EG:G ... -

M EGAG )98

INTERIM REPORT

AcCcCess NG
Report No. EGG-EA-5417
Coniract Program or Project Title
elected Operating Reactor Issues Progran
Subject of this Document:
Adequacy o~ Station Eleciric Distribution System Voltages, Palisades Plant
cket No. 50-255, TAC No. 12780

Type of Document

tor 3 ®

Author(s) : " rgRC R\ﬁ n s -

Clota .,
wololdiil Con rt
Date of Document: i
Responsible NRC Individual and NRC Office or Division:
r X v r T+ cen n
T . N 2 C 2 v f prelimina € 3 S¢ thas o
’ ray be substant ; 4 by b
]
L — - — ——————————— -4
) ]

jaho 83415

'»‘Jvc--;_an.v} for the
U.S. Nuclear Regulatory Commission
Washington, D.C
Under DOE Contract No.‘ DE-AC07-761D01570
NRC FIN No. _AbB&ZY ;

INTERIM REPORT



ADEQUACY OF STATION ELECTRIC DISTRIBUTION SYSTEM VOLTAGES

PALISADES PLANT

Docket No. 50-2%5

April 1981

A. C. Udy
Reliability and Statistics Branch
Engineering Analysis Division

£EG&G Idaho, Inc.

Draft 4/1/8]
TAC No. 12780




AB STRACT

The Nuclear Reguiatory Commission has required ail licensees to analyze
the electric power system at each nuclear station. This review is to ueter:
mine if the onsite distribution system in conjunction with the offsite power
sources has sufficient capacity and capability to automatically start and
operate al! required safety 10:4s within the equipment voltage ratings.

This Technical Evaluation Report reviews the submittals for the Palisades
Plant.

The offsite power source:, in conjunction with the onsite distribution
system, have not been shown to have sufficient capacity and camability to
automatically start as well as continuously operate, all required safety-
related 1oads within the equipment rated voltage limits in the event of
either an anticipated transient or an accident condition.

FOREWORD

This report is supplied as part of the “Selected Operating Reactor
Issues Program (III)" being conductad for the U.S. Nuclear Regulatory
Commission, Office of Nuclear Reactor Regulation, Division of Licensing, by
EG&G Idaho, Inc., Reliability and Statistics Branch.

The U.S. Nuclear Regulatory Commission funded the work under the
authorization, B&R 20 19 01 06, FIN No. A6429.
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ADEQUACY OF STATION ELECTRIC DISTRIBUTION SYSTEM VOLTAGES

PAL ISADES PLANT

1.0 INTRODUCT ION

An event at the Arkansas Nuclear One station on September 16, 1978 is
described in NRC IE Information Notice No. 79-04. As a result of iis
event, station conformance to General Design Criteria {(GDC) 17 is being
questioned at all nuclear power stations. The NRC, in the generic letter
of August 8, 1979, “Adequacy of Station Electric Distribution Systems Volt-
ages," ! required each Ticensee to confirm, by analysis, the adequacy of
the voltage at the class 1E loads. This letter included 13 specific guide-
lines to be followed in determining if the load terminal voltage is ade-

quate tou start and continuously operate the class 1E loads.

Consumers Power Company (CPCo) responded with analyses of January 9,
1980,2 and March 7, 1980.3 Information on required testing was sup-
plied on July 18, 1980.4 Subsequent concerns were addressed in letters
dated August 22, 198, February 9, 1981,% and March 3, 1981.7
Additional information was obtained in letters of October 2, 1978,8 and
February 27, 1980,9 and in the Palisades Plant Final Safety Analysis
Report (FSAR).

Based on the information supplied by C°Co, this report addresses the
capacity and capadility of the insite distribution system of the Palisades
Plant, in conjunction #ith the offsite power system, to maintain the vol-
tage for the required class 1E equipment within acceptadle limits for the
worst-case starting and load conditions.

