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TENNESSEE VALLEY AUTHORITY
CHATTANOOGA, TENNESSEE 37401

-1 1578 Lookout Place

MAR 10 1988

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Gentlemen:
In the Matter of ) Docket Nos. 50-327
Tennessee Valley Authority ) 50-328

SEQUOYAH NUCLEAR PLANT (SQN) - DIESEL GENERATOR VOLTAGE AND MARCIN
ANALYSIS (DGVMA) REVISIONS

Reference: TVA letter to NRC dated February 29, 1988, "Sequoyah Nuclear
Plant (SQN) - Diesel Generators (DGs) - Operability and
Analysis”

The purpose of this letter is to provide NRC with additional information
they requested during a discussion held among NRC, TVA, and their
respective consultants concerning the DGVMA on March 2, 1988. Enclosure
1 contains the revised sheets of the DGVMA (SQN-E3-015) regarding changes
to the contactor pickup portion of the analysis. These changes to the
DGVMA involve the use of the in-rush currents, verification of the
affected circuits' fuse integrity, and evaluation of slave loads
occurring concurrently at the load sequence pickup steps. Also included
in enclosure 1 is a discussion of the Allis Chalmers contactors and their
effect during the DG load sequence. Enclosure 2 contains a discussion of
the motor-operated valve  (including their function and identification)
that were identified in v1e DGVMA as having greater than 5 percent but
less than 10-percent margin in their respective stroke times.
Furthermore, TVA has concluded that the contactor dropout and pickup test
voltages, included in the DGVMA, bound the contactor analysis performed
to support Branch Technical Position PSB-1.

TVA believes this information adequately addresses NRC's request. If
there are any questions concerning the information provided, please
telephone Barcy A. Kimsey at (615) 870-6847.

Very truly yours,

TENNESSEE VALLEY AUTHORITY

Nﬁclear Licensing and

Regulatory Affairs {»
Enclosures Q\O
¢c: See page 2 :‘>
2803180194 880310
EDR ADOCK DSC’O%Q% f An Equal Opportunity Employer
C
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U.S. Nuclear Regulatory Commission MAR 10 1988

cc (Enclosures):
Mr. K. P. Barr, Acting Assistant Director
for Inspection Programs
TVA Projects Division
U.S. Nuclear Regulatory Commission
Region II
101 Marfetta Street, NW, Suite 2900
Atlanta, Georgia 30323

Mr. G. G. Zech, Assistant Director
for Projects

TVA Projects Division

U.S. Nuclear Regulatory Commission

One White Flint, North

11555 Rockville Pike

Rockville, Maryland 20852

Sequoyah Resident Inspector
Sequoyah Nuclear Plant

2600 Igou Ferry Road

Soddy Daisy, Tennessee 37379



ENCLOSURE 1

Diesel Generator Voltage and Margin Analysis
(DGVMA)
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The purpose of this calculation is to establish the load margin for the
diesel generators (DG) resulting from a bounding case evaluation of the
auxiliary power system performance for design basis event loading.
Calculate the minimum voltages at connected . equipment wusing this

bounding case analysis to show that safety-related systems/components
will perform their intended safety function when powered by the DG, with

acceptable margin..

1.1 PROCEDURE

The basis of this calculation are actual field test results of load

sequence testing of all four diesel generators for SQN units 1 and 2.

The DG data obtained by testing was analyzed for each load sequence
step. The minimum voltages at each step were compared and the lowest
voltage for the step was selected to establish a worst case composite DG

voltage profile for the 6.9KV and 480V shutdown boards.

During the diesel generator load sequence testing performance, it was not
possible to fully lcad all the motors to their design basis load;
therefore, the maximum voltage transients were not obtained for all the
load sequence steps. In order to determine the maximum transient
voltage, the composite worst case test voltage transients were adjusted
q;“ ~te—for the maximum loading that would occur for a loss of offsite power
concurrent with a loss of coolant accident (LOOP/LOCA). This maximum

loading is called schedule loading henceforth,



The calculation modified the composite test voltage profile to produce a
conservative voltage profile which accounts for the most severe bounding
case evaluation of factors not enveloped by actual testing. All of these
bounding case factors do not occur simultaneously on any one diesel
generator. By determining a bounding case value for each factor, and
then combining their bounding case factors, this calculation provides a
conservative estimate of some concerns. However, it ensures that the

analysis has provided a bounding case evaluation of all concerns.

