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Abstract
Under certain operating conditions, just like othBWRs,

Lungmen nucler power plant (ABWR) should be reabbgnassumed
that the power oscillation is susceptible to theuptimg of

neutron-thermohydraulic  instabilities. For the msp of

investigating the characteristic of Lungmen nugtewer plant, a
well-developed methodology-LAPURG6.0 methodology used to
study the stability analysis of this under condirc nuclear power
plant in this research. The projects of this plemas follows: 1. The
modification of the LAPURG6.0 stability methodologyclude the
stability analysis on the boundaries of the diff¢rgecay ratio on the
Lungmen nucler power plant power/flow map. 2. ThePURG6.0

stability analysis on the ATWS transients. 3. TRPURG6.0 stability
analysis on the SIRIUS-F facility stability expeans includes
comparing the stability analysis results of LAPURGwith the

SIRIUS-F facility and ODYSY data.
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% 2.7 BWRARZ F4 %

A\ %4

Power Plant Y ear | Happening Cause of Event Oscillation
Status Type
Caorso-ltaly 1982 Start Up Operation in Unstable| Out-of-
Area phase
TVO 1-Finland 1987 Start Up Loss of 1 Feedwater| In-phase
Preheater
LaSalle 2-USA 1988 Power Trip of 2 Recir. Pumps,| In-phase
Operation Loss of 1 Feedwater
Preheater
Forsmark 1-Sweden| 1989 Start Up | Operation in Unstable | In-phase
Area
Ringhals 1-Sweden 1989 Start Up Operation in Unstable | Out-of-
Area phase
Oskarshamn 2-Sweden1990| Power Operation in Unstable | In-phase
Operation Area
Cofrentes-Spain 1991 Start Up Low Feedwater Out-of-
Temperature phase
Isar 1-Germany 1991 Power Trip of 4 Recir. Pumps In-phasg
Operation
WNP 2-USA 1992 Start Up | Skewed Radial and Axial In-phase
Power Shape
Laguna Verde 1-Mexicol1995| Start Up Closure of the Control In-phase
Valves of Recir. Pumps
Forsmark 1-Sweden| 1996 Start Up Operation in Unstable | In-phase
Area
Oskarshamn 3-Swedgn1998| Start Up Operation in Unstable | In-phase
Area
Oskarshamn 2-Swedgn1999 | Start Up |A Turbine Trip wth Pump In-phase
Runback
NMP-2, USA 2003 Start Up | A slow growing core wide In-phase
instability
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* 2.12 SIMULATE-34#& #)3% &

DOPPLER 'DDP' 20.° F 'DDP' 40 ° F. 'DDP' -20 ° F.
PRESSURE 'PRE' 50.psia 'PRE' 75 psia.'PRE' 1@0. 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;5 (K)

X jing=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 MEEA D RIRILA O RS E B EBIRY) [6]
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0.20

5 g"=100% (630 kW/rh )

-0.40

-0.20

-0.60—

+
-0.20 \\%/74 /Xf

-0.40—-

2.2 BN FEHBE6]
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0.60—— A
o P=6.8MPa
x P=7.6 MPa
0.40-
0.20
| | 1 | | | |
040  -0.20 0.20 0.40 0.60 0.80 1.00
-0.20 A
-0.40-1-
-0.60-L

2.3 28R A0BE[6]
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0.60—— o Kin=27.8 Keit =0.14
X Kin :55.6 Kexi[ = 0.14
0.40
A Kin = 278 Kexit = 14
v %
|

-0.40-

-0.60—

B 2.4 N~ OFRIRAEE B E[6]



0.60—

040 o

O

Uniform Heat Flux (q" = 630 kW/m )
Chopped Cosine Shaped Heat Flux
Bottom Peaked Heat Flux

Top Peaked Heat Flux

0.207}

|
-0.40

2.5 hESHKGZE6]
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0.40——

A
0.20 -

o Without Spacers
% With Spacers

\
-0.40

\ |
-0.20 X\ 0
-0.20 \D\/—D/Q/f

-0.40-

-0.60—
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Steady-State
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Time 1
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. 100

- Operation Not Permitted

" | High Surveillance Required
N 90
>\ 80

-y
0\5 : 70
\ ! 100% Rod Line
ns\2°
- -
75.5% Rod Line l:}crcuscd F,orc 50
Flow Region
-~
/ 40
Position at Low Pump Speed
Natural / i
Circulation >

\ -
" 20
JP - Cavitation Protection
Flow Control Valve
Cavitation Protection 10

10 20 30 40 50 60 70 80 90 100

Core Flow (%)

2.12 AER BB D FRE-RERE[24]
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120 v T - T T T T
[ Load Line Equotion: 2 ]
I P(%) = K[22.191 + 0.89714F(%Z) — 0.0011905F (%) . ]
| Where K is the lood line (K = 1.00 for 100% load Line) ]
[ K = 1.188 for moximum load line) ]
[ 100P/76.95F ]
100 008/ 100P/100F -
— ]
g Lood Line ]
- -
3] ]
@ g
Lo 80 B
o ]
72.9P/46.5F, .
5 Region Z ]
. 80% Lood|Line ]
o Stability Exclusion ]
g 60 Region ]
a - ]
’g s 49.8P /36.6F,
o [ 417 /3TF :
= 40| o DR=0.90 B
o [ Notural ]
S I Circulotion ]
o s ]
20 “_ Cavitation Protection Line _
! Minimum Pump ]
Speed 2 ]
DR=0.85: P=3.5791+0.5013+F +0.02+F 1
ok ' | DR=090: P=l41.684-1.4407:F+0.0454¢F2:

(1] 20 40 60 80 100 120

Core Flow (% of Rated)

2.13 B—B—RMEAHER/RE
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Control Rod

Fuel Assembly
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Control Rod Pitch _

g

2.14 EHIthHETEE

60



(51 C51C23 527365 _8250.AR0 |
L com CHINSHAN UNITZ CY21 105 8L ~
‘DIM.BUR' 22 11 12/
'DIN.CAL' 25 4 1 1/
4 'DIN.DEP' VEXP' 'XEN' 'HVOI' 'HCRD' 'PIN' (SAN'/
S pImMEN' 1270/
] W3

'RES* '/disk2/helin/cs2c23/c8lo23_crp_lat.r',8.25/

'LIB* ' fdiskZ helin/cs2e23/csEc23hot, Lik' / liﬁ%-ﬁ%)f‘g ﬁ’fﬂ EJJ

"TLH. LIB', '/disk2/htlin/esic23/esle23eln. 1ib'/

- L
VBWRL SEP' 130 13.34/ II
12 'BWR.BYP' 'OFF'/
'COR. OPE',52.70,36.50,959. 83/ Ei)fj‘::,tr: > }ﬁ_% > Jﬁjj%ﬂ:ﬁ}%}ﬁé‘] {E_#

