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Abstract

The purpose of this thesis is using RELAPS5-RT, a thermohydraulic system analysis
program developed by INEL, to built an independent thermohydraulic analysis model for the
simulation of power test transients of Lungmen Nuclear Power Station of Taiwan Power
Company. The plant employs the Advanced Boiling Water Reactor (ABWR) designed by
General Electric. The focuses of this research are the building of the control logics of the
recirculation flow control system (RFCS), reactor protection system (RPS), and rod control

& information system (RCIS). The control logics of the other two major control systems,

feedwater control system (FWCS), and steam bypass and pressure control system (SBPC) are
developed in a separated thesis work and not included in this report.

The two separate RELAPS5-RT thermohydraulic systems input decks, which model the
reactor coolant system and balance of the plant of Lungmen Nuclear Power Plant, are
combined into an integrated input deck. These-input decks are parts of the Advanced
Lungmen Plant Simulator (ALPS) -developed: by -the Nuclear Power Plant Dynamic
Simulation and Analysis Lab. of National Tsing Hua University. Then, the control logics of
the Lungmen Nuclear Power Station’s control system are incorporated into theintergrated
deck. The control logics are also adopted from ALPS.

The input deck developed is used to simulate two power test transients of the plant, “trip
of one reactor internal pump” and “three reactor internal pumps trip”. The results are
compared with the results of the GE’s STAR and the ALPS’s simulation. The comparisons
show that the RELAPS5-RT input deck of Lungmen Nuclear Power Station built in the present

study can mimic.
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B SEAAE S e [
}_ T UATE
G SN
—— S HiE BAEER
2FEAER I 2N

B 2.3 M Fodl ik sRds kA
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%=% RELAP5S {4

3.1 RELAPS 4~ {54258 fj 4 ™

RELAP % Reactor Excursion and Leak Analysis Program 7§ £ > #.d % R € 14 2R
F #2F % % (Idaho National Engineering Labotory, INEL) % % & ¢ £ 257 3 E I
%2 dg-k 4% a © B (Light Water Reactor, LWR ) 7 i &2 % e & 474255 » 3 B L 4258 2
ARPAERE- R R QB ERE A TARS > IEE T R R
L TP g 42 R A PR RERREY 320 (TEAH U2 RF R
gt B 2 T R~ ¥ B (Plant Analyzer) (i % 0 1T A A T A H S &
-

2. HAPRAPMABHEE- B2 PR TR RTE R T i o ivs B
A X 2N ERBY GRS .

3. BREEGTRVERIONAGRERETVIER LS ITLTE O MUERFIHR S
CEEVE I IENVE: FCE- B8 eI B AT

RELAP #2;¢ & _i¢ * FORTRAN #2358 = » 5 A5 R 2B BAFL - B 3.1 2
RELAP i 7|42\ 2. B A ¢ o B & * 9 RELAPS-RT €% _RELAP5/MOD3 :zig ik
Ao HA L EFF LM (two fluids) - 4R35 3 R & i (non-homogeneous) > B
4p 22T 73k (non-equilibrium) » & - B * RG5> P e 2 AiERE kR
KT AR o RN AR d w BAfEN S A A

1.  ZRE#-KR4235% (Thermal and Hydraulic Loop Code )

2. e #okii425% (Thermal and Hydraulic Core Code )

3. # i@ 4" (Thermal Conduction Code)

4. ¥ F B423% (Nuclear Reaction Code)

ApNE T OB kAN E

1. 48 4 #5558 (Hydrodynamics )
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2. AEBHEES ( Heat Structure )

3. $=4 )k %t (Control System )

4.  Fxts @ prnBiEs (Trip)

5. ¥ F F #8578 (Neutron Kinetic )

B LR A AR R A ;Y (Separated Model ) 0 2 F 2 B A A BERRE = R
T AR kg

L= ast

2. RARFET AR

3. AMpEE T ES AR

4. Ripd R T ES S

5. dApa BT A5t

6. AP E TR A2

RELAPS5-RT #_RELAP5/MOD3 e9pE & e # (Real Time ) 5% & » ¥ L B b #
o AT LR EAERERE S VAL L I EHAERS R AR
RELAP5/MOD3 *® % it @ * 2L i #i-;% (Point Kinetics ) & 7% < ¢ + #R 4
RELAPS-RT ® ¥ 12 i¢ * % ‘&é i #5-;% (Nodal Kinetics) - it 43 {8 it g o £ 0

o i gk F B ES A G R B
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FLASH-1 » RELAPI
y
FLASH-2 RELAP2
A 4 \ 4
FLASH-4 RELAP3
y
RELAP4/MODI
A\ 4
RETRAN < RELAP4/MOD?3
v\ |
RELAP4/MODS
A\ 4
RELAP4/MOD6 PILOT
A 4 Y
RELAP4/MOD7 RELAP5/MODO
Y
RELAP5-YA |4 RELAP5/MODI
A 4
RELAP5-3DK |4 RELAP5-3D RELAP5/MOD2
\ Y
RELAP5-RT RELAP5/MOD?3

