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Abstract

In this study, RELAP5-3D/K code is used to simulate the L2-5 test of Loss
of Fluid Test (LOFT) facility. RELAP5-3D is a multi-dimensional reactor system
thermal-hydraulic analysis code. In the present simulation, the core and
downcomer are modeled as inconnected three dimensional components. The results
of the simulation are compared with the results of the RELAP5-3D/K
one-dimensional analysis. The purpose of this study is to qualify the margin
of the safety analysis relatd to the design criteria of loss of coolant accident.

The results show that the peak cladding temperatures (PCT) as predicted
by the 3-D model of core and downcomer is about 180°F lower than that of the
1-D model of the corresponding components. The results show that the predicted
rise of cladding temperature in the blowdown phase of accident is higher in
the case that core is simulated three-dimensionally. It is also demonstrated
that the chimney effect in the 3-D core-simulation is stronger than the case
of 1-D simulation of core, which tends to lower the PCT in LOCA analysis. Chimney
effect is referred as the coolant flow rate in a hot channel will increase by
sucking in the coolant from nearby colder region. Modeling the downocmer
three-dimensionally has a tendency to reduce the predicted crossflow in the
annular region surrounded the core barrel. It implies that large amount of
injected emergency cooling water will flow downward into the lower plenum. The
initiation of core reflooding will be earlier for the core with

three-dimensional simulation of downcomer.
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e ¥ F 5 LOFTA4rkin2 T &P %45 & 45 LOFT 08 B f ¢ fok s
o ¥ thhit iRk L2-5 aniiwmiFa > ¢ 32 H E 2 B 5| (Scenario) e F&E% o &
= % Z_RELAP5-3D/K /i % > 45 & pif #4 on #4238 RELAPS % & A ¢ ~ RELAP5-3D
diuFd ~ L1 R E&% 228 10 CFR 50.46 Appendix K ¥ i 2% 3 RELAP5-3D
AR ARG N F A RS MAE A B w0 B § 5 2 AR e WO ~ A it
o g ARERAL S B HIRER ML EP D AR OERFEE O M R
EAE S MR Y P ) R AR e R B R 5N o BT R 5 5 MR e DIERLE

b0 ¥R H A friFi o BA R E TR EIN TR S WP R RO M

CiEAR ) ME R AR R AR RRIEE R 5 R R R
Mt pefeR 2 FRE LG FLHEFLAIT > DB F AT LR

WEER o BRRG FY TR -



% = § Loss-of-Fluid Test 4 %

* % 1 % Loss-of-Fluid Test # &% * (@A % LOFT) » #4p & cn/i G HF B §
R o o Slic e ¥OOMPER R 2% L2050 ¢ AR ERES
2.1 LOFT # 4

2.1.1 LOFT =+ B §§ £

LOFT (Loss-of-Fluid Test) # &% 5 — ## 5 5 50 MW ch/B-ks8 F B H » 4K
BAR Y UHIRE B Y BRAKSAF RBEF L LR AT LR o AR 2 E
WEE Vg Ek+33 (Idaho Falls) » » 1970 & R #p3 1980 & % ¢ H Fi&

oo SRR K chitle 2 L kg F H MGG (Power-to-volume Rationale) hiZ

LOFT 3 ¥ 32 W€ £ =+ (ldaho)'€ = W »F % 7 (Idaho National
Laboratory, INL) = % ®+%:a g #/% A € (Nuclear Regulatory Commission, NRC)
MR EFOE Y BBERNF RBEFY T & E 2 - o LOFT 5 FHEREF * ¢ %
BBORSUF i & it BB LRI A g 2 AR AR L i
4 ~ 12+ (Neutronic) % %# (Structural) A2z § % F A o LOFT -3 p 03
BETRET DY TR IR R E BRBERA AR A a7 2 g
Pl B RERELSFRNTFATHR B AERANERLITFRE DRAF DA
Hou g A %‘ &< b ek % (Emergency Core Cooling System ,ECCS) = 2 448
(Safety Margin) g it o

Ak F A
p

G

§ 2R R % EEa o 23 EEEkF s (IdahoFalls) & )

ek
h



40 #rP o £ fb3 569130 Bk o R KRR E-P IR T%RT O FEL L
P FLPPRE e B R P gy B TR R R P IR BT A o M e
G R R EREE G 52 B B d G 13 EAEE - F 5 PR AR MRk

R 70 a3 Rt adS& LOCE L2-5 7= 3¢ 0t 1 % § w4 a0 LOFT K6 ¢

M

AR T o

4oB 2.1 #r7 o LOFT X % ¢ 27 B &4 4r-k3kE (Coolant Loop) s 2 # -
T w? 2 2 a9 ¥ kB (Intact Loop) » #f4 v REBR-KNF RBY th=z Bk
Boo p R EEAFPOKIREL S FE0 K E(FengE § A4 B (SteamGenerator) 1 & B4
%ok & (Coolant Pump) ° 33 B #, (Pressurizer) " if4&3 pt o ¥ .- ¥ - B

Pl HEiel v k. (Broken Loop) © LOFT swkT E e v %%'E’ 3t (Orifice) R H#t
RS friE R B el e o 8 droRig Al R B OEr 2 ] (Quick-opening
Blowdown Valve, QOBV) ##t o 2 Azaw Herd fr-kd o 2drB Y (Blowdown
Suppression Tank) #7icf o o i 3cdr R #7ic i chaus frok g it ey B gL
T O A
2.1.2 LOFT #hi & ' /fh3k %%

LOFT & ¢ 457 383 k3t A B[ EF g% ~ 4 &4 vk ~ i aadrd] - ?f%%@%
P 2 R BAFRET RS ko 23 k40 FRBERELE > RELBRAL K
A E R B RN SRR R SR T 2 e R iy o B K i
TR BB 2. 15w o

LOFT thr g B® ¢ 2R K n®H ~ F BEAINGE ~ o TN HFHFE (Lower

Core Support Plate) ~¥p~drk BEEINZE o LOFT ;J{*&maf%ﬂ N



(Emergency Core Cooling System) ¢ z 7 % # 2B % &H#, (Nitrogen Pressurized
Accumulator) ~ % &ii-k & %t (High Pressure Injection System, HPIS) frit/iRii
-k % % (Low Pressure Injection System, LPIS) ; H # it 227 * ¥ it T R F BB
?%Jﬁ A AP R EE R A o AR F MR IR PR < i EN o 3R
Aok & adfde (Head) 7 99.0 = enfimT oI apRe 012 L/s 2 1.7
L/s & §F wBERMZF 116 22 22 3 fchg f 7 ETHERFL 0.0MPa & 6.9
WPa » ¥ &4 - 7% R2 % k* B¢ (Standpipe) MHkE a7 b < | i G F
Wi -
ii\ﬁﬂ@ﬁ*#?%@uﬁﬁﬁﬁﬁﬁﬁaﬁgg%ﬁ@@*‘ﬁﬁ‘ﬁﬁ
FOR R o AEFRBIACRREL G A B RKF =A% AR K (Three-beam
Gamma Densitometer) * iRl /489 & » ¥ 5 196 B #® (Thermal Couple) % **