‘COR.SUB', 38.90/

S TTIT. CAST, o202l ARD CONTROL SIATE REFERENCE CASE'/
'SAV.BAS', 'PRT'/
‘CRD,POS', 1, 30 48 48 48 48 48 3*0/43
;2,270 45 48 48 48 48 48 48 z*0/38
;3 0 48 4B 48 48 48 48 45 48 48 0/35
, 4 48 48 4B 48 48 48 48 45 48 48 48 £31
. 5. 4B 48 4B 48 48 48 48 48 48 48 48 127
. 6, 48 48 48 42 48 48 48 48 48 48 48 /23
: ¥ 48 48 48 48 43 48 42 48 43 48 48 19
. 8, 48 48 48 48 48 48 45 45 48 48 48 /15
. 9 o 48 48 48 48 48 48 45 48 48 0/11
o, 2% 48 48 45 48 48 45 428 270/ 7
28 A1, 3T 48 48 48 48 48 amo/ 3
25 comr 2 610 14 18 22 26 30 34 38 42 ’
30 'STA'/
51 UTIT.CAS','CSLEZ0 EOC ARO CONTROL STATE PERTURBATION CASE'/
52 'USE.BAS','RPF' 1.0 0. 'DEN* 1. 0. 'TAU' 1. 0./
EERE. - & S MY C T T I T o T S S Y = T T R—
34 ‘CRD.POS', 1, 3*0 45 48 48 48 45 3r0s4a3
35 , 2, 2%0 45 45 48 46 45 45 48 2r0/389
36 + 3 o 48 48 48 48 0 43 48 48 48 0/35
+ 4, 48 48 43 45 48 45 43 48 48 48 45 /31
+ S 48 48 43 14 48 4 43 14 48 48 48 f27
. 6, 48 48 45 48 48 48 45 45 48 48 48 r23
. Ta 48 48 45 14 48 4 48 14 48 45 48 719 Sﬁ{ﬂ - ﬂﬁkﬁ%&ﬁﬁﬁu
. 8, 45 48 48 45 48 48 48 45 48 48 45 ns i
. 9 0 48 43 45 38 D 48 48 48 48 0/11
o, 2% 43 48 48 48 48 45 428 2%07 7
AL, 30 48 48 48 48 48 30/ 3
*con Z 610 14 18 22 26 30 34 38 42 ’

'PRT.COE' 'DDP' 20, 'DDP' 40. 'BDPP' =20, 'PRE' 50. 'PRE' 75,
'PRE® 100. 'FRE' -50. 'MTC' +10. 'MIC' -10. 'MTC' -5.

4@ 'HTC 5./

50 'KIN.EDT' 'ON* *1-D'/

51 YSTA'/ w
INormgl text fil nbchar : 2481 Ln:22 Col:38 Sel:0  Dos\Window ANSI 1

2.15 SIMULATE-3 &4y A\ A% s tE~ &
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STEADY STATE PRESSURE DROPS (KG/CM2) FLOW RATE= 5.67321E+01 G/S CM2

DENSITY HEAD FRICTION ACCELERATION EXPANSION-IRR LOCAL ~ CONTRACTION-IRR CONTRACTION TOTAL
INLET CONFIGURATION 00.000E+00 00.000E+00 5.6600E-02 5.6600E-02
NON BOILING REGION 23.703E-03 90.775E-04 10.706E-06 00.000E+00 00.000E+00 00.000E+00 3.2791E-02
SUBCOOLED BOILING REGION 75.729E-03 46.691E-03 10.258E-03 00.000E+00 00.000E+00 11.707E-03 1.4438E-01
BULK BOILING REGION 39.223E-03 12.960E-02 76.897E-04 54.925E-06 00.000E+00 36.958E-03 2.1352E-01
EXIT CONFIGURATION 00.000E+00 00.000E+00 -2.9954E-03  -2.9954E-03

Bl 2. 16 LAPURX & i & 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
T 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 T7.8867E-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 Zh

# 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 .176

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

T 30 2 119.91 107.93 .4443 .2218 .944

8 32 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 ***

2.17 LAPURX s h & R BB R EM A S4B 5
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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. 18 LAPURW % i & R -2 B R & AR 3
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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(%)
5 .48 68.04 .00

-1.23 .2 3.47 100.00

-.63 .43 .50 36.64 2.35 100.00 .00
-1.22 .25 .48 67.56 3.45 100.00 .00
-1.33 .23 A7 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 .46298 .47844
DECAY RATIO = .48
DAMPED FREQUENCY = .46 Hz
PHASE MARGIN = 23.72 Hz @ .42 Hz
GAIN MARGIN = 1.98 @ .56 Hz

2.19 LAPURW % i & R - F) 48 #2 B 48 &k &
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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
284.480
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 Locals

.00000
.00001

.00000
.00000

Acele Locals

.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
.01377
.01435
.01493
.01549
.01471
.01518
.01565
.01611
.01655
.01696
.01738
.01778
.01817
.01854
.01889
.01915
.01926
.01932
.01940
.01942
.01942

.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
COoOWLVWITIhNULh A R W=

[EEN
b = =

Phi2lo

.0000
.0847
.3087
.6153
.9821
.4120
.9048
.4582
.0637
.17073
.3698
.0349
.6949
.3464
.9846
.6068
.2121
.1971
.3589
.9009
.4293
.9448
.4468
.9362
.4134
.8785
.3321
L1736
.1974
.6006
-9909
L3727
.7410
.0928
.4299
.1518
.0568
.3482
.6264
.8846
.0994
.2301
.2900
-3418
.3781
-3836

1

P b e e e P e e e OO LOLO LD LD LD LD LD LD LI B BRI B B B B BO B = e e e e 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
L1275
.1898
.2609
-3269
.3859
.4375
.4311
.5183
.5502
5779
.6019
.6229
.6415
.6580
.6725
.6857
.6978
.7088
.7190
.7284
.1371
. 1452
.7528
. 1598
.7663
L1721
1778
.7831
.1881
.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
.27763
.2834
.2903
.2968
-3030
-3091
.3148
.3200
-3239
.3256
.3265
.3278
.3280
-3280

2. 20 %y 448 CAIDAS. OUT
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SIMULATE-3
(Core configuration, thermal-hydraulics conditions of the state-point)

I — 7 —
| [
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 grouping
(Density and Doppler (Axial power protile, Power
reactivity coefTicient) fraction, and Inlet contraction
coefficients)

I
|

Friction
model T

elect Friction model [ or
Friction model IT

Friction
model 11

Z

Suberitical reactivity
ow=DABY ¥ 3¢

11 11

INPUT FILE
(LAPURW.DAT)

INPUT FILE
(LAPURX.DAT)

Design and
Hydraulic data
of channels

LAPUR 6.0

LAPURX.exe and LAPURW exe
T
Correct REAMUL JL
(Density reactivity
coefficient)

(LAPURX.out and
LAPURW.out

Friction model 1
Correct friction multipliers
(Pressure drop, Flow distribution)

ressure drop, flow distributiom;
and density reactivity coefficient
onsistent with SIMULATE-3?

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

Global mode
& Regional mode
Decay ratio

2.21 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

{Cm*x2)
{cm)
{cm)

(Cm*x2)
{cm)
{cm)

{Ccmxx2)
{cm)
{cm)

(Cm*x2)
{cm)
{cm)

396.24
188.908
262.856

1.232

259.54

04 548
2620856
1.155
243.84
94 548
287314
1.872
15.24
04548
2620856
1.872
-15.24

2.22 SIMULATE-3 &4 ¥k 1 & P 7
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28
12,

59
60
B1

62

30.4800 259.0800 274.7800 411.4800

94.5480 94.5480  94.5480 100.9000

1.0720 1.0720 1.1550 1.2320

2. 23 3% & 7% Az LAPURX 3% 58~62
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Fuel Spacers fixial Locations {cm)
K-Factors (Assembly Area)
HMechanical Design
[ 47 .998 99178 156.388 281.588 252.798 3083.978
8.768 8.768 8.768 8.768 8.843 B.566

355188
B.566

2. 24 SIMULATE-3 84 1kkH#5 22 % 4
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63

12,

64

65

1143

63.2300, 114.4100,

0.7680, 0O0.7680, 0.7680, ©O.7680, 0.8430, 0.5660,

165.6200, 216.8200, 268.0300, 319.2100, 370.4200

0.5660

B 2.25

% & 7% Az LAPURX 3% 63~66
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2 EX2BARER