B 3.1 RELAP i 71 4%5% 3 E Fr 4%
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$2§ P TR RELAPS-RT 4] & 5y » #0585 4= ik i
4.1 %2

MR T A 2 e P F B RELAPS-RT ﬂi;—l SRS IS F T Rk S
FA TR B F R 7 ALPS i~ HE5 (014 e % ALPS ¢ 5 & i b= 2. RELAP5-RT
RCR R~ B A RIS R R A SR RRCT L ek R s £ R
;425 3KeyMaster 3 4p @R T o B A TR %R E C AP TRE LI 4
FuiE 2 3 A g 425N 3KeyMaster ¥ o = fh > % B2 47 42 7 iy RELAPS-RT ﬁi%] ISR EEA
BB ) o B e T]Mig?] M EE > AR FER B 2dp 3KeyMaster o erdy ]
4 3B 2 RELAPS-RT iy » AU » x4l kb o PR A Sl BHERA 1T R % 3 B
3KeyMaster & = effy 4] & @ 45 £ IRV E 3241 % 5t (Recirculation Flow Control
System > RFCS) ~ F J&% %3 s 5L (Reactor Protection System > RPS) ~ #4141 F 3
4% % (Rod Control & Information System » RCIS )= ~ &k 441 s s (Feedwater Control
System > FWCS ) ~ Z 5 % i &R 4 ¥ 41,4 5L (‘Steam Bypass and Pressure Control System >
SBPC) % i & ed] % 5t A F &3 i RFCS ~ RPS 2 RCIS = B4 & s = 229
WAEAL o AR A MBS B A RSB LT oAl ks & 3 AR AT 2
RFCS ~RPS % RCIS i 4 » 142 %4 RETRAN i » #15" (i + 2 FX S BRS £
#li el kgl p st S B RS AFFEE RO A IR o T RS Z

PR R R R A kB R R TR ek .?fbﬁﬂﬁag] PN 45 & 5 b R %
4.6 G DR K SEES o
42 F RBRAH A5

FRBES AN B 417507 o kA RT A 5 F RBE4 # (RPV)

AEA AR (MS) ~ 4k s s (FWS) 2 £ b & (RIP) o F R BR 4 4

glis 3 162 Bor 41484 (Volume) 2 155 B iid84% 4 (Junction) - & /R #
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e ez F %% (Downcomer) ~ & 4 # %% (Lower Plenum) ~ ¥ & § g~
kA 3 ® (Seperator) 122 K BH TER (Upper Plenum) ¥ %38 o H#RpFIae * i §
RELAPS-RT #25% ¢ et Rin~ s o & s~ = 7 2elfp < il (Active Core
Channel > Volume 41~49 ) % % ii if if (Bypass Channel > Volume70) » % & * # & (Pipe)
RO E B R R A S 13 B & BEe872 B v i ik 205 ke 4r 4] E < (Control
Cell) » 4 & 9 ' # %4 (Heat Structure) > & 2 SHsim » 5 13 B &g »uidhk
Tk ent S8 REFDORRAGRP P FF - BB LS (1D
Kinetics ) » 7 14 #f 3 et 8§ BWR 24 ehind S g & 5 0 5P P13 b X B 2 — R
B & (RIPs) chfiht » 510 S RIPS A & 00— 5 2 5~ 2 5~ 2 S 240 S

@ (Volume 10~ 11~12~14) > * RELAPS-RT eh& (Pump) =~ ### > #FHiid

\Xr

T PR R AR

F%%@*}&Jﬁﬁi%%ﬁwﬁﬁ(ﬂf)iﬁ’é?%@@“ﬁ*}&
(HPCF) ~ g Fg a4 4r 5 %2 (RCIC) = 5 B Vg s -k x bejié &R % (Suppression Pool )
Brookid k2 pes 3 (Volume 710) g s B g4 r o buid R dr R 4 Bk i d 400K
%(Wmm%%)éﬁﬁﬁﬁ’iﬁﬁ’ﬁ%?&ﬁﬁﬂﬁﬁ%°

