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SACRAMENTO MUNICIPAL UTILITY DISTRICT T 6201 S Street. Box 15830, Sacramento, California 95813; (91€) 452-3211

August 1, 1980

Director of Nuclear Reactor Regulation
Attention: Mr. Robert W. Reid, Chief

Operating Reactors, Branch 4
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Docket No. 50-312

Rancho Seco “uclear Generating Station,
Unit 1

Adequacy of Station Electrical Distribution
System Volcage

Dear Mr. Reid:

There have been a number of letters and telephone conversations betwe:n the
District and the NRC concerning the adeguacy of the Rancho Seco Safet/ Grade
Electrical Distribution System since the off site degraded voltage condition
at Millstone Unit No. 2 during July, 1976. In the various letters and
telephone conversations, the District has reported the results of analyses
and made desiagn commitments. Over the past four years, the NRC has clari-
fied their position on certain items which have required the District to
perform additional analyses and make new design commitments. Also, the
District has made major modifications and is planning future modifications
to the electrical distribution system that has required additional analyses
and new design commitments.

The number of letters anc telephone conversations that describe the District's
proposed modifications have become so numerous that the staff and the District
are not communicating effectively. To resolve this problem, the District is
resubmitting in their entirety, our responses to your letters of June 3, 1977
and August 8, 1979. These responses have been revised to indicate:

(a) A1l commitments made to the NRC.

(b) A1l modifications that have been performed.

(c) A1l proposed modifications.

(d) A1l proposed technical specifications and operating procedure
changes.

Enclosures [ and II of this letter contain all the information required for
an evaluation of the District's existing and proposed distribution system.

They supersede all other transmittals on this 'tem. Revisions from our
previous response are indicated by a line in the margin with a revision num-

ber next to it.
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Mr. Robert W. Reid -2~ August 1, 1980

The District is planning to implement all the proposed modifications during
the 1981 refueling outage, scheduled for June 1, 1981.

It will require nine months of engineering to compiete the design. The
material required to implement the task have lead times as Tong as 9 - 12
months. Therefore, to be able to implement the modification during the

June, 1981 refueling outage, the District must have all NRC comments resolved
and the design approved by September 30, 1980.

[f you have any questions on this item, please do not hesitate to contact
me.

Sincerely,

! o
% L TInal et
«/John in;ttimoe

Assistant General Manager
and Chief Engineer

Enclosure



SACRAMENTO MUNICIPAL UTILITY DISTRICT

RANCHO SECO NUCLEAR GENERATING
STATION, UNIT NO. 1

RESPONSE TO:

NUCLEAR REGULATORY COMMISSION
REQUEST TO REVIEW
THE
ADEQUACY OF STATION ELECTRIC
DISTRIBUTION SYSTEM VOLTAGES
(LETTER FROM WILLIAM GAMMILL
TO POWER REACTOR LICENSEES
DATED AUGUST 8, 1979)

Enclosure I

Issued: October 17, 1979

Revision 1:

August 1, 1980



ENCLOSURE I
PART A
GENERAL RESPONSE TO

WILLIAM GAMMILL TO POWER REACTOR
LICENSEES' LETTER DATED AUGUST 8, 1979



The following is the revised text of the October 17, 1979 letter to
William Gammill, NRC's Acting Assistant Director for Operating Reactors
Projects, from John J. Mattimoe, SMUD's Assistant General Manager and

Chief Eagineer.

The August 8, 1979, letter from the NRC to all Power Reactor
Licensees (except Humbolt Bay) requested:

1.

A verification by analysis of the capacity and capability of
Rancho Seco's offsite power system and the onsite electrical
distribution system.

A verification, by test, of the adequacy of Rancho Seco's
offsite power system and the onsite electrical distribution
system.

A review of Rancho Seco's electrical power supply system to
determine if there are any conditions which could result in
the simultaneous or consequential loss of both required cir-
cuits to the offsite network to determine if any potential
exists for violation of GDC-17 in this regard.

Immediate remedial action and prompt sotification of the
Commission with written followup in the event of a violation
or potestial violation of GDC-17 or voltage requirements of
safety loads.

The responses to these requests are listed below:

ks

The analysis of Rancho Seco's offsite power system and the

onsite electrical distribution system demonstrates that the District's
existing systems are adequate. To achieve this adequacy, it was necessary
to change the loading sequence of the diesel generator room supply and
exhaust fans from Block Two to Block Three. The setpoint on the inverse-
time undervoltage relays was raised to 3744V (90 percent of 4160V) to
assure equipment protection. Special orders have been issued to the

plant operators to describe operator actions at degraded voltage conditions
(Refereance SO 5-79).

Subsequent analysis, taking into account proposed relay type changes and
accuracy considerations discussed in Enclosure II, have determined that the
modifications listed below should be implemented.

& Set undervoltage relay dropout at 3771V (91 percent of 4160V).

b. Set overvoltage relay pickup at 4580V.

¢. Limit plant operatiom if che switchyard voltage is less than 21%V.

d. Block automatic condensate pump starting om a turbine trip to
assure that safety equipment terminzl voltage does not dip below
the minimum required.
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Since the normal switchyard voltage range is 221kV to 239kV, neither the
setpoints mor operational limits will be affected by normal voltage
variations. The voltage dip during condensate pump starting, although
undesired, does not prevent the safety equipment from performing their
required functions since the dip is of a short duration.

[

A discussion of each modification is included in the response to
guidelines contained in Enclosure I, Part B. The applicable guideline
for each modification is listed below:

Modification Reference Guideline
a 10 1
b 11
c 6, 9 and 10
d 9

The above modifications insure the adequacy of the Rancho Seco
offsite power system and the onsite electrical distribution system to supply
safety-related loads under the conditions described in Enclosure I, Part B.

The capacity of the transformers to continuously carry the expected 1
load demand is illustrated in Sketches 2-7 of Eaclosure i, Part B.

2. The District's method of determining the adequacy of the
otfsite power system and onsite electrical system is based on a combination
of test data and analysis.

The load data for the Class 1E &4.16-kV system and safety motors
greater than 60 hp was based on actual field measurements (under simulated

accident conditions, if applicable). The impedance data for transformers
was based on factory test results.

If test data was not available, the data used in the analysis was
based on conservative engineering assumptions. Refer to Enclosure I, Fart B Il
Response to Guideline 13 for a discussion of the assumptions made in the
analysis. The analytical results were obtained using a computer load flow
program. The program has been checked to verify its accuracy. It solves
nodal admittance network equations by the accelerated Gauss-Seidel method.

A single full scale system test will not provide sufficient data
to justify or verify the analytical methods and assumptions used in the
analysis. It is not practical and in some cases not possible to simul-
taneously produce, in a test, all the conservative assumptions made in the
analysis. Listed below are three examples of assumptions made in the
analysis that are impractical to implement in a test:

a. The analysis assumes 214kV in the Raancho Seco switchyard.

The normal operating voltage range for the switchyard is
221kV to 239kV. The District cannot lower the switchyard
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voltage to 214kV without seriously affecting the grid.
Simulation of a degraded switchyard voltage condition by
raising the startup transformer taps is not feasible since
the transformers are already operating at the maximum tap
setting.

b. The analysis assumes full operating load omn the non-Class IE
buses. The test would have to be runm with the unit shut
down. In this conditiom it is not possible to obtain full
load on the non-safety related equipment. For example, the
condensate pumps would be operating at miniflow conditions
instead of rated flow and load assumed in the analysis.

&, The analysis assumes all safety related loads are operating
at maximum design conditions encountered during a loss of
coolant accident (LOCA). The upper dome air circulators
and the reactor building emergency air coolers would be
operating during a test at loads less than the load assumed
in the 2nalysis since the reactor building atmosphere would
not be at a LOCA condition.

Therefore, it is not practical to perform a test at the conditions

assumed in the analysis. The use of a proven computer program with actual
measured test data combined with comservative assumptions provide the
District with assurance that the offsite power system and onsite distribu-
tion systems are adequate.

3. The District has completed & review of Rancho Seco's
electrical power supply for compliance to GDC-17. The cases analyzed
indicated that the District's electrical power supply system is in compli-
ance with GDC-17.

For information on the analysis performed for compliance to
GDC-17 refer to Enclosure I, Part C.

4. The District has implemented loading sequence changes, relay
setpoint changes and issued special orders.

The modifications proposed (a thru d) will be implemented after
the District receives NRC approval and the new relay types are installed.

Enclosure I, Part B is the District's respounse to the Guidelines
contained in Enclosure 2 of William Gammill to Power Leactor Licenses's
letter dated August 8, 1979.

Enclosure I, Part C is an evaluation of the District's offsite
power supply system for compliance to GDC-17.
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ENCLOSURE I

PART B

RESPONSE TO GUIDELINES LISTED
IN ENCLOSURE 2 NRC'S
WILLIAM GAMMILL TO POWER
REACTOR LICENSEES, LETTER DATED
AUGUST 8, 1975




Listed below is a response to each guideline listed in Enclosure 2
"Guidelines for Voltage Drop Calculations” of NRC's, William Gammill to
Power Reactor Licensees, letter dated August 8, 1979.

