1%~ BRELAP5/MOD3. 3§ » Hi5°2 = 1 i skt

ChinShan Nuclear Power Plant
REALP5/MOD3. 3 Input Deck Development
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ABSTRACT

In this study, the RELAP5/MOD3.3 input deck of ChinShan Nuclear Power Plant is
constructed based on the existing RELAP5/MOD3 input deck of the station. The single steamline
model of the original deck is updated to four steamline-line model. The control logic of the input
deck is revised based on the ChinShan input deck of the RETRAN code. The control systems
revised include three-element feedwater control system and the pressure regulator system. The
input deck is initialized successfully to a steady state condition and then used to simulate two power
test transients of the plant e.g. 97% power one recirculation pump trip and 100% power load
rejection.

The simulation results are compared with the data of power test. The results of comparison
show that the pressure regulator control system can predict the trend similar to the power test data,
but there is room for improvement for the three-element feedwater control system. The input deck
constructed in this study does not model the systems of Balance of Plant (BOP), which is the major

reason of the discrepancy between the simulation results of the code and the power test data.
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fOREBAR ¢ T Bk B 0 AT

1. 48 4 (Hydrodynamics) ;¢ o

2. #ZEu(Heat Structure) st -

3. F+#1 % ¥ (Control System) ;¢ o

4. frde 2 optoss B4R 5L (Trip and Control System) o

5. ¢ & & Jpgk#s i (Point  Kinetic) izt o

RELAPS #2;%d MOD2 & & {8 s $* a8 fic;\ 5 #4pin 8 4 324653 (Separated
Model) » £ # 6 BAA A= A BN kdi o 45

L i FRTEA S

2. RAPFETESG

3. AAmpEE T

4. RFApPE TG0

5 AR ETES
6. AP EBEITE G

RN RN EY A E ST S SLEWA Y SR N RN TS

%% RELAP5/MOD33 i * £ p 3ip 1 [3]-

¥ b4 4% RELAPSIMOD33 ik i 3 KA ia i I 4o » 3% it 2
L]

RELAP5/MOD3.3 it * £ & — % % — ¢ [3])-



FLASH-1 RELAP1
¢
FLASH-2 RELAP2
¢ ¢
FLASH-4 RELAPS
¢
> RELAP4/MOD1
¢
RETRAN <— RELAP4/MOD3
L ¢
RELAP4/MOD5
¢
RELAP4/MODG6 PILOT
¢ ¢
RELAP4/MOD 7| Y RELAP5/MOD0
¢
RELAP5/YA ~—RELAP5/MODI1
¢
RELAP5/MOD2
¢
RELAPS5/3DK «=— RELAP5/3D ~—RELAP5/MOD3

B 2.1 RELAP i 7| 42.5% 3 B )




$= % ¥ - BRELAPS/MOD33 4 » Hos* % # 8.2
Fod] xRt ATRIGE

3.1 i 4

i~ K RELAPS/MOD3.3 i » #i3% » k& + £ S Y2 B F L0 A |86 £ 117 ¢

R R#E D T 5T P

TRFEAFLIEPALERE [6] ¢ 2 ol AR

._\)

T erfk 2 RETRAN 423 [8) - Rl » 4h 0 LATHT H 82 B~ kipdl h a

I

{

= 7}%&@?} i ¥ FH FRREE RS FE EARALT T - RE B AR R

wEd [6])

% - K RELAP5/MOD3.3 ﬁﬁj AR 2 EARY OB 2 B etdeT o

1. %7 t:- K RELAP5/MOD3 ﬁiﬂ o2 4 3 E (Separator Model) #5250 € 5 ae
£ 7 T ##=(Energy Balance)z_ 3 %7 F} M v 3k * RELAPS/YA ;T -k = > & 3
E oo Aamw BpE 2 RSBV A L AT REECFRAEE FTE Y
T B M aE 2 A GBS i A e B o

E

2. RH-FAER{A:PEIMIER G FEAER -

w
o

¥ - BT AR e R ks

%‘2‘ fizv @ﬁi} l} ;{}E’Sa} ’%y}%‘” 5 o

aN
\\\?{r

5, H-H - &RFMma i R Anl AR E B 400K R Y ik B 4% 2E(Time-Dependent
Jun.d01, 411)HHe2 - 2 E % 3 S5%gp e B e £ 0 d AR Al kst
Bl e

6. kizztE 2 Nd 723t H 3k (Collapsed Water Level) § =z % /& # % (Pressure
difference)3* & = /2 » M B ETRFEH R E ki3 2 o

7. ATHTHB3ARBPV)RI A E o 12 F T H R (TCV) R B PP ¢

FrB T4 3 R (BPV) X #-5%57 % 1 (SB) -



8. £ ¥k & (Recirculation Pump) » 3 4c 7 § &K iE & -] 3t 25%(T+D15 #)) 2 %
NrRAZHE (<90%) £ HHERE I 27%R#E > UAmERL FHRE T F

% %3 4% -k 55 (NPSH)

B ATL 0 T R

1 ?,ﬁ A e R(ECCS) it A g A4 ™ % % 18 Hado B A 7% 0
TR BBRAERY

2. E* 7 BLE L P 3 55 (Point Kinetic Model) » k3-8 %o ¢ 338 FpE g2
Rl WEEH Y FHGNELR T #F R A G ORE I B PR eAp

B o Bl o BRSO 0 d N F e h 2 e (Moid)ehis e 0 b b g
;¢ w A% (Feedback) ¥ 7 5 w Ji(Power Response) e’ 8 » #7120 gL 4 fi5% & @ 2
* FEFE R A g ¥ 3 §7 75 (Neutronic Behavior) °

FEERIE o BT h3 e v (Void Feedback) ~ %t ¥ & s & w 4k (Doppler

Reactivity Feedback) # i #|# & J& & i& > (Control"Rod Reactivity Insertion)= Yﬂﬂﬁj » B

0z H¢ ?7}*’1/}5‘1?@‘ VA PR Gl A ?'i’ Flpt s g”ﬁﬁ%”ﬁ—ﬂi\‘fi"
FHOLEIRANNE RS RDF BRSO AR > RYFLFT RS-0
T AT e

"b 5 - i RELAPS/MOD3.3 4 » i3t 2 2 s 42 B eecnfi o T A B

i ? B0 B AR o
3.2 %t ¥ BACEA &

ey LRGP R RA TR N E - FT P B AR T R i B s
oo gt eA 1T B @A § 0 ¢ & iR (Over-Pressurization) 4 fi 4 f 45 ¢
(Load Rejection) » ;T $# % 5 (Turbine Trip)ea 45§ f i< chib % o Bt p 5i3F 24 2
FREAPZHRBAITETREERE S A7PF > 77 S - VRN REF AT o

17— B RELAPS i » 1058 (445 R RLZ K352 1AW % 24 748 2 i i -

R RREEF

‘“‘5&

L ECERE FONE R = AR i A S
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FEERT R B AA#H N TS 1T - B 3.1 5 15— B RELAPS H if %% 'g&é.%?]
VT B NP e 70 121 4448 4% (Volume) ~ 150 1 748 & gk (Junction) ~ 143
#5514 (Heat Structure) ~ oo A 2 e B # 5% ~ o T 5% ~ HEKA FF
% s # i % (Core Bypass Region) » #ij ~ #c3¢ 22— % 4 7T ¢ #:(Main Steam Line) %
B T e E AT E R o A BSR4 Lo B84 (V01.542,544,546-1,546-2) o %
Al F REATTRNE AR LA FTIRER(MSIV, Junb47) 2 F T F B (Vol.548)
f¢ > i » A B ¢ (Steam Header,Vol.540) f- i 4 - 41 ® (Turbine Control Valve,
TCV,Jun.549):& » T o 23T 2 W IR R d 207§ § > 557 3 i ® (Turbine Bypass Valve,
BPV,Jun.571)i& » & % % (Condenser,Vol.570) - 7 ¢ &+ ¢ 10 = % > f§ & ¥ (Safety
Relief Valve, SRV, Valve 670, 671, 672, 673, 674, 675,676, 677, 678, 679) f| i& 5 s¢ &2 B fx3k
T B RS 2 ERR 2 p 8RRk Si(Automatic Depressurization System, ADS) -
AL AEZ RRERNIE - < WA (Heat Sink) 4 M HEEHE o & T ORGP Rk

RELAPS w i 73 ¢ &éﬁﬁl » PSS iy BT AR

%5 7

3.3 AAERBIRP

W 3.2 % P it RELAPS m i 5% # Bediy » 0357 L W > G v 3 B sS i s
LR FA P R - EE R SRR E (4] R P BT e
R S [8) o

FRTROE FEIFRY  FRAZD 2 B2 C I 22 L pH
ERZBREN > T L ATER

# % ¢ B (Main Steamline)

Pi- REARROZET e B3R RN > Z7T R A-B-C 2 D; #n Fle
AT M4 R (Angle)2 B & % it (Elevation) '] » RELAP5/MOD3.3 #2 ;¢ fﬁfﬁﬁ@?]
MR ERT R E T BRI RA T AR T A g AR T

