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Abstract

Under certain operating conditions, just like otB&/Rs, Lungmen
NPP (ABWRs) should be reasonably assumed thatdiveposcillation
is susceptible to the coupling of neutron-thermahutic instabilities.
For the purpose of investigating the characterisfid.ungmen, a well
developed methodology-LAPURG6.0 methodology is usedtudy the
stability analysis of this under construction nacl@ower plant in this

research.

LAPURG6.0 and SIMULATE-3 codes were deployed to lelsth a
process to conduct the stability analysis. LAPUR&®6thodology is
based on these two codes and plus several intggfageams, to analyze
reactor core instability characteristics. For thakes of improving
calculation process, an automatic program to perfdcAPURG6.0
methodology—DRASM used to analyze stability chaastic in the

research.

Moreover, the Lungmen NPP has adopted lots of defagtures,
trying to improve the reactor stability. As for pdaration to the
effectiveness of these advanced designs, the sisidy contributes to
compare the neutronic-thermohydraulic parametersuge power/flow
operating points among different type of boilingterareactors. The
results of the study indicate that for a given apien power/flow point,
the decay ratio for Lungmen NPP is always smallee do the

neutronic-thermohydraulic parameters from the dsslvanced designs.
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RENTIRIBEEA BAaes T —ERESE L eHE
AR REAZGEAGHEEALE N EEH AR -
ODYSY #2 R fit 47 ¥ — i@ 18 g4 - (core-widepy i 58 /1 2 44
#& &t (hydrodynamic stability) .48 247 28 ~ 8 & B & 3% A%,
S RAZ R LB — BB IR ARAR M - T JE A AR T
REABR AT &~ IR IR E A% - ODYSY ;Z 2L ODYN # e
AARBRGEI &5 T — e — 48 B4 X - bsh ODYSY
B F #h e ] 4 &4 % 8 2 Doppler &R J& B & 4% (reactivity
feedback) it B £ #AH#k ey 4 X 16 £ B A — 344 (flexibility)
Y1 » sb I AERE R AR X AR R R AT & F &) b 84 1L
(axial variationsy JtI8 38 % &) 4 L8y AE /142 ODYSY s34
B3P 46 B A dhe 7T 4 & AT M (varying geometrygy B4k K & &9
BB S GEF 2 HHETHREBTEREERRBIHE
(stability licensing calculations) % —#& & FABLE - 2 A k&
47 2 & (exclusion regiorgt & 842 X, - FABLE =T J& /i £ $h 182
B E o 45 T MK H AR R 7 sk (stability long term solution

Option)l-D~ Il g2 B 1-A(E1A) - FABLE 5T 14 & A £
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et R E(F F46 GESTAR Il & 22 S5 E £
(Amendment 22 of GESTAR Il)) % —#& & ODYSY T4 i &
E1A 3% R m ¥ FH 4 #5¥% 5 # (reload validation analyses)
t - FABLE # GE#y 2 E A4 X > L REDY # & 5 KX
ARkt egF2 K o ODYN 2L R T 9 AL agdh 0 - /s ik
LAA T REDY - ODYSY Al# R T 48 &4 X 1t (frequency
domain modeling) fe sb3f 5 ABAR T FABLE » ¥ty L3t =]
%2 > ODYSY & —1{8%1 FABLE 48 F] a942 - B ODYSY &4t
71t FABLE £ #4&4% - GE & 7 {£ ODYSY feE X FABLE -
LA T 3R 2R E(LTR - licensing topical report) NRC #
2001+ 4 A 20 B B & GE 1 ODYSY B4k, FABLE -
ODYSY ##% FABLE #91%& 25
(1)ODYSY &4 $1&y % 177 4% 1t (axial geometry variatiog} i #
% o4 PR KR 3R 3 ey 4% #E 42 K At (accurate modeling)
(2) ODYSY &) —#4: &) e XA BT — B RATE) > HAMT
FABLE &) 258 & 42 K,
(3)ODYSY &4 exposure-dependent B 324t T HuUkg £ g hE o
AR E R R E

(4)f2 ODYSY t9if s i #h @8 kb 3 B £ — B &R
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BHAELIRE R -

(5)ODYSY &4/ T -F & £ BT 8 PANACLL# 4 -

(=) ODYSY :tH 42 /7ty 3% % i 1
ODYSY £ BWR#2 2 M #h B3t B L 4%4F 7 1 FABLE 48 ]
e - ODYSY &2 7 B E A X ~ o A FE K -
AR BERA SR R LB K B9 3 S K
{t(phenomenological modeling) ODYSY & &% # FABLE &4 -
ODYSY sy gt ERLF AR LR FABLE — 4> BT
LR AR it &
(1) ODYSY # &, ¢4 Doppler R J& & &) 45 °
(2) ODYSY 42 5 et A 1.6 69 14 4 A 42 &
(3) ODYSY iy i R B BB R G U A E I AL FHE L -
(A2 % 19 fB:@ 8 B4 48 A 4L A2 & o) £ 45 F £ (model
the radial power distributiory)
(5)¥ ODYSY m =% » —fA&E e (empirical)z &tk FH L L
TERE -
6)5 THERMEFMFHLER > ODYSY BHFEHT T — BT
¥ 3 R Rk EL 3 o 248 (adder)
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BEMEEOBERLE I cHEE TR LR E B
SENERBIERGMERE AL AT EHMBT LR LA
EHBER MR ROBE R E TREE a8k
(PIRTs> phenomena identification and ranking tablef & # 317,
SR WA RBE S EHABM > B ODYSY R A BBAER,
W FAMERENARE - Bk ODYSY #3748 X B &2 22
3 48 3% 3 % # (design parametersy :F 4% 4k f& (evaluated
conditions)k > A LA A4 3E — B #R B R 2 & PIRT - PIRT &%
BRAZANKEZNAZABR S B LT E S5 &N

RAXTAHENRERR

(=) ODYSY #& & M ik sm ¥ 547
HRAR KB T AT 4L
(DEZHFIRBEERETRBLF YL - BERBEEW
TR AMZRILE)R A HFCLE NCL X & & -
(2)#1R PANACEA %45 2|:8 #A(cycle)sit ¥k #£ (exposuredy

&R it s ODYSY 48 A o

(3) i 47 ODYSY Ji o #2138 38 3% Rk tb F 89 s 2 32 45 3

S
=]
Fam

o
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(4)3% Aa 0.15 &) —1B4% F 649 % bk % 48 o 3048 (adder)> 4%
B RARLEE o

O ElReB LEE s ehsER -
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# 2.1 MR A RAE MM

% ) U B oM
B OEABERAGEEEN o e R
B |fgei BAfE T a_ng ‘a_gh B RN —IE T
S fE
1% A (BB R Bk A b ik GBBEAA DAL
23 il %) BB A BAER
BTk B s K| 8 At 9 M LR SR L AR TR T A A B4 TR 6 A A

e M WRAERM | Eale g S RIE e
WA K B FURE A o TR A5 BB AR o 3 H PR |1 H M a3 B g ) )
RETH | RAE B — i R B D R RS TR B
hE BB AN
AR ER R )k A A 4483
=Y AL A EE  |(BRAKSER By R 48 B 69 S SRR &
% (10~100Hz)
& AT BEREN EEE & E A BIEH
x FEEMES [AMXIFHEEREMH 7 M KB K&
= (1H2)
T lmaXee |mEE K 48 AR IR 1% B |5 A B T R
£ & i 48 545 A
RN AKX R EZEREE R B A NMRR LB
BRISTN |47 BB A8 28 A 00| B E B AR R Bk A
X EAA
PABE RO R PAREN AL SEEAY AT EM
7 3
RER LA A AIBE AR 0 NEREN AR E S
GRS ERBRABRER  |(PREHTREEMAEZ|0.1H2)
f%/r‘i']‘i Faﬁ
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£ 22 BIELAB IS T MY E

