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TVA performed GSequoyah Wuclear Plant (SQN) diesel generator (DG)
preoperational (preop) tests TVA-13B(1) and -13B(2) during the period
of August through October 1980 to satisfy the test requirements of
NRC Regulatory Guide (RG) 1.9, revision 0. During a subsequent
review of the test results, TVA identified deficiencies in the test
requirements; specifically, the preop tests did not adequately verify
cempliance to PG 1.9, revision 0, and TVA's commitments as documented
in the FSAR section 8.3.1.2.1. These deficiencies were documented in
Significant Condition Report (SCR) SQNEEB8515 (B43 851125 904) on
November 20, 198S5.

Additionally, the Employee Concern Program received a concern
regarding the technical adequacy of the testing and analysis of the
SQN DGs. During the subsequent investigation, the Nuclear Safety
Review Staff (NSRS) validated several of the concerns and documented
their findings in NSRS Report No. I-85132-8SQN.

In a sutsequent review of the disposition of SCR SQNEEB8S1S
(performed through the SQN Design Baseline Verification Program), TVA
determined that the specified corrective action was inadequate and
that the required demonstration of the DG's capability to provide
adequate onsite power as defired by R 1.9 had not been
accomplished. This deficlency was redocumented in SCR SQNEEB871S5
(B25 870207 035) and was confirmed by a review of the preop tests
during the Restart Test Program.

In order to resolve the DG test issue, TVA initiated DG load sequence
testing in July 1987, This testing effort utilized the DG loading
analysis completed as part of SQN electrical calculations program.
This testing was performed wutilizing available plant systems and
loads; however, due to the plant's capabilities, the applied lcads
were less than the maximum design loading. DG 1A-A was found to
deviate from RG 1.9 voltage limit recommendations during recovery
from transients caused by step load increases. CAQR SQP871238 was
issued on July 22, 1987, to document this deficiency. Following
additional testing, this CAQR was revised to document similar
deficiencies on DGs 1B-B, 2A-A, and 2B-B., This CAQR was evaluated
and closed with no modifications required.

During evaluation of the load sequence test data, anomalies were
identified in the electrical performance characteristics of DG 1B-B.
Following comparison of the test data and determination of a proposed
corrective action, DG 1B-B was repaired (voltage regulator stability
setting was adjusted and a ring-tongue terminal lug on the output of
the voltage regulator was replaced) and retested. DG 1B-B performed
satisfactorily and similarly to DG 1lA-A.

Using the test results, a voltage evaluation was performed to adjust
the loads to the maximum value and to evaluate the low voltage
systems. This evaluation was performed with regards to the voltage
requirements of RGC 1.9. TVA initially discussed this calculation
with NRC at SQN on January 21, 1988, Based on the results of this
sand subsequent meetings, it was concluded that TVA would utilize
arother analytical method using the test data to provide assurance
that the diesel generators will perform their intended safety
function with margin.




II. PURPOSE
The purpose of this report is to document that:

L. The DG test results are bounded by analysis.

2. Safety-related systems/components will perform their intended safety
function when powered by the DG, with acceptable margin,

III. G G) VOLTAG YSIS AND DET INATION OF TAGE
MARGIN

During the diesel generator load sequence testing, it was not possible to
fully load all the motors to their design basis load; therefore, the
maximum voltage transients were not obtained for all the load sequence
steps.

As a result, diesel generator voltage analysis (Attachment 1) was
performed to establish the worst-case voltage profile for the 6.9KV and
48UV Class LE power system based on diesel generator test results, and
establishes margins that exist in the connected equipment during the
predicted worst-case voltage profiles. In order to determine the maximum
transient voltage dip, the actual test voltage transients were increased
to rhe muximum loading condition. The increased voltage drop was
determined to oe the test voltage drop adjusted by the ratio of maxi
design lowd current to test load current. '

Tables | and 2, attached, summarizes these results. The minimum 6.9KV
shutdown board voltage was determined to be 76.5 percent* and the minimum
480V shutdown board and motor control center (MCC) voltage vas determined
to be 77 percent and 75.6 percent respectively. This condition occurs
during approximately 7 to 16 percent of any motor's acceleration time.