MR Ve AT B T (Vol.250) 7 1] & 4p & M A 03 3R> (Vol.242 2 250) 0 F T F AR



AL DI #4844 242°BE DRl4E T 2500 77 F B R 2 B3 % - K RELAPS
W He e N E 0 dy (4] A S BIA o M SR T
AT H B A BAE C 601~607

¥ ¥ B 4 1 611617

T B C A 621~627

A E B D A : 631~637

AR FERAED 2B & C 4403 #HfEa 5 - K E T ¢ K (V0l.601,611,621,631)
A F B g & % - BEA ¢F B (V0l.603,613,623,633) A B B % > R R
(SRV):id a4 - % = ~ » £ #% § B2 F (Jun.605,615,625,635) 0] 2_F 2 4% 7} chi 5
IR S w iR R 215 € R B A E ¢ (Vol640) -

#Z7 k¢ (Steam Header)z ;7% 1% (Steam Chest)

d 3% - By RELAPS 3+ 8 2 [4) T & 4ic$i 7 77 1% (Steam Chest) et & > F]pt 3
PR BT AR B TR § BN ENEGT IR 0 2 R 2R
AE R KRR AN E J T2 Rl KR T TR M ARAEA R
FE LA a3 o

% > RR (Safety Relief Valve)

Pi- s PR EYe FRTERY T e 31 5 7 & R (Relief Valve)fr#& > ®
(Safety Valve)eirs 5 B 3.3 2% 2 HBRR 7| =% 7 & B4 3-1 74— f RELAPS
B E2ERERRLL - 610 PRRRANY 237 DR LR LB A AL
1060.7 psia ~ 1100.7 psia ~ 1110.0 psia ~ 1120.7 psia 4= 1130.7 psia; & 2 2 5 & = f#RE >
B ARFOFAERAED LA - FREERR O HEOFAERBECREET
AREBERSEEEBERY 0T R H RGP BRRR R A BB L S (ADS)
Foed PHERR GRS BN OR RAXBIFRS 6 prRE - < HH
RITHRR w4 A 312 B33

i ZA SR (Main Steamline Isolation Valve, MSIV)



Pim B EETERT R vy op R FEE S R FRE-F
AATRBR(MSIV) > P et oF g BRETH PF > B g Kin & &b e Fr e i o % -
Fie RELAPS i » #2350 & F- FERAERAOFIEE R o LR T L R
(Valve 605, 615, 625, 635) ; & — ¥ 3 F i FRdf ¢ d pes+ (Trip Card)# 4B & > Apt
MAELA AP T OB P LR IRRER -

A%k B (Turbine Stop Valve, TSV)

TR ETIL R SR (Valve 660, 665) » P enh iE L R &S TER 0 b LR 4 &
RO P ERPTOALE o B VR R BB UM PR AR

41K (Turbine Control Valve, TCV)

AR X A3 i R (Valve 662, 663, 667, 668) » i Hdsds pF 0 frdlie T enE
TR EITBER ISP g F O ER R T 3 i (Steam Bypass, SB)#7 B 4 3 &k s
(Pressure Regulator, PR) 2 5 » #24] F g o Fieilg b > FIA 8 R 22 Ha %5

ST o ik & RELAPS 258 2 AR R AR 4% > Flot - &) WA 0 5 R AR
B TS T AR g 88 5 (Vol.661,666) i & i 4

< 18 % 1 i (Turbine Bypass Valve, BPV)

APEREREG =5 L‘LRELAPS@?] SRR - R R0 d F T B F (Steam
Header) » 3¢ 777 % (Steam Chest) £ 56 % 1 [ (BPV)#: » £ R B o 3 3 [ # i At
WS AP T AARE FEHF BB 2R3 AMEBRSE LAY

e £129.9% o

3.4 B4 A& % ¥%(Pressure Regulator)

-\

Bl 34 Z - BuBA A& T4 ESHE > B4 AE L0 F BRI E S
(Vol.240) 5 iy » > igid B4 4 & F 2 200§ BAT O B 18 4TA 2 a5l Il IR
(TCV)2 T2 RBPV)E R A S FAE » T adF LB S o

F R B8 B4 TR0 ¢ pr R 240 /R 4 ot R 42 gk 2_E 934.7 psia
AR 15 (P-2) o eyt A GF  BRAE ~ 4 AR (S B M- 8L - FITA F B(P-B) O 2 BB
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AR T REETAERBE TR RS T RS B P-100 2 8 ken B A
BEAIE 0 - B f R R R BB B(P-12) o Tyl Gl T f N F R
ALE 7 R dpdleni &35l o f 957 Rk 100%34 5 » ¥ ¢ L e b f 9% £ (Load
Bias)10% > » &t #4241 M (TCV)d & 7 1 {3 ) 110%3* 5 it « i | i1
is ’ii#'lf?,%fﬁ* Sl oS A PR FEY RS R OFRA(TCVAE B 2 TCV
CaD) HY A +IRALZB2 CED Ak FIEIET 5k TBER - ¥V - B
MR DR DT ID e f 7 Ao L B U IR B LR
5L S R ‘ﬁﬁﬁwﬁ*i‘ﬁ’“* ' FEAFITREAR S Aok A E ‘T*ﬂd”b
Bz she SATEE U Ko PR B AR TES DB BASER - A
oA e dRE SURNE L BEME RS Mo ff o 105524k sienfiygd > §35 5
AR T R R o e A B 3.6 B AT B F IR iAW 6 ep

iy R BT ZABIEARE RESER o g R o

TR A P kST B e TR PR P RAE S BRIUELAR N1 o R R
PRI FIR M B 8(5) 15 f) 2 M i@ B)#A SR oFfce FHFIEER - ¥
AW IERMBPV)E BE B R MEFARIALTEIARE DHFITHR

4 (Vol.240) 15> 934.7psia » ;43 W(BPV) ¢ £ B H M B 512 o S B o

3.5 &k 4] % $u(Feedwater Control System)

R AR S R AR RESFEEY TR AT R B SRR AR
Bk e FERERP > LR RE o - BRI AR T AL p B
B AR R AR R A BRI R R T o T LH e f SR

RANR R R

1. - =¥ 41(One-element Control) : — 34| E_#10 F Rl -k =G 5L 1F 5 v - cnfy
F1 50 R SRR frR R R ERA ARG E -
2. =~

7 #1(Three-element Control) : = =~ p #3474 * p #47 ljgz,,,J S S
ARF Bk R L AR EAcEVRITE o RypAVRIRE foz T i R AR R T
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W2 A @  MAKRERTERF R KR hLE Rd-Tmhey, 7 ki

B
(‘ﬂ}

BRI A ER RS R e TR AR EL - kiR

>—\-
£

st 1R T N

IV

=k

P A G FUBTEH 2 L EE R AR R IR Y E s R

I

Tep2 AR E 0 R ok st ¥ ok T R (Level 4~Level 7) > d gt r4oK
= %7 (Carry over)fr 7 ;% B4 (Carry under)w I Yo o @ L Flot g TS E P AR A
Mg A AriE o 2 R dp o B AR T L B Ap i ks

GURZ Al R AR AR R 2 g By~ LB G R B AT
BB R R AL F o A B A T EA R -

kg

GUREd] k send B AR SRR SRk > B 3.8 2 B 3.9 ¥t L K
B ki zEz ek H¢ Level d4elevel 7 2 fF 5 0 ¥ &8 kx> Level 4 5 i<
kB4R Level 3 7 3 R E4R o §F gk 8 2 Level 8 pF > 4K R € p BRI
Mgkt Level 2 pF > T RiRG VoA wm A A AR A F o tbﬁ?f%ﬂélu;mv % 5
(ECCS)#-¢ ko » & Rip4] 52 B Er oo A FEHRNT » Jpu Kimgi2E
R P A RS ERIEBRATELRLGE - 4o F tg-k = (Narrow Range Water
Level)¥ 5 W ip ik B N13 &2 N14 2 PR £ #rie 5 2 -k =% & 5 &tk = (Wide Range
Water Level)R] 5 1 Bl ik B N12 22 N14 2. FFer /B L #7482 8 2 -K =% & » 4-® 3.10 -

FITmEAE

Pr-RiE-#eie L8078 Hre BP/IRSBEENOA-B-C-DA
WRIB T R L A A F U B(Flow Restrictor) 2 2 2 s (s # R4 £ @ p ¥ )
_#=(Bernoulli’s Theorem) » % /i 8 @ fcacy S > B (SRS 2 L R 2 FFE0

B0t b2 B %S #1000 Tons/hr z T i £ 2 2 10 2 50 ma 2 i & L i 5 5L

Iéfgﬂﬁj)ig;;’{}‘@ PN SES :73‘//{/7"1%_1; B o
R B
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R E BBk AR d P/ AR B E NOO2A fo B> & BRI Bk Bil A F B E =

