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Review of Design

3.2.1 Civil and Electrical “tructural Evaluation

J.2.2

The design basis of Keowee was described in the licensee developed
documents, Keowee [mergency Power Design Basis Docusent (DED),
035-0254.00-00-20C5, Reviston 1, dated Decesber 3, 1992 and in Deri
Basis/Test Acceptance Criteria for Keowee [mergency Power Systeam .
Dwg. No. KIC-0-0113-0001-001, Revision ) dated January 28, 1991. These
documents were used by the teas to evaluate Keowee's design., The DBDs
for the Keowee mechanical syste=s and the 125VDC systems are scheduled
but nol yet issued.

The design and licensing documents associated with seisaic qualification
of the safety related electrical systems and equipment were reviewed by
the team, Documentation supporting equipment gqualification was
available for that equipsent fdentified as seismic per the UFSAR (Table
3-68). However, the UFSAR ositted four transformers (1X, 2X, IE and 2[)
for which specific qualification documentation was not available. 11X
and 21 provide 600 YAC auxiliary power to operate their respective
turbine generator loads. If and 2f provide excitation for their
respective turdbine generators. Prior to the end of Lhe inspection the
licensee provided qualification documentation for cosparable
traniformers, The licensee also plans to include these transformers in
their SQUG program. The team concluded that the structural
qualification of the Keowee electrical coeponents was appropriate,

Mechanical Systess

The team reviewed the design and licensing documents for the Keowee
mechanical support systems. This included the turbine generator
cooling, turbine guide bearing oil, high pressure oil and governor air
systems. The mechanical systems were designed and erecled to
conventional industry standards for hydro-electric facilitles.

The tean inspected the majority of the supporting systems which were
required for the Keowee hydro units to perform their function. As
staled in the Xeowee mechanical DBD, these systems were designed and
constructed to meet the iIndustry grade equipment standards in existence
at that time when the plint was constructed. The balance of the gipinq
systems were conslructed to B11.1-1967. Several of the safety related
support s{sloas contained significant quantities of brass and/or copper
piping. [xasples were noled of non-safety piping where ¢ Ls were
located over irportant safely related equipment. One exasple which was
apparently not addressed by previous Keowee audits was the presence of
fire protection and vacuum system piping installed above the Keowee
governor cabinets,

All systesms appeared Lo have been constructed to the requisite industry
standards excepl for the turbine generator (ocltn? systes, The coolers
(turbine guide bearing oll, generator thrust bearing and generator air)
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assoclated with this system were not protected from overpressurization
due to thermal espansion of the water in an isolation zode (both
upstreas and downstrean valves closed). No relief valves were installed
to protect the piping.

The UFSAR Report 3.2.2.2 established the design criteria for this piping
a3 USAS B 31.1.0. USAS B 31.1.0 secticon 101.4.2, *Fluid Expansion
Effects,® reguires overpressure protection. The licensee was informed
of this discrepancy and initiated PIP 0-093-0197 to address the problea.
The appropriate course of action wis under determination at the
conclusion of the inspection, Failure to provide overpressure s
identifted as an exazple of a deviation (DEY 50-269,270,287/93-02-03).

The Keowee mechanical systems were not designed to sefsaic
qualifications. Prior to the inspection the licensee had fnitiated a
design study, ONDS-02%8, adﬁrtstta? the seisaic issue. The licensees
Self Inftiated Techanical Audit (SITA) audits had identified some
preblens related to selfsmic fsiues on battery roos Heating, Yentilatien
and Alr Conditioning (HVAC) and cable supports. These specific cases
were reviewed under the licensee’s condition adverse to quality system
with no problems identified. The cosprebensive corrective action to
this satter will be taruu?h the SQUC program as part of the resolution
to USI A-46. At the conclusicn of the inspection the licensee was
coepleting a determination of what com-onents were to be included in the
SQUG progras. ‘

During the reviews, the tean noted that the design and licensing
documents assoclated with the mechanical syitems onitted the noted
atpects of the design. Exasples included:

O No specific descriptions of how the Keowre mechanical systeas
function in the LUFSAR,

O Oaission of the portion of the cooling witer line and manual valve
;h;tll; common to both turbine genmerators in UFSAR section

o Seisaic Design Criteria, OS0C-1093.01-00-0001, did not
specifically address the mechanical systems or how the design
criterts apply 1o the mechanical systeas,

Prior to this inspection the Vicensee identified numerous deficiencles
in the documentation and had initiated corrective actions including
preparation of a mechanical devign basis document and flow diagrams for
the different syitems,

The tean utilized the recently developed Keowve Flow Drawings (XFD)
during walkdowns of the systess. Several discrepancies between the KfDs
and the actual plant conditions were noted, These included differences
in piping arrangesents and valve nusbering. In some cates, valves
contained two conflicting labels because a previous tag had mot been
recoved following installation of a revited label. During the
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inspection, efforts were in progress to address the errors. The tean
also noted many exanples of Keowee electrical drawings which contained
safety related equipment which were nol marked as “safety related® or as
“0A Condition 1%, Siace the drawings of the electrical systems are not
very user friendly, many of the drawings contained fsportant Information
which had been penciled in., System drawings for the air systes did not
exist and some errors were identified on the recently developed KiDs,
Detatled walkdewns of the loading configuration of one AC and one DC
load center Indicated that the drawings accurately reflected the
eristing equipment arrangesent. Additional review of the docusentation
fdentiffed minor deficiencies, The specific drawing inaccuracies were
documented on PIP 0-093-0197 so they could be corrected at the neat
drawing revision. (See Apperdix A, Finding 3) Deficiencies involving
testing of the mechanical systeas are discussed in paragraph 3,.4.2.4 of
this report,

Separaticn and Sharing of Syitess

The teas noted several areas in which the two Keowee units were not
totally independent. Various licensing documents discuss the coemon
penstock, The teaw reviewed the controls associated with the headgate
and concluded that appropriate measures were in place Lo prevent
inadvertent blocking of the penstock by the headgate. A small portion
of the cooling witer systes (supply line from the penstock) which
contains one sanual isolation valve was common to both units. Rigorous
separation between the control and electrical cables of the units was
not employed. In many cases, cables for the two units occupy the same
trays. However, armored cables are used with voltage and current
carrying ratings in excess of that required, Althoush many of the
prisary coeponents for the units are separated physically, for 10 CFIR %0
Apperdix R criteria, Feowee it considered as one fire area, Ihe fire
protection systems are common to both uaits. The potential consequences
of a fatlure of fire protection piping will be addressed by an internal
flooding study scheduled for completion by March 31, 199).

The batteries for the Kecwee units were separated by a partial length
block wall which contained several unsealed peretrations, Efforts were
eade 1o provide some sepiralion Letween the emergency power paths.

ALEs 3 and & (underground feeder path breakers from each Keowee unit)
were separated from the other switchgear but were located in the same
structure with only several feet of open space separating their
cabinets. The air supply systes for all four ACBs was connected together
and check valves on 12all reservoirs at the breakers were relied upon to
function if a break occurred in any section of the piping. Several
olher sugporiing air systems which were not required for the Keowee
wiits 1o accomplish their intended safety function (If other systems
perform as required) were shared by both units, The team concluded that
under normal conditions and aligneents, the failure of one of these air
spstems would notl adveriely affect both units, With one esception, The
tean did nat fdentify i~y specific scendrios in which the potential
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vulnerabilities noted above would present a likely failure of the Keowee
units. The exception was that plugging of the common generator cooling
water supply line had occurred once in the past.

3.2.4 [lectrical Calculations and Anal;ses

Many of the electrical calculations associated with the Keowee Hydro
Systea were reviewed to determine if the existing analyses, studies, and
tests were sufficiently cosprehensive. The following eajor fssues were
eramined:

O Adequacy of the analyses and tests necessary to desonstrate the
capability of Keowee to start, accept, and accelerate its worst
case design load, within required times, withoul degradation of
the connected safety loads.

