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Abstract

The event-tree analyses of the ongoing Angra 1 PRA were performed by means of the expli
cit method of event-tree modelling of shared-equinment demendencies, from which some insi-
ghts were drawn. At first, we discuss the effects of collapsing equal impact vectors. The se
cond insight is related to a critical analysis of the dependency matrix concept versus the
GO methodology for modelling intersystem dependencies. Finally, we discuss the possibility
of using our computerized event tree analysis methodology for assessing the unavailability
of the envolved safety systems, most of which are recognized as noncoherent structures.

1. Introduction

The event-tree analyses of the ongoing Angra 1 PRA [1] were performed by means of the
explicit method [2], which implies that for each initiator an event tree is developed for
the support systems and another for the front-line systems, being the latter those systems
that directly provide one or more reactor safety functions, and the first ones simply enable
the front-line systems to function properly. The impact of each support system success-fai-
lure combination on the event tree is assigned an impact vector to describe the front-line
systems that fail as a result of support-system failures.

For the purpose of effectively using this methodology, a computer code has been develo-
ped [3] and many initiator analyses and variations performed so far have led us to some
practical conclusions which are the subject of this paper.

2. The Issue of Dependent Events and the Impact Vector Method

The technique of collapsing equal impact vectors renders it impossible to identify
where the impact came from. This fact is relevant, for instance, in the accident evaluation
process made by ETAPl. The case of the HPIS of Angra 1 is typical. This system (see simpli-
fied diagram in Fig. 1) has two trains connected by a cross-tie valve. The unavailability of
train B, given that train A has been impacted may change if, for instance, a component that
is common to both trains has been impacted.

If in the case under discussion an impact were identified in valves 1 and 3, for exam-
ple, one out of two alternatives could be adopted, namely, train B could be considered as
made by pump 2 and valve 2 or, alternatively, the collapsing of equal impact vectors would

not be performed - that is, the front-line system event tree would be assessed for each
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unique impact vector.

Fortunately, in practice the impacts are in the same components most of the time (e.g.,
pumps), leaving way to the utilization of this method to a large extent.

As a second aspect, we mention the quantification step involving the HPIS and HPRS in
the small-break initiator tree. Traditionally, this analysis would be performed as sketched
in Fig. 2, where no train-level analysis (TLA} is adopted for any of the systems. Alternati-
vely (as we have done [1]), this analysis may be performed as indicated in Fig. 3.

When constructing the tree, we know that the HPRS depends upon the HPIS for functioning
adequately (indeed, they even have components in common). Therefore, HPIS is analyzed in the
TLA fashion because the HPRS depends upon it. However, no system depends upon the HPRS for
functioning adequately, so that the TLA concept is not considered here. The overall quanti-
fication step for this case is summarized in Table I. At first, two values would be necessa-
ry for the HPRS, namely, one for the system unavailability and another for its complement.
Nevertheless, as may be seen in Tab. I, four values are required. For the specific case of
Angra 1,.many symmetries explain the equal values shown explicitly in Tab. I. Besides, for
the case of the event tree shown in Fig. 1, the values to be used should be the summed-up
values displayed.

The second possibility for quantifying the HPIS unavailability is not practical, as long
as the evaluation of U(B|A) for example, may be tedious. Indeed, it is much easier to evalua
te UBNA) and then obtain U(B|A), with the help of Bayes' rule.

3. Dependency Matrix Versus GO Methodology

As suggested in Fleming et ali [2], the GO methodology can be used for modelling the
interdependencies between front-line systems and support systems. For cach system, possibi-
lities like single failures, double failures, or test and maintenance unavailability con-
tributions leading to one or both trains of a system being down are considered.

The dependency model that can be formulated by means of this methodology is input with
the reliability data base into the GO computer code system with the user specifying the
desired output events that arve to be monitored (the desired top events in the event tree).
By introducing the dependency logic into the GO model, a prunmed tree can be automatically
drawn, and at the same time, GO can quantify the point probability of each tree branch.

The advantage of the GO methodology is its ability to correctly model all the system
sequence interdependencies with the results being automatically summarized at any desired
level in event tree format, thus eliminating the need for generating very complex event
trees for quantification purposes.

The method we have used in the development of ETAP1 is quite different. The dependency
matrix that has to be defined prior to the code utilization encompasses the intersystem

- among support systems (support system event tree construction);

- between front-line and support systems (impact vector list generation);

- among front-line systems (front-line system event tree construction).