Yoo * R AR 2 fo L 358 (Supporting Tube) i A o ¢ F i ER|Ed 2

B> F ey i & EF (Detector) i ; T R ARYp s S AR E AR PR
B chfihe A fF o

2.1.3 LOFT < %8k

ho®) 2.2 =0 o LOFT % ficsi 2% (Fuel Module) # 5.3 2% » & 800 = 7
¢ 7 7%+ (Fuel Bundle) ~ + 3% 3% %4 (Upper Support Structure) fr&irlik
%+ ~ i (Instrumentation Penetration Subassembly) o Yg.<#84 2 < 5 1 E &
0.6 2 > YL & 1.68 2% < 4ol 2.37 vl 2.4 o g A G 4 BB A
+ ;]}ué\a_r kg ET BE>Afre Bz &) Favpletping 15x15 ot

Pl r R YRR E R o LOFT oo v s 1300 400



LA e g 204 1R 2 £ et A Rl 45 T2 PRV o de
Bl 2.4 #r7 »5vho? $F il Fdhed K4 S AERKRELRT Y
(Thermalcouple) ~ ¢ + & € # # % (Neutron Flux Detector) - it £ 3*
(Flowmeter) ~ % fi-k =4 R % (Liquid Level Detector) % m i *t ek o 4 &
GELE IR SRR Bt g e h B TR PIFER R Sl ) f i 346 e
peeb o s dln sRE A B b B (Control Rod Drive Mechanism Housing) » 3%k 3 40
ZE¥BM (Reed Switch) ¥ il T &FAMFTEE » F RBOLIF I -
2.2 LOFT L2-b #=% 5 4

2.2.1 LOFT L2-5 =

W IrB R R N F R EA AR A s 17T AR P o d I HCN o

[

L2-5 #Z% ¥ #rid 2 ehd & a4 ffindr™ TR - > F B E
PRSP e T TR HAFIER o B o 4R A B EE A b
Ppre 4 0 feeb 4 e kR (0ff-site Power) X ?f%ﬂﬁ ARk R - B
PERY > pERY L L%*?&?~$é%%*ﬂﬁﬁi?@¢%ﬁm&@ﬁﬁ

—ReomZ oA z’v’v?f,ubﬁ'u AETF L o 1@ BB~ MURIAK RS2 GRG0

LOCE L2-5 e st — B 4 0B F R E> A 4r-kis ¢ i (Cold Leg)

FATRA A E S 200% BEA - ans Frokin A F e (LOCA) eiskAcdp st gk 4



* > A4 ek & (Primary Coolant Pump, PCP) *tatc 24 = a- fip gt (Trip) o
REERN RREE A o NP ERT 0 F s MURGIR KA E PR S B A R o
WARAC AL B A s B 2 B S i kg B2 (Blowdown) 0 R F K BT AR
(Lower plenum) £ 4%/4 #r-Kiii% » “gisdpwi®ipri b fr-k B E (Core Reflood) » ¥
Iz 2t fr-k B E (Corewide Quench) ° ?T‘,%JF AR R BLeniE (TR F p e
A% kTR E (Recovering) ~ # £/%/4 (Quench) » i3 Jgo 3 Genph % o 3857
ErleyEr % g RES 1078 £ 13 Ko
2.2.2 LOFT L2-5 ¥ # & 5] (Scenario) fv§ k4= 4if

L2-5 F ok v F A 7 finde™ D AT B At 0.0 fpF o sl
B P s ro kA R FHREAD FRBFAL B RANFE B kg
o BFF AN B L AR A Er-RAMR 0 AR Yo iR AR 4 Fro R 0 BB K
R SRSk 2R E o

LOFT § Bk 52 L2-5 %2 2T 2 A7 5270 0.0 f)fF B 4 B 304
SE RS F 0,02 fF BEBR (Trip) 3 9~ 0,04 ) HEm © crjhit 47 B
2z P (Quick Opening Blowdown Valve, QOBV) & » 2B ek fx ~ 0. 94 #)— =t il
Frokar pE R PR~ 9.38 & & fdIR ™ (Steam Control Valve) 2B ~15.4 #)3 &
B 168 £ F R kg ~ 23,90 )& RiL-K & spc 28,47 )RR
FAEIER B 37,32 ) MR LK & BEch ~ 4960 75 FURAEE L 65 ) I
% 7##% (Quench) « FwiT 252 4 2. 1770 3 3v2gmk £ I8 4= 4505 2 a2 2

* L2-5 Fik%%%] % ¥+ (Input Deck) # & i » £ ii-kprf (Refill) #nig i

L0 F B RINE® (Lower Plenum, Component 215) sk & 428 1. 0e-5 kg/m’ -
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i L2k (Reflood) srig i plE_: F R BAIN: B crik B A2 1. 0e-b keg/m’ ®

Tprs F i » v e (Junction 225010000) 2 57% & % e 8k (Liquid Void Fraction)

LOFT System Configuration

Intact loop Broken loop
- e -~ - P N
Quick opening
Jalve

Steam

Stoam Simuiator
generator o5

Pressurizer

valve

Break plane

Reactor Suppression
vessel vessel
INEL-S-17 753

Heﬂﬂar vessel
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B 2.1 LOFT 9z%% 472 @Y

Bl 2.2 LOFT “#4rs et 7 2 @Y
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Intact loop / Broken loop

hot leg cold leg
/
N
Ve
y
—~—N 71 % | :
i) : | & 5 | 2 D =
= é NI 7
Yy = ’
s =i _ N\
/ ,V\/

intact loop f ! 27 Broken loop
cold leg / -_ifﬁ(l hot leg

INEL-A-5239

2.3 LOFT BRI f# G 72 m"”
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[| L | LTI
Attt
" | Lyt . Broken loop
i SR O NN
i -}(’ {4]s ?g
- : 8
] ry N
1 _$._._§.. J Core posilion  Fual assembiy typas
PARENENERER > 11 Fuel assembly designation index
1

; SENEPLEY 3
t i
SPSRSILIAGRS Lirs
L | [l B Guide lubs
= L o Fuel rod
e = O Neutron source
+ Thermgcouple (196}
\%_&_ﬁ 4 * Thermocouple lower tie plate (17)
\ 3 L1 & « Dummy thermocouple
N et — ® Neutron fiux dstector, fixed (4)
‘?}_QI N —i"?' 6Nmmnﬂwmnm
HE 1 Conductivity liquid level delactor (3)
Intact loop - Intatt ioop ty liq {
nete9 Q ! y cald leg INEL-A-THE2

[BF EF L AF SR

B 2.4 LOFT Yge 2 a7 R
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£ 2.1 L2-b@s%kEe e X aprs i

Event Time after rupture ( s )
Test initiated 0.0

Reactor trip signal 0.02 £ 0.01

Quick opening blowdown valve fully open 0.04 = 0.01
Primary coolant pumps tripped 0.94 £ 0.01
Steam control valve fully closed 9.38 £ 0.05
Pressurizer emptied 15.4 £ 1.0
Accumulator injection initiated 16.8 = 0.1
HPIS injection initiated 23.90 + 0.02
Maximum cladding temperature reached 28.47 + 0.02
LPIS injection initiated 37.32 + 0.02
Accumulator emptied 49.6 + 0.1