2.0 DESIGN BASIS CRITERIA

The positions applied in determining the acceptability of the offsite
voltage conditions in supplying power to the c’ass 1E equipment are derived
from the following:



1. General design Criterion 17 (GDC 17}, “Electrical Power Systems,"
of Appendix A, "General Design Criteria for Nuclear Power Flants,"
of 10 CFR 50.

2. General! Design Criterion 5 (GDC 5), "Sharing of Structures, Sys-
tems, and Components," of Appendix A, “Genera! Design Criteria
for Nuclear Power Plants," of 10 CFR 50.

3. General Design Criterion 13 (GDC 13}, "Instirumentation and Con-
trol,"” of Appendix A, "General Design Criteria for Nuclear Power
Piants," of 10 CFR 50.

4. IEEE Standard 308-1974, "Class 1E Power Systems for Nuclear Power
Generating Stations."”

5. Staff positions as det:iled in a letter sent to the licen-ee,
dated August 8, 1973.°

6.  ANSI C84.1-1977, "Voltage Ratings for Electric Power Systems and
Equipment (60 Hz)."

Six review positions have been establ 'shed from the NRC analysis guide-
lines' and the above-listed documents. These positions are stated in

Section 5.0.

3.0 SYSTEM DESCRIPTION

Fiqure 1 is a simplified skeich of the unit electrical one-line dia-
gram.4’8 2400V Class 1E Buses 1C and 1D can be supplied by either station
power transformer (SPT) 1-2, startup transformer (SUT) 1-2, or the reserve
transformer via 4160V Bus 1F. Technical specifications require that both

SPT 1-2 and SUT 1-2 be operable before and during operation; however, no

specific restriction on the use of or on the availabiliiy of the reserve
transformer is found in the technical specifications.
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480V Class 1E Buses i1 and 12 are supplied by independent transformers
from Buses 1C and 1D, respectively. The four 120V preferred ac buses are
nomally powered by battery-supplied inverters; however, the FSAR, Section
8.3.5.2, indicates that a backup regulator, powered by the 120V instrument
ac bus, is the backup source for all four of the 120V preferred ac buses.
Tne 120V instrument bus is powered by a transformer connected to 480V Bus
11 or Bus 12.

There 2re uadervoltage relays on both 2400V Bus2s 1C and 10.2 These
relays separate the Class 1E buses from offsite power should there be a
degradation of offsite power, and init.a.e sequencing onto diesel power.

There is a single transmission feeder from the 345V switchyard to the
three startup 1:ransi’cmm.'r-s.6

CPCo supplied the equipment operating ranges identified in Table 1.

4.0 ANALYSIS DESCRIPTION

4.1 Design/Operation Changes. The voltages shown on Table 1 are
based on the licensee changing the taps on Transformers 11 and 12 to the
2400V setting. This nas been accomplished in 1979.7

4.2 Analysis Conditions. CPCo has determined that the minimum expec-
ted of fsite grid voltage is 327.75kV (95% of 345kV). CPCo has not supplied
the maximum expected cffsite grid voltage.

CPCo has analyvzed each offsite source to the onsite distribution sys-
tem under extremes of load and offsite voltage conditions to determine the
temminal voltages to 1E equipment. The worst case class 1E equipment ter-
minal voltages occur under the following conditions:

1. The minimum expected continucus load terminal voltages occur when
the grid is minimum and the startup transformers suply the maximum
expected class 1E and non<class 1E loads. Startup transformer 1-2
will be supplying all class 1E loads.



