the support systems on which the first division is
dependent. In these situations, a common cause event was not the reason for the failure
of the previous top event. Therefore, the probability for the failure of the current top
event is evaluated without any conditions being placed on it. As with the rules for Top
Event OG5, the appropriate split fraction for Top Event UB42A depends on the status of
the loss of offsite power initiator. When quantifying each sequence in the trees, beginning
with the first logic rule at the top of the list (of split fraction rules) and progressing
downward, the first logic condition that is satisfied defines the split fraction that is to be
used at each specific branch point.

The reader may be tempted to conclude that the assignment of logic rules becomes more
and more complicated the later the top event appears in the trees. In practice, this is not
the case. The later top events often depend on just a few of the preceding top events.
This is illustrated by the rules for Top Event TB, which is the high pressure general
transient tree; i.e., HPGTET. Top Event TB models the closure of the turbine stop or
control valves and the closure of five of the nine turbine bypass valves. A "guaranteed
failure" value of 1.0, represented by split fraction TBF, is assigned if the power is not
available from 480V shutdown board 2A (i.e., Top Event AB), the Unit 2 4-kV unit
boards 2A and 2B; i.e., Top Events UB42A and UB42B. In addition, a special condition
that also represents the unavailability of power from 480V shutdown board 2A is
presented by the intermediate variable NOGB.

Intermediate variable NOGB is defined by successful operation of diesel generator B (i.e.,
GB =S) but a failure to provide sufficient cooling,to the diesel from the EECW system; i.e.,
OEE=F. Under normal operating conditions, 480V shutdown board 2A receives power
from the unit board 2A via shutdown bus 2 and 4-kV shutdown board B. When power is
lost to unit board 2A, diesel generator B is required to start and supply power to 480V
shutdown board 2A. Since EECW is questioned in the tree after the diesel, a "feedback
loop" is needed to represent the loss of the diesel and the loss of power to the 480V
shutdown board, when sufficient EECW cooling is not available. This "feedback loop" is
represented by the intermediate variable NOGB.

The remainder of the split fractions for Top Event TB are assigned in a manner similar to
that described previously. However, unlike Top Event UB42A, which is the ninth top
event questioned and is dependent on three of the previous eight top events questioned,
Top Event TB is the 125th top event questioned and is dependent on only 6 of the
previous top events.

One symbol used in the assignment of split fraction rules is the "-" symbol. This symbol is
used to represent the complement logic. For example, the assignment rule for split
fraction TBF could be rewritten as follows:

TBF if AB= F + -(UB42A= S + UB42B = S) + NOGB

As for the previous top events, the first assignment logic rule that is found to apply for a
particular sequence specifies the appropriate split fraction.

Once the sequence frequencies have been quantified, they must be grouped according to
erid states. The frequency of each end state can then be computed by summing of the
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sequence frequencies assigned to that group. Similar to the split fraction logic assignment
rules, end state logic assignment rules, called "binning" rules, are used to assign each
sequence to a specific end state. The basis for these rules is discussed in Section 4.3. A
complete set of split fraction logic assignment rules and end state logic assignment rules is
documented in Appendix D.

To optimize computing time, RISKMAN allows the analyst to specify a calculation
truncation frequency for each initiator. In calculating the frequency of a particular
scenario, the computer code keeps track of the intermediate result as the initiator
frequency is multiplied, in turn, by the split fraction values encountered as the computation
proceeds left to right through the event trees. If the intermediate result for a particular
scenario falls below the user-specified calculation truncation frequency, then that
sequence (actually, a family of sequences branching from that point) is not defined further,
and the frequency at the time of truncation is added to a bin called "unaccounted for." A
more descriptive term would be "unresolved frequency." The event tree methodology
permits this explicit accounting of "truncated scenarios"; explicitly determining the impact
of truncation or pruning using large linked fault trees is much more difficult.

Results of the sequence quantification process include a list of the key sequences, their
frequency of occurrence, and the frequency of each plant damage state, summed over the
initiating event categories or for a single event category at a time. The sequences are
described in terms of the initiating event category, the status of each top event along the
sequence path (i.e., top event successes and failures), the split fractions used at each
branch and their values, and the overall sequence frequency. The list of key sequences is
stored in a database for subsequent review and interpretation. The frequency above which
sequence information is stored in the database varies for each initiating event category.
The quantification cutoff and the storage cutoff frequencies are listed in Table 3.3.7-4.
The total of the "unaccounted frequency," most of which is success (i.e., all of which had
a frequency less than the quantification cutoff frequency for the initiating event category
to which they belong), is 2.47 x 10 per year.

Table 3.3.7-5 identifies the initiator frequency and the calculation truncation frequency for
each of the initiating events considered in this analysis. As can be seen, the iarpest
truncation value was 1 x 10, andthe smallest truncation value was 1 x 10 . No
sequences with frequency greater than 1 x 10 were truncated from the analysis.
Table 3.3.7-5 also identifies the total "unaccounted for" frequency for each initiator as
well as the percentage of each initiator that remains unresolved.

Less than 0.04% of the total initiating event frequency remains unresolved. The
percentage unresolved for any individual initiator exceeds 1% for two initiators.

If lower calculation truncation values were chosen, most of the unresolved frequency
would wind up being assigned to the "success" state. This statement is based on a series
of trending analyses that were performed (Reference 3.3.7-1). These trending analyses
also permit a bound to be specified for the portion of the unresolved frequency that may
be associated with scenarios resulting in core damage.

As can be seen in Table 3.3.7-5, each initiator is assigned to one of six groups. Group 1

is made up of the two loss of station power initiators. Group 2 includes those transients
in which vessel isolation is anticipated. Group 3 includes those transients in which vessel
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isolation is not necessarily anticipated. Group 4 is made up of the small LOCAand
inadvertent SRV opening initiators. The break outside containment and pressure regulator
failure (open) initiators comprise Group 5. Group 6 is made up of medium and large
LOCAs. The groups were defined according to what portions of the linked event trees are
exercised by individual initiators. A representative initiator was chosen from Groups 1

through 5 and was requantified using smaller calculation truncation values. The fraction of
the initially unresolved frequency ultimately assigned to a nonsuccess plant damage state
was determined. These fractions for Groups 1 through 5 are as follows:

Group 1:
Group 2:
Group 3:
Group 4:
Group 5:

0.014
0.0017
0.0019
0.0067
0.0013

In other words, 0.17/0 of the unresolved frequency from Group 2 initiators made up of
sequences individually less than 1 x 10 would be reclassified as core damage if lower
calculational truncation values were used. This estimate is considered to be conservative
since those low frequency scenarios have not been reviewed for additional success paths.
The logic rules governing the event tree quantification process assure a scenario is
assigned to the core damage category unless a rule explicitly identifies a successful
outcome. The bound on the potential core damage frequency contribution from sequences
whose individual frequencies are below the current cutoffs is therefore 1.2 x 10 . This
assessment conservatively assumes 100/o of the unresolved large and medium LOCA
frequency (Group 6) result in core damage.

~Reference

3.3.7-1. Letter from D. H. Johnson, PLG, to R. J. McMahon, TVA, "Browns Ferry PRA
Unaccounted Frequency Trending Analysis," September 1, 1992.
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Table 3.3.7-2 (Page 1 of 5). Sequence Modeling Impacts for Each Initiating Event
Category Summary

Initiating Event Category

Transients with the Condenser Available

1. Feedwater Ramp-Up (FWRU)

2. Inadvertent {other) Scram {ISCRAM)

3. Loss of the 500-kY Grid {L500)

Impacts of Initiators on
Plant System Top Events

Top Events NIE, NRU, and FWH are
guaranteed failed.

Top Event RPS is a guaranteed success.

Top Event OG5 is guaranteed failed.

4. Division I Loop A Lower Instrument
Tap Failure (LIA)

5 ~ Division I Loop B Lower Instrument
Tap Failure (LIB)

Top Event VT1 is forced to the L1A
branch.

Top Event VT1 is forced to the L1B
branch .

6. Division II Loop A Lower Instrument
Tap Failure (LIIA)

Top Event VT2 is forced to the L2A
branch.

7, Division II Loop B Lower Instrument
Tap Failure (LIIB)

Top Event VT2 is forced to the L2B
branch.

8. Total Loss of Feedwater (LOFW)

9. Loss of Raw Cooling Water (LRCW)

10. Partial Loss of Feedwater (PLFW)

11 ~ Scram Required (SCRAMR)

12. Turbine Trip - Bypass Available (TT)

Top Event FWH is guaranteed failed.

Top Event RCW is guaranteed failed.

Top Event FWH is always FWHZ.

No specific impacts are modeled.

Top Event TB is a guaranteed success.

13. Division I Upper Instrument Tap
Failure (UI)

Top Event VT1 is forced to the U1
branch, and Top Events LM1, LM2,
NH1, LT1, and LT2 are guaranteed
failed.

14. Division II Upper instrument Tap
Failure (Ull)

Top Event VT2 is forced to the U2
branch, and Top Events LM3, LM4,
NH2, LT3, and LT4 are guaranteed
failed.

SECT337.BFN.08/31/92 3.3.7-9
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Table 3.3.7-2 (Page 2 of 5). Sequence Modeling Impacts for Each Initiating Event
Category Summary

Initiating Event Category

Transients with the Condenser Available
(continued)

Impacts of Initiators on
Plant System Top Events

15. Very Small Loss of Coolant Accident
(VLOCA)

Transients with the Condenser Not Available

16. Closure of All MSIVs (CIV)

17. Loss of IRC Board A (LICA)

18. Loss of IKC Board B (LICB)

No specific impacts are modeled.

Top Event TB is bypassed, Top
Event IVC is guaranteed success, and
Top Events OBC, OBD, IVO, OSV, and
FWH are guaranteed failed.

Top Events DN, BVR, MCD, and CD are
guaranteed failed.

Top Events DO and DCA are guaranteed
failed.

19. Loss of All Condensate (LOAC)

20. Loss of Condenser Vacuum (LOCV)

21. Loss of Plant Air (LOPA)

Top Events BVR, MCD, and CD are
guaranteed failed.

Top Events BVR, MCD, and FWH are
guaranteed failed.

Top Event PCA is guaranteed failed.

22. Loss of Offsite Power (500-kV and
161-kV grid loss) (LOSP)

23. Loss of Unit 2 120V Preferred Power
(LUPS)

24. Partial Loss of Condensate (PLOC)

Top Event TB is bypassed, and Top
Events OGS, OG16, UB41A, UB41B,
UB42A, UB42B, IVO, and CD are
guaranteed failed.

Top Events DJ, BVR, MCD, and FWH
are guaranteed failed.

Top Event BVR is guaranteed failed; Top
Event CD is always CD3.

SECT337.BFN.08/31/92 3.3.7-10
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Table 3.3.7-2 (Page 3 of 5). Sequence Modeling Impacts for Each Initiating Event
Category Summary

Initiating Event Category

Transients with the Condenser Not Available
(continued)

Impacts of Initiators on
Plant System Top Events

25. Pressure Regulator Failure - Open
(PRFO)

Top Event NIE is guaranteed failed.

26. Turbine Trip - Bypass Not Available
(TTWB)

Top Event TB is guaranteed success,
and Top Events BVR and OSV are
guaranteed failed.

Stuck-Open Relief Valves and Small LOCA

27. Inadvertent Opening of One Safety
Relief Valve (IOOV)

Top Event RVC is forced to the SORV1
branch.

28. Inadvertent Opening of Three or IVlore
Safety Relief Valves (IOTM)

Top Event RVC is forced to the SORV3
branch,

29. Inadvertent Opening of Two Safety
Relief Valves (IOTV)

Top Event RVC is forced to the SORV2
branch.

30. Small Loss of Coolant Accident
(SLOCA)

Breaks Outside Primary Containment

Top Event RVC is forced to the SORV1
branch.

31. Break Outside Primary Containment
(BOC)

Medium and Large LOCAs

32. Excessive Loss of Coolant Accident
(reactor vessel failure) (ELOCA)

Top Event IVC is guaranteed success,
and Top Events NIE, NBOC, IVO, and
OSV are guaranteed failed.

Uses a special event tree (LLOCA1).
Top Events DV1 and DV2 are bypassed;
Top Event NCD is guaranteed failed.

33. Core Spray Line Break Inside Primary
Containment (LLC}

Uses a special event tree (LLOCA1}.
Top Events DV1 and DV2 are bypassed;
Top Event CS is always CS2.

SECT337.BFN.OS/31/92 3.3.7-11
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Table 3.3.7-2 (Page 4 of 5). Sequence Modeling Impacts for Each Initiating Event
Category Summary

Initiating Event Category

Medium and Large LOCAs (continued)

34. Recirculation Discharge Line Break
(LLD)

Impacts of Initiators on
Plant System Top Events

Uses a special event tree (LLOCA1).
Top Event DV1 is bypassed; RHR top
events vary based on this initiator.

35. Other Large LOCA (LLO) Uses a special event tree (LLOCA1).
Top Events DV1 and DV2 are bypassed.

36. Recirculation Suction Line Break (LLS)

37. Medium Loss of Coolant Accident
(MLOCA)

Floods and Other Events

Uses a special event tree (LLOCA1).
RHR top events vary based on this
initiator.

Uses a special event tree (MLOCA2).
No specific impacts are modeled.

38. EECW/RHRSW Pumping Station Flood
(FLPH1)"

39. EECW Flood in the Reactor Building
on a Shutdown Unit (FLRB1)"

Top Events EA, SW2A, and SW1A are
guaranteed failed.

Top Events EA and EC are guaranteed
failed.

40. EECW Flood in the Reactor Building
on the Operating Unit (FLRB2)"

41. Flood from the Condensate Storage
Tank (FLRB3C)"

Top Events EA, EC, HPI, RCI, HPL, RCL,
RPA, RPB, RPC, RPD, and CS are
guaranteed failed.

Top Event CST is guaranteed failed.

42. Flood from the Torus (FLRB3S)"

43. Turbine Building Flood (FLTB)"

Top Events TOR, HPI, RCI, HPL, RCL,
RPA, RPB, RPC, RPD, and CS are
guaranteed failed.

Top Events RCW, PCA, MCD, and CD
are guaranteed failed.

"Because the flood initiators involve a period of time (i.e., 20 minutes up to several
hours) before the flooding renders the impacted equipment unavailable, it is assumed
that the plant operators will perform a controlled shutdown of the plant. For this
reason, the safety relief valves are assumed not to be challenged and therefore cannot
fail to reseat; i.e., the branch used for Top Event RVC during floods is always SORVO.
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Table 3.3.7-2 (Page 5 of 5). Sequence IV!odeling Impacts for Each Initiating Event
Category Summary

Initiating Event Category

Floods and Other Events (continued)

Impacts of Initiators on
Plant System Top Events

44. Interfacing Systems Loss of Coolant
Accident (ISLOCA)

A special model, documented in
Appendix E, Section E.2, is used for this
initiator.

SECT337.BFN.08/31/92 3.3.7-1 3



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 3.3.7-3. Example Failure Branch Split Fraction Assignment Rules

Top Event OG5 500-kV Switchyard
OG5F(1 ') if INIT=LOSP + INIT=L500
OG51(3.4-3) otherwise

Top Event OUB

OUB2(1 '-2)
OUB1(1.0-1)
OUBF(1.0)

Operator Transfers Unit Boards to 161-kV Grid
on Failure of the 500-kV Grid

if OG5=F + MT1=F * MT2=Fif MT1=F + MT2=F
otherwise

Top Event UB42A 4-kV Unit Board 2A

UB42AF (1. 0)
UB42A5(1.5-1)
UB42A4(2.5-3)'B42A3{2.3-3)

UB42A2(2.4-3)
UB42A1(4.0-4)

ifififififif

OUB=F +
OUB=S *
OUB=S *
OUB=S *
OUB=S *
OUB=B

INIT=LOSP
UB41A=F * UB41B=F
UB41A=B * UB41B=B
{UB41A=F + UB41B=F)
UB41A=S *UB41B=S

Top Event TB

NOGB:= GB=S *
TBB(0.0)
TBO(0.0)
TBF(1.0)
TB3{6.1-2)
TB2(5.8-2)
TB1(1.6-2)

KEY.

OEE=Fifififififif

INIT=CIV + INIT=LOSP
INIT=TT + INIT=TTWB
AB=F + UB42A=F * UB42B=F + NOGB
AB=S * UB42A=F * UB42B=S
AB=S * UB42A=S * UB42B=F
AB=S * UB42A=S * UB42B=S

Turbine Trip and Turbine Bypass Valve Control

* and
+ or
LOSP
L500
CIV
TT
TTWB

Loss of Offsite Power Initiator
Loss of 500-kV Grid Initiator
Closure of All MSIVs Initiator
Turbine Trip Initiator
Turbine Trip with Turbine Bypass Valve Failure
Initiator

S ECT337.BF N.08/31/92 3.3.7-14
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Table 3.3.7% (Page 1 of 2). Browns Ferry Quantification and Storage Cutoff Frequencies

Initiator Frequency Description
Quantification

Truncation
Cutoff

Storage
Cutoff

BOC

CIV

ELOCA

FLPH1 2.5000-02 EECW/RHRSW Pumping Station
Flood

6.6900-04 Break Outside Primary Containment

5.6000-01 Closure of All MSIVs

9.3900-09 Excessive LOCA

1.0000-1 2

1.0000-09

1.0000-1 3

1.0000-10

1.0000-1 0

1.0000-09

2.0000-1 1

1.0000-09

FLRB1

FLRB2

FLRB3C

1.2000-02

1.7000-06

9.8000-05

EECW Flood in Reactor Building
—Shutdown Unit

EECS/RHRSW Flood in Reactor
Building —Operating Unit

Flood from the Condensate Storage
Tank

1.0000-10

1.0000-1 1

1.0000-1 2

1.0000-09

1.0000-09

1.0000-1 2

FLRB3S

FLTB

FWRU

IOOV

IOTM

IOTV

ISCRAM

IS LOCA

L500

LIA

9.6000-05 Flood from the Torus

4.5000-02 Turbine Building Flood

1.6000-01 Feedwater Rampup

4.1500-02 Inadvertent Opening of One SRV

8.7900-04 Inadvertent Opening of Three. or
More SRVs

5.9000-03 Division I Lower A Instrument Tap
Failure

5.8700-03 Inadvertent Opening of Two SRVs

1.5800+ 00 Inadvertent (other) SCRAM

4.6400-08 Interfacing Systems LOCA

7.6500-02 Loss of 500-kV Grid

1.0000-1 0

1.0000-09

1.0000-09

5.0000-1 0

1.0000-1 2

1.0000-1 0

1.0000-09

1.0000-1 0

1.0000-10

1.0000-10

1.0000-09

1.0000-09

1.0000-09

1.0000-09 "

1.0000-10

1.0000-09

1.0000-09

1.0000-09

1.0000-10

1.0000-09

LIB 5.9000-03 Division I Lower B Instrument Tap
Failure

1.0000-10 1.0000-09

LICA

LICB

3.5300-03 Loss of IRC Board A

3.5400-03 Loss of IRC Board B

1.0000-1 0

1.0000-10

1.0000-09

1.0000-09

LIIA 5.9000-03 Division II Lower A Instrument Tap
Failure

1.0000-1 0 1.0000-09
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Table 3.3.7% (Page 2 of 2). Browns Ferry Quantification and Storage Cutoff Frequencies

Initiator

LIIB

Frequency

5.9000-03

Description

Division II Lower B Instrument Tap
Failure

Quantification
Truncation

Cutoff

1.0000-1 0

Storage
Cutoff

1.000-09

LLC

LLD

LLO

LLS

LOAC

LOCV

LOSP

LRCW

LUPS

MLOCA

PLFW

PLOC

PRFO

SCRAMR

SLOCA

TTWB

UI

UII

8.2800-05

3.1 300-04

1.0600-04

9.1 900-05

3.9900-02

3.2800-01

3.5200-02

3.5300-03

1.4300-02

3.3300-04

2.8600-01

5.4600-02

4.61 00-02

3.8600-01

4.1 500-03

1.5900+00

3.1 300-01

6. 6000-04

6.6000-04

Core Spray Line Break

Recirculation Discharge Line Break

Other Large LOCA

Recirculation Suction Line Break

Loss of All Condensate

Loss of Condenser Vacuum

Total Loss of Offsite Power

Loss of Raw Cooling Water

Loss of Unit 2 120V Preferred
Power

Medium LOCA

Partial Loss of Feedwater

Partial Loss of Condensate

Pressure Regulator Fails Open

Scram Required (manual Scrams)

Small Loss of Coolant Accident

Turbine Trip

Turbine Trip without Bypass

Division I Upper Instrument Tap
Failure

Division II Upper Instrument Tap
Failure ~

1.0000-10 1.0000-09

1.0000-09 1.0000-09

1.0000-10 1.0000-09

1.0000-10 1.0000-09

5.0000-10 1.0000-09

1.0000-1 1 1.0000-10

1.0000-09 1.0000-09

1.0000-09 1.0000-09

1.0000-1 2 1.0000-10

1.0000-12 1.0000-10

1.0000-13 1.0000-10

1.0000-1 3 1.0000-09

1.0000-13 1.0000-10

1.0000-13 1.0000-10

1.0000-10 1.0000-10

1.0000-09 1.0000-09

1.0000-09 1.0000-09

1.0000-09 1.0000-08

1.0000-09 1.0000-08

VLOCA 2.3400-02 Very Small LOCA (recirculation
pump seal LOCA)

1.0000-1 0 1.0000-09

Note: Exponential notation is indicated in abbreviated form; e.g., 6.6900-04 6.6900 x 10

SECT337.BFN.08/29/92 3.3.7-1 6



Initiator

Group 1: Loss of AC Power

CalculationInitiator
Truncation

Frequency
Frequency

Total
Unaccounted

For Frequency

Loss of Offsite Power (LOSP)
Loss of 500-kV (L500)

Group 2: Isolation Events

Turbine Building Flood (FLTB)
MSIV Closure (CIV)
Loss of Condenser Vacuum (LOCV)
Turbine Trip without Bypass (TTWB)
Loss of Raw Cooling Water (LRCW)
Loss of Plant Air (LOPA)
Loss of IS.C A (LICA)
Loss of VPS (LVPS)

Group 3: Nonisolation Events

3.52
7.65

4.5o
5.60
3.28
3.13
3.53
7.87
3.53
1.43

x 102
x 102

x 102
x 101
x 101
x 1O'

103
x 102
x 103
x 102

1 x1o9
1 x 1o "0

1 x109
1 x1o9
1 x1o9
1 x1o9
1 x 109
1 x 109

1 x 1o-'0
1 x1o9

5.88 x
3.94 x

3.95 x
1.87 x
1.58 x
1.56 x
1.54 x
6.73 x
4.46 x
2.51 x

1O4
1O5

1O5
1O4
1O4
1O4
1O5
1O5
10-6
1O5

Table 3.3.7-5 (Page 1 of 3). Impact of Calculation Truncation Frequency on Sequence Quantification

Percentage of
Initiator

Unresolved

1.67
0.05

0.09
0.03
0.05
0.05
0.44
0.09
0.13
0.18

CJ

O

th
!1

O

C

h)

Q.
C
CLc
Ol

'0
Q

ITl
)C

2
07t+
0

Loss of Feedwater (LOFW)
Turbine Trip (TT)
Loss of All Condensate (LOAC)
Inadvertent Scram (ISCRAM)
Feedwater Ramp Up (FWRU)
Scram Required (SCRAMR)
Partial Loss of Feedwater (PLFW)
Partial Loss of Condensate (PLOC)
Flood in Reactor Building (FLRB3S)
Flood in Pump House (FLPH1)
Instrument Tap Failure (LIIB)
Instrument Tap Failure (LIB)

5.06 x 101
1.59

3.99 x 10 2

1.58
1.60 x 101
3.86 x 10-1

2,86 x 10-1

5.46 x 102
9.60 x 105
2.50 x 102
5.90 x 103
5.90 x 103

1 x1o9
1 x1o9

1 x 1o "0
1 x109
1 x1o9

5 x 1010
1 x1o9

1 x 10-10

1 x 1o '0
x 1P-10

1 x 1o '0
1 x 1o-"0

1.83 x
2.52 x
1.68 x
2.86 x
1.03 x
9.93 x
1.24 x
1.66 x
3.63 x
9.76 x
5.07 x
5.07 x

1O4
1O4
1P-5
1O4
1O4
1O5
1O4
1O5
107
1O6
10-6
10-6

0.04
0.02
0.04
0.02
0.06
0.03
0.04
0.03
0.38
0.04
0.09
0.09

CD(
Ol
O

O
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Initiator

Group 3: Nonisolation Events (continued)

Initiator
Frequency

Calculation
Truncation
Frequency

Total
Unaccounted

For Frequency

Instrument Tap Failure (LIIA)
Instrument Tap Failure (LIA)
Instrument Tap Failure (Ul)
Instrument Tap Failure (Ull)
Flood in Reactor Building (FLRB1)
Flood in Reactor Building (FLRB3C)
Flood in Reactor Building (FLRB2)
Very Small LOCA (VLOCA)
Loss of lhCB (LICB)

Group 4: Small LOCA and Open SRVs

5.90 x
5.90 x
6.60 x
6.60 x
1.20 x
9.80 x
1.70 x
2.34 x
3.54 x

103
103
104
104
10-2
105
10-6
10-2
103

x 1p-10

x 1p-10

1x1Q
1 x 1p12
1 x 10-10

x 1p-12

x 1p-11

1 x 10-10

1 x 1p-10

507 x 106
507 x 106
1.78 x 107
146 x 107
6.51 x 10 6

4.45 x 10 8

1.61 x 108
1.06 x 10 5

4.62 x 10 6

Table 3.3.7-5 (Page 2 of 3). Impact of Calculation Truncation Frequency on Sequence Quantification

Percentage of
Initiator

Unresolved

0.09
0.09
0.03
0.02
0.05
0.05
0.95
0.05
0.13

CJ

O

M
ll

CD

C

Q.
C
CL

0)

D
Ol

m
X
0)
2
Gl

0
Small LOCA (SLOCA)
Inadvertent Opening of One SRV (IOOV)
Inadvertent Opening of Two SRVs (IOTV)
Inadvertent Opening of Three or More SRVs
(IOTM)

Group 5: Isolation Events/Pretree

Break Outside Containment (BOC)
Pressure Regulator Failure Open (PRFO)

Group 6: LOCA

Recirculation Discharge Line Break (LLD)
Recirculation Section Line Break (LLS)
Core Spray Line Break (LLC)
Other Large LOCA (LLO)
Excessive LOCA (ELOCA)

4.15 x
4.15 x
5.87 x
8.79 x

6.69 x
4.10 x

3.13 x
9.19 x
8.28 x
1.06 x
9.39 x

103
10-2
103
104

104
10-2

104
105
10'04

109

1 x 10 11

5 x 10 "0
1 x 1010
1 x 1p-12

x 1p-12

1 x 10-10

x 1p-13

1 x 10 "3

x 1Q-13

1 x 10 '3
1 x 10-»

1.31 x 10 6

2.80 x 105
4.48 x 10 6

1A7 x 107

2.06 x 107
1.79 x 105

1.95 x 108
1.07 x 10
1.01 x 10-8
1 14 x 10 8

1.19 x 1010

0.03
0.07
0.08
0.02

0.03
0.04

0.01
0.01
0.01
0.01
1.27

CD
C~o
N
0

Cl
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Initiator

Group 6: LOCA (continued)

Interfacing Systems LOCA (ISLOCA)
Medium LOCA (MLOCA)

Total

Initiator
Frequency

4.64 x 10 4

3.33 x 10

6.25

Calculation
Truncation
Frequency

1 x 10-"0
1 x 10-10

Total
Unaccounted

For Frequency

6.48 x 1011
7.50 x 10 7

2.47 x 103

Table 3.3.7-5 (Page 3 of 3). Impact of Calculation Truncation Frequency on Sequence Quantification

Percentage of
Initiator

Unresolved

0.14
0.22

W
O

Po

'll

C
Pt
h)

D,
C
Q.c

a
0)

m
X
0)

2
Q

0

C
. Ol

O

O
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3.3.8 INTERNALFLOODING ANALYSIS

3.3.8.1 Introduction

An analysis has been completed to identify accident sequences involving internal floods at
Browns Ferry Units 1, 2, and 3. Since Unit 2 was operating, the primary focus of the
analysis was on Unit 2; however, the results and conclusions are applicable to any of the
operating units.

Probabilistic risk assessments (PRA) have shown that spatial hazards such as floods can
contribute to core damage frequency since more than one component or system can be
affected by the same common cause event. Floods that cause an initiating event and a
common mode failure of critical systems (usually support systems that cause additional
intersystem-dependent failures) are important. This section summarizes a more detailed
section of this report that documents this analysis (Appendix E.1). The analysis identified
internal flooding initiating events and their associated frequencies and impacts on plant
equipment. The flood scenarios were treated as initiating events to the transient response
model as identified in Sections 3.1.1 and 3.1.2. The quantitative results and contributions
to risk from internal floods were summarized in Section 3.4.

3.3.8.2 IVle ho'dolo nd A roach

The basic approach was a screening analysis that first establishes potential major flood
sources and PRA equipment locations. Flood scenarios were postulated in terms of the
flooding source, the extent of propagation to adjacent locations, and the equipment
impacted. The frequencies of these scenarios were then quantified as initiating events to
the transient event tree model with impacts on event tree top events defined based on the
flood impact to equipment. A more detailed analysis of the flood initiator was then
performed when the risk results were important. The methodology was summarized
further below:

Plant Familiarization. Key plant design information that provides details of the
plant systems and layout was reviewed. The PRA models were reviewed and
considered to ensure familiarity with important intersystem dependencies, success
criteria, and plant response models.

Flood Experience Review. Flood data reported in the PLG database
(Reference 3.3.8-1) were reviewed to ensure familiarity with actual flood events,
their locations within the plant, and causes. These data were used in the
quantification of internal flood scenario initiating event frequencies. Plant-specific
screening of flood events in Reference 3.3.8-1 was performed and used in the
analysis.

Evaluation of Flood Sources. Using the plant design information and a general
knowledge of plant layout, major flood sources and their locations were identified.
For example, Wheeler Reservoir supplies the emergency equipment cooling
water (EECW) system, which supplies cooling to several plant locations. EECW
was identified as a flood source, and its locations within buildings were identified
from the flow diagram.
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Evaluation of Plant Locations. Using plant design information such as arrangement
drawings, internal flood studies, and information from the evaluation of flood
sources, buildings where floods can have an impact on the systems were
identified. Then, each building was evaluated further with regard to equipment
housed at each elevation/room, flood sources, propagation paths, and means of
flood detection and isolation. Flood scenarios were identified for further evaluation
when a potential flood that can impact more than one PRA evaluated system was
identified.

Plant Walk-Through. A walk-through was conducted to collect additional
information and to confirm previous documentation and judgments on flood
sources, and their potential impact, propagation paths, and detection.

Scenario Quantification. Based on the above, scenarios were postulated,
evaluated, and quantified as initiating events, with their impact on other plant
systems defined. To support quantification, the flood events from
Reference 3.3.8-1 were partitioned and screened based on the plant-specific
design and arrangement.

Risk Model. The flood scenarios were included as initiating events to the transient
event tree model, as described in Section 3.3.7.

No scenarios that lead directly to core damage were identified. Those scenarios postulated
were summarized in Table 3.3.8-1. Figure 3.3.8-1 summarizes the plant-specific screening
and partitioning of industry events and the applicable flood scenarios in Table 3.3.8-1. As
shown, the scenarios postulated were based on potentially large floods from significant
flood sources. Smaller flood sources and leaks were judged to be insignificant due to plant
design features. For example, the reactor building was large with open grating and stairs,
the bottom elevation can be flooded with the contents of a condensate storage tank (CST)
(375,000-gallon) without failing the PRA-evaluated pumps located here, and the location
of PRA-evaluated electrical equipment was at higher elevations. The scenarios that were
postulated were from the following significant flood sources:

Emergency Equipment Cooling Water (EECW), Residual Heat Removal Service
Water (RHRSW), and Raw Cooling Water (RCW) from Wheeler Reservoir

Condensate Storage Tank (CST)

Condenser Circulating Water (CCW)

Suppression Pool (Torus)

The following conclusions provide additional insights gained from the analysis:

Turbine building floods have a relatively high frequency based on industry
experience. In addition, significant flood sources such as condenser circulation
water, fire water, and raw water were in the turbine building. At Browns Ferry,
normal offsite AC power supplies to emergency power were not affected by
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turbine building floods. Doors from the control bay and reactor building open into
the turbine building, and they were pressure doors, designed to prevent floods
from entering. A large flood scenario in the turbine building that fails plant air,
feedwater, the main condenser, raw service water, and raw cooling water systems
was postulated. This scenario was not expected to contribute significantly to risk.

The reactor building at Browns Ferry, which houses most of the PRA-evaluated
electrical equipment, was open with floor grating and open stairs so that floods
propagate to the bottom, Elevation 519'. This bottom elevation houses the RHR,
core spray, high pressure coolant injection (HPCI), and reactor core isolation
cooling (RCIC) pumps in corner rooms. The corner rooms communicate directly
through the torus room such that Elevation 519'as a large area. Even if the
CST was emptied into the building (375,000 gallons), the single pumps located
here would still function. Thus, there was time to identify and isolate floods.
Scenarios (e.g., EECW header failure without isolation) that flood this elevation
and fail these pumps, although unlikely, were postulated to occur but were not
important contributors to risk. This is because reactor feedwater, the condenser,
and crossties to the other units were not affected. The vital electrical equipment
was located at higher elevations where severe floods were unlikely to reach, and
flood sources in these areas were limited.

The control bay contains process racks, relays, and controls for the plant. There
were fire water sprinklers in rooms and a stand pipe supply to hose reels in the
stairwells. In addition, EECW and raw cooling water (RCW) supply air
conditioning. However, the frequency and size of floods in these areas were
relatively low, and personnel were always present. The likelihood of operators not
maintaining functions was judged to be unlikely. Therefore, no scenarios were
postulated in this building.

EECW-related floods have occurred in the industry, and its failure impacts many
other systems due to functional dependencies. Even the successful isolation of a
major flood can result in the loss of a pump division or supply header. EECW flood
scenarios were postulated in the pumping station and reactor building, as these
locations contain most of the EECW system.

The suppression pool and CST were major flood sources, and they could empty
into the reactor building. Loss of this water also results in a common mode failure
of other systems that depend on these sources. Two reactor building flood
scenarios were postulated (one associated with each source).

Although the condenser circulating water was a very large flood source, such
floods were limited to the turbine building and pumping station. Floods associated
with the turbine building and circulating water were included in the scenario
described for the turbine building.

Fire water floods were evaluated, but no specific scenarios were postulated. The
frequency and impact of fire water floods were evaluated to be contained in or
enveloped by the turbine building and reactor building scenarios. The preaction
fire water system used throughout vital areas was reliable with regard to the
frequency of initiators and alarms, and the flow capacity was low.
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3.3.8.4 References

3.3.8-1. pLG, inc., "Database for probabilistic Risk Assessment of Light Water Nuclear
Power Plants: Flood Data," Volume 9, Revision 0, PLG-0500, March 1990.
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Table 3.3.8-1. Internal Flood Results

Flood

FLTB

Annual
Frequency

4.5-2

Description

Turbine Building

FLPH1 2.5-2 EECW Pump Room

FLRB1

FLRB2

1.2-2

1.7-6

FLRB3C 9.8-5 CST Drained to Reactor Building

EECW in Reactor Building - Shutdown
Units

EECW in Reactor Building - Operation

Cause of Plant Trip

Loss of Condenser,
Feedwater or Plant
Control Air

Manual Reactor Trip
Loss of EECW Header

Manual Reactor Trip
Loss of EECW Header

Manual Reactor Trip
Loss of an EECW
Header

Manual Reactor Trip

Plant Model Impact

Loss of Feedwater, Condenser,
RCW, RSW, and Station Air

Loss of One EECW and Two
RHRSW Pumps

Loss of One Pump Supply to
One EECW Header

Loss of EECW Header RHR,
HPCI, RCIC, and Core Spray
Unavailable

CST, CRD UnavailabIe; Water
Source for HPCI, and RCIC,
Impacted

TQ
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FLRB3S 9.6-5 Suppression Pool Drained to Reactor
Building

Manual Reactor Trip Suppression Pool, RHR, HPCI,
RCIC, and Core Spray
Unavailable

Note: Exponential notation is indicated in abbreviated form; e.g., 3.6-2 = 3.6 x 10 -2
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3.3.9 INTERFACING SYSTEMS LOSS OF COOLANT ACCIDENT EVALUATION

An interfacing systems loss of coolant accident (LOCA) outside pnmary containment is
initiated by failures of valves that isolate the reactor vessel from low pressure systems.
These interfaces between the reactor coolant system (RCS) and low pressure systems can
be important to risk because the low pressure system can rupture, leading to a LOCA
outside primary containment and to unavailability of systems that are used to mitigate the
LOCA. In addition, reactor coolant escapes outside primary containment, and if core
damage occurs, release of radioactive material bypass the primary containment. This
section summarizes a more detailed section of this report that documents this evaluation
(Appendix E).

The evaluation includes the identification and quantification of interfacing system LOCA
initiating events, an assessment of low pressure system failure modes and their
probabilities, and an accident sequence analysis that considers operator and equipment
response to these failures. The following sections further summarize results,
methodology, approach, and evaluation.

3.3.9.1 Summa and Conclusions

The core spray and residual heat removal (RHR) systems were identified as the most
important systems outside primary containment that interface with the RCS. If the core
spray or RHR system is overpressurized and either ruptures or leaks significantly, it is
important that the operators diagnose the event and isolate the LOCA per alarm response
procedures and/or Emergency Instructions before the condensate storage tank and
suppression pool are emptied into the reactor building. Failure is assumed to result in core
damage with primary containment bypass due to flooding of RHR, core spray, high
pressure coolant injection (HPCI), and reactor core isolation cooling (RCIC) pumps.

The following summarizes the initiating events with their calculated mean annual
frequency:

Initiating
Event

VI

VITM

VR

VRTM

VS

Path Description

Core Spray Injection

Core Spray Injection T&M

RHR Injection

RHR Injection T&M

RHR Suction

Leakage
(gpm)

) 93

> 93

) 267

> 267

) 52

Annual
Frequency

(mean)

4.9 x 106

8.3 x 10-6

1.3 x 106

53 x 106

6.3 x 10 6.

As shown above, the frequency of an interfacing LOCA initiating event is relatively low
even though there have been precursor events associated with test and maintenance
(T&M) errors. One such precursor event occurred at Browns Ferry. Credit is taken for
improved practices and procedures that were implemented after this event occurred. Air is
removed from the testable check valves inside primary containment during power
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operation, the check valves are not tested during operation, and they are leak tested
during cold shutdown prior to power operation. Thus, the frequency of a check valve
being held open by air or stuck open is significantly reduced, relative to precursor data.

The mean annual frequency of accident sequence end states from quantification of the
event sequence model is summarized in the following table:

initiating
Event

SLRHR RH1 RH2

End States Annual Frequency lrneenl

CDBS CDBL

Vl 4.9 x 106 NIA NIA NIA 5.4 x 10 9 2.2 x 10 11 '.3 x 10

VR N/A 1.3 x 106 NIA NIA 5.5 x 10 2.2 x 10

VITM 8.3 x 106 N/A N/A N/A 9.1 x 10 1.4 x 10 6.4 x 10

VRTM

vs 6.0 x 106

N/A

13x 108

5.3 x 106

N/A

NIA

2.8 x 10 7

NIA

N/A

8.5 x 10 6.4 x101

3.1 x 10 8 7.7 x 10 10

Totel 1.9 x 106 1.3 x 10 6.6 x 10 6 28x107 1.5 x 10 4.6 x 10 7.8 x 10

The first five end states are success (S), a small LOCA to suppression pool (SLRHR), and
successful isolation of the LOCA with one division of RHR unavailable or with core spray
unavailable (RH1 or CS1), or with both RHR divisions unavailable (RH2). The remaining
two end states result from failure to isolate a LOCA outside primary containment, which
leads to core damage with primary containment bypass either small (CDBS) or large
(CDBL). The end state definitions are summarized in Section 3.3.9.5. As shown in the
above tables, the core damage results (CDBS and CDBL) are relatively low. One reason for
this is that core spray and RHR discharge paths are designed to 500 and 450 psig,
respectively, and the materials and schedule of piping provide significant margins over
design. Even the RHR suction path that is designed to 150 psig has a low conditional
probability of rupture (less than 1 x 10 4). The probability of RHR discharge rupture at
normal reactor operating pressure is approximately 1 x 10, and is dominated by heat
exchanger shell failure at high temperatures. Thus, the probability of a large LOCA outside
primary containment is assessed to be unlikely. In addition, response procedures
adequately address these initiators, and there is time to isolate a LOCA outside primary
containment because it takes more than 400,000 gallons of water to accumulate at
Elevation 519'o fail the RHR, core spray, RCIC, and HPCI pumps. Appendix E.2 also
reports the results of a sensitivity study in which no credit is taken for operator actions.
The core damage result for this sensitivity case (CDBS + CDBL) is 6.9 x 10 per
reactor-year.

3.3.9.2 In erfacln S s em LOCA Pa hs

Primary containment penetrations that connect to the RCS were screened to identify the
important interfaces with systems outside primary containment. The screening criteria
considered design pressure, pipe diameter, number of isolation valves, and the potential
consequences of a LOCA outside primary containment. Table 3.3.9-1 documents the
screening. The screening explicitly considered LOCAs involving the scram discharge
header. The core spray and RHR systems were identified as the most important systems
outside primary containment that interfaces with the RCS. Two core spray injection paths
and two RHR injection paths (each path has a normally closed check valve and MOV in
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series) and the RHR shutdown cooling suction path (two normally closed MOVs in series)
were identified as the interfacing systems LOCA paths to be evaluated further.
Figures 3.3.9-1 through 3.3.9-3 provide simplified drawings of these paths.

3.3.9.3 Ini i in Even Model

Failure models were developed for the core spray and RHR injection paths for both
equipment failure contributions (initiating events Vl and VR) and T5M contributions
(initiating events VITMand VRTM). In addition, a failure model was developed for the
RHR shutdown cooling suction path (initiating event VS). The final expressions for failure
of two valves in series are as follows:

where

Vl = VR = 2"A(V1)[A(V1)"Te/2 + 2 "Ad + As"Te + AJ

VITM = VRTM = ATII,M"[A(V1) + Ad + Ar

VS = A(V1)[A(V1)"Te/2 + 2"Ad + As"Te + 2"A ]

A(V1) = the valve failure frequency of exceeding leakage greater than the relief
valve capacity. This frequency is derived from Figure 3.3.9-4, which
was developed from events in Reference 3.3.9-1 and approximately 1 x
10 check valve hours in Reference 3.3.9-2. Leaks less than the relief
capacity are assumed to be insignificant to risk and so are neglected.

Te = time between tests (18 months).

Ad = the rupture on demand frequency.

As = the frequency of MOV spuriously opening.

A< = the frequency of MOV open indicating closed.

,A, = the frequency of check valve failure to reseat

3.3.9.4 RHR ver ress r An I sis

An overpressure analysis of the RHR system was performed (Reference 3.3.9-3). The
pressure capacity (fragility) of core spray and RHR piping, flanged connections, valve
bonnets, heat exchangers, and pumps was analyzed. Both gross rupture failure modes
and leakage failure modes were evaluated, with results presented as median capacities and
their uncertainties, which included both modeling and material uncertainties.

The core spray and RHR injection paths are designed to 500 and 450 psig, respectively.
Piping is Schedule 30 or higher, SA 106 Grade B carbon steel. The median rupture
capacity of piping depends on pipe diameter and Schedule (thickness), temperature, and
corrosion allowance. The conditional probability of pipe rupture is unlikely (1 x 10 4),
even using a conservative case of room temperature and a high corrosion allowance.
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The RHR heat exchanger shell conditional failure dominates the rupture failure mode at
high temperatures (1 x 10 ).

The overpressure analysis provided detailed information on leakage at gasketed flange
connections, including valve bonnets and heat exchanger head flanges. Since bolt yield
stresses are very high, complete failure of the bolts leading to a large leak is unlikely and
neglected. However, there is a high likelihood of leakage when the RHR system is
o|rerpressurized dua to heat exchanger head flanges. Exceeding gross leakage lIressure
(GLP) is unlikely for valves in the core spray and RHR discharge paths (1 x 10 ). The
probability of exceeding GLP in the RHR suction path is 0.05. The probability of exceeding
GLP in the RHR discharge path is 1.0 due to the heat exchangers. GLP is used to define
the onset of gross leakage, or gross leakage pressure, as the point at which the gasket
stress is equal to the pressure being retained. Leakage at this point is very small, and as
the pressure increases above GLP, the leakage area increases. The RHR heat exchangers
have the largest leakage, approaching a small LOCA (on the order of a few hundred
gallons per minute) at 1.5 GLP.

The probability and impact of leakage were treated in a simple way. If GLP is not
exceeded, the leakage is considered to be insignificant, and the model assumes successful
termination of the event; that is, the operators are assumed to identify and correct the
event. If GLP is exceeded, a small LOCA is assumed outside primary containment, which
requires operator response for success. In addition, the system that leaked is assumed to
be unavailable. The model neglects the probability of larger LOCAs due to leakage. This
assumption is insignificant except for the RHR discharge paths where the frequency of
exceeding GLP is 1.0 and the frequency of rupture is 1 x 10 . The probability of
exceeding a small LOCA due to heat exchanger leakage at normal operating pressure was
estimated as approximately 0.1. However, as the heat exchanger leakage increases in
size, the probability decreases, the conditional probability that the initiating leak was
greater than a small LOCA must be included, and the RCS will be depressurizing, which
tends to reduce leakage. Thus, this potential nonconservatism is judged to be a
reasonable assumption, given other conservatisms.

3.3.9.5 Acclden Se u nce Anal si

An event sequence diagram (ESD) was developed to document the accident sequence
analysis. The ESD was converted to an event tree to quantify accident sequences. The
event tree is presented in Appendix E.2 as Figure E.2-6. The following provides a brief
summary of the event tree model:

System Pumps Isolated. This event tree top event models whether the next set of
isolation valves is closed. This determines whether the initiating leak relieves to the
suppression pool, which is normally aligned to the suction side of the pumps or
pressurizes the interfacing system. Failure means the leak is to the suppression
pool, and success means the system is overpressurized.

Initiating Leak Small. Given that the leak is to the suppression pool or that
overpressurization causes a rupture failure mode to occur, this top event questions
whether the initiating leak is a small LOCA or less. Success means that the leak is
small and that the operators have more time than for the failure case, which is
assumed to be a large LOCA. If the leak is to the suppression pool and this top
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event fails, it is assumed to be a large LOCA to the suppression pool, which is
unanalyzed and binned to core damage with primary containment bypass.

~ System Remains Intact. This top event models the probability that the system does
not rupture outside primary containment. Failure means there is a large failure
outside primary containment. Whether the LOCA outside primary containment is
large or small depends on the previous top event. In either case, failure of this top
event requires operator response below.

Leak Less Than GLP. Given that the system outside primary containment did not
rupture in the previous top event, this top event questions whether the system
leakage exceeds a small LOCA. Success means that the leakage is (GLP, which is
insignificant leakage, and that the sequence is binned to success. Failure means
that GLP is reached,'and that a small LOCA outside primary containment that
requires operator response in the next top event is assumed.

Operators Isolate before Pumps Flooded. Given a LOCA outside primary
containment (small or large), the operators must diagnose the event and isolate the
LOCA, as described in alarm response procedures before the CST and suppression
pool flood of the core spray, RHR, HPCI, and RCIC pumps in the reactor building
basement. It takes more than 400,000 gallons (the CST is approximately
375,000 gallons) to fail these pumps; therefore, there is ample time for operator
action.

Environmental impacts other than flooding were judged to be minor due to the reactor
building design. It is assumed that the operator response to LOCA outside primary
containment is the dominant mitigative action.

The following summarizes the accident sequence end states:

End State

SUCCESS

SLRHR

RH1

RH2

CS1

CDBS

CDBL

Description

There is no LOCA to the suppression pool, the overpressurization did
not cause rupture, and GLP is not exceeded (operator success
assumed).

Small LOCA to suppression pool, with both RHR divisions unavailable.

Operators successfully isolated LOCA outside in RHR discharge, and
the RHR division is unavailable.

Operators successfully isolated LOCA outside in RHR suction, and
both RHR divisions are unavailable.

Operators successfully isolated LOCA outside in core spray discharge,
and the core spray division is unavailable.

Core damage with no small primary containment bypass. The LOCA
outside is small, and the operators fail to isolate the LOCA before
pumps are flooded.

Core damage with no large primary containment bypass. The LOCA
outside is large, and the operators fail to isolate the LOCA before
pumps are flooded.
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For the core damage end states (CDBS and CDBL), it is assumed that the core spray, RHR,
HPCI, and RCIC systems, located at the lowest elevation of the reactor building, are
unavailable.

3.3.9.6 References

3.3.9-1 S. M. Stoller Corporation, Nuclear Power Experience, updated monthly.

3.3.9-2 EG5G Idaho, Inc., "Data Summaries of Licensee Event Reports of Valves at
U.S. Commercial Nuclear Power Plants," prepared for U.S. Nuclear Regulatory
Commission, NUREG/CR-1363, Vol. 1, June 1980.

3.3.9-3 Wesley, D. A., H. Hadidi-Tamjed, "Pressure-Dependent Fragilities for the
Browns Ferry Nuclear Plant Core Spray and RHR Systems," EQE Engineering
Consultants, April 1992.
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Table 3.3.9-1 (Page 1 of 2). Primary containment Penetrations that Connect to Reactor Vessel - Screening

Penetration
.Number

X-7A

X-7B

X-7C

X-7D

X-8

X-9A

X-98

X-10

X-11

X-12

X-13A

X-1 3B

Description

Main Steam

Main Steam

Main Steam

Main Steam

Main Steam Drain

Feedwater

Feedwater

RCIC Steam

HPCI Steam

RHR Shutdown
Cooling Suction

Line

RHR Injection
(LPCI)

.RHR INJECTION
(LPCI)

Une
Diameter
(inches)

26

26

26

26

24

24

10

20

24

24

Screening

Two normally open MSIVs (FCV 1-14 and 1-15) with high pressure piping.

Two normally open MSIVs (FCV 1-26 and 1-27) with high pressure piping.

Two normally open MSIVs (FCV 1-37 and 1-38) with high pressure piping.

Two normally open MSIVs (FCV 1-51 and 1-52) with high pressure piping.

Two normally closed MOVs (FCV 1-55 and 1-56). Third normally closed valve (1-58) in parallel
with 1 line and orifice.

Two check valves, one inside primary containment and one outside, high pressure design outside
primary containment, and normally open manual valve inside. The HPCI connection has two
valves in series, normally closed in addition to being a high pressure design.

Two check valves, one inside primary containment and one outside, high pressure design outside
primary containment, and normally open manual valve inside. The RCIC connections and drains
have two valves in series, normally closed in addition to being a high pressure design.

Two normally open primary containment isolation valves (FCV 71-2 and 71-3), FCV 71-8, 71-9
(turbine stop) are normally closed, 71-10 (governor valve) normally open, and system is high
pressure design up to turbine.

Two normally open primary containment isolation MOVs (FCV-73-2 and 73-3). FCV 73-16 and
73-18 (governor valve) are normally closed, 73-17 (turbine stop) is normally open, and system is
high pressure design up to turbine.

Two normally closed primary containment isolation valves. Piping and additional closed valves
outside are designed to 150 psig. Retain as interfacing LOCA path.

Check valve inside primary containment and normally closed MOV outside. An additional open
MOV outside and design pressure is 450 psig upstream of the MOV. Retain as interfacing LOCA
path.

Check valve inside primary containment and normally closed MOV outside. An additional open
MOV outside and design pressure is 450 psig upstream of the MOV. Retain as interfacing LOCA
path.
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penetration
Number

X-16B

X-35A-E

X-36

X-37

X-38

Description

Core Spray
Iniection

TIP

CRD Hydraulic
System Return

CRD inlets (185)

CRD Outlets
(185)

Line
Diameter

(in)

12

1 1/2

3/4

Screening

Check valve inside, normally closed MOV outside, and lower pressure design (500 psig) outside.
Retain as interfacing LOCA path.

Actual line size is 3/8 inch, with a ball valve outside and a manual explosive shear valve outside.

Check valve inside primary containment (85-576) and check valve outside (85-573). Normally
closed valve (FCV &5-50) outside and high pressure design.

Small lines and high pressure design outside including the scram discharge volume and isolation
valves. If scram discharge instrument volume drains or vents fail to close after a scram, reactor
vessel leakage through the CRD seals would discharge to the instrument volume and drain to the
reactor building equipment drain sump. There are redundant, faitwlosed, airwperated valves in
each drain and vent line. There are two scram instrument discharge volumes in the reactor
building.

Small lines and high pressure design outside including the scram discharge volume and isolation
valves. If scram discharge instrument volume drains or vents fail to close after a scram, reactor
vessel leakage through the CRD seals would discharge to the instrument volume and drain to the
reactor building equipment drain sump. There are redundant, fail-closed, air-operated valves in
each drain and vent line. There are two scram instrument discharge volumes in the reactor
building.
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3A RES LT AND REE IN PRO E S

3A.1 OVERVIEW OF RESULTS AND CONTRIBUTORS

This section presents the results of the Browns Ferry Nuclear Plant Unit 2 probabilistic risk
assessment (PRA). The Level 1 plant sequence model includes the responses of support
and frontline systems that are important for determining the core damage frequency (CDF)
and the frequency of plant damage states (PDS), as defined in Section 4.3. The Level 2
analysis determines the primary containment response to core damage sequences and is
reported in Section 4.4. The plant model results include contributions from internal
initiating events and internal floods.

The total CDF computed for Browns Ferry is 4.8 x 10 per reactor-year." This value is
the mean of the uncertainty distribution for Browns Ferry, which is presented in
Figure 3.4-1.

The results from the current plant model quantification were examined in numerous ways.
One way is to examine the results at the PDS level. Table 3.4-1 presents the frequency of
PDSs that define different categories of core damage scenarios. Thirty PDSs make up the
total CDF, of which only nine have at least 0.1% of the CDF. The definitions of the PDSs
are provided in Section 4.3. The logic that is, used to assign each sequence to a particular
PDS is discussed in Section 3.1.3.1.

The plant model quantification results were reviewed by initiating event category.
Figure 3.4-2 shows the frequency of core damage that is attributable to sequences
grouped by initiating events. The most important initiator is the loss of offsite power
(LOSP). This single group accounts for 69% of the core damage frequency. This group
includes both station blackout (SBO) and non-SBO sequences. Accident sequences that
are initiated by a flood in the turbine building are the second largest group, with 10% of
the core damage frequency. The top five initiators comprise 86% of the total core damage
frequency. The results of the plant model quantification are interpreted in Section 3A.3,
which describes the vulnerability screening.

The most informative way to look at the results is to,examine the individual sequences
that lead to core damage. The highest frequency core damage sequences are discussed in
detail in Section 3A.2.

3.4.2 APPLICATION OF GENERIC LETTER SCREENING CRITERIA

The U.S. Nuclear Regulatory Commission (NRC) sequence-reporting requirements for the
purpose of fulfillingthe individual plant examination (IPE) requirements are discussed in
Reference 3.4-1. The Browns,Ferry PRA plant model provides the results in systemic

"The unit for the core damage frequency is events per nuclear-powered electric generating
unit per calendar year. This definition is abbreviated to "per reactor-year" in this
presentation.
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sequences as opposed to functional sequences. The reporting guidelines for systemic
sequences are as follows:

~ Any systemic sequence that contributes 1 x 10 or more per reactor-year to core-7

damage.

There are 52 sequences listed in Table 3.4-2 with frequency greater than
1 x 10 per reactor-year.

Systemic sequences within the upper 95/ of the total CDF (see Table 3.4-1).-

3,006 sequences make up the upper 95/0 of the total CDF. The top
100 sequences are listed in Table 3.4-2.

~ Systemic sequences within the upper 95/ of the total primary containment failure
frequency (see Table 3.4-1).

Information relating to this reporting criterion is provided in Section 4.6.

Systemic sequences that contribute to a primary containment bypass frequency in
excess of 1' 10 per reactor-year.

There are four sequences involving containment bypass that have frequency
greater than 1 x 10 per reactor-year. None of these sequences appear in
the top 100 sequences.

Any other systemic sequences that the utility determines to be important to CDF or
to poor primary containment performance.

No such sequences were identified.

The NRC sequence-reporting guidance states that the total number of most significant
sequences to be reported should not exceed 100. The accident analysis is also limited to
sequences initiated from power operation and from hot standby; events that are initiated
from cold shutdown or during refueling are specifically excluded. Events that are initiated
from both power operation and hot standby are included in the model, and therefore are
considered for inclusion in the list of key sequences reported. The NRC reporting
guidelines specify that the mean frequency be reported for each sequence. Use of both
the mean initiating event category frequencies and the mean values from the system
unavailabilities when quantifying each sequence provides a very close approximation to the
mean sequence frequencies. In fact, for most of the sequences, these approximate
sequence frequencies are equal to the mean. These frequencies are reported here. Monte
Carlo uncertainty propagation was used to report the complete uncertainty distribution for
the total core melt frequency.

The approach used to quantify sequences, as described in Section 3.3.7, enabled the PRA
team to examine the highest frequency sequences.

Table 3.4-2 presents the 100 highest frequency sequences contributing to the total core
damage frequency. This list accounts for sequences whose individual frequency was 0
SECT34.BFN.OS/31/92 3.4-2
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greater than about 5.0 x 10 per reactor-year. The sequences presented in Table 3.4-2
include the initiating event categories, the event failures that occur with frequency less
than 1.0, the guaranteed event failures that occur with frequency 1.0 because they are
dependent on other events that have failed, and the Level 1 end state or PDS to which the
sequence belongs. The events listed provide a brief description of the accident
progression, and the applicable human recovery actions. Both the support and frontline
system failures that contribute to the accident progression are noted. The containment
response is described in Section 4 for each Level 1 key plant damage state. Specific
assumptions that are key to the accident progressions are presented in Section 3, as part
of the accident sequence model descriptions. The individual sequence frequency and its
percentage contribution to the total CDF are also provided. The top 100 sequences
account for 55% of the total CDF. The sum of the other core damage sequences
contributes to less than 46% of the total CDF.

A detailed discussion of the top ten sequences is provided below.

The highest frequency core damage sequence begins with the complete loss of offsite
power. The incoming 500-kV and 161-kV are lost. The reactor successfully scrams and
high pressure coolant injection (HPCI) and reactor core isolation cooling (RCIC) initiate
successfully and provide vessel level and pressure control. The onsite emergency diesel
generators fail; this is a station blackout scenario. Successful load shedding allows the
battery lifetime to be extended to 4 hours. At 4 hours, HPCI and RCIC are lost due to loss
of DC power. The MAAP code was used to determine vessel level as a function of time,
given loss of level control at 4 hours. The results of that analysis indicate that if level
control can be reestablished within 6 hours, then successful termination of the scenario is
posslbIB. In this scBnal'lo, however, AC powel's not fBstol'Bd wlthln 6 hours and core
damage is anticipated. Because AC power is unavailable, suppression pool cooling is not
possible. The primary and secondary containments did, however, isolate successfully.

Sequences 5, 7, 9, and 10 are also station blackout scenarios and are closely related to
the first scenario. Scenario 5 is, in fact, identical to scenario 1 with the added failure of
the secondary containment to isolate.

Sequences 7 and 9 are identical to scenario 1 with the added failure to start of HPCI and
RCIC, respectively. In scenario 7, RCIC operates successfully until the batteries are
depleted, and, in scenario 9, HPCI operates successfully for the first 4 hours.

Operation of HPCI and RCIC for several hours would allow the operator to at least partially
depressurize the reactor vessel. Manual actuation of a safety relief valve could assist in
depressurization. Following loss of DC power, the vessel would likely repressurize prior to
vessel breach. The tenth highest frequency scenario is similar, but not identical, to
scenario 1. Sequence 10 is a station blackout scenario with offsite power unrecovered
within 6 hours. Once again, HPCI and RCIC are successfully operated for vessel level and
pressure control until their respective DC power sources are depleted. The key difference
in scenario 10 is the presence of a stuck-open safety relief valve. Vessel repressurization
prior to vessel breach is less likely in scenario 10 as compared to scenario 1.

Scenario 2 is initiated by a flood in the turbine building. The electrical power system is

unaffected in this scenario. PRA equipment in the turbine building is lost due to the
initiator. This equipment includes the raw cooling water pumps, the plant air compressors,

SECT34. BFN.08/31/92 3.4-3
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and the condensate pumps. Drywell control air is lost due to closure of its isolation
valves, which are pneumatically served by plant control air. The main steam isolation

valves (MSIV) eventually close due to loss of control air; the condenser is lost as the

primary heat sink. In scenario 2, the reactor successfully scrams, and both RCIC and HPCI

fail early in the post-scram plant response. The reactor vessel remains at high pressure.

High pressure level control using enhanced flow from the control rod drive hydraulic

system is not possible due to the loss of raw cooling water, which supports operation of
the control rod drive pumps. Low pressure systems are available but cannot provide
vessel injection since the vessel has remained pressurized. Suppression pool cooling is

successful; however, core damage is anticipated due to loss of vessel level control.

Sequences 3 and 4 are similar and can be thought of as "partial" station blackout
scenarios. Again, the initiator is loss of offsite power. The reactor successfully scrams,
and HPCI and RCIC successfully provide vessel level and pressure control. In sequence 3,
diesels A, B, and C fail. In sequence 4, diesels A, B, and D fail. Offsite power recovery is

not accomplished within 6 hours, and HPCI and RCIC are lost due to battery depletion.
Manual operation of the safety relief valves assumes vessel depressurization; however, the

remaining RHR pump (pump 2D in sequence 3 and pump 2B in sequence 4) that is capable

of providing both vessel level control and heat removal fails. Core damage is anticipated
due to loss of level control.

Sequences 6 and 8 are initiated by different events but are similar is the manner in which
the plant responds. Sequence 6 is initiated by a flood in the turbine building. The direct
and consequential failure due to this initiator is the same as described'above for
sequence 2. In sequence 6, however, two important 250V DC power sources fail:
battery boards 2 and 3. The power supply to both divisions of the shared actuation logic,
which supplies initiation signals to HPCI, RCIC, core spray, and residual heat
removal (RHR), and permissive signals to core spray and RHR are lost. Manual actuation
of the low pressure systems is possible, but vessel injection using these systems is not,
due to the lack of an in-vessel pressure permissive signal. The DC power failures render
HPCI and RCIC unavailable. Core damage is anticipated due to the loss of level control.
Sequence 8 is initiated by closure of all MSIVs. The additional failure involving a

stuck-open relief valve complicates the establishment of enhanced flow from the control
rod drive hydraulic system promptly to prevent extensive core damage; otherwise,
sequence 8 is quite similar to sequence 6.

The front-end analysis for Browns Ferry includes consideration of primary containment
bypass events from line breaks outside primary containment, reactor building flood from
the torus, interfacing systems loss of coolant accident (LOCA) initiators, and from
transient initiators in which the main turbine fails to trip and the MSIVs fail to close. The
highest frequency core damage sequences from these scenarios are listed in Table 3.4-2.
These sequences are identified by a "J" in the second position of the PDS identifier. The
front-end analysis also considers the failure of the primary containment to isolate. These
sequences are also listed in Table 3.4-2. These sequences are identified by a "K" in the
second position of the PDS identifier along with containment isolation failure (Top
Event CIS or CIL).

Reporting guideline 3, above, requests that key sequences contributing to the total primary
containment failure frequency be presented. The back-end analysis is documented in

Section 4, with the back-end results provided in Section 4.10.
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3.4.3 VULNERABILITYSCREENING

Section 3 4.2 provided a took at the plant model results by examining the key sequences
to the core damage frequency. This section interprets the results by examining the
contributors that are found in many sequences from several vantage points.

TVA has adopted two sets of criteria for identifying vulnerabilities; one set is based on the
results of core damage frequency that are used to evaluate potential vulnerabilities in the
systems that protect the reactor core integrity. The second set is based on the results for
large, early release frequency that are used to evaluate vulnerabilities from the point of
view of containment integrity. Each set includes criteria for the numerical results, how the
results are distributed across the underlying contributors, and the availability of cost-
effective ways to reduce core damage or large, early release frequency.

A vulnerability may exist if the mean core damage frequency exceeds 5 x 10 4 per
reactor-year or if the mean targe, early release frequency exceeds 5 x 10 per
reactor-year. Several plants evaluated using similar PRA data and methods have been
reported to the NRC total core damage frequencies in the range of 5 x 10 5 to 5 x 10 4

per reactor-year. These results seem to be typical for modern nuclear power plants in the
United States. For the large, early release criteria, some additional margin below total core
damage frequency is believed to be appropriate. TVA has chosen a factor of 10 benefit
for the containment as a suitable basis for identifying a vulnerability. Therefore, the
criterion for large, early release is a factor of 10 below the core damage criterion,
or 5 x 10 per reactor-year.

Given an exceedance of either of these criteria, a vulnerability is identified, only if a
common function, system, operator action, or other common element can be identified
that contributes substantially to the total frequency. More than one vulnerability may then
be identified. Alternatively, none may be identified if the frequency is well balanced and
made up of many different and individually small contributions. Identified vulnerabilities
are then to be evaluated for availability of cost-effective enhancements.

The occurrence of a vulnerability is therefore based on the total core damage frequency or
the early release frequency. If a vulnerability exists, then the specific plant design or
operating feature defined as the vulnerability is that which contributes in a substantial way
to the frequency criteria being exceeded. To be unique to Browns Ferry, the vulnerability
must be either a contributor not seen in PRAs for other plants or one that makes a

disproportionately high frequency contribution. No vulnerabilities were identified.

3A.3.1 Even r S emlrn o ance

A perspective of the underlying contributors to risk was gained by evaluating various
importance measures of the individual event tree branch point probabilities, or split
fractions, that are evaluated in this study. One importance measure often used is
computed by determining the percentage contribution to the total CDF made by sequences
grouped by common failed split fractions. This is in contrast to the look at individual
sequences in the previous section.

The accident sequence model contains two types of split fractions: guaranteed failure
(GF) split fractions, whose failure frequency is set to equal 1.0 because of functional
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dependencies on other equipment or on operator actions that has already failed in the
same accident sequence, and nonguaranteed failure (NGF) split fractions; i.e., those whose
split fraction values are less than 1.0.

The split fractions for a particular top event can be grouped into one of these two
categories. A list of the split fraction definitions is provided in Section 3.3.5 and
Appendix D. The importance rankings for these groups of split fractions are evaluated
separately because the evaluation of each group has different risk management
implications. The importance of the highest ranked top events for each group of split
fractions is described below.

~ Guaranteed Failed Split Fraction Importance. The risk contribution from guaranteed
failed split fractions results from the dependencies between systems and between
multiple operator actions. The risk contribution of guaranteed failed split fractions
is not associated with the reliability characteristics of the associated system. To
reduce or eliminate the importance of these split fractions, it is necessary to attack
the dependencies of the important system on the other systems whose failure
triggered the guaranteed value. The most important guaranteed failed split
fractions are summarized in Table 3.4-3.

The highest ranked guaranteed failed'split fraction is NCDF, no core damage
guaranteed failure. It is a switch that will be in the failed state for all scenarios in
which core damage has occurred. All core damage sequences, except those
associated with interfacing systems LOCA, include this split fraction.

The second highest ranked guaranteed failed split fraction is associated with Top
Event DW, which tracks the availability of a high drywell pressure actuation signaI.
This signal, with the low reactor pressure signal, provides automatic actuation of
the emergency core cooling system (ECCS) equipment. The high drywell pressure
signal fails if the power for the electronic circuits from 250V DC RMOV boards 2A
and 2B is unavailable. To actuate the high drywell pressure signal, the scenario
must involve raising the pressure in the drywell. This pressure increase occurs
during LOCA initiating events. Therefore, for transient initiators (e.g., turbine trip
and loss of feedwater), Top Event DW was guaranteed failed.

~ Nonguaranteed Split Fraction Failure. The importance evaluation of the
nonguaranteed failure split fractions is summarized in Table 3.4-4. „For these split
fractions, it is possible to change the CDF by changing the reliability characteristics
of the associated system. For this group of split fractions, four different
importance measures are used: the percentage contribution of the sequences with
that split fraction failed, the factor increase in the CDF when the split fraction is
arbitrarily reassigned a value of 1.0, the factor decrease in the CDF when the split
fraction is arbitrarily reassigned to a value of 0.0, and the change in CDF per unit
change of the split fraction value. These four importance measures are termed
importance, risk achievement worth, risk reduction worth, and the CDF derivative in
the rest of this section. Each of the measures is presented in Table 3.4-4 for each
nonguaranteed failed split fraction, along with the split fraction value used in the
event tree quantification and the frequency of core damage sequences that involve
failure of the split fraction.

SEC 734. BFN.08/31/92 3.4-6
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Split Fractions 1 and 8 —Conditions Relating to Stuck-Open SRV State
(0 stuck open, RVCO; 1 stuck open, RVCI). The highest ranked
nonguaranteed failed split fraction in importance (i.e., percentage
contribution to total CDF) is RVCO at 66'/o. This split fraction models the
failure of the safety relief valves (SRV) to reclose, given that they opened.
Specifically, split fraction RVCO, which is used at a multibranch point (i.e., a
point at which there are more than two possible outcomes) in the event tree,
represents the successful reclosure of all SRVs; i.e., no SRVs fail to reclose.
Similarly, the eighth-ranked nonguaranteed failed split fraction is RVC1,
which represents the failure of one SRV to reclose. Its importance is 14%.

Split Fraction 2 —Conditions Relating to Reactor Depressurization State—Piant Depressurized. The second-ranked nonguaranteed failed split
fraction is RVD2, depressurization of the reactor vessel using the SRVs.
This split fraction is also used at a multibranch point in which there are three
possible outcomes: (1) plant depressurizes, (2) plant does not depressurize
but SRVs operate in overpressure mode; or (3) SRVs are stuck shut.
Specifically, split fraction RVD2 represents outcome 1, plant depressurizes,
and has an importance of 54%.

Split Fractions 3 through 6 —Diesel Generators A through D Unavailability.
The third, fourth, fifth, and sixth highest ranked nonguaranteed failed split
fractions represent failure of a Unit 1 or Unit 2 emergency diesel generator
(split fractions GA1, GB2, GC4, and GD4, respectively). The diesel
generators are normally kept in a standby configuration and are available for
rapid starting and loading. Diesel failures can occur during startup, the early
stages of running operation, or during extended operation such as during an
extended loss of offsite power condition. The importance of these split
fractions is as follows;

GA1 = 53%
GB2 = 47'/o
GC4 = 40%
GD4 = 23%

Split Fractions 7 and 10 —RHR Pump 2D Unavailability. The seventh
highest ranked nonguaranteed failed split fraction is RPD10, which
represents the RHR pump division 2D. RPD10 has'18% importance to the
CDF. Like the diesel generators discussed above, the RHR pumps are
maintained in a standby status until demanded. The significant ways in
which failures can occur include both independent and common cause failure
of the pump to start, test, and maintain alignments, which render the pump
division unavailable, and failure of check valves to open on demand. In a
similar manner, the tenth highest ranked nonguaranteed failed split fraction
is RPB6, which represents the RHR pump division 2B. The importance of
RPB6 is 13%.

Split Fraction 9 —250V DC Battery Board 3 Unavailability. The ninth-
ranked nonguaranteed failed split fraction is DGA at 14%. DGA represents
the unavailability of power from 250V DC battery board 3. The significant
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failures that make battery board 3 unavailable include unscheduled
maintenance on the battery charger or the battery, failure of the battery
when demanded, or failure of the charger.

Top Event Importance. Table 3.4-5 provides an importance ranking of key
event tree top events in the Level 1 plant model event trees. The
information provided in Table 3.4-5 includes:

TOP Top event designator, including branch name for
multibranch top events.

PROBABILISTIC The fraction of sequence frequency for which
the top event was not guaranteed to occur but
occurred independently.

~ GUARANTEED
EVENT

~ TOTAL

The fraction of sequence frequency for which
the top event was guaranteed to occur due to
preceding events in the plant.

The total fraction of sequence frequency in
which the top event was failed.

~ FREQUENCY The frequency of occurrence of top event
failure.

The top events with an importance of 1% or greater are included in the
table. Because each top event contains a number of different split fractions,
this approach is a more general way to examine groups of sequences. The
top events are ranked according to their percentage to the CDF involving
sequences that include failures of these top events. The highest ranked top
events are related to the highest ranked nonguaranteed failed split fractions
presented earlier in Table 3.4-4. The key split fractions presented in
Table 3.4-4 account for large proportions of the total top event importance.

Operator Action Importance. In addition to the system and event importance
just discussed, an importance ranking of individual operator action events is
provided in Table 3.4-6. The highest ranked operator action is RVO22,
which represents the manual depressurization of the'reactor vessel using the
SRVs. The next highest ranked action is OLP1, which represents control of
reactor vessel level at low pressure using either the RHR low pressure
injection path or the core spray system.

Another way of evaluating the contributors to risk is by examining the sensitivity of results
to general classes of events. For the Level 1 models, the sensitivity or importance of
various groups of events can be determined by reviewing individually the sequences that
contribute the most to core damage in a manner that is similar to the calculation used to
compute the importance measures for individual events and systems as presented in the
previous section. Alternatively, the sensitivity of various changes to the base models may
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be computed directly by requantifying all of the plant model event trees and comparing the
results to the base case results. For this application, the contribution of various event or
system groups was reviewed.

Initiating Event Group. Table 3.4-7 presents the dominant contributors to the total
CDF. Nonstation blackout loss of offsite power scenarios account for the largest
group shown in Table 3.4-7. The second largest group involves station blackout
scenarios. The station blackout scenarios involve a total loss of offsite power
accompanied by a failure of the Unit 1 and Unit 2 emergency diesel generators to
start and run. The Unit 3 diesel generators are questioned in the model; however, if
the four Unit 1/Unit 2 diesel generators are unavailable, the Unit 3 diesel generators
are assumed to be unavailable as a result of common cause failure. One or two
electric power recovery factors are included in the scenarios, depending on the
status of high pressure injection via HPCI or RCIC. The scenarios contain an
electric power recovery factor that represents the failure to recover offsite power
within the first 30 minutes following the loss of AC power. If HPCI or RCIC
operate successfully, a second recovery factor represents the failure to recover
offsite power between 30 minutes and 6 hours following the loss of AC power.

Other group contributors in Table 3.4-7 include a loss of vital DC power (i.e., failure
of battery boards 2 and 3), scenarios in which the reactor vessel remains at high
pressure, and anticipated transients without scram (ATWS).

~ End States. Another way of looking at the Level 1 results is to break down the
CDF by a similar end state, as shown in Table 3.4-8. These results are based on
the events in the Level 1 plant model. Primary containment phenomena after core
damage may result in failure of primary containment due to increased pressures, but
these failure modes are not addressed.

Ninety-seven percent of the CDF involves sequences in which the primary
containment isolation system has succeeded, and there is no bypass of the primary
containment and the primary containment is intact at the time of core damage. A
small fraction of the CDF, about 2%, is associated with a late primary containment
failure. These scenarios typically occur as a result of a loss of suppression pool.
Less than 1% of the total CDF involves sequences in which the primary
containment fails early or the containment is bypassed. The sources of early
primary containment failure include unmitigated ATWS and failure of the primary
containment to isolate. The sources of primary containment bypass were discussed
in Section 3.4.2.

Operator Action Sensitivity. A sensitivity case was performed that requantified the
base case event trees. Sequences that drop below the CDF criteria because of a
reduction by more than 1 order of magnitude by credit taken for operator actions
are discussed.

The failure rate database was modified by raising the dynamic operator action error
rates to at least 0.1. For actions whose error rates were already greater than 0.1,
they were not changed. Electric power recovery factors, which depend more on
the types of failures involved than on the response of the control room crew, were
also left unchanged. Then, the split fractions were requantified using the revised
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database. The resulting split fractions were then used to requantify the Level 1

plant model event trees.

The highest CDF sequences were then identified. Some sequences already had
frequencies greater than 1 x 10 per reactor-year. They are evaluated with higher
human error rates; their frequencies are even higher.

Table 3.4-'9 provides a summary and comparison of the operator action sensitivity
with the IPE results.

A brief discussion of the new sequences that appeared above 1 x 10 in the
sensitivity case is provided below.

Sequences initiated by a turbine building flood contribute the highest frequency to
core damage for this sensitivity case. The top sequences involve failure of two
separate operator actions; e.g., failure to align for suppression pool cooling, and
failure to align for shutdown cooling in the highest ranked sequences. Other double
operator action failures include failure to control level using HPCI/RCIC, coupled
with a failure to align for suppression pool cooling or a failure to control level using
RHR or core spray.

Another category of sequences is low frequency initiating events (e.g, three or
more stuck-open relief valves and large and medium break LOCA events), with a
single operator action failure. In these cases, the single operator action failure that
occurs is 1 of the 10 highest actions reported previously in Table 3.4-6.

A third group of scenarios is associated with the highest frequency initiating events
such as turbine trip or inadvertent scram at power. In this group, multiple hardware
failures have occurred in addition to an operator action failure.

The key lesson learned from this sensitivity case is that the new sequences that
result primarily involve the failure of two or more operator actions. Those that
involve the failure of only one action are already visible in the base case; e.g.,
failure to align for suppression pool cooling.

3 4.4 DECAY HEAT REMOVALEVALUATION

Resolution of Unresolved Safety Issue (USI) A-45 has been incorporated into the IPE
requirements that allow plant-specific evaluation of the safety adequacy of decay heat
removal systems. According to NUREG-1335, the evaluation is restricted to events
initiated from power operation. A discussion of the decay heat removal capability at
Browns Ferry for preventing severe accident situations is provided below.

The results for Browns Ferry provide indications of the importance of systems that directly
perform the decay heat removal function. Table 3.4-10 indicates the importance measures
for systems that perform the decay heat removal function at Browns Ferry. Three were
considered: the main condenser, the RHR system in the suppression pool cooling mode,
and the RHR system in the shutdown cooling mode. Importance is measured by the
percentage of CDF attributable to sequences that involve failure of the indicated top event.

SECT34.BFN.09/01/92 3.4-1 0
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These measures are not strictly additive because more than one of the ranked top events
may, and often do, fail in the same sequence.

The removal of decay heat from a boiling water reactor can be accomplished by a variety
of means. For example, the use of HPCI or RCIC for inventory control uses reactor steam
to operate the pump turbine. However, this steam is exhausted to the suppression pool,
and the heat transmitted to the pool must ultimately be removed. The suppression pool
cooling mode of the RHR system is used for removing this heat to outside the plant; i.e.,
to an ultimate heat sink.

The decay heat removal alternative to be used for rejecting heat to the ultimate heat sink
is dependent on the means by which the heat is actually removed from the reactor. Two
paths are available for accomplishing this heat removal: the turbine bypass valves to the
main condenser, and the SRVs to the suppression pool. Once the reactor pressure has
been reduced below the SDC interlock, the shutdown cooling mode of RHR operation can
be used. This function of the RHR system acts to remove the decay heat from the reactor
directly and transfers it to the ultimate heat sink. The means of removing heat to the
ultimate heat sink therefore is dependent on the path used to extract heat from the reactor
vessel. A third possible path to ultimate heat sink is RWCU and RBCCW, which can
remove heat from the reactor via the nonregenerative heat exchangers. This path was not
modeled.

To examine each of these functions, groups of sequences containing the systems and
operator actions related to these functions were collected and reviewed. Table 3.4-10
lists the results of that review. The groups of sequences were collected in two broad
categories: one in which one or more SRVs are stuck open, and one in which they are
not. These two categories were further separated by the functions that could
satisfactorily remove the decay heat.

The plant model conservatively takes credit for suppression pool cooling as the only means
of removing the decay heat when the SRVs are stuck open. In other words, the event
model requires suppression pool cooling if one or more SRVs are stuck open regardless of
the availability of the main condenser. This group accounts for 4% of the CDF and 6% of .

the decay heat removal failures examined,

This group can be further separated into causes of the failure of the suppression pool
cooling function; i.e., hardware failure, or failure of the operator to align for suppression
pool cooling. These two subcategories account for 2% and 98% of the sequences in the
category, respectively.

The second category of decay heat failures is those in which the relief valves are not stuck
open. To fail to remove decay heat in this category, the heat removal alternatives
involving the main condenser and the RHR system must be unavailable. This category
accounts for 61% of the CDF.

The "No Stuck-Open SRV" category was segregated into subcategories based on hardware
failures or operator action failures. This segregation, however, is more complicated than
for the stuck-open SRV case. The failures in this group include hardware failures (i.e., the
main condenser) and hardware failure of suppression pool cooling and shutdown cooling,
operator failures to align the RHR system, or some combination of both RHR hardware
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failure and operator action failure. As a result, three subcategories were developed, based
on the type of failure of the RHR system. These subcategories are hardware-only failures
of the RHR system, operator action-only failures, and combinations of hardware and
operator failures. These subcategories have the following importance to the CDF total:

Hardware-only failures (2%).
Operator action-only failures (58%).
Combinations of hardware and operator failures (0.3%).

The main condenser does not require any specific operator action to remain available to
remove decay heat. As long as the MSIVs remain open, and the condenser and
condensate system remain in operation, decay heat can be removed to the main
condenser.

As long as the MSLs remain open and the condenser and condensate system remain in
operation, decay heat can be removed to the main condenser. The condensate system is
modeled to return condensate to the reactor via the startup feedwater bypass, LCV. No
credit has been taken for parallel pump path, which could be used to reflood the vessel.

The suppression pool cooling and shutdown cooling modes of RHR system operation share
common hardware in the RHR pumps and heat exchangers but have separate flow paths
for accomplishing decay heat removal. The suppression pool cooling mode requires an
SRV to be opened and the suction from and return to the suppression pool to be available.
The shutdown cooling mode requires that the RHR pump suction be transferred to the
reactor vessel recirculation line, and that the return path, via the low pressure injection
path, be available.

In summary, the failure to remove decay heat accounts for 64% of the total CDF. One
caveat must be made with regard to these values. The failure to remove decay heat
includes scenarios in which a loss of offsite power develops into a station blackout. If this
large group of sequences is excluded from the examination, the failure to remove decay
heat contributes only 38% to the total core damage.

In conclusion, no vulnerabilities of the Browns Ferry decay heat removal systems have
been identified. The majority of the CDF comes from station blackout scenarios that cause
a loss of power to the decay heat removal systems, rather than from failure of the
systems themselves.

3.4.5 USI AND GSI SCREENING

The technical basis for resolving USI A-45, the evaluation of the decay heat removal
function, is provided in Section 3.4.4. No vulnerabilities of the systems that are used to
perform decay heat removal have been identified.

No other USls or GSls are resolved by this submittal.

3.4.6 REFERENCES

3.4-1. U.S. Nuclear Regulatory Commission, "Individual Plant Examination: Submittal
Guidance," NUREG 1335, August 1989.
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Rank

Notes:

PDS
Category

PIH

OIA

MIA

PID

NIH

NLF6

MKC7

OJA

NJA

Reactor
Vessel

Pressure

Low2

Low

High

Low

High

High

High

Low

High

Water on
Drywell

Floor

No

Yes4

Yes

Yes5

No

Yes

Yes

Yes

Yes

Primary
Containment
Heat Removal

Available

No

Yes

Yes

Yes

No

Table 3.4-1.,Browns Ferry Plant Damage State Categories

Primary
Containment

Status

Isolated

Isolated

Isolated

Isolated

Isolated

Late Failure

Early Failure

Bypassed

Bypassed

Frequency per
Reactor-

Year

2.87-53

4.89-6

4.71-6

4.31-6

3.77-6

9.71-7

3.97-7

1.39-7

4.68-8

Percentage
of CDF

59

10

10

W
O

Ol

n

C

hl

CL
C
CL
C
0)

'a
Ol

t+
tA
X
Q
2

Q
IP+

0

1. The PDS categories are defined in Section 4.3. The first character signifies the reactor pressure at the
time of vessel breach. The second character identifies the containment status at the onset of core
damage. The third character indicates the status of active plant systems affecting primary containment
performance.

2. Vessel will repressurize before vessel breach.
3. Exponential notation is indicated in abbreviated form; e.g., 2.87-5 = 2.87 x 105.
4. Water for debris cooling may fail.
5. Limited water supply from the CRD system.
6. Combines all late failure PDS frequencies (NLF + PLF + OLF + OLC +MLC).
7. Combines MKC and OKC PDS frequencies.
8. Refer to Section 4.6 for a description of the selection criteria.

(
M
O
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Table 3.4-2 (Page 1 of 41). Browns Ferry Top 100 Sequences Contributing to Core Damage

Rank
Mo. Sequence Description

- ---------- --""Events-"""- --------

Guaranteed Events/Ccaments
End Frequency Percent
State (per year)

1 TOTAL LOSS OF OFFSITE POVER
- DG A UNAVAILABLE

DG B UNAVAILABLE
- DG C UNAVAILABLE
- DG 0 NAVAILABLE

FAILURE lO RECOVER OFFSITE POMER IN 30 NINJTES
CONDITIONS RELAllNG TO STUCK OPEN SRVS (0$ 1 ~ 2, 3+ SORVS)
SlATE - 0 RELIEF VALVES SZUCK OPEN
FAILURE TO RECOVER ELECTRIC POIJER IN 6 HIXJRS

- CONDITIOND RELATINQ TO REACtOR DEPRESSURIZATION (DEPRESS, NOZ
SlATE - PLAN DEPRESSURIZEO

DEPRES

DEPRES

cscsscs sacs CCCR5$ 55$ $ $ 5555$ $ 555$ 55555$ $555555sssssasCssssssssss$ 5$

3 'tOTAL LOSS OF OFFSITE POMER
- DG A UNAVAILABLE
- DG 8 UNAVAILABLE

DG C NAVAILABLE
FAILURE TO RECOVER OFFSITE POMER IN 30 NINUlES

- COMDlllONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
SlATE - 0 RELIEF VALVES STUCK OPEN

scc5$ 55$ ssssccscc 5$ $ $ $ SSCCRRssssss5$ 55sssssssssssssssssssss555$ 55
2 TURBINE BUILDING FLIXXJ

- RCIC NAVAILABLE(6 HOURS)
HPCI UNAVAILABLE(6 HOURS)

- COMDITIOMD RELAllNG'TO REACtOR DEPRESSURIZA'ZION (DEPRESS, NOZ
STATE - PLANT NOt OEPRESSURIZED, IIECH SRV OK

DG 3A NAVAILABILITY
DG 38 NAVAILABLE
DG 3C UNAVAILABLE
DQ 3D UNAVAILABLE
DRYVELL PRESSNE SIGNAL NAVAILABLE
PLANT'CONTROL AIR SYSTEM UNAVAILABLE
OPERATOR FAlLS TO RECOVER EECM (START SMINQ PQIP)
IISIVS FAIL lO RENAIN OPEN

1 CMD/CMD BSTR PNP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
RCIC IJMAVAILABLELONG TERN
HPCI UNAVAILABLELONG TERII
CONDENSER NAVAILABLEAS HEAT SINK
VESSEL INJECtlON VITH CRDHS NAVAILABLE
OPERATOR FAlLS lO MANUALLY STARl RHR/CORE SPRAY

RHR PQIP A NAVAILASLE
RHR PlNP C NAVAILABLE
RHR Ply B UNAVAILABLE
RHR PQIP D NAVAILABLE
U2 ZO UI RHR CROSS CONNECT NAVAILABLE
OPERATIMI FAILS lO ESTABLISH TORUS CODLING
RHR LOM PRESSURE INJECZION PATH UNAVAILABLE
OPERATOR FAILS lO STARt CS/LPCI OR TO ESTAB lORUS VENT
DRTMELL SPRAT NAVAILABLE
STANDBY GAS TREAlHENT SYSTEM UNAVAILABLE
SBGT SYSTEM RELATIVE HQIIDITY HEATERS UNAVAILABLE
SSSSSSSSSSSCCSSSCSSSSCS5$ $ $S$ $$$$$ $ 'SSCSSSSCSCCSSSSSSSCCSSSS

DRYMELL PRESSNE SIGNAL NAVAILABLE
PLANT CONTROL AIR SYSTEM UNAVAILABLE
ORYVELL CONTROL AIR SYSTEM UNAVAILABLE
IISIVS FAIL TO REMAIN OPEN

CNDITIONS RELA'TING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

1 CMD/CND BSTR PQIP, INCLUDES SHORT CYCLE VALVE UMAVAILABL
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS NAVAILABLE
SSSSSSSSSSSS5$ 5$$5$ $555$ S$ $5555555555$ $$ $$$$5$ $5$ $5$ $ $5$ 5$5
DRYMELL PRESSURE SIGNAL NAVAILABLE
PLANT CONTROL AIR STSTEN NAVAILABLE
DRYMELL CONTROL AIR SYSTEM NAVAILABLE
NSIVS FAIL TO REMAIN OPEN

1 CND/CMD BSTR PNP, INCLUDES SHORT CTCLE VALVE UNAVAILABL
RCIC UNAVAILABLELONG TERN
HPCI NAVAILABLELONG TERN

5$ $55$ $ $5555555$ SCCSCCC CCCCCCC

IIIAV 1.38E-06 2.88

5$ $ 5$ $ $555$ 5 5$ $ $ $ 5$ 5$ 55555$ 5$ 5

PIHV 1.28E-06 2.67

OO

PIHX 6.53E-06 13.65
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Table 3.4-2 {Page 2 of 41). Browns Ferry Top 100 Sequences Contrlbutlng to Core Damage

Rank
No. Sequence Deacrlptlon

------------------Eventa-----.-.--"".
Guaranteed Events/Careenta

End Frequency Percent
State (per year)

44

I

Vl

- FAILURE TO RECOVER ELECTRIC POVER IN 6 HolRS
- COMDITIOMD RELATING TO REACTOR DEPRESSURIZATION (DEPRESSs NOT

STATE - PLANT DEPRESSURIZED
- RHR PUMP D UNAVAILABLE

DEPRES-

4 TOTAL LOSS OF OFFSITE PN/ER
- DG A INAVAILABLE
- DG B lNAVAILASLE
- DG D lNAVAILABLE
- FAILURE TO RECOVER OFFSITE POVER IN 30 NINUTES
- CONDITIONS RELATING TO S'TUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC POVER IN 6 HNJRS

COMDITIOMD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT

STATE - PLANT DEPRESSURIZED
- RHR PlNP B UMAVAILABI.E

DEPRES

ssaassaaaasaa aasaaasasaaaassaasaaaaassasasaaassassasassaasaaassasaaaaasaaaa
5 TO'TAL LOSS OF OFFSITE POVER

OQ A UNAVAILABLE
- DG B INAVAILABLE
- DG C UNAVAILABLE
- OG D INAVAILASLE
- FAILURE TO RECOVER OFFSITE POVER IN 30 MINUTES
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC POVER IN 6 HIIRS
- CONDITINID RELATING TO REACTOR DEPRESSURIZAtlON (DEPRESS, NOT

STATE - PLANT DEPRESSURIZED
- REACTOR BUILDING ISOLATION FAILURE

DEPRES

CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION VITH CRDHS UNAVAILABLE
RHR PINP A UNAVAILABLE
RHR PINP C UNAVAILABLE
RHR PINP I UNAVAILABLE
UZ TO UI RHR CROSS CONNECT UNAVAILABLE
OPERATOR FAILS TO ESTASLISII TORUS COOt.INQ
RHR LOI PRESSURE INJECTION PATH UNAVAILABLE
OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
DRYVELL SPRAY UNAVAILABLE

sssssssaaassaassssssasaasssasssssasssaassssasssaasaassassssa
DRYVELL PRESSURE SIGNAL UNAVAILABLE
PLANI'ONTROL AIR SYSTEM UNAVAILABLE
NSIVS FAlL TO REMAIN OPEN

1 CND/CND BSTR PINP, IMCLIIES SHORT CYCLE VALVE UMAVAILABL
RCIC UNAVAILABLELONG TERN
HPCI UNAVAILABLELONG TERN

CONDENSER INAVAILASLEAS HEAT SINK
VESSEL INJECTION VITH CRDHS INAVAILASLE
RHR PWP A UNAVAILABLE
RHR PLNP C UNAVAILABLE
RHR PINP 0 UNAVAILABLE
U2 TO U1 RHR CROSS CONNECT UNAVAILABLE
OPERATOR FAILS TO ESTABLISH TORUS CODLING
RHR LOV PRESSURE INJECTION PATH UNAVAILABLE
OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT
DRYVELL SPRAY UNAVAILASLE
StANDBT GAS TREATMENT SYSTEM UNAVAILABLE
SBQT SYSTEM RELATIVE HNIIDITY HEATERS UNAVAILABLE

sssssssssssssssssssssassssassssssssssssssasssassasssssssasas
DG 3A UNAVAILABILITY
DG 38 UNAVAILABLE
DG 3C lNAVAILASLE
DQ 30 lNAVAILABLE
DRTVELL PRESSURE SIGNAL lNAVAILABLE
PLANT CONtROL AIR SYSt81 UNAVAILABLE
OPERATOR FAILS TO RECOVER EECV (START SVING PlNP)
HSIVS FAIL TO REMAIN OPEN

1 CMD/CND SStR PlNP, INCLISES SHORT CYCLE VALVE UNAVAILABL
RCIC UNAVAILABLELOMB YERN

HPCI lNAVAILASLELONG TERM

CONDENSER INAVAILABLEAS HEAT SINK
VESSEL INJECTINI VITH CRDHS UNAVAILABLE

PIHX 1.1BE-06 2.47

saaasasssssssaaasassaasssss'mass

P 1HZ LT6E-07 1.83

ssasssssaaasssssaassass ssasss
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Table 3.4-2 (Page 3 of 41). Browns Ferry Top 100 Sequences Contrlbutlng to Core Damage

Rank
No. Sequence Descript Ion

-------------------Eventa------------
End Frequency Percent

Guaranteed Eventa/Coamenta Sta'te (per year)

M

I

CZl

OPERATOR FAlLS TO NANUALLY STARt RHR/CORE SPRAY
RHR PNIP A UNAVAILABLE
RHR PUIIP C UNAVAILABLE
RHR PNIP B UNAVAILABLE
RHR PNIP D INAVAILABLE
U2 TO Ul RHR CROSS CONNECT UNAVAILABLE
OPERATOR FAlLS TO ESTABLISH TORUS COOLING
RHR LOM PRESSURE INJECTION PATH UNAVAILABLE
OPERATOR FAILS TO STARt CS/LPCI OR TO ESTAB TORUS VENT
DRYMELL SPRAY UNAVAILABLE
STANDBY GAS TREATNENT SYSTEN UNAVAILABLE
SBGT SYSTEN RENTIVE IRNIIDITY HEATERS UNAVAILABLE
$$$$$$$$$$$$ $ $ '$$ $ $$$$$$$ $ $$ $$ $$$$ $$$$$$$$$$$$$ $$$$$$ $ $ '$$ $$ $

250 RNOV SD 2A UNAVAILABLE
250 V RNOV BD 2B UNAVAILABLE
POMER SUPPLY DIVISION I UNAVAILABLE
POMER SUPPLY DIVISION ll UNAVAILABLE
DIV I VESSEL LOM PRESSURE SIGNAL UNAVAILABLE
DIV II VESSEL LOM PRESSURE SIGNAL UNAVAILABLE
DIV I Hl RX PRESS SIGNAL UNAVAINBLE
DIV ll Hl RX PRESS SIGNAL UNAVAILABLE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PNNT CONTROL AIR SYSTEN UNAVAILABLE
DRYMELL CONTROL AIR SYSTEII UNAVAILABLE
NSIVS FAlL TO REHAIN OPEN

COOITIONS RELATING TO STUCK OPEN SRVS (0, I ~ 2, 3> SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

I CND/CND BSTR PNIP, INCLlSES SHORT CYCLE VALVE UNAVAILABL
RCIC UNAVAILASLE (6 HOURS)
HPCI UNAVAILABLE(6 HOURS)
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS UNAVAILABLE
CS LOM PRESSURE INJECTION UNAVAILABLE
RHR LOM PRESSURE INJECTION PATH UNAVAILABLE
DRYMELL SPRAY UNAVAILABLE
$ $$$$$$ $$$ $ $$$$$ $$$$$ $$$$$$$$$$$$$$$$$ $ $$ $$$$$ $$$ $$ '$$ $ $ $ $$$
DG 3A UNAVAILABILITY
DQ 38 UNAVAILABLE
DQ 3C UNAVAILABLE
DG 3D UNAVAILABLE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANT CONTROL AIR SYSTEN UNAVAILABLE
OPERATOR FAILS TO RECOVER EECM (STARt SMINQ PNIP)

$$$$

6
$$$ $$ $$$$ $ $$$$ $$ $ $ $ $ $ $ $ $ $

PIHV 6.67E.07 1.40

$ $$ $$$ $ $$ $$$$$$$$$ $$ $$$ $ $$$$$$ $$$$ $$$$ $ $ $$$$ $ $ $ $ $$ $ $$$$$$$$$$$$$$$$$$$$$$$$$$

7
$ $ $ $ $$$$$ $$$$$$ $$ $ $ $ $ $ $$ $ $ $ $

PIHX 6.07E-07 1.27TO'IAL LOSS OF OFFSITE POMER

DG A UNAVAILABLE
DG 8 UNAVAILABLE

- DG C UNAVAILABLE
- DG D UNAVAILABLE
- FAILURE TO RECOVER OFFSITE POMER IN 30 NINUTES
- CONDITIONS RENTING TO STUCK OPEN SRVS (0, I ~ 2, 3+ SORVS)

SECT34.BFN.OS/I 4I92

$ $ $ $ $ $ $$ $ $ $$ $ $$$ $ $$ $ $ $ $ $ $$ $$$ $ $$ $$$$ $ $$$ $ $$$$ $ $ $ $ $ $ $ $$$ $ $ $$$ $$ $$$$ $ $$$$$
TURBINE BUILDING FLOX)
- 250 V DC CONTROL POMER FOR 4KV SD BD 3ED UNAVAILABLE
. 250 V OC CONTROL POMER FOR 4KV SD BD 3EC AND 480V SD BD 3EB UNAVAIN
- CONDITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESS ~ NOT DEPRES

STATE - PLANT DEPRESSURIZED

C
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CL
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Table 3.4-2 {Page 6 of 41). Browns Ferry Top 100 Sequences Contrlbutlng to Core Oamage

Rank
No. Sequence Descrlptlon

----------------Eventa-------------
Guaranteed Eventa/Coaeenta

End Frequency Percent
State (per year )

4J

I

tO

- DG A UNAVAILABLE
- FUEL OIL SYSTEM FOR DIESEL 8 INAVAILABLE
- DG C INAVAILABLE
- DQ D UNAVAILABLE

FAILURE TO RECOVER OFFSITE POJER IN 30 NINUTES
- CONDITIONS RELATIKG TO STUCK OPEN SRVS (0, 1 ~ 2, 3t SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC POMER IN 6 HJIRS

COXDITIOKD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT

STATE - PLANT DEPRESSURIZED

12 TOTAL LOSS OF OFFSITE POMER
- FUEL OIL STSTEII FOR DIESEL A INAVAILABLE
- DQ B UNAVAILABLE
- DG C UNAVAILABLE
- DQ D UXAVAILASLE
- FAILURE TO RECOVER OFFSITE POMER IN 30 MINUTES
. CONDITIONS RELATING TO STUCK OPEN SRVS (0, 'I

~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC POMER IN 6 HSJRS
- CONDITIOXD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT

STATE - PLANT DEPRESSURIZED

DEPRES-

DEPRES-

00 3A UNAVAILABILITY
DQ 3B INAVAILABLE
DG 3C UNAVAILABLE
DG 30 INAVAILABLE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANT CONTROL AIR SYSTEII UNAVAILABLE
OPERAtOR FAILS TO RECOVER EECM (START SMIKG PINP)
HSIVS FAIL TO RBIAIN OPEN
1 CKO/CKD BSTR PINP, IMCLIZJES SHORT CYCLE VALVE UKAVAILABL
RCIC UNAVAILABLELONG TERN
HPCI UXAVAILABLELOMB TERN
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECtlON MITH CRDHS UNAVAILABLE
OPERATOR FAlLS TO MANUALLYSTART RHR/CORE SPRAY
RHR PQtP A UNAVAILABLE
RHR PINP C INAVAILABLE
RHR PNIP B UNAVAILASL'E
RHR PWP 0 UNAVAILABLE
U2 TO U1 RHR CROSS CONNECT UNAVAILABLE
OPERATOR FAILS TO ESTABLISH TORUS COOLING
RHR LOM PRESSURE IKJECTION PATH UNAVAILABLE
OPERAtOR FAILS TO STARt CS/LPCI OR TO ESTAB TORUS VENT
DRYllELL SPRAY INAVAILABLE
STANDBY GAS TREATMENT SYSTEN UNAVAILABLE
SBGT SYSTEN RELATIVE HNIIDITY HEATERS UNAVAILABLE

SSSSSSSSSSSISRSSSSSFSISNSISSISSSSSSRRSRRSRSSSRSSRISSSSSNSISS

DQ A INAVAILABLE
DQ 3A INAVAILASILITY
DG 3B UXAVAILABLE
DQ 3C INAVAILASLE
DQ 3D INAVAILABLE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANT CONTROL AIR SYSTEII UNAVAILABLE
OPERATOR FAlLS TO RECOVER EECll (START SMIKQ PINP)
NSIVS FAlL TO REMAIN OPEN

1 CXD/CND SSTR PWP, INCLIAJES SHORT CYCLE VALVE UKAVAILABL
RCIC INAVAILABLELONG TERN
HPCI UNAVAILABLELONG TERN
CONDENSER UNAVAILABLEAS HEAt SINK
VESSEL INJECTION KITH CRDHS IlXAVAILABLE
OPERA'IOR FAlLS TO MANUALLY START RHR/CORE SPRAY
RHR PINP A UNAVAILABLE
RHR PINP C UNAVAILABLE

~ RSSSSRSSRNNSSSSRSCRSRCmsssaia

P IXX 4.10E-07 .86

SECT34.BFN.OB/I 4/92



Table 3.4-2 (Page 7 of 41). Browne Ferry Top 100 Sequences Contributing to Core Damage

Rank
No. Sequence Descrlptlon

---.--"---------Events-------------
Guaranteed Events/Caaments

End Frequency
State (per year)

Percent

4J

I
IV

RHR PNIP B UNAVAILASLE
RHR PNP 0 NAVAILABLE
U2 TO U1 RHR CROSS CONNECT NAVAILABLE
OPERATOR FAILS TO EStABLISH TORUS COOLING
RHR LOM PRESSURE INJECTION PATH UNAVAILABLE
OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
ORYMELL SPRAY UNAVAILABLE
STANDBY GAS TREATHENT SYSTEH UXAVAILABLE
SBGT SYSTEH RELATIVE HNIDITY HEATERS UNAVAILABLE
SS$ $$$$$$$$$$ $$ $$ $$$$$ $ $$$$$$$$ $ $$$$$$$ $$$ $$ $$$$ $ $ $$ $ $$ $$ $ $

250 RHOV BD 2A UNAVAILABLE
250 V RHOV BD 28 UNAVAILABLE
POMER SUPPLY DIVISION I NAVAILABLE
POMER SUPPLY DIVISION 11 NAVAILABLE
DIV I VESSEL LOM PRESSURE SIGNAL UNAVAILABLE
DIV ll VESSEL LOM PRESSURE SIGNAL UNAVAILABLE
DIV I Hl RX PRESS SIGNAL NAVAILASLE
DIV ll HI RX PRESS SIGNAL NAVAILABLE
DRTMELL PRESSNE SIGNAL NAVAILASLE
RFM HARDMARE UNAVAILABLE
RCIC UNAVAILABLE(6 HIXIRS)
HPCI UNAVAILABLE(6 HOURS)
CS LOM PRESSNE INJECTION NAVAILABLE
RHR LOM PRESSURE INJECTION PATH UNAVAILABLE
DRTMELL SPRAY UNAVAILABLE
SSSSSSSSSSSSSSSSSSSSSSSSSCSSSSSSSSSSSSSSSSSSSSSSSSSSSSRSSSS

DRTMELL PRESSURE SIGNAL UNAVAILABLE
PLANT CONIROL AIR SYSTEH UNAVAILASLE
DRTMELL CONTROL AIR SYSTEH NAVAILASLE
HSIVS FAIL TO REHAIN OPEN
'I, CND/CND SSTR PQIP, INCLINES SHORt CYCLE VALVE UNAVAILABL
RCIC UNAVAILABLELONG TERN
HPCI NAVAILASLE LONG TERN
CONDENSER NAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS NAVAILABLE
RHR PNP A UNAVAILABLE
RHR PNP C UXAVAILABLE
RHR PQlP B UNAVAILABLE

2 TO Ul RHR CROSS CONNECT NAVAILABLE
OPERAIOR FAILS TO ESTABLISH TORUS COOI.ING
RHR LOM PRESSURE INJECTION PATH NAVAILABLE
OPERA'IOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT
ORWELL SPRAY UNAVAILABLE

SSSSSSSS S S SSSCSSSSSSSSCCSSSCSSSSSSSSSSSSSSSSSSSSSSSSSSSS$ $$$$$$$$$$$ $$ $ $$

13 TOTAL LOSS OF FEEDMATER ~

- 250 V DC CONTROL POMER FOR 4KV SD BD 3ED UNAVAILABLE
- 250 V DC CNTROL POMER FOR 4KV SD BD 3EC AND 4BDV SD BD 3EB NAVAILA.
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2$ 3+ SORVS)

STATE - 1 RELIEF VALVE STUCK OPEN

$ $$ $$ $$ $$ $$$$$$ $ $$ RSSSSSSSSSSC

PIDV 3.85E-07 .0'I

SSSSSSSSSSSSSSCSC $ $ $$ $ $ $ $ $ $ $$

PIHX 3.22E-07 .67

SECT34.8FN.08/14/92

$ $ $ $ $$ $ $$$$ $ $ $ $ $$$ $ $$$ $ $$$$ $ $$ $ $$$$ $$ $$$ $$$$ $ $ $ $ $ $ $$$$ $$$ $$$$ $ $ $ $ $ $ $ $ $ $ $$$ $$

14 TOTAL LOSS OF OFFSITE PNIER
- DG A NAVAILABLE
- DG B NAVAILABLE
- DG C NAVAILABLE
- FAILURE TO RECOVER OFFSITE POMER IN 30 HINUTES
- DG 3C NAVAILABLE

CONDITIOHS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3t SORVS)
S'TATE - 0 RELIEF VALVES STUCK OPEN

- FAILURE TO RECOVER ELECTRIC POMER IN 6 HQIRS
- CONDITIOHD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOt DEPRES

StATE - PLANT DEPRESSURIZED
- RHR PUHP D NAVAILABLE

U

h)

O
C
O.
C
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IO
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Q
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Table 3.4-2 (Page 9 of 41). Browns Ferry Top 100 Sequences Contrlbutlng to Core Damage

Rank
No. Sequence Descr lpt Ion

--------------"-Events---------------

Guaranteed Events/Coaments
End Frequency Percent
State (per year)

- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)
StATE - 1 RELIEF VALVE STUCK OPEN

- COMDITIOMD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT
STATE - PLANT DEPRESSURIZED

PO/ER SUPPLY DIVISION II UNAVAILABLE
DIV I VESSEL LOJ PRESSURE SIGNAL UNAVAILABLE
DIV II VESSEL LOI PRESSURE SIGNAL UNAVAILABLE
DIV I Hl RX PRESS SIGNAL NAVAILABLE
DIV II Hl RX PRESS SIGNAL UNAVAILABLE
DRYI/ELL PRESSURE SIGNAL UNAVAILABLE
TSVS FAIL TO RELIEVEiHAINTAINRX PRESSURE
RFV HARDHARE UNAVAILABLE
RCIC UNAVAILABLE (6 HOJRS)
HPCI UNAVAILABLE(6 HOJRS)
OPERATOR FAlLS TO DEPRESSURIZE USING TBV'S
CS LOI PRESSURE INJECTION UNAVAILABLE
RHR LOJ PRESSURE INJECTION PATH UNAVAILABLE
ORWELL SPRAY UNAVAILABLE

$$$$$$$$$$ $ $$ $ $ $$$$$$$ $$$ $$ $$$ $$$$$ $ $$$$$$$ $ $$ $$$

DRYIIELL PRESSURE SIGNAL NAVAILABLE
PLANt CONTROL AIR SYSTEM UNAVAILABLE
ORWELL CONTROL AIR SYSTEM UNAVAILABLE
HSIVS FAIL TO REMAIN OPEN
'I CND/CMD BSTR PNPe INCLIIES SHORT CYCLE VALVE
RCIC UNAVAILABLELONG TERN

HPCI UMAVAILASLELONG TERN
COIENSER WAVAILASLEAS HEAT SINK
VESSEL INJECTION UITH CRDHS UNAVAILABLE
RHR PNP A UHAVAILABLE
RHR PNP C UNAVAILABLE
RHR PNP B UNAVAILABLE
U2 TO Ul RHR CROSS CONXECT UNAVAILABLE
OPERATOR FAILS TO ESTABLISH TORUS COOLING
RHR LOII PRESSURE INJECTION PATH UNAVAILABLE
OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORU
ORWELL SPRAY UNAVAILABLE

$ $$ $ $$ $ $$ $ $$$ $$$ $ $$$$$$$$$$$$$ $$$$$$$$ $ $ $$ $ $ $ $ $ $ $
DRWELL PRESSURE SIGXAL UNAVAILABLE
PLANT CONTROL AIR SYSTEN UNAVAILABLE
IISIVS FAIL TO REMAIN OPEN

1 CND/CND BSTR PNP, INCLIIES SHORT CYCLE VALVE
RCIC UNAVAILABLELONG YERN
MPCI UNAVAILABLELONG TERN
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION UITH CRDHS NAVAILABLE
RHR PNP A UXAVAILASLE
RHR PNP C UNAVAILABLE

DEPRES.

~sssassassssasesssassssssssssesssssssassss$ $ $$ $$$

P IXV 2.91E-07 .61

UXAVAILASL

DEPRES

S VENT

ssssssssessaessssssssssssasaesssssssasssasassssssssssssssssssssssssas
19 TOTAL LOSS OF OFFSITE PO/ER

- DG A UNAVAILABLE
- DG $ UNAVAILABLE

OG D UNAVAILABLE
. FAILURE TO RECOVER OFFSITE POUER IN 30 HINUTES
- DG 30 UNAVAILABLE
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC PSJER IN 6 HOJRS
- COMDITIOO RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT

$ $$ $ $ $$ $ $ $$$$ $ $ $$$$ $$$ $ $$$$ $$ $ $ $ $ $$ $ $ $ $ $ $ $ $ ease
PIHX 2.d9E-OT .60

UMAVAILABL

OEPRES

ss'$$ $ $ $$ $$ $ $ $ $ $ $ $ $ $ $ $$$ $ $ $ $ $ $$$ $ $ $ $ $ $$$$$ $$ $$$$$$$ $$ $ $$$$ $ $ $ $ $$$ $ $$$$
1d TOTAL LOSS OF OFFSITE POMER

~I DG A UNAVAILABLE
- DG d UNAVAILABLE

DG C UNAVAILABLE
- FAILURE TO RECOVER OFFSITE POUER IN 30 HIMUTES

DG 3A UNAVAILABILITY. CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2g 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

- FAILURE TO RECOVER ELECTRIC POMER IN 6 HOJRS
'OMDITIONDRELATING TO REACTOR DEPRESSNIZATION (DEPRESS, NOT

STA'TE - PLANt DEPRESSURIZED
- RHR PNP D UNAVAILABLE

SECT34.BFN.08/14/92



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 3.4-7. Browns Ferry Contributors to Core Damage

Case

Nonstation Blackout LOSP

„Station Blackout

Loss of Vital DC Power

Sequence in which the Reactor
Remains at High Pressure

Anticipated Transient without Scram

Frequency per
Reactor-Year

2.0 x 105

1.3 x 10

53 x 106

4A x 106

13 x 106

Percent of
Total CDF

42

27

Total Core Damage Frequency: 4.85 x 10 per Reactor-Year

Table 3.4-8. Browns Ferry Level 1 Primary Containment
States with Core Damage

Primary
Containment State

Intact

Late Failure

Early Failure

Bypass

Frequency per
Reactor-Year

4.64 x 10 5

8.65 x 107

3.94 x 107

1.96 x 107

Percent of
Total CDF

97

Total Core Damage Frequency: 4.85 x 10 per
Reactor-Year

SECT34.BFN.09/01/92 3.4-23



Browns Ferry Unit 2 Individual Plant Examination Rev>sion 0

Table 3.4-9. Comparison of Operator Action Sensitivity Results with the Browns Ferry
Nuclear Power Plant IPE Results

Initiating Event

1. Flood in Turbine Building

2. Loss of Offsite Power

3. Turbine Trip

5. Inadvertent Scram at Power

6. Inadvertent Opening of Three or More
SRVs

7. Other Events

Percentage of CDF
in Operator Action

Model

55

10

17

Percent of CDF in
Browns Ferry IPE

10

69

17

SECT34.6FN.09/01/92 3.4-24



















Table 3.4-2 (Page 20 of 41). Browns Ferry Top 100 Sequences Contrlbutlng to Core Damage

Rank
No. Sequence DescrIptlon

----------------Events-------------
Guaranteed Events/Coements

End Frequency Percent
State {per year)

- 250 V DC CONTROL POJER FOR 4KV SD BD 3ED UNAVAILABI.E
- 250 V DC CONTROL POMER FOR 4KV SD BD 3EC AND 480V SD BD 3EB INAVAILA.
- COMDITIOIS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN

COND IT IOMD RELAllNG lO REAClOR DEPRESSURIZAllON IDEPRESS, NOT DEPRES-
STATE - PLANT DEPRESSURIZED

4J

I4l ssassssssssssasssssssssssssassssssssssssssssssssssssssssssssssaasassssasasss
47 TOTAL LOSS OF OFFSITE POJER

- DG A INAVAILABLE
- DG 8 INAVAILABLE
- DG 0 LNAVAILABLE
- FAILURE TO RECOVER OFFSITE POMER IN 30 HIMUTES
- CONDITIONS RELATING TO STUCK OPEN SRVS (Ol 1 ~ 2l 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- HPCI UNAVAILABLE(6 HOJRS)
- FAILURE TO RECOVER ELECTRIC POJER IN 6 HOJRS
- COHDITIOND RELAllNG lO REACTOR DEPRESSURIZATION (DEPRESSS MOT

STATE - PLANT DEPRESSURIZED
~RHR PUMP 8 UNAVAILABLE

DEPRES

~Ssssssssssssassssssssssssssssssssssssssssssssssssassassssssssssssssssssasaa
48 TOTAL LOSS OF OFFSITE POIER

- DG A UNAVAILABLE
- DG 8 UNAVAILABLE
- DG C UNAVAILABLE

DG D UNAVAILABLE
- FAILURE TO RECOVER OFFSITE POJER IN 30 HINJ'IES
- FUEL OIL SYSlEH FOR DIESEL 3B INAVAILASLE

250 V RHOV BD 2B UNAVAILABLE
POMER SUPPLY DIVISION I UNAVAILABLE
POMER SUPPLY DIVISION I I INAVAILASLE
DIV I VESSEL LOM PRESSURE SIGNAL INAVAILABLE
DIV Il VESSEL LOM PRESSURE SIGNAL INAVAILABLE
DIV I Hl RX PRESS SIGNAL UNAVAILABLE
DIV ll Hl RX PRESS SIGNAL INAVAILASLE
DRYMELL PRESSURE SIGNAL IJHAVAILABLE
HSIVS FAIL TO REMAIN OPEN

1 CND/CMD BSTR PINPl INCLISES SHORT CYCLE VALVE INAVAILABL
RCIC UNAVAILABLE(6 HOJRS)
HPCI INAVAILABLE(6 HOJRS)
CONDENSER INAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS UNAVAILABLE
CS LOM PRESSURE INJECTION INAVAILASLE
RHR LOM PRESSURE INJECTION PAlH INAVAILABLE
DRYMELL SPRAT UNAVAILABLE

SSSSSSSSSSSSSSSSSRRSRSSSRSSSSSSSSSSSSRSSSSSSSSSSSSSSSSSRSSSS

DRYMELL PRESSURE SIGNAL INAVAILABLE
PLANT CONTROL AIR SYSTEM UNAVAILABLE
HSIVS FAIL TO REMAIN OPEN

1 CND/CND BSTR PINPl IMCLIAJES SHORT CYCLE VALVE UNAVAILASL
RCIC INAVAILABLELONG TERN
CONDENSER INAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CROHS INAVAILASLE
RHR PINP A INAVAILABLE
RHR PINP C UNAVAILABLE
RHR PINP D INAVAILABLE
U2 TO U1 RHR CROSS CONNECT UNAVAILABLE
OPERAlOR FAILS TO ESTABLISH TORUS COOLING
RHR LOM PRESSURE INJECTION PATH INAVAILABLE
OPERATOR FAlLS TO STARl CS/LPCI OR lO ESTAB TORUS VENT
DRYQELL SPRAT UNAVAILABLE
STANDBY GAS TREATMENT STSTEH UNAVAILABLE
SBGT SYSTEH RELAllVE HINIDITY HEATERS UNAVAILABLE

~Ssaassassaasssaaasaaaaasasasasasaaassasasaaaaasssssasgaasaa
DG 3A UNAVAILABILltY
DG 3B UNAVAILABLE
DG 3C UNAVAILABLE
DG 30 INAVAILASLE
DRYMELL PRESSURE SIGNAL INAVAILABLE
PLANT CONTROL AIR SYSTEM UNAVAILABLE
OPERATOR FAILS TO RECOVER EECM (START SMING PINP)

RsaaassssssassssassaRRR RR$ $ $ $ $
PIHX 1.10E-07 .23

$$$$$$ 'Saassassssssssasaasggagss
PIHX 1.05E-07 .22

SECT34.BFN.OB/14/92



Table 3.4-2 {Page 21 of 41). Browns Ferry Top 100 Sequences Contrlbutlng to Core Damage

Rank
Me. Sequence Descript(on

.---.--------.---Events---------------.

Guaranteed Events/Caments
End Frequency
State (per year)

Percent

tel

I
4J

- COHDITI(NS RELATING TO S'fUCK OPEN SRVS (0$ 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES S1UCK OPEN

- FAILURE TO RECOVER ELKCIRIC POMER IN 6 HORS
- COMDITIOMD RELATING 10 REACTOR DEPRESSURIZATION (DEPRESS, NOT

STATE - PLANT DEPRESSURIZED
DEPRES.

$ $$ $ $ $ $ $ $ $ $ $ $$$ $ $ $ $ $ $ $$ $ $ $$$ $ $ $ $ $ $$$$ $$$$ $$ $$$$$$$$ $$ $$ $$$ $ $$$$$$ $ $ $ $ $$$$ $ $$

49 TOtAL LOSS OF OFFSITE POlER
- DG A WAVAILABLE
- DG B UNAVAILABLE
- DG C UNAVAILABLE
- OG D WAVAILABLE
- FAILURE TO RECOVER OFfSITE POMER IN 30 MINUTES

fUEL OIL SYS'fEN FOR DIESEL 3C UNAVAILABLE
CNDI1 IOMS RELATING 10 STUCK OPEN SRVS (0~ 1 $ 2~ 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

- FAILURE 10 RECOVER ELECTRIC POMER IN 6 HOURS
- COXDITIOHD RELATING TO REACTOR DEPRESSURIZATIOM (DEPRESS, NOT

StATE - PLANT DEPRESSURIZED

DEPRES-

NSIVS FAlL TO REMAIN OPEN

1 CMD/CND BSTR PUMP, INCLUDES SHORT CYCLE VALVE INAVAILASL
RCIC WAVAILABLELOIG TERN

HPCI INAVAILABLELONG TERN
CONDENSER LNAVAILASLEAS HEAf SINK
VESSEL INJECTION IIITH CRDHS WAVAILABLK
OPERATOR FAILS TO IIAMUALLYSTART RHR/CORE SPRAY

RHR PINP A INAVAILASLE
RHR PNP C WAVAILABLE
RHR PLNP B INAVAILASLE
RHR PWP D WAVAILASLE
U2 TD Ul RHR CROSS CONNECT UNAVAILABLE
OPERATOR fAlLS TO ESTABLISH TORUS COOLING

RHR LOM PRESSURE INJECTION PAfH WAVAILASLE
OPERA1OR FAILS TO START CS/LPCI OR 10 ESTAB TORUS VENT

DRYMELL SPRAY UNAVAILABLK
StANDSY GAS TREATMENT. SYSTEM WAVAILABLK
SSGT SYSTBI RELATIVE HQIIDITY HEATERS WAVAILASLE

$$$$ $$$$ $$ $ $$$$$$$ $$$$$$ $$$ $$$$ $$$ $$ $$$$$$$$$$$$$$$ $ $ $$$ $ $ $$

DG 3A INAVAILABILITY
DG 3B WAVAILABLE
DG 3C LNAVAILABLE
DG 3D WAVAllABLE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANt CONtROL AIR SYSTEII UNAVAILABLE
OPERATOR fAILS TO RECOVER EECM (START SUING Ply)
KSIVS FAIL 10 REMAIN OPEN
'I CND/CMD BSTR PUMP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
RCIC WAVAILABLELONG 'IERM

HPCI INAVAllABLELONG TERN
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS UNAVAILABLE
OPERATOR FAlLS 10 MANUALLY START RHR/CORE SPRAY

RHR PWP A INAVAllABLE
RHR PUMP C UNAVAILABLE
RHR PWP B UNAVAILABLE
RHR PWP D UNAVAILABLE
U2 10 Ul RHR CROSS CONNECT UNAVAILABLE
OPERATOR FAlLS TO ESTABLISH TORUS COOLING

RHR LOM PRESSURE INJECTION PATH WAVAILABLE
OPERA'fOR fAlLS 10 STARf CS/LPCI OR 10 ESTAB TORUS VENT
ORWELL SPRAY UNAVAILABLE
STANDBY GAS TREATMENT SYSTEM INAVAILABLE

$ $$$$$$ $$ $ $$$$ $ '$$ $ $$ $ $ $$ $

PIHX 1.05E 07 .22

SECT34.BFN.08/14/92













Table 3.4-2 (Page 27 of 41). Brovvns Ferry Top 100 Sequences Contributing to Core Oalnage

Rank
No. Sequence Descr Ipt ton

----"---.------Eventa------------""
Guaranteed Eventa/Cceceenta

End Frequency
State (per year)

Percent

62 TURBINE BUILDING FLOCO
. HPCI/RCIC CONTROL HARDMARE NAVAILABLE
- COKDITIOKD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT

STATE - PLAHT NOT DEPRESSNIZED, HECH SRV OK

- DRYMELL PRESSURE SIGNAL NAVAILABLE
. PUNT CONTROL AIR STSTEN NAVAILABLE

DEPRES DRWELl CONTROL AIR STSTEH NAVAILABLE
NSIVS FAlL TO RENAIN OPEN

- CONDITIONS RELAYING TO STUCK OPEN SRVS (0$ 1 ~ 2, 3+ SORVS)
STATE-- 0 RELIEF VALVES STUCK OPEN

- 1 CKD/CKD BSYR PWP, INCLIRIES SHORT CTCLE VALVE NAVAILABL
- CONDENSER NAVAILABLEAS HEAT SIKK
- VESSEL INJECTION 'MITH CRDHS UNAVAILABLE

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS$ $$5$ $SSSSSSSSSSSSSSSSSSSSSSSSSSSS
- ORWELL PRESSNE SIGNAL NAVAILABLE

PLANT CONTROL AIR SYSTEN UNAVAILABLE
- DRYMELL CCHITROL AIR SYSTEN NAVAILASLE

HSIVS fAlL TO REHAIN OPEN

I CKD/CND BSTR PWP, INCLIOES SHORt CYCLE VALVE UKAVAILASL
- HPCI UNAVAILABI.ELONG TERN
- CONDENSER UNAVAllABLEAS HEAT SINK
- VESSEL INJECTION MIYH CRDHS UNAVAILABLE
- RHR PNIP A UNAVAILABLE

DEPRES. RHR PWP C UNAVAllABLE
- RHR PWP 8 NAVAILABLE
- U2 TO U1 RHR CROSS CONNECT UNAVAILABLE
- OPERATOR FAILS TO ESTABLISH TORUS CODLING
- RHR LOM PRESSURE INJECtlON PATH NAVAILABLE

OPERATOR FAlLS TO SYARt CS/LPCI OR TO ESTAB TORUS VENT
- DRTMELL SPRAY UNAVAILABLE

$$ '$$ 5$ 55$ $$$$5$ $$$$$$$$$$$$$$5$ $SSSSSSSSSSSSSSSSSSRSSSSSSSSRSSSSSRS
- DRYMELL PRESSURE SIGNAL UNAVAILABLE
- PLAHT CONTROL AIR SYSTEH NAVAILABLE

HSIVS FAlL TO REHAIN OPEN
" 1 CKD/CKD BSTR PWP, IKCLIIES SHORT CYCLE VALVE UKAVAILABL
- RCIC UNAVAILABLELONG TERN
- HPCI NAVAILABLELONG TERN

CONDENSER UNAVAILABLEAS HEAT SINK
- VESSEL INJECTION IIITH CRDHS UKAVAILASLE
- RHR PWP A UNAVAILABLE

DEPRES RHR PWP C UNAVAILABLE
RHR PWP D UNAVAILABLE

- U2 TO Ul RHR CROSS CONNECT UNAVAILABLE
- OPERAtOR FAILS TO ESTABLISH TORUS COOLING
- RHR LOM PRESSURE INJECTION PATH NAVAILABLE
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENt
. DRWELL SPRAY UNAVAILABLE

$ $ $$ $ $ $ 'sasssaassasassssssssssssssaasssssssssssasaasaaaassaassssssSR
63 TOTAL LOSS OF OFFSITE POMER

- DG A NAVAILABLE
- DG 8 NAVAILASLE
- DG C UNAVAILABLE
- FAILURE TO RECOVER OffSITE POMER IN 30 HIKUTES
- COKOITIONS RELATIKG TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- RCIC UNAVAILABLE(6 HOURS)
- fAILURE TO RECOVER ELECTRIC PSIER IN 6 HSIRS
- COKDITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOt

STAtE - PLANT DEPRESSURIZED
- RHR PUHP D NAVAILABLE

I

CO

assssassssaaasaaaaasaaassaaassssssaaaasssssaaaassassasaaasaasassaaass
64 TOTAL LOSS OF OFFSITE PSIER

- DG A UNAVAILABLE
DQ 8 NAVAILABLE
DG D NAVAILASLE

. FAILURE TO RECOVER OFfSITE PSIER IK 30 HINUTES
- RHRQI PWP Dl (QIIKQ PWP) NAVAILABLE
- CONDITIONS RELATING TO STUCK OPEN SRVS (0$ I, 2, 3+ SORVS)

STATE 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC PSIER IN 6 HONS
- COKDITIOND RELAYING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT

STATE - PLANT DEPRESSNIZED
- RHR PWP 8 UNAVAILABLE

SECT34.BFN.OSI14I82

NIAV 8.88E.08 .19

~sasssssas$ $ $ $$ $5$ R 5 ss 5 5 $ 5

P IHV 8.81E-08 .18

$ $$$ 5$ $$ $ 5$ $$$ $ $$ $$ $ $ $ Ra'Saa

PIHX 8.75E-08 .18
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Table 3.4-2 (Page 40 of 41). Browne Ferry Top 100 Sequences Contrlbutlng to Core Damage

-.-------------.--Evente----------------
IXI

0
Rank
No. Sequence Description Guaranteed Evente/Coamente

End Frequency Percent
State (per year)

- DG C UNAVAILABLE
. fAILURE TO RECOVER OFFSllE POMER IN 30 NINUTES. DG 3C UXAVAILABLE

DG 3D UXAVAILABLE
- CONDITIONS RELAtlNG TO STUCK OPEN SRVS (0 1 ~ 2, 3+ SORVS)

STATE 0 RELIEF VALVES SlUCK OPEN
- FAILURE TO RECOVER ELECTRIC POMER IN 6 H(AIRS

COMDITIOMD RELA'IIMG TO REACTOR OEPRESSURIZATION (DEPRESSR NOT
STAlE - PLANT DEPRESSURIZED

- RHR PWP D UNAVAILABLE

sass ssssssssssssssssssssssssssssssassssssssssssssssssssssssssssssss
100 TOTAL LOSS OF OFFSITE PNIER

- DG A INAVAILASLE
- DG B UNAVAILABLE
- DG C UNAVAILABLE
- FAILURE TO RECOVER OFFSITE POMER IN 30 NIMUTES. DG 3A UNAVAILABILITY
- DG 3C UNAVAILABLE
- CONDITIONS RELAtlNG TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE . 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC POMER IN 6 HOURS
- COXDITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT

SECT34.BFN.08/14/92

tA

ssssssasssssssssssssssssssssssssssRsssssssssssssssssssssssssssssssss
TOTAL LOSS OF OFfsllE POMER

DG B UNAVAILABLE
- DG D UNAVAILABLE
- FAILURE TO RECOVER Off SITE POMER IN 30 NINUTES. CONDlllONS RELAtlNG TO STUCK OPEN SRVS (Os 1 ~ 2R 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC POMER IN 6 HIIRS
- RHR PINP A INAVAILABLE
- RHR PUMP B UNAVAILABLE

DEPRES

DEPRES

sssssssssssssssssassssssssssass
NIHV 5.57E-DB .12

ssassssssaas sssss ssa sssss s
PIHX 5.57E-DB

KSIVS FAlL TO REMAIN OPEN
1 CND/CND BSlR PWP, INCLIRIES SHORT CYCLE VALVE.INAVAILABL
RCIC INAVAIUBLELONG TERN
HPCI UNAVAILABLELONG TERII
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS UNAVAILABLE
RHR PINP A UXAVAILABLE
RHR PINP C UNAVAILABLE
RHR PWP B UNAVAILABLE
U2 TO Ul RHR CROSS CONNECT INAVAILABLE
OPERATOR FAlLS TO ESTABLISH TORUS COOLING
RHR LDM PRESSURE INJECTION PAlH INAVAILABLE
OPERATOR FAILS lO STARt CS/LPCI OR TO ESTAb TORUS VENT
DRYMELL SPRAY UNAVAILASLE
STANDBY GAS TREATMENT SYSTEN UNAVAILABLE
SSGT SYSlEN RELATIVE HWIDITY HEATERS UNAVAILABLE

ssssssasssssssssssssssssssssssssssss'ssssssssssssssssssssssss
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANT CONTROL AIR SYSTEN UNAVAILABLE
KSIVS FAIL TO REMAIN OPEN
1 CMD/CND BS'IR PWP, INCLIXIES SHORT CYCLE VALVE INAVAILABL
HPCI INAVAILABLELONG TERN
CONDENSER INAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS UNAVAILABLE
RHR PWP C INAVAILABLE
RHR PWP D WAVAILABLE
U2 lO U1 RHR CROSS CONNECT UNAVAILABLE
OPERATOR FAILS TO ESTABLISH TORUS COOLING
RHR LOM PRESSURE INJECTION PAlH INAVAILABLE
OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT
DRYMELI. SPRAY UNAVAILABLE
sssssssassssssssssssssssssssssasssssssssaasssssssssssssssas
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANT COHTROL AIR SYSlEII UNAVAILABLE
DRYMELL COHTROL AIR SYSTEN UNAVAILABLE
NSIVS FAlL TO REMAIN OPEN
1 CND/CND BSTR PQIPt INCLIRIES SHORt CYCLE VALVE UMAVAILABL
RCIC UNAVAILABLELONG TERN
HPCI INAVAILABLELONG TERN
CONDENSER INAVAILABLEAS HEAt SINK
VESSEL INJECTION MITH CRDHS INAVAILABLE
RHR PWP A UNAVAILABLE
RHR PINP C UNAVAILABLE
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Table 3.4-2 (Page 41 of 41). Brovvns Fercy Top 100 Seqtlences Contrlbutlng to Core Damage

o o so
--------------Events---------------

0 0 0 0 0 0 0

Rank
Ko. Sequence Description Guaranteed Events/Ceeeents

End Frequency Percent
State (per year)

4J

I
Vl

STATE PLANT DEPRESSURIZED
- RHR PNIP D UNAVAILABLE

- RHR PIMP B UNAVAILABLE
- U2 TO Ul RHR CROSS CONNECT UNAVAILABLE
- OPERATOR FAlLS TO ES'TABLISII TORUS COOLING
- RHR LOU PRESSURE INJECTION PATH UNAVAILABLE
- OPERA'TOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT
- DRYMELL SPRAT U NVAILABLE
- STANDBY GAS TREATHENT SYSTEN UNAVAILABLE
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SF Name... Importance... Achievement.. Reduction.. Derivative.. SF Value....

1.
2 ~

3 ~

4 ~

5.
6.
7 ~

8.
9.
10.
11

'2.

13
14
15
16.
17

'8.

19
20.
21 ~

22
'3

'4

'5.

26.
27
28.
29

'0.

31
32

'3

34.
35.
36.

NCDF
DWF
IVOF
HSF
CDF
CRDF
LPCF
DWSF
RCWF
PCAF
OG5F
UB43BF
UB43AF
UB41AF
UB42BF
UB42AF
UB41BF
SHUTlF
SHT2F
UB42CF
OG16F
OLPF
U1F
OSPF
U3F
SW2CF
SW1CF
DKF
RHF
ABF
RPAF
RPCF
SW1AF
SW2AF
RMF
REF

9.9903E-01
9 7979E-01
8 2754E-01
8 2320E-01
8.1990E-01
7.9940E-01
7,8761E-01
7.7852E-01
7.4517E-01
7. 2319E-Ol
7.0437E-01
7.0025E-01
7.0025E-01
7.0024E-01
7.0024E-01
7 0024E-01
7.0024E-01
7.0024E-01
7.0024E-01
6.9927E-01
6.9380E-01
6.5352E-ol
6.3994E-01
6.3079E-01
6.3055E-01
6.1295E-01
6.1295E-01
6.1237E-01
6.1214E-Ol
6.0156E-01
5.8237E-01
5.8132E-01
5.7519E-01
5.7519E-01
5.7420E-01
5.7420E-01

1.0000E+00
1 OOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 OOOOE+00
1.0000E+00
1 OOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1-OOOOE+00
1.0000E+00
1.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.OOOOE+OO
0.0000E+00
0.0000E+00
0 OOOOE+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0.0000E+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00

0 OOOOE+00
0.0000E+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0 OOOOE+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0 OOOOE+00
0 ~ OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 ~ 0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

1 ~ 0000E+00
1.0000E+00
1 OOOOE+00
1 ~ OOOOE+00
1.0000E+00
1.0000E+00
1 OOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00
1 OOOOE+00
1 OOOOE+00
1.0000E+00
1 OOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 OOOOE+00
1.0000E+00

Table 3.4-3 (Page 1 of 2). Browns Ferry Most Important Guaranteed Failed Split Fractions

Split Fraction Importance
Sorted by Importance

Frecpency......

4 7767E-05
4.6847E-05
3.9568E-05
3 9360E-05
3-9202E-OS
3.8222E-OS
3.7658E-OS
3.7224E-05
3 5629E-05
3.4578E-OS
3.3679E-OS
3.3481E-OS

.3.3481E-05
3 '481E-05
3.3481E-05
3.3481E-05
3 '481E-05
3.3481E-05
3.3481E-05
3 '435E-05
3.3173E-OS
3.1247E-OS
3.0598E-05
3 0160E-OS
3.0149E-05
2.9307E-05
2.9307E-05
2.9280E-OS
2.9268E"05
2.8763E-OS
2.7845E-OS
2 7795E-05
2.7502E-OS
2.7502E-05
2 '455E-OS
2.7455E-OS
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Table 3.4-3 (Page 2 of 2). Browns Ferry Most Important Guaranteed Failed Split Fractions

Split Fraction Importance
Sorted by Importance

SF Name.. Importance... Achievement.. Reduction. ~ Derivative. ~ SF Value.. ~ . ~ Frequency......

U7

0

37.
38.
39.
40.
42.
43
44.
45.
46.
47.
48.
49.
50.

AAF
HPLF
SW2BF
EBF
RGF
RFF
RPBF
ACF
SW1BF
RCLF
SW1DF
SGTF
RBCF

5.6478E-01
5.1398E-01
5.0996E-01
5.0979E-01
5 0972E-01
5 0972E-01
5.0614E-01
5 0090E-01
4.9788E-01
4 8874E-01
4.7399E-01
4.7393E-01
4.6500E-01

1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00"
1 ~ 0000E+00
1.0000E+00
1.0000E+00
1 OOOOE+00
1.0000E+00
1.0000E+00
1 OOOOE+00

0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0 ~ 0000E+00
0.0000E+00
0 OOOOE+00
0 ~ 0000E+00
0 ~ OOOOE+00
0 ~ 0000E+00
0.0000E+00
0 ~ 0000E+00

0.0000E+00
0-OOOOE+00
0 OOOOE+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0-OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00

1 ~ 0000E+00
loOOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.0000E+00
1 ~ 0000E+00
1 OOOOE+00
1.0000E+00
1.0000E+00

2.7004E-05
2.4575E-05
2.4383E-05
2 '375E-05
2.4371E»05
2.4371E-05
2.4200E-05
2.3950E-05
2.3805E-05
2.3368E-05
2.2663E-05
2.2660E-OS
2.2233E-OS

Q.
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1.
2.
3 ~

4 ~

5.
6.
7 ~

8.
9.
10ll
12-
13.
14.
15.
16.
17.
18.
19
20.
21.
22
23.
24.
25.
26.
27.
28.
29.
30

'1

RVCO*
RVD2*
GAl
GB2
Gc4
GD4
RPD10
RVCl*
DGA
RPB6
RCI1
GD3
DH1
RBI1
RVD22*
HPI4
GE1
RVD5*
GB1
GF1
GG1
RPA1
HPI2
GC2
FA1
GH1
RVD9*
FB1
GD7
GB3
RPC2

6.6076E-01
5.3752E-01
5.2501E-01
4.7181E-01
3 9897E-01
2 2700E-01
1 7750E-01
1.4395E-01
1.4299E-01
1.2991E-01
1.2981E-01
1.2167E-01
1.1943E-01
9.8421E-02
9.2484E-02
9.2093E-02
6.2402E-02
5.6744E-02
5.2018E-02
5.1806E-02
4.7785E-02
4.5973E-02
4.5116E-02
4.3492E-02
4.2450E-02
4.1779E-02
3.7315E-02
3.6378E-02
3.4622E-02
3.3632E-02
3.1436E-02

3.8737E-01*
4.6562E-01*
4.0447E+00
3.4967E+00
1.9736E+00
1.1861E+00
1.2549E+00
3.0512E+00*
2.9353E+01
1 2460E+00
2.1933E+00
1 4432E+00
2.4485E+01
8 3279E-Ol**
1.4218E+Ol*
1.7127E+00
9.4017E-01
9.4367E-01*
1.2439E+00
9.4368E-01**
9 6921E-01**
4.0847E+00
8 9798E-01
1.2470E+00
2.9695E+00
9.7725E-01**
9.6307E-01*
2.6402E+00
1.0634E+00
1.2027E+00
1.0586E+00

9 4099E+00*
9 2600E+01*
4 9693E-01
5.3186E-01
6 4574E-01
8.5791E-01
8.2355E-01
8+6549E-01*
8 5949E-01
8.7181E-01
9.1533E-01
8.8479E-01
8 8191E-01
1.0224E+00**
9.0816E-01*
9.1200E-01
1.0126E+00
8.6597E+00*
9.6059E-01
1.0119E+00**
1.0067E+00**
9.5896E-01
1.0095E+00**
9.6063E-01
9.6818E-01
1.0052E+00**
4.6199E+00*
9.7362E-01
9.7692E-01
9.6651E-01
9 6944E-01

-4.3140E-04
-4.4053E-03

1.6963E-04
1.4176E-04
6 3487E-05
1 ~ 5694E-OS
2 0622E-05
1 0451E-04
1.3624E-03
1 7890E-05
6.1105E-05
2.6701E-05
1 ~ 1285E-03

-9.0677E-06
6.3641E-04
3.8286E-05

-3 4640E-06
-3.6893E-04

1.3547E-05
-3.2632E-06
-1.7922E-06

1.4945E-04
-5.3312E-06

1.3692E-OS
9.5692E-05

-1.3351E-06
-1.7485E-04

7.9686E-OS
4.1356E-06
1.1292E-05
4.2653E-06

9.3210E-01
9.9420E-01
1.4180E-01
1.5790E-01
2.6680E-01
4.3290E-01
4.0910E-01
6.1540E-02
4.9311E-03
3.4260E-01
6.6250E-02
2.0630E-01
5.0032E-03
1.1832E-01
6.9000E-03
1.0990E-01
1.7420E-01
9.9270E-01
1.3910E-01
1 7470E-01
1 7860E-01
1.3130E-02
8.5020E-02
1.3750E-01
1.5900E-02
1.8540E-01
9.8990E-01
1.5830E-02
2.6680E-01
1.4180E-01
3.4260E-01

3.1593E-OS
2.5700E-05
2 '103E-05
2.2559E-05
1.9076E-05
1.0854E-05
8-4871E-06
6.8826E-06
6.8369E-06
6 2114E-06
6 '066E-06
5.8176E-06
5.7106E-06
4.7059E-06
4.4220E-06
4.4033E-06
2.9836E-06
2.7131E-06
2 4872E-06

„2.4770E-06
2.2848E-06
2.1981E-06
2.1572E-06
2.0795E-06
2.0297E-06
1.9976E-06
1.7842E-06
1.7393E-06
1.6554E-06
1.6081E-06
1.5031E-06

" These split fractions are associated with multiple branch top events. The importance listed for the split fraction is
correct; however, the values for achievement and reduction factors have no meaning.
""The number of sequences saved to the model database is insufficient to obtain an accurate measure of achievement and
reduction factors.

Table 3.4% (Page 1 of 2). Browns Ferry Most Important Nonguaranteed Failed Split Fractions

Split Fraction Importance
Sorted by Importance

SF Name... Importance.... Achievement.. Reduction... Derivative..SF Value....... Frequency......
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32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

Gc1
Rvc3*
SPR1
RVC2*
RPS1
GD2
CRD4
Fcl
RVD6*
RVD10*
FD1
HPI6
U11
GH2
Rvc4*
PX23
RPB3
GD6
RPD4

2.7642E-02
2.4380E-02
2.4216E-02
2.2366E-02
2.1771E-02
1.9920E-02
1.9237E-02
1.9177E-02
1.7007E-02
1.6728E-02
1.6721E-02
1 '306E-02
1.5933E-02
1 5645E-02
1.5572E-02
1.4919E-02.
1.3109E-02
1.2919E-02
1.2899E-02

1.1219E+00
5.6335E+01*
1.3206E+OO
6.2129E+00*
0.0000E+00
1.1053E+00
1 '669E+00
1.5900E+00
9.8309E-01*
9.8339E-01*
1.4541E+00
1.1499E+00
1.2808E+00
9.6777E-01**
9.8617E-01*
1.9746E+01
1 3357E+00
1.0778E+00
1 '077E+00

9.8026E-Ol
9.7563E-01*
9.7587E-01
9.7773E-01*
9.7823E-01
9.8475E-01
9 '301E-01
9.9051E-01
4.0030E+00*
3.3909E+00*
9.9270E-01
9 8578E-01
9.8427E-01
1.0056E+00**
1.1233E+00*
9.8509E-01
9.8700E-01
9.8759E-01
9.8710E-01

6 7713E-06
2.6469E-03
1.6481E-05
2.5031E-04
0 ~ 0000E+00
5.7650E-06
4 0108E-06
2 '664E-05

-1.4439E-04
-1.1511E-04

2 '060E-05
7.8454E-06
1.4177E-OS

-1.8072E-06
-6.5583E-06

8 '700E-04
1 '672E-05
4.3150E-06
9.8504E-07

1.3940E-01
4.4020E-04
7.0000E-02
4.2540E-03
1.7848E-05
1.2650E-01
2.0249E-01
1.5830E-02
9.9440E-01
9.9310E-01
1 '830E-02
8.6670E-02
5.3057E-02
1.4730E-01
8.9920E-01
7 '450E-04
3.7290E-02
1.3750E-01
6.2610E-01

Table 3AM tPage 2 of 2). Browns Ferry Most Important Nonguaranteed Failed Split Fractions

Split Fraction Importance
Sorted by Importance

SF Name.. Importance.... Achievement.. Reduction.. Derivative.. SF Value..... Frecpency......
1.3217E-06
1 '657E-06
1.1578E-06
1.0694E-06
1.0410E-06

'9.5247E-07
9.1980E-07
9.1691E-07
8 '318E-07
7.9984E-07
7.9951E-07
7.7962E-07
7.6180E-07
7.4806E-07
7.4454E-07
7.1333E-07
6.2679E-07
6.1771E-07
6.1673E-07
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"These split fractions are associated with multiple branch top events. The importance listed for the split fraction is
correct; however, the values for achievement and reduction factors have no meaning.
""The number of sequences saved to the model database is insufficient to obtain an accurate measure of achievement and
reduction factors.
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l.
2 ~

3 0

4.
5.
6.
7 ~

8.
9.
10.
11.
12.
13.
14.
15

'6.

17.
18.
19.
20.
21.
22

'3.

24.
25.
26.
27.
28.
29.
30.
31.
32

'3

34.
35.
36.
37
38 ~

39.
40.

Topo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

RVC(SORVO)
EPR30
RVD(DEP)
EPR6
GB
GA
GC
GD
RPD
HPI
RPB
RCI
DG
RVC(SORV1)
RBI
RVD(NODEP)
DH
GG
GH
GE
GF
OLP
RPA
FB
RPC
FA
FC
FD
SPR
RPS
CRD
RVC(SORV2)
Ul
RVC(SORV3)
FF
PX2
SW2D
AB
SW2B
AD

Probabilistic ..
6.7131E-01
6.4287E-01
6.3062E-01
6 2469E-01
5.5743E-01
5.2489E-01
4. 732 1E-01
4.2446E-01
2 0422E-.01
1 49968-01
1.4622E-01
1.2585E-01
1.09958-01
1.0863E-01
9.2661E-02
9 2445E-02
8.97438-02
6 '817E-02
6.3367E-02
6.2402E-02
6.1527E-02
5.2914E-02
4.4741E-02
4.43228-02
4.3278E-02
4.2450E-02
2.7577E-02
2.5934E-02
2.4216E-02
1 9761E-02
1.7996E-02
1.7908E-02
1.5861E-02
1.4020E-02
1.2549E-02
1.2349E-02
1.1126E-02
1.0573E-02
1 ~ 0406E-02
9.8749E-03

Guar. Event..

9.6923E-02
0 OOOOE+00
5 2607E-03
0 OOOOE+00
4.4322E-02
4 2537E-02
2 7664E-02
2.6021E-02
4.4919E-01
1.0407E-01
5 '544E-01
1.1104E-01
0 OOOOE+00
1.5272E-03
6 '072E-03
0 OOOOE+00
8.7092E-OS
2.8223E-01
2.8236E-01
2.8208E-01
2.8198E-Ol
6.5138E-01
5.8163E-Ol
0.0000E+00
5.8062E-Ol
8.7092E-05
0,0000E+00
0,0000E+00
3.3530E-04
0 ~ 0000E+00
8.1227E-01
0,0000E+00
6.3839E-01
9.4195E-03
6 '861E-03
9.1303E-02
4.5778E-01
6 '145E-01
5.0990E-01
4.4764E-01

To'tal o ~ ~ ~ ~ ~ ~

7.6824E-01
6 4287E-01
6.3588E-01
6.2469E-01
6.0175E-01
5.6743E-01
5 '087E-01
4 '048E-01
6.5341E-01
2.5402E-01
6.5166E-01
2.3688E-01
1.0995E-01
1.1015E-01
9.9068E-02
9 2445E-02
8 '830E-02
3. 4604E-01
3.4573E-01
3.4448E"01
3.4351E-01
7.0430E-01
6 '637E-01
4 4322E-02
6.2390E-01
4 2537E-02

.'.7577E-02
2.5934E-02
2 '551E-02
1.9761E-02
8.3027E-01
1.7908E-02
6 '425E-01
2 3439E-02
1 ~ 8935E-02
1.0365E-01
4.6891E-01
6 1202E-01
5.2031E-01
4.5751E-01

Table 3.4-5 (Page 1 of 2). Browns Ferry Top Event Importance

Sorted by Probabilistic Importance

Frecpency......

3 6732E-05
3.07388-05
3.0404E-05
2.9868E-05
2.8772E-OS
2.7131E-05
2.3948E-05
2.1539E-OS
3.1242E-05
1 2146E-05
3.1158E-05
1.1326E-05
5.2572E-06
5 26688-06
4.7368E-06
4 4201E-06
4.2951E-06
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Table 3A-6. Browns Ferry Operator Action Importance to Core Damage

Operator
Action

Designator

RVD22

OLP1

SPR1

U11

ORP2

R4801

OUB2

OSL1

ODWS1

OSP1

OSL2

Description

Manual Depressurization of the Reactor
Vessel Using the Safety Relief Valves

Control Reactor Vessel Level at Low
Pressure Using RHR or Core Spray

Recover Suppression Pool Cooling by
Closing Alternate LPCI Valves or
Local-Manual Suppression Pool Valve
Operation

Align Alternate Injection to Reacto'r
Vessel via the Unit 1 to Unit 2 RHR
Crosstle

Start RHR or Core Spray Pumps Given
That High Pressure Injection (HPCI,
RCIC) has Failed

Restore Power to 480V RMOV Board 2A
or 2B

Transfer Unit 1 and Unit 2 Unit Boards to
161-kV Power, Given Loss of 500-kV
Power

Start Standby Liquid Control System,
Given ATWS with the Reactor Vessel
Isolated

Align RHR for Drywell Spray during
non-ATWS Scenarios

Align RHR for Suppression Pool Cooling
during Non-ATWS Scenarios, Given Both
Loops of RHR are Available

Start Standby Liquid Control System,
Given That ATWS and the Reactor
Vessel is Not Isolated.

Operator Action
Failure Rate
Mean Value

6.90 x 10 3

4.79 x 10 4

700 x 102

5.31 x 10 2

2.58 x 102

130 x 102

4.92 x 103

5.44 x 10 3

9.63 x 103

7.82 x 10 5

1.24 x 10-2

Importance
to CDF

~ 092

.070

.024

~ 016

.007

~ 007

.006

.005

.005

.004

.003
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Table 3.4-7. Browns Ferry Contributors to Core Damage

Frequency per
Case Reactor-Year

Percent of
Total CDF

Nonstation Blackout LOSP

Station Blackout

Loss of Vital DC Power

Sequence in which the Reactor
Remains at High Pressure

Anticipated Transient without Scram

2.02 x 10 5

1.30 x 10 5

5.28 x 10

4A2 x 106

9.45 x 10 7

42

27

Total Core Damage Frequency: 4.85 x 10 per Reactor-Year

Table 3.4-8. Browns Ferry Level 1 Primary Containment
States with Core Damage

Primary
Containment State

Intact

Late Failure

Early Failure

Bypass

Frequency per
Reactor-Year

4.64 x 10 5

8.65 x 107

394 x 107

1.96 x 10 7

Percent of
Total CDF

96

Total Core Damage Frequency: 4.85 x 10 per
Reactor-Year
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Table 3.4-9. Comparison of Operator Action Sensitivity Results with the Browns Ferry
Nuclear Power Plant IPE Results

Initiating Event

1. Flood in Turbine Building

2. Loss of Offsite Power

3. Turbine Trip

5. Inadvertent Scram at Power

6. Inadvertent Opening of Three or More
SRVs

7. Other Events

Percentage of CDF
in Operator Action

Model

55

10

17

Percent of CDF in
Browns Ferry IPE

10

69

17
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Table 3.4-10. Importance Evaluation for the Decay Heat Removal Function

Scenario
Description

Top
Events

Examined
Comments

Percentage
of CDF

Sequences
involving one or
more stuck-open
SRVs.

NRV This top event is failed to track the SRVs being stuck open.

NRV This top event is failed to track the SRVs being stuck open.

SP, SPR Hardware top events for suppression pool cooling. Includes failure from ail causes.

( 0.1

Sequences in
which SRVs are
not stuck open.

OSP

NRV

HS

Operator unsuccessful in aligning for suppression pool cooling. Includes operator
failures under all conditions.

This top event is successful to track that no stuck-open SRVs exist.

This top event tracks the status of the main condenser and its associated systems.

SP, SPR,
SDC

NRV

Hardware top events for suppression pool cooling and shutdown cooling. Includes
failures from all causes.

This top event is successful to track that no stuck-open SRVs exist. 58

HS

OSP

OSD

NRV

HS

This top event tracks the status of the main condenser and its associated systems.

Operator unsuccessful in aligning suppression pool cooling

Operator unsuccessful in aligning shutdown cooling and cannot be used.

This top event is successful to track that no stuck-open SRVs exist.

This top event tracks the status of the main condenser and its associated systems.

OSP, SDC

of
SP, SPR,
OSD

Operator unsuccessful in aligning suppression pool cooling and shutdown cooling
hardware fails.
or
Suppression pool cooling hardware fails and operator unsuccessful in aligning for
shutdown cooling.
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Figure 3A-2. Browns Ferry Core Damage Frequency by Initiating Event Category
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4. BA K-END ANALY I

The back-end or degraded core and containment response analysis described in this
section addresses the physical progression of severe accident sequences. The degraded
core and containment response analysis begins with the onset of sustained core damage
when reactor vessel water level recedes below the top of active fuel and determines if the
damaged core can be recovered in the reactor vessel. If in-vessel level or coolant recovery
is not possible, extensive fuel melting and eventual vessel lower head melt-through will
occur. The containment response analysis evaluated the performance of containment
systems and the probability that the core debris is successfully contained within the intact
primary containment. Should primary containment failure (loss of containment integrity)
occur, the assessment then evaluated the performance of the secondary containment, the
secondary containment isolation, and the standby gas treatment system (SBGTS). In this
document, the terms "back-end," "containment response," "containment performance,"
and "Level 2 PRA" are used interchangeably.

The back-end analysis interfaces with the front-end (or plant) analysis through the
appropriate definition of a set of plant damage states (PDS). These states are the
endpoints of the sequences in the Level 1 portion of the event trees and the initiating
events for the Level 2 or containment event trees (CET). The end products of the
back-end analysis include a set of release categories, which define the radionuclide
releases into the environment, and a quantification of the frequency of each release
category. The release categories constitute the endpoints of this Level 2 probabilistic risk
assessment (PRA) and a measure of the potential consequences of severe accidents. The
release categories provide the interface to the site consequence analysis task in which
numerical estimates of public health effects and property damage could be made. Another
important product of the back-end analysis is the identification of any individual accident
sequences whose frequencies exceed the screening frequency prescribed in NUREG-1335
(Reference 4-1).

The overall relationship between the Level 1 and Level 2 portions of the accident sequence
model is shown in Figure 4-1.

The scope of the back-end analysis includes:

The definition of the PDSs applicable to Browns Ferry Unit 2. These have already
been reflected in the Level 1 results described in Section 3.

The selection of key plant damage states (KPDS) from the quantitative Level 1

results using selection guidance provided in NUREG-1335, and defining
representative severe accidents sequence(s) for each KPDS.

The development and quantification of the Browns Ferry CET and the determination
of the core and containment response for each KPDS.

A Browns Ferry-specific containment structural analysis to determine failure modes
for a range of temperature criteria and pressure-dependent containment failure
probabilities.
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~ The development of a Browns Ferry-specific model of the reactor coolaht system
(RCS), the primary containment, the secondary containment (and the adjoining
refueling bay and turbine building), and numerous systems for the Modular Accident
Analysis Program t(MAAP) Reference 4-2].

~ Best estimate MAAP analyses of the representative KPDS sequences to determine
the thermal-hydraulic response of the plant, the time available for recovery actions,
the determination of if and when containment failure would occur, and, if
containment failure occurs, the timing and release fractions of selected radionuclide
groups. Selected sensitivity MAAP analyses were also performed.

~ The definition of radionuclide release categories as a function of the degree of core
damage, and the mode and timing of containment failure.

~ The quantification of the probability that each Level 1 accident sequence
characterized by its KPDS will result in each release category when combined with
the Level 1 results. This permits the quantification of the frequency of each release
category and a definition of the important contributing sequences.

~ Selection of key release categories and their associated source terms.

The end product of this task is a characterization (in terms of fission product source terms)
of the impact of each severe accident sequence on the mode, timing, and magnitude of
radionuclides released from the plant. This characterization is accomplished through a

range of deterministic engineering analyses of the physical processes that determine the
core melt progression, the containment response, the containment failure condition, and
the release and transport of radionuclides. These analyses determine such physical
parameters as the containment pressure and temperature as a function of time, the
pressure at which the containment may fail, the rate at which the molten debris may
penetrate the concrete pedestal/drywell floor, and the rate and quantity of hydrogen that
would be produced and released into the containment. A unique CET quantification is
defined for each group of severe accident sequences having the same plant damage state.
Different split fractions for the CET nodes characterize the different plant damage states.

The Browns Ferry back-end analysis supplements plant-specific analyses with relevant
published information. The Level 2 team has used the information provided in the
NRC-sponsored NUREG-1150 study for Peach Bottom Unit 2 (Reference 4-3). This
information is described in NUREG/CR-4551 (Reference 4-4) and supplementary NUREG

reports referenced in subsequent subsections.

~Rference

4-1. U.S. Nuclear Regulatory Cornrnission, "Individual Plant Examination: Submittal
Guidance," NUREG-1335, August 1989.

4-2. Henry, R. Eee and M. G. Plys, "MAAP-3.0B —Modular Accident Analysis Program
for LWR Power Plants," Electric Power Research Institute, EPRI NP-7071-CCML,
November 1990.
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4-3. U.S. Nuclear Regulatory Commission, "Severe Accident Risks: An Assessment for
~ ~Five U.S. Nuclear Power Plants," NUREG-1150, December 1990.

4-4. Sandia National Laboratories, "Evaluation of Severe Accident Risks: Peach Bottom,
Unit 2," prepared for U.S. Nuclear Regulatory Commission, NUREG/CR-4551,
SAND86-1309, Volume 4, Revision 1, Parts 1 and 2, December 1990.
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Figure 4-1. Overview of Level 1 and Level 2 Assessments
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4.1 PLANT DATA AND DESCRIPTION

4.1.1 COIVIPARISON OF BROWNS FERRY AND PEACH BOTTOM

Both the Browns Ferry Nuclear Plant and the Peach Bottom plant contain General Electric
boiling water reactors (BWR) located in Mark I containments. Given this general
characterization of similarity and the significant severe accident database that has been
generated for Peach Bottom," it is appropriate to compare Browns Ferry and Peach Bottom
features in some detail. This comparison made use of published Peach Bottom results, and,
reviewed any differences in the results for each plant to determine whether they are
traceable to differences in plant features reflected in the analyses.

The containment configuration and major dimensions are very similar. Table 4.1-1
provides a limited comparison of RCS and containment design features for the two plants.
As can be seen, Browns Ferry is very similar to Peach Bottom.

The Browns Ferry plant is very similar to Peach Bottom Unit 2 except that both the
Browns Ferry refueling bay and the turbine building are common for the three units and
have substantially larger volumes than their Peach Bottom counterparts. These larger
volumes will, to some extent, result in longer fission product residence times and reduced
releases to the environment.

Figure 4.1-1 shows an isometric cutaway of the Browns Ferry reactor vessel and internals,
which are very similar to other BWR4 3,293 MWt NSSS plants; e.g., Browns Ferry
Units 1, 2 and 3, Peach Bottom Units 2 and 3, Fermi Unit 2, and Hope Creek are BWR4
units with Mark I containments, and Limerick Units 1 and 2 and Susquehanna Units 1 and
2 are BWR4 units with Mark II containments.

Figure 4.1-2 shows an elevation of the Browns Ferry primary containment, reactor building
and refuel bay. The torus room floor elevation is at 519', and the refueling floor elevation
is at 664'. The reactor building exterior walls are of poured in-place reinforced concrete
construction but are not designed for any significant internal pressure. The refueling bay is
of a steel frame construction with sealed and insulated steel siding; the refueling bay roof
elevation is at approximately 715'. Steam and feedwater piping penetrate primary
containment at the drywell spherical shell equator, and pass through a steam tunnel before
passing into the turbine building. The turbine building is of steel frame, steel siding
construction.

Figure 4.1-3 shows the Browns Ferry reactor building volume and the volumes of the
adjoining refueling bay and turbine building. Blowout panels are located between the
reactor building and both the refueling bay and turbine building and in the refueling bay
exterior walls. The blowout panel design pressure differential, flow area, and elevations
are noted in Figure 4.1-3. The refueling bay and turbine building volumes for Browns Ferry
are substantially larger than those for Peach Bottom.

"Peach Bottom was one of the five plants analyzed in NUREG-1150 (Reference 4.1-1).
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4.1.2 PRIMARY CONTAINMENTAND SECONDARY CONTAINMENT BUILDING
WALK-THROUGH

A photographic walk-through of the Browns Ferry Nuclear Plant was accomplished as part
of the overall Browns Ferry PRA effort. This task familiarized members of the Level 2 IPE

team with the structures and components in the drywell, torus, reactor building, and
refueling bay that directly influence the phenomena that govern the response to severe
accidents.

Extensive investigation of the primary and secondary containment building was performed
by Oak Ridge National Laboratory (ORNL) as part of the NRC's Severe Accident Sequence
Analysis (SASA) Program. To supplement the ORNL investigation, the Level 2 team
identified several items of interest and a photographic tour was conducted by BFN plant
personnel during which pictures were taken of specific structures and components in the
drywell, torus, reactor building, and refueling bay. A list of structures and components in
those areas was furnished to plant personnel who provided the photographs to the Level 2
team for review.

4.1.2.1 Prima Con alnment Walk-Throu h

The investigation of the primary containment included the drywell and torus regions and
concentrated on the following features:

Drywell Shell/Vent Pipe Geometry. The vent system connects the drywell and
suppression pool and conducts flow from the drywell to the suppression pool ~ It is
designated to distribute this flow uniformly in the pool following a postulated pipe
rupture in the drywell. Large vent pipes form the connection between the drywell
and the pressure suppression chamber. A total of eight circular vent pipes are
provided, each having a diameter of 6.75 feet. The opening of the vent pipes is
approximately 18 inches off the drywell floor. Jet deflectors are provided at the
entrance of each vent pipe to prevent possible damage to the vent pipes from the
jet forces that might accompany a pipe break in the drywell.

Drywell Shell/Drywell Floor Interface. Investigation of the intersection of the
drywell shell and the drywell floor revealed a smooth transition and the fact that no
curbs exist at the interface of the drywell floor and drywell shell. The steel drywall
shell penetrates the concrete floor of the drywell at this intersection point. This flat
intersection configuration extends circumferentially around the floor of the drywell.

Pedestal/Drywell Interface. The opening from the drywell to the reactor support
pedestal is approximately 3 feet wide and 7 feet high. The doorway is an open
portal with no door. The floor area between the drywell and the pedestal region is
a flat surface with no ledges, steps, or curbs that would enhance or retard fluid
flow between the pedestal and the drywell. The pedestal floor is flat with no
significant obstructions.

Pedestal Region. An equipment drain sump is located in the pedestal floor. The
sump is covered by a steel grating with approximately 2 inches by 7 inches
rectangular openings. The sump opening is approximately 6 feet by 12 feet and is
approximately 4 feet deep. Looking upward from the pedestal region towards the
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bottom of the reactor vessel reveals a myriad of structures consisting of primarily
control rod drive (CRD) lateral housing restraints, mechanisms and CRD hydraulic
lines.

~ SRV Vacuum Breakers. The safety relief valves (SRV) relieve to tailpipes that
discharge beneath the water level in the suppression pool through a ramshead and
T-quencher arrangement. The SRV tailpipes are grouped in banks of either two or
three, with the banks of tailpipes penetrating the jet deflectors attached to the main
vent pipes. Each tailpipe is equipped with both a 2.5-inch diameter and a 10-inch-
diameter vacuum breaker. The 10-inch vacuum breakers are located approximately
2 to 3 feet above the floor and are faced in opposite directions of the adjacent
vacuum breakers on the adjacent tailpipes. The 2.5-inch vacuum breakers are

located approximately 2 feet above each 10-inch vacuum breaker. There are no
structures or equipment close to the SRV vacuum breakers that could obstruct flow
or cause interference when the vacuum breaker cycles.

~ Torus-To-Drywell Vacuum Breakers. Automatic vacuum relief devices are used to
maintain the design pressure difference between the suppression pool and the
drywell. The suppression pool-to-drywall vacuum breakers are located on the ends
of the main vent pipes within the gas space above the suppression pool. These
vacuum breakers allow flow of gases from the torus region to the drywell region to
equalize the differential pressure between the regions. There are no structures or

pieces of equipment close to the vacuum breakers that could obstruct flow or cause
interference when the vacuum breaker cycles.

4.1.2.2 econda Con ainmen B il in Walk-Thr h

The investigation of the secondary containment included both the reactor building and

refueling bay and concentrated on the following features:

~ Reactor Building-To-Torus Vacuum Breakers. The reactor building-to-torus vacuum
breakers (RBTVB) are used to limit the external pressure on the torus from
exceeding the external design pressure. The RBTVBs draw air from the reactor
building into the torus when the torus pressure is below that of the reactor building.
The RBTVBs are located in the reactor building on the west side of the drywell
The RBTVBs are positioned on a large diameter steel pipe that protrudes vertically
through the floor. The RBTVBs are mounted on the ends of horizontal tees fitted to
the vertical pipe. There are two sets of two RBTVBs in series. There are no

structures or equipment close to the RBTVBs that could obstruct flow or cause
interference when the vacuum breaker cycles.

Corner Rooms. The basement of the reactor building houses the torus. There are

four corner rooms that are located adjacent to the torus structure. These corner
rooms house the core spray, RHR, and RCIC turbine/pump. These pumps are

mounted on pedestals above the floor slab of the corner rooms. These corner
rooms do not have doors and communicate freely with the torus room. Each

corner room is accessible from the upper regions of the reactor building via open
stairwells.
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HPCI Room. The Unit 2 HPCI room is a separate room located adjacent'to the
southeast corner room. The Unit 2 HPCI room is accessible from the southeast
corner room via an open doorway.

Refueling Floor. The refueling floor is common to the three reactor zones. The

refueling floor is an open region that spans the length of the three reactor zones.

The height of the refueling floor ceiling is approximately 50 feet. The
superstructure of the refueling floor is a structural steel frame that supports roof
decking and overhead crane tracks. The refueling floor walls are made of insulated

metal siding panels. There are three equipment hatches, two stairwells, and two
elevator shafts that connect the three reactor zones to the refueling floor.

Reactor Building-To-Refueling Floor Blowout Panels. The reactor building-to-
refueling floor (RBRF) blowout panels for Unit 2 are located on top of the transfer
shaft. This equipment transfer shaft has an opening between the refueling floor
and Unit 2 reactor zone approximately 17 feet by 17 feet. This opening is closed
off by a panel made up of approximately 3-inch angle iron (welded back to back to
form a "tee") grid on a grid spacing of approximately 30 inches. In each cell, sheet
metal panels, approximately 30 inches by 30 inches, are bolted to the angle iron

grid. The RBRF blowout panels are approximately 300 square feet of relieving area.

These blowout panels are designed to relieve when the pressure difference across
the panels exceeds 0.25 psid.

Refueling Floor-To-Environment Blowout Pane'Is. The refueling floor-to-environment
(RFE) blowout panels are mounted on the north and south walls of the refueling
floor. These panels are designed to relieve excess pressure that may occur in the
refueling floor region. These blowout panels relieve directly into the environment.
The blowout panels are composed of steel panels attached to the steel building
framing. Cables are attached to the blowout panels to prevent a missile hazard
should they come loose following an overpressure event in the refueling floor. The
RFE blowout panels are approximately 3,000 square feet of relieving area. These
blowout panels are designed to relieve when the pressure difference across the
panels exceeds 0.35 psid. „

Reactor Building-To-Turbine Building Blowout Panels. The reactor building-to-
turbine building (RBTB) blowout panels are located in the steam tunnel at the
reactor building/turbine building. The RBTB blowout panels, are made up of angle
iron and sheet metal. The RBTB blowout panels are approximately 270 square feet
of relieving area. These blowout panels are designed to relieve when the pressure
difference across the panels exceeds 0.625 psid.

Turbine Building. The turbine building is contiguous to all three units. The large
door into the turbine building is not left open during operation (SOS must approve
opening of the door by security personnel). There are no blowout panels in the
turbine building siding or roof. Normal turbine building ventilation exhaust is not
automatically isolated in the event of an accident.
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4.1.3 CONTAINMENTAND REACTOR BUILDINGSYSTEMS ANALYSIS

The active containment and reactor building systems (e.g., isolation, drywell spray and
standby gas treatment) that are important in Level 2 analysis are included in the front-end
event trees described in the Level 1 analysis. These systems are included in the front-end
trees to ensure proper treatment of system dependencies between the front-end systems
that are needed for preventing core damage, the containment and reactor building systems
that can mitigate the offsite consequences of the core damage scenarios, and the support
systems that tie together both types of systems. Considering these support systems in the
Level 1 event trees simplifies the implementation of dependencies.

The active containment systems are included in the Level 1 model so that the resulting
CETs examine primarily phenomenological issues and their associated uncertainties. This
is important because the probabilities assigned to the GET have a meaning that is entirely
different from the probabilities assigned to random variables, such as whether a system
will work in the plant event trees.

Even though the containment systems are included in the Level 1 model, information on
the status of these systems is passed into the Level 2 model in the definitions of the plant
damage states. This is explained more fully in Section 4.3.

4.1.4 EQUIPMENT SURVIVABILITYIN A SEVERE ACCIDENT ENVIRONIVIENT

Selected equipment and instrumentation are designed to operate in environmental
conditions associated with design basis accidents, such as a loss of coolant accident
(LOCA) or a main steam line break. In a severe accident involving core melt and vessel
breach, the conditions inside containment can be more demanding than the design basis to
the extent that equipment operability may be in question.

An evaluation of the available means to monitor an accident and to arrest or mitigate its
progression should include a review of equipment survivability; that is, the capability of
equipment exposed to severe accident conditions to remain functional. The following
qualitative analysis is intended to assess the survivability of equipment for Browns Ferry
under severe accident conditions. It is therefore limited to the evaluation of possible
mitigation of the accident once core damage and vessel breach has occurred, as well as
monitoring containment conditions (e.g., pressure, temperature, water levels, etc.) as a
severe accident progresses so as to affect possible accident management actions. The
potential for arresting the accident before core damage is addressed in the Level 1

analysis.

4.'l.4.1 Containment Conditions

The IDCOR Technical Report 17 (Reference 4.1-2) addressed the issue of equipment
survivability in a severe accident environment. Peach Bottom was one of the reference
plants analyzed there. Typical values for degraded core environments to which various
pieces of equipment may be exposed during degraded core scenarios are presented.
Table 4.1-2 provides a listing of important pieces of equipment, location, and functions
that are important to the mitigation of degraded core accidents.
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4.1.4.2 IVlonl orin and Ac ua Ion E ul men

The monitoring capabilities required to enable operators to take the correct emergency
response actions have been identified in Regulatory Guide 1.97. The hardware that
provides the parameter readings has been designed at Browns Ferry to the environmental
requirements appropriate for their purpose and location. The required systems that provide
long-term mitigation functions operate from controls outside the containment.

For the situation in which the accident progresses to severe core damage or melt, and
possibly beyond reactor vessel bottom head failure, the useful parameters are reduced to
those that are associated with understanding the condition of the containment and the
performance and control of the remaining systems for core debris and containment
cooling.

The systems that could provide the last level of defense against containment breach are
the drywell spray mode of RHR and injection using the condensate system.

The parameters that provide important information to the operators in the aftermath of
core damage and that rely on hardware located in the containment are as follows:

Reactor Vessel Pressure
Reactor Vessel Water Level
Containment Pressure
Containment Area Radiation
Drywell Temperature
Suppression Pool Temperature

Table 4.1-2 provides a qualitative description of the various pieces of equipment, location,
function, and the vulnerability of the hardware to survive the severe accident environment.
The survivability is based on the information reported in Reference 4.1-2.

4.1.4.3 Safet Relief Valves

The SRVs are only modeled for overpressure protection or manual operation. By manually
opening one or more of these SRVs, the reactor pressure will be reduced such that low
pressure coolant injection (LPCI), core spray, and condensate (CND) systems can deliver
water to the reactor vessel. The LPCI, core spray, and CND systems provide cooling to
the core and prevent excessive fuel-clad temperatures. The SRVs relieve the high pressure
steam from the reactor vessel to the suppression pool. In the manual depressurization
mode, the SRVs can be operated from a control room switch.

The most limiting environment to which the SRVs, solenoids (which are qualified for high
temperature and steam environments), and power cables will be exposed directly is a
degraded core environment since they are located in the drywell.

4.1.4A Elec rical Penetrations

The function of the electrical penetrations is to supply electrical power to various pieces of
equipment and control signals for protective and control functions. In addition, the
electrical penetrations provide containment integrity. The electrical penetration functions
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in the degraded core environment are to remain operational and to maintain containment
integrity prior to containment failure. Since the electrical penetrations constitute a portion
of the primary containment pressure boundary, their performance in severe accident
conditions has been included in the Browns Ferry pressure capacity analysis reported in
Section 4.4.

The most limiting environment to which the electrical penetrations will be exposed directly
is a degraded core environment since they are located in the drywell.

4.14.5 E I men ndP nn IA c sHach

The function of the equipment and personnel access hatches is to provide access to the
drywell. These hatches are part of the primary containment boundary. The function of
the hatches in the degraded core environment is to maintain containment integrity prior to
containment failure. Since the hatches constitute a portion of the primary containment
pressure boundary, their performance in severe accident conditions has been included in
the Browns Ferry pressure capacity analysis reported in Section 4.4.

The most limiting environment to which the hatches will be exposed directly is a degraded
core environment since they are located in the drywall.

4.1.4.6 T r - o-D well V cuum Break r

The torus/drywell vacuum breakers are installed at the ends of the vent headers within the
torus. The functions of the vacuum breakers are to relieve gases from the torus to the
drywell to prevent a significant pressure differential between the drywell and the torus and
to prevent excessive negative pressures in the drywell. This pressure difference is
postulated to occur following a loss of coolant accident during the time period in which the
drywell atmosphere is cooled and the pressure is decreasing. Rapid depressurization of the
drywall could occur during the operation of drywell sprays following a LOCA. If the
vacuum breakers were to stick open after reactor vessel failure but prior to containment
failure, the adverse effects would include bypass of the suppression pool for pressure
suppression as well as for scrubbing fission products. A critical function of the vacuum
breakers is to reclose after opening. The vacuum breaker operation is affected by the
pressure difference between the drywall and the torus. Following review of this
component, it is determined that there are no environmentally sensitive parts associated
with the vacuum breakers that could impact their operation.

The most limiting en'vironment to which the vacuum breakers will be exposed directly is a

degraded core environment since they are located in the torus.

The core spray system is used for injecting water into the reactor vessel during the
progression of a severe accident scenario. The primary function of the core spray system
prior to vessel breach is to provide core injection for scenarios in which the reactor
pressure is below the shutoff head of the core spray pumps. The primary function of the
core spray system following vessel breach is to provide core injection to the depressurized
reactor vessel. The water injected by the core spray system is sprayed into the vessel and
exits through the bottom of the breached reactor vessel and into the drywell. Therefore,
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the core spray system can provide water to quench core debris both in vessel hand on the
drywell floor. The only valves inside the primary containment whose failure would result
in the failure of core spray are FCV-75-26 and FCV-75-54. These valves are check valves
and are assumed to remain operational in the extreme drywell environment.

Additional components of core spray system include the spray ring headers and associated
nozzles. Since these components are physically located above the core inside the reactor
vessel, they will be exposed to high temperatures during core heatup, degradation, and

vessel failure. The primary function evaluated for the core spray is to inject water into the
vessel following vessel failure. It is assumed that the ring headers will remain functional
and maintaining the spray pattern is not required following vessel failure.

The most limiting environment to which the core spray valves will be exposed directly is a

degraded core environment since they are located in the drywall. The pumps are assumed
to fail due to the exposure to the degraded core environment following containment failure.
or containment venting. Due to the openness of the torus room and the absence of doors
on the corner rooms, the core spray system is assumed to fail following containment
failure.

4148 R iulH R m vl
The residual heat removal (RHR) system is used for several functions during the
progression of a severe accident scenario. The RHR pumps are used to provide LPCI into
the reactor vessel for cases in which the reactor pressure is below the shutoff head of the
RHR pumps. The RHR pumps are also used to provide decay heat removal from the
containment through suppression pool cooling (SPC). The RHR pumps can also be aligned
to provide drywell spray (DWS) and torus spray (TS) to limit the containment
pressurization.

The primary function of the RHR system prior to vessel breach is to provide LPCI for
scenarios in which the reactor pressure is below the shutoff head of the RHR pumps. For

high reactor pressure scenarios, the RHR system is unable to provide LPCI but may be

used to control containment pressurization through either the SPC, DWS, or TS function.
For cases in which the SPC mode is available, the RHR pumps will be used to remove
decay heat from the suppression pool.

The primary function of the RHR system following vessel breach is to provide LPCI to the
reactor vessel. The DWS function of the RHR may be used to provide removal of steam
from the containment atmosphere as well as providing water to quench core debris on the
drywell floor. For cases in which the SPC mode is available, the RHR pumps will be used
to remove decay heat from the suppression pool. The only valves inside the primary
containment whose failure would result in the failure of LPCI mode are FCV-74-54 and
FCV-74-68. These valves are check valves and are assumed to remain operational in the
extreme environment. There are no valves inside containment associated with the SPC
fnode.

The most limiting environment to which the RHR check valves will be exposed directly is a

degraded core environment since they are located in the drywall. The pumps are assumed
to fail due to the exposure to the degraded core environment following containment failure
or containment venting; Due to the openness of the torus room and the absence of doors
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on the corner rooms, the RHR pumps are assumed to no longer be available foHowing
containment failure or containment venting.

4.1.4.9 andi Gas Tr a m n S em

The function of the standby gas treatment system is to provide a means for minimizing the
release of radioactive material from the containment into the environment. This is
accomplished by filtering and exhausting the air from any of the zones of the reactor
building and by maintaining the building at a negative pressure during containment isolation
conditions.

The primary function of the SBGTS for degraded core scenarios is to minimize the release
of radioactive materials released from the containment to the environment. This release of
radioactive materials may occur from interfacing systems LOCA, drywall shell
melt-through, or drywell overpressurization scenarios. The breach of primary containment,
will result in the pressurization of the reactor building, leading to probable failure of
blowout panels located in the reactor building, turbine building, or refueling floor.
Following the release of mass and energy into the reactor building, the operability of the
SBGTS would be of major importance in maintaining a negative pressure on the reactor
building and refueling zone to limit the ground level radioactive release of radioactive
materials into the environment through the failed refueling zone blowout panels.

The SBGTS fans are located in a separate building outside the reactor building and would
not be directly exposed to the environment in the reactor building following containment
breach. There are several dampers in the reactor building and refueling zone that are air
operated and have solenoids that are qualified for high temperature and steam
environments.

Following review of these components, it is determined that there are no environmentally
sensitive parts associated with the SBGTS fans and dampers that could impact operability.

4.1A.10 Condensa e S s em

The condensate system pumps are capable of injecting water into the reactor vessel during
the progression of a severe accident scenario. The primary function of the CND system
prior to vessel breach is to provide core injection for low pressure scenarios. The primary
function of the CND system following vessel breach is to provide core injection to the
reactor vessel. The water injected by the CND system would be injected into the vessel
and would exit through the bottom of the breached reactor vessel into the drywell. The
CND system therefore provides water to quench core debris on the drywell floor. The only
valves inside the primary containment whose failure would result in the failure of CND are
CHK-3-558 and CHK-3-572. These check valves are assumed to remain operational in the
extreme environment.

The environment following containment failure will not result in an extreme turbine building
environment as long as the reactor building-to-turbine building blowout panels do not fail.
Therefore, the CND system function is not expected to be lost at the time of containment
failure.
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4.1.4.11 ~Smma

The equipment survivability assessment was based on review of the IDCOR Technical
Report 17 (Reference 4.1-2). As long as the drywall and torus are intact, it is assumed
that the environment in the reactor and turbine buildings will not prevent the use of
equipment in those buildings. However, at the time of drywell failure, it is assumed in the
Level 2 assessment that any active equipment in the torus room, adjacent corner rooms,
and anywhere else in the reactor building will not be available due to elevated temperature,
humidity, and radiation environments. Qualitatively, this equipment survivability
assessment does not take any undue credit for the operation of equipment that is exposed
to an extreme environment resulting from core damage and subsequent containment
breach.

4.1a5 REFERENCES

4.1-1. U.S. Nuclear Regulatory Commission, "Severe Accident Risks: An Assessment of
Five U.S. Nuclear Power Plants," NUREG-1150, December 1990.

4.1-2. NUS Corporation, "Equipment Survivability in a Degraded Core Environment,"
IDCOR Technical Report 17, August 1984.
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Table 4.1-1 (Page 1 of 3). Basic RCS and Containment Comparison

Plant Name
Type of Reactor
Type of Containment

R r r

Peach Bottom
BWR/4
IVlark I

Browns Ferry
BWR/4
Mark I

Thermal Power (Mwt)
Number of Fuel Assemblies
Number of Control Rods

R or V I

3,293
764
185

3,293
764
185

inside Diameter (inches)
Inside Height (feet)
Design Pressure (psig)
Number of Safety Valves
Lowest Safety Valve Setpoint (psig)
Safety Valve Capacity (klb/hr)
Safety Valves Vent To
Number of Relief Valves
Lowest Relief Valve Setpoint (psig)
Relief Valves Capacity (klb/hr)
Relief Valves Vent To

HR S rn

251
72.92
1,250

2
1,230
925

0rywell
11

1,105
889

Suppression Pool

251
72.92
'I,250

0
N/A
N/A
N/A
13

1,105
851

Suppression Pool

Number of Loops
Number of Pumps
Flow Rate per Pump (gpm at psid reactor

vessel to drywall)
Number of Heat Exchangers
Maximum Capacity of Heat

Exchanger (Btu/hr)

RHRS rvi W erS em

2
4

l0,000 at 20

70,000,000

2
4

10,000 at 0

70,000,000

Number of Pumps
Flow Rate per Pump (gpm)

r Iin

3
4,666

8
4,500

RCIC
Number of Pumps
Capacity (gpm at psid)

1

616 at 1,120
1

616 at 1,120

HPCI
Number of Pumps
Flow Rate per Pump (gpm at psid)

1

5,000 at 1,120
1

5,000 at 1,120
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Table 4.1-1 (Page 2 of 3). Basic RCS and Containment Comparison Table

Plant Name
Type of Reactor
Type of Containment

LPCI (RHR)
Number of Divisions
Number of Pumps per Division
Flow Rate per Pump (gpm at psid

reactor to dry vessel)

Peach Bottom
BWR/4
Mark I

2
2

10,000 at 20

Browns Ferry
BWR/4
Mark I

2
2

10,000 at 0

Core Spray
Number of Divisions
Number of Pumps per Division
Flow Rate per Pump (gpm at psid)
Shutoff Head (psid)

n inm n

Constructor
Drywell Material and Construction
Drywall Free Volume (ft )

Drywall Design Temperature ('F)
Torus Material and Construction
Torus Minimum Free Volume (ft )

Torus Maximum Water Volume (ft )

Torus Design Temperature ('F)
Containment Design Pressure (psig)
Drywell to Torus Vent Configuration

Drywell Spray (RHR)
Number of Trains .

Flow Rate per Pump (gpm at psid
reactor to dry vessel)
(Amendment 8, FSAR)

2
2

3,125 at 122
N/A

CBI
Steel

175,800
281
Steel

123,000
N/A
281
56

Diagonal large-
diameter vertical

piping venting below
the water level of

the pool.

2
10,000 at 20

2
2

3,125 at 105
—400

PDM
Steel

159,800
281
Steel

126,200
127,800

281
56

Diagonal large-
diameter vertical

piping venting below
the water level of

the pool.

2
10,000 at 0
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Table 4.1-1 (Page 3 of 3). Basic RCS and Containment Comparison Table

Plant Name
Type of Reactor
Type of Containment

n r n inm n

Peach Bottom
BWR/4
Mark I

Browns Ferry
BWR/4
Mark I

Reactor Zone Free Volume below
Refueling Floor (ft )

Blowout Panel Design Pressure
Hatch Cover (psid)
Refueling Floor (psid)
Steam Tunnel (psid)

Standby Gas Treatment System
Design Flow (Unit 2, CFM)

Refueling Floor Area (three units)
Free Volume (ft )

Blowout Panel Design Pressure (psid)

T r in B i in

1,122,000

N/A
0.25
0.30

N/A

1,314,000
N/A

1,360,000

0.25
0.25

0.625

4,660

2,60'1,000
0.35

Volume (ft ) 2,100,000 5,700,000
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Equipment

Safety Relief Valves

Location

Drywelt

Function

Provide overpressure protection or
manual reactor vessel
depressurization.

Electrical Penetrations

Equipment and
Personnel Access
Hatches

Drywell/Torus Vacuum
Breakers

Core Spray System

Drywell

Drywell

Torus

Drywell/Torus

Allowfor both containment integrity
and power cable operability.

Provide containment integrity.

Control of torus-to-drywell
differential pressure.

Provide makeup and flow path from
the suppression pool to the reactor
vessel.

Table 4.1-2. Equipment Evaluated for Severe Accident Survivability

Vulnerability

Exposed to degraded core
environment prior to vessel
breach; unimportant after vessel
breach.

Exposed to degraded core
environment after vessel breach.

Exposed to degraded core
environment after vessel breach.

Exposed to degraded core
environment.

Check valves and piping exposed
to degraded core environment
after vessel breach; pumps
exposed after containment failure.

U7

Po

'n

C
~+
h)

Q,
C

C
$0

0

tt
ill

2

0

Residual Heat Removal
System

Standby Gas Treatment
System

Condensate System

Orywell/Torus

Reactor Building and
Outside Reactor
Building

Drywell/Turbine
Building

Provide makeup and flow path from
the suppression pool to the reactor
vessel.

Minimize release of radioactive
materials following containment
breach.

Provide makeup from the CST or
condenser hotwell to the reactor
vessel.

Check valves exposed to
degraded core environment;
pumps exposed after containment
failure.

Dampers located in Reactor
Building exposed to extreme
environment; SBGTS fans not
exposed to extreme environment.

Check valves exposed to
degraded core environment.
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Figure 4.1-1. Reactor Vessel and Internals
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REFUELING BAY

V ~ 2.60x106R
(COMMONTO 3 UNITS)

g REFUELING BAYBLOWOUT:
5x 530 FIE EACH AT 50 PSF(0.35 PSIO)I

REFUEL FLOOR AT664 FEET
V

1

w oe

EQUIPMENT HATCH BLOWOUT:
300 Fl AT36 PSF (0.25 PSID)

UNIT2
REACTOR ZONE

V ~ 1.36x106FT3

TURBINE BUILDING

V ~ 5.70x10 FT3

(COMMON TO 3 UNITS)

519 FEET
V

I iP'l I

I

STEAM TUNNEL BLOWOUT
270 F12 AT90 PSF (0.625 PSID)

t Figure 4.1-3. Browns Ferry Unit 2 Reactor Zone, Refueling Bay, and Turbine Building
Yolumes and Blowout Panel Specifications
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4.2 PLANT MODELS AND METHODS FOR PHENOIVIENOLOGICALEVALUATIONS

It was decided by TVA early on in the Browns ferry project to use the MAAP code as the
basis of the severe accident analysis methodology rather than using comparative analysis
with the Peach Bottom results reported in NUREG/CR-4551, Volume 4. The basis for this
decision is TVA's commitment to have state-of-the-art severe accident analysis capability
in-house, to be able to analyze a wide variety of severe accident scenarios and related
sensitivity cases, and to address Browns Ferry-specific design and operational features.
Where warranted, focused engineering analyses have been done (by hand calculations) to
address specific issues. These evaluations are described in Section 4.8 and are included in
Reference 4.2-1 (PLG-0883).

4.2.1 ANALOGYTO NUREG-1150 REfERENCE PLANT (PEACH BOTTOM)

As summarized in Section 4.1, the NSSS and containment geometry parameters for
Browns Ferry and Peach Bottom are nearly identical. Both are General Electric BWR-4
plants of 3,293-MWt rating, employing a Mark I containment. The containment
constructor for Browns Ferry was Pittsburgh-Des Moines Steel (PDM), whereas the
contractor for Peach Bottom was Chicago Bridge and Iron Company (CB&I). There are
some construction detail differences noted below (and as reflected in the structural
evaluations presented in Section 4.4):

Drywell Head Closure Flange. The PDM design is much stiffer than that for the
CB&l design, resulting in a higher unseating pressure for Browns Ferry than for
Peach Bottom.

Drywell-To-Torus Ventline Bellows. Browns Ferry bellows are located inside of vent
and are pressurized externally, whereas the Peach Bottom bellows are located
outside of vent and are internally pressurized.

Some Differences in Plate Thickness. For example, the Browns Ferry torus
thickness is about 25% greater than that for Peach Bottom.

Other differences include the layout of the reactor building, the refueling floor volume, and
the standby gas treatment system design. In particular, the Browns Ferry refueling floor
volume is shared by the three units and is very large. Should the Browns Ferry blowout
panels between the reactor building on the refueling floor fail, the larger volume is
expected to provide longer holdup (even if the refueling volume blowout panels fail) with
reduced releases into the environment.

4.2.2 BROWNS FERRY UNIQUE PHENOMENOLOGICAL ISSUES AND ANALYSES

No Browns Ferry-unique issues were identified.

4.2.3 REFERENCES

4.2-1. PLG, Inc., "Assortment of Selected Engineering Analyses in Support of the
Browns ferry Level 2 IPE," PLG-0883, August 1992.
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4.3 PLANT DAIVIA E TATE

4.3.1 SELECTION OF PLANT DAIVIAGESTATE PARAMETERS

To define the plant damage states, a containment event tree was developed (see
Section 4.5), and the information from the Level 1 model that was needed to evaluate the
split fraction values for the CET top events was identified for inclusion in the PDS coding.
The relevant phenomenological issues addressed in the Peach Bottom Unit 2 severe
accident risk evaluation [as described in NUREG/CR-4551 (Reference 4.3-1)] were included
in the CET.

The CET considers the influence of physical and chemical processes on challenging the
pressure boundary integrity of the containment and, should containment failure or bypass
occur, on affecting the release of fission products into the environment. The
considerations include those that influence the in-vessel core melt progression, the
potential for in-vessel recovery, the characterization of dynamic pressure and thermal loads
occurring during or shortly after vessel breach, the characterization of long-term loads, the
availability of containment venting, the timing and mode of containment failure, and,
should containment failure or bypass occur, the potential mitigating effects of the reactor
building, and the standby gas treatment system (SBGTS) on the release of fission products
into the environment. To capture these conditions, the pertinent PDS information falls into
three general categories:

~ The physical conditions in the reactor coolant system and the primary containment
at the time of sustained core uncovery.

~ The integrity of the primary containment and the status of its associated active
systems.

The integrity of the secondary containment (i.e., the reactor building and refuel bay)
and the status of its associated active systems.

The Level 1 analysis considered secondary containment isolation as success when the
normal ventilation connections to the Unit 2 reactor zone and the refuel bay were
successfully isolated. However, (1) there are communication paths between the Unit 2
reactor zone and the adjacent Unit 1 and Unit 3 reactor zones, and (2) that secondary
containment comprises the reactor zones and the common refuel bay. The significance of
this modeling oversight can have an effect on the source terms evaluated in Section 4.9,
Radionuclide Release Categories and Source Terms. The significance of this effect
depends upon the electric power status and whether normal ventilation and/or SBGTSs are
operating.

The most dominant contributor to risk is the extended station blackout scenario. In such a
case, any dampers between the Unit 2 reactor zones and the adjacent Units 1 and 3
reactor buildings will close; i.e., they are failsafe. If they were to fail to close, the net
effect would be to increase the volume of the Unit 2 reactor zone, which would provide
somewhat greater decontamination. For cases wherein electric power is available, there is
the possibility for out-leakage to the adjacent reactor zones and direct exhaust to the
atmosphere through the Unit 1 and Unit 3 ventilation systems. However, plant experience
has shown that when the Level 1 SBGTS and secondary containment acceptance criteria
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are met, the Unit 2 reactor zone is at a lower pressure than the adjacent reactor zones
(i.e., there would be modest in-leakage), so this Level 1 modeling oversight is judged to
have an insignificant impact on the Level 2 results.

4.3.2 PLANT DAIVIAGESTATE DEFINITION

The physical conditions of the RCS and the primary and secondary containment that define
the PDS are described below. The Level 1 analysis ends at the onset of significant core
damage (e.g., sustained core uncovery), and the Level 2 analysis evaluated possible
recovery actions that will arrest core damage within the vessel and thereby prevent vessel
breach (similar to the Three Mile Island Unit 2 accident).

The physical conditions in the RCS and the primary containment important to PDS
definition are as follows:

~ Pressure inside the Reactor Pressure Vessel at the Onset of Core Damage. This is
an important parameter because high pressure can more forcefully eject molten
debris through penetrations in the vessel bottom head, and the blowdown jet can
more forcefully remove debris from the reactor pedestal region. High pressure can
also result in more vigorous zirconium oxidation as the in-vessel steam passes
through the debris during blowdown. A pressure of approximately 200 psia has
been identified as the breakpoint below which high pressure effects are no longer a
concern.

Presence of Water on the Drywell Floor. The accumulation of a substantial amount
of water on the drywell floor and in the in-pedestal sump is important to
containment response because the interaction with hot core debris when vessel
breach occurs can have the following effects:

Providing a mechanism to initially quench the molten debris and to prevent
(or reduce the likelihood of) direct thermal attack of the drywall shell or the
concrete drywell floor by core debris.

Fragmenting and dispersing the core debris from the pedestal region into the
drywall.

Causing the containment pressure to increase by formation of steam and
heatup of the containment atmosphere.

Water will be present on the drywall floor for most loss of coolant accident LOCA
initiators and, for non-LOCA initiators, wat'er will be present by containment spray
actuation prior to vessel breach (discharging through the drywell spray spargers).

The primary containment conditions that are considered in the PDS matrix are as follows:

Containment Pressure Boundary Integrity Status. Containment pressure boundary
integrity at the onset of core damage not only includes addressing concerns related
to containment isolation failures and potential containment bypasses but also
considers the possibility of early or late containment failures occurring prior to core
damage. A potential cause for early containment failure could be an unmitigated
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anticipated transient without scram (ATWS) event with the vessel isolated. Late
containment failures can occur in isolation events with successful core cooling
(with core decay heat being transferred to the suppression pool) but with no
suppression pool cooling or venting (the WASH-1400 "TW" scenario).

~ Availabilityof Water To Cool the Core Debris. Water can be provided to cool core
debris (which has melted through the vessel lower head and is located on the
drywall floor or sumps) either by the containment spray system injecting through
the drywell spray spargers or by water being injected into the vessel and (after
vessel breach and depressurization) flowing through the failed portion of the lower
vessel head onto the drywell floor. If water is available for debris bed cooling, a
distinction is made about whether that water is provided before or after vessel
breach since this affects the likelihood of liner failure due to corium thermal attack.

~ Suppression Pool Cooling. If water is available for cooling of the debris bed on the .

drywall floor, the decay heat and chemical energy generated in the core debris will
be transferred to the suppression pool in the form of steam and/or water passing
through the vent system. In such a case, the availability of suppression pool
cooling is an important PDS parameter. If no water is available for debris bed
cooling, considerable noncondensible gases are generated from drywall floor
concrete decomposition and suppression pool cooling is not questioned.

~ Containment Venting. In core damage scenarios that do not have water available
for debris bed cooling and/or do not have suppression pool cooling, drywell
temperature and pressure will increase, and the emergency response team is
directed to actuate the containment vent system to prevent containment failure.
The human actions to implement this venting (often referred to as "dirty venting")
are addressed in the Level 2 analysis, as the availability of any power supplies
(either electrical or pneumatic) required to open the vent valves has been
determined from the Level 1 analysis.

The secondary containment conditions that are considered in the PDS matrix are as
follows:

~ Secondary Containment Isolation and Integrity. For core damage scenarios that
eventually result in primary containment failure, the secondary containment can be
effective in reducing the offsite consequences if it is properly isolated and intact.
Secondary containment isolation signals are generated from high drywell pressure,
low-low reactor water level, or high secondary containment ventilation radiation.
Thus, the Level 1 analysis must evaluate secondary containment isolation as a PDS
parameter. The reactor building is a reinforced concrete building; building pressures
greater than 0.25 psig are relieved by blowout panels located above the refueling
floor.

~ Standby Gas Treatment System. The SBGTS is designed to maintain a slightly
negative pressure in a properly isolated reactor building by a filter/fan system taking
suction from the building and exhausting up the plant stack. The availability of
SBGTS is evaluated in the Level 1 model and is a PDS parameter. If the secondary
containment is not isolated, the SBGTS is judged to be ineffective and its status is
not questioned.
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The CET addressed the possibility of containment failure due to the dynamic loads
occurring at vessel breach; e.g., direct containment heating or drywall shell melt-through.
If containment failure does occur, these secondary containment systems may provide a
mitigation function.

Another example is why reactor building fire spray. status is tracked. The effectiveness of
fire sprays on source term mitigation will be dependent on the predicted location of
containment failure (or release location for containment bypass events) and the expected
release path through the reactor building; e.g., the blowout panels. If the release path
does not pass through a sprayed zone (or if the release is not expected to actuate spray),
then fire sprays may be unimportant.

4.3.3 COMPREHENSIVE PDS MATRIXFOR BROWNS FERRY

Based on the preceding considerations, a four-character PDS coding system has been
developed for the Browns Ferry PRA. The PDS matrix is presented in Figure 4.3-1.

The first character of the code is a letter from M to P that signifies:
K

1. The pressure in the reactor pressure vessel at the time of vessel breach. (M and N
denote high pressure, and 0 and P denote low pressure.)

2. Whether water is on the drywell floor at the time of vessel failure. (M and 0 have
abundant water on the drywall floor, whereas N and P have an essentially dry
drywell floor.)

The second character of the code is one of four letters relating to the status of the
containment at the onset of core damage:

1. Containment is isolated and intact at the time of vessel breach (I)~

2. Containment is bypassed (J).

3. Containment is not isolated or fails prior to core damage within a few hours of
event initiation (K).

Late failure, typically from conditions wherein the reactor water level is being
maintained, the vessel is isolated, and steam is being relieved to the suppression
pool, but suppression pool cooling failures. cause containment failures and
consequential core damage; i.e., "TW" events (L).

The third character of the code is a letter (A through H), indicating the status of active
plant systems affecting primary containment performance. This characterization identifies
if debris cooling, suppression pool cooling, and/or torus venting are available.

The fourth character of the code is also a letter (V, X and Z), indicating the condition of
the reactor building and its systems at the onset of core damage.

Plant damage states are assigned to each core damage scenario in the Level 1

quantification using RISKMAN end state binning rules. These binning rules are based on
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the status of preceding top events (e.g., whether they succeed or fail) and, in some cases,
on the initiating event. The total number of possible PDSs, as noted in Figure 4.3-1, is
large. After Level 1 quantification was performed, a process known as "conservative
condensation" was used to combine the frequencies of lower frequency and consequence
states with those having higher frequency and consequence. This allowed a more
manageable number of key plant damage states, as described in Section 4.6.1, to be
developed. Detailed accident progression analyses were conducted using the Modular
Accident Analysis Program code (Reference 4.3-2) for the representative sequences in the
key plant damage states to determine the timing of core degradation and vessel breach;
the loads imposed on the containment; an evaluation of the timing, probability, and mode
of containment failure; as well as the consequence mitigation provided by the reactor
building if containment failure occurs.

4.3A REFERENCES

4.3-1. Sandia National Laboratories, "Evaluation of Severe Accident Risks: Peach
Bottom, Unit 2," prepared for U.S. Nuclear Regulatory Commission,
NUREG/CR-4551, SAND86-1309, Vol. 4, Rev. 1, Part 1, December 1990.

4.3-2. Henry, R. E., and M. G. Plys, "MAAP-3.0B —Modular Accident Analysis Program
for LWR Power Plants," Electric Power Research Institute, EPRI NP-7071-CCML,
November 1990.
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4.4 CONTAINMENT TRUCTURAL EVAL ATI N AND ONTAINMENTFAILURE
HARA TERIZATI N

A focused evaluation of the Browns Ferry Unit 2 containment structural capacities at
elevated pressures and temperature was conducted, and is provided in Reference 4.4-1.
The purposes of this section are to: (1) describe the probabilistic framework used to
assess the uncertainties in containment failure pressures, (2) summarize the results of that
assessment, and (3) develop composite containment failure probability distributions that
have been used in the containment response analysis and in the CET quantification.

The Browns Ferry Mark I containment configuration and overall dimensions are shown in
Figure 4.4-1. As noted in Section 4.2.1, Pittsburgh-Des Moines Steel Company was the
Browns Ferry containment fabricator. The drywell head shell is joined to the top of the
drywell cylinder section by a flange connection. The spherical and cylindrical portions of
the drywell are surrounded by a thick, reinforced concrete biological shield wall that is
separated from the drywell metal shell by a 2.19-inch gap. The suppression pool is
fabricated of 16 mitered, cylindrical shell segments to form a circular torus with a
centerline (major) radius of 55.75 feet and a torus ring (minor) radius of 15.5 feet,
respectively, and a shell thickness of 0.75 inches. Eight vent lines interconnect the lower
part of the drywell sphere with the suppression chamber; expansion bellows are provided
on each vent to accommodate differential movement. The plate material used in the
drywell and suppression chamber shells is ASME SA-516 Grade 70 carbon steel with
code-specified minimum room temperature yield and ultimate stresses of 38 and 70 KSI,
respectively. The drywell head flange has 208 2.5-inch-diameter bolts. Sealing is
provided by two silicone rubber 0-rings located in grooves in the lower flange face. The
bolts are preloaded so that an internal pressure of 165 psig is required to begin flange
separation, although separation does not necessarily infer leakage because of the resiliency
of the O-rings.

The containment fragility analysis investigated a large number of potential failure modes
including the following:

1.
2.
3.
4,
5.
6.
7.
8.

Drywell Sphere-To-Cylinder Knuckle
Drywell Cylinder
Drywell Closure Flange
Torus
Drywell-To-Torus Vent Line Bellows
Numerous Hatches
Personnel Air Lock
Electrical Penetrations

The failure criterion to determine the median shell failure pressure was based on limitstate
analyses using a 3.5% median strain limit. Ultimate tensile tests indicate failure strains
well above 10~/o or more. The lower failure strain criteria was used to account for biaxial
strain effects, strain concentrations, bending effects, and gauge length effects. Because
of the relative dimensions, the drywell cylinder, the drywell knuckle and the sphere failure
modes involve contact with the biological shield at the strain failure criterion; therefore,
"load sharing" between the steel shell and the reinforced concrete was accounted for.
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For severe accident scenarios, containment temperature response will vary depending on
whether the core or core debris is covered with water. For "wet" cases, near saturation
conditions result in both the torus and drywall, and moderate temperatures (i.e., in the
order of 350'F) are expected when pressure reaches 150 psig. For "dry" cases, wherein
corium is spread onto the drywell floor and there is no overlying water, little mass or
energy transfer from the drywell to the torus occurs since only concrete decomposition
products are being generated. For such dry cases, high drywell temperatures result from
natural convection and radiation heating effects, but the torus and torus vent temperatures
should be substantially cooler than the drywell. Accordingly, pressure capacities for the
drywall modes (knuckle, cylinder, sphere, and closure flange) were evaluated at
temperatures ranging from 200' to 800'F. High temperature creep effects were not
addressed. Subsequent evaluations indicate that non-time dependent failures are likely
before creep rupture effects come into play. Pressure capacities for the torus modes
(torus and vent line bellows) were evaluated at temperatures ranging from room
temperature to 400'F.

Section 4.4.1 will describe the probabilistic framework used to characterize containment
pressure capacity, and Section 4.4.2 will describe the results of the Browns Ferry
evaluation.

4A.1 PROBABIL'ISTIC CHARACTERIZATIONOF PRESSURE CAPACITY

The pressure capacity analysis characterized each containment failure mode by a predicted
median pressure capacity, P', and two random variables for uncertainties in modeling the
failure mode (m) and in the material strength properties (s). The two random variables are
taken as lognormally distributed, having unit median and logarithmic standard deviations
defined as Pm and Ps, for material and strength uncertainties, respectively. The overall
uncertainty is evaluated by a composite logarithmic standard deviation, Pc, evaluated as

The cumulative probability that failure occurs at a pressure less than or equal to an applied
pressure, x, is evaluated as

Pf Prob (P c x)
Pc

where

Pf = cumulative probability that the true failure pressure (P) is below the applied
pressure (x).

P = random pressure capacity (a lognormal distribution).

x = applied pressure (psid).

Pc = composite logarithmic standard deviation of P.
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= median pressure capacity (psid).

p(.) = cumulative distribution function for a standard normal random variable.

4.4.2 BROWNS FERRY PRESSURE CAPACITY ANALYSIS

Using the above probabilistic framework, the evaluation determined both the median
pressure capacity (P') and the composite logarithmic standard deviation g) for each of the
failure modes over a range of temperatures. In general, the modeling and strength
uncertainties associated with the shell and the hatch failure modes were judged to be
highly correlated within each category. Therefore, the limiting (i.e., lowest pressure
capacity) shell and hatch modes were used in the probabilistic pressure capacity analysis.
These two limiting modes are the drywell knuckle and the drywall closure flange. These
results are summarized in Table 4.4-1; note that a "bimodel lognormal" distribution is used
for the knuckle failure mode to account for the bioshield reinforced cocrete load sharing.
Such a distribution uses a different logarithmic standard deviation for applied pressures
below and above the median value. Also shown in the table is the 95% confidence failure
pressure (i.e., the analyst is 95 k confident that the true failure pressure is not below the
noted value), which is indicative of the lower tail of the pressure capacity distribution, P.
The drywell closure flange incipient leakage pressure is noted in Table 4.4-2. Three
important aspects of this failure mode are noted below.

First of all, the drywell closure flange failure mode is judged to result in controlled leakage
that results in a relatively small leakage area. (The other modes involve shell membrane
failures that involve crack running and are judged to be large.) This is because the flange
and bolt stress levels when flange separation commences are well below the material yield
strength, so the structural system behaves elastically. For slow pressure rise cases, it is
desirable that small, controlled leakage modes occur before large, sudden failures since the
blowdown rates are much slower and the corresponding refueling bay residence time (and
the source term decontamination factor) is larger. The drywell closure flange pressure
capacity values noted in Table 4.4-2 are the pressure levels when leakage begins, which
leads to the second aspect noted below.

The drywell closure flange seal is actually made with the two large-diameter elastomeric
0-rings located within grooves in the lower flange face. The 0-rings are compressed by
the upper flange when the head is installed. For 0-ring temperatures below about 450'F,
it is expected that there will be enough resiliency in the elastomeric material that
considerable "springback" of the 0-ring is likely. For temperatures greater tha'n about
450'F, the 0-rings are expected to experience severe degradation and to extrude out any
gap between the flange faces. Thus, for high temperature scenarios, leakage is likely to
occur at the time that flange separation commences if other failure modes have not
already occurred. This is not the case at lower temperatures, however. When incipient
leakage begins it is expected that localized seal "cutting" will occur. For "wet" debris
cases, about 10 in of leakage is required to prevent further pressure rise. This
corresponds to about 8% of the flange circumference. For dry cases, significantly smaller
leak areas are required to prevent further pressure rise.

The third insight into flange leakage addresses the effects of any temperature lag between
the bolts and the inner flange temperature. Because the inner flange surface is directly
exposed to the hot gases and vapors that would naturally convect to the upper part of the
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drywell in a severe accident, it would be expected that the inner part of the flange is at a

higher temperature than the bolts, which are located about 5 inches further out in enlarged
holes in the flange. The "thermal prestress" associated with the bolt thermal lag is quite
substantial, being equivalent to an increase in separation pressure of 155 psi/100 F bolt
thermal lag.

An evaluation of the bolt-to-flange thermal lag was made for the extended blackout
accident scenario (key PDS PIH; see Reference 4.4-2). Assuming a linear increase in
flange temperature with time, the bolt temperature legs that of the flange by about
0.6 hours. Therefore, if the drywell gas temperature is increasing at a rate of 50'F/hour,
the corresponding bolt thermal lag would be 30'F, resulting in a 46 psi increase in the
incipient leakage pressure.

To put these probabilistic pressure capacity results in perspective, evaluations have been
made of the failure probabilities for the knuckle and drywall closure flange as a function of .

pressure for temperatures of 200 F, 300'F, 400 F, 600'F, and 800 F. The results of
these analyses are shown in Figures 4.4-2 through 4.4-6. Each of the failure modes is
considered to be independent, and the methods are described in Reference 4.4-3.
Figure 4.4-7 shows the change in total failure probability as temperature is increased from
200'F to 800'F.

The pressure levels (in psig) corresponding to the 5th, 10th, and 50th percentile failure
probabilities are as noted below.

Percentile
Failure

Probabilities

Temperature ( F)

600200 300 400, 800

5th

10th

50th

132 127 123

145 140 135

192 187 178

120

130

161

126

134

161

The reason that the 5% and 10% probability failure values at 800 F are higher than the
corresponding values at 600'F is because of the decreased beta value.

These results will be used to evaluate CET split fractions 12, L2, l3, and L3, as described in
Section 4.8, and will be used to establish containment failure timing in the MAAP analyses
discussed in Section 4.7.

4A.3 REFERENCES

4.4-1. EQE Engineering, Inc., "Containment Overpressure Capacity for the Browns Ferry
Nuclear Plant," August 1992.

4.4-2. PLG, Inc., "Assortment of Selected Engineering Analyses in Support of the Browns
Ferry Level 2 IPE," PLG-0883, August 1992.

4.4-3. Fleming, K, N., D, R. Buttemer, and R. K. Deremer, "Methods for Estimating
Containment Failure Probability," PLG, Inc., PLG-0844, November 1991.
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= median pressure capacity (psid).

p(.) = cumulative distribution function for a standard normal random variable.

4A.2 BROWNS FERRY PRESSURE CAPACITY ANALYSIS

Using the above probabilistic framework, the EQE evaluation determined both the median
pressure capacity (P) and the composite logarithmic standard deviation (Pc) for each of the
failure modes over a range of temperatures. In general, the modeling and strength
uncertainties associated with the shell and the hatch failure modes'were judged to be
highly correlated within each category. Therefore, the limiting (i.e., lowest pressure
capacity) shell and hatch modes were used in the probabilistic pressure capacity analysis.
These two limiting modes are the drywell knuckle and the drywell closure flange. These
results are summarized in Table 4.4-1; note that a "bimodel lognormal" distribution is used
for the knuckle failure mode to account for the bioshield reinforced cocrete load sharing.
Such a distribution uses a different logarithmic standard deviation for applied pressures
below and above the median value. The interested reader is encouraged to read the EQE

report included as Appendix 4A. Also shown in the table is the 95% confidence failure
pressure (i.e., the analyst is 95% confident that the true failure pressure is not below the
noted value), which is indicative of the lower tail of the pressure capacity distribution, P.

The drywell closure flange incipient leakage pressure is noted in Table 4.4-2. Three
important aspects of this failure mode are noted below.

First of all, the drywell closure flange failure mode is judged to result in controlled leakage
that results in a relatively small leakage area. (The other modes involve shell membrane
failures that involve crack running and are judged to be large.) This is because the flange
and bolt stress levels when flange separation commences are well below the material yield
strength, so the structural system behaves elastically. For slow pressure rise cases, it is
desirable that small, controlled leakage modes occur before large, sudden failures since the
blowdown rates are much slower and the corresponding refueling bay residence time (and
the source term decontamination factor) is larger. The drywell closure flange pressure
capacity values noted in Table 4.4-2 are the pressure levels when leakage begins, which
leads to the second aspect noted below.

The drywell closure flange seal is actually made with the two large-diameter elastomeric
0-rings located within grooves in the lower flange face. The 0-rings are compressed by
the upper flange when the head is installed. For 0-ring temperatures below about 450'F,
it is expected that there will be enough resiliency in the elastomeric material that
considerable "springback" of the 0-ring is likely. For temperatures greater than about
450'F, the 0-rings are expected to experience severe degradation and to extrude out any
gap between the flange faces. Thus, for high temperature scenarios, leakage is likely to
occur at the time that flange separation commences if other failure modes have not
already occurred. This is not the case at lower temperatures, however. When incipient
leakage begins it is expected that localized seal "cutting" will occur. For "wet" debris
cases, about 10 in of leakage is required to prevent further pressure rise. This
corresponds to about 8% of the flange circumference. For dry cases, significantly smaller
leak areas are required to prevent further pressure rise.

The third insight into flange leakage addresses the effects of any temperature lag between
the bolts and the inner flange temperature. Because the inner flange surface is directly
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exposed to the hot gases and vapors that would naturally convect to the upper part of the
drywetl in a severe accident, it would be expected that the inner part of the flange is at a

higher temperature than the bolts, which are located about 5 inches further out in enlarged
holes in the flange. The "thermal prestress" associated with the bolt thermal lag is quite
substantial, being equivalent to an increase in separation pressure of 155 psi/100'F bolt
thermal lag.

An evaluation of the bolt-to-flange thermal lag was made for the extended blackout
accident scenario (key PDS PIH; see Reference 4.4-1). Assuming a linear increase in
flange temperature with time, the bolt temperature lags that of the flange by about
0.6 hours. Therefore, if the drywell gas temperature is increasing at a rate of 50'F/hour,
the corresponding bolt thermal lag would be 30'F, resulting in a 46 psi increase in the
incipient leakage pressure.

To put these probabilistic pressure capacity results in perspective, evaluations have been
made of the failure probabilities for the knuckle and drywell closure flange as a function of
pressure for temperatures of 200'F, 300'F, 400'F, 600'F, and 800'F. The results of
these analyses are shown in Figures 4.4-2 through 4.4-6. Each of the failure modes is
considered to be independent, and the methods are described in Reference 4.4-2.
Figure 4.4-7 shows the change in total failure probability as temperature is increased from
200'F to 800'F.

The pressure levels (in psig) corresponding to the 5th, 10th, and 50th percentile failure
probabilities are as noted below.

Percentile
Failure

Probabilities

5th

10th

50th

200

132

145

192

Temperature ( F)

300 400 600

127 123 120

140 135 130

187 178 161

800

126

134

161

The reason that the 5% and 10% probability failure values at 800 F are higher than the
corresponding values at 600'F is because of the decreased beta value.

These results will be used to evaluate CET split fractions l2, L2, l3, and L3, as described in
Section 4.8, and will be used to establish containment failure timing in the MAAP analyses
discussed in Section 4.7.

4.4.3 REFERENCES

4.4-1. PLG, Inc., "Assortment of Selected Engineering Analyses in Support of the Browns
Ferry Level 2 IPE," PLG-0883, August 1992.

4.4-2. Fleming, K. N., D. R. Buttemer, and R. K. Deremer, "Methods for Estimating
Containment Failure Probability," PLG, Inc., PLG-0844, November 1991.
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Table 4.4-1. Summary of Primary Containment Pressure Capacity Evaluation

Temperature ( F)

Drywell Knuckle Failure Mode

Median Pressure Capacity (psig)

Beta (for P < Pmedian)

Beta (for P > Pmedian)

95% Confidence Capacity (psig)

Drywell Closure Flange Leakage

200

274

0.39

0.27

276 278

0.42

0.31

OA4

0.34

138 135

300 400 600

271

0.47

0.37

125

800

229

0.30

0.30

140

Median Incipient Leakage (psig)

Beta Composite

95% Confidence Capacity (psig)

202

0.21

143

197

0.21

140

186

0.20

134

165

0.14

131

165

0.14

131
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Table 4.4-2. Drywell Closure Flange Incipient Leakage Pressure

Temperature
( F>

200

300

400

600

800

Median Leak Pressure
(psig)

202

197

186

165

165

Logarithmic
Standard Deviation

0.21

0.21

0.21

0.14

0.14
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4.5 ONTAINIMIENTEVENT TREE

Given that the onset of core damage has occurred as evaluated in the Level 1 Browns
Ferry PRA, the Level 2 analysis evaluates the progression of the accident sequence from a
particular plant damage state to a specific release category through the use of a Browns
Ferry-specific CET. The PDS matrix adopted in the Level 1 analysis is described in Section
4.3 and is shown in Figure 4.3-1. The CET addresses the in-vessel core degradation, the
potential for in-vessel recovery of the damaged core, the phenomena associated with the
ex-vessel progression of the accident, containment integrity challenges and the potential
for containment failure, and, if containment failure occurs, the timing and type of failure,
and the effectiveness of the reactor building" and its associated safeguards (e.g., standby
gas treatment system) on the mitigation of the offsite release. For practical reasons, the
CET end states are binned into a limited number of release categories in a manner that is
similar to that for the binning of plant event tree end states into PDSs; Section 4.7
describes the release category assignment process. The CET was quantified for the
dominant scenario(s) associated with each key plant damage state (KPDS)."" Although
unique CETs are not required for each KPDS, the CET branching probabilities will, in most
cases, vary for each.