HizEMHmBE

AN B RS AR BAREE

= I BT
7GR ) B BARET
AT i R PR AR BARfEE
&0 B R RAE 5 BAREE
AIERAOBE BAEE
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* 2.3 BBy R R Xt &

(= EP &) RRREBE
Anderson,  Nucl. Appl- & = HREm# B FHRES > R4RmMA
T.T.,1970 Tech., vol.9, o
(hydraulic impedancey #2 > 78]
pp.422-433
AR XBEAE LN -
, 1970
Carmichael EPRINP-564.  yp 45 i B 48 & Ml s > A3 2] 0o 3
& Niemi ~ )
WA MR KA BWR S
aHRR AEKE Y -
Enomo, Proceedings of the 4 4 BWR #4786 %% &+ ok & ~ 4%
et.al. Third Int. Topical
BT AR R A RAEE 4
Meeting on Reactor
Thermal KA ALY F
Hydraulics,
Kruijf, et.al. Nuclear Engineer 2 £ {77 48 40 32 35 R AL % 7 K X R E 35
and Design 229 &) 8 AME3% > RIRA T ERNETHE
75-80, 2004 &M E
Masahiro (NURETH-11), LUF Ba 2 B SIRIUS-F#i# ABWR
Furuya  Avignon, WS o EEER LA T R A A AR
France, 200 BOAS S PE o
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k2.4 BRI EZ 5E BN %R

i X R RRRILHE
Meyer & J, Heat Trans. je i ¢ 2 #% 4 74 (momentum integral)
Rose ASME, 1963
B HTRE ) B LL B E MR R o
Yokomizo Nucl. Sci, andye gy & 847 A4 81t > {22 248
Tech., Vol .
F e B BA B X MO REER - F
20, pp. 63-76,
1983, BB KIAEE > N EES
ReymiiRiaiE i EBE
March-Leuba Trans. Am. sz @ BWR kst parsi X 5 6.4 T
Nucl. Soc.,
R EBAS S E AR - BB
Vol. 46, 1984
FIEZT TEHH - MHERETR
HAERDIBEN AT A
Takigawa  Nucl. Tech., gy = e pg & FH X 2 % 1838

vol. 79,
210-218,1987

BB AT B XN R

FHE A BRI STARIAES)

Araya, F., et. Nucl. Technol. g % 5 i s\ o i 8 eydz 412 9 %

al.,

93, 82-90,
FEHRE -
1991.
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£ 25 R T EZ 4 E B X IR

= WX R ARRAHE
Wallis & J. Heat S ZAEEIER RGBT %A
Heasly Transfer, ARERIRIE ~ BTN E R0 FATE S
ASME, pp. =& BAA & A4 (Nyquist)E £ 2
363-369, 1961 #EZxmE -
Lahey &  American A 48 BWR 88 3R #6548 M ]R8 >
Moody Nuclear Society, &1 & &M 4B F| TR THT » REEE
Hinsdale, 111. MRE %
1977
Saha & Int. J. Heat RSB R > F R 48 M # R T4
Zuber Mass Transfer, R kA #HER » AIEBRF EoHERT
Vol. 21, pp.  AAEER %L & D-B ok BT EE
415-216, 1978 3t -
March NUREG/CR-56 #% i it B #87 > J§ . [ 48 ¥1 B 48 09 4k
05, ORNL F o mBRREAPTFEIZEE S AR E
-Lebua
/TM-1162, E] %38 &
1990.
Hotta Nucl. Eng. HREFE T AEGRRE > F
Akitoshi, Design, 200, #4242 #FEEMMAHFERKXES
ot al pp. 201-220, 4£F$542 > Ha )R FEEIE
2000 HHEERSD -
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& 2.6 R xR IR LR

% 25 # 2
B | TERRRIARBENER | BEEBRIMANTRERL
BB AR EREIETMA | EARKLER -
o | RETIE AR X TR R X B AE
% EFAE
B | T A SRR SILE | o iRk AR S o P
BO\AEN THRAKWEEZR |HEAHIERELH  URAF
| %o B ETURIERIFSMNE | B4 REEMBARIBERIARS
k| BATA - Reit— & od e
| o EETEGRE A%4E | Bl R ek ERR
»RoO| B EE - o ERERKEERZT 0T
v/l RERE R © sboh 0 IR KR
% TR AE TR TR RZEH

5
A FEBRIR L -
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& 2.7 BWRAB T F4 %

Power Plant Y ear |Happening Cause of Event Oscillation
Status Type
Caorso-ltaly 1982 Start UpOperation in unstable arg®ut-of-
phase
TVO 1-Finland 198  Start UpLoss of 1 feedwater In-phase
preheater
LaSalle 2-USA 1988 Power |Trip of 2 recirc pumps, |In-phase
Operation |loss of 1 feedw preheater
Forsmark 1-Sweden 1989 Start UpOperation in unstable aren-phase
Ringhals 1-Sweden 1989 Start UpOperation in unstable argQut-of-phase
Oskarshamn 2-Sweder 1990 PowelOperation in unstable argén-phase
Operation
Cofrentes-Spain 1991 Start UpLow feedwater Out-of-
temperature phase
Isar 1-Germany 1991 PowelTrip of 4 recirc pumps In-phase
Operatiomn
WNP 2-USA 1992  Start UpSkewed radial and axial |In-phase
power shape
Laguna Verde 1-Mexicp 1995 Start UpClosure of the control In-phase
valves of recir pumps
Forsmark 1-Sweden| 1996 Start Up | Operation in unstable arbaphase
Oskarshamn 3-Sweden1998| Start Up | Operation in unstable area ----
Oskarshamn 2-Swedenl999| Start Up |A turbine trip with pump runback
NMP-2, USA 2003 Start Up
Perry, USA 2004 Start Up
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% 2.8 LAPURXEHR M FE R EH T35k
Card1 | PPSI ANV
ENTBTU | JE-s A B A% KSR
POWT s By R
WLBSHR | /&SR E
CWBYP |A#&RET > WoFEAEMGSH S F
CPROMP | e -s#hsh &b b F41 460 B 3 H Kok
FiT A 0 55 &
CPRBYP | Rl L 1254 %8 &%k
UNITS 1B R BAETR > & AO0RE R N B 0 Al
RAE S F A o
Card5 | POWN B gheh A Hoh F
Card7 | NPOW | # &3 8 B £IX B E BB N FIPh £ BB
Card9 | FPOW & 3kay 48 o F
Card 10 | EKCPM | By A\ O dickiz 143k
Card 11 | EKEPM | B3ty 5 0 i 4z 14 3¢
Card 13 | ZELP WIBEAN T AR R 135 8% E(cm)
Card 14 | NCH ERERPITEE Q=
Card 32 | HGAPM | Fi 4 #1% $ 14 %
Card 37 | EKFM S B M) oy BEARAE %
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% 2.9 LAPURW &R o4t B Z £ 88 F 3k

