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JUMMRRY DESCRIPTION

5.1.1.5 Pressurdizer

The pressurlzer 1z a vertical, cylindrical vessel with hemi-
sphrrical top and bobtom heads, Electrical heaters are Installed
throigh the bottom head of the veszel while the spray nozzle,
relisf and zafety valve connectliconszs are located In the top head
of the wveszsl,

£.1.1.6 Pressurizer Belisef Tanlk

The pressurlzer rellsef tank 1z a horizeontal, cylindrical vesasl
with £lliptical dizhed heads, Steam from the pressurizer
safebty and relilsef valves 1z dizcharged Into the pressurizer
relisf tank through a sparger pilpe ader the water laesl, Thisz
condenses and cools the steam by mixdng It with water that 1=
near amblent temperaburs,

I W Jafety and Relief Valwves

The pressurlzer safeby valves are of the tetally enclosed
poptype. The valves are spring-loaded, self-activated with
backpressure compensaticon, The power—operated relilef valves
limit =y=tem pressure for large power mizmatchi, They are
cperated autocmatically or by remcte-mamial control, RBemcotely
cperated valves are provided to lzolate the Inlet to the power—
cperated rellsef valves 1 exoeszlive leakage coours,

5.1.2 RERCTOR COOLANT SYSTEM FERFCORMANCE CHRRACTERISTICS
Tabulaticnzs of Important design and performance characteriszstics
of the RIS are provided In table 5,1-1,

oystem thermal and hydraulilc data for different RCS average
temperatures are shown in Table 5,1-1,

£.1.2.1 Beactor Coolant Flow

The reactor coolant flow, a mafor paramster In the design of
the system and 1tz components, 1z establiszshed with a detalled
deslgn procedurs supported by operating plant performance data,
by pump model tests and analysiz, and by pressure drop tests
and analyses of the reactor veszel and fusl aszembliss, Data
from all cperating plantz have Indlicated that the actual flow
haz besn well above the flow specifled for the thermal design
of the plant, By applying the deszlign procedirs described
below, 1t 1z poszible to specify the expected coperating flow
with reaszcnable acouracy,

Thres reactor coplant flowrabes are Identifisd for the various
plart deszign consideraticns=s, The definiticns of theas flows
are presented In the following paragraphs,
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el e Flowz with One Pump Shub Down

The deszign procedure fTor calculation of flows with ane pump
shmtdownn 1z zimilar to the procedure deacribed above for calcu-
labIng flows with all pumps cperabing, For the case where
reverse Ilow exisztz In the 1dle loop, the system resistamnce
Incaorporates the Idle loop with a locked rotor pump impeller
reverse Ilow resistance az a flow path In parallel with the
reactar vessel Internals, The thermal design flow uncertalnty
Includes a conservatIve applicaticon of parallel flow uncertalm—
tiez [(reactor internals high., idle loop low)] as well as the
1m1al componernt, pamp, and flow measuremert uncertalnties,
thereby resulting in a conservatively low reactor flowrate for
the thermal dezign, The mechanical design flow uncertalrnby 1=
Ircreased =slightly to accout for the slightly higher un-—
certalnties at the higher pump flows, Thermal design, best
estimate, and mechanical design flows for the thres—-loop plant

are summarized In takle 5.1-1.

= ek INTEREELATED PERFCEMANCE AND SRFETY FURNCTIONS

The Imterrelated performarnce and safety functions of the RCS
ard 1tz majfor canponents are 1lizted below:

A, The BCE provides sufficient heat transfer capablility to
tranzfer the heat prodiced durlng power coperaticon and
when the reactor 1z subcritical, Including the initial
phﬁe of plart cocldown, to the steam and power commrerslcon
srstem,

E. The =ystem provides sufficlent heat transfer capability
to transfer the heat produiced during the subsequent
hase of plart cocldown and cold shutdown to the residoal
heat remcwal system,

3% The =ystem heat removal capabllity under power opera—
tio and ormal coperaticnal transients, Including the
transiticn from forced to matural oirculation, shall
aszzure o Tuel damage within the cperating bounds
rermitted by the reactor control and protection systems,

D, The BCS provides the water uszed asz the core neutron
nokerabor and reflector and az a solvernt for chemical
shim cortrol,

E. The =ystem malrmbalnzs the honogenelity of zoluble eutron
polzon concertration and rabte of change of coolart
temperature such that uncortbrolled reactivity changes
do not coour,
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Table 5,1-1

SUMMRREY EICRIPTION

GY3TEX CESIGN BNLD OFERETING PRRRMETERS

[Shest 1 of 2]

Plant Design Life, yesrs 40

Hominal Operating Pressure, palg 2235

Total Systen Voluwe Including 9275
Pressurizer and Surge Line. ft°

Systen Liquid Volupe, Including 4.700

Presgurizer wabter st Marimm
Buarsntesed Power . ft?f

Presgurizer Spray Bate, ninimum

required &t fﬂl Tlow, gpo 0
Presgurizer Heater Capacity, kwt 1.400
Presqurizer Belief Tank Tolume, Tt9 1.300

Syaten Therpal and Hydraulic Data

BCS Tawg Cases ['F) 587
B335 Power, RWE .12
Beactor Power, HKC 2.0
Therpal Design Flows, gpmo
Actise Loop 43,200
Besctor 79,00
Totel Beector Flow, 10% Ib/Ir 1047
Tenrersatires, 'F
Beactor Tesssl Outlet 8.3
Beactor Vesss1 Inlet E852.Y
otean, generator Outlet A
Stean Gemerstor Steam 2533
Fesdwater 445 .9

530
I 1B
<.,.300

.20
2T 00
108,7

445 8
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Table 5,1-1

SUMMRREY EICRIPTION

GY3TEX CESIGN BNLD OFERETING PRRRMETERS

[Shest 2 of 2

gygten Thermal and Hydraulic Data

Stesm Pressure. poia 1.0
Total Stesm Flow, 10% 1b/hr 12.9%
Begt Eatipste Flows, gpm

Active Loop 100 000D

Feactor 300,000
Bechanical Design Flows, gpo

Active Loop 106,900

Beactor 320,700

oysten Preasure [rops

Beactor Vessel AP, pal 41 .0
Stean Generateor AP, pai 41,0
Hot Leg Piping AP, pai 1.4
Pump Suwctim Piping AP, pai 3.4
Cold Leg Piping AP, i 3.4
Pump Head, feet 280

487 .0
12.1

XT.200

106,300
370,700

376
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for sAliticoal BCS imventory lstdown, thereby asimtaining BCS
pewayicw within sllowebls 1lisits, Refsc to ssction 7.0 and ke
sscticna 5.4.7, 5.4.10, 5.4.13. and 9.3.4 for a3diticmal informaticn

o BCS pressure and Imventory ooobrol doring other modes of oparatlon,

Tha baslc fonction of the systes logic 1s to contimoonaly
Emltor BOS teaperwtoe and presrrs oonditions wheosver plant
opewation 13 at low tesperatures, In anctisseewwd spstes
taxparstore will be contlmomaly coovarted to mn allombla
andl thwm cogprwd to the actoal BCS pwarow, The
lagic will first annonesiate a main oonbrw] beard alars
the measmred pressure mEroaches the setpodnt, The
arss the systenm and an actustlon signal 13 trenseitted
tha actnation dsvios which aotomatically opens tha power—
rellef wlves when required to prevent presmme
Tinita deriwed & of 10 ¢FR B0 frem
belng amosedsd,

Alsn, ooerprecianre probactisn of the S dordng low-teapeeratore
omditions 1a providsd by the rellaf mlvea locubad

i

E

|
|

:
B
:

dL7
ey to e BCE ovmpwacw meteactlon for all

balow tha maxiswm lew-tesperaturs sverpressors protaction (DI0P)
required temperwtore (T .
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6.2.2.11.2 Evaluatisn of Lew Teapewatmrs Overpreciyors Transisnts

Freayore Trenslsot Analyals

ASEE Baction 1. Appedix @, sstablishes quidelines snd limits for BCS
e prisclly for low teepeaturw conditions (£27°F), The relist |¢31
aystem diacuassd in Sobsectlen 5.4.15 aldressss theos guifs]ines,

Tranaient apalysen were perforns] to deberpine the paximm pressurs for

tha postnlsted worst case mass inpot and heat imput evemta, Both heat
Imput and mess ot soalyses tock Ilnto acoomt the singls fallore

eriteria and therederw, only ons power-—vieratsad reliat walve (EY) o ”
ane rellaf valve was assmeed to be avallsbls for preasore reliaf, ¥
T™he salostlon of the trenslart remlts cocliodss thet the uidelines

of BOE 11, lppendix & are mat,

1.2.2.11.7 Operwting Basls Exrthquee Evaluation

The KAU 5 & § power—oparated rellaf wmlvwes have bosn deslgned
in sooepdanos with the ASEE Cole to provide the integeity
reqired for the reactor coolant preasmrs bomdsry sl qoalifisd
In scoordance with the Westinghouse walve oparebility progres
which 13 decterdbes] In dstedl In peragraph 3.9.3.4,
The BEHE sactlon line rellsf walwss, isslsticn walwss, associstsd
Interlocks and Instroeentetion are designed to selmic Catagory I
ai discosssd in Sokoections 3,31 andl 6.4.7.2.5 and a7
Table 3.2-1. The Interlocks end Insbrosentetion sasocisted with
the HHR suction lsnlstion wlws setlxdy the aproperlats pectlons
of TEEE 478 criterds as Siscosssdl in Sobssctions §5.4.7.4.4 and 7.6.4.

