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SUMMARY
Scope:

This special, announced Inspection was conducted in the areas of design of
electrical systems and related engineering activities. NRC Tesporary
Instruction 25157107, "Electrical Distribution System Functional Inspection
(EDSFI),* fssued October 9, 1990, provided guidance for the inspection.

T3 78420 33302,
; ; L]




Results:

In the areas inspected, one violation and three deviations were identified.
The violation involved the failure of the Quality Standards Manual to properly
reflect that several circuit brealers were QA Condition 1 ’:afety related)
components. This allowed maintenance activities to be performed on these
components per a work order that indicated that the cosponents were not
nuclear safety related (paragraph 2.9). The deviations identified were,
physical fdentification of safety related cables not properly color coded,
eutually redundant safety related cables routed in the same cable tray, and
where several Keowee equipsent coolers were not properly designed to withstand
increased pressure when isolated (paragraph 2.9 and 1.2.2).

A sumsary of the team findings i3 provided in Appendix A and will be
fdentified as Inspector followup Itea (IF] $50-269,270,287/93-02-03).
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EXECUTIVE SIMMARY

A Muclear Regulatory Commission (NRC) team conducted an [lectrical
Distribution System Functional Inspection (EDSFI) at the Oconee Nuclear Power
Station. This inspection was performed by Region 11 staff, AEOD and
consultants from January 25 to March §, 1393, The cbjective of this
inspection was to assess the capability of the Oconee Electrical Distribution
S{s!es (EDS). Including Keowee, to perform its intended functions daria? all
plant operating and accident conditions., Keowee wis reviewed to identify the
root cause of deficiencies previously identified by the licensee and the NRC,

The team reviewed the Oconee [DS design with respect to regulatory
requirements, licensing commitments and pertinent Industry standards., The
review included the examination of: EDS equipment size and rating, EDS as-
butlt coafiguration, [0S material condition, maintenance, testing and
calibratien program for [DS cosponents, root cause analysis of EDS deviation
reports, and the adequacy of the (DS design documentation. A significant
dedicated effort was spent in the review of the Keowee Hydrostation,

Qyerall Conclustons of the EDSEL were as follows:

Since plant startup, the Xeowee Hydrostation had not been considesed as an
integral part of Oconee. The performance standards usually applied to the
ezergency power supply of a nuclear station were not applied to the operation
of Keowee. The licensee had talen 3ome actions, and more actions were planned
to correct this situation,

The design basis and features of Keowee and its role in supplying emergency
‘ r to Oconee were not well documented or completely understood by the
censee,

During the Octodber 1592 event, operadbility of the Keowee governor was almost
lost due to loss of auxiliary electrical power. As of the start date of this
inspection, the licensee had not conclusively determined what would be the
result of inocperadbility of a Kecwee governor and had not forsulated an overall
-anc?oaont plan to upgrade the status of Keowee, The licensee has agreed to
develop such a plan,

There was no single docusent or organized program to document and control
instrusentation and coentrols setpoints at Keowee. In cne exasple, the EDSFI
found & speed control switch setpoint was %0 RPN versus 65 documented on some
Ticens e drawings,

There had been some procedure rewrites and upgrades, but some were still ia
sroc::t. Several 1M maintenance and calibration procedures lacked necessary
etail,

The Kecwee hardware 13 aging and beccaing obsolete. This can contribute to
reliability problems and Increased fatlure rates.

Some aspects of Keowee have never been fully tested. A test had never been
performed on the Xeowee units supplying emergency power through the overhead
path to demonttrate that it is capadle of performing ity design function, The
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Ticensee planned to test this capability of the electrical system in the
Spring of 1993. Periodic component testing and integrated testing may have
Ted to earlier identification of design problems.

The definition of what is "safety related® throughout the Oconee station was
not clearly defined. This can lead to inconsistencies involving design
centrol, design changes, maintenance and quality control of equipsent.
Exarples are Keactor Building [mergency susp valves, cables to C1-4 fans, and
1727118 Reactor Coolant Purp dreabers on 6.94Y bus and the 4.16 LY breakers,
The licensee uses the term QA Condition-]1 as being the same as safety related.

The design of the Oconee emergency power system resulted in an interconnected
electrical supply to all esergency safeguards equipsent. All redundant safety
load groups are physically separated but were not electrically independent,

The tean expressed concerns that degradation of the voltage and/or frequency
of electrical supply from a Keowce unit could adversely affect (S equipment,
The output of the Keowee units did not have autosatic protection in the eveat
of a Keowee malfunction that causes voltare or frequency to diverge froa
rominal. The licensee concluded there was no single fallure fdentified that
could cause such a Kecwee transient.

Ocoree design basis assumed only a single failure in the electrical supply
systems, yel the section 1.1.39 of the UFSAR indicates that the “intent” of
NEC draft Safety Design Criterion 39 was =et, Design Criterion 19 states that
the design should be capable of performing its safety function while
sustaining an active and 2 passive fallure, t.e,, two fallures. The design
wis submitted to the NRC during licensing, The team concluded that in certain
areas, ll);s questionable as to whether Oconee fully meets the intent of
Criteria 19,

The Technical Specificaticns (15) for Oconee are very early custos TS.
Section 3.7: Rustliary [lectrical Systems was nonspecific in many areas and
cpen to interpretation as to whal equipment 13 required to be operable in
varicus plant conditions, For erample, 15 1.7.9 appears to allow indefinite
eperation in eacess of the electrical IS by the Ticensee notifying Regfon 11
within 24 hours and performing 4 safety evaluation, The licensee has agreed
to subait for NEC approval new proposed 1S for electrical equipment,

Ine (OS] teas concluded that the root cause of previoysly fdentified Keowee
deficiencies were a3 fol :

There have been at least 12 Licensee Events Reports (LERy) submitted from
Oconee to the NRC since 1989 regqarding Keowee design deficiencies. Most
design deficiencies identified by the Vicensee were original probleas
identified during prograsmalic reviews by the licensee, These reviews were
performed as part of the Operating Esperience Progras and the Design Hasis
Docusentation Program which beqgan in 1588,

The original design basis and features of Keowee were not well documented and
;hercforc not readily avatlable for reference and not fully understood by the
icensee.
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Keowee was originally constructed as a hydro unit without full gquality
assurance programs which are applied to nuclear power plants. Therefore there
were few programsatic coatrols in place to control and capture the design
basts for future use.