*All voltages in this document are percent of system rated voltages (6.9KV,
480V) unless otherwise indicated.
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TABLE 2
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AVALLABLL WARQING

The voltage transient can potentially effect the performance of the
diese) 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.

A. Rissel Generalor Capacity

Chart | shows a comparison of the ratings for the diesel generators to
the maximum anticipated design basis load for the heaviest )oaded
diesel generator (28-8). In summary, it shows that there is at least
8 percent margin between the manufacturer's rating and the maximum
design loads for the first 2 hours and at least 2.3 percent margin for
greater than 2 hours. This is acc.ptable margin since the maximum
Toad must be Tess than or equal to rated capacity.

Motor Voliage Margin

In order to ensure that the motors powered by the DG during the
Ferloc2aze derige Rasis evest have adenuats voltage for starting
and/or running, a review of the 6.6KV and 460V motors speed-torque
characteristics was performed. This review evaluated the unigue types
of 6.6KV and 460V motors (e.g., sa‘ety injection, centrifuga)
charging, motor operated valves, etc.).

Using the basic relationship that torque for a motor is proportional
to the square of the voltage, (See ANSI C50.4). Paragraph 11), we can
determine the minimum voltage required to sustain pump motor speed and
the minimum voltage required to sustain breakaway.

Below is a pump/motor speed-torque curve (Figure 1) for the SON
containment spray pump that displays these pertinent characteristics.
This curve is typical for NEMA Class B motors which are used at SON.

TYPICAL PUMP/MOTOR SPEED-TCROUE CURVES

""7‘11-...




KVA

CHART |
ARGINS

M
DIESEL GENERATOR RATINGS vs. LOAD

4837

4750 -

4435
4397
4278
3814

5500
5054
5000

4886

ENGINE CAPABILITY -STEADY STATE

RATING
e 2T%M e AXIMUM
== LOAD
0 115min éhn
Time
GENERATOR CAPABILITY - STEADY STATE
C 3% MARGIN
. RATING
2.3% MARGIN
Erd e “MAXIMUM
4 LOAD
0 2hrs
Time

MFG's D/G RATINGS

O-3Imin Imin-2hrs CONTINUOUS

ENGINE 4750 Kw 4837 KW 4397 KW

———

GENERATOR 5500 KVA 5500 KvA 5000 KVA

——— —



For 6.6KV motors and a very large 460V motor, the analytical technique
resulted in the following:

s . -,
cce 64 33
s1 S4 32
RER 56 37
ERCW 63 36
AFW 55 35
CCS (480 volt)w e 29
csp 59 27

*At motor terminal

The small 460-volt motors are standard NEMA designs; therefore, the minimuwe
start and sustaining voltages are evaluated utilizing the standards from
which they are designed. NEMA MG1-12.37 and 12.38 were used to obtain the
locked-rotor and breakdown torque values for design types A and B motors for
various horsepowers. ‘'Motor Application and Maintenance Handbook" edited by
R. M, Smeaton was used to obtain typical data for the pump, fan, and
compressor loads. This data curresponds to the points of interest for the
motor/load speed torque curve.

Motor loads have been evaluated to determine the maximum voltage dip which
still allows adequate torque to sustain the load rotation. For the 6.6KV
motor, the limiting voltage for running motors was determined to be 64
percent, and the limiting breakaway voltage was 37 percent. For 460-volt
motors the limiting voltage for running motors is 68 percent and limiting
breakaway voltage is 59 percent, In addition, for a 460-volt motor/pump
load, calculations predict additional margin in the rotating inertia of the
load with the occurrence of short-term voltage dips (e.g., for 65 percent of
460V for 1/2 second, speed drop of the low inertia pump would be less than
6.18 percent),

TVA sees no adverse effect on the mechanical system performance since the
thermal and mechanical inertia is such that a 1/2-second decrease in flow of
#ir or water would have effects that would be within the normal operating
fluctuations of these type systems. This assumes the associated motors and
controls do not trip as 2 result of this voltage decrease. Therefore, the
minimum 6.9KV margin for the maximum expected voltage dip is 12.5 percent on
a 6.9KV base and 6.3 percent (including cable veltage drep of 2.7 percent) on
a 48OV base.

