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1. Introduction 9. Unfortunately, a protective relay test on Felwd#s
approved when risk is too high to be accepted.

On February 9, 2012, during the 29-th refueling
outage of Kori 1 nuclear power plant, a statiorckdat 2.2 Maintenance Rule
(SBO) occurred and the event was not reported for a
long time. By reviewing the Kori 1 SBO event [1Jew  MRule was adapted 1996 in USA to enhance the
are try|ng to find a necessary System or process tosafety. One of main ObjeCt of MRule is to monitbe t
prevent the similar event in this paper. systems or components performance. Another object o
One of reason of the SBO event is the lack of aMRule is to control the Configuration, i.e., to ke
configuration control including a safer outage work and manage the increased risk induced by test &
scheduling. It is discussed here why the configomat —Maintenance activity as mentioned in a)4) of MRule.
control is not working even though it is known ttiaé MRule became one of KHNP self-managing programs
maintenance rule (MRule) [2] is adopted in KHNP. in Korea. However, configuration control a)4) tersn
After the SBO event, two main actions were taken by not included in KHNP MRule, and is separately
KHNP and NSSC(Nuclear Safety and Security managed in RIMS program. In RIMS program, a risk
Commission); 1) extended overhaul period and 2) monitor called RIMS (RlSk Informed Management
evaluation of outage work schedule by regulatorgypo ~ System) can evaluate the Core Damage Frequency
It is also discussed in this paper how these twimas  (CDF) when a configuration is changed. Unfortunatel

can be performed. in Kori 1, when the SBO event occurred, RIMS
program was not prepared even though KHNP MRule
2. Methods and Results without a)4) was operated. If RIMS program was

available, the SBO could be avoided.

In this section, Kori 1 SBO event is analyzed, and
since the results are connected to MRule and @n-lin _ _
maintenance (OLM), MRule and OLM are described. 2.3 On-line Maintenance

2.1 Kori 1 SBO Event On-line maintenance (OLM) is the maintenance
performed during power operation instead of during

The electric power supply system of Kori 1 is shown refueling outage to reduce the risk and the oupegiod.
in Fig. 1. Fig. 1 shows that the only possible glec =~ OLM increases the risk during power operation, and
source remained was emergency diesel generator \EDGreduces the risk during outage. It is known thaMdh
B when a wrong protective relay test caused adfip ~many cases has net benefit in the risk point afvi€or
unit auxiliary transformers A and B (UAT A/UAT B). example, since low power/shutdown CDF decreases by
In Fig. 1, if no maintenance, the available eledyican ~ 50.3%, and full power CDF increases 7.1 % , tofaFC
be five, and let's say them EDG A, EDG B, SAT A, decreases by 26.0% if EDG OLM is implemented in
SAT B, UAT. For example, SAT A means 154kv APR 1400[3].
offsite electricity which comes through station diaxry Although there is net benefit in the risk pointvagw,
transformer (SAT) 'A'. since the risk during power operation increasesMOL

Usually, train A (EDG A and SAT A) and train B has been carefully adapted by a stepwise approgch b
(EDG B and SAT B) are completely managed by train- Korean regulator. Since OLM of EDG is active and
wise. Thus, if train A is out of service, then tré beneficial in U.S.A, and net beneficial in thekrpgoint
should be alive, and vice versa. This concept i we Of view in Korea, OLM of a very simple system was
shown in the outage work schedule of electric power implemented at first, and EDG was a target systém o
supp|y system during Kori 1 ?&efue“ng outage (See the next OLM. However, after Fukushima accident, it
Fig 2.). In Fig. 2, even though a wrong protectig&y becomes difficult to continue OLM of EDGs due to
test occurs, at least two electric sources areyashaive ~ anti-nuclear atmosphere.
(e.g., EDG A and SAT A).

However, the outage work schedule of electric power 2.4 Actionsin Response to Kori 1 SBO
supply system during Kori 1 J9refueling outage (see
Fig 3.) which was badly scheduled and eventually —NSSC announced 20 actions in response to Kori 1
caused SBO, did not secure two electric sourcésetn ~ SBO [4]. One of them is that KHNP should set upst t
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& maintenance schedule in which the increased igsk
acceptable, and that the regulatory body evaluate i
independently. However, this action item can belyas
implemented if MRule a)4) is included in a reguigto
scheme. Also, it is announced that the size oUlesdi
inspectors of regulatory body will be increasedniet —
larger than in the past.
Also, KHNP is going to increase the overhaul period[SATA
to avoid a human error during outage. ——
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3. Conclusions Py

If MRule including a)4) is in a regulatory schenae, |suss
much safer outage work can be scheduled of

rescheduled, and thus there would be no Kori SBOP2R: S O B B B B B N B

event, and the NSSC requiring action for safer geita [uara \ \

scheduling can be easily fulfilled. N N N A N N A
UAT B

Just extending outage period may be a solution td
avoid a human error but not ultimate solution foe t
safe outage work in Korea. Rather OLM would bedyett
with a sophisticated tool (risk monitor) in the goo Fig. 2. Kori 1 outage work schedule of the™2&fueling
regulatory scheme (MRule including a)4) ) although gytage
more research and experience may be required in the
configuration management. However, we should
remember if OLM of EDG was performed, there would
be no Kori SBO event. Furthermore, to export nuclea
power plants, risk informed applications such asviOL
risk monitoring, and MRule, etc., should be more
actively implemented.
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Fig. 1. Kori 1 Electric Power Supply System



