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ABSTRACT

The main purpose of this research proposal is to support the
regulatory activities of Atomic Energy Council on the construction and
operation of Lungmen Nuclear Power Plant. Deployments of modern
digital 1&C Systems on nuclear power plants make them easier to
maneuver than they were before. The I&C set point drift problems can
be eliminated. However, digitalization of 1&C could induce new failure
modes, and impact the redundancy and defense-in-depth design
characteristic which nuclear power plants rely on. The redundancy
characteristic can be defeated by software common mode failure. The
complexity of software could possess some paths that can interrupt or
bypass defense-in-depth design. Therefore, the regulation requests that
the new digitalized 1&C NPP designs shall be performed
defense-in-depth analysis to understand whether the defense-in-depth
design is capable to resist the software design defects.

This proposal focuses on the following two items to investigate how
accidents may propagate following failure of certain defense-in-depth
design. (1) Expand the Digital 1&C Diversity and Defense-in-Depth test
facility, including HPCF and LPFL double-ended line break.
PCTRAN-ABWR is modified according to the LOCA setting and
simulation FSAR described. Hence it has better ability to analyze the
ATWS cases. (2) To realize the Diversity and Defense-in-Depth, we have
further analysis for the above cases, by adjusting the size of pipe break to
learn about the impact of power plants.

By simulating various case studies for defense-in-depth failure, the
research people can understand and realize the event sequence, and can
also derive various possible events to identify any possible design
vulnerability. This will help to upgrade the safety of digital 1&C systems
and also to support AEC’s regulatory affairs.

Keywords: PCTRAN-ABWR, Redundancy, Diversity and Defense in Depth
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GropiE* SRR EF 2 F REFREER AR
e TEEFEREAES RS EFLR S 5EE (Zr) BAL AT
1205°C (2200°F ) p¥ » 42 ~ -k i®% o1 2 4 2 £ 83 7% LAk
AF Y A2 & Ak 5o AR AT oL 4
RiEF A EEEOREMG A - RO § V&
(ZrO2) @ = § "4k P 2 - k& &> #7130 H &4 i
ﬁﬁ’%$@%$%w">@%*%%%<E’E££fﬂ
it o TR mE LA ACREL RS A B YL Y 28
B AL b o Tt o g g s R B KA Rttt ARk
,g\\ o
L &4 4r s % (Emergency Core Cooling System >
ECCS) fxd 544 4r f Suirie = » &k iplpo Mok g 2
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B TR AR N F g 0 A PR Y AL Aok R
B pEic? 2 FIIEA 5 B E - 7 U b s 0 B g
FRECEHHEIRME A2 BB R RIS IR
F-F%F - BRBRALRE- MBI Lo F- ~2 = FARR

AR R AW G g IR LA Er k5L (RCIC) ~ 3 B i
(HPCF B&C) > @ % - ~ - ~ Z B MBHA KR A Y &
(LPCFA-B&C) -

?3—-)&'» Bz B k2 F ek R R K 2 8k
R X LA RERBEARR BB B AERT D FF B
k=T "% 3 LEVEL 2 pF > Yo g a4 ek 5 (Reactor Core
Isolation Cooling System > RCIC) ¢ kxé— ¢ 3 BRiE- KX > §
RCIC & i ¥ qc Rk =7 " cndf 4 > Jp R i 3F T % 5
LEVELL.5 pF » % B < 8-k & su(High Pressure Core Flooder
HPCF) #-¢ fxd ¥ ¢b 5 B 3 BRIE-RR > § B BE-K & 57K
EoE AR ROk R F Rk g4 T % 1 LEVELL -
PUPE s dok N R 4R fg Mo MOURGE-K K 3L (Low Pressure
Flooder » LPFL ) #-¢ fxds = ¢ Jb = i fi4s ",f % % (Residual
Heat Removal System » RHR) {84 i@ -k » @& Jgou -k i 53 24F
A e N

(= )< s r s s (RCIC)

g oo M # 4 #r % % (Reactor Core Isolation Cooling
System > RCIC) & * ;T #sd4ad §F > J1* F Bpptinis £ £
A2z el AT RF L 22 OERT v ik g R

® o gd AR E R BIERE N po oo
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Ypo R AR AT kA BERBN T A L B S
FE L E O 0 p R R E RO R RS F e h S PRIk
R grd 3BA4 (>0.138 kg/lcm®) BF > F O Yp e S H a4 AT
R FTELREE F R IR s
Lﬁt%’&LW£%’d£ﬁkm&%%L ESTE X
B  ERF R ARk R ETELR ELR 2
M2 F g pc IRBA P E KRB FF Rk X it

P PFEROK T PIET R EOKR M P 2 p R B p
B4 GE S F R RS Ak Bukp B

TR R PR R F BRI
Bode o b FURE TG POR A PR R ok
P R g g FRELS A RGE T CRIR] 2 UK 1 R
Poe A EEEAG RS FR R R RT R ok i L5
AL feds o dodp kit TR
g S RMLAFr S m 2 p AR R TR T d g2 £ F
Fleo AT ELEOAE R DR el o Ypoo FREHLAS B 5 SETE R
R4 5 20.47~99.49kg/cm’ » H 12 F g 4f 5 324cm’ 0 A
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_‘.rr\
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b
(dm
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ZFFEBT ek

e n B adF & 180mih o

()% B4 < ik & % (HPCF)

B R Up s i# -k k%2 (High Pressure Core Flooder » HPCF)
Wit R F s IRags i (RCIC) 2 t8 - gk~
F@@’”Wﬁiﬁﬁﬁ°ip‘$ﬁ%ﬁbw%%%iﬁ
B w2 35 100%% B HPCF & > # 8> R 2 Rip& & o
iﬁi?ﬁ*iﬁﬁﬁiﬁ4*@ﬁ A T 20
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Fip == iR > HPCF F1iF 30 £ fede i3 < igid o F Rl i#
KR 16 Fyp 2B > Wd & Y -k LEVELLS & HPCH
T kerFr pl BREE 46 F) -

BORYECIEOR kA BERHAN A LI RN S
%ﬁﬁﬁﬁﬁﬁ’é@ﬁﬁﬁﬁﬁﬁ%wéﬁﬁﬁﬁ¢&
LEVEL15 & B /R4 (=14kPaG)> & 8 HPCF I pFexds
pEeis RELEF BB ki LEVELS - Flip & v MRS - B
KRA D o

HPCF FTif & v & 4 5 116.9~790kPaA » 3g < di v B4 %
9.78MPaA > g Z_in & 744 m3/h» &+ 2 & ;& 781 m3/h» H

g e ff - 1297cm2 -

(m )R-k % 5% (LPFL)