The Oconee and Keowee elecirical systees are cosplex and unigue. This makes
design deficiencies difficult to identify. Deficiencies began to surface enly

;hc? Ticensee resources were directed toward a programmatic review of the (DS
esign,

The Keowee Hydro Unit had been organizationally independent of Oconee since
plant startup. The appropriate eephasis was not placed on Keowee as the
esergency power supply to Oconee. The Oconee staff was mot familiar with the
day to day cperations and miintenance of the Keowee Hydro Units.
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2.0

REPORT DETAILS

INTRODUCT 1ON

The objective of this Inspection was to assess the capability of the
Oconee (DS, including Keowee, to perfors its Intended function, Keowee
was reviewed to identify the root causes of deficiencies previously
fdentified by the NRC and the licensee.

The team reviewed the Oconee {0S design (which included the Keowee Hydro
Unit) with respect to regulatory requiresents, licensing commitments and
pertinent Industry standards. The review Included the examination of:
(DS equipment size and rating, EDS as-bullt configuration, EDS material
cendition, maintenance, testing and calibration prograa for (DS
comporents, rool cause analysis of EDS deviation reports, and the
adequicy of the [DS design documentation.

Within this report FINDINGS are identifled and are defined as follows:
FINDINGS are facts or conclusions related to how well the electrical
distributicn systems met i3 Intended function. FINDINGS eay Indicate a
requiresent or an accepled industry practice that was not fully
isplemented. FINOINGS may indicate discrepancies or omissions in
documents where these probless could credibly result in the intended
furction boiu? cospromised. The liceniee’s working knowledge of the (DS
design as well a3 control of (DS design documents eay be the subject of
a FINDING. FINDINGS typically make statements about the need for
corr:cttvo actions, or they may indicate an area where the licensee
erlels.

ELECTRICAL DISTRIBUTION SeSTENM

Dconee Unit | and Unit 2 gererators provide power to the station’s

230 RV switchyard system via step-up transformers 11 and 12 respectively
(refer to Figure J). 1his switchyard {s connected to the 230 kV grid by
eight transsission lines. These transmission Jires also provide offsite
power 1o the swilchyard to feed Oconee unit auxiliaries n normal
power i3 unavailable.The Oconee Unit 3 generator provides power to the
525 kV switchyard systea via step-up transformer 13, This switchyard s
connected to the 525 A grid by three outgoing tranimission Jines,

The 525 4V and 230 &Y switchyards are connected through an auto-
trac.for~  ehich persits power distritution between Lwo voltage levels,

The 230 v and the 525 kY twitchyards are divided into two busses
designated a3 the Red Bus and the Yellow Bus. The switchyards are
rorsally cperated with both busses energized through a breaker-and-one-
half scheme to the grid, The Yellow Bus in the 210 &V switchyard i3
tdentified as being safety related. Upcn loss of power from the Oconee
Nuclear Station (ONS) units and the 230 AV switchyard, power Is supp)ied
from both Keowee Hydro Cenerators through two sepirate and Independent
routes, The routes are identified as the Feowee Overhead Line and the
Feowee Urderground Feeder,
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The Oconee units normally provide power Lo thelir own auxiliary loads
through auxiliary transformers 1T, 21, and 31 respectively. When a
unit's generator is unavalladble, electrical power is automatically
supplied from the switchyard through its respective startup transforser
CT-1, C1-2, or C1-3. Though Oconee Unit 3 feeds power to the 525 kV
sn:lc:yard. the source of power for CI-3 is through the 230 AV
switlchyard.

The power to the RCPs for each unit is supplied by each units 6.9 \Y
switchgear TA and T8, (lectrical power to TA and 1B {3 supplied by
either the operating unit through its cwn auxiliary transforeer or froa
the 6.9 LV portion of 1ts respective startup transformer,

The unit auxiliary power system for each Oconee unit {3 designed as a
dual-train cascading bus systea, There are two 4,16 LY main feeder
busses, Main Feeder Bus | (MFBI) and Main Feeder Bus 2 (MFB2), with
each supplying power to three 4,16 LY 1oad busses 1C, 1D, and 1C. The
power to NFB) and MFBZ is supplied by either the unit’s auxiliary
transforeer through the “K* breakers or the startup transformer through
the “L® breakers, In addition, MFB] and MFB2 for each Oconee unit can
be energized from the two Standby Busses $BI and SB2, through the *S°
breakers. S8] and SB2 are common to all three Oconee units and can be
energized automatically from the Xeowee underground path through
transforzer CT-4, or manually through CT-5. CT-S can be supplied froa
lh; lce‘ztcaa stiation through a dedicated line or from the Central
substation.

All safety and non-safety AC loads (escept RCPs) are fed from either the
1C, 1D, or TE busses. During a loss of power event, load shed circults
are pravided to resove 311 non-essential Joads from the MFBs of any unit
prior to automatically tying to the Standby Busses due to the limited
power capacity of C1-4 or C1-5,

Conclusions

The team concluded that the offsite power systea at Oconee was flexible,
reliable, and that the EDS was generally in agreement with TS/FSAR/SIR.
Equipsent rating and size were adequale, and the system had sufficient
capacity. Protection and coordination for the [0S was reviewed, and the
tean did not identify any safety concerns In this area, Calculations
were generally avallable to support the (DS design, however, some
deficiencies were noted.

In the area of safety classification of equipsment, the teaa concluded
that the Ticensee's methods for deternining the appropriate designation
were not clearly defined. Accurate and detalled Instructions were not
available to assist in the safety classification determination,
Inconsistencies existed Letween the licensee's inter:rotatioa of what iy
siafety related and the requlatory requirements and the Quality Assurance
Topical Report on what i3 safety related.
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A conservative approach by the licensee in the determination of safety
related boundaries miniatzed the safety significance of this concern.

