QA w3 A
Al 24 A 331970,9

I HAxsS8H22| JlgMdu|n— |
AL 73 T
A Y T3] 4} d=2E R
(1970.7 . 20 R <)
Zq Ae] 167] (4,271, 700 KWe), ﬂxg sl Aol 48
1 A4 =2 71 (38, 455,200 KWe)ol= g5 v RFNA4
) wes o] 347, ®LEE 85 gsbw 1969

oln] 454 ol AR glo} vlFe)
A AAwsl A 4= (Light Water Reaetor) e} < 3¢
A2e, 53 sHed 2342 (Advanced Gas Co-
oled Reactor; AGR)&} Ivit] o] F42(Heavy
Water Reactor; HWR) S¢| %8 8 (Power Reactor)
24 dEAel xFolzt & 4 dn oln] ALAe]
dF=e] stek, 1969 69 gHAM AT ¥ FHR
= AAH R 114,320 MWe o] 4le] AA, $4 =
E AYFd glon ton® ALl Tukd] A4
2 Aoz dAdc zev olelst =¥ Ee] dd

5 Ay al s 49 Mail—y gl el | (BurnerRea-
ctor)e] BB oA e WA sSqdEe vhaskA
2 50 ol 4% + gl = Zesteg AL
A &L ¢ v, 2HmE B FAE Fhq ok
e 3L I o2y 1454 2 (Fast Breeder
Reactor)s} & Aolw o|7o] 483} & Hor ¥
ol 1980 ol = dB-FAE Al AT
M olabdolm ubghalgr dxtg ke 5T
Aoleb, olA] L= gl Hokoll A AAHom S
2 9 5E Folstn d& AFEFE 2o sl F&

qQ A4 Fled g vz A Estaat e
Ar2E 44 o4& + d2 AR} A5E F
< g8l W ZA] (Moderator and Coolant) & 2}£-3ke}
L Aol F & olFold nuFg G.E.x}(General
Electric)oll 4 7|3} #] 53 (Boiling Water Rea-
ctor; BWR) 3} W.H.&} (Westinghouse Electric), C.E.
2} (Combustion Engineering), @ B & W4} (Babcock
aTAestn e sy
(Pressurized Water Reactor; PWR) 2 2 J&
Sleh. 1969wt @A) USAEC Rwd] fsle v 3
9 QAze A4 2 LAIRE ¢+ dedl 4

/’—o]

e

and Wilcox) Fol
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2w & 1067 87
gtolm =] el ol
16 7] (2, 810, 100KWe), AAZF< 21 7] (14, 657, 400
KWe), #1814 52 (5,120, 900KWe) o < 89 7]
59,778,300 KWe o] wdtd A3 F7HE veld+=
Aol e,
1967 i3} 1969 o] 2+-&
o

FHe] Aol dw AL

81, 254, 900 KWe o] -
196732 & &A1 Fq

16717 €430 % e_»}

o) By Shutdown 5|

Fupast A2 $46 SoiZm d¥E ﬁ%y}
(Power Stretch)dl] 712138k Aoltk, 27k A2

B 44 BARE Adee eAde Folx
A EE FHTL FE BANET =T AFHTL

24 71E 5o vldte AAldel $rTE AFE
A Heleh, @A ke 2E 1,000 MWe Fo] X
Eol i} thgoll A& el A4 sASE 600MWedF

& =402 595MWe-WHAS of4#3 ol 55
g} 590MWe-G.E A} ¥ 3489 71€4¢ vz F &
8tz g,
2. 322 §duln
A, QlHiA}El (General)
W5y BWR) 3 7143 PWR)Y T8 4

2Lz Well 4 JAAY uFE 3 stk wel T
daith, BWReI A+ 2=98-& oF 1,000 psi & f
el B-& 3] &3kAl 5l PWR ol A& <F 2, 000 psi
2 spraked el 958 Al P40k
BWR ol 4] & Station Cycle 24] Dual Open Cycle
2 AYstgdgdov) &4 Single Open Cycle 2 3
st glel xlleld B4R FIAL B4 2AAY

A #7] (Moisture Separator & Steam Dryer) & #

Z7)