< &g -k k¥t (Low Pressure Flooder » LPFL) & 4% # ",f
A3 (RHR) T oh- BEEA > & 5 p F ke S RS
T TR p B B G F b Mok = LEVELL & § g5 #
B4 % 18.3kPaG > * F Up /&4 % 1 3MPaG ; ¥ Y

%\;
Ja

MR R S FRERA R R SR g R g e Kk ST {8
AR P F R g fads ADS i SLAUR 0 U R
T8 3 3MPaG » MURGER kA o B AE R > Bk o s
POIRAEAFYp SR o F IV ER T € p B KRR S Gi K
(RHR) # @ @@ fi5 o

LPFL g =on £ 2 954 m3/hr (4200gpm ) &+ 2 :# & &
1130 m3/hr (4975gpm) > # E 43¢ g5 4 9 5 1642cm2 - & F

SRR P REF AR F T ke AET
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TR AR RBEFRAPEFE TR AL E AT

(-) Tk f A REBRER EF T R4 5

P E2 P i B AT ABWR TRIED IR AL B
(ATWS) % #rk ¥ > 1% 7 4858 14 @ L 7| (FPGA)H 7 R
ATWS & ek 35 2. % 3¢ > T8 T BBk Azt PCTRAN/ABWR
BECZEIFHIUEALEBEIRREERAT S o 2T S0 i
TRUBBEZ > KT A T EHAIRRE TG i ABWR
TREEL Tm ATWS ¥ &™ o it FE T Rt % 2555 fk o

Eh E A FETRECRIT AR RRERERP T o
BH-7 f73¢ v /L 7] (Field Programmable Gate Array »
FPGA )i * & 5L % f# 1 T 8 (Integrated Circuit » 1C) 42 5
R BHFEE AL Y R i B o FPGA ¥ B iR L

P WE R TABE H P Uz E R R o R X

p

=

I
|4
)

P HLE T AR b Rd TR G g %Y

\4
R
&

WY B EEY AT B Bl R AR AT
#Liw (Bitstream) o gt #F - FPGA = 2 5 ¥ £RK L > § ® * F
EATHEFF R ORTRE I V23 2 b adF o b
4 A ARFFREIE N T fRBC A RKI ) A e e ¥ FPGA &
Wee BRdm o BRI R ORTHEAT S A2 R C AR
R R A ECAMTE S TR {7 FPGA AV adn
Bl o FPGA £ 7 A Mg R v > P H g 27

BFIE

‘*é

ST BN

ek

11 Application-Specific Integrated Circuit
2R Ap e

(ASIC) 3 et * o ¥ AT K hfH ¥ > £ F
gt Ke AR Ly B SRS R PN 1) S Y- i o TR
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FPGA = F 'FenT (74> FIP' 2 P2 T ¥ 3 3 F & ik %
TR * B L TR ORI R B P R
PERBLE BERRLTV AR AL HA o F o FATH A
R ERPE S Bt RINA ki T € R FIFE AR
4o @) 4.1 ATWS % ##84&(ARI, FMCRD Run-In, RPT, Manual

-
e

Initiation) £z @] 4.2 ATWS 3 #r:84&(SLC Initiation, Feedwater
Runback) - Fg#f #ris X & B e s MA AR HEY 2F R E
2> # (National Instruments, NI)#73% i=2_ T 5 o

PGS G Z B K- BINA IR A FEF B E
B85 % % (Reactor Trip System, RTS) ~ #ici~ ik % s (Digital
I&C System )~ FEH L A & & 5 4 % 5L (ATWS Mitigateion
Diverse System) 142 3 BYg i -k k% (HPCF)» % = B3¢
B R RS 0 LR Pl 2% PCTRAN—ABWR
KT R PBeg s 170 % = BIA A 45 k5L L3Rz P 434
W 5 PSR AR T R ITUELAE R R -

(=) HPCF & & 05" 34 3484 47

AE G- B A 2 HPCF 22 = #8338 & #5050 4 348 - 4p B
A4l 84Ey £ 4 p GE o @ 14k ik 2 B{ER|(LD) > 5 A p
HPCF st BEEH T L A€ & BRI gL > 11 2
HPCF i B & #84p M R R =~ 2 4748482 & & BBy 45 o

% HPCF i siyr 4|48 % il 44 22 1 314 5
oA e A w5 b R BEES T k48R o 5] HPCF B
B R BIER 24P o e it P ok R R T R
A BE2 & BRBIEE A Y2 Fubhere R Bl Con &
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Jg-ﬁ-]géﬁﬁ 2 NAR R P E R BRE A Vg Y
BB 2 PR BIEE ~ o
TR ¥4 B 4E S 1 “Standby Mode” ~  “Test Mode” -
“Initiation Mode” % 44| BB H ~ »rie & > Ap W H < 4 w4
HPCF # * $i25% ~ HPCF Bl32#5% ~ HPCF £ o5 & i >
FIBAE A F 2 408 B HPCF i 52 = 838 st o &t
B IR Y o F IR Aok D ] B
gt ¥ oebiRin e 5 7 e fAAE %fbﬁ.g]ﬂ,/ﬁ,g] P ,i@;l PN
MWEFm F 0 KRpRPIBLGD His kS YEE R IR EL
(Field Signals) ~ VDU 4 /i o 2% A AR EL P71 > engr§] 350
(Control Signals) - ¥ ¢ > é_ﬁi%] disn g : #& = VDU & 7
* kg or 5L (Display Signals) 5 & %t & dr 4 BER] & w9 d
“P-0001” ~ “MBV-0001” -~ “MBV-0004" ~ *“MBV-0007" -~
“MCV-0009” ~ “MBV-0010" ~ “AUV-0005" % ;4| B{EH ~ #7
Ao R ITAIBE L Ry b R BTy T 2 E A
o ] HPCF i gAp B & ~ R 2 B %38 (7> 32k 2 & B 454
B IR H f‘w,fﬁ ?ﬁi%l:'z/ﬁi%] FlREG g At ¥ B KR
s Pavf;é_iiﬁﬁv%%%iﬁi%]ﬂ:/@?]% o &ﬁi%]»;m%fﬁv Bk pRBE
eI B 5L (Field Signals) ~ VDU e d: /1 o 2% A F SER #73% »
enr 4113 55 (Control Signals) o ¥ ¢+ » &ﬁ%l Il B e 2
VDU %1 * ek o 25 (Display Signals) ~ #7440 ¥ /& & 2§
i# 17 (9 Start/Stop ~ Open/Close) & #7431 5 o