Motor Starter Contactor VOLTAGE MARCIN

In safety-related circuits at Sequoyah, size 1, 2, and 3 contactors 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)




The limiting !CC contactor circuits are manufactured by Arrcw-Hart
Incorporated. Size | contactors are supplied from smaller control power
transformers than larger contactors and experience lower per unit voltage. As
such, the size | contactors are the limiting application; thervfore, the
contactor dropout and pickup characteristics of Size 1 contactors were
investigated. Tests were performed at TVA's Chickamauga 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 base. The
corresponding required voltages on a 480V base are 49.5 percent and 67.5
percent respectively,

Conclusion:
1. Dropout

Using the adjusted test voltage from Attachment 1 the adjusted voltage
anticipated at 4BOV MCC's 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).

e. Plckup

The adjusted voltage anticipated at ciis 480V MCC's is 85 percent when a
MCC contactor closes concurrently with the starting of a 6.6KV motor and
75.6 percent when there is a delay such that the contactor picks up at
maximum voltage dip, These values are above the minimum required voltage

(: of 67.5 percent (73,6 percent on a contactor base of 110V). Therefore,
the mirimum margin is 17.5 percent if contactor closes concurrently and is
8.1 percent if there is a delay.

D. Motor Operated Valve (MOV) Torgue 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

wltage. Since motor-operated valve vollage varies over its stroke, it is
appropriate to exam.ne the average voltage. The average voltage
experienced based on the adjusted lcad conditions for the loading sequence
is approximately 95 percent; therefore, the voltage margin is 18 percent.

In addition, all MOVs required during this time have a minimum of 5.3
percent design margin in their stroke times., This was determined by the
design criteria safety limit minus the plant testing results which results
ia 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 3 percent, but less than 10 percent
margin, It should be noted that these margins are not sensitive to
increases in the transient voltage dip.

(“ *This valne has teen adjusted from B0 percent cn a motor base of 460V to 77
percent on & system base of 480V,




Qvercurrent Protection Margin

All motors that are load sequenced have their overcurrent protective
devices set at a minimum of 200 percent of locked rotor currert 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 ssconds.

Riesel Generator Load Sequencs Timer Marzin ’

In order to determine the load sequence timer margin calculations
"2781A" and “DG TIMER RELAYS" were reviewed. "DG TIMER RELAYS"
(Attachment 2) addresses the affects of sequence timer inaccuracies
upon DG loading by calculating the minimum time between load steps.
Calculation “27S1A" (Attachment 3) calculates the maximum time it
takes to provide power to the saquenced loads. Both csleculations ace
based on the methodology presented ISA 67.04, "SETPOINTS FOR NUCLEAR
SAFETY-RELATED INSTRUMENTATION USED IN NUCLEAR POWER PLANTS" and Reg
Guide 1.105, "INSTRUMENT SETPOINTS FOR SAFETY-RELATED SYSTEMS."

"DG TIMER RELAYS" calculates the minimum time interval between
loadings by calculating the root-sum-square (square root of the sum
of the squares) of the random errors asociated with two adiacent
relays. The root-sum-square techniq.e is addressed in ISA 67.04.
Also note that there is one systematic error associated with these
relays, a bias error due to amb.ent temperature changes. Since al’
relays are located in the same cubinet, 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.

“2781A" calculates errors associated with each timer in turn (errors
caleculated for only one relay rather than adjacent relays) since the
parameter of concern is maximum time to make electric power available
to a particular load. This means the biss 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 summarzied 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.




DIESEL LOAD SEQUENCING

Figure 2
(:. SUMMARY OF "DG TIMER RELAYS"™
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Table 3 summarizes the effect of the voltage transient effect on motor
starting time and its effect on load sequence time interval including timer
accuracy and repeatability. The analysis accounts for the overlap of

acceleration between the SI and CCP for the worst case. )
Table 3
6.6 KV MOTOR ACCELERATION TIME ]
WORST CASE | MIN, TIME ACCFLERATION TIME
z MOTOR TERM | INTERVAL |
MOTOR VOLTAGE PV SEC MEASURED | MIN, VOLT FOR | 100% RATED | MARGIN
6.6KV BASE | (F16.2) FROM TEST| FIRST ONE SEC | VOLTAGE FOR | BETWEEN
IN SECS | & 100% AVERAGE | THE ENTIRE | (3)&(S)
THE REST SEC PERIOD SEC SEC
(1) (2) () (4) (5) (6) ﬂ
cce 0.867 2.44 2.15 3.33 2.99 »
$1 0.833 3,84 2.80 3.39 3.01 0.45
RHR 0.811 3.13 1.83 1.85 1.39 1.28
ERCW 0.782 2.4 1.56 1.67 1.20 0.73
AFW 0.778 6.25 3,46 3.77 3.22 2,48
CSP 0.798 22.4 2.56 2.79 2,35 19.61
s TIMER INACCURACY
e