6.4.24.11.4 MAhwinisbrabtive Procedfores

Althoogh the system described In >ubparegreph 5.3.1.11.1 1r deslgoe] to
maintain RS preammrs within allesebls lindte, adwinistrative proostorss

heve bemn prorvldsad for aininizing the poteatial for oy tremaslent that
onld sciuata the ovrpresrooe relisf spvtsm, The following discussion
highlights thess proosdmral controls. listed In hisearchy of thadr
fmctim, for presmnting BCE oold overpressurization transisote.

f primary Isportance 1s the baslc msthed of operation of the plankt,
Foraal plant oparat procadures wlll saxinizs the uwre of & pressoriser
cnahisn (stesm bobble) doring pericds of low pressurs, low teapeerstors
oparation, This cuahion willl dampen the plant’s respmss to pobestlnal
trenslant generwting inpots, theredby providing sayler presyurs oontrnl
with the alcwser reaponss rabes,

An sdwcmate cnshion Sobstantially reduces the sewrlty of some pobential
tranalsnts mch as reactor-coolant-poap-indnosd heat Inpnk, and slows the
rate of preamure riss for others. In oonhmcetion with the prevlously
dlscuzsed alarwy, this peovides 'mazomblas asyiunces that soxt potentlal
tranaismts can be terminatsd by oparabtor actlon beforw tha ovarpres s
relief system actuates,

Muenduent 44T 5.4
AL, 38, A
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INTEGRITY OF REACTOR
COOLANT PRESSURE BOUNDARY

radiation. sufficient partial pressure of hydrogen is maintained
in the wvolume control tank such that the specified equilibrium
concentration of hydrogen is maintained in the reactor coolant.

A self-contained pressure control valve maintains a minimum

pressure in the wvapor space of the volume control tank. This
can be adjusted to provide the correct equilibrium hydrogen
concentration.

Boron, in the chemical form of boric acid, is added to the RCS

to accomplish long term reactivity control of the core. The
mechanlsﬁafor the process involves the absorption of neutrons
by the B isotope of maturally occurring boron.

Zinc (as depleted zinc), in the chemical form of zinc acetate, is added to lower radiation dose rates

during normal steady state operation. The target zinc concentration in the RCS is 9 ppb and no |516
greater than 20 ppb.

Suspended solids {(corrosion product particulates) and other
impurity concentrations are maintained below specified limits
by controlling the chemical qualltg_ofrmakeup water and chemical
additives and by purification of *‘the. _a-;:tor coolant through

the CVCS mixed bed demlnerallzer.'” e . 0t/ the reactor coolant
purity control system provides addltlcnal apablllty for

cleanup of reactor -akeup water_and bdrlc a01d solution (see
subsection 9.3.4). | -~ ¥

5:.2.3.2.2 Compatlbll ty of . Construct:.on Materlais with Reactor
Coolant T." o

All of the ferritic 10w alldy'and'carbun steels which are used
in principal pressure retaining applications are provided with
corrosion resistant cladding on all surfaces that are exposed to
the reactor coclant. The corrosion resistance of this cladding
material is at least equivalent to the corrosion resistance of
Types 304 and 316 austenitic stainless steel alloys or nickel-
chromium-iron alloy, martensitic stainless steel and precipita-
tion hardened stainless steel. The cladding on ferritic type

base materials receives a post weld heat treatment, as required
by the ASME Code.

Ferritic low alloy and carbon steel nozzles are safe ended with
either stainless steel wrought materials, stainless steel weld
metal analysis A-7 (designated A-8 in the 1974 Edition of the
ASME Code), or nickel=-chromium=-iron alloy weld metal F-Number 43.
The latter buttering material requires further safe ending with
austenitic stainless steel base material after completion of

the post weld heat treatment when the nozzle is larger than a
4-inch nominal inside diameter and/or the wall thickness is
greater than 0.531 inches.

All of the austenitic stainless steel and nickel-chromium-iron
alloy base materials, except for the steam generator tubes,
with primary pressure retaining applications are used in

the solution anneal heat treat condition (the steam generator
tubes are in the thermally treated condition). These heat
treatments are as required by the material specificatiomns.

Amendment 516
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INTHESRITY OF EERCTOR
COOLANT PRESSURE BOUNDARY
Table 5.2-5
REACTOR COOLANT WATER CHEMISTRY
JPECIFICATION (Sheet 2 of 2)
+ Halogen concentratlona must be malntalned below the apeclfled
yaluea at all timea regardless of ayatem temperature
. Hydrogen mat be malntalned in the reactor coolant for all

plant operatlong wlth nuclsar power above 1MREC.
The normal operating range should be 307 40 cofkg HiD.

g Sollda concentratlon detfermined by flltratlon through fllter
hawing 0,45 mlcron pore alse,

= The atartup 1lthlum and boren are coordlnated to malntaln
PHp,. = 6.9, Lithium concentration can be malntalned constant. 7o
at or below a target of 5. 5ppm, Antll 3 pHms. = 7.1 has been <35
reached, (noe 4 DHpw D32 been reached 7.1, 11thlum can be
controlled 20 as to contlmie operatlon wlth pHe. = 7.1

e These 11mlta are lncluded In the table of reactor coolant
apeclflcatlona as recomended atandarda for monltoring coolant
purlty, Eatabllshing coolant purlty wlth the 1lmlta ahown for
these apecles 1a Judged dealrable Wwlth the ourrent data bage to
minimizs fuel clad crud depoaltlon whilch affecta the corroalon
realatance and heat tranafer of the clad,

Anenduent 365 5.4-530
2004, 4, 26
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E. After the final post—-weld heat treatment - Only by the
yoke method,

The following surfaces and welds shall be examined by magnetic
particle method=s, The accepbable standards shall be In accord-
ance with sscticn 1l of the LIME Cods:

A, Surfae ExamInatiomns

1. Magnetic particle examinaticn of all extericor
vessel and head surfaces after the hydrostatic
test.

2. Magnetic particle examinaticn of all extericor
closurs stud surfaceszs amd all mut surfaces after
final machining or rolling, Conbinmucus circular
and leongitudinal magnetizaticon shall be used,

3. Magnetic particle examinaticn of all Inside dia—
meter swrfaces of carbon and low alloy stesl pro—
ductz that hawve thelr properties enhanced by
accelerabed cooling,  Thiz Inspecticn 1= to be
performed after forming and machining (1f per—
formed) and prior to cladding.

B. Weld ExamInation

Magnebic particle examinaticn of the weld metal bulldup
for veszel supports, and welds attaching the closure
head 11fting lugs and refusling ssal ledge to the
reactor vesasl after the first layer and each 1/2 inch
of weld metal 1z deposited, RAll pressures boundary
welds shall be examined after back—chipping or back-

grinding cperaticns,

b e Special Controls for Ferrdbde and fustenitic
stalnless Stesls

Helding of ferritfic steslszs and austenitic stalnlesz stesls 1=
dizoizzed In subsecticn 5.2.3, Paragraph 5.2.3.4 Includes
dizouzzicns which Indicate the degres of conformance with
Begulatory Guides 1,44, "Conbtrol of the Use of Sensitized
otalnleszz Stesl." Eppendix 3R dizcusses the degres of conform—
ance with Begulatory Guldes 1,43, "Conbtrol of stalnlesz Stesl
Held Cladding of Low-Rlloy Stesl Components,™ 1,50, "Control
of Prehieat Temperatrs for Welding of Low-Alloy Stesls,™ 1,71,
"Melder Qualification for Areaszs of Limited RAocessibility," amd
1,93, "Radisticn Embrittlement of Reactor Vessel Haterials)™

Amemdment 331
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2 I o [ Fracture Teughness

Rzawrance of adequate fractors touglmeszs of ferritic materials
in the reactor coolant pressurs boundary [(R3ME ssction 111

Clazs 1 Compoments) 1s provided by complisnce with the requirns—
ments for fracturs toughnesz testing Included In NBE 2300 Lo
Jection 111 of the ASME Boiler and Pressurs Vessel Code and
Eppendix G of 10 CFR S50,

The veszel acture toughnesz data 1= provided In table 5,3-2
for Init S and table 5,3-3 for unit 6,

5. 3.1.6 Naterial Survedll lance

In the survelllance program, the evaluatlicon of the radlaticon
damage 1z based on pre—Irradiaticn testing of Charpy V-notch
and tenszlle specimens and post-Irradiaticon testing of
¥V-notch, tensile and 152 T (thickneszs) compact tenzion (CT)
fracbure mechanics test specimens, The program 1z directed
toward evaluaticn of the effect of radiastion on the fracture
toughnesz of reactor veszel stesls bazed on the transiticn
temperature approach and the fracture mechanics approach, The
program will conform with ASTH-E-1585 "Standard Pracbice for
Conducting Survelllance Tests for Light—Water Coolsd Nuclesr 321
Powver Beactor Vesselszs " and 100 CFR 50, Rppendix H,