Assessment of the licensee’s evaluations involving the potential
vulnerabilities associated with a single Keowee unit powering all
refundant safety groups of an Oconee unit following a DBE.
Specifically, the team roviewed potential wvulnerabilities
associated with operation of both units to the grid and their
hydro units’ control systems,

0 Adequacy of Keowee generator’s electrical protection to prevent
degradation of the Oconee ausiliaries during anticipated
cperational occurrences. This ilem was reviewed because the
liceniee has issued several LERs related to this subject as the
result of unanticipated operational occurrences.

The licensee had generated a significant nusber of associated
calculations as part of a design basis effort over the last three years.
fecause 3 single Xecwee unit powers all redundant safely groups of an
Ocoree unit following a DBE, the IDSFI focused heavily on review of the
Ticensee's astetiment of the Keowee vulrerabilities associated with this
arrangesent,

3.2.8.1 Single Tatlure Criteria

The team questioned the licensee’s conformance to the single fallure
criteria as stated in the UFSAR, Section 8.3.1.2 of the UFSAR states,
“The basic design criteria of the entire emergency power systea of a
nutlear unit, including the generating sources, distribution equipment,
and controls 13 that a single fatlure of any cosponent, passive or
active, will not preclude the systea from supplying emergency r when
required®. The team found that the licensee had not fully analyzed the
controls contistent with this requirement. The team concluded that the
lieensee had not adequately analyzed potential single fallures within
the hydro unit gaverror control syitems, The teas identified several
other potential single fatlure vulnerabilities which had not been
sufficiently analyzed. This t1tem 13 identified for further NRC review.
This will te identified as IF] 93-02-04,
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The teas noted that the licensee had cospleted the appropriate failure
analyses of the generaling and distridution systems and these had
resulted in hardware wodifications, setpoint changes and adainistrative
controls. Design Study 05C-5096, Keowee Single Failure Analysis was
approved by the licensee on January 21, 1993, The study documents the
results of a single fatlure while both Keowee units are supplying power
to the grid. The study applied the single fallure criteria as stated in
the UFSAR. A LOCA/LOOP was assumed and single active or passive.
fatlures, or spurious actuations, were exasined down to the coeponent
Tevel. The appropriate Keowee controls were included, The study
itdentified that following a trip fros full load operation, an overspeed
switeh in each Keowee untt could make both unavailable. The licensee’s
evaluation of this resulted in Xeowee's power output being
adsinistratively limited to €0 Megawatlts (Md). Previcus load rejection
test resulls were used to deternine from what load Feowee could sustain
an ceerspeed without 2aking efther unit unavatlable. The tean concluded
that the adainistrative limits were 1€l at & conservative value, Ihe
tean verified that the Kecwee operators were awire of these
adzinistrative limits,

The team noted that the stuly clostely evazired the gerformance of the
toss of Excitation Felay, This relay lochs cul 1ty respective Recwee
unlt upon celection of loss of escitation voltage, Ihe potential
concern was 11 both units were running to the grid, both of the relays
may dctuale as a resull of grid tnstadility or an electrical fault, The
study substantiated that toth relays would not actuate as a result of
grig instability or an electrical faull, The team noted that a
recommended relay setpoint revision was provided tn 05C-8300, dated )/51
tecause the existing selpoint could be effected by yrid stadility
responie.  The tean™s cbiervations 1n the field were that the relay
tettings had not been ieplesented. The revised setpoint had been
evaluated as rot effecting cperabiility, and was being tracked in Station
Probles Report (SPR)-1425, ard was a=aiting managesent work
dutharization. Durirg the quarterly sentor managesent review, protlems
are fdentified 1o be worked, and to date this had rot been selected.

During the review of the Kecwee volls/hertz limiter, a design feature,
in the voltage requlator was examined. No documented specific fallure
analysis for this feature extsted, tut the licensee was able to
demonstrate that & single active or passive fatlure would fall safe.

The teas concluded that 1t war possible that a fatlure of the signal
eiaer or other fealures may not have the sa7e requll, causing an
unietecled Increase in generator field current and an undetected
cerrvoltage on the Ocoree auxiliaries. The licensee responded that it
wis thelr ltcensing position not to analyze the controls and referred to
an intermnal semorandus 1o File, dated 1715731, which stating *that in
general 11 has been the Oconer position not to constder “seart fatlures®
within control systems and the systes is avsumed 1o control or design to
fall to its desigred state®. This i1les i3 identified for further NRC
review. This will Lo tdentified as [F) 93-02-04.
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The team evaluated the licensee’s single fallure analysis of the Keowee
governor control systems. The licensee provided a copy of an internal
Memorandus to File, dated 1/15/93, that docusented the results of the
sla?lc fatlure review of the governar. The team concluded that this
review was not cosplete, since conclusions were not well supported. An
erazple, the fatlure of the linkages within the goveraor and the wicket
gate shear pins was evaluated. The review concluded that these were
passive fallures. Fallures of inherently itens need not be
postulated because normal operation of the unit would reveal actual
prodleas with these units should they occur. The team did not agree
with licensee's conc'usions since the shear pins are designed to fal)
(active) during abnorsal conditions., During discussions, the team
tdentified that the Ticensee had limited this review to the collective
experience of the involved personnel (including a technical
representative of the governor manufacturer). Searches of LERs, Muclear
Plant Feliability Data S{strc (NPROS), etc., had mot been performed.
The teaa noted that the licensee had sutmitted LER 8)-01 in which a
single fatlure in the Keowee hydro Woodward governor syitem was
:dcatifg:d which could have rendered the associated Keowee unit
noperable.

The licensee Indicated that the principle reason that failures of the
governor system had not been exanined more closely was that undervoltage
conditions would caute a ;cvernor atnormality to be prosptly identified.
The undervoltage device (275) was set at 63% and its operation would
result in connection of another power suppl{ automatically, The teas
agreed the undervoltage relay will eventually detect the prodles,
however, 1t wis not evident that this would be in sufficient time. The
governor failure mechanise i3 descriled in section 3.6.'. and indicates
that its fatlure could take place over some period of time and not
Instantanecusly, The detection time of the undervoltage condition is
critical to eitablish the connection of the alternate supply to protect
Oconee safety loads. The teas concluded that additiona] review was
needed in the area of potenttal fatlures of the governor control
systems. (See Appendiz A, Finding &)

A review of cperating experience indicated that the overall Keowee
design had been vulnerable to 2 single fafilure. Several LERs had been
subaitted in the past two years addressing single failure
vulnerabilities, These were fdentified and corrected by the )icensee.
Most were corrected through equipment modifications, IThe licensee did
not consider all credible failure modes for the Keowee governar control
systea and voltage requlator,  (See Appendin A, Finding $)

The tean also reviewed the degree of independence between the onsite
eRergency power sources and between their distribution systems, Ihe
tean found the 1icensee did not conitder a single failure concurrent
with the inittating event LOCR/LOOP (Toss of the 230 AV Switchyard) in
the development of Tables 8-3, Stn?lo Fatlure Analysis for Keowee Mydro
Station, and Table B-8, Single Fallure Analysis for the Imergency
Electrical Power Systems, of the UFSAR, The licentee considers a
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partion of the 230 Y switchyard to be part of the onsite, and not the
offsite, power systems even though 1t is “escribed and analyred as the
offsite power system in the UFSAR Sectio ".2. The team considered that
the 230 AV switchyard is part of the off  » system unti] the control
logic isolates the switchyard and 2 single fatlure should be considered
with the initiating LOCO/LOOP,

The licensee’s current position regarding their definition of the single
failure criteria and bow it is applied in reference to the 230 Y
switehypard is Vdentified for further NRC review. This will be
tdentifind a3 IF1 9)-02-08.

¢ Protective Feature Issues

Tne tean had several concerns which invalved the electrical protective
features associated with the Keowee hydro units, It was concluded that
in some areas the features may not be appropriate 1o the degree of
safety commensurate with the fact that redundant safetly groups for each
Deonex unit are fed from one emergency power susply.

