SAFETY ARALYSES
Oscmee, Units #1, 2, and )
Isstressntation, Ceatrel, and Pewer

Jasatramantacion and Contrels

«) Daacxiatiss

The reactsr pretectien systam sutsmstically trips the resiter te pretset

the reactor e undar the fellewing sonditiena!

2) Tha resctor pewer, &5 mssasured by meutrem flux, vesches an established
sexismem limit or the liwit set by resctor ceclsat flew.

») The startup rats resches aa established maximaw limit,

e) Cartainm mismmteh conditioms exist betwesm rescter coelant flow and
the mmber of pump moteor breskers im service.

4) The rescter outlet tsmpersturs reaches am established mmximee limit,

¢) The rescter pressure resches am established minimme limit,

The rescter protsction cystem sutsmstically trips the reacter to pretact
the resctor soelant systam under the fellowing cemditiom:
a) Tha rearter pressure resches as  estadlished maximes limic.

The enginsere! safety fsatures pretectisa systew autemstioally perferms
the following fumctions te mitigata tha effects of a2 serious accident:

a) Iaitiates speratien of the cure emergeney imjectiem system wpen
dataction of low resctor coelemt pressure.
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») Iaitiates operstiom of the reacter building cos!l ing systems upea
datection of an chaermally high resctsr building preasure.
¢) Imitiates contaimment iselstiem upem detsctiom of am sbmormally high

reactor bulldiag pressure,

Am—ucmummmmmumufwr-z
of the PSAR,

The muclesr instrumsatatien has eight chermels of seutrom iaformstiom
divided inte three runges of semsitivity! scurce range, {ntermed iate
range, and power rangs. The three ranges tombine to give a cemtinucus
stasrement of resctor pewer frem source level to approxisately 125% of
full power, or tem decades of iaformtiom. A winimum of one decade of

overlapping infermaticm is provided.

The physical location of tha meutrom detscters is shows in figure 7-10
(PSAR), The power ramge detactors are located ia four primary pesitions,
90 degrees spart arsund the resctor core. The three chambers asseclatad
vtnud’.:ma—ulaulmtummupo!mm.u
ehdﬁh..-l—ut.hmdthm. The twe soures range
propertiomsl Jowmtars Jire located om oppesite sides of the cere ad jacent

te twe of the power range detasctors. The twe !ntermedists rempe compensated
u-m:namu.u‘-m.iuudno!ehnu.m;amm

90 dagrees frem the seuree ramge datscters.
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The soures rangse chanmels stilise propertivmal ceunters and gemerate

leg count vate snd startup rats (decudes/wimute) sigmels. There is me
trip cspability., lewever, the startup rete signals iaitiste cemtrel-
red-withdrssal-hold in respomse to high startwp rate sigmels (1/2 legic).

The iatarmediats vangs instrusemtatien has twe chawesls erigimating ia
twe compensated iou chambers, Leg N sad startup rats infermmtiom is
derived, Tha startup rate sigmls imitists coatrelerodewithdrawal-held
snd veactor :rip, as spprepriate (1/2 legie).

The pover rangt lastrumentation consists eof four limsar level chammels
eriginating in twelve uncompensated iom chambers, The gain of each

chamnel is adjustable, providing 2 meane for cmlibrating the cutpet sgainst
a resctor hest bdalsnce. These chammels cembine pewer, flew, and pump
bresker information and effeet reseter trip (2/4 lcic) umder certain
conditions,

There are twe "{low tubes”™, one in sach primary leep, as sheowm in figure
Tell of the PR, TViow information is weasured as a fumctiom of pressure
drop by four independent sonsors at ssch tubc., The sutputs of the eight
sensers axe combined a3 jairs suck thet fewr independent gfotal flew sigmals
are derived. fach totaleflow sigml iz fad to owe of the feur pewer range
chemmels, thus ereating four Independent pewer/flow chammels. Ia additiem,
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each pump wetey bresker has four contacts which are respectively connseted

ts the four power/flew chemmels, Thus, sach power/f{low chaone]l recetves
fdention]l informtienm.

