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1. INTRODUCTION AND SENERAL DESCRTETION OF ELANT

1.1 INTRODUTCTION

Thiz Final 3afety Rnalysis Report (F3RR) 15 submitted In
support of the applicabicn of the Rorea Hydro & Nuclear Bower
Company [KHNF) to obtain an opsrating license for the

Fori Nuclear units 3 and 4 (KRN 3 & 4],

1.1.1 THE RCRI NUCLERR TNITS 3 RND 4 330

Tnit 3 and Tnit 4 each consizt of a pressurized water reactor,
a trbine generator, and azsoclated andliariss, The two units
are virtually Identical with a limited mumber of shared faclil-
1ties., Rord Nuclear Thits 3 amd 4 will hereafter be refarred
to a= the facility,

The facllity 1z located at the Forl Nuclear Power Plant zite
which 1z con the southsasztern coaszt of the Forean peninsula
approximately 16 miles sguth of-Ulzan and 20 milss northeast of
Pusan,

The contalinment for the nuclear steam supply system (H333) 13 a
dry. prestressed concrete, stesl-lined sbructures which 1=
designed by Overssas Pechbtel, Incorporated [(Bechtel ).

The N335 1z mamifactursd by the Westinghouse Electric Corpora—
tion (Westinghousze)., The N385 18 a pressurized water resctor

(FWR] type=.

The reactor core 1z desligned for a thermal cubtpuk of 2900 HRE,
When the reactor coolant pumps heat Inpat of 12 HRAE 1z added to
the core ocutpit, the resulting warranted N335 oubput 1=z 2912 HMC,
which 1z defined az the rated power 1n the license applicaticn,

31

The turbine generator 1z rated for operaticn at the NS558 war—
ranted cutput of 2912 MHE with a corresponding electrical outb-

put of 1033, 2 H¥e, Thiz corresponds to a net elsctrical cubtput
for each unit of 253,23 MMe, The turbine 1z suppllsed by General
Electric Company of England [(GEZ) and the generator iz supplisd by
Hitachi ,Ltd, Power & Industrial systems,

The date of completicon of constructicon and Initiaticn of fusl 390
loading at Undt 3 1s anticipated to be Rpril 1934 and the date
of commerclal operation 1z anticipated to be Octobesr 1984, The
construction completion date and commerclal operaticn dates for
Tnit 4 are antlicipated to e Bpril 1985 and Ocbcher 1285,
respectively,
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GENERAL FLANT
DE3CRIFTION

fusl cladding are greatly reduced by the ablility of the
uranium dicsdde lattice to retaln fi=zicn productszs, Escaps
of filzzicn products through fusl cladding defectszs woild be
contalned within the reactor pressure vessel, coolarnt loops,
and auxiliary system=s, EBreach of these systems or equipment
wvould releass the fi=zicon productszs to the contalnmernt wheres
they would be retalned, The reactor contalment 1z designed
to adequately retaln these flzzion products under the most
severe accldent conditicons, asz analyzed In chapbter 15,

Dezlgn criterla are establizshed to ensurs the following:

A, The minimim departure from micleate bolling ratio
durlng normal operaticn and anticipasted operaticnal
occowrrences which provldes ab least a 95% probabIlity with 95%
canfidenos that departure from mrleste bolling doss not ooouar, 280
1z ot less than the 1inlt walue describsd In Subsscbion
4.4.1.1,

E. The maximum fusl cerberline temperatiure evaluated
at the deszign overpower conditicn 1z below that
value which could lead to centerline fusl melting,
The melting polnt of the U022 Iz 0ot reached during
normal coperabicn and anticipated operaticnal
CCCITTENCSS,

57 Fusl rod clad 1z-designed to malntaln cladding
Integrity tiroughout fusl 11fe, Filszsszlon gas
releasze within the rodz and other factors affecting
fusl design life are consldersd for the maximim

expected exposures,

D, The reactor systenm 1= desligned so that any xencon
tranzientz are adequately damped,

E. The RCE 1z designed and constructed to malntaln

1tz Integrity throughout the expected plant 11ife,
Approprilate means of test and Inspectlicon are

provided,

F. Powver excursicns that could result from any credible
reactivity additicon Incident do not cause damages
elther by deformation or rupbture of the pressure
vesazl, nor do they lmpalr operaticn of the englnesred
gafety featwres (ESF).