FoRdh R4 kA T E B~ TR R ML RS @R (Volume
411~421431~441) » bk F B bk B4 avkE 2 R R 25 B # A (Volume
670 ~ 671 > Junction 780 ~ 784 )

TRk 5

TRT G L S T A BB 42 o g s g T AR A FT ks
ook k d BINEm I o

4.3.1 3 %% %

A FE R S B R R 430 R E v 5 86 B AR o 61 BinAERE
Wit ¢ 7 % BT (Hight Pressure Turbine » HPT ) ~ /3 -k &4 &t 4c #t % ( Moisture

Separator and Reheater * MSR) ~ /R #% (Low Pressure Turbine » LPT) ~ & &K &R ¥
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# %7 % (Main Feed Water Pump Turbine » MFPT ) ° 2 % % %venu 33 | (Governing
Valve » GV > Junction 587 ~ 588 ~589~590) A B8 @A > ju iF Rt v R gl
BRI o TR g SR B 440 0 45D 2w E g RIT s R T
Wem?t R o 41*% RELAPS-RT ¥ A~ & & 5 v g MBRA o ¥ &
St BRI AN R B T F 0 AR Y 4 iR BRI 3 B A MR
5 @ 7Z&;T# # (Extraction) o % MBI 2 Fd § 7 kA HE £ E > F4cR 430 4
k> 3 ®E (Separator ) fr B v # ® (Reheater) 2= > 2 # RELAPS-RT ¢4 3

% (Separator) - ~ frf|Hf ~ 2 2 BT~ B HR o BH R BRI P HETAE
ARAPEBRRT AP CHEY - LE BB HERARpFRITBR D LE £
RKP WA FARF EOS - BE S AT JEH MSRE MBI Z L &KRF
BT s 2 A RE (B4 ER > Volume 897 ~ 898 ~ 899)

4.3.2 40k k%

&Kk e & BB 4o 4.6 = @ W 131 B A o 106 B
Pt e~ 24 3 ® (Condenser » CDSR ).~ 258k & (Condensate Pump > CP) v &
-k # & & (Condensate Booster Pump ) ~ % 2.4/ 4r # % (Feed Water Heaters » FWHTRs )
% i 477k & (Feed Water Pumps> FWPs ) o /4 2 % 8 * % pF 48 4 ( Time Dependent Volume
TDV : Volume 890 ) % % 5 B+ B/ » F B0 20 AT PINARBIRE > TEBL A
KRS KRR A kR (Bl 4.6CP) » it r B w BBk S B E o
Pl Btk BB R P IFIHMAZ AT B E0R AR K MR § o R
ARV R SRR X A 03 GVRR 0 AR R A A A 53 VKRR T
# 7 # (Turbine Driven Feed Water Pumps » TDFWPs ) » & 2 3 %1 % $Len MFPT @ #
0 IF e~ 2 (Shaft Connection ) kit o 5 d TDFWPs 4c B2 {5 &K € L 5= &b
BRAKNAE S HMBARA FRABPF - BB K EF A IA FRER
PR T RS EL RS @R (Volume 593 ~ 594) o

4.4 4] & 3
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44.1 £ FRAREH AR

RELAPS-RT g %k & 241 % %4395 ALPS 22 = ** 3KeyMaster 7 RFCS 4§32

FIWE 2 > do] 47411 PTerq o GH R RSS2 FRERS S > F 7 3

T
ey

o
(w

e B F R R B AR R BV REEBEY T BERN K
(Reactor Internal Pump » RIP) #:# F F o 3= T 355 1+ 8 ip] k 5t (Average Power Range
Monitor » APRM ) 18 B (£ 38 % P> B dag 7 Fodep #0008 5 4.99%07 "% MK R B 5o
WAV g R R R B g p R R e
F REFER R XA 0 F FIF BB E 5 Runback 7 5.4 4 > RFCS % 4t
¢ p B ad L E ) 5%k F P PP EE R 2 31% 5 oF 5 F RIP B pF > RFCS
Bz @gEF RS F

B 4.10 B+ 7 %73 ¢ i & RIP Runback en#f s 5 5L o ¢ 2 &k #£ %

\F‘b

TR
Mo AR EREL S AR AR RAZEE S MR REE L
AERAEF > 38 ¢ ¢+ RIP Runback S 5LA 4 0

411 £_RFCS % % RCIS i -« 4 SCRRI{- ARI 5 48 55> %1 § 3% T RCIS
T AP HIHEE o F R F < 38%FF 4ok B 0k i (Feedwater No Service ) ~