Offsite Power System

There are three reactor units at Oconee Nuclear Station, Unit ] and
Unit 2 generators were connected to the 230 kY switchyard via their
generator-transformers, and Unit J was connected to the 525 kv
switchyard, ONS 13 a part of the Virginia-Carolina subregion of the
Southeastern Electric Reltability Council. In the 230 KV switchyard,
there are eight transsission lines which connect to Dacus, Central, and
Jocassee substations: in the 525 AV switchyard, there were 3
transaission lines connected to the Jocassee, Newport, and Norcross
substations. There was an auto-transformer connecting the 525 AY
switchyard and the 230 &V switchyard,

An additional 100 AV line is available from Central substation or from
Lee Stean Station. This supply is provided through the (15 transforzer
and the 4160 VAL t!cudb{ busses. When one or both of the Keowee units
is out of service, 15 allows the Lee Power Station to serve as an
emergency power source to safety and shutdown loads.

The licensee considered the 230 AV power supply through the startup
transformer a3 the first offsite supply, and the 230 KV systea
backfeeding the generator transformer and the unit auxiliary transformer
as the second offsite r source. On a loss of offsite power (LOOP),
Keowee hydro unils could either power the unit safety busses through the
230 &Y yellow bus and its respective startup transformer or the ’
underground path through CT4, The licensee classified the 230 kY
yellow bus and the startup transformers as safety components. The teas
concentrated 1ts review on the 210 LV offsite power systes,

Degraded Yoltage Protection

The following systems were relied upon to assure that adequate voltage
wis avallable 1o the safety loads,

[xternal Grid Trouble Protection

The External Grid Trouble Protection Systea ([GIPS) was designed to
detect severe tystem underveltage and underfrequency conditions, After
detection of thete conditions the relaying would Initiate closing or
opening of the proper Power Circuitl Breakers (P(!sl to provide a path
for emergency pewer from Keowee 1o the Oconee auxiliaries, This (GIPS
consisted of two redundant undervoltage and underfrequency relaying sub-
thannels. These relays monitor the voltage and frequency on the red and
yellow busses. [ach coupling capacitor potential Jevice had two
secondaries, with one being used for channel | and the other for channel
2. [ither channel with at least two out of three red and yellow bus
undervoltage or underfrequency measuresents would trigger the [CIPS main
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tripping relay (94). Upon the fnitfatica of that (94) relay, the logic
would fsolate the yellow safety bus from the offsite power supply,
providing a path for Keowee to supply the startup transformers, and
provide a start signal to each Keowee unit.

The EGTPS testing was reviewed by the teas. The uadcrvol}:gt relays
were tested and calibrated per procedures [P/0/A/4380/278/RE,
Westinghouse CV-22 Relay and IP/O/AL980/27C, Ceneral [lectric IAVSA
Relay. The frequency relays were tested and calibrated per procedures
1P/0/A/4980/81C, Westinghouse SOF-1 Relay Test and 1P/0/A/4580/81D,
General Electric CFFI2A Relay Test. The tests and calibrations
;d:qu:toly accomplished their intent, and the tean identified no
eficiencies,

The logic test procedure PT/0/A/C610/02, External Grid Troudle
Protection System Logic and Switchyard Isolation Logic Test was reviewed
to deternine what parts of the systeas were tested and what parts were
not. Undervoltage and frequency auxiliary relays are energized through
d test pushbutton. One phase for each dus, red and yellow, per channel
was energized to assure that the resulting relays for the two-out-of-
three trip logic were tﬂ!fT‘ttd. Lights in the logic gave indication of
contact operaticn for the lugic relays and coil continuity for the trip
relays. The test was performed for each phase in each channel of
nndcrvolto?c and frequercy. The isolation cosplete relays were verified
by energizing them through test pushbuttons. The PCB-9 reclosing relays
were verified to energize at the required time after the isolation
complete relay was energized. The teas did not identify any problems
with these particular tests. However, the team noted that the 94 relays
(Switchyard Isolate) had never been tested. It was alio moted that
Switchyard Isolate Complete had not been tested. The licensee had
tentatively scheduled a Switchyard Isolate test to be conducted during
the nert RFO on Unit 2. (See Appendix A, Finding 1) ‘

Degraded Grid Protection System

The tean reviewed the design of the degraded grid protection system and
noled the degraded voltage setpoints were not listed in the 15. There
wis no da?raded voltage protection in the original design of the
electrical distribution systea. In 1950, this degraded voeltage
protection systea was added as modification NSM-ON-$2850. Three
undervoltage relays were added to monitor the switchyard voltage on the
1ine side of each of the three startup transformers. Cach undervoltage
relay was cosnected to one of the three existing single phase “spare
potential transformers.® Two out of three voting logic would be used to
trigger the undervoltage protection scheme. The teas noted the
following concerns in the system design:

o The degraded voltage minimua switchyard vulzt?q level (219 A¥) was
bated on calculation OSC-20%59. This calculation Biy Aol have
taken the worst bounding conditions when delermining the voltage
on the §160¥ and on lower voltage safety busses. (See section
2.6.2 for details and See Appendin A, Finding 2)
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o In determining the degraded voltage setpoint on the 230 kY bus,
calculaticn -3951 algedbraically cosbined the randoa positive
and negative uncertainties of the undervoltage relay, and only the
negativt uncertainty of the Coupling Capacitor Yoltage Transformer
(CCVT). The team noted that positive uncertainty of the CCYT
should also be considered in the calculation. When both positive
and neqative uncertainties of the relays and the CCYT were
algebraically combined, then the required reset voltage of the
undervolt relay could be higher than the mininus operating
voltage 227 &V of the 230 LV system. In responie to the tean's
guestion, the licensee had included the positive and negative
uncertainties of the CCVT in the calculation; however, the revised
calculation had to use statistical square root sum of squares
eethods 1o combine random uncertainties of the CCVT and the
undervoltage relay. The team found this approach acceptable,

o The tean noted that all three single voltage meaturements were
monitoring the sase *1° phase of the 230 &Y bus, The selection of
the setpoint did not consider potential unbalanced system voltage.
The licensee did not have any operating procedure or survelllance
test to monitor the phate voltage unbalance, nor any design
criteria to define the acceptadle limit of z{st«l phase unbalance.
The phase unbalance voltage uncertainty should also be Included in
the calculation of the degraded voltage protection setpoint
determination, The team considered that 1t was desirable to have
a surveillance test procedure and acceptance criteria for the
potential phate unbalance linit,

L
)

The teas noted that all the undervoltage relays, the 2 out of 3
voting logic, and both channel 1 and channel 2 Inittating logic
s19nals were powered by the same control circult. Fallure of this
control circuit could either iepair the entire degraded voltage
protection circuit or could spuricusly Initiate the degraded
voltage protection. Neither mode of fallure was desirable. The
design was sutceptible to single mode fatlure, and this circuit
was rot directly monitored.