>¥

RRFIERAEST VB RKARES » HELBKXRIES —
Ho AFERROELT  RAHFHRENEZMEEREL
PERIAR o b — ARV A RE B AT B R 7 4 £ BT AP R
Md > RAERETALEEMERBCTERARIREF =X
ZhafFE > FEAjn LA HE SR AR T e SRR - 48
el s BEERC RFIERAEA BROE & HEAAR
RESHIE S Ry BEIT R 3R] > B # I AEFTE R
LAPURG.O 4 & W47 ik > BABBRSMARES A B KR
& 35 Z R F R A B $AE P B B LAPURG.O 77 k3 ATFRE » &
AR AR ETAMERS SN > RELRAEIZERARE
X 32EC
— ~LAPURG.0# § B 2%t SIRIUS-Fs2 ODYSY £ R #45 X 5%
ST
(—)Bss o #7
LAPURG6.0 1% f - F it R 2l A2 Xt HAS M Ae ) 8
i#% Cofrentes Forsmark: Ringhals & B #3% ¢ B35 » A
# 75 % # £ 2 Masahiro Furuya[52k A & 5 2% 56 SIRIUS-F#
AT BAE R AR PT B R 8 R AT o
SIRIUS-F % 8 A&t 7% ABWR 2 § 5%t » & — B8 T
% ABWR 48 [F) % B 2 #1 5035006 0 A7 A7 Bl AR L B e R 48
PE o LRI X XIS B/ AT VIR 7 0 R E B BE A
#, (Artificial Void-Reactivity Feedback System) = #5318 #% &
1 A 1 % #%.4& » (Feedback Loop Implementation and System
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Integration) -~ F] % % #7 # % (Formulation of Real-Time
Analysis) ~ ka5 % 2 (Fuel Rod Time Constant) 3]
T 4 % ey 5 M % % (Time Constant of Measurement
System) ~ A R 33 5 A7 69 42 € M4k (Stability
Estimation Method Based on Noise Analysis)# ##t % 6 R
EEEEE > EianyXRTHERANMS B E 4 4% (Differential
Pressure Measurement System, DPMS}i% 18§ B AL it 26
R EIER 8 7 1 8) B KR AE2h F 48 s - 7 SN
B R BR8] B e Al R B e R ROJE o 4R R — PR R
WA RAFE] MR E F AR F AL @R DPMSE R
[ B 71 38 fo by 45 AL 81 — [ B B R ek A2 X4 2] » SIRIUS-F#7
XA IR 1 B BB 4w B 3.1[52] -

SIRIUS-F 5 6 5 %) & ik & 8 ARBR R R RKAARR
B 0 FEsE N ABWR o) R 481 6 » i 4o B 3.2
Fr[52] o sb X BE A A ODYSY #5 & M 47 £2 K R 5 #7 2
SIRIUS-F48 B &9 ik & 25 - My ODYSY [] 854, & #E P9 & Bkt
FFAE A 6945 M5 8k B2 - ODYSY & A ODYN # A& 4 X
BEEGREX > a8 T —BEag —%&HEHRX > m LAPUR
RIEAE 2L P F8) B X REAT AT RE S BIARS
g X o XERT ODYSY {2 A X $y A\ S8 817 5 fE 48
B » LAPURG6.0#2 ODYSY #y A\ 4 # btk 4ok 3. 1A o

BB B IR 3 2K ) @K R B 18 18 Y 3 O RAR X XA
B &k 2t (Cross-Correlation Function, CCEJ # 3% 4 £ 64 5
FREEXHEEABTEREMFEBT 0 B 3.3 HblF—

>

gu)

G



bR X 48 Bl & 2B [52] - sbE BIFIEBAKE B B REERLE
(21%E A B) Log 279 o h 22 > & B F T 4o % 05
T= 08 FA—ERBE EEME > hbTomBERFAE
—ERAREER > PR EREROTECHEX A RBRIE
0 A B AR R R KA F AR R E
B 34418 35 ARMKERR|LEGSHER > AR
BIEEARRE > S RE &4 LAPUR 47 & % - SIRIUS-F
Bh&E X8 ODYSY nr & R B 3.6 28 3.7 % B AMEEK
THREBRFRRBRESHER > ERET LS TRERM
FAE A A2 X 45 R o LAPURG.O 24 B AT3X & 2354 T4% %)
REARBG LU ETREETH B8R BRG LN EY
REFRE R 0 R B ABRE L&) LAPURG.O 547 B #
R ETRBIFEARA KRBT TE - o HERE T 4o >
LAPURG.O EZEE ST ERGERM I ERETREREE
— % RBAFEREINEH @ > LAPURG.O B 544 AR
WEE > BRILERGTRIRANI S SN B8
ROARE > S HE I £ BN BRE G FIRA o
(=) & SUE 547
FREIARRAMALE R XA E T AR B &
AT hoigdb 2 BHWRTMIEAMBYE » Wt S LH
AT ERE oA » b4 M SIRIUS-F E o b i & F %
BBy REEF R E L % % 1B Hashimotoys 1993 5 &) & 14 7 42
AFHFRG3] BLEFIRACIFFHUAEATHGEZEBLF
FHEX  kEHEFTEAX T

&

A
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oo Pan{t}

Prmalt)
Z VS e UG

dngm(t) _ an(t}+.3
at A

m(t) + Ac,, (t) + 22—

(1)

Cm'[ ) B

TR = () — Aen(0) o
Ebngmchmidtdy FHEEF FARRKEFELZMAYE

FTFENEMAESMEKRGME » No B RiFsi bP T+5

Bo A BEEdFRENORRTH B ALEFTFLFE A

BEas b T e R B R Pinn (0) B m ps e 05 KB JE > Pm ()
AMMBRERREE  LRERREEZLZLT !

1
P (t) = 1—‘1—

" 3)
EXFag AmB MBEEHE BT XL L

X 45 1A » 314 % (A-mode Eigenvalue Separation)
SIRIUS-F£i& Fii gt A 2 AR KB REFRREE - AH

E B4R A R B RRE JE AL 7 & (Pm (D) 5 31 Bt gb ik fE 2
Z REERRMEE 4 LAPURG.OME A » X (B) X T A T K k&7

— DAB?
pm(t) = /"I.-'Ef

(4)
H b D &Sk - AB° 4 & (fundamental mode)

Mo AT A E B @ T A R A E - KPR BN R
ERRIEE G ARG ERERS > BF —HAA

BAKEREFER  REAEABEABLRAAEXEZRE

o MM EEK R P EE D ABY Vi m

75



B AP 0 48R ELF B fE A B 69 R EE R B (A R4
BAE D BEAE) AR RRBFRREFRIEEBFEAY
0.254% ~ 0.504% ~ 0.754% » EHHH &R ZRNE 3.8 41H
B39F HFEAARMBEELSWIEENTE  LAEHKEH
14t ¥ RARR R R Loy R R Z 47 - B 3.8 ThosbiR4EF

R F R EE R ) @ A A2 Bl AR R E R & PR
REEFRIEE M % > & REEFRIEZL RN 0.25 /ey L%
B BMEZREHLANRMEERE  FFEMERECAHE
ZEAHERX -

B 7 LAPURG.0 547 2 X 8y A\ - Be by IR 4] 0 B 7 8y B
M TR OREEGHAGERABEHEERGENEER
JE 1% #t % (Density Reactivity Coefficient, DRC):
SIRIUS-F& 5 $1 ODYSY 2 X 1E Al 2 R B A4 - R &
HMEMHZE PAPUBMRE RO FEERBEE AR AKRE > I
KEEREZAGEALAALAE 0.754% - 154 204 K
S éE RhoE 310428 311 &R T4 EAa R F A
RBEEEERBE A om L e FEREEGERA
WAERRR RARARRATREMA T EEIRBAFAIRSG -

HeLARBEMEIN > REALEEREE GRS
15AE > MREFRIEEALS 03 KAER > LEEI
RMRNFLEE > MEARARETHETRERBE K
e B RMEANEERRE  FERARERFAHEIEEE
MR ERATREBEEBI M I BT EZE R
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AAHBBMEZNER B ARZRAFERRFLERWE
3.12¢ 8 3.13> Z i RE R bEE AT Awm B A o # ABWR