The CET- is used to evaluate accident scenarios wherein the containment is not bypassed.
Thus, PDSs with the second letter I, K, or L are evaluated with the CET. For PDSs that
involve containment bypass (i.e., the second PDS letter is J), containment performance is
of secondary importance, and the issue is to assess the radiological source term for a
selected few bypass scenarios. These evaluations are described in Section 4.9.3.

4.5.1 CONTAINIVIENTEVENT TREE LOGIC

NUREG-1150 (Reference 4.5-1) [and its supporting Level 2 document NUREG/CR-4551
(Reference 4.5-2)) identified 145 questions for the Peach Bottom Unit 2 accident
progression event tree (APET). These include questions that relate to the type of initiating
event, the status of the reactor coolant system, the availability of various safety systems,
the status of containment isolation or bypass, status of the suppression pool, direct
containment heating (DCH), location and size of the containment breach, hydrogen
discharge and burning, and conditions in the reactor building. Some questions are
repeated for various accident phases. The Browns Ferry CET, was quantified for each
significant PDS (see Section 4,6.3). As each of the 145 questions in the Peach Bottom
APET has two or more outcomes (dependent on the PDS being evaluated and on answers
to previous questions), the number of possible paths through the fully developed APET is
large., The development of the Browns Ferry CET has used (and the forthcoming
quantification will use) the NUREG-1150 document, the results of a Browns Ferry-specific
containment pressure capacity analysis (Section 4.4), and the results of core degradation,
containment response and source term accident progression analyses described in
Sections 4.7 and 4.9. The Browns Ferry Level 2 analysis team has developed a more
manageable, moderate-sized CET that captures the important attributes of the more

"The term reactor building" includes the reactor building itself as well as the connecting
refueling bay.
""The KPDSs are described in Section 4.6.1.
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complex Peach Bottom APET. Any design differences between Browns Ferry and Peach
Bottom that would affect the insights noted in Reference 4.5-2 are noted in Section 4.1.

One of the earlier top events in the Browns Ferry CET questions whether core damage
progression is arrested in-vessel; this category of evaluation is sometimes referred to as
Level "1-and-a-half" as it evaluates the time frame from the onset of core damage, to
vessel breach. To address this question requires sequence-specific, detailed
thermal-hydraulic analyses, and there is significant uncertainty in the outcome. The ability
to arrest core damage is strongly influenced by the in-vessel core degradation process, the
time interval between the onset of core damage (defined as the beginning of sustained
core uncovery in the Level 1 analysis), and the time when either the in-vessel core debris
is no longer eoolable or vessel melt-through occurs. Depending on the scenario, it may
also be influenced by operator actions and the availability of plant hardware. Most
recovery actions that would prevent the onset of core damage have been addressed in
Level 1 but have failed, thus leading to core damage. For many core damage sequences,
the time interval between the beginning of core damage and vessel breach is sufficiently
short in comparison with the time of core damage initiation, such that the contribution of
these arrested sequences to total core damage frequency may be relatively small.
Experience has shown that certain accident sequences conservatively mapped to core
damage in the Level 1 analyses are often found to be recoverable when detailed
thermal-hydraulic analyses are done in Level 2. Such "analytical recovery" is included and
documented in the Level 2 process.

To ensure a proper characterization of risk, the event headings in a CET must provide
adequate characterization of the magnitude, timing, and location of the release of
radioactivity into the environment. Thus, the development and definition of CET headings
and the definition of fission product release categories must be performed integratedly and
somewhat chronologically. Of major importance to boiling water reactors (BWR) are such
concerns as drywall shell failure due to corium thermal attack, containment bypass,
suppression pool bypass, ability to provide water to the drywall for debris quenching and
fission product scrubbing, containment venting, direct heating, containment failure timing
and location, size of breach, hydrogen burns in the reactor building, and the ability of the
reactor building to retain fission products released into the building from the containment.

The Browns Ferry CET is shown in Figure 4.5-1. The tree chronologically models the core
degradation, vessel failure (if in-vessel recovery does not occur), containment behavior,
and finally, the reactor building behavior if containment failure occurs.

Top Events 1 through 6 (IQ through IR) address questions relevant to the time period,
starting at the initiation of core damage, to the point in time when vessel breach is
imminent if in-vessel arrest of core degradation has not occurred. Top Event 7 (DS)
questions whether drywall spray has been initiated before vessel breach so as to flood the
drywell floor and thereby reduce the likelihood of drywall shell failure as corium is
dispersed from the reactor vessel. Top Events 8 through 11 (l2 through WD) question
phenomena that can occur in the time period during and shortly after vessel breach, and
address issues related to the potential for short-term, highly transient loading conditions

'hatcould cause early containment failure. Early containment failure in this study includes
the 4-hour time interval following vessel breach since natural processes (e.g., aerosol
agglomeration and settling, or fission product plateout) will significantly reduce the
potential source term if containment failure were to occur at a later time. The potentially
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rapid loads that could fail containment following vessel breach include phenomena
associated with blowdown, DCH effects, ex-vessel fuel coolant interactions, or drywell
shell failure due to corium thermal attack. These rapid loading functions, as a result of
sudden mass and energy releases into the containment atmosphere, are oftentimes
characterized by a pressure "spike," as opposed to the slower, longer term loading
function such as a monotonically increasing pressure level, if debris cooling or torus
cooling are unavailable. Top Events 12 through 16 (S3 through L3) address the longer
term containment response (i.e., for the time period beginning 4 hours after vessel breach
and extending to approximately 36 hours) and, the possibility that containment failure is
prevented altogether by: (1) adequate debris bed cooling, and (2) either containment heat
removal or venting. The last three top events question phenomena that affect the reactor
building integrity and its ability to reduce the offsite source term when containment failure
occurs.

4.5.2 DESCRIPTION OF GET TOP EVENTS

The following subsections describe the CET structure and specific conditions or
phenomena that are addressed in the CET top events. Section 4.9 describes how the
status of these events, as well as the PDS characteristics, is used to define the CET end

states into radionuclide release categories.

4.5.2.1 ET En

Top Event 0 —Representative Key Plant Damage State (IE). The representative
KPDS is the entry event to the CET and represents a "bin" or "group" of accident
sequences from the Level 1 analysis, which are expected to behave
phenomenologically in a similar manner. The phenomenological behavior of the PDS

is defined by the dominant accident sequence(s) with the highest frequency within
that bin (see Section 4.6). The CET applies to every PDSs except those that
involve containment bypass. However, the CET is quantified separately for each
KPDS scenario because the top event split fractions are usually dependent on the
state of the plant as defined by the PDS.

For example, only sequences in which reactor coolant pressure is high at the time
of vessel breach have the potential for significant energy transfer from the debris to
the containment atmosphere, which can lead to "direct containment heating"
phenomena. Most of the information related to the availability of relevant active
containment and reactor building safeguard systems is passed into the tree via the
definition of the PDS and the contributing dominant sequences. This requires that,
in addition to representing the systems and functions important to maintaining core

cooling, the plant (i.e., "Level 1") event tree(s) must also address those active
systems and functions that are important to containment and reactor building
isolation, suppression pool heat removal, the presence of water on the drywell floor
at the time of vessel breach, the availability of continued water sources for debris
bed cooling, and reactor building functions.

Because of the dependence of vessel injection and core and drywall spray systems
on the state of the containment (e.g., the suppression pool is a source of water for
emergency core cooling pumps), there is a significant coupling between events in

the plant event tree(s) and those in the CET. In general, the PDS addresses the
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availability of the systems to perform their function. Implicit in the PDS definition
are a number of factors that influence the course of events that occur in the
containment following vessel breach and the resulting source term. For example, a

water source, for quenching and cooling the core debris is important because it
affects the potential for core-concrete interactions and for liner failure, provides a

means for removing heat from the drywall atmosphere, and can influence the
radiological source term.

4.5.2.2 Even s Pri r Vess I Breach

~ Top Event 1 —'n-Vessel Quenching of Core Debris (IQ). Top Event 1 (IQ)
addresses uncertainties about whether molten core debris relocating through the
core support structure will be quenched by the water inside the reactor vessel
lower head so that the impact on subsequent events can be modeled. Two basic
modes of debris behavior in the vessel, which are addressed by this top event, are
envisioned.

Quenching of the debris bed in the lower vessel implies that the core debris, which
has relocated from its normal position (above the core support structure) into the
reactor vessel lower plenum, is "fluidized" and adequately cooled by the water in
the lower plenum (approximately 4,000 ft of water is located below the bottom of
active fuel) and that thermal attack of the vessel lower head does not begin until
core debris dryout occurs. This quenching action delays vessel breach and provides
an extended time for recovery of injection systems for in-vessel recovery or drywell
spray initiation. If vessel injection can be recovered before vessel dryout occurs, it
is possible to recover a molten core inside the vessel without vessel breach. This is
what happened at Three Mile Island (TMI) and is subsequently addressed in Top
Event 6 (IR). Furthermore, even without vessel injection recovery, the water

'nitially in the vessel bottom could quench the debris, followed after vessel dryout
by a slow reheating of the debris and vessel lower head. This would cause a

delayed failure of the vessel lower head. For example, the latent heat of
vaporization of the lower plenum water represents about 1 core full power minute
of energy. If the core decay heat were 1% (corresponding to about 2 hours after

'scram), this energy represents almost a 2-hour delay.

In the no-quenching relocation mode, it is postulated that the molten core debris
accumulates above a crust near the bottom of the active core and is suddenly
released into the vessel bottom without appreciable quenching, leading to a
localized attack of the vessel bottom head at the penetrations with a shorter vessel
breach delay. Because the quenching interaction with water in the vessel bottom is
absent, this debris behavior mode is likely to result in an earlier vessel breach, less
in-vessel hydrogen generation and in the ejection of a large amount of water at the
time of vessel breach. Assuming that about 30% of this water flashes to steam,
the unflashed water depth on the drywell floor is about 1 foot.

The evidence supporting either the quenching or the no-quench relocation mode is
limited, particularly in the case of a BWR with fuel assembly wrappers. The TMI
accident was a pressurized water reactor injection recovery case with subsequent
quenching. The in-vessel quenching model employed in the BWRSAR code
(described in Section 4.7.1) models in-vessel quenching. The models typically
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adopted with MAAP analyses have very limited in-vessel quenching and result in
prompt vessel failure when the corium falls into the lower head water. The Browns
Ferry Level 2 team has opted to use MAAP in this individual plant examination
project. It is recognized that, relative to MAAP, the BWRSAR model predicts delays
in vessel breach in the order of a few hours, somewhat greater in-vessel hydrogen
production, and significantly less water being released from the vessel at the time
of vessel breach. In light of these inconsistencies and observations, the success
path for this top event is representative of the MAAP model, the failure path is
representative of the BWRSAR model, and only the success path will be evaluated
in these IPE analyses. If further research within the nuclear industry shows major
differences, future analyses can invoke this top event. Some credit for in-vessel
quenching will be taken for electric power recovery in station blackout scenarios
(see Top Event IR for key PDS PIH in Section 4.8).

Top Event 2 —Safety Relief Valve(s) (SRV) Do Not Stick Open prior to Vessel
Breach in High Pressure Melt Scenarios (VS). Detailed analyses of the in-vessel
accident progression for high pressure core damage scenarios indicate that high
temperature gases pass through the SRVs in the time period between core
uncovery to vessel breach. The SRVs experience numerous open-close cycles
during this period. Because of the high temperature of gases flowing through the
open SRVs, as well as possible vapors and aerosols, it is possible that an SRV could
fail to reseat.

Top Event 2 (VS) addresses the possibility for high pressure damage states.
Success of this top event implies that the SRVs properly reseat. For low pressure
PDSs, the SRVs do not cycle when elevated vessel temperature occur; Top Event 2
(VS) is set to guaranteed failure for these PDS quantifications.

Top Event 3 —Containment Intact before Vessel Breach (l1). This top event
questions whether the containment is intact prior to vessel breach. It addresses
preexisting containment leak paths due to isolation failures, or the possibility that
containment failure can occur prior to core damage (as defined by the plant damage
state) or any induced containment failures that could occur prior to vessel breach.

Top Event 4 —Small Leak Area if l1 Fails (L1). This top event questions the
containment leak area if Top Event 3 (l1) fails. For small, controlled leak areas, the
potential for rapid containment pressurization at the time of vessel breach [as will
be addressed in later Top Event 8 (l2)] could further increase the effective leak
area. For example, if Top Event 3 (11) failure is caused by a failure to isolate a
relatively small line [i.e., Top Event 3 (l1) fails, and Top Event 4 (L1) succeeds], it is
possible that the rapid containment pressurization at the time of vessel breach can
cause a large leak to develop in Top Event 9 (L2).

Top Event 5 —Suppression Pool Not Bypassed before Vessel Breach (S1). This top
event questions whether the suppression pool is bypassed prior to vessel breach;
success implies that any releases into the drywell'will be scrubbed in the torus.
Potential failure modes include a stuck-open torus-to-drywell vacuum breaker.
There are 12 torus-to-drywell vacuum breakers, each with an equivalent flow area
of about 1.3 ft . This event will influence the degree of fission product scrubbing
of the ex-vessel release. For non-loss of coolant accident (LOCA) events, a
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stuck-open torus-to-drywell vacuum breaker itself will not affect the scrubbing
potential for the in-vessel release, unless a tail pipe vacuum breaker also sticks
open on the lower setpoint pressure SRV(s).

Top Event 6 —Degraded Core Recovered ln-Vessel (IR). This top event questions
whether core damage progression can be arrested in the time period from the
beginning of core damage to the time of vessel breach; e.g., similar to the course of
events that occurred in the TMI Unit 2 accident in 1979. Recovery actions prior to
the onset of core uncovery are treated in the Level 1 analysis. The likelihood of
in-vessel recovery is dependent on the characterization of core degradation as well
as on the time available for in-vessel recovery. The time window is dependent on
the specific core damage scenario. This top event is also used to account for any
conservative core melt prevention success criteria used in Level 1, which more
refined Level 2 thermal-hydraulic analyses show do not result in core damage. As
will be noted in Section 4.8, these evaluations assume that eoolable core geometry
is lost when water level recedes below 2/3 core uncovery. It is recognized that this
may be somewhat conservative.

Top Event 7 —Drywell Spray Initiated prior to Vessel Breach (DS). This top event
questions whether drywell spray has been initiated before vessel breach. Drywell
spray availability is one of the PDS variables, but spray is initiated manually as
directed in the Emergency Operating Instructions (EOI). If drywell spray is operable
and manually initiated, the drywell floor will be flooded up to the vent lines (about
20 inches above the drywell floor), thereby decreasing the likelihood of drywell shell
failure due to thermal attack by the core debris [addressed later in Top
Event 10 (LF)].

4.5,2.3 Even s durin or Sbortl a er Vessel Breach

The following four top events question phenomena occurring during or within about
4 hours after vessel breach:

Top Event 8 —Containment Intact after Vessel Breach (l2). This top event
addresses the probability of containment structural failure at the time of vessel
breach and in the subsequent 4-hour time interval [not drywell shell failure due to
corium thermal attack, which is questioned in Top Event 10 (LF)]. This failure is
dependent on conditions in the containment just prior to the vessel breach and the
additional dynamic loading (e.g., a pressure spike and perhaps a temperature spike
in the drywell atmosphere but not necessarily a significant temperature increase in
the drywell shell) on the containment, resulting from the phenomenon that
accompanies vessel breach; e.g., blowdown loads, DCH, or XVFCI.

Top Event 9 —Small Leak Area if Containment Fails in Top Event 8 (l2) (L2). This
top event is somewhat similar to Top Event 4 (L1), except that it addresses the
equivalent containment leak area if failure occurs in Top Event 8 (l2) at or within
4 hours after vessel breach. A large leak at Top Event 9 (L2) is defined as one that
can cause a rapid bfowdown into the reactor building, such as to cause reactor
building blowout panels to fail. For example, a scenario in which Top Event 8 (l2)
fails and Top Event 9 (L2) succeeds implies that the blowdown forces associated
with the Top Event 8 (l2) failure mode are insufficient (in themselves) to cause
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consequential failure of the reactor building. Conversely, scenarios with Top
Events 8 (l2) and 9 (L2) failed imply that the containment failure blowdown forces
will, in turn, impose rapid dynamic loads on the reactor building panels.

~ Top Event 10 —No Fission Products Released into Reactor Building due to Drywell
Shell Failure (LF). This top event questions whether corium thermal attack can fail
the drywell shell and, in turn, result in fission product release. Top Event 10 (LF)
evaluates the likelihood of liner melt-through and subsequent fission product
release. It will be affected by both the reactor pressure at the time of vessel breach
and the presence of a significant amount of water on the drywell floor either before
or shortly after. The failure mode envisioned by this top event is corium being
swept out of the pedestal region below the reactor vessel and thermally attacking
the drywell shell at the drywell floor elevation adjacent to the pedestal opening.
The liner is backed by sand in this area, and direct leakage into the reactor building
around the vent lines is envisioned. Success of Top Event 10 (LF) implies no (or an
insignificant) liner melt-through release path. Failure of Top Event 10 (LF) implies
liner melt-through, resulting in a leak directly from the drywell into the reactor
building torus room. The leak size is taken to be sufficiently large to preclude
long-term overpressure failures.

~ Top Event 11 —Continued Water Supply to the Core Debris on the Drywell Floor
after Vessel Breach (WD). Previous Top Event 7 (DS) questioned whether drywell
spray was initiated prior to vessel breach. Top Event 11 (WD) addresses the
availability of other water sources to the core debris following vessel breach. This
water can be provided by low pressure vessel injection sources (e.g., condensate,
core spray, or low pressure coolant injection) flowing through the vessel breach, or
by delayed manual initiation of drywall spray. Control rod drive flow is another way
to provide water, but its capacity is not nearly as large. Top Event 11 (WD) is also
used to address possible failure of pumps in the reactor building if either liner failure
[Top Event 10 (LF)] or containment structural failure [Top Event 8 (l2)] occurs,
creating a severe steam and high temperature environment. As described in
Section 4.1.4, containment or liner failure is assumed to fail pumps in the reactor
building; i.e., core spray, residual heat removal and CRD would not be available if
Top Event 10 (LF) or 8 (l2) fail,'leaving only condensate flow. Note in the CET
structure that Top Event 11 (WD) is not asked if Top Events 7 (DS), 8 (l2), and 10
(LF) are success since drywell spray will continue operating. Also note that Top
Event 11 (WD) is asked even if Top Event 7 (DS) was successful but either Top
Event 8 (12) or 10 (LF) fail since the RHR pumps are assumed to fail due to the
adverse environment.

4.5.2.4 Lon -Term Containmen Even s

Top Event 12 —Suppression Pool Not Bypassed Late (S3). This top event is
similar to Top Event 5 (S1), except that it addresses longer term suppression pool
bypass failure modes that occur after vessel breach; success implies torus
scrubbing. The two principal failure modes considered are either: (1) the possibility
that a torus-to-drywell vacuum breaker sticks open even though the containment
remains intact, or (2) core debris being swept into the drywell-to-torus vents and
subsequently melting through at the capped vent line ends where debris could
collect. Note in the CET structure that Top Event 12 (S3) is not questioned if water
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is being provided to the drywell floor [Top Event 11 (WD) or Top Event 7 (DS) are
successful) since core debris will be welt covered by the 20-inch-deep water pool
and corium heat will be transferred to the torus as sensible heat in the overflowing
water. Also note in the CET structure that Top Event 12 (S3) is not questioned if
liner failure occurs, given that the drywell pressure is insufficient to cause
downcomer vent clearing.

Top Event 13 —Corium Debris on Drywell Floor is Coolable, Resulting in Little
Core-Concrete Interaction (CC). This event questions the degree of cooling of the
corium on the drywall floor and in the drywell sump. The presence of water on the
drywell floor prior to vessel breach and/or water availability to the debris after
vessel, breach are important considerations as are the amount and dispersive nature
of corium ejected at vessel breach. Success implies limited core-concrete
interactions.

Top Event 14 —Emergency Crew Vents Containment in Core Damage Scenarios
(DV). This event questions whether the emergency response crew follows
procedures and intentionally vents the suppression pool air space in a core damage
scenario. This is sometimes referred to as "dirty venting." Success of Top
Event 14 {DV) implies that adequate venting has occurred and that the vent flow
capacity is sufficient to preclude long-term containment failure. The vent system is
assumed to have insufficient capacity to accommodate an unmitigated ATWS
event.

Top Event 15 —Containment Intact Late (l3). This event questions whether
long-term containment integrity is maintained. Success requires that no previous
failures have occurred {i.e., Top Events 3 (l1) and 8 (l2) succeed), that fission
product release due to liner failure does not occur, and that long-term containment
heat removal is available, as denoted by the PDS. Note, in the event tree structure,
that Top Event 15 {l3) is not questioned if "dirty venting" [by success of Top
Event 14 (DV)l occurs. If a continued water supply is not providing debris bed
cooling, corium thermal attack of the drywell floor and sumps is likely, providing
large amounts of noncondensible gases, and the containment failure would likely be
in the drywell area at high temperature and moderate pressure. Suppression pool
cooling would have limited benefit for these scenarios because of the limited energy
transfer from the dry debris to the torus. If debris bed cooling is available (i.e., a
continued water supply to the debris) but suppression pool cooling is not available,
a relatively slow containment pressurization would occur, and the failure mode
would likely be at high pressure and moderate temperature; i.e., the containment
would be at near saturation conditions. Success of Top Event 15 (l3) implies no
appreciable release of fission products into the environment.

Top Event 16 —Small Leak Area if Containment Fails in Top Event 15 (l3) (L3).
This top event is similar to Top Events 4 (L1) and 10 (LF) but differs in two
aspects. First, it applies to the longer term failure mode (well past the time of
vessel breach) addressed in Top Event 15 (l3), wherein the slow pressure rise can
be arrested by controlled leakage; i.e., "leak-before-break" considerations. Second,
it addresses the rapidity of the containment blowdown loads, which influences the
decontamination effectiveness of the reactor building as well as the rate of release
of fission products into the environment.
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4.5.2.5 Events Pertainin to Reactor Buildin Effectiveness~ ~

A description of the Browns Ferry reactor building and the adjoining refueling bay and
turbine building and the associated blowout panels is provided in Section 4.1.

For accident scenarios that result in primary containment failure, the reactor building can
mitigate the offsite release. As described earlier, blowout panels are located at the
refueling floor and in the refueling bay exterior walls. If the containment failure mode
results in a slow, controlled leak (as contrasted to a large, uncontrolled break) and the
standby gas treatment system is operating and does not subsequently fail due to a
extreme environment or excessive filter aerosol plugging, it is possible that reactor building
integrity will be maintained, and a slow, filtered release through the plant stack occurs.
(The plant stack exhausts 1,168 feet above grade.) In such a scenario, the possibility that
hydrogen burns in the (uninerted) reactor building could cause building or SBGTS failure is
a concern. If the SBGTS is not operating, reactor building failure (through the blowout
panels) is considered to be likely, regardless of the containment failure mode (although
building exfiltration could keep pressure below 0.35 psig for slow containment leak cases).
If SBGTS is inoperable and the containment failure mode is a controlled leak with a
moderately tortuous path from the containment leak location to the blowout panels,
considerable fission product holdup and depletion through settling and plateout are
possible (and washout by reactor building fire sprays is also possible, if spray is actuated
and the release path flows through the sprayed area), in addition to the slow and elevated
release. If the containment failure mode is a large, uncontrolled break, reactor building
failure is likely, and the SBGTS will have little or no effect.

From the above discussion, it is apparent that the effectiveness of the reactor building in
mitigating offsite releases following core damage scenarios with containment failure can
range from a filtered, elevated release through the plant stack with no building exfiltration,
at the one extreme, to a low, direct ground-level release with no reactor building holdup, at
the other extreme.

~ Top Event 17 —No Hydrogen Burn in Reactor Building (HB). Top Event 17 (HB)
questions whether hydrogen released from the containment burns within the reactor
building. Factors that will influence Top Event 17 (HB) include the amount of
hydrogen produced, the composition (nitrogen, air, steam, hydrogen, CO, CO2,
etc.) and the rate of gas release from the failed containment, the possibility of
reactor building fire sprays deinerting steam, the possibility of localized burning at
the release jet or of hydrogen accumulation, whether the SBGTS is operating,
whether an active ignition source is available, and the possibility of a delayed
nonactive ignition. Any significant hydrogen burn would be expected to exceed the
design pressure of the blowout panels.

~ Top Event 18 —Reactor Building Effectiveness In Reducing Offsite Radiological
Releases (BE). This top event questions how effective the reactor building and the
adjoining refueling bay and turbine building are in reducing the releases from the
failed containment. The evaluation of this effectiveness is derived from
scenario-specific MAAP analyses. The figure of merit judgmentally selected for
this analysis is the reactor building decontamination factor for cesium iodine (Csl).
The reactor building decontamination factor is evaluated by dividing the Csl release
fraction from containment by the fraction of Csl released into the environment. If
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the reactor building decontamination factor is greater than 10, Top Event 18 (BE) is
considered a success.

Top Event 19 —No High Temperature-Induced Long-Term Drywell Failure (IL). This
top event is only questioned if containment failure has occurred and, Top Event 18
(BE) is successful. This is questioned because delayed heating of the drywall could
cause thermal expansion-induced penetration failures near the top of the drywall;
this can only occur ifTop Event 11 (WD) has failed. Such drywall failures would
release fission products into the drywall closure head region, which would be
released indirectly into the refueling bay (below the shield plug) with little hold-up in
the reactor building.

The Browns Ferry CET is shown in Figure 4.5-1. It has 19 top events, 36 condensed
sequences, and 5,128 total sequences. Quantification of the CET, including the evaluation
of the conditional split fraction values, is discussed in Section 4.8.

4.5.3 DESCRIPTION OF CONDENSED SEQUENCES

Each of the 36 condensed sequences shown in Figure 4.5-1 will be briefly described to
explain the rationale behind the CET structure. As noted before, the CET will be quantified
for a large number of representative accident scenarios from the nonbypass key plant
damage states. As such, initiator and sequence-specific split fraction values are used in
the CET quantification as described in Section 4.8.

The first 35 condensed sequences (or 2,564 actual sequences) are based on the MAAP
in-vessel quenching model; i.e., limited corium debris quenching in the lower vessel head
water and prompt vessel breach. Condensed Sequence 36 is for the quantification based
on the BWRSAR quench model, which currently is not being addressed in this IPE.

Condensed sequence (CS) 1 has MAAP in-vessel quenching (IQ = S), no SRV sticks open
(VS = S), successful containment isolation and no containment failure prior to core
damage (ll = S), the suppression pool is not bypassed (Sl = S), and in-vessel recovery of
the damaged core occurs (IR = S). No vessel breach occurs, and a modest source term is
likely.

CS 2 is similar to CS 1, except that no in-vessel recovery occurs, and core damage and
vessel breach ensue (IR = F), drywell sprays are initiated before vessel breach {DS = S),
no containment failure at or within 4 hours after vessel breach occurs (l2 = S), drywell
shell failure due to corium thermal attack does not occur (LF = S), there is no appreciable
core-concrete interaction occurring on the drywell floor or in the drywell sumps (CC = S),
and the operators vent the torus air space as directed in steps PC/P-16 and PC/P-18 of
EOI-2 {DV = S). The operators will not be directed to "dirty vent" unless the containment
pressure exceeds 55 psig. It is not likely that containment pressure will rise above 55 psig
in this scenario with little or no CCI (it is very unlikely that the hydrogen pressure atone
could cause 55 psig) unless torus cooling is unavailable (as denoted by the PDS attributes).
If Top Event DV is through the torus, there should be considerable decontamination, and
the source term will be dictated by the noble gases.

CS 3 is similar to CS 2, except that Top Event DV fails (or, more likely, the operators do
not vent because torus cooling was available and pressure remains below 55 psig), and no
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long-term containment failure occurred (13 = S). A modest source term is likely for this
scenario.

CS 4 is similar to CS 3, except that small, late containment failure occurs (l3 = F
and L3 = S). This implies that containment pressure exceeded 55 psig (probably because
torus cooling was unavailable), but the operators either failed to "dirty vent" or were
unable to because of vent dependency (i.e., vent valve actuation dependencies on air
and/or electric power) or hardware failures. No appreciable hydrogen burn occurs in the
reactor building (HB = S), the reactor building is effective in reducing the offsite releases
(BE = S; i.e., the reactor building decontamination factor is greater than 10), and no later
thermally induced drywell penetration failures (which could release directly into the
refueling bay and bypass the reactor building; IL = S) occur. A moderate source term
(primarily noble gases) would occur with CS 4.

CS 5 is similar to CS 4, except that a late, high temperature-induced drywell penetration
failure occurs due to vertical thermal explosion (IL = F), bypassing the reactor building
some time after containment failure occurs and resulting in a somewhat higher source term
than for CS 4.

CS 6 is similar to CS 4, except that the reactor building decontamination factor is small
(less than 10), implying that multiple reactor building blowout panels have failed. Since
HB = S in CS 6 (i.e., no significant hydrogen burn occurs in the reactor building), the
blowout panel failures are likely due to the containment blowdown associated with the
small, late containment failure.

CS 7 is similar to CS 6, except for two reasons. CS 7 addresses sequences 4 through 6
as noted by the transfer to subtree X3 (as denoted by X3 in the next to last column in
Figure 4.5-1) ~ Subtree X3 is composed of sequences 4, 5, and 6 as denoted in the tree
structure. Because CS 7 has a substantial hydrogen burn in the reactor building, blowout
panel failures that cause the building to be ineffective (BE = F) are likely due to the
hydrogen burn-induced pressure increase.

CS 8 is similar to CS 4 through CS 7, except that the late containment failure is large. For
such cases, reactor building blowout panel failures or reactor building bypass are more
likely than if a small failure occurs.

CS 9 is similar to CS 2 through CS 8, except that considerable CCI occurs (CC = F).
Thus, one would expect more noncondensible gas generation from drywall floor concrete
thermal decomposition (CO2 and CO) and possibly more hydrogen generation from
oxidation of any remaining metallic zirconium within the corium melt by the steam
liberated from the CCI process.

CS 10 is similar to the earlier sequences, except that liner failure occurs shortly after
vessel breach due to corium thermal attack at the drywell floor elevation. Note that for
CS 10, drywell spray had been initiated before vessel breach (DS = S). However, as
described in Section 4.1.4, drywell shell failure is expected to release considerable steam
and/or high temperature gases into the torus room. Because of the close proximity of the
corner rooms to the torus room, the severe reactor building environment after liner failure
is assumed to fail the core spray pumps, the RHR pumps (that provide drywell spray),
and the CRD pumps that are located in the reactor building. Thus, when DS = S and

SECT45.BFN.OS/30/92 4.5-11



Browns Ferry Unit 2 Individual Plant Examination Revision 0

LF = F, the CET questions whether water from sources other than that supplied by reactor
building components is available for debris cooling. There are only two such water
sources: condensate flow or fire water locally intertied to the core spray piping prior to
liner failure. Since fire water interties require spool pieces to be connected inside the
reactor building and since the reactor building temperature and radiation levels make the
building uninhabitable following liner failure, no postdrywell shell failure credit is taken for
fire water. In CS 10, alternate water supplies are available (WD = S), suppression pool
bypass (S3) is not questioned because of vent water flow, little CCI occurs (CC = S), and
reactor building hydrogen burn and source term mitigation are questioned in transfer 4.

CS 11 is the same as CS 10, except that significant CCI occurs (CC = F) ~

CS 12 is also similar, except that no water is available to the drywell floor (WD = F),

which will, of course, affect the likelihood of CCI.

CS 13 is identical to the preceding scenarios up to the point of vessel breach, except that
a small containment failure occurs within 4 hours after vessel breach (l2 = F and L2 = S).
Liner failure does not occur (LF = S), a continued water supply to the core debris on the
drywell floor is available (WD = S; the containment failure mode could have failed drywell
spray, which had been available), little CCI occurs, and the operators initiate dirty venting.

CS 14 has no dirty venting and questions the reactor building source term mitigation.

CS 15 is similar to CS 13 and 14, except that CCI occurs.

CS 16 is similar to CS 13 through 15, except that no water is available for debris cooling.
Suppression pool bypass (Top Event S3) is questioned'because there is no water spillover
into the vents and is successful (S3 = S; note that this is influenced by the location of the
small containment failure), and further questions are addressed in subtree XS.

CS 17 is similar to CS 16, except that the suppression pool is bypassed.

CS 18 is similar to CS 13 through CS 17, except that liner failure occurs (LF = F). Even
though a small structural failure has also occurred (l2 = F and L2 = S), the liner failure is
assumed to be substantially larger than the small structural failure, and subtree X10
questions the reactor building behavior, as did CS 10 through CS 12.

CS 19 has a large containment failure at or within 4 hours of vessel breach (L2 = F). As
noted in Section 4.4, this large failure is likely to be in the upper part of the drywell (i.e., in
the knuckle or cylinder areas), which are judged to be quite large and will release directly
into the refueling bay. Liner failure is not questioned, but water is available for debris
cooling, and suppression pool bypass does not occur. (This is probably unimportant for
large drywell breaks, however.)

CS 20 through CS 22 address further variations on debris cooling and suppression pool
bypass.

CS 23 to CS 29 are similar to previous unrecovered sequences except that drywell spray is
not initiated before vessel breach. For these cases, water to core debris after vessel
breach is asked even if containment and liner failure are successful. For high pressure
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accident scenarios, this water can be provided by low pressure vessel injection, which
would flow onto the drywell floor through the vessel breach area.

CS 30 addresses the case wherein suppression pool bypass (by a stuck-open
torus-to-drywall vacuum breaker) occurs prior to vessel breach (Sl = F). The Level 1

analysis does not address this issue because the vacuum breakers are passive
components, so the assessment will evaluate its likelihood, both before and after core
damage. Suppression pool bypass will have an impact on both the timing of core damage
and the corresponding source term.

CS 31 to CS 34 address scenarios wherein the containment pressure boundary is failed
prior to vessel breach. Browns Ferry-specific MAAP analyses for severe accidents indicate
that containment pressure levels prior to vessel breach are well below the threshold
containment failure pressure for I PDSs; this nomenclature indicates the second PDS

character to be an "I." Unmitigated ATWS conditions that can rapidly pressurize and fail
containment and containment isolation failure are assigned to K PDSs. Accident
scenarios wherein late containment failure precedes core damage (e.g., the Reactor Safety
Study "TW" class of scenarios) are assigned to L PDSs. Therefore, l1 = S for I

PDS scenarios, and l1 = F for K and L PDSs. CS 31 is for the case wherein a

small containment isolation or structural failure occurs before core damage (L1 = S),
suppression pool scrubbing (S1 = S) and drywell spray occurs (DS = S), and the transfer
to subtree 12 addresses the relevant release category assignment issues.

CS 32 through CS 34 address variations of CS 31.

CS 35 has an SRV failing to reseat prior to vessel breach (VS = F). This issue is only
addressed for high pressure accident scenarios, wherein SRV cycling would occur,
converting otherwise high pressure scenarios into lower pressure scenarios. It should be

pointed out that an SRV sticking open may result in an earlier core uncovery time, on the
one hand, but on the other hand, lower vessel pressure at the time of vessel breach does
result in a reduced challenge to containment. The transfer to subtree 15 addresses the
issues addressed earlier.

CS 36 is for the cases wherein the BWRSAR in-vessel quenching of core debris in the
water contained in the lower vessel head is adopted. This is a phenomenological issue
that is not being addressed in the current Browns Ferry IPE.

4.5.4 REFERENCES

4.5-1. U.S. Nuclear Regulatory Commission, "Severe Accident Risks: An Assessment of
Five U.S. Nuclear Power Plants," NUREG-1150, December 1990.

4.5-2. U.S. Nuclear Regulatory Commission, "Evaluation of Severe Accident Risks:
Peach Bottom Unit 2," NUREG/CR-4551, Vol. 4, Rev. 1, Part 1, March 1990.
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Figure 4.5-1. Browns Ferry Containment Event Tree
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4.6 KEY PLANT DAMAGE STATES AND REPRESENTATIVE SEQUENCES

4.6.1 SELECTION OF KEY PLANT DAMAGE STATES FROM LEVEL 1 RESULTS

The results of the Level 1 point estimate quantification for internal initiators (including
internal floods) are shown in Table 4.6-1. The first three columns list the plant damage
states in descending order of frequency, showing the three-character PDS designator, the
total frequency (per year) for each PDS, and the cumulative percentage contribution to the
total core damage frequency (CDF). (The CDF is 4.84 x 10 5 per reactor-year.) As
described in Section 4.3, the Level 1 quantification assigns each core damage scenario to
a four-character PDS, in which the fourth character describes the status of the reactor
building and its associated equipment. Thus, the status of the reactor building is known
for each of the three-character PDSs and will be included in the containment event tree
quantification but is not shown in Table 4.6-1 for clarity purposes. Columns four and
higher list the initiating events in descending order of contribution to core damage
frequency. The bottom two rows show for each initiating event the core damage
frequency and the cumulative percentage contribution to the total core damage frequency.
Note that: (1) the first 5 PDSs have successful (primary) containment isolation (e.g., the
second character is "I") and collectively account for about 96% of the total core damage
frequency, and (2) 20 PDSs have frequencies greater than 1 x 10 per reactor-year.
The loss of offsite power initiating event category contributes about 68% of the total core
damage frequency and that the first eight initiating event categories collectively account
for over 91% of the total core damage frequency.

For Level 2 analyses in support of the Browns Ferry individual plant examination, a

representative set of key plant damage states is selected based on both frequency and
potential consequence considerations. The front-end screening criteria described in
Section 2.1.6 of NUREG-1335 (Reference 4.6-1) provide the following guidelines for
systemic sequences:

~ Any systemic sequence contributing greater than 1 x 10-7 per reactor-year to core
damage.

~ All systemic sequences in the upper 95% of the total core damage frequency.

~ All systemic sequences in the upper 95% of the total containment failure
frequency.

~ Any systemic sequence contributing greater than 1 x 10 per reactor-year to the
containment bypass.

~ Any systemic sequence judged to be an important contributor to core damage or

poor containment performance.

Systemic sequences are those core damage scenarios as typically determined by a detailed
system-level event tree analysis. The U. S. Nuclear Regulatory Commission (NRC) also

provides guidance in Appendix 2 of Generic Letter No. 88-20 (Reference 4.6-2) on

functional sequence selection criteria that are similar to those noted above for systemic
sequences, except that the frequency values are a factor of 10 higher. Functional
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sequences are typically function-level faults, for which, in most cases, a given function
can be satisfied by several system events.

Furthermore, in Section 2.2.25 of NUREG-1335, it is stated that "all accident sequences
(represented now by plant damage states or bins) that meet the screening criteria (sic,
taken as the functional sequence screening criteria) should be represented by CETs
according to standard practice." Thus, at the PDS level, we must be assured that the key
PDSs selected for CET quantification account for 95% of the total CDF, 95% of the total
containment failure frequency (we interpret this to include all PDSs except those with
second character "I"), all PDSs with frequencies greater than 10 per year, and all
containment bypass PDSs with frequencies greater than 10 7 per year.

Based on the above criteria, nine KPDSs have been identified as requiring consideration in
the Level 2 analysis as noted in Table 4.6-2, which also identifies certain PDS attributes
and their containment status. The selected KPDSs superimposed onto the PDS matrix are
shown in Figure 4.6-1.

The first five KPDSs (PIH, OIA, MIA, PID, and NIH) have successful containment isolation
and collectively account for 95.9% of the total CDF; these collectively satisfy the 95% of
CDF criteria. Furthermore, no PDS with successful containment isolation has the
frequency above 10 per year, satisfying another of the above criteria.

b

The next KPDS is NLF, which involves late containment failure. As will be described in the
next section, the NLF scenarios (as well as the other PDSs with a second-character "L,"
which are subsumed into this KPDS) involve reactor vessel isolation, adequate vessel level
control, but no suppression pool cooling [(similar to the "TW" category in the Reactor
Safety Study) Reference 4.6-3]. These events can lead to containment venting and/or
eventual containment failure.

The next KPDS is MKC, which involves early containment failure (due to an unmitigated
anticipated transient without scram scenario, or, for the subsumed PDS OKC, primarily
containment isolation failure).

The next two KPDSs involve containment bypass from either main steam line isolation
failures or interfacing systems loss of coolant accidents (ISLOCA).

Note that the nine KPDSs selected collectively account for 99.1% of the total core damage
frequency. Also note that the key PDSs with containment failure or bypass collectively
represent more than 95% of the total frequency in this category and include all such
"containment failure" PDSs with frequencies greater than 10 7 per year. Therefore, all
Level 2 selection criteria are satisfied. Based on this, the selected key PDSs provide
representation of potential offsite consequences for the Browns Ferry Level 2 evaluation.
Figure 4.6-2 shows the relative KPDS contributions for isolated and nonisolated cases.
Table 4.6-3 shows the relative fraction of the reactor building status conditions for each
KPDS.
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4.6.2 SELECTION OF REPRESENTATIVE ACCIDENT SEQUENCES FOR SEVERE
ACCIDENT ANALYSIS

Each KPDS noted in Table 4.6-2 is made up of a large number of individual core damage
scenarios that can have different initiating events. However, as noted in Section 4.3, the
PDS attributes have been selected to group the core damage scenarios with regard to their
challenge to containment integrity or, should containment failure occur, their offsite
consequence potential. Whereas each core damage scenario is unique in its initiator and/or
Level 1 top event successes and failures, it is expected that there is a great deal of
similarity in the overall thermal-hydraulic response of the plant. Therefore, as part of the
Level 2 analysis approach, representative accident scenarios have been selected for each
KPDS for deterministic analysis, using the Browns Ferry-specific Modular Accident
Analysis Program (MAAP) model (see Section 4.7).

The representative scenarios for each KPDS are described in Table 4.6-4.

4.6.3 REFERENCES

4.6;1. U.S. Nuclear Regulatory Commission, "Individual Plant Examination: Submittal
Guidance," NUREG-1335, August 1989.

4.6-2. U.S. Nuclear Regulatory Commission, "Individual Plant Examination for Severe
Accident Vulnerabilities," 10CFR50.4(5), Generic Letter No. 88-20, November 23,
1988.

4.6-3. U.S. Nuclear Regulatory Commission, "Reactor Safety Study: An Assessment of
Accident Risks in U.S. Commercial Nuclear Power Plants," WASH-1400,
NUREG-75014, October 1975.
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A. BROMfNS FERRY INDIVIDUALPLANT
EXAlVIINATION IPE SUCCESS CRITERIA

This appendix summarizes the system and top event success criteria used in the Browns
Ferry individual plant examination (IPE) for systems analysis and plant response to the
initiating events identified in Section 3.1.1.

Success criteria for IPE event trees are partially based on the success criteria defined for
the safety systems used in the analyses of the design basis accidents presented in
Chapter 15 of the facility Safety Analysis Reports (SAR). The safety analyses are based
on not exceeding certain core parameters te.g., 2,200 F maximum clad temperature for a
design basis loss of coolant accident (LOCA)] with conservative values of reactor power,
trip delays, etc. In addition, the safety analyses usually assume a single, active failure
coincident with a loss of offsite power at the time of the initiator. Using just the SAR
system, success criteria are sometimes too conservative for IPE purposes. In these cases,
other methods of determining realistic success criteria are used. These methods include a
review of previously published and reviewed IPEs for other similar plants, or a
plant-specific analysis for a particular type of scenario.

For the Browns Ferry IPE, SAR success criteria, previously published probabilistic risk
assessment (PRA) criteria, and plant-specific analyses have been used to develop the
success criteria used in the system analysis process.

Table A-1 identifies the general success criteria that are used to develop the more
specialized criteria that are necessary for systems analysis. Table A-2 presents a summary
of the functional success criteria used in the Browns Ferry IPE. These functional criteria
are based on NUREG/CR-4550, Vol. 4, Peach Bottom plant analysis to support
NUREG-1150. The criteria in NUREG/CR-4550 are based on previously published and
reviewed PRAs. In addition, the functional criteria to be satisfied are based, in part, on the
BFN Emergency Procedures and are as follows:

Reactivity Control
Reactor Pressure Control
Inventory Makeup
Containment Pressure Control

Tables A-3 through A-6 present the system success criteria in terms of the top events
modeled in the IPE. Most of these criteria are. based on the safety analysis presented in
the Browns Ferry SAR. Specific differences are described in the following paragraphs.

IPE Time Criteria. The IPE generally requires that systems perform their function
for 24 hours after any initiating event. Within this 24-hour period, repair of failed
components is not modeled for most systems. Selected, scenario-specific repair
actions (e.g., restart diesel generators) are included as recovery actions, where
appropriate. After 24 hours, IPEs implicitlyassume that there is sufficient time to "

complete any necessary repairs prior to core damage due to the low decay heat
values after 24 hours. In addition, the Updated Final Safety Analysis
Report (USAR) analyses, in the context of a single failure criterion, do not allow
additional failures after the imposed single limiting failure.
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Dtescl;Gonerator Operating Times. The diesel generator operating times are based
on simulation, studies of the loss of offsite power and the site-specific data on time
to restore offsite power.

~l,a
S

DC Power Availability. The USAR discusses that batteries supply DC power loads
for 2 hours after a loss of offsite power. The IPE uses 4 hours based on
unit-sparific>station blackout study requirements.

Heating, Ventilating, and Air Conditioning (HVAC) System Success Criteria. HVAC
success,.criterIa for the systems modeled in the IPE are based on plant-specific
calculations performed in support of other analyses required by the U.S. Nuclear
Regulatory Commission (NRC); e.g., Appendix R, Fire Safe Shutdown. Also see
Refe(ence >A.-.1.

~ w'4 ~
~ApA'afetyRelief Valves (SRV) Operation for Pressure Control/Depressurization

Success Criteria. The success criteria used in the IPE for the SRVs are based on
calculations performed in support of previously published PRAs, as described in
NUREG/CR-.4550; Volume 4.

i

References A-2 through A-15 refer to Tables A-2 through A-6.
QV
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"t ) )rg, V) r)j,['tip)'p' 'ystem/Function

1. Adequate Core Cooling and Prevention
of the Onset of Core Damage

Success Criteria

Core >2/3 Uncovered and Water
Level Not Being Recovered

2. Reactor Pressure Vessel Integrity
Maintained

3. Containment Integrity Maintained

4. Containment Integrity for Anticipated
Transient without Scram

RPV Pressure > Service Level C
Limit of 1,500 psig
LOCA Initiators
RPV Rupture Initiator

Containment Pressure > 128 psig
Containment Unisolated
Containment Temperature > 700'F

Bulk Suppression Pool
Temperature > 240'F

Table A-1. Browns Ferry Event Tree General Success Criteria

References

SU-8218, SLI-8211

NUREG-0460, NEDE-24222

IDCOR Technical Report
10.1, NUREG-1079

SONIN {11, 12, 13, 14)

Comments

NEDC-30836P: Clad
Temperature ( 2,200'F
10 CFR 50.46 Limit
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System/Function - Non ATWS

1. Reactivity Control
(RPS, ARI, and RPT)

Success Criteria

Sufficient number of control rods to bring
power to less than 4%.
69% to position 0.
50% to position 0 in checkerboard.
No more than four in any cluster.

References

USAR 7.2
NUREG/CR4550, Vol. 4
NUREG-0460

2. Reactor Pressure Control Adequate pressure control through SRVs.

a. General Transient and
SLOCA

Main condenser available - no SRVs.
Main condenser unavailable - three SRVs.

NUREG/CR%550, Vol. 4

NUREG/CR-4550, Vol. 4

b. Reclose

3. Inventory Makeup

a. High Pressure
(SLOCA, GT)

Ail open valves reclose.

RFW, HPCI, and RCIC

NUREG/CR-4550, Vol. 4

NEDO-24708A

NUREG/CR F550, Vol. 4

Table A-2. Summary of Browns Ferry Event Tree Functional Success Criteria

Comments

SLC and RPT for GT, SLOCA or MRI
and RPT.

Condensate, condensate booster; and
reactor feed pump; condenser
circulating water and condenser
vacuum.

Also depressurize and one condensate
pump.
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rpt
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0
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0

High Pressure
(MLOCA, etc.)

HPCI HPCI (2 hours) or depressurize with
three valves and one of four LPCI
pumps.

b. Depressurization

c. Low Pressure
(LLOCA, etc.)

4. Containment Pressure
Control

MSIVs, TBVs, and condenser manually
depressurize two SRVs.
Depressurize through HPCI/RCIC steam lines.

One condensate pump.
One LPCI ~

One CS loop.
One RHRSW.

Vapor suppression and any of power
conversion or one RHR heat exchanger
loop (RHR and RHRSW).

NUREG/CR-4550, Vol.4

NUREG/CR-4550, Vol 4

For SLOCA, GT: one of four LPCI
(LOCA). Two CS pumps in one loop.

One of four RHR and heat exchanger
(SPC or Spray) with one associated
RHRSW.
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System/Function

Reactor Protection System.

Normal Scram Logic and Valves

Operator Places Mode Switch in Refuel,
Then Shutdown

Main Steam System

Turbine Trip

MSIVs Remain Open

TBVs Relieve/Maintain Reactor Pressure

Operator Action Use TBVs for Cooidown

Operator Inhibits MSIV Closure on
Level 1 (ATWS)

Operator inhibits MSIV Closure on
Level 1

Operator Action To Depressurize with
TBVs

MSIVs Isolate on Low Steam Line
Pressure or Vessel Level

Top
Event

RPS

OSW

TB

IVO

BVR

OBC

OSV

OIV

OBD

MSVC

Success Criteria

'N

Sufficient number of control rods to bring power to
less than 4%.

~i,

Mode switch in refuel/shutdown prior to low
pressure isolation of MSIVs.

Auto/manual trip of turbine.
All four stop or all four control.

Two of two in any one of 4 steam lines for
24 hours.

Nine valves open following trip, post-trip.

Cooidown for 6 hours.

Operator successful in inhibiting MSIV closure after
ATWS.

Operator successful in inhibiting MSIV closure.

Operator successful in depressurizing.

One of two MSIVs in each line close on isolation
signal.

References

USAR 7.2

NUREG/CR-4550,
Vol. 4

NUREG/CR%550,
Vol. 4

USAR 11.5

NUREG/CR4550,
Vol. 4

NUREG/CR%550,
Vol. 4

NUREG/CRC550,
Vol. 4

NUREG/CR4550,
Vol. 4

NUREG/CR%550,
Vol. 4

Table A-3 tPage 1 of 6). Summary of Browns Ferry Event Tree Success Criteria —Frontline Systems

Comments

Automatic or manual.

CI
0
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CI.
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Primary Containment Isolation System

MSIVs Close on Demand

Primary Containment Isolation

Secondary Containment Isolation

IVC

CIS

CIL

Bl

One of two in each of four steam lines.

One of two valves in each modeled line closes and
remains closed.
CIL )3; CIS (3".
isolates on demand with less than 12,000 cfm
inieakage

USAR 4.6

USAR 5.2.3.5,
7.3

USAR 1.7.3,
5.3.3.7

O
C
IO

0

O
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Table A-3 (Page 2 of 6). Summary of Browns Ferry Event Tree Success Criteria —Frontline Systems

System/Function
Top

Event
Success Criteria References Comments

Condensate System

Main Condenser Available

One Condensate/Condensate Booster
Pump
Switch for Availability of Condenser as a
Heat Sink
Switch for Use of Condensate for
Injection

MCD Remain available for 24 hours.

CD

HS

CDA Depends on initiating event.

One condensate and condensate booster pump for
24 hours.
Depends on initiating event.

USAR 11.7

USAR 11.3,
11.4, 11.6

Includes support system.

Includes short cycle"
valves.

Depressurlzatlon/Safety Relief

Sufficient SRVs LiftTo Limit Reactor
Pressure

SRVs Reseat Following Lift

Operator Action To Depressurize Reactor
Vessel Using SRVs

Operator Inhibits ADS

RVO

RVC

RVD

OAD

Initiating event-specific; 9 of 13 for ATWS events;
2 of 13 for non-ATWS events.

Thirteen of thirteen reseat on demand-ATWS
events. Eight of eight reseat on
demand-non-ATWS events.

One to three SRVS open in remote manual or
overpressure mode.

Operator successfully inhibits ADS for ATWS
events.

USAR 4.4, 6.4.2,
6.5.2.3

NUREG/CR4550,
Vol. 4

Calculation in backup to
Appendix R.

Reactor Feedwater

RFW Hardware

Operator Trips All But One Running
Feedwater Pump

Automatic RFW or Operator Action To
Prevent High Level Trip

Long-Term Control of RFW

FH

OFT

FC RFW isolated prior to vessel high level trip.

OF Manual control for 24 hours.

One of three RFW pumps for 24 hours.

Operator successfully trips all but one RFW pump.

USAR 11.8

Condensate and
condensate booster also
required.

Level 8 Trip of RFW

Operator Action To Restart RFW after
Level 8 Trip

L8F

ORF

All operating pumps trip.

One pump restarts.

APPAXTAB.BFN.9/1/92
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System/Function

Reactor Feedwater (continued)

Top
Event

Success Criteria References

Table A-3 (Page 3 of 6). Summary of Browns Ferry Event Tree Success Criteria —Frontline Systems

Comments

ttr
O

Ol
'rl

Operator Trips Feedwater
Feedwater Trips on Vessel Level 8

High Pressure Coolant Injection

HPCI Start and Run for 6 Hours

Level 8 HPCI/RCIC Trip

HPCI Long Term

Switch for 24 Hours HPCI/RCIC
Availability

Switch for 6 Hours HPCI/RCIC

Availability

Reactor Core Isolation Cooling

RCIC Start and Run for 6 Hours

RCIC Long Term

Isolate Steam Une Break Outside
Containment

Recirculation System

Recirculation Pump Trip

Loop I RDV Closes on Demand
Loop II RDV Closes on Demand

OFTR
L8TR

HPI

L8H

HRL

HR6

RCI

RCL

ISO

RPT

DV1
DV2

Operator successfully trips RFW.
All operating pumps trip on Level 8.

Start (auto/manual) and operate for 6 hours from
CST or SP.

Automatic trip of HPCI/RCIC on Level 8 (cycle
twice).

HPCI continues to operate for 18 hours.

Start (auto/manual), inject for 6 hours from CST or
SP.

Continue to operate for 18 hours

One of two RCIC steam supply isolation valves
closes and remains closed for 24 hours.

Both pumps trip.

Loop I isolate on demand.
Loop II isolate on demand.

USAR 6.4

NUREG/CRQ550,
Vol. 4

USAR 6.4

USAR 7.9

May have two restarts if
operator action fails.

May have two restarts if
operator action fails.
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Standby Uquld Control System

SLC Hardware SL One of two pumps.

Operator Initiates Standby Liquid Control OSL Operator successfully initiates SLC.

USAR 3.8

NUREG/CR%550,
Vol. 4

ATWS rule satisfied by use
of B-10. K

O

O
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Tab)e A-3 t Page 4 of 6). Summary of Browns Ferry Event Tree Success Criteria —Frontline Systems CJ

0
System/Function

Control Rod Drive Hydraulic System

Control Rod Drive Hydraulic Pump for
Decay Heat Removal

Core Spray System

One CS Loop Injects

Standby Gas Treatment System

Standby Gas Treatment System

Residual Heat Removal System

RHR Injection from Pumps to Vessel
(LPCI)

Hardware To Establish Shutdown
Cooling

Hardware To Establish Torus Cooling

Hardware To Establish Drywell Spray

RHR Pump A

RHR Heat Exchanger A

RHR Pump C

RHR Heat Exchanger C

RHR Pump B

RMR Heat Exchanger B

RHR Pump D

Top
Event

CRD

CS

LPC

SD

SP

DWS

RPA

HXA

RPC

HXC

RPB

HXB

RPD

Success Criteria

One pump after short-term operation (6 hours) of
HPCI/RCIC.

One of two loops for 24 hours (two of two pumps
and associated support per loop).
One of two loops and one of two pumps (one of
four) for 24 hours.

Two of three trains.

One of two paths for 24 hours.

Suction line and at least one pump path for 24
hours.

One of two paths for 24 hours (non-ATWS).

One of two paths for 24 hours.

One of four pump divisions (including heat
exchanger and RHRSW) is required for success of
RHR in shutdown cooling mode.

See above.

See RHR pump A.

See RHR heat exchanger A.

See RHR pump A.

See RHR heat exchanger A.

See RHR pump A.

References

USAR

NUREG/CR%550,
Vol. 4

USAR 7.4, 6.4.3

USAR,
NUREG/CR%550,
Vol. 4

USAR 5.3.3.7

USAR 4.8, 6.4.4

NUREG/CR4550,
Vol. 4

Comments

Two of two pumps in short
term; 1 of 2 after
~ 6 hours (4550). Used
for non-LOCA sequences.
Enhanced flow (two of
two) used in some high
pressure sequences.

Two pumps in one loop—
distribution from spray
nozzles for LLOCA. Vessel
inventory makeup after
depressurization.

One pump is adequate.
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System/Function

Residual Heat Removal System
(continued)

Top
Event

Success Criteria References

RHR Heat Exchanger D

Cross-connect to Unit 3 RHR

Cross-connect to Unit 1 RHR

Operator Action/Confirmatory HPCI
and/or RCIC.

Operator Action To Maintain High
Pressure Level Control (RFW, HPCI,
RCIC)

Operator Allows Level To Fall per
Procedure

Operator Action To Maintain High
Pressure Level Control

Operator Controls Low Pressure
Inspection during ATWS

Switch To Use RFW/Condensate to
Cooldown

Operator Action To Establish Torus
Cooling

Operator Action To Establish Shutdown
Cooling

Operator Action To Maintain HPCI/RCIC
minus SPC

Operator Action To Control Reactor
Vessel Level

Operator Action To Establish Alternate-
Low Pressure Injection

HXD See RHR heat exchanger A.

U3

U1

OHS

OHC

Not modeled, recovery action (guaranteed failure at
this time, torus drained).

RHRSW standby coolant supply to Unit 2 RHR Loop
I available for 24 hours (includes operator action).

Start appropriate system before vessel level at
Level 1 (SLOCA and GT).

Early high pressure control 6 hours (prior to Level 8).

OAL Operator follows procedures.

OHL Operator controls level for 18 hours.

OLA

OLC

Operator successfully controls Low Pressure
Inspection during ATWS.

OSP Operator successfully establishes torus cooling.

- OSD Operator successfully establishes shutdown cooling.

OSP Operator successfully maintains HPCI/RCIC without
SP.

OLP

OAI

Operator successfully
using LPCI/CS.

Operator successfully
Pressure Inspection.

controls reactor vessel level

establishes alternate Low

Table A-3 (Page 5 of 6). Summary of Browns Ferry Event Tree Success Criteria —Frontline Systems

Comments
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Table A-3 (Page 6 of 6). Summary of Browns Ferry Event Tree Success Criteria —Frontline Systems

System/Function

Residual Heat Removal System
(continued)

Hardware To Maintain HPCI/RCIC Minus
SPC

Hardware To Establish Suppression Pool

Vent

Hardware To Establish Alternate Low
Pressure Injection

Top
Event

VNT

AI

Success Criteria

Switch used in event trees.

References Comments

RHRSW to RHR to RCS-
standby coolant supply.

APPAXTAB.BFN.9/1/92



System/Function Top
Event

Success Criteria References

Raw Cooling Water System

Raw Cooling Water System

Emergency Equ'fpment Cooling Water

EECW Pump A3
EECW Pump B3
EECW Pump C3
EECW Pump D3

Reactor Building Closed Cooling Water
System

RCW Two pumps for 24 hours.

EA
EB
EC
ED

Any two of four pumps supply
100% - operate for ~ 24 hours.
EECW pump A3.
EECW pump B3.
EECW pump C3.
EECW pump D3.

USAR 10.7

USAR 10.10

USAR 10.6

RBCCW RBC Two pump and two heat exchanger
for 24 hours during normal
operation. On LOSP coupled with
accident signal, one of two normally
operating pumps and one of two
heat exchangers continue to
operate, isolation valve 2-FCV-7048
closes and remains closed for
24 hours.

Table AA (Page 1 of 2). Browns Ferry Event Tree Success Criteria —Mechanical Support Systems

Comments

W
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Drywall Control Air

Plant Control Air System

Condensate Storage Tank

Suppression Pool

DCA

PCA

CST

TOR

Operate for 24 hours (one of two
comp ressors).

Operate for 24 hours (two of four
compressors, one dryer, three of
three receivers).

Maximum - 375 000 gallons.
Minimum - 135 000 gallons.

Maximum - 127 000 fta.
Minimum - 123 000 fta.
Three or more strainers not plugged.

USAR 10.14.4

USAR 10.14

USAR 11.9

TS 5.2.3.3.1

CSTs capable of being manually
crosstied.

Heat sink concerns.

I
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System/Function

RHR Service Water System

RHRSW Pump A2
RHRSW Pump A1 (Swing Pump)
RHRSW Pump 82
RHRSW Pump 81 (Swing Pump)
RHRSW Pump C2
RHRSW Pump C1 (Swing Pump)
RHRSW Pump D2
RHRSW Pump D1 (Swing Pump)

Top
Event

SW2A
SW1A
SW28
SW18
SW2C
SW1C
SW2D
SW1D

Success Criteria

RHR heat exchanger(s) supplied by
at least one pump per heat
exchanger.

Operate for 24 hours.
Operate for 24 hours.
Operate for 24 hours.
Operate for 24 hours.
Operate for 24 hours.
Operate for 24 hours.
Operate for 24 hours.
Operate for 24 hours.

References

USAR 10.9

Comments

Number depends on initiating event.

Table AK (Page 2 of 2). Browns Ferry Event Tree Success Criteria —Mechanical Support Systems
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System/Function

Vessel Instrument Tap I

Vessel Instrument Tap II

Power Supply Division I

Power Supply Division II

Rx-Level Signal Channel 58A
Rx-Level Signal Channel 58B
Rx-Level Signal Channel 58C
Rx-Level Signal Channel 58D

Top
Event

VT1
VT2

PX1
PX2

LT1
LT2
LT3
LT4

Success Criteria

Remain operable for 24 hours.

Remain operable for 24 hours.

Capable of developing a signal for
t <24 hours.USAR 7.4

References

USAR 7.4

USAR 7.4

USAR 7.4

Lower Level Actuation Logic LV Actuation Signal Developed 1/2-2. USAR 7.4
Division I Low Rx Pressure Permissive
Division II Low Rx Pressure Permissive

NPI
NPII

Permissive Signal Developed (1/2).
Permissive Signal Developed (1/2).

USAR 7.4

Level 3 Logic (RPS/PCIS/SCIS) LVP Trip signal developed 1/2-2. USAR 7.4

Drywell Instrument Tap I

Drywell Instrument Tap II

DT1
DT2

Remain operable for t = <24 hours. USAR 7.4

CAS Drywell Pressure Signal

High Drywell Temperature Signal

DW Actuation Signal Developed 1/2-2.

DWP Trip signal developed 1/2-2.

USAR 7.4

USAR 7.4

Table A-5. Browns Ferry Event Tree Success Criteria —SAI System

Comments
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Division I High Rx Pressure Signal
Division II High Rx Pressure Signal

MSIV Low Rx Level Signal
Channel 56A
MSIV Low Rx Level SignaI
Channel 56B
MSIV Low Rx Level Signal
Channel 56C
MSIV Low Rx Level Signal
Channel 56D

NH1
NH2

LM1

LM2

LM3

LM4

Signal Developed (2/2).
Signal Developed (2/2).

Capable of developing a signal for
t<24 hours
Capable of developing a signal for
t<24 hours
Capable of developing a signal for
t<24 hours .

Capable of developing a signal for
t<24 hours

USAR 7.4

USAR 7.4

USAR 7.4

USAR 7.4

USAR 7.4
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System/Function

Offsite Grid
500-kV Supply
161-kV Supply

4.16-kV Shutdown Boards
4-kv SDBD A, 480V SDBD 1A
4-kV SDBD B, 480V SDBD 2A
4 kv SDBD C, 480V SDBD 1B
4-kv SDBD D, 480V SDBD 28
4-kV SDBD 3EA, 480V SDBD 3A
4-kv SDBD 3EB
4 kv SDBD 3EC, 480V SDBD 3B
4-kv SDBD 3ED

480V Reactor MOV Boards
Reactor MOV 1A
Reactor MOY 1B
Reactor MOV 1E
Reactor MOV 2A
Reactor MOV 2B
Reactor MOV 2C
Reactor MOV 2D
Reactor MOV 2E

Top
Event

OG5
OG16

AA
AB
AC
AD

A3EA
A3EB
A3EC
A3ED

RE
RF
RG
RH
Rl

RJ
RK
RL

Success Crlterla

Remain energized for 24 hours.

Remain energized for 24 hours.

Remain energized for 24 hours.

References

USAR 8

USAR 8.4

USAR 8.5

Table A-6 (Page 1 of 2). Browns Ferry Event Tree Success Criteria —Electrical Support Systems

Comments
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480V Diesel Auxiliary Boards
DG Aux Bd A=,.

DG Aux Bd B

DG Aux Bd 3EA
DG Aux Bd 3EB

RM
RN
RO
RP

Remain energized for 24 hours.
USAR 8.4
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System/Function

250V DC Dlvislonalized Power
250V DC Subsystem 1-I
250V DC Subsystem 1-II
250V DC Subsystem 2-I
250V DC Subsystem 2-ll
250V DC Subsystem 3-!
250V DC Subsystem 3-II

20V AC Unit 1 and Unit 2 Preferred
Power

Unit 1 Preferred Power
Unit 2 Preferred Power

120V AC RPS A and B Power System
RPS A
RPS B

120V AC I&C Power
l&C 1B
1&C 2A,
I&C 2B

Top
Event

DA
DB
DC
DD

DE,DF
DG,DH

Dl
DJ

DK
DL

DM
DN
DO

Success Criteria

One division in each unit supplies
power for 4 (24l hours.

Remain energized for 24 hours.

Remain energized for 24 hours.

Remain energized for 24 hours.

References

USAR 8.6

USAR 8.7

USAR 8.7

USAR 8.7

Comments

Station Blackout Report.

Four hours after station blackout;
24 hours after all other initiators.

Table A-6 (Page 2 of 2). Browns Ferry Event Tree Success Criteria —Electrical Support Systems IXl
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250V DC Reactor MOV Boards
Reactor MOV 1A
Reactor MOV 2A
Reactor MOV 2B
Reactor MOV 2C

RA
RB
RC
RD

Remain energized for 24 hours.
USAR 8.7
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

B. HUIVIANACTtON ANALYS|S

This appendix presents the detailed methodology and results of the human actions
evaluations performed in the Browns Ferry Nuclear Plant Probabilistic Risk Assessment
(PRA). Section B.1 summarizes the types of actions evaluated and their use within the
model. Sections B.2 and B.3 address errors during normal maintenance and testing that
leave systems unavailable to perform their functions if an initiating event should occur.
Sections B.4 and B.5 present the evaluation of actions by the operating crew as they
dynamically respond to the plant conditions during the sequence of events following an
initiating event. Finally, Sections B.6 and B.7 address actions to recover functions through
alternate alignments or restoration of failed systems to service.

B.1 TYPES OF ACTIONS EVALUATED

Human errors and human solutions are a vital part of nuclear power plant operation and
accident response. In fact, the causes for nearly all plant problems can ultimately be
traced to some form of human fallibility,and nearly all plant problems can be solved by
humans if they are provided with the appropriate information, guidance, and tools. Within
the context of this PRA, however, the evaluation of human errors encompasses only those
actions accomplished within the plant that directly:

~ Impact the availability of support or frontline systems at the time of the initiating
event.

Mitigate against core damage or breach of primary containment during the
sequence of events following the initiating event.

With this in mind, the following types of human actions are evaluated:

Routine Actions before an Initiating Event. Routine actions considered in the PRA
involve restoring a component or flow path to normal after completing the testing,
inspection, or maintenance and ensuring that the sensing equipment is correctly
aligned and calibrated for automatic response to emergency actuation conditions.
Errors that are important to plant risk leave equipment disabled or in an undetected,
misaligned state, causing it to be unavailable to accomplish its function on demand
during an event sequence.

Actions That Can Cause Initiating Events. Actions that can initiate plant transients
are implicitlyaccounted for in the quantification of initiating event frequencies to
the extent that these human actions are the cause of such events. Plant-specific
data are used to assign total initiating event frequencies of which human errors are
only one cause. Therefore, these types of human actions are addressed in the
initiating event section and are not discussed further here.

Dynamic Operator-Actions Accomplished during the Plant Response to an Initiator.
Guided by the plant emergency response procedures, the operators make active
decisions and take appropriate actions in response to a complex series of stimuli
during the sequence of events following an initiator. They are scenario specific and
include well-defined tasks for manual initiation, control, and alignment of plant
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

emergency equipment or selected backup systems. Usually, the operators must
complete a particular activity within a specified period of time to avoid an
unfavorable change in the state of the plant. These actions are an integral part of
the plant response to the initiating event.

~ Recovery Actions. Recovery actions generally involve recovery from failures that
completely or partially disable the standard system response during a plant
transient. They generally involve alignment of alternate systems or repair and
restoration of the failed system. They are defined in procedures and supported by
the training and knowledge of the operators and plant staff.

B.1.1 INCORPORATION OF HUMAN ACTIONS INTO THE PLANT MODEL

TVA's approach to human interaction modeling provides a systematic and consistent
framework for identifying, evaluating, and documenting human responses at all levels of
the study. The approach emphasizes a close coordination with plant operators and a
thorough review of their procedures.

Quantified human error rates (HER) can be incorporated into the plant model in a number
of ways, depending on the influence of the action on other events in the sequence and, in
particular, how they impact the quantification of other events. The potential dependencies
of HERs on other elements of the plant model can strongly affect how the action and
subsequent events are quantified. There are three general types, as follows:

Plant-human dependency accounts for the impact of the plant instrumentation and
other performance indications on the ability of the operators to accomplish the
action. They are scenario dependent and influence the degree of difficulty that the
operators face when responding to the scenario.

~ Human plant dependency accounts for those actions that can cause more than one
system to fail. The event trees that TVA uses to express the plant response to an
initiating event are an ideal vehicle to represent these dependencies. Once the
impact of the action is identified, the affected systems are placed to the right of the
action and are required to fail, given failure of the action.

Human-human dependency involves the increased potential for making a series of
errors once the first error is made. These dependencies are presented to the
operators for consideration during the evaluation process.

I

Depending on the type of dependency involved, any one of the following approaches can
be used to incorporate human actions into the overall risk model:

An action may be included within the system model if the human error affects
subsequent events in the sequence in the same way as hardware causes of system
failure. Errors that occur before the initiating event fall into this category.

If failure of an operator action that fails a system has a different effect on the
subsequent response of the plant than a hardware failure, a separate top event
must be used to represent the human action. Dynamic operator actions generally,
but not always, fall into this category.
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~ Recovery actions are often appended to accident sequences as separate top events
at the end of the sequence. In this way, they can be made very sequence specific
and not alter the remainder of the model.

8.2 T NE A TI N BEF E AN INITIATIN EVENT

Routine human actions considered in the PRA are system-specific activities performed by
one or more operations staff members as part of their normal workday duties to align a

safety function properly before leaving it in its ready condition. These include:

Realignment of a component or flow path to normal after completing the testing,
inspection, or maintenance.

Removal of jumpers or other temporary system alterations to restore it back to
servIce.

~ Calibration and alignment of sensing equipment to ensure proper automatic
response to emergency actuation conditions.

Errors that are important to plant risk cause the system to be unavailable to accomplish
properly its function following an initiating event. Failure modes that could produce this
condition:

Leave safety-related equipment disabled or in an undetected misaligned state,
causing it to fail to operate upon demand.

Require automatic actuation signals to recover the proper alignment, if provided by
the design. This adds an additional failure mode to the system since an additional
transition will have to occur for system success. (As a practical matter, these are

rather minor contributors to system unavailability.)

The system analyst is responsible for evaluating routine actions that cause equipment
unavailability. This approach is used because the system analyst is familiar with the

equipment, its location, control room alarms and indications, and detailed procedures

impacting the maintenance and surveillance testing of the system.

Normally, only surveillance procedures are evaluated to identify specific causes of
equipment unavailability. Maintenance procedures are evaluated only if the operability of
the system is not verified by a surveillance procedure at the conclusion of the maintenance

or repair activity.

Each surveillance procedure is subjected to a screening evaluation to determine if it can

leave the system in an undetected failed state. The unavailability due to a test is not

quantified if it can be shown that:

~ The alignment of the system has not been changed by the test.

~ The test brings the system into closer alignment with its active safety function
configuration than its standby alignment.
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~ The alignment of the system is a displayed parameter in the control room subject to
active monitoring by the operators.

~ Equipment reconfiguration during periods of plant shutdown that are subject to
verification of alignment during startup. Verifications contained in change of mode
checklists fall into this category. Exceptions to this guideline are made when the
human error is judged to be the primary contributor to the top event availability.

Those tests that are judged to have a potential for leaving the system in an unavailable
state are assigned a "misalignment after test" designator of up to six digits to identify
uniquely the test in the quantitative system model, as shown in the example below. A
further discussion of alignments is contained in the system notebook.

For the quantification of system split fractions, the system analyst sets the "misalignment
after test" designator equal to one of the generic error rates given in Table B-1. These
error rates are derived in Reference B-1 for an average restoration within a group of typical
testing situations following the methods developed by Swain and Guttman and
documented in NUREG/CR-1278 (Reference B-2). Selection of the category of generic
error rate is accomplished with the guidelines given in the table. The system analyst
consults with the human action analyst when the assessment requires judgment regarding
mixtures of restoration type, location, and complexity.

Recovery of equipment from its unavailable state is permitted if normal rounds or
inspections that are explicitly covered in written procedures check the alignment. Specific
reference must be made to the steps in the backup procedure that can reveal the presence
of the disabled, misaligned, or improperly calibrated equipment prior to the end of the
surveillance interval. Under these circumstances, the system analyst may reduce the
unavailability due to the original error by the ratio of the rounds or inspection interval to
the surveillance interval.

As an example of the quantification process, suppose test SI-4.0.5, a monthly test(
frequency = 1 test per 730 hours), is judged to have the potential to leave valves
misaligned. The alignment is independently verified at the end of the test and is verified
by weekly rounds (discovery time = 168 hours) inspections. The resulting average
unavailability would be written as:

RAATE = HS405 "(168/730)

where

RAATE = alignment designator for Top Event RA, division Q, fest yrror.

HS405 = human error designator assigned by the systems analyst for
test SI-4.0.5 (failures per test).

The human error designator is then set equal to the generic error rate that describes the
error being made. In this case, ZHERLL would be used to designate a realignment using
controls, done at one local location, and having low complexity.
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The recovery model assumes that the rounds inspection will detect the misalignment.
Differences in time, procedures, and personnel doing the inspection are judged to make the
dependence that of an independent checker in an active independent inspection. Since the
written rounds inspection can be done at any time after the surveillance inspection up to
the rounds inspection interval used in the above equation, the fraction assigned above is
considered to be a conservative estimate of the impact of rounds inspection for reducing
undetected misalignments.

The human actions analyst provides an advisory and oversight role for the systems
analysts to ensure that the quantitative model for the error frequency evaluations is
consistently performed for the modeled plant systems. The human actions analyst also
develops the quantification of human error rates contained in Table 8-1 using the methods
developed by Swain and Guttman, and documented in NUREG/CR-1278 (Reference 8-2).

TVA recognizes that the above approach to quantification is primarily a screening tool. If
the impact of a human error during normal operations is found to be an important
contributor to a risk-dominant accident sequence, it is subjected to an individually
documented quantitative evaluation with plant personnel familiar with the procedure in
question. The ultimate objective of this evaluation is to reduce the risk by identifying a
means to reduce the potential for errors.

8.3 RESULTS OF ROUTINE ACTION EVALUATION

The systems analyses determined that the surveillance tests summarized in Table 8-2 have
sufficient enough potential to leave a component in an undetected unavailable state to
warrant quantification. The table lists the system in which the component is modeled, the
top events impacted by the test, the name and number of the test, a short description of
error that could produce the unavailability and the database variable use to quantify the
unavailability.

No routine human errors during surveillance tests prior to initiating events were found to
be a significant contributor to risk.

BA METHODOLOGY FOR EVALUATIONOF DYNAMICOPERATOR ACTIONS

Dynamic operator actions that take place following an initiator are identified and
qualitatively described during the construction of the plant model event trees. They are
then presented to teams of licensed plant operators for evaluation and feedback.

Section 8.4.1 describes the qualitative process by which the actions are identified and
described. Section 8.4.2 describes the procedure used to elicit operator evaluations within
the context of the success likelihood index methodology (SLIM) (Reference 8-3). Finally,
Sections 8.4.3 and 8.4.4 summarize the quantification process.

BA.1 QUALITATIVEEVALUATION

The purposes of the qualitative evaluation are to:

Identify dynamic operator actions to include in the event sequence evaluation.
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Ensure that the impact of the success or failure of those actions are properly
modeled.

Develop descriptions of those actions in a form that will facilitate operator
evaluation.

During event tree construction, a variety of operator tasks are considered for inclusion in
the event sequence model. These include:

Manual actions required in emergency procedures to bring the plant to a safe
shutdown following an initiating event.

Control of preferred cooling systems.

Backup of automatically actuated and controlled systems.

Immediate response to failures of active systems.

Once individual actions are identified for evaluation, the action boundary conditions,
success criteria, and event scenario timing are identified and recorded on the Operator
Response Form for each action. The Operator Response Form follows the format shown in
Table B-3. The purpose of this form is to provide a consistent format to convey the
context of the action to the operator teams who will evaluate its degree of difficultyand a
short summary of what is required to accomplish it. Thermodynamic calculations
supporting the timing considerations and arguments supporting engineering judgments
regarding timing are contained in Appendix C.

The first two sections of the form set up the situation for the operators. They describe
where in the event sequence model this action will take place and what indications the
operators are expected to respond to in the control room. The next two sections describe
what is involved in accomplishing the action, and those factors that compete for the
operators'ttention or divert them from the task. Two sections are then provided to
describe what happens in the event sequence model if the action succeeds or fails.
Finally, the time frame over which the action can be expected to be accomplished is
addressed.

Plant-human dependencies are described explicitly on the Operator Response Form, both in
the section that relates the action to the plant model and in the discussion of required
actions and competing factors. This permits the assessment teams to understand the
context of the action during the quantification of the action so that the dependencies can
be reflected properly in the final error frequency.

The Operator Response Form presents human-human dependencies by asking the
assessment teams to identify with the situation at hand and to consider how an operating
team may have made previous errors from which they must recover. They are then asked
to identify ways to recognize and recover from previous errors when quantifying the
dependent action.

The completed operator action forms are reviewed by the plant operations staff. Review
comments can both change the requirements of the action and generate modifications to
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~

~

~the plant model. In addition, the relationship between the Operator Response Form and
the plant event sequence model is explained to the operator evaluation teams during their
initial briefing.

BA.2 QUANTITATIVEEVALUATION

TVA uses an adaptation of SLIM to elicit the operator judgment and to convert their
evaluations into quantitative error frequencies. SLIM is based on the following
assumptions:

~ The likelihood of operator error in a particular situation depends on the combined
effects of a relatively small set of performance-shaping factors (PSF) that influence
the operator's ability to accomplish the action successfully.

Evaluators can address each of these PSFs independently so that the overall
evaluation can be expressed as the sum of the results of each PSF to form a
numerical likelihood index.

~ The actual quantitative error rate is related to the numerical likelihood index by a
logarithmic relationship.

~ The logarithmic relationship can be calibrated on a situational basis by use of
appropriately selected calibration tasks having generally accepted error rates.

The basis for the logarithmic relationship between the likelihood index and error rate is
documented in References 8-3 through 8-5. Each of the other assumptions is addressed in
the implementation procedure below.

TVA has adapted SLIM by defining a small set of generic PSFs that are judged to
encompass the major focuses of cognitive activity. These PSFs were chosen after a
review of both the instructions and examples of the SLIM documentation and the
discussion of PSFs in Reference 8-4. Seven PSFs have been chosen to relate the impact
of:

Conditions of the work setting under which the action must be accomplished. The
PSFs are as follows:

Significant Preceding and Concurrent Actions
Plant Interface and Indications
Adequacy of Time To Accomplish the Action

Requirements of the task itself. The,PSFs are as follows:

Procedural Guidance
Complexity of the Task Relative to Resources, Coordination, and Location

Psychological and cognitive condition of the operators. The PSFs are as follows:

Training and Experience Relative to the Action
Stress due to the Situation and Environmental Conditions
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Performance-shaping factors are rated against two criteria:

~ A score relates the degree to which the conditions of PSF help or hinder the
operator to perform the action.

~ A weight relates the relative influence of each PSF on the likelihood of the success
of the action.

The evaluation of dynamic human errors with SLIM is made consistent across operator
evaluation teams by the development of a set of forms and instructions to explain and
expand on the rating procedures for the PSFs.

~ Table 8-4 provides detailed guidance regarding the definition, interpretation, and
application of each PSF and the thought process that could lead to a specific degree
of difficultyscore.

~ Table 8-5 provides a summary of the definition of each PSF and detailed guidance
regarding the thought process that could lead to a relative influence weight.

~ Table 8-6 summarizes the relationship between the scoring and weighting
processes. The score addresses the actual conditions under which the action must
be accomplished. The weight is equivalent to the operators stating how much the
conditions relative to a specific PSF actually impact the potential for success or
failure of the action. If it is not a factor that controls their ability to do the action, it
is weighted low or insignificant.

The SLIM methodology has been modified so that the operators scale the degree of
difficulty, rather than the potential for success, when they score the action. This change
in orientation produces a failure likelihood index (FLI) rather than a success likelihood
index. This approach has the advantage of quantitatively highlighting the causes of
operator difficulty. A high score combined with a high weight produces a large FLI
compared to other ratings. This permits efficient analysis of the operator's judgment
regarding potential problem areas and trends, which is addressed in Section 8.5.5.

The independence of the PSFs is addressed by the definition at the top of each form that
emphasizes the different aspects of the cognitive process that each PSF is intended to
address. The human action analyst explains the purpose and use of these forms to the
operators during the initial evaluation session. In addition, he provides guidance and
feedback to the operators during the evaluation sessions when it appears by the discussion
that their interpretation of the PSFs may be losing focus.

Another major premise of the SLIM methodology is that the evaluation team can rate the
weight and score independently. The thought process necessary to distinguish between
these two orientations of the rating process is stressed in both Table 8-7 and the initial
training of the raters. In addition, the human actions analyst provides feedback regarding
the broad qualitative interpretation of their ratings to the raters during the evaluation
process.
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During their evaluation of the actions, the operators are requested to consider a number of
possible errors. These include:

Nonresponse Errors, Also Called Errors of Omission. This would include problems
generated by both the plant interface and the competition of other actions.

Time and Resource Limitations. For certain actions, the operators are requested to
identify the number of people and the coordination required to get the job done.
The degree of difficultywill then be impacted by the personnel and communications
they have available.

Nonviable Errors. Under some conditions, the operators may correctly diagnose the
accident scenario but select the wrong response. These errors are believed to be
governed by operator slips; e.g., selecting the wrong controls for the tasks. The
operators are requested to consider control room feedback problems that could
keep such errors from being detected.

8.4.3 QUANTIFICATIONPROCESS

The quantification process is done in a series of stages.

First, a normalized weight for each PSF is obtained by dividing the weight assigned by the
group by the total of all the weights for that particular action.

The FLI is calculated by multiplying the normalized weight of the PSF by its score and
adding that result to similar results for the other PSFs, or

FLI gwiSi

where

i = PSF that has an influence on the error rate of the action.

wi weight of PSF;, normalized so that g w; = 1

S; = degree of difficultyscore for PSF;, from 0 to 10.

The normalized weights are then sorted to obtain groups of actions having similar PSF
weight profiles. The actions are grouped by the following procedure:

Actions are sorted by order of the precedence, starting with the PSF that has the
highest average weight.

Cut points are established between groups where the pattern of weight changes
appears to shift the most. As a rule of thumb, one would like to obtain average
differences in weights between groups of at least 5% to 10% for three of the
PSFs.
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~ Grouping stops when the difference between the top and bottom weight within the
sorted PSFs is less than .12.

~ Minor adjustments and consolidations can be made after sorting based on
consistency reviews and the availability of the calibration tasks needed for
quantification (see below).

A separate quantification is done for each group of actions generated in the sorting
process. The error rate of each action is estimated by comparing the overall FLI to a
correlation that follows the relationship:

Logarithm (Human error rate) = A + B(FLI)

The coefficients of the correlation are obtained from a least squares fit of the FLI of
calibration actions that have reasonable or generally accepted error rates in the industry.
The calibration actions for a particular group are chosen to match the actions in the group
using similarity of PSF weights as the selection criterion.

To provide error rates that are consistent with other studies, the calibration of the human
error rate model uses well-defined actions obtained from evaluations for other PRAs and
other statistical or analytical evidence of failure frequencies for these actions. These
actions are obtained from PRA studies accomplished by a number of different
organizations to avoid a systematic bias in the calibration HERs. A human interaction
database encompasses these sources provides this documented evidence (Reference 8-6).
The calibration procedure should ensure that the numerical error rate estimates are realistic
and consistent with available data, observed human behavior, and the results from
comparable expert evaluations of similar activities.

The use of some combinations of calibration actions may produce human error rates of 1.0
per demand for FLI values of less than 10. When this occurs, all actions with a FLI above
that value are quantified as being guaranteed to fail.

A series of spreadsheets are used to accomplish the quantification process. An example
of the spreadsheet showing the resulting human error rates estimated for one group of
actions is given in Table B-7.

B.4.4 COMBINING ESTIMATES OF EVALUATIONGROUPS

Uncertainty distributions are developed for each evaluated human action error frequency
by assigning a range factor to each group's estimate and merging the estimates of the
individual groups together. The uncertainty bounds of the individual groups are established
following the recommendations of Swain and Guttman (Reference 8-2, Table 7-2), for
nonroutine circumstances, which is judged to be representative of the transient situations
to which the actions apply.
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Swain and Guttman (Reference 8-2) recommend a lognormal distribution with %he

following range factors:

Estimated Error Rate

> .001

c .001

Range Factor

'IO

The combined judgment of all of the groups is obtained by merging the distributions of the
individual groups, giving equal weight to each group. The computer program BARP
(Reference 8-7) is used For this purpose. The merging process not only retains the
uncertainty associated with the individual quantifications but also allows the uncertainty to
increase when there is disagreement among the groups.

B.4.5 SUMMARY

The composite error rate resulting from the evaluation and the quantification of all of the
operator groups are displayed in tabular format in Section 8.5, along with tables and
analyses of the ratings that produced them. This permits easy review, comparison, and
identification of the most important factors influencing each assessment.

It is important to recognize that the quantification of human error rates is only a small
portion of the information obtained from the SLIM approach. The trends of weights and
scores provide much valuable information regarding the operator's judgment regarding the
focus of safety-related actions and the difficulties involved in accomplishing them. The
use of more than one group to do the evaluation shows how the perspective of actions
can vary from group to group. The discussion within the group and the comments
provided by them provide valuable insights that lead to more practical-oriented risk models.
These points are expanded in the discussion of the evaluation results.

B.5 RESULTS OF DYNAMICHUMANACTIONS ANALV IS

The event sequence and systems evaluations identified the operator actions listed in
Table 8-8 as having a potentially important influence on the mitigation of severe core
damage sequences. The reasoning for their explicit inclusion in the event sequence
models is discussed in the description of the event sequence diagrams and the definition of
the event tree top events in Sections 3.1.2 through 3.1.4. This section presents the

Qualitative description of the tasks required to accomplish the actions successfully,
and the conditions under which they must be accomplished.

Quantitative evaluation of PSFs reflecting the operators'udgments regarding the
degree of difficultyfor successfully accomplishing the actions.

Distributions of the HERs derived from the quantification evaluation using the
adaption of the SLIM methodology discussed in Section 8.4.

Insights gained from the evaluation process, including a comparison of group
evaluation perspectives and a trend analysis of the PSF ratings.
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8.5.1 QUALITATIVEDESCRIPTION OF THE DYNAMICHUMANACTIONS

Table 8-9 presents the Operator Response Forms for each evaluated dynamic human
action. The descriptions on the forms were developed by the human action analyst and
licensed operators serving on the PRA team with information provided by the event
sequence analysts regarding the conditions under which each action is demanded. The
forms are written in accordance with the guidelines contained in Section 8.4.1. Sufficient
detail is provided to permit the operator groups evaluating the actions to recognize the
context of the action. However, detailed evaluation of the PSFs is purposely omitted so
that the operators can form their own judgments. The justifications of the time windows
for the actions are presented in the top event definitions and Appendix C.

The dynamic human actions were also qualitatively evaluated by the three groups of
licensed plant operators who performed the quantitative evaluation. These groups
discussed the context of each action among themselves before quantitatively evaluating it.
In some cases, the groups provided practical comments that assisted the event sequence
analyst to improve the plant model. Wherever appropriate to clarify the evaluations, the
operator comments are included in the group comparison and trend analysis in
Section 8.5.5.

B.5.2 QUANTITATIVEEVALUATIONS

The three operator groups quantitatively assessed the weight and degree of difficultyscore
of the seven PSFs in accordance with the guidelines in Section 8.4.2 as summarized in
Tables 8-4 and 8-5. These evaluations are summarized in Tables 8-10 and 8-11.

Each group's FLI evaluations are converted into HER estimates independently of the other
two groups in accordance with the procedures outlined in Section 8 4.3. After the failure
rates for the individual groups are obtained, they are merged together, giving equal weight
to each evaluation group.

The individual actions are grouped by similarity of weights into groups for quantitative
evaluation against calibration actions. Calibration actions obtained from evaluations in
other PRAs are used to benchmark the failure rates of each group. The identification of
each calibration action, the basis for its failure frequency, and source of the calibration PSF
weights and scores are documented in a calibration action database (Reference 8-6). To
keep the differences in judgments explicit, no adjustment is made to the normalized
weights or individual PSF rating of either the rated actions or the calibration actions during
this process. The resulting evaluations are given by individual rating group in Tables 8-12
through 8-14.

The operator groups at Browns Ferry took advantage of the flexibilityprovided them for
weighting the individual PSFs of the human actions by varying the weight profiles of
individual actions considerably, rather than looking for similarities in focus between
actions, as suggested in the guidance forms. This led to a wide variety of weight profiles,
some of which have no calibration actions with similar profiles. Consequently, some PSF
weight profile groups were converted to HERs using best fit to weight profiles available. A
notation is made on the evaluation form where judgment was used to find the best
available fit.
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The HERs used in the PRA are obtained from merging the individual groups of operator
evaluations into composite quantitative estimates using the procedures outlined in
Section B.4.4. These composite error rates are given in Table B-15. Because of time
limitations, individual operator groups did not evaluate every action. The results tables
state which groups contributed to the final evaluation of each action.

The estimates have large range factors because of both the assignment of uncertainty to
the derived error rate of each group and the variability of ratings among the groups. Recall
that the minimum range factor for any composite error rate is assumed to be at least 10 if
any of the estimates derived from the group evaluations have a median value of less than
10 per demand, and 5 otherwise. When the estimates derived from the group
evaluations diverge, the merging process produces broad distributions whose mean values
tend to reflect the most conservative of the group evaluations. However, the entire
distribution is retained so that the uncertainty can be accounted for explicitly if the human
action appears in risk-dominant sequences that are subjected to uncertainty analysis.

The remainder of this section compares the evaluations of the groups and summarizes
significant comments made during the elicitation process.

B.5.3 COMPARISON OF EVALUATIONGROUPS

The average and the range of the FLls assessed by the three operator groups are as
follows:

Group Average FLI

3. 64

Highest FLI Lowest FLI

7.11

3.95

2.73

7.57

6.00

1.93

1.58

Although not subjected to statistical tests, it appears that Group 3 was considerably more
optimistic regarding the difficultyof the actions. A comparison of the trends in the
evaluations indicates that this group rated the PSF for previous and concurrent actions
more heavily than the other two groups. In conjunction with the higher weight, Group 3
also scored the PSF as strongly helping them to recognize the need to accomplish the
action, as shown below.

Group Weight Score

0.15

0.13

0.17

4.3

4.0

2.4

In essence, Group 3 was quite confident that the context of the various scenarios would
drive them to the correct actions. They maintained this opinion when the human actiont analysts described the implications of their ratings to them during the elicitation process.
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8.5.4 DISCUSSION OF SIGNIFICANT DIFFERENCES IN EVALUATIONS

Each operator group brought its own perspective to the evaluation process. For some
actions, this perspective produced a wide divergence among the error rates derived from
the group evaluations. This section highlights some these differences and discusses the
variation in perspective among the groups that caused them.

The following actions revealed divergence among the groups sufficient enough to produce
a range factor of greater than 30 in the composite distribution. The discussion below
compares the parts of the evaluations that influence the results. To better understand the
context of each action, refer to the Operator Response Forms contained in Table 8-9 The
criteria against which the operators evaluated the actions are contained in Tables 8-4
and 8-5, and the actual evaluations are contained in Tables 8-11 through 8-15. If these
actions appear in scenarios that are significant contributors to risk, the resolution of the
points of view that produced the uncertainty is presented as part of the discussion of the
results in Section 6.1.

OBD1 —Rapidly Depressurize with Turbine Bypass Valves after Loss of High
Pressure Coolant Injection (HPCI) and Reactor Core Isolation Cooling (RCIC).
Groups 1 and 3 rated this action as presenting some difficulties, resulting in median
HERs in the low 10 per demand range. The large range factor arose from the
comments of Group 2, who rated this action directly with an error rate of 0.3 per
demand. In support of their evaluation, they brought up the following point.

Group 2 stated that their primary concern is coming to the decision to rapidly
depressurize before reaching -122". They have other options that they would
exercise before rapidly depressurizing to low pressure that could close out this
option. If there is no HPCI or RCIC, the operators will depressurize to 450 psig and
do everything to maintain inventory with alternate systems, such as the control rod
drive hydraulic system (CRDHS). Consequently, they judged that in 3 out of
10 scenarios in which they face this problem they may not consider the option to
rapidly depressurize with the turbine bypass valves until they are lower than -122",
despite the fact that 2-EOI-1(RC/P-3) allows them to depressurize on the
anticipation of the requirement to emergency depressure.

Once they reach -122" and the main steam isolation valves (MSIV) close, they have
lost the option to depressurize. At this point, they would continue to try to get
high pressure systems back on line and extend the amount of time required to get
to -162". If they can slow the rate of decline down enough, the CRDHS turn level
around before procedures require them to emergency depressurize at -162".

ODWS1 —Initiate Drywell Spray. Groups 2 and 3 rated this action as presenting
no problems. As a result, their evaluations were quantified to have a median error
rate in the low 10 4 per demand range.

Group 1 rated this action in the hindering range for all but the training PSF. As a
result, their evaluation quantified to a median error rate of 1.7 x 10 . As no
specific comments were recorded regarding this rating, the reasons for Group 1's
high evaluation will be investigated only if the action appears in scenarios that are
significant contributors to risk.
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~ OF3 —Control Feedwater and Hotwell Level, Given Autocontrol Successful, but
Three Feedwater Pumps are Still Operating. This action is a followup to a previous
action that called for the operators to trip two of the three feedwater pumps. The
operator groups were asked to evaluate the chances that the operators would
successfully be able to control the feedwater, given they initially failed to trip two
of the pumps, but the automatic level controller was initially able to maintain level.
The action becomes necessary as the cool down progresses to the point where the
automatic control becomes erratic. The Operator Response Form recognizes that
once they realize that they have to take control, the operators would trip two
feedwater pumps and control reactor pressure vessel (RPV) level in the normal
fashion.

The operator evaluation discrepancies centered about the difficulties presented by
the dependencies involved. The large range factor was due to Group 2, who rated
the action as a guaranteed failure. They judged that the autocontroller would not
be able to hold the RPV level below +55" if the operators did not trip two
feedwater pumps. Even if it could, they would not have sufficient time to respond
to a control anomaly involving all three pumps.

OHL2 —Recover and Control RPV Level and Pressure with HPCI and/or RCIC for up
to 24 Hours, Given Short-Term Control Failed. The Operator Response Form for
this action states that at least one overfill and restart cycle on low-low level has
occurred during the fist 6 hours. The operator evaluation discrepancies centered
about the difficulties presented by the dependencies involved.

The large range factor was due to Group 2, who rated the action with the judgment
that whatever caused the operators to fail to catch the anomaly that led to the
feedwater trip could also occur again. This resulted in their evaluation producing a
median HER of 7.3 x 10 per demand.

The other two groups considered the long period of time over which the two
actions would take place would make them independent. Consequently, their
ratings produced HERs from very close to 10 4 to the mid 10 " per demand range.

OLA1 —Initiate and Control Low Pressure Injection to IVlaintain RPV Level between
-190" and -162", Given ATWS. Groups 1 and 2 rated this action as difficult to do,
resulting in evaluations of 4 x 10 and 1.1 x 10 " per demand, respectively.

Group 3 focused on the fact that level control will be a major concern, and thus will
get a primary focus of attention. In addition, they considered that they have good
plant interfaces to accomplish the task and are well trained for it. Consequently,
their assessment produced an HER of 4 x 10 per demand.

ORP2 —Start RHR and/or Core Spray pumps for Low Pressure Coolant Injection
(LPCI), given RPV Makeup with High Pressure Systems Failed. The three
assessments of this action were about an order of magnitude apart from each
other, reflecting a wide divergence in judgment regarding the problems to be faced.
The discussion focuses on the highest and lowest evaluations.
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Group 1 made the most pessimistic evaluation. Their increased weights and scores
for previous and concurrent actions, complexity, and stress indicates that they
were probably concerned about what else must be going in the control room in light
of the high pressure safety injection failure. As a result, their evaluation produced a
median HER of 4 x 10 per demand.

Group 3, on the other hand, expressed the judgment that the failure of the high
pressure safety injection would key them to accomplish this action and make it
clear that they must do it. This is reflected by the increased weight and decreased
degree of difficultyfor previous and concurrent actions. In fact, their FLI was
almost the same as for ORP1, the not failed case. The HER for this action of
2 x 10 " per demand is higher because the change in weights placed ORP2 in a
different calibration group.

OSD1 —Align RHR for Shutdown Cooling. Groups 1 and 3 rated this action as
very easy to accomplish considering the amount of time available and the evolution
of the transient at this point. Their assessments produced median HERs in the low
10 per demand range.

Group 2 discussed other things that could be going on at the transition to shutdown
cooling and reflected these competing factors in their rating. They discounted the
amount of time available by weighting it low. As a result, their evaluation produced
a median HER of 1.3 x 10 per demand.

The human action analyst considers the Group 2 evaluation to be very pessimistic.
The evaluation does not appear to account for the ability of the various members of
the operating crew to back each other up over a long periods of time. This is
perhaps a shortcoming of the evaluation method. When one action covers a long
period of time, a method that does not take explicit credit for checking and
followup can tend to produce higher HERs.

OSD2 —Align RHR for Shutdown Cooling, Given One Loop Unavailable. The same
comments as those given for OSD1 apply to this action.

OSL2 —Actuate Standby Liquid Control (SLC), Given Anticipated Transient without
Scram (ATWS) with an Isolated Vessel. Groups 1 and 2 rated this action in very
close agreement, both being close to 1 x 10 per demand.

The discrepancy arises because Group 3 considered this action to be the major
focus of the operating crew, and thus assessed it as being easy to do. They
assessed preceding and concurrent actions, procedures, and training as 1 out of 10
on the degree of difficultyscale, all being very helpful to accomplishing the action.
The most difficultywas judged to be due to stress, and it was given a rating of 4.
As a result the HER associated with their assessment was 1 x 10 per demand.

OSV1 —Bypass Low Low Low (-122") MSIV Closure Signal during ATWS Events.
Groups 1 and 2 rated this action as presenting little difficulty to the operators.
They both judged that the EOls make requirement for the action very clear.
Furthermore, it has a very low complexity. In addition, the Group 2 operators said
that they can reopen MSIVs after they close. Condenser vacuum will remain for
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about 5 to 30 minutes, depending on the conditions. This action was included in
their evaluation as an option in the action to improve its probability of achieving the
success state of the risk assessment. As a consequence, the Groups 1 and 2
assessments produced very low HERs in the mid 10 to low 10 per demand
range.

Although Group 3 also considered the procedural guidance regarding the action to
be very clear and helpful, they took a more pessimistic view of the action,
especially with respect to plant interfaces and training, both of which they also
weighted more heavily. This resulted in a median HER of 4 x 10 per demand.

B.5.5 EVALUATIONOF PERFORMANCE-SHAPING FACTOR TRENDS

Table 8-16 displays the operators'valuations of the 20 highest FLI ratings with respect to
each PSF category. The contribution of each PSF to the total FLI is established by
multiplying the normalized weight of each PSF by its score. When the individual PSF FLls
are sorted, they can provide information regarding the types of actions the operators
consider to present them with the most difficult problems with respect to that
performance-shaping factor. These trends are discussed below in order from the overall
highest to the lowest PSF contributor to the overall FLI. More than 20 ratings may be
displayed when more than one evaluation produced the 20th highest PSF FLI. For these
cases the list was simply extended to encompass all the actions having that same FLI.

Plant Man-IVlachines Interfaces and Indications of Condition (Average Contribution
to FLI = 0.60). This PSF was the highest contributor to the FLI of the seven PSFs.
This ranking is consistent with comments made by the operators. For example, the
Group 1 operators expressed it would be very worthwhile to include the basis for
the level and the set point calibrations in training.

The top two ranking actions were both OJC1 (Control RPV Level with Condensate
Using Alternate Injection Path, Given Startup Bypass Valve Fails). This action
responds to multiple failures and would not be expected to be required, except
under extremely rare circumstances. In addition, there are currently no procedures
that specifically refer to this option. Thus, actions to recover the bypass valve
were judged to compete with this action.

ATWS and post-ATWS level control actions encompassed 11 of the remaining
rankings (actions OAL1, OLA1, OHS3, OHC4, and OF4). This reflects the fact that
the operators must also be trying to regain or verify long-term reactivity control ~

~ Task Complexity (Average Contribution to FLI = 0.58). Two trends appeared for
this PSF.

Action OJC1 (Control RPV Level with Condensate Using Alternate Injection Path,
Given Startup Bypass Valve Fails) was ranked high by all there groups. This action
responds to a situation where there has been a previous failure and a variety of
other means can be sought to inject water into the RPV. All these options, and the
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fact that the alternate means of using the condensate involves local manipulations
and/or repeated cycle of filland boil off, make the difficultydue to complexity high.

Seven actions requiring restart and/or control of RPV level between -162"
and -190" (at or below top of active fuel) are ranked high. These actions include
OAL1, OLA1, OCS3, OCH4, and OF4. This is a very understandable trend, because
the inventory of water per inch of level declines by about a factor of 4 in the fuel
region, and the margin for error is much lower since the inventory of water present
in the RPV is very low.

~ Adequacy of Time To Accomplish Action (Average Contribution to FLI = 0.54).
Two trends were observed for this PSF.

Action OPTR1 (Take Manual Control or Terminate Feedwater Flow, Given
Feedwater Rampup) appeared as 2 of the top 5 rankings. Despite the assumed
5 minutes available stated in the Operator Response Form, Groups 2 and 3 were
both concerned about the rate at which the rampup would occur and their ability to
respond to it.

The time element for regaining control of RPV level once it drops to -162" also
appeared as a trend for this PSF. The groups expressed confidence that their
training for this action is adequate, but they did express concern regarding the
adequacy of plant interfaces for these actions. As the basis for level indications
has been expressed concern under plant interfaces (see the comments on
page 8-19), these rankings reinforce the need for a review of level control, with
perhaps some discussion of the time constant for level indication response.

Significant Preceding and Concurrent Actions (Average Contribution to FLI = 0.53).
There was only one trend exhibited regarding to this PSF.

Groups 1 and 2 gave high ratings to rapid and emergency depressurization actions.
Group 2 specifically commented about how their efforts to make maximum use of
alternate high-pressure injection systems could permit the RPV level to fall below
-122", the point at which they lose the option of depressurizing voluntarily with the
turbine bypass valves (see the comments on OBD1 in Section 8.5.4). In their
comments they mention that they would do everything possible to inject with any
high pressure source to extend the time to boil down, hoping that the decay heat
will decline sufficiently to avoid depressurization. That action would have definitely
been in the trend here if they had not given it a direct rating. In fact, that direct
rating actually reflects the dominance of concurrent actions in the determination of
a 3 x 10 1 per demand failure rate for Group 2's OBD1.

In contrast to Groups 1 and 2, Group 3 judged that preceding and concurrent
actions strongly assisted them in recognizing the need to depressurize. Recall from
Section 8.5.4 that Group 3 consistently rated this PSF as assisting them to
accomplish the action. Their reasoning is also logical, because if all else fails, they
will know that depressurization is the next step needed to get water on the core.

~ Stress (Average Contribution to FLI = 0.50). The only trend observed for this PSF
is that 10 of the actions require restart and/or control of RPV level between -162"
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and -190" (at or below top of active fuel). These actions include ORVD2, ORVD3,
OAL1, OLA1, and OF4. This is a very understandable trend, because the inventory
of water per inch of level declines by about a factor of 4 in the fuel region, and the
margin for error is much lower since the inventory of water present in the RPV is
very low.

It should be noted that of the 10 actions, the impact of stress was rated in the
neutral zone of degree of difficulty. Consequently, the trend simply reflects a
natural healthy respect for the situation.

Training and Experience (Average Contribution to Fil = 0.37). The ratings
exhibited one trend. Over half the high rankings involved actions to control the
RPV level (actions OLA1, OJC1, OHL1, OF1, OF2, OF3, OF4, OCRD1, and OHC4).
In fact, six of the actions involved control with feedwater (OF). Although referring
to tripping two of three feedwater pumps, Group 1 commented that the simulator
does not let the operators succeed at feedwater tasks very often.

Procedural Guidance (Average Contribution to FLI = 0.36). In general, the
operators rated the procedures as the most favorable performance-shaping factor.
The operators commented that the new symptom-oriented procedures are assisting
them to accomplish the actions modeled in the PRA much better than the older
procedures.

None of the highest ranked actions weighted procedures heavily. Most weights
were very near .14, which reflects the average when all PSFs are equally weighted.
Consequently, it appears that the operators are using the procedures as guides.

Six actions receiving high ratings for degree of difficultywith respect to procedures
involved requirements to control the RPV level at or near the top of the active core.
At this point the operators are in the EOls, and the instructions are very general.

B.6 RECOVERY ACTIONS

First, the key actions to be evaluated as recovery actions are identified by reviewing the
sequences contributing to the core damage frequency. Both procedural-guided and
nonprocedural-guided actions may be identified.

The nonprocedural-guided actions are discussed with plant operations representatives.
The PRA team presents the scenarios of interest and describes when, in the course of the
scenario, the existing procedures do not apply. The intent here is to ensure that only
actions that are compatible with the operating philosophy are considered. Based on the
comments of the operations representatives, the action boundary conditions, success,
criteria, and event scenario timing are identified for each response. The remainder of the
qualitative model descriptions are then prepared to document all important factors
affecting operator response. These qualitative descriptions will then be sent to the plant
for review by plant operations staff. Review comments are incorporated and the
necessary changes made to the decision models.
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The quantitative models used for recovery actions involving manual backup or realignment
tasks are the same as those identified earlier for operator dynamic actions considered in
the first quantification.

The recovery actions involving repair and restoration of electric power during station
blackout scenarios are modeled to account for the time-dependent likelihood of power
recovery prior to core damage following a loss of all power. These actions are discussed
in Section 3.3.3.4.

A scenario-specific analysis of the duration of repair versus the time available for repair is
performed. For example, the likelihood of electric power recovery is computed as a
function of time following the initial loss of AC power, which is then convoluted with the
time available for repair before core damage occurs to determine the probability of
successful recovery.

B.7 RESULTS OF RECOVERY ANALYSIS

The quantification of the plant model and subsequent analysis of the dominant sequences
produced a number of opportunities for operator dynamic and recovery actions, as
summarized in Table 8-17. The reasoning for their explicit inclusion in the event sequence
models is discussed in the description of the support system and frontline event trees in
Sections 3.1.2 through 3.1.4.

The actions listed in Table 8-17 explicitly exclude those accomplished explicitly to recover
offsite power. Those actions are accounted for directly in the electric power recovery
model, which is presented in Section 3.3.3.4.

This section presents the:

~ Qualitative description of the tasks required to accomplish the actions successfully,
and the conditions under which they must be accomplished.

~ Quantitative evaluation of PSFs reflecting the operators'udgments regarding the
degree of difficultyfor successfully accomplishing the actions.

~ Distributions of the human error rates derived from the quantitative evaluation using
the adaption of the SLIM methodology discussed in Section 8.4.

~ Insights gained from the evaluation process.

B.7.1 QUALITATIVEDESCRIPTION OF THE DYNAMICHUMAN ACTIONS

Table 8-18 presents the Operator Response Forms for each evaluated recovery action.
The descriptions on the forms were developed by the human action analyst and licensed
operators serving on the PRA team, with information provided by the event sequence
analysts regarding the conditions under which each action is demanded. The forms are
written in accordance with the guidelines contained in Section 8.4.1. Sufficient detail is
provided to permit the operator group evaluating the actions to recognize the context of
the action. However, detailed evaluation of the PSFs is purposely omitted so that the
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operators can form their own judgments. The justifications of the time windows for the
actions are presented in the top event definitions and Appendix C.

The recovery actions were also qualitatively evaluated by the group of licensed plant
operators who performed the quantitative evaluation. This group discussed the context of
each action among themselves before quantitatively evaluating it. In some cases, the
group provided practical comments that assisted the event sequence analyst to improve
the plant model. Wherever appropriate to clarify the evaluations, the operator comments
are discussed in the Operator Response Forms.

B.7.2 QUANTITATIVEEVALUATIONS

Only one group of licensed operators quantitatively assessed the recovery actions. The
group assessed the actions using the same procedure followed for the dynamic human
actions. These evaluations are summarized in Table B-19. The group's FLI evaluations are
converted to HER estimates in accordance with the procedures outlined in Section B.4.3.

The individual actions are grouped by similarity of weights into groups for quantitative
evaluation against calibration actions, Calibration actions obtained from evaluations in
other PRAs are used to benchmark the failure rates of each group. The identification of
each calibration action, the basis for its failure frequency, and source of the calibration PSF
weights and scores are documented in a calibration action database (Reference B-6). To
keep the differences in judgments explicit, no adjustment is made to the normalized
weights or individual PSF rating of either the rated actions or the calibration actions during
this process. The resulting evaluations are given in Table B-20.

The uncertainty of the evaluation group's estimates are established following the
recommendations of Swain and Guttman (Reference B-2, Table 7-2) for nonroutine
circumstances, which is judged to be representative of the transient situations to which
the actions apply. The uncertainty in the range from .001 to .01 is broadened to a range
factor of 7 to provide a better transition. The resulting range factors are:

HER IVledian Value

HER a .01

.01 ) HER a .001

.001 ) HER

Range Factor

10

The resulting distributions are given in Table B-21.

B.7.3 DISCUSSION OF RESULTS

The evaluation of the recovery actions indicated that the operators can be strongly
influenced by the plant situation they face when they must recover from failures. The
comparison of assigned weight and scale ratings of the individual actions provides this
insight.
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The evaluation of the PSF ratings and the resulting HERs supports the judgment of the
PRA team that the operators have made reasonable judgments regarding their ability to
mitigate against some of the scenarios identified during the quantification of the plant
model.
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Location of Surveillance
Complexity

(See Note 1

on Page 2)

Verification
(See Note 2
on Page 2)

Realignment Using
Manual Controls and
Switches Provided

by the Design

Realignment from
Jumpered Circuits or

Other Temporary Plant
Modif(cation

Calibrations Left
Misallgned or at

Unresponsive Setpolnts

Control Room Area
(includes backs of panels
and/or associated
equipment)

Local (single location
exterior to the control room
area)

Low

Medium

High

Low

Medium

High

Yes
No
Yes
No
Yes
No

Yes
No
Yes
No
Yes
No

Variable
(Note 3)

ZHERCL
0

ZHERCM

ZHERLL
0

ZHERLM

Mean

2.0-3

5.9-3

3.4-3

1.5-2

Variable

ZHEJCL

ZHEJCM

ZHEJLL
4

ZHEJLM
t

Mean

1.8-3

4.9-3

3.2-3

1.2-2

Variable

ZHECCL

ZHECLL

Mean

4.9-3

6.2-3

Table B-1 (Page 1 of 2). Generic Database Variables Used for System Analysis Screening of Preinitiating Event, Routine
Human Error Caused, Undetected Unavailability following Maintenance and Testing

Type of Action

g7

O

th
n

fo

CL
C
K
C
Q

'D
D)

ttt
X
Q
2
Ol
&00

Multiple Locations
(excluding the control room
area)

Low

Medium

High

Yes
No
Yes
No
Yes
No

ZHERML

ZHERMM

1.0-2

3.2-2

ZHEJML
4

ZHEJMM

9.6-3

2.7-2

ZHECML 1.6-2

'Refer assessments not having a generic variable associated with it to the human action analyst for a system-specific evaluation. The bases and

derivation of the distribution of each generic database variable is contained in Reference B-1.

Note: Exponential notation is indicated in abbreviated form; 2.0-3 = 2.0 x 103.
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Table 8-1 (Page 2 of 2). Generic Database Variables Used for System Analysis Screening of Preinitiating Event, Routine
Human Error Caused, Undetected Unavailability following Maintenance and Testing

Notes:

W
0

n
Cl

1. Complexity Guidance:

Select low complexity only if it is clear that all criteria are satisfied.
Select medium complexity only if no more than two low complexity criteria are out of tolerance.

Low:

Medium:

High Diverse objectives.
More than 10 restorations.
Items ambiguously marked or in close proximity.
Team in multiple locations with intermittent communication.
Any consideration that make assignment of either low or medium complexity uncertain.

2. Verification Guidance:

Single objective.
Very clear procedures (one action/step with individual checkoff, outline or columnar form, easy to interpret).
Less than 10 closely associated calibrations and/or restorations.
Items clearly marked and separated.
Small team working directly with each other.

Repetitive or coordinated objectives.
Clear procedures (one action/step, "critical steps" having checkoff, narrative form, easy to interpret).
Less than 10 restorations of varying types.
Items clearly marked in same general area.
Team in more than one location with dedicated communication.

C
K

Q.

CL
D
Ol

0
Q

m
)C

2
Ol
«4
0

Yes: Second person verifies and signs off in a separate space provided for that purpose (low dependency between checker and testers).
No: Two people working together verify realignment, or less. (Moderate or high dependency between checker and testers.)

3. Legend:

ZHERL

Complexity (low)
Location (single local)
Type of Action (realignment with controls)

'Refer assessments not having a generic variable associated with it to the human action analyst for a system-specific evaluation.
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System Top Test Nurber
Notebook Event

Test Name Database Oescrfptfon of Error
Variable

Core Spray CS

Core Spray CS

2-S1.4.2.B-39AI(11)

2-SI-4.2.B-39B

Core Spray System Logic Fmctionat
Test Loop I (ll)
Core Spray System Logic Time Delay
Relay Calibration

ZHEJLL Breaker taft fn racked out position.

ZHEJLL Failure to remove Jccpers.

Core Spray CS 2-SI-4.5.A.I.dl(II) Core Spray FtoM Rate I.oop I (Il) ZHERCL failure to recotely restore valves to
their normal position.

EECM EE O-S I -3.11 EECII Purp Baseline Oats Acqufstfon snd
Evaluation

ZI{ERLL Failure to futly reopen the purp manuat
discharge valve after cocpletfng the test.

EPS

EPS

DIES1 O-S1-4.9.A.1.a(A) also
(B,C,D)

DIES2 3-SI-4.9.A.1.a(3A) atso
(38,3C,3O)

Dfesel Generator A(B,C,D) Honthly
Opersbf lfty Test

Diesel Generator 3A (3B,3C,3D) Honthly
Opersbllfty Teat

ZHERCL

ZHERCL

Faf lure to reatfgn diesel exhaust fans.

Failure to realign diesel exhaust fans.

Table B-2 (Page 1 of 2). Summary of Routine Human Errors Included in the Systems Analyses To Account for Preinitiating
Event, Routine Human Error Caused, Undetected Unavailability following Maintenance and Testing

N
0

co

TI
rg

C
Pt
h)

Q.
C
Q.
{
Dr

I)
Or

rrl
X
Dr

gr
C0

HPCI I{PI/HPCIS 2 SI-4.2.8-26 CSCS.Condensate Header Le{I Level
Calibration

2MEJLL Failure to remove fnhfbfts/boots frcm
relay contacts.

HPCI HPI/HPCIS 2 SI.4.2.B.26FT

HPCI HPI/HPCIS 2 Sl 4e2.B-2T

HPCI HPI/HPCIS 2 Sl 4.2.B-27FT

HPCI KPI/KPCIS 2-SI-4.2.B.42B

CSCS-Condensate Header Lo{r Level
Frwctfonst Test

HPCI Suppression Chscber High Level
fnstruaentatfon Calibration

HPCI System Suppression Chamber High
Level Instruaentatfon frictional Test

HPCI System Tfme Delay Relay
Catfbratfon

ZHEJLL

ZHEJLL

ZI{EJLL

2HEJLL

Failure to remove fnhfbtts/boots frcm
retey contacts.

Failure to remove inhibits/boots from
relay contacts.

Failure to remove inhibits/boots from
relay contacts.

Failure to remove inhibits/boots from
relay contacts.

RCIC See System 2-S1-4.5.F.1.C
Hotebook

RNR RP 2.S1-4 '.B.45AI (II)

HPCI HPI/HPCIS 2-S1-4,5.E.1.C HPCI System Hoter Operated Vstve
Opersbilf ty

RCIC System Hotor Operated Valve
Operability

Loop I (Il) RKR Logic System
Functional Test

ZHERCL

ZNERLL

Failure to realign valves from the control
rooms

Failure to reatign valves.

ZKEJHL Fatlure to remove Inhibits/boots from
relays.

XII
C,
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System Top
Notebook Event

Test Nccrber Test Name Database Descrfptfon of Error
Variable

RKR RP 2-SI-4.2.8.45BI (II) Division I (II) RKR System Logic
(LPCI) Hode Tfme Delay Relay
Calibration

ZKEJHL Failure to Remove Inhibits/Boots from
Relays.

Sec. Cont. RBI
tsol.

Sec. Cont. RBI
Isol.

2-SI.4.2.A.9A,B

2-SI 4.2.A.10FT

Reactor Bufldfng Ventllatfon Radiation
Monitor 2-RM-90-142 (143) Calibration
and Functional Test

Reactor Building Ventilation Radiation
Honf tora RH-90-140, 141, 142, 143
Instruaent Functional Test

ZKEJLL

ZKEJLL

Failure to remove banana Jcmpers that
dfsable the reactor building isolation
signal.

Faf lure to remove banana Jurpers that
disable the reactor building isolation
sfgnal.

Table B-2 (Page 2 of 2). Summary of Routine Human Errors included in the Systems Analyses To Account for Preinitiating
Event, Routine Human Error Caused, Undetected Unavailability following Maintenance and Testing
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Sec. Cont. RBI
lsol.

2.SI.4.2.A.10A, B Reactor Building Ventilation Radiation
Honftors RH-90-140 (141) Calibration
and Functfceal Test

ZKEJLL Failure to remove banana Jurors that
disable the reactor building isolation
signal.
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Table B-3. Guidance Regarding Information To Include in Operator Response Forms

TASK IDENTIFIER with the summary reproduced from operation action summary table.

PRECEDING EVENT
~ List initiating events after which action may be required.
~ Briefly summarize sequence of events leading to action.

Base the sequences on event tree descriptions.
Bound the range of possibilities (identify if influenced by initiating event).

~ Identify any abnormal plant responses that may complicate the situation.

INDICATIONS OF PLANT CONDITION
~ List what the operating crew sees that permits diagnosis that the action is

required.
~ Estimate how long the condition could exist before indications sufficient for

diagnosis are available to the operators.
~ Describe parallel indications that can mask the action requirement.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Reference the procedure and steps that will be followed.
~ State whether the task is an immediate memorized action.
~ Briefly summarize the aspects of the action that could influence the

operators'bility

to diagnose and accomplish it.
~ Identify considerations in addition to procedures that could influence likelihood of

success.

CONCURRENT ACTIONS COMPETING FACTORS
~ Identify concurrent actions that could compete for attention.
~ Briefly describe alarms, environmental conditions, and other distractions that

could impact the operating shift's concentration and produce stress.
~ Discuss important aspects of the operator team interactions.

INDICATIONOF SUCCESSFUL COMPLETION SUCCESS IMPACT
~ Characterize plant state upon completion based on event tree success criteria.
~ Describe how the operators can determine they have been successful.

FAILURE IIVIPACT
~ Characterize the plant condition following failure to accomplish based on event

tree success criteria.
~ Identify later actions the operators have available to respond with once the plant

has made a transition to the failed condition.

TIIVIE CONSTRAINTS
~ List thermal/hydraulic and physical/equipment response considerations that

influence time available before transition to failed condition.
~ Summarize what is known about time required to both diagnose and accomplish

the tasks.
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Table BW (Page 1 of 7). Guidance for Scoring the Degree of DifficultyPresented by
Each PSF Associated with Each Dynamic Human Action

PSF: Task Complexity

Definition: This performance-shaping factor rates the effect of multiple requirements on
task success. It can range through the entire gamut of coordination, multiple locations,
remote operations, variety of tasks, and communications requirements. It also rates the
availability of resources.

Scaling Guidance: Compare different types of complexity, or lack of complexity, by
judging how much the operator is helped or hindered. Consider how the system is
designed to avoid error if complex actions must be accomplished. Also consider the
availability of resources to accomplish the various parts of the action.

~R~in Exam le of Thou h Process Tha Mi h Produce This Ra in

- 0 Very clearly understood and straightforward task with no interpretation of
current situation required.

- 2 Skill-based response by one operator with SRO concurrence that can be
performed and verified at one location.

-3

-4

- 5 Series of tasks accomplished under direct control of one operator with SRO
concurrence with a rule-based response.

-6

- 7 Knowledge-based response.

- 8 Tasks involving coordination of more than one operator at more than one
location.

- 9 Tasks with contingencies that require coordinating decisions during different
stages of the transient event and among multiple operators at multiple locations.

-10

Notes:

TABLEB4.BFN.08/30/92 B-28



Browns Ferry Unit 2 individual Plant Examination Revision 0

Table BW (Page 2 of 7). Guidance for Scoring the Degree of DifficultyPresented by
Each PSF Associated with Each Dynamic Human Action

PSF: Plant Man-Machine Interface and Indications of Conditions

Definition: This performance-shaping factor relates the impact of the man-machine
interface on the likelihood of success. It measures the degree to which the instruments,
alarms and controls available to the operators at the time when the action must be
accomplished assist them to preform the action.

Scaling Guidance:

~Ratin Exam ie of Thou ht Process Tha Mi ht Produce This Ra in

- 0 A wide variety of instruments and/or alarms focus the operators'ttention on the
blatant need to act and provide an easy method to do so. Feedback on success
is obvious.

- 2 Alarms and indications are clear and easily interpreted. Feedback is readily
available close to the point of action.

-3

-4

- 5 Indications for this action are found within a familiar pattern of alarms, which
operators are trained to diagnose.

-6

-7

- 8 Action requires that two or more operators work together because of controls
and indications that are far apart.

-9

- 10 Indications confuse the operators and cause actions that could be wrong or
inappropriate.

Notes:
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Table 8-4 (Page 3 of 7). Guidance for Scoring the Degree of DifficultyPresented by
Each PSF Associated with Each Dynamic Human Action

PSF: Adequacy of Time To Accomplish Action

Definition: Measure of time required to act compared with the time available and the
effect on success. The rating reflects the operator's confidence that the task can be
accomplished in time to avert a change to a failed state.

Scaling Guidance: Judgment should be based on the time required compared with the
time available to recognize, diagnose, and accomplish the action. Judgment about the
length of these times may be reflected by noting the task description times. Both the
absolute difference in time and the ratios of the time may be useful for making these
judgments.

~Rincn Exam I f Th u h Proce Tha Mi h Prod This Ra in

- 0 Adequate time to accomplish action, bring in assistance if necessary, and correct
errors.

- 1 Time is on the operator's side.

- 2 Enough time to complete procedures carefully and methodically with some
outside assistance.

- 3 Enough time to complete procedures carefully and methodically if no outside
assistance needed

- 5 Enough time to complete at a normal speed and to verify results, but with limited
time to correct significant errors.

-6

- 7 Success requires rapid, practiced operator actions with little time to correct
anything but a small slip. Requires skillful and well-trained actions for success
with any problem endangering the chance for success.

-8

-9

- 10 Time required about the same as time available. Operators can complete the
task, but it will be a very close call.

Notes: If the time required to complete the action exceeds time available, the
action is guaranteed to fail. Under these circumstances the reason why
the action can not be done is documented and no PSF evaluation is
required.
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Table B% (Page 4 of 7). Guidance for Scoring the Degree of DifficultyPresented by
Each PSF Associated with Each Dynamic Human Action

PSF: Significant Preceding and Concurrent Actions

Definition: Preceding and concurrent actions set the stage for the modeled action and
make it necessary and obvious to the operators. They can also divert the

operators'ttention

from this action or even cause failure. (If necessary, some strongly dependent
failures may be accounted for by specific split fractions in the event trees.) Lack of
preceding actions may create a surprise effect that should be accounted for in this
performance-shaping factor.

Scaling Guidance:

~Rs in Ex m ie f Th u h Pr cess The Mi h Produce Thi Re in

- 0 Previous actions focus operators on the urgent need to act.

- 1 There are no distractions from this action; it could also get close supervision and
follow-up, if necessary.

-2

- 3 Operators are alerted to the need for possible action and are expecting it.

- 4 Another step in standard or procedure-based responses.

- 5 Action is not a surprise, but previous actions create some competition for
operator attention.

-6

- 7 This is one of many concurrent actions and could possibly be overlooked.
Operator is taking recovery actions from one or two previous problems.

- 8 Operators are busy with other work and this is an unexpected, unusual transient.

- 9 Previous operator problems create an unusual situation.

- 10 The need to accomplish this action is unexpected and inconsistent with previous
actions.

Notes:
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Table BW (Page 5 of 7). Guidance for Scoring the Degree of DifficultyPresented by
Each PSF Associated with Each Dynamic Human Action

PSF: Procedural Guidance

Definition: This performance-shaping factor accounts. for the extent to which plant
procedures enhance the operator's ability to perform the action. The operator may have
available not only step-by-step instructions but also guidance on when the action has
been correctly done.

Scaling Guidance:

~Ratin Exam i of Thou h Pr ces Th Mi h Produce This R in

- 0 Procedures are clear and definite. Operators can easily follow them.

- 2 Procedures are clear and definite. Operators can easily follow them but clarity
could be impacted by recent changes or other modifications.

-3

- 5 Procedures are available. Some operator interpretation of procedures required to
perform specific actions.

- 6 Sequence of steps in procedure may require operators to return a place that has
been passed (eg. continuous action (WHEN) or retainment override steps)

-7

-8

Procedures are being used but because of the need to act, the operator can use
them only as a backup check.

r

Action is a chance event for which procedures can give only vague guidance.

- 9 Procedures are poorly written and may be misleading.

- 10 There are no procedures for this action.

Notes:
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Table BW (Page 6 of 7). Guidance for Scoring the Degree of DifficultyPresented by
Each PSF Associated with Each Dynamic Human Action

PSF: Training and Experience

Definition: This performance-shaping factor measures the effect of the familiarity and
confidence the operators have about the actions.

Scaling Guidance:

~Ratin Exam ie of Thou h Process Tha Mi h Pr duce Thi Ra in

- 0 Action is normally carried out during plant trip situations. Operators are
thoroughly familiar with this action and competent at it.

Action is repeatedly carried out during simulator training. Operators are
thoroughly familiar with this action and competent at it.

- 2 Actions that are normally carried out during typical plant trip situations can be
easily applied to this situation. Operators are well trained.

- 3 Action is part of focus on safety functions. It is subject to thorough and
repeated training.

- 4 Action receives emphasis during normal training.

- 5 Action is part of normal training, but receives no particular emphasis. Same
action is used during surveillance testing.

- 6 Nonroutine action that is included in annual training. Surveillance test routinely
carried out has different steps than the required action.

- 7 Nonroutine action that is included in annual training

- 8 Nonroutine action that is an option in annual or biannual training.

- 9 Nonroutine action that gets no simulator training

- 10 Action is unfamiliar or contrary to normal operational practice; e.gte defeating a
safety system and no procedures.

Notes:
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Table BK (Page 7 of 7). Guidance for Scoring the Degree of DifficultyPresented by
Each PSF Associated with Each Dynamic Human Action

PSF: Stress

Definition: This performance-shaping factor accounts for the impact of adverse
environmental conditions and situations that may endanger the operator or damage or
contaminate either the plant or the environment. Depending on its nature and level,
stress can serve as an incentive to accomplish the action, or provide a diversion of
attention that increases the likelihood of failure.

Scaling Guidance: Rating should focus on how the presence of stress will affect the
concentration of the operator on successfully accomplishing the action. In this context,
stress can have both beneficial and detrimental effects, and it is the judge'
responsibility to assess the relative importance of the two.

~Ra in Exam i of Thou ht Pro Th Mi h Produce Thi Ra in

- 0 Stress level has made the operators alert, but they are not yet threatened;
provides best incentive to act.

- 2 Stress level is enough to keep the operators alert.

-3

- 4 Stress level is moderate; operators are aware of potential consequences;
situation is typical of training or experience.

- 5 Stress level is moderate; operators are aware of potential consequences;
situation is unusual.

- 6 Concern about possible outcome is increasing.

- 7 Fatigue or the tediousness affect performance.

- 8 Potential loss is high if action is not successful; situation is unfamiliar.
Consequences are high enough to create physical tension.

- 9 Action must be done under severe environmental conditions of heat and
humidity, loud noise, or significant vibration.

- 10 Operators fight fear, tension and uncertainty while acting. Consequence could
be high radiation exposure, significant release, core damage, or threat to life.

Notes:
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Table B-5 (Page 1 of 7). Guidance for Assigning Relative Weights to the PSF Scores
Associated with Each Dynamic Human Action

Significant Preceding and Concurrent Actions: The rating evaluates the impact of the
preceding scenario and other concurrent actions for either focusing the operators on or
distracting them from accomplishing the action.

The weight relates whether the above factors have any influence on the potential for
the successful completion of this action.

~Wi~h Exam le of Thou h Process

0 Insignificant Other PSFs, such as time and indications, are so important to the
success of this action that what else has previously occurred or is
going on has no influence on the success of this action.

1 Low Other PSFs, such as time and indications, are so important to the
success of this action that what else has previously occurred or is
going on has little influence on the success of this action.

2 Normal The action must be accomplished in the context of what else is
going on. We have no reason for considering it more or less
important than other PSFs.

4 High The context in which the requirement for this action arises is a
prime influence in our potential for successfully completing it.
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Table B-5 (Page 2 of 7). Guidance for Assigning Relative Weights to the PSF Scores
Associated with Each Dynamic Human Action

Plant Man-Machine Interface and Indications of Conditions: Scaled on the ability of the
man-machine interface to provide the information necessary to make the action a
success.

The weight measures whether the above factors have any influence on the potential for
the successful completion of this action.

~Wei h Ex m le f Th u h Proce s

0 Insignificant Other factors dominate so much that I do not care how bad or
good the indications are because they are not going to change the
likelihood of the success of this particular action.

1 Low This is a skill-based action done in response to many alarms, with
little or no diagnosis required. I can easily verify my action in a
variety of ways.

2 Normal Patterns of indications are required to take action and verify proper
plant response, but no sophisticated diagnostics or control are
required.

4 High The success of the action is not possible without the proper
response to feedback from the plant instruments. We must use
specific parameters to diagnose the problem and/or control the
plant.
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Table B-5 (Page 3 of 7). Guidance for Assigning Relative Weights to the PSF Scores
Associated with Each Dynamic Human Action

Adequacy of Time To Accomplish Action: Measure of how the relationship between the
time required to recognize and to accomplish the action to the time available can
influence the likelihood of success.

The weight relates whether the above factors have any influence on the potential for
the successful completion of this action.

~Wei h|

0 Insignificant

Exam le of Thou h Proce s

Events evolve so gradually that the relationship between available
and required time does not matter. If we fail to do the action, it
will be due to reasons other than time.

1 Low A slowly evolving situation in which there should be sufficient time
to act. Under these circumstances, other PSFs would tend to be
more important for determining the potential for successful
accomplishment.

2 Normal Task must be done within a fairly well-understood period of time
that has some flexibility.

4 High Time frame in which we must accomplish the action is well
defined. The transitions that present the initial requirement to
accomplish the action are not gradual. If the action is not
accomplished, something definite will happen at a well-understood
point in the transient.
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Table B-5 (Page 4 of 7). Guidance for Assigning Relative Weights to the PSF Scores
Associated with Each Dynamic Human Action

Procedural Guidance: The rating evaluates the extent to which the written procedures
enhance the operator's ability to perform the task correctly.

The weight relates whether the above factors have any influence on the potential for
the successful completion of this action.

~Wei h Exam Ie f Tho h Pr e

0 Insignificant Immediate action task in which the operators do not have time, nor
are expected, to refer to the procedure before acting.

1 Low Specific skill-based actions for which procedures provide only
general guidance regarding options.

2 Normal Operators are tracking and responding to plant status using
procedures, indications, and other cognitive resources.

4 High Tasks that would be very difficult to accomplish without
procedures.
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Table B-5 (Page 5 of 7). Guidance for Assigning Relative Weights to the PSF Scores
Associated with Each Dynamic Human Action

Task Complexity: The rating evaluates how the presence or the lack of the following
influences the potential for the success of this action: available resources, multiple
objectives, coordination, communication, location of action, and sequencing of tasks.

The weight relates whether the above factors have any influence on the potential for
the successful completion of this action.

~Wi~h

0 Insignificant

Exam le f Th h Pro e

Other PSFs dominate the considerations of the action so much that
the complexity (or lack of complexity) of this action has little or no
influence on the potential for its failure.

1 Low Other PSFs control the likelihood for the success of this action, but
complexity does have some influence.

2 Normal The number and sequencing of tasks and coordination necessary to
accomplish them, along with other factors definitely have an
influence.

4 High It makes a big difference to us that this type of action is simple
and straightforward, of normal complexity, or really hard to
accomplish without communication, coordination, sequencing, etc.
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Table B-5 (Page 6 of 7). Guidance for Assigning Relative Weights to the PSF Scores
Associated with Each Dynamic Human Action

Training and Experience: The rating evaluates the degree to which familiarity, skill level,
and confidence that the operators have regarding an action can influence its success.

The weight relates whether the above factors have any influence on the potential for
the successful completion of this action.

~Wei h Ex m le of Th u h Proc s

0 Insignificant

1 Low Simple actions that we are confident of being able to do when
other factors are controlling whether we can do them.

2 Normal Training and experience will have an influence on our ability to do
this action, but many other factors are of similar importance.

4 High Skill- or knowledge-based task for which the operators must rely
on their training and experience to be successful.
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Table 8-5 (Page 7 of 7). Guidance for Assigning Relative Weights to the PSF Scores
Associated with Each Dynamic Human Action

Stress. The rating evaluates the impact of the state of mind of the operators as they
attempt to accomplish the action or their ability to successfully concentrate on the
requirements summarized in the other six PSFs.

The weight relates whether the above factors have any influence on the potential for
the successful completion of this action.

~Wi~h

0 Insignificant

1 Low

Exam le of Thou h Process

Other PSFs are so important to the success of this action that our
frame of mind has little influence.

2 Normal Operators are tracking plant status and required responses during a
transient.

4 High Because of the nature of the situation (either environmental or
threat), our frame of mind will have a strong impact on our ability
to focus on the other PSFs that influence success.
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Table 8-6. Summary of the Relationship between the Scoring and Weighting Processes

~Sc r: With respect to the things addressed by this PSF, are the conditions under which the
action must be accomplished helping or hindering us to successfully complete it? In other
words, we are rating the impact of the conditions on our ability to succeed in accomplishing the
action. Interpretation of the range of scores

0-3 Helps

4-6 Is Neutral

7-10 Hinders

~Wi~h: Does a variation between helping and hindering have more influence on the probability
that we will successfully complete it than other PSFs? In other words, is this PSF a focus of the
action? Do we key in on the things addressed by this PSF?

0 Insignificant compared to other PSFs.

1 Low: unimportant compared to other PSFs.

2 Normal: about the same as other PSFs.

4 High: much more important than other PSFs.

W i h in Th u h Pr

1. Initiallyset the weights of every PSF equal to 2.

2. Adjust weights of the PSFs only if you believe that their importance for judging the ease
or difficulty of accomplishing the action is significantly (a factor of 2) greater or less
than the other PSFs. The weights will be normalized so that the maximum overall failure
likelihood index will be a 10, so the effect of increasing all of the weights is the same as
increasing none.

3. Generally, actions requiring similar types of skills have the same PSF weights. Some
examples of groups of actions where differences in the focus may require different PSF
weights are as follows:

Immediate recognition and reaction.
Actions where diagnosis of need would dominate success.
Actions requiring a long sequence of manipulations.
Local actions involving coordination of activities.
Adjusting or controlling against indications.

Im c f W i h on H w h F ilure Likeliho Index h n es

~Wei h Ratio han e Producin he Same Chan e in he FLI

1~9
3~7
4~6
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Action Code

Preceding 8 Plant Time Training 8
Other Actions interfaces Adequacy Procedures Complexity Experience Stress
Meight Score Meight Score Meight Score Meight Score Meight Score Meight Score Meight Score FLl P<fail) LOG<P(fail))

Rated Actions
NAX

OSD2

OHC3

OSD1

ORP1

ORVD1

ODCM1

OSP3

OSP1

OHC2

OBC1

OHC1

N)H

0.15 3 0 ~ 15 2
0.14 2 0.14 3
0.15 3 0.15 2
0.14 3 0.14 2
0.15 3 0.15 2
0.15 7 0.15 5
0.14 3 0.14 2
0.14 3 .0.14 2
0.14 2 0.14 3
0.15 3 0.15 2
0.14 2 0.14 3

0.08 0 0.15 2
0.14 1 0.14 1

0.08 0 0. 15 2
0.1C 3 0.14 2
0.08 1 0.15 2
0.08 1 0.15 2
0.14 3 0.14 2
0.14 3 0.14 2
0.14 1 0.14 1

0.08 0 0.15 1

0.14 1 0.14 1

0.15 2 0.15 1

0.1C 2 0.14 1

0.15 2 0.15 1

0.14 2 0.1C 1

0.15 '1 0.15 5
0.15 1 0.15 1

0.14 2 0.14 1

0.14 2 0.14 1

0.14 3 0.1C 1

0.15 3 0.15 7
0.14 3 0.14 1

0.15
0.14
0.15
0.14
0.15
0.15
0.14
0.1C
0.14
0.15
0.14

9.14
2 1.85
4 2.00
2 1.85
2 2.14
2 2.38
2 2.85
2 2.14
2 2.14
C 2.14
4 3.08
4 2.14

0.00

1.DE+00
1.?E.05
2.1E.05
1.7E 05
2.6E.05
3.8E-05
7.5E-05
2.6E.05
2.6E.05
2.6E 05
1.1E.04
2.6E.05
1.0E-06

0.00
~ 4.?8
-4.68
~ 4.78
-4.58
-4.43
-4.12
-4.58
.4.58
~ 4.58
.3.97
-4.58
-5.99

Table B-7. Example of a Spreadsheet Showing the Resulting Human Error Rates Estimated from the FLI of One Group of
Dynamic Human Actions

Dynamic Human Action Evaluation for: Broms Ferry Nuclear Plant, Unit 2
Evaluation Team: 3
Action Grouping Logic: A - All PSFs Equally important

TT)

0

Po

n
Q

C

h)

CL
C
Q.

to

t)
Q

m
X
Q
2

Q

0

Calibration Actions
Seabrook, ON 0.16
Oyster Crk ZHEHUT 0.1?
Big Rock BR18B 0.17
STP NEOD03 0.14
Limerick L48 0.17

0 0.14 0 0.14 2 0.17
7 0.13 5 0.15 2 0.18
5 0.12 5 0.13 5 0.17
6 0.14 6 0.15 8 0.14

10 0.12 9 0 ~ 13 10 0.17

1 0.14 0
5 0.12 5
5 0.12 5
5 0.15 6

10 0.12 9

0.17
0.15
0.12
0.'14
0.12

0 0.08
4 0.10
5 0.17
6 0.14
9 0.17

0 0 '5
6 4.84
6 5.17
9 6.58

10 9.64

1.0E.06
1.3E-03
1 'E-02
3.OE.02
9.0E 01

.6.00

.2.89

.2.00

.1.52
-0.05

0

Regression Out put;
Constant -5.98
Std Err of Y Est 0.455
R Squared 0.968
No. of Observations 5

Degrees of Freedom 3

X Coefficient(s) 0.6555
Std Err of Coef. 0.0685

(~O
ta
0

O
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Top Database Deffnitlon of Action
Event Variable

Tine Constrafnts Nean HER

/Demand

OAD

He'll

tnhfbtt AOS actuation, Given ATMS |rfth an Unfsotated
Vessel

Time to -122" dependent on suppression pool
heatup, but approx. 10 nln. Four nfn. provided by
timer after reaching -122a for 14 nln.

0.001460

OAD HOAD2 Inhibit ADS Actuation, Given AIMS Mfth an ISolated
Vessel

Level drops to -122" Mithtn 2 minutes ufthout
injection, Cont. Press > 2.45 psfg shen RPV ls
lactated. Nust inhibit prior to 95 sec-tfc»out.

0.001460

OAL HOAL1 Attorr RPV Level To Drop and Control at Top of Active
Fust, Given ATMS rrfth Vnfsotated Vessel

Inltfate rhen requfred fn the event. Initiate and
gain control of injection |rfthfn 1 nfn of reaching
-162" to avotd going betort .190".

0.017100

OAL HOAL2 LoMer and Controt RPV Level at Top of Active Fuel,
Given AIMS Mlth Isolated Vessel

lnlttate and gain control of tnjectfon ufthfn 1

minute of reaching -162" to avoid going be(err
-tg0".

0.018TDO

OBC HOBC1

OBD HOBD1

Cootdo|rn with Turbtne Bypass Valves, Given Either KPCI

or RCIC Available

Depressurfte |rfth TBVs after Loss of HPCI/RCIC

Hot tfc» sensitive - do as required during first 6
hours.

Approxfmatety 15 minutes to boll doMn from -45" to
-122< at 2)( decay heat.

0.0007fr2

0.128000

Table B-8 (Page 1 of 4). Summary Descriptions of Dynamic Human Actions Evaluated for the Browns Ferry PRA

N
O

rir

TT

C

hl

Q,
C
CL
C
CQ

TI
Dl

fTI
X
Ol

2
Ol

0

CRD HOCRD1

CRD HOCRD2

COMB NODMS1

Align Enhanced Flou CRDHS, Given HPCI/RCIC Fail after 6
Hours

Align and Operate Enhanced Ftorr CRDHS, Given Enhanced
Node Is Requfred (HPCI/RCIC Faf ted)

Initiate Oryuett Spray

Not time sensitive - cere than 90 nfnutes
available to align second prcnp.

Nore than 45 minutes to reach top of ective fuel
rrfth no fnjectfon at 2X decay heat.

Assrm» 20 to 60 nfnutes to avoid contafrrnent
conditions that could result fn release of
rsdfoactfve materials fnto the envfrore»nt.

0.001310

0.001010

O.OI6800

ODMS HODMS2 Initiate Drywall Spray, Gfven AIMS Assune 10 to 40 minutes to avoid contafnnent
conditions that coutd resutt fn release of
radioactive materials into the environment.

0.026800

OF HOF1

OF HOF2

Control One Feerhrater Prcnp and Hotrrett Level, Given
Autocontrol rras Successful

Control One Feerhrater Prsrp and Hotuett l.evel, Given
Autocontrot Fails

Nonitor during cootdoMn (up to 24 hours). Respond
to alarm lrfthfn 5 nfnutes to avoid automattc trtp.

Continuous requirement during cootdorrn (up to 24
hours). Respond to stern rrfthfn 5 minutes to
avoid automatic trfp.

0.000363

0.002630
(D
C
ta
O

O
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Top Database Deffnftfon of Action
Event Variable

Tfme Constraints Keen HER

/Demand

OF {{OF3 Control Feedvater P{mps and Kotueli Level, Given
Autocontrol fs Successful, but Operators Inftfslly
Failed to Trip 2 Feedwater Pcmps

Respond to alarm ufthfn approximately 2 minutes to 0.331000
avofd autceatfc trfp.

OF MOF4 Restore and Control RPV Level ufth Feedvater Following
Shutdovn fc'os AIMS

Continuous control during refill/coo{dorm (to 24
hours). Once normal level achieved, respond to
alarm ufthfn 5 minutes to avoid auto trip at +55n.

0.007580

OFT HOFT1 Trip T|co of Three FeedMater P{mps To Limit Feednater
F Iou

Respced fn approxfmstely 2 minutes to avoid
autceatic trip of all 3 fxrps.

0. 001840

OHC {{OHC1 Control RPV Level ard Pressure xfth KPCI acd/or RCIC
during first 6 Hours

conti{acus requirement - react uf thin 5 minutes of
high level alarm to prevent automatic HPCI trip st
y55n

0.000990

OHC HOHC2 Control RPV Level ard Press Mfth HPCI during Ffrst 6
Hou{'s, Given RCIC Failed or Insufficient

Continuous requirement . react ufthfn 5 minutes of
high level alarm to prevent automatic HPCI trip at
+55n

0.000972

Table B-8 (Page 2 of 4). Summary Descriptions of Dynamic Human Actions Evaluated for the Browns Ferry PRA

TU

O

Ch

II
CD

Pt
t4

C
CL
C
CD

TI
CD

m
DC

3
CD

O

OHC KOHC3 Control RpV Level and Pressure ufth RCIC ducfng First 6
Kours, Given HPCI Failed

Contfcxxx{s requirement . react ufthfn 8 minutes
after alarm to prevent autceatfc RCIC trip at
+55 .

0.000752

OHC HOHC4 Control RPV I.evel Mfth HPCI Fof fcn{fng Shutdoun free
ASS

OHL HOHL1 Control RPV Level and Pressur e ufth HPCI and/or RCIC 6
to 24 hours, Gfven Short Term Control Successful

DHL HOHL2 Recover ecd Control RPV Level and Pressure ufth HPCI

snd/or RCIC up to 24 hours, Given Short Term Control
Failed

OHS HOHS1 Initiate HPCI Foffo{cfng Fll Failure, Given tuo Stuck
Open Relief Valves

OHS HOHS2 Initiate HPCI/RCIC Foffoufng FM Failure, Given One or
Ko Stuck-Open Relief Valves

Continuous requirement - after recovery of RPV

level react {{fthfn5 minutes after alarm to
prevent eutcestlc KpCI trip at +55n.

Konltor cooldovn. React to alarm ufthfn 15 minutes
of fndicatfon to prevent automatfc trip at +55n.

Continuous recp\rement react to alarm uithin 15
minutes of fndfcatfon to prevent autceatlc trip at
+55ne

Estimate 10 to 15 minutes before KSIV closure at
.122n.

Estimate 10 to 15 minutes before HSIV closure at
-122n

0.010300

0.001450

0A04390

0.008500

0.000769
XI
CD

n:,
fo
O

O
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Table B-8 (Page 3 of 4). Summary Descriptions of Dynamic Human Actions Evaluated for the Browns Ferry PRA

Top Database Definition of Action
Event Variabte

Time Constraints

OHS HOHS3 Initiate HPCI Fottorrtng FM Failure during Recovery
after AIMS

Restart utthtn 5 atrsrtes if RPV Level is at top of
active fuel to avoid falling to -190".

OJC HOJC1 Controt RPV Level Mith Condensate by Alternate Neans,
— Given Startup Bypass Vatve fails

Assur» 30 minutes before other c»ans of leveL
control rroutd be sought. Approx 2 hours to core
uncovery if no s»ans to cool core found.

Continuous requirement for close control urtil
subcritlcallty and refill.
Assuse 30 minutes before other c»ans of level
control Mould be sought. Approx 2 hours to core
uncovery if no means to cool core found.

Assur» 30 minutes before other means of level
control uoutd be sought. Approx 2 hours to core
tacovery lf no means to cool core found.

OLA HOLA1 Ccntrot LPCI to Naintain Vessel Level at Top of Fuel,
Given ATIIS

OLC HOLCI Transfer to Ccodensate in Startup Bypass Hode,
Feechrater Is Avai labte during Cootdorrn

OLC HOLC2 Place Condensate in Startup Bypass Hode, Given it uas
Haintained Operational during Cootdorrn snd FM Failed

Hean HER

/Demand

0.005320

0.032400

0.078100

0.000508

0.000TOO

tQ
O
5
crr

TI
CD

C

C

h7

O,
C
CL
S
ar

ti
OI

ITI
X

9
Q
~4
0

OLP HOLP'I Control RPV Level Using LPCI Node of RHR or the Core
Spray Systes

Initiate after cootdorrn. Hot time sensltlve-
over trro hours to core u»ovary from normat RPV
level rrlth no injection.

0.001500

OPTR HOPTR1 Terminate Feechrater fterr, Given Feechrater Renpup One to two minutes after alarm to avoid RPV

overfill to +114".
0.001BTO

ORF HORF1 Restart and Control One Feedrrater Purp fottorlng+55"
Trip

ORP HORP1 Start RHR and/or CS Pcaps for LPI, Given High Pressure
Injection Successful

ORP XORP2 Start RXR and/or CS Purps for LPI, Given High Pressure
Injection Fails

Approximately 30 ainutes at 2X cfecay heat.

Hot time sensitive . at teast 2 hours to bolt dorm
from normal LeveL after noraat cootdorrn.

At least 20 minutes to align as levet declines.

0.000421

0.000097

0.025600

RPS HORPSI

RVD HORVD1

Backup Automatic SCRAN Function utth Pushbuttons and
Nanual ARI

Open One SRV To Assist HPCI or RCIC Cootdorrn

RVD HORVD2 Emergency Depressur tte by Narsrat ty Opening NSRVs, Given
HPCI and RCIC Harchrare Failed

Mithin one minute.

Hot time sensttve - do as required.

5 to 10 minutes to recognlte need to emergency
depressurize. 3 to 5 minutes to -190" once .162"
reached

0.00'I200

0.001530

0.006TOO

O
C
ca

O

O
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Top Database Oeffnftfon of Action
Event Variable

Tfme Constrafnts Nean HER

/Decmnd

RVD HORVD3 Emergency Depressurize by Hanualty Opening HSRVs, Given
HPC3/RClC Control Fa3led

5 to 10 mfrxrtes to recognize need to emergency
depressurfze. 3 to 5 minutes to -190s once -162e
reached.

0.055400

OSO HOSD1 Align RHR for Shutdown Node of Cooling Not tfme sensitive - can be done over the course
of hours.

0.000999

OSD HOSO2

OSL MOSI.1

Alfgn RKR for Shutdown Hode of Cooling, Given 1 Loop
Unavaf table

Actuate SLC, Given ATMS with Vesset Unfsolated

Not time sensitive - can be done over the course
of hours.

3 to 5 minutes avaflabte to avoid level/power
control requirement. Suppression pool reaches 170
degrees F in 20 mfrxrtes.

D.001500

0.005530

OSL HOSL2 Actuate SLC, Given ATllS with Vessel Isolated At 50K power the suppression pool reaches 110 deg
F fn approxfmfatety 2 mfnutes and 170 deg F fn 7
mfnutes.

0.012200
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OSP HOSP 1 Atlgn RHR for Suppression Pool Coot ing Not time sensitive - approximatety 1 1/2 hours
before SP terperature exceeds 140 degrees F.

0.000077

OSP HOSP2 Al3gn RHR for Suppressfon Pool Cooling, Gfven ATNS

OSP HOSP3 Align RHR for Suppression Pool Cool3ng, Given One Path
Unavaf labia

Approximately 10 minutes until HCTL ff mft at SfC
power.

Not tfme sensittve - aach more than 1 hour before
SP tecperaturc exceeds 140 degrees F.

0.005890

0.000069

OSV HOSV1

OSM HOSM1

Defeat NSIV Closure Logic, Given ATNS with Turbine Trip

Transfer Node Switch To Refuel/Shut Down fn Response to
Scram

Accccpttsh fn first 10 mfrsrtes of transient-
approxfmately 7 mfnutes before SP reaches 110
degrees F, forcing lower lng of level.

Not time significant for typical pressure
reduction rates.

0.002300

0.000726

TB HOTB1 Backup Hain Turbine 'Trip Do within 1 mtnute to avofd HStV closure. O.OOt49O

O
C
fo.
O

O
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table B-9 (Page 1 of 48). Qualitative Descriptions of Dynamic Human Actions

HOAD1: Inhibit ADS Actuation, Given ATWS with an Unisolated Vessel

PRECEDING EVENTS
~ Turbine trip initiating event requiring reactor scram.
~ RPS fails to scram reactor.
~ Manual backup of scram and ARI attempted, but hardware failure prevents

insertion of control rods.

INDICATIONS OF PLANT CONDITION
~ No indication of rods inserted past position 02.
~ Suppression pool at 100'F and rising.
~ Power levels remaining above 50%.

RPV pressure at 1,050 psig.
~ RPV level decreasing rapidly.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1, RC/0-12 to 15.
~ Decision that conditions are appropriate for SLC injection (suppression pool temp

could go ) 110'F prior to subcriticality) ~

~ Manipulate appropriate key operated switches on Panel 2-9-3.
~ Verify ADS locked out.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Initiate SLC (OSL1).
~ Actions to avoid isolation (OSV1).
~ Actions for alternate rod insertion (No credit taken).
~ Actions to maintain RPV level until OSV1 is completed.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ RPV level of -122" passed without ADS.
~ RPV pressure remains elevated for SLC injection.

FAILURE IIVIPACT
~ Uncontrolled depressurization and refill of RPV with cold clean water leading to

power spike and core damage.

TIIVIE CONSTRAINTS
~ 265 seconds (4 minutes) following initiation at -122".
~ Time to -122" dependent on suppression pool heatup, but assume 10 minutes.
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table B-9 (Page 2 of 48). Qualitative Descriptions of Dynamic Human Actions

HOAD2: Inhibit ADS Actuation, Given ATWS with an Isolated Vessel

PRECEDING EVENTS
~ Reactor on line at 100% power.
~ MSIV closure initiating event requiring reactor scram.

Recirculation pumps trip at 1,118 psig.
~ RPS fails to scram reactor.
~ Manual backup of scram and ARI attempted, but hardware failure prevents

insertion of control rods.

INDICATIONS OF PLANT CONDITION
~ No indication of rods inserted past 02 &. APRM remaining above 50%
~ Suppression pool at 110 F and rising.
~ MSRVs are opening as necessary to maintain RPV pressure at 1,125 psig.
~ RPV level at -45" and decreasing
~ HPCI/RCIC injecting into RPV
~ Containment pressure > 2.45 psig and rising slowly.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1, RC/Q-12 to 15
~ Recognize ADS setpoint reached, or
~ Decision that conditions are appropriate for SLC injection
~ Manipulate appropriate key operated switches on Panel 2-9-3.
~ Verify ADS locked out.

CONCURRENT ACTIONS COMPETING FACTORS
~ Initiate SLC (OSL1)
~ Actions for manual rod insertion (No credit taken)
~ Actions to allow RPV level to decline to top of active fuel (OAL1).

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ RPV level of -122" passed without ADS actuation.
~ RPV pressure remains elevated for SLC injection.

FAILURE IMPACT
~ Uncontrolled depressurization and refill of RPV with cold clean water leading to

power spike and core damage.

TIIVIE CONSTRAINTS
~ Estimate that ADS actuates within approximately 2 minutes at RPV level =

-122" and containment pressure ) 2.45 psig.
~ Complete inhibit prior to 95 second timeout.
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table B-9 (Page 3 of 48). Qualitative Descriptions of Dynamic Human Actions

HOAL1: Allow RPV Level to Drop to Top of Active Fuel, Given ATWS with an
Unisolated Vessel

PRECEDING EVENTS
~ Turbine trip initiating event requiring reactor scram, but not Group 1 isolation
~ RPS fails to scram reactor.
~ Manual backup of scram can not insert control rods.
~ Decision that conditions are appropriate for SLC injection.
~ SLC not=yet able to reduce power below 5%.
~ RFPT operating and feedwater injecting into core

INDICATIONS OF PLANT CONDITION
~ Suppression pool temperature ( 1104F, but rising steadily.
~ MSRVs cycling to maintain RPV pressure at 1,125 psig, discharging 25% power

to suppression pool.
~ Radiation indications normal
~ Condenser vacuum normal
~ RPV level at +33" and steady

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ C5-8 through 13
~ Terminate injection into core of all systems except SLC and CRD when

suppression pool temp ) 110'F.
~ Maintain condensate on min bypass.
~ Monitor RPV level (Refer to Caution ¹1 regarding instruments)
~ Carefully initiate FW and control RPV at level satisfying C5.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Bypass MSIV closure signal prior to -122" (OIV1 = S)
~ Monitoring SLC injection, perhaps switching pumps to increase injection rate.
~ Actions to insert control rods per EOI-1, RC/0-23

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ RPV level maintained at -162", or
~ Power level decreases to below 5%, or
~ All MSRVs closed and CP ( 2A5 psig (power level could be as high as 30% if

all bypass valves available to relieve heat load on suppression pool)

FAILURE IIVIPACT
~ Power level remains high enough to place heat demand on suppression pool.
~ Control of level at top of active fuel required with low pressure systems (OLA1).
~ Suppression pool heatup rate remains high, with potential threat to primary

containment.

TIIVIE CONSTRAINTS
~ Initiate when required event.
~ Initiate and gain control of feedwater within 1 minute of reaching -166" to avoid

going below -190".
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Table B-9 (Page 4 of 48). Qualitative Descriptions of Dynamic Human Actions

HOAL2: Lower RPV Level to Top of Active Fuel, Given ATWS with an Isolated Vessel

PRECEDING EVENTS
~ Initiating event requiring reactor scram, and Group 1 isolation.
~ RPS fails to scram reactor.
~ Manual backup of scram can not insert control rods.
~ HPCI/RCIC initiate and inject into RPV.
~ Decision that conditions are appropriate for SLC injection.
~ SLC not yet able to reduce power below 5%.

INDICATIONS OF PLANT CONDITION
~ Suppression pool temperature ) 110'F
~ Condenser not available.
~ Radiation indications normal
~ RPV level at -95" and decreasing

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ C5-8 through 13
~ Terminate inject into core of all systems except SLC and CRD.
~ Monitor RPV level (Refer to Caution ¹1 regarding instruments)
~ [ Initiate HPCI and control between -190" and -166".]

CONCURRENT ACTIONS COMPETING FACTORS
~ Monitoring SLC injection, perhaps switching pumps to increase injection rate.
~ Actions to insert control rods per EOI-1, RC/0-23

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ RPV level maintained at -162"
~ Power level decreases to below 5%

FAILURE IMPACT
~ Power level remains above 5%.
~ Emergency depressurization and control of level at top of active fuel required

(OLA1).
~ Suppression pool heatup rate remains high, with potential threat to primary

containment.

TIIVIE CONSTRAINTS
~ Initiate on the order of minutes into event.
~ Initiate and gain control of injection within 1 minute of reaching -162" to avoid

going below -190".
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Table B-9 (Page 5 of 48). Qualitative Descriptions of Dynamic Human Actions

HOBCI,HOBD2: Cooldown with Turbine Bypass Valves, Given Either HPCI or RCIC
Available

PRECEDING EVENTS
~ Condition requiring reactor scram, but not Group 1 isolation (eg. loss of

recirculation pump seal)
~ Reactor scram from full power successful.
~ RCIC initiates and provides high pressure injection.
~ RPV pressure reduced to 900 psig and stabilized.
~ RFPTs tripped and can not be restarted.
~ Decision to proceed to cold shutdown to repair as soon as possible.

INDICATIONS OF PLANT CONDITION
~ HPCI tagged out for maintenance.
~ RCIC under flow control at max flow.
~ RPV level slowing increasing as RCIC injects into core and test return line to CST

PROCEDURAL GUIDANCE REQUIRED ACTIONS
,
~ Adjust TBV pressure controller and monitor pressure, backup as necessary.
~ Adjust setpoint to lower pressure, or slowly open manually with jacking device.
~ Maintain cooldown rate of ( 100 F/hour (EOI-1, RC/P-14)

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Adjust RCIC flow and test return valve to maintain RPV level within +27"

and +39"
~ Trying to recover RFPTs.
~ Other post trip activities per GOI-100-12A.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IIVIPACT
~ Transition to condensate cooling at approx 300 psig (within 6 hours).

FAILURE IMPACT
~ Requirement for longterm operation of RCIC (6-24 hours).

TIME CONSTRAINTS
~ Not time sensitive —do as required during first 6 hours.
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Table B-9 (Page 6 of 48). Qualitative Descriptions of Dynamic Human Actions

HOBD1: Rapidly depressurize With Turbine Bypass Valves After Loss of HPCI and RCIC

PRECEDING EVENTS
~ Loss of all feedwater.
~ Reactor scram from full power successful.
~ Condenser autotransfer to minimum flow via AO-2-29 successful (CD = S)
~ HPCI and RCIC fail to start manually and upon -45" low low reactor level

signaI (OHS = F)

INDICATIONS OF PLANT CONDITION
~ RPV level at -45" and decreasing.

PROCEDU L GUIDAN E REQUIRED ACTIONS
~ Inhibit ADS (EOI RC/L-7)
~ Recognize that RPV level can not be maintained above -162" (RC/L-9)
~ Line up low pressure systems to inject into RPV (EOI C1-4)
~ Depressurize with TBVs on anticipation that emergency depressurization will be

required (EOI-1, RC/P-3)

CONCURRENT ACTIONS COMPETING FACTORS
~ Align CRD in enhance flow mode (RC/L-4)
~ Align SLC with test tank (RC/L-8)
~ Attempt to recover HPCI or RCIC.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IIVIPACT
~ RPV pressure declines to condensate injection pressure.

FAILURE IMPACT
~ MSIV closure.

TIME CONSTRAINTS
~ Accomplish before -122" MSIV closure signal.
~ Approximately 15 minutes" to boil down from -45" to -122" at 2% decay heat.

"An initial estimate of 20 minutes was given to the operators during their evaluations
based on an operator rule of thumb that steam generation is 133,000 Ibm per hour per
percent power. This value accounts for the requirement to heat subcooled feedwater.
The actual thermal-hydraulic parameters used above assumed that liquid available for
boiling is saturated at 1,000 psia. The difference in available time has no impact on the
evaluations performed by the operators.
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Table B-9 (Page 7 of 48). Qualitative Descriptions of Dynamic Human Actions

HOCRD1: Align "Enhanced Flow" CRDHS, given HPCI/RCIC fail after 6 hours.

PRECEDING EVENTS
~ Total loss of feedwater initiating event
~ HPCI and/or RCIC over first 6 hours, but trip off before depressurization.

INDICATIONS OF PLANT CONDITION
HPCI and RCIC not available.
RPV low level alarm.
RPV level at +24" and declining.
RPV pressure ) 450 psig.
Condenser not available.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1 RC/L-4
~ Start second CRD and align per Appx 5B
~ Monitor CRDHS flow and RPV level as necessary to keep in normal range.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Normal rounds and shift changes when failures occur.
~ GOI-100-1 2A activities.
~ Trying to determine cause of HPCI and RCIC failure.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ RPV level returns to and remains in normal range.

FAILURE IMPACT
~ Emergency depressurize if RPV level reaches -162" prior to being able to switch

to shutdown cooling.
~ Challenge to low pressure injection systems.

TIME CONSTRAINTS
~ Not time sensitive —Estimate more than 90 minutes to align second pump.
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Table 8-9 (Page 8 of 48). Qualitative Descriptions of Dynamic Human Actions

HOCRD2: Align "Enhanced Flow" CRDHS, Given Enhanced Mode is Required
(HPCI/RCIC failed)

PRECEDING EVENTS
~ RCIC tagged out for maintenance
~ Total toss of condensate and feedwater initiating event.
~ Reactor scram and turbine trip successful.
~ HPCI fails to initiate on demand.

INDICATIONS OF PLANT CONDITION
HPCI and RCIC not available.
RPV low level alarm.
RPV level at +12" and declining.
RPV pressure ) 850 psig.
Condenser not available.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1 RC/L-4
~ Start second CRD and align per Appx 5B
~ Monitor CRDHS flow and RPV level as necessary to keep in normal range.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Trying to determine cause of HPCI failure.
~ GOI-100-1 2A activities.

INDICATI N F CCES F L OIVIPLETION AND S CESS IMPACT
~ RPV level returns to and remains in normal range.

FAILURE IMPACT
~ Emergency depressurize if RPV level reaches -162" prior to being able to switch

to shutdown cooling.
~ Challenge to low pressure injection systems.

TIME CONSTRAINTS
~ Estimate at least 45 minutes before -162" reached at an average decay heat

generation of 2%.
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Table B-9 (Page 9 of 48). Qualitative Descriptions of Dynamic Human Actions

HODCW1: Restart at least 2 of 4 drywell coolers, given LOSP

PRECEDING EVENT
~ LOSP at full power.
~ All D/G start and run.
~ 480 v load shed implemented.

INDICATIONS OF PLANT CONDITION
~ Drywell heating up slowly
~ High drywell pressure scram signal

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Evaluate D/G availability to power drywell coolers.
~ Start all available drywell coolers. (EOI-2 DW/T-3)

CONCURRENT ACTIONS COMPETING FACTORS
~ Actions to recover power.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ Drywell pressure and temperature declines to acceptable values.

FAILURE IMPACT
~ Impact to timing of challenge to containment integrity.

TIME CONSTRAINTS
~ Not time sensitive
~ Assume approximately an hour available to recognize need for cooling before

containment integrity is challenged.
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Table B-9 (Page 10 of 48). Qualitative Descriptions of Dynamic Human Actions

HODWS1: Initiate Drywell Spray

PRECEDING EVENTS
~ Medium LOCA inside containment.
~ Successful reactor scram on high drywell pressure.
~ Group 1 isolation successful.
~ Suppression pool cooling successfully initiated.

INDICATIONSOF PLANT CONDITION
~ Primary containment pressure = 15.0 psig
~ HPCI and RCIC operating.
~ RPV level stable at +33"
~ Suppression pool temperature ) 100'F.
~ Drywall temperature = 150'F.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Check to insure in permissible range fo/'nitiation. (EOI-2 DW/T-S, PC/P-8)
~ Open drywell spray valve on one RHR train.
~ Align one RHR train for suppression pool cooling.
~ Monitor CP and terminate when below 2.45 psig.
~ Repeat when CP exceeds 11 psig again.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ EOI-1 actions to maintain RPV parameters.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ Drywell temperature declines to less than 160'F and remains there.

FAILURE IIVIPACT
~ Threat to primary containment.

TIIVIE CONSTRAINTS
~ Assume 20 to 60 minutes" available to avoid containment challenge.

NOTES

Specific scenario analysis performing in the Level 2 portion of the PRA may impose
more restrictive timing restrictions not considered by the operators (7/7/92).

"The Operator Response Form stated "tens of minutes" as the time constraint. The
more specific range given here is intended to convey a better feeling for the rate at
which a scenario could develop.
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Table B-9 (Page 11 of 48). Qualitative Descriptions of Dynamic Human Actions

HODWS2: Initiate Drywell Spray, Given ATWS

PRECEDING EVENTS
~ SLOCA initiating event results in high drywell pressuring in a Group 1 isolation.
~ No reactor scram on high drywell pressure.
~ Group 1 isolation successful.
~ EOI-1 RC/0 activities successfully initiated.

INDICATIONS OF PLANT CONDITION
~ RPV APRM > 50%
~ Primary containment pressure > 2.45 psig
~ HPCI and RCIC operating.
~ RPV level declining past -70"
~ Suppression pool temperature > 110 F.
~ Drywell temperature = 250'F.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Check to insure in permissible range for initiation. (EOI-2 DW/T-8, PC/P-8)
~ Open dry well spray valve.
~ Align one RHR train for drywell spray and suppression pool.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ EOI-1 RC/0 and C5 activities to shut down reactor and maintain suppression

pool cooling (may require split flow between DW and SP).

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ Drywell temperature declines to less than 140 F and remains there.

FAILURE IIVIPACT
~ Threat to primary containment.

TIME CONSTRAINTS
~ Assume tens of minutes to avoid containment damage.
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Table B-9 (Page 12 of 48). Qualitative Descriptions of Dynamic Human Actions

HOF1: Control One Feedwater Pump and Hotwell Level Control, Given Autocontrol
Successful

PRECEDING EVENTS
~ Reactor scram and turbine trip successful upon "other" signal.
~ Operators have tripped 2 or 3 RFPTs.
~ RPV single element level control successful.
~ Hotwell level maintained by dump back 5 makeup from unit CST.

INDICATIONSOF PLANT CONDITION
~ RPV pressure declining below 930 psig to 350 psig.
~ One RFPT pumping on bypass to condenser or RPV.
~ At 350 psig RPV level can begin behaving erratically, and operators expect to

have to control.
~ RPV level high level alarm at +39".

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ 2-AOI-3-1; 2-GOI-100-12; 2-OI-3: 2-OI-2
~ Monitor RPV level and take manual control if necessary to maintain level

between + 27" and +39"
~ Provide adequate hotwell level control for those events involving significant

inventory loss.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Long term control requirement.

INDICATIONOF SUCCESSFUL COMPLETION'AND SUCCESS IMPACT
~ RPV level stabilizes at approx +33"
~ Sufficiently depressurized to stop/secure RFPT and transfer to use of condensate

on startup bypass valve (OLC1).

FAILURE IMPACT
~ Challenge of the RFPT trip at + 55"
~ Restart challenge feedwater (ORF1) or HPCI/RCIC (OHS)
~ HPCI/RCIC autostart demand should RPV level fall to -45"
~ MSIV closure at -122".
~ If hotwell level of concern, loss of suction to the condensate pumps on low

hotwell level, loss of condenser vacuum on high hotwell level.

TIME CONSTRAINTS
~ Assume approx 5 minutes to regain control once indication of high RPV level.

NOTE
As a bound, the PRA assumes that RPV could remain at high pressure for up to 24
hours after scram before transfer to condensate is possible.
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Table B-9 (Page 13 of 48). Qualitative Descriptions of Dynamic Human Actions

HOF2: Control One Feedwater Pump and Hotwell Level, Given Autocontrol Failed

PRECEDING EVENTS
~ Reactor scram and turbine trip successful upon "other" signal.
~ Operators have tripped 2 or 3 RFPTs.
~ RPV level autocontrol failed at high pressure.

INDICATIONS OF PLANT CONDITION
~ RPV pressure declining below 1,000 psig.
~ One RFPT pumping on bypass to condenser or RPV.
~ RPV high level alarm.
~ RPV level at +40" and increasing.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ 2-AOI-3-1; 2-GOI-100-12; 2-OI-3; 2-OI-2.
~ Take manual control of running RFPT and maintain RPV at +33" using LC

position.
~ Maintain level with +27" and +39" by reducing flow to match decay heat

steam generation using turbine bypass valves and other steam users.
~ Provide adequate hotwell level control for those events involving significant

inventory loss.

CONCURRENT ACTIONS COMPETING FACTORS
~ Long term control requirement - to 24 hours after scram (see OF1 note)

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ All RFPT indication lights GREEN
~ Condensate system delivering water to RPV via startup bypass valve.
~ RPV level stabilizes at approx +33"

FAILURE IMPACT
~ Challenge of the RFPT trip at +55"; pumps must then successfully restart to

maintain RPV level.
~ Ultimately, spill over into steam lines at +110-113" with resulting loss of

feedwater, HPCI and RCIC.
~ Loss of suction to the condensate pumps on low hotwell level, loss of condenser

vacuum on high hotwell level.

TIME CONSTRAINTS
~ Assume approx 5 minutes from alarm to +55" trip once 2 feedwater pumps are

tripped.
~ Action requires constant vigilance while RPV pressure is high, up to 24 hours.
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HOF3: Control Feedwater Pumps and Hotwell Level, Given Autocontrol is Successful,
but Operators Initially Failed To Trip 2 Feedwater Pumps

PRECEDIN EVENT
~ Reactor scram and turbine trip successful upon "other" signal.
~ Operators have not tripped 2 or 3 RFPTs.
~ Reactor at 1,000 psig and cool down begins via turbine bypass valves
~ Hotwell level maintained by dump back 5 makeup from unit CST.
~ RPV level varying between +27" and +39" with oscillations increasing.

INDICATIONS OF PLANT CONDITION
~ RPV pressure declining below 900 psig.
~ Three RFPs on minimum flow to condenser.
~ One RFP intermittent flow to the RPV to maintain +33"
~ RPV level alarm at +39".

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ 2-GOI-100-12; EOI-1(RC/0); EOI-1(C5); 2-AOI-85.
~ Trip 2 of 3 RFPTs
~ If trip unsuccessful, back down on flow control bias and close discharge valves

on 2 pumps (use min flow line only).
~ Provide adequate hotwell level control for those events involving significant

inventory loss.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Long term control requirement up to 24 hours (see OF1 note)

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ All RFPT indication lights GREEN
~ Condensate system delivering water to RPV via startup bypass valve.
~ RPV level stabilizes at approx +33"
~ RPV pressure reduced to 200 psig and ready to place RFPT in startup bypass

mode.

FAILURE IMPACT
~ Challenge of the RFPT trip at + 55"
~ Loss of suction to the condensate pumps on low hotwell level, loss of condenser

vacuum on high hotwell level.

TIME CONSTRAINTS
~ Response in approximately 2 minutes to RFPT trip once +39" reached.
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HOF4: Recover normal RPV level following successful shutdown from ATWS and
control during cooldown

PRECEDING EVENTS
~ Reactor turbine trip successful upon "other" signal.
~ Reactor fails to scram.
~ Condenser remains available on min flow to condenser.
~ Operators bypass MSIV closure logic and lower level to control power.
~ Reactor brought subcritical with SLC injection and level/power control. (OSL1

and OAL = S)

INDICATIONS OF PLANT CONDITION
~ RPV level at -166" and increasing.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ 2-AOI-3-1; 2-GOI-100.1 2; 2-OI-3
~ Restart one RFPT, if not restarted to maintain level at -166".
~ Refill RPV at controlled rate to avoid recriticality.
~ Maintain level "demand" equal to pressure drop "demand" using turbine bypass

valves and other steam users.
~ Stop/secure RFP at 300 psig
~ Use startup bypass valve to manually control RPV level per 2-AOI-3.
~ Provide adequate hotwell level control for those events involving significant

inventory loss.

CONCURRENT ACTIONS CONIPETING FACTORS
~ Long term control requirement - to 24 hours after shutdown.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ All RFPT indication lights GREEN
~ Condensate system delivering water to RPV via startup bypass valve.
~ RPV level stabilizes at approx +33"

FAILURE IMPACT
~ Core damage if RPV level allowed to drop below -190".
~ Challenge of the RFPT trip at +55" if RPV overfill.

TIME CONSTRAINTS
~ Action requires constant vigilance over a 24 hour period.
~ Once normal level achieved, respond in 5 minutes to avoid automatic trip at 55".
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HOFT1: Trip 2 of 3 Feedwater Pumps to Limit Feedwater Flow

PRECEDING EVENTS
~ Reactor has scramed due to reasons other than feedwater
~ Mode switch to shutdown.

INDICATIONS OF PLANT CONDITION
~ Reactor level ) = +33" (Level indications: 6 on Panel 2-9-5)
~ MSIVs are open
~ All RFPTs are on automatic control and pumping to vessel

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ AOI-100-1; AOI-3-1; Ol-3'OI-1
~ Recognize 1 RFP sufficient to maintain RPV level
~ Switch to single element control.
~ Lower tape set to avoid controller overshoot.
~ Select 2 of 3 RFPTs to trip
~ Trip the turbines

CONCURRENT ACTIONS COIVIPETING FACTORS
~ AOI-100-1 Requirements of reactor parameters
~ Verify power ( 5%
~ Mode switch to shutdown
~ Verify and acknowledge alarms

INDICATIONOF SUCCESSFUL CONIPLETION AND SUCCESS IIVIPACT
~ One RFP remains on steam without having challenged +55" level trip
~ Reactor level at or near normal
~ Steam flow/feedwater flow/level control at or near normal

FAILURE IMPACT
~ Reactor feedwater autocontrol challenged
~ Possible +55" (Ivl 8) reactor feedwater turbine trip if autocontrol fails

TIME CONSTRAINTS
~ Approximate 2 minutes before autocontrol is challenged to avoid +55" high level

trip with three pumps
~ Typically accomplished within the first minute.
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HOHC1: Control RPV Level and Pressure with HPCI and/or RCIC During First 6 Hours

PRECEDING EVENTS
~ Loss of feedwater event with successful scram and turbine trip
~ Mode switch to shutdown (OSW1 = S)
~ HPCI and RCIC successfully initiated (OHS2 = S)

INDICATIONS OF PLANT CONDITION
~ RPV level indications available on Panels 2-9-3 and 2-9-5.
~ RPV pressure indications available on Panels 2-9-3 and 2-9-5.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1(RC/L & RC/P); EOI-2(SP/T); GOI-100-12A
~ Set flow controller to maintain adequate flow for steam wastage.
~ Set test return valve to divert water to CST to prevent RPV overfill.
~ Monitor RPV level and adjust test return valve and flow controller to maintain

level within +27" and +39".
~ Option to use either HPCI or RCIC or both for level and pressure control.

CONCURRENT ACTIONS COMPETING FACTORS
~ GOI-100-12A actions to achieve cold shutdown.
~ Establish suppression pool cooling.

NDICATION F SUCCE SF L CO PLETION AND SUCCESS IIVIPACT
~ Continue long term cool down if HPCI or RCIC remains operational (OHL1) and

TBV are not available.
~ Transfer to shutdown cooling without necessity for RCIC to operate for 24 hours

if MSRV available for use to assist cooldown (ORVD1 = S) (Operators have the
option to use, but may not use MSRVs to assist depressurization.)

FAILURE IIVIPACT
~ Challenge to +55" trip, with potential for spill into steam lines if not tripped, or

failure to restart if HPCI/RCIC do trip.

TIIVIE CONSTRAINTS
~ Continuous requirement —react within approximately 5 minutes of indication

increasing trend to prevent overfill. HPCR trip at +55".
~ If controlling level with only RCIC approximately 15 minutes time available.
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HOHC2: Control RPV Level and Pressure with HPCI During First 6 Hours, Given RCIC
Failed or Insufficient

PRECEDING EVENTS
~ Loss of feedwater event with successful scram and turbine trip
~ Mode switch to shutdown (OSW1 = S)
~ HPCI successfully initiated (OHS1 = S)

INDICATIONS OF PLANT CONDITION
~ RPV level indications available on Panels 2-9-3 and 2-9-5.
~ RPV pressure indications available on Panels 2-9-3 and 2-9-5.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1(RC/L & RC/P); EOI-2(SP/T); GOI-100-12A,
~ Set flow controller to maintain adequate flow for steam wastage.
~ Set test return valve to divert water to CST to prevent RPV overfill.
~ Monitor RPV level and adjust test return valve and flow controller to maintain

level within +27" and +39".

CONCURRENT ACTIONS CONIPETING FACTORS
~ GOI-100-12A actions to achieve cold shutdown.
~ Establish suppression pool cooling,

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ Continue long term cool down if HPCI remains operational (OHL1), TBV are not

available, and MSRV not used for assisting cooldown (ORVD1 = F)
~ Transfer to shutdown cooling without necessity for HPCI to operate for 24 hours

if MSRV.

FAILURE IIVIPACT
~ Challenge to +55" trip, with potential for spill into steam lines if not tripped, or

failure to restart if HPCI/RCIC do trip.

TIIVIE CONSTRAINTS
~ Continuous requirement react within approx 5 minutes of indication increasing

trend to prevent HPCI trip at 55".
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HOHC3: Control RPV Level and Pressure with RCIC During First 6 Hours, Given HPCI
Failed

PRECEDING EVENTS
~ Loss of feedwater event with successful scram and turbine trip.
~ Mode switch to shutdown (OSW1 = S).
~ RCIC successfully initiated (OHS2 = S).

INDICATIONS OF PLANT CONDITION
~ RPV level indications available on Panels 2-9-3 and 2-9-5, no contradictions.
~ HPCI indicates unavailable.
~ RPV pressure indications available on Panels 2-9-3 and 2-9-5, no contradictions.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1 RC/L-4; GOI-100-1 2A.
~ Set flow controller to maintain adequate flow for steam wastage.
~ Set test return valve to divert water to CST to as necessary prevent RPV overfill.
~ Monitor RPV level and adjust test return valve and flow controller to maintain

level within +27" and +39".

CONCURRENT ACTIONS COIVIPETING FACTORS
~ GOI-100-12A actions to achieve cold shutdown.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ Continue long term cool down if RCIC remains operational (OHL1), TBV are not

available.
~ Transfer to shutdown cooling without necessity for RCIC to operate for 24 hours

if TBV available to depressurize.

FAILURE IIVIPACT
~ Challenge to +55" trip, with potential for spill into steam lines if not tripped, or

failure to restart if RCIC does trip.

TIME CONSTRAINTS
~ Continuous requirement, react within approx 8 minutes" of indication increasing

trend to prevent overfill.

"An initial estimate of 15 minutes was given to the operators during their evaluations
based on the anticipation that the mismatch would result from a gradual decline in the
demand for makeup water. This calculation is bounding. In the actual evaluation, the
operators gave the same degree of difficultyscore to the 5 and 15-minute time
constraints in their evaluations of HOHC2 and HOHC3.
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HOHC4: Restore and Control RPV Level with HPCI Following ATWS

PRECEDING EVENTS
~ Loss of feedwater event with turbine trip.
~ Failure to scram.
~ HPCI successfully initiated (OHS3 = S).
~ HPCI terminated when suppression pool temperature exceeds 110'F and

level/power control initiated.
~ SLC succeeds in making core subcritical.
~ Subcriticality achieved when RPV near top of core.
~ Restart HPCI and/or RCIC following ATWS successful (OHS4 = S),

INDICATIONS OF PLANT CONDITION
~ RPV level at -162", indications available on Panels 2-9-3 and 2-9-5.
~ RPV pressure at 1,040 psig, indications available on Panels 2-9-3 and 2-9-5.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Insure boron injected to 28% tank level (C5-23).
~ Adjust flow controller to refill RPV in a controlled manner while insuring

subcriticality maintained.
~ Monitor RPV level and adjust test return valve and flow controller to maintain

level within +27" and +39".
~ Option to use either HPCI or RCIC or both for level and pressure control following

restoration.

CONCURRENT ACTIONS COMPETING FACTORS
~ Verifying shutdown and reporting incident to management.
~ Verifying suppression pool cooling.
~ Maintaining RPV pressure below HCTL (RC/P-7)
~ Verifying dry well temperature and pressure within limits (EOI-2).
~ GOI-100-12A actions to achieve cold shutdown.

INDICATIONOF SUCCESSFUL COMPLETION
~ Continue long term cool down if HPCI or RCIC remains operational (OHL1) and

TBV are not available.
~ Transfer to shutdown cooling without necessity for HPCI to operate for 24 hours

if MSRV available for use to assist cooldown (ORVD1 = S) (Operators have the
option to use, but may not use MSRVs to assist depressurization.)

FAILURE IMPACT
~ Core uncovery with fuel damage if control lost low.

TIIVIE CONSTRAINTS
~ Once restarted (OHS =S), action is a continuous requirement.
~ After recovery of RPV level react within 5 minutes after alarm to prevent

automatic HPCI trip at +55".
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HOHL1: Control RPV Level and Pressure with HPCI and/or RCIC from 6 to 24 Hours

PRECEDING EVENTS
~ Loss of feedwater event with successful scram and turbine trip.
~ Mode switch to shutdown (OSW1 = S).
~ HPCI and/or RCIC successfully controlled for first 6 hours (OHC1 = S).

INDICATIONS OF PLANT CONDITION
~ RPV level indications available on Panels 2-9-3 and 2-9-5.
~ RPV pressure indications available on Panels 2-9-3 and 2-9-5.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1 RC/L; GOI-100-12A.
~ Set flow controller to maintain adequate flow for steam wastage.
~ Set test return valve to divert water to CST to prevent RPV overfill.
~ Monitor RPV level and adjust test return valve and flow controller to maintain

level within +27" and +39".
~ Option to use either HPCI or RCIC or both for level and pressure control, if

available.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ ~ GOI-100-12A actions to achieve cold shutdown.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ Transfer to shutdown cooling.

FAILURE IMPACT
~ Challenge to +55" trip, with potential for spill into steam lines if not tripped, or

failure to restart if HPCI/RCIC do trip.

TIIVIE CONSTRAINTS
~ Not time critical, but continuous requirement, react within approx 15 minutes of

indication increasing trend to prevent overfill.
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HOHL2: Recover and Control RPV Level and Pressure with HPCI and/or RCIC for Up to
24 Hours, Given Short-Term Control Failed

PRECEDING EVENTS
~ Loss of feedwater event with successful scram and turbine trip.
~ Mode switch to shutdown (OSW1 = S).
~ At least one overfill of RPV with HPCI and/or RCIC during the first 6 hours

(OHC = F).
~ HPCI and/or RCIC successfully restarted on low low RPV level signal.

INDICATIONS OF PLANT CONDITION
~ RPV level indications available on Panels 2-9-3 and 2-9-5.
~ RPV pressure indications available on Panels 2-9-3 and 2-9-5.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1 RC/L-4; GOI-100-12A.
~ Set flow controller to maintain adequate flow for steam wastage.
~ Set test return valve to divert water to CST to prevent RPV overfill.
~ Monitor RPV level and adjust test return valve and flow controller to maintain

level within +27" and +39".
~ Option to use either HPCI or RCIC or both for level and pressure control, if

available.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ GOI-100-12A actions to achieve cold shutdown.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ Transfer to shutdown cooling.

FAILURE IMPACT
~ Challenge to +55" trip, with potential for spill into steam lines if not tripped, or

failure to restart if HPCI/RCIC do trip.

TIME CONSTRAINTS
~ Continuous requirement, react within approx 15 minutes of indication increasing

trend to prevent automatic trip at + 55".
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HOHS1: Initiate HPCI following Feedwater Failure, Given Two Stuck-Open Relief Valves

PRECEDING EVENTS
~ Initiating event leads to reactor scram.
~ RPV pressure rises to MSRV setpoint and remains as MSRVs cycle.
~ Two MSRVs remain open after they lift.
~ RPV level dropping as decay heat is removed from core.
~ After a few minutes RPV pressure behavior changes to a continuous decreasing

trend.

INDICATIONS OF PLANT CONDITION
~ All three RFPTs not available.
~ RPV pressure dropping from 1,000 psig through 900 psig.
~ Low RPV level alarm.
~ Suppression pool temperature rising.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Manually start HPCI and align for injection into RPV (RC/L-4).

CONCURRENT ACTIONS COIVIPETING FACTORS
~ 2-AOI-1-1, stuck open relief valve actions.
~ Initiate suppression pool cooling (OSP1).

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IIVIPACT
~ RPV level stabilized at +33".
~ Transition to short term control of RPV level using HPCI (OHC2).

FAILURE IMPACT
~ Challenge of automatic HPCI/RCIC initiation at -45".
~ Challenge of CRD and depressurization if auto initiation fails.

TIME CONSTRAINTS
~ Estimate approximately 5-10 minutes prior to automatic actuation at -45".
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HOHS2: Initiate HPCI/RCIC following a Feedwater Failure, Given One or No Stuck-Open
Relief Valves

PRECEDING EVENTS
~ Initiating event leads to reactor scram.
~ RPV level dropping as decay heat is removed from core.

INDICATIONS OF PLANT CONDITION
~ Feedwater and condensate not available.
~ Low RPV level alarm.
~ Radiation levels normal.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Recognize conditions causing alarm.
~ Select most suitable combination of HPCI/RCIC to maintain RPV level and begin

cooldown (EOI-1, RC/L-4).
~ Exercise options available to:

Manually start RCIC and align for injection into RPV.
Manually start HPCI and align for pressure control via recirculation to the
CST.

CONCURRENT ACTIONS COMPETING FACTORS
~ Align RHR for suppression pool cooling.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ RPV level stabilized at +33".
~ Transition to short term control of RPV level using HPCI/RCIC (OHC1 or OHC2).

FAILURE IMPACT
~ Challenge of automatic HPCI/RCIC initiation at -45".
~ Challenge of CRD and depressurization if auto initiation fails.

TIME CONSTRAINTS
~ Estimate approximately 10-15 minutes prior to automatic actuation at -122"."

"The operators evaluated this action considering the time to automatic actuation
at -45", which was estimated as 10 to 15 minutes and is conservative.
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HOHS3: Initiate HPCI following Feedwater Failure during Recovery after an ATWS
Event

PRECEDING EVENTS
~ Initiating event leads to requirement for reactor scram.
~ Control rods fail to insert given scram signal.
~ Operators enter EOI-1, RC/0 and CS to successfully bring the reactor to a

subcritical condition by lowering RPV level and injecting boron.
All injection into RPV terminated.

INDICATIONS OF PLANT CONDITION
~ RPV level at -162" and decreasing rapidly.
~ APRM indicates < 3%.
~ Condensate available on min recirculation to the condenser.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Verify that SLC has injected so that boron tank ( 28% (C5-).
~ Attempt to restart a RFPT.
~ Recognize that none of the RFPT can be started to provide RPV refill.
~ Manually start HPCI and/or RCIC and align for injection into RPV.

CONCURRENT ACTIONS COMPETING FACTORS
~ Verifying shutdown and reporting incident to management.
~ Verifying suppression pool cooling.
~ Maintaining RPV pressure below HCTL (RC/P-7).
~ Verifying dry well temperature and pressure within limits (EOI-2).
~ GOI-100-12A actions to achieve cold shutdown.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ RPV level ceases to decline and begins to rise.
~ Transition to recovery of level and control at normal levels (OHC4).

FAILURE IMPACT
~ Core uncovery and damage.

TIME CONSTRAINTS
~ Restart within approx 3-5 minutes to avoid level dropping below -190" ~
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HOJC1: Control RPV Level with Condensate Using Alternate Injection Path, given Startup
Byp'ass Valve Fails

PRECEDING EVENTS
~ RFPTs successfully used to cooldown reactor.
~ RPV pressure decreased to below 300 psig.
~ Flow/level control difficultwith RFPTs on auto or manual.
~ Startup bypass valve 3-53 fails to open.

INDICATIONS OF PLANT CONDITION
~ RPV level varying between +27" and +50".
~ Operating RFPT becoming erratic.

PROCEDURAL GUIDANCE/REQUIRED ACTIONS
~ 2-AOI-32-2.
~ Dispatch AUO to open and control locally handwheel operated manual valve.
~ Communicate with AUO to establish proper throttle postion to maintain RPV level.
~ AUO stays on station and changes position as necessary to respond to changes in flow

demand.
OR

Take manual control of the main feedwater suction and discharge valves of the operating
turbine.
Trip the operating RFPT and place it in a freewheeling mode to allow pass through of
condensate water.
Open the discharge valve and allow the RPV level to rise to +50".
Close the discharge valve and verify that condensate min flow valve 2-29 opens to
bypass flow to the condenser.
Allow the RPV level to drop to +12", then repeat the cycle.
Use TBVs to maintain cool down rate at 100 F/hr.

CONCURRENT ACTIONS/COMPETING FACTORS
~ Seeking to recover the startup bypass valve.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ All RFPT indication lights GREEN.
~ Condensate system delivering water to RPV via startup bypass valve.
~ Manually maintaining level between +12 and +50" by cycling feedwater discharge

valves using condensate booster pumps.
~ Able to transfer to shutdown cooling without challenging ECCS systems.

FAILURE IMPACT
~ Seek other means for intermediate and low pressure level control (CRD, HPCI, RCIC,

LPCI, CS).

TIME CONSTRAINTS
~ Assume a window of approx 30 minutes available for changeover once RFPT tripped

prior to demand for CRD.
~ Approximately 2 hours to core uncovery if not means to cool the core found.
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HOLA1: Initiate and Control Low pressure Injection to Maintain RpV Level Between
-190" and -162", Given ATWS

PRECEDING EVENTS
~ HPCI unavailable due to maintenance.
~ MSIV closure results in ATWS.
~ Suppression pool temperature quickly rises to ) 110'F
~ SLC initiated, but not yet able to reduce power to < 5%.
~ RPV level has been reduced per C5-8 through 13 to -162".
~ High pressure injection from RCIC, CRDs and SLC can not maintain RPV level

above -190" (C5-15,16,20).

INDICATIONSOF PLANT CONDITION
~ SLC tank level ) 28%.
~ Radiation indications in suppression pool rising.
~ RPV level = < -190".

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Emergency depressurize per RC/P-4 and C2.
~ Initiate LPCI injection while observing Caution ¹5.
~ Monitor RPV level (Refer to Caution ¹1 regarding instruments).

CONCURRENT ACTIONS COMPETING FACTORS
~ Monitoring SLC injection.
~ Actions to insert control rods per EOI-1, RC/Q-23.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IIVIPACT
~ RPV level maintained at -162".
~ Power level decreases to below 5%.
~ SLC tank level < 28%.

FAILURE IMPACT
~ Power spikes which ultimately result in core damage.

TIIVIE CONSTRAINTS
~ Control must be established in conjunction with depressurization.
~ Continuous requirement for dose control until subcriticality and refill.
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HOLC1: Transfer to Condensate in Startup Bypass Mode, Given Feedwater Cooldown
was Successful

PRECEDING EVENTS
~ One RFPT successfully used to cooldown reactor.
~ RPV pressure decreased to below 300 psig via normal cool down.
~ Flow/level control difficultwith RFPT on auto or manual.

INDICATIONS OF PLANT CONDITION
~ RPV level varying between +27" and +39".

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ 2-GOI-100-12; 2-AOI-3-1; OI-3.
~ Trip 3rd RFPT 5 isolate discharge valves.
~ Place level control LC 3-53 startup bypass in service.
~ Set level setpoint at +33".

CONCURRENT ACTIONS COMPETING FACTORS
~ 2-GOI-100-12 shutdown actions.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ All RFPT indication lights GREEN.
~ Condensate system delivering water to RPV via startup bypass valve.
~ Level maintained via 3-53 LCV using condensate booster pumps at +33".

FAILURE IMPACT
~ Seek other means for low pressure level control (CRD, condensate via manual

bypass or main feedwater injection valves, LPCI, CS).

TIME CONSTRAINTS
~ Assume a window of approx 30 minutes available for changeover once RFPT

tripped prior to demand for CRD.
~ Approx 2 hours to core uncovery if no means to cool core found.
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HOLC2: Place Condensate System in Startup Bypass Mode, Given it was Maintained
Operational following Feedwater Failure

PRECEDING EVENTS
~ Initiating event requiring reactor scram and turbine trip.
~ Feedwater lost, but condensate successfully transfers to Minimum flow and

remains operational (OCD1 = S).
~ Cooldown using HPCI and/or RCIC successful (OHC, OHL = S).

INDICATIONS OF PLANT CONDITION
~ RPV level maintained between +27" and +39".
~ RPV pressure declining past 350 psig.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ GOI-100-12A, para 5.45.1 per 2-OI-3.
~ Place level control LC-5 startup bypass in service.
~ Set level setpoint at +33".

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Verifying suppression pool cooling and temp ( 95'F.
~ 2-GOI-100-12 shutdown actions.
~ Reducing pressure to condensate startup head.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ Unit continues cooldown on condensate system via startup bypass valve.

FAILURE IIVIPACT
~ Challenge CRD, CS or LPCI as injection source.

TIME CONSTRAINTS
~ Assume 30 minutes before other means of level control would be sought.
~ Approx 2 hours to core uncovery if no means to cool core found.

NOTES
~ It appears that GOI-100-12A will keep RPV cooling on HPCI or RCIC and transfer

directly to shutdown cooling if feedwater failed.
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Table B-9 (Page 30 of 48). Qualitative Descriptions of Dynamic Human Actions

HOLP1: Control RPV Level Using LPCI Mode of RHR or the Core Spray System

PRECEDING EVENTS
~ General transient initiating event.
~ Successful depressurization.
~ Condensate not available.

INDICATIONS OF PLANT CONDITION
RPV pressure at or below 320 psi, but not low enough for shutdown cooling.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1 (RC/L-4).
~ Verify suppression pool level is above 9.5 feet.
~ Control and maintain flow is safe area of NPSH limits.
~ Maintain RPV level between +12" and +51".

CONCURRENT ACTIONS COMPETING FACTORS
~ Shutdown activities.

INDICATIONOF SUCCESSFUL COIVIPLETION
~ Continue cooldown, safe cold shutdown achieved (PRA success state).

FAILURE IMPACT
~ Alternate injection source required to avoid core melt. (Currently not modeled in

the plant model, because failure of OLP1 is not appearing in the dominant
sequence list.)

TIME CONSTRAINTS
~ Long term equipment with slowly evolving scenario.

NOTES
~ Not directly quantified with operators. Quantify with the same distribution as

OSD2 (Align RHR for shutdown cooling mode of cooling, given 1 loop available).
~ The action involves controlling level at low pressure over the long term with a

prior hardware failure.
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Table B-9 (Page 31 of 48). Qualitative Descriptions of Dynamic Human Actions

HOPTR1: Take Manual Control or Terminate Feedwater Flow, Given Feedwater Rampup

PRECEDING EVENTS
~ Feedwater controller drifts high.
~ RPV level begins to increase at power.

INDICATIONS OF PLANT CONDITION
~ Abnormal RPV high level alarm.
~ RPV level indicates +39" and rising.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Recognize cause of problem is feedwater flow, not RPV level instrumentation.
~ Manually take control of feedwater to reduce flow.
~ Maintain RPV level within acceptable limits while maintenance repairs controller.
~ If manual control can not maintain level, Decide that reactor must be shutdown.
~ Manually initiate HPCI/RCIC flow to insure source of high pressure flow to RPV.
~ Terminate feedwater flow by tripping all three feedwater pumps.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Level control will be primary focus if this occurs.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT

Reactor subcritical.
Reactor on HPCI/RCIC cooling,

FAILURE IMPACT
~ Loss of all feedwater pumps at +55" trip point.
~ Initiate shutdown procedures.
~ Challenge to HPCI/RCIC to start.

TIIVIE CONSTRAINTS
~ One or two minutes" after alarm to avoid RPV overfill to +114".

'The time constraint originally given to the operators was 5 minutes, based on a more gradual transition to
the mismatch condition. However, the impact of the shorter period of 1 to 2 minutes is expected to have
little or no impact on the original operator evaluations for the following reasons. First, the licensed SRO
member of the pRA team judges that 15 seconds is a conservative estimate of the time required to trip the
feedwater pumps once the mismatch is recognized. Second, since the unit is at power, and the RPV level
is one of the critical parameters closely monitored by the operators, 45 seconds provides adequate time to
recognize the condition. The additional 4 minutes given to the operators in the initial evaluation would not
significantly increase their likelihood of recognizing the situation if they did not do so in the first 45
seconds. Third, the three groups actually scored the degree of difficulty of the PSF for time adequacy as
4, 6, and 8. This indicates that all groups recognized that time would be a concern and at least one
appears to have chosen to consider the possibility of rapid fill rates in their evaluation. Considering the
above discussion, the range of evaluations for the time PSF is judged to be reasonable by both the human
action analyst and the licensed SRO. Therefore, the overall quantitative evaluation was not changed.
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Table B-9 (Page 32 of 48). Qualitative Descriptions of Dynamic Human Actions

HORF1: Restart and Control One Reactor Feedwater Pump following a +55" Trip

PRECEDING EVENTS
~ Reactor scram for "other" reasons.
~ One or more RFPTS not tripped (OFT =F) with subsequent control failure

(OF = F).
~ RPV level rises to +55", resulting in trip of all running RFPTs (LSF =S).

INDICATIONS OF PLANT CONDITION
~ RPV pressure remains ) 300 psig.
~ RPV level = +55".
~ Panel 2-9-5 indicates 2 of 3 hi-hi level relays have tripped (red lights lit).
~ MSIVs open.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ 2-AOI-3-1; 2-Ol-3; GOI-100-12.
~ Reset at least 2 of 3 level trips on Panel 2-9-5.
~ Run MSC 5. MGU of the tripped RFPT to min stop.
~ Wait and observe the RPV level decrease to (55".
~ Restart RFPT.

CON URRENT ACTIONS COMPETING FACTORS
~ Normal post trip 2-GOI-100-12 activities.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IIVIPACT
~ RFPT trip is cleared.
~ RFP supplying water to RPV with level maintained at +33".

FAILURE IIVIPACT
~ Makeup required from HPCI/RCIC.

TIIVIE CONSTRAINTS
~ Time available from +55" to -45" RPV level is approx 30 minutes.

TABLE9.BFN.08/30/92 B-79



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 8-9 (Page 33 of 48). Qualitative Descriptions of Dynamic Human Actions

HORP1: Start RHR and/or CS Pumps for LPCI or Suppression Pool Cooling, Given'RPV
Makeup with High Pressure Systems Successful

PRECEDING EVENTS
~ Reactor scram for any one of a variety of causes.
~ MSIV closure and RPV isolation occurs.
~ HPCI/RCIC initiated and being used for RPV makeup.
~ MSRVs opened to lower RPV pressure to 930 psig.

INDICATI N F LANT ONDI I N
~ HPCI maintaining RPV level being maintained +33".
~ RPV pressure above 500 psig.
~ Suppression pool temperature rising.
~ Suppression pool temperature alarm if suppression pool temperature ) 95'F.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Recognize need for suppression pool cooling and eventual shutdown cooling.
~ Align RHR service water to the RHR heat exchangers.
~ Start an RHR pump in preparation for suppression pool cooling and shutdown

cooling.
~ Monitor pump parameters to verify that it is functioning properly and will not

become damaged and unavailable.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Still maintaining level.
~ Normal GOI-100-12 shutdown activities.
~ Investigating cause of scram.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IIVIPACT
~ Indication of pump start and flow.

Able to align for suppression pool cooling, LPCI, or shutdown cooling as needed.

FAILURE IMPACT
~ Low pressure cooling system not available if auto initiation fails.
~ Suppression pool temperature increases with potential for primary containment

overpressure failure.
~ Eventual loss of core cooling leading to fuel damage.

TIME CONSTRAINTS
~ Not time sensitive, at least 2 hours to boil down from normal level after normal

cooldown.

TABLE9.BFN.08/30/92 B-80



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table 8-9 (Page 34 of 48). Qualitative Descriptions of Dynamic Human Actions

HORP2: Start RHR and/or CS Pumps for LPCI, Given RPV Makeup with High Pressure
Systems Failed

PRECEDING EVENTS
~ Reactor scram for any one of a variety of causes.
~ MSIV closure and RPV isolation occurs.

MSRVs opened to cycle RPV pressure between 1,110 and 930 psig.
~ HPCI and RCIC unavailable.
~ Only one CRD pump available.

INDICATIONS OF PLANT CONDITION
~ Alarms associated with high pressure injection system failures.
~ RPV level declining past -122".
~ Suppression pool temperature ) 95'F.
~ High suppression pool temperature alarm.
~ Low low low RPV alarm and ADS signal (actuation inhibited).

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ C1-4.
~ Align one RHR pump for suppression pool cooling (OSP1).
~ Lineup one RHR pump for LPCI.
~ Lineup CS for injection.
~ Start RHR pumps in preparation for emergency depressurization.
~ Start the CS pumps in preparation for emergency depressurization.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Continue to try to get high pressure systems on line until -162".
~ Monitor drywell temperature and containment pressure to determine cooling

requirements.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ Indication of pump start and flow.
~ Able to align for LPCI and CS.
~ Able to establish suppression pool cooling with one RHR loop.

FAILURE IIVIPACT
~ Eventual core damage.
~ Challenge to containment integrity.

TINIE CONSTRAINTS
~ Tens of minutes available to align as level drops.
~ Initiate within 5 minute of reaching -162" to avoid going below -192".

NOTES

~ This action will be used for all requirements to start RHR and CS pumps with
failed. high pressure systems for any reason.
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Table B-9 (Page 35 of 48). Qualitative Descriptions of Dynamic Human Actions

HORPS1: Backup Automatic Scram Function with Push Buttons and ARI

PRECEDING EVENTS
~ Reactor on line at 100% power.
~ Setpoint requiring reactor trip met or exceeded.
~ Reactor did not auto scram.

INDICATIONS OF PLANT CONDITION
~ Parameters that should have initiated scram indicate scram conditions.
~ Rod position indicators show no movement.
~ Some scram indication lights lit, others not lit.
~ Other parameters normal.
~ Power above 55%.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Decision to scram reactor based on out of tolerance indications.
~ EOI-1.
~ Push scram buttons on Panel 2-9-5.
~ Mode switch to shutdown.
~ Initiate ARI if scram still not achieved.

CONCURRENT ACTIONS COMPETING FACTORS
~ Potential for numerous alarms.
~ Attempting to correct cause of anomaly if it was a trend.
~ Mode switch to shutdown (Action OSW1).

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ All rods in.
~ Power decreasing to ( 5% APRM.

FAILURE IMPACT
~ ATWS in progress.
~ Severity of ATWS depends on availability of main condenser and initiating event.

TIME CONSTRAINTS
~ Within 1 minute.
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Table B-9 (Page 36 of 48). Qualitative Descriptions of Dynamic Human Actions

HORVD1: Cycle One1 MSRV To Assist HPCI or RCIC Cooldown

PRECEDING EVENTS
~ Successful reactor scram and turbine trip.
~ RPV isolated.
~ Operators initiate RCIC and maintain level control over first four hours (OHC1 =

S).
~ Bounding situation: HPCI failed due to RMOV BD 2A deenergized.

INDICATIONS OF PLANT CONDITION
~ RPV level slowly varying over a range from +28" to +38".
~ RPV pressure at 900 psig and decreasing very slowly.
~ CRD pumps operating (RED light indication).

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1, RC/L-1, RC/P-15 through 18.
~ Decide that depressurization needs assistance.
~ Open one MSRV as necessary to reduce RPV pressure.
~ Cycle opening of valves among steam lines to maintain temperature balance in

suppression pool.
~ Maintain cooldown rate of less than 100'F per hour.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Attempting to recover RMOV BD 2A.
~ Initiate suppression pool cooling (OSP).

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IIVIPACT
~ Transition to shutdown cooling within 6 hours, thus avoiding long term

requirement for RCIC control.

FAILURE IIVIPACT
~ Requirement for RCIC operation and control for up to 24 hours.

TIME CONSTRAINTS
~ Not time sensitive. Do as required.

NOTES
~ If used for HPCI, this action refers to reducing pressure below the RHR shutdown

cooling interlock.
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HORVD2: Emergency Depressurize by Manually Opening MSRVs, Given High Pressure
Injection Hardware Fails

PRECEDING EVENTS
~ MSIV closure at full power due to high radiation.
~ Successful reactor scram and turbine trip.
~ HPCI fails due to RMOV 2A deenergized.
~ RCIC fails to initiate due to hardware failure.
~ Alternate injection systems unable to maintain level.

INDICATIONS OF PLANT CONDITION
~ RPV level below +12" and declining.
~ Condensate system trips.
~ RPV pressure being lowered with MSRVs to increase CRD and SLC injection

flow.
~ Only one CRD pump available (CRDHS in enhanced mode failed).
~ RMOV BD 2A deenergized (No lights on 1-4, 1-22, 1-41).
~ HPCI and RCIC not operable.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1, RC/L-9 to C1; EOI-1, RC/P-4.
~ Insure 2 or more low pressure injection systems aligned.
~ Continue trying to inject into RPV with high pressure systems until RPV level

reaches -162". (RC/L-4 and RC/L-S).
~ Emergency depressurize per C2.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Trying to establish sufficient flow to maintain RPV level at high pressure.
~ Trying to recover RMOV BD 2A.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ Depressurization enables RPV level to be maintained by LPCI or core spray.

FAILURE IMPACT
~ Core damage at high pressure if failed to depressurize at -162".

TIME CONSTRAINTS
~ Assume approximately 30 minutes to recognize need to emergency depressurize

as water lowers.
~ Approximately 3 to 5 minutes" to -190" once -162" reached.

"The operators evaluated this action with the time constraint that 5 minutes are
available to initiate depressurization once TAF is achieved. As they will have been
working to reestablish cooling while the level declined and the action can be done
quickly, the difference in time is judged to have an insignificant impact on their
evaluations.
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Table B-9 (Page 38 of 48). Qualitative Descriptions of Dynamic Human Actions

HORVD3: Emergency Depressurize by Manually Opening MSRVs, Given HPCI/RCIC
Fails High Pressure Injection Due to Operator Control Failure

NOTE'valuation of this action requires you to put yourself in a situation where
things have not gone well. Please ask yourselves how these errors could
happen given your experience on the simulator or in the plant and assist us
in building an accurate recovery scenario.

PRECEDING EVENTS
~ MSIV closure at full power due to high radiation in reactor building and high

steam flow in one main steam line.
~ Successful reactor scram and turbine trip.
~ HPCI not available due to RMOV 2A deenergized.
~ RCIC initiates but operators can not control level (OHC =F).
~ RCIC trips on high RPV level and can not be restarted.
~ Condensate system not available.

INDICATIONS OF PLANT CONDITION
~ RPV level below -145" and declining.
~ RPV pressure at 1,040 psig and oscillating as MSRVs cycle.
~ Only one CRD pump available.

Groups 1, 2, 3, 6, and 8 isolation signals present.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1, RC/L-9 to C1; EOI-1, RC/P-4.
~ Recognize the "bad day" situation in light of previous errors.
~ Insure 2 or more low pressure injection systems aligned.
~ Continue trying to inject into RPV with high pressure systems until RPV level

reaches -162". (RC/L-4 and RC/L-8).
~ Emergency depressurize per C2.

CONCURRENT ACTIONS COMPETING FACTORS
~ Alarm/control room conditions that diverted operators from proper control of

RCIC.
~ Attempt to recover RCIC showed impossible environmental condition.
~ Attempt to recover RMOV 2A.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ Depressurization enables RPV level to be maintained by LPCI or core spray.

FAILURE IMPACT
~ Core damage at high pressure if failed to depressurize at -162".

TIME CONSTRAINTS
~ Assume 5-10 minutes to become aware of need to emergency depressurize.
~ Approximately 5 minutes for RPV to boil down to -90" from -162".
~ Time constraints sensitive to failure modes of HPCI/RCIC. Limiting case would

be failure at low RPV levels with approximately 30 minutes to core uncovery.
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Table B-9 (Page 39 of 48). Qualitative Descriptions of Dynamic Human Actions

HOSD1: Align RHR for Shutdown Cooling

PRECEDING EVENTS
~ Successful depressurization about to be completed following a reactor scram.

During normal shutdowns, flushing, venting, etc.

INDICATIONS OF PLANT CONDITION
~ RPV pressure = 120 psig.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ OI-74.
~ Realign electrical system to normal alignment from App R alignment.
~ Close SP suction.
~ Align shutdown cooling suction.

N ENT TIONS OIVIPETIN FA T R

~ Complete depressurization as required by system used (HPCI/RCIC/condensate).

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ RPV pressure decreases to RHR shutdown injection pressure and stabilizes.
~ Long term cold shutdown achieved - success state of IPE model ~

FAILURE IMPACT
~ Eventual reduction of RPV inventory, followed by heatup and damage to core.

TIME CONSTRAINTS
~ Not time sensitive.

NOTES
~ Would the difficulty be different if the operator failed to initiate suppression pool

cooling when required)
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Table B-9 (Page 40 of 48). Qualitative Descriptions of Dynamic Human Actions

HOSD2: Align RHR for Shutdown Cooling, Given One Loop Unavailable

PRECEDING EVENTS
~ Successful depressurization about the complete following a reactor scram.

INDICATIONS OF PLANT CONDITION
~ RPV pressure = 120 psig.
~ No indications from valve 47.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ OI-74.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Complete depressurization as required by system used.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ RPV pressure decreases to RHR shutdown injection pressure and stabilizes.
~ Long term cold shutdown achieved - success state of IPE model.

FAILURE IMPACT
~ Eventual reduction of RPV inventory, followed by heatup and damage to core.

TIME CONSTRAINTS
~ Not time sensitive; can be done over the course of hours.

NOTES

Is there any reason to believe this action is more difficult than OSD1?
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HOSL1: Actuate SLC, Given ATWS with an Unisolated Vessel

PRECEDING EVENTS
~ Initiating event requiring turbine trip and reactor scram.
~ RPS fails to scram reactor.
~ Manual backup of scram and ARI can not insert control rods due to hardware failure.
~ Recirculation pumps tripped.
~ Manual bypass of MSIV successful (OSV1 S).
~ High pressure makeup provided by feedwater or HPCI.

INDICATIONS OF PLANT CONDITION
~ Feedwater injecting into RPV.

No indication of rods inserted past position 02.
~ Power levels remaining above 60%.
~ Suppression pool at 100'F and rising (25% power dumping to torus).
~ Turbine bypass removing 25-30% of power.
~ MSRVs cycling to maintain RPV pressure at 1,050 psig.
~ RPV level rising to +55" and erratic

PROCEDURAL UIDANCE/REQUIRED ACTIONS
~ EOI-1, RC/0-12 to 20: 2-AOI-100-1.
~ Decision that conditions are appropriate for SLC injection (Suppression pool temp could

go > 110oF prior to subcriticality).
~ Place key in SLC initiation switch and turn.
~ Insure injection flow into RPV.

CONCURRENT ACTI NS COMPETING FACTORS
~ Gaining control of feedwater.
~ Inhibit ADS if not already accomplished (C5-2, RC/0-15) (Action OAD1).
~ Actions to avoid isolation (OSV1).
~ Actions for manual rod insertion.
~ Actions to maintain RPV level until MSIVs can be jumpered open (OSV1).
~ Monitoring SP temp in anticipation of lowering level to provide level/power control ~

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
Boron tank level begins to lower.
Power APRM begins to decrease.
Reactor becomes subcritical within approximately 15 minutes.

FAILURE IMPACT
~ Suppression pool temperature reaches 110 F and level/power control required. (C5-5).
~ Alternate means of shutdown required.
~ Challenge level control for 24 hours while finding an alternate means to shutdown.

TIME CONSTRAINTS
~ Assume 3-5 minutes after failure to scram to avoid level/power control requirement.
~ Suppression pool reaches 170oF in approximately 20 minutes if reactor remains at 56%

power in an unisolated mode.
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Table B-9 (Page 42 of 48). Qualitative Descriptions of Dynamic Human Actions

HOSL2: Actuate SLC, Given ATWS with an Isolated Vessel

PRECEDING EVENTS
~ Group 1 isolation event requiring reactor scram.
~ RPS fails to scram reactor.
~ Manual backup of scram and ARI can not insert control rods due to hardware

failure.

INDICATIONS OF PLANT CONDITION
~ No indication of rods inserted past position 02.
~ Recirculation pumps tripped, but power levels remaining at 55%.
~ HPCI/RCIC injecting into RPV.
~ MSRVs are opening as necessary to maintain RPV pressure below 1,125 psig.
~ Suppression pool temperature ) 110'F and rising.
~ RPV level at -20" decreasing.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1, RC/Q-12 to 20: 2-AOI-100-1.
~ Decision that conditions are appropriate for SLC injection (suppression pool temp

could go > 110 F prior to subcriticality).
~ Place key in SLC initiation switch and turn.
~ Insure injection flow into RPV.

CONCURRENT ACTIONS COMPETING FACTORS
~ Inhibit ADS if not already accomplished (C5-2, RC/Q-15) (Action OAD1) ~

~ Actions for manual rod insertion.
~ Actions to control RPV level.
~ Level/power control required (C5-5).
~ Actions to insure that all 4 RHR pumps to be on suppression pool cooling.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ Boron tank level begins to lower.
~ Power APRM begins to decrease.
~ Reactor becomes subcritical within approximately 15 minutes.

FAILURE IMPACT
~ Challenge level control for 24 hours while finding an alternate means to

shutdown.
~ Core melt if alternate means of shutdown also fail.
~ Eventual overpressure failure of containment.

TIIVIE CONSTRAINTS
~ Suppression pool reaches 110 F in approximately 2 minutes" and 170 F in

approximately 7 minutes" if reactor remains at 55% power in an isolated mode.

'An original estimate of 3 minutes to 110'F and 10 minutes to 170'F was used during the operator
evaluations. This was based on an operator rule of thumb that one SRV at full flow (discharging 6% power
to the suppression pool) raised the temperature of the suppression pool at a rate of 1 F per minute. The
slightly shorter times obtained by the thermal-hydraulic calculation are judged to have no impact on the
evaluations.
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Table B-9 (Page 43 of 48). Qualitative Descriptions of Dynamic Human Actions

HOSP1: Align RHR for Suppression Pool Cooling

PRECEDING EVENTS
~ Scenario in which MSIVs close requiring pressure relief to suppression pool.
~ HPCI or RCIC providing RPV level control.