(o]
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=& F9 < 0.3%9 Carrvunder 7} o] v}z Main
Steam Nozzle EToll4 719 ok 0.1
%, 571 WadlA ¥ &4 @ Ee] Turbine
Throttle Valve(T.T.V)oll 4] 433uke oF 0,.3%7)
Heh, 2E FE7e TH—iag Av 5471 9 F
FAEE 5ot o S3Elm [H— 18 =%
s A1 2344 & (Secondary System)o] bzl Ql wf
A}5-(Potential Rodioactivity) -TAlel] AdslA =
t}, ejell dFsted PWR 2 Closed Cycle & == g}m
24 25L& 1344 & (Primary System) s} =
4] 221A] Bo] UAls] EElEgm W gAE Ut
7 4% = (Reactor Coolant Pump)e] ¢ }e] 13+
AsE €3 =4 WAL =9 Wxe 4
23 Z7]44 7] (Steam Generator)s] 4 <F 800 psi
=

ek, wdAE S e 44

FEYYL

2] 7] (Moisture Separa-
Eo7HAl F el olw TTV
o o 0.4% A Xolch 234

= QB39 5e] stEsm FAd FAEAAY F
Bk AR e Wby o shede] glen® ok
A7 lE St daBrld4 F71E pd4sER
Z7]et o] BWR Bu} ¢k 200 psi w8 800 psi 2 3
712710l WolR7] el A Mel—ul & A&7
=e F71f3kx BWR Bl ¢k 10%3 5=7F g}
TNEAL AFRAAE EF 2IE/E AHEE
22 Ad A#A4 Tl elde &5 g o
Ee FE-Ezr) (Moisture Separator) & 3.8HE
~Hdl =t A o e —ol g7kl Fefok dha e —ul] 3
A2 1,800rpm o2 Ae] 4 dholej A e &
ol &7 FAulst Abekel FobslAl gew
et

d27A4 o144 Void & PWRA A& FA ¢ ¢
A= BWRo A& &u] oF 34% FFolch A vl
g dAHY 552 PWRY 2tz &
Flow; Water)qlv] BWR 2 24332
Flow; Steam and Water) o2 o3,
2 2o ¥3ehA =e

=4S ¥4 4F Y FTLEE PWRo| 7 7
% 545°F, 610°F2A LE4t&(AT)L o 65°F Q)
] BWR -2 <F 420°F, 545°F 2 AT = <F 125°F,
24 BWRFo| )% 298 ATE 24 =h

bl & o 4v) - (Gross Heat Rate)2 2= P.W.R
o] <F 9,908 Btu/KWH (4 & 34.5%),
BWR o] ok7k o338 9,563 Btu/KWH(U A 4%

(Single Phase
(Two Phases
+d 84 W44

A= &3]A A 27 A 33 1970.9

£ % 35.7%) FEU olAL TAEAY el
Al 2% Asbelet,

B. 52 % 4! (Fuel and Core)

a8+ Ceramic ¥eje] UO, & AFY Il
(Pellet) 0.2 43 3% Sintering 3tz 3] EA 24 Zr-
alloy & AH8-32 F3lsl T st PWRe 4= o
FH R Zr-4 &, BWRo A& desfdaE Zr-2 3

a2l m o 3Ma0d =) Qi% Zr-4 & A}g-5}:=v] PW
Rel A= B8l d ¢ £9] 9z =48 ade
2 e M2 HH%_}(Core Barre)¢ & Ao
BEolok x4l ¢Z »E A3} Core Support
Plate 2 X x5y BWRd| A& x=419 2 Core Shr-
oud 8} Vessel Wall Atolel] Jet Pump 7} A x5
et

Wb e A §hef 9] 3} 2~3%¢] Flow Orifice
T E5td xAo2 Bk =49 Fobs o

& Orifice #)-Fofl f<ro] Aolsle] o] -2 =49

F44 B2E A4S L BUe PWR

ol 4 & Thermal Shield ¢} Vessel Wall 2}o] 7} 1 7
2] Down Comer & && sb W& x4lshd
9] Flow Mixer Plateol] 93l xaAl W2 Fol A
+xH-l

AB44 Aol ofZo] 12Feet = x| w}k M
7L PWR ¢ 0.4inch 24 BWR Xt} oF 0.1
inch 7} 23 z e[ & 0.15in 7} -2 0.6inol= g2
A A 4+ PWRo| 121 7/, BWR o] 3687 o]}, el
EL wjde PWRo A2y 14><14(°€13—%