MINIMUM INTERVAL TIME ACCOUNTING FOR

Lt e

®* Margin is not applicable since CCP and SI pump motor starts could overlap; however,
this condition has been considered in the calculation, and it has been established
that this overlap will not cause any additional drop over what has been observed
during testing.

In conclusion, the analysis (Attachment 2 and 3) shows *hat there is acceptable margin
betveen the start of any two motors to allow full voltaye recovery of the first before
the start of the second for the worst-case set of start signal offsets generated by the
sequence timers,




EXCITATION/REGULATOR PERFORMANCE

Attachment 4 is a report from NEI Peebles--Electric Products Inc.,
regarding the voltage response characteristics of the voltage
regulator/excitation system installed at Sequoyah Nuclear Plant. The
purpose of this report is %o further explain why the DG was responding
in the manner snen during the test.

This report shows how the effective reactance values of the generator
var with the exciter/regulator response time and saturation.
Effective reactance as discussed herein is defined as the generator's
transient reactance plus the effects of the exciter/regulator during
transient load conditions. As a result, the analytical results should
be conservative when compared with actual measurement.

The following 1is a comparison between the test data and the
characteristics predicted in tha NEI Peebles report. D/G 1B-B test data
was compiled fcr this comparison (Figures 4 through 8). Figure S, "D/G
1B-B SI-Start at 5.56 sec" will be analyzed as an example of exciter
response and the time lag created by voltage regulator transition from
"full-on" to "full-off."”

Immediately prior to motor start, the generator terminal voltage was
still above nominal since the transient load current was not fully
decayed. As a result, the voltage regulator control current (Icont) was
at approximately 4.5A, and the exciter field voltage was at a minimum.
Thus, in an attempt to lower the terminal voltage, the regulator was
driving the saturable transformers into full saturation. Upon start of
the motor, the generator terminal voltage (%Vt) sharply drops due to the
sudden change in load as seen by the generator. Sensing this, the
voltage regulator begins decreasing control current to cause an increase
in exciter voltage. However, there is a time delay of approximately 10
cycles from the initial decrease in control current until there is a
resultant change in exciter voltage. It takes an additional time delay
of approximately 30 cycles for the control current to decrease to a
value that will allow the exciter voltage build-up to transition to its
maximum rate.

As seen from the curve, minimum terminal voltage occurs at approximately
20 cycles. At this point, the exciter has not yet reacted t» the
voltage decrease and the field current is still provided by the
generator fluw instead Af the aveitar ualbasns Thearefore, the valtaps
Gip Loperaeiitec L0 che Lest fepicsvies the maximum anticipated voltage
dip for this load step. Further, there is acceptable margin in the
timer sequence to accommodate the potential delay associated with the
regular/exciter (See Table 3).

In conclusion, as a result of using these test results, TVA has bounded
the test results by analysis. Further, the characteristics of the
generator excitation system from the test data agrees with that
predicted by the NEI Peebles report.
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'VI.

REVIEWERS SUMMATIONS

The following summaries were prepared by Mr. Charles Concordia and
Mr. Russ Allen at the request of the Tennessee Valley Authority.