INDICATIONS OF PLANT CONDITION
~ Suppression pool high temperature alarm.

Suppression pool temperature indicates +95'F.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-2 SP/T-1 monitor and control suppression pool temp below 95 F using

available cooling.

CONCURRENT ACTIONS COIVIPETING FACTOR
Monitoring EOI-1 requirements.
Maintaining RPV level.
Investigating cause of trip.
GOI-100-12A requirements.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IIVIPACT
~ Suppression pool temperature stabilizes and begins to decline.

FAILURE IIVIPACT
~ Suppression pool exceeds heat capacity temperature limit.
~ RCIC NPSH not assured if suppression pool > 140'F.
~ Eventual failure of HPCI.
~ Eventual challenge to primary containment integrity.

TIIVIE CONSTRAINTS
~ Suppression pool temperature rise rate ( 1'F/min if isolated and just RCIC

available (see OI-71,73).
~ Time available ) 1 hour.
~ Not time sensitive.
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Table B-9 (Page 44 of 48). Qualitative Descriptions of Dynamic Human Actions

HOSP2: Align RHR for Suppression Pool Cooling, Given ATWS

PRECEDING EVENTS
~ Scenario in which MSIVs close requiring pressure relief to suppression pool.
~ HPCI or RCIC providing RPV level control.

INDICATI N PLANT ONDITION
~ Suppression pool high temperature alarm.
~ Suppression pool temperature > +110'F.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Align all available pumps associated heat exchangers to the suppression pool

cooling mode.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Attempting to reopen MSIVs and reestablish condenser heat sink (EOI-1, RC/P-8)
~ Trying to get the rods in.
~ Initiating and monitoring SLC injection.
~ Suppression pool cooling will have little impact during ATWS, [need to define

where it impacts after ATWS.]

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IIVIPACT
~ Suppression pool temperature rate of rise declines slightly, providing a few

additional minutes before emergency depressurization required.

FAILURE IMPACT
~ Suppression pool exceeds heat capacity temperature limit.
~ Procedures require defeat of automatic swapover if temp > 140'F.
~ HPCI fails if suppression pool > 190'F (210-260'F per NUREG/CR-4550)
~ Eventual challenge to primary containment integrity.

TIME CONSTRAINTS
~ Suppression pool temperature rise rate is approximately 1-2'F/min during ATWS

if unit remains at 50% power.
~ Assume time available to establish cooling approximately 10 minutes" before

HCTL. (If ATWS continues, this action has no impact.

"The original time of 40 minutes was given to the operators who used the wrong
heatup rate to determine the time available for this action. This error could lead to
evaluations using lower failure rates than might be expected for a 10-minute time
constraint under ATWS conditions. However, since suppression pool cooling will be
effective only if the operators succeed in making the reactor subcritical, the time
constraint they were given is judged to not impact the evaluation results significantly.
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HOSP3: Align RHR for Suppression Pool Cooling, Given one Loop Unavailable

PRECEDING EVENTS
~ Scenario in which MSIVs close requiring pressure relief to suppression pool.
~ HPCI or RCIC providing RPV level control.

INDICATIONS OF PLANT CONDITION
~ Suppression pool high temperature alarm.
~ Suppression pool temperature indicates +95 F.
~ Valve 71 failed closed.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-2 SP/T-1 monitor and control suppression pool temp below 95 F using

available cooling.
~ Recognize that chosen path may be on minimum flow.

CONCURRENT ACTIONS COMPETING FACTORS
Monitoring EOI-1 requirements.
Maintaining RPV level.
Investigating cause of trip.
GOI-100-12A requirements.
Attempting to recover failed loop.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ Suppression pool temperature stabilizes and begins to decline.

FAILURE IMPACT
~ Suppression pool exceeds heat capacity temperature limit.
~ RCIC NPSH not assured if suppression pool > 140'F
~ Eventual challenge to primary containment integrity.

TIME CONSTRAINTS
~ suppression pool temperature rise rate = oF/min if isolated and just RCIC

available.
~ Time available > 1 hour
~ Not time sensitive

NOTES
~ ls there something that would make this action more difficult than OSP1.
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HOSV1: Bypass Low Low Low (-122") MSIV Closure Signal During ATWS Events

PRECEDING EVENTS
Initiating event resulting in turbine trip, but MSIVs remained open.

~ RPS fails to scram reactor.
~ Manual backup of scram can not insert control rods.
~ Decision that conditions are appropriate for SLC injection.

INDICATIONS OF PLANT CONDITION
~ APRM reading 55% power.
~ Feedwater available.
~ MSRVs cycling to maintain RPV pressure at 1,125 psig, discharging 25% power

to suppression pool.
~ Suppression pool temperature rising and passes 95 F
~ Radiation indications normal.
~ Condenser vacuum normal.
~ RPV level being decreasing towards -105".

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI- 1 RC/P-8, Appx 8A.
~ Verify conditions permit bypass.
~ Locally install four jumpers.

CONCURRENT ACTIONS COMPETING FACTORS
~ Initiating and insuring SLC injection (OSL1).
~ Actions to insert control rods per EOI-1, RC/Q-23.
~ Controlling feedwater to keep RPV level as low as possible while also maintaining

MSIVs open.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ Condenser maintained as'heat sink as RPV level drops through -122".

FAILURE IIVIPACT
~ MSIV closure with increased demand on suppression pool heat capacity.
~ Necessity to lower RPV level if suppression pool temp > 110'F.
~ Threat to primary containment.

TIIVIE CONSTRAINTS
~ Time estimated for suppression pool to reach 110'F is 8 minutes.
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Table B-9 (Page 47 of 48). Qualitative Descriptions of Dynamic Human Actions

HOSW1: Transfer Mode Switch to Refuel/Shutdown in Response to a Scram

PRECEDING EVENTS
~ Conditions requiring scram exist.
~ Reactor has been successfully tripped.

INDICATIONS OF PLANT CONDITION
~ Rods indicate scram condition.
~ Power is decreasing.
~ Reactor level lower than normal due to collapse of voids.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
2-AOI-1 00-1.
Immediate action.

CONCURRENT ACTIONS COMPETING FACTORS
~ Verify rods in (one rod permissive light in refuel mode).
~ Verify power decreasing.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ Mode switch in shutdown position.
~ MSIVs remain open as pressure declines.

FAILURE IMPACT
~ MSIVs close when reactor pressure = ( 850 psig.

TIME CONSTRAINTS
~ Not significant for typical pressure reduction rates.
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Table B-9 (Page 48 of 48). Qualitative Descriptions of Dynamic Human Actions

HOTBI: Backup Main Turbine Trip

PRECEDING EVENTS
~ Main turbine on line, loaded at 60 cycles.
~ Unit reactor scrams due to "other" signals.
~ Turbine fails to trip off line.

INDICATIONS OF PLANT CONDITION
~ Reactor pressure decreasing.
~ Reactor power decreasing.
~ Reactor level may or may not be recovering.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ AOI 100-1.
~ Push Turbine Trip button, Panel 2-9-7.
~ Verify main steam stop valves close 5. combined stop valves close.
~ Trip EHC pumps if valves still open.

CONCURRENT ACTIONS COMPETING FACTORS
~ Verify turbine bypass valves open to bypass steam to condenser when pressure

recovers.
~ Verify/acknowledge alarms causing scram.

INDICATIONOF SUCCESSFUL C MPLETION AND SUCCESS IMPACT
All turbine stop valves close.
Annunciator indicates turbine tripped.
Low side generator breaker opens (breaker 224).
Megawatts = 0.

FAILURE IMPACT
~ MSIVs will be required to close to prevent uncontrolled depressurization.
~ Reverse power trip challenged.

TIME CONSTRAINTS
~ Assume 1 minute to avoid MSIV closure.
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Table B-10 (Page 1 of 3) ~ Raw Weights and Scores of Actions Evaluated by the Three
Groups of Licensed Browns Ferry Operators

BFN Group 1 Human Action Evaluations- Raw Weights

ID Actions Indlc
Code W S W

Time
S W

Proced Complex Train
W S W S W

Stress Tot
S W S Wgt

OAD1
OAD2
OAL1
OAL2
OBC1
OBD1
OCRD1
OCRD2
ODCW1
ODWS1
ODWS2
OF1
OF2
OF3
OF4
OFT1
OHC1
OHC2
OHC3
OHC4
OHL1
OHL2
OHS1
OHS2
OHS3
OJC1
OLA1
OLC1
OLC2
OPTR1
ORF1
ORP1
ORP2
ORPS1
ORVD1
ORVD2
ORVD3
OSD1
OSD2
OSL1
OSL2
OSP1
OSP2
OSP3
OSV1
OSW1
OTB1

2
2
3
3
2
2
2
2
2
3
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
2
2
2
2
2
3
2
3
3
2
2
2
3
3
2
3
2
2
2
2

2
2
6
6
4
3
5
6
3
6
7
4
8
4
0
4
3
3,3'

3
3
1
4
4
6
8
4
5
4
4

7
2
7
8
9
4
4
5
7
4
6
4
2
2
1

2
2
2
2
2
3
2
2
2
3
3
2
2
2
3
2
2
2
2
3
2
2
3
2
3
2
'3

2
2
2
2
2
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
7
7
7
7

4
3
7
8
4
4
4
7
2
4
4
4
8
4
4
8
4
7
4
8
4
4
2
5
4
7
0
5
5
9
4
4
4
6
4
6
4
3
3
4

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
4
2
2
2
2
2
2
2
2
2
2
2
2
2

4
4
2
2
2
3
2
2
2
3
3
2
2
2
3
2
2
2
2
3
2
2
3
2
3
3
3
2
2
2
2
2
3
2
2
2
2
2
2
2
2
2
3
2
2
4
4

2
2
8
8
7
7
2
2
1
8
9
3
5
4
8
2
6
5
5
8
6
6
8
3
7
8
8
3
3
3
4
1
9
2
5
5
7
1
1
2
2
1
7
1
2
0
2

2
2
2
2
2
2
2
2
2
2
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2

16
16
15
15
14
16
14
14
14
17
18
14
14
11
16
14
14
14
14
16
14
14
16
14
16
15
17
14
14
14
14
14
18
15
15
15
14
14
15
15
15
14
16
14
14
18
18
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Table B-10 (Page 2 of 3). Raw Weights and Scores of Actions Evaluated by the Three
Groups of Licensed Browns Ferry Operators

BFN Group 2 Human Action Evaluations — Raw Weights

ID
Actions Interface

W S W S
Time
W S

Proced
W S

Complex Training
W S W S

Stress Tot
W S Wgt,

OAD1
OAD2
OAL1
OAL2
OBC1
OBD1
OCRDl
OCRD2
ODCW1
ODWS1
ODWS2
OF1
OF2
OF3
OF4
OFT1
OHC1
OHC2
OHC3
OHC4
OHL1
OHL2
OHS1
OHS2
OHS3
OJC1
OLA1
OLC1
OLC2
OPTR
ORF1
ORP1
ORP2
ORPS1
ORVD1
ORVD2
ORVD3
OSD1
OSD2
OSL1
OSL2
OSP1
OSP2
OSP3
OSV1
OSW1
OTB1

2 3
2 3
2 5
2 5
2 4
Direct
2 4
3 5
2 5
2 3
3 7
2 4
2 4
Judged
2 5
2 3
1 2
1 2
1 2
2 3
2 5
2 5
2 4
1 1
2 3
1 8
2 8
2 4
2 4
1 1
2 4
2 3
2 3
1 3
2 3
2 4
2 9
3 2
3 2
2 5
2 5
2 3
2 5
2 3
2 7
2 4
2 4

1
1
2
3
2

of F
1
2
2
2
2
2
3

o acc
1
3
2
2
2
1
2
2
2
2
3
2
3
2
2
3
2
2
3
4
2
2
3
1
1
3
4
2
2
2
3
2
3

Estimate

unable t
3
2
3
3
3
2
2
2
3
2
3
3
4
2
2
2
2
2
3
1
2
2
2
2
2
2
2
2
2
2
2
2
2

8
2
2
2
2
8
4
4
4
2
8
8
8
2
2
1
3
3
6
2
2
3
9

2
7
7
2
3
2
7
2
2

2 1
2 1
2 6
2 6
2 3
Rate
2 2
2 2
2 4
2 5
2 5
2 2
1 6

h withi
2 6
0 NR
2 3
2 3
2 3
2 6
2 4
2 7
2 1
2 2
2 6
2 10
3 6
2 4
2 4
0 NR
1 4
2 2
2 6
0 NR
2 4
2 6
3 6
2 3
2 3
1 2
1 2
2 2
0 NR
2 2
4 1
0 NR
0 NR

ailure

omplis
2
6
2
2
2
4
2
7
3
3
5
2
7
2
2
6
3
3
6
6
3
4
8
2
2
8

10
2
3
2
2
2
2

2
2
2
2'

0.3/

2
2
8
8
6

dema
2
2
2
3
2
2
4

owed
8
4
7
7
7
8
6
6
2
3
8
8
9
3
3

all

2
2
2
2
2

nd
2
2
2
2
2
2
2

time frame.

0 NR
2 2
2 3

14
14
14
17
14

0
13
17
15
14
17
14
14

0
16
12
14
14
15
13
14
14
15
13
17
14
23
14
14ll
13
14
18
11
14
14
20
15
15
15
15
14
12
14
15
12
13
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Table B-10 (Page 3 of 3). Raw Weights and Scores of Actions Evaluated by the Three
Groups of Licensed Browns Ferry Operators

BFN Group 3 Human Action Evaluations — Raw Weights

ID Actions Interface
Code W S W S

Time Proced Complex Training Stress Tot
W S W S W S W S W S Wgt

OAD1
OAD2
OAL1
OAL2
OBC1
OBD1
OCRD1
OCRD2
ODCW1
ODWS1
ODWS2
OF1
OF2
OF3
OF4
OFT1
OHC1
OHC2
OHC3
OHC4
OHL1
OHL2
OHS1
OHS2
OHS3
OJC1
OLA1
OLC1
OLC2
OPTR1
ORF1
ORP1
ORP2
ORPS1
ORVD1
ORVD2
ORVD3
OSD1
OSD2
OSL1
OSL2
OSP1
OSP2
OSP3
OSV1
OSW1
OTB1

2
2
2
2
2
2
2
2
5
1
1
3
3
1
2
2
3
3
3
7
4
4
2
2
7
8
2
2
2
2
1
2
2

-1
2
2
6
2
2
2
2
2
2
2
8
6
4

3
3
3
4
1
4
1
2
1
3
4
1
2
1
2
2
2
2
2
4
3
3
2
2
4
2
3
1
1
4
1
2
3
4
1
3
4
1
1
3
3

~ 2
3
2
3
3
2

1
1
5
5
1
3
2
2
2
2
2
3
1
2
2
1
1
1
1
3
3
3
1
1
3

10
3
2
2

NR
1
2
3

NR
2
2
2
2
2
1
1
2
2
2
1

NR
NR

1
1
3
3
7
4
4
4
1
2
2
2
4
1
1
2
1
1
1
4
3
3
1
1
1
4
1
2
5
4
1
1
1
0
5
1
1
1
1
1
1
1
1
1
7
0
4

15
15
19
20
13
18
14
15
13
16
17
15
15
11
14
12
14
14
14
18
16
16
14
15
18
14
20
10
11
15
12
14
16
18
13
17
18
13
13
18
18
14
16
14
20
11
10
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Table B-11 (Page 1 of 3). Normalized Weights and Scores of Actions Evaluated by the
Three Groups of Licensed Browns Ferry Operators

ZD
Code

Actions
W S

BFN Croup 1 Human Action

Indic
W

Evaluations

Time
W

— Normalized Weights

Procedure Complex
W S W S

Train
W

Stress
W

FLI

Average 0.15 4.3 0.15 4.8 0.14 3.2 0.13 2.4 0.16 4.4 0.14 2.1 0.14 3.7 3.64

OAD1
OAD2
OAL1
OAL2
OBC1
OBD1
OCRD1
OCRD2
ODCWl
ODWS1
ODWS2
OF1
OF2
OF3
OF4
OFT1
OHC1
OHC2
OHC3
OHC4
OHL1
OHL2
OHS1
OHS2
OHS3
OJC1
OLA1
OLC1
OLC2
OPTR1
ORF1
ORP1
ORP2
ORPS1
ORVD1
ORVD2
ORVD3
OSD1
OSD2
OSL1
OSL2
OSP1
OSP2
OSP3
Osvl
OSW1
OTB1

0. 13
0. 13
0 20
0. 20
0. 14
0.13
0.14
0.14
0.14
0.18
0.17
0.14
0. 14
0. 18
0. 13
0. 14
0. 14
0. 14
0.14
0. 13
0.14
0.14
0.13
0.14
0.13
0.13
0.18
0.14
0.14
0.14
0.14
0. 14
0 17
0 13
0.20
0.20
0.14
0 14
0. 13
0.20
0.20
0.14
0 19
0.14
0.14
0.11
0.11

2
2
6
6
4
3
5
6
3
6
7
4
8
4
0
4
3
3
3
3
3
3
1
4
4
6
8
4
5
4
4
4
7
2
7
8
9
4
4
5
7
4
6
4
2
2
1

0.13
0.13
0.13
0.13
0.14
0.19
0 '4
0 14
0. 14
0. 18
0. 17
0.14
0.14
0.18
0.19
0.14
0.14
0.14
0.14
0.19
0.14
0. 14
0. 19
0.14
0.19
0.13
0.18
0.14
0.14
0.14
0.14
0.14
0. 17
0.13
0.13
0.13
0.14
0.14
0.13
0.13
0.13
0.14
0.13
0. 14
0. 14
0.11
0. 11

3
3
7
7
7
7
4
4
3
7
8
4
4
4
7
2
4
4
4
8
4
4
8
4
7
4
8
4
4
2
5
4
7
0
5
5
9
4
4
4
6
4
6
4
3
3
4

0.13
0.13
0.13
0.13
0.14
0.13
0.14
0.14
0. 14
0. 12
0.11
0.14
0.14
0.18
0.13
0.14
0.14
0.14
0.14
0.13
0.14
0.14
0.13
0. 14
0.13
0 '3
0.12
0.14
0.14
0.14
0.14
0. 14
0.11
0 27
0. 13
0. 13
0. 14
0.14
0. 13
0. 13
0. 13
0. 14
0. 13
0. 14
0. 14
0.11
0.11

1
1
5
5
1
2
1
1
1
7
8
1
3
1
4
3
3
3
3
5
3
3
7
3
3
2
7
1
1
4
1
1
7
1
6
6
7
1
1
4
6
3
5
1
2
1
4

0 13
0. 13
0.13
0. 13
0.14
0.13
0.14
0.14
0.14
0 12
0.11
0-14
0.14
0.00
0.13
0.00
0.14
0.14
0.14
0.13
0.14
0. 14
0. 13
0 14
0.13
0.13
0 12
0.14
0.14
0.14
0.14
0. 14
0. 11
0.07
0.13
0.13
0.14
0 14
0 20
0. 13
0.13
0.14
0.13
0.14
0. 14
0.11
0.11

1
1
7
7
0
0
0
0
0
7
7
0
1
8
1
1
0
0
0
0
0
0
7
7
0
8
7
0
0
0
1
0
7
0
1
7
7
0
0
7
7
0
7
0
1
0
0

0.25
0.25
0.13
0.13
0. 14
0 19
0.14
0.14
0.14
0. 18
0.17
0.14
0.14
0.18
0.19
0.14
0.14
0.14
0.14
0.19
0.14
0.14
0.19
0. 14
0. 19
0.20
0.18
0. 14
0.14
0.14
0.14
0 '4
0.17
0.13
0.13
0.13
0.14
0. 14
0.13
0.13
0.13
0.14
0 19
0. 14
0. 14
0.22
0 22

2
2
8
8
7
7
2
2
1
8
9
3
5
4
8
2
6
5
5
8
6
6
8
3
7
8
8
3
3
3
4
1
9
2
5
5
7
1
1
2
2
1
7
1,
2
0
2

0.13
0.13
0.13
0.13
0.14
0.13
0.14
0.14
0.14
0.12
0.11
0.14
0.14
0.09
0.13
0.29
0.14
0.14
0. 14
0.13
0.14
0.14
0.13
0.14
0.13
0.13
0.12
0.14
0.14
0.14
0.14
0.14
0. 11
0.13
0.13
0.13
0.14
0.14
0.13
0.13
0.13
0. 14
0. 13
0.14
0.14
0.22
0.22

1
1
3
3
1
1
3
3
1
1
1
5
5
9
1
2
1
1
1
1
1
1
3
1
1
9
3
2
2
8
1
1
3
1
1
1
1
1
1
3
3
1
1
1
4
0
0

0. 13
0.13
0.13
0 13
0 14
0. 13
0. 14
0. 14
0. 14
0.12
0 17
0.14
0.14
0.18
0.13
0.14
0.14
0.14
0.14
0.13
0.14
0.14
0.13
0.14
0.13
0.13
0.12
0.14
0.14
0.14
0.14
0.14
0. 17
0. 13
0. 13
0. 13
0 14
0.14
0.13
0 13
0.13
0.14
0.13
0.14
0.14
0.11
O.ll

2.00
2.00
6.00
6.00
3.43
3.63
2.43
2.57
1.43
6. 18
7. 11
3.00
4.29
3 91
3.81
2. 14
3.00
2.86
2.86
4.63
3.00
2.86
6.00
4.00
3.88
6.13
6.94
2.29
2.43
3.43
2.86l.71
7 '6
1 20
3.93
5.60
6.57
1.71
1.60
4.47
5.40
2.00
5.56
1.71
2.43
1.11
1.78
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Table B-i1 (Page 2 of 3). Normalized Weights and Scores of Actions Evaluated by the
Three Groups of Licensed Browns Ferry Operators

BFN Group 2 Human Action Evaluations — Normalized Weights

Actions
W S

Interface
W S

Time
W S

Proced
W S

Complex
W S

Training
W S

Stress
W S

FLI

Average 0.13 4.0 0.16 4.0 0.15 3.7 0.12 3.4 0. 14 4.2 0.15 3.3 0.15 4.0 3.95

OAD1
OAD2
OAL1
OAL2
OBC1
OBD1
OCRDl
OCRD2
ODCWl
OWSl
OWS2
OF1
OF2
OP3
OF4
OPT1
OHC1
OHC2
OHC3
OHC4
OHL1
OHL2
OHS1
OHS2
OHS3
OJC1
OLA1
OLC1
OLC2
OPTR
ORF1
ORP1
ORP2
ORPS1
ORVD1
ORVD2
ORVD3
OSD1
OSD2
OSL1
OSL2
OSP1
OSP2
OSP3
Osvl
OSW1
OTB1

0.14 3
0.14 3
0.14 5
0.12 5
0.14 4

Direct
0.15 4
0.18 5
0.13 5
0.14 3
0.18 7
0.14 4
0.14 4

Judged
0.13 5
0.17 3
0-07 2
0.07 2
0.07 2
0.15 3
0.14 5
0.14 5
0.13 4
0.08 1
0.12 3
0.07 8
0.09 8
0.14 4
0.14 4
0.09 1
0.15 4
0.14 3
0.11 3
0.09 3
0.14 3
0.14 4
0.10 9
0.20 2
0.20 2
0.13 5
0.13 5
0.14 3
0 '7 5
0.14 3
0.13 7
0.17 4
0.15 4

0 14
0.14
0.14
0.18
0.14

Estima
0.15
0. 18
0 20
0.14
0.18
0.14
0.14

unable
0.19
0.17
0.21
0.21
0.20
0.15
0.14
0 14
0.20
0 15
0. 18
0.21
0.17
0-14
0.14
0.18
0.15
0.14
0.17
0.09
0 14
0. 14
0. 10
0. 13
0.13
0.13
0.13
0.14
0.17
0.14
0. 13

'0 17
0-15

5 0.07
5 0.07
6 0.14
6 0.18
4 0.14

1 0.14
1 0.14
6 014
6 012
3 014

0.3/deman

2
2
7
7
2

ure

0.14
0.14
0. 14
0 12
0 14

Rate ~

0. 14
0.14
0.14
0 12
0. 14

0.15
0.12
0.13
0 14
0 12
0. 14
0. 14

2
2
8
8
6

d
2
2
2
3
2
2
4

te of Pail
0 15
0 '2
0.13
0.14
0.12
0.14
0.14

0. 15
0.12
0 13
0. 14
0. 12
0. 14
0.07

2 0.08
5 0.12
4 0.13
2 0.14
6 0.12
2 0.14
2 0.21

to accomp
8 0.06
2 0.25
2 0.14
2 014
2 0.13
8 0.08
4 0.14
4 0.14
4 0.13
2 015
8 0.18
8 0.14
8 0.13
2 0.14
2 0.14
1 0.27
3 0.15
3 0.14
6 0.17
2 0.36
2 0.14
3 0.14
9 015
4 0.07
2 0.07
7 0.20
7 0.27
2 0.14
3 0.17
2 0.14
7 0.20
2 0.17
2 0.23

6
NR

3
3
3
6
4
7
1
2
6

10
6
4
4

NR
4
2
6

NR

6
6
3
3
2
2
2

NR
2
1

NR
NR

0.13
0.00
0.14
0.14
0.13
0. 15
0.14
0.14
0.13
0.15
0.12
0 14
0.13
0. 14
0. 14
0.00
0.08
0 14
0. 11
0. 00
0. 14
0. 14
0.15
0.13
0. 13
0.07
0.07
0.14
0.00
0.14
0 27
0.00
0.00

2
6
2
2
2
4
2
7
3
3
5
2
7
2
2
6
3
3
6
6
3
4
8
2

.2
8

10
2
3
2
2
2
2

8
4
7
7
7
8
6
6
2
3
8
8
9
3
3
0
2
2
7
2
7
2
8
6
6
2
2
2
2
2
0
2
2

0.13
0.08
0.14
0. 14
0. 20
0. 15
0. 14
0 14
0.13
0 15
0.12
0.21
0.13
0.14
0.14
0.00
0 15
0. 14
0. 17
0 18
0. 14
0 14
0.15
0.13
0.13
0 13
0 13
0.07
0. 17
0.07
0.13
0 17
0. 15

0.19
0. 17
0. 14
0. 14
0. 13
0.15
0.14
0.14
0. 13
0.15
0.12
0.07
0.17
0.14
0. 14
0. 18
0.15
0.14
0.11
0.18
0. 14
0.14
0.15
0.20
0.20
0.20
0.20
0.21
0. 17
0.21
0. 13
0.17
0. 15

lish within allowed timeframe.

0 21
0. 21
0. 14
0.18
0. 14

0 15
0. 18
0. 13
0. 14
0. 18
0. 14
0. 14

0.19
0.17
0.14
0.14
0.13
0.15
0. 14
0. 14
0. 13
0. 15
0.18
0 '4
0.17
0.14
0. 14
0.27
0. 15
0. 14
0.17
0.09
0. 14
0.14
0.20
0. 13
0.13
0.13
0.07
0.14
0.17
0.14
0 00 NR
0.17 2
0.15 3

2.71
2.71
6.14
6.29
4.00

F 00
3.76
3 87
3.43
4.94
2.43
4.07

5.69
3.50
3.14
3.14
3.40
5.69
4.71
5.71
2 80
2.38
5.65
6.64
7.57
3.14
3.14
3.27
2 77
2. 57
5.28
3.55
3.43
3.71
7.30
3.60
3.33
4.87
5.60
1.93
3.17
1.93
2.93
2 '3
2.46
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table B-1'I (Page 3 of 3). NormaIized Weights and Scores of Actions Evaluated by the
Three Groups of Licensed Browns Ferry Operators

BFN Group 3 Human Action Bvaluations — Normalized Weights

ID
Code

Actions
W S

Interface
W S

Time
W

Proced
W S

Complex
W S

Training
W S

Stress
W S

FLZ

Average 0.17 2.4 0.14 2.8 0.16 3.2 0.12 2.0 0.14 2.6 0-14 2.2 0.13 2.6 2.63

OAD1
OAD2
OAL1
OAL2
OBC1
OBD1
OCRD 1
OCRD2
ODCWl
ODWS1
ODWS2
OF1
OF2
OF3
OF4
OFT1
OHC1
OHC2
OHC3
OHC4
OHL1
OHL2
OHS1
OHS2
OHS3
OJC1
OLA1
OLC1
OLC2
OPTR1
ORF1
ORP1
ORP2
ORPS1
ORVDl
ORVD2
ORVD3
OSD1
OSD2
OSL1
OSL2
OSP1
OSP2
OSP3
OSV1
OSW1
OTB1

0. 13
0. 13
0.21
0.20
0.15
0.17
0.21
0.20
0 '5
0.19
0. 18
0. 13
0. 13
0.09
0.21
0.08
0.14
0. 14
0. 14
0. 17
0. 19
0. 19
0. 14
0.20
0.17
0.14
0.20
0.20
0.18
0.27
0.25
0.14
0.19
0.22
0.15
0.18
0.17
0.15
0.15
0.22
0.22
0.14
0.19
0.14
0.10
0.27
0.20

2
2
1
1
3
1
5
2
7
1
1
3
6
7
1
3
2
2
2
1
1
1
2
2
1
2
1
4
3
0
3
3
1
0
3
1
1
3
3
1
0
3
3
3
7
0
7

0.13
0.13
0. 21
0. 20
0. 15
0. 11
0. 14
0. 13
0.15
0.13
0. 12
0. 13
0.13
0.18
0.07
0.17
0 '4
0.14
0.14
0.17
0.13
0.13
0.07
0.07
0.17
0.21
0.20
0.10
0.18
0.07
0.08
0.14
0.13
0.06
0.15
0.12
0.11
0.15
0.15
0.17
0.17
0.14
0.13
0.14
0.20
0.09
0.20

2
2
2
2
2
2
2
2
5
1
1
3
3
1
2
2
3
3
3
7
4
4
2
2
7
8
2
2
2
2
1
2
2
1
2
2
6
2
2
2
2
2
2
2
8
6
4

0.20
0.20
0. 16
0. 20
0. 08
0.22
0.07
0. 13
0.08
0. 19
0.24
0.07
0.13
0.09
0.14
0.17
0. 14
0. 14
0. 14
0.22
0.19
0. 19
0.14
0.13
0.22
0.14
0.15
0.10
0.09
0.27
0.08
0.14
0.19
0.22
0 '8
0.18
0.22
0.08
0.08
0.17
0.17
0.14
0.19
0.14
0.15
0.27
0.20

4
4
4
6
0
9
1
2
1
3
5
2
3
1
2
3
1
1
1
7
3

0.13 1
0.13 1
0.11 5
0.10 5
0.15 1
O.ll 3
0.14 2
0.13 2
0.15 2
0.13 2
0.12 2
0.13 3
007 1
0.18 2
0.14 2
0.08 1
0.14 1
0.14 1
0.14 1
0.11 3
0.13 3
0 '3 3
0.14 1
0.13 1
0.11 3
0.07 10
0.10 3
0.20 2
0.18 2
0.00 NR
0.17 1
0.14 2
0.13 3
0.00 NR
0.15 2
0.12* 2
0.11 2
0.15 2
0.15 2
0-11 1
0.11 1
0.14 2
0.13 2
0.14 2
0.20 1
0.00 0
0.00 0

0.13
0.13
0 ll
0. 10
0.15
0.17
0.14
0.13
0.15
0.13
0.12
0.20
0.20
0.18
0.14
0.25
0.14
0.14
0.14
0.11
0.13
0.13
0.14
0.13
0.11
0.14
0.15
0.10
0.09
0.13
0.17
0.14
0.13
0.22
0. 15
0.18
0.17
0. 15
0. 15
0.11
0.11
0.14
0.13
0.14
0.15
0.09
0.10

2
2
8
8
3
6
2
4
1
5
5
2
2
1
2
1
3
3
2
3
3
3
2
2
3
8
3
0
1
2
1
2
3
1
1
2
2
2
2
2
2
2
2
2
5
0
1

0 ~ 13
0.13
0.11
0.10
0.15
0.11
0.14
0.13
0.15
0.13
0.12
0.20
0.20
0.18
0.14
0.17
0.14
0.14
0.14
0. 11
0.13
0.13
0.21
0.20
0. 11
0.14
0.10
0.20
0.18
0.13
0.17
0.14
0.13
0. 11
0.15
0.12
O.ll
0.15
0.15
0.11
0.11
0.14
0.13
0.14
0.15
0.09
0.10

1
1
3
3
7
4
4
4
1
2
2
2
4
1
1
2
1
1
1
4
3
3
1
1
1
4
1
2
5
4
1
1
1
0
5
1
1
1
1
1
1
1
1
1
7
0
4

0. 13
0.13
0.11
0.10
0.15
0. 11
0.14
0.13
0.15
0.13
0.12
0.13
0.13
0.09
0.14
0 '8
0.14
0.14
0.14
0. 11
0.13
0.13
0 '4
0.13
0. 11
0.14
0.10
0.10
0.09
0.13
0.08
0.14
0.13
0. 17
0.15
0.12
O.ll
0.15
0.15
0.11
0. 11
0.14
0.13
0. 14
0.05
0.18
0.20

2
2
2
2
4
5
1
2
2
4
5
2
2
1
2
2
4
4
4
4
4
4
2
2
2
2
4
0
0
2
2
2
2
2
2

4
2
2
4
4
2
4
2
2
2
2

2.13
2.13
3.16
3.60
3.08
4.72
2.71
2.53
2.85
2.50
3.12
2.40
3.13
1.73
1. 64
1.92
2.14
2.14
2.00
4.44
2.88
2.88
1.79
1.80
3.89
5.00
2.60
1.90
2.36
3.33
1.58
2 '4
2 '3
1.94
2.38
2.65
3.50
1.85
1.85
1.94
1.72
2.14
2.88
2.14
4 '0
2.00
3.70
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Dynamic Hurmn Action Evaluation for: Browns
Evaluation Teem: 1

Action Grouping Logic: A . All PSFs Equally

Ferry Nuclear Plant, Unit 2

important

Preceding 8 Plant Time
Other Act iona Interfaces Adequacy Procedures Cocplex i ty

Action Code Malght Score Melght Score Melght Score lielght Score Malght Score

Training 8
Experlenc» Stress
Melght Score Mefght Score FLI P(fall) LOG(P(fall))

~ ~ ~

Rated Actions
KAX

OHL1

OLC2

OF2

ORF1

OCRD1

OLC1

OPTR1

OHS2

ODCMl

OHC1

OSP1

OHC2

OSV1

OHC3

ORVD3

OBC1

OSP3

OCRD2

OFT

ORP1

0501
OHL2

KlK

0.14 3 0.14
O.N 5 O.N
0.14 8 0.14
0.14 4 0.14
0.14 5 0.14
0.14 4 0.14
0.14 4 0.14
0.14 4 0.14
O.N 3 O.N
0.14 3 0.14
0.14 4 O.N
0.14 3 0.14
0.14 2 0.14
0.14 3 0.14
0.14 9 0.14
0.14 4 0.14
0.14 4 0.14
0.14 6 0.14
0.14 4 0 ~ 14
0.14 4 O.N
0.14 4 O.N
014 3 ON

4 0.14
4 O.N
4 0.14
5 0.14
4 0.14
4 0.14
2 0.14
4 0.14

O.N
4 0.14
4 0.'N
4 0.14
3 0.14
4 0.14
9 0.14
7 0.14
4 0.14
4 0.14
4 0.14
4 O.N
4 0.14
4 0.14

3 0.14
1 0.14
3 0.14

0.14
1 0.14
1 0.14
4 0.14
3 0.14
1 0.'l4
3 0.14
3 0.14
3 0.14
2 0.14
3 0.14
7 0.14
1 0.14
1 0.14
1 0.14
1 O.N

O.N
0.14

3 0.14

0 0.14
0 0.14
1 O.N
1 0.14
0 0.14
0 0.14
0 0.14
7 0.14
0 O.N
0 0.14
0 0.14
0 0.14
1 0.14
0 0.14
7 0.14
0 0.14
0 O.N
0 0.14
0 0.14
0 0.14
0 0.14
0 0.14

6 0.14
3 0.14
5 0.14
4 0.14
2 0.14
3 0.14
3 0.14
3 0.14

0.14
6 0.14

O.N
5 0.14
2 0.14
5 0.14
7 0.14
7 0.14
1 0.14
2 0.14

0.14
0.'l4

1 0.14
6 0.14

1

2
5

1

3
2
8
1

1

1

1

4
1

1

1

1

3
5
1

1

0.14
0.14
0.14
0.14
0.14
0.14
O.N
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14

4
2
4
4
2
2
3
6
1

4
1

4
3

6
4
1

2
4
1

1

3

9 N
3.00
2.43
4.29
2.86
2.43
2.29
3 43
4.00
1.43
3.00
2.00
2.86
2.4'3
2.86
6.S?
3.43
1.71
2.57
3.00
1.?1
1.?1
2.86

0

T.OE>00
9.5E.DS
4.0E 05
6.6E-04
7.7E.05
4.0E 05
3.2E 05
1.8E 04
4.3E.04
8.9E-06
9.5E.DS
2.1E Ds

7.7E.DS
4.0E-DS
7.7E 05

2.1E 02
1.8E 04
1.4E 05
5.0E 05
9.5E 05
1.4E 05
1.4E.05
7.?E-OS
1.0E 06

0.00
.4.02
.4.40
.3.18
~ 4.12
-4.40
4.49

-3.74
-3.37
.5.05
~ 4.02
~ 4.68
~ 4.12
.4.40
4.12

.1.68

.3.74
~ 4.87
~ 4.30
.4.02
.4.87
-4.87
~ 4.12
.5.99

Table B-12 (Page 1 of 8). Quantification of Operator Group 1 Evaluations into Human Error Rates

tQ
O

Po

'll
rD

C

h)

Q.
C
Q.
t
Dr

t)
Dr

iTl
X
or
2
Or
«0
cr

Calibration Actions
Seabrook, OK 0.16
Oyster Crk ZHEHU1 0.17
Blg Rock BR188 0.17
STP HEDD03 0.14
Limerick L48 0.17

0 0.14 0 0.14 2 0.17
0.13 S 0.1S 2 0.18

5 0.12 5 0.13 5 0.17
6 0 14 6 0 15 8 0 14

10 0.12 9 0.13 10 0.17

1 014 0
5 012 5
5 012 5
5 015 6

10 0.12 9

0.17 0 0.08
0.15 4 0.10
0.12 5 0.17
0.14 6 0.14
0.12 9 0.17

0
6
6
9

10

0.45
4.84
5.1?
6.58
9.64

~ 1.DE-D6
1.3E 03
1.0E 02
3.0E 02
9.0E-OI

.6.00
-2.89
.2.00
-1.52
.0.05

Regression Output:
Constant ~ 5.98
Std Err of Y Est 0.455
R Squared 0.968
Ko. of Observations 5

Degrees of Freedom '3

X Coefficient(s) 0.6555
Std Err of Coef. 0.0685

I
C
or
cr

O

T 812.BFN.O?/09/S2



Table 8-12 (Page 2 of 8). Quantification of Operator Group 1 Evaluations into Human Error Rates

Dynamic Hunsn Action Evaluation for: Brogans Ferry Nuclear Plant, Unit 2
Evaluation Team: 1

,Action Grouping Logic: B - Time lIIportant, Procedures Not lsportant

Action Code

Rated Actions
HAX

OF3

ORPS1

HIN

9.83 1 'E+00 0.00
0.18 4 0.18 4 0.18 1 0.00 8 0.18 4 0.09 9 0.18 4 3.91 2.2E-03 -2.65
0.13 2 0.13 0 0.27 1 0.07 0 0.13 2 0.13 1 0.13 2 1.20 1.4E-04 -3.86

0.00 4.0E-05 -4.40

Calibration Actions
Fermi HERS1 0.13
OC Cook ZHEOX1 0.13
Oyster Crk ZHEHEZ 0.14
EST HAX

7 0.13 2 0.25 4 0.10 3 0.13 2 0.13 2 0.13 6 3.77 5.3E-04 -3.28
1 0.13 2 0.25 7 0.10 2 0.13 5 0.13 3 0.13 6 4 ~ 16 3.2E-03 -2.49
4 0.21 9 0.20 5 0.08 3 0.11 2 0.'l6 4 0.10 4 4.95 2.9E-02 -1.54

10.00 9.0E-01 -0.05

Regression Output:
Constant .4.40
Std Err of Y Est 0.613
R Squared 0.870
No. of Observations 4
Degrees of Freedcm 2

X Coefficient(a) 0.4480
Std Err of Coef. 0.1222

Preceding 8 Plant Time Training 8
Other Actions interfaces Adequacy Procedures Conpiexity Experience Stress
Meight Score Meight Score Meight Score Meight Score Meight Score 'Meight Score Meight Score FLl P(fail) LOG(P(fail))

tU
0

OI

TI
rs

C
pt
hl

IS

C,
CL.
t
Io

'tI
Cl

ITI

2
N

O

Ia
0

Ol
O

O
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Table 8-12 (Page 3 of 8). Quantification of Operator Group 1 Evaluations into Human Error Rates

Rated Actions
HAX

OF4

OHS3

0801
OOMS1

OHS1

ORP2

OHC4

OLA1

OSP2

ODMS2

HIM

0.13
0 ~ 13
0.13
0.18
0.13
0.17
0.13
0. 18
0.19
0.17

0 019 7
4 0.19 7
3 0.19 7
6 018 7
1 019 8
7 017 7
3 0.19 8
8 018 8
6 013 6
7 017 8

0.13 4 0.13 1 0.19
0.13 3 0.13 0 0.19
0.13 2 0.13 0 0.19
0.12 7 0.12 7 0.18
0.13 7 0.13 7 0.19
0.» 7 0.» 7 0.17
0.13 5 Q.13 0 0.19
0.12 7 0.12 7 0.18
0.13 5 0.13 7 0.19
0» 8 0» 7 017

8
7
7

8
8
9
8
8
7
9

0.13
0. 13

0.13
0.12
0.13
0.»
0.13
0.12
0.13
0.»

1 0.13
1 0.13
1 0.13
1 0.12
3 0.13
3 0.17

0.13
3 Q.12
1 0.13
1 0.17

1O.QO

3.81
3.88
3.63
6. 18
6.00
7.06
4.63
6.94
5.56
7.11
0.00

9.7E-01
1.4E-03
1.5E-03
1 'E-03
1.7E-02
1.4E-02
4.3E-02
3.3E-03
3.8E-02
8.9E-03
4.6E-02
2.5E-05

.0.01
-2.85
-2.82
.2.94
.1.77
-1.85
-1.36
.2.48
-1.42
-2.05
.1.34
.4.60

Dynamic Hunan Action Evaluation for: Browns Ferry Nuclear Plant, Unit 2
Evaluation Team: 1

Action Grouping Logic: C . interface and Complexity important

Preceding 8 Plant Time Training 8
Other Actions Interfaces Adequacy procedures Complexity Experience Stress

Action Code Meight Score Meight Score Meight Score Meight Score Meight Score Meight Score Meight Score FLl P(fail) LOG(P(fail))
~ ~ ~

W
O

PA

'll

C
«0

C},
C
C
C
a}

0
ta

m
X

k
tapt»0
O

Calibration Actions
Plant 8 HSOB* 0.00
Oyster Crk ZHEHU1 0.17
STP HE0003 0. 14

Big Rock BR208 0. »
l.imerick L48 0.17

O O.29 O 0.14 O

7 0.13 5 0.15 2
6 0.14 6 0.15 8
7 0.22 8 0.» 7

10 0 12 9 0 13 10

0.00 0
Q.18 5
0.14 5
0.22 8
0.17 10

0.14 1 0.29
012 5 015 4
0.15 6 0.14 6
0.» 7 o.11 8
0.12 9 0.12 9

0.14
0.10
0.14
0.12
0.17

1 0.57
6 4.84
9 6.58
8 7.67

10 9.64

7.8E-05
1.3E-03
3.0E.02
1.QE-01
9.0E-01

-4. »
-2.89
-1.52
-1.00
.0.05

* Plant 8 HSOB selected as a calibration action because of its high weight for the Plant
interfaces PSF and its low FLl. Ho other suitable actions were available in that range.

Regression Output:
Constant -4.59
Std Err of Y Est 0.335
R Squared 0.967
Ho. of Observations 5

Degrees of Freedom 3

X Coefficient(s) 0.4584
Std Err of Coef. 0.0488

O
C
~O
0

O
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Table 8-12 (Page 4 of 8). Quantification of Operator Group 1 Evaluations into Human Error Rates
Dynamic Nunan Action Evaluation for: Browns Ferry Nuclear Plant, Unit 2
Evaluation Team: 1

Action Grouping Logic: D - Actions Important (quantified with ~rong set of calibration actions)

Rated Actions
HAX

OSL1

OAL1

OAL2

ORVD2

ORVD1

OSL2

HIN

0.20 5 0.13 4 0.13 4 0.13 7 0.13
020 6 013 7 013 5 013 7 013
0.20 6 0.13 7 0.13 5 0.13 7 0.13
020 8 013 5 013 6 013 7 013
0.20 7 0.13 5 0.13 6 0.13 1 0.13
0.20 7 0.13 6 0.13 6 0.13 7 0.13

2 0.13 3 0.13
8 0.13 3 0.13
8 0. 13 3 0.13
5 0.13 1 0.13
5 0.13 1 0.13
2 0.13 3 0.13

10.00
6 4.47
6 6.00
6 6.00
6 5.60
1 3.93
6 5.40

0.00

6.7E.01
4.0E-03
1.6E-02
1.6E-02
1.1E-02
2.4E.03
9.5E.03
6.4E-05

.0.18
-2.40
-1.78
-1.78
-1.94
-2.61
-2.02
-4.19

Calibration Actions
Big Rock BRS 0.11
Crystal River 0.11
EST HAX

5 0.22 6 0.07 5 0.11 5 0.16 6 0.22 6 0.11 6 5 ~ 71 1.4E-02 -1.85
9 0.22 9 0.07 9 0 ~ 16 9 0.'ll 8 0.22 9 0.11 9 8.89 1.6E-01 -0.80

10.00 9.0E.01 -0.05

Preceding & Plant I'ime Training &

Other Actions Interfaces Adequacy Procedures Complexity Experience Stress
Action Code Meight Score Weight Score 'Weight Score Meight Score Meight Score Meight Score Weight Score FLI P(fail) LOG(P(fail))

(TT

to
llI
C

h)

Q
C,
O.
O
Ol

tf

TTl
st

B

Q
Ro
O

The above median values were used as this group's evaluations to quantify the indicated
actions for use in the plant model. The actions shown were inadvertently used to
calibrate the quantification curve, and the error was not discovered until the final
review of the docunentation. The corrected median values quantified with the proper
calibration actions are given on the next sheet. The differences between the two sets of
median values are not considered significant to the risk assessment.

Regression Output:
Constant 4.19
Std Err of Y Est 0.222
R Squared 0.970
No. of Observations 3
Degrees of Freedom 1

X Coefficient(s) 0.4018
Std Err of Coef. 0.0705

I
C«0
ta«0
O

O
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Table 8-12 (Page S of 8). Quantification of Operator Group 1 Evaluations into Human Error Rates

Dynamic Hunan Action Evaluation for: BroMns Ferry Nuclear Plant, IJnit 2
Evaluation Team: 1

Action Grouping Logic: 0 - Actions important (corrected calibration actions)

Rated Actions
HAX

OSLI
OAL1

OAL2

ORVD2

ORVD1

OSL2

HIN

0.20
0.20
0.20
0.20
0.20
0.20

5 0.13
6 0.13
6 ~ 0.13
8 0 ~ 13
7 0.13
7 0.13

4

7
7
5

5

6

0.13
0.13
0.13
0.13
0.13
0.13

4 0.13
5 0.13
5 0.13
6 0.13
6 0.13
6 0.13

7 0.13 2 0.13 3
7 0.13 8 0.13 3

7 0.13 8 0.'13 3
7 0 13 5 0 13 1

'I 0.13 5 0.13 1

7 0.13 2 0.13 3

0.13, 6
0.13 6
0.13 6
0.13 6
0.13 1

0.13 6

9.27
4.47
6.00
6.00
5.60
3.93
5.40
0.00

1.BE+00
2.TE-03
1.8E 02
1.8'2
1.1E.02
1.4E.03
8.5E.03
1.1E.05

0.00
-2.57
-1.75
-1.75
-1.96
-2.85
-2.0T
-4.96

Calibration Actions
ANO 1 IREP A2 0.24
DC Cook ZHEOB1 0.24
Limerick L48 0.17

2 0.12 2 0.24 3 0.00 0 0.16 2 0.12
5 0.12 7 0.12 6 0,12 7 0.14 4 0.12

10 0. 12 9 0. 13 10 0. 17 10 0. 12 9 0. 12

2
6
9

0.12 2 2.24 1.0E 04 -4.00
0.14 8 6.00 5.5E-02 -1.26
0. 17 10 9.64 9.0E.O'I -0.05

Preceding 8 Plant Time Training 8
Other Actions Interfaces Adequacy Procedures Complexity Experience Stress

Action Code Weight Score Weight Score Weight Score Weight Score Weight Score Weight Score Weight Score FLI P(fail) LOG(P(fail))

CI
O

Ol

'tt
ta

hl

CL
Ca ~

Q.t

'tI
ta

Pt
Itl
at
Ol

2
ta
Pt
~ ~0

* The Iapact of the correction of calibration actions is minimal. All median HER's except
OAL1 and OAL2 declined. Actions OAL'I and OAL2 increased slightly from 1.6E-02 to
1.8E-02. With the assigned range factor of 5, this change is considered insignificant.
The original quantification has not been changed.

Regression Output:
Constant -4.95
Std Err of T Est 0.596
R Squared 0.956
No. of Observations 3
Degrees of Freedom

X Coefficient(s) 0.5354
Std Err of Coef. 0.1140

Cl
C,
B.
O

O
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Table B-12 (Page 6 of 8). Quantification of Operator Group 1 Evaluations into Human Error Rates

Dynamic Hunan Action Eva'luation for: Broms Ferry Nuclear Plant, Unit 2
Evaluation Team: 1

Action Grouping Logic: E - Complexity Important

Action Code

Rated Actions
NAX

OAD2

OJC1

OAD1

MIN

0.13 2 0.13 3 0.13 1 0.13 1 0.25 2 0.13 1 0.13
0.13 6 0.13 4 0.13 2 0.13 8 0.20 8 0.13 9 0.13
0.13 2 0.13 3 0.13 1 0.13 1 0.25 2 0.13 1 0.1'3

10.00
4 2.00
5 6.13
4 2.00

0.00

8.3E-01
6.0E-04
2.5E-02
6.0E-04
9.9E-05

-0.08
-3.22
-1.60
-3.22
-4.00

Calibration Actions
DC Cook ZNEOS1 0.11
Big Rock BRS 0.11
EST NAX

2 0.'11 2 0.22 3 0.11 5 0.23 1 0.11 5 0.11 4 2.8? 1.5E-03 -2.82
5 0.22 6 0.0? 5 0.1'I 5 0.16 6 0.22 6 0.11 6 5.?1 1.4E-02 -1.85

10.00 9.0E-01 .0.05

Regression Output:
Constant .4.00
Std Err of Y Est 0.110
R Squared 0.996
No. of Observations 3
Degrees of Freedom 1

X Coefficient(s) 0.3922
Std Err of Coef. 0.0218

Preceding 8 Plant Time Training &,

Other Actions interfaces Adequacy Procedures Cceplexlty Experience Stress
I/eight Score Ileight Score Meight Score Weight Score lleight Score Meight Score Ileight Score FLl P(fail) LOG(P(fail))

N
O

Ol

II

C
P+

h)

CL
C
CL
t
Dl

a
Ia
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K
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Table B-12 (Page 7 of 8). Quantification of Operator Group 1 Evaluations into Human Error Rates

Rated Actions
HAX

OFT1

OTB1

OSM1

H IN

0.14 4 0.14
0.11 1 0.11
0.11 2 0.11

2 014 3
4 011 4

3 0.11 1

000 1 014 2
0.11 0 0.22 2
0 11 0 0 22 0

0.29 2 0.14
0.22 0 0.11
0.22 0 0.11

10.00
0 2.14
3 1.78
4 1.11

0.00

6.4E 01
1.7E.04
1.2E.04
5.9E-OS
1.9E-OS

.0.19
-3.76
-3.92
-4.23
~ 4.73

Calibration Actions~
Plant B HSOB 0.00
Diablo Cyn ZHERT1 0.00
Fermi OFl 0.00
Big Rock BRS 0.11
EST HAX

0.29
0.29
0.29
0.22

0 0.14 0 0.00 0 0.14 1 0.29 1 0.14
3 0.14 4 0.00 0 0.14 4 0.29 3 0.14
3 0.14 5 0.00 7 0.14 8 0.29 4 0.1!
6 0.07 5 0.11 5 0.16 6 0.22 6 0.11

0.57
4 3.42
6 4.69
6 5.71

10.00

7.8E.DS
3.0E-04
8.8E.04
1.4E-02
9.0E-01

.4.11
-3.52
-3.06
-1.85
-0.05

Available calibration actions Mith a high Meight for the training PSF also had a high
Meight for the Plant Interfaces PSF. This set of calibration actions Mas used as a best
available fit for the Meight profile of the above group of actions.

Regression Output:
Constant -4.73
Std Err of Y Est 0.431
R Squared 0.946
No. of Observations 5

Degrees of Freedom 3

X Coefficient(s) 0.4539
Std Err of Coef. 0.0625

Dynamic Hunan Action Evaluation for: BroMns Ferry Nuclear Plant, Unit 2
Evaluation Team: 1

Action Grouping Logic: F . Complexity and''Training laportant

Preceding & Plant Time Training r
Other Actions Interfaces Adequacy Procedures Complexity Experience Stress

Action Code Meight Score Meight Score Weight Score 'Weight Score Meight Score Weight Score Meight Score FLI p(fail) LOG(P(fail))

N
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to
n
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h)
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Table B-12 (Page 8 of 8). Quantification of Operator Group 1 Evaluations into Human Error Rates

Rated Actions
HAX

OSD2

HIN
e

10.00
0.13 4 0.13 4 0.13' 0.20 0 0.13 1 0.13 1 0.13 1 1.60

0.00

8.1E-01 .0.09
8.3E-04 -3.08
2.2E.04 -3.65

Calibration Actions
Grand Gulf GG3 0.11
Indian Pt IP12 0.17
Big Rock BR20B 0.11
EST HAX

2 0.22
3 0.12
7 0.22

2 0 11 2 0 22 3 0 11 2 Oo11 3 0 12
4 0.13 3 0.17 4 0.12 4 0.12 4 0.17
8 0.11 7 0.22 8 0.11 7 0.11 8 0.12

2 2.33
4 3.70
8 7.67

10.00

1.5E-03 2.82
5.0E 03 .2.30
1.0E.01 .1.00
9.0E-01 -0.05

Regression Output:
Constant -3.64
Std Err of T Est 0.068
R Squared 0.998
No. of Observations 4
Degrees of Freedom 2

X Coefficient(s) 0.3555
Std Err of Coef. 0.0112

Dynamic Nmen Action Evaluation for: BroMns Ferry Nuclear Plant, Unit 2
Evaluation Team: 1

Action Grouping Logic: G - Procedures Important

Preceding & Plant Time Training &
Other Actions Interfaces Adequacy Procedures Complexity Experience Stress

Action Code Meight Score Meight Score Meight Score Meight Score Meight Score Meight Score Meight Score FLI P(fail) I.OG(P(fail))

W
O

Ph

Tl
O

C

C

h)

CL
C
CLc
Ol

'tI
Ol

P
2
0)

O

xI(«0
0)
O

O
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Preceding 5 Plant Time Training 8
Other Actions interfaces Adequacy Procedures Cccplexity Experience Stress

Action Code Weight Score Meight Score Meight Score Meight Score Meight Score Meight Score Weight Score FLl P(fail> LOG(P(fail))

ActionsRated
HAX

OLA1

ORP1

OLC1

OAL1

ORF1

OLC2

OAL2

ORVD2

O}IS3

ODMS1

OF1

OBC1
~ OHL1

OHL2
OCRD2

OHS2

ORVD1

ODMS2

ORP2

ORVD3

HlH

0.09
0.14
0.14
0.14
0.15
0.14
0.12
0.14
0.12
0.14
0.14
0.14
0.14
0.14
0.18
0.08
0.14
0.18
0.11
0.10

8 0.17
3 0.14
4 0.14
5 0.14
4 0.15
4 0.14
5 0.18
4 0.14
3 0.18
3 0.14
4 0.14
4 0.14
5 0.14
5 0.14
5 0.18
1 0.15
3 0.14
7 0.'18
3 0.17
9 0.10

8
3
2
6
3
2
6
3
8
2
2
4

4
4
5
2
2
6
6
9

0.13 7 0.13
0.14 3 0.14
0.14 2 0.14
0.14 7 0.14
0.15 3 0.08
O.N 2 0.14
0.18 7 0.12
0.14 4 0.14
0.18 5 0.12
0.1C 3 0.14
0.14 0 0.14
0.14 2 0.14
0.14 2 0.14
0.14 7 0.14
0.12 3 0.12
0.15 3 0.15
0.14 3 0.14
0.12 4 0.12
0.17 6 0.11
0.15 8 0.15

6 0.13 9
2 ON 2
4 0.14 3
6 0.14 8
4 0.15 2
4 0.14 3
6 012 8
6 0.14 2

6 0.12 8
5 0.14 3
2 0.14 2
3 0.14 6
4 0.14 6
7 0.14 6
2 0.12 2
2 0.15 3
4 0.14 7
5 012 2
6 0.17 ?
6 015 8

0.17 7 0.17
0.14 1 0.14
0.14 4 0.14
0.1C 3 0.14
0.15 1 0.15
0.14 4 0.14
0.12 3 0.18
0.14 3 0.14
0.12 4 0.18
0.14 4 0. N
0.14 3 0.14
0.14 4 0.14
0.14 6 0.14
0.14 5 0.14
0.12 4 0.18
0.15 3 0.15
0.14 3 0.14
0.12 4 0.18
0.'11 4 0.17
0.15 4 0.20

8
4
3
8
3
3
8
4
5
4
4
5
6
6
4
2
2
5
4
8

9.14
7.57
2.57
3.14
6.14
2.77
3.14
6.29
3.71
5.65
3.43
2.43
4.00
4.71
5.71
3.76
2.38
3.43
4.94
5.28
7.30

0

1.DE+00
9.3E-02
5.OE-OS
1.2E.04
1.1E.02
6.7E 05
1.2E.04
1.4E-02
2.8E 04
5.2E-03
1.8E.04
4.0E-OS
4.3E.04
1.3E.03
5.7E.03
3.0E 04

3.8E 05
1.8E 04
1.8E.03
3.0E.03
6.3E.02
1.0E.06

0.00
.1.03
-4.30
.3.93
.1.96
-C.17
.3.93
.1.86
.3.55
.2.29
-3.74
C.40

*3.37
.2.90
.2.24
.3.52
.4.43
-3.74

2 0 75
.2.53
.1.20
.5.99

Table B-13 (Page 1 of 8). Quantification of Operator Group 2 Evaluations into Human Error Rates
Dynamic Hunan Action Evaluation for: BIoMns Ferry Huclear Plant, Unit 2
Evaluation Team: 2
Action Grouping Logic: A

lQ
O

Po

ll
to

C
Pt

fL
C
CL

N

0
o}

itl
)e
so

2»0

o}

0

Calibration Actions
Seabrook, OH 0.16
Oyster Crk 2HEHIIT 0.'l?
Big Rock BR188 0 ~ 17
STP HEOD03 0.14
Limerick L4B 0.17

0 0.14 2 0.17
7 0.13 2 0.18
5 0.12 5 0.17
6 0.14 8 0.14

10 0.12 10 0.17

1 0.14 0 0.17
5 0.12 5 0.15
5 0.12 5 0.12
5 0.15 6 0.14

10 0.12 9 0.12

0 0.08
4 0.10
5 0.17
6 0.14
9 0.17

0
6
6
9

10

0.45
4.84
5.17
6.58
9.64

1.0E.06
1.3E.03
1.0E.02
3.0E-02
9.0E.01

-6.00
2.89

-2.00
-1.52
-0.05

Regress ion Output:
Constant
Std Err of Y Est
R Squared
Ho. of Observations
Degrees of Freedom

X Coefficient(s) 0.6555
Std Err of Coef. 0.0685

-5.98
0.455
0.968
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3
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O
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Dynamic Hunan Action Evaluation for: BroMns Ferry Nuclear
Evaluation Team: 2
Action Grouping Logici 8 - Time Important, Procedures Not

Preceding r Plant Time
Other Actions Interfaces Adequacy

Action Code Meight Score Meight Score Meight Score

Plant, Unit 2

Importent

Training 8
Procedures Carpiexity Experience Stress
Meight Score Meight Score Meight Score Meight Score FLI P(fail) LOG(P(fail))

Rated Actions
HAX
OTB'I

OS'M1

ORPS1

OSP2

OSL1

OF2

OSL2
HIN

0.15 4 0.15 2 0.23 2 0.00 0
0.1? 4 0.17 2 0.17 2 0.00 0
0.09 3 0.09 2 0.36 6 0.00 0
0.17 5 0.17 3 0.17 3 0.00 0
0.13 5 0.13 7 0.20 8 0.07 2
0.14 4 0.14 2 0.2'I 5 0.07 6
0.13 5 0,13 7 0.27 10

„
0.07 2

0.15 2 0.15 2 0.15
0.17 2 0.17 2 0.17
0.18 2 0.18 1 0.09
0.17 2 0.17 1 0.17
0.13 2 0.20 3 0.13
0.14 4 0.14 4 0.14
0.13 2 0.20 3 0.07

9.83
3 2.46
2 2.33
4 3.55
5 3.17
5 4.87
4 4.07
5 5.60

0.00

1.DE+00
5.0E.04
4.4E-04
1.5E.03
1.0E.03
6.0E.03
2.6E 03
1.3E.02
4.0E 05

0.00
-3.30
-3.36
-2.81
.2.98
2 t 22

-2.58
-1.89
.4.40

Calibration Actions
Fermi HERSl 0.13
DC Cook ZHEOX1 0.13
Oyster Crk 2HEHE2 0.14
EST HAX

7 0.13 2 0.25 4 0.10 3 0.13 2 0.13 2 0.13 6 3.77
1 0.13 2 0.25 7 0.10 2 0.13 5 0.13 3 0.13 6 4.16
4 0.21 9 0.20 5 0.08 3 0.1'1 2 0.16 4 0.10 4 4.95

10.0

5.3E 04 -3.28
3.2E.03 -2.49
2.9E 02 1.54
9.0E 01 -0.05

Regression Output:
Constant -4.40
Std Err of Y Est 0.613
R Squared 0.870
No. of Observations 4
Degrees of Freedom 2

X Coefficient(s) 0.4480
Std Err of Coef. 0.1222

Table B-13 (Page 2 of 8). Quantification of Operator Group 2 Evaluations into Human Error Rates
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Table B-13 (Page 3 of 8). Quantification of Operator Group 2 Evaluations into Human Error Rates

Dynamic Hmen Action Evaluation for: Browns Ferry Nuclear Plant, Unit 2
Evaluation Team: 2
Action Grouping Logic: D - Training Important, Time Not

Important'receding

8 Plant Time Training 8

Other Actions Interfaces Adequacy Procedures Cotpiexity Experience Stress
Action Code lleight Score lleight Score Height Score Height Score lieight Score lieight Score Height Scot e FLI P(fail) LOG(P(fail))

Rated Actions
MAX

OAD2

OSD1

OSD2

OHC4

OAD1

OCRD1

OF4

HIN

0.14 3 0.14 5
0.20 2 0.13 4
0.20 2 0.13 2
0.15 3 0.15 8
0.14 3 0.14 5
0.15 4 0.15 2
0.13 5 0.19 8

0.07 2 0.14
0.07 2 0.13 3
0.07 2 0.13 3
0.08 4 0.15 6
0.07 2 0.14 1

0.08 3 0.15 2
0.06 2 0.13 6

0.14 2 0.14
0.13 6 0.20
0.13 6 0.20
0.15 8 0.15
0.14 2 0.14
0.15 2 0.15
0.13 8 0.19

1 0.21
4 0.13
4 0.13
4 0.15
1 0.21
4 0.15
4 0.19

10.00
4 2.71
4 3.60
4 3.33
6 5.69
4 2.71
4 3.00
5 5.69

0.00

6.7E-01
7.9E-04
1.8E-03
1.4E-03
1.2E-02
7.9E-04
1.0E-03
1.2E-02
6.4E-OS

-0.18
-3.10
-2.75
-2.85
-1.91
-3.10
-2.99
-1.91
-4.19

Calibration Actions
Big Rock BRS 0.11
Crystal River 0.11
EST HAX

5 0.22 6 0.07 5 0.11 5 0.16 6 0.22 6 0.11 6 5.71 1.4E-OZ 1.85
9 0.22 9 0.07 9 0.16 9 0.11 8 0.22 9 0.11 9 8.89 1.6E 01 -0.80

10.00 9.0E 01 0.05

Regression Output:
Constant .4.19
Std Err of Y Est 0.222
R Squared 0.970
Ho. of Observations 3
Degrees of Freedom 1

X Coef ficient(s) 0.4018
Std Err of Coef. 0.0705

O
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O

O
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Table B-13 (Page 4 of 8). Quantification of Operator Group 2 Evaluations into Human Error Rates

Dynamic Munan Action Evaluation for: Browns Ferry Nuclear Plant, Unit 2

Evaluation Team: 2
Action Grouping Logic: E - Interface and Complexity Important

Action Code

Rated Actions
MAX

OIIC3

OJC1

MIN

Preceding 8, Plant Time Training B

Other Actions Interfaces Adequacy Procedures Cocylexity Experience Stress
Weight Score Weight Score Weight Score lleight Score Weight Score Weight Score Weight Score FLI P(fail) LOG(P(fail))

10.00 5.7E-01 -0.24
0.07 2 0 '0 2 0.13 2 0.13 3 0.20 7 0.13 4 0.13 2 3.40 2.9E-03 -2.54
0.07 8 0.21 8 0.14 2 0.14 10 0.21 8 0.07 9 0.14 2 6.64 3.9E.02 -1.41

4 0.00 1.9E-04 .3.73

Calibration Actions
Grand Gulf GG3 0.11
Big Rock BR5 0.11
Cr ystal River 0.11
EST MAX

2 0.22 2 0.11 . 2 0.22 3 0.11 2 0.11 3 0.12 2 2.33 1.5E-03 -2.82
5 0.22 6 0.07 5 0.11 5 0.16 6 0.22 6 0.11 6 5.71 1.4E-02 .1.85
9 0.22 9 0.07 ' 0.16 9 0.11 8 0.22 9 0.11 9 8.89 1.6E-01 -0.80

10.00 9.0E-01 -0.05

Regression Output:
Constant -3.72
Std Err of Y Est 0.210
R Squared 0.980
No. of Observations 4
Degrees of Freedom 2

X Coefficient(s) 0.3484
Std Err of Coef. 0.0351

C
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Table B-13 (Page 5 of 8). Quantification of Operator Group 2 Evaluations into Human Error Rates

Rated Actions
HAX

OSP3

OSP1

HIN

9. 19 1.DE+00 0.00

0 ~ 14 3 0.14 2 0.14 2 0.14 2 0.07 2 0.21 1 0.14 2 1.93 3.2E-05 -4 ~ 50

0.14 3 0.14 2 0.14 2 0.14 2 0.07 2 0.21 1 0.14 2 1.93 3.2E-05 4.50
0.00 2.0E-06 .5.69

Calibration Actions
Seabrook, ON 0.16
Big Rock L2C 0.11
groans Ferry BF9 0.11
EST HAX

0 0.14
4 0.22
5 0.20

0 0.14 2 0.17 1 0.14 0 0.17 0 0.08 0 0.45
4 0.07 5 0.11 4 0.16 4 0.22 4 0.11 4 4.07
5 0.'11 5 0.16 5 0.11 5 0.22 5 0.09 5 5 F 00

10.00

1.0E-06 -6.00
1.0E-03 -3.00
2.1E.02 -1.68
1.DE+00 0.00

Regression Output:
Constant -5.69
Std Err of Y Est 0 856
R Squared 0.924
No. of Observations 4

Degrees of Freedom 2

Dynamic Hunan Action Evaluation for: groans Ferry Nuclear Plant, Unit 2

Evaluation Team: 2
Action Grouping Logic: H - Training Important

Preceding & Plant Time Training &

Other Actions interfaces Adequacy Procedures Complexity Experience Stress
Action Code Weight Score Weight Score Weight Score Weight Score Weight Score Weight Score 'Weight Score FLl P(fail) LOG(P(fail))

t))
Q

ol
'll
Ca

C
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CL
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U
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X Coefficient(s) 0.6194
Std Err of Coef. 0.1255
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Preceding 8 Plant Time
Other Actions Interfaces Adequacy

Action Code 'Meight Score Meight Score 'Meight Score

Training 8
Procedures Complexity Experience Stress
Meight Score Meight Score Meight Score Meight Score FLI P(fail) LOG(P(fail))

Rated Actions
HAX

OHS1

OHC1

OHC2

ODCM1

HIN

0.13
0.07
0.07
0.13

4 0.20
2 0.21
2 0.21
5 0.20

4 0.13
2 0.14
2 0.14
4 0.13

3 0.13
2 0.14
2 0.14
4 0.13

1 0.13 2 0.13 1

3 0.14 7 0.14 4
3 0.14 7 0.14 4
4 0.13 2 0.13 4

0.13
0.14
0 ~ 14

0.13

10.00
4 2.80
2 3.14
2 3.14
4 3.87

0.00

9.6E-01
6.9E-04
9.7E-04
9.7E.04
2.0E-03
4.1E-05

-0.02
-3.16
-3.01
-3.01
-2.70
-4.39

Calibration Actions
Plant B HSOB* 0.00
Fermi OF1* 0.00
Oyster Crk ZHEHE2 0.14
Big Rock BR20B 0.11
EST HAX

0 0:29
5 0.29

D.21
7 0.22

0 0.14 0 0.00 0 0.14 1 0.29
3 0.14 5 0.00 7 0.14 8 0.29
9 0.20 5 0.08 3 0.11 2 0.16
8 0.11 7 0.22 8 0.11 7 0.11

0.14
4 0.14
4 0.10
8 0.12

0.57
6 4.69
4 4.95
8 7.67

10.00

7.8E-05
8.8E-04
2.9E-02
1.0E-01
9.0E-01

-4.11
-3.06
-1.54
-1.00
-0.05

Table B-13 (Page 6 of 8). Quantification of Operator Group 2 Evaluations into Human Error Rates

Dynamic Hwen Action Evaluation for: BroMns Ferry Nuclear Plant, Unit 2
Evaluation Team: 2
Action Grouping Logic: I - Interfaces Important

O)
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* plant B HsDB and Fermi OF1 calibration actions Mere used because of their high Heights in
the Plant Interface PSF and the fact that all the actions being evaluated are in the loM

FLI range.

Regression Output:
Constant .4.38
Std Err of Y Est 0.574
R Squared 0.906
No. of Observations 5
Degrees of Freedom 3

X Coefficient(s) 0.4370
Std Err of Coef. 0.0810
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Table 8-13 (Page 7 of 8). Quantification of Operator Group 2 Evaluations into Human Error Rates

Rated Actions
HAX

OPTR

OFT1

HIN

9.68
0.09 1 0.18 1 0.27 6 0.00 0 0.00 0 0.18 3 0.27 3 3.27
0.17 3 0.17 2 0.25 6 0.00 0 0.08 4 0.17 1 0.17 4 3.50

0.00

1.DE+00 0.00
1.8E-03 .2.76
2.2E.03 -2.66
6.9E 05 4.16

Calibration Actions
Plant 8 HSOB 0.00
DC Cook ZNEOX1 0.13
Oyster Crk ZNEHE2 0.14
EST HAX

0 0,29
1 0.13
4 0.21

0 0.14
2 0.25
9 0.20

0 0.00
7 0.10
5 0.08

0 0.14 1 0.29 1 0.14 1 0.57
2 0.13 5 0.13 3 0.13 6 4.16
3 0.11 2 0.16 4 0.10 4 4.95

10.00

7.8E-05 C.'ll
3.2E-03 -2.49
2.9E-02 -1.54
900E-01 -0.05

Regression Output:
Constant -4.16
Std Err of Y Est 0.406
R Squared 0.962
No. of Observations 4

Degrees of Freedom 2

Dynamic Nunan Action Evaluation for: BroMns Ferry Nuclear Plant, Unit 2
Evaluation Team: 2
Action Grouping Logic: J - Time and Stress laportant, Procedures and Complexity Not important

Preceding 8 Plant Time Training 8

Other Actions Interfaces Adequacy Procedures Complexity Experience Stress
Action Code lleight Score lleight Score Neight Score I/eight Score .lleight Score Meight Score Meight Score FLl P(fail) LOG(P(fail))

U)
O

M
n

C

hl

CL
C
Q.
C
io

ti
Gl

in
X
Ol

3
Ol

0

X Coefficient(s) O.C301

Std Err of Coef. 0.0604

O
~o
io.
O

O

T
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Table B-13 (Page 8 of 8). Quantification of Operator Group 2 Evaluations into Human Error Rates

Dynamic Hunan Action Evaluation for: growns Ferry Nuclear Plant, Unit 2
Evaluation Team: 2
Action Grouping Logic: K - time and Procedures Important

Action Code

Rated Actions
HAX

OSV1

H IN

9.78 I.DE+00 0.00
0. 13 7 0. 13 7 0.20 2 0.27 1 0.13 0 0.13 3 0.00 0 2.93 2.9E-04 -3.54

0.00 8.7E.06 -5.06

Calibration Actions*
Fermi OE1 - 0.22
Oyster Crk ZHEHUT 0.17
STP HEOR05 0.22
EST HAX

6 0.12 4 0.22 4 0.12 4 0.12 4 0.12 5 0.08 4 4.56 2.6E-03 .2.59
7 0.13 5 0.15 2 0.18 5 0.'12 5 0.15 4 0.10 6 4.84 1.3E.03 -2.89
7 0.12 7 0.22 8 0.12 5 0.12 8 0.12 8 0.08 6 7.14 1.0E.01 -1.00

10.00 9.0E-01 -0.05

* Ho calibation actions were available with both the Time and Procedures PSF's weighted
high. This set of calibration actions was used as a best available fit for the weight
profile of the above group of actions.

Regression Output:
Constant -5 F 06
Std Err of Y Est 0.375
R Squared 0.947
No. of Observations 4
Degrees of Freedom 2

Preceding 8 Plant Time Training 8

Other Actions Interfaces Adequacy Procedures Conyiexity Experience Stress
Weight Score Weight Score Weight Score Weight Score Weight Score Weight Score Weight Score FLI P(fail) LOG(P(fail))

tt)
O

to
'll
O

C

h)

CL
C
Q.

Ol

t)
to

m
X

2
a
Dl
«00

X Coefficient(s) 0.5174
Std Err of Coef. 0.0858

I
C
ta
0

O
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Table B-14 (Page 1 of 9). Quantification of Operator Group 3 Evaluations into Human Error Rates

Dynamic Hunan Action Evaluation for: BroHns Ferry Nuclear Plant, Unit 2
Evaluation Team: 3
Action Grouping Logic: A - All PSFs Equally Important

Action Code

Rated Act'iona
HAX

OSD2

OHC3

OSD1

ORP1

ORVDI

COCMI

OSP3

OSP1

OHC2

OBCI
OHC'I

IIIN

0.15 3 0.15 2 0.08
0.14 2 0.14 3 0.14
0.15 3 0.15 2 0.08
0.14 3 0.14 2 O.N
0.15 3 0.15 2 0.08
0.15 7 0.15 5 0.08
0.14 3 0.14 2 0.14
0.14 3 0.14 . 2 0.14
0.14 2 D.14 3 0.14
0.15 3 0.15 2 0.08
0.14 2 0.14 3 O.N

0 0.15 2
1 0.14
0 0.15 2

0.14 2
'I 0.15 2
1 0.15 2
3 0.14 2
3 0.14 2
1 014 1

0 0.15 1

1 014 1

0.15 2 0.15 1 0.15
0.14 2 0.14 1 0.14
0.15 2 0.15 1 0.15
0.14 2 0.14 1 0.14
0.15 1 0.15 5 0.15
0.15 1 0.15 1 0.15
0.14 2 0.14 1 0.14
0.14 2 0.14 1 0.14
0.14 3 0.14 1 0.14
0.15 3 0.15 7 0.15
0.14 3 0.14 1 0.14

9.14
2 1.85
4 2.00
2 1.85
2 2.14
2 2.38
2 2.85
2 2.14
2 2.14
4 2.14
4 3.08
4 2.N

0.00

1.DE+00
1.7E.OS
2.1E 05
1.7E-OS
2.6E-OS
3.8E 05
7.5E 05
2.6E.OS
2.6E.OS
2.6E-OS
1.1E.04
2.6E-OS
1.0E-06

0.00
-4.78
-4.68
-4.78
-4.58
-4.43
-4.12
-4.58
.4.58
.4.58
-3.97
.4.58
-5.99

Preceding 8 Plant Time Training 8
Other Actions Interfaces Adequacy Procedures Cocplexity Experience Stress
'lleight Score 'lleight Score Meight Score Meight Score Meight Score Meight Score Meight score FLI P(fail) LOG(P(fail))

tD
0

co

CD

C

tO

CL
C
Q.
C
Co

ti
CD

ITI
DC
CD

CD

«o
0

Calibration Actions
Seabrook, ON 0.16
Oyster Crk ZHEHUI 0.17
Big Rock BR188 0.17
STP HEOOO3 0.14
L imer ick L48 0.17

0 0.14 0 0.14 2 0.17
7 0. 13 5 0.15 2 0.18
5 0.12 5 0.13 5 0.17
6 0.14 6 0.15 8 0.14

10 0.12 9 0.13 10 0.17

1 0.14 0
5 0.12 5
5 0.12 5
5 0.15 6

10 0.12 9

0.17 0 0.08
0.15 4 0.10
0.12 5 0.17
0.14 6 0.14
0.12 9 0.17

0 0.45
6 4.84
6 5.17
9 6.58

10 9.64

1.0E 06
1.3E-03
1.0E.02
3.OE.02
9.0E-OI

-6.00
.2.89
-2.00
-1.52
.0.05

Regression Output:
Constant .5.98
Std Err of Y Est 0.455
R Squared 0.968
No. of Observations 5

Degrees of Freedom 3

X Coefficient(s) 0.6555
Std Err of Coef. 0.0685

CD

C
B.0

O
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Table B-14 (Page 2 of 9). Quantification of Operator Group 3 Evaluations into Human Error Rates

Oynamic Htsnan Action Evaluation for: Browns
Evaluation Team: 3
Action Grouping Logic: 8 - Time and Actions

Ferry Nuclear Plant, Vnit 2

important, Procedures Not Important

Action Code

Rated Actions
HAX

RPS1

OPIR1
OSW1

HlN

0.22 0 0.06 'l 0.22 6 0.00 0 0.22
0.27 0 0.07 2 0.27 8 0.00 0 0.13
0.27 0 0.09 6 0.27 4 0.00 0 0 '9

0.11 0 0.17
2 0.13 4 0.13
0 0 ~ 09 0 0.18

10.00
2 1.94
2 3.33
2 2.00

0.00

1.2E+00
2.9E-OC
1.2E-03
3.1E-OC
4.0E-05

0.08
.3.53
-2.91
-3.51
-4.40

Calibration Actions*
Fermi HERS1 0.13
DC Cook ZHEOX1 0.13
Oyster Crk ZHEHE2 0.1C
EST HAX

7 0;13
0.13

4 0.21

2 0.25
2 0.25
9 0.20

4 0.10 3 0.13 2 0.13 2 0.13 6 3.77 5.3E-04 -3.28
7 0.10 2 0.13 5 0.13 3 0.13 6 4.16 3.2E-03 -2.49
5 0.08 3 0.11 2 0.16 4 0.10 4 4.95 2.9E-02 -1-54

10.00 9.0E-O'1 0.05

Preceding 8 Plant Time Training !L

Other Actions interfaces Adequacy Procedures Complexity Experience Stress
Weight Score Weight Score 'Weight Score Weight Score Weight Score Weight Score Weight Score FLI P(fail) LOG(P(fail))

CU

0

ta
'nI

'

t+

g
O
C
C0

to

Tll
X
to
2
ta

0

~ No calibration actions were available with high PSF weights for both Time and Preceding
and Concurrent Actions. The actions selected focused on time, while also considering the
highest available ~eights in preceding actions as the second priority. This set of
calibration actions was used as a best available fit for the weight profile of the above

group of actions.

Regression Output:
Constant -4.40
Std Err of Y Est 0.613
R Squared 0.870
No. of Observations 4

Oegrees of Freedom 2

X Coefficient(s) 0.4480
Std Err of Coef. 0.1222

I
C
~ ~

R.0

O
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Table B-14 (Page 3 of 9). Quantification of Operator Group 3 Evaluations into Human Error Rates

Dynamic Nunan Action Evaluation for: Browns Ferry Nuclear Plant, Unit 2

Evaluation Team: 3
Action Grouping Logic: D ~ Actions important (quantified with wrong set of calibration actions)

Action Code

Rated Actions
NAX

ORF1

OLC1

OLC2

OCRD1

OF4

OCRD2

NIN

0.25
0.20
0.18
0.21
0.21
0.20

3 0.08
4 0.10
3 - 0.18
5 0.14

0.07
2 0.13

1 0.08 1 0.17
2 010 1 020
2 0.09 1 0.18
2 0.07 1 0.14
2 0. 14 2 0.14
2 0.13 2 0.13

1 0.17
2 0.10
2 0.09
2 0.'i4
2 0.14
2 0.13

1 0.17
0 0.20
1 0.18
2 0.14
2 0.14
4 0.13

0.08
0.10
0.09
0.14
0.14
0.13

'10.00
2 1.58
0 1.90
0 2.36
1 2.71
2 1.64
2 2.53

0.00

6.7E-01
2.8E-04
3.7E-04
5.?E-04
7.9E-04
2.9E-04
6.?E 04
6.4E-OS

-0.18
.3.56
-3.43
-3.24
-3.10
.3.53
.3.18
.4.19

Calibration Actions
Big Rock BRS 0.11
Crystal River 0.11
EST NAX

5 0.22 6 0.07 5 0.11 5 0.16 6 0.22 6 0.11 6 5.?1 1.4E.02 .1.85

9 0.22 9 0.07 9 0.16 9 0.11 8 0.22 9 0.11 9 8.89 1.6E-01 -O.BD

10.00 9.0E.01 -0.05

Preceding 8 Plant Time Training 8
Other Actions interfaces Adequacy Procedures Complexity Experience Stress
Meight Score Meight Score Meight Score Meight Score Meight Score Weight Score Meight Score FLl P(fail) LOG(P(fail))

(Q

O

Po

Tl
ta

CL

fL
Ol

0
fo

m
)C
(a
2

0

The above median values were used as this group's evaluations to quantify the indicated
actions for use in the plant model. the actions shown were inadvertently used to
calibrate the quantification curve, and the error was not discovered until. the final
review of the docunentation. The corrected median values quantified with the proper
calibration actions are given on the next sheet. The differences between the two sets of
median values are not considered significant to the risk assessment.

Regression Output:
Constant -4.19
Std Err of 'r Est 0.222
R Squared 0.9?0
No. of Observations 3

Degrees of Freedom 1

X Coefficient(s) 0.4018
Std Err of Coef. 0.0705

C
io.
O

O
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Dynamic Human Action Evaluation for: groans Ferry Nuclear Plant, Unit 2

Evaluation Team: 3
Action Grouping I.ogic: D - Actions Important (corrected calibration actions)

Action Code

Preceding & Plant T ime Training &

Other Actions Interfaces Adequacy Procedures Complexity Experience Stress
Weight Score Weight Score Weight Score Weight Score Weight Score Weight Score Weight Score FLI P(fail) LOG(P(fail))

Rated Actions
NAX

ORF1

OLC1

OLC2

OCRD1

OF4

OCRD2

II IN

0.25 3 0.08 1 0.08 I 0.17 I 0.17
020 4 010 2 010 1 020 2 010
0.18 3 0.18 2 0.09 1 0.18 2 0.09
0.21 5 0.14 2 0.07 I 0.14 2 0.14
0.21 1 0.07 2 0.14 2 0.14 2 0.14
0.20 2 0.13 2 0.13 2 0.13 2 0.13

1 0.17 I 0.08
0 020 2 010

0.18 5 0.09
2 0.14 4 0.14
2 0 14 1 0 14

4 0.13 4 0.13

9.27
2 1.58
0 1.90
D 2.36
1 2.71
2 1.64
2 2.53

0.00

1.DE+00
7.7E-05
1.1E.04
2.0E-04
3.1E.04
8.3E-05
2.5E-04
1.1E-05

0.00
-4.11
-3.94
-3.69
-3.51
.4.08
-3.60
.4.96

Cal'Ibra'tion Actions
ANO 1 IREP A2 0.24
DC Cook ZHE081 0.24
Limerick L4B 0.17

2 0.12 2 0.24 3 0.00 0 0.16 2 0.12 2 0.12 2 2.24 1.0E.04 .4.00
5 0.12 7 0.12 6 0.12 7 0.14 4 0.12 6 0.14 8 6.00 5.5E-02 -1.26

10 0.12 9 0.13 10 0.17 10 0.12 9 0.12 9 0.17 10 9.64 9.0E.01 .0.05

Table B-14 (Page 4 of 9). Quantification of Operator Group 3 Evaluations into Human Error Rates

tt)
0

th
tt

'C
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D.
C
Q.
t
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ta
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X
ca

2
Qlw«4
O

* The impact of the correction of calibration actions is minimal. All median HER's

declined. The original quantification has not been changed.

Regression Output:
Constant .4.95
Std Err of Y Est 0.596
R Squared 0.956
No. of Observations 3
Degrees of Freedom 1

X Coefficient(s) 0.5354
Std Err of Coef. 0.1140

Cl
C
K
O

O
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Dynamic Kunan Action Evaluation for: BroMns Ferry Nuclear Plant, Unit 2
Evaluation team: 3
Action Grouping Logic: E - Complexity lnportant

Preceding S Plant tine
Other Actions Interfaces Adequacy

Action Code Weight Score Weight Score Weight Score

l'raining &,

Procedures Complexity Experience Stress
Weight Score Weight Score Weight Score Weight Score FLI P(fail) LOG(P(fail))

Rated Actions
HAX

OFT1

HIN
0.08 3 0.17

10.00 8.3E-01 -0.08
2 0.17 3 0.08 1 0.25 1 0.17 2 0.08 2 \.92 5.6E 04 -3.25

0.00 9.9E-05 .4.00

Calibration Actions
OC Cook 2KEOS1 0.11
Big Rock BRS 0.11
ESi HAX

2 0.11
5 0.22

2 0.22 3 0.11 5 0.23 1 0.11 5 0.11 4 2.87 '1.5E-03 -2.82
6 0.07 5 0.11 5 0.16 6 0.22 6 0.11 6 5.71 1.4E-02 -1.85

10.00 9.0E-01 .0.05

Regression Output:
Constant -4.DD
Std Err of Y Est 0.110
R Squared 0.996
No. of Observations 3
Degrees of Freedom 1

X Coefficient(s) 0.3922
Std Err of Coef. 0.0218

Table B-14 (Page 5 of S). Quantification of Operator Group 3 Evaluations into Human Error Rates
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Table B-14 (Page 6 of 9). Quantification of Operator Group 3 Evaluations into Human Error Rates

Rated Actions
NAX

OF 1b
OF1a
OF2

NlN

0.13 3 0.13 3 0.07 2 0.13 3 0.20 2 0.20
0.13 3 0.13 4 0.06 2 0.06 5 0.19 9 0.25
0.13 6 0.13 3 0.13 3 0.07 1 0.20 2 0.20

2 0.13
9 0.19
4 0.13

10. 00
2 2.40
4 6.00
2 3.13

0.00

6.4E 01 .0.19
2.3E 04 .3.64
9.8E.03 .2.01
4.9E.04 .3.31
1.9E 05 ~ 4.73

Calibration Actions
Plant 8 MSOB 0.00
Diablo Cyn ZHERT1 0.00
FerrLi OF1 0.00
Big Rock BRS 0 '1
ES'i NAX

0.29 0 0. 14

.0.29 3 0.14
0.29 3 0.14
0.22 6 0.07

0.00
0.00
0.00
0.11

0 014 1 029 1, 014
0 014 4 029 3 0 ~ 14

7 0.14 8 0.29 4 0.14
5 0.16 6 0.22 6 0.11

0.57
4 3.42
6 4.69
6 5.71

10.00

7.8E-05
3.0E.04
8.8E.04
1.4E.02
9.0E.01

-4.11
.3.52
~ 3.06
-1.85
-0.05

Regression Output:
Constant -4.73
Std Err of T Est 0.431
R Squared 0.946
No. of Observations 5

Oegrees of Freedom 3

X Coefficient(s) 0.4539
Std Err of Coef. 0.0625

Dynamic Huaan Action Evaluation for: Brans Ferry Nuclear Plant, Unit 2
Evaluation Team: 3
Action Grouping Logic: F - Training important

Preceding 8 Plant T ime Training 8
Other Actions interfaces Adequacy Procedures Complexity Experience Stress

Action Code Meight Score Weight Score Weight Score Meight Score Meight Score Weight Score Meight Score FLI P(fail) LOG(P(fail))
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Table B-14 (Page 7 of 9). Quantification of Operator Group 3 Evaluations into Human Error Rates

Dynamic Htxtmn Action Evaluation for: Browns Ferry Huclear Plant, Unit 2
Evaluation Team: 3
Action Grouping Logic: H - Training Important

MAX

OHS1

MIN
0.14 2 0.07 . 2

10.00 1.1Et00 0.03
0.14 3 0.14 1 0.14 2 0.21 1 0.14 2 1.79 2.6E.04 -3.59

0.00 4.2E.05 4.38

Calibration Actions*
Big Rock L2C 0.11
Browns Ferry BF9 0. 11

EST MAX

4 0.22 4 0.07 5 0.11 4 0. 16 4 0.22 4 0. 11 4 4.07 1.0E.03 -3.00
5 0.20 5 0.11 5 0.16 5 0.11 5 0.22 5 0.09 5 5.00 2.1E-02 -1.68

10.00 9.0E-01 0.05

* Ho calibration actions were available that conhine a high weight for the Training PSF and
low weight for the Plant Interfaces PSF. This set of calibration actions was used as a
best available fit for the ~eight profile of the above group of actions.

Regression Output:
Constant -4.37
Std Err of Y Est 0.651
R Squared 0.902
Ho. of Observations 3

Degrees of Freedom 1

X Coefficient(s) 0.4409
Std Err of Coef. 0.1445

Preceding & Plant T ime Training &
Other Actions Interfaces Adequacy Procedures Cocptexity Experience Stress

Action Code Meight Score Meight Score Meight Score Height Score Meight Score Meight Score Meight Score FLI P(fail) LOG(P(fail))

Rated Actions
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0
Table B-14 tPage 8 of 9). Quantification of Operator Group 3 Evaluations into Human Error Rates

Dynamic Hunan Action Evaluation for: groans Ferry Nuclear Plant, Unit 2
Evaluation Team: 3
Action Grouping Logic: I - Actions Iaportant and Time Important

Action Code

Rated Actions
HAX

OAD1

OHC4

OSP2

ORVD3

OHL1

OSL2

OHL23

OAL1

OWS1

ORVD2

OWS2

OSL1

OHS3
OA'L2

OLA1

ORP2

OBD1

HlN

0.13 2 0.13 2 0.20
0.17 1 0.17 7 0.22
0.19 3 0.13 2 0.'19
0.17 1 0.11 6 0.22
0.19 1 0.13 4'.19
022 0 017 2 017
0.19 1 0.13 4 0.19
0.21 1 0.21 2 0.16
0.19 'I 0.13 1 0.19
0 18 1 0 12 2 0 18

0.18 1 0.12 1 0.24
0.22 1 0.17 2 0.17
0.17 1 0.17 7 0.22
0.20 1 0.20 2 0.20
0.20 1 0.20 2 0.15
0.19 1 0.13 2 0.19
0.17 1 0.11 2 0.22

4 0.13 1

7 011 3
5 0.13 2
7 0.'l1 2
3 013 3
3 011 1

3 013 3
4 0.11 5

3 0.13 2
6 012 2
5 012 2

0.11
7 0.11 3
6 010 5

5 0.10 3
3 013 3
9 011 3

0.13 2 0.13
0.11 3 0.11 4

0.13 2 0.13 1

0.17 2 0.11 1

0 13 3 0 13 3
0.11 2 0.11
0.13 3 0.13 3
0.11 8 0.11 3
0.13 5 0.13 2

0 18 2 0 12 1

0 12 5 0 12 2
0.11 2 0.11
0 11 3 0 11 1

0.10 8 0.10 3
0.15 3 0.10 1

0.13 3 0.13 1

0.17 6 0.11

0.13
0.11
0.13
0.11
0.13
0.11
0.13
0.11
0.13
0.12
0. 12
0.11
0.11
0.10
0.10
0. 13
0.11

9. 16

2 2.13
4 4.44
4 2.88
4 3.50
4 2.88
4 1.72
4 2.88
2 3.16
4 2.50
4 2.65
5 3.12
4 1.94
2 3.89
2 3.60
4 2.60
2 2.13
5 4.72

0.00

I.DE+00
2.2E-04
3.5E-03
5.3E.04
1.1E-03
5.3E-04
1.3E.04
5.3E.04
7.4E.04
3.4E-O4
4.0E-04
7.1E-04
1.7E-04
1.8E.03
1.3E-03
3.8E-04
2. 1E.04
4.9E-03
1.7E-05

0.00
-3.66
.2.46
.3.28
-2.95
.3.28
.3.88
.3.28
.3.13
.3.47
.3.40
.3.15
.3.76
~ 2.75
.2.90
.3.42
-3.67
-2.31
.4.78

Preceding 8 Plant Time Training 8,

Other Actions Interfaces Adequacy Procedures Caaylexity Experience Stress
Weight Score Weight Score Weight Score Weight Score Weight Score Weight Score Weight Score FLI P(fail) LOG(P(fail))
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n
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2
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Calibration Actions
ANO 1 IREP A2. 0.24
Oconee, DPRA-8 0.15
DC Cook ZHEOBI 0.24
Limerick L4B 0. 17

2 0.12 2 0.24 3 0.00 0 0.16 2 0.12 2 0.12 2 2.24 1.0E.04 -4.00
5 0.15 5 0.12 4 0.16 1 0.12 5 0.12 6 0.19 7 4.74 1.0E-02 -2.00
5 0.12 7 0.12 6 0.12 7 0.14 4 0.12 6 0.14 8 6.00 5.5E-02 -1.26

10 0.12 9 0.13 10 0.17 10 0.12 9 0.12 9 0.17 10 9.64 9.0E-Ol -0.05

Regression Output
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(S) 0.5219
Std Err of Coef. 0.0921

-4.77
0.491
0.941

4

2

XI
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O

O
~ w as ' ~ ~ t ~ w ~ w ~ p ~
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Table B-14 (Page 9 of 9). Quantification of Operator Group 3 Evaluations into Human Error Rates

Rated Actions
HAX

OJC1

OTB1

HIN

0.14 2 0.21
0.20 7 0.20

8 014. 2
4 0.20 3

10.00
0.07 10 0.14 8 0.14 4 0.14 2 5-00
0.00 0 0.10 1 0.10 4 0.20 2 3.70

0.00

9.2E-01
6.2E-03
1.7E-03
4.1E-05

-0.03
-2.21
2.78

-4.38

Calibration Actions
Plant B HSOB* 0.00
Fermi OFl* 0.00
Oyster Crk ZHEHE2 0.14
EST HAX

0 0.29 0
5 0.29 3
4 0.21 9

0.14 0 0.00 0 0.14 1 0.29
0.1! 5 0.00 7 0.14 8 0.29
0.20 5 0.08 3 0.11 2 0.16

1 0.14 1 0.57
4 0.14 6 4.69
I 0.10 4 4.95

10.00

7.8E-05 .4.11
8.8E-04 -3.06
2.9E-02 -1.54
9.0E-01 -0.05

Dynamic Human Action Evaluation for: Browns Ferry Nuclear Plant, Unit 2
Evaluation Team: 3
Action Grouping Logic: J - Interfaces important, Procedures Not Important

Preceding 8 Plant Time Training II
Other Actions Interfaces Adequacy Procedures Complexity Experience Stress

Action Code 'Weight Score Weight Score Weight Score Weight Score: Weight Score Weight Score Weight Score FLI P(fail) LOG(P(fail))

U)

ta
ll

(
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CL
C
CI.
t

ILl
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2
ta
IPt

Q

* Two available calibration actions with high weights for the Plant Interfaces PSF also have
high weights for the I'raining PSF. This set of calibration actions was used as a best
available fit for the weight profile of the above group of actions.

Regression Output:
Constant .4.38
Std Err of Y Est 0.702
R Squared 0.895
No. of Observations 4

Degrees of Freedom 2

X Coefficient(s) 0.4350
Std Err of Coef. 0.1051
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Action
Code

BFN1
Median

HER

BFN2
Median

HER

BFN3
Median

HER Meah

Composite Human Error Rate

5th
Percentile

50th
Percentile

95th
Percentile

HOAD1
HOAD2
HOAL1
HOAL2
HOBC1
HOBD1
HOCRD1
HOCRD2
HODCW1
HODWS1
HODWS2
HOF1
HOF2
HOF3
HOF4
HOFT1
HOHC1
HOHC2
HOHC3
HOHC4
HOHL1
HOHL2
HOHS1
HOHS2
HOHS3
HOJC1
HOLA1
HOLC1

6.0-04
6.0-04
1.6-02
1.6-02
2.3-04
1.2-03
5.2-05
6A-05
1.2-05
1.7-02
4.6-02
1.2-04
8.4-04
2.2-03
1.4-03
1.7-04
1.2-04
9.9-05
9.9-05
3.3-03
1.2-04
9.9-05
1.4-02-
5.5-04
1.5-03
2.5-02
3.8-02
4.2-05

7.9-04
7.S-04
1.4-02
1.7-02
5.5-04
3.0-01
1.0-03
3.8-04

'.0-03
2.3-04
2.2-03
5.2-05
2.6-03
1.0+00
1.2-02
2.2-03
9.7-04
S.7-04
1.2-03
1.2-02
1.6-03
7.1-03
6.9-04
4.9-05
6.4-03
2.8-02
1.1-01
1.5-04

2.2-04
2.2-04
7.4-04
1.3-03
1.1-04
4.9-03
7.9-04
6.7-04
7.5-05
3.4-04
7.1-04
2.3-04
4.9-04
1.6-04
2.9-04
5.6-04
2.6-05
2.6-05
2.1-05
3.5-03
5.3-04
5.3-04
2.6-04
2.6-04
1.8-03
6.2-03
3.8-04
3.7-04

1.46-03
1.46-03
1.71-02
1.87-02
7.92-04
1.28-01
1.31-03
1.01-03
1.15-03
9.80-03
2.68-02
3.63-04
2.63-03
3.31-01
7.58-03
1.84-03
9.90-04
9.72-04
7.52-04
1.03-02
1.45-03
4.39-03
8.50-03
7.69-04
5.32-03
3.24-02
7.81-02
5.08-04

2.73-05
2.73-05
1.18-04
3.15-04
1.58-05
2.88-04
1.00-05
1.19-05
2.51-06
2.60-05
1.10-04
8.06-06
5.62-05
3.20-05
4.61-05
2.90-05
4.84-06
4.66-06
3.98-06
5A7-04
2.22-05
1.82-05
3.46-05
9.26-06
2.63-04
1 A2-03
6.15-05
7.26-06

3.45-04
3.45-04
5.71-03
6.17-03
2.00-04
4.08-03
3.63-04
2.20-04
6.99-05
5.08-04
2.12-03
9.75-05
8.00-04
1.80-03
1.21-03
5A2-04
1.04-04
9.12-05
9.23-05
3.65-03
4.38-04
5.03-04
8.24-04
1.59-04
1.80-03
1.21-02
2.02-02
1.11-04

4.13-03
4.13-03
4A2-02
4.61-02
2.25-03
4.82-01
3.83-03
3.04-03
4.35-03
3.66-02
9.20-02
1.09-03
7.66-03
1.00+00
2.37-02
5.78-03
3.07-03
3.04-03
2.67-03
2.72-02
4.44-03
1.54-02
3.04-02
2.23-03
1A9-02
8.55-02
2.16-01
1A6-03

Note: Exponential notation is indicated in abbreviated form; e.g., 6.0-04 = 6.0x10

Table B-15 (Page 1 of 2). Composite Human Error Rates Used for Quantification of the Browns Ferry PRA

Range
Factor

12
12
19
12
13
41
20
17
43
38
29
13
12

177
23
15
28
28
27

7
15
30
30
17

8
8

59
15
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Table B-15 (Page 2 of 2). Composite Human Error Rates Used for Quantification of the Browns Ferry PRA

Action
Code

BFN1
Median

HER

BFN2
Median

HER

BFN3
Median

HER Mean 5th
Percentile

50th
Percentile

95th
Percentile

Composite Human Error Rate

Range
Factor

HOLC2
HOPTR1
HORF1
HORP1
HORP2
HORPS1
HORVD1
HORVD2
HORVD3
HOSD1
HOSD2
HOSL1
HOSL2
HOSP1
HOSP2
HOSP3
HOSV1
HOSW1
HOTB1

5.2-05
2.3-04
9:9-05
1.8-05
4.3-02
1.4-04
2.4-03
1.1-02
2.6-02
1.8-05
8.3-04
4.0-03
9.5-03
2.7-05
8.9-03
1.8-05
5.2-05
5.9-05
1.2-04

1.5-04
1.8-03
8.7-05
6.4-05
3.7-03
1.5-03
2.3-04
3.6-04
7.6-02
1.8-03
1.4-03
6.0-03
1.3-02
3.2-05
1.0-03
3.2-05
2.9-04
4.4-04
5.0-04

5.7-04
1.2-03
2.&-04
2.6-05
2.1-04
2.9-04
3.8-05
4.0-04
1.1-03
1.7-05
1.7-05
1.7-04
1.3-04
2.6-05
5.3-04
2.6-05
3.6-03
3.1-04
1.7-03

7.00-04
1.87-03
4.21-04
9.69-05
2.56-02
1.20-03
1.53-03
6.70-03
5.54-02
9.99-04
1.50-03
5.53-03
1.22-02
7.65-05
5.89-03
6.86-05
2.30-03
7.26-04
1.49-03

8.99-06
3.83-05
1.00-05
2.51-06
3A7-05
2.21-05
6.94-06
3.49-05
2.69-04
2A3-06

'.64-06
3.32-05
2A8-05
2.51-06
7.69-05
2A7-06
9.84-06
1.01-05
2.21-05

1.36-04
6.85-04
1.10-04
2.51-05
2.68-03
3.48-04
2.02-04
7.15-04
1.43-02
3.37-05
3A6-04
2.06-03
4A5-03
2.51-05
1.10-03
2.1 7-05
2.86-04
1.69-04
4.43-04

2.05-03
4.51-03
1.22-03
2.85-04
8.84-02
3.77-03
5.34-03
2.11-02
1.75-01
3.7&-03
4.66-03
1.64-02
3.87-02
2.18-04
1.88-02
1.97-04
8.09-03
2.13-03
4.61-03

17
11

12
12
50
14
29
25
25
44
38
23
40
10
16
10
31
15
15

Note: Exponential notation is indicated in abbreviated form; e.g., 6.0-04 = 6.0 x10

Ã
(
B.
O

O

T EB15.BFN.O7/09/92



Evaluation Action Other Actions
Group Code Ii S FLI

Interfaces Time Adequancy
'W S FLI M S FLI

Procedures
M S FLI

Complex i ty
M S FLI

Training
M S Fi I

Stress Total
M S FLI FLI

BFH3

BFH2

BFH3

BFH1

BFH1

BFH2

BFH1

BFH2

BFH2

BFN1

BFH1

BFHl

BFH1

BFH1

BFN1

BFH2

BFH1

BFN3

BFH3

BFH2

OJC1

OJC1

OSV1

ONS1

OHC4

OF4

OLA1

OHS3

OLA1

ODNS2

OBD1

OHS3

OF4

ORVD3

ODMS1

OHCC

ORP2

ONC4

OHS3

OAL2

0.14
0.07
0.10
0.13
0.13
0.13
0.18
0.12
0.09
0.17
0.13
0. 13

0.13
0. 14

0.18
0.15
0.17
0.17
0.17
0.12

2 0.29
8 0.57
7 0.70
1 0.13
3 0.38
5 0.63
8 1.41
3 0.35
8 0..70
7 1.17
3 0.38
4 0.50
0 0.00
9 1.29
6 1 ~ 06

3 0.46
7 1.17
1 0.17
1 0.17
5 0.59

0.21 8 1.71
0.21 8 1.71
0.20 8 1.60
0.19 8 1.50
0.19 8 'I.SQ

0.19 8 1.50
0.18 8 1.41

0.18 8 1.41
0.17 8 1.39
0.17 8 1.33
0.19 7 1.31
0.19 7 1.31
0.19 7 1.31
0.14 9 1.29
0.18 7 1.24
0.15 8 1.23
0.17 7 1.17
0.17 7 1.17
0.17 7 1.17
0.18 6 1.06

0.14 2 0.29
0.14 2 0.29
0.15 2 0.30
0.13 7 0.88
0.13 5 0.63
0.06 2 0.13
0.12 7 0.82
0.18 5 D.BS

0.13 7 0.91
0.11 8 0.89
0.13 2 0.25
0.13 3 0.38
0.13 4 0.50
0.14 7 1.00
0.12 7 0.82
0.08 4 0.31
0.11 7 0.78
0.22 7 1.56
0.22 7 1.56
0.18 7 1.2C

0.07 10 0.71
0.14 10 1.43
0.20 1 0.20
0.13 7 D.SS

0.13 0 0.00
0.13 6 0.75
0.12 7 0.82
0.12 6 0.71
0.13 6 0.78
0.11 7 0.78
0.13 0 0.00
0.13 U 0.00
0.13 1 0.13
0.14 7 1.00
0.12 7 0.82
0.15 6 0.92
0.11 7 0.78
0.11 3 0.33
0.11 3 0.33
0.12 6 0.71

0.14 8 1.14
0.21 8 1.71
0.15 5 0.75
0.19 8 1.5D
0.19 8 1.50
0.13 8 1.00
0.18 8 1.41

0.12 8 0.94
0.13 9 1.17
0.17 9 1.50
0.19 7 1.31
0.19 7 1.31
0.19 8 1.50
0.14 7 1.00
0.18 8 1.41
0.15 8 1.23
0.17 9 1.50
0.11 3 0.33
0.11 3 0.33
0.12 8 0.94

0.14
0.07
0.15
0.13
0.13
0.19
0.12
0.12
0.17
0.11
0 ~ 13

0.13
0.13
0.14
0.12
0.15
0.11
0.1'I
0.11
0.12

4 0.57
9 0.64
7 '1.05

3 0.38
1 0.13
4 0.75
3 0.35
4 0.47
7 1.22
1 0.11
1 0.13
1 0.13
1 0.13
1 0 ~ 14

1 0.12
4 0.62
3 0.33
4 0.44
1 0.11
3 0.35

0.14 2 0.29 5.00
0.14 2 0.29 6.64
0.05 2 0.10 4.70
0.13 6 0.75 6.00
0.13 4 0.50 4.63
0.19 5 0.94 5.69
0.12 6 0.71 6.94
0.18 5 0.88 5.65
0.17 8 1.39 7.57
0.17 8 1.33 7.11
0.13 2 0.25 3.63
0.13 2 0.25 3.88
0.13 2 0.25 3.81
0.14 6 0.86 6.57
0.12 6 0.71 6.18
0.15 6 0.92 5.69
0.17 8 1.33 7.06
0.11 4 0.44 4.44
0.11 2 0.22 3.89
0.18 8 1.41 6.29

Table B-16 (Page 1 of 7). Results of Sorts of a Composite of Operators'valuations To Display the Most
Difficult20 Actions with Respect to Each Performance-Shaping Factor Category

Sorted on: Plant Interfaces
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Evaluation Action Other Actions
Group Code W S FLI

Interfaces T ime Adequancy
M S FLI M S FLI

Procedures
Ii S FL I

Complexity
W S FLI

Training
W S FLI

Stress Total
W S FLI FLI

BFN2

BFN3

BFH1

BFH1

BFH1

BFN1

BFN1

BFH1

BFN1

BFN1

BFN2

BFH1

BFN1

BFH1

BFH2

BFN2

BFH2

BFH2

BFH3

BFH2

OJC1 O.OT

OF la 0.13
OJC1 0.13
OHS1 0.13
ODMS2 0. 'I7

OHC4 0 ~ 13

OF4 0.13
ORP2 0.17
OLA1 0.18
ODMS1 0.18
OMC3 0.07
OHS3 0.13
OSP2 0.19
OBD1 0.13
OHC4 0 ~ 15

ORVD3 0.10
OLA1 0.09
ORP2 0.11
OJC1 0.14
OAL1 0.14

8 0.57
3 0.38
6 0.80
1 0.13
7 1.17
3 0.38
0 0.00
7 1.17
8 1:41
6 1.06
2 0.13
4 0.50
6 1 ~ 13

3 0.38
3 0.46
9 0.90
8 O.TO

3 0.33
2 0.29
5 0.71

0.21 8 1.71
0.13 4 0.50
0.13 4 0.53
0.19 8 1.50
0.17 8 1.33
0.19 8 1.50
0 ~ 19 7 1.31
0.17 7 1.17
0.18 8 1.41
0.18 7 1.24
0.20 2 0.40
0.19 7 1.31
0.13 6 0.75
0.19 7 1.31
0.15 8 1.23
0.10 9 0.90
0.17 8 1.39
0.1T 6 1.00
0.21 8 1.71
0.14 6 O.86

0.14 2 0.29
0.06 2 0.13
0.13 2 0.2T
0.13 7 0.88
0.11 8 0.89
0.13 5 0.63
0.13 4 0.50
0.11 7 0.78
0.12 7 0.82
0.12 7 0.82
0.13 2 0.27
0.13 3 0.38
0.13 5 0.63
0.13 2 0.25
0.08 4 0.31
0.15 8 1.20
0.13 7 0.91
0.17 6 1.00
0.14 2 0.29
0.14 7 1.00

0.14 10 1.43
0.06 5 0.31
0.13 8 1.0T
0.13 7 0.88
0.11 7 0.'T8

0.13 0 0.00
0.13 1 0.13
0.11 7 0.78
0.12 7 0.82
0.12 7 0.82
0.13 3 0.40
0.13 0 0.00
0.13 7 0.88
0.13 0 0.00
0.15 6 0.92
0.15 6 0.90
0.13 6 0.78
0.11 6 0.67
0.07 10 0.71
0.14 6 0.86

0.21 8 1.71
0.19 9 '1.69

0.20 8 1.60
0.19 8 1.50
O.l7 9 1.50
0.19 8 1.50
0.19 8 1.50
0.17 9 1.50
0.18 8 1.41
0.18 8 1.41
0.20 7 1.40
0.19 7 1.31
0.19 7 1.31
0.19 7 1.31
0.15 8 1.23
0.15 8 1.20
0.13 9 1.17
0.17 7 1 ~ 17

0.14 8 1.14
0.14 8 l.'l4

0.07 9 0.64
0.25 9 2.25
0.13 9 1.20
0.13 3 0.38
0.11 1 O.ll
0.13 1 0.13
0.13 1 0.13
0.11 3 0.33
0.12 3 0.35
0.12 1 0.12
0.13 4 0.53
0.13 1 0.13
0.13 1 0.13
0.13 1 0.13
0.15 4 0.62
0.15 4 0.60
0.17 7 1.22
0.11 4 0.44
0.14 4 0.57
0.14 3 0.43

0.14 2 0.29 6;64
0.19 4 0.75 6.00
0.13 5 0.67 6.13
0.13 6 0.75 6.00
0.17 8 1.33 7.11
0.13 4 0.50 4.63
0.13 2 0.25 3.81
0.17 8 1.33 7.06
0.12 6 0.71 6.94
0.12 6 0.71 6.18
0.13 2 0.27 3.40
0.13 2 0.25 3.88
0.13 6 0.75 5.56
0.13 2 0.25 3.63
0.15 6 0.92 5.69
0.20 8 1.60 7.30
0.17 8 1.39 7.57
0.17 4 0.67 5.28
0.14 2 0.29 5.00
0.14 8 1.14 6.14

Table B-16 (Page 2 of 7). Results of Sorts of a Composite of Operators'valuations To Display the Most
Difficult20 Actions with Respect to Each Performance-Shaping Factor Category

Sorted on: Complexity
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Table 8-16 (Page 3 of 7). Results of Sorts of a Composite of Operators'valuations To Display the Most
Difficult20 Actions with Respect to Each Performance-Shaping Factor Category

Sorted on: Time Adequacy

Evaluation Action Other Actions
Group Code M S FLI

Interfaces Time Adequancy
M S FLI M S FLI

Procedures
II S FLI

Complexity
H S FLI

Training
M S FLI

'tress
M S FLI

Total
FLI

BFH2

BFH2

BFH3

BFH3

BFH2

BFH2

BFH3

BFH3

BFH3

BFH2

BFH3

BFH2

BFH3

BFH2

BFH3

BFH3

BFH2

BFH3

BFH2

BFH1

OSL2

ORPS1

OPTR1

OBD1

OPTR1

OSL1

OHC4

OHS3

ORVD3

OFT1

ORPS1

OAL2

OAL2

ORVD3

OMS2

OSM1

OF2

ORVD2

OAL1

ORVD3

0.13
0.09
0.27
0.17
0.09
0 ~ 13

0 ~ 17

0.17
0.17
0.17
0.22
0.12
0.20
0.10
0.18
0.27
0.14
0.18
0.14
0.14

5 0.67
3 0.27
0 0.00
1 0.17
1 0.09
5 0.67
1 0.17
1 0.17
1 0.17
3 0.50
0 0.00
5 0.59
1 0.20
9 0.90
1 0.18
0 0.00
4 0.57
1 0.18
5 0.71
9 1.29

0.13 7 0.93
0.09 2 0.18
0.07 2 0.13
0.11 2 0.22
0.18 1 0.18
0.13 7 0.93
0.17 7 1.17
0.17 7 1.17,
0.11 6 0.67
0.17 2 0.33
0.06 1 0.06
0.18 6 1.06
0.20 2 0.40
0.10 9 0.90
0.12 1 0.12
0.09 6 0.55
0.14 2 0.29
0.12 2 0.24
0.14 6 0.86
0.14 9'.29

0.27 10 2.67
0.3& & 2.18
0.27 8 2.13
0.22 9 2.00
0.27 6 1.64
0.20 8 1.60
0.22 7 1.56
0.22 7 1.56
0.22 7 1.56
0.25 6 1.50
0.22 6 1.33
0.18 7 1.24
0.20 6 1.20
0.15 8 1.20
0.24 5 1.18
0.27 4 1.09
0.21 5 1.07
0.18 6 1.06
0.14 7 1.00
0 ~ 14 7 1.00

0;07 2 0.13
0.00 0 0.00
0.00 0 0.00
0.11 3 0.33
0.00 0 0.00
0.07 2 0.13
0.11 3 0.33
0.11 3 0.33
0.11 2 0.22
0.00 0 0.00
0.00 0 0.00
0.12 6 0.7'I
0.10 5 0.50
0.15 6 0.90
0.12 2 0.24
0.00 0 0.00
0.07 6 0.43
0.12 2 0.24
0.14 6 0.86
0.14 7 1.00

0.13 2 0.27
0.18 2 0.36
0.13 2 0.27
0.17 6 1.00
0.00 0 0.00
0.13 2 0.27
0.11 3 0.33
0.11 3 0.33
0.17 2 0.33
0.08 4 0.33
0.22 1 0.22
0.12 8 0.94
0.10 8 0.80
0.15 8 1.20
012 5059
0.09 0 0.00
0.14 4 0.57
0.18 2 0.35
0.14 8 1.14
0.14 7 1.00

0.20 3 0.60
0.18 1 0.18
0.13 4 0.53
0.11 4 0.44
0.18 3 0.55
0.20 3 0.60
0.11 4 0.44
0.11 1 0.11
0.11 1 0.11
0.17 1 0.17
0.11 0 0.00
0.12 3 0.35
0.10 3 0.30
0.15 4 0.60
0.12 2 0.24
0.09 0 0.00
0.14 4 0.57
0.12 1 0.12
0.14 3 0.43
0.14 1 0.14

0.07 5 0.33
0.09 4 0.36
0.13 2 0.27
0.11 5 0.56
0.27 3 0.82
0.13 5 0.67
0.11 4 0.44
0.11 2 0.22
0.11 4 0.44
0.17 4 0.67
0.17 2 0.33
0.18 8 1.41
0.10 2 0.20
0.20 8 1.60
0.12 5 0.59
0.18 2 0.36
0.14 4 0.57
0.12 4 0.47
0.14 8 1.14
0.14 6 0.86

5.60
3.55
3.33
4.72
3.27
4.87
4.44
3.89
3.50
3.50
1.94
6.29
3.60
7.30
3.12
2.00
4.07
2.65
6.14
6.57
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Evaluation Action Other Actions
Group Code H S FLI

Interfaces Time Adequancy
II S FLI W S FLI

Procedures
'N S FL I

Complexity
M S FLI

Training
II S FLI

'tress Total
W S FLI FLI

BFNl

BFH1

BFN1

BFN3

BFN1

BFN1

BFN2

BFN1

BFN1

BFN1

BFN1

BFN1

BFN1

BFN3

BFN3

BFN1

BFN1

BFH2

BFN2

BFH2

ORVD2

OLA1

OSL2

OTB1

ORVD1

ORVD3

ONS2

OAL1

OAL2

ORP2

ODWS2

OF2

OSP2

COCNI

OCRD1

ODNS1

OSL1

OSV1

ORVD3

OCRD2

0.20
0.18
0.20
0.20
0.20
0.14
0.18
0.20
0.20
0.17
0.17
0.14
0.19
0.15
0.21
0.18
0.20
0.13
0.10
0.18

8 1.60
8 1.41
7 1.40
7 1.40
7 1.40
9 1.29
7 1.24
6 1.20
6 1.20
7 1 ~ 17

7 1.17
8 1.14
6 1.13
7 1.08
5 1.07
6 1.06
5 1.00
7 0.93
9 0.90
5 0.88

0.13 5 0.67
0.18 8 1.41
0.13 6 0.80
0.20 4 0.80
0.13 5 0.67
0.14 9 1.29
0.18 6 1.06
0.13 7 0.93
0.13 7 0.93
0.17 7 1.17
0.17 8 1.33
0.14 4 0.57
0.13 6 0.75
0 ~ 15 5 0.77
0.14 2 0.29
0.18 7 1 '4
0.13 4 0.53
0.13 7 0.93
0.10 9. 0.90
0.18 5 0.88

0 ~ 13 6 0.80
0.12 7 0.82
0.13 6 0.80
0.20 3 0.60
0.13 6 0.80
0.14 7 1.00
0.12 4 0.47
0.13 5 0.67
0.13 5 0.67
0.11 7 0.78
0.11 8 0.89
0.14 3 0.43
0.13 5 0.63
0.08 1 0.08
0.07 1 0.07
0.12 7 0.82
0.13 4 0.53
0.20 2 0.40
0.15 8 1.20
0.12 3 0.35

0.13 7 0.93
0.12 7 0.82
0.13 7 0.93
0.00 0 0.00
0.13 1 0.13
0.14 7 1.00
0.12 5 0.59
0.13 7 0.93
0.13 7 0.93
0.11 7 0.78
0.11 7 0.78
0.1C 1 0.14
0.13 7 0.88
0.15 2 0.31
0.14 2 0.29
0.12 7 0.82
0.13 7 0.93
0.27 1 0.27
0.15 6 0.90
0.12 2 0.24

0.13 5 0.67
0.18 8 1.41
0.13 2 0.27
0.10 1 0.10
0.13 5 0.67
0.14 7 1.00
0.12 2 0.24
0.13 8 1.07
0.13 8 1.07
0.17 9 1.50
0.17 9 1.50
0.14 5 0.71
0.19 7 1.31
0.15 1 0.15
0.14 2 0.29
0.18 8 1.41
0.13 2 0.27
0.13 0 0.00
0.15 8 1.20
0.12 2 0.24

0.13 1 0.13
0.12 3 0.35
0.13 3 0.40
0.10 4 0.40
0.13 1 0.13
0.14 1 0.14
0.12 4 0.47
0.13 3 0.40
0.13 3 0.40
0.11 3 0.33
0.11 1 0.11
0.14 5 0.71
0.13 1 0.13
0.15 1 0.15
0.14 4 0.57
0.12 1 0.12
0.13 3 0.40
0.13 3 0.40
0.15 4 0.60
0.12 4 0.47

0.13 6 0.80 5.60
0.12 6 0.71 6.94
0.13 6 0.80 5.40
0.20 2 0.40 3.70
0.13 1 0.13 3.93
0.14 6 0.86 6.57
0.18 5 0.88 C.9C

0.13 6 0.80 6.00
0.13 6 0.80 6.00
0.17 8 1.33 7.06
0.17 8 1.33 7.11
0.14 4 0.57 4.29
0.13 6 0.75 5.56
0.15 2 0.31 2.85
0.14 1 0.14 2.71
0.12 6 0.71 6.18
0.13 6 0.80 4.47
0.00 0 0.00 2.93
0.20 8 1.60 7.30
0.18 4 0.71 3.76

Table B-16 (Page 4 of 7). Results of Sorts of a Composite of Operators'valuations To Display the Most
Difficult20 Actions with Respect to Each Performance-Shaping Factor Category

Sorted on: Preceding and Concurrent Actions

U7

0

Ph

TI
O

h)

CL
C
Q.
C
Q

0
Ol

ill
X
07

2
QP

0

O
C
B.
O

O

T B16.BFN.07/09/92



Evaluation Action Other Actions
Group Code M S FLI

Interfaces Time Adequancy
M S FLI M S FLI

Procedures
M S FLI

Complexi ty
M S FLI

Training
M S FLI

Stress Total
'M S FLI FLI

BFN2

BFN2

BFH2

BFN1

BFH1

BFN2

BFH2

BFNZ

BFHZ

BFN2

BFN1

BFN2

BFH2

BFH2

BFH1

BFH2

BFN2

BFH2

BFH1

BFN1

ORVD3

OAL2

OLA1

OOMS2

ORP2

OAL1

OF4

OHC4

OWS2

OHS3

OHS2

OAD1

OHL1

OAD2

ORVD3

OHLZ

OSP2

OPTR1

OAL1

OSL1

0.10
0.12
0.09
0.17
0.17
0.14
0.13
0.15
0.18
0.12
0.14
0.14
0.14
0.14
0.14
0.14
0.17
0.09
0.20
0.20

9 0.90
5 0.59
8 0.70
7 1.'l7
7 1.17
5 0.71
5 0.63
3 0.46
7 ].24
3 0.35
4 0.57
3 0.43
5 0.71
3 0.43
9 1.29
5 0.71
5 0.83
1 0.09
6 1.20
5 1.00

0.10 9 0.90
0.18 6 1.06
0.17 8 1.39
0.17 8 1.33
0.17 7 1.17
0.14 6 0.86
0.19 8 1.50
0.15 8 1.23
0.18 6 1.06
0.18 8 1.41
0.14 4 0.57
0.14 5 0.71
0.14 4 0.57
0.14 5 0.71
0.14 9 1.29
0.14 4 0.57
0.17 3 0.50
0.18 1 0.18
0.13 7 0.93
0.13 4 0.53

0.15 8 1.20
0.18 7 1.24
0.13 7 0.91
0.11 8 0.89
0.11 7 0.78
0.14 7 1.00
0.06 2 0.13
0.08 4 0.31
0.12 4 0.47
0.18 5 0.88
0.14 3 0.43
0.07 2 0.14
0.14 2 0.29
0.07 2 0.14
0.14 7 1.00
0.14 7 1.00
0.17 3 0.50
0.27 6 1.64
0.13 5 0.67
0.13 4 0.53

0.15 6 0.90
0.12 6 0.71
0.13 6 0.78
0.11 7 0.78
0.11 7 0.78
0.14 6 0.86
0.13 6 0.75
0.15 6 0.92
0.12 5 0.59
0.12 6 0.71
0.14 7 'I.OO

0.14 1 0.14
0.14 4 0.57
0.14 1 0.14
0.14 7 1.00
0.14 7 1.00
0.00 0 0.00
0.00 0 0.00
0.13 7 0.93
0.13 7 0.93

0.15 8 1.20
0.12 8 0.94
0.13 9 1.17
0.17 9 1.50
0.17 9 1.50
0.14 8 1.14
0.13 8 1 ~ 00

0.15 8 1.23
0.12 2 0.2I
0.12 8 0.94
0.14 3 0.43
0.14 2 0.29
0.14 6 0.86
0 ~ 14 2 0.29
0.14 7 1.00
0.14 6 0.86
0.17 2 0.33
0.00 0 0.00
0.13 8 1.07
0.13 2 0.27

0.15 4 0.60
0.12 3 0.35
0.17 7 1.22
0.11 1 0.11
0.11 3 0.33
0.14 3 0.43
0.19 4 0.75
0.15 4 0.62
0.12 4 0.47
0.12 4 0.47
0.14 1 0.14
0.14 1 0.14
0.14 6 0.86
0.14 1 0.14
0.14 1 0.14
0.14 5 0.71
0.17 1 0.17
0.18 3 0 ~ 55

0.13 3 0.40
0.13 3 0.40

0.20 8 1.60 7.30
0.18 8 1 41 6.29
0.17 8 1.39 7.57
0.17 8 1.33 7.11
0.17 8 1.33 7.06
0.14 8 1.14 6.14
0.19 5 0.94 5.69
0.15 6 0.92 5.69
0.18 5 0.88 4.94
0.18 5 0.88 5.65
0.14 6 0.86 4.00
0.21 4 0.86 2.71
0.14 6 0.86 4.71
0.21 4 0.86 2.71
0.14 6 0.86 6.57
0.14 6 0.86 5.71
0.17 5 0.83 3.17
0.27 3 0.82 3.27
0.13 6 0.80 6.00
0.13 6 0.80 4.47

Table B-'i6 (Page 5 of 7). Results of Sorts of a Composite of Operators'valuations To Display the Most
Difficult20 Actions with Respect to Each Performance-Shaping Factor Category

Sorted on: Stress
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Evaluation Action Other Actions
Group Code H S FL I

Interfaces Time Adequancy
I 8 FLI W S FLI

Procedures
II S FLI

Coop iex i ty
S FLI

Training
M S FLI

Stress Total
Il S FLI FLI

BFH3

BFH2

BFH1

BFN1

BFH3

BFN3

BFN3

SFN2

BFH1

BFN3

BFH2

SFN2

BFN3

BFH2

SFN1

BFN2

BFN1

BFN2

BFH2

SFH2

OF1a

OLA1

OJC1

OP'IR1

OBC1

OSV1

OLC2

OHL1

OF3

OF2

OSD1

OSD2

ORVD1

OF4

OF2

OHL2

OF1

OJC1

OCRD1

OHC4

0.13
0.09
0.13
0.14
0.15
0.10
0.18
0.14
0.18
0.13
0.20
0.20
0.15
0.13
0.14
0.14
0.14
0.07
0.15
0.15

3 0.38
8 0.70
6 0.80
4 0.57
3 0.46
7 0.70
3 0.55
5 0.71
4 0.73
6 0.80
2 0.40
2 0.40
3 0.46
5 0.63
8 1.14
5 0.71
4 0.57
8 0.57
4 0.62
3 0.46

0.13 4 0.50
0.17 8 1.39
0.13 4 0.53
0.14 2 0.29
0.15 2 0.31
0.20 8 1.60
0.18 2 0.36
0.14 4 0.57
0.18 4 0.73
0.13 3 0.40
0.13 4 0.53
0.13 2 0.27
0.15 2 0.31
0.19 8 1.50
0.14 4 0.57
0.14 4 0.57
0.14 4 0.57
0.21 8 1.71
0.15 2 0.31
0.15 8'.23

0.06 2 0.13
0.13 7 0.91
0.13 2 0.27
0.14 4 0.57
0.08 0 0.00
0.15 2 0.30
0.09 1 0.09
014 2029
O.18 1O.18
0.13 3 0.40
0.07 2 0.13
0.07 2 0.13
0.08 1 0.08
0.06 2 0.13
0.14 3 0.43
0 ~ 14 7 1.00
0.14 1 0.14
0.14 2 0.29
0.08 3 0.23
0.08 4 0.31

0.06 5 0.31
0.13 6 0.78
0.13 8 1.07
0.14 0 0.00
0.15 1 0.15
0.20 1 0.20
0.18 2 0.36
0.14 4 0.57
0.00 8 0.00
0.07 1 0.07
0.13 3 0.40
0.13 3 0.40
0.15 2 0.31
0.13 6 0.75
0.14 1 0.14
0.14 7 1.00
0.14 0 0.00
0.14 10 1.43
0.15 2 0.31
0.15 6 0.92

0.19 9 1.69
0.13 9 1.17
0.20 8 1.60
0.14 3 0.43
0.15 3 0.46
0.15 5 0.75
0.09 1 0.09
0 ~ 14 6 0.86
0.18 4 0.73
0.20 2 0.40
0.13 6 0.80
0.13 6 0.80
0.15 1 0.15
0.13 8 1.00
0.14 5 0.71
0.14 6 0.86
0.14 3 0.43
0.21 8 1.71
0.15 2 0.31
0.15 8 1.23

0.25 9 2.25
0.17 7 1.22
0.13 9. 1.20
0.14 8 1.14
0.15 7 1.08
0.15 7 1.05
0.18 5 0.91
0.14 6 0.86
0.09 9 0.82
0.20 4 0.80
0.20 4 0.80
0.20 4 0.80
0.15 5 0.77
0.19 4 0.75
0.14 5 0.71
0.14 5 0.71
0.14 5 0.71
O.O7 9 0.64
0.15 4 0.62
0.15 4 0.62

0.19 4 0.75 6.00
0.17 8 1.39 7.57
0.13 5 0.67 6.13
0.14 3 0.43 3.43
0.15 4 0.62 3.08
0.05 2 0.10 4.70
0.09 0 0.00 2.36
0.14 6 0.86 4.71
0.18 4 0.73 3.91
0.13 2 0.27 3.13
0.13 4 0.53 3.60
0.13 4 0.53 3.33
0.15 2 0.31 2.38
0.19 5 0.94 5.69
0.14 4 0.57 4.29
0.14 6 0.86 5.71
0.14 4 0.57 3.00
0.14 2 0.29 6.64
0.15 4 0.62 3.00
0.15 6 0.92 5.69

Table B-16 tPage 6 of 7). Results of Sorts of a Composite of Operators'valuations To Display the Most
Difficult20 Actions with Respect to Each Performance-Shaping Factor Category

Sorted on: Training and Experience
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Evaluation Action Other Actions
Group Code II S FLI

Interfaces Time Adequancy . Procedures
II S FLI Il S FLI M S FLI

Complexity
Ii S FLI

Training
W S FLI

Stress Total
II S FL I FL I

BFH2

BFH1

BFN1

BFN2

BFH1

BFH1

BFN1

BFN1

BFN1

BFH1

BFH2

BFN2

BFN1

BFH1

BFH2

BFN2

BFH1

BFH1

BFN2

BFH1

OJC1

OJC1

OHS2

OHL2

ORVD3

OAL2

OSL2

OSL1

OAL1

ORVD2

OHC4

ORVD3

OSP2

OHS1

OAL1

ORVD2

OLA1

ODNS1

OLA1

ODWS2

0.07
0.13
0.14
0.14
0.14
0.20
0.20
0.20
0.20
0.20
0.15
0.10
0.19
0.13
0.14
0.14
0.18
0.18
0.09
0.17

8 0.57
6 0.80
4 0.57
5 0.71
9 1.29
6 1.20
7 1.40
5 1.00
6 1.20
8 1.60
3 0.46
9 0.90
6 1.13
1 0.13
5 0.71
4 0.57
8 1.41
6 1.06
8 0.70
7 1.17

0.21 8 1.71
0.13 4 0.53
0.14 4 0.57
0.14 4 0.57
0.14 9 1.29
0.13 7 0.93
0.13 6 0.80
0.13 4 0.53
0.13 7 0.93
0.13 5 0.67
0.15 8 1.23
0.10 9 0.90
0.13 6 0.75
0.19 8 1.50
0.14 6 0.86
0.14 3 0.43
0.18 8 1.41
0.18 7 1.24
0.17 8 1.39
0.17 8 1.33

0.14 2 0.29
0.13 2 0.27
0.14 3 0.43
0:14 7 1.00
0.14 7 1.00
0.13 5 0.67
0.13 6 0.80
0.13 4 0.53
0.13 5 0.67
0.13 6 0.80
0.08 4 0.31
0.15 8 1.20
0.13 5 0.63
0.13 7 0.88
0.14 7 1.00
0.1C 4 0.57
0.12 7 0.82
0.12 7 0.82
0.13 7 0.91
0.11 8 0.89

0;14 10 1.43
0.13 8 1.07
0.14 7 1.00
0.14 7 1.00
0.14 7 1.00
0.13 7 0.93
0.13 7 0.93
0.13 7 0.93
0.13 7 0.93
0.13 7 0.93
0.15 6 0.92
0.15 6 0.90
0.13 7 0.88
0.13 7 0.88
0.1C 6 0.86
0.14 6 0.86
0.12 7 0.82
0.12 7 0.82
0.13 6 0.78
0.11 7 0.78

0.21 8 1.71
0.20 8 1.60
0.14 3 0.43
0.14 6 0.86
0.14 7 1.00
0.13 8 1.07
0.13 2 0.27
0.13 2 0.27
0.13 8 1.07
0.13 5 0.67
0.15 8 1.23
0.15 8 1.20
0.19 7 1.31
0.19 8 1.50
0.14 8 1.14
0.14 2 0.29
0.18 8 1.41
0.18 8 1.41
0 ~ 13 9 1.17
0.17 9 1.50

0.07 9 0.64
0.13 9 1.20
0.14 1 0.14
0.14 5 0.71
0.14 10.14
0.13 3 0.40
0.13 3 0.40
0.13 3 0.40
0.13 3 0.40
0.13 1 0.13
0.15 4 0.62
0.15 4 0.60
0.13 1 0.13
0.13 3 0.38
0.14 3 0.43
0.14 3 0.43
0.12 3 0.35
0.12 'I 0.12
0.17 7 1.22
0.11 1 0.11

0.1C 2 0.29 6.64
0.13 5 0.67 6.13
0.14 6 0.86 4.00
0.14 6 0.86 5.71
0.14 6 0.86 6.57
0.13 6 0.80 6.00
0.13 6 0.80 5.40
0.'13 6 0.80 4.47
0.13 6 0.80 6.00
0.'I3 6 0.80 5.60
0.15 6 0.92 5.69
0.20 8 1.60 7.30
0.13 6 0.75 5.56
0.13 6 0.75 6.00
0.14 8 1.14 6.14
0.14 4 0.57 3.71
0.12 6 0.71 6.94
0.12 6 0.71 6.18
0.17 8 1.39 7.57
0.17 8 1.33 7.11

Table B-16 (Page 7 of 7). Results of Sorts of a Composite of Operators'valuations To Display the Most
Difficult20 Actions with Respect to Each Performance-Shaping Factor Category

Sorted on: Procedures
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C IS HOC IS1

OEE HOEE1

OEE HOEE2

OFLRB HOFLRB

Ensure That Various Normally Closed Valves are
Closed,'iven

Group 6 Isolation is Required

Align and Start One RKRSM Swing Perp, Given LOSP and
Insufficient EECM to Diesel Generators

Align and Start One RHRSM Swing Ptrrp, Given LOSP, ATMS,

and Insufficient EECM to Diesel Generators

Identify and Isolate Leak in Either North or South EECM

Header.

At least one hour available after Group 6
isolation before release of radioactive materials
in contalrment begins.

Five minutes available before diesel generator
exceeds design terperature.

Five minutes available before diesel generator
exceeds design terperature.

20 to 30 minutes to avoid flooding RHR, CS, HPCI

and RCIC.

PCA HOP CA1 Hanually Start Two Air Compressors, Given Loss of
Offsite Power

One hour before HSRV air reservoir is depleted.

OR480 HOR480 Align 480V RHOV Board 2A (2B) to Alternate Source )lore than 2 hours after RHR needed for core
cooling, depending on coo(down rate.

Table B-17 (Page 1 of 2). Summary of Browns Ferry Recovery Actions Incorporated into the Plant Model

Iop Database Definition of Action Time Constraints
Event Variable

Hean HER

/Demand

0.003620

0.000506

0.016100

0.003020

0.001150

0.001090

O

Po

rl
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CL
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cr
r
cl

tr
cr
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X

3
Q

O

ORP HORP3 Start RHR/Core Spray Pumps for Low Pressure Injection,
Given LOSP, Loss of 0/Gs, and Power Recovered within 6
Hours

Core uncovery within 30 minutes if the AC power
vere not recovered.

0.043600

OSPR HOSPRC Hanually Close LPCI Injection Valves To Restore
Suppression Pool Cooling

OSPR KOSPRO Hanually Open Valves To Align RHR for Suppression Pool
Cooling

First indication of requirement 2 to 4 hours into
transient. Suppression pool rises from 95 deg. F

to 140 deg. F in 4 hours at IX decay heat.

First indication of requirement 2 to 4 hours into
transient. Suppression pool rises to unacceptable
terrperature in 12 additional hours.

0.000226

0.000480

Ul KOU11

Ul HOU12

UB HOUB1

Crosstie Unit 1 Pumps and Heat Exchanger to Unit 2

Torus, Given Flood in Reactor Building Basement, Unit 2

Condenser Unavailable

Align Alternate Sources of Mater To Haintain RPV Level,
Given a Leak in the Torus Ring Header and
Condensate/Feedvater Lost in Unit 2

Restore Power to Both Units 1 and 2 Unit Board (4 kv),
Given Loss of Hain Electrical Feed to that Unit

Thirty minutes to avoid core uncovery if injection
into RPV lost during the initial phase of the
flood.

Thirty minutes if injection into RPV lost during
initial phase of flood.

15 to 20 minutes available before diesel
generators required.

0.016100

0.043600

0.002820
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Top Database Definition of Action
Event Variable

Time Constraints

UB HOUB2 Restore PoMer to Both Units 1 and 2 Unit Boards (4 kV),
Given Loss of 500 kV Grid

15 to 20 minutes available before diesel
generators required to operate in the model.

OVS HOVS1

OVS HOVS2

Close a Valve To Isolate a High/LoM Pressure Leak that
Occurs during Surveillance Testing of a CS or LPCI
Injection Line

Respond To Inadvertent Failure of High/Lou Pressure
Interface Valve in the CS or LPCI Injection Lines
cfuring Hormal Operations

Assccae 2 minutes for failure mechanisms in loM
pressure line to propagate sufficiently to require
reactor SCRAH and safety system actuation.

Assuae 2 minutes for failure mechanisms in IoM
pressure line to propagate sufficiently to require
reactor SCRAH and safety system actuation.

Table B-17 (Page 2 of 2). Summary of Browns Ferry Recovery Actions incorporated into the Plant Model

Hean HER
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table B-18 (Page 1 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOCIS1: Insure Various Normally Closed Valves are Closed, Given Group 6 Isolation is
Required

PRE EDING EVENTS
~ Conditions exist in which some containment penetration valves are open.
~ Initiating event requiring reactor trip.

INDICATIONS F PLANT ONDITION
~ Group 6 isolation conditions exist.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Verify that containment penetrations are isolated.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ EOI-1 requirements.

INDICATIONOF SUCCESSFUL COMPLETION
~ Containment Integrity Maintained.

FAILURE IIVIPACT
~ Breach of containment.

TIME CONSTRAINTS
~ At least an hour before containment challenge.

NOTES
~ Not directly quantified with operators. Quantified with the following distribution:

Median = 1.8E-03, Range Factor 7

~ Justification: This is the median of for OSPRO1 times 10, with the proper range
factor for the resulting error range. As we can not be sure where the valve controls
are located (within the control room, in a back area of the control room, locally) we
use a value for locally manipulated valves. The factor of 10 accounts for multiple
valves.

e
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table B-18 (Page 2 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOEE1: Align and Start One RHRSW Swing Pump for EECW, Given Loss of Offsite Power
and Insufficient EECW to Diesel Generators

PRECEDING EVENTS
~ Loss of offsite power initiating event.
~ SCRAM successful.
~ Diesel generators start successfully.
~ Three or more EECW pumps fail to restart.

INDICATIONS OF PLANT CONDITION
~ Panel 2-9-20, Alarm array 2-XA-55-20A, alarms 7, 14, 21, 28 & 35 in a vertical row

show low EECW flow and pressures.
~ Diesel generator hot engine alarms.

No RHRSW A3, B3, C3, D3 running alarms on D/G panels.
~ Numerous other alarms associated with LOSP and SCRAM.

PROCEDURAL GU DANCE REQUIRED ACTIONS
~ Recognize that the DG's are overheating or EECW is not functioning.
~ Align RHRSW pump C1 & D1 with MOVs 0-FCV-67-48 & 49 from panel 920 (limit

switch automatically ties pump to D/G autosequencer).
~ Not enough time to manipulate manual valves A1 & B1.

CONCURRENT ACTIONS COMPETING FACTORS
~ Verifying basic safety functions per EOI-1.
~ Verifying that loads the DG support are sequencing on.

INDICATIONOF SUCCESSFUL COIVIPLETION
~ RHRSW pumps C1 & D1 indication cycles to RED on panel 2-9-3.
~ Diesel generators continue to run.

FAILURE IIVIPACT
~ Loss of diesel generators due to over heating approximately 5 minutes after loss of

offsite power.
~ Loss of all AC power.

TIME CONSTRAINTS
~ 5 minutes available before diesel generators exceed design temperature.

TABLEB18.BFN.08/30/92 B-139



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table B-18 (Page 3 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOEE2: Align and Start One RHRSW Swing Pump for EECW, Given Loss of Offsite Power,
ATWS, and Insufficient EECW to Diesel Generators

PRECEDING EVENTS
~ Loss of offsite power initiating event.
~ SCRAM not successful.

Diesel generators start successfully.
~ Three or more EECW pumps fail to restart.

INDICATIONS OF PLANT CONDITION
~ Power level remaining above 5%.
~ Control rod indications show rods not inserted.
~ Panel 2-9-20, Alarm array 2-XA-56-20A, alarms 7, 14, 21, 28 & 35 in a vertical row

show low EECW flow and pressures.
~ High average suppression pool temperature alarm.
~ Diesel generator hot engine alarms.

No RHRSW A3, 83, C3, D3 running alarms on D/G panels.
~ Numerous other alarms associated with ATWS with isolated vessel and LOSP.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Enter EOI-2, which focuses on use of EECW cooling.
~ Recognize that EECW is not functioning.
~ Recognize that the DG's are overheating.
~ Align RHRSW pump C1 & D1 with MOVs 0-FCV-67-48 & 49 from panel 920 (limit

switch automatically ties pump to D/G autosequencer).
~ Not enough time to manipulate manual valves A1 & 81.

CONCURRENT ACTIONS COMPETING FACTORS
~ Responding to ATWS situation per EOI-1.
~ Verifying that loads the DG support are sequencing on.

INDICATIONOF SUCCESSFUL COMPLETION SUCCESS IMPACT
~ RHRSW pumps C1 & D1 indication cycles to RED on panel 2-9-3.
~ Diesel generators continue to run.

FAILURE IMPACT
~ Loss of diesel generators due to over heating approximately 5 minutes after loss of

offsite power.
~ Loss of all AC power.

TIME CONSTRAINTS
~ 5 minutes available before diesel generators exceed design temperature.
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Table B-18 (Page 4 of 'l5). Operator Response Forms Used To Evaluate Recovery Actions

HOFLRB: Identify and Isolate Leak in Either North or South EECW Header

PRECEDING EVENT
~ Unit at 100% power during normal operations.
~ Break in the EECW is the initiating event.

INDICATIONS OF PLANT CONDITION
~ Sump level high alarm in rad waste.
~ Both pumps running on both floor and equipment drain.
~ ~Ma see a low indication in the EECW pressure and flow on panel 9-20, as well as

alarms.
~ Amperage to EECW pump motors high.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-3 SC/L-9 Isolate the EECW system that is leaking.
~ Dispatch an AUO to investigate.
~ AUO reports back the location and attempts to close off the leak if he can.
~ Notify Unit 1 operator to close sectionalizing valves as necessary to isolate the break.

CONCURRENT ACTIONS COMPETING FACTORS
~ Orderly shutdown of reactor would be judged necessary based on the magnitude of

the break.

INDICATIONOF SUCCESSFUL COIVIPLETION AND SUCCESS IMPACT
~ Loss of one EECW header, but no loss of other equipment due to flooding.

FAILURE IMPACT
Loss of Loss of RHR, CS, HPCI, and RCIC due to flooding.

TIIVIE CONSTRAINTS
~ 20-30 minutes to isolate to have only a header impact.
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Table B-18 (Page 5 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOPCA1: Manually Start Two Air Compressors, Given Loss of Offsite Power

PRECEDING EVENTS
~ LOSP initiating event.
~ Diesel generators start and successfully load.

Air compressors do not start, as they are not in the autostart sequence.
~ MSIVs close.
~ RCIC starts and maintains RPV level.
~ RPV pressure control maintained by manual cycling of MSRVs.

NDI ATIO S 0 PLANT C NDI ION
~ MSRV air reservoir pressure low.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
Recognize condition.
Manually start two air compressors.

CONCURRENT ACTIONS COMPETING FACTORS
~ Actions to regain offsite power.
~ EOI activities.

INDICATIONOF SUCCESSFUL COMPLETION
~ Abilityto continue to manually control RPV pressure.

FAILURE IMPACT
~ Challenge to mechanical SRV function.

TINIE CONSTRAINTS
~ Assume 1 hour before IVISRV air reservoir is depleted.
~ Design capacity of air reservoir is 5 open/close cycles for 6 valves, for a total of 30

cycles.

NOTES
~ Not directly quantified with operators. Quantified with same distribution as OOCWt

(Restart at least 2 of 4 drywell coolers, given LOSP).
~ The two actions both involve the manual actuation of two pieces of equipment under

the same time constraints.
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Table B-18 (Page 6 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOR4801: Align 480V RMOV Board 2A (2B) to Alternate Source

PRECEDING EVENTS
~ General transient initiating event (not a medium or large LOCA).
~ Any general transient initiator.
~ Successful shutdown and initial response with HPCI/RCIC.
~ Failure of power to either RMOV board, either at the initiating event or by failing during

cooldown.
~ Cooldown successful to low pressure system cutin pressure, but CRD and WPCI/RCIC

fail in the long term.
~ Additional multiple failures during cooldown results in only one train of RHR being

available for long term cooling.

INDICATIONS OF PLANT CONDITION
~ One 480 volt RMOV board deenergized.
~ Half SCRAM signal.
~ PCIS deenergized.
~ High RHR area temperature alarm on panel 9-3.
~ Plant process computer report of RHR motor winding temperature high.
~ Alternate source of power available.
~ No indications from containment cooling valves.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Recognize the loss of room coolers is due to power source.
~ Transfer to alternate power source per 01-57.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Trying to recover any alternate source of core cooling.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ RMOV board is reenergized, resulting in power to the RHR and CS pump cooler fans.
~ RHR motor does not fail due to overheating.
~ Safe long term shutdown achieved.

FAILURE IIVIPACT
~ Unable to recover ventilation to RHR and CS, results in eventual overheating and

failure.
~ Eventual depletion of RPV inventory and core uncovery if no alternate source of

injection activated.

TIIVIE CONSTRAINTS
~ 3-4 hours available after shutdown (Basis: RHR not needed until cooldown complete).
~ If low pressure not successful, approx 2-6 hours before onset of core damage,

depending on cooldown rate.
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Table B-18 (Page 7 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HORP3: Start RHR/Core Spray Pumps for Low Pressure Injection, Given LOSP, Failure of
Diesel Generators, and Power is Recovered in 6 Hours

PRECEDING EVENTS
~ LOSP initiating event.
~ Successful reactor SCRAM.
~ EECW fails, causing all DG's to burn up. (OEE1 = F).
~ HPCI/RCIC startup and function successfully.
~ Operators maintain control of HPCI/RCIC when AC not available.
~ Batteries gradually discharge and fail at 4 hours, causing loss of HPCI/RCIC.
~ RPV level gradually lowering.

INDICATIONS OF PLANT CONDITION
~ Offsite power indications reenergize.
~ RPV level approaching -162".
~ Suppression pool temperature > 95'F.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-1 (RC/L-4).
~ Align and initiate RHR or core spray pumps for low pressure injection.
~ Start at least one primary EECW pump as needed to maintain acceptable room

temperatures.

CONCURRENT ACTIONS COMPETING FACTORS
~ Initiate suppression pool cooling.
~ Site emergency still in effect.
~ Coordination with TSC required.

'NDICATION

OF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ RPV level returns to normal level.

FAILURE IMPACT
~ Requirement to cycle low pressure injection.
~ Unable to maintain suppression pool cooling.

TIIVIE CONSTRAINTS
~ Assume a 30 minute time window in which to act when offsite power is finally

recovered prior to losing batteries.
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Table 8-18 (Page 8 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOSPRC1: Manually Close LPCI Injection Valves To Restore Suppression Pool Cooling

PRECEDING EVENTS
~ Any general transient initiator.
~ Cooldown in progress.

Main heat sink not available. However, condensate pumps available to drain the
hotwell to provide RPV level control.

~ Operators recognized the need for suppression pool cooling (OSP=S), but normal
hardware failed to achieve realignment.

INDICATIONS OF PLANT ONDITION
~ High suppression pool average temperature alarm.
~ LPCI valves 74-FCV-53 and 74-FCV-67 indicate RED.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Recognize that SPC was not achieved by attempts at normal valve realignment.
~ In the control room, close one of either 74-FCV-52 or 74-FCV-66.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Maintain RPV level with the other train of RHR or HPCI/RCIC as the cooldown situation

dictates. (Failures are localized to SPC flowpaths).

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ One of LPCI valves 74-FCV-52 or 74-FCV-66 indicate GREEN and the other RED.

FAILURE IMPACT
~ Suppression pool reaches temperature that prevents effective core cooling.

TIIVIE CONSTRAINTS
~ Alarm occurs approx 2 to 4 hours into transient.
~ Establish SPC within up to 12 hours after alarm, as suppression pool temperature rises

very gradually.
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Table B-18 (Page 9 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOSPRO1: Manually Open Valves To Align RHR for Suppression Pool Cooling

PRECEDING EVENTS
~ Any general transient initiator.
~ Successful cooldown to ( 212'F. or cooldown in progress.

Main heat sink not available. However, condensate pumps available to drain the
hotwell to provide RPV level control.

~ Operators have recognized that swapover from LPCI to suppression pool cooling was
not achieved by normal hardware operation and started realignment (OSPRO1 =S).

INDICATIONS OF PLANT ONDITION
~ High suppression pool temperature alarm.
~ LPCI valves 74-FCV-52 indicate RED (GREEN) and 74-FCV-66 indicate GREEN (RED).
~ Valves 74-FCV-71, 74-FCV-73, 74-FCV-57 and 74-FCV-59 indicate GREEN.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Control room notify AUO to manually align SPC.
~ AUO must accomplish the following by manual valve manipulation:

Open valves 74-FCV-71 and 74-FCV-73 if 74-FCV-66 closed.
or

Open valves 74-FCV-57 and 74-FCV-59 if 74-FCV-52 closed.

CONCURRENT ACTIONS CONIPETING FACTORS
~ Local working environment.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ Valves 74-FCV-53 and 74-FCV-67 indicate GREEN.
~ Valves 74-FCV-71, 74-FCV-73, 74-FCV-57 and 74-FCV-59 indicate RED
~ Suppression pool temperature begins to lower.

FAILURE IIVIPACT
~ Suppression pool reaches temperature that prevents effective core cooling.

TIME CONSTRAINTS
~ Alarm occurs approx 2 to 4 hours into transient.
~ Establish SPC within up to 12 hours after alarm, as suppression pool temperature rises

very gradually.
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Table B-18 (Page 10 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOU11: Crosstie Unit 1 Pumps and Heat Exchanger to Unit 2 Torus To Provide Core Cooling
following a Flood Caused by a Leak in the EECW Header, Condenser is Not
Available as a Heat Sink in Unit 2

PRECEDING EVENTS
~ Unit at 100% power operating under normal conditions.
~ Leak occurs in either the north or south EECW header.
~ Operators fail to isolate header before loss of RHR, CS and HPCI/RCIC due to flooding

of equipment (OFLRB1 = F).
~ Feedwater, condensate and main heat sink fails during initial plant transient in

response to flood.

INDICATIONS OF PLANT CONDITION
~ High water level alarms in RHR, CS and HPCI/RCIC areas.
~ Erratic indications of condition from RHR, CS and HPCI/RCIC.
~ Suppression pool level and temperature normal.

It

PROCEDURAL GUIDANCE REQUIRED ACTIONS
2-OI-74, Section 8.18, 20, 22 as applicable.

~ OI-2 Appendix.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Using available alternate sources of water to maintain RPV level per EOI-1.
~ Actions to shutdown reactor.
~ Still attempting to isolate the EECW leak and/or shutdown of EECW.
~ High temperature alarms on equipment serviced by EECW.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ RPV level and pressure control maintained with a stable source of water from Unit 1.

FAILURE IMPACT
~ Loss of ability to maintain RPV level leading to core uncovery and fuel damage.

TIME CONSTRAINTS
~ Approximately 30 minutes if injection into RPV lost during initial phase of flood.
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Table B-18 (Page 11 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOU12: Align Alternate Sources of Water To Maintain RPV Level, Given a Leak in the Torus
Ring Header, and Condensate/Feedwater Lost in Unit 2

PRECEDING EVENTS
~ Unit at 100% power operating under normal conditions.
~ Failure of Unit 2 tours ring header floods the unit 2 basement.
~ Unit 2 torus begins draining into the basement of the reactor building.
~ EOI entry conditions met and reactor SCRAMed.
~ Equipment in the basement of the reactor fails due to flooding.
~ Feedwater, condensate and main heat sink fails during initial plant transient in

response to flood.

INDICATIONS OF PLANT CONDITION
~ Secondary containment floor drain level ) 66".

High water level alarms in RHR, CS and HPCI/RCIC areas.
~ Erratic indications of condition from RHR, CS and HPCI/RCIC.
~ Suppression pool level declines to below -6.25".
~ RPV level declining below normal range.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ EOI-2 low suppression pool level.
~ EOI-3 High secondary drain level.
~ Emergency depressurize while there is still enough water in the suppression pool to

accept the heat sink.
~ RCIC can be used until the water drowns it. (RCIC is on a pedestal).

Align enhanced CRD.
~ AUO line up condensate transfer pump to pump water.

CONCURRENT ACTIONS COMPETING FACTORS
~ Containment pressure rises as heat sink lost and may be the prime concern.
~ Site emergency and TSC established.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IIVIPACT
~ RPV level and pressure control maintained with a stable source of water from Unit 1.
~ Containment overpressurization not threatened.

FAILURE IIVIPACT
~ Loss of ability to maintain RPV level leading to core uncovery and fuel damage.

TIME CONSTRAINTS
~ Approximately 30 minutes if injection into RPV lost during initial phase of flood.
~ Expect more time since torus will not"drain dry immediately.
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Table B-18 (Page 12 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOUB1: Restore Power to Either the Unit 1 (Unit 2) Unit Board (4-kV), Given Loss of Main
Electrical Feed to that Unit

PRECEDING EVENTS
~ Any general transient initiator except LOSP or loss of 500-kV grid.
~ Loss of feed hardware to one unit.
~ Reactor scram successful.
~ Conditions not sufficient to cause fast bus transfer.
~ HPCI/RCIC start and control level.

INDICATIONS OF PLANT CONDITION
~ 161-kV switchyard power available.
~ Unit 1 Unit Board deenergized.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ 01-57A.
~ Insure SD Boards in manual.
~ Clear breaker from main electrical feed.
~ Close breaker from alternate source (Unit Start Bus).

CONCURRENT ACTIONS COMPETING FACTORS
~ Immediate actions upon SCRAM.

INDICATIONOF SUCCESSFUL COMPLETION
Power available to Unit Boards 1A, 1B, 2A, 2B.

FAILURE IMPACT
~ Diesel Generators required to accomplish the recovery.

TIME CONSTRAINTS
~ Assume 15-20 minutes available before the diesel generators are required.
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Table 8-18 (Page 13 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOUB2: Restore Power to Both the Unit 1 and Unit 2 Unit Boards (4-kV), Given Loss of
500-kV grid

PRECEDING EVENTS
~ Any general transient initiator.
~ Loss of 500-kV grid.
~ Reactor scram successful.
~ Conditions not sufficient to cause fast bus transfer.
~ HPCI/RCIC start and control level.

INDICATIONS OF PLANT CONDITION
~ 161-kV switch yard power available.
~ Unit 1 and Unit 2 Unit Boards deenergized.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ AOI-57.
~ Verify breakers from the 400-kV grid source are opened.
~ Insure SD Boards in manual.
~ Close breakers from alternate source (Unit Start Bus).

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Immediate actions upon SCRAM.

INDICATIONOF SUCCESSFUL COMPLETION
Power available to Unit Boards 1A, 1B, 2A, 2B.

'AILURE

IIVIPACT
~ Diesel Generators required to accomplish the recovery.

TIME CONSTRAINTS
~ Assume 15-20 minutes available after loss of 500 kv before the diesel generators are

required.
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Table 8-18 (Page 14 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOVS1: Close a Valve To Isolate High/Low Pressure Leak that Occurs during Surveillance
Testing of a CS or LPCI Injection Path

PRECEDING EVENTS
~ Begin surveillance testing of a CS or LPCI injection path normally closed valve by

closing a normally open valve in same path.
~ Manually cycle the normally closed valve open.

INDICATIONS OF PLANT CONDITION
~ Low pressure system pressure indications off scale high.
~ Rad waste receiving more water than usual ~

~ Sumps overflowing.
~ High temperature effects on piping and paint.
~ Selected area air temperatures may increase.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Recognize that symptoms coming from high/low pressure interface failure.
~ Close appropriate valves to reestablish pressure boundary.
~ Bleed off excess pressure to suppression pool.

CONCURRENT ACTIONS COIVIPETING FACTORS
~ Personnel performing the test are in the location to observe impact of pressurization

and perhaps be impacted by it.
~ Response to the individual indications prior to tieing them together.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IIVIPACT
~ Termination of an interfacing LOCA accident prior to SCRAM.

FAILURE IMPACT
~ Interfacing LOCA initiated.

TIIVIE CONSTRAINTS
~ Assume 2 minutes is available before low pressure failure mechanisms can propagate

sufficiently to require reactor SCRAM and safety system actuation.
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Table B-18 (Page 15 of 15). Operator Response Forms Used To Evaluate Recovery Actions

HOVS2: Respond To Inadvertent Failure of High/Low Pressure Interface Valve in the CS or
Low Pressure Injection during Normal Operations

PRECEDING EVENTS
~ Unit at 100% power and functioning normally.
~ No testing in the RHR/CS/LPCI systems.

INDICATIONS OF PLANT CONDITION
~ Low pressure system pressure indications off scale high.
~ Rad waste receiving more water than usual.
~ Sumps overflowing.
~ High temperature effects on piping and paint.
~ Selected area air temperatures may increase.

PROCEDURAL GUIDANCE REQUIRED ACTIONS
~ Recognize that symptoms coming from high/low pressure interface failure.
~ Close appropriate valves to reestablish pressure boundary.
~ Bleed off excess pressure to suppression pool.

CONCURRENT ACTIONS COMPETING FACTORS
~ Response to the individual indications prior to tieing them together.

INDICATIONOF SUCCESSFUL COMPLETION AND SUCCESS IMPACT
~ Termination of interfacing LOCA accident prior to SCRAM.

FAILURE IMPACT
~ Interfacing LOCA initiated.

TIIVIE CONSTRAINTS
~ Assume 2 minutes is available before low pressure failure mechanisms can propagate

sufficiently to require reactor SCRAM and safety system actuation.
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Table B-19. Raw and Normalized Weights and Scores of Actions Evaluated by the
Team of Licensed Operators Evaluating Recovery Actions

BFN Recovery Human Action Evaluations

ID
Actions Interface Time

W S W S W S
Procedure Complex

W S W S
Training Stress Tot
W S W S Wgt

OEE1
OEE2
OFLRB1
OR4801
ORP3
OSPRC1
OSPR01
OU11
OU12
OUB1
OUB2
OVS1
OVS2

4 4 2 2
4 8 2 6
1 1 1 1
3 2 3 0
4 6 3 7
2 1 3 0
2 1 3 0
2 6 2 7
2 3 2 8
3 4 3 0
3 5 3 0
2 0 2 0
2 1 2 3

3 2
4 7
4 5
2 2
3 5
1 0
1 0
2 6
3 7
2 0
2 1
3 5
3 6

0 NR
0 NR
0 10
2 0
2 2
0 10
0 10
4 1
3 2
2 1
2 1
0 10
0 10

3 1
2 1
2 2
2 0
4 7
2 2
2 3
3 7
4 9
2 3
2 4
2 1
2 2

2 6
2 6
2 3
2 1
2 4
1 4
1 4
2 5
2 3
2 5
2 5
2 4
2 4

2 3 16
3 6 17
2 3 12
2 2 16
2 8 20
2 1 11
2 4 ll
2 5 17
2 8 18
2 4 16
2 6 16
2 2 13
2 4 13

BFN Recovery Human Action Evaluations
Actions Interface Time Procedure Complex Training Stress

W S W S W S W S W S W S W SID 0.17 3 0.16 3 0.17 4 0.07 4 0-16 3 0.12 4 0.14 4

FLI
3.38

OEE1
OEE2
OFLRB1
OR4801
ORP3
OSPRC1
OSPR01
OU11
OU12
OUB1
OUB2
OVS1
OVS2

0.25
0.24
0.08
0.19
0.20
0.18
0.18
0.12
0.11
0.19'0. 19
0. 15
0 15

4 0.13 2
8 0 ~ 12 6
1 0.08 1
2 019 0
6 015 7
1 027 0
1 0.27 0
6 0.12 7
3 011 8
4 0.19 0
5 0.19 0
0 0.15 0
1 0.15 3

0.19 2
0.24 7
0.33 5
0.13 2
0.15 5
0.09 0
0.09 0
0.12 6
0.17 7
0.13 0
0.13 1
0.23 5
0.23 6

0.00 NR
0.00 NR
0.00 10
0.13 0
0.10 2
0.00 10
0.00 10
0.24 1
0.17 2
0.13 1
0.13 1
0.00 10
0.00 10

0.19 1
0.12 1
0.17 2
0.13 0
0.20 7
0.18 2
0.18 3
0.18 7
0.22 9
0.13 3
0.13 4
0 15 1
0.15 2

0. 13
0.12
0 17
0.13
0.10
0.09
0.09
0.12
0.11
0.13
0.13
0.15
0.15

6 0.13
6 0.18
3 0.17
1 0.13
4 0.10
4 0.18
4 0.18
5 0.12
3 0.11
5 0.13
5 0.13
4 0.15
4 0.15

2.94
6.12
3.17
1.00
5.80
1.09
1.82
4.88
5.94
2.38
3.06
2.23
3.54
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Table B-20 (Page 2 of 5). Quantification of Recovery Action Evaluations into Human Error Rates

Rated Actions
IIAX
OU12

OU11

NIH

9.84 I,DE+00 0.00
0.11 3 0.11 8 0.17 7 0.17 2 0.22 9 0.11 3 0.11 8 5.94 2.7E.02 .1.57
0.12 6 . 0.12 7 0.12 6 0.24 1 0.18 7 0.12 5 0.12 5 4.88 1.0E.02 -2.00

0.00 1.1Ee04 e3.96

Calibration Actions
Grand Gulf GG3 0.11
Oyster Crk ZHEHU1 0.17
Beaver Valley ZHE 0.17
Limerick L4B 0.17

2 0.22 2 0.11 2 0.22
7 0.13 5 0.15 2 0.18
9 0.00 2 0.17 4 0.17

10 0.12 9 0.13 10 0.17

3 0.11 2 0.11 3 0.12
5 0.12 5 0.15 4 0.10
5 0.17 8 0.17 8 0.17

10 0.12 9 0.12 9 0.17

2 2.33
6 4.84
9 7.17

'10 9.64

1.5E-03 -2.82
4.QE.03 2.40
1.2E 01 0.92
9.0E-01 0.05

ee e eeee e ~

Regression Output:
Cons'tan't -3.96
Std Err of T Est 0.32&
R Squared 0.957
Mo. of Observations 4
Degrees of Freedom 2

X Coefficient(s) 0.4033
Std Err of Coef. 0.0602

Dynamic Hunan Action Evaluation for: BroMns Ferry Nuclear Plant, Unit 1

Evaluation Team: Recovery
Action Grouping Logic: R2 - Procedures and Complexity Important

Preceding 8 Plant Time Training r
Conc. Actions Interfaces Adequacy Procedures Complexity Experience Stress

Action Code Meight Score Meight Score Meight Score Meight Score Meight Score Meight Score Meight Score FLI P(fail) LOG(P(fail))
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Table 8-20 (Page 3 of 5). Quantification of Recovery Action Evaluations into Human Error. Rates

Dynamic Keenan Action Evaluation for: Brouns Ferry Nucleal Plant, Unit 1

Evaluation Team: Recovery
Action Grouping Logic: R3 - Preceding and Concurrent Actions and Time Important

Action Code

Rated Actions
HAX

OEE1

OEE2

HIN

0.25
0.24

4 0.13
8 0.12

2 0.19
6 0.24

2 0.00 NR

7 0.00 NR

0.19 1 0.13 6 0.13
0.12 1 0.12 6 0.18

1D.OO

3 2.94
6 6.12

0.00

9.3E-01 -O.D3
1.9E-04 -3.71
8.8E-03 -2.06
5.7E-06 -5.25

Calibration Actions
ANO 1 IREP A2 0.24
Calvert Clf CC7 0.24
EST HAX

2 0.12 2 0.24 3 0.00 0 0.16 2 0.12 2 0.12 2 2.24 1.0E-04 -4 ~ 00
4 0.12 5 0.24 -5 0.00 0 0.16 5 0.12 4 0.12 4 4.52 1.0E 03 -3.00

10.00 I.DE+00 0.00

Regression Output:
Constant -5.24
Std Err of T Est 0.139
R Squared 0.997
No. of Observations 3
Degrees of Freedom 1

Preceding & Plant Time Training &

Conc. Actions Interfaces Adequacy Procedures Complexity Experience Stress
lleight Score Weight Score lleight Score lleight Score @eight Score lleight Score Ileight Score FLI P(fail) LOG(P(fail))

N
0

Ol
'll

«0

CL
C
CL
t
to

t)
la

m
X

8
to
5'e
O

X Coefficient(s) 0.5213
Std Err of Coef. 0.0246
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Table B-20 (Page 4 of 5). Quantification of Recovery Action Evaluations into Human Error Rates

Dynamic Hunan Action Evaluation fort BroI«Is
Evaluation Team: Recovery
Action Grouping Logic: R4 - Time IIrpottant,

Ferry Nuclear Plant, Unit 1

Procedures Not lsportant

Action Code

Rated Actions
HAX

OVS2

OVS1

OFLRB1

HIN

0.15 1 0.15 3 0.23 6 0.00 10 0.15
0.'15 0 0.15 0 0.23 5 0.00 10 0.15
0.08 1 0.08 1 0.33 5 0.00 10 0.17

10.00
2 0.15 4 0.15 4 3.54

0.15 4 0.15 2 2.23
2 0.17 3 0.17 3 3.17

0.00

9.4E-01
2.1E 03
6.0E-04
1.5E-03
7.2E.05

-0.03
-2.68
3 0 22

-2.84
-4.14

Calibration Actions
DC Cook ZHEOS1 0.11
Beaver Valley ZHE 0.13
STP HEOR07 0.11
EST HAX

2 0.11
1 0.13
5 0.11

2 0.22 3 0.11 5 0.23 1 0.11 5 0.11 4 2.87 1.5E-03 -2.82
2 0.25 7 0.11 2 0.13 5 0.13 3 0.13 6 4.15 2.5E.03 -2.61
7 0.22 6 0.11 4 0.23 5 0.11 5 0.11 6 5.44 1.3E.02 -1.89

10.00 1.0E+00 0.00

Regression Output:
Constant -4.14
Std Err of Y Est 0.160
R Squared 0.989
No. of Observations 4
Degrees of Freedom 2

X Coefficient(s) 0.4114
Std Err of Coef. 0.0297

Preceding II Plant Time Training 8
Conc. Actions Interfaces Adequacy Procedures Complexity Experience Stress
Meight Score Meight Score lieight Score I/eight Score lleight Score Meight Score I/eight Score FLI P(fail) LOG(p(fail))
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Table B-20 {Page 5 of 5). Quantification of Recovery Action Evaluations into Human Error Rates
Dynamic Nunan Action Evaluation for: Brow+ Ferry Nuclear Plant, Unit 1

Evaluation Team: Recovery
Action Grouping Logic: RS - Plant Interfaces Important, Procedures Not Important

Preceding 8 Plant Time Training 8
Conc. Actions Interfaces Adequacy Procedures Cocpiexity Experience Stress

Action Code Meight Score Meight Score Meight Score Meight Score Meight Score Meight Score Meight Score FLI P(fail) LOG(P(fail))

UJ

O

Rated Actions
HAX

HIN

OSPRC1 0.18 1 0.2T 0
OSPR01 0.18 1 0.27 0

0.09 0 0.00
0.09 0 0.00

10.00 6.4E-01 -0.19
10 0.18 2 0.09 4 0.18 1 1.09 8.5E-OS -4.07
10 0.18 3 0.09 4 0.18 4 1.82 1.8E-04 -3.75

0.00 2.9E-OS -4.54

Q
C
CL
C

Calibration Actions
Big Rock BR5 0.11
Fermi OL1 0.11
EST HAX

5 0.22
8 0.22

6 0.07 5 0.11
8 O.OT 5 0.11

5 0.16 6 0.22 6 0.11 6 5.71 1.4E-02 -1.85
9 0.16 8 0.22 7 0.11 9 7.T9 2.8E-02 -1.55

10.00 1.DE+00 0.00

Regression Output:
Constant -4.54
Std Err of Y Est 0.488
R Squared 0.879
No. of Observations 3
Degrees of Freedom 1

X Coefficient(s) 0.4349
Std Err of Coef. 0.1608
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table B-21. Recovery Human Error Rate Distributions Used for Quantification of the
Browns Ferry PRA

Oatabasc Brief Description
Variable

Top
Event

Neon
HER/

Oemand

5th Hedian 95th
HER/

Oemand

HOCI S1

IIOEE1

Ensure That Various Normal fy Closed
Valves are Closed, Given Group 6
Isolation is Required

Align and Start One RHRSM Swfng Pump,
Given LOSP and Insufficient EECM to
Ofescl Generators

CIS 0.003620 0.000242 0.00'f750 0.012200

0.000506 0.000018 0.000184 0.001840

HOEE2 Alfgn and Start One RHRSM Swing Pmp,
Given LOSP, ATMS, and Insufficient EECM
to Ofesel Generators

OEE 0.016100 0.001900 0.009780 0.048700

HOFLRB Identify and Isolate Leak fn Either
North or South EECM Header

OFLRB 0.003020 0.000202 0.001460 0.0'f0200

HOLP1 Control RPV Level Usfng LPCI Node of RKR
or the Core Spray System

OLP 0.001500 0.000004 0.000346 0.004660

HOP CA1

HOR480

HORP3

Hanually Start Two Afr Coepressors,
Given Loss of Offsfte Power

Alfgn 480V RNOV Board (28) to Alternate
Source

Start RHR/Core Spray Purps for Low
Prcssure Injection, Given LOSP, Loss of
0/Gs, and Power Rccovcrcd withfn 6
Hours.

PCA 0.001150 0.000003 0.000070 0.004350

OR480 0.001090 0.000039 0.000398 0.003970

ORP 0.043600 0.005140 0.026400 0.131000

HOSPRC

HOSPRO

HOU11

Hanually Close LPCI Injection Valves To
Restore S~ressfon Pool Cooling.

Hanually Open Valves To Alfgn RKR for
Suppressfon Pool Cool fng.

Crosstie Unft 1 Pumps and Heat Exchanger
to Unit 2 Torus, Given Flood in Reactor
Building Basement, Unit 2 Condenser
Unavailable.

OSPR

OSPR

0.000226 0.000008 0.000082 0.000823

0.000480 0.0000'17 0.000175 0.001740

0.016100 " 0.001900 0.009780 0.048700

HOU12 Alfgn Alternate Sources of Mater To
Haintain RPV Level, Given a Leak in the
Torus Ring Header, Condenser Lost as a
Heat Sink fn Unit 2

OU1 0.043600 = 0.005140 0.026400 0.131000

HOUB1

HOUB2

Restore Power to Both Units 1 and 2 Unit
Board (4 kv), Gfvcn Loss of Hain
Electrical Feed to that Unit

Restore Power to Both Units 1 and 2 Unit
Boards (4 kV), Gfven Loss of 500 kV Grid

UB

UB

0.002820 0.000188 0.001360 0.009510

0.005030 0.000337 0.002440 0.017000

HOVS1 Close a Valve To Isolate a High/Low
Prcssure Leak that Occurs during
Surveillance Testing of a CS or LPCI
Injection Line

OVS 0.001600 0.000057 0.000582 0.005810

KOVS2 Respond To Inadvertent Failure of
Hfgh/Low Pressure Interface Valve fn the
CS or LPCI Injectfon Lines during Normal
Operations.

OVS 0.004230 0.000283 0.002050 0.014300

TABLEB21.BFN.OB/30/92
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Browns Ferry Unit 2 individual Plant Examination Revision 0

C. THERMAL-HYDRAULICCALCULATION AND TIMING
USTIFI ATIONS F R DYNAMICAND RECOVERY OPERATOR ACTIONS

This appendix presents the reasoning and simplified thermal-hydraulic analyses to support
the selection of time windows for the human actions that appear in the event sequence
models. The individual action definitions are listed in alphabetical order by type (dynamic
or recovery) as they appear in Section 3.3.3 and Appendix B with the time constraints that
apply to the risk model. Accident sequences have been classified into two categories:
dynamic and recovery. These actions differ primarily by when they were identified and
incorporated into the plant model. Dynamic actions were identified during the initial
construction of the model and were evaluated by three operator teams. Recovery actions
were identified during the review of the preliminary quantifications and address actions
that reduce the frequency of important accident sequences in those preliminary
quantifications. The recovery actions were evaluated by one group of operators. The
dynamic actions are listed in Section C.1, while the recovery actions are listed in
Section C.2.

The time constraints presented on the Operator Response Forms are not an explicit
variable used to obtain the human error rate (HER) directly from a correlation. Rather, they
provide information for one of the performance-shaping factors considered by the
operators during their evaluation. During the elicitation process, they are asked to use the
time constraints as a guide for the evaluation of the degree of difficultyof the action. It
forms one of the bases by which they formulate the context of the action for the
evaluation process. Because of this, the preciseness of the time constraints is'not as
important as it would be if an explicit time-dependent correlation were used to quantify the
HERs.

To expedite the preparation of Operator Response Forms and the interview of operator
teams, best estimates of the time available for the hypothesized actions were made by the
plant modelers, licensed operators, and the human action analyst preparing the forms. As
Appendix C was developed to verify the time constraints, some discrepancies between the
best estimate times and those determined by thermal-hydraulic calculations were found
after the operators completed their evaluations based on the initial estimates. Each of
these discrepancies is identified below with a footnote number. The footnotes assess the
impact of the discrepancy on the evaluated failure rate. As discussed above, the time
constraints are only one input that the operators use to assess the degree of difficultyof
the action. Therefore, the discrepancies generally have an insignificant impact on the
evaluation results.

Many justifications are based on the rate of change of fluid levels in the reactor pressure
vessel (RPV). These rates are dependent on the volume of fluid available per unit height.
Table C-1 (based on Reference C-1) calculates these volumes, and the results of two
important regions are shown on the following page.

APPXC. BFNOS/29/92 C-1



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Active Fuel

Region Average Volume
(gallons per inch of level indication)

95 (includes downcomer)

Top of Active Fuel (TAF) to Bottom of
Steam Dryer Panels

200 (excludes volumes due to internal
structures)

C.1 DYNAIVII ACTI NS

HOAD1: Inhibit Automatic Depressurization System (ADS) actuation, Given
Anticipated Transient without Scram (ATWS) with an Unisolated Vessel

Timing: Time to -122" dependent on suppression pool heatup, but approximately 10
minutes. Four minutes are provided by the timer after reaching -122", for a
total of 14 minutes.

This action applies to scenarios in which the RPV is not isolated and feedwater remains
available. The limiting condition is the requirement to lower the RPV level for power
control once the suppression pool temperature is above 110' (EOI, C5-5).

Under unisolated conditions, the turbine bypass valves (TBV) can dissipate approximately
30% of full power. If the reactor is at 50% power, the additional 20% will be absorbed
by the suppression pool. Using the operators'ule of thumb that the suppression pool
rises 1'er open safety relief valve (6% power) per minute, Table C-2 indicates that the
requirement to lower the level will be reached at approximately 9 minutes if the
suppression pool is initially at 80 F.

Once injection is terminated, the RPV level will drop to -122" within approximately 2
minutes (see Table C-3). Given these two times, 10 minutes provides a reasonable time
frame during which the condition for timer initiation can be reached. Four minutes is
provided by the timer once -122" is reached, for a total of 14 minutes.

Using the heat balance calculations in Table C-2 to verify the rule-of-thumb, the
requirement to lower level will be reached at approximately 6 minutes if the suppression
pool is initiallyat 80 F, resulting in a total of 8 minutes until -122" is reached. As the key
to this action is the response to the ADS timer, the difference in the rule-of-thumb time
versus the thermal-hydraulic time is judged to not impact the operator evaluations. In.
addition, the time for the RPV level to decline does not account for the decrease in power
achieved by lowering the level. That relationship can significantly lengthen the time
required to boil down to -122". This would tend to lengthen the time constraint to the 10
minutes given to the operators.

APPXC.BFN08/29/92 C-2
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HOAD2: Inhibit ADS Actuation, Given ATWS with an Isolated Vessel

Timing: Level drops to -122" within 2 minutes without injection; primary
containment pressure ) 2.45 psig when isolated. Must inhibit prior to 95-

'econd timeout.

When the RPV is isolated, feedwater is not available to maintain level, and the RPV will
boil down to -122" after approximately 1 to 2 minutes (see Table C-3). When the stated
pressure and level conditions both exist, the timer delay is lowered to 95 seconds.

HOAL1: Allow RPV Level To Drop and Control at Top of Active Fuel, Given ATWS
with Unisolated Vessel

Timing: Initiate when required in the event. Initiate and gain control of injection
within 1 minute of reaching -162" to avoid going below -190".

When the water level is at the top of active fuel, the power/level relation is assumed to
have reduced the power level to the range of 5% or lower (Reference C-2, p. 8-14-27).
There are approximately 95 gallons per inch of water in the RPV in the region of the active
fuel. Using these values, Table C-4 estimates that approximately 1 minute is available to
gain control before -1 90" is reached.

HOAL2:

Timing:~ ~

Lower and Control RPV Level at Top of Active Fuel, Given ATWS with
isolated Vessel

Initiate and gain control of injection within 1 minute of reaching -162" to
avoid going below -190".

The suppression pool will heat up to 110'F within 3 to 5 minutes if all of the heat
generated during the ATWS is discharged to it (Table C-2).

Justification for time constraint to regain level control is the same as action HOAL1. The
critical time restraint for the action is judged to be gaining control of the level in the region
of the active fuel.

HOBC1: Cooidown with Turbine Bypass Valves, Given Either HPCI or RCIC Available

Timing: Not time sensitive; do as required during first 6 hours.

This action is intended to assist cooldown, given that there is difficulty in achieving the
desired cooldown rate with the pressure control capability of high pressure coolant
injection (HPCI) not available. The operators were asked to rate their ability to achieve the
desired result over the 6-hour cooldown period. Success simply makes it unnecessary for
HPCI or reactor core isolation cooling (RCIC) to operate for more than a 6-hour mission
period.

APPXC.BFN08/29/92 C-3
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HOBD1: Depressurize with TBVs after Loss of HPCI/RCIC

TImlng: Approximately 15 minutes to boil down from %5" to -122" at 2% decay
heat.

Operator alert for action at -45" was taken because that is the automatic initiation point
for HPCI and RCIC. Failure of automatic initiation will force them to consider alternative
measures to cool the core. Table C-5 indicates that approximately 16 minutes are
available until -122" is reached, the MSIVs close, and the option to depressurize with the
TBVs is no longer available. (The time is extended to 26 minutes if the control rod drive
hydraulic system (CRDHS) is operational.) The option to bypass main steam isolation
valve (MSIV) closure is available only during an ATWS.

HOCRD1: Align "Enhanced Flow" CRDHS, Given HPCI/RCIC Fail after 6 Hours

Timing: Not time sensitive; more than 90 minutes available to align second pump.

At 6 hours after shutdown, the decay heat will have declined to less than 0.8% of full
power, and it will continue to decline. This action is required in the probabllistic risk
assessment (PRA) model for those scenarios where the pressure has not declined. Under
these circumstances, Table C-6 indicates that normal flow of approximately 150 gpm from
the one control rod drive (CRD) pump will maintain flow for at least 15 hours.

The PRA model made the conservative assumption that enhanced flow would be required
if the RPV were not depressurized in the first 6 hours. The time constraint of 90 minutes
given to the operators is also very conservative. It was set at this value to relate to the
operators that a large amount of time is available to accomplish this action.

HOCRD2: Align and Operate "Enhanced Flow" CRDHS, Given Enhanced Mode Is
Required (HPCI/RCIC failed)

Timing: More than 45 minutes to reach top of active fuel, with no injection at 2%
decay heat.

The calculations in Table C-6 indicate that over 56 minutes is required to boil down to the
top of active fuel if the decay heat averages 2% of full power, given that one CRD is
runriing. Thus, the 45-minute time window used was conservative.

1An initial estimate of 20 minutes was given to the operators during their evaluations
based on an operator rule of thumb that steam generation is 133,000 Ibm per hour per
percent power. This value accounts for the requirement to heat subcooled feedwater.
The actual thermal-hydraulic parameters used above assumed that liquid available for
boiling is saturated at 1,000 psia. The difference in available time has no impact on the
evaluations performed by the operators.
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HODWS1: Initiate Drywell Spray

~ ~

~ ~

Timing: Assume 20 to 60 minutes to avoid primary containment conditions that
could result in release of radioactive materials into the environment.

This time constraint was given to the operators to indicate that the majority of more
frequent accident sequences result in slowly evolving primary containment challenge
scenarios. Given this most likely result, the operators were asked to consider the action
with some degree of flexibilityto act.

The actual timing for this action is scenario dependent. This evaluation is performed as
part of the Level 2 analysis. The time constraint given to the operators was selected after
discussion with Level 2 analysts having experience on other PRAs as being a reasonable
representation of the situation that the operators would be expected to encounter.

HODWS2: Initiate Drywell Spray, Given ATWS

Timing: Assume 10 to 40 minutes to avoid primary containment conditions that
could result in release of radioactive materials into the environment.

The reasoning for this action is similar to action HODWS1. As the success of maintaining
primary containment integrity depends on achieving subcriticaiity in a reasonable period of
time, the time constraints were stated the same as that action. In this case, the operators
were asked to recognize the additional heat that had been added to the primary
containment; however, but for the reasons stated in the second paragraph of the
HODWS1 justification, the time constraints were kept very general.

HOF1 Control One Feedwater Pump and Hotwell Level, Given Autocontrol was
Successful

Timing: Monitor during cooldown (up to 24 hours). Respond to alarm within
5 minutes to avoid automatic trip.

The time available for response depends on the magnitude of mismatch between steam
demand and feedwater flow. If the RPV level alarms at +39" and automatically trips at
+55", a 5-minute response time corresponds to a mismatch of approximately:

Mismatch of flow rates + (200 gal/In)(16 inches)/5 min = 640 gal/min

At 1% power, the feedwater flow necessary to maintain RPV level is approximately (using
enthalpies of 1,200 Btu/Ibm for steam boiled during cooldown and 80 Btu/Ibm for the
feedwater):

fi (33MWt) (3A1 x 1 0 Btu/hr-MWt) (.01 62ft /Ibm) (7.48gal/ft ) 203 ai/min
(1,120Btu/Ibm) (60min/hr)

1 The Operator Response Form stated "tens of minutes" as the time constraint. The more
specific range given here is intended to convey a better feeling for the rate at which a
scenario could develop.
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Therefore, the response time assumes that the anomaly could increase flow from
approximately 200 to over (200 + 640=) 840 gpm, or four times normal flow.

HOF2: Control One Feedwater Pump and Hotwell Level, Given Autocontrol Fails

Timing: Continuous requirement during cooldown (up to 24 hours). Respond to
alarm within 5 minutes to avoid automatic trip.

Reasoning for time constraint is the same as for action HOF1.

HOF3: Control Feedwater Pumps and Hotwell Level, Given Autocontrol is
Successful but Operators InitiallyFailed To Trip Two Feedwater Pumps

Timing: Respond in approximately 2 minutes to avoid automatic trip.

This is a backup to the automatic control to stop feedback oscillations. The mismatch
necessary to achieve an automatic trip at +55" within 2 minutes will be 2.5 times that of
action HOF1, or 1,600 gal/min. This is eight times the amount of flow needed to maintain
level.

HOF4: Restore and Control RPV Level with Feedwater Following Shutdown from
ATWS

Timing: Continuous control during refill/cooldown (to 24 hours). Once normal level
achieved, respond in 5 minutes to avoid automatic trip at + 55".

As level is being restored, this action requires continual control. Once ATWS is terminated
and level is restored, the requirement for feedwater to offset decay heat declines to normal
levels. Consequently, the reasoning for response time constraints becomes the same as
for.action HOF1.

HOFTI: Trip Two of Three Feedwater Pumps To LimitFeedwater Row

Timing: Respond in approximately 2 minutes to avoid automatic trip of all 3 pumps.

The time constraint for this action is dependent on the initial level of the RPV following
shrinkage and the degree to which the feedwater controller has responded to the transient.
For example, if the RPV level immediately after trip is +5", a mismatch exceeding [50
inches) (200 gal/in)/2 min =l 5,500 gallons per minute would be required to produce an
automatic trip within 2 minutes. Based on discussion with operators who have
experienced plant trips, 2 minutes is judged to be a reasonable time constraint for this
action.

HOHC1: Control RPV Level and Pressure with HPCI and/or RCIC during First 6 Hours

Timing: Continuous requirement; react within 5 minutes of high level alarm to
prevent automatic HPCI trip at + 55".

This action is accomplished after the operators have successfully initiated HPCI/RCIC
injection in action HOHS1. The time constraints for controlling are based on potential

APPXC.BFNOB/29/92 C-6
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mismatch of flow. If the RPV level alarms at +39" and automatically trips at +55", a 5-
minute response time corresponds to a mismatch of approximately:

Mismatch of flow rates + (200 gal/in)(16 inches)/5 min = 640 gal/min

At 1% power, the feedwater flow necessary to maintain RPV level is approximately (using
enthalpies of 1,200 Btu/Ibm for steam boiled during cooldown and 60 Btu/Ibm
(corresponding to 90'F) for water drawn from the condensate storage tank (CST)]:

(33MWt) (3A1 x10 Btu/hr-MWt) (.0162ft /Ibm) (7.48gal/ft ) 198 gal/min
(1,140Btu/lbm) (60min/hr)

Therefore, the response time assumes that the anomaly could increase flow from
approximately 200 to (198 + 640 =) 838 gpm.

HOHC2: Control RPV Level and Press with HPCI during First
6 Hours, Given RCIC Failed or Insufficient

Timing: Continuous requirement: react within 5 minutes of high level alarm to
prevent automatic HPCI trip at + 55".

Reasoning for this time constraint is the same as for action HOHC1. As the operators are
controlling injection by splitting discharge from the HPCI pump between the RPV and
recirculation to the CST, a mismatch of flow involving the design flow of the HPCI is not
used as a time constraint for this action.

HOHC3: Control RPV Level and Pressure with RCIC during First 6 Hours, Given HPCI
Failed

Tlnling: Continuous requirement; react within 8 minutes after alarm to prevent
automatic RCIC trip at + 55".

At 1% decay heat, RCIC must supply approximately 200 gpm to the RPV. The rated flow
rate for RCIC is 600 gpm, for a mismatch of 400 gpm. Given a high level alarm at +39"
and high level trip at +55", the time constraint for response to anomalies is:

time (200 gaifinches) (55 -39 ~ 8 minutes
(400gal/min)

3An initial estimate of 15 minutes was given to the operators during their evaluations
based on the anticipation that the mismatch would result from a gradual decline in the
demand for makeup water. This calculation is bounding. In the actual evaluation, the
operators gave the same degree of difficultyscore to the 5 and 15-minute time constraints
in their evaluations of HOHC2 and HOHC3.
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HOHC4: Control RPV Level with HPCI following Shutdown from ATWS

Timing: Continuous requirement; after recovery of RPV level, react within 5 minutes
after alarm to prevent automatic HPCI trip at + 55".

As level is being restored, this action requires continual control. Once ATWS is terminated
and level is restored, the requirement for feedwater to offset decay heat declines to normal
levels. Consequently, the reasoning for response time constraints becomes the same as
for action HOHC1.

HOHL1: Control RPV Level and Pressure with HPCI and/or RCIC 6 to 24 hours, Given
Short-Term Control Successful

Timing: Monitor cooldown. React to alarm within 15 minutes of indication to
prevent automatic trip at + 55".

During the 6 to 24-hour time frame, the decay heat will decline to from approximately
0.8% to 0.5%, given long-term operation prior to shutdown. Under these conditions, the
makeup rates to the RPV will be lower. If the HPCI is operating, it will be on recirculation.
Although gross failures of HPCI control that would result in direct injection of the HPCI
discharge into the RPV would result in a much shorter response time requirement, the
judgment of the operators indicated that 15 minutes would be a reasonable time for
response to typical control mismatches at these later times.

HOHL2: Recover and Control RPV Level and Pressure with HPCI and/or RCIC up to
24 Hours, Given Short-Term Control Failed

Timing: Continuous requirement; react to alarm within 15 minutes of indication to
prevent automatic trip at + 55".

As the decay heat generation considerations are the same as for action HOHL1, the time
constraints for that action also apply here.

HOHS1: Initiate HPCI Following Feedwater Failure, Given Two Stuck-Open Relief
Valves

Timing: Estimate 10 to 15 minutes before MSIV closure at -122".

When two SRVs are stuck open, the rate that the liquid level drops depends on the
amount and rate of depressurization. Assuming that the RPV depressurizes to 350 psia,
Table C-7 indicates that approximately 65 inches of the RPV inventory could boil off during
that process. Using the resulting level as a starting point for RPV level reduction due to
decay heat, Table C-7 indicates that -122" will be reached in approximately 16 to
27 minutes, depending on injection by the CRDHS. Thus, the estimate of 10 to 15
minutes is conservative.
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Initiate HPCI/RCIC following Feedwater Failure, Given One or No Stuck Open
Relief Valves

Timing: Estimate 10 to 15 minutes before MSIV closure at -122"4

At 2% decay heat generation, Table C-8 shows that approximately 26 minutes are
available before the RPV level reaches -122" if the initial level following shrinkage is
approximately +0". Water provided by the normally operating CRDHS will lengthen the
time available to 42 minutes. The criteria given above correspond more closely with the
risk model because success is achieved if HPCI/RCIC can gain control of RVP level to avoid
MS!V closure.

HOHS3: Initiate HPCI following Feedwater Failure during Recovery after ATWS

Timing: Restart within 5 minutes ifat top of active fuel to avoid level below -190".

Loss of feedwater is assumed to occur on attempt to restart the feedwater pumps at the
top of the active fuel (-162"). Table C-9 estimates that the time required for the water
level to decline to -190" is approximately 3 minutes, assuming a decay heat generation
rate of 2% and no injection into the core. If the CRDHS are operating an injection rate of
200 gpm, the time will be extended to 5 minutes.

HOJC1: Control RPV Level with Condensate by Alternate Means, Given Startup
Bypass Valve Fails

Timing: Assume 30 minutes before other means of level control would be sought.
Approximately 2 hours to core uncovery if no means to cool core found.

Control LPCI To Maintain Vessel Level at Top of Fuel, Given ATWS

The demand for condensate occurs at approximateiy 350 psia. It is assumed that by the
time cooldown has progressed to this point, the reactor will be shut down for 6 hours.
Under these conditions, the decay heat will be less than 1%. Table C-10 shows that
approximately 2 hours are required to boil down to the top of the active fuel, given no
other injection into the core.

I

HOLA1:

Timing: Continuous requirement for close control until subcriticality and refill.

The time constraints for action HOAL1 indicate that injection must be initiated and
controlled within 1 minute. This action is a continuation of that action, and the operators
judged the time constraints of the action based on the requirement to respond to
level/power changes continually.

"The operators evaluated this action considering the time to automatic actuation
at -45", which was estimated as 10 to 15 minutes and is conservative.
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HOLC1: Transfer to Condensate in Startup Bypass Mode; Feedwater is Available
during Cooldown

Timing: Assume 30 minutes before other means of level control would be sought.
Approximately 2 hours to core uncovery if no means to cool core found.

Justification is the same as for action HOJC1.

HOLC2: Place Condensate in Startup Bypass Mode, Given it was Maintained
Operational during Cooldown and Feedwater Failed

Timing: Assume 30 minutes before other means of level control would be sought.
Approximately 2 hours to core uncovery if no means to cool core found.

Justification is the same as for action HOJC1.

HOLP1: Control RPV Level Using LPCI Mode of RHR or the Core Spray System

Timing: Initiate after cooldown. Not time sensitive; over 2 hours to core uncovery
from normal RPV level with no injection.

Assuming that cooldown takes 4 hours or longer, the decay heat will have declined to
approximately 0.9% full power. At this heat generation rate, RPV level will decline at a
rate slightly lower than that given in Table C-10, which leads to more than 2 hours being
available.

HOPTR1: Terminate Feedwater Flow, Given Feedwater Rampup

Timing: One to two minutes after alarm to avoid RPV overfill to + 114"

The action modeled by HOPTR1 considers initiating events resulting from catastrophic
feedwater controller failures that cause overfeed of the RPV. In response to this event,

The time constraint originally given to the operators was 5 minutes, based on a more
gradual transition to the mismatch condition. However, the impact of the shorter period of
1-2 minutes is expected to have little or no impact on the original operator evaluations for
the following reasons. First, the licensed SRO member of the PRA team judges that
15 seconds is a conservative estimate of the time required to trip the feedwater pumps
once the mismatch is recognized. Second, since the unit is at power, and the RPV level is,
one of the critical parameters closely monitored by the operators, 45 seconds provides
adequate time to recognize the condition. The additional 4 minutes given to the operators
in the initial evaluation would not significantly increase their likelihood of recognizing the
situation if they did not do so in the first 45 seconds. Third, the three groups actually
scored the degree of difficultyof the PSF for time adequacy as 4, 6, and 8. This indicates
that all groups recognized that time would be a concern and at least one appears to have
chosen to consider the possibility of rapid fill rates in their evaluation. Considering the
above discussion, the range of evaluations for the time PSF is judged to be reasonable by
both the human action analyst and the licensed SRO. Therefore, the overall quantitative
evaluation was not changed.
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either the automatic trip function or this operator action must succeed to avoid spilling
water into the main steam line and failing HPCI/RCIC. If it is assumed that feedwater
controller failures usually result in flow rates of 115% to 135% full flow, excess flow can
jump to between 15% and 35% of normal feedwater flow. At 1,000 psia, the time
available before overfill to the main steam line due to excess flow would then be

35% t (200galfinch) (60min/hr) (114 -39 )

(1.33 x 10+7lbm/hr) (.35) (.0216ft /Ibm)(7.48 gal/ft3)-

15% t (200gal/inch) (60min/hr) (114 -39 )

(1.33x10'bm/hr) (.15) (.0216ft /Ibm)(7A8gal/ft )

Consequently, a time constraint of 1 to 2 minutes may be reasonably applied to gross
failures of the controller. This is judged to provide sufficient time for feedwater pumps to
run down and stop injecting.

HORF1: Restart and Control One Feedwater Pump Following + 55" Trip

Timing: Approximately 30 minutes at 2% decay heat.

The success of this action avoids the automatic start signal at A5". The limiting case for
the time constraint is following failure to avoid the feedwater trip initially (action HOFT1),
when the decay heat is at its maximum. Table C-11 estimates that with 2% decay heat
and saturated water at 1,000 psia in the RPV, approximately 38 to 60 minutes are
required to boil down to -122". The automatic initiation will occur at -45". Either the
automatic initiation or the operator action can avoid closure of the MSIVs at -122", if they
are open. The time constraint of 30 minutes is considered a reasonable representation of
response requirement to the operators for these conditions.

HORP1: Start RHR and/or Core Spray Pumps for Low Pressure Coolant Injection
(LPCI), Given High Pressure Injection Successful

Timing: Not time sensitive; at least 2 hours to boil down from normal level after
normal cooldown.

Justification is the same as for action HOJC1.

HORP2: Start Residual Heat Removal (RHR) and/or Core Spray Pumps for LPCI, Given
High Pressure Injection Fails

Timing: At least 20 minutes to align as level declines.

If high pressure injection fails, the reactor is assumed to remain at 1,000 psia. Table C-12
indicates that approximately 25 to 40 minutes are available from -45", where failure of the
automatic initiation of HPCI/RCIC would be one additional cue to the operators for the
necessity of this action, until the top of active fuel is reached.
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HORPS1: Backup Automatic SCRAM Function with Pushbuttons and Manual Alternate
Rod Insertion (ARI)

Timing: Within 1 minute.

The timing for this action is assigned judgmentally to represent a reasonable time frame in
which a successful reactor scram can avoid the major challenges of an ATWS everit.

HORVD1: Open One Safety Relief Valve (SRV) To Assist HPCI or RCIC Cooldown

Timing: Not time sensitive; do as required.

This action questions whether the operators'se of MSRVs to assist cooldown to avoid
the requirement to operate the HPCI/RCIC more than 6 hours. The action is done as
necessary to maintain the desired cooldown rate. It is included to justify thB UsB of a
mission time of 6 hours for the HPCI and RCIC when both shutdown cooling and MSRVs
are available.

HORVD2: Rapidly Depressurize by Manually Opening MSRVs, Given HPCI and RCIC
Hardware Failed

Timing: 5 to 10 minutes to recognize need to emergency depressurize. 3 to
5 minutes to -190" once -162" reached.

The timing justification for action HORP2 stated that if high pressure injection fails, the
reactor is assumed to remain at 1,000 psia. Table C-12 indicates that approximately 25
minutes are available from the automatic initiation of HPCI/RCIC until the top of active fuel
is reached. The time constraint of 5 to 10 minutes for recognizing that emergency
depressurization is required provides the time required for action HORP2 to be
accomplished. Once the level drops to the top of active fuel, Table C-9 indicates that thB
operators have from 3 to 5 minutes to initiate depressurization before -190" is reached.

HORVD3: Emergency Depressurize by Manually Opening NISRVs, Given HPCI/RCIC
Control Failed

Timing: 5 to 10 minutes to recognize need to emergency depressurize. 3 to
5 minutes to -190" once -1 62" reached.

Justification is the same as action HORVD2.

The operators evaluated this action with the time constraint that 5 minutes are available
to initiate depressurization once TAF is achieved. As they will have bBBn working to
reestablish cooling while the level declined and the action can be done quickly, thB
difference in time is judged to have an insignificant impact on their evaluations,
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HOSD1: Align RHR for Shutdown Mode of Cooling

Timing: Not time sensitive; can be done over the course of hours.

The operators have the option to switch to shutdown cooling over a wide period of time.
Under these circumstances, factors other than time constraints would impact the success
of the action.

HOSD2: Align RHR for Shutdown Mode of Cooling, Given One Loop Unavailable

Timing: Not time sensitive; can be done over the course of hours.

The operators have the option to switch to shutdown cooling over a wide period of time.
Under these circumstances, factors other than time constraints would impact the success
of the action.

HOSL1: Actuate Standby Liquid Control (SLC), Given ATWS with Unisolated Vessel

Timing: 3 to 5 minutes available to avoid level/power control requirement.
Suppression pool reaches 170 F in.20 minutes.

If the reactor remains at 50% power in an unisolated mode, the TBVs are capable of
discharging approximately 30% of full-power flow to the condenser. The remaining 20%
is discharged to the suppression pool. Table C-2 indicates that the heatup rate under
these conditions is approximately 4.7'F per minute. Using this rate of heatup, the
suppression pool will reach 110'F in approximately 6 minutes and 170'F in approximately
19 minutes with no suppression pool cooling.

With the RPV in an unisolated condition, if the operators can initiate SLC minutes before
the suppression pool reaches 110'F, the reactor power may decline to the point where the
bypass valves and condenser can handle the power level. The 3 to 5-minute time frame
was judgmentally assigned to encompass this option.

HOSL2: Actuate SLC, Given ATWS with Vessel Isolated

Timing: At 50% power, the suppression pool reaches 1104F in approximately
2 minutes and 170 F in 7 minutes.

If the reactor remains at 50% power in an isolated mode, all generated heat must be
discharged to the suppression pool. Table C-2 indicates that the heatup rate under these
conditions is approximately 12'F per minute. Using this rate of heatup, the suppression
pool will reach 110 F in approximately 2 minutes and 170'F in approximately 7 minutes
with no suppression pool cooling.

An original estimate of 3 minutes to 110 F and 10 minutes to 170'F was used during
the operator evaluations. This was based on an operator rule of thumb that one SRV at
full flow (discharging 6% power to the suppression pool) raised the temperature of the
suppression pool at a rate of 1'F per minute. The slightly shorter times obtained by the
thermal-hydraulic calculation are judged to have no impact on the evaluations.
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HOSP1: Align RHR for Suppression Pool Cooling

Timing: Not time sensitive; approximately 1 1/2 hours before suppression pool
temperature exceeds 140'F.

Using the parameters for suppression pool heatup from Table C-13, the suppression pool
will heat up at a rate of approximately 0.5'F per minute. At this rate, it will take
approximately 94 minutes to heat up from the alarm temperature of 95'F to 140'F. The
140'F temperature limit was selected to correspond to the upper limit of the RCIC upper
design limit (Browns Ferry FSAR, Table 4.7-1; Reference C-3).

HOSP2: Align RHR for Suppression Pool Cooling, Given ATWS

Timing: Approximately 10 minutes until heat capacity temperature limit (HCTL) if
unit at 50% power.

The heatup rate for the suppression pool is the same as for action HOSL2, or
approximately 12'F per minute at 50% power. The HCTL for the suppression pool is
dependent on the RPV pressure but is 180'F at high pressure, where the reactor is
expected to be during an ATWS with MSIVs closed. Under these conditions, suppression
pool cooling should be initiated within 10 minutes.

A review of the evaluations indicates that the operators have accounted for the shorter
period of time available for this action. In addition, since the RHR heat exchangers are not
sized for an ATWS, the impact of suppression pool cooling will be significant to the risk
model only if the operators are successful in making the reactor subcritical. In this case,
the time window calculated above under the assumption of a 50% power level will be
extremely conservative. Consequently, the evaluations of the operators with respect to
the 40-minute time constraint are considered to be reasonable.

HOSP3: Align RHR for Suppression Pool Cooling, Given one Path Unavailable

Timing: Not time sensitive; much more than 1 hour before suppression pool
temperature exceeds 1404F.

Justification is the same as for action HOSP1.

'he original time of 40 minutes was given to the operators who used the wrong heatup
rate to determine the time available for this action. This error could lead to evaluations
using lower failure rates than might be expected for a 10-minute time constraint under
ATWS conditions. However, since suppression pool cooling will be effective only if the
operators succeed in making the reactor subcriticai, the time constraint they were given is
judged to not impact the evaluation results significantly.
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HOSV1: Defeat MSIV Closure Logic, Given ATWS with Turbine Trip

Timing: Accomplish in first 10 minutes of transient; approximately 7 minutes before
suppression pool reaches 1104F, forcing lowering of level.

The justification for the time constraints of action HOAD1 applies to this action.

The action is used in the risk model when both feedwater and the condenser are available.
'Consequently, RPV level can be maintained until the Emergency Operating Instructions
(EOI) require power/level control when the suppression pool reaches 110'F. At that time
injection must be terminated for power/level control. These conditions are very similar to
those used for establishing the time constraints for action HOAD1.

HOSW1: Transfer Mode Switch To Refuel/Shut Down in Response to Scram

Timing: Not time significant for typical pressure reduction rates.

Under most transient conditions, the time frame during which this action must be done
depends on when the operators decide to depressurize. Their comments and evaluations
reflected the fact that time is not a dominant consideration for the success of the action.

HOTB1: Backup Main Turbine Trip

Timing: Do within 1 minute to avoid MSIV closure.

The risk model assumes that an uncontrolled depressuriz ation will lead to core damage. If
the turbine fails to trip, two lines of defense are available: backup turbine trip and
automatic closure of the MSIVs. The 1-minute time constraint was assumed to provide a
reasonable minimum time during which the operators would recognize excessive
depressurization symptoms and trip the turbine to avoid MSIV closure.

C.2 RE VERY A Tl N

HOCIS1: Ensure That Various Normally Closed Valves are Closed, Given Group 6
Isolation is Required

Timing: Assume at least 1 hour available after Group 6 isolation before release of
radioactive materials into primary containment begins.

This action was hypothesized to account for closing valves that are normally closed during
operations but could be temporarily opened for various purposes. Under these
circumstances, the personnel responsible for the activity would close them in the event of
a transient interrupting the activity.
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HOEE1: Align and Start One Residual Heat Removal Service Water (RHRSW) Swing
Pump, Given Loss of Offsite Power (LOSP) and Insufficient Essential
Emergency Cooling Water (EECW) to Diesel Generators

Timing: Five minutes available before diesel generator exceeds design temperature.

Reference C-4 estimates that there are 5.7 minutes available for an EECW pump to be
started manually before the jacket water temperature of a fully loaded diesel generator will
exceed a temperature of 208 F. This is based on a linear extrapolation of actual heatup
measurements to the setpoint of the thermostatic valve. The opening of this valve
establishes jacket water flow through the heat exchanger that provides cooling by the
EECW system.

HOEE2: Align and Start One RHRSW Swing Pump, Given LOSP, ATWS, and
Insufficient EECW to Diesel Generators

Timing: Rve minutes available before diesel generator exceeds design temperature.

Justification is the same as for action HOEE1.

HOFLRB: Identify and Isolate Leak in Either North or South EECW Header

Timing: 20 to 30 minutes to avoid flooding RHR, Core Spray, HPCI, and RCIC.

This time is based on a hypothesized size of the break in the flooding analysis that would
cause the impact stated above.

HOPCA1: Manually Start Two Air Compressors, Given Loss of Offsite Power

Timing: Assume 1 hour before IVISRV air reservoir is depleted.

When required to maintain pressure under loss of offsite power conditions, the operators
will select a range of pressure from about 800 to 1,050 psia. From operator experience
on the simulator with only RCIC, the initial cycle rate will be at least 3 to 5 minutes and
will gradually increase until the RCIC can maintain pressure control. Consequently, the
time estimate is conservative. (Also, the control air receiver tank and the nitrogen system
can resupply the MSRV reservoirs, if it is available.)

HOR480: Align 480V Reactor Motor-Operated Valve (RMOV) Board (2B) to Alternate
Source

Timing: More than 2 hours after RHR needed for core cooling, depending on
cooldown rate.

The 2 to 6-hour time constraint is based on HPCI/RCIC/CRDHS all failing at some point
after 6 hours into the scenario. At this point, the decay heat will be below 0.8% full
power, and RPV level will decline at a rate below 0.75 inches per minute. Consequently, it
will take more than approximately 4 hours for the RPV level to decline from normal level of
+30" to the top of active fuel at -162".
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HORP3: Start RHR/Core Spray Pumps for Low Pressure Injection, Given LOSP, Loss
of diesel generator, and Power Recovered within 6 Hours

Timing: Assume core uncovery within 30 minutes if AC power were not recovered.

The HPCI and RCIC pumps are assumed to operate for approximately 4 hours, at which
time the decay heat will have declined to less than 0.9% of full power. At this point in
time, the RPV level takes over 2 hours to decline to the top of active fuel. For this action,
AC power is assumed to be recovered 30 minutes prior to the onset of core uncovery.

HOSPRC: Manually Close LPCI Injection Valves To Restore Suppression Pool Cooling

Timing: Rrst indication of requirement 2 to 4 hours into transient. Suppression pool
rises from 954F to 1404F in 4 hours at 1% decay heat.

High suppression pool temperature alarms at 95 F. RCIC oil cooling system is challenged
when the suppression pool temperature reaches 140'F. Using these temperature limits,
Table C-14 documents the suppression pool heatup calculations used to estimate the time.

HOSPRO: Manually Open Valves To Align RHR for Suppression Pool Cooling

Timing: First indication of requirement 2 to 4 hours into transient. Suppression pool
rises to unacceptable temperatures in 12 additional hours.

Justification is the same as for action HOSPRC.

HOU11: Crosstie Unit 1 Pumps and Heat Exchanger to Unit 2 Torus, Given Flood in
Reactor Building Basement; Unit 2 Condenser Unavailable

Timing: Thirty minutes to avoid core uncovery if injection into RPV lost during the
initial phase of the flood.

The calculation in Table C-6 indicates that approximately 35 minutes are available until the
RPV level declines to -162". A time of 30 minutes was given to the operators to account
for a time period in which the cues may not be available to permit the operators to
recognize that their primary sources of cooling are in fact flooded.

HOU12: Align Alternate Sources of Water To Maintain RPV Level, Given a Leak in the
Torus Ring Header, and Condensate/Feedwater Lost in Unit 2

Timing: Thirty minutes if injection into RPV lost during initial phase of flood.

Justification is the same as for action HOU11.
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HOUB1: Restore Power to the Unit 1(2) Unit Board (4 kV), Given Loss of IVlain
Electrical Feed to that Unit

Timing: 15 to 20 minutes available before diesels generators required.

This action is called on during a loss of offsite power in which the HPCI and RCIC have
failed. Under these circumstances, if the above action is not accomplished or a diesel
generator does not start and run reliably, there is no injection into the core. Under these
conditions, the RPV liquid level declines to top of active fuel in approximately 35 minutes
(see Table C-6).

The above recovery action is provided in the model so that successful core cooling can be
achieved without the requirement for the diesel generators. The time constraint of 15 to
20 minutes for recovery of power to the unit board is assigned to provide the operators
with time to verify the alignment of alternate injection systems once AC power is
available.

HOUB2: Restore Power to Both the Units 1 and 2 Unit Boards (4 kV), Given Loss of
500-kV Grid

Timing; 15 to 20 minutes available before diesel generators required to operate in
the model.

Justification is the same as for action HOUB1.

HOVS1: Close a Valve To Isolate a High/Low Pressure Leak that Occurs during
Surveillance Testing of a Core Spray or LPCI Injection Line

Timing: Assumes 2 minutes for failure mechanisms in low pressure line to propagate
sufficiently to require reactor scram and safety system actuation.

As the size of the breach can vary, 2 minutes was judgmentally assigned to represent
what is considered to be a reasonable time for the operators to respond.

HOVS2: Respond To Inadvertent Failure of High/Low Pressure Interface Valve in the
Core Spray or LPCI Injection LInes during Normal Operations

Timing: Assumes 2 minutes for failure mechanisms in low pressure line to propagate
sufficiently to require reactor scram and safety system actuation.

Justification is the same as for action HOVS1.

C-1. General Electric Drawing 719E426, "Reactor Primary System WTS and VOLS."

C-2. GE Owners Group, EPG, Rev 4.
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C-3. Tennessee Valley Authority, "Browns Ferry Nuclear Plant Updated Final Safety
Analysis Report," revised by Amendment 8.

C-4. BFN BFEP-IVI3 Calculation, RIMS Accession Number B22 860416 108, "Diesel
Generator Temp. Rise at Full Load," April 16, 1986.
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Table C-1. Calculation of Selected Fluid Volumes in the Reactor Pressure Vessel Used
to Justify Operator Time Constraints

RPV TD 251 inches
RPV esty Vol+ac.... 28.63 ft3/in
RPV eapty Vole 214 gal/in
Vol of solids from top of active core to bottom of steam dryer panels

(Regions correspond to GE Drauing 719E426)
H 185.55 ft3 (upper core grid)
J 40.09 ft3

46.79 ft3
L 71.32 ft3
H 13.06 ft3
N 24.95 ft3
R 158.27 ft3 (steam separators)

Total 540.03 ft3
Elev above Vessel 0 635 in to bottan of steam dryer paneLs
Elev above Vessel 0 379 in to top of upper core grid
Elev above Vessel 0 361 in to top of active fuel

Mater (gal/in) - average from TAF to bottom of steam dryer panels
Vol of solids in RPV 2.0 ft3/in
Vol of solids in RPV 15 gal/in
Vol of fluid in RPV 199 gal/in average fran TAF to bottan of steam dryer

Mater (gal/in) - average fran top of upper core grid to bottan of steam dryer
Vol of solids in RPV 1.5 ft3/in
Vol of solids in RPV 11 gal/fn
Vol of fluid in RPV 203 gal/in

Mater (gal/in) - average Mfthfn the upper core grid
Vol solids in grid 9.8 ft3/in
Vol solids fn grid 74 gal/in
Vol of fluid fn grid 141 gal/in

Conclusions:
1. The rule-of-thumb of 200 gal/in for fluid volte above the core is

accurate.

2. The rate of Level decline vill increase by about 40X as Level
drops to ufthin 20" of the top of active fuel.

Fluid volte per inch in active core (from Reference C.2, GE DraMing 719E426)

Volune to TAF
VoLLm|e to BAF

VOLLtne 'in active fuel region

Height of active core ~

Volune of fluid/inch ~
Vofune of fluid/inch ~

Total Soffd Fluid (ft3)
7317.4 5077.7 2239.7
4509.5 4099,7 409.8
2807.9 978 1829.9 ft3

144 in
12.7 ft3/in

95 gal/in
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Table C-2. Actions HOAD1, HOAD2, HOSL1, and HOSL1: Heat Up of the Suppression
Pool During an ATWS

Action: HQAD1 (unisolated RPV) Action: HOAD2 (isolated RPV)

By operator rule-of-thigh of 1 degree/min per SRV full flow (6X power)

Given the heatup range,
'310 degrees F SP end tesperature
80 degrees F SP start temperature
20 X power

By the rule-of-thumb, the heatup rate fs
3.3 degrees/min

Mith th3s rate it takes
9.0 minutes for temperature to rise.

Given the heatup range,
110 degrees F SP end teoperature
80 degrees F SP start teaperature
30 X power

By the rule-of-thumb, the heatup rate is
5.0 degrees/min

Mith th3s rate it takes
6.0 minutes for teaperature to rise.

Heatup rate of suppression pool during an ATMS

By thermal. hydraulics with 1 Btu/Lbm/deg F

9.50E+05 gal in suppession pool
1.618-02 ft3/Lbm at 80 deg F

7.89E+06 Lbm in suppession pool
7.89E+06 Btu/deg F of teeperature rise.

3293 HMt/Unit
1.87E+08 Btu/min if unit at full power

20 X, Percent power
4.7 Oegees/minute teaperature rise

Given the heatup range,
110 degrees F SP end teeperature
80 degrees F SP start temperature

it takes
6.3 Hfnutes to heat over the range.

Keatup rote of suppress3on pool during an ATM

By thermal.hydraulfcs with 1 Btu/Lbm/deg F

9.50E+05 gal fn suppession pool
1.61E-02 ft3/Lbm at 80 deg F

7.89E+06 Lbm in suppession pool
7.89E+06 Btu/deg F of teaperature rise.

3293 HMt/Unit
1.87E+08 Btu/min if wHt at full power

50 X Percent power
11.9 Oegees/minute teaperature rise

Given the heatup range,
110 degrees F SP end temperature
80 degrees F SP start teaperature

it takes
2.5 Hinutes to heat over the range.
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Table C-3. Actions HOAD1 and HOAD2: Time for RPV to Reach -122" during an
ATWS, Given l.oss of All Injection to Core

RPV level calcuLations for 1,000 psfa

Actfon KOAD1, KOAD2

30
152
200

30,400
0.02159

6.2
1M,243

8,663,769

inches RPV start Level (after shrinkage if appffcable)
inches normal to -122 inches
Gal/fn fn RPV at normal Level
Gal in RPV from normal to -122 inches
ft3/Lbm for sat liquid at 1,000 psia
Lb/gal at 1000 psia
Lbm available for boil down
Lbm/hr at 50 X power i 173,275 Lbm/hr/Xpower

based on Kfg of 650 Btu/ibm
for pressure of 1,000 psfa.

