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. q Station: ~ Qconee ‘Unit: 1. 2. & 3 PIRNumber:_(-092-455 & 490

Structure, system, or component (SSC) in question: __Emergency Power Syitem
Keowee Hydro Unit 2 ' _ —
Design basis references applicable: ___055-0254,00-00-2005 '

Technical Specification sections applicable: 3.7.1

The SSC in quesiion is recommended to be:
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B

Summary/Comments: : o .

This'éya1uation addresses past operability of Keowee Unit 2 with failed circuitry
in its voltage regulator system. :

This evaluation applies to the circuit failure associated with PIR 0-92-455 where
relay 90X1C failed to pick up and activate the automatic regulator.

It also applies to PIR 0-92-490 where a failure of a switch prevented the manual
regulator for Keowee Unit 2 from performing its function. '

Our review of system drawings, calcs, design basis documents, and discussion with
equipment manufacturers concludes that both (manual and automatic) features of the
Keowee unit regulator are required to be operable for that Keowee unit to be con-
sidered operable. ’

It should be noted that either feature (manual or automatic) is fully capable of
performing the safety function of the regulator during a Design Basis Event requir-
ing the the Keowee units. However, certain failure modes within the manual regu-
lator while the auto regulator is out or within the auto regulator while the manual
regulator is out could have adverse impact on the Oconee tmergency Power System.
Therefore, both the manual and automatic features of the regulator are required to
be operable to account for single failure consideration.

Further details of this evaluation are documented in Cal:ilation #0SC-4995.
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EVALUATION

" required to supply full load excitation at rated power factor. Further, the firing (control) system to

~ Also, the ranges of operation are such that the generator output voltage will be automatically

KEOWEE VOLTAGE REGULATOR AND POSTULATED VOLTAGE PROBLEMS

As a result of the failure of relay 90XIC to automatically pick up (and place the KEOWEE #2
GENERATOR voltage regulator in AUTO) an analysis was performed to determine specific
failure modes of the KEOWEE voltage regulators and static excitation systems. '

'BASIC SYSTEM DESCRIPTION

The voliag'e regulator and excitation system, which is installed on each of the Keowee
generators, is the Westinghouse type WTA solid state regulator and TRINISTAT static excitation
system. ‘ '

This type of system precludes the inherent problems associated with exciter generators and
rotary amplifiers by utilizing a portion of the generator output (for main field excitation) via an
excitation transformer and silicon control rectifiers (thyristers) and by the application of solid
state components for the regulator. '

The main field rectifiers (trinistat power units) consist of eight individual sections six of which are -
the trinistat power units are comprised of two separate (redundant) circuits.

The operation of the system is such that a manually operated base adjuster is pre-set to
establish an excitation level which corresponds to generator no load voltage. Once actuated the
AUTO voltage regulator functions to oppose or aid (BUCK/BOOST) the base value to ~
automatically maintain the generator output voltage at the value selected by the auto voltage
regulator.

A "BASE FOLLOWING" feature automatically adjusts the BASE ADJUSTER rheostats when the
regulator is in the AUTO MODE such that if the auto regulator is lost (or removed from service) a
"bumpless" transition to the manual regulator (BASE ADJUST) occurs. '

maintained (from no load to full load values) if the base adjust output goes to zero during
automatic regulator operation. However, for the base adjust output to completely fail, in this
manner, both of the redundant firing circuits must go to zero.

Other features of the WTA regulator enhance overall reliability further by providing limiting,
compensating and protective functions which act to protect both the Keowee generators and
connected devices from the potential damaging effects o_f postulated regulator/excitation system

malfunctions.
These features include:

Maximum excitation limiter.
Minimum excitation limiter.

Volts per Hertz limiter and protection
Reactive droop compensation.
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5. Reactive line drop compensation.
6. Resistive line drop compensation.
7. Field overcurrent protection.
8. AC overvoltage protection.
9. Loss of potential protection.
POSTULATED PROBLEMS
1. UNDERVOLTAGE -

Various regulator malfunctions were considered which could result in Keowee generator output .
voltage decreasing to unacceptable values during emergency operation. o

As noted, in the previous section, the built-in redundance of the field rectifiers (trinistats) and the
firing circuits auctioneering feature greatly reduces the likelihood that a single component failure
wilt result in less than acceptable generator output voltage.

Also, there exists adequate undervoltage protection in the Oconee Emergency Power Switching
logic systems which is independent of the Keowee voltage regulator/excitation systems.

However, because of the nature of the particular relay failure (30XIC) which resuited in the
regulator not shifting into AUTO (on a normal Keowee startup), this scenario was postulated to
" occur during a Keowee emergency start and subsequent automatic loading.

During this analysis the KEOWEE no load saturation curve (obtained from the generator
manufacturer's instruction book) was utilized to ‘determine generator voltage under various
design basis loading conditions. These values were then input into the ASDOP program which
resulted in verifying adequate voltage under conditions where the Keowee unit was loaded with
the base adjuster at the pre-set position and the auto regulator failed to engage.

2. OVERVOLTAGE

‘Because of the limiters and protective. devices provided with the Keowee voltage
regulator/excitation system malfunctions which result in high generator output voltage are very
uniikely. : ’ -

However, because the field overcurrent protective feature, which trips the applicable Keowee
unit during normal operation, is bypassed during emergency operation this particular scenario
was considered.

Postulated malfunctions analyzed were ones that would result in the trinistat firing circuits in the
regulator output going high while assuming that the excitation limiters and auto regulator had no
effect on limiting the voitage to acceptable values.

"~ No malfunctions were' identified that could occur as the result of any one single failure..
Mr. Don Kimmel and Mr. Richard Mummed of the Westinghouse Facility in Asheville, North

Carolina were consulted in an attempt to determine resultant voltage levels, under the conditions
described, and their knowledge or credibility of such maifunctions actually occurring.
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Mr. Don Kimmel (704-687-3320) performed an in-depth analysis utilizing the generator no load
saturation curve, field resistances at various temperatures, excitation transformer saturation data
and information concerning the potentially damaging overheating effects of prolonged over
excitation to the generator field and stator.

Mr. Kimmel's conclusion was that, if the conditions postulated could credibly occur, generator
voltage would rise to higher than normal values. He also noted that he considered this to be a
hypothetical situation which he had not seen (or been aware of occurring) in his experience with
the Westinghouse WTA regulator. Mr. Kimmel's experience with Westinghouse voitage

regulator/excitation equipment includes research and development as well as field and

manufacturing work.

Mr. Mummert agreed with Mr. Kimmel's assessment and aiso noted that no one single failure
could resuit in regulator responses as postulated.

CONCLUSIONS

The Westinghouse ‘WTA voltage regulator and trinistat excitation systems are highly reliable with
between three and four hundred units in operation dating to the mid 1960's.

Because of the uti'lization of the KEOWEE generators as system peaking units and as the
emergency on-site sources of auxiliary power to the Oconee Nuclear Station certain protective
features are defeated (bypassed) during emergency operation of the units.

This is accomplished to increase reliability when the units are called upon as emergency sources '

to Oconee.