2/21/88

Charles Concordia, PE (Consulting Engineer)
: * 702 Bird Bay Drive West; Venice, Florida 34242; (813  488-8252
London Square, 12 Hampton; Clifton Park, NY 12065; (>18) 371-6091

Comments on Sequoyah Nuclear Plant
Diesel Generator - Starting of Motor Loads

At the request of TVA, I have considered the performance of the diesel
generator; particularly the successful starting of several motor loads in
sequence, and the results of calculation and test of the motor starting, A
major question was the larger voltage dip found in test as compared to the
calculation in some cases.

|
The generator field excitaticn ic supplied by an "SCPT" system. In this !
systex the generator field voltage is taken from both generator terminal

voltage and armature current is such a proportion that just the right voltage

is supplied to maintain the terminal voltage (whatever it is). That is:

Efield @ Vierm *+ J Xalarm,

Thus, theoretically, is a load (for example, the primarily reactive load of a
stationary motor) is suddenly applied, the voltage will drop in a very few
cycles, to a somewhat lower value and simply remain at this new value. It
should not drop further because the field voltage has automatically increased
to supply the required greater field current. No voltage-regulator action is
required. However, since there usually is a voltage regulator, it will send a

(: signal to increase the field current further, to bring the terminal voltage
back to normal. In the SCPT as originally designed, and in the present
generators, the voltage regulator acts by shunting part of the supply voltage
(Vg + j %gla) in effect changing the proportionality factor &,

From this brief explanation it would seem reasonable to calculate the voltage
¢ip by simply using the initial drop (after the subtransient (amortisseur)
currents have died away in a few cycles), and, as I understand it, this is
what was done. In the present case, the calculation of subsequent starts was
complicated by the previous motor lerads, which were considered as
constiant-—-apparent-power loads. This should be realistic.

I have independently calculated several cases to explore the effects of the
previcus loads and of the approximation to the conventional assumption of
constant field flux linkage by assuming constant voltage back of generator
direct-axis transient reactance (i.e., assuming E' as an approximation to
Z'q in the diagram below) (see Reference 1).

. - i s s it



From my calculations I concluded that both effects were rather small. For
example, in one case:

Previous Load Voltage Dip Constant
22% 11.9% E'
44% 12.9% B'
22% 11.6% E'q

This is a 1% increase for doubling the previous load and a 0.3% decrease for
using the more "exact" method of constant E'q.

Then to explain the observed discrepancies there seemed to remain two
possibilities: the transient reactance assumed was too small or the transient
caused by the last previous disturbance had not yet disappeared. Further
inspection of the test results showed that indred the transient had not
disappeared so it was not necessary to assume a wrong x'd (although a few
percent error in x'd is not uncommon).

In several cases the generator terminal voltage was still a few percent high
when the next motor load was applied. Referring to our previous explanation
of the voltage regulation this means that the field supply voltage was (or
should be) considerably reduced so that in the first place, the field voltage
did not immediately increase to a value sufficient to maintain (or limit) the
dip to the initial transient value so the voltage decreased further, and in
the second place, the regulator was too slow to counteract this decrease.

Two observations can be made:

First, fortunately since the larger voltage dip started from a higher level,
the actual minimum voltage was not smaller than that for an initial drop from
100% voltage, at least in all the cases I considered.

Second, this behavior following a transient conditions is not a new
phenomenon. I worked con one of the very first SCPTs (see Reference 2, 1961
AIEE Trans.) and in fact predicted and observed the same effect. Figure 8 of
Reference 2 shows "he application of load and the removal of about 75% of it
after 0.833 second. It was very interesting to see that on the removal (at
V = 0.97) the initial transient rise of 10% was increased by 3% more because
of the previous transient and the resulting maximum voltage was V = 1.10,
exactly as would result from removal at steady state and V = 1.0. (This was
the calculated result. The test result was slightly smaller.) This effect,
of arriving at absut the same mavimum or minimum vnltase, is very simitar ¢o
that co.erved in the present tests and discussed above.

In the present tests we could have hoped that there was sufficient time to
arrive at a steady state for each new load appli:ation. However, no harm
seems to have resulted, as the minimum voltage was not lowered. Further, I
understand that a faster (and different) regulator may eventually be installed.




In the calculations and test of Reference 2, the object of load removal after
only 0.833 second was precisely to evaluate this possible transient effect,
simulating approximately the starting of an induction motor. This was why we
had to go further and calculate the voltage-regulator response as well as the
initial dip. We may add that one aspect of the SCPT exciter is that, because
the field voltage should go immediately to the value required to prevent
further decline, the voltage regulator does not need to be very fast.
However, new types have been developed since, substituting solid-state
regulators for the original "saturating"™ regulators.