FL: i\- SRR Sl A GRS RS Mg i B A2 - & RIP PP E R 4 > RFCS
¢ @2 5L RCIS fxd+:E #%4& » (Selected Control Rod Run-In > SCRRI) : % ~ &% /&
4« %% 7783MPa ¢ Yg s ok 3t Level 2 0 B RFCS ¢ @ i 5248 RCIS £xd= 3414 5 &
#& »~ & st (Alternate Rod Insertion » ARI)

4.4.2 F Rp iR ik

FoYe Bk 84945 ALPS % 3KeyMaster T 5} endr 4B IERE 2 0 Ao
4.12~4.14" o ALPS # 3KeyMaster & 5} chjz 4|8 48 5 F B4k - 5 7 & RELAPS-RT
TR EF AL EE > B > 2 N o ALPS ehilBdEApF > R % 4Rk o

B e BB R TR F Uk Mo Level 3 F R4 B F

HRAER PR RS ER LT REY S TB% L R (Turbine Stop Valve)
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P& T 4R (Turbine Control Valve) P-i& B BF * ;T # % i § (Turbine Bypass
Valve) B & 7 B> 14 jRIRIE €53 = i g > @ a2~ o

FWRPTRFZTH AR ALE 10063874 > 72 TSVHEZ TCV -
PSR B Bl 414 T E 2% TBV AR AT > TBY 0B B 2.3 U5
BE BRFETEN LI A RB o AR 0 RF R E P BB

443 HiptlaFain

Bl T4 St R 445 ALPS & & 0 il T4 50 C 383 iR it 2 o
15/ A F b F et i1 £ § 2053 > & RELAPS-RT ¥ 82247 r2 4 Slg#] 205 1345

¥ P AR S N 0 205 1A S 19 B kgl o Bl 41597 19 e
FodlHsenA 5% > B 4.16 3 RELAPS-RT % — ‘- 4|4 ey 41 | -

# RELAPS5-RT ¥ > RCIS i & erfr 4| 28L& % — 4038 # (Normal Operation) -~ iF
3 » (SCRRI) -~ ##4# % % » (ARD 142 4 & (Scram) o % 4-1 7|3 19 ef

FIHAd FRAZ T RZENN B H 200 27BN 0 AT E N o Ao

=

LEERFEAER T AR E A 0.03m i R iE 0 SCRRI pFiuE §)

0.025224827 = = g K 468 ARL & JF 20 2545 ) > ~ (0.146304m/s )i & 4% 4% 5 Scram

HfE R RERE R RA A § R B0 190 81 200 2 B 0 I A R S E A
0.762m ; # = 4 3+ 190 & 200 2 FIHHE ~ R F 4 0.762m 5 = 43 160 £

190 22 B > #4184 » @ R 554 1.3716m ; #2430 100 &2 160 22 fF > #4446 » &
B 5 FF) 1.25546911m; # = 4 3+ 20 &2 100 22 B - 4 0#4E » i & 5 F §) 0.75259259m ;
B As 0822027 F4lHE 3R 55§ 0.67483395m - B 4.17 ¥ Scram &+ 1
LA N

4.5 ¥l % b Rl

Fodl s s 2w St o LR d] kLB > T fh 2 kSRR TR 2 R
/J """\ MJ— FF’L °
4.5.1 E BB EEF] L A2 R
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L ERITE G ARIET A A A EREG R ARG AERE T o
Fa— AREHEPF RFCS i Siit 59 & facnd | 8 PR ¢ p D] ey % o Do pro 7 5 1 242

WA P P R MR R e R o A e g peinE K

o]
(H}

RN L BRTE PR ER T EEIFFNE o AWREST o BET P

i % RIP g%t ~ RIP wi% ~ SCRRI 4 %2 ARI #7913 85 > Gil4e g T {9009 2 5L A 4 > 34
S S 2 0 Runback e 5L 0 f p¥ SCRRI iz 5v € fade o £ BIRIEE #5048 seep
Wz RlEE G 3278 » EmARIRRE R S A Y o

452 F fevp i i Suib xRl

F sl il & BLipl3E e € i & Scram % 5t oo 4o Level 3 ehfz 5L A 4 pF > RPS

B 1.09 #5155 2 Scram 3L o F &1 R hE_ TSV 4r TCV b B ¥ /L » 2 Frein
TBV 3 S F3 €3d S P8 o F B 3k & Seenip 2 PR 5 1198 > o dplRy
553 4B P o