The contral logic bypasses all of the Keowee normal sutomatic electrical
and sechanical protective trips on an esergency start. The bypassed
trips include gemerator and turbine bearing overtesperatlures,
volts/kertz, overspeed, Governor oil presture, generator field ground,
and manimum excitation. The Ticensee was asked to provide analysis/or
bases for bypassing these protective trips from the perspective of one
Veowee unit powering 41l three redundant safety groups, The licensee
indicated that the bypasses were consistent with NRC Regulatory Culde
1.9. Howewer, the basis for bypassing Veowee trip functions during
emergency start of the unit was not fully aralyzed or docusented. In
the Oconee arrangesent, all the redundint load groups are powered by 2
Stn?!t emergency power supply, and this necessitates the detection and
tsolation of an adverie condition in sufficient Lime Lo connect the
alterrate emargency supply. The licensee iInitiated PIP 0-093-008] to
reguest a stody on this subject, (See Appendix A, Finding 5)

The teas roted that the Keowee design did not provide for protection and
detection of atnormalities such as over or under frequency operation
that may te experienced by a single fatlure of 4 comporent in the speed
control circuits. The auxiliaries are not pratected for overvoltage
conditions a5 might be erperienced by an abnormality in the voltage
requlater or 2uring a sustained overipeed condition.

3 Feowee Auntlraries

The licensee Pad complelnd 3 single fatlure analysis of Veowee auxiliary
transformers X, 20, and CX in /C-0082. This analysis resulted in
operabil ity requiresents which were recently incorparated into IS
réguiresents,
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The licensee had performed single fatlure analyses on the coardination
of safety and non-safety €00 volt switchgear protective devices to
fdentify potential losses of redundant functions. The analyses had
resulted in hardware modifications and adsinistrative controls.

3.2.4.4 Cther Calculations

The tean reviewed other engineering calculations and analyses during the
inspection. Some findings were noted: .

KC-0073, Auxiliary Power System Yoltage Level, Rev 1, (3/9/92), a
voltage analysis of the Keowee 600V auxiliaries was considered
incosplete. Sectfons 20.2.1.3, 20.2.3.4, and 20,2.1.5 of the DBOD
refer to KC-0073 as a basis of the voltage adequacy for Keowee
auxiliaries when supplied from any of the three potential sources
{either the Keowee Generators via IX and 2X transformers, from
Oconee Switchgear 11C via CX , or the 230 kY Switchyard via the 1X
and 2X transformers), XC-0073 analyres the voltages recorded
before and after a Keowee start when fed by 1X, 2X, and CX, and
also establishes a single baseline reference point. This
sethodology utilized representative data and did not censider
varfations in the supplied voltage levels. The results obtained
wis the normally expected bus voltage. The calculation should
have obtained the mirimum and mininus expected voltages and
evaluated these in view of equipment voltage limitations, The
marioum expected voltage 135 also an input to the short circuit
analyses, and higher voltage will result in increases curreats,
In response 1O the teams comments, the licensee reviewed the
calculation and concluded that no operability concern existed.
The licensee indicated that an additional analysis (KC-Unit.]1-2-
0035) would be performed. (See Appendix, Finding 2)

The Xeowee 600 volt cable sizing calculaticns were found to be
generally acceptable. The team noted that technical standards and
output documents existed but intermediate calculations were not
present. Three exaoples were reviewed and the cables were found
to be sized per the licensee requiresents. The licensee provided
4 comparison of the Oconee cable sizing criteria to the 1930

National Electric Code and Insulated Power Cable [ngineers
Association (IPCEA) P-46-426 which demonsirated that the cables
were oversized when they are routed in conduit, cable trays with
saintained spacing, or cable trays with single layer fi11. The
documentation did not address derating if power cables were routed
in overfitled trays along with control and instrusent cables ss
wis the case at Keowee. The teanm could not establish what cables
were in whal racewdys from the docusentation. The existing cable
tray 111 and contents of the trays and sizing was a concern, The
Iicensee indicated that they were going to inventory the cables at
Keowee in 4 marner similar to the process at Oconee.
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Calculation, 0SC-4328, Revision 2, Operability Evaluation for
Keowee Load Centers 1X and 2X in Response to PIR-4-091-0039
(9/23/92), was reviewed. The analysis addresses operatility of
the Keowee auxiliary equipment power supplies (1X, 2X, and CX
transformers). It was noted that in certain scenarios, the safety
related electrical auxiliaries for both Keowee units could be
supplied from only one Keowee unit. Keowee powers a1l redundant
Oconee auxiliaries during a DBE. It s essential that abnormal
voltages and frequencies not degrade redundant equipsent, The
equipsenl has voltage and freguency limitations; some critical
performance characteristics of the electrical equipment can be
adversely affected. The licensee initiated PIR 0-093-0081 on
;ebr?aryzgl. 1953, to address this issue. (See Appendix A,
inding

This calculation, OSC-4328 is also used as a basis of Keowee 600
volt breaker coordination., The calculation identifies that
coordination problems exist between load centers Motor Control
Center (MCC) supply breakers and the MCC main feeder breakers and
recormends corrective acticns. The corrective actions have been
ieplesented. The licensee identified one example that had not
been corrected. The prodblem was miscoordination between the load
centers and safety related M(C 1XS and 21S. The licensee J

this to be of no concern a3 the M(Cs powered a safety load (t
standby battery charger), which is not needed at the start of the
event. In review of drawing K-702, Rev 14, the team also noted
that the Spillway and Intake Power Pinels did nol coordinate. The
two major criteria utilized in the development of the analysis
were discussed with the responsible engineer. The first
consideration was that all branch circuits feeding safety-related
Toads 3hall be coordinated such that no overload or credible fault
on a safety-related circult can disable more than one safety-
related power distribution string. The ather criteria was that
branch circults feeding non-safety-related loads from safety-
related busses shall be coordinated such that no overload or
credible fault on non-safety-related equipment can disable any
safety-related power distribution string. The team indicated to
the liceniee that the criteria should be clearly stated in the
DED, 43 1t establishes the reference boundary for Lhe design of
this particular feature.

Calculation, KC-0076, Rev 2, dated 8/1/88, Yoltage and Duty Cycle
Calculation was reviewed, and It was noted that there was no
discussion of the results considering the equipment voltage
Tizitations, Other calculations were in progress to examine the
adequacy of the esergency start channel (05C-5077) and the

adequacy of the voltage to lhosg;atra!or field, generator supply,
and field flash breakers (0SC-509)). The corprehensiveness of the
scope of the supplesental calculations to examine voltage adequacy
at the coeponent level should be considered by the licensee. [t
wat alio noted that KC-007% was an input to this calculation that
was 1siued subsequent to the Issue of KC-0076. As a result,
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KC-0076 may require update. The licensee should identify the full
scepe, and cosplete individual voltage component calculations for
Keowee. (See Appendin A, Finding 2)

0SC-4651, Revision I, Battery Charger and Safety Related [nverter
Sizing Calculation (1/21/9)) demonstrates the ad~quacy of the
existing Keowre charger size based on KC-0076, a one hour
discharge rate, and supply of continuous Yoad. An improved
charger, which the licensee stated was on order, will meet an 8
hour discharge rate and supply continuous load. This charger will
wore closely cooply with accepted industry practices in this area.

Other calculalicons were reviewed. [heir methods, assusptions,
results, and conclusions were found to be consistent with the
licensing bases. These calculations were: KC-Umit 1-2-0090,
1/22/9), Neowee 600 Volt Distributfon Fault Study, KC-Umit 1-2-
0088, 7/23/92, Keowee 13.8 kY Breaker Fault Study, and KC-0078,
Rev 1, 4/9/9], Veowee 125 VOU Battery load Test Report.

Operation of the Keowse Units

3.1.! [mergency Start Operations

Following a DBE on an Oconee Unit, the hydro units will be emergency
started from zero speed, and will accept a single block load with the
Keowee voltage and frequency a3 low as 50% of their rating. The Keocwee
units may (and often are) cperated to generate peaking power to the
transmission grid. The practice is to load to the units in excess of 60
Md to limit long term degradation of the hydro izpeller due to
cavitation., Under these conditions, and following an emergency start,
the unit is disconnecled from the grid and then reconnected to the
Oconee busses f required. This sequence includes tripping of the
oulput breaker, a Toad rejection, and resulls in an overspeed condition
on the Keowee unit, Connection to the Dconee busies will them occur
before full recovery from the overspeed condition. These start and load
sequences create voltage and frequency excursions on the Keowee oulpul.
Since the Keowee unit powers the reguired safely related loads for the
Oconee unit, the ability of the Keowee generator to maintain voltage and
1r?qucn§y within Tisits that would not adversely effect the loads 1s
critical.