1.5% * #-5% (Standby Mode)#; #1848 4 47
“Standby Mode”#; #3484 ] 4.5 ~ £ 1 JHEATF oy
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Ao~ S BB 4.5 Araf o ﬁ_ﬂi%l B G AV s RN
¥ i £ B2 N Eeds (r“Return to Standby-Arm” £ “Return
to Standby-Initiate” = ﬁ%l ~ 28 ) A “HPCF Initiation” -
“HPCF System Test” ~ “HPCF Restart” | ¥ & % (Reset) &% * i
79k Ag 2 gL( HPCF Return to Standby) ; % *t“MBV-0001
100% Close” ~ “MBV-0007 100% Open” ~ “MBV-0001 100%
Open” ~  “MBV-0007 100% Close” ~ “MBV-0004 100%
Close”~ “MCV-0009 100% Close”~ “MBV-0010 100% Close”
Eagp gy KA AP R BBk ETEED
B RGN ATR R R o
B f3UELS G 0 “HPCF Return to Standby(TD)" 3 5L 0]
B okt B B R sl 0 P A R R 2
HPCF i B dp B R R 7 ARABOPE R & ~ B % ik o % 4
“HPCF Return to Standby(TD)”3t L A2t & e P > P gt
P % Fa b+ “HPCF Initiation” ~ “HPCF System Test” 5 H 4 1% &
B Fo AR B 0 SEd AR 5L E 2 8 ) 5 v (Enable) - % R
% $]“HPCF Return to Standby(TD)” 3 55 % = & & epF [ {5 A
FARRG o Hox 2 P E at e i Ry RS9 R s
B R T A stk T HPCF Pl & HPCF fods i 5\
FH @ FE A “HPCF Return to Standby(Inst)”2t 5L p) 2_%
* P fi fade 24135 5 “HPCF in Standby Mode” 3t 5% % 45
7 HPCF 2 Ap M R 2 B M B REET &7 & % f58 7R
2 % £ 5 “Return to Standby Timed Out™3t 5L % %457 & 49
BRI A AR PFREPN 28§ r R R R
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At > 32 HPCF & St /2 o Ami » & % G Lo o

AR B EAEEZ S B L ﬁiﬂ 4 5L “HPCE
Return to Standby(TD)” ¢ “HPCF Return to Standby(Inst)”+ *
Kip#) & L it b R R & 15> & HPCF % sl gz » &
A i o ~“Standby Mode” 5+ B 48 H 2 g LT A
® Ez/B F MBV-0001 ~ B B MBV-0004 ~ i,k P-0001 ~ F¥ <
/B¢ B MBV-0007 ~ RBf BF MCV-0009 - ¥ #F > ?‘/;ﬁs?lﬂﬁij';#'lgm B
» € i% 1 “Test Mode” ~ “Initiation Mode” & ¥4 :B{EH ~ &1

% 4.1 5 =45 “Standby Mode”ﬁﬁljﬁ’gﬁﬂﬁj PNl 1l 7

iﬁﬂﬂzaéﬁﬁiﬂ/\ﬁiﬂurﬂ% WELF| & o £ ¢ Field Signals

B 2 7 IR MELUEL © Control Signals & 77 & 4 i »
Z_Fr AR EL(de R p A 4~ Button & VDU Touch Panel 2_ #5
#38L) 5 Logic Signals 2% 5 & 4| Bigz ¥ @ iE2 4
BIE 430 5% Indicator Signals & ¢ f 45 77 3 BL(4- & 54 o1
2 & VDU BT R °

2.1 B3N (Test Mode) 45+ JB-48 ~ 47
“Test Mode” #8484 R 4.6 0 M 74 B4ETF 1@?] 4
» S Hcho B 4.6 Frit o liﬁ%] *AEE S G0 AHCN 2 frd 3 N
¥ i5iEE w2 Vs (“HPCF System Test-Arm” ¢ “HPCF
System Test-Initiate” =% ﬁi%] ~ B ) > @ “HPCF Return to
Standby(Inst)” 2 “HPCF Initiation(Sealed in)”p]+ & % (Reset)
Bl AR s o @ “HPCF Return to Standby(TD)” &
“HPCF Return to Standby(Inst)” 2t 552 %% & » H #4450 3 & §_
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Rz AP R R G ARAR R R~ * R o FUHPCF
Return to Standby(TD)”:t 85y fo2f 38 chpF BF N > b P 2 e
“HPCF System Test”/Rl:E#-:8 r 413050 > 3% 3r 4 gL k-1 /2
g 41 3% #¢ (Enable) » < ’f % 3|“HPCF Return to Standby(TD)”
MR B ES  FAR o B s 2 P it
Pl SL i BN AR BT A Ao AR R T ORIGEBCSY I
“MBV-0001 100% Close” ~ “MBV-0007 100% Open” -
“MBV-0001 100% Open” ~ “MBV-0007 100% Close” -
“MBV-0004 100% Close” ~ “MCV-0009 100% Close” ~
“MBV-0010 100% Close” % ;5L * k2|2 2 4p M ¢ R 2
RSl N T = S FCRA J 8 R B S e o TR

B MLt oG o “Close MBV-0001” £ “Open
MBV-0007" 3 L 4 %] & % k4] B B MBV-0001 £ B fx
MBV-0009 z_ =+ 52 5 “Throttle MCV-0009”¢# “Close and
Inhibit Open MBV-0004” =2t 55 A %] % * % 3= 4] B k&
MCV-0009 R B MBV-0004 z_ #4350 5 “HPCF System
Test”#s “Start HPCF Pump P-0001” :u 5L 4 %] 5 22 “Standby
Mode” {74 B 48 2_ i 4 30 502 2 feds P-0001 2 J430 5
“HPCF System Test Timed Out”zt 5. * %#g T LA RR T
AR TR LT PRER TR R i ER
HPCF & st 2 & FiE » Bl #5445 “HPCF in Test
Mode”zn 5L kipr HPCF & 4p B & R 2 B fa/fcds & B 57/
Bk i EE ) RIERON TR R R

% 42 5 gy “Test Mode 4] B 48 I »~ 245 5L
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SRS ﬂﬁiﬂ /\@.J Ve dlsEE s & o £ ¢ Field Signals #g
Ll & T LR EAELUEL 5 Control Signals £ 7 & g‘vvﬂig] INES
Pl g (de & p A 4248 Button & VDU Touch Panel z_ #7413
5:) ; Logic Signals #f %] 5 & ¥4 3482 B 3E2 ¥4 848
i 49 2555 Indicator Signals 5 % ﬁi«a‘ﬁ T B (R T & A
VDU * &7 K i) °

3. #s 158 (Initiation Mode) 45+ 848 & 47
“Initiation Mode”#; #3484 R 4.7 > * 4| B4E 7T

31?‘]5" » FBhe B 4.7 Hrif e :iﬁe?]/\ﬂ%i"‘ B MV Al
P#E LEES S N E o Y opdfrd N 0 B
“Rx WTR LEVEL<L1.5"% “Drywell Pressure High” % w B~ =