The reactor vessel survelllances program 1ses 21y specimen
capaules, The capsules are located In gulde basketszs welded

to the ocutzids of the neutron shisld pads and are positicned
directly cpposite the center porticon of the core, The capsules
can be removed when the vesasl head 1s remowved, and can be
replaced when the Inbernals are removed, The 21X capsules
contaln reactor vesasl stesl specimens, corismted both parallel
and normal (longitudinal and tranasverzs) to the principal
rolling directicn of the limlting basse material located In

the core reglon of the reactor vessel, and aszsoclated weld metal
and weld hesb-affected zone metal, The z1ix capsules contaln
54 tensile specimens, 360 Charpy V-—notch specimens (which
include weld metal and weld heat-affected zone material).

and 72 CT zpecimens, Archive material sufficient for two
addificnal capsules will be retalned,

Dozineters, Including NI, Cu, Fe, Corfl, Cd shislded Co—pl, Od
shislded Np—:23F, and Cd shielded T-238, are placed In filler
blocks drilled to contaln them, The dosimsters permit evalus
ticn of the flux =z by the specimenszs and the veszel wall, In
addifticn, thermal moitors made of low—melting-polnt alloys are
Included to monitor the maximum tempsrature of the specimens,
The specimens are enclosed In a tight-fitting stalnlesz stesl
sheath to prevent coroslicon and enswars good thermal conductivity,

Amemdment 331
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The closure studs are fabricated of SR 540, Class 3, Grade Bad,
The closure stud materilal mestszs the fracture toughnesz require—
ments of RSME 111 and 10 CFR 50, RAppendix G, Compliance with
Begulatory Guide 1,65, "Materlalszs and Inspecticns for Reactor
Vezasl Closwuars Studs=," 1z di=scussed In Appendix 3R, Nondestoac—
tive examinations are performed in accordance with RSME 110,
Bolting materialszs fracture toughneszs data 1z provided In tables
5.3-4 for unit 5 and table 5.3-5 for unit &,

Hestinghousze refusling procedurses requirs the studs, muts and
wvashers to b2 removed from the reactor closure and be placed In
storage racks during preparabicn for refusling, The storage
racks are then remcved from the refeling cavity and stored at
convenlent locaticonszs on the contalnment coperabing deck prior
to removal of the reactor closure head and refusling cavity
flocding, Therefores, the reactor closure studs are never
exposed to the borated refusling cavity water, Rdditicnal
protection agalnst the possibllity of Incurring corrosicn
effectz 1z assured by the u=zs of a mangansse—basze phosphate
surfacing treatment,

The =tud holes In the reactor flange are sealed with specilal
plugs before removing the reactor closurs, tlis preventing
leakage of the borated refusling wabter into the =tud holes,

L A FREGSTTRE-TEMFERATURE - LTIMITS
LR e Limit Cursyes

Startup and shutdown coperating limitaticnszs will be based on the
properties of the core reglon materialszs of the reactor presasars
vesasl, refarence 2, Actual materilal property test dabta will
b= used, The methods ontlined in RAppendix G ssction 111 of 321
the ASHE Code will bs employed for the shell reglcons In the
analy=siz of protection agalnst non—ductile fallurs, The

Initial cperating curves are calculabed azsuming a perlod of
reactor operaticn suach that the belfline material will be
limiting, The heatup and cooldown oirves are glven In the
tecimical specificaticn=, Beltline material propertises degrade
with radiaticn exposurs, and thiszs degradaticon 1z measured In
term= of the adfusted referance nil-ductllity temperabturs which
includezs a reference nil-ductility temperature shift [ ARTme ).
Predicted ARThr valuss are cobbalned using the procedirs In
Begulatory Guide 1,292, Bew, 2, "Radlatlicn Embrittlement of
Beactor Veszasl Materlal=z,": the effect of flusnce, and copper and
nicksl contentsz on the shift of Ry, for the reactor vessel stesls
at 1/4T(thicknesa) and 3/4T locatimns (tips of the code reference
flaw when the flaw 1=z assumed at Inside diamster and oubside
diamster locations respectively),

321

For a selected time of operabicn, thisz shift 1=

azzlgned a sufficliernt magnitiuds =zo that no unirradiated ferri-
tic materials In cother compoentszs of the reactor coolant
aystem will be limiting In the analysis,

Amemdment 331
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The cperating curves, Including pressurce—tempesraturs 1imita—
ticn=, are calculated In accordance with 10 CFR 50, Eppendix G,
and ASNE Code section XKI, Appendix G, requirements, Changss
in fracture toughnesz of the core reglon plates or foglings.,
weldments and associated hest-affected zones due to radiaticon
damage will be monitored by a survelllance program which con- 3
forms with ASTHM E-155, "Standard Practice for Conducting
ourvelllance Tests for Light-Water Cooled Nuclear Fower RBeactor
Vesasls," and 10 CFR 50, Appendix H,

The evaluation of the radilaticn damags In this survelllance
program 1z based on pre—irradlaticn testing of Charpy V-notch
and tenszlle specimens and post-Iirradiaticon testing of Charpy
V-notch, tensile, amd 1/32T compact tension specimens,. The
post-Irradiastion testing will be carried out during the 1ife- kaal
tims of the reactor veszsel, Speclmens are Irradlated In cap—
aules located near the core midhelght and remowvable from the
vesasl abt specified Interwvals,

Compllance with Begulatory Guide 1,99, "Radiaticn Embrittlement 321

of Beactor Veszel Maberilalszs." 1z discussed In appendix 3R,

3.3.4.42 Opsrating Procedures

The tranzlernt conditicns that are consldered In the design of
the reactor veszel are presented In paragraph 2,2.1.1, These
tran=lentsz are representative of the cperating conditicns that
should prudently be considersed to oocur durlng plant operation,
The tranzientz selected form a conservative basis for
evaluation of the reactor coolant system [(RC3) to ensurs the
Intsgrity of the RC3 equipment,

Tho=sz tranzlentszs listed asz upset conditlcon transientszs are

listed In table 3.9-1, None of thess transients will result In
pressure-temperaturs changes which ecesd the heatup and cooldown
limitaticnz az described In paragrapgh 5.3.23.1 and I1n the
tecimical specificaticns,

= o e RERCTOR WE3SEL INTEGRITY

3.3.3.1 Design

The reactor vessel 1= cylindrical with a welded hemlspherical
bottom head and a remcwvable, bolted, flanged, and gasketed,
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The LEFM analysis. methods in RSHME XTI RAppendix B and RSME 11
Appendix ¢ are used to perform the fracture evaluation of
postulated flaws to establis=h that the vessel Integrity 1=
malrbalned, Thiz LEFM analys=iz 1z consldered accurate In the
elastic range and conservative In the elastic-plastic rangs,

&

Therefores, for faulted condificn analyses, LEFN 1z considered
applicable for the sraluatlion of the veszel Inlet noezle and

beltline reglion,

In additicn, 1t hasz besn well establiszshed that the crack propa-
gatlon of exs=ting flawzs In a structuire subdected to cyclic
loading can be defined In terms of fracture mechanics para—
meters, Thus, the principles of LEFM are al=zo applicable to
fatiogus growth of a postulated flaw ab the vweszel Inlst nozzles
and beltline region,

An example of a faulted conditicn evaluatlon carrisd out
accardling to the procedure dizcuszzed above 1= glven In
refaence 3, Thiszs report di=scusses the evaluatlon procedurs
in detall as applied to a ssvers faulted comdition (a postu-
lated loss of coolant accident].

o e e Y In=zervice Survell lance

The Internal surface of the reactor veszel 1= capabls of In-
gpection periodically using visual andfor nondestructive tech-
niques over the acceszible areas, During refusling, the vessel
cladding 1z capable of belng Inspected In certaln areaszs betwesn
the closure flangs and the primary coolant Inlet nozzles, and,
1f desmed necessary, the core barrel 1z capable of being
remncved, making the entire In=side vessel surface acosssible,

The closure head 1z examined visually during each refusling,
Optical devices permit a selective Inspection of the cladding,
control rod drive mechanizm housings and the gasket seating
surface, The kmuckls transiticon plece, which 1z the area of
highest stresz of the closure head, 1z accesszible on the outer
surface for visual Inspections=, dus penetrarnt or magnetic
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tubes support design, In additicn, the tubs support system

1z consizsternt with accepted standards of heat exchanger
desiogn utilized throughout the Iindustry (spacing. clearance,
etec, ). Furthermors, the design techmigques are supplemented
with a contimilng ressarch and development program to undsr—
stamd the conplete mechanizm of fluld-structral Interaction,
and 1t should be noted that succeszfil coperaticnal experlence
with zeveral steam generator designs haszs gliven confldence In
the overall approach to the tubs support design problem,