1797, RCC Vacancy 167, 17} Spare Thimble
2A FAA Te—2) B2 5E8MA—" ] A4 4£)0]
I BWRH A TXT(dEE 49/0)2 slo] gl
PWRo A& =g o=k 35] o]4+¢] Zone o= F
Hake] FAE, S, gt ot FEEA A
olgtel, =AY Gl ExH FAFIL 249/, F
ZE 2770, AHEb 3,477/, FAFFE; 2.88
“/,, Equilibrium 3. 38%/,ql6] BWR ¢l 4= Zone ¢]
TEL g2 A4S d23¢AE 525 2] o
£ 35y de3 o s FAHA), & TX7 Array o] 4
Corner 3 Rods &= F&x7} L 13”/,,, Alo] el =3}

ok¥ 16Rods; 1.91¢/,, Y= 30Rods; 2.95%/,,
2, 25%/,, Equilibrium; 2.25%/,24 %23
E PWR Fo] ozt =3 #elq 27 dd8
& PWRo] 48 000kg, BWR & <& 50%7F we
71,500kg o] Hw, xA3lFE FE-AAAo=
PWR o] <F 8.1ft, BWRo] <¢F 10.5ft o] %7 x4

Average



A+E42Y Agdln-—-]-AAE

9] AF dAEE PWR Zo] €4 o} 23, 900MWD
/MT, BWR o] 16, 500MWD/MT H =o|ct (2 4
AL 22, 000MWD/MT4l) $d U E%E PWReo| <99
kw/l, BWR ¢] < 51kw// o]t}

C. -ilo] e, 3ty Hal
(Core Thermal and Hydraulics)

A4 45%-¢ g PWR o] 1,723. 6 MWt, 13+
AFH 2 M= 19-¢ =8¢ Me]—ul [Cycle & o
2% 21,728 6 MWto] BWR ¢l 4 & x4];1593. 0
MWt, 'e] —u] ) Cycle; 1594, 2 MWt 24 BWR Z-¢]
d4ugo] &7k FETE AR

Z7 %L V) 2A 9 -Eol] PWRo| o 10% ¥x
(PWR; 7,511x10% Ib/hr, BWR; 6, 84310° 1b/hr)
rAdAgee PWRo o 40% won] (PWR. 67,3
%108 Ib/hr, BWR; 48 5X10% Ib/hr)o]& x4l &
T& 2524 2E4S(AT)E PWRs viastd X
W g4 nh F4ER 4 AsY] 2de
Pumping Power 8 F7te} A2Y %344l =
A e Eelgr zAlelzl & 4 vl Active Heat
Transfer Surface Area &= PWR Zro] & 3. Average
Heat Flux & 7t Hrh, Qubd oz »A14414 7
Z0]5] ¥ Max. Design Heat Flux & PWRo| 577,5
00 Btu/hr-ft2, BWRo] 428, 000 Btu/hr-ft2qlul] o] A
£ Max. Design Linear Heat (Generation)Rtse &
343" PWR o] 18.8 kw/ft, BWR o] 18.5 kw/ft
24 A wsg x4l AA 7% (Core Design
Limit)el] Z=23ke] 3584 & < gleh BWROA &
Heat Flux 640, 000 Btu/hr-ft2 e} A & & 9] ¥ (Fuel
Cladding)el] 1% &) Plastic Strain o] w4} 3}e] Clad
Damage 7} gojvte Aoz AAs= o]z 285
kw/fto] sl 5txle}l, 24 Fuel Damage &= 1.1~1.3
% Plastic Straino] 4 WA}, o]a] dug
@l 12] o]-21 = (Theoretical Density) < 95%, o
B 9] Diameteral Gap ¢F 30 mils, Gas Plenum
<k 12inch, §& <A 8-E A9¢](Acive Fuel Length)
12 feet o] FAbd el 7 -folch. A A4 A (Steady
State Operation)oll 4] s}E-21¢] Plastic Strain £
0.1%2 A #== Transientol|A & 0.3% 2 B3 g
v}, ¢]4r8] Heat Flux & EF Z7=AFHAZE
(Begining of Core Life)-¢ »] &% Aoz F7)
(End of Core Life) ol = oF 30% 7} zH48HA4] ek,
PWR A E o =274 4~ (Hot Channel Factor)$] 7|
A% £ 4 dedl 2 A4 F4q (Hot Channel
Factor for Heat Flux): 2.82, F4y (Hot Channel
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Factor for Enthalpy): 1.7 o]st& =|glt}. Max
Linear Heat Generation-& % 7 %4 (100% power) o]
A $ellA o F3 afs} o] 18.8 kw/ft, 112% 3+ &
8 (Overpower)ell 4 ¢F 21 kw/ft o] < 27} £85
7l AZets AL o2k 2Bkw/ft F Eole}h, FExA
AAl AL 249 93, Y4 (Core Thermal
Hydraulics) kA e -$-(Safaty Margin) & 2 7 o]v},
Westinghouse o} 4 = Dr. L.S. Tong ¢ W-3 Corr-
elation & ©]-&-3l¢] DNB(Departure from Nucleate
Boiling) Flux s} o ra]d j(Fuel Channel)¢] Flux
9}e} v], & DNBR-§ AAEH4 1.85¢]4, 112
% Overpower of| 4| & 1.300] 4o} =5 =& 4#A 5k
GEdlA = 3tAd] A48+ Janssen-Levy Correla-
tion & 3| & & o] FA|Jos 43§ Hench-Levy
Correlation & o] -23tey MCHFR (Minimum Critical
Heat Flux Ratio; W.H.8] DNBR4l &5 & 100%
Power el} 4] 1.90]4F 120% Overpowerd] 4% 1.5
ol o] S EE& AAsz ek 23] 2 (Coolant
Loop) % 600MWe §712] & = =5 2 Loop &
7F53tet. BWR ol 4 & Jet Pump & 3§37 Awk
elels ALY o 100MWe & 537 1749 External
Coolant Loop 7+ I g 3tede}. 2 ol f= Jet Pump
£ F9(Feed Water) & x AU E ZFA ¢ 7|22
A A=A AR ok Kol AFHE FE=AF
2k (Induced Core Flow)-§ #-4rA]7] == External
Loop Flow (Recirculation Pump Flow)+ c}ul =
=AW 3 KR FEr] &=,
Induced Core Flow (Driven Flowzlzm #)s}
External Recirculation Flow(Driving Flow 2} 3
3)e] wlE M. Ratio® EA|3ek, PWRAAE