. The combined responas of the fusl temperaturs
coefficient, the moderator temperatores cosfficient,
the moderator vold coefficient. and the moderator
pressure coefficlent to an Increase In reactor
thermal power 1z a decrease In reactivity, In
additicn, reactor power translentszs remaln boinded
and damped In response to any expectesd changs In
any cperating varlable,
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Direct current power for the Claszs 1E do loads of each unit 1=

supplied by four Independent Classzs 1E 135V babterieszs and

azscclated battery chargers, One 250V and cone 135V mon—Class

1E battery and azsoclated battery chargers supply power for

the non—Claszszs 1E doc system loads=s, And ancther direct current

power for coping with ztation blackout(3B0) of FORI 1.2.3 and 4

iz suppli=d by an imdependent Non—Class 1E 125V battery with an 314
azscclated battery charger and a distribution pansl,

Theas systems are di=scussed Individually In chapbter &,

l.2.6 FOWER CONVERSTON 3Y3TEM

The zteam and power converslon system remcves heat energy from
the reactor coolant In thres steam generators and comerts 1t
to electrical energy with the turbine generator, These systams
are dizcussed In detall In chapter 10,

The turbine generator 1z an 1800 rpm, tandem—compound, six—flow
exhaizt, condenzing unit design for saturated steam conditicons,
The turbine zecticn conslsts of one high-pressurse turbine
element and thres low-presswuars turblne elemsrt =, The gensrator
rating 1=z 12323 HVER &L 22,000 volbts and 60 hertz,

oteam enters the high-presswrs turbine through the main stop
valve:s and the governing combrol valves,  From the high-
pressure turbine exbaust, the steam flows through combined
moisture separator/reheatsers to the low-pressure turbines.

The maln steam lines are provided with turbine bypaszs valves
which dizcharge to the condenszer, and zafety, dump, and
relisf valves which dizcharge to the atmosphers,

gtesm iz taken from cne of the molsture separator/reheaterzs for
steam supply to the stean ganerator fesdwater pump trbine
drivers, The auxxilliary fesdwater pump turbine 1z supplisd with
driving steam from the maln steam lines upstream of the maln
steam Izclaticn wvalwes, The twostage reheaters are supplied
with heating steam extracted from the high-pressure turbine and
also from the maln steam cross—connection header,

A trbine bypaszz systen 1z provided which will bypass up to

36 percent of full-load maln steam flow direcbly to the maln

condenser, and exhauzt 28 percent of full-losd main steam 34
flow to the atmosphers, The bypasz and atmospheric dump

systems are designed to help malntaln secondary =1de steam

pressure below safety valve setpolnt pressures durlng

tranzient conditicns,

The maln comdenser transfers unmizable heat In the turbine
exhaizt steam to the water belng circulated through the
condenser tubes by the circulating water pumps, The circulating
water 1z then returned to the East Gea,
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Table 1,3-1

N335 WENDOR 3UFELIED COMPONENTS COMPRARTSON WITH SIMILRR FRCILITY DESIGHNS

{Sheet 1 of 33)

Chapter Jysten/ paramster FEN 2 & 4 Maanzhan dhearcn Harrils
4 Core Mechanical Design Jecticon 4.2
Fuel agsenblies
Design BCC canless BCC canless BT canless
Funter aof fuel assemblies 157 157 157
Tl rods per aggembly 264 264 o
Bod pitch, mm, 12,6 12,6 12,6

Owerall dimensicns, oo,

Fuel weight (a3 Th). per

asgently, kg

Clad welght per assembly. kg

Humber of grids per
aggenbly

Leoading technique

Fuel rods

Hmber
Outsidk diameter, nm,

Ad o 214 02

[t

ikl

[t

1ar

7 (o, Lot md : Inecom] TIE
g IO el : ITHU

I IFE el (M%) : ITHLO

5 IFE ¥l [MTT) : ZIEWD

1 Tromet'rn medl : Ineawl TH

Jreglon
nouniforn

41,448
4.5

A5.04 2 5.
= 4¥6,3

= 114.4

- Tyre B
- Type 2

Jreglon
nmuniforn

41,448
3,14

215,04 = 215 .04

= 485 32

= 124.%

- Tyre B

A-region
nmuniforn

41 444
2.5

* HFA : Rebvxt Ponl Assembly
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Table 1.3-1

N335 YVENDOR SUPFLIED COMPONENTIS COMPRRTSON WITH SIMILAR FROILITY DE3TIGHS
[Shest 2 of 33)

Chapter dysten/Paramster FEN 2 & 4 Maanszhan ohearan Harrils
4 Dismetral gap, mm, 017 0. 157 0.1
Clai thickness, mm, O 57 O B4 Y
Clad material LIRLO Lircaloy-4 Tircalar-4
Fuel pellets
Material 00/ M0G0y gintered Qs sinmterad T, sintered
Denaity, % of theoreticsal a5 a5 a5
Dismeter, m, a.13 744 4.05
Length, mn, 9,43 12,44 16,00
Rod cluster control
agsenblies
Neutron absorber Ag-In-0d B,C Ag-In-0d
(full length) fwith Hf or or Hf
Ag-InCd Tipa)
Cladding msterial Type 304fer T16L] Type 304 Type 304
So-cold worked So-cold worked S8—cold worked
Clai thickness, mm, 047 057 047
Numter of cluster 5240 520 5240

full and part length

| 275
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N335 WVENDOR SUFFLIED COMPONENTS COMPARTSON WITH SIMILRAR FACILITY DESIGHNS