144,396
116.59

1.3
0
0

100
830

1134

Lbm/min boil down rate
fn/mfn boll down rate
mfn to -122 " without
KPCl flow gpm
RClC flow gpm
CRD flow gpm
TotaL flow Lbm/min from CST
Stu/Lbm enthafpy change for

inject ion

water at 90 degrees f
CRD injected water

Pumping Coolant Additional
Tfme Pmped Time

Power Tfme Time
Level wo/lnj w/lnj

1.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1,083
11

0
0
0
0
0
0
0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

50 1.3 1.3
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Table C%. Action HOAL1: Time for RPV to Decline to -190" From Top of Active Fuel,
Given ATWS at 5% Power

RPV Level calculations in region of the active core at 1,000 psia
Actions: HOAL1, HOAL2

-162
28
95

2,660
0.02159

6.2
16,471

866,377

14,440
1.1

0
0

170
1,412

1134

Start Level
in from start to -190 inches
Gal/in in RPV in the region of ective fuel (including downcomer)
Gal in RPV from start to -190 inches
ft3/ibm for sat liquid at 1,000 psia
Lb/gal at 1000 psia
Lbm available for boil down
Lbm/hr at 5 )l power S 173,275 Lbm/hr/Xpower

based on Hfg of 650 Btu/Lbm
at a pressure of 1,000 psia.

ibm/min boil down rate
min to -190 4 without injection
HPCl flow gpm
RClC flow gpm
CRD fLow gpm (from CST at 90 deg F)
Total flow Lbm/min (using 0.0161 ft3/Lbm)
Stu/ibm enthalpy change for CRD injected water.

Pumping Coolant Additional
Time Pumped Time

Power
Level

Time Time
wo/lnj w/lnj

1.1
0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1,610
275
47

8
1

0
0
0
0
0

0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1.1 14
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Table C-5. Action HOBD1: Time for RPV to Decline from %5" to -122", Given Decay
Heat Generation Is 2% Power

RPV Level calculations for 1,000 psia

Action HOBD1

.45
77

200
15,400

0.02159
6.2

95,360
346,551

5,776
4.66
16.5

0
0

150
1,246

1134

inches RPV start Level (after shrinkage if applicable)
inches normal to -122 inches
Gal/in in RPV at normal level
GaL in RPV from normal to -122 inches
ft3/Lbm for sat Liquid at 1,000 psia
Lb/gal at 1000 psia
Lbm avaflable for boil down
Lbm/hr at 2 I power 8 173,275 Lbm/hr/Xpower

based on Hfg of 650 Btu/Lbs
for pressure of 1,000 psia.

Lhs/min boil down rate
in/mfn boil down rate
mfn to -122 " without fnjection
HPCI flow gpm
RCIC flow gpm
CRD flow gpm
Total flow Lbm/mfn from CST water at 90 degrees F
Btu/Lbm enthafpy change for CRD injected water

Pumping Coolant Addftfonal
Time Piped Time

Power Time Tfme
Level wo/Inj w/Inj

16.5
6.2
2.3
0,9
0.3
0.1
0.0
0.0
0.0
0.0

'0,564
7,737
2,911
1,095

412
155
58
22
8
3

6.2
2.3
0.9
0.3
0.1
0.0
0.0
0.0
0.0
0.0

2 16.5 26.5

APPXC.BFN08/29/82 C-24



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table C-6. Actions HOCRD2, HOU11, HOU12, HOUB1, and HOUB2: Time for the RPV to
Decline to -162" if RPV Injection Is Lost When Decay Heat Is 196 or 2% and the
RPV Is at 1,000 psia

RPV Level calculations for 'I
~ 000 psis

Actions: KOCRD1

0
162
200

32,400
0.02159

6.2
200,62S
138,620

2,310
1.87
86.8

0
0

150
1,246

1134

inches RPV start levet (after shrinkage)
inches norasl to -162 Inches
Gsl/In In RPV at norasl Level
Gsl in RPV froe norasl to -162 Inches
ft3/tbs for sst Liquid at 1,000 psia
tb/gsl at 1000 psi ~
Lbs available for boil doun
tba/hr at O.S X pouer C 173,275 tbs/hr/Xpur

based on Kfg of 650 Btu/tbs
for pressure of 1,000 psia.

Lba/afn bolt doun rate
fn/afn boll doun ra'te
afn to -162 a ulthout inJectfon
KPCl flou gps
RCLC flat gpa
CRD ftou gpa
Total flat tba/afn free CRT uster at 90 dey F
Btu/tbs enthalpy change for CRD injected Kster

RPV Level calculations for 1,000 psis

Actions: KOCRD2, KQII1, KQ/12, KOU81, KOV82

0 Inches RpV start level (after shrinkage)
162 inches norasl to -1&2 Inches
200 Gst/In In RpV at norset Level,

32,400 Gsl In RPV froa norast to -162 tnches
0.02159 ft3/Lbs for sat Liquid at 1,000 pais

6.2 lb/gsl at 1000 pais
200,628 tbs available for bolL doun
346,551 Lbs/hr at 2 X pouer C 173,275 Lbs/hr/Xpouer

, based on Kfg of 650 Btu/Lbs
for pressure of 1,000 pals.

5 77S Lbs/afn boff doun rate
$ .66 fn/aln bofl doun rate
34.7 ain to -162 " ufthout inJectfon

0 KPCI ftou gpa
0 RClC flat gpa

150 CRD fLou gpa
'l,246 Total fLou Lba/aln fras CBT Kster at 90 dey F

1134 Btu/Lbs enthalpy change for CRD injected uster

Puapfng
'Tfse
ain

Coolant Addftfonsl
Tice
ain

Power 'Tfae Tice
Level uo/Inj u/Inj

X futt afn afn

pwpfny Coolant Add Itfonst
Tiac PLated T lac
~ in Lbe aln

Pouer T fee T lac
Level Ko/Inj u/tnj

X fulL ain aln

86.8
81.7
76.8
72.3
68.0
&3.9
60.1
56.5
53.2
50 0
47.1
44.3
41.6
39.2
36.8
34.6

108,163
101,734
95,6S7
90,000
84,&51
79,619
74,887
70,43S
66,249
62,312
se,'&M
55,125
51,848
48,766
45,868
43,142

Sl 7
76.8
72.3 MOTE:
68.0
63.9
60 1
56.5
53.2
50.0
47.1
44.3
41.6
39.2
3&.e
34.6
32.6

0.8 86.S 912.9

Tfse available fs flatted
by csJober of iterations.

34.7
13.1
49
1.e
0.7
0.3
0.1
0.0
0.0
0.0

43,265 13.1
16,277 4.9
6,124 1.8
2,304 0.7

867 0.3
326 0.1
123 0.0
46 00
17 0.0
7 0.0

2 34.7 55.7
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Table C-7. Action HOHS1: Time for RPV to Decline to -122" from Normal Operating
Level, Given RPV Depressurizes to 350 psia Due to Stuck-Open Relief
Valves

RPV Level calcuatfons for stuck open relief valves.
Action OSR1

Asscnne that the RPV depressurfzes to 350 psfa

0
32,400
37,981

492,013
542.4
409.9

133
65,191,682

720
90,544
12,952

65

-65
57

200
11,448

0.019124
7.0

80,029
283,343

4,722
16.9

0
0

150
1,246

1134

fn Start RPV Level
gal above the core
gal to TAF (see Table C-1)
Lhn fn RPV
Btu/Lbm hf at 1,000 psfa
Btu/Lbm hf at 350 psia
Btu/Lbm given up to depressure
Btu to dissipate
Btu/Lhn to boil (approx average betueen hfg at 1,000 8 350 psfa)
extra Lbm boiled
extra gaL boiled
extra inches Lost

inches RPV start Level after depressufzation
inches normal to -122 inches
Gal/fn fn RPV at normal Level
Gal fn RPV from normal to .122 fnches
ft3/Lbm for sat Liquid at 1,000 psfa
Lb/gal at 1000 psia
Lhn available for boiL doun
Lbm/hr at 2 X power 8 141,672 Lbm/hr/Xpouer

based on Hfg of 795 Btu/Lbm
at 350 psfa

Lhn/mfn boiL doun rate
min to -122 " ufthout injection
HPCI flou gpm
RCIC flou gpm
CRD flou gpm
Total flew Lbm/mfn from CST uater at 90 degrees F
Btu/Lbm enthafpy change for CRO injected uater

Pcmping
Time

16.9
6.4
2.4
09
0.3
0.1
0.0
0.0
0.0
0.0

Coolant
Pen@ed

Lhn
21,108
7,941
2,988
1,124

423
159
60
23

8
3

Additfonal
Tfme

6.4
2.4
0.9
0.3
0.1
0.0
0.0
0.0
0.0
0.0

Pouer Time Time
Level uo/lnj u/Inj

0 16.9 27.2
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Table C-8. Action HOHS2: Time for RPV to Decline to %5" from Normal Operating
Level During a General Transient, Given No Injection

RPV level calculations for 1,000 psia

Action KOHS2

0
122
200

24,400
0.02159

6.2
151,090
346,551

inches RPV start Level (after shrinkage if applicable)
inches start to -122 inches
Gal/in in RPV at normal Level
Gal in RPV from start to pt -122 inches
ft3/Lbm for sat Liquid at 1,000 psia
Lb/gal at 1000 psia
Lhs available for boil down
Lbm/hr at 2 X po~er r 173,275 Lbm/hr/Xpower

based on Hfg of 650 Btu/Lbm
for pressure of 1,000 psia.

5,776
4.66
26.2

0
0

150
1,246

1134

Lbm/min boil down rate
in/min boil down rate
min to -122 " without
HPCI flow gpm
RCLC flow gpm
CRD flow gpm
Total flow Lbm/min from CST

Btu/Lbm enthalpy change for

injection

water at 90 degrees F

CRD injected water

Pmping Coolant Additional
Time Pumped Time

Power Time Time
Level wo/lnj w/Lnj

26.2
9.8
3.7
1.4
0.5
0.2
0.1
0.0
0.0
0.0

32,582
12,258
4,612
1,735

653
246

92
35
13
5

9.8
3.7
1 4
0.5
0.2
0.1
0.0
0.0
0.0
0.0

2 26.2 41.9
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Table C-9. Actions HOHS3 and HORP2: Time for RPV to Decline to -190" if RPV
Injection Is Lost at Top of Active Fuel and Decay Heat is 2%

RPV Level calculations in region of the active core at 1,000 psia
Actions: HOHS3, KORVD2, HORVD3

-162
28
95

2,660
0.02159

6.2
16,471

346,551

5,776
2.9

0
0

200
1,661

1134

Start Level
in from start to -190 inches
Gal/in in RPV in the region of active fuel (including dovncomer)
Gal in RPV from start to -190 inches
ft3/Lbm for sat liquid at 1,000 psia
Lb/gal at 1000 psia
lhn available for boil doMn
Lbm/hr at 2 X pouer r 173,275 Lhn/hr/Xpouer

based on Hfg of 650 Btu/ibm
at a pressure of 1,000 psia.

ibm/min boil doun rate
min to -190 " uithout injection
HPCL flow gpm
RCLC flou gpm
CRD flou gpm (fran CST at 90 deg F)
Total flou Lbm/min (using 0.0161 ft3/Lbm)
Btu/lhn enthalpy change for CRD injected uater.

Punping Coolant Additional
Time Punped Time

Pover Time Time
Level uo/lnj u/Inj

2.9
1.4
0.7
0.4
0.2
0.1
0.0
0.0
0.0
0.0

4,736
2,376
1,192

598
300
150
75
38
19
10

1.4
0.7
0.4
0.2
0.1
0.0
0.0
0.0
0.0
0.0

2 2.9 5.7
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Table C-10. Action HOJCI: Time for RPY Level to Decline to -162" if RPY injection
Lost When Decay Heat is 1% or Less and RPY is 350 psia or Less

RPV Level calculations for 350 psia
Action: HOJCI

35
197
200

39,400
0.019124

7.0
2?5,433
141,672

inches RPV start level
inches normal to -162 inches
Gal/in in RPV at normaL Level
Gal in RPV from normaL to -162 inches
ft3/Lbm for sat Liquid at 350 psia
Lb/gal at 350 psia
Lbm available for boiL down
Lbm/hr at 1 X pouer 8 141,672 Lha/hr/XpoMer

based on Hfg of ?95 Btu/Lba
for pressure of 350 psia.

2,361
0.59

116.6
0
0

200
1,661

1134

Lbm/min boil doun rate
in/min boil doun rate
min to -162 " uithout
HPCI flou gpm
RCIC flou gpm
CRO floM gpm
Total floe Lbm/min from CST

Btu/ibm enthalpy change for

injection

Hater at 90 degrees F

CRO injected water

Pmying Coolant Additional
T ime PLmped Time
min Lbm min

X Pouer
Level

Time Time
uo/Inj u/Inj

min min

116.6
117.0
117.4
117.8
118.2
118.&
119.0
119.3
119~7
120.1

193,725
194,358
194,993
195,630
196,270
196,911
197,554
198,200
198,847
199,497

117.0
117.4
117.8
1'I8.2
118.6
119.0
119.3
119.7
120.1
120.5

1 116 6 ~~~~
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Table C-11. Action HORF1: Time for RPV Level to Decline to -45" From High Level
Trip at 2% Decay Heat

RPV Level calculations for t,000 psia

Actfon HORF1

55
177
200

35,400
0.02159

6.2
219,204
346,551

inches RPV start Level (after shrinkage if applicable)
inches normal to -122 inches
Gal/ln ln RPV at normal leveL
Gal ln RPV from normal to — -122 inches
ft3/Lbm for sat Liquid at 1,000 ps{a
lb/gal at 1000 psia
Lbm available for boll doun
Lbm/hr at 2 X pouer t 173,275 Lbs/hr/Xpwer

based on Hfg of 650 Stu/Lbm
for pressure of 1,000 psia.

5,776
4.66
38.0

0
0

150
1,246

1134

Lbm/mfn boll doun rate
ln/min boll chan rate
min to -122 " ulthout
HPCI flou gpm
RC1C flou gpm
CR0 flou gpm
Total flou Lhs/min fran CST

gtu/Lbm enthalpy change for

injection

uater ac 90 degrees F

CR0 injected uater

Puaping Coolant Addf tlonal
Time Pumped Time

PoMer Time Time
Level uo/fnj u/fnj

38.0
14.3
5.4
2.0
0.8
0.3
0.1
0.0
0.0
0.0

47,271
17,785
6,691
2,517

947
356
134
50
19
7

14.3
5.4
2.0
0.8
0.3
0.1
0.0
0.0
0.0
0.0

2 38.0 60.8
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Table C-12. Action HORP2: Time Constraints for Initiating Low Pressure Injection
Following Loss of High Pressure Injection Systems

RPV Level calculations for 1,000 psia

Action HORP2

-45 inches RPV start LeveL (after shrinkage if applicable)
117 inches normaL to -162 inches
200 Gal/in in RPV at normal Level

23,400 Gal in RPV from normal to -162 inches
0.02159 ft3/Lhn for sat liquid at 1,000 psia

6.2 Lb/gal at 1000 psia
144,898 lhn available for boil down
346,551 Lbm/hr at 2 I power! 173,275 Lhn/hr/Xpower

based on Hfg of 650 Btu/Lhn
for pressure of 1,000 psia.

5,776
4.66
25.1

0
0

150
1,246

1'134

Lbm/min boil down rate
in/min boil down rate
min to -162 " without injection
HPCL flow gpm
RCLC flow gpm
CRD flow gpm
Total flow Lbm/min from CST water at 90 degrees F

Btu/Lhn enthalpy change for CRD injected water

Pumping
Tine

25.1
94
3.6
1.3
0.5
0.2
0.1
0.0
0.0
0.0

Coolant

31,247
11,756
4,423
1,664

626
236

89
33
13
5

Addit ione l
Tine

9.4
3.6
1.3
0.5
0.2
0.1
0.0
0.0
0.0
0.0

Power Time Time
Level wo/Lnj w/Lnj

2 '51 402
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Table C-13. Action HOSP1: Time for Suppression Pool to Heat Up from 80 F to
140oF, Given It Absorbs 2% Decay Heat

Suppress'ion pool heatup caLculations
Action: HOSP1

Heatup rate of suppression pool during an ATMS

By theraeL-hydraulics uith 1 Btu/Lhs/deg F

9.50E+05
1 61E-02
7.89E+06
7.89E+06

3293
1.87E+08

2
0.5

gal in suppession pooL
ft3/Lhe at 80 deg F

Lbs in suppession pool
Btu/deg F of tesperature rise.
HVt/unit
Btu/min if unit at full pouer
X Percent power discharged to the suppression pool
Degees/minute teaperature rise

Given the heatup range
140 degrees F SP end tesperature
95 degrees F SP start teoperature

it takes
94.8 Hinutes to heat over the range indicated.

Heatup rate of suppression pool during an ATVS
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Table C-14. Actions HOSPRC and HOSPRO: Time for Suppression Pool to Heat Up
from 95 F to 140 F, Given It Absorbs 1% Decay Heat

Suppression pool heatup caLculations
Action: HOSPRC, HOSPRO

Heatup rate of suppression pool due to decay heat
By thermal-hydrauLics with 1 Btu/Lbm/deg F for suppression pooL water

9.50E+05
1.61E-02
7.89E+06
7.89E+06

3293
1.87Ei08

1

0.2

gal in suppession pooL
ft3/Lhm at 80 deg F
Lbm in suppession pool
Btu/deg F of teaperature rise.
Slt/Unit
Btu/min if unit at fuLL po~er
X Percent power discharged to the suppression pool
Oegees/minute teaperature rise

Given the heatup range,
140 degrees F SP end teaperature
95 degrees F SP start teaperature

it takes
252.7 Ninutes to heat over the range indicated.

Heatup rate of suppression pool during an ATMS
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D E UEN E ANTIFl ATt N

This appendix contains the sequence quantification information used in the Level 1

analysis. The following items are included in this appendix:

Item

Quantification Input Information

Description Page

Event Trees
Structure
Top Event Description
Split Fraction Rules
Binning Rules

Initiating Events

Master Frequency File

Quantification Results

Top Sequences

Plant Damage State
Totals

Top Event Importance

Unique Shape of the Event Trees
Description of Each Top Event
Rules Used To Assign the Split Fractions
Rules Used To Assign the Binning Rules or PDSs

Listing of Precursors and Initiators of Plant
Transients

Compilation of the Split Fractions Used in the
Quantification

Top 100 Sequences by Frequency

Frequency Totals for Bins or Plant Damage States

Listing of the Most Important Top Events

161

163

200

231

233

Split Fraction Importance Listing of the Most Important Split Fractions

Human Actions Sensitivity Analysis Results

244

Top Sequences

Top Event Importance

Split Fraction Importance

Top 100 Sequences by Frequency

Listing of the Most Important Top Events

Listing of the Most Important Split Fractions

261

307

314

Important Sequence Model I

Model Equations Listing of the Importance Sequence Model
Equations

325

The last item in this appendix is a listing of the dominant sequences in equation form. This
equation is used to determine core damage frequency uncertainty.
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HOOEL Name: BFNFINAL

Top Event Legend for Tree: CNTKT

10:33:20 13 AUG 1992
Page I

Top Event Designator..... Top Event Description.............................
IE

CIL

CIS

RBI

SGT

Initiating Event

CORE DAHAGE OCCURRED

OPERATOR FAILS TO INITIATE DN SPRAY

ORWELL SPRAY UNAVAILABLE

ISOLATION OF LARGE CONTAIKHENT PENETRATIONS FAILED

ISOLATION OF SHALL CONTAINHENT PENETRATIONS FAILED

REACTOR BUILDING ISOLATION FAILURE

STANDBY GAS TREATHENT SYSTEH UNAVAILABLE

SBGT SYSTEH RELATIVE NUHIDITY HEATERS UNAVAILABLE
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MODEL Mace: BFNFINAL

Split Fraction Logic for Event Tree: CNTKT

Revision 0

14:11r58 13 AUG 1992
Page 1

SF ~ ~ ~ ~ ~ ~ ~ ~ Split Fraction Logico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

RR12!«RHR1«RHR3+RHR1 U3«S+RHR3 U3«S

RR11:«RHR1+RHR3+lQ«S

RR22:«RHR2 RHR4+RHRR%1«S+RHR4 Ul«S

RR21:«RHR2+RHR4+U1«S

HEATL:«(RHR1+RHR2+RHR3+RHR4+U1«S+U3«S)«OSP«S«(SP«S+SPR«S)

HEATT«(RHR1+RHR2+RHR3+RHR4+U1«S+lQ*S)«(OSP«S (SP«S+SPR«S)tOSD«S SDC
AS«LPC«S)

AHEAT:«RR12*RR21+RR11«RR22

VENTTKLP«V%MT«S

SIG:«LVP«S+OMP*S
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16
17
18
19
20
21
22
23
24
25
26
27
2d
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
4C
C5
46
47
48
49
50
51
52

X1
X2
X3
X4
XS
X6
X7
Xd
X9
X10
X11
X12
X13
X14
X15
X16
X17
Xld
X19
X20
X21
X22
XZ3
X24
X25
X26
X27
X28
X29
X30
X31
X32
X33
X34
X35
X3S
X37
X38
X39
XCO

X41
XC2
XC3
X44
X51
X45

'51

X40
XCO

X52

1

2
3.4
5.8
9.16
17-32
33.64
65.128
129.256
257-512
513-1024
1025.20C&
2049-C096
C097-8192
d193-16384
16385.32768
32769.65536
65537-131072
131073.2621C4
262145.524288
52C289.104S576
1048577-2097152
2097153.C l94304
4194305.8388608,
&38&609-16777216
16777217.3355C432
33554C33-67108864
67108865.13421V2S
134217729.26S43545S
268435457-536870912
536870913-1073741S24
1073741825-2147483648
21474&3649-C294967296
429C967297-8589934592
8589934593-17179869184
17179869185-34359738368
34359738369.6871 9C7673S
68719476737.137438953472
137438953473-274877906944

. 2748V906945-549755813888
5C9755813889-109951162 V7
109951162 V77.2'l990232555
2199023255553 43980C65111
43980C6511105.87960930222
8796093022209.17592186044
17592186044417.3518437208
35184372088833 703687C417
7036S7CC177665-140737C&83
1407374M355329.175921860
175921860CCC161-17702'l372
1V021372071 937-178120883
1781208&M997'l3-180319906

Ol

TlI
C

h)

CL
C
CL
C
Dl

'tl
Dl

P

Dl

0

I
C
el
O

O
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DD DO

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ \ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

53 X46
54 x47
55 X51
56 X43
57 X43
58 X48
59 X51
60 X39
61 X39
62

X49'3

x51
64 x51
65 x51

180319906955265.184717953
184717953466369-228698418
228698418577409-263882790
2&3882790&&&241-272678883
272678883688449-281474976
28'l47497671 0657-334251534
334251534843905.3&943590&
369435906932737-369985662
369985662746625.370535418
370535418560513.406819302
406819302277121.442003674
4420036743&5953.47718804&
477188046454785.512372418

NOEL Namet BFNFINAL
Kvent Tree: FLKCT12 10:33:42 13 AUG 1992
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Name: BFNFINAL

Top Event Legend for Tree: ELECT12

10r33:43 13 AUG 1992
Page 1

Top Event Designator..... Top Event Description.............................
IE

UB41A

UB418

SMUT1

SNUT2

FA

ca

FC

GC

EPR30

V1

RE

RH

Initiating Event

500 KV OFFSITE GRID UNAVAILABLE

UMIT 1 HAIN TRANSFORHER r USST FAILURE

UNIT 2 HAIN TRANSFORMER 8 USSTS FAILURE

UNIT 3 HAIN TRANSFORMER S USST FAILURE

161 KV OFFSITE GRID UNAVAILABLE

OPERATOR FAILS TO RESTORE PONER TO UNIT BOARDS

4KV UNIT BD 1A UNAVAILABLE

4KV UNIT BD 1B UNAVAILABLE

4KV UNIT BD 2A UNAVAILABLE

4KV UNIT BD 28 UNAVAILABLE

SMUTDOW BUS 1 UNAVAILABLE

SMUTDONl BUS 2 UNAVAILABLE

FUEL OIL SYSTEM FOR DIESEL A UNAVAILABLE

DG A UNAVAILABLE

FUEL OIL SYSTEM FOR DIESEL 8 UNAVAILABLE

DG 8 UNAVAILABLE

FUEL OIL SYSTEH FOR DIESEL C UNAVAILABLE

DG C UNAVAILABLE

FUEL OIL SYSTEH FOR DIESEL D UNAVAILABE

DG D UNAVAILABLE

FAILURE TO RECOVER OFFSITE PONER IN 30 HINUTES

UNIT 1 VENTILATION

4KV SD 80 A AND 480V SD BD 1A PONER UNAVAILABLE

480V RHOV BD 1A POMER UNAVAILABLE

480V DIESEL AUX. BD A POMER UNAVAILABLE

13



Browns Ferry Unit 2 Individual Plant Examination Revision 0

MODEL Name: BFNFINAL

Top Event Legend for Tree: ELECT12

10:33:44 13 AUG 1992
Page 2

Top Event Designator..... Top Event Description.............................
DA

DE

RH

DC

DH

UB42C

RB

DI

DK

AC

RF

DB

RK

RL

Rl

RJ

RN

DL

DD

DO

250 V DC CONTROL PSIER FOR 4KV SD BD A AND 480 SD
BD 1A UNAVAILABLE

250 V DC CONTROL PONER FOR 4KV SD BD 3EA AND 480
SD BD 3EA UNAVAILABLE

250 V RHOV 1A UNAVAILABLE

250 V RHOV 2C UNAVAILABLE

4KV SD BD B AND 480V SD BD 2A UNAVAILABLE

480V RHOV BD 2A PONER UNAVAILABLE

250 V DC CONTROL POVER FOR 4KV SD BD B AND 480 V
SD BD 2A UNAVAILABLE

250 V DC CONTROL POMER FOR 4KV SD BD 3ED
UNAVAILABLE

4KV UNIT BD 2C POMER UNAVAILABLE

250 NQV BD 2A UNAVAILABLE

120 V AC UMIT 1 PREFERRED POMER UNAVAILABLE

120 V RPS BUS «A« UNAVAILABLE

UNIT 2 VENTILATION

4KV SD BD C AND 480V SD BD 1B UNAVAILABLE

480V RHOV BD 18 POMER UNAVAILABLE

480V RHOV BD 1E PONER UNAVAILABLE

250 V CONTROL POMER FOR SO BD C AND 480 V SD BD 1B
UNAVAILABLE

4KV SD BD D AND 480V SD BD 28 UNAVAILABLE

480V RHOV BD 20 PONER UNAVAILABLE.

480V RHOV BD 2E POMER UNAVAILABLE

480V RHOV BD 28 PSIER UNAVAILABLE

480V RHOV BD 2C PONER UNAVAILABLE

480V DIESEL AUX BD B PONER UNAVAILABLE

120 V RPS BUS "B" UNAVAILABLE

250 V DC CONTROL POUER FOR SD BD 0 AND 480 V SD BD
2$ UNAVAILABLE

120 V ICC BUS "28" UNAVAILABLE
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

HDDEL Name: BFNFINAL

Split Fraction Logic for Event Tree: ELECT12

14:12:51 13 AUG 1992
Page 1

S F.o...... Split Fract|on Logico ~ ~ 0 ~ ~ ol ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ i~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 00 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

UB:s-U841h S*-U8418»S -U842A»S* U8428»S

FUEL:sFA»F*FB»F»FC»F»FD»F

DIESEL:»GA»F»GB»F»GC»F»GD»F

KV4:shh»F»AB»F»AC»F»AD»F

OGSF I NIT»LOSP+I NIT»L500

OG51 1

HT1F OGS»F

HT11 1

HT2F OG5»F

HT21 1

HT3F OG5»F

HT31 1

OG16F I NIT»LOSP

OG161

EPR304

EPR303

(I NIT»LOSP+I NIT»!.500)»GA»F»GB»F»GC»F»GD»F

(INIT»LOSP+INIT»L500)»(GA»F»GB»F*(GC»F+GD»F)+(GA»F+GB»F)»GC»F*GD»F)

EPR302, (INIT»LOSP+INIT»L500)»(GA»F»(GB»F+GC»F+GD»F)+GB»F»(GC»F+GD»F)+GC»F»
GD»F)

EPR301 (INIT»LOSP+INIT»L500)»(GA»F+GB»F+GC»F+GD»F)

EPR308 1

OUB2 OG5»F+HT1»F»HT2»F

OUB1 HT1»F+HT2»F

DU82 1

U841AF OUB»F» HT1»S+INI7»LOSP

U841A2 OUB»S -lIT1»S

U841A1 OUB»8&T1»S

U841AF 1

U841BF OUB»F*.HT1»S+I NIT»LOSP

UB4183 OUB S U841A S».HT1 S

U84182 OJB»S -U841A»S».HT1»S

U84181 OUB*B+HT1»S

U8418F 1

1 U842AF OUB»F* HT2»S+INIT»LOSP

U842A5 OUB»S»U841A*F U8418»F»-HT2*S

15



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Nano: BFNFINAL

Split Fraction Logic for Event Tree: ELECT12

14:12:55 13 AUG 1992
Page 2

SF ~ ~ ~ ~ ~ ~ ~ ~ Split Fraction Logico ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~

U842A4 OUSsS (U841AsFW8418sF)s-HT2sS

U842A3 O$ sgs(U841AsS%418sS)* HT2sS

U842A1 O$ sB&T2sS

U$42AF 1

UB428F O$sFs-HT2sS+1$ 1TsLOSP

l$4287 O$sS%841AsF U8418sPU842AsF*.HT2sS

U84286 O$ sS HT2sgs(U841AsFs(U8418sF+U842AsF)+U8418sF U$42AsF)

U84285 OUBsS (U841AsF+U8418sFW842AsF)* HT2sS

U$4284 O$ W841AsS%418CQ42AsS HT2sS

U84281 OJBsB+HT2sS

U842$ F 1

SNT1F

SHUT13

SHUT12

-U841AsSs.U8428sS

U8428sS

-U841AsS

8HUT11 1

SHT2F

SHT217

SHT216

SHT215

8HT214

SHT213

SHT212

SHT211

SHT210

SHT26

SHT25

SHT24

SHT29

SHT2$

SHT27

SHT23

SHT22

SHT21

-U842Asgs-U8418sS

-U8428sS -U8418sS -SHUT1sS

-U842AsS .U8428~8 .SHUT1*S

-l$41Asgs-U841$ sgs-SHUT1sS

-UB41Asgs-U842AsSs-SNT1s8

-U842$ sgs-U$ 418sssSNT1sS

.U842AsS .U8428sS SHUT1sS

-U841AsS -U8418sS SHUT1sS

-U841Asgs.U842AsSsSHUT1 sS

-l$428sS*-U841Asgs-U8418sS

-U842AsSs-U841AsS .U8428sS

-U841Asgs-U8428sS

-U8428sSs-SHUT1sS

.U841AsS .SHUT1sS

-SHUT1sS

-U8428sS

-U841AsS
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

NODEL Name: BFNFINAL

Split Fraction Logic for Event Tree: ELECT12

1CJ13:00 13 AUG 1992
Page 3

SFe ~ ~ ~ ~ ~ ~ ~ Spl'it Fraction Logico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

FA1

SHUT1~8

SHUT1W

-SHUTI=S~FA=F

V18

AAF

M1

REF

RE1

V1NF + -INIT<LOSP SHUT1>S GA>F+INIT<LOSP~-SHUT1>S GA>F~EPR30>F

-SHUT1&GA~S

AA~F

M~F

-
DE2

DE1

RE~F

M~F

DE~F

DERF

FBB

F82

F81

F81

GBB

G81

SHUT1iS

FA~F~.SHUTI~S

-SHUT1iS

SHUT1~S

F8~Fr SHUT1sS

FA~Fa.SHUT1

GA~Fe-SHUT1~S

-SHUT1*S

- V1 ~ F+-INITNLOSP .SHUT1<S*GB>F+INITLOSP .SHUT1>S GB>F EPR30~F

-SHUT1iS~GA~F
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Hone: BFHFINAL

Sptit Frection Logic for Event Tree: ELECT12

14:13:04 13 AUG 1992
Pege 4

Sfo ~ ~ ~ ~ ~ ~ ~ Split Fraction Logico ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

RHF

RH1

DC1

DH2

OH1

GA<S GB~S M>fe-SNT1~S

M~feSNT1~S

GA~P'GB~SeAA~Se-SKUT1aS

AA~SiSHUT1~S

1

RH~F

ABsf

UB42CF OG5>fe(EPR30~F+OQ1&F)

UB42C2 OG1&F

UB42C1 1

RBF

RB1

OKF

DK1

DIF

D12

D13

DI1

FC1

FC1

GCF

GC5

OHRF

RH~F

M~f DE>feAB>f DH>f

M~F DE~F

AB>FDH<f

SNIPS

FA~FefB~F» SHUT2~S

(FA>f + FB>f)*-SHUT2~S

-SNT2~S

SHUT2~S

FC>fe-SNT2<S

FA>fefB>f* SHUT2<S

GA~FeGB~Fe-SHUT2iS

(FAsfeGBsf + FBsf+GAsf)» SHUT2aS

(FA>f + FB<f)~-SHUT2~S



Browns Ferry Unit 2 Individual Plant Examination Revision 0

JKSEL kame: BFHFJHAL

Split fraction i.ogic for Event Tree: ELECT12

14:13:08 13 AUG 1992
Page 5

Sfio ~ ~ ~ ~ ~ ~ Split Fraction Log'Ico ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~

GC2 (GAFF + QBIF)e.SHVT2~S

GC1 1

V2S 1

ACF V2>F + -1HJT~LOSP~-SHUT2~S*GC~F+JHJT~LOSPi SHUT2<S*QC=F~EPR30>f

AC18 SNT2sS GCaS -SNT1sS GAsfeGBsf

AC17 SNT2~Se-SHUT1~S GA~F~GBIF

AC1S -SHUT2ig-SNT1sg'GCsg(GA~F ABNF+QBsfeM+F)

AC15 SHUT2 S -SHUT1~(QA FiAB F+QB FeM F)

AC14 -SHUT2~Si-SHVT1>S*QC~S (GA<feAB~S+GB~F~M~S)

AC13 SHUT2~P'-SHUT1~S (QA~PAB~S+QB~F~M~S)

AC12 -SNT2~S .SHUT1~S GA~S QB~S QC~S M~feAB~F

AC11 SNT2aV'-SNT1sSeGAsgeGBsSeAAsfeABsF

AC10 -SHUT2<S SHUT1~5 GC>S AA~FeAB>F

- SHUT2~S SNT1<S M~feAB>f

-SNT2~S -SNT1>S GA~S GB<S GC<S (AA>f + AB>F)

AC7 SHUT2>S SHUT1>S GA>VGBaV(AAsf + ABaF)

ACb -SNT2iS SNT1~S QC~S (AA~F + ABaf)

AC5 SNT2~>SNT1~S (AA~F + AB~F)

AC4 -SHUT2~S -SHUT1~S GC~S AAeSiAB*S

AC3 SNT2>S .SHUT1<S ASS AB~S

AC2 ;SNT2<S SNT1<S GC>S M<S AB*S

AC1 SHUT2~S SNT1~SiAA~SeABaS

ACF 1

RFF AC>F

RF1 1

RGF AC>F

RG1 1

DB2 RF>F

DB1 1

FDB SHUT2>S

FD4 FA>F*FB<f*FC>fe-SHUT2>S

FD3~ FD2

(FA>fefB>F + FA>f*FC<f + FB>f*FC>f)e-SHUT2aS

(FA>f + FB~F + FC<f)e.SHUT2>S
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Browns Ferry Unit 2 Individual Plant Examination Revision 0,

HODEL Name: BFNFINAL

Split Fraction Logic for Event Tree: ELECT12

14J13J13 13 AUG 1992
Page 6

SF ~ ~ ~ ~ ~ ~ ~ ~ Split Fl act'ion Logics ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

GDB

GD10

SNT2sS

FDsFs-SHUT2sS

FAsF*FBsf*FCsfs-SHUT2sS

(FAsfsfgsf*GCsf t fAsf*fCsfsQBsF t FBsf FCsF GAsf)*-SHUT2sS

(fAsfsGBsfsGCsf + FCsfsGAsfsGBsf + FBsFsGAsF GCsF) SHUT2sS

GAsfsGBsFsGCsfs-SNT2sS

(FAsfsfgsf + FAsFsFC F + FBsFsFCsf)s-SNT2sS

(FAsF*(GBsF + GCsF) + FCsF (GAsf + GBsf) +
FB F (GA F + GC F))*-SKUT2sS

((GAsF*GBsf) q (GAsfsGCsF) q (GBsfsGCsF))* SNT2sS

(FAsF i FBsF i FCsF)s SKUT2sS

(GAsF + GBsF + GCsF)s-SNT2sS

AD35

AD32

AD31

AD30

AD27

AD21

AD20

V2sf + -1HTTsLOSP .SNT2sS GOsf+1NJTsLOSP -SNT2sS GDsf*EPJLJOsf

-SHUT1sS -SNT2sS GAs fsGBsfsGCsf

-SNT1sS -SNT2sS (GAsf*(GBsfsGCsS ACsf+Ggsg AgsfsGCsf)
+GAsS MsfsGBsFsGCsF)

-SNT1sS SNJT2sS CAsFsGBsFsACsF

-SNT1sS -SHUT2sS (GAsfs(GBsfsACsS+ABsS GCsF)+AAsS GgsF*GCsF)

-SNT1sS SNT2sS GAsF*GBsFsACsS

SNT1sS SNT2sS (GAsS AAsf*(GBsS AgsfsGCsf+GBsfsGCsS ACsf)
+GAsfsQBsS ABsfsGCsgsACsf)

SNT1sS SNT2sS ACsF*(GAsF*GBsS Agsf+GAsgsAAs fsGBsf )

SNT1sS -SHUT2 S GC FsM FsABsF

-SHUTlsS -SKUT2sS (GAsfs(GBsS ABsf*ACsS+AgsS GCsS ACsF)
+GgsFs(GAsSsMsFsACsS+AAsSsGCsgsAC*')
+GCsfs(GAsS AAsfsABsS+AAsgsGBsgsABsf))

.SHUT1sS SHUT2sS ACsS (GAsS AAsfsGBsF+GAsFsGBsS ABsF)

-SHUT1sS SNT2sS ACsfs(GAsfsABsS+AAsS GBsF)

SNT1sS .SHUT2sS GCsFs(Msf + AgsF)

-SHUT1sS -SHUT2sS*(AAsS (GgsfsACsS+ABsS GCsF)+GAsFsAB*S ACsS)

-SKUT1sS SHUT2sS ACsSs(GBsfsMsS+GAsf ABsS)

SHUT1sS* SNT2sS GCsF MsS ABsS

SHUT1sS SHUT2sS GAsgsGBsS*GCsSsMsfsABsfsACsf
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Browns Ferry Unit 2 Individuai Plant Examination Revision 0

HODEL Name: BFHFJHAL

Split Fraction Logic for Event Tree: ELECT'12

14:13:17 13 AUG 1992
Page 7

SF ~ ~ ~ ~ ~ ~ ~ ~ Split Frect'Ion Log'ic ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~

AD19 -SHUT1aS SNT2aSsCAsgsNsgsMaF AgsFsACsF

AD18 SHUT1sS -SHUT2sS CCsSsMsFaABsFsACsF

AD17 SNT1sS SNT2sS MaFsABsFsACaF

AD16 -SNT1sSa SHUT2sS GAsS GgsS GCsS (MsFs(ABsF + ACsF)
+ ABsFsACaF)

AD15 -SNT1sS SNT2agsCAaS NsS ACsF*(MaF + ABaF)

AD14 ~ -SHUT1@SHUT2aSsCAagsGBaS MaF ABaF

AD13 SNT1sgs-SHUT2sS CCsS ACsF (MaF + ABsF)

AD12 SHUT1sSs-SNT2aSsGCsgsAAsFsABsF

AD11 SNT1aS SNT2sS (AAsFs(ABsF + ACsF) + ABaFsACsF)

AD1D -SNT1sSs.SHUT2sS CAsgsGBaS GCsS CDsS*(MsF + ABsF + ACsF)

AD9 -SNT1sS SNT2sS GAsS CBsS ACsF

ADB -SNT1aS SNT2sS GAsS NsS (AAsF + ABsF)

AD7 SNTlaS SNT2sS GCsS ACaF

~- SNT1aS -SNT2aS GCsS (MsF + ABsF)

SHUT1sS SNT2sS (MsF + ABsF + ACsF)

-SNT14 -SNT2aS MaS ABsSsACaS

AD3 -SNT1sS SHUT2sS MaS ABsS ACsS

AD2 SNT1sS -SHUT2sS AAsS ABsS ACsS

AD1 SHUT1sS SNT2sS MsS ABsSaACaS

ADF 1

RKF ABafaADsF

RK3 ABaF

RK2 ADsF

RK1 ABsSaADaS

RKF 1

RLF ADsFaABaF

RL7 RKsFsADsF

RL6 RKsS ADsF

RL5 RKafaABaF

RL4 RKsS ABsF

RL2 RKsFsABsS ADsS

RL1

RLF

RKsSsABsSaADsS
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HOOEL Name: BFNFINAL

Split Fraction Logic for Event Tree: ELECT12

14r13:21 13 AUG 1992
Page 8

SF........ Split Fraction Logic.

RIF

RI1

RJF

RJ1

RNF

RN1

DLF

OL2

OL1

OD2

DD1

OOF

DO1

AD~F

ADOLF ~

RI~F

RH~F

DK~F

RI~F

ADsF+ACsF+IKITaLICB

AD~F

AC~F



~ I

~ ~
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1
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5 x13
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7 x15
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0 X18
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32769.65536
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131073-2621C4
2621CS-524288
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2097153-4194304
4194305-8388608

HOOEL Kame: SFKFlKAL
Event Tree: ELECT3 10 34'10 13 AUG 1992
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Browns'Ferry Unit 2 individual Plant Examination Revision 0

IIOOEL Nane: BFHFIHAL

Top Event Legend for Tree: ELECT3

10:34:11 13 AUG 1992
Page 1

Top Event Designator..... Top Event Description.............................
IE

UB43A

FE

GE

RO

DF

DJ

RC

UB438

FG

A3EC

RP

DH

FH

GH

A3ED

initiating Event

4KV UNIT BD 3A UNAVAILABLE

FUEL OIL SYSTEH FOR DIESEL 3A UNAVAILABLE

DG 3A UNAVAILABILITY

UNIT 3 VENTILATION SYSTEH

4KV SD BD '3EA AND 480V SD BD 3A POMER UNAVAILABLE

480V DIESEL AUX BD 3EA POMER UNAVAILABLE

250 V OC CONTROL POMER FOR 4KV SD BD 3EC AHD 480V
SD BD 3EB UNAVAILABLE

250 V DC CONTROL POMER FOR 4KV SD BD 3EB
UNAVAILABLE

120 V AC UNIT 2 PREFERRED POMER UNAVAILABLE

120 V IBC BUS "2A" UNAVAILABLE

250 V RHOV BD 28 UNAVAILABLE

FUEL OIL SYSTEH FOR DIESEL 3B UNAVAILABLE

DG 38 UNAVAILABLE

4KV SD BD 3EB PDMER UNAVAILABLE

4KV UNIT BD 38 UNAVAILABLE

FUEL OIL SYSTEH FOR DIESEL 3C UNAVAILABLE

DG 3C UNAVAILABLE

4KV SO BD 3EC AND 480V SD BD 38 UNAVAILABLE

480V DIESEL AUX BD 3EB POMER UNAVAILABLE

120 V IBC BUS "18" UNAVAILABLE

FUEL OIL FOR DIESEL 30 UNAVAILABLE

DG 3D UNAVAILABLE

4KV SD 80 3EO UNAVAILABLE
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HOOEL kame: BFNFIkAL

Split Fraction Logic for Event Tree: ELECT3

14:14:04 13 AUG 1992
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SF........ Split Fraction Logic............
UB43AF UB + NT3~F+OGS>F~EPR30>F

UB43A1 1

FEB

FEF

FE1

UB43A~S

FUEL UB43A>F

UB43AiS

UB43A>Fe(FE>F + DIESEL)

UB43A>Fi(DEAF + DEAF) + KV4 + V3sF

UB43A~F

ROF

R01

A3EA~F

DF2

DF1

OJF

DJ11

DJ10

OJ9

DJB

DJT

DJ6

DJS

DJ4

DJ3

OJ2

OJ1

DJF

DNF

DK3

R&F

A3EAsF DGsF~ABaF DHNF+INITNLUPS

M>F DE>F*AB>F OH<F

M>F DE>F~A3EA>F DG>F DI>F

A3EA<F DG>F DI>F

AB~FWH~FKI~F

M~FWE~F&I~F

DI~F

AAiFQE<F~A3EA>F OG>F D1>S

A3EAiFRGiFRIaS

AB*F'%H~F&I~S

AA~F'DE~F&I~S

(M<S+DE<S)*(AB>S+DH=S)*(A3EA<S+DG>S)~DI<S

AB*F~A3EA>F+INITNLICA

A3EA~F

26
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HOOEL Name: BFNFlNAL
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SF ~ ~ ~ ~ ~ ~ ~ ~ Spl
'l't Fl ac'tion Log Ice ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

DN2

DN1

RCF

RC1

FFB

FFF

FF2

FF1

GFB

GFF

GF2

GF1

A3EBF

A3EBS

A3E84

A3E83

A3EB2

A3EB1

U843BF

AB~F

0843AM

FUELeU843AiF

FE~F%843A~F

U843AiS

U843A~Fe(DIESEL + FFeF)

FE~F~3A~F

GE~FKB43A~F

v3 F + KY4 + U843A<Fe(DF>F + GF>F)

GF~SQF~S%843A~Fe(FE<F + DlESEL)

U843A>F*GE<VDE<S GF>VDF>S QEA>F

U843A<S A3EA>F

U843A>AGE>PDE<S GF>VDF>S QEA<S

1

UB + HT3 F+KS>FeEPR30 F

U$4381 1

FGF

FG1

GGF

~ GGG

U8438~S

FUEL U8438>F

FE<FeFF<FU8438IF

(FEeF + FF>F)GGU8438sF

U$438~S

(DlESEL + FG<F)U843BIF

FE>FeFF<FU$ 438>F

(FE>F*GF>F + FF>FeGE>F)U8438>F

GEGGF*GF>F U8438>F

(FE>F + FF>F)U8438>F

(GE>F + GF4F) U8438>F

.27
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H(SEL Haec: BFHFIHAL

Split Fraction Logic for Event Tree: ELECT3

14:14:10 13 AUG 1992
Page 3

SF........ Split Fraction Logic

A3ECF

A3EC18

A3EC17

A3EC16

"A3EC15

A3EC14

A3EC13

A3EC12

A3EC11

A3EC10

A3ECS

A3EC7

A3EC6

A3ECS

A3EC4

A3EC2

A3EC1

A3ECF

RPF

RP1

UB438F*(DG<F + GG<F) + V3>F + KV4

U8438>PU843A<F DG<S GG>S (GE>F+OE<F)*(GF>F+OF<F)

U8438iS%843AiF~(GE~F + DEAF)~(GF~F + DF~F)

U8438>F U843A<F DGmS GG<S ((GE>F+OE<F)aGF>S DF>SaA3EB>F
+(GF~F+OF~F)~GE~VDE~P'A3EA~F)

U8438IS%43A>F*((GE<F + OE<F)~OF<8 DF>S QEB>F +
(GF>F + DF>F)~GE>VDE<S A3EA<F)

U8438>PU843A>F DQS GG<S (GE<F + DE>F + GF>F + OFaF)

U8438<AB43A>F~(GE>F + OE<F + GF>F + OF>F)

U8438~F U843A>F~GE<SKE<S GF~SKF~S G&~G<S A3EA>F~A3EB>F

U8438>S U843A<F~GE<VDE<S*GF>VDF>S~QEA>F~QEB>F

U8438>F U843A>N~VOG<S A3EA>F~A3EB>F

UB438<S@843A<S QEA<FeQEB*F

U8438>F U843A>F~GE>~E>S GF<SKF<S GG>~G<S (A3EAF
+ A3EB~F)

U8438>S%843A>F~GE>POET'S*GF~VDF~S~(QEA~F+
QEB~F)

U843B~PVB43A>S GG~PDG~S (QEA<F+QEB>F)

U843B~SKB43A>S (A3EA<F+QEB<F)

U8438>PUB43A>FeGE<SQE>S GF<VDF~S GG=VDNS A3EA~S A3EB~S

U843B~S%843A~F~GE~PDE<S GF<WF>S QEA*S QEB~S

U843BNF U843A<S GQ SAG~8 A3EA~S A3EB~S

U8438~SKB43A~S A3EA~S A3EB~S

QECiF

AC<FeA3EC<F

A3ECaF

ACRF

FHB

FHF

FH4

U8438~8

FUEL U843B=F

FE>F FF>F~FG>F UB43B*F

(FE>F~FFIF + FE<F~FG>F + FF<F~FG>F)U8438NF
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IKSEL Heee: SFHFIHAL

Split fraction Logic for Event Tree: ELECT3

14:14:12 13 AUG 1992
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Sfe ~ ~ ~ ~ ~ ~ ~

FH2

FH1

GHB

GHF

GH10

GH9

GHS

GH7

GH6

GH5

GH2

GH1

l3EOF

A3ED35

A3ED33

A3ED32

A3ED31

A3ED30

A3E028

A3E027

A3ED26

Split Flee't'ion Log'fce ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

(FE»F + FFsf + FG»F)»U843$ »F

N438«S

(DTESEL + FHsf)U8438»f

Ffsf»FC»f«FE«FU$ 43$ »f

(GF«F*FGsf«FE F + FF F»CCsf»FE F + Ff F«FG»F*GE F)U8438 F

(Gfsf»CC»f»FE«F + Ffsf»CC»F»GE»F + FGsf»GE«F»GF«F)U843$ sf

GE«f»GF«F*GG»f U843$ »F

(FGsf«FEsf + FF«F»FE«F + Ffsf«FC»f)N43$ »F

((Ffsf + FE«F)*CQ»F + (FF»F + FGsf)»CE»F + (FE»F +
FCsf)»Gfsf)U843$ sf

(Gfsf«CC»F + GFsf*GEsf + GCsf«GE»f)U$ 438»F

(FF«F + FG»F + FEsf)N43$ »f

(GF«F + GG»F + GEsf)U$43$ «F

N438sf«(GHsf + DH«F) + l3sf + KV4

N43$sf U843A»F«(GE«F » DE»F)*(GF«F » DF«F)«(GG»F + OG»F)

N43$ »FU$43Asf«((GEsf + DE«F)«((CF«F + DF»F) DG»S GG»S
QEC«F + (GG»F + DGsf)«GF»%)fsS QES»F) + GE«S OE»S»
QEA»F*(GF»f + DFsf)«(GC F + DG»F))

U843$ »SRBQAsf«(GEsf»DEsf)«(GfsftDF«F)«QEC»F

UB438»FU$ 43A»F»((GEsf»OE«F)«((GFsf+Ofsf)«QEC»S
«(GC»ftOCsf)»A3ES»S)+QEA«S (Gfsf»DF«F)«(GG»F»DQ»f))

UB43$«SRSQA«f«(GEsf + OE«F)«(GF«F + DF«F)«QEC»S

l$438«F N43A«f«((GE»FKEsf )«Gfs~f»S CC»%DC»S A3EB»F
«QEC«F+(Gf«FSF«F)«GE»S DE»S»GG»BOG»S»QEA»F«QECsf
+(GGsf+QCsf)«GE«~E»S GC»VDG»S A3EA«F«A3ES»F)

U843$ »S%BQAsf»A3ECsf«((GEsf»DE«F)»GF»PDF»S QEB«F
+(GFsf+DF»F)*GE«S DE«S QEA»F)

U8438»F»U843A«S QEA«F«A3EB»f*(GC»F + DG»f)

U$43$ sf U843Asf«((GE»F + DEsf)«GF«PDF»S»GG»S DG»S (QEBsf +
QEC»F) + (QF«F +,Dfsf)»GE»VDE«S»GG»FOG»S (QEA»F +
QECsf) + (GG»F + OG»f) «GE»VDE»S GF»VDF»S»(QEA»F +
A3ES»F))

l$438»S»I$ 43A«F»QEC»S ((GE»F + OE«F) * GF»FDF»S QES»F +
CEs&)E«S«QEA»F»(GFsf + DF«F))

UB43$»SU$ 43A»F»A3ECsf«((GEsf + DE«F)«A3ES»S + A3EA«S
«(GF«F + Df«F))

U8438»F U$43A»S (GG»F + DG»F)«(QEA«F + A3EB»F)

29
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IKOEL Nemo: BFNFlNAL

Split Fraction Logic for Event Tree: ELECT3

14:14:15 13 AUG 1992
Pege 5

SF ~ o ~ ~ ~ ~ ~ ~ Split Frection Logico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ o ~ ~ ~ ~

A3E023

A3ED22

A3E021

A3E020

A3E019

A3ED1$

A3ED17

A3ED16

A3ED15

A3E014

A3ED13

U8438~F%843AiF ((GE~F + DE~F) A3EB~S A3ECiS + (GF~F +
DF>F)eQEA>S QEC<S + (GG<F + DG>F)~QEA>S~QEB<S)

U8438>ABQA>FeA3ECiS ((GE~F i DE~F)eQEB~S i A3EAige
(GF>F + DF>F))

U843$ <F U843A~S A3EA~SaA3EB~Se(GG*F + OG~F)

U8438 F~U843A F*GE S DE*8~OF VDF S GG VDG*S QEA F~QEB F~QEC F

U8438>S%843A>FeGE<AE<S*GF<S OF<S*QEA>F*QEB>F~QEC>F

U843B~FU843A~S*GGiVDG*S QEA~F~QEB~F~A3EC~F

U843B~SKS43AiS QEA~F~QEBiF*QECiF

U843B~FU843A<F~GE<VDE<S GF~S DF~S GG>FOG>S (QEAiF~(QEB>F +
A3EC<F) + A3EB>F~A3EC<F)

U8438>S U843A~F~GE~S DE<S GF~S DF~S~QEC>F~(QEA>F + QEB<F)

U843$ <S U843A>F~GE<VDE<S GF>S OF>S QEBsF QEAsS

U8438~F U843A>S GG~S DG~S QECiF*(QEA<F + QEBiF)

QED12 U8438F U843A>S GG>AG*S QEA>F*QEB~F

A3E011

A3ED10

A3E06

U8438<S%43A<S (QEA~P (QEB>F + A3EC>F) + QEBiF~A3EC~F)

U8438<F U843A>FeGE<SRE<S GF~~F~WGG~VDG*K(QEA~F +
QEB < F + QECiF)

U8438<SQS43A>F~A3EA>S~QEB~S~QEC~F

U8438sSQB43AeFiGEsVDEsS GFsS DFsS (QEAsF+QEBsF)

U8438>F U843A>S GG<&G~SeQEC>F

U8438>F U843A>S (QEA>F+QEB<F)

U8438>SRB43A>S (QEA>F + QEBiF + QEC<F)

U8438<FU843A>F~A3EA>S QEB<S QEC>S

U8438>S%$ 43A>F~QEA<S QEB>S QEC~S

U8438>F U843A~S A3EA>S A3EB<S A3EC~S

U8438<SRB43A<S QEA>S QEB>S A3EC>S
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Page No. I
1RNEL Nsne: BFKFIKAL

Event Tree: GTPOS 10:34:26 13 AUG 1992
W

X4 X X2 X1

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ > ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ O ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ E ~ ~ ~ ~ ~

IE kELT LPRES MET INA INB INC INO IKE INF ING INH JA . JH XC XF XH LEC LF LH RBISO SGIOP F IHIR

1

2
3
4 XI
5 Xl
6 X2
7 X2
B X2
9 X2

10 X2
11 X2
12 X2
13 X2
14 X2
15 X2
16 X2
17 X2
18 X2
19 X2
20 X2
21
22 X3
23 X4

O

Ol
'n

h)

CL
C
CL

Dl

'TI
0)

Pt

X

fa

0

C
Q

tie

O

O
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1

2
3
4-5
6-7
8-13
14.19
20-25
26-31
32-37
38.43
44.49
50.55
56.61
62.67
6S.73
74.79
80-85
86-91
92.97
98
99-195
196-389

INEL Nenet SFNFINAL
Event Tree: GTPDS 10:34t27 13 AUG 1992

W
O

M
'll
ID

K
Pt

CL
C
CL

Ia

0
Ol

Ill
X
CO

2
CO

0

C
M
O

O

32



Browns Ferry Unit 2 Individual Plant Examination Revision 0

kCOEL Nsee: BFNFINAL

Top Event Legend for Tree: GTPOS

1D:34:2B 13 AUG >992
Pege 1

Top Event Designator..... Top Event Description.............................
IE

KELT

LPRES

MET

INB

INC

IKE

INF

ING

INH

JA

JH~-
KF

LEC

LF

LH

RBISO

SGTOP

F IMTR

Initiating Event

CORE DAHAGE HAS OCCURRED

HIGH VESSEL PRESSURE AT KELT-THROUGH

NO MATER ON DRYMELL FLOOR AT KELT-THROUGH

NOT INTACT CONTAINHENT~ MTR TO DEBRIS, DMS/ NlD
SPC

kOT INTACT~ MTR TO DEBRIS, DMSO NO SPC, VENT

NOT INTACT, MTR TO DEBRIS, DMS, NO SPC, NO VENT

KOT INTACT, MTR TO DEBRIS, NO DMS, SPC

KOT INTACT, MTR TO DEBRIS, NO DMS, NO SPC, VEkT

NOT INTACT, MTR TO BERBIS, NO DMS, NO SPC, KO VENT

NOT INTACT, kO MTR TO DEBRIS~ VENT

NOT INTACT, NO MTR TO DEBRIS~ NO VEKT

NOT BYPASS, MTR TO DEBRIS

NOT BYPASS, NO MTR TO DERBIS

NOT EARLY, MTR TO DEBRIS, DMS

NOT EARLY, MTR TO DEBRIS, kO DMS

KOT EARLY, NO MTR TO DEBRIS, kO DMS

NOT LATE, MTR TO DEBRIS, DMS

NOT LATE, MTR TO DEBRIS, kO DMS

NOT LATE, NO MTR TO DEBRIS, NO DMS

REACTOR BUILDING NOT ISOLATED

STANDBY GAS TREATNENT AHD HNIIDIFIERS NOT
OPERATING

FIRE MATER UNAVAILABLE



Browns Ferry Unit 2 Individual Plant Examination

'I

Revision 0

HMEL None: BFNFINAL

Spl'it Fraction Logic for Evenl Tree: GTpDS

14r14:37 13 AUG 1992
Page 1

SF ~ ~ ~ ~ ~ ~ ~ ~ Splie Frection Logico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~

NELTS

IIELTF

NTI5r»RPS»F»(RPT»F+OSL»F+SL»F»OAL»F+OAD»F»OLA»F)

LOPRESST»-NTMS (RVD»DEP+RVC»SORV1+RVC»SORV2+RVC»SORS+FMA»S RVL»S+
INIT»IOTV+INIT»IOTH+INIT»SOCISO»FqTB»F»IVC»F

NOTDRY:~I NIT»S LOCA&MS»S

BYPASS:»INIT»BOC ISO»F+INIT»ILOCA+TS»F»IVC»F+INIT»FLRB3S

EARLY:»NTl5+CIL»F+C IS»F

LATE:»(SP»F»SPR»F+OSP»F)»(FMA»S RVL»S+LPC»S+CS»S)

DBCAVAILs»LPC»S+CS»S+CRD»S+CD»StDMS»S

NCD»S

LPRESS LOPRESS

LPRESF 1

METS

METF

INAS

INAF

INSS

INBF

INCS

INCF

INDS

INDF

INES

INEF

INFS

INFF

INGS

IKGF

INHS

INHF

JAS

JAF

.JHS

NOTDRY

'(BYPASS+EARLY+LATE) DSCAVAIL DI5»S (SP»S+SPR»S)

-(BYPASS+EARLY+LATE) DSCAVAIL DMS»S (SP»F»SPR»F+OSP»F)»VNT»S

(BYPASSqEARLvqLATE) DBCAVAIL Dl5»S (SP»F*SPR»F+OSP»F)» VNT»S

-(BYPASS+EARLY+LATE) DBCAVAIL»(ODMS»F+OMS»F)»(SP»S+SPR»S)

-(BYPASS+EARLY+LATE) DBCAVAIL»(MMS»F+Ol5»F)»(SP»F»SPR»F+OSP»F) VNT
»$

-(BYPASS+EARLY+LATE) DBCAVAIL»(MI5»F+OI5»F)»(SP»F»SPR»F+OSP»F)*-VN
T»S

-(BYPASS+EARLY+LATE)» DBCAVAIL VNT»S*(MMS»F+DMS»F)

-(BYPASS+EARLY+LATE)» DBCAVAIL»-VNT»S»(MMS»F+DMS»F)

BYPASS DBCAVAIL

BYPASS DSCAVAIL



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HODEL Kame! BFHF IHAL

Split Fraction Logic for Event Tree: GTPDS

14:14:39 13 AUG 1992
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SFe ~ ~ ~ ~ ~ o ~ Spl'it Fract'ion Loglco ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

JHF 1

KCS EARLY'%BCAVAIL&MS~S

KCF 1

KFS EARLY DBCAVAIL (OOMS FKMS*F)

KFF 1

KHS EARLY'.DBCAVAILa(0015>F+OMS<F)

KHF 1

LEGS LATE DBCAVAIL D~S
LECF 1

LFS LATE DBCAVAIL~(ODMS<F+OMS<F)

LFF

LHS LATE» DBCAVAILa(OOMS>F+Ol5>F)

LHF 1

RBISOS RBI >S

RBISOF 1

SGTOPS SGT~S~KNI*S

SGTOPF 1

F IMTRS Al<S

FIMTRF 1

35



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HODEL Name: BFNFINAL

Sinning Logic for Event Tree: GTPDS

14t1B:35 13 AUG 1992
Page 1

Bino ~ ~ ~ o ~ ~

SUCCESS

HIAU

HIAV

HIAM

HIAX

HIAY

HIAZ

HIBU

HIBV

HIBU

HIBX

HIBY

HIBZ

HICU

HICV

HICM

HICX

HICY

HICZ

HIDU

HIDV

HIDU

HIDX

HIDY

HIDZ

HIEU

HIEV

HIEM

HIEX

HIEY

HIEZ

HIFU

HIFV

Binn'ing RUIeao ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ eooo ~ ~ ~ ~ ~ ~

HELT~S

LPRES<FNET>S INA<S RSIMS SGTOP>S FIUTR>S

LPRESsf METaS INAsS RBISO~S SGTOPaS FIMTRsf

LPRES~PQET>S INA>S RBISO*S SGTOP<F*FIUTR<S

LPRESsP%TsS INAsS RSISO+S SGTOPsf*FIMIRsf

LPRES~PVET~S INA~S Rgl~feFIIJTR>S

LPRES>f VETOES INA~BI~FiFIMTR<F

LPRESiPQETsS INSETS RBISO~S SGTOPaS F IMTRsg

LPREWF NET>S INSETS RSI~S SGTOP<&flllTR>F

LPRES~F MET>S*INS~S RBI~S SGTOP>fiFIUTR>S

LPRESiP%ET<S INSETS RBISO*S SGTOP~F F IMTR~F

LPRENP%ET>S INSETS RBI~FiflllTR<S

LPREWP%ET~INB~S RBI~FiFINTR>F

LPRES<PQET<S INC>S RBI~S SGTOP>S FIUTR<S

LPRES>f NET>S INCUS RBISON>SGTOP>S FIMTR>F

LPRES<f METIS INC>S RBISO S SGTOP<f*flllTR<S

LPRENPQET~&INC VRBISO S SGTOP~PFIlPRif

LPREMFMET>S INES RBI~F*FIMTR>S

LPRES>FMET<S INC>S RSIS04faflMTR>F

LPREWPQET<S INDI~SI~S SGTOP>S Fill?R<S

LPRES>FAET>S INDUS RBI~S SGTOP~flllTR<f

LPRES<f METS INDIS RBIMSiSGTOP>faFWR>S

LPRES>f NET>S INDUS RBIMSiSGTOP>f+FIMTR>f

LPRES>FAET<S IND>S RBl~fiflllTR<S

LPRES<F MET>S INDUS RBI~FifIMTR>f
F

LPRES>FNET<S INE<S RBI~S SGTOP>giflUTR<S

LPRES>f MET>S INE~S RBI~S SGT~S FlllTR~F

LPRES>f NETIS IKE>S RBIMS SGTOP>f FIMTR>S

LPRES>FQET<S INE<S~RBI&S SGTOP<F~FIUTR<f

LPRES>FMET<S IKE<S RBI~fifIMTR<S

LPREWFINET>S INE<S RBI~F+F IMTR<F

LPRES>f MET<S INF<S RBI~S SGTOP<S FIMTR>S

LPRES>f MET<S INF<S RBI~S SGTOP<S FIIITR<f
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Sin....... Binning Rules.

HlFM LPRESaFMETsS INFaS RBISOaS SGTOPaFaf INRsS

HIFX LPRESsF METaS INFsS RBISOaS SGTOPafaFINRaF

IIIFY LPRESsFMETagslNFsS RBI SOafaF INRaS

HIFZ LPRESaFaMETaS INFsS RBI SOafsF INRaF

HICU LPRESaF METsS INCsS RBISO=S SGTOPagsFINRaS

HIGV LPRESsFsMETaS INGsS RSISOaS SCTOPaS FINRaF

NICM LPRESaF METaS INGsS RBIMaS SGTOPaFsFINRsS

NICK LPRESsFMETaS INGaS RBISOaS SGTOPaF*F INRsF

HIGY LPRESsF METsS INGaS RBI SOaF*F IMTRsS

HICZ LPRESaF METaS INGaS RBISOaFsFIIITRsF

HIHU LPRESaF METsS INHsS RBISOaS SGTOPaS FINRsS

HIHV LPRESsFMETsS INHsS RBIMsgaSGTOPsS*FWRsF

HIHM LPRESaF METsS INHsS RBISOagaSGTOPaFsF IMTRaS

HIHX

HIHY

HIHZ

HJAU

LPRESsFsMETsS INHsS RBISOsS SGTOPsFaFIMTRaF

LPRESsF METsS INHsS RBISO F*FINRaS

LPRESaF METagsINHaS RBI SOsFsF INRaF

LPRESaFMETaS JAaS RBISOsS SGTOPsS FINRsS

HJAV LPRESsFMETaS JAaS RBISOaS SGTOPsS FIMTRaF

HJAM LPRESsFMETaS JAsS RBISOaS SGTOPsF*FWRaS

NJAX LPRESaF METaS JAaS RBISOaS SGTOPaFaFINRaF

HJAY LPRESaF*METaS JAsS RBISOsfaF INRaS

NJAZ LPRESaF'METaS JAsS RBISOafaFWRaF

HJHU LPRESaF METaS JHsS RBISOaS SGTOPsS FIMTRaS

HJHV LPRESsF METaS JHsS RBIMaS SGTOPaS FIMTRaF

HJHM LPRESsF METaS JHsSaRSIMaS SGTOPsFaFINRaS

HJHX LPRESsF METsS JHaS RBIMsS SGTOPsF*FINRaF

HJHY LPRESaF METaS JHaS RBISOaFaFINRsS

HJHZ LPRESaf METsS JHsS RBISOaFaFINRsF

HKCU LPRESsFMETsS KCsgsRBISOsS SCTOPaS F INRaS

NKCV LPRESsF METaS KCaS RBISOaS SGTOPaS FIMTRsF

NKCM LPRES FsMET SaKC SsRBISOagsSGTOP FaFINR S

kKCX LPRES F*MET S KC S RBISOaS SGTOP F FINRsfl HKCY LPRESsFsMET*SaKCaSsRBISOaFsFIMTRaS

37
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Bin....... Binning Rules. ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

NKFU

NKFV

NKFX

NKFY

NKFZ

NKHV

NKHM

NKHX

NKHY

NKHZ

NLCV

NLCX

NLCY

NLCZ

NLFU

NLFV

NLFM

NLFX

NLFY

NLFZ

NLHU

NLHV

NLHM

NLHX

NLHY

NLHZ

MIAU

MIAV

LPRES>f MET>S~KC>SiRBI~F~FINR<F

LPRESNF MET<S KFNS~RBISONS~SGTOP>S F INR<S

LPREWF iKTNSiKF<S RBI~S SGTOP<S FINR>f

LPRES>F&T 8+Kf>S*RBI&VSGTOP F*F IMTR S

LPRES>FMET>S Kf>S RBI&S SGTOPNF~F INR<f

LPRES F+iKT S Kf 'S RBI~F+FIIJTR S

LPRES FMET S*KF S RBIMF FIMTR F

LPRES<f MET<S KH<S RBIWS SGTOP>S FINR>S

LPRES<FMET>S*KH<S RSIWSiSGTOP>S*F IMTR>F

LPRES>f MET>S KH>S RBIWS SGTOP>fiflNR>S

LPRES<f MET>S KH>S RBISOmtS SGTOP<fiFINR<F

LPRES>F~T<S KHNS RBI~F~FINR>S

LPRES>FAET<VKH<VRBIMF~FINR>F

LPRES<f IKTNS LEC>S RBI~S SGTOP<S~FIllTR<S

LPRES<f MET>S LEC>S RSI~S SGTOP<S FIMTR<f

LPRES>f MET>S LEGIS RBI&S*SGTOP>f*FINR>S

LPRES>FMET<S LEC<SiRBI~S SGTOP>fif INR<F

LPREMFMET>S LEC<S RSI~F*FINR<S

LPRES<FMET>S*LEC<S*RSIMF~FINR>f

LPRES<FMET>S Lf<S RSIWS SGTMS FlllTR<S

LPRES>FMET<S Lf>S RSIWS SGTOP>S FIMTR<f

LPRES<f MET>SELF>S RBIWS SGTOP>fiflllTR<S

LPRES>PlJET<S Lf<giRBIWS SGTOP>fifINR~F

LPRES<FMET>S*LFNS*RBIS&F*FINR>S

LPRES>FMET>S~LF<S RSIWF~FINR>f

LPRES>FMET>S LH>SiRBIWS*SGTOP<S F INRiS

LPRESFMET>S LH<S RBIWS SGTOP<S FINR>F

LPRES>f'MET<8 LHS RBIWS SGTOP>fif INR>S

LPRES~FMET~S+LH~S RBIWSeSGTOP~FaFIIITR~F

LPRES<f'MET>SiLH<SiRBISQF~F INR<S

LPRES>FMET>S*LH<SiRBIWF*FIMTR~F

LPRES<fiMET>F~IMANSiRBISO=S*SGTOP<S*FINR<S

LPRES>f MET>F*IMA<S RBIS&S SGTOP<S FINR>f
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8 Ine e i ~ ~ ~ . 8 Inning Rul as o ~ ~ e s o o ~ o o ~ i o ~ ~ ~ ~

NIAM

NIAX

NIAY

NIAZ

NIBU

NIBV

NIBM

NIBX

NIBY

NIBZ

NICU

NICV

NICM

NICX

NICY

NICZ

NIDU

NIDV

NIDM

NIDX

NIDY

NIDZ

LPRES F MET F~INA S RBI~S SGTOP F*FIMTR S

LPRES>PMET>F~INA<S~RBIMS SGTOP>F~FIMTR>F

LPRES>f MET>FARINA>S RBI&F~FIMTR<S

LPRES>F MET>f*INA~S RBI~F*FIMTR>F

LPRESsFMETsf~INBsS RBIMS SGTOPsS FIMTRaS

LPRES>f MET>f INB>S RBI~S SGTOP>S FIMTR>f

LPRESNF METNF~INB>S RBISONS SGTOP>F~FIMTR<S

LPRES>f MET>F~INB~S RBIMS SGTOPNF~FIMTR<f

LPRES>F~T>F~INB<S RBIS&F~FIMTR<S

LPRESNf~lJET>F*INB>S RBIWF~FIMTR<F

LPRES>f MET>F~INCNS RBIWS~SGTOP>S FIMTRNS

LPRES>f MET>f INC<5 RBI~S SGTOP<S~FIMTR>f

LPRES<f MET>f INCUS RBI&S SGTOP>F~FIMTR~S

LPREWF MET>F~INC>S RBISONS SGTOPNF~FIMTR>f

LPRES>f METNfeINC~KRBISONFaflMTR~S

LPRES>FMETwf~INC>S RBISAF*FIMTR>F

LPRES~F MET~feIIQ~S RBI~S+SGTOP~S FIMTR~S

LPRES>f MET<feIND<S RBI~S SGTOP>S~FIMTR<f

LPRES<f MET>F~IND<S RBISWSGTOP>faFIMTRNS

LPRESNFMETNFeIND<S RBI~S SGTOP>faFIMTRNF

LPRES<FAET<F~INDNNRBI~F+FIMTR>S

LPRES>FMET>f*IND>S RBIWF*fIMTRif

NIEU * LPRES>FMET>F~INE<S RBIMS SGTOP>S FIMTR>S

NIEV

NIEM

NIEX

NIEY

NIEZ

NIFU

NIFV

NI FM

NIFX

NIFY

LPRES>f MET>f*IKE<S RBISQS SGTOP>S FIMTR>f

LPRES>f MET>feIKE<S RBISONS SGTOP>faf IMTR<S
I

LPRESNFMET>f*INE<S RBI~S SGTMF*FIMTR>f

LPRES~FMET>f*INE<S~RBIMF~FIMTR~S

LPRES>faMETNfeIKE>S RBIMfafIMTR>f

LPRES>f MET>f*INF<S RBI~S SGTOP>S F INTR>S

LPRES>f MET>F~INF<S RBISRS SGTOP<S~FIMTR>f

LPRES<f MET>F~INF>S RBIWS SGTOP>F~FIMTR<S

LPRES>FMET>F~INFNS RBISO 8 SGTOP>F~FIMTR>f

LPRES>F~MET>F~INF>S~RBI&F~F IlJTR<S
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Bfne ~ ~ ~ ~ ~ ~ B'Inning RUIes ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

NIFZ

MIGV

NIGM

NIGX

NIGT

NIGZ

NIHU

NIHV

NIHM

NIHX

NIHY

NIHZ

NJAU

KJAV

MJA'M

NJAX

NJAY

NJHU

NJHV

MJHY

NJHZ

NKCX

NKCT

llKCZ

NKFU

MKFV

LPRES¹f MET¹f¹INF¹S RBISO¹F¹FIlITR¹F

LPRES¹f¹MET¹F"ING¹S¹RBISO¹S*SGTOP¹S¹FIMTR¹S

LPRES¹FMET¹F" ING¹S¹RBI SO 8 SGTOP¹8 F IWR¹F

LPRES¹f MET¹F¹ING¹S¹RBISO=S SGTOP¹F¹FIMTR¹8

LPRES¹FMET¹F¹IMG¹S RBISO¹8*SGTOP¹F¹FI WR¹F

LPRES¹FMET¹F¹IKG¹S RBISO¹f¹f IWR¹S

LPRES¹FMET¹F*IKG¹S RBISO¹F¹FIWR¹F

LPRES¹f*MET¹F*INH¹S RBISO¹S SGTOP¹S F IWR¹S

LPRES¹f MET¹f¹INH¹S RBISO¹8¹SGTOP¹S FIWR¹F

LPRES¹f MET¹F¹INH¹S RBISO¹8*SGTOP¹F¹F IWR¹8

LPRES¹FMET¹F¹INH¹S RBISO¹8 SGTOP¹F¹F IWR¹F

LPRES¹F¹MET¹F¹INH¹S¹RBISO¹F¹F NR¹S

LPRES¹f MET¹f¹INH¹S RBISO¹f*FIWR¹F

LPRES¹FMET¹F¹JA¹S RBISO-8*SGTOP¹S¹FIMTR¹8

LPRES¹F MET¹f¹JA¹8 RBISO=S SGTOP¹S FIMTR¹F

LPRES¹f MET¹F¹JA¹S RBISO¹S SGTOP¹F¹FIWR¹S

LPRES¹f MET¹F¹JA¹8 RBIM¹S SGTOP¹f¹FIWR¹F

LPRES¹F¹MET¹F¹JA¹8¹RBISO¹f¹FNR¹S

LPRES¹FMET¹F¹JA¹8¹RBISO¹F¹FIWR¹F

LPRES¹f MET¹f¹JH¹S RBISO„-S SGTOP¹S FIMTR¹S

LPRES¹f MET¹F*JH¹S RBISO¹S SGTOP¹S FIWR¹F

LPRES¹f MET¹F¹JH¹S RBISO¹8¹SGTOP¹f¹FIWR¹S

LPRES¹f MET¹F¹JH¹8¹RBISO¹S SGTOP¹f¹FNR¹f

LPRES¹f¹MET¹F¹JH¹8¹RBISO¹F¹FIMTR¹S

LPRES¹F¹MET¹f¹JH¹8 RBISO¹F¹FIWR¹F

LPRES¹FMET¹f¹KC¹8¹RBISO¹S SGTOP¹S*FNR¹S

LPRES¹f*MET¹f*KC¹8¹RBISO¹8¹SGTOP¹8¹F IWR¹F

LPRES¹f MET¹F*KC¹S¹RBISO¹S SGTOP¹f¹FIMTR¹S

LPRES¹FMET¹F*KC¹8¹RBISO¹S¹SGTOP¹f¹FIWR¹f

LPRES F+MET F*KC¹8¹RBISO¹f*F1WR S

LPRES¹f¹MET¹f¹KC¹8¹RBISO¹f¹F IWR¹F

LPRES¹F*MET¹F*KF¹S RBISO¹8¹SGTOP¹8 F IWR¹S

LPRES¹f MET¹F¹KF¹S¹RB I80=8¹SGTOP¹8¹f illTR¹F
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NKFM LPRES<F MET<f KF S RBI~S*SGTOP F FIMTR S

NA'FX LPRES>faMET>f+KF>S*RBIMVSGTOP<f+FIMTR>f

NKFY LPRES FaMET F+KF VRBIMF+FIMTR S

NKFZ LPRES*FMET F~KF S RBISONF~FIMTR F

NKHU LPRES>faMET>f+KH>SeRBIWPSQTOP<F'FIMTR4S

NKHV LPRES FaMET F+KH*P'RBISQVSGTOP VFIMTR>F

NKHM LPRES~F MET>faKH<S RBI~S SGTOP>F*FIMTR<S

NKHX LPRES+FMETsf+KHsS RBISOiS SGTOPsf+FIMTRsf

NKHY LPRES>VlKT>F~KHIS RBI~F~FIMTR>S

NKHZ LPRES>FAET>F~KH<S RBI~Faf IMTR>f

NLCU LPRES>FMET>ELEC>S RBI&S SGTOP>S FIMTR<S

NLCV LPRESIF MET>F LEGIS RBI&S SGTOP>S FIMTR>f

NLCM 'PRES>f MET>faLEC<S RBI~S SQTOP>F*FIMTRNS

NLCX LPRES>f MET>F*LEC>S RBI~S SGTOP>F~FIMTR>f

LPRES>F~MET<feLEC>S RBIMfaFIMTR<S

LPRES>f MET>F~LEC<S RBIWF*FIMTR>f

NLFU LPRES>P%T>faLF>S RBI&S SGTOP>S FIMTR>S

NLFV LPRES>f MET>faLF<S RBI~S SGTOP>S FIMTR>f

NLFM LPRES>f MET>F~LF>S RBISOIS SGTOPaf*FIMTR>S

NLFX LPRESIF MET>F~LF>S RBIMS SGTOP~FefIMTR<F

NLFY LPRES>~T>F*LF>S RBI~F FIMTR<S

NLFZ LPRES<FMET>F~LF>S RBI~faFIMTR>f

NLHU LPRES>FMET<faLH<S RBI~S~SGTOP>S FIMTR>S

NLHV LPRESif MET>faLHIS RBIMS SGTOPiS F IMTR<f

NLHM LPRES>f MET<F~LH<S~RBI~S~SGTOP>F FIMTRaS

NLHX LPRES>FMET>faLH<S~RBISOaS SQTOP<faflMTR~F

'NLHY LPRES<PQET>faLH<S RBI~F*FIMTR<S

NLHZ LPRES<FMET>faLH>S RBIMfafIMTRif

OIAU LPRES>FVET>S INA>S RBIS&S SGTOP<S FIMTR<S

OIAV LPRES>&MET>S INA<S RBI~S~SGTOP<SeFIMTR>F

OIAM LPRES<S MET>S INA<S RBI~S SGTOP>fafIMTR>S

OIAX LPRESI~T<S INA S~RBIS&S SGTOPaf~flMTR<Fl OIAY LPRES<SAET<S INA>S RBISOIfefIMTR*S
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83no ~ ~ ~ ~ ~ ~ 8'Inn'lng Rvieee ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

DIAZ

OISU

OIBV

OIBX

OISY

OIBZ

OICU

OICV

OIQt

01 CX

OICY

OICZ

OIDU

OIDV

OIDN

OIDX

OIDY

OIDZ

DIEU

OIEV

DIEM

OIEX

OIEY

OIEZ

OIFU

01 FV

, OIFII

OI FX

OI FY

OIFZ

OIGU

OIGV

LPRESsSAETsS*INAsS RSISOsfsf INRsf

LPRESsSAETsS*I NBsS*RS ISOs S SGTOPsSs F IIITRsS

LPRESsssNETsS INBsS RBISOsS SGTOPsgsFINRsF

LPRESsSAETsgsINBsS RBISOsS SGTOPsfsflllTRsS

LPRESsSAETsS INBsS RBIMsS SGTOPsfsf INRsF

LPREQ4%ETsS INSsS RBISOsfsf INRsS

LPRESs~TsS INBsS RBISOsfsfiNRsf

LPRESsSAETsS INCsS RBISOsS SGTOPsS FIWRsS

LPRESsSAETsS INCsS RBISOsS SGTOPsS FINRsf

LPRESsSAETsS INCsS RBISOsS SGTOPsFsFINRsS

LPRESs~TsS INCsS RBISOsS SGTOPsfsflllTRsf

LPRESsSQETsS INCsS RBISOsfsf INRsS

LPRESsPVETsS INCsS RBISOsf*FINRsf

LPRESsVQETsS INDsS RBISOsS SGTOPsS FINRsS

LPRESsSAETsS INDsS RBISOsS SGTOPsS FIWRsf

LPRESsS NETsS INDsS RBISOsS SGTOPsF*FIIITRsS

LPRESsSQETsS INDsS RBISO*S SGTOPsFsf INRsF

LPRESsSQETsS INDsS RBISOsfsFINRsS

LPRESsMTsSsINDsS*RBISOsfsf IMTRsF

LPRESsSKTsS INEsS RBISOsS SGTOPsSsFINRsS

LPRESs~TsS INEsS RBISOsS SGTOPsS FINRsf

LPRESsVMETsS INEsssRBISOsS SGTOPsF*F INRsS

LPRESsgsQETsS INEsS RBISOsS SGTOPsFsf IWRsF

LPRESsSRETsS INEsS RBISOsFsFIIITRsS

LPRESs~TsgsINEsS RBISOsf*flllTRsf

LPRESsS METsS INFsS*RSISOsS SGTOPsS FlllTRsS

LPRESsSAETsS INFsS RBIMsS SGTOPsS FIWRsF

LPRESsSKETsS INFsS RBISOsS SGTOPsF*F INRsS

LPRESsSAETsS INFsS RSISOsS SGTOPsf*F INRsf

LPRESsSRETsS INFsS RBISOsfsf INRsS

LPRESsVQETsS INFsS RSISOsfsf illTRsf

LPRESs~TsS INGsSsRBISOsSsSGTOPsS FINRsS

LPRESsVQETsS INGsSsRBISO=S SGTOPsS FINRsF
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BIn....... BImlng Rules....................................................
OIGM LPRES<~T>S ING>ARBI~S SGTOP>F~F IWR~S

OIGX LPRES<VQET<S ING~S~RBIWS SGTOP<F~F IWR*F

OIGY LPRES>~T~S IN&S RBI~FeF IWR>S

OIGZ LPRESIVQET~Se IN&5 RBI~Faf IWR~F

OIHU LPRES<SQET>S INNESS RBI&S SGTOP>S FIWR>S

OIHV LPRES<F%ET>S INN>S RBI~S~SGTOP>S F IllTR>F

OIHM LPRES>V%ET>S

INNESS

RBI~S SGTOP>F~F IWR<S

OIHX LPRES>SAINT>S INH<S~RBI~S SGTOP<F~F IMTR<F

OIHY LPRESsSQET<S

INNESS

RBISQF~FI WR>S

OIHZ LPRES<~T>S INNESS RBISONFeFIWR>F

OJAU LPRES>PlJET>S JA>S RBIMS SGTOP>S FIWR>S

OJAV LPRES<PMET<S JA~S RBIMS SGTOP~S~FIWR>F

OJAM LPRES>FVET>S JA<F%B I~S SGT~FeF IIITRIS

LPRES<SAET<S JA>S RBI~S SGTOP>F~FIWR<F

OJAY LPRES~SKET>S JA<S RBISONF~F IWR~S

OJAZ LPRES>SMET>S JA>S RBI~FeF IMTRmF

OJHU LPRES>PMET<S JH>S RBIMS SGTOP*SeFIWR~S

OJHV LPRES>%MET>S JH>S RBI~S SGTOP~S~FIWR<F

OJHM LPRES>%METES JH>S RBI~S SGTOP~FeFNTR~S

OJHX LPRESsSQETaS JH*S RBIMS SGTOPeFeF IWRsF

OJHY LPRES>SAET>S JH>S RBI~F~FIWR~S

OJHZ LPRES>SAET<S JHNS RBI~F~FIIITR~F

OKCU LPRESaSAETsS KCsS RBISO+S*SGTOPaS4F IllTRsS

OKCV LPRES<VQET<S KC>S RBI~S SGTOP~S~F IMTRF

OKCM LPRES~F%ET~S KC~S RBI~SoSGTOP~FeFIWReS

OKCX LPRES>VMET>S KC>S RBI~S SGTOP~F~F IWR<F

OKCY LPRES ~T S KC S RBIS&F~FIWR S

OKCZ LPRES>S MET>S KC<S RBI~F*FIWR>F

OKFU LPRES VMET>S*KF PRBIWVSGTOP S+FIMTR S

OKFV LPRES SAET>S KFNS RBI~S SGTOP S FIWR>F

OKFM LPRES<V1KT>S KF>S RBIS&S SGTOP>F~F IWRIS

OKFX LPRES SAET S KF*S RBI~S SGTOP*F FNTReF

OKFY LPRES S'ET>S KF S RBI&F FIWR S
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OKFZ

inning RUIeeo ~ o ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~8

LPRES>SMET>S KF<S~RBIMF*fillTRif

LPRES>VMET>SIKH>S RBIMS SGTOPeS F INR-"S

LPRES<S%T>S*KH>S RBI&S SGTOP>S FINR<F

OKHM LPRES>~T~S KHmS RBISOmS SGTOP>F*f IllTR<S

OKHX

OKHY

0KHZ

OLCU

OLCV

OLCM

OLCY

OLFU

OLFV

OLFM

OLFX

OLFY

OLFZ

OLHU

OLHM

OLHX

OLHY

OLHZ

PIAU

PIAV

P 1AM

PIAX

PIAY

P IAZ

PIBU

PIBV

LPRES SAET KKH<P'RBI~&SGTOP F+FINR F

LPRES<~T<S KH<S RBI~FiFINR>S

LPRES~PQET~F KH~S RBIMfefINR~F

LPRES<~T~S LEC<S RBI~S SGTOP>S F INTR>S

LPRES<SKET<SiLEC<S RBI~S SGTOP<S F INR<F

LPRES>~T>S LEC<S RBI~S SGTOP>fiFINR~S

LPRES>PQET<S LEC<S RBIMS SGTOP>fifINR>F

LPRES<F%ET~S*LEGIS RBISO F*FINR>S

LPRES>PIJET<S LEC>S RBIMF*FINR>f

LPRES<SQET<S Lf>&BIWSSGTOP>S FINR<S

LPRESaPVETsS LfaP%BISOI'S SGTOPaS FINRaf

LPRES>SAT>S LF>S RBISWSGTOP>fif INR<S

LPRES<F%ET~S LF>S RBI~S SGTOP>fif IMTR>f

LPRES<SKET>S Lf<S RBISO FeflllTR<S

LPRES<SRET>SiLF<S RBIMfiFINR~F

LPRESSAET<S LHNS RBISOmS"SGTOP>S FINR>S

LPRES>FVET~S LH>S RBI~S SGTOP<S FINR~F

LPRES<SRET>S LH>S RBI~5 SGTOP~F*FINRSS

LPRESWET>S LH<S RBI&SiSGTOP<feFINR~F

LPRES<P%ET<S LH>S RBl~fiFINR>S

LPRES>P%ET+S LH>S RBI~FifINR>F.

LPRES>SKET>fiIKA<S RBI~S SGTOP>S FINR>S

LPRES>SKET>f IKA>S RBI~S SGTOP>S FINR>f

LPRES<S%T>F~IKA>S RBI&5 SGTOP>fif INR<S

LPRES<P%ET>F~IKA>SiRBI ~S SGTOP+Fif INR<f

LPRES>S MET>f*IKA<S RBI~feFINR>S

LPRES>S MET>fiIKA<S*RBI~F*fINR<f

LPRES<S~MET<fiIKB<SiRBI&S SGTOP>SiFINR<S

LPRESsS METaf+IKBcS+RBI~S SGTOPsS+FINRsf
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in....... Biming Rules...................'..........8

PIBM LPRES*SQET~F*INB<S~RBIWS*SGTOP>F~F IMTR>S

PIBX LPREQP%T<F~IKB>S RBI&S SGTOPNF~FIMTR>f

PI BY LPRES>V%ET>F~INB>S RBISONF*F IMTR>S

PIBZ LPRES<VQET>F~INB<S RBIWF~F IMTR>f

PICU LPRES>SAETNF*INCUS RBI~S SGTOP~S F IMTR~S

PICV, LPREWSAET~F~INWS RBI~S SGTOP>S F IMTR<F

PICM LPRES>SQET>feIKC<S RBI&S SGTOP~F~FIMTRig

PICX LPRES>SAET>F~INC<S RBI~8 SGTOP>F*f IMTR<f

P ICY LPRES~T>F~INC>S RBISONF~FIMTR>S

PICZ LPRES<SQET>feINC<S RBIWF~FIMTR>F

PIDU LPRES>S%ET>F*IIO<S RBIWS SGTOP>S FIMTR<S

PIDV LPRES>SAET>F~IKD>S RBI~S SGTOPaS F IMTR>f

PIDM LPRES<SAET>f IND>S RBISO S SGT~F~F IMTR>S

PIDX

PIDY

PIDZ

LPRES<~T<feIKD<S RBIWS SGTOP>fef IMTR<f

LPRES>SAET>F INDUS Rgl~fef IMTR>S

LPRES~SQET~F~IKD~S RBI&fefIMTR~F

PIEU LPREWSAET>F*INE>S RBI~S SGTOPaS FIMTRNS

PIEV LPRES<VQETNF IKE<S RBIMS SGTOP>S FIMTR<f

PIEM LPRES>SAET~feINE~S RBI~S SGT~fef IMTR<S

PIEX LPRESNSAET>F~INE~RBI~S SGT~F FIMTR>F

PIET LPREWSAET>f IKE>S RBl~fefIMTR<S

PIEZ LPRES>SAETNF*INE>S RBI~F*FIMTR~F

PIFU LPREWVMETNF~INF>S RBI~S SGTOP>S FIMTR>S

PIFV LPRESNSAET>felNF<S RBISONS SGTOP>S FIMTR>F

PIFM LPRES<SRET>F~INF<S RBIMS SGTOP>F~FIMTR>S

P IFX LPRES>SAET>F~INF<S RBI~S SGTOP>F~F IMTRaF

PIFY LPRES>SATf*INF>S RBI&f*FIMTR>S

PIFZ LPRES>SAET<F INF>S RBI~F~FIMTR<F

PIGU LPRES>SQET<feING<S RBI&S SGTOP>S F IMTR<S

P IGV LPRES>SeMET>F+ ING<VRBI&S*SGTOP<S*F IMTRNF

PIGM LPRES<ViKTNFeIN&S RBISO=S SGTOP>F~F IMTRaS

PIGX LPRESNSAET~faING~S RBISONS SGTOPNfeFIMTR~F

PIGY LPRES~SMET~F ING~S RBIWfafIMTR~S
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Pege 11

Bina ~ ~ ~ ~ ~ ~ Bfnning RUIeeo ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~

PIGZ

PIHU

PIHV

PIHM

PIHX

PIHY

PIHZ

P JAU

PJAV

PJAM

PJAX

PJAY

PJAZ

PJHU

PJHV

PJHM

PJHX

PJHY

PJHZ

PKCV

PKCM

PKCX

PKCY

PKCZ

PKFU

PKFV

PKFM

PKFX

PKFY

PKFZ

PKHU

PKHV

LPRES<~T>F*IHG>S RBI~F*flllTR>f

LPRES*SAET FeIHH S RBISO=S SGTOP S FINR=S

LPRES<FKT<feIHH<S RBISPS SGTOP>S~FINR>f

LPRESiSQETifelHH~SoRBI&SeSGTOPifef INRsS

LPRES>SCET>f+IHH>S RBISQS*SGTOP<f*FINR>F

LPRES>MT>F IHH<S RBIWfefINR>S

LPRES>FAT>F*IHH>S RBI&feFINR>f

LPRES>SAMEY>feJA>SeRBI~S SGTOP>S F INR~S

LPRES<SAET<F e JA>SeRB I~S~SGTOP>S*f INR>F

LPRES>PiKT<fe JA<S RBIMS SGTOP>fef INR<S

LPRES>SAT>fe JA<S RBI&S SGTOP>fef INR>f

LPRES>~T>fe JA<S RBISOmfef INRNS

LPRES~SKET>feJA>S RBI~feflllTR>F

LPRES>P%KT>faJH>S RBI~S SGTOP>S FINR~S

LPRES>SQET>feJH>S RBISONS SGTOP>S FINR<f

LPRES<SQET>feJH<S RBIWS SGTOP>feFINR<S

LPRES>SAT>feJH<S RBI&S*SGTl&fefINR>f

LPRES<S MET>f+JH<SeRBI~F*FINR<S

LPRES<S MET>feJH>SeRBIWfeFINR>F

LPRES<SAET>feKC<S RBI~S SGTOP>S F INRUN
W

LPRES<SAET<feKC<S RBI~S SGTOP>S FIIITR>F

LPRES<MT<feKC>S RBI&S SGTOP>fefINR<S

LPRES>SAET>f*KC>S RB ISO*S SGTOP>f ef INR<f

LPRES<SRET<feKC<S RBISQF*FINR>S

LPRES<S%ET>F*KC<S RBIWfeflMTR<F

LPRES SAMEY FeKF S+RBISO=SeSGTOP SefiNR S

LPRES<S MET>feKF<S*RBISO S SGTOP<SefINR<F

LPRES<PMET<feKF<S RBISO~S SGTOP>fefIMTR<S

LPRES>S MET>feKF>S RBIWS SGTOP<fef INR>F

LP RES>S MET<FiKF<S*RBIS&fe F INR<S

LPRES<S*MET>F*KF>SeRBIWF*flllTR>f

LPRES<SQET>feKH<SiRBISO=S*SGTOP>S F IMTR=S

LPRES=SiMET>feKH>S*RBISO=S SGTOP<S F IMTR>f
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Bin....... Blnnlng RuLes... ~ ~ . . ...
PKHM LPRESsS METaF KHaS RBISOaS SGTOPafafIIITRaS

PKHX LPRESsSAETsf KHsS RBISOsS SGTOPsf FINRaF

PKHY LPRESsS*METaF KHsS RBISO F FFNRsS

PKHZ LPRES PMET F*KHsS RBISO*F*FIMTR F

PLCU LPRESsVQETsfsLECaS RBIMsS SGTOPasaf lllTRaS

PLCV LPRESaS METafsLECaS RBISOaS SGTOPsSsfIMTRaF

PLCM LPRESsSAETaf LECsSsRBISOsS SGTOPsf FINRaS

PLCX LPRESaSQETsfsLECaS RBISOassSGTOPsf*FINRsf

PLCY LPRESsSAETsf*LECsS RBISOafsflMTRaS

PLCZ LPRESsF%ETafsLECaS RBIMsfsflllTRsf

PLFU LPRESsS METsfsLfsS RBISOsS SGTOPaS F IMTRaS

PLFV LPRESa~TsfsLfsS RBISOsS SGTOPaS FINRaf

PLFM LPRESaViKTsfsLfaS*RBISOsS SGTOPaF*FINRsS

PLFX LPRESsS METaF LfsS RBISOaS SGTOPaFsflNRsF

PLFY LPRESa~TsfaLfsS RBISOaf*FINRas

PLFZ LPRESsSKTsfaLfaS RBISOsfsflMTRaF

PLHU LPRESsF%HsfsLHaS RBIMsS SGTOPsS FIMTRaS

PLHV LPRESs~TafsLHaS RBISOsS SGTOPsS FIMTRaf

PLHM LPRESsS%ETsfsLHaS RBISOaS SGTOPaF*FINRsS

PLHX LPRESsVMETsfsLHsS RBISOaS SGTOPaFsflNRaF

PLHY LPRESsSAETafsLHaS RBISOsf*FIMTRsS

PLHZ LPRESsS%ETafsLHsS RBIMsfsflNRaF

DOIlY LHsF

IlELT 1

47



Pege No. 1
fHIEL Neaet BFNHR

Event 'free: HPGTET
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19:05:08 13 AUG '1992 ~

lE RPS OEE OSM TB 1 VO RPT lVC NCO BVR RVO OSL SL ORO RVC OSV NL CO FNH OFT FlC OF LBF ORF OHS RCl HPI HRC OHC EPR6 LBH OBC RCL HPL OHL N

X2 X1
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XT X X5 C
X3—>

tV
h)

CL
C
CL

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
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X54 ~ ~ ~ ~ ~
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Pege No. 2
lHSEL Rene! BFNHA

Event tree: HPGTET
U7

19:05:10 13 AUO 1992 0

IE RPS OEE OSM TB IVO RPT IVC NCO BVR RVO OSL SL OAD RVC OSV OAL CO FNH - OFT FNC OF LBF ORF OHS RCI HPI HRC . OHC EPR6 LBH OBC RCL HPL OHL

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

X5
~ ~ ~ ~ ~ ~

X

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Ce ~

CL

te

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

ITI
X
Ol

B

D)

O

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

0
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NOEL Neae! BFNHA

Event Trees HPGTET

tO

19:05t12 13 AUG 1992 g
IE RPS OEE OSM TB IVO RPT IVC NCD bVR RVO OSL SL OAD RVC OSV OAL CD FNH OFT FNC OF LBF ORF OHS RCI HPI HRC OHC EPR6 LBH OBC RCL HPL OHL

X2T
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

X20—X17 XN

CL
C
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~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~

3
Q

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

X

X21-
L

Q
C~0
te
O
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Pege No. 6
IHSEL Neact BFNHA

Event Tree: HPGTET

tt7

O
19:05:13 13 AUG 1992 5

IE RPS OEE OSM TB IVO RPT IVC NCD BVR RVO OSL SL OAD RVC OSV OAL CO FNl OFT FNC OF LBF IXIF OHS RCI KPI HRC OHC EPR6 LBH OBC RCL HPL OHL

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~

Q.(a ~

~ ~ ~ CL
C

X2
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
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X
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X2
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~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ > ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
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Pege No. 5
IRIEL Nance BFNHA

Event Tree: HPGTET

W

19t05:15 13 AUG 199Z I
lE RPS OEE OSM TB IVO RPT lVC KCO BVR RVO OSL SL OAD RVC CSV OAL CO FNH OFT FMC OF LBF ORF OHS RCl HPl HRC OHC EPR6 LBH OBC RCL HPL OHL
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IKIEL Naee.: SFNHA

Event Tree: HPGTET

N
19:05:17 13 AUG 1992 g
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Event tree: HPGtEl'J Q
19:05:Id 13 AUG 1992 $
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Browns*Ferry Unit 2 Individual Plant Examination Revision 0

NODEL Nane: BFNHA

Top Event Legend for Tree: HPGTET

19:DS:24 13 AUG 1992
Pege 1

Top Event Designator..... Top Event Description................ ............
IE

RPS

TB

IVO

RPT

IVC

SL

RVC

FMH

OFT

OF

LBF

Initiating Event

AUT(NATIC/NANUALREACTOR SCRAH FAILURE

OPERATOR FAiLS TO RECOVER EECM (START SMIKG PNIP)

OPERATOR FAILA TO PLACE IKOE SMITCH IN REFUEL THEN
SHUTDOMK

TURBINE TRIP FAiLURE

HSIVS FAIL TO REHAIN OPEN

RECIRCULATION PINP TRiP FAILURE

NSIVS FAlL TO CLOSE ON DEHAND

NAIN CONDENSER UNAVAILABLE

TBVS FAlL TO RELIEVED'(AINTAINRX PRESSURE

SUFFICIENT SRV FAIL TO LIFT TO LINIT RX PRESSURE

OPERATOR FAILS TO START SLC

STANDBY LIQUID CONTROL SYSTEH UNAVAILABLE

OPERATOR FAlLS TO IKHIBITADS

CNOITIOKS RELATING TO STUQ( OPEN SRVS (0, 1g 2g
3+ SORVS)

OPERATOR FAILS To INHIBIT MSIV CLOSURE ON LEVEL1
(ATMS)

OPERATOR FAlLS TO ALLOM LEVEL TO FALL PER PROC

1 CND/CKD BSTR PWP, INCLUDES SHORT CYCLE VALVE
UNAVAILABLE

RFM HARDMARE UNAVAILABLE

OPERATOR FAlLS TO TRIP ALL BUT OKE RUNNIKG FM PINP

AUTOIATIV/HAKUALACTION TO PREVENT HI LVL TRIP
FAILS

OPERATOR FAILS TO CONTROL RFM LONG TERN

FAILURE OF LEVEL 8 TRIP OF RFM

OPERATOR FAlLS TO RESTART RFM AFTER LB TRIP
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

IKSEL Name: BFKHA

Top Event Legend for Tree: HPGTET

19:05!25 13 AUG 1992
Pege 2

Top Event Designator..... Top Event Description......................... ".

RCI

KPI

HRC

EPR6

LBH

RCL

HPL

~ oiv

OPERATOR FAILS TO START HPCI AND/OR RCIC

RCIC UNAVAILABLE(6 HOURS)

HPCI UNAVAILABLE (6 HOURS)

HPCI/RCIC CONTROL HARDVARE UNAVAILABLE

OPERATOR FAILS TO NAINTAIN HP LVL CNTL (RCIC,HPCI)

FAiLURE TO RECOVER ELECTRIC PONER IN 6 HOURS

FAILURE OF HPCI/RCIC LEVEL 8 TRIP

OPERATOR FAILS TO COOLDOMN USING THE TBVS

RCIC UNAVAILABLELONG TERN

HPCI UNAVAILABLELONG TERN

OPERATOR FAILS TO NAINTAIN HP LVL CONTROL LONG
TERN

OPERATOR FAlLS TO INHIBIT CLOSURE OF NSIVS ON

LEVEL

OPERATOR FAlLS TO DEPRESSURIZE USING TBV'S

CONDITIOND RELATING TO REACTOR DEPRESSUR12ATION
(DEPRESS, NOT DEPRESS, NO SRV OPERATE)
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Top Event Dea'lgnatel ~ ~ ~ ~ ~ Top Evllt Descl 'lptleno ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

IE

RPS

OEE

TB

RPT

OSL

SL

RVC

FMH

OFT

OF

LBF

Inlt feting Event

AUTOHATIC/NANUALREACTOR SCRAN FAILURE

OPERATOR FAlLS TO RECOVER EECM (START SMING PLNP)

OPERATOR FAILA TO PLACE IKNE SMITCH IN REFUEL THEN
SHUTDOMN

TURBINE TRIP FAILURE

NSIVS FAIL TO REKAIN OPEN

RECIRCULATION PQIP TRIP FAILURE

HSIVS FAlL TO CLOSE ON DENAND

HAIN CONDENSER UNAVAILABLE

TBVS FAlL TO RELIEVEUULINTAINRX PRESSURE

SUFFICIENT SRV FAIL TO LIFT TO LIHIT RX PRESSURE

OPERATOR FAILS TO START SLC

STANDBY LIOUID CONTROL SYSTEH UNAVAILABLE

OPERATOR FAlLS TO INHIBIT ADS

CONDITIONS RELATING TO STU(X OPEN SRVS (Og I ~ 2g
3+ SORVS)

OPERATOR FAlLS TO INHIBIT NSIV CLOSURE ON LEVELl
(ATMS)

OPERATOR FAILS TO ALLOM LEVEL TO FALL PER PROC

I CND/CND BSTR PINP, INCLUDES SHORT CYCLE VALVE
UNAVAILABLE

RFM HARDMARE UNAVAILABLE

OPERATOR FAlLS TO TRIP ALL BUT ONE RUNNING FM PIMP

AUTNLATIV/HAKUALACTION TO PREVENT HI LVL TRIP
FAILS

OPERATOR FAlLS TO CONTROL RFM LONG TERN

FAILURE OF LEVEL 8 TRIP OF RFM

OPERATOR FAlLS TO RESTART RFM AFTER LB TRIP
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HMEL

T Event
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Page 2

Top Event Designator..... Top Event Description................... .........

RCI

HPI

HRC

EPR6

LSH

RCL

OIV

OPERATOR FAlLS TO START HPCI AND/OR RCIC

RCIC UNAVAILABLE(6 HNJRS)

HPCI UNAVAILABLE(6 HNJRS)

HPCI/RCI C CONTROL HARDMARE UNAVAILABLE

opERAT0R FAlLs To HAINTAIN Hp LYL cNIL (Rclc,Hpcl)

FAILURE TO RECOVER ELECTRIC POMER IN 6 HNJRS

FAILURE OF HPCI/RCIC LEVEL 8 TRIP

OPERATOR FAlLS TO COOLDONN USING THE TBVS

RCIC UNAVAILABLELONG TERN

HPCI UNAVAILABLELONG TERN

OPERATOR FAlLS TO KAINTAIN HP LVL CONTROL LONG
TERN

OPERATOR FAlLS TO INHIBIT CLOSURE OF NSIVS ON
LEVEL

OPERATOR FAILS TO DEPRESSURIEE USING TBV'S

COND ITIOND RELATING TO REACTOR DEPRESSURIZATION
(DEPRESS, NOT DEPRESS'O SRV OPERATE)
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SF ~ ~ ~ ~ ~ ~ ~ Split Frect'ion Loglce ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

NCOSUP:~S~SiOG16 S

LBFSUPA)H<S

HPISUP:~RB~S PX2~8

RCISUP:>RD>S OJ<S RC>S

LBHSUP:~RB>S PX2<S

LBRSUP:AC~S RD~VPX1*S

NOGA:*GAiVOEE~F

NOGB:~>S OEE>F

NOGCT<GC~S OEE~F

NOGD:>GD>S OEE>F

KOGEs<GE<S*GEE>F

NOGF:GF>S OEE<F

HOGG:>GG>S OEE>F

NOGH:>GH<SiOEE>F

SRV18:<RVC<SORVO -INIT<SLOCAi(HPI>S+RCI<S)~HRC<S
+(OHCaS+ OHCsS LBHsS (HPLsS+RCLsS)+OHLsS)

SRV2:>RVC<SORV1'+-INIT>SLOCAi(-HPI>N RCI>S+-HRC<S)

SRV2A:~RVC~SORV1~-INIT>SLOCAiHRC~S* OHC<S (-LBH<S+ OHL>S+.RCL>S -HPLiS)

SRV3: RVC SORVD -INIT SLOCA (-HPI S -RCI S+-HRC S+ LBH S)

SRV3A:>RVC<SORVO INIT<SLOCAiKRC>S*-OHC<P'(-LBH<S+ OHL>S)
+EPR63:F

SRVI:>RVC<SORV1~INIT>SLOCA~(-HPIIS -RCI>S+-HRC<S)
+RVC<SORV2 INIT<SLOCAi-HPI<8

SRV1A, ~ OHCsS ( LBHsS+ OHLsS)*(RVCsSORV1+INITsSLOCA
+RVC~SORV2 - INITISLOCA)

SRV28:~RVC>SORVD IN IT>SLOCA*(-HPI~8 RCI~8+-HRC<S)

SRV2C:>RVC<SORVO~INIT<SLOCAiHRC<S OHC<S (-LBHmS+ OHL>S+.RCL>S -KPL
eS)

PDMER:>RH>S+RI>S

PNR4:>RB>F*(RC>F+RD<F)+RC<FiRDsF

PNR6'~RBsF+RCsF+RDsF+ DCAsS+RBsS RCsS*RDsS OCA>S

PQRALL:>RBNS*RC>S RD<S DCA>S

LOF:>INIT~LOFIJ+INIT>PLFN+INIT~LDAC+INIT<PLOC

LOC: M INI TiLOAC+ I Nl T~PLOC

FLO(N:~IKIT>FLTB+INIT>FLPH1+INIT~FLR81+INIT>FLR82+
INIT~FLR83C+INIT~FLR83S
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SF ~ ~ ~ ~ ~ ~ ~ ~ Split flaction Logico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

SORY: ~ (1NIT>1OOV+1Nl7>lOTV+1Nl7>lOTH)

RPSD 1N1T<1 SCRAH

RPS11 LOFiLVP>f*PCA>S

RPS10 -POIER+PCAif

RPS9 POMER*RB>fiRC~F DSif DD~F

RPSB POMERiRB~fiRC>fi(DS>FAD>f)

RPS7 POMERiRS>fiRC>F

RPS6 POMEROY(RBIF+RC~F) DBif DDif

RPS5 POMER*(RB>F+RC<F)~(DS>F+DD>f)

RPSC POMEROY(RS>fiRC~F)

RPS3 POMER DBIF DD<f

RPS2 POMER~(DB>f+ODIF)

RPS1 PCA~S POMERiRS~S RC~VDB~~D~St RPS11

OEEB EECM

OEE1 -EECM RPS>S (SMTAiS+SM18~8+SM1CsS+SM1DsS)

OEE2 . -EEClI RPS<f*(SM1A~S+SM18<S+SM1C<S+SM1D*S)

OEEF 1

OSM1 1

RPTF (TB~F+RB*F*RC>F)*(DS~F DD~F+NHl~f*NH2~F)

RPT9 (TS~F+RB>fiRC>f)i(DB<F+DD<f+NH1~ F+NH2>F)

RPTB (TS~F+RB~FiRC~F)

RPT7 (RB~F+RC<f)~(DS~F+NH1>F)~(DD>f+NH2<f)

RPT6 RC>fi(DD>F+NH2>f)+RSIF~(DB>f+NH1>f)

RPT5 RCsf+(DBsf+NH1sf)+RBsfi(DDsf+NH2sf)

RPTC RBsf+RCsf

RPT3 (DB>f+NH1>f)e(DD>fiNH?>F)

RPT2 .DB>FOOD>f+NH1>f+NH2~F

RPT1 TB<S RB>S RC<S%8mPDD>S NH1~5 NH2*S

RPTF 1

OAL2 1 ~F+1VC<S+1N1T<C1V+1NlT<TTMS

OAL1 1VO=S - 1 VCISi-1NIT~C1 V -1NlT*TTMB

OAL2 1

67



Browns Ferry Unit 2 individual Plant Examination Revision 0

MODEL Mane: BFNFINAL

Split Fraction Logic for Event Tree: HPGTET

14:13:15 13 AUG 1992
Page 3

SF ~ ~ ~ ~ ~ ~ ~ ~ Spl'l't Fraction Logice ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

TBB

TBO

TBF

T83

T82

T81

TBF

BVRF

BVR1

OBCF

OBC1

OBDF

IVOF

IVOI

IVOF

IVCF

IVCO

IVC3

IVC2

IVCI

IVC1

IVC1

IVCI

IVC1

IVCI

IVCI

IVCF

01 VF

INITsCIV+INITsLOSP+HSVCsS

IN lTs TT+ IN ITs TTNB

ABsF+U842AsFs(U8428sF+OksF)+MOGB

SsU842AsFsUB428sSsDHsS

ABs5%842Asgs(U8428sF+DHsF)

ABsS%42AsS U8428sS

INITsLOCV+INITsLOC+INITsTTllg+INITsL ICA+INITsLUPS

I

-BVRsS+IVCsS+IVOsF+INITsCIV

-BVRsS+IVCsg+IVOsF+INITsCIV

BVRsgs(HPIsS+RCIsS)sHRCsS (RCLsS+HPLsS)

BVRsS ( HPlsS RClsS+HRCsF)+(RCIsS+HPIsS)s-RCLsgs-HPLsS

I

DCAsS+PCAsF+(RHsF+NOGB)*RCsF+(Rlsf+NOGD)sRBsF
+INITsCIV+INITsBOC+INITsPRFMSVCsS+lklTsLOSP

DCAsS PCAsS (RHsS+RCsS)*(RlsS+RgsS)

INITsPRFOsNSVCsF

NOSIG PCAsS DCAsS (RHsS+RCsS)s(RlsS+RBsS)ASVCsF

INITsCIV+INITsBOC+HSVCsS

(-DCAsS+(RHsF+NOGB)sRCsF)s(PCAsF+(RIsF+MOGD)sRBsF)

(-DCAsS+(RHsF+NOGB)sRCsF+PCAsF+(RlsF+MOGD)*RBsF)

(RHsFiMOGB)~ (R lsFikOGD)» NOSIG

(RksF+NOGB)sRBsFs-NOSIG

RCsF*(RIsF+NOGD)s-NOSIG

RCsFsRBsF*-NOSIG

(RI~ F+NOGB+RksF+MOGD)s-NOSIG

(RgsF+RCsF)*-NOSIG

-KOSIG DCAsSsPCAsS*RHsSsRCsgsRlsS*RBsS

IVOsF
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Sf ~ ~ ~ o ~ ~ ~ ~ Split Frect'ion Log'ico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

OIVI

OSVF

OSV1

OSVF

SLF

SL2

SL2

SLT

SLF

OSL2

OSL1

OSL2

OAD2

CAD1

OAD2

NCDF

NCD1

NCDF

RV01

INlTsC IV+ IN ITsTTMB+IN ITs BOG+ IVOs F+ IVCsS

IVDsS -IVCsgs-INITsCIV -INITsTTMBs-INITsBOC

1

RCsf+(ABsf+KDGBtOCsf)s(ADsf+NOGD+DDsf)

(ABsf+NOGB+ADsf+NOGD+DCsf+DDsf)s(RCsfs(RHsf+Risf)+RHsfsRIsf)

(DDsftQCsf+ADsf+IlOGD+ABsf+NOGB)s(RCsf+RHsf+RlsF)

(DDsF+DCsF+ADsF+NOGD+ABsF+NOGB)sRCsS RHsS RlsS

ABs&CsgsADsS DDsS RCsS RHsSsRIsS

INlTsC IV+INITsTTMB+IVOs F+IVCsS

IVD*S -IKITsCIV -INITsTTMB

INITsCIV+INITsTTMB+IVOsF+IVCsS

IVOsS -IVCsS INITsCIV -INITsTTMB

005sf+INITsLOCV+INITsLOAC+INITsfLTB+INITsLICA+INITsLUPS

OGSsS

BVRsSsRPSsgsNCDsSsOSMsS

RPSsSs(BVRsf+llCDsf+IVOsF+IVCsS~F)

RPSsF

RVCB

c RVC9

RVCO

RVCI

RVC2

RVC3

RVC4

~ RVC6

INITsIOOV (RVCsSORVOtRVCsSORV2+RVCsSORV3)+INITslOTV (RVCsSORV&RVCs
+INITsSLOCAs(RVCsSORVO+RVCsSORV2+RVCsSORV3)
+FL(a)s(RVCsSORV1+RVCsSORV2tRVCsSORV3)

INITslOOV RVCsSORVI+INITslOTV RVCsSORV2+INI TslOTN RVCsSORV3
+INITsSLOCAsRVCs SORV1+ FLISsRVCs SOB VO

RVCsSORVO RPSsS -SORY

RVCsSORV1sRPSsS .SORY

RVCsSORV2 RPSsSs-SORY

RVCsSORV3sRPSsSs-SORV

RVCsSORVOsRPSsf*-SORY

RVCsSORVIsRPSsfs-SORY

RVCsSORV2 RPSsf*-SORY
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SF.. ~ ..... Split fraction Logic................ ..............................

RVCT RVQSORV3*RPS<F*-SORY

R~f+U842A~F U8428~F U842C>F+INIT<LICA
+ IMI TaLOSP+I NIT<LOAC+'IMl7 <fLT8

RCM S (U842A*F*(U8428>FW842C~F)W8428>f U842C*F)+INIT<PLOC

RES (U842A>FW8428>F+U842C<F)

RCM ~2A>PVB428*S+U842C<S

R~F+INIT>LOFiHINIT<FMRU+IMIT<CIV+INIT>LOCV+IVC<S+IVOIF+BVR<S+IMI
7>LUPS+PX1ifi(DJ>F+OH>f)+D J>F DH<f

INI7>PL FM

RES -IVES IM-INITILOFM-INIT>FMRU -INIT>CIV -INIT>LOCV BVR<S

OFTF

OFTS

OFT1

FMCF

FMC1

FMCF

OFF

OF4

OF2

OF1

OFF

LBFF

LBFO

L8F1

LBF2

LBFF

ORF1

ORFF

OHS3

OHS1

OPTR~F

OPTR~S

PX1 ~f+0J~f+ON~F

OFTRF

OFTRS

-OFT>S -FMC<S RPS<S

RPSRF

-OFTsS FMCsS RPSsS

OFTiS .FMCiS RPSiS

OFT~SifMC~S*RPS~S

VT1>L18+-L8FSUP+LBTR>f+MOGB*NOGD

LBTRRS

LBFSUPi-VT1iL18*-VT2~L28

LBF~-VT1>L18~2~L28

U842AeS&8428=S

RPS-"F

RPS~SiRVC~SORV2
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SF........ Split Fraction Logic.........................

OHS2 RPS»S

OHS3 1

HPIF HPISUP+TOR»F4OHS»F»LV»F DV»F»INIT»FVRU OPTR»F»LSTR»F
+INIT»BOC ISOaf+INIT»FLRB2+INIT»FLRS3S

HP16 HPISUP -INIT»NLOCA»OHS»S TOR»S (RClaB+ RCISLMIS»F»LV»f+CST»F)

HPI5 HPISUP (INIT»NLOCA»OHSsf)»TOR»S (LV»SAN»S)»(RCIaS+-RCISUP+OHS»F*LV
aF+CST»f)

HP14

HP13

HP12

HP11

HPIF

RCIF

HPI SUP -INITALOCA»OHS»S TOR»S RCI»F

KPISUP (INIT»NLOCA+OHSsf)»TOR»S»(LV»S+ON»S)»RCI»F

HPISUIa -INIT»NLOCA»OHS»S TORaS RCI»S

KPISUP (INIT»NLOCA+OHS»f)»TOR»S (LV»StDN»S)»RCI»S

-RCIQÃ44HS»F»LV»F+CST»F+INIT»BOC+(INIT»FVRU OPTR»F*LBTR»F)
+INIT»FLRB2+INIT»FLRB3S

RC12 RCISUP»OHS»F»CST»S LV»S

1 RC11 RCISUP OHS»S CST»S

RCIF 1

HRCF RC»F*RS»F+RC»F*RCI»S+RS»F*KPI»S+RB»F» RCI»S+RC»F»-HPI»S

HRC1 RC»S HPI»S»RCI»S RD»S RS»S

MRC2 RC»S HPI»S RB»S RCI»S

HRC3 RC»S -HPI»S RCI»S»RD»S

HRC4 RC»S -HPI»S RCI»S

HRC5 RC»S HPI»S»RB»S RCI»S

HRC6 HP I»S RS»S RCI»S

HRCF 1

OHC4 RPSsf*(HPI»S+RCI»S)

OHC3 RPS»S -HPI»S RCI»S

OHC2 RPS»S HPI»S RCI»S

OHC1 RPS»S HPI»S RCI»S

OHC4 1

EPR64 (INIT»LOSP+INIT»L500) EPR30»F*GA»F GS»F*GC»F»GDsf

EPR63 (INITsLOSP+INIT»L500)»EPR30»F*(GA»F»GB»f (GC»f+GD»F)+(GA»F+GB»F)»GC
sF»GDsf)t EPR62 (INIT»LOSP+INIT»L500)*EPR30»F»(GA»f»(GB»f+GC»F+GD»F)+GB»F*(GC»F+GDs
F)+GC»F»GD»F)
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SF........ Split Fraction Logic....................... .

EPR61

EPR68

LBHF

LBH2

LBH1

LBHF

HPLF

HPL6

HPL5

HPL4

HPL3

HPL2

HPL1

HPLF

RCLF

RCL2

RCL1

RCLF

OHL2

OHL1

OHL2

RVDO

RVDl

RVD2

RVD3

RVD4

RVD5

RVD6

RVD7

RVDB

RVD9

(INITsLOSP+lklTsL500)sEPR30sFs(GAsF+GBsF+GCsF+GDsF)

-L8HSUP HPIsS+RCIsS -LBRSUP

-HPI sSsRCIsS LBRSUP

HPlsS LBHSUPs-RCI sS

HPIsS L8HSUP RCIsS LBRSUP

OHCsF*LVsF+INITsLOSP (EPR6sFs(-EECM OEEsF+GEsF+GBsF))
+INITsFLRB2+INITsFLR83S

OHCsF*LVsSs(RCLsB+OHCsF*LVsF+TORsF)

OHCsSs(RCLsB+TORsF)

OHCsFsLVsS RCLsF

OHCsS RCLsF

OHCsF*LVsS RCLsS

OHCsS RCLsS

OHCsF LVsFqTORsF~INITslOSPs(EPR6sFs(.EECM OEEsFyGAsF))
+INITsFLR82+INITsFLR83S

OHCsFsLVsS TORsS

OHCsS TORsS

OHCsF*(HPLsS+RCLsS)

OHCsS (HPLsS+RCLsS)

RVDsKOSRV (SRVI+SRV1A+SRV2+SRV2A)

RVDsDEP (SRV1+SRV18) PMR4

RVDsDEP*(SRV1+SRV18)sPMR6

RVDsDEPsSRV1AsPMR4

RVDsDEP SRV1AsPMR6

RVDsDEPs(SRV2+SRV28)sPMR4

RVDsDEPs(SRV2+SRV28)sPMR6

RVDsDEP*(SRV2A+SRV2C)sPMR4

RVDsDEPs(SRV2A+SRV2C)sPMR6

RVDsDEPsSRV3sPMR4
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SF ~ ~ ~ ~ ~ e ~ ~ Spl'lt Flection Logico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~

RVD10 RVD&EP SRV3~PlN6

RVD1'1 RVDKEWSRV3A~PlN4

RVD12 RVDKEP SRV3A*Pl%6

RVD13 RVD~KMEP~SRVT~WR4

RVD14 RiO<NMEP SRVT~PlR6

RVD15 RVDSKMEP SRVTA~PlJR4

RVD16 RVD NMEP SRVTA~Pl%6

RVD17 RVD>KM''SRV2 WR4

RVD18 RVD~KMEP~SRV2 WR6

RVD19 RVD>NMEP SRV2A*WR4

RVD20 RVD>NMEP~SRV2A~PllR6

RVD21 RVD~NMEWSRV3~PlN4

RVD22 RVD&MEP~SRV3~PlN6

RVD23 RVDNNMEP SRV3A*Pl%4

RVD24

RVD25

RVD26

RVDAMEP SRV3A~WR6

RVD~NOSRV SRV18~WR4

RVD~NOSRlPSRVTB~PlN6

RVD29 RVD>NOSRV SRV2$*WR4

RVD30 RVD>NOSRV SRV2B~WR6

RVD31 RVD>NOSRV SRV2C PllR4

RVD32 RVD~NOSRV SRV2C WR6

RVD33 RVDAOSRV SRV3ePlO

RVD34 RVD~NOSRV SRV3*WR6

RVD35 RVD>NOSRV SRV3A~WR4

RVD36 RVD>NOSRV SRV3A~Pl06

RVD37 RVD<KOOEP~SRV18~WR4

RVD38 RVDAMEP SRV18~WR6

RVD39 RVD~KMEP~SRV2$~WR4

RVD40 RVD*NMEP SRV28~WR6

RVD41 RVDAMEP SRV2C WR4

RVD42 RVD~NMEP SRV2C WR6

RVD43 RVDKEP R~F+RVD>NOSRV OADIS
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SFo ~ ~ ~ ~ ~ ~ ~

RVD45

RVD43

RVD45

Split Fraction Logic

RVD>NOSRV R~F+RVD&EP*-OAD>S

RVD&OSRV

RVDAODEP

RVD&EP
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INTEL Namet BFNFINAL
Event Tree: LLOCA1 10t36:04 13 AUG 1992

Ul

IE RPS TB lVC CRD CS DV1 DV2 RPA HXA RPC HXC U3 RPB HXB RPD HXD Ul OSP SP SPR LPC CD Al VNT

X15 X1

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

I

~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

MODEL Neele: BFNFINAL

Top Event Legend for Tree: LLOCA1

10:36:06 13 AUG 1992
Pege 1

Top Event Designator..... Top Event Description.... ..
IE

RPS

TB

IVC

CS

DV1

RPA

RPC

HXC

-
U1

OSP

SP

SPR

LPC

AI

Initiating Event

AUTNIATIC (OR MANUAL) REACTOR SCRAM FAILURE

AUTOMATIC (OR MANUAL) TURBINE TRIP FAILURE

FAILURE TO CLOSE AT LEAST ONE IISIV IK EACH LIKE

CONTROL ROD DRIVE HYDRAULIC UNAVAILABLEFOR DEBRIS
BED COOLIKG

ONE CORE SPRAT LOOP FAlLS TO INJECT

LOOP I RDV FAlLS TO CLOSE ON DEMAND

LOOP 11 RDV FAILS TO CLOSE OK DEMAND

RHR PUMP A UNAVAILABLE

RHR KEAT EXCHANGER A UNAVAILABLE

RHR PNIP C UNAVAILABLE

RHR HEAT EXCHANGER C UNAVAILABLE

CROSS CONNECT TO UNIT 3 RKR SYSTBI INAVAILABLE

RHR PQIP S INAVAILASLE

RHR KEAT EXCHANGER B UNAVAILABLE

RKR PNIP D UNAVAILABLE

RKR HEAT EXCHANGER D UNAVAILABLE

CROSS CONNECT TO SliT 1 RHR SYSTEII UNAVAILABLE

OPERATOR FAILS TO INITIATE SP COOLING

SUPPRESSION POOL COOLING HARDNARE INNVAILASLE

FAILURE TO RECOVER TORUS COOLING

RHR LPCI. INJECTION PATH UNAVAILABLE

CONDENSATE UNAVAILABLEFOR DEBRIS BED COOLING

ALTERNATE INJECTION UNAVAILABLEFOR DEBRIS SED
COOLING

CONTAINMENT VENT UNAVAILABLE
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SF ~ ~ ~ ~ ~ ~ ~ Spl'lt Frac't'Ion Log'ic ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

KOGAtsGAsS -EECM

NOGB:sGBsS -EECM

NOGCtsGCsS -EECM

NOGDtsGDsS EECM

NOGEtsGEsS -EECM

KOGFtsGFsS* EECM

NOGGtsGGsS -EECM

NOGHtsGHaS EECM

Y1:s(DAaF+AAsF+0$sF+ACsF)

Y2:~ (DCsF+ABsF+00sF+ADsF)

Y3:~ (TORsf+-EECM)

RHRItsRPAsgsHXAsS

RHR2tsRPBsSsHXBaS

RHR3tsRPCsS HXCsS

RHR4:sRPDsS HXDsS

RPDSUPtsADsVDDsS (EEC&RC¹S)sTORsS

RPBSUP:sACsVOBsSs(EECM+RC¹S)*TORsS

RPCSUPtsABsVDCsS (EEN+RC¹S)sTORsS

RPASUP:sAAsS DAsS (EEC4+RC¹S)sTORsS

NOSIG:sLN1sF*LN3sF+LN2sF*LN4sF

SIG1:sLVsS+D¹S (NPlsS+KPllsS)

SIG3:s(LVaS+DM S)

POMERtsRHsS+RHaS

RHRSMItsSM2BsS+QI1$ *S+SM20sS+SM1DsS

LPCI:slNITsLLDs(RPBsS+RPDsS)aRLsS
+-INIT LLDs((OSP F+SP FsSPR F)*((RPA S+RPC S)sRK S+(RPB S+RPD S)aRL
+(SPsS+SPRsS)a((RPAsS+RPCsS)sRKsS (RPBsS+RPDsS)sRLsS))

RPS10

RHRPHP:s RHR1s.RHR3

HXAB:sRHaF+SM2AsFsQI1AsF+NOGB+HXAsB

HXBB:sRIsF+SM2BsF*SM1$ sF+NOGD+HXBsB

HXCBtsRHaF+SM2CsFsSM1CsF+NOGB+HXCsB

DV2SUPtsDDsS 0$ sS NH1sS NH2sS

DV2HINtsDDaS*NH2sS+0$ sS NH1sS

-POMER+PCAsF



Browns Ferry Unit 2 Individual Plant Examination
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Sf ~ ~ ~ ~ ~ ~ ~ ~ Spl'I't fraction Logic ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

RP$ 9 POMER RB>f RC<F DB<F*DD>F

RPSB POMER~RB>feRC~fe(DB~F+OD~F)

RPS7 POUEReRB>feRC<f

RPS6 PONERe(RBaf+RCsf) Dgaf DDNF

RPS5 PONERe(RB<f+RC<f)e(DB>f+DD>f)

RP$ 4 POVERTY(RBaf+RCaf)

RP$3 PONER DB>F DDeF

RPS2 POVERe(DB>FOOD>f)

RPS'I PCA<S POUEReRBIS RC>VDB<S DD>$

RP$ 11 1

TBF AB>f+U842A>f U8428IF+NOGB

T83 AB>~2A>FU8428~$

T82 AB<$ U842A<SKB428>F

T81 Ags~2As$ U8428+$

TBF 1

IVCF NOSIG PCAIF%CA>S (RH>S+RC>$ )e(RI>8+Rgb)

IVC3 (.DCA~S+(RH~F+NOGB) RC~F)e(PCA~F+(RI~F+NOGD)eRBif)

IVC2 (-DCAaS+(RHsf+NOGB)eRCsf+PCAsfi(RIsfiNOGO)eRBif)

IVC1 (Rife(Rl~fqNOGOqRB~F)q(RH~FqNOGB)e(RI ~ FqNOGDqRB~F))*.NOSIG

IVC1 (RI>F+NOGO+RH>f+NOGB+RB>f+RC>f) DCA<$ PCA<S .NOSIG

IVC1 NOSIG RH>S RI>$ RB<S RC>AVOCA>S PCA>$

IVCF 1

DV18 - I NIT% LLS

DVIF RB FeRC F+RKef+.SIG1+NOGB NOGO

DV12 (RBIF+RC~F)eRKoS INIT>LLSeSIG1

OV11

DV'IF

DV2F

OV26

DV25

RgeS RC~SeRK~S INIT~LLS'SIG1

-( I NIT>LLS+INITELLO)

RB>feRC<f+RK>f+-SIG1+NOGBeNOGO+-DV2HIN

RLege(RB~F+RCef) (DV1~8+RB~F RC~F+RK>f) SIGle(INIT~LLS+INIT~LLD)DV

2SUP

RL S RB*S RC Se(DVI 8+RB F*RC F+RK F)eSIG1e(INITNLLS+INIT LLO)eDV2S
UP

RL~Se(RB~F+RC~F) DV1<feSIG1e(INITLLS+INIT>LLD) DV2SUP
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SF ~ I ~ ~ ~ ~ ~ ~ Spl'it Free'tion Log(co ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

RLaS*(RBsF+RCaF)aSIG1s(INITaLLS+IKITsLLD) DVIaSKV2SUP

DV21

DV212

DV211

DV210

DV28

OV27

DV2F

CRDF

RLaS RBaS RCsS SIG1 (INITsLLS+INITsLLD)OV1aF DV2SUP

RLsS RBaS RCsS SI61 ~ (INITaLLSiINITaLLD)DV1sVDV2SUP

RLaS (RBaF+RCaF)a(DV1ag+RBsFaRCsF+RKsF)aSIGIs(INITsLLS+INITsLLD) DV
2HIN

RLaS RBsSaRCaSa(DVI sB+RBaF*RCaF+RKaF)*8 I61*(INITsLLS+IMITaLLD)DV2H
IN

RLsS (RBsF+RCaF) DV1sFaSIG1s(IMITsLLS+INITsLLO) DV2HIN

RLsS (RBaF+RCaF)*SIG1*(INITaLLS+IKITaLLD)DVIsWV2HIN

RLaS RBsSsRCsS SIGIs(INITsLLS+IMITaLLD)DV1aF DV2HIN

RLsS RBsS RCaS 8161s(INITaLLS+INITsLLD) DVisPDV2HIN

RCNsFK$ 42CaF+CSTsF

RCM ~2CsSaCSTsS

RPAF

RPA1

RPAF

RPCF

RPC1

RPC3

RPC2

RPCF

RPBF

RP86

RPBS

RP84

RPB3

RPB2

RP81

RPBF

RPDF

RPD10

RPASUP+RHaF+RCsF+ SIG1+KOGA+NOGB

RPASUPaRHaS RCaS SI61

RPCSUP+RHaF+RBaF*RCsF+ SI61+NOGB

RPCSUPsRHaS (RBaS+RCsS)sRPAaSaSIG1

RPCSUP RH S (RB S+RC S)*(-RPAQJP+RC F)aSI61

RPCSUPaRHaS (RBsSiRCaS)*RPASUP RCaS RPAaFsSIG1

-RPBSUP+RlaF+RBaF+ SIG1+NOGC+NOGD

RPBSUPaRIsS RBsS (-(RPASUP RHaS)aRPCaF+RPAsFs(RPCsB+-(RPCSUPRHaS R
BaS)))aSIG1

RPBSUPaRIsS RBsS (-(RPASUPaRHsS)*RPCsS+RPAsS (RPCsB+-(RPCSUPaRHaS R
BaS)))sSIG1

RPBSUP*RlaS*RBaS -(RPASUP*RHaS)*(RPCaB+-(RPCSUP RHaS RBaS))*SI61

RPBSUPaRI S RBaS RPA FaRPC FaSIG1

RPBSUPaRIaS RBsS (RPAaS RPCsF+RPAaFaRPCaS)aSIG1

RPBSUP RlsS RBsS RPAsSaRPCaSaS161

-RPDSUP+R1sF+RBaFaRCaF+-8I61+NOGO

RPDSUPsRlsS (RBaS+RCaS) ~ (RPAsFa(RPC Fa (RPBSUPaRCsS)i(RPCagi (RPCSU
+-(RPASUPaRHsSaRCsS)*RPCaFaRPBaF)*SIG1
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Sf...... ~ . Split fraction Logic...........................

RP09 RPDSUP RlaSa(RBaS+RCaS)s(RPAaS (RPCsfa (RPSSUPaRCaS)+(RPCaB+ (RPCSU
+RPCsS (RPAaf*-(RPBSUPsRCaS)i-(RPASUPaRHsSaRCsS)aRPBaf)
+RPB S (RPA Fa(RPC 8+ (RPCSUPaRH S)+-(RPASUPsRHagaRC S)sRPC F)))aSI

RPDS 'PDSUP RlsS (RS S+RC S)s(RPAsS (RPCsS (RPBSUPaRC S)+(RPCag+-(RPCSU
+-(RPASUP RHsS RCsS)aRPCaSsRPSaS)aS161

RPDy RPDSUPaRIsS (RSaS~RCaS)a( (RPASUPaRHaS RCsS)s(RPCsfa (RPBSUP*RCsS)
+RPA Fs(RPC 8+-(RPCSUPaRH*S))a-(RPSSUPaRC S))aSI61

RPD6 RPDSUP RlsS (RSaS+RCaS)*( (RPASUPaRHsS RCsS)s(RPCsS (RPBSUP RCaS)+
+RPAsS (RPCsB+ (RPCSUPaRHsS))a-(RPBSUP RCsS))aSIG1

RPDS RPOSUP RlsS (RB S+RC S) -(RPASUP RHaS RCsS) (RPC 8+-(RPCSUP RH S))
-(RPBSUP RCsS)a$ 161

RP04 RPOSUPaRlasa(RBaS+RCsS)aRPAsfaRPCsfaRPSafsSIGI

RP03 RPDSUP Rlaga(RBaS+RCaS)a(RPAafa(RPCafaRPSaS+RPCaSsRPBaf)
+RPAsS RPCsFaRPBsf)aSIGl

RPD2 RPDSUPaRIsS*(RSaS+RCsS)a(RPAafaRPCaS RPSaS
+RPAaS RPCsfaRPSaS+RPAaS RPCsS RPSaF)aS161

RP01 RPOSUP RlsS (RSsS+RCsS)aRPAsS RPCsS RPBsS SIG1

RPOF 1t JIXAF RHsF+QQAafaSM1AsF+IIOGB

HXA1 RHaS (QQAsS+SM1AaS)

HXAF 1

HXCF RHaF+QJ2CaF*SM1CsF+NDGB

HXC1 , RHsS HXAaS (SM2CsS+SMICsS)

HXC2 RHaS HXAsfs(SM2CsS+SM1CsS)

HXC3 RHsgaHXAB*(SM2CsS+SMICsS)

HXCF 1

HXSF RlsF+SM2$ aF*QI1$aF+NDGD

HX$1 Rlag HXAaS*HXCaS (QJ28sS+QJ18sS)

HX86 RlsS HXABsHXCBa(QQBaS+SM1$ sS)

HX$4 RlsS (HXAsfaHXCSqHXASaKXCaf)*(QQBaS+SM18aS)

HX83 RlsS (HXAsS HXCS+HXAB HXCsS) (SlQSsS+QJ18aS)

HXBS RlsS HXAaF*HXCsFa(SM2$aS+QI18sS)

HX82 RlsS (HXAsS HXCsF+HXAsfaHXCsS)s(SM28sS+QJ18aS)

HXBF 1

HXOF RlsF+SM2DsF*SM1DaF+NOGO

HXD10 HXABaHXCBaHXBBs(SM20aS+SMIDsS)t HX09 (HXAaBa(HXCSsHXBafyHXCaf*HXBB)yHXAafaHXCBaHXBB)a(SM20aSqQI10aS

81



7,

Browns Ferry Unit 2 Individual Plant Examination
HOOEL Name: BFNFINAL

Split Fraction Logic for Event Tree: LLOCA1

Revision 0

14:42:07 13 AUG 1992
Page 5

SF ~ o ~ ~ ~ ~ ~ ~ Split Fraction Logico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

HXD7

(HXAB*(HXCS+HXBB)+HXCBsHXBB)*(SM20sS+Ql10sS)

HXAsFsHXCsfsHXBsF*(SM20sS+QIIDsS)

(HXAsFs(HXCsf*HXBB+HXCB*HXBsf)+HXABsHXCsFsHXBsF)*(QI20sS+SM1DsS)

(HXAsF*(HXCsF+HXBsF)+HXCsF*HXBsF)*(SM20sS+QIIDsS)

(HXABs(HXCsF+HXBsF)+HXCB*(HXAsF+HXBsF)+HXBB*(HXAsF+HXCsF))*(SM20sS+
QI1DsS)

(HXAsf+HXCsF+ImgsF)s(SM20sS+QIIDsS)

(HXABqHXCBqNXBB)s(SM20sSpSMIDsS)

RlsS HXAsS HXCsS NmsS (SM20sS+SM10sS)

U11

U1F

OSPF

OSP3

OSP2

OSP1

OSPF

SPF

SP3

SP1

SPF

SPR1

SPRF

LPCF

LPCS

LPC4

LPCS

LPC5

RHRSM1*RFsfsRHRPNP

RPSsS -(RNR1+RHQ)s-(RHR2+RHR4)UIsF+RPSsFs-(RHR1sRHR2 RHQsRHR4)

RPSsS .(-(RNR1+RHR3)+-(RHR2+RHR4)+U1sS)

RPSsFRHR1sRHR2 RHR3*RHR4

RPSsS (RHR1+RNR3)*(RHR2+RHR4)

INlTsLLDsCSsfs(-(RHR1+RHQ)+RKsF) Ulsf
+(-(RHR1+RHQ)+RKsF)*(-(RHR2+RHR4)+RLsF) U1sF

INITsLLD*CSsFs((RHR1+RHQ)sRKsgtU1sS)
+-(RHR1+RHQ)+RKsF+-(RHR2+RHR4)+RLsF+U1sS

(RHR1+RHR3) RK S (RHR2+RHR4)*RL S

RPSsS TBsS

(NPI FsNPII F)+-LPCI+NOGBsNOGD
+INITsLLDs(DV2sF+RLsF+-(RHR2+RHR4))
+INITsLLS (DV1sF DV2sF40V1sFs(-(RHR2 RHR4)+RLsF)
+DV2 Fs(-(RHR1+RHR2)+RK F))

-(INITsLLS+INITsLLD) (NPlsS+NPIlsS) (RKsF+RLsF+RPAsF RPCsF+RPBsF RP
DsF)

(NPIsSPNPIIsS)s( (INITsLLS+INITsLLD)sRKsS*RLsS*(RPAsS+RPCsS)
s(RPBsS+RPDsS))

INITsLLDsDV2sSs(NPIsS+NPI lsS)sRLsS*(RPBsS+RPDsS)

INITsLLS (NPIsS+NPIlsS)s(DV1sFsRLsSs(RPBsS+RPDsS)+DV2sF*RKsSs(RPAsS
+RPCsS))
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SFe ~ ~ ~ ~ ~ ~ ~

LPCS

LPC5

LPC4

LPCF

CS1

CSF

Split Fract'ion Loglco ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ o ~ ~ ~ o ~ o ~

INIT~LLS*(NPI>S+NPII>S)*(DV2<S~RK<F~(RPB>S+RPD>S)+DVI<S~RL>F*(RPA~S
+RPC~S))

INIT>LLS (NPI>S+NPII>S)*((RPA<F+RPC<F)~DV2>VRL>S
+(RPB<F+RPD>F) DV1>S~RK<S)

INIT<LLS (NPI<S+NPII>S) DVI~S~RK>S (RPA<S+RPC<S) DV2<S RL>S (RPB>S+
RPDIS)

Y3+-SI&RH<FeRI>F+Y1*Y2+NPI~ F*NPII>F

Y3e(Y1iRH~FiNPI>FqY2iRI>FiNPII>F)eSIQ+INIT>LLC

Y3e.Y1sRH~S NPI~S .Y2 RI~S NPII~S SI03

1

PCAsF+RCAFHJB42AsFUB42BsF UB42C+F+DJiF

AIF

VNTF



Browns Ferry Unit 2 Individual Plant Examination
HODEL Nsmet BFNFINAL

Split Fraction Lopic for Event Tree: LOCACNTHT

Revision 0

14:42:32 13 AUG 1992
Page 1

SF ~ ~ ~ ~ ~ ~ ~ ~ Split Fract'ion LOQIco ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~

NOTAP:>-(INITAMTI+INITAMT2)

RR12:>RHRI~RHR3+RHRIU3S+RHR3 U3>S

RR11: >RKR1+RHR3W3*S

RR22t>RHR2 RHR4+RHRR%1~S+RHR4 UI~S

RR21teRHR2+RHR4+U1>S

HEATLT<(RKR1+RHR2+RHG+RHR4+Ul<S+&S)HOSP>S (SP>S+SPR>S)

KEATt<(RKR1+RHR2+RHR3+RHR4WI<SW3>S)e(OSP>S (SP<S+SPR<S)KSD<SeSDC
sS)

NCDF

NCD1

NCDF

ODMS2

AHEATT&R72 RR21+RR11~RR22

NOLOCAt>-(I NIT>LLS+INI TELLO+ I NIT>LLC+INIT<LLOtINIT<ELOCA)

VENTTCLPNSeVNT~S

SIG!~LVP~S+O~S

INIT<ELOCA

(INIT>LLS+INIT>LLD+INIT>LLC+INIT<LLO)eRPS>S(TB~S+IVC<S)*(CS>StLPC>
S)~HEATL

RPSQS

RPSRF

DMSF

DMS2

DMS1

DMSF

CILF

CIL2

CIL1

CISF

CIS1

RBIF

RBI1

SGTF

SGT9

SGT8

PX1<F*PX2>F+(-RR11+RH>F+NOGB)~( RR21+Rl<F+NOGD)+SWFeSPR>F

-RR11+RH<F+-RR21+RI>F

PXI<S PX2<SaRR11eRH<S RR21eRI~S

LVP F DMP>F

PCA*F+ON~F

LVP~F&MP~F

LVP~F DMP~F

RIINF+RksF+RksFeA3EDNF+RHsFeA3EDiF+DkiF D&FiAA+F DkiF
+RN>Fe(DQF+DN<F)+RN<Fe(DN>F+AA<F)+-SIG
+HOOD~(NOGA+NOGH+NOGB~NOGF+NOGB+NOGC+NOGE)
+NOGA~NOGC NOGG

RN>F+RNZF+NOGA+NOGD

A3ED>F*((DN<F+DS F)e(AA<F+OH<F))+HOGS~HOGG NOGE*NOGH



Browns. Ferry Unit 2 Individual Plant Examination
MODEL Name: BFNFlMAL

Split Fraction Logic for Event Tree: LOCACMTMT

Revision 0

14:42:33 13 AUG 1992
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SFo ~ ~ ~ ~ ~ ~ ~ Split Fract'Ion Log'ic ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

SGT&

SGTS

SGT4

SGT2

SGT1

SGTF

A3ED<Fe(AA>FNN>F+ON>F+DOIF)+NOGH+(NOGA+KOGB~NOGG)

A3ED~F+NOGH

(DNaF&OIF)*(AAeF+OH+F)+HOGS*NOGC NOGE

AA>F+DN>F+ON>F+0&F+NOGA+NOGB~NOGG

RN=S RN=S~QED-"S DN=S~AA=S~DO=S~DH=S SiG

A3EDNF (RN>F+RN>F)+RN<FeRN<F+MOGHa(MOGA+NOGD)+MOGAeKOGD

(RNiS+NOGA+RN~S+NOGO)eQED~S

RH S RNIS (A3ED>F+NOGH)

RM>S RN>S QED>S



Page No. 1

10:36:20 13 AUG 1992

Browns,Ferry Unit 2 Individual Plant Examination KODEL Name: BFNFINAL ReViSian 0

Event Tree: LOCACNTKT

IE NCD ODNS DMS CIL CIS RBI SGT KUK

X2—X1—X5—L~---
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

1

2
3
4 XS
5 X1
6 X2
7 X2
8 X3
9 X3

1

2
3
4-5
6.9
10 17
18.25
26-49
50-73



Browns Ferry Unit 2 Individual Plant Examination
~

'evision 0
HODEL Name: BFNFINAL

Top Event Legend for Tree: LOCACNTHT

10:36:21 13 AUG 1992
Page 1

Top Event Designator..... Top Event Description......... ...................
IE

CIL

CIS

RBI

SGT

Initiating Event

CORE DAHAGE OCCURRED

OPERATOR FAlLS TO INITIATE DN SPRAY

DRYMELL SPRAY UNAVAILABLE

ISOLATION OF LARGE CONTAINHENT PENETRATIONS FAILED

ISOLATION OF SHALL CONTAINHENT PENETRATIONS FAILED

REACTOR BUILDING ISOLATION FAILURE

STANDBY GAS TREATHENT SYSTEH UNAVAILABLE

SBGT SYSTEH RELATIVE NNIIDITY HEATERS UNAVAILABLE



Browns Ferry Unit 2 Individual Plant Examination
NQOEL Kame: SFNFINAL

Split Fraction Logic for Event Tree: LOCACNTHT

Revision 0

11:21:17 13 AUG 1992
Page 1

SF ~ o ~ ~ ~ ~ ~ ~ SplLt Fract'lon Logico ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

NOTAP. ~ ( IKIT&MT1+INIT&MT2)

RR12:&HR1iRHR3+RHR1 U3 S+RHR3%3 S

RR11: >RHR1+RH~S

RR22(>RHR2 RHR4+RHR2%1>S+RHR4 UIIS

RR21:>RHR2+RHR4+U1~S

HEATLt>(RHRl+RHR2+RHQ+RHR4+U1~SW~S)HOSP S (SP*S+SPR~S)

HEAT: (RHR1+RHR2+RHQ+RHR4+Ul SKG S)~(OSIS (SWS+SPR S)+OSD*S SDC
AS)

AHEATT&R12 RR21+RR11iRR22

NOLOCA:>-( I NIT <LLS+ I Nl T>LLD+IK IT>LLC+ IN l T>LLOYD I NIT>ELOCA)

NCDF

KCD1

VENT:~P~PVNT~S

SIG:~LVP~S+OMP~S

INIT~ELOCA

(INIT>LLS+IKIT<LLO+INIT~LLC+IKITiLLO)~RPS~S(TB~S+IVCIS)*(CS~S+LPCi
S)*HEATL

ODMS2

RPSQS

REF

DMSF

DMS2

DMS1

DMSF

CILF

CIL2

CIL1

CISF

PX1>F*PX2>F+(-RR11+RH>F+NOGH)*(-RR21+Rl>F+NOGD)+SP>FiSPR<F

-RR11+RH>F+-RR21+Rl<F

PX1>S PX2<S RR11iRHC RR21eRI<S

LVP~F'%MP~F

PCA~F+DNNF

LVPiF'%MPiF



Browns Ferry Unit 2 Individual Plant Examination
IKOEL Name: BFNFlNAL

Split Fraction Logic for Event Tree: LOCACMTHT

Revision 0

11:21:18 13 AUG 1992
Page 2

SF........ Split Fraction Logic.... .

CIS1 1

RBIF LVP~F'%VP~F

RBl1 1

SGTF MF*RN~F+RN~FeA3ED~FyRM~FeA3EDEF+DN~F D&FqM~FDN~F
+RN~Fo(DONF+OOF)yRN~F*(DN~FqAAiF)q SIG
+KOGDe(NOGA+NOGH+NOGB~NOGF+NOGB+NOGC+NOGE)
+NOGA~MOGC KOGG

SGT9 ~F+RN~F+MOGA+MOGD

SGT8 QEDsF ((DNsF+&F)*(MsF+DHsF))+NOGB~KOGC KOGE+NOGH

SGT6 QED~F*(M~F~F+QMsF+DONF)+MOOR (MOGA+ROGB+MOGQ)

SOTS A3ED>F+NOGH

SQT4 (DN>F+OONF)e(M>F+DN>F)+MOGB~NOGC NOGE

SGT2 AA<F+DH>F+DN<F+0&F+MOGA+MOGB~MOGG

SGT1 ~S RN~S A3EDNS DKNS AA>SKON~M<S Slg

SGTF 1

HNIF QED~Fe(RM~F+RNNF)+RN~FaRN~FAOGH (NOGAqNOGD)+MOGAeNOGD

HOG (RNiS+MOGA+RNiS+NOGD)eQEDiS

HN12 RNaS RNaS (QEDaF+NOGH)

HNII ROS RN>S A3EDaS

HNIF 1



Browns Ferry Unit 2 individual'Plant Examination
HOOEL Nsmet BFNFlNAL

Binning Logic for Event Tree: LOCACNTKT

Revision 0

14t48t47 13 AUG 1992
Pege 1

Bin....... Sinning Rules..........
SUCCESS KCO~S

KELT KCO>F

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~



Pege No. 1

INX)EL Mi SFNFINAL
Event 1 LOCAPDS 1G 34 13 AUG 1992

X4 X X2 x1

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ \ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

IE MELT LPRES IIET INA IMB IMC IND INE INF ING INH JA JH KC KF KH LEC LF LH RBISO SGTGP F INTR

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
IF
18
19
2G
21
22
23

XI
X1
X2
X2
X2
X2
X2
X2
X2
X2
X2
X2
X2
X2
X2
X2
X2

X3
X4

UI
0

Pl)

TI

C
0

hl

0
C
CL
t
Ol

TI
Gl

m
X
Q
2
Q
IW
0

'C
~ ~

VI
0

O

91



Page Ko. 1

1

2
3
4-5
6-7
8.13
14.19
20.25
26.31
32.37
38.43
44.49
50.55
56-61
62-67
68-73
74-79
eo-es
86.91
92-97
98
99.195
196.389

IKSEL Nt lFNF
IH;.'vent

1 LOCALS 10 35 13 AUG 1992

W
O

Po

nI
C
K
hJ

Q.
C
CL
C
CO

z

'2
Q

O

Ã
C
K
O

O



Browns Ferry Unit 2 Individual Plant Examination Revision 0
IKSEL Neoe: BFNFINAL

Top Event Legend for Tree: LOCAPDS

10:36:36 13 AUG 1992
Pege 1

Top Event Designetol ~ ~ ~ o ~ Top Event Deecriptiono ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

IE

NELT

LPRES

IKB

INC

IkE

INF

ING

INH

JA

JH

KH

LEC

LF

LH

RBISO

SGTOP

FIWR

Initiating Event

CORE DANAGE HAS OCCURRED

HIGH VESSEL PRESSURE AT HELT-THRNIGH

NO MATER ON DRYMELL FLOOR AT NELT-THRINGH

NOT INTACT CONTAlkkENT, MTR TO DEBRIS, DMS/ AND
SPC

NOT INTACT, WR TO DEBRIS, DMS, NO SPC, VENT

NOT INTACT, WR TO DEBRIS@ DMS, NO SPCi NO VENT

NOT INTACT, WR TO DEBRIS, NO DMS, SPC

NOT INTACT, MTR TO DEBRIS, NO DMS, NO SPC, VENT

NOT INTACT, MTR TO BERBIS, NO DMS, NO SPC, NO VENT

NPT INTACT, KO WR TO DEBRIS, VENT

NOT INTACT, NO MTR TO DEBRIS, NO VENT

NOT BYPASS, WR TO DEBRIS

NOT BYPASS, NO WR TO DERBIS

NOT EARLY, WR TO DEBRIS, DMS

'OT EARLY'R TO DEBRIS, NO DMS

NOT EARLY, kO WR TO DEBRIS, NO DMS

NOT LATE, WR TO DEBRIS, DMS

NOT LATE, MTR TO DEBRIS, NO DMS

NOT LATEi NO WR TO DEBRIS, NO DMS

REACTOR BUILDING NOT ISOLATED

STANDBY GAS TREATNENT AND HUHIDIFIERS NOT

OPERATING

FIRE MATER UNAVAILABLE



Browns Ferry Unit 2 Individual Plant Examination
IKSEL Mene: BFNFlkAL

Split Fraction Logic for Event Tree: LOCAPDS

Revision 0

14t42t53 13 AUG 1992
Pege I

SFe ~ ~ ~ ~ ~ ~ ~

NELTS

NELTF

LPRESS

LPRESF

NETS

METF

INAS

INAF

INBS

INBF

INCS

INCF

INDS

Sp('lt Flection Log'Ice ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~

MATMS:>RPS<F

LOPRESS: ~ -NOLOCA+INITALOCA

NOTDRY:~ NOLOCA+INITALOCASMS>$

BYPASS: ~ INIT<ILOCA

EARLY:NMATI5+TOR>P(-NOLOCA+INIT%LOCA)+CIL>F+C IS> F

LATE:~ (SWFeSPR HOSP F)e(LPC S+CS S)

DBCAVAILT~LPCC+CS~S+CRD~S+CD~S+015~$

NCD~S

LOPRESS

-(BYPASS+EARLY+UTE) DBCAVAIL DMS>S (SP~S+SPR<$ )

-(BYPASS+EARLY+LATE) DBCAVAIL DI5<S*(&F*SPR>FOP>F) VNT<$

(BYPASS+EARLY+UTE) DBCAVAIL'DMS>S (SP>FeSPR>F+OSP>F) VNT>F

-(BTPASS+EARLY+LATE) DBCAVAILe(DDMS F+DMS F)e(SP S+SPR S)

INES

INEF

INFS

INFF

INGS

INGF

INHS

INHF

JAS

JAF

JHS

(BYPASS+EARLY+LATE) DBCAVAILe(DDMS~F+Dl5~F)e(SPeFeSPR~F+OSPeF)VNT
a$

(BYPASS+EARLYqLATE) DBCAVAILe(DDl5<F4DMS~F)*(SP~FeSPR~F+OSP~F)eVNT
~ F

1

-(BYPASS+EARLY+UTE)e DBCAVAIL VNT>Se(ODMS>F+OMS<F)

(BYPASS~EARLYqLATE)*.DBCAVAILVHT~Fe(ODMS~F+015eF

BYPASS DBCAVAIL

BYPASS* DBCAVAIL

94



Browns Feriy Unit 2 Individual Plant Examination
INNEL Neoe: BFNFINAL

Split Fraction Logic for Event Tree: LOCAPDS

. Revision 0

14:42:54 13 AUG 1992
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Sf o ~ ~ ~ ~ ~ ~ ~ Spl ( t Fl act(on Log(co ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~

JHF

EARL~BCAVAILsDIISsS

KCF

KFS

KFF

EARLTKBCAVAILs(MMSsftOQSsf)

EARLY DBCAVAILs(CONS HNSsf)

LECS

LECF

LFS

LFF

LHF

LATPDBCAVAILDMSsS

LATE DBCAVAILs((NNSsf+DQSsf)

1

LATEs DBCAVAIL+(CNQSsMVSsf)

RBISOS RBIsS

RBISOF 1

SGTOPS SGTsgsHN(sS

SGTOPF 1

F IVTRS AlsS

FINTRF 1



Browns Ferry Unit 2 Individual Plant Examination
HOOEL Name: BFNFINAL

Birniny Logic for Evmt Tree: LOCAPDS

Revis/on 0

14:49)10 13 AUG 1992
Page 1

Bifle~ ~ ~ ~ ~ ~ BIlwIAQ Rules'

SUCCESS HELTiS

HIAU

HIAV

HIA'N

HIAX

HIAY

HIAZ

HIBU

HIBV

HIBU

HlBX

HIBY

HIBZ

HICU

HICV

HICM

HICX

HICY

HICZ

HIDU

HIDV

HIDM

HIDX

HIDY

HIDZ

HIEU

HIEV

HIEM

HIEX

HIEY

HIEZ

HIFU

HIFV

LPRENF%T<S INA>S RBI&S SGTOP>S FIMTR<S

LPRES<F NET>S INA>~BI~S SOTS FlllTR>f

LPRES<f NET>S INAMRBI~S SGTOP>faf INTRA

LPRES F NET S INA S RBIMS SGTOP FaflllTR F

LPREMF NET>S INA>~BI~FaflUTR>S

LPRES~F %ET~INES RBI~Faf IVTR~F

LPRES>f NET~IKB<~BI~S SGT~FIUTRW

LPREWF NET<S INWS RBI~S SGTOP>S FINTR~F

LPRENF NETMINB<MBI~SSGT~FafIVTR>S

LPRES>F VET<S INB<S RBI~S SGTOP<faFIVIR>F

LPRES<f VETOES INB<PRB ISON fafIUTRNS

LPRES<i NET>S INB<S RBI&f+FINTR>f

LPRES~F VETaS INC~RBI~S SQTOPsS FllJTRaS

LPREWF'%ET S INC*SaRBISOaS SOTS FIMTR F

LPRES<F NET>S INCUS RBISONS SGT~FafINTR>S

LPRESNF NET>S INCUS RBIMS SGTOP>f*FIUTR<F

LPRES>f NET>S INC>MBIMFaFIVTR<S

LPRES<FUET<S INCUS RBI&fafINTR~F

LPRES~F MET~S IND>RPoI&S SQTOP~SaFINTR~S

LPREWF NET>S IND>P%BI~S SGTOP~FIVTRNF

LPRES<FNET<S INDUS RBI~S SGT~FafllITR>S

LPRES<f'NET>S IND>WBIWS SGTOP>F*F INTR>F

LPRES~FUET~S INDUS RBI&fafINTRANS

LPRES>F VET>S IND>S RBISONF FINTR>F

LPRES>FVET<SalNE<S RBIMS*SGTOP>S FINTR>S

LPRES>f NET>S INE<S RBIWS SQTl&S FIMTR>f

LPRES>FNET>S INE>S RBIMS SGTOP>faFIVTR<S

LPRES>f NET>S IKE<P%$IWS SGTl&faflVTR<f

LPRES<FNET>S INE<S RBIWFafIUTR<S

LPRES<F MET>SABINE>S RBIWfafINTR>F

LPRES FNET S INF S RBIWS SGTOP S FINTR S

LPRES>FVETNS INF>S RBISQS SGTOP>S F IIITR>F



Browns Ferry Unit 2 Individual Plant Examination
HOOEL Neeet BFNFINAL

Blnnlng Logic for Event Tree: LOCAPOS

Revision 0-

14:50:02 13 AUG 1992
Pope 2

BIno ~ ~ ~ ~ ~ ~ BInn'Ing RUIese ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

NIFM

HlfX

HIFY

NIFZ

NIQU

HIGV

NIGM

NIGY

NIGZ

NIIRI

HIHV

HIHM

HIHX

HIHY

HIHZ

NJAV

HJAM

NJAX

NJAY

HJAZ

NJHV

HJHM

NJHY

NJHZ

LPRESef MET>S INF>S RBI~S SGTOP~fefIWR>S

LPRES<f MET>S INF>S RBI~S SGTOP>F~FIWR>f

LPRES>FMET>S INFeS RSISONFefIWR<S

LPRENPQET>S INF>S RSISONFef IWR>F

LPRESef MET<S INQeS RBISOaS SGT~S FlllTR>S

LPRES>f MET>S ING<P%SI~S SGTOPeS FIWR<F

LPRESef MET>S INQeSKBI~S SGTOPeF FIWR<S

LPREW~T>S INWS RBI~SeSQT~FeFIWR<F

LPRES<f MET>S IN&VRSI~F+FIWRIS

LPRES>F MET>S IN&S RSI~F+FIWR>F

LPRES<f MET>S INH<SQSISOIS SGTOP>SefiWR>S

LPRESef MET>S INH<S RBIWS SGTOP<S FIWR<f

LPRESeF MET>S INH>S RSISONS SQTOP>feFIWR<S

LPRENPQET>S INNESS RBIMS SQTOP~F*FIllTR~F

LPRES<f MET>S INNESS RSI~FeFIWRIS

LPRES>P%ET>S INNESS RSIMF*FIMTReF

LPRES>F MET<S JA<~SI~S SOT~5 FIWR>S

LPREQF MET<S JA<PRSI&S*SGTOP~P'FIMTReF

LPRES>F MET>S JA>S RSISOaS SGTOPefeFIMTR>S

LPRES>PALS JA<VRBIWS SGTOP>f FIMTR<F

LPRES>f MET>S JA>S RSISOeP'FIWR>S

LPRES>FMET>S JA>S RSISONF*F IWR>F

LPRESmf MET>S JHeS RSI~S SGTOPeS FIWReS

LPRES>f MET>S JHISKSI~S SOTS FIWR>f

LPRES>f MET>S JH<~SI~S SGTOPefof 1WR>S

LPRES>FMET>S JH<S RSIWS SGTOP>fef IWR>F

LPRES>FMET<S JHeS RBISOefeFIWR~S

LPRES<f MET>S JHeS RBI~Fef IWR<F

LPRES<f MET<S KC>S RBI~S SGTOPeS FIWReS

LPRENF MET>S KCIS RBI~S SQTOPIS FIWR>F

LPRES*FeMET O'KCeS+RSIMSeSGTOP F+FIMTR S

LPRES>FMET>S KC<S RBIMSeSGTOP>fefIIITRIF

LPRESeFMET<S KC*S RSIMF FIWR S
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Browns Ferry Unit 2 lndividLIal Plant Examination
HtSEL Homer BFHFIHAL

Biming Log3c for Event Tree: LOCAPDS

Revision 0

14:50:55 13 AUG 1992
Pege 3

Sln....... Binning Rules.

HKHY

HLCU

HLCV

HLCM

HLCX

IlLCY

HLCZ

HLFU

HLFV

NLFM

HLFX

HLFY

HLFZ

HLHU

HLHV

HLHM

HLHX

HLHY

HLHZ

H IAU

HIAV

LPRES>FVET>S KC<S RBI~fefllJTReF

LPRESeF VETeS KFeS RBI~S SGTOP>S FINReS

LPRES FeHET VKFeSeRBI~S+SQT~KFINR F

LPRESeF 1KT<S~KF~RBI~S SGTOP>fefINR>S

LPRES FRET PKF PRSIMVSGTOP FeFIIJTR F

LPRES FWT SeKF O'RSIWF+FINR S

LPRENF HET<S KFWRSIWF*FINR<f

LPRES FeHET~KHNSeRSI~S+SQTOP S+FINR S

LPRENPlKT<S KH>S RBI~SQT~S FINR>f

LPRES>FVET>S KH>S RSIMS SGTOP<f+FINR>S

LPRESef le ~HeS RSI~S SGTOP*P'FINR F

LPRES POET VKH SVSI~F+FINR*S

LPRES>PAT>~IMSIMf*FINR<F

LPRES<P%ET<S LECeS RSI~S SGTOPeS FllJTR<S

LPRESIFHET<S LEC~SISONS SGT~S FINR>f

LPRESIIF VET>S LEC>S RBI~S SQTOP<fefINR<S

LPRES<F 1JET>S LEC~~SI~S SQT~F FINRef

LPRES>f HET>S LECeS RSI~FeFINR<S

LPRES>f VETOES LEC<&BISOeF FIIJTR>F

LPRESeF VET>S Lf<VRBI~S SGTOPeS FIUTReS

LPRES>FVET>S LF~SISOItS SGTOP>S F INR>F

I'PRES>FVET<SLF~SI~SGTOP>f FINReS

LPRES<f VET>S Lfeg RSISOeS SGTOP<feFINR<f

LPRES<F%ET>S LFeS RBl~feFINR<S

LPRESNF VET>S LFeS RSIMF*FINReF

LPRES<F IJET<S LH<S RBI~S SGTOPeS FINR>S

LPRES>F%ET>S LHeS RSI~S SGTOPeS FINR>f

LPRES>f VET>S LH>S RBIMS SGTOP>fefINR>S

LPRESeFVET~SeLH~S RBIMS SGTOP~Fef INRIF

LPRESsFHETaS LHsS RBIMf+FINRsS

LPRES~FVET>S~LH~S RBIMfefINReF

LPRES>f UET<feIHA>S RBISQS SGTOP>S*FINR~S

LPRES>F MET>feIHAIS~RSI~S SGTOPeSef IIITR>F
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BrownsiFerry Unit 2 Individual Plant Examination
IKNEL Nemet BFKFINAL

Biming Logic for Event Tree: LOCAPOS

Revision 0

14t51t48 13 AUG 1992
Pege 4

Bino ~ ~ ~ ~ ~ ~ Sinning Ruieso ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

NIAM

NIAX

NIAY

NIAZ

NIBU

NIBV

NlBM

NIBX

NIBY

NIBZ

NICU

NICV

NICM

NICY

NICZ

NIDV

NIDM

NIDX

NIDY

NIDZ

NIEU

NIEV

NIEM

NIEX

NIEY

NIEZ

NIFU

NIFV

NIFM

NIFX

NIFY

LPRES<f MET>F INA>SEBI~S SGTOP>f FIWR>S

LPRES>f MET>feIKA<S RBISONS SGTOP>fef IWReF

LPRES<f MET~felNA~ASI&feflWR~S

LPRES>FMET>f INA>P%BI~fefIWR>f

LPRES<F MET>felNB>S RBISOeS SGTOP>S FIWR<S

LPRESeFMET>feINB>$ RBIWS SGTOP<S FIWR>f

LPRES<f MET>feINB>ASISQS SGTOP>f*FIWR>S

LPRESef MET>feINB<VRSISONS SGTOPefefIWR>f

LPREWFMET>f INB>$+RSISONfefIWR>$

LPRES>F MET>feIKB>$ RBIMF F IWR>f

LPRES~F METefeINCeS RBIMS SGTOP~S FlllTReS

LPRES>FMET~FeINC<SeRBIMS SGTOP>S fIWR<F

LPRESef MET>feINCe$ RSIMS SGTOP>fefIIJTReS

LPRES>FMET<F*INC<S RBI~S SGTOP>fefIWR<f

LPRE&feMET>fe INC>WtBIWF*FIWR>S

LPRES>F MET>f INCUS RBISOef*FIWR>F

LPRES>f MET<felkD>SeRBIWS SGTOPeS F IWR>$

LPRES<f MET>feIND~S RBISOeS SGTOPeS FIWR~F

LPRESef MET<f IKD>SeRBISONS SGT~F FIWRNS

LPRES<F MET<F INDUS RBI~S SGTOP<fefIWR<f

LPRES~feMET>feINO>S RSISOefeFIWR<S

LPRESef METefelkgeS RSI~F FIMIRef

LPRES~F MET>feikEeS RBI~S SGTOP>S FIWR>$

LPRESNFMET~feIKE~BISONS SGTOPeSefIWR~F

LPRES>f MET>feIKE<S RBI~S SGTOP<feFIWReS

LPRES>FMET>feINE>$ RBISOeS SGTOP<feflMTR>f

LPRES>F MET<feIKE<VRBISOef F IWR<$

LPRES<FMET>feINE>VRBISOmfef IWR>F

LPRES>f MET<ielkf<$ RBISONS SGTOPeSef IWR<$

LPRES>FMET>feINF>S RBISONS SGTDPNSeFIMTR~F

LPRESef METefelkfeS RBISONS SGTOP~FeFIWReS

LPRES>f MET>felkf>SeRBISOeSeSGTOP>feflMTR>f

LPRES>f MET>felkf>S RBISOafefIWR<S



Browns Ferry Unit 2 Individual Plant Examination
NOOEL Nane: BFNFINAL

Sinning Logic for Event Tree: LOCAPOS

Revision.0

14:52:41 'l3 AUG 1992
Pege 5

8'lne ~ ~ ~ ~ ~ ~ 8'lnn'ing RUiea ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~

NIFZ LPRES>PlJET>fiINF<S RBI~F+FIMTR<f

NIGU LPRES<f MET>FLING>S RBI~SiSGTOP<SifIMTR>S

NIGV LPRES>f MET<f ING>VRBI~S SGTOP<S*FIMTR<F

NIGM LPRES>FMET>fiIN&S RBIMS SGT~F~FIMTR~S

NIGX LPRES<FMET<fJINNS RBISONS SGTOP>fiflMTR>F

NIGY LPRENFMET>f INKS RBl~fifIMTR>S

NIQZ LPRENF MET>feINNS RBI~fefIMTR>F

NIHU LPRESsP%ETaf INHaPRBI~S SGTOPsS FIMTRsg

NIHV LPREWF MET>feINH~I~SGTOP<S FIMTR~F

NIHM LPRES<f 1ST>f*INH>S RBISONS SQTOP>fif IMTR>S

NIHX LPRENF MET>feINH>S RBIWS SGTOP<fif IMTR>F

NIHY LPRES<FMET>F~INH<S RBIWfifIMTR<S

NIHZ LPRES>P%T>f INHiS RBISONF+F IMTR>F

NJAU LPRENFMET<feJA>~BISONS SOTS FIMTR>S

NJAV LPREPF MET<feJA<S RBI&S SGTOP<SiFIMTR<f

NJAM LPREWF MET<f JA>S RBI~S SGT~FeFIMTR>S

NJAX LPRES~FMETsf*JAsS RBISO*S SGTOP~F+FIMTRsf

NJAY LPRES>FAT>feJA<S RBI&f FIMTR>S

NJAZ

NJHU

NJHV

NJHX

NJHY

NJHZ

NKCX

NKCY

NKCZ

NKFU

NKFV

LPREWF MET<F JA~BISONfifIMTR>f

LPRENFMET>feJH<ABI~SQTOP<S F IMTR<S

LPRES<F MET<feJH~RBI~~QT~FIMTR>F

LPREPP%ET<feJH<VRBIMPSGTOP<feFIMTR>S

LPRES>FMET>feJH<S RBIWS SGTOP>F~FIMTR>f

LPRES>FMET<feJH>S RBIMF FIMTR>S

LPREMF MET<feJH>S RBI~F*FIMTR<f

LPRES>FMET>F~KC>S RBISONS SGTOP>S FIMTR<S

LPRES<F MET>fiKC>S RBIMS SGTOP>S FIMTR>f

LPRES F MET F KC*S RBIMS SGTOP F FIMTR S

LPRES>F MET>fiKC>S RBI&S SGTOPNF~FIMTR<F

LPRES~F MET~feKC~S RBIWFofIMTR~S

LPRES*F~T F+KC*NRBISONF+FIMTR F

LPRES>f MET<fiKF>S RBIMSiSGTOP>S FIMTR>S

LPRES F MET F KF S RBIMS SGTOP*S~FIMTR F

TOO



Browns Ferry Unit 2 Individua'I Plant Examination
HOOEL Nelet BFNFINAL

Binniny Logic for Event Tree: LOCAPOS

Revision,0

14t53t34 13 AUG 1992
Pege 6

B'lno ~ ~ ~ ~ ~ ~

NKFM

NKFX

NKFY

NKFZ

NKHY

NLCU

NLCV

NLCM

NLCX

B'inn'inB RUIeee ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

LPRES F MET F KF~BISOIS SGTOP F FIMTR S

LPRES FeMET f*KF SeRBIMSeSGTOP F+FIMTR F

LPRES>FMET>f KFMRBISOefeflWRN

LPRES<PKT>PKF<S RBISOefef IWR>f

LPRESePQET>feKH<S RBIWS SGTOP<S FIWR<S

LPRES F MET<F KH S RBISOeS SGTOP S FIWR F

LPRESePQET>P%I<S RBISOIIS SGTOP<F F IWR>S

LPRENPlKT>F+KH<S RBI~S SGT~F F IWR<F

LPREAPiKT FeKH P%BIQhfeflWR S

LPRES F MET F KH*S RBISOef FIWR F

LPRESeFMET>f LEC>S RBI~S SOT~5 FIWR>$

LPRES>FMET>feLEC~RBI~S SQTOPIS FIWR<f

LPRES<F le>feLEC>$ RBISOIS SQTOP>fef IWR>S

LPRESef MET<F LEC<VRBISOeS SGTOP<feFIWR<F

NLCT LPRES>PQH>F LEC<S RBISOefef IWReS

NLCZ

NLFM

LPRES>f MET>F+LEC<S RBISOIF*FIWR>F

LPRENF MET>feLF<S RBISOIS SGTOPeS FIWR<S

LPRESef MET>feLfeS RBI~SGTOP<$ +F IMTR<F

LPRES>PQET<feLF>S RBISOeS SQTOPefeflMTR<S

NLFX LPRES<PQET<F Lf>S RBISOeS SGTOPeF FIWR>f

NLFY

NLFZ

NLHU

NLHV

NLHM

LPRESePQET>feLFS RBISOafef IWR<$

LPRESePMETefeLFeS RBISOef FIWR>f

LPRES>P%ET<feLH>S RBISOeS SQTOP>S FIWR>S

LPRES>P%ET<feLH<S RBISOeS SQTOPNS F IWR<f

LPRES>P%f>feLH>S RBISOeS SGTOP>f FIWRiS

NLHX LPRESef MET>feLHeS RBISOeS SGTOP>feflWR>f

NLHY LPRES<P%ET>feLH>S RB ISOefef IWR>$

NLHZ

OIAU

OIAV

OIAM

OIAX

OIAY

LPRES FMET F LH*S RBISOef FlllTR F

LPRE~T>S INA<S RBISOeSeSGTOP>S FIWReS

LPRES>~TeS INA>S RBISOeS SGTOP>S FIWR>F

LPRES<5%ET<S INAeS RBISOeS SQTOP>fefIWR>S

LPRES>SAET<S INA+S RBIWS SGTOP>f ef IWR<f

LPRES>~T<S INA>S RBISOefef illTR>S
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Browns Ferry Unit 2 Individual Plant Examination
HDDEL Nane: BFNFINAL

Ginning Logic for Event Tree: LOCAPDS

Revision 0

14t54:26 13 AUG 1992
Pege 7

Bino ~ ~ ~ ~ ~ ~ 8'llew'lng RUIeee ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

DIAZ

OI BU

OIBV

OI BM

0 IBX

OIBY

0182

OICU

OICV

OICM

OICX

OICY

OICZ

OIDU

OIDV

OIDM

OIDX

OIDY

OIDZ

DIEU

OIEV

DIEM

OIEX

OIEY

OIEZ

OIFU

OIFV

OIFM

OIFX

OIFY

OIFZ

OIGU

OIGV

LPRES<ViKT~S INA>S RBISO F FIMTRaf

LPRES>SAT>5*INB<S RBI&S SGTOPC FIMTR<5

LPRES>POET'S INB>S RBISONS SGTOP<S FIMTR>f

LPRES>PlJET<S INWVRBIMS SGTOP>feFIMTR<S

LPRES<SAET>S INB<S RBIMS SGTOP~F*FIMTR>f

LPRES<PQET<S INB<S RBISONfeflMTR>5

LPRES<PVET<S INB~RBI~FefIMTRNF

LPRES>V@ET>S INC<VRBI~S SGTOP>S FIMTR>5

LPREWVQET<S INC>SeRBISONS SQTOP>S FIMTR>f

LPRES~SQET>S INC<5 RBIMS SQTOP<fefIMTR<5

LPRES>~<S IKC>S RBI~S SGTOP>F FIMTR>F

LPRES~T~IKC<5 RBl~fefIMTR<5

LPRES>SAET<S INCUS RBIMFeFIMTR>F

LPRES>PQET<S+ IIO>S RBIWS SGTOPiS F IMTR<5

LPRES>SAT>5*IND>S RBISQS SGTOP>S FIMTR<f

LPRES<~T>S IND>S RBI~S SGTOPNfeflMTR<S

LPRESNSAETsS INDsS RBIMS SGTOPsf+FIMTRaf

LPRES<PQET>5 IND>S RBIMfefIMTR>5

LPRES<SAET<S INDNS RBI~F*FIMTR<f

LPREWFVET<5 IKE~RBI~5 SOTS FIMTRW

LPRES<S%T<S INEC RBI&S SGTOP~S FIMTR<f

LPRE 5>VQET>Se IKE<VRB1 503 S SGTOP>f ef IMTR>5

LPRES>SAET>S INE<5 RBI~S SGT~F*FIMTR>F

LPRES>AKT>SeINE>SiRBI&feflMTR~S

LPRES>F%ET<S INE<S RBISONFefIMTR~F

LPRES<~T>S INF>S RBI~S SGTOP~F'FIMTR<S

LPRES<PMET<S INF>S RB IWSiSGTOP<Sef IMTR<F

LPRES<PQET>S IKF<PRBI&5 SGTOP>feFIMTR<5

LPRES<S%ET>SeINF>S RBI&S SGTOP>feFIMTR<F

LPRES<SAET>S INF>5 RBISONFefIMTR<5

LPRES>SAT>SeINF>5 RBIWfefIMTR>f

LPRES<5 MET>SeING<SiRBISQSiSGTOP>5*FIMTR>5

LPRES<5 MET>SeINQ>SeRBISO<S SGTOP>5*FIMTR<F

ID2



Browns Ferry Unit 2 Individual Plant Examination
HOOEL Nseet BFNFINAL

Sinning Logic for Event Tree: LOCAPDS

Revision 0

14t55TI9 T3 AUG 1992
Pege 8

Bing ~ ~ ~ ~ ~ ~

OIGV

OIGX

OIGY

OIGZ

OIIRI

OIHV

0 IHV

OIHX

OIHY

OIHZ

OJAV

OJAY

OJHY

Sinning Rvles ~ ~ ~ ~ oo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~

LPRES~~T>S IN&5 RBISOeS SGTOP<feflWR<S

LPRES>PlKT<S INPS RBIMS SGTOP>feFIWR<f

LPRESeSAET<S IN~IMFefIWR>S
LPRES<SQET~S IN&V'RBIMfeFIWR<F

LPRES<SRH>S INH>S RBIMS SGTOP<S FIWRNS

LPRESjNVlKT SeINH SeRBISONSeSGTOP SefIWR F

LPRES<~T<$ INH>MBIMS SQTOP>fef IWR<S

LPRES<~T<S INH>$ RBIMS SGTOP<f+FIWR>F

LPREA~>$ INH>$ RBIS04F+FIWR<$

LPRESeSAET~S INN~8 RBI~FeFIWR>F

LPRESsSAETaS JAaS RBI~S+SGTOPNS FIWRsS

LPRES<SAET<S JA<~BISOeS SGTOPeS F IWRNF

LPRENS HEY~V'JA<~BI~S SGT~FeFIWR>S

LPRES<SRET>S JA<$ RBIMS SQTMFef IWR>f

LPRENSRET<S JA>S RBISOfef IWR>$

LPRES~T>S JA>S RBI~F+FIWR>F

LPRES>~T>S JHNVRBISONS SQTOP>S FIWRNS

LPRESePUET<S JH<S RBISONS SQTOP>S FIWR>F

LPRES~~TeS JH~S RBISOeS SGTOPefeFIWReS

LPRES<PQKTN~JH>S RBISO S SGTOP<f FIWR>f

LPRES>VlKT>S JH<S RBISONfeFIWR>S

LPRESN~T<S JH<VRBI~F FIWR>F

OKFV

OKFY

LPRES<SAETeS KC<S RBI~S SGTOP>S FIWReS

LPRES*SeVET O'KC SeRBISONSeSQTOPeSef IWR F

LPRESe~T<S KC<S RBI~S SGTOP>fefIWRNS

LPRESeVQETNS KC S RBISONS SGTOP*F FIWR F

LPRES SeVET SeKC SeRBISOmf+FIWR S

LPRES SeVET O'KC SeRBISONfef IWR F

LPRES<SAET<S KF>S RBISOeS SQTOP>S FIWR>$

LPRES>SRET>SeKF>S RBIMS SGTOP>$ FIWRNF

LPRES S VET S Kf SeRBIMS SGTOP F FIWR<$

LPRES~VQETeS KF~S RBIWSeSGTOPsf+FIWRsf

LPRES<SQET>$ Kf>S RBI&f FIWR<S
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Browns Ferry Unit'2 Individual Plant Examination
HOOEL Nano! SFNFINAL

Biming Logic for Event Tree: LOCAPOS

Revision 0

14:56t12 13 AUG 1992
Pege 9

B'lno ~ ~ ~ ~ ~ ~

OKHY

OLHX

OLHY

OLHZ

PIAU

PIAV

PI AM

PIAX

PIAY

PIAZ

P IBM

PIBV

Biming Ruleas ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

LPRESeSAETeS KFeS RBISOefeflllTRef

LPRESeSAETe~HeS RBISOeS SGTOPeS FIIITReS

LPRESeVKTeWHeS RBISOeS SGTOPeS FIMTReF

LPRESePKTeVKHeS RSISOeS SGTOPeFef IWReS

LPRESegeMET SeKH SeRBISOegeSGTOP FeflMTR F

LPRES SAET S KH*SeRBISOefeFIWReS

LPRESeSAETe~H~BISOe F FIMTReF

LPRESeSAETeS LECeS RBISOeS SGTOPeSef IWReS

LPRESeSAETeS LECe~BISOeS SGTOPeS FIWReF

LPRESeSAETeS LECeS RBISOeS SGTOPefeFIWReg

LPRESeSAETeS LEC~BISOeS SGTOPeFeFIMTReF

LPRESCAETeS LECeVRBISOefeflWReS

LPRESe~TeS LECe~BISOeFef IMTRef

LPRESeSAETegeLFeS RBISOeS SQTOPeS FIWReg

LPRESeF%ETeS LFeS RBISOeS SQTOPeS FIWReF

LPRESe&QETeS Lfeg RBISOeS SQTOPefeFIWReg

LPRESeSAETeS LfeMBISOeS SGTOPeF FIWReF

LPRESeSRETeS LFeS RBISOefefIWReS

LPRESegeMET SeLfegeRBISOefefIWR F

LPRESeRCETeS LHeSVBISOeS SGTOPeS FIMTReS

LPRESeSSETeS LHeS RBISOeS SGTOPeS FIWReF

LPRESeS%TeS LHegeRBISOegeSGTOPefeFIWReS

LPRESeP%TeS LHeS RBISOegeSGTOPefef IWRef

LPRESe~eS LHeS RBISOefef IMTReS

LPRESeSAETeS LHeS RBISOefef IWRef

LPRESeSRETefeINAeS RBISOeS SGTOPeSeFIWReS

LPRESeSQETefeINAeS RBI SOeS SGTOPeS F IMTReF

LPRESeS%ETefeINAegeRBISOeS SQTOPeFeFIMTReS

LPRESeP%TefeINAeS RBISOegeSQTOPefef IWRef

LPRESe~TefeINAeS RBISOefeFIWReS

LPRESeSAETef eINAegeRBISOefef IWReF

LPRESeSRETefeINSegeRBISOegeSGTOPegef IWReS

LPRESeS METefeINBegeRBISOegeSGTOPeS F IMTReF



Browns Ferry Unit 2 Individual Plant Examination.
INSEL Name: BFNFINAL

Binning Logic for Event Tree: LOCAPDS

Revision 0.

I4t57:05 13 AUG 1992
Pege 10

Bine ~ ~ ~ ~ ~ ~ ginning RUIeeo ~ ~ ~ ~ ~ ~ ~
'

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~

P IBM

PIBX

PIBY

PIBZ

PICU

P ICV

P ICM

PICX

P ICY

PICZ

PIDU

PIDV

"'IDM

PIDX

PIDY

PIDZ

PIEV

PIEM

LPRENSAET F INB S RBI~S SGTOP F FIMTR S

LPRES<SAET<feINB<S RBIMS SGTMfifIMTR>f

LPRES<SQET<feIKB>S RBIMfeflMTR<S

LPRENSQET<feINB<S RBIWfeFIMTR>F

LPREM~T>f e INC>S RBISONS SGTOP~F IMTRN

LPRENVNH FeINC VRBIMS SGT~S FIMTR F

LPRES>V@ET>FLING>S RBISONS SGTMfefINTR>S

LPRES>~<feINC>S RBIMS SGTOP>F+FIMTR<F

LPRES~VUET~feINC~S RBIWFefIMTR~S

LPRENSQET>f +INC>S RBIWFefIMTRf

LPRES<SAET>feIKD>S RBI~S SQT~S FIMTR<S

LPRESNSAET>F*IKD<S RBI~S SGTOP>S FIMTR<f

LPRE~>feIKD<F%BISONS SGTOP>feflMTRW

LPRES<~T<feIND<S RBI~S SGTOP>feFIMTR>F

LPRES~SeMET~feIND~S RBISONfeF IMTR~S

LPRES<WET>feIND>S RBIWF+FIMTR>f

LPRES>SAET>F*IKE<~BI~S SGTOP>S F IMTRW

LPRES*SAET>F*INE>S RBI~S SGTOP>S FIMTR<F

LPRES>~T>feINENS RBIMS SQTOP<fef INTR>S

P IEX ~ LPRES<SAET>F*INE>S RBISO S SGTOP<fef IMTR~F ~ ~ ~

PIEY

PIEZ

PIFU

PIFV

PIFM

PIFX

PIFY

PIFZ

PIGU

PIGV

PIGM

PIGX

PIGY

LPRES<SAET>FAIRE>~Bl~feFIMTR<S

LPRES>5%ET>feIKE>S RBIWFeFIMTR>F

LPRES>~T>felNF>S RBI~eSQTOPNS F IMTR<S

LPRES>VlKT>feINF>S RBISONS SGTOP<S FIMTR<f

LPRES>SAET>F*INF<S RBI~SGTOP<fef IMTR<S

LPRES>SAET>feINF>S RBIMS SQTOP>feFIMTR>f

LPRES>PQET>f e1NF>S+RBI MF+F IMTRiS

LPRES<ViKT>feINF~SeRBISONfeiIMTRmf

LPRES~>felN&SeRBISO*S SGTOP>S FIMTR<S

LPRES<SAET<feINPVRBIMS SGTOP<S FIMTR>F

LPRES<~T>f*INQS RBIWS SGTOP>fif IMTR>S

LPRES>SAET>feING>S RBIMS SGTOP>fefIMTR>F

LPRES<SRET>f + IKQ<SeRBIWF'ifIMTRiS
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Browns Ferry Unit 2 Individual Plant Examination
1KOEL Neeet BFNFINAL

Sinning Logic for Event Tree: LOCAPOS

Revision 0

1%f57:58 13 AMG 1992
Pege 11

S'in ~ ~ ~ ~ ~ Sinning Rlllee ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

PIGZ LPREW~T>feIN&S RBI~F*FINR>f

PIN LPRESaPQETsf+INHsS RBIWS SQTOPaS+FINRsS

PIHV LPRES<SAET>feINH<S RBIWS SGTOP~S FINR<F

PIHM LPRES>SQET>feINH>S RBI&S SGTOP<f'+F INR<S

PIHX LPRENS%ET~FelNHIS RBI&S SGTOP~Fef INR~F

PIHY LPRENVIJETefe INNESS RBI~F*FIIITR~S

PIHZ LPRES SAET FeINH S RBl~fefINR F

PJALI

PJAV

PJAM

PJAX

PJAY

P
JAZ'JIRI

PJHV

PJHM

PJHX

PJHY

PJHZ

PKCM

PKCV

PKFU

PKFV

PKFM

PKFX

PKFY

PKFZ

PKHM

PKHV

LPRES>SAET<feJA>WBIWS SQTOP<S FINR<S

LPRE~>feJA<P%BI~S SGTOP>S FINR>F

LPRES<SAET>F~JA<S RBIMS SQTOP<feflNR>S

LPREW~<F JAIS RBI~5 SQTOP>feflNR>F

LPRES>SAET<F JA<S RBI~fefINR<S

LPRES>PlJET<f JA<S RSIMF*FWR>F

LPRES~>feJH>S RBI~S SOTS FINRW

LPRENSAET<feJHCQBI&5 SGTOP~Sef WR>f

LPREW~T>feJH>~BISO*S SGT~FeFINRIS
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~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ o ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ oo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ee ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
24'l
242
243
244
245
246
247
248
249
250
251
252
253
254

X66
X67
X67
X68
X106
X69
X70
X69
X69

X93

X71
xn
xn
X73
X74
X74
X75
X75
X76
Xll
Xll
XTS
X107
X78
X79
XSD
xel
X69
X82
X83
X84
X84
xel
X84
X84
X84

1552073.1552312
1552313-1552912
1552913.1553512
1553513-1555312
1555313.1558912
1558913.1566112
1566113.1580512
1580513-1587712
1587713.1594912
1594913
1594914
1594915
1594916
15949'll
1594918
1594919
1594920.1594926
1594927
1594928
1594929
1594930.'l594932
1594933'1594952
1594953.1594972
1594973-1595012
1595013.1595112
1595113 1595212
1595213-1595512
1595513-1595 S12
1595S13.1596412
1596413.1597912
1597913-1599412
1599413.1603912
1603913.1612912
1612913 1617412
1617413-1654312
1654313-1742512
1742513-1933312
1933313.1940512
1940513.1958512
'1958513.2174512
2174513.2606512
2606513-3038512
3038513.3229312
3229313-3661312
3661313.4093312
4093313.4525312
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

NOOEL Name: BFNFINAL

Top Event Legend for Tree: LPGTET

11!DS:29 13 AUG 1992
Page 1

Top Event Designator..... Top Event Description.............................
IE

NRV

HRS

HS

LC

JC

RPA

RPC

RPB

Initiating Event

THE EVENT IS AN ATMS

THE EVENT INVOLVES STUCK OPEK SRVS

OPERATNI FAlLS TO CONTROL LPI DURING ATMS

FEEDMATER WAVAILABLE

HPCI/RCIC WAVAILABLEFOR 24 INNRS

HPCI/RCIC UNAVAILABLEFOR 6 HOURS

CNNENSER WAVAILABLEAS HEAT SIKX

CONDENSATE UNAVAILABLE FOR INJECTION

OPERATOR FAILS TO ALIGN THE STARTUP BYPASS VALVE

STARTUP BYPASS VAI.VE UKAVAILABLE

OPERATOR FAILS TO ALIGN ALTERNATE FLOM PATH GIVEN
O'YPASS VLV FAILED

AL:ERNATE FLOM PATH HARDMARE UNAVAILABLE

VESSEL INJECTION MITH CRDHS UNAVAILABLE

SRV ACTUATION FAILURE MHEN FEEDMATER AVAILABLE

OPERATOR FAlLS TO NAKUALLYSTART RHR/CORE SPRAY

FAI'URE TO RECOVER 480V RHOV BDS 2A OR 28

RHR PWP A WAVAILABLE

RHR HEAT EXCHANGER A WAVAILABLE

RHR PWP C NAVAILABLE

RHR HEAT EXCHANGER C WAVAILABLE

U2 TO U3 RHR CROSS CONNECT WAVAILABLE

RNR PWP B LNAVAILABLE

RHR HEAT EXCHAKGER B UNAVAILABLE

RHR PWP D UNAVAILABLE

RHR HEAT EXCHANGER D WAVAILABLE
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

INIEL Haec.'I BFNFINAL

Top Event Legend for Tree: LPGTET

11TOSI30 13 AUG 1992
Pape 2

Top Event Deafgnator... ~ . Top Event Deacriptfon.............................

U1

AI

U2 TO Ul RHR CROSS CONNECT UNAVAILABLE

OPERATOR FAILS TO ESTABLISH TORUS COOLING

TORUS COOLING HARDMARE UNAVAILABLE

FAIuNE TO RECOVER TORUS COOLING

CS LIHI PRESSIIE INJECTION UNAVAILABLE

RHR LOV PRESSURE INJECTION PATH UNAVAILABLE

OPERATOR FAlLS TO ESTABLISH SHUTDOQI COOLING

SIUTMQI COOLING HARDVARE UNAVAILABLE

$%RATOR FAlLS TO HAINTAIN HPCI/RCIC V/0 SPC

'-'.%OVATE TO HAINTAIN HPCI/RCIC V/0 SPC UNAVAILABLE

OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS
VENT

TQHIS VENT HARDVARE UNAVAILABLE

AERATOR FAlLS TO ESTABLISH ALTRNATE LOI PRESSURE
INJECTION

ELTRNATE LOV PRESSURE INJECTION HARDVARE
JNAVAILABLE
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

NOOEL Name: BFNFlNAL

Spilt Fraction Logic for Event Tree: LPGTET

14t43:41 13 AUG 1992
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SFe ~ oo ~ ~ 0 ~ Split Fraction Logic ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Y3I~TOR~Se(EECIIKKE~S)

Y11IKA>S AA<S+EPRQS+.OEENFiGA*S

Y12AB~S AC<S+EPR(»S+.OEE<F~GC~S

Y21I&C>S AB<S+EPR&S+ OEE~FiGBsg

Y22IKD~S ADiS+EPR6 S+.OEE>FiGD~S

RHOK:4H>S+R480>S+EPRQS

RIOKTQI~S+R480~S+EPR6 S

RKOK:mK S+EPR6*S

RLOKI>RL>S+EPRQS

RHR1:>RPA<S HXA~S

RHR2I>RPB>S HXB>S

RHR3I>RPI.~S HXCig

RHR4I~RPD~SiHXD~S

RPDSUPt~Ã»SOD~Be(EECWtWS)+EPR&S+GDiS -OEE~F

RPBSUPI<C<VDB>S (EEC&RWS)+EPR(»S+GC<S OEE>F

RPCSUPINA" NPDCC (EEN+RCAS)+EPRQS+C8>S OEE<F

RPASUPI W<AA<S (EECWRCAS)+EPR&S+GA>Se-OEE<F

NORIII&F S+ORF S+TB FelVC*F+(HPl S+RCI*S)e HRC Fe(OHC SWHC F+OHL*S
(HPL>S RVDAEP+RCL>S)KOHL>S

E18FLM s OFNS ORFsS ((HPIsS+RClsS)iHRCaS (OHCsgtOHCsF+OHLsS) RVD>N
OOEP+-FMA<S -HRLNS HR&S (RVDKEP+RVC>SORV3))

E24FLMI> OF~ ORFM( HPI~-RCI<S+ HRC>S+LBH<F+LBH>S OHL>F)

CRDSUP1:~2CiS CSTARS

CRDSUP2: >AA<&A<S+EPRS*S

CRDQIP3.4J~S (PCA~SiPCA~Fe.EECM DEBS)

Sl G3: ~ (LV~StDll S)

RHRSMI>-SM20F» SM10>F

RHRQI1:>QI2$~$+QI1B~S+SM2D~S+SM1D*S

RHRPNP:>-RHR1e RHR3

HXAB!~ RHOK+SM2A<F QI1A>F+NOGB+HXA>B

HXBB:~ RlOK+SM28>F~SM18<F+NOGD+HXB>B

HXCBI<-RHOK+SM2C<F*QI1C>F+NOGB+HXC<B

LPClt ~ (OSP~F+SP~FiSPR~F)i((RPA*S+RPC*S)iRKOK+(RPB*S+RPD~S)iRLOK)
+(SP<S+SPR~S)e((RPA*S+RPC*S)iRKOKi(RPBiS+RPD~S)*RLOK+RV04EP~((RHR'1

NAO RPSRS
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

HANSEL Neee: SFNFIKAL

Split Fraction Logic for Event Tree: LPGTET

14t43:46 13 AUG 1992
Page 2

SFo ~ ~ ~ ~ ~ ~ ~ Split Floe't'ion Logico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ to ~ ~ ~ ~ oo ~ ~ ~ ~ aoo ~ t ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~

RPS>F

NRVF

NRVO

NRVF

RVC>SORV1+RVC<SORV2+RVC<SORV3+R~F

SORY ( OF>S (-RCI>S HPI>S+ HRC<SKNL>FeOHC<F)
+OADIS RVC~SORVO+RP~RVC>SORVO)

(-FVC~S .ORF~S+RPS~F)a.OF~S

FQC>S RVC< SORY')F <SKXtF >S

HRLF

HRLO

HRLF

HR6F

HR60

HR6F

HSF

HSO

HS1

HSF

CDA1

CDAF

OLC1

-OHLeS

OHL~S

-ONCE'OHL~5

OHC~S+OHL~S

-BVR>SK)IV<F

BVRiS

lNIT<FLR83S (lVO F+HCD>F)

COLS

FVAiS

FNA~F

LCF

LC1

OJC1

JC1

PCA~FKJ~F

PCA~FtOJ~F

(E1bFLQtE24FLII)*( CRDSUP1+ CRDSUP2+ CRDSUP3tRJ ~ F+NOGA+NOGD)

+REF+NON -CRDSUP1+INIT<SOC l&F
R~S E24FLIF CRDSUPTeCRDSUP2 CRDSUP3~R J~S

R~VE18FLlPCRDSUP1eCRDSUPVCRDSUP3+R JIS
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

IKSEL Name: BFNFINAL

Split Fraction Logic for Event Tree: LPGTET

14:43:51 13 AUG 1992
Page 3

SF........ Split Fraction Logic......

RCU»S»NNUP'CRDSUP I» CRDSUP2

RCN»S NORN CRDSUP1»CRDSUP2

RVLO

RVL1

RVL3

RVL4

NRV»F

PiN4»CRD»S

PIN6»CRD»S

PNR4»CRD»F

PIN6»CRD» F

ORPF

ORP2

(INIT»LOSP+INIT»L500)»EPR6»F» EECIPOEE»F

(I NIT»LOSP+I NIT»L500)»EPR6»S ~EEQFOEE»F

-HPI»S -RCI»S+-HRC»S

RH»F»AD»S+Rl»F»AB»S

RPA>

RPA1

RPAF

RPCF

RPC2

RPC'I

RPCF

RPBF

RPB6

RP$ 5

~ RP$ 4

RP$ 3

RP$ 2

RP$ 1

RPASUP+ RHOK+ORP»F»(RC»F+ SIGI»(INIT»LOSP»INIT»L500 GIB»F)»EPR6»F»
» I NIT»F LRB2» INIT»F LR$3S

RPASUP»RHOK (SIGI»ORP»F»ORP S)

-RPCSUP+ RHOK+ORP»F»(RB»F»RC»F+-SIG1»(INIT»LOSP»INIT»LSOO GIB»F)EP
+ I NIT»BOC ISO» F»HOGG+ I NIT»FLRBZ+I NIT»FUUQS

RP~HOK (RPASUP RC S)»(SIG1 ORP F»ORP»S)

RPCSUP RHOK RPASUPQC»VRPA»F»(SIG1 ORP»F»ORP»S)

RPCSUP RHOK RPA»S (SIG1»ORP»F»ORP»S)

-RPBSUP+.RIOK+ORP»F»(RB»F+-SIGI+(INIT»LOSP»INIT»LOSP NB»F)»EPR6»F»
+INIT»FLR$2+I NIT»FLR$3S

RPBSUP RIOK ( (RPASUP RHOK) RPC F+RPA F»(RPC»$ + (RPCSUP»RHOK»RB*S))
)»(SIG1»ORP»F+ORP»S)

RPBSUP»RIOK ( (RPASUP»RHOK)»RPC»S+RPA»S (RPC»B» (RPCSUP»RHOK RB»S))
)»(SIG1»ORP»F+ORP»S)

RPBSUP»RIOK (RPASUP»RHOK)»(RPC»$ +-(RPCSUP RHDK RB»S))»(SIG1»ORP»F+
ORP»S)

RPBSUP»RIOK RPA»F»RPC»F»(SIGI»ORP»F+ORP»S

RPBSUP»RIOK (RPA»S»RPC»F+RPA»F»RPC»S)»(SIGI»ORP»F+ORP*S)

RPBSUP RIOK RPA»S»RPC»S (SIGI»ORP»F+ORP»S)
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Browns'Ferry Unit 2 Individual Plant Examination -Revision 0

NMEL Hornet BFNFINAL

Spilt fraction Logic for Event Tree: LPGTET

14243t55 13 AUG 1992
Page 4

Sfo ~ ~ ~ ~ ~ ~ ~ Split flee't'lon LOBIce ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ oo ~ ~ oo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ o ~ ~ s ~ ~ ~ ~

RPSF 1

RPDF -RPDSUP+ RIOK+ORPeF (RS>F RCeF+ SIG1+(INIT>LOSP+INIT>L500%B>F) EP
+INIT>FLR$2+INIT>FLR$3$

RP010 RPDSUP RIOK (RPA>fe(RPCeP'-(RPBSLPRC>S)+(RPNB+-(RPCSUP RHOK)eRPBe
+ (RPASUPQHOPRC<S)eRPCef RPB<F)e(SIGI DRPeFKRAS)

RP09 RPOSUP RICK (RPAeS (RPC Fe-(RPBSUP RC S)+(RPC4+ (RP~HOK))eRPB
+RPC<S (RPAeFe (RPBSUP RC<S)~ (RPASUP RHOK RC<S)TRPB>f)
TRPB>$ (RPA<fe(RPC>$ + (RPC>S RHOK))+ (RPASUP RHOK RC<S)eRPC<F))
e(SIGI~~F+OR~)

RPDB RPDSUP RICK (RPAeS (RPC<S -(RPBSUP RC<S)+(RPC<$ + (RPCSUP RHOK))eRPB
+ (RPASUP RHOK RCN) RPC S RPB S) (SIG1 ORP FKRP S)

RPD7 RPDSUP RIOK (-(RPASUP~RHOK RC<S)e(RPC<fe-(RPSSUP~RC>S)
+(RPNS+ (RPCSUP RHOK))*RPB<F)
+RPA Fe(RPCQ+ (RPCSUP~RHOK))~-(RPB~C S))e(SIGIeORP F+ORP S)

RP06 RPDSNtIOK ( (RPASUP RHX%C>S)e(RPC>S (RPBSUP RES)
+(RPCA+-(RPCSUP RHOK))eRPSaS)
+RPAC+(RPC>$ + (RPCSUPeRHOK)* (RPBSUP RC>S)))e(SIGI ORWF+NPeS)

RPD5 RPDSUP RIOK™(RPASUPeRHOK RC<S)
' (RPC4+ (RPCSUP RHOK))e-(RPBSUP RC>S)
~ (SIGIeORP FARY)

RPD4 RPD~IOK RPA F RPC FeRPS Fe(SIGI ORP F+ORPeS)

RP03 RPDSUP RICK (RPA>fe(RPCePRPB<S+RPC>S RPS>F)
+RPA<S RPC>feRPWF)e(SIGIeORP>FJORDS)

RPD2 RPDMRIOKe(RPA PRPC TRPB S+RPA S+RPNPRPS*S
+RPAC RPC>S RPBeF)e(SIG1ORP<f+ORWS)

RP01 RPDSUP RICK RPAeS RES RPB<S (SIGI~ORPeFNNP3LS)

RPDF 1

HXAF RHOK+SM2AsfeSM1AeFe(-INITsLOSPe-IN I TsL500+(INITaLOSP+INITsL50NS
~f)eEPR&F)+NOGB

HXA2 RHOK (INIT<LOSP+INIT<L500 NB>f)eEPR&S

HXA1 RHOKe(SM2AeS+SMIA~S)

HXAF 1

HXCF -RHOKqSM2C~FeSMIC>fe( INITeLOSP INIT~L500+(INITNLOSP+INIT~LMUS
->F)eEPRMF)+HOGS

HXC1

HXCF

HXBF

RHOK (INIT>LOSP+INIT<L500 (XJS<f)~EPR&S

RHOK HXABe(SM2C~S+SMICiS)

RHOK HXA<f*(SM2C>8+SNIPS)

RHOKeHXAeV'(SM2CeS+SMIC*S)

-R IOK+SM2$*F~SMI$>fe(- INIT>LOSPe- I NIT>L500t(INIT<LOSP+INIT>L500%$
ef)eEPR6*F)+NOGD
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Browns Ferry Unit 2 Individual Plant Examination Revision 0.

IKmEL Kame: BFNFINAL

Split Fraction Logic for Event Tree: LPGTET

14:43159 13 AUG 1992
Page 5

SFo ~ ~ ~ ~ ~ ~ ~ Spl'lL Fraction Logice ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ to ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~

R IOK (IN ITsLOSP+I Nl TsLSIÃFOSs F )sEPRBsS

RIOK HXASsHXCBs(QQSsS+SM1 BsS)

RIOK HXAsF HXCsFs(SM28sS+SM18sS)

RIOK (HXAsfsHXCS+HXASsHXCsF)s(QQS~QIIB S)

RICK (IIXAsSsllXCBIHXABsHXCsS)s(QQBsS+SMISsS)

RIOK (HXAsS HXCsF+HXAsFsHXCA)*(QQSsS+SMIBsS)

RIOKsHXAsSsHXC~(SM28 S+QI18sS)

HXD11

HXD10

HXD2

HXDF

RIOK+QQDsFsSM1Dsfs( INITsLOSP - INITsL500+(INITsLOSP+IN ITsLSDDsOUB
~F)sEPR6 F)+NGO

RIOK (INITsLOSP+INITsL500 (XmsF)sEPREsS

RIOK HXABsHXCBsHXSBs(QQDsS+SM1DsS)

RIOK (HXABs(HXCSsNS F+HXC F NSB)+HXA F*HXCBsHXBB)s(QQD S+SM1D S)

RIOK (HXABs(HXCB~HXSB)+HXCSsHXSB)s(QQDsS+QIIDsS)

RIOKsHXAsFsHXCsFsHXSsFs(QQDsS+SM1DsS)

RIOK (HXAsF*(HXCsFsNSB+HXCBsHXSsF)+HXAS*HXCsF*HXSsF)s(QQDsS+SM1Ds
S)

RIOK (HXAsF (HXCsF+NSsF)+HXCsF NSsF)s(QQDsS+QIIDsS)

RIOK (HXABs(HXCsF+HXBsF)+HXCBs(NXAsF+OBsF)+HXBBs(HXAsF+HXCsF))s(SM
20sS+SMlDsS)

RIOK (HXA F+HXC F+NS F)s(SM2D S+SM1DsS)

RIOK (HXAS+HXCS+HXSB)s(QQDsS+QI1DsS)

RIOK QQDsS HXAsS HXCsS NSs$ (QQDsS+QI1DsS)

U11

U11

UIF

LPCF

LPCS

LPC4

LPCF

CSF

RFsS RHRSM (INITsFLR83S+INITsFLR82)
1

RFsS RHRSMI*RHRPNP (ACsVDBsS+ADsSQDsS)sRIsS (EEN+ EEN+RCMsS)

LPCI~(NP1sFsKPl1sF)yNOGBsNOGDyTORsF

(INITsLLS+INIT LLD)s(NPIsS+KPilsS)s(RPAsfsRPC F+ RKOK+RPB F*RPD F+

RLOK)

(INITsLLS+INITsLLD)s(NPisS+NPllsS)s(RPAsS+RPCsS)sRKOK (RPBsS+RPDsS

)*RLOK

-Y3+ORPsF*(-SIG3+INITsLOSP)+-RHOK -RIOK
+NPlsFsNPI 1sF+INITsBOC 1$0sF+INITsFLRB2+INITsFLR83$
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Browns Ferry Unit 2 Individual Plant Examination Revision.0,

IKNEL Neoe: SFNFINAL

Split Fraction Logic for Event T ": LPGTET

14s44:03 13 AUG 1992
Poge 6

Sfo ~ ~ ~ ~ ~ ~ ~ Spl'lt flection LOGIcooo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ oe ~ ~ ~ ~ ~ ~ ~ ea ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ oe ~ ~ ~

CS10

CS10

CS11

CS12

CS13

CS14

CS15

CS16

RHOK RIOPY11~TI~I T~ORP<S NP I~NP II&
RHOK RIOPYII Y12+T21 T22 SIG3~NPI~S NPII&

(RHOK Y11 Y12 NPI S+RIOK T21~Y22) ORP S

(RmPYII YI~PI&+RIOKY21~Y22 NPII S)eSIG3

RHOPRIOPNPI ~NP I I>~P>S ((Y12+Y11) T21 Y22)

RHOK RIOPNPI~NPII>P%RP>S (Y11 Y12 (T21+T22))

RHOK RIOK NPI<~PI I~S SIG3e((Y11+Y12) T21 Y22)

RHOK RI~NPINS NPII>S SIG3~(YII~Y12 (T22+Y21))

ORP S RHOK RIOK (NPI~VT11 Y12+NPI IN~21 T22)

SIG3~RHOK R IOKe(NPI~S*Y11*Y12+NPII<PY21~Y22)

ORMS RHOPRIIK%P I >S NP I I>S (Y12+Y11+Y2'I+Y22)

SIG3~RH~IOK NPI ~S NP I INS (Y11+Y12+Y21+Y22)

ORPW(RHOK NPI>S (Y11+Y12)+RIOK NPI I<S (Y21+Y22))

SIG3i(RHONIPI S (Y11+'Y12)+RIOK NPII S (Y21+Y22))

RPS~S (-(RHR1+RHQ)+ RKOK)e( (RHR2+RHR4)+ RLOK) UIif
+RPS<F*(-RKOKi RLOK+-(RHRleRHR2 RHQaRHR4))qNOGSaNOGO

RPQP(-(RHRI+RHQ)+ RCX+-(RHR2+RHR4)+ RLOKWI~S)

RPSNFeRHRIRHR2 RHQ~RHR4~RKOK RLOK

(RHRI+RHR3)eRKOP(RHR2+RHR4)WLOFRPS S

SPR1 (RVDNOEP+RVC>SORVI+RVC<SORV2+RVC>SORV3+ HRQF)*.GRAF

RPS<S -«RHRI+RHQ)» (RHR2+RHR4) UI<f+RPS>fe-(RHR1eRHR2 RHQ~RHR4)+T
ORNF

RPS<S (-(RHR1+RHQ)+-(RHR2+RHR4)+U1>S)

RPS>feRHRI~RHR3~RHR2 RHR4

RPS<S (RHRI+RHQ)e(RHR2+RHR4)

SOCF

SOC1

SOCF

RSNF+-RHOK+(.(RHR1+RHQ)e(-(RHR2+RHR4)+ RIOK))

RgiS+RHOK+(-(RHR1+RHQ)+-(RHR2+RHR4)+ RIOK)

RS S~RHOK RIOK (RHR1+RHQ)~(RHR2+RHR4)

E24FL&RPS<F+(-(RHRI+RHQ)e (RHR2+RHR4))
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Name: BFNFlNAL

Split Fraction Logic for Event Tree: LPGTET

14:44:08 13 AUG 1992
Page 7

SFo ~ ~ ~ ~ ~ ~ ~ Spl'it Fraction Log'Ico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

-(RHR1+RNR3)+ (RHR2+RHR4)

(RHRT+RHR3)e(RHR2+RHR4)

OHRF

HRF

OLPF

VNTF

OAlF

AlF

OSP~P'(SP S+SPR~S)
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Pege No. 1
INXlEL Nenel BFNFlNAL
Ewnt Tree: NESUPT 11:06:04 13 AUG.1992

X13—X1Z—X1'I—XID—X X19—XI8—X17—X16—X4—X3—X2—X1 XI5—XN—

~ ~ ~ X ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ X ~ ~ ~ ~ ~ ~ X ~ ~ ~ ~

~ ~ ~ ~ X ~ ~ ~ ~ ~ ~ ~ ~ X

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ eo ~ ~ ~ ~ ~ ~ ~ ~ ~ ota ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ X ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ 0 ~ X ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~

22—X21
~ ~ ~ ~ ~—X20—XX—XX—XX—XXLI ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

XV—X

~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ X ~ X ~ ~ ~ ~ ~ ~ X ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ X ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ X

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ X ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ X ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

IE RCM EA EC EB ED RBC SM2A SMIA SMZB SMI8 SM2C SMIC SMZD QIID PCA DCA CST TOR

1

2
3 XN
4 X'I5
5 XIS
6 X15
7 xl
8 X2
9 XS

10 X4
11 X16
12 X17
13 X18
14 X19
15 X15
16 X'IS
17 XS
18 X6
19 X7
20 XB
2'I X20
22 X21
23 X22
24 X23
25 X9
26 XID
27 X11
28 XIZ
29 X13

1

2
3.4
5.8
9-12
13.16
17.32
33.64
65-128
129.25S
257-512
513-1024
1025-2048
2049.4096
4097.4100
4101-4104
4105.4112
4113.4128
4129.4160
4161-4224
4225 4352
4353.4608
4609-5120
5121.61I 4
6145-12288
12289.24576
24577-49152
49153.98304
98305-196608

N
0

'll
CD

C
K
N

CL
C
Q.
C
Ol

z
LO

P
3

Pt
0

22
~ ~

lo.
O

O
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Browns 'Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Name: BFNFINAL

Top Event Legend for Tree: HESUPT

11:06:06 13 AUG 1992
Page 1

Top Event Designator..... Top Event Description.