- Loop Isolation Valve & F2] &% Aol xFo|d

W 7kA] 9 = (Reactor Coolant Pump)+= 933 <X
(Constant Speed) 2 3| A%}, =3 4 J 432
£ Equalizing Lineo] ¢lo] S®=le] gz x4 &
T(Hot Leg) o <1 (Cold Leg)9] 3 #-2= (Tavg)
+ 7 &9 wHel A A fRH oA kAl
ol8] Fagt Alejatrt 57 HEed = & =
(Loop)$] I'g = j4}aA 3§+ 3] = (One Loop Opera-
tion)rko 2 Ade] H7b5slel. BWR Y 2] =
%57y = j(Coolant Recirculation Pump) & Mgl -4l |
AE Wl 9= M-G Set W Hydraulic Coupler o
oste] Folge Ay on MYz L5 E Aef, #
Z#& zA s P} 3| 2 43 7o Equalizing Line
3} Valve 7} gle] oj = & 8|29 Y= 214 )
X One Loop Operation 22 ¢F 60~70%<] 59 -¢&
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o] 74sdeh. Wk Equalizing Linee] ¢l& 73 ¢
X ¢F 40~45% &% ¢ 2 One Loop Operation o] 7}
3 24lY 944, 8 FYAe A E oo F
AE F g TAYelst. PWRoAAE Loop
Isolation Valve & x| ¢omz Azmilzz Mg
Lx7l ¥ 344 475 xAHEE A9 £
A7t AzA Aok B A 4452 glE BWRY
Recirc. M-G Set v & &7 H5=zte] S} 245
A7 FE IRz gl ke s o8 fukle

18 Alzte] sbgEtAlH o] & A A F Aelwt

2 32k 5AY dAge] QA QAL 2749
Jet Pumpdl] dAd"el & 7 3zol& 1049 Jet
Pump 7} 4515 gle},

D. H|o{#[% (Control System)

=418 HgEA]E PWRAA o-g Tz =2
A v+ Ak

@ Chemical Shim Control

@ Rod Cluster Control

a. Full Length Control Rod
b. Part Length Control Rod.

ool x4 AAE B "ask A
Poison Rod (Borated Pyrex Glass Rod in S.8)& «
2R A el ¥l Contro! Rod Guid Thimble
of ¥-& 4% ¢lc}, Chemical Shim ¢ 2% Boric
Acid & 23 9 [ AAe] AF(CVCS)Al dte]
ZA A (RCS)el FYstAl =H= 13A4FRFF
(Primary Makeup Water) 2 34 Xt 22 X%
T $7H171 224 0~4000 ppm W2 T4 F
EE Alelg 4 Yt Chemical Shim 8] F54.&
271249 &3 4bSE AlE 2 oA
2.z ¢] (Long Term Reactivity Control)el] g} .2
Al Ee 223 o 7 $-oll v} F X o -f (Shutd-
own Margin)¥] 3 % 53k},