Since we feel that the test results have been adequately explained, it remains
only to esonsider the extrapolation to full motor-load conditions. As the new
motor at each step will take somewhat longer to accelerate, there will be
somewhat less time for the transient to decay. However, in the test and
calculation results so far this transient effect has been negligible on the
minimum voltage. (The interval in the old AIEE paper was only 0.833 second).
Moreover, the initial shock of new load is not increased by this
extrapolation, only the previous load and the acceleration times are
increased, so the effect is small in any case, as our discussion above has
indicated.

The effect of generator speed dip was briefly discussed. In fact some
frequency drop may ba2 beneficial rather than harmful. Induction motors
respond to volts/Hertz rather than volts, at least over a moderate range.
Thus, a motor will start as well or better at 95% voltage and 95% frequency
than at 100% voltage and frequency. If the minimum voltage observed at 95%
frequency is, e.g., 80%, the motor starting behavior (and the previous motor
load also) will be about as for 84% voltage at normal frequency. The running
motor load will be decreased slightly but for only a very brief time.

Finally, from all of these considerations, and from my understanding of the
motor minimum-voltage requirements, it would seem that the starting
performance should be entirely adequate.

In spite of this opinion, we cannot resist mentioning a few factors that could
be considered if it is desired to make further improvements.

1. A faster-responding voltage regulator, and one that would not suppress the
built-in exciter response of the SCPT.

2. Keeping the voltage setpoint

o ammven b oo

at, e.g., 105% a long as the diesel

’ e

BUTOHLGLaClaay TEIUCLLG 20 v GiLel 3idi s0aus ..ave been started.
3. 1Increasing the locad current compounding (the j x 4I, term). This may
mean increasing the contribution from the current transformer of the SCPT.
References:

1. "Synchronous Machines" (Book) J. Wiley & Sons, 1951 by C. Concordia (See
Chapter 9, pp 200-201, and p 36)

2. "Performance of a New Static-Magnetic Exciter and Voltage Regulator for
Round Rotor Marine Steam Turbine Generators"” by D. F. Talcott,
P. M. Tabor, and C. Concordia, AIFE Trans., Vol. 80, June 1961, pp 141-148
(See Figures 8, 2, and 3, and App. gl)
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REVIEW

by R. E. Allen

Per TVAs request, I have made an overall review of the background, approval,
general results and conclusions of the TVA DG Voltage and Margin Analysis
(DGVMA) effort relative to determination of start sequence load step voltage
dips. Others have made a detailed review of the test results or the

calculations and their specific technical assumptions.

I have concluded that, based on the DG reduced load test results and the
DGVMA, there is reasonable confidence that the Sequoyah diesel generator units
have the capability of starting accelerating and running the requirec

safety-related loads with acceptable voltage margins.

This conclusion is based on the high degree of conservatism in the TVA
approach to determining the voltage drop and margin in each start-sequence
load step. First, the voltage drops are observed from a worst-case scenario
comprised of the composite of the worst-case load steps from all four diesel
generators, a condition that cannot physically occur. Second, it is assumed
that the largest random load is switched on simultaneously with each
start-sequence load step, a condition that is highly improbable. Third, the

THE esig® wap fvi Cach Lodd slep uas Geen getermined Dy
test with the remainder, which is due to the difference between the

pretransient scheduled and test loads, determined by a conservative analysis,

SC/3999F




In the latter case, there are three components to the load step voltage drops;
that contributed by the locked rotor (starting condition), that contributed by
the pretransient test load and that contributed by the delta between the
pretransient lchcduleq and test loads. Of these, the first two are determined
by test and third by approximate but conservative calculations. Of the three,
the locked rotor component causes the majority of the voltage dip. Part of
the remaining five to ten percent is determined by test. Consequently, the
third component, determined by analysis, was expected to be and was found to

be very small.
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VII.

Table 4
SUMMARY OF MARGINS

COMPONENT PERVENT MINIMUM MARGIN

6.6KV Motors - Sustain 1
460V Motors - Sustaining

Contactors - Dropout 2
Contactors - Pickup

MOV Performance and Stroke Times
Diesel Generator Loading

(]

(Voltage)/5.3% (Time)/56% Torque

o~ 00 O O
w e~ O wwm

8

Conclusions

Based on the summary of margins listed above in Table &4 we have
determined that the diesel generator will perform its intended safety
function by starting and accelerating all required loads within the
required limits, with acceptable margins even when considering worse-case
voltage and sequence timer inaccuracy and maximum motor starting time.

