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UNITED STATES ?
NUCLEAR REGULAIORY COMISSION

OFFICE OF INSPECTION AND ENFORCEMENT
WASHINGTON, D.c. 20S555

January 10, 1984

|IE INFORMATION NOTICE NO. 84-02: OPERATING A NUCLEAR POWER PLANT AT VOLTAGE
LEVELS LOWER THAN ANALYZED

Addressees:

All nuclear power reactor facilities. holding a corstruction permit (CP) or an
operating license (Q).

Pur pose:

The purpose of this notice is to: (1) inform licensees of an event resulting
from operating a nuclear power plant's electrical distribution system at
voltage levels lover than that specified i nthe plant's safety analysis, and
(2)describe design deficiencies of the plant's degraded voltage protection
system

Description of Circunstances:

On August 1, 1983, at about 4 a~m , the Monticello Nuclear Generating, Plant
was being operated at rated power. Because of a lightly loaded grid, the main
generator was being operated at a reduced voltage (i.e., 20.9 kV rather than
at the nominal level of 22 kV) in response to a request from the load dispat
cher in order-to redure the voltages of the Monticello switchyard buses.  This
request was made to compensate for voltage rises that can occur on transms
sion lines that are lightly loaded. Since the main generator foods both the
licensee's transmission network, via a main power transformer to the plant's
switchyard, and the plant's electrical distribution system, via an auxiliary
transformer, the voltage levels of the licensee's transmission network and of
the plant's electrical distribution system are directly proportional to the
mito generator's terminal voltage.

During normal power operation, as was the case during this event, all the
plant's electrical loads, including the two redundant 4160 V safety-related
ﬁtées, _are servutd by the main generator via an auxiliary transformer.  Sincc
rt mai n generator was oBeratmg at areduced ternmnal voltage, the two safety
related buses were also eingf energized at a reduced voltage level (i.e., 3960 V
rather than the nominal level of 4160 V). During this time, a large safety
related pump motor served by one of these buses was started. The voltage
drop resulting from starting this large motor, coupled with the low initial
bus voltage, caused the voltage to dip below the degraded voltage protection
system's trip setpoint (3885 \Q As a result, the degraded voltage protection
system was armed, and a time elagf circuit was activated. The purpose of this
time delay circuit is to accommodate the voltage drops resulting from starting
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motors by blocking actuation of the degraded voltage Protection system for 10
seconds.  If, during this 10-second time delay, the bus voltage recovers to a
level above the degraded voltage protection system's reset setpoint (3965 V),
the system Wwill be reset and no further action will ensue. Otherwise, the
degraded voltage protection system will be actuated. On August 1, 1963, since
the bus voltage could not recover to the reset setpoint, the degraded voltage
protection system was actuated. It should be noted that the degraded voltage
protection systemwill always be actuated when the safety-related buses are
operating at |evels below the reset setpoint (as was the case on August 1,
1983) and the voltage on either bus dips belowthe tri p setpoint.

I'nthis instance, the following sequence of events was initiated upon
actuation of the degraded voltage protection system (1) the normal feeder
breaker serving the affected 4160 V safety-related bus automatically tripped;
(2) both emergency diesel generators (EDGs) autonatically started on an
emergency basis; (3) when the EDG serving the affected bus reached its design
speed and voltage, the feeder breaker from the EDG to the affected safety
related bus jutomatically closed, and (4) those loads on the affected bus that
vere not automatically shed were energized by the EDG. Since the redundant
4160 V safety-related bus was not affetcted by this event, it was continuously
served by the main generator via the auxiliary transforner.

Di scussi on:

Qur investigation of this event revealed the foll owi ng particulars, some of
which nmay be applicable to other nuclear power facilities:

1. In response to NRC's nultiplant action item no. 8-48, the |icensee
submitted a worst-case anal ysis supporting the design of the plant's
electrical distribution system This analysis was based on a heavi | y
| oaded grid, and included the assunptions that under such conditions the
m ni mum bus voltages at the Mnticello sw tchyard woul d be 350.8 kV and
119.7 kV on the 345 kV and 115 kV buses, respectively. Based on these
assumptions, the licensee calculated that the minimum steady-state
voltages on the 4160 V buses would be 4025 V after all ESF loads were
operating (i.e., greater than 4025 V prior to actuation of the ESF | oads.
but the actual value was not stipulated). In contrast, because of the
aforementioned |ightly loaded grid, the 345 kV buses were bei ng operat ed
at 344 kV and the 4160 V safety-related buses at 3960 Vat the time of the
event.

Qur review of this event indicated that the |icensee's anal ysis did not
take into account the effects of a lightly |oaded grid. Furthernore, our
review reveal ed that the licensee did not consider the mninumva .e
assumed inthe analysi.s as being an operational Ilinit. Consequent 'y, at
the time of the event, as well as at other times during which the grid
was |ightly loaded, the plant was being operated at vol tage levels bel ow
those used to assess the adequacy of the plant's saf eguards distribution
system and for which the degraded voltage protection system had been
designed. This event clearly denonstrates that nuclear power lacilities
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shoul d not be operated in response to external requests unless the effects
of such requests are fully understood and such operation iswthin the
bounds of the plant's analysis.

It appears that the licensee had not fully evaluated the design features
and the operating requirenments of the plant's degraded voltage protection
system before the August 1, 1983 event inthat the operators were not
aware that the reset setpoint of the degraded voltage protection system
was higher than the actual voltages on the 4160 V safety-related buses.