Alo] E-2 wprlAel HFEAARA =EH AdE
gdgiel, 16708 453 Aojgo] W Cluster
F o] o] duygANE stz o] F3A = 33
M¢] RCC 757 F(CRDM)+ Vessel Head A4}3-oll
2506 git}, CRDM-E Magnetic Jack & o] =} #) o
ArZe) 28 08k CRDM & AR FE 755 (Drive
Shaft Assembly)-& =4l4lo] $]2|dled Reactor
Upper Internal & o] £}, 43 F4A2E 34
4l Ag-In-Cd-& 4435l 2 2dl& BC= =4
A Hg 2 s dAne s sE &5

Full Length Control Rod ¢] Effective Length

xle o)A A 254 A 335 1970.9

142 in(Total 230 steps), 3 o] %<4 % (max. Travel
Speed) &= 45 in/min. (72 Steps/min) o] =] 3+ Step &
5/8"s]t}, Part Length Control Rod & 314 % (36
in)wt BLA Sol g deiAE A Lol E10
Z A4 gor HuolE4x = 15in./min(60 steps
/min), & Step-& 3"2 Ho A=k '

Part Length ¢] d&& FA=1<4e] ZwgF L8
A4 s gl o= Xe-Oscillationd] &34 o2 &8
% 4 gl=b, Aol 2] Top Entryol o o a4
e 27 ol 53] 59 shed of st AL AL ol & Al
e zEd] dsle At stsld =8 AR A
s}, Ao} 2 12 & Integrator o o} 3ted Step
2 BAHEE o]AL A ETE M=z ol 4
o WX 4 5E& uwon] CRDM Pressure Housing
9] ¥8o] Ax = Stepping Mechanism o] ¢]5hed 1A
o] 24 Analog 41 3.8 utir} 33719 #1424 (RCC)
=4 izl 2 417+ Part Length Control Rod o]
29714} Full Length Control Rod & 2.5 1749 A
=] F(Shutdown Group)s} 12714 #] ¢} 7 (Control
Group) 2.2 T4 =s A 6] F& thA] Bank A, Bank
B= Fi5m 7 Bank¥& Group 1 ¥ Group 22
Yo} A,

Part Length Control Rod = +%o2xk x73
w] Reactor Scram 4| & F-#8tx el AATE
A A$R 4 a1l (Fully Withdrawn) Aeef] gl
on] Scram Al & A8 ne FFoz 2T A
o7& FALAA EEWsld #el 2FAle] =
AFA ol 52 2344 A

BWR S =49k EAodE o 374 dae ¥
28 + gk

@ Inherent Control

@ Control Blades Control

a. Temporary Poison Curtain Control
b. Moving Blades Control

® Recirculation Flow Control

zyzte 42 o7 MAd e P24 Akt
7 o] u]#5le.2 Steam Void 9 FA4-& FLI$E
75k (Negative Reactivity Feed Back) Z 3ol &
25 A S54E A

Alo] Bladesoll 71418 Z3EE A o] £~
© = Stainless Steel Plate(5-7] 63milsX8. 2" X141.
257)s] 3,800 ppm Natural Boron-g& FF417L
Temporary Poison Curtaino] }45 (27 =4
2] Exposure 7} <F 15, 000MWD/T ol 4 o] & A A
)eo14 wpeERle] 24 of 89749 4128 Moving