The teans concluded that the licensee lacked sufficient analyses and
tests to fully demonstrate that Keowee would perform ils function under
these conditions. Transient voltage analyses were completed for the
underground path and are planned for the overbead path, At the
beginning of the inspeclion there were no analyses, existing or planned,
which adegquately address frequency perfarmance. - As a result, the
effects of the frequency transients on the eguipment had not been
evaluated, The teaw was not able to establish thal Keowee had been
emergency started and loaded through the overhead path or that the
existing tests fully bound the design. (See Appendix A, Finding 1)
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Completion af the overhead voltage analysis and tests to demonstrate the
ability of eowee to start, accelerale and accept load were open items
from the DED effort and documented in 3 Mesorandua to File dated May 14,
1991, -

During the FOSFL the licentee supplemented the cospleted analysis with
informal analyses to demonstrate that Xeowee would function without
degradation of 11y auniliaries when started from rero speed,
A3diticnally the licensee provided test data which desonstrated the
units’ cagability t- start, accept approvimately 35% of the sarisun
eapected LOCA/LOOP block load, and the manioua espected LOOP load, and
accelerate with this loading within 18 seconds. Other data was provided
whith desmonstrated that the hecwee units could accommodate approximately
T1% of the eapected LOCA/LOCP black Toad,and 48% of the L00P loed, but
no tioe parameters were tecluded in the testing,

These t1ests were revicesd by the teas Lo establish 3 level of confidence
tRat the power System aill deliver the required Emergency Core Cooling
Spitem (H0CS) flows within the required time (4B seconds) via the
underground path, No analyies or tests were availadle to astess the
gerformince of the raergency power System when Feowee feeds Oconee via
the gverread path.  The team concluded that while emergency starts from
zerv speed should be bound by the eristing analyses, comnection from
Grid operation and from recovery of an overspeed condition reguire
addtticnal evaluation, The effects of the analyses and tests on marging
w4y ot determirable, The licentee indicated that these analyses and
additicnal testing would be completed this year,

(hapter B of the UISAR required that Fecwre accepl full emergency power
Tosd a5 1L accelerates from zero to full speed within 23 seconds from
receipt of an emergercy start signal,  The teas found this requiresent
had been translated into the 15 a3 25 seconds, This wat identified in
1939, Moweser, the correct tining requiresent was indicated in the lest
procedire,

wWorsl Cate luidinmg

The UFSAR states that the capability of the B7.5 MIA Veowee units to
tentinugusly carry 3 marinus foad of 21 MIA had been analyred, The tean
determined that additional analysis had beon performed In this ares.
The Ticensee had established the worst case 1cad profiles, considering
the transient and steady stale, that are in eacess of those stated in
the UISAR. The tean's review Indicaled thal the LOCA/IOOP and three
unit LOOP scenarios repretent the worst case loads and these load
srofties are significantly higher than the UFSAR Toadings. In those
load sequences that connect the loads at reduted Feowee voltage and
frequency, the initial Toed peak would be less than the marings.
Howewer, ynder other accident conditions, the loads can be cornected at
migher voltage and frequency levels and thas the 1oad peak may be euch
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greater. The team concluded that since the magnitude of the loads
effects the ability of Keowee to meet 1ts functional goals, the specific
bounding load profiles should be indicated in the DBO,

3.3.3 toad Sequencing

When Keowee receives an esergency start, the required Oconee electrical
Toads are supplied power by ore of the fallowing load sequences:

0 If Keowee wias not generaling to the grid, and there was a
LOCA/LOOP, the lcad would be connected by the EPSL to the Keowee
underground path approsimately 11 seconds after the emergency
start was initiated. At this time, the voltage and freguency
could be as low as 50% of rated. After the load was connected,
the unit should continue to accelerite to rated voltage and speed
(frequency) within the 23 secunds prescribed in the UFSAR, If the
other Keowee unit did not establish voltage in sufficient time,
the Toads of the non-LOCA Oconee units would also be connected to
the underground path as early as 31 seconds after the esergency
start.  The functional Keowee unit would be at rated speed and
voltage at that time, The connection of this load results in a
frequency decrease that could last several seconds and affect the
performance of the reguired safety loads at all three of the
Oconee units,

If Keowee wis riol gereraling to the grid and theve was a LOOP, the
Oconee Toads are connected in approximately 31 seconds by the
MIEMP systen,

3 If both Kecwee units are generating to the ?rid and an emergency
start signal was received, the units are tripped and begin to
overipeed, The Units also experience an overvoltage as a result
of the load refection, however, the voltage regulator acts to
rapidly restore the voltage, Test data indicates that the
overspeed peaks at 195 rpm on Keowee Unit | and 188 rpm on Keowee
Unit 2. (The actual value varies with lake elevation and Keowee
loading.) The loads (for the non LOCA Oconee units) would be
supplied by Kecwee via the overhead path within & 1o 7 seconds
after receipt of the emergency start signal and while the unit was
recovering from an overspeed condition, Test results iIndicate
that the Keowee unit would be between 132% and 138% of rated speed
and voltage. This overfrequency corresponds to about 79.82 Mz,

Section 15.8.2 of the UFSAR, “Loss of Power Accidents” states that the

required Oconee safety related loads can perform through an

overfrequency transient lasting 40.50 seconds. Apparently, this b
information was relied upon to substantiate that the equipment would not

be degraded during the above transient conditions. However, the

Ticensee was not able to retrieve the tﬁl‘{l!t. or provide the technical

batis for the statement that the electrical equipment can withstand the

transient, (See Appendix A, finding 2)
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3.3.4 Keowee Operational Controls
3.3.4.1 Overall Yeowee Operatlions

The teas noted that informal means of control were sometimes relied
upon regarding activities within the hydro station. The condensing mode
of operation of the Xeowee units, which had not been fully analyzed and
thus was not authorized, appeired to be fully operable and controlled
only by the fact that no specific procedure existed to support such
operation, Deficiencies such as problem Instruments were not formally
tracked for resolution and in some cases were nat labeled. The level
and pressure in each Keowee unit’s governor oil pressure tank was
critical to the operation of the hydro units., This Tevel was maintained
and sonitored (by the operiators) through the use of two pleces of duct
tape on the tank sight glass. By eeasurement and reference to the post
installation testing data and vendor manuals, the teas verified that the
tape marks were in fact at the proper levels. Ihe level switch which
actuates an annunclator on abnormal tank levels had not been calibrated
or tested. The controllers for the heaters in the turbine guide bearing
ofl systems for the units were set at diff :rent values.

Due to several equipment problems and a iew recently identified design
1ssues, nuserous administrative controls were in effect on Lhe Keowee
equipnent., The following is a 1ist of the significant itemy:

0 Due to a probles invclvtn? short circuit ratings, the alternate
feeder breahers to several load centers were tagged to regquire
entry into an Liaiting Condition of Operations (LCO) {f utilized.

o The disconnects for ACB 2 were tagged/locked open due o a Zome
relay protection fssue and also due the use of a non qualified
repair part in the breaker, These istues restrict the flexibility
of the narmal longterm Keowee alignment,

0 When generating to the transaission grid (only unit 1), the Keowee
unit was adainistratively limited to a mantiomum output of 60 MW due
to a potential overspeed trip concern. Automatic Gain Control
[AGC) was also rot utilized on the unitl to help ensure that this
limit was not esceeded.