0 In the present design, if one voltage measuresent, due to phase
voltage ust ' ioce or due Lo component failure, were lower than the
setpoint, t/ undervoltage protection scheme would not be
triggered. Jjiveever, this condition would not be kaown to the
operator. Only & s=all red LID would be 11t on the front parel of
the undervoltage relay inside the unmanned instrusent room,

The licensee utilized three ABB type 116 270 relays to provide
undervoltage protection for incoming feeder circuits. The tean reviewed
calibration procedure [P/O/A/4980/21G, ITE 27N Relay, which the licensee
performs on an arnual basis, 1he calibration had been performed once
since the modification had been installed, and two of the three relays
(27/C1) and 27/C13) were found 10 be oulside the upper allowable
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tolerance limit. The Vicensee trends the calibration resulls. The
Ticensee will revise the tolerance linits in the procedure as a result:
of revision to calculation 05C-1951 Oconee Degraded Crid.

‘he teas also reviewed the testing procedure, PT/2/A/0610/01), [mergency
Power Switching Logic Functional Test, for Oconee Unit 2. The procedure
adequately tests the Degraded Crid Protection System logic, setpoints,
and verifies that both voltage channels of EGIPS logic were initiated
when the logic was satisfied, and any channel of any unit that has an (S
actuaticn. No problems were identified.

The teans performed walkdown inspections of the cabinels associated with
these systeas. The three undervoltage relays (I1TE-27N) utilize! by the
Degraded CGrid Protection System were housed in the same cabinet, 2AT8 in
the Unit 2 cable spreading roos. The tean cbserved that there were
additicnal raceway covers stored in the bottom of the cabinet. The
ECTPS cabinets were located iIn the relay house. Both cabinets containing
thelr respective channel components were found in good condition, The
overall assessrent of the walkdowns found that good material conditions
existed in the cabinets.

Onsite Power System - Safely Load Croups

The cnsite power system for each reactor unit consisted of the main
generator, the unit auxiliary transforeer (17, 21, 37), the startup
transfor=er (CT1, C12, C1)), the Kecwee Hydrostation, and the auxiliary
power system, Under normal cperating tonditions, the main generator
supplied power through isolated phase bus to the unit step-up
transforeer and the unit auxiliary transformer with station auxiliary
power being supplied from the main generator through the unit auxiliary
transforeer T1. During startup, shutdown, and after shutdown station
susiltary power was supplied from the 230 k¥ systea through the startup
transformers,

The §.16 k¥ output of the unit auxiliary transformer or the start-up
transformer fed into two maln feeder busses (MFBI and MIB2). fach
resctor unit had three redundant [S 4160 ¥V switchgear bus sections (17C,
11D, and ITk), lhese three safety busses obtained power from elther
MBIl or MFB2. Al redundant safety loads were divided among these three
redundant load groups, however, these three redundant busses were
interconnected and fed from the save source. The load groups were
physically separated, but not electrically independent, To clear a bus
or 3 supply breaker fault, reguires the prompt operation of breaters in
all three safeguard bus sections.

Bus Transfer
Following a unit trip, a fast rapid transfer schese was used to transfer

the power supply to the MFBs from the unit auxiliary transfarser to the
startup transforeer.
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The teas noted that there was no analysis nor test to verify that the
rapid transfer timing was correct, i.e. total transfer would be
completed within about 10 cycles, and the dead time (timing between
opening of the N breaker and closing of the € breaker) was about 6
cycles. (See Appendix A, Finding 2) The team noted there was no design
Himits nor verifications of the residual voltage on the bus, and the
phase angles between the oulgo!n? and incoming voltages prior to the
transfer. There was no calculational support to demonstrate that the
transient torque and lransient current Induced onto the safety motors
were within the design 1imits of the motors.

There 13 a bullt in time delay of one second for the fast transfer. The
licensee could nat Justify the delay time of one second, nor was there
an analysis or test to suppart the selection of the delay. As a result,
the licensee could not verify that the residual voltage on the safety
busses would fall within the acceptadle voltage range. Below this
acceptadle range, the motor speed would be too low to re-accelerate and
the motor air gap flux might completely collapse., Following the one
second delay transfer, the whole system would eaperience excessive
inrush currenl. Overcurrent protection might trip the startup supply.
If the residual voltage on the bus resained above the acceptable range,
and if the phase angle between the residual bus voltage and the
incoming supply were large, then the resultant voltage following the
transfer could be too high. Thus, transient current and torgue might
exceed the detign liait of the safety motors.

The teas noted when the 52% AV - 230 &V auto-transformer was out of
service, there was no operating procedure to prevent the fast rapid
transfer on the startup transformer C13 of Unit 3. Since the auto-
transformer wat out of service, there was no assurance that the phase
angle between the 525 AV and the 230 AV systems would be maintained
within the design limit. When the auto-transformer was out of service,
the creditable tie between these two 525 AV and 230 AV power systees was
4t Jocassee. However, this tie may not be sufficient to verify that the
phase angle between the incoming and outgoing source was acceplable.

In respense to the tean's concerns, the licensee agreed to carry oul the
detalled analyses 1o desonstrate the bus transfer scheme was acceptable.