A4ER Y Jleda—[—AAE

Blades (] ¢]9. 757 X143%) 7} Ab4-s o) A7 oF1/8”
4] Stainless Tube <o 3} 8] (Grannules)A}¢] B,C
€ AT 84 (Wing 59 2109 Tube = )&
t1A] Stainless 2 Sheathing & & wol v}, A} =}3 =)
o] 3 FHel 49 d2FEA st Folnl 32 4ulo]
Poison Curtain o] Az slc}, #|e] &% F(CRD)
2% AejFwiet & 1000psis] FtTFAA A}
Reactor Vessel 8t8.o] Ax]=]o] 9lt}, o] £ 4
Edol& B0l A Z-& 143in =24 A3
420 mul zatebA 5 Ao % AL 22 6in
235 24714 Notch7} g3 = 3inwje} Alo] 2 &
#] %4]7] (Rod Position Information)7} gl &n] 2%
Aoy ol 2] A4 (Full In)4A1 & 00, 4141
W (Full Out)Al § 48 = A 8teh, 7 Al e =
F AR F A7 gle] ARA Ao 2E Full Core
Display Map ¢} 492 AAFF Ao E(Selected
Rod) F4jell 4=l 4702 Aol -4 Hx& dx=z
2} A &= Four Rod Display 7} glow a1 473
d 88 S F4AEE AAsE 409 A4 75t
A Adzse] gk ALY o]EL£xL o 3in/
seco|n] A< QW == A4 £ x (Continuous Wit-
hdrawal or Insertion Speed) ]2 Full Travel
o] 43~52x Wl ExE A}, Scram Time-&
PWR A& o L.5zo] v BWRo A& AAle] £
2F90%9] 33 Scram Time o] 3~5% Wel| o7}
ok 8tr}, Scram -2 Scram Accumulator o] €]
k] o] Fo] zl v}, Accumulator o] & 63kg/cm? J &
2 Charging sl A4&%e] dAd=e] glesl wd 4
2ust A4 oEd g3 F4A ol 7] (Hydraulic
Control Unit; HCU)el| o] o] ¢1-2 wl& kgfde
22X Scrameo] s}g3dlel. Aol B $13]F A= CRD
Za 8o 43" 48718] Limit Switcho] 3}
etz 28 3125 Bl mAlolut Fofol X%
Full Core Display @ Four Rod Display Window ei]
G712 A, At E-e PWRAIA L zhe] BA
ol Mooz vde] SIxl g3 vy viusl
4] (Sequence)ol] wiz}l =2eA At QB 4
& FAsHA 87 $18ke Sequence & AB F AHX
2 P33l Sepuence A= Ao} B-& 4] Fokd
A gaie g A 2F 7] FHe HolL Seq-
uence B 34 FFeo 2 sl Addd 3
2+ Sequence A & A-4-3}= Sequence B & /1% &
£, 2yt HEE AlodE ATHFEE Al
224 sHestel, AAEAA AT == AF
o (Full Flow) 24 A -3t WFe #el
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I'el—¥) ;4% Error Signalo] &3t =153 o 2 4
wol Ao} Ak,

FAY LA EL ATRAZ 7 TR 4
H Fe AR A E TELRE 278 4oz
EEFEES

Hell A& durd gl vb-g-= Aol G e ob Ale] sl
wete] Arstgd Aol dAlxal 4A4] QSR
447184 ¥ul BWRAIAE ofel ol ZH,

AK Requirements % Excess Reactivity

@ Cold to Hot Swing (Moderator
Temp. Change): 2~4%

@ Doppler Effect(Fuel Temp. Change): 1%

® Void :4~5%
@ Xe and Sm Buildup :37%
@ Fuel Depletion . 8%
® Calculational Bias : 3%

Total :21.7%~24.7%

Typical & PWR & xAlslo)uig-= 44 o6& %
1ol, BWRS] of & E20] BAR) =q A0 34
HEE Aol st A E = A$E A A
3 74 g A o] 7} (Control Worth) & 71l & Ale] &
o] xAlo4 alwtxl Aol A A 2] o -f-(Shutdown
Margin)7t A 5 1% A K7t 5)o] ok &tel. Ao} %
8 Ale] 7} ¥ 5§ (Reactivity Insertion or Withdraw
Rate) & A= &r BWRE o 23 344
A AEEAd e ALY 3a Ao sF(Max.
Control Worth of Rod in Normal Sequence)x

E 1, PWRxAste]ul-¢ % Ao

F o2 SH EE (%)
@ Temperature Variation, Cold to Hot; 3.6%
® Hot Zero Power to Hot Full Power : 2.1%
® Xe and Sm at 100 MWD/MTU 3.3%
@ Fuel Depletion 2 13.4%
Total 2 22.4%
E 2. BWRXxAlslo]ulS-x Ao
T % i ukg-= (%)
@ Cold to Hot Standby (Temp. Change): 1.0
@ Hot Standby to Power (Void) : 3.0
® Xe and Sm (Poison Overcome): 2.0
@ Fuel Depletion : 16.0
® Margin (One Rod Stuck) : 2.0
Total 24.0%

0.01Ak, 3FA|o]7b= 0.005 4k = A gkl &
Notch 273+ f3 Al o 71E 5= 0.002 dk
o] E3pabe =k 0.025 gk ol4te 2 Aje]s} wF
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o] wrA¢ 72 Rod Worth Minimizer (RWM) 7}
Rod Block Signal ¢ wrate] ajey2-2o] Eag- whx]
ghet

E. #{2|& (Nuclear Instrumentation) 5! RIX}=
H 3 (Reactor Protection)

PWRd] 4 3= Out-core Neutron Monitoring System
4, BWR o)A & In-core Neutron Monitoring Sys-
tem-&, 27 A3 glet, ko A4 E
- Source Range 258} 120% (PWR & 7 £)~125
% (BWR) % W871x =3d-& A 3lA =t
Al23bd o] 31-& Source® Range Monitor (SRM),
Intermediate Range Monitor (IRM) gl Power
Range Monitor (PRM) 2 F2& 4 gic}. =3 3
AZA Y 2R ¢ HAsted AAY 2 H AAF S}
An TG 2l FYA4EEE 48 Incore
Calibration System -2- ¥#»] A z3 4 ¢lv}