O The Keowee AC auriliaries are maintained in a required alignment
and in the “manual® mode due to problems with the sutosatic
transfer system,

The team did not identify any safety related funclions which were
directly or adversely affected by the use of these informal
adainistrative controls, Additionally, it should be noted that since
the Keowee cperating staff consists of five operators and three
technicians, more forma] methods may not be required regarding most
fssues, The team chserved that procedural compliance, independent
verification, and tagging activities during maintenance activities were
appropriate. It was also noted that the procedures addressing resaval
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and restoration of Keowee Station equipment were highly detailed.
Additionally, it was roted that the general quality of procedures which
had been revised or written within the past two years by Keowee
personnel was good. Procedures which had not been recently revised or
which were not directly controlled by Xeowee personnel, were not as
detailed and in several inttances, needed upgrading.

During the inspection, It was noted that the knowledge and skills of the
Keowee techaicians was heavily relied upon, The Keowee operators are
limited in their Ancwledge and capabilities to addresy abrormal
conditions or equipment malfunctions that occur. The common practice
under such circumitances was to contact the power systes dispatcher and
the Oconee Control Room and awail the arrival of the technictian onsite
to address the prodles.

2 MMaterial Conditicns

Eatensive tours of the Keowee facility were conducted, Overall
bousekeeping and centrol of co-bustib{es was appropriate. The turbine
wheelpit areas contained excessive corrosion products on the walls and
on equipment mounted on the walis, Some i1mall debris was noted under
the switchgear in the battery room. The team inspected the interior of
several critical centrol cabinels, the governor enclosures, several ACE
compartments, and bath gemerator enclosures. iIn all of the areas, ro
discrepancies were noted, Ihe interior of the upper portion of the
governor cadinels was noted to be particularly well miintained.

]l Veowee Setpoint (ontrols

A single cortrolling document for the setpoints of Keowee equipment does
not ertal, (Electrical relays are an escepticn and are listed in
05C-4300).

While recently revised procedures under the control of the Kecwee staff
contain the recessary setpoints, most other procedures do not contain
the setpoints. The partial listingy of setpoints do mot contain
tolerance acceptance bands, Personnel gerforuiag attivities refer 10
drawings and sometimes rely on perscnal Anowledge to determine
setpointy, Often, the as found or as lefl setpoints were not recorded in
the procedure. One example was the setting of Permanent Magnet
Cenerator (PMG) speed swilch nusber 4. These speed switches play a role
in the generatlor’s responte during an emsergency start. The switches had
been set to actuate at 50 rps by reference to a vendar pravided listing,
Questioning by the tean led to the identification thal the setpoint was
Tisted as 65 rpe on two of the licensee’s driwings. The licensee
acknowledged that this problem existed and plans were being made to
correct the problem. However, the team could not locate a PIP that
identified this issue. (See Rppendic A, Finding 1))
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Testing of decwee
Feview of Yoltage and Frequency Analyses and Tests

The DBD states that the voltage adeguacy for the Oconee safety bus loads
when fed from the underground power path was documented in calculation
O5C-2848 and OSC-3696. The licentee advised that 0SC-2444 presents the
worst case analyses, Keowee analysis (0SC-2444) was performed using
Continuous System Modeling Program (LSMP) to amalyze the transient
voltage performance at Oconee when fed by Keowee via the underground
path. Similar analyses, addressing the transient volt performance at
Oconee when fed by Keowee via the overhead, were scheduled for
completion in the spring of 1993, The licensee had concluded that the
urderground path was the wors! case voltage response as there was more
i=pedance in the ynderground circult., The team concluded that this was
appropriate if Keowee was started at rero speed. However, connection
from grid operatica could result in an overvoltage condition that was
not bounded by the underground analysis.

Insufficient analyses exist to determine the frequency response of
Yeowee under differen. conditions. In response to team questions, the
licensee addressed the effects of abnormal frequency when pewering
Ocoree via the underground path. The DED did not consider the frequency
response of Keowee and 1ts potentia’ »ffects on Oconee,

The existing transient voltage aralysis assumed that the 13.8 &Y
generator wat an infinite bus with terminal voltage constant at 13.2 kv,
and the freguency constant at €0Hz, These assusptions did not appear to
be valid as they did not reflect that the voltage and frequency could
te s low a3 50% of rated when the Toads were initially connected, In
response to the teanm’s chiervations, the licensee pursued a dynamic
voltage and frequency analysis using the underground path, The dynasic
analysis was performed with a new softwire progras that still required
validation in accordance with the licensee's QA program. Both the
extsting dynamic analysis and analysis performed during the EDSFI had
limitattons, The CIM? could not mode] the voltage regulator or ipeed
control dynamics and the software uted in response to the [DSF] concerns
would rot accept other than rated voltage and frequﬂC{ a3 the starting
point, The final results of the analyses did not enable the licentee to
obtata actual voltage and frequency versus time profiles.

Tte results of this dynawic analysis were provided to the teans a)

with evaluations of equipment performance when experiencing both voltage
and frequency below acceptadble limits, The licensee substantiated that
fuses would Le able to sustain the current inrush associated with the
undervaltage transients, Additionally the licensee evaluated the
effects of the transients on safety related loads (HPIP, EFV, LPI, LPSW
and K85 pumps mators) and concluded the voltage to be adequate. The
evaluation of the induction motor performance resulted in more margin
than the previous analyses because the volts/bertz control feature of
the valtage requlator limits the ratio to 1.06. 1Ike licensee informed
the team that the Yeowee voltage regulator would follow the speed
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(frequency) and =aintain the ratio at [.06. As the starting torque of a
motor was directly proportional to the volts/hertz ratio squared, the
ret effect was that the motor provides 1.12 torgue to load ratio and
starts faster. The teas concluded that this analysis was appropriate as
fong a3 the voltage did not drop below a4 point that results in the motor
tarque being Tess than the load torque. The licensee stated that the
voltage would dip below 13.2 LY for a =azieum of 36 cycles. The team
noted that the analyses demonstrated that the recovery could take as
long as 200 cycles. The licensee then provided further clarification
that the recovery occurs within 386 cycles provided the generator comes
up Lo speed with no load. A3 this was not the actual cate, the tean
concluded that further review of this fssue may be warranted by the
Ticensee. This would enture that the voltage not dip low enough to
cause the motor torque to be less than 1ts load and resull in spurious
tripping of the Oconee Joads.

During review of the dynamic analysis, It was noted that the frequency
of the Keowee supplied power was below rated for 40 to 50 seconds. The
team concluded that the effects of this decreased frequency on the
perfor=ance of the FCCS loads =may neec to be evaluated. The licensee
provided the teas with 3 copy of the BIW topical 10103A, Revision 3,
dated July, 1977 “LCCS Anadysis of EAN'S 177-FA Lowered-100P NSS,.* that
indicated that the time delay for providing power to [CLS pumps was 25
seconds assuming the single fatlure of a diesel. The licensee provided
updated informition that substantiated 90% WPl flow was required to the
Feactor Coulant System (PCS) within &8 seconds. The BIN analysis took
ro credit for flow before 48 seconds. BAW was also aware that one of
the Yeowee unitls supplied all of Oconee’s emergency loads., The licensee
correlated the BIW requirements with the resulls of the electrical
aralysis to estadblish that there would be adeguate flow. The updated
BAW report may reed to be reviewed 1o confirm this Information, The
licensee also addressed the effects of operation below 57 Hz for
approximately 10 to 16 seconds (57 Hz is the minimus frequency that an
irduction mator can run when at rated voltage). The licensee indicated
that the increased current for this short duration would not cause the
motor to trip or overheat. (See Appendin A, finding 9)