(2 out of 4)BfEE > Fa A FART LG TR - F

= #-1¢ 1¥ “HPCF Auto Initiation” HPCF p & x> #-5% 3241

MELR 2 S HErd S R T S ER T2 VDU 24
¥ 7w A WA AU VDU Fil o A R
Z “Manual Initiation-Arm” ¥ “Manual Initiation-START” = ﬂi%l
» 5L PF 3% 4t (Enable) o 4 st ¢ 17 “Manual Init”+ # HPCF
et ol AL = 2 o @ “HPCF Return to Standby(TD)” £2
“HPCF Return to Standby(Inst)” 282 % & » H 74 50 3 & §_
B A AR G AR R~ B R AL o F“HPCF
Return to Standby(TD)”2t 55y foaf & chpF F N > pb g 35 s
“HPCEF Initiation”fx > #i-3% 34130 5L RI3Z 34130 5k 2 8
F13 it (Enable) > = /g & 3|“HPCF Return to Standby(TD)”31 5%

AP S ] FARR o BB s 2 P A AR IR
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SU A AT A AR T R R R o

[£30 e e v “Rx LVL < L1578+ * &k fafF
MBV-0004 % p # Rf B 2_ 4+4% (Sealed in):u5L(% F Yp-k i
>L8 pF o ¥ f‘uiﬂ* WELT & MBV-0004 p & B BF) ;
“Manual Init” 3L5L7 * ki Gi MBV-0004 2_ #t3F 3 501 2 &
B “Manual Override”zt 5L(T § & » fxd fi;8 {6 - % & 6 i
B MBV-0004 & -k i=i& 3] 5 fgog -k =>L8 # ¥ MBV-0004
PR i E L w4 LOCA B #-i¢ 7 MBV-0004 & /2
AR LA A B P R 4 7 i “Manual Init”
MELA = > TFEZAEE ¥ “Manual Override”: g5 » 1 &
FriE o~ fxds H5%) 5 “Open MBV-0001” ~ “Open MBV-0004" 2
“Close MCV-0009"z 54 & 5 % k4| B gz MBV-0001 ~ F#
£z MBV-0004 £ B BF MCV-0009 z_ Fr+4[3: 50 5 “Start Pump
P-0001”¢ “Start EDG”21 854 %] * k4] £x$ Pump P-0001
EN-R R % L % % 7 4 (EDG) 2 = 4] = % “HPCF
Initiation(Sealed in)” 3 %% 5 22 “Standby Mode”#; j}qﬁﬁfr
“Test Mode ¥ #8484 2 “AUV-0005"47 #3482 3 4 47
A EL o

© 5-3 5 45 “Initiation Mode™ #1848 1 » 4745t

BAriEm 2 8 ﬁ:;'] IN ﬁ%l M4l gis 4 - & ¢ Field Signals
4f %] 2om A SRR SL 5 Control Signals # or =+ & gy
2 (4e k p A H 4 Button 2 VDU Touch Panel z_ #5241
3 5L) ; Logic Signals #7 %] & & #4848z F @ f2 #7418
#8338 4% 21 55 5 Indicator Signals & s ﬁi«%‘% 7B By T
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(Z)B Bk g RSy TR HL AL BEHA 1T
Ot % G Jk (7K § L BRE SSLC 4 6 ¢ " ATWS”
Feft o FAE N AT L OTRTH 0T B BEY R E o A (S
BirE g AR ok & > FHARK BED
“ON” » # 4 ok & AL FIE 7 > £ #“LOCA” ZEiE I “on”
SRR =P B I JEGT L G S s T
“HPCF Break” 2% 1 “on” » 4c ] 4.8 #7177 » d 3t b Ak ik
BORE K E BATE F o F0t e AR 2k PCTRAN-ABWR
poaeopl B RS K RTE R R b 0 4o 4.9 Arom o A
Ao o~ BTG fE 0 B RECR R B G R 5 1297 em2 > Bl
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)
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-
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LETE 0 RS EORIA g AR ok
PR T s oK FEE T T LEVEL2 pF o T R € i d1EL
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B g GE#T I m FSAR ¢ > ¥ A 5| B RE
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D Rt o R R e i TR M Fl ety e S i
foo de B 4.14 #77m o o BF o 30 RE K F B ETE i S
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A g ook pliE T T LEVEL 2 0 4o 4.15 #7% o
BRCERFLZ B fizr o ARARRERZSHMP D
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4L A"t AR D AL AT R e

BT £ B~ LB LA B~ LB KR R L
Field Signals MBV-0001 100%Close “MBV-0001"(Hardware Sensor)

MBV-0001 100%0Open

“MBV-0001" (Hardware Sensor)

MBV-0007 100%Close

“MBV-0007" (Hardware Sensor)

MBV-0007 100%0Open

“MBV-0007" (Hardware Sensor)

MBV-0004 100%Close

“MBV-0004" (Hardware Sensor)

MCV-0009 100%Closed

“MCV-0009” (Hardware Sensor)

MBV-0010 100%Close

“MBV-0010" (Hardware Sensor)

Control Signals

Return to Standby Arm

VDU

Return to Standby Initiate

VDU

Logic Signals HPCF Auto Initiation “Initiation Mode”
HPCEF Initiation(Auto or Man) “Initiation Mode”
HPCF System Test “Test Mode”
B R A ﬁ%l e ey -
Logic Signals HPCF Return to Standby (TD)

HPCF Return to Standby (Inst)

T

Indicator Signals

HPCF in Standby Mode

Return to Standby Timed Out
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242 BT IR LSRR R R

ELAE 5| £ R R o ﬁ%/\%%%fﬂéi)%l#ﬁiﬁ“ A

Field MBV-0001 100%Close “MBV-0001" (Hardware Sensor)

Signals MBV-0001 100%0Open “MBV-0001" (Hardware Sensor)
MBV-0007 100%Close “MBV-0007" (Hardware Sensor)
MBV-0007 100%0Open “MBV-0007" (Hardware Sensor)
MBV-0004 100%Close “MBV-0004" (Hardware Sensor)
MCV-0009 100%Closed “MCV-0009” (Hardware Sensor)
MBV-0010 100%Close “MBV-0010" (Hardware Sensor)

Control HPCF System Test-Arm VDU

Signals HPCF System Test-Initiate VDU

Logic HPCF Return to Standby (TD) “Standby Mode”

Signals HPCF Return to Standby (Inst) “Standby Mode”
HPCEF Initiation (Sealed in) “Initiation Mode”

A HLEE H £ UL DR

Logic Close MBV-0001

Signals Open MBV-0007
Open MCV-0009
Close MBV-0004

& HPCF System Test

Start HPCF Pump P-0001

VDU HPCF System Time Out

Signals HPCF In Test Mode
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# A3 Fod s b AR 0 R R B3