BoAK 2% A g (Venturi Tube)in # Z B - X HHRAVRINE £ B A A 2 S L2

10~50ma %J MR R R I R B T ATRIE IR o M R AR IR o &P

KB FIREF 2 F 0 & B B5%GFRAKE o d LRI R G AN
fho it o Bt E BRI G R R A FE IR L B A > AR E -

+% - K RELAP5/MOD3.3 ﬁ*} V2o o AR Z A kB BTR = BIAELRG
Fod] ey~ SUEL o B vkt B2 2 AR phz e s B AR HER
ok RIS R R Ao F WP R s Ra g bk E R4 A (Pressure difference)
oA EF F g ecis et B4 X (Pressure difference)da ® = ;A E k=g & - ¥
gt R TR 2 % dg K i (NRWL) TF 5 &0k = Zdr ek it sh &R » s mi A2
L Ao BRI BB F BN D e BT E B E fo(Jun.242-02,

242-03, 250-01, 250-02) 5 477k = A g3l k SeenE AL K R o @ G~ R 2 P Gk E

B Bod T 0 iR PR BE SNBCHEE B RS s Bt R & U BL AL E 4% 11 ik pE 4% 2R (Time
Dependent Jun.401, 411) i & v 5 &r7k = A~ g lans £ M EL KR o

B 3.11 T 5 % - Be RELAP5/MOD33%J>\%3_ UGk gl B IER 0 F 5 =
ﬁ%@%&ﬁéﬁ%’9%é2

1 F ok = (FW-1) ~

2. BEAIE(FW-3)

3. Hgpokin B (FW-5) -

KRG EERY F Y F K (NRWL) » ¥ ¢h &0k & 2 2 in & 4r b i3t 5 #
BAVKERZ B AT ESRTE SRS F o 2 e d g ﬁwﬁ;ﬁ— L
(Normalized) fe p% 1 12 LAG B8 > okt 3 5Laf 48 (FW-2, FW-4, FW-6) ; Z T/t & fo4p
RIRERHARF > @- N E AL R R - BEENEKM)T S S T REE(FW-7) %
2N g AR E .

KR BB A AEAR S BOT S kS & E Rk (FW-8) 5 4 E S5 A i v 4 (FW-9)
L feig 2% %ok e o (FW-10) 5 38 & /K 34 2B e i3 I -k 0t o fs 907 > 48
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- Wb A AR g B (FW-11,FW-12) £ £ 22 % 7 78 1 & + (Steam Dome Pressure,
VOI.240) 1+ i 18 3 = 44 12 5y &1 (FW-15)» #5241 2 5L F 538 ) 312 ende ki s

3 enw A(FW-16) » £ 5 13T R B 211750 ¥ 4 4ok = A gdlh stend ik 2

3.6 £ AR ki H] 4 B

ca

(85 30 G WG NS S s P S -
£ , ;
1. BB s 1A Aok 1 g B RGE el 4 o

2. R U EE RS

- AR o
3. WIMDEMTHs 4] it i p S50 f &4 o (- B v
LF )

¥ - K RELAP5/MOD3.3 ﬁi%J MY 2Rk s 8 B R Flp E

FUEH G LG R 0 F f wREARE G Y A ER BRI @ & (Pump 310,360)
A EE R E A A F RS R R R R T AR R ARARY L
(Run Back) :

1§ S kREEEF ik &R 5 (Level ) > LR R § v T
1 35% &k ¢ o
2. FAkinE ]2 25%(T+DI5 f)) & R v A 2B (<90%) £ kK § wiT
3 2T%Ri# > MAEEE R v 3 Z Ak EE(NPSH) -
3. EHwi¥ vk BRI FHEE > # F>60% 0 peo i B (>45%)F 1 Ay
B2 S widBRH o B Fwi?3 60% oo nE Aol 2 45% 0 FETIEE R
E
BB .'rﬁii%]»%i;“i #oo A @ AR B e kAL YA BT R R Rl E RS
Fﬁﬁgﬁ%%ﬁﬂ’mi%,ﬁﬁ%@ﬁmuwammm3ﬁ»ﬁﬁéﬁTgrvﬁ:
FIBAE > 4RI ] 3 25%PF  dofl BTRR RE AT 27% 0 WAL v
v )t B R e R MR UETR R R ILD 27% 0 o0 L& R HER K il o @
-2 LH e dR YT E T A -
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3.7 % - BRELAPS/MODS. 3 441,

& SUR|FE
% A S H 315 chPr— f RELAPS/MOD3.3 s & s 5 1 mladdrdl s 83 &
WALE G A S g ETATH B ] ANV E R Ra FIL ML R T
Fadodl e Seenticdy > Flot BE BRESEN ] A AR eeh AR T o
3.7.1 & R4 % Pl
RIS B R 2 ARUBLRLG Ak S o ARGk B E 2 Ak
iR B FE G s R b 2 B AR R SR g R
Bl 313 SRR EE P bl
S 1 S P

FEFE g o
Koere R R ER Y R R R B e Hied
kR DS S
K .

SniEr T gt AR
R R ]
Bl 314 54808

T % Z2_TF »é\{b](ﬁ]ljg
B¢ Rtk

SRR T

\""’

'E;"l ]L\;}-!—J\I"':r%_]_

A

24

e e A N Rl 1 e ATV S L S0
e AP U S SR (R g %?i%]

B B

te 0 ARk s
¥k i ke Bk e
AR L g HA 0 T IEF 2T LR
110% -

LENIE H —ri‘gécéfz

'71](
x o Bk B e el pE
£ 7 g5 chi b 0 B P 0 kB A R R
- R M

® 3.15

_m}

B g
S N RS SR T

PR E BRI R T K r B B R ¥ B

‘RSB ‘—’hﬂ?ﬁ@?}% o fipdl kAT T £
Gk R g F R P K R R R A TR
FEF N TR F et N A RE R A e 0 R T BT R

2,

)7
7

»'L;F\ ‘;’f"%;f:/%m
frd A B AELII (B T

LA
(IR 20 & ok VPRI S B
GURILE € EBE M o
Bl 3.16 3R EE P b kird] h e F T e E
SRR 1 T 5 PR JEo AW o SN
L2 4

T F AR M e
B 5 ATUELE 0 Sl
AaFEE R ﬁle\ K efE

‘.v‘ui;"f‘»'l'l:-q" I g
T R FlE Rk

CLpN e TR B F
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BEF ~ o TN F RVRH PN R R B D 0 R R BTRE IR 0 ARk Stk
e FT BB I T o g R AV R AL BT i
UK R F G AR PR SRRV R i B B ARk Sk B
U st 1 F 7 S PO S SR B
d b e wRRET R AR kAT P R et R Tt g LR

L F - AR U R A 4
3.7.2 B Frl & SLip

Al kB & ol UL S 70T B (Steam Headen) R 4 R4 gl kst
RIT| VR 4 € 223k 7_iE (Set Point) (1t #fs o il - il B iR B B b 2T
¥ ¥ 41 ® (Turbine Control Valve, TCV) 2 ;7 # % id ® & & (Turbine Bypass Valve,
BPV) -
1317 5 R4 gl )k st BB (Steam Header) & 4 iy » sugiak T ¥ R 4
BEE R FIRA ] SRR SE B2 T IR (TCV) R R € 3 42 '3
MAEAEERS > ¥ R 3187 % 1 K (BPV)-~ g#ﬁ’;“#%",!rt SAREA o BRe A E
R ER A SUELE B LS W e Pl EABRARE - EFFHR -
1319 5 #R 4 gl )} ST B F (Steam Header) R 4 iy » suiiak 2 ¥ R 4
BRI F RS ] SR SR R 2 6 TR FIROCVIE AR ¢ "
FEARERS AR T EARE R B RS SRS F O T TR ¢
- ERFHMFREL -
FIro bipleg G R 4 ]k S M SUELE $Rk RS R RS B NG RR TN
W H R (TCV) 2 T2 1@ R(BPV)ELTE § & /eniyd)F - B 3.20 5 #-100% 2 5 548
R Y iy~ 1050 2200 £y FC 5 T0% FeniRE R T RB I FIF tph o &

PR i B A 10002 H# FhET R 0 BB T R ET B F (Steam

E

Header)/& 4 = "% » ;i 837 dIR(TCV) /B 4 A & K SLeni®® 2. T RSB R 1 adFE R4
Bl 3.21 B] 5 I — JRI3ET Z T 7R 4 (Steam Dome) s/ 4 i T RELER TR 4 B E i) ks
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FEd 0 BRI R (TCV)en & 2 fadh § e 4 > & 503 § RIS F B 7 & b
BAA B SRS F oo
d LRI e B R S RS R LR B AEF f o T

RS 7 - TP 4 -
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% 3-1 71— f RELAPS # » 05 % 2 R 3 it

RELAP5 e B R 4 BB R 4 poEsfRR kL
R
+ 5 R (psia) (psia) (ADS)# i:

FO13-A 670 A 1060.7 1003.66 LN
FO13-B 671 B 1100.7 1057.26 LN
FO13-K 672 B 1110.0 1066.86 *EH
FO13-F 673 B 1120.7 1076.46 LN
FO13-P 674 B 1130.7 1086.06 *EH
FO13-C 675 C 1100.7 1057.26 LN
FO13-G 676 C 1120.7 1076.46 *EH
FO13-L 677 ¢ 1110.0 1066.86 B
FO13-R 678 C 1130.7 1086.06 2
FO13-D 679 D 1060.7 1003.66 L
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1=30 7T1=74
s steam 201 207 203 204
header pressure ~ __| > - _+> "2V g -203 ) 3
(Vol. 90 pressure964. 7 LAG SUM LAG LLG
psia at rated conditioh — -
Steam Line Compensator =02 G=004 G=1730, T:()”é 2
-208 -207 -206 -205
- - -
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10% + o =100 - PCO[ 105% FLOW LIVIT )
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-252 =247 -237 -227
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Tablel2 989 | Tavle12 949 | Tablel2 939 | Tevie12 .99q | Taeo _914
FNG FNG FNG FNG FNG
Table 12 GVs Table9 BPV
Position vs Area curve| Position vs Area curvg
\ \ \ \ \
T/ B Control T/ B Control T/ B Control T/ B Control T/ B Bypass Valve
Valvett4 Valve#3 Valvet 2 Valvet 1 D

Chinshan Pressure Regulator Control

Pressure regulator
setpoint934. 7 psia

=025 l =11

Pressure Regulator

Opening(Area) Opening(Area) Opening(Area) Opening( Area)

Opening( Area)
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TCV Demand Signal vs. Valve Stem Position
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TCV Demand Value
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BPV Demand Signal vs.Normalized Area
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150 cm Reactot protection and safety 100 %

59" ‘h////////// el

Feedwaler

/ system trippe
144 cm ///// ////// L8 High level trip

(36.3"") | tvlain turbine and feed pumps tripped,
RCIC and HPCS/HPCI systems off
103 em L7 High water level alarm
(40.5") B D 1; Normal water level
80 cm Y L4 Low water level alarm
(31.3%) : Normal water
level range

Narrow
Range Transient

water level

_range

31 cm Y L3 Low level scram
(12.2")

Level control by feedwater control system

Qem ==
intrumentation
ZIETO

-110em Y

(3358 7 1.2 RCIC and HPCS/HPCI system initiated,
///// * Recirculation pumps tripped
/ /;

/ Level control
by backup
svstem

378 cm ///// L1 Reactor isolation, initiate RHR,

(-149") LPCS/LPCI, Contribute to
auto-depressurization,
Start diesel generator
Top of active core
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Chin Shan Unit #1 & #2 RPV
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NR Water Level FW-1
(Indicated water level 2.9527 ft )

Steam Flow FW-3
(Rated flow 2117.5 Ibm/sec)

Feedwater Flow FW-5
(Rated flow 2117.5 Ibm/sec) — |

Steam Dome Pressure FW-13
(Vol.240 pressure 1069.7
Psia for rated condition)

Chinshan Feedwater Control

G=02

T=0.25

LAG

FW-2

G=1/21]75
FW-4

0.59054

. G=06 +
LAG TOL, FW-7] 00 + FW-38
G=l/21175 SUM > SUM
FW-6] ; d':
LAG y 05054
1,=0.6 FW-9
T,=5.0 LLG
G=0.0139 Yy 055
FW-11 FW-10
0.0 +
e <
INT SUM
1C=0. 7877969 § + 00
FW-12 < G=0.833
SuMm [,
** 0. 7877969 __G=21175
lable 5 FW-14 9 77969 FW-15 Table 6 FW-16

FNG > suM [>| FNG
G=0.01
21175
FW-17
vm [
21175
\

Controlled Feedwater Flow

B 311 % - Fesk = ~dmdln 4848 > B F)

Level
Setpoint
0.59055 ft



FW Control Output Signal(FW16)

Flow Rate (lbm/sec)
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0.0 ]
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1.0
FW Control Signal Input(from FW-15)
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Feed Water Control Sys. Test
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' B H KA |
21000 ¢
2000.0
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1800.0
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1700.0 ' | . | . il
00 T00.0 2000 S00.0
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Flow Rate (Ibm/sec)

Flow Rate (lbm/sec)

Feed Water Control Sys. Test

2400.0 . T | T | T .
| Feedwater Flow Rate[lbm/sec) |
I FW Capacity 110% |
23000 -
2200.0 - —
R ARARAL
21000 £ -
2000.0 ' | . | . .
0.0 1000 2000 3000
Tirne ()
Bl 3.14 &k itk s itk R R B
Feed Water Control Sys. Test
2180.0 . T | T | T .
L Feedwater Flow Rate[lbm/sec) | ]
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21400 - —
I B 3 K4 d F &
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2000 F —
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0.0 1G0.0 2000 S00.0

Time [g)
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Flow Rate (Ibm/sec)

Turbine Control Valve Position

Feed W

ater Control Sys. Test
I ' |

22000 m | | u
| Feedwater Flow Rate(lbm/sec) |
BREMMARRE
2100.0 f\ .
20000
B E A B &
19000. 1 | 1 | 1 ]
.G 160G 200.0 000
Time [s}
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Pressure Regulator Sys. Test
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080 —
070 —
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00 50,0 1630 150.0 2000 2500 3000
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Turbine Bypass Valve Position

Turbine Control Valve Position

Pressure Regulator Sys. Test

1 2 .—I T T T | T T T T | T T T T | T T T T | T T T T | T T T I—.
L | Gy B SO
3% & Steam Headerd & A
1.0
0.8 —
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0.4 = —
0.2 —
OO b Lt hr\l 4 ) 4 L-\r\l Lt -~ A'L ==y o =N 1 1 1 1 | 1 1 1 1 .
.0 RGO 100.0 1500 200.0 2500 3000
Time (&)
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Pressure [psia)

Pressure Regulator Sys. Test
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%51 97%% FH 5 A% RBSRA bR R

Initial Condition(97% One Recirc.Pump Trip)

Paramters Test RELAP5/MOD3.3

Power (MW1) 1721.75 1721.82
Steam Dome Pressure (psi) 1000 1007
Core flow (Ibm/sec) 14100 14001

Recir flow(lbm/sec) -- 2961.98

Feedwater flow (Ibm/sec) -- 2051.92

Steam flow (Ibm/sec) -- 2052.15
Pump speed (of rated) -- 0.848

%52 97%gz F H 5} {57k R gt pF A (Scenario) st i

Transient Scenario(97% One Recirc.Pump Trip)

Events(sec) Test RELAP5/MOD3.3
Recirc. pump A trip 2.5 2.5
End of the analysis 45 45
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%53 100% 27 F f 3 $47dok it R

Initial Condition(100%Load Rejection)

Paramters Test RELAP5/MOD3.3

Power (MWH) 1775 1775.04

Steam Dome Pressure (psi) 1007 1010.74

Core flow (Ibm/sec) 14940 14904.8
Recir flow(lbm/sec) -- 3150.5

Feedwater flow (Ibm/sec) 2119 2115.44

Steam flow (Ibm/sec) 2021 2115.73
Pump speed (of rated) -- 0.864
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% 54 100% 27 5 § 3 ¥ A (Scenario) r* #i

Transient Scenario(100%Load Rejection)

Events(sec) Test RELAP5/MOD3.3
TCVs start to close 15 1.50
BPVs start to open 15 1.51
Reactor trip 1.6 1.60
SRV1 start to open 3.1 3.48
SRV1 reset 9.9 7.12
BPVs reset 18.9 1541
End of the analysis 21 21
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Pressure (psia)

Flow Rate (lbm/sec)

100% Power-Steam Dome Pressure(psia)
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100% Power-Steaml ine Flow(lbm/sec)
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97% Power-Reactor Power(MW)
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Pressure (psia)

Flow Rate (Ibm/sec)
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97% Power-Steamline Flow(lbm/sec
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97% Recirc.Pump Trip-Reactor Power(MW)
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97% Recirc.Pump Trip-Steam Dome Pressure(psia)
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97% Recirc.Pump Trip-Recirc.Pump Velocity(RPM)

Power (MW)
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97% Recirc.Pump Trip-Steam Dome Pressure(psia)
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97% Recirc.Pump Trip-Core Flow(lbm/sec)
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\

140000

13000.0

12000.0

110600

160000

auno.o - Mm@%

I

aoon o - |0 TEST DATA _
|| ey RELAPS Simulation

70[}0.[}."IIllIllllIlllIllllIIIIllllllllllllllllllll.
0.0 50 10,0 150 200 250 300 350 400 450

Tirne (s}

] 4.19 97% One Recirc.Pump Trip g < /it £ * & FF 5% B

Flow Rate (Ibm/sec)

97% Recirc.Pump Trip-Core Flow(FIT)(Ibm/sec)
15600.0 M

14000.0 F

13G00.0

12000.0

1GoG.C

10000.0

Flow Rate (Ibm/sec)

9000.0

Boo0.0 - | TEST DATA _
=i RELAPS Sirnulation i

7000.0.||||||||||||||||||||||||||||||||||||||||||||.
0.0 500100 1500 200 250 300 350 400 4L50

Time (s}

1] 4.20 97% One Recirc.Pump Trip Yg < /i £ +v* & pF 5 @] (Linear Fit)
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Flow Rate (Ibm/sec)

Valve Stem Ratio

97% Recirc.Pump Trip-FW&SL Flow(lbm/sec)

2100.0.IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII.