The licensee stated that the conclusions of 0SC-2444 should remain
acceptable, escept for the voltage adequacy evaluation on some lower
valtage busses, which were addressed in part by the above equipment
evaluations and OSC-458).  The teds did not concur with this
cenclusion, The team noted that the dynamic analysis results did not
agree with the UISAR 23 second tLime requiremsent and more accurate
consideration of the control logic would aggravate this concern. A
rare accurate representation of the actual voltage and frequency
responie may be required to assess agreesent with the UFSAR, The
Ticensee provided infarmation indicating that the Yeowse unit will
continue to accelerate while dccepting load due to the action of the
speed control system, They were also Jble to provide test results with
times to support these statements. In the pre 1987 Emergency Start
Test, PI/1/R/0610/01J, shutdown loads were block-loaded onto the Keowee
Unit in the same manrer that would occur In an event, The test data
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showed that the Keowee Unit accepted a dlock load of approaimately 2 MYA
and reached rated speed and voltage within 18 seconds, The data also
demonstrated the actual frequency response was not what would be
provided by the dynasic simulation. Further analysis may be warranted
in this area. The teas concluded that the licensee should define
acceptable voltage and frequency limitations for the Keowee electrical
ausilfaries and the emergency power system. Additional, acceptadle
recovery times from voltage and frequency excursicens should be
identified. (See Appendix A, Finding §)

Keowee Performsance Tests
1 Start and Lload Acceptance lests

The net results of these start and load acceptance tests should
eitadlish the capadility of the unit to start and accept load within
prescribed periods of time. These tests should also desonstrate that the
frequency and voltage can be maintained within acceptadle limits, The
tean concluded that the test results reviewed to date do nrot fully bound
the design. The licensee has agreed to perform supplesental testing,

The DED, K1C-0-0113-0001-003, reguires verification of each Keowee units
ability to supply a block Toad equivalent to the Oconee emergency load
requirements. The JTicensee izplemented this requiresent by paralleling
each unit to the grid and assuming load at the maxisum practical rate.

Perfarmance test procedure PT/0/A/0620/16, Keowee Nydro [mergency Start,
verifies on an annual basis that the Keowee units will start and
accelerate 10 rated speed and volt within a designed time upon
receipt of an emergency start signal. The unit is loaded after reaching
rated voltage and speed. In section 8.3.1.1.1 of the UFSAR It {ndicates
that Keowee starts, accepts load, and accelerates within 23 seconds,
This feature is no longer tested. (See Appendix A, Finding 1)

During each Oconee unit rtluetlng outage (appronimately two units per
year), performance procedure P1/0/A/0610/01J, Emergency Power Switching
Lojic Functional Test, tests the logic which aligns the Oconee loads to
the (e?uee underground feedzr., This test ensures proper breaker
operatien.

A completed test in accordance with procedure PI/0/A/0610/01) which was
performed prior to 1987 was provided. This test demonstrates Keowee's
ability to start and accelerate a 2 MVA load block via the underground
path. Subsequenl to the exit the licensee provided the specific results
of such a test performed on 10/1/86, That test connected the 2 MVA load
at 11 seconds which was fairly close to the expected loading during a
DBE. The test resulted In the starting and acceleration of 2 MVA load
10 rated speed and voltage within |8 seconds. The iresents of
performance pricedure PT/0/A/0610/010 had been relaxed from those in the
pre-1987 procedure. The test is currently performed with a 2 MVA block
load connected to Keowee after it reaches rated speed and voltage,
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The most rigorous test appears 1o be the October 19, 1992 event. Ihe
licensee provided information concerning the loading of Keowee during
this event. This event desonstrated the ability of Keowee to accept a

4 MYA block load, sudbsequently accepted a block load of 1.8 MYA with the
& MVA rurning, and an aaditional 1 MYA block load with § MVA running.
Cozparison of the loading of this event with the design demonstrated
that the unit can start and accelerate with 71% of the maximus LOCA/LOOP
inttial block load and 42% of the macimum LOOP Initial block load.
However, no times were availabdle.

The licensee also provided a summary of tesling performed at the
Jocassee Pump Storage Station. The units at that pusp storage station
located rear Oconee were very similar to the Keowee units. On a regular
basty, one of the Jocassee units was utilized to start another Jocassee
witl as a motor. The licensee concluded that a 140 MYA generator was
starting a 140 MVA motor. further guestioning identified that the unit
teing started as 4 motor was being accomplished with the gate closed.
The actual Toad corresponds to that of the irertias of both the motor
and water wheel rotors and wis eapectea to be approximately 2% of the
machine rating. Ints was 2 reference value of power required to
votorize a hydro unit., [n reiponie to further guesticaing by the team,
the licensee also advised that it took 2-3 minutes to start and
accelerate that load. This test did not appear to be a3 rigorous as
other tests or eventy,

The tean concluded that the existing tests collectively do not bound the
design requirements. The licensee stated that additional testing would
be performed in 193] to demonstrate that Keowee can be loaded through
the overhead as required by the design. (See Appendin A, Finding 1)

3.4.2.2 Rated Load Tests

The tean reviewed these tests to ensure thal they adequately
demonstrate the capability and availability of the units to carry the
continuous loads reguired by the D8E.

The units are routinely paralleled with the grid at loads much greater
than those required by the DEE. These operattions are performed on a
frequent (often daltly) basis. During the EDSFl, the team observed that
the unit aligned to the overhead path was generally run at 60 M on a
datly basts,

The longest continuous time period of Keowee operation was thought to be
three days. The team noted that the Keowee DBO stated that the Keowee
unit may be required to run continuously for longer than three days,

3.4.2.3 Lload Rejecticn Tests
These tests were reviewed to assess the adility of the Keowee units to

reject & i1l load without electrical or mechanical damage to the unit
or the conmected Yoads. There tesls were completed in 1971 and included
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scenariots in which one or both units were initially rating to the
grid. The maxious overspeed recorded was 195 rpm. flectrica
parameters were not recorded. .

4 Neowee Support and (ontrol System Testing [ssues

Several concerns were noted regarding testing of other safely related
components necestary for the operation of the Keowee units, By virtue
of the fact that the Keowre units are frequently operated to supply
power to Lthe transmission grid, significant portions of the Keowee units
are functionally tested at freguent tntervals, The team focused on
thote systems nol required to perform their function during operation
for power generation, but necessary for emergency operations.
Inspection was centered on thote specific components which could either
prevenl an emergency start or could result in the loss of unit under
roergency start conditions. The team noted that the 15 did not contain
teiting requiresents for Keowee mechanical support systems.

Weainesses were identified involving the testing of several lubricating
ofl systems etsential to the operation of the hydro units.  Although
some testing of the DC powered turbine quide bearing all pusps were
being conducted, it was not corplete to ensure those pusps would
function properly to support Keowee cperaticn when required., The pusps
would be reguired to operate in case of a2 loss of the Keowee auxiliaries
(AC power) or loss of the AC powered oil pump.,  Several safety related
level switches in the oi! systems which could affect the operability of
the Keowee unils under emergency start conditions had ot been
calivrated nor functionally tested. Discussions with involved personnel
tndicated that at least one of these testing inadequacies had Deen
previously recognized and 2 testing grocedure was under development,
Ouring a review of all PIPs and PIRs involving the Xeowee facility, the
team noted that this problem was not addressed in the systea. The tean
was informed that the procedure for testing of the switches was under
development

Diring reviews of circultry and devices involved in the emergency
lochout feature [actuation of the 6L relay resulls in tripping and
Tockout of the unit under emergency start conditions), the teas
identified another discrepancy. A pressure switch in the carbon dioxide
fire protection systes (63F1) which should actuate the B6L relay If o
fire occurs in the generator, had not been calibrated nor functionally
tested. The circuitry from the swilch to the BEL relay had not been
tested. It was noted that during testing in accordance with Procedure
MP/0/A/2000/59 several annunciators would be activated by this same
pressure switch but those alarms were not checked during the test,
Spurtous activation or inoperability of this circuitry could adversely
effect the performance of the Xeowee generaling units under emergency
start conditions. This Issue was discussed with licensee managesent on
February !' 1593, At the close of the inspection, the licenser was
;nvcsttqgt » methods for testing the switch. (See Appendix A,

inding €)
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It was noted that performance monitoring testing was not routinely
performed on the safety related mechanical cosponents (coolers and
pumps) atl Keowee, Design study ONS-0275, completed on Decesber 31,
1990, Tisted all pumps and valves at Neowee which should be tested.
Actions were still in progress to dev'lop the necessary prograsm, (See
Appendis A, Finding 6)

During the inspection, the tean identified several valves whicth were
required to change position for Keowee to provide emergency power, which
were not included on the Keowee active valve list gIC»OOOS). These
valves were; | and 2 0G-7 (the governor oil tank floal valves) and the
four chech valves on the ALB air accumalators, Since that Tist was used
to delernine testing requirements, i1 should be complete.