3.4.2.5.4 ARllowablse Tubke Hall Thiming

Over a pericd of time under the Influence of the cperating loads
and envircnment In the steam generator, soms tubs:s may becoms
degraded In local areas, To determine the conditicon of the
tubing, In-==rvice Inspection uszing eddy—current teclmiques 1=
performed In accordance with the guldelines of U5 NRC RBegulatory
Gulde 1,83, RBeference 2, Partlally degraded tubeszs are
sati=factory for combimied =ssrvice provided that deflned stresz and
leakage limibs are sati=zfied, and that the prescribed structoral
limit 1z adfuzted to take Irbo accoumt poszible uncertalntiss In
the eddy current Inspection, and an operatlicnal allowances for
contimied tube degradaticn wmbill the next scheduled Inspectlion,

The U3 NRC Begulatory Guids 1,121, RBeference 3, describes an
acceptable method for establizhing the limiting zafe condition of
degradaticon In the tubss beyond which tubss found defective by

the establizhed In—=ssrvice Inspectlion shall be removed from ssrvice,
The lewvel of acceptable, degradatlicn 1z referred to a=s the "repalr
limit, ™
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AONE Code requirements, exoept that the acceptance standard 1z a
3 percent "V notch, In additicmn, a dye penetrant examinaticn
1z performed con all acceszible surfaces,

The end of plpe secticns, branch endszs and fittingszs are machined
back to provide a smocth weld transit Icon adiacent to the weld

path,

5.4.4 MRTN STEAM LINE FLOW RESTRICTOR

i, 4.1 Dezlogn Baszls

The ocutlet nozzle of the steam generator 1= provided with a flow
restrictor designed to limit steam flow In the unlikely ewvent of
a break In the maln steam lins, L&A large Increase In steam flow
will create a backpressure which limitzs bDirther Increase In

flow, Sewveral probective advantages are thersby provided: Rapld
rize In contalnmernt presswuares 1z prevented, the rate of heat
rancval from the reactor coolant 1= kept within acceptable
limit=, tlrust forces on the maln steam line pilplng are reduced,
ard stresass on Inbernal steam generator components, particualarly
the tubs shest and tubes, are limited. The restrictor 1z also
designed to minimize the wrecoversed pressures loss across the
restrictor durlng normal operation,

I - Dezliogn Tescripbicn

The flow restrictor consistzs of seoven Inconel venturi Inserts
which are Inserted Into the holes In an Inbegral steam cubtlst
ncezle forging, The Inserts are arrangsd with ons venturl at

the centerline of the ocutlset nozzls and the other zix equally
spaced aroand 1t, After Inserticn Into the nozzle forging holes,
the Inconel venturl Inserts are welded to the Incoel cladding on
the 1mner surface of the forging.

3.4.4,3 Design Evaluation

The equivalent throat diamster of the steam genserator ocutlet 1=
16 Inches, and the resultant pressure drop through the restrictor
at 100 percent steam flow 1z appromimately 4,0 psi, This 1=
based on a design flowrate of 4,321 x 10% - pounds per hoar,
Maberialszs of construction and mamifacturing of the flow
restrictor are In accordance with Secticn 111 of the RSME Code,

S5.4.4.4 Tests arnd Tos 1ons
olnce the restrictor 1z nob a part of the steam system bourdary,

no tests and Inspecticons beyond those durlng fabricaticn ares
required,
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control, By regulating the diverted flowrate and the charging
flow, the RIS pressware may be controlled, Pressure regulaticn
1z necessary to malrbaln the pressure rangs dictated by the
fracture preventlion criterila requiremsents of the reactor
vesasl and by the mmber 1 22al differentilal pressure and net
positive suction head (NPSH) requirements of the reactor
coolant pumps,

The RCE cooldown rate 1z mamially controlled by regulating the
reactor coolant flow through the tubks z1ide of the residual

heat exchangers, & line corbalning a flow conbtrol valve
bypaszes each residual heat exchanger and 1z used to malintaln
a canstant return flow to the RCES, Instrumsrtbaticn 1= provided
to monitor system pressure, temperaturs, and total flow,

The BHRS 1z alzo used for f1lling the refusling cavity before
refheling, After refueling operaticns, water 1z pumpsd back

to the refusling water storage tank untill the water lewel 1=
broght down to the flangs of the reactor veszel, The remalnder
of the water iz removed via a draln connectliom at the bottom of
the refusling canal,

When the RHRS 1z 1In gperation, the water chemiztry 1z the zame
as that of the reactor coolant, FPoovlsion 1s made for the
miclear sampling system to extract zamples from the flow of
reactor coolant downstream of the resildual heat exchangers, A
local zampling polnt 1z alszo provided on each reslidual heat-
remcval traln betwesn the pump and beat exchangesr,

The BHRS functicnz In confuncticn with the high-head porticon
of the ECCS to provide IndJecticn of borated water from the
refelling waber storage tank Into the RIS cold legs during the
infection phase following a loss—ofcoolant accident (LOCAR].

In 1tz capacity az the low-head porticn of the ECCS, the RHR

provides long-term recirculabicn capabllity for core coolling

following the Indecticn phass of the LOCER, Thisz funcbicn 1=

accanplizhed by aligning the RHRS to takes fluld from the

contalnment recirculaticn sump, cooling It by circulabicn through |253
the reszidual heat exchangers, and supplying IE to the core 1
directly az well az via the centrifugal charging pumps,

The usze of the RHRS az part of the BEDCS 1z mores complstely
described In section 6,3,

5.4,F,2,1.1 Descripticn of Component Interlocks. In order
to perform thelr ECCS functilom, the residual heat remowval
pumps are Irberlocksd to start automatically on recelipt of a
gafety Infection zignal [(ses section 6.3).
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To ensure that the accumilators do ot repressurize the RCS,
the accoumilabor dizcharge valves are closed pricor to the RCS
pressure dropplng below the accoumilabor dizcharge pressures,
AAditicnally, =sach accumilator 1z provided with two Class 1E
solaold-operated valves In parallel to ensure that the accu-
milabor may be vented should 1 fall to be 1=aclated from the
RCS,

When the reactor coclant temperatures and pressure ars reduced
to approximabely I5CF and 400 pslg respectively. the second
phia=z= of cooldown starts with the RHRS belng placed In operaticmn,

Az zafety—grade cooldown corbimiss, the reactor vessel head
letdown line 1z pericdically cpened to Increase head coolling
and to accommodate any additicnal Impubt to the RCS3, such as
reactor coolant pump seal Indecticon, Since loss of nonsafety-
grade equipment results In a loss of the alrc supply to the
flow control valves that are normally used to limit the Initial
RHRS cooldown rate, the operator may choose to use only cons of
the reszidual heat ramcwval subsystems=s, Should a zingls fallure,
such az that of a RHRS compoient or of an emergency power
train (when only cnsite power iz avalilable), limit opsration
to ae of the reszidual heat remcwval subsystems=, the operator
would cpen the serises 1zclaticn walves In the suctlicon of only
the cperable reszlidual heat remcwval subsystem, In this case,
the cperator would alzo cless the cross—connect 1zolabicn
valves betwesn the subsystems=,. RBesldual heat remowval would
contimie under these conditionszs untll the redundant subsystem
could be made avallable,

For power uprate operaticn, a compubter code analysis was performed
to evaluate the capabllity of the cold shutdown deslign to enable
RZ3 to be taken from heot standby to RHR entry conditicon throogh
natiral ciroilaticon cooldown operaticn, Thiszs analysiszs utllizes the
methodszs and azsumptions approved by the USHNRC and was performed
azsuming the restrictions of U3NRC Branch Technical Bozition (BTE)
REE 5-1, The restricticnz Include the use of only safety—grade
equipment, the conowrrent loss of offzite power,

a zIngle fallure, and auxiliary fesdwater usage within the minimum
available capacity. Rs a natural circulaticon cooldown analysis. the 321
RZ3 wasz proved to be cooled and depressurized to RHRE entry
conditicnsz, and the amount of safety-grade amililiary fesdwater used
1z about 260,000 gallons which 1z well within the minfmim avallable
CaT capaclty of 4F0, 000 gallons,

A result of computer code zImuilaticn for a nabural clirculation
cooldown event of the FNU S & 6 muclsar steam supply system from
hot standby to RHRE entry conditicns 1z presented In Rppendix SR,

5.4, 7. 2.3.6 Refusling, Both residual heat remcwval pumps are
utilized during refuellng to pump borated water from the
refeling waber storage tank to the refusling cavity, [uring
thiz cperaticn, the residual heat remcwval pumps are stopped.
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the izclatim walwves In the Inlet lines of the RHRS are closed,
the 1zclation wvalves to the refusling water storage tank are
cpened, and the residual hest remcowval pumps are restarted,

The reactor vessel head 1z 1lifted =lightly, The refueling

water 1z then pumped Into the reactor vessel through the

normal RBHRS return lines and Into the refusling cavity through
the ocpen reactor vessel, The reactor vessel head 1z gradually
ral=a=d az the water lewvel In the refieling cavity Increaszes,
After the water lewvel reaches the nomal refeling laesl, the
resldual hest remcwval pumps are stopped, the Inlet 1=zclaticn
valves are cpened, the refusling water storage tank supply
valves are closed, the residual heat remcwval pumps are restarted,
and residual heat remowval 1z resumed,
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3.4,12 FRESSURIZER

B.4.10,1 Dezlogn Baszes

The general confliguraticn of the pressurizer 1z shown In

figure 5.4-2, The design daba of the pressurlizer are glven

in table 5,410, Codes and materilal requirements are provided

In ==cticn 5.2,

The pressurlzer provides a polnt In the RIS where liguld and vapor
can be malntalned In equilibrium under saturabed conditicnszs for
pressure corbrol purposes Lor steady-state opsraticnszs and during
tranzients.