Core cladding quenched 6 + 2

15




32,92 125 @5k & 91 Sl do g 2

Parameter

Measured Value

Intact loop

Mass flow (kg/s) 1924 + 7.8
Hot leg pressure (MPa) 14.94 + 0.06
Cold leg temperature (K) 556.6 £ 4.0
Hot leg temperature (K) 589.7 £ 1.6
Pressurizer liquid level (m) 1.14 £ 0.03
Average pump speed (rad/s) 1315 £ 1.2
Pump differential pressure (kPa) 733 £ 9.2
Reactor Vessel
Power (MW) 36.0 £ 1.2
Maximum fuel centerline temperature 1660 * 57
X)
Differential pressure (kPa) 28.0 £ 1.4
Broken loop
Cold leg temperature (K) 5543 £ 42
Hot leg temperature (K) 561.9 £ 4.3
Pressurizer
Liquid level (m) 1.13 £ 0.18
Steam generator secondary side
Pressure (MPa) 5.85 + 0.06
Mass flow (kg/s) 19.1 £ 0.4
Feedwater temperature (K) 482.0 £ 1.2
Accumulator
Pressure (MPa) 4.29 * 0.06
Temperature (K) 303.2 £ 6.1
Liquid level above standpipe (m) 1.17 £ 0.01
Borated water storage tank
Temperature (K) 301.7 £ 6.1

16




%= &% RELAPS #2:% 1 %

3.1 RELAP> # & f§ /i

Fn ALY RELAP o3 B eh# BArd > BH BEY &inE oM 3.1 57 o
RELAPS #25% & e fofe s ik & crvif B GAz4n3t K 25 & % e RELAPS » {%ﬁé +
DR ORISR A A EerE B A4 P i & ORELAPS A2 A o H s
FORP PRI RS F BB AP A F R apee (75 R AR g L) o 4850 D

Pbrg B = B R T O RO P 0 R o AR A A T g R dhdp Tt

¥+iE4% o LOFT ~ PBF ~ Semiscale ~ LOBI ~ ROSA-IV/LSTF ~ BETHSY 4r# # — & 5§ 2%+
%"fa’"% RELAPS #% 3% #8§ e & i) 7 ?‘}I?r °

TR R 2 4258 RELAPS G-k % F & ® (Light Water Reactor, LWR)
Lar s a VERE ik £t 8 (Best-estimate) A2 A d ERE LRI %
% (lIdahoNational Laboratory, INL) ‘A% @ s ¢ 4/% B € (Nuclear Regulatory
Commission, NRC) % B4 #7r3F E

RELAPS A&V B ih* 2 8 (R EHERF AT E T A ETRFRLPEELR
2ot R ER AR EEP A2 g s 2 RERERL LP AT T TR

St i N2 7 R A 1% (Plant Analyzer) s % o (A AT AAH S

B e TP RBABBNFA I E IR A FRKREFTD AIFRA TR BB D
FEAPUMERREEZF Lo

RELAPS #imHifAz st o Hidtds K\ F BB i > bldc  #F 4 4A4rkind E
g fovp s A gk suenfg & 17 5 (Coupling) » M 2 Wi A FH R AL B

(Anticipated Transients Without Scram, ATWS) -~ & % 4°-k (Loss of Feedwater) ~
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& % B ?t 2% (Loss of Offsite Power) ~ % Bi & 2 (Station Blackout) fviv #p*
% (Turbine Trip) - & % -

RELAPS L & * 4= BlAR § AR i ficAzst » "% 1 32 B F I E 4 4r oz vh o
WAL h R S AT 0 AL ZT ok s T RS e T s ahiR & B oy
ik o RELAPS A25% ¢ & 27 &5%4e > M r BB c4? ahx it > §Z X (Pump) »
R (Valve) ~ g 8 (Pipe) ~ # & # 3/ ey (Heat Structure) ~ £ e B X%
(Electric Heaters) ~ #f %% (Jet Pump) ~ ;¥ # (Turbine) ~ # 3% (Separator) -
%R (Accumulator) feiry#l % 3t (Control System) o p* b » & 3K 5 7R FE
fede  Form Loss ~ ¥ EE2Lé- + & (Point Kinetics) ~ 1 ie/nf* 758 o fF R %
(Flow at an Abrupt Area Change) > & iE;i484 ;& (Branching) ~ &% it (Choked
Flow) ~ # =~ % i g¢_ (Boron Tracking) ~ ™ % 7 ¥ R A W+ 2 BB
(Noncondensable Gas Transport) 3. e

RELAPS #25%3% 5 & Fé cfoy » $ 47 A ic 4 o i Fesgr FHERA S L~ F TR

TSR RN R B P OT (S - R o Bl r FARRE L B3 SR~ 1S

ERDpD R o Vb F R T RIEF LT BEL A (Restart) e i o
3.2 RELAP5-3D § /i
RELAPS/MOD3 £ € /M 7F &% 3 2 B g 414 R § L 247 97y B o) ke
o BdE A7 3¢ 0 RELAPS5-3D #_ RELAP5/MOD3 #7472 en— A L ix i > HiFd 5 5 a
Bondi#s 4 B4 (Multi-dimensional Hydrodynamic Model) ~ % ‘&g F R B# 4 &
#- %2 (Multi-dimensional Reactor Kinetics Model) r % BPLU #&*L:& & ;2 B

(BPLU Matrix Solver) °
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5 bt 1980 =4 0 1 BEF BREX 2FERNT K £ W kY (Department
of Energy, DOE) R +4~3 24 RELAPS 485\ e B o & 2t (Chernobyl) F w# 2 {5 »
d > RELAPS A2\ 2 L e L% B fed " B > 2 Wi hI%EH RELAPS A28 iF 4

FoRia i1 L > BB ASA Y RELAPS cnE E > £ R RGP TR § £ o

o

T &t RELAPS fsteciefrm st b > FEAFESEN LG L3y E 3
PEOPIRE A IIFLER DL o

ML BT RO % end 4o > RELAPS A28 A 2 enficie s FRFER A A W B LE
PO L AR RehdE L o )’i*u?’ Wipl a2 0 L 3P F B %E (Savannah River
Reactor) et iE %iﬁﬁ% L2t d e (Three-dimensional Flow
Model) e R A EF £ AT FHRZRFABRF NI ARF BEH S F
Bre » @ FAaEN AR L o

1980 & % Wit mi% (DOE) B 4saE RELAPS i 78> ¥ — s & cndg ;% R 4045
FALRBEERPE I ERARINGDE R P H - R AR 4B i 7
(Compile) z = ¥ {704 R4siB 2 B et B &g € & A RN 6 ihf Ko §
Fieriig 1995 #xzv /o FREBEFR > 2H Al - BEH - KA iy
B o AR IR e B E R RMA I AR~ A1 i A4S FR
g Fo BEH I oRH - KA TN RABIE AL E S BARA 0 2 BB R mIta
Fkeng s o H - %Ki\ﬁﬂ%i;“lﬁz&éﬁ%i&t“%ﬂf? A AR D H - SiE A T
RELAP5/Mod3; # = 5 st im#%4x< 4 » % RELAP5-3D -

BBEAY 0 RRIEVE AR Y R ARE BRE S LRI LR

Bokdfede s AR d 4 BaofEa 4 0 TREH T AN OBREF BB &K
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B B M2 G et A L L HH AR T B BEE A » irhaed
WE B A3 IRz APk 28 h B4 (Steam Table) ™ % :#E iF4e? pFrh e
(Time Advancement) &7 3% o

