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Abstract It is considered the problem of the reliability increase of the emergency power system of major energy objects
auxiliaries with the supply of various energy sources (diesel and hydroelectric generators). The effect of the additional redundancy
on the probability of emergency power system fault is studied.

Keywords Hydropower, Emergency power supply, Failure probability.

fulfill the system functions. In the case of outdiate-
energizing the independent redundancy power supply
The experience of energy objects exploitation showbannels come into operation by turn. The staraijpire
that the failures of the power generating unitsygio probability of a system consisting of m independent
transfer systems and loads can lead to the negesfsit sources is:
hitch and sometimes to the loss of power plantlauigs Q =q", 1)
supply. ) ) : ) .
The accident at Fukusima-1 NPP shows that theWNere d-—isasingle source failure probability.

consequences of nuclear reactor accidents connedtied . The system .Of one-type elements can fail .due t bot
the de-energization of the reactor shut-down cgolifdePendent failures jgand common cause failures)(q

system are of a global character. De-energizatsoothé the failure probab.ility appears as a sum ofi¢igq The
initiating event of more than a half of accidertattlead common cause failure probaplllty IS Fieflned as rcfion
to the reactor core damage. of a number of independent single failures:deg;.

By tradiion the NPP and other major objects Considering the common cause failures the fault
auxiliaries redundancy is supplied with diesel gatws. plrobablhty (éf f_a ;sjyst(.em consysting of m- single-type
But insufficient reliability of high-power diesel €léments Is defined as:
generators, oil and fuel supply systems and pndaroat Q, = qim +dq.. (2)
electric starting systems reduce the possibilityast and  The yse of polytipic elements is a way to reduce th
full-scale energy supply and accident developmeggmmon cause failure probability. In the case efreints

l. INTRODUCTION

prevention. . . ~of ntypes, the failure probability is:
In [1], on the base of diesel generator failureaddtis n
given the estimation of the failure probability asystem Q. = (q,m_ +q ) ©)
.. . . . m,n [ Cj
consisting of three diesel generators considerorgmon =

cause failures. In the case of independent elenudritse
system the startup failure probability is 2,7°1cluding
common cause failures. The system failure prokghigi Ill.  ANALYSES OF AUXILIARIES SUPPLY SYSTEM WITH
estimated as 6-10 That is why we can't consider the CONSIDERATION OF COMMON CAUSE FAILURES
diesel generator failures independent. To receive t

objective definition of the NPP safety systemsataility it According to [1] the probability of a single_diesel

) . ) generator failure is 3- TO There i$5,~8.2% ans~0.72%
is necessary to consider the common cause faillitese failures of two- and three-unit system, respecyivaler

failures can be caused by the integration of safgsfems one independent failure.

?nbd. etgwpmetr;]t dand tau.X||I|ar|tes, maintenance  Ways, e faijure probability of the system consistinglofee
a_lf'ﬁa 1on mef 0 Sj{ ma erlzf:lsep. i .. diesel-generators considering possible common cause
€ use ot systems ol various operation Principi; eq can pe calculated from (2). The commonseau

allows to avoid the common cause failures. If tHePNhas . _. s :
a cooling pond, hydroelectric generators of neddwy- gg;zgg?g?mty of one of single-type elemegican be

power hydroplant can be used as an additiona 3
independent power source [2]. o, Ly = +(qL. 4)

The considered system of three elements has
0:=1.910* (Fig. 1). The comparison of the diesel
generators [1] and independent elements failure
probabilities is given in the Table I. It result®orh the

To develop the emergency power system estimatioomparison that the contribution of common cause
method given in [1], we consider the possibility téailures is crucial and it is necessary to guam sistem
increase the system reliability by the introductioh from such failures.
various operation principle sources for the reduagia The failure probability of a system of various-tgpe

The systems of high reliability specifications ube sources shown on Fig. 2 considering the commonecaus
redundancy from several sources. Each unit is #&blefailure of syngle-type elements can be evaluateohfr

. METHOD OF ESTIMATION OF EMERGENCY POWER
SYSTEM FAILURE
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Q3D+H = QSD mH '

where ¢ — a hydropower unit failure probability.

TABLE |
THE THREEDIESEL-GENERATORSYSTEMFAILURE
PROBABILITIES

Statistic data [1] The case of
independent elements
Failure 2.1610* 2.710°
probability
Failure probability
1.00E+00 ‘
— Q
- Q
1.00E-0L:
1.00E-02
1.00E-03
1.00E-04
1 2 3 4 5 6 7

Number of diesel generators

Fig. 1. A system of single-typed elements failurebability as a
function of number of diesel generators considetfrggcommon cause

failure probability

Fig. 2. The scheme of an emergency power systemsaitrces of

various operating principle:
1 - diesel generator; 2 — hydropower unit

If qu=0p=0;+0q.=3.0210%, then the system (Fig. 2) has
Qsp:4=6.510°. The system of four diesel generators has
Qup=1.910"

The increase in the number of hydropower unitsdead
to the reduction of the system failure probabiligor
example, the system of three diesel generatorstltaee
hydropower units has £,s=4.7-10°. Further increase in
the number of hydropower units does not give any
considerable effect on the failure probability dwethe
impact of common cause failures.

The reduction of failure probability to 70.10°
corresponds to the reliability requirements of thgeto-
date and prospective types of nuclear energy eqnpm

The performed calculation shows that the equipihg
storage ponds with gated outlets with additional
hydropower plants can essentially raise the rdiigkand
safety of Sverdlovsk region major energy objeaishsas
Beloyarskaya NPP, Reftinskaya and Sredneuralskaya
thermal power plants etc.

V. CONCLUSION

The existing methods of the emergency power systems
reliability estimation do not consider the impadt the
diversity of elements. The offered method considbes
failures of single-type elements by the introductiof
common cause failure probability. The developedhaet
can be used to estimate the failure probabilitythod
systems consisting of polytypic elements becausthef
relative model simplicity and the sufficient result
accuracy.

The results of the NPP auxiliaries emergency power
system analyses afford ground for the conclusian ltigh
value of the diesel generator common cause failure
probability (~1.910%) essentially limits the achievable
value of reliability. The use of cooling pond pdiahwith
hydropower units can provide the additional growth
reliability. Considering the made assumptions, uke of
three additional units of low-power hydroelectriamnt in
the system of three diesel generators can redeckilare
probability by order of magnitude greater than 1GOd
achieve the value of 410°
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