[Shest 4 of 33)

Chapter dysten/Paramster EFH 3 & 4 Maan=han dhearcn Harrils
4 H0/U molecular ratio w54 w73 PR
oore, latbice (cold)
Fe=d enrichment, w/o

Region 1 1,60 1,60 2,10

Reglon 2 2,40 2,40 4,80

Reglon 3 3,10 3,10 [

Thermal and hydraullc design decblon 4.4

Beactor core heat output, s L P 4,775
HNE

Raagc:r core heat output, 9,888 9,471 9,471
1 Btu/sh

Heat generated In fusl, % ar.4 ar .4 ar.4

dystem pressurs, nominal, 155, 2[155.1] .57 & THEEEE

kg/cn [bar]

dystem pressurs, minimum 15403 (181 5] 15882k 153.1
steady-state, kgfow [bar]

Hinimum DNER for design 21,449 =1,30
transients
Typlcal Flow Channesl 1.25
Thimble Flow Channel 1.25

13
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Table 1,3-1

N333 VENDCOR 3UPFLIED COMPONENTS COMPRRISON WITH SIMILAR FRCILITY DE3IGNS (1F < 1F ACET)

(Sheet 4 of 33)

B T

«TT W 2O
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Chapter Jysten/ parameter FEN 2 & 4 Maanszhan ohearcn Harris
4 HECI,"'T_T molecular ratio 9 84 0 73 9 47
oore, lattice (cold)
Fesd enrichmernt, wio
RBeglon 1 1.62 1.62 2,10
RBeglon 2 i 2,40 .60
Beglon 3 3,15 3,15 3,10
Thermal and hydraullc design oection 4.4
Beactor core heat oubput, PR L S.FF5 4,775
HNE
Reactor core heat outpat, 9,806 9,471 9.471
105 Btu/h
Heat . gensrated. in fuel. % 97 .4 97 .4 97,4
dystem pressure, nominal, 133.1 157.2 155.1
bar
oystem presasuars, minlimim 151.3 155.1 133.1
steady-sztate, bar
Ninimm DNER for design
transients = 1,48 = 1.30
Typlcal Flow Channel 1.2%
Thinkle Flow Channsl 1.23
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Table 1.3-1

N353 YVENDOR SUPFLIED COMPONENTIS COMPRRETSON WITH SIMILAR FROILITY DESIGHS
(Shest 5 of 33)

Chapter Jysten/Paramster FEN 2 & 4 Maanszhan ohearcn Harris
4 Coolant flow
Tobal thermal flow rate, 13 331 14 0323 13 620
kg/fsecl(5)
Effective flow rate for 12,438 13, 444 13, 032
heat tranzsfer, kgfzec
Effective flow ArSg for 3.86 4,09 3.87
heat transfer, o
Average veloclty along 4 30 4, 66 4, 68
fusl rods, mfzec
Average mass veloclby, e 3,387 3.380
kg/m” - sec
Coolant tempsrature, 1O org | 321
Nominal inlet “589.4 “82,2 “81.1
Average ri=se In vessel aF.8 34,1 35.4
Average ri=e 1in core 47,1 e S IF.0
Average 1n core 210, 7 310,8 310, 7
Average In vessel I0a,3 10,1 314.6
» VoH ! Vantage - SH
RFE ! Robust Pusl aszembly
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Tabkle 1,.3-1a
N335 VENDOR SUFELIED COMPONENTS COMPARISON WITH SIMILAR FRCILITY DESIGHNS (17 < 1F ACEF
{Sheet 5§ of 33)

- T

2008

Chapter dysten/Paramster FEN 2 & 4 Masnzhan ohearan Harrils
4 Coolant flow
Total thermal flow rate, B TR = b 14, 2389 13, 620
kg/fsec(S)
Effective flow rate for 12, 058 13, 444 13, 032
heat transfer, kgfzec
Effective flow area for 3,86 4 09 3. 87
heat transfer. n®
P.L?EI“EQ'E "i.ElCI:-it]_F alc:ng 4,18 4 66 4 53 376
fusl rods, mfsec
iverage mass velocity. 3,123 3. 2a8F 3,380
kgfm® - sec
Coolant tempsrature, O
Nominal Inlet 209.2 <82, 2 “91.1
Average risze In vessel 58.1 34,1 5.4
Average rilse 1n core 41, 32 Ao ar.0
Average Iin core S511.2 310, 9 310, F
Average In vessel 38,5 10,1 314.6

g
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Table 1.3-1

N335 VENDOR SUPFLIED COMPONENTS COMPRRTSON WITH SIMILAR FRCOILITY DESIGHS
(Shest 6 of 33)