Card2 | NCHXJ |#@i#E# B (FLAPURX 3714 )

Card4 | TAUPY |B/#EHBEERE %%

GAINPY | A1E®RIE HE

Card7 |BTFR P T RRE A

Card8 | XLAND |Z &z 7k

Card 12 | ELST ¥ FEa4k

Card 17 | CDOPP |Dopplerx & 143t

Card 21 | REACTL |ZE R ik

Card28 | REAMUL |% & RJEE A # xR
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% 2.10 LAPURX %% 58~62

Card5§NXE(IX) [ E ey s - IX

NDIMV FIX BB T A A @EHA

Card5INTDV TSRS mABEIAL 2 E

NODV(NV) [T 4 7% $ & 4% 18 1 34 %) & R 44 $% B

DZVM(NY, |¥ &R & @t NV a7 @8 5 | @k & ey &
Card6(
) J (cm)

T REma NV EREEF | B & R ey ik
Card6JAVM(NV, I)
i & $m By & @ A& (cm”2)

DEVM(NV, |¥ £ 7ign @ NV SAEE % | e & ek
Card64
) 71 # 4% (cm)
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% 2.11 LAPURX <3k 63~66

Card63| NDIMLL(IX) | % IX & 35 3F B fE oy Fa A

Card64| NTDLL VRV SR R RALIE i Q2]

NODLL(NLL) | B %R JE [ 18 &4 # % & [ 4 3¢ B

DZLLM(NLL, )
Card65 ) B3R E R | Esd & e S E(ecm)
|

Ju
st
=
R

WEE | Ade BRI e BRI
Card66| EKLLM
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% 2.12 SIMULATE-3# $3% &

DOPPLER 'DDP' 20.° F 'DDP" 40 ° F. 'DDP' -20 ° F.
PRESSURE 'PRE' 50.psia 'PRE' 75 psia.'PRE' 180, psi
'PRE' -50 psia.

MODERATOR |'MTC' +10° F. 'MTC' -10°F.
TEMP COEFF | 'MTC' -5°F. 'MTC' +5°F.
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0.60- o Jino=1.5(m/s) T =540, (K)

X jino=1.5(m/s) T=516{5 (K)
0.40—

0.20 //X

A jing=l.1(m/s) T =540 (K)

B 2.1 AEEAORREATRAESEBIRY) [6]
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5 0" =100% (630 kW/rh )

0.40- - . q"=70%

0.20-
| | | | | | |
-040  -0.20 0 \0.20 0.40 0.60 0.80 1.00

+
-0.20- /Xf
vz
-0.40-+
-0.60

2.2 AR\ YE6]
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0.60— i

o P=6.8MPa
x P=7.6 MPa
0.40
0.20
| | 1 1 1 1
-0.40 0.20 0.20 0.40 0.60 0.80
-0.20- A
0401
-0.60 L

2.3 25BN 0B E[6]
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0.60—— o Kin=27.8 Kt =0.14
X Kin :55.6 Kexit = 0.14
0.40——
AN Kin = 278 Kexit = 14
- %

|
-0.40

|
-0.20

-0.60—

B 2.4 N~ 0 g R FRAE A3 E[6]
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0.60—

040 o

O

Uniform Heat Flux (g" = 630 kW/m )
x Chopped Cosine Shaped Heat Flux
A Bottom Peaked Heat Flux
0.207] 5

Top Peaked Heat Flux

|
-0.40

2.5 NEIHLKATEL6]

63



0.40— o Without Spacers

X
/ % With Spacers
[}
0.20

/|

\
-0.40

| |
! \ \ \ \
X\ O 20 040 _ 060  0.80
e 4
—_—
-0.40— ~
-0.60--

2.6 HEHZSKABTHENBEC]
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1.2

o 10+ b
® 08+ ’
-]
5 06+ 8oo
S 04+ '
o #‘
02 % s %
0.0 +—sedk 4 }
0 1 2 3 4
NZu

2.8 FikF & F k2% Zuber no. 9 R44[10]
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1.2
1.0 + ®
Lo g
E o ® o
> 06 T ¢ of
g o
o 047 &
Q 524 & .
(00 ————ap?® : i
00 02 04 06 08 1.0
Nsub

2.9 FAE e FE k%% Subcooling no. #9BA14[10]
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1 TTVA

7 % % (Decay Ratio)=B/A

2.10 xFHEERE~[10]
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Condaneer

B\ 1"

2 &lle
\ - emhagsg i
@. %
s I\ © o
i | o

sparger TF

2.11 DESIRE & 5% # ¥ 4 B [18]
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Pressure
Release Line

Condenser

Crifice Flow Meter

5
Pump g
w -

= | :
= Flow Meter
g = = . Fine-Tuning
2 2 =2 Subcooler
2 D Recirculation
@l =
5 £
= o
@ b .
= Main
© i
B B
= o
2 =
£ E
4 (73]

Mi en
Sas Tank

2.12 F5 % & SIRIUS-F #42 ABWR & mz[ 3]
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- Operation Not Permitted
B : High Surveillance Required

&
‘\ !
\2°

100% Rod Line

s

75.5% Rod Line

Natural
Circulation

Inereased Core
Flow Region

= N

/

Ny

Flow Control Valve
Cavitation Protection

40 50

Core Flow (%)

60 70 80

2.13 FEX BB A F-REHE
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JP - Cavitation Protection

90 100

a2

=]

ok

[24]

100

90

20

70

60

50

40

30

20
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(94) 19M0J [euLdy L



120

100 |

Core Thermal Power (% of Roted)
3

2 |

Stability Exclusion
Region

Notural
Circulation

Lood Line E
P(%) = ?u;19| + 0.89714F(%)

Where K is the load line éK
K

Region Z

o DR=0.85
o DR=0.90

LI S S B e B S B B N B S Bt B S B S B S B S SN SN BN S B R

0.0011905F2(%)]

= 1.00

1.188 for moximum load line)
100P/76.95F

for 100% load Line)

ala

100P/ 100F

Lood Line

80% Loaod|Line

Minimum Pump

Speed

Cavitation Protection Line

DR=0.85: P=3.5791+0.5013¢F +0.02+F 2
DR 0.90: P—41 684~ 144070F+0 0454‘F ]

....................