230 AV Systen
fquipment Rating And Sizing

The teas noted all the Power Circult Breabers (PCBs) in the 230 KV had
been recently replaced by Cogenel-Alsthos SF6 breakers, The tean
reviewed the rating of the PCB of 67.5 kA and cospared this rating with
the maxisum 230 AV system requiresents of §7 AA, The selection of this
PLB was adequate.




The 230 kY switchyard esployed a “one and 2 M f" breaker schese, and
was sub-divided into red and yellow busses. The yellow bus and all the
PCBs connecting to this Dus were classified as safety cosponents. The
tean found the equipment rating and capabilities of the safety
components were the same a1 the other non-safety components of the 230
AV switchyard.

The noainal rating of the startup transformer and the unit auxiliary
transformer was MVA each, and rated higher for higher tesperature
rise. The tean reviewed the loading requiresents r various
conditions, and found these traniformers were adegquately sized. The
maximua normal loading was about 49 MVA per reactor unit. The teas did
not fdentify any sizing prodlea,

The nominal rating of the two standby power supply transformers (CT-4
and (1-5) was 20 MVA each, and their maxious ratings at higher
tesperature rise were even higher. The team reviewed the loading
requiresents under various conditions, and found these transformers were
adequately sized under mazimum steady-state condition of 20 MYA. The
teas did not identify any sizing prodles. However, during startieg of a
unit LOCA Teoads, or starting of two unit shutdcwn loads, the transient
voltage dip could exceed 205, The licensee agreed to prepare a
trantient voltage study on the & LY safely load ?tcua$ when they are
supplied from the Lee gas turbine or froa Central sudstation. (See
Appendin A, Finding 2)

2.6.2 Short Circuit And Yoltage Study Calculation

There were three short circuit and voltage studies, i.e, 0SC-20%9 for
Unit |, OSC-2060 for Unit 2, and 0SC-2061 for Unit 3. The team reviewed
05C-2059, revision 1. The other two studies were under revision and
were not avatlable for the team to review. The teas believed the
retults of these three studies should be similar, but might not be
identical. The team noted the following deficiencies in the study:

o The momentary current on the &.16 AY supply breakers under the
worst scemario would be 83 A which exceeded the circult breaker
rating of B0 LR, However, the team noted that some of the
:;oa\ert had been successfully tested by the manufacturer up to 8)

o There was only one irput file for both the short circuit and
voltage dip calculation. This file contained data between the
mninimum and macinum values espected, contequently the result was
neither bounding for the short circuit study nor for the voltage
dip study.

o The computer program might notl adequately forsulate the
transforser tap potsition, nor the pre-fault voltage on the bus.
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o When deternining the total Joads on transformers the study used,
75°C cable tesperature, and comstant motor efficiency and power
factor at full Joad. Thus the study would Indicate a less than
full Toad condition.

o Only cne 230 &V systes impedance was used in both studies,

The team concluded that the result might not be bounding for either
study, but they were acceptadle due to the fact that the end resulls
would only be of f 2-5%, The tean did not identify any operational
problems. In response 1o the tean's guestions, the licensee agreed to
reviie the (ludy accordingly in the rext revision,

Protection and (oordination

Ihere were four different relaging systeas in the 230 a¥ switchyard:
namely, Bus Protectlive Relayirg Systes, External Grid Trouble Protection
Felaging System, Breaker Fatlure Protective Relaying System, and Line
Protective Relaying System, The teas 414 rot review the Jast systes,
stince It was not 2 safetly systen.

The team noted that each 230 &Y breaker was provided with two completely
redundanl scheses of protective relaying and trip cotls. One scheme
consisted of electro-mechanical relays, and the other scheme consisted
of solid state relays. The switchyard was desigeed in & breaker and
Ralf scheme, and the protection scheme was designed in accordance with
qeneral indu try practice. The teanm did not tdentify any safety
concerns,

There were two busses In the 210 &V switchyard, the red one wis
classified a3 nom-safety and the yellow bus was classified as QA
(engition | The tean did not find any difference in the control logic
ror in hardeare compotests in theie two bustses and their associated
PlBs.

Lightaing

The t-ux noted there were Tightning arresters 4t the end of each 230 AV
tras  <3lon Tine and at the terminals of the trantformers. The team
revicaed tha surge protection studies to ascertain that the sur?o
drresters would properly safequard the medium voltage and the high
valtage systems,. The team found the results of these studies and the
spplication of the Tightning arresters were adeguale,

§.16 0V System
Protection and Cosrdination

The teasm reviewed the protective scheses and the protective settings for
the &.16 4V safety bus protection and motor protection, and found Lhey
were adequate, The tesw reviesed the High Pressure Injection Pusp
(M21P) mator overcurrent protection (because 1t had the longest starting

*
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time) while the pusp was powered Dy either the normal 230 kY source or
from the standdy transformers, The team found the starling time was
longer than the rotor safe heating time originally supplied by the motor
manufacturer, However, the manufacturer, Westinghouse, subsequently
provided a longer rotor safe heating tise-curve for this HPIP. The tean
considered the starting time of this motor when being supplied from
Central 100 kV system and determined it 1o be marginal, but acceplable.
However, should the voltage dip lower than presently known when bel
supplied from Central substation or from Lee CIG, then the motor stall
and overcurrenl protection may then need to be reviewed accordingly,

The teas reviewed the protection and coordination between the feeder
breakers to the safety busses and the supply breakers from the unit
ausiliary transformer, sturtup transformer, standdy transformer C1-4,
and standby transformer (7.8 respectively, and found they were adeguate.

Mator and Cable Sizing

The teas reviewed the safety motor speed torque curves and compared thea
with the pump speed torgue curve and found the minimus motor torgque was
generally 2001 or more higher than the required pump torque, The teas
did not identify any motor starting problem even when the 4.16 AV systea
voltage somentarily dipped to BOY of its nominal voltage.

The tean noted that throughout the 4,16 AY system arsor cables were
uied, and some of the power cable shields were grounded in more than one
location. The licensee generally derated the cable a=zpacity by 30%,

The teanm reviewed a few samples of cadle aspacity, vollage drop at
starting and at steady-state running and found the stizing of cables to
be adequate.