20000

19000

18000

17000

168000

1500 0 e RELAPS Simulation FeedWater Flow -
fe—rty RELAPS Sirmmulation Steamline Flow

J|4‘C}(‘:}IC}.IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII.
0.C 50 100 150 20,0 250 5300 350 400 450

Time [s)

] 4.21 97% One Recirc.Pump Trip &k &7 737 in 8 v # pr 5 B

97% Recirc.Pump Trip-TCV Stem Position

.IIIIlIIIIlIIIIlIIII|IIII|IIII|IIII|IIII|IIII.
1.0 —

0.9 - —
0.8 - =
0.7 =
0.6 =
0.5 =

0.4 -
0.3 -

0.2 —
- G RELAFPE Sirmulation TCW1&2 | A

G- A— RELAPS Simulation TCV3&4 |7

OIO.IlllllllllllllllllI|IIII|IIII|IIII|IIII|IIII.
0.0 50 100 150 200 250 300 350 400 450

Time [&)

B 4.22 97% One Recirc.Pump Trip ;7T #3224 K R B & +C 5P % B
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Power (MW)

Pressure (psia)

97% Recirc.Pump Trip-Reactor Power(MW)

1800.0.IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII.
G TEST DATA
S, RELAFS Simulation | 7
G RETRAN Simnulation
16000 -
14000 -
12000 -
1000.0.||II|IIllllIIIlIIIIIIIIlllllllllllllllllllll.
o0 RO 100 10 200 2RO 300 350 400 450
Time (s}
1] 4.23 97% One Recirc.Pump Trip ¥g < ¥ 5 v 2 pF 5 §]
97% Recirc.Pump Trip-Steam Dome Pressure(psia)
1020.0.IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII.
@ TEST DATA |
S, RELAPE Simulation
1010.0 &= RETRAN Simulation |
1000.0
1 990.0
9800

970.0.||||||||||||||||||||||||||||||||||||||||||||.

0.0 50 100 150 200 250 300 350 400
Time (s}

) 4.24 97% One Recirc.Pump Trip 77 78 1 & 4 - 5 pF % B
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97% Recirc.Pump Trip-Steam Dome Pressure(psia)

1020.0.||||||||||||||||||||||||||||||||||||||||||||.
== TEST DATA -
f— New RFELAPH
=
[v4)
N
e 9800 - 0 N T eSS e
N b o ocs VRO
%
&
o
900 - N
940.0.||||||||||||||||||||||||||||||||||||||||||||.
0.0 500100 150 200 250 30.0 350 400 450
Time [s)

B 4.25 97% One Recirc.Pump Trip Z 7 B /B4 S F(E B ﬁ%l »HEFN L R)

Flow Rate (Ibm/sec)

18000.[} IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII.

97% Recirc.Pump Trip-Core Flow(FIT)(Ibm/sec)

e=—=o TEST DATA 7

fe— New RELAPD

16000.0°K e—Cld_RELAPS
14000.0
120000
10000.C
SOOO.O.IIIIllIIIIIIIIllIIIIIIllllllllllllllllllllll.
0.0 50 100 150 200 250 30,0 350 400 450
Time (s}

1] 4.26 97% One Recirc.Pump Trip Yg < /it £ +v* & pF 5 Bl (Linear Fit)
(2 FF 8 B R)
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Valve Stem Ratio

Turbine Control Valve Closure Curve

1.0
2.9
0.8
0.7
0.6
0.5

.4

Valve Stem Ratio

0.3

0.2

o1

T | I T T T
=2 TCV Closure Curve | |

| | 1

l I ] ] »

0.0 =
0.0

|
G 0.2 0.3 G.4 .5 0.6 .7 .8 0.9 1.0
Time(sec)

B 427 55 B R (TOV)R BB 50(%4 Pm fed @ A2s)

Turbine Bypass Valve Open & Closure Curve

1.0 8

0.9

0.8

0.7

0.6

0.5

0.4

2.3

| | T T T
&5 BPY Cpen Curve
s BPY Clogure Curve

0.0
0.0

|
0.1 6.2 063 ¢4 05 068 07 08 09 1.0

Time(sec)

W 428 ;T3 RBPV)R BEcz BP Y R(ET - Bd B4
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2000.0

1500.0

1000.0

Power (MW)

500.0

0.0

20000.0

150060.C

100606.C

Flow Rate (Ibm/sec)

500600

100% Load Rejection-Reactor Power(MW)

. T | T | T | T .
G0 TEST DATA
= RELAPS Simulation
L) |
I 109.1IMW |
. . | " | . | _ -
0.0 5.0 10.0 150 20.0
Time [g)
] 4.29 100%L oad Rejection g = 7 & pF 5% @]
100% Load Rejection-Core Flow (Ibm/sec)
. T T T T | T T T T | T T T T | T T T T .
S
@ TEST DATA
m | A= RELAPS Simulation 7
. 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 .
0.0 5.0 10.0 15.0
Tirme [s)

® 4.30 100%Load Rejection g = i & P& % Bl
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100% Load Rejection-Steam Dome Pressure(psia)

Pressure (psia)

1 1000 . T T T T | T T T T | T T T T | T T T T .
I f —o TEST DATA ]
- e se—, RELAPS Simulation | 1
10500
1000.0
a50.0
9000 ] 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]
0 5.0 10.0 15.0 20.0
Time [s)
] 4.31 100%Load Rejection 7 it "8 1 /& 4 p¥ ¥ [§]
100% Load Rejection-Steamline Flow(lbm/sec)
2500.0 ._ T T T T | T T T T | T T T T | T T T T _.
i @ TEST DATA i
D0 L <2 i RELAFE Simulation ]
—_ i i
2 - ]
2 15000 [ |
‘| ) - —

: E C i
= i i
2 o000 F .
2 i i
B L ]
o _ -
= 500.0 =

0.0 F
_50[}0 ._ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 _.
0 5.0 10.0 15.0 20.0
Time (s}

Ak
=

] 4.32 100%Load Rejection 7 ;% in & ¥
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Water Level (inch)

Flow Rate (Ilbm/sec)

100% Load Rejection-Water Level (inch

B W T T I T - -o-I-L----l-T_C [ v ———

—20.0 - G—o TEST DATA ]
-0 - Sy RELAPE NEWL —

- G RELAPE WREWL s
=400 L -
_5n o mtEVEL 2 T S R

0.0 5.0 10.0 150 20.0

Tine (s}
i 4.33 100%Load Rejection "% = F -k i+ FF 5% [

100% Load Rejection-Feedwater Flow(Ibm/sec)
T T T T T T H

24000 N T T T T | T T |

23000

2200.0

21000

2000.0

1900.0

0.0 5.0 10.0 15.0 200

- |e=——a TEST DATA i
A— RELAPS Simulation e -

Tirne (s}

%] 4.34 100%Load Rejection -k 7t & P % ]
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Valve Stem Ratio

Valve Stem Ratio

100% Load Rejection-SRV Stem Postion

. T T T T | T T T T | T T T T | T T T T .
1.0 :

- —o TEST DATA -
0.9 A— RELAPS Simulation | 7]
08 | fa ) |
0.7 .
0.6 :
0.5 .
0.4 | .
0.3 -
0.2 .
0.1 F .
OO | L L 1 | 1 1 | ' L L L I ! | r = Al

0.0 5.0 10.0 15.0 20,

Time (s}

] 4.35 100%Load Rejection % > R K K B & /¥ % §

100% Load Rejection-BPV Stem Postion

N T T T T | T T T T | T T T T | T T T T |
1.0 b :
0.9 - .

: e—o TEST DATA .
0.8 - f— RELAPS Simulation —
0.7 |- -
0.6 |- -
0.5 |- .
0.4 - -
0.3 - .
0.2 |- .
0.1 - .
OO [ 1 1 1 | 1 1 1 1 | 1 1 1 1 | L 2 . |

0.0 5.0 10.0 15.0 20.