During review of the testing associated with ACBs ), 2, 3, and &,
procedural weaknesses were noted, MP/0/A/72001/2: Inspection and
Maintenance of Keowee AUBs and assoclated Disconnects and Bus, did not
provide sufficiently detailed instructions for testing of several
teportant components. The check valve on the air accusulatar in each
bredber are relied upon to seal if & problem occurs anywhere in the ACB
alr system which was common to all four ACBs. Step 11.1.12 of the
procedure stater “Intpect the check valve® and “repair or replace (f it
Is sticking.” The tean’s review of the associated vendor manual
{#M-303-26) did not identify any guidance for testing of these valves.
Ihrough discussions with I8E personnel who perform the ACB work, the
tean concluded that the actual testing perforsed was adequate to
identify a malfunctioning check valve. Despite the lack of specific
guidance provided in the procedure, the workers were knowledgeable of
how 1o inspect the check valves after the test. The procedure also did
rnet contain adequate guidance reqarding testing of two air pressure
swilches which actuate an alars on decreasing air pressure. The team
confirmed that the switches were tested in accordance with the guidance
provided in the vendor sanual,

Feowee Modification Review

The design irput caleulations for several modifications were reviewed,
The tean concluded that the licensee did not establish adequate design
input prior to proceeding with the sodification and esisting DBD did not
tdentify specific detign data,

0SC-4757, Rev 1, [lectrical Design Input and £Q Verification for Urgent
Modification On-52917, Replacement of "1 relays on Keowee Westinghouse
“DB® Breakers (1/12/9)) was reviewed, This calculation was found to be
incomplete. The review indicated that the modification was incorrect in
that if isplemented as proposed, 1t would have defeated both the manual
and remote cperstion of the breaker. The error was identified and
corrected during ieplesentation. The team concluded that the error was
the resull of not fully considering the performance of the equipment as
required by the calculation. [Ihe licensee only considered performance
with the anti-pump feature of the breaker and did not consider the
performance during manual and remote closure operation of the breaker,
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0SC-8077 13 the design input calculaticn supperting NSM-$2855/00. This
modification resolved a potential overload condition as a result of not
tripping reactor coolant pumps which would be operating prior to
automatically connecting Keowee to Oconee via the overhead path
following a LOCA/LOOP. The team concluded that the problem was the
result of the existing DBD lacking apprepriate reference bounds for

*1tage and was notl adequately supperted by analysis [i.e. overhead path
analyses were planned). 05C-4077 required that ACB-1, ACB-2, and PCB.9
trip on switchyard isolation and added a four second tise delay before
reclosure of ACBs 1,2 and PCB-9. The 10 CFR $0.59 evaluation for this
modification was completed In 0SC-4080, dated 8/10/90. The modification
appropriately considered the tining Interfaces with the RCPs. Lload
rejeclion tests and an understanding of the volts/hertz feature of the
voltage regulator show that changing this timing significantly increases
the sagnitude of the iInitial voltage and frequency at the time of
breaker closure. Analyses or tests to demonstrate that the previous
control scheme would work without degradation of the auxiliaries or
Causing spurious trips had not been developed. Allowadle magnitudes and
durations of voltages and frequency were not identified in the DBD. The
tean concluded that this information should have been developed prior to
ieplerenting the modification,

Feview of Corrective Aclions at Keowee
Loys of Switchyard fvent (October 1992)

As a result of detatled reviews of the Keowee systems involved in the
October 19352 event, the teasm concluded that 1In some areas, the
Ticensee's corrective actions had not been cosmensurate with the
significance of the event.

Althoush the developeent of an abnormal procedure for an emergency start
tondition addressed some concerns regarding the actioss of Keowee
operators, the team noted a wealness in the procedure. A significant
issue fdentified as a result of the Oclober event was that the Kecwee
operators relied escestively on the "on-cal]” Keowee technician. Review
of the procedure and discussions with Keowee operators indicated that
the operator would not restore the Keowee AC auxiliaries (even if lost
due to & simple problem) without obtalnln? pernission from the Keowee
lf(h?!c‘ln. The procedure was subsequently revised to correct the
probles,

The cperation of the Keowee hydro units' governer system withoutl AC
power or adeguatle control oil pressure/level was reviewed by the tean in
detall, This issue g!aytd 4 significant role in the October event and
should have been fully anmalyzed by the licensee. Questioning by the
tean led to a better understanding of the failure mode of the Keowee
turbine wickel gates under the postulated conditions, It was concluded
that the gates would eventually fatl (on a loss of oil Tevel and
continued operation of the unit) to a “neutral® or intermediate
position, This position would be where the forces of the water flow (at
direcied by the flow vanes) are balanced out, The licensee's
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discussions with the vendor Indicated that this position would be just
below the "speed-no-load” gate position. Keowee testing data indicates
that this pesition would mnot support the required Oconee electrical
Toads. More importantly, since the adility of the gavermor to control
the wickel gate position would be defeated (very soon after the oil
Tevel in the Coverncr 011 Pressure Tank (GOPT) went too low) the gates
would initially resain in a2 fixed positicn despite any loading ¢ 41
placed on the unit. The fregquency and voltage levels of the electrical
power being supplied to all of the Cconee emergency loads would not be

‘controlled. The degraded Yecwee unit may not automatically trip and

permit the other avatladle unit to provide power, Inforsmation iIndicates

that +f all air pressure were suddenly lost on the goverror system, the

gates would very rapidly (within seconds) fail to the “"balanced®

position. The tesn comcluded that additional review by the licensee |8
2 bated on the final understanding of the failure mechaniynm,

Qurir, "he Octodber event, the o1l level in Dath of the goverror tanks
wis observed by the Keowee technician to De about 4 inches on the sight
glass.  This level approcimately corresponds to the Tevel at which the
float valve instde the tank would 3Ryt and the governar then becoses
incperable, The teas concluded that the fallure of the licenses to
fully review t1his potenttal fatlure mechanism and understind the results
of such 4 failure wis 2 significant wealness.

During the 1nspection, the team nated the adserce of an overall
sanagesent plan addressing the tecorporation of the Keowee hydro staff
into the Oconee cperations erganization. Although numerous activities
weve i progress which addresied the change of organization and some
cbjectives had apparently been infoermally estadlished, na overall
controlling plan or propoted tiseline had been estadlished, The tean
noted that extensive corrective actiony were in progress in some areas.
Stgnificant effort was being dedicated to the estadlishaent of Job Tash
Aralysis (JTAs) on Neower activities. Discustions with managesent
indicated thatl the Ocoree outage manager had recently been tashed with
develeping such an overall plan. The tean concluded that the lack of an
overall management plan limited the effectiveness of the resolutien of
tdentified discrepancies.

Peview of Necwee PIPs and PIRs:

The tran reviewsd all PIPs ang PIRs (since 1589) which involved the
Seowre hydro station, Several prodlems were identified involving PIPs
shich did not Decome escalated to PRy,

0f the 32 total PIPs classified as Less Significant [vent which
were reviewed, only Four had been closed. Many of the PIPy
ppeared 1o remain open unnecessarily long since corrective
actions had deen completed.
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0 Many of ihe open PIPs were open well beyend their “due” dates.
Nuserous reports did not have due dates assigned. The teas noted
that in some cases, the corrective actions required were very
brngt:u nature and did not consider those open PIPs to be
wea ses.

o PIPs were not found for several items which had been previously
identified by the licensee and appeared to meel regquiresents for
generation of 3 PIP (or a PIR). (Exasples include:

. inadequate testing of the oil system level switches and
pu=ps,

lack of a controlling Kecwee seipoint document,

and revision of the abnorma) procedure for Keowee emerjency
su;:‘ :o correct excessive reliance on the on-call Keowee
technician,

The review of the Keowee PIRs led to the follewing major conclusions:

. The majority of the DBD and SITA identifled issues were the
result of the licensee reviewing the electrical systems in a
tritical minner and often involved the recognition of single
fatlure vulnerabilities.