Sar e 4 4% (Multi-Dimensional Hydrodynamic Model) 2 i@ * % it
AR BT MR S RBEERA T o - M S 0 B iE S SR YR BRRANRE
# (Lower Plenum) ~ %%~ ~ ¥ & B8 % 7 & (Upper Plenum) M % "% /& %
(Downcomer) o p* ficie 3 B R * At E B ERA P cnle i T Rk MRV E B E
PhiE i RS A R

SRS F R AR ] R AL R e AR R R - B 5
MAEAE BTG RR Y K E a0 S B0 A e 2 st i

AAFF 3.4 & 7 RELAP5-3D S am~e@h " -

AT E TR RF &K T DERT o ~ & (North Carolina State
University) ¢ Paul Turinsky fris el % 7% B 1 #2; #5 NESTLE code3 » 3
RELAP5-3D ¥ en% ap @ +é 4 e (Multi-Dimensional Neutron Kinetics) E

T REASAR

NESTLE #z3¢ i3+ 5 2 & A& (Cartesian Geometry) = ¥ = & & i% (Hexagonal
Geometry) ¥ ehd FH v 3P 3 4> 250 > 2228 2 2 4 Nodal Expansion Method

Fezbi i g %72 B (Non-linear Iteration Technique) o 3%AB 3% g s & @ $HfLE

dF
L
3

FRA S e A pd B AT SRR ERE AL - D A2 - BFE
s oo R R AR NERA A - a2 - M E R o ¥ AR iR

2ranEREOR TG FEERER (Zero Flux) ~ ¥ * 5 o F i B R
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(Non-reentrant Current) - * #:i# % (Reflective) frép @k f % ¥ 2 (Cyclic

Boundary Condition) o ¥ *F & 37 aJZAE M ##ciE (Eigenvalue) fr %+ + i £ i

BPLU #&*L:& & ;£ p| (Border Profiled Lower Upper Matrix Solver) =nsl » i

¥ RELAPS A2:%a; = AR EHME 5 7RI 2 & F v en Po ¥t - Mehk 4|3~ 5 BPLU

b
=
(&}
jm.-r
E
3
s
RN
i
)
“
o
fra
E:‘_
t

SR N hpFi: BPLU 4Bl i 2
Rlensl ~ sl g ¥ e A - B R - 95 € 2 7§ % 3 0 RELAP5-3D #25% 4 % » DEC
alpha 4100 1 fF=penF Al AgT > A3 H = BARE Y %6]> 351 » BPLU 4@ ¥ 2

Plisen@ S AR 1 2.1-3.5 8" > w5 0 ek Ao

3.3 WAL EkAA B EAKSEGN

195> 1988 & & {7 i3 37 e FE KA 10 CFR50. 46 (Acceptance Criteria for
Emergency Core Cooling System for Light Water Reactors) » 4 #r-kix 4 ¥ f&ens
e ET A A AR EE Ak A s 47 2 (Realistic LOCA
Methodology) v i = 4+ 4 ¥r -k ik 2 F g &~ 47 * 2 (Conservative LOCA
Methodology) -

BER ML AR A AP Y chE b} e (Best Estimate Model,
BE Model) » ¥ e & a4 474 FroRin & ¥ gk S0k BPF > v e g & F o kms
W gt % v B R e b 3 B A (Uncertainty) &0 & o — #3045 » &
BT % AR RET AT R A R R AT BT E N T 2R L L o

TR L BN TR R KA NER PR e TR AR RS B B R
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& & =& (Westinghouse Company) & * 7 50 A-#hF iR > =159 10 & pr
2T ERPLIR AL T AP EN AT R Bt 0 & 1995 & 2 % ek
- = E R R EEFEF AR A T AP 2 EEBERT O o

%?ﬁﬁﬁmpﬁii#@ﬁ%%wéuﬁ?éik%IOWR%%ﬁ%Kﬁi%%ﬁ
b gr gk Bea i % (ECCS Evaluation Model, EM Model) 2Rz s B o v At
GEFBLIR AT A AR E - BamlicE e 2 BRE S RV N T RNE
Bh 2 E g HaiEE o

& 228 10 CFR 50 ér K @ % - e v 4l 2w B 3805 > A g 13
AR A T g A PR E KR SRR R PR oB A R R R Sl
T~ PR PFEIR R~ PR BRI R o

RELAP5-3D % it 3t fice » iFoclan+ av 2 R ¢ i A7 1 #7#-% 22 10CFR

e K2 T LY os b ek Sk PR f N eh® R o 3o~ RELAP5-3D = i
RELAP5-3D/K %<& » ¥ ek = chic B #c® - P Y P LW EHRES » 7 % k700
B Pl frok i BB Y FA4T e

AR AT * g 4258 RELAPS-3D/K/INER 2.4 RELAP5-3D 1.3.5 ##7i}
Bl e g scenit A 2 Eikdpd 2R 10 CFR 50 *ié K eh? #77 | RE 5 - &
L is B AP %8 E R E (Fission Product Decay) ~ & -k F i ¥
(Metal-Water Reaction Rate) ~ f&/ intic;¢ (Discharge Model) ~ i 2xpé £x maﬂf &
gk Fr 3 #0578 (ECC Bypass During Blowdown) ~ §&f #vid € ehiz & (Critical Heat
Flux, CHF) ~ i by B pF £ @ 050 cngl U 1 ok B 050 8 w P03 E ol IR 7 I it

@ #-;% (Prevention to Return to Nucleate Boiling and Transition Boiling during
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Blowdown) ~ i* 3x g f 2. 18§t #vid £ en# @ (Post-CHF Heat Transfer during
Blowdown) ~ i# 2z gL el -k i & 1% (Core Flow Distribution during Blowndown) -
BRoR N R ikiE F (Reflood Rate Calculation for PWRs) ~ Bk 3¢ 7 B i A
kfe g iZ kg @ (Refill and Reflood Heat Transfer for PWRs) o

B3 O RELAPS-3D #&5'm 3 » 5 T BHF R MAE- HaFR A B B X 2
=2 10 CFR 50 *féx K # #75]& £ 4o #757):
(1) A HAFSH2L G E

RELAP5-3D # gkt & ¥ d ik 53¢ (Point Reactor Kinetics Model) #-g##
®» 3 (Prompt Neutrons) ~ #£#& # 5 (Delayed Neutrons) #73l% i & & A i
PR PR AR RTA L DRAEIVE A S A R A ok A Eeg 4
SRR R o & 23R 10 CFRS0 e K4 Rk » A AT R BHELF ANS
1971 & #7372 en® 45 B 1% % (Anerican Nuclear Society Standards
“ Decay Energy Release Rates Following Shutdown of Uranium-Fueled Thermal
Reactors” , October 1971) 2. 1.2 ®3 % > a @@ P F 5 &1L - 12345 RELAP5-3D
FirLp o X RRFRYHE LT EEL 19TIANS & A 1979 ANS/ANST
SRABNEREGEHE . 50 B % 228 10CFR50 *44+ K & > RELAP5-3D
#2358 e & 1971 ANS & » o
(2) &% kF ki

% 2% 10CFRD0 "ér K & Kdg - Kt FFr o2 P82 F 4§42 8
Foofeyb R g V@ RS % Baker-Just 423 (Baker, L., Just, L.C.,