AEST ©
= ~ LAPURG.OF i£3eh B N mAE X £ 3
(—)EXAVERA200

YL F {5 A 04 LAPUR 77 i3 % i i EXTRAF #2 X ##1t
LAPUR #2 SIMULATE-3 Az X9 SR TN > KX E
I B 4745 8 EXAVERA #2 X, 0 B 6947 % 2 SIMULATE-3
HIE BB ARES LAPUR Sy A 4845 R, - 1% 1% EXAVERA #1t
AR B X 0 T B BT AR A 9 A T3 B RET AL 3R
RSEFLEROEHEM > LT RIGRD AR - RABE
M H % E o B S EXAVERA 2 X £ 2 A48 5 di— - H
— kTR BERMIEERIE %R E R bR ANE
TEHNET_BASE > RBEERAREELSE > BRAHAR
HiEmAEROMBE BRI EREXSL A
EXAVERA200 - % 7 EXAVERA200 #2 &%, 7T £, #1& Fl % 41 ¥
) oA 5145 A 6 IR RGBAT IR R3R3T S Bk 0 B
LB OASEEHNRZBEADTEE OWERMAGHRE -

i Mo H A2 X LAPURG.OSE 547 F T 45 ML LA ZE 8 A&
# A > ™ SIMULATE-3 A% B fis F — 4 81 = 4 ey s R o #7
TR Bb =R X8 2 B g R AKE £ KR
Bl o mlgeidiamt B2 RERKX > SIMULATE-3 A7
B EHNEAEOATEBE AL nER > BEB
EXCEL #2 X :E B 14 $2 #t 4 LAPURG.O% A - 1A LAz 4605 B
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HRBEFRELE  ARFTEZER—FREHDLERGEKX > X
R M@ 4E s A2 HAEARE H 4 Ry EAE M o

EXAVERA200 & B iz 7 # K 56 4h WA T 48 2 A
TRRE AR EAFAE > B a7k ®E SIMULATE-3 #
LAPURG.0 i€ B # X R B AT 47 & Z A B A4S X R F 89 R
Ao ARKXd CET AR 4% SIMULATE-3 5
4 2 B R LAPURG.OYE < #k & 20018 5 & ik 3 A
FZEAMERX 0 AR TR T B2 6 EAE - R A
$ o

AKX EARIESIMULATE-3 S i £ F 2l48 6 sz
A AB S HETHMRERRAEBE ST =Z48Hh X5
o~ RS AR ESTRETRES N BN #
B &4 2 M 42 F % PRF 3D MAP- RPF 2D~ FLO 2D 52 WIN
2D BARBA— ~ B = BmAETTE Bk S AR R 20018 5 & A,
BB BESERAEZEMN BEORF RS ER AL LK
RN E R RIB I R 5 AR E A 4 & o PIERIGRE R R AR
KRB D AE — & FINEEHBRA > B XL
e ERE > IR RESRIBE > ARE R
B EAYHELE R 20%E % - EXAVERA200
HESEsEZ AL E BEHEGSE C BEA
DREOMGEEE - 7 BRAHREE > BEBTELERED
Rk result.txt ¥z chflow.txt W1 X F 4% : result.txt 2 LAPURX
F 3% 5~14> chflow.txt A3 44 & #1161 @ £2 X, DRASM200
# 4T3 £ b - EXAVERA200 ik ¥ eyiE E sz 4o 3.14

78



i BAEER kA E@wE 3150 3t H L F result.txt 1
chflow.txt # £ W A 4o B 3.1652 7 3.17-

EXAVERA200 # X # # & #&# & + -
EXAVERA2-ch200.cpp? C 3535 242 X 48 > 2 45 R k45 B
— o HREFIERZ 200, EEEE > RE R RLEE
P& EHZ 20018 » B4R BT > B AT — ~ R HHE
P9E Bz 20018 5 & & & 495 4o [ 3.18~ 3.19# 3.2047 7% o
£ 347 EXAVERA2-ch200.exez &7 » & o5k 5 2 &)
BIR— EROARE S B e BN EREANTRE O
WEARBATE X S BT P E 2 2345 KO~ KO(P)-~ Kltp
#Kutp > &R/ ERLT -

KO : ¥ s Pg 3R KK} R 38 38 38 0 91 T 4R (Lower Tie Plate) 45
¥l

KO(P) : & & o1 B A M R i@ 38 3 o 2 F BAR LB A &

Kitp : T #4r A ol 4 15

Kutp : E¥4x (Upper Tie Plate)d o w4514 3
L S BIAAZ KR AF B & P 44 losscoeff.ixt 4% % +
BATHE  HENLSZ RN ERZEHN » HBEEAL
ERFELE Rz FuMmE o losscoeff.ixt £ N x4 @ 3.21
Fiow o 1% A% SIMULATE-3 #y 48 248 & 2L A SSREZ 2
AR B M g > B 9T 34T EXAVERAZ2-ch200.exe & 7 &
EXAVERA200 #4E i £
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(=)DRASM200

DRASM & #1bf2 X & & B 3% 3 K26 sh I 4R
Z AR ERZ WA R EARAE 0 B ey A AR AT
LAPUR $yAAZ 4048 » LB R AT AL R A LR I
AR RS E S R SIMULATE-3 & R #4T3HR £ 1L
B RBEBFERLZREANYERERRRZIRFEAR S
X -

BT RBEETAWMERASE > UERAE HILEK
DRASM #4158, 8] & & &% - % 18 Visual Studio 2008 & #7 k%
B #5117 @42 &% DRASM g2 DRASM200> DRASM200 # -
B ¥ RFEFTE B k% 20048 o & Arskzt 0 B AT T 27 4%
— ~ 2 = 20018 5 & F &% - DRASM2004 @1t 42 X, M 2 &%
SERXA® > 25 4A LAPUR EH - FaEHLR - EH
HRMER BEEK-) - EHEEREGE BEEKXD) 2%
%32 - DRASM200#2 X :E H T /i 2 B 4w B 3.2277 5T o

347 DRASM2008% > 4 F £ LAPUREHE 2 X B ¥ &
A EXAVERA200 #; & #% chflow.txt-result.txt$z SIMULATE-3
B AE.S UAE R & PAPU L% 69 F F ) A& B4 papusal
¥ BINEBBHE > EH6 Gap ik A GainTimek - &k
BERBEERBERGER X HiEkAF = T BBEER
HERRARRFRABLEFERTRE - BB RKAR
REEAE R DRASMERE F A ER » KR FaALF
SEET > AT HERAF AR EE N ERE KA E
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ARG 6B BERL B > EMIEH] 5 ATBFR 0 BFS IS R B LB ES
B ZEARANTEARE ) ™ EBEAE R AT AR RT3
MEPER EGFR AN RELRNEREREHIRE
ERETHERRRARRE > b — RT AL 5 547 85
BH &R AP DRASM200 K42 X A F 8+ > msftaiE
BER BB EERERTZER & -

AR B IRBEE N R EKSWEREE & N-1F oK
EHE o MR AR & S E IR 4 oY 38 B B o B SRR
ZEABEBREAAHOEL MMEEA 2> AN R RIS S
Al — M 2 e R BB A 0~ 0.25-0.5-0.75- 1.0 24z
M8 O5 2 FHELERBALFZEKEALARRKRAEFEF > A
248 0.5 6y AT 4 S0 B B BAT F — MR X BEE 547 o

DRASM2007T & i LAPURS.23; LAPURG.0 4 #4745 &
MM MIRAZ M A2 XAk A R B4 X \E A F 5%
%O BT RSB #5E LAPURS.25 LAPURG.02 4% F 21,94 :

LAPUR5.2 1% {# B Moody ¥ 48 & % + Ao
Martinelli-Nelson4s 48 ji B84 & R 4T hE R 3t B > #g
i DRASM200 i 47 LAPURS5.2 4 #f 8% > {¢ & 28 %
Martinelli-Nelson# g 7 B #842 & (LAPURX f3£ 372 =4
BREAER)  AF R REEAEBESR (LAPURW 5% 28) Bp
7T o LAPURS.2 B E NAE R L B 3.23; bEfEHRZ
EHERHALE 324 R VOB EREM  EHLERR
BRAMBREZER > 2 RGABRERB NN L F AT A
REBERRARREZELLERwE 325/ AP H %
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AR R TR HENEELE R EERE -