5.4.10,1,1 Pressurizer Surge Line

The surge linse 1z sized to minimize the pressure drop betwesn
the RCES and the zafebty valves with maximum allowable dizcharge
flow from the safety valwves,

The pressurlzer surge line nozzle dlamster 1z gliven In

tabls 5,.4-10 and the pressurizer surge line dimenslcns are
shown In figures 5,1-1.

.4, 10,12 Prezsurdzer Wolume

The volums of the pressurlzer 1z equal to, or greater than, the
minimim volums of steam, water, or the total of the two which

sati=fiez all of the following requirements:

A, The combined saturated water volums and steam expansion
volume 1z sufficient to provide the desired
presaure response to systen volums changss,

E. The water volums 1z sufficiernt to prevent the heaters
from belng uncoversed during a step load Increase of

10 prcent at full power,

., The steam volums 1z large enoigh to accommodats the
surge resulting from 50 percent reductlicn from full
load with autcmatic reactor control and 64 percent kil
at upper Targ steam dump without the water lewel reaching
the high lewvel reactor trip polint,

D, The steam volums 1z large enoigh to prevent waber
rellsf through the safety valves following a loss
of load with the high water lewel Initlating a
reactor trip, without reactor control or steam dump,
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Evaluaticn of plant conditionszs of opsraticn which follow Indi-
cate that thiz szafety limit 1z not reached,

During startup and shutdown, the rate of temperature changs in
the RCS 1z controlled by the operator, Heatup rate 1= con-
trolled by reactor coolant pimp energy and by the pressurilzer
electrical bheating capacity,

When the pressurizer 1z fi1lled with water: 1.e,. durlng Initial
aysten heatup, and near the end of the second phase of plant
cooldownn, RCS presswares 1z malntalned by the letdown flowrate
via the residual hest remcwval system,

.4, 10, 3.2 FPrezssurizer Performancs

The normal operating water volums at full load conditicns 1=

abol 56 percent at upper Targ and aboibt 458 percent at lower Targ
of the zpan volums, Under part-load conditions, the water volums
In the veszel 1z reduced for proporticnal reducticns In plant load
to 23 percernt of the zpan volums at zero power lewvel, The varlous
plart cperating transientszs are analyzed and the deszign presswars 1=
not excesded with the presswilizer deslgn paramseters as glven

In table 5. 4-10,

5.4,10, 3.3 Prezsure Setpolntz

The RCS deslgn and operating pressure, together with the safety.,
power rellef and pressurlzer spray valves setpolntszs and the
protection system ssbtpolnts pressure, are listed In table 5,4-11,
The deslgn pressure allows for opesrabing transient pressure
charges, The selected deslign marglin conslders cores thermal

lag, coolant tranzport times and pressures drops, Instrumentation
and control response characteriztics, and system

relief valve characteristics,

5.4.10,. 2.4 Pressurlzer Spray

Two sgparate, autocmabically controlled spray valves with remcbe—
mamial overrides are used to Initlabte pressurizer spray. In
parallel with sach spray valve 1z a mamial tircttle walve which
permitzs a small contimicus flow throigh both szpray lines to
redire thermal stresses and thermal shock when the spray valves
openl, and to help malntaln wmiform water chemliztry and tem =
ture 1n the pressurizer, Temperature senscrs with low alarms
are provided In each spray line to alert the operator to Insuf-
ficient bypasz flow, The layout of the common spray line pip-
Ing routed to the pressurlizer forms a water asal which preverts
the zteam bulldup back to the control valves, The spray rate
1z ==lected to prevent the pressurizer from reaching the opsra—
ting =zetpoint of the power—operated relisef valves during a step
redicticon In power lewvel of 10 percent of full load,
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The general conflguraticn of the pressurlizer relilisef tank 1=
shown In figure 5,.4-10, The tank 1z a horizonbtal, cylindrical
vesasl with elliptical dished head=s, The vessel 1z constructed
of auztenitic stalnleszz stesl and 1z overpressures probected In
accordance with RSME B&FV Code, Section Y, Ddwvizion 1. by
m=ans of two safety heads with stalnlesz stesl rupbture di=cs,
Alzo shown In figures 5,4-10 1= the flangsd comecticn for the
pressurlzer safety and rellsef valve dizcharge line, the spray
water Inlet, the bottom draln connectbicn, the gas vernt connectbilion,
and the vesasl supparts, The tank 1= designed and fabricated
to Section Tlll, Divisicn 1. RSME Code,

The tank normally contalnzs water and a predominantly nitrogen
atmoephers, In order to cobbtaln effective condensing and cooling
of the dizcharged steam, the tank 1z Installed horlizonbtally

o that the zteam can be dizcharged through a sparger pipe
locabed near the bottom, undesr the water lewsl, The sparger
holes are designed to ensure good mixing of the discharged

steam with the water Initially 1in the tank,

The nitrogen gas blankst 1z used to control the atmosphers In

the tank and to allow rocom for the expanzicn of the aolginal

water pluz the condensed steam dizcharge,  The tank gas volumes

1z =zized such that the pressure followling a deslign basiz steam

dizcharge doss not excesd 56-pslg, assuming an Initlal pressure

of 5.5 pslg, This pressure 1z conslstent with rupbure diac 391
minimim bursting pressurs,  Frovizicn Iz mads to permit the gas

in the tank to be pricodically analyzed to debtermine the

concentration of hydrogen amd/or oxygen,

The Internal spray and bottom draln on the pressurlizer relilsef
tank function to cool the waber when the temperature excesds
120F, az 1n the caszse following a steam dizcharge, The con-
tentz are cooled by a fesd-and-blesd process with cold reactor
makeip water entering the tank through the spray water Inlet
and the warm mixtures draining to the reactor coolant drain
tank, The contentz may alzo be cooled by recirculation ©

the reactor coolant draln tank heat exchangsr of the 1iguid

waste processing system,

5.4,11.3 cafety Bwvaluaticon

The pressurlzer rellsef dizcharge systenm doss not constitute
part of the reactor coolant pressure boundary per 10 CFR 50,
section 50,3, since all of Iz componentszs are downstream of the
reactor coolant aystem (RC3) safety and relisf valwes, Thus,
General Deslgn Criterila 14 and 15 are not applicable, Purther—
more, complebe fallure of the auxiliary systems zerving the
pressurlzer rellsef tank will not Impalr the capabllity for
safe plant =shutdowr,
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Begulatory uide 1,67 1z not applicable zince the system 1=
not an copen discharge system,

The pressure rellef discharge system 1z capable of handling
a deslgn dizcharge of steam without excesding the deslign pressurs
and temperaturs, The volums of nitrogen in the pressurlzer
rellsf tank 1z that required to 1limif the masdmum pressures

acconpanyling the design basis di=scharge to 86 pslg, rupbtures di=c 701
minimim bursting pressurs, The volums of water 1n the

pressurlzer rellsef tank 1z capable of absorbing the heat from
the azsumed dizcharge while malntalning the water temperatures
below 200F,

If a dizcharge resultzs In a pressures that excossdszs the design,
the rupture di=zcs on the tank will pass the discharge through
the tank to the contalnment, The mapturs di=acs on the relist
tank have a relisef capaclty equal to or greater than the com—
bined capacity of the presswrilzer zafety valves, The tank
and rupture dizczs holders are alzo designed for full vacuum
to prevent tank collapse 1f the contentszs cool following a
dizcharge without nitrogen beling added,

The dizcharge plping from the presswrlzer safety and relisf

valves to the presaswrized rellsef fank 1z sufficiently large to
t backpreszsure at the zafety valves from

A0 percent of the ssbtpolint pressure at full flow,

B.4.11.4 In=strumentation Bemquirements

The following Instrmentation iz provided con the maln control
board:

A, The pressurlzer rellisf tank pressure transmitter
provides zignals to an Indicabor and to an alarm
actusbted con high tank pressure,

E. The pressurlzer rellsef tank lewel transmitter suppliles
a zlgnal to an Indicabtor, High- and low-lewvel alarms
are alzo provided,

(B The temperators of the water in the pressurizer relisef
tank 1z dizplayed by an Indicator, An alarm actuated
by high temperature Informs the operator that cooling
of the tank contentszs 1z required,

D, The temperators of the zafety and relisf valve dizcharge
lines 1z dizplayed by Indicators, Alarms actuated by
high temperature notify the operator of steam di=zcharge
dus to elther leakage or valve actuation,
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trip or any cperator actlicn by the opening of the steam gene—
rator zafety valves when steam pressure reaches the steam=1de
safebty =stting,

