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ADEQUACY OF STATION ELECTRIC DIS/(RIBUTION SYSTEM VOLTAGLS
OCONEE NUCLEAR STATION, UNIT NOS. 1, 2 AND 3

1. INTRODUCTION

An event at the Arkansas Nuclear One station on September 16, 1978, is
describad in NRC IE Information Notice No. 79-04. As a resuit of this
event, station conformance to General Design Criteria (GDC) 17 is being
gquestioned at all nuclear power stations. The NRC, in the generic letter
of August 8, 1979, "Adequacy of Station Electric Distribution Systems
Voltages," 1 required each licensee to confirm, by analysis, the adequacy
of the voltage at the Tlass 1E loads. This letter included 13 specific
guidelines to be followed in determining if the load terminal voltage is

adequate to start and continuously operate the Class 1E loads.

In response to the generic letter and questions from the staff, Duke
Power Company submitted information and analysis on October 29, 1979.Z
January 31, 1980,% June 4, 1980,% February 5, 1982, and November 8,
1982.6 These submittals, the Oconee Final Safety Analysis Report and
submittals of November 15, 1976,7 July 21, 1977,8 and October 19,

1978,9 complete the information reviewed for this report.

Based on the information supplied by the Duke Power Company, this
report addresses the capacity and capability of the onsite distribution
system of the Oconeg Nuclear Station, in conjunction with the offsite power
system, to maintain the voltage for the required Class 1E equipment within
acceptable limits for the worst-case starting and load conditions.

2. DESIGN BASIS CRITERIA
The positions applied in determining the acceptability of the offsite

voltage conditions in supplying power to the Class 1E equipment are derived
from the following:
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1. The maximum voltage occurs under station minimum load conditions
when the 525kV source is at a high of 532kV and the Unit No. 3
Class 1E system is supplied via the startup transformcr.6

2. The worst case transient voltage occurs when the 230kV source is
at its minimum expected value supplying the maximum plant loads
via the startup transformer with the bulk load starting of all
required safety 1oads.2

3. The minimum steady-state voltage occurs when all Class 1E loads
and the normally running unit auxiliary loads (including the

condensate booster pump) are running.3

4.3 Analysis Result

Table 1 shows the projected worst case Class 1E equipment voltages.

The maximum voltage expected at the 4kV equipment is higher than the
equipment rating. This voltage is at the 4kV switchgear, and does not
account for any plant loads or the voltage drop in the motor feeder
cables. When these voltage drops are accounted for, the maximum equipment
terminal voltage is within the equipment rating. The analyzed maximum
switchgear voltage for Unit Nos. 1 and 2 is less than that for Unit No. 3,
and is within the equipment rating.

The minimum analyzed bus voltages shown are high enough to account for
feeder voltage drops that exist between the bus and the loads.

4.4 Analysis Verification

DPC performed a test in accordance with NRC guidelines that measured
voltages and currents for the Unit 3 distribution system while the unit
auxiliary tranformer of that unit supplied 100% cf the normal full power
operating loads. The test is deemed applicable to Unit Nos. 1 and 2 also,
since they employ identical equipment and near identical distribution
systems.



Using the measured generator voltage and unit loads, the same computer
mode] was used to calculate the distribution system voltages. These
calculated voltages were then compared to the measured voltages. In all
cases, the calculated voltage was higher than the measured voltage (by 0.21
to 0.28% for the 4kV buses; by 0.33% for the 600V buses; and by 1.05 to
1.73% for the 208V buses).

This test verifies the accuracy of the analysis for the steady-state
condition. There is no reason to believe that the analysis is less than
adequate for the transient motor starting condition.

5. EVALUATION

Six review positions have been established from the NRC analysis
guidelinos1 and the documents listed in Section 2.0 of this report. Each
review position is stated below followed by an evaluation of the licensee
submittals. The evaluations are based on implementation of the technical
specification change described in Section 4.1.

Position l1--With the minimum expected offsite grid voltage and
maximum load condition, each offsite source and distribution system
connection combination must be capable of starting and of continuously
operating all Class 1E equipment within the equipment voltage ratings.

The licensee has shown, by analysis, that the offsite power sources in
conjunction with the onsite distribution system, have sufficient capability
and capacity for starting and continuously operating the Class 1E loads
within the equipment voltage ratings (Table 1).

Position 2--With the maximum expected offsite grid voltage and
minimum load condition, each offsite source and distributicn system
connection combination must be capable of continuously operating the
required Class 1E equipment without exceeding the equipment voltage ratings.

Duke Power Company has shown, by analysis, that the voltage ratings of
the Class 1E equipment will not be exceeded (Table 1 and Section 4.3).
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Position 3--Loss of offsite power to any of the redundant Class lE
distribution systems due to operation of voltage protection relays, must
not occur when the offsite power source is within expected voltage limits.
A - 1 Es 16 T 1 2 kal +h 1¢ 1 i1
s shown in gure 2° and in Table 2, below, the voltage relays will
1 ) | e e 1E 1 cé im i e - ¥ 1
not cause the loss of the Class 1E distribution system when the offsite
. " , . ; - .
grid voltage is within expected voltage limit he relays used have
inverse time delay characteristics. able 2 shows sample points from the
relay characteristic and the motor starting characteristic that are derived
- v
from Figure 2.°
Position 4--The NRC Tletter” requires that test results verify the
accuracy of the voltage analyses supplied
The test results, provided by Duke Power Company in their submittal of
4
ine 4, 1 , verify the accuracy of the voltage analysis.
TADIC r D TCY o) 1Al v dein N1 TANE f MNCDVUNL TASE D CcrTve T
ABLE 2. COMPARISON OF ANALYZED VOLTAGES AND UNDERVOLTAGE RELAY SETPOINTS
o : % 1 a ~
(% of nominal voltage)
= .
Relay Setpoint
a _nelay oetpoint
Minimum Analyzed
Recovery ime to
Location/Relays Voltage Time Voltage Trip
B elay ) Lag time_ _voltage V1P _
4160V main feeder bus
Ctoadvu=S an ~ A 3 | aY ¢ o/
Steady-State 30.4 continuous 87.5 + 3% >5 sec
Transient Motor Starting 80.8 2 sec b 4 sec
82.0 .5 sec b 4.3 sec ’
- »
85 1.7 sec b >6 sec
=i - s
87.5 4 sec b >10 sec
30 5.8 sec b no trip
. : il ) A
a Licensee has determined by analysis the minimum bus voltages with the
FfFed W, X . imis -~ ~ ~) - ' - ~ ]
offsite grid at the minimum expected voltage and the worst case plant and
- 6
"~ . " [
Class 1E loads :
b For the transient voltages, the analyzed voltages are shown with the
time the voltage will take to recover above this voltage. However, the
relay setpoint is not shown, but the length of time needed for relay
actuation if the voltage remains at the analyzed voltage is shown
8
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2. The test performed by Duke Power Company verifies the accuracy of
the analysis.

3. Duke Power Company has determined that nc potential for either a
simultanous or a consequential loss of both offsite power sources
exists.

4. Loss of offsite power to Class 1E buses, due to spurious
operation of voltage protection relays, will not occur with the
offsite grid voltage within its expected limits.
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