IE

EC

RSC

SM1A

SM1C

SM2D

SM1D

Ihlt'Ia't'fng Event

RAM COOLING MATER SYSTEN UNAVAILABLE

EECM PLRIP A UNAVAILABLE

EECM PIBIP C UNAVAILABLE

EECM PIMP B UNAVAILABLE

EECM PWP D UNAVAILABLE

RX BUILDING CQlPONENT COOLING MATER SYSTEII
UNAVAILABLE

RHRSM PIBIP A2 UNAVAILABLE

RHRSM PLNP A1 (SMING PLOP) UNAVAILABLE

RNRSM PIMP B2 UNAVAILABLE

RHRSM PLNP $1 (SMING PNN) UNAVAILABLE

RHRSM PLNP C2 UNAVAILABLE

RHRSM PINIP C1 (SMING PQP) UNAVAILABLE

RHRSM POIP D2 UNAVAILABLE

RHRSM PINP D1 (SMING PLRIP) UNAVAILABLE

PLANT CONTROL AIR STSTEN UNAVAILABLE

DRYMELL CONTROL AIR STSTEN UNAVAILABLE

CONDENSATE STORAGE TANK UNAVAILABLE

SUPPRESSION POOL (TORUS) UNAVAILABLE
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Browns Ferry Unit 2 Individual Plant Examination ~ Revision 0

HODEL Naeel BFNFINAL

Split Frection Logic for Event Tree: HESUPT

14t44I24 13 AUG 1992
Pege 1

SFo ~ o ~ o ~ ~ ~ Split Flection Loglceo ~ ~ o ~ oo ~ ~ o ~ ~ ~ o ~ ~ oo ~ ~ ~ oo ~ ~ ~ ~ ~ o ~ oe ~ ~ ~ o ~ ~ ~ o ~ ~ o ~ ~ ~

RCMF

RCM15

RCM15

RCM13

RCM12

RCM12

RCM10

RCM1

RCMF

EECMI>(EA<S (EB<S+EC>S+ED<S)+EB<S (EC>8+ED>S)+
EC~SKDW)

CMPCAIQCAS+(EA<S (EB<S+EC<S+ED<S)+EBNS (EC<S+EDNS)+
EC~F'EDiS) DI~S

NOLOCA1:> (INIT<LLS+INIT<LLD+INIT>LLC+INIT<LLO+INIT<IOTV+INIT>IOTA+I NIT%LOCA+I NI T~OCA+INIT~SLOCA+INIT~OCA)

SIG1:iLViS@M*Se(NPICWPI ling)

(U841A~PUB41$ >Fi(I$42A<Fe(U842$ IFW842C<F)W842$ <PU842C~F)) EPQD
+OGS~ Fe(($ $~ F+EPQgF )q1 NIF F LTBiINIT~LRCM

AA<FV$42A<F V$42$ <FV$42C<F (U$41A>FW$41$ >F)e EPQQF

M>F (UB41AIF V$41$ >F*(V842A>FW842$<F+U842C>F)+
(I$41A>FW$41$ >F)e(I$42A~F~(UB42$ IF+U$42C~F) W$42$ ~F V$42C>F) )e.EPR

M Fe(U$ 41A F+U841$ F)e(I$42A F+U$428 FW842C F)™EPQD F

MIFU842A>FV8428>FKB42C~O'EPQD> F

M<F (V$42AIF (I$42$ >FW$42C F)W$428IF V$42C~FW841A<PUB41B~F)* E
PQO*F

M Fe(1$ 41A F+U$41&FW$42A F+U842$ FW842C F)e EPQQF

MiF

V$41 A>PU841& Fe(U842A< FW842$ > FW842C> F )e- ELF
U842A>F V842$ FV$42&fe(I$41A FW841>F)e EPQQF

(I$41A<F+U$41$ NF)e(U$42A>P(U8428>F+U842C<F)W842$ ~F%842C*F)e EPQ
&F

(I$41A>FW$41$ <F)e(U842A<FW$42$ <FW842C>F)e~EPQ&F

($42A>FV842$ F%842C F EPR3D F

(U841A FRB41$ F+U$42A Fe(I$42$ FW$42C F)W8428 FV$42C F)i.EPQD
F

(U$41A~FW841$ >FW$42A<FW$42$ >FW842C>F)e ELF
MsS%41AWB41 B*AB42A~S%42$*&842C~S

OGS~FKE< F+A3EA<F+

IN

I�T�<�FLP�NI+�I�NI�T<�

FLRB1+ I NIT< FLRB2

OGS~FKE~S QEAA

OGS~SeQEA~S

EBF

EB12

E$ 9

E$ 11

OGS<F DB<F+AC<F

OG5 F%$ S (DE F+A3EA F)e(DF F+A3EB F+-SIG1)

OG5>F DB>S AC>S EA>F EC~F

OGS~FQBiP((DbF+QEA>F)*EC<F+EA>Fe(DF>F+QEB>F+ SIG1))



Browns Ferry Unit 2 Individual Plant Examination Revision 0

MODEL Nome: BFNFINAL

Split frection Loyic for Event Tree: HESUPT

14:44:27 13 AUG 1992
Pege 2

Sfe ~ ~ ~ ~ ~ ~ ~ Spl'it Flection Loglco ~ oo ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

E810

E87

EB5

E814

E813

E82

065>f DB<S ACNE(EA>f+EC>F)

065sf DBsS (DEsf+QEAaf40FNF+QEBsf+-SIGI)

065~F DB*S AC>SiEA>S EC>S

DOSES AC~S EA~ftEC~F

065>S A3EA~fe(DF>F+l3EB~F+ SIG1)

065a&QEA~FeEC<f

065<S EA>f (Df>F+QEB<f+-SIG1)

065<S AC<8 EA<S EC<f

OGS~VAC~S EA~FiEC~S

065<8 QEA<F

E815 '65>S (DF>F+QEB>f+ SI61)

E81

EBF

ECF

ECF

ED16

ED15

ED17

ED13

ED12

ED11

ED10

065~SeAC~SKA~VEC~S

Of<F+QEB>f+ SIGI+INIT>LFRB2

(065>f DE F+A3EA<F)eSIGI

EA~feSIG1

EA~S SIG1

DD~F+AD~F+.Sl G1

8161e(065>f DE>f+QEA<F)e(065>F DBNF+AC>F)e(DF<f+QEB<f)

SIGIeEA>F EC<feEB>f

SIGIe(065>f DE<F+QEA>f)e(065<F DB>F+AC>F)HAEC>f

SIGIL((OGSNF DE>f+QEA>F)eEB>F+EA>f (065>F DB>F+AC>F))e(DF>F+QEB>f
)

SIGIe((OGSNF DE<F+QEA>f)iEB>f+EANF~(065>f DB>f+AC>f)) DfiVQEBNS

SIGIeEA>feEB<fe(DF>f+QEB>f)

SI61*((065~FSE<f+QEA>f)*EB>f+EA>F~(065>f DB>F+AC>f))*EC<F

8 I61eEC<f e(EA< F+EB<F )

SIG1iEA~FiEB~F

SIG1 (065mfi(DEif+OB~F)+QEA<f+ACif)~ELF

SIGIL(EA>F+EB>F)e(DF<f+A3EB>F)

SI 61*(D F >FiQEB<F )*(065>F e(DE> F+08< F )iA3EA>FiACNF )

SIG1~(065>f'%E>F+QEA<f)i(065>f DB>F+AC>f)

SIGIL(065>f*(DENF+OB*F)+A3EA<F+AC~F)
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Browns Ferry Unit 2 Individual Plant Examination - Revision 0

IKSEL NaneI BFNFlNAL

Split Fraction Logic for Event Tree: NESUPT

14:44:29 13 AUG 1992
Page 3

Sfteo ~ ~ ~ ~ ~ Spl'it Frection Loglcoo ~ ~ ~ ~ ~ ~ ~ oo ~ ~ oo ~ ~ oeo ~ ooo ~ oo ~ ~ oo ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~

ED3 SlGle(DF~F+A3EB~F)

ED25 Sl G1 EC>F

ED4 SlG1+(EA>F+EBIF)

ED2 Sl01EA~C<S EBW

EDF 1

RSCF REF (EEMlJC)+OGS>PSIGle(AB>ftOOIF)e(AD>FNO>f)
+OG5&(AB<F+AD>F)KCS~F~SIG1~RI~F
NCS>f (AB<f+DC>F+AD<f+OD>F)e SlG1

RBC20 005>feSIGT RQ¹P%ECM Rl<S

RBC19 OGS<feRCI¹F*EEQPD J<S

RSC1F OGS~RCI¹feEECIPOJN

RSC11 OGS>F*SI 01~RE

l�
>S

RBC10 OGSif RQbC .SIG1

RBC4 OGS~S RES

RBCF 1

SN2AF M<ftOA>F+INIT>FLPH1

QQAT AA~VDA~S

QQAF 1

QI1AF M>f+OA>f+INIT>FLPH1

QI1AB QI2AiS

QI1A1

QI1AF

QQAif

AC>F+0$<F

AC~SRSW

QI1BF

QI1BB

QI101

SNB2

QI1BF

QQCF

A3EC>F&G F

SN2BIS

QQBifeACi&lgiS

SN2BIF

DCif+ABIF

SM2Asf~QI1A~F~(M~F+DA~F)

SN2A~feQI1A>F

QQAIF~QI1A~S
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Browns Ferry Unit 2 Individual Plant Examination , Revision 0

KOOEL Nate: BFNFINAL

Split Fraction Logic for Event Tree: KESUPT

14:44:32 13 AUG 1992
Page 4

SF........ Split fraction Logic..

QQC1

QQCF

SNCF

SM1C1

SM1CF

QQAsS

DCsF+ASsF

QI2CsS

SM2AsFsSMIAsfs(Msf+Asf)

QQAsFsSM1Asf

QQAsFsSM1AsS

QQAsS

00sF+ADsF

SM206 QQSsFsSM18sS (ACsf+DSsF)

QQSsFsSM1$ sfs(ACsft0$ sf)s(A3ECsfRGsf)

QQBsfsSM18sfs(ACsf+OBsf+A3ECsFRGsf)

QQSsFsQIIBsF

QQBsfsSM1$ sS

QQSsS

QI10F

SM1DB

QI10'10

SM1D9

SNDS

SM107

SM1D6

QJIDS

QI1D4

SM1D3

SM1D2

SM1D1

QI1DF

PCAF

PCA4

DHsf+A3EDsF

QJ2DsS

(ACsf+OBsf)s(A3ECsFCGsf)s(ADsf+DDsf)

(ACsf+08 F)*SM1$ Ss(ADsf+OD F)

QI28sFsSM18sS (ADsF+ODsF)

QQBsSs(ADsF+DDsF)

(ACsf+08sF) ((A3ECsftOGsf)*SlQDsf+(ADsFSDsf) SM18sF)
+QQSsf*(A3ECsfQGsf)s(ADsfRDsf)

(ACsf+0$sf)sSMISsS SM2Dsf

QQSsfs((A3ECsf+DGsF) QQDsF+(ADsF+DDsF) QI1$sF)
+(ACsf+OBsf)sSM1$ sfsSlQDsF

QQSsFsSM18sF*QQDsf

QQBsFsQI18sS QQDsF

QQSsSsQQDsF

INITsLOPA+.CMPCA+Ki5sf EPB30sfs(DAsf+Msf+OCsf+ASsf)+INITsFLTS

CMPCAsOGSsfsEPR30sf
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Browns Ferry Unit 2 Individual Plant Examination ~ Revision 0

NOOEL Nane: SFNFINAL

Split Fraction Logic for Event Tree: NESUPT

14:44:35 13 AUG 1992
Page 5

SFe ~ ~ ~ o ~ ~ ~ Spl'I't Flection Log'Icoooo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~

PCA1

PCAF

DCAF

DCA1

OCAF

CSTF

CST1

TORF

CQPCAe(OGS>Sq EPR30<F)eM>FeAS>F

CUPCAKE(005>S+ EPR30mF)e(M>F+AS<F)

CUPCAKE(OG5>S+ EP&F)~M>S AS>S

PCA>FISC> F+ON>FMF+RHNF~R I>F+INIT>LICS

RH~WtI~S

RH~S+Rl ~S

INITNFLR$3C

INIT~FLRS3S

1
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Pege No. 1

IHSEL Kene: BFNFIKAL
Event Tree: HLOCA2 11I06:19 13 AUG 1992

IQ
0

IE RPS TB IVC HP I RVD CRD CS RPA HXA RPC HXC U3 RPB HXB RPD HXD Ul OSP SP SPR LPC CD Al VNT

Xl Xl Xl

C
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

X2
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

I . ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~

X ~ ~

X5—..~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Xl
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Xr ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

XB ~ ~ ~~o ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

X12 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

I . ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ \ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~

XIT—..
I

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

ID
C
IO»00

O



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
Ze

x1e
X19
X20
X20
X20
X1
X1
X1
X4
XZ
X3
X3
X3
XS
X6
XZO
XZO
X20
X20
X20
X7
X7
X7
xe
X9
X10

29 X10
30 "X10
31 'X11
32 'X12
33
34
35
36
37

X15
X15
X15
X16
X17
X17

Pege No. 1

1

2
3.4
5-8
9-16
17.24
25-32
33.64
65.96
97.128
129.192
193-352
353.704
705-1056
1057-1408
1409-2112
2113-3872
3873-3880
3881-3888
3889-3896
3897-3904
3905-3912
3913-3952
3953-3992
3993.4032
4033-4112
4113.4312
4313.4752
47S3-5192
5193.5632
5633-6512
6513.8712
87'l3-17424
17425.26136
26137-34848
34849.69696
69697-87120
87121-104544

NNEL None: 8FNFlNAL
Event Tree: NLOCA2 11:06:20 13 AUG 1992

CT

O

CO

'n
CD

C

hl

CL
C
CL
C
CD

'a
CD

P
2
CD

O

CD

C0 ~

K
Q

O

135



Browns Ferry Unit 2 Individual Plant Examination Revision 0

MODEL Meme: BFNFINAL

Top Event Legend for Tree: HLOCA2

11:06:21 13 AUG 1992
Pege 1

Top Ewnt Designator..... Top Ewnt Deecrlptlon....... ~ ~ ..............."...
IE

RPS

TB

HPI

RPA

RPC

UI

LPC

Al

Inlt Ietlng Event

AUTO(ATIC (OR IIAMUAL) REACTOR SCRAM FAILURE

AUT(glATIC (OR MANUAL) TURBIME TRIP FAILURE

FAILLRE TO CLOSE AT LEAST ONE NSIV IN EACH LINE

HIGH PRESSURE COOLANT INJECTION SYSTEH UNAVAILABLE

FAILURE TO DEPRESSURI?E VIA THE SRVS

CONTROL ROD DRIVE HYDRAULIC WAVAILABLEFOR DEBRIS
BED COOLING

ONE CORE SPRAY LOOP FAlLS TO INJECT

RHR PWP A WAVAILABLE

RHR HEAT EXCHANGER A UNAVAILABLE

RHR PQIP C UNAVAILABLE

RHR HEAT EXCHANGER C WAVAILABLE

CROSS CONNECT TO WIT 3 RHR SYSTEM UNAVAILABLE

RHR PWP 8 WAVAILABLE

RHR HEAT EXCHANGER B UNAVAILABLE

RHR ~ D WAVAILABLE

RHR HEAT EXCHANGER D WAVAILABLE

CROSS CONNECT TO UNIT 1 RHR SYSTEM UNAVAILABLE

OPERATOR FAlLS TO INITIATE SP COOLING

SUPPRESSION POOL COOLING HARDMARE UNAVAILABLE

FAILURE TO RECOVER TORUS COOLING

RHR LPCI INJECTION PATH WAVAILABLE

CONDENSATE UNAVAILABLEFOR DEBRIS BED COOLING

ALTERNATE INJECTION UNAVAILABLEFOR DEBRIS BED
COOLING

CONTAINMENT VENT WAVAILABLE



Browns Ferry Unit 2 Individual Plant Examination Revision„0- =

1NNEL Netee: BFNFINAL

Split Fraction Logic for Event Tree: HLOCA2

14:44:53 13 AUG 1gg2
Page 1

SF ~ ~ 1 ~ ~ ~ ~ ~ Spl 'It Free't 'I on Log Ic i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

RPS10

NOGI:~>S -EECM

NOGB:~GB~S -EECM

NOGC:~GC~S .EECM

NOGDAD~Se-EECM

NOGE:~<S EECM

NOGF:CF>S EECM

HOGG:CG S EECM

NOGH:>GH<S EECM

HPISUP!~RB*P'RC~S

Y1 1 >(DA<F+AA>F4DN F+AC>F )

Y2:~ (DBiF+AgiF400sF+ADs F)

Y3gs(TORsF+ EECM)

RHR1:~RPA~S HXA~S

RHR2:>RPBNS HXB>S

RHR3:<RPC>S HXC<S

RHRC!>RPD<S HXD<S

RPDSUPt~>VDO<S (EEC4+RCAS)*TORUS

RPBSUP!>AC>S%<S (EEC&RCIABS)eTOR<S

RPCSUPt~~C>S (EECWR~S)eTOReS

RPASUP:&>&A<S (EEt&RM)eTOR<S

NOS IG:>LN1~ FeLIQ>F+Ll(2<FeLNC~F

SIG1:~LEAM*S (KPI~S+NP II&)
SI 031>(LV~SRAS)

POMER:>RH<S+Rl>S

PMRC: RB Fe(RC F+RD F)+RC PRD F

PMR6:sRBsF+RCsF+RDsF+ DCAsS+RgsS RCsgeRDstlCAsg

RHRSM1t>SM2B>S+QITBNS+SM20>S+SM1D~S

RHRPHP: ~ RHR1e RHR3

LPCI'OSP F+SNF SPR F)*((RPA S+RPC*S) RKeS+(RPB S+RPD S)eRL S)
+(SP S+SPR>S)e((RPA>S+RPC<S)iRK<S (RPB<S+RPD>S)~RES)

HXAB.~RH~FiSM2A~FeQIIA>F+NOGBtHXA>B

HXBB: Rl F+SM2B FeSM18 F+NOGD+HXB*B

HXCB:>RH>F+SM2C<FeSMTC>F+NOGB+HXC*B

-POMER+PCA~F
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Browns Ferry Unit 2)ndividLIal Plant Examination'evision 0

M(IEL Haec: BFNFINAL

Split Fraction Logic for Event Tree: HLOCA2

14:44:56 13 AUG 1992
Page 2

SFeo ~ ~ ~ ~ ~ ~ Spl'lt Flee't'ion Logice ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ o ~ ~ ~

RPSB

RPS7

RPS6

RPS5

RPS4

RPS3

RPS2

RPS1

RPS11

TBF

T81

TSF

IVCF

IVC2

IVC1

IVC1

IVC1

IVCF

HP IF

HPI2

HPI1

HP IF

RVD13

RVDI4

RVD13

CRDF

POJEReRB<F RC>F OWED>F

PNEReRB>F RC~Fe(D>F+lS>F)

PONEReRB<F RC>F

PNERe(RQF+RC>F) DB>F DD>F

PONERe(RB~F+RC~F)e(DBIRDO~F)

PNERe(RNF+RC>F)

POKER'%B~FeDDIF

P%ERe(DS~F+ODiF)

PCA~R+RB>AC<%8<VDD<S

AS> FW842A> FeU8428~ F+NOGS

N 8%842'%8428<S

AS*S%842AISeU8428 F

AgsW842A~SQB428~8

NOSIG PCAsMCAsS (RHsS+RCsS)*(RIN+Rgag)

( DCA>S+RH>FeRC>F)e(PCA<F+RI>FeRBiF)

( DCA>S+(RH>F+NOGB)eRC>F+PCA>F+(Rl<F+NOGD)eRS>F)

(RC>F (RI>F+NOGD+RB>F)+(RH>F+KOGB)*(RI~ F+MOGD+RS<F))e MOSIG

(Rl>F+NOGD+RH<F+MOGB+RB<F+RC<F) DCA~PCA~ NOSIG

.NOSIG RH*SeRIiSeRS*S RC*PDCAiVPCAiS

-HPISUP+TORiF+.Sl G3

CST~F

CSTRS

R~F+U842C<F+CST>F

RES U842C>S CST>S

RPAF RPASUP+RHmF+RC> F+-S IG1+NOGA+NOGB
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Browns Ferry Unit 2 Individual Plant Examination ..Revision 0

HODEL Nane: BFNFINAL

Split Fraction Logic for Event Tree! HLOCA2

14:44:59 13 AUG 1992
Pege 3

Sfo ~ ~ ~ ~ ~ ~ ~ Split Frection Loglco ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

RPA1

RPAF

RPCF

RPC1

RPCF

RPBF

RPSS

RP84

RP82

RP81

RPBF

RPOF

RP010

RP09

RPOB

RP07

RP06

RP05

RPD3

RPD2

RPASUP RH»$ RC»S SIG1

RPCSUP+RH»F+RB»F»RC»F+ SI61+NOGS

RPCSUP RH»S (RB»S+RC»S)»RPA»S SIG1

RPCSUP RH»S (RB»S+RC»S)»( RPASUP+RC»F)»SIG'I

RPCSUP RH»S (RB»S+RC»$ )»RPASUP»RC»S RPA»F»SIG1

RPBSUP+Rl ~ F+RB»F+ SI61+NOGC+NOGD

RPSSUP Rl»S RB»S (-(RPASUP»RH»S)»RPC»F+RPA»F»(RPC»8+-(RPCSUP* "

RH»S*RPB»S)))*SIG1

RPSSUP Rl»$ RB»S ( (RPASUP RH»S)»RPC»$ +RPA»S (RPC»B+ (RPCSUP»RH»$ R
PB»$ )])»SI61

RPBSUP RIWS»S (RPASUP»RH»S)»(RPC»B+-(RPCSUP RH»S»RB»$ ))
»SIG'i

RPS~I»Wtg»S RPA»F*RPC»F*SI61

RPSSUP%1»S RB»S (RPA»S RPC»F+RPA»F RPC»S)»SIG1

RPSSUP Rl»S RB»$ RPA»$ RPC»$ »SI61

.RPOSUP+Rl»F+RB»F*RC»F+ SIG1+NOGD

RPDSUP»RI»S»(RB»S+RC»S)»(RPA»f»(RPC»F* (RPBSUP»RC»S)+(RPC»8+ (RPCSU
P RH S))»RPS F)+ (RPASUP»RH S RC»$ )RPC F RPB F)»SIG1

RPDSUP Rl»S (RB»S+RC»S)»(RPA»S (RPC»f» (RPBSUP RC»S)+
(RPC»8» (RPCSUP RH»$ ))»RPB»F)»RPC»S (RPA»F

(RPSSUP RC»S)+ (RPASUP»RH»S RC»$ )»RPB»F)+RPS»S»
(RPA»F (RPC»B+-(RPCSUP RH»S)+

(RPASUP*RH»S RC»S)»RPC»F)))»SIG1

RPDSUP RI»S»(RB»SqRC»S)»(RPA»S (RPC»S -(RPSSUP»RC»S)
(RPC»8+-(RPCSUPRH»S)+RPB»S))+ (RPASUP RH»S
RC»S)»RPC»S RPS»S)»SIG1

RPOSUP Rl»S (RB»S+RC»S)*(-(RPASUP»RH»S RC»S)»(RPC»F».
(RPBSUP RC»S)+(RPC»S+ (RPCSUP RH»$ )) RPB»F)+RPA»F»
(RPC»S» (RPCSUP»RH»S))» (RPBSUP»RC»S))»SIG1

RPOSUP»R I»S»(RB»S+RC»$ )»( (RPASUPRH»S RC»$ )»(RPC»$ ».
(RPSSUP»RC»S)+(RPC 8+ (RPCSUP+RH S)))»RPS F

+RPA»S (RPC»8» (RPCSUP»RH»S))» (RPBSUP»RC»S))»SIG1

RPDSUP*RI»S (RB»S+RC»S)» (RPASUP*RH»$»RC»S)»
(RPC»B+ (RPCSUP RH»$ )) (RPBSUP RC»S) SIG1

RPDSUP»RI»S»(RB»$ +RC»S)»RPA»F»RPC»f»RPB»F»$ 161

RPDSUP RI»S»(RB»S~RC»S)»(RPA»f»(RPC»F»RPB»S+RPC»S RPB»F)
+RPA»S»RPC»f»RPB»F)»SIG1

RPOSUP»RI»S»(RB»S+RC»S)»(RPA»f»RPC»S RPS*S»RPA»S»RPC»f*RPB»S+RPA
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

K(X)EL Kernel SFNFINAL

Split Fraction Logic for Event Tree: KLOCA2

14:45:02 13 AUG 1992
Pege 4

SF........ Split Fraction Logic..

sgaRPCsgaRPSsF)aSlG1

RPDSUP RlsS (RSsS+RCsS)aRPAsS RPCsS RPSsS SlG1

RPDF

RHsF+SM2AsF SMIAsF+NOGS

RH~(SM2AsS+SMTAsS)

HXCF

HXC1

HXC3

HXCF

HX$2

RHs F+SM2CsF*SM1CsF+NOGB

RHsS HXAsS (SM2CsS+SMICsS)

RHsS OAsFa(SM2CsgaSMICsS)

RHsS HXASa(SM2CsS+SM1CsS)

RlsF+Q . GsFaSM1BsF+NOGD

RlsgaN'~S HXCsS (QI2$sS+QI1BsS)

R lsgal'aNXCBa(SM2$ sS+SM1$ sS)

Rlsgal 4sFaOCS+IDABaHXCsF)a(QI2$ sS+QI1BsS)

Rlsgal . asSaOCB+NXASaNXCsS)*(QI2$ sS+SM1$ sS)

R 1sS H)-'FaOCsFa(SM2$ sS+SM1$ sS)

Rise~(H<«S HXCsF+HXAsFaHXCsS)a(SM2$ sSqSM1$ sS)

HXD10

HXDB

HX06

HX02

R 1 s F+SM20s F*SM1DsF+NOGD

IIXABaHXCBaHXBBa(SM20sS+QI10sS)
!

'I

(IlXASa(xXCSaHXSsF+NXCsfaHXBB)+HXAsFaHXCSaHXBB)a(SM20sS+QI10sS)

(HXASa(HXCB+HXBB)+HXCBaHXSB)a(SM2DsS+QI1D sS)

HXAsfaHXCsFaHXSsfa(SM20sS+SM10sS)

(HXAsFa(HXCsFaHXBB+HXCSaHXSsF)+NXASaHXCsFaOBsF)a(SM20sSaQI10sS)

(HXAsFa(HXCsFaHXSsF)aHXCsFaHXSsF)a(SM20sS+SMIDsS)

(HXABa(OCsF+OBsF)+OCBa(HXAsF+HXSsF)+HXSSa(HXAsF+HXCsF))a(SM20sS+
SM10sS)

(HXAsF+HXCsF+HXSsF)*(QI2DsS+QI1DsS)

(HXAS+HXCB+HXSS)*(SM20sS+QI1D*S)

RlsS HXAsS HXCsS HXBsS (SM20sS+SM10sS)

U11 RHRSM1*RFsSaRHRPKP
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Browns Ferry Unit 2 Individual Plant Examination "Revision 0

INSEL Ha«et BFNFINAL

Split Froction Loyic for Event Tree: MLOCA2

14t45t05 13 AUG 1992
Page 5

SFo ~ ~ ~ ~ ~ ~ ~ Spl'lt Flection Logicooe ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ o ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~

U1F

RPS«S«(RHR1+RHR3)«(RHR2+RHR4) U1 ~ F+RPS«F«(RHRI«RHR2 RHR3«RHR4)

RPS«S ( (RHR1+RHR3)+ (RHR2+RHR4)W1«S)

RPS«~HRT RHR2 RHR3«RHR4

RPS«S (RHR1+RllR3)«(RHR2+RHR4)

(-(RHR1+RNR3)+RK«F)«(-(RHR2+RHR4)+RL«F) U1«F

(RHR1+RHR3)«RK«S (RHR2+RHR4)«RL«S

-(RHR1+RHR3)+RK«F+ (RHR2+RHR4)+RL«FWI«S

RPS«S TB&

LPCF

LPCS

LPC4

NPI«F«NPII ~ F+.LPCI+NOGB NOGD

-(INIT*LLS+INIT«LLD)'(NPISiNPII S) (RK F+RL F+RPA F RPC F+RPB*F RP
D«F)

(NPI«1 NPI I«S) (. (IMIT«LLS+INIT«LLD)«RK«S«RL«S
«(RPAis+RPC«S)*(SPB«S+RPO*S))

Y3+ SIQ+RH F«RI F+Y1«Y2+NPI F«NPII F

-Y3«(Y1+RH«F+NP I«F+Y2+RI«F+MPI I«F) «SIG3

Y3«Y1«RH«S NPI«S YPRI«PNPII«S SIG3

PCA«F+RCIJ*F40 J«FWB42A«FUB42$ «F UB42C«F

AIF

YMTF
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Browns Ferry Unit 2 individual Plant Examination Revision 0

Page No. 1

11I06:51 13 AUG 1992

HQ)EL Namct SFNFINAL

Event Tree: HLOCACNTNT

lE NCO INMS 0MS CIL Cl g Rgl SGT IRII

L~
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

1

2
3
4 XS
5 X1
6 X2
7 X2
8 X3
9 X3

1

2
3
4-5
6.9
10-17
18-25
26-49
50-73
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Browns Ferry Unit 2 Individual Plant Examination'evision 0

HODEL Mane: BFMFINAL

Top Event Legend for Tree! HLOCACNTHT

11:06:52 13 AUG Tgg2
Page 1

Top Event Deaignator..... Top Event Deacrlptlon..... ....;.......... ~ .......
IE

CIL

CIS

RBI

SGT

initiating Event

CORE DAHAGE OCCURRED

OPERATOR FAILS TO INITIATE DN SPRAY

DRYlKLL SPRAY UNAVAILABLE

ISOLATIOI OF LARGE CONTAINMENT PENETRATtONS FAILED

ISOLATION OF SHALL CONTAINMENT PENETRATIONS FAILED

REACTOR BUILDING ISOLATION FAILURE

STANDBY GAS TREATHENT SYSTEH UNAVAILABLE

SBGT STSTEH RELATiVE NNIIDITY HEATERS UNAVAILABLE
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Brovvns Ferry Unit 2 individual Plant Examination Revision 0

N(OEL Hanoi BFNFINAL

Split Fraction Logic for Event Tree: HLOCACNTNT

14:45:41 13 AUG 1992
Page 1

SF ~ ~ ~ ~ ~ ~ ~ ~ Spilt Flee't'Ion Logico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

NCD1

NCDF

RR12:sRHRisRHR3+RHR1%3sS+RHR3U3sS

RR11 tsRHRI+RHQW3sS

RR22:sRHR2 RHR4+RHR2%1sS+RHR4 U1sS

RR21tsRHR2+RHR4+UIsg

HEATLls(RHR1+RHR2tRHQ+RHR4WIsSW3sS)sOSPsS (SPsS+SPRsS)

HEATls(RHRI+RHR2+RHQ+RHR4WIsSW3sS)s(OSPsS (SPsS+SPRsS)KSDsgsSDC
sS)

AHEATtsRR12 RR21+RRTIsRR22

NOLOCAts (INITsLLS+INITsLS+INITsLLC+INITsLLSINITsELOCA)

VENT:~PsgsVNTsS

SI G:sLVPsS+DNPsS

INITsHLOCAsRPS*S (TB*S+IVC S)s(HPI S+RVD S)s(CSsS+LPC S)sHEATL

RPSsS

RPSsf

DVSF

ONS2

DUS1

DVSF

CILF

CIL2

CIL1

CISF

CIS1

RBIF

RB11

SGTF

SGT9

SGTB

SGT6

SGT5

PX1sf PX2sF+( RR11+RHsf+NOGB) (.RR21+RlsF+NOGD)+SPsF SPRsF

-RR11+RHsF+ RR21+Rlsf+NOGB+NOGD

PX1sS PX2sgsRR11RHsS RR21sRlsS

LVPsfsDVPsf

PCAsF+ONsf

LVPsfsDNPsf

LVPsfsDNPsf

RHsFsRNsF+RNsfsQEDsf+RNsfsQEDsf+DNsfsDOsf+AAsfsDNs f
+RHsFs(OOsF+OHsF)+RNsF*(DNsF+AAsF)+.SIG
+NOGDs(NOGA+NOGH+NOGBsNOGF+NOGBsNOGC+NOGE)
+NOGAsNOGC NOGG

Rlls F+RN s F+NOGA+NOGO

A3EDsfs((DNsftOOsf)s(AAsf+Ollsf))+NOGB*NOGC NOGEsNOGH

QEDsFs(AA F+DH F+DN F+DOsf)+KOGH*(NOGA+NOGBsNOGG)

A3EDsf+NOGH



Browns Ferry Unit 2 Individual Plant Examination Revision 0

H(OEL Nant: BFNFlNAL

Spilt Fraction Logic for Ewnt Tree: HLOCACNTHT

'l4:45:42 13 AUG 1992
Page 2

SF@ ~ ~ t ~ ~ ~ ~ Spi'I't FI action Logic@ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ oo ~ ~ ~ ~ ~ ~ ~ ~ oo ~ ~ ~ ~ ~ ~ oo ~ ~ ~ ~ ~ ~ ~ ~

SGT4

SGT2

SGT1

(DN F+D&F) (M>F~F)+NODS NOGC NOGE

M~F+N FtDN~F+N F+NOGA+NOGSiNOGG

RHiS RN<S A3ED<VDNNS M>VDONSQH<S SlG

A3ED>Fe(RH>F+RN< F )~URN�>F+NOGIV'(NOGA+NOGD)+See NOGD

(NOC+NOGA+RN<S+NOGD)eA3EDNS

IN P%N~(A3ED>F+NOGN)

RH<S RN<S A3ED>S
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

IKNEL Name: BFNFINAL

Blnninp Logic for Event Treet HLOCACNTHT

15:04t38 13 AUG 1992
Pope 1

Bin ~ ~ ~ ~ ~ B'Inn'lnp RULea ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

SUCCESS NCD>S

ALT NCO~F



Browns Ferry Unit 2 Individual Plant Examination ,Revision 0

Pege No. 1

11:07:03 13 AUG 1992

NOOEL Nanet BFNFlKAL

Event Treet PRETREE

lE NlE NBOC NRU OPTR LSTR HSVC lSO

t 2
3

5

7
8
9



Browns'Ferry Unit 2 Individual Plant Examination Revision 0

HMEL Name: SFNFINAL

Top Event Legend for Tree: PRETREE

11t07:04 13 AUG 1992
Page 1

Top Event Designator..... Top Event Description.............................
IE

NIE

NSOC

NRU

OPTR

LSTR

Initiating Event

INITIATOR IS SOC, FNRU~ PRFOPEN

INITIATOR IS SOC

INITIATOR IS FNRU

0%RATOR FAILS TO TRIP FEED PWPS ON FNRU

LEVEL 8 TRIP OF FEED ON FNRU, PRFOPEN FAlLS

NSIVS FAlL TO ISOLATE ON LOM STNLN PRESSURE OR

LEVEL

FAILURE TO ISOLATE THE SOC



Browns'Ferry Unit 2 Individual Plant Examination Revision 0

NSX)EL Mane: BFNFINAL

Split Fraction Logic for Event Trees PRETREE

14s45s56 13 AUG '1992
Page 1

SF........ Split Fraction Logic.........................

NIEF

NIEB

NBOCF

LSTSUPs»OH»S»DN*S»DJ»S

NOSIGs»LNI»F»LN3»F»LN2»F»LN4»F

IN IT»DOC+ INIT» FVRU+ IN IT»PR FO

NRUF I NIT»FMRU

OPTR1

LSTRF . VT1»L1$+-LSTSUP

LSTR2

LSTR1

LSTRF

NSVC1

NSVC1

NSVC1

NSVCF

IS01

IS01

1502

ISOF

ISOF

VT2»L2B

-VT2»L2$

ROSIN&CA»VDCA»S (RH»S+RC»S)»(RI»S+RS»S)

(-DCA»S+RH F»RC»F)»(PCA»F+Rl»F»RB F)

( DCA»S»RH»F»RC»F)

RH F»RI F» NOSIG

RH»F»RB»F».NOBIS

RC»F»RI»F» NOSIG

RC»F RS»F».NOSIG

(PCA»F+Rl»F»RB»F)

(Rl»F+RH»F)»-NOSIG

(RS»F+RC»F)» KOSIG

-NOSIKICA»S PCA»S RH»S RC»S Rl»S RS»S

RI»S RC»S PXI»S»PX2»S

RI»S RC»S (PX1»F+PX2»F)

RI»S RC»F»PX2»S

= Rl»F»RC»S PX1»S PX2»S

Rl»F*RC»S»(PX1 ~ F+PX2»F)

RC»F (Rl»F+PX2»F)+PX1 ~ F PX2»F
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Pege NO 1
IKOEL Nanet BFNFINAL

Event Tree: SlGL 11:07:15

X10—X X6—XS—X4—X19—X11—X13—X18—X17—X1~15—X14—X3—X2—X1—X12—L~---
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ 4 ~ ~ ~ 0 ~ ~ ~ 0 ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ v ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ 0 ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

lE VT'1 VT2 PX1 LT1 LT2 PX2 LT3 LT4 LV NPl KPl 1 NH1 NH2 LN1 UQ Ua LN4 LVP DT1 DT2 DN DMP

1

2
3

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

X12
X1
X2
X3
X14
X15
X16
X17
X18
X13
X11
X19
X4
XS
X6
XS
X7
XB
X7
X9
X9
X9
X10
X10
X10

13 AUG 1992

W
O

M
n

C

hl

CL
C
CLr
Ol

0
te

m
X
Ol

k
lQ

O

ÃI
C

O

O

0



Pege No. 1

1

2
3-4
5.8
9-16
17-32
33.64
65.128
129-256
257.512
513-1024
1025.2048
2049.4096
4097 8192
S193-16384
16385-32768
32769.65536
65537.81920
81921-163840
163841-327680
327681-409600
409601-S19200
819201.1228800
1228801-'163S400
163 S401-3276800
3276801-4915200
4915201-6553600

IKIEL Nanet BFNFlNAL
Event Treei SlGL 11:07:16 13 AUG 1992

N
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n
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hl

O.
C
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O

O
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

INNEL name: BFNFINAL

Top Event Legend for Tree: SIGL

11:07:17 13 AUG 1992
Page 1

Top Event Deaignator..... Top Event Oeacription.... ~ ... ~ ........ ~ ...........
IE

LT1

LT2

LT4

LV

NPI

NPI I

NH1

NH2

DT1

DU

Initiating Event

VESSEL INSTRLNENT TAP I CONDITION

VESSEL INSTRQKNT TAP II CONDITION

POMER SUPPLY DIVIS10N I UNAVAILABLE

LEVEL TRANQIITTER 1 UNAVAILABLE

LEVEL TRANSMITTER 2 UNAVAILABLE

POMER SLYLY DIVISION ll QNVAILABLE

LEVEL TRANSMITTER 3 INANEILABLE

LEVEL TRANSMITTER 4 UNAVAILABLE

VESSEL LEVEL SIGNAL UNAVAILABLE

DIV I VESSEL Lml PRESSURE SIGNAL UNAVAILABLE

OIV II VESSEL LNI PRESSURE SIGNAL UNAVAILABLE

DIV I HI RX PRESS SIGNAL UNAVAILABLE

DIV II Hl RX PRESS SIGNAL UNAVAILABLE

PCIS LEVEL TRANQIITTER 1 UNAVAILABLE

PCIS LEVEL TRANQIITTER 2 UNAVAILABLE

PCIS LEVEL TRANSMITTER 3 UNAVAILABLE

PCIS LEVEL TRANSN!TTER 4 UNAVAILABLE

LEVEL 3 SIGNAL (RPS/PCIS/SCIS) UNAVAILABLE

ORYMELL INSTRQIEMT TAP I FAILURE

DRYMELL IMSTRLMENT TAP II FAILURE

ORYIJELL PRESSURE SIONL UNAVAILABLE

RPS/PCI S/SCIS HIGH DRYUELL SIGNAL UNAVAILABLE
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

HEEL Mane: BFNFINAL

Split Fraction Logic for Event Tree! SIGL

14t46:08 13 AUG 1992
Page 1

SFo ~ ~ ~ ~ ~ ~ ~ Spl'it Frect'ion Logice ~ ~ ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

VT1F

vr1s

VT1S

VT1S

VT1S

VT1F

VT1S

VT1S

VT1$

VT1S

VT1F

VT1S

VT1S

VT1S

VT1»NOFLI» (INIT»UI»INIT»LIA+INIT»LIB)

VTI&1» (INIT»UI+INITLIA+INIT LIB)

VT1»L1A».(I NIT»OI+ I NIT»L I A+I NIT»LIB)

VT1»L18*-(I NIT»UI»I NIT»LIA+INIT»LIB)

VT1»MOFLI»INIT&1

VT1&I»INIT&1

VT1»L1A»INI7&I

VT1»L18»I NIT&i

VT1»NOFLI»INIT»LIA

VT1%1»I

NIT�»LIA

VriiL1A»INITiLIA

VT1sL18»I NIT»LIA

VT1»MOFLI»I NIT»LIB

VT1»01» I NIT»LI8

VT1S VT1»L1A»IMIT»LIB

VT1F

VT2F

VT2S

VT2S

VT2S

VT2S

VT2F

VT1iL18»I NIT»LIB

VT2»MOFLII*-(INIT%I I+INITiLIIA+INITiLII8)

VT2%2 -(INIT»UII»INIT»LIIA+INIT»LIIB)

VT2»L2A»-(INlT»UI I+ I NIT»LI I A+ I NIT»LII8)

VT2»L28» (INIT»IIII+INITsLIIA+INIT»LIIB)

VT2»NOFLII»I NIT»UII

VT2~1NIT&11

VT2S VT2»L2A»INIT»UII

VT2S

VT2S

VT2S

VT2F

VT2S

VT2S

VT2S

VT2F

PXIF

VT2»L28»IMIT&1I

VT2»MOFLIl»INITiLI IA

VT2&2 I NIT»LIIA

VT2iL2A»I

NIT�»L

I IA

VT2»L28» INITiLI IA

VT2»NOFLII»INIT»LIIS

VT2~1 NIT»LI I8

VT2»L2A»I

NIT�»LI

IB

VT2»L2S»INIT»LI I8

RC»F

, I 153



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HMEL Nsae: BFNFINAL

Split Fraction Logic for Event Tree: SIGL

14(46:10 13 AUG 1992
Page 2

SF........ Spilt Fraction Logic....

PX11

PX1F

LT1F

LT11

LT2F

LT22

LT21

LT2F

PX2F

PX21

LT3F

LT33

LT32

LT31

LT3F

LT4F

LT46

RC$ S

PX1$ F+VT1&l

PX1$ F+VT1%1

PX1$S LT1$F

PX1$S$ LT1$S

RB$ F

RB$S$ RC$ F

RB$S PX1$ F

PX2$ F+VT2~

PX2$ S PX1$ F

PX2$ S LT1$F$ LT2$F

PX2$ S (LT1$F+LT2$F)

PX2$ S$ LT1$S$ LT2$S

PX2$ F+VT2M

PX2$S PX1$ F$LT3$F

LT45 PX2$ S$ PX1$ F$LT3$S

LT44

LT43

LT42

LT41

LT4F

LVF

PX2$ S LT1$F$ LT2$F$ LT3$F

PX2$ S (LT1$F (LT2$F+LT3$F)+LT2$F LT3$F)

PX2$ S (LT1$F+LT2$F+LT3$F)

PX2$S LT1$S LT2$S LT3$S

LT1$F$ LT3$FqLT2$ F$ LT4$F

NP IF

NP Il
NPIF

KPI IF

NPI 13

PX1$ F

PX1$ S

PX2$ F

PX1$ F*PX2$S
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Browns.Ferry Unit 2 Individual Plant Examination Revision 0

NOOEL Nawe: BFNFINAL

Split fraction Logic for Event Tree: SIGL

1CtC6r12 13 AUG 1992
Page 3

Sf ~ ~ ~ ~ ~ ~ ~ ~ Spl'I't Flection Logico ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

NPI I2

NPI I1

NPI IF

DT11

DT21

DVF

DIJI

DIIF

LVP1

LVP2

LVP2

DNPF

DQP2

DPI

D'iaaf

NH1F

NH11

NHlF

NH2F

NH23

NH22

NH21

NH2F

LN1F

LN11

LN1F

LN21

LN2F

LN3F

PXINS NPI>fePX2>S

NP IN P'PX2~S

(PX1<MT1>f)e(PX2<f+OT2~F)+ (INIT<ELOCA+INIT<LLC
+INIT<LLD+INIT~LLO+INITROLLS+I NIT&LOCA+INIT~SLOCA
+INITiIOTV+INITilOTN)

PX1>FST1>F+PX2>f+DT2<f

PX1~SeDT 1~0'PX2~SeDT2~S

-(INIT&I+INIT&II)
INIMll+INIT&II

DT1>f DT2~F

DT1>f+OT2>F

DT1>PDT2~S

PX1~F+I NIT% I
PX1~S . INIT&I

PX2ef+INITNOII

PX2NS -INIT&IlePX1~F

PX2 S+-INIT&IlePX1WNH1 F

PX2~Se- INITAIIeNHIiS

VT1%1

VT1~NOFLI+VTI~LtA+VTI~L1B

VTINUI

LN1~ Fe(VTI~NOF LI+VT1>L1A+VTI~L1B)

LNI*Se(VTI~NOF LI+VT1iL1A+VT1~L18)

VT2&2
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Browns.Ferry Unit 2 Individual Plant Examination, Revision 0

H(OEL Name: BFNFIKAL

Split Fraction Logic for Event Tree: SIGL

14:46:14 13 AUG 1992
Page 4

SF ~ ~ ~ ~ ~ ~ ~ ~ Spl'I't Fract'Ion Logice ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

VT1&le(VTR~NOFLII+VTR~LRA+VTR~LRB)

UI1iFeUQiF~(VTR~NDFLII+VTRNLRA+VTRNLRB)

(LH1>F+UQ~F)e(VTRaNOFLII+VTRaLRA+VTRsLRB)

LHI>S LH2>S (VTR&OFLII+VTRNLRA+VTR~LRB)

VTIklleUG~F*(VTR&OFLII+VTRiLRA+VTR~LRB)

'T'1&1iUG*Se(VTRiNOFLII+VTR~LRA+VTR>LRB)

LH1>F*UQ<F~UG>Fe(VTR>NOFLII+VTR>LRA+VTR~LRB)

(LHI~Fe(UQ<F+UGNF)+LHR~FiUG>F)~(VTR<NOFLII+VTR<LRA+VTR>LRB)

(LHI~F+UQ>F+UG<F)e(VTR~NOFLII+VTRNLRA+VTR~L2$)

LHI~LN2~S UG~S (VTRiNOFLII+VTR~LRA+VTR~LRB)
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Browns Ferry Unit 2 Individual Plant Examination ; Revision 0

Page Mo. 1

11:07:31 13 AUC 1992

HCSEL Meme: BFNFIMAL

Event Tree: VSEO

IE CD AI

1

2
3

1

2
3



Browns Ferry Unit 2 Individual Plant Examination Revision 0

IKSEL Name: BFNFlNAL

Top Event Legend for Tree: VSE4

11t07t31 13 AUG 1992
Page 1

Top Event Dea'Ignator ~ ~ ~ ~ ~ Top Event Deecriptiono ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

lE

Al

initiating Event

CONDENSATE STSTEN UNAVAlLABLE

ALTERNATE lNJECTlON UNAVAlLABLE
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

IKOEL Nene: SFNFlNAL

Split Fraction Logic for Event Tree: VSE4

14:46:24 13 AUG 1992
Page 1

SFo ~ ~ ~ ~ ~ ~ ~ Split Fraction Logict ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ ~

Cgl

AiF 1
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Browns Fer'ry Unit 2 Individual Plant Examination Revision 0

HOOEL Nsaet BFNFlKAL

Binning Logic for Event Tree: VSEO

15t05t17 13 AUG 1992
Pege 1

Bino ~ o ~ ~ ~ ~ 8'inning RUiess ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

NJAZ CO~S+Al~g

NJHZ 1



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Report of Initietors for Hodel: BFNFINAL

15:15:07 13 AUG 1992
Pege 1

Initiator... Frequency... Description. . ................ Tnncetion..
Cutoff

CIV

ELOCA

6.6900E.04 BREAK IXJTSIDE CONTAINHENT

5.6000E 01 CLOSURE OF ALL NSIVS

9.3900E-09 EXCESS IVE LOCA

1.0000E-12

1.0000E-09

1.0000E.13

FLPH1 2.5000E.02 EECNQHRSM PWPING STATION FL(XO 1.0000E-10

FLRB1

FLRB2

FLRB3C

1.2000E.02

1.7000E-06

9.8000E-05

EECll FLIXN IN REACTOR BULIDING
SHUTDOW WIT

EECM/RHRSU FLOaI IN REACTOR
BUILDING - OPERATING WIT

FLOM FRON THE CNSENSATE STORAGE
TANK

1.0000E '10

1.0000E.11

1.0000E-12

FLRB3S

FLTB

10TV

ISCRAII

ISLOCA

ISLOVA

LIA

LIB

LICA

LICB

LIIA

LII8

LLC

LLO

LLS

LOAC

9.6000E 05 FLIXN FRNI YHE TORUS

4.5000E-02 TURBINE BUILDING FLNO

1 6000E 01 FEEDUATER RAHPUP

4+1500E.02 INADVERTENT OPENING OF ONE SRV

8.79IOE.04 INADVERTENT OPENING OF THREE OR
NORE SRVS

5.9000E.03

5.9000E.03

DIV I LONER A INSTRWENT TAP
FAILURE

DIV I LONER 8 INSTRWENT TAP
FAILURE

3.5300E-03 LOSS OF I 8 C BOARD A

3.5400E.03 LOSS OF I 8 C BOARD 8

5.9000E-03

5.9000E.03

DIV ll LNIER A INSTRWENT TAP
FAILURE

DIV II LONER 8 INSTRWENT TAP
FAILURE

8.2800E 05 CORE SPRAY LINE BREAK

3.1300E.04 RECIRC DISCHARGE LINE BREAK

1 0600E-04 OTHER LARGE LOCA

9.1900E.05 RECIRC SUCTION LINE BREAK

3.9900E-02 LOSS OF ALL CONDENSATE

3.2800E-01 LOSS OF CONDENSER VACUW

5.8700I 03 INADVERTENT OPENING OF TVO SRVS

1.5800E+00 INADVERTENT (OTHER) SCRAN

4.6400E 08 INTERFACING STSTEN LOCA

1 0000E+00 INTERFACING SYSTEN LOCA

7.6500E-02 LOSS OF 500KV GRID

1.0000E.10

1.0000E 09

1.0000E-09

5.0000E-10

1 0000E 12

1 0000E-10

1.0000E 09

'1.0000E-10

1.0000E.09

1.0000E-10

1.0000E-10

1.0000E.10

1. 0000E.10

1.0000E.10

1.0000E-10

1.0000E '10

1.0000E.13

1.0000E.13

1.0000E.13

1.0000E-13

1.0000E.10

1.0000E.09
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Browns Ferry Vnit 2 Individual Plant Examination Revision 0

Report of Initiators for Hodelt BFNFIKAL

15:15t16 13 AUG 1992
Pege 2

initiator... Frequency... Description........................ Truncation..
Cutoff

LOFN

LOPA

LRCM

5.0600E 01 TOTAL LOSS OF FEEDMATER

7.8700E 02 LOSS OF PLANT AIR

3.5200E 02 TOTAL LOSS OF OFFSITE POMER

3e5300E-03 LOSS OF RAV COOLING MATER

1.0000E.09

1.0000E.09

1. NODE.DB

1.0000E.09

1 4300E-02 LOSS OF UNIT 2 120V PREFERRED PONER 1.0000E 09

HLOCA

PLFV

PLOC

PRFO

SLOCA 4 1500E 03 SHALL LOSS OF COOLANT ACCIDENT
(LOCA)

1o5900E+00 TURBlNE TRIP

3.1300E.DI TURBINE TRIP QITINRJT BYPASS

3.3300E 04 HEDIUH LOCA

2.8600E 01 PARTIAL LOSS OF FEEDNATER

5 4600E 02 PARTIAL LOSS OF CONDENSATE

4e8100E 02 PRESSURE REGULATOR FAlLS OPEN

3+8600E 01 SCRAH REOUI RED (HANUAL SCRAHS)

1.0000E.10

1.0000E.09

1.00008-10

1.0000E-10

5,0000E 10

1.0000E.11

1.0000E.09

1.0000E.09

Ui

UlI

6.6000E 04 DIV I UPPER INSTRNIENT TAP FAILURE 1.0000E-12

6o6000E.04 DIV I I UPPER INSTRLNENT TAP FAiLURE 1.0000E-12

2.3400E.02 VERY SHALL LOCA (RECIRC PNIP SEAL
LOCA)

1.0000E-10
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Haste Frequency File: SFN722

HMEL Nme: BFNFINAL

Date Created: 26 JUL 1992 11:08

15:27:00 13 AUG 1992
Page 1

Split Fractions for Syateat No System
Description: No Description

Top Event: A3EA
Description: No Description

A3EA1 9.1230E-04 NORMAL SUPPLY AVAIL
A3EA2 1 4090E 03 LOSS OF NORHAL SUPPLY~ DIESEL AVAIL
A3EAF 1 0000E+00 G.F.

Top Event: A3EB
Description: No Description

A3E$ 1

A3E$2
A3E$3
A3E$4
A3EB5
A3EBF

8.9340E.04
1.3790E.03
2.1620E. 02
2.2560E-02
1.40cOE.03
1,OGRE+00

NORMAL SUPPLY AVAIL, A3EA SUCCESS
A3EA SUCCESS/ NORMAL LOST, ALL DG AVAIL
A3EA FAlL, NORHAL SUPPLY AVAIL
A3EA FAlL, NORMAL SUPPLY LOST
A3EA BYPASS, NORMAL LOST
G.F.

Too Even~ A3EC
Descript -~I No Descripticn

A3EC1
l3EC10
l3EC'11
A3EC12
A3EC13
A3EC14
A3EC15
l3EC16

A3EC1'7
A3EC18

A3EC2
A3EC3
A3EC4
A3ECS
A3EC6
A3EC7
A3ECS
A3EC9
A3ECF

8. ' ~OE-04
1,i'-:OE.03
8,' OE 04
2... '4IE.01
9.': '%E.04
1.3."%.03
5.0i10E 04
2.2h:4E 02

9.1230E.04
1.4C%.03

1.4100E.03
9,1350E.04
1.3560E 03
2.2070E.OZ
7.6150E.04
4.9510E 04
1.8040E 02
1.0460E-03
1.0000E+00

A3EAeA3ES SUCCESS'ORMAL AVAIL
A3EA AND A3EB FAIL~ UNIT BD 3$ LOST
A3EA NO A3ES FAlL, UNIT BD 3A LOST
A3EA AND A3EB FAlL~ NORHAL SUPPLIES LOST
A3EB SY SUPPORT, UNIT $0 3A UMAVAIL
A3EB BY SUPPORT, ALL NORMAL SUPPLIES UNAVAIL.
A3EA FAIL, l3ES SY SUPPORT, UNIT BD 3A UMAVAIL
A3EA FAIL, A3ES SY SUPPORT~ ALL MORHAL SUPPLIES
UNAVAIL
A3EA %NO A3EB SY SUPPORT~ UNIT SD 3B AVAIL
A3EA aND A3EB SY SUPPORT, ALL NONAL SUPPLIES
UNAVAIL
A3EAQA3EB SUCCESS, UNIT BD 3$ LOST
A3EAQA3EB SUCCESS, UNIT BD 3A LOST
A3EA,A3EB SUCCESS, NORMAL SUPPLIES LOST
l3EB FAlLS, ALL NORHAL AVAIL
A3EA OR A3EB FAlL, UNIT BD 3$ LOST
A3EA OR A3ES FAlL, UNIT SD 3A LOST
A3EA OR A3EB FAIL, NORHAL SUPPLIES LOST
A3EA AND A3EB FAIL, NORMAL SUPPLlES AVAIL
G.F.

'op

Event I A3ED
Description: No Description

A3ED1
A3ED10

A3ED11
, A3ED12

l3ED13
A3ED14
A3ED15
l3ED16
l3ED17
A3ED18
A3ED19
A3ED2
A3ED20

8.5550E.04
1.8130E.OZ

9.0760E.04
1.437DE.03
3.8440E.02
8.2260E.04
4.1490E-02
1.3150E.02
1.3330E 01
4 M30E.OZ
4.3840E.OZ
13800E.03
9.5300E 01

ALL NORMAL SUPPLIES AVAIL
ONE PREVIINS TRAIN FAlLS, ALL NORHAL SUPPLIES
LNAVAIL
TIN PREVINIS TRAINS FAIL
l3EA NO A3EB UMAVAIL, UNIT BD 3B UNAVAIL
A3EA AIO A3EC FAlL, UNIT BD 3$ UMAVAIL
A3EA NO A3ES FAlL, UNIT BD 3A UMAVAIL
A3EA AIO A3EC FAlL, UNIT BD 3A UMAVAIL
TIN PREVIOUS TRAINS FAIL, NO NORMAL SUPPLIES
A3EAQA3EB,A3EC FAIL, ALL NORHAL SUPPLIES AVAIL
A3EA~A3EB~A3EC FAIL~ UNIT BD 3$ UMAVAIL
A3EAgA3ES~A3EC FAILS UNIT BD 3A UMAVAIL
UNIT BD 3$ UMAVAIL
l3EA,A3ES,A3EC FAIL, UNIT BD 3A NN 2 UMAVAIL
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A3ED21
A3ED22
A3ED23
A3ED24
A3ED25
A3ED26
A3ED27

A3ED31
A3ED32

A3ED33
A3ED34

A3ED35

A3ED4
A3ED5
A3ED6
A3ED7
A3EDB
A3ED9
A3EDF

1A100E-S
8.9400E-04
1.3560E.S
7.6150E.04
2.1600E.02
4.8270E-04
1.8040E.02

1A950E. S
4.1580E.02
8.9450E.04
2.1860E-01

8.9340E-04
1.379DE.S

2.1620E.02
2.2560E-02

1.4090E-S

1.3330E.S
2.2550E-02
7.3280E.04
2.2550E.D2
4.7480E.04
2.1590E.02
1.0000E+00

A3EC BY SUPPORT, UNIT BD 38 INJAVAIL
A3EB BY SUPPORT, UNIT BD 3A UNAVAIL
A3EC BT SUPPORT, NO MORHAL PONER

A3EC BY SUPPORT, A3EB AMD UNIT BD 3B UMAVAIL
A3EB BY SUPPORT, A3EC AND UNIT BD 3A FAlL
A3EB BY SUPPORT ~ A3EA AND UNIT BD 3A FAlL
A3EB BY SUPPORT, A3EA UNIT BD 3A AND UNIT BD 3$
FAIL
A3EC BY SUPPORT, A3EA, A3EB AMD UNIT BD 38 FAIL
A3EB BY SUPPORT, A3EA, A3EC AND UNIT BD 3A FAlL
UNIT BD 3A UNAVAIL
A3EC BY SUPPORT,A3EA, A3EB, UNIT BD 3A, UNIT BD 3B
FAlL
A3EA AND A3EB BY SUPPORT, UNIT 80 3A FAlLS
A3EA AMD A3EB BY SUPPORI' UNIT BD 3A AMD UNIT BD

38 FAIL
A3EA AMD A3EB BY SUPPORT ~ A3EC AND UNiT BD 3A FAlL
A3EA AND A3EB BY SUPPORT, A3EC UNIT BD 38 AND UNIT
BD 3A FAIL
ALL PREVIQJS TRAINS BY SUPPORT, AND NO NORMAL

POMER
BOTH NORMAL SUPPLIES UMAVAIL
ONE PREVIOUS TRAIN FAILS
A3EA OR A3EB FAIL, UNIT BD 3B FAlLS
A3EC FAILS AMD UNIT BD 38 UNAVAIL
A3EA OR A3EB FAlL, UNIT BD 3A FAILS
A3EC FAlLS, UNIT BD 3A UMAVAIL
G.F

Top Events M
Descriptions No Description

M1
AA2
MF

4.8300E-04
1.0910E-S
1.0000E+00

NORMAL SUPPLY AVAIL
LOSS OF NORMAL SUPPLY, DIESEL AVAIL
G.F.

Top Events AB
Description: Ko Description

AB1
AB2
AB3
AB4
AB5
ABF

4.8320E.04
1.0260E-S
1.8110E-04
6.1260E.02
1.0910E.S
1.0000E+00

NORMAL SUPPLY AVAIL~ M SUCCESS
AA SUCCESS, NORHAL LOST, ALL DG AVAIL
AA FAIL, NORHAL SUPPLY AVAIL
M FAlL, NORHAL SUPPLY LOST
M BYPASS, NORHAL LOST
G.F.

Top Events AC
Descriptions No Description

AC1
AC10
AC11
AC12
AC13
AC14
AC15
AC16

AC17
AC18
AC2
AC3
AC4

4.8330E-04
8.6120E-04
4.3750E-04
5.3050E.01
4 8320E-04
1.0260E-03
3.6920E-04
6.1260E.02

4.8300E-04
1.09'IOE.03
1.0920E.03
4.8330E-04
9.9520E-04

AAQAB SUCCESS ~ NORHAL AVAIL
M AND AB FAIL, SNUT2 LOST
M AND AB FAIL, SNUT1 LOST
AA AMD AB FAIL, NORHAL SUPPLIES LOST
AB BY SUPPORT, SRUTI UNAVAIL
AB BY SUPPORT, ALL NORMAL SUPPLIES UNAVAIL~

M FAlL, AB BY SUPPORT ~ SHUT1 UMAVAIL
M FAlL, AB BY SUPPORT, ALL NORMAL SUPPLIES
UMAVAIL
M AND AB BY SUPPORT, SNUT2 AVAIL
M AND AB BY SUPPORT ~ ALL NORMAL SUPPLIES UNAVAIL
AA,AB SUCCESS ~ SHUT 2 LOST

AA JAB SUCCESS ~ SHUT 1 LOST

M,AB SUCCESS, MORHAL SUPPLIES LOST
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AC5
AC6
AC7
ACS
AC9
ACF

1.5100E.04
8.3420E.04
3.6480E.04
3.0640E-02
3.0430E-04
1.0000E+00

AB FAlLS, ALL NORHAL AVAII.
M OR AB FAlL, SNT2 LOST
M OR AB FAlL, SHUT1 LOST
M OR AB FAIL, NORHAL SUPPLIES LOST

- M AND AB FAlL, NORHAL SUPPLIES AVAIL
Gof.

AD1
AD10

ADll
AD12
ADI3
AD14
AD15
AD16
AD17
AD1S
AD19
AD2
AD20
AD21
AD22
AD23
AD24
AD25
AD26
AD27
AD28
AD29
AD3
AD30
AD31
AD32
AD33
AD34
AD35

AD4
AD5
AD6
AD7
ADS
AD9
ADF

Top Event: AD
Description: No Des

4 8350E 04
2.3980E.02

cription

3,0430E-04
7.8220E.04
7.2590E.02
4.3760E.04
1.8290E.04
2+4150E.OI
4.5220E.04
9.2480E-02
2.381 0E.04
1.0260E.03
7.8620E.01
1.0920E-03
4.8330E.04
9.9520E 04
8.3420E.04
1.8110E-04
3.6930E-04
3.0640E-02
8.6120E.04
1.8690E.04
4.8340E 04
5.3050E-01
4.8320E.04
1o0260E-03
1.5110E 04
6.1260E.02
1.0910E.03

9.7240E.04
1.8100E.04
7.7430E.04
6.1250E.02
3.6480E.04
1.5110E.04
1.0000E+00

ALL NORHAL SUPPLIES AVAIL
ONE PREVINJS TRAIN FAlLS, ALL NORHAL.SUPPLIES
UNA VAIL
TIN PREVINJS TRAINS FAIL
M NO AB UNAVAIL, SNT 2 UNAVAIL
M AND AC FAIL, SHUT2 UNAVAIL
M AND AB FAlL, SHUT 1 UNAVAIL
M AND AC FAlL~ SHUT 1 UNAVAIL
Tlo PREVIOUS TRAINS FAlL, NO NORHAL SUPPLIES
M,AB,AC FAlL, ALL NORHAL SUPPLIES AVAIL
M,AB,AC FAIL/ SNT2 LNAVAIL
M,AB,AC FAIL/ SIIUT1 UNAVAIL
SHUT 2 UNAVAIL
AA,AB,AC FAIL/ SHUT1 NN 2 UNAVAIL
AC BY SUPPORT, SNT2 UNAVAIL
Nl BY SUPPORT, SNT1 UNAVAIL
AC BY SUPPORTS NO NORHAL PNJER
AC BY SUPPORT, AB AND SHUT2 UNAVAIL
AB BY SUPPORT, AC AND SHUT1 FAlL
AB BY SUPPORT ~ M AND SHUT1 FAlL
AB BY SUPPORT ~ M SHUTI AIN SNT2 FAlL
AC BY SUPPORT, M, AB AND SNT2 FAIL
AB, BY SUPPORT, M, AC AND SHUTI FAlL
SNT 1 UNAVAIL
AC BY SUPPORT,M, ABg SHUT1 ~ SHUT2 FAIL
M AND AB BY SUPPORT ~ SNT1 FAlLS
M AND AB BY SUPPORT, SNT1 AND SHUT2 FAlL
M AND AB BY SUPPORT, AC AIO SHUT1 FAlL
M NO AB BY SUPPORT, AC SNT2 AND SNT1 FAlL
ALL PREVIOJS TRAINS BY SUPPORT, AND NO NORHAL
PNJER
BOTH NORHAL SUPPLIES UNAVAIL
ONE PREVINJS TRAIN FAlLS
M OR AB FAlL, SHUT2 FAlLS
AC FAILS AND SNT2 UNAVAIL
M OR AB FAlL, SHUTI FAlLS
AC FAlLS, SNT1 UNAVAIL
no description entered

Top Event: Al
Description: No Description

AIF 1.0000E+00 NJARANTEED FAILED

Top Event: BVR
Description: No Description

BVR1
BVRF

1.3770E.02
1.0000E+00

ALL SUPPORT AVAIL.
G.F.

Top Event: CO

Descriptiont No Description
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C01 1 3961E.03 'LLSUPPORT AVAILABLE
C02 1 o3940E-03 UB42C UNAVAILABLE
C03 3.0003E-03 UB428 B UB42C UNAVAILABLE
CDF 1.0000E+00 GUARANTEED FAILURE

Top Event: CDA
Deacription: No Deacription

COA1 0.0000E+00 CNNENSATE AVAILABLE
COAF 1 0000E+00 CONDENSATE NOT AVAILABLE

Top Event: CIL
Deacript ion: PR INARY CONTAINNENT

ISOLATION FAILURE - LARGE
(P3 INCHES)

CIL1 3.6609E.06 PCIS LARGE FAILURE, ALL SUPPORT AVAIL.
CIL2 5.5952E.04 PCIS LARGE FAILURE, PLANT CONTROL AIR UNAVAIL~

CILF 1.0000E+00 PCIS LARGE G.F.

Top Event: CIS
Description: CONTAINHENT ISOLATION

FAILURE QIALL BYPASS
(N INCHES)

CIS1 6 8636E 04 PCIS QIALL FAILURE~ ALL SUPPORT AVAIL~

CISF 1 ODODE+00 PCIS G.F

Top Cvent. CRD
Oeacription: No Oeacription

1.3351E.03

4 4008E.02

2.0415E.01

2.0249E.01

1.0000E+00

NORMAL POST SCRAN VESSEL INJECTION (ONE PWP)
REQUIRED FOR 24 HNJRS SUPPORTS FOR BOTH PWPS
AVAIL
NORHAL POST-SCRAN VESSEL INJECTION (ONE PWP)
REQUIRED FOR 24 HOURS SUPPORTS FOR PWP 2A ~

AVAIL AND SUPPORTS FOR PWP 1B FAILED
ENHANCED CRDHS VESSEL INJECTION (TNO PWPS)
REQUIRED FOR THE FINAL 18 HNJRS OF THE 24 HOUR

NISSION TINE - ALL SUPPORTS AVAIL.~
ENHANCED CRDHS VESSEL INJECTION (TNO PWPS)
REOJIRED FOR 24 HmlRS ALL SUPPORTS AVAIL
CRDHS VESSEL INJECTIOI (ENHANCED AND NORHAL

POST SCRAH) FAILED DUE TO SUPPORT SYSTEN FAILURE
OR DUE. TO PLANT CONOITIONSe

Top Event. CS
Deacription: CORE SPRAY SYSTEN

CS10
CS11
CS12
CS13
CS14
CS15
CS16
CS2

1.9948E.03

1.0336E.03
7.3443E.03
8.3427E.03
1.1226E.03
1.2452E.03
7.6652E-03
8.7562E 03
2.1252E 03

CORE SPRAY FAILURE SUPPORT FOR BOTH LOOPSI TOP

EVENT ORP<S
CORE SPRAY
CORE SPRAY
CORE SPRAY
CORE SPRAY
CORE SPRAY
CORE SPRAY
CORE SPRAY
CORE SPRAY FAILUREJ SUPPORT FOR BOTH LOOPS TOP

EVENT ORP<F
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CSS
CS6
CS7
CSB
CS9
CSF

3.5519E.02

3.5639E 02

9.0062E.04
9.9380E-04
2.6615E 02
2.7924E.02
9.9322E.04
1.0000E+00

CORE SPRAY FAILUREI SUPPORT FOR ONE LOOP UNAVAIL I
TOP EVENT ORP~S
CORE SPRAY FAILURE; SUPPORT FOR ONE LOOP UMAVAIL.I
TOP EVENT ORP>F
CORE SPRAT
CORE SPRAY
CORE SPRAY
CORE SPRAY
CORE SPRAY
CORE SPRAY G.F

Top Event: CST
Description: No Description

CST1 3.8074E.05 UNAVAILABILITYOF CST
CSTF 1.0000E+00 GUARANTEED FAiLURE

Top Events
Descrfptfor eo Description

DA1
DA2
DAF

2.087. "-S
1.54c '.-03
T.NX -.~

ALL SUPPORT AV.
AC PONER UMAVAIL~

GUARANTEED FAIL

Top Events B
Descriptfo No Descrfptfon

DB1
0$2
DBF

2.04< .S
1.519"'3
1.000 r+00

ALL SUPPORT AV.
AC PONER UNAVAIL~
GUARANTEED FAIL,

Top Event:
Descrfptfon:,vo Description

DC1 2.0467'..03 ALL SUPPORT AV.
DC2 1.50726.03 AC PONER UMAVAIL.
OCF 1.0000E+00 GUARANTEED FAlL.

Top Event: OCA
Description: ORYMELL CONTROL AIR

DCA1 4.1526E-03
DCA2 2.4318E-02

DCAF 1 0000E+00

ALL SUPPORT AVAIL.
UNAVAILABILITYOF DCA SYSTEM GIVEN SUPPORT TO ONE
CNIPRESMR TRAIN AVAIL
G F GIVEN PCA~Fi RBC~Fi ~fi OM~Fi RH~FeRI~F

Top Event: N
Description: No Description

DD1
DD2
DDF

2.0141E.03
1.5425E.03
1.NODE+00

ALL SUPPORT AV.
AC POUER UMAVAIL.
GUARANTEED FAIL~

Top Event: DE
Description: No Description

DE1
DE2
OEF

4.9570E-S
4.6501E-03
1.0000E+N

ALL SUPPORT AV,
AC POMER UNAVAIL.
GUARANTEED FAlL.
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Top Event. DF
Description: No Description

DF1 3.1963E 03 ALL SUPPORT AV.
DF2 2.6116E 03 ~ AC POUER UNAVAIL.
DFF 1.0000E+00 GUARANTEED FAlL»

Top Event f OG

Descriptionr No Description

DGA 4.9311E.03 ALL SUPPORT AV.
DG8 4»4975E 03 AC PQIER UNAVAIL»
DGF 1.0000E+00 GUARANTEED FAIL.

OH1
DH2
DHF

':. Event OH
I"~crfptfonr No Deacr:otfon

5.0S2E-03 ALL SUPPORT AV.
4.4485E-03 AC POMER UNAVAIL»
1 0000E+00 GUARANTEED FAIL»

Event: Dl
crfption: No Descf otfon

Dli 5.0570E.04 m description entered
D12 1.4530E-02 m description entered
OI3 2.1660E-02 no description entered
0 IF 1.0000E+00 G ~ F

To" Events DJ
Dc.;=ription: No Deacrlntfon

DJ1
DJ10
DJ11
DJ2
DJ3
DJ4
DJS
OJ6
OJ7
DJ8
DJ9
DJF

5.0510E.04
8.7840E.01
1A530E 02
1.4710E.02
1.4780E.02
2.1630E.02
9.0280E.S
1.6200E-S
2.2570E.03
2.8690E-S
7.1290E-02
1.0000E+00

no descrf ption
no descr fptfon
no descript fon
no description
no description
no description
no description
no description
no description
no description
no description
G.F.

enter ed
cfltef'cd
entered
crlter'cd
en'tc I'cd
entered
cntcl'cd
entered
ctltel'cd
cfltcr'cd
entered

Top Event: DK
Descrfptionf No Description

DKI
OKF

1.3840E-02
1.0000E+00

no description entered
no description entered

Top Event: DL
Description: No Description

DL1
DL2
DL3
DLF

1 AOIOE.02
1.9190E. 03
1.3840E.02
1. 0000E+00

no description entered
no descr iptfon entered
no description entered
no description entered
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Top Event: DN
Description: No Description

DN1
DN2
DN3
ONF

2.2495E.04
3.3726E.04
1.8957E-03
1.0000E+00

ALL SUPPORT AVAIL
A3EC SUPPORT UNAVAIL»
AC SUPPORT UNAVAIL~

G.F,

DN1
ON2
DN3
DNF

Top Event: DN

Description: No Description

1 2147E-04 ALL SUPPORT AVAIL~

2.2887E 04 A3EA UNAVAIL~

1 ~ 1079E-03 AS UNAVAIL~

1.0000E+00 G.F.

Top Event: DO

Descript(ant No Description

DO1
002
D(6
OOF

1.2147E-04
2.2887E.04
1»10":9E-03
1.0090E+00

ALL SUPPORT AVAIL
AC SUPPORT UNAVAIL»
AD SUPPORT UNAVAIL»
G.F,

Tco Event: DT1

Descript la".t No Description

DT11 4.0&30E-06 UNAVAILABILITY OF ORYMELL DIVISION I INSTR'(ENT
TAPS

Top Event: DT2
Description: No Description

DT21 4.0320E 06 UNAVAILABILITYOF DRYMELL DIVISION 11 INSTRWENT
TAPS

Top Event: DV1
Description: No Description

DV11
DV12

OV18
DV1F

4.8650E.03
8.4020E 03

0.0000E+00
1.0000E+00

LOOP B RDVC FAILED - ALL SUPPORT AVAIL
LOOP B RDVC FAILURE - 250V DC RHOV BD 2A OR 28
UNAVAIL.
G.S /BYPASSED
G.F.

Top Event: DV2

Descriptions No Description

DV21 4.5200E.03

OV210 4.3410E-01

DV2'l1 5.6850E 03

DV212 9.1560E.03

DV22 6.6070E 02

OV1 SUCCESS/ DC POMER (RB,RC) AND DC POMER (DBQDB)
AVAIL.
DV1 FAILED, ONE DC POMER (RB OR RC) ANO ONE OC

PDMER (DB OR DO) AVAIL.
DV1 BTPASSED, OC POMER (RB,RC) AND ONE DC POMER

(DB OR DD) AVAILS
DV1 BYPASSED, ONE OC POMER (RB OR RC) AND ONE DC
POMER (DB OR DD) AVAIL
DV1 FAILED, DC POMER (RB,RC) ANF DC POMER (DB,DD)
AVAIL.
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DV24

DV28
DV2F

4.7450E-03

4.230E.01

4.8200E-03

8.3450E.03

5.3820E-03

6.7760E.02

5.5550E.03

0.0000E+00
1.0000E+00

DV1 SUCCESS, ONE DC PQJER (RS OR RC) NO DC PQKR
(DS,DD) AVAIL.
DVl FAILED, ONE DC PQKR (RB OR RC) ANF DC PQKR
(DB,DD) AVAIL.
DVl BYPASSED, DC PQKR (RB,RC) AMD DC POMER

(DB,DD) AVAIL
OV1 BYPASSED, ONE DC PQJER (RS OR RC) ANO DC POWER

(DB,DD) AVAIL.
DV1 SUCCESS/ DC PQKR (RB,RC) AND ONE DC PQIER (DS
OR DB) AVAIL.
DV1 FAILED, DC POMER (RB,RC) AND ONE DC PQJER (OS
OR DD) AVAIL
DV1'UCCESS, ONE OC POMER (RB OR RC) AMO ONE DC
PQKR (DB OR DD) AVAIL.
GoSoFULL
G.F.

Top Event: DM
Description: No Description

DMF

5.2964E 05

4 9566E 03

1.0000E+00

INAVAILABILITYOF SAI DRYMELL PRESSURE SIGNAL
GIVEN ALL SUPPORT AVAIL~

UNAVAILABILITYOF SAI DRYMELL PRESS SIGNAL GIVEN
NO DIVISION I OR ll SUPPORT
G.F. OF CAS LQI RX PRESSURE SIGNAL

Top Events OMP
Description: No Description

DMP1 2.831'lE 05

DMP2 3.2848E-03

DMPF 1,0000E+00

INAVAILABILITYOF FAlL SAFE DRYlKLL PRESS SIGNAL-
NO DM INSTR TAP FAILURE
UNAVAILABILITYOF FAlL SAFE DRYMELL PRESS SIGNAL
DIV I OR Il DM INSTR TAP FAILURE
G+F. OF CAS LQI RX PRESSURE SIGNAL

Top Event: OMS

Description: DRYlJELL SPRAY INRDlJARE

DMS1 1.8223E.03
DMS2 2.2119E-02
DMS F 1.0000E+00

DRYMELL SPRAY FAILURE ALL SUPPORT AVAIL.
DRYMELL SPRAY FAILURE, ONE LOOP SUPPORT FAILED
DRYMELL SPRAY G.F ~

Top Events EA
Descriptiont No Description

EA1
EJ6
EAF

8.0190E-04
3.7380E-03
1,0000E+00

EECM PLNP A3, ALL SUPPORTS AVAIL
EECM PLNP A3, OFFSITE POMER UMAVAIL
G.Fi

Top Event: ES
Descr iption: No Description

EB1

'S10

EB11

ES12

ES13

7.9080E.04

3.6970E 03

1.4570E.02

3.7380E-03

2. 1650E-03

EECM PLNP 83, ALL SUPPORTS AVAIL.~ PINPS A3 AND C3
SUCCESS
EEQI PINP 83, OFFSITE PQKR UMAVAIL., A3 G.F. AND

C3 SUCCESS ~ OR C3 G F ~ ~ AND A3 SUCCESS
EEQJ PUMP B3, OFFSITE PQJER UNAVAIL.~ A3 G.F. AND
C3 FAlLS, OR A3 FAlLS AND C3 G.F.
EECM PNlP 83, LOSS OF OFFSITE POMER, BOTH A3 AND

C3 G.F ~

EECM PNlP 83, PNIP A3 SUCCESS, PINP C3 FAILS
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E$ 14

E815

E$ 2
E$3

EB5

EB7

E$9

EBF

8.2230E-S

7.9590E.04

6.3160E.S
1.6530E.01

?o9520E.04

2.5880E.S

8.01908.04

3.6670E-S

1.19708.02
'I

1.93208 01

1.MME+00

EECM ~ $3, A3 FAlLS, C3 G.F ~ OTHER SUPPORTS
AVAILS
EECM PQO $3, A3 SUCCESS/ C3 Gof ~ OTHER SUPPORTS
AVAIL~

EECM PINP $3, PLNP S SUCCESS, PQIP A3 FAlLS
EECM PQiP I6g BOTH PQIPS A3 AND C3 FAIL, OTHER
SUPPORTS AVAIL.
EECM PINP I6, PINP A3 G F. ~ PINP C3 SUCCESS, OTHER
SUPPORTS AVAIL.
EECM PINP I6, PINP A3 G.F, PINP C3 FAILS, OTHER
SUPPORTS AVAIL.
EECM PWP !6, BOTH PINPS l3 AND C3 G.F., OTHER
SUPPORTS AVAIL
EECM PLNP I6, OFFSITE POKER INAVAIL ~ BOTH PQIPS
A3 AND C3 SUCCESS
EECM PQIP I6 g OF FS ITE POMER WAVAIL ~ A3 FAILS AND
C3 SUCCESS, OR C3 FAlLS ANO A3 SUCCESS
EECM PQIP $3 ~ OF FS ITE POKER INAVAIL ~ BOTH PLNP A3
AND C3 FAlL
EECM PINP 83 GUARANTEED FAlLS

EC2
EC3
EC4
ECF

Top Event! EC
Description: No Description

3.7120E.03 EECM PINP C3, ALL SUPPORTS AVAIL.
3.7180E.03 EECM PWP C3, A3 G.F. ~ ALL SUPPORTS AVAIL
1e2000E 02 EECM PWP C3~ A3 FAILS~ ALL SUPPORTS AVAIL~

1 0000E+00 EECM PINP $3 G.F,

Top Event: ED
Description: No Description

ED10

ED11

ED12

ED'13

E014

E015

ED16

ED17

1.0100E-02

1.381 0E.02

1.9570E 01

2A120E-01

1.2000E.02

1.4280E.02

3.7180E.S

9.?680E.S

3.67ME-S
1.3670E.02

7.7650E.02

3.7070E-S

9A090E 03

3.6740E.03

6.6260E-02

3.6?90E-03

7.9160E-01

'I

EECM PQIP D3~ C3 G F ~ (A3 SUCCESS 83 FAILS) OR

(I6 SUCCESS A3 FAlLS)~ ALL SUPPORTS AVAIL,
EECM PWP 03~ C3 FAILS~ (A3 SUCCESS OR I6 GoF ) OR

(A3 G.F I6 SUCCESS), ALL SUPPORTS AVAIL~

EECM PINP D3, C3 FAILS, (A3 FAILS I6 G.F.) OI (A3
G.F, l6 FAlLS), ALL SUPPORTS AVAIL.
EECM PINP D3, C3 G.F., BOTH A3 I6 FAIL/ ALL
SUPPORTS AVAIL.
EECM PINP 03~ C3 G F ~ (A3 Qo F 16 FAILS) OR (A3
FAlLS 83 Q.F ) ~ ALL SUPPORTS AVAIL
EECM PWP 03~ C3 FAILS, l3 I6 Q.F ~ ALL SUPPORTS
AVAIL
EECM PINP D3, ALL A3 83 C3 G.F ~ ALL SUPPORTS
AVAILS
EECM PWP D3, C3 SUCCESS, (A3 Q.F. $3 FAlLS) OR

(A3 FAlLS 83 G.F ~ ) ~ ALL SUPPORTS AVAIL.
EECM PINP D3, ALL SUPPORT AVAIL.
EECM PQIP 03, C3 FAlLS A3 AND $3 SUCCESS, ALL
SUPPORTS AVAIL
EECM PINP D3, C3 FAILS, (A3 FAlLS l6 SUCCESS) OR

(l6 FAlLS A3 SUCCESS), ALL SUPPORTS AVAIL.
EECM PINP D3, C3 G.F. ~ A3 I6 SUCCESS, ALL SUPPORTS
AVAIL+
EECM PINP 03, A3 FAlLS l6 AND C3 SUCCESS/ OR 83
FAlLS A3 AND C3 SUCCESS, OTHER SUPPORTS AVAIL.
EECM PWP D3, C3 SUCCESS, (A3 SUCCESS AND I6 G.F.)
OR (A3 G.F AND I6 SUCCESS), ALL SUPPORTS AVAIL~

EECM PINP D3, A3 AND I6 FAIL C3 SUCCESS, ALL
SUPPORTS AVAIL
EECM PQIP D3, C3 SUCCESS/ A3 AND I6 Q.F., ALL
SUPPORTS AVAIL
EECM PWP D3, A3 I6 C3 ALL FAlL, ALL SUPPORTS
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3.7120E.O3

1.0000E+00

AVAIL.
EECN PNIP 03, C3 G,F i (A3 SUCCESS 83 G f ) OR (A3
G.f~ 83 SUCCESS), ALL SUPPORTS AVAILS
EECN PNIP 03 G.F.

Top Event: EPR30
Description: No Description

EPR301
EPR302
EPR303
EPR304
EPR308

4.7500E.01
4.7300E.01
4.7200E-01
4.7000E.01
0 0000E+00

OFFSITE GRID RECOVERT, ONE DIESEL FAlLS
"'OFFSITE GRID RECOVERY, TQO DIESELS FAlL
OFFSITE GRID RECOVERY'HREE DIESELS fAlL
OFFSITE GRID RECOVERY~ FOUR DIESELS FAlL
G.S

Top Event t EPR6
Description: No Description

EPR61 2 7200E-01
EPR62 2 7300E.01
EPR63 2.6900E.01
EPR64 2.6800E.01
EPR68, 0 0000ENO

OFFSITE GRID RECOVERY, ONE DIESEL FAILS
OFFSITE GRID RECOVERY, Tlo DIESELS FAlL
OFFSITE GRID RECOVERT, THREE OIESELS FAlL
OFFSITE GRID RECOVERY FOUR DIESELS FAlL
G.S+

Top Events FA
Description: No Description

FA1
FAB
FAF

1.5900E.02
0.0000E+00
1.0000E+00

ALL SUPPORT AV»
BYPASS
Gaff

Top Events fB
Description: No Description

FB1
F82
FBB
FBF

1.5830E 02
2.0290E-02
0.0000E+00
1 0000E+00

FA SUCCESSFUL
FA FAILS
BYPASS
G.F.

Top Event: FC
Description: No Description

FC1
FC2
FC3
FCB
FCF

1.5830E.02
1.5830E-02
2.3570E-01
0 0000E+00
1 0000E+00

FA, FB SUCCESSFUL
FA OR FB FAlL
FA AND FB FAIL
BYPASS
Gof ~

Top Event: FD
Description: No Description

FD1
FD2
FD3
FD4
FDB
FDF

1.5830E-02
1.5830E-02
1.5830E.02
9.4870E-01
0.0000E+00
1.0000E+00

FA, FB, FC SUCCESSFUL
FA OR FB OR FC FAIL
Tlo PREVIOUS TRAINS FAlL
FA, FB, FC FAlL
BYPASS
G.f.

Top Event: FE
Description: No Description
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FE1
FES
FEF

1.5900E.02
0.0000E+00
1.0000E+00

ALL SUPPORT AV.
BYPASS
G.F.

Top Event: FF
Descriptiont No Description

FF1
FF2
FFB
FFF

1.5830E-02
2.0290E.02
0,0000E+00
1.0000E+00

FE SUCCESSFUL
FE FAILS
BYPASS
G ~ Fo

Top Events FG
Description: No Description

F01
FG2
FG3
FGB
FGF

1.5830E 02
1.5830E.02
2.3570E.01
0.0000E+00
1.0000E+00

FE, FF SUCCESSFUL
FE OR FF FAlL
fE AND FF FAlL
BYPASS
G.F

Top Event! fH

Descriptlont No Description

FH1
FH2
FH3
FH4
FHS
FHF

1.5830E.02
1.5830E-02
1.5830E-02
9A870E.01
0.0000E+00
1.0000E+00

FE, Ff, FG SUCCESSfUL
fE OR FF OR FG FAIL
TLN PREVILSIS TRAINS FAlL
FE, Ff, FG FAIL
BTPASS
G.F

Top Event: F INTR
Description: No Description

FIMTRF 1.0000E+00 FIRE MATER NOT AVAILABLE
FIMTRS 0.0000E+00 FIRE MATER AVAILABLE

Top Event: FMA

Deacrlptlont No Description

FMA1 0.0000E+00 FEEDMATER AVAILABLE
FMAF 1oOOOOE+00 FEEDMATER NOT AVAILASLE

Top Event: RC
Description: No Description

RCI Be6480E 05 ALL SUPPORT AVAILABLE
FLC2 2ABOOE 04 OPERATOR FAlLS TO TRIP 2/3 FM PLNPS

RCF 1.0000E+00 GUARANTEED FAILURE

Top Event: FMH

Description: No Description

3.1420E.03 ALL SUPPORT AVAILABLEUNDER ONE OF TNREE HFM PLNPS

RUNNING CONDITION

2A606E 02 ALL SUPPORT AVAILABLEUNDER ONE OF ONE NFM PLNP

(ASSQLED PLNP A) RUNNING CONDITION

1.0000E+00 GUARANTEED FAIL
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Top Event: GA
Description: No Description

GAl
GAB
CAF

1 4180E 01
0 0000E+00
1.0000E+00

ALL SUPPORT AVAIL.
BYPASS
C.Fo)

Top Event. GB

Description: No Description

CB1
CB2
C83

CBF

1.3910E.01
1.5790E.01
1 4180E.01
0.0000E+00
1.0000E+00

ALL SUPPORT AVAIL
GA FAlLS
GA FAlLS BY SUPPORT
BTPASS
GoFo

Top Event: GC
Description: Mo Description

GC1
CC2
CC3
GC4
CCS
GC6

GCF

1 3940E.01
1.3750E.01
1.3910E-01
2.6680E-01
1.5790E.01
1 4180E-01
0.0000E+00
1.0000E+00

ALL SUPPORT AVAIL.
ONE PREVIOJS TRAIN FAiLS
ONE TRAIN FAlLS BY SUPPORT
TIN PREVIOJS TRAINS FAlL
ONE TRAIN FAlLS BY SUPPORT AND ONE INDEPENDANT
TIN TRAINS FAlL BY SUPPORT
BYPASS
C.F.

Top Event: GD
Description: No Description

CD1
GD10
CD2
GD3
CD4
GDS

CD6
G07
G08
CO9
CDB
GDF

1.415 0E-01
1 41808-01
1.2650E.01
2.0630E.01
4.3290E-01
1.3940E-01
1.3750E 01
2.6680E.01
1.3910E.01
1.5790E.01
0.0000E+00
1.DOME+00

ALL SUPPORT AVAIL
THREE FAlL BY SUPPORT
ONE PREVIOJS TRAIN FAILS
TND PREVIOJS TRAINS FAIL
TNREE PREVIQJS TRAINS FAIL
ONE TRAIN FAlLS BT SUPPORT
ONE TRAIN FAlLS BY SUPPORT NO ONE INDEPENDANT
ONE TRAIN FAlLS BY SUPPORT AND TIJO INDEPEMDANTLY
TINI FAlL BY SUPPORT
TINI FAlL BY SUPPORT AND ONE INDEPENDANTLY
BTPASS
G.F.

Top Event: GE

Description: No Description

GE1
GEB
GEF

1.7420E.01
O.MODE+00
1,MODE+00

ALL SUPPORT AVAIL~

BYPASS
G F.

Top Event: CF
Descriptiont Mo Description

GF1
GF2
GF3
GFB
GFF

1.7470E-01
1.7190E.01
1.7420E.01
0.0000E+00
'1.0000E+00

ALL SUPPORT AVAIL.
GE FAlLS
GE FAlLS BY SUPPORT
BYPASS
G.F
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Top Event: GG

Description: No Description

GG1
CQ2
CC3
GC4
CG5
GQ6

GGF

1.7860E.01
1.5QDE 01
1.747DE-01
2A680E.01
1.7190E.01
1.7420E.01
0.0000E+00
1.0000E+00

ALL SUPPOR'I AVAIL
ONE PREVINIS TRAIN FAlLS
ONE TRAIN FAlLS BY SUPPORT
TIN PREVIOUS TRAINS FAlL
ONE TRAIN FAlLS BY SUPPORT AND ONE INDEPENDANT
TIN TRAINS FAIL BY SUPPORT
BYPASS
0 F

Top Event( CH
Description: No Description

GH1
QH10
GH2
GH3
GH4
GH5

GHB
GHF

1.8540E-01
1.7420E.01
1A730E.01
1.?860E.01
2 0520E 01
1.5QDE 01
1.7470E.01
3.7360E.01
2A680E-01
1.7190E-01
0.0000E+00
1.0000E+00

ALL SUPPORT AVAIL.
THREE FAIL BY SUPPORT
ONE PREVIOUS TRAIN FAlLS
NIE TRAIN FAlLS BY SUPPOR'I
TIN PREVINIS TRAINS FAlL
ONE TRAIN FAlLS BY SUPPORT AND ONE INDEPENDANT
TIN FAlL BY SUPPORT
THREE PREVINJS TRAINS FAIL
ONE TRAIN FAILS BY SUPPORT AND TIJO INDEPENDANTLY
TIN FAlL BY SUPPORT AND ONE INDEPENDANTLY
BYPASS
G.F.

Top Event: HPI

Description: SHORT TERN HPCI OPERATION

HP11

HP12
HP13

HP14
HP15

HP16
HPIF

8.5600E 02

8.5020E.02
1.1240E.01

1.0990E.01
8.7400E.02

8.6670E.02
1.0000E+00

HPCI FAILUREI GIVEN RCINS'HS>F (H(NEL ASSNES
DNNF)
HPCI FAILUREI GIVEN RCI& NO OHMS
HPCI FAILURE) GIVEN RCI>F, ONSELF (H(NEL ASSNIES
OI¹F)
HPCI FAILURE; GIVEN RCI>F AND OHSsS
HPCI FAILNEI GIVEN RCI<B, OHS>F (INL ASSNES
Di¹F)
HPCI FAILURE GIVEN RCI& AND OHSsS
HPCI GUARANTEED FAILURE

Top Event: HPL
Description: HPCI LONG TERN FAILURE

HPL1

HPL2
HPL3
HPL4
HPL5
NPL6
HPLF

1.6800E.02

8.2230E 02
8.3410E.02
1.3650E.01
1.8020E 02
8.8030E.02
1.0000E+00

HPCI FAILNE LONG TERH, GIVEN SUCCESS OF
RCIC(RCL+S) NO EARLY OPERATOR CONTROL OF

HPCI/RCIC (OHC>S)
HPCI FAILURE LONG TERN, RCLNS Ae OHC~F

HPCI FAILURE LONG TERN, RCL~F AND OHC~S

HPCI FAILNE LONG TERH, RCL>F ND OHC>F

HPCI FAILURE LONG TERN, RCL>B(BYPASSED) AND OHC>S

HPCI FAILURE LOIG TERH, RCL<B AND OHC>F

HPCI GUARANTEED FAILURE LONG TERH

Top Event: HR

Description: HARDNARE REQUIRED TO KEEP

HPCI/RCIC RUNNING GIVEN
SPC FAiLURE
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HRF 1 0000E+00 QJARANTEED FAILURE

Top Event HR6
Description: SMITCH TO TRACT STATUS OF

HP C I/RCIC

HR6F

0.0000E+00

1.0000E+00

QJARANTEED SUCCESS MHEN TOP EVENT OHC IS
SUCCESSFUL
QJARANTEED FAILURE MHEN HPI AND RCI ARE FAILED OR
OHC IS FAILED

HRC1
HRC2
HRC3
HRC4
HRCS
HRC6
NRCF

Top Events HRC
Description: RCIC/HPCI CONTROL

HARDMARE

5.65548.04 HARDMARE FOR CONTROL OF RCIC 8 HPCI
8,6574E 03 HARDMARE FOR CONTROL OF RCIC ONLY
3.0573E 04 HARDMARE FOR CONTROL OF HPCI ONLY
8.7362E.03 CON'IROL OF HPCI/RCIC
3.0261E 04 CONTROL OF HPCI/RCIC

~ 7.7013E 03 CONTROL OF HPCI/RCIC
1.0000E+00 GUARANTEED FAILURE

Top Event t HRL
Description: HPCI/RCIC LONG TERN DINIY

TREE

HRLO

HRLF

0.0000E+00

1.0000E+00

GUARANTEED SUCCESS IhlEN TOP EVENT OHL IS
SUCCESSFUL
GUARANTEED FAILURE MHEN HPL AND RCL ARE FAILED OR
OHL IS FAILED

Top Event: HS
Description: No Description

HSD
HS1

HSF

0.0000E+00
3.2300E.03

1.0000E+00

FEEDMATED AVAULABLE
OPERATOR RECOVERS IIAIN CONDENSER DURING REACTOR
BUILDING FLOQ) FROI TORUS
FEEDMATER NOT AVAILABLE

Top Event: IRBI
Description: No Description

IRBII 7.0813E.04 GIVEN ALL SUPPORT AVAIL.
HUN2 4.3520E-04 GIVEN ALL SUPPORT AVAIL. EXCEPT A3ED (TRAIN C)
IRW3 5.1983E 04 GIVEN ALL SUPPORT AVAIL EXCEPT RN (TRAIN 8)
HQIF 1.0000E+00 G. F ~

Top Event: HXA
Description: RHR HEAT EXCHANGER A

HXA1 5.4880E.03 HX A FAILURE ALL SUPPORT AVAIL~

HXA2 8.7390E 03 HX A FAILURE ALL SUPPORT AVAIL. FOLLOMING
OOFSITE POER RECOVERY MITHIN 6 HOURS

HXAF 1.0000E+00 RHR HX A G.F.

Top Event: HXB
Description: RHR HEAT EXCHANGER 8
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HX$1 5.2700E-03
HX$2 2 0830E 02
HX$3 5.3540E 03
HX$4 2.9810E.02

HX$5 3.2200E-01
HX$6 5A880E-03
HX$7 8.7160E-03

HXSF 1+DODGE+00

RHR HX B FAILURE ALL SUPPORT AVAIL.~ HXA t HXC >S
RHR HX 8 FAILURE GIVEN HXA>F OR HXCaF
RHR HX 8 FAILURE GIVEN HXA>$ OR HXCA
RHR HX B FAILNE GIVEN HXA>F t HXC>B OR HXA<$ t
HXCRF

RHR HX 8 FAILURE GIVEN HXAsF t HKC>F
RHR HX 8 FAILURE GIVEN HXA& t HXCA
RHR HX 8 FAILURE ALL SUPPORT AVAIL, HXA t HXC <S
- FOLLOJING RECOVERY OF OFFSITE POJER IJITHIN 6
HNJRS
RHR HX B C.F.

Top Event: HXC
Description: RHR HEAT EXCHANGER C

HXC1 5.3540E-03
HXC2 2.9810E.02
HXC3 5.4880E.03
HXC4 8.5850E 03

HXCF 1.0000E+00

RHR HX C FAILURE ALL SUPPORT AVAIL ~ HXA>S
RHR HX C GIVEN HXA<F
RHR HX C FAILURE GIVEN HXA>B
RHR HX C FAILURE ALL SUPPORT AVAIL, INA>S-
FOLLNJING RECOVERY OF OFFSITE POJER IJITHIN 6 HONS
RHR HX C G.F

Top Event: HXD

Description RHR HEAT EXCHANGER D

HXD10
HXD11

IDN2
HXD3
HXD4

HXDS
HXD6

IDN7
HXDS
HXD9

5.2080E.03

5.4880E 03
BASODE 03

5.2700E.03
1.7120E-02
2.0830E.02

1.9510E.01
3.2200E.01

5.891 0E-OI
5.3540E.03
2.9S10E 02

1.0000E+00

RNR HX 0 FAILURE ALL SUPPORT AVAIL ~ HXAg HXB t
HXC eS
RHR HX D FAILURE GIVEN HXA~B t NXC~S t NN~B
RHR HX 0 FAILURE ALL SUPPORT AVAIL.~ HXAg HXS t
HXC W - FOLLOJINQ OFFSITE POMER RECOVERY
RHR HX D FAILNE GIVEN HXAA OR HXC>B OR HXS>B
RHR HX 0 FAILURE GIVEN HXA<F OR HXCef OR HXB>F ~

RHR HX 0 FAILURE GIVEN ONE PREVImJS HX BYPASS AND
ONE FAILED
RHR HX D FAILURE GIVEN TIO PREVIIXJS HX FAILURES
RHR HX D FAILURE GIVEN TIO PREVINJS HX FAILEO t
DNE BYPASSED
RHR HX D FAILURE GIVEN IlXA>F t HXC>F t HXBEF
RHR HX 0 FAILNE GIVEN TIO PREVINJS HX BYPASSED
RHR HX D FAILURE GIVEN TNO PREVIIXJS HX BYPASSED t
ONE FAILED
RHR HX D G.Fe

Top Event: IMA
Description: No Description

INAF 1.0000E+00
INAS 0.0000E+00

GUARANTEED FAILED
INTACT CONTAINMENT, UTR TO DEBRIS, DMS, AMD SPC

Top Event: INB
Description: No Description

IKSF 1.0000E+00
INSS 0.0000E+00

GUARANTEED FAILED
INTACT CONTAINMENT~ MTR TO DESRIS, DIJS, NO SPC,
VENT

Top Event. INC
Description: No Description

INC F 1.0000E+00
INCS 0.0000E+00

GUARANTEED FAILED
INTACT CONTAINMENT, IJTR TO DEBRIS, DMS, NO SPC, NO
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VENt

Top Event: IND
Description: No Description

INDF 1~0000E+00 GUARANTEED FAILED
INOS 0,0000E+00 INTACT CONTAINHENT~ UTR TO DEBRIS, NO DUB~ SPC

Top Events INE
Description: No Description

INEF 1,0000E+00 GUARANTEED FAILED
iNES 0 0000E+00 INTACt CONTAINHENT, MTR TO DEBRIS, NO DUS, KO SPC,

VENT

Top Event! INF
Description: No Description

INFF 1 0000E+00 GUARANTEED FAILED
INFS 0.0000E+00 INTACT CONTAINHENT, UTR TO DEBRIS, NO DUS, NO SPC~

NO VENT

Top Event: ING
Description: No Description

INGF 1 o DODGE+00 GUARANTEED FAILED
INGS 0.0000E+00 INTACT CONTAINNENT, NO VTR TO DEBRIS, VENT

Top Event: INH
Description: No Description

IKHF 1 0000E+00 GUARANTEED FAILED
INHS 0.0000E+00 INTACT CONTAIINENT, NO UTR TO DEBRIS, NO VENT

Top Event: ISO
Description: No Description

ISO1

ISO2

ISOF

2.2228E-04

4.2375E.03

1.0000E+M

RCIC STEANLINE ISOLATIOI FAILURE, ALL SUPPORT
AVAILABLE
RCIC STEAHLIKE 1SOLATION GIVEN SUPPORT TO FCV-71-2
OR FCV.71-3 FAILED
RCIC STEAHLINE ISOLATION GUARANTEED FAILURE

Top Event: IVC
Description: iio Description

IVCO
IVC1
IVC2
1VC3

IVCF

O.OMOE+00
7.7839E.05
4.9663E-05
5.0102E-05

1.0000E+00

G.So
ALL SUPPORT AVAIL~

LOSS OF PCA OR POKER TO THE INTBOARD VALVES
LOSS OF DCASPCA OR DCASPUR TO OUI'BD VLVS OR

PCAQ%R TO IKBD VLVS OR PUR TO INBDCOUTBD VLVS
GUARANTEED FAIL

Top Event: IVO
Description! No Description

IV01 1.1620E-15 ALL SUPPORT AVAIL.
IVOB 0,0000E+00 BYPASSED
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IVDF 1.0000E+00 G.F.

Top Event: JA
Deacrfptfont No Descrfption

JAF
JAS

1.0000E+00
0,0000E+00

GUARNITEED FAILED
BYPASS CNITAINNENT, IJTR TO DEBRIS

Top Event! JC
Oeacriptiont No Description

JC1
JC2

4A860E-02
2. 6690E. 04

BYPASS UNAVAILABLEGIVEN LC HARDVARE FAILURE
BYPASS UNAVAILABLEGIVEN LC SUPPORTS FAILED

Top Event: JH
Deacrfptlont No Description

JHF
JHS

1.0000E+00
0.0000E+00

GUARANTEED FAILED
BYPASS CONTAINXENT, NO llTR TO DEBRIS

Top Event t KC
Description: 'No Description

KCF
KCS

1.0000E+00
0.0000E+00

GUARANTEED FAILED
EARLY CONTAINNENT, WR TO DEBRIS, DWS

Top Event t KF
Oescrfptfont No Description

KFF
KFS

1.0000E+00
0.0000E+00

GUARANTEED FAILED
EARLY CONTAINNENT~ VTR TO DEBRIS, NO DNS

Top Event: KH
Description: No Descrfptfon

KHF
KHS

1.0000E+00
0.0000E+00

GUARANTEED FAILED
EARLY CONTAINHENT, NO VTR TO DEBRIS, NO DNS

Top Event: L8F
Description: No Description

LBFO 0.0000E+00 GUARANTEED SUCCESS
LBF1 6.8261E 03 ALL SUPPORT AVAILABLE
LBF2 8.5858E 03 LOOP II VESSEL INTRIHIENT TAPS UNAVAILABLE
LBFF 1.0000E+00 GUARANTEED FAILURE

Top Event: LBH
Description: LEVEL 8 TRIP OF RCIC/HPCI

L8H1 2 7872E 02 LEVEL 8 TRIP, ALL SUPPORT AVAILABLE
LBH2 1.1184E.02 LEVEL 8 TRiP, HPCI ONLY

LBH3 1.6763E.02 LEVEL 8 TRIP, RCIC ONLY

LBHF, 1.0000E+00 LEVEL 8 TRIP, GUARANTEED FAILURE

Top Event: LBTR
Description: No Description
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LBTR1 6.8250E 03, ALL SUPPORT AVAILABLE
LBTR2 8.5850E-03 LOOP I I VESSEL INSTRSNSENT TAPS UNAVAILABLE
LBTRF 1 0000E+00 GUARANTEED FAILURE

Top Event: LC
Descriptions Ko Description

LC1
LCF

5.8080E.S
1.0000E+00

STARTUP LEVEL CONTROL FL(NJPAYH UNAVAILABLE
OUARANTED FAILS

Top Event. LEC
Descriptions No Description

LECF 1 0000E+00 GUARANTEED FAILED
LECS 0.0000E+00 LATE CONTAINHENT, VIR TO DEBRIS, OMS

Top Event: LF
Descriptions No Description

LFF
LFS

1.0000E+00
0.0000E+00

GUARANTEED FAILED
LATE CONTAINHENT, UTR TO DEBRIS, NO DUS

Top Event: LH
Descriptions No Description

LHF
LHS

1.0000E+00
0.0000E+00

GUARANTEED FAILED
LATE COITAINHENT, NO UTR TO DEBRIS, NO DMS

Top Event: LH1
Descriptions No Description

LH11 2.0690E-03 ALL SUPPORT AVAIL.
LH1F 1 0000E+00 G.F

Top Events LH2
Description: No Description

N21 2.0510E-S

UQ2 1.0670E-02

N2F 1.0000E+00

FAILURE OF HSIV LM RX LEVEL 1 SIGNAL (568) GlVEN
Ui1 SUCCESS
FAILURE OF HSIV LOU RX LEVEL 1 SIGNAL (568) GIVEN
Uil FAILED
G.F

Top Event: N3
Descriptions No Description

2.$ 50E.S

9.8830E.03

8.3430E.02

2.0690E-S

1.0000E+00

FAILURE OF HSIV LOU RX LEVEL 1 SIGNAL (56C) - LH1
AND LH2 SUCCESS
FAILURE OF HSIV LOU RX LEVEL 1 SIGNAL (56C)
LH1(LIQ) FAILED AND LIQ(LH1) SUCCESS
FAILURE OF HSIV LOU RX LEVEL 1 SIGNAL (56C) Uil
AND UI2 FAILED
FAILURE OF HSIV LOU RX LEVEL 1 SIGNAL (56C) - Llii
AND U(2 DISABLED/BYPASSED
G,F,

Top Event: LH4
Descriptions No Description
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2.0200E-S

9.5740E S
4.0840E.02

5.51COE 01

2.0510E.S

1.0670E 02

1.0000E+00

FAILINE OF NSIV LOI RX LEVEL 1 SIGNAL (56D) LNIi
LN2 AND UG SUCCESS
FAILURE OF NSIV LOU RX LEVEL 1 SIGNAL (560) LNI,
LN2 OR UG FAILED
FAILURE OF NSIV LOU RX LEVEL 1 SIGNAl. (56D) - TIN
OF LNI, UQ AND UG FAILED
FAILURE OF NSIV LOU RX LEVEL 1 SIGNAL (560) - UI1,
UQ NO UG FAILED
FAILURE OF NSIV LOI RX LEVEL 1 SIGNAL (56D) LN1 ~
UQ DISABLED AND UG SUCCESS
FAILURE OF NSIV LNI RX LEVEL 1 SIGNAL (56D) LN1 ~
UQ DISABLED AND UG FAILED
GoF ~

Top Event: LPC
Description: L(N PRESSURE COOLANT

INJECTION (LPCI) PATH

LPC4 2.8C'16E 04 LPCI FAILURE GENERAL TRANSIENT ALL SUPPORT AVAIL
LPCS 6.1766E-03 LPCI FAILURE GENERAL TRANSIENT~ ONE RHR LOOP

FAILED
LPCF 1 ~ DODGE+00 LPCI G.F.

Top Event! LPRES
Description: No Description

LPRESF 1 0000E+00 HIGH PRESSURE AT VESSEL KELT-THRIXIGH
LPRESS 0.0000E+00 LOU PRESSURE AT VESSEL NELT-THROUGH

Top Event: LT1
Description: No Description

LT11 2.9400E.03 ALL SUPPORT AVAIL.
LT1F 1.0000E+00 G.F.

Top Event: LT2
Description: No Description

LT21

LT22

LT2F

2.6530E.03

1.0SOE.01

1.0000E+00

UNAVAILABILITYOF DIV I ~ CHANNEL 588 LOU RX LEVEL
SIGNAL G!YEN LT1 SUCCESS
UNAVAILABILITYOF DIV I ~ CHANNEL 588 LOU RX LEVEL
SIGNAL GIVEN LT1 FAILED
G.F.

Top Event: LT3
Description: No Description

LT31

LT32

LT3F

2.3830E S
1.0410E Ol

6.6410E 02

2.9COOE.S

1.0000E+00

FAILURE OF DIV ll, CHANNEL 58C LOI RX LEVEL SIQIAL
- LT1 AND LT2 SUCCESS
FAILURE OF DIV 11 (58C) LNI RX LEVEL SIQNL
LT1(LT2) FAILED AND LT2(LT1) SUCCESS
FAILURE OF DIV II, CHANNEL 58C LOU RX LEVEL SIGNAL. LT'I AND LT2 FAILEO
FAILURE OF OIV 11, CHANNEL 58C LOM RX LEVEL SIGNAL
- LT1 AND LT2 DISABLED/BYPASSED
O'.F.

Top Event: LT4
Description: No Description
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LT41

LT42

LT43

LT44

LT45

LT4F

2.1120E-03

1.1570E.01

4.98908-03

9.2990E.01

2.65308-03

1 0030E-01

1.0000E+00

FAILURE OF DIV il (580) LOM RX
LT2 NO LT3 SUCCESS
FAILURE OF DIV Il (58D) LOM RX
LT2 OR LT3 FAILED
FAILURE OF DIV II (58D) LNI RX
OF LT1, LT2,AND LT3 FAILED
FAILURE OF DIV ll (580) LOM RX
LT2 AND LT3 FAILED
FAILURE OF DIV II (58D) LNI RX
LT2 DISABLED AND LT3 SUCCESS
FAILURE OF DIV ll (580) LOM RX
LT2 DISABLED AND LT3 FAILED
G.Fo

LEVEL SIGNAL - LT1 ~

LEVEL SIGNAL - LT1 ~

LEVEL SIGNAL Tlo

LEVEL SIGNAL - LT1 ~

LEVEL SIGNAL - LT1,

LEVEL SIGNAL - LT1,

LVF
LVS

Top Events LV
Descriptions No Description

1 0000E+00 G.F ~ OF LOI RX LEVEL TRIP LOGIC
0.0000E+00 . G.S. OF LOM RX LEVEL TRIP LOGIC

Top Events LVP

Descriptions No Doser fptfon

LVP1 2.9975E 05 UNAVAILABILITYOF FAlL SAFE LDM RX LEVEL SIGNAL
GIVEN NO INSTR TAP FAILURE

LVP2 3.6651E.03 UNAVAILABILITYOF FAIL SAFE LDM RX LEVEL SIGNAL-
LOOP I OR II INSTR TAP FAILURE

Top Event: HCD

Descriptions No Description

HCD1 3.1260E 02 ALL SUPPORT AVAILABLE
HCDF 1 0000E+00 GUARANTEED FAILURE

Top Events HELT
Descriptions No Description

HELTF 1.0000E+00 CORE OAKAGE NAS OCCURRED

HELTS 0.0000E+00 NO CORE DNlAGE NAS OCCURRED

Top Event: HSVC
Descriptions No Description

HSVC1 7.7830E-05 ALL SUPPORT AVAIL+
HSVC2 4.9660E.05 LOSS OF SUPPORT EITHER INBOARD OR OUTBOARD HSIVa
HSVC3 So0090E 05 LOSS OF SUPPORT TO BOTH INBOARD AND OUTBOARD HSIVs
HSVCF 1.0000E+00 G.F.

Top Events HT1
Descriptions No Description

HT11 7.5428E 04 ALL SUPPORT AVAIL.
HT1F 1.0000E+00 G.F ~

Top Event: HT2
Description: No Description

HT21 1.1271E.04 ALL SUPPORT AVAIL.
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HT2F 1.0000E+00 G. F ~

Top Event: HT3
Description: No Description

HT31 7.5428E-04 ALL SUPPORT AVAIL+
HT3F 1.0000E+00 G.F

Top Event: NA
Descrfptfon: No Description

NAO 0,0000E+00 THE EVENT IS NOT AN ATMS
NAF 1.0000E+00 THE EVENT IS AN ATMS

Top Event I NBOC
Description: No Description

NBOCB 0.0000E+00 THE EVENT IS MOR A BREAK OUTSIDE CONTAINMENT
NBOCF 1.0000E+00 THE EVENT IS A BREAK QITSIDE CONTAINMENT

Top Event: NCD
Description:.No Description

NC01 0.0000E+00 NO CORE DAMAGE HAS OCCURRED
NCDF 1.0000E+00 CORE DAMAGE HAS OCCURRED

Top Event: NH1
Descrfptfont No Description

NH11 3.0330E 03 SAI DIVISION I POMER SUPPLY AVAIL.
NH1F 1.0000E+00 G. F

Top Event: NH2
Description: No Description

NH21
NH22
NH23

NH2F

2.9980E.03
1 4630E.02
3.0330E-03

1 0000E+00

SAI DIVISION II POMER AVAIL NN NH1 IS SUCCESS
SAI DIVISION II POMER AVAIL. AMD NH1 IS FAILED
SAI DIVISION II POMER AVAIL. NQ NH1 IS
DISABLED/BYPASSED
G ~ F

Top Event: NIE
Description: No Description

NIEB 0.0000E+00 INITIATOR IS NOT BOC, FMRU, OR PRFO

NIEF 1.0000E+00 INITIATOR IS BOC, OR FMRU, OR PRFO

Top Event: NPI
Descrfptfont ko Description

NPI1 2.7960E.04 SAI OIV I LOM RX PRESSURE PERMISSIVE SIGNAL FAILED
GIVEN DIV I SUPPORT AVAIL.

NPIF 1.0000E+00 G.F ~

Top Event: NPI I
Description: No Description
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NPI 11

NPI12

NPI 13

NPI IF

2.6200E.04

6.3410E-02

2.7960E 04

1.0000E+00

SAI DIV II LOM RX PRESSURE PERHISSIVE SIGNAL
FAILED GIVEN DIV I SIGNAL SUCCESS
SAI DIV II LOM RX PRESSURE PERHISSIVE SIGNAL
FAILED GIVEN DIV I SIGNAL FAILED
SAI DIV ll LOM RX PRESSURE PERHISSIVE SIGNAL
FAILED GIVEN DIV I SIGNAL DISABLED
Gofo

NRUB
NRUF

Top Event: NRU
Description: No Description

0.0000E+00 INITIATOR IS NOT FMRU

1.0000E+00 INITAITOR IS FMRU

Top Event: NRV
Description: No Description

NRVD 0.0000E+00 NO STUCK OPEN SRVS
NRVF 1 0000E+00 STUCK OPEN SRVS

Top Event: OAD
Description: No Description

OAD1 1 4910E.03 'NHIBIT ADS, ATMS, UNISOLATED VESSEL
OAD2 1 4700E 03 INHIBIT ADS, ATMSQ ISOLATED VESSEL

Top Event: OAI
Description: No Description

OAIF 1.0000E+00 CUARANTEED FAILED

Top Event: OAL
Description: No Description

OAL1 1.6490E 02 LOMER AND CONTROL VESSEL LEVEL, ATMS, UNISOLATED
VESSEL

OAL2 1.8550E 02 LOMER AND CONTROL VESSEL LEVELS ATMSg ISOLATED
VESSEL

Top Events OBC
Description: No Description

OBC1 7.9338E-04 ALl. SUPPORT AVAIL.
OBCF 1.0000E+00 G.F

Top Event: OBD

Description: No Description

OBD1 1.3120E.01 ALL SUPPORT AVAIL.
0802 8.6016E 04 LONG TERH HPCI OR RCIC AVAIALBLE
OBDF 1.0000E+00 G.F

Top Event: ODMS

Description: OPERATOR ALIGNS DRYMELL
SPRAY

ODMS1 9.6280E.03 OPERATOR ALIGNS DRYMELL SPRAY, NON.ATMS

COMS2 2 7370E 02 OPERATOR ALIGNS DRYMELL SPRAY DURING ATMS
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ODMSF 1 0000E+00 G. F

Top Event: OEE
Description: No Description

OEE1 So0050E.04 OPERATOR RECOVERS EECM, NON AIMS
OEE2 1e6400E-02 OPERATOR RECOVERS EECM, ATMS
OEEB 0.0000E+00 BYPASS
OEEF 1+DODGE+00 GUARANTEED FAILED„

Top Event: OF
Descrfptlon: No Description

OF1

OF3
OF4
OFF

3.8410E.04

2.49108.03

33590E.OI
7.7770E.03
1.0000E+00

CONTROL VESSEL LEVEL MITH FEEDMATER ~ AUTO CONTROL
~ S, 1 FEED PNIP
IKNITROL VESSEL LEVEL MITH FEEDMATER ~ AUTO CONTROL
~ F, 1 FEED PNIP
CONTROL VESSEL LEVEL MITH FEEDMATER, 3 FEED PNIPS
CONTROL VESSEL LEVEL MITH FEEDMATER ~ ATMS
GUARANTEED FAILURE

Top Events OFT
Descrfptlont .No Description

OFT1 1.8170E.03 OPERATOR TRIPS TMO FEED PNIPS
OFTF 1.0000E+00 GUARANTEED FAILED, OPTR~F
OFTS 0.0000E+00 GUARANTEED SUCCESS, OPTRW

Top Event! OG16
Description: No Description

00161 5.9198E.04 161KV OfFSITE PINER
OG16F 1 0000E+00 161KV OFFSITE POMER GUARANTEED FAlL

Top Event t OGS

Description: No Description

OG51 3.9230E.04 500KV OFfSITE GRID UNAVAIL,
OGSF 1.0000E+00 G. F

ONC1
OHC2
OHC3
ONC4

Top Event: =OHC

Descript font OPERATOR CNITROLS'LEVEL
SHORT TERN USING
HPC I/RCI0

1.0610E.03 CONTROL OF HPCI NO RCIC
9 1750E 04 CONTROL OF HPCI ONLY

7.3590E 04 CONTROL OF RCIC ONLY
1+0350E 02 CONTROL OF HPCI DURING AIMS

Top Event: OHL
Descrfptfon: LONG TERN CONTROL OF

HPCI/RCI C

OHL1 1.4740E.03 LONG TERN CONTROL OF HPCI/RCIC GIVEN ORCUS

OHL2 4.4930E 03 LONG TERN CONTROL OF HPCI AND/OR RCIC G!YEN OHC*F

Top Events OHR
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Description: OPERATOR ACTION TO KEEL
HPCI/RCIC RUNNING GIVEN
SPC FAILURE

OHRF 1 0000E+00 GUARANTEED FAILURE

Top Event: OHS
" Description: OPERATOR STARTS RCIC/HPCI

OHS1 8.4290E 03 OPERATOR STARTS OF HPCI - NW ATMSg 2 SORVS

OHS2 7 8720E-04 OPERATOR STARTS RCIC/HPCI - NW AIMS, NO SORY

OHS3 5o2570E-03 OPERATOR STARTS HPCI DURING ATMS
OHSF 1.0000E+00 OPERATOR STARTS RCIC/HPCI - GUARANTEED FAILURE

Top Event: OIV
Description: No Descr iption

OIV1 2.2560E.03 OPERATOR DEFEATS HSIV CLOSURE INTERLOCK, NON-AIMS
01VF 1.0000E+00 G. F

OJC1

Top Event: OJC
Description: No Description

3 2040E 02 OPERATOR CWTROLS VESSEL LEVEL MITH CONDENSATE
USING AI.TERNATE FLOM PATH

Top Event: OLA
Description: No Description

OLA1 7 7450E 02 OPERATOR NAINTAINS VESSEL LEVEL AT T.A.F. MITH
RHR/CS

Top Events OLC
Descriptiont No Description

OLC1

OLCF

4.7900E 04

6.9510E.04

1.0000E+00

OPERATOR CONTROLS VESSEL LEVEL MITH CONDENSATE, ~

FEEDMATER SUCCESSFUL
OPERATOR CONTROLS VESSEL LEVEL MITH CONDENSATE~
FEEDMATER FAILED
GUARANTEED FAILED

Top Event: OLP
Description: OPERATOR CWTROLS LPCI/CS

OR ALIGNS VENT PATH

OLP1 4.7900E 04 OPERATOR CONTROLS LPCI/CS
OLPF 1.0000E+00 G.F.

Top Event t OPTR
Description: No Description

OPTR1 1.7960E 03 OPERATOR TRIPS 2 FEEDMATER PNIPS DURING A
FEEDMATER RANPUP

Top Event: ORF
Description: No Description

ORF1 4.1980E-04 OPERATOR RESTARTS FEEDMATER FOLLOMING LEVEL 8 TRIP
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ORFF 1.0000E+00 GUARANTEED FAILURE

Top Event: ORP
Description: OPERATOR MANUALLYSTARTS

RHR/CS

ORP1
ORP2

ORP3

ORPF

9.5840E-05
2.5820E 02

4.3660E.02

1.0000E+00

OPERATOR FAlLS TO START THE RHR AND CS PNIPS
OPERATOR STARTS RHR/CS, HIGH PRESSURE INJECTION
FAILED
OPERATOR RESTORES EECN, STARTS RHR/CS, LOSP ARITH

POMER RECOVERED
GUARANTEED FAILED

Top Event I OSD
Description: OPERATOR ACTION TO ALIGN

SWJTMW COOLING

OSD1 1.0130E 03 OPERATOR ALIGNS SDC BOTH RHR LOOPS AVAlL~

OSD2 1.5380E-03 OPERATOR ALIGNS SDC ONE RHR LOOP AVAIL.
OSDF 1.0000E+00 Gof o

Top Event: OSL
Description: No Description

OSL1 5.4420E 03 SENATOR STARTS SLCi UNISOLATED VESSEL
OSL2 1.2420E-02 OPERATOR STARTS SLC, ISOLATED VESSEL

Top Event: OSP
Description: OPERATOR ALIGNS

SUPPRESSION POOL COOLING

OSP2
OSP3
OSPF

7.8170E-05

5.7740E.03
7.2130E.05
1.0000E+00

OPERATOR ALIGNS SPC BOTH RHR LOOPS AVAIL,
NDN-ATNS
OPERATOR ALIGNS SPC BOTH RHR LOOPS AVAIL. ATMS
OPERATOR ALIGNS SPC ONE RHR LOOP AVAIL ~ MDN ATVS

'G.F

Top Event: OSV
Description: No Description

OSV1 2.3330E 03 OPERATOR DEFEATS NSIV CLOSURE IKTERLNX DURING
ATNS

OSVF 1 ~ 0000EKO GUARANTEED FAILED

Top Event: OSM

Description: No Description

OSMI 7 5160E 04 OPERATOR TRANSFERS IHIE SNITCH TO REFUEL/SHUTDOUM

Top Event: OIB
Description: No Description

IMNI1 2.8540E.03 OPERATOR TRANSFERS UNiT BOARDS, UNIT 1 OR 2 PONER

LOST

IRNI2 4.9230E-03 OPERATOR TRANSFERS UNIT BOARDS, UNIT 1 AND 2 PDMER

LOST

Top Event PCI
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Description: PLANT CONTROL AIR

PCA1
PCA2

PCAF

4.4467E.03
4.8760E.03

3.2886E.02

5.1329E.02

1.0000E+00

ALL SUPPORT AVAIL.
UNAVAILABILITYOF PCA STSTEH GIVEN SUPPORT TO
COHPRESSOR A OR D UNAVAILe
UNAVAILASILITTOF PCA STSTEH GIVEN SUPPORT
COIPRESSORS A AND D IWAVAIL
UNAVAILABILITYOF PCA STSTEH GIVEN SUPPORT TO
COIPRESSORS S AND C INAVAIL
G.F

Top Event: PX1
Description: No Description

PX11 7.9450E-04 POUER AVAIL. FROI 250 V DC RHOV BOARD 28
PX1F 1.0000E+00 G.F.

Top Event: PX2
Description: No Description

PX21

PXZF

7.9200E-04

3.8810E.03

7.9450E.04

1.0000E+00

PNIER AVAIL~ FROI 250V OC RHOV BOARD 2A AND PX1 IS
SUCCESS
POWER AVAiL. FROI 250V DC RHOV BOARD 2A AND PX1 IS
FAILED
POUER AVAIL~ FROI 250V DC RHOV BOARD 2A AND PX1 IS
DISABLED/BTPASSED
G.F.

Top Event: R480
Description: No Description

R4801 1.3000E 02 RECOVER 480 V RHOV SD 2A OR 2$
R480$ 0.0000E+00 BTPASS

Top Event: RA
Description: No Descriptfon

RA1
RAF

2.5380E-04
1.0000E+00

ALL SUPPORT AV.
GUARANTEED FAILS

Top Event: RS
Description: No Description

RS1
RSF

1 4420E.04
1 0000E+00

ALL SUPPORT AV.
GUARANTEED FAIL~

Top Event: RBC
Description: No Description

RSC10 7.1009E-03
RBC11 1 ~ 1418E-02
RBC17 7.5184E 03
RBC19 1.3106E.02

RBC20 1.7493E.02

RBC4 1.7345E.03
RSCF 1.0000E+00

LOSP ARITH NO ACCIDENT, SIGNAL AND EECM UNAVAIL
LOSP QITH AN ACCIDENT'IGNAL NN EEClJ UNAVAIL
GIVEN ALL SUPPORT AVAIL. EXCEPT RCV
GIVEN ALL SUPPORT AVAIL. EXCEPT LOSP 8 RCU
IHNVAIL"
GIVEN ALL SUPPORT AVAIL~ UITH AN ACCIDENT SIGNAL
EXCEPT LOSP f RCM
GIVEN ALL SUPPORT AVAIL. EXCEPT EECll
G.F.
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Top Event! 'BI
Description: No Description

RBI1 1 '832E-01 ALL SUPPORT AVAILS
RBIF 1.0000E+00 G.F

Top Events RBISO
Descr iption: No Description

RBISOF 1 0000E+00 REACTINI BUILDING NOT 1SOLATED
RBISOS 0.0000E+00 REACTINI BUILDING ISOLATED

Top Event: RC
Description: No Description

RC1
RCF

1.4420E.04
1.0000E+00

ALL SUPPORT AV.
GUARANTEED FAlL.

Top Event. RCI
Description: SHORT TERN RCIC OPERATION

RCIF 1.0000E+00

RCI 1 6.6250E-02
RCI2 6.6940E.02

RCIC FAILUREI ALL RCIC SUPPORT AVAILABLE
RCIC FAILUREI GIVEN NANUAL START OF RCIC/HPCI
FAILED(OHS> F )
RCIC GUARANTEED FAILURE

Top Event: RCL
Description: RCIC LONG TERN OPERATlON

RCI.1 1.8220E-02 RCIC FAILUREI LONG TERN OPERATION) GIVEN EARLY
OPERATOR CONTROL OF HPCI/RCIC (ONCE)

RCL2 1.0700E.01 RCIC FAILURE) LONG TERN OPERATION) GIVEN OHNF
RCLF 1 0000E+00 GUARANTEED FAILURE OF RCIC LONG TERN OPERATION

Top Event: RCN
Description: No Description

RCN2
RCU4
RCNS

RCN9
RCNF

2.4872E-05
4 4808E.04
3.2SSSE.05

2.0175ET03

2.5659E-05
1.0000E+00

RCNI 2.5213E 05
RCN10 4.2960E-05

RCN12 1.1619E-03

RCNI3 8.2220E.04

RCN15 5.3649E.01

AI.L SUPPORT AVAIL,
PONER TO ONE OPERATING RCN PWP (IA) AND PWP 10
UNAVAIL.
PINIER TO ALL WIT 2 RCU PWPS AND RCN PWP 1D
UNAVAIL~

POQER TO ONE OPERATING WIT 1 AND ONE UNIT 2 PWP,
AND PWP 1D WAVAIL
PONER TO ONE OPERATING UNIT 1 AND ALL UNIT 2
PWPS, AND PWP 1D UNAVAIL.
PSIER TO ONE RCM PWP (IA) WAVAIL
PONER TO ALL WIT 2 RCN PQIPS WAVAIL.
PONER TO ONE UNIT 'I PWP AND ONE UNIT 2 PWP
UNAVAIL
PONER TO ONE WIT 1 PWP NO ALL UNIT 2 PWPS
UNAVAIL~

PONER TO RCll PUHP 1D UNAVAIL.
G.F.

Top Event: RD

Description: No Description

RD1
RDF

1.4420E 04
1.0000E+00

ALL SUPPORT AV.
GUARANTEED FAIL
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Top Event: RE
Description: No Description

RE1
REF

2.7103E 04
1.0000E+00

ALL SUPPORT AVA
GUARANTEED FAlL

Top Event: RF
Description: No Description

RF1
RFF

2.7103E-04
1.0000E+00

ALL sUppoR'rs AYA
GUARANTEED FAlL.

Top Event: RG

Description: No Description

RG1
RGF

5 4206E-04
1 0000E+00

ALL SUPPORT AVAIL
G.F

Top Event t RH

Description: No Description

RH1
RHF

1.6143E.04
1.0000E+00

ALL SUPPORTS AVA
GUARANTEED FAlL

Top Event: Rl
DescriptionI No Description

RI1
RIF

1.6143E.04
1.0000E+00

ALL SUPPORTS AVA
G.F ~

Top Eventt RJ
Description: No Description

RJ1
RJF

1.6143E.04
1.0000E+00

ALL SUPPORTS AVA
GUARANTEED FAlL.

Top Event: RK
Description: No Description

RK1
RK2
RK3
RKF

1.3490E.04
1.0160E 03
2 4290E.02
1.0000E+00

ALL SUPPORT AVAL
LOSS OF ALT SUPPLY
LOSS OF NORHAL SUPPLY
G.F.

Top Event l RL
Description: No Description

RL1
RL2
RL3
RL4
RL5
RL6
RL7
RLF

1.3490E.04
1.5230E-04
1.3490E.04
1.0170E-03
9.7NOE-04
2.4290E.02
2.3950E-02
1.0000E+00

ALL SUPPORT, RK SUCCESS
ALL SUPPORT, RK FAILS
RK FAlLS BY SUPPORT

RK SUCCESS, SD BD 2A FAlLS
RK FAILS, SD BD 2A FAlLS
RK SUCCESS, SD BD 28 FAlLS
RK FAlLS, SD BD 2$ FAlLS
G.F ~
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Top Event: RN
Deacl'fptiont No Deacrfption

RN1
RHF

3.4305E.04
1.0000E+00

ALL SUPPORTS AVA
GUARANTEED FAlL

Top Event: RN
Description: No Description

RN1
RNF

'.4305E.04
1.0000E+00

ALL SUPPORTS AVAIL~

GUARANTEED FAIL.

Top Events RO

Description: No Description

R01
ROF

2.7103E 04
1.0000E+00

ALL SUPPORTS AVAIL~

GUARANTEED FAIL~

Top Event: RP
Description: RHR

RP1 2.5662E-04
RP F 1,00008+00

PWPS DQBLY TREE

ALL SUPPORTS AVAIL.
GUARANTEED FAlL.

Top Event RPA
Description: RHR PWP TRAIN A

RPA1 1.3130E.02
RPAF 1 ~ 0000E+00

RHR PWP A FAlLS, ALL SUPPORT AVAILABLE
RHR PWP A GUARANTEED FAILURE

Top Event: RPS
Description: RHR PWP TRAIN 8

RP$ 1

RP$ 2

RP$ 3
RP$ 4
RP$ 5

RP$ 6

RPSF

1.2750E 02

1.9040E.02

3.7290E.02
1.3130E.02
1.2890E.02

3 4260E.01

1.0000E+00

AVAlLABLE, RPA>S,

OR RPC>F (NITH

AND RPC>F
AND RPC>B,
OR RPC~S (ilITH

Alm RPC~B, OR RPA&

RNR PWP 8 FAILURE ALL SUPPORT
RPCRS
RHR PWP 8 FAILURE GIVEN RPA~F
OTHER SUCCESS)
RHR PWP 8 FAILURE GIVEN RPA<F
RHR PWP 8 FAILURE GIVEN RPA<$
RHR PWP 8 FAiLURE GIVEN RPA>$
OTHER SUCCESS)
RHR PQLP 8 FAILURE GIVEN RPA>F
AND RPC<F
RHR PWP B GUARANTEED FAILURE

Top Event: RPC
Deacrfptfon: RHR PWP TRAIN C

RPC1 8.7460E-03
RPC2 3.4260E.01
RPC3 1,3130E.02
RPCF 1 0000E+00

RHR PWP C FAILURE, ALL SUPPORT AVAILABLE, RPAW
RHR PWP C FAlLURE GIVEN RPAeF
RHR PQLP C FAILURE GIVEN RPA NOT ASKED
RHR PWP C GUARANTEED FAILURE

Top Event t RPD

Description: RHR PWP TRAIN D

RPD1 8.5010E-03

RPD10 4.0910E.01

RHR PLNP D FAILURE ALL SUPPORT AVAILABLE,
RP(A,B,C)>S,S,S
RHR PWP D FAILURE GIVEN 1 PREVILNS STPASS AND 2

191



Browns Ferry Unit 2 Individual Plant Examination, Revision 0

Hester Frequency File: BFN722

HMEL Nasel BFNFINAL

Date Created: 26 JUL 1992 11:08

15:27t28 13 AUG 1992
Page 30

RPD2

RPD3

RP04
RPDS
RPD6
RPD7

RPD9

RPDF

3.42ME.01

2.5890E-01

6.26'IOE.01
1.3130E-02
1.2890E.02
3.42608.01

1.2750E.02

3A040E.01

1.0000E+00

FAILURES (HMELD AS RPC 8 RPO FAILED)
RHR PWP D FAILURE GIVEN RPA,RPC OR RPB>F (HMELED
AS RPS<F)
RHR PQIP 0 FAILURE GIVEN 2 PREVIOUS FAILURES
(NMELED AS RPA OR RPC FAILED AND RPS FAILED)
RHR ~ D FAILURE GIVEN RPA, RPC AND RPB >F
RHR ~ D FAILURE GIVEN RPA, RPC AND RPBcB
RHR POP D FAILURE GIVEN RPA OR RPC&, NO RPS<B
RHR ~ D FAILURE GIVEN 2 PREVIOUS BYPASSES AND A
FAILURE (HMELED AS RPB<F)
RHR ~ D FAILURE GIVEN 1 PREVI(RJS BYPASS NO 2
SUCCESSES (HMELED AS RP~)
RHR PLOP D FAILURE GIVEN 1 PREVIOUS SUCCESS, 1

BYPASS, 1 SUCCESS, 1 FAILURE (HMELED AS RPB~F)
RHR PLMP D GUARANTEED FAILUIRE

Top Event t RPS

Descript iont No Description

RPSO
RPS1
RPS10
RPS11

RPS2
RPS3
RPS4
RPSS
RPS6
RPS7
RPSB
RPS9

0.0000E+00
1.7848E.05
1.3696E-06
1.0257E.S

1.7848E-05
1.87018.05
1.7848E.05
1.7848E.05
1.8701E.05
1.7848E-05
1.7848E-05
1.8701E-05

REACTOR
REACTOR
REACTOR
REACTOR
ONLY)
REACTOR
REACTOR
REACTOR
REACTOR
REACTOR
REACTOR
REACTOR
REACTOR

SCRAH G,S
SCRAN - ALL SUPP+ AVAILe
SCRAH LOSS OF CONTROL AIR OR (RH AND RI)
SCRAH LOFM, LVP FAILED(HANUAL SCRAH

SCRAII LOSS OF DB OR DD
SCRAN LOSS OF OB AND DD
SCRAH LOSS OF RB OR RC
SCRAH - LOSS OF (RS OR RC) AND (DB OR DD)
SCRAII LOSS OF (RS OR RC) ND DB AND DD
SCRAH LOSS OF RS ND RC
SCRNI LOSS OF RS AND RC NQ (DB OR DD)
SCRAII LOSS OF RS AND RC NQ DS AND DD

Top Event: RPT
Description: No Description

RPT1

RPT2

RPT3

RPT4

RPT5

RPT6

RPT7

RPT8

RPT9

RPTF

1.0732E-04

1.1123E.04

1.1308E-04

1.1536E-04

8.2781E-S

1.1752E-04

8.0644E-S

1 A739E.04

9.2513E-S

1.0000E+00

RPTS MITH TURBINE TRIPPED - ALL SUPPORTS
AVAILABILE
RPTS MITH TNBINE TRIPPEO ONE ATI5 RPT DIV
DISABLED
RPTS M!TH TNBINE TRIPPED ATMS RPT (BOTH
DIVISIONS) DISABLED
RPTS MITH TNBINE TRIPPEO - ONE RPT-EOC DIV
DISABLED
RPTS MITH TNBINE TRIPPED ONE ATMS RPT NN ONE
EOC RPT DIV TO SANE PAIR OF BREAKERS. DISABLED
RPTS MITH TNBINE TRIPPED ONE EOC-RPT DIV AO
OPPOSITE ATMS-RPT DIV DISABLED
RPTS MITH TURBINE TRIPPED - ONE EOC RPT AO BOTH
ATMS RPT DIVISIONS DISABLED
RPTS MITH NO TURBINE TRIP (EOC RPT UNAVAIL.) - ALL
SUPPORTS AVAIL~ TO ATI5 RPT
RPTS MITH NO TNSINE TRIP - ONE ATI5-RPT DIV
DISABLED
RPTS MITH NO SUPPORtS AVAIL~ (GUARANTEED FAILED)

Top Event: RVC
Description: No Description

RVCO
RVC1
RVC2
RVC3

9.3210E-01
6. 1540E-02
4.2540E S
4A020E-04

NON-ATI5, 0 SRV STUCK OPEN
NON-ATMS, 1 SRV STUCK OPEN
NON-ATI5, 2 SRVs STUCK OPEN
NON-ATMS, 3 OR NORE SRVs STUCK OPEN
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RVC4
RVCS
RVC6
RVC7
RVCB
RVC9

8.9920E-01
9.2600E 02
9.6170E.S
2.3340E.03
0.0000E+00
1.0000E+00

ATMSi 0 SRV STUCK OPEN
ATMS~ 1 SRV STUCK OPEN
ATMS, 2 SRVs STUCK OPEN
ATMS, 3 OR NORE SRVs STWX OPEN
NOT BRANCH OF INTEREST
BRANCH OF INTEREST

Top Event: RVD
Description: No Description

RVDO
RVD1
RVD10
RVD11
RVD12
RVD13
RVD14
RVD'15

RVD16
RVD17
RVD18
RVD19
RVD2
RVD20
RVD21
RVD22
RVD23
RV024
RVD25
RVD26
RVD29
RVD3
RVD30
RVD31
RVD32
RVD33
RVD34
RVD35
RVD36
RVD37
RVD38
RVD39
RVD4
RVD40
RVD41
RVD42
RVD43
RVD44
RVD45
RVDS
RVD6
RVD7
RVD8
RVD9

0.0000E+00
9 9310E 01
9 9310E.01
9.4460E.01
9.4910E-01
6.9000E.S
5.8000E.S
5.2000E.02
5.1700E.02
73000E.03
5.6000E.03
5.6100E.02
9.9420E.01
6.0500E 02
1.0100E.02
6.9000E.S
5 5400E 02
5.0899E 02
2.S40E.OB
2.2610E.08
9.3310E.08
9ABODE.01
5.7720E.O9
7.1950E.07
1.2860E.06
1.2940E.07
5.7730E.09
7.1040E-07
1.2860E-06
6.9000E.S
5.80008.03
7.3000E.03
9ASDE.01
5.6000E.03
5.6100E 02
6.0499E.02
0.0000E+00
0.0000E+00
1.0000E+00
9.9270E 01
9.9440E 01
9.4390E.01
9.3950E 01
9.8990E 01

Sf RVDO
Sf RVD1
SF RVD10
SF RVD11
SF RVD12
SF RVD13
SF RVD14
Sf RVD15
SF RVD16
SF RVD17
Sf RVD18
SF RVD19
Sf RVD2
SF RVD20
SF RVD21
SF RVD22
Sf RVD23
SF RV024
SF RVD25
SF RVD26
SF RVD29
Sf RVD3
Sf RV030
Sf RVD31
SF RVD32
SF RVD33
SF RVD34
SF RVD35
SF RVD36
SF RVD37
Sf RVD38
Sf RVD39
SF RVD4
SF RVD40
SF RVD41
Sf RVD42
NOT BRANCH OF INTEREST
NOT BRANCH OF INTEREST
BRANCH OF, INTEREST
SF RVDS
Sf RVD6
SF RVD7
SF RVD8
SF RVD9

Top Eventt RVL
Description: No Description

RVLO
'RVL1
RVL2
RVL3
RVL4

0.0000E+00
2.0340E.08
2.2610E.08
6.8870E.S
5.7910E.S

ATMS EVENT TREh BYPASS
RELIEF OR SAFETY INOE PMR4
RELIEF OR SAFETY NCOE - PMR6
RELIEF HME - PMR4
RELIEF INSE PMR6
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Top Event: RVO
Description: No Description

RV01 1 3220E-05
RV02 1.3720E-OS
RVOB OoOODOE+00

NON-ATUS
ATNS
BYPASS

Top Event: SOC
Description: SNTDON COOLING HARDNARE

SDC1 1.1326E.02
SDC2 2.663SE.02
SDCF 1.0000E+00

SHUTDOUK COOLIKG FAILURE ALL SUPPORT AVAIL
SHUTDOUK COOLIKQ FAILURE, ONE RKR LOOP FAILED
SHUTOONK COOLIKG G F ~

Top Event: SGT
Description: No Description

SQT1
SGT2
SQT4
SOTS
SQT6

SGT9
SGTF

1.5514E.03
1.1099E-02
1 2845E-02
2.6906E-02
2.8724E.02

3.0454E-02

3.0668E.02
1.0000E+00

GIVEN ALL
GIVEN ALL
GIVEN ALL
GIVEN ALL
GIVEN ALL
UIAVAIL~
GIVEN ALL
INIAVAIL
GIVEN ALL
QUARNTEED

SUPPORT
SUPPORT AVAIL~ EXCEPT DN
SUPPORT AVAIL. EXCEPT DN Q M UNAVAIL
SUPPORT AVAIL. EXCEPT A3ED
SUPPORT AVAIL~ EXCEPT A3ED ANO M

SUPPORT AVAIL~ EXCEPT A3ED ~ DN 8 M

SUPPORT AVAIL~ EXCEPT Rll
FAILURE

Top Event: SQTOP
Description: No Description

SQTOPF
SQTOPS

1.0000E+00
0.0000E+00

STANDBY GAS TREATHENT OR HIIIIDIFlERS NOT OPERATING
STANDBY GAS TREATHENT ANO HWIDIFIERS OPERATINQ

Top Event i SHUT1
Description: No Description

SHUT11
SHUT12
SHUT13
SRUTI F

1.0750E-04
2.3880E-03
1.5410E.04
1.0000E+00

no description entered
no description entered
no description entered
no description entered

Top Event: SHUT2
Description: No Description

SHT21
SHT210
SHT211
SHT212
SHT213
SHT214
SHT215
SHT216
SNT217
SHT22
SHT23
SHT24
SHT25
SHT26
SHT27

1.0750E-04
1.9540E.03
1.5410E-04
2.3880E.03
1.5410E-04
1.8390E-OI
1.6880E-04
2.61 60E. 03
1. 1560E.04
1.0750E.04
1.0750E.04
1.0750E.04
2.3880E-03
1.5410E-04
2.5490E-05

no description
no description
no description
no description
no description
no description
no description
no description
no description
no description
no description
no description
no description
no description
no description

entered
ent et'ed
entet'ed
entet'ed
entered
entered
entered
entel'ed
entered
entel'ed
entel'ed
entered
entered
entered
entered
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SHT28 1.1730E-04 no description entered
SHT29 5.0810E-05 no description entered
SHT2F 1.0000E+00 no description entered

Top Event: SL
Deacr fptfon: No Description

SI.1
SL2

SLF

5.7591 E-03
2.7449E.02

3.1245E-02

1.0000E+00

ALL SUPPORT AVAIL.
SUPPORT TO ONE SLC PWP TRAIN AND TIN RNCU
ISOLATION VALVES AVAIL~

SUPPORT TO ONE SLC PWP TRAIN AND ONE RMCU
ISOLATION VALVE AVAIL
G.F

Top Event: SP
Description: SUPPRESSION POOL COOLING

IARDMARE

SP1
SP2
SP3
SPF

7.4123E.04
2.5350E.02
1.3160E-02
1.0000E+00

SUPPRESSION POOL COOLING ALL SUPPORT AVAIL
SUPPRESSION POOL COOLING DURING ATMS
SUPPRESSION POOL COOLING~ ONE LOOP RHR FAILED
SUPPRESSION POOL COOLING G.F ~

Top Events SPR
Description: No Description

SPR1
SPRF

7.0000E-02
1.0000E+00

OPERATOR RECOVERS SUPPRESSINI POOL COOLING
OPERATOR FAlLS TO RECOVER SUPPRESSION POOL COOLING

Top Event: SM1A
Description: No Description

SM1A1 1.3430E 02 RHRSM PWP A1 ~ A2 FAlLS, ALL SUPPORTS AVAIL
QI1AB 0.0000E+00 RHRSN PWP A1 BTPASS, A2 SUCCESS
SM1AF 1 0000E+00 RHRSM PWP A1 G.F.

Top Event: SM18
Description: No Description

SM181 1.3890E.02 RHRSM PWP $1, 82 FAILS, ALL SUPPORTS AVAIL.
SM1$2 6.6980E.02 RHRSM PWP 812, 82 G.F., ALL SUPPORTS AVAIL.
SM1$8 0.0000E+00 RHRSM PWP 81 BYPASS, $2 SUCCESS
SN1$ F 1.0000E+00 RHRSM PWP 81 G.F.

Top Event: SN1C
Description: No Description

SM1C1

SM1CB
SM1CF

1.2520E-02

7o9910E.02

3.1470E.01

1.3430E.02

0.0000E+00
1.0000E+00

RHRSM PWP C1, ALL SUPPORTS AVAIL~ ~

SUCCESS, A1 BYPASS
RHRSN PWP Cl ~ ALL SUPPORTS AVAIL.~
SUCCESS, C2 FAILS
RHRSM PWP Cl ~ ALL SUPPORTS AVAIL~ ~
FAIL
RHRSM PWP C1 ~ ALL SUPPOR'TS AVAIL.~
AND A1 G.F ~

RHRSM PWP C1 BYPASS, C2 SUCCESS
RHRSM PWP C1 G.F.

C2 FAILS, A2

A2 FAlLS, A1

A2, A1 ~ C2 ALL

C2 FAILS, A2

Top Event: SM1D
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Description: No Deacrfptfm

QJ1D1
SM1 010

SM1D2

QI1D3

SM1D5

SM1D6

QI1D7

SM1DS

SM1DS
SM1DF

1.3070E 02
6.6980E-02

6 0900E 02

3.1100E.01

8.1210E.02

1.2880E.02

1 3890E 02

6.8960E.02

1.2880E-02

7.0930E.02

0.0000E+00
1.0000E+00

RHRSM PWP D1 ~ ALL SUPPORTS AVAIL ~ D2 FAILS
RHRSM PNIP D1, ALL SUPPORTS AVAIL~ ~ B1 ~ B2 AND D2
ALL CeFe
RHRSM PWP D1, ALL SUPPORTS AVAILe, $2 AND D2
FAlL, $ 1 SUCCESS
RNSM PINP D1 ~ ALL SUPPOR'TS AVAILe~ B2e $ 1 AND D2
ALL FAlL
RHRSM PWP D1 ~ $ 1 FAILS~ ($2 C.F AND 02 FAlLS) OR

(02 Ge F NO $2 FAILS)~ ALL SUPPORTS AVAIL
RHRSM ~ D1, B1 SUCCESS, 82 G.F, D2 FAILS, ALL
QN%RTS AVAIL.
RHRSM PWP D1 ~ ALL SUPORTS AVAIL., 2/3 OF
($2e$ 1,D2) G.F AND TNE THIRD ONE FAlLS
RHRQI PWP 01, ALI. SUPPORTS AVAIL~ ~ B2 SUCCESS, BI
BYPASS, D2 FAlLS
RHRSM PWP D1 ~ ALL SUPPORTS AVAIL~ ~ D2 Q.F, 81
SUCCESS, $2 FAlLS
RHRSM PWP D1, ALL SUPPORTS AVAIL~ ~ $2 AND D2
G F ~ B1 SUCCESS
RNQI PWP D1 BYPASS
RHRSM PWP D1 G.F

. Top Event: SM2A
Description: No Oeacl fptfon

QI2A1
SM2AF

3.5890E.02
1.0000E+00

RHRSM PWP A2~ ALL SUPPORTS AVAI Le
RNQI PLW'2 GeFe

Top Event: SM2$
Descriptfcn: No Description

SM281 3.5910E-02
SM2$ F 1.0000E+00

RHRSM PWP 82, ALL SUPPORTS AVAIL
RHRSM PWP 82 G.F

Top Event: QJ2C
Deacrfptfont No Description

SM2CT

SM2C3
SM2C4
SM2CF

3.6860E.02

8.8990E.03

7.6260E 02
3.5890E-02
1.0000E+00

RHRQI PWP
AVAIL~

RHRSM PNIP
AVAIL
RHRQI PNIP
RHRSM PNIP
RHRSM PWP

C2g A2 SUCCESS/ A1 BYPASS~ ALL SUPPORT

C2$ A2 fAlLS, A1 SUCCESS,'LL SUPPORT

C2g A2 AND A1 FAIL, ALL SUPPORTS AVAIL~

C2$ .A2 AND A1 Q.F. ~ ALL SUPPORTS AVAIL~

C2 G.F ~

Top Event: SM20
Description: No Description

SM2D1 3.6800E.02

SM202 1.1170E-02

SM2D3 7.0110E.02

SM204 1.1990E.02

SM205 3.5910E.02
SM206 3.7950E.02

SM2DF 1.0000E+00

RHRQI PWP
1B STPASS
RHRQI PWP
SUCCESS
RHRSM PWP
FAILS
RNRQI PWP
G.Fe
RKRSM PWP
RHRQI PWP
SUCCESS
RHRSM PWP

02~ ALL SUPPORTS AVAIL~ ~ 28 SUCCCESS~

D2, ALL SUPPORTS AVAIL~ ~ 82 FAILS, $ 1

D2, ALL SUPPORTS AVAIL., B2 AND 81

D2, ALL SUPPORTS AVAIL., B2 FAILS, B1

D2, ALL SUPPORTS AVAIL ~ $2 AND $ 1 G.F.
D2, ALL SUPPORTS AVAIL ~ $2 G F, ~ $ 1

02 G.F ~
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Top Event: TB
Description! No Description

TBO
T$ 1

T82
T$3
TSB
TBF

0.0000E+00
1.6219E.02
6.005BE.02
6.0794E 02
0.0000E+00
1.0000E+00

C.S.
ALL SUPPORT AVAIL
U$42S FAlLS
U842A FAlLS

'CATS+

G.F.

Top Event: TOR
Description: No Description

TOR1 3.6254E 04 GIVEN NEDIWg LARGE/ OR EXCESSIVE LOCh
TOR2 1.2970E 06 GIVEN CENERAL TRANSIENTS OR SHALL LOCA
TORF 1 0000E+00 G,F.

U11
U1F

Top Event: U1
Description: WIT 1 RHR CROSSTIE

5.3057E 02 TOP EVENT U1 MITH ALL SUPPORT STSTEHS AVAIL.
1 0000E+00 TOP EVENT U1 GUARANTEED FAILED DLK TO SUPPORT

STSTEN FAILURE

Top Event: U3
Description: UNIT 3 RHR CROSSTIE

1.0000E+00 WIT 3 CROSSTIE G.F.

Top Event: U$4'IA
Description: No Description

U841A1 2 3330E 04 ONE TRAIN MITH NO TRANSFER
U841A2 2.2390E 04 ONE TRAIN MITH TRANSFER
U$41AF 1iDODOE+00 G.F

Top Event: U8418
Description: No Description

U84181
U$4182

U84183

U8418F

2.3330E 04
2.2400E.04

3.5360E.05

1.0000E+00

UNIT BOARD 18 FAlLS MITH NO TRANSFER

UNIT BOARD 1$ FAlLS MITH TRANSFER, UNIT BOARD 1A
SUCCESS
UNIT BOARD 18 FAlLS WITH TRANSFER, UNIT BOARD 1A
FAILED
G.F.

Top Event'842A
Description: No Descr iption

U842A1 2.3330E 04
U$42A2 2.2390E.O4

U$42A3 2.2400E 04

U842A4 3.5360E-05

U842AS 1.9060E.05

INIT BOARD 2A
INIT BOARD 2A
1$ GUARANTEED
INIT BOARD 2A
18 SUCCESS
UNIT BOARD 2A
OR 18 FAILED
UNIT BOARD 2A
18 FAILED

FAlLS MITH NO TRANSFER
FAlLS MITH TRANSFER, UNI'I BOARD 1A 8
FAILED t.

FAlLS MITH TRANSFER, UNIT BOARD 1A 8

FAlLS MITH TRANSFER, UNIT BOARD 1A

FAILS MITS TRANSFER, UNIT BOARD 1A 8
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U842AF 1~DODGE+00 G.F.

Top Event: U8428
Description: No Description

U842S1
U84282

U84283

2.3QOE.04
2.2400E.04

3.5360E.05

2.2410E.04

3.5370E.05

1.9060E-05

U84287 5.9330E 05

1.0000E+00

UNIT BOARD 28 FAILS VITH NO TRANSFER
UNIT BOARD 28 FAlLS lIITH TRANSFER, UNIT BOARD 1A 8
18 GUARANTEED FAILED
UNIT BOARD 28 FAILS QITH TRANSFER, UNIT BOARD 2A
FilLED~ UNIT BOARD 1A 8 18 GUARANTEED FAILED
UNIT BOARD 28 FAILS UITH TRANSFER, UNIT BOARD 1Ag
18 8 2A SUCCESS
UNIT BOARD 28 FAILS MITS TRANSFER, UNIT BOARD 1Ag
18 OR 2A FAILED
UNIT BOARD 2S FAILS MITH TRANSFERS 2 OF UNIT
BOARDS 1A, 18 AND 2A FAILED
UNIT BOARD 28 FAILS ARITH TRNISFER, UNIT BOARD
1A,18 8 2A FAILED
GRAF+

Top Event: U842C
Description: No Description

U842C1 1.2844E-04, ALL SUPPORTS AVAIL.
U842C2 1.5245E.04 'G16 UNAVAIL.
U842CF 1o0000E+00 *

G.F

Top Event: I$43A
Description: No Description

U843A1 2.23'16E-04 ALL SUPPORTS AVAIL
U843AF 1.0000E+00 G.F.

Top Event: U8438
Description: No Description

US4381 2.3311E.04 ALL SUPPORTS AVAIL.
U8438F 1 0000E+00 G.F

V18

Top Event: V1
Description: No Description

0.0000E+00 GUARANTEED SUCCESS

Top Events V2
Description: No Description

0 0000E+00 GUARANTEED SUCCESS

Top Event: V3
Description: No Description

0.0000E+00 GUARANTEED SUCCESS

Top Event: VNT
Description: No Description

VNTF 1 ~ 0000E+00 G.F

198



Browns Ferry Unit 2 Individual Plant Examination Revision 0

Nester Frequency Ffle: SFN722

JKRJEL Nese: SFNFINAL

Date Created: 26 JUL 1992 11!08

15t27:37 13 AUG 1992
Page 37

VT1F

Top Event: VT1
Oescrfptfon: No Descrfptfon

1.0000E+00 REACTOR VESSEL LOOP I INSTRWENT TAPS FAILURE HAS
NOT OCCNJRED

VT1S 0 0000E+00 REACTOR VESSEL LOW' INSTRNIENT TAPS FAILURE
OCCURRED

Top Event: VT2
Descrfptfon: No Descrfptfon

VT2F 1.0000E+00 REACTOR VESSEL LOOP I I INSTRQIENT TAPS FAILURE HAS
NOT OCCURRED

VT2S 0.0000E+00 REACTOR VESSEL LOOP I I INSTRLMENT TAPS FAILURE
OCCURRED

Top Event: lJET
Descrfptfon: No Oescrfptfon

lJETF 1 0000E+00 NO MATER Of DRTMELL FLOOR AT VESSEL HELT-THRQJGH
lJETS 0,0000E+00 IJATER Of DRYMELL FLOOR AT VESSEL NELT-THROJGH
SFN722







- DIV ll Nl RX PRESS SIGNAL UNAVAILABLE- DRYMELL PRESSNE SIGNAL UNAVAILABLE- PLANT CONlROL AIR SYSTKH NAVAILASLE- DRYMELL CONTROL AIR SYSlEN NAVAILABLE
- NSIVS FAIL TO RENAIN OPEN. CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)

StATE - 0 RELIEF VALVES STUCK OPEN- 1 CND/Ce BSTR PNPR INCLIIES SHORt CYCLE VALVE NAVAILASL- RCIC NAVAILABLE(6 HOJRS)- HPCI NAVAIUBLE (6 HOJRS)
CONDENSER NAVAILASLEAS HEAT SINK- VESSEL INJECTION MITH CRDHS UNAVAILASLE

- CS LOV PRESSURE INJECllON NAVAILASLE
- RHR LOM PRESSNE INJECTION PATH NAVAILABLE
- DRTIJELL SPRAY UNAVAILABLE

~$55$ $ 55$ 5$$55$ 5$ 5$$5$ 5555$ $5$ $$$555$ $$$$$$55$ 555$ $555555$ 5$ $5$ $ 55$
- DG 3A NAVAILABILITY
- DG 3B NAVAILABLE
- DG 3C NAVAIUBLE
- DG 3D NAVAIUSLE
- DRYMELL PRESSURE SIGNAL NAVAILABLE
- PLANT CONTROL AIR SYSlEN NAVAILASLE
- OPERA'TOR FAlLS TO RECOVER EECM (START SMING PQtP)- NSIVS FAlL TO REHAIN OPEN. 1 CND/CND BSTR PNP, INCLIIES SHORT CYCLE VALVE NAVAILABL- RCIC NAVAILASLELONG TERN

~ $$$$$ $ $ $$ $ $$ '$$ $$$ $$$$$$$ $$$$$$$ $$5$ $ $$$ $$$$$$S$ $$ $$ $$$$$$ $$$ $$$ $$$$$ $$$$$$$$$$$$$$5$ $$$$$ $ $ $$ $ $ $$55
PIHX 6.07E.07 1.277 lOlAL LOSS OF OFFSITE POMER- DG A UNAVAILABLE

- DG B UNAVAILABLE
- DG C UNAVAILABLE
- DG D NAVAILABLE
- FAILURE TO RECOVER OFFSITE PSIER IN 30 NINUTES- CONDITIONS RELATING TO STUCK OPEN SRVS (0$ 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- HPCI UNAVAILABLE(6 HOJRS)- FAILURE TO RECOVER ELECTRIC POMER lk 6 HOJRS- CONDITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESSR NOT

StATE - PLANT DEPRESSURIZED
DEPRES- CONDENSER UNAVAILABLEAS HEAT SINK- VESSKL INJECTION VllH CRDHS UNAVAIUSLE

- OPERATOR FAILS TO HANUALLY STARt RHR/CORE SPRAY
RHR PNP A NAVAILABLE

- RHR PLNP C NAVAILASLE
- RHR PWP B NAVAILABLE~

- RHR PNP D NAVAILABLE- U2 TO U1 RHR CROSS CONNECT NAVAILASLE
- OPERATOR FAlLS TO ESTABLISH TORUS COOLING- RHR LOI PRESSURE INJECtlON PATH NAVAILABLE- OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENt- DRYMELL SPRAY NAVAILABLE
- STANDBY GAS lREATHENT SYSTKH UNAVAILABLE- SBGT STSTEN RELA'TIVE HNIDITY HEATERS NAVAILABLE

~ $$$5$ $S55$ $$$$$$$ $$$ $$$ $ $ $ $$$$$$$$$$$ $ $$ $$$$$$$$$$$$$$$$$ $ $$$ $$$$$
. 250 RHOV BD 2A UNAVAILABLE. 250 V RHOV BD 28 NAVAILASLE

$ $ 5$ $ $ $ $$$ 5$ $$ $$ $$ $ $ $ 55$ $ '$$ $$$$$$$$ $ $$$$$ $$$ $ $5$ $$SS$ $5$ $$ $ $$ $S$ $ $$$$ ~ $ $ $$$$$$ $ $$$$ $$ $ $$ 55$ $ $$ $ $ $5$ $
P IDV 5 43E.07 1.14

VAILA. POMER SUPPLY DIVISION I UNAVAILABLE
- POMER SUPPLY DIVISION II NAVAILABLE- DIV I VESSEL LOM PRESSURE SIGNAL NAVAIUBLE

DKPRES- DIV ll VESSEL LSI PRESSURE SIGNAL NAVAILABLE- DIV I HI RX PRESS SIGNAL UNAVAILABLE
- DIV ll Hl RX PRESS SIGNAL NAVAILABLE- DRYMELL PRESSURE SIGNAL NAVAILASLE- HSIVS FAlL TO REHAIN OPEN

; RFM HARDMARE UNAVAILABLE
- RCIC NAVAILABLE(6 HOURS)- HPCI NAVAILABLE(6 HOJRS)- OPERAlOR FAlLS TO INHIBIT CLOSURE OF IISIVS ON LEVEL- CS LOI PRESSURE INJECTION NAVAILASLE

B CLOSURE OF ALL NSIVS
- 250 V DC CONTROL POJER FOR 4KV SD BD 3ED NAVAILABLE- 250 V DC CONlROL POMER fOR 4KV SD BD 3EC AND 4BOV SD BD 3EB NA

CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3> SORVS)
STATE - 1 RELIEF VALVE SIUCK OPEN- CONDITIOND RELA'tlNG TO REACTOR DEPRESSURIZATION (DKPRESS, NOT
STATE - PLANT DEPRESSURIZED
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- DG D UNAVAILABLE
- FAILURE TO RECOVER OFFSITE POMER IN 30 HINUTES

COKDITIOHS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

FAILURE TO RECOVER ELECTRIC POMER IN 6 HNIRS

DG 3D UNAVAILABLE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANT CONTROL AIR SYSTEM UNAVAILABLE
OPERATOR FAILS TO RECOVER EECM (START SHING PWP)
HSIVS FAlL TO REHAIN OPEN

1 CND/CKD BSTR PWP, INCLUDES SHORT CYCLE VALVE NA
RCIC NAVAILABLELONG TERN
HPCI UKAVAILABLtLOHG TERH
CONDENSER NAVAILABLEAS HEAT SINK
VESSEL INJECTION MITM CRDHS NAVAILABLE
OPERATOR FAlLS TO HANUALLY START RHR/CORE SPRAY
RHR PWP A UNAVAILABLE
RHR PWP C UNAVAILABLE
RHR PWP 8 UNAVAILABLE
RKR PWP D UNAVAILABLE
U2 TO U1 RKR CROSS CONNECT UNAVAILABLE
OPERATOR FAlLS TO ESTABLISH TORUS COOLING
RHR LDM PRESSURE INJECTION PATH UNAVAILABLE
OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS

DRYMELL SPRAY UNAVAILABLE
STANDBY GAS TREATHENt SYSTEN UNAVAILABLE
SBGT SYSTEH RELATIVE HWIDITY HEATERS UNAVAILABLE

~Sasassssssssssssssssssssasassssassas'SSSSSSSSSSSSSSS
DG A UNAVAILABLE
DG 3A. UNAVAILABILITY
DG 38 UNAVAILABLE
DG 3C'NAVAILABLE
DG 30 UNAVAILABLE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANT COHTROL AIR SYSTEH UNAVAILABLE
OPERATOR FAlLS TO RECOVER EECM (StART SMING PWP)
HSIVS FAlL TO REMAIN OPEN

1 CKD/CMD BSTR PWP, IKCLUOES SHORT CYCLE VALVE UM

RCIC UNAVAILABLELONG TERN
HPCI NAVAILABLELONG TERH
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDKS UNAVAILABLE
OPERATOR FAILS TO HANUALLY START RHR/CORE SPRAY

RMR PWP A UNAVAILABLE
RKR PUMP C UNAVAILABLE
RHR PWP 8 UMAVAILASLE
RKR PWP D NAVAILABLE
U2 TO U1 RMR CROSS CONNECT UNAVAILABLE
OPERA'IOR FAILS TO ESTABLISH TORUS COOLIKG
RKR LOM PRESSNE INJECTION PATH NAVAILABLE
OPERATOR fAlLS TO START CS/LPCI OR TO ESTAB TORUS

DRYMELL SPRAY NAVAILABLE
STAKDBY GAS TREATHEHT SYSTEH UNAVAILABLE
SBGt SYSTEH RELATIVE HWIDITY HEATERS UNAVAILABLE
Sssssssssassssssssssssassssasssssssssssssssssssssss
250 RHOV BD 2A UNAVAILABLE
250 V RHOV BD 28 UNAVAILABLE
POMER SUPPLY DIVISION I UNAVAILASLE
POMER SUPPLY DIVISION ll UNAVAILABLE
DIV I VESSEL LOM PRESSURE SIGKAL UNAVAILABLE
DIV ll VESSEL LOM PRESSURE SIGNAL UNAVAILABLE

VAILABL- CONDITIOMD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, KOT DEPRES-
STATE - PLANT DEPRESSURIZED

VENT

Ssssa Ssssss $ $ $ $$ $ $ $ $$$ Sss Ssssssssssssasssssssssssssssssssssssssss Sass
12 TOTAL LOSS OF OFFSITE POMER

- FUEL OIL SYSTEH FOR D!ESEL A NAVAILABLE
- DG 8 UNAVAILABLE
- DG C UNAVAILABLE
- DG D NAVAILABLE
- FAILURE TO RECOVER OFFSITE POMER IN 30 HINUTES
- COKDITIONS RELATING TO StUCK OPEN SRVS (0, 1 ~ 2 ~ 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC POMER IN 6 HOURS
- COKDITIOMD RELATING TO REACTOR DEPRESSURIZATIOM (DEPRESS, NOT DEPRES

StATE - PLANT DEPRESSURIZED
AVAILABL

VENT

S Sssssss Ssssssss Ssssas SSSSSSSSSSSSSSSSSSSSSSSSRSSSSSSSSSSSSSSSSSSS Ssasss
'l3 TOtAL LOSS OF FEEDMATER

- 250 V DC CONTROL POMER FOR 4KV SD BD 3ED NAVAILABLE
- 250 V DC CONTROL POMER FOR 4KV SO 80 3EC AKD 480V SD BD 3EB NAVAILA-
- COKDITIONS RELATIHG TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)

STATE - 1 RELIEF VALVE STUCK OPEN

Ssssssassssssassaasaaassssasa
PIHX 4.10E-07 .86

ssssssssssssssssssssssaassss
PIDV 3.85E.07 .81
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DIV ll HI RX PRESS SIGNAL UNAVAILABLE
DRYMELL PRESSURE SIGXAL UNAVAILABLE
HAIN CONDENSER UNAVAILABLE
RFM HARDMARE UNAVAILABLE
RCIC UNAVAILABLE(6 HOURS)
HPCI UNAVAILABLE(6 HQJRS)
OPERATOR FAILS TO DEPRESSURIZE USING TBV'S
CS LOM PRESSURE INJECTION UNAVAILABLE
RHR LOM PRESSURE INJECTION PATH UNAVAILABLE
DRYMELL SPRAY UNAVAILABLE
SSSSSSRSSSOiSHH%%SSSSSRSSSSmsRSSRRWSiSSS$ $$$ iRSSRRSSRSSRRS
250 RNOV BD ZA UNAVAILABLE
250 V RHOV BD 28 UNAVAILABLE
POMER SUPPLY DIVISION I UNAVAILABLE
POMER SUPPLY DIVISION I I UXAVAILABLE
DIV I VESSEL LOM PRESSURE SIGNAL UNAVAILABLE

IV 11 VESSEL LOM PRESSURE SIGXAL UNAVAILABLE
lv I Hi RX PRESS SIGNAL UNAVAILABLE
IV 11 Hl RX PRESS SIGXAL UNAVAILABLE

DRYMELL PRESSURE SIGNAL UNAVAILABLE
TBVS FAlL TO RELIEVE'MAINTAINRX PRESSURE
RFM HARDMARE UXAVAILABLE
RCIC UNAVAILABLE(6 HOURS)
HPCI UNAVAILABLE(6 HOURS)
OPERATOR FAILS TO OEPRESSURIZE USING TBV'S
CS LOM PRESSURE INJECTION UNAVAILABLE
RHR LOM PRESSURE INJEC'tlON PATH UNAVAILABLE
DRYMELL SPRAY UNAVAILABLE
SSCSSSSSSRRSSRCSSSSSS ESSSCtSSSSRSSWSSRRSQRRXRRSSRCRScszss
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANT CONTROL AIR SYSTEH UXAVAILABLE
DRYMELL CONTROL AIR SYSTEN UNAVAILABLE
NSIVS FAlL TO REHAIN OPEH
1 CND/CND BSTR PUHP, INCLISES SHORI'YCLE VALVE UHAVAILABL
RCIC UNAVAILABLELONG TERN
HPCI UNAVAILABLELONG TERN
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECI'IOH MITH CRDHS UNAVAILABLE
RHR PIWP A UNAVAILABLE
RHR PUHP C UNAVAILABLE

HR PLNP 8 UNAVAILABLE
TO UI RHR CROSS CONNECT UNAVAILABLE

ERATOR FAILS TO ES'tABLISH TORUS COOLING
RHR LOM PRESSURE INJECTION PATH UNAVAILABLE
OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
DRYMELL SPRAY UNAVAILABLE
SC CRSSZCSSRiCCRRSS S SR ZSSSSR 0 mC SRRRSRSSOSSmRCHR
DRYMELL PRESSURE SIGXAL UNAVAILABLE
PLANT CONTROL AIR SYSTEH UNAVA!LABLE
NSIVS FAlL TO REHAIN OPEN
1 CND/CHD BSTR PUHP, INCLUDES SHORT CYCLE VALVE UHAVAILABL
RCIC UNAVAILABLELONG TERN
HPCI UNAVAILABLELONG TERN
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTIOH MITH CRDHS UNAVAILABLE
RHR PNP A UNAVAILABLE

CORRI SESS?«QCS 2R IRZSSSSSSSSSSSRSRS?CRRSSNSBSSSSSRS SliSRRRR$ $$5$ $$
17 TURBINE TR!P MITHImt BYPASS- 250 V DC CONTROL POMER FOR 4KV SD BD 3ED UXAVAILABLE- 250 V DC CONTROL POMER FOR 4KV SD BD 3EC AXO 480V SD 80 3EB UXAVAILA-- CONDITIONS RELATING TO STUCK OPEN SRVS (0, I ~ 2, 3+ SORVS)

STATE - 1 RELIEF VALVE STUCK OPEN- CONDITIOXD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOt DEPRES- D
STATE - PLANt DEPRESSURIZED - D-0

CZECH SOS RS1 I ERR ZZSiXRRXSRC RRRZZ CSlN RRQ RCSSS?RCRRRCISSSCQC?R
19 TOtAL LOSS OF OFFSITE POMER

DG A UNAVAILABLE
- DG 8 UNAVAILABLE
- DG D UNAVAILABLE
- FAILURE TO RECOVER OFFSITE POMER IN 30 HINUTES- DG 30 UXAVAILABLE
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, I, 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN- FAILURE TO RECOVER ELECTRIC POMER IN 6 HOURS

CRC CSSR CCS SISCCSRSCRCRfRCR SiS?Z CROSS i$1RRCRSSSQSCSRSRRRRRRRXRSS
18 TOTAL LOSS OF OFFSITE POMER

- DG A UNAVAILABLE
- OG 8 UNAVAILABLE
- DG C UNAVAILABLE
- FAILURE TO RECOVER OFFSITE POMER IN 30 HINUTES- DG 3A UHAVAILABILITY
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN- FAILURE TO RECOVER ELECTRIC POMER IN 6 HOURS- CONDITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOt OEPRES-
STATE - PLANt DEPRESSURIZED

- RHR PQIP D UNAVAILABLE ~ R; U2
- OP

PIDV

PIHV

PIHX

2.94E-07 .61

2.91E-07 .61

RRCSV I SIC
2.89E-07 .60



DEPRES- RHR PNP C IWAVAILABLE
- RHR PLWP D UNAVAILABLE
- U2 TO UI RHR CROSS CONNECT UNAVAILABLE

OPERATOR FAlLS TO EStABLISH TORUS COOLING. RHR LOU PRESSURE INJECTION PATH UNAVAILABLE- OPERATOR FAlLS TO S'TART CS/LPCI OR TO ESTAB TORUS VENT- DRYMELL SPRAY UNAVAILABLE- STANDBY GAS TREATMENT SYSTEH UNAVAILABLE- SBGT SYSTEM RELATIVE HWIDITY HEATERS UNAVAILABLE
$$$$$$$$$$$$$$ $$$$$$$$$$$$$ $$$$ $$$$$$$$$$ $ $ $$ $$$ $$$$$$$$$$$$$$$$ $$$$$- DRYNELL PRESSURE SIGNAL UNAVAILABLE- PLANT CONTROL AIR SYSTEM UNAVAILABLE- DRYIJELL CONTROL AIR SYSTEM UNAVAILABLE- NSIVS FAlL TO REMAIN OPEN

- 1 CND/CMD BStR PINP, INCLISES SHORT CYCLE VALVE UMAVAILABL- RCIC UNAVAILABLELONG TERN- HPCI UNAVAILABLELONG TERN- CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS ImAVAILABLE

DEPRES RHR PIMIP A UNAVAILABLE
- RHR PIHIP C UNAVAILABLE
- RHR PQIP B UNAVAILABLE
- U2 TO UI RHR CROSS CONNECT UNAVAILABLE- OPERATOR FAILS TO ESTABLISH TORUS COOLING- RHR LOM PRESSURE INJECTION PATH UNAVAILABLE- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS

VENI'RYMELL

SPRAY UNAVAILABLE
$ $ $$$$ $$$$$$$$$ $$$ $ $ $ $$$ $$ $$$$ $$$$$$$$$$$$$$$ $$ $ $$$$$$$$$$$$$$ $$ $$$$

- DRYMELL PRESSURE SIGNAL UNAVAILABLE- PLANT CONTROL AIR SYSTEM UNAVAILABLE- HSIVS FAIL TO REMAIN OPEN- 1 CND/CND BSTR PIWP, IMCLISES SHORT CYCLE VALVE UNAVAILABL- RCIC UNAVAILABLELONG TERN- HPCI UNAVAILABLELONG TERN- CONDENSER UNAVAILABLEAS HEAT SINK- VESSEL INJECTION IIITH CRDHS UNAVAILABLE- RHR PNP A UNAVAILABLE
DEPRES- RHR PIWP C UNAVAILABLE

- RHR PIWP D UNAVAILABLE
- U2 TO UI RHR CROSS CONNECT UNAVAILABLE
- OPERATOR FAlLS TO ESTABLISH TORUS CODLING- RHR L(HI PRESSURE INJECTION PATH UNAVAILABLE- OPERATOR FAILS TO StART CS/LPCI OR TO ESTAB TORUS VENI'

DRYMELL SPRAY UNAVAILABLE
- STANDBY GAS TREATMENT SYSTEM UNAVAILABLE- SBQT SYSTEM RELATIVE HQIIDITY HEATERS UNAVAILABLE

$$$$$$$$$ $$$ $ $ $$ $$$$$$$$$$$$$$$$$$ $$$$$$$ $$ $$$$$$$$$$ $$$$$ $$$ $ '$$ $ $$
- DRYIJELL PRESSURE SIGNAL UNAVAILABLE- PLANT CONTROL AIR SYSTEM UNAVAILABLE. NSIVS FAlL TO REMAIN OPEN- I CMD/CND BSTR PIHIP, IMCLISES SHORT CYCLE VALVE UNAVAILABL- RCIC UNAVAILABLELONG TERII- HPCI UNAVAILABLELONG TERll
- CONDENSER UNAVAILABLEAS HEAT SINK- VESSEL INJECTION MITH CRDHS UNAVAILABLE

RHR PQIP A UNAVAILABLE

- COMDITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT
STATE - PLANT DEPRESSURIZED

- RHR PINP B UNAVAILABLE

$ $$$$$ $$ $$ $$ $$ $ $$$$$$ $$$ $$ $$$$$$$ $$$$$$$$$$ $$$$ $$$$ $$$ $$$$$$$ $$$$$$ $
20 TOTAL LOSS OF OFFSITE POIER- DQ A UNAVAILABLE

- DG B UNAVAILABLE
- DG C UNAVAILABLE
- FAILURE TO RECOVER OFFSITE PONER IN 30 MINUTES. DG 3B UNAVAILABLE
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)

STATE - 0 RELIEF VALVES StUCK OPEN
- FAILURE TO RECOVER ELECTRIC POMER IN 6 HImRS

~ - COMDITIOMD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT
STATE - PLAMt DEPRESSURIZED- RHR PUMP D UNAVAILABLE

$ $ $$ $ $$ $$$ $$$$ $ $ $$ $$$$$$ $$$ $$$$$$ $$ $$$ $$$$$$$$$$$$$$$$$ $$$$$ $$$$
21 TOtAL LOSS OF OFFSITE POMER

- DG A UNAVAILABLE
- DQ B UNAVAILABLE
- DG D UNAVAILABLE
- FAILURE TO RECOVER OFFSITE POMER IN 30 HIMUTES- DG 3C UNAVAILABLE
- CONDITIONS RELATINQ TO STUCK OPEN SRVS (0, I ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC POlER IM 6 HOURS- COMDITIOND RELATING TO REACTOR DEPRESSURIZA'lION (DEPRESS, NOT

STA'TE - PLANT DEPRESSURIZED
- RHR PIMIP B UNAVAILABLE

$ $$ $$ $ $$$$$$$ $ $$$ $ '$$ $$$ $$$ $$ $ $$$$ $$$$ $$ $$ $$$$$ $$$$$ $$$$$$ $$$$$ $$ $
22 TOTAL LOSS OF OFFSITE PONER

- DG A UNAVAILABLE
- DG B UNAVAILABLE
- DQ 0 UNAVAILABLE
- FAILURE TO RECOVER OFFSITE PONER IN 30 NINUTES- DG 3A UNAVAILABILITY
- CONDITIONS RELA'TING TO STUCK OPEN SRVS (0, I ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN- FAILURE TO RECOVER ELECTRIC PONER IN 6 HOURS

$ $ $$$$$ $$$$$$$$$$$$$$$$ $$ $$$$$
PIHV 2.70E.07 .56

$$ $$$$$ $$$$$$$ $$$$$ $$ $ $$ $ $ $$ $$
P IHX 2.69E.07 .56

$$$$$ $ $ $ $ $$ $$ $$ $$$ $ $ $$ $ $$$ $$$$
PIHX 2.69E-07 .56
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- 250 V DC CONTROL POMER FOR 4KV SO BD 3ED UNAVAILABLE- 250 V DC CONTROL POMER FOR 4KV SD BD 3EC AHD 480V SD BO 3EB UXAVAILA.
- CONDltlOHS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES StUCK OPEN
- COHDITIOHD RELATING TO REACtOR DEPRESSURIZATIOH (DEPRESS, NOT DEPRES

S'fATE - PLANT DEPRESSURIZED
- VESSEL IHJECtlOH MITH CRDHS UNAVAILABLE

5 555 55 Scc RCSR 5 5 55$ 5555$ 5 555555555555$ 55555sss sssssssssscssas
45 TURBINE BUILDING FLOOD. 250 V DC CONTROL POMER FOR 4KV SO BD 3EC AND 480V SO BD 3EB UXAVAILA- POMER SUPPLY DIVISION ll UNAVAILABLE

- COXDITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT DEPRES
STATE - PLANT OEPRESSURIZED

5555555$ 5$ 5555 $5$555$ 55$5 —a555 RSSSSR555555555555555555$ 555555555555555555
46 tOTAL LOSS OF OFFSITE POMER

- 250 V DC COHTROL POMER FOR 4KV SD BD 3ED UXAVAILABLE
- 250 V DC CONTROL POMER FOR 4KV SD BD 3EC AND 480V SD BD 3EB UXAVAILA.
- COXDITIOHS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- COXDITIOHD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT DEPRES

STATE PLANT DEPRESSURIZED

250 V RHOV BD 28 UNAVAILABLE
POMER SUPPLY DIVISION I UNAVAILABLE
POMER SUPPLY DIVISION ll UXAVAILABLE
DIV I VESSEL LOM PRESSURE SIGNAL UNAVAILABLE
DIV ll VESSEL LOM PRESSURE SIGXAL UNAVAILABLE
OIV I HI RX PRESS SIGNAL UNAVAILABLE
DIV ll Hl RX PRESS SIGXAL UNAVAILABLE
ORYMELL PRESSURE SIGNAL UNAVAILABLE
HAIN CONDENSER UNAVAILABLE
I CND/CHD BSTR PIIIP, INCLUDES SHORT CYCLE VALVE
RCIC UNAVAILABLE(6 HOURS)
HPCI UNAVAILABLE(6 HQJRS)
CONDENSER UNAVAILABLEAS HEAT SINK
CS LOM PRESSURE IHJEC'flOX UXAVAILABLE
RHR LOM PRESSURE INJECTION PATH UNAVAILABLE
DRYMELL SPRAY UNAVAILABLE

555555555$ 55 sssssssssssssssasssscssssssssssssssss
250 V RHOV BD 28 UNAVAILABLE
POMER SUPPLY DIVISION I UNAVAILABLE
DIV I VESSEL LOM PRESSURE SIGNAL UNAVAILABLE
DIV Il VESSEL LOM PRESSURE SIGXAL UXAVAILABLE
OIV I HI RX PRESS SIGNAL UNAVAILABLE
DIV II Hl RX PRESS SIGXAL UNAVAILABLE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANT CON'fROL AIR SYSTEH UXAVAILABLE
DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
HSIVS FAIL TO REHAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (Og I ~

STATE - 0 RELIEF VALVES STUCK OPEN
I CHD/CNO BSTR PUHP, INCLUDES SHORT CYCLE VALVE
RCIC UNAVAILABLE(6 HOURS)
HPCI UNAVAILABLE(6 HOURS)
CONDENSER UXAVAILABLEAS HEAT SINK
VESSEL INJECTINI MITH CRDHS UNAVAILABLE
CS LOM PRESSURE INJECTION UNAVAILABLE
RHR LOM PRESSURE INJECTION PATH UNAVAILABLE
DRYMELL SPRAY UNAVAILABLE

55555555555555555 SSSR5555$ $5555555555$ $CSSSSSSSSS

250 RHOV BD 2A UNAVAILABLE
250 V RHOV BD 2B UNAVAILABLE
POMER SUPPLY DIVISION I UNAVAILABLE
POMER SUPPLY DIVISION ll UNAVAILABLE
DIV I VESSEL LOM PRESSURE SIGNAL UNAVAILABLE
DIV 11 VESSEL LOM PRESSURE SIGNAL UNAVAILABLE
DIV I Hl RX PRESS SIGNAL UNAVAILABLE
DIV 11 Hl RX PRESS SIGNAL UNAVAILABLE
DRTMELL PRESSURE SIGNAL UNAVAILABLE
HSIVS FAIL TO REHAIN OPEN

1 CND/CXD BSTR PWP, INCLISES SHORT CYCLE VALVE
RCIC UNAVAILABLE(6 HtmRS)
HPCI UNAVAILABLE(6 HOJRS)
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS UNAVAILABLE
CS LOM PRESSURE INJECtlOX UNAVAILABLE
RHR LOM PRESSURE INJECTION PATH UNAVAILABLE
DRYMELL SPRAY UNAVAILABLE

UNAVAILABL

2, 3+ SORVS)

UXAVAILABL

UHAVAILABL

SSSSSSSSSSSSSSSSSSC 5555555555
PIHV T.11E-OT .23

ssssssasssssssscsss5555$ 5$ 555sc
PIHV 1.11E-07 .23
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STATE - PLANT DEPRESSURIZED

$ $ $$$$$$ $$ $ $ $$$ $$$$$ $5$$$$ $$$ $$ $ $$ $$$ $$ $$$$$ $ $$$$$ $$ $$ $ $ $$$$$ $$$$$$ $$ $$ $$$
50 TOTAL LOSS OF OFFSITE POMER

- DG A UNAVAILABLE
- DG S UNAVAILABLE
- DG C UNAVAILABLE
- DG D UMAVAILABLE

FAILURE TO RECOVER OFFSITE POMER IN 30 HIKUTES- FUEL OIL FOR DIESEL 3D UNAVAILABLE
- CONDITIOKS RELATIKG TO STUCK OPEK SRVS (0, 1, 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC POMER IN 6 HCXIRS
- COMDITIOMD RELATIKG TO REACTOR DEPRESSURIZATIOM (DEPRESS, NOT DEPRE

S'fATE - PLANT DEPRESSURIZEO

S-

51 TOTAL LOSS OF OFFSITE POMER
- DG A UNAVAILABLE
- DG B UNAVAILABLE
- DG C UNAVAILABLE
- DG D UMAVAILABLE
- FAILURE TO RECOVER OFFSITE POMER IN 30 HINUTES
- FUEL OIL SYSTEH FOR DIESEL 3A UNAVAILABLE
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STA'fE - 0 RELIEF VALVES STUCK OPEN
- FAILURE TO RECOVER ELECTRIC POMER IN 6 HCXRS
- COMDITIOND RELAI'IKG TO REACTOR DEPRESSURIZATIOM (DEPRESS, NOT DEPRE

STATE - PLANT DEPRESSURIZED

S-

CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS UNAVAILABLE
OPERATOR FAILS TO MANUALLY START RHR/CORE SPRAY
RHR PNP A NAVAILABLE
RHR PNP C UNAVAILABLE
RHR Ply 8 UNAVAILABLE
RHR PtNP D UNAVAILABLE
U2 TO U1 RHR CROSS CONNECT NAVAILASLE
OPERATOR FAlLS TO ESTABLISH TORUS COOLING
RHR LOM PRESSURE INJEC'flON PATH UNAVAILABLE
OPERATOR FAlLS TO STAR'f CS/LPCI OR TO ES'TAB TORUS
DRYMELL SPRAY UNAVAILABLE
STANDBY GAS TREATMENT SYSTEM UNAVAILABLE
SBGT SYSTEM RELATIVE H NIDITY HEATERS UXAVAILABLE

$ $ $$$$$$$$$ $$$ $$ $ $$$$$$$ $$$ $$$ $$$ $ $$$$$$ $$$ $$$$$$$

DG 3A UNAVAILABILITY
DG 3B UXAVAILABLE
DG 3C NAVAILABLE
DG 30 UNAVAILABLE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANT CONTROL AIR SYSTEM UNAVAILABLE
OPERATOR FAlLS TO RECOVER EECM (START SMING PLOP)
HSIVS FAlL TO REMAIN OPEN

1 CND/CMD SSTR PlNP, IMCLISES SHORT CYCLE VALVE N
RCIC UXAVAILABLELONG TERN
HPCI UNAVAILABLELONG TERH
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION KITH CRDHS UNAVAILABLE
OPERATOR FAILS TO MANUALLY START RHR/CORE SPRAT
RHR PNP A UXAVAILABLE
RHR PWP C UNAVAILABLE
RHR PIWP B NAVAILASLE
RHR PIWP D UNAVAILASLE
U2 TO U1 RHR CROSS CONNECT UNAVAILABLE
OPERATOR FAILS TO ESTABLISH TORUS COOLIKG
RHR LOM PRESSURE INJECTION PATH UNAVAILABLE
OPERATOR FAILS TO START CS/LPCI OR TO ESTAS TORUS
ORYMELL SPRAY UNAVAILABLE
S'fANDSY GAS TREATMENT SYSTEH UNAVAILABLE
SBGT SYSTEH RELATIVE HNIDITY HEATERS UXAVAILABLE

ass $$$$$$$$$ $$ $ $ $ $$ $$$ $ $$ $$$$$$$$$$ $$ $$ $ $$$$$ $$

DG 3A UNAVAILABILITY
DG 38 NAVAILABLE
DG 3C NAVAILABLE
DG 3D NAVAILASLE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
PLANT CONTROL AIR SYSTEM NAVAILABLE
OPERATOR FAlLS TO RECOVER EECM (START SMING PLNP)
HSIVS FAlL TO REHAIN OPEN
1 CND/CMD BSTR PNP, IMCLIA)ES SHORI'YCLE VALVE U

RCIC NAVAILASLE LONG TERH
HPCI NAVAILASLE LONG TERH
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL IKJECTION MITH CRDHS UNAVAILABLE
OPERATOR FAlLS TO MANUALLY START RHR/CORE SPRAY
RHR PtNP A UNAVAILABLE

VENT

AVAILABL

VENT

MAVAILABL

$$$$$$$$$$$$$$$$$$$$$ $$ $ $$$ $ass
PIHX 1.05E-07 .22

$$$$$$$$$ $ $$ 'aaaa $$$ $ $ $$ $ $ sash
PIHX 1.05E-07 .22
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59 TOTAL LOSS OF OFFSITE POIER DG D NAVAILABLE
- DG A UHAVAILABLE - ORWELL PRESSURE SIGNAL NAVAILASLE
- DG 8 UNAVAILABLE - PLANT CONTROL AIR SYSTEM NAVAILABLE
- FUEL OIL SYSTEM FOR DIESEL D UXAVAILABE - HSIVS FAIL TO REMAIN OPEN
- FAILURE TO RECOVER OFFSITE POMER IN 30 MINUTES . 1 CMD/CND SSTR PQIP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS) - RCIC NAVAILASLE LONG TERN

STATE - 0 RELIEF VALVES STUCK OPEN - HPCI NAVAILASLE LONG TERM
- FAILURE TO RECOVER ELECTRIC POKER IN 6 HOIRS - CONDENSER NAVAILABLEAS HEAT SIKH

CONDITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESSt KOT DEPRES VESSEL INJECTIOI IIITH CRDHS UNAVAILASLE
STATE - PLANT DEPRESSURIZED - RHR PNP A UNAVAILABLE

- RHR PQIP 8 UXAVAILABLE - RHR PLMIP C UHAVAILABLE
- RHR PWP D UNAVAILABLE
- U2 TO U1 RHR CROSS CONNECT UNAVAILABLE
- OPERATOR FAILS TO ESTABLISH TORUS COOLING
- RHR !.OM PRESSURE INJECTION PATH UNAVAILABLE
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
- DRWELL SPRAY UNAVAILABLE
- STANDBY GAS TREATMENT SYSTEH UNAVAILABLE
- SSGT SYSTEM RELATIVE IRKIIDITYHEATERS UXAVAILABLE

asses 5555'ss 55 5 555 '5555 ssesasss'as '5555555555'aaassssssssss 5555555555555555 55'55 5'5'ass'5 'sasssssas'555 555555 ssssssassssassss
60 INADVER'IEHT (OTHER) SCRAM . 250 RHOV BD 2A UNAVAILABLE

- 250 V DC CONTROL POIER FOR 4KV SD BD 3ED UNAVAILABLE - 250 V RHOV BD 2B UNAVAILABLE
- 250 V DC CONTROL POMER FOR 4KV SD BD 3EC AXD 480V SD 80 3EB UNAVAILA-PSIER SUPPLY DIVISIOH I UNAVAILABLE
- TURBINE TRIP FAILURE - POKER SUPPLY DIVISION Il UNAVAILABLE
- CONDITIOHS RELATING TO STUCK OPEH SRVS (0, 1, 2, 3+ SORVS) DIV I VESSEL LOI PRESSURE SIGNAL UHAVAII.ASLE

STATE - 1 RELIEF VALVE STUCK OPEN - DIV II VESSEL LOM PRESSURE SIGNAL UNAVAILABLE
- COKDITIOKD RELATING TO REACTOR DEPRESSURIZATIOH (DEPRESS, MOT DEPRES- DIV I Hl RX PRESS SIGNAL UNAVAILABLE

STATE - PLANT DEPRESSURIZED - DIV ll Hl RX PRESS SIGNAL UNAVAILABLE
- DRWELL PRESSURE SIGNAL UNAVAILABLE
- RFQ HARDHARE UXAVAILABI.E
. RCIC UNAVAILABLE(6 HOURS)
- HPCI UNAVAILABLE (6 HOURS)
- OPERATOR FAlLS TO DEPRESSURIZE USIKG TBViS
- CS LOI PRESSURE IMJECTIOH UNAVAILABLE
- RHR LOll PRESSURE INJEC'IION PATH UXAVAILASI.E
- ORWELL SPRAT UNAVAILABLE

5 sass assess asaseseas 5555 5555555555 5 5555 555555555555555555555555555555555asesssas ssassasssaaessssssaasasssasssssssaassssssss
61 TURBINE BUILDING FLOOD - 250 RHOV BD 2A UNAVAILABLE

- 250 V DC CONTROL PDMER FOR 4KV SD BD 3ED UNAVAILABLE - 250 V RHOV BD 28 UNAVAILABLE
- 250 V DC CONTROL POMER FOR 4KV SD 80 3EC AKD 480V SD BD 3EB UNAVAILA- POMER SUPPLY DIVISION I UNAVAILABLE
- COMDITIOKD RELATING TO REACTOR DEPRESSURIZATIOH (DEPRESS'OT DEPRES- POlER SUPPLY DIVISION ll UNAVAILABLE

STATE . PLANT DEPRESSURIZED - DIV I VESSEL LOM PRESSURE SIGNAL NAVAILABLE
- REACTOR BUILDING ISOLATION FAILURE DIV Il VESSEL LOI PRESSURE SIGKAL UXAVAILABLE

- DIV I Hl RX PRESS SIGNAL UNAVAILABLE
- DIV II Hl -RX PRESS SIGNAL UNAVAILABLE
- DRYMELL PRESSURE SIGNAL UXAVAILABLE
- PLANT CONTROL AIR SYSTEH UNAVAILABLE
- ORWELL CONTROL AIR SYSTEM UNAVAILABLE

HSIVS FAIL TO REHAIN OPEN
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- 1 CKD/CND SSTR PWP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
- RCIC UNAVAILABLE(6 HOURS)
- HPCI NAVAILABLE(6 HNRS)
- CONDENSER NAVAILABLEAS HEAT SINK
- VESSEL INJECTION KITH CRDHS UNAVAILABLE

P IHX 9.21E-08 .19

55 555555555 5 sss as sss
PIDV 9.18E-OS .19

55 5555 asses 5 5 5 55 55
PIHZ 8.96E.08 .19
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67

STATE - PLAHT DEPRESSURIZED - DRWELL PRESSURE SIGNAL UNAVAILABLE
- HSIVS FAIL TO REMAIN OPEN

RFM HARDIIARE UNAVAILABLE
RCIC UNAVAILABLE(6 HOURS)

. HPCI UNAVAILABLE(6 HQIRS). OPERATOR FAlLS TO INHIBIT CLOSURE OF IISIVS OM LEVEL. CS LOM PRESSURE INJECTION UNAVAILABLE
- RHR LOM PRESSURE INJECtlOH PATH UNAVAILABLE

ORWELL SPRAY UNAVAILABLE
$ $ 5555 SSSS $555 $ $$$$$ $ $ $$$$ $ $$$$ $$ $ $ $ $$ SS5$ $ $$ $ $S$ $5$ $ $ $$ $5$ $ $$ $ $ $ $$$$5$ $ $$$$ $$ 5$ $ $$$$$$ $ $$$5SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS $55555 $ $$$ $ 555 $555

TOTAL LOSS OF OFFSITE POMER - DRWELL PRESSNE SIGNAL UNAVAILABLE
DG A UNAVAILABLE - PLANT CONTROL AIR SYSTEM UNAVAILABLE

- DG B UHAVAILABLE - DRYMELL CONTROL AIR SYSTEH NAVAILABLE
- DG C UNAVAILABLE HSIVS FAlL TO REMAIN OPEN
- FAILURE TO RECOVER OFFSITE POMER IN 30 HINUTES . 1 CND/CND BSTR PLNP, INCLUDES SHORT CYCLE VALVE NAVAILABL
- CONDITIONS RELATIMG TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS) - CONDENSER UNAVAILABLEAS HEAT SINK

STATE - 1 RELIEF VALVE StUCK OPEN - VESSEL INJECTION lIITH CRDHS UNAVAILABLE
- FAILURE TO RECOVER ELECTRIC PSIER IN 6 HOURS RHR PUMP A UNAVAILABLE
- RHR PUMP 0 UNAVAILABLE - RHR PLWP C UNAVAILABLE

RHR PLOP B UNAVAILABLE
U2 TO Ul RHR CROSS CONNECT UXAVAILABLE

- OPERATOR FAlLS TO ESTABLISH TORUS COOLING
- RHR LOM PRESSURE INJEC'tlON PATH UNAVAILABLE

OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS
VENI'RYMELL

SPRAT UNAVAILABLE
$$ 5 $$$ $ $ SSSS 5$ $ SSSSSSSS $ $$ 55555 $ 5$ SSSSSSSS $ $ $ $ $ $$ $ $ $ $ $5$ $ $ $$ $ $$ $ $$$$ $ $ $ $ $$$$ $$$ $ SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS'SS$ $$ $ $$$ $$$ $ $ $55555 $ 555

TURBINE BUILDING FLIXX) 250 V RHOV 1A NAVAILABLE HIAV 8.16E-OB .17
- 250 V DC CONTROL POMER FOR 4KV SD BD 3EA AND 480 SD BD 3EA NAVAILAB.250 V RHOV 2C NAVAILABLE
- HPCI UNAVAII.ABLE(6 HOURS) - DRYMELL PRESSURE SIGNAL UNAVAILABLE
- CONDITIOXD RELATING TO REACTOR DEPRESSURIZATIDN (DEPRESS, NOT DEPRES. PLANT CONTROL AIR SYSTEM UXAVAILABLE

STATE - PLANT NOT DEPRESSURIZED, MECH SRV OK - DRTlIELL CONTROL AIR STSTEH UXAVAILABLE
HSIVS FAlL TO REMAIN OPEN
CONDITIOHS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
StATE - 0 RELIEF VALVES STUCK OPEN

- 1 CND/CND BSTR PQIP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
- RCIC UNAVAILABLE(6 HOURS)
- CONDENSER UNAVAILABLEAS HEAT SINK

VESSEL INJECtlOM lIITH CRDHS UNAVAILABLE
$ $ 5$ $ $5$ 5 S $ $$ 5555 '5 $$ $$$$$5$ $ $$$$$$$$$$$ $$$$ $$$$$$$$$$$ $$$$$$$$ $ $$$$ $$$$ $$ $55555 $ $ $ SSSS$ $$$$$ $ $$ $$$5$$ $ $SS $5555 55555 5 $ $ $ 55555

TOTAL LOSS OF OFFSITE POMER - DRYMELL PRESSURE SIGNAL UNAVAILABLE P IHX 8.16E-08 .17
- DG A UHAVAII.ABLE - PLANT CONTROL AIR SYSTEM UNAVAILABLE
- DG 8 UHAVAILABLE . HSIVS FAlL TO REHAIN OPEN
- DG D UNAVAILABLE - 1 CND/CMD BSTR PNP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
- FAILURE TO RECOVER OFFSITE POMER IN 30 MINUTES HPCI UNAVAILABLELONG TERM
- CONDITIONS RELAtlNG TO STUCK OPEN SRVS (0, I ~ 2, 3+ SORVS) CONDENSER UNAVAILABLEAS HEAT SINK

STATE - 0 RELIEF VALVES STUCK OPEN - VESSEL INJECTION MITH CRDHS UNAVAILABLE
- RCIC UNAVAILABLE(6 HOURS) - RHR PIWP A UNAVAILABLE
- FAILURE tO RECOVER ELECTRIC POMER IN 6 HOURS - RHR PIXIP C UNAVAILABLE
- COMDITIOMD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT DEPRES- RHR PIWP 0 UXAVAILABLE

STATE - PLANT DEPRESSURIZED - U2 TO U1 RHR CROSS CONNECT UNAVAILABLE
- RHR PUMP B UNAVAILABLE - OPERATOR FAILS TO ESTABLISH TORUS COOLING

- RHR LOM PRESSURE INJECTION PATH NAVAILABLE
. OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
- DRYMELL SPRAY NAVAILABLE
- STANDBY GAS TREATHEMt SYSTEM UNAVAILABLE
- SBGT SYSTEH RELATIVE HIXIIDITYHEATERS UXAVAILABLE
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OPERA'IOR FAlLS TO ESTASLISII TORUS COOLING
RHR LNI PRESSURE INJECTION PATH UNAVAILABLE

- OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT
- DRYMELL SPRAY NAVAILASLE

STANDBY GAS IREATKENT SYSTEM UNAVAILABLE
- SBGT SYSTEH RELATIVE HUHIDITY HEATERS NAVAILASLE

ZZ5215511 CRCCRRCSZCS SCCCCCC5255 555555'RCZ'ZCZCCS 5222522522252225522252 255222222222225522222255222525555555555555512555515511ZRCSSSSR5555555SSSS 552551 255 g
80 LOSS OF 500KV GRID - 250 RHOV BD 2A NAVAILASLE

- 250 V DC CONTROL PNIER FOR 4KV SD BD 3ED NAVAILASLE - 250 V RKOV BD 28 UNAVAILABLE
- 250 V DC COMTROL PNIER FOR 4KV SD BD 3EC AND 480V SD BD 3ES UNAVAILA-POMER SUPPLY DIVISION I UNAVAILABLE
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS) - POMER SUPPLY DIVISIOI ll NAVAILABLE

STATE - 1 RELIEF VALVE STUCK OPEN - DIV I VESSEL LNI PRESSURE SIGNAL UNAVAILABLE
- COMDITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, KOT DEPRES DIV Il VESSEL LOM PRESSURE SIGKAL UNAVAILABLE

STATE - PLANT DEPRESSURIZED DIV I Hl RX PRESS SIGNAL UNAVAILABLE
- DIV 11 Hl RX PRESS SIGNAL UKAVAILABLE
- DRYMELL PRESSURE SIGNAL NAVAILABLE

HAIN CONDENSER UNAVAILABLE
- RFM HARDMARE UXAVAILABLE
- RCIC UNAVAILABLE(6 HmlRS)

HPCI UMAVAII.ABLE(6 HNIRS)
- OPERAtOR FAILS TO DEPRESSURIZE USING TBV~S
- CS I.Oll PRESSURE INJECTIOI UNAVAILABLE
- RHR LNI PRESSURE IKJECTION PATH UKAVAILABLE
- DRYMELL SPRAY UNAVAILABLE

5 Sg 125 S SSSSSS 2222$ 2 SSSSSSZSSSSSS SZISCSRSSSSSSSSRSSSSSSS SSSSS SSSSSSSSSSSSSS 251552S155151 CSSSSSSZS 551555SSSSSSSSSSSCSSSIZSSSSSCSSZSZSSRC S SS

81 LOSS OF 500KV GRID DG 3A UNAVAILABILITY
- OPERATOR FAILS TO RESTORE POMER TO UNIT BOARDS - DG 38 UNAVAILABLE
- DG A UNAVAILABLE DG 3C UNAVAILABLE
- DG 8 UNAVAILABLE - DG 3D UMAVAII.ABLE
- DG C UNAVAILABLE - DRYMELL PRESSURE SIGNAL UNAVAILABLE
- DG D UNAVAILABLE - PLANT CONTROL AIR SYSTEM NAVAILABLE
- FAILURE TO RECOVER OFFSITE POMER IM 30 KINUIES OPERATOR FAILS TO RECOVER EECM (STAR'I QIING PUHP)
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS) TURBINE TRIP FAILURE

STATE - 0 RELIEF VALVES STUCK OPEN 1 CMD/CND BSIR PUMP, INCLINES SHORT CYCLE VALVE UNAVAILABL
- FAILURE TO RECOVER ELECtRIC POMER IN 6 HSIRS CONDENSER UHAVAII.ABL'EAS NEAT SINK

VESSEL INJECTION MITH CRDHS UXAVAILABLE
OPERATOR FAILS TO NAKUAI.LY START RHR/CORE SPRAT
RHR PUMP A UXAVAILABLE
RHR PUMP C UNAVAILABLE
RHR PWP 8 UNAVAILABLE
RHR PWP D UNAVAILABLE
U2 TO UI RHR CROSS COKKECT NAVAILABLE
OPERATOR FAlLS TO ESTABLISH TORUS COOLING

~ RHR LOM PRESSURE INJECTION PATH UXAVAILASLE
OPERATOR FAlLS TO START CS/LPCI OR IO ESTAB TORUS VENl'
DRYMELL SPRAY UNAVAILABLE

- STANDBY GAS TREATKEHT SYSTEH NAVAILABLE
SBGT SYSTEH RELATIVE NNIDITY HEATERS UNAVAILABLE

g Sg555125 51 252252 2522 555552522 SSCS52552151C5551555525555555SSSSSSSCSSSSSSSS 522522 SSSSRSSSSSSSSSSSSSCSSg2225gg521gSg212 5521211151151555552551525S SRS 52522 55 125
82 TURB IKE TRIP - DRYMELL PRESSURE SIGNAL UNAVAILABLE NKCV 6.74E-OS ~ 14

- AUtOKATIC/MANUALREACTOR SCRAH FAILURE - COMDITIOKD RELATING TO REACTOR DEPRESSURIZATINI (DEPRESS,
OPERATOR FAILS TO START SLC StATE - PLANt DEPRESSURIZED

gg 5 555 g55552 SgSCCSSSSSSSSSS25552555 SSSSCSSSSSISSSSSSSSSSSSSSSSSSSZ55555555 55225555525125Z5525555CSSSSSS52512552555512552555sssSSI 5555sc s52555555sc5555ccSsc 2 5555
83 TURBIKE TRIP - 250 V RKOV BD 28 UNAVAILABLE KIAV 6.63E 08 .14

- 250 V DC COHTROL PNIER FOR 4KV SD SD 3EC AMD 480V SD BD 3EB UNAVAILA-PNIER SUPPLY DIVISION I UKAVAILABLE
- AUtOKATIC/NAKUALREACIOR SCRAM FAILURE - DIV I VESSEL LOM PRESSURE SIGNAL NAVAILASLE
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- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS) - DIV I Hl RX PRESS SIGNAL NAVAILASLE
STATE - 0 RELIEF VALVES STUCK OPEN - DRYHELL PRESSURE SIGNAL NAVAILABLE

- STANDBY LIQUID CONTROL SYSTEM IJMAVAIUSLE
555$ 55555$ 5555CCSSCSSSSSC555$ 555$ 5555555555555555555555555 SISSSSSSSCSSSSSSSSCSSSS5CCCSSSSSCSSSSSSSS$ CSSSSSSSSCSSSSSSSSCCSSSCCSSSSSSSSSSCSSS555555555$ 5$ 5SSSSS

84 TOTAL LOSS OF OFFSITE POJER - DRYKELL PRESSURE SIGNAL NAVAILASLE NIHV 6A2E-08 .13
- DG 8 UNAVAILABLE PLANT CONTROL AIR SYSTEM UNAVAILABLE
- DG C UNAVAILABLE ~ . DRYMELL CONTROL AIR SYSTEM NIAVAILABLE- FAILURE TO RECOVER OFFSITE POMER IN 30 HIKUTES - NSIVS FAIL TO REMAIN OPEN- COKDITIOHS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS) - 1 CND/CHD SSTR PLOP, INCLIXJES SHORT CYCLE VALVE NAVAILASL

StATE - 0 RELIEF VALVES STUCK OPEN HPCI UNAVAILABLELONG TERN
- FAILURE TO RECOVER ELECTRIC POKER IN 6 HmJRS - CONDENSER UNAVAILABLEAS HEAT SINK
- FAILURE TO RECOVER 480V RHOV BOS ZA OR 28 - VESSEL IKJECTION KITH CRDHS IJNAVAIUBLE
- RHR PUMP 0 UNAVAILABLE - RHR PNP A UNAVAILABLE

. RHR PNP C NAVAILABLE
- RHR PINP B UNAVAILABLE
. U2 TO U1 RHR CROSS CONNECT NAVAILABLE
- OPERATOR FAlLS TO ESTABLISH TORUS COOLING
- RHR LOI PRESSURE INJECTION PATH UNAVAILABLE
. OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
- DRYHELL SPRAY UNAVAILABLE

CSS 5 ICC 5555 5 SCCCS CSCSSSSCSS 5555 5 CSzSS 55 5 sasscssscs55$ 55$ 555ssscsssscc5555 55555555$ 55555$ 555555555$ 55555$ 55555$ 555$ 5scsscsccaacccc scssccsscz I
85 TOTAL LOSS OF OFFSITE POIER . 250 V RJHJV BD 28 UNAVAILABLE OIAV 6.40E-DB .13

- DG 8 UNAVAILABLE - POIER SUPPLY DIVISIOI I WAVAILASLE
- DG D UNAVAILABLE - DIV I VESSEL LOI PRESSURE SIGNAL UNAVAILABLE
- FAILURE TO RECOVER OFFSITE POIER lk 30 HlkUTES - DIV I HI RX PRESS SIGNAL UNAVAILABLE
- 250 V DC CONTROL POIER fOR 4KV SD BD 3EC AND 480V SD BD 3ES NAVAILA.DRYKELL PRESSURE SIGNAL UNAVAILABLE
- COkDITIOHS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS) - PLANT CONTROL AIR SYSTEM UNAVAILABLE

STATE - 0 RELIEF VALVES STUCK OPEN . IISIVS FAlL TO REMAIN OPEN
- fAILURE TO RECOVER ELECTRIC POIER IN 6 HOJRS - 1 CND/CND SSTR PNJP, INCLINES SHORt CYCLE VALVE UNAVAILABL
- COHDITIOHD RELATING TO REACTOR DEPRESSURIZATION (DEPRFSS, NOT DEPRES. RCIC UNAVAILABLE(6 HOJRS)

STATE - PLANT DEPRESSURIZED - HPCI UNAVAILABLELONG TERM
COHDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION lIITH CRDHS UNAVAILABLE

- CS LOI PRESSURE INJECTION UNAVAILABLE
. RHR LOU PRESSURE INJEC'IION PATH UNAVAILABLE

5 5 5555555 SSSCCCC CS 5555$ $ 555$ $55555$ SCZCSS CSSSCCCSSCCCSSSCCCCCIZSSSCSSRSCSSS SSSCSCCSICCSSRIIICSCCICCCCSRSCSSCISRCSCCCIICSRSCCSCSCSCCCR SSICZRIR ZSSRC 5 S

86 TOTAL LOSS OF OFFSITE POWER - DRYIIELL PRESSURE SIGNAL WAVAILABLE NIHV 6.40E.08 .13
- DG 8 UNAVAILABLE - PLANT COITROL AIR SYSTEM UNAVAILASLE
- DG C UNAVAILABLE DRYKELL CONTROL AIR SYSTEII UNAVAILABLE
- FAILURE TO RECOVER OFFSITE POIER lk 30 MINUTES - NSIVS FAIL TO REMAIN OPEN
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS) - 1 CND/CND BSTR PLNP, INCLIMJES SHORT CYCLE VALVE UNAVAILASL

STATE - 0 RELIEF VALVES STUCK OPEN HPCI UNAVAILABLELONG TERM
- FAILURE TO RECOVER ELECTRIC POIER IN 6 HONS - COmENSER NAVAILABLEAS HEAT SINK
- RHR PUMP A UMAVAILABLE - VESSEL lkJECTIOI IIITH CRDHS NAVAILASLE
- RHR PUMP D UNAVAILABLE - RHR PNP C UNAVAILABLE

- RHR PNJP 8 WAVAILABLE
- U2 TO U1 RHR CROSS CONNECT NAVAILABLE
- OPERATOR fAILS TO ESTABLISH TORUS COOLIKG

RHR LOI PRESSURE INJEC'IION PATH UNAVAILABLE
- OPERATOR FAILS TO StART CS/LPCI OR TD EStAB TORUS VENT
- DRYMELL SPRAY UNAVAILABLE

SIC S 5555 5 CCS SSZ 55555$ SRSSC 55555 SSSRCICCSCSCSSSR55 555 SSSSSSCSSSSSCCSCCCCSCSSSSSCSCSSICSCSCSCCC5SSSC5SSSSCCSSCCSSCSSCCSCSSSSSSCCISSSSCSSSSI C 5

87 TOTAL LOSS OF FEEDMATER - 250 V RHOV BD 28 UNAVAILABLE P IDV 6.37E.08 .13
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Names SFMFIKAL
End State Totals for Sequences For Gra~s ALL Sorted By Frequency

Total Frequency of Sequences ~ C.7813E-05

17s45s44 13 AUG 1992
Page 1

Bfn Names PIHX

Sfn Meaes PIHV

Sfn Names OIAV

Btn Names HIAV

Sfn Names PIDV

Sfn Mmes PIHZ

Bfn Neaes MIHV

Sfn Mmes NIHX

Bfn Names HIAZ

Bfn Mmes PIDZ

Bfn Names DIAZ

Bfn Names HXCV

Bfn Naees NIHZ

Bin Naees HICV

Sin Neaes NLFV

Sfn Mmes OIAX

Bin Maaes OLFV

Sfn Names PLFV

Sfn Names OJAV

Sfn Names PLFX

Bfn Mene: HLCV

Bfn Naees OLCV

Bfn Manes MJAZ

Sfn Naees HKCZ

Bfn Names OIDV

Bin Neaes NIDV

Sfn Name: HICZ

Bin Names PIFV

Bfn Name: PJHV

Sfn Naees NLFZ

Sfn Nenes OLFZ

Sfn Nenes NLFX

Btn Names OJAZ

Total: 1.9062E-05

Totals 6,6080E 06

Total: 4.1794E-06

Totals 4.1C44E-06

Total: 3.8060E-06

Total: 3.0128E-06

Totals 2.4121E.06

Total: 1.0385E.06

Total: 4.6490E-07

Total: 4.1182E.07

Total: 3.7688E-07

Total: 3.3564E-07

Totals 3.0663E-07

Total: 2.5042E-07

Total: 2.3861E-07

Total: 1.5620E-07

Total: 1A453E.07

Total: 1.2726E.07

Total: 1.1655E-07

Totals 1.1359E.07

Total: 8.7853E.08

Total: 8.1799E-08

Total: 4.6335E-08

Totals 3.5352E.08

Total: 2.8120E-OB

Totals 2.5133E-M

Totals 2.0599E-M

Total: 1.9289E-OS

Total: 1.6794E-08

Total: 1.485CE-08

Total: 1.4744E-OB

Total s 1.3674E-08

Total s 1.2783E-08



Browns Ferry Unit 2 Individual Plant Examination Revision 0

IKNEL Nane: BFNFINAI.
End State Totals for Sequences For Group: ALL Sorted Sy Frequency

Total Frequency of Sequences ~ 4.7813E-05

17:45:44 13 AUG 1992
Page 2

Bin Naae: NIAX

Sin Nmet PLFZ

Bin Neaet OKCV

Sin Naeet OIFV

Bin Naaet NLCZ

Sin Nawe: PKHX

Bin Neaet OLCZ

Bin Nmet NIFV

Bin Naaet OICV

Sin Neaet NKFV

Sin Hornet NIDZ

Bin Nmet PJHZ

Sin Naaet OIDZ

Bin Nawet PJAV

Bin Neaet OIFX

Bin Naeet OIFZ

Bin Nasmt OKCZ

Sin Nmet PIFZ

Bin Nmet OICZ

Bin Naaet PIDX

Total: 1.2327E.08

Total: 1.0903E-08

Total: 1.0450E-08

Total! 9.9060E-09

Total: 8.80NE-09

Total! 8.1372E-09

Total: 7.9565E-09

Total: 5.0123E.09

Total: 4.3350E-09

Total: 3.4998E-09

Total: 2.0984E-09

Total: 2.0701E-09

Total 1.0258E-09

Total: 1.0159E.09

Total: 7.0433E-10

Total: 6.2852E-10

Total: 4.1795E-10

Total t 3.9835E-10

Total: 1.8343E-10

Total: 1.0619E 10



Browns Ferry Unit 2 Individual Plant Examination Revision 0

NODEL Nanc: BFNFINAL

Top Event laportance for Group: ALL

Sorted by Probabll Istic Ieportance

Group Frequency ~ 4.7813E-05

13 AUG 1992
Page 1

.. ~ ... Top............... Probabt llatlc.. Guar. Event.... Total.......... Frequency......

20

RVC(SORVO)

RVD(DEP)

3. EPR30

4.

5.

6.

7.

EPR6

9.