Chapter Jyaten/Paramster FEN 2 & 4 Maanszhan ohearcon Harris
4 Heat transfer

bectlve heat transfer 4, 550 4, 350 4, 580
arface area, o

ﬂveragze heat Elux, GAG 635 610
kWS m

Maximum heat flux for 1.6aF 1.431 1.415
normal operation,
kW /m® I

Average linear power, 5,68 5,44 5,44
KN/ EE

Peak linear power 14,8 12.6 12,6
for normal coperation,
KW/ EE

Peak linear power < 23,5 15,0 15,0
resulting from owver—
power transienta/ 4
operator error
(azzuming a maximum

overpower of 1168%)
KW/ EE

Heat flux hot channesl 2L.E0 2,30 2,38
fabor, FQ

[1) Thia limit iz azzcciated with the walue of FREZ.E0
[2)] S== #Anbparagraph 4.3.2.32.6
[Z) Thia iz the valus of Fe for normal operatiom. 273
[4) Talu=a us=d for thermal hvdraunlic analyaiz
4| (%) BEazed on the Thermal Design Flow Rate | 221
* [] : ¥Talu=a for ¥-SH fu=l
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Table 1.3-1

N353 VENDOR SUPFLIED COMPONENTS COMPRRETSON WITH SIMILAR FROILITY DESIGHS
[Shest 7 of 33)

dysten/Paramster FEN 2 & 4 Maan=han ohearcn Harrils

g2-£ "

T Soow

Peak fusl centerline temper—| 2.593-3, FSxiiglw/o GdECJJJ Z4.593 2.593 é;i

ature at peak lingar

power oo preventicon
of centerline melt, T

RZ3 Design and Operating dection 5.1
Parameters
Plant design 1ife, yr 40 40 40
Nominal opsrating W R385 W 235 w235
pressure, pslg
Tobal =system volums S 9,410 a,Fa3

Including pressurlzer
and surge line, f£t°

Jystem 1ligquid wolums, g, ro0 g, 5833 g, 963
Including pressurlzer
water at maxImum

gquarantesd powsr, Et°

Prezsurlzer spray rate, Fo0 Fo0 GO0
maximim gpm
Pressurlzer heater 1,400 1,400 1,400

capacity, kW

Prezsurizer relief tank 1,300 1.3C0 1.3C0
volums, Fto

TeE JUSTRI=ATY
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Table 1.3-1

N333 VENDOR/JUPFLIED COMPONENTS COMPRRTSON WITH SIMILAR FRCILITY DE3IGNS

[Shest 5 of 33)

Chapter dysten/Paramster FEN 3 & 4 Maanzhan ohearcon Harris
S RZ3 thermal and hydraulilc

data

N833 power, MHC 4.812 2,785 “Z.7a5

Thermal design flows, gpm
Ective loop B4 200 aF, 600 ar, 60
Idle loop o - -
Reactor SEE B0 293,800 292 800

Tavgl(“F) 57 SEE 550

Total reactor flow, 105, 8 175,39 - 105,39 1091 109, 2
1® 1b/h

Tempsratures, F
Reactor wessel oublet Gal, o G200 6l4. 4 619, 8 619,00
RBeactor wessel Inlet 553,00 S5d.0 54506 557,00 556,00
steam generator ocutlet =527 S5l 7 545,32 556, 7 555,858
otean generator steam 535.4 s34, 3 Sar.r sS40, 3 sS40, 3
Fesdwater 445 8 445 3 44593 440, O 435,00

321
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Table 1.3-1

N335 VENDOR SUPFLIED COMPONENTIS COMPRRETSON WITH SIMILAR FROILITY DESIGHS
[Shest 9 of 33)

Chapter Jysten/Paramster FEN 2 & 4 Maanszshan |(Shearcn Harrils
5 Jteam pressure, psia Q26,0 g0 geg, o 954 264

Total steam flow. 1C° 1b/h 12,54 12,23 2 e A 123 1z, 4
Best estimate flows, gpm

Ective loop 1, 600 1o, 8o 103,000

Reactor SCF, B00 308, 400 308 000
Mechanical design flows.

grm

Ective loop 106, o0 106, 900 107, 100

Reactor 320, Foo 3320, o0 331,300

System pressure drops

Beactor wesssl AP, psl 41,0 41,0 43,8
Jteam generator AP, psi 41,0 41,0 38,7
Hot leqg piping &P, psl 1.4 1.4 2.0
Pump suction piping AP, p=si 3.4 3.4 3.6
Cold leg piping AP, psi 3.4 3.4 2.0
Pump head, £t 2E0 2E0 <7a