2.14 #%—

60

80 100 120

Core Flow (% of Rated)

R — SRtk h R/ R

=4

LE ]
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Control Rod

Fuel Assembly
1 1

Control Rod Pitch _

2.15 #ZEHIHHIETEE
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=

“$1C23 527265 _8250,AR0 |

'CoR’ CHINSHAN UNITE CY21 105_81 ~
'DIN.BWR' 22 11 1z/
'DIE.CAL' 25 4 1 1/
'DIN.DEP' 'EXP' 'XEN' 'HVOI' 'HCRD' 'PIN' 'SAM'/
'DIN.MEM' 12%0/
IR _IOEEs )

'/diskz/htlin/cs2c23/csle23_crp_lst.r',8.25/

‘/diskZ/hrlin/cs2c23/csZcz3hot, 1ib' /

s is £ g

49
50
51

'TLM.LIB','/disk2/hclin/cs2c23/c=sle23nin. lib'/

"TLELEDT" TOFF"J

'BYR. SEP! 130 13.34/

'BVWR.BYP' 'OFF'/

'COR. OPE' ,52.70,36. 50,959, 89/ i » J‘ﬁ jj 7T=U :j[,z:,\ fi ﬁ’-'] f_ﬁ_g

'COR.SUB', 38.90/

'SAV.BAZ','PRT'/

B e e i 2 o

'CRD.POS', 1, 3%0 48 48 48 48 48 ar0/a3
.2, 270 45 48 46 48 48 45 48 2+0/39
L3 0 48 48 48 40 48 48 48 48 48 0/35
. 4 45 48 48 45 48 48 48 48 48 48 48 /31
. 5 45 48 48 49 48 48 48 48 48 48 48 /27
. 6 45 48 48 48 48 46 48 42 40 48 48 /23
. T 48 48 4B 45 49 48 48 48 48 48 48 /19
. 8 40 48 48 49 49 45 48 48 48 48 48 /1S
.9, 0 48 48 48 46 48 48 48 48 46 0/11
(10, 270 48 48 45 48 48 49 48 zr0/ 9
AL, 370 48 48 48 48 48 ama/ 3
‘com 2 610 14 18 22 26 30 34 38 42/
STA
CTIT.CAS','C51C20 EOC ARO CONTROL STATE PERTURBATION CASE'/
‘USE.BAS','RPF' 1.0 0. 'DEN' 1. 0. 'TFU' 1. 0./
L g L AR OOl ST RERTIREATION CASEL
'CED.POS', 1, 3*0 45 48 48 43 48 3*0/43
, 2, z%0 45 45 48 46 48 45 48 zv0/39
e 3, o 48 48 48 48 0 43 48 48 48 0/35
« 4, 48 48 48 48 48 4B 43 48 48 48 48 /31
-7 48 48 48 14 48 4 438 14 48 48 48 f27
. 6, 45 45 48 48 49 48 43 48 48 48 48 /23
.7 asasas 1a4s saslaamasas as]| | 3ARAT C FRBAEEA .
. 8 45 48 48 49 43 48 48 48 49 43 48 /1S :
A 48 48 48 48 0 48 48 48 48 o/1L
o, 2% 43 48 46 48 48 45 48 z+0/ 7
AL 3% 45 48 48 45 48 30/ 3
‘com 2 6101418 22 26 30 34 35 42/
‘PRT.COE' 'DDP' 20. 'DDP’ 40. 'DDP' -20, 'PRE' S0. 'PRE' 75.
'FRE' 100, 'PRE' -50. 'MTC' +10. 'MTC' -10. 'MTC' -S.
I
KIN.EDT' 'ON' 1-D'/
STA'/ v

MNormal text fil nb char : 2481

Ln:z22 Col:38 3el:0

Dios\Windown ANST 1

2.16 SIMULATE-3 &4 A4 4T &

74



STEADY STATE PRESSURE DROPS (KG/CM2)

INLET CONFIGURATION

NON BOILING REGION

SUBCOOLED BOILING REGION

BULK BOILING REGION

EXIT CONFIGURATION

DENSITY HEAD FRICTION

00.000E+00 00.000E+00

23_703E-03 90.775E-04

75.729E-03 46_691E-03

39.223E-03 12.960E-02

00.000E+00 00.000E+00

FLOW RATE= 5.67321E+01 G/S CM2

ACCELERATION EXPANSION-IRR  LOCAL ~ CONTRACTION-IRR

10.706E-06

10.258E-03

76.897E-04

00.000E+00

00.000E+00

54 _925E-06

00.000E+00

00.000E+00

00.000E+00

00.000E+00

11.707E-03

36.958E-03

CONTRACTION

5.6600E-02

-2.9954E-03

TOTAL

5.6600E-02

3.2791E-02

1.4438E-01

2.1352E-01

-2.9954E-03

2.17 LAPURX #h h & R -B %A
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1 *** STEADY STATE FLOW DISTRIBUTION ***

M= 4 QPL = 4.44298E-01 ITERATION NO OF WIP = 2
TOTAL FLOW RATE =SUM WNO(IX)/1000. = 2.31967E+03 KG/S

IX NCH POWFR QG QX Qp WNO

1 23 3.7560E-03 5.5832E+01 3.5779E-01 4.4429E-01 1.2141E+05
2 24 3.6383E-03 5.6732E+01 3.3834E-01 4 .4430E-01 1.2874E+05
3 25 3.4704E-03 5.8881E+01 3.0623E-01 4 .4430E-01 1.3918E+05
4 26 3.3284E-03 6.0346E+01 2.8283E-01 4.4430E-01 1.4835E+05
5 28 3.1228E-03 6.2511E+01 2.5067E-01 4.4421E-01 1.6549E+05
6 29 3.0217E-03 6.4225E+01 2.3269E-01 4_.4436E-01 1.7610E+05
7 30 2.9390E-03 6.4900E+01 2.2178E-01 4.4428E-01 1.8409E+05
8 32 2.TT40E-03 6.6355E+01 2.0026E-01 4_.4428E-01 2 _0076E+05
9 34 2.5688E-03 6.7341E+01 1.7762E-01 4_.4430E-01 2 .1648E+05
10 43 2.0514E-03 7.0465E+01 1.2174E-01 4.4544E-01 2.8649E+05
11 46 1.5611E-03 6.9082E+01 8.1450E-02 4.4436E-01 3.0046E+05
12 68 7.8867E-04 3.9213E+01 6.6079E-02 4 _.4590E-01 2.5212E+05

POWCOR= 8.9296E+02 , ACTUAL POWER= 8.9296E+02 MW-TH

~00*00- -00*00- -00*00 - -00*00- -00*00- -00*00 - -00*00- -00*00 - -00*00- -00*00- -00*00-

Ch NCH Fuel Power Flow delta-P Exit Zb

# Type (%) (%) (bar) Quality (m)

1 23 2 153.25 92.85 .4443 .3578 117

2 24 2 148 .44 94 .35 .4443 .3383 .729

3 25 2 141 .59 97.92 .4443 .3062 .T76

4 26 2 135.80 100.36 .4443 .2828 .809

5 28 2 127.41 103.96 .44432 .2507 .862

6 29 2 123.29 106.81 .4444 .2327 .928

7 30 2 119.91 107.93 .4443 .2218 .944

8 132 2 113.18 110.35 .4443 .2003 .984

9 34 2 104.81 111.99 .4443 1776 1.076

10 43 2 83.70 117.18 .4454 .1217 1.353

11 46 2 63.69 114.88 .4444 .0815 1.728

12 68 2 32.18 65.21 .4459 .0661 2.020
Average Saturated Boiling Boundary = 1.036 m = 3.40 ft

k% FLOW *i*

2.18 LAPUIRX i h & R-BE R EH A 48R TF
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AVG DENSITY REACT COEFF = 15.126 (%K/K)/(g/cm3)  -.19606 ($/%_VOID)
CORE AVG (DENS*DRC¥P**2)=  8.7447 (%K/K) 15.917 $)
CORE AVG (DENSITY*P**2) = 57813 (R/Rsat) 44.232 (% _VOID)