LAPURG.0 & 2 & 45 o R &3+ B ey & #E M > 3] 3 Generic
¥ A8 5 B 244 $ # Chisholm-Baroczyi 48 i B 3% R 4 Jm &
T > 345 R LAPURS.24% Al 2 RISt B ik o % B FEBA X,
— o BMIEXBENE T AL AHREEX S o A EE
BX=2ar 0 FRZAPTEEEX—RIFE —aH 2 L8R
# %, z Martinelli-Nelson# g R 2 R » BWEER R
—Z 34/ d@ ¥ 2% & Chisholm-Baroczye 8 i R 631 B 4 42
X FayEERF (LAPURX 3% 74~76) Rt B —@ibh 2
REHEZFTRE - LAPURG.O {5 A BIEM X — 2 BHEA
PAERZ T o B 3.26° A BEFEEX X EHEANSEER
FE T 3.27; b RBFRFZERERMGAwE 3.28° k¢
MOSERAGER FREME - EEERALBLIEREZ
HRIERAEZEBEA 2B EFHEALRRARRFELE
R 329 EAEREX 2 LTS ERTHEERRERAER
REEBERWwE 3308 AV S R TEERREME
M HREFERSHRE -

DRASM200#& %2 —#Z X R A XK EIE B BABEADH
B E oy Gap &4 GainTime% > 4w 3.31- Gap & E A
TmioE 332 BEAAKRAAMEARLBATER B4
FRFTRITEHREANEE - 2B 3.33 Gapk 4 56.5) & 7]
EKrEA I8 RMBUR 7 AFE > ¥ Gap kKR
AN @ Py P power{E B E ) B T BRFEE R o Rl 18
#17; GainTime&k & EANE @i B 3.34> BEAXKAEA IFAR
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|1

EEKLIEETER 0 B 3.35 GainTimek 44 15 & 1) >
AT RER 1I8@MEMl BAZEMRANEETH EM
#HfE GainTime &R BEAN @ T8y " flow EEE | #HA 18>
f [ Index of Column For Flow 42 E# > B3 E AR
7R EE N AE o
1% DRASM200 ¥ HZEHEREE 2 AH %X E X8
BER &P > Bk P a4 LAPUR #y A% (LAPURX.DAT
#1 LAPURW.DAT) ~ LAPUR #; # 4% (LAPURX.OUT g1
LAPURW.OUT)A & 3# 4= 18 & 4 % (DRASM_Output.xlsy #
HEH RN ZioE 3.36 FmEE L FoE 3.37-
CFEPIERNRIREE ERE RIARER BB EZ 5
REFIERAE A &S A HAKXRIE S > BN — KKK
JEH W TH LR LB E » o dELEHRHEREC
RAEEMEA BEE W BREK - $EY BWROG oy K A4S € AR =
ZoRMERNZREEELE LREARIRHESR > A EHE
FTEANTAL RN BAFR T EIFEE) B )R 8% T RE
o) REER TR BBk 0 KEE B NG B B IRRAT B
RZAAEEE > AIMEFIERTRAARERF T E > L8
RAENRE N B BITE R AR B F BRI - KGHAKX BN
FEFAE R R BB AT R e RE P T RAR M T ks 0 AR
HRAEBOBMSLE > FAREFIERAFRZERE L LB
AR MERRAR S LR ARIIERAFREERE Loy TR
B o
FEEITWOM AT FEAER N R A ZERE LM I -

Gl
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FSAR P REEFIECHMAHFAZTERE > AW EENR > wwE
3.38> & — (Region |) A Ae)E 13 # 1842 ¥ IE R AR IAHE
BRETEBG B= (Region Il) A&7 47K 5 B R 48 2 1K)
FEHE 5 BR= (Region lll) B 3shFEAEHRE © LER
BHEARFBTHE » EASLLEAL BEFEFBRRIEA
(Selected Control Rods Run-In, SCRRR#k L& » A&k
h O ERE AT R SRR B A S A A(62.0%P, 34.1%F)
(32%P, 34.1%F) (32%P, 20.4%F) (52.3%P, 21.1%F) & g
(Region IV) A 2 — Az Z @ 5 F - B3R = WA AR ZH RAREAKE
B EAZINENARBRETREASHY Z > HALENER
BEKESNE BRWA—KERE > B ABWR 35 F%
e E o TRALERAN G BAFRAK > SULBERA SR E
BRI RGP G R ER BPE 3.38 Y FEK MM T LM
RXE S BR—ANRMGASHFRELRERS > HLEME
R PAIREBFENNER A2 M mEHR R B AKX
PR BETRFI 6L > Bt £ E AR BR S TRMA 0 —RER
FBBALE R > A IMBRNIE© ) F F AR TIRF MR
&R EAE M
RFEBRANFNZERE LARRE N wE 3.39 dit
ERTREPIERNFRER LE@BRISH LB IR RE
B E FEANBR=ZNIZHNEARATHLERNE AR REMEIR
BESF > MEBREHN AR UG ERNFICZIEREARANRE
B BB ERHERELERTEARDERE ARG
ZHERFIAORIIERNFAZBA LRSS ERENF LB
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0.7 ju b LAPURG.O &) :& F 4 R 32 £ 15~20%b R £ 7 ME 3k
ZRB1LOEATERNEMERNRREBD T ERESBERE
BABECABIRLR - AHERZNER T4 FEHAE
PRBUI > BB kRS RRIEAN T4 (BPESEA
ER=NEBEERIECHR) - TR EBR BT
TRAFBITAR
v9 - AR AR A9 AR M oA

RRFIEHR FSAR REFZwWETRE - BHYEKRZHF
(ATWS) FHi g R 2@ HER T REREHL A K
At i@ (Turbine Trip with Bypass)> 7R i@ B &3 P &) S Rk
A 110% NBR (Nuclear Boiler Ratedk # i@ sh it » = 2R
BT AE 7R A PR BCRAT R /A AR - M A% 4% Ak ) &9 B PA % reL i
BB R MBI BAR  ERECED HRELE  LEENR
PO B/ R B R 0 PSR R R AR E RS > F e Rk
FiBERERBERRIEA (SCRRI) » #FeemitwoLAlBE
HEEF - X BWR "E 4 & o4 SUEK[S4][55]48 & S 8 K18 o)
RERNBELF g RBAENREIE » AR5 BKHE R
PRAF T - 7 SMRIE S F BK[S6] > B ABWR 2 ATWS #§
BRARBTRENHELTE  wHRREIL - HREEE > OH
BWR £ 2 tb# > it A% 80 ABWR 2414 R @47 BWR 4
M5 0 BP SUBK[SA][S5] % 7 ATWS A48 R 48 58 2 & 347 T il
FARFEFIER Lt AL ATWS T4+ KIgEHEERZLERE
JEBMKH ~ RE B J1 4G B E FAAE &Y Mk

Bl 215 A YRGBk S 547 42 X RETRAN-02 2k £ 347

T
[

Y

>¥
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I RE[ST] > R E A XA RTRMR (MSIV) BB B 3% 4R
B R K215 (ATWS) » 378 4 8 A8 44 L) 5 A AR 4 41 &
#, (Standby Liquid Control System)# 44 RETRAN-024 %
b K B S UK E 25 14T LAPURG.OAS Tt 54 » AL R
4o [ 3.4077 5% - B ¥ T & % A7 20045 - RETRAN-0251 FSAR
ERMMALEHEAETERSL  LAPURG.O 47 3b & & s B K AE
25 #4338 AR E NN 0.2982 0.47 21 > ™ FSAR F 8k & ¥
BRAH 054 BRETECHENBEFNL  BERMEHE N
FSAR &3 — 2 o

§i 2%+ #ios #) A TRACE &4 PARCS4-# ATWS
LRSI ER > BT EE 2 » TRACE A £ B NRC & #7
Mgzt Es Rz 42K m PARCSAER L EKRE
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* 3.1 LAPURG.0Z ODYSY #2 X # A L # b &

NS ODYSY LAPURG.0
KA
-FE 48 STEP-IIl (9x9%% k) GE-14(10x10% #4)
-EE 3708 mm 3708 mm
BEER
A R, YE N & Y& &
-%1 8 10 & 10 &
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N 2 2‘ . 0 VOI raction = 5 (70
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fao 8520 W/nik 8520 W/rik
Rl PR AR &
& woh oA 1.0 1.0
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" R AR IR 4 XK R iR 4
A B AR5 AR R & RAIKR R4

B ARIERR

EERIEES

88
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Core-wide and Regional Stability Decay Ratio, DR

o
o
L

°
o
!

o
N
I

o
[N
!