321
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Table 1.3-1

N335 WVENDOR SUFFLIED COMPONENTS COMPARTSON WITH SIMILAR FACILITY DESIGHNS

[Shest 13 of 33)

FI-£ T

Chapter Jysten/Paramster FEN 2 & 4 Maanzhan ohearcn Harris
= Beactor coolarnt pump design
Tnit design pressures, pslg A.,485 4.485 H.485
Unit design temperatur=, °F GEoE 650 650
nit owerall height. £t “F.5 26,893 WE
oeal water Indectlicn, gpm g g g
oeal water return, gpm 3 3 3
Cool water flow, gpm Sl6 596 135
;E:'r:_ngCP
Maximum continuous cooling _ 105 1o5 105
water inlet temperature, F
Pump
suction tempsrature, °F 556.F 557
Discharge nozzle, RF-1/2 RF-178 RF-1/72
ID., 1in.
ouction nogzle, 31 31 31
ID. 1in.
dp==d, rpm 1.155 1.1585 — 1.153
1.130

FT BT 900
TeE JUSTRI=IY

(6) Dezign temperature of pressure retaining parts of the pump aszembly sxpossd to
the reactor coolant and Indecticon water on the high pressure z1de of the
controlled leakage ssal shall be that temperature determined for the partszs for

a primary loop temperaturs of 650 F,

| 321
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Table 1.3-1

N353 VENDOR SUPFLIED COMPONENTS COMPRRETSON WITH SIMILAR FROILITY DESIGHS
[Shest 14 of 33)

Chapter Jysten/ parameter FEN 3 & 4 Maanzhan ohearcn Harrils
5 Water volums, ft° gt B 57
Wedght (dry). 1b 2OF QoD 205 500 2Ol 200
Motor

Tye= Crip—pmroof Crip-prooct, Crip—proock,
squirrel cage squirrel squirrel
Inducticn cage cage
waterfalr induction
cooled, alr cooled
totally
enclozed

Power, hp PO Foooo P00

Voltage, wolts 13, 200 13, a0 6. 500

Fhase 3 3 3

Frequency., Hz G G ()

Current

starting 1900 amp @ 1750 amp @ 3000 amp @
13 200 volts 13 200 volts 6,600 volts

Inpit, hot reactor AF1l amp 454 X 5 amp T 491 amp

coolant
Inpit, cold reactor 335 amp 336 £ F amp T BED amp

ocoolant

(7)) Composed of reactor coolant In casing and of Infection and cocling water in the
thermal barrier,

341
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Table 1.3-1

N335 VENDOR SUPFLIED COMPONENTS COMPRRETSON WITH SIMILAR FROILITY DESIGHS
[Shest 19 of 33)

Chapter

dysten//paranster

BREN 3 & 4

Maanshan

chearcn Harris

oE-g" T

Q0CE

TaE JUSTRI=Y

o R

RBeactor coolant system
initial tempsraturs, F

Compornent coolling water
temperaturs, F

Cooldown time, hours after
Initiaticon of residual
heat remowal systen
operation

Beactor coolarnt system

temperature at end of
cooldovn, F

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

Fesidual heat remosral
pump

Number:

Dezlgn pressures, pslg

Dezign temperaturs, F

350

135

15

NE: T

gd.2 x-10°

G

350
135

15

140

2.4 x 10°

G

350

135

15

140

59 x 1

G
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| 390

ILENTIFICATICON OF
AGENTZ AND CONTRRCTDRS

F, Zicn Miclear Tralning Center

The Westinghouss Electric Corporaticn and the
Commponwealth Edizon Company of Chicago have bullt

and ares cperating a miclear tralining center at Zicn,
Illinci=, The 28 ,007—:=zquare—fooct tralining center
contalns classrooms, a tralning reactor, tralning
material center, video recording faclilities, and
milti—plant miclear power plant szimilators, Westing—
houze sztaffz and cperates the center, suppliss all
the equipment regquired, and 1z responsible for the
development and presentaticn of all training programs,
Componwealth Edizon provided the bullding, acosss to
the Zicn nuclear unitzs for conducting in—plant
cbzervatlion training, and advizeszs and aszzisztzs Westing—
houze In developling tralining programs,

l.4.,4 GEMERMAL ELECTRIC COMPANY "3 QUALIFICATICNS RS R SUPFLIER
CF TUREINES

The Gensral Electric Company (GEC) ., Limited, designed.
fabricated, and del Iver=d-the turbine . as well as
provided technical asziztancse for the Installation and startup

of thiz equipment,

GEC Limited has a long history 1n the applilcosticn of turbline
generators 1n muclear power-plants .