T™he pover/flew chawnels will initists rescter trip if:

a) rescter pewer exceeds 1073 F.7. wnder amy comiitions, or

5) the pewer/flow atie excseds 1.07 umder any comditioms, or

) one pump 15 lost as = result of a tripped pusp motor breaker when
eperating abeve a predetermined neutrem power level (X2 F.r.), or

*4) o-’-uluthrmmrhmnindinmh.&.
& shesred rotor) when cperating ebewe II F.2,, er

%) mwmlutuan&ltdtﬂ"ﬂnmm.dth
ntto«mnmnmnmmn-wlnum
remining pumps is grester them 1.07.

Am sutomatic serve actiem, calling for » reduction inm power to achieve 2

proper power/flow ratie, will cccur whem power is Selow X1 F.P., and

a) ome pump is lost due to tri, s mg of ity bregker, or

») wore them ome pump i3 lost & to bresker tripping and the ratie of
mmmmlmummnnmmmu
flew corraspomding to the remining pemps is lese thea 1.07.
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The sbove provisions allew the dowmserd adjustment of resctor power ts
s level commsmsurats with the remaiming pusps as & wsans of "keeping
shaad” of the flow coastdown unless it is & foregons cemclusion (28
"judged® by the various cemparater eircuits) that tha ispending lesse~of-

flow transient is sufficlently severe te warramt Immediate trip.

Resctor outlet temperature is womitored Dy eight resistamce elements,
four slements in ssch leep. Feur of these, twe in cach loop, ars come
nected to the rescter pretectiem system (2/4 logic). The remmining four

feed iute the rescter cemtral systes,

Four force-dalance tramsmitter devices measure reactor ceolamt systes
pressure. Thevs are two transmitters at each leop. ™air outputs are
cowmacted te the protectiom system and cffect reactor tzip wpea ceincidence
of twe Righ or twe low pressure signels (2/4 legie).

As shown in figure 723, all tripepreducing chanmels (with the exceptlem
of Startwp Aate) have four semsers whose sutputs respectively imtarrupt
eurrent to four independent bistable units, Cach Distadle unii, ia tumm,
interrupts ome of rowr relays. The relsy eontacts are cembined se as te
de-emargize the umdervoitags oeils of feur sireuit breabers which comtrel
the a.s. pewer ingut te the centzel ved drive system pewer supplias, A.C.
imput pawer i3 fed frem twe sisgle phase seurves, beth of vhich must be
{atervupted te preduce a reacter trip. The eireuit breaker legic itself
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15 “ons out of twoetwica® (1/2 X 2), and respends te the Imstrums i
channels om & 2/4 legie basis (1/2 for the startup rats).

The d.c. outputs of the twe red drive power supplles, which are respectively
contrelled by the twe a.c. lises deseribod in the preceding paragrsph, are

commested in perallel through diedes to & sommen bus (Bef, fig. 3-39, FSAR),
T™his bur supplics pewer te sll sivty-ains ved clutches. Thus, reacter trip
is scesmplisted by de-emergizing the bus.

Nemmal trip is secemplished by directly de-emargizing the umderveltage
eeils at the eireuit breakars.

Twe protection systaw chammals alse have a comtrel fumction. The cutput
of ome of the feour sucleay flux level chanmels is seat te the resetsy
serve system, Alse, eme of the four pressur: semsors is wsed te cemtrol

pressurisey presaur.

Instrument chammels which initists esgimsered safety festure actiom are
distinet frem Chese used ia the pretectiom system and have ne cemtrel
funetion,

Thres prossure Jeosing chemmels (2/3 legie) start epevatiem of the high
preceure sselast injectien cystem upem datectism of lew resctor coclsat

systam pressuie, and start eperstisn of the lew pressure iajectiem systam
wpen dstestion of very lew rawetsr ®deleat system preasure.
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Three other pressure semser chemmals (1/3 legie) iaitiste resster
building emerpency coeling snd centainmsnt iselstion wpem receipt of

high pressure sigaals.

Twe sdéitionnl sets of throe pressure semsers (2/3 1Cgie within ssch set)

respectively initiate cpevatien of sxs recetey building spray pusp and
asseciated valves,

As cam be seen in figure 7-2¢c (PSAR), the fimal legic cireuits feading
each safeguard are duplicated and redundest.