10. HPI

11. RPB

12. DG

13. RVC(SORV1)

14. RCI

15 DH

16. RBI

17~ RVD(NODEP)

18. GG

19. GH

20. GE

21 'LP
GF

6.7575E.01

6.6217E-01

6A287E.01

6.2469E.O'I

5.5746E.01

5.2492E-01

4.7324E.01

4.2449E.01

2.0587E.01

1.5545E.01

1A705E.01

1.3999E.01

1.3804E.01

1.2926E-01

1.1585 E-01

9.7268E.02

9.2744E-02

6.3817E.02

6.3367E.02

6.2402E-02

6.2168E.02

6.1527E.02

9.6923E-02

7.77628-03

0.0000E+00

7.7267E-01

6.6994E-01

6.4287E.01

4.4322E-02

4.2537E-02

2.7664E 02

2.6021E-02

4A970E-01

1.3412E.01

5.0595E-01

0.0000E+00

4.1375E.03

1.3908E-01

8.7092E.05

6A072E-03

0.0000E+00

2.8226E.01

2.8239E-01

2.8211E-01

6.5352E.OI

2.8201E.01

6.0178E.01

5.6746E-01

5.0090E-01

4.5051E 01

6.5556E-01

2.8957E-01

6.5300E-01

1.3999E.01

1.4218E 01

2.6834E.OI

1 1593E-01

1.0367E.01

9.2744E.02

3A60?E-01

3.4576E-01

3A451E.01

7.1569E.01

3.4354E.01

0.0000E+00 6.2469E-01

3.6944E-05

3.2032E.05

3.0738E-05

2.9868E.05

2.8773E-05

2.7132E.05

2.3950E-05

2.1540E-05

3.1345E-05

'1.3845E-05

3.1222E.05

6.6935E-06

6.7982E.06

1.2830E.05

5.5432E-06

4.9571E-06

4.4344E.06

1.6547E 05

1.6532E.05

1.6472E-05

3.4220E.05

1.6426E-05



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Nemo: SFNFINAL

Top Event laportance for Group: ALL

Sorted by Probabl l istic laportance

Group Frequency ~ 4.7813E-05

13 AUG 1992
Page 2

Topo ~ ~ e ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ Probab1l1at1c.. Guar. Event.... Total.......... Frequency"....
RPA

24 F8

RPC

FA

27. FC

RPS

30~ SPR

31 ~ RVC(SORV2)

32. CRD

RVC(SORV3)

35 ~ U1

FF

37 QQD

39. A8

40. AD

41 ~ AA

42. TB

43, AC

SM18

4.5920E-02

4 4322E.02

4 42778-02

4.2450E-02

2.7577E-02

2.6730E-02

2.5934E.02

2.4216E.02

2.1859E-02

1 9016E.02

1.7781E-02

1.5918E.02

1.5905E.02

1.2549E.02

1.2107E.02

1.1377E.02

1.0573E-02

9.8749E.03

9 4178E-03

8.9954E-03

8.8172E-03

8.7009E-03

5.8218E.01

0.0000E+00

5.8113E.01

8.7092E.05

0.0000E+00

0.0000E+00

0.0000E+00

3 3530E.04

0.0000E+00

8.1230E.01

9.4195E.03

1.1788E-01

6.3990E.01

6.3861E-03

4.5783E.01

5.0996E.01

6.0148E.01

4A767E.01

5.6478E-01

6.9667E-03

5.0081 E.01

4.9201E.01

6.2810E-01

4 4322E.02

6.2540E-01

4.2537E.02

2.7577E.02

2.6730E.02

2.5934E.02

2.4551E.02

2.1859E-02

8.3132E.01

2.7201E-02

1.3379E-01

6.5581E-01

1.8935E-02

4.6994E.01

5.2133E 01

6.1205E.01

4.5754E-01

5.7420E.01

1.5962E-02

5.0963E-01

5.0071E-01

3.0032E-05

2.1192E-06

2.9903E-05

2.0338E.06

1.3186E.06

1.2780E.06

1.2400E.06

1.1739E.06

1.0451E-06

3.9748E.05

1.3006E.06

6.3971E.06

3.1357E-05

9.0533E-07

2.2470E-05

2.4927E-05

2.9264E-05

2.1877E.05

2.7455E-05

7.6320E 07

2 4367E.05

2.3940E.05



Browns Ferry Unit 2 individual Plant Examination Revision 0

NNEL Mane: BFMFIMAL

Top Event lnportence for Group: ALL

Sorted by Probabll(stic lnportance

Group Frequency ~ 4 7813E-05

13 AUG 1992
Page 3

...... Top. ............. Probabilistic.. Guar. Event.... Total.......... Frequency......

45. CS

46. SM2A

4?e OSL

48. . SM2C

49. ClL

50. ORP

51 QI10

52. FG

53. FH

54. FE

55. MH2

56. FMC(SORV3)

57. FMC(SORV1)

58. R480

59. OUB

60. DE

61. HR6(DEP)

62. SL

63. RF

64 'CO
65. MMS

66. HRC

8.3393E.S

8.0488E. 03

7.7762E-03

7.6352E.S

7.4854E.03

7 1886E-03

7.0982E.03

7.0781E.03

7.0430E-03

6.9346E-03

6.8205E-03

6.5989E-03

6.5487E-03

6.5229E-03

6.353?E-03

6.0022E-03

5.9171E.03

5.8769E-03

5.5444E.S

4.8088E-03

4.8059E.03

4.?955E-03

1.3907E-01

5.?519E-O'l

3.3569E-04

6.1295E-01

1.3605E.04

2.7814E-01

4.6825E.01

1.2182E.02

6.3861E.03

6.4?32E-03

1.3379E-01

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

5.0433E. S
5.0963E-01

3.88?3E-02

8.7092E-05

0.0000E+00

1.4741E.01

5.8324E.01

8.1118E.03

6.2058E-01

7.6214E.03

2.8533E-01

4.7535E.01

1.9260E.02

1.3429E.02

1.3408E-02

1.4061E-01

6.5989E.03

6.5487E-03

6.5229E-S

6.3537E.03

600022E.03

5.9171E.03

1.0920E-02

5.151 8E-01

4.3682E-02

4.8930E-03

4.?955E-03

7.0481E-06

2.?887E.05

3.8?86E-OT

2 96?2E.05

3.6441E.OT

1.3643E-05

2.272BE.05

9.2089E-OT

6.4209E-OT

6,4107E-OT

6.7232E. 06

3.1552E.OT

3.1312E.OT

3.1188E.OT

3.0379E.07

2.8698E.OT

2.8292E.07

5.2213E.07

2.4632E.05

2.0886E-06

2.3395E-07

2.2929E OT



Browns Ferry Unit 2 individual Plant Examination Revision 0

HOOEL Haec: BFHFIHAL

Top Event laportsnce for Group: ALL

Sorted by Probsbi list ic 1aportsnce

Crap Frequency i 4.7813E-05

13 AUG 1992
Page 4

ope ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~T Probsbilistic.. Guar. Event.... Total.......... Frequency.......
67. RCM

7\ HHB

74. RVD

76. DL

HPL

81. RK

RCL

RC

PX1

KPI I

87. RBC

ED

4.7459E.03

4.4Q6E-03

4.2324E.03

3.9850E.S

3.8998E.03

3.8260E-03

3.6623E-03

3.1695E.S

3.1460E.03

3.0892E.03

3.0651E.03

2.9175E.03

2.6472E-03

2.6424E-03

2.6154E-03

2.4599E.03

2.3641E.S

2.3052E-S

2.2317E-S

2.1821E.S

2.0806E-03

2.0696E-03

7.4509E-01

1.3216E-S

2.1564E 02

6.3085E.01

4.5627E.S

9.5485E-04

8.1979E-01

0 0000E+00

6.2009E-04

4.5767E-01

8.7092E-05

4.1251E-02

4.7384E.01

5.1951E.01

4.4216E-01

4 9402E-01

1 ADOBE.01

1.5311E-03

1.4244E.01

1.3937E-01

4 6500E-01

4.5805E 01

7.4983E-01 3.5852E.05

2.5796E.02

6.3483E.01

8A625E-S

4.7808E.03

8.2345E.01

3.'1695E.S

3.7661E.03

4.6076E"01

3.1522E.03

4.4168E.02

4.7649E-01

5.2215E.01

4A478E-01

4.9648E-01

1 A244E.01

3.83QE.03

1 A468E.01

1.4155E.01

4.6709E-01

4.6012E.01

1.2334E-06

3.0353E.05

4.0462E.07

2.2859E.07

3.9372E.05

1.5154E-07

1.8007E.07

2.2031E-05

1.5072E-07

2.1118E.06

2.2782E.05

2.4966E-05

2.1266E.05

2.3738E.05

6.8107E-06

1.8343E-07

6.9174E.06

6.7679E.06

2.2333E.05

2.200OE 05

5.7852E-03 2.7661E-07



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HODEL Name: BFNFIKAL

Top Event Iaportance for Group: ALL

Sorted by Probabflistic Iaportance

Group Frequency ~ 4.7813E-05

13 NJG 1992
PaQe 5

Topo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Probabilistic.. Guar. Event.... Total.......... Frequency......
89. DK

RB

91. NPI

RVC

IVC

97. PCA

DA

INB

100. DC

101. OAD

102. UG

103. UQ

104. NH1

105. DF

106. LT4

107. LN4

108. LN1

109. LT3

110. LT2

2.044?E-03

2.028?E-03

1 9222E.03

1.8829E-S

1.8460E-S

1.7054E.03

1.5262E.03

1.5095E.S

1.2409E-03

1.2360E.03

1.1347E-03

1.1237E.03

1.1236E.03

1.S3?E-03

1.0337E-03

9.5766E.04

9.4469E-04

8.9911E.04

8.5837E.04

8.5830E.04

8.1771E.04

8.1225E.04

6.1229E-01

1.1585E.01

1.4459E-01

0.0000E+00

5.5072E.04

4.8162E-04

1.0959E-04

1.7411E.02

7.2899E-01

0.0000E+00

7.9?33E.01

8.7092E-05

0.0000E+00

5.9604E-03

5.9660E-03

1 4459E-01

8.?092E.05

5.8?91E.03

5.9604E.03

1.2415E-04

0.0000E+00

5.5980E-06

6.1433E-01

1.1788E-01

1.4651E.01

1.8829E-03

2.3968E-S

2.1871E-03

1.63588.03

1.8920E-02

7.3023E.01

1.2360E-03

7.9847E.01

1.210?E.03

1.1236E.03

6.9941E.03

6.9996E.03

1 4555E-01

1.0318E.03

6.7782E.S

6.818?E.03

9.8245E.04

8.1771E.04

8.1785E.04

2.93?3E.05

5.6360E.06

7.0052E-06

9.002?E.08

1.1460E-07

1.0457E.07

7.8214E-08

9.0464E.07

3 4915E-05

5.9096E-08

3.8178E.05

5.7890E-08

5.3724E-08

3.3441E.07

3.3468E.07

6.9593E-06

4.9333E.08

3.2409E.07

3.2603E-07

4.6974E-08

3.9098E-08

3.9104E.08



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HDOEL Nemo: BFNFINAL

Top Event Iaportance for Group: ALL

Sorted by Probabilistic Iayortance

Grip Frequency ~ 4.7813E-OS

13 AUG 1992
Page 6

Tops ~ ~ ~ ~ i~ i~ ~ ~ ~ ~ ~ ~ Probabiliatic.. Guar. Event.... Total.......... Frequency......
111. LT1

112. DCA

113. OSV

11C. FMC(SORVO)

115. EC

116. OHL

117 OEE

118. DB

119. DJ

120. FMC(SORV2)

121. DD

122. Ia

123. SNIC

124. HR6(NDDEP)

125 'B
126. EA

127. OGS

128. RH

129. OHS

130. FNH

131. OHC

132. OLC

8.1212E 04

7.7103E 04

7.0869E.04

5.8628E-04

5.8577E.04

5.8526E.04

5.7051E.04

5.4464E-04

5.1673E-04

5.0727E-04

4.8350E-04

4.7669E 04

3.5886E.04

3.1032E-04

2.9947E-04

2.9596E-04

2.5698E.04

2.3678E-04

2.3468E-04

2.3362E-04

2.2779E-04

2.0627E.04

9.2690E-OS

2.6975E.01

CA383E-03

0.0000E+00

3.6749E-01

0.0000E+00

2.9098E.01

S.SCCCE-03

7.9377E-04

0 0000E+00

8.7092E.05

6.3029E-01

6.1295E.01

0.0000E+00

5.0971E.01

3.5469E-01

7.0437E.01

6.1205 E.01

5.7537E.03

1.0239E.01

1.0793E.OC

1.3655E.02

9.0481E.04

2.7052E.01

5.1469E-03'.8628E.04

3.6807E.01

5.8526E-04

2.9155E-O'I

6.0890E-03

1.3105E.03

5.0727E.04

5.7059E.04

6.3077E.01

6.1331E-01

3.1032E.04

5 ~ 1001E.01

3.5499E.01

7.0463E.01

6 1229E 01

5.9884E.03

1.0262E.01

3.3573E.04

1.3861 E-02

4.3262E-08

1.2935E-OS

2.4609E.07

2.8032E.DB

1.7599E-05

2.7983E 08

1.3940E-OS

2.9114E.07

6.2660E-OB

2.4254E-DB

2.7282E. M

3.0159E.OS

2.9324E-05

1 A837E-08

2.4385E.05

1.6973E-DS

3.3691E-OS

2.9276E-05

2.8633E.07

4.9069E.06

1.6052E. M

6.6275E.07



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Name: BFNFlNAL

Top Event laportance for Group: ALL

Sorted by Probablllatlc importance

Group Frequency a 4.7813E-05

13 AUG 1992
PaBe 7

~ ~ ~ ~ ~ ~ Topt ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Probablllatlc.. Guar. Event.... Total.......... Frequency......
133. lSO

134. LPC

135; RO

136. NlE

137. OQI

138. RL

139. NBOC

140. A3EA

141. OLA

142. A3EB

143. A3EC

'l44. A3EO

145 ~ OF

146. ClS

147. 0NS

148. UB428

149. RN

150. OSO

151. QJ1A

152. Ol

153. RVL

154. Al

1.7343E.04

1.6889E.04

1.6579E.04

1.5745E.04

1.5614E.04

1.4323E-04

1.2566E.04

1.1158E.04

1.1009E.04

1.0926E.04

1.0550E-04

1.0519E-04

1.0098E-04

1.0054E-04

9.4047E-05

8.7092E-05

8.7092E.05

8.4872E.05

7.8075E.05

7.3980E-05

7.1810E-05

6.5773E.05

1.2382E 05

7.8124E 01

5.9151E-03

8.8306E-03

0.0000E+00

4.4216E-01

3.7427E.04

3.5449E-01

0.0000E+00

3.5258E.01

3.7065E.01

3.6403E.01

0.0000E+00

0.0000E+00

7.7223E-01

7.0015E-01

5.7412E.01

9.3707E-03

5.7531E-01

0.0000E+00

8.7092E-O5

1.5091E-02

1.8581E-04

7.8141E-01

6.0809E-03

8.9881 E-03

1.5614E 04

4.4230E-01

4.9992E.04

3.5460E-01

1.1009E-04

3.5269E-01

3.7076E.01

3.6414E 01

1.0098E-04

1.0054E-04

7.7232E-01

7.0024E-01

5.7420E-01

9A556E-03

5.7539E.01

7.3980E-05

1 5890E-04

1.5157E-02

8.8842E-09

3 7362E-05

2.9075E-07

4.2975E-07

7.4654E.09

2.1148E-05

2.3903E-08

1.6955E-05

5.2637E-09

1.6863E.05

1.7727E-05

1.74'l1E-05

4.8283E-09

4.8072E-09

.3.6927E.05

3.348 lE-OS

2.7455E-05

4.5211E.07

2.7511E-05

3.5373E-09

7.5976E-09

7.2470E.07



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Name: BFHFINAL

Top Event Iayortence for Group: ALL

Sorted by Probebilistic Ieportence

Group Frequency m 4.7813E-05

13 AUG 1992
Pe9e 8

Tope ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Probsbilistic.. Guar. Event.... Total.......... Frequency......
155. LBH

156. I.VP

157. LV-

158. HR

159. OFT

160. Rl

161 ~ NELT

162. DV2

163. RA

164. OAL

165. HT1

166. DO

167. DV1

168. CST

169. OG16

170. SNIT1

171. HNI

172. RG

173. HT3

174. LC

175 ~ R J

176. OIV

6.2107E-05

6.0004E 05

5.9252E-05

4.8963E.05

4.8790E.05

4.4206E.05

3.9361 E.05

3.6391E.05

3.4645E-05

3 4024E.05

2.9124E-05

2.7405E.05

~ 1.0876E.05

1.0754E-05

BA598E-06

7.0930E-06

7.0236E.06

5.3755E-06

4.5966E.06

3.9473E.06

3.8307E.06

3.2319E.06

0.0000E+00

5.9604E.03

3.8250E.04

1.1998E.04

O.OOOOE+00

4.5763E.01

9.8405E.01

1.6751E.04

5.9151E.03

0.000OE+00

0.0000E+00

3.2110E-01

4.1826E-05

9.4520E.05

6.9380E-01

7.0024E-01

4.4755E.01

5.0963E-01

0.0000E+00

0.0000E+00

4.5754E.01

2.9562E.02

6.2107E.05

6.0204E.03

4.4176E-04

1.6894E.04

4.8790E-05

4.5767E.01

9.8409E.01

2.0390E-04

5.9497E.03

3.'4024E.05

2.9124E.05

2.9696E-09

2.8786E.07

2.'1122E.OB

8.0776E-09

2.3328E.09

2.1883E-05

4.7053E 05

9.7491E-09

2.8448E-07

1.6268E.09

1.3925E-09

5.2701E-05

1.0527E-04

6.9381E.01

7.0025E.01

4.4755E.01

5.0964E.01

4.5966E-06

3.9473E.06

4.5755E.01

2.9565E-02

2.5198E.09

5.0335E-09

3.3173E.05

3.3481E-05

2.1399E.05

2.4368E.05

2.1978E-10

1.8873E-10

2.1877E.05

1.4136E.06

3.2113E-01 1.5354E-05
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

IKSEL Name: BFNFINAL

Top Event Ieportance for Group: ALL

Sorted by Probabilistic Ieportance

Group Frequency i 4.7813E-05

13 AUG 1992
Page 9

Topo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Probabilistic.. Guar. Event.... Total.......... Frequency......
177. UB42C

178. SNUT2

179. UB43A

180. VT2<NOFLII)

181. VT1(NOFLI)

182. UB438

183. RP

184. DN

185. LBF

'186. UB41A

187. FUC

1M. UB41B

189. LBTR

190. JC

191. V1

192. V2

193. V3

194. UB42A

195. LF

196. VT1

197. ONR

198. KC

3.0477E-06

2.2756E.06

0. OMOE+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0,0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

O.MODE+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

6.9936E.01

7.0024E-01

7.M25E.01

9.8405E-01

9.8404E.01

7.0025E.01

3.7076E.01

9.6535E.01

1.4483E-04

7.0015E.01

1.4483E-04

7.0015E 01

8.3468E-05

4.3341E-04

8.7092E-OS

8.7092E.OS

8.7092E.OS

7.0015E.01

2.5044E-04

8.7092E-OS

9.6751E-02

2.4375E.02

6.9936E-OI

7.0024E.01

7.0025E 01

9.8405E.01

9.8404E.01

7.0025E.01

3.7076E.01

9.6535E.01

1.4483E-04

7.0015E.01

1.4483E.04

7.0015E-01

8.3468E-OS

4.3341E-04

8.7092E-OS

8.7092E.OS

8.7092E-OS

7.0015E.01

2.5044E.04

8.7092E-OS

9.6751E.02

2.4375E-02

3.3439E-OS

3.3481E-OS

3.3481E-05

4.7051E-05

4.7050E-OS

3.3481E-OS

1.7727E-OS

4.6157E-OS

6.9250E-09

3.3477E.05

6.9250E-09

3.3477E-OS

3.9909E-09

2.0723E-OB

4.1642E-09

4.1642E.09

4.1642E.09

3.3477E.OS

1.1974E-OB

4.1642E-09

4.6260E.06

1.1654E-06
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

HEEL Name: BFHFIHAL

Top Event Importance for Group: ALL

Sorted by Probabi liatic Iaportance

Group Frequency ~ 4.7813E-05

13 AUG 1992
Page 10

~ ~ ~ ~ ~ ~ Tope ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ Probabiliatic.. Guar. Event.... Total.......... Frequency......
199. KF

200. JH

201 LEC

202 KH

203. IVO

204. F IMTR

205 'RV
206. JA

207. INH

208. NA

209. SGTOP

210. RN

211. RBISO

212. LPRES

213. RE

214. VTI (UI)

215. DN

216. DH

217. RO

218. FMA

219. OJC

220 ~ OAI

0.0000E+00

0.0000E+00

0.0000E+00

1.8465E.02

3.2361E.02

1.4347E.02

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

8.2721E.01

9.8413E-01

1.9368E.01

3.2756E.02

3.5338E-02

2.6506E.02

4.2677E-01

4.5763E.01

9.7355E-02

2.0266E-01

5.7412E-01

5.5980E-06

3.4296E-01

3.2636E.01

3.5469E.01

9.6837E.01

1.4175E.02

2.4235E-01

0.0000E+00 '.8295E.02

1.8465 E-02

3.2361 E.02

1.4347E.02

1.8295E.02

8.2721E-01

9.8413E-01

1 9368E.01

3.2756E 02

3.5338E.02

2.6506E-02

4.2677E.01

4.5763E-01

9.7355E-02

2.0266E.01

5 7412E.01

5.5980E.06

3.4296E.01

3.2636E-01

3.5469E.01

9.6837E.01

1.4175E-02

2.4235E-01

8.8288E.07

1.5473E-06

6.8598E-07

8.7474E-07

3.9552E.05

4.7055E-05

9.2603E-06

1.5662E.06

1.6896E.06

1.2673E-06

2.0405E-05

2.1881E-05

4.6549E.06

9.6897E-06

2.7450E-05

2.6766E-10

1.6398E.05

1.5604E 05

1.6959E.05

4.6301E-05

6.7777E.07

1.1588E-05

242



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Name: GFNFIKAL

Top Event Iaportance for Group: ALL

Sorted by Probabi liat ic Ieportance

Group Frequency ~ 4.7813E-05

13 AUG 1992
Page 11

Topo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Probabiliatic.. Guar. Event.... Total.......... Frequency......

221 ~ IE

222. LT3(NOFLII )

223. NCO

224 PX2(NOFLI)

225. NRL

226. HR6

227. COA

228, NS

229. IKG

230. INE

231. VNT

232. IND

233. INF

234. NET

235. OGC

236. NRU

237. INC

238. INA

0.0000Eioo

0.0000E+00

0.0000E+M

0.0000E+00

0.0000E+00

2.6416E.02

1.4241E-02

9.8413E.01

1.4241E-02

6.7672E-01

0.0000E+00

0.0000E+00

0.0000E+00

0 OMOE+00

0.0000F+00

Q.MME+00

O.GONE+00

0 0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

7.3369E-01

8.2311E-01

7.0797E-01

7.0821E 01

8.83&TE-03

7.M30E-OI

7.2175E-01

7 7295E-01

2.9514E.03

7.6237E.03

7.9166E.O1

7.9733E-OI

0.0000E+00 " 2.8271E.01

2.6416E.02

1.4241E.02

9.8413E-01

1.4241E-02

6.7672E-01

2.8271E-01

7.3369E.01

8.2311E.01

7.0797E-01

7.0821E.01

8.836?E-03

7.0830E.01

7.2175E-01

7.7295E.01

2.9514E-03

7.6237E-03

7.9166E-01

7.9733E-01

1.2630E.06

6.M92E-07

4.7055E-05

6.8092E.07

3.2356E.05

1.3517E-05

3.5080E.05

3.935&E.05

3.3851E-05

3.3862E.05

4.2251E.07

3.3866E-05

3.4509E.05

3.6957E.05

1.4112E-07

3.6451E-07

3.7852E-05

3.8123E.05
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Split

HODEL Name: BFNFINAL

Fraction Inportance for Group

Sorted by Iaportance

Group Frequency ~ 4.7813E-OS

ALL

16:29:50 13 AUG 1992
Page 1

SF Haec... laportance..... Achievenent.. Reduction... Derivative.. SF Value....... Frequency......
1.
20
3,
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22 e

23.
24.
25.
26.
27.
28.'9

0

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

VT1F
HELTF
VT2F
NCDF
F INTRF
FNAF
ONF
IVOF
HSF
CDF
INAF
INBF
CRDF
INCF
LPCF
METF
DVSF
RCllF
CDAF
PCAF
INDF
INEF
INFF
INGF
OGSF
UB43BF
UB43AF
UB41AF
UB42BF
UB42AF
UB418F
SHUT1F
SHT2F
UB42CF
OG16F
HRLF
RVCO
OLPF
U1F
OSPF
U3F
SN2CF
SQI CF
DKF

9.9903E-01
9.9903E-01
9.9903E.01
9.9903E.01
9.9903E.01
9.8278E 01
9.7979E.01
8.2754E.01
8.2320E-01
8.1990E-01
8.0381E 01
8.0381E-01
7.9940E.01
7.9805E-01
7.8761E.01
7.7928E-01
7.7852E.01
7.4517E.01
7.3524E.01
7.2319E.01
7.0865E.01
7.0865E-01
7.0790E.01
7.0790E-01
7.0437E 01
7.0025E-01
7.0025E.01
7.0024E.01
7.0024E.01
7.0024E.01
7.00248.01
7 0024E 01
7 0024E-01
6 9927E.01
6.9380E-01
6.7173E 01
6.6076E.01
6.5352E.01
6.3994E.01
63079E-01
6.3055E-01
6.1295E 01
6.1295E-01
6.1237E.01

9.6908E-04
1.0000E+00
9.6908E-04
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1 DODGE+00
1,0000E+00
1.0000E+00
1 DODGE+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 DODGE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 OOOOE+00
3.8737E-01
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

'.0000E+00

0.0000E+00
O.NODE+00
0.0000E+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 DODGE+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00

'.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
9.4099E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 DODGE+00
0.0000E+00

0.0000E+00
0.0000E+00
0 DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
-4.3140E-04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 OOOOE+00
1.0000E+00
1.0000E+00
1 NODE+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1 DONE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.MODE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 DODGE+00
1 ~ 0000E+00
1.0000E+00
1. 0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
9.3210E.01
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 DODGE+00
1.0000E+00

4.7767E-OS
4.7767E.OS
4.7767E-OS
4.7767E.OS
4.7767E.OS
4.6990E.OS
4.6847E.OS
3.9568E-OS
3.9360E.05
3.9202E-05
3.8433E 05
3.8433E.OS
3.8222E-05
3.8157E 05
3.7658E-OS
3.7260E 05
3.7224E-OS
3.5629E.OS
3.5155E-OS
3.4578E.05
3.3883E-05
3.3883E-OS
3.3847E.OS
3.3847E.OS
3.3679E-OS
3.3481E-05
3.3481E-05
3.3481E.05
3.3481E-OS
3.3481E-OS
3.3481E-05
3.3481E.OS
3.3481E.05
3.3435E-05
3.3173E-OS
3.2118E-OS
3.1593E-OS
3.1247E-OS
3.0598E.05
3.0160E.OS
3.0149E-OS
2.9307E.OS
2.9307E-05
2.9280E.05



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Name: BFNF lHAL

Split Fraction importance for Group

Sorted by importance

Group Frequency ~ 4.7813E-05

: ALL

16:29:51 13 AUG 1992
Page 2

.. ~ ... SF Haec... importance..... Achievement.. Reduction... Derivative.. SF Value.. Frequencyo ~ ~ ~ ~ ~

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75 0

76.
77.
78;
79.
80.
81.
82.
83.
84.
85

'6.

87.
88.

RHF
ABF
RPAF
RPCF
SQ1AF
SN2AF
RHF
REF
AAF
RVD2
GA1
HPLF
sv2BF
EBF
RGF
RFF
RPSF
ACF
SNTBF
RCLF
SM1DF
SGTF
GB2
RBCF
EDF
SN2DF
DLF
RlF
RNF
RJF
RPDF
ADF
HQIF
RLF
RKF
SGTOPF
GC4
RPF
A3ECF
A3EDF
EAF
ROF

A3EAF
ECF

6.1214E-01
6.0156E-01
5.8237E.01
5.8132E.01
5.7519E-01
5.7519E.01
5.7420E-01
5.7420E.01
5.6478E.01
5.3752E-01
5 o 2501E-01
5.1398E.01
5.0996E. 01
5.0979E-01
5.0972E-01
5.0972E.01
5 061CE 01
5 ~ ONE.01
4.9788E-01
4.M74E-01
4.7399E.01
4.7393E.01
4.7181 E.01
4.6500E-01
4.5826E.01
4.5783E.01
4.5767E.01
4.5763E-01
4.5763E-01
4.5763E.01
4.4989E.01
4.4776E.01
4.4763E.01
4.4216E.01
4.4216E-01
4.2677E 01
3.9897E-01
3.7076E.01
3.7065E.01
3.6C03E.01
3.5478E-01
3.5469E.01
3.5457E-01
3.5345E.01

1.0000E+00
1.0000E+00
1.0000E+00
1 DODGE+00
1.0000E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.0000E+00
4.6562E.01
4.0447E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.0000E+00
1.0000E+00
'l.DODGE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
3 4967E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.9736E+00
1.0000E+M
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
9.2600E+01
4.9693E-01
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0 DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
5.3186E-01
0.0000E+00
0 0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
6.4574E-01
0.0000E+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
-4.4053E-03
1.6963E.04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+M
0.0000E+00
1.4176E-04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
6.3487E-05
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

1 ~ 0000E+00
1.0000E+00
1 ~ OOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
9.9420E-01
1.4180E-01
1.0000E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.0000E+00
'1 ~ OOOOE+00
1 ~ 0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.5790E.01
1 ~ 0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 DODGE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.0000E+00
2.6680E 01
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

2.9268E-05
2.8763E.05
2.7845E-05
2.7795E-05
2.7502E.05
2.7502E.05
2.7455E 05
2.7455E.05
2.7004E.05
2.5700E.05
2.5103E 05
2.4575E-05
2.4383E.05
2.4375E 05
2 4371E.05
2 4371E-05
2.4200E.05
2.3950E-05
2 3805E.05
2.3368E.05
2.2663E.05
2.2660E.05
2.2559E-05
2.2233E.05
2.1911E.05
2.1891E.05
2.1883E.05
2.1881E-05
2.1881 E-05
2.1881E.05
2.1511E.05
2.1C09E.05
2.1403E.05
2.1141E 05
2.1141E-05
2.0405E.05
1.9076E.05
1.7727E 05
1.7722E.05
1.7406E.05
1. 6963E-05
1.6959E 05
1.6953E.OS
1.6900E-05

245



Browns Ferry Unit 2 lndividilal Plant Examination Revision 0

HOOEL Nane: BFNF INAL

Split Fraction Ieportance for Group: ALL

Sorted by Iaportance

Grap Frequency ~ 4.7813E-OS

16:29:52 13 AUG 1992
Page 3

SF Naae... Isportance..... Achievement.. Reduction... Derivative.. SF Vaiueo ~ ~ ~ ~ ~ ~ Fl equencye ~ ~ ~ ~ ~

89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
12e.
129.
130.
131.
132.

A3EBF
ONF
DHF
DOF
HR6F
OEEF
EPR303
EPR63
GHF
GGF
GEF
GFF
EPR304
DRPF
EPR64
DCAF
DAIF
GD4
NRVF
LPRESF
RPD10
NHlF
NP IF
PX1F
RCF
CSF
RCIF
RVC1
DGA
NPI IF
NH2F
NPIF
RPB6
RCI1
PX2F
GO3
RBF
OH1
RVC9
FNHF
RBISQF
RB11
OHRF
RVD22

3.5267E.01
3.4296E.01
3.296E-01
3.2110E.01
2.9625E.01
2.9106E-Ol
2.8783E-01
2.8511E-01
2.8239E-01
2 8234E.01
2.8220E-01
2.8210E-01
2.7866E.01
2.76QE-01
2.7389E.01
2.6982E-O'I
2.4896E.01
2 2700E.01
2.0790E.01
1.9702E.01
1 ?750E.01
1.5075E.01
1.5074E.01
1.4843E-D1
1.4598E.01
1 451&E.QI
1.4436E.01
1.4395E.01
1.4299E.01
1.3995E-01
1.3995E-01
1.3973E.01
1.2991E-01
'1.2981E.01
1.2364E.01
1.216?E-01
1.2159E.01
1.1943E.01
1.1090E-01
1.0853E-01
9.8421E-02
9.8421E-02
9.6751E.02
9.2484E-02

1.0000E+00
1.0000E+00
1. MOOE+00
1.MOOE+00
1.0000E+00
1 ~ 0000E+00
1.3219E+M
1.7747E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.3141E+00
1.0000E+00
1.7479E+00
1.0000E+00
1 ~ 0000E+00
1 1861E+00
1.0000E+00
1 OOOOE+00
1.2549E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
3.0512E+OO
2.9353E+01
1.0000E+00
1 OOOOE+00
1 ~ 0000E+00
1.2460E+00
2.1933E+00
1,0000E+00
1.4432E+00
1.0000E+00
2.4485E+01
8.8910E.01
1 ~ 0000E+00
1.0000E+OD
8.3279E 01
1.0000E+00
1.4218E+01

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
7.1225E-al
7.1492E.01
0 DQDOE+00
0.0000E+00
0.0000E+00
0.0000E+00
7.2145E.01
0.0000E+00
7.2620E Ol
0.0000E+QO
0.0000E+00
8.5791E.01
0.0000E+00
0.0000E+00
8.23SSE 01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
8.6549E 01
8.5949E.01
O.OMOE+00
0.0000E+00
0.0000E+00
8.?IBIE-QI
9.1533E.01
0,0000E+00
8.8479E.01
0.0000E+00
8.8191E.01
0.0000E+00
0.0000E+00
D.OOOOE+00
1.0224E+00
0.0000E+OQ
9.0816E-01

0,0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
O.QOQQE+00
O.OOOQE+00
2.91C9E.QS
5.0671 E-05
O.OODOE+00
0.0000E+00
0,0000E+00
0.0000E+00
2.833?E.DS
0.0000E+00
4.8849E.OS
o.aaaoE+ao
0.0000E+00
1.5694E-DS
0.0000E+00
0.0000E+00
2.0622E.OS
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
1.0451E.04
1.3624E.03
0.0000E+00
0.0000E+00
0.0000E+00
1.7890E.OS
6.1105E.05
0,0000E+00
2.6701E-05
0.0000E+00
1.128SE.03
0.0000E+00
0.0000E+00
0.0000E+00
-9.067?E-06
0.0000E+00
63&CIE.04

1 MOOE+00
1 OOOOE+00
1.0000E+00
1.DOOOE+00
1.0000E+00
1.0QOOE+00
4.7200E-01
2.6900E.01
1.0000E+00
1.0000E+00
1.0aooE+aO
1.0000E+00
4.7000E Ql
1.0000E+00
2.6800E 01
1.0000E+00
1.0000E+00
4.3290E-01
1.0000E+00
1.0000E+00
4.0910E 01
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+OQ
1.0000E+00
1 0000E+00
6.1540E 02
4.9311E.03
1 ~ 0000E+00
1.0000E+00
1.0000E+00
3.4260E-01
6.6250E 02
1.0000E+00
2.0QOE 01
1.0000E+00
5.0032E.03
1 ~ 0000E+00
1.0000E+00
1.0000E+00
1.'1832E-01
1.0oaoE+ao
6 9000E-03

1.6862E 05
1.Q98E 05
1.5604E 05
1.5353E 05
1.4165E 05
1.391ZE.OS
1.3762E.DS
1.3Q2E 05
1.3502E 05
1.3500E.QS
1;3493E-OS

. 1.3488E-OS
1.3324E-DS
1.3227E.05
1.309&E.DS
1.2901E-OS
1.1904E-QS
1.0854E.DS
9.9C03E-06
9.4204E.06
8 4871E-06
7.2079E.06
7.2076E-06
7.09?QE-06
6.9800E.O&
6.9405E-06
6.9022E-06
6.8826E.06
6.8369E-Q&
6.6915E.06
6.6915E-O&
6.6810E-06
6.2114E.06
6.2066E-06
5.9118E-06
5.8176E.06
5.8135 E.06
5.71 06E-06
5.3027E-06
5.1890E-06
4.7059E.06
4.7059E.06
4.&260E.06
4.4220E.06
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...... SF Naae... Importance..... Achievement.. Reduction... Derivative.. SF Value....... Frequency......
133.
134.
135.
136.
137.
1M.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170 ~

171.
172.
173.
174.
175.
176.

HP14
OLP1
GEl
RVD5
G81
GFl
EPR302
GG1

EPR62
OBDF
RPA1
HPI2
GBF
GC2
GAF
FA1
GH1
NCDF
RVO9
FB1
007
GB3
RPC2 .
OIVF
INHF
GCl
GCF
EPR301
JAF
NAF
JHF
GDF
RVC3
SPR1
RVC2
RPS1
SPF
G02
CRD4
Fcl
KCF
EPR61
KFF
KHF

9.2093E-02
6.9806E-02
6.2402E.02
5.6744E-02
5.2018E-02
5.1806E-02
4.9123E-02
4.7785E-02
4.7408E.02,
4.7050E-02
4.5973E-02
4.5116E-02
4.4322E-02
4.3492E-02
4.2450E-02
4.2450E-02
4.1779E-02
3.8786E-02
3.7315E.02
3.Q?BE-02
3.4622E-02
3.3Q2E-02
3.1436E-02
2.9897E.02
2.9433E-02
2.7642E.02
2.7577E-02
2.7253E-02
2.6707E-02
2.6506E-02
2.&312E-02
2.5934E-02
2A380E-02
2.4216E-02
2.2366E-02
2.1771E-02
2.1477E-02
1.9920E.02
1.9237E-02
1.917?E.02
1.8326E-02
1.8285E-02
1.8253E.02
1.8083E.02

1.7127E+00
1.4657E+02
9.4017E-01
9.Q67E-01
1.2439E+00
9.Q68E-01
1.0532E+00
9.6921E.01
1.1255E+00
1.0000E+00
4.0847E+00
8.9798E.01
1.0000E+00
1.2470E+00
1.0000E+00
2.9695E+00
9.7725E.01
1.0000E+00
9.6307E-01
2.6402E+00
1.0634E+00
1.2027E+00
1.0586E+00
1.0000E+00
1.0000E+00
1.1219E+00
1.0000E+00
1.0180E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.0000E+00
5.6335E+01
1.3206E+00
6.2129E+00
0.0000E+00
1.0000E+00
1.1053E+00
1.0669E+00
1.5900E+00
1.0000E+00
1.0411E+00
1.0000E+00
1.0000E+00

9.1200E-01
9.3024E-01
1.0126E+00
8.6597E+00
9.6059E-01
1.0119E+00
9.5226E-01
1.0067E+00
9.5286E-01
0.0000E+00
9.5896E-01
'l.0095E+00
0.0000E+00
9.60QE.01
0.0000E+00
9.6818E.01
1.0052E+00
0.0000E+00
4.6199E+00
9.7362E-01
9.7692E-01
9.6651E.Ol
9.6944E-01
0.0000E+00
0.0000E+00
9.8026E-01
0 ~ OOOOE+00
9.8367E.01
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
9.75QE.01
9.7587E-01
9.7773E-01
9.7823E-01
0.0000E+00
9.8475E-01
9.8301E.01
9.9051E-01
0.0000E+00
9.8463E-01
0.0000E+00
0.0000E+00

3.8286E.OS
6.9QCE.03
-3.4640E-06
-3.6893E-04
1.3547E-05
-3.2Q2E-06
4.8258E-06
-1.7922E-06
8.2565E 06
0.0000E+00
1 A945E-04
.5.3312E-06
0.0000E+00
1.3692E-OS
0.0000E+00
9.5692E-05
-1.3351E-06
0.0000E+00

1.7485E-04
7.9686E.OS
4.1356E.06
1.1292E.05
4.2653E.06
0.0000E+00
0.0000E+00
6.7713E.06
0.0000E+00
1.6436E.06
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
2.6469E-03
1.6481E.OS
2.5031E-04
0.0000E+00
0.0000E+00
5.7650E-06
C.0108E-06
2.8664E.OS
0.0000E+00
2.7021E.06
0.0000E+00
0.0000E+00

1.0990E-01
4.7900E-04
1.7420E.01
9.9270E-01
1 3910E-01
1.7470E 01
4.7300E.01
1.7860E-01
2.7300E-01
1.0000E+00
1.3130E.02
8.5020E 02
1.0000E+00
1.3750E-01
1.0000E+00
1 5900E-02
1.85COE.01
1.0000E+00
9.8990E.01
1.5830E.02
2.6680E.01
1.4180E 01
3.4260E-01
1.0000E+00
1.0000E+00
1.3940E.01
1.0000E+00
4.7500E-01
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
4.4020E 04
7.0000E 02
4.2540E-03
1.7848E.05
1.0000E+00
1.2650E.01
2.0249E.01
1.5830E.02
1 ~ 0000E+00
2.7200E.01
1.0000E+00
1.0000E+00

4.4033E.06
3.3377E-06
2.9836E.06
2.7131E.06
2A872E.06
2.47?OE-06
2.3488E-06
2.2848E.06
2.2667E-06
2.2496E-06
2.1981E-06
2.1572E 06
2.1192E-06
2.0795E.06
2.0297E-06
2.0297E.06
1.9976E-06
1.8545E-06
1.7842E.06
1.7393E.06
1.6554E.06
1.6081E.06
1.5031E-06
1 A295E-06
1.4073E 06
1.3217E 06
1.3186E 06
1.3031E-06
1.2770E 06
1.2673E 06
1.2581E-06
1.2COOE-06
1.1657E-06
1.1578E.06
1.0694E.06
1.0410E.06
1.0269E 06
9.5247E.O?
9.1980E.O?
9.1691E.07
8.7623E.07
8.?426E-07
8. .73E.O?
8. ~59E-07
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SF Naae... Ieportance..... Achievement.. Reduction... Derivative.. SF Value....... Frequency......

177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
19?.
198.
199.
200.
201.
202.
203.
204.
205.
206.
ROT.
208.
209.
210.
211.
21R.
213.
214.
215.
216.
217.
218.
219.
220.

BVRF
RVD6
RVD10
FD'l
HPI6
U11
GH2
RVC4
PX23
LECF
RP83
GD&
RPD4
GGR
RPC3
QQB1
RPD9
GF2
AA2
OSDF
AB4
VNTF
AIF
NIEF
SN182
TBR
QI2A1
AC12
FB2
AD20
RVD45
SHRCI
NRUF
CS7
SHRDT
ORP2
TBF
FN1
FG1
FE1
NCD1
NH22
FF1
R4801

1.7411E-02
1.700?E.02
1.6728E 02
1.6?R1E 02
1.6306E-OR
1.59336. 02
1 5645E 02
1.5572E 02
1.4919E-02
1.4184E 02
1.31096.02
1.2919E-02
1.2899E 02
1 2C99E 02
1.1770E-02
1.1668E.02
1.1569E.02
9.42706.03
9.4129E.03
9.2628E.03
9.0938E Q3
9.0125E.03
9.0125E.S
8.7435E.03
8.6718E S
8.4815E 03
8.3410E 03
7.98936.S
7.9446E 03
7.9105E.03
T.??62E-S
7.6951E-03
7.6237E-03
7.6119E-S
7.5491E.03
T.3&&?6.03
7.0537E.03
6.9371 E-S
6.9243E-03
6.8499E.03
6.8431E-03
6.8230E-03
6.7175E.S
6.5229E. 03

1.0000E+00
9.83096.01
9.83396.01
1.45416+00
1.1499E+00
1.2808E+00
9.677?E.01
9.8617E.01
1.974&E+01
1.0000E+00
1.33576+00
1.07?BE+00
1.007?E+00
9.7605E 01
1.8742E+00
8.3585E-01
1.0199E+00
9.9273E.01
9A950E+00
1 OOOOE+00
1.13946+00
1.0000E+00
1.0000E+00
1.0000E+00
9A596E.01
1.063&E+00
8.0856E-01
1 0071E+00
1.3491E+00
1.0022E+00
9.9222E.01
BA7306-01
1.0000E+00
1.2693E+00
8.6021E.01
9.?335E.01
1.0000E+00
7.6486E.01
7.5712E-01
7 3695E.01
1.1139E+00
6.2478E.01
7.3735E.01
1.3169E+00 "

0.0000E+00
4.0030E+00
3.39096+00
9.9270E-01
9.8578E.01
9.842?E-01
1.0056E+00
1.1233E+00
9.8509E-01
0.0000E+00
9 8?OOE-01
9.8759E.01
9.8710E-01
1.0044F+00
9 8837E-01
1.Q0616+00
9.8972E-01
1.0015 E+00
9.9072E-01
0.0000E+00
9.9091E-01
0.0000E+00
0.0000E+00
0.0000E+00
1.0S9E+00
9.9594E-01
1.0071E+00
9.9201E-01
9.9277E.01
9.9209E.01
0.00006+00
1.0058E+00
0.0000E+00
9.9264E.01
1.0053E+00
1.000?E+00
0.0000E+00
1 ~ 0038E+00
1.0039E+00
1.0043E+00
9*9&326-01
1.0056E+00
1.0042E+00
9.9583E.01

0.0000E+00
-1A439E.04
-1.1511E OC

2.2060E 05
7.8454E 06
1.417?E-05
-1.8072E.06
-6.5583E 06
8.9700E-OC
0.0000E+00
1.6&?2E.QS
4.3150E 06
9.8504E 07
-1.3574E.06
4.2355E 05
-8.14ME-O&
1.4443E.06
-4.1965E.OT
4.0662E.04
0.0000E+00
7.097?6.06
0.0000E+00
0.00006+00
0.0000E+00
-2.7696E.O&
3.2349E-06
-9.4940E.06
7.2007E-07
1.7038E.05
4.8109E-O?
0.0000E+00
-7,58036-06
0.0000E+00
1.3228E.05
-6.9390E.06
-1.30786.06
0.0000E+00
-1 ~ 1424E 05
-1.1800E-05
-1.27806.05
5.62236.06
-1.82076.05
-1.2?60E.05
1.5354E 05

1 QOOOE+00
9.9440E.01
9.9310E.01
1.5830E-02
8.6670E.02
5.305?E.02
1.4?30E.01
8.9920E-01
7.9450E-04
1 ~ 0000E+00
3.7290E.02
1.3750E 01
6.2610E.01
1.5630E 01
1.3130E-02
3 5910E 02
3.4040E.01
1.7190E 01
1.0910E.03
1.0000E+00
6.1260E.02
1.0000E+00
1.0000E+00
1.00006+00
6.6980E-02
6.0058E-02
3.5890E-02
5.3050E-01
2.0290E 02
7.8620E.01
1.0000E+00
3.6860E-02
1.0000E+00
2.6615E-02
3.6800E.02
2.5820E.02
1.0000E+00
1.5830E.02
1.5830E-02
1.5900E.02
3.1260E-02
1.46306.02
1.5830E-02
1.3000E.02

8.3247E-O?
8. 1318E-07
7.9984E-QT
7.9951E.07
7.7962E-07
?.6180E-0?
7,4806E-07
7.4454E.07
7.1333E-07
6.7817E-07
6.26?9E.07
6.1771E.O?
6.16?36.07
5.9763E-07
5.6279E.OT
5.5?89E.OT
5.5316E.O?
4.5074E.07
4.5006E-OT
4.42896.07
4.34816.07
4.3092E 07
4.3092E-O?
4.1806E.OT
4.14636.07
4.0553E-07
3.98816.07
3.82006-07
3.?9866.07
3.7823E-07
3.7181E-07
3.67936-07
3.6451E.OT
3.63956.07
3.6095E.QT
3.52236.07
3.37RE.QT
3.31696-07
3.31076.07
3.27526-07
3.27196.07
3.2623E-OT
3.R1196.07
3.11886-07
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SF Mene... !mportance..... Achievement.. Reduction... Derivative.. SF Value....... Frequency......
221.
222 0

223.
224.
225.
226.
227.
228.
229 0

230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244.
245.
246.
247.
248.
249.
250.
251.
252.
253.
254.
255.
256.
257.
258.
259.
260.
261.
262.
263.
264.

FC3
QJB2
FGF
FFF
FEF
FHF
FD4
RDF
RAF
SL1
QI1D7
GD1
CD1
SLF
RPS4
HXBF
RCll15
OSL1

llS1
OSVF
HXA1
DE1
HRC1
Ql206
RPD2
OSP1
TB1
RVD14
RVD1
OSL2
GH4
SDC2
DGB
OBCF
HP11
0801
GG4
SP1
FD2
RK3
SGT9
RC1
RPB5
PX11

6.4453E.03
6.4408E.03
6.3861E.S
6.3861E-03
6.3861E.03
6.3861E-S
6.3861E-03
5.9157E.S
5.9157E 03
5.8769E-03
5.7561E.03
5.2819E-S
5.1803E-03
5.0433E-03
4.9585E-03
4.7577E.03
4.6943E-03
4.6797E-S
4.6655E.03
4.4383E.S
4A242E-03
4A119E-03
4.3571E-03
4.2216E-03
3.9208E-03
3.8988E-S
3.8871E.S
3.1695E-03
3.1552E-03
3.0964E-03
3.0894E-03
3.0642E.03
2.9939E-03
2.9514E-03
2.9435E-03
2.9175E.03
2.9175E-03
2.7457E-S
2.7072E-03
2.6154E-03
2.5596E-03
2.4473E-03
2.4082E.03
2.3130E-03

1.0194E+00
2.2975E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.00O3E+OO
1.0000E+00
1.0000E+00
2.0068E+00
9.7393E-01
9.8875E-01
4,5414E+00
1 DODGE+00
0.0000E+00
1.0000E+00
1.0003E+00
1.8413E+00
5 1228E.01
1.0000E+00
1.4830E+00
1.4652E+00
8.1167E+00
9.6214E.01
1.0075E+00
5.0562E+01
1.0909E+00
1.5433E+00
9.9687E.01
1.2414E+00
9.9620E-O'1
1.1112E+00
1.3110E+00
1.0000E+00
1.0305E+00
9.9536E.01
1.0024E+00
4.4027E+00
1.0829E+00
9.37TOE-01
9.4042E-01
1.7119E+01
8.7131E-01
3.0607E+00

9.9402E-01
9.9358E-O'1
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
9.9471E 01
0.0000E+00
0,0000E+00
9.9417E.01
1.0019E+00
1.0019E+00
9.9505E.01
0.0000E+00
9.9504E.01
0.0000E+00
9.99QE.01
9.95COE 01
1.0047E+00
0.0000E+00
9.9733E.01
9.9768E.01
9.9597E-01
1.0015E+00
9.9609E.01
9.9613E.01
9.9850E-01
9.9683E.01
1.4510E+00
9.9696E.01
1.0010E+00
9.9696E-01
9.9859E-01
0.0000E+00
9.9714E-01
1.0007E+00
9.9921E.01
9.9748E 01
9.9867E.01
1 ~ 0016E+00
1.0019E+00
9.9768E 01
1.0017E+00
9.9836E.01

1.2137E.06
6.2344E.05
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
2.6666E.07
0,0000E+00
0.0000E+00
4.8416E.05
-1.3388E-06
-6.2Q9E-OT
1.6956E-04
0.0000E+00'.0000E+00

0 0000E+00
3.3181E.OB
4.0445E.05
-2.3546E-05
0.0000E+00
2.3221E.05
2.2354E-05
3.4047E.04
-1.8817E.06
5.4703E-07
2.3699E-03
4.4160E-06
2.6127E.05
-2.1712E.05
1.1689E.05
-2.2844E.OT
5.4602E-06
1.4937E-05
0.0000E+00
1.5957E-06
.2.5536E.OT
1.5352E-07
1.6282E-04
4.0282E.06
-3.0530E.06
-2.9387E.06
7.7080E-04
.6.2337E.06
9.8608E-05

2.3570E-01
4.9230E-03
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
9.4870E-01
1.0000E+00
1 0000E+00
5.7591E.03
6.8960E-02
1.4150E-01
1 3961E-03
1.0000E+00
1.7848E-05
1.0000E+00
5.3649E-01
5.4420E.03
9.6280E-03
1.0000E+00
5.4880E-03
C.9570E-S
5.6554E.04
3.7950E-02
3.4200E.01
7.8170E-OS
1.6219E.02
5.8000E-03
9.9310E-01
1.2420E-02
2.0520E-01
2.6QSE-02
4A975E-03
1.0000E+00
8.5600E-02
1.312OE-01
2.4680E.01
7.4123E-04
1.5830E.02
2.4290E-02
3.0668E-02
1.4420E.OC
1.2890E.02
7.9450E-04

3.081 7E-OT
3.0796E.OT
3.0534E.OT
3.0534E.07
3.0534E.07
3.0534E 07
3.0534E-07
2.8285E-07
2.8285E.OT
2.8100E.07
2.7522E.07
2.5255E.OT
2.4769E.07
2.4114E.07
2.3708E-07
2.2748E.07
2.2445E-OT
2.2375E.07
2.2307E.07
2.1221E-OT
2.1154E 07
2.1095E-07
2.0833E.OT
2.0185E.DT
1.8746E.OT
1.8642E.OT
1.8586E.07
1.5154E.OT
1.5086E.DT
1.4805E.07
1,4771E.OT
1. %51E.OT
1.4315E.07
1 A112E-07
1 A074E.OT
1.3950E 07
1.3949E-07
1.3128E.OT
1.2944E.OT
1.2505E-OT
1.2238E.OT
1 ~ 1702E-07
1.1514E-OT
1.1059E-OT
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...... SF Naee... laportance..... Achievement.. Reduction... Derivative.. SF Value....... Frequency......

265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.
280.
281.
282.
283.
284.
285.
286.
287.
288.
289
290 0

291.
292 0

293 0

294.
295 ~

296 0

297 e

298 0

299 0

300.
301.
302.
303.
304.
305.
306.
307.
308.

BVR1
GC3
HXC3
DH2
OL1
DX1
RB1
NPl1
FC2
RCL1
GH7
RPB1
NPl 12
AD30
HXBS
HXC2
HXD7
ED26
DE2
RBC20
HXOF
TOR2
HXAF
IVC1
SP3
GD5
GD9
RPC1
HPL3
DL3
NXCF
GC6
SM1D9
OAD1
DA1
PX22
NH11
HXB6
PCA1
LII11
LN21
LT11
LT21
DC1

2.2602E.03
2.2596E.S
2.2053E.03
2.1529E.S
2.1315E.03
2.1311E.03
2.0569E-S
2.$83E-S
1.9549E.S
1.8411E-S
1.8267E. S
1.6801E.S
1.6692E.03
1.6653E.S
1.6170E.S
1.6167E.S
1.5395E. S
1.5123E.S
1.5037E.03
1.4461 E.S
1.4261 E.03
1 4177E.S
1.4087E.S
1.38QE-S
1.3315 E.03
1.3160E.03
1.1982E-S
1 1532E-03
1.1273E-S
1.0441E.S
1.0419E.S
9.5714E.04
9.4854E-04
9.2481E.04
9.1382E-04
9.0390E-04
8.9840E-04
8.9699E.04
8.861 0E.04
8.8233E.04
8.8226E.04
8.7137E.04
8.3379E.04
8.1031E.04

1.0834E+00
1.0127E+00
1.3955E+00
8.7181E.01
7.8313E-01
7.6732E-01
1.4387E+01
7.441 7Eue
1.0526E+00
1.0091E+00
1.0020E+00
1.1068E+00
1.0246E+00
1.0015E+00
1.0034E+00
1.0521E+00
1.0011E+00
9.9392E.01
7 4917E-01
8.9444E.01
1.0000E+00
0.0000E+00
1.0000E+00
1.8800E+01
1.0804E+00
1 0065E+00
1.0048E+00
1 ~ 1105 E+00
1.0013E+00
9.0523E-01
1.0000E+00
1.0053E+00
9.9154E.01
1.6063E+00
1.0130E+00
1.2318E+00
4 4793E.01
1.1593E+00
9.5427E-01
4.2743E-01
4.3202E.01
4.4810E.01
4.6687E.01
1.0093E+00

'.9884E.01

9.9795E.01
9.9782E.01
1.0006E+00
1.0031E+00
1.0033E+00
9.9807E-01
9.9820E 01
9.9915E-01
9.9983E-01
9.9882E-01
9.9862E-01
9.9833E.01
9 9833E.O'l
9.9838E-01
9.9840E.01
9.9846E.01
1.0005E+00
1.0012E+00
1.0019E+00
0.0000E+00
9.9858E.01
0.0000E+00
9.9861E-01
9.9893E.01
9.9895E.01
9.9910E.01
9.9902E.01
9.9988E.01
1.0013E+00
0.0000E+00
9.9913E.01
1.0006E+00
9.9909E 01
9.9997E.Ol
9.9910E.01
1.0017E+00
9.9912E.01
1.0002E+00
1.0012E+00
1.0012E+00
1.0016E+00
1 0014E+00
9.9998E-01

4.0431E-06
7.$ 56E.07
1 9012E-05
-6.1564E-06
-1.0517E-05
-1 1281E.05
6.4015E-04
3.0809E-04
2.5558E-06
4.4099E-07
1.5053E-07
5.1715E.06
1 2568E-06
1 5009E 07
2.4011E 07
2.5676E.06
1.2495E-07
-3.1542E 07
-1.2049E-05
-5.1371 E.06
0.0000E+00
0.0000E+00
0.0000E+00
8.5113E.04
3.8954E.06
3.6176E.07
2.7310E-07
53310E.06
6.7582E.OB
.4.5949E-06
0.0000E+00
2.9253E-07
-4.3555E-07
2.9033E.05
6.2243E-07
1.1126E-05
-2.6477E-05
7.6609E.06
-2.1961 E.06
-2.7433E-05
-2.7213E.05
-2.6466E.05
-2.5559E-05
4.4328E-07

1.3770E-02
1.3910E.01
5 4880E.03
4.4485E.03
1.4010E.02
1.3840E.02
1.4420E-04
2.7960E.04
1.5830E.02
1.8220E-02
3.7360E.01
1.2750E.02
6.3410E.02
5.3050E-01
3.2200E.01
2.9810E-02
5.8910E.01
7.7650E.02
4.6501E.03
1.7493E.02
1.0000E+00
1.2970E.06
1.0000E+00
7.7839E.05
1.3160E-02
1.3940E 01
1.5790E.01
8.7460E.03
8.3410E.02
1.3840E.02
1.0000E+00
1.4180E 01
7.0930E.02
1 4910E-03
2.0872E 03
3.8810E-S
3.0330E-03
5.4880E.03
4.4467E-03
2.0690E-03
2.0510E.S
2.9400E. S
2.6530E.03
2.0467E-03

1.0807E-07
1.0804E.07
1.0544E.07
1.0294E.07
1.0192E.07
1.0190E-07
9.8346E-OB
9.7457E-OB
9.3468E-OB
8.8031E-OB
8.7343E-OB
8.0332E-OB
7.9811E.OB
7 9625E-08
7.7315E.OB
7.7300E-OB
7.3609E-08
7.2306E.OB
7.1898E-OB
6.9145E.OB
6.8185E-OB
6.7785E-OB
6.7353E.OB
6.6283E-OB
6.3661E.OB
6.2923E.OB
5.7289E.OB
5.5138E-OB
5.3898E.OB
4.9922E.OB
4.981 9E-OB
4.5764E.OB
4.5353E.OB
4 4219E.DB
4.3693E.OB
4.32l9E.OB
4.2956E.OB
4.2888E-OB
4.2368E.OB
4.2187E.OB
4.2184E.OB
4 16QE 08
3 9866E.OB
3.8744E-OB
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~ ~ ~ ~ ~ ~ SF Nameo ~ ~ Ilportance..... Achievement.. Reduction... Derivative.. SF Value....... Frequency......

309.
310.
311.
312.
313.
3N.
315.
316.
317.
318.
319.
320.
321.
322.
323.
324..
325.
326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.
33'T.
338.
339.
340.
341.
342.
343.
344.
345.
346.
347.
348.
349.
350.
351.
352.

DJF
AS5
GH3
AS1
HX$3
RVC5
AC16
DCA1
SN205
IVCF
EC2
LT31
OHL1
LN41
U61
OEE1
GG3
LT41
IVC3
DF2
GDB
DJ1
HXD10 .
HPLS
LVF
PX21
PCA4
SDCF
DFl
TORF
RVD21
RBC17
CS1
E02
SPRF
HXB7
LT42
DA2
DC2
LN32
LH42
GF3
LT32
DD2

7.9377E-04
7.6919E-04
7.6286E.04
7.0964E-04
6.9567E-04
6.44?BE.04
6.252?E-04
6.1024E.04
6.0734E-04
5.9877E.04
5.8622E-04
5.8596E-04
5.8526E-04
5.8302E.04
5.8291E.04
5.7051E.04
5.6612E-04
5.480&E.04
5.4514E.Q4
5.3549E-04
5.2790E-04
5.16?3E-04
5.1366E.04
5,0829E-04
5.0105E-04
4.82ME-04
4.7176E.04
4.2?96E.04
4.0920E-04
3.9453E-04
3.?956E.04
3.7421E-04
3.4422E-04
3.3572E-04
3.3530E.04
3.2976E-04
3.2341E.04
3.2215E-04
3.1335E.04
2.9940E-04
2.9937E-04
2.9329E.04
2.8541E-04
2.?94&E 04

1.0000E+00
1.6844E+00
9.9647E.01
2. 169&E+00
8.6240E-01
1.005?E+00
1.0096E+00
8.8735E.01
9.848?E.01
1.0000E+00
5.6816E-01
4.0601E.01
1.291?E+00
2.9194E.01
2.891&E.01
2.1230E+00
9.9759E-01
4.2021E.01
1.1872E+01
8.5036E-01
1.0032E+00
1 0314E+00
1.0930E+00
1.Q236E+QQ
1.0000E+00
7.6762E-01
9.8526E-01
1.0000E+00
4.836&E-01
1.0000E+00
1.0368E+00
9.4859E.01
1. 1660E+00
7.5452E-01
1.0000E+00
9.9156E-01
1.0008E+00
6.3371E-01
5.9553E.01
1.0285E+00
1.0292E+OQ
9.9852E.01
1.0011E+00
7.2351E.01

0.0000E+00
9.9925E.01
1.NOSE+00
9.9943E.01
1 '007E+00
9.9942E.01
9.993?E-01
1.0005E+00
1.0006E+00
0.0000E+00
1.0016E+00
1.0014E+00
9.9957E-01
1.0014E+00
1.0014E+00
9.9944E-01
1.0005E+00
1.0012E+00
9.9946E-01
1.0004E+00
9.994&E.01
9.9998E-01
9.9949E.01
9.995?E.01
0.0000E+00
1.0002E+00
1. OOOBE+00
0.0000E+00
1 001?E+00
0.0000E+00
9.9962E-01
1 '004E+00
9.9967E-01
1.0009E+00
0,0000E+00
1.0001E+00
9.9989E-01
1.0006E+00
1 ~ 0006E+00
9.9972E.01
9.9972E-QI
1.0003E+00
9.99&BE-01
1.0004E+00

0.0000E+00
3.275&E-05
-2.0557E-07
5.5961E-05
-6.6146E.06
2.9895E-07
4.8802E.07
-5.4089E.06
-7.50NE-07
0.0000E+00
-2.0725E.05
-2.8469E-05
1.3969E-05
-3.3923E.QS
-3.4056E 05
5.3723E-05
-1.3951E-07
-2.7?BOE.05
5.19SBE.04
-7.1?36E.06
1.7987E.Q?
1.5017E-06
4.4690E 06
1.1499E 06
0.0000E+00
-1.1120E-05
-7.4301E-OT
0.0000E+00
-2A766E-05
0.0000E+00
1.7785E.06
-2.4769E.06
7.9510E-06
-1.1780E-05
0,0000E+00
-4.0723E.OT
4A?33E-OS
-1.7541E-05
-1.936&E.05
1.37?7E.06
1A10?E-06
.8.5839E.QB
5.?332E.OS
-1.3240E-05

1 ~ OOOOE+00
1.0910E-03
1.7860E-01
4.8320E-04
5.3540E.03
9.2600E.02
6.1260E-02
4.1526E-03
3.59'lOE-02
1 DODGE+00
3.7120E-03
2.3830E-03
1.4740E-03
2.0200E-03
2.0350E.03
5.0050E 04
1.7470E-01
2.1120E-03
5.0102E 05
2.6116E-03
1.3910E-01
5.0510E-04
5.4880E-03
1.8020E 02
1.0000E+00
7.9200E-04
5.1329E-02
1 DODGE+00
3.1963E-03
1.0000E+00
1.0100E-02
7.5184E.03
1.994&E-03
3.6700E-03
1,0000E+00
8.?16QE-03
1.1570E.01
1.5495E-03
1.5072E.03
9.&S30E.03
9.5?40E-03
1.7420E-01
1.0410E-01
1.5425E-03

3.7953E-OS
3.6777E.OS
3.6475E.QS
3.3930E. 08
3.3263E-OS
3.0829E.OB
2.9896E.OS
2.917&E-OB
2.9039E.O&
2.8629E.OS
2.8029E-QB
2.8017E-OB
2.7983E.OS
2.?8?6E.OS
2.7871E-OS
2.7278E.OS
2.706&E-OS
2.6206E.QS
2.6065E.OB
2.5604E.OB
2.5241E-OS
2.4707E.OS
2A560E-08
2.4303E-OS
2.3957E.OB
2.308&E.OB
2.2556E-QS
2.0462E.QS
1.9565E-OS
1.8864E.QB
1.8NSE 08
1.7893E-OB
1.6459E-OS
1.6052E.OS
1.6032E.QS
1.5767E.OB
1 5464E-08
1.5403E-OS
1.4982E.OS
1.4315E-QB
1.4314E 08
1.4023E-OS
1.3646E.OS
1.3363E-08
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SF Neae... importance..... Achievement.. Reduction... Derivative.. SF Value....... Frequency......

353.
354.
355.
356.
357.
358.
359.
360.
361.
362.
3Q.
364.
365.
366.
367
368
369.
370.
371
372.
3?3.
374.
3?5.
376.
377.
378.
379.
380
381.
382.
383.
384.
385
386.
387.
388.
389.
390.
391.
392.
393.
394.
395.
396.

082
EA3
NPi 13
GH5
CSS
OG51
CRD1
LSFF
FMCF
DB1
RHl
OHC1
NBOCF
DD1
FNH1
OAD2
RVD17
HRC6
MNS2
sv2c4
OSM1
DV2F
iS01
HPL1
OF2
OHS2
RBC4
SP2
AC18
EDS
OLC1
RVL4
EBS
RBC11
OLC2
ORP3
FD3
EB?
AD34
RL6
HRC3
FNH2
OLA1
FH2

2 ?8236.04
2.6552E.04
2.6472E.04
2.Q36E.04
2.6032E-04
2.5698E.04
2 54966 04
2.5277E.04
2.5277E.04
2.381 9E.04
2.36?BE.04
2.2779E.04
2.1681E-04
2.0402E.04
2.0064E-04
1 98806.04
1.9071E.04
1.8251E-04
1.8099E.04
1.79756.04
1.?875E-04
1.6751E.04
1.6283E.04
1.587DE.04
1.58416.04
1.5569E-04
1.5532E.04
1.5529E.04
1 A77?E.04
1AQSE.04
1.3796E-04
1.3758E.04
1.3587E-04
1.34996.04
1.34096.04
1.21186.04
1.1946E.04
1.1843E.04
1.1751E-04
1.1607E.04
1.1217E-04
1.119?E-04
1.1009E.04
1.0592E.04

6.?344E.01
7.2106E.01
1.92936+00
1.00006+00
1.1359E+00
1.36046+00
1 '7146+00
1 0000E+00
1 ~ 0000E+00
6.2693E.01
2.0?99&00
6.37656.01
1.0000E+00
5.5994f.01
1.05686+00
'l.1305E+00
1.02576+M
1.01516+00
9.79886.01
9.88156 01
2.47816.01
1.00006+00
1.?3246+00
9.6313f.01
1.0634E+00
2.93?96-01
8.97306-01
9.85536-01
1.01206+00
8.99486-01
1.28096+00
1.0236E+00
9.5996E.01
9.59486.01
1.1840E+00
9.9261E.01
1.00416+00
8.9326E-Ol
1.00166+00
9.8931E.01
1.3182E+00
1.0039E+00
9.98286.01
9.8Q16.01

1.00056+00
1.00106+00
9.99746.01
1.00006+00
9.9988E.01
9.9986E.01
9.99776.01
0.00006+00
0.0000E+OP
1.0008E+00
9.9983E-01
1.0004E+00
0.00006+00
1.0009E+00
9.9982E.01
9.9981f.01
9.9981 E-01
9.9988E-01
1.0006E+00
1.0004E+00
1.0006E+00
0.0000E+00
9.9984E-01
1.0006E+00
9.9984E 01
1.M06E+00
1. 0002E+00
1. 0004E+M
9.9999E-01
1.00046+00
9.9987E 01
9.9986E-01
1.0005E+00
1.0005E+00
9.9987E-01
1.0003E+00
9.9993E 01
1.0004E+00
9.9990E.01
1.0003E+00
9.99906-01
9.9990E-01
1.0001E+00
1.0002E+00

-1.5QBE.OS
-1.3387E.05
4.4444E.05
8.2099E-10
6.5029E-06
1.72386-05
8.20776-06
0,0000E+00
0,0000E+00
-1.78756.05
5.1642E-05
-1.7344E.05
0.0000E+00
-2.10836.05
2.72346 06
6.2475E-06
1.2399E.06
?.2750E-07
-9.8892E 07
-5.8760E.07
-3.5992E-OS
0.0000E+00
3.5025E.05
-1.7929E.06
3.0405E.06
-3.'3793E.05
-4.9188E.06
-7 0965E-07
5.7550E-07
-4.8239E.06
1.3437E.05
1.1359E-06
-1.93786.06
-1.9599E-06
8.8024E-06
-3.69606-07
1.98S2E.O?
-5 'l226E 06
8.0283E.OS
-5.2384E 07
1.5218E.05
1.8875E-O?
.8 90436.08
.6.65336.07

1.5191E-03
3.73M6-03
2.79606-04
1.5630E.01
9.0062E.04
3.9230E-04
1.3351E.03
1.0000E+00
1.0000E+00
2.04'926.03
1.61436-04
1.0610E-03
1.0000E+00
2.0141E-03
3.1420E.03
1.4?OOE-03
7.3000E.03
7.70136-03
2.?370E-02
3.5890E-02
7.5160E-04
1.0000E+00
2.2228E-04
1.6800E-02
2.4910E-03
7.8720E-04
1.73456-03
2.5350E-02
1.0910E-03
3.6740E.03
4.7900E.04
5.79106-03
1.19?OE.02
1.1418E-02
6.9510E-04
4.3660E.02
1.5830E-02
3.6670E-03
6.1260E-02
2.4290E-02
3.0573E-04
2.4606E-02
7.?450E.02
1.5830E-02

1.33036.08
1.2695E OS
'l.2657E 08
1.2592E-OS
1 2447E-08
1.228?6-08
1.2190E-DB
1.2086E.OS
1.2086E-OS
1 1389E-08
1.13216-08
1 OS92E-08
1.03676-08
9.7547E.09
9.5934E-09
9.5055E-09
9.1184E-09
8.7265E.09
8.6537E-09
8.5943E.09
8.5467E 09
8.0091E-09
7.?8566-09
7.5880E 09
7.5740E 09
7.4442E.09
7.4266E-09
?A250E 09
7.0655 E.09
6 99876-09
6.59646.09
6.5783E.09
6.49&5E 09
6.4544E 09
6.4111E.09
5.7939E.09
5.7120E.09
5.6625E.09
5.6184E.09
5.5498E.09
5.3Q26.09
5.3538E.09
5.263?E-09
5.0644E.09
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SF Naacp.. ~ Illpol tanceo ~ ~ ~ ~ Achievement.. Reduction... Derivative.. SF Value....... Frequency......
397.
398.
399.
400.
401.
402.
403.
404.
405.
406.
407.
408.
409.
410.
411.
412.
413.
414
415.
416.
417.
418.
419.
420.
421
422.
423.
424.
425.
426.
427.
428.
429.
430.
431.
432.
433.
434.
435.
436.
437.
438.
439.
440.

SNIDIO
CIS1
OFT1
AD35
CS13
SGT1
LOTRF
HRC5
HXD6
HX$4
RD1
SNIA1
CIL2
RCMI
Dl1
A3EC4
A3ED4
Ol$1

FG2
A3EA2
SQIC4
CS8
A3E$2
OSDI
L8Hl
HXA2
ED17
AC1
CD3
AD1
HXD9
RPD3
LPCS
GGS

RI1
A3EA1
DV1F
PCA3
AD32
LT22
DV21
NP Ill
FF2
RA1

1.0223E.04
1.0054E.04
9.4361E.OS
8.9657E-05
8.8796E-OS
8.7639E-OS
8.3468E.OS
8.1375E.05
8.0104E-05
7.M53E-OS
7.8694E.OS
7.8075E.05
7.6453E.05
7.4127E-OS
7.3980E-05
7.2425E.OS
7.2178E.05
7.0625E.OS
7.0612E.OS
6.8475E 05
6.7148E.OS
6.6684E.05
6.5926E-OS
6.342E.OS
6.2107E-OS
6.1170E.OS
6.0985E-OS
5.4896E.OS
5.1317E.OS
5.1250E-OS
5.1021E.OS
4.9530E.OS
4.9503E-OS
4.8500E 05
4A206E-05
4.3110E-OS
4.1826E 05
4.1085E 05
4.0579E-OS
3.7762E.OS
3.6391E-OS
3.5765E-OS
3.5302E-OS
3.4645E-OS

9.969OE-01
1.4753E-01
1.0515E+00
9.3754E-01
1.0789E+M
6.8386E-OI
1.0000E+00
1.2330E+00
1.0002E+00
1.0026E+00
5.5262E.01
9.9747E.01
4.0720E.01
0.0000E+00
1.5092E-01
8.2234E.01
8.6521E.01
8.3621E-01
9.9093E-01
7.0293E 01
1.0048E+00
1.0022E+00
7.5562E.01
1.0591E+00
9 9792E.01
9.6090E.Ol
9.8070E.01
8.1552E-01
1.0167E+00
8.0799E-01
1.0017E+00
1.0001E+00
1.0008E+00
9.9970E-01
7.3244E.01
7.4847E.01
1.0000E+00
9.9750E-01
1.0117E+00
9.9951E-01
1 ~ 0077E+00
2.9662E-01
9.9489E-01
1.4339E.01

'.0002E+00

1.0006E+00
9.9991E-01
1.M01E+00
9.9991E-01
1.GOOSE+00
0,0000E+00
9.9993E.01
9.9992E-01
9.9992E-01
1.0001E+00
1.0000E+00
1.0003E+00
9.9993E.01
1.0004E+00
1.0002E+00
'l.0002E+00
1.0003E+00
1.000lE+00
1.0004E+00
9.9993E.01
9.9994E-01
1.0003E+00
9.9994E-01
1.0001E+00
1.0003E+00
1.0002E+00
1.0001E+00
9.9995E-01
1.0001E+00
9.9995E-01
9.9995E-01
1.0000E+00
1.0001E+00
1.0000E+00
1.0002E+00
0.0000E+M
1.0001E+00
9.9999E-01
1 ~ 0001E+00
9.9996E.01
1.0002E+00
1.0001E+00
1 ~ 0002E+00

-1.5877E.07
-4.0788E-OS
2.4689E 06
-2.9897E.06
3.7747E.06
-1.5139E-DS
0,0000E+00
1.1142E-05
1.1895E.08
1.2648E.07
-2.1394E.05
-1.2250E 07
.2.8360E.05
0.0000E+M
-4.0618E.OS
-8.5060E.06
-6.4534E 06
-7.8456E-06
-4.4072E.07
-1 4224E-OS
2.3360E.07
1.1036E.07
-1.1701E-OS
2.8298E.06
-1.0231E.07
-1. 8861E-06
-9.3171E-07
-8.8249E-06
8.0153E-07
-9.1853E-06
8.1834E-08
9.1472E-09
3.7434E-08
-1.7579E.08
-1.2795E.OS
-1.2038E-OS
0.0000E+00
-1.2346E.07
5.6117E.07
.2.6300E.08
3.7038E.07
-3.3640E-OS
-2.4939E-07
-4.0968E-05

6.6980E.02
6.86368-04
1.8170E-03
1.0910E-03
1.1226E.03
1.5514E.03
1.0000E+00
3.0261E.04
3.2200E.O'I
2.9810E 02
1.4420E-04
1.3430E.02
5.5952E-04
2.5213E-05
5.0570E-04
1.3560E-03
1.3330E.03
1.8223E.03
1.5830E-02
1.4090E-03
1.3430E.02
2.7924E-02
1.3790E.03
1.0130E-03
2.7872E-02
8.7390E-03
9.7680E.03
4.8330E-04
3.0003E.03
4.8350E 04
2.9810E-02
2.5890E-01
6.1766E.03
1.7190E-01
1.6143E.04
9.1230E.04
1.0000E+00
3.2886E.02
1.0260E.03
1.0030E.01
4.5200E-03
2.6200E-04
2.0290E-02
2.5380E-04

4.8881E-09
4.8072E-09
4.5117E-09
4.2868E-09
4.2457E.09
4.1903E.09
3.9909E-09
3.8908E-09
3.8301 E-09
3.7702E-09
3.7627E-09
3.7330E-09
3.6555E-09
3.5443E-09
3.5373E-09
3.4629E-09
3.4511E.09
3.3768E.09
3.3762E-09
3.2740E.09
3.2106E-09
3.1884E-09
3.1521E-09
3.0525E.09
2.9696E-09
2.9248E-09
2.9159E.09
2.6248E-09
2.4536E-09
2 45048.09
2.4395 E-09
2.3682E.09
2.3669E-09
2.3190E.09
2.1137E-09
2.061 2E.09
1.9998E.09
1.9644E-09
1.9402E.09
1.8055E-09
'l.7400E.09
1.7100E.09
1.6879E.09
1.6565E.09
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SF Kme... laportance..... Achievement.. Reduction... Derivative.. SF Value....... Frequency......

C41.
442.
443.
444.
445.
446.
447.
448.
449.
450

'51.

452.
453.
454.
455.
456.
457.
458.
459.
460.
.461.
462.
463.
464.
465.
466.
467.
468.
469.
470.
471.
472.
473.
474.
475.
476.
477.
478.
479.
480.
481.
482.
483.
484.

OAL1
A3E$ 1

CS2
A3EC1
A3ED1
GD10
EA1
E$ 1

HT11
QI1$ 1

D03
HP13
RCI2
RLC
Dvs2
QQDC
Eoe
E$3
ISOF
DV11
CST1
IS02
IVC2
A3E$3
OG161
CSTF
SHUT11
NN1
RP01
LT44
LH1F
LH2F
LT2F
LT33
LT1F
RG1
QI1D1
OF4
M1
SM1C1
HT31
OSP2
HXD1
HXC1

3.4024E-OS
3.3200E-OS
3.3151E-OS
3.3074E.05
3.3014E-OS
3.1116E-DS
3.0442E-DS
3.0440E-DS
2.912CE-DS
2.9094E-DS
2 7405E-05
2.7337E.OS
2.7337E-OS
2.7159E-05
2.3422E.OS
2.1930E.OS
1.4731E-OS
1 A731E-05
1.2382E-OS
1.0876E-OS
1.0754E.DS
1.0593E-DS
1.0204E.OS
1.0134E-05

'.4598E-06

7.4288E.06
7.0930E-06
7.O236E-O6
6.5002E.06
5.5980E.06
5.5980E-06
5.5980E-06
5.5980E.06
5.5980E.06
5.5980E-06
5.3755E.06
4.9493E.06
4.9373E-06
4.8659E.06
4.7491E.06
4.5966E-06
4.3547E.06
3.9484E-06
3.9483E-06

9.8869E.01
6.8592E.01
1.0138E+00
7.3912E-01
7.3991E-01
1.0002E+00
7.4368E.01
7A532E.01
7.C421E-01
9.9531E.01
8.8814E.01
1.0002E+00
1.0003E+00
8.5935E-01
9.8794E.01
9.9097E.01
1.0000E+00
1.0001E+00
1.0000E+00
1 0022E+00
0.0000E+00
1 0025E+00
0.0000E+00
1.0004E+00
7.0906E-01
1.0000E+00
7.6719E.01
6A108E-01
9-8286E-01
1.0000E+00
1.0000E+00
1 0000E+00
1 DODGE+00
1 DODGE+00
1.0000E+00
5.2061E.01
9.9571E.01
9 9356E-01
7.0862E.01
9.9268E.01
7.1169E.01
9.8016E-01
9.8016E.01
9.7810E.01 "

1.0002E+00
1.0003E+00
9.9997E.01
1.0002E+00
1.0002E+00
9.9997E-Ol
1.0002E+00
1.0002E+00
1. 0002E+00
1.0001E+00
1.0001E+00
9.9997E-01
9.9998E.01
1.0001E+00
1.0003E+00
1.0001E+00
9.9999E-01
9.9999E.01
0.0000E+00
9.9999E.01
1.0000E+00
9.9999E 01
9.9999E-01
9.9999E.01
1.0002E+00
0.0000E+00
1.0000E+00
1.0003E+00
1 0001E+00
9.9999E-01
0.0000E+00
0.0000E+00
0.0000E+00
1.0000E+00
0.0000E+00
1.0003E+00
1.0001E+00
1.0001E+00
1.0001E+00
1.0001E+00
1.0002E+00
1.0001E+00
1.0001E+00
1.0001E+00

-5A998E-07
-1.5031E.OS
6.6176E.07
-1.2485E-OS
-1 ~ 2446E.OS
8.9265 E.09
-1.2265E-05
-1.2187E-OS
-'I 2239E 05
-2.2742E.07
-5.3545E-06
1.1629E-08
1.2949E.08
-6.7320E.06
.5.8980E.07
-4.3676E.07
8.8976E-10
4.2609E.09
0,0000E+00
1.0418E 07
0.0000E+00
1.1953E.07
0.0000E+00
2.0801E.08
-1.3919E-OS
0.0000E+00
-1.1133E-OS
-1.7173E-OS
-8.2643E-07
2.8784E-10
0,0000E+00
0,0000E+00
0.0000E+00
2.0964E-09
0.0000E+00
-2.2934E-DS
-2.0797E.07
-3.1035E-07
-1.3939E.05
-3.5423E-07
-1.3795E.OS
-9.5422E.07
-9.5368E-07
-1.0528E.06

1.6490E.02
8.9340E-04
2.1252E 03
8.7440E-04
8.5550E.04
1A180E.01
8.0190E-04
7.9080.04
7 5428E.04
1.3890E-02
1.1079E-03
1 1240E 01
6.6940E 02
1.0170E.03
2.2119E.02
1.1990E.02
7.9160E.01
1.6530E.01
1.0000E+00
4.8650E-03
3.8074E-OS
4.2375E.03
4.9663E-OS
2.1620E.02
5.9198E.04
1.0000E+00
1.0750E.04
7.0813E.04
8.5010E.03
9.2990E.01
1.0000E+00
1.0000E+00
1.0000E+00
6.6410E-02
1.0000E+00
5A206E.04
1.3070E-02
7.7770E.03
4.8300E-04
1.2520E-02
7.5428E-04
5.7740E-03
5.2080E-03
5.3540E-03

1.6268E.09
1.5874E.09
1 ~ 5851E-09
1.581CE.09
1.5785E.O9
1.4878E-09
1.4555E-09
1.4554E.09
1.3925E-09
1.3911E-09
1.3103E.09
1.3071 E.09
1.3071 E.09
1.2986E.09
1.1199E 09
1 0486E 09
7.0433E-10
7.0433E-10
5.9205E-10
5.2000E-10
5.1416E-10
5.0651E-10
C.e7e7E-1 o
4.8455E.10
4.0449E-10
3.5520E-10
3.3914E-10
3.3582E.10
3.1080E.10
2.6766E-10
2.6766E-10
2.6766E-10
2.6766E-10
2.6766E-10
2.6766E-10
2.5702E.10
2.3664E.10
2.3607E-10
2.3265E-10
2.2707E-10
2.1978E.10
2.0821E-10
1.8879E-10
1.8878E-10

254
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485.
486.
487.
488.
489.
490.
491 ~

492.
493.
494.
495.
496.
497.
498.
499
500.
501.
502.
503.
504.
505.
506.
507.
508.
509.
510.
511.
512.
513.
514.
515.
516.
517.
518.
519.
520.
521.
522.
523.
524.
525.
526.
527.
528.

SF Name...

HXB1
LC1
RJ1
DIV1
UB42C1
RV01
LPC4
SHT2'I
DH3
DCA2
DJ2
DI3
DJ3
D12
DH2
DH1
DL2
DJ4
DJ6
sv1AB
DV28
DV29
RVD13
DM1
DV12
DV22
DV18
DT21
EB2
EB13
RPTB
DM2
DMP1
EB12
SHT27
DN3
DH2
SGT6
SOTS
SGTOPS
DH1
DT11
RVOB
D02

1.8876E-10
1.8873E.10
1.8316E.10
1.5453E-10
1.4572E-10
1.343?K.10
1.3059E.10
1.0880E-10
0 DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+M
0.0000E+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

5.2700E-03
5.8080E-03
1.6143E-04
2.2560E.03
1 '844E-04
1.3220E-05
2.8416E.04
1.0750E-04
1.8957E.03
2.4318E-02
1.4710E-02
2 '660E 02
1.4780E.02
1.4530E-02
3.3726E-04
2.2495E.04
1.9190E-03
2.1630E 02
1.6200E.03
O.OOOOE+00
0.0000E+00
5.5550E.03
6.9000E-03
5.2964E-05
8A020E-03
6.6070E 02
0.0000E+00
4 0320E-06
6.3160E-03
2.1650E 03
1.4739E.04
4.9566E.O3
2.8311E-05
3.7380E-03
2.5490E-05
1.1079E-03
2.2887E 04
2.8724E.02
2.6906E.02
0.0000E+00
1.2147E.04
4.0630E-06
0.0000E+00
2.2887E-04

9.7985E-01
9.8489E-01
4.8233E-01
9.2750E-01
7.2397E-01
0 0000E+00
1.0028E+00
7.2239E-01
9.5560E-01
9.9751E-01
9.9850E.01
9.9785E-01
9.9791E-01
9.9850E-01
8.1664E-01
5.5509E-01
9.9787E-01
9.9707E-01
9.9993E-01
0 DODGE+00
0.0000E+00
1.0000E+00
9.9989E-01
9.8129E.01
9.9999E-01
9.9999E.01
0,0000E+00
0.0000E+00
9 9986E-01
9.9898E.01
9.9999E-01
9.9947E-O'I
0.0000E+00
9.9554E-01
0.0000E+00
9.8735E.01
7.2990E-01
9.9954E-01
9.9622E-01
0.0000E+00
6.2668E-01
0.0000E+00
0.0000E+00
8.1131E-01

3.9478E.06
3.9473E-06
3.8307E-06
3.2319E.06
3.0477E.06
2.8104E.06
2.7312E-06
2.2756E.06
0.0000E+00
0.0000E+00
O.DODGE+00
0,0000E+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.NOOE+00
0.0000E+00
0.0000E+00
O.NODE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.NODE+00
0.0000E+00
0.0000E+00
0.0000E+M
0.0000E+00
0. 0000E+N
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

-9.6844E.07
-7.2663E-07
-2 47568-05
-3 47428-06
-1.3199E-05
0.0000E+00
1.3394E.07
-1.3275E-05
2. 1269E.06

-1.2180E.07
-7.2972E-OB
-1.0521E-07
-1.0150E.07
-7.2959E-OB
-8. 7700E-06
-2.1278E.05
-1.0209E-07
-1.4331E-07
-3.5430E.09
0.0000E+00
0.0000E+00
.2.0712E-10
.5.1917E-09
.8.9451E-07
-5.9764E-10
-5.5679E-10
0.0000E+00
0.0000E+00
-6.5819E.O9
-4.8805E 08
-6.2686E-10
2.5619E-OB

0.0000E+00
-2.1394E-07
0.0000E+00
-6.0562E-07
-1.2918E-05
-2.2791E.OB
-1.8569E-07
0.0000E+00
.1.7852E-05
0.0000E+00
0.0000E+00
-9.0239E-06

1. 0001E+00
1.0001E+00
1.0001E+00
1.0002E+00
1iOOOOE>00
1.0000E+00
1,0000E+00
1.0000E+00
1.0001E+N
1.0001E+00
1,0000E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.0001E+00
1.0001E+00
1 ~ 0000E+00
1.000lE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 NODE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+N
1.0000E+00
'1.0001E+00
1.0000E+00
1.0001E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

Importance..... Achievement.. Reduction... Derlvatlve.. SF Value....... Frequency......

255
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SF Naae... leportance..... Achievement.. Reduction... Derl votive.. SF Value....... Frequency......

529.
530.
531.
532.
533.
534.
535.
536.
537.
538.
539.
540.
541.
542.
543.
544.
545.
546.
547.
548.
549.
550.
551.
552.
553.
554.
555.
556.
557.
558.
559.
560.
561.
562.
S63.
564.
565.
566.
567.
568.
569.
570.
571.
572.

RV02
SGT4
SGT2
D01
RPTS
UB4181
UB4183
UB41A2
UB41A1
UB42A3
A3EC9
UB42A1

~ A3EC8
A3ED35
A3ED32
A3EDS
A3ED10
A3ED11
A3ED23
TBB
V2S
V3S
V18
UB4381
NETS
A3EBS
A3EB4
UB4281
A3ECS
UB42C2
UB4284
A3EC14
UB43A1
A3EC18
SN188
SKIDS
C02
CDA1
SN106
AD4
SKIDS
ADS
AD31
SN1CB

0.0000E+00
0.0000E+00
0,0000E+00
0 0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.OONE+00
0.0000E+00
0.0000E+N
0.0000E+00
0.0000E+aa
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0 OOOOE+00
0 OOOOE+00
0.0000E+00
O,MOOE+00
0 OOOOE+00
0,0000E+00
0.000QE+00
0. MOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.OOOQE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.MODE+00
O.MOOE+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
9.9989E.01
9.9492E 01
6.4735E-01
9.9504E-01
7 0563E 01
0 OOOQE+M
9.9558E-01
7.0563E 01
9.9561E 01
9.9999E.01
7.0560E-01
9.9987E-01
9.9879E 0'I
9.8162E 01
9. 9990E.01
9.9979E-01
9.9999E.01
8.7253E-01
0.0000E+00
0'.Qaoaf+00
0 0000E+00
0.0000E+00
7.0121E-01
0.0000E+00
9.9718E.01
9.9993E 01
7 0560E-01
9 9993E 01
9.9999E-01
9.9561E 01
9.0852E-01
7-0121E-01
9.9309E.01
a.oaoof+oo
9.9785E.01
1.0000E+00
0.0000E+00
9.9702E.01
9.6270E 01
0.0000E+00
9.9923E.01
1 OOOOE+00
0 OOOQE+00

'.0000E+00

1.0000E+00
1. 0001E+00
1 ~ OOOOE+00
1.0000E+00
1.0001E+00
1.0000E+00
1.0000E+00
1.0001E+00
1 ~ 0000E+00
1.0000E+00
1.0001E+00
1 ~ 0000E+00
1.00QOE+QQ
1.0000E+00
1 ~ Dooaf+00
1.0000E+00
1.0000E+00
1.0002E+00
1.0000E+00
1.QOOOE+00
1.0000E+00
1.0000E+00
1.0001E+00
1.0000f+00
1.0000E+00
1.0000E+00
'1.0001f+00
1.MOOE+00
1.0000E+00
1.0000E+00
1 ~ 0001f+00
1.0001E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 OOOOE+00
1.0000E+00
1.0000E+00

0.0000E+00
.5.4329E-09
-2.4559E.07
-1.6863E-OS
-2.3906E-07
-1.4078E.05
0.0000E+Qa
-2.1119E.07
-1 4078E.OS
-2.0979E.07
-4.'BSO6E-1O
-1 4080E 05
.6.5442E-09
-5.8055E 08
.8.8025E.07
-4.8549E-09
-1.0072E-OB
-4.8499E.10
-6.1032E-06
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
-1.4289E-05
0.0000E+00
-1.3505E-07
.3.3496E.09
-1.4080E-05
-3.2355E.09
-2.8074E-10
-2.0979E.07
.4.3800E.06
-1.4289E.DS
.3.3084E.07
0,0000E+00
-1.0423E-07
-1.2397E-10
0.0000E+00
-1.4448E.07
-1.7850E.06
0.0000E+00
-3.6794E-08
-1.0443E-10
a.oaaof+ao

1.3720E 05
1.2845E 02
1.1099E-02
1.2147E-04
8.2781E-03
23330E-04
3.5360E-05
2.2390E-04
2.3330E.04
2.2400E-04
1.0460E.03
2.3330E 04
1.8040E-02
1.409QE-03
1.3790E-03
2.2550E 02
1.8130E 02
9.0760E.04
1.3560E-03
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
2.3311E 04
0.0000E+00
1.4090E-03
2.2560E 02
2.3BOE-04
2.2070E 02
1.5245E 04
2.2410E.04
1.3790E.03
2.2316E-04
1.4090E 03
0.0000E+00
1.2880E-02
1.394QE-03
0.0000E+00
1.3890E 02
9.7240E-04
0.0000E+00
1.8100E-04
4.8320E 04
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 0000E+00
O.OOOQE+Qo
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.000QE+00
0.0000E+00
Q.OOOQE+00
0,0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0 OOOOE+00
0,0000E+Qa
0,0000E+00
0,0000E+00
0.0000E+00
O.OQQOE+00
0.0000E+00
o.'oaaofwa
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+aa
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SF. Nmne.. lepol tance o ~ ~ ~ ~ Achievement.. Reduction... Derivative.. SF Value....... Frequency......

573.
574.
575.
576.
577.
578.
579.
580.
581.
582.
583.
584.
585.
586.
587.
588.
589.
590.
591.
592.
593.
594.
595.
596.
597.
598.
599.
600.
601 ~

602.
603.
604.
605.
606.
607.
608.
609.
610.
611 ~

612.
613.
614.
615.
616.

CR03
CS6
QI1DS
SN104
ClL1
A$2
AC14
AC13
QQD3
QQD2
TSO
A83
AD23
SN2C2
SN203
AD22
AC17
AC4
ACS
NRVO
KHS
PCAZ
LSH2
QU81
JHS
KFS
KCS
JC1
LFS
LEGS
UI22
LSH3
LSTR1
OSP3
OSV1
OS02
HXD8
HXD4
lNAS
INCS
HXD11
HXD3
HXD2
JAS

0.0000E+00
Q.aaaaf+00
0.0000E+M
0.0000E+00
O.MODE+00
0.0000E+00
0.0000E+00
O.QOOQE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
O.QOOQE+00
0.0000E+00
0.0000E+00
0.0000E+00
O.NODE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
a.aaaaf+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

1.0000E+00
9.9792E.01
9 9707E.01
9 9995E.01
0.0000E+00
9 3107E.01
9.7348E-01
1.0aaaE+aa
1.0000E+00
9.9573E-01
O.aaaaf+00
1.0000E+00
9.6719f.01
9.9231E-01
9.9992E-01
1.'aaaaE+aa
1.0000E+00
9.5922E 01
9.9929E-01
0.0000E+00
O.aaaaf+00
9.9684E-01
9.9974E.01
9 9997E 01
0.0000E+00
a,aaaaf+00
0,0000E+00
1.0000E+00
0.0000E+QQ
0.0000E+00
9.9912f.01
9.9989E-01
9.9918E.01
9.6653E.01
9.8755E.01
9.9952E 01
9.9460E.01
9.9949E.01
0.0000E+00
0.0000E+00
9.9988E-01
9.9986E 01
9.9996E-01
0.0000E+00

'.0000E+00

1,0000E+00
1.0000E+00
1.0000E+00
1,0000E+M
1.0001E+00
1.0000E+00
1.0aaaf+00
1.0000E+00
1 OOOOE+00
1 OOOOE+00
1.0000E+00
1.0000E+00
1.0001g+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
\ QOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

-1.9426E-10
.9.9355E.08
-1.4171 E-07
-2.4009E.09
0.0000E+00
-3.2992E-06
-1.2693E.06
-2.3488E-10
-2.5130E-10
-2.0662E-07
0.0000E+00
-2.3270E.10
-1.5703E-06
-3.7101E-07
.4.0416E-09
-2.3488E.10
-1.0443E-10
-1.9520E.06
-3.4169E-OS
0.0000E+00
0.0000E+00
-1.5184E-07
-1,2760E-QS

1.3965E 09
0.0000E+00
0.0000E+00
0.0000E+00
-1.9760E.10
Q.aaaoE+aa
0.0000E+00
-4.2642E.OS
-5.4547E.09
-3.9455E.08
-1.6006E 06
-5.9674E-07
-2.2949E-OS
-2.5936E 07
.2.5050E.M
0.0000E+00
0.0000E+00
-5.8628E-09
-6.9051E.09
-1.9700E-09
0.0000E+00

2.0415E-01
9.9380E-04
1.2880E-02
8.1210E-02
3.6609E 06
1.0260E-03
1.0260E-03
4.8320E-04
7.0110E-02
1.1170E-02
0.0000E+00
1.8110E-04
9.9520E 04
8.8990E.03
7.6260E-02
4.8330E-04
4.8300E.04
9.9520E-04
1.8100E 04
0.0000E+00
O.OOOQE+00
4.8760E 03
1.1184E 02
2.8540E.O3
0.0000E+00
0.0000E+00
0.0000E+00
4.4860E.02
a.aaaaf+00
0.0000E+00
1.0670E.02
1.6763E 02
6.8250E 03
7.2130E.05
2.3330E.03
1.5380E 03
5.3540E-03
2.0830E.02
0.0000E+00
0.0000E+00
8.4500E 03
1.7120E 02
5.2700E.03
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
Q.OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00,
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.aaaaf+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
a,aaaaf+00
0.0000E+N
0.0000E+00
0.0000E+00
0.0000E+00
O.aaaaf+00
0.0000E+00
0.0000E+00
O.aaaaf+00
0.0000E+00
0.0000E+00
O.aaaaf+00
0.0000E+00
0.0000E+00
Q.aaaaf+00
0,0000E+00
0.0000E+00
0'.aaaaf+aa
0.0000E+00
0.0000E+00
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SF Nane... IIlporIance i ~ ~ o ~ Achi evenent .. Reduction... Derivative.. SF Value....... Frequency......

617.
618.
619.

. 620.
621.
622.
623.
624.
625.
626.
627.
628.
629.
&30.
631.
632.
633
634.
635.
636.
637.
638.
639.
640.
641.
642.
643.
644.
645.
646.
647.
648.
649.

R4808
INHS
IVQ'I
INQS
RSC10
INFS
RBIsos
OF1
HSVC1
HT21
OEEB
I.VPl
LVS
I.VP2
LT45
OAL2
OBC1
NRUS
NAO
NSOCB
NIES
NH23
LH34 .

LPRESS
OPTR1
OJCI
QHS3
LH43
ORP1
LH45
OHC2
OHC4
OHL2

653.
654.
655.
656.
657.
658.
659.
660.

LT43
RPT2
FDB
FCB
FEB
FFB
EPR68
FBS ~

650. OHC3
651. LT34
652. OHS1

0.0000E+00
0.0000E+00
0.0000E+00
0.'ooooE~
0.0000E+00
0.0000E+00
0. MOOE+00
0.0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 0000E+00
0 NQOE+00
0. 0000E+00
a.oaaoE+oo
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+OQ
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
Q.QOOQE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0 0000E+00
0 0000E+00
9.9998E-01
0 OOOQE+00
0.0000E+Qo
9.9986E-01
9 991 SE-01
7.0560E-01
0.0000E+00
0.0000E+00
0.0000E+00
9.9999E.01
9.8251E-01
9.9736E-01
9.9918E.01
0;0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
9.8251E-01
9.9999E-01
0.0000E+00
9.9238E-01
1 ~ 0000E+00
9.9108E-01
9.9970E.01
6.0873E-OI
9.9999E-01
9.474'IE-01
9.9118E-01
9.9997E.Ol
9.5169E.01
9.8251E-01
9.7721 E.01
9.9968E-O'I
9.9994E.01
0.0000E+00
a.aoaoE+aa
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00'.0000E+00

1 ~ 0000E+00
1.0000E+00
1.0000E+00
1.0000E+N
1.0000E+M
1 QOQOE+M
1.0000E+00
1.0000E+00
1 OOOQE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0001E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.0000E+00
1.0001E+00
1.0000E+00
1.0000E+00
1.0001E+00
1.0002E+00
1.0000E+00
1.0000E+00
1.0000E+00
1'.aoooE+aa
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
-8.0261E-10
0.0000E+00
0 0000E+00
-6.5989E 09
-3.9189E.QB
-1.4078E-05
0.0000E+00
0.0000E+00
0.0000E+00
-2.6864E-10
-8385IE.07
-1.2844E.07
-3.9458E-OB
O.OOME+00
0.0000E+00
0-0000E+00
0.0000E+00
.8.38838.07
.2.6821E.10
0.0000E+00
-3.6517E.07
-1 9498E 10
-4.2877E.07
-1.4925E.OB
-1.871 0E.05
-2.6821E-10
-2.5168E-06
.4.2596E.07
-13681E.09
-23115E.06
.83875E.07
-1.0989E-06
-1.5529E.OB
-2.7672E.09
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
1 ~ 1620E-15
0,0000E+00
7 1009E-03
0.0000E+00
0.'0000E~O
3.8410E-04
7.7830E.05
1.1271E-04
0,0000E+00
2.9975E-05
0.0000E+00
3.6651E.03
2.6530E-03
1.8550E-02
7.9338E-04
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
3.0330E-03
2.0690E-03
0.0000E+00
1.7960E-03
3.2040E-02
5.2570E-03
4.0840E-02
9.5840E-05
2.05IQE-03
9.1750E-04
1.0350E.02
4.4930E-03
7.3590E.04
2.9400E.03
8A290E.03
4.9890E.O3
1.1123E-04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
a.aaaoEm
0.0000E+00
0.0000E+00
O.MQOE+00
0.0000E+N

.0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O,MOOE+00
0.0000E+00
0 0000E+00
0.0000E+00
Q.ooooE+aa
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.MOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.OQOOE+00
0.0000E+00
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SF Haec... IIRpor tance 1 ~ ~ ~ ~ Achievement.. Reduction... Derivative.. SF Value....... Frequency......
661.
662.
663.
664.
665.
666.
667.
668.
669.
670.
671.
672.
673.
674.
675.
676.
677.
678.
679.
680.
681.
682.
683.
684.
685.
686.
687.
688.
689.
690.
691.
692.
693.
694.
695.
696.
697.
698.
699.
7M4

701.
702.
703.
704.

FAB
EPR308
FHB
RP1
RO1
RPB2
FG3
FH3
FGB
FMA1
RPS2
RPS3
RPS10
EC3
RPT1
RPS7
RPS&
ED4
RPD8
ED25
ED3
RPSO
EC4
ED16
HXC4
HRLO
HR60
HSO

RCV9
RF1
RE1
HPL2
GHB
RCL2
HQ6
HX&2
RCM7
RCM2
HUH2
RH1
RL5
GBB
RL1

0.0000E+00
0.0000E+00
O.MODE+00
0.0000E+00
0.0000E+00
0 0000E+00
0. 0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.NODE+00
O.OMOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.ONOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.NODE+M
O.OMOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0. NODE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+M
0.0000E+00
0.0000E+00
0.0000E+M
0,0000E+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
3.7173E.01
3.5565E.01
9.9670E.01
9.9996E-01
9.9989E.01
0.0000E+N
0.0000E+00
O,NODE+M
0.0000E+00
0.0000E+00
9.4456E.01
9.7852E-01
0.0000E+00
0.0000E+00
9.9986E-01
9.9138E-01
9.9966E-01
9.9333E-01
0.0000E+00
9.9963E.OI
9.9481E.01
9.99&BE 01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
5.1069E.01
5.7517E-01
9.9997E-01
0.0000E+00
9.9997E-01
8.216&E 01
9.9948E 01
9.5203E 01
0.0000E+00
9.9576E 01
4,5860E 01
9.973&E.01
0.0000E+00
6.2857E-01
0.0000E+00

1.0000E+00
1.0000E+00
1.0000E+00
1.0002E+00
1.0002E+00
1.0001E+00
1.0000E+00
1 DODGE+00
1.0000E+00
1.0000E+00
1 ~ OOOOE+00
1.0000E+00
1.0000E+00
1.0002E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0001E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 DODGE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0001E+00
1.0001E+00
1 ~ OOOOE+00
1.0000E+00
1.0000E+00
1.0001E+00
1.0000E+00
1.0001E+00
1.0000E+00
1.0000E+00
1.0002E+00
1.0000E+00
1.0000E+00
1.0001E+00
1 ~ 0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
-3.0048E 05
.3.0817E.05
-1.6090E.07
-2.2085E-09
-5.1456E.09
0 ~ OOOOE+00
0.0000E+00
0 DODGE+00
0.0000E+00
0.0000E+00
-2.6607E.06
-1.0270E-06
0.0000E+00
0 ~ 0000E+00
.6.9856E-09
.4.1762E.07
-1.6272E-08
-3.2020E-07
0.0000E+00
-1.7874E-OB
2.4906E 07

-5.909&E.09
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
.2.3408.05
.2.0318E-05
-1.4840E 09
0.0000E+00
-1.5252E-09
-8.5304E-06
-2.5481E.08
.2.2984E.06
0,0000E+00
-2.0291E.07
-2.5895E.05
-1.2517E-07
0.0000E+00

1.7762E-05
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
2.5662E.04
2.7103E-04
1.9040E-02
2.357OE.01
1.5&30E 02
0.0000E+00
0.0000E+00
1.7848E.05
1.8701E-OS
1.3696E.06
3.71&DE.03
1.0732E.04
1.7848E-05
1.784&E 05
9.4090E-03
1.2750E-02
1.3670E.02
3.7070E-03
0.0000E+00
1.2000E-02
3.7180E.03
8.5850E-03
0.0000E+00
0.0000E+00
0.0000E+00
2.5659E.05
2.7103E-04
2.7103E-04
8.2230E.02
0.0000E+00
1.0700E.01
5.1983E-04
2.0830E.02
2.0175E.03
2.4872E-05
4.3520E.04
3A305E.O4
9.7&DOE-04
0.0000E+00
1.3490E.04
0.0000E+00 ~

0.0000E+00
0.0000E+N
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O,OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
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~ ~ ~ ~ ~ ~ SF NNoo ~ ~ Ieportence..... Achievement.. Reduction... Derivetive.. SF Value....... Frequency......

705.
706.
707.
708.
709.
710*
711.
712.
713.
714.

FIC1
GAS
RH1
GHS
GFS
GES

RK2
RK1
GOS

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+M
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

9.9986E-01
0.0000E+00
5.7517E.01
9.9993E.01
0,0000E+00
0.0000E+00
0.0000E+00
9.8453E.01
6.2857E 01
0.0000E+00

1 OOOOE+00
1.0000E+00
1.0001E+00
1.0000E+00
1.0000E+00
1.0000E+M
1.0000E+00
1.0000E+00
1.0001E+00
1.0000E+00

-6.5969E.09
0.0000E+00
.2.0319E.05
.4.6183E-09
0.0000E+00
0.0000E+00
0.0000E+00
-7.4035E-07
-1.7762E-05
0.0000E+00

8.6480E-as
0,0000E+00
3.4305E.04
2.4680E.01
0.0000E+00
0.0000E+00
0.0000E+00
1.0160E-03
1.3490E-04
0.0000E+00

a.aooaE+oa
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
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HCCEL Meme: BFNHA Top-Ranking Sequences Contrlbutlng to Group: ALL Frequency

Rank
Ho.

---.----.-----.Events---------------
Sequence Description Guaranteed Events/Caaments

- VESSEL. INSTRLIENT TAP I CONDITION
STATE - NO TAP FAILURE

- VESSEL INSTRUMENT TAP II CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE

- RAM COOLING WATER SYSTEM UNAVAILABLE
- PLANT CONTROL AIR SYSTEIL UNAVAILABLE
- DRYWELL CONTROL AIR SYSTEIL UNAVAILABLE
- HSIVS FAIL TO REHAIN OPEN
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- 1 CKD/CMD BSTP. PLXLP, INCLUDES SHORt CYCLE VALVE UNAVAILABL
- FEEDIIATER UNAVAILABLE
- CONDENSER UNAVAILABLEAS HEAT SINK
- VESSEL INJECTION WITH CRDHS UNAVAILABLE
- OPERATOR FAlLS TO MAINTAIN HPCI/RCIC M/0 SPC
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
- OPERATOR FAILS TO ESTABLISH ALTRNATE LOM PRESSURE INJECTIO
- CORE DAMAGE OCCURRED
- CORE DAMAGE HAS DCCURRED
- ILIGH VESSEL PRESSURE AT KELT-THROUGH
- MOT IN'TACT CONTAINMENT, MTR TO DEBRIS, DMS, AND SPC
- MOT INTACT, MTR TO DEBRIS, DMS, MO SPC, VENt
- KOT INTACT, llTR TO DEBRIS, DMS, MO SPC, NO VENT
- KOT IN'fACT, NR TO DEBRIS, NO DMS, SPC

NOT INTACTA MTR TO DEBRIS'O DMSi NO SPCi VENT
- NOt INTACT, NR TO BERBIS, NO DMS, NO SPC, NO VENT
- NOT INTACT, NO MTR TO DEBRIS, VENT
- NOT INTACT, XO NR TO DEBRIS, NO VENt
- NOT BYPASS, MTR TO DEBRIS
- MOT BYPASS, MO NR TO DERBIS
- NOT EARLY, MTR TO DEBRIS, OMS
- NO'f EARLY, MTR TO DEBRIS, MO DMS

KOT EARLY, KO NR TO DEBRIS, NO DMS
- FIRE WATER UNAVAILABLE

RRCiSCSSSRRSSSSSRC S SOCSRSOCCRSSSRSZRSZSXRXS ERRSiSSSSXSSRZRSCSSOS
- VESSEL INSTRLXLENT TAP I CONDITION

STATE - NO TAP FAILURE

1 TURBINE BUILDING FLO(e
- OPERATOR FAILS TO ESTABLISH TORUS COOLING
- OPERATOR FAILS TO ESTABLISH SHUTDOWN COOLING

SC SCCSCSSR 0 RS RE SIR $ 5 R CCRtSSSSSRRRSC CSSSSRSISSRSSR505

2 TURBINE BUILDING FLOOD
- OPERATOR FA!LS TO HAINtAIN HP LVL CONTROL LOHG TERN
- COXDITIOKD RELATIHG TO REACTOR DEPRESSUR12ATION (DEP

STAtE - PLANt DEPRESSURIZEO
- OPERAI'OR FAlLS TO START CS/LPCI OR TO ES'fAB TORUS VENT

RESS, NOT DEPRES VESSEL INSTRUHENt TAP ll CONDITION
STATE NO TAP FAILURE

- DRYIIELL PRESSURE SIGXAL UXAVAILABLE
- RAM COOLIHG MATER SYSTEH UNAVAILABLE
- PLANT CONTROL AIR SYSTEH UNAVAILABLE

DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
- HSIVS FAIL TO REHAIM OPEN
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- 1 CKD/CND BSTR PLHLP, INCLUDES SHORT CYCLE VALVE UMAVAILABL
- FEEDWATER UNAVAILABLE
- HPCI/RCIC UNAVAILABLEFOR 24 HOURS
- CONDENSER UXAVAILABLEAS HEAT SIKK

CONDENSATE UNAVAILABLEFOR INJECTION

DBL05L37 14 AUG 1992

Frequency Percent
(per year)

End
State

1.25E.04 6.66

fSRSSRSZCRR ISSUE RRCCRCR
OIAV 1.12E.04 5.99

W
O

LO

'll

(:

hl

O
C
CL
C
Cl

CI

La

ffl

Co

0

ca
C«0
Co

O

O
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VESSEL INJECTION MITll CRDHS UNAVAILABLE
CORE DAHAGE OCCURRED

CORE DAHAGE HAS OCCURRED

FIRE MATER UNAVAILABLE
ssaassrrssasrsaassasssrssssssssssssarssssasssarssasrssaaraa
VESSEL INSTRLWENT TAP I CONDITION
StATE - NO TAP FAILURE
VESSEL INSTRUMENT TAP ll CONDITION
StATE . NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEll UNAVAILABLE
PLANT CONTROL AIR SYSTEN UNAVAILABLE
DRYMELL CONTROL AIR SYSTEII UNAVAILABLE
NSIVS FAIL TO RENAIN OPEN

CONDITIONS RELA'tlkG 'TO STUCK OPEN SRVS (0, I ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

I CND/CND BSTR PINP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HOIRS
CONDENSER UNAVAILABLEAS HEAT SINK
CONDENSATE UNAVAILABLEFOR INJECTION
VESSEL INJECTION MITH CRDHS UNAVAILABLE
CORE DANAGE OCCURRED
CORE DANAGE HAS OCCURRED

NOT INTACT CONTAINNENT~ MTR TO DEBRIS, DMS, AND SPC
NOT INTACT, MTR TO DEBRIS, DMS, NO SPC, VENt
NOT INTACTA MTR TO DEBRIS, DMS, NO SPC, NO VENT
NO'I INTACt, MTR TO DEBRIS, NO DMS, SPC
NOT INTACTr MTR TO DEBRISr kO DMSr NO SPCr VENT
NOT INtACt, IITR TO BERBIS, NO DMS, kO SPC, NO VENT
NOT INTACT, NO MTR TO DEBRIS, VENT

NOT INTACT, NO MTR TO DEBRIS, NO VENT
NOT BYPASS, MTR TO DEBRIS
kOT.BYPASS, kO MTR TO DERBIS
NOT EARLY, IITR TO DEBRIS, DMS

NOt EARLY, MTR TO DEBRIS, NO DMS

NOT EARLY, NO MTR TO DEBRIS, NO DMS

FIRE MATER UNAVAILABLE
'aaaaaraasassaa aasrssaas aa'arras'ss'aaraassasaa sssaassaa 5 a

VESSEL INSTRQIENT TAP I CONDITION
STA'IE - NO TAP FAILURE
VESSEL INSTRWENT TAP II CORDI?ION
STATE . NO TAP FAILURE
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SDRVS)
STATE - 3 OR NORE VALVES STUCK OPEN

THE EVENt INVOLVES STUCK OPEN SRVS

FEEDMAIER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 6 HOURS

CORE DANAGE OCCURRED
CORE DANAGE HAS OCCURRED

FIRE MATER UNAVAILABLE
aaaaasasssasasaasassrarr 'ss ssaaaaaaarassssaasssssssssassass

VESSEL INSTRUNENT TAP I CONDITION
STATE - kO TAP FAILURE
VESSEL INSTRWENT TAP ll CONDITION
STATE NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSIEN UNAVAILABLE

ssaassaaaasaasarsasssasaasrs r assaassasrssassasassssssassasasasssssrssassssa sssssssaassasasraaasasrassrasar
OLCV I.DPE.04 5.833 TURBINE BUILDING fLQ9

- OPERATOR FAlLS TO NAINTAIN HP LVL CONTROL LONG TERN
- COND ITIOND RELA'TING TQ REACTOR DEPRESSURIZAT ION (DEPRESS,

STATE - PLANT DEPRESSURIZEO
- OPERATOR FAlLS TO ESTABLISH TORUS COOLING

NOT DEPRES-

ssssssa rassssar's s ssssa
OIAV 3.49E-05 1.86

arras ar assr rsa aa aarssasaaassssssasasssaaaasaaaasraaa ssssssrasssasssssarrssssrrsrsar
KLCV 3.06E-05 1.635 TURBINE BUILDING FLO(e

- OPERATOR FAlLS TO ESTABLISH TORUS COOLING
- SHUTDOMN COOLING HARDMARE UNAVAILABLE

assr » a arras ar s arras aasaas sasrrssssassa arras
4 INADVERTENT OPENING OF THREE OR NORE SRVS

- OPERATOR FAlLS tO START CS/LPCI OR TO ESTAB tORUS VENT
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5 S'55 55 5555 5 S SSSSSSSS 55 55 555$ 55555555555SSSSS5555$ 55555555
TURBINE TRIP
- COKDltlOHS RELATING TO STUCK OPEN SRVS (0, Ig 2/3+ SORVS)

STATE - 0 REL!EF VALVES STUCK OPEN
- OPERATOR FAILS TO ALIGN THE STARTUP BTPASS VALVE
- VESSEL IKJECTION Milk CRDHS UNAVAILABLE
- SRV ACTUATION FAILURE MHEN FEEDMATER AVAILABLE

SSSSS SSSSSS 5 555555555555555555555555 55555555555$ 555SSS SSSSSSSS

TURBINE TRIP
- CONDITIONS RELATING TO StUCK OPEk SRVS (0, 1, 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- OPERATOR FAILS TO ALIGN THE STARTUP BYPASS VALVE
- VESSEL INJECTION MITH CRDHS UNAVAILABLE
- OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT

555$ 5555'$55 5 5 SSSSSSSSSSSSSSSSSS 55555555555555S55555$ SSSSSSSSS

INADVERTENT (OTHER) SCRAN
- CONDITIONS RELATING TO STUCK OPEk SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- OPERATOR FAILS TO ALIGN THE StARTUP BYPASS VALVE
- VESSEI. IHJECTION MllH CRDHS UNAVAILABLE
- SRV ACTUATION FAILURE MHEN FEEDMATER AVAILABLE

PLANT CONTROL AIR SYSTEN UNAVAILABLE
- DRYMELL CONTROL AIR STSTEN UNAVAILABLE
- NSIVS FAIL TO REHAIN OPEK
- COHDITIOHS RELAllNG TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)

StATE - 0 RELIEF VALVES STUCK OPEN
- I CND/CND BSTR PQIP, INCLUDES SHORT CYCLE VALVE UHAVAILABL
- FEEDMATER UNAVAILABLE
- CONDENSER UNAVAILABLEAS HEAT SINK
- VESSEL INJECTION KITH CRDHS UNAVAILABLE
- OPERATOR FAlLS TO NAlktAIN HPCI/RCIC M/0 SPC

OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT
- OPERAtOR FAILS TO ESTABLISH ALTRNATE LDM PRESSURE INJECTIO
- CORE DANAGE OCCURRED

CORE DANAGE HAS OCCURRED
- HIGH VESSEL PRFSSURE AT KELT-THROUGH
- NOT INTACT COHTAINNENt, MTR TO DEBRIS, DMS, AND SPC
- HOT INTACT, MTR TO DEBRIS, DMS, KO SPC, VENT
- KOT INTACT, MTR TO DEBRIS, DMS, NO SPC, KO VENT

NOT INTACT, MTR TO DEBRIS> NO DMS, SPC
- NOT INTACT, MIR TO DEBRIS, NO DMS, kO SPC, VENT
- NOT INTACT, MTR TO BERBIS, KO DMS, kO SPC, kO VENT
- NOT INTACT, NO MTR TO DEBRIS, VENT
- NOT INTACT, NO MTR TO DEBR!S, NO VENT

NOT BYPASS, MTR TO DEBRIS
- KOT BYPASS, KO MTR TO DERBIS
- NOT EARLY, MTR TO DEBRIS, DMS
- NOT EARLY, MTR TO DEBRIS, KO DMS

NOT EARLY, NO MTR TO DEBRIS, kO DMS
- FIRE MATER UNAVAILABLE

SSSSSSSSSSSSSSS5555$ 55555$ 5555555555555$ 55SSSSSS555555SSS 55555
- VESSEL INSTRUNENT TAP I CONDITION

STATE - NO TAP FAILURE
- VESSEL INSTRUNENt lAP ll CONDITION

STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
CORE DANAGE OCCURRED

- CORE DANAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT KELT-THROUGH
- FIRE MATER UNAVAILABLE

55555555555555$ 5$ 55555555$ 55555$ $$555555555555555555555$ 555$ $$$
- VESSEL IHSTRQIENT TAP I CONDITION

StATE - KO TAP FAILURE
- VESSEL INSTRUNENt TAP ll CONDITION

STATE - KO TAP FAILURE
- DRYMELL PRESSURE SIGNAL UNAVAILABLE
- CORE DANAGE OCCURRED
- CORE DANAGE HAS OCCURRED
- FIRE MATER UNAVAILABLE

SSSSSSSSSSS 5555555555555555S 55555555555555555S55555555SSS'$555
- VESSEL INSTRUNENT TAP I CONDITION

STATE - KO TAP FAILURE
VESSEL IKSTRUNENT TAP ll CONDITION
STATE - NO TAP FAILURE

- DRYMELL PRESSURE SIGNAL UNAVAILABLE
CORE DANAGE OCCURRED
CORE DANAGE HAS OCCURRED

HIGH VESSEL PRESSURE AT KELT-THROUGH
FIRE MATER UNAVAILABLE

SSSSSSSS5555555555 555 5 55
NIAV 2.40E 05 1.28

5'5'$5$ $555$ 55555555 55555555
OIAV 2.40E-05 1.28

'55555'$55555'5'5'5'5 5'5 $$ 5 $555
NIAV 2.35E-05 1.25
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- OPERATOR FAlLS TO ESTABLISH SHUTDOMM COOLIHG . 4KV UNIT BD 2A UNAVAILABLE
- 4KV WIT BO 2B WAVAILABLE
- SHUTD(HHI BUS 1 UNAVAILABLE
- SHUTDOMM BUS 2 WAVAILABLE
- 4KV UNIT BD 2C POMER UNAVAILABLE
- 4KV UNIT 80 3A UNAVAILABLE
- 4KV UMIT BO 3B WAVAILABLE
- VESSEL INSTRUMENT TAP I CONDITION

STATE - NO TAP FAILURE
- VESSEL INSTRUMENT TAP II COWITION

STATE - NO TAP FAILURE
- DRYMELL PRESSURE SIGNAL WAVAILABLE- MSIVS Fhll. TO REMAIN OPEN
- 1 CHO/CND BSTR PUMPS INCLISES SHORT CYCLE VALVE WAVAILABL
- FEEDMATER UNAVAILABLE
- CONDENSER UNAVAILABLEAS HEAT SINK
- VESSEL INJECTION MITH CRDHS WAVAILABLE
- OPERATOR FAILS TO MAINTAIN HPCI/RCIC H/0 SPC
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
- OPERATOR FAILS TO ESTABLISH ALTRNAtE LOU PRESSURE INJECTIO

CORE DAHAGE OCCURRED
CORE DAMAGE HAS OCCURRED

- HIGH VESSEL PRESSURE AT KELT THROUGH
- kOT INTACT CONTAINMENT, MTR TO DEBRIS, DMS, AND SPC

kOT INTACT, MTR TO DEBRIS, DMS, NO SPC, VENT
- NOT INTACT, MTR TO DEBRIS, DMS, MO SPC, NO VENT
- NOT INtACt, UTR TO DEBRIS, NO DMS, SPC
- NOT INTACT, MTR TO DEBRIS, NO DMS, MO SPC, VENT
- MOT INTACT, lltR TO BERBIS, NO DMS, NO SPC, NO VEHT

HOT INTACTA NO MTR TO OEBRISi VENT
MOT INTACT, NO MTR TO DEBRIS, NO VENt
NOT BYPASS, MTR TO DEBRIS

- NOT BYPASS, NO MTR TO DERBIS
- NOT EARLY, MTR TO DEBRIS, DMS
- MOT EARLY, IJTR tO DEBRIS, MO DMS

kOT EARLY, MO MTR TO DEBRIS, MO DMS

FIRE MATER UNAVAILABLE
$ $$$ $ $$$ $$ $ $$ $ $ $ $$ $$ $

OIAV 1.81E-05 .96
$$$$ $$ $ $$$ $$ $$$$$$$ $$$ $ $$$$ $ $$$$ $$$$ $$$$ $$$$ $ $$$$ $$$$$$ $ $ $$$$$$ $$$$$$$ $$ $ $ $ $$ $ $$ $ $$ $ $$ $$$ $$ $$ $ $$$$ $ $ $ $ $ $$ $$ $$ $ $$$ $ $$ $$

- 500 KV OFFSITE GRID UNAVAILABLE
- 161 KV OFFSITE GRID UNAVAILABLE
- 4KV UNIT BD 1A UNAVAILABLE
- 4KV UNIT BD 1B UNAVAILABLE

4KV UNIT BD 2B UNAVAILABLE
- SHUTOOMM BUS 1 UNAVAILABLE

SHUTDOMM BUS 2 WAVAILABLE
- 4KV Wl't BD 2C POMER UNAVAILABLE
- 4KV UNIT BD 3A UNAVAILABLE
- 4KV UNIT BD 3B WAVAILABLE

VESSEL INSTRUMENT TAP I CONDITION
STATE - NO TAP FAILURE

- VESSEL INSTRQIENT TAP II CONDITION
STATE . NO TAP FAILURE

- DRYllEI.L PRESSURE SIGNAL WAVAILABLE
- HSIVS FAlL TO REMAIN OPEN
- 1 CHD/CHD BSTR PIWP ~ INCLISES SHORT CYCLE VAI.VE WAVAILABL
- FEEDHATER UNAVAILABLE
- HPCI/RCIC UNAVAILABLEFOR 24 HmlRS

13 TOTAL LOSS OF OFFSITE PSIER
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)

StATE - 0 RELIEF VALVES StUCK OPEN
- OPERA'tOR FAILS TO HAINTAIN HP LVL CONTROL LONG TERN
- COMDITIOHD RELAI'ING TO REACTOR DEPRESSURIZATIOM (DEPRESS, NOT OEPRES 4KV WIT BO 2A WAVAILABLE

STATE - PLANT DEPRESSURIZED
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
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- COIDENSER UKAVAILABLEAS HEAT SINK
- CNNEHSATE UNAVAILABLEfOR INJECTION
- VESSEL INJECTIOH KITH CRDHS UNAVAILABLE
- CORE OANAGE OCCURRED
- CORE DANAGE HAS OCCURRED
- FIRE MATER UNAVAILABLE

ssssssssssssassassssssssssaassssasssssssssssssssssssssssssss
VESSEL INSTRUNENT TAP I CONDITION
STATE - NO TAIe FAILURE

- VESSEL IKSTRIRIEKT TAP ll COKDITIOK
STATE - NO TAP FAILURE

- ALTERNATE INJECtlQI UNAVAILABLEFOR DEBRIS BED COOLING
- COHTAIKKEHT VENt UNAVAILABLE
- CORE DAMAGE OCCURRED
- CORE DAHAGE HAS OCCNRED
- NOT INTACt COKTAIHNENte MTR TO DEBRIS, DMS, AKO SPC
- NOT INTACte MTR TO DEBRIS, DMSe kO SPC, VENT
- NOT INTACT, MTR TO DEBRIS, DMSe KO SPC, NO VENT

KOI INTACT~ MTR TO DEBRISe NO DMSe SPC
- NOT INtACT, MTR TO DEBRIS, kO DMS, NO SPC, VENT
- NOT INTACT, MTR TO BERBIS, NO DMS, NO SPC, NO VENT
- KOT INTACT, NO MTR TO DEBRIS, VENT
- KOT INtACT, NO MTR TO DEBRIS, NO VENT
- NOT BTPASS, MTR TO DEBRIS

NOT BYPASS, KO MTR TO DERRIS
- NOT EARLY, MTR TO DEBRIS, DMS

kOT EARLY, MTR TO DEBRIS, NO DMS
NOT EARLYe NO MTR TO DEBRIS'O OMS

- FIRE MATER UNAVAILABLE.
~ssssssssssssssssssss5csssssssssssssssssssssssssasssssssssssssss

- VESSEL INSTRUNENT TAP I CONDITION
StATE . NO TAP FAILURE

- VESSEL INSTRUNENT TAP ll CNDITION
STATE - NO TAP FAILURE

- ALTERNATE INJECTIOI UNAVAILABLEFOR DEBRIS BED COOLING
- COHTAINNENT VENt UNAVAILABLE
- CORE DANAGE OCCURRED
- CORE DANAGE HAS OCCURRED
- NOT INtACT COHTAINNENT, MTR TO DEBRIS, DMS, AND SPC
- NOt INTACTe MTR TO DEBRISe DMSe NO SPCe VENT
- NOt INTACT, MTR TO DEBRIS, DMS, NO SPC, NO VENT
- NOT INTACT, MTR,TO DEBRIS, NO DMS, SPC
- NOT INTACT, MTR TO DEBRIS, kO DMS, NO SPC, VENT
- NOT INTACT, MTR TO BERBIS, NO DMS, NO SPC, NO VENT
- NOT INTACT, NO MTR TO DEBRIS, VENt
- NO'1 INTACT, NO MTR TO DEBRIS, NO VENT
- NOT BYPASS, MTR TO DEBRIS
- NOT BYPASS, NO MTR TO DERBIS
- NOT EARLY, MTR TO DEBRIS, OMS
- NOT EARLY, MTR TO DEBRIS, NO DMS
- NOT EARLY, NO MTR TO DEBRIS, KO DMS
- FIRE MATER UNAVAILABLE

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS'SSSSSSSSSSSSCSSSSSSISSSSSSSSSSSSS
- VESSEL INSTRNIENT TAP I CONDITION

STATE KO TAP FAILURE
. VESSEL INSTRUKENT TAP Il CNOITIOH

STATE . kO TAP FAILURE
- DRYMELL PRESSURE SIGNAL UNAVAILABLE

sassssssss55sssscsssa sssc cta
OLCV 1.78E-05 .95RECIRC DISCHARGE LINE BREAK

- OPERATOR FAlLS TO INITIA'TE SP COOLING

5 sstssa sscs ssssssssssssssssssCssssssssssssss ssssssssssstssssss SSSSSSSCSSSSSSSSSSSSSS I CSSS Sss

OLCV 1.73E.05 .9Z15 NEDIUK LOCA
- OPERATOR FAILS TO INITIATE SP COOLIKG

asssss assss sssssss sssscsssssssssssssssssssssssssssssssssssIsss SSSSSSSSS55555SCSSISCS Sst
NLCZ 1.68E-05 .9016 TURBINE BUILDING FLIKm

OPERATOR FAlLS TO EStABLISH TORUS COOLING
- OPERATOR FAILS TO ESTABLISH SHUTDOMK COOLING
- REACTOR BUILDING ISOLATINI FAILURE

ss Is ass ssss s ssssssssssscssss5sccs'ssss aIsssssssssssssss



- RAM COOLING MATER SYSTEN WAVAILABLE
- PLANT CONTROL AIR SYSTBI UNAVAILABLE
- DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
- HSIVS FAlL TO RENAIN OPEN
- CONDITIONS RELATING P'TNX OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF Vl. ~ ~ .!UCK OPEN
- 1 CND/CND BSTR P!NP, INCL!OES SHORT CYCLE VALVE WAVAILABL
- FEEDMATER UNAVAILABLE
- CONDENSER UNAVAILABLEAS HEAT SINK
- VESSEL INJECTION MITH CRDHS WAVAILABLE
- OPERATOR FAILS TO HAINTAIN HPCI/RCIC M/0 SPC
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
- OPERATOR FAILS TO ESTABLISH ALTRNATE LOM PRESSURE INJECI'IO

CORE DAHAGE OCCURRED

CORE DAHAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT NELT-THR!HIGH
- kOT INTACT CONtAINHENT, MTR TO DEBRIS, DMS, AND SPC
- NOT INTACTZ MTR TO DEBRIS, DMS, kO SPC, VENT

NOT INtACT, MTR TO DEBRIS¹ DMS, NO SPC, NO VENT
- NOT INTACT, MTR TO DEBRlS, kO DMS/ SPC

NOT INTACT, MTR TO DEBRIS, NO DMS, NO SPC, VENT
- NOT INTACT~ MTR TO BERBIS, NO DMS, NO SPC, kO VENT

NOt INtACT~ NO MTR TO DEBRIS'ENT
- NOT INTACT, NO MTR TO DEBRIS, NO VENT
- NOT BYPASS, MTR TO DEBRIS
- NOT BYPASS, NO MTR TO DERBIS
- NOT EARLY, MTR TO DEBRIS, DMS
- NOT EARLY, MTR TO DEBRIS, NO DMS

kOt EARLY, NO MTR TO DEBRIS, NO DMS
- REACTOR BUILDING NOT ISOLATED
- FIRE MATER UNAVAILABLE

CCRZIRCRRZIC CCRRIRR ICCRZ IRC
01AZ 1.51E.05 .B1

RSRCSSRRCRCRRRZSRRRR ZISRCR¹IRRRCICCRSIR ICCCCRRC5$ ¹RSICICCRRR5RCCSCCRS
- VESSEL INSTRWENT TAP I COelTION

STATE - NO TAP FAILURE

IIR IIIR¹cc IRRRIRR 5 c¹ccscz¹cR¹ccc¹cc¹RR sc¹IIRRR¹cRRRRRIcc
17 TURBINE BUILDING FL(km

- OPERATOR FAILS TO HAINtAIN HP LVL CONTROL LONG TERN
- CONDITIOHD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS,

STATE - PLANT DEPRESSURIZED
- OPERATOR FAILS TO START CS/LPCI OR TO ES'TAB TORUS VENT
- REACTOR BUILDING ISOLATION FAILURE

DEPRES- VESSEL INSTRWENT TAP II !'ONIIIONNOT
STATE - NO TAP FAILURE

- DRYMELL PRESSURE SIGNAL WAVAILABLE
- RAM COOLING MATER SYSTEN UNAVAILABLE
- PLANt CONTROL AIR SYSTEN UNAVAILABLE
- DRYMELL CONTROL AIR SYSTEH WAVAILABLE
- I!SIVS FAIL TO RENAIN OPEN
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS).

STATE - 0 RELIEf VA!.VES STUCK OPEN
- 1 CND/CND BSTR PIWP, INCLINES SHORT CYCLE VALVE UNAVAILABL

FEEDMATER UNAVAILABLE
- HPCI/RCIC UNAVAILABLEFOR 24 H!NRS
- CONDENSER UNAVAILABLEAS HEAT SINK
- CONDENSATE UNAVAILABLEFOR INJECTION
- VESSEL INJECTION MITH CRDHS WAVAILABLE

CORE DAHAGE OCCURRED
- CORE DAMAGE HAS OCCURRED
- REACTOR BUILDING NOT ISOLATED
- FIRE MATER WAVAILABLE

Ra¹aRRRRRRZRIS¹aaRIaaaaaaRaaza
OIAV 1.49E.05 .80

RIRCCCRSCIRCRRRRRCSRRRRSCSCISCRSCCRCIRCSRRCICCCCRSICCRSCCRIRRRIRR
. 500 KV OFFSITE GRID UNAVAILABLE
- 161 KV OFFSITE GRID WAVAILABLE
- 4KV Wlt BD 1A WAVAILABLE
- 4KV UNIT BD 1B WAVAILABLE

18 TOTAL LOSS OF OFFSITE POMER
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)

S'TATE - 1 RELIEF VALVE STUCK OPEN
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT

RRRRCRRRSRRRRRaRIRRRRCRRRRRCRRRCRR¹sRR¹sa¹RRRRRCCIRCRRRRRaRRaRRRRRIRRRRR
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20 TURBINE BUILDING FLCXO
- OPERATOR FAILS TO ESTABLISH TORUS COOLING

OPERATOR FAlLS TO ESTABLISH SHUTDOMN COOLING
- OPERATOR FAlLS TO INITIATE DM SPRAY

ZZ 5 E E Z 5 R CRCSNZZSRSS CSSRCNCZZCRZC CSZR RZSSSSSRC

21 TURBINE BUILDING FLCXS
OPERATOR FAILS TO HANUALLY S

- OPERATOR FAILS TO ESTABLISH
OPERATOR FAlLS TO ESTABLISH

tART RHR/CORE SPRAY
TORUS COOLING
SHUTDOMK COOLING

VESSEL INSTRUHENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRUHENT TAP I I CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGKAL UNAVAILABLE
RAM COOLING MATER SYSTEH UNAVAILABLE
PLANT CONTROL AIR SYSTEH UNAVAILABLE
DRYMELL CONTROL AIR SYSTEII NAVAILABLE
HSIVS FAIL TO REHAIN OPEN
COKDITIOHS RELATING TO STUCK OPEk SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEK
1 CND/CND SSTR PlNP, INCLUDES SHORT CYCLE VALVE NAVAILABL
FEEDMATER UNAVAILABLE
COKDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS NAVAILABLE
OPERATOR FAILS TO NAIktAIN HPCI/RCIC M/0 SPC
OPERAtOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT
OPERATOR FAILS TO ESTABLISH ALTRNATE LOM PRESSURE IKJECTIO
CORE DAIIAGE OCCNRED
CORE DAHAGE HAS OCCURRED
HIGH VESSEL PRESSURE AT HELT-THROUGH
NO MATER ON DRYMELL FLOOR AT KELT-THROUGH
NOT INtACT CONTAINHENT, MTR TO DEBRIS, DMS, AND SPC
NOT INTACTA MTR TO DEBRIS, DMS, KO SPC, VENt
NOT INTACT, MTR TO DEBRIS, DMS, KO SPC, NO VENT
NOT INTACT, MTR TO DEBRIS, XO DMS, SPC
NOT INTACt, MTR TO DEBRIS, NO DMS, kO SPC, VENT
NOT INTACT, MTR TO BERBIS, KO DMS, NO SPC, NO VENT
NOt INtACt, NO MTR TO DEBRIS'ENT
k01'NtACt, NO MTR TO DEBRIS'O

VENI'OT

BYPASS, MTR TO DEBRIS
NOT BYPASS, NO MTR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS
NOT EARLY, MTR TO DEBRIS, NO DMS
NOT EARLY, XO MTR TO DEBRIS, NO DMS
NOt LATE, MTR TO DEBRIS, DMS
FIRE MATER UXAVAILABLE

SSsc SR$ 5isssssRRICZCRCSRR SSSSIRS RSSSCSSCRRREEZOSSSRS

VESSEL INSTRUHENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRWENT TAP ll CNDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER STSTEH UNAVAILABLE
PLAkt CONTROL AIR SYSTEH NAVAILABLE
DRYMELL CONTROL AIR SYSTEH NAVAILABLE
HSIVS FAIL TO REHAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CND/CND BSTR PNP ~ INCLUDES SHORT CYCLE VALVE NAVAILABL
FEEDMATER UNAVAILABLE
CONDENSER NAVAILABLEAS KEAT SINK
VESSEL INJECtlON MITH CRDHS UNAVAILABLE
OPERATOR FAlLS TO HAINTAlk HPCI/RCIC M/0 SPC
OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS

VENI'PERATORFAlLS TO ESTABLISH ALTRKATE LOM PRESSNE INJECTIO
CORE DAHAGE OCCURRED
CORE DAHAGE HAS OCCURRED

NLFV 1.39E-05 .74

SZSCCSSRRiRCRSX1CCS

HLCV 1.39E-05 .74
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HIGH VESSEL PRESSURE AT KELT-THROUGH
- NOT INI'AC't CONtAINHENT, MTR TO DEBRIS, DMS, AND SPC

NOT INTACTS MIR TO DEBRIS, DMS, NO SPC, VENT
NOT INTACT, MTR TO DEBRIS, DMS, NO SPC, NO VENT- NOT INTAC'I, MTR TO DEBRIS, NO DMS, SPC- NOT INTAC'I, MTR TO DEBRIS, NO DMS, NO SPC, VENT- NOT INTACT, MTR TO BERBIS, HO DMS, NO SPC, NO VENT- NOT INTACT, NO MTR TO DEBRIS, VENT

- NOT INTACT, NO.MTR TO DEBRIS, NO VENT. NOT BYPASS, MTR TO DEBRIS- NOT BTPASS, NO MTR TO DERBIS. NOT EARLY, MTR TO DEBRIS, DMS
- NOT EARLY, MIR TO DEBRIS, NO DMS
- NOT EARLY, NO MTR TO DEBRIS, KO DMS
- FIRE MATER UNAVAILABLE

SSSSSSSSSSSSSSSSSS 5555555555555555C55555555555555555555555
- VESSEL INSTRINENT TAP I CONDITION

STATE - KO TAP FAILURE
VESSEL INSTRIHIENT TAP Il CONDITION
STATE - NO TAP FAILURE

- DRYMELL PRESSURE SIGNAL UNAVAILABLE
- RAM COOLING MATER SYSTEII UNAVAILABLE
- PLANT CONTROL AIR SYSTEN UNAVAILABLE
- DRYMELL CONTROL AIR SYSTEN UNAVAILABLE
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, I', 3+ SORVS)

STATE . 0 RELIEF VALVES STUCK OPEN
1 CKD/CKD BSTR PQIP, IKCLIeES SHORT CYCLE VALVE UNAVAILABL
FEEDMATER UNAVAILABLE
CoiDENSER UKAVAILABLEAS HEAT SINK
VESSEL INJECTION MITH CRDHS UNAVAILABLE
OPERATOR FAILS TO KAINtAINHPCI/RCIC M/0 SPC- OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT. OPERATOR FAlLS TO ESTABLISH ALTRNATE LOM PRESSURE INJECI'10

- CORE DAHAGE OCCURRED
- CORE DAHAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT KELT-THROUGH

NOT INtACT CONTAIKHENt, MTR TO DEBRIS, DMS, AND SPC- NOT INTACT, MIR TO DEBRIS'MS, NO SPC ~ VENT
KOT INTACT, MTR TO DEBRIS, DMS, KO SPC, NO VENT- NOT INtACT~ MTR TO DEBRIS, NO DMS, SPC

- NOT INtACT~ MTR TO DEBRIS, KO DMS, NO SPC, VENT- NOT INTACT, MTR TO BERBIS, KO DMS, NO SPC, NO VENT- NOT INTACT, KO MTR 'tO DEBRIS,
VENI'OT

INTACT, NO MTR TO DEBRIS, NO VENT
- NOT BYPASS, MIR TO DEBRIS

NOT BYPASS, NO MTR TO DERBIS
- NOT EARLY, MTR TO DEBRIS, DMS
- NOT EARLY, MIR TO DEBRIS, NO DMS

NOT EARLY, NO MTR TO DEBRIS, NO DMS
- FIRE MATER UNAVAILABLE

SSSSSSSSSSSSSSS SSSSC 5 $ 5555'$55 SStS S5255 SSSSC52555ZSSSSSSCSSS S
- VESSEL INSTRWENT TAP I CONDITION

STATE - NO TAP FAILURE
- VESSEL INSTRLIENT TAP ll CONDITION

STATE - NO TAP FAII.URE
DRYMELL PRESSURE SIGKAL UNAVAILABLE

- RAN COOLING MATER SYSTEN UNAVAILABLE
- PLANT CONTROL AIR SYSTEN UNAVAILABLE

SSSSSSSSSSSSSSZCSSS 5555$ 5 5 5
HLCV 1.39E.05 .7422 TURBINE BUILDING FLOOD

- OPERATOR FAILA TO PLACE MME SMITCH IN REFUEL THEN SHUTDDMK- OPERATOR FAILS TO ESTABLISH TORUS COOLING- OPERATOR FAILS TO ESTABLISH SHUTDOMN COOLIKG

CCRC RSSSSSSSSSSS 55555 SSSSCCSSS 55555 SSSSZSSSSSSSSSSSSSSSSC SSSSSSSSZSSC 55 CSS 55555
NLCV 1.38E-05 .7423 TURBINE BUILDING FLIKO

- OPERATOR FAILS TO START HPCI AND/OR RCIC- OPERATOR FAILS TO ESTABLISH TORUS COOLING
- OPERATOR FAlLS TO ESTABLISH SHUTDOMN COOLING

SZ 2 5 555 SCSSSCSC 555 55555 SSCCZSSSSSZSSSSSSSSCS t5555 555555555



TURBINE BUILDING FLOOD
- OPERATOR FAILS TO KAINTAIN HP LVL CONTROL LONG TERN

COMOITIOHD RELATlkG TO REACTOR DEPRESSURIZATIOH (DEPRESS,
STATE - PLANT DEPRESSURIZED
OPERATOR FAILS TO StART CS/LPCI OR TO ESTAB TORUS VENT

- OPERATOR FAILS TO INITIATE D'M SPRAY

lURBINE BUILDING FL(K6
- OPERATOR FAlLS TO KAINTAIN HP LVL COHtROL LONG TERN
- COKDltlOHD RELATING TO REAClOR DEPRESSURIZATIOH (DEPRESS,

Sl'ATE - PLANT DEPRESSURIZED

NOT DEPRES-

NOT DEPRES

DRTMELL CONTROL AIR SYSTEM UNAVAILABLE
IISIVS FAIL TO REMAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CKD/CND BSTR PIRIP, INCLUDES SHORT CYCLE VALVE UKAVAILABL
FEEDMATER UNAVAILABLE
CNDEMSER UNAVAILABLEAS HEAT SINK
VESSEL INJECllOH MITH CRDHS UNAVAILABLE
OPERATOR FAlLS TO MAINTAIN HPCI/RCIC M/0 SPC
OPERAlOR FAILS TO STARt CS/LPCI OR TO EStAB lORUS VENT
OPERATOR FAlLS TO EStABLISH ALTRNATE LOM PRESSNE INJECTIO
CORE DAMAGE OCCURRED
CORE DAMAGE HAS OCCURRED
HIGH VESSEL PRESSURE AT IIELT THROUGH
NOt INTACT COHTAINKEHT, MTR TO DEBRIS, DMS, AND SPC
NOT lklACTi MTR TO DEBRIS'MS, NO SPC, VENT
KOt INTACTi MLR TO DEBRIS, DMS, kO SPC, NO VENT
kOt INTACT, MTR TO DEBRIS, NO DMS, SPC
NOl INTACT, MTR TO DEBRIS, NO DMS, KO SPC, VENT
NOT INTACT, MTR TO SERBIS, NO DMS, NO SPCi NO VENT
NOT INTACT, NO MTR TO DEBRIS, VENt
NOT INtACT, NO MTR TO DEBRIS, NO VENT
NOT BYPASS, MTR TO DEBRIS
NOT BYPASS, NO MTR TO DERBIS
KOl'ARLY, MTR TO DEBRIS, DMS
KOt EARLY, MTR TO DEBRIS, NO OMS
KOt EARLY, MO MTR TO DEBRIS, KO DMS
FIRE MATER UNAVAILABLE

$$ $$$$$ $$ $ $$$$$$ $$ $$$$$$$ '$$ $ $ $$$$$$$$$$$ $$$$$$$$$$$$ $$$$ $$ $$
VESSEL INSTRUMENT TAP I CONDITIN
STATE - NO TAP FAILURE
VESSEL INStRUKENT TAP Il CNDI'TIOH
STATE - NO TAP FAILURE
DRYMELL PRESSNE SIGKAL UNAVAILABLE
RAM COOLING MATER SYSTEM UNAVAILABLE
PLANT CNLROL AIR SYSTEM UNAVAILABLE
DRYMELL CONTROL AIR SYSTEM UNAVAILABLE
KSIVS FAIL TO REMAIN OPEk
CNDITIOMS RELA'TING TO STUCK OPEk SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CkD/CMD SSTR PINP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UHAVAILABLEFOR 24 HNRS
CONDENSER UNAVAILABLEAS HEAT SINK
CNDENSATE UNAVAILABLE FOR INJECTIN
VESSEL IKJECTIOK MITH CRDHS UNAVAILABLE
CORE DAMAGE OCCURRED
CORE DAKAGE HAS OCCURRED
NO MATER OH DRYMELL FLOOR AT KELT-THRmIGH
KOT INTACt CONTAINKENL, MTR TO DEBRIS, DMS, AND SPC
KOt IN'TACT, MTR TO DEBRIS, DMS, KO SPC, VENT
kOT INtACT, MTR TO DEBRIS, DMS, KO SPC, kO VENT
FIRE MATER UNAVAILABLE

$ $$$$$$ $$ $ $'iiiiiiiiiiiiiiiiiiiiiiiiii$$$$$$$$$$ $$ $$$$ $$ $$ $$$
VESSEL INSTRUMENT TAP I CNDITION
STAtE - NO TAP FAILURE
VESSEL INSTRUMENT TAP ll CNDITIN
SLATE - NO TAP FAILNE

iiiiiiiiiiiiiiiiiiiiii SiSS
PIDV 1.25E-05 .67

$ $$$$$$ $$$$ $$$ $ $$ $$ $$$$$ $ $ $

OLCV 1.25E-05 .67

lQ
O

th
n

C
KPt
h)

CL
C
CL
C
D7

XI
Q

IIL
X
OI

k
Ol

O

C
B.
O

O

271



- OPERATOR FAlLS TO EStABLISH TORUS COOLING- OPERATOR FAlLS TO ESTABLISH SHUTDOMN COOLING

iiiiiiii i ii iiiiiii ii iiiiiiiiiiiiiiiiiiiiiiiiiiii
26 TURBINE BUILDING FLOOD

- OPERATOR FAlLS TO HAINTAIN HP LVL CONTROL LONG TERN- COND ITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESS,
Sl'ATE - PLANT NOT DEPRESSURIZED, MECH SRV OK- OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT

NOT DEPRES-

iiiiiiiiii\ iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

NOT DEPRES

27 TURBINE BUILDING FLON
- OPERATOR FAILA TO PLACE NSE SMITCH IN REFUEL THEN SHUTDOMN- OPERATOR FAILS TO HAIHTAIN HP LVL CONTROL LONG TERN- COXOITIOHD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS,

STATE - PLANT DEPRESSURIZED

iiiiiiiiiiiiiiiiiiiiiii iii
IIIAV 1.25E.05 ~ 67

iiiiiiiiiiiiiiiiii i i i
OIAV 1.25E-05 .67

DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEII UXAVAILABLE
PLANT CONTROL AIR SYSTEH UNAVAILABLE
DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
HSIVS FAIL TO REHAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CXD/Qe BSTR PIHIP, INCLISES SHORT CYCLE VALVE UHAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HOURS
CONDENSER UNAVAILABLEAS HEAT SINK
COHDENSATE UNAVAILABLEFOR INJECTION
VESSEL INJECTION MITH CRDHS UNAVAILABLE
OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
CORE DAHAGE OCCURRED
CORE DAHAGE HAS OCCURRED
NOT INTACT CONTAINNENT, MTR 'tO DEBRIS, DMS, AXD SPC
NOT INTACTA MTR TO DEBRIS, DMS, kO SPC,

VENI'OT

INtACT, MTR TO DEBRIS, DMS, NO SPC, NO VENT
NOT INTACI', IITR TO DEBRIS, NO DMS, SPC
NOT INTACT, MTR TO DEBRIS, NO DMS, NO SPC, VENT
NOT INTACT, MTR TO BERBIS, NO DMS, NO SPC, NO VENT
kOt INTACT, NO MTR TO DEBRIS, VENT
kOT INTACT, NO MTR TO DEBRIS, NO VENT
HOT BYPASS, MTR TO DEBRIS
NOT BTPASS, NO MTR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS
NOT EARLY, MTR TO DEBRIS, NO DMS
kOT EARLY, NO MTR TO DEBRIS, NO DIIS
FIRE MATER UNAVAILABLEiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
VESSEL INSTRUHENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRIXIENT TAP II CONDITION
STATE - NO 'tAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEH UXAVAILABLE
PLANT CONTROL AIR SYSTEII UNAVAILABLE
DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
HSIVS FAlL TO REMAIN OPEN
CONDITIONS RELAtlkG TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CND/CND BSTR PUHP, INCLLCES SHORT CYCLE VALVE UXAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UXAVAILABLEFOR 24 HOURS
COHDENSER UNAVAILABLEAS HEAT SINK
CONDENSATE UXAVAILABLEFOR INJECTION
VESSEL INJECTIOH MITH CRDHS UXAVAILABLE
CORE DAMAGE OCCURRED
CORE DAHAGE HAS OCCURRED
HIGH VESSEL PRESSURE AT KELT THRSIGH
FIRE MATER UNAVAILABLEiiiiiiiiiiii'iii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
VESSEL INSTRUHENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRWENT TAP II COWITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE



- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT

aasas asaaas aaasaaaaaasassas aa aa aaasaa aaaaaassaaaaaaaasaaasaasaasas
2B TURBINE BUILDING FLOS

- OPERATOR FAlLS TO HAINtAIN HP LVL CONTROL LONG TERN- COXDITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESS,
STATE - PLANT DEPRESSURIZED

- OPERATOR FAILS TO HAXUALLY START RHR/CORE SPRAY
- OPERATOR FAILS TO START CS/LPCI OR TO EStAB TORUS VENT

NOT DEPRES

a aassa aaaaasa aaaasasaaaaaassaasaaasaa aasasa asaaaaasaaaaaaa
29 TURBINE BUILDING FLmX)

- OPERATOR FAILS TO START HPCI AND/OR RCIC
- OPERATOR FAILS TO HAINTAIN HP LVL CONTROL LONG TERII

COXDITIOXD RELATING TO REACTOR DEPRESSURIZAtlON
(DEPRESS'TATE- PLANT DEPRESSURIZED

. OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT

NOT DEPRES

a aaaaasaasaaaasssaaaasssasssassaasaasasaaaaaaaasaaaaaassaaasas
30 TURBINE BUILDING FLOOD

RAll COOLING MATER SYSTEH UNAVAILABLE
PLANT CONTROL AIR SYSTEH UNAVAILABLE
DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2~ 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CND/CND BSTR PIWP, INCLUDES SHORT CYCLE VALVE UXAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HmmS
CONDENSER UNAVAILABLEAS HEAT SINK
CONDENSATE UNAVAILABLEFOR 1NJECTION
VESSEL INJEC'flON MITII CRDHS UNAVAILABLE
CORE DANAGE OCCURRED

CORE DANAGE HAS OCCURRED

FIRE MATER UXAVAILABLE
~aaaasssassasasssssssasaassaassssssssssssssssssssssssssssssa

VESSEL INSTRIWENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRLNENT TAP II CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYStEH UNAVAILABLE
PLANT CONTROL AIR SYSTEH UNAVAILABLE
DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
NSIVS FAlL TO REHAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
StATE 0 RELIEF VALVES STUCK OPEN
1 CND/CND BSTR PWP, INCLLCES SHORT CYCLE VALVE UNAVAILABL
FEEDMATER UXAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HOURS
CONDENSER UXAVAILABLEAS HEAT SINK
CONDENSATE UNAVAILABLEFOR INJECTION
VESSEL INJECTION MITH CRDHS UNAVAILABLE
CORE DAHAGE OCCURRED
CORE DAHAGE HAS OCCURRED

FIRE MATER UNAVAILABLE
ssssaassssssassssaaasaaaassaasasaasaaaasssaasassasasssssssss

VESSEL INSTRLWENT TAP I CONDITION
STATE HO TAP FAILURE
VESSEL INSTRLWENT TAP ll CONDITION
S'fATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEN UXAVAILABLE
PLANT CONTROL AIR SYSTEH UNAVAILABLE
DRYMELL CONTROL AIR SYSTEN UNAVA!LABLE
llSIVS FAlL TO RENAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CND/CHD BSTR PIWP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
FEEDMATER UHAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 H(XJRS
CONDENSER UNAVAILABLEAS HEA'f SINK
CONDENSATE UNAVAILABLEFOR INJECTION
VESSEL INJECTIOH MITH CRDHS UNAVAILABLE
CORE DANAGE OCCURRED
CORE DANAGE HAS OCCURRED
FIRE MATER UNAVAILABLE

~saaasasaaaasasaasasasaaaaasaaasaaassaasaaaaassaaaaaasaasasa
VESSEL INSTRNENT TAP I CONDITION

ssaaaaaa asaaaa sasaaaa aasaas
OIAV 1.25E-05 .67

saaassaaaas aassaasaaaasassssas
OIAV 1.24E-05 .66

saasasssasasssssassassssssaaass
NLCV 1.22E-05 .65
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- HPCI UNAVAILABLE(6 HNRS)
- OPERATOR FAILS TO ESTABLISH TORUS COOLING
- OPERATOR FAlLS TO ESTABLISH SHUTDOMN COOLING

2 222 55 2 SSS 52522 222 522222$ 222252252 5 25222'5'2222225
31 TURBINE BUILDING FLOOD

- OPERATOR FAlLS TO HAINIAINHP LVL
- COKDITIOND R'ELATlkG TO REACTOR DEPRE

STATE - PLANT DEPRESSURIZED
- OPERAtOR FAlLS TO EStABLISH TORUS COO
- OPERATOR FAILS TO INI'TIATE DM SPRAY

LONG TERN
ZATION (DEPRESS, NOT

CONTROL
SSURI

LING

STATE - NO TAP FAILURE
- VESSEL INSTRNENI TAP 11 CONDITION

StATE kO TAP FAILURE
- DRYMELL PRESSNE SIGKAL NAVAILABLE
- RAM COOLING MATER SYSIEN UNAVAILABLE
- PLANT CONTROL AIR SYSTEN NAVAILABLE
. DRYMELL CONTROL AIR SYSTEN NAVAILABLE- KSIVS fhlL TO RENAIN OPEN
- CONDITIONS RELATING TO STUCK OPEK SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- 1 CND/CKD BSTR PWP, INCLUDES SHORI'YCLE VALVE NAVAILABL
- FEEDMATER NAVAILABLE
- CONDENSER UNAVAILABLEAS HEAT SIKH
- VESSEL IkJECtlON MITH CRDHS NAVAILABLE
- OPERATOR FAILS TO HAINTAIN HPCI/RCIC M/0 SPC
- OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT
- OPERATOR fAlLS TO ESTABLISH ALTRKATE LOM PRESSURE INJECTIO
- CORE DAHAGE OCCURRED
- CORE DAHAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT KELT.THRNGH

NOT INTACt CONTAINHENTJ MTR TO DEBRIS ~ DMS ~ AKD SPC
- NOT INTACT, MTR TO DEBRIS, DMS, KO SPC, VENt
- KOt INTACT, MIR TO DEBRIS, DMS, KO SPC, NO VENT
- KOT INTACT, MTR TO DEBRIS, NO DMS/ SPC
- NOT INTACT, MTR TO DEBRIS, NO DMS, NO SPC, VENT
- KOT INTACT, MTR TO BERBIS, NO DMS, KO SPC, NO VENT
- NOT INTACTA NO MIR TO DEBRIS, VENT
- NOt INTACT, NO MTR TO DEBRIS, NO VENT
- NOT BYPASS, MTR TO DEBRIS
- NOT BYPASS, NO MTR TO DERBIS
- kO'I EARLY, MTR TO DEBRIS, DMS
- KOT EARLY, MTR TO DEBRIS, KO DMS
- NOT EARLY, NO MTR TO DEBRIS, NO DMS
- FIRE MATER UNAVAILABLE

5522225222SSSSS552252S'22 'SSSSSSSSSS 52'52252222 5222225222222222 5
- VESSEL INSTRLNENT TAP I CONDITION

STAtE - kO TAP FAILURE
DEPRES- VESSEL INSTR(WENT TAP ll CONDITION

STATE - KO TAP FAILURE
- DRYMELL PRESSURE SIGNAL UNAVAILABLE
- RAM COOLIKG MATER SYSTEII UNAVAILABLE
- PLANT CON'tROL AIR SYSTEII NAVAILABLE
- DRYMELL CONTROL AIR SYSTEil NAVAILABLE
- HSIVS FAlL TO REKAIN OPEN
- CONDITIONS RELATING TO STUCK OPEN SRVS (05 1, 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- 1 CKD/CND BSTR PNP, INCLISES SHORT CYCLE VALVE NAVAILABL
- FEEDMATER UNAVAILABLE
- HPCI/RCIC UNAVAILABLEFOR 24 HOJRS
- CONDENSER UNAVAILABLEAS HEAT SINK
- CONDENSATE UNAVAILABLEFOR INJECTION
- VESSEL INJECTION KITH CRDHS NAVAILABLE
- CORE DAHAGE OCCURRED
- CORE DAHAGE HAS OCCNRED
- NO MATER Ok DRYMELL FLOOR AT KELT-THRNGH
- KOT INTACT COKTAIKHENTe MTR TO DEBRIS'MSO AKD SPC
- NOT INTACTS IJTR TO DEBRIS, DMS, KO SPC, VENT
- KOT INTACT, MIR TO DEBRIS'MS, KO SPC, KO VENT

PLFV 1.21E.05 .65

CCI

O

M
'n
e

C
rt
hl

O.
C
O.
C
N

0

III
X

k
QPt
O

5:

B.
O

O

274



SSRRRRR RRRRRRRRRRRRRRRRRRRRR RRRRRRRRRRRRRRRRRRRRRRRRRR RRRRSRRSRSRRRRRRRR

32 TURBINE BUILDING FLO(0
- OPERATOR FAlLS TO NAINTAIK HP LVL CONTROL LONG TERN- COKDITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESS,

STATE - PLANT NOT DEPRESSURIZED, NECH SRV I(
- OPERATOR FAILS TO ESTABLISH TORUS COOLING

NOT DEPRES-

SRRRR R SRRSR RRRR RRRRRRRRRRSRRRRRRSRRRRRRRRRRRRRRRRRRRRRRRRRR

33 TURB IKE BUILDING FLQKI
- OPERATOR FAILS TO NAINTAIN HP LVL CONTROL LONG TERN
- CONDITIOND RELATING TO'REAC'IOR DEPRESSURIZATION (DEPRESS,

STATE - PLANT DEPRESSURI2ED
- OPERATOR FAILS TO NANUALLY START RHR/CORE SPRAY
- OPERATOR FAlLS TO ESTABLISH TORUS COOLING

NOI'EPRES

NOT INTACt, MTR TO DEBRIS, NO DMS, SPC
NOT INtACT~ MTR TO DEBRIS, NO DMS, NO SPC, VENT
NOT INTACTA MTR TO BERBIS, NO DMS, kO SPC, kO VENT
kOT INTAC'I

~ NO MTR TO DEBRIS, VENT
kOT INTACTA NO MTR TO DEBRIS, kO VENT
NOT BYPASS, MTR TO DEBRIS
NOT BYPASS, kO MTR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS
NOT EARLY, MTR.TO DEBRIS, NO DMS
KOT EARLY, NO MTR TO DEBRIS, KO DMS
NOT LATE, MTR TO DEBRIS, DMS
FIRE MATER UNAVAILABLE

RRRRRRRRRRRRRRRRRS' RRRRRRRRRRRRRRRRRSRRRRRRRRRRRRRRR

VESSEL INSTRNIEN I ~ &DITION
STATE - NO TAP FAILI;~e
VESSEL'NSTRUNENT TAP ll CONDITION
STATE - KO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOl! PG MATER SYSTEN UNAVAILABLE
PLANT C'<;IDOL AIR SYSTEN UNAVAILABLE
DRYMELL CONTROL AIR SYSTEN UNAVAILABLE
NSIVS FAIL TO RENAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CND/CKD BSTR PQIP, INCLUDES SHORt CYCLE VALVE UNAVAILABL
FEED'MATER UHAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HIIRS
CONDENSER UNAVAILABLEAS NEAT SINK
CONDENSATE UHAVAILABLEFOR lkJECTION
VESSEL INJECTIOH MITH CRDHS UNAVAILABLE
CORE DAHAGE OCCURRED
CORE DANAGE HAS OCCURRED
HIGH VESSEL PRESSURE AT KELT-THROUGH
NOT INTACt COHTAINNENT, MTR TO DEBRIS, DMS, AND SPC
NOT INTACT, MTR TO DEBRIS, DMS, kO SPC, VENT
NOT INTACT; MTR TO DEBRIS, DMS, NO SPC, NO VENT
NOt INtACT~ MTR TO DEBRIS, NO DMS, SPC
KOT INtACT~ MTR TO DEBRIS, KO DII, NO SPC, VENT
KOT INTACt, MTR TO BERBIS, KO DMS, NO SPC, NO VENT
NOT INTACTA kO MTR TO DEBRIS, VENt
NOT INTACTA NO MTR TO DEBRIS, KO VENT
KOT BYPASS, MTR TO DEBRIS
NOT BYPASS, KO MTR TO DERBIS
NOT EARLY'TR TO DEBRIS, DMS
kOT EARLY, MTR TO DEBRIS, KO DMS
KOT EARLY, kO MTR TO DEBRIS, kO DMS
FIRE MATER UNAVAILABLE

RRSRRRRRRRRRRRRRRRS RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

VESSEL INSTRUNENT TAP I CONDITION
STATE - KO TAP FAILURE ~

VESSEL INSTRIHIEHT TAP ll CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLIKG MATER SYSTEN UNAVAILABLE
PLANT CONTROL AIR SYSTEN UNAVAILABLE
DRYMELL.COHtROL AIR SYSTEN UNAVAILABLE
NSIVS FAlL TO RENAIN OPEN
COIITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)

RRRR RRRRRSRR'RRRRRR RRR RRRRRR

NLCV 1.21E-DS .65

RRRRRS RRRRRRRRRRRRRRRR RRRRR

OLCV 1.21E.05 .65
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OLCV 1.21E-05 .65
34 TURBINE BUILDIKG FLOOD- OPERATOR FAILA TO PLACE HODE SMITCH IN REFUEL THEN SHUTDOMN- OPERATOR, FAlLS TO HAIN'TAIN HP LVL CONTROL LONG TERH- COMDITIOMD RELATIKG TO REACIOR DEPRESSURIZATION (DEPRESS,

STATE - PLANT DEPRESSURIZED
- - OPERATOR FAILS TO ESTABLISH TORUS COOLING

KOT DEPRES STATE . KO TAP FAILURE
- DRYMELL PRESSURE SIGKAL IJKAVAILABLE- RA'N COOLING MATER SYSTEM UNAVAILABLE- PLANt CONTROL AIR SYSTEH UNAVAILABLE
- DRYMELL COH'TROL AIR SYSTEM INAVAILASLE

CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN- 1 CND/CKO BSTR PUMP, INCLUDES SHORT CYCLE VALVE UMAVAILASL
FEEDMATER UNAVAILABLE,

- HPCI/RCIC UNAVAILABLEFOR 24 HOURS- CONDENSER UNAVAILABLEAS HEAT SIKK- CONDENSATE UNAVAILABLEFOR INJECTION
VESSEL INJECTIOH IJITH CRDHS INAVAILABLE
CORE DAMAGE OCCURRED

- CORE DAMAGE HAS OCCURRED
KOt INTACt CONtAlkHEHT, MTR TO DEBRIS, DMS, AND SPC
MO'I INTACT, MTR TO DEBRIS, DMS, KO SPC, VEN'I

- NOT !NYCT, MTR TO DEBRIS, DMS, MO SPC, MO VENT
KOT INTACT, MTR TO DEBRIS, NO DMS, SPC- KOt INTACTA MTR TO DEBRIS, KO DMS, NO SPC, VENT
kOT INTACT, MTR TO SERBIS, NO DMS, NO SPC, NO VENT- KOT INTACT, NO MTR TO DEBRIS, VENT- NOT INTACT, NO MTR TO DEBRIS, KO VENT- MOT BYPASS, MTR TO DEBRIS
MOT BTPASS, NO MTR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS- NOT EARLY, MTR TO DEBRIS, NO DMS- NOT EARLY, NO MTR TO DESRISQ NO DMS- FIRE MATER UNAVAILABLE

~ $$ $$$$$$$$$$$$$$$$$$ $ $ $ $$ $$$$ $$$$$$ $ $ $$ $$$ $$$$$$$$$$$ $ $$ $$$$$ $$$$$$ $ $$
VESSEL INSTRIWENT TAP I CONDITION

$ $$$$$ $$ $$$ $$$ $ $ $$ $ $ $ $$ $ $$$$ $ $$$$$$$$$ $$ $$ $$$ $$ $ $$$$$$$$$$$$ $$$$
35 TURBIKE BUILDING FLM)

$ $ $$$$$$$$ $ $$ $$$ $$ $ $$ sssassa
, OLCV 1.21E-05 .65

STATE - 0 RELIEF VALVES STUCK OPEN- 1 CND/CND BSTR PINIP, INCLUDES SHORT CTCLE VALVE UMAVAILASL- FEEDMATER UNAVAILABLE. HPCI/RCIC UNAVAILABLEFOR 24 HNRS
- CONDENSER UNAVAILABLEAS HEAT SlkK

COWENSATE UNAVAILABLEFOR INJECTION
- VESSEL IMJECI'ION MITH CRDHS UNAVAILABLE- CORE DAMAGE OCCURRED
- CORE DAMAGE HAS OCCURRED- NOT INtACT CONTAINHEN'I, MTR TO DEBRIS, DMS, AND SPC- kOt INTACT, MTR TO DEBRIS, DMS, kO SPC, VENT- MOT INTACT, MTR TO DEBRIS, Dlm, NO SPC, NO VENT- NO'I INTACt, MTR TO DEBRIS, KO DMS, SPC- KOT INTACT, MTR TO DEBRIS, NO DMS, NO SPC, VENT

NOT INTACTA MTR TO BERBIS$ NO DMS MO SPCi NO VENT- NOT INTACT, KO MTR TO DEBRIS, VENT
kOT INTACT, kO MTR TO DEBRIS$ NO VENT- kOT BTPASS, MTR TO DEBRIS

- KOT BYPASS, KO MTR TO DERSIS- kOT EARLY, MTR TO DEBRIS, DMS
- NOT EARLY, MTR TO DEBRIS, NO DMS
- kOT EARLY, NO MTR TO DEBRIS'O DMS
- FIRE MATER UNAVAILABLE

$$$ $ $ $ $$$$ $$ $ $ $$$$$$ $$ $ $$$$ $ $$$ $ $ $ $ $$ $ $ $ $$$$ $ $$$$ $ $$$$ $ $ $ $$ $ $$$ $
- VESSEL INSTRQIENT TAP I CONDITION

STATE - NO TAP FAILURE
- VESSEL INSTRUHENt TAP li COKDITIOM

276



- OPERATOR FAlLS TO START HPCI AHO/OR RCIC- OPERATOR FAILS TO MAINTAIN HP LVL CONTROL LONG TERN- COKDITIOMD RELATING TO REACTOR DEPRESSURIZATION (DE
STATE - PLAN'f DEPRESSURIZED

- OPERATOR FAILS TO ESTABLISH TORUS COOLING

PRESS, NOT DEPRES

SS01 5 SOS ISSUE ZRRSXX Sile XSSM'SSS ESSES RRSZQSSS
36 TURBINE BUILDING FLQHI

- OPERATOR FAILS tO HAIHtAIN HP LVL CHIL (RCIC,HPCI)- OPERATOR FAILS TO ESTABLISH TORUS COOLING
- OPERATOR FAILS TO ESTABLISH SHUTDDMH COOLIKG

RERCSSSCSRCCRSSSCXRSXS i'm gg
HLCV 1.14E-05 .61

STATE - NO TAP FAILURE
VESSEL IHSTRLIIENT tAP ll CONDITION
STATE - NO TAP FAILNE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MA'IER SYSTEH UNAVAILABLE
PLANT CONTROL AIR SYSTEM UNAVAILABLE
DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
HSIVS FAIL TO REMAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CKD/CND BSTR PIHIP, INCLUDES SHORT CYCLE VALVE UHAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HNRS
CONDENSER UNAVAILABLEAS HEAT SINK
CONDENSATE UNAVAILABLEFOR INJECTION
VESSEL IKJEC'flON KITH CRDHS UNAVAILABLE
CORE DAMAGE OCCURRED
CORE DAMAGE HAS OCCNRED
kOT INTACl'OHtAINHENT, MTR TO DEBRIS, DMS, AND SPC
MOT INTACT, MTR TO DEBRIS, DMS, NO SPC, VENT
NOf IktACT, MTR TO DEBRIS, DMS, NO SPC, NO VENT
KO'f INTACt, MTR TO DEBRIS, HO DMS, SPC
NOT INTACTA MTR TO DEBRIS, kO DMS, NO SPC, VENT
NOT INTACT, MTR TO BERBIS; NO DMS, NO SPC, MO

VENl'OT

INTACT, NO MTR TO DEBRIS, VENT
NOT INtACT, NO MTR TO DEBRIS, NO VENT
kOT BYPASS, MTR TO DEBRIS
NO'f BYPASS, NO MTR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS
KOT EARLY, MTR TO DEBRIS, NO DMS
NOT EARLY, KO MTR TO DEBRIS, kO DMS
FIRE MATER UNAVAILABLE

RSRSRSSSCQSCSCCKH1!tCCCSSEEXRRt ZSSSR SRSSRRSSRSSiiSR Z SS
VESSEL INSTRIHIENT TAP I COKDITION
STATE - NO 'tAP FAILNE
VESSEL INSTRQIENT TAP ll COKOITION
STATE NO TAP FAILURE
DRYMELL PRESSNE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEM UNAVAILABLE
PLANT COHTROL AIR SYSTEM UMAVAILABLE
DRYMELL CONTROL AIR SYSTEM UNAVAILABLE
HSIVS FAIL TO REIUllN OPEN
CONDITIONS RELA'flNG TO SIUCK OPEN SRVS (0, 1 ~ 2 ~ 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEH
1 CND/CkD BSTR PNP, INCLUDES SHORT CYCLE VALVE UHAVAILABL
FEED'MATER UNAVAILABLE
CONDENSER UNAVAILABLEAS HEAT SIKK
VESSEL lkJECTION MITH CRDHS UNAVAILABLE
OPERATOR FAILS TO HAINTAIN HPCI/RCIC M/0 SPC
OPERATOR FAlLS TO START CS/LPCI OR TO ES'fAB TORUS VEH'f
OPERATOR FAILS TO EStABLISH ALTRHATE LOM PRESSNE IKJECTIO
CORE DAMAGE OCCURRED
CORE DAMAGE HAS OCCURRED
HIGH VESSEL PRESSURE AT KELT THROUGH
NOT INTACT CONTAINMENT, MTR TO DEBRIS, DMS, AND SPC
MOT INTACT, MTR TO DEBRIS, DMS, KO SPC, VENT
KOT INTACTA MTR TO DEBRISQ DMS, NO SPC, NO VENT
NO'f INTACT, MTR TO DEBRIS, NO DMS, SPC



aasaass asassas $$ ssasssssssssassaassssssaaasasasassssaa aassaassasaasssa
37 TURBINE BUILDING FL(XI

- OPERA'TOR FAlLS TO MAINTAIN HP LVL CHIL (RCIC,HPCI)- OPERATOR FAILS TO MAINTAIN HP I.VL CONTROL LONG TERN. COND ITIOKD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS,
STATE - PLANT DEPRESSURIZED
OPERATOR FAlLS TO ESTABLISH tORUS COOLING

MOT DEPRES

sasssssaassassssas $ $ ssssas —sssasssassssssssssssssssassssssass
38 TURBINE BUILDING FL(KX)

- RCIC UXAVAILABLE(6 HOURS). HPCI UNAVAILABLE(6 HOURS)
- COXDITIOXD RELATING TO REACTOR DEPRESSURIZATINI (DEPRESS,

StATE - PLANT DEPRESSURIZED- OPERATOR FAILS TO ESTABLISH TORUS COOLING

NOT DEPRES

NOT INTACT, MTR TO DEBRIS, kO DMS, NO SPC, VENT
NOT INTACT, MTR TO BERBIS, kO DMS, NO SPC~ XO VENT
NOT INTACT, NO MTR TO DEBRIS, VENt
kOT INTACt, NO MTR TO DEBRIS, NO VENT
NOT BYPASS, MTR TO DEBRIS
NOT BTPASS, kO IITR TO DERBIS
NOT EARLYa MTR TO DEBRISa DMS
NOt EARLY, MTR TO DEBRIS, NO DMS
KOT EARLY, KO MTR TO DEBRIS, NO DMS
FIRE MATER UNAVAILABLE

ssaasssssasssssaaasasssssssaasassaasssaasssssssaassssaassss
VESSEL INSTRIHIENT TAP I CONDITION
STATE NO TAP FAILURE
VESSEL INSTRIWENT TAP ll CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEII UNAVAILABLE
PUNT CONTROL AIR SYSTEM UXAVAILABLE
DRYMELL CONTROL AIR SYSTEM UNAVAILABLE
HSIVS FAIL TO REMAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2 ~ 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CXD/CKD BSTR PINP, INCLUDES SHORT CYCLE VALVE UXAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UXAVAILABLEFOR 24 H(XJRS
HPCI/RCIC UNAVAILABLEFOR 6 HOURS
CONDENSER UNAVAILABLEAS NEAT SINK
COXDENSATE UNAVAILABLEFOR INJECTION
VESSEL INJECTION MITH CRDHS UNAVAILABLE
OPERATOR FAILS TO EStABLISH SHUTDOMX COOLING
OPERAtOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT
CORE DAMAGE OCCURRED
CORE DAMAGE HAS OCCURRED
KOT INtACT CONTAINMENT, IITR TO DEBRIS, DMS, AkD SPC
NOT INTACT, MTR TO DEBRIS, DIIS, MO SPC, VENT
XOT INTACT, MTR TO DEBRIS, DMS, KO SPC, NO VENT
NOt INTACT, MTR TO DEBRIS, NO DMS, SPC
NOT INtACT, MTR TO DEBRIS, NO DMS, NO SPC, VENT
KOT INTACT, MTR TO BERBIS, NO DMS, NO SPC, MO VENT
NOT INTACT, NO MTR TO DEBRIS, VENT
NOt INTACT, NO MTR TO DEBRIS, NO VENT
NOT BYPASS, MTR TO DEBRIS
NOT BTPASS, kO MTR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS
NOT EARLY'TR TO DEBRIS, KO DMS
NOT EARLY, MO MTR TO DEBRIS, XO DMS
FIRE MATER UNAVAILABLE

sass'sasssaaaaassaasaaaaasaaasassssaaasaaassasaassaaaaaasass
VESSEL INSTRNENT TAP I COKDITIOH
StATE - NO TAP FAILURE
VESSEL INSTRIHIENT TAP ll CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEM UNAVAILABLE
PLANT COHTROL AIR SYSTEll UNAVAILABLE
DRYMELL CONTROL AIR SYSTEM UNAVAILABLE
NSIVS FAlL TO REMAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

$$$ $$$$$5$ $$$$$$ assaassasaasas
OLCV 1.14E-05 .61

aasaasssasa $$ sass ss sass sas
OLCV 1 '0E.05 .59
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40 TURB IKE BUILDING FL(a)
- HPCI UNAVAILABLE(6 HOURS)
- OPERATOR FAlLS TO IIAINTAIN HP LVL CONTROL LONG TERH

CONDITIOHD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS,
STATE - PLANT DEPRESSURIZED

- OPERATOR FAILS TO EStABLISH TORUS COOLING

NOT DEPRES

39 TURBINE BUILDING FLOOD

HPCI UNAVAILABLE(6 HOURS)
- OPERATOR FAILS TO HAINTAIN HP LVL CONTROL LONG TERN
- COXDITIOHD RELATIHG TO REACTOR DEPRESSURIZATIOH (DEPRESS, NOT DEPRES

STATE - PLANT DEPRESSURIZED
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT

STATE - 0 RELIEF VALVES STUCK OPEN
I CND/CND BSTR PIMP, INCLUDES SHORT CYCLE VALVE UHAVAILABL
FEEDMATER UXAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HOIRS
HPCI/RCIC UNAVAILABLEFOR 6 HOURS
COKDENSER UNAVAILABLEAS NEAT SINK
CONDENSATE UNAVAILABLEFOR INJECTION
VESSEL INJECTION MITH CRDHS UNAVAILABLE
OPERATOR FAlLS. TO ESTABLISH SHUTDOMH COOLIKG
OPERATOR FAILS TO S'TART CS/LPCI OR TO ESTAB TORUS VENT
CORE DAIIAGE OCCURRED
CORE DAHAGE HAS OCCURRED
NOT INTACT COHTAIHHEN'I, MTR TO DEBRIS, DMS, AND SPC
NOT INTACTR MTR TO DEBRIS~ DMS, NO SPC, VENT
NOT INTACT, MTR TO DEBRIS, DMS, NO SPC, KO VENT
NOl'NTACT, MTR TO DEBRIS, HO DMS, SPC
NOT INTACT, MTR TO DEBRIS, NO DMS, NO SPC, VENT
KOT INTACT, MTR TO BERBIS, NO DMS, NO SPC, NO VENT
NOT INTACT, NO MTR TO DEBRIS, VENT
KOT INTACt, NO MTR TO DEBRIS, NO VENT
KOl'YPASS, MTR TO DEBRIS
NOT BYPASS, NO MTR TO DERBIS
NOt EARLY, MTR TO DEBRIS, DMS
KOT EARLY, MTR TO DEBRIS, NO DMS
NOT EARLY, NO MTR TO DEBRIS, NO DMS
FIRE MATER UNAVAILABLE

~ SSZSSSSSSSS 2222222222222222222222SSSSSSSSSSSSSSSSSSSSSSSSS
VESSEL INSTRUHENT TAP I CONDltlll
STATE - NO TAP FAILURE
VESSEL INSTRIIEHT TAP ll CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEH UXAVAILABLE
PLANT CONTROL AIR SYSTEII UNAVAILABLE
DRYMELL CONTROI. AIR SYSTEH UNAVAILABLE
HSIVS FAlL TO REHAIN OPEN
CONDITIONS RELATING TO STUCK OPEH SRVS (0, 1, 2, 3+ SORVS)
STAtE - 0 RELIEF VALVES STUCK OPEN
I CXD/CND BSTR PNIP, INCLUDES SHORT CYCLE VALVE UHAVAILABL
FEEDMATER UHAVAILABLE
HPCI/RCIC UXAVAILABLEFOR 24 HOURS
CONDENSER UNAVAILABLEAS HEAT SIKH
CONDENSATE UXAVAILABLEFOR INJECTION
VESSEL IKJECtIOH MITH CRDHS UXAVAILABLE
CORE DAHAGE OCCURRED
CORE DAHAGE HAS OCCURRED

FIRE MATER UNAVAILABLE
SSSSSSSSSSSSSZRSSSSSSSSSSSSSSSSSZZSSSSSSRSSSZ22222R222222$ 222

VESSEL INSTRUHENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRUHENT TAP 11 CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEH UNAVAILABLE
PLANT COHTROL AIR SYSTEH UNAVAILABLE
DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
HSIVS.FAIL TO REHAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, I, 2, 3+ SORVS)

$22$ 2$ 2222 $2222 2 22'RSSSS

OIAV 1.09E-05 .58

222222222 SSSRSZZSS '$22 22
OLCV 1.07E-05 .57
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41 TURBINE BUILDING FLOOD

- OPERATOR FAILS TO HAINTAIN HP LVL CNTL (RCIC,HPCI)- OPERATOR FAILS TO HAINTAIN HP LVL CONtROL LONG TERN- CONDITIOHD RELAYlkG TO REACTOR DEPRESSURIZATIOI (DEPRESS ~
STATE - PLANT DEPRESSURIZEO

- OPERATOR FAILS TO StART CS/LPCI OR TO ESTAB TORUS VENT

C CSS S $ $ $ $ SCSS $$ $$$$ 5 S SSSCSISSSSSSSSSSS SSSSZ'SSSSS

42 TURBlkE BUILDING FLOM. RCIC UNAVAILABLE(6 HOURS)
- HPCI UNAVAILABLE(6 HSJRS)
- COHDITIOHD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS,

STATE PLANT NOT DEPRESSURIZED ~ HECH SRV OK

NOT DEPRES

NOT DEPRES

$$ S 5 $ $ $5$ CS CIRC S'RS

OIAV 1.02E-05 .55

$$ $$$5$ $ SSISZSSSZIS CSSZSI

HIAV 9.86E-06 .53

STATE - 0 RELIEF VALVES STUCK OPEN
1 CHD/CHD BSTR PNIP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HOURS
COeENSER UNAVAILABLEAS HEAT SINK
CONDENSATE UNAVAILABLEFOR INJECTION
VESSEL IkJECTIDN MITH CRDHS NAVAILABLE
CORE DAHAGE OCCURRED
CORE DAHAGE HAS OCCURRED
NOT INTACT CONTAINMENT, MTR TO DEBRIS, DMS, AND SPC
kOT INTACT, MTR TO DEBRIS, DMS, kO SPC, VENT
kOT INTACT, MTR TO DEBRIS, DMS, NO SPC, NO VENT
NOT INtACT, MTR TO DEBRIS, NO DMSR SPC
kOT INTACT, MTR TO DEBRIS, NO DIIS, NO SPC, VEN'I
NOT INTACt, MTR TO BERBIS, NO DMS, NO SPC, NO VENT
NOT INTACT, NO MTR TO DEBRISR VENT
NOT INTACT, NO MTR TO DEBRIS, NO VENT
NOT BYPASS, MTR TO DEBRIS
NOT BYPASS, NO MTR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS
NOT EARLY, MTR TO DEBRIS, NO DMS
NOT EARLY, NO MTR TO DEBRIS, NO DMS
FIRE 'MATER UNAVAILABLE

SSSZ$ $$$ $$5$ SS5$ $$$ SSSSSISSSSSSSSSS CZCSSSSSSSSSSS $$$ $$$$$ $

VESSEL INSTRQIENT TAP I CONDITION
STATE - kO TAP FAILURE
VESSEL INSTRWENT TAP II CONDITION
STATE - kO TAP FAILURE
DRTMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEN UNAVAILABLE
PLANt CONTROL AIR SYSTEII UNAVAILABLE
DRYMELL CONTROL AIR SYSTEH NAVAILABLE
NSIVS FAIL TO REHAIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CHD/CND BSTR PINP, INCLINES SHORT CYCLE VALVE UNAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HOURS

HPCI/RCIC UNAVAILABLEFOR 6 HOURS
CONDENSER UNAVAILABLEAS HEAT SINK
CONDENSATE UNAVAILABLEFOR INJECTION
VESSEL INJECTION MITH CRDHS UNAVAILABLE
CORE DAKAGE OCCURRED
CORE DAHAGE HAS OCCURRED
FIRE MATER UNAVAILABLE
SS $$ $$$$ CSSSSSSSZSSSSSSISCZ SSSSSSSSSSSSSSCSSSSSSISCSSSSS

VESSEL INSTRUHENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRUHENT TAP II CNDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEII UNAVAILABLE
PLANT COHTROL AIR SYSTEII UNAVAILABLE
DRYMELL CONTROL AIR SYSTEII UNAVAILABLE
HSIVS FAlL TO REHAIN OPEN
CONDITIONS RELATING TO STNX OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE . 0 RELIEF VALVES STUCK OPEN
1 CHD/CHD BStR PINP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
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OIAV 9.85E-06 .53

1 1 SSSRSSSS SSSSSSSR SSSSSSSSSSSSSSSSSSSSSSISSSSSSSSSSSSSSSSSSS
43 TURBINE BUILDING FLO(6

- RCIC UNAVAILABLE (6 HQJRS)- HPCI UNAVAILABLE (6 HOURS)
- COKDITIOND RELATING TO REACtOR DEPRESSURIZATION (DEPRESS,

STATE - PLANT DEPRESSURIZED
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT

NO

11 SSSSSISS 111111 1 1 SSSSSSIZS CSSSSZS SSSSSSS SSSSSSSSSZ
44 LOSS OF RAM COOLING MATER

- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

- OPERATOR FAlLS TO ESTABLISH TORUS COOLING- OPERATOR FAILS TO ES'fABLISH SHUTDOMM COOLING

SSSSSSSSSSS ZSR SR SZZCSSSSSSS
KLCV 8.63E 06 .46

- FEEDMATER UKAVAILASLE
- HPCI/RCIC UNAVAILABLEfOR 24 HQJRS
- HPCI/RCIC UNAVAILABLEfOR 6 HQJRS- CONDENSER UNAVAILABLEAS HEAT SINK- CONDENSATE UNAVAILABLEFOR INJECTION

VESSEL INJECTION MITH CRDHS UNAVAILABLE
- CORE DAMAGE OCCURRED
- CORE DAMAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT KELT.THRQJGH- FIRE MATER UNAVAILABLE

111111$ 1111$ SS111111111111111111$ $$11111SSSSSIS1111111111111111111SSSS
- VESSEL INSTRNIENT TAP I CONDITION

STATE - NO TAP FAILURE
- VESSEL INSTRUMENT TAP ll CONDITION

T DEPRES STATE - NO TAP FAILURE- DRYMELL PRESSURE SIGNAL UNAVAILABLE
- RAM COOLING MATER SYSTEM UNAVAILABLE- PLANT CONTROL AIR SYSTEM UNAVAILABLE- DRYMELL CONTROL AIR SYSTEJI UNAVAILABLE- NSIVS FAlL TO REMAIN OPEN
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- 1 CKD/CND SStR PNIP, IKCLISES SHORT CYCLE VALVE UKAVAILABL- FEEDMATER UNAVAILABLE
- HPCI/RCIC UMAVAILABLEFOR 24 HOURS- HPCI/RCIC UNAVAILABLEFOR 6 HQJRS- CONDENSER UNAVAILABLEAS HEAT SINK- CONDENSATE UNAVAILABLEFOR INJECTION- VESSEL INJECTION IJITH CRDHS UNAVAILABLE- CORE DAMAGE OCCURRED
- CORE DAMAGE HAS OCCURRED- FIRE MATER UNAVAILABLE

$ $ 11111$ 1111111SSSIS11111111111111111$ 1$ 111SS SSSSSSSSSSSSCSSSSSSSSSS
- VESSEL INSTRUMENT TAP I CONDITION

S'fATE - KO TAP FAILURE- VESSEL INSTRUMENT TAP ll CONDI'fION
STATE - NO TAP FAILURE

- DRYMELL PRESSURE SIGKAL UNAVAILABLE- RAM COOLING MATER SYSTEJI UNAVAILABLE
1 CND/CND BSTR PWP, IKCLUDES SHORT CYCLE VALVE UKAVAILABL- FEEDMATER UNAVAILABLE- CONDENSATE UNAVAILABLEFOR INJECTION- VESSEL INJECtlON MITH CRDHS UNAVAILABLE- OPERATOR FAlLS TO HAIN'fAIN HPCI/RCIC M/0 SPC- OPERATOR FAlLS TO STAR'f CS/LPCI OR TO ESTAB TORUS VEHT- OPERATOR FAlLS TO ESTABLISH ALTRKATE LOM PRESSURE INJECTIO- CORE DAMAGE OCCURRED

- CORE DAIIAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT KELT-TIJRQJGH- KOT INTACT CONTAINMENT'TR TO DEBRIS, DMS, AND SPC- NOt INTACT, MTR TO DEBRIS, DIJS, NO SPC, VENT- NOT INtAC'f, MTR TO DEBRIS, DIJS, KO SPC, NO VENT- NOT INTACTA MTR TO DEBRIS, KO DMS, SPC- NOT INTACT, MTR TO DEBRIS, KO DMS, NO SPC, VENT- NOt INTACI' MTR TO BERBIS, NO DMS, NO SPC, NO VENT- NOT INTACT, KO MTR TO DEBRIS, VENT- NOt INTACT, KO MTR TO DEBRIS, KO VENT- NOT BYPASS, MTR TO.DEBRIS
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C8 TURBINE BUILDING FLOCO

- RCIC UNAVAILABLE(6 H( JRS)
- OPERATOR FAILS To HAINTAIN HP LVL CONTROL LONG TERH
- COKDITIOHD RELATING To REACTOR DEPRESSURIZATION (DEPRESS, KOT

STATE - PLANT DEPRESSURIZED
- OPERATOR FAILS TO START CS/LPCI OR To EStAB TORUS VENT

DEP

$ $ '$$ $ $ $ $$ $ $$ $ $ $$$ $$$$ $$ $ $ $$ $$ $ $ $ 5$ $ $ $ $$ $$ $$ $ $$ $ $ '$$ $ $ $ $ $$ $
49 CLOSURE OF ALL HSIVS

- CONDITIONS RELATING tO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)
StATE 0 RELIEF VALVES STUCK OPEN

- VESSEL INJECTION MITH CRDHS UNAVAILABLE
- OPERATOR FAILS To ESTABLISH TORUS COOLING
- OPERATOR FAILS To ESTABLISH SHUTDOIN COOLING

- KOT INTACT, MIR To DEBRIS, No DMS, SPC
NOT INTACT, M'IR To DEBRIS, No DMS, No SPC, VENT- NOT INTACt, MTR To BERBIS, Ko DMS, No SPC, No VENT- NOT INtACT~ No MTR To DEBRIS'ENT

- kot INTACT~ No MTR To DEBRIS, No VENT- NOT BYPASS, MTR To DEBRIS
- NOT BYPASS, No MTR To DERBIS
- Not EARLY, MTR TO DEBRIS, DMS

KOT EARLY, MTR.TO DEBRIS, No DMS
- NOT EARLY, No MTR To DEBRIS, Ko DMS- FIRE MATER UNAVAILABLE

~ $$$$$$$$ $ $ $$$ $ $$ $ $ $$$$$ $$$$$$$$ $$ $$$5$ $$$$ $$$$$$ '$ $$ $$$$$ $$$$$$
- VESSEL INSTRUHENT TAP I CONDI'tlok

STATE - No TAP FAILURE
- VESSEL IHSTRIBIENT TAP ll CONDITION

RES STATE - No TAP FAILURE
- DRYMELL PRESSURE SIGNAL UNAVAILABLE
- RAM COOLIKG MATER SYStEH UNAVAILABLE
- PLANT CONTROL AIR SYSTEH UNAVAILABLE

DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
- HSIVS FAIL To REHAIN OPEN
- CNDITIONS RELATIKG To STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- 1 CND/CKD BSTR PUHP, IKCLUDES SHORT CYCLE VALVE UHAVAILASL
- FEEDMATER UNAVAILABLE
- HPCI/RCIC UNAVAILABLEFOR 24 H(NRS
- CONDENSER NNVAILABLEAS HEAT SINK

CONDENSATE UNAVAILABLEFOR INJECTION
VESSEL INJECTION MITH CRDHS UNAVAILABLE

- CORE DAHAGE OCCURRED
. CORE DAHAGE HAS OCCURRED
- FIRE MATER UNAVAILABLE

$ $$$$$$$$ $ $ $$ $ $ $ $ $$ $$$$ $ $$ $ $$$$ $$ $$$ $$ $ $ $ $$$$$$$ $$ $$ $ $$$$ $$- VESSEL INSTRIWENT TAP I CONDITION
STATE - Ko TAP FAILURE

- VESSEL INSTRNIENT TAP II CONDITION
STATE - No TAP FAILURE- DRYMELL PRESSURE SIGNAL UXAVAILABLE

- HSIVS FAlL To REHAIN OPEN
- RFM HARDMARE UNAVAILABLE
- OPERATOR FAILS To COOLDOMN USING THE TBVS- FEEDMATER UNAVAILABLE
- CONDENSER UHAVAILABLEAS HEAT SINK
- OPERATOR FAlLS To HAINTAIN HPCI/RCIC M/0 SPC
- OPERATOR FAILS To S'TART CS/LPCI OR To ESTAB TORUS VENt

OPERATOR FAlLS To ESTABLISH AI.TRNATE LOM PRESSURE INJECTIO- CORE DAHAGE OCCURRED
- CORE DAIIAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT KELT-THRNGH- Ko'i INtACI'OHTAINHENT, MTR To DEBRIS, DMS, AND SPC- koT INTACT, MTR To DEBRIS, DMS, ko SPC, VENT

NOT INTACt, MTR To DEBRIS, DMS, No SPC, No VENT- Kot INtACT, MTR To DEBRIS, Ko DMS, SPC- KOT INTACT, MTR To DEBRIS, No DMS, Ko SPC, VENT
NOT INTACT, MTR To BERBIS, No DMS, No SPC, No VENT- koT INTACT, No MTR To DEBRIS, VENT

- KOT INTACT, No MTR To DEBRIS ~ Ko VENt
KOT BYPASS, MTR To DEBRIS

$$ $$$$$$$$$$$ $$ $$$ $$$ $ $ $$ $
OIAV 8.16E-06 AC

$$ $ $ $ $$ $ $ $$$ $ $ $ $ $$ $ '$ $
HLCV 8.07E-06 .43
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55

- OPERAlOR FAILS TO MAINTAIN HP LVL CN'IL (RCIC,HPCI) STA1E - NO TAP FAILURE
- OPERATOR FAILS TO MAINTAIN HP LVL CONTROL LONG lERM - DRYMELL PRESSURE SIGXAL UXAVAILASLE
- COMDITIOXO RELATING TO REACTOR DEPRESSURI2ATION (DEPRESS, KOT DEPRES RFM HARDMARE NAVAILABLE

STATE PLANT DEPRESSURIZED - lHE EVENT INVOLVES STUCK OPEN SRVS
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT - FEED'MATER UNAVAILABLE

- HPCI/RCIC NAVAILASLE fOR 6 HNIRS
- CORE DAIQGE OCCNRED

CORE DAIIAGE HAS OCCURRED
- FIRE MATER NAVAILASLE

sssscssssssssss I ssssssssssss'sass sssssssssassssaasas sssssssssssszsssss sass s ss s c'sssssss5sscssssssssssassssssssssssssssssssssssssssssssssssssIscc zsas sss
LOSS OF RAM COOLING MATER - VESSEL INSTRlNENT TAP I CONDITION OIAV 6A2E-06 .34- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS) STATE - NO TAP FAILURE

STATE - 1 RELIEF VALVE STUCK OPEN - VESSEL INSTRIÃENT TAP II CONDITION
- OPERATOR FAlLS TO STARt CS/LPCI OR TO ESTAB TORUS VENT STATE - KO TAP FAILURE

DRYMELL PRESSURE SIGNAL NAVAILABLE
- RAM COOLING MATER SYSTEM UNAVAILABLE
- 1 CND/CMD BSTR PNIP, INCLUDES SHORT CYCLE VALVE UMAVAILABL
- THE EVENT INVOLVES S'TUCK OPEN SRVS
- FEED'MATER UNAVAILABLE
- COHDENSATE UXAVAILABLEFOR INJECTION
- CORE DAMAGE OCCURRED
- CORE DAMAGE HAS OCCURRED
- FIRE MATER UNAVAILABLE

SSZ Saks CSSSSSCC SS5C Sas S'IISSSISSSS SISSI Sksssaasssss SSSSSISSSSSSSSSSSS Sassa SS S SZSS SSSSSICZSSISSSSSSSSSSSSSSSICSSSSSSSSS'CS Zaasaa Ss
TOTAL LOSS OF FEEDMATER - VESSEL INSTRtNENT TAP I CONDITION OIAV 6.14E-06 .33- CONDITIONS RELATING TO SlUCK OPEN SRVS (0, 1, 2, 3+ SORVS) STATE - NO TAP FAILURE

STATE - 1 RELIEF VALVE STUCK OPEN - VESSEL INSTRINENT TAP II CONDI'TION
- RCIC UXAVAILABLE(6 HOURS) STATE - NO TAP FAILURE
- HPCI UXAVAILABLE(6 HOURS) - DRYMELL PRESSURE SIGKAL UNAVAILABLE

OPERAtOR FAlLS TO START CS/LPCI OR 10 ESTAB TORUS VENT RFM HARDMARE UNAVAILABLE
- THE EVENT INVOLVES STUCK OPEN SRVS
- FEED'MATER UNAVAILABLE

HPCI/RCIC UNAVAILABLEFOR 6 MONS
- CORE DAMAGE OCCNRED
- CORE DAlQGE HAS OCCNRED
- FIRE MATER UNAVAILABLE

ass Isasssssasaa asaa sssassssksaassssss 5 Isa RSRSSSS CC5S 'a RRCz saaasa SSCSICSSSSS Sass Sas Z CaasszszaSSSSSSSSS ssssssssIICCCR ssssssssssas IIR sss s s
TURBINE BUILDING FLOOD - 250 RNOV BD 2A UNAVAILABLE IILCV 6.12E.06 .33

250 V DC COMTROL POMER FOR 4KV SD SD 3ED UKAVAILABLE - VESSEL INSTRUMENT TAP I CONDITION
- OPERATOR FAlLS TO ESTABLISH 10RUS COOLING STATE - NO TAP FAILURE

VESSEL INSTRNIENT TAP II COMDITINI
STATE - KO TAP FAILURE
POMER SUPPLY DIVISION II UNAVAILABLE

- DIV II VESSEL LNI PRESSNE SIGNAL UNAVAILABLE
DIV ll Hl RX PRESS SIGNAL NAVAILABLE

- DRYMELL PRESSURE SIGNAL UNAVAILABLE
RA'N COOLING MATER STSTEN UNAVAII.ABLE

- RHRSM PNIP 01 (SMING PUNP) UNAVAILABLE
- PLANt CON1ROL AIR SYSTEM UNAVAILABLE
- DRYMELL CONTROL AIR SYSTEII UNAVAILABLE
- HSIVS FAIL TO REMAIN OPEN
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
1 CKD/CND BSTR PINP, INCLUDES SHORT CTCLE VALVE UNAVAILABL- HPCI UKAVAILABLE(6 HONG)

- FEEDMATER UNAVAILABLE
- CONDENSER UNAVAILABLEAS HEAT SINK- VESSEL INJECTION MI1H CRDHS UXAVAILABLE



SHUTDOMH COO!.ING HARDMARE UNAVAILABLE
OPERATOR FAlLS TO HAIN'thlN HPCI/RCIC M/0 SPC
OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
OPERATOR FAILS TO ESTABLISH ALTRNATE LOM PRESSURE lkJECTIO
CORE DAHAGE OCCURRED

CORE DAHAGE HAS OCCURRED

HIGH VESSEL PRESSURE AT KELT-THROUGH
NOT INTACT COHtAIKHENT, MTR TO DEBRIS, DMS, AND SPC
KOT INTACt, MTR TO DEBRIS, DMS, NO SPC, VENT
NOT INTACT, MTR TO DEBRIS, DMS, NO SPC, NO VENT
NOT INTACT, MTR TO DEBRIS, NO DMS, SPC
NOT INTACT, MTR TO DEBRIS, kO DMS, NO SPC, VENT
kOT INTACT, MTR TO BERBIS, NO DMS, NO SPC, NO VENT
NOT INTACTA NO MTR TO DEBRIS, VENT
HOT INtACT, HO MTR TO DEBRIS, NO VEHT
NOT BYPASS, MTR TO DEBRIS
NOT BYPASS, KO MTR TO DERBIS
KOt EARLY'TR TO DEBRIS'MS
NOT EARLY, MTR TO DEBRIS, NO DMS
NOT EARLY, NO MTR TO DEBRIS, NO DMS

FIRE MATER UNAVAILABLE
SSISSSSSSSSSSSSS SSISIZISISC SZS IISSISSII ISSSSSSS SSSSS

VESSEL INSTRIHIENT TAP I COOITIOH
STATE - kO TAP FAILURE
VESSEL IKSTRQIENT TAP Il CONDITION
STATE - NO TAP FAILURE
ALTERKATE INJECTIOH UNAVAILABLEFOR DEBRIS BED COOLING
CONTAIHHENT VENT UNAVAILABLE
CORE DAHAGE OCCURRED

CORE DAKAGE KAS OCCURRED

NOt INTACT COKTAINHEHt, MTR TO DEBR!S, DMS, AHD SPC
NOT INTACT, MTR TO DEBRIS, DMS, kO SPC, VENt
NOT INtACT, MTR TO DEBRIS, DMS, kO SPC, NO VENT
HOT INTACT, MTR TO DEBRIS, NO DMS, SPC
NOT INTACTA MTR TO DEBRIS, NO DMS, NO SPC, VENT
NOT INTACT, MTR TO BERBISQ kO DMS, kO SPC, NO VENT
KOT INTACT, KO MTR TO DEBRIS, VENT
NOT IHTACT, NO MTR TO DEBRIS, NO VENT
NOT BYPASS, MTR TO DEBRIS
kOT BYPASS, NO MTR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS

kOT EARLY'TR TO DEBRIS, NO DMS

KOT EARLY, KO MTR TO DEBRIS, NO DMS

FIRE MATER UNAVAILABLE
ISSISSSSISSSSISSISI CI I ZIS I SSCSISSSSSSSC CCRC ICII

VESSEL IHSTRNIENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL IHSTRNIENT TAP 11 CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGKAL UNAVAILABLE
CORE DAHAGE OCCURRED
CORE DAXAGE HAS OCCURRED

HIGH VESSEL PRESSURE AT KELT THRQJGH
FIRE MATER UNAVAILABLEIIIIIIIIIIIIIIIIIRIIIIIIIIIIIIIIIIIIZIIIIIIIIRIIIIIIIIIIII
VESSEL INSTRIHIENT TAP I CNDITION
STAtE - NO TAP FAILURE
VESSEL IHSTRNIENT TAP Il CONDITION

II I RSIII I ssa sss IIIIIII s1 ss IssIcssssssIcIR5
56 OTHER LARGE LOCA

- OPERATOR FAILS TO INITIATE SP COOLING

SSIIISIISSI ISSSIIC SZS SSISSSII SII 5S

OLCV 6.04E-06 .32

C I RS IIIIIISS III ISIS SI» CCS ISIISSR ZICSSSSI ICSS5IZS SI CSS SIZZ SIS SIS I CCS

57 SCRAH REOUIRED (HANJAL SCRAHS)
- CONDITIONS RELATING TO STUCK DPEN SRVS (0, I, 2, 3+ SORVS)

S'TATE - 0 RELIEF VALVES STUCK OPEN
- OPERATOR FAlLS TO ALIGN THE STARTUP BYPASS VALVE
- VESSEL INJECTION MITH CRDHS UXAVAILABLE
- SRV ACTUATION FAILURE MHEN FEEDMATER AVAILABLE

HIAV 5.73E.06 .31

assIcIZII IISIzIsIsz ISCIII 11
58 SCRAJ( REOJ IRED (HAKUAL SCRAHS)

- CNOITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)
STATE . 0 RELIEF VALVES STUCK OPEN

OIAV 5.73E-06 .31
IIIIaIIIISIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII





OPERATOR FAILS TO STAR't CS/LPCI OR TO ESTAB TORUS VENT - THE EVENT INVOLVES STUCK OPEN SRVS
- FEEDMATER UNAVAILABLE
- HPCI/RCIC UMAVAILASLE FOR 6 HOURS
- CORE DAMAGE OCCURRED
- CORE DAMAGE MAS OCCURRED
- FIRE MATER UNAVAILASLE

62 TOTAL LOSS OF OFFSITE POIER
. DG 3D UNAVAILABLE

COHDITIOHS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

- OPERATOR FAlLS IO ESTABLISH TORUS COOLING
- OPERATOR FAlLS TO ESTABLISH SHUIDON COOLING

- 500 KV OFFSITE GRID UNAVAILABLE
- 161 KV OFFSITE GRID NAVAILABLE
- 4KV NIT BD 1A UNAVAILABLE
- 4KV INIT BD 18 lNAVAILABLE

4KV UNIT BD 2A UNAVAILABLE
- 4KV UNIT 80 28 UNAVAILABLE
- SHUTDON BUS 1 INAVAILABLE
- SHUTDOIH BUS 2 NAVAILABLE
- 4KV UNIT BD 2C POMER UXAVAILABLE
- 4KV UNIT BD 3h UNAVAILABLE
. 4KV UNIT 80 38 INAVAILABLE
- 4KV SO BD 3ED NAVAILASLE
- VESSEL INSTRINENT TAP I CONDITION

STATE - NO TAP FAILURE
- VESSEL INSTRINENT TAP II CONDITION

STATE - NO TAP FAILURE
- DRYMELL PRESSURE SIGNAL UNAVAILABLE
- RHRSM PlNP D1 (SMING PINP) lNAVAILABLE
- HSIVS FAlL TO REMAIN OPEN

1 CND/CKD BSTR PUMP, INCLUDES SHORT CYCLE VALVE NAVAl
- FEEDMATER NAVAILASLE
- CONDENSER UMAVAILASLEAS HEAT SINK

VESSEL INJECTIOM KITH CRDHS NAVAILABLE
- OPERATOR FAlLS TO MAINTAIN HPCI/RCIC M/0 SPC
- OPERA'TOR Fhll.s TQ SIART CS/LPCI OR IO ESTAB TORUS VENT
- OPERATOR FAILS TO EStASLISH ALTRNATE LOI PRESSURE INJEC
- CORE DAMAGE OCCURRED
- CORE DAMAGE HAS OCCURRED
- HIGH VESSEL PRESSURE At KELT-IHROIGH
- NOT INTACT CONTAINMENT, MTR TO DEBRIS, DMS, AMD SPC
- NO'I IHTACT, MTR IO DEBRIS, DMS, NO SPC, VENT
. KOT INTACT, MTR TO DEBRIS, DMS, NO SPC, NO VENt
- NOT INTACT~ MTR IO DEBRIS, NO DMS, SPC
- NOT INTACT, MTR TO DEBRIS, kO Dlm, NO SPC, VENT
- NOT INTACT, MTR TO BERBIS, kO DMS, kO SPC, NO VENT
- KOT INTACT, NO MTR TO DEBRIS, VENT

kOT INI'ACT, kO MTR TO DEBRIS, NO VEHT

LABL
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NLCV 4 94E 06 26
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63 TOTAL LOSS OF OFFSITE POIER
DG 3C UHAVAIULBLE

- COMDITIOIS RELATIKG TO StUCK OPEN SRVS (0, 1 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

- OPERATOR FAILS TO ESTABLISH TORUS COOLIKG
OPERATOR FAlLS TO ESTABLISH SHUTDOhl COOllNG

- 500 KV OFFSITE GRID UNAVAILABLE
- 161 KV OFFSIIE GRID UNAVAILABLE
- 4KV INIT 80 1A INAVAILABLE
- 4KV UNIT BD 18 NAVAILABLE
- 4KV UNIT BD 2A NAVAILABLE
- 4KV lNIT BD 28 lNAVAILASLE
- SHUTDON BUS 1 NAVAILASLE

KLCV 4.93E-06 .26

- NOI BYPASS, MTR TO DEBRIS
- NOT BYPASS, NO MTR TO DERSIS
- KOT EARLY, MTR TO DEBRIS, DMS

KOT EARLY'TR TO DEBRIS~ NO DMS
- KOI'ARLY, kO MIR TO DEBRIS, kO DMS
- FIRE MATER NAVAILABLE
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- SHUTDOMN BUS 2 UNAVAILABLE- 4KV UNIT BD 2C POMER UNAVAILABLE
- 4KV UNIT BD 3A UXAVAILABI.E
- 4KV UNIT BD 3B UNAVAILABLE
- 4KV SD BD 3EC AND 480V SD BD 3B UNAVAILABLE
- 480V DIESEL AUX BD 3EB POMER UNAVAILABLE
- VESSEL INSI'RWENT TAP I CONDITION

STATE - NO TAP FAILURE
- VESSEL INSTRWENT TAP ll CONDITION

STA'TE - NO TAP FAILURE
- DRYMELL PRESSURE SIGNAL UNAVAILABLE
- RHRSM PWP BI (SMING PWP) UNAVAILABLE
- HSIVS FAlL TO REHAIN OPEN
- 1 CND/CND BSTR PWP, INCLIXIES SHORT CYCLE VALVE UXAVAILABL
- FEEDMATER UNAVAILABLE
- CONDENSER UNAVAILABLEAS HEAT SINK
- VESSEL INJECTION MITH CRDHS UNAVAILABLE
- OPERATOR FAlLS TO HAINTAIN HPCI/RCIC M/0 SPC
- OPERATOR FAILS TO StART CS/LPCI OR TO ESTAB TORUS VENT
- OPERATOR FAILS TO ESI'ABLISH ALTRNATE LOM PRESSURE lkJECTIO
- CORE DAMAGE OCCURRED
- CORE DAHAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT HELT-THROJGH
- NOT INTACT CONTAINNENT~ MTR TO DEBRIS$ DMS/ AND SPC
- NOT INTACT, MTR TO DEBRIS, DMS, kO SPC, VENT
- NOt INTACT, MTR TO DEBRIS, DMS, NO SPC, kO VENT
- kOT INTACT, MTR TO DEBRIS, NO DMS, SPC
- kOT INTACt, MTR TO DEBRIS, NO DMS, NO SPC, VENT
- NOT INTACt; MTR TO BERBIS, NO DMS, NO SPC, NO VENT
- NOT INTACT, NO MTR TO DEBRIS, VENT
- NOT INTACT, NO MTR TO DEBRIS, NO VENT
- NOT BYPASS, MTR TO DEBRIS
- NOT BYPASS, NO MTR TO DERBIS
- NOt EARLY, MTR TO DEBRIS, DIIS
- NOT EARLY, MTR TO DEBRIS, NO DMS
- NOT EARLY, NO MIR TO DEBRIS, XO DMS
- FIRE MATER UNAVAILABLE

$ $$ $$$ $$ $ $ $ $$$ $$ $$$$ $ $$ $$ $$ $$ $$ $$ $$$ $$ $$ $ $ 5$ $$ $$$$$$ $ $ $$ $$$ $$$$$ $ $ $ $ $ $$$$$ $ $$ $$$$ $$$$$$ $$ $ $ $ $$ $$$$$$ $ $ $ $ $ $ $ $ $
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64 TOTAL LOSS OF OFFSITE POMER
- CONDITIONS RELAtlNG TO STUCK OPEN SRVS

STAtE - 0 RELIEF VALVES STUCK OPEN
- OPERAtOR FAlLS TO ESTABLISH TORUS COOL
- SHUTDOMX COOLING HARDMARE UNAVAILABLE

(0, I ~ 2, 3+ SORVS)

ING

- 500 KV OFFSITE GRID UNAVAILABLE
- 161 KV OFFSITE GRID UNAVAILABLE
- 4KV UNIT BD IA UNAVAILABLE
- 4KV UNIT BD IB UXAVAILABLE
- 4KV UNIT BD 2A UNAVAILABLE
- 4KV UXIT BD 2B UNAVAILABLE
- SHUTDOMN BUS I WAVAILABLE
- SHUTDOMN BUS 2 UNAVAILABLE
- 4KV UNIT BD 2C POMER UNAVAILABLE
- 4KV Uklt BD 3A UNAVAILABLE
- 4KV UNIT BD 3B UXAVAILABLE
- VESSEL INSTRWENT TAP I CONDITION

STATE - NO TAP FAILURE
- VESSEL INSTRWENT TAP ll CONDITION

STATE - kO TAP FAILURE
- DRYMELL PRESSURE SIGNAL UNAVAILABLE
- NSIVS FAlL TO REHAIN OPEN
- 1 CXD/CND BSTR PWP, INCLISES SHORT CYCLE VALVE UXAVAILABL

FEEDMATER UNAVAILABLE
- CONDENSER UNAVAILABLEAS HEAT SINK

HLCV 4.93E-06 .26
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- VESSEL INJECTION KITH CRDHS IWAVAILABLE
- OPERATOR FAlLS TO HAINtAIN HPCI/RCIC M/0 SPC
- DPERATOR fAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
- OPERATOR FAlLS TO ESTABLISH ALTRNATE LOM PRESSURE INJECTIO

CORE DAMAGE OCCURRED
- CORE DAMAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT KELT.THRISGH

NOT INTACT CONTAINMENT» MTR TO DEBRIS, DMS» ND SPC
- NOT INTACT» MTR TO DEBRIS, DMS, NO SPC, VENT
- NOT INTACT, NR TO DEBRIS, DMS, NO SPC, NO VENT
- NOT INtACT, MTR TO DEBRIS, NO DMS» SPC
- NOT INTACTA NR TO DEBRIS, NO DMS, NO SPC, VENT
- NOT INTACT, NR TO BERBIS, KO DMS, NO SPC, NO VENT

NOt INtACT» NO MTR TO DEBRIS» VENT
- KOT INTACT, NO MTR TO DEBRIS, NO VENT
- NOT BTPASS, MTR TO DEBRIS
- NOt BYPASS, NO NR TO DERBIS
- NOT EARLY, NR TO DEBRIS, DMS
. NOT EARLY, NR TO DEBRIS, NO DMS

KOT EARLY» NO NR TO DEBRIS» KO DMS
- FIRE MATER UNAVAILABLE

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS'SSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
- 500 KV OFFSITE GRID UKAVAILABLE
. 161 KV OFFSITE GRID UMAVAILABLE
- 4KV UNIT BD 1A UNAVAILABLE
- 4KV UNIT 80 1B UNAVAILABLE
- 4KV UNIT BD 2A UNAVAILABLE
- 4KV UNIT BD 2$ UNAVAILABLE
- SHUTDOMM BUS 1 UNAVAILAB'LE
- SHUTDOMM BUS 2 UNAVAILABLE
- 4KV UNIT BD 2C POMER UNAVAILABLE
- 4KV UNIT BO 3A UNAVAILABLE'

4KV SD BD 3EA AND 480V SD BD 3A POMER UNAVAILABLE. 480V DIESEL AUX BD 3EA POMER UNAVAILABLE
- 4KV UNIT BD 3B UNAVAILABLE
- VESSEL INSTRUHEN'I TAP I CONDITION

STATE NO TAP FAILURE
- VESSEL INSTRUMENT TAP ll CONDITION

STATE NO TAP FAILURE
- DRTMELL PRESSURE SIGNAL UNAVAILABLE

EECM PUHP A UMAVAILABLE
- HSIVS FAlL TO REMAIN OPEN

1 CND/CND BSTR PIWP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
fEEDMATER UNAVAILABLE

- CONDENSER UNAVAILABLEAS HEAT SINK
- VESSEL INJECTION MITH CRDHS UNAVAILABLE
- OPERATOR fAILS TO MAINTAIN HPCI/RCIC M/0 SPC

OPERATOR FAII.S TO START CS/LPCI OR TO ESTAB TORUS VENT
- OPERATOR fAlLS TO ESTABLISH ALTRMATE LOM PRESSURE INJECTIO
- CORE DAMAGE OCCURRED

CORE DAMAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT MELT-THROUGH
- KOT INTACT CONTAINHENT, MTR TO DEBRIS, DMS, AND SPC
- NOT INTACI' MTR TO DEBRIS» DMS, NO SPC, VENT

NOT INTACT» NR TO DEBRIS» DMS» MO SPC» NO VENT
- NOT INTACT, NR TO DEBRIS, KO OMS, SPC

NOI'NTACT, NR TO DEBRIS» NO DMS, NO SPC» VENt
NOT INTACt» MTR TO BERBIS» KO DMS ~ NO SPC» KO VENT

SSS SSSS SSSSSSSSS SSSSSSSSS SS SSS SSSS

65 TOTAL LOSS OF OFFSITE POMER
- DG 3A UNAVAILABILITY
- COMDITIONS RELA'tlNG TO STUCK OPEH SRVS (0» 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- OPERATOR FAILS TO ESTABLISH TORUS COOLING
- OPERATOR FAlLS TO ES'IABLISH SHUTDOMM COOl!NG

SSSSSSSSSSSSS SSS SS SSSS SSS
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NLCV 4.90E 06 .2666 TOTAL LOSS OF OFFSITE POIER
DG 3B UNAVAILABLE