2.19 LAPURV % i & R -5 B R J&E B 1A 3

CORE : DR = .46 @ .46 Hz PM = 23.72 @ .42 Hz GM =1.98 @ .56 Hz
1Case 800-200NCH-200NPS-10NTD-10NTFU

OUT-OF-PHASE SUBCRITICAL MODE SUMMARY

(DR > 1 .OR. PHASE MARGIN « 0 .OR. GAIN MARGIN « 1 => UNSTABLE )
REACT($) DECAY RAT FREQ(Hz) PH_MARG G_MARGIN AMPL(%) AVG(%)
-1.23 .25 .43 68.04 0 .00

3.47 100.0
-.63 .43 .50 36.64 2.35 100.00 .00
-1.22 .25 .48 67.56 3.45 100.00 .00
-1.33 .23 47 72.19 3.66 100.00 .00
-1.64 .17 .46 81.91 4.27 100.00 .00
-2.08 .12 .45 89.78 5.14 100.00 .00

1Case 800-200NCH-200NPS-10NTD-10NTFU

RESULTS OF FULL COMPLEX PLANE POLE SEARCH
ITER REAL PART CORRECTION IMAG PART DECAY RATIO

# (Hz) (Hz) (Hz)
0 -.05765 -.05765 .46194 .45649
1 -.05431 .00334 .46293 . 47850
2 -.05426 .00005 .46294 .47883
3 -.05431 -.00005 .46302 .47858
4 -.05432 -.00002 .46293 . 47844

DECAY RATIO = .48

DAMPED FREQUENCY = .46 Hz

PHASE MARGIN = 23.72 Hz @ .42 Hz

GAIN MARGIN = 1.98 @ .56 Hz

2.20 LAPURV % i & R - F) 48 82 & 48 & &
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Height

.000
15.240
Height

y

30.480
38.947
47.413
55.880
64.347
72.813
81.280
89.747
98.213
106.680
115.147
123.613
132.080
140.547
149.013
157.480
165.947
174.413
182 .880
191.347
199.813
208.280
216.747
225.213
233.680
242.147
250.613
259.080
267.547
276.013
234.480
292.947
301.413
309.880
318.347
326.814
335.280
343.747
352.214
360.680
369.147
377.614
386.080
394.547
403.014
411.480

Frict
.00492
.00984

Frict

.00000
.00159
.00208
.00264
.00330
.00412
.00513
.00638
.00789
.00967
.01174
.01408
.01670
.01959
.02275
.02617
.02984
.03374
.03788
.04223
.04680
.05158
.05656
.06173
.06710
.07265
.07838
.08428
.08967
.09505
.09971
.10449
.10937
.11435
.11942
.12459
.12984
.13517
.14058
.14606
.15160
.15718
.16277
.16838
.17399
.17961

Height
.01186
.02370

Height

.00000
.00648
.01274
.01878
.02457
.03002
.03503
.03962
.04381
.04766
.05122
.05454
.05764
.06056
.06333
.06596
.06847
.07087
.07318
.07541
07756
.07964
.08166
.08362
.08552
.08737
.08918
.09094
.09266
.09435
.09599
.09761
.09920
.10075
.10228
.10379
.10527
.10673
.10817
.10959
.11099
.11239
.11378
11517
.11656
.11795

Exp/Con
.00000
.00000

Exp/Con

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00006
.00006
.00006
.00006
.00006
.00006
.00006
.00006
.00006
.00006
.00006
.00006
.00006
.00006
.00006
.00006
.00006
.00000

Acele
.00000
.00001

Acele

.00000
.00013
.00028
.00045
.00069
.00110
.00165
.00226
.00292
.00361
.00430
.00499
.00567
.00635
.00701
.00767
.00832
.00896
.00957
.01019
.01080
.01140
.01200
.01259
.01318
.013717
.01435
.01493
.01549
.01471
.01518
.01565
.01611
.01655
.01696
.01738
.01778
.01817
.01854
.01889
.01915
.01926
.01932
.01940
.01942
.01942

Locals

.00000
.00000

Locals

.00000
.00000
.00000
.00203
.00203
.00203
.00203
.00203
.00203
.00595
.00595
.00595
.00595
.00595
.00595
.01254
.01254
.01254
.01254
.01254
.01254
.01254
.02193
.02193
.02193
.02193
.02193
.02193
.03455
.03455
.03455
.03455
.03455
.03455
.04312
.04312
.04312
.04312
.04312
.04312
.05256
.05256
.05256
.05256
.05256
.00000

ot
CoOVLYIIO b kWP =

ok
——

Phillo

.0000
.0847
.3087
.6153
.9821
.4120
.9048
.4582
.0637
.7073
-3698
.0349
.6949
.3464
.9846
.6068
.2121
.1971
-3589
.9009
.4293
.94438
.4468
.9362
.4134
.8785
.3321
.1736
.1974
.6006
.9909
3727
.7410
.0928
.4299
.7518
.0568
.3482
.6264
.8846
.0994
.2301
-2900
.3418
.3781
.3836

1

e e B U0 L0 LD L3 LD L0 LD L0 L3 L3 L3 B B B B B B B B e

PhiChi

.0000
.5955
.2193
.2837
-3649
.4652
.5844
.7194
.8671
.0238
.1847
.3456
.5046
.6609
.8132
.9610
.1042
.2418
.3735
.4999
.6227
.7419
.8576
.9699
.0790
.1849
.2878
.3875
.4830
5734
.6607
.7458
.8276
.9055
.9799
.0508
1178
.1815
.2423
.2985
.3452
.3735
.3865
3977
.4056
.4068

Beta

.0000
.0256
.0569
.0872
1275
.1898
.2609
.3269
.3859
.4375
.4811
.5183
.5502
5779
.6019
.6229
.6415
.6580
.6725
.6857
.6978
.7088
.7190
.7284
L1371
.1452
.1528
.7598
.7663
L1721
L1778
.1831
.7881
.1927
.71968
.8008
.8045
.8080
.8113
.8142
.8163
.8172
.8177
.8184
.8185
.8185

Qualit

.0000
.0004
.0019
.0044
.0083
.0142
.0219
.0309
.0409
.0518
.0630
.0744
.0858
.0973
.1087
.1198
.1308
.1415
.1518
.1620
-1720
.1818
.1914
.2008
.2101
.2192
.2282
.2369
.2452
.2532
.2611
.2689
.2763
.2834
.2903
.2968
-3030
-3091
.3148
-3200
.3239
.3256
.3265
.3278
-3280
3280

2. 21 %48 CAIDAS. OUT
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SIMULATE-3
(Core configuration, thermal-hydraulics conditions of the state-point)

I 1 —
I |
OUTPUT FILE(.U) OUTPUT FILE(.S)

(Thermal-hydraulic and Power (Thermal-hydraulic and Power
distribution) distribution)

I \
OUTPUT FILE (KINETIC)
(Reactivity perturbations
calculations, and Dynamic
nuclear parameters)

EXAVERA
PAPU Channel i
) grouping
(Density and goplller (Axial power profile, Power
reactivity coefficient) fraction, and Inlet contraction
coefficients)

[
|

Friction
model [

elect Friction model T or
Friction model 11

Friction
model 11

Subcritical reactivity
0w=DABYy Z¢

1l 1l

INPUT FILE INPUT FILE
(LAPURW.DAT) (LAPURX.DAT)

Recirculation
loop gain and
time constant

Design and
Hydraulic data
of channels

LAPUR 6.0
LAPURX.exe and LAPURW .exe

b
Correct REAMUL JL
(Density reactivity
coefficient)
(LAPURX.out and
LAPURW.out Friction model I

Correct friction multipliers
(Pressure drop, Flow distribution)

ressure drop, flow distribution;
and density reactivity coefficient
consistent with SIMULATE-3?