Furthermore, it is concluded that the test results have been bounded by
analysis.
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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 cane voltages, the worst case voltages were
calculated at the 480V Motoc Control Center (MCC), 460V motors, and 460
MOVs. The- cable drops uvsed to calculate the above voltages were the
worst cable impedance identified for each of the MCCs and loads to bound
the analysis. The :able 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 fartors 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

(LG 2B-B).
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C. The contactor dropout ,pickup analysis based on:

{ 1) Maximum control circuit length of 5350 feet which is the maximum
of all MCC control cirecuits. This results in a very conservative

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.

D. COnsid;rs ail running motors as constant MVA loads which results in a

more severe voltage transient.

F

( E. Does not :onsider the boosting effect of the running induction motors
( providiug a generator effect during a sudden drop of bus voltage.

This effect should reduce the voltage transient.
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8.0 Results of Voltage Analysis and Determination of Available Margins

The wvoltage 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.

-

8.1. e age An

(:r 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 bde 77
percent and 75.6 pc c‘ent 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 74.5 percent
460V MCC MOV 74.6 percent

=~

The calculations supporting these results are in Appendix B,
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TABLE 2

WORST, CASE 480V STND. BRD. VOLTAGE

CORRECTED FOR SCHEDULE LOoAD

PRE TRAN PU DIP | AbD\Tranay TOTAL PU MIN .
Py O\ Duk A
SEQ. TimE VOLTAGE | FigLD ToLoabing | PU DIP  18US VOLTAS
s€c. - © PU @ | TesT Mngnwc; e (@0+0) (©@-8) T
0 .06 - - - .06
¢ e : 1. 0 0. 163 00 0.163 0.83%7
( B 1.017 0.167 0.010 0.177 0. 84
' o) 0.994 | 0. 148 0.013% 0.161 0. 833
g ) .017 0.183 0.012 0.195%5 | 0.822
' 20 0.97% | 5. 179 0.0\7 [ 0.196 [0.779
30 1.033 0 188 0 013 8.201 0. 832
.
180 (cspefFr) | 1.012 |0.23 0.012 | 0.242 | 0.77
* 200mM PP FP WAS SIARTIED WiTW csp
ETFECT

A ADTUSTED THE FIELD TESY ULIP TO COMPENSATE THE
( OFf 200 MP F.P (o.o‘;\Pu mv)
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8.2 Effect of Random Loads

TVA has determined that the D ild bte capable of accommodating
the application of a random process load block (i.e., sixteen
loads that are controlled by process parameters such as flow,
pressure, etc.). We have assumed that 14 of these loads are
running and that two of the largest loads are starting to
ea;culuto 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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8.3.  Motor Starter Contactor Voltage Margin

In safety-related circuits at Sequoyah, size 1, 2, and 3
contactors are used. For Unit 2 operation, approximat 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 snaller
control power transformers than larger contactors and experience
lower per unit voltage. As such, the size 1 contactors are (Lhe
limiting application; contactor dropout and pickup
characteristics of Size 1 contactors were investigated. Tests
were performed at TVA's Chicamauga Laboratory using new and used
contactors from SQN. These tests yield a minimum drop out
voltuge of 54 percent and minimum pickup voltage of 73.6 percent
on a 110V base,. The corresponding required voltages on a

480-volt base are 49.5 percent and 67.5 percent respectively,
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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).

2. Pickup

The minimum adjusted voltage anticipated at the 480V MCCs is 85

percent when a MCC contactor closes concurrently with the
starting of a 6.6KV motor and 75.6 percent when there is a delay
such that the contactor picks up at minimum voltage. Therefore,
the margin is 17.5 percent if contactor closes concurrently and
is 8.1 percent if there is a delay. These minimum voltage values
are above the minimum required voltage of 67.5 percent (73.6% on

a contactor base of 110V).
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8.4,

All MOVs that would be actuated during the loading sequence for a<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>