GUIDELINE #1

Separate analyses should be performed assuming the power source
to safety buses is (a) the unit auxiliary transformer; (b) the start-up
transformer; and (c) other available connections to the offsite network ome
by one assuming the need for electric power is initiated by (1) an antici-
pated transient (e.g., unit trip) or (2) an accident, whichever presents
the largest load demand situation.

RESPONSE TO GUIDELINE #1

The Rancho Seco electrical power system is described by the
attached single line diagram (Sketch 1).

The District's analysis was performed assuming the power source
for the safety buses was obtained with the followiag »'ant configurations.
(Case 1 is the normal operating configuration).

Case Description Reference Sketches
1A Bus 4A on start-up transformer #1 2
1B Bus 4B oo start-up transformer #2 3
2 Bu;es 4A and 4B on start-up transformer #1 4
3 Buses 4A and 4B on start-ur transforme: #2 5 & 8-14 I
4A Bus 4A on start-up transformer #2 6
4B Bus 4B on start-up transformer #1 7

Sketches 2-7 illustrate the steady-state condition immediate.y
following completion of automatic load sequeacing dJue to safety features
actuation. Starting conditions are illustrated for Case 3 only which, due
to the heavy loading om start-up transformer #2, represents the limiting 1
case. Sketches 8-13 illustrate the minimum system voltages occurring
during automatic load sequencing and Sketch 14 illustrates the minimum
system voltages that could occur should the largest 4.16-kV load, a conden-
sate pump, be manually started after compleiion of automatic load sequencing.

The unit auxiliary transformers are not an available source for
the safety buszs as indicated by Sketch 1; the above cases are all the it
connections available to the safety buses from the offsite network.
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The transient assumed in the amalysis is a loss of coolant
accident (LOCA) with the reactor at 100-percent power coincident with a
turbine-generator trip and a safety features actuation signal (SFAS) to
both redundant safety systems. This trausient produces the maximum lcad on
the start-up transformers.

A “urbipe-generator trip will place non-safety buses 6A and 6B on
start-up transformer #1 and non-safety “uses 4C, 4D, 4E1 and 4E2 or starte-up
trausformer #2.

GUIDELINE #2

For multi-unit stations a separate analysis should be performed
for each unit assuming (1) an accident in the unit being analyzed and
simultaneous shutdown of all other units ot that station; or (2) an anti-
cipated transient in tpe unit being analyzed (e.g., unit trip) and simul-
taneous shutdown of all other units at that station, whichever preseuts the
largest load demand situation.

RESPONSE TO GUIDELINE #2

This guidelice is not applicable to Rancho Secc. Rancho Seco is
a single unit station.

GUIDELINE #3

All actions the electric power system is designed to automatically
initiate should be assumed to occur as designed (e.g., automatic bulk or
sequential loading or automatic transfers of bulk loads from one transformer
to another). Included should be comsideration of starting of large non-
safety loads (e.g., condensate pumps).

RESPONSE TO GUIDELINE #3

The District's analysis assumed the following automatic actions
occur coincident with the LOCA/turbine-generator trip:

(a) Buses 6A and 6B transfer from unit auxiliary transformer #1
Lo start-up transformer #1. L

(b) Buses 4C, 4D, 4E1 and 4E2 transfer from unit auxiliary
transformer #2 to start-up transformer 2.

(c) Heater drain pumps trip due to loss of net positive suction Il
head.

(d) The safety buses are sequentially loaded. The loading
sequence is indicated in Table 1. Time zero is when the
SFAS signal is received.

Automatic starting of the condensate pump, for example, is blocked on a

Large non-safety loads are not started coincident with the event. I1
turbine trip.
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GUIDELINE #4
Manual load shedding should not be assumed.

RESPONSE TO GUIDELINE #4

Manual load shedding was not assumed in the District's analysis.
GUIDELINE #5

For each event analyzed, the maximum load necessitated by the
event and the mode of operation of plant at the time of event should be
assumed in addition te all loads caused by expected automatic actions and
manual actions permitted by administrative procedures.

RESPONSE TO GUIDELINE #5

The event the District analyzed provided the maximum load on the
start-up transformers.

The apalysis assumed automatic starting of safety equipment due ll
to an SFAS signal. The safety equipment automatic loading sequence is
indicated in Table 1.

It was assumed that the train B auxiliary feedwater pump was
manually started simultaneously with the automatically started Train A
auxiliary feedwater pump during the fourth automatic sequential loading
block. Manual starting is an action permitted by cperating procedures.

GUIDELINE #6

The voltage at the terminals of each safety load should be
calculated based on the above listed consideratioms and assumpticas and
based on the assumption that the grid voltage is at the "minimum expected
value”. The "minimum expected value" should be selected based on the least
of the following:

a. The minimum steady-state voltage experienced at the connec-
tion to the offsite circuit.

b. The minimum voltage expected at the connection to the off-
site circuit due to the contingency plans which may result
in reduced voltage irom this grid.

€. The minimum predicted grid voltage from grid stability
analysis (e.g., load flow studies).

In ths report to NRC on this matter the licensee should state
planned actions, including any proposed "Limiting Conditions for Operation”
for Technical Specifications, in response to experieacing voltage at the
connection to the offsite circuit which is less than the "minimum expected
value". A copy of the plant procedure in this regard should be provided.
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RESPONSE TO GUIDELINE #6

The "minimum expected value" of the grid voltage is 214kV and is
based oan the minimum steady-state voltage experienced at the conmection to
the offsite circuit. The value of the voltages at the safety buses and at
the most distant (electrically) load during this condition is shown on
Sketches 2 through 14 for the cases the District aralyzed.

Refer to Attachment 1 of Eaclosure II for a description of
"Limiting Conditions for Operaticn" being comsidered for inclusion in the
Technical Specifications.

The District will modify operating procedures to incorporate
the operating comstraints described in Attachment 1 of Enclosure II when
the proposed design, and proposed technical specifications are approved
by the NRC and the relays described in Eaclosure II are installed.

[

Special orders have been issued to the plant operators io
described operator action at degraded voltage conditions when the switch-
yard voltage is less than 216kV. The special order is available for review
at Rancho Seco.

GUIDELINE #7

The voltage analysis should include documentation for each
condition analyzed of the voltage at the inmput and output of each trans-
former and at each intermeciate bus between the comnection to the offsite
circuit and the terminals of each safety load.

RESPONSE TO GUIDELINE 47

Sketches 2-14 indicate the voltages at each intermediate bus '1
between the connection to the offsite circuit and the terminals of the
safety loads with the lowest steady-state voltage.

GUIDELINE #8

The analysis should document the voltage setpoint and any
‘nherent or adjustable (with nominal setting) time delay for relays which
(1) initiate or execute automatic transfer of loads from one source to
another; (2) initiare or execute automatic load shedding; or (3) initiate
or execute automatic load sequencing.

RESPONSE TO GUIDELINE #8

The District has overvoltage and undervoltage trip relays which
will (1) initiate an automatic transfer of the safety buses from the
offsite power source to the diesels and (2) initiate automatic load shedding.
Automatic load sequencing is initiated by an SFAS signal and not by the
voltage relaying.



The setpoint for the undervol age relay is documented in the
response to Guideline #10.

The setpoint for the overvoltage relay is documented in the
response t- Jideline #11.

GUIDELINE #9

Tae calculated voltages at the terminals of each safety load
should be compared with the required voltage range for normal operation and
starting of that load. Any identified inadequacies of calculated voltage
require immediate ramedial action and notification of NRC.

RESPONSE T GUIDELINE #9

The District compared the calculated terminal voltages to that
required for cormal operation and starting of each safety load. The
analysis identified inadequacies. To correct the inadequacies, the follow-
ing modifications were implemented.

1. Automatic sequential loading of the diesel-generator supply
and exhaust fans was changed from Block 2 to Block 3
(Table 1). This change assured that an acceptable level] of
terminal voltage would be available for all safety motors
being started.

2. Special order 5-79 was issued to describe operator actions
when the switchyard voltasge is less than 216kV.

The analysis demonstrated that for this voltage level, or
higher, the terminal voltage at any safety motor would never
be less than its minimum required starting voltage.

Subsequent analyses, taking into relay accuracy considerations discussed in
Eaclesure II, demonstrate that reactor operation can only be permitted down
to 218kV. These analyses also assumed that automatic condensate pump
starting is blocked on a turbine trip. Only automatic starting is blocked,
the pumps continue to operate if they have been running prior to the event;
all studies conservatively assumed that the condensate pumps were running
at normal operating load. Condensate pump starting concurrent with auto-
matic starting of safety equipment could cause the safety equipment termi-
nal voltage tc dip below the minimum required voltage during the condensate
pump starting interval.

The justification for each type of load to operate at ile calcu-
lated voltages indicated on sketches 2 through 14 is given below. This
analysis assumes that the modification blocking auto starting of the conden-
Sate pumps has been implemented.