Friction model 11
; Correct friction multipliers
{Pressure drop, Flow distribution)

Global mode
& Regional mode
Decay ratio

2.22 LAPURG.O¥ i£3%
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Interface {(cm}
Flow Area
Heated Perimeter
Equiv Hyd Diam
Interface {cm}
Flow Area
Heated Perimeter
Equiv Hyd Diam
Interface {(cm}
Flow Area
Heated Perimeter
Equiv Hyd Diam
Interface {cm}
Flow Area
Heated Perimeter
Equiv Hyd Diam
Interface (cm)

BYR.Z0H - Assembly Axial Zones

(Ccm**x2)
{(cm)
(cm)

(Cmex2)
(cm)
{cm)

{Ccmex2)
(cm)
(cm)

(Cmxx32)
{cm)
{cm)

306.24
1688.908
262.856

1.232
259.54
o4 548
2620856
1.155

243 .84
94 548
287 .314
1.872

15.24
04548
2620856
1.872

-15.24

2.23 SIMULATE-3 a4+ b ) B P 5 64
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28
12,

59
60
e1

62

30.4800 259.0800 274.7800 411.4800

94.5480 94.5480  94.5480 100.39000

1.0720 1.0720 1.1550 1.2320

2. 24 3% % 7 A, Z LAPURX + 3% 58~62
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Fuel Spacers Axial Locations (cm)
K-Factors (Assembly Area)
HMechanical Design
6 47.998 99.178 1508.388 281.588 252.798 383.978 355.188
B_768 a.768 a.768 B.768 a.843 B.566 B.566

2.25 SIMULATE-3 & k445 %2 B

S

63
12, 1, 1, 1, 1, 1, 1, 1,

1, 1, 1, 1, 1,
64

1 T,

65

63.2300, 114.4100, 165.6200, 216.8200, 268.0300, 319.2100, 370.4200
66

0.7680, 0O.7680, 0O.7680, 0O.7680, 0.8430, 0.5660, 0.5660

2. 26 3% 2 7 Ax, Z LAPURX 3% 63~66
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#ATSIMULATE-3

|

FRABR
RPF 2D ~ FLO 2D ~ WIN 2D ~ RPF 3D
MAPE st » 2% %1 5 7 ¥ 4%

A

#& i #2 AEXAVERAZE A
RPF 2D ~ FLO 2D ~ WIN 2D ~ RPF 3D
MAP % 4t

A

RNy o G
RIMNEBHK R E—BIR O FT
&R R AR BRI AR SR 0 B
RIE R 3B oh B XONBED(
BRI 0 B FREERRE R (
B FERGHBR)  F— BB
¥ h B LB NH20% 0 AR R
T?E@ﬁéﬁﬁ%ﬁﬁiﬁiﬁﬁ%
— BB o

A

HEBEEBAE ) RMG R
active flow~ 1inlet flow-
K lossfa

A

B ih
LAPURSx. dat

2.27 EXAVERA 2B &4/ 2 &
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A DRAE=ERYX B

0.1 step
Ll erredtertee bt rrrelb e
EREEEEEEEEREEREEEEREEEEEERREEE
1 15 2 272 25 3 35 4
0.05 step T R
1T 1T "1 1
21 215 22 225 23
0.01 step !
1

22 221 222 223 224 225 226 227 22822923

2.29 FHREMAMRZTE
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W=7 fi
For(x1=0.5x1<=2.0.X1+=0.1)
For(x2=0.5x2<=2.0.X2+=0.1)

For(x3=0.5x3<=2.0.X3+=0.1)

% x ADRJA ZS &

A\

A P A I B x] . x2.X3
4B A Aml.m?2 . m3

v

W=7 {i
For(xl=ml-0.1 x1<=ml+0.1:X1+=0.05)
For(x2=m2-0.1 x2<=m2+0.1:X2+=0.05)
For(x3=m3-0.1 x3<=m3+0.1:X3+=0.05)

% i sx ADRAA 2 4
A P A I B x] . x2.X3
4B A Aml.m?2 . m3

For(x1=ml-0.05.x1<=ml+0.05;X1+=0.01)
For(x2=m2-0.05.x2<=m2+0.05;X2+=0.01)
For(x3=m3-0.05.,x3<=m3+0.05,X3+=0.01)

% x ADRJA ZS &
A A B x] x2.X3

4B 4 Aml . m2.m3

v

x1.x2x3=ml.m2.m3
For(w=0.5w<=5.0;w+=0.01)

s KDRAR 4 & 85
PR3 B w4 Anl

]

x1.x2x3=ml.m2.m3

For(w=nl w<=5.0;w+=0.001)

s K 69 DRAE

2.0 R ERARRERZALE
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™ Diy-Ch+ 4,902

&y sWE B8c BEV BRE WiTE RS0 LEO oVE EEW S
B8 0InHaE &8 ~~|BERA S 44 6

HOREY 7@  Desex daczr Jeepnr Doz

[ =] |

[+ orase

ta

for {w=1.31;w<=1.31;wt=0.01}
|
for (x3=1.0;%#3<=2.0;x34=0.10}

for (x2=1.0;%2«<=1.6; x2+4=0.10}
|
for (®1=1.0:x1<=top: ¥x1+=0.10}

teap file=fdpen ("lapucW.DAT", "w"}
if( temp filew== NULL)

THEASRAEZRHEF—E
for M@ - TRERHEFALET
R owRREERBEERESE
Fxl-x3EEBEER.

i o

28 wvEme | G waa | db wvsieie | o smee | (D eose |
 mam= gEmeswiang

2. 31 DRASM #2 X &9 3245 /&
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AFREREZ
shag 0 3T

out of range+

AREER
PR T AR e
R

171

BAR A
i SEE —

of ran

of
of
of

-@1 . 48

F 7 8

6487 -84.