From these adjusted worst case voltages, the worst case voltages were
calculated at the 480V Motor Control Center (MCC), 460V motors, and 460
MOVs. The cable drops used to calculate the above voltages were the
worst cable impedance identified for each of the MCCs and loads to bound
the analysis. The cable drop evaluation and field test results are
document in Appendixes F and A respectively. The voltage analysis

methodology and detailed calculations are documented in Appendix B.

Conservate factors used to bound the voltage analysis include the

following:

A. The composite diesel generator voltage profile based on the worst

case load sequence transient voltage dips for all four DGs.

B. The scheduled load profile based on the worst case loaded DG

(DG 2B-B).

S&N-E3-015

Cke&}. , 2‘;}J§§i~

I.:-. S “_Jis;;;"___,__.;u. l?ll;&lJLg_




The contactor dropout,pickup analysis based on:

1) Maximum control circuit length of 5350 feet which is the maximum
of all MCC control circuits. This results in a very corservative
analysis since typical circuit length is 1500-2500 feet.

2) Smallest control transformer of 100VA.

3) Combined load of one size 1 contactor, one solenoid, and one

timer.

Considers all running motors as constant MVA loads which results in a

more severe voltage transient.
Does not consider the boosting effect of the running induction motors

providing a generator effect during a sudden drop of bus voltage.

This effect should reduce the voltage transient.

SAN-E3-015
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8.0 Results of Voltage Analysis and Determination of Available Margins

The voltage transient can potentially effect the performance of the
diesel generator systems and the components they power. The following
sections discuss each of these items with regard to transient voltage
effects on the components. The available margins between the anticipated

transients and the components operation has been identified.

$:%. Diesel Generatur Voltarse Analysis

Tables 1 and 2, attached, summarizes the results of the DG
voltage analysis. The minimum 6.9 KV shutdown board voltage was
determined to be 76.5 percent and the minimum 480V shutdown board
and motor control center (MCC) voltage was determined to be 77

percent and 75.6 percent respectively both for approximately 16

cycles.

The lowest motor terminal voltages are as follows:

6.6 KV motor 76.2 percent
460V Switchgear motor 74.3 percent
460V MCC Motor 714.5 percent
460V MCC MOV 74.6 percent

The calculations supporting these results are in Appendix B.
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TVA has determined that the DG should be capable of accommodating
the application of a random process lcad block (i.e., sixteen
loads that are controlled by process parameters such as €low,
pressure, etc.). We have assumed that 14 of these loads are
running and that two of the largest loads are starting to
calculate the additional voltage drop. The increase in the 6.9KV
and 480V system transient voltage dip resulting from this random
process load block is 1.9 percent, and 2.4 percent respectively.

(See Appendix C)
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Motor Starter Contactor Voltage Margin

In safety-related circuits at Sequoyah, size 1, 2, and 3
sontactors are used. For Unit 2 operation, approximate number of

each types of each contactor size are:

Size 1  Approximately 500 (27 ampere rating)
Size 2 Approximately 60 (45 ampere rating)

Size 3 Approximately 15 (90 ampere rating)

All of these are of the same manufacturer, Arrow-Hart
Incorporated. Size 1 contactors are supplied from smaller
control power transformers than larger contaccors and experience
lower per unit voltage. As such, the size 1 contactors are the
limiting application; contactor dropout and pickup
characteristics of Size 1 contactors were investigated. Tests
were performed at TVA's Chicamauta Laboratory using new and used
contactors from SQN. These tests yield a minimum drop out
voltage of 54 percent and minimum pickup voltage of 73.6 percent
on a 110V Dbase. The corresponding required voltages on a

480-volt base are 49.5 percent and «7.5 percent respectively.
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Dropout

The limiting MCC contactor circuits are those with seal-in contact
design that would require operator action should dropout of the
contactor occur. These contactors are manufactured by Arrow-Hart.
The ERCW MCCs, which use Allis-Chalmers contactors do not have
seal-in contact design and the loads are either manually operated or
have their power circuits deenergized. Therefore, the Allis-Chalmers
contactors are not the limiting case.