The incers imstrumsatation consists of 51 ascemblies of self-pevared

meutron detsctavs, tempera®ure detectors, and suppert tubes lecated ac
pracelectad pesitiows within the core. This systew provides mewtrom

flux and tsmperiture detecters te semiter cere performsmes. There is
a8 protactien sctiom or camtrel fumetiem.

Lach issore detector assembly comsists of feur loecal flux detectors, ome
beckground detector, twe (ialet awd outlet) tasperature detseters, and

a calibration tube. The flux detectors are pesitiomed at feur differemt
axisl elsvetions ts pruvide the axial flux gradiemt. The beckground
detectors, which are imsemsitive ts meutresm flux, provide a means of
spplying suiiscie serrections te the cutputs of the setive chambers should
the sigmal te (beckgrewmd) aeise ratie becoms tao lew.
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Readout 1s performed by & data reductiom system. This system seumds
slarms if local flux comditioms exceed predetermined values.

Reactivity cemtrol is maintuined by wovable control rods and seluble
peisen (boric acid) disselved im the resetor coeiant.

There are sizty-aine contrel reds, sach of which is drivea by a single
mm-mmmmamumnohm
magsatic clutch, MNentyefive rods are wsed for sutematie ceatrol purposes,
the remaining forty-four being assigned as safety rods. Iadividusl red
pesition resdout davices are provided. There are twe redemdent position
tramsaitters at each rod. "Ia" and “Out” limic (nforsatiom is alse
available,

For operatiomal purpeses, the com*rol rods are divided izte four groups,
bmﬂumo!t&nwnhvihatcﬂmthmt
th:..uthmcu."-ﬂnmmudmmudthﬂne
teenty-{ive paroeat travel of the mext grewp, overlapping motion of the

two groups is perwmitted.

The salety ruds cam bde divided inte as many sa sijht groups. Ihese are
withdrswa initiaily, ome group at a tire, and are comtrolled by mamual

m=ans ouly.
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All reds ave trivem at comstant speed by means of a pulsing eirecuit

which ataps the symchromeus meters with a.c. pulses of comstant {requency
and duratien.

The sutomatic contral (serve) system pesitions the contrel reds im
respouse te mgavatt desmnd, coelsant systam sverage tsaperature demand,
and msasured meutroa flex signals. Am erver signel i3 gemerated vhich
is the devistiom batwesn the total demmcd sigael and the mssasured ssutrea
flux, Ome of the four pewer range chemmels will provide the neutrem flux
sigmil.

The sutomatic contrel system will alse, wunder certain comditicms, redues

powar uwpon leas of eus or more pusps. This ssction bas besm discussed
previously.

As fuel Surmmp progresses, dilutiow of the seluble peisen is memually
initiated and sutssatically tsrmimated as follews:
Vaan the partially withdrawa sctive contrel red greup resches
the fully vithdrswa point, iatarieck circuitry permits setting
wp of & flow path frem the diminevalized watar tamk, ia lieuw
of the merml flew path of berated muksup, te the rescter ceel-
sat systan. "hem the cemtrel growp has been inscrted te the
seventy-{ive peresat vithdrsws pesitien, the dilutiem flew is
setemtisslly bleched. The dilutiem cyele is alse termimated

orces | whem 8 flew iutegrater (Bet & timax, 4e stated im the PSAR)
mhtam’-—-ntd**h.w
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) Amlrsis

Tha applicent has statsd that the lastrumentatiom will be designed, built

and tasted im aconrdance with the prepesed IFIX Standard for “clear

Fower Flaat Pret-stisn Systaws (Rev, 8), Im additiom, the applicsmt will

design in sccerdance with the follewing specific eritaris outlimed ia

Section 7 of the PSAR:

a) Yo single compoment failure shall prevemt the pretsction systems ‘rem
fulfilling their pretsctive fumctions wham required.,

b) No single cospemsnt failure shall imitists wmmeceszary preteetive
systam sctiem, provided implemsntaziom does mot cemflict with the
above critarien.

e) All pretsction system functioms shall be imp!emented by means of
redundaat semsors, imstrusest strings, legie devices and scties
devices which combine te forw the pretecticon chenmels.

d) Redundant pretsction system chawmels and their assecisted 2lements
shall be electrically independent and packaged te provide physical
separstiou.