Tirmme (s}

] 4.36 100%Load Rejection ;7 3 i R R ™ B & FF % B
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100% Load Rejection-Flow Comparison(lbm/sec)

16500

16000 |
15500 |
15000 @ TEST DATA
14500k = Fle A— RELAPS Simulation
24007
2200 |
2000
1800

1600 F
1400 F
1200 F
1000 F
800 k

Flow Rate {lbm/sec)

—8— CoreFlow
—&— Feedwater Flow
—#— Steamline Flow
—% — SRV Flow

BPV Flow

600 |
400
200

SRV Flow \

0 E

Time (sec)

] 4.37 100%Load Rejection &7 is /it £ +* # P % B

100% Load Rejection-Core Flow(lbm/sec)

T I T
0.0 50 10.0 150

20000.0 #————— |

150000 ¢

100000

Flow Rate (lbm/ sec)

5000.0

&< TEST DATA
L&A RELAPS Simulation
=0 RELAPS Simulation(1 Recirc. PurnpTrip)

0.0. 1 1 1 1 | 1 1 1 1 | 1 1 1 1

0.0 5.0 1.0 15.0

Tirme [s)

B 4.38 100%Load Rejection 4« it 8 - i B (Bk A 8 £ 757k R %)
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100% Load Rejection-Steam Dome Pressure(psia)
necew———mm—————r 7 77— "7 T %

10500

16000 £

Pressure (psia)

9h0.0

= TEST DATA
|| & RELAPS Simulation
& RELAPS Simulation(1 Recirc. PumpTrip)

900(‘} ] 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 o
0.0 5.0 10,0 15.0 20.0

Time [s}

%] 4.39 100%Load Rejection 7 ;7 75 & 4 v i ps ¢ BI(FBak A & £ (5% & B in)

100% Load Rejection-Steamline Flow(Ibm/sec)

25000 . T T T T I T T | T T T T I T T T T .
i = TEST DATA ]
SO00.0 e S RELAPE Simulation ]
- - G0 RELAPS Sirnulation[1 Recire PumpTriph | A
o~ B -
3 i )
ey L 1
.F§15O&0_ i
= i ]
[«F} - .
"= 10000 —
e C ]
= L ]
o i ]
R 5000 - it 7
0.0
_5000 ._ 1 1 1 1 | | 1 1 1 | | | | 1 |
¥ 5.0 1010 15.0 20.0
Tirme (g

] 4.40 100%Load Rejection 7 v/ & v* fopr B (K A ¢ £ TR R B )

51



100% Load Re;j eotlon-Feedwater Flow(lbm/ sec)

24000 W |
— TEST DMA

| &= RELAPS Sirulation .
&— RELAPS Simulation(1 Recirc.PumpTrip} RS EREEEEEaEE

2300.0

2200.0

2100.0

Flow Rate (Ibm/sec)

2000.0

1900.0

18000 [t I I I 1 | I 1 I 1 | I 1 I 1 | I 1 I I u
0.0 5.0 10.0 15.0 20.0

Time (s}
] 4.41 100%Load Rejection £k ji & v o 5 Bl (15K A ¢ £ TR R B )

100% Load Rej ectlon-Water Level (mch)

BO.Cm T T | C T L

Water Level (inch)

L &—=o TEST DATA -
-30.0 - A= RELAPE NRWL{1 Recirc.Pump Trip » | 7
" O—© RELAPS WRWL(1 Recire.Pump Trip } | |

] 4.42 100%Load Rejection "% /it % -k - o pr BB A ¢ £ A% R pR)
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Valve Stem Ratio

100% L

oad

Rejection-SRV Stem Postion

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0

0.0

L P I A T
v . [T

B

sl
15.0

bkg

O

Time (g}

L
X

Selb s e
MMMMM;’

.0

] 4.43 100%Load Rejection % > f§ & R R F° B v R FRI(BK AP L A%k R p%)

Valve Stem Ratio

100% Load Rejection-BPV Stem Postion

L T T T T | T T T T | T T T T | T T T .
1.0 - e =
0.9 =
0.8 =
0.7 =
0.6 =
0.5 - =
0.4 - =
0.3 —
0.7 B &> TEST DATA N
L A=A RELAPS Simulation _
01 &6 RELAPS Simulation1 Recirc.PumpTrip) _
OO ._ L 1 1 1 | 1 1 1 1 | 1 1 1 1 | I L P&& m_

0.0 5.0 10.0 15.0 20.0

Time (s}

] 4.44 100%Load Rejection ;7 4 % i f W ™ B & v RpF R B(BEX AP L F% R pm)
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100% Load Rejectlon-Vol 268 Densﬁy(lb/ﬁ )

48.0

475 -

Density (Ib/ft)

46.0

45.5

47.0

46.5

) F?ELAPS Simnulation

= RELAPS Sirnulation(1 Recire, Pump Trip} ‘

Time (s}

) 4.45 100%Load Rejection *# i~ % (Molume268) &% & +* i f& 5% ) (13K

1.0
0.9
0.8
0.7
0.6
0.5
0.4

Valve Stem Ratio

0.3
0.2
0.1

00

100% Load Rejection-BPV Stem Postion
B T

HAE L AR R BR)

P R . R . R A A A A A

U R N O . R R O W W Wk R AT Wl

Gy TEST DATA
f— RELAPS Simulatian
&=t BELAPS Simulatian(Madi BPV)

[

0.0

5.0 10.0

Time (s)

15.0

] 4.46 100%Load Rejection ;% 4% 3 id f B A Wb fo i 5 B (33 &
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100% Load Rejection-Steam Dome Pressure(psia)
o777 77— #

1050.0

1000.0

Pressure (psia)

950.0

& TEST DATA
L | A" RELAPD Simulatian
G0 BELAPS Sirmulatian{Madi BPV)

.
0.0 5.0 10.0 15.0 20.0

Time (s)

] 4.47 100%Load Rejection %% BH B A mEF SRR T B3I L RER)

100% Load Rejection-SRV Stem Postion

-

o= fr et e—o TEST DATA
A= RELAPS Simulation

08 = RELAPS Simulation(Madi.8PY) | |

0.8 -

07 - -
0.6 - -
0.5 =

0.4 | -

Valve Stem Ratio

0.3 - -
0.2 - -
01 —

0.0 p——prelal s L
0.0 5.0

] 4.48 100%Load Rejection % > f#/RK B &\ RFEFZSBH ETHIELRER)
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100% Load Rejection-Steamline Flow(Ibm/sec)

Flow Rate (Ilbm/sec)

2500.0 ._ T T T | T | | b
_— o—o TEST DATA

2000, BeetSS Ay, RELAPS Simulation -
: | G RELAPS Sirmulatian(Madi BPY) | ]

1500.0 [ -
10000 - _
500.0 _

0.0
_5000 ._ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 _.
T 0.0 5.0 10.0 15.0 20.0

Tirme (5]

B8] 4.49 100%Load Rejection 7 # i B PEF S B(AETHIARBR)

100% Load Rejection-Feedwater Flow(lbm/sec)

Flow Rate (Ibm/sec)

2400‘0 n T T T T | T T T | T T T | T T T T N
| | &=—=5 TEST DATA _
A— RELAPS Simulation
2300.0 | g——e RELAPS Simulation(Madi.BPY) =
22000 -
21000 -
20000 — =
1900.0 — =
18000 [ 1 1 1 1 | 1 1 1 I | 1 I 1 1 | 1 1 1 1 ]
0.0 5.0 10.0 15.0 200

Time (s)

] 4.50 100%Load Rejection 47k i B\ mPFSB(B AT B I U RBER)
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100% Load Rejection-Water Level (inch)

60,0 B T T T T T T T T L T T T T | T T T T N

50.0 |- -
400 - -
30.0
20.0
10.0
0.0

-10.0 - -

Water Level (inch)

-20.0 ) TEST DATA m

s—, RELAPS NRWL(Modified BPY)
o— RELAPS WRWL(Madified BPV) ]
~40.0 |- .

=300 —

=500

f] o

0 5.0 10.0 15.0 20.0

Time (5]

] 4.51 100%Load Rejection "4 i F kK fpr S B(A TP I L RE R)

100% Load Rejection-Feedwater Flow(lbm/sec)
2400.0 | T T T T | T T T T | T T T T | T T T T u

23000

22000

21000

Flow Rate (lbm/sec)

2000.0

19000 & TEST DATA
S RELAPS Simulation
" & RELAPE Simulation[Modified FW) 7

18000 M b e L o
0.0 5.0 10.0 15.0 20.0

Time (s}

) 4.52 100%Load Rejection 4-k i & +* # pF % B (34 B 40K 34 % SL-k i Bh)
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100% Load Rejection-Water Level (inch)

BOO. T T T T | --------- L -------- L-I ------ T --.

Water Level (inch)

I —= TEST DATA 1
~30.0 |- i, RELAPS NRWL(Modified FW) | —
- O——¢ RELAPS WRWL[Modified W) | -

Time (s}

) 4.53 100%Load Rejection "% ji F -k tb fopF 5 B (3 B &R I 4] % Sk 215 5L)

m/sec)

100% Load Rejection-Feedwater Flow(lb

24000 R T T T T | T T |

T | T
23000 -

22000

2100.0

Flow Rate (lbm/sec)

2000.0

G TEST DATA
1900.0 - s—s, RELAPS Simulation

. = RELAPS Simu, [Modi FW+Delay .