=

FOEE] i P i PRI £
FIELD REACTOR WATER LEVEL HARDWARE SENSOR
SIGNALS DRYWELL PRESSURE HARDWARE SENSOR

PUMP RUNNING “P-0001B” (HARDWARE
SENSOR)
CONTROL MANUAL INITIATION ARMED | VDU
SIGNALS (VDU)
MANUAL INITIATION-ARM HARDWIRE CONTROL
(HW)
MANUAL INITIATION START | VDU
(VDU)
MANUAL INITIATION-START | HARDWIRE CONTROL
(HW)
LOGIC HPCF RETURN TO STANDBY | “STANDBY MODE”
SIGNALS (TD)
HPCF RETURN TO STANDBY | “STANDBY MODE”
(INST)

i dli]l e B £
LOGIC RX LVL <L1.5
SIGNALS HPCF AUTO INITIATION

L8 & MBV-0004B MAN. OVERRIDE RESET

OPEN MBV-0001

OPEN MBV-0004

CLOSE MCV-0009

START PUMP P-0001

HPCF INITIATION (SEALED IN)
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RCIS

RPS Channel A | ALL RIP
RUNBACK
1 e,
m: SEA 10 Fx:;;ﬁh Ay
Gaam Forow oo 2 il
7 L
o Folow o D 3
G oo L
RECI-RCULATION FLOW CONTROL SYSTEM L EMERGENCY
SannEL INSERTION
RPS (SSLC) TRIPLICATED CONTROLLERS SRE B A
%: [src | ARowARE
CBemT on Dt 13 ol |
Ceoemrt {4 ] ; |
: 7t =
. i/ SCRRI 3 L A
See ACTIVE ARI
RFCS Note 2 I B| VALVES
(AR’I\/ASalT‘Cu/:'IVCQIBvISnitf;tion) P: a r
[PBST__ARM/NITATE |- 13 :i?e:&
Manual ATWS "B" F =
(ARI/SLC/FWRB Initiation)
PBS | ARM/INITIATE R O
1/ See R
211 Notes %]— RPT TOASDA
TO SLCS INITIATION ¥
VIA SSLC -
W
ESF (SSLC) SES % RPT TO ASD D
DTM Note 2
RPV WTR LVL DIV. 1 < Lz %::
[DTH]
| [d/F % RPT TOASD F
RPY WTRLVL DIV. I 2
A
4
RPV WTR LVL DIV. it < Lz %:
DTM
<12 %— RPT TOASD J
RPV WTR VL DIV. IV
%}— RPT TOASD B
SB&PC
O
el > SP lr—’
DOME PRESSURE
’.0‘ = ;l %|———> RPT TOASD E
DOME PRESSURE il
—{4 =
DOME PRESSURE
%—» RPT TOASDH
FWC (see Note 1) B —
Em % £ RPTTO
NR WATER LEVEL <13] L] 6 sec ASDC
<R
’0‘ <13] {1 }
NR WATER LEVEL 3 —| TPU
&) % £ RPT TO
%' <13] g 3
NR WATER LEVEL 6 sec ASD G
TPU
L %‘ g RPT TO
Notes: L 6 sec ASD K

1. 4-pump RPT on L3 is not an ATWS mitigation event

sON

SSLC DIVISION-OF-SENSORS BYPASS APPLIES TO THIS VOTER
The ARl valves are part of the Control Rod Drive System
To activate this manual function both pushbutton switches must be ARMED before they are pushed to INITIATE

B 4.1 ATWS ¥ #r:848(ARI, FMCRD Run-In, RPT, Manual

Initiation)
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RFCS

Manual ATWS "A" Mitigation m
(ARI/SLC/FWRB Initiation

ATWS LOGIC PROCESSOR (SSLC)

DIV. |

STATUS
AND
COMMUNICATION

SSLC
Communication
Interface Module

DiV.il
DIv. il
DIV. IV

b 2
/S
Manual ATWS "B" Mitigation’ 1 %’E 2]
(ARI/SLC/FWRB Initiation)<—4 3
MS SSLC
i See
Div. |
® L3 [ Noter
WRWTR VL
C Q Div. It 1
<t2| Ll
WRWIR WL 2
Div. Il 1 7
<L2 P — 4
WRWTRLVL
® Div. IV l
<L2 e —
WRWTR VL
MS SSLC
- See
I®__D|v.l AT FH Notet
DOME PRESS
(2;) Div. Il 1
DOME PRESS > SP) LT
2
Div. 11l ATM\I {
—»1
DOME PRESS —& H
@ Div. IV J
> SP! e —

DOME PRESS

NMS

V. |

\J

\

To Alarms and

Displays
via

Display Controllers
and Gateways

SLC

(wo)
TPU

N

AUTO

BORON
INJECTION

SSLC Bypass Unit

ATWS Logic
Output Bypass

See Note 4

FEEDWATER
CONTROL SYSTEM

2

SRNM ATWS PERMISSIVE DIv.
SRNM ATWS PERMISSIVE »— D1Vl
‘SRNM ATWS PERMISSIVE LA

NOTES:

N

N

i,

. DIVISION-OF-SENSORS BYPASS INPUTS AND LOGIC NOT SHOWN.

. THE ATWS LOGIC PROCESSOR SHALL INCLUDE DIVISION-OF-SENSORS BYPASS

RUNBACK

EXCLUSIONARY LOGIC THAT RESULTS IN A "NO BYPASS" CONDITION FORALL DIVISIONS IF
TWO OR MORE BYPASS INPUTS ARE RECEIVED.

w

. THE ATWS LOGIC PROCESSOR SHALL INCLUDE DiVISION-OF-SENSORS BYPASS LOGIC THAT

BYPASSES TRIP INPUTS FROM ALL SENSORS IN ONE DIVISION WHEN DIVISION-OF-SENSORS
FORTHAT DIVISION IS PRESENT.

S

[

. SEE SSLC LOGIC DIAGRAM FOR ATWS OUTPUT BYPASS LOGIC.

. SLC FUNCTIONS IN ATM NOT SHOWN. SEE SLC LOGIC DIAGRAM.