The trip setpoint of the Mnticello degraded voltage protection system

I s 3885V, and the reset setpoint is 3985 Vwith a 10-second time del ay.
This neans that whenever the trip setpoint is reached during an electrical
transient, such as the starting of a notor, the steady-state voltage nust
exceed the trip setpoint value by at least 100 V within 10 seconds. |f
these conditions are not met, the degraded voltage protection systemwill
be actuated. Under these design conditions, if the initial voltage on the
4160 V safety-related buses isonly slightly above the reset setpoint of
3985 V and the bus voltage dips bel ow the trip setpoint of 3885 V, the
degraded voltage protection systemmight be actuated. |f the 4160 V safety
rel ated buses are being energized below the reset setpoint (e.g., 3960 V
as was the case on August 1, 1983) and the bus voltage dips bel ow the trip
setpoint of 3885 volts, the degraded voltage protection systemwll be
act uat ed.

The following definitions and descriptions of electrical systens used in
nucl ear power facilities are taken directly from |EEE Std 308-1974, "I|EEE
Standard Criteria for Cass | EPower Systems for Nuclear Power Generating
Stations": Preferred Power Supply (Definition) - "That power supply which
ispreferred to furnish electric energy under accident or post-accident
conditions"; Preferred Power Supply (Description) - "The preferred power
supply shall consist of one or more circuits from the transnission network
or equivalent source of electric energy to the Class | Edistribution
system input termnals"; Standby Power Supply (Definition) - "The power
supply that is selected to furnish electric energy when the preferred
power supply is not available"; Standby Power Supply (Description) - "The
standay power supply shall consist of all conponents from the stored
energy to the connection to the distribution systems supply circuit
breaker (for exanple, prine novers; generators and excitation equi pnent;
control system ...)."

The above definitions are included to conpare Mnticello's degraded

vol tage protection systemw th the recommendations of |EEE Std 308-1974.
Actuation of Mnticello' s degraded voltage protection system automatically
transfers the affected 4160 V safety-related bus from its normal source of
power (the main generator) to its associated EDG (a sta:idby power supply),
even though acircuit fromthe transm ssion network nay be avail able.

Thus, .ithough the design of Mnticello's degraded voltage pru.tection
system conforns with the requirements of |EEE 308-1974, it exposes the
standby power supply to unwarranted chal | enges.
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Corrective action taken by the licensee to assure that the plant's electrical

distribution system is operated within the bounds for which it was analyzed
included:

1. Reanalyzing the plant's electrical distribution system to determine the
minimum operating voltage on the 4160 V safety-related buses;

2. Developing operating procedures for actions to be taken in the event that
the voltage on a 4160 V safety-related bus falls below 4025 volts; '

o=

3. Evaluating the feasibility of operating the 4160 V safety-related buses
from an offsite power source during normal plant operation; and

4. Developing administrative controls to assure that the voltage on the
345 kV and 115 kV switchyard buses remain above the minisum values

necessary to assure that the voltages on the 4160 V safety-related buses
remain above their analyzed minimum values.

This notice highlights the need for licensees to be more fully aware of the
bases and limits of the plant's analyses and identifies a specific deficiency
in a degraded voltage protection system. Although ne written responve to this
notice is requested, it is suggested that holders of licenses review the
information for applicability at their facilities.

Please refer questions regarding this notice .o the Regional Administrator of
the appropriate NRC Regional Office or a technical contact listed below.

- /

,,a:%£a§57" J@Cﬁfﬁ%zﬁTF:EtaF-

Divisipg' of Emergency Preparedness
and ineering Response
Office of Inspection and Enforcement

Technical Contacts: 1. Villalva, IE
(301) 492-9635

J. T. Beard, NRR
(301) 492-7465

Attachment:
List of Recently Issued Information Notices !



LIST OF RECENTLY ISSUED
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Information Date of
Notice No. Subject Issue Issued to
84-01 Excess Lubricant in Electric 01/10/84 A1l power reactor
Cable Sheaths facilities holding
an OL or °
83-84 Cracked and Broken Piston 12/30/83 A1l power reactor
Rods in Brown Bovery Electric facilities holding
Type S5HK Breakers an OL or CP
83-83 Use of Portable Radio 12/19/83 A1l power reactor
Transmitters Inside Nuclear facilities holding
Power Plants an OL or CP
83-82 Failure of Safety/Relief 12/16/83 A1l power reactor
Valves to Open at BWR - facilities holding
Final Report an OL or CP
83-81 Entry Into High Radiation 12/7/83 A1l licensees autho-
Areas From Areas Which Are rized to use portable
Not Under Direct Surveillance radiography devices
in radiography
programs
83-80 Use of Specialized "Stiff" 11/23/83 A1l power reactor
Pipe Clamps facilities holding
an OL or CP; NSSS
and AEs
83-79 Apparently Improper Use of 11/23/83 A1l power reactor
Components in Safety-Related facilities holding
Systems an OL or CP
83-78 Apparent Improper Modifica- 11/17/83 A1l power reactor
tion of a Component Affect- facilities holding
ing Plant Safety an OL or CP
83-77 Air/Gas Entrainment Events 11/14/83 A1l power reactor
Resulting in System Failures facilities holding
an OL or CP
83-76 Reactor Trip Breaker Malfunc- 11/2/83

tions (Undervoltage Trip
Devices on GE Type AK-2-25)

A1l power reactor
facilities holding
an OL or CP

OL = Operating License
CP = Construction Permit
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