Motors - The voltage data shown on sketches 2-7 show that some

safety-related motors could be operating below the nominal 90-percent
minimum steady-state voltage stipulated by NEMA MG 1. Generally, the
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motors operating below this voltage are driving l>ads that are less than
their nameplate horsepower. The District has performed an analysis that
indicates continucus operation at the voltage indicated is practical with
20 pet loss in motor life since the increased heating effects due to the
reduced voltage are offset by the lighter than nameplate load. For excep-
tions, where the motors are operating at a high load demand factor, motor
life will be expended at a greater rate. However, this increased rate is
acceptable since the total life expeaded is negligible due to the limited
time of operation anticipated at the reduced voltage level. (E.g.: For a
fully loaded motor with Class B iosulation, the life expended during
4-hours of operation - actual duration of the degraded voltage condition
experienced - at 85-perceant voltage is equivalent to 9 hours of operationm
at 90-percent voltage*.)

The District's safety-related motors were qualified to start at
75 percent of rated voltage. Sketches 8-14 show that voltage above this
value will be available during starting periods and the motors will start.

Motor-Operated Valves - Motor-operated valves are capable of
operating properly down to at least 368V (.80 of 460V) which is below the
minimum voltage calculated for the valve motors.

Battery Chargers - The battery chargers were factory tested at
rated load, at 140VDC, with an imput voltage of 432 volts (.94 of 460V).
The District has performed additicnal tests to verify that the battery
chargers can operate at the minimum calculated voltage of 387 volts (.84 of
460V).

Heat Tracing System - The heat tracing system for the safety-
related pipes, tanks and valves containing boric acid coasists of strip-
type resistance heating tape, transformers, and thermostats. At the
calculated minimum voltage (394V) the heat tracing system is capable of

providing sufficient heat to maintain the temperature above crystallization :

for the expected (4 hr.) duration.

MCC Control Circuits - The District has verified by field test
that the components in the ccotrol circuits of the MCC's can be operated at
the minimum calculated voltage.

Overcurrent Protection - The switchgear overcurrent protective
devices have tuen aualyzed to verify that tripping of safety-related loads

will not occur. Analysis of MCC overload protection is still being performed.

GUIDELINE #10

For each case evaluated the calculated voltages on each safety
bus should be compared with the voltage-time settings for the undervoltage
relays on these safety buses. Any identified inadequacies in undervoltage
relay settings require immediate remedial action and notificatiom of NRC.

*This analysis assumes that for each 10°C temperature rise, life is
expended at twice the rate.
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RESPONSE TO GUIDELINE #10

In the October 17, 1979 analysis report, the District compared
the voltage-time settings of the undervoltage relays with the voltage
requirements of the safety equipment. This comparison identified a poten-
tial inadequacy. The District changed the undervoltage relay setpoint from
85 to 90 percent of 4160V to correct the inadequacy.

Subsequent analyses, taking into account proposed undervoltage
relay type changes and accuracy considerations to implement NRC's position 1
(see Enclosure II), ongoing power system modifications and proposed modi-
fications, indicate tha* an increase in the undervoltage relay setting to

3771V (0.91 of 4160V), which is equivalent to a switchyard voltage of 216 kV,
is desirable.

With this setting and the switchyard at 214 kV the steady state
voltages on the 4160 volt buses 4A and 4B will be less than the relay
setpoint. (Refer to Sketches 2 through 7 for steady state voltages). The
analysis indicates that 214 kV is the minimum experienced voltage and the
minimum voltage that the offsite power system is capable of supplying the
onsite distribution system. However, the proposed relay setting is justifi-
able when the +1 percent relay tolerance is considered. The table below
indicates the relay setpoint, dropout voltage limits based on the relay
tolerance and the equivalent switchyard voltage.

4160 Volt Bus Switchyard
Voltage Voltage
Haximum’Dropout Voltage 3827 (.92 of 4160) 218 kV
Setpoint 3771 (.91 of 4160) 216 kV
Minimum Dropout Voltage 3731 (.90 of 4160) 214 kV

The proposed relay setpoint provides adequate protection for
safety equipment since the minimum dropout voltage is equal to the m.uimum
veltage the equipment is qualified to operate at. The setpoint will u-t
Cause spurious inadvertent operation since the maximum dropout voltage is
below the normal operating voltage range.

GUIDELINE #11

To provide assurance that actions taken to assure adequate
voltage levels for safety locads do not result in excessive voltage, assuming
the maximum expected value of voltage at the conmection to che offsite
circuit, a determination should be made of the maximum voltage expected at
the terminals of each safety load and its starting circuit. If this voltage
exceeds the maximum voltage rating of any item of safety equipment immediate
remedial action is required and NRC shall be notified.
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RESPONSE TO GUIDELINE #1!1

The District has performed & review of data on voltage in the
Rancho Seco switchyard. Based on this review, the maximum expected switch-
yard voltage is 239kV. For the existing transformation ratios (Sketches 2-7)
and assuming a no load condition, the maximum voltage is on the &4.16-kV
system and on the 480-V system. This voltage is equal to or less than the
maximum voltage rating of any safety equipment except the 460~V motors and
motor-operated valves (MOV's).

An analysis for each type of safety-related equipment is listed below.

This analysis was based on the maximum steady-state vcltage allowed (4626V)
by the overvoltage protection relays since this voltas: is higher than the
maximum expected voltage and represents the permi ;ible extreme.

Motors & Motor-Operated Valves - The 4160-volt motors are designed
to operate at a maximum voltage of volts which is less than the maximum
calculatea voltage of 4626 volts (111 percemt of 4160V). The 460-volt
motors and motor-operated valves have a maximum voltage rating which is
less than maximum calculated voltage of 521 volts (113 perceat of 460V).

Operation of the motors and motor-operated valves at these voltages is
acceptable for the following reasons:

a. Operation at the maximum expected switchyard voltage is an
extreme condition that is only expected to occur om rare
occasions and for short durations. (Note - Operating time

-~ of MOV's during this condition is further limited by their
inherent short-time operating duty.)

b. The maxinum calculated vecltage condition conservatively
assumes that there is absolutely mo auxiliary load operating
(i.e: .0 voltage drcp) when the maximum expected switchyard
voltage occurs.

¢. The maximum calculated voltage condition comservatively
assumes operat.on at two-percent above the maximum expected
voltage (i.e., it allows for relay inaccuracy).

d. The motors and motor-operated valves will be operating at
less than 110 percent of rated voltage when equipment opera-
tioo is initiated by an SFAS due to voltage drop in the
electrical system.

e. The maximum voltages calculated will produce a torque that
is only slightly greater thac the torque that would be
produced at the nominal maximum voltage of 110 percent.
However, due to voltage drop during starting and operation
of a motor, the maximum vecltage at the terminals of the motor
and the increase in torque will be reduced. The MOV circuits
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have minimal voltage drop during starting and operation.
Therefore, it is possible for the MOV's to produce a slightly
greater torque than that produced at 110-percent voltage.
However, operation of the MOV is limited by a torque switch.
Therefore, the excessive torque is not applied to the valve
and operation during the overvoltage condition is acceptable.

L. The motor manufacturers contacted did not exmect any adverse
effect to their equipment due to the slight overvoltage
levels being considered. Operating instructions published
by one motor manufacturer* indicate the following character-
istics for operation of their motors above rated voltage.

Percent of Full Load
Percent of Full Load Percent Percent Temp.
Rated Voltage Efficiency Current Torque Rise
100 100 100 100 -
110 101.5-102 93 121 (=)3 to (=)4°C
120 100+ 89 144 (=)5 to (=)6°C

From the above data, it is indicated that motors are not
particularly seassitive to overvoltage. Efficiency at
120-percent voltage, for example, is even better tham at
rated voltage.

8. Overvoltage alarm relaying is being added to the 480-V
- safety buses to alert the operator should an unusual over=
voltage condition (greater than 110 percent of 46CV) occur.

Battery Chargers - The battery chargers are qualified to operate
at full load with a maximum input voltage of 528 volts (114 percent of 460V)
which is above the maximum calculated voltage of 521 volts.

Heat Tracing System -~ The heat tracing system for the safety-
related pipes, tanks, and valves containing boric acid comsists of strip
type resistance heating tape, transformers and thermostats. All of this
equipment should be capable of operating at the maximum calculated voltage

of 521 volts.

MCC Control Circuits - The coatrol voltage for each 480-volt MCC
feeder circuit is obtained from a feeder line tap through a 480 to 120 volt
stepdown control power transformer. The maximum voltage rating for the
most limiting compoment is 132 volts. The maximum calcu.ated voltage on
the component is 130 volts which is less than the maxim'a voitage rating.

*Installation, Operation and Care of "Duty Master" Nuclear Service Class IE

Integral Horsepower Induction Motors, Reliance Electric Instruction Manual
B=3645, December, 1977.
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Overvoltage Relay Setpoint - In case the maximum calculated
voltage is exceeded the analysis indicates that the District's overvoltage
relay should be set at 4580 volts (110 percent of 4160V) which, assuming a
no load condition, corresponds to a maximum of 112 percent of 460 volts on
the 480-V system. This setpoiat is equivalent to a voltage of 242kV in the
switchyard. With this setpoint, the relay will protect the safety-related
equipment. The relay is set a higher voltage than the maximum expected
voltage and will not cause spurious trips. It has a definite time delay

set at 3 seconds and operates in series with an external time delay relay
set at 0.5 seconds.

GUIDELINE #12

Voltage-time settings for undervoltage relays shall be selected
0 as to avoid spurious separation of safety buses from offsite power
during plant startup, normal operation and shutdown due to startup and/or
operation of electric loads.