In 1992, there were a total of nine PIRs invalving component
fatlures. Even without the rash of the *X-relay® issues,
that was a significant increase over the -2 cosponent
fatlure PIRs reported in each year prior to 1992. Somse of
the equipment fatlures at Veowee are related to aging of the
tystem/component .

The PIRs indicate that repetitive probless had occurred
involving the ACBs, the AC auxiliaries, and the voltage
requlators.

. The 1992 PIRs had not only increased in nusber but also seem
to invalve more significant problemss than thote addressed in
previogs years. It was roted that a smaller fraction of the
1592 PIRs were initiated as a result of for=s) review
programs than in previcus years.

3.6.3 Operational [xperfence Peview

The tean reviewed applicable NRC i+ ~mation Motices and Bulletins to
asvess if thers had been reviewed by the licensee for applicability to
Yeowee, Ihe SITA had identified (May, 1992) that Bulletin 79.02 “Pipe
Support Bate Plates Designs using rete [spansion Anchor Bolts,” had
not been reviewed. The licensee resolved the situation through the
condition adverse to quality system with no anchor bolt problems
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identified. The licensee attributed the exclusion of Keowee from
Bulletin review to a lack of clear defintlion of safety classifications
for Keowee mechanical support syslems,

in December, 1932, the licensee initiated a comprehensive review of
operating experience documents (Bulletins, Information Notices, Generic
Letters, etc.) for applicability to Keowee. The review is targeted for
co-plctign by Jure 30, 1993. This was addressed as an exasple of
finding 3.

Relfability and Availibility of Keowee and Lee

The team reviewed the availability data for the esergency AC power
system for the years 1989 10 1992. The licensee tracks total LCO time
for the Keowee units. In 1992, the Keowee units were unavallable for a
total of 382.37 bours which corresponds to an unavailability of 4.4%,
The station goal for 1992 was 150 hours or 1.7%. In 1991 the keowee
units were unavailadble for a total of 179.89 hours or 2.1%. [n 1990 the
Yecwre units were unavailable for a total of 135.2) hours or 1.5%. In
1989 the Keowee units were unavatlable 266.4) hours or 3%,

The licensee does not currently officially trend/track start fatlures on
the Keowee units. The licentee is establishing a Keowee hydro emergency
power source relfability program and a draft procedure has been

developed, The draft prograwm incorporates avatlability and reliability

lrendln? and establishes trigger values for start failures on a Keowee
unit. The progras will require that increased testing be performed if
certain trigger values are exceeded,

The Leam reviewed licensee memorandums to file concerning Keowee hydro
station cperating data for the years 1980 through 1988. The data was
obtained by review of the Keowee operator logs by licensee personnel,
The data indicated that in the eight year period reviewed, a Keowee unit
fatled to start 22 times and 1¢ of the fallures were considered valid
fatlures. A valid fallure indicating that the unit would not have
started when an emergency start signal was generated. The data
indicated that the Keowee units erperienced 5 failures while operating
to the system grid and 2 of these fatlures were considered valid
fatlures, A valid operating fallure indicated that the unit would have
failed to continue operating if an emergency start signal was present,
The dats indicated that the Keowee hydro station esperienced 16 valid
fatlures of the Keowee unit during the 9 year period reviewed or
approximately 1,78 fatlures per year.

Review of LIRs by the team determined that Xeowee Unit nusber 2 overhead
emergenty power path was inoperable for an undeterainate period of time
prior to Seplesber 29, 1992 due to an undetected failure of an
undervoltage relay. The failed relay was found during a post-
modification test for a modification unrelated to the undervoltage
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relay. The relay in question had never been functionally tested and may
have been falled for an extended period of tiee prior to discovery
during the post-modification test performed cn Septesber 29, 1992.

The tean noted that an integrated test has never been performed on the
Keowee overhead emergency power path and that on October 19, 1992 when
the overhead power path was called upon to function during a loss of
offfsite power event the actuation resulted in a failure of the overhead
path and a loss of Keowee auxiliaries on the Kecwee unit supplying the
underground path.

The data used in the PRA analysis for computing overall Keowee
reliability is primarily composed of events and tests which involve
Keowee starts and subsequent loading to the grid. This data, while
uieful in determining the hydro units ability to start and generate
electricity, does not necessarily reflect the units ability to provide
power to the Oconce emergency busies.

The teanm reviewed availability data for the three Lee gas turbines
located at the lee Steaa Station which {3 approximately 30 miles from
the Oconee site. The gas turbines are not safety related. However, a
Lee gas turbine can be aligned to the Oconee standdy busses through a
dedicated tranimission line to meet certain 1S action statesent
requiresents, The teas reviewed availability data for the years 1930,
1991, and 1992. The tean determined that at least one Lee gas turbine
wis avallable to energize the Oconee standby busses during this three
year perfod excepl for a 16 hour and 59 minute period on March 20, 1990,
All }hroo Lee gay turbines were unavailable due to a transmission line
problem,

goot Causes of Deficiencies Identified in the [lectrical Distribution
yiten

The team reviewed [icensee Event Reports (LERs) from 1988 through 1992,
The LTRs were reviewed in three functional areas, Oconee Switchyard,
Oconee 1, 2, § 3, and Keowee.

The teaw reviewed facility generated LERs concerning the Oconee
Switchyard since 1928 and hiave Identified that twelve LERs have been
subaitted to the NEC, Of these twelve LERs, three of these were
generated due to the Design Basis Docusent ’080) process, one was
generated due to the Loss of Offsite Power in October of 1992, and the
resaining eight LIRS were due to ather various reasons, Of these twelve
LERs, seven were due to design deficiencies, two were due Lo
testing/maintenance preblees, and three were due to operational
inadequacies (1.e. procedural problems).

The team reviewed facility generated LERs concerning the Oconee Nuclear
Station since 1988 and have identified that seven LERS have been
submitted to the NRC, Of these seven LIRS two of them were due 1o Lhe
DED process, one was duz to an engineering review, and the remaining
four LERs were due to other reavons,
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The team reviewed facility generated LERs concerning the Keowee Hydro
Station since 1389 and have identified that twelve LERs have been
submitted to the NRC, Of these twelve LERs two of them were due to the
DBD process, two were due to the SITA process, two were due to the
Operating Experience Progras process, and the resaining six were due to
other various reasons, Of these twelve LERs, eight were due to design
deficiencies, one was due to testing problems, one was due to
operational inadequacies and two were due to component fallures.

Conclusion:

In 1992, there were five LERs assoclated with the Keowee Hydro Units
concerning design deficiencies. The majority of these isjues were
identified as a result of the critical review of the Keowee Mydro Units
by the licensee, Most of the deficiencies identified were original
design deficiencies.

In general, based on the tean's review, it wias determined that the LERs
generated by the licensee were cue to the following:

c Most deficiencies identified were original design deficiencies
identified during a programmatic review conducted by the licensee.
[xamples of these are: Potential closure of [-Breakers on
degraded grid voltage, incorrect relay setpoints causing lockout
of the yellow bus, and single failure of protective relay inops.
both the underground and overhead paths,

c The overall original design was not fully understood by
engineering or cperations. (Exasples of this are: Breaker
Ferroresonance affecting C12, EPSL Logic inoperable duc to fuse
resoval during brealer maintenance, lee line inoperadility when
4dding Motor Driven [mergency Feedwater (MOEFW) gglpt. and
overloading of the Keowee Hydro units due to an RCP nol tripping.

2

The EDS 13 complicated and unigue. Physical separation 13 present
but not electrical independence. An exasple of this 13 that all
safety busses for all three units are tied together when fed by
the standdy busses through CT-4,

© Testing of all safety related components has not been accosplished
on 3 periodic basis. The following are examples of components not
being tested: MG-6 relays, Keowee (0,, Necwee governor otl level
Switch, Yellow bus isolate function,

o Keowee Hydro organization wis functionally independent of Oconee
Nuclear Station, (Overall design of the electrical system was not
fully understood.)