- COMDITIOHS RELATING To STUCK OPEN SRVS (0,
STATE - 0 RELIEF VALVES STUCK OPEN

- OPERATOR FAlLS To ESTABLISH TORUS COOLING
- OPERATOR FAlLS To ESTABLISH SHUTDOIH COOLING

SSSSSSS 5 $ $ $ $$$ $ $ 5$ $ $$ $ 5$ $ $ $$ $$$$ $$$$ $5$ $ $$$$ $5$ $

67 CORE SPRAT LINE BREAK
- OPERATOR FAlLS TO INITIATE SP COOLING

- NOT INTACT, Ko MTR To DEBRIS, VENT
kOT INTACT~ ko WR To DEBRIS, Xo VENT

- NOT BYPASS, WR To DEBRIS
- koT BYPASS, No WR lo DERBIS
- NDT EARLY, WR To DFBRIS, DMS
- No'I EARLY, WR To DEBRIS, No DMS
- NOT EARLY, KO WR To DEBRIS, No DMS
- FIRE MATER UNAVAILABLE

$ $ $$$ $$ 5'$555 '$$ $ 5$ $$$ $ $ $ $ $ $ 5 ~ $555 SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS$ 5$ $ $SSSSSSSSSSSSSSSSSSSSS $5$ 55$ $55$ 5$ $55$ $ 5 $$5$ $$ 5$ 5$ $ $$$5$ $$
- 500 KV OFFSITE GRID UXAVAILABLE
- 161 KV OFFSITE GRID LNAVAILABLE

~ 2, 3+ SORVS ) - 4KV UNIT 80 1A UXAVAILABLE
- 4KV LNIT BD 18 LNAVAILASLE
- 4KV !NIT BD 2A UXAVAILABLE
- 4KV UNIT Bo 28 UNAVAILABLE
- SHUTDOMN BUS 1 UNVAILASLE
- SHUTDOIH BUS 2 UNAVAILABLE
- 4KV UNIT BD 2C POIER UNAVAILABLE
- 4KV UNIT 80 3A UNAVAILABLE
- 4KV SD BD '-IEB POMER UNAVAILABLE
- 4KV UNIT SO 38 UNAVAILASLE
- VESSEL INSTRNLENT TAP I CONDITIOH

STATE No TAP FAILURE
- VESSEL INSTRUMENT TAP ll CONDITION

STATE - No TAP FAILLNE
DRYMELL PRESSURE SIGNAL UNAVAILABLE

- EECM PLNP C UNAVAILABLE
- NSIVS FAIL lo REMAIN OPEN
- 1 CMD/CND BSTR PLNP, INCLUDES SHORT CYCLE VALVE LNAVAILABL
- FEEDMATER LNAVAILABLE
- CONDENSER UNAVAILABLEAS HEAT SINK
- VESSEL IKJECllok MITH CRDHS LNAVAILABLE
- OPERATOR FAILS To MAINTAIN HPCI/RCIC M/0 SPC
- OPERATOR FAlLS To STARl CS/LPCI OR lo ESTAB TORUS VENT
- OPERATOR FAILS lo ESTABLISH ALTRNATE LOI PRESSLWE lkJECTIO
- CORE DAMAGE OCCURRED
- CORE DAMAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT IIELT THRLmGH
- Not INTACt CONTAINMENT, MTR To DEBRIS, DMS, AMD SPC
- KOT INTACT~ WR To DEBRIS, DMSS No SPC, VENT
- Not INtACT~ MTR lo DEBRIS, DMS, No SPC, No VENT
- HOT INTACT, MTR TO DEBRIS, MO OMS, SPC'

Kot INTACt, WR To DEBRIS, NO DMS, XO SPC, VENT
- Not INTACT, MTR To BERSIS, ko DMS, Ho SPC, No VENT
- KOT INTACT, No WR To DEBRIS, VEHT
- Kol INTACTA Mo WR To DEBRIS, kO VENT
- NOT BYPASS, WR To DEBRIS
- NOT BYPASS, No WR To DERBIS
- NOT EARLY, WR To DESRIS, DMS
- KOT EARLY, WR lo DEBRIS, Ko DMS
- NOT EARLY, 'No WR To DEBRIS~ No DMS
- FIRE MATER LNAVAIULBLE

SSSSS$ S$ SSS$ $$$55$ $ $55$ $ $$$ $S$ S$ $ $ SSS$ $SSSSS5$ SSS$ $$$SSSSS$ SSSS$ S$ S$ SSS$ SSSSSS$ SS555555$ $$$555555 $$$55$ $ 5$ $$ $$55$ $$
- VESSEL INSTRLNENT TAP I CONDITION

STAlE - No TAP FAILURE
- VESSEL INSTRQIENT TAP Il CONDITION

STATE - Xo TAP FAILURE
- ALTERNATE INJECTION LNAVAILABLEFOR DEBRIS BED COOLING





OPERATOR FAILS TO ESTABLISH ALTRNATE LOM PRESSURE INJECTIO
CORE DAMAGE OCCURRED

CORE DAMAGE HAS OCCURRED

HIGH VESSEL PRESSURE AT MELT THROUGH
NOT INtACT CONTAIKNENT, WR TO DEBRIS, DMS, AMO SPC
NOT INTACT, WR TO DEBRIS, DMSe NO SPC, VENT
NOT INTACTA WR TO DEBRIS, DMSe NO SPC, KO VENT
NOT INtACT, WR TO DEBRIS, NO DMS, SPC
NOt INTACte WR TO DEBRIS, KO DMS, NO SPC, VENT
NOT INTACT, WR TO BERBIS, KO DMS, NO SPC, NO VENT
NOT INTACTA NO WR TO DEBRIS, VENT
NOT IN'tACT

~ MO liTR TO DEBRISe MO VENT
NOT BYPASS, MTR TO DEBRIS
NOT BYPASS, NO WR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS
NOT EARLY, WR TO OEBRISe NO DMS

NOT EARLY, XO WR TO DEBRIS, NO DMS

FIRE IJATER UNAVAILABLE
RSCSRRSSSCSSSRSSRRSRSRSSCSSRRSSSSRSSSRSCSRSS¹SSSRSRSSCRSRSR

VESSFL INSTRUMENT TAP I CONDITION
S'fATE NO TAP FAILURE
VESSEL INSTRUMENT TAP ll CONDITION
STATE - MO TAP FAILURE
DRYMELL PRESSURE SIGKAL UNAVAILABLE
RAM COOLING MATER SYSTEM UXAVAILABLE
PLANT CONTROL AIR SYSTEM IJNAVAILABLE
DRTMELL CONTROL AIR SYSTEJI UXAVAILABLE
NSIVS FAIL TO REMAIN OPEN
CONDITIONS RELATING TO StUCK OPEN SRVS (0, 1, 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

1 CND/CND BSTR RNPe INCLUDES SHORT CYCLE VALVE UNAVAILABL
FEEDMATER UNAVAILABLE
CONDENSER UNAVAILABLEAS HEAT SINK
VESSEL INJECTION IJITH CRDHS UNAVAILABLE
OPERATOR FAILS TO MAINTAIN HPCI/RCIC M/0 SPC
OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT
OPERATOR FAILS TO ESTABLISH ALTRNATE LOM PRESSURE IKJECTIO
CORE DAMAGE OCCURRED

CORE DANAGE HAS OCCURRED
HIGH VESSEL PRESSURE AT MELT-THROJGH
NOT INTACT CONTAINMENT, WR TO DEBRIS, DMSe AND SPC
MOT INTACT, WR TO DEBRIS, DMS, NO SPC, VENT
MOT IN'fACT, WR TO DEBRIS, DMS, XO SPC, KO VENT
NOT INtACTe WR TO DEBRISe NO DMSe SPC
NOT INTACt, MTR TO DEBRIS, NO DMSe NO SPC, VENT
KOT INTACT, WR TO BERBIS, KO DMS, NO SPC, NO VENT
KOT INTACT, XO WR TO DEBRISe VENT
KOT INtACTe NO MTR TO DEBRISe NO VENT
NOT BTPASS, MTR TO DEBRIS
NOT BYPASS, NO WR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS
NOT EARLY, MTR TO DEBRIS, NO DMS
NOT EARLYe NO WR TO DEBRIS, NO OMS
FIRE INTER UXAVAILABLE
ssssssssasas ssas¹sssssss Rsssscssssssssassscaas'cRRscacsR'RR
VESSEL INSTRUNENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRUMENT TAP 11 CONDITIOH

asssaassaasssssaasaaascaasacasssa¹'sssscsssss sssss cssssseesssssassssss cssssssssasssassss
NLCV 4.61E 06 .25? I TURBIKE BUILDING FLOXJ

. RHRSM PUNP A2 UNAVAILABLE
OPERA'fOR FAlLS TO ESTASLISH TORUS COOLING

- OPERATOR FAILS TO ESTABLISH SHUTDOMX COOLING

Rssca'csscscas'R'csszz R asa azza
NLCV 4.61E-06 .2572 TURBINE BUILDING FLIal

- RHRSM PUMP B2 UNAVAILABLE
- OPERATOR FAlLS TO ESTABLISH TORUS COOLIKG

scscsasscsassssassssaasssssassassssssssasaasssscasssssssssasssssasssasassssaa
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- OPERATOR FAlLS TO ESTABLISH SHUTDDMN COOLING STATE - NO TAP FAILURE
- DRTMELL PRESSURE SIGNAL NAVAILABLE
- RAM COOLING MAtER SYSTEN UNAVAILABLE

PLANt CONTROL AIR SYSTEH UKAVAILABLE
- DRYMELL CONTROL AIR SYSTEN NAVAILABLE
- HSIVS FAlL TO REHAIN OPEN
- CNDITIOKS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)

STATE - D RELIEF VALVES STUCK OPEN
- 1 CKD/CND BSTR.PLNP, INCLUDES SHORT CYCLE VALVE NAVAILABL
- FEEDMATER WAVAILABLE
- CONDENSER UNAVAILABLEAS HEAT SINK
- VESSEL 1kJECTION MITH CRDHS NAVAILABLE
- OPERATOR FAII.S TO NAINTAIN HPCI/RCIC M/0 SPC
- OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT
- OPERATOR FAlLS TO ESTABLISH ALTRNATE LOM PRESSURE INJECTIO
- CORE DAHAGE OCCURRED
- CORE DAHAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT KELT THRmIGH
- NOT INtACT CONTAINXENT, MTR TO DEBRIS, Diw, AKD SPC

NDT INTACT, MTR TO DEBRIS, DMSr kO SPC, VENT
kOT INtACTr MTR TO DEBRIS, DMSr kO SPC, NO VENT

- kOT INTACT, MTR TO DEBRIS, KO DMS, SPC
NOT INTACTr MTR TO DEBRISr NO DMSr NO SPCr VENT

- KOT INTACT, MTR TO BERBIS, KO DMS, KO SPC, NO VENT
KOT INTACT KO MTR TO DEBRIS, VENT

. KOt INTACT, NO MTR TO DEBRIS, NO VENT
KOT BYPASS, MTR TO DEBRIS
KOT BYPASS, NO MTR TO DERBIS
NOT EARLY'TR TO DEBRIS, DMS

- NOT EARLY, MTR TO DEBRIS, KO DMS

NOt EARLY, kO MTR TO DEBRIS, NO DMS
- FIRE MATER UNAVAILABLE

mRRRQRIR Rs R sfRRRRssssrrNJRsss$ 50$ $$$$ ssRssssssssssRsss RIRRssssssssiRRORRsssssRRissc5RsssssIsssslzsslssRlssBs Jss5%sssRssssssssiRssls$ 5$ $RsssssRsssssssssssRCR?QR
73 TURBINE BUILDING

- RHRSM PNP C2
- OPERATOR FAILS
- OPERATOR FAlLS

FLNO
NAVAILABLE

TO ESTABLISH TORUS COOLING
TO ES'IABLISH SHUTDDMK COOLING

VESSEL IKSTRLKIENT TAP I CONDITION
STATE - kO TAP FAILURE

- VESSEL INSTRQIENT TAP ll CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEH UKAVAILABLE

- PLANT COHTROL AIR SYSTEH NAVAILABLE
- DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
- HSIVS FAlL TO REHAIN OPEN

CONDITIONS RELATING TO STUCK OPEN SRVS (Dr 1, 2, 3+ SORVS)
STATE 0 RELIEF VALVES StUCK OPEN

- 1 CKD/CND BStR PLSPr INCLUDES SHORT CTCLE VALVE NAVAILABL
- FEEDMATER UXAVAILABLE
- CONDENSER UXAVAILABI.EAS HEAT SINK
- VESSEL INJECTION MITH CRDHS NAVAllABLE
- OPERATOR FAILS TO MAINTAINHPCI/RCIC M/0 SPC
- OPERATOR FAILS TO START CS/LPCI DR TO ESTAB TORUS VENT
. OPERATOR FAILS TO ESTABLISH ALTRNATE LDM PRESSURE INJECTIO
- CORE DAHAGE OCCURRED
- CORE DAIIAGE HAS OCCURRED
- HIGH VESSEL PRESSURE AT KELT-THROUGH
- KOT INTACT COHTAIHHENT~ MTR TO DEBRIS, DMSr AIO SPC
- NOT INTACT, MTR TO DEBRIS, DMS, KO SPC VENT

KOT INTACT, MTR TO DEBRIS, DMS, NO SPC, NO VENT
- KOT INTACT, MTR TO DEBRIS, NO DMSr SPC

KLCV 4 61E-06 25
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- 500 KV OFFSITE GRID UNAVAILABLE
- 161 KV OFFSITE GRID NAVAILASLE- 4KV UNIT BD 1A NAVAILABLE- 4KV UNI'I BD 18 UNAVAILABLE
- 4KV UNIT 80 2A UNAVAILABLE

DEPRES- 4KV UNIT BD 28 NAVAILASLE
- SHUTDOMM BUS 1 NAVAILASLE
- SHUTDOMM BUS 2 NAVAILABLE
- 4KV UNlt BD 2C POMER UNAVAILABLE- 4KV NIT BD 3A NAVAILASLE
- 4KV NIT BD 38 NAVAILABLE- 4KV SD BD 3ED UNAVAILABLE- VESSEL INSTRNENT TAP I COOITION

STAlE - NO TAP FAILURE- VESSEL INSTRNENT TAP II CONDITION
STAlE - HO TAP FAILURE

- DRYMELL PRESSURE SIGNAL NAVAILASLE- RHRSM PWP 01 (SMING PIWP) NAVAILASLE- HSIVS FAlL lO REMAIN OPEN- 1 CMD/CMD BSTR PIWP, INCLUDES SHORT CYCLE- FEEDMATER NAVAILASLE
- HPCI/RCIC NAVAILASLE FOR 24 HOURS
- CONDENSER UNAVAILABLEAS HEAT SIKK- CONDENSATE UNAVAIMBLEFOR INJECTION
- VESSEL INJECtlON MITH CRDHS UNAVAILABLE- CORE DAMAGE OCCURRED
- CORE DAMAGE HAS OCCURRED
- FIRE MATER UNAVAILABLE

1111111111111111111111111 1111111111111111111111
- 500 KV OFFSITE GRID UNAVAILABLE
- 161 KV OFFSITE GRID NAVAILABLE- 4KV UNIT BD 1A UNAVAILABLE
- 4KV UNIT BD 18 UHAVAILABLE
- 4KV UNIT BD 2A NAVAILABLE

76 TOTAL LOSS OF OFFSITE POMER- DG 30 UNAVAILABLE
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN- OPERATOR FAILS TO MAINTAIN HP LVL CONTROL LONG TERM- COKDlllOKD RELATING TO REACTOR DEPRESSURIZAtlON (DEPRESS, KOT
STATE - PLANT DEPRESSURIZED

- OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT

OIAV 4A4E-06 .24

VALVE NAVAILABL

$$$$$$$ $$ $ $$$$$$ $$ $$ $$ $ $$1$ $$$$$$$$ $$ $ $1 11 1
OIAV 4.43E-06 .24

77 TOTAL LOSS OF OFFSITE POMER
- DG 3C UNAVAILABLE

CONDITIONS RELA'TING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN- OPERATOR FAlLS TO MAINTAIN HP LVL CONTROL LONG TERM- COMDITIOHD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, MOT
STATE - PLANT DEPRESSURIZED

- OPERATOR FAILS TO START CS/LPCI OR TO EStAB TORUS VENt

DEPRES- 4KV UNIT BD 28 UHAVAILASLE- SHUTDOMM BUS 1 UNAVAILABLE
- SHUTDOMM BUS 2 UNAVAILABLE- 4KV UNIT SD 2C POMER UNAVAILABLE- 4KV UNlt BD 3A UNAVAILABLE- 4KV UNIT BD 3S UNAVAILABLE
- 4KV SD BD 3EC AKD 480V SD SD 38 UMAVAILAS- 480V DIESEL AUX BD 3EB POMER UNAVAILABLE- VESSEL INSTRNENt TAP I COOITIOM

STATE - NO TAP FAILURE
. VESSEL INSTRUMENT TAP II CONDITION

STATE - KO TAP FAILURE
- DRYMELL PRESSNE SIGNAL NAVAILABLE- RHRSM PUMP 81 (SHING PNP) UNAVAILABLE- MSIVS FAlL TO REMAIN OPEN- 1 CND/CKD BSTR PNP, IKCLISES SHORI'YCLE
- FEEDMATER UNAVAILABLE

HPCI/RCIC UNAVAILABLEFOR 24 HQJRS- CONDENSER NAVAILABLEAS HEAT SINK- CONDENSATE UNAVAILABLEFOR INJECtIOH- VESSEL INJECTION MITH CRDHS NAVAILABLE- CORE DAMAGE OCCURRED- CORE DAMAGE HAS OCCNRED- FIRE MATER UNAVAILABLE

LE

VALVE UNAVAILABL
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78 TO'fAL LOSS OF OFFSITE POKER
- DG 3A UNAVAILABILITY
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)

StATE - 0 RELIEF VALVES STUCK OPEN
- OPERATOR FAILS TO HAINtAIN HP LVL CONTROL LONG TERII
- COKDITIOND RELATING TO REACTOR DEPRESSURIZA'tlON (DEPRESS, KOt

STATE - PLAHt DEPRESSURIZED
- OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT

sraxraaaa —srxrrrxaaaxxassssaasrsaassssasxasaasssasssassasassssssssss
79 TO'fAL LOSS OF OFFSITE POKER

- OG 3B UNAVAILABLE
- CONDITIONS RELATING TO StUCK OPEN SRVS (0, 1, 2, 3> SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- OPERAtOR FAlLS TO IUIINTAIH HP LVL CONTROL LONG TERN
- CONDI'fIOND RELATING TO REACTOR DEPRESSURIZAtlON (DEPRESS, NOT

STATE - PLANT DEPRESSURIZED
- OPERATOR FAILS TO StART CS/LPCI OR TO ESTAB TORUS VENT

k
55555555555555555555555555555555555555555555555555

500 KV OFFSITE GRID INAVAILABLE
- 161 KV OFFSITE GRID UNAVAILABLE
- 4KV UNIT BD 1A UXAVAILABLE
- 4KV UNIT BD 1B UXAVAILABLE
- 4KV UNIT BD 2A UXAVAILASLE

DEPRES- 4KV UNIT BD 2B INAVAILABLE
- SHUTDOHM BUS 1 UXAVAILABLE
- SHUTDOIDI BUS 2 UNAVAILABLE
- 4KV UNIT BD 2C POMER UNAVAILABLE

4KV UNIT BD 3A UNAVAILABLE
- 4KV SD BD 3EA AND 480V SD BD 3A POKER UMAV

480V DIESEL AUX BD 3EA POKER UNAVAILABLE
4KV UNIT BO 3B INAVAILABLE

- VESSEL INSTRIX(ENT TAP I CONDITION
STATE - NO TAP FAILURE

- VESSEL INSTRIX(ENT TAP ll COKDI'tlOH
StATE - NO TAP FAILURE
DRYllELL PRESSURE SIGNAL INAVAILASLE
EECH PIXIP A UNAVAILABLE

- NSIVS FAIL TO REMAIN OPEN
- 1 CKD/CND BSTR PIXIP, INCLISES SHORI'YCLE
- FEEDHATER UNAVAILABLE
- HPCI/RCIC UNAVAILABLEFOR 24 HOURS
- CONDENSER UNAVAILABLEAS HEAT SINK- CONDENSATE UNAVAILABLEFOR INJECTION
- VESSEL INJECTIOH lllTH CRDHS UNAVAILABLE
- CORE DAMAGE OCCURRED
- CORE DAMAGE HAS OCCURRED
- FIRE HATER UNAVAILABLE

sssssssassasss sxaaasssssssrsassss —ssssssasssassa
500 KV OFFSITE GRID UNAVAILABLE
161 KV OFFSITE GRID UNAVAILABLE

- 4KV UNIT BD 1A UXAVAILABLE
4KV UNIT BD 1B UNAVAILABLE
4KV UN!T BD ZA INAVAILASLE

AILABLE

VALVE UNAVAILABL

DEPRES. 4KV UNIT SD 2B INAVAILABLE
- SHUTDOHK BUS 1 UNAVAILABLE
- SXUTD(MI BUS 2 UNAVAILABLE
- 4KV UNIT BD 2C POKER UNAVAILABLE
- 4KV UNIT BD 3A UXAVAILABLE
- 4KV SD BD 3EB POMER UNAVAILABLE

4KV UNIT BD 38 UKAVAILASLE.. VESSEL INSTRINENT TAP I CONDITION
StATE - NO TAP FAILURE

- VESSEL INSTRUMENT TAP Il CONDITION
STATE - NO TAP FAILURE
ORWELL PRESSURE SIGNAL INAVAILABLE

- EECH PINP C UXAVAILABLE- HSIVS FAIL TO REMAIN OPEN
- 1 CND/CKD BSTR PINP, INCLUDES SHORT CTCLE- FEEDHATER UNAVAILABLE
- NPCI/RCIC UHAVAILABLEFOR 24 HOURS. CONDENSER UNAVAILABLEAS HEAT SINK- CONDENSATE UNAVAILABLEFOR INJECtlON- VESSEL INJECTIOH KITH CRDHS UNAVAILABLE
- CORE DAMAGE OCCURRED

CORE DAMAGE HAS OCCURRED

VALVE UNAVAILABL

ssrssssasssssss 5 5 aasasaaas
OIAV 4.41E-06 .24

555555555555555 5 55555555
OIAV 4.40E 06 .24
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TURBIKE BUILDlkG FLOOD
- RHRSM PUHP D2 UNAVAILABLE
- OPERATOR FAlLS TO IQINTAIN HP LVL CONTROL LONG TERN
- OKOITIOND RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, KOT

STATE - PLANT DEPRESSURIZED
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT

PARTIAL LOSS OF FEEDMATER
- CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEK
- OPERATOR FAlLS TO ALIGK THE STARTUP BYPASS VALVE
- VESSEL INJECTION MITH CRDHS UNAVAILABLE
- OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT

$ $ $ $ $ $ $$ $ $ S'S '$ $ $ $$ $ $ $$$ $$$$$$$ $$ $ $ $ SSSSSSSSSSSSSSSSSSSSSSasst
90 INADVERTENT (OTHER) SCRAN

- COXDITIOHS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 1 RELIEF VALVE STUCK OPEN

- 1 CND/CND BSTR PUHP, INCLUDES SHORT CYCLE VALVE NAVAILABLE
- OPERATOR FAILS TO StART CS/LPCI OR TO ESTAB TORUS

VENI'aaatssaassatsasassssassssatssasssaasssssssssssssstsaasssssssssssssas

91 TURBINE BUILDING FLOOD
- OPERATOR FAILS TO ESTABLISH TORUS COOLING
- SHUTOOMN COOLIKG HARDMARE UNAVAILABLE
- REACTOR BUILDING ISOLATION FAILURE

DEPRES

OIAV 4.14E-06 .22VESSEL INSTRIBIENT TAP I CONDITION
STATE - kO TAP FAILURE
VESSEL INSTRIWENT TAP ll CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEK NAVAILABLE
PLANT CONTROL AIR SYSTEK UNAVAILABLE
DRYMELL CONTROL AIR SYSTEN UNAVAILABLE
IISIVS FAIL TO RBQIN OPEN
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
S'fATE - 0 RELIEF VALVES STUCK OPEN
1 CND/CKD BSTR PIBIP, INCLUDES SHORT CTCLE VALVE NAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HONS
CONDENSER NAVAILABLEAS HEAT SINK
COKDENSATE UNAVAILABLEFOR INJECTION
VESSEL IKJECTION MITH CRDHS NAVAILABLE
CORE DAHAGE OCCURRED
CORE DAHAGE HAS OCCURRED
FIRE MATER UNAVAILABLE

ttssssssssssssasssttsssssaaassssssassssssssssssttttatssssssss
VESSEL INSTRIWENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRIHIENT TAP ll CONDITION
STATE - NO TAP FAILURE
DRTMELI. PRESSURE SIGNAL UNAVAILABLE
CORE DANAGE OCCURRED
CORE DAHAGE HAS OCCURRED
FIRE MAtER UNAVAILABLE

$ $ $ $ 1$ $ $$$$$$$$ $ $$$ $$ $ $ $ $ $ $$$$$$ $ $$$ $$$$$$$$$$$$$$ $$ $ $$$ $$ $$
VESSEL INSTRUHENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRIBIENT TAP ll CONDITION
STATE - NO TAP FAILURE
DRTMELL PRESSURE SIGXAL UNAVAILABLE
THE EVENT INVOLVES STUCK OPEN SRVS
FEEDMAtER UNAVAILABLE
CONDENSATE UNAVAILABLEFOR INJECTION
CORE DNQGE OCCURRED
CORE DNQGE HAS OCCURRED
FIRE MATER UNAVAILABLE

sssssssassaaaatssss'a ssssssssssas ssssssssaasasssttssssssasss
VESSEL INSTRUHENt TAP I CONDITION
STATE NO TAP FAILURE
VESSEL INSTRUHENT TAP II CONDITION
STATE - KO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MATER SYSTEH UNAVAILABLE
PLANT CONTROL AIR SYSTEH NAVAILABLE
DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
IISIVS FAIL TO REHAIN OPEk
CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
'1 CHD/CKD BSTR PIBIP, INCLUDES SHORT CYCLE VALVE UNAVAILABL
FEEDMATER UNAVAILABLE
CONDENSER UkAVAILABLE'ASHEAT SINK
VESSEL INJECTION KITH CRDHS UNAVAILABLE
OPERATOR FAlLS TO IQINTAIN HPCI/RCIC M/0 SPC

$$$$ $ $$$$ $$$$$ $ $$ $ $ $ $ $ $ $$ $ $ $ s
OIAV 4.14E-06 .22

sss ssssssssssa t sssassss s
OIAV 4.14E-06 .22

ssaasssssssssssa stats'$$ t
KLCZ 4.13E-06 .22
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CZ RISSCC 1 111 CISSSSSSRZR ZSSS 1111111111111111
92 INADVERTENT OPENING OF THREE OR INRE SRVS

- OPERATOR FAILA tO PLACE H(NE SMITCH IN REFUEL THEN SHUTDOMN- OPERATOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT

SR 1 1 CSCCS 1115C SSRRRSSZ SSSSSRRSRSRSSSSSSSRSSSSSZSS
93 TURBIKE TRIP MITHOUT BYPASS

- COHDITIOHS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)
STATE - 1 RELIEF VALVE STUCK OPEN- RCIC UNAVAILASLE (6 HOURS)

- HPCI UNAVAILABLE(6 HOURS)
- COXDITIOHD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS, NOT

STATE - PLAHT DEPRESSURIZED
- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT

DEPRES-

1 111 11 1 CSS SR ISRSRR RZZRRRRIRSRRSSSSSC51115111111CSRSRSSSRS
94 TURB IKE BUILDING FLCXO

- RHRSM PNIP A2 UNAVAILABLE
- OPERATOR FAILS TO KAINtAINHP LVL CONTROL LONG TERN
- COHDITIOKD RELATING TO REACTOR DEPRESSURIZATIOH (DEPRESS, NOT

STATE - PLANT DEPRESSURIZED
- OPERATOR FAlLS TO ESTABLISH TORUS COOLIKG

DEPRES

OPERATOR FAlLS TO STARt CS/LPCI OR TO ESTAB TORUS VENT
OPERATOR FAILS TO ESTABLISH ALTRKATE LNI PRESSURE INJECTIO
CORE DAHAGE OCCURRED
CORE DAHAGE HAS OCCURRED
HIGH VESSEL PRESSURE AT KELT-THRNGH
NOT INtACT CONTAIHHENT, MTR TO DEBRIS, DMS, Ae SPC
kOT INTACT, NR TO DEBRIS, DMS, NO SPC, VENT
NOT INTACT, MTR TO DEBRIS, DMS, NO SPC, NO VENT
kOT INTACT, MIR TO DEBRIS, NO DMS, SPC
NOT INTACT, NR TO DEBRIS, KO DMS, NO SPC, VENT
NOT INTACt, NR TO SERSIS, NO DMS, KO SPC, KO VENT
NOT INTACT, kO MTR TO DEBRISZ VENT
KOT INtACT, NO MTR TO DESRISR NO VENT
KOT BYPASS, MTR TO DEBRIS
KOT BYPASS, NO NR TO DERBIS
HOT EARLY, NR TO DEBRIS, DMS
KOT EARLY, MTR TO DEBRIS5 kO DMS
NOT EARLY, NO NR TO DEBRIS, kO DMS
REACTOR BUILDING NOT ISOLATED
FIRE MATER NNVAILABLE

111111111111111111S11111111111111151111111111111111111111111
VESSEL INSTRNIENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRNIENT TAP ll CONDITION
STATE - NO TAP FAILURE
CNDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
S'TATE - 3 OR KORE VALVES STUCK OPEN
THE EVENT INVOLVES STUCK OPEN SRVS
FEEDMA'IER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 6 HS/RS
CORE DAHAGE OCCURRED
CORE DAHAGE HAS OCCURRED
FIRE MA'IER UNAVAILABLE

1111111115111aRRRRsssssRR z 11111sssz115111111'sss1111111111
VESSEL INS'IRUHENT TAP I CONDITION
STATE - NO TAP FAILURE
VESSEL INSTRUHENT TAP II CONDITION
StATE - NO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
TSVS FAIL TO RELIEVEiHAINTAINRX PRESSURE
RFM HARDMARE UNAVAILABLE
OPERATOR FAlLS TO DEPRESSURIZE USING TBV'S
THE EVENT INVOLVES S'TUCK OPEN SRVS
FEEDMATER UHAVAILASLE
HPCI/RCIC UNAVAILABLEFOR 6 HOURS
CORE DAHAGE OCCURRED
CORE DAHAGE HAS OCCURRED
FIRE MATER UNAVAILABLE

a11111a111111111 111111111asRRRa1111111aRRaaasa15111a
VESSEL INSTRUHENT TAP I COKDITIOH
STATE - NO TAP FAILURE
VESSEL INStRUHENT TAP ll CONITIOK
STATE - kO TAP FAILURE
DRYMELL PRESSURE SIGNAL UNAVAILABLE
RAN COOLING MATER SYSTEH UNAVAILABLE
PLANT CONTROL AIR SYSTEH UNAVAILABLE
DRYMELL CONTROL AIR SYSTEII UNAVAILABLE
HSIVS FAlL TO REHAIN OPEN

11111111111111111111 1 1 111
OIAV 4.06E-06 .22

1111 ZZRSSRSS 1111111151R 1111
OIAV 4.04E-06 .22

$$$ $ $5$ $$ 5$ $$ $ IaR 1
OLCV 4.03E-06 .22
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95 TURBIKE BUILOlkG FLOOD
. RHRSM PUHP 82 UNAVAILABLE
- OPERATOR FAILS TO KAINTAIKH
- COHDITIOND RELATING TO REACT

STATE - PLANT DEPRESSURIZED
- OPERATOR FAILS TO ES'TABLISH

P LVL CONTROL LONG TERN

OR DEPRESSURIZATION (DEPRESS, NOT DEPRES

TORUS COOLIKG

CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)
S'TATE - 0 RELIEF VALVES STUCK OPEN
1 CHO/CKO BSTR PINUP, IKCLISES SHORT CYCLE VALVE UKAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HOURS
CONDENSER UNAVAILABLEAS HEAT SINK
CONDENSATE UNAVAILABLEFOR INJEC'TION
VESSEL INJECTION MITH CRDHS UNAVAILABLE
CORE DAHAGE OCCURRED

CORE DAHAGE HAS OCCURRED

NOT INTACT CONTAINHENT, MTR TO DEBRIS, DMS, AND SPC
NOT INTACT, NR TO DEBRIS, DIJS, NO SPC, VENT
NOT INTACT~ NR TO DEBRIS, DMS, KO SPC, NO VENT
NOT INtACT, NR TO DEBRIS, kO DMS, SPC
NOT INTACT, NR TO DEBRIS, NO DMS, NO SPC, VENT
KOT INTACT~ WR TO BERBIS, NO DMS, NO SPC, NO VENT
NOI INtACT, KO MTR TO DEBRIS, VENT
NOT INTACT, NO NR TO DEBRIS, NO VENT
KOT BYPASS, MTR TO DEBRIS
NOT BYPASS, NO NR TO DERBIS
NOT EARLY, NR TO DEBRIS, DMS
NOT EARLY, MTR TO DEBRIS, NO DMS

NOT EARLY, KO NR TO DEBRIS, kO DMS
FIRE MATER UNAVAILABLE

SSSSSS5$ $$ 5$ 5$ 5$ 55555$ 55$ SSSSSSSSSSSSSSS5555$ $5$ 5$ $5$ $$55$ 5$ 5$ 5$ S5$ $ $ $$55$ 555$ $ 5 SSSSSSSSS

VESSEL INSTRIWENT TAP I CONDITION OLCV 4.03E-06 .22
STATE - KO TAP FAILURE
VESSEL INSTRIWENT TAP II CONDITION
STATE - NO TAP FAILURE
DRYMELL PRESSURE SIGHAL UNAVAILABLE
RAM COOLING MATER SYSTEN UNAVAILABLE
PLANT CONTROL AIR SYSTEH UNAVAILABLE
DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
HSIVS FAlL TO RENAIN OPEN

CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN
1 CND/CND BSTR PIKIP, INCLISES SHORT CYCLE VALVE UNAVAILABL
FEEDMATER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HOJRS
CONDENSER UNAVAILABLEAS HEAT SINK
CONDENSATE UNAVAILABLEfOR INJECTION
VESSEL IKJECTIOk KITH CRDHS UKAVAILABLE
CORE DAMAGE OCCURRED
CORE DAMAGE HAS OCCURRED

NOT INTACT CONTAIKHEKT, NR TO DEBRISS DMS, AKD SPC
NOT INTACT, MTR TO DEBRIS, DMS, NO SPC ~ VENT
NOT INTACT, NR TO DEBRIS, DMS, NO SPC, kO VENT
NOT INTACTA WR TO DEBRIS, KO DMS, SPC
NOT INTACT, NR TO DEBRIS, NO DMS, NO SPC, VENT
NOT INTACT, MTR TO BERBIS, NO DMS, KO SPC, NO VENT
NOT INTACTA KO NR TO DEBRIS'ENt
NOT INTACT, KO NR TO DEBRIS, NO VENT
kOT BYPASS, NR TO DEBRIS
kOT BYPASS, NO WR TO DERBIS
NOT EARLYS MTR TO DEBRIS~ DMS

NOT EARLY, NR TO DEBRIS, NO DMS
NOT EARLY, NO NR TO DEBRISQ NO DMS
FIRE MATER UNAVAILABLE

'03



RRXSRSSSi'mQRRSCfS SKI'mxfSRSSSQSi'acN'm12$ RQWSRsiASRRissSAS smsszRSSSRSSRSRSSSSSSisRRSSslHSRRSSSsSsNsRSiSSssSSlsssssSRsRSsSSSNsiRSSsssSRSRSRSSRiSRRSSSSRSCR2f SQ5
96 TURB IKE BUILD IKG FLQm

- RHRSM PIHIP C2 UNAVAILABLE
- OPERATOR FAILS TO KAINTAIN HP LVL CONTROL LONG TERN
- COKDITIOND RELATING TO REACtOR DEPRESSUR12ATION (DEPRESS,

STATE - PLANT DEPRESSURIZED
- OPERATOR FAlLS TO ESTABLISH TORUS COOLING

ZX CZSSSRSSCSZWSC CCRROS RSOSRSSJzzsmSsszssCSRSSSRRSSSRSC SISS
97 TURBINE BUILDING FLOOD

- RHRSM PIWP D2 UNAVAILABLE
- OPERATOR FAlLS TO HAINTAIN HP LVL CONTROL LONG TERN
- COHDITIOHD RELATING TO REACTOR DEPRESSURIZATION (DEPRESS,

STATE PLANT DEPRESSURIZED
- OPERATOR FAILS TO ESTABLISH TORUS COOLIKG

OLCV 4.03E.06 .22VESSEL INSTRIHIENT TAP I CONDITION
STATE - KO TAP FAILURE
VESSEL INSTRIHIENT TAP I I CONDITION

KOT DEPRES StATE - NO TAP FAILURE
- DRYMELL PRESSURE SIGNAL UNAVAILABLE

RAM COOLING MATER SYSTEH UNAVAILABLE
PLANT CONTROL AIR SYSTEII UNAVAILABLE
DRYMELL CONTROL AIR SYSTEH UNAVAILABLE

- HSIVS FAIL TO REHAIN OPEN
- CONDITIONS RELATING TO STUCK OPEK SRVS (0, 1, 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN

I CND/CKD BSTR PWP, INCLISES SHORT CYCLE VALVE UKAVAILABL
FEEDMATER UNAVAILABLE

. HPCI/RCIC UNAVAILABLEFOR 24 HQJRS
CONDENSER UNAVAILABLEAS HEAT SINK
COSENSATE UNAVAILABLEFOR INJECTION
VESSEL IKJECTION MITII CRDHS UNAVAILNLE

- CORE DAHAGE OCCURRED

CORE DAHAGE HAS OCCURRED

KOT INTACT CONTAIKHENT, MTR TO DEBRIS, DMS, AHD SPC
- KOT INTACT, MTR TO DEBRIS, OMS, kO SPC, VENT

KOT IN'tACT~ MTR TO DEBRIS/ DMS/ NO SPC, KO VENT
NOt INtACt, MTR TO DEBRIS, NO DMS, SPC
NOT INTACT, MTR TO DEBRIS, KO DMS, KO SPCf VEKt
NO'I INTACT, MTR TO BERBIS, KO DMS, KO SPC, KO VENT
kOT INTACT, NO MTR TO DEBRIS, VENT
kOT INTACT, NO MTR TO DEBRIS, NO VENT

- kOT BYPASS, MTR TO DEBRIS
- NOT BYPASS, HO MTR TO DERBIS

KOT EARLY, MTR TO DEBRIS, DMS
. NOT EARLY, MTR TO DEBRIS, NO DMS
- KOT EARLY, NO MTR TO DEBRIS, NO DMS
- FIRE MATER UNAVAILABLE

RRNSRSRSSSSZRSSSSSS SSSSSSSCzssSSS$ $ $ RiSRSS$ $$$$ mmssRRSSSSSSRSRRRSSsii

VESSEL lkSTRUHENT TAP I CONDITION
STATE - KO TAP FAILURE

- VESSEL INSTRUHENT TAP 11 CONDITION
NOT DEPRES STATE -: KO TAP FAILURE

iSSSSSSXXSSSCSSSSC'DR 5
SIC'LCV

4.03E.06 .22

. DRYMELL PRESSURE SIGkAL UNAVAILABLE
- RAM COOLING MATER SYSTEH UNAVAILABLE
- PLANT CONIROL AIR SYSTEH UNAVAILABLE
. DRYMELL CONTROL AIR SYSTEN UNAVAILABLE
- HSIVS FAIL TO REHAIN OPEK

CONDITIONS RELATING TO STUCK OPEN SRVS (De Is 2e 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

- I CND/CND BSTR PLNP, IKCLISES SHORt CYCLE VALVE UNAVAILABL
- FEEDMATER UNAVAILABLE
. HPCI/RCIC UNAVAILABLEFOR 24 HNRS
- CONDENSER UNAVAILABI.EAS HEAT SINK
- CONDENSATE UNAVAILABLEFOR INJECTION
- VESSEL INJECtlOH Ml'lH CRDHS UNAVAILABLE
- CORE DAIIAGE OCCURRED
- CORE DAHAGE HAS OCCURRED
- kOT INTACT COHTAINHENT, IJTR TO DEBRIS, DMS/ AND SPC

NOI'NTACT, MTR TO DEBRIS, DMS, KO SPC, VENT
- NOT INTACT, MTR TO DEBRIS, DMS, KO SPC, NO VENT
- NOT INTACT, MTR TO DEBRIS, NO DMS, SPC



- kOT INTACT~ WR TO DEBRIS, kO DMS ~ kO SPC, VENT- NOt INTACT, IJTR TO BERBIS, KO DMS, NO SPC, KO VENT- NOT INTACT, NO WR TO DEBRIS, VENT- KOt INTACT~ NO WR TO DEBRIS, kO VENT- NOt BYPASS, WR TO DEBRIS- NOT BYPASS'O MTR TO DERBIS
- NOT EARLY, WR TO DEBRIS5 DMS- NOT EARLY, MTR TO DEBRIS, NO DMS
- NOT EARLY, NO WR TO DEBRIS, NO DMS- FIRE MATER UNAVAILABLE

55555555555555555555555555555555555555555555555555555555555555
- VESSEL INSTRIWENT TAP I CONDITION

STATE - KO TAP FAILNE
- VESSEL INSTRIHIENT TAP ll CONDITION

STATE - NO TAP FAILURE
- DRYMELL PRESSURE SIGNAL UNAVAILABLE
- CORE DAMAGE OCCURRED
- CORE DAMAGE HAS OCCNRED
- kOT INtACT CONTAINMENT, WR TO DEBRIS, DMS, AND SPC- NOT INTACTA WR TO DEBRIS, DMS, NO SPC, VENT- KOT INTACT, WR TO DEBRIS, DMS, NO SPC, NO VENT- KOT INtACT~ MTR TO DEBRIS, NO DMS, SPC
- NO'I INTACT, WR TO DEBRIS, KO DMS, NO SPC, VENT- NOT INTACTA MTR TO BERSIS, NO DMS, NO SPC, KO VENT

NOT INTACT, NO MTR TO DEBRIS, VENT- NOT INTACT, kO WR TO DEBRIS, NO VENT- NOT BYPASS, WR TO DEBRIS
- NOT BYPASS, NO MTR TO DERBIS
- kOt EARLY, MTR TO DEBRIS, DMS- NOT EARLY, WR TO DEBRIS, NO DMS
- KOT EARLY, NO MTR TO DEBRIS, NO DMS
- FIRE MAtER UNAVAILABLE

555555555555555555555555555555555555555555555555$ 5555'55555555
- 120 V AC UNIT 2 PREFERRED POMER UNAVAILABLE

VESSEL IMSTRIHIENT TAP I COHDITIOH
STATE - NO TAP FAILURE

PRES- VESSEL IHStRUKENT TAP Il CONDITION
STATE - NO TAP FAILURE

- DRYMELL PRESSURE SIGNAL UNAVAILABLE- HAIN CONDENSER UNAVAILABLE
RFM HARDMARE UNAVAILABLE

- RCIC UNAVAILABLE(6 HDNS)
- OPERATOR FAILS TO COOLDOMM USING THE TSVS. FEEDMATER UNAVAILABLE
- CNDENSER UNAVAILABLEAS HEAT SINK

VESSEL INJECtlOH MITH CRDHS UNAVAILABLE- OPERATOR FAlLS TO MAINTAIN HPCI/RCIC M/0 SPC- OPERATOR FAlLS TO START CS/LPCI OR TO ESTAB TORUS VENT- OPERATOR FAlLS TO ESTABLISH ALTRNATE LOM PRESSURE INJEC- CORE DAMAGE OCCURRED
- CORE DAMAGE HAS OCCURRED
- HIGH VESSEL PRESSNE AT KELT-THROUGH- NOT INTACT CONTAINMENT, WR TO DEBRIS, Dlm, AKD SPC

NOT INTACT/ WR TO DEBRIS'MS/ NO SPC, VENT- KOT INTACT, MTR TO DEBRIS, DMS, NO SPC, kO VENT- NOT INtACt, WR TO DEBRIS, NO DMSO SPC
NOT INTACT, MTR TO DEBRIS, NO DIJS, KO SPC, VENT- NOT INTACT, WR TO SERSIS, NO DMS, NO SPC, kO VENT

$ 555555555555555555 55 555555555555555555555555555555555555555555 55555555$ 5555555555555 5555 55555
98 PARTIAL LOSS OF FEEDMATER

- CONDITIONS RELATING TO STUCK OPEM SRVS (0, 1 ~ 2, 3+ SORVS)
STATE - 0 RELIEF VALVES STUCK OPEN

- OPERATOR FAILS TO ALIGN THE STARTUP BYPASS VALVE- VESSEL INJECTIOH MITH CRDHS UNAVAILABLE
- OPERATOR FAILS TO EStABLISH TORUS COOLING

OLCV 4.03E-06 .22

55 5 5 55555 5 555 5 55555555555555555555555555555555555555555555555 55555555555555555555 555 555555555
KLCV C.02E-06 .21

I'10

99 LOSS OF UNIT 2 120V PREFERRED POMER
- COKDITIONS RELATIHG TO STUCK OPEN SRVS (0, 1 ~ 2, 3+ SORVS)

STATE - 0 RELIEF VALVES STUCK OPEN
- COHDITIOHD RELATING TO REACTOR DEPRESSURIZATIOH (DEPRESS, kOT DE

STATE - PLANT NOt DEPRESSURIZED, KECH SRV (H(- OPERATOR FAlLS TO ESTABLISH TORUS COOLIKG
- OPERATOR FAILS TO ESTABLISH SHUTDDMM COOLIKG



NOT INTACT, NO MTR TO DEBRIS, VENT
kOT INTACT, HO MTR TO DEBRIS, NO VENT
kOT BYPASS, MTR TO DEBRIS
NOt BYPASS, NO MTR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS

HOT EARLY, MTR TO DEBRIS, kO DMS
HOT EARLY, NO MTR TO DEBRIS, NO DMS

FIRE MATER UNAVAILABLE
SCSXSOSSRCCSKRSSZSSSSRSSSRWSSCRSSSRSRSSSSSsssssmssscIIRCR

VESSEL INSTRLBIENT TAP I CONDITION
STAtE - NO TAP FAILURE
VESSEL INSTROIENT TAP II CONDITION
StATE - NO TAP FAILURE
DRYMEI.L PRESSURE SIGNAL UNAVAILABLE
RAM COOLING MA'IER SYSTEH UNAVAILABLE
PLANT COHTROL AIR SYSTEH UNAVAILABLE
DRYMELL CONTROL AIR SYSTEH UNAVAILABLE
'HSIVS FAIL TO REHAIN OPE'

CONDITIONS RELATING TO STUCK OPEN SRVS (0, 1, 2, 3+ SORY

STATE - 0 RELIEF VAI.VES STUCK OPEN

1 CND/CND BSTR PUHP, IkCLUDES SHORT CYCLE VALVE UHAVAILAB
fEEDMATER UNAVAILABLE
HPCI/RCIC UNAVAILABLEFOR 24 HOJRS

HPCI/RCIC UNAVAILABLEFOR 6 HRIRS
CONDENSER UNAVAILABLEAS HEAT SINK
CONDENSATE UNAVAILABLEFOR INJECTION
VESSEL IHJECTIOH MITH CRDHS UNAVAILABLE
OPERATOR fAlLS TO ESTABLISII SHUTDOMN COOLING
OPERAtOR FAILS TO START CS/LPCI OR TO ESTAB TORUS VENT
CORE DAHAGE OCCURRED

CORE DAIIAGE HAS OCCURRED

NOT INTACT CONTAINHEHT, MTR TO DEBRIS, DMS, AND SPC
HOT INTACT, MTR TO DEBRIS, DMS, NO SPC, VENT
NOT INTACT, MTR TO DEBRIS, DMS, NO SPC, NO VENT
kOT INTACT, MTR TO DEBRIS, HO DMS, SPC
NOT INTACT~ MTR TO DEBRIS, NO DMS, HO SPC, VENT
NOT INTACT, MTR TO BERBIS, kO DMS, NO SPC, NO VENT
NOT INTACT~ NO MTR TO DEBRIS, VENT
NOT INTACT~ NO MTR TO DEBRIS~ NO VENT
NOT BYPASS, MTR TO DEBRIS
NOT BYPASS, NO MTR TO DERBIS
NOT EARLY, MTR TO DEBRIS, DMS

HOT EARLY, MTR TO DEBRIS, HO DMS

NOT EARLY, kO MTR TO DEBRIS'O DMS

FIRE MATER UHAVAILABLE

CSCCHR Z 0 S XSCmx ssmRSSCJSR5 RSSRSC'HRScSCRSSCRSSRSSc 4$ 2RSlRSS 5R$ $5 SRCCCXISS XÃZ SCR

100 TURBINE BUILDING FLON
- OPERATOR FAILS TO HAINTAIN HP LVL CNTL (RC- FAILURE OF HPCI/RCIC LEVEL B TRIP
- COHDITIOHD RELATING TO REACTOR DEPRESSURI

STATE - PLANt OEPRESSURIZED
- OPERATOR FAlLS 'IO ESTABLISH TORUS COOLING

OLCV 4 OOE-06 21
IC,HPCI)

ZATION (DEPRESS, NOT DEPRES

S)

CXR 'R I I RLRKRYN'SR'Rl 'RiRXRZEC QSRRR RXR%RZR RSRSZRXSRRCS RSCRR SCCC C SCS SiSSSCCX5SSCQR15SCC55iaSSZISZCSSZSIR I C~ÃSROCXRC? RCSC
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL kanet BFMHA

Top Event laportance for Group: ALL

Sorted by Probabi(fstfc lsportance

Gr~ Frequency ~ 1.8719E-03,

14 AUG 1992
Page 1

~ ~ ~ ~ e ~ Topoe ~ ~ ~ ~ ~ ~ eseao ~ ~ Probab'l('lst(ce ~ Guar'ven't ~ ~ ~ Tote( ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Frequencyo ~ ~ ~ ~ ~

2.

3.

4.

5.

6.

?.

RVD(DEP)

RVC(SORVO)

9. HPl

10. RVC(SORV1)

11. OHC

12'Cl
13. RBI

14. RVD(HODEP)

15. OSM

16. (NMS

17. ORP

18. RVL

19. SDC

20 OHS

21. RCL

OF

5.4062E.01

4.2876E.01

3.97188.01

3.8765E.01

2.8412E-01

2.4098E.01

1.8246E.01

1.6633E-01

1.1115E.01

8.6457E.02

8.2402E-02

7.9053E.02

7.1750E-02

5.7149E.02

5.5879E-02

5.5708E.02

5.1590E.02

5.0264E.02

4.3161E 02

4.3102E.02

1.2146E.02

1. WE-02

1.4877E.03

0. 0000E+00

3.1830E.01

0.0000E+00

5.4905E.01

2.8857E.02

6.8132E-01

0.0000E+00

3.8208E.03

1.4285E.03

0.0000E+00

7.3060E.03

0,0000E+00

0.0000E+00

0 ~ 0000E+00

0.0000E+00

7.7309E.04

0.0000E+00

3.8208E.03

0.0000E+00

7.7309E.04

0.0000E+00

5.4211E.01

4.2876E.01

7.1549E-01

3.8765E-01

8.3317E.01

2.6983E.01

8.Q78E-01

1.6Q3E-01

1.1497E.01

8.7885E.02

8.2402E-02

8. Q59E. 02

7.1750E.02

5.7149E-02

5.5879E.02

5.5708E.02

5.2363E.02

5.0264E.02

4.6982E-02

4.3102E-02

1.2919E.02

1.1968E.02

1.0148E.03

8.0261E-04

1.3393E.03

7.2566E-04

1.5597E.03

5.0511E.04

1.6169E-03

3.1135E-04

2.1522E-04

1.6452E-04

1.5425E-04

1.6166E-04

1.3431E-04

1.0698E.04

1.0460E-04

1.0428E-04

9.8021E.05

9 4092E-05

8.7947E.05

8.0684E-05

2 4184E-05

2.2403E-05

307



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HODEL Kane: BFHHA

Top Event laportance for Group t ALL

Sorted by Probablllstfc laportance

Group Frequency ~ 1.8719E-03

14 AUG 1992
Page 2.

~ ~ ~ ~ ~ ~ Topo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Probablllstlc.. Guar. Event.... Total.......... Frequency......

24. LBH

GF

RVC(SORV2)

27. HPL

GH

30. GE

31. QQA

32. BK28

35. CD

OFT

37. DH

39. GC

40. GB

41. GD

42 EPR30

43. TB

HH2

8.9756E-03

8.8617E.03

8.8381E S
8.4952E.S

8.3422E.S

8.1841E.S

8.1714E-03

8.1292E-03

8.1218E-03

8.1218E.03

8.1208E.03

8.1208E-03

6.5931E.03

6.2196E.S

5.3732E.03

4.9943E.S

3.8706E.S

3.5518E-S

3.2252E.S

3.1084E.03

3.0525E.03

2.7460E-03

0.0000E+00

D.DNOE+00

7.7309E.04

3.3701E-S

7.7309E.04

7.7309E-04

7.7309E.04

7.7309E.04

2.5424E.03

3.8706E.S

3.5518E.03

7.7309E-04

6.7768E-01

0.0000E+00

0.0000E+00

O.DONE+00

O.MME+00

0.0000E+00

O.DONE+00

0.0000E+00

8.9756E.S

5.3732E.03

8.9756E-03

8.8617E.03

9.6112E.03

1.1865E.02

9.1153E.03

8.9572E-S

8.9445E.03

8.9023E.03

1.0664E.02

1.1992E.02

1 ~ 1673E.02

8.8939E.S

6.84278.01

6.2196E-03

5.3732E.03

4.9943E.03

3.8706E.03

3.5518E-03

3.2252E-03

3.1M4E.03

1.2028E.02

8.1193E.03

1.6802E-05

1.6589E 05

1.7992E-05

2.2211E.05

1.7063E.05

1.6767E-05

1.6744E.05

1.6665E.05

1.9963E-05

2.2449E.05

2.1850E.05

1.6649E-05

1.2809E-S

1 1643E 05

1.0058E 05

9.3491E-06

7.2455E.06

6.6488E.06

6.0373E-06

5.8187E-06

2.2516E.OS

1.5199E-05



Browns Ferry Unit 2 Individual Plant Examination Revision 0

MODEL Name: BFHHA

Top Event importance for Group: ALL

Sorted by Probabil istic importance

Group Frequency ~ 1.8719E-03

14 AUG 1992
Page 3

ope ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~T Probabilistic.. Guar. Event.... Total....~..... Frequency......

45 ~ RVC(SORV3)

LBF

47. DK

DL

49. RVD

50 EPR6

51. OEE

52. ED

53. MCD

54. RPA

55 RPB

56. EB

57. AB

58. BVR

59. SM1C

RH

61. RG

62. RF

AC

65. SGTOP

2.6597E.03

2.3454E-03

2.3244E-03

2 3244E-03

8.0046E.04

7.7309E-04

7. 1462E-04

7.1462E.04

6.1515E.04

5.8210E-04

5.7670E.04

0.0000E+00

0,0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

O.NODE+M

0.0000E+00

0.0000E+00

3.0854E-02

2.1415E.03

3.5518E-03

7.7309E.04

0.0000E+00

0.0000E+00

7.7309E-04

7.7309E-04

2.6857E-02

1.4877E-03

1.4877E-03

3.8706E-03

3.5518E-03

1.2934E-02

3.5518E-03

3.5518E 03

3.8706E-03

3.8706E-03

3.8706E 03

2.1491E-02

1.4877E-03

7.7309E-04

3.3514E-02

4.4868E.03

5.8762E-03

3.0975E.03

8. 0046E-04

7.7309E-04

1.4877E-03

1.4877E.03

2.7472E 02

2.0698E-03

2.0644E.03

3.8706E-03

3.5518E-03

1.2934E.02'.5518E-03

3.5518E-03

3.8706E-03

3.8706E.03

3.8706E.03

2.1491E-02

1.4877E-03

7.7309E-04

6.2736E.05

8.3991E-06

1 '000E.05

5.7983E-06

1.4984E.06

1.4472E.06

2.7849E-06

2.7849E.06

5.1426E.05

3.8746E.06

3.8645E-06

7.2455E-06

6.6488E.06

2.4211E.OS

6.6488E-06

6.6488E-06

7.2455E-06

7.2455E.06

7.2455E-06

4.0230E-05

2.7849E.06

1.4472E-06



Brovvns Ferry Unit 2 Individual Plant Examination Revisian 0

HOOEL Name: BFHHA

Top Event Ieportance for Gray: ALL

Sorted by Probabl l latlc Ieportance

Group Frequency ~ 1.8719E-03

14 AUG 1992
Page 4

...... Top............... Probablllatlc. ~ Guar. Event.... Total.......... Frequency......

67. HNI

68. RK

69. RL

70. LPC

71 ~ SGT

72 WS

73. U1

74. DN

?5. DN

76. RBC

77. RI

78. RJ

79. DD

80. RN

81. A3EB

82. SWID

83 NPI I

84. A3EC

85. RP

86. EC

87. PX2

88. RB

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

O,OOOOE+00

Q.OOOQE+00

O.QOOQE+OO

O.QQQOE+00

0.0000E+00

0.0000E+00

0.0000E+00
J

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0,0000E+00

1.487?E-03

7.7309E.04

7.7309E.04

1.487?E.S

1 o4877E. S
1A877E.S

1.4877E-S

7.?309E.04

7.?309E 04

7 ?309E.04

7.7309E.04

7.7309E-04

7.7309E.Q4

7.7309E.04

9.61'l2E-S

1.4330E.02

5.3?32E.S

8.9445E.03

8.9445E.S

9.6112E-03

5.3?32E.03

5.3?32E.03

1.4877E-03

7.7309E.Q4

7.?309E-04

1 A87?E.S

1 A877E.S

1 A877E.S

1.4877E-03

7.7309E.O4

7.7309E.04

7.?3Q9E-04

7,?309E.04

7.?309E.O4

7.?309E.04

7.?309E-04

9.6112E.03

1.4330E.02

5.3?32E.03

8.9445E.03

8.9445E.03

9.6112E 03

5 3?32E-03

5.3?32E.03

2.7849E.06

1.4472E 06

1.4472E.06

2.7849E.06

2.7849E-06

2.7849E.06

2.7849E.06

1.44?2E-06

1 A472E.06

1 A4?2E. Q6

1.4472E.06

1.4472E.06

1.4472E-06

1.4472E.06

1.7992E-05

2.6826E.05

1.005BE 05

1.6744E.05

1.6744E.05

1.7992E-05

1.0058E.05

1.0058E-05

310



Browns Ferry Unit 2 Individual Plant Examination Revision 0

HOOEL Hase: BFNHA

Top Event Isportance for Grip t ALL

Sorted by Probabi1 istic Iaportance

Group Frequency i 1.8719E-S

14 AUG 1992
Page 5

Topo ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Probabilistic.. Guar. Event.... Total.......... Frequency......

RPC

91 ~ NRU

92. U3

SN1B

NIE

VT1(L18)

97. VT1(NOFLI I

INH

ING

1N. JA

101. JH

102. INO

103. INF

104 ~ INE

105 ~ INC

106. Al

107. F IMTR

1M. VNT

109. KC

110. KF

0,0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+M

O.GONE+00

0 0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

O.ONOE+00

O.OMOE+M

0.0000E+00

0.0000E+00

O.ONOE+00

0.0000E+00

1.4877E-03

1.4877E.03

2.0444E-S

1.4877E-S

8.9445E-S

9.5M2E-03

2.0444E.03

5.8909E.04

9.9941E.01

5.3749E.01

5.3897E-01

5.3749E-01

5.3749E.01

5.3897E-01

5.3897E.01

5.3897E-01

5.6160E-01

3.3561E-02

1.0000E+00

3.3561E-02

5.3749E-01

5.3749E-01

1 4877E-S

1 4877E-S

2.0444E.S

1.4877E-03

8.9445E-S

9.5082E.03

2.0444E-03

5.8909E-04

9.9941E.01

5 3749E-01

5.3897E-01

5.3749E-01

5.3749E-01

5.3897E-01

5.3897E-OI

5.3897E-01

5,6160E-01

3.3561E.02

1.0000E+00

3.3561E-02

5.3749E-01

5.3749E-01

2.7849E.06

2.7849E-06

3.8271E-06

2.7849E.06

1.6744E-05

1.7799E-05

3.8271E-06

1.1027E 06

1.8708E-03

1.0061E S
1.0089E.03

1.0061E-S

1.0061E-03

1.0089E-S

1.0089E.03

1.0089E-S

1.0513E-03

6.2824E-05

1.8719E-03

6.2824E-05

1.0061E- S
1 ~ 0061E.03

311



Browns Ferry Unit 2 individual Plant Examination Revision 0

HQOEL Home: BFNHA

Top Event leportance for Group: ALL

Sorted by Probabl llatlc Teportance

Gr~ Frequency I 1.8719E.03

14 AUG 1992
Page 6

...... Top............... Probablllatlc.. Guar. Event.... Total.......... Frequency......

111. KH

112- NRV

113. 0 CA

114. PCA

115. IVO

116. FNA

117. VT2(HOFLTT)

118. RCM

119. OM

120 ~ 1KB

121. KELT

122. NCD

123'NA
124. HRL

125. HS

126. COA

127. EA

128. U843A

129. U842C

130. UB438

131. SN1A

132. AA

0.0000E+00

0.0000E+00

0.0000E+00

0.000QE+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

a.ooooE+aa

0.0000E+00

0.0000E+00

0.0000E+00

5.3749E.01

1.3326E-01

5.6101E-01

5.6178E.01

6.4213E.01

8.1875E-01

1.0000E+00

5.761 8E-01

93222E.01

5.6474E-01

1.0000E+00

1.0000E+00

5.6474E.01

4.2110E 01

7.0692E-O1

4.4411E-01

8.9023E-03

1.0835E-01

9.9379E-02

1.0835E.01

2.5424E.03

2.5424E.03

5.3749E-01

1.33268-01

5.6101E-01

5.6178E-01

6.4213E-01

8.1875E-01

.1,000OE+00

5.7618E-01

9.3222E.01

5.6474E-01

1.0000E+00

1.0000E+00

5.6474E.01

4.2110E.01

7.0692E.01

4.4411E.01

8.9023E.S

1.M35E.01

9.9379E-O2

1.0835E-01

2.5424E 03

2.5424E 03

1.0061E-03

2A946E.04

1.0502E.03

1.0516E-03

1.2020E.03

1.5326E.03

1.8719E-03

1.0786E.03

1.7450E.03

1.0572E.03

1.8719E.03

'1.8719E.03

1.0572E-S

7.8827E-04

1.3233E-S

8.3135E.04

1.6665E-05

2.0283E.04

1.8603E.04

2.0283E.04

4.7592E.06

4.7592E.06
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Top Event laportance for Group: ALL

Sorted by Probabilistic importance

Group Frequency = 1.8719E-03

1C AUG 1992
PaQe 7

Topa ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Probabi t istic.. Guar. Event.... Total.......... Frequency......

133. RH

134. RE

135. SHUT2

136. A3EA

137. OBD

138. RO

139. UE7

140. LEG

141. DJ

142. OAl

143. HR6

144. RBlSO

145. FVH

146. Olv

147. LPRES

148. OHR

149. SHUT1

150. U842A

151. UB418

152. UB42B

153. OG5

154. OG16

155. UB41A

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0,0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

0.0000E+00

2.5C24E-03

2.5424E-03

1.0835E 01

8.9023E.03

2.2463E-02

8.9023E.03

5.5107E.02

3.3079E-02

7.3060E. 03

2.7476E.01

1.7086E-01

7.1750E-02

9.6473E-02

1.5381E.02

3.6136E.01

2.7163E.01

1.0835E-01

1.0835 E-01

1.0835E-01

1.0835E.01

1. M90E. 0'l

9.9379E.02

1.0835E.01

2.5424E.03

2.5424E-03

1.M35E-01

8.9023E.03

2.2463E.02

8.9023E-03

5.5107E-02

3.3079E.02

7.3060E-03

2.7476E-01

1.7086E.01

7.1750E-02

9.6473E-02

1.5381E.02

3.6136E-01

2.7163E-01

1.M35E.01

1. M35E-01

1.0835E-01

1.0835E.01

1.0890E-01

9.9379E-02

1.0835E.01

4.7592E-06

4.7592E-06

2.0283E.04

1.6665E.05

4.2050E-05

1.6665E 05

1.0316E.04

6.1923E.05

1.3676E-05

5.1434E.04

3.1983E.04

1.3431E.04

1.8059E.04

2.8793E-05

6.7644E.04

S.M47E.04

2.0283E.DC

2.0283E.04

2.0283E.04

2.0283E.04

2.0386E.04 ,

1.8603E.04

2.0283E.04
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spilt

NMEL Name: BFNHA

Fraction laportance for Group

Sorted by laportance

Group Frequency ~ 1.8719E-03

: ALL

08t19:52 14 AUG 1992
Page 1

SF kame... impel tanceo ~ ~ ~ ~ Achfevement.. Reduction... Derivative.. SF Value....... Frequency......
1.
20
30
4.
5.
6.
7e
8.
9.
10.
11.
12.
13.
14.
15.
16.
17
18.
19.
20.
21.
22 0

23 0

24.
25.
26.
27.
28.
29 0

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42
43.
44.

VT2F
FIMTRF
VT1F
NCDF
NELTF
DMF
FMAF
HSF
CRDF
COF
IVOF
RVC9
RCMF
INBF
INAF
PCAF
INCF
OCAF
OSP1
INGF
INFF
INEF
INDF
KCF
INHF
JHF
JAF
KFF
KHF
COAF
HRLF
OLP1
LPRESF
OHL1
RVD2
OLPF
RVCO
OAIF
OHR F

0$01
HR6F
CRD1
OLC1
NRVF

1.0000E+00
1.0000E+00
1 DODGE+00
1. MODE+00
1.0000E+00
9.3222E.01
8. 'I875E-0'I
7.0692E.01
6.8132E-01
6.7768E-01
6A213E-01
5.8471E 01
5.7618E-01
5.6474E-01
5.6474E 01
5.6178E.01
5.6160E-01
5.6101E-01
5.4062E-01
5.3897E.01
5.3897E-01
5.3897E.01
5.3897E.01
5.3749E-01
5.3749E.01
5.3749E.01
5.3749E.01
5.3749E-01
5.3749E-01
4.4411E-Of
4.2110E-01
3.9718E-01
3.6136E.Ol
3.3635E.01
3.2609E.OI
3.1830E-01
2.8412E-01
2.7476E-01
2.7163E-01
2A098E-Ol
1.7086E.01
1.5771E-01
1.4769E.01
1.3326E-01

0.000OE+00
1 ~ OOOOE+00
0.0000E+00
1.0000E+00
1.0000E+00
1.DODGE+00
1.0000E+00
1 DODGE+00
1.0000E+00
1.0000E+00
1 DODGE+00
4.1529E.01
1.0000E+00
1.DODGE+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
5.4077E+00
1.0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1. MODE+00
1.0000E+00
1 DODGE+00
1.0000E+00
1.0000E+M
4.5148E+00
1.000OE+00
3.7737E+00
7.1018E.01
1.0000E+00
7.3690E.01
1.0000E+00
1.0000E+00
2.9339E+00
1.0000E+00
2.9459E+01
2.3292E+00
1.0000E+00

0 MODE+00
0.0000E+00
0.000OE+00
0,0000E+00
0.0000E+00
0.0000E+00
0 DODGE+00
0.0000E+00
0.0000E+M
O,DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
O.DODGE+00
0.0000E+00
5.1025E-01
O.DODGE+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O,DODGE+00
0.0000E+00
0 DODGE+00
O.DODGE+00
0.0000E+00
6.0947E.OI
0.0000E+00
6.9181E-01
3.6054E+00
0.0000E+00
4.5554E+00
0.0000E+00
0.0000E+00
7.8512E.01
0.0000E+00
8.4230E-O'l
8.5231E-01
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
O.DODGE+00
0,0000E+00
0,0000E+00
0 OOOOE+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
9.1677E.S
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.DODGE+00
0.0000E+M
0.0000E+00
7.3104E-S
0.0000E+00
5.7692E-03
-5.4198E-S
0.0000E+00
-7.1480E-S
0.0000E+00
0.0000E+00
4.0224E.03
0.0000E+00
5.3568E.02
2.7647E-03
0.0000E+00

1.0000E+00
1.0000E+00
1 DODGE+00
1 DODGE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.0000E+00
1.0000E+00
1.000OE+00
1.0000E+00
1 DODGE+00
1.0000E+00
1.0000E+00
1.0000E-01
1 ~ OOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.DOME+00
1 DODGE+00
1.000OE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E-01
1 DODGE+00
1.0000E.01
8.9990E.01
1 ~ 0000E+00
9.3110E.01
1.0000E+00
1.0000E+00
1.0000E-01
1.0000E+00
5.5109E 03
1.0000E.01
1.0000E+00

1.8719E.03
1.8719E.03
1.8719E-03
1.871 9E.S
1.8719E.S
1.7450E.03
1.5326E-03
1 3233E.03
1.2754E.03
1.2686E.03
1.2020E.S
1.0945E.S
1.0786E.S
1 0572E-S
1.0572E.03
1.0516E.S
1.0513E-03
1.0502E.03
1.0120E-03
1.0089E.03
1.0089E.03
1.0089E.S
1.0089E-03
1 0061E-S
1.0061E.03
1.0061E-03
1.0061E. S
1.0061E 03
1 0061E.03
8.3135 E-04
7.8827E.04
7.4350E-04
6.7644E.04
6.2962E.04
6.1042E.04
5.9585E.04
5.3186E.04
5.1434E-04
5.0847E.04
4.5109E.04
3.1983E.04
2.9522E.04
2.7647E.04
2A946E-04
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Split

MODEL Meme: BFKHA

Frection lmportence for Gr~
Sorted by lllportence

Gray Frequency ~ 1.8719E-03

: ALL

08:19:53 14 AUG 1992
Pege 2

SF Meme... lmportence..... Achievement.. Reduction... Derivative.. SF Velue.. F requency o ~ ~ ~ ~ ~

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62 ~

63
64.
65.
66.
67.
68.
69.
70 0

71.
72.
730
74.
75 ~

76.
77.
78 0

79.
80.
81.
82.
83.
84.
85.
86.
87.
88.

OGS F
U8418F
U8438F
U843AF
U$42AF
SHUTf F
SHT2F
U8428F
U$41AF
U$42CF
DG16F
FfHIF
RVC1
OHC1
RCT1
RBl1
RBlSOF
OSM1
Q)MSf
llETF
HPT4
OHL2
RVD22
RVL4
SDC2
DHS2
ORP1
HP12
AlF
VMTF
LECF
RVD12
RVD10
OSDF
RVD8
HCDF
OBDF
OBCF
OLC2
CRD4
OIVF
RVD6
SMfDF
BVRF

1.0890E-01
1.0835E.01
1.0835E-01
1.083SE-of
1.0835E 01
1.0835E-01
1.M35E 01
1.083SE.01
1.083SE-01
9 9379E-OR
9.9379E.02
9.6473E.02
8.6457E.02
7.8558E.02
7.7203E.02
7.1750E-OR
7.1750E-02
5.5879E-OR

'.5708E.02

5.5107E.02
5.5058E.02
5.1305E.02
5.0952E.02
5.0264E-OR
4.3161E-02
4.3102E-02
3 9325E-02
3.8819E.02
3.3561E-02
3.3561E.02
3.3079E-02
3.0933E-02
2.9854E-02
2.8857E.02
2.7249E-02
2.6857E-02
2.2463E-02
2.1491E-02
1.8636E-02
1.6469E-02
1.5381E.02
1.4633E-DR
1.4330E.02
1.2934E.OR

1.0000E+00
1.0000E+00
1.0000E+00
1.00OOE+Oo
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 OOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00
2.1223E+00
1.1425E+00
1.4233E+00
6.0314E-01
1 OOOOE+00
5.9235E.01
5.5708E-01
1.0000E+00
1.4947E+00
1 A435E+00
1.4071E+00
1.361 7E+00
2.3528E+00
6.5692E.01
6.8270E-01
8.0158E-01
1 ~ OOOOE+00
1.0000E+00
1.0000E+00
9.7251E.01
9.7347E-01
1.0000E+00
9.7578E.01
1.0000E+00
1.0000E+00
1.0000E+00
1.1677K+00
1.0578E+00
1.0000E+00
9.8699E.01
1.0000E+00
1.0000E+00

O.OOOQE+00
0.0000E+00
0.0000E+00
0.0000Etoo
0,0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
9.1973E-01
9.8417E-01
9.6945E-01
1.0536E+00
0.0000E+00
1.0453E+00
1.0492E+00
0.0000E+00
9A?30E. Qf
9.5072E.01
9.5472E-01
9.5977E 01
9.6210E.01
1.0381E+00
1.0353E+00
1.0190E+00
0.0000E+00
0.0000E+00
0.0000E+00
1.2472E+00
1.238SE+00
0.0000E+00
1.2177E+00
0.0000E+00
0.0000E+00
O.QOOQE+00
9.8136E.01
9.8387E-01
0.0000E+00
1.1169E+00
0.0000E+00
0.0000E+00

O.OOQOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
D.OODOE+00
0.0000E+00
0.0000E+00
2.25128.03
2.96388.04
8.4953E-04
.8.4320E.04
0.0000E+00
.8.4788E.04
-9.2123E-04
0.0000E+00
1.0247E-03
9.2243E.04
8.4685E.04
7.5238E.04
2.6032E.03
-7.1359E.04
-6.5997E.04
-4.0699E.04
0.0000E+00
O.DODDE+00
0.0000E+00
.5.1413E.04
-4.9619E.04
0,0000E+00
.4.5289E-04
0 OOOOE+00
0.0000E+00
O.QOOOE+00
3.488SE.04
1.3845E 04
0.0000E+00
-2A321E.04
0.0000E+00
0.0000E+00

1.0000E+QQ
1.0000E+00
1,0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
'l.ooooE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
6.6750E-02
1 ~ 0000E.01
6.7310E.OR
1.1896E-01
1.0000E+00
1.0000E.01
1.0000E.01
1.0000E+00
9.6270E.QR
1.0000E.01
1.0010E.01
1.0010E 01
2.7251E-02
1.0000E.01
1.0000E-01
8.7380E.02
1.0000E+00
1.0000E+00
1.0000E+00
8.9990E.01
8.9990E-01
1.0000E+00
8.9990E.01
1.0000E+00
1.0000E+00
1'.OOOOE+OO

1.0000E-01
2.1807E-01
1.0000E+00
8.9990E-of
1.0000E+00
1.0000E+00

2.0386E.04
2.0283E.04
2.0283E.04
2.0283E.04
2.0283E-04
2.0283E.04
2.02$ 3E-04
2.0283E.04
2.0283E.O4
1.8603E.04
1.8603E.04
1.8059E.04
1.6184E-04
1.4706E.04
1.4452E.04
1.3431E-04
1.3431E 04
1.0460E.04
1.0428E-04
1.0316E.04
1.0306E.04
9.6040E-QS
9.5379E-QS
9.4092E.05
8.0795E-OS
8.0684E 05
7.361 4E-05
7.2667E.OS
6.2824E.QS
6.2824E.OS
6.1923E 05
5.7905E.QS
5.5886E-OS
5.4019E.DS
5.1QO9E 05
5.0275E.OS
4.2050E 05
4.0230E.05
3.4885E.OS
3.0828E-QS
2.8793E.05
2.7392E 05
2.6826E.OS
2.4211E 05
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HODEL Nenet BFNHA

Fraction leportance for Group: ALL

Sorted by leportance

Group Frequency ~ 1.8719E-03
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...... SF Name... 1eportance..... Achieveeent.. Reduction... Derivative.. SF Valueo ~ ~ ~ ~ ~ ~ Flequencyoo ~ ~ ~ ~

89.
90
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.
102.
1S.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.

ORP2
OF1
HP16
A3EBF
ECF
A3EDF
TBF
OUB2
RPF
A3ECF
QilBF
A3EAF
ROF
EAF
LBH1
GF1
RVC2
CRD3
GH1
GG'1

GE1
QQB1
QQA1
QQD1
QQC1
DJF
RCIF
C01
RCL2
OFT1
RCL1
PX2F
NH2F
RBF
DH1
NP11F
GA1
RVD38
RFF
QQBF
RGF
EBF
ACF
OMC3

1.2266E.02
1.1968E-02
1.1799E-D2
9.6112E-S
9.6112E-S
9.5082E-S
8.9756E.S
8.9756E-S
8.9445E S
8.9445E-S
8.9445E-S
8.9023E.S
8.9023E-03
8.9023E.03
8.861?E-S
8.8M1E S
8.4952E.S
8.2865E-S
8.1841E-S
8.1714E.03
8.1292E-S
8.1218E.03
8.1218E-03
8.1208E-S

'.1208E.03

7.3060E-S
7.3060E-03
6.5931E 03
6.5586E.03
6.2196E-03
5.5875E-03
5.3732E.03
5.3732E-S
5.3732E.03
5.3732E-03
5.3732E-03
4.9943E-03
4.2917E-03
3.8706E-S
3.8706E 03
3.8706E-03
3.8706E-S
3.8706E.03
3.8447E-03

8.6826E 01
9 7894E~01
1 ~ 1202E+N
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+N
1.0802E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.2399E+00
9.4965E.01
5.0419E+00
1.0291E+00
9.59'lOE.01
9.5297E 01
9.3903E 01
2.3349E 01
2.3217E 01
2.36?OEi01
2.3815E 01
1.0000E+00
1.0000E+00
5.2811E+00
9.8741E.01
9.1002E-01
7.2767E.01
1.0000E+00
1.0000E+00
1.0000E+00
1.0840E+00
1.0000E+00
9.2786E.01
1 '343E+00
1.0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1.0000E+00
9.9379E-01

1.01C6E+00
1.0023E+00
9.8841E-01
0 DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
9.9109E.01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
9.9313E.OT
1.0111E+00
9.9152E.01
9.9190E.01
1.0100E+00
1.0109E+00
1.0129E+00
1.0281E+00
1.0282E+00
1.0286E+00
1.0286E+00
0.0000E+00
O.DODGE+00
9.9386E-01
1.0015E+00
1.0100E+00
1.0052E+00
0.0000E+00
O.DOOOE+00
0.0000E+00
9.9958E.01
O.DODOE+00
1 0115E+00
9.9619E.01
O.DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
1 0007E+00

2.7402E 04
43800E 05

2.4664E-04
O.DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
1.6688E.04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
4.6198E.04
-1.1494E.04
7.5820E-03
6.9582E-OS

9.5343E-OS
-1.0836E.04
-1.382CE-O4
-1 48?SE.03
-1.4900E 03
-1 4824E-S
-1 4796E 03
0.0000E+00
0 DODGE+00
8.0255E. S
-2.64SE.OS
-1.871 6E.04
-5.1954E.04
0.0000E+00
0.0000E+00
0.0000E+00
1.580CE-04
0.0000E+00
.1.5664E.04
7.1330E.DS
0.DODGE+00
0.0000E+00
0.0000E+00
0.DODGE+00
0.0000E+00
-1.2924E-05

1 ~ 0000E 01
1.0000E.01
8.7980E-02
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E.01
1.0000E+00
1.0000E+00
1.0000E+00
1 DODGE+00
1.0000E+00
1 DODGE+00
2.?825E-02
1.8000E-01
2.0930E.03
2.1783E-01
1.9700E-01
1.8750E 01
1.7440E-01
3.5370E-02
3.5370E-02
3.6140E.02
3.6140E-02
1.0000E+00
1 OOOOE+00
1.4322E. S
1.0760E.01
1.0000E.01
1.8780E.02
1.0000E+00
1.0000E+00
1.0000E+00
4.9731E.03
1.0000E+00
1.3790E-01
1.0010E.01
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 ~ OOOOE+00
1.0000E-01

2.2960E.OS
2.2403E.OS
2.2088E 05
1 7992E.05
1.7992E~OS
1.7799E.OS
1.6802E.05
1.6802E.05
1.6744E.OS
1.6744E-05
1.6744E.05
1.6665E.05
1.6665E.05
1.6665E-05
1.6589E.05

~ 1.65C4E.05
1.5903E-05
1.5512E.05
1.5320E.05
1.5296E-OS
1.5217E.05
1.5204E 05
1.5204E.05
1.5202E-OS
1.5202E.OS
1.3676E-05
1.3676E.05
1.2342E.05
1.2277E.OS
1.1643E.OS
1.0459E.05
1.0058E-05
1.DOSBE.OS
1.0058E-OS
1.0058E.OS
1.0058E.OS
9.3491E-06
B.S3?E.06
7.2455E.06
7.2455E.06
7.2CSSE.06
7.2455E.06
7.2455E-06
7.19?OE.06
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133.
134.
135.
136.
137..
138.
139.
140,
141.
142.
143.
NC.
145.
146.
N7.
148.
1C9.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
,169.
170.
171.
172.
173.
174.
175.
176.

HPIF
SDCF
HPI1
QI1CF
QI2CF
DKF
ABF
RHF
HPL1
GC1
TB1
GB1
NH22
RVC3
QI1AF
REF
AAF
QQAF
RNF
Gol
LBF1
EPR30l
DKT
DL1
LBFF
NIEF
NRUF
HPL4
RVD24
HP13
RCI2
HPL5
SGTF
RPDF
SGTOPF
Dlmf
RPBF
HNIF
RPAF
RPCF
LPCF
U1F
U3F
OSPF

3.8208E-03
3.8208E.03
3.6253E.03
3.5518E.03
3.55'lBE. S
3.5518E.03
3.5518E.S
3.5518E.S
3.5067E.S
3.0975E.03
3.0525E-S
2.7787E-03
2.7460E. S
2.6597E.03
2.5424E.03
2.542CE 03
2.5424E-S
2.5424E-S
2.5424E.03
2.4521E.03
2.3454E.S
2.3353E-S
2.3244E.S
2.3244E.03
2.1415E-03
2.0444E-S
2.0444E. S
2.0106E.03
'l 9051E.03
1.8507E.03
1.8507E.S
1.6478E.03
1 A877E-03
1.487?E.03
1 A877E-03
1.4877E.S
1.487?E.03
1.4877E-S
1 A877E.03
1.487?E-03
1.4877E.03
1 A87?E-03
1.487?E-03
1 A87?E.D3

1.0000E+00
1 0000E+M
9.8675E 01
1 DMOE+00
1 ~ 0000E+00
1.'OOOO E+OO
1.0000E+00
1.0000E+00
6.6191E.01
9o2159E 01
4.1913E.01
9.1672E.01
1.929CE 01
0.0000E+00
1 ~ OOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
9.1986E.01
1.3093E+00
9.9237E.01
1.9268E.01
1.9303E 01
1.0000E+00
1,0000E+00
1.0000E+00
1.0158E+M
1 0152E+00
1.0172E+00
9.8420E.01
1.0640E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

0.0000E+00
0.0000E+00
1.0013E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0,0000E+00
0.0000E+00
1. 0064E+00
1.0127E+00
1.0096E+00
1.0 134E+00
1.0120E+00
9.9734E.01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
1.0132E+00
9 9771E-01
1.0069E+00
1.0100E+00
1.QlolE+00
0.0000E+00
0.0000E+00
0,0000E+00
9.9827E.01
9.9831E.01
9.9815E.01
1.0011E+00
9.9877E.01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0 0000E+00

2.7202E.05
0,0000E+00
0,0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
-6.4489E.04
-1.7061E.04
-1.1053E-03
-1.8094E-QC
-1.5332E-03
0.0000E+00
0.0000E+00
0.0000E+00
D.OQOOE+00
0,0000E+00
0.0000E+00
-1.7473E.QC
5.8330E-04
-2.7217E.05
-1.5301E-03
-1.5296E-03
0.0000E+M
0,0000E+00
0.0000E+00
3.2743E-05
3.1664E.OS
3.5649E-OS
-3.1723E-05
1.2213E.04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0.0000E+00
0.0000E+00
O.QQQOE+00

,0.0000E+00
0.0000E+00
0.0000E+00

1.0000E+00
1.MODE+00
8.8140E.02
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.8620E.02
1.39?OE.01
1.6248E.02
1.3840E-01
1.4640E.02
3.9220E-05
1.0000E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.000QE+OQ
1.41COE 01
7.3491E-03
4.7500E-01
1.2290E.02
1.2420E 02
1.0000E+00
1.0000E+00
1 OOOOE+00
9.8800E 02
1.0010E 01
9.7180E.02
6.778QE.02
1.8780E 02
1.0000E+00
1.0000E+00
1.0000E+00
1 0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1'.OOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00

7.1524E-06
7.1524E-06
6.7864E-06
6.6488E-06
6.6488E-06
6.6488E-06
6.6488E-06
6.6488E-06
6.5644E.06
5.7983E.06
5.71C1E-06
5.201 6E-06
5.1404E-06
4.9789E.06
4.7592E.06
4.7592E-06
4.7592E-06
4.7592E.06
4.7592E.06
4.5901E.06
4.3904E.06
4.371 5E.06
4.3512E.06
4.3511E.06
4.0087E.06
3.8271 E.06
3.8271E-06
3.7638E-06
3.5662E.06
3A644E.06
3.4644E-06
3.0846E.06
2.7849E.06
2.7849E.06
2.7849E-06
2.?849E.06
2.7849E.06
2.7849E.06
2.7849E-06
2.7849E-06
2.?849E.06
2.7849E.06
2.7849E-06
2.7849E-06
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SF Berne... laportance..... Achievement.. Reduction... Derivative.. SF Value.... F I equencyo ~ ~ ~ ~ ~

177.
1?8.
1?9.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195
196.
197.
198.
199.
200.
201.
202.
203.
2Q4.
205.
206.
207.
208.
209.
210.
211.
212.
213.
214.
215.
216.
217.
218.
219.
220.

HPL2.
RVD14
SM20F
EPR64
ADF
ORPF
DNF
RCLF
DHF
DOF
EPR304
EOF
DLF
OEEF
GGF
RJF
RHF
GEF
RBCF
HPLF
GD4
RKF
GC4
G82
RLF
GHF
GFF
RlF
OEE1
ED26
HC01
RPA1
RPB5
R4801
RBC17
RB1
PX21
R4808
RBC11
ORP3
PCA1
PCA2
Rcl
RBC20

1.1771 E-03
8.0046E-04
7.?309E.04
7.?309E.04
7.?309E.04
7,?309E.04
7.?309E-04
7.7309E.04
7.?309E.04
7.7309E-04
7.?309E.04
?.?309E.04
7.?309E-04
7.?309E-04
7.?309E.04
7.?309E.04
7.?309E-04
7.?309E-04
7.?3098.04
7.?309E-04
7.?309E.04
7.7309E.04
7.?309E.04
7.?309E.04
7.?309E.04
7.?309E.04
7.?309E.04
7.7309E.O4
7.1462E-04
7.1462E-04
6.1515E.04
5.8210E-04
5.7670E.04
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

9 4823E.01
1. 0064E+00
1 QQOOE+00
1.0021E+00
1.MODE+00
1.0000E+00
1.0000E+00
1.0000E+00
1. OQOOE+00
1.000OE+00
1,0009E+00
1.0000E+00
1,0000E+M
1.0000E+00
1 ~ 0000E+00
1.0000E+00
1.0000E+00
1,0000E+00
1 OOOOE+M
1.0000E+00
1.0018E+00
1.0000E+00
1.0040E+00
1.0007E+00
1.DOME+M
1.0000E+00
1.0000E+00
1.0000E+00
1.0064E+00
1.001 6E+00
7.8997E-01
4.5687E.02
4.663?E.02
9.9?22E-01
4.3591 E.01
5.3?32E-03
5.3?32E-03
0.0000E+00
9.0318E.01
9.9929E-01
5.6399E.01
9.9779E 01
0.0000E+00
9.8869E-01

1.0050E+00
9.9929E.01
0,0000E+Oo
9 9923E.01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 0000E+00
9.9923E.01
O.OOOOE+OO
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0. ONOE+00
0.000OE+00
0.0000E+00
0. OOOOE+00
9.9923E.01
0.0000E+00
9.9923E-O'l
9.9988E-01
0.0000E+00
0.0000E+00
0.0000E+00
Q.QOOOE+00
9.9929E-01
9.9929E-Q'l
1.0068E+00
1.0'l27E+00
1.0125E+00
1.0003E+00
1.0044E+00
1.0001E+00
1.000BE+00
'l ~ OOOOE+00
1.0011E+00
1.0001E+00
1.0019E+00
1.0000E+00
1.0001E+00
1.0002E+00

-1.0629E-04
1.3296E-05
0.0000E+00
5.4000E-06
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
3.0791E.06
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. ONOE+00
0,0000E+00
0.0000E+00
0.0000E+00
4.?85?E.06
0,0000E+00
8.8?84E-O&
1.6028E-O&
0.0000E+00
0.0000E+00
0.0000E+00
Q.OOOOE+00
1.337?E.05
4.381?E-O&
-4.0595E.04
-1.8103E.03
-1 ~ 8080E.03
-5 7795E.06
-1.0641E.03
-1.8621E-03
-1.8634E-03
0.0000E+00
-1.8335E 04
-1.4864E 06
-8.1976E-04
.4.1623E 06
-1.8?22E.03
-2.155OE.05

8.8250E;02
1.0010E-01
1.0000E+00
2.6800E.01
1.MODE+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.0000E+00
1.0000E+00
4.?DOQE-01
1.0000E+00
1.NODE+00
1.0000E+00
1 ~ OOOOE+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 OOOOE+00
3-0240E-01
1.0000E+00
1.6300E-01
1.3480E-01
1.0000E+00
1.0000E+00
1. MOOE+00
1.0000E+00
1.0000E-01
3.0530E.01
3.1510E.02
1.3170E.02
1.2940E-02
1.0000E.01
7.6774E.03
1.2721E.04
8.1130E-04
0.0000E+00
1.1513E-02
1. NODE-01
4.3635E.03
4.8654E-03
1.2?21E.04
1.7470E-02

2.2034E-06
1.4984E 06
1,4472E-06
1.4472E.06
1.44?2E.Q6
1.4472E.06
1.4472E 06
1.4472E-06
1 4472E.06
1.4472E-06
1.4472E.06
1 4472E.Q&
1.4472E-06
1.44?2E.06
1.4472E 06
1 4472E.O&
1.4472E-06
1.4472E.06
1.4472E-06
1.4472E-06
1.4472E 06
1.4472E-06
1.4472E.06
1.4472E-06
1.4472E.06
1.44?2E.06
1.4472E.06
1.4472E.06
1.337?E.06
1.33??E-Q&
1.1515E.06
1.0897E-06
1.0?95E.06
0.0000E+00
O.OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+QO
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
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221.
222 0

223.
224.
225.
226.
227.
228
229.
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242.
243.
244.
245
246.
247.
248.
249.
250.
251.
252.
253.
254.
255.
256.
257.
258.
259.
260.
261.
262.
263.
264.

PX11
RA1
RSC4
RBlSOS
OR F1
QI2D2
QI204
QI206
QI202
QI10B
TBS
TBO
T82
TOR2
QI181
QI182
SN1AS
QI1D1
QI1CB
QI188
QI101
QI1A1
US4381
V18
UB43A1
UB42C1
METS
V2$
V3S
UB41A1
UB4181
US4183
UB41A2
US4284
UB4281
UB42A1
UB42A3
RCM1

RK3
RL1
RKT
RJ1
RN1
Rl.4

0.000QE+OQ
0.0000E+00
0. NOOE+00
0.000OE+00
0.0000E+00
0.0000E+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. NODE+00
0.0000E+00
0.0000E+00
0.0000E+Qa
0.0000E+00
0.0000E+00
O.oooaf+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.aaaof+00
0.0000E+00
0.0000E+00
0.0000E+00
0. Oaaaf+M
0.0000E+00
O.aooof+OQ
0.0000E+00
0.0000E+00
O.oooof+00
0.0000E+00
0.0000E+00
O.MODF+00

Q.aaaof+00
0.0000E+00
6.7300f-al
a.oooof+oo
9.9252E.01
9.9188E.01
9 9823E-01
9.9690E-01
9.9188E-01
O.aoaof+00
0.0000E+00
0.0000E+00
9.9598E-01
0.0000E+00
9.9188E 01
9.9690E-01
0.0000E+00
9*91888-01
0.0000E+M
0.0000E+00
9.9188E.01
9.9188E.01
1.0835E-01
o'.aoaof+oo
1.0835E-01
9.9379E.02
0.0000E+00
0.0000E+00
0.0000E+00
1.0890E-01
1.0890E 01
0.0000E+00
9.9945E-01
9.9945E.01
1.0890E-01
1.0890E-01
9.9945E.01
O,QOOOE+OQ
9,9722E 01
3.5518E.03
3.5518E-03
7.7309E-04
7.7309E.04
9.9722E-01

1.0008E+00
1.0002E+M
1.0006E+00
1.0000E+00
1.0008E+00
1.0001E+00
1.0001 E+00
1.0001E+00
1.0001E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0002E+00
1 ~ 0000E+00
1.0001E+00
1.0002E+00
1.0000E+00
1.0001E+00
1 ~ OOOOE+00
1.0000E+00
1.0001E+00
1 '001E+00
1.0002E+00
1.0000E+00
1.0002E+00
1.0001E+00
1.0000E+00
1.NOOE+00
1.0000E+00
1.0002E+00
1.0002E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0002E+00
1.0002E+00
1.0000E+00
1.QOOOE+00
1.0001E+00
1.0001E+00
1.0001E+00
1.0002E+00
1.0003E+00
1.0000E+00

-1.8735E-03
-1.8724E-03
-6.1319E.04
O,OOOQE+00
-1.5560E-05
-1.5372E-05
-3 4334E-06
-6.0223E-06
-1.5372E.05
0.0000E+00
0,0000E+00
0.0000E+00
-7.9919E-06
0.0000E+00
-1.5482E-05
-6.2104E.06
0.0000E+00
-1.5428E.05
0.0000E+00
0.0000E+00
-i.5428E-05
-1.5482E-05
-1.6695E.03
0.0000E+00
-1.6695E.03
-1.6861E-03
0.0000E+OD
0.0000E+00
0.0000E+00
-1.6685E.03
-1 ~ 6685E.03
0.0000E+00
-1.0280E.06
-1.0280E-06
-1.6685f -03
-1.6685E-03
-1.0280f.06
a.aaoaf+ao
.5.3348E.06
-1.8655E.03
-1.8655E-03
-1.8708E-03
-1.871 1E-03
-5.2067f.06

8.1330E-04
2.3211E.04
1 ~ 7206E.03
0,0000E+M
1.0000E-01
1.09&OE.02
3.5370E-02
3.7200E-02
1.0960E.02
0.0000E+00
0.0000E+00
0.0000E+00
5.8344E.02
1.2980E-06
1 7970E-02
6.6360E.02
0.0000E+00
1 4690E.02
0.0000E+00
0.0000E+M
1.4&90E-02
1.7970E.02
2.3912E.04
0.0000E+00
2.3912E-04
1.1440E.04
0.0000E+00
O.MOOE+00
0.0000E+00
2.3910E.04
2.3910E-04
2.3340E-OS
2.1920E-04
2.1940E-04
2.3910E 04
2.3910E.04
2.1930E-04
2.5040E.05
2.4980E-02
1.3300E-04
1.3300E-04
1.5053E-04
3.3077E.04
9.9410E-04

0.0000E+00
0.0000E+00
0.0000E+00
O.OQQQE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

. 0.0000E+00
0.0000E+00
0.0000E+N
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.QOQOE+Qo
O.OOME+00
O.MODE+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
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SF Haeo... lsportance..... Achievement.. Reduction... Derivative.. SF Value....... Frequency......

265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
275.
2'76.
277.
278.
279.
280.
281.
282.
283.
284.
285.
286.
287.
288.
289.
290 0

291.
292 0

293.
294.
295 ~

296.
297.
298.
299 0

300.
301.
302.
303.
304.
305.
306.
307.
308.

RH1
Rol
RD1
RE1
RGM7
Rll
RH1
RF1
RG1
SP1
RVOB
SGT1
RVO1
RVLO
SHUT11
SGTOPS
SHT21
RP1
RPC2
RPD9
RPB2
RPS4
RPS10
RPSO
RPS1
A3EA1
DH2
DH1
DH3
DH2
DH3
DH1
DT21
DT11
D01
002
DII1
DGA
DF2
DGB
OE2
DF1
DL3
DL2

0.0000E+00
0.0000E+00
0. MODE+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
O,DODGE+00
O.MODE+00
O.MODE+00
O.DONE+00
0.0000E+00
O,MODE+00
O.DODGE+00
O,NODE+M
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 DODGE+00
0 0000E+00
0,0000E+00
0.0000E+00
O.NODE+00
O.ONOE+00
O.DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.MODE+00
0.0000E+00
O.MODE+00

2.5424E-03
8.9023E.03
0,0000E+00
2.5424E.03
9.0373E.01
7.7309E.04
3.55'18E-03
3.8706E.03
3.8706E.03
5.4211E-01
0 DODGE+00
1 4877E.03
0,0000E+00
0.0000E+00
1.0835E-01
0.0000E+00
1.M35E.01
8.9445E-03
9.9942E-01
9.9942E-01
9.9942E-01
0.0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
1.0835E.01
9.9722E.01
1.1681E.02
9.9187E-Ol
9.9690E.01
9.9183E.01
1.2042E.02
0,0000E+00
0.0000E+00
3.8706E-03
9.9690E.01
93222E.01
8.9023E-03
9.9110E.01
9.9110E.01
9.9746E.01
8.9023E.03
9,9722E.01
9 9768E 01

1.0003E+00
1.0003E+00
1.0001E+00
1.0003E+00
1.0002E+00
1.0002E+00
1.0002E+00
1 0003E+00
1.0005E+00
1.0003E+00
1.0000E+00
1.0015E+00
1.0000E+00
1 DODGE+00
1.0001E+N
'1.0000E+00
1.0001E+00
1.0003E+00
1.0003E+00
1.0003E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0008E+00
1.0000E+00
1.0001E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0002E+00
1 DODGE+00
1.0000E+00
1.0001E+00
1.0000E+00
1.0000E+00
1.0050E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0031E+00
1. NODE+00
1,0000E+00

-1.8678E-03
-1.8557E.03
-1.8722E-03
-1.8677E.03
-1.8058E-04
-1.8708E-03
-1.8656E-03
-1.8652E.03
-1.8656E.03
-O.'5762E-04
0.0000E+00
-1.8719E 03
0.0000E+00
O.NODE+M
-1.6693E-03
0.0000E+00
-1.6693E.03
-1.8557E.03
-1.6545E-06
-1.6349E-06
-1.1105E.06
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
-1.6706E.03
5.2027E.06

-1.8503E.03
-1.5235E.05
-5.8002E-06

1.5326E.05
-1.8498E-03
0.0000E+00
0.0000E+00
-1.8649E 03
5.7996E.06

-1.2690E.04
-1.8645E-03
-1.6709E.OS
-1.6741E. 05
-4.7810E-06
-1.8611E.03
-5.2663E-06
.4.3592E-06

3.3077E-04
2.5539E-04
1.2721E.04
2.5539E.04
2.0546E.03
1.5053E.04
1.5053E-04
2.5539E.04
5.1074E.04
5.5918E.04
0.0000E+00
1.4680E 03
1.3340E-05
0.0000E+00
1.1090E.04
0.0000E+00
1.1090E.04
2.5539E-04
3.4140E-01
3.3970E.01
1.8800E.02
9.0940E 06
2.1400E-06
0.0000E+00
9.0940E 06
8.6470E-04
2.2791E.04
1.1446E-04
1.1392E.03
3.3922E-04
1.9386E 03
2.'l945E.04
4.0670E-06
4.0670E.06
1.1446E.04
2.2791E-04
5.1413E-05
4.9731E-03
2.6587E-03
4.5649E.03
4.5649E.03
3.1418E 03
1.2290E 02
1.8260E-03

0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
O.ONOE+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+M
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SF Naae... laportance..... Achleveeent.. Reduction. Derivative.. SF Value.. Frequency o ~ o e ~ ~

309.
310.
311.
312.
313.
314.
315.
316.
317.
318.
319.
320.
321.
322.
323.
324.
325.
326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.
337.
338.
339.
340.
341.

2.
343.
344.
345.
346.
347.
348.
349.
350.
351.
352.

DJ1
DH2
011
DE1
EPR6$
EPR61
FA1
EDS
EPR30$
ED3
FC1
FSB
FAB
F$ 1

DlJP1
EA3
EA1
E$ 1

DMS1
ED2
EC3
EC2
E$7
EBB
FCS
ASS
A$2
AC1
AA2
A$1

AA1
AD23
AD1
AC14
AC4
AD4
A3E$2
A3E$ 1

A3EC1
A3EA2
A3ED4
A3ED23
A3ED1
A3EC14

0.0000E+00
O.MODE+00
0.0000E+00
0.0000E+00
O.MODE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.MODE+00
0.0000E+00
0.0000E+00
0,0000E+00
O.ONOE+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.NODE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.NODE+00
0. MODE+00
0.0000E+00

7.3060E-03
9.9645 E-01
O.OMOE+00
2.5424E-03
0,0000E+00
9.9766E-01
8.9165E-01
9.8949E-01
0.0000E+N
9.9188E.01
8.9165E-01
0. MODE+00
0.0000E+00
8.9165E-01
0.0000E+00
9.0000E-01
1.0890E.01
1.0890E-01
5.7196E-02
2.0123E 02
9.9187E.01
1.7740E.02
9.1122E-01
9.8375E.01
0.0000E+00
9.9578E-01
8.9942E.01
1.0835E-01
8.9664E.01
1.0835E.01
1 0590E-01
9.8990E.01
1.0835E.Dl
9.9300E-01
9.0252E-01
9.0252E-01
9.0939E.01
1.0022E 01
1.0835E.01
9.0055E-01
9.2629E.01
9.7486E-01
1.0835E-01
9.8303E.01

1. 0005E+00
1,0000E+00
1.0005E+00
1.NSOE+00
1.0000E+00
1.0009E+00
1.0011E+00
1.0000E+00
1.0000E+M
1.0000E+00
1.0011E+00
1.0000E+00
1.0000E+00
1.0011E+00
1.0000E+N
1.0004E+00
1.0007E+00
1.0007E+00
1.0013E+00
1.N36E+00
1.0000E+00
1 ~ 0037E+00
1.0003E+00
1.0002E+00
1 ~ 0000E+00
1,0000E+00
1.0001E+00
1.0004E+00
1.0001E+00
1.0004E+00
1.0004E+00
1.DOME+00
1.0M4E+00
1.0000E+00
1.0001E+00
1.0001E+00
1.0001E+00
1.0008E+M
1.0007E+N
1. 0001E+00
1.0001E+00
1.0000E+00
1.0007E+00
1.0000E+00

-1.8591E.03
-6.6792E-06
-1.8728E-03
-1.8765E-03
0.0000E+00
-6.0048E-06
-2 0492E-04
-1.9751E-05
0.0000E+00
-1.5264E-05
-2.0491E-04
0,0000E+00
0.0000E+00
-2.0491E-04
0,0000E+00
-1.8789E-04
-1.6694E.03
-1.6694E-03
-1.7672E-03
-1.8410E-03
-1.5275E-05
-1.8457E.03
-1.6678E-04
-3. 0880E-05
0.0000E+00
-7.9105E.06
.1.8847E.04
-1.6699E-03
-1.9369E-04
-1.6699E-03
-1.6745 E-03
-1.8921E-05
-1.6699E.03
-1.3117E.05
-1.8267E.04
-1.8266E-04
-1.6986E-04
-1.6857E.03
-1.6705E.03
-1.8643E-04

1.3816E.04
-4.7123E-OS
-1.6705E.03
-3.1806E-05

4.7360E.04
4.5649E.03
4.7370E.OC
4.9731E-03
0.0000E+00
2.7200E-01
1.0210E.02
3.6810E.03
0.0000E+00
3.7700E.03
1.0140E.02
0.0000E+00
0.0000E+00
1.0140E-02
2.7259E.05
3.6950E 03
8.0680E-04
7.8900E-04
1.3253E-03
3.6770E 03
3.7880E-03
3.7770E.03
3.55COE.03
1.4760E.02
0.0000E+00
1,0900E 03
1.0250E-03
4.6160E.04
1.0900E.03
4.6150E.04
4.6140E.OC
9.9520E 04
4.6180E 04
1.0250E.03
9.9520E.04
9.7200E.04
1.4030E.03
B.C550E 04
8.2630E-04
1.4320E-03
1.3580E.03
1.3800E 03
8.07ME.04
1.4030E.03

0 ~ OOOOE+00
0.0000E+00
0 DODGE+M
0.0000E+00
0.0000E+00
0.0000E+N
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+M
0.0000E+00
0 OOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+N
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
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353
354.
355.
356.
357.
358.
359.
360.
361.
362.
3Q.
364.
365.
366.
367.
368.
369.
370.
371.
372.
373.
374.
375.
376.
377.
378.
379.
380.
381.
382.
383.'84.

385.
386.
387.
388.
389.
390.
391.
392.
393.
394.
395.
396.

A3EC4
DD2
D82
D$1

DC1
DA1
DA2
CST1
M1
DCA2
DC2
DCA1
8VR1
CIL2
CIL1
CIS1
CDA1
CS7
CS6

, CSS
CS1
CS2
OPTR1
LN41
LN31
LPC4
LH11
LN21
LFS
LT31
LT21
LPRESS
LT11
LT41
INDS
INCS
INMS
INAS
LEGS
LSI6
IV01
IVC1
IVC3

O.ONOE+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 0000E+00
0.0000E+00
0.0000E+00
0 OOOOE+00
0 0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
O.MODE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0. MODE+00
0.0000E+00
0.0000E+00
0 OMOE+00
0 0000E+00
0 0000E+00
0.0000E+00
O.MODE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

9.1756E-01
9.9923E-01
9.9613E-01
3.8706E-03
3.5518E-03
2.5424E-03
9.9746E-01
0.0000E+00
7.7309E-04
9.9779E-01
9.9645E-01
5.999E-01
7.8400E-01
4.3822E-01
0.0000E+00
O.DOME+00
0.0000E+00
9.9845E-01
9.7936E-01
5.6510E-01
9.6896E-01
9.9748E.01
9.9796E.01
0 DODGE+00
0,0000E+00
4o9527E-01
0.0000E+00
0.0000E+00
0.0000E+00
5.3732E-03
0.0000E+M
0.0000E+00
O.OMOE+00
5.3732E.03
0.0000E+00
0.0000E+00
0.0000E+00
0 DODGE+00
0.0000E+00
9.9616E-01
0.0000E+00
9.9102E-01
9.9695E.01
9.9942E-01

1.0001E+00
1.0000E+00
1.0000E+00
1 N20E+00
1.0021E+00
1.0021E+00
1.0000E+00
1.0000E+00
1.0021 E+00
1. N01E+00
1.0000E+00
1.0017E+00
1.0030E+00
1.0003E+M
1.0000E+00
1.0007E+00
1 ~ 0000E+00
1.0000E+00
1.0000E+00
1.0004E+00
1.0001E+00
1.0000E+00
1 '002E+M
1.0020E+00
1.0021E+00
1.0001E+00
1.0021E+00
1.0021E+00
1.0000E+00
1.0024E+00
1.0027E+00
1,0000E+00
1.0029E+00
1.0021E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0001E+00
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1.MODE+00

-1.5454E-04
-1.4495E-06
-7.2569E-06
-1.8685E-03
-1.869IE-S
-1.8710E 03
-4.7667E-06
0. 0000E+00
-1 8743E-S
-4.2490E.06
.6.6592E.06
-8.1945E-04
.4.0995E-04
.1.0522E-S
0. DONE+00
-1.8733E-S
0.0000E+00
-2.9857E-06
-3.8673E-05
8.1481E 04
5.8217E-05

-4.7300E-06
-4.2523E.06
-1.8758E.S
-1.8758E.03
.9.4507E.04
-1.8758E.03
-1.8758E-03
0.0000E+00
-1.869E-S
-1.8769E-03
0.0000E+00
-1.8775E.S
-1.8658E-03
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
-7.3176E-06
0.0000E+00
-1.6803E.05
.5.7143E-06
-1.0853E.06

1.3800E-03
1.5699E-03
1.5699E.03
2.0535E.03
2.0535E-03
2.0535E.03
1.5699E.S
3.6238E-05
2.0535E-S
2.5165E.02
1.5699E.03
3.9869E-03
1.3680E 02
5.6882E.04
5.992E-06
7 1046E-04
0.0000E+00
2.6706E.02
9.6245E-04
8.6971E.04
1.9509E.03
2.0586E.03
1.0000E 01
2.830E-S
2.0480E.03
2. 6688E.04
2.0810E.03
2.0QOE.S
0.0000E+00
2.3910E.03
2.6570E. S
0.0000E+00
2.9410E.03
2.1240E.03
0.0000E+00
0,0000E+00
0 0000E+00
0.0000E+00
0.0000E+00
1.6484E.02
6.1050E 17
738 12E.05
5.0601E-05
5.3310E.03

0. 0000E+00
O.NODE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.NODE+00
0.0000E+00
0.0000E+00
O.NODE+00
0.0000E+00
0.0000E+M
0 DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
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397.
398.
399.
400.
401.
402.
403.
404.
405.
406.
407.
4M.
409.
410.
411.
412.
413.
414.
415.
416.
417.
418.
419.
420.
421.
422.
423.
424.
425.
426.
427.
428.
429.
430.
431.
432.
433.
434.
435.
436.
437.
438.
439.
440.

OF3
OEEB
OG161
NRVO
OB01
KP111
01V1
OHS1
OG51
OHC2
LVP1
NT21
NT11
NT31
LVS
NP11
N1EB
NH11
NAO
NBOCB
FD1
FNH2
FNH1
GAB
FMC1
FNC2
FMA1
GD2
GCS
GSS
GC2
GDB

FEB
FE1
FF1
FOB
FHB
FH1
FGB
FFB
FG1
HXC3
HNI1
HSO

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+M
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.DONE+00
0 DODGE+00
0,0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0 DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

9.9378E-01
0.0000E+00
9.9379E.02
0,0000E+00
9.8991E.01
5.3732E-03
9.7174E-01
9.9336E-01
1.0890E.01
9.7571E-01
0.0000E+00
1.0890E 01
1.0890E-01
1.0890E-01
0.0000E+00
0.0000E+00
0.0000E+DO
0.0000E+00
0.0000E+00
0.0000E+00
8.9165E-01
9.9342E.01
8.5440E-01
0.0000E+00
8.5404E.01
9.9378E-01
0,0000E+00
9.8990E-01
0.0000E+00
0.0000E+00
9.9300E.01
0,0000E+00
0 DODGE+00
8.9165E-01
8.9165E-01
0.0000E+00
0.0000E+00
8.9165E-01
0.0000E+00
0.0000E+00
8.9165E.01
9.'9942E-01
3.5049E-02 .
0.0000E+00

1.0031E+00
1.0000E+N
1.0006E+00
1.0000E+00
1.0015E+00
1.0003E+00
1.0031E+00
1,0007E+N
1.0003E+00
1.0027E+00
1.0000E+00
1.0001E+00
1 '007E+00
1.0007E+00
1.0000E+00
1.0003E+00
1.0000E+00
1.0030E+00
1.0000E+00
1 GOOSE+00
1.0011E+00
1.0002E+00
1.0002E+N
1.0000E+00
1.0000E+00
1 ~ 0000E+00
1 ~ 0000E+00
1.0015E+00
1.0000E+00
1.0000E+00
1,0010E+00
1.0000E+00
1.0000E+00
1.0011E+00
1.0011E+00
1.0000E+00
1.0000E+00
1.0011E+00
'1 DODGE+00
1 ~ 0000E+00
1.0011E+00
1.0000E+00
1.0007E+00
1.0000E+00

-1.7414E.05
0.0000E+00
-1.6869E.03
0.0000E+00
-2.1680E-05
-1.8624E.03
-5.8789E.05
-1.3815 E.05
-1.6687E.03
-5.0530E.05
0.0000E+00
-1.6683E-03
-1.6693E-03
-1.6693E-03
0.0000E+00
-1.8725E.03
0.0000E+00
-1.8776E-03
0.0000E+00
0.0000E+00
-2.0491E.04
-1.2638E-05
-2.7288E.04
0.0000E+00
-2.7325E.04
-1.1646E-05
0.0000E+00
-2.1716E-05
0.0000E+00
0.0000E+00
-1.5068E.05
0,0000E+00
0.0000E+00
-2.0492E-04
-2.0491E-04
0.0000E+00
0.0000E+00
-2.0491E-04
0.0000E+00
0.0000E+00
-2.0491E.04
-1.0956E.06
-1.8076E.03
0.0000E+00

3.3140E-01
0,0000E+00
6.1657E-04
0.0000E+00
1.2850E.01
2.6670E-04
1 ~ 0000E-01
1.0000E-01
3.8690E-04
1.0000E-01
2.8624E-05
1.1232E-04
7.4972E.04
7.4972E.04
0.0000E+00
2.8420E-04
0.0000E+00
3.0370E.03
0.0000E+00
0.0000E+00
1.0140E-02
2.5213E.02
1.2000E.03
0.0000E+00
8.5200E.05
2.5560E.04
0,0000E+00
1.2960E-01
0.0000E+00
0,0000E+00
1 3040E 01
0 DODGE+00
0.0000E+00
1.0210E-02
1.0140E.02
0.0000E+00
0.0000E+00
1.0140E.02
0.0000E+00
0.0000E+00
1.0140E.02
5.4540E-03
7.0178E.04
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+M
0.0000E+00
0.0000E+00
0 DODGE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
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HMEL Haec: SFHHA

Split Fraction laportance for Group: ALL

Sorted by Iaportance

Group Frequency ~ 1.8719E.03

08:20:05 '14 AUG 1992
Page 11

...... SF Hcee... laportance..... Achievenent.. Reduction... Derivative.. SF Value....... Frequency......

441.
442.
443.
444.
445.
446.
447
448.
449.
450.
451.
452.
453.
454.
455.
456.
457.
458.

llQG
KRC5
HRLO
HRC3
HXS7
HXS3
HXA1
HXA2
GEB
GG2
GFB
GGS
GF2
HRC1
HR60
HPL3
GH2
GHB

0. NOOE+00
0.0000E+00
0 GOOSE+00
O.NOOE+00
0.0000E+00
O.NOOE+00
0.0000E+00
0.0000E+00
0. 0000E+00
O,NOOE+00
0.0000E+00
O.MOOE+00
O.OMOE+00
0 0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

9.6644E.01
9.7571E.01
0,0000E+00
9.5534E-01
8.9313E.01
1.0893E-01
1.0894E-01
8.9313E-01
0,0000E+00
9.8303E-01
0.0000E+00
0,0000E+00
9.9187E.01
3.5691E.01
0.0000E+00
9.9662E-01
9.7486E-01
O.NOSE+00

1.0000E+00
1.0000E+00
1.0000E+00
1 OOOOE+00
1.0009E+00
1.0048E+00
1.0049E+00
1.0009E+00
1 ~ 0000E+00
1.0029E+00
1,0000E+00
1.0000E+00
1.0014E+00
1.0003E+00
1.0000E+00
1.0001E+00
1. 0043E+00
1.0000E+00

-6.2855E 05
-4.5489E.05
0.0000E+00
.8.3623E-OS
.2.0177E.04
-1.6770E.03
-1.6772E.03
2.0181E-04

0.0000E+00
-3.7174E.05
0.0000E+00
0.0000E+00
-1.7859E-05
-1.2044E-03
0.0000E+00
-6.5041E.06
-5.5129E 05
0.0000E+00

4.9058E.04
2.6349E.04
0.0000E+00
2.6349E.04
8.5480E-03
5.3310E.03
5.4540E.03
8.7440E 03
0,0000E+00
1.4560E-01
0.0000E+00
0.0000E+00
1.4790E 01
4.8505E 04
0.0000E+00
2.7250E.02
1.4640E.01
0,0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

324
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ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

1 TOT ~ TOTAL * 1.5187 t
1 TOTAL SEQ001+SEQ002+SEQ003+SEQ004+SEQ005+SEQ006+SEQ007+X t
1 X SEQ008+SEQ009+SEQ010+SEQ011+SEa012+SEa013+SEQ014+X t
1 X aSEQ015+SEQ016 SEa017+SEa018+Sfa019+Sfa020+SEQ021+X t
1 X ~SN022+SEQ023+SN024+SEQ025+SEQ026+Sfa027+SEQ028+X t
1 X sSEQ029+SEQ030 SEQ031+SEa032+SEa033+SEQ034+SEQ035+X t
1 X sSEQ036+SEQ037+SEO038+SEQ039 SEa040+SEa041+SEa042+X t
1 X SEQ043+SEQ044+SEQ045+SEQ046+SEQ047+SEQ048+SEQ049+X t
1 X SN050+SEQ051+SEQ052+SEQ053+SEQ054+SEQ055+SEQ056+X ,, t
1 X SEQ057+SEQ058+SEQ05&SEQ060 SEa061+SEa062+SEQ063+X , t
1 X SEQ064+SEQ065+SEQ066+SN067+SEQ068+SEQ069+SEQ070+X $
1 X SN071+SEQ072+SEQ073+SEQ074+SEQ075+SEQ076+SEQ077+X ... t
1 X SEQ078+SEQ079+SEQR&SEQ081+SEQ082+SEQM3+SEQ084+X ,„, t
1 X >SEQ085+SEQ086+SEQ087+SEQ088+SEQ089+SEQ090+SN091+X .„ $
1 X , stfa092+SEQ093+SN094+SEQ095+SEQ096+SEQ097+SEQ098+X
1 X Sfat%4SN100+SEQIOI+SEQ102+SEO103+SEQ104+SEOI05+X t
1 X SEQ10&SEQ107+SEQ108+SEQIS+SEQ110+SN111+SEQ112+X

'
1 X SEQ113+SEQ114+SEQ115+SEQ116+SEQ117+SEQ118+SEQ119+X t
1 X SEa120+SEQ121+Sfa122+SEa123+SEa124+SEQ125+SEa126+X , t
1 X SEQ127+SEQ128+SEQ129+SEQ130+SEQ131+SEQ132+SN133+X . t
1 X SEQ134+SEQ135+SEQ13& SEQ137+SEQ138+SEQ139+SN140+X . t
1 X SEQ141+SEQ142+SEQ143+SEQ144+SEQ145+Sfa14&SEQ147+X

'

1 X SEQ148+SEQ149+SEQ150+SEQ151+SEQ152+SEQ153+SEQ154+X '
1 X SEQ155+SEQ156+SEQ157+SEO158+SEQ15&SEQ160+Sfa161+X t
1 X SEQ162+SEQ1&SEQ164+SEQ165+SEQ16& SEQ167+SEQ168+X t
1 X SEQ169+SEQ170+SEQ171+SEQ172+SEQ173+SEQ174+SEQ175+X '

1 X SEQ176 SEa177+SEa178 SEQ179 SEQIeO+SEQ181+SEQ182+X . t
1 X SEQ183+SEQ184+SEQ185+SEQ186+SEQ187+SEQ188+SEQ189+X t
1 X SEQ190+SEQ191+SEQ192+SEQ193+SEQ194+SEQ195+SEQ19& X t
1 X SEQ197+SEQ198+SEQ199+SN200+SEQ201+SEQ202+SEQ203+X
1 X SEa204+SEQ205+SEQ206+SEQ207+SEa208+SEa209+SEQ210+X
1 X SEQ211+SEQ212+SEQ213+SEQ214+SEQ215+SEQ216+SEQ217+X
1 X SEQ218+SEO21&SEO220 SEa221+SEQ222+SEO223+SEO224+X,
1 X SEa225+SEQ22& SEO227+SEQ228+SEO229+SN23(hsfa?31+X.
1 X SEQ232+SEQ233+SEQ234+SEQ235+SEQ?36+SEQ237+SEQ238+X .'t
1 X Sf a?354SN240+SEQ241+SEQ242+SEQ243+SN244+SEQ245ix'. "t
1 x 'faz46+sfa247+sEaz48 sfa24msfazso+sfaz51+sfaz52+x

" t
1 X SEQ253+SEQ254+SEQ255+SEO256+SEa257+SEa258+SEQ259+X t
1 X SEQ260+SEQ261+SEO262+SEO263+SEQ264+SEQ265+SEQ266+X
1 x sfa267+sfozss+sfoz69 sfaz7o+sfaz71+sfo272+sfoz73+x
1 X SEQ274+SN275+SEQ276+SEQ277+SEQ278+SEQ279+SEQ280+X ~ t
1 X SEa281+SEO282+SEQ283+SEa284+SEQ285+SEQ286+SEQ287+X . t
1 X SN288+SEQ289+SEQ290+SEQ291+SEQ292+SEQ293+SEQ294+X

~
. t

1 X SN295+SEQ296+SEQ297+SEQ298+SEQ2%4SEQ300+SEQ301+X t
1 X SEa302+SN303+SEQ304+SEQ305+SEQ30&SN307+SEQ308+X
1 X SEQ309+SEQ310+SEQ311+SEQ312+SEQ313+SEQ314+SEQ315+X
1 X ~SEQ316+SEQ317+SN318+SEQ319+SEQ320+SEQ321+SN322+X
1 X SEQ323+SEQ324+SEQ325+SEQ32& SEQ327+SEQ328+SEQ3254X .
1 X ~SEQ330+SN331+SEQ332+SEQ333+SEQ334+SEQ335+SEQ33&x
1 X ~SEQ337+SEQ338+SEQ339+SEQ340+SEQ341+SEQ342+SEQ343+X
1 X ~SEQ344+SEQ345+SEQ346+SN347+SEQ34B+SEQ34&SEQ350+X
1 X ~SEQ351+SEQ352+SEQ353+SEQ354+SEQ355+SEQ356+SEQ357+X
1 X ~SEQ358+SEQ35&SN3MSEQ361+SEQ362+SEQ363+SEQ364+X
1 X ~SEQ365+SEQ366+SEQ367+SEQ368+SEQ369+SEQ370
2 SEQ001 LOSP REC6H4 RVCO (1-RCI1)*(1 HPI2)*x t
2 X >RVDP'(1-RBI1)
3 SEQ002 FLTB~(1-SM?A1)~(1-SM281)*(1-SM2CI)~(1-SM201)~X
3 X *HRSSY1*RVD22~(1-ORP2)*(1-RB11)
4 sfa003>Losp~Rfc6H3~(l-RX3)~(1-GE1)~x t
4 X ~ (1 GFI)*(1-GG1)*(1-GH1)*(1-SM182)~(1-SM206)~RVCPX
4 X ~ (1 RCIT)~(1-HPI2)~RV02~RPX1~(1-RBI1)*(1 SGT9) t
5 SEQ004<LOSP~REC6H3*(1-GE1)*(1-GF1)~X t
5 X ~ (1 GG1)~(1-GH1)~(1-SM28'l)~(1-SM107)~RVCO~(1-RCI1)~X
5 X ~ (1 HPI2)*RVD2~RPXI*(1 RBI1) t
6 SEQ005 LOSP~REC6H4~RVCD~(1-RCI1)~(1 HPI2)~X
6 X >RVDziRBI1 t
7 SEQ006 FLTB DH1 DGA~(1 SM?A1)~(T.SMZB1)*(1-SMZCI)~(T-SMZD1)~x
7 X >RVD9 (1.0RP2)~(T-RBI1)
8 SEQ007<LOSP~REC6H4 RVCD~(1-RCI1)*HRSHP1~X t
8 X >RVD2 (1 RBI1)
9 SEQDM CIAH1~DGA~(1-SM?A1)*(1-SM281)'(1-SMZCI)*(1-SM201)*X
9 X >RVC1~RVD5~(1 ORP2)~(1-RBI 1)

10 SEQ009 LOSP*REC6H4~RVCO*HRSRC1*(1.HPI4)~X t
10 X ~RVD2*(1-RBI1)
'l1 SEQ010<LOSP*REC6H4 RVC1 (1 Rcll) (1 HPI2)*X t
11 X ~ (1.RBI1)
12 SEQ011~LOSP~REC6H4*FOTI/OG1*RVCO (1-RCI1)'(1-HP12)*X
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ALL
ALL
ALL
ALI.
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL ~

ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

12 X «RVD2 (1.RBI1) t
13 SEO012«LOSP*REC6H4*FOTl/DG1«RVCD«(1-RCI1)«X S
13 X «(1-HP 12)«RVD2«(1 RBI1) S
14 SEO013«LOFlPOHl DGA«(1 SM2A1)*(1-SM281)«('f-SM2CI)*(1-SM201)«X
14 X «(1-NCD1)*RVC1«(1-0801)" (1-ORP2)«(1 RB I1) S
15 SEO014*Losp REc6H3 (1-RX3) (1.GE1)*x s
15 X «(1.GF1) DG31 (1-GH2) (1-SM205) RVCO (1.RCI1)*(1-HPI2)*X S
15 X «RVD2«RPXI«(1 RBI1) S
16 SEO015 LOSP*REC683«(T.RX3)«(1-GE1)«X
16 X «(1.GF1)«(1-GG1) DG31*(1-SM1$2)«(1-SM206)«RVCD«(1 RCI1)*XS
16 X «(1 HP12)«RVD2«RPX1«(1 RBI1) S
17 SEO016«LOCW1 DGA«(T.SM2A1)«(1-SM2$1)«(T-SM2CT)«(1.SM201)*x S
17 X «RVCI«RVD5«(1 ORP2)«(1 RBI 1) S
1$ SEa017«TTMB DH1 DGA*(1-SM2A1)«(1-SM2$1)«(1-SM2CT)«(t-SM201) X S
1$ X ~ (1.NCDI)«RVC1«RVD5«(1-0RP2)*(1-RBIl) S
19 SEO01$ «LOSP REC6H3«(1 RX3)'0031*(1 GF2) X S
19 X ~ (1-GG2)*(1-GH2)«(1 SM182)«(1-SM206)«RVCO (1-Rcl 1)«X
19 X «(1-HPI2)«RVD2 RPXI«(1.R811)*(T.SGT9) t
20 SE0019«LOSP«REC6H3«(1-GE1)«(1-GF1)«X S
20 X ~ (1.GG1) DG31«(1-QI281)*RVCO«(1-RCI1)«(1-HPI2)*X S
20 X «RVD2«RPX1*(1.RBI1)
21 SE0020*LOSP REC683«(1-RX3)«(1.GE1) DG31«X S
21 X «(1-GG2)*(1-GH2)*(1.ED26)«(1-SM1$ 2)«(1.SM206)«RVCD X S
21 X ~ (1 RCI1)«(1-HPI2)«RVD2 RPX1*(1-RBI'l)«(1-SGT9) S
22 SE0021 LOSP REC6$3 (1 GEI)«(1 GF1)'DG31 X S
22 X ~ (1-GH2)«(1.SM2$ 1)«(1-SM107)«RVCD«(1-RCI 1)«(1-HPI2)«X S
22 X «RVD2 RPXI«(1.RBI1) S
23 SE0022«LOSP«REC6$ 3 DG31*(1.GF2)«(1-GG2)«X S
23 X «(1 GH2) (1 SM2$ 1) (1-SM1D7) RVCO«(1 RCI1)«(1 HPI2)«X S
23 X «RVD2 RPX1«(1-RBI1) S
24 SEO023 LOSP«REC6H3«(1 GE1)«DG31*(1.GG2)«X S
24 X «(\ GH2)«(1 SM2$ 1)«(1-SM107)*RVCO (1.RCIT)«(1 HPI2) X t
24 X «RVD2«RPXI«(1 RBI1) S
25 SEO024«IOTN (1-SM2A1)«(1.SM2$ 1)*(1.SM2C1)«(1.SM201)«(1-NCD1)«X S
25 X ~ (1-ORP2)«OLP1«(1.RBI1) S
26 SEO025*LOSP«REC684*FOT1/DG1«RVCD (1 RCI1)«(1 HPI2) X
26 X «RVD2 (1 RBI1)
27 SEO026«LOSP REC684«FOT1/001«RVCIP'(1.RCI1)«(1-HPI2)«X t
27 X «RVD2 (1.RBI1) S
28 SEO027.LOAC (1-SM2A1)«(1-SM2$ 1)*(1-SM2C1)«(1-SM201)*RVCD«X S
2$ X «HRSSY1«RVD22 CRD4*(1-ORP2)«(1-RSI1) S
29 SEO028«LOSP«(1-GA1)*(1-G81)«(1.GC1)«(1.001)«(1.GET)*(1.GF1)«x S
29 X «(1.GGI)«(1-GHI)«(1.SM2AT)*(T-SM2$1)«(1-SM2CI) X S
29 X «(1-SM2D1)«RVCO HRSSY1«RVD22*(1.ORP2)*(T-RSI1) S
30 SEO029«LOSP«REC683«(1-GET)«(1 GF1)«X S
30 X ~ (1-GGI)«(1.GHI)«(1-SM2A1)«(1-SM1$ 2)«(1.SM109)«RVCO X S
30 X ~ (1 RCI 1)«(1-HP12)«SPR1«(1-RBI1)«(1-SGT9) S
31 SEO030«LOSP REC6H4«FOT4/004«RVCO (1 RCI1)*(1-HPI2) X S
31 X «RVD2 (1 RBI1) t
32 SE0031«TT*(1-SM2AT)«(1-SM2$ 1)«(1 SM2C1]«(1-SM201)*(1-NCD1)«x S
32 X RVC3*(1 ORP2) OLP1«(1 RBI1) S
33 SEa032 ISCRAN«(1-SM2A1)*(1-SM2$1)'(1-SM2C1)«(1-SM201)'X S
33 X «(1-NCD1)«RVC3«(1 ORP2)«OLP1«(1-RBI1) $
34 SEO033«FLTB«(1-SM2A1)«(1.SM281)«(1-SM2C1)«(1.SM201) X S
34 X HRSSY1«RVD22 (1-ORP2)«RBI1 S
35 SEO034«LOSP«REC6H3«(1.RQ)«(1.GE1)«x S
35 X «(1-GF1)*(1-GG1)*(1-GH1)«(1.SM1$ 2)«(1.SM206)*RVCO X
35 X «(1.RCI1)«(1-HPI2)*RVD2 RPX1«RBIT«(1-SGT9) S
36 SEO035«LOSP«REC6$ 3+FOT1/DGI*(1 RX3)«(1 GE1)«X S
36 X «(1 GF1)*('I GG1)*(1 GHI)«(1 SM182)*(1-SM206)«RVCO«X S
36 X «(1-RC11)«(1.HPI2)«RVD2 RPX1*(1-RBI1)«(1-SGT9) S
37 SEO036«LOSP«REC6H3«FOT1/001*(1-RK3)«X S
37 X «(1 GE1)«(1 GFI)«(1-GG1) (1.GHI)«(1.SM182)«(1 SM206)«x S
37 X «RVCO (1.RCI1)«(1.HPI2)*RVD2«RPXl«(1.RBI1)«x t
37 X «(1.SGT9) t
38 SEO037«LOSP«REC683«(1-GE1)«(1-GF1)«X
3$ X «(1-GG1)*(1-GH1)*(1-SM2$1)«(1-SM1D7) RVCO (1-RCI1) X S
38 X (1-HPI2)«RVD2«RPX1«RBI1 S
39 SEO03$ «LOSP*REC6HI«(1-GE1)«X S
39 X «(1 GF1)*(1-GG1)«(1 GHI)*(1-SM2A1)*(1-SM1$2)«(1.SM2C1)*X S
39 X «(1-SM206)«RVCO«(1 Rcl1)«(1-HPI2)«RPX3*X $
39 X «(1-RBI1) S
40 SEa039*FLTB«(1-SM2A1)*(1-SM2$1)*(1-SM2C1)«(1-SM201)*(1-RCI1)«X S
40 X «(I-HPI2)«RPX4'%11*(1-RBI1) $
41 SEO040«FMRU DH1«DGA«(1 SM2A1)«(1-SM2$ 1)«(1-SM2C1)«(1-SM201)«x S
41 X «(1-NCD1)*RVC1«('I-OBD1)*(1-ORP2)*(1-RBI1) $
42 SE0041«LOSP«(1.GAT)«(1-0$ 1)«(1-Gcl)*(1.001)*('f-GE1)«(1.GF1)«x S
42 X «(1.001)*(1-GH1)*(1-SM2AI)«(1-SM2$1)«(1-SM2CI)«X S
42 X «(1-SM201) RVC1«(1.RCI1) (1-HPI2) OLP1*(1-RBI1)

'
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43 SEQ042«LOSP«REC6H3«(1.RX3) «(1.GE1) «X S
43 X «(1-GF1)«(1-Gcl)«(1-GH1)«(1-SM1B2)«(1-SM2D6)«RVCD«X S
43 X ~ (1-RCI1)«HRSHP1«RVD2«RPX1«(1-RBI1)«(1 SGT9) S
44 SEO043 LOSP«REC3H4«RVC2 (1 HPI6)«(1 NP2)«X S
44 X ~ (1.RBI1) ~ S
45 SED044«LOAF)HI DGA«(1-SM2AI)«(1-SM2$1)«(1-SM2CI)«(1-SM201)«X t
45 X «RVCD«RVD9 CRD4*(1-ORP2)«(1-RBI1) S
46 SEO045«FLTB DGA«PXI«(1 SM2A1)«(1-SM2$ 1)«(1 SM2C1)«(1 SM201)*X S
46 X AVOID (1-ORP2)«(1-RBI 1) t
47 SED046 LDSP«(1-CA1)«{1-C$1)«{1-CC1)«(1-CD1) DH1«(1-GE1)'DCA X S
47 X ~ (1 GF1)«(1 GG1)«(1 GH1)«{1 SM2A1)«{1 SM2$ 1)«(1 SM2C1)«X S
47 X ~ (1.SM201)«RVCO RVD9 (1-DRP2)«(1-RBI1) S
48 SEO047«LOSP«REC6H3«(1.GE1)«(1-GF1)«X S
48 X ~ (1-001)«(T.GH1)«(1-SM2$ 1)«(1-SMID7)«RVCD«(1-RCI1) X S
48 X HRSHP1«RVD2 RPX1«('I RBI1) t
49 SEQ048«LOSP«REC6H4«FIT'l«RVCD (1-RCI1)«X S
49 X >(1 HPI2)«RVD2 (1 RBI1) t
50 SE0049«LOSP*REC6H4«FIT1«RVCD«(1-RCII)«X

0 X ~ (1 HP12)«RVD2«{1-RB11) S
51 SEDDSD*LOSP*REC6H4«FIT1«RVCO«(1-RCI1)«X S
51 X «(1-HPI2)«RVD2 (1 RBI1) S
52 SE4051«LOSP«REC6$ 4«FIT1«(1-FF2)«RVCO«(1-RCI1)«X t
52 X ~ (1-HPI2)*RVD2 (1-RBI1)
53 SEO0524LOCA«('l-SM2AI)«{1.SM2$1)«(T-SM2C1)«(1.SM201)«HRSHP1 X S
53 X AV014«(1-RBIl)
54 SED053«LOSP«REC6H3«FOT1/DGI«(1 RX3)«(1-GE1)«X
54 X ~ (1-GF1)«(1-GGI)«(1-GHI)«{1-SMI$2)«(1-SM206)«RVCO«X S
54 X ~ (1-RCI1)«(1-HP12)«RVD2«RPX1«(1 RBI1)«(1-SGT9) S
55 SE0054«LOSP REC6H4«HHI«RVCD«(1 RCI 1)*X S
55 X ~ (1.HPI2)«RVD2 (1-RBI1) S
56 SEO055«LRCM (1-SM2A1 )«(1-SM2$ 1)«(T.SM2C1 )«(1-SM201) «(1-HCD I )«X S
56 X RVCO*HRSSY1*RVD22 (1 ORP2)«(1 RBI1)
57 SEO056«FLTB«(1 SM2A1)«(1-SM2$ 1)«(1-SM2CI)«(1-SM201)«X S
57 X «HRSSYI RVD10 (1 NP2) OLP1*(1 RBI1) S
58 SED057 LOSP REC6H3 (1 RIG)*(1 GE1) X t
58 X (1 GF1) (1-ccl) ('I GH1)*SM'1$2 RVCO (1.RCI1) (1 HPI2) X S
58 X «RVD2 RPX1«(1 RBI1) (1-SGT9) S
59 SE4058«LOSP«REC6H2 (1 RX3)«(1 GE1)«X t
59 X

'
(1-GFT)«(1-GG1)«(1-GHI)«(1-SM2$ 1)«(1.SM201)«RVCO«X

59 X ~ (1.RCI1)«(1-HPI2)«RVD2 RPX2AC%11«(I.RBI1) X S
59 X ~ (1-SGT9) t
60 SEO059*LOSP«REC6H3*FOT1/DG1*(1.GE1)*(1.GF1)«X S
60 X <(1.GG'l)«(1-GHI)«(T.SM2$ 1)«(1-SM107)«RVCO (1.RCI1)«X S
60 X «(1-HPI2)«RVD2 RPX1«(1 RBI1) t
61 SE0060«ISCRO%1 DGA (1-SM2A1)*(1-SM2$1)«(1.SM2C1)«X S„
61 X «(1 SM201)«T$ 2«RVC1«RVD5«(1-ORP2)«(1-RBI1) S
62 SE0061«FLTB DH1 DGA«(1-SM2A1)«('1-SM2$ 1)«(1-SM2CI)«(1-SM201)«X t
62 X «RVD9 (1 ORP2)«RBI1 S
63 SED062«FLTB«(1-SM2AT)«(1-SM2$ 1)«(1.SM2C1)«(T-SM201)«(1-RCIT)«X t
63 X «(1-HPI2)«HRC1«(1.LBH1)«RVD22*(1-NP2)" (1-RBI1) S
64 SE0063 LOSP«REC6H3«(1-RX3)«(1.GE1)*X S
64 X «(1.GFI)«(1-GC1)«(1-GHI)«(1-SM1$ 2)«(1.SM206)«RVCO X S
64 X <HRSRCI (1-HPI4)*RVD2«RPX1«(1 RBI1)«(1 SGT9) S
65 SEO064*LOSP«REC6H3«(1 GE1)«(1-Gf1)«X t
65 X ~ (1-GG1)«(1 GH1)«(1 SM2$ 1)«SC*RVCO«(1.RCI1)«X S
65 X ~ (1-HPI2)«RVD2«RPX1*(1 RBI1) S
66 SE0065«CMlCA«PXI«(1 SM2A1)«(1 SM2$ 1)«(1-SM2CI)«(1 SM201)«X t
66 X «RVC1«RVD6«(1-ORP2)«(1 RBI1) S
67 SED066«LOSP«REC6$ 3«(1 RX3)«(1 GE1)«X S
67 X ~ (1.GF'l)«(1-GG1)«(1.GH1)*(1.SMIB2)«(1.SM206)«RVC1«X S
67 X ~ (1-RCI1)«(1-HPI2)*RPX1«(1-RBI1)*(i-SGT9) S
68 SE0067 FLTB DE1«(1-SM2A1)«(1-SM2$ 1)«(1 SM2CI)«(1 SM201)«X S
68 X 'HRSHP1«RVD22«(1 ORP2)«(1-RBI1) t
69 SEO068«LOSP«REC6H3«(1 GE1)«(1 GF1)«X
69 X ~ (1-GGI)«(1-GH1)«{1-SM2$1)«(1-SM107)«RVCO«HRSRCI«X S
69 X >(1-HP I4)«RVD2«RPX1*(1-RBI1) t
70 SE0069«LOSP«REC6$ 4«RVCD«(I.RCI1)«HRSHPI«X S
70 X >RVD2«RBIT S
71 SEO070*FLTB DGA«(T.SM2A1)«(1-SM2$1)«(1-SM2CI)«(1 SM2D1)*X S
71 X >HRSHPI«RVD22 (1-ORP2)«(1-CS7)*(1-RBI1) S
72 SEO071«LOSP«REC6H3«FOT1/DGI«(1 GE1)«(1 GF1)«X
72 X «(I.ccl)«(1-GH1)«(1.SM2$ 1)«(I-SMID7)«RVCO«('l.RCI1)«X S
72 X >(1-HPI2)«RVD2«RPX1*(I.RBI1) S
73 SE0072«LOSP«REC6H3«FOT1/DG1«(1 GE1)«X S
73 X ~ (1.GF1)«(1-CG1)*(1-GH1)«(1 SM2$ 1)«(1 SM1D7)«RVCO«X S
73 X <(I RCI1)«('I.HPI2)*RVD2«RPX1«(1-RBI1) S

74 SE0073«LOSP«REC6H3«(1 GE1)«(1-GF1)*X S
74 X «(1-GGI)«(1-GH1)«(1-SM2$ 1)«(1.SM1D7)«RVC1«(1.RCI 1)«X S
74 X ~ (1.HPI2)«RPX1*(1-RBI1) S
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75 SEO074«TT«(1-SM2A1)«(1-QI281)«(1.SM2C1)«(1-SM201)«RPS1«X S
75 X «(1 KC01)«SL1«RVC4«(1.ORP2)«(1-SP2)«(1-COMS2)«(1 RB11) S
76 SED075«Clv (1-SM2A1)«(1-SM281)«(1-SM2C1)«(1-SM201)«RVC1«X t
76 X «HRSSY'l«RVD6«(1.ORP2)«OLP1«(1-RBl1) S
77 SEO076«cl&H1DGA«(1-SM2A1)«(1 QI281)«(1-SM201)«(1 SM201)«X S
77 X «RVC1*RVD5«(1 ORP2)*RB11 S
78 SEO077 ClV (1.SM2A1)«(1-SM281)«(1.SM201)«(1-SM201)«RVC3«X $
78 X >(1-ORP2)«OLP1«(1-RBI1) S
79 SEO078«LOPA DHl DGA«(1-SM2A1) (1.SM281)«(1-SM2C1)*(1-SM201)*X S
79 X «RVC1«RVD5«(1 ORP2)«(1-RB11) S
80 SEG079«LOSP (1-GI1)«(1.081)«(1 GC1)«(1-GD1)«$ 404«X S
80 X (1 GE1) (1-GF1) (1.GG1)«(1-GH1)«RCM15«RVCO«X S
80 X «(1.RC11)«(1 HPl2)«(1-ORP3)*(1-RB11) S
81 SEOOBO*L500 DH1 DGA (1-SM2A1) (1-SM281) (1-SM201) (1-QI2D1) X S
81 X «RVC1«RVDS«(1-ORP2)«(1-RBl1) S
82 SEO081«L500 OUB2 REC6H4«RVCO (1.RCl1)*X S
82 X ~ (1-HP12) (1.RBl1) S
83 SEO082«TT*(1-SM2A1)«(1.SM2B1)*(1.SM2C1)«(1.SM201)«RPS1 X S
83 X ~ (1 KCD1)«OSL1«(1 ORP2)«(1 SP2)«(1-ODMS2)«X t
83 X >(1.RBl1) S
84 SN083 TT DGA (1 SM2A1) (1.SM281)«(1.SM2C1)*(1-SM201) RPS4 X S
84 X «(1.KC01)«RVC4«(1.0RP2)*(1-SP2)«(1-ODMS2)«(1.RB11) t
85 SEO084«LOSP«REC6H2 (1 RX3)«(1-GE1)«X S
85 X «(1-GF1)«(1.GG1)«(1-GHT)«(1-SM2A'l)«(1.SM1B2)«(1-SM206)«X S
85 X «RVCO (1.RCl1)«(1-HPl2)«R4801«RPX1«(1 RB11) S
86 SE0085«LOSP«REC6H2 (1 GE1) DGA«X
86 X >(1 GF1)«(1.GG1)*(1 GH1)*(1-SM2A1)«(1.SM281)«(1-QI1D7)«X S
86 X «RVCO«(1-HPl6)«RVD2«(1 RBl1)*(1-SGT9) ~ t
87 SEO086«LOSP«REC6H2«(1 RX3)«(1-GE1)«X S
87 X «(1.GF1)«(1-GG1)«(1.GH1)«(1.SM2A1)«(T-QI1B2)*(T.SM206)«X t
87 X «RVCO«(1.RC11)«(1-HPl2)«RPX2AB«(1-RBl1) . S
88 SEG087 LOFlPDGA«PXI«(T-SM2A1)«(1-SM281)«(1.SM2C1)«(1-SM201)«X S
88 X <(1 KCD1)«RVC1«(1-OBD1)«(1 ORP2)«(1-RBl1) S
89 SE0088«LOSP«REC6H4«RVCO«(1.RCI1)«(1-Hpl2)*X S
89 X RVD2 ODMS1«(1.RBl1)
90 SEO089*LOFM«(1.QI2A1)*(1-QI281)«(l-SM2C'l)«(1-SM201)«(1.KCD1) X S
90 X «RVC3«(1.ORP2)«OLP1«(1-RB11) S
91 SEO090*LOSP REC6H4«RVCO HRSRC1«(1-HP14)«X S
91 X «RVD2«RB!1 S
92 SEO091«c lV (1-SM2A1 )«(1-SM2B1) «(1-SM201)*(1.SM201) «RVC2«X S
92 X «HRSHP1«RVD2 (1-ORP2)«OLP1*(1-RBI1) t
93 SEG092«FLTB DH1«(1-QI2A1)«(1.QI2B1)«(1-QI2cl)«(1.QI201) X S
93 X «HRSRC1«RVD22«(1-ORP2)«(1 CS7)«(1 RB11) S
94 SN093*LOSP REC6H2 (1-GE1)«(1.GF1) X S
94 X ~ (1-GG1)«(1-GH1)«(1 QI182)«(1-SM2C4)«(1-SM206)«RVCtPX S
94 X >(1 RCl1)«(1 HP12)«(1-HPL3)*RVD2«RPX2AB*X S
94 X >(1-RB11)«(1-SGT9) S
95 SEO094*LOSP*REC6H4*RVC1«(1.Rcl1)«(1-HPl2)«X
95 X «RBl'1 S
96 SEO095«LOSP«(1-GA1) «(1-GB1) «(1-GC1) «(1. GD1)«$404«X
96 X ~ (1.GE1)*(1-GF1)«(1-GG1)«(1-GH1)«X t
96 X «RVCO«(1.RC11)«(1-HP12)*(1.0RP3)«(1.RBI1) S
97 SEO096 LOFIW1 DGA«(1-SM2A1)«(1 SM281)«(1 SM2C1)«(1-QI2D1) X S
97 X ~ (1-KCD1)«RVC1«OBD l*RVDS«(1-ORP2)«(1 RBl1)
98 SN097 ClV (1 SM2A1) (1 SM2B1) (1-SM201) (1 QI201)*RPS1«OSL2«X S
98 X «(1-ORP2)«(1 SP2)' (1 ODMS2)«(1 RBll) S
99 SEG098«LOSP«REC6H3«(1 RX3)«(1-GE1)«X S
99 X N(1-GF1) DG32«(1-SM205)*RVCO (1 RCl1)«(1.HPl2)«X S
99 X >RVD2 RPX1«(1 RB11) S

100 SEO099«LOSP«REC6H2 (1-GE1)*(1.GF1)«X S
100 X «(1-GG1)«(1-GH1)*(1.SM2A1)«(1-SM281)«(1.QI107)«RVCO X S
100 X ~ (1-RCl1)«(1.HPl2)«RPX2AB«(1.RB11)«(1-SGT9) S
101 SEO100*LOSP«REC6H3*(1 RX3) DG32«(1-GF2)«X S
101 X >(1 GH4)«(1-SM205)«RVCO«(1.RCI1)*(1 HP12)«X S
101 X «RVD2 RPX1«(1 RBl1) S
102 SEO101«LOSP REC6H4 RVCO*HRSSY1«X S
102 X «RVD10«(1-RB11) S
103 SEO102 LOSP REC6H4 FOT1/DG1 RVCO (1.Rcl1) (1.HP12) X S
103 X «RV02«RB l 1 S
104 SEO103 LOSP«REC6H4*FOT1/DG1*RVCO*(1-Rcl1)*X S
104 X «(1.HP12)«RVD2 RBl1 S
105 SE4104«LOFM«(1-SM2A1)«(1 SM2B1)«(1-SM2C1)«(1 QI201)«(1 KCD1)*X S
105 X «RVC1«HRSSY1«(1 OBD1)«(1 ORP2)«OLP1«(1-RBl1) S
106 SEO105«LOSP«REC6H3*(1-GE1)*(1-GF1)*X S
106 X «(1-GG1)«0031«(1-SM2A1)«(1 SM1B2)«RVCO«(1-RCI1)«X S
106 X «(1-HP12)«SPR1«(1-RB11) S
107 SEO106*LRCM (1 SM2A1)«(1-QI281)«(1.SM2C1)«(1-SM201)«(1-KCOl)«X t
107 X «RVCT«(1 RCI1)«(1-HPl2)*OLP1«(1-RBl1) S
108 SEO107«FLTB«HA«(1-QI281)«(1-SM201)«HRSSY1«RVD22«X S
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122 SE0121«LOSP«REC683«(1.RX3)«(1-681)«x S
122 X «(1-GF1)*(1.G61)«(1-GH1)*(l.tul82)*SM206«RVCO (1.RC11)«x S
122 X «(1.HP12)«RVD2 RPX1«(1.RB11)«(1.SGT9) S
123 SE0122«LOSP (1-GA1)«(1.6$ 1)«(1-GC1)«(1-GD1)«(1.GE1)«(1.GF1)«x S
123 X «('I-GG1)«0631 ~ (1-SM2AI)«(1.SM281) (1.SM2CI)«(1.SM201) X S
123 X «RVCO«HRSSY1«RV022 (1 ORP2)«(1 RSI 1)

108 X «(1 ORP2)«(1 RSI1)
109 SE0108 FLTS«(1-Su2A1 )«(1-SM281 )«NA«(1-SM201) «HRSSYI«X
109 X «RVD22«(1 ORP2) (1-R$ 11)
110 SEO109«LOSP«REC683«(1-GET)«(I-GFI) D631«X t
110 X «(1.682)«(I.SM2A1)«(I-SMID10)«RVCO«(1-RC11)*(1.HP12)«X
110 X «SPR1«(1-RB11) «(1.SGT9) S
111 SE0110«LOSP«REC683«(1-RX3) 0631«(1.6F2)«X S
111 X «(1.662)«CH2 (1-SM182)«(1.SM206)«RVCO«(1-RC11)«X S
111 X ~ (1-HP12)«RVD2 RPX1*(1-R$11) S
112 SE0111«FLTS«(1 SM2AI)«SA«(1-SM2cf)*HRSSY1«RVD22«X S
112 X «(1.ORP2)«(1.RSI1) S
113 SEO112«FLTS«(1-SM2A1)«(1-SM281)«(1-SM2CI)«SA«HRSSYI«X S
113 X QV022 (1.0RP2)*(1-R$ 11)
114 SE0113«LOSP«REC683«(1.RX3)«(1-6ET) 063PX S
114 X «(1-684)«(I.E026)«(1-SM205)«RVCO«(1-RCI1)*(1-HP12)«x t
114 X WV02 RPX1«(1 RBll) S
115 SE0114«LOFIPDHI DGA«(1-SM2A1)«(1.SM2$ 1)«(I-SM2CI)«(1.SM201)«x S
115 X ~ (1 HC01)«RVCT«(1 OBD1)*(1-ORP2)*RBll S
116 SE0115*LOSP REC683«(1-RX3) D632 X S
116 X ~ (1.G64)*(1 GH4)«(1.SM182)«(1 SM206)«RVCO«(1 Rcl 1)«X S
116 X (1 HPI2) RV02 RPX1 (1 RB11) (1.SGT9) S
117 SE0116 LOSP«REC6H2 (1-RL6)«(1.GE1)«x S
117 X ~ (1-GF I )«(1.661) «(l.CHI)«(1-SM281) «(1-SM2C4)«(1-SM107) X S
117 X «RVCO (1.RC11)«(1.HP12)*(1.HPL3)«RVD2«RPX2AS«X S
117 X $ (1.RSI1) S
118 SE0117 LOSP«REC683 DG31*(l.GF2) (1.662)*X t
11S X «(I-GH2)«(1-SM2A1)«(1-SM182)«(1-SM109)«RVCO«('l-RCI I) X t
118 X (1 HP12)«EPR63 SPR1«(1-RSI1) S
119 SE0118«LOSP«REC6H3«(1-GEI)«(1-CFI) D632 X '
119 X ~ (1 SM2$ 1)«RVCO«(1 RCI1)*(1-HP12)«RVD2 RPXl X S
119 X ~ (1-RBI1) S
120 SE0119«LOSP«REC683«0632«(1-GF2)«(1-GG2)*X S
120 X «(1.SM2$ 1)«RVCO«(1.RCI1)*(1.HP12)«RVD2 RPX1«X S
120 X ~ (1-Rsll) S
121 SE4120*LOSP«REC683«(1.6E1)0632 (1.G62)«x S
121 X ~ (1 SM2$ 1)«RVCO (1-RC11)«(1.HP12)«RVD2*RPX1 X S
121 X ~ (1-R$ 11) S

ALL 124 SE0123 LOSP (1-CA1)«(1 G81)*(1.CC1)*(1-GD1)«(1-6E1)«(1.GF1)«X t
ALL 124 X «0631«(l-GH2)«(l-SM2A1)«(1-SM2$ 1)«(1 SM2CI)«(1-SM201)«X t
ALL:124 X «RVCO HRSSYl«RVD22 (1-ORP2)«(1.R$ 11) S
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125 SE0124«LOCM PXI (I.SM2A1) (1-QI281) (I-SM2CI) (1.SM201)*X S
125 X «RVC1«RV06«(1.ORP2)«(1-RBI1) S
126 SE0125 LOSP (1-GA1) (1.681)*(1-6C1)«(1.601) DG31 (1.GF2) X S
126 X «(1.662)«(1.682)«(1.SM2A1)«(1-SM281)«(1-SM261) X S
126 X ~ (1.SM201)«RVCO HRSSY1«RVD22 (1-0RP2)*(1.RBI1) t
127 SE0126«LOSP«(T.GA1) «(1. 6$ 1)«(T-GC1 )«(1-601)«(1.6E1) «0631«X
127 X ~ (1-662)*(1.6H2)«(1-SM2A1)«(1-SM2$ 1)«(1.SM2C1) «X S
127 X ~ (1-SM201)«RVCO HRSSY1«RVD22 (1 ORP2)«(l RSI1) S
128 SE0127«LOSP*REC6H3*(1-GE1) DG31 (1 G62) X S
128 X (1-GH2)«(1-Su2A1)«(1-SM182) (1-SMI09)«RVCO (1-RC11)«X S
128 X «(1.HP12)*SPRI«(I.RBI1) (1-SGT9) S
129 SE0128«LOSP«REC6K3«(1.RX3)«(1-6ET) 0632 X
129 X ~ (1-GG2)*(1.ED26)«(I-SM182)«(1-SM206)«RVCO«X S
129 X (1 Rcll)*(1.HP12) RVD2 RPX1 (1.RBI1) S
130 SE0129 FLTB*(1-QI2A1)*(1-QI2$1) (1-SM2CT) (1 SM20'l) (1.Rcll)*X S
130 X «(1-HP12)*OSPI«SDC2 (1.RB11) t
131 SE4130«TT«DH1«DCA (1.SM2A1) (I-SM281) (I-SM261)*(1-SM201)«x S
131 X «HCDI «RVCI«RVD5«(1-ORP2) «(1-R811) t
132 SE0131«SCRAHR«(1-SM2A1)«(1 QI281)«(1 SM2CI)«(1.SM201)«X S
132 X ~ (1-IICD1)«RVC3«(1-ORP2)*OLP1*(1-RB11) S
133 SE0132 LOSP«REC6H3'DG32«(1-G64)«X S
133 X «(1 GH4)*(1-QI2$1)*(1.SM1D7)'«RVCO«(1-Rcll)*(1-HP12)*X S
133 X «RV02«RPXI«(1.RBI1) S
134 SE0133«TTMS DGA«PXI«(1-SM2A1)«(1-SM2$1)«(1-SM2CI)«(1-SM201)«X S
134 X ~ (1.HC01) «RVCT«RVD6«(1-ORP2) «(I.RBI1) S
135 SE0134«LOSP«REC683 DG32*(1 GF2)«X S
135 X ~ (1 GH4)«(1 QI281)«(1.SM1D7)«RVCO*(1-Rcll)«(1-HP12)«X S
135 X «RV02«RPXI«(1.R$ 11) S
136 SE0135«ISLOCA
137 SE0136«LOSP«REC683«(1.6EI)«0632 X S

137 X ~ (1-GH4)«(l-QI281)«(1 SM1D7)«RVCO«(1 Rcll)«(1 HPI2)«X
137 X «RVD2«RPX1«(1-RB11) S
138 SE0137«LRCM«DHI DGA«(1-SM2AI)«(1-SM281)«(I-SM2CI)«(1-SM201)«x S
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138 X ~ (1-HC01)*RVCO*RVD9 (I-ORP2)e(1 RB11) S
139 SE4138eLOSPeREC682 (1 RL6) (1-GE1)eX S
139 X ~ (1-GFI )e(1-661)e(1-CHI)e(1-SM2AI )e(1 SM182)e(1-QI2C1)ex S
'139 X e(1-SM1D9)*RVCD*(1-RCl1)*(1.HPI2)eRPX2AC X S
139 X e(1.RBI1)*(l.SGT9) S
140 SE0139 LOSPeREC6H3*(1-GE1)e(1-GF1)eX S
140 X e(1-661)e(1.GHI)eSAeRVCD (1.RCl1)e(1-HPI2)eX S
140 X aRV02eRPXle(1 RB11) S
141 SE0140*LOSPeREC6H4eRVCOe(1-RCI1)e(1-HP12)*X S
141 X eRV022 (1.RBI1) S
142 SE0141 ~ ISCRAH DHl DGAe('l-SM2Al)e(I-SM2$1)e(1-SM2CI) X S
142 X ~ (1-SM201) HCDleRVCleRVDSe(1 ORP2)*(1 R811) S
143 SE4142eLOFM (1-SM2AI)e(1-QI281)e(1-QI2CI)e(1-SM201)e(1-HC01)ex S
143 X eRVC2 HRSHPIe(1 0801)e(1-ORP2)eOLP1*(l R811) t
144 SE0143eLOSPeREC6H1*(1 GE1)eX S
144 X e(1.GF 1)e(I-GGI)e(1-6kl)e(1-SM2AI)e(1.SM182)e(1-SM261)ex S
144 X ~ (1-SM206)eRVCle(1-RCI1)e(1-HP 12)eRPXleX S
144 X eCS7e(1-0MS2)e(1.R$ 11) S
145 SE0144 LOSP REC6H3e(1 RQ) (1-GE1) X t
145 X ~ (1 GF1) D631*(1 GH2)e(l-SM205)eRVCO (1-RCI1)e(1 HP12)eX S
145 X 'RV02 RPXleR811 S
146 SE0145 FLTB DHIeDCAe(1-SM2AI )e(1-SM2$ 1)e(1-SM2CI) e(1-SM201) ex
146 X <T$2 RVD9 (1-ORP2)e(1 RBI1) S
147 SE4146eLOSPeREC6N3eFOT1/061 ~ (1-RQ)e(1.6E1)eX S
147 X e(1-GFI) 063le(1 CH2)e(1 SM205)eRVCO (1-RCI1)e(1 HP12)eX S
147 X eRVD2 RPXle(l-RB11) S
148 SE0147 LOSPeREC6H3eFOT1/DGle(1 RQ)eX
148 X e(1-GE1)e(l GF1) DG3le(1-GH2)e(1-SM205)eRVCOe(1.RCII) X S
148 X ~ (1.HP12)eRVD2eRPXle(1-R811) S
149 SE0148eLOCV (1-QI2A1 )*(1 SM281) e(1-SM2CI) e(1 ~QI201) eRVCleX
149 X eHRSSY1 RV06 (1 ORP2) OLP1 (1-RB11) S
150 SE0149eLOCV (I-SM2A1 )e(1. SM2$ 1)e(1-SM2CI )e(I.SM2D1) eRVC3*X
150 X e(1.0RP2)eOLPIe(I-RBI1) S
151 SE0150eLOSPeREC6N3e(1.GET )e(1 GF1)eX S
151 X ~ (1.661)e(1.GHI)e(1.SM2AI)e(I-SMI$ 2)e(1.SMID9)eRVCOex S
151 X e(1-RCI1)e(1-HPI2)eRPXIe(1 R811)e(1-SGT9) S
152 SE0151 LOSP REC6H3e(1.RQ)e(1-GE1) X S
152 X e(1.6FI)e(1.661)e(1.6HI)e(1.QI1$ 2)e(1-SM206) RVCOeX
152 X ~ (I-RCI1)e(1-HPI2)eRVD2 RPXle(1 R811)eSGT9 S
153 SE0152eLOSP REC6H4 RVCle(1.RCI1)eHRSHP1 X S
153 X ~ (1-R811) S
154 SE0153 LOSPeREC6H3e(1.RQ)e(1-6E1) X S
154 X ~ (1-GF1)e(1.661) DG3le(1 QI182)e(1.SM206)eRVCDe(1.RC11)eXS
154 X ~ (1-KPI2)*RVD2 RPXleRB11 S
155 SE0154eLNPDNI DGAe(1 SM2A1)e(I-SM2$1)e(1.SM2C1)e(1.SM201)ex S
155 X eRVCleRVD5e(1-ORP2)eRSI1 t
156 SE0155 TTMS*(1-SM2A1)*(1-SM281)e(1-QI2C1)e(1-SM2D1)e(1 HC01)eX S
156 X eRVCleHRSSYleRV06e(1 ORP2)eOLPle(1-RB11) S
157 SEa156 LOSPeREC6H3eFOT1/DGle(1-RQ)e(1-GE1)eX t
157 X e(1-GFI)e(1-661) 0631e(1-SM1$ 2)e(1-SM206)eRVCOe(1-RCII)ext
157 X e(1-NP12)*RVD2eRPXle(1-RB11) S
158 SE0157 LOSPeREC683eFOI'1/061e(1 RQ)eX S
158 X e(1-6E1)e(1.6F1)e(1-661) D631e(1.QI182)e(1-SM206)eRVCDex S
158 X ~ (1-RCll)e(1-HP12)eRVD2 RPXle(1 RB11)
159 SE0158eTTMBe(1-QI2A1)e(1-SM281)e(1-QI261)e(1 SM201)e(I.HC01)ex S
159 X eRVC3 (1-ORP2) OLP1*(1-RBI1) S
160 SEa159 TTMB DH1 OGAe(1-SM2A1)e(1-SM2$ 1)e(1-SM2CI)e(1-SM201)eX S
160 X e(1 HC01)eRVCleRVD5e(1-ORP2)eR811 S
161 SE0160*100WI DGAe(1-SM2A1)e(I.SM281)e(l.SM261)e(1-QI201)eX S
161 X eT82eRVDSe(1.0RP2)e(1.RBI1) S
162 SE0161eLOSPeREC6H3e(1-RQ) DG31e(1-GF2)eX t
162 X ~ (1 G62)*(1 GH2)e(1 SM1$ 2)e(1-SM206)eRVCOe(1 RC11)eX S
162 X ~ (1.HP12)eRVD2eRPXleRSIle(1.SGT9) S
163 SE0162eLOSPeREC683e(1-GEI)*(1-GF1)eX S
163 X ~ (1 GG1) DG3'le(1 SM2$ 'l)eRVCO (1 RC11)e(1 HP12)eX t
163 X eRVD2 RPXleRB11 ~ S
164 $80163 LOSP*REC6H3 FOT1/D61*(1-RQ) DG31 (1-GF2)eX S
164 X ~ (1 662)e(1-GH2)e(1-SM1$ 2)e(1-SM206)eRVCOe(1-RCI1)eX S
164 X ~ (1.HPI2)eRV02eRPXI ~ (1-RBI1)e(1 SGT9) S
165 SE0164eLOSPeREC6H3eFOT1/DG1*(1 RQ)eDG31eX S
165 X e(1 GF2)e(1 GG2)e(1 GH2)e(1 QI182)e(1 SM206)eRVCDex S
165 X ~ (1-RC11)*(1-HPI2)*RVD2eRPXle(1 R811)e(1.SGT9) S
166 SE0165eLOSPeREC6H4eFOT1/DGleRVCO*(1-RC11)eHRSHPleX S
166 X eRV02e(1.R$ 11) S
167 SEa'i66eLOSPeREC6K4eFOT1/061eRVCOe(1 RCI1)*X S
167 X ekRSHPleRV02e(I.R$ 11) S
168 SE0167*FLTSe(l.tll2A1)e(1-SM281)*(l-SII2C1)e(1.SM2D1)*(1-RC11)*X S
168 X ~ (1-HP12)eHX4 U11e(1-RB11) S
169 SE0168eCIVeDH1 DGAe(1-SM2AI) (1-SM2$ 1)e(1.QI2CI)*(1-QI201) X S
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169 X >RVC2*RVD1*(1-ORP2)*(1-RBI1) S
170 SEO1&LOSP~REC6$ 3~(1 RL6)~(1

GET�)~X

t
170 X ~ (1-GF1) ~(1-GG1) ~(1-GHI )*(1-SM1$2)~(1-SM2C4) ~(1-SM109) ~X S
170 X >RVCD (I-RCI1)~(1-HPI2)*(1 HPL3)~RV02~RPXI~X S
170 X ~ (1-RBI 1) S
171 SEG170*FLTB~(1-su2A1)~(1-su2$ 1)~(1-su2CI)~(1-su201)*x t
171 X >HRSSYI~RVD22~0RPP'(1-RBI 1)
172 SE0171 LOACKHI DGA (1-SM2A1)*(1 SM2$ 1)~(I-SM2CI) (1-SM201) X S
172 X QVCI~RVDS~(1-ORP2)~(1-RBI 'I) S
173. SE4172>LOSP*REC6$ 3~(1-RX3)~(1-GE1) DG31*X S
173 X s(1 GG2)a(1 GH2)o(1 ED26)s(1 SM1$2)e(1 SM206)oRVCO X S
173 X >(1-RCI1)*(1 HPI2)~RVD2 RPXI~RBI1~(1-SGT9)
174 SE4173sLOSP*REC6$ 3t( I GE1)+(I-GF1) DG31*X S
174 X ~ (1-GH2)~(1 SM2$ 1)~(1 SM107)~RVCP(1-RCI1)~(1-HP12)~X S
174 X >RVD2 RPX1~RBI1
175 SEQ174>LOSP REC6$ 3 0031~(1-GF2)*(1-GG2) X S
175 X >(1.GH2)~(T-SM2$ 1)~(1 SM107)*RVCD (1.RCI1)*(1-HPI2)~X
175 X ~RVD2 RPX1*RBI1 S
176 SE0175 LOSP~REC6$ 3~(1.GET)%031*(1.002)*x t
176 X ~(I.GH2)*(1-SM2$1)*(1-SM107)~RVCD~(T-RCI1)~(T-HP12)~x S
176 X >RV02 RPX1*RBI1
177 SE017&LOSP~REC6$ 3~FOT1/001~(1-RK3)~(1.GE1) 0031~X S
177 X ~ (1.002)t(1.GH2)a(1 ED26)o(1 SMI$2P(1.SM206)eRVCN( S
177 X >(1 RCI1)*(1-HPI2)~RVD2 RPX1~(1.RBI1)~(1-SGT9) S
178 SE4177>LOSP REC6$ 3~FOT1/DG1~(1.RX3) X S
178 X ~ (1 GE1) 0031~(1 GG2)~(1-GH2)*(1-E026)*(1-SM1$2)~X S
178 X ~ (1-SM206)*RVCD~(1-RCI1)*(1-HP12)~RVD2 RPX1~X S
178 X ~ (1 RBI1)e(T.SGT9) S
179 SE017N LFM'(1-SM2A1)~(1-SM2$1)~(1-SM2CI)~(1-SM201)*(1-HC01)*X t
179 X ~RVC3*(1-ORP2)~OLPI~(1-RBI1) S
180 SE01&SLOCA*(1-SM2A1)*(I.SM2$1)~(1 SM2CI)~(1.SM201)*RPS1~X S
180 X (1 HC01)~(1.OLA1)*(I-ORP2)~(I-SP2)~(1.ODMS2)~(1-RBI1) S
181 SE01&LW(1-su2A1) (1-su2$ 1)~(1-su2CI) (1-su201) RVC2 X S
181 X HRSHP1~RVD2 (1.0RP2)~OLPI~(1 RBI1) S
182 SE0181 ~ FLTB~(1-SM2AI )*(1-SM2$1) «(1-SM2CI)~(1-SM201)*TOR2 X
182 X ~ (1 RCI1)~RV02 (1 RBll) S
183 SEQ182<LOSP (1 GA1)~(1.0$ 1) DG1*(1-GD2)e(1-EPR301)e(1-GET)ax S
183 X ~ (1.GF1)*(1-001)~(1.GHI)~(1-SM2A1)~(1.SM1$ 2)~(1-SM2C1)*x S
183 X

' (1..SM206)*RVCO (1-RCI1)*(1-HPI2)~RPX4~X S
183 X >(1 RBI1) S
184 SE01&TT~(1-SM2A1)~(1.SM2$ 1)*(1 SM2CI)~(1-SM201)~(1-HC01) X S
184 X >RVCI~C01~(I-RCI1)~(I-HPI2)~OLPI~(1.RBI1) S
185 SE01&LOSP*REC6HI*(1 GE1) X S
185 X ~(1 GF1) DG31r(1 GH2)e(1 SM2AI)e(1 SM2C1)*(1 SM205)ax t
185 X 4VCO~(1-RCI1)~(1 HP12)~RPa*X S
185 X ~ (1.RBI1) t
186 SE0185<ISCRAH (1-SM2A1)~(1-SM2$ 1)~(1-SM2C1)~(1 SM201)~x S
186 X >(1 HCD1).RVC1 CDI*(1-RCI1)~(1-HPI2) OLP1 (1-RBI1) S
187 SE01&IOTK (1-QI2A1)*('I SM2$ 1)~(1-SM2CI)~(I.SM201)~(1-HCDI) X S
187 X ~ (1.ORP2)~OLPI~RBI1 t
188 SE0187>LOSP*REC6$ 4~RVCD~(1 RCI1)+(1-HPI2)~x S
188 X ~RVD2 RBI1 S
189 SE0188*LOSP~REC6$ 4~RVCO (1.RCI1)*(1 HPI2) X t
189 X &V02 RBI1
190 SEOIBATTMB~(1-su2A'l)~(1.su2$ 1)~(1-su2C1)~(I-SM201)*(1-HCDI) X S
190 X QVC2~HRSHPI~RVD2 (1.ORP2)*OLP1~(I-RBI1) t
191 SE0190<IOOV (1-SM2AT)~(1 SM2$ 1)~(1.SM2cl)*(1-SM201)*TBI~IVCI~Xt
191 X ~ (1.ORP2)~(1.RBI1) S
192 SE0191 LOSP REC6H1 DG31*(1 GF2)~X . S
192 X ~(1.002)~(T-GH2)~(1.SM2A1)~(1.SM1$ 2)~(1.SM2C1)9 S
192 X <(1.SM206)eRVCO (1.RCI1)a(1-HPI2)*RPX3*X S
192 X ~ (1.RBI1) S
193 SE4192~FLTB~(1-SM2AI)~(1-SM2$ 1)*(1.SM2CI)~(I-SM201)*(1-RCI1)~x t
193 X ~ (1.HP 12)*SPI~SPR1~SDC2~(1-RBI1) S
194 SE0193>LOSP REC6$ 3 HOV18 (1 GE1)*(1-GF1) X S
194 X >(1-GG1)~(1 GH1)*(1 SMIB2)*(1-SM206)~RVCO~(1-RCIT)~x S
194 X ~(1-HPI2)~RVD2 RPX1~(1.RBI1)~(1-SGT9) S
195 SE0194*LOSP REC6$ 4 DE2*RVCD (1-HPI6)~x t
195 X >RVD2~(1-RBI1) S
196 SE4195>LOSP~REC6$ 4*0H2~(1-0 I3)~RVCO*(1-RCI1)~X S
'196 X ~RVD2*(1.RBI1) S
197 SEOI&LOSP REC6H4 DGB (1.DJ4)~RVCD (1.HP16) X S
197 X >RVD2~(1.RBI1) S
198 SE0197 LOAC ('I SM2A1)~(1-SM2$ 1)*(1-SM2C1)~(1-SM201)~RVCO~X S
198 X ~HRSSY1*RVD22*CR04~(1-ORP2)~RBI1
199 SE0198.LOSP*REC6$ 1~(1-GE1)~X t
199 X (1-GFI)P(I.GGI)*DG31~(I-SM2AI)*(I-SM1$2)~(1-SM2CI)~X
199 X ~(1-SM206)*RVCD~(1.RCI1)~(1.HP12)~RPX3~X S
199 X (1-RBI 1)~(1.SGTS) t
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200 SEO199»TTMB»(1-SM2AI)»(1-SM281)»(1-SM2C1)»(1-SM201)»RPS1»X $
200 X %(l.HCD1)»OSL2 (1-ORP2)e(1.SP2)»(I.DDMS2)ex S
200 X %(1.RBI1) $
201 SEa200»LOSP»REC6H3*(1 RX3)»(1 GEl)»X $
201 X ~ (1-GF1) DG31»(1-GH2)»(1 SM205)»RVCD»(1-RCI1)»HRSHPI»x S
201 X % RVD2»RPX1»(l RBll) S
202 SEO201 LOSP»REC6H4»RVC1»HRSRC1»(1-HPI4)»X S
202 X ~ (1-RBI1) S
203 SEO202»LOflPDHI DGA»(T-SM2A1)»(1.SM2$1)»(1-SM2CI)»<1 QI201)»X $
203 X %T82 RVC1»RVD5»(1 ORP2)»(1.RBI1) S
204 SEO203»LOSP»REC6H1»(1-GE1) DG31»X $
204 X ~ (1.002)»(1.GH2)»(T.ED26)»(T.SM2A1)»(1 SM182)»X S
204 X ~ (1-SM2CI)»(1-SM206)»RVCO»(1-Rcil)»(1-HPI2)»X S
204 X »RPX3»(1.RBI1) S
205 SED204»LOSP (1-GAl>»(1-GBl)»<1-GCl)»(1-GO1 >»(1-GE1)»< 1-GF1 )»X S
205 X ~ (1-GG1)»(1-GH1)»(1-SM2A1)»(1-SM2$ 1)»(1-SM2CI)»x S
205 X ~ (1-SM201)»RVCD»HRSST1»RVD22 (1 ORP2)*RBll S
206 SE0205»LOSP REC6IQ*(1.GE1)»(1-GF'l)*X S
206 X %(1-001 )»(I.GHT)»(I-SM2A1)»(1-SM182)»(1-SM109)»RVCD X S
206 X ~ (1-RCI 1)»(1-HPI2)» SPR1»RBl1*(1.SGT9> .„. S
207 SEO206»LOSP REC6H4»FOT1/DG1*RVCD*HRSRC1»(1-HPI4)»X 8
207 X »RVD2»(1 R$ 11)
208 SE0207»LOSP REC6H4»FOT1/DG1»RVCO»HRSRC1 X S
208 X ~ (1-HPI4)»RVD2»(1 RBl1) S
209 SED208»LOSP REC6IQ»(1-RX3)»(1-GE1) X S
209 X ~ (1 GF1)»f IT1»(1.GIQ>»(1 SM205)»RVCD»<1-Rcil)»(1-HPI2)»X S
209 X % RVD2*RPX1»(1 RBI1) $
210 SEO209»LOSP»REC6IQ»(1 RX3)»(I.GEI)»x 8
210 X ~ (T.GF1)»<1.GGI) DG31»(I.QI182)»(1.SM206)»RVCO (1-RCI1)»XS
210 X »HRSHP 1»RVD2 RPX1»(1.RBI 1) S
211 SEO210 LOSP REC6H4 FOT4/DG4»RVCO (1-Rcll) (1 HPI2) X
211 X %RVD2 RBll S
212 SEO211 LOSP (1-GA1)»(1.G81)*(1.GC1)»(1-GD1)e(1-GE1)»(1.GF1) X
212 X ~ (1-GG1) 0031»<1.SM2A1)»(1-SM281)e(I-SM2CI)»(1-SM201)»X S
212 X %RVC1»(1.RCI1)»(1-HPI2)»OLPI»(1.RBll) S
213 SEa212»LOSP»(1.GA1)»(1.081)»(1.GC1)»(1-001)*(1.GE1)»(1-GF1)»X S
213 X %0031»(1 GH2)»(1-SM2A1>»(1 QI281)»(1 SM2Cl)»(1 SM201)»X S
213 X %RVC1»(1.RCll)e(1-HPI2)»OLP1*(1-RBI1) t
214 SEa213»LOSP»(T.GA1)»(1-081)»(1 GC1)»(1.GD1) DG31»(1-GF2)*X
214 X %<I.GG2)e(1-GH2)»(1-SM2A'l)»(1-QI281)e(1-SM2CI) X S
214 X %(1-SM2D1)»RVCl»(1.RCI1)»(1.HPI2)*OLP1*(1.RBI1) S
215 SEO214 LOSP»(1-GAI)»(T.GBT)»(1 GC1)*(1-Gol)»(1-GE1) DG31»x t
215 X ~ (1-002)»(1.GH2)*(1.QI2A1)»(T.SM281)»(I.SM2CI)»x t
215 X %(T-SM201)»RVCT»(1.RCI1)»(1.HP12)»OLP1»(T-RBII) S
216 SEa215»LOSP*REC6H4*FOT1/DG1»RVC1»(1.RCI 1)*<1.HPI2)»X
216 X ~ (1-RB I1) t
217 SEa216»LOSP REC6H4»FOT1/DG1»RVC1»('I-RCI1) X S
217 X ~ (1-HP12)»('I-RBll) S
218 SE0217»LOSP»REC6IQ»(1-RX3)»OG31»(1 GF2)*X S
218 X ~ (1.GG2)»(1-GH2)»(1-SM182)»(1-SM2D6)»RVCD»<1-RCI1)*X t
218 X »HRSNP1* RVD2»RPX1»(1 RBl1)»(1-SGT9) S
219 SEa218*LOSP»REC6H3»(1-GE1)»(1-GF1) X S
219 X ~ (1.GG1) DG31»(1-SM281)»RVCO (1.RCI1)»HRSHP1» RVD2 X S
219 X %RPX1»(1.RBI 1)
220 SED219»TT»(1-QI2A1)»(1 SM281)»(1-SM2CI)»(T.SM201)»(I.HCD1) X S
220 X »RVC3*(1-ORP2)»OLP1»RBI 1 S
221 SED220»LOfil%1 DGA»(1-QI2A1)»(1.QI281)»(1-SM2CI)»(T-SM201)»X S
221 X ~ (1.HCD1)*RVC2*(1-0801)»(1.0RP2)»(1.RBI1) S
222 SED221 LOSP REC6$ 3»(1-RK3)»(1.GE1) X S
222 X ~ (1-GF1)»(1.001)»FIT1»(1-QI182)»(1-SM206)»RVCO»(1.RCI1)»XS
222 X %(l-NP12)* RVD2 RPX1»(1 RBI1) S
223 SEa222»ISCRAH'(1-SM2A1)*(1-SM281)»(1-SM2C1)*(1-SM201)»X S

ALL 223 X ~ (1 HCD1)»RVC3*(1 ORP2)*OLP1*RBI1 $
ALL 224 SEO223 FLTB DH1»OGA»(1-QI2AT)»(I-QI281)»(I.SM2CI)»SA»X S
ALL 224 X %RVD9»(1-ORP2)»(1-RBI 1) t
ALL 225 SEO224»FLTB DHI»OGA»HA»(1-SM2$1)»(1-SM201)»RVD9»x S
ALL
ALL

225 X %(1.ORP2)»('I.RBll)
226 SEO225 FLTB DH1 DGA»(1-SM2A1)»(1-SM281)»HA»(1-QI201)»X

S
S

ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

226 X %RVD9 (1.0RP2)*(1.RBI1) t
227 SED226»LOSP REC6H3 (1.RX3) FIT1 (1-FF2)*X S
227 X %(1-GF3)»(1 GG3)»(1 GIQ)*(1 SM182)»(1-SM2D6)»RVCD*X $
227 X %(1 Rcll)»(1-HPI2)» RVD2*RPX1»(1 RBI1)»(1-SGT9) S
228 SEO227 LOSP»(1 GA1)»(1-G81) (1-Gcl)»(1-Gol) DH1»(1-GE1) DGA*X S
228 X %(1-Gfl)»0031»(1-GH2)»<1 SM2A1)»(1-SM281)»(l SM2CI)»X S
228 X %(1-SM201)»RVCO»RVD9 (1.0RP2)»(1-RBll) S
229 SED228 FLTB OH1 OGA»(i-SM2AT)»SA»<1-SM2CI)»RVD9 X t
229 X ~ (1-ORP2)»(1.RBI1) S
230 SED229»LOSP»(1 GA1)»(1-GB1)»(1 Gcl)*(1 GD1) DH1»(1.GE1) DGA»X S
230 X ~ (1.GF1)»(1.GGI)»DG31»(1-SM2AI)»(1.SM281)»(1-SM2CI)»x S
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230 X ~ (1 SM201)eRVCoeRVD9 (1-ORP2)e(1 R$ 11) S
231 SE0230eLOSPeREC6H3eFOT1/061e(1-RX3)e(1 GE1)eX S
231 X e(1-GFI)0631e(1 GH2)e(1-SM205)eRVCoe(I-RCI1)e(1.HPI2)ex S
231 X eRVD2eRPX1e(1.RB11) ~ S
232 SE0231eLOSPeREC6IQe(1 RX3)e(1-GE1) DG31eX S
232 X ~ (1 G62)*(1-GH2)e(1-ED26)e(1 SM182)e(1-SM206)eRVCN( S
232 X e(1-RC11)eHRSHP1eRVD2eRPX1 ~ (1 R$ 11)*(1-SGT9) S
233 SE0232 LOSPe(1 GA1)e(1 6$ 1)e(1-GC1)e(1-GD1) DH1e(1-GE1) DGAeX S
233 X eOG31*(1-6G2)e(I.CH2)e(1-SM2A1)e(1.SM281)e(I-SM2C1)eX t
233 X e(1 SM201)eRVCO RVD9 (1-ORP2)e(1 RSI1) S
234 SE0233eLOSPeREC6IQe(1 GE1)e(1 GF1)eX S
234 X e(1-661)ef IT1e(1-SM281)*RVCoe(1 RC11)*(1 HP12)eX S
234 X eRVD2 RPX1e(1 R$ 11) S"
235 SE0234eLOSPeREC6IQe(1 GE1)*(1 GF1) DC31eX S
235 X ~ (1-GH2)e(1.SM2$ 1)e(1-SM107)eRVCD (1-RCI1)eHRSHP1eX S
235 X eRV02eRPX1e(1.RBI1) S
236 SE0235 LOSP REC6IQ DG31*(1-GF2)e(1 662)eX
236 X e(T-GH2)e(T-SM2$ 1)e(I.SM107)eRVCoe(1 RC11)eHRSHP1eX S
236 X &VD2 RPX1e(1.RB11) S
237 SE0236eLOSPeREC6IQe(1.GE1) D631e(1-GG2) X S
237 X (1 GH2) (1 SM281) (1 QI1D7) RVCO (1 RC11)*HRSHP1 X S
237 X eRVD2 RPX1 ~ (1.R$ 11) S
238 SE0237eLOSPeREC6H4efoT2/062 RVCO (1.RC11)e(1-HPI2) X S
238 X eRVD2 (1.RB11) S
239 SE0238.LOSS REC6H4eFOT2/062 RVCO*(1-RC11) X S
239 X e(1-HP12)eRVD2e(1 RBI1) S
240 SE0239eLOSPeREC6IQe(1-RX3)e(1 CE1)eF IT1*X S
240 X e(1.GC3)*(1.GIQ)*(1-ED26)e(1-SM182)e(1-QI2D6)eRVCO*X S
240 X e(1.RC11)e(1.HPI2)eRVD2eRPX1 ~ (1.RBI1)e(1.SGT9) S
24'I SE0240eLOSPeREC6IQefoT1/001e(1-RX3)e(1 GE1)eX S
241 X ~ (1-GF1)e(1.G61)0631e(I-SM1$ 2)e(1.SM206)eRVCoe(1.RCI1)ext
241 X ~ (1-HP12)eRVD2*RPXie(1-R$ 11) S
242 SE0241eLOSP*REC6IQe(1-GE1)e(1-GF1) 0631eX S
242 X e(1-GIQ)e(1.SM2$ 1)e(1-SM107)eRVCO (1.RC11)e(1.HP12) X t
242 X eRVD2eRPXIe(1-RBI1) t
243 SE0242eLOSPeREC6H3eFIT1e(1-FF2)e(1-GF3)eX $
243 X e(1.663)e(I.GIQ)e(1-SM2$ 1)e(1-SM107)eRVCOe(1-RCI1)ex S
243 X ~ (1-HPI2) RVD2 RPX1 (1 R$ 11) S
244 SE0243eLOSP REC6IQe(1-GE1)*f IT1e(1-663)eX S
244 X e(1.GIQ)e(1.SM2$ 1)*(1-QIID7)eRVcoe(1-RC11)e(1.HP12) X S
244 X RVD2 RPX1e(1 R$ 11) S
245 SE0244eclV (1.SM2A1)e(1-SM2$ 1)e(1.SM2CT)e(1-SM201)eRPS1eSL1 X S
245 X eRVC4eRVD10 (1 ORP2)e(1.SP2)*(1 ODMS2)eX S
245 X N(1.R811) S
246 SE0245eLOSPeREC6IQe(1 RX3)e(1-GEI) 0631*X S
246 X ~ (1-GC2)e(1 GH2)eED26 (I-SM1$2)e(1 SM206)*RVCO X S
246 X ~ (1-RC11)e(1 HP12)eRVD2*RPX1*(1 RB11)e(1-SGT9) S
247 SE0246eLOSPeREC6IQ DG34eX S
247 X (1 QI281)eRVCoe(1-Rcll)e(1-HP12)eRVD2e(1-RSI1) S
248 SE0247 LOSP REC6IQe(1-RX3)e(1.GET) X S
248 X ~ (1-GF1)e(1.6G1)*(1-6H1)eRBC20 (1-SMIB2)e(1-SM206)ex S
248 X eRVCO ('I.RC11)e(1.HP12)eRVD2eRPXle(1-R$ 11)*X S
248 X ~ (1-SGT9) S
249 SE0248eFLTBe(1.SM2A1)e(1-SM281)e(T-SM261)e(T-SM201)eTB1ex t
249 X eHRSSY1eRVD22e(1 ORP2)*(1-RBI1) t
250 SE0249eLOSP REC6IQ FOT1/DG1 (1.RX3) DG31 (1-GF2) X S
250 X e(1.662)e(I.GH2)e(1-SM1$ 2)e(1-SM206)eRVCoe(I-RCI1)ex S
250 X e(1-HP12)*RVD2*RPX1e(1-RBI I:e('1-SGT9), S
251 SE0250efLTBe(1-SM2A1)e(1-SM2$ 1)e(T-SM261)e(1.SM201)eT$ 1eIVC3eX S
251 X ~ (1-ORP2)e(1.RB11) S
252 SE0251eLOSP REC6IQ FOT1/DG1 (1-GE1) (1-GF1)*X S
252 X ~ (1-661) DG31e(1-SM281)eRVCO*(1-RC11)*(1.HP12)eX $
252 X eRVD2*RPXle(1 R$ 11) $
253 SE0252eLOSPeREC683efoT1/061e(1-RX3)e(1-GEI)ex S
253 X ~ (1.GF1)e(1.6G1)e(1-GH1)*(1-QI182)e(1 SM206)eRVCO X S
253 X e(1-RC11)*(1-HP12) RVD2 RPX1eR$ 11 (1.SGT9) S
254 SE0253eLOSPeREC6IQ FOT1/D61 (1-RK3) X S
254 X e(1.6E1)e(1-GFI)e(1-661)e(1-6HI)e(1-SM1$ 2)e(1-SM206)ex $
254 X eRVCoe(1 RC11)e(1-HP!2)*RVD2*RPX1eRB11e(1-SGT9) S
255 SE0254eLOSPeREC6H4eFOT1/061eRVCOe(1-RCI1)*HRSHP1eX $
255 X eRVD2e(1-R$ 11) S
256 SE0255eLOSPeREC6H4*FOT1/DG1eRVCO*(1.RC11)eHRSHP1*X S
256 X eRVD2*(1.R$ 11) S
257 SE0256eLOSPeREC3IQe(1-RX3)e(1-GEI)ex t
257 X e(I.GF1)e(1-661)e(I-GH1)e(1-SM1$ 2)e(1-SM206)eRVC2ex
257 X e(1-HP16)e(1 ORP2)eRPX1e(1-R$ 11)e(1.SGT9) S
258 SE0257eSCRAHReDH1 DGAe(1-QI2A1)e(1.SM281)e(1-SM2C1)eX S
258 X e(1-SM2D1)eT82eRVC1eRV05*(1-ORP2)*(1-R$ 11) $
259 SE0258eLOSPe(1 GA1)e(1 G81)*(1-GC1)e(1-GD1)eDH1 0631*DGSeX t
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259 X e(1.DJ4)e(1 GF2)e(1 GG2)e(1 GH2)*(1 SM2AI)e(1 SM2$ 1)eX S
259 X e(1-QI2C1) (1-QI201) RVCO*RVD9 (1-ORP2)*(1-RBI 1) S
260 SE0259eLOSPeREC6K3e(1-RQ)e(1.6E1)eX S
260 X ~ (1-GF1)*0631*(1-GH2)e(1.QI2DS)eRVCOeHRSRC1*(1-HPI4)*X S
260 X eRVD2eRPX1e(1-R$ 11) S
261 SED260 LOSPeREC6H3e(1-RQ)*(1 GE1)*X S
261 X e(1 GF1) (1-G61) DG31eSM182*RVCDe(1 RCI1) ~ (1.HPI2)eX S
261 X eRVD2 RPX1e(1-RBI1) S
262 SE6261eLUPS (1 QI2A1)e(1 QI2$1)e(1-SM2CI)e(1-SM201)eRVCIeX S
262 X eKRSHP1eRVD6e(1-ORP2)eOLP1*(1-RBI1) S
263 SEO262 LOSPeREC6H2e(1-RQ)e(1 GE'l)eX
263 X e(1-GF1)e(1-661)0631e(1.SM2$ 1)e(1.$ I201)eRVCDe(1-RCII)eXS
263 X e(1.HPI2)*RVD2 RPXEAC%11e(I.RBI1) S
264 SE6263eLOSPeREC6H2 (1 GE1)e(1-GF1) X
264 X e(1.661)e(1-6$ 1)e(I-QI2A1)e(1-$ I2$1)e(1.QI107)eRVCO X S
264 X eHRSRC1e(1-HPI4)*RVD2 CS7 (1-RBI1)e(1 SGT9)
265 SEO264 LOFM (1-QI2A1)e(1-SM2$ 1)e(1-SM261)e(1-SM201)eRP$ 1ex
265 X ~ (1-NCD1)eSL1eRVC4e(1.HPI6)eRVD2 (1.SP2)*(1-00MS2)eX '
265 X ~ (1 RBI1) S
266 SEO265eLOSP REC6H2e(1.RQ)e(1-GE1) X t
266 X ~ (1.6F1)e(1-G61)e(1 GHI)e(1-SM2A1)e(1 SMIB2)e(1-QI206) X S
266 X eRVCD (1-RCI1)e(1 HPI2)eHXA1eRPX1e(1 RBI1) t
267 SEO266eLOSP REC6$3e(l RQ) 0634eX S
267 X e(1 SM205)eRVCO (1 RCI1)e(1-HPI2)eRVDF% t
26'7 X ~ (1.RBI1) S
268 SE6267eLOSPeREC6H3e(1-RQ) D631e(1-GF2)eX S
268 X ~ (1.G62)*(1-GH2)*QI1$2eRVCDe(1 RCI1) e(1-HP12)*X
268 X eRV02 RPX1e(1.RB11)e(1-SGT9) S
269 SEO268eLOSP REC6H3 (1 RQ) (1 GE1)*X S
269 X ~ (1.GF1) 0631e(1 GH2)e(1 SM205)eRVCIe(1 RCI1) (1 HPI2) Xt
269 X eRPX1e(1 RB11)
270 SEO269 LOSPe(1.GA1)e(1.G81)e(1-GC1)e(1.GD1)e(1.GE1)e(1-6F1) X t
270 X ' (1.661)e(1-6$ 1)e(1-$ I2A1)e(1-$I2$1)e(1-$ I261) X S
270 X e(1-SM201)eRVCD (1-RCI1)e(1-HP12)eRPX4eX S
270 X %11e(1-RBI1) t
271 SE0270eLLDe(1-QI2AT)e(1 QI2$1)e(1-SM261)e(1-SM201)eRPX4eX S
271 X ~ (1-RBI1) S
272 SEO271eLOSPeREC6K2e(1 RQ)*(1-GE1) X t
272 X e(1-GF1) DG31e(1.6H2)e(1 QI2$ 1)e(1 SM201)eRVCO (1 RCI1) Xt
272 X ~ (1 HPI2)eRVD2 RPX2A&ITe(1-RBI1)e(1 SGT9)
273 SEO272 LOSP REC6H2 (1 RQ) DG31eX S
273 X e(1-6F2)e(1-662)e(1.GH2)e(1 QI2$ 1)e(1 QI201)eRVCO X S
273 X e(1-RCI1)e(1-HPI2)eRVD2 RPX2AC%11e(I.RBI1)eX
273 X e(1-SGT9) S
274 SEO273eLOSPeREC3IIIe(1 GE1) X S
274 X e(1 GF1)e(1-661)e(1.6$ 1)e(1-SM2A1)e(1-SM1$ 2)e(1-SM261)eX t
274 X ~ (1-QI206)eRVCO (1 RCI1)e(1-HPI2)e(1-EPR61)eX S
274 X eRPX4e(1.RBI1) S
275 SEO274*LOSPeREC6H2e(1-RQ)e(1 GE1) X S
275 X e0631e(1.662)e(1.GH2)e(1 QI2$1)e(1.SM201)eRVCD (1.RCI1)*XS
275 X ~ (1.HPI2)*RVD2 RPX2AC%11e(1-RBI1)e(1-SGT9) S
276 SEO275eLOFMe(1.SM2A1)e(1-SM2$ 1)e(1-SM2C1)e(1-SM201)eRPSleX S
276 X e(1.HC01)eOSL1e(1-0RP2)e(I-SP2)e(1.0DMS2)eX
276 X $ (1-RBI1) S
277 SE6276eLOSPeREC3H1e(1 RL6)'eX S
277 X e(1 GEI)e(1-GF1)e(1.661)e('l-GHI)e(1-QI2A1)e(1-QI2$ 1)X t
277 X e(1-QI261)e(1-QI107)eRVCOe(1-RCI1)e(1 HPI2)eX S
277 X ~ (1.EPR61)eRPX4*(1-RBI1) S
278 SEO277eLOSPeREC6H2e(1.6E1)e(1-GF1)eX $
278 X ~ (1.661)e(1-GH1)e(1-SM2A1)e(1-SM281)e(1-$ I1D7)eRVC1eX S
278 X ~ (1 RCI1)*(1-HPI2) CS7e(1 RBI1) (1-SGT9) S
279 SE6278eLOSPeREC6K3eFOT1/DGIe(1-RQ)e(1 GE1) D631eX t
279 X (1 662)*(1-GH2)e(1-ED26)e(1-QI1B2)e(1 SM206)eRVCO X S
279 X ~ (1 RCI1)e(1-HPI2)eRVD2 RPX1 ~ (1 RBI1)e(i SGT9) S
280 SEO279eLOSPeREC6K3 FOT1/DG1 (1 GE1)e(1-GF1) 0631 X S
280 X e(1 GH2)e(1.$ I2$1)e(1-$ I107)eRVCO*(1.RCI1)*(1-HP12)*X S
280 X eRVD2eRPXIe(1-RBI1) S
281 SEO280eLOSPeREC6H3eFOT1/DG1 D631e(1.GF2)e(1.662)eX
281 X e(1-GH2)e(1-SM2$ 1)e(1-QI107)eRVCD (1 RCI1)*(1-HPI2) X S
281 X eRVD2eRPX1e(1-RBI1) S
282 SEO281 LOSPeREC6H3eFOT1/DG1e(1-GE1)*DG31e(1.GG2)eX S
282 X ~ (1.GH2)e(1-SM2B1)e(1.SM1D7)*RVCDe(1.RCI1)e(1.HPI2)eX S
282 X eRV02eRPXIe(1 RB11) S
283 SEO282*LOSPeREC3H3e(1 GE1)*(1 GF1)eX
283 X e(1.661)e(1-6$ 1)e(I-QI2$ 1)e(I-SM107)eRVC2e(1-HPI6)eX S
283 X e(1-ORP2)eRPX1e(1-RBI1) S
284 SEO283eCIVeDHIeDGAe(1-QI2A1)e(1 QI2$1)e(1 QI2CI)eSAeRVCleX t
284 X eRVD5e(1.0RP2)e(1-RBl1) S
285 SE0284eLOSPeREC6H3e(1 RQ) (1 GE1) X S
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285 X i(1-GF1)e(1-GGI) DG31t(1 SM182)a(T.SM206)eRVCDeHRSRCIeX
285 X ~ (1 HP14)*RVD2*RPX1*(1-RBI1) S
286 SE0285*CIPDHI DGA~NA~(1-SM2$1)~(1-SM201)~RVCI*RVDS~X S
286 X ~ (1 ORP2)~(1 RBI1) S
287 SEO286 CIPOHI DGA~(I-SM2AI)~(I-SM2$1)~HA~(I.SM201)~RVCI~X S
287 X >RVDP(1 ORP2)o(1 RBI1) S
288 SEG287 TTKHI DGA~(1 SM2A1)~(1-SM2$ 1)~(1-SM2CI)~(1-SM201) X S
288 X >(I HCD1)*BVR1~RVCI~RVD5~(1-ORP2)*(1-RBI1) S
289 SE05&CIV%1 DDT(1 SM2AI)eSAe(1 SM2CIPRVCI*RVDPX
289 X >(1-ORP2)~(1.RBI1)
290 SED289*LOCnHI DGA+(I-SM2A1)~(1-SM2$1)+(I-SM2CI)~(1-SM201) X S
290 X >RVC2 RV01~(1-ORP2)~(1.RBI1) S
291 SE4290~FLTB~NHI~(1 SM2AI)*(I.SM2$1)~(I-SM2CI)~(1-SM201)*X S
291 X >HRSSY1*RVD22 (1-ORP2)~(1-RBII) S
292 SE0291 LICA~(1-SM2A1)~(1-SM2$1)*(1-SM2CI)~(1-SM201)~RVCO X S
292 X >HRSSYI~RVD22 CR04~(1 ORP2)~(1 RBI1) t
293 SE0292~LOSP*REC6H3e(I.GE1)~(1.GFI)0031 X 8
293 X (1-GH2)~SA~RVCV(1 RCI1)*(1-HP12)~RYDER% t
293 X i(1-RP86)i(1.RBI1) S
294 SED293<LOSP REC6$ 2+(I GE1)~(1-GF1) X S
294 X i(1-GGI)~(1-GHI)*(1 SMI$2)~(1-SM2C4)~(1-SM206)~RVC(V% 8
294 X (1 RCI1) (1 HPI2) (1 HPL3)'+RVD2 HX1+RPXI+X S
294 X ~(1.RBI1)~(1 SGT9)
295 SE~TTMB DHICGA~(1.SM2AI)~(1-SM2$1)~(I-SM2C1)~(1-SM201) X t
295 X >(1 IICDI)eRVC2 RVDIa(1 ORP2)e(1 RBI1) S
296 SED295~FMRlW*PXI~(1.SM2A1 )~(1-SM281) ~(1. SM2C1)*(1-SM201) X t
296 X ~ (1-NCDI)eRVCIa(1 0801)*(1 ORP2)*(1-RBI1) S
297 SEO5&LOSWREC6H3 (1.RX3) 0031~(1 GF2) X t
297 X >(1.002)*(1 GH2)*(1 SMI$2)*(1-SM206)~RVCO HRSRC1 X S
297 X <(1.HP I4)~RVD2 RPXIi(1-RBI 1)i(1 SGT9) S
298 SEG297~FLTB*RBI DGA*(I.SM2AI)~(I.SM2$1)~(I.SM2CI)~(I.SM201) X S
298 X >RVD9 (1-ORP2)*(1 RBI1) S
299 SE05@CIPDGA (1-SM2AI ) (I-SM2$1)*(1-SM2CI)~(1-SM201)~RPS4~X 8
299 X 4VC4~RVDIO (1.ORP2)~(1-SP2)~(1.MMS2)~X t
299 X <(1.RB I1) S
300 SEG299 LOSP REC6$ 3~(I.GE1)~(1.GFT) X S
300 X ~ (1 GG1) 0031~(1 SM281)~RVCO HRSRC1~(T.HPI4)~RVD& S
300 X ~RPX1~(1-RBI1) S
301 SE0300*LOSP*REC6$ 3~(1.RX3)~(1 GE1) X t
301 X ~ (1-GF1)*(1.GG1) DG31~(1-SM182)~(1-SM206)~RVCI~(1-RCI1) 9S
301 X ~ (1 HPI2) RPX1*(1 RBI1) S
302 SED301~LOSWREC6H3 (1-RX3) (1-GEI)%031 X
302 X ~(1-GG2)*(l GH2)~(1 ED26)~SM182 RYE(1.RC11)~(1-HPI2)9 t
302 X 4VDPRPXI~(1.RBI 1)~(1-SGT9) S
303 SEQ302~LOSP~REC6$ 3*(I.GE1)*(1.GFI)0031+X S
303 X z(T.GH2)e(1 SM2$ 1)eSC RVCOe(1-RCI1)*(1.HPI2)+X t
303 X &VD2 RPX1~(T.RBI1) t
304 SEO303*LOSP~REC6$ 3 0031~(1-GF2)*(1.002) X S
304 X a(1.GH2)~(1.SM281)~SC RVCO (1-RCI1)*(1.HPI2) X S
304 X &VD2 RPXIi(1 RBI1)
305 SE03~LOSP REC6H4~NHI~RVCO (1-RC11) X S
305 X ~ (1-HP12)~RVD2 (1.R811) S
306 SE0305~LOSP+REC6$ 3a(1-GET) DG31~(1-GG2) X 8
306 X <(1.GH2)~(1-SM2$ 1)~SC RVCD (1-RCI1)*(1-HPI2)g S
306 X >RVD2 RPX1~(1.RBI1) S

07 SEO3&LOSPeREC6$ 3i(1 GEI)~(1.GFI)~X 8
307 X ~ (1-GGI)'+(1 GHI)*(I-SM2A1)~(1-SM1$2)~(1.SM109)~RVCWX 8
307 X >(1 RCI1)~HRSHPI~SPR1*(1-RBI1)~(1 SGT9) t
308 SEOM7~LOSP*REC6H3~FOT1/DGI*(1.GE1)~(1 GF1)*X t
308 X ~(1 GG1) DG31~(1.SM2$ 1)*RVCO~(I-RCI1)*(1-HPI2)~X S
308 X ~RVD2~RPXI~(1-RBI1)
309 SEtE&LOSP~REC6$ 3~FOTI/DGI~(1-GET)~X S
309 X ~(1 GF1)~(1-GGI) DG31*(1-SM2$ 1)~RVCO (1 RCI1)*(1.HPI2)~X S
309 X &VD2 RPX1~(1.RB I1) S
310 SE0309*FLTB DL1*(1-SM2A1)*(1-SM2$1)~(1.SM2CI)~(1.SM201)~X S
310 X ~HRSSYI~RVD22 (1-ORP2)~(1-RBI I) S
311 SE0310*FLTB DKI (1 SM2A1) (I-SM2$1)*(1-SM2CI)~(I.SM201)~X S
311 X HRSSYI~RV022 (I-ORP2)~(1-RBI1) S
312 SE0311~FMRU (1-SM2AI)~(1-SM281)~(1.SM2CI)~(1.SM20'l)*(1.HCDI )~X 8
312 X >RVC3*(1.0RP2)*OLP1*(1-RBI1) S
313 SEO312~FLTB DHI~RCI*(1-SM2A1)~(1-SM2$1)~(1-SM2C1)*(1-SM201)*X S
313 X &VD9 (1.0RP2)*(1.RB I 1) S
314 SE03'l3~FLTB*(1 SM2AI )~(1-SM2$ 1)~(1.SM2CI )~(I.SM201)*(1-RCI1)~X S
314 X >HRSHP1*HRXRCI~RVD2~0LP I~(1-RBI1) S
315 SE0314*LOSP~REC6H3~(1.RX3) 0031~(1 GF2)~X t
315 X s(1.GG2)*(1 GH2)*(1-SMIB2)*(1-SM206)~RVCI*(1 RCI1)~X
315 X ~(1-HPI2)~RPXI*(1-RBI1)~(1 SGT9) S
316 SE0315 LOSP*REC6$ 4~FOT4/DG4~RVCO (1 Rcl 1)~HRSHPI~X t
316 X ~RVD2 (1.RBI1) t
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317 SE0316eLOSPeREC6H3e(1-GE1)e(1-GF1)eX S
317 X ~ (1 661) D631*(1 QQ$ 1)eRVCle(1-RCI1)e(1 HPI2)eX S
317 X ~ (1 RSI1) S
3'18 SE0317eIOMH1 DGAe(1-QI2A1)*(l SM2$ 1)*(1-SIQC1)*(1-SM2D1)eX S
318 X eNCDleRVDSe(1.0RP2)e(1-RBI1) t
319 SE0318eISCRAIFDHI DGAe(1 SM2A1)e(1 SM281)e(1 SM261)eX t
319 X e(1-QI2D1)*(1.NC01)eBVRleRVCleRVD5e(1 ORP2)eX S
3'19 X e(1.RSI 1) S
320 SE0319eLOMHleDGAe(1.QI2A1)e(1-QQ81)e(1.QQC1)e(1-SM201)eX S
320 X eTB2 RVCleRVD5e(1-ORP2)e(1 RBl1) S
321 SE0320eLOSPeREC6H3e(1.RX3)e(l.GE1) X S
321 X e(1.6F1)e(1.G61)e(1.GH1)eHHIe(1-QI182)e(1-QQD6)eRVCD X S
321 X e(1-RCll)*(1 HPI2) RVD2eRPX1 (1 RBI1)e(1 SGT9) S
322 SE0321eLOSP DGle(1 682)e(1 GC2)e(1 G02)e(l EPR301)e(1 GE1)eX S
322 X e(1 GF1)e(1 GG1)*(1-GH1)e(1-QQA1)e(1.QQSl)e(1-QI261)eX S
322 X ~ (1-QQD1)eRVCDeHRSSTleRV022e(1.ORP2)e(1-RBI1)
323 SE0322eLOSP (1-GA1)e(1.GSl)e(1.GC1) DGle(1.EPR301)e(1-GE1) X S

23 X ~ (1-GF1)e(1-661)e(1-GH1)e(1-QQA1)e(1-QQSI)e(1-QQC1) X S
323 X ~ (1-QQD1)eRVCO HRSSTleRV022e(1-ORP2)e(1-RBI1) . 8
324 SE0323eLOFMeDGAe(1.QQA1)e(1-QQB1)e(1-QQC1)e(1.QQ01)eRPS4eX S
324 X ~ (1-NCDl)*RVC4e(1-HP16) eRVD2 (1-SP2)e(1-ODMS2) eX t
324 X ~ (1-RSll) S
325 SE0324eLOSPe(1-GA1)e001e(1-GC2)e(1-602)e('1-EPR301)e(1-RX3)eX S
325 X e(1-GE1)e(1-GF1)e(1-G61)*(1-GH1)e(1-QQA1)e(1-QQBl) X 8
325 X e(1-QQD1)e(1.0CA2)eRVCOeHRSSTleRV022e(1.ORP2)eX S
325 X e(1 RBI1) S
326 SE0325eLOSPeREC6H3e(1 RX3)e(1 GEl) DG31eX S
326 X e(1.662)e(1-682)e(1.ED26)e(1-QI182)e(1.QQ06)eRVCOeX
326 X eHRSRCle(1-HP I4)*RVD2*RPX1*(1 RBl1)e(1-SGT9) 8
327 SE0326eLOSP REC6Hl (1-GEl) X S
327 X ~ (1-GF1)e(1.GG1)e(1.6H1)e(1-QI2A1)e(1 $182)e(1.QQC1)*X S
327 X ~ (1-QQD6)eRVCDe(1-RCI1)e(1.HPI2)eRPX3eX 8
327 X QRBI1 S
328 SE0327eCIVe(1-SM2A1)e(1.QI2$ 1)e(1.QI2C1)e(1.QI2D1)eRPSleRVC4eX S
328 X ~ (1.RCl1)e(1.HPI2)eRPX2AC (1.00MS2)e(l.DMS2)eX t
328 X ~ (1.RSI1) S
329 SE0328 LOSP REC683e(1-GE1)e(1-GF1)e0631eX

29 X e(1 GH2)e(1 QQ$ 1)e(1 QI1D7)*RVCD HRSRCle(1 HPI4)eX S
329 X eRVD2eRPXle(1.RBl1) S
330 SE0329eLOSP REC683 DG31e(1.GF2)e(1.662) X S
330 X e(1-GH2)e(1 QI281)e(1-QI1D7)eRVCO HRSRC1*(1-HP14) X 8
330 X RVD2 RPXle(1 RSI1) S
331 SE0330eLOSPeREC683e(1 GE1) DG31*(1 GG2) X S
331 X e(1-682)e(1-QQ81)e(1.$ 107)eRVCO HRSRCle(1-HPI4) X
331 X eRV02 RPXle(1.RBI 1) S
332 SE0331eLOANGAePXIe(1-QQAT)e(1.SM2$ 1)e(1-QQC1)e(T.QQD1)eX S
332 X eRVCO RVD10eCRD4e(1-ORP2)*(1 RSI1)
333 SE0332eSCRANRe(1-QQA1)e(1.SM281)e(l QI2C1)*(1 QQD1)*RPSleX S
333 X ~ (1.NC01)eSLleRVC4e(1-0RP2)e(1-SP2)e(1.DDMS2)e(1-RBI1) S
334 SEOmeLOSPe(1 GA1)e(1 G81) DGle(1-GD2)e(1 EPR301)e(1-GE1)eX S
334 X e(1-6F1)e(1.G61)e(1-GH1)*(1-QI2A1)*(1-SM182)*(1-QQC1)eX S
334 X ~ (1-QQ06)eRVCD HRSSY1eRVD22 (1 ORP2)e(1-RSI1) 8
335 SE0334eLOSPeREC6H3eFOT1/DGle(1.6E1)e(1 GF1) DG31eX S
335 X ~ (1.GH2)e(1 SM281)e(1-$ 107)eRVCO (1.RCll)e(1-HPI2)eX S
335 X eRVD2*RPX1*(1 RBl1)

36 SE0335eLOSPeREC683eFOT1/06le(1-GE1) X S
336 X ~ (1.GF1) DG31e(1.6H2)e(1.QI281)e(1-$ 1D7)eRVCO (1.RCll)*XS
336 X ~ (1.HPI2)eRVD2 RPXle(1-RBI1) S
337 SE0336eLOSPeREC6$ 3eFOT1/061 0631e(1.-6F2)*(1 662)eX S
337 X e(1.682)e(1.SIQB1)e(1-SM107)*RVCD (1.RCl1)e(1.HPI2)eX S
337 X eRV02eRPX1*(1 RBI 1) S
338 SE0337eLOSPeREC683eFOT1/DG1 D631e(1-GF2) X S
338 X ~ (1-662)*(1-GH2)*(1-QQ$1)e(1-QI1D7)*RVCO*(1-RCI1)eX $
338 X ~ (1 HPI2)eRVD2*RPX1*(1-RBi1)
339 SE0338eFMRW)H1 DGAe(1.QQA1)e(1-QQB1)e(1-QQC1)e(1-QQD1) X S
339 X ~ (1.NC01)eRVCle0801eRVDS*(1 ORP2)e(1 RSI1) S
340 SE0339eLOSPeREC683eFOT1/061e(1 GE1) D631e(1 662)eX S
340 X ~ (1.GH2)e(1.SM2$ 1)*(1-SM1D7)eRVCDe(1-RCI1)e(1-HPI2)*X S
340 X eRV02eRPXle(1.RBl1) S
341 SE0340eLOSPeREC683eFOT1/DGle(1 GE1) D631eX S
341 X ~ (1.662)*(1-6H2)e(1-SM281)*(1-$ 1D7)eRVCDe(1.RCll)eX S
341 X ~ (1-HPI2)eRVD2 RPXle(1-RBI1) S
342 SE0341eFLTBe(1-QQA1 )e(1. SM281) e(1.QQC1 )e(1.QQD1) e(1-RCI 1 )*X S
342 X e(1-HPI2)*RPX4 UlleRBI1 S
343 SE0342eLOSPeREC683e(1.RX3)e(1.6E1)*0631*X S
343 X e(1-GG2)e(1-GH2)*(1 ED26)e(1-$ 182)e(1.SM206)eRVC1*X S
343 X e(1-RCI1)*(1.HPI2)eRPXle(1.RBI1)e(1-SGT9) S
344 SE0343eLOSPeREC683e(1 RX3) DL3*(1 GE1)*X S
344 X ~ (1 GF1)e(1-G61)*(1 GH1)e(1 QI182)e(1-QQD6)eRVCO*X S

336
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344 X ~ (1-RCI1)~(1-HPI 2)*RVD2~RPXT*(1 RBI1)~(1-SGT9) S
345 SEO344>LOSP*REC6IQ~(1-GET)~(1-GFT)*DG31~X S
345 X >(1-GH2)~(1-QI2$ 1)~(1-SM1D?)~RVC1~(1-RC11)*(l-HP12) X S
345 X ~RPX1~(1-RB 1 1) S
346 SE0345 LOSP~REC6H3 DG31~(1 GF2)*(1-GG2)~X S
346 X ~(1.GH2)~(1-QI2$ 1)~(1-SM10?)*RVC1 ~ (1.RCI'l)~(1-HPI2)*X S
346 X >RPX1~(1 RBI1) S
347 SEQCQLOSP+REC6IQe(1-GET) DG31*(1-GG2)eX S
347 X ~ (1.GH2)~(1-SM2$ 1)~(1-QI1D?)~RVC1 ~ (1 RCI1)~(1-HPI2)~X
347 X APXT (1-RBll) S
348 SEO34?NTT*(1-SM2AT)*(1-QI2$1)~(1-SM2Cf)~(1-QI201)~RPST~X S
348 X ~ (1 HCD1) OADl'+(1-RCIT) (1.HPI2)*(1.0LA1) (1-SP2) X S
348 X ~(1.NMS2)~(1-R$ 11)
349 SE~LOSP REC6IQe(1 GET)~(1-GF1)*X S
349 X ~(1-GG1)~(1-GH1)~NHI~(1-QI2$ 1)~(1-QI107)~RVCIW
349 X (1-RCI1)~(1-HPI2)~RV02 RPX1~(1.RBI1) S

50 SE034&LOSPo(1 GA1)*(1-0$1)~(1 GC1)o(1 GD1)e(1 GE1) DGA X S
350 X ~(1.GF1)~(1-GG1)*(1.GH1)~PXI~(1-SM2A1)~(1-SM2$ 1)~X S
350 X ~(1.SM2C'l)~(T.QI201)*RVCD~RVD1P(1.ORP2)~(T-RBI1) S
351 SEO350 FLTB~(1-Q12A1)~(1.QI2$ 1)~(1-QI2CT)~(1-Q1201)*(1-RCI1)4X t
351 X ~ (1-HPI2)~HRXSYf~RVD2~0LP1*(1 RBll) S
352 SEO351~FMRU (1 SM2A1)*(T.SM281)~(1-SM2C1)~(1.QI201)*(1.HC01)~X S
352 X 4VC1~HRSSY1*(1-0801)~(1.ORP2)~OLP1*(1-RBI 1) 8
353 SE0352sFLTBWH1&GA~(1.SM2A1)~(1-QI2$ 1)~(T.QI2C1)~(T-SM201)% S
353 X 4V09 ORP2 (1.U11)~(1-RBI1) S
358 SE0353~TT*(T-SM2A1)~(1.QI2$ 1)~(1-QI2C1)~(1 SM201)~RPS1~X S
354 X ~(1.HCD1)"OSL1 "CRD4~(1.ORP2)~(1-SP2)~(1-(X)MS2)~X S
354 X ~ (1 RBll) t
355 SEO354~LOSP*REC6$ 4 DF2 RVCD (1.RCll)*X t
355 X i(1-HP12)*RVD2 (1.RB11) S
356 SEO355~LOSP~RECSH3~(1.RX3)~(1-GET)~X t
356 X +(1 GF1)~(1-GG1) DG31~(1 QI1$2)~SM206~RVCO (1 RCI1)~X S
356 X ~ (1 HPI2)~RVD2 (1 RP010)~(1 RBll) S
357 SEO3563iLOSWREC6H3~(1 RX3)~(1-GET) X t
357 X ~ (1 GF1)~(1-GG1)~(1-GH1)~(T-SM1$ 2)~(1.SM206)*RVCO X S
357 X ~ (1-RCI1)~(1-HPI2)~RVD2 R4801~RPX1~(1-R811)~X S
357 X ~(1-SGT9)
358 SE035?NLOSP~REC6H4~FOT1/DG1~RVCO~HRSRCT~(T.HPI4)~X S
358 X 'VD2 (1.RBll) t
359 SEO35&LOSP~RECSH4~FOT1/DG1~RVCO~HRSRCl*(1-HP l4)~X 8
359 X AV02 (1-RBll) S
360 SEO359 LOSPeREC6H3e(1.GE1)*(1-GFT)~X S
360 X ~ (1.GG1) (1.GH1) (1-SM2A1) (1-SM182) (1-QI1D9)*RVCO X
360 X ~ (1 RCI1)~(1.HPI2)~HXAT~(1-RBI1)~(1.SGT9) S
361 SE0360*PLY)H1 DGA~('l-QI2AT)*(1.QI281)*(1.QI2C1)~(1-QI201)~X S
361 X >TB2 RVCT*RV05~(1 ORP2)~(1-RBI1) S
362 SEO361~LOSP~REC6H3~FOT1/001*(1.GE1)~(1-GF1)*X t
362 X ~(1-001)~(1.GH1)~(T-QI2AT)~(T.QI1$2)~(T.SM109)*RVCIPX S
362 X ~(1-RCI1)~(1.HPI2)~SPR1~(1-RBI1)~(1.SGT9) t
363 SE0362iLOSPeREC6H3eFOT1/DG'l*(1 GE1)a(1 GF1) X t
363 X ~ (1 GG1)*(1-GHT)e(1 QI2A1)a(1-SM1$ 2)e(1.SM109)+RVC(V9( S
363 X ~(1.RCI1)~(1.HPI2)*SPR1*(1-RBIT)~(1-SGT9) S
364 SEO363~LOSP~REC6H3*FOT1/001~(1-GE1)~(1-Gf 1)*X 8
364 X ~ (1-GQT)*(1-GH1)e(1.SM2A1)e(1 SM1$2)e(1 SM109)*RVCOeX S
364 X ~ (1-RCll) (1-HP12) SPR1 (1-RBll) (1 SGT9)

'

365 SE0364*FMRIPDH1 OGA~(1.QI2A1)*(1-SM2$1)~(1 QI2C1)*(1-SM201)~X S
365 X ~(1.HC01)~RVC1~(1-0$ 0'l)~(1.ORP2)~RB11 S
366 SE0365~FLTB~(1.SM2A1)~(1.QI2$ 1)~(1-SM2C1)~(T.QI201)*(1-RCI1)~X S
366 X ~ (1 HP l2)oOHLleRV02eOLP1 ~ (1-RBI 1 S
367 SE036& LOSP~REC6H2 (1-GE1) OGA~X S
367 X s(1-GF1)*(1-GG1) 0031*(1.QI2A1)*(1 SM2$ 1)*RVCD (1-HPI6)~XS
367 X >RVD2 (1-RBll) S
368 SE036?~LOSP~REC6H3*(T.GE1) (1.GF1) X S
368 X ~ (1 GGT)"(1-GH1)~(1 QI2AT)~(1-SM1$2)~SM109 RVCIP'X S
368 X ~(1 RCI1)~(1-HPI2)~SPR1~(1-RBI 1)~(1.SGT9)
369 SEIS&LOSP~REC6H3e(1 GE1) DDT(1 GF1) X S
369 X ~(1 GG1)~(1-GHT)~(1-QI2A'l)~(1-SM1D10)~RVCO (1-HP16)*X t
369 X 4V02 (1-SPR1)~(1.DMS2)~(1.RBll)*(1-SGT9) S
370 SE036&LOSP~REC6H3~(1-GE1)*(1-GF1)*X S
370 X ~ (1-GG1)*('l-GH1)~(1 SM2A1)~SM1$2 RVCO (1.RCl1)*X S
370 X ~ (1-HP 1 2) eSPR 1 a(1. RB I 1 )a(1-SGT9) S
371 SE0370aSCRANRP(1-QI2AT)~(1.SM2$ 1)*(T-SM2CT)~(1-QI201)"RPS1~X it
371 X ~ (1-HC01)~OSL1~(1 ORP2)~(1.SP2)*(1 INMS2)~X $
371 X R(1 RBll) S

0 L500 ~0.8~ZEQIYD S
0 LOSP <0.8iBELOSP S

337



Browns Ferry Unit 2 Individual Plant Examination Revision 0

0 E. GENERIC ISSUES

E.1 BROWN FERR INTE NAL FLOOD ANALY IS

E.1.1 INTRODUCTION AND SUMMARY

An analysis has been completed to identify accident sequences involving internal floods at
Browns Ferry Units 1, 2, and 3. The analysis identifies internal flooding initiating events
and their associated frequencies and impacts on plant equipment. The flood scenarios are
treated as initiating events and are included in the overall individual plant examination (IPE)
risk model. The results from quantifying these initiating events in the IPE risk model are
summarized in Section 3.