RESPONSE TO GUIDELINE #12

The setting for the undervoltage relay was selected to assure
protection of the safety equipment as explained in the response to Guide-
line #10. The setting selected avoids spurious separation of the safety
buses from offsite power during plant startup, normal operation and shut-
down due to startinj and/or operation of loads providing the switchyard
voltage is above 218kV. This level is below the 221-kV voltage defined as
the npormal miniu mm voltage for the switchyard.

GUIDELINE #13

Analysis documentation should include a statement of the assump-
tions for each case analyzed.

RESPONSE TO GUIDELINE #13

For the cases analyzed the District's assumptions have been
included. The following statements describe the general assumptions used
in the computer analysis.

a. The computer modeled running loads and motors as having a
constant volt-ampere characteristic.

b. Starting motors are modeled as having a constant impedance
characteristic.

¢. The load data for the non-Class IE &4.16-kV system (and
subsystems) and safety motors greater than 60 hp was based
on actual field measurements (under simulated sccident condi-
tions, if applicable); for other loads, field test data,
manufacturers' data and typical motor/load data were utilized.
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Impedance data for transformers was based on the actual
nameplate or test report data.

Impedance data for bus duct was based on manufacturers
published data.

Impedance of cables was modeled for Class IE 4160-480V
transformer primary and secondary cables, MCC feeders and
worst-case loads. Other loads were lumped togsther at
their supply point.

Cable impedance was calculated based on the actual cable
length pulled and cable type.

The impedance of switching equipment (switchgear, breakers,
etc.) is negligible and was not included.

I1.B-11



TABLE 1

NUCLEAR SERVICE BUS (EACH) AUTOMATIC LOADING SEQUENCE

Acc. i
Offsite Power System Time
Loading Sequence Quantity Sec. Description
Block 1 - Energize at:
0 + 0 sec 1 0.9 Decay heat pump (iow
pressure inj.)
2 3.3 Reactor Building upper
dome air circulators
1 1 Motor control center
(miscellaneous load) ,
0 + 3 gsec* 1 0.7 Makeup pump (high
pressure inj.)
)
{
Block 2 - Energize at:
|
0 + 16 sec 2 4.2 Reactor Building Emer- E
“ geacy air cooler {
|
1 0.6 Nuclear service cooling |
water pump
Block 3 - Energize at:
0 + 26 sec 1 0.6 Nuclear service raw water
pump
2 5.8 Diesel generator room
supply and exhaust fans
Block 4 - Energize at: 1 3 Auxiliary Feedwater Pump !
(Train A oaly)
0 + 36 sec
Block 5 - Energize at:
0 + 300 sec 1 0.5 Reactor Building spray
5 system including pump

*Start of the make-up pump (high pressure inj.) is delayed 3 seconds to allow
its bearing lube oil flow to get started.

I.B-12
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CASE 1A
BUS 4A ON STARTUP TRANSFORMER NO. 1
STEADY STATE AFTER SEQUENTIAL LOADING
214 KV SWITCHYARD VOLTAGE

220 KV SWITCHYARD
STARTUP TRANS. NG. ! 214 KV
221 - 1247 - 6.9 KV "
TAP = 230 KV VALY
W WINDING - 38.6 MVA
~Y Y YT
X WINDING = 10 MVA
Y WINDING -~ 345 MyA 56 uwxl X Y TOS.8 KV BUSSES6A & 88
TO CANAL PUMPING SUB 273 MVA
1.5 KV
AL 4 NUCLEAR SERVICE SUPPLY TRANSFORMER
1247436 KV
ry 1.5 MVA
ESF SYSTEM 3.78 MVA 1
4160 V BUS 4A
s2v
(.94 OF 4160 V)
STATION SERVICE
4150-480V MCTCR Fa160 Vv
Y tar-4260v R
1.12 MVA
97 MvaA l
480 V BUS 3A
a1y
(.31 OF 460 V)
a5y
MOTOR) 30 0F 450 v)
480 V MCC 2A1
agy
(91 0F 460 V)

.
07V
(8BS OF 460 V)

NOTES:

1. MOTORS CONNECTED TO A 4160V BUS ARE RATED 4160V. THE 480V
SYSTEM MOTORS ARE RATED 480V

2. THE MOTORS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS
FROM THE BUSSES SHOWN. ALL OTHER MOTORS ON THESE BUSSES
WILL OPERATE AT A VOLTAGE BETWEEN THAT OF THE BUS, AND THAT
OF THE MOST DISTANT MOTOR.

Ic"l‘
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CASE 18
BUS 48 ON STARTUP TRANSFORMER NO. 2
TEADY STATE AFTER SEQUENTIAL LOADING
214 KV SWITCHYARD VOLTAGE

220 XY SNITCHYARD
214 KY
N STARTUP TRANSFORMER NO. 2
e V) 221 - 4.364.36 KV
TAP - 230 KV
assalasss HWINDING - 42.5 MVA
Y P4 Y WINDING = 24 MVA
Z WINDING - 22.6 MVA
TO 4160 v BUSSES 481 & 4E2
14.0 MVA
- »
14.1 MVA
TO 4160 v BUSSES 4C & 4D
3784 v
ESF SYSTEM
4160V BUS 48
3790 v
(.91 OF 8160 V)
STATION SERVICE
TRANS. X438
MAAAS 160 - 480 v MoToR) 3778 V
Y'Y 128 - 4280y (.91 0F 1160V
1.12 MVA
1 103 MVA
430 v BUS 38
404 v
(.88 OF 480 /)
396V
(.86 OF 460 V)
480 v BUS 281
402y
(.87 OF 480 V)
6V
NOTES: (.86 JF 480 V)

1. MOTORS CONNECTED TO A 4160V BUS ARE RATED 4160V. THE 480V

SYSTEM MOTORS ARE RATED 460V.

2. THEMOTORS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS
FROM THE BUSSES SHOWN. ALL OTHER MOTORS ON THESE BUSSES

WILL OPERATE AT A VOLTAGE BETWEEN THAT 0
OF THE MOST DISTANT MOTOR.

F THE BUS, AND THAT

I.'.ls



SKEICH

CASE 2

BUS 4A & 48 ON STARTUP TRANSFORMER NO. 1

STEADY STATE AFTER SEQUENTIAL LOADING
214 KV SWITCHYARD VOLTAGE

220 KV S}NITCHYARO

STARTUP TRANS.NO.Y
221 - 1247 KV
TAP - 230 KV
HWINDING - 38.8 MVA

ik

214 KV

Y YT
X WINDING = 10 MVA asomva i | x v
VINNOING ~ 205 VA l T0 6.9 KV BUSSES 6A & 68
¢ ——
TO CANAL PUMPING Su8 114 1V 27.9 MVA
WLJV NUCLEAR SERVICE
YY" SUPPLY TRANSFORA €7
12.47-4.36 KV
§.89 MVA 1 75 Mys
4160 V BUS 4A ESF SYSTEM 4160 v BUS 4¢
3805 v 380! v
{81 0F 4180 V) (81 0F 418U V)
3788 v
(.31 OF 4160 V!
STATION SERV. STATION SERV F &k
TRANS. X434 Ay waroR) 3783V TRANS. X218 \AAAY MITOR
4160 480V pmpmemym (810F 4160 V) 4160~ 480V YT
"I’A‘; 3 3:‘0 v TAP - 4260 v —
‘ l S7MVA 112 MVA 1 87 MVA
480 V BUS 2A 430V BUS38
406 v w7V
(.88 OF 460 V) (.88 OF 460 V)
399V
(.87 OF 460V)
400V
(.87 OF 480 V) oTen
480 V MCC 2A1 480 V MCC 281
405 v 408V
(.88 OF 460 V) (.88 OF 480 V)
gt (BTOF480V) /7
A MOTO?R
(.85 OF 460)
NOTES:

1. MOTORS CONNECTED TO A 4160V BUS ARE RATED 4160V. THE 48CV
SYSTEM MOTORS ARE RATED 480V.

2 THEMOTORS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS
FROM THE BUSSES SHOWN. ALL OTHER MOTORS ON THESE BUSSES
WILL OPERATE AT A VOLTAGE BETWEEN THAT OF THE BUS, AND THAT
OF THE MOST DISTANT MOTOR.
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CASE 3

T R

BUS 4A & 48 ON STARTUP TRANSFORMER NO. 2
STEADY STATE AFTER SEQUENTIAL LOADING
214 KV SWITCHYARD VOLTAGE

220 XV SWITCHYARD

L

14 K

v

e

STARTUP TRANS. NC. 2
221 - 4.36-4.36 XV

~YT YT
" 2 TAP - 230 KV
HWINCING - 42.6 MVA
TO 4160 v BUSSES 4E1 & 482 Y WINDING = 24 MVA
- ZWINDING - 22.6 MVA
141 MVA 17.0 MVA
TO 4160 v BUS 4C TO 4150 V BUS 40
3745V 3740 v
ESF SYSTEM -
4180V BUS4A 4160 V BUS 48
3743 v 3V
(.90 OF 4160 V) (.90 OF 4160 )
STATION SERV. STATION SERV.
TRANS X43a  SAAAY TRANS. X438 MWMW
sgo-as0y YT MoToR) 3731V 4160 - 480 Vv MOTOR
TAP - 4260 V (.90 OF 4160 V) TAP - 4230 v
1.12 MVA 1.12 MVA 1725 v
S7MVA
97mya S00F4160V)
480 V BUS 3A 480 v BUS 38
395 v 298V |
(.87 OF 460 V) (&: OF 480 V)
/3y
(.85 OF 480 V)
L IR
(.85 OF 460 V)
480 V MCC 2A1 480 V MCC 281
/v 398 v
(.86 OF 480 V) (.87 OF 480 V)
385 v
MOTOR) 28 ¢ ssa ) MOTOR
1 LR
NOTES: (.85 OF 460 V)