The team was concerned aboul cable size #2 thatl was uted for most of Lhe
safety motors. |f 3 ground fault occurred near the feeding end of the
02 cable, the system short circult current could esceed 45 kA, The
tesperature rise In the #2 size cable would well exceed 250C limit, The
team requetted the Ticensee to verify that such a fault at the #2 size
cable wiuld not cause 3 generated fire or source of propagation to its
#djacent cables, which might belong ta another safety Toad group, At
the end of the inspection, the licensee provided 3 copy of the fault
test report, which was done for Lhe McCuire Muclear Station. The teas
reviewed this reportl and determined that the cables size was adequate,

Control Circults ard Control Cables

In reviewing the control logic circuits, the teas noted a nusber of
relags, indicators, and relays contacts were grouped into one circuit,
and mast of the legic circutl also included the closing cotl and Channel
I trip coil. The total control cable Tength In the circuit could be
very long, and & pair of 20 or 30 Asp (A) fuses or breakers were usually
used to protect the control circuit, For thote circuits routed to the
230 bY switchyard, the control cable length could be as long as 3020
feet one way. If & cable fault occurred near the end of the cable, the
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cable resistance would be 3o high that the short circuit current would
not be high enough to blow the fuse or trip the clircuit breaker. Such
an undetected fault would not be known until the nearby relay was
required to function. By that tiee, the relay might not function, due
to lack of voltage acrois the coll.

No study had been conducted to review control cable length and the size
g' l?t tgscs being used to protect such circuits, (See ix A,
inding 2)

Automatic Switching Between Alternate Power Sources

fmergency Power Switcthing Logic

The Emergency Powir Switching Logic (EPSL) systea provides for autosatic
switching between Lhe startup and standdy power sources, [PSL directly
controls the £, S, SK, and SL breakers (refer to Figure 1). EPSL also
initiates load shedding of non-essential loads according to design
requiresents, It i3 a safety-related system comprising 14 induction
disk voltage relays, BS electromechanical auxiliary relays and 6 static
timers on each reactor unit., The relays are sounted in dedicated
cabinets, and are arranged in two channels, Three key relays in the
tystes are the load shed, standdy breaker closure and retransfer to
startup relays,

The Main Feeder Bus Monitoring Panels (MFBMP?), provide inputs to EPSL to
inftiate switching and load shedding in response to loss-of -power (but
not ES actuation scenarios). MIEMP also provides an outpul to
automatically start the Keowee Units. [ach of the two main feeder
busies had an assoctated monitoring panel; therefore, the MIBMPs are
essentially redundant,

The scope of the inspeclion was 10 review the dcsig;i testing and
operational performance history of the EPSL and WF systess. Bated on
Inspection activities, the team arrived at the following conclusions:

The EPSL and MFEMP wil) provide proper response (ie. outputs) for

all possible cosbinations of initial conditions and Initiating
eyents,

The EPSL and MIEMP are designed to meet the single failure
criterion,

A review of the corrective maintenance history and problea reports
covering the two years prior to the taspection led to the
conclusion that the relays in the EPSL and MIEMP were not
experiencing any fatlures during testing or operations,

The licensee provided proper documentation Indicating that the
[PSL panels and devices were qualified for safety-related
applications,
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The TS Serveillance Test procedures and other tests procedures
which cover the [PSL and MFEMP were adeguale to help ensure that
these systems are maintained completely operabdle.

Through walkdowns performed cn Unit |, the team verified the
preper configuration of switches and indicating lasps in the EPSL
and WFEWP systess.

The 155, UFSAR and DED are consistent with the “as-built*
configuration,

Normal engineering comsiderations, such as voltage rating and

contact make/break ratings, had Been applied to these systems by
the licentee.

A review of indastry cperaling experience data,. such as NRC
Information Notices and Bulleting, did reveal a prodlem with ore
type relay used in the EPSL. The Rgastat 7000 sertes relays 4+
rot recommended for ute 1n safety-related systems due 10 the o)
of quality centrol applied in the manufacture of these relay. .o
ranyfacturer recommends the E7000 sertes for safety-related
applicationt. The team confirmed that the licenmses was in the
process of replacing all Agastat 7000 series relays wied in
safety-celated applications with sore suitadle relays. Ie the
EPSL system, the two Agastat 7000 relays being wtilized were
actually perforeing a non-critical fusclion.

The tean’s overall conclusion with respect to the [PSL was 1hat the
det1gn wat adeguate.

Main Feeder Bus Manitoring Panel

The tean reviewed the Main Feeder Bus Momitoring Pamel (WFE™P) design
and testing. Ko design concerns were tdentified in this review,
However, the tesn moted that the MFEMP was detignaled as nom-safety
related. The licensee stated In their design basis documentatios for
the & AV electrical system that the WEMP 1y designated mron-safely
related because (1) during « LOOP enly DBE there 13 no esladlished time
period necessary for automatic power restoration, therefore manval
operater actions would de appropriate, and (2) during & LOOP scemario
the MFENP logic trputs to the LOOP units But during a LOCA the EPSL
logic would automatically rettore power to MBL and WIE2,

The team was concerned with thiy desigration Decause under certain
hypothesized comditions (i.e. fatlure of 2 start-up tramiformer with a
resctor trip) the MIBW? logic 13 required to autosatically restore power
to the main feeder busses. The destgnation of logic as mon-safety
related which restores power by starling and suitching emergency sources
autematically to safety related loads 1y unique to the Oconce anrx,
power system. This 1tem 13 tdentified for further NSC review, Ihis
will De identified av IF] 9).02-20,
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In discussions with the licensee regarding the designation of the NFEMP
as non-safety related, the Ticensee sta that the MFEM? |5 essentially
sa’ely quality grade. The cadles are separated, the relays and
potential transformers are the sase type as used in safety related
zpplications, and the logic consists of redundant channels.

Safety Classifi~ation of Electrical Equipment
2.9.1 Oconee

The tean reviewed the manner in which electrical coeponents were
designated as safety related for Oconee and whether those
designation sethods had been pmml{ aplied. The Vicensee
utilized the Quality Standards Manual (QSM) to define the safety
related cosponents as required through the licensee’s Quality
Assurance Topical Report and associated ‘splementation procedures.
The eanual consisted of a cosbination of text and a tadble to
fdentify safety related cosponents to which quality assurance
standards would apply. If the QSM did not dau"gotho equipaent
;sduhu r:htod then the requiresents of 10 CIR 50, Appendiz B
id not apply.