“Studies of Metal Water Reactions at High Temperatures, 11I. Experimental and
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Theoretical Studies of the Zirconium-Water Reaction, ” ANL-6548, page 7, May
1962) 3% o 33 ¢ RELAP-3D A2:% ¢ #7i¢ * 1% (Cathcart #3¢ (J.V. Cathcart,
et al., “Zirconium Metal-Water Oxidation Kinetics IV. Reaction Rate
Studies, ” ORNL/NUREG-17, August 1977.) » %]t g % Cathcart ;% B & =
Baker-Just = #2584 ## & % 2224 10 CFR 50 *i#4x K # 3% - Baker-Just ¥ 2+

FEEF R IR

(drj B G
— |=—ExXp| - —
dt) R, -r T,

B r ZAREHE - RFR2EBLEEPRE -t ZFF R ZRAAEFE-

o ., 10° A
KE B2 EBLEEE B A 5 2 A = 4p % F]+ (Pre-exponential Factor) -
X Py’
25N\2
g@éw5nméﬂﬁﬂlLopméﬁ%%a,ﬁa;'@/zoGé‘E’ﬂﬂ
sec cm R
AE L& st (Activation Energy): » g% 455 kca/ e’ R OPIELF ¥ i

. |
(Gas Constant) - H iE 7 1.987 ca
mole - K

T, BIEF M pAGER D

EARGRUE LA S SEE IRV E AL SRR 6 3 S AR E A

AP = 6.98E — 5 x Exp[wjm

S

1/2

DRPI1 = (DRP” + AP} -
At 5 pEH (Time Step) & &R+ > T, PI4F *F &5 FRE - DRP 5 3t:iE » 3%

PR 4R - R E ere ] R £ iR > DRPL R L tiE ~ b kw4 - K

F ORI RORE R SRR o

=

v Cathcart ¥ % #ic#; ™ := &% Baker-Just # 4 % » B s ch2 % 87 »

)
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Baker-Just #osV 3t -4 £ F 0 1500 C ZA BB L ESEF P REOFET
Wt -4 £ E R 1000 C ZA B2 %% QSRR Baw
(3) @A o ficst

Fgp% 27240 10 CFR 50 *d4r K en& o o JnfBdgghin 2 intl 5 p i ps
PR |2 DA :ﬂ}“ ¢ JE#* Moody Model (F.J. Moody, “Maximum Flow Rate of a Single
Component, Two-Phase Mixture.” Journal of Heat Transfer, Trans American
Society of Mechanical Engineers, 87, No.1, Februrary, 1965) & & o ]t

% RELAP5-3D #23;' ¢ % » Moody Critical Flow Model -
(4) i zpg e ?ﬁijﬁ DAL R e

% ;22 10 CFR 50 *f44x K & f» 22237 (Bypass) F# “f SR I
A FEERA Y il g J\'u/pa‘r“f oRELAP-3D # & % 3Kk 7 “f L bk 3 i
P N EEF R (Counter. Current Flow Limit, CCFL) #civ et 2

7,

~

i—’i?f Edesdirkd ke TENFE BRERA B AINER (Lower Plenum)
R E o ARV BT PE o ¥R E BB FHITRE - R ER (Tine
Dependent Junction) frpssgi484%8 4 (Time Dependent Volume) - 14 a‘r/]c‘ £ FE
2o F R BRA W ARIREF LR o 9k BB EINE% K> (Upper Plenum

Test Facility, UPTF) #zk % % @ 2 B 2 " /n % -k #3:% (Downcomer Flooding

3

Model) » 2 F m 4% n 4] 2. 58 3 5 ¢

. ox1/2 . *1/2

i, +2.193j,7% =0.6208 -
A AL R RS S TSRy S SO E R R Y

RELAP5-3D #27% ¢ 3K 3 A28 #- H #:t » § 3 WRIDF BB AT B aus frok
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DT RRERATE - LERE o g t’ﬂ?‘f%{/ﬁ'» FAHGEH O R L PRI R

PEAAE TR LSBT 3 B SR ST RS e ek

(5) A #id ¥ (Critical Heat Flux, CHF) iz &

% >R 10 CFR 50 "4 K @ 70307 #iclp o R Ao ¥ i chfplt £l £ 325 By
frgE B A enfd 1238 o RELAPS-3D #2544 * 1986 AECL-UO Critical Heat Flux Lookup
Table 2 wgeh #id & IR R E IR E T 3 &% 220 10CFR50 *#éx K ¢
ATF2 TR TRV o Bt ert ARRITRA R R M RS FEFE R o g RS <
> 10.34MPa BF > 91 % hBf A58 5 B&W-2 (B&W-2. J.S. Gellerstedt, R. A. Lee,
W. J. Oberjohn, R. H. Wilson, L. J. Stanek, “Correlation of Critical Heat Flux
in a bundle Cooled by Pressurized Water,” ' Two-Phase Flow and Heat Transfer
in Rod Bundles, ASME, New York, 1969)-e-g A& # /i3t 8,96 4= 6.89 MPa 2 & p=#7
®* ohff 258 5 Barnett (Barnett. P. G. Barnett, “A Correlation of Burnout
Data for Uniformly Heated Annuli and Its Uses for Predicting Burnout in
Uniformly Heated Rod Bundles,” AEEW-R 463, 1966) - & &+ -]-»* 5 MPa pF#r%
* 2 B %5 R 5 Hughes (Hughes. E. D. Hughes, “A Correlation of Rod Bundle
Critical Heat Flux for Water in the Pressure Range 150 to 725 psia,” IN-1412,

Idaho Nuclear Corporation, July 1970) > * % Modified Barnett - % &4 /i **

L R Y R ETRR BT B2 RS 5
q _ (PH - P)qCHFL + (PL - P)qCHFH .
CHF PH —PL
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Ooe » TR B2 > P ZBA4 o THEE H fo L & %4737 p B8 pForsl
Pt SR EeT SRR -
(6) by B BHCSS chgl R b B H0SY I v A e iR A e @

% 24 10 CFR 50 "iér K ¢ R > A BRI F > - & X8z 2 A28
AR FE > AP EMET? LR AR RAEAN 2 B EAE G
LA - B B e~ LIRS A f#'7 © RELAP5-3D LA R E A T iR P i R & E
F12 PR B R TR e B o FIPN 0 FAN ARV AT o BB
(7) #xff Bz (s il £l € i g

% 2724 10 CFR 50 "4+ K > 5% (Film Boiling) # @97 * 30
%+ %_ Groeneveld 5.7 (Equation 5. 7:0f D.C. Groeneveld, “An Investigation of
Heat Transfer in the Liquid Deficient Regime;” AECL-3281 revised December
1969) » i@ A B o7 * 3¢ < P& MeDonough-Milich-King (J. B. McDonough, V.
Milich, E.C. King, “An Experimental Study of Partial Film Boiling Region with
Water at Elevated Pressures in a Round Vertical Tube,” Chemical Engineering
Progress Symposium Series, Vol. 57, No. 32, pages 187-208, 1961) o X @ 4r%
>4 10 CFR 50 *#4%x K ¢ #7it > Groeneveld 5.7 f % 3vBR4 FiTH MR$H B g
(Singularity) P2 @@ % o W F AT EFRRF KT EIpTuERT » F R4 K30
1.38 MPa * %~ ki& % PF > 12 Modified Dittus-Boelter Correlation %P~
41 Groeneveld 5. 7; @ § g kin? = pF> B2 Modified Bromley Correlation by
Hsu %1 it ** Groeneveld 5.7 ¢ 2. MR & B 8o 330 p - kK& 8 M2 H¥rikdp 5 -