The pressurlzer power—operabted rellsef valves are designed to
limit presswawrlzer pressure to a value below the fixsd high
pressure reactor trip setpoint, They are designed to fall to
the clozed positicn on powsr loss,

The pressurlzer power—operabted relisef valves are not required
to open In arder to prevent the overpressurizaticon of the
reactor coolant aystem (RC3)., The pressurizer safety valwves,

by thems=elves, are zlzed to relisve encough steam to prevent
overpressurlization of the primary system, Therefore, the
fallure of the power-operated relilef valves to open, will

result In higher reactor coolant pressures, bubt will not cause
any cverpressurlzation problem=, In fact, the cpening of the
power—operated rellsef valves 1z a conservative assumpticn

for the departurs from nucleate boiling (ONE) 1limited transients

by tending to kesp the primary systen pressurs dowrl,

5.4.13. 2 Ce= Descriptbion

The pressurlzer safebty valves are pop type, The valves are
spring-loaded, copen by direct fluld pressure actlcon, and have
backpressure compensation features,

The plpe comecting sach pressurizer nozzle to 1tz zafety
valve 1z shaped In the form of a loop ssal, Condensate
resulting from normal heat losses dralns In the bottom of the

pressurlzer, If the pressurlizer pressure exoesds the =et pressure aTa
of the zafety wvalwves, they start lifting during the accumilaticn
period,

The pressurlzer power—operabted relisef valves are electrically
actuated valves which respond to a signal from a pressurs
sensing system or to mamial control, Bemcotely coperabted block
valves are povided to 1zclabe the Inlets of the rellisef valves
1f eceszive leakage develops,

Temperatures In the pressurlzer safebty and rellsf valve
dizcharge lines are measursed and Indicated, An Increase In
a di=zcharge line temperature 1z an Indlication of leakage
throigh the azzoclated valwve,

Leakage throigh the pressurizer zafebty and relisf valves
can alzo be detected by the acoustic leak monitoring system,
B locallized leak through a pressure boundary or a valve seat
generates mebtalborne acoustic waves which are detected by
acouistic transmitters mounted on the plping adiacent to the
valves,
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COMPONENT AND 3UESY3TEM DESIGN

B.4.14. 3 Ceziogn Evaluatblicn

Detalled evaluatlicon ensures the design adequacy and structural
Integrity of the reactor coolant loop and the primary equipment
supports system, Thiszs detalled evaluatlicon 1z mads by comparing
the analytical results with establizshed criterla for accepbiblil-
1ty., Structural analyses are performed to demcnstrate design
adequacy for safety and relilabllity of the plant In casze of a
large or small seiasmic distiwrbance sndfor loss of coolant accident
conditicns, Loads which the systenm 1= expected to encounter often
during its lifetime (thermal, weight, pressure) are applisd and
stresses are compared to allowable wvaluss, The modeling and
analyz1z methods are dizcusasd In subsecticon 3,9.1,

The reactor vessel supports are not designed to provide restralnt
to vertical uplift movement resulting from selizmic and pipes break
loadings=s, However, reactor pressure vessel motbtlcon resulting from
selsmic and pipe break events 1z Included In the reactor coolant
aystem analys=es described In subsecticn 3,9.1,

B.d,14. 4 Tests and Inspections

NondestructIve examinaticnsz are performed In accordancs with
the procegures of the RSME Code, secblon V., except as modified
by the RSME Code, zscticonm 1, Subsection NF and in the appli-
cable equipment speciflicatlions,

5.4.15 REFERENCES

l. EReactor Coolant Pump Inbegrity In LOCA, WCAP-5163,
Jeptember 1973,

4. In-Service Inspecticn of Pressurizer Water Beactor Steam
Generator Tubes, USNRC Begulatory Guide 1,83, RBewvizslicon 1,

Tuly 1975,
uy 321

3. Based for Pluggling Degraded PWR Steam Generator Tubes
(for comment ), TSNRC Requlatory Guide 1,121, Aug 19F6,
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Table 5,4-1

FEEARCTOR COOLANT FIMEF DESIGN PRRRMETERS
(Bhest 1 of 2]

Tnilt Dezlgn Prezzure, p=2lg 4R 5
Unit De=ign Temperature, 'F goo fal
Unit Cmerall Helght, ft 27,5
Seal Water Indectlon, gpm B
Seal MWater Eeturn, gpm 2,
Coollng Water Flow, gpm per ECP =516
¥axlmum contlnucuz Coollng Water 105
Water Inlet Temperaturs, 'F
Fump
Capaclty, gpm 185, 200
Developed Head, ft 273
NESH Required, ft Flqure 5, 4-2
suctlon Temperature, 'F 556 T
Fump Dl=charge Nozzle, 2F-1/2

In=ld=e Dlamster, in,

Pump Suctleon Hozzle, 1
In=21de Diameter, 1m.

Spesd. rpm 1188

a, Dezlgn temperature of prezzure retalnlng partz of the
pump azzembly expozed to the reactor coolant and
Indectlon water on the hlgh prezzure =2lde of the
controlled leakage 2eal z2hall be that temperature
determined for the partz for a prilmary loop temperature
of 650F,
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Table 5,4-1

BEEARCTOR COOLANT FIME DESIGN PRRRMETERS
(Bhest 2 of 2)

Pump [cont inued)

Water Yolume, ft? ap (B

Welght (dry). lb= 20T Q00

Xotor

Ty Orip procf, =quirrel
cage Inductlon, water/
alr cooled, totally
encloasd

Power, Hp FOO0

Yoltage, woltz 13,200

Fhaze 2

Frequency. Hz )

In=ulatlon Claza

Cla=a F, thermala=tilc
epoxy Inzulatlon

Current

Starting 1900 amp @ 13,200 wolta

Input, heot reactor coolant ZF1l amp

Input, cold reactor coolant 238 amp S
Pump ¥oment of Inertla, 1b—ft*

maximnm

Flywhe=1l o, 000

¥otor “d 500

Shaft S0

Tmpeller QR0

b. Compozed of reactor coolant In the cazlng and of
Indectlon and coollng water In the thermal barrler,
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Table 5,4-3
JTEAM GENERATOR DESIGN DATR

Me g EAEEFE0 EE SAELR FHdut M ELCH

Design Pressure, reactor coolant side, psig
Design Pressure. steam side. psig

Design Pressure, primary to secondary, pai
Design Temperasture, reactor coolant side, °F
Design Temperasture zteam zide, 'F

Design Tempersture, primary to zecondary, F
Total Heat Transfer Surface Area. ftF
Maximm Modsture Carryower . wb percent
werall Height, ft-in,

Mumber of U-Tukes

IFTube Nominal Diameter, in,

Tube Wall Nominal Thickness. im.

Muimber of Manways

Inzide Dismeter of Manways, in,

Mumker of Handholes

Design Fouling Factor, fti*-hr—"F/Btu

Stesm Flow, 1bs/hr

<485
1185
1600
650
BO0
650
55,000
0,23
B¥-8
BE4E
0,688
0,040

16

0, 00006

4,37 x 10°

Amemdment 331
2006, 12, 14 S, 4-F0

Printed: 2016.08.00 by 83107128 (RARN: DL2 S5 4e]: SRS

321

34

























































= eMe BaRrEENEEF0 e SAHELR e A L

FREN 3 & 4 F3ER

COMPONENT AND 3UESYSTEM DESIGN

Table 5,4-5

DEGTEN BRA3ES FOR RESIDUAL HEAT REMOWERL 3JYSTEM CFERATICN

Bezidual heat remowval system Indtiaticn
time affer shutdown, hoars

Beactor coolant system Initlal pressurs, pslg
Reactor coolant system Initial temperaturs, F
Component cooling water temperaturs, F

Cooldown time, after Indtiaticon of
resldual heat remowval system opsraticn, hours

Beactor coolant system temperaturs at end of
cooldown, F

Decay heat generaticon ab 20 howurs after
reactor shutdown, Btu/h

350

15

147

4,2 x 10F
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Table 5,4-10
FRESSTRIZER [ESIGN DATR

= eMe BaRrEENEEF0 e SAHELR e A L

Dezign pressurs, pslg

Design temperaturs, F

ourge line nozzle dlamster, 1n,

Heatup rate of pressurizer using heaters
cnly. F/hr

Internal volumes, £t°

-1

Span volume", £t

2455
GEC
14

35

1405
12353

*» [ Volums of presaswawrizer lavel span
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COMEONENT AND 3UESYSTEM CESTGN

Table 5,4-13
FRESSURIZER RELIEF TANF [ESIGN DATR

Dezlgn prezzure, pzlg 100
Initlal cperating pres=ure, paig 3 [for low level alarm =s=tpoint)
f.5 [(for high lewel alarm =etpolnt)

Final cperating preszure, paig 50 [for low lewsl alarm =etpoint)
A5 [for high lewvel alarm s=tpolnt)

Dezlon temperature, 'F 340
Inltlal cperatling water 120
temperature, "Flal
Flnal cperating
temperature, E\?EFF <00
coollng tlme requlired followlng 1
m}{jJEIIlI::] dlzcharge, approxlmate (fesd & blesed procesa)
hourla