Using the minimum adjusted test voltage from Appendix B the minimum
adjusted voltage anticipated at 480V MCCs is 75.6 percent; therefore,
the minimum margin is 26 percent above the required voltage of 49.5
percent (54 percent on contactor base of 110V).

Pickup

The pickup analysis has been revised to (1) evaluate the worst case
actual MCC contactor circuit that would be required to pickup at t=0
seconds of the loading sequence or concurrent with the starting of a
6.6 KV motor during the loading sequence and (2) to evaluate the
worst case MCC contactor circuit for maximum current to ensure that
its control circuit fuse will not inadvertently interrupt.

For item 1, all slave loads were evaluated and the worst case circuit
was determined to be a MOV that would start concurrent with the
auxiliary feedwater pump motor at the 20-second load step. This
circuit consists of six relays and two lights drawing holding
current, and the inrush of the contactor coil. The minimum adjusted
voltage anticipated at the 480V MCCs is conservatively calculated to
be B84 percent when the MOV contactor closes concurrently with the
20-second load step. This voltage is above the required contactor
voltage of 74.3 percent (73.6 percent on a contactor base of 110V).
Therefore, the minimum voltage margin is 9.7 percent. This is
conservative since the contactor voltage would De higher as the MOV
contactor picks up at the same time as the 6.6 XV motor (i.e. before
the voltage drop due to the locked rotor impedance ol the motor).

For item 2, all circuits powered by the diesel were evaluated to
determine the worst case circuit to be a room cooler fan that is
energized at t=0 of the loading sequence. This circuit consists of a
solenoid and a contactor coil both enetgizing at the same time. The
resulting maximum current for this would be 3.23 amps. The control
circuit fuse is a FRN 1 amp fuse which requires B amps for 1 second
in order to interrupt. Therefore, the minimum margin is 59.& percent
at 1 second. Therefore, the fuse will not inadvertently interrupt.
This analysis is conservative since the amperage at rated voltage was
used as opposed to the reduced amperage at a lower voltage.

R\

RI
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Motor Operated Valve Torque and Time Margin

All MOVs that would be actuated during the loading sequence for a
design basis event were evaluated for increased stroke times due
to transient voltage dips. All MOVs under consideration are
rated for a minimum start voltage of 77 percent* and can develop
100 percent torque at this voltage. Since there is more time
above 77 percent than there is below 77 percent (more over-travel
than under-travel) in the travel time, it is more appropriate to
examine the average voltage. The average voltage experienced
based on the adjusted load conditions for the loading sequence is
approximately 95 percent; therefore, the voltege margin is 18

percent.

In addition, all MOVs required during this time have a minimum of
5.3 percent margin in cheir stroke times. This was determined by
the design criteria safety limit minus the plant testing results
which results in the following: of the 58 valves under
consideration, 37 have greater than 100 percent margin, 18 have
greater than 10 percent margin but less than 100 percent, and 3

greater than 5 percent but less than 10 percent margin.

*This value has been adjusted from 80 percent on a motor base of

460V to 77 percent on a system base of 480V,
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Due to transients during the loading sequence, all switchgear
motors have their overcurrent protective devices set at a minimum
of 200 percent of locked rotor current to ensure that tripping
will not occur. Additionally, the load will not trip
inadvertently since the transients under consideration are less

than one second in duration and actuation is at least 10 seconds.

Di 1 n to ad S ence mer in

In order to determine the load sequence timer margin calculations
"27S1A" and "DG TIMER RELAYS" were reviewed. "DGC TIMER RELAYS"
(Reference 3.9) addresses the effects of sequence timer
inaccuracies upon DG loading by calculating the minimum time
between load steps. Calculation "27S1A" (Reference 3.17)
calculates the maximum time it takes to make electric power
available to the sequenced loads. Both calculations are based on
the methodology presented 1ISA 67.04, "SETVOINTS FOR NUCLEAR
SAFETY-RELATED INSTRUMENTATION USED IN NUCLEAR POWER PLANTS"™ and
Reg Guide 1.105, "INSTRUMENT SETPOINTS FOR SAFETY-RELATED

SYSTEMS."
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“DG TIMER RELAYS" calculates the minimum time interval between
loadings by calculating th® root-sum-square of (square root of
the sum of the squares) the random errors associated with two
adjacent relays. The root-sum-square technique is addressed in
ISA 67.04. Also note that there is one systematic error
associated with these relays, a bias error due to ambient
temperature changes. Since all relays are located in the same
cabinet, all relays will experience the same ambient temperature
changes; therefore, this effect cancels out for adjacent
sequence timers. The results of this calculation are summarized

in Figure 2.