The flood scenarios identified in this analysis are summarized in Table E.1-1 with their
estimated frequency and impact on the plant model. Quantification of these scenarios is
based on, industry experience events (internal flood database) and a plant-specific
screening of this database. Figure E.1-1 summarizes the results of this plant-specific
screening and identifies the applicable flood scenarios in Table E.1-1. The following
provides additional qualitative results and insights from the analysis:

The reactor buildings are separated from each other by flood doors to
Elevation 565'o that floods in one reactor unit will not impact equipment in
another unit. Therefore, shutdown events in the database are not used to develop
flood frequencies for the reactor building of the operating Unit 2.

Floods in the reactor building propagate to the lowest elevation (519'); however, it
takes several hundred thousand gallons to impact safety pumps at this location.
Large bounding floods are postulated to assess the potential risk of floods in the
reactor building. This risk is not significant.

The service, radwaste, off-gas, and turbine buildings contain a limited amount of
equipment desirable for safe shutdown of the plant. These buildings are equipped
with sumps and high-level alarms. Turbine building floods have a relatively high
frequency based on industry experience but are not generally risk important since
few accident mitigation equipment are located in this building. The plant design
precludes propagation to the vital electrical and safeguards areas in the reactor
building, as penetrations below Elevation 572.5're sealed watertight. This
elevation is 7.5 feet above plant grade; therefore, a flood in the turbine building
would drain outside before entering the reactor building. A scenario that causes
loss of feedwater, condenser, station air, raw cooling water, and raw service water
is included but is not significant.

The intake pumping station houses the residual heat removal (RHR) service water
(RHRSW) and the emergency equipment cooling water (EECW) pumps. RHRSW
supplies river water to the RHR heat exchangers, and the EECW system supplies
the safety-related equipment cooling loads in the reactor building. EECW floods
have occurred in industry experience, and even a partial loss of EECW (i.e., a
header or pumps) impacts many other systems due to functional dependencies.

APPXE1.8FN.S/28/92 E.1-1
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This analysis postulates EECW/RHRSW flood scenarios in the intake pumping
station and reactor building.

Fire water floods were evaluated, but no specific scenarios were postulated. The
frequency and impact of fire water floods are assumed to be enveloped by the
turbine building and reactor building flood scenarios already postulated. The
preaction fire water system used throughout vital areas appears to be reliable, and
the flow capacity of these systems is considered to be an insignificant amount due
to small pipe size.

The suppression pool and the condensate storage tank (CST) are major flood
sources, and flood scenarios are postulated where they empty into the reactor
building and either fail the RHR, core spray, high pressure coolant injection (HPCI),
and reactor core isolation cooling (RCIC) pumps or impact the water source of them
on Elevation 519'f Unit 2.

The standby diesel generator buildings are also important areas as they house the
diesels, relays, and controls for the plant. There are fire water sprinklers in rooms
and a stand pipe supply to hose reels in the stairwells. ln addition, EECW supplies
unit coolers. However, both buildings have been provided with adequate drainage
to mitigate even an EECW header break; therefore, no flood events are postulated.

~ The frequency of a flood in the control bay is assessed to be reasonably low. There
are limited flood sources, personnel are present in this area, and the likelihood of
the operators not maintaining safety functions (i.e., to prevent core damage) is
judged to be unlikely. No flood events that involve the control bay are postulated.

Figures E.1-2 through E.1-11 provide a description of the general buildings and locations
discussed throughout this report. These figures are general arrangement drawings derived
from Reference E.1-1. Additional detailed drawings are available in the Final Safety
Analysis Report (FSAR).

E.1.2 METHODOLOGY

The basic approach is a conservative screening analysis that first establishes potential
major flood sources and PRA equipment locations. Flood scenarios are postulated in
terms of the flooding source, the extent of propagation to adjacent locations, and the
equipment impacted. The frequencies of these scenarios are then quantified as initiating
events and combined with independent failures in the overall risk model. The methodology
is summarized below:

Plant Familiarization. Key plant design information that provides details of the plant
systems and layout is reviewed. This includes the FSAR, flow diagrams,
arrangement drawings, internal flood studies, and fire analysis reports
(References E.1-1 through E.1-6). The PRA models are reviewed to ensure
familiarity with important intersystem dependencies, success criteria, and plant
response models to initiating events.

Flood Experience Review. Flood data collected from Nuclear Power Experience
(Reference E.1-7) through September 1987 are reviewed to ensure familiarization
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with actual flood events, their locations within the plant, and causes. These data
are used in the quantification of internal flood scenario initiating event frequencies.
In addition, any events at Browns Ferry are reviewed carefully for their potential
impact on risk.

Evaluation of Flood Sources. Using the plant design information and a general
knowledge of plant layout, major flood sources and their locations are identified.
For example, Wheeler Reservoir supplies the EECW system, which supplies cooling
to several plant locations. EECW is identified as a major flood source, and its
locations within buildings are identified.

Evaluation of Plant Locations. Using plant design information such as arrangement
drawings and internal flood studies and information from the evaluation of flood
sources, the buildings.where floods can have major impact on systems are
identified. Then, each building is evaluated further with regard to equipment
housed at each elevation/room, flood source, propagation path, and means of flood
detection and isolation. Flood scenarios are identified for further evaluation when a
potential flood that can impact more than one PRA-evaluated system is identified.

'lant Walk-Through. A plant walk-through was conducted to collect additional
information and to confirm previous documentation and judgments on flood
sources, and their potential impact, propagation paths, and detection.

Scenarios and Screening. The potential for an initiating event, propagation to other
locations including drainage, detection and isolation potential, and system impact is
considered in judging whether a flood scenario should be postulated and
quantitatively evaluated. Initial flood scenarios are based on conservative
assumptions about flood size and system impacts.

A flood source in a location (propagation included) must cause either an initiating
event and impact at least an additional important system, or cause sufficient.
system failures. For example, a flood that causes loss of feedwater but no other
failures is insignificant because the probabilistic risk assessment (PRA) model
already contains loss of main feedwater due to other causes at a much higher
frequency. Similarly, a flood that fails one RHR pump division but does not cause
an initiating event was not considered further. The relatively low frequency of the
flood, combined with additional failures required to cause core damage, makes it a
highly unlikely event.

Quantification. A point estimate screening quantification is performed where
conservative assumptions about flood.size, impact, and operator response are
made. The flood scenario is then combined with independent failures in the PRA
model, and the resulting core damage frequency is compared with other core
damage sequences. The important flood scenarios are evaluated further to include
more realistic flood frequencies as well as detection and operator recovery actions.
An uncertainty analysis is performed on dominant scenarios in the PRA model.

The initial point estimate quantification of the flood initiating event was conducted
with one of two methods. The first method uses historical data on the total annual
frequency of floods (Reference E.1-7). The total frequency can be apportioned to
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plant systems and locations on a plant-specific basis. The apportionment is based
on a screening of the database for its size, applicability to specific types of
systems, and their locations at Browns Ferry. The second method sums rupture
failure rates for pipes, valves, tanks, and expansion joints in a location. This
requires detailed information of the number of valves, type of valves, and piping
sections. This method is effective when on'ly a few pipe sections are in a particular
location.

E.1.3 EVALUATIONOF FLOOD SOURCES

This section describes major flood sources and their locations in the plant based on a
review of the plant design, system flow diagrams, and a plant walk-through. The
following were identified as potential major flood sources and are described further in the
subsections below (drawing series are in parenthesis):

RHR Service Water (47E858)
Emergency Equipment Cooling Water (47E859)
Condenser Circulating Water (47E831)
Fire Water System (47E850)
Raw Service Water (47E836)
Raw Cooling Water (47E844)
Condensate Storage Tanks 1 through 5 (47E818)
Demineralized Water Storage Tank (47E856)
Suppression Pool (47E626)

Other sources such as smaller tanks and reactor building closed cooling water have a
limited flood source and are considered to be less significant than the above sources. In
Section E.1.4, building locations are evaluated with regard to equipment housed in the
building, flood sources, propagation, and detection. Therefore, there is another check
against the judgment for important plant locations.

.3.

RHRSW supplies the RHR heat exchangers on Elevation 565'f the reactor building. The
system has 12 pumps located in the pumping station that take suction directly from
Wheeler Reservoir. Four of the pumps can also be used to supply EECW loads. (Eight of
the pumps can be aligned to EECW.) This system is in standby during normal operation,
although the heat exchangers and the discharge lines are kept full of water to prevent
water hammer upon pump startup and corrosion in the heat exchangers. A break'in the
RHR heat exchangers or the RHRSW supply line would empty the volume of water stored
in the pipe and heat exchanger into the reactor building. This volume is not sufficient to
flood reactor building Elevation 519'o a depth of 4 feet, which would disable the RHR,
core spray, RCIC, and HPCI pumps. Floods from this source in the reactor building are
included with EECW flood scenarios postulated in the following sections. Flooding events
in the pump room could potentially affect three pumps: an EECW pump, an RHRSW
pump, and a swing pump. This scenario, which has been observed at Browns Ferry, is
included in the quantification of EECW pump room floods presented in Section E.1.5.
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E.1.3.2 Emer n E i m n olin Wa r

EECW is a potentially large flood source due to large pipe diameters and flow rates, and it
is virtually an infinite source when unisolated. The water source is Wheeler Reservoir via
the pumping station through four pumps. EECW provides cooling water to the following
locations and components:

Diesel Generator Building Units 1 and 2. EECW is supplied to the four diesels. The
two main headers run through this building with normally open valves.

Diesel Generator Building Unit 3. EECW is supplied to the four diesels and the
shutdown board room AC chillers.

Turbine Building. EECW from the north header is supplied to the station air
compressors as a backup to raw cooling water (RCW).

Control Bay. EECW is supplied to the following areas in the control bay:

4-inch line to emergency condensing units on Elevation 606'ith normally
closed manual isolation valves.

4-inch and 6-inch EECW and RCW lines to AC chillers on Elevation 617'ith
normally open manual isolation valves.

1.5-inch lines to shutdown boardroom condenser on Elevation 617'relay
room) with normally open manual isolation valves.

Reactor Building. EECW is supplied to the following components and locations
within the reactor building:

Component

Core Spray Environmental Coolers

RHR Environmental Coolers

RHR Pump Seal Water Heat Exchangers

Reactor Building Component Cooling Water
(RBCCW) Heat Exchangers

Elevation

519'19'19'93'lood

events involving EECW are postulated to occur in the intake pumping station and the
reactor buildings. Floods that occur in the shutdown unit(s) reactor building(s) are
assumed to disable the affected EECW header for all three units. Floods that occur in an
operating unit reactor building has the added impact of flooding Elevation 519'f the
operating unit reactor building.

E.1.3.3 r ir l in W r

Very large floods in the turbine building have been postulated to be associated with the
circulating water system. This piping is very large (78-inch diameter in the turbine
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building), and the water source is very large. The condenser circulating water pumps take
suction from Wheeler Reservoir at the pumping station and discharge to the condensers.
From the condenser, circulating water flows either back to the river or to the cooling
tower. It also supplies the RCW system and the raw service water (RSW) system.
Because of the existence of an electrical tunnel connecting the intake pumping station to
the turbine building, some circulating water flood events in the pumping station are

'ncluded in the turbine building flood frequency. The impact of 8 very large flood in the
turbine building and the potential propagation and impact to other plant locations are
evaluated in Section E.1.4.

E.1.3.4 ~Fir ~Wa ~
Fire protection water is supplied throughout the plant and is supplied from Wheeler
Reservoir via the pumping station. This is a potentially important flood source due to the
very large source of water. Fire water is supplied to the turbine building, service building,
and practically all other buildings onsite. The following summarizes key fire water
locations in the plant:

Diesel Generator Building Units 1 and 2. Automatic preaction sprinklers are used.
Hose stations are located in the stairwells.

Control Bay. Automatic preaction sprinklers are used on Elevation 617'n the
mechanical equipment rooms, technical support rooms, offices, etc. Manual
preaction is used in the battery and battery board rooms. Hose stations are located
in the stairwells.

Reactor Building. Automatic preaction is used in areas of the reactor building on
Elevations 565', 593', and 621', including the RHR pump rooms and heat
exchanger. Fixed water spray is used in areas on Elevations 565'nd 593',
including cable trays and the HPCI pump turbine oil tanks.

Preaction systems use fusible link sprinkler heads. Actuation of preaction systems is
alarmed, and the flow rates are relatively low. In some areas, such as the reactor building,
there is air supervision (alarms) in the dry piping downstream of FCY 2-26-77 to ensure
integrity. For these reasons, the frequency of a flood occurring that remains unisolated
long enough to flood Elevation 519's assumed to be very low, and therefore no flood

'ventsthat involve the fire protection system are postulated.

The RSW system supplies water for yard-watering, cooling for miscellaneous plant
equipment with small loads, washdown services, and fire protection pressurization. 'The
RSW system is supplied through the condenser circulating water inlet conduit from the
main raw cooling water pump suction header. There are four RSW pumps (375 gpm)
located in the turbine building that service the plant (two for Units 1 and 2, and two for
Unit 3). The water is distributed from two 10,000-gallon-capacity storage tanks on the
roof of the reactor building through a system shared by RCW and the fire protection
system. Operation of the RCW pumps is controlled by level indicators on the tanks,
except when the high pressure fire pumps are operating, in which case the RCW pumps
are stopped and the tanks are isolated. The RSW pumps can provide 120 gpm of river
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water to fight fires below Elevation 617'. This system's pipe diameters and tank
capacities are small. No flood events that involve this system are postulated.

The RCW system is supplied from the circulating water system, the pumps are located in
the turbine building, and the system provides cooling to balance-of-plant equipment mostly
located in the turbine building. Raw cooling water is interconnected to the EECW and
serves as a backup system for the RHR pump seals and room coolers and the control
room AC chillers. It supplies the following major loads in the reactor building:

RCW Booster Pumps

Component Elevation

593'eactor

Water Cleanup (RWCU) Pump Coolers

RBCCW Heat Exchanger

Motor Generator Set Oil Coolers
593'93'39'he

RCW system is not normally isolated from the EECW system because the system with
the highest pressure will supply the load; therefore, RCW floods in the reactor building are
included with EECW floods and are not treated separately.

E.1.3.7 n n r T nk

The CSTs are located in the yard at grade Elevation 577'ith a capacity of tanks 1

through 3 at approximately 375,000 gallons each and tanks 4 and 5 with a capacity of
approximately 500,000 gallons each. Water is supplied to the turbine building from two
lines from each tank. The 20-inch line supplies the control rod drive pumps in the reactor
building and the condensate transfer pumps in the turbine building. The 24-inch line
supplies the reactor building headers, which enter on Elevation 541'nd supply the HPCI
and RCIC pumps.

An expression has been developed in Reference E.1-8 that relates volume of water to flood
height in the reactor building. The relationship explicitly takes into account the volume of
the room displaced by the torus. 375,000 gallons corresponds to approximately 3 feet,
3 inches of water in the reactor building. Failure of the CST such that its contents drain
into the reactor building will not result in direct failure of the core spray, RHR, HPCI, and
RCIC pumps. However, the CST does provide the initial water source for HPCI and RCIC
and the backup supply for core spray and RHR. Therefore, a flood event involving the CST
is postulated.

E.1.3.8 0 in r li W r r T

The demineralized water storage tank (DWST) with a capacity of approximately
375,000 gallons is located in the yard at grade Elevation 578'. This system supplies high
purity water to the plant through small-diameter piping; i.e., sample sinks, eye wash, etc.
It is also used for makeup to the primary coolant system (pumped to the condensate
storage tanks) and the RBCCW system. Water is supplied to the DWST from the water
treatment plant, which has a capacity of 120,000 gallons per day. The distribution
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system from the DWST consists of two transfer pumps and three 10,000-gallon head
tanks located on the roof of the reactor building. Level controls on the head tanks actuate
the transfer pumps. A low level signal (LS 2-159B) actuates one pump, and a low-low
level alarm (LS 2-159C) actuates the second pump. Because of small pipe diameters and
head tank capacity, the amount of water emptied into the reactor building due to a pipe
break is considered negligible. The operators are assumed to have enough time to locate
and isolate the break or to turn off the DWST pumps before the DWST is emptied. This
system also serves no essential or safety functions. For these reasons, no flood events
involving the DWST are postulated.

E.1.3.9 Su re sl n Pool

The suppression pool (torus) is located on Elevation 537'f the reactor building. The
maximum suppression pool water volume is 127,800 cubic feet (Reference E.1-9), or
956,000 gallons of water. It is normally aligned to the RHR and core spray suction
through normally open motor-operated valves (MOV) and is used as a backup supply for
the RCIC and HPCI pumps through lines with normally closed MOVs. A flood event is
postulated in which the suppression pool is emptied into Unit 2 reactor building, resulting
in a flooded level of 8 feet to 12.7 feet, which disables the RHR, core spray, HPCI, and
RCIC pumps on Elevation 519'.

E.1.4 EVALUATIONOF PLANT LOCATIONS

This section evaluates building locations, equipment housed in the location, flood sources,
propagation paths, and means of flood detection and isolation. Based on the review of
major flood sources in Section E.1.3, plant design and layout drawings, and the location of
PRA equipment, the following buildings are identified as potentially important buildings and
are considered in this section:

Reactor Building
Control Bay
Turbine Building
Pumping Station
Diesel Generator Buildings

Scenarios are postulated where flood frequency and its consequences were evaluated to
be important. These scenarios are subsequently analyzed and quantified in Section E.1.5.

The reactor building houses PRA (electrical, and mechanical) equipment. The upper
elevations (Elevations 593'nd 621') contain emergency AC and DC power systems.
There are limited flood sources on these floors. The lower elevations (Elevations 565',
541', and 519') contain mostly mechanical equipment. There are more significant flood
sources on these floors, but there are open stairwells and large floor openings such that
floods will propagate to the lowest elevation (Elevation 519').

Reactor Building Elevation 639'Figure E.1-3). This elevation houses the
recirculation motor generator sets and the standby liquid control system. The
motor generator sets are cooled by raw cooling water. Flood sources include raw
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cooling water and high pressure fire protection sprinklers. No flood scenarios are
postulated that affect this elevation for the following reasons:

Although raw cooling water and fire water have virtually infinite sources, the
presence of open stairwells and drains is sufficient flood protection for this
elevation. The presence of RCW and propagation to lower eievations is
considered below for Elevation 519'.

Most fire water lines are dry preaction systems. Operation of the preaction
system requires a deluge valve to open, which floods the dry portion of the
system. A water flow alarm is generated on a fire protection panel and in
the control room. Fusible links prevent sprinklers from spraying a room, and
most of the systems are under air supervision. Loss of system integrity
results in a low air pressure alarm at the fire protection panel and in the
control room. In addition, the flow rate through the sprinklers in a room is
low such that floor areas and drains are sufficient.

~ Reactor Building Hevation 621'Figure E.1%). PRA equipment on this elevation
includes:

4-kV Shutdown Board C (Control Bay)
250V DC Reactor MOV Board 2A (Control Bay)"
480V Reactor MOV Board 2A (Control Bay)"
480V Shutdown Boards 2A and 2B (Control Bay)"
Backup Control Panel (Control Bay)"
250V Battery Panel SB-C, D

-480V MOV Reactor Board 2E
4-kV Transformers

The general arrangement can be seen in Figure E.1-4. The vital electrical rooms do
not communicate directly with the general floor area. The 480V MOV board 2E
and the 4-kV transformers are located in the general floor area of the reactor
building. The other electrical equipment is located in separate board rooms, which
are only accessible from the control bay Elevation 617', which is 4 feet below the
board room elevation. Flood sources in the board rooms include an 8-inch RBCCW
line in the 4-kV shutdown board room and roof drains in the 4-kV and 480V board
rooms. The only fire suppression equipment in these rooms are manual fire
extinguishers. The propagation path is under doors to the reactor building general
floor area and then down to lower elevations. The frequency of rupturing one
section of RBCCW pipe is low (6 x 10 per year), the RBCCW water volume is
small, and even if electrical equipment were affected, the impact would be to one
division of power. Therefore, this source is neglected.

The reactor building general floor area houses the fuel pool cooling and RWCU
equipment. Flood sources include high pressure fire water, which is dry and

"Normal access for this equipment is via the 617'evel of the control bay.
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supplies preaction sprinklers and raw cooling water. No flood scenarios are
postulated that affect this elevation for the following reasons:

Water from the control bay areas would not propagate to the electrical board
rooms as they are higher than the control bay floor, and water would
propagate to the lower elevations of the control bay.

Most fire water lines are dry preaction systems. Operation of the preaction
system requires a deluge valve to open, which floods the dry portion of the
system. A water flow alarm is generated on a fire protection panel and in
the control room. Fusible links prevent sprinklers from spraying a room, and
most of the systems are under air supervision. Loss of system integrity
results in a low air pressure alarm at the fire protection panel and in the
control room.

Although raw cooling water and fire water have virtually infinite sources. the
presence of open stairwells and drains are sufficient flood protection for this
elevation. The presence of RCW and propagation to lower elevations is
considered below Elevation 519'.

~ Reactor Building E(evatlon 593'Rgure E.1-5). PRA equipment on this elevation
includes:

4-kV Shutdown Board D (Control Bay)"
250V Reactor MOV Board 2B (Control Bay)"
480V Reactor MOV Board 2B (Control Bay)"
480V Reactor MOV Board 2D
RBCCW Pumps A and B

The general arrangement can be seen in Figure E.1-5. The vital electrical rooms do
not communicate with the RBCCW or RWCO equipment areas in the reactor
building except for one door leading to the general floor area. that is not used. The
480V MOV board 2D is located in the general floor area of the reactor building.
The other electrical equipment is located in separate board rooms, which are only
accessible from the control bay Elevation 593'. Flood sources in the board rooms
include an 8-inch RBCCW line in the 4-kV shutdown board room and roof drains in
the 4-kV and 480V board rooms. The only fire suppression equipment in these
rooms are manual fire extinguishers. The propagation path is under doors to the
reactor building general floor area and the control bay. The frequency of rupturing
one section of RBCCW pipe is low (6 x 10 per year), the RBCCW water volume
is small, and even if electrical equipment were affected, the impact would be to one
division of power. Therefore, this source is neglected.

Water sources in the control bay on this elevation include RCW for the air handling
units and dry fire water lines. Flood sources also include EECW from control bay
Elevation 606'mechanical equipment rooms; heating, ventilating, and air
conditioning (HVAC)J.

"Normal access for this equipment is via the 617'evel of the control bay.
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Equipment in the reactor building on this elevation includes the RBCCW heat
exchangers, RWCU pumps and backwash tank, RHR heat exchangers, and the RCW
booster pump. Flood sources include fire water, RHRSW, RCW, and the EECW
main headers. Most fire water is dry and supplies preaction sprinkiers in the
general floor area. There are limited wet fire water lines that supply hose reels. No
flood scenarios that affect this elevation are postulated for the following reasons:

Significant water from the control bay areas would not propagate to the
shutdown board rooms due to the airtight doors between these two areas
and the doors open into the control bay (Figure E.1-11). Any leakage would
pass under a door into the reactor building general area.

Most fire water lines are dry preaction systems. Operation of the preaction
system requires a deluge valve to open, which floods the dry portion of the
system. A water flow alarm is generated on a fire protection panel and in
the control room. Fusible links prevent sprinklers from spraying a room, and
most of the systems are under air supervision. Loss of system integrity
results in a low air pressure alarm at the fire protection panel and in the
control room. In addition, the flow rate through the sprinklers in a room is
low such that floor areas and drains are sufficient.

Floods from the reactor building, including EECW, RHRSW, fire water, and
RCW, would propagate down open stairways and equipment hatches to
lower elevations. These sources are considered for lower elevations.

Reactor Building Elevation 565'Figure E.1-6). This elevation houses the control
rod drive hydraulic units. PRA equipment includes the 250V reactor MOV board 2C
and the 480V reactor MOV board 2C. There is an equipment and personnel access
lock leading to the turbine building at Elevation 565'. As described in
Section E.1 4.3, significant propagation from the turbine building is not expected.
Flood sources within the reactor building include fire water, EECW, and RCW.
There are four open stairwells as well as open hatches leading to Eievations

541.5'nd

519'. Therefore, propagation into this area from above and floods at this
elevation will propagate to the Elevation 519'ump rooms. For these reasons, no
flood scenarios are postulated. However, flood scenarios at the lower elevations
consider flood sources on this elevation.

Reactor Building Elevation 541.5'Figure E.1-7). This elevation contains the control
rod drive pumps located in rooms only accessible from a stairwell from
Elevation 565'. The central floor area of this elevation is the location of the
suppression pool. Flood sources include propagation from above floors as well as
raw cooling water and condensate storage. However, there are four open stairwells
in Unit 2 and three each in Unit 1 and 3, and a large, grated floor opening to the
Elevation 519'ump rooms. Since propagation is to the lower elevation, no flood
scenarios are postulated. However, flood scenarios at Elevation 519'onsiders
flood sources on this elevation.

Reactor Building Elevation 519'Figure E.1-8). This elevation contains a total floor
area of 17,750 square feet (Reference E.1-8). It contains the RHR pumps (four per
unit) and the core spray pumps (four per unit) as well as the turbine-driven HPCI
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pump (one per unit) and RCIC pump (one per unit). The most significant flood
sources are the 24-inch header from the CSTs, high pressure fire water, the
suppression pool ring header, and the suppression pool. Critical flooding levels for
RCIC and HPCI are assumed to be 524 feet, 2 inches and 524 feet, 6 inches,
respectively. These values were conservatively based on pump/turbine centerline
elevations from Reference E.1-10. The critical flooding level for the core spray and
RHR pumps is determined to be 523 feet and is based on the interpolation of data
presented in Reference E.1-10.

There are bulkhead doors leading to the other units in pump rooms in Unit 2, in
pump rooms B and D in Unit 1, and in pump rooms A and C of Unit 3. Open
stairwells lead down from upper elevations into all four pump rooms in Unit 2 and
into three pump rooms in Units 1 and 3. RHR pump rooms B and D in Unit 1 and
pump rooms A and C in Unit 3 have an elevator. Core spray pump room B and D in
each unit has an equipment drain sump. RHR pumps A and C of each unit has a
floor drain sump.

Six flood level switches are provided (one in each room and one on the general
floor) that would actuate alarms in the main control room when the flood water
reached a height of 2 inches above Elevation 519'. There are 12-inch curbs
between the suppression pool room and the RHR pump rooms and an 18-inch curb
to protect the HPCI room from external propagation. Floor drain sumps are
equipped with high level alarms at Elevation 516'" that transmit a trouble alarm
to the main control room, which gives operators time to correct the problem, if
possible, prior to the water level reaching Elevation 519'. The actions to be taken
are listed in 2-EOI-3 for a flood on Elevation 519'. RHR crossties between Units 1

and 2. Units 2 and 3 afe available. The crosstie to Unit 1 is modeled; the crosstie
to Unit 3 is not.

Floods in the upper elevations of the reactor building as well as flood sources
located on Elevation 519'ould flood Elevation 519'. For this reason, flood
scenarios that flood all RHR and core spray pumps as well as HPCI and RCIC are
postulated and evaluated in Section E.1.5 to investigate the potential significance of
a large flood in the reactor building. Postulated potential scenarios include
EECW/RHRSW, the suppression pool, and the CSTs as possible flood sources. In
comparison, fire water events are low in frequency and are considered to be
insignificant risk contributors.

The control bay houses the control room, relay rooms, cable spreading room, computer
room, auxiliary instrument rooms, communication room, battery rooms, and mechanical
equipment rooms. It provides access to the diesel generator buildings, reactor building
vital electrical board rooms, and the turbine building. Flood sources are limited, and there
is constant personnel surveillance.

Control Bay Elevation 617'Figure E.1-9). This area houses the control room, relay
room, air handling units, and HVAC equipment room. There are no water sources
in the control room.
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On one side of the control room (Units 1 and 2) are offices, a relay room, the Unit 3
control room, and the air handling units. The flood source on this side is fire
protection water.

On the other side of the control room are offices, toilets, a kitchen, lockers, and
HVAC equipment room. The flood sources are fire protection water and small
(2- to 4-inch) RCW lines in the HVAC equipment room.

Most fire water piping is dry preaction systems that are not considered to be
significant sources due to alarms, low flow rates, and the presence of personnel in
the area. Since this side includes an entrance to the control room, offices, toilets,
lockers, and kitchen, there should be significant traffic here, ensuring early
detection of floods. It is considered to be very unlikely that a flood in this area
could progress for very long and lead to core damage. Floods would propagate to
the lowest control bay elevation (593') and go out to the yard. Key electrical and
mechanical systems required for injection and heat removal are located in the
reactor building, higher elevation of control bay and the EECW pump rooms.
Therefore, floods in the control building are judged to be unlikely causes of core
damage.

Control Bay Elevation 606'Figure E.1-10). This area houses the cable spreading
room and the mechanical equipment rooms. The water source is limited fire water
piping, RCW, and EECW in the equipment rooms. Since propagation is to the lower
elevation, no flood scenarios are postulated. However, flood scenarios at the lower
elevations should consider flood sources on this elevation.

Control Bay Hevation 593'Rgure E.1-11). This area houses the battery rooms,
battery board rooms, DC equipment room, and the auxiliary instrument room for
each unit. Yard access is through a door at the Unit 3 end of the building and up a
flight of stairs (approximately 3 feet up). Access to the reactor and the turbine
buildings is available through the airtight doors. One door is provided in each unit
that leads to the reactor building via the electrical board room. One door opens
into turbine building at Elevation 586'rom the corridor just outside the Unit 3
battery board room. Another set of doors opens into the turbine building from the
corridor next to the control bay elevator.

Flood sources on this elevation include propagation from upper floors. Once a flood
reached control bay at Elevation 593', water could relieve out to the yard when it
reached a depth of 3 feet, through a door at the end of the building on the Unit 3
side. There are also drains in the equipment rooms that relieve to the yard at
Elevation 59'I'. Water through the airtight doors to the reactor (door opens in
control bay) and turbine buildings is deemed to be insignificant. Leakage into the
reactor building would continue to pass under doors in the electrical room, into the
reactor building general area, and then down to Elevation 519'see
Section E.1.4.2) with insignificant impact. Leakage into the turbine building would
also tend to end up in the basement as discussed in the next section. The flood
would be confined to the hallway and any open rooms. The electrical equipment on
this elevation is required to support balance-of-plant equipment in the turbine
building. Therefore, floods in this area could cause a turbine trip but would not
impact PRA equipment in the PRA model. However, it is likely that the flood
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would be detected and isolated before reaching levels that causes equipment
damage due to the constant presence of personnel in the control bay.

E.1.4.3 T in Boil in

The turbine building is very large, housing the turbine, generators, service water pumps,
and balance-of-plant equipment for all three units. The turbine building is an important
area because the frequency of floods is relatively high, and it is important to understand
the impact of such floods including the potential propagation into adjacent buildings. The
turbine building interfaces with the reactor and control buildings as well as the pumping
station via a cable tunnel. The interfaces with the reactor and control buildings are
discussed in the following paragraphs. Floods at the pumping station which are external
to the RHRSW/EECW pump rooms are postulated to propagate to the turbine building. A
flood in the turbine building impacts more equipment than a flood localized at the pumping
station. The frequency of pumping station flood events is therefore included in the
frequency develope'd for turbine building floods.

There are doors that open into the turbine building Elevation 586'rom the control building
at Elevation 593'. Floods in the turbine building would propagate down to the basement
(lower elevations) as there is significant floor grating and open stairs. If the building filled
to Elevation 565', there are several doors to the outside yard at Elevation 565'. The
building volume below Elevation 586's very large; therefore, there is an opportunity to
isolate a flood before it reaches this level.

Penetrations between the turbine and reactor buildings below Elevation 572.5're sealed.
Significant leakage through the equipment access lock to the reactor building at
Elevation 565's not expected due to door tightness (turbine building side of access opens
into turbine building) and paths to other buildings and the outside. Any flood in the turbine
building would propagate outside to the yard before it challenged the reactor or control
buildings.

The electrical boards (4-kV common boards and unit boards) containing offsite power
feeds are located above Elevation 565'n the turbine building and are safe from flooding.
Floods in the turbine building would only impact mechanical equipment below,
Elevation 586', including the RSW and RCW pumps, condensate pumps, condensate
booster pumps, condensers, and the station air compressors.

A large turbine building flood scenario that causes loss of station air, condensate, raw
cooling water, raw service water, and the condenser is postulated.

E.1A.4 RHR WEECW P m in S a io

The RHRSW and EECW pumps, located in the pumping station, are important, critical
components in the PRA model. Therefore, potential flood events in the pumping station
that could fail multiple pumps are investigated.

The pumps are located on top of the pumping station building at Elevation 565'; Nine
CCW pumps are located on the deck of the pumping station building, open to the air.
No flood events are postulated for these pumps, as water would not accumulate on the
deck but would drain downward. There are four RHRSW/EECW pump rooms on the north
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side of the pumping station building. Each room contains two RHRSW pumps, one
capable of supplying flow to EECW, one EECW pump, and two sump pumps. The sump
and sump pumps, however, are not designed to handle a major pipe break. These
submersible pumps are designed to be operable under flood conditions up to
Elevation 678'. Also, the north wall of each pump room is 1 foot lower than the other
walls, so that water would flow over this wall rather than into any of the other pump
compartments. There are no penetrations between compartments. The lower elevations
of the pumping station are not required to remain dry, as the pump electrical circuits are
protected in case of a flood. A flood in the lower elevations would either relieve up the
stairs to the roof or propagate through the cable tunnel toward the turbine building at
Elevation 565'included in the turbine flood scenario). Floods in the RHRSW pump rooms
have occurred in the past, and a flood that removes one pump vault (two RHRSW pumps

, and one EECW pump) from operation is postulated.

E.1.4.5 D rB ilin
~ Diesel Generator Building Units 1 and 2. This building is accessible on

Elevation 583'rom a ladder from the 4-kV shutdown board room, Unit 1,
Elevation 593'. Elevation 593'ontains the diesel auxiliary boards that affect
standby gas treatment and EECW header MOVs. There is a door to a stairway that
leads to Elevation 566'. This elevation contains the CO2 tank and the diesel
generator rooms. Doors to the yard are flood tight. Flood sources are fire water
and 18-inch EECW main headers (north and south). There is a sump equipped with
two sump pumps with a 400-gpm capacity and a high-level alarm. There is also a
24-inch emergency drain in the wall that empties into a culvert in the yard and that
is capable of handling an EECW header break. For these reasons, no flood events
are postulated.

Diesel Generator Building Unit 3. This building is accessible from Elevation 593'f
the control bay near Unit 3. A wall separates the stairs leading to the 4-kV
shutdown boards and the stairs leading down to the diesels. There are no flood
sources in the shutdown board rooms. The diesels are located on Elevation 565',
and are in flood-tight rooms similar to those in the Units 1 and 2 diesel building.
Flood sources in the corridor include fire water and a small EECW line. The corridor
is equipped with a sump and two sump pumps with a 400-gpm capacity and a
high-level alarm. There are also two 18-inch emergency drains in the floor that
empty into culverts in the yard. For these reasons, no flood events are postulated.

E.1.4.6 h r B ildinQl

Other buildings do not contain PRA modeled equipment, and it is unlikely that floods in
these buildings would cause an initiating event and propagate to other critical locations.
Since LOCAs have been analyzed in detail for breaks inside the primary containment
building, it is unlikely that flood sources would jeopardize safety before detection.-

E.1.5 SCENARIO EVALUATIONAND QUANTIFICATION

Floods and their potential impacts are characterized in the prior sections. This

1 characterization includes flood sources, potential propagation, isolation capability,
detection, and impact on plant systems. This section evaluates and quantifies those
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scenarios that are judged to have the most significant risk to the plant. Table E.1-1
summarizes the results in terms of initiating events and impacts on the plant model. The
estimated frequency of core damage from these events is quantified in the plant model.

E.1.5.1 ~D

The primary source of data used in this analysis is derived from the database
(Reference E.1-7), which classifies internal flood events in U.S. nuclear power plants. This
database is used to estimate the frequency of internal floods in plant locations from major
flood sources. The database covers a total of 740 years of reactor power operation
(1,081 calendar years). The number of reactor-years was calculated by summing the plant
data years (operation only) listed on pages A4 and A-5 of Reference E.1-7.

Table E.1-2 summarizes the database events from Reference E.1-7 and presents initial
screening results. The initial screening assigns the event to one of the following
categories:

Turbine Building (includes feedwater, condensate, circulating water, RCW, etc.)

~ Service Water System (EECW, RHRSW)

~ Fire Water System

ECCS Related (includes HPCI, RCIC, RHR, and core spray, and events that are
associated with the condensate storage tank and the suppression pool)

Not Included (pertains to primary containment, outside, circulating water pumping
station, etc.)

The above categories were chosen because they represent major flood sources. Based on
plant-specific equipment locations, plant layout, design, and operation and maintenance
practices, the above events are further screened and partitioned to develop flood
frequencies. The following summarizes the results of this additional screening:

Turbine Building. The 25 events in the database, as identified in Table E.1-2, were
screened further with regard to size. Only the large events were retained (Events 1,
2, 4, 5, 22, 23, 53, 57, 58, 93, and 94). Because the turbine building is common
to Browns Ferry Units 1, 2, and 3, shutdown-related events are assumed to be
applicable to the operating unit. Events at one unit during shutdown could impact
the other operating plant. The frequency of a large turbine building flood leading to
an initiating event at each plant is conservatively estimated as follows:

FLTB = (11 events/'l,081 calendar years) x 3 units
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The following distribution was substituted (Reference E.1-11) for the term "11
events in 1,081 years" to account for plant-to-plant variability, plant-specific
experience, and uncertainty.

Frequency of Turbine Building Floods —Large

Mean

5th Percentile

95th Percentile

1.5 x 102

1.7 x 103

3.4 x 10-2

FLTB = 4.5 x 10 per reactor-year where station air, feedwater, RCW,-2

RSW, and condenser are assumed to be unavailable.

~ Service Water (EECW and RHRSW). The 15 events in the database are evaluated
further from a plant-specific basis, as described in Section E.1.5.2 and Table E.1-3.
RHRSW/EECW floods are postulated in the RHRSW/EECW pumping station and the
reactor building.

~ Fire Water. The 17 events in the database are evaluated further from a
plant-specific basis, as described in Section E.1.5.3 and Table E.1-4. No fire water
floods were postulated due to low frequency and insignificant impact relative to
other flood scenarios already postulated.

ECCS Related.. The 27 events in the database are evaluated further from a
plant-specific basis, as described in Section E.1.5.4 and Table E.1-5. EECW floods
are postulated in the RHRSW pump rooms at the intake pumping station and the
reactor building.

Several key buildings (turbine, control, and pumping station) are common to Browns Ferry
Units 1, 2, and 3, while the reactor buildings are separate. In addition, the EECW system
is common to all units. This means that an event that involves the turbine building or
EECW and that occurs at one unit while it is shut down could impact the other operating
unit. Events that occur in a reactor building during shutdown, however, are not likely to
impact the operating unit. EECW header breaks in the reactor buildings of a shutdown unit
will be assumed to disable one EECW header for the operating unit. Maintenance-related
events that are expected to be more likely during plant shutdown are not easily screened
out or reduced in frequency for the turbine building and pumping station. However,
shutdown events are not included in scenarios that flood the operating unit, such as ECCS
floods.

Plant-specific screening considered the following:

Size of the leak and the potential for propagation to equipment of interest. For
example, EECW seal leaks would be small and would flow to drains and sumps. It
is unlikely that sufficient water would collect and fail the leaking pump, Iet alone
the other two pumps in the room.

1 2. Design precludes the event. Event 8 in Table E.1-2 is an example of an event that
occurred at Browns Ferry due to poor initial design, The CST ring header has since
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been redesigned to prevent the same type of failure from reoccurring. Plant design
is also considered in determining the potential for maintenance events in item 3,

3. The potential for a maintenance event during power operation is considered.
However, as described above, shutdown events associated with one unit can
impact another operating unit at Browns Ferry. One of the most likely ways to
have a large flood may be from maintenance events when valves and equipment are
disassembled. Where there are isolation valves that can be opened remotely
(human error or spurious).and initiate a flood is considered, as well as the system
design, technical specifications, and maintenance practices.

The mean frequency of pipe rupture, database designators ZTP1B and ZTPP2B in
Reference E.1-4, is used when there are only a few pipe sections and the potential for
maintenance and human contributors is considered to be unlikely: .

Pipe > 3 inch = 8.6 x 10 per section-hour = 7.5 x 10 per section-year.

Pipe < 3 inch = 8.6 x 10 per section-hour = 7.5 x 10 pef section-year.

Using 80% availability for plant operation:

Pipe > 3 inch = 6.0 x 10 per section-reactor-year.

Pipe ( 3 inch = 6.0 x 10 per section-reactor-year.

E.1.5.2 rv W Ev

The service water (EECW and RHRSW at Browns Ferry) events from industry data
(Reference E.1-7) were screened to determine their applicability to Browns Ferry. The
service water-related events and the screening results are summarized in Table E.1-3. A
total of 15 events are separated into three groups: (1) pump related; (2) not pump related
(valves and coolers); and (3) outside (underground).

As shown in Table.E.1-3, 11 of the 15 events are known to have occurred when the plant
was shut down. This is not surprising since most major maintenance actions are
schedu'led for shutdown conditions, when practical. However, at Browns Ferry, all three
units share pumps located in the RHRSW pump rooms at the intake pumping station.
Thus, shutdown events can impact the operating unit. In the reactor building, cooling
loads for all units are usually on the same elevation but not in a common building. For this
reason, events at shutdown may affect the availability of a header, but flood impact
should not affect the operating unit.

E.1.5.2.1 RHRSW/EECW —Intake Pumping Station

Six of the seven pump-related events in Table E.1-3 would apply to the intake pumping
station at Browns Ferry. Two of the events are classified as small or not applicable.
Events 11, 14, 17, and 62 would apply to the pump rooms on Elevation 565'f the intake
pumping station. Event 14 occurred at Browns Ferry during refueling. Components in the
rooms are pumps, check valves (one per pump), manual valves (one per pump), manual
valves for the crosstie between pumps 1 and 2 (one per room), manual hand control valve
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for crosstie between pumps 1 and 3 in rooms A and B (one per room), motor-operated
flow control valve for crosstie between pumps 1 and 3 in rooms C and D (one per room),
and limited piping. From the system design, it appears that maintenance on the pump and
check valve would be performed by isolating the system with the manual valve in the
same room. Opening the manual valve after maintenance requires personnel in the area
such that leaks on the discharge side of the check valve would be detected. Testing the
pump division after maintenance requires personnel to be present in the pump room.

Based on the above, a flood initiating event in a pump room is postulated.

FLPH = 4 events/1,081 calendar years

The following distribution was substituted (Reference E.1-11) for the term "4 events in
1,081 years" to account for plant-to-plant variability, plant-specific experience, and
uncertainty.

Frequency of Pump Room Floods —Large

Mean

5th Percentile

95th Percentile

8.4 x 103

5.6 x 103

2.3 x 10-2

FLPH = 8.4 x 10 per reactor-year where the impact is assumed to be loss of one
RHRSW/EECW pump vault (two RHRSW pumps and one EECW pump).

The following flood initiating event is included in the model:

FLPH1 = FLPH x 3 units

FLPH1 = 2.5 x 10 per reactor-year where the impact is assumed to be loss of
one running EECW pump and two RHRSW pumps from any one of the four pump
rooms.

E.1.5.2.2 Service Water (RHRSW/EECW) Reactor and Control Buildings

The six events that are not pump related but are associated with valves and coolers are
applicable to the Browns Ferry reactor buildings. Three events (10, 31, and 47) are
considered small, and, given the reactor building design, it would take several hours before
flooding would impact the RHR, HPCI, RCIC, and core spray pumps on Elevation 519'.
Therefore, these events were considered to be insignificant. The other three events are
discussed below:

Event 16 occurred during shutdown due to a disassembled valve. Service water
was started and then stopped. At Browns Ferry, there are sufficient manual valves
to isolate equipment for maintenance, and these valves are located near the
equipment in most cases. Therefore, human errors should be detected immediately
at the source, and spurious opening of a valve is unlikely.
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~ Event 36 occurred because a service water valve to component cooling was
removed for maintenance during shutdown. This event is similar to Event 16 in
that they both have the potential to be large floods; i.e., the system is open. On
the other hand, they are expected to occur with personnel present during local
realignment.

~ Event 107 occurred when service water to the primary containment unit coolers
leaked with both primary containment sumps unavailable. This event would appear
to apply to the primary containment unit coolers, except it could also be applied to
air conditioning units in the reactor and control buildings. Note that the primary
containment unit coolers at Browns Ferry are cooled by RBCCW.

It appears that Events 16 and 36 could have resulted in large floods since they were
maintenance events where equipment was disassembled. Therefore, these two events are
applied to the reactor building shutdown service water flood initiating frequency. The
frequency of a large service water flood (10,000 gpm is assumed) in the reactor building is
estimated as follows:

EECW-RB = (2 events/341 calendar years) x 2 plants in shutdown

E-RB = 1.2 x 10 per reactor-year

If the operators isolate the flood to the shutdown unit in 20 to 30 minutes, the initial
impact would be the loss of one pump supply to the operating unit EECW header. If the
flood is not due to a main header pipe rupture, then the equipment-related event may be
isolatable without affecting other equipment. Given successful isolation of the flood, it is
conservatively assumed that one pump supply to the operating header of EECW is
unavailable. The following flood initiating event in the reactor building that causes the loss
of one EECW header is included in the model:

FLRB1 = 1.2 x 10 per reactor-year-2

The above shutdown events do not apply to scenarios involving loss of PRA equipment in
the operating unit due to flooding. If the operators fail to isolate this break in the operating
unit within 20 to 30 minutes (OP1), then the RHR, HPCI, RCIC, and core spray pumps on
Elevation 519're assumed to become flooded. The following flood initiating event in the
reactor building that causes loss of one EECW header and all RHR, HPCI, RCIC, and core
spray pumps is included in the model:

FLRB2 = (0 events/1,081 plant-years) x OP1
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The following distribution was substituted (Reference E.1-11) for the term "0 events in
1,081 years" to account for plant-to-plant variability, plant-specific experience, and
uncertainty.

Frequency of Reactor Building Floods —Source

Mean

5th Percentile

95th Percentile

5.7 x 10 4

1.2 x 10 5

1.8 x 103

FLRB2 = 1.7 x 10 per reactor-year where OP1 is 3x 10 (see Section 3.3.3 of
the main report for human recovery action OFLRB1).

It is assumed that the flood would be isolated prior to reaching higher elevations that
would cause further damage.

It should be pointed out that the RHR systems are cross-connected between units such
that heat removal can be performed from other units. RHR crosstie valves 74-101 and
74-100 are located on Elevation 578', and valves 74-96 and 74-97 are located
approximately 15 feet above Elevation 519'nd should provide an opportunity for
successful RHR operation using the other units.

The unit cooler leakage event (107) occurred during operation and could be applicable to
the control building and the reactor building where there are normally operating unit
coolers or air conditioning units. The frequency and impact of the above reactor building
floods are assumed to envelope this event. However, the frequency of a relatively large
flood at specific plant locations that contain unit coolers could be estimated as follows;

FLUC = 1 event/1,081 calendar years

FLUC = 9.3 x 10 " per reactor-year total for all unit coolers per reactor unit

The frequency of an event at a specific location that contains a unit cooler would be
estimated as follows:

FLUC1 = FLUC/10 unit coolers = 9.3 x 10

Thus, if the frequency of a flood initiating in the control building mechanical equipment
room were of interest, the above would be used. However, as described in Section E.1.4,
the likelihood of not isolating the event or not recovering manual control of the plant from
the auxiliary control room is considered to be smail.

E.1.5.2.3 EECW —Outside/Underground

The two EECW events in Table E.1-3 that occurred outside appear to be relatively small
leaks. At Browns Ferry, this would be a minor impact if the operators identified and
isolated the affected supply header and opened a zonal isolation valve to an unaffected
header. These events are neglected since the above scenarios are believed to envelope
risk.
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E.1.5.3 Fir W r Ev n c n ri

The fire water events from industry data (Reference E.1-7) were screened to determine
their applicability to Browns Ferry. The fire water-related events and the screening results
are summarized in Table E.1-4. A total of 17 events are separated into 2 groups:
(1) inadvertent actuation and (2) leaks/breaks.

The 11 inadvertent actuations are not considered to be significant flooding sources
because the capacity of the sprinkler systems in the areas of interest (i.e., the control
building and reactor building) is relatively small. In addition, the preaction systems at
Browns Ferry require fusible links to melt or fail and alarms alert the operators of
actuation. The local impact from inadvertent actuation should be the only concern since
floor areas and drains handle spray flows. Thus, the frequency and impact of actuation
are considered to be insignificant.

/
Two of the six leaks/breaks events (102 and 105) are applicable to the inside of buildings.
Event 102 occurred in the turbine building, and Event 105 appears to be a small leak
(although not clear). Therefore, fire water pipe breaks or large floods from the fire water
system are judged to be unlikely. In addition, the areas of largest concentration of fire
water system components, in particular, large piping, are the pumping station,
underground, turbine building, and the lower portions of the reactor building. Turbine
building floods and reactor building floods from EECW, CST, and suppression pool are
judged to envelope fire water contributions to risk based on frequency,and impact. There
is limited smaller fire water piping in the control bay and the upper electrical portion of the
auxiliary building. These sources are judged to be insignificant since only a small portion
of the total fire water system is expected to be located in these areas.

E.1.5.4 E

The emergency core cooling system (ECCS) related events from iridustry data
(Reference E.1-7) were screened to determine their applicability to Browns Ferry. The
ECCS-related events and the screening results are summarized in Table E.1-5.
ECCS-related events include HPCI, RCIC, core spray, and RHR. These systems are located
in the reactor building at Browns Ferry, and are connected to the CSTs and the
suppression pool. Atotal of 27 events are categorized into the following 4 groups:

Pump Related (except for high pressure pumps in operation). These events are
potentially applicable to the RHR, core spray, HPCI, and RCIC. These pumps are
located in the reactor building.

Valve/Cooler Related. These events are more appropriately applied to areas that
contain heat exchangers or cooling units. These events apply to the reactor
building at Browns Ferry.

inadvertent Spray or Actuation. These events apply to inside primary containment
at Browns Ferry.

High Pressure Pumps during Operation. These events apply to the HPCI and RCIC
pumps located in the reactor building at Elevation 519'nd the control rod drive
and RWCU systems.
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As described in Table E.1-5, some of the events do not apply to Browns Ferry, many of
the events were small (seals, vents, drains, and leaks), inadvertent actuations mostly apply
to the primary containment of PWRs, and personnel are expected to be present when
many events occurred during testing. It (where, for example, automatic initiation of
containment spray is possible) is unlikely that the small events would cause significant
damage based on the reactor building design.

Among these events, Events 92, 8, and 78 appear to be potentially larger than the other
small events-as they involved piping and/or weld failures. Event 8, in which the
condensate ring header weld failed, occurred at Browns Ferry in 1978. Since this event,
the ring header was completely redesigned, and it is assumed that this event is no longer
appiicabie to the current design. Event 92 occurred during cold shutdown and therefore
may not apply to an operating unit. It is assumed that events occurring in the other units
during shutdown are not likely to affect the unit in operation. Event 78 involved a test
return line rupture in the HPCI system. To establish a bounding frequency for scenarios
associated with CST in the reactor building, it is assumed that the remaining event is
applicable and is a large flood (10,000 gpm). If this were the case, the following flood
frequency would be derived for ECCS-related events:

ECCS-CST = 1 events/1,081 calendar years

The following distribution was substituted (Reference E.1-11) for the term "1 event in
1,081 years" to account for plant-to-plant variability, plant-specific experience,

and'ncertainty.

Frequency of Reactor Building Roods —CST

Mean

5th Percentile

95th Percentile

9.8 x 104

1.7 x 10

30 x 103

ECCS-CST = 9.8 x 10 per reactor-year in reactor building

The CST is equipped with level instrumentations that provide low tank level indications
and alarms in the control room. Flood alarms would help to determine which pump room
is flooded, if applicable, and there are motor-operated isolation valves in the RHR, HPCI,
RCIC, and core spray pump suction lines and isolation valve't outlet of the CST.

In addition, the flood must continue to be unisolated for 20 to 30 minutes to drain the
tank. Therefore, the following CST-related flood initiating events are included in the
model:

FLRB3C = ECCS-CST X OP2

FLRB3C = 9.8 x 10 per reactor-yeari where OP2 is set equal to 0.1 and is the human error associated with failure to isolate the
flood prior to losing approximately 200,000 gallons (20 minutes) at which time it is
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assumed that the CST is fully drained and unavailable. The 0.1 value is a conservative
screening value.

Note that there is no impact from draining a CST to reactor building as the floor will not
reach the PRA equipment.

For flood scenarios involving the suppression pool, no applicable events are identified in
the flood event database. The suppression pool is a steel pressure vessel in the shape of a
torus and is designed to perform pressure suppression and heat removal functions during
emergency operations. The suppression pool also provides suction through a ring header
(connected to the suppression pool by four 30-inch tees) for the RHR, CS, HPCI, and RCIC
systems. During normal plant operation, the suppression pool serves as a reservoir and is
not subjected to any significant dynamic loading. Therefore, water lost from the
suppression pool due to vessel rupture during normal operation or during a normal transient
response is deemed to be highly unlikely. This assessment does not consider scenarios
including failure to isolate such breaks. Isolation failure scenarios would not contribute
significantly to the frequency of suppression pool ring leader failure. However, ring header
failure has the potential to drain the torus water to the reactor building. To quantify the
suppression pool ring header scenario, the pipe rupture frequency in the component failure
database Is used. The mean frequency of pipe rupture Is 8.6 x1010 per section-hour
(i.e., 7.5 x 10 per section-year) for pipe > 3". Using the 80% availability for plant
operation, the frequency becomes 6.0 x 10 per section-reactor year.

In Unit 2, 16 pipe sections are connected to the suppression pool or the ring header. The
pipe sections downstream of the RHR and core spray pump suction isolation valves are not
accounted for since failure to isolate such a flood (by closing the suction isolation valve) is
deemed to be unlikely. This assessment does not consider scenarios involving failure to
isolate such breaks. Isolation failure scenarios would not contribute significantly to the
frequency of suppression pool ring header failure. Therefore, the frequency of a
suppression pool flood scenario is estimated as:

FLRB3S = 6.0 x10 per section-reactor year x 16 pipe sections

FLRB3S = 9.6 x 10 per reactor-year

where it is assumed that the suppression pool is drained and unavailable. In addition, it is
assumed that the RHR, HPCI, RCIC, and core spray pumps became flooded and
unavailable.

E.1.6 REFERENCES

E.1-1. Browns Ferry Nuclear Plant Architectural Drawings:

47E200 1-17
47W4220

Powerhouse
Standby Diesel Generator Building

E.1-2. Design Basis Evaluation Report —Moderate Energy Line Break (MELB)-Flood
Evaluation Requirements for Browns Ferry Unit 2 Restart, TVA, March 31, 1988.
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E.1-3. Browns Ferry Nuclear Plant Flow Diagrams:

1-47E859-1 (R23)
2-47E859-1 (R16)
1-47E858-1 (R12)
2-47E858-1 (RS)
3-47E858-1 (R7)
1-47E850-1 (R13)
2-47E850-1 (R14)
3-47E850-1 (R15)
1-47E850-2 (R9)
2-47E850-2 (R10)
3-47E850-2 (R10)
0-47E850-4 (R7)
3-47E850-4 {R8)
1-47E850-5 (R5)
2-47E850-5 (R10)
3-47E850-5 (R5)
1-47E850-6 (R5)
2-47E850-6 (R8)
2-47E850-7 (R6)
0-47E850-9 (RF)
0-47E851-1 (R7)
0-47E851-2 (R7)
0-47E851-3 (R9)
0-47E851-4 (R7)
1-47E844-1 (R7)
1-47E844-2 (R12)
2-47E844-1 (R6)
2-47E844-2 (R1 1)
3-47E844-1 (R3)
3-47E844-2 (R9)
3-47E844-3 (R7)
1-47E831-1 (R1)
2-47E831-1 (R2)
2-47E803-1 (R9)
2-47E803-5 (R1 5)
0-47ES56-1 {R14)
2-47E804-'1 (R14)
2-47E814-1 (R25)
2-47E822-1 (R18)
2-47E811-1 (R29)

Emergency Equipment Cooling Water

RHR Service Water
II

n

Fire Water and Raw Service Water
~I

Floor and Equipment Drains
II

Raw Cooling Water
N

Condenser Circulating Water
It

Feedwater
ll

Demineralized Water
Condensate
Core Spray
Reactor Building Closed Cooling Water
Residual Heat Removal System

E.1-4. Engineering Evaluations in Support of the 10CFR50 Appendix R Submittal for
Browns Ferry Nuclear Plant, Volume 1, TVA.

E.1-5. Browns Ferry Nuclear Plant Updated FSAR, Amendment 8.

E.1-6, Tennessee Valley Authority Browns Ferry Nuclear Plant PRA, September 1987.
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Browns Ferry Unit 2 Individual Plant Examination
l

Revision 0

E.1-7. PLG, Inc., "Database for Probabilistic Risk Assessment of Light Water Nuclear
Power Plants, Flood Data," Volume 9, PLG-0500, Revision 0, March 1990.

E. 1-8. Primary Containment Maximum Flood Level, B22 91 0907 101 (R3), TVA,
September 6, 1991.

E.1-9. TVA Calculation, ND-02999-880163, RO (B22 89 0377 1091).

E.1-10. Browns Ferry Nuclear Plant Mechanical Drawings

2-47W455-7 (RO)
0-47W456-4 (RO)
0-47W483-2 {RO)
0-47W452-4 {RA)
0-47W452-5 (RB)

High Pressure Coolant Injection System
Reactor Core Isolation Cooling System
Core Spray System
Residual Heat Removal System

"Residual Heat Removal System

E.1-11. Johnson, D. H., PLG, Inc., letter to R. J. Mc Mahon, TVA, Browns Ferry Flood
Frequency Calculation, TVA-1418-PLG-21, August 21, 1992.
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Flood

FLTB

FLPH1

FLRB1

FLRB2

FLRB3C

Annual
Frequency

{point estimate)

4.5-2

2.5-2

1.2-2

1.7-6

9.8-5

Description

Turbine Building

EECW Pump Room

EECW in Reactor Building-
Shutdown Units

EECW in Reactor Building-
Operation

CST Drained to Reactor Building

Cause of Plant Trip

Loss of Condenser
Feedwater or Plant
Control Air

Ma'nual Reactor Trip
Loss of EECW Header

Manual Reactor Trip .
Loss of EECW Header

Manual Reactor Trip
Loss of an EECW
Header

Manual Reactor Trip

Table E.1-1. Summary of Results for Browns Ferry Internal Floods Analysis

Hant Model Impact

Loss of Feedwater, Condenser,
RCW, RSW, and Station Air

Loss of One EECW and Two
RHRSW Pumps

Loss of One Pump Supply to
One EECW Header

Loss of an EECW Header RHR,
HPCI, RCIC, and Core Spray
Unavailable

CST, CRD Unavailable; Water
Source for HPCI, RCIC, and
Core Spray Impacted

UJ

O

CO

'll
tD

C
pt
h)

CL
C
CL
C
Ol

0
Q

ill
)C

9

Q

0

FLRB3S 9.6-5 Suppression Pool Drained to
Reactor Building

Manual Reactor Trip Suppression Pool, RHR, HPCI,
RCIC, and Core Spray
Unavailable

Note: Exponential notation is indicated in abbreviated form; e.g., 3.6-2 = 3.6 x 10

ÃI
C~O
EO

0

O
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Ewnt Plant
~nd Reference

Quod Cities 2
B.VI.E.25

Dusne Arnold
B.VI.E.31

Dresden 2
B.VI.E.33

Quad Ctdee
B.VI.F.2

Monttcego
B.VI.F.25

Turbine

Turbine

Tv*inc

Turbine

Outside

Date

d/74

7n4

sn4

dn2

snd

System

Feedwater

Condensate

Condensate

Circulating
Water

Circulating
Water

Component

Feedwater flow
regulating vetv4,

Backwash valve
would not close.

Condensate
booster pump vent
Hne.

Water box
expansion Joint.

Coogng tower
expansion Joint
faged.

She of 4ak

70,000
gagons

123,000
gsgons

20 Inches In
pump room

15 feet

Flooded
dtsohsrge
etruoturs

Event Description

Feedwster break end
fife deluge actuation

Whge etyower,
maintenance resulted
In flooding.

Occurred et+owafs
ruptured vent Nne.

Ruptured foNowing 4
design change.

Fsged dudng
shutdown.

Comments

Caused plant trip.

'Cotd'ater. Plant
trip not reported;
undesr If it did.

Unit msnusgy
scrammed.

Prior to comrnerdsl
operation.

DetsNed Screening
Information

Included in turbine
bugdlng liood
frequency.

Included ln turbine
bugdlng flood
~wnts.

Induded In turbine
bugdlng flood
events.

Induded In turbine
bugdlng flood
frequency+

lnduded In tv*inc
bugdlng flood
frsquenoy.

Table E.1-2 (Page 1 of 17). Categor)Eat(on of Flooding Events from tndustry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherw)se noted.)

07
O

'll

C
~ePt

CL
C
Ct.

0r

'0
tu

~+
Ill
X

k
0)

O

Browne Feny 2
B.VII.E.44

Browne Ferry 2
B.VH.E.45

Reactor

Reactor

8/74

10/74 HPCI

Gasket for HPCI
turbine gland
steam condenser
blew.

Gasket for HPCI
turbine gland
steam condenser
btew.

The Gland
Steam
oondsnser
hotweN pump
flooded

Ths Gland
Steam
condenser
hotwes pump
flooded

Fogowlng 4 plant
trip, the gasket blow.
There wss no level
alarm

Oocuned 1 month
after event d.

Ooourred when high
pressure systeflt
operated; l.~ ., after
plant trip.

Ooourred when high
pressure system
opera'tedr I.~ .q sft4f
ptent tftp.

Inctuded in ECCS
flood events, HP
pulllpse See
Tabl ~ E.1-5.

Included In ECCS

flood events, HP
pumps. See
Table E.1.5.

Browne Ferry 3
B.VH.E.147

Reactor 4ns Condensate
(ECCS)

Welded Jotnt In
ring header.

S0,000
gsgons

Ring header fsged
after plant tftp as
RCIC snd HPCI
operated.

High pressure systems
w4re operating,

Included in ECCS
flood events, HP

pumps. See
Table E.1.5.

Quod Cities 1

B.VHI.C.25
Outside

APPXE1TB.BFN.B/21/92

4/74 RHR Servloe
Water

Underground
piping.

50 gpm Construction debris
pierced pipe to RHR
hest exchanger.

Rewsted when RHR

pieced In service; I.e.,
shut down.

Included In Service
Water flood events,
outside. See
Table E.1-3. C

B.
O

O



Event

10

12

13

Plant
~nd Reference

Brunswick 1

B.VHI.C.110

Hatch 1

B.VHI.C.163

Brunswlok 1

B.VHI.C.1 58

Browne Pony
B.VHI.C.178

Buhdlng

Reactor

Servloe
Water Pump

House

Resotor

Outside/
Turbine

Date

7/77

1o/78

11/77

1/78

8yatem

Service Water

SoNtce Water

HPCI

Drainage
System for

groulxl water

Component

RKR sorvloe water
heat exchanger
outlet valve.

Strdner backwash
Hne valve body
blow out.

Roor drains
Insdequatety.

Design
inadequacy.

shs of Leak

Unde sr

3 Feet of
water

Enough to
flood
auxhlary oH

pump

Smog. no
~qufpment
«ffootod

Event Description

Casket for valw
ruptured thongs).

Valve dosed to
permit metntenenoe
rupture

Sump pumps from
other ECCS oublctes
flooded sump If
transferred water to;
I.~ ., HPCI pump
room.

Drainage system
coukf not keep up
with water level,
dewaterlng pumps
fehed.

Comments

Revealed when AHR
plsoed in service; I.e.,
shut down.

Mey affect only pump
out for maintenance.

Pecugsr to tfoor drain
Interconnections
efrengemenL

Pecuher to plant design.
Additional roduncfanoy
~dded.

Dotahed Screening
Information

Included tn Service
Water flood events,
velw. See
Table E.1-3.

Included In Service
Water flood events,
pump. See
Table E.1-3.

No! Induded In
detshed screening
- dretns.

Not Included In
detahed screening

drains.

Table E.1-2 (Page 2 of 17). Categorization of Flooding Events from Industry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)
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14 Browne Ferry 1

B.VHI.C.265
RHRSW/

EECW

Pump Vault

8/81 RHR Service
Water

Air/vacuum valve
felled to seel,
RKRSW pump.

Pump room
flooded

Vdvo fehed during
refuehng.

Rowaled durtng
shutdown.

Induded In Service
Water flood events,
pump. Ses
Table 3.35-3.

15 Rttpstrlck
B.IX.E.765

Reactor 3/82 RCIC FaHed sump pump Smah A RcfC valve flooded
when the sump
pump did not work.

Leek source not
fdontfhnd.

Not Inctuded ln
doteged acreentng

source wss no'I
Identified.

15 Dresden
B.XVI.C.377

Auxhlsry 11/77 Service
Water/LPCI

Heat exchanger
outlet valve.

3.6 Feet
tlooded

Valve disassembled
but not isolated
when river pump
~tarled tshutdownt.

Host exchanger
melnterience permitted
et.pownr also.

Included In Service
Water flood events,
volvo, Seo
Table E.1.3.

17 Quad Cities
B.VHI.C.351

Auxfhcry

APPXE1TB.BFN.B/21/82

5/85 Service
Water/RHR

Pump vent Hne. Pump vault
filled,
sprayed two
other pumps

Vent Hne fehure
during AHR coohng.

Location of pump vent
Hnes ls of interest.

Included In Service
Water flood ovontsg
pump. See
Table E.1-3.

tfr
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Event

18

19

Plant
end Reference

Hatch 1

B.XVI.C.1933
B.XVI.C.1S47

Cooper
B.XVI.C.1215

B.VII.F.341

Reactor

Reactor

Date

6/86

System

Deluge
System for CR

Rite re

Rro Protection
System

Component

Pressure gauge
bumped.

Deluge velw
raged.

Size of 4ek

Srnss I20
gsgonel

Undoer

Event Deecrlptlon

The pressure gauge
actuated the system,
~ plugged drain
osused leakage Into
~ oontrol coom panel.

Inedwctent fice
protection actuation.

Comments

Spurious vdvo
ectuadon end
Instrument readings
co suited.

Detaged Soreenlny
ktformstion

Indudod ln Rre
Water flood events,
lnedwrtent ect.
See Tebi~ E.IP.

Induded In Rre
Water flood ewnte,
Inadvertent sct.
See Table E.l<.

20

21

Point Bosch 2
P.VD.133

TMI 2
P.VI.E.200

Auxglary

Auxiary 3/79

Steam
Generator
Slowdown

Uquld Waste
System

Blowdown tank
owrHowod ~

Hddup tanks
eve(flowed,

50,000
gogons

4sklny blowdown
Hne did not Isolate
blowdown.

TMI 2 aockfent.
Tanks overflowed
due to asnsfer of
oontelcxnont sump
wotecr

Could seeodote with ~
tank.

Could eeeoolste with ~
tank. Happened during
eoddont,

Not Induded ln
deteged screening
- steam generator
related.

Not Included In
deteged sccoonlng
- redwaete related.

Table E.1-2 (Page 3 of 17}. Categorlzatlon of Flooding Events from (ndustry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)

lo
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C
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K
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O

23

Crystal River 3
P.VI.E.214

TMI 1

P.VI.F.52

Trolsn
P.VHI.A.219

Turbine

Circulating
Wat4f Pump

House

Auxglary

lng

i/r7

s/r7

C/rcdstfng
Water

Clccuisdng
Water

Spent Fuel
Pool

Demlnecagzer

Secondary
services heat
~xchenger block
valve,

Circulating water
pump casing.

Heed gasket In
demlneregzer
Imanhde covoci.

SS,OOO gpm
medium

4rge

10,000
Gssons I20
to 30 gpml

AOVvslw opened
during heat
exchanger desnlng.
Clccutadng water
pumped Into open
service water pips;
plant w44 4't 100%
power

Casing epHt during
refuegng, flooding
pump house+

Gasket blew during
purification of RWST
Inventocy, during
shutdown.

Caus4d cofxfensata end
MFW pumps to trip due
to flood.

Separate pump house
for drculetlng water for
this plant.

Could essodate with 4
tonk.

Induded In turbine
buwng flood
frequency.

Induded In turbine
bugdlng flood
frequency.

Not Included In
dotsged screening
- spent fuel pool. I

C.
K
O

O
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Event

25

Plant
end Reference

TMI 2
P.VHIAA10

Auxglary

Date System

NHSI

Component

- Test oonneotlon
valve separated.

Size of Leak

550 gallons

Event Doscrlpdon

Leek oocurred during
pump tosh

Comments

Leek wse isolated
rather quickly.

Dotaged Soreonlny
klformsdon

Induded ln ECCS
flood events, NP
pumps. See
Table E.l 5.

25 Surly 2
P.VHI.B.54

Service
Water Pump

House

5/76 Servloe Water Pump eed. Smog Valve motor In pit
below pump shorted

Seel leak size not
reported.

Induded In Service
Water flood events,
pucnp. See
Tab) ~ E.1-3.

27

28

Tcoian
P.VHI.B.134
IDupgcate of
Event f24)

Oconee 1

I.VHLC.S

Auxglary

Auxgisry 10/74

Spent Fuel
Pool

Demlneragzer

Heed gasket In
demine caster
fmsnhole cover).

Drain valves loft
open for cooler
and piping.

10,000
gogone I20 to
30 gpm)

3 feet Iemsg)

Gasket blew during
purification of RWST
Inwntory, during
shutdown.

Durfng meintensnoe
to Inepoc't ~ vslw
the system wss not
isolated propedy for
draining.

CoUld essocla'to with a
tanks

Drain valves could be
sseodsted with the
valve or the cooler.

Not Induded In
deteged screening
- spent tuel pool.

Induded In ECCS
Hood events, valve.
See Table E.1-5.

Table E.1-2 (Page 4 of 17). Categorization of Flooding Events from Industry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)

tff
0

to
'n

hl

Q,
C
rL
I
trc

tf
gc

IPt

n1
)4
gc

9
co

t3

30

31

Oconee 3
P.XI.B.1 83.18 5

Zion 1 & 2
P.XH.53

Surry 2
PAVI.C.51 8

Turbine

Auxglary

Service
Water Valve

Pit

10/75

4/73,
11/75

10/77

Mdn
Condenser

Redwaste

Service Water

Solenoid butterfly
valve raged open

Design error,
Inadequate
capacity.

2'ervice Water
dcaln valves left
open

Large Ifor 30
minutes) (hrc
bine building
flooded 2 f0

1S gpm

unclear

Valves designed to
fell open. During
refuegng, lake
drdned Into turbine
bugding vis
drcuistfng water.
Condenser,
droulatlng water
vaiw Ioutleo
sole nokfs.

Numerous Instances
of smaH flooding.

During shutdown,
flooded when header
returned to service.

Not eppgcabla to power
operation. Relative
~lovstlons pecuger to
this plant.

No events ware
~lgnlflcant enough to
report sepacnteiy.

1 header maybe In
nudntenancs whge et
power,

Not included In
deteHed screening
- site elovstlons.

Not Included in
dotaged screening

radwaote cela'tod.

induded Service
Water flood events,
valve. See
Table E.1-3.
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Event

32

33

34

Plant
and Referenoa

Sully 2
P.XVI.C.579

Surry 1

P.XVI.C.1 543

Ssn Onofre 1

P.XVI.C.1774

Turbine

Turbine/
Service

Water Valve
pit

Service
Water Pump

Rouse

Date

tons

1'I/81

3/82

System

Main
condenser

Urlct4ar

S4lvlca Wa'ter

Component

Drain Hne

Insuffldent
capacity

Not spedflsd.

Operator error.

siss ot 44k

Urlclear

Valve pit
flooded

Unolesr

Event Desorlptlon

Salvtca water valve
pit ln turbine bulksng
flooded, due to
shutdown
maintenance.

Service water vetve
pit In turbine bugdtng
flooded from
unknown souroe.

Ctrculsgng water
pump not started to
depress service
water Intake water
level before
maintenance.

Comments

Affected service water
but flood source tn
turbine building.

Numerous instances of
tNs at Sully, 48 due to
main oondenser
maintenance.

Pecuger to ocean site at
San Onofre idurlng
shutdown).

Detased Boreenlng
Information

Included In turbine
bugdlng flood
events.

Not Included ln
detsged screening
- source unknown.

included In Service
Water flood events,
pumps S44
Table E.1.3.

35 Turkey Point 3
P.XVIC.1849

Auxgiary 11/82 Uqutd waste Waste holdup tank
oversowed

500 gsgons
lsrnsg)

Laundry water
splged.

Oocurred st power. Not Induded In
detsged screening
- Squid waste
related.

Table E.1-2 (Page 5 of 17). Categorlzatlon of Flooding Events from Industry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)
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38

37

38

Indian Point 2
P.VHI.B.539

Brunswick 1

B.VI.C.SS

Pilgrim 1

B.VI.E.53

Auxgisry

Turbine

Tu*lne

8/84

8/85

1/75

Service Water

Mein
Condenser

F44dwa'ler

Service water
valve removed for
maintenance In
CCW pump room

Main condenser
deanlng system
leek.

Feedwster
regulating valve
broken

Medium

Medium

5,000 gallons
tmedium)

tn shutdown with
fuel removed, header
not oompletely
Isolated for
maintenance, CCW
pumps were flooded.

During startup, led to
high mein oondenser
pit water level.

Valve broke, Hne

Isolated by
operators.

Maintenance oould
oocur In header whse
st power. One CCW
pump dssned and
started In 3 hours.

Clrcutagng water
pumps tripped.

Plant was then shut
down.

Included In Service
Water flood events,
valve. See
Table E.1-3.

Included In tu*lne
bugding flood
events.

Included in turbine
building tlood
events.

39 Quad Cities 1

B.VH.C.32
Reactor

APPXE1TB.BFN.B/21/92

Cor4 Spray Relist valve Sited
during tee!.

20,000
gallons
t1,000 gpm)

Regef valve lifted snd
diverted flow during
the spray pump test.

Could occur for eny
pump test. This test,
the pump ran on mint
flow.

Included in ECCS

liood events, pump.
See Table E.1-5. I
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Event

40

Plant
snd Reference

Oyster Creek
B.VH.CAS

Resotor

Oats

4ne

System

Coca Spray

Component

Pump seal leak

Size of Leak

3 gpm temsHI
I1,376 gal.i

Event Description

The seel leakage
occurred but was clot
aesodated with ~
test.

This teak rate may be
within capacity of the
sump pumps.

Oatalted Screening
Information

Included ln ECCS
flood events, pump,
See Tabte E.1-5.

41

42

43

43 la)

Peach Bottom 2
B.VH.E.135

Susquehanna 2
B.VH.EA20

Bcowns Ferry
B.VH.F.304

Browne Ferry
B.VH.F.304

Reactor

Reaotor 10/Sd

Con(atnment 4/SS

Containment
4/3 5

Pump flange
gasket teak.

Undesr

brain Hne left open
ln steam supply
Hne.

760 gegons

Spray Pressure switches. Large

Fire Protection
System

Cable tray deluge
valves faged when
system
caprassudzed.

Large

Ths flange leek wss
associated with a
test; dostng suction
vdw stopped the
leek.

KPCI pump test
sprayed steam,

Shorting of pressucs
switches led to
Inadvertent spray
~ctuatton.

A yard break
depressuclzed the fire
proteotlon system.
the valves then
feged.

Leek rata not reported
but wae enough to
oeuse flood alarm.

Proceduce problem
concerning vatw
checkgst.

Plant wes In cold
~hutdown.

This event ts
documented with
~vent 43.

lnduded In ECCS
flood events, HP
pump. See
Table E.1.5.

Induded In ECCS
flood events, HP
pump. See
Table E.1-5.

tncluded ln ECCS
flood events,
Inadvertent sct.
Sea Table E.1-5.

included In Rre
Water flood events,
inadvertent act.
See Table E.1-4.

Table E.1-2 (Page 6 of 17). Categorizat(on of Flooding Events from tndustry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted,)
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44

45

Vermont Yankee
B.VHI.A.31

LOSOHO 1

B.VHI.A.155

Reactor
Bugdlng

Reaotor

tone

8/84

RWCU

RWCU

Row switch.

Msclual valve left
open.

Several
hundred
gsgons

RCS leaked Into
reactor bugdlng
before leek Iedated,

Tank overtlowed due
to leek from RWCU
system.

Row switches later
reptscad with btsnk
flangas; ames LOCA.

Ooourred when RWCU
filters rearranged.

Not Included ln
detailed screening

case'tor water
dean up.

Not Included In
detailed screening

reactor water
cleanup.

45 MiHetone 1

B.VHI.A.212
Reactor

APPXE1TB.BFN.B/21/92

7/8 5 RWCU 1'egef Hne faged
for regeneradve
hest exchanger

Unclear
tsm HI

Pipe ltna fagure led to
leek, Hne wss then
isolated.

Included In ECCS
flood eventeg valve,
See Table E.1-5, I
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Ewnt

47

Plant
and Reference

Wlstons 1

B.VHI.B.1
Reactor

Data

5/71

System

Service Water

Component

RSCCW hest
~xchangef
discharge Hne on
service water side.

Stre of Leak

Smeg Ifefled
MCC below)

Event Description

Secvfoe water
leakage neer heat
~xchanger during
plant oooldown.

Comments

Rsweted during
shutdown.

Detefled Screening
Information

Induded In Service
Water flood events,
valve. See
Table E.M.

48

49

50

Dresden 1

B.VHI.C.105

Quad Cities 1

B.VIH.C.224

Quad Cittes 1

B.VHI.C.270

Reactor

Reactor

Undec-
gcound
Piping

4/77

10/80

11/81

Fuel Pool
Cooflng

ServIce
Water/RHR

Secvlce Water

Heat exchanger
Inlet wnt Nne.

Pump packIng
leakage.

Design error face
~vent 8) RHR
service water Hne.

3.500 gaNone

Unclear

Nipple corroded,
oeused ~ leak.

Pump leakage end
sump pump design
Inadequeoy.

Leakage under
turbine bumng.

Oocucced at power.

Revealed when RHR
operated for shutdown
ooogng.

Rewsted when RHR
operated for shutdown
ooogngo

Included In ECCS
flood awntei valve,
See Table E.1-5.

Included tn Service
Water flood events,
pump. Sss
Tebt ~ E.1-3.

Included In Service
Water flood events,
outekte. See
Tebl ~ E.1.3.

Table E.1-2 (Page 7 of 17). Categorlzatlon of Roodlng Events from (ndustry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)
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51

52

53

54

Hatch 2
B.X.58

Millstone 1

B.XII.28

Bcowns Ferry 1

B.XVI.C.75

Brunswick 1

B.XVI.C.1834

Reactor

Turbine

Turbine
Containm-

entt

12/88

3/76

7/85

Fuel Pool

Condensata

Condensate

Containment
Spray

Infletebte seals
feged.

Condensate return
overflowed.

Stank flange
loosened.

Malntenenoe error.

140,000
gegons

Small

Large
f85,000
gaflons)

25,000
gsgons
fseoured ln
3 minutes)

Inflstebl~ seals
fefled, pennltdng
flood.

WhHO st power,
oondeneats
owcflowed.

Ul and U2 crosetle
to be oonnected, but
corxfensete system
not Isolated.

Inadvertent
oontalnment spray
actuation during
refueflng.

Could only have
occucred during
shutdown.

Did not osuse ~ plant
trip,

operations error prior
to commerctd
operation.

Cause ls related to the
refueNng outage
maintenance.

Not Included In
detaHed soreenlng
- spent fuel pool.

Included In turbine
bugdlng flood "

events.

Included In turbine
buing flood
frequency.

included ln ECCS
flood events,
Inadvertent act.
See Table E.1-5.

55 Hatch 1

B.XVI.C.1845;
VII.DA12

Resotor

APPXE1 TB.BFN.B/21/92

RHR Aire seated
buttertly valve
used for pump
isolation.

14 feet
gorge)

lsotstlon valw
opened In cesponse
to ~ toss of offslte
power tost.

Occurred during
csfueflng, may occur
during sny
maintenance.

Included In ECCS
flood ewnte, pump.
See Tebt ~ E.1-5. I
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Ewnt

57

58

59

Plant
and Reference

Arkansas
Nuclear One 1

P.V.F.50

Trojan
P.VI.E.SSS

Surry
P.VI.E.788.

738,748, 768

Catawba 1

P.VI.F.S 8

Sugdlng

Auxhlsry

Tu*lne

Turbine

Turbine

Oats

3/85

12/88

8/85

System

Letdown

Feedwster

Feedwstsr

Foodwater

Component

3/4 drain line
valve.

Hest drain pump
discharge piping
ruptured.

Elbow of MFW
pump suction
ruptured.

MFW pump
turbine condenser
volvse

Sho ot Look

500 gallons
tseversl
Inches)

Large

Large

Event Description

Valve opened, fetor
isolated locally.

Ruptured, caused
loss ot condenser
vacuum end
actuation ot fire
suppression.

Ruptured led to loss
of MFW end
numerous hre
suppression
actuation eg over the
plant.

Volvo leaked, then
fahod open.

Comments

lsolsbi ~ small LOCA.

Occurred In response to
tv*inc trip with partial
FWI.

ln response to one
MSIVclosure end
partial FWI.

Clrculahng water
~soured. Plant wae st
hot standby.

Ootallod Screening
Information

Not Included In
deteged screening
- letdown hno.

Indudod in turbine
building flood
frequency.

Included In tu*lna
building flood
frequency.

Included In tv*inc
building flood
~vents.

Table E.1-2 (Page 8 of 17). Categorlzatlon of Flooding Events from (ndustry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)
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80

51

82

San Onofre
P.VII.E.210

Surry 2
P.VIII.B.421,

557

Salem 2
P.VIII.B.571

Outside

Turbine

Service
Water Pump

House

8/84

8/81

8/83

Fire Protection

Unclear

Service Water

Rre water pipe
underground.

Not speclhed.

Check valve
flange gasket.

Not reported

Smell

8 Fest

Break In ~ fire mein
weakened by
construchon
~qulprnent.

Leak flooded service
water valve pit.

When ln cold
shutdown, leak
occurred when
~ ervlce water
restored after header
cleaning.

Mey wish to consider
as external flood.

Service water volvo pit
normally not In the
turbine building.

Service water pumps
may be ln maintenance
when et power.

Included ln Rre
Water tlood event,
leak. Seo
TeMe E.1%.

Included In turbine
building flood
~vents.

Included In Service
Water hood events,
pump. Sae
Table E.1-3.

83 Rancho Seco
P.IX.C.317

Auxhiery 12/85

APPXE1TB.BFN.B/21/82

HHSI KKSI pump seal. 450 gallons
lamelli

Pump seal leaked
when started with
suchon valve dosed.

Occurred in response to
en safety InJechon.

Included In ECCS
hood events, HP
pump. Seo
Table E.1-5.
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Ewnt

84

Plant
and Refsrsnoe

Ssn Onofre 1

P.XH.147
AuxNcry

Date

8/SS

System

Post-Aodd ant
Ssmpgng

Component

Regef valve
diaphragm raged»
valw opened.

Sits of Losk

No't reported,

Event Descrfpdon

Valve spuriously
opened, post.
sccMent sempgng
fost.

Comments Deteged 8creenlng
Infonnstlon

Not Induded In
detsged screening
- post-aoddent
sampgrlg

BS

87

Surry 2
P.XVI.C.174

Suny 2
P.XVI.C.1S04

Surry 2
P.XVI.C.1810

Tulbtne

Turbine

Turbine

1/76

7/S2

Drainage of
Sumps

Main
Condenser

Mdn
Condenser

Operator enor.

Main oondeneer
inlet water box.

Matn condenser
water box.

Vslw pit
flooded
Ismag)

Valve pit
flooded
Ismslfj

Velw pit
flooded
lsmsH)

Operators started
sump test, then left;
sump owrllowed.

Whge deanlng ~
water box, leakage
flooded ~ nea*y
vdve pit.

Portsbte sump pump
left unattended»
misdirected flow Into
valw pit.

Servloe water valve pit
not normagy ln the
turbine buMlng.

Servloe water valve pit
not normetly In the
turbtne b tiding.

Service water valve pit
not nonnegy In the
tulbtne bugdlng.

Not Inoluded In
detssed acreedng
- sump drdnags.

'ndudedIn turbine
bugdlny flood
events»

Induded In tv*inc
buydlng flood
~wnts

Table E.1-2 (Page 9 of 17). Categorlzatlon of Rooding Events from Industry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)
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58

89

Indian Poln! 2
P.VI.E.34

Maine Yankee
P.VI.E.43S

Indds
Contain-

ment

Indde
Contdrvnent

11/73

1/83

Feedwater line to
steam generator
22 orlly,

Feedwster Hne/
nonte st No. 2
steam generator
Inie't nozzle»

Unsp edged

Containment
sump level
rosa

Sewre. but
Contellxnent
wss entered
for Inspection

Feedwater Hnebreek
Inside contetlvnent
safety Inlectlon
occuned on delta.P
between steam
generators 180-
degree crack with
maxbnum width
6/32 .

Feedwster Hnebreak
Inside oontdnment.
MFW wes not
avagable after trip.
Water hammer
occurred due to AFW
at&rtup»

Power at 7%. turbine
not yet synched.

Fug power, water
hemmer when steam
oogspsed due to rising
steam generator water
lewl.

Not Induded In
detsHed scleering
- containment.

Not tnciuded In
deteyed screening
- contsllvnent.

70 Arkansas
Nuctesr One 1

P.V HI.B.S 8

APPXE1TB.BFN.S/21/82

S/78 DKR Flow Instrument
vstw weld,

Minor 1-2
gpmt

Cold shutdown,
minor leaks due to
~xoesslve vibrations.

Stmger problem In same
matedel of spray
system»

Induded In ECCS
flood event. valve.
See Tsbl ~ E.1.S. XI
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Event

71

72

73

Plant
and Reference

Salem 2
P.VHI.A,638

Ft. Calhoun
P.V.A.81

indian Point 2
P.V.A.89

Date

Contdrn»nt 8/81

Contdnment 10/78

Containment 7/77

System

CVCS

RCS RCP
seals

RCS

Component

Letdown isolation
vdve transferred
dosed.

RCP controlled
bleed&If Hne.

RCP seel.

Stre of Lea'k

3,000 gallons
before
Isolation

<0.2 gprn

<75 gpm,
HO,OOO

gallons total

Event Descrlptlcn

A letdown lsdsdon
vdve dosed. safety
valve Hfted venting
to contdnment.

Weld leek on bleed-
off Hne discovered
dudng shutdown.

RCP seal package
felled whge st 2%
power. No safety
Injecdon, but manual
shutdown required.
RspM oooMown;
plant had to be
depressurlzed end
drained to stop the
leak. Charging
pumps worked.

Comments

Vent valve on isolation
valve hsd fsged st a
weld.

Inslgnlgcent site.

Second charging putnp
controlled level,
pressurizer pressure
dso tell. Recirculation
not requlredi

Deteged Saeen'Ing
Information

Not Induded In
dstegsd screening
- containment,
CVCS.

Not lnduded ln
deteged screening
- containment. smag
RCP seal leak.

Not Induded In
detaged screening
- containment, RCP
seal leak.

Table E.1-2 {Page 10 of 17). Categorjzatjon of Flooding Events from Industry Data through Septentber 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)
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74 Arkansas
Nuclear One 1

P.V.A.84

Containment 6/80 RCP seal. >20 gpm,
totaled
84,000 gal.

RCP seal leak from
88% power, manual
resotor trip and
safety Injeotlon.

augding pressure
increases O.S paid.
Took 7 hours to get on
RHR.

Not Induded In
d staged screening
- contalnrnent, RCP
seel leek.

Oconee 2
P.V.A.32

AuxNsry 'f/74 CVCS RCP seel Injection
Hne outsMe
containment.

Undesr, 1.5
CVCS Hne

Leak ln seal Injeotlon
Hne 'led to isolation of
Injection flow to eg

four RCPs,

Cool down took
76 hours onoe started.

Included In ECCS
liood events, HP
pump. See
Table U-S.

7S(a) Ocones 2
P.V.A.32

Contdnment 1/74 RCP seal. Averaged
80 gpm,
SO,OOO

gesons total

Manual trip and oool-
down. Dld not go on
redrculatlon.

Seal that fdled wss for
different pump thsn
one which lost
inject!on.

Not Induded ln
detsged screening
- containment, RCP
seel leek.

APPXE1TB.BFNLB/21/92
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Ewnt Plant
and Referanos

Robinson 2
P.V.AAO

dugdlng

Contelrxnent

Date

4/75

System

RCS

Component

RCP seel

else of 4ak

400 gpm
max.
f130,000
gasons totdI

Event Description

RCP seal leak,
started at full power
and Increased 8
hours later after trip.
Containment
pressure Inoreased 3
pdg. Safety
Inlsctlon Indicated.

Comments

Took 3.5 hours for
deprsssurlzstlon on
RHR. Very Nttle
operadng history.

Deteged Screening
Informadon

I/ot Included In
detsged screening
- contdnment, RCP
seal leek.

77

78

Oyster Creek
B.VI.E.1 57

Dresden 1

B.VN.E.S

Turbine

Auxglary

8/82

5/71

Condensate

HPCI

1/2'ressure
gauge oonneotlng

Test return Nne to
condsnsats.

$ ,700 gagons
In <1.25
hours.

I/ot specified

Sheered smaN
oonneotlng pipe off
due to pump
vtbradon.

Une ruptured during
teOta

At 78% power. Indudsd ln tu*lne
bugdlng good
~vents.

Induded In ECCS
flood events, HP
pumps. See
Table E.1-5.

Table E.1-2 (Page 11 of 17). Categorization of Flooding Events from Industry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)
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80

80(al

Dresden 2
B.VN.E.S3

Quad C1tles 2
B.VI.E.45

Oued Cldee 2
B.VI.E.45

Tu*lns

Tv*Inc

8/7e

S/75

S/75

Test return Nne.

Low flow MFW
Nne.

Feedwater low
flow drdn Nnes.

Very smaN
c1/4
diameter
cs gpm

8,500 gsgons
end 4,000
from SW
deluge

3-3/4 Ence

SmaN hola ln HPCI
test return Nne.

At 170 MW, the Iow
flow Nne severed se
the plant switched
from the Iow flow to
ths main fsedwster
regulating vdve.

At 410 MW.
feedwster regulating
valve felled open; 3-
3/4'nes broke due
to excessive
vibrsdon.

Reactor at $7% power.
Mey not have bean ~
test In progre! e.

Pump trip end lsdstlon
of valves Nmlted the
leakage.

Slmgsr vtbragon causes
ss with event 80.

Induded In ECCS
flood events, HP
pumps. See
Table E.1-5.

Included In tv*Inc
b Ndlng Rood
~vents.

Induded ln tu*lne
bugdlng flood
~vents.

O(~O
to
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O
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Event

81

82

Plant
snd Reference

Salem 1

P.V.A.SO

Ocones 3
P.V.C.8

Calvert CHffe 2
P.V.A.77

Containment

Contsfnment

Containment

Date

10/78

8/75

11/78

System

Rcs

Component

RCP seal.

Pressurizer PORV
stuck open.

RCP seel pressure
sensing Hne.

size of Leak

15,000
gsgons rate
not spec)Had
lbeHeve
>75 gpm)

1,500 gallons

Teohnlcsl
Speclflcsdon
I-25 gpm)

Event Deecrfptlon

At hot shutdown,
RCP seel leakage,
makeup required
sMftfng to RWST.

From low power,
during power
reduction, transient
caused PORV
ohaHenge, stuck
open.

Seal pressure
sensing Hne weld
ofscksdr reactor
remained orldoel
whHe operators
Isolated the Hne.

Plant wes already
tripped at tlrne of
leakage.

Pre-TMI BHLW plant
transient.

Plant st full power.

Detayed Screening
Informsdon

Not Included In
detailed soreenlng
- oontslnment, RCP
seel leek.

Not Included In
detailed screening
- containment. RCS.

Not Included ln
detsged screening
- containment, RCS.

Table E.1-2 (Page 12 of 17). Categor(Hat(on of Roodlng Events from (ndustry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)
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84 Trojan
P.VHI.A.308

Aux1gary 9/77 CVCS Common suction
Hne for charging
pumps.

1\ gpm Smog leek detected
when plant at 80%
power.

Included ln HCCS
flood events, HP
pump. See
Table E.l-5.

85

88

Davis-Bassa 1

P.IX.D.HS

Zion I

Contslranent

Containment

9/77

1976

Preesudzer PORV
stuck open.

RCS drain valves
mleposldoned.

11,000
gsgons,
operator
Isolated In 21
minutes

f750 gpm)
15,000
gsgons

At8% power,
spurious 1/2 FWI
caused RCS pressure
transient, wMch
cheHenged POAV.
Valve fsHed open.

Vahre alignment error
revealed when
another valve
operated as part of
routine operation.

Valve dosed et open
rather then closing
~ etpolnt so it cycled
nine dms s,

Occurred st hot
shutdovrn isolated ln
20 minutes.

Not Inchrded In
deteged screening
- containment. RCS.

Not included In
detesed screening
- containment, RCS.

87 Suny 1

P.V.8.2
Containment

APPXE1TB.BFN.S/21/82

11/72 RCS Hodeg RTD. 3/8 diameter
30,000
gegone

RTD blew out soon
after pressurizer
pre ssudzed.

Fegure pressure was
lees than earlier
hydrotest.

Not Included In
deteged screening
- contalrvnent, ACS.
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Event

88

Plant
and Reference

Salem 2
LER 311/84018

Maine Yankee
LER 308/83003

Indian Point 2
LER 247/78032

AuxNery

AuxNsry/
Contafrvnent

AuxNcry

Data

7/84

1/83

11/78

System

Charging

ECCS

Charging

Component

Weld of wnt valve
to header.

Pump wnt Hnee.

WeM of drain
valve to seel
InJectlon header.

sits of Leak

UnepeoiHed

Smsy, via
pump oselng
vent Ence

8.0 gpm

Event Desorlptlon

3 dong craok ln
ohergfng pump
euotlon header where
vent valve attaches
to schedcde 10 pipe.
Reeotor wes at
100% power.

Whys st power,
inadvertent sotuatlon
of sutomstfo
switchover to
recirculation of train
A during RWST lewf
testing.

Whys at power,
emeH leek In seal
Inleotfon heafer,
where drain valw
weMed to healer.

Comments

Operabslty of charging
pumps questloneMs.

Smss drainage of
RWST through LPSI
end QSS pump vent
Hnes to sump.

Leak increased from
original O.S gphr.

Detsyed screening
Information

Included In ECCS
flood events, HP
pump. See
Tabl~ E.1-5.

Included In ECCS
flood events,
Inadvertent sct.
See Table E.1.5.

included In ECCS
flood ewnte, HP
pump. See
Table E.1-5.

Table E.1-2 {Page 13 of 17). Categorization of Flooding Events from Industry Data through September 1987 (Reference E.'l-7)
(References are from NPE unless otherw Jse noted.)
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81 Indian Point 2
LER 247/77000

AuxNsry 3/7 7 Charging Seel Inleotlon Hne. Unspeciged Weld leaking elbow
oonneotfon of seel
InJeotlon Hne during
power opsfetfol4

Unit shut down for
repairing slmyar events
mentioned on 7/75 and
2/77.

lnoluded In ECCS
flood events, HP
pump+ Se ~

Tsbfe E.1-5.

McGufre 2
LER 370/84017

Auxglary 8/84 RHR WeM on letdown
Hne from RHR to
CVCS.

3,000 to
7,000
gsyone
spraying

During ooM
shutdown wIth RHR
In operation, weld ln
ansH pipe and
sprayed from stem of
valve e

LeakIng Hne wae
isolated.

included In ECCS
flood events, pump.
See Table E.1-5.

83 LsSsge 1 a 2
INPO(SO ERI85-5
LER 373/85045

Turbine

APPXE1TB.BFN.S/21/82

Circulating
water

Expansion Joint
between
circulating pump
snd cyschsrge
valve.

2,000 gpm At 85% power,
transient caused Joint
to rupture, flooded
basement to 15 feet,
stopped when
~qugibreted to Kver.

AH circulating water
snd nonemergency
servfce water lost. Fire
water rigged for coogng
In c3 hours.

included In turbine
buyding flood
frequency.
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Event

95

98

Plant
and Referenos

Peach Bottom 3
INPOISOER) SS.S

ISER) 50-84

Not Used

Surry 2
P.XVI.C.879

Turbine

Date

10/78

8yetem

Circulating
Water

Main
Condenser

Component

Water box vent
valve left open for
mslntensnoe.

Drain line
Insutgd ant
capacity,

slee of Leak

1.hour
tlooded pump
coom 8-8 ft

Unclear

Event Description

80% power,
restoring from
malntenanos, pump
room flooded,
operators attended
other problem.

Service water valve
pit In turbine building
flooded dua to
shutdown
maintenance.

Comments

Condensate pump
bearings taPed vrhen
water dfeplsoed op ln
bearings, motors not
flooded.

Affeoted service water
but flood source ln
turbine bupdlng.

Deteped 8creenlny
Information

Incfuded In tv*inc
bupdfng good
frequenoy,

Induded ln turbine
bugdlng tlood
events.

North hnna
P.VII.E.222

Outside 11/S4 Rre Protection Rre proteotlon
system mein
header

Not reported '12 foot orsck found
In piping

May wish to ooneMer
es external flood

Induded ln Rre
Water flood events,
leak. Ses
Table E.IQ.

Table E.1-2 (Page 14 of 17). Categorization of Hoodlng Events from Industry Data through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)
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98 Dresden 1

B.VI.E.S
Turbine 5/83 Condensate Condensats pump. 2 on

Condensate
room ffoor

Lube oil supply pump
to condensate pump
faped. Condensate
pump shaft salted,
casing crooked et
powers

OWubrlcsted
condensate pufnp'o
temperature alarm.

Included In turbfne
building tlood
events.

Turkey Point 3
P.XIV.B.12

4-kV
swltchgesr

11/72 Roor Drdn Drain dfschsrge
channel.

1 to 4'on
floor

Heavy rains snd
incomplete discharge
canal osueed floor
drains to back up.

Not Included ln
deteged screening
- drain related.

Beaver Valley 1

P.V.B.10
Containment 8/78 RCS RCS pressure

~ enslng line.
S,300 gallons Fegure of gerdbfe

hose ln sensing line,
Improper choice ot
hose, 28% power.

Engineering error in
hose oholoe.

Not induded In
deteped eoreenlny
- containment, RCS,

APPXE1TB.BFN.B/21/92
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Ewnt

101

Plant
end Reference

Arkansas
Nuclear One

1 snd 2
P.VI.D.178

Containment

Date

SP8

System

Containment
Spray

Component

ESF relay.

Sits of 4ak

60,000
gagons

Event Descrlptfon

MSIV elc solenoid
oreeted plant
transient. Improper
~ 4t r4lays caused
oontolnment spray
~otuadon and gcevlty
feed es reclccuisdon
valves reposldoned.
1 00% power.

Comments
Detailed Soreenlng

kctorm ation

Included ln ECCS
flood ewnts,
Insdwctent act.
Sse Tebi~ E.1-8.

102

103

Peach Bottom
B.VII.F.238

Pggclm 1

B.VII.F.SS

Tu*fns 8/84

11/78

Rre Water Piping

Fice Water Shutott valve.

Unknown Pipe break st elbow
dudng tire system
tesdngr

During hydrant
repair, shutoff vafw
blew off, 100%
power.

bnproper valve
relnstagstlon Is cause.

Included ln Rre
Water flood events,
leak. See
Tabi~ E.1P.

Included In Rre
Water flood events,
Ieak. 844
Table E.l<.

Table E.1-2 (Page 16 of 17). Categorhatlon of Flooding Events from Industry Oata through September 1987 (Reference E.1-7)
(References are from NPE unless otherwise noted.)

of
0

cn
'n
CD

C
K
hl

0r
C,
Q.
C
Co

'13

ccc

l11
DC

gc

0

104 Dresden 2
B.XII.S7

Rod waste
Auxiliary

sng Decnlnerallzed
wat4r

Hose. Medium Decnlnecsgzed hose
ruptured, flooding
oontainment floor.

81% Power Not Induded In
deteged soreenlng

cedwss te,

105

108

Dresden 2
B,XIV.A.77

Crystal River 3
P.VII.A.282

Diesel
Generator

Room

Outside

Iong

7/SO

Fire Water

Core Rood
Tanks

Cor4I444 wNI~
p 4 cf0 fcnlng
nudntenonce
ectivity

Check vcdw.

Smsg

20 gsgons

While modifying fire
system water ran
down into diesel
generator control
cabinet.

Coca flood check
valve felled, 600
gsgons enter N2
system, 20 gsgons
to environment vie
N R.V.

Mefntenance eotivlty,
88% power.

Shutdown.

Included In Rce
Water flood events,
leak. See
Table E.IR.

Not Included In
detailed screening
- outsMe.

107 ~ Indian Point 2
P.VII.C.SS

Containment

APPXE1TB.BFN.B/21/82

10/81 Sscvfco Water Fsn cooler unit
cog leak.

100,000
gallons

4oldng fon cooler
unit, 100% power.

Both containment sump
pumps ou! ot order.

lauded ln Service
Water flood events,
valve, Ses
Table E,1-3..
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Event

108

109

110

Plant
~nd Referenoo

Poach Bottom 3
INPO ISER) 48-

83
KR 278/83007

Oyster Creek
NRC IE

Information
Notice 883%'I

Oyster Creek
NRC IE

information
Notice 883%1

Reactor

Unclear

Unclear

Peto

'I 1/8/8
0

System

RHR/IPCI

Rre Water

Fire Water

Component

RHR/LPCI pumps

Automsdo fire
suppression
system waa left
on whHe trouble
shooting electrlcel
feAt

Pump motor

Stao of 4ak

80,000
gaHons

Unclear

Unclear

Event Desorlption

Inadvertent Uicl
eotustlon during
Instrument
csgbrsdon.

Whse trouble
shooting an eleculcal
fault In an automatic
fice suppression
system, sprinkler
oculo'Son occurred
because operators
did not de-activate
automatlo feature.

Pucnp motor
overheated csualllg
sotustlon of fico
suppression sprinkler
system>

Comments

Refuesng

Caused one train of ~
redundant safety
feature actuation
system to fell.

Some safety related
~ctulpment suffered
water damage.

DetaHed Soreenlng
fnformatlon

Included In ECCS
flood events.
Inadvertent act.
Seo Table E.1-5.

Included In Rce
Water flood events,
inadvertent act.
See TaMe E.1-4.

Included In Rro
Water flood events,
Inadvertent ect.
Seo Table E.14.

Table E.1-2 (Page 16 of 17). Categorlzatlon of F(oodlng Events from tndustry Data through September 1887 (Reference E.1-7)
(References are from NPE unless otherwise noted.)

Dl
0

Cct

n
CD

C

hl

CL

C.
CL

CD

'0
ttt

rn
DC
CD

8
CD

O

112

Dresden Unit 3
NRC IE

Information
Notice f83%1

Dresden Unit 2
NRC IE

Information
Notice f83-41

Resotor

Rssotor

11/81

12/S I

Fire water

Flee Water

Smoke Detector
osuaed actuation
of aprlnMer
~yatellL

High tempeceturo
caused actuation
of sprlnMer
system

Unclear

Unclear

lonlxstlon-typo
smoke detector In an
HPCI room reaoted to
high temperature and
huccddlty ochladllg
on sutocns'tlo
apclnMer systecn.

High tempecature
and humMIty caused
ectuadon of sprinkler
system In HPCI
room. TMs event I~

~ imgac to event 111

This leod 'to loss Qf
HPCI system.

Causal HPCI snd
redundant sutomadc
depceaauilzatlon system
to fell.

Included In Rre
Water flood events,
Inadvertent act.
Seo Table E,1.4.

included In Fice

Water flood events,
Inadvertent act.
See Table E.1-4.
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Event

113/
114

Plant
and Reference

Fsrley Unit 1

NRC IE
Information

Notice 88~1

Cooling
Towers

Data

SI10/
81
and

7/21/
82

8yatom

FIco Water

Component

Inadvertent
~ctuatlon of
deluge system due
to a maintenance
ecdvlty

sbre of Leak

Unclear

Event Deecrlpdon

These two ownte
resulted In
Unnecessary
~otuadon of the
deluge system for
the main coogng
towers beosuss
control system hed
been taken out of
servloe for
maintenance.

Led to actuation of
deluge system snd
drawdown o! two
water storage tanks
below tech apso. Ibnlt.

Dotaged Sorsenlng
Information

Included ln Rre
Water flood events,
Inadvertent aot.
See Table E,l<.

115 Trois n
NRC IE

Information
Noses 883%1

Containment T/28/
81

Rra Water Fire suppression
system

Unclear Smoke from weMlng
caused aotustlon of
fire suppression
system

Caused Inoperability of
one train of the
tedundant containment
~trnosphsro hydrogen
reoomblner system.

Included In Rre
Water flood events.
Insdwrtent act.
See Table E.1%.

Table E.1-2 (Page 17 of 17). Categorlzatlon of Flooding Events from Industry Data through September 'l887 (Reference E.1-7)
(References are from NPE unless otherwise noted.)
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118 Suny Unit 2
NRC IE

Informsdon
Notice 883%1

Diesel
Generator

Room

5/28/
81

Rrs Water Valve was left
slightly open

Unclsat A foam distributor
system wss Installed
ln the fuel os tank.
Water leaked through
open valve.

The diesel generators
were technically
Inoperable until the
water wss removed.

Included In Fire
Water flood events,
leek. See
Table E.1-4.

117 Glnna
NRC IE

Informsdon
Notice 183%1

Audllsry 'I1I14/
81

Rte Water
System

Sateigte Station A
fprovMes power to
smoke detector
circuits)

Unclear While performing
lamp test. actuation
of sewrsi fire water
suppression or
sprlnMsre occurred.

Resulted In tho trip of
ono RPS motor
generator set end a
smell amount of water
~nterlng the control rod
dtlva owitchgesr
osblnet. Two rods
dropped.

Included In Fire
Watet flood events,
Inadvertent sct.
See Table E.1.4.
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C
E
O

O
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Table E.1-3 (Sheet 1 of 2). Plant-Specific Screening Service Water Flood Events

Class of Events Event

Pump Related

14

17

26

62

Description

During maintenance, strainer
backwash isolation valve
body blew.

Air/vacuum valve failed to
seal, shut down.

Pump vent line failed and
flooded vault.

Pump seal leak, valve motor
below shorted.

CWS not started to depress
level before maintenance,
shut down.

Pump packing leak, sump
pump inadequate, shut
dowll.

Check valve flange gasket,
6 feet of water when header
restored, shut down.

Plant-Specific Screening

Applies to RHRSW/pump
vault.

Applicable to flooding
RHRSW/pump vault.

Applicable to flooding
RHRSW/pump vault.

Small; leakage within drain
capacity of pump room.

Not applicable to intake
pump station.

Small; leakage within drain
capacity of pump room.

Large; applicable to
maintenance in pump vault.

Valves, Coolers 10

47

RHR heat exchanger outlet
valve flange gasket ruptured
when operated, booster
pump, shut down.

Maintenance on heat
exchanger outlet valve,
service water started and
stopped, valve
disassembled, shut down.

Drain valve left open in valve
pit after maintenance, shut
dowll.

Service water valve in CCW
pump room removed for
maintenance, shut down.

Service water CCW heat
exchanger discharge
leakage, shut down.

Small leak; applies to reactor
building.

Medium; applies to reactor
building.

Small leak.

Medium, maintenance
event; applies to reactor
building.

SITlall leak; applies to reactor
building.

APPXE1.BFN.B/29/82
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Table E.1-3 (Sheet 2 of 2). Plant-Specific Screening Service Water Flood Events

Class of Events Event

107

Outside
(underground)

50

Description

Service water to contain-
ment unit coolers leaked,
both primary containment
sumps unavailable
(100,000 gallons).

Construction debris pierced
underground pipe, 50 gpm,
shut down.

Service water to RHR
underground leakage, shut
down.

Plant-Specific Screening

inside primary containment.
Could apply to air
conditioning units in reactor
building and control
building. Included in service
water flood events.

Could affect one EECW
header. Included in service
water flood events.

Could affect one EECW
header. Included in service
water flood events.

APPXE1.BFN.S/29/92 E.1-46
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Table E.1% (Sheet '1 of 2). Plant-Specific Screening of Fire Water Flood Events

Class of Events Event Description Plant-Specific Screening

Inadvertent
Actuation

18

19

a3(al

109

110

112

Inadvertent actuation of deluge
system when a pressure gauge
was bumped. This caused a
smail leak of approximately
20 gallons.

Inadvertent startup of fire
protection system led to a
water hammer event that
forced open a deluge valve.
Occurred when bulldozer
sheared off a fire hydrant, This
resulted in an insignificant leak.

Cable tray deluge inadvertently
opened due to faulty deluge
valves that opened when
system repressurized.
Occurred during shutdown.
This resulted in a very large
leak of approximately 28,000
to 30,000 gallons.

While troubleshooting an
electrical fault in an automatic
fire suppression system,
inadvertent actuation of the fire
suppression system caused one
division of a redundant safety
feature actuation system to
fail.

Pump motor overheated,
causing inadvertent actuation
of fire suppression system.
Some safety-related equipment
suffered water damages.

Ionization-type smoke detector
in an HPCI room reacted to
high temperature and humidity,
inadvertently actuating an
automatic sprinkler system.
This caused a loss in HPCI
system.

Similar to event 111.

Applicable to areas that have a
deluge system.

Applicable to areas that have a
deluge system.

Applicable to areas that have a
deluge system. BFN event,
small in comparison to other
flood sources.

Applicable to areas that have a
deluge system.

Applicable to areas that have a
deluge system.

Applicable to HPCI pump room.

Applicable to HPCI pump room.

APPXE1.BFN.S/28/82 E.1-47
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Table E.1% (Sheet 2 of 2). Plant-Specific Screening of Fire Water Flood Events

Class of Events Event

113/
114

115

117

Description

Two events resulted in
unnecessary actuation of the
deluge system for the main
cooling towers due to the
deactivation of the control
system for maintenance work.

Smoke from welding caused an
inadvertent actuation of fire
suppression system. Water
damage caused inoperability of
one division of the redundant
primary containment
atmosphere hydrogen
recombiner system.

During tests, actuation of
several fire water suppression
or sprinklers occurred. Tripped
one RPS motor generator set
and caused two dropped
control rods.

Plant-Specific Screening

Applicable to areas that have a
'deluge system.

Applicable to areas that have a
deluge system.

Applicable to area that have a
deluge system.

Leaks/Breaks 60

97

102

103

105

116

Underground fire main leak
during construction. Potential
cause due to large construction
equipment.

Underground pipe ruptured
with plant at power.

Pipe break (turbine building) at
elbow during motor pump
testing. Break detected when
second pump auto started.

During fire hydrant repair of
shutoff valve, it blew off.
Occurred outside and at 100%
power.

While modifying fire water
system, water ran down into
diesel generator control
cabinet. Plant at power.

A foam distributor system
leaked water into the diesel
fuel oil tank through an open
valve.

Applicable but does not affect
equipment inside buildings.

Applicable but does not affect
equipment inside buildings.

Applicable; is actually a small
leak but has the potential to
become very large.

Applicable but does not affect
equipment inside buildings.

Applicable.

Not applicable.

APPXE1.BFN.8/28/92 E.1-48
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Table E.1-5 (Sheet 1 of 3) ~ Plant-Specific Screening ECCS Flood Events

Class of Events Event Description Plant-Specific Screening

Pump Related
(except for high
pressure pumps in
operation)

39 Core spray relief valve lifted . BFN relief valve capacity is
during test shutdown, 93 gpm. Small event,
20,000 gallons diverted detectable by sump alarms.
(1,000 gpm).

Valve/Cooler
Related (except
for high pressure
pump in operation)

Inadvertent
(spray) Actuation
or Automatic
Recirculation
Alignment

40

55

92

28

46

48

70

43

54

89

Core spray pump seal leak,
power (3 gpm).

AOV opened (RHR) during
LOSP test, refueling (14 feet of
water).

Weld on RHR to CVCS letdown
small line (3,000 to
7,000 gallons). Shutdown.

LPI/DHR drain valve left open
during maintenance, power
(3 feet of water).

RWCU 1-inch relief line for
regenerator heat exchanger
failed, power continued,
isolated.

Fuel pool heat exchanger inlet
vent line nipple ruptured from
corrosion, power,
3,500 gallons.

DHR flow instrument valve
weld, 2 gpm.

Pressure switch shorted and
actuated sprays and pumps
shut down (30,000 gallons in
drywall) ~

Spray actuation due to
maintenance error during
refueling. 25,000 gallons in
3 minutes,

One division auto recirculation
actuation during RWST level
test.

Small; applies to reactor
building.

No fail-open AOVs. Not
applicable design.

I

Medium; applies to RHR
connection to RWCU or RCIC
in reactor building.

Small (1 inch or less); pump
rooms have flood alarms.

Small; normal operating
system.

Small; applies to reactor
building,

Small; applies to reactor
building.

Water was inadvertently
sprayed in primary
containment, Not applicable to
flooding equipment outside.

Inside primary containment.
Not applicable to flooding
equipment.

Small; not applicable to
flooding equipment unless it
happens when equipment
disassembled and unisolated.

APPXE1.BFN.8/29/92 E.1-49
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Table E.1-5 (Sheet 2 of 3). Plant-Specific Screening ECCS Flood Events

Class of Events Event

101

108

High Pressure
Pumps during
Operation

Description

Loss of power and improper
relay set idle to spray
actuation/recirculation valve
reposition.

Inadvertent actuation in RHR
during refueling due to low
level false signaI, overflowed to
lower elevations.

HPCI gland steam condenser
gasket blew after plant trip
(power escalation testing).

Same as event 6 one month
later.

Plant-Specific Screening

Inside primary containment,
Not applicable to flooding
equipment outside.

Refueling event; not enough
water in reactor cavity to
cause significant flooding in
reactor building.

Small BFN event in HPCI pump
room.

Small BFN event in HPCI pump
room.

42

63

75

~ 78

79

RCIC/HPCI condenser ring
header weld joint fail in the
torus room after trip
80,000 gallons.

HHSI test connection valve
separated during test, pump
secured (550 gallons), shut
down,

HPCI pump flange leak during
test, detected by flood alarm,
isolated, power.

HPCI steam supply drain line
left open, sprayed during test,
startup (750 gallons).

HHSI pump seal leak during
response to safety injection,
suction valve close
(450 gallons).

Charging seal injection line
leak, 1.5-inch line lost flow to
all RCP seals.

HPCI test return line rupture.

HPCI test return line leak,( 5 gpm, power.

Large BFN event; design
modification has remedied
problem.

Small; applies to reactor
building.

Small; applies to HPCI and
RCIC.

Small; applies to reactor
building.

Small; system must be
operating. Operator should be
locally at the pump during test.

Small; applies to RWCU or CRD
in reactor building.

Size not indicated. Applies,
but operator should be locally
at pump during test.

Small. Applies, but operator
should be locally at pump
during test.

APPXE1.8FN.8/29/92 E.1-50
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Table E.1-5 (Sheet 3 of 3). Plant-Specific Screening ECCS Flood Events

Class of Events Event

88

90

91

Description

Charging common suction line,
11 gpm at 80% power.

3-inch crack in charging pump
suction header vent valve,
pumps unavailable.

Seal injection header drain
valve leak, < 8 gpm.

Seal injection line elbow weld
leak at power.

Plant-Specific Screening

Small. Applies to normally
operating systems lRWCU or
CRD) in reactor building.

Applies to normal operating
systems {RWCU or CRD) in
reactor building.

Small; applies to normal
operating systems in reactor
building or inside primary
containment.

Small; applies to normal
operating systems in reactor
building or inside primary
containment.

APPXE1.BFN.8/29/92 E.1-51
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WATER

27 events

ECCS
RELATED

35 events

NOT
BICLUDED

Small or Not Applicable I14)

Large Events I I 1)

Pump Related (7)
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Outside (2)
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not HP Operation
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Browns Ferry Unit 2 Individual Plant Examination Revision 0

Description

Turbine Building

Service Water (EECW)

Fire Water

ECCS Related

Number of
Events

25

17

27

Events

1, 2, 3, 4, 5, 22, 23, 32, 37, 38, 52, 53,
57, 58, 59, 61, 66, 67, 77, 80, 80(a),
93, 94, 96, 98

9, 10, 11, 14, 16, 17, 26, 31, 34, 36,
47, 49, 50, 62, 107

18, 19, 43(a), 60, 97, 102, 103, 105,
109, 110, 111, 112, 113, 114, 115,
116, 117

6, 7, 8, 25, 28, 39, 40, 41, 42, 43, 46,
48, 54, 55, 63, 70, 75, 78, 79, 84, 88,
89, 90, 91, 92, 101, 108

Figure E.1-1 (Page 2 of 2). Screening and Partitioning of Flood Events at Browns Ferry
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E.2 BR WNS FERRY INTERFA IN SY TEM L A EVAL ATI N

E.2.1 INTRODUCTION AND SUMMARY

An interfacing system loss of coolant accident (LOCA) is potentially initiated by the failure
of the pressure boundary separating the reactor vessel from system components of lower
design pressures. These interfaces are potentially important to risk because the low
pressure system rupture results in the unavailability of the same systems that are used to
mitigate the event. In addition, primary containment is bypassed and if core damage
occurs, radioactive releases bypass the primary containment.

This interfacing LOCA evaluation includes the identification and quantification of
interfacing system LOCA initiating events, an assessment of low pressure system failure
modes and their'probabilities, and an accident sequence analysis, which considers operator
and equipment response to these failures.

The following summarizes the procedure used to conduct this evaluation:

~ Interfacing LOCA initiating event paths were identified. Primary containment
penetrations that connect to the reactor vessel were screened to identify low
pressure system interfaces. This screening and the identification of interfacing
LOCA initiating event paths are described in Section E.2,2.

~ Initiating event models were developed and quantified for each interfacing LOCA
path. Section E.2.3 describes the development of these models, and Section E.2.6
describes their quantification.

~ For each interfacing LOCA path, an overpressurization analysis of the interfacing
low pressure system is performed. Component materials, thickness, and their
design pressures and temperatures are determined to evaluate failure modes in the
low pressure system and their probabilities. Relief valves are identified, and their
setpoints, capacities, and discharge paths are determined. The results of this
analysis are used in the accident sequence and plant response analysis. The
evaluation of low pressure systems design is presented in Section E.2.4.

An accident sequence analysis incorporates the above evaluations and further
evaluates operator response and systems that can be used to recover from an

interfacing LOCA initiating event. This analysis includes consideration of plant
response for a spectrum of interfacing LOCAs and the operator interface with
procedures. The accident sequence analysis is provided in Section E.2.5.

Accident sequence quantification and results are described in Section E.2.6.

NRC guidance states that bypass scenarios with frequency greater than 1 x 10 be

identified.

E.2.2 IDENTIFICATIONOF INTERFACING SYSTEMS LOCA PATHS

As described previously, an interfacing LOCA is initiated by failures of the pressure

boundary separating the nuclear boiler from low pressure systems, which, in turn, are
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partially located outside the primary containment. Therefore, by definition, an interfacing
LOCA path must penetrate the primary containment and connect to the reactor vessel.
Penetrations are identified by reviewing the Final Safety Analysis Report {FSAR) listing of
primary containment penetrations (Reference E.2-1) and the systems flow diagrams, which
are also identified in Reference E.2-1. The primary containment penetrations that connect
to the reactor vessel and that are greater than 1 inch in diameter are listed in Table E.2-1.
Although the control rod drive inlets and outlets are 1 inch and /4 inch in diameter,
respectively, these penetrations are considered as possible interfacing LOCA initiators
because there are 185 inlet and outlet lines each. Section E.2.2.1 discusses the potential
importance of these paths.

E.2.2.1 r Dis h r He d rL A

Scram inlet penetrations (X-37, 185 one-inch lines) (Reference E.2-2) are downstream of
the control rod drive (CRD) pumps, which normally continue to operate and inject to the
RPV through the CRD seals after a scram. This piping is high pressure design and
relatively small diameter. In addition, each of the 185 inlet paths has a check valve prior
to its scram inlet valve outside primary containment. The scram inlet valves close after
the scram is reset by the operators (if the scram signal can be reset). For a LOCA outside
containment to occur, the high pressure piping in the CRD pump discharge header would
have to fail and several of the 185 one-inch check valves would have to fail to close to
cause a significant leak outside primary containment. The frequency and consequences of
the LOCA are judged to be enveloped by the scram outlet paths described below.

Scram outlet penetrations (X-38, 185 3/4" lines) discharge to the east and west discharge
headers on Elevation 565'n the reactor building. There is one scram outlet valve in each
line outside primary containment that closes after the scram is reset by the operators.
There are vents on the scram discharge headers and drains on the instrument volumes.
These vent and drain paths have redundant isolation valves to prevent leakage from the
reactor protection vessel (RPV) after a scram. The system is designed to reactor operating
pressure up to and including the isolation valves. Two types of scenarios can be
postulated to address a LOCA outside primary containment:

~ Pipe break in the scram discharge volume after a scram. Note that, during normal
operation prior to scram, the scram discharge volume is at atmospheric pressure.

~ One of four vent and drain paths fails to isolate after a scram.

The first scenario appears to be unlikely because of the low frequency of pipe rupture on
demand and during the short duration after scram when the reactor is still at high
pressure. This scenario was evaluated by the U.'S. Nuclear Regulatory Commission (NRC)
in NUREG/CR-2672 and NUREG-0803 (References E.2-3 and E.2-4). The Tennessee
Valley Authority (TVA) performed a plant-specific analysis (Reference E.2-5) based on
NUREG-0803 (Reference E.2-4) and General Electric NEDO-24342 {Reference E.2.6).
These analyses considered environmental impacts on equipment in the reactor building,
alarms and indications associated with operators diagnosing the LOCA outside primary
containment, and operator responses to mitigate the accident. The TVA analysis
estimated the probability of core damage at approximately 1.5 x 10 per year, and the
NRC conservatively estimated the frequency at less than 1 x 10 per year. After these
analyses were performed, Emergency Operating Instructions for secondary containment
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control (2-EOI-3, Reference E.2-7) were developed; they require the operators to
emergency depressurize the RPV based on high temperature, level, or radiation in the
reactor building. Thus, if a normal shutdown after scram does not reduce the leak
significantly and in time, the reactor building temperature alarms and/or flood alarms would
provide another requirement to depressurize (emergency depressurization) the RPV and to
reduce the leakage outside primary containment. The present procedures provide an
improvement from what was available when these earlier analyses were performed.

The following summarizes the analyses:

~ Initiating event frequency is less than 1 x 10 4 per year.

~ The possibility of scram reset closing the scram outlet valves and eliminating the
LOCA was considered. The analyses recognized that some scrams cannot be reset
easily.

~ A total leakage of 550 gpm from 185 seals was used. Reactor building
environmental response was considered. The environmental effects are bounded by
the maximum reactor building temperature postulated for the environmental
qualification program. Flooding takes significant time to jeopardize operation of
core spray, residual heat removal (RHR), high pressure coolant injection (HPCI), or
reactor core isolation cooling (RCIC) pumps at Elevation 519'.

~ Manual isolation at the CRD mechanisms was considered, but little credit was given
due to environmental conditions (operator accessibility).

~ Cooldown and depressurization is the most likely action after a scram, which
reduces the LOCA (leakage) and consequences outside primary containment.

Based on these earlier analyses and today's improved Emergency Operating Instructions,
the risk from pipe rupture in the scram discharge volume is judged to be very low. An
initiating event frequency of 1 x 10 4 per year in combination with a conservative
estimate of the unreliability of the operators or equipment at 1 x 10 would set core
damage frequency at approximately 1 x 10 7 per year. This is considered to be a
conservative estimate.

It appears that the second scenario (scram discharge volume isolation failure) has not
previously been evaluated. The frequency and consequences of this scenario are
investigated to determine its relative importance to the pipe rupture scenario.

The east and west scram discharge headers in the reactor building are cross connected
(1-inch line), and each header vents to clean radwaste (CRW) drains through redundant
air-operated valves (AOV). These valves that fail closed on loss of air and isolation signals
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are from the reactor protection system, which is fail safe position. The following
summarizes the discharge volume vent isolation valves:

Discharge Header

East Vent

West Vent

Redundant Valves

FCV 85-83 and FCV 85-83A

FCV 85-82 and FCV 85-82A

Line Size

2 inches

2 inches

The scram discharge headers drain to the east and west instrument volumes, which drain
to CRW through redundant AOVs. These valves fail closed on loss of air and isolation
signals are from the reactor protection system, which is the fail safe position. The
following summarizes the instrument volume drain isolation valves:

Instrument Volume

East Drain

West Drain

Redundant Valves

FCV 85-37E and FCV 85-37F

FCV 85-37C and FCV 85-37D

Une Size

1.5 inches

1.5 inches

Failure of any one of the above vent and drain paths from the discharge headers and
instrument volumes results in reactor coolant leakage to the reactor building equipment
drain sump 2, which is located in the reactor building northeast corner room on
Elevation 519'. Core spray pumps B and D are located in this corner room.

The following summarizes the location of core spray, RHR, HPCI, and RCIC, all located at
Elevation 519'.

Reactor Building
Corner Room

Northeast

Northwest

Southeast

Southwest

Equipment

Core Spray B and D, and Equipment Drain Sump 2

Core Spray A and C, and RCIC

RHR B and D, and HPCI and Floor Drain Sump 2B

RHR A and C, and Floor Drain Sump 2A

Indications to the operators that a discharge header or an instrument volume is unisolated
include high room temperature alarms, sump alarms, and flood alarms at Elevation 519'.
The response is very similar to a pipe break on Elevation 565'xcept that the LOCA is to
the equipment drain sump on Elevation 519'ather than to the floor drain sumps. The
temperatures should be slightly higher on Elevation 519'ompared with the pipe break
scenario, and the opportunity for manual isolation at the CRD mechanisms should be better
as the environmental conditions are less severe at the CRDs.

The frequency of a LOCA outside primary containment due to scram discharge volume
isolation failure can be estimated as follows:

ISOL = SCRAM "{4"AOV "AOV)
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where "SCRAM" is the frequency of scrams per year, and "4"AOV "AOV" is the four
combinations of isolation valve failures on demand that cause a LOCA to the CRW.

If three scrams per year are assumed (see Section 3.1.1; the generic number of scrams per
year is on the order of 2.5) and if AOV = 2.66 x 10" (data variable ZTVAOF), ISOL is
calculated to be 8.5 x 10 per year if common cause failure of the valves is neglected.
Common cause data for the failure mode "air-operated valves failing to transfer the failed
position" are not available. If a common cause beta factor of 0.07 is used (data variable
ZBVAOD, representing air-operated valves failing on demand), ISOL is calculated to be

2.2 x 10 4 per year.

The above indicates that the initiating event frequency is low, there is sufficient time for
operator response with minor consequences, and operator response procedures adequately
address these scenarios. Thus, the risk from these scenarios is judged to be small
compared with other scenarios considered in the PRA.

E.2.2.2 her Po en I I LOCA

A screening evaluation of the remaining penetrations in Table E.2-1 determines the paths
to include as initiating events in the interfacing LOCA model. This screening evaluation is

also documented in Table E.2-1 ~ The purpose of the screening is to identify the most
risk-significant paths to the model, recognizing that the other paths would not contribute
significantly to risk. To make this judgment, the paths chosen will be the more likely
initiating event paths and have the more significant impact on mitigating systems located
outside primary containment, i.e., RHR and core spray system failures. The following
summarizes the design features considered in the screening evaluation:

~ Design and operating pressure of systems and components outside primary
containment.

~ The number, type, and normal position of isolation valves between the reactor
vessel and the lines leading outside primary containment,

~ Pipe diameter of path.

~ Potential consequences from failure of valves in the path and/or from pipe failure
outside primary containment.

A positive combination of two or more of the above design features will usually justify a

judgment of low risk. For example, a small line outside primary containment would only
lead to a small LOCA, and the consequences on mitigating systems would be minimal.

Clearly, the penetrations chosen as most important interfacing LOCA paths do not satisfy
positive aspects of the above design'features. For example, the low pressure injection

paths have large pipe diameters, there are,two isolation valves in series that isolate the
low pressure design outside primary containment, and the potential consequences include

failure of equipment in the reactor building due to degraded environmental conditions.
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Based on the above evaluation, the following interfacing LOCA paths are identified and
analyzed further:

~ Core Spray Injection Lines. There are two interfacing LOCA paths. Each path has
one check valve and one motor-operated (MOV} in series (FCVs 75-26 and 75-25,
and FCVs 75-54 and 75-53, respectively). Figure E.2-1 shows only one of the
paths (division B}. Except for valve numbers, the other core spray path (division A)
is identical to that shown in Figure E.2-1.

~ Residual Heat Removal Injection Lines. There are two interfacing LOCA paths; each
path has one check valve and one MOV in series (FCVs 74-54 and 74-53, and
FCVs 74-68 and 74-67, respectively). Figure E.2-2 shows only one of the paths
(division B). Except for valve numbers, the other RHR injection path (division A) is
identical to that shown in Figure E.2-2.

~ Residual Heat Removal Shutdown Cooling Suction Line. As shown in Figure E.2-3,
there are two normally closed, motor-operated valves (FCVs 74-47 and 74-48) in
this path.

The following interfacing LOCA initiating events are defined to represent the above paths:

Vl. An interfacing LOCA initiated by one of the two core spray injection paths due
to equipment failure.

'ITM.An interfacing LOCA initiated by one of the two core spray injection paths
due to test and/or maintenance activities.

VR. An interfacing LOCA initiated by one of the two RHR injection paths due to
equipment failure.

VRTM. An interfacing LOCA initiated by one of the two RHR injection paths due to
test and/or maintenance activities.

VS. An interfacing LOCA initiated by the RHR suction path. Since testing and/or
maintenance is not conducted on the RHR suction valves during operation, only a
LOCA due to equipment failure is considered.

Because of actual precursor events described in the next section, VITMand VRTM are
explicitly modeled rather than combined with Vl and VR.

Given the identification of interfacing LOCA initiating event paths, the next steps are to
establish failure modes for each initiating event and to collect more detailed design
information on each low pressure system path outside primary containment. This is
described further in Sections E.2.3 and E.2A. The failure models and data developed in
Section E.2.3 establish the initiating event portion of the model. The more detailed design
information and overpressure analysis described in Section E.2A support the event
sequence analysis tasks.
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E.2.3 INITIATINGEVENT MODELS AND DATA

E.2.3.1 Valv L aka e Ev n

An interfacing LOCA can be initiated by a spectrum of leakage events that range from a

small leak that exceeds the capacity of the relief valves in the low pressure system to the
catastrophic failure of a valve, which structurally challenges the interfacing low pressure

system.

Figure E.2-4 presents the frequency of exceeding check valve leakage rates from industry
experience. These experience data were developed from a review of check valve failure
events in U.S. light water reactors during the period 1972 through 1984 as reported in

Nuclear Power Experience (Reference E.2-8 as described in Reference E.2-12). Among the
several hundred check valve failures identified, only those that are initially seated and

testable were considered to be the most relevant for the valves considered here. No disc
rupture event was identified, and the maximum leak rate observed was 200 gpm.

Table E.2-2 contains nine boiling water reactor (BWR) events (Reference E.2-9) that could
be considered as precursors to an interfacing LOCA. These events are considered in

developing the test and maintenance contribution to the interfacing LOCA initiating events.

A total exposure time of 1 x 10 check valve hours was estimated by counting the
number of check valves in power plants in the database of the low pressure systems
(Reference E.2-10). A best line fit to the data was obtained using Bayesian regression
techniques (Reference E.2-11), and it is presented along with the calculated bounds at
90~/ confidence in Figure E.2-4 (see Reference E.2-12).

From the data in Figure E.2-4, the frequency of random valve disc failures resulting in

different leakage rates can be obtained as input to the initiating event quantification.

E.2.3.2 Ini ia in Ev n Fail r Model

As described in Section E.2.2, interfacing LOCA initiating events are caused by failure of
two valves in series, allowing the nuclear boiler to pressurize the lower pressure system
outside primary containment. In general, the frequency of failure of two valves, V1 and

V2, in series can be expressed as (Reference E.2-12):

Ay y = A(V1)"P(V2)V1) + A(V2)'P(V1 (V2) (E.2.1)

where

Ayy
a(v„)
A(V2)
P(V2(V„)
P(V, )V2)

= the failure frequency of two valves in series.
= the independent failure frequency of V1.
= the independent failure frequency of V2.
= the conditional failure frequency of V2, given that V1 has failed.
= the conditional failure frequency of V1, given that V2 has failed.

A(V1) is not necessarily the same as A(V2), as the valves experience different operating

conditions; for example, valve V1 experiences a higher differential pressure as it is closer

to the reactor vessel. When valve V1 leaks, the space between the valves, V1 and V2,
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becomes pressurized. If the probability that the space that is between the valves is

pressurized to reactor vessel operating pressure is called Pl, Equation (E.2.1) becomes

Ay y = A(V1) P(V2IV1) (1-Pl) + A (V1) P (VzlV1) Pl

+ A(vz)"P(v1lvz) "(1-Pl) + A'(v2)"P'(v1 lvz)"Pl
(E.2.2)

where the primes indicate failure probabilities with a pressurized space between the
valves. With leakage of valve V1, the higher differential pressure exists across valve Vz
instead of V1. Given this fact, the following assumptions are made to simplify
Equation (E.2.2):

(a) A'(Vz) ~ A(V1)

(b) A (V1 ) «A(V1)

(c) A(VZ) (( A'(VZ)

(d) P (v1 Ivz) —P(vzl v1)

Assumption (a) states that the failure probability of either valve, given high differential
pressure, is approximately equal. Assumptions (b) and (c) state that the failure probability
of either valve under low pressure loading is smaller than the failure probability under high
pressure loading. Assumption (d) states that the conditional probability of one valve under
low pressure loading, given the failure of a valve under high pressure loading, is
approximately the s'arne for the pressurized and nonpressurized conditions. Under these
assumptions, Equation (E.2.2) becomes:

Av-v = A(v1)"P(vzlv1) + A'(v1)"P'(vzlv1) "Pl

+ A(vz)"P(v1 I vz) "(1-Pl)

To further simplify Equation (E,2.3), the following assumptions are made:

(E.2.3)

(e) A(v1) » A(vz)

(f) P(V2IV1) a P(V1IV2)

(9) A(v1)"P(vzlv1) > A'(v1)"P'(vzlv1)

Assumption (e) is the same as assumptions (b) and (c) above; a valve with high differential
pressure loading has a higher probability of failure than a valve with low differential
pressure loading. Assumption (f) states that the probability of random failure of V1
contained in P(V1IVZ) is less than or equal to P(VZIV1), which contains the probability of
failure of VZ due to shock impact after V1 fails as well as the random failure of VZ.

Combining assumptions (e) and (f) results in assumption (g). From the latter assumption,
it is a conservative estimate that

A(V1)"P(Vzlv1) = A'(V1)"P (Vzlv1) (E.2.4)
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Following assumptions (e), (f), and (g) and Equation (E.2.4), Equation (E.2.3) oan be
rewritten as-

AV-V = A(V1)"P(V2iV1)"(1+PI) (E.2.5)

Because only a small amount of leakage is required to pressurize the space between the
valves, PI is conservatively assumed to be equal to 1, and Equation (E.2.5) becomes

V-V 2 "~(V1)"P(V2 I V1) (E.2.6)

Therefore, a conservative expression for the probability of failure of two valves in series is
twice the product of the failure probability of a single valve (under high differential
pressure) and the conditional failure probability of the second valve, given that the first has
failed.

E.2.3.2.1 Failure of One Check Valve and One IVIOV in Series due to Equipment Failure

Initiating events Vl and VR represent failure of one testable check valve and one MOV in
any injection line. In these events, V1 is the check valve, and V2 is the MOV. The
following failure modes apply to the failure of one check valve and one MOV in series due
to equipment failure:

1. Rupture of V1, which goes undetected, and then V2 ruptures between tests.

2. Rupture of V1, and then rupture of V2 on demand.

3. V1 ruptures, and V2 spuriously opens.

4. V1 ruptures, and V2 position status indicates closed, but V2 is actually left open
after maintenance and/or testing.

The failure mode "check valve stuck open after test" is not considered in this analysis
because the testable check valves (75-26, 75-54, 74-54, and 74-68) are seal leak tested
during refueling or cold shutdown. The air operator is made inoperable (air removed)
during power operation, and relief in testing the check valves from a quarterly time interval
to periods of cold shutdown has been granted (Reference E.2-13). The core spray and
RHR MOVs are tested quarterly per Surveillance Instructions 2-SI-4.5.A.1.C(l)/(II)
and 2-SI-4.5.B.1.C(I)/(II).

A spurious actuation failure mode is not considered for the testable check valves because
they cannot open under reactor pressure and air is normally disconnected from these
valves, and can only be reconnected when primary containment is deinerted
(Reference E.2-14) ~ The spurious actuation failure mode for the MOVs includes spurious
signals as well as operator error during testing. The expression for the probability of
failure of two valves in series was given in Equation (E.2.6). The term P(V2iV1) in this
equation contains four components: failure modes 1 through 4 above. To derive an
expression for Equation (E.2.6) in terms of known failure frequencies, the frequency of
failure mode 1, random valve failure, will be determined first.
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As shown in Section 6.6 of the Seabrook Station Probability Safety Assessment
(Reference E.2-15), the determination of the frequency of occurrence of random failures
may be accomplished by assuming that the two series valves in each path represent a

standby redundant system and that failure of the downstream valve cannot occur until
failure of the valve with the high differential pressure loading has occurred. The probability
of random failure (unreliability) for a single injection path is given by

Qpath = 1 - e" (1 + A(V1)t) (E.2.7)

In this analysis, A(V1) is the failure frequency of exceeding leakages greater than or equal
to the relief valve capacity. This expression is then used to derive a failure (hazard) rate
for the path:

Apath(t) 1 /( 1 Qpath) d/d't[ 1 Qpath]

or, substituting using Equation (E.2.7)

Apath(t) = A(V1)/(1 + 1 /A(V1)'t)

(E.2.8)

(E.2.9)

Since the MOVs are tested quarterly, the check valves are tested at cold shutdown
(18 months), and RHR check valve leakage is not detected during MOV testing, the
time-dependent failure rate, Equation (E.2.9), is bounded by an 18-month exposure
time Te (hours). Therefore, Equation (E.2.9) is integrated over a time T (18 months) to
obtain the average failure rate over 18 months.

Apath(per 18 months) = [A(V1)Te In(1 + A(V1)Te /Te

where Te = 18 months. (E.2.10)

When A(V1)Te ( ( 1, this result can be expanded using a limiting procedure to obtain

Apath(per Year) = A (V1)Te /(2 "Te) (E.2.1 1)

(E.2.1 2)

The rupture on demand component of the path failure frequency, failure mode 2 above, is
merely the product of A(V1) and the rupture on demand failure rate Ad. This is multiplied
by two because of two possible combinations of valve failures. Thus, Equation (E.2.11)
can be expanded to include the rupture on demand failure

f A(V1)Te
Apath(per 1 8 months) = A(V1 ) l' + 2Ad

(E.2.13)

The next component of the path failure frequency, failure mode 3, is similar to failure
mode 2, but it involves the failure frequency As, which represents "MOV spuriously
opens." Thus, the expression for one check valve and one MOV in series is

A(V1)Te
Apath(Per 18 months) = A(V1) L 2 + 2Ad + AsTe

MOVs are equipped with stem-mounted limit switches, and closure of these valves is
verified once a month per Technical Specification 4.5.B. However, a slight possibility
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(E.2.14)

exists that the "MOV indicates closed but is open after test." To reflect this feilure mode
and the fact that there are two paths for initiators Vl and VR, the expression becomes

(V1)Te
"2paths(Per 18 months) = 2"A(V1) ( 2 + &d + "sTe

The contribution from failure modes 3 and 4 does not include the factor of 2 from
Equation (E.2.6) because these failure modes do not apply to the check valve. The
initiator frequencies for VR and Vl over a 1-year period can be obtained by having
Equation (E.2.14) multiplied by 8,760 hours.

E.2.3.2.2 Failure of One Check Valve and One MOV in Series due to Test and/or
Maintenance Activities

Initiating events VITMand VRTM represent failure of one testable check valve and one
MOV in any injection line due to test and/or maintenance activities, failure frequency

ATII,M. As in the above events, V1 is the check valve, and V2 is the MOV.

A review and an evaluation of operational events involving actual and potential
overpressurization of low pressure safety systems in BWRs have been conducted
(References E.2-9 and E.2-16). As a result of that review, Table E.2-2 lists nine events
identified as BWR precursors to an interfacing system LOCA. The Hatch event and two of
the LaSalle events did not cause low pressure safety system overpressurization because
the associated MOV remained closed. The LaSalle event was conducted while the plant
'as in cold shutdown. Therefore, five of the nine events led to actual overpressurization
of the low pressure safety systems while the plant was at power. The 1986 Pilgrim
incident resulted in a leak rate within the relief valve capacity. As a result, the event
frequency, measured by the 4 events in 250 reactor-years that produced a leak rate
beyond the relief valve capacity and led to low pressure safety system overpressurization,
is represented by the following expression:

ATII,M = A(CV) " P(MOV/CV) (E.2.15)

where

A(CV) = the failure frequency of a check valve.

P(MOV/CV) = the conditional failure probability of the MOV, given that the check
valve has failed.

According to the above discussion, the point estimate values of A(CV) and P(MOV/CV)

are 9/250 and 4/9, respectively. The events in Table E.2-2 occurred in both high pressure

(HPCI) and low pressure (RHR and core spray) systems. The fraction of applicable events
in low pressure interfaces is 4/9 precursors, and the fraction of applicable overpressure
events in low pressure systems is 2/4. At Browns Ferry, there are 4/6 applicable low
pressure paths (2 RHR injection, 2 core spray injection, 1 HPCI, and 1 RCIC that contain a

testable check valve and MOV configuration. This is similar to other BWRs. The 4/6
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fraction is used because it provides slightly more conservative results. The reported
overpressurization events applicable to low pressure emergency core cooling and the point
estimate value are calculated by

ATII,M = 9/250 " 4/9 " 4/6 = 1.1 x 10 (events per reactor-year) (E.2.16)

Based on the above point estimate result and using that as an estimate of the median

frequency, the distribution for pressurization initiators attributed to test or maintenance
activities can be developed based on past experience. Assuming a lognormal distribution
for this frequency with a range factor of 2, the distribution of this frequency, ATII,M,has
the following characteristics:

Frequency Distribution for AT+M

Parameter

Mean

5th Percentile

95th Percentile

Frequency (events per reactor-year)

1.1 x 10-2

56 x 103

2.2 x 10-2

The above estimate of ATII,M,based on past operational experience, provides a total
frequency of the event at Browns Ferry. This frequency can be split evenly between core
spray and RHR as they both contain two injection paths. Thus, the mean frequency of
VITMand VRTM from operational experience is 0.5 "ATII,M = 5.5 x 10 per year.

The above is believed to be conservative. The frequency of these. events today is
expected to be less likely due to differences in testing practices, improved procedures, and
configuration changes that require additional failures. The event at Browns Ferry is
discussed below:

~ The inboard air-operated testable check valve was partially open, indicating closed
due to maintenance error on the solenoid. Leakage past the check valve was
relatively small, and the check valve would have to fail to reseat under higher flows
to be classified as a large LOCA outside primary containment. These check valves
now have air removed during power operation, and are only tested during cold
shutdown (Technical Specification relief per Reference E.2-13). Valve and actuator
maintenance and return to service procedures were revised to be more descriptive.
The check valve is leak tested during shutdown to ensure leak tightness after tests.

~ A second error was associated with surveillance logic testing of the core spray
loop, which allowed the inboard MOV to open (failure to open valve breaker) while
the outboard MOV was not closed. Improved procedures and training have been
implemented.

Based on the above, a more realistic frequency for VITMand VRTM was developed and
summarized in Section E.2.6.1. The 4 events in 250 reactor operating years are retained
as the frequency of inadvertent opening of the inboard MOV with the outboard valve open
(similar to the Br'owns Ferry event). Also, the factor of 4/6 for low pressure systems and
the factor of 1/2 to split this into VITMand VRTM are appropriate. However, the
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frequency of check valve failure is based on the gross leakage model (Figure E:2-4),
rupture on demand, and failure to reseat on demand. The following model is used:

VITNI = VRTlvl = ATgivl
" [A(V1) Te + Ad + Ar] (E.2.1 7)

As described above, the check valve is designed to close on flow; therefore, the valve may
fail to reseat (A,) or it can rupture on demand (Ad) or it may grossly leak (A(V1)) between
outages.

E.2.3.2.3 Failure of Two Motor-Operated Valves in Series

Initiating event VS represents failure of two series motor-operated valves in the RHR

suction path from the recirculation loop. The following failure modes apply to the failure
of two motor-operated valves in series:

1. Rupture of V1, which goes undetected, and V2 ruptures between tests.

2. Rupture of V1, and then rupture of V2 on demand.

3. V1 spuriously opens, and V2 ruptures.

4. V1 ruptures and V2 position status indicates closed, but V2 is actually left open
after maintenance and/or testing.

A spurious actuation failure mode is not considered for MOV 74-47 because the power is
normally removed from the control circuits (Reference E.2-14). The spurious actuation
failure mode for MOV 74-48 includes spurious signals. In addition, testing and/or
maintenance activities are not performed on these MOVs during power operation.
Therefore, the ATII,IVIterm is omitted from the failure frequency equation.

J

The expression for the failure modes for two series motor-operated valves is the same as

Equation (E.2.14) developed above. There is no factor of 2 because this initiating event
contains only one RHR suction line. Failure mode 4, Ag, does contain a factor of 2 since
either MOV can be left open, Thus, the failure rate equation for two series MOVs is as
follows:

f A(V1)Te
A(VS)(per18months) = A(V1) ( 2 + 2Ad+ As Te+ 2Ag (E.2.18)

The failure frequency for VS over 1 year is a product of Equation (E.2.18) and the period
(8,760 hours).

I

E.2.4 OVERPRESSURIZATION ANALYSIS

E241 or Sra Ss mDsin

The core spray system has two injection paths (division B is shown in Figure E.2-1) to
supply the required cooling water to the reactor core. The portion of the system covered

in this study includes the piping system from the primary containment isolation valves to
the core spray pump. It includes one testable check valve and one normally closed MOV

SECTE2.BFN.09/01/92 E.2-13



Browns Ferry Unit 2 Individual Plant Examination Revision 0

(FCVs 75-26 and 75-25 for pumps A and C; FCVs 75-54 and 75-53 for pumps B and D,

respectively). There is a check valve (75-537A through 75-537D, respectively) at each

pump discharge.

Relief valves are provided to accommodate MOV leakage. The core spray system is

equipped with the following relief valves that are installed on 1-inch lines and discharge to
the clean radwaste (CRW):

Core Spray System Relief Valve Capacity (Reference E.2-17)

Relief Valve

75-543A

75-543 B

75-507A

75-507B

75-507 C

75-507D

Location

Between FCV 75-25 and Core Spray Pumps B

and D Discharge Lines

Between FCV 75-53 and Core Spray Pumps A
and C Discharge Lines

Core Spray Pump A Suction Line

Core Spray Pump B Suction Line

Core Spray Pump C Suction Line

.Core Spray Pump D Suction Line

Capacity

93 gpm at 500 psig

93 gpm at 500 psig

52 gpm at 150 psig

52 gpm at 150 psig

52 gpm at 150 psig

52 gpm at 150 psig

Consideration is not given for the core spray pump suction relief valves in this analysis
because leakage into the pump will be directed to the suppression pool via normally open
FCV 75-9 for pumps A and C or FCV 75-37 for pumps B and D (miniflow path). Also, the
pump suction is normally open to the suppression pool.

E.2.4.2 R D i

Three RHR piping lines are included in the interfacing LOCA analysis, the RHR suction line,
and the two independent RHR injection lines.

1

The RHR injection line (division B is shown in Figure E.2-2) includes the piping system from
the recirculation line (discharge side)/RHR system interface to the individual RHR pumps.
There are two separate low pressure injection paths at Browns Ferry supplied by the four
RHR pumps. Each injection path has one testable check valve and one normally closed
MOV at the RHR/RCS interface (FCVs 74-53 and 74-54 for division A; FCVs 74-67
and 74-68 for division B, respectively).

The RHR injection lines are equipped with the following relief valves that are installed on
1-inch lines and discharge to the CRW:

RHR Line Relief Valve Capacity (Reference E.2-18)

Relief Valve Location Capacity

74-587A Upstream of FCV 74-53

74-587B Upstream of FCV 74-67

89 gpm at 450 psig

89 gpm at 450 psig
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RHR Line Relief Valve Capacity (Reference E.2-18)

Relief Valve

74-578A

74-578 B

74-578 C

74-578 D

74-509A

74-509 B

74-509 C

74-509 D

Location

Shell-Side Heat Exchanger A

Shell-Side Heat Exchanger B

Shell-Side Heat Exchanger C

Shell-Side Heat Exchanger D

RHR Pump A Suction Line

RHR Pump B Suction Line

RHR Pump C Suction Line

RHR pump D Suction line

Capacity

89 gpm at 450 psig

89 gpm at 450 psig

89 gprn at 450 pstg

89 gpm at 450 psig

52 gpm at 150 psig

52 gpm at 150 psig

52 gpm at 150 psig

52 gpm at 150 psig

The total relief valve capacity for the RHR injection path is determined by adding the inline
relief valve and the two associated heat exchanger relief valves. Consideration is not
given for the RHR pump suction relief valves when the initiating event is from the injection
side because leakage into the pump will be directed to the suppression pool via normally
open FCV 74-7 or FCV 74-30 for pumps B and D (miniflow path). Also, the pump suction
is normally open to the suppression pool.

The RHR suction line (shown in Figure E.2-3) includes piping from the recirculation
line/RHR system interface to the individual RHR pump suction side. It has two normally
closed, motor-operated valves (FCV 74-48 and FCV 74-47) at the reactor coolant
system/residual heat removal interface and a normally closed, motor-operated valve at
each RHR pump suction side (FCVs 74-2, 74-25, 74-13, and 74-36 for pumps A, B, C,
and D, respectively).

In addition to the RHR pump suction relief valves 74-509A through D discussed above, the
RHR suction line is equipped with relief valve 74-659 (downstream of FCV 74-47), which
is installed on 1-inch lines and discharges to the CRW.

Again, consideration is not given to the RHR pump suction relief valves (74-509A
through 74-509D) because leakage past the individual pump suction motor-operated valves
would be directed to the suppression pool.

E.2.4.3 Ov r ressure Evaluation

The overpressure analysis described below has been taken from Reference E.2-19. The
failure pressures developed here are based on the material strengths and methods outlined
in Reference E.2-20.

A range of temperature from ambient temperature to 600'F is considered. Temperatures
are assumed to be material temperatures rather than fluid temperatures. Unless leak areas

are presented for a given component and failure mode, failure pressure is considered to
result in a large, uncontrolled leak area.
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It is assumed that the pressure capacities have a lognormal distribution. This assumption

is made because a lognormal distribution has been shown to be a valid description of the

variability in material strengths (see, for example, Reference E.2-21). In addition, for a

random variable that can be expressed as the product and quotient of several random

variables, the distribution of the dependent variable tends to be lognormal regardless of the

distributions of the independent base variables.

With the pressure capacity assumed to be a lognormal random variable and denoting it as

P, the probability of failure occurring at a pressure less than or equal to a specific value p
is expressed as:

Pf = Prob(P ap) = 4 (E.2.1 9)

where

Pf = probability that failure occurs at a pressure P w p.

P = random pressure capacity.

Gc = logarithmic standard deviation of P.

= median pressure capacity.

4 (.) = cumulative distribution function for a standard normal random variable.

In Equation (E.2.19), the pressure capacity for a given failure mode is probabilistically
described by the following expression:

P =I' M ~ S (E.2.20)

in which I's the median pressure capacity, M is a lognormally distributed random
variable having a unit median and a logarithmic standard deviation, GM, representing the
uncertainty in modeling, and S is also a lognormally distributed random variable with a unit
median value and a logarithmic standard deviation, GS, representing the uncertainty in the
material properties. The overall uncertainty in the median capacity is obtained by taking
the square root of the sum of the squares of GM and GS.

The median pressure capacity represents the internal pressure level for which there is a

50% probability of failure (leakage or burst) for a given failure mode. The median values
are evaluated from limit state analyses for the different failure modes. The uncertainties,

GM and GS, are associated with variability due to a lack of knowledge related to
differences between the analytical model and the real structure. IVlodeling uncertainties
are associated with the assumptions used to develop analytical models and their ability to
represent properly the failure condition. The strength uncertainties are associated with
variabilities related to the material resistance. Examples of the sources of strength
uncertainties include variability in steel yield and ultimate strengths, stress-strain
relationships, and the influence of elevated temperatures on material strength.
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Uncertainties will exist in the estimated pressure capacities due to differences between the
analytical idealization of the structure and the real conditions. There are numerous
possible sources of modeling uncertainties. Examples of the sources of modeling
uncertainties include assumptions used to develop the internal force distributions, failure
criteria, some detail dimensions, and the use of empirical formulae. Moreover, since the
uncertainties are dependent on the particular failure mode under consideration, they must
be evaluated on a case-by-case basis. However, in many instances, the evaluation of
these uncertainties would require very detailed analysis and/or extensive data, which may
not be available. As a result, it was necessary to use subjective evaluation and
engineering judgment to estimate these uncertainties.

E.2.4.3.1 Pipe

The RHR and core spray piping of interest includes various diameters up to 20 inches.
Various pipe schedules, including standard, extra strong, Schedule 30, and Schedule 40,
are used in various locations in the two systems.

Table E.2-3 shows median failure pressures for the pipe sizes of importance in the core
spray and RHR systems. Pipes with diameters less than 4 inches have capacities above
the range of interest. Pressure capacities for a temperature range from room temperature
to 600'F are given. In addition to the base condition of no corrosion shown in
Table E.2-3, pressure capacities for 0.02-inch and 0.04-inch corrosion are also shown in
Tables E.2-4 and E.2-5.

~ ~

Temperature-dependent variabilities for the above failure pressures are shown in
Table E.2-6. The variabilities include estimates of the variation in material strength, stress
strain relations, biaxial strain effects, the possibility of large pipe bending stresses due to
thermal expansion of pipes designed for lower temperature service, and the possibility of
partial through-wall flaws. Although the possibility of a major partial through-wall flaw
probably increases with the number of pipe segments and welds in a given piping run, the
relatively large variability associated with piping failure should at least initially permit
treating a given pipe run as a single element in the risk analysis, regardless of the number
of segments and welds in the line.

E.2.4.3.2 Gasketed Flange Connections

Most of the piping joints in the Brown's Ferry RHR and core spray systems are full
penetration butt welds. However, both 10-inch 300-pound and 14-inch 150-pound
flanges are specified for use in the core spray system (Reference E.2-22). No flanges
were identified for the RHR system (Reference E.2-23).

The behavior of gasketed flanges under pressure and temperature conditions is quite
complex. The variables affecting the leak pressure and the methodology used to develop
the gross leak pressure (GLP) and leak rates and leak areas for bolted flanges are discussed
in Reference E.2-20. The definition of the onset of gross leakage, or gross leak pressure,
as the point at which the gasket stress is equal to the pressure being retained, is used
quite generally in the gasket industry. For pressures less than GLP, the mass leak rate is
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calculated from the results of gasket leakage tests with water reported in
Reference E.2-24. Leakage of this form is related to the presence of the seams and

crevasses in the flange/seal joint rather than to any apparent leak area. For pressures
above the GLP, it was judged that the leakage is no longer due to seams and crevasses in

the flange/seal joint but primarily due to actual separation of the flange and gasket. Thus,
a leak area is calculated that is intended to be in addition to the leak rate calculated at
GLP. The leak area is calculated as the mean gasket perimeter times the separation
distance at the gasket. The separation distance is affected by bolt extension, gasket
recovery, and flange flexibility. Of these, the contribution of the bolt extension is by far
the most dominant.

Gross leak pressures, leak rates, and leak areas for 10-inch 300-pound and 14-inch
150-pound flanges are shown in Table E.2-7. GLP increases and the mass leak rate
decreases with increasing initial bolt stress. The leak area decreases with an increase in
initial bolt stress because the increased bolt stress creates a greater lock-up force that
must be overcome before the gasket begins to unload. It can be noted that, for
300-pound flanges, the joint relaxation has little effect on the flange leak resistance. Since
the bolt yield stress is not exceeded for up to two times GLP for either flange, a variation
in bolt yield stress of the magnitude expected for the SA-193-B7 bolts has no effect on

the results.

A lognormal standard deviation of 0.18 is recommended for GLP for both flanges. The
mass leak rates for pressures less than the GLP are low for both flanges, and the GLPs are

high for the median case. A variability of 0.54 for the leak rates for both flanges is used in
accordance with Reference E.2-20. Similarly, the leak areas for the flanges are also
relatively low, and a combined variability of 0.12 is recommended for the leak areas of
both sizes of flanges.

E.2.4.3.3 Valves

A number of valves of various types and sizes are located throughout the Browns Ferry
core spray and RHR systems. Past experience has indicated that larger valves tend to
have lower leak capacities than smaller valves. Also, lower pressure rated valves have
lower capacities. Therefore, a sampling of larger valves along with lower pressure rated
valves would be a conservative sample. Such a sample of Brown Ferry valves was
chosen.

Three failure modes are postulated for the various valves present in the Browns Ferry core
spray and RHR systems. These include failure of the valve body, failure of the stem
packing or packing retention flange, and failure of the bolted bonnet. Since the valve body
thickness is typically significantly greater than that of the adjacent piping, it was judged
that failure of the adjacent piping will occur prior to failure of the valve body. Also, the
types of valve stem packing used in the valves tend to compress under high pressure
conditions, providing a greater resistance to leakage. Although it is certainly possible that
the stem packing for some valves could deteriorate in response to service conditions, it
was judged that any resulting leak would be quite small and would have a negligible effect
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on both the valve and system operation. Thus, it was assumed that the only credible
failure mode for the valves considered here pertains to failure of the bolted bonnet seals.

Most bolted bonnet valves are sealed using spiral wound gaskets compressed between the
bonnet and valve body, which are machined in a tongue and groove configuration.
Occasionally, corrugated soft iron gaskets are used. Most of the large valves of interest
here are 300-pound rated. The 20-inch Powell gate valve (74-02) is 150-pound rated,
however, as are several of the smaller RHR system valves. Bonnet studs are high strength
material, with SA 193-B7 specified for most valves.

In addition to the 74-02 20-inch gate valve, the 74-71 18-inch and 74-46 24-inch gate
valves, and the 74-559 20-inch swing check valves were evaluated. Vendor-supplied bolt
torques were available for all valves. Gasket dimensions for these valves were estimated
from the available outline drawings, which are not to scale, and thus these dimensions
may include significant errors. However, as shown in Table E.2-8, these valves are
expected to have relatively high GLP (see Reference E.2-19). A lognormal standard
deviation of 0.16 is recommended for the GLP for MOV 74-71. A lognorrnal standard
deviation of 0.20 is recommended for GLP for the remaining valves. A lognormal standard
deviation of 0.54 is recommended for bonnet leak rates and 0.12 for leak areas for all
valves listed in Table E.2-8.

Smaller valves are expected to have somewhat higher capacities, and the pressure relief
valves are expected to have significantly higher capacities.

E.2A.3.4 RHR Heat Exchanger

The RHR heat exchanger is a vertically mounted U-tube heat exchanger. The shell side of
the heat exchanger is the side of concern for ISLOCAs. The shell cover cylinder is a

7/8-inch thick, 52-7/8-inch I.D. cylinder fabricated from SA-212 Grade B carbon steel, and
the shell cylinder is 13/16-inch thick 51-1/4 I.D. SA-212 Grade B. The 2:1 semiellipsoidal
head is also 7/8-inch thick SA-212 Grade B steel with a 56-inch I.D. The U-tubes are
3/4-inch O.D. No. 18 B.W.G. SA-249 type 304 stainless steel. The tube sheet is
61-1/8-inch O.D. by 5-1/4-inch thick, and is secured to the channel and shell-side flanges
by fifty-six 1-3/8-inch studs torqued to 879 ft-lb. Sealing is provided by a spiral wound
gasket 56-1/2-inch O.D. and 55-1/2-inch I.D. A second gasketed shell flange is located at
the bottom of the heat exchanger and connects the lower dished head with the shell-side
cylinder. This flange is secured by fifty-six 1-1/2 studs torqued to 1,155 ft-lb, and uses a

61-3/8-inch O.D. by 60-1/4-inch I.D. spiral wound gasket. The shell side of the heat
exchanger was designed for 450 psig at 360'F. A corrosion allowance of 0.100 inches
was provided for carbon steel surfaces.

Potential failure modes investigated include failure of the shell cylinder due to hoop stress,
plastic collapse of the dished head, buckling failure of the,,U-tubes, and leakage past one or
both of the tube sheet flanges. The median failure pressures for the cylinder and dished
head buckling capacities for no corrosion, together with their respective variabilities, are
shown in Table E.2-9. Table E.2-10 shows similar values for the heat exchanger with
0.100-inch corrosion. The buckling pressure capacity of the tubes is well above the range
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of interest. Median gross leak pressures, leak rates, and leak areas for the tube sheet for
several cases of assumed joint relaxation and initial bolt stress are shown in Table E.2-11.

Table E.2-12 shows similar results for the bottom flange.

E.2.4.3.5 Pumps

Both the RHR and core spray pumps were evaluated for the Browns Ferry ISLOCA
investigation. The RHR pump is a vertically mounted, single-stage centrifugal pump rated
at 10,000 gpm and 560-foot head at 1,760 rpm. The pump casing and stuffing box are
ASTM-A216, Grade WCB carbon steel castings. Twenty-four 1-1/4-inch-diameter
SA 193-B7 studs, together with a 304 stainless steel asbestos-filled gasket, provide the
case to stuffing box seal. The shaft seat is a tungsten carbide/carbon face seal.

Potential failure modes of the RHR pump due to ISLOCA conditions include fracture of the
casing or stuffing box, leakage past the casing/stuffing box gasket, lift off of the gland
ring, or crushing of the carbon face seal element. The internal pressure capacity of the
RHR pump is expected to be controlled leakage past the stuffing box casing gasket.
Component-specific torques were not available for the RHR pump, Based on generic
torque tables (Reference E.2-24) for Browns Ferry high strength bolts, an estimated torque
of 750-ft Ib was used for the 1-1/4-inch casing to stuffing box studs. Table E.2-13 shows
the expected GLP and corresponding leak rates and leak areas for several initial bolt stress
and joint relaxation conditions.

Assuming median initial conditions of 40,000-psi bolt stress and 15% joint relaxation, a

median GLP of about 1,290 psig, with a lognormal standard deviation of about 0.17, is
expected. The estimated lognormal standard deviation on leak area is 0.12. Failure
capacities for the remaining potential failure modes of the RHR pump are all above the
range of interest for ISLOCA considerations.

The core spray pump is also a vertically mounted, single-stage centrifugal pump. The core
spray pump is rated at 3,125 gpm and 582-foot head. The pump casing is SA-216
Grade WCB, and the pump cover is SA-515. A 304 Flexitallic gasket is specified for the
case to stuffing box joint, and the 16 studs are SA 193-B7. The pump outline and
sectional drawings was available at the time that this evaluation was conducted. Based on
the drawings, the gasket dimensions, stud size, etc., were estimated, and an estimated
torque from Reference E.2-24 was used. Table E.2-14 gives the pump cover GLP and leak
areas for several assumed initial bolt stresses and joint relaxations based on these
estimates. Assuming a median initial bolt stress of 40,000 psi and 15% joint relaxation, a

median GLP of about 685 psig is expected, with a corresponding lognormal standard
deviation on pressure of 0.17. These values were developed from estimates based on the
best information available. The expected variabilities for the leak rates and leak areas are
0.54 and 0.12, respectively. Other potential failure modes for the core spray pump are
expected to have significantly higher capacities.
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E.2.5 EVENT SEQUENCE ANALYSIS

An interfacing LOCA is initiated by leakage of reactor coolant through valves that separate
the nuclear boiler from the RHR or core spray systems. The initiating event for this
analysis is a leak that causes loss of reactor vessel inventory to exceed the relief valve
capacity. Most smaller leaks would not cause an immediate plant trip, although leakage
greater than the technical specification limits would result in a controlled shutdown. The
sequence timing and impact of smaller leaks are judged to be insignificant compared with
the larger leaks included in this analysis. In addition, failure of the relief valves to open is
neglected. The relief valve capacities used to develop the initiating events range from 52
to 267 gpm. If a relief valve failed to open and the low pressure system failed at or below
these values, the leak is still small, there is a significant time to respond, and the impact
on systems outside primary containment is expected to be minimal.

Pressure and/or temperature indications and alarms would alert the operators in the control
room of overpressure conditions in the RHR and core spray systems. In addition, leakage
will also be revealed when RHR relief valves open, discharging to the CRW. CRW
temperature and level indication and alarms exist in the control room.

For small leaks, flow through the RHR or the core spray system and out the relief valves is
governed by the interfacing LOCA leak size. RHR or core spray system pressure is
determined by the relief capacity. As the interfacing LOCA rupture size increases, causing
RHR or core spray system pressure to exceed the relief valve settings, relief valve flow
would become choked. The relief valve discharge would determine flow rate, and the
interfacing LOCA rupture size would determine the pressure.

The summary event sequence diagram in Figure E.2-5 describes the general plant response
developed for interfacing LOCA initiating events into the RHR and core spray systems.
The event sequence diagram is converted into the event tree in Figure E.2-6 for sequence
quantification purposes. Because the event sequence diagram and event tree are relatively
simple, they are both discussed together below. The descriptions and chances of success
for each block in the event sequence diagram depend on the specific initiating event. The
following summarizes the interfacing LOCA initiating events defined in Section E.2.2:

Designator

Vl

VITM

VR

VRTM

VS

Path Description

CS Injection

CS Injection Test
and Maintenance

RHR Injection

RHR Injection Test and
Maintenance

RHR Suction

Valves

75-26 and 74-25 or 75-54 and 75-53

75-26 and 74-25 or 75-54 and 75-53

74-54 and 74-53 or 74-68 and 75-67

74-54 and 74-53 or 74-68 and 75-67

74-48 and 74-47
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E.2 5 and E.2 6 for the above initiators.

V1 —System Pumps Isolated. If the initiating leak is not contained by the next set
of isolation valves, the leak will be directed to the suppression pool. As shown in
Figures E.2-1 and E.2-2, the injection paths have a normally closed pump discharge
check valve, a normally closed motor-operated valve, or other combinations of
valves that isolate the piping system downstream of the pumps. The isolation
valve for each RHR pump shutdown cooling suction path shown in Figure E.2-3 is

normally closed, and position indication is provided in the control room on
panel 2-9-3. Failure of any isolation barrier to be closed is assumed to result in a

LOCA to the suppression pool, and block V2 questions whether the initiating leak is
a small LOCA or less. Note that rupture and leakage questions (V3 and V4) are not
asked because the system does not overpressurize when V1 fails —relief is to the
suppression pool. Success of block V1 means that the valves'are closed, and the
next block, V3, questions whether the system remains intact (no rupture). ~

The test and maintenance contributions (VITMand VRTM) were separated explicitly from
Vl and VR because precursors have occurred (can be quantified based on past operational
experience and practices), and it is believed that successful operator response to these
human-caused events may be more likely. The interfacing LOCA initiating event paths are

shown on Figures E.2-1 through E.2-3 for core spray, RHR injection, and RHR suction,
respectively. The following describes the event sequence diagram and the event tree in
Figures

Quantification of event tree Top Event V1 depends on the initiating event, as
follows:

V1S. Guaranteed success is used for initiating events Vl, VITM,VR, and
VRTM because the injection paths are normally inaintained full and
pressurized to approximately 48 psig. It is unlikely that these barriers could
be open for long as water would continuously be lost and noticed. The
following pressure indicators are provided in the control room on panel 2-9-3:

Pressure Indicator

2-PI-75-20

2-PI-75-48

2-PI-74-51

2-Pl-74-65

Description

Core Spray System I Discharge

Core Spray System II Discharge

RHR System I Discharge

RHR System II Discharge

In addition, the system loops are vented monthly in accordance
with Surveillance Instructions 2-SI-4.5.H.1(I) and 2-SI-4.5.H.1(ll) for
RHR systems I and II, and 2-SI-4.5.H.2(l) and 2-SI-4.5.H.2(ll)
for'core spray systems I and II.

V11. This split fraction is used for initiator VS and is the frequency of any
one of four RHR pump suction motor-operated valve being open at the time
of the initiator. There are four motor-operated valves that can transfer open
between refueling outages when it is assumed that they would be found in
the incorrect position.
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V2 —Initiating Leak Small. This block questions whether the initiating Peak is small
or large. Success means the leak is small, which causes less impact than a large
leak and gives the operators more time to respond. There are two conditions under
which V2 is asked:

The leak is to the suppression pool (V1 fails), which only applies
quantitatively for the VS initiator as described above. For this case, V2
success means that there is a small LOCA to the suppression pool, which is
assumed to be no worse than a stuck-open relief valve. The end state is
defined as a small LOCA with both RHR divisions unavailable. Failure means
that the leak is greater than a small LOCA (large LOCA is assumed), and
since this is an unanalyzed event, it is assumed that the primary containment
fails and no credit is given for operator recovery. The end state is core
damage with a large primary containment bypass.

The low pressure system ruptures (V3 failure) after V1 success, which
applies for each initiator close up. In this case, the rupture is large outside
primary containment (V3 failure); however, if the initiating leak is small (V2
success), this provides more time for operator actions (V5) than when the
leak is large (V2 failure).

The split fractions are quantified conditional on the initiating event leak size, and
small LOCA is defined as a leak less than 600 gpm, within the capacity of RCIC.
Therefore, the following split fractions are defined:

V21. Conditional probability that the leak is greater than 600 gpm (large
LOCA assumed); given that the initiating event is VS, initiating leak size is
greater than 52 gpm.

V22. Conditional probability that the leak is greater than 600 gpm (large
LOCA assumed); given that the initiating event is VI, initiating leak size is
greater than 93 gpm.

V23. Conditional probability that the leak is greater than 600 gpm (large
LOCA assumed); given that the initiating event is VR, initiating leak size is
greater than 267 gpm.

V24. Conditional probability that the leak is greater than 600 gpm (large
LOCA assumed); given that the initiating event is VITM, initiating leak size is
greater than 93 gpm.

V25. Conditional probability that the leak is greater than 600 gpm (large
LOCA assumed); given that the initiating event is VRTM, initiating leak size is
greater than 267 gpm.

V3 —System Remains Intact. This block (and top event) questions whether the
system piping, valves, and components remain intact when subjected to RCS

operating pressure. Success means that there was no system rupture, and whether
there is significant leakage from valve bonnets and other flanges is questioned in
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V4. Failure means that a rupture occurs (large LOCA), and operator response (V5)

is required quickly.

The event tree top event split fractions are quantified from the overpressure
analysis in Section E.2A. Three split fractions are required to address the core

spray discharge, RHR discharge, and RHR suction paths:

V31. Probability of core spray discharge rupture, given initiating event Vl or
VITM.

V32. Probability of RHR discharge rupture, given initiating event VR or
VRTM.

V33. Probability of RHR suction rupture given initiating event VS.

V4 —Leak is Less Than Gross Leak Pressure Leakage. Given that the system did

not rupture in V3, this event questions whether the leakage through valve bonnets
and other flanges exceeds the leakage at GLP as defined in Section E.2.4. Note
that V4 is not asked if V3 fails because a large LOCA has already occurred.
Success means that the leakage is no more than that defined by GLP in
Section E.2.4, which is very small leakage. This is treated as insignificant leakage,
and it is assumed that the operators eventually detect the overpressure condition,
isolate it, and correct the initiating cause (SUCCESS end state). Failure means the
leakage is greater than GLP, and it is assumed be a small LOCA.

The event tree top event split fractions are quantified from the overpressure
analysis in Section E.2.4. Three split fractions are required to address the core
spray discharge, RHR discharge, and RHR suction paths:

V41. Probability of core spray discharge leakage greater than GLP, given
initiating event VI or VITM.

V42. Probability of RHR discharge leakage greater than GLP, given initiating
event VR or VRTM.

V43. Probability of RHR suction leakage greater than GLP, given initiating
event VS.

V5 —Operator Isolates before ECCS Flooded. Given significant leakage (V4 failure)
or rupture (V3 failure) in the low pressure system, V5 questions whether operators
diagnose the event and isolate the LOCA outside primary containment before all of
the ECCS pumps are flooded. The RHR, core spray, HPCI, and RCIC pumps are
located at Elevation 519'n corner rooms. This is the bottom floor of the reactor
building, and all corner rooms can communicate through the torus room.
Indications to the operators and their response depend on the initiating path as well
as the leak size and time available.

The following alarms are in the control room on panel 2-9-3:
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Path. Pressure
Sensor

Trip
Point (pstg)

Panel
Alarm

Core Spray Discharge I

Core Spray Discharge II

RHR Discharge I

RHR Discharge II

RHR Suction

PS-75-24

PS-75-52

PS-74-51

PS-74-65

PS-74-93

400

400

400

400

100

PA-75-24

PA-75-52

PA-74-51

PA-74-51

PA-74-51

The alarm response procedures correctly identify the interfacing LOCA initiating
paths as the probable cause and direct the operators to verify pressure on
panel 2-9-3 from the instruments described above for V1S. Then, alarm response
procedure for PA-75-52 directs the operators to perform the following:

CHECK 2-FCV-75-53 and 2-FCV-75-54 closed, on panel 2-9-3.

REDUCE pressure by cycling CORE SPRAY SYS II TEST VALVE,
2-FCV 75-50.

If alarm returns, CLOSE CORE SPRAY SYS II OUTBD INJ VALVE,
2-FCV-75-51 to protect low pressure piping.

REFER to T. S. 3.5.A.

The response for PA-75-24, core spray system I is similar to the above. The
response for PA-74-51 refers to 2-OI-74, Section 8.30, which is similar to the
above. If high pressure is on one of the discharge paths, the operators are
instructed to throttle open the suppression pool path. The procedures do not
instruct operators to close the outboard injection valves to protect low pressure
piping. If high pressure is not indicated in either discharge path, the operators are
instructed to check RHR suction by requesting maintenance to connect a hose
(1-1/4 inch) from the discharge of 2-74-666 (SD CLG SPLY HDR TEST) and then
open 2-74-666 and crack open 2-74-665.

Whether the leak is large (rupture with large initiator leak) or small (rupture with
small initiator leak or no rupture but leakage >GLP) affects the plant response and
determines the time required to flood the pumps in the reactor building. The relief
valves discharge to sumps (CRW) in the reactor building corner rooms on
Elevation 519'. There are temperature and level alarms in the control room. In

fact, these alarms are entry conditions to the emergency operating instructions,
which direct the operators to identify and isolate the leak as well as scram the
reactor if required.

The following split fractions are defined for V5:

V5F. Guaranteed failure is applied to the case in which the initiator is VS
(RHR suction path) and the LOCA outside primary containment is large
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(V3=F"V2=F). It is difficultto isolate breaks on the suction side, and it
would take time. 0
V51. For INIT=VS "(V3=S + V2=S) ~ Even small leaks on the suction side
of RHR are difficult to isolate; therefore, it is assumed that the operators
must shut down, cool down, and depressurize to reduce the leakage, and
eventually isolate the leak or reduce it sufficiently to allow sump pumps to
limit flooding.

V52. (INIT=VITM+INIT=VRTM)"V3=F"V2='F is initiated by operator
errors during testing of the injection paths (discharge) and LOCA outside is
large. 'he operators who cause this event are likely nearby and in the
vicinity to detect the error. Thus, a higher likelihood of detection and
isolation may be appropriate compared with V54.

V53. (INIT=VITM+INIT=VRTM)"(V4=F+V2=S) is similar to V52 except
that the system did not rupture but is leaking (small LOCA). There is more
time to respond than for V52, and there should be a higher likelihood of
detection and isolation compared with V55.

V54. (INIT=VI+INIT=VR)"V3=F"V3=F"V2=Fis a large LOCA outside
primary containment through a core spray or RHR discharge path. For
nontest and maintenance leaks through the core spray and RHR discharge
paths, the operators must follow the alarm response procedures described
above and isolate the leak before it floods the pumps in the reactor building.

V55. (INIT=VI+INIT=VR)"(V4=F+V2=S) is similar to V54 except that
the discharge path did not rupture, and the LOCA outside primary
containment is small,'allowing more time for operator response.

E.2.6 ACCIDENT SEQUENCE QUANTIFICATION

This section describes the quantification of the initiating events, the event trees, and the
event tree top event models. The event tree in Figure E.2-6 is described in the previous
section, including event tree top event split fractions.

E.2.6.1 Ini ia in Even uan iflca Ion

The first failure mode of interest in quantifying the initiating events is the frequency of
valve rupture or gross leakage exceeding the relief valve capacity in the interfacing LOCA
path. Due to lack of data specific to MOVs, the same values are used for both check
valves and MOVs. The failure frequency in event per hour is obtained from the curve in
Figure E.2-4. The median is taken from the curve, and a lognormal distribution with a
range factor of 10 is assumed. The following summarizes the median from the curve and
the distribution characteristics:

Leakage
(gpm)

)52

Median

4.1 x 106

Mean
5th

Percentile
95th

Percentile

1.1 x 10 3.9 x 10 4.1 x 10
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)93
) 267

2.7 x 10-8 7.5 x 10-8 2.6 x 10

11 x 10-8 29 x 10-8 10 x 10-9

2.7 x 107

1.1 x 107

600 57 x 10-9 15 x 10-8 53 x 10-10 5.5 x 108

The first three above are used to quantify the initiating events in which 52 gpm is the
relief capacity for the RHR suction path (VS), 93 gpm is the relief capacity of a core spray
discharge path (Vl and VITM),and 267 gpm is the relief capacity of an RHR discharge path
(VR and VRTM). The 600-gpm frequency is used to quantify the conditional frequency of
exceeding 600 gpm, given that an initiating event occurs (Top Event V2).

Figures E.2-7 through E.2-11 give the fault trees used to calculate the initiating events.
As shown in the fault trees and the equations developed in Section E.2.3, the following
additional failure modes are required to quantify the initiating events:

Failure
Mode Description

Valve Rupture on Demand

MOV Spuriously Opens (/hr)

MOV Open, Indicate Closed

Check Valve Fails To Close

Test and Maintenance Error

Mean

2.2 x 104

7.6 x 108

1.1 x 104

22 x 104

5.5 x 103

5th
Percentile

95th
Percentile

2.6 x 10 6.6 x 104

9.2 x 10 2.3 x 10

20 x 10 30 x 10

5.1 x 10 6.1 x 10

2.7 x 10 1.1 x 10-2

Reference E.2-12 developed a median for Ad to account for the failure of the second valve
to hold under pressure shock, given the failure of the first valve. The above distribution
assumes a lognormal distribution with a range factor of 5. Because of the lack of
plant-specific MOV data for failure rate indicator error, Ag, a median failure frequency of
7.3 x 10 was derived from a search of Nuclear Power Experience (Reference E.2-8).
The above distribution=assumes a lognormal distribution with a range factor of 10.

The following summarizes the initiating event quantification results:

Initiating
Event

Description Mean
5th

Percentile
95th

Percentile

Vl Core Spray Injection 4.9 x 106 3.8 x 10-8 1.1 x 10 5

VR

VS

VITM

RHR Injection

RHR Suction

Core Spray Injection TSM

1.3 x 106 1.6 x 10-8 3.1 x 10-6

83 x 106 1.6 x 10 1.9 x 10

6.3 x 10-6 3.3 x 10-8 1'.3 x 10

-0
VRTM RHR Injection TRM 5.3 x 106 1.2 x 10 1.2 x 10 5
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E.2.6.2 Ev n Tr T Ev n an fication

The event tree (Figure E.2-6) top events and split fractions are described in Section E.2.5.
This section presents the quantitative development of the split fractions.

~ V1 —System Pumps Isolated. Split fraction V11 is quantified as one of four RHR
suction MOVs transferring open between tests. It is assumed that this valve failure
can only be detected during cold shutdown (18 months is assumed). The following
distribution is used for an MOV transferring open (events per hour):

Failure Mode Mean 5th
Percentile

95th
Percentile

MOV Transfers Open 7.6 x 10 9.2 x 10 2.3 x 107

The point estimate value for V11 is 2.2 x 10

~ V2 —Initiating Leak Small. These split fractions are conditional on the initiating
event quantification. To quantify the V2 split fractions, each initiating event is
requantified using the > 600-gpm valve leakage frequency in Section E.2.6.1.
Then, the split fraction can be quantified by dividing the requantified frequency at
> 600 gpm by the original initiating event frequency. The following summarizes
the split fraction results:

Split
Fraction

V21

V22

V23

V24

V25

Description

> 600/52 gpm, INIT=VS

> 600/93 gpm, INIT=VI

> 600/267 gpm, INIT=VR

> 600/93 gpm,.lNIT=VITM

> 600/267 gpm, INIT=VRTM

IVlean

0.053

0.11

OA

0.48

0.75

~ V3 —System Remains Intact. These split fractions (probability of rupture) are
quantified from the overpressure analysis results in Section E.2.4. The probability
that piping, valves, or other components rupture is obtained by using the median
capacities (0.5 probability of failure at given capacity) and their uncertainties in
Section E.2A to calculate the probability of failure at reactor normal operating
pressure. The following summarizes the split fraction results:

Split
Fraction

V31

V32

Description

Core Spray Discharge

RHR Discharge

Rupture
Probability

1.0 x 10 4

1.0 x 103
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V33 RHR Suction 1.0 x 10

V31, is based on the probability of 12-inch standard weight pipe or 14-inch
Schedule 30 pipe rupturing. Room temperature and a 0.02 corrosion allowance is
assumed. For both, the probability of rupture is 1 x 10 4 at pressures greater than
1,500 psig.

V32 is based on the probability of rupturing 18-inch extra strength pipe or 20-inch
Schedule 30 pipe or 24-inch extra strength pipe or a heat exchanger. Room
temperature and a 0.02 corrosion allowance is assumed for the pipe. For all three
pipe failures, the probability of rupture is 1 x 10 4 at pressures greater than
1,200 psig. The dominant rupture failure modes for the heat exchanger include
shell-side cylinder and shell-side head buckling. The probability of head buckling is
less than 1 x 10 at 1,200 psig, even assuming a 0.1 corrosion allowance. The
probability of shell cylinder failure at ambient temperature would be less than
1 x 10, but would be 1 x 10 at 400'F and 1,100 psig, assuming a 0.1
corrosion allowance.

V33 is based on the probability of 20-inch standard weight pipe rupture. Room
temperature and a 0.02 corrosion allowance are assumed. The probability of
rupture is 1 x 10 at 1,174 psig.

~ V4 —Leak ( GLP Leakage. These split fractions are quantified from the
overpressure analysis results in Section E.2A and represent the probability that
valve bonnet leakage and other flange leaks are excessive (approaching a small
LOCA). The probability that valve bonnet leaks or other component leakage
exceeds gross leakage pressure leakage is obtained by using the median capacities
(0.5 probability of GLP) and their uncertainties in Section E.2.4 to calculate the
probability at reactor normal operating pressure. The following summarizes the split
fraction results:

Split
Fraction

V41

.V42

V43

Description

Core Spray Discharge

RHR Discharge

RHR Suction

Probability

0.001

1.0

0.05

As described in Section E.2A, the leakage at GLP is very small, and so the use of
GLP would be conservative. Therefore, in some cases, the higher pressures and
leakage areas are used, as described below.

V41 is based on the probability of GLP at approximately normal operating pressure.
The probability that GLP is at 1,085 psig is 1 x 10, using the valve with the least
capacity and greatest uncertainty.

V42 is based on both valves and heat exchanger flanges. The valve bonnet
contribution is the same as for V41 (1 x 10 ). As described in Section E.2.4,
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heat exchanger leakage will dominate the probability and size of a leak: In fact,
they are almost guaranteed to leak. Therefore, this split fraction is set to 1.0. The
probability that 1.5 GLP is at 1,044 psig is about 0.1 for the heat exchanger, and
the leakage would correspond to about 3.5 square inches. The conditional
probability of a large LOCA has been neglected. This potential nonconservatism is
judged to be a reasonable assumption, given other conservatism. As heat
exchanger leakage increases due to pressure, the probability decreases and the RCS
depressurizes, reducing leakage.

V43 is based on the probability of GLP at approximately normal operating pressure.
The probability that GLP is at 1,010 psig is 5 x 10 2.

~ V5 —Operator Isolates LOCA. These split fractions depend on the initiating event
cause and the size of the leakage outside primary containment into the reactor
building. The following values (derived in Appendix B) are used:

Split
Fraction

V5F

V51

V52

V53

V54

V55

Description

INIT= VS %V3 = F 5 V2 = F

INIT= VS "(V3 = S+ V2 = S)

(INIT=VITM+INIT= VRTM)"V3= F "V2= F

(INIT= VITM+INIT= VRTM)"(V4= F+ V2 = S)

(INIT= VI+INIT= VR) "V3= F "V2= F

(INIT=VI+INIT=VR)"(V4=F+V2=S)

Point
Estimate

1.0

0.1

1.6 x 103

16x 103

42 x 103

4.2 x 103

The master frequency file used to quantify the interfacing systems LOCA scenarios is
shown in Table E.2-15.

E.2.6.3 Even Se uenc End S ates

The following table explains the end states used in the quantification and binning of
accident sequences:

Top Event
Success/Failure Vl VR

Initiating Event

VITM VRTM VS

V4=S S S S

V1 =F"V2=S

V1 =FNV2=F

V2=F"V5=S

V2=F "V5=F

CS1 RH1

CDBL CDBL

CS1

CDBL

(1) SLRHR

CDBL

RH1 (2)

CDBL CDBL

V2=SNVS=S CS1 RH1 CS1 RH1 RH2
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V2=SNV5=F

V4=FNV5=S

V4=F"V5=F

Notes:

CS1 RH1

CDBS CDBS

CDBS CDBS

CS1 RH1

CDBS CDBS

CDBS CDBS CDBS

RH2

CDBS

1. Cannot occur because V1 is guaranteed to be successful since
the "keep-filled" system reduces the frequency of having a valve
open.

2. Cannot occur because V5 is guaranteed to fail if V3 and V2 fail
(large leak).

If there is no significant leakage (V4=S), the sequence is binned to SUCCESS (S), with the
assumption that there is significant time to detect and correct the event. Whenever the
operator fails to isolate the LOCA outside primary containment (V5 =F), the sequence is
binned to core damage with bypass large (CDBL) or small (CDBS). In addition, the RHR
suction path LOCA (VS initiator) is binned to CDBL if the leak is to the suppression pool
(V1 = F) and it is large (V2=F). If the leak to the pool is small, the sequence is a small
LOCA to the suppression pool with the RHR system unavailable (SLRHR). Both divisions
of RHR are assumed to be unavailable (RH2) if the initiator is VS and the operators
successfully isolate and respond to the event (V5 =S). For all other initiators, if the
operators are successful (V5 =S), one division of the system with the initiator is assumed
to be unavailable (CS1 or RH1). Each division of core spray and RHR is located in a
separate corner room. A detailed spatial and environmental analysis of the impact on
systems was not performed. However, the operators must be successful (V5 =S) in
isolating the LOCA to prevent core damage. In addition, the building is open to the upper
elevations, and the RCIC and HPCI are judged to be capable of more severe environmental
conditions. Therefore, these assumptions about impact are judged to be reasonable.

E.2.6A Quan Ifica ion Res I

The following summarizes end state frequencies (events per reactor-year) from the event
tree quantification with credit given to operator actions:

End State

SUCCESS

SLRHR

RH1

RH2

CS1

CDBS

Frequency

1.9 x 105

1.3 x 108

6.6 x 10 6

2.8 x 107

1A x 108

4.5 x 10

CDBL 7.8 x 10
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The contribution (events per reactor-year) of initiating events to end states is summarized
below:

Initiating
Event SLRHR RH1

End States

RH2 CS1 CDBS CDBL

Vl

vR

VITM

VRTM

vs

4.9 x 106

8.3 x 106

6.0 x 106

NIA

NIA

NIA

NIA

1.3 x 10

NIA

13 x 108

NIA

5.3 x 106

N/A

N/A

N/A

NIA

NIA

2.8 x 107

5.4 x 108

N/A

9.1 x 108

NIA

NIA

2.2 x 10 2.3 x 10 1

5.5 x 1p 9 2,2 x 1p 12

1.4 x 1p 6.4 x 1p

8.5 x 'lp 6.4 x 10

3.1 x 10.8 7.7 x 10.10

To investigate the importance of operator actions, the event tree quantification was
repeated with no credit given for the operator. The results of this sensitivity assessment
are summarized below in events per year:

End State

SUCCESS

SLRHR

RH1

RH2

CS1

CDBS

CDBL

Frequency

1.9 x 105

1.3 x 10-8

0

0

0

6.9 x 106

5.7 x 109

The contribution of initiating events to end states is summarized below:

Initiating
Event

SLRHR

End State

RHI RH2 CSI CDBS CDBL

Vl

VR

VITM

VRTM

VS

4.9 x 106

p

8.3 x 106

6.0 x 106

N/A

N/A

N/A

N/A

13 x 106

N/A N/A

0 N/A

N/A N/A

0 N/A

N/A 0

5.3 x 10B

N/A 1.3 x 106

8.7 x 109

N/A 5.3 x 106

N/A 3.1 x 107

5 4 x 1p-11

5.2 x 10-10

4.0 x 101O

4.0 x 109

7.7 x 10'o
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Table E.2-1 (Page 1 of 2). Primary Containment Penetrations that Connect to Reactor
Vessel - Screening

Penetration
Number

X-7A

X-78

X-7C

X-7D

X-8

X-9A

X-98

X-10

X-1 1

X-12

X-13A

X-13B

X-16B

X-35A-E

X-36

Description

Mein Steam

Main Steam

Mein Steam

Mein Steam

Mein Steam
Drain

Feed water

Foodwetei'CIC

Steam

HPCI Steam

RHR
Shutdown

Cooling
Suction Line

RHR
Injection

(LPCI)

RHR
Injection

(LPCl)

Core Spray
Inject)on

CRD
Hydra ulio
System
Return

Une
Diemeter
(Incheal

26

26

26

24

24

10

20

24

24

12

1 1/2

Two normally open MSIVs (FCV 1-14 and 1-15) with hiph pressure
piping.

Two normally open MSIVs (FCV 1-26 and 1-27) with high pressuro
plplng.

Two normally open MSIVs (FCV 1-37 end 1-38) with hiph pressure
piping.

Two normally open MSIVs (FCV 1-51 and 1-52) with high pressure
piping.

Two normally dosed MOVs (FCV 1-55 end 1-56). Third normally closed
valve (1-58) in parallel with 1 line and orifice.

Two chock valves, ono insido primary containment end ono outside, high
pressure design outside primary containment, and normally open manual
valve inside. The HPCI connection has two valves in series, normally
closed in addition to being a hiph pressure design.

Two check valves, one inside primary containment and one outside, high
pressure design outside primary containment, and normally open manual
valve inside. The RCIC connections and drains have two valves in
series, normally closed in addition to being a high pressure design.

Two normally open primary containment isolation valves (FCV 71-2 end
73-3) and FCV 71-8, 71-8 (turbine stop) are normally closed, end 71-10
(governor valve), normally open, ond system ls high pressure des)gn up
to turbine+

Two normally open primary containment Move (FCV-73-2 ond 73-3) end
FCV 73-16 end 73-18 (governor valve) are normally closed, end 73-17
(turbine atop), normally open, end system is high pressure design up to
turbine.

Two normally closed primary containment isolation valves. Piping and
additional closed valves outside ere desipned to 160 psig. Retain as
interfacing LOCA path.

Check valve inside primary containment and normally closed MOV
outside. An additional open MOV outside end design pressure is 450
palp upstream of the MOV. Retain as interfacing LOCA path.

Check valve inside primary containment end normally closed MOV
outside. An additional open MOV outside end design pressure is 450
psig upstream of the MOV. Retain as interfacing LOCA path.

Chock valve inside, normally closed MOV outside, end lower pressure
desipn (500 psig) outside. Retain as interfacing LOCA path.

Aotuel line size is 3/8 inch, with a bell valve outsido ond a manual
explos)ve sheer valve outside.

Check valve inside primary containment (85-676) and check valve
outside (85-573). Normally closed valve (FCV 85-50) outside and high
pressure design.
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Table E.2-1 (Page 2 of 2). Primary Containment Penetrations that Connect to Reactor
'Vessel - Screening

Penetration
Number

X-37

X-38

X<2

Description

CAD Inlets
(185)

CAD
Outlets
(185)

SLC

Une
Diameter
Onchas)

3/4

Small lines and high pressure design outside, including the scram
discharge volume and isolation valves. If scram discharge
instrument volume drains or vents fail to close after a scram,
reactor vessel leakage through the CAD seals would discharge to
the instrument volume and drain to the reactor building
equipment drain sump. There are redundant, failwlosed,
airwperated valves in each drain and vent line. There are two
scram instrument discharge volumes in the reactor building.

Small lines and high pressure design outside, Including the scram
discharge volume and isolation valves. If scram discharge
instrument volume drains or vents fail to close after a scram,
reactor vessel leakage through the CAD seals would discharge to
the instrument volume and drain to the reactor building
equipment drain sump. There are redundant, failwlosed,
airwperated valves in each drain and vent line. There are two
scram instrument discharge volumes in the reactor building.

Check valve inside primary containment (63-526) and check
valve outside (63-525). Normally closed explosive valves (63
8A and 8) and high pressure design up to pump discharge check
valves (63-514 and 63-516).
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Event Date
Percent
Power

Testable lesion Check Valve Nonnagy Cbsed InJecdon Valve

Vermont Yankee
LEA 76.24

. 12/12/76 QQ LPCI/AHA Open Unknown Intentbnal but
happmpdato Oponhg

Monthly Testing LPCI

Cooper
LEA 77~

LaSsge Unit 1

LER 82-116

01/21/77

10/OS/82

97 HPCI Open

Open

Loose Part
Obstructbn

Dded Lubrbsnt snd
Insuffblent Probed h
Alr Operator, Opened
Bypass Une

Personnel Errors durhg
HPCI Functbnal Test

Table E.2-2. Summary of the BWR Emergency Core Cooling System Overpressurlzetlon

Events'velplessudrstbn

Yes

Yos

Yos

Yes

No"

U7

O

Prr

'Tl
tb

C

hl

O,
C~O
CL
I
to

'17

tg

P

tg

O

LaSage Unit 1

LEA ~68/08L

LaSago Unit 1

LEA 83-10S/01T

08/'I 7/83

09/14/83

Open

Open

Thermal Bhdhg;
Opened Bypass Une

Maintenance Errors htentbnal but
happroprfato Openhg

RHA Relay Logb
Testing

No. but Drahod
6,000 Oalbns of

RCS Water

No"

Not

Hatch Unit 2
LER LMI2/03L

09/29/83

10/28/83

HPCI Open

Open

Rusted Unkege on
AlrOperator

Mahtensnce Errors
on Ak Operator

had vertsnt Openhg Personnel Errors In HPCI
Logb Tosthg

Yes Yes

No"

Browne Feny Unit 1

LEA 84432

Pgg rim

08/14/84

04/10/88 92

Open

LPCI/RHA Leak

Maintenance Errors
on AlrOperator

Unknown

hadvertent Openhg

Leak

Personnel Snore h
LPCS Logb Testing

Unknown Leakage Rate
Is O.S gpm at 960 pslg

Yos

Yos

Yes

Nott

'The accumulated BWA operatbnsl experience for events spplbab4 to this analysis ls spproxknstely 260 reactonyesrs.
"Events not Included because tho associated motoropsrsted valve remahed cbsed and no ECCS ovsrpressurfratbn occurred.
tEvent not Included because the rsfened test was conducted whge the plant was In cold shutdown IReference E.2-111.

I tEvent not Included because the combhed valve 4ak rate ls wlthtn tho rsgef valve capacity.

tg
C
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O
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Table E.2-3. Pipe Median Failure Pressures SA 106 Grade B,
No Corrosion

Diameter
(inches)

Schedule Ambient
Temperature

400oF

Failure Pressure (psig)

6004F

12
20

14
16
20

18
24

4
10

Standard
Standard

30
30
30

XS
XS

40
40

3,420
2,330

3,090
2,690
2,880

3,210
2,380

6,440
3,985

3,740
2,550

3,390
2,945
3,150

3,520
2,600

7,050
4,360

3,500
2,390

3,170
2,750
2,950

3,290
2,435

6,590
4,080
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Table E.2%. Pipe Median Failure Pressures SA 106 Grade B,
0.02 Inches Corrosion

Diameter
inches) Schedule Ambient

Temperature
4000F

Failure Pressure (psig)

600oF

12
20

14
16
20

18
24

10

Standard
Standard

30
30
30

XS
XS

40
40

3,220
2,210

2,920
2,540
2,755

3,080
2,280

5,830
3,750

3,530
2,420

3,200
2,780
3,020

3,370
2,495

6,390
4,110

3,300
2,270

2,990
2,600
2,820

3,155
2,330

5,980
3,840
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Table E.2-5. Pipe Nledian Failure Pressures SA 106 Grade B,
0.04 Inches Corrosion

Diameter
(inches) Schedule Ambient

Temperature
4000F

Failure Pressure (psig)

6000F

12
20

14
16
20

18„.
24

10

Standard
Standard

30
30
30

XS
XS

40
40

.-3,030
2,090

2,750
2,390
2,630

2,940
2,180

5,240
3,520

3,320
2,295

3,010
2,620
2,890

3,230
2,390

5,750
3,850

3,110
2,145

2,815
2,450
2,700

3,020
2,230

5,370
3,600
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Table E.2-6. Pipe Failure Pressure Variabilities
(SA 106 Grade B)

Temperature {4F)

Ambient Temperature

400

600

Lognormal Standard
Deviation

0.17

0.24

0.27
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Range

10'00'lb.

HL
Oesket
Stress
lpsl)

11,256

Aot.
Oasket
Stress
lpsl)

6,400

Oasket
Oesict.
(hohes)

0.03

Cross
)eak

Pre sswe
tpsl)

2,320

Leak
Rate at

QLP

(mglsec)

4ak
Rate at
.26 OLP

(mg/seo)

4ak
Rate at
,60 OLP

fmglsec)

Leek
Rate at
.76 OLP

{mg/seo)

25

Table E.2-7. Pipe Flange Gasket Stress, Gross Leak Pressures, and Leak Areas

4sk
Area at

1.26 OLP
(mglse c)

0.03

Leak
Area at
1.6 OLP

(sq. )n.)

0.05

4sk
Area at

1.76 QLP

(sq. )n.)

0.09

Leak
Area ~ t
2.0 OLP

lsq. )n.l

0.12

Bolt
Stress at
2.0 OLP

lpsl)

53,921

Ct
0

to

n
Cl

K
h)

CL
C
Q
t
to

0

ttl
gr
9

CL
O

20'60'lb.
8,649 6,400 0.03 1,114 30 0.05 0.13 0.19 0.25 55.602

Notes:
Bolt Yield Stress 111,700 psl (SA-183-B7)
DGmex ~ 0.060 ln

XII
C

O

O



Table E.2-8. Bolted Bonnet Valve Gasket Stress, Gross Leak Pressure, and Leak Rate for Selected Valves

CJ

O

SI
'llI

~0Pt
hl

D
C
Q.
C
IS

'0
bY

74.71

74-02

7WS

74.dd9

Vebe SIae
IInah'ee)

18

20

24

20

Oate

Oate

23.552

12,855

35.275

25,558

e.soo

9.000

e.soo

5,900

Atee
led)

380.133

288.S03

754.78S

4d2.389

1,558

472

1,880

1,598

2,013

1.403

2,170

2,01 2

Leek Rate et
OIP

Iwgleeel

41

31

Leek Awet
1.2d OIP
Ieq.~

0.1 2

0.1 0

0.30

0.19

Leek Atee
~t 1.5 OIP

(epL)

0.24

0.20'.80

0.38

Leek Area et
1.7d OIP
IapL)

0.37

0.30

0.89

0.57

Leek Arse
~t 2.0 OIP

Ie4.h.l

OAS

0.39

1.19

0.75

.IS

0

I
C
te
t3

O
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Table E.2-9. RHR Heat Exchanger Median Failure Pressures and Variabilities
(No Corrosion Allowance)

Temperature (4F)
Shellide Cylinder

0 (psig)

Shell-Side Head
Buckling

(psig)

Ambient Temperature

200

400

600

2,030

2,020

2,210

2,170

0.11

0.14

0.18

0.22

3,060

2,760

2,620

2,225

0.08

0.10

0.11

0.13
"Assume 0.2 probability of crack formation, given head buckling occurs.
Note: All leak areas are large, uncontrolled leaks.
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Table E.2-10. RHR Heat Exchanger Median Failure Pressures and Variabilities
(0.100 Corrosion)

Temperature (4F)
Shell-Side Cylinder Shell-Side Head

Buckling»

Ambient Temperature

200

400

600

0 (pslg)

1,780

1,770

1,940

1,900

0.1 1

0.14

0.18

0.22

(psig)

2,680

2,420

2,290

1,950

0.08

0.10

0.11

0.13

"Assume 0.2 probability of crack formation given head buckling occurs.
Note: All leak areas are large, uncontrolled leaks.

SECTE2.BFN.08/29/92 E.2%5



m

Cb

(2)

(3)

(4)

Eff.
Gasket
Stress .

(psl)

26,919

31,406

35,892

26,694

23,554

Act.
Gasket
Stress
(psl)

26.919

31,405

35,892

26,694

23,664

Gasket
Deflect+
(Inches)

0.073

0.086

0.097

0.086

0.085

Gross
Leak

Pressure
(psI)

829

967

1,106

822

726

Leak Leak Leak
Rate at Rate at Rate at

QLP .26 GLP .50 QLP
(mg/sec) (mglee c) (mglsec)

Leak
Rate at

=.75 GLP
tmglsec)

Notes:
Bolts: (56) 1-3/8 Ip bolts
Gasket: O.D. ~ 56.6
I. D. ~ 65.5"
K 44 369,000 ps)fin

Table E.2-11. RHR Heat Exchanger Tube Sheet Fhnge Gross Leek Pressures and Leak Areas

LeakArea
at

1.26 OLP
(sqJn.)

0.40

0.46

0.53

0.39

0.35

0.79

0.93

1.06

0.79

0.69

1.19

1.39

1.69

1.18

1.04

Leak Area. Leak Area
at at

1.5 QLP 1.76 GLP
(sq Jn.) (sq.ln.)

Leak Area
at

2.0 QLP
(sq.ln.)

1.69

1.85

2.12

1.57

1.39

Bolt
Stress at
2.0 QLP

(psi)

48.119

56,139

64,159

61.061

47.658

N
O

ca

rt
ra

C
~t
hJ

CL
C
CL

Cs

a
Ol

P
9
Co
Ct.
O

(1) Initial Bolt Stress ~ 30,000 psi, Joint Relaxation
l2) Initial Bolt Stress ~ 35,000 psi, Joint Relaxation
(3) initial Bolt Stress ~ 40,000 psi. Joint Relaxation
(4) Initial Bolt Stress ~ 36,000 psi, Joint Relaxation
(5) Initial Bolt Stress ~ 35.000 psi, Joint Relaxatlon

44 0%.
~ 0%.
~ 0%.
~ 16%.
~ 25%.

C
CO

0

O



Eff.
Gasket
Stress
tpsl)

Act.
Gasket
Stress

. (psl)

Gasket

Deflect'nches)

Gross
(.eak

Pressure
(psl)

Leak
Rate at

OLP
(mg/sac)

Leak Leak
Rate at Rate at
.25 GLP .50 GLP
(mg/sec) (mg/sec)

Leak
Rate at
.75 GLP
(mg/sec)

(2)

(3)

26,230

30,602

34,973

26,230 0.071

30,602 0.083

850

991

34,973 0.095 1,133

(4)

(5)

26,012

22,951

26,012 0.083

22,951 0.083

842

743

)dotes:
Bolts: (56) 1-1/2" y bolts
Gasket: O.D. ~ 61.375
I. D. ~ 60.250'

~ 369,000 pslfin

Table E.2-12. RMR Heat Exchanger Lower Head Flange Gross Leak Pressures and Leak Areas

Leak Area
at

1.25 GLP
(sq.fn.)

0.48

0.56

0,64

0.47

0.42

Leak Area
at

1.5 GLP
(sq.ln.)

0.96

1.12

1.27

0.95

0.84

Lea/Area
at

1.75 GLP
(sq.ln.)

1.43

1.67

1.91

'l.42

1.25

Leak Area
at

2.0 GLP
(sq.ln.)

1.91

2.23

2,55

1.90

1.67

Bolt
Stress at
2.0 GLP

(psl)

48,072

56,083

64,095

51.004

47,617

Ã
O

Pa

'll

C

hl

CL
C
~ ~

CL

ra

tr
rs

m
)C
ru
2
a
Q

O

(1) Initial Bolt Stress ~ 30,000 psl, Joint Relaxation
(2) Initial Bolt Stress ~ 35,000 psi, Joint Relaxation
(3) Initial Bolt Stress ~ 40,000 psl, Joint Relaxation
(4) Initial Bolt Stress ~ 35,000 psi, Joint Relaxation
(5) Init)al Bolt Stress ~ 35,000 psl, Joint Relaxatlon

~ 0%.
~ 0%.
~ 0%.
~ 16%.
~ 25%.

ra
C
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0
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Eff.
Gasket
Stress
(psl)

Act.
Gasket
Stress
(psi)

Gasket
Deflect.
(Inches)

Gross Leak
Leak Rate at

Pressure GLP
(psi) (mg/sec)

Leak
Rate at
.25 OLP
(mg/sec)

(2)

(3)

(4)

21.843

24,963

28,084

21,219

21.843 0.091

24,963 0.104

28,084 0.117

21,219 0.104

1,326

1,516

1,705

1,288

Table E.2-13. RHR Pump Gasket Gross Leak Pressures and Leak Areas

Leak Leak
Rate at Rate at
.50 QLP .75 QLP
(mg/sec) (mg/sec)

Leak Area
at

1.25 GLP
(sq,in,)

0.08

0.09

0.10

0.08

Leak Area
at

1.5 GLP
(sq.ln.)

0.16

0.19

0,21

0.16

0.24 0.32 67.875

0.28 0.37 77,571

0.31 OA2 87.267

0.24 0.31 71,935

Leak Area Leak Area Bolt
at at Stress at

1.75 GLP 2.0 QLP 2.0 GLP
(sq.ln.) (sq.ln.) (pal)

W
0

Ol

'rt
Cl

C

C
C
CL
C
or

or

8
ra

O
(5) 18,723 18.723 0.104 1.137 0.07 0.14 0,21 0.28 68,178

Notes:
Bolts: (24) 1-1/4 y SA 193-87
Gasket: O.D. ~ 28.5
I.D. ~

27.6'hickness~ 0.125"
K ~ 240,000 psifin

(1) initial Bolt Stress ~ 30,000 psl, Joint Relaxation
(2) initial Bolt Stress ~ 35,000 psl, Joint Relaxation
(3) Initial Bolt Stress ~ 40,000 psi, Joint Relaxation
(4) Initial Bolt Stress ~ 35,000 psi, Joint Relaxation
(5) Initial Bolt Stress ~ 35,000 psi, Joint Relaxation

~ 0%. '

0%.
~ 0%.
~ 15%.
~ 26%.

gl
rs
C
40

0

O



Eff.
Gasket
Stress
(psl)

Act.
Gasket
Stress
(psf)

Gasket
Deflect.
(inches)

Gross
Leak

Pressure
(psl)

Leak Leak 'eak
Rate at Rate at Rate at

GLP .25 GLP .50 GLP
(mgls ac) (mg/sec) (mglsec)

(2)

(3)

(4)

(5)

7,587 7,587 0.032

8.670 8,670 0.036

9,754 9,764 0.041

7,370 7.370 0.036

6,503 6,603 0.036

705

806

907

686

605 28

Notes:
Bolts: (24) 3/4 P SA 193-B7
Gasket: O.D. ~ 18.6"
I.D. ~ 17.5"
Thickness = 0.126"
K ~ 240,000 ps%in

TaMe E.2-14. Care Spray Pump Gasket Gross Leak Pressures and Leak Areas

Leak
Rate at
.76 OLP
(mg/sec)

Leak Area
at

1.25 GLP
(sq.ln.)

0.04

0,05

0.05

0.04

0.04

Leak Area
at

1.5 GLP
(sq Jn,)

0.09

0.10

0.11

0.08

0.07

Leak Area
at

1.75 OLP
(sq.ln.)

0.13

0.15

0.16

0.12

0.11

Leak Area
at

2.0 OLP
(sq.ln.)

0.17

0.19

0.22

0.17

0.15

Bolt
Stress et
2.0 GLP

(psl)

66,746

76,281

85,816

70,839

67,211

W
O

iri
rtI
C
Pt
tO

Q.
C
CLa
oi

'0
Q

P
k.
oi

0

(1) initial Bolt Stress ~ 30,000 psl, Joint Relaxation
(2) initial Bolt Stress ~ 35,000 psl, Joint Relaxation
(3) initial Bolt Stress ~ 40,000 psi, Joint Refaxatlon
(4) Initial Bolt Stress ~ 36,000 psi, Joint Relaxatfon
(5) Initial Bott Stress ~ 36,000 psi, Joint Relaxatlon

~ 0%.
~ 0%.
~ 0%.
~ 15%.
~ 26%.
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Table E.2-15. Master Frequency File Used To Quantify Interfacing Systems
LOCA Scenarios

ICIEL Meaet 8FNVSEO
Hester Frequency File: HFFVSEO

10:48:59 28 JUL 1992
Page 1

SF Meme... Top....... SF Value... Split Fraction Description.................
V11
V1S
V21
V22
V23
V24
V25
V2F
V31
V32
V33
V41
V42
V43

V51

V1
V1
V2
V2
V2
V2
V2
V2
V3
V3
V3
V4
V4
V4

2.2000E-03
0.0000E+00
5.3000E-02
1 1000E-01
4.0000E-01
4.8000E.01
T.5000E.01
1.0000E+00
1.0000E-04
1.0000E.03
1.0000E.04
1.0000E.03
1.0000E+00
5.0000E.02

1 0000E 01

1.6000E-S

1.6000E-S

4.2000E-S

4.2000E-S

1,0000E+00

SYSTEH PUMPS ISOLATED ALL OTHER INITIATORS
SYSTEN PUMPS ISOLATED IMIT>VI+VR+VITH+VRTH
INITIALLEAK SHALL INIT~VS
INITIAL LEAK SHILL INIT~VI
INITIAL LEAK SHALL INIT~VR
INITIAL LEAK SHALL INIT~VITH
INITIAL LEAK SHALL INITaVRTH
INITIAL LEAK SHALI. DEFAULT CONDITION
SYSTBI REHAIKS INTACT INIT<VI+VITH
SYSTBI RBIAIKS IKTACT EMIT>VR+VRTH
SYSTBI REHAIMS INTACT ALL OTHER INITIATORS
LEAKAGE GREATER TMAM GLP INIT>VI+VITH
LEAKAGE GREATER THAM GLP IMIT~VR+VRTH
LEAKAGE GREATER THAN GLP ALL OTHER

INITIATORS
OPERATOR ISOLATES LOCA INIT>VS AKD QIALL
LEAK
OPERATOR ISOLATES LOCA INIT DURIKG TN AND
LARGE LEAK
OPERATOR ISOLATES I.OCA INIT DURING TH AKD
QIALL LEAK
OPERATOR ISOLATES LOCA INIT<VI+VRAMD

LARGE LEAK
OPERATOR ISOLATES LOCA IMIT<VI+VRAMD

QIAI.L LEAK
OPERATOR ISOLATES LOCA ALL OTHER INITIATORS
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Browns Ferry Unit 2 Individual Plant Examination Revision 0
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Figure E.2%. Frequency of Check Valve Leakage Events
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Figure E.2-5. RHR and Core Spray Interfacing LOCA Event Sequence Diagram

CN
C
CO»0
O

o



Browns Ferry Unit 2 Individual Plant Examination Revision 0
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Figure E.2-6. interfacing Systems LOCA Event Tree
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