TABLE 1 CLASS 1E EQUIPMENT VOLTAGE RATINGS AND ANAL YZED WORST CASE
TERMINAL VOLTAGES (% of nominal voltage)

Max imum Minimum
Analyzed
Equipment Condition Rated Analyzed Rated Steady State Transient

2300Y Motors Start -- -- 3 -- 73.4

Operate 110 106.6 90 91.1 --
4650V Motors Start -- -- 4 - 51.4

Operate 110 103.3 90 82.7 --
440V Motors Start -- -- El -- 53.8

Operate 119 108.0 90 86.5 -
430V Starters  Pickup -- -- 85 80.9 53.4

Dropout -- -- 50 -- 53.4

Operate 125 99.0 50 80.9 --

Otner Equipment®

a. Rated starting voltages for motors were not supplied. CPCo supplied
speed-torque curves for typical motors in 1ieu of this data. The curves
supplied showed a single curve for an unspecified voltage. It is impossible
to determmine tnis value from the CPCo-supplied information. However, CPCo
indicates that the motors will start with the grid at 345kV. CPCo has not
made such a statement with the grid at 327.75kV (95% of nominal).

b. Other equipment includes bats;ry chargers, rated to full output voitage
at an input voltage down to 432V./ The output voltage decreases below this
input voltage. Should the output voltage be reduced below the battery
voltage, the battery will supply the dc loads; however, how long this con-
dition will go uncorrected is not 2 part of the unit technical specifica-
tiens. The four 120V ac preferred instrument buses can be powered by the
120V ac instrument bus. CPCo did not supply any information for these
instruments or expected voltage levels.

2. The minimum 2xpected transient load terminal voltages occur when
the offsite grid is minimum and an accident trips the unit gener-
ator and initiates the simultaneous start of all the safety
injection loads at an initial assumed power factor of 0.2.

3. CPCo identified the conditions that lead to a maximum continuous
bus voltage as "“nomal grid and gererator voltage extremes."8



CPCo has not rovided an appropriate analysis for use of the reserve
transformer, statirg that it has “no normal operating conditions or
automatic loading s:heues."7

4.3 Anaiysis Result. Table 1 shows the projected worst case class 1E
equipment termminal voltages.

4.4 Analysis Verification. CP7> providad testing to verify the
accuracy of tncir analysis.‘ All metering was within 2 1/2% accuracy.7 '
The test consisted of measuring loads and voltages and calculating corres-
ponding voltages for the same grid and load conditions. The deviation
between the measured and the test calculation voltages was within +1.07%
for all buses.

5.0 EVALUATION

Six review positions have been established from the NRC analysis guide-
1ines‘ 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 completion of changes described
in Section 4.1.

Position 1--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.

CPCo has not supplied evidence to show the capability of tne class 1E
motors to start under accident conditions concurrent with the offsite grid
at 95% of nominal.

CPCo has shown (Table 1) that the 460V and 440V motors and the 480V
battery chargers do not have sufficient voltage to operate continuously
when the offsite grid is at 95% and the unit loads are maximum. Moreover,
Table 1 snows that the 480V starters will not start additional loads, which
may be required by the accident condition, at these expected steady-state




voltages. Additionally, CPCo has not snown that the instruments needed in
an accident situation #ill nave adequate voltage for correct readout when
the voltages are at this level.

CPCo has shown, by analysis, that the Palisades Plant does not have
sufficiant 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
1oad condition, each offsite source and distribution system connection
combination must be capable of continuously operating the required class IE
equ’ pment without exceeding the equipment voltage ratings.

CPCo has shown, by analysis, that the voltage ratings of the class 1E
equipment will not be exceeded.

Position 3--Loss of offsite power to either of the redundant class 1E
distribution systems due to operation of voltage protection relays, must
not occur when the offsite power source is within expected voltage limits.

As shown in Table 2, the degraded grid voltage relay setpoints are
higier than the minimum expected continuous operating voltage for the 2400V
bus:s. Additionally, the time delay rfor the degraded arid undervoltage
reliys may not be sufficient to prevent the loss of the offsite source
during tne start of tne safety injection loads. CPCo has not identified
the duration of this transient condition when the offsit: grid is 95% of
noninal. Further, since no voltage or time tolerances have been provided
by CPCo for eitner the degraded grid or tre loss of grid relaying, all of
tr2 setpoints could be challenged. From the information supplied br CPCo,
i~ appears that there is - potential of spurious separation of the class 1E
buses from the offsite source with ei ner set of relays when nomally expec-
~ed voltages are present.