B
[recircnlation through
the reactor coolant
draln tank heat

exchanger )

Yolume, ftt 1.300
Initlal operating water volume, ft° 900
Initial operating ga= wolume, ft° 400
Eupture dlzc releaze prezzure:

Homlnal, p=lg a1

Range, palg RS — 100
Total rupture dlzc rellef 1.14 x 10f

capaclty. 1b/hr at 100 peig

a, For the design baszilszs pressurlzer steam dizcharge,
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COMPONENT AND 3UESYSTEM DESIGN

Table 5,4-18
FRESSURIZER SAFETY END RELIEF WALVE DESIGN FRRAMETERS

Pressurizer Safety Walwves

Numb=r &
Relﬁgwi?glgﬁcitr. AOME rated 3E0. 000
ot pressure, psilg 4,485
Desion temperature, F G50
Fluid Jatmrated steam
Backpressure:

Normal, psig o

Expected during discharge, psig 350

Prezssurizer Pover—Operated Felief Valves

Numb=r 3
Dezlgn pressurs, pslg 4,485
Desion temperature, F G50
Relisving capacity at 2350 psia. lb/hr 210, 000 331
Fluid Jatirated steam
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APFENDEX SA
NATTRAL CIRCULATION COOLDONN ANALYSIS
ABSTRACT

The result of a conputer simulaticn for a natural circoulaticon

oooldown (NCC) of the FNT 5 & 6 Nuolear Stean Supply Srsten (N222) from hot
standby teo BEHE entry conditicns is presented in this docunent. The
ginulaticn utilises the nethods and assunpticons approved by the TS HEC and
was perforned assuning the restricticns of TS HEC Pranch Technical Position
(ETP) REB 5-1.

The restricticons include the use of only safety—grade equipment,

the concurrent loss of offsite power (LOOP), and a single failure. The
study concludes that the FHT 5 & 6 HEEE can be ocooled and depressurised to
Besidusl Heat Benowal (BHE) entry conditioms in conformanos with T2 NRC BTE
BER 5-1 requirenents.
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1.0 Introduction
1.1 Purpose

The results of a computer simulation for an NCC of the KNU 5 & 6 NSSS from normal

operation to the conditions which permit the initiation of the RHR are presented in this appendix.

The simulation utilizes a node and flow path network to model the Reactor Coolant System
(RCS). The simulation was performed assuming the restrictions of US NRC Branch Technical
Position (BTP) Reactor Systems Branch (RSB) 5-1 (Reference 1) using the methods and
assunptions previously approved by the US NRC. These restrictions include the use of only
safety-grade equipment, the concurrent LOOP and a single failure.

1.2 Scope

A computer simulation for a NCC of the KNU 5 & 6 NSSS has been performed using the
CENTS computer code (Reference 4). A detailed node and flow path methodology is used to
model the RCS. The NCC analysis from normal operation to RHR entry conditions was
perforned within the requirements of US NRC BTP RSB 5-1.

2.0 RAnalysis

2.1 General Description

The US NRC BTP RSB 5-1 requires that the nuclear power plant demonstrate that it can be
brought from the normal operation to cold shutdown under the NCC condition using only
safety-grade systems with only onsite or offsite power available (not both) and assuming a
single failure. In response to these requirements, an NCC analysis for KNU 5 & 6 is performed
from the normal operation to RHR entry conditions.

Natural circulation is governed by decay heat, component elevations, primary to secondary heat
transfer, loop flow resistance, and void formation. Component elevations in the KNU 5 & 6 are
such that a satisfactory natural circulation flow for decay heat removal is obtained by fluid
density differences between the core region and the Steam Generator (SG) tube region.

SG PORVs are used as a safety-grade means of the RCS cooldown and stabilization by
controlling the SG secondary steam release rate for the KNU 5 & 6 NCC analysis. Each SG
PORV line has two parallel flow paths with an air-operated valve in each path.

PZR PORVs are credited as a safety-grade means of the RCS depressurization because the main
and auxiliary PZR spray systems are not designed as a safety-grade system for KNU 5 & 6.
PZR PORV lines have three parallel flow paths with a solenoid valve in each path.

Auxiliary Feedwater System (AFWS) is also used as a safety-grade means of the SG level

Amendment 321
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control to maintain the normal SG water level for NCC analysis. AFWS consists of two
notor-driven pumps and one turbine-driven pump.

A safety-grade charging pump is used to control the PZR level and inject the boric acid through
the normal charging bypass line or high pressure safety injection line. Class 1E motor-operated
letdown isolation valve is also considered to control the PZR level as a safety-grade means for
NCC analysis.

A more detailed description of the plant system status for the NCC analysis is shown in Table
5A-1.

2.2 Computer Code Modeling

The analysis results are obtained using CENTS computer code. The CENTS code is an

interactive computer code for simulation of the NSSS and related systems. It calculates the
behavior of a PHR for normal and abnormal conditions including accidents. It is a flexible tool
for PWR analysis which gives the user complete control over the simulation through convenient
input and output options. The CENTS code models most of the NSSS and related systems. Core
power is computed using a point kinetics model. Boiling curves for forced convection and pool
boiling are used in the multi-node core heat transfer model. Primary and secondary
thermal-hydraulic behavior is calculated with detailed multi-node and flowpath models. The main
control systems for reactivity, level, pressure and steam flow are simulated. A multi-node and
flowpath representation of the feedwater system is provided. Related balance of plant systems for
single-phase fluid are represented.

321

2.3 Assumptions and Initial Conditions
The assumptions and initial conditions for the NCC analysis are as follows:

a. In accordance with BTP RSB 5-1 requirements, the plant must be capable of completing a
NCC assuming a LOOP and a concurrent single failure using only safety-grade equipment,
including maintenance of the plant in hot standby condition for 4 hours. The single failure
assumed is one emergency diesel generator failing to start. This disables one entire
emergency power train (See Table 5A-1).

b. Main and auxiliary PZR sprays, PZR backup and proportional heaters, and control systems
are assumed to be non-safety-grade and, therefore, unavailable.

c. RCS temperature and SG tube plugging are conservatively considered for the analysis.

d. The initiating event is assumed to be a LOOP at time zero resulting in an assumed loss of
power to the Reactor Coolant Pumps (RCPs) thus nearly instantaneous reactor trip .

e. Following reactor trip, SG PORVs are automatically operated according to the setpoint,

Amendment 321
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and then the operator manually controls SG PORVs to stabilize secondary pressure at
formal no-load hot standby conditions.

f. Charging flow control valve fails open on loss of instrument air pressure, so operator action
to isolate normal charging is assumed to occur at about 12 minutes. Before isolation, full
charging flow from one pump is assumed.

g. Letdown isolation valve fails lock due to LOOP, and is manually isolated as the PZR level
decreases after the normal charging flow isolation.

h. After 4 hour hot standby period, a cooldown is initiated with a normal cooldown rate
(which is assumed to be 40 °F/hr for the NCC analysis). This cooldown rate is slower
than the maximum cooldown rate of 50 "F/hr and, hence, conservatively increases the
auxiliary feedwater usage.

1. The pressurizer level is controlled between 25 and 70% to avoid a solid condition or a drained
condition. The operator throttles the flow of charging and letdown during the NCC as
necessary to control pressurizer level and pressure (See Figure 53-4).

j. The SG water level is conservatively assumed to be maintained at the normal operating
water level, This will maximize the auxiliary feed water usage since it accounts for
steady state decay heat requirements and compensates for the SG level shrink after 391
reactor trip.

k. The operator manually controls the safety-grade PZR PORV instead of the auxiliary
pressurizer spray system to depressurize the RCS.

1. Decay heat values used in this analysis are based on the 1971-ANS decay heat model
(Reference 2). It is assumed that the uncertainties of 20% and 10% of the decay heat
fractions used in the code are additionally considered from 0 to 1,000 seconds and from 1,000
to 100,000 seconds, respectively.

n. To prevent the Pressurized Thermal Shock (PTS) during NCC process, the cooldown
and the depressurization are performed in maintaining the RCS subcooling margin
(Reference 3).

n. It is conservatively assumed that no heat transfer occur from the Reactor Vessel Upper
Head (RVUH) to the containment atmosphere via the Control Rod Drive Mechanism
(CRDM) , although heat loss from the RVUH to the containment via the CRDMs will
exist even with the CRDM cooling fans unavailable as listed in Table 5A -1. The
pressurizer heat loss to the containment is also conservatively considered for this
analysis.

0. The moderator temperature coefficient, doppler reactivity feedback coefficient, scram rod

Amendment 321
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worth, and boron worth are conservatively assumed for shutdown margin calculation.

p. The cooldown and depressurization to RHR entry conditions must be completed within
the limitation of the available safety-grade Condensate Storage Tank (CST) capacity.

g. Once the plant reaches RHR entry conditions, the plant will subsequently be cooled to
the cold shutdown using the RHR System. Natural circulation flow is not required to
cool the RCS once RHR entry conditions are achieved.