B RKERE
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R BT

P> 4ok orik o 02 Modified Dittus-Boelter Correlation % B~ i & eh
Groeneveld 5.7 o
(8) i pf Beryg s K A

% 2723 10 CFR 50 *q4 K -4t ghiridiang £ 5 > S %7 2 A i
B0 R AL R 2 R BT A PRGN KRR % 0 i @ 17
R G e o RIR AL T E o~ A F o gt b R KT 2 R A T 2 (), ]
FyenpEEER 2 IR 7) BT ol A5 2 RELAPS=3D A2 ¢ 0 50 B P ehF BindEE
BB A 0 R R SRR TR BRI AR R e AT HOR FI A R R LA A
P FRA KR 0 g A @ 1 EIR A R e i geenit e Rl %4 % Bd EPRI ARaen
TR 3Rk Hcdh o %2 3 ~ RELAP5-3D f25t ¥ o
(9) Bk T R ok ¥

RELAP5-3D R z_> §I* # # ¢ & (Carryover Ratio) » ~ fr%{%y,;.u R P o
M TR B k3 E g e ar ks B RGR A ) & E e F o SR Bk AR e
RELAP5-3D #2.5% ¢ 1 PSI /#-k#-% (PSI Flooding Model) #-Ygwsfrk &% i St
KRR O T 0 3R D ik i I et R AR R R
Yoo v ok o i T 5 FLECHT-SEASET!" :#2k % % v $t4o2= i &g » PSI i k550

HABERE S eanp B 5oy B - TARROES N BT o
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(10) B-K5CT R A -kfofd ik e @

1% 224 10 CFR 50 *4r K ergs it » £k X 420 | #ed /> 105
kAl oL BV R S lichide FLECHT & i 8 o #i ki 33 1 #ed/fipF >
Aok BBk BRI AT FTRFLI S FARE D RFEE R B
Ao B PET e ® BLaip 27 Gl B oRELAP5-3D 2 PSI i@ kit fife it
Fxar | Ee/fpehfne AT B G B A% 22 R 10 CFR 50 *itér K ¢ che
FoPSI -k fie 2 B A A ER WM (5582 6 >4 w2 Modified Weisman Correlation

e Modified Dittus-Boelter ®3 % g i # & frf L # % > > & R 5 7 Chen
Transition Boiling Correlation e & &% 4@ = 6 » S0 L @ik R 5 ¢ >

i# # & P~ Modified Bromley Correlation -z &% 3+ & f= Forslund-Rohsenow

Coefficient @ & ¥ #ot ¥ » Soid 4 Flg S 30 R0F 2 B S 10~ e 890 (i

PN EETRBA L LR EERLAERD > FREY Nodified
Dittus-Boelter Correlation 2 #ifsz & o f PSI i@ ki i@ kg -3 1 &ed/

PR o d2 Bch &% 2 10 CFR 50 ' K #fgcidz £ 4 FiTmA 4
ARBDET L0 R R - FAREBEL P EERARERE T bk
Faor 1 wed/f el o R Ad PST BRH RS R B2 Rl GEE £ 0.6
Pt G A g

P % 2R 10 CFR50 % K & $049 408 5 i ¢ RELAP5-3D i %t 8% »

2 #lHeste (Heat Transfer Package) 40% 3.1 #77'" » 0423848 ¢ taig scen

n ek 3.2 Ao
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3.4 RELAP5-3D % g ~# A

RELAP5-3D % ‘& & ~ i¢ ﬁ_ﬁig?] ~ =+ (CCC0000 ¢ 2 MULTID 2 = > MULTID A
Multi-Dimensional Component fhfjfL o gt~ i & d A FHATEL - ¥ i
ol B2 B p R % (Inner Junctions) # 1 (®/idfacAp s inid o - B % afk ~
Eere gen ] RHBEEFLE 999 B oo
3.4.1 J b

RELAPS5-3D fi& {7 5 W& = i chud 5 o » ik 5 4k Hg 0 "% ~ % 2%k » RELAP5-3D

WA AR i F FPE o JEd KR B AR E BEE (Mesh Interval)
ke Zxd- =2k 2 (Orthogonal) gk (Grid) L7 -

H- 5% & & (Cartesian Coordinate): @& % L (X, Y, Z) EiE o FB
BRdhpE > w BE XY 7 = BRaaR A T Sl R R
T E R R o 2 - S 4 A % (Cylindrical Coordinate) » = i &
TS leh W Ry 020 # % Fi 2@ o et i 0L TRk S

s & =@ e R % (Downcomer) o JEFIHLAEfhephd 5 0 B3 T

=4

\\-
»
A
=]
"
0-\.
}
e
W
o

BAAF D G S e R B
O o aiE®E 360 & &I 360 A

#
B - LM 3/4 S 47 0T B MR B 0 20 7 2 % ek Rk

FRIEFHEAEARDR ERER I AR AR S G AFEH I AR

Yoo PEOTER B AR 2 B & B4R 9h (Cartesian Coordinate) » 24 % A& " i % o 47
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Bk fph ] £_Fl 4 & R4 (Cylindrical Coordinate) -

)’]ﬁ,ﬁ_  RfRdhn 5 o T - FHAEARY S BHRK S CCCXYYZZF - CCC & =~

T+
(w
S
£
-
E'T
i\
NH
Bl

o

;

S

BEAED X B e PAG B B ]
~Q0 WA X S e PR E ) BB TS 90V Al RANSRAEARY =

Y R e ARG HERETE 01 ~ 99 w3 Y 2 e fra X o] R EP

<

FE 9977 Rl RAATAREAER 23 7 AR e AR H B 5 01

~995 W 7 gh et K R el B U5 090 tth ke F ORI 11
T B RS LR AR AR H A NE G A SR RRA A o F
ﬁ%])‘g{'ﬁ' RE i 1 ~62H7 12 28t d X dhhfweafrted >34 &5 &
LY henf p o el e 056 AL Z e boe fold b e o
LD 5 o - AR e wEA 5 COCRO OZZF - CCC & ~
E2 B R 33 RA AR AU RN R ARG w R E B A AR
B2 X P BB TR 1290 TR G e TR R ] BHEED 1T 9o

66 = 3%] T B S

L

BB AR =3 0 RAEEh é»ﬁﬂﬁﬁ%’—?—!%])"ﬁ' 1Z 5 01 -
99 » W3 O P e TR E ) FHEP UL 99077 2] BHA T Nl R

Buep FRRrE £ B dREhY 2R TR 2ABR R A D FOBRAY Mg 5% %

\

Bong s R AR Al

%
\4

SR AR R R o F ol B
AT L1 ~60HY 12 Au[fi R wafrt e 034 AL O #h

G1f e d AT w G 056 BIABKRL 7 fhenf e Aol B e o
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% 3.1 RELAP5-3D/K/INER % = # @ #73E * 2 i 4o 7