(a) & A A (Nuclear Instrumentation)

@ Source Range Monitor (SRM)

PWR el A& 2709 SRM Channel o] gl&d A&
7l Al A R o] RoiX Az & gzt
AL, Al FHEUR %% FHE, k4o
2] FAAAY £ s 1R Nuclear Instrument
Welloll Aal5lel A&7l AZE Y43z g
< Preamp.§ A A e]4 Cabinet Drawerel] ¢
= Main Amp 9 Discriminator o] 44153 =]4]
% 7154 7]¢] dAsle}, =% SRM Channel & §
22 B34 5¢) Alarm @ Trip Signal g 443
£}, BWRol: 4 74 Fission Chamber 2] SRM
AR G2 VB =AWE A45tR o] 34 5
o} 8lek SRM-& 34 1~2 CPS o] 4 A&ste »
& 10°CPS 7=} 23 517 s},

AR FAAd e AW S AP HA4q
A W# 10°CPS A2 g A A8 71 Fsbd4 SRM
Drive 2 Q1'¢ste 715 F3= Al s =64
105CPS & =) A3} ®e}, PWROA = dxts 27)
AAFAA TAY ARAFEE S

@ Intermediate Range Moniter (IRM)

PWR S IRM & 2A4HTe] 24 202 Hef du
SRM 9] 28] 120%EF 702 PP AsA T3
5= IRM o] A7} velvial SRM ¢] High Voltage
Source & WA IRM=ute 2 A slA xlc}
BWR o= 819 IRM Channelo] 9 A&7 2%
Fission Chamber 7} A}-&-5lw SRM 3 ®wpzlri= 2
AW Astel T4 elwh, $4luby 2 SRM 5} 5413}

YA 32 & 249 A 335 1970.9

o BWR S IRM-& PWR 2t 344 (Overlap
Range) 7} %3 SRM & IRM & = A719} Aol &
Hslel g4 2 A3}, PWRY IRM 7247 & SRM
3 2 Well fo] 44523 SRM 3l 4oz 4=}

2 35AF4 Alarm @ Trip Signal & w3ie},

® Power Range Monitor (PRM)

PWRe A& =24 w9t 22 448 24y
Fol 1A (A2 14 Fole] w24y o] p4ow Ho
Aol YAkzAl S iel o W mFoldl A=At
FEZ5E AH ok A3ZE AAY 7 5L T4l
T den EY A4 FTLEA, Ale]E FA
A%, @ 9= Trip Signal & 23},

BWR o] & 16/1¢] Local Power Range Monitor
(LPRM) 7+ 9le] 4 74¢] LPRM & 3 Fsle 179
APRM (Average Power Range Manitor)g& o} -&t},
a2zl =g8 APRM-& 4719 Channele] == LPRM
- Saturated Ion Chamber Regionold Ezsl:
Miniature Fission Chamber 24 XxAlWe] 135
o ot

o] 44} Nuclear Instrument & ¥ 5% =tz 33
A g3t o4 (nterlock) 5o} glof eblst $Ao] 7
A He e WA A4l A%+ High Flux
Alarm %=+ Rod Stop % Hi-Hi Flux Trip Signal
4 25, F 34 Nuclear Instrument & 23 %9
£l msbg et

E 3. Nuclear Instrument Z3w1$] v

BWR PWR
A4 2REA @) A 2349 (av)
Source~8x 104

2,5X102~2.5x10w°
2.5X106~2. 51010

IRM 8 103~1012

&
SRM 4 Source~108 2
2
PRM 4 1010~10M 4

td PWR & Detector $]5]oll ] 3% oz
Out-core Detector ¢]7] wi§e] BWR ur}
Flux Levelo] e}’

(b) Y=} =3 .54 5 (Reactor Protection System)
235 Channel & 3|43 2502 5 o] 9 on Rea-
ctor Scram Mode + PWRodl4 & Two Out of
Three = Two Out of Four&, BWRdA:
one out of Two Twice =¥ One out of Four
Twice 5 gLz 32 ¥
Sensor 8 7} £ Fe] o] ¥ Channel § By-
pass A1 A i 2 9 AAAYe] sAseck F4