42% core flow ratg
O regional (Experimen

——regional(LAPURG6)
—e—regional (ODYSY)
——core-wide (LAPUR6
—&—core-wide (ODYSY)

=T

60%

65% 70% 75% 80%
Core Thermal Power

35 RBRBEZMESHER

94

85%



Resonance Frequency, f (Hz)

0.5

0.4 -

0.3 A

OX©)

— a— ¢ ©

21% core flow rate
O regional (Experimenf

—l—regional (LAPUR®G)
—o—regional (ODYSY)
——core-wide (LAPURG6
—o—core-wide (ODYSY)

~

0.1
20%

B 3.6 8

30% 40% 50%

Core Thermal Power

ABBRGEEIRAFEIMER

95

60%



Core-wide and Regional Stability Decay Ratio, DR

[EY

o
0
1

o
(e}
1

©
N
1

©
N
1

0

m
O

21% core flow rat
O regional (Experiment

—l—regional (LAPURG)
—e—regional (ODYSY)

—ll— core-wide (LAPURG6
—&— core-wide (ODYSY)

~

0%

10% 20% 30% 40% 50% 60%
Core Thermal Power

Bl 3.7 8 RBRARAEN LR

96



0.7

Resonance Frequency

o @
0.6 - ® *
[ ) * [ ]
[ ] | ] A
L 2 9] A
[ ] o
[ J [ ] A
*
[ | o
[ ]
0.5 - o sensitivity study_dolldr
OExperiment value
ABase Case
W 75% times Base Case)
450% times Base Case|
®25% times Base Case|
60% 65% 70% 75% 80% 85%

Core Thermal Power

B 3.8 EHAEM (REFREE) LIRBELEE

97



0.7

sensitivity study_dollar
06 - OExperiment value
AEBase Case
W75% times Base Case
0a # 50% times Base Case
®25%; times Basze Case o o
Q o o
204 1
=
[ivg
K 8 o
B
] o
505 - o
]
L]
® -
0.2 4 L] *
*
* | |
A
L a [ | A
0.1 * A
n A
A
Nt
A0%% 5% T0%a T5% B0% B5%

Core Thermal P ower

39 FEHMEM (REBEFREBE) EARRFLER

98



0.7

[ ]
[ ]
[} [ ]
.
[ J
N @ (o]
T os S .
) o
5 . A
oy o A
E o
8 [] A | ]
g 0 .
S ® n
0] ||
o5 o —
[ ] sensitivity study_DRC
O Experiment
ALAPURG.0 Base Case
W0.75 times Base Case
¢ 1.5 times Base Case
@2.0 times Base Case
0.4
60% 65% 70% 75% 80% 85%

Core Thermal Power

3A0FRE H (B RIEE(S) RIRAEL R

99



0.7

sensitivity study_DRC
0.6 OExperiment
ALAPURG.0 Base Case
mO0.75 times Base Case|
¢ 1.5 times Base Case
0.5 ) ®
@2.0 times Base Case o o
[ J
[e] o
[a [ ] o
0.4
[a]
= 8 o
c
o
.g) o
@03 ° ¢
*
.
*
0.2
.
A
A
0.1 A A
A - n u
= |
0
60% 65% 70% 75% 80% 85%

Core Thermal Power

BLLEHE M (FERBEAE) RARLER

100



0.7

[ ]
[ ]
[ ]
[ ] o
0.6
o
N [ ] o
I— o
=
o
c
[}
=}
o
o
[
° 0.5
(&)
c
I
c
I}
n
o}
o
sensitivity study_DRC&dollar
0.4 Oregional mode (Experiment)
@regional mode (LAPURG6.0)
0.3
60% 65% 70% 75% 80% 85%

Core Thermal Power

3.12 FHUE AT (RER R REFE 9155 R B FE AR 8) R B A

x

101



1
sensitivity study DRC&dollar
08 O regional mode (Experiment)
® regional mode (LAPURG6.0)
core-wide mode (LAPURG.0,
0.6
8
I
@
g °
@ ] o
o 9 o
0.4 o
8 o
(o]
(o]
[
0.2
0
60% 65% 70% 75% 80% 85%

Core Thermal Power

BAZEHE T (REERRBEEEE ERIEEAH) RmFEER

102



R FERNHT R atd

SIMULATE-3 BT RN O
B HAE L Bs.s (S S 1§

\ 4

#BRPF 3D MAP ~ RPF 2D ~
FLO 2D ~ WIN 2D

\ 4

AR Z B RMRBBAL — ~ A= e P
TR SRR R200 5 & AR B 2 44 R

A8 B o B

A\ 4

B A8 & 2 A48 e 8 23
o RHERHFE BEATRY
TR B R $ B

\ 4 v

[E & mresult. txtfd & & mchflow. txt

DRASM200 i 47 LAPURX ALDRASM200 i 47 3%
FIEEANEE ZLE

3.14 EXAVERA200#2 X ;£ B T i 42 B

103



Cu BREEEF)

O B

l 6 EEE

@Q' 1) <« LAPUR  stabilty » EXTHE » Exavera 200 v [4s |t'"—=7':£mvera_£’|?0 2]
- —— e = —
HEEEE ¥ MAZSEE ~ HAsE - R HEERR 8= 0 @
4 BHRS =& : BxEE =] il
B T | chflow.bxt 2013/7/10 F5 06:21 MENH 6 KB
o= e EXAVERAZ-ch200.cpp 2012/11/6 T4 03:33 C++ Source File 25KB
E SEAUE [ EXAVERAZ-ch200.exe 2012/11/6 4 03:33 ; 29KB
| losscoeff it 2012/11/6 0417 1KB
o EmE [ result bt 2013/7/10 T4 06:21 =3 73Ke
B e (7 == 2007/9/11 £5F 10:48 SE= 374 KB
o B2
B =35
= Bk
= =R
a TEEE ()
 FEEEE (D)