Phrases Pre CHF CHF Transition Film Boiling
of Boiling
LBLOCA
Blowdown Original (1) p > 10. 34Mpa | McDonough- (I)p > 13.8 Mpa
BE pre-DNB B&W-2 Milich-Kin Groeneveld
Package of | (2) 6.89 < P(Mpa) g 5.7
RELAP5-3D < 8.96 Barnet (2) p < 13.8 Mpa
(3) p < 5. 0Mpa - high flow
Modified modified
Barnet Dittus
(4) P between - low flow
ranges modified
interpolation Bromley by
by P Hsu
Refill Only steam Only steam Steam Steam convection
cooling cooling allowed convection by Dittus
allowed by Dittus
Reflood Original (1) G <100kg/m’s Original (1) flooding rate
PSI Modified PSI > 1 inch/s
reflood Zuber reflood modified PSI
model (2)G> 200 kg/ m’s model model
Groeneveld (2) flooding rate
(3) 100 < G(kg/ < 1 inch/s
m’s)< 200 steam cooling
interpolation by Dittus
by G
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% 3.2

4 RELAP5-3D/INER #3% % RELAP5-3D/K/INER z #2:% i3 & 7] 4"

Model Requirement

RELAP5-3D Subroutines

Status

Fission Heat rrkin & rkin Apply the existing model of the code

Decay of Actinides Rkin Apply the existing model of the code

Fission Product Decay rrkin & rkin Change to 1971 ANS Standard Model
Metal-Water Reaction Rate Qmwr Change to Baker-Just correlation

Swell & Rupture of the Cladding Madata, Apply the existing model of the code

and Fuel Rod Thermal Parameters

gapcon,cplexp,ruplas,plstm,k

loss
Discharge Model Jchoke Change to Moody model
End of Blowdown None Apply the CCFL model suggested by UPTF test
along with on-line ECC water subtraction scheme
Frictional Pressure Drops Fwdrag Apply the existing model of the code

Momentum Equation Requirements

vexplt(semi-implicit)

Apply the existing model of the code

Critical Heat Flux chfcal & chftab Change to B&W-2, Barnett and modified Barnett
correlations
Prevent Return to Nucleate Boiling Htrel Modify the existing heat transfer selection logic
Post-CHF Heat Transfer Pstdnb & suboil Change to Groenveld 5.7, modified Dittus-Boelter
Correlations: Film Boiling and modified Bromley correlations
Post-CHF Heat Transfer Pstdnb Change to McDonough, Milich, and King
Correlations: Transition Boiling correlation
Prevent Return to Transition Pstdnb Modify the existing heat transfer selection logic.
Boiling Heat Transfer Prior to
Reflood
Pump Model Pump Apply the existing model of the code

Core Flow Distribution during

Blowdown

Apply the existing cross-flow junction model of the
core by assessments and apply core flow smoothing

if necessary

Calculation of Reflood Rate for

PWRs

rhtcmp, htrel, gfmove

Modifying the existing PSI model by performing

separate-effect assessments

Steam Interactions with ECC Water

eccmxj & eccmxv

Apply the existing model of the code

Refill and Reflood Heat Transfer

for PWRs

rhtemp, htrel, qfmove,

Modifying the existing PST model
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% = § RELAP5-3D % ‘& % < #-5% erud ’f#
4.1 s erud ’}#
4.1.1 RELAP5-3D LOFT - "E’.ﬁe?] » BN

LOFT g # & 77 & B 2 B 2.4  RELAP5-3D LOFT - ‘@i » $i5% e & BL0 7 7 ]
4.1 s 3B 41 27 B ™ ks > it PR 44 (Upper end box ,
7t B 225) rdpes TR Hi (Lower Core Support Structure, =~ i %% 240)

2 b W S ges o RlP A ges TR s R e P IR R e o TN
i = @ g~ # (Pipe Component) *fi3t% « % % (Core Bypass, =~ i
Ha%E 235)

- TR BAR 4.2 BT Ypu A ¢ EAS £ E 24 B branch
~EsHP 12 Bt R E A ﬁ%l“"rm‘ 2wl g (Central Fuel) » ¥ 12
SRR VR -3t f_’;“ﬁ%] S e B U (Peripheral fuel) o & f@ %4 3530 4
Ed e R 12 BB o branch ~# 2 @5 i EE (Cross—flow
Junction) Ap 3 i3 > AT F4E FrR R T RO S fA %] 4% ]2 branch =~ &=
Boo SUREART SURREATE AR T S G g 2 0 o g F AR gl e R B PR
AR o E R R o ¥ A Fape E b oo )’J"ﬁ“ Lo BRI RAE R s R
e AL AR - M oY ¥ %)’Jﬁ'{?ﬁﬂ%’gwﬁ P AR R KR A
(Hot Rod) ° ~ ‘Qlfjﬁr’% ARETA e S & P R T R S R o )

Z.HF A - ko

4.]..2 gyal}i"ﬁnu@?])\ﬁ;\
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PR e 4l % RELAPS-3D % & ~ # (Multi-Dimensional
Component) & = = 3o F]4 Jg Flyps p 0% 2 2 (Fuel Assembly) & = & A5k 2
FHRowAmyEY E & 24kph (Cartesian Coordinate) * = =Yg 0A4 duE g o

LOFT gt 4l 4.3 77 » &3 4 B 5 o )*Ik.é\\i kg &4 T B
fer Bz &N e d WE AR EAEHOERS BR A S EITINE S Y
B P AgE o Y LOFT Ypeo & 5 Rlehz & 3t s @iz i 8 o 3R 4 » 710 &
Ay #mpPfr Bz & AT ED R BE W2 A REFRER
PIchEERT 23 5 R Yo o it gl 4ol 4.4 HE

AP REA- A GERL 42,40 &) B gl gar XY #a  S
- 3 x 3 LA A 7 e 12 el el o BRIV R IR L R P S Pl
hodr BTz AR TIEL Hen U T e BE B2 {800 XY B
bl b 3x3 HLA] 0 L e Al (2 B R RS 5 RR
i BlAc® 4.4 ror e

Bohdfe- MAEYpc il Rehn 2R T 0 [ #o#3tr 2 § 5k ¢h branch
AR AR AR AR - BEAE  mENLFR 4.2.3 5

Yol 4.5 o AT A - B MAE A KRS LSRR A e B SRR A
ERHERE R - MR EHMA S AT RF S MR 2 B

R AR AN MR AR L Rle rE 2 VR REE . B2 B R Y BV A
e B faR ~itipliE BELERMENpI RENEFar] BE o R AT
SRR T KR R 2t S T R iR AR Y L PR e B 2 R SRR o

R 2 #8H (Heat Structure) 84 » ik R AL- MR o chrt F o
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R O R L R e e R RSl

PER e AP AR MR GSR  es B F s 0 L e

)

SRR R S R A GE UEEE oL

P-4

B i sk PR 3R o e R R FIEOE L R D P 50 0 R i
(R E SR S R R Y T NS 3
/]}:* dp R R T o BRA- BRR Y R T BREEITIAL B

ki@ﬁé#b@ﬁ)@*’ R XY Ao R4 Radpe] R BR

-—\

o B FE WA XY Tahi-o MR R CIET G A i$<$;?]:". V=
AL A PRI S BRI A A3 R B B R g
FELGNRA T - A F AR s STRUDE » R A R
4.2 #4 3-D gt B enFERE R4 02
4.2.1 S ~tdo- R AREPI R

HAFEFY s JARE AR - A tap T @iRATE Y o~ 5 branche 2K E
branch ~# >3 F & #7K & branch =~ # e 6 ff < | {0k T 3 & &dd ic foord i
iRt hmdE- a2 Be FA kT FRPE  LLFL AT IR

BlZ 3% blded A2 BB PSR SR .