7z Channel &



AeEd ey Jledvla—I-4AA+E
2.4 2] Reactor Scram -2 Coincident Circuit of]
detel QamalAast ol el dAe 4
¥ Non-coincidant Circut 2 zke}s] w7 A}g-0] 7}
¥38}e}. ©}8o) Reactor Scram 445 ¥ 43 %5

ol g A%}
¥ 4. PWRY Scram g4 (Mihama 1)
Trip Setting
a. Manual Scram: —
b. Nuclear Instrumentation:
1) SRM High Level: 105 cps
2) IRM High Level: 25% of Full Power
3) PRM, Low Range,
High Level: 25% of Full Power
4) PRM, High Range,
High Level: 108% of Full Power
c. Safety Injection:
1) Pressurizer Coincident
Low Pressure and Level
Low Level: 5% of Span
Low Pressure: 120kg/cm?(1706 psig)
2) Low Steam Line Pressure
Low Pressure: 36. 0 kg/cm?(511. 9sig)

Lead Time Constant: 12sec
Lag Time Constant: 2 sec

3) Automatic Reset of Manual

Lt

Block on High Pressurizer
Pressure: 140 kg/em?(1991 psig)
4) Containment High Pressure:
0. 24 kg/cm?(3. 4 psig)
d AT: ~ 28.3°C(51°F) at Taveg
298. 3°C (569 F)
e. Overtemperature: —
f. High Pressurizer Pressure:
167.7 kg/cm? (2385 psig)

g. High Pressurizer Water Level:
90% of Span

h. Low Pressurizer Pressure
Trip Setpoint: 134kg/cm?(1905. 5 psig)
Lead Time Constant: 10 sec
Lag Time Constant: 1 sec

i. Loss of Primary Coolant Flow:

1) Low Flow: 90% Loop Flow
2) Low Frequancy: 58. 2 Hz(RCP)
3) Low Voltoge 75% of Noimal(RCP)

4) Low Voltage Time Delay: 0. 5sec (or less)
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j. Loss of Feedwater:
1) Low-Low Steam Generator
Water Level: 10% of Span
2) Coincidant Low Level and
stean/Feedwater Flow Mismatch

Low Level: 40% of Span
Mismatch: 0.20%108 kg/hr
k. Seismic Trip:
1) Horizontal: 200 gal
2) Veriical 100 gal

1. Turbine-Generator Trip

% 5. BWR ¢ Scram 84 (Tsuruga 1)

Trip Setting

a. Manual Scram: —

b. High Reactor Pressure: 74.2 kg/cm? a
c. High Drywell Pressure: 0.141 kg/cm? g
d. Lowr low Reactor Water

Level: 470in above Vessel Zero
e. High Water Level in Scram

Discharge Volume: 75.6 liter
f. Low Condenser Vacuum 584 mm Hg Vac.
g. High Radiation in Main Steam

Tunnel: 10X Normal background
at Rated Power

h. APRM High Flux: 120% Rated Flux
i. IRM Hi-Hi Flux: 15% Rated Flux
j. Main Steam Isolation

Valve Closure 10% Valve Closure
k. Turbine StopValve

Closure: 10% Valve Closure

L. Turbine Control Valve: Fast Closure

Fast Clossure Solenoid actuation

m. Reactor Mode Switch in

Shutdown Position : —

n. Seismic Detection Scram. —

32 E6¢) BWRY Rod Block Interlock & <

A gt
% 6 BWR ¢ Rod Block Interlock &5
Setting
a. SRM Upscale: 5% 105 CPS
b. SRM Downscale: 100 CPS
c. IRM Upscale: 108 % /125 % Full Scale
d. IRM Downscale: 5%/125% Full Scale
e. APRM Upscale: —
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f. APRM Downscale: 2%/125% Full Scale
g. RBM (Rod Block
Monitor) Upscale: —_

h. RBM Downscale: 2%/125% Full Scale

(c) In-core Flux Calibration System

FAAE A AEEd st BaA TEF
77 (Drive Unit) & xAu A3 X Ae A5t
o FAALEEE AAT dAE 2Pk A
A3t £ =2AS Foh & In-core Flux Calibra-
tion System & 83t} PWRol= 3789 Drive

=g eslA A 24 A 33 1970.9

Unit 9} 3378¢] Guide Tube & X Miniature Det-
ector System o] ¢l 7z Drive &= Cross Calibra-
tion-¢] 7}-s35}v}, BWR o) A = Traversing In-core
Probe (TIP) Systeme|el 3le 2 7§14 Drive
Machine 3+ 17 71¢] Guide Tube & =& gz g4
Cross Calibration o] 7}5-3}tt, Calbration 5 Flux
E2E A2 E Adsled wfel AFHoE A4
|4 &3 om 7S

PWR-& 23t dald 137 5§ &334
K-type In-core Thermocoupleo] Ax|=le] dF2
9 244 425 (L)