B 4.2 ATWS % #r:848(SLC Initiation, Feedwater Runback)
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Diverse

ATV Interface — AL AQ, DI, DO
mitigation +*Using ADAM system

systermn 4

+Using Field - *Nuclear Power Plant
Programmable Gate | +Simulated by

Array (FPGA) | PCTRAN/ ABWR
=Simulated by NI :

system

Bl 43 FHHEAE REIrR e HME S
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Control

Signali
Field
Signal

Display

Signals

Control

Signals

Di
Si

P

Field
Signals

isplay
ignals

<—

Signalg
P-0001 ”e'd; MBV-0001
H Signal e
Control Logic pisplay | Control Logic
Signals
Start Stop Open Close
P-0001 MBV-0001

Initiation Mode
Control Logic

Interlock

Signals

From Other
System

Display
Signals

Signals

MBV-0004
Control Logic

Interlock

iigna]s
From Other
System

Open

ey

MBV-0004

&l 4.4 HPCF ,

Close

Control
Signals

Field
Signals

Control
SiE"a!i
Field

Signaly
Display
Signals

Test Mode

Control Logic

P\

3

Control \

Field
Signals

Control
Signals

Display
Signals

Signalg
MBV-0007 | “Simis oo | MCV-0009
d giemals  signaly S
Control Logic |FromOther  pisplay | Control Logic
System Signals
Open Close Open Close
MBV-0007 MCV-0009
K

SRS A

Standby Mode
Control Logic

Control

SiEnaIi
Field

Signaly
Display
Signals.

MBV-0010
Control Logic

Open

oy

MBV-0010

Close

= :Interlock Signal (FHBEE ALY

:Display Signal (VDUBE/RIALE)
:Control Signal (#eIEA%R)

= :Field Signal BRIZH5%)

Signali
Field
; AUV-0005
Signaly
pisplay | Control Logic
Signals
Open Close
AUV-0005



VDUHEHIE FIHPCFAfIGE-Arm
FIEJHPCF EEEEE

VDU FIHPCFf - Initiate
HPCF EEA(HESTE)

HPCF Y%

HPCRi AR E
HPCFEGES)

MBV-0001 [&j2:

MBV-0007 [&j2:5

MBV-0001 [&j2:5

MBV-0007 521

MBV-0004 521
MCV-0009 25

MBV-0010 21

HPCFEGES)

HPCF Return to Standby : (Ref:31113-1E22-K1001D)

“Return to Standby "L PO

Arm
I>HPCF Auto Initiation

K1001
“Return to Standby” JL

X

Initiate
I>HPCF Initiation (Auto or Man)

v

K1001

I>HPCF System Test

K100IC TEERHPCRfi
D> Standby Restart p| UGS
I} Standby On >

MBV-0001 100% Close (ZS-C)

MBV-0007 100% Open (ZS-0)

L

MBV-0001 100% Open (Z5-0)

MBV-0007 100% Close (ZS-C)

MBV-0004 100% Close (ZS-C)

—
-

[70]

> HPCF{ G ASEE

HPCFii B TER)
HPCF Return to Standby (TD)

K1011
K1009
K1003

808

Standby On

> HPCRR BT

HPCFfi X (LIRSS
HPCF Return to Standby (Inst)

[>K1001

BEEMBV-0001

BEEMBV-0004

f11:P-0001
FHPCPE B PR (B

K1001C EHPCFHEAEAZHREE B

K1013
K1017

HFHMBV-0007
BHEHMCV-0009

K1001 EHPCRE@b P

HPCF in Standby Mode

s Vhecriiszin
MCV-0009 100% Closed (Z5:C) R WAL
MBY-0010 100% Close (Z8-C) R X

@ Standby On

1]

K1015

» R AHPCFfE kIR E

AACRLER P AHPCP IR E

Return to Standby Timed Out

=
L

»
»

Bl 4.5 HPCF & * i-3% #4848
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Test Mode : (Ref:31113-1E22-K1001C)

VDU HPCRIE st -Arm  HPCF System Tesfll [PO) X
Arm L10s] i
HPCR{ IR LA @gg&%etum to Standby (Inst.) > -
HPCFf R (EERS) Dgfl’g& getum to Standby (TD) % R
. y HPCF System Test JL
VDU FTHPCRHIER AR Initiate Initiate
O G —DEM Mo
o : pen MBV- -
e s DRy T RRHPCREER \ Throttle MCV-0009 - K1009 3 MBY-0004
; Vlose and Inhibit Open MBV-0004{>K1017 B MCV-0009
HPCF Not Out of Service
wece i Do > SysemTeston 1y, pcrygeastensy

HPCF System Test . K1001D TERRHPCRfi BRI
Start HPCF Pump P-0001 K1003 @) P-0001

MBV-0001 EBER MBV-0001 100% Close (ZS-C;
MBV-0007 g MBV-0007 100% Open (ZS-O

v

HPCI@H%E?@ System Test On

)
)

\\A . ] [pr]__ HPCFSystem Test = AMESEHHAEA
v g MBV-00L 100% Open (25-0) O— % 308 TmedOut ° HPCRUBAGURE
MBV-0007 [l MBV-0007 100% Close (ZS-C) l_>
MBV-0004 e MBV-0004 100% Close (Z5-C) N
MCV-0009 MCV-0009 100% Closed (ZS-C) ,
TRIER 0 ] HPCF in Test Mode > T HPCRELRE
MBV-0010 EBER MBV-0010 100% Close (ZS-C) N
HPCFYEAMLEE |>System Test On R

Wl 4.6 HPCF iRl 05" #2448
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ZHERRARAL (DIV T)
[SHERE/KAL (DIV 11)
SZHERR/KAE (DTV TIT)
[ HERRZKAL (DIV IV)

IR )] (DIV )
HZHFREE ST (DIV 1T
RG] (DIV D)
I FRES] (DIV IV)

T B FIHPCFE B -Arm
VDU FIHPCFRE B -Arm
T B FIHPCF Bl -Start
VDU FIHPC P BfEi=(-Start

eI it PR G ERRER)

HPCFEBEA

HPCF INITIATION : (Ref:31113-1E22-

K1001,K1001A)

Rx WTR LEVEL

/L

Drywell Pressure High

H

Manual Initiation Armed

H/

1

1 Divl

i

Div [

RxLVL<L-15/

Div 11T, | ** "B 1-K1002~K1005) "
Div IV

Div I LZidc vl

/ D/W Pres. Hi

»

Div I | #* ™ (T62-K1025D/E)
Div IV

[B>K1009G HERMBY-0004 7 [ B SHRESE
DivII [ HERAR <115

K1001D Zfif i
K1003 ) P-0001

I~ HPCF Auto Initiation |

@ >

HPCFE BBy

HPCFE@EN

C HPCF Initiation [:

> HPCFF-EE

Manual Initiation - Arm (PB-4601/PB-4602) [PO]
Loop B/C [108]

Manual Initiation STARTJL

Manual Init

L-8 & MBV-0004 Man. Override Reset {>Kl 009 FHjoverride
K1009G #5ERMBV-0004:F5A5E