As may be seen, we have to define three matrices, which can be collapsed into one. We
distinguish between construction and quantification dependencies, inasmuch as the first ones

are employed to eliminate impossible sequences and the second to quantify the remaining ones.
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We should mention that in the Zion study [4], in order to analyze the influence of
electric power and service water states on safety systems, the impact vector list was made
by means of a simplified dependency matrix which displayed the pertinent dependencies. An
improvement of the matrix concept has been considered in the Seabrook station study [5].

We recognize that the dependencies we have mentioned so far are intersystem dependenci-
es of the functional and shared-equipment types. Physical interactions (e.g., fires) are
much more difficult to model [6] and human interactions can he modelled in some instances

by means of separare headings in the front-line event tree [4].

4. Extended Fault Tree Analysis and Event Tree Analysis

Most systems we deal with in reliability analyses of nuclear power plants are noncohe-
rent structures { 7], due to many particularities that already exist or that are imposed on
them. Test and maintenance procedures are an example of the latter. To assess this kind of

structure, methodologies are available [7-9]. The main feature they all present is the
implementation of the NOT gate concept, so as to allow proper modelling of those special
restraints that render the structure noncoherent.

Following a suggestion made elsewhere [10], we have used event trees to model this
type of situation in a systematic way. The intersystem dependencies between components sub-
jected to test and/or maintenance are modelled by means of a dependency matrix. Let us clari
fy our discussion with an example.

Fig. 4 illustrates a simplified system diagram of two pumps that discharge coolant to

a common header [9]. Fig. 5 illustrates the events of interest for the analysis - namely,
each pump may have a hardware failure (events HA and Hp) or may be in test or m?intenance
(events TA and TB). Shown are the possible intersections of all events defined as, for
example, a pump cannot undergo a hardware failure while in test (although this particular
restraint is immaterial, being kept only for comparison purposes).

For properly handling the above events, we define a dependency matrix (Fig. 6), in
which all the "intersystem'' dependencies are displayed. A "0'" in this matrix means that the
top-row event may occur concomitantly with the right-column event that is interlinked to it.
On the other hand, a "1'" means exactly the reciprocal statement - that is, given that the
top-row event has already been considered, the proper right-column event cannot be conside-
red anywéy.

As in [9], let us suppose that only pump failures to operate upon demand are considered.
rhe pumps are considered to be repairable and for pump A this maintenance causes an average

unavailability of 7 x 10—2 per demand, while for pump B this value is 6 x 1072 per demand,

Z and

On the other hand, they have unavailabilities due to random failures of 1 x 10~
2 x 1072 per demand, respectively. It must be emphazised that, as usual, administrative
procedures do not allow simultaneous maintenance of two pumps, and a component does not
experience a random failure while undergoing maintenance. All this restraints are adequately
displayed in our matrix (Fig. 6).

The event tree for this example is shown in Fig. 7. Given that the system has been
demanded, three out of eight possible sequences are found to represent system failures (a
failure criterion should be used for identifying them, when running the modified version of
ETAP1).

The system unavailability may be found from
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Ug = Uy + Ug + Uy 1

where
Up = U(HY).U(Hp) (2)
Uz = U(H,) .U(Hp|H,) . U(Tg [H, HR) (3)
Uy = UH,).U(T, [Hy) .U(Hy) )

Fhe conditional unavailabilities displayed in Egs. (2), (3) and (4) are evaluated much
in the same fashion as in (9] . In doing so, we find that U1 =2Xx 10_4, U3 =6 X 10_4, and
U; =1,4x 10—3. Consequently, the system unavailability is given by US =2,2%x 10_3, that
is, the result obtained in [9] with the help of NOT gates in fault trees.

5. Conclusions

The use of the ETAPl code has enabled extensive and detailed event tree analyses for
the Angra 1 probabilistic analysis using a variation of the explicit method, namely, the
concept of impact vectors. This work focused on some important conclusions reached as the
result of many initiator analyses already performed, related not only to the event trees
themselves, but also to the fault tree analyses that have to be input to them.
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Table I

HPIS/HPRS Analysis

UNAVAILABILITY VALUES RELATED SEQUENCES
SYSTEM
1ST POSSIBILITY  2ND POSSIBILITY 1ST TREE (FIG. 2) 2ND TREE (FIG. 3)
H U(A NB) U(A) .U(B|A) 1,2 1,2
N
P U(}_\ B) } EQUAL U(ﬁ).U(Elﬁ) 1,2 summed up 3,4
I U(ANB) U(A) .U(B|A) 1,2 5,6
S U(A MB) U(A).U(B|R) 3 7
H U(HPRS |HPIS) 1 2
P U(HPRS [HPTS,) 1 summed up 3
R U(HPRS |HPTSR) 1 5
S U(HPRS |HPIS) = 1.0 3 i/
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Fig. 7 - Event Tree for the Example
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