@) A less of a.c. power to the reactor pretectiem systew shall cause the
affected chemmel(s) te trip.

£ hmudakummn“wuam
chammels in such & way that the less of eme of the d.2. power usses
dous net imhibit the systems' iatended safeguards fumetioms. Loss

e avts—te-the engimeered sefeguards systan sheii-sowse -the offacted
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g) Mamual trip shall be independent of the swtematic trip imstrumentation.
k) Precperatiomn] sad em-line testing capability shall be provided.

The basie design of the protectiom system is shewm in figure 7-2 of the
PSAR, The fimal veacter trip circuit is chewn in figae 39,

All reactsr trip isstremsmtatiom (with the exception of the "startup rate”
chamnels) are ceincident and redumdsnt. Four independent chaonels wmouiter
sach "trip” parsmeter, and one (and ocaly cue) cutput of sach chemmel
coulrols four independent circuits which, respectively, comtrel feur
independent relays (23 1,2.3, and 4). The ocutput of these relays ars
combined (2/4 legic) te sperats four circuit breakers which de-emergize
the twe 4.0, input circuils feeding the rod drive (d.s.) power supplies.
The cirewit breaker logis 15 1/2 X 21 l.e., & trip results if (at least)
ome of the twe eireuit breakers im ome a.¢. line and (at least) eze im
the other line are epemed. IZach a.c. line furnishes power to eme of the
clutches threugh dicdes which pexrmit testing of the fimal trip eicsuits

dusing veactor eperation,

Only gng of the four suclear power rangs chammels will provide am imput
te the rescter eemtrol system. This is a departure from the erigimsl
desizn vhich commected all feur pewer range chammels teo the serve. The
dasign new conforws te Sectiom 4.7 of the IEER Scamdard,
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Our smalysis of the pewer/flow isstrumsatatios indicstss that the desigs
conforms C) the eurrent critsria., There are eight independent {lowmeters,
four in ecach primsry loep as shewn in [iguwre 7-1l. The flcwmeter outpuls
are commected as four independent pairs (the flowemcers im each pair
monitering & different ieep) such that they beceme four imdependest (tetal)
flow chasmels, A flow chammel is combined with oaly ome of the power
range channels., Indepencence 1s further preserved Ly Beding sach of the
four power/flew signals to only ene of the four legic Circmita.

These trip ciresits which fusction as 3 result of abmorma. pump bdresker
operatica are designed to be immme te single slectrical failuves. Egch
broaker hms four independent coutacts which are respectively commscted
te one of the four power ranmge chammels, Thus, & failed cemtast will
affect only one chasael. However, a wschanical fallure within a dresker
(8.8, & Droaker which failed to spen even theugh power te ‘ts cwmp had
been interrupted) would net be ecamdelled by systes redumdamcy, Our
analysis shows thet this failure, or suy similar failure invelviag sump
breaker trip circuits, does wot comstitute a hazard inesswch as the
g¢ireuits provide enly “anticipatery” trip fumcticons aud are always backsd
wp by the “pewer/flow > 1.07" ciremits which weuld be effsctive under any
conditions of pump meter loss.

!
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The startup rate chamn:ls are effective saly whem reacter power is less
tham 103 of full power. Abowe 107 7.7. am eperaticnmal bypass, actusted
by the power ramge chammels threugh 2/4 legie circuits, removes the
startup rate trip fusetion. Our amalysis indicates that the twe startup
rats chanmels sre independsat, that me single failure, including a failure
within the dypess resoval circuits, cam prevest their fumetiomning.

There is ene vet of four pressure semsers and one set of four tesperature
sensors which trip the reactor em high end low primary system presiure,

and high seolant sutlet temperaturs. The legic is 2/4, and the instrument
chapmels sre Independently commected to the four legic chammels im the

ssme muner as the power renge chenmels., Owe pressure chemmel also provides
s signal to the pressurizer pressure comtroller. The ether three chammels
will provide trip actiom on a redundamt basis should & commen Zailuve
{nitiste a pressure transient sed disable the ome channel, This desigm
conforms to the provisioms of Sectiom 4.7 of the proprosed ITIZ Ttandard
(Rew, 3).