"27S1A" calculates errors associated with each timer in turn
(errors calculated for only one relay rather than adjacent
relays) since the parameter of concern is maximum time requiread
to make electric power available to a particular load. This
means the bias error associated with temperature must also be
included in the accuracy. The results are for a concurrent loss
of offsite power and safety injection initiation, and are

summarizied in Figure 3.

These calculations previously resulted in a change for the
auxiliary feedwater and component cooling system timers and these

figures reflect this change.
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Table 3 summarizes the voltage transient effect on motor starting time and its effect on load
sequence time interval including timer accuracy and repeatability, The analysis in Appendix D
accounts for the overlap of acceleration between the S1 and CCP for the worst case.

TABLE 3

.6 KV MOT CELERAT T

I !

| | |
| | WOPST CASE | MIN. TIME | ACCELERATION TIME |
| | MOTOR TERM | INTERVAL | | | | |
| MOTOR | VOLTAGE PU |  SEC | MEASURED | MIN. VOLT FOR | 100% RATED | MARGIN |
| | 6.6kv BASE |  (C) | FROM TEST | FIRST ONE SEC | VOLTAGE FOR | BETWEEN |
| | | | IN SECS | & 100% AVERAGE | THE ENTIRE | 385 |
| | | | | THE REST, SEC | PERIOD | SEC |
| | | | | | sEc | |
| | | | | | I |
: m 1 @ )| L | (5) | (6) | |
| | | | | | |

|cce | o0.867 | 2.48 | 215 | 3.33 | 2.99 | . |
st | o0.833 | 3.84 | 2.8 | 3.39 | 3.01 | 0.45 |
[ | RWR | 0811 | 3.3 | .83 | 1. | 1.39 | 1.28 |
' | ERCW | 0.782 | 2.4 | 1.5 | 1.6 | 1.20 | 13 |
| AfW | 0.778 | 6.25 | 3.4 | | 3.22 | .48 |
| csp | 0.798 | - | 2.5 | | 2.35 | —— |
| " | ] 1 | | ] |

TIMER INACCURACY
S W —
2

MINIMUM INTERVAL TIME ACCOUNTING FOR

TIMER INACCURACY

* Margin is not applicable since CCP and SI pump motor starts could overlap; however, this
condition has been considered in the Appendix D and it has been estab'ished that this overlap
will not cause any additional drop over what has been observed during testing.
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8.7 Diesel Generator Capacity

Chart 1 shows a comparison of the ratings for the diesel generators
to the maximum anticipated scheduled load for the heaviest loaded
diesel generator (2B-B). In summary, it shows that there is at
least 8 percent margin between the manufacturer's rating and the
maximum scheduled loads for the first 2 hours and at least 2.3
percent margin for greater than 2 hours. This is acceptable margin
since the maximum load must be less than or equal to rated

capacity.

8.8 Motor Voltage Margin

In order to ensure that the motors powered by the DG during the
worst case design basis event have adequate voltage for starting
and/or running, a review of the 6.9KV and 480V motors speed-torque
characteristics was performed. This review evaluated the unique
types of 6.6KV and 460V motors (e.g., safety injection pump,

centrifugal charging pump, motor operated valves, etc.).

Using the Dbasic relationship that torque for a motor is
proportional to the square of the wvoltage (See ANSI (C50.41,
Paragraph 11), we can determine the minimum voltage required to
sustain pump motor speed and the minimum voltage required to

sustain breakaway.
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Below is a pump/motor speed-torque curve for the SQN containment

spray pump that displays these pertinent characteristics. This

curve is typical for NEMA Class B<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>