1l.4.,4.1 Contractor Descoipticn

GEC Power Enginesring Limited., cne-of five Duncticnal manage—
ment subsidiaries, 1z the largest specialist group of 1ts

kind In Burcope and provides for every facet of power generaticon,

tranzmizzicn, and disztributicn, The Group loyz about
25,000 people and 1tz anmial zales approach 500 millicn,

The GEC Power Englinesring Group provides a complets capabllity
in the power fisld,

The Group, both directly and through AEI and Englizh Electric,
haz had extenzive experience In the design and constructicn

of complete muclear power plants, It waszs the lead contractor
In the Consortia which bailt Toksl Hura, Hunterston &,
Hinckley Polnt A, Sizewsll B, and Wylis nuclear power statlons,
AAditicnally, the Group haszs mpany year' s experlence az lead
contractor for the design and construction of complets

fozz1l, hydro, and gas turbine staticnszs 1In all continents of
the world,

GEC generating plant and ancillary equipment 1z installed In
fozz1l and nuclear fusled power statlconszs throughout the
vorld, GEC 1z the mafor suppliser of 660 HW turbine gensrators

Amemdment 390
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to Britain'=zs home electricity generating boards, and, In the
overseas markst, the 1200 MW =tz for the U.35.R, are among the

largest produced anywhers,

The Group, through 1tz trading subsidiaries, 1z actively
engaged In a muoker of power statlion contracts In the U,35.R..
Canads, Africa, the Niddle BEast, Scandinavia, and the Far
BEast.

GEC, an Internaticnal leader In power transmlzzlon and
diztributicn, offers a wide rangs of circult breshers and
swltchgear: alszo tranzformers and reactors, up to the largest
capacities required, In additicn, GEC suppliliss completely
englnesred zchems:s for de transmlzzicn, and the compensaticn
of ac transmwizzicn and diztribution networks using =ither
synichronous or statilc compensaticn and employing GEC 'z unlgue
deslgns of saturated reactor,

GEC Turbline Generators Limited 1z the principal member of
the GEC Power Englinesring-Group,. The GEZ Turbline Genserator
Company 1z the mafor sapplier to the lnited Hingdom Central
Electricity Generating Board, 1tzelf the world's largest
Interconnected electricity supply aystem, It haz a long
hiztory of technical development, dnnovaticon, and achlsvement
In large—=lzed unitz and bhaszs Sfuandts-of 500 MM or greater
unit =zize Installed or oo order, totaling 34,334 HE,

The company haszs a simllarly impressive record In the muclear
Field and has 43 units tetaling 15,024 HN-Installed o on
crder for miclear power staticns 1in Britain, the U,.3.R,. Canads,
oweden, Japan, and Indis, Sinos the company s first muclear
turbine generator started operaticon 15 years ago, 282 unit
years of micleasr turbine cperating experience have besn
accumilated In assoclaticn with a varisty of reasctor types.
Magnox, Rdvanced Gas Cooled, Pressurlzed water, Bolling
Hater, Candu, Steam Generating Heavy Water, High Temperaturs
Fas Cooled and Fast Beactors, Muclear units of 660 MW are
already cperaticnal and 12 mors units of 620 to 1200 M are
In advanced stages of constructicns,

The turbine being supplisd by GEC for this profect 390
1z cne of GEC s current familily of 20 MW to 1200 MW, 1200 rpmo

turbine generator designs for muclear power statlons,

Exizting contractz for thiz claszz of equipment are the

600 MW KoRi I, 650 MW KoR1I IT and the 1200 MW Enrico Fermi

and San nofre machines,

The 1200 MW unit for Enrico Fermi (Detroit. U.5.h.) waz shippsd
In Cotober 1974, and the turbine for the first San Cnofre
staticn was shipped In March 1977, The 600 MM unit for Ko

Rl I wasz shipped In 1975 and 1z currently in use,

Amemdment 390
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The extenzive experlence of GEC In the design., supply.

and constructicn of miclear turbine generators and assoclated
mechanical and electrical auxillarises, and In the mpanagement
of complete muclear and thermal power staticons, coupled with
the acoumilated experience of power statlicon constructicn In
Horea, makes GEC well qualifised to participate In this
miclear profect,

1.4.4.2 Contractor Fxperience

1l.4.4.2.1 Gensral Design Parameters

In the context of a reference plant already manufactured orc
In zervice, 1t 1z pertinent to aszzess varlous design criteria
In crder to demcnstrats that component design for the KRN 3
& 4 machines falls within exizsting experiencs, Such

deslgn criteris are lizted below for the following principal

COomponents:
. High pressure turbine
E Low pressurs turbins
Z Control Iinterface
D Molzture =eparstors-and. rehesters

The oriterisa listed In tables 1.4-2 and 1,43 cover detaills
such az zlzesz, welghts, flow paramsters, and stress parameters
az approprlats,

1l.,4,4.2,1,1 High Pressurge Turbinge, Thres paramsters may
be conzidered In asseszing the relevance of ons design
relative to ancther:

L Volumetric flow at Inlet to the blading, measured
G

as i where :
G = mazs flow at turbkine Inlet
V = zpecific volums at Inlst

H = mumber of flows In HP cylinder

Thiz paramster haszs relevance to the blading area

required, that 1z, to blade helghtsz and mean diameters,

Amemdment 390
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1.4, 4.2.3 Separators and Reheaters

GEC haz operating experience with molsture zsparator/rehestsra
of zimilar deszign on the Ringhals 400 HM BWR machines, The
Ringhalz unitz employ live steam hesting conly and have
extended surface stalnless stesl tubss welded to stalnless—
stesl—Clad forged—=tesl tubsplates, EApart from soms Initial
baffle damage the separatorfrehesters on both machines have
glven satizfactory performance zincs 1975,

GEC has mamufactured sseparator/rehesters in 2 x 50 psroent
unitz for San Onofre and Enrico Ferwl in the U,.3.LR, to operate
with PWR and BWR cycles, respectively., Both San Onofre and
Enrico Ferml utilize mild =tesl extended surface tubling
velded to forged stesl tubsplates,
l.4.,4.2.4 Belevant Deszign Rating Parameters
Generally these are:

G — maszz flow of wet steanm entering the. separator

X — Inlet wetnezz of steam entering the ssparator

P — pressure of wet zteam enterlng- the separator

T — temperature of rehiested stean leaving the rehester

AT — approach temperaturs of reheated steam to live steam
saturaticn temperaturs

2 — total heat exchangs surface of reheater

It 1=, of courzse, well hnmown that separaticn effliciency
Increases az the pressure decreases,

Cone of the poszible referencs Installaticons In which molsturs
separating and reheating egquipment of GED "=z own design and
mamifacturs iz ewmployed 1z San Onofre Tnits 2 and 3 and oompa—
rative design rating paramesters are as shown In tables 1,410
and 1 .4-11,

330
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1.4.5 Hitachili'z gualificaticn Rz a Suppllier of Generators

Hitachil, Limited designed, fabricated, and deliversd the
turbine generator, asz well az provided technical aszistance
for the Installaticon and startup of thiz equipment.

Hitachi, Limited haz a long history in the applicaticn of
turbine generators in miclesar power plants,

1.4.5.1 Contractor Descripticon

Hitachi, Limited 1z the largest.electricsal - machinery
mamifacturing company in Japan and provides for every faocst
of power generaticn . transmwizzleon, and dizstributicn, The
Group employ:s about F90.000-pecple-and 1tz consolldated
anmial zales approach 11,227 002 pillicn JEPY, Hitachl
provides a complets capability In the power fiseld Including
bolling water type muclear power plants,

The Group haz had extenzive experience In the deslign and
constructicon of complete muiclear power plants, It was the one
of conscortium contractor of Kashiwvazalktd — Kariwa

unit & and F of Japaness first REWR=z, Hamacks unit 5 and was
the complets supplier of Shiks Tnit 2 miclesar power statlons
of 1350MMe REWR=, Rdditicnsally, the Group has many years”
experlencs as lead contractor for the design and constructicon
of complete fosz1l, hydro, and gas turbine staticns iIn all
over of the world,

Hitachl generating plant and ancillary egquipment 1z Installed
In fosz1l and miclsar—fusled power statlons throughout the
world, Hitachl 1z the mafor supplisr of 1100 HMe and 1350HMe
turbine generators In Japan and In the oversea market,

The Group, through 1tz trading subsidiaries, 1z actively

engaged In a muoker of power statlon contracts In the U,.35.R,.
Canads, China, the Middle East,. and Hores,

Hitachi, an Internaticnal lesder 1n power transmwlszsslcon and
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diztributicn, offerszs a wide rangs of circult breshers and
swiltchgear: alszso tranzformers and reactors, up to the largest
capacitises required, In additicn, Hitachl supplisszs completsly

englnesred schemss for do transmizzicn, and the compensaticn of

a tranzsmilzzicn and diztributicn networks using either
synichronous or Statlc Var Compensaticon system,

Hitachl haz an Impreszive record In the nuclear flsld and has
A0 unitszs totaling about 12,200 MM Installed or on order for
miclear power statlicns In Japan, Korea, Pakistan and Chinsa,
olnoe the company "=z first nuclear turbine generator started
cperation 47

years ago, 347 unit years of muclear turbine generator
cperating experience have besn accumilated In azzocilation
with a varlety of reactor types., Pressurized Water, Bolling
Hater ., Candu reactors, 4 Huclesr units of 1350 MW have besn
cperated and 2 more units of 1350MW are 1in the stages of
constructicns in Japan,

The turbine generators being supplisd by Hitachl for this
prodect are Hitachl "=z current family-of FO-HH to 1350 MW,
1200 rpm turbline generator deslgnss for miclear powsr
staticns=,