A338 8,91
6489 -84 B8
*f.9

2.32 DRASMER EA £ &

88




E‘- output.ixt - SCS5h
BED WmEE S0 WiEeD R

step=0.1
MAX DR is occur at X1:+0.60 X2=+0.30 X3:+0.20

step=0.05
MAX DR is occur at X1:+0.80 X2=+0.30 X3:+0.20

step=0.01
MAX DR is occur at X1:=+0.60 X2=-+0.30 X3:=+0.20

x1 %2 X3 W pressure chi ch2 ch3 chi chS che
0.60 0.30 0.20 1.172 +01.9390 -04.3922 -04.2292 -03.1901 -02.5212 -01.1626 -00.4540
cht chg ch9 chl10 chl1 chi12 DRC  DR{gl) DR(re)
-00.1432 +00.5813 +01.4014 +01.7479 +00.9641 +03.9795 +0.97 +0.26 +0.12
|
b A

2. 33 DRASM & 4 &9 % i 4%
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SIMULATE-3

(Core configuration, thermal-hydraulics
conditions of the state-point)

I

OUTPUT FILE (KINETIC)
(Reactivity perturbations
calculations, and Dynamic
nuclear parameters)

PAPU
(Density and Doppler
reactivity coefficient)

Diffusion
coefficient (D),
Fission cross

-

OUTPUT FILE
(SUMMARY and OUTPUT)
(Thermal-hydraulic and Power
distribution)

section( v X ¢),
Geometric buckling

(ABY)

Subcritical reactivity
ow=DABY v X

EXAVERA
Channel grouping
(Axial power profile, Power
fraction, and Inlet contraction
coefficients)

1]
Recirculation INPUT FILE INPUT FILE Design qnd
loop gain and =23 (LAPURW.DAT) = (LAPURX.DAT) Hydraulic data
time constant of channels
LAPURG.O |
[
OUTPUT FILE
Correct REAMUL (LAPURX.QUT and Correct friction multipliers
(Density reactivity coefficient) LAPURW.OUT) (Pressure drop, Flow distribution)
LAPURG.0
pressure drop, flow distribution;
and density reactivity coefficient
onsistent with SIMULATE-3?
Replace by
DRASM
Core wide DRASM
& Regional mode (Automatically
Decay ratio executive program)

2. 34 DRASM #2 X /& LAPURG. 0 77 /k3& F A 6L 289 %
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2| sErE~EEERTEs | TaeE]

G picton edds. O ician bodel2

chl~chl2, lapursX:

5, M, Papusal

HE
1}

Gap=:

CS1C23_gap

vl GainT\'me%CSlCES_gaint\'m v

HE.

2.35 ¥ ik DRASM 2 X 8945 &



| Lapuriz= GEEER | mEE

EAEEEERET | TEEE

FiaE(Decay Ratio) E= dollarE($) Gap Conductance Gain/Time
EE(global) : Lapurx: | | i | TE :| | 'J?E%(I\AI'-\-"D,’MTI:I
| — T T r
EfZiregional) : Lapur! \’I:I Gap Conductance : | Gain: | Tirne : |

RESESELLY

szsEcFeE |

2.36 ¥ H DRASM 2 X 98 & RAE N @
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2 E2BARER

RPIERB N ES R KARER AR ZXTLETHBH B

By K KR E S 5 AR R Z KA RIE BARFE 85 © 4 K bR A

A

BTAT SRAAHFHRENEEMA FE TR ARGRAE - b—
A RIE BB R4 EER4HRALTRS - RAER
HEMBRMAER BT ERAREME=ZBAE LT AERE R
B A m LB S AR R e B G 2 d LAPURG.O i3
HyBass > ks A N B E BB (BWR6)E 41 B B (BWRA) T g

ANTHERERFIERGBTHESTE TN ERBLE[ET 0T

— ~LAPUR 4# & £ RODYSY b
sb R SALAPURG.0% 2547 T B o 44 B 7 P #2489 5 oh R AR
REEME RSB E R DR EHLEK[GL] 0 &R %31
Ao e £R3IFPEZHBEREREZLAENCLR » {2 £ R E AR

0.2-

—EMEERESL - BRETRZIR/IMEIHHLE
B ARPIE R IEie L BA RAFB TS YE 45

FREZBNE RSO H AKX ERIK 5 £ HLAPURG.OY k3%
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B ERE > TRER RN ERAERF ARG RGBT T &
HEABRNEZECEREIRALBKN RRE LR HFEIE
B~ B EERBWRG) 4L ERBWRA)EZ MR ZRIAE
Bt > RB2BHZEERIE AR - RARDHEIRE
ARG 5l A RAR R FAE A o AT LGEE B TR 2 (50%)5K 14 &
W38 hosh w5 X (50%, 60%, 70%) ¥R =& K A X E By
RBREGILER > BB OANA—EBARBIEROSRIAE
25:65%/40% B 313 = AEAXERERRERT A &AM
TREABROERESR > B FFLRY] Ll AriE ey w B o) R0

FELLB A RRFE » vk 3.2 Ao o

Z R ERBEHER AN EZSHOBE
o AT PR AR SR FE PT T Bk 4% 2 FSARY w £ [43]7 71 K o4
BB X BT P B L BN E KD ~ BOR B FE H 4 Ei 2E
B % 0y Rk B B B) B R IR VIR B S o AT = TR SR R AR
BHEVEE BT AE e EENEREEE 2 AN LR
BNRERINBMBENZ BB PTASLR X B4+ ¥ AT =8

V33 AR EHEEHNE M EZ 28N BE > BiGid
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JEERAEAE RN EIGLE > TR EF R ERaE

TN -
()N RSN R E R E

BEHMNECEEAESAR EROPE S REQARY
5 215 5 31 At o RAS R BB A o — A& M S R IR
ERZNEZESE i & -F - n

AI:’totaleI:’inlet"'AF)non-boiling +Apsubcooled'APbulk boiIing+APoutIet
(3.1)

(RO RS TN NS

APuorar 48 & %

APpep A\ 1 B &

APron-voiling JF i e & & [

APsypcooled R 75 i s & B %

APouik boiling: 2 & 7 6 & R 5

APoyiet 5 10 B [
REPTERIR IR BN AR O3 sb— e e B E R 2 A K
A T Y 4E 143 (inlet loss coefficien) #3288 & 4 8 K8
BARRBME Th AT ZMGR > A r A AhEEE e
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JR 1% & B % -

2

AP = K u

inlet loss coeft 2_

9.
(32X FAAM S HART R4 T

(3.2)

=

AP ¥ 48 B [§

Kintet 0ss coert -/ T WL 478 12 3L

U A8 3R L

0. . Z iR E
Hbg BEFT ERIKIEBNAKD - E A BRI T ILEE R
HoLEECEABRRGERERE A SN ECEABREY
B GO ERTREOHYA DR EGEE LR T

DM T A — BN O KR B e T R B S B

IR M & SASHEMER - BETREESLER
o3 1358 25:70(%)/50(%) 3 A A O L4 4 BAE £ 80 F B
S o &k 34 F AN DU HERD 10% @ 1A A8 R R
b AR B 38 o o pb— $A4L T g JB I L (%48 B /B 48 B TF)
QG RAF AT R 0 JE &k 3.4 N DL EE A BUR D @1 R [ b3
ho(RkFEARBR S o) B e RRFE o BB E/RHA
L ERE A —AE o 2R PTER R Zh RN F B R

¢4 0.09 5 FFIAS AL RBHEE o
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(=) 7R B A ik K X T BN O 48 15 B8 R T B te
BhER SANTUGBHEROSTHERE TN > T UF LB R
AT W KRB SR S B B g B L (AR B 1 B Ae B
() TR EEBRREARBGAR N ERER > LEE
SEABNRERE LB 32FHHBEANARER K= #H
KK EBR hEIHKE % 50%)/50(%) 60(%)/50(%) -~
70(%)/50(%)¥2 65(%)/40(%): Lb#x A O i 45 14 B v B 48 R 1%
RIAEREABANDLGEHBEEFEREABRRGE/EE
%o £l 3.3 TR ZERFE R X H AKX EBRATRE N FEIR
FEBRF LA TR R GEILEN REMEREAR B/ E