4

3.15 EXAVERA200# % &4 & £ @&

104



™ YR aBd T E 2 a == e @

BER B8EE B/I0) \EN) HEH
1111664, 1209239, 1 304025, 1.392263, | 464354, 1 515493, 1. 545624 F
1.568614, 1.436258, 1417007, 1.381536, 1282515, 1.150513, 0)393064
0818064, 0.633119] 0448136, 0261404, 0152693, 0000000
00000007 0168404 0 396821 0 602705] 0 769384 0 900416, 1 010463
1111671 12092217 1 304076] 1 392242 1 464366 1 515461, 1545874
1.568550 1 436320, 1 416934] 1 381603, 1 262437, 1 150593. 0.392991
0 B18132] 0 633056, 0 448176, 0 2681380, 0 152716, 0 000000
7
200 e 3¢ 3, 1, 5, 5, i
3, [ 10] 11, 12] 13 14
15] 16 17] 18] 13, 0] 21
33} 23] 24] 257 26, 27, 28
29, 0] 3] 32, 33] 347 35
36, 37; 3g] 3g] 40] 4] 42
43; 44, 45; 46, 41, 48] 43
50, 51] 52] 53, 54, 55, 56
57, 58] 59; %0, 61, 52] 63
64 85, 66, 67 68 5. 70
. 2] 7] M 75) . il
8, 7’ 50, 81, 82 83, 84
85, 86. 87. 88, 89, 90 91
92 93] 94 95, 9 37, 38
9] 100 101, 102) 103, 104 105
106, 107, 10 1oy, 1ld. 1M1, 112
113, 114 13, 1 117, 118 113
120, 121, 122 123, 134,  125) 126
127, 128, 129 130, 131, 132, 133
134; 135, 13, 137, 138, 139, 140
141, 182)  143]  144]  145] 146, 147
148 148) 150 151, 152]  153) 154
1557 156, 157 158, 159, 0. 1@l
162) 163, 164 165, 186, 167, 168
169, 1m, 1ml 1m, 113 1M, 115
176, 1%, 178 118] 180, 181, 182
182, 184, 185, 186, 187, 188, 189
190, 191, 182 193 194] 193 196
197 198, 199 200
9
200 0.0037, 0.0037, 0.0037, 0.0037, 0.0046, 0.0048, 0.0043
00048, 0.0041, 0.0042, 0.0041) 0.0041, 0.0042) 0.0041
00041, 0.0042Z, 0.0041, 00041, 0.0042, 0.0041, 0.0040
00043, 0.0042, 0.0055, 0.0042, 0.0043, 0.0040, 0.0040
00043, 0.0042, 0.0055, 0.0042, 0.0043, 0.0040, 0.0046
00043) D0O043) 00053, 00053, 0. OD43) 00043 00046
00046, D.O043) 00043, 00053, 00059 D.O043) 00043
00046, 00040, 00051, 00040, ©0O0040) 0.00SL, 00040
00040, 00051, 00040, 00040, ©0ODSI, 00080, 0004
0.0042) 0.0040, 0.0042) 0.0041) 0.0041, D0.0042) 0.0040
00042, 0.0041, 0.0041, 0.0042) 0.0040, 0.0042, 0.0041
00041 0.004Z, 0.0040, 0.0042) 0.0041, 0.0056, 0.0043
00037, 0.0042, 0.0040, 0.0054, 0.0037, 0.0040, 0.0043
00057, 0.0043, 0.0040, 0.0037, 0.0054, 0.0040, 0.0042
00037, 0.0043, 0,005, 0.0056, 0.0043, 0.0037, 0.0042
00040, 0.0042, 0.0037, 0.0040; 0.0043) 0.0057, 0.0043
00040, 0.0037, 0.0054, 0.0040;, 0.0042, 0.0037, 0.0043
00056, 0.0067, 0.0066, 0.0047, 0.0036, 0.0063, 0.0054
00063, D0O0S3, 0006, 00033, 00DGS, 00053, 00063 =
00054, 00056, 00066, 00047, 00067, D OOGT, 00067
00047, D0.OD66, 00056, 00063, D0 ODS4, D.O06S, 00053
00061, 00039, 00053, 00063, 0ODGY, D OOSE 00066
00056, 0.0067, 0.0047, 0.0067, 0.0067, 0.0047, 0.0086
00056, 0.0069, 0.0054, 0.0063) 0.0053, 0.0061; 0.0039
00063, 0.0064, 0.0069, 0.0054, 0.0086, 0.0056, 0.0087
00047, 0.0067, 0.0067, 0.0066, 0.0047, 0.0069, 0.0054
00056, 0.0065, 0.0053, 0.006L, 0.0039, 0.0063, 0.0053
00089, 0.0054, 00066, 0.0056, 0.0067, 0.0047, 0.0087
00063, 0.0069, 0.0063, 0.0083
10 E
i i
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7| chflow.tet - EEE el LA e TR Y R P - - .
BER J/EE B/RO) /HEV) BEEG)
| chl chz ch3 chd chs ché ch1 chi ch3 chiD  chll chiz  chi3  ohl4  ohl5  chlf ¢
inlet flow  0.16240 0.16240 0.16240 0.16240 0.15430 0.15430 0.15430 0.15430 0.15963 0.15861 0.15963 015963 0.15861 0.15963 015963 0.15861
active flaw 015177 0.15177 0.15177 0.15177 0.14222 014222 0.14222 0.14222 014849 0.14731 014849 014849 0.14731 0.14849 0.14843 0.14731 €
oh2l ch22 ch23 ch24 ch25 ch2f ah2? ch28 ch2® eh30 chZ1 ch32 ch33 ch34 ch35 chZ6 c
inlet flow  0.16012 0.15807 0.15845 0.21238 0.15846 0.13807 0.16012 0.16012 0.15807 0.158¢6 0.21238 0.15846 0.15807 0.16012 015539 0.15795
active flow 014305 0.14663 0.14713 0.19742 0.14713 014668 0.14905 0.14905 0.14665 0.14713 01972 0.14713 0.14665 0.14505 0.14353 0.14651 ©
ohdl  ohd2  ohd3  ohdd  ohdS  ohd6  ohd7  ohds  ohd9  ohSD  ohS1 ochsz  ohS$3  ohS4 oSS oh36 ¢
inlet flow  0.15795 0.15539 0.15539 0.15795 0.15765 0.20020 0.20920 0.15763 015795 0.15539 0.16006 0.2154% 0.16006 0.16006 0.21545 0.16006 C
active flow 014651 0.14353 0.14353 0.14651 0.14621 019373 0.19373 0.14621 0.14651 0.14353 0.14988 0.20110 0.14895 0.14898 0.20110 0.14698
chél  ch62  chE3  ohéd  ch6S  ché6  ch6T  chéB  chey  chfD  ch7l ch72  ch?3 ch™  oh?5 k6 ¢
inlet flow  0.21548 0.16006 0.15891 0.15830 0.16030 0.15830 0.15891 0.15891 0.15830 0.16030 0.15830 0.15891 0.15891 0.15830 0.16030 0.15830
active flow  0.20010 0.14895 0.14765 D.14692 0.14526 014652 0.14765 0.14765 014652 0.14926 0.14652 0.14765 0.14765 0.14692 0.14928 0.14692 ©
ohil  oh82  oh#3  oh8d  oh#3  oh8F  oh8T  oh&&  oh8%  ohD  ohdl och3z  oh93  oh%4  ohdS  oh9E ¢
inlet flow  0.15830 0.15891 0.20111 0.15715 0.16204 0.15613 015954 0.21254 016247 0.16027 0.15700 0.20970 0.15700 0.16027 0.16247 0.21254 ©
active flaw 014682 0.14765 0.19586 0.14557 0.15132 014673 0.14840 0.18764 015163 0.14923 0.14540 019432 0.14540 0.14523 0.15183 0018764
ohl0l  hi02  chi03  ohlD4  oh10S  chiD6  ch107  chl08  chlD3  chilD  chill  chllZ  ehil3  child  ohllS  ohilé ¢
inlet flow 021111 021111 0.15715 0.16204 015613 0. 15954 0. 15814 0.16247 0 16027 015700 0.20870 015700 016027 0. 16247 0 21254 015954
active flow  0.19596 0.19596 0.14557 0.15132 0.14673 014840 0.19674 0.15183 0.14923 0.14540 0.19432 0.14540 0.14923 0.15183 0.19764 0.14640 C
ohlZl  oh12Z  ohl23  ohl24  oh125  ohl26  ohl27  oh128  ohl23  oh130  ohl31  ohl32  oh133  ohl3  oh133  oh136 ¢
inlet flow  0.26520 0.26573 0.27622 0.33150 0.26377 0.27294 0.26822 0.33314 0.26980 0.27648 0.26642 0.33314 0.26377 0.27294 033150 0.26573 C
active flow  0.24645 0.247100 0.25973 0.31167 0.24476 025569 0.25005 0.31365 0.25191 0.26233 0.24781 0.31365 0.24476 0.25569 0.31167 0.24710
ch1dl  ch1d2  chl43  chldd  ch1d5  chids  ch1d?  chld@  chldd  ch1SD  ch1S1  ch152  eh1S3  chlS4  oh1SS  ohiS6 ¢
inlet flow 027622 0.26573 0.33150 0.26377 0.27294 026642 033314 0.26960 027848 0.39314 0.26822 026377 0.27294 0.26573 033150 0.26520
active flaw 025973 0.24M0 0.31167 0.24478 025569 0.24791 031365 0.25191 0 26239 031265 0.25005 0. 24478 0.2559 0.24710 0 31167 0.24645
ch161  oh162  ch163  chl64  oh1ES  chlf6  chl67  chif8  chl69  oh170  chl?l  ch172  oh1T3  chl?  oh1?3  ohi?6 ¢
inlet flow  0.26573 0.33150 0.26377 0.27204 0.26822 033314 0.26960 0.27648 026642 0.38754 0.26377 0.27204 0.26573 0.33150 026520 0.27623 C
active flow  0.24710 0.31167 0.2447% 0.25569 0.25005 031365 0.25191 0.26239 0.24791 0.36455 024478 0.25569 0.2470 0.31167 024645 0.25973 €
ch181  ch182  ch183  oh184  ch18S  chls6  ch187  chl86  chl83  ohiSD  ch181  ch182  oh1S3  chl8d  oh185  ohi®6 ¢
inlet flow 026377 0.27294 0.33150 0.26642 0.33314 026980 0.27846 0.26622 033314 0.26377 0.27294 026573 0.33150 0.26520 027622 0.32562
active flow 0. 24478 025569 0.31167 0.24791 0 31365 0 25191 0. 26239 0.25005 0 31365 0. 244768 0.25569 0.24710 0. 31167 0. 24645 0 25973 030464 C