1. MOTORS CONNECTED TO A 4160V BUS ARE RATED 4160V. THE 480V

SYSTEM MOTORS ARE RATED 480V.
2 THEMOTORS SHOWN ARc ELECTRICALLY THE MOST DISTANT MOTORS

FROM THE BUSSES SHOWN. ALL OTHER MOTORS ON THESE BUSSES

WILL OPERATE AT A VOLTAGE BETWEEN THAT OF THE BUS, AND THAT
OF THE MOST DISTANT MOTOR.
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SKETCH

CASE 4A
BUS 4A ON STA"™ "UP TRANSFORMER NO. 2
STEADY STATE AFTER SEQUENTIAL LOADING
214 KV SWITCHYARD VOLTAGE

220 KV SWITCHYARD
214 KV
H STARTUP TRANSFORMER NO 2
\.AJuu 221 - 4.36-4.36 KV
mrﬁ TAP - 230 KV
0
INDING - 26 MVA
TO 4160 V BUSSES 4E1 & 4€2 ZWIROING - 228 MVA
R
4.1 MY !
1 13.6 MVA
TO 4160 vV BUS °© TO 4150 V BUS au
BIIV
ESF SYSTEM T
4150V BUS 4A
38c1 v r
(.91 OF 4150 ¥)
g;ATIQN SERV.
ANS X43A
4160480 V ALY
TAP-4280 v Yyy\ MOTOR 3738 v
1.12 MVA =) (N 0OF 4180 V)
1
1 37 MVA
480 VBUS 3A
406V
(.88 OF 460 V)
0oV
MOTOR) (37 0F 480 v)
480 v MCC ZA1
andy [
(.88 OF 460 V)
2V
R
SeVeh WOTOR 85 0F 460 v)

1. MOTORSCONNECTED TO A 4150V BUS ARE RATED 4160V. THE 480V
SYSTEM MOTCRS ARE RATED 460V,

2. THEMOTIRS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS
FRCM "HE BUSSES CHOWN. ALL OTHER MOTOAS ON THESE BUSSES
WILL OPERATE AT A VOLTAGE BETWEEN THA™ OF THE BUS, AND THAT
OF “HE MOST DISTANT MOTOR.
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CASE 48
BUS 4B ON STARTUP TRANSFORMER NO. 1
STEADY STATE AFTER SEQUENTIAL LOADING
214 KV SWITCHYARD VOLTAGE

220 KV SWITCHYARD

214 KV
STARTUP TRANS. NO. 1

221 - 124768 KV

TAP - 230 KV

HWINDING - 385 MVA ~
X WINDING = 10 MVA

Y WINDING - 345 MVA

A
Y

XSS:

e

5.64 MVA l TO 6.9 KV BUSSES A & 68
27.9 MVA

TO CANAL PUMPING SUB
1147 KV

NUCLEAR SERVICE
A/ SUPPLY TRANSFORMER
Y\ 1247 <436 KV

75 MVA

AL
Y

] J8IMVA

SKETICH 7

ESF SYSTEM 4160 V BUS 48

sy
(.34 OF 4180 V)

STATION SERV. \ LAY —~ 3906V
TRANS X428 (L34 QF 4180 V)
4160480 V el b MOTOR

TAP-4280 V
1.12 MVA
1.03 MVA

480 v BUS 3B

418y
(.91 OF 460 V)
an2v
@ (.80 OF 460 V)

480 vV MCC 281

418V
(81 OF 480 V)
412V
NOTES: @ (89 OF 450 V)
1. MOTORS CONNECTED TO A 4160V BUS ARE RATED 4160V. THE 480V

SYSTEM MOTORS ARE RATED 460V.

2 THE MOTORS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS
FROM THE LUSSES SHOWN. ALL OTHER MOTORS ON THESE BUSSES ™
WILL OPERATE AT A VOLTAGE BETWEEN THAT OF THE BUS, AND THAT
OF THE MOST DISTANT MOTOR.
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CASE 3 SKETCH 8

BUS 4A & 4B ON STARTUP TRANSFORMER NO. 2
VOLTAGE DURING BLOCK LOADING OF EMERGENCY BUSSES
(BLOCK 1., T =0 SEC.)

START DECAY HT REMOVAL PP, RB UPPER DOME
FANS AND MISCELLANEQOUS MCC LOADS

220 KV SWITCHYARD
214 KV
STARTUP TRANSFORMER NO 2
H 221 - 4.364.36 KV
CAAAY TAP - 230 KV
oYY YT H WINGING - 425 MVA
TO 4160 v BUSSES 4E1 B 4E2 Y Y WINDING -~ 24 MVA
g Z WINDING - 226 MVA
TO 4160 V BUS 4C TO 4160 v BUS 4D
338 v NV
ESF SYSTEM .
4160 v BUS 4A 4180 v BUS 48
3738V NV
90 OF 41
(.90 OF 4160 V) (.90 OF 4160 V) 38 v
(.90 OF 4160 V)
STAT!ON SEAV.
TRANS X43A 3738V STATION SERV. (STARTING)
M-y A (.90 OF 4180 V) TRANS. X438 A
TAP-4260v ‘Y] "' (mOTOR) (STARTING) 4160 - 480 V ~Yym MOTOR
1.12 MVA TAP - 4260 V
1.12 MVA
480 V BUS 3A 480 vV BUS 38
398 v 385y
(.87 OF 460 V) (.86 OF 480 V)
480 v MCC 2A1 480 v MCC 281
/3IV LU RRY)
(.85 OF 460 V) (85 OF 480 V)
83V BV
(79 0F 450 V) (.82 0F 460V) {MOTOR
{STARTING) (STARTING)
NOTES:

1. MOTORS CONNECTED TO A 4160V BUS ARE RATED 4160V. THE 480V
SYSTEM MOTORS ARE RATED 450V.

2 THE MOTORS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS
FROM THE BUSSES SHOWN. ALL OTHER MOTORS ON THESE BUSSES
WILL OPERATE AT A VOLTAGE BETWEEN THAT OF THE BUS, AND THAT
OF THE MOST DISTANT MOTOR.
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CASE 3 SKZICE 9
BUS 4A & 4B ON STARTUP TRANSFORMER NO. 2
VOLTAGE DURING BLOCK LOADING OF EMERGENCY BUSSES
(BLOCK 1., T =3 SEC.)
START HP INJECTION PP, THE RB DOME FANS CONTINUE STARTING

-

220 KV SWITCHYARD

214 KV
STARTUP TRANSFORMER ND 2
H 221 - 4.36-4.36 KV
VALY TAP - 230 KV
2saalas el HWINDING - 42.6 MVA
TO 4180 v BUSSES 4E1 & 4E2 v Y WINDING - 24 MVA
Z Z WINDING = 22.E MVA
TO 4160 V BUS 5C TO 4160 V BUS 4D
.3V 3667 V
ESF SYSTEM =
4150 V BUS 44 4180 vV BUS 48
B2V 3663 V
88 OF 4160 V) ! 4
(880 (.88 OF 4160 V) o
(.88 OF 4160 V)
STATION SERV.
TRANS. X43A 3667V STATION SERV. (STARTING)
4160 - 480 v MW (.88 OF 4160 V) TRANS. X438 i
TAP-4280v " 1 MOTOR) (STARTING) 4160 - 480 vV ~Ym MOTOR
1.12 MVA TAP - 4260 V
1.12 MVA
480 V BUS 34 480 vV BUS 38
02V IV
(.87 OF 480 V) (.87 OF 460 V)
480 V MCC 2A1 480 vV MCC 281
98V 387V
(87 OF 480 V) (.36 OF 480 V)
368V 3|V
(.80 OF 480 V) (830F480V) (moTOR
(STARTING) (STARTING)
NOTES:

1. MOTORS CONNECTED TO A 4160V BUS ARE RATED 4180V. THE 480V
SYSTEM MOTORS ARE RATED 480V.

2. THEMOTORS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS
FROM THE BUSSES SHOWN. ALL OTHER MOTORS ON THESE BUSSES
WILL OPERATE AT A VOLTAGE BETWEEN THAT OF THE BUS, AND THAT
OF THE MOST DISTANT MOTOR.
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SKETCE 19
CASE 3

BUS 4A & 4B ON STARTUP TRANSFORMER NO. 2
VOLTAGE DURING BLOCK LOADING OF EMERGENCY BUSSES
(BLOCK 2., T = 16 SEC.)