453 BEHE TR ABE R

Feddl 8 Tk A & RIGR ¢ @ 2 SCRRISARI fr Scram 71 50 & £ 4 2 SCRRI
2B IR Al € 1§ 0.025224827m ik B~ Ypeu 5 FEA 4 ARI EL 0 230
iz d1H 30§ 1 F £ 0.146304m i B 4E » Jpew 5 F AA 4 Scram 0 5L 114~
FAF 443 #thit o 4 2t ¢ 24 SCRRI~ ARI 72 2 Scram 13 85 4@ & ] & ¢ 3>
WAP— BRI GERIEEA LS o irdl 8 T b RIRE G 458 FwaipliR
BRI CY o

4.6 2Rk BEE

TP TR~ B B R 2VE R oAz e A B BECKIE Y (RPV
feBOP) & Bl & & 4 — B Feug £ &2 {rfg ik & 2L o RPV {r BOP ki 4 e} 2 11
* Fr#148 4 (Time Dependent Volume > TDV) friy#14% & (Time Dependent Junction >
TDJ) 3 P~ 3KeyMaster = & } 4p3 i b 42 > -3 & 8 3 b - BB ~ 582 1 > RPV

A RES B RR LS BOP &~ it m (Volume 584) chfE4 » &k g B4 i
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B3k %5 BOP 4-k ¥ (Feedwater Header > Volume 592 ) e/& 4 » ji £ i A 3% 2;

&k B g 16 > W (Junction 595 ~ 596) chii & o Ap¥t@m 3 > BOP 3R> ez it 4 BB 4 f

A& 2 5 RPV #i# ® (Governing Valve » GV) % (Volume 403 ~ 405 ~ 407 ~ 409) z_
B @ AR S RPV B R (Junction 505 ~ 506 ~ 507 ~ 508) s £ 0 400K # BB

SRR ﬁjJ\%?"ﬁ?— (Volume 672 ~ 676) B4 - % %57 % Bl4rH 4.18 - &k T2

+ 164§ 3t RPV 1% BOP w5 B4 > i@ w i 77 § Bt £ - I p7 5155 £ 72 20 BOP

2 PR R F RE T ISR AR R 0 R ES R B AR kS FiEATR kAL

4o/~ 4oz {4 BOP F s RPV &k # e 4 > 32 &vkin §

» g H i~ RPV 49

KEB S A - BRI o

She

Bl ~ B R A 21 0 AT ik Sde ~ B 2 0 RFCS 3-8 hRIP i
B e RCIS 3 T inth 3 455 53|k sz ¢ o ¥ ¢ > & RETRAN #ij » #0522 = e
FWCS 2 SBPC i s+ — B 4v » o ATy s gy ® @ 7 % 304 1 & dhf il kst

Aok R @ 7 ALPS $ B oo diE 25 T s A o R K R o Avde T F R TG
10096 %F 2.7 & » d=dp'p s in 8 100%% gd Jobkim £ % 5 100%3E Tn & - H4p € &
S8y 73t 4 4-2 - RPV {v BOP i 5t £ p% » d 20 4p 3 3 B~ T inpF e (time step) &
J &3 B~ 3KeyMaster T [~ T PPFEES ] 0 @ R end B oo 4o Frd] k seens ot

BB ARSI PE RESEERAH T AR X RAFFIAWIES « TEE R

(Pygi) 2 {8 chfE i 4= 4o tf 2 730 & 4-3 -
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442 iR R Y

¥ A7 4o 1B
Reactor Thermal Power [MWt] 3926.0
RPV Dome Pressure [MPa] 7.17564
RPV Core Flow [kg/s] 12402.847
RPV Narrow Range Water Level [cm] 423.867
Steam Flow [kg/s] 2128.680
Feedwater Flow[kg/s] 2128.657
Feedwater Temperature[ °C ] 215.803

% 4-3 £ B A0k E £

$-dc A 4 B
Reactor Thermal Power [MWt] 3926.0
RPV Dome Pressure [MPa] 7.174232
RPV Core Flow [kg/s] 12408.960
RPV Narrow Range Water Level [cm] 423.585
Steam Flow [kg/s] 2128.447
Feedwater Flow[kg/s] 2133.280
Feedwater Temperature[ °C ] 215.747
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Vessel Press Rise (kPa)

Stem Postion
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Vessel Steam Flow (%)

Turbine Steam Flow (%)
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