The QSH only designated large pieces of equipmsent. The one line
electrical prints lacked a safety related boundary. The team
requested the lead electrict] engineer to draw the boundary.
Through interviews the team ascertained verbal classification of
the safety/non-safety boundary. Verbal classification by the
cognizant engireer wis not unceemon and when in doubt a
conservative decisfon was the quiding principle. After a nusber
of attespts, discussions, and licensing department involvesent the
poundary was ascertained.

The licensee guideline for establishing the safety/non-safety
boundary was whether the electrical circuit supplied a mechanical
safety related load. This philosophy was consistent with the
QSM's safety related equipment table, However, this philosophy
was inconsistent with the topical report as to what was safety
related !!.o.. quality assurance requirements applied). The
Ticentee's philosophy excluded circult breakers which supplied
non-safety related loads but had safety related functions. This
is significant because almost all the electrical busses providing
safety related loads have non-safety related loads powered from
the same bus, 2 nusber of circult breakers at a)l voltage levels
fall iInto this category including: :

0 There were 4,16 kY breakers classified as non-safety related
load feeder breakers installed In seisaically mounted
switchgear that separate sefsaic and non-sefsaic circuits.
In an earthguake the non-sefsaic load could ?mnd fault
reguirisg the feeder breaker to open protecting the safety
related | ~tion of the switchgear,
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o Nuserous circuit breakers on 6.9 &V (TA and 1B) and 4.16 LV
(1C, 1D, TE) busses must load shed in conjunction with an
engineered safequards signal to keep from overloading Lhe
onsite emergency power unit,

The tean reviewed the past mainteniance work regquests for circuilt
breakers in Lhese categories at the 4.16 and 6.9 kV levels. It
was deternined that the breakers were not designated as safety
related due 10 error in the licensee’s philosophy as isplesented
through the QSM.

10 CFR 50, Appendix B, Criterfon 11, states in part *The applicant
shall fdentify the structures, systems and cosponents to be
covered by the quality assurance program.® The introduction to
Appendix B and the licensee’s topical report through reference to
ANS] 45.2.1) define those structures, systess and cosponents to
which quality assurance requiresentls apply as those necessary to
aitigate the consequences of an accident. In the licensee's
topical report the applicability of quality assurance requirements
for structures, systees and cosponents was identical to safely
related classification, Therefore, fallure to properly classify
these breakers as safety related and not applying the commensurate
quality assurance requiresents i3 identified as (VIO 269, 270,
287/93-02-01)

Also, a discrepancy between the Quality Standards Minual and
055-0254.00-00-3000, "Design Basis Specification for the 230 kY
Suitchyard and [eergyency Power Overhead Power Path Structures,®
associated with the safely classification of the 230 kY power
circult breakers was identified. In one document it identified
the breakers as QA Condition-] and in the as non QA Condition-1.
The licensee uses the term QA Condition-1 when referring to
nuclear safety related,

Cable Commitments

Ihe Ticensee also identified additiona) requiresents for the
safety classification of electrica) cables, Specifically, UFSAR
section 8.3.1.3, "Physical ldentification of Safety-Related
fquip=ent,” stated a color coding schese would apply to safety
related cables and UFSAR section 8.3.1,4.6.2, “Cadble Separation,”
stated sutvally redundint safetly related cables would be run in
separate trays.

in a saspl!n? of cables the team cbserved fallures of the licensee
to properly ieplesent these UISAR commitzents, Thete fallures
were:

o Color coding the norsal and emergency power cables for
transformer C1-4 as non-tafety related and running part of
one of Lthe cables In a non-safety cable tray.
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O Running power cables 2LP-19 and 2LP-20 in the same tray even
though they provide sutually redundant esergency core
cooling recirculation sump fsolation valves for Unit 2. The
saze condition did not exist for the other two units.

Fatlure to properly color code the two safely related cables is
identified as an exazple of (DEV 50-270/93-02-02). Fallure to run
the two sump isolation valve power cables In separate trays iy
tdentified as another exazple of (DEV 50-270 /93.02-02).°

The safety significance of running the two cadles in the same tray
was mitigated by & unique design feature at Oconee of installing
cables in armored jackets.

Also, the cables feeding some switchyard cosper+nts from the 4160
volt safety related swilchgear 11E and 2TE were identified as non-
safety related and are loadihed under accident conditions, The
twitchyard feeder breabers supply power to the swilchyard battery
chargers. Technical Specifications require that the battery
chargers be operable for the switchyard batteries 1o be considered
operable. The licensee did not consider cperable chargers a
requirenent following a loss of offsite power evenl, The basis
for this position fs that manual action In the switchyard could be
taken to operate switchyard breakers If the switchyard batteries
were unavallable due to depletion following the inftial switchyard
Isolation signal. The licensee stated that the battery chargers
themselves were considered safety related, however, the cables to
the battery chargers were rot safety related. The team questioned
the liceniee™s position on load shedding the switchyard battery
chargers and designating the feeder cables as non-safely related,
This itea fs fdentified for further NRC review. This will be
fdentified as [F] 9)-02-04.

Other Documents Peflecting Safety Classification

To ease in the preparation of work requests for saintenance Lhe
licensee had bequn 4 computerized data base which included a field
for safety classification. The teas reviewed select entries and
noted the safety classification was nol present in most instances.
Howewer, 120 YAL panelboard LEVIA was designated non-safely
related which contradicted the Quality Stardards Manual safety
related designation, Ihrough interviews the teas ascertained that
minieal engineering review control existed in cospleting the data
entry form used as input to the computerized data base.
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2.9.2 Keowee

The licensee stated the Oconee safety, seismic/non-safety, nom-
selsmic boundary philosophy applied at Kecwee. However, the
licensee Indicated that due to the conservative mature of wori
request classification at Keowee, iInterface circi't brealers were
probably designated safety related. The team confirmed this
through a saspling of past work requests with no ispreper
designations Identified. A review of the Quality Standards Manual
did identify an ieproper classification of the Keowee air circult
breaker air system as esclusively non-safety related. However,
the system froa the air circuil Dreaker, accusulator and
assoctated check valve were safety related.