Operational Dypass circuits withiz the low pressure pertions of the

protection system will conform te paragraphk 4.12 of the 122K stamdard.

T™e four logic channels heve been anslyzed snd found te be "fail safe” im
the event of veltsge loss, immume te single failures, and tastable for
sredible fanlts.
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The fail safety is inberent since the chammels are tripped when de-emergised.
A partially or completely failed chammel will disable euly ous "R3™ relay.
Actica of the three remsining chamnels will opem all feur cireuit breakers
st the slutch pewsr supplies. Actiem of caly twe of the remsining chammels
is setuslly required, avd they will epem st least ome ciresit breaker at
esch power supply. Testing for fsults withim a logic chammel is straight-
forward; 8.5., & short within a chessel will de revealed vhem the bypassed
contacts de mot trip their RS yelay whem tasted. Opem cireuits are self-
revealing. Shert circuits betweem chemmels cam Da detacted by tripping
tie "Righ pressure” centacts oms at a time (these are the comtacts loeated
ferthest wpstresmn). For example, a short betwesn chamnels cue and twe
vill prevest 151 frew dropping eut whea "Ni Pressure #1¥ is tripped.

Cuzr smalysis of the fimal trip cirevits (Naf. fig, 3-59) shews that they
ave fail safe, immme to single fallure, and testable. The less of oms
bresker in cech 8.0, line can be telervated. Dieds failure, epen or
shortad, will set prevest trip actiem. A "het" short at the pesitive
d.e. line will bave ue effect sines the d.c. system i3 umgrewmded., The
systsm will be squipped with grewmd-fsult detsctors. lees of a.c. and/er
d.e. will cause, ov tend te caume, resstor trip.

Tasting at power is scesmplisbed by trippiag the circuit bdreakers cme at
a time and ncting the aboemce of d.¢. veltage at the spprepriasts yewer

Form ABC-318 'Rev. -53) U. 5. GOVERNMENT PRINTING OFPICE 18437813



15

The mamual trip switeh centacts are im series with the four cireuit
breaker umderveltage coils. There is ne dependence om imstrumentation.

umﬂuquummmsumua’mmu
are asosptable, smd that the specific desigas which are being prepcsed
conferm teo these criteria.

Four sets of pressure semsing chammels initiata the enginsered safety
feataris, Tach set is coimcident and redumdant (2/3 legie). Cume set
mcmmuauwpmmnmmm. These six
chamnsls operats through amplifiers smd bistable davices and are fail safe
in tarms of voltage less. Tue ether sets of three chammels respectively
actuate the twe rescter building sprsy systems. Iz these chammels pressure
-azummunmxy-mu-m--mzﬁ-xm
for switch operation.

Contacts coatrelled by the sforementicned chemnels are respectively combined
iato pairs of reduadant log‘e chuins which, in turn, control the safety
feature systems. Tais is showm i figure 7-2e, ?SAK, These cheins are
umhhumbyudmuﬁuviu‘mthmd“
wummmm”aquam;m.mq-mh-

its lights,

luhmw.chuum.‘fr-umum
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Sheuld a pewer source de 1 the downstresm cireaits fall "as 1s."
Nowever, we delieve that system Tedundancy allows this coaditien te el

defined as tolersble within ‘he msaning of eriterion 6.

The engimsered safety features instruseat channels de net eortrel the
parsmeters which they ssasure} 1.8., there is separation of contri:]l and

safsty.
deaual actustien capability is provided.

We agres with the applicant's criteria ad Believe that the prepesed

design of the sngineered safety features yystem properly {mp lemenzs trhIse
sad all other applicable eritaria.

™e incore imstrumentatiom systam provides ne astomatic coutrel or pretestiom
functions, The system is lecsted sntirely within comtaimment, thereby

precludiag the need for iselatiom of pemetratioms sssosiated with the system,

The contrel rod drives are baing designad in scoordance with detailed eriteria
statsd on pages 3-83, 303, snd J=67 of the FSAR which caa be swmarizad

as follewsi

a) "Single fallares™ shall be limited te oms drive.

») S single faillure shall csuse the wmcontrelled withdrasel of say rod.

