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ABSTRACT

This EG&G Idaho, Inc., report reviews the capacity and the capability

of the onsite distribution system at the Fort St. Vrain station, in con-
Junction with the offsite power sources, to automatically start and con-

tinuously operate all required safety loads.

FOREWORD

This report is supplied as part of the "Selected Operating Reactors
Issues Program (I1I)" being conducted for the U.S. Nuclear Regulatery Com-
mission, 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 10 11.

Selected Operating Reactors Issues Program (II1)
FIN No. A6429

ii
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Figure 1. Fort St. Vrain unit single line diagram.
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4.0 ANALYSIS DESCRIPTION

411 System Modifications. The licensee had plans, before the NRC
letter' was issued, to improve their 480V Class 1E switchgear. Included
in this modification are the installation of new 4160/480V transformers that
have larger capacity and the replacement of the existing bus sections with
new bus sections, also of larger capacity. The modifications will be accom-
plished with the third refueling outage for two of the buses and the fgurth
refueling outage for the other. The analysis supplied by the licensee
takes the characteristics and the capacities of the replacement distribution
equipment into account.

4.2 Analysis Conditions. PSC has determined by past historical data
that the maximum expected offsite grid volitage is 244kV and the minimum is
226kV.

The licensee has analyzed each offsite source to the onsite distribu-
tion system under extremes of load and offsite voltage conditions to deter-
mine the terminal voltages at the Class 1E equipment. The worst case
Llass 1t equipment terminal voltages occur under the following conditions:

I.  The worst loading condition occurs when all the loads that operate
for a unit startup (unit trip loading is essentially the same) are
carried by the reserve auxiliary transformer.

2. The worst transient voltage occurs on the Class 1E system under
the above condition when starting the 4500 hp non-Class 1E boiler
feedpump 1B on 4160V bus 2.

3. The highest steady state voltage was determined to occur with a
unit shutdown load of ~6 megawatts being supplied by the reserve
auxiliary transformer,

4.3 Analysis Result. Table 1 shows tne projected worst case Class 1E
equipment terminal voltages.

The analysis shows that with a worst-case combination of maximum system
voltage and minimum shutdown loads, the 460V motors and battery chargers
could be subject to voltages slightly in excess (~2V higher) of their max-
imum ratings. The licensee has determined that this equipment could
function at this level without damage,

The analysis shows that the minimum transient voltage can result in
load terminal voltages that are less than rated. For the ODC system, the
battery would supply the load during the period of the transient should the
charger not be able to supply power. No damage would occur and the charger
would again supply the load within five seconds. Al) 460V Class 1E motors
at the Fort St. Vrain station are built with a service factor of 1.15. This
allows them Lu operate, without damage, during temporary overloads such as

this. The licensee has verified by use of load and motor speed-torque
curves that the motors will not stall during these worst-case analyzed



conditions. During this transient, a Class 1E AC powered contactor may not

be able to pick up and start additional loads. However, the analysis shows

that no running loads will drop out and that the voltage will recover within
a few seconds to allow the contractor pickup.

4.4 Analysis Verification. The computer analysis was verified7 by
measuring The voltage at the grid, at the 4160V and 480V buses and at the
terminals of the 150 hp fire pump motor, the largest Class 1E motor on 480V
Class 1c bus 1. This was done with the unit operating, with the normally
energized Class 1E loads operating. The voltages were measured for 5 condi-
tions--before and during the start of the non-Class 1E 4500 hp boiler feed
pump, before and during the start of the fire pump and with both of these
pumps operating. Analyses, to determine the same bus and motor voltages
under the same lo ¢ conditions, were completed using the measured grid volt-
age and the recorded loads. The accuracy of the licensee's analysis is
verified by comparing the results of the analysis with the measured
voltages.

Comparison of the measured and the analyzed voltages shows that the
difference between tne two values is less than 1.1% for the bus voltages and
less than 0.23% for the motor terminal voltage for a steady state condition;
less than 0.92% for the bus voltages and less than 1.48% for the motor ter-
minal voltage when starting either load. In all cases, the measured voltage
was higher than the analyzed voltage, showing the conservatism of the
computer analysis.

5.0 EVALUATION

Six review positions have been established from the NKC analysis guide-
lines! 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.

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

PSC has shown, by analysis, that the Fort St. Vrain station has suffi-
cient capability and capacity for starting and continuously operating the
Class 1E loads withi- the equipment voltage ratings (Table 1 and.

Section 4.3).

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

PSC has shown, by analysis, that the voltage ratings of the Class 1E
equipment could be slightly exceeded. If this occurs, no equipment damage
is expected.




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.

EG&G Idaho, Inc., will verify, in a separate report, that the require-
ments of this position are satisfied (TAC No. 46504).

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

PSC has verified the accuracy of the voltage analysis.

Position 5--No event or condition should result in the simultaneous or
consequential loss of both required circuits from the offsite power network
to the onsite distribution system (GUC 17).

The Ticensee has analyzed the Fort St. Vrain connections to the offsite
power grid, and has determined that no potential exists for either the sim-
ultaneous or the consequential loss of both circuits from the offsite grid.

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

This applies to multi-unit stations. It does not apply to the
single-unit Fort St. Vrain station.

6.0 CONCLUSIONS

The voltage analyses submitted by PSC for the Fort St. Vrain station
were evaluated in Section 5.0 of this report. It wes found that:

1. Voltages within the operating limits of the Class 1E equipment are
supplied for all projected combinations of plant load and offsite
power grid conditions.

& The licensee has performed a test that verifies the accuracy of
the analysis.

w
-

PSC has determined that no potential exists for either a simulta-
neous or a consequential loss of both offsite power sources.

EG&u ldaho, Inc., 1s performing a separate review of the undervoltage
relay protection at the Fort St. Vrain station. This will evaluate the
relay setpoints and time delays to determine that spurious tripping of the
Class 1E buses v*11 not occur with normal offsite source voltages.
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