Susmary

1.

2.

The lTicentee’s QSM was rot always accurate or detalled encugh in
specifying the safety related boundary. This cauied or
contributed to: adlitional burden cn engineering perscmnel to
properly classify cosponents for maintenance and modification,
tnconsistencies in design documents as to the safety
classification of equipment, and the gereration of a cosponent
level "Q° 115t for work planmers without the commensurate controls
and consistency indicated in the QM.

The safety significance of these iInadequacies have been minimized
due to the conservative decision making process ulilized by the
licensee in safety related designations when a clear distinction
was not possible.

The licensee's interpretation of safety related as 1t applies to
electrical components which are part of the electrical load
circult for 3 non-safely related device g:rfornlag a safety
related function was incensistent with the requiresents of the
Quality Assurance Topical Report and associated regulatory
requiresents. Therefore, certain aspects of the quality assurance
program such as quality control inspections, level of gquality
control involvement in receipt inspection activities and level of
documentation were not applied to select 6.9 AV and 4,16 AV
circuit breakers.

The safety consequences of this Inadequacy were minimized since:

© The same maintenance workers perform the tashs frrespective
of the safety classification and past team odservations did
rotl note a difference in worker attitude due to safety
classification, -

O The saze maintenance procedure was uted irrespective of the
safety classification for all the circutt bredkers,
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o The same perfodic testing program had been applied to the
4.16 &V breakers irrespective of safety classification,

e The same purchate order technical operational requirements
were applied to replacement parts.

s Though the licensee considered these saze type breakers at
the 600 VAC lrvel and voltage levels below as non-safety
related from 2 licensing perspestive, all work on these
breakers was designated safety related.

However, the botoatial to install a substandard component,
accomplish a maintenance activity isprogerly or not perform a
necessary Part 2] evaluation was heightened by these inadequacies.

2.10 Fuse Control and Setpoint Control Prograss

The licenier had 4 good fuse control program, Detalled selection
criteris was established, Configuration control was being verified
through walkdowns of all safety-related cabinets. These walkdowns were
corpleted for Oconee Unit 1, and a mininal nusber of distrepancies were
fourd. The teaw carefully evaluated the discrepincies, and agreed that
they did not iIndicate 4 fuie control probles. [Inspections for Uaits 2
and 3 will be performed in the rear future, Some inspections had also
been done 41 Lhe Kegwee plant. Class H futes were falling at an
increasing rate, therefore, the licensee was replacing all Class W fuses
with sare podern ieproved tuses.

fuse control was eramired 4t Kecwes Ly inspection of cospartments in the
125 VOO Distribution Center JDA. The fuse sizes were documented on KM
1C6-18. 1he Fecwee fuie sizes had been inspected to the drawings In
1952 and only minur discrepancies requiring no ghysical changes were
found. Replacement fyuies were governed by Maintenance Directive 4.4.12,

Fecently, all relay setpaints for the Oconee plant, Keowee plant, and
suitlchyard had been reviewed. The basis for each setpoint was well
dotumented. The teas randoaly selected some relays and compared the
engineering documents to the calibtration procedure and the actual relay
setpoint, No discrepancies were identified in this effort,

The licensee had an acceplable progras for the control of instrument
setpoints, suth as pressure switch, level switch etc. For the Oconee
plant the Instrument setpoint data was in the "Alarm and Setpoint List®,
Setpoints associated with pachage type equipsent, such as the diesel
qenerator, were held in documents for that equipeent. With regard to
the Kecwee plant, many setpoints were delineated in the design basis
document, o better control irstrument selpointy at the Keowee plant,
the liceniee was planning tu incorporate all the setpoints at Keowee in
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the "Alarm and SetPoint List®. The tean reviewed the appropriate PIRs
for the past 18 months to deternine whelher or not there had been any

problems assoclated with the setpoints, fe. incorrect setpoints, 1This
review did not identify any problems with-the setpoint control progras.

K[OWEE HYDRO UNITS
Conclusions

The Leas concluded that deficiencies exist involving the supporting
analyses and tesling of the Keowee hydro units and the 2ssociated
ezergency power paths. Although the licensee has recognized many of the
probless and some corrective actions have been initiated, the team noled
the Tack of an overall managesent plan 1o coordinate the efforts, In
some dreas, the corrective actions have not been as thorough or timely
as erpected, The tean concluded that the effectiveness of the overall
Kevwee upgrade program could be ieproved by prioritizing efforts
commensurate with safety significance and more aggressive resolution of
identified problems,

In several areas, the calculations/analyses were not sufficiently
comprehensive and specific values were not referenced to bound the
design criteria. In these sase areas, the tests did not bound the
design, and modifications had been implesented without sufficiently
establishing the design bases. The tean concluded that additional
calculationsfanalysis and design reviews are necessary to assure that
the Keowee units will provide emergency power to the Oconee units under
all design basis conditions. Potential effects on Oconee safety loads
due to probless (overvollage, over or under frequency) on a Keowee unit
should be more fully exanined,

The tean identified that several coeponents invelved in the operation of
the Keowee units during emergency start conditions were not adequately
tested. Sose deficiencies were also noted regarding setpoint control,
component designation (safely related), and other isportint Keowee
docuzentiation,

The tean concluded that the licensee should ensure that the response of
the Keowee guvernor systems to postulated conditions or potential
fallures be fully understood. Nhile the team noted that the Keowee
staff was highly professional, the ongoing efforts to increase the
knowledge of the Ocoree and Keowee operators to the cperations of Keowee
should continue, HReltance on the "on call” Keowee technician to dea)
;1(& abnormal conditions or equipment malfunctions should continue to
ecrease,

Feview of recent LERs and other operational experience information
indicated that longterm efforts to ieprove/upgrade sose of the aging
corponents al Feowee are necessary and should be continued,