¢) l-—-mauo-mdwuuﬁmu-u-.
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d) The withdrsw speed shall be limitad so a8 met to exceed 25 parcemt
overspeed in the event of speed ceatrel fault.
e) Comtimuoc. position isdicatiocn shall je provieed,

Ve agree with these criteria and have performed a fztlure mode smalysis
to determine the preposed systam’s degree of comformity te these criteriat

In orde; te detarming the worst effset of “siagle failures” which might

not be confined to & single vred drive, we ssked the applicant te perfers
“startup eccident™ analyses covering the estire spectrwm of imitial pewer
levals (Raf, Supplement 2, Questiom 4.9 sad amswer). This sccident assumes
the wncentrelled siwultameeus withdrawel of a1l rods at maximuw desiga

speed, end further assumes that the excursiom is tarminated culy by deppler
feaddack aad trip acticm of the power ramge muclear chemnals, The applicsnt
concludad: “Ne fusl damsge would resuit frem simultaneeus all-rod withdrawsl
from amy initial pewer level.”

From the preceding we have comcluded that s simgle failure which allewed
an extra red group to be withdrawa, being of less severity thea the accident
snalysed, weuld not cause fuel demage.

There will %2 twe "speed lisiting” festures. One is the pulser (er slock)
which will be designed met %o excesd a certain saximmm frequency. The




-l8 «

other is a "speed satursting cirveit” downstream of the pulser vhich has
the inherest preoperty of not respondinmg to a frequemey grester than 125%
of rated Srequency.

There are twe indspendant amelog rodepositica semsors at each rod drive, a
potsntiomstar and sa LVDY. There are two independent liwit switches, In
addition, the LVDT's will alse gemerats limit signals. Thus, the e are
redundant amslog and limit pesitiom indicating systems at asch rod. GSsch
analeg sigmal at a red cam be fed !nto the imdividual red pesitiom iadicater.

Ve wndeostand, at this writing, that a "drive-down, hold-dewn” zechaniss
in the form of an everrumning cluteh will de installed at sach rod drive.
We agree with this decision.

daseq on our amslysis, ve belisve that the applicant’s eritaris cemform
to our owm, that 20 singls failure cam produce anm excursiem which will
breach the protectiom system, and that the proposed rod drive designs caa
be built in accordance with hese criteria.

Aeactivity is also contrelled dy a permissive system which allows memual
dilutiom of the primary system coslamt vhem s particular cemtrel rod 3rowp
reaches the fxlly withdrawa peist. Dilutiem is sutematically terwinsted
mummmuwmmm.pmimwm..
or wvhan the intagrated dilutiom flew has resched & preset maximmm. ‘o wader-
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Ve agree vith the implied eritariea that ne siagle fzilure sheuld

prevest autcmatic termination of dilution, when required.

Iz semmary, wa couclwde Chat the spslicant’s desisn eriteria relating
utwduxﬂlmmm—lzhxmw

preliminary dasigns couferm te these criteris.
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Power

Description:

Zach unit will generate slectric power at 19 kv which will be fed through
an iselated phase bus te o unit step-up transfermer (auxiliary trans-
m-:)muuuum.auzaouvur-xuxmz.Ausoo

kv for unit 3. Twe 230 kv overhead transmission lines will carry power
between units | and 2 and the station switchysrd which will be comnected
to the existing Duke 230 kv transmission line by six circuits: twe north
to Jocssse, twe seutheast te Centrsl and (upen completiom of Unit 2) twe
sast-northeast to Tiger. Frem Unit 3, an overhead trsnsmission line will
carry power between tha statien and the svitchyard which will be connected
to Duke's 500 kv transmission network by twe circuits: one te the Lake
Norman area and the ether te the Lake Wylie area, beth being run in a
zeneral northeasterly directien. An auvtotransformer will tie together
the 230 and 3500 kv systems at tho station switchyard. In addition, a
separate 100 kv line will be run directly frem the gas-turbine generating

station at Laese.

Zach unit will bave its own 40 MVA startup transformer. The 100 kv line
will tarminate {a & transformar at Ocense which will serve all three units,

as e uired.