The extenzive sxperlence of Hitachd 1n-the design, supply.
and constructicn of maclear-turbine generators and assoclated
mechanlical and electrical swuxilisriss, and Iin the mpanagement
of complete muclear and thermal power staticons, coupled with
the acoumilated experienes of power. statleon constructicn of
the conscrtium partner of Doosan Heasvy Industrial and
Constructicon Ltd, 1n Korea, makss Hitachl well qualifi=sd to
participats In thiz miclear profect

1.4.5.2 Contractor Experliencs
1.4.5.2.1 Gensrator

The generator of KRN 2 1= of the zame deslign exospt 1ts
rates capacity and ocooler type of that of KEN 1 which

haz besn tested at Hitachl Works and 1z opesrated
successfully, In additicn Hitachl haszs many experiences of
the nuclear generators and the design of RN 1 & 2
Generators 1z based on that of Hamacks unit 3 & 4 generators
In Japan,

The design of KRN 3 & 4 generators are alszo baszed on
Hamacks unit 3 & 4 generators, however the rated capacity,
dimenzicns are different from those of KRN 1% 2, =so the
first ocne. KRN 4 Generator will be tested In Hitachi Works
to confirm 1tz required characteriszstics az zams az KRN 1

Amemdment 390
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generator, Ho development work of design paramsters 1=
required because Hitachl haszs besn supplled mpany gensrators to
miclear power plantszs az shown in the below table and Hitachl
design has besn well proved of enough reliability,

Table 1.4-12 compares the principal design paramsters for KRN 1,

HEM 3 & 4, and Enrioo Fermi,

Table: Hitachl supply li=zt to miclear power plants

contry | Fower statton |Gy (T ) | teon.
Japan Hamacks—5 1570 R='0 2 2005
Japan Shila—2 1540 1 a0 24 TS
Japan Shimane—3 1530 R='0 2 2011
Japan Kazhiwvazakl Kariwa—G 1540 1500 _r 1996
Japan Fulushima—11-2 1B 4 500 13 1584
Japan Fulushim=a—11-4 LECD 1 B0 14 1987
Japan Kazhiwazakl Kariwa—5S e 1500 12 1290
Japan Kazhiwvazahl Hariwa—4 s & 1500 12 1994
Japan Hamaclka—4 1280 1800 b 1993
Japan Hamacks=3 1280 1 B0 2 1987
Japan Hamacks—2 S 1800 1a 19F&
Japan Cnagawa—3 20 1500 a0 2002
Japan Fulushim=a— 1 —4 911 1500 ir 197&
Japan Shimane—2 270 1300 155 1589
China pinshan—111-1 817 1500 b 2003
China inshan—111-2 217 1500 2 AT
Horea Hori-1 49 1 a0 A 2005
Japan Hamacks—1 GG 1 a0 b 1975
Japan Shika—1 =0 1 a0 20 1993
Japan Shimane—1 S0 1800 1a 15974
Parkistan Karachi 153 ey 15 1959
Amerdment 390
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1.7 DRAWINGS AND OTHER DETAILED INFORWATTON

The figures included in each chapter of FSAR are referemce only and the
drawings 1isted in Teble 1,71 and 1,7-2 are cnly controlled drawings,

The drawing 1ist combalins FSAR flgure & sectlon numbter, drawing type.
controlled drawing mmber, title, rewlslicon numbter and rewlsicn date,

Howewer, 1f there 13 no applicable contrelled drawing, the figure included in
FoAR ghall te desmed comtrolled drawing,

G2h

1.7.1 ELECTRICAL, INSTRUMENTATION AWD CONTEOL DEAWINGE

Table 1,7-1 contaling a 1ist of electrical, instrumentaticn contrell drawings

and the corresponding FSAR figure mmber If applicable, These drawings are
congldered necessary to ewaluate the ssafety-rested features of KRN 364, | 520

1.7.2 PIPING AND DHSTETMERTATION DIAGEAWS

Table 1,72 contalns a lsb-of plpingsand” ingtrmentation dlagrem and the
corresponding FEAR figure mmber 1. appllceble,

The p&id legend, figures: 1.1-1 and-1.1-2, mowldes an explanation of symbols
and characters uged in these FaAR- figures:;

1.7.3 OTHER DETAILED INFOEMATION
Information will be prowided as requested by ROK-NEE, 538

Amendment 538
2015 LL. LS9
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1.8 nprovanent Action Itemns Fa Post Fukushirna Daichi Accident

Inprovanent acton itemns izsued 1n the dommestic NFF zafety review report
pafomed az a part of cowntameaswes post Fubkushimma Daichi accdent are
described 1n Appeandix 14,

Armendment 475
2013 02, 08

475
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