BOpO M L Lo L o,
0.0 5.0 10.0 5.0 20.0

Time (s}

B 4.54 100%Load Rejection &3-k 7t & v* fi P 8 Bl (32 B4 R34 6 Mok iR 8% a B )
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100% Load Rejection-Water Level (inch)

CIORV, e e s e PO e o e wtc s R S e U N |

I LEVEL 8 B

B0 - —
=
Lo ]
&
o
o
]
]
-
z
=

= I ]

—200 - —= TEST DATA 7]

—300 - fe—py RELAPE NRWL(Modified FW+Delay) | -

- O RELAPE WRWL( Modified FWA+Delay} | 1

=400 — —

_BOOILE’\FE:.Lzl I | I 1 I I | I I 1 I | I 1 I 1 u

o0 50 10.0 |50
Time (s}

%] 4.55 100%Load Rejection "% 7 F 7K Zotb S pE S B (4 A b kdd) ko sk i B2 e A PERT)

2400.0

2300.0

2200.0

21600

2000.0

1900.0

Flow Rate (Ibm/sec)

1800.0

1700.0

16800.0

100% Load

Rejection-Feedwater Flow Rate

@ TEST DATA
f—iy RE|APE Simulation
G RETRAN Simulation

. 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0.0 10.0 150

Time (s}

] 4.56 100%Load Rejection 47k i & v R pF % BI(2 - BT @425 )
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100% Load Rejection-Steam Dome Pressure

1 1000 . T T T T | T T T T | T T T T | T T T T .
By TEST DATA,
i sy RELAPE Simulation | |
G RETRAN Simulation
10500

1600.0

Pressure (psia)

950.0

10.0

Time (s}

] 4.57 100%Load Rejection 7 T B4 /B 4 v pF F B (27 - BT B2 R)

100% Load Rejection-Water Level (inch)
AR FEYETL Y., OV RO, UL T S LT TS
50.0 Level 8
40.0 -

£

Water Level (inch)

el

10,0 —Level 3 3 \ S mEmE
0.0 —instr zero m a —
- B e ]
-10.0 — —
0.0 L —= TEST DATA ’
- frmgty, RE | APE WEWL -
300 = & < RELAPE WREWL m
—a00 - e AL — .
_500 ] L?VE:l, 2| | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 _.
GG 50 100 15.0 200
Time [s)

B 4.58 100%Load Rejection -k i+ 1t i pF % B (22 % — B & @458 1L )
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P~ it RELAPS/MODS.3 #j » #3% = it~ # [ #7ig s & o hgh= 4 7 sw 5 5%
BAUE D TR A G R R s § B A At A B EAT
B N 22K A B A0S (Separator Model)siig # 2 > I 4 Wl ELEF O7% 4 FH ¢ L TR
Reprwiz 100% 27 FF T A DO BAL R HRR T EERR RS S BT
8 S B AEIER FHARR Y 2R RRGRT LR F IR R

' o

S

{
BO7T% FH L FHRAMRAEY T F AR BRI F R YT LATH
B2 e &2 L pTh Rp g d SR LA~ @ 2SN e SR - e 100%
2P FFTWEALAPHEE DERHZY T R RN RS EF EATA KL
W P AVREF ke E R RO L BB SIR R TR
ﬁ%jmﬁ»ﬁﬁw@’gw%M$%mz%,ﬁﬁ$%igﬁﬁgﬂ%&%m@
:%:Fﬂﬁﬁ—&é@ﬁﬁwwuﬁé%yﬁﬁ,ag£4nm$gm§bJﬁw,ma@
ey - ad fe B Flot $t e # F AR P R B e
R MR PR ATS R 0 ¥V RF R T §7% %(Balance of Plant,

BOP)iE = » 4ot 1 7 L 2 JE2 & F nfichii— R L7 o5 B AT HOHRA 47 hit 4 -
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34 @ e
o BTA T T AL TR Y- PR FRRYRER S TR P ER
W= +- &
Wi wHag > "HAFTIHE8, ¢ FARL L & o
“RELAP5/MOD3.3 Code Manual” , Vol.1 ~\Vol.8 , NUREG/CR-5535 , March 2006
"ChinShan Nuclear Power Station RELAP5/MOD3 Design Record File Calculation
Note"
%4 #  "Pi- i RELAPS/MODS #ij » e = &t s 2R 4 2 2 /K
O EA B2y b (771 3 -RELAPS/MOD3 i sta 474838 enfiis &2 e * S
PEAFL P EFARL L& o
Fesh s F e, P R B AR RRE R R B A TR S 1
PEIR AL ES B
BEEPC e EEA R RS @ﬁﬁl » BoN K AR %" 06-4-DRF-010-001-1.0 »
PEARY EL T
AL T RT @ﬁﬁj MR PTRE S A EL A P BARY LD &S

A o
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ETREFERZT o o R B RRRIE 0 Ft 2 I A RS R TR T2
B £ 2 B ek tg-k = (Narrow Range Water Level) ¥ 4 i ip| & 2 N13 22 N14 2z 7 (8] 3.7)
SR E TIE A B2 k=% A B HE-k = (Wide Range Water Level) R 2 7] ik B N12 &2
N14 2 B e/ £ #rdi B 2 -k % & o & RELAPS 5 i » #105° ¢ Sk M ff chg e &
FEAHAMBPR  RERERPBREE R4S 3 Rk Fod BT 24 TH-
RELAPS 3-8 2 | [4)c #km @ v b thpl-k = H_ 2 & 4 % (Pressure difference)de & = 18 >

an

Fpt iR g e s re® R 4 X (Pressure difference)dt B > Nt E R A o

A.2 RELAP5/MOD3.3 /&4 £ 35 kix 2

A. 2.1 RELAP5/MOD3. 3 “% g~k iz3- ¥ iE 42

M RERRY A UE BB A L 07 Ed A P E RS T RAL:
F gk =g &l 0cm ~ +150 cm (505.12 inch ~ 599.21 inch)

% ® i jplasg N14 : (599.21 inch)

% B 1 ipl32EF N13 : (505.12 inch)

Jg = 78 $%(TAF) © (350.00 inch)

P,—P = pg,lghsteam + pf,lghwater
“ Ngteam = h — hyyaer

~Pp=P = pg,lg(h — hyater) + pf,lghwater

1 {(Pz -P) —p h}
(per—pPg) g gl

= hyater =
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1 (P, —Py) }
water (Pg2s2 — Pg,zsz){ g 8252

h =599.21in.—505.12 in.= 94.09 in.= 2.39 m

hghitenrwr, = 516.93 in. —505.12 in. = 11.81 in = 0.299974 m

P, = P52 + Pmix 2528 & hultJDer
ap

P, = Py2 + Pmix2628 A hlotwer
ap

A hupper = Elevation epter,2s52 — Elevationypper tap
tap

= 605.00in.—599.21in.= 5.79in.= 0.1471 m

A hiower = Elevationcenter 262 — Elevationjoyer tap
tap

= 508.00 in. —505.12 in. = 2.88 in.= 0.07315 m

hwater

1 (P262 ot P252)
= + 0.07315 X pmix 262 — 0.1471 X pooy
(Pf252 — Pg 252){ g mix,262 mix,252

- 2.39pg‘252}

hindicated = hwater — Nshift NRWL
NRWL

hindicated = hwater — 0.299974 (m)
NRWL

R Z ~ % 5L 12 hindicatea /¥ 5 7K iiﬁ;?] B 0 Il AR LE o i gty &
NRWL

> 218 0 12 100%4 F ' B % (100%Load Rejection) i s vt i A % > Bl A2 T 5 R oK
PR E S RE D R e Nk e R A R AR F L S LB
ABP AT o TZA b o RS BEOREEE T RGBS R KRR S TP L RETE BT

RER o B AR FRAREDFRETET O BV RFERTRS B -
A. 2.2 RELAP5/MOD3. 3 % t§-k =3 & iE 42

TR S F i A S 03B ehB R 3 Ak WAS.
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Botgok e B : -280 cm ~ +150 cm(356.69 inch ~ 599.21 inch)
% B 4 jpl32 57 N14 : (599.21 inch)
& B 1§ P42 27 N12 : (356.69 inch)
P, — P, = pg18hsteam + Pr18hwater

“ Ngteam = h — hyyater

~Pp=P = pg,lg(h — hyater) + pf,lghwater
1 {(Pz —P) —p h}
(per —pg) g &l
L (e )
(Pf252 — Pga252) g 8252
h =599.21 in. —356.69 in. = 242.52 in.= 6.16m

= hyater =

= h

water —

hghirewrw, = 516.93 in. —356.69 in. = 160.24 in = 4.07 m

P, = P52 + Pmix 2528 A hugper
ap

P, = Pyeg + Pmix2688 A hlotwer
ap

A hupper = Elevation epter 252, — Elevation

upper-tap
tap

= 605.00in.—599.21in.= 5.79in.= 0.1471 m

A hjower = Elevationcenter 268 — Elevation)gyer tap
tap

= 350.85in. —356.69 in.= —5.84 in.= —0.1483 m

hwater

1 (P26s — P2s2)
{ — 0.1483 X prix 268 — 0.1471 X ppyix 252

B (Pr2s2 — pg,zsz)

hindicated = hwater * hshife wrwL
WRWL

hindicated = hwater —4.07 (m)
WRWL

65



STl B SR t6 0 12 100%4 3 f % p % (100%Load Rejection) i i vt i A

Bl A4 T 5 Fhg-R et B3 2 B FlRd e A FE ka2 e
268 ~ 266 ~ 264 ~ 262 ~ 254 vk = F B R At 2 o F R fFRIREE > A2 :F’T
TIRFAEPE R FIR A K R Fla iAo d R4 L (Pressure difference) fz & ok e