Normally, each unit will supply its ewm suxilicry loads directly from
the gemerstor via the station suxiliary gransformsr. Since each unit is

beiag designed te secept a 100R load fejection, the primar ssurce of

OPPIER B | occainriinssnsoncssssenes (sinsoancsnssssnsance
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power for the suxiliary loads in the event of system blackout will be

the unit generaters themsealves. In the event of a unit trip, the power

sources will be automstically switched onto the suxiliary busses in the

preferential sequence as follows:

s) the startup transformer bus

b) the other units' asuxiliary electrical system (subsequent to tha com-
pletion of Uuit 2)

¢) the 100 kv transmission line from Lee

d) the Keowee Hydro Statiom 13.3 kv line.

The Feowes Hydre Station will be located approximately one half 1lle from
the station switchyard, and will consist of two 70 MWe generating units.
Zach unit is essentially independent of the other and is provided with

{ts own startup equipmant located within separate cubicles within the
Leowee coutrel room. The initiation of startup is accomplished by control
signals from the Oconee control room areas. Normal startup of either unit
is by operator action wvhile emsrgency startup ‘s automatic. Both units
ars startsd sutomatically and simultaneously on either of two conditions:
{# the external traasmission system is lost or if engineered safeguards

actien is required.

Either hydrs can be comnnected te either of twe lines feeding the Oconee
Scation. One is sn overhead 230 kv line to the station svitchyard; the

other is an underground 13.8 kv line rum directly to a 10 WA transformer.
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Four 125 v.d.c. batteries and six be:tary chargers will be supplied for
Unit 1. One pair of batteries and one set of three chargers will feed
one 250/125 volt bus and the remaining pair of batteries and set of
chargers will feed a redundant 250/125 volt bus (Ref. Fig. 8-3, PSAR).
Upsn completion of Unit 2, this d.c. system will serve beth wnits. A
third three-wire system will be installed upon completion of Unit 3.

Switching circuits will permit any d.c. system to serve any unit.

Initially, there will be six 125 v.é.c. distribution panels, each of
which will receive d.c. power from both taree-wire d.c. sources through
{solating dindes. Two more pansls will be iostalled with Unit 3 and
will be similarly powered. Four vital instrument busses (single phase)
will be provided for Units 1 and 2, and will be independently energized
from static inverters counected to oue of the six d.c. distribution
panels. Two more vital instrumeat busses will be added with Unit 3.

These will be powered, through static inverters, from the two additional

d.c. panals.

1a addition, thers will be three single phase 120 v.a.c. regulated
{ns:rument busses. These will normally be connected to the 600 v.a.c.
busses of their own units through regulating equipment. Prov’ sien will

be aade te switch over to the vital iostrument busses, if necessary.

1
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Power - Analysis
Schematic disgrams of the electrical power systems are shown in Figures
8-1 and 3-3 of the PSAR.

Criterion #39 of the Commission's proposed General Design Criteria has
served as the basis of our review of the off-site and on-site electrical
power systems. In order to comply with the criterion, the off-site and
on-site power systems must each, iadepsndently, withstand the failure

of a single active component without loss of functiea.

Upen completion of Unit #1, off-site power will be available from the

100 kv system and from the 230 kv system which fecl powsr i1 to Oconee

over separate tranrmission lines from Jocasse and Central. An additional
230 kv tis to Tiger will be installed upon completion of Unit #2; and,

upon completion of Unic #3, a tie to Duke's 500 kv system will de
installed., All off-site lines will be energized from several power gsnera-
ting statisus, and the Duke system is designed to withstand the step-loss

of any single generating unit within its network.

Redundant transformers will be available to distribute power to engineered
safety featurs loads. Transformer CT1 (te the 230 kv system) and trans-
formar CTS (to the 100 kv system) will be installed with Unit #1. An
additional startus transformer will be installed with each of the other
two units as they are completed, and ea.h transformer will be able to

energize the emergency loads of any unit.
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In view of the foregoing and the fact that the Duke Power Company aas
never experienced a system-wide blacks't, we agree vith the applicant that
the proposed off-site power sources and associated distribution equipment

are sufficiently reliable for the intended purpose.

