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Transient evaluation using EMTP at one phase opening with the offsite power transformer

for the emergency power supply systems of nuclear power plants
(This report is a follow-up of the report published two years ago.)

— Verification related to the open-phase detection method of the transformer
by United States Electric Power Research Institute (EPRI) —
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Abstract The emergency power supply systems of nuclear power plants, as the objects of
this research, are critical in supplying stable electric power to such systems as the emergency
core cooling system (ECCS), and in maintaining safety of the nuclear power reactor; this was
apparent in the accident at the Fukushima Daiichi Nuclear Power Station. The USNRC issued
regulatory documents(BL 2012-01, IN 2012-03), and has commenced evaluations on newly
emerged vulnerability in the design of power supply systems which cannot be detected with
degraded-voltage protection relays, with certain kinds of configuration of coils and iron core
structures, such as when the offsite power supply side is a wye-connection and the load side is a
delta-connection etc., when the detection of one-phase open fault with the circuit of a transformer
which is without a ground fault connected to the offsite power supply system. The report in
the INSS JOURNAL 2013 used simulation by the electro-magnetic transients program (EMTP)
and clearly described the response at the time of the power supply side one-phase open without
ground fault for various configuration of coils and various iron core structures of the three-phase
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transformer, and identified the important issues in the response of emergency power supply
systems and the safety related components of representative domestic PWR plants when the
one-phase open fault occurred without ground fault. The report in the INSS JOURNAL 2014
summarizes the previous results, and then presents the principles by which normal voltages are
maintained in both the primary and the secondary sides when the one-phase open failure without
ground fault occurs on the primary side of the transformer, and the results of the simulations
of operations of the protection relays of the emergency power supply systems and the safety
related components of representative a domestic PWR plant with EMTP. In a continuation of the
previous reports, this report explains the method to detect open-phase when the transformer is
no-load which United States Electric Power Research Institute (EPRI) developed. As the detailed
analyses data from EPRI related to the detection method concerned have not been disclosed
officially yet, in this paper, the quantitative and detailed verification results of the method using

EMTP is reported.

Keywords emergency power supply system, safety related component, three phase transformer, open-
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