ERIT AR RS R OFRT AT RRIREFIRS 15 g A SRR R

A2.3 B

EiF bt B B 4212 2x 0 RELAPS/MOD3.3 & freirk =35 2 2 7 % 1 B F

MEROPIREFEFE ki 2 B2 b LivdgFr P i R 1t e a) o
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2952
Center
O of 552
254
262
Center
O of ;62

TAF

&

(618. 751n. )

605. 001n.
( 111; ) Upper tap
1" oo 2tim |~ 8 T _____ -
(591.251n.) | (575, 98in. )
EETEAIN hsteam _____
? ?/ J\/;z -] !
‘O fl—om hIndicated
NRWL
(536.00in. ) }]
e o s STy oy _hNRWL
REFE
(508. 00in. ) Nshift, NRWL
P _L605.12in )b | ___i _____ _
2 lower tap
(480. 00in. )
B ALl Fhg-ki=i8 7 2B
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100% Load Rejection-% 1& KA 3+ B 4 ik L 32 B

400 ._ T T T I T T T | T | T .

E &0 Collapsed NRWL
M= Pressure Difference NREWL

Water Level (inch)

.IIII|[IIIII]1I|\I}"|IIII|IIIII!1II|IIII.

I:::'.IIII|lIIIII]JI|IIII|IIII|[iIIII]]

G 50 10.0 15.0 20.0
Time ()

A2 F ik 3t 5 % er L)
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(618.75in.)

252
Center
605. 001n.
O of 252|C IIHD) Upper tap
1" Goo ety | T _____ -
(591.25in.) | (575, 98in. )
254 wEmAm (] Nstean T T T
i KA Ogi—r h
B R h
hlndicated
WRWL
262
| Gre9sind Ly vy
H®RBEE A
hwater
264 h
henige, wrr O
266
(368. 88in. )
268 O 11—
P, $356.89in )| vy __¥y__ __ ¥
TAF Center x lower ta
(350. 00in. O of 268 |(350. 85in. ) D

(332.82in. )
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Water Level (inch)

. . = - foy -
100% Load Rejection- &, 18 KA 31 & F 7k th 4% B
400 - T T T T I T T T T | T T T T l T T T T | .
P =0 Collapsed WREWL 1
0.0 - T % f——= Pressure Difference WEWL | _|
20.0 — ; —
100 = 0y 3 W
0.0 | LS R s TP o SR PTY S
M Pl e 47— ".f », T
—10.0 —
_200 | ] 1 I 1 1 I 1 1 1 1 | 1 1 1 1 [ 1 1 i 1 | o
5.0 1000 150 20.0
Time (s}
B A2 Ftg kit 22T 3B
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*14%B : - BRELAP5/MOD3.3 4 3 % (Separator)
’h— 3o A ’H F‘J’ Fm

B.1 #

o}

%7 2 - B RELAP5/MOD3 %J N2 P o A7 N o e 3 R 5N (Separator
Model) > & &3 FRLEFF R £33 & 72 g/ * RELAPS/YA #7i& 2 i = >
AR E o A R RIEIRE IR R 2 ARE G FELh T W 2 R4 froken
R RN R R R Tt & AT RELAPS/MOD3.3 42.5¢ 6 5 ki »

il2 P RSV E s R o

B. 2 RELAP5/MOD3. 3 4 3 FBH ;"% #

B. 2.1 RELAP5/MOD3. 3 4 &t % #-5"

PR A e S A W -G s S },@Jjﬁjﬁiﬂ’,i BORARAR LMo BFTET FR
BHS PELI FANERAFTE RS DLIRB T RIF BRI
(Downcomer) - B B.1 3 » 3 % %8 4% (Volume) £ £ gL(Junction) f§ B - 4 @ * A28 p 22~
4o % H75¢ (Separator) pF > 3G EE(Junction) € Tk 3 e 2 UFE 0 T B EAY
#H228)¢ 2 BT 2 e w(ag) s A YEFIT A v (208-01)% % E (VOVER i 15 3% & 0.5)
PE o M T AR B (208-00)2 F T S e L L0 IR A g B (228)
P2 BB e B () kA BRI A ) o (208-02)% %t (VUNDER i 03§ 3% 4 0.15)p%

r'P:’L"/lQ 'E&‘}' ne *&*&’(228 02)CJ —7;”3 'Eﬁ;{_ /E? lE’ \'/L: ,1 1 O ’ I‘E V{ ‘+ > 4\‘ P 13’1 Z'J %ﬁ-}:{ /]7‘;? /E"‘ g

ol

P ins P REE G FA R EOye) i 0 Hm A B HT 4

RELAP5/MOD3.3 i¢ * £ p [3]-
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B. 2.2 RELAP5/MOD3. 3 ~# 3 E&#E % *

FEARY 7 100%H FAREE 2 2 R L BRBEARTLE AL EE K
BTSRRI L F Bk Beat et B AR 200 ) enlg & G A 4T kPR o

ARERES S LKL 1T75.0MWE- Jid 4250 a2 2 Sk T B4 il kA
BB~ 2 g2 g o BBl 3T kA R4 A (Volume) 22 Sk 48 4% 2E(Junction)
Z_AP¥ B Bl 0 228 G A AR AR > 228-01 v R 4 3 E ch T oA R gk > 228-02
L T own(fall back)ee 4R EE 0 @ 228-03 1 K RUEUE i » TR A BT TR
B AL SRET 0 JCURA R EMA RF R E 2 FEOEITH o Bl
Tl FRE RSk o oAt B RS FAAE kSRR LY RE R
HERTAL DN R 4ok B2977 RSP E NI B A A F A 03%2 % ek Y R
A B # g i (Passive Heat Structure) shgifiz &R s £ T B 40 3% € { ]
T AR BT e

d AT ERER TR PEDT AL RN AN TR

|

I
i
! -—

!
I~
e
Bt

i g o

B.2.3 %3

%%

N

RS E S % T 0 RELAPS/MOD3.3 2 221 -k A B BHESS Bde ;8 { 3718 4 i
L7 B2 FEEONE P50 & F F R 50 E R EEUOR B Bl R UAT
8 &7 — it RELAPS/MODS.3 i » #03¢ e 2. ¥ 1% 5 R3¢ a2 chii koA BB > 17 5

LR GEATT el ~ HERS R
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2Bl KARETEZ £ T Bik

Mass Flowrate 228-01 228-02 228-03 Difference | Difference
Time(sec) (lbm/s) (Ibm/s) (Ibm/s) (lbm/s) (%)
198.0 2115.63 12786.2 14902.4 0.57 0.004
199.0 2115.51 12788.9 14903.7 -0.71 -0.005
200.0 2115.83 12782 14902.4 4.57 0.031
201.0 2114.85 12803.1 14902.8 -15.15 -0.102
2015 2115.45 12790.3 14903.9 -1.85 -0.012
Enthalpy 228-01 228-02 228-03 Difference | Difference
Time(sec) (Btu/sec) (Btu/sec) (Btu/sec) (Btu/sec) (%)
198.0 2522160 6960340 9482800 300 0.003
199.0 2522020 6961820 9483500 -340 -0.004
200.0 2522410 6958050 9482810 2350 0.025
201.0 2521230 6969550 9483070 -7710 -0.081
201.5 2521940 6962610 9483610 -940 -0.010
(:x : Difference F 4 +* 4 % % 2 22803 2. F 4 - &)
% B2 hia BT R
Sys Bal. Core Gen Steam Enthalpy | FW Enthalpy | Recirc.Pump | Difference | Difference
Time(sec) (BTU/s) (BTU/s) (BTUI/s) (BTU/s) (BTU/s) (%)
199.00 1685560.00 2521941 840780 1800 6199.00 0.3678
200.00 1685500.00 2521937 840862 1780 6205.00 0.3681
201.00 1685510.00 2521973 840878 1800 6215.00 0.3687
20151 1685570.00 2521963 840772 1780 6159.00 0.3654

(3¢ : Difference g # v & £ gz 11 Core Gen 2 & v+ &)
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Steam

Dome

/

3

/

Dryer

“Vapor(zzx-ol)

v Vol.228

Liquid | Separator
(228-02) /\/\/\/\

Liquid

A 4 v

T Mixture

(228-03)

(228-02)

A 4 h 4

Downcomer Stanc

Pipe

Downcomer

Bl Bl F Ju'pi7 -k 4 & % (Separator) -3t 7 R, Bl
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