We cannot, however, determine that these collective off-site sources are
imsune to the adverse effects of single failures. Recent blackout expe-
rience elsewbere suggests that such immunity may not exist. Accordingly,
and inasmuch as the the design and utilization of the on-site power
sources are under the direct control of the applicant, we have analyzed
the proposed on-sitsa power system on the basis that the single failure

criterion can and must be met.

Upon losa of the external grid, redundant voltage and frequency sensing
devices oun esach of the 230 kv switching station busses will initiate,
through separate and redundant channels, tripping of all 230 kv switching
station i{solation breakers, closing of all 230 kv switching statien power
supply breakers und startup of both Xeowee units. They will synchronize
and be connected to tha 230 kv lines. One unit will also feed the 13.3
underground line. Shedding of non-essential losds (a requirem.nt because
of the limited capacity of the 13.8 kv/4.16 kv transfeimer) will be accom-
plished by circuit break. s with duplicate trip coils energized from

different d.c. busses.

Upen loss of the external grid and the tripping of a given COconee umnit
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automatically switched onto the emergency (4.16 kv) busses of the affected
unit in the following sequence:

a) the startup transformer bus

b) the other units' suxiliary electrical system, when svailable

¢) the 100 kv line

d) the 13.8 kv underground line.

(Switching to (a) abeowe will attempt to counect the emsrgency loads to
the Keowee station via the 230 kv line.)

OQur analysis indicate that the sequencing system described above is
essential te plant safety since its failure could leave the emergency
busses with no power. We have “een assured that this system will meet
the single failure criterion.

The Keowes hydro units can pick up smergency loads from black start in
23 seconds, which {s adequate under DBA conditions. If tripped off line
at full power due to & system disturbance, each umit can pick up full
load i{n seven seconds. Each unit's voltage regulator is equipped with
a volts-per-cycle limiting featur~ which permits it to accept load ac
the outset and thus drag the loads up to full speed in synchronisa wita
its own acceleration. This serves to reduce the time req '’ ad for the
{nitiation of safeguards system action. We cencur with the applicant

that it 1is & desirable fsaturs.
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The hydro plant is started by opening zates which are powered by hydraulic
\ccumulators. Stored hydraulic energy is sufficient for three full opening
and closing cycles. Control circuits for emergency actuation of the accumu-
lators vill be redundant. A shear pin arrangement within the mechanical
portion of the gate drive vill release a jasmed or otherwise fouled gate

from the others.

The protection system on the hydro plant will be limitad to only rhose
parameters that will prevent geneatioun of power, such &s zenerator

i{nsulation breakdown or loss of fleld.

In the event both hydro units must be shut down briefly for maintenance,
emergency power can be made available te Oconee via the 100 kv line which
can be isolated from the rest of the grid and kept continuously energized
by one of the Lee station gas turbine generators set aside exclusively
for this purpose. We believe this merits cousideration even though it
would allow a temporary non-redundant source of smargsncy cower. We

will continue to pursue this msatter with the applicant and, at present,

see no obstacle to eventual satisfactory reselution.

The engineered safety feature auxiliaries are provided with redundancy.
To maintain this redundancy, the applicant has stated that these auxili-
aries will be connectad to radundant busses such that safety feature
auxiliaries verforming the same functiom are connected te different
busses. Rach of these busses is supplied from the redundant 4160 velt
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main feeder busses which are, io term, supplied from the redundant
sources described previously. We coucur with the applicant in this
design approach since it is an effective and simple way of implementing

the single failure criterion (Ref. Pig. 8-1, PSAR).

Qur review of the station battery system (shown in Fig. 8.3, PSAR)
indicates that it i3 redundant and testable. Voltage at each of the
panelboards, De-A, Dc-B. . .etc., is derived from redundant sources
feeding through isolation diodes such that failure of one source does
not affect the veltage at the panel board bus. Loss of voltage at a
panelboard bus will not negate tie d.c. system function.

Our review also indicates that no single failure can cause & loss of

voltage at all vital i{nstrument busses.

We bhave been informed by the applicant that means will be devised to
cest the diodes at power, and %o determine (also at power) that no
battery has become disconmnected from its d.c. bus., We concure in

these test procedures.

In susmary, we agree with the “pplicant's proposed criteria for the design

and implementation of the off-site and on-site power systems, and we
further agree with the preliminary design approaches to implement these

eriteria.
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