Manual Initiation START (PB-4601/PB-4602) . C '
Loop BIC "
HPCF Return to Standby (TD) Zl
~KT00TD i Open MBV-0001
HPCF H]E l> not olgt1 gg ?;rwce > ] pen - {>K 1011 BEEMBV-0001
[} HPCF Initiation P-0001 ZERunninglRAE Pump Running >
Open MBV-0004 >

L G PR TR

HPCF Return to

K1001D

i s T>K1009 BHEMBY-0004

»

Close MCV-0009 {}K 1017 BIEAMCV-0009

\ Start Pump P-0001
\ (Auto Start) >K1003 ) P-0001
Start EDG R
> HmRee K1001C ERBBR A
HPCF Initiation (Sealed in) 5, K1001D  Z=fii B el
K1005 g
HPCRRBIBLR AR Kl0ps EEAUV-0005

Safety Valve Overload Bypass

B 4.7 HPCF jc % Bt £ 848

50



ECCS Systems

L3  ADSE ADE

L2

L15 Drywell
Pressmre

Ll

|PDW (psia)
DW high Pre.

set point

|PDW+DP (psia)

Safety System Logic and Control

HECF [wHPCF (w4 [THFCF @
Lg LFFL [WLPRL (w4 [TLECF &

[

i
et
st

Flowrate Started Time
Y R |WRIC {Tbims) |TRCIC (6]
L7

Rx Power

IPO WER (%)

Dome
Pressure

W (psia)

on
SLC off

Mswl on
=~

Offsite Puwerl H
et

Loca 3

Drain Breakl E

LPFL Breakl P

[

Flowrate of LOCA

WBE |WEK (s

!

Flowrate of Core

DMDT (Tbms)

:

Bl 4.8 FEH U fi A& B2 % BiE-k 3 B4 E £ %_SSLC 4 & 3% (+

Vessel

[ <]

CST
[ <]

Suppress

[ ]

Diywell

[ <]

| ARl
e

= Set Malfunction

Data for Malfunetion: 1
Delory Time (sec)
Ramp Time (s=c)

Failure Fraction 1300

RHR 1

Drywell

3 L=<]

Line Break]
Steam Line Break Inside Drwell

Criteria

Steamn Line Break Outside Drywell

% of 100 em”™2

Feed Line Break Inside Diywell

% of 100 cm™2

Loss of Feedwater Accident

(Mot Used)

tain Steam |solstion Vake Closure

[Mot Used]

RCF Speed Change

% of 1500 RPM

Anticipated Transient ‘Withaut 5 cram

O=Auto AR, 2=Mo ARI

Turbine Trip with Bypass

Mot Used)

Turhine Trip without Bypass

Mot Used)

Station Blackout

Mot U sed)

iigh Press Fil

Inadvertant R od Insetion/withdrawal

% of Rods Withdrawn

Cortainment Leakage to Atmosphers

CST

% of Cont Atm at Design Press c

% of Full Fu/ Heating | =]

PR

% of TCV Full Open Suppress

Lewvel Setpoint (om) c [ =]

Loss of Coolant Accident (eces Line
Break)

Mot Used)

% of Flow Bypass

—

¥ Active

[ Flow
0.0 ka/s

% of Flow Bypaszs

Cancel

a—

% of 100 cm”2

NMS

Rz Press
Rx Level
DV Prass

FREEZE

F AR

[%2 1 [000 s 000000 1142947 Ron 0000 | 161 (Mo Malt)] Mo Plot

Bl A9 FEH UL A& B2 B BiE-KFBEH T
PCTRAN-ABWR p 2= 4 % 3% % [
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160

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

Time(sec)

——POWER
140 + —— Core Inlet Flow
—— Dome Pressure
120 +
=)
£ 100
o
*2 80
5 60
o
40
20
0 ) 1l
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Time(sec)
B 4.10 LA L B2 B BRERFREE F&_ARILL
500 600
| —— Water Level
—— RCIC FLowrate
400 — HPCF FLowrate || 290
RHR FLowrate
= 300 -4 400 =
S E;
S 5
9200 1300
B ;
2 o
= 100 1200
/——f—'
0 -4 100
_100 | | | | | | | | | | T ] 0

W 411 FFHRE AL B2 F REKEEEE F = _ARI_2
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4,500
4000 ™S — PCTRAN
3,500

23000

k

(
o
o1
3

T

2,000 -
1,500 -
1,000 -

500 \
10 20 30 40 50 60 70 80 90 100 110 120 130 140

Break Flow

o

Time(sec)

B 4.12 spH i A &R B Rk ¥R E £ &_ARIL3

80
—PCTRAN

=60 |
Z 40
&
=
=20 ¢
[

0

0 20 40 60 80 100 120 140

Time(sec)

W 413 sFHHHEAE B2 B RIE-KFREEEH_ARI4
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Percent of Rated

200
180
160
140
120
100

80

60
40
20

— POWER

— Core Inlet Flow
— Dome Pressure

100

Time(sec)

200

B 4.14 FHEH AL B2 B REKF % H$ % FMCRD_1

Water Level(cm)

500

400

300

200

100

-100

-200

—— Water Level
—— RCIC FLowrate
—— HPCF FLowrate
RHR FLowrate

50

100
Time(sec)

1000
900
800
700
600
500
400
300
200
100

Flowrate(kg/s)

W 415 SFH A A & B2 Bigok F 04 ¥ % FMCRD_2
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2
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<

()
—
M

5,000
4,500
4,000 N~
3,500
3,000
2,500 -
2,000 -
1,500 r

1,000 r
500 -

— PCTRAN

100

Time(sec)

Bl 4.16 FFH AL A& B2 3 RIEKF B EE T %_FMCRD_3

Drywell Pressure ( psia)

100
—PCTRAN
50
0
0 50 100 150 200
Time(sec)

B 417 SEH AL AL B2 B BRIk E B4 F e FMCRD_4
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Percent of Rated

200
180 |
160 F
140 |
120 F
100 j,

—POWER
— Core Inlet Flow
— Dome Pressure

80

40

S~

0 100 200 300 400

Time(sec)

500 600 700 800

B 4.18 S AL B2 3 Rk F R E Fx_SLC 1

Water Level(cm)

500 400
] —— Water Level
—— RCIC FLowrate
400 — HPCF FLowrate
RHR FLowrate || 300
300
200 1200
100 7
// 100
0 r \ —
—
-100 0

0 100 200 300 400
Time(sec)

500 600 700 800

Flowrate(kg/s)

B 419 FEH i A L ip2 3 RE-KFRYE F % _SLC_2
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500

—PCTRAN
400 ¢
=300 K,
2
;zoo -
Z
100
_‘1&‘_‘_‘_‘_‘_‘_%_‘“.
0

0 100 200 300 400 500 600 700 800

Time(sec)