2.4 Analysis Method

The NCC analysis process which is performed in accordance with the US NRC BTP RSB 5-1
requirenents is divided into the following 3 phases:

a. Hot standby
b. Cooldown
¢. Depressurization

Fach phase listed above is controlled by the following constraints and operator action strategies:

First, during hot standby period,
a. 4 hours hot standby after reactor trip 791
b. SG water level at normal operating condition
¢. SG pressure at no-load hot standby condition
d. PZR water level between 25 and 70%

Second, during a cooldown period,
a. Cooldown with a normal cooldown rate (40 "F/hr) using SG PORVs
b. PZR water level between 25 and 70%
¢. RCS subcooling margin within P-T limit
d. RCS hot leg temperature less than 350 OF at the end of cooldown

Third, during a depressurization period,
a. Depressurization using PZR PORV
b. PZR water level between 25 and 70%
c. RCS pressure less than 415 psia at the end of depressurization
d. RCS subcooling margin within P-T limit

The case analyzed in this calculation consists of a series of above mentioned three phases of
NCC to RHR entry conditions. The main purpose of this amalysis is to maximize the auxiliary
feedvater usage in order to confirm the designed CST source is enough for use. The operational
status of key equipment and the key parameters pertinent to the KNU 5 & 6 NCC analysis are
listed in Tables 5A-1 and 2, respectively.
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2.5 Results

Immediately following the LOOP, RCPs trip and begin to coast down. The flow through the core
decreases and results in reactor trip (Figure 5A-1).

Shortly after the reactor trip, SG pressure increases to the SG PORVs setpoint, and then the
operator manually controls the SG PORVs to stabilize the NSSS at hot standby conditions.

Initially RCS pressure (Figure 5A-3) and PZR level (Figure 5A-4) decrease as a result of shrink
following the reactor trip. As a result of the charging flow control valve failing open, the
charging pump operates at full flow (Figure 5A-6). During this period, RCS pressure reaches to
the PZR PORV setpoint. The operator is assumed to isolate the normal charging line 12 minutes
after the event by closing one of the charging containment isolation valves from the control
room. After the normal charging flow isolation, the operator isolates the letdown isolation valve
as the PZR level decreases. Afterward, charging and letdown flows are manually controlled as
necessary.

The initiating transient did not affect the RCP seal injection flow path. The net 15 gpm total
flow for three RCPs is served as a source of RCS makeup during the entire scemario. After the
normal charging line is isolated, RCS pressure and PZR level continue to rise slowly due to the
seal injection flow until the operator opens the letdown isolation valve (Figure 5A-T7).

The auxiliary feedwater flow to the steam generators is manually controlled to slowly refill the
steam generators without overcooling the RCS.

The plant is maintained at hot standby for 4 hours consistent with the BTP RSB 5-1
requirements. The operator controls SG PORVs to maintain the steam generator pressure (Figure
5A-5) at 1,106 psia and thus the RCS cold leg temperature (Figure 5A-2) at 557 °F. During this
hot standby period, the pressurizer pressure decreases slowly and reaches 2,113 psia at the end
of 4 hours hot standby operation (Figure 5A-3).

At 4 hours, the operator begins a 40 “F/hr cooldown by increasing steam flow through SG

PORVs. This increased steam flow causes a decrease in the steam generator pressure and RCS
temperatures. The cooldown process also causes the pressurizer level to decrease as the RCS
volune decreases. As the RCS starts to cooldown, the pressurizer level and pressure decrease,

and the operator controls charging and letdown flow (Figures 5A-6 and 7) as necessary to

maintain pressurizer level between 25 and 70%. The charging flow provides inventory control
during the cooldown, adds negative reactivity, and increases the subcooling of the RCS. The
pressurizer pressure remains relatively constant during this period because the RCS pressurization
by the charging mass addition is compensated by RCS cooldown due to the secondary stean

release and the injection of the cold fluid.

At 4.8 hours, the operator stops the initial cooldown as hot leg temperature reaches to less than
550 ‘F in order to block SI signal. The operator resumes RCS cooldown with a cooldown rate of
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40 °F/hr by increasing steam flow and auxiliary feedwater flow (Figure 5A-2) at 5.8 hours, and
continues the cooldown until the next hold point at 10.5 hours. During this cooldown, the
operator maintains the pressurizer level within 25 - 70% by controlling charging and letdown
flow (Figures 5A-6 and 7), and maintains RCS subcooling margin greater than 100 °F since the
CRDM cooling fans for cooling of the upper head fluid are not credited in the analysis.

At 10.5 hours, the operator stops cooldown to prevent RCS overcooling, opens the PZR PORV to
depressurize RCS to the point where the RCS subcooling margin decreases to 100 ‘F (Figure
5A-9) and isolates the SI accumulators to prevent discharge into the RCS

At 13.3 hours, the operator closes the PZR PORV to maintain RCS subcooling greater than 100

°F and resumes RCS cooldown with a cooldown rate of 40 °F/hr by increasing steam flow and
auxiliary feedwater flow (Figure 5A-13). During the cooldown period, the operator maintains the
pressurizer level within 25 - 70% by controlling charging and letdown flow (Figures 5A-6 and
71

At 15.5 hours, the operator stops cooldown as the RCS temperature is below the RHR entry
conditions with an adequate RCS subcooling margin to prevent the steam void formation in the
RVUH region, and opens the PZR PORV to depressurize until the RCS pressure reaches the

RHR entry condition.

At 16.2 hours, the RCS pressure and temperature reach the RHR entry conditions of 415 psia 391
and 350 °F, respectively.

The RCS boron concentration increases due to the charging flow including RCP seal injection

flow, which has 2,450 ppm boron concentration from RWST and 8,000 ppm boron concentration

from BAT. This boron concentration increase provides additional negative reactivity into the core
(Figure 5A-11) and provides additional shutdown margin. The positive reactivity insertion due to
the RCS cooldown with the most negative moderator temperature coefficient is compensated by

the boron concentration increase, resulting in greater than required shutdown margin throughout
the transient (Figure 5A-12).

The amount of safety-grade auxiliary feedwater (Figure 5A-13) used is about 260,000 gallons.
This demonstrates that the NCC to RHR entry conditions, per the BTP RSB 5-1 requirements,

can be performed well within the limit of CST capacity (i.e., minimum capacity of 470,000
gallons). During the entire transient, a sufficient RCS subcooling is maintained and the steam
void in the RVUH region is not formed (Figure 5A-10). This also demonstrates that a single
phase subcooled natural circulation flow can be maintained with appropriate operator actions.

The analyzed results in the form of plots are shown in Figures 5A-1 through 5A-13.

3.0 Conclusions
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The KNU 5 & 6 NSSS natural circulation cooldown analysis results demonstrate that cooldown
and depressurization to RHR entry conditions is achievable within the BTP RSB 5-1
requirements. These requirements include the use of only safety-grade equipments, a LOOP, a
single failure, and auxiliary feedwater usage within the minimum available capacity.

As an NCC analysis result of KNU 5 & 6, the amount of safety-grade auxiliary feedwater used
is estimated to be about 260,000 gallons. This demonstrates that the natural circulation cooldown 391
from normal operation to RHR entry conditions, per the BTP RSB 5-1 requirements, can be
performed well within the minimum available capacity of 470,000 gallons even though the
uncertainty of the decay heat is considered in this analysis.

It is concluded that KNU 5 & 6 can be cooled and depressurized to RHR entry conditions in
conformance with the restrictive assumptions of US NRC BTP RSB 5-1.
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Table 5A-1 Operational Status of Key Systems and Equipment

System/Component

Offsite power

Reactor coolant pumps

Pregsurizer pressure control system
Pressurizer level control system
Steam dump control system

Main feedwater control system
Letdown isolation valve

Charging pumps

Main/Auxiliary spray

Pressurizer heaters

CRDM cooling fan

SG PORVs

PZR PORVs

Auxiliary feedwater pumps

Seismic category 1 Condensate
Storage Tank (CST)

Refueling Water Storage Tank (RWST)
Boric Acid Tank (BAT)

Normal charging bypass line
(or High pressure safety injection line)

Amendment 321
2006. 12. 14 5A-9

Status

Unavailable
Unavailable
Unavailable
Unavailable
Unavailable
Unavailable
Available
Only one available 321
Unavailable

Unavailable

Unavailable

Only one available per SG

Only one available

Only one (motor-operated) available
Available at the minimum capacity
(470,000 gallons)

Available

Available

Available

503e3

b 0a-5fa21108141¢
ZEBlUX 7|P 2o Mot/ AEs AFH 29 (A0 A SO RO RO O



KRN 3 & 4 FSAR

Table 5A-2 Key Parameters and Initial Plant Conditions

Parameters

Reactor power
Pressurizer pressure
Cold leg temperature
Hot leg temperature
Steam generator pressure
Steam generator water level
Steam generator tube plugging rate
No-load steam generator pressure
No-load reactor inlet temperature
Pressurizer level control
Maximum control limit
Minimum control limit
Cooldown rate control
Max. cooldown rate
Normal cooldown rate (assumed)
RHR entry conditions
RCS pressure
RCS maximum temperature
Minimum CST capacity
RWST Boron concentration
BAT Boron concentration
AFW Temperature

Amendment 321
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2.912
2,250
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