START NUCLEAR SERVICE AIR COOLERS AND
NUCLEAR SERVICE COOLING WATER PUMPS

220 KV SWITCHYARD
214 KV
STARTUP TRANSFORMER ND 2
H 221 -4.364.36 KV
VALY TAP - 230 KV
oYY YT HWWINDING - 42.6 MVA
TO 4160 V BUSSES 4E1 & 4E2 v Y WINDING - 24 MVA
b4 ZWINDING - 226 M. A
TO 4160 V BUS 4C TO 4160 vV BUS 40
332V 321V
ESF SYSTEM o
4160 v BUS 4A 4160 V BUS 4B
31NV 3724 v
(.80 OF 4160 V) (.80 OF 4160 V)
3NV
STATION SERV. (.90 OF 4160 V)
TRANS. X43A 3728V STATION SERV. -
4160 - 480 v WMW (.90 OF 4160 V) TRANS. X438 VAAAS
TAP-4260y V) MOTOR 4160 - 480 vV ~rYy"m MOTOR
1.12 MVA TAP - 4260 V
1.12 MVA
480 v BUS 34 480 V BUS 38
369V 366 V
(.80 OF 450 V) (.80 OF 460 V)
KTVRY
(.75 OF 460 V)
‘”,“‘6, daw (STARTING)
ISTARTING) MOTOR
480 V MCC 2A1 X 480 V MCC 281
67V KTV
(.80 OF 460 V) (.73 OF 460 V)
v 5Ty
@ (’?"7 OF 460 V) (JBOF 460V) [MOTOR
NOTES:

1. MOTORS CONNECTED TO A 4160V BUS ARE RATED 4160V. THE 480V
SYSTEM MOTORS ARE RATED 480V.

. & THEMOTORS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS
FROM THE BUSSES SHOWN. ALL OTHER MOTORS ON THESE BUSSES
WILL OPERATE AT A VOLTAGE BETWEEN THAT OF THE BUS, AND THAT
OF THE MOST DISTANT MOTOR.
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CASE 2 SKETCH 11
BUS 4A & 4B ON STARTUP TRANSFORMER NO. 2
VOLTAGE DURING BLOCK LOADING OF EMERGENCY BUSSES
(BLOCK 3., T= 26 SEC..
START THE NUCLEAR SERV RAW WATER PUMPS
AND THE DIESEL-GENERATOR ROOM VENT FANS

220 KV SWITCHYARD
214 KV
STARTUP TRANSEDRMER NO 2
H 221 - 4.36-4.36 KV.
VAL TAP - 230 KV
YYD Y'Y HWINDING - 42EMVA
TO 4160 v BUSSES ¢E1 & 4E2 v Y WINDING - 24 MVA
4 Z WINDING = 226 MVA
TO 4180 V BUS 4C YO 4180 v BUS 4D
B2V 3685V
ESF SYSTEM -
4160 V BUS 4A 4160 V BUS 48
3690 v 3681V
(.89 OF 4160 V) (.88 OF 4160 V) suib e
(.88 OF 4160 V)
STATION SERV.
TRANS. X43A 3636 V STATION SERV (STARTING)
4160 - 480 v mwmw (.88 OF 4160 V) TRANS. X838 VAAA)
TAP = 4260 V MOTOR) (STARTING) 4160 - 480 V ~Y Y
1.12 MVA TAP - 4260 V
: 112 MVA
4B0 V BUS 3A 480 V BUS 38

480 v MCC 2A1

sy
(83 0F 460 V)

480 v MCC 281

wy
(B3 OF 460 V)

386 v w2V
(.84 OF 460 V) (.83 OF 460 V)
nv
(.80 OF 460 V)
(STARTING)
(10 OF 460 V)
(STARTING) -

Iy
(3.7‘“%; &0V) (.81 OF 480 V) {MOTOR
NUTES:
1. MOTORS CONNECTED TO A 4180V BUS ARE RATED 4160V. THE 480V
SYSTEM MOTORS ARE RATED 460V.

* 2 THEMOTORS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS
FROM THE BUSSES SHOWN. ALL OTHER MOTORS ON THESE BUSSES
WILL OPERATE AT A VOLTAGE BETWEEN THAT OF THE BUS, AND THAT
OF THE MOST DISTANT MOTOR.
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CASE 3

BUS 4A & 4B ON STARTUP TRANSFORMER NO. 2
VOLTAGE DURING BLOCK LOADING OF EMERGENCY BUSSES

(BLOCK 4., T = 36 SEC.)
START AUX FEED WATER PUMPS

220 KV SWITCHYARD

214 KV

e T
OhS LT Lo

STARTUP TRANSFORMES NS 2

H 221 = 4.36-4.36 KV
CALAY TAP - 230 KV
Y Y H WINDING = 42.6 MVA
TO 4160 V BUSSES 4E1 & 4E2 . Y WINDING = 24 MVA
P4 ZWINDING = 226 MVA
TO 4160 v BUS 4C TO 4160 v BUS 4D
3556 V /47
ESF SYSTEM
4160 V BUS 44 4160 v BUS 42
3553 v 1541 v
(.85 OF 4160 V) (.85 OF 4180 V) s
B4 OF 4160 V)
STATION SERV :
I?s?—sc:a:‘v‘ AAA ?i?o\; 4160 V) inﬁ&gtfgs RS U'W)
Tap-4280v ‘YY" (moTOR) (STARTING) 4160 - 480 ~Y MOTOR
1.12 MVA TAP - 4250 V
112 MVA
480 V BUS 34 480 v BUS 38 g
384 v 380 v
(.84 OF 460 V) (.83 OF 480 V)
v
my (.81 OF 460 V)
@ (.82 OF 460 ) @
480 v MCC 2A1 480 V MCC 281
383V 38V
(.83 OF 480 V) (.82 OF 460 V)
0V v
@ (.80 OF 460 V) (.81 OF 450 V) (MOTOR
NOTES:

1. MOTORS CONNECTED TO A 4180V BUS ARE RATED 4160V. THE 480V

SYSTEM MOTORS ARE RATED 480v.
» 2 THEMOTORS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS

FROM THE BUSSES SHOWN. ALL OTHER MOTORS ON THESE BUSSES

WILL OPERATE AT A VOLTAGE BETWEEN THAT OF THE BUS, AND THAT
OF THE MOST DISTANT K _TOR.
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CASE 3 SKETCH 13
BUS 4A & 4B ON STARTUP TRANSFORMER NO. 2
VOLTAGE DURING BLOCK LOADING OF EMERGENCY BUSSES
(BLOCK 5., T = 300 SEC.)
START REACTOR BUILDING SPRAY PUMP

220 ¥V SWITCHYARD

214 KV
§IARTU’ T!ANSFQRMgﬂ NQ Z
H 221 - 436436 KV
CAAA TAP - 230 KV
oYY Y M WINDING - 42.6 MVA
TO 4"60 v BUSSES 4E1 & 4E2 y Y WINJING - 26 MVA
bd Z WINDING - 22.6 MVA
TO 4180 V BUS 4C Y0 4160 v BUS 4D
3699 v 3693V
ESF SYSTEM - g
4160 vV RS 4A 4160 v BUS 48
3698 v 3689 v
(.89 OF 4180 V) (.83 OF 4160 V)
STATION SERV ¢ g
TRANS. X434 3688 v STATION SERV. (83 OF 4160 V)
60-4ag0y AAAY (.89 OF 4160 V) TRANS. X438 A
TaP-4280v "YYT" " (wmoTonr 4160 - 480 v ~Y"M MOTOR
1.12 MVA TAP - 4260 v
1.12 MVA
480 V BUS 1A 480 v BUS 38 '
369V 365V
(.80 OF 460 V) (.79 OF 480 V)
/IV
(.77 0F 480 V)
/Y (STARTING)
(.78 OF 480 V)
(STARTING) MOTOR
480 V MCC 2A1 480 V MCC 28"

WV 364V
(.80 OF 460 V) (.79 OF 460 V)
386V
I/IV
(27 OF 460 V) (77 0F 450 V) (moTOR
NOTES:

1. MOTORS CONNECTED TO A 4160V BUS ARE RATED 4160V. THE 480V
SYSTEM MOTORS ARE RATED 460V,

2. THE MOTORS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS
FROM THE BUSSES SKOWN. ALL OTHER MOTORS ON THESE BUSSES
WILL OPERATE AT A VOLTAGE BETWEEN THAT OF THE BUS, AND THAT
OF THE MOST DISTANT MOTOR.
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CASE 3

BUS 4A & 4B ON STARTUF T2 LWwSFORMER NO. 2
VOLTAGE DURING START OF CONDENSATE PUMP

220 KV SWITCHYARD

214 KV

w
)
'
{

STARTUP TRANSFOR! 2

TR NN
> Lk SRt L

H 221 = 4.364.36 KV
CAAAY TAP - 230 KV
Y Y'Y H WINDING - 426 MVA
TO 4180 v BUSSES 4B & 4E2 v Y WINDING = 26 MVA
b4 Z WINDING - 22.6 MVA
TO 4160 V BUS 4C TO 4160 V BUS 40
3462 V 3548 V
ESF SYSTEM - “c
4160 v BUS 4A 4160 vV BUS 4B
3483 V 3445y
(.83 OF 4160 V) (.82 OF 4160 V)
STATION SERYV Iusizovr 4160 V)
TRANS. X43A Ty STATION SERV. .
4160 - 480 V MWMW (.83 OF 4180 V) TRANS. X438 AAA
TAP - 4280 V MOTOR 4160 - 480 vV Yy m MOTOR
1.12 MVA TAP - 4280 V
1.12 MVA
480V BUS 34 480 v BUS 38
365 V 364V
(79 OF 480 V) (.78 OF 480 V)
M/ YV
88V (.77 OF 480 V)
@ (.78 OF 480 V) @
480 vV MCC 2A1 480 v MCC 281
w3V 63V
(.79 OF 480 V) (.79 OF 480 V)
Musv 355V
@ (.76 OF 480 V) (J70F4B0V) (MOTOR
NOTES:

1. MOTORS CONNECTED TO A 4160V BUS ARE RATED 4160V. THE 480V
SYSTEM MOTORS ARE RATED 460V.

2. THEMOTORS SHOWN ARE ELECTRICALLY THE MOST DISTANT MOTORS
FROM THE BUSSES SHOWN. ALL OTHER MOTORS ON THESE BUSSES

WILL OPERATE AT A VOLTAGE BETWEEN THAT OF THE BUS, AND THAT
OF THE MOST DISTANT MOTOR.