Position 4--The NRC letterl requires that test results verify the
accuracy of the voltage analyses supplied.



TABLE 2 COMPARISON OF ANALYZED VOLTAGES AND UNDERVOLTAGE RELAY SETPOINTS
(% of nominal voltage)

Minimum Analyzed‘ Relay Segpointg
‘F
Location/Relays Voltage Time Voltage (Tolerance)” Time
2400V bus
Degraded grid 87.3 continuous 91 6.5 s
Loss of grid 70.3 4.5 sC 70 0.5s

a. Licensee has determined by analysis the minimum bus voltages with the
offsite grid at the minimum expected voltage and the worst case nlant and
class 1E louds.

b. Tolerance not identified by CPCo.
c. Based on a grid voltage of 100%. (?Co has not identified the duration

of the voltage recovery for the worst case transient condition (grid at 952
and the simultaneous start of all the safety injection loads).

CPCo has supplied the required information which shows the analysis to
be an accurate rep-esentation of the worst case voltage conditions for the
class 1E buses and "cads.

Position 5--No event or condition should r “ult in the simultaneous or
consequential loss of both requirec circuits from the offsite power network
to the onsite distribution system (GDC 17).

CPCo does not meet the General Design Criteria (GDC) 17 requirements
for two independent circuits from 2 minimum of two offsite power sources.

The switchyard that supplies tne Palisades Plant is locatea 0.5 mile
away from the unit. All three startup transformers (and, hence, the
reserve transformer) are supplied power by a single overhead transmission
from the switchyard. Th  feeder has a single disconnect device (#24R2) and
no individual circuit breakers or isolation switches (per Palisades
Drawing WD 1421).



CPCo justifies tne departure from the GDC 17 requirements based on a
low probability of losing both diesel generators and the offsite source
simultaneously. CPCo identifies this probability as 2.9 x 1076 (per
year). This figure is arrived at by multiplying the probability
(0.0029/year) of losing the single circuit to the switchyard by the prob-
ability (10'3) of both diesels failing to start (units not identified,
but WASH-1400 identiries this as per attempt). CPCo does not identify the
number of attempted diesel starts per year. The probability of losing the
single circuit to the switchyard (0.0029/year) is based on an outage of
five minutes or more.7 GDC 17 does not condition outage rates only for
durations of five minutes or longer.

The CPCo analysis did not take into account the probability of the
failure of the switchyard bus, of component failure leading to the failure
of the bus, of startup transformer failure (there is no evident means to
disconnect a faulty transformer from the feeder circuit), of the disconnect
switch failure, or of component failure that contributes to failure of the
switch.

Position 6--As required by GDC 5, each offsite source shared between
units in a multi-unit station must be capalle of supplying adequate starting
and operating voltage for all required class 1E lToads with an accident in
one unit and an orderly shutdown and cooldown in the remaining units.

This applies to multi-unit plants. It does not apply to the Palisades
Plant, a single-unit station.

6.0 CONCLUSIONS

The voltage analyses submitted by CPCo for the Palisades plant were
evaluated in Section 5.0 of this report. The change described in
Section 4.1 has been completed, and it was found that:

1. Voltages within the operating limits of the class 1E equipment
are not supplied for all projected combinations of plant load and
offsite power grid conditions.




2. The test used to verify the anzlysis shows the analyses to be an
accurate representation of the worst case conditions analyzed.

3. CPCo has potential for either a simultancous or consequential loss
of both offsite power sources. They have not provided adequate
justification tc be exempted from this GDC 17 requirement.

4. Loss of offsite power to class 1E buses, due to spurious opera-
tion of voltaga protection relays, can occur with the of fsite
grid voltage within its expacted limits.

1 recommend that the NRC require CPCo to impose cperative restrictions

on the reserve transformer to prevent it from being overloaded to the point
tnat inadequate voltages would be supplied to the class 1E 1oads.
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