& Ltod® 69 4248 B 89 o R IR 2 25 K 0% R 2 R ARG -

(E)VASBaRUAEHNEFEREBEEGRYBE
RE P E B 69 M o BRERER K% ) 45 8 BB 2% 3t (o [ 2.15) 1454
S EEBAGRG @B A BECASKMIET o Lk e B4
Foha#ZEXEERG @AY R I TBE T THRATRSS
MR TRBE B ThekBECHREL S

Ve SRR B mAE KNSR BB AR B m AR e KON R
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% 3.1 LAPURG6.0 #2 ODYSY®! b #x

Case Power (%) Exposure Core Decay ODYSY Result
[Flow (%) Ratio

HFCL 66.4%/40.0% 7824 0.24 0.11
62.0%/34.1% 7824 0.26 0.19

NCL 37.7%/20.7% 7824 0.39 0.59
32.0%/20.4% 8154 0.29 0.46
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%32 Z B AREAXERIE A EE S

Lungmen Kuosheng Chinshan
unit 1 unit 2 cycle 21 unit 1 cycle 25
Number of fuel 872 624 408
assemblies (GE-14) (ATRIUM-10) (ATRIUM-10)
Rated thermal
power, MWt 3926 2,943 1,804
Rated core flow,
115.1 84.5 53.0
Mlbm/hr
Rated core inlet
subcooling, 23.49 20.69 20.0
Btu/lbm
Moderator
551 550 531

temperature, °F
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& 3.3 FREA X oy = B kAKX E R IRE e

Decay Ratio
Power (%)
Lungmen Kuosheng Chinshan
/Flow(%)
unit 1 unit 2 cycle 21 unit 1 cycle 25

50(%)/50(%) 0.05 0.21 0.32
60(%)/50(%) 0.06 0.25 0.43
70(%)/50(%) 0.09 0.29 0.53

65(%)/40(%) 0.21 0.84 1.03
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Lungmen Kuosheng Chinshan
unit 1 unit 2 cycle 21 unit 1 cycle 25
Decrease Decrease Decrease
inlet loss inlet loss inlet loss
Original Original Original
coefficient coefficient coefficient
10% 10% 10%
APinet 0.2440| 0.2189| 0.1524| 0.1380 | 0.1409 0.1271
APnon-boiing 0.0509 | 0.0510| 0.0348| 0.0351 | 0.0419 0.0422
APsingle-phase 0.2949 | 0.270 | 0.1872 0.1731 | 0.182§ 0.1693
APsybeooled] 0.2520| 0.2394 | 0.1993| 0.2002 | 0.2300 0.2277
APpuik boiing] 0.1031 | 0.1148 | 0.1953| 0.1939 | 0.188§ 0.1898
APqyo-phase] 0.3551 | 0.3542| 0.3946| 0.3942 | 0.4190 0.4175
APyota | 0.6392| 0.6134 | 0.5766| 0.5620 | 0.5970 0.5821
AF)two-phase
1.204 | 1.3118 2.1081| 2.2762 2.2925 2.4660
/Apsingle-phase
Decay
0.09 0.09 0.290 0.37 0.53 0.66
ratio

Note: AI:)single-phas:EAF’inlet +APnon-boiIing

Atho-phase_'APsubcooled"'AF)bulk boiling
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Core Thermal Power (% of Rated)

Lungmen Unitl
Kuosheng Unit2 Cycle21 ——

1161 Chinshan Unitl Cycle25
1064 74.6P/48.4F
72.9P/46.5F
90 -
DR=0.9
2 \
HFCL
70 — 66.4P/40 76.62P/51.41F
62P/34.1F 75.66P/50.36F

60 | 49.8P/36.6F

48.9P/36.7F
50 | T
40 - 37.7P/20.7 |

\\\
30 - 32P/20.4 | DR=0.9
20| NCL [NCL M/ 37.1P/32F
X N / 35.6P/32F

10 J \ Region]]]

0 NCL

O 10 20 30 40 50 60 70 80 90 100 110

Core Flow (% of Rated)

3.1 AP E B AR B A X & A E 82 e b i
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Inlet pressure drop(kg/cm?)

Power (54) Lungmmen Fuosheng Chinshan
L Flowr (%) Tint 1 Uit 2 Cycle21 Uit Cyole?s
0.24 — | soeeso0s A A
EOAS 004 m m
TO4M50004) ° ®
- | s50among 'S 'S
0.2 —
0.16 —
0.12 —

30 40 50 60
Inlet loss coefficient

3.2 Z AR A X EHA O ML A FARREH i
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Decay Ratio

1.2

0.8

=
>

04

02

Power %) Lungrmen Kuosheng Chinshan
| |/ Flow (%) Tint 1 Unit2 Cycle2l  Unitl CycleZs
SO0 00%) A A
0I5 0(%%) . @ &
T | 7oeas o) ° kS
S50 0%) L 2 &
i A ®
— A
| | | |
0.8 1.2 1.6 2 24 28

3.3 Z AR R X ERRELL

—'Prwo-phase / —'Psin_gle-pllase
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Void Fraction(%)

55

54

53

52

51

50

49

48

47

46

45

m Full length rod

B Partial length rod

50/50 60/50 70/50

Power(%)/Flow(%)

SARELTRERBAFRBHZASZNTE LR
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15.4

15.2
15

14.8

14.6

14.4

14.2 m Full length rod
14 -

13.8 - W Partial length rod

13.6 -

13.4 -

13.2 -

50/50 60/50 70/50

Density Reactivity coefficient

Power(%)/Flow(%)

3.0 M ELTHAERBEFRBHEEREE AR LR
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0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Decay Ratio
(Power/Flow:70%/50%)

& B i B % E R AE P& i

® Fulllength rod

H Partiallength rod

3.6 AEAXERmERBAF REHZRENVEFILE
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Density Reactivity Coefficient (“foKfK)f(gfcm3)

16

Power (%) Lungraen Kuosheng Chinishan
f Flow (%) Uint 1 Unit 2 Cycle2l  Unitl Cyelels
S500%)¥50(%%) A A
B 6O(%Y50(%%5) ® ]
TO%Y50(%0) B ] ]
63(%e)40(%) g .
14 — &
12 —
" T 1 T T T T T T
043 05 052 054 0.56 0.58 06
Aat:liwe Iluw'lr AIUBE

3.7 AR AXEB B LT EREE A

111



o
o0
|

Decay Ratio

04 —

Power (%) Lungmern Kuosheng Chinshan
{Flow (%) Uint 1 Unit 2 Cycle2l  Unitl Cycle2s
50055 0(%) A A

1.2 —| 005000 m [
OS5 00%) ° °
G554 0% L 2 L 4

| |
10 12 14
Density Reactivity Coefficient (%K."K)/{g/cmS)

3.8 R E A X E B R AR B RR R Bt
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Bulk boiling pressure drop/
Two phase pressure drop

Power/Flow:70(%)/50(%)

0.6

0.5

0.4 -

0.3 A

0.2 -

0.1 A

B AL E R
L RER i g
m g P& R

3.9 ARIR K ERse @R F a4 R IFa b
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