3. CONDENSATE PUMP STARTING TIME IS LESS THAN 2 SECONDS.
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ENCLOSURE I

PART C

Evaluation of the Rancho Seco Offsite
Power Systea for Compliance
to General Design Criterion 17
(Refer to NRC Letter
William Gammill to Power Reactor
Licensees Dated .ugust 8, 1979)



The NRC's August 8, 1979, letter to all Reactor Licensees (except
Humbolt Bay) requested the District

"To review the electric power systems of vour nuclear station
to determine if there are any events or conditions which could
result in the simultaneous or comsequential loss of both
required circuits to the offsite network to determine if any
potential oxists for violationm of GDC-17 in this regard."”

The District has completed a review of the electrical power |
system for Rancho Seco and has determined that the District's electrical
power supply system is in compliance with GDC-17. The basis for this con-
clusion is contained in what follows.

[

The power distribution system from the transmission network to the
onsite safety related electrical distribution system consists of:

a. Five overhead lines

b. Start-up transformers #1 and #2 and the nuclear service
transformers.

& Bus duct from the start-up transformers to the onsite

safety related electrical distribution system.

d. Protective relays, circuit breakers, control panels, batte-
ries, and power and control cables associated with the
- operation of the distribution system.

The following assumptions were made by the District in determining
events which could result in simultaneous or consequential loss of both
required circuits. (For a one line diagram of the Rancho Seco distribution
system refer to Sketch 1.)

a. All switchyard breakers are closed and in service.

b. All five lines that comnect the switchyard to the transmission
system are in service.

c. Safety Bus 4A is connected to start-up transformer #1.

d. Safety Bus 4B is comnected to start-up transformer #2.

e. Onoly a single event or failure is assumed to occur unless
it could be deominstrated that the single event could lead

to multiple failures.

Based on the following assumptions, the District has analyzed the
following events to determine if they could cause loss of both required
circuits.
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It is possible for a single fire either in a control cabinet,
cable tray or conduit to involve the coutrol circuits for all the circuit
breakers required for both offsites sources, and cause the circuit breakers
to trip. However, this loss of power would only be temporary since the
required circuit breakers can be quickly closed manually without any elec-
trical power.

The District has minimized to the extent practical the likelihood
of this eveat by:

1. Using flame retardant cable for all cable between the plaat
and switchyard.

2 Installing a fire detection and suppression system in the
plant and switchyard where the circuits of concern are
routed.

3. Providing a manual method of choosing the circuit breakers.

Therefore, this event is not a violation or potential violatiom of GDC-17.

SEISMIC EVENT

A design basis earthquake may cause the loss of both offsite
sources. However, the District has designed and located equipment so as to
minimize to the extent practical the likelihood of loss of both required
circuits during a seismic event by including a seismic load in the design
of supports for equipmen: required to be in service to provide offsite
power. Therefore, loss of both required offsite power sources during an
earthquake is not a violation or potential violation of GDC-17.

RANDOM SINGLE FAILURES

The District has analyzed the power distribution system from the
transmission system to the onsite safety electrical distribution system for
single failures that can cause loss of both required offsite circuits. The
review indicated that there are no single failures that can cause the loss
of both required offsite sources. This analysis included the following items. It
a. Short circuits
b.  Breaker failures
€. Switchyard battery failure
d. Relay failures

e. Transformer failures

f. Lightning strikes
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TOWER FAILURES

The District has analyzed the transmission system for compliance
with GDC-17 and determined that there is no single tower failure that could
Cause the loss of all offsite power. Therefore, failure of a transmission
tower is not a violation or potential violation of GDC-17.
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SACRAMENTO MUNICIPAL UTILITY DISTRICT

RANCHO SECO NUCLEAR GENERATING
STATION, UNIT NO. 1

RESPONSE TO:

NUCLEAR REGULATORY COMMISSION
REQUZST FOR INFORMATION
REGARDING ENCLOSURE 1 OF NRC TO SMUD LETTER
DATED JUNE 3, 1977 TITLED
SAFETY EVALUATION AND STATEMENT OF STAFF
POSITIONS RELATIVE TO THE EMERGENCY POWER
SYSTEMS FOR OPERATING REACTORS

Enclosure Il

Issued: July 19, 1977
Revision 1: August 1, 1980



Listed below is a response to each position listed in Enclosure 1
"Safety Evaluation and Statement of Staff Positions Relative to the Emergency
Power Systems for Operating Reactors" of NRC's Robert W. Reid to J. J.
Mattimore, lecter dated June 3, 1977.

POSITION 1: SECOND LEVEL UNDEROROVER VOLTAGE PROTECTION WITH A TIME DELAY

We require that a second level of voltage protection for the
onsite power system be provided and that this secoad level of voltage
protection shall satisfy the following criteria.

a) The selection of voltage and time set points shall be
determined from an analysis of the voltage requirements of
the safety-related loads at all onmsite system distribution
levels;

b) The voltage protection shall include coincidence logic to
preclude spurious trips of the offiste power scurce;

c) The time delay selected shall be based on the following
conditions:

(1) The allowable time delay, including margin, shall not
exceed the maximum time delay that is assumed in the
FSAR accident analyses;

(2) The time delay shall minimize the effect of short
duration distribances from reducing the availability
of the offsite power source(s); and

(3) The allowable time duration of a degraded voltage
condition at all distribution system levels shall not
result in failure of safety systems or components;

d) The voltage monitors shall automatically initiate the
disconnection of offsite power sources whenever the voltage
set point and time delay limits have been exceeded;

e) The voltage monitors shall be designed to satisfy the
requirements of IEEE Std. 279-1971, "Criteria for Protection
Systems for Nuclear Power Generating Stations"; and

f) The Technical Specification shall include limiting condtioas
for operation, surveillance requirements, trip set points
with minimum and maximum limits, and allowable values for
the second-level voltage protection monitors.

RESPONSE TO POSITION 1

The second level of voltage protection for the onsite power
system is not necessary since equivalent protection is afforded by a single
inverse time-undervoltage relay type.
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a)

b)

c)

The selection of voltage and time settings was determined by
analysis of the voltage requirements of the safety-related
loads. The undervoltage relay settings are analyzed in the
response to Guideline #10 of Enclosure I. The overvoltage

relay settings are analyzed in the response to Guideline #1
of Enclosure 1I.

A scheme incorporzting coincidence logic is proposed to
preclude spurious trips of the offsite power system. The
circuit proposed in shown in Figure 1.

Three potential transformers will be used to monitor the bus
voltage. Each potential transformer will monitor a different
line-to-line voltage. Connected to the secondary of each
potential transformer (PT) will be an undervoltage relay,
overvoltage relay and a voltmeter.

The contacts from the undervoltage and overvoltage relays
are connected such that if either relay is removed, an alarm
will be received in the control room on the plant annunciator
and plant computer. A normally-closed contact from the
overvoltage relay and a normally-opened contact from the
undervoltage relay on the same PT are connected in series

to operate an auxiliary relay (4AUL1, &4AUL2 and 4AUL3). The
auxiliary relays are deenergized for either an undervoltage
or overvoltage condition. The contacts from the auxiliary
relays are arranged in a two-out-of-three logic. This logic
string is used to operate an existing time delay energize=-
deenergize relay (624). A time delay close (TDC) contact
from this relay is used to initiate bus load shedding and
diesel starting in the existing scheme.

The 62B relay is a time delay on energizing relay that
prevents an accidental bus unloading when the logic circuit
is initially energized. The 125V dc to Lerminals 7 and 8
on the overvoltage and undervoltage relays is the control
power to the relays.

The time delay setting was based on thefollowing conditions:

(1) The undervoltage relay will trip in less than onme
second on a complete loss of voltage (see Figure 2).
This, combined with the 62A relay definite time delay,
is appreciably less than 5-second maximum delay shown
in the FSAR. Time reqrirements for overvoltage trip
delay are not addressed in the FSAR.