4.2.2 Branch ~#:@f88t 2

=
W
M
i
T
St
|
=1

- % branch i #fi @ fecnfZBhficp F L5 9o a3t 3§k
T ERBED AR RET B RG> RS- KBS 4x4x9 AR
Bt X7 T e fo- Al B E 36 BARIRE o T e Bt 2

HAowiRA B fr- Atz B2 - branch ~ 2 k= i 3R d (T o et iEn
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oA s B AP E 0 b B branch 4 ARG MR AR G E B RHRKET P
% branch ~ 237 - A~ > @ F1 E;RMEF R -

WAFEL P ARt XY Tofo- oo PR fope TN
Hrdipdiy Sakpen XV Tl RREKD SEERIBL R
Plieghdep R B ~ Hou- 2 branch ~ 27 xSk FIAFT QA
AR dde- aa itz iz A P branch ~ 2 g iadp (Nest) 0 ;8 kg is
o AR LRBACB 4.5 o e
4.2.3 g ¥ FR R Api AR 41

R B S R TR T R AR RS ARE AR AR B
#2 AP branch ~ 2 g L3dp (Nest)eh i 74 » ;I* -5 anipe
frog e ¢ i@ dn (Upper end box s % ™ %t 225) frip -« T WL H 84 (Lower
Core Support Structure, -~ i* %% 240), Fadds o @ > branch ~ 2 A ¥ 72 5 £

B F AT RARE A IR e

-n\q,

SRAFRHE R o HELR

B, TiZEE ~ 3 £ branch &~ 2 egg o g d & A E o it 2 BB eR

e

& gL a5 0 >t RELAPS 5] '#h% (Output File) Ex > X~Y~7Z = B> w35

WA BAP S = B forrE 2 A g8 5 4 (Dislocation) ehdszEsn g o

AT P o fRA SRR B RGE G R e 3Rl gy o peu T IR

FREAEFHFRARL 73 U h o Vs P3N o T L R
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BAEOBATROE R ER TS S K ke branch ~ 2% B E > 2 Nppikd
Yoo b IR 44~ kK Apeh branch A s S MR o T IR BT
PE B HMEF R AR LD B b BB - B R 2o T L R
ATl DGR BF R B R - R e

AR R PN e TR RO AR RAhz s 2 - 0 d
BAhZ A2 g R EFEEAS L ke branch =~ 2 o i B30 7 I ah- B
branch =~ & ik IR:@ &R F 8 Rz A2 — 5 e Lk eh branch ~ 2

Libpo PG R B RS A2 - o I i Ao K{Rd- # branch ~

=

R TMAFEERT F RN A2 - o A P fp S &R branch & & ik
STILFEERG AR PZ A LD A BEAR 4.5 S o
I RATE R e b R fafesp o TR R A g apee 2 i (Core

Bypass) A #7 § B -2 E B at £ 3@ B ap . P IR foh e TIL
Hend oo R A s 3 g T foges PN fafrip e T IR AR @ 4R ih
FA5 e i B 4cB 4.6 st e
4.2.4 PR R ER

PR R A S AR 2 R A B R e (Crid)
B 2 iR TR HEE pFand s b (Maximum Time Step) » #3t:g oA = 481 % i)
Zove s T o AT KL EE I R ATR 2 47 (Sensitivity Study) 2T AT iE
i g n i AR RERECToE S B RS ek 2T kb iz B o
FACR A AT fBARY B &T%ﬁ%]% FlciE kLR ATiE Flg e R T2~ Ha

kw2 F & (Uncertainty) 90l s @ 7 kamcf & S5 - i



RRBFETEFHRLBEALT LG ERFEL G500~ AT IS S hei -
Bhe fE i o

N S ATIE PR KR T E S UEPIRE R X BT A2 APHER )
iﬁﬁiﬁéiﬁﬁﬁwiﬁﬁgﬁkﬁ*ﬁﬁ°

Bl A B R R A T AT B 55 Rk R ACR A e del 4,12
a2 Aol o HP LR R ok B R A - 3 x 3 x 12 = MR HE A G
G REE R e T ABF AR 4Dt Y ERY AL AR A Y
SRA L AL 2x2x 1240 4 x4 x9 2 sARE S A u4cB 4.7 4 4.8
I e 2 X 2 x 12 ARG E AR B B S 0 3 BT e 7 2 PR K
P#ed s 4 x4 x 9 AR ErAmE Bl ) BplEC] o3 Bite 72
B p g e

IWEY 4 x4 x9 L dfliart i x 12 ORFAEFHEY 4 x4
x 12 Pz 0 F) 5 fridfpz. 5 MR ~ 22 & ghgcil 5 m S5 RELAPD A258 i (g
4 EFE TR o FRE IR Y RELAPS AR5U 4T > i LdnRl o e
WLNE BRI F A N R TR E TR 0 A BRECRR G MY o AR
SR T P T L ActidE B Ars) o T AT R EEY 4 x4 x 9 hAh el ki
7AYo A B REATITNFRE A7 o

Ra oo hApoer B AR Es 3 x 3 x 12 2888485 540 Bom 2 2 x 2 X
1240 4 x 4 x 9 2 ABIfRE “rr Blad2 5wk LEBE A5 240 {o

720 Beoigg AP T HRRAIFIT AN 4 x4 x 12 AR 4 x4 x9 a7y

-

oIS R e S BRI 960 B0 5 T20 B0 LipX REF AR LEEH

(44
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- B E RS WRAREZGE SRS P REFRFAARELSTLA R o e A E
el 2x2x 1244 x4 x9 2888k ~u@eRAFEPIEE S F 21
PR o
Bl 4.9 5= B 5 MRB e 2R 0| EEE 2 ER EREPF S R do
WAF o = B A s R ORI PR R AR EY B2 MEA S 3x3x12
P4 x4x9 F6~2x2x12 K6
ZREERVHEEZEREC S TR FZIFFEETRITOAMC 22159 50

FBRAMRTFRE o Raitd x4 x QKB )f’l’#’lgﬁizﬁglﬁ"r"—r/ﬁ‘giiﬁl
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K A

BPLU i & /% foid £038 5 2 0 2540 £ 9757 o

( 4g4p INL %} http://www. inl. gov/relap5/relap5-3. htm )

Default
%ol BPLU Solver
Case orver Ratio
(CPU sec. )
(CPU sec.)
1 7.180 2. 437 2. 946
2 T142° 3. 385
3 6.903 | - 2. 540
4 6.142 T 2,422 2.536
5 5.513 2.117 2.604
6 5. 818 2.698 2.156
7 6. 167 2.432 2.535
8 7. 404 2.116 3. 499
9 6. 396 2.697 2.372
Note: All times on a DEC Alpha 4100 Workstation
The results show speed-ups ranging from 2.1 to 3.5 for this simple
three-dimensional problem.
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