Bl 4.20 g i A &2 Rk RR%E ¥ c_SLC_3

100

— PCTRAN

50

Drywell Pressure ( psia)

-

0 100 200 300 400 500 600 700 800
Time(sec)

W 421 FHILE AL B2 3 RIE-LFEEE % _SLC 4
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Level ECCS Systems - fon
I Flowrate Started Time
val fon
[Ls ¥ paxc [wRIC (bmis) [TRCIC @ . fon
17 Offsite Power H
7 HFCF [wHPCF (%) [THECF @& FMERDI Joft - o
NWL
L4 LPFL [WLPRL  (bm#) [TPCF &) sLC fott ™ Dmmﬂmak| [aff
L4 . -
o
!LB_ L3 ADE  [aD% i
L2 : HPCF Break off
Rx Powel
- Drvwell
65
: 7 Flowrate of LOCA
5 ) Pressine |POWER ()
; WBE [WEK (lbmis)
Lt [eDw ipsia)
. Dome
[TaF DW high Pre. Pressure Flowrate of Core
. set point x
!LVL LI |pdonﬂ1.hw S8,
" [FDWDE (psia) iDMDT dom
Safety System Logic and Control
Bl 4.22 FEH A& & B2 MRE-KF BETE F 5 SSLC A & 4

Drywell

(<] [><]

CsT
L5

Diescription

Fiamp Time

Failure Fraction

Criteria

S
PR Lozs of Coolant Accident [eccs Ling Break)]

Delay Time:
1]

% of100cm”™2

<]

Steam Line Break Inside Dywell

% of 100 cm™2

Steam Line Break Outside Dirywell

#% of 100 cm”™2

Diywell Feed Line Break Inside Drywel

% of 100 cm”™2

Loss of Feedwater Accident

Mot Used]

b ain Steam Isolation Yalve Closure

(Mot Used]

RCP Speed Change

#% of 1500 RPM

Anticipated Transient Without Scram

=Auto ARI, 2=Mo AR

Turhine Trip with Bypass

Mot Lsed]

Turbine Trip without Bypass

Mat Lsed]

Blackout

Mot sed)

% of Rods Withdiawn

*% of Cont At st Design Press

% of Full Fw Heating

1

% of TCV Full Open

Level Setpaint [cm]

Delay Time (sec)

-

[Not Used

% of Flow Bypass

Ramp Time (sec)

T—

N 0 O O O . A O A O O

o|s|ol]c|s|lo|a|o|o|c|s|ols|a|o| (o)

% of Flow Bypass

Failure Fraction 1650 % of 100 cm*2

Heactor | T
SPT:
HNMS

Rx Press
Rx Level
DW Press

=

=]

Suppress

=]

Heal

L15.0 Mw

Flow

B 4.23 E 8 A7 ik

=3 |000
Sk B MREK

FREEE

PCTRAN-ABWR p 3£ /i 6 3 i ]
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Percent of Rated

200
180 r
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—— Core Inlet Flow
160 + —— Dome Pressure

140
120
100
80
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40
20

0 20 40 60 80 100 120 140

Time(sec)

B 4.24 FEH AL A L iR 2 MRE-KFRYE F & _ARIL

Water Level(cm)

500 800
| —— Water Level
——RCIC FLowrate |4 700
400 — HPCF FLowrate
——RHR FLowrate |1 600
300 ]
500
200 400
300
100 )
200
0 )
100
_100 | | | I 1 L | I 1 I T | | | | | 1 L 0
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

Time(sec)

B 4.25 FEH R A &L B2 MURIE-KF BLETE F F_ARI2
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6,000
5,500
5,000
4500
<2 4,000
= 3500
= 3,000
L 2,500
2,000
1,500
1,000
500

lo

Break

—PCTRAN

20

40

60

Time(sec)

80

100

120

140

B 4.26 FEH R A L B2 REKERYE F = _ARI3

80

B~ [N
- -
T T

(-}
(=]
T

Drywell Pressure ( psia)

20

40

60

80

Time(sec)

100

120

140

B 4.27 FEH R K& B2 RIEKF EUE F & _ARILS

60




Percent of Rated

200
180

—POWER
— Core Inlet Flow

160 — Dome Pressure
140

120
100
80 [
60
40

0 50 100 150 200

Time(sec)

Fl 4.28 TR A G A & B2 SRR F EETE F % FMCRD_1

Water Level(cm)

500 1000
] —— Water Level .
400 ——RCIC FLowrate || 900
——HPCF FLowrate || gqp
300 —— RHR FLowrate I 100
200 190 =
1500 2
100 1400 2
] Fr
0 1 300
7200
-100 |
4100
-200 . — - 0
0 50 100 150 200

Time(sec)

Bl 4.29 IR AL B2 RE-KE BT E ¥ & _FMCRD_2
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23,500
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52,500 -

2,000

1,500

— PCTRAN

1,000 r
500 -

0 50 100
Time(sec)

Bl 4.30 FEH AL B2 RE-KE BT E ¥ % _FMCRD_3

100

wn
ja—]

Drywell Pressure ( psia)

— PCTRAN

0 50 100

Time(sec)

150

200

B 4.31 FFH AL A& B2 ORIEKF B 4TE ¥ & FMCRD_4

62




200
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— Core Inlet Flow
160 — Dome Pressure
140 r
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S 120
S 100
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40
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0
0 100 200 300 400 500 600 700 800
Time(sec)
B 432 TR AR A L B2 MURE-KF Y E £ _SLC_1
500 800
| —— Water Level
——RCIC FLowrate |4 700
400 — HPCF FLowrate
——RHR FLowrate |1 600
~ 300 |
E 500 =
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o 1 St
5 200 400 2
£ 2
i~ 300 =
= 100 ey
200
ol i
100
-100 | 0
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Time(sec)

)

4.33 FEH AR A& B2 MRE K F B UTE ¥ % _SLC_2
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— PCTRAN
400 +
=300 |
=
;zoo -
=
100 T
0
0 100 200 300 400 500 600 700 800
Time(sec)
Bl 434 P8 i A &2 MBRE-K ¥ B %Y $_SLC_3
100

50

Drywell Pressure ( psia)

-
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Time(sec)

B 4.35 FEHRTAE A L ip 2 MRE-KF BT E $ % SLC_4
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B 436 3 BpEALE I ATWS 2 2 atr < /[ 1t _ARlon_1
200
180 | — 1300 cm2
140 + —300 cm*2
<120 ¢
< 100
=
s 80
60
40 +
20
0 | | | | | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Time(sec)
Bl 437 3 BpRALy T ATWS 2 2 pahv < -] vt # ARl on_2

65



1,200
1,000 \,\, R
& 800 ©
Z 600 -
&
£ 400 |
S || —1300cn2
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