(2) The time delays selected have been analyzed to verify
that short-duration disturbances caused by motor starting
and short circuits will not cause inadvertent disconnec-
tion of the offsite power source.
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(3) The time duration that a degraded voliage condition is
allowed to persist before tripping of the voltage relays
bas been analyzed to verify that failure of safety
system or components will not occur.

d) The voltage momitors will automatically initiate the discon-
nection of offsite power sources whenever the vultage set-
point and time delay limits have been exceeded.

e) The voltage monitors were designed to satisfy the requirements
of IEZEE 279 except independence between channels of the same
train is not provided since the sensing and protective action
functions relate only to that train. However, independeace
is provided between redundant portions of the safety systems
(i.e.: between Train A and Train B) in accordance with the
requirements for independence established in IEEE 603.

f) Technical Specifications will be revised to include limiting
conditions for operation, surveillance requirements, trip set
points with maximum and minimum limits, and allowable values.
Refer to Attachment 1 for a description of the Technical
Specification modifications being considered by the District.

POSITION 2: INTERACTION OF ONSITE POWER SOURCES WITH LOAD SHED FEATURE

We require that the current system designs automatically prevent
load shedding of the emergency buses once the onsite sources are supplying
power to ail.sequenced loads on the emergency buses. The design shall also
include the capability of the load shedding feature to be automatically
reinstated if the omsite source supply breakers are tripped. The automatic
bypass and reinstatement feature shall be verified during the periodic test-
ing identified in Position 3.

In the event an adequate basis can be provided for retaining the
load shed feature when laods are energized by the onsite power system, we
will require that the setpoint value in the Techmical Specifications, which
is currently specified as "...equal to or greater than..." be amended to
specify a value having maximum and minimum limits. The licensees' bases for
the setpoints and limits selected must be documentea.

RESPONSE TO POSITION 2

The existing Rancho Seco design complies with this position;
consequently, no changes are necessary.

The existing scheme functions as follows:

1. After exceeding the voltage setpoint a contact of the 62A
relay closes energizing a set of load shedding relays.
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2. The load shedding relays perform the following functions:

A. Trip the pormal offsite supply breaker to the safety
features . 160 volt buses.

B. Trip the load breakers on the 4160 volt buses.

C. Set up the load sequencing timing circuit.
D. Start the emergency diesel generato:'s.
3. When the diesel driven generator reaches the required voltage,

its circuit breaker will automatically close connecting it
to the 4160 volt bus, and the step loading sequence will

automatically commence if a safety features actuation signal
exists.

4. An auxiliary "b" contact from the generator circuit breaker
opens to disable the load shedding feature of the circuit.
Consequently, the voltage sensing relay caonot re-initiate
the load shedding feature of the scheme so long as the
generator circuit breaker remains closed.

5. Should the gene-ator circuit breaker be opened for any reason
the load shedding and loading sequences would be re-initiated
as described in Items 2 and 3 above.

POSITION 3: ONSITE POWER SOURCE TESTING

We require that the Technical Specifications include a test
requirement to demonstrate the full functional operability and independence
of the onsite power sources at least once per 18 months during shutdown.
The Technical Specifications shall include a requirement for tests:

(1) simulating loss of offsite power in conjunction with a safety injection
actuation signal; and (2) simulating interruption and subsequent reconnec-
tion of onsite power sources to their respective buses. Proper operation
shall be determined by:

a) Verifying that one loss of offsite power the emergency
buses have been de-energized .nd that the loads have been
shed from the emergency buses in accordance with design
requirements.

b) Verifying that on loss of offsite power the diesel generators
start from ambient condition on the autostart signal, the
emergency buses are energized with permanently connected
loads, the autoconnected emergency loads are energized
through the load sequencer, and the system operates for five
minutes while the genmerators are loaded with the emergency
loads.
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¢) Verifying that on interruption of the onsite sources the
loads are shed from emergency buses in accordance with design
requirements and that subsequence loading of the onsite
sources is through the load sequencer.

RESPONSE TO POSITION 3

Refer to Attachment 1 for a description of the Technical Specifi-
cation modifications being considered by the District.
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TIME DELAY IN SECONDS

FIGURE 2
UNDERVOLTAGE RELAY
TIME-VOLTAGE CHARACTERISTIC

12

10

i ki L

02 04 0.6 0.8
VOLTAGE IN PER UNIT OF 4160 V

NOTE: AN EXTERNAL TIME DELAY RELAY (62A) SET AT
0.5 SECOND OPERATES IN SERIES WITH THIS RELAY.
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ATTACHMENT 1
TECHNICAL SPECIFICATION MODIFICATIONS

The modificstions described herein have been drafted in response to NRC
positions and guidelines. They are being comnsidered by the District

for inclusion in the Technical Specifications and are submitted tq the
NRC for preliminary review. Upon NRC approval of the voltage protection

system modifications, a proposed Technical Specification change will be
submitted for NRC approval.
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ATTACHMENT 1

3. LIMITING CONDITIONS FOR CPERATION
3.7 AUXILIARY ELECTRICAL SYSTEMS

Specification

3.7.1 The reactor shall pot be brought critical unless the following
conditions are met:

Add paragraph 3.7.1 (1) as follows:

I. The switchyard voltage is 218 kV or above.

3.7.2 The reactor shall not remain critical unless all of the following
requirements are satisfied.

Add paragraph 3.7.2 (H) as follows:
H. If the switchyard voltage is below 218 kV for less than 24 bours,
Bo corrective actionm is required. After 24 hours, if the voltage
has not increased above 218 kV, both diesel generators will be
started, connected to the .nuclear service buses, and the startup

transformers removed from the nuclear service buses. Switchyard
voltage above 218 kV will allow unrestricted plant cperation.

Add paragraph 3.7.4 as follows:

3.7.4 The voltage protection system trip setting shall be as stated
in Table 3.7...

Add raragraph 3.7.5 as follows:
3:%:3 Voltage Protection System Limiting Conditions

A. Startup and operation are not permitted unless the minimum
requirsments and action statements of Table 5.7.5 are met.

B. In the event the number of protective channels falls below

that listed in Table 3.7.5, the plant will be brought
to a hot shutdown within 48 hours.
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Bases

Add the following paragraph to Bases

The voltage protection svstem is designed to isolate the nuclear service buses
from the startup transformers when the bus voltage exceeds the allowable
operating limits of the egquipment. The allowable operating range for the
4160-V nuclear service buses is 3731 to 4626 volts and 397 to 521 volts for
the 480-V nuclear service buses. This corresponds to a switchyard voltage

range of 214 to 244kV. This range of switchyard voltage encompasses the normal
operating range of 221 to 239kV.
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TABLE 3.7.1

VOLTAGE PROTECTION SYSTEM RELAY TRIP VALUES

Time Delay

: AT e e I ) __Trip Va'ue
Undervoltage (Note 2)
a. Dropout 3771 + 38V
b. 15-percent oi 4160V 3120 + 31V
€. Complete loss 0
Overvoltage L4580 + 46V

e ————————————

Note 1 - Dropout voltage is calibrated with relay on its minimum time dial settings.

e ————— S———

Note 1
1.9 + 0.2s
1.5 + 0.2s

3.0 + 0.3s

Note 2 - The relay voltage values shown have been converted by the PT ratio (40:1) for review convenience.
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TABLE 3.7.5

Hiﬁimhﬂ
Total Number Channels Channels Action
Functional Unit of Channels to Trip OPERABLE (Note 1)
Undervoltage 3/Bus 2/Bus 2 A
Overvoltage 3/Bus 2/Bus 2 A

Action Statements

Action A - With the number of OPERABLE channels one less than the Total Number of Channefa operation
may proceed provided both of the following conditions are satisfied:

a. The inoperable channel is placed in the tripped condition within one hour.

b. The Minimum Channels OPERABLE requirement is met; however, one additional channel may
be bypassed for up to 2 hours for surveillance testing.

Note 1: The above table is not applicable when the plant is in cold shutdown.
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ATTACHMENT 1

4, SURVEILLANCE STANDARDS
4.1 OPERATIONAL SAFETY REVIEW
TA3LE 4.1-1
INSTRUMENT SURVEILLANCE REQUIREMENT

Add item 48 to Table 4.1-1.

Channel Description Check Test Calibrate Remarks
48 . Voltage Protection S ' Compare voltmeter

readings

a. Undervoltage R R

b. Overvoltage R R

£ Time Delay R R
S = Each Shift
M = Monthly
R = Once during the refueling interval

4.6 EMERGENCY POWER SYSTEM PERIODIC TESTING

Specification

Substitute 4.6.2 with the following:

4.6.2 During each refueling interval, a test of the diesel generators and
emergency start circuits shall be performed to verify that these
emergency power sources and associated equipment are operable by:

A. Simulating a loss of offsite power in conjunction with a safety
injection actuation signal, and:

1) Verifying deenergization of the nuclear services buses

and opcsation of the load shedding circuitry.

2) Verifying the diesel starts from ambient condition on the
auto-start signal and enmergizes the nuclear services buses,
and by verifying proper operation of the automatic load
sequencing circuitry. The diesel generators will be or.rated
for at least 5 minutes in this conditionm.
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ATTACHMENT 1

3) Verifying that on diesel-generator trip, the load shedding
circuitry operates properly and the diesel restarts on the
auto-start signal, and by verifying proper operation of the
automatic load sequencing circuitry. The diesel genmerator
will be operated for at least 5 minutes in this condition.

B. Load testing the diesel generators to SFAS capacity.
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