0

3.17 chflow.txt#% £ rg

106




unsigned char chtableh[ 22][ 22 ]={

{ 0, 0, 0, 0, 0, 0,198,198,198,198,198,
0, 0, 0, 0,198,198,179,179,147,147,147,
0, 0, 0, 0,198,180,179,148,148,126,126,
0, 0, 0,198,181,180,180,148,149,127,126,
0,198,198,181,181, 167,167, 149,127, 109, 109,
0,198,183,182,182,167,150,128,110, 90, 67,
8, 183,183,182,168,150,128,110. 91, 68, 46,
8,184,184,168,151,129,111, 92, 69, 47, 29,
8,184,168,151,129,111, 93, 70, 48, 30, 16,
8,152,152,130,112, 94, 71, 49, 31, 17, 7,
98,152,130,130,112, 72, 50, 32, 18, 8, 2,

{199,153,131,131,113, 73, 51, 33, 19, 9, 3,
{199,153,153,131,113, 95, 74, 52, 34, 20, 10,
{199,185,169,154,132,114, 96, 75, 53, 35, 21,
{199,185,185,169,154,132,114, 97, 76, 54, 36,
{199,187, 187,186, 169,155, 133,115, 98, 77, 55.
{ 0,199,187, 186,186, 170.155,133.115, 99. 78,
{ 0,19% 199,188, 188,170,170,156,134, 116,116,
{ ,
{
{
{

(=]
[

9
9
9
9

{
{
{
{
{
{1
{1
{1
{1
{1

0,199,188,189,189,15?,156,134,135,

0, 0, 0,199,189,190,157,157,135, 135,

0, 0, 0,199,199,190,190,158,158,158,

0, 0, 0, 0, 0,199,199,199,199,199,
I

197,197,197,197,197, 0, O,
146,146, 146,178,178,197, 197,
125,125,145,145,178,177,197,

125,124,144,145,177,177, 176,197, 0

0, 0, 0,
0, 0, 0,
0, 0, 0

0,

108,108, 124,144,166, 166,176, 176,197,197,
66, 89,107,123,143,166,174,174,175,197,

45, 65, 88,107,123,143,165,174,175,175,19
87,106,122,142,165,173,173,19
15, 27, 43, 63, 86,106,122, 142,165,173,19
6, 14, 26, 42, 62, 85,105,121,141,141,19
I, 5, 13, 25, 41, 61,105,121,121, 141,19

4, 12, 24, 40, 60, &4,120,140,140,164,20
11, 23, 39, 59, 83,104,120, 140,164, 164,20
22, 38, 58, 82,103,119,139,163,172,196,20
37, 57, 81,102,119,139,163,172,196, 196,20
56, 80,101,118,138.162,172,194.195, 195,20

28, 44, 64

79,100,118,138,162,171,194, 194,195,200,
117,117,137,161,171,171, 193, 193,200,200,
136,137, 161,160, 192,192, 193,200, 0., 0.

136,136, 160, 160,191, 192,200,
159,159,159,191,191,200,200,
200,200,200,200,200, 0, O,

0, 0, 0,
0, 0, 0,
0, 0

il

OO OO OoOOoOOoCoOO e e e s R e e a2 s e e }
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unslgned char chtableBl 261128 =1

oo oCoooo

0,198,178,178,143,143, 141,107,105, 104,
0,198,179,179,144,144 107,106,104, 79, 62,
8,180,179,179, 144,144,109, 106, 80, 63,

8,180,180, 179, 145,109, 108, 80,

WD WD MD WD DD

3,
8,
9
9,
9
9
0
0
0
0,
0
0
0
0
0
0,

, 0,

[ Y e

OQOQQO
DOQDO

180, 146, 146, 145,108, 81,
180,146, 146, 145, 81,

181, 148,148,147, 82, 65, 50,
181,148, 148,147,110, 82, 65,
181,181,182, 147,111,110, 83,
181,182,182, 149, 149,111,112,
199,182,182, 149,149, 113,112,114,
199,183,183,151, 151,150,
199,183,183,183,151,151, 150 115,1
0,199, 184,184,184, 152, 85,

L184,184, 185,152,152, 153,153, 118,119,
, 199,185, 185,185,186, 153,153,154, 154,154,
, 0,199,185,186,186, 187,187, 187,155,155,

19

9
0
0
0
0
0,

DOOOOQ

QOQODO

0,
0,

. 0,

0,

0, 0, 0, 0,198,198,198,198,
0, 0,198, 198 198,173,173,173,173,
0,198,175,175,174,174,173, 139,139,

{

{

{ 0,198,176,175,175,174,174, 174,139,139,
{ 0,198,176,176,176,175, 140, 140, 138,138, 138,
{ 0,198,177,177.176, 142, 142, 140, 140, 102, 100,
{ 0,198, 177,177,177, 142,142, 141,103,102, 101,
{ 0,198,178,178,178,143,143,141,105,103,101,
{

{

{

{

{

{

7.
TS, 61,
6

79, 62,

63, 48,
64, 49, 36,
36,

37,
50,
66,
83,

64, 49, 25,

113,115,114,

16,1
152150, 116,118,117, 68,
86,

0,199,186,186,187,187,188, 155,155,

0, 0,199,199,199, 188, 188, 188, 188,

0, 0, 0, 0, 0,199,199,199,199,
IH

197,197,197,197,

172,172,172,172, IQ? 19? 19?
137,137,172,171,171,170, 170,197, 0
137,137,171,171,171,170, 170,169, 197,
136 136,136,135,135,170,169, 169,169,197, 0,
99, 135 135,134,134,169,168, 168, 197,
97,132,134,134, 168, 168, 168, Ig?
97, 96,132,133, 133,167,167, 167, 197,

7,100,
7

71,

200,200,200,200, 0, O,

, 93,

0, 0,
0, 0,

»
.
v

Seeee
‘(:}DDD
Seseeee
ooepeee

R o e R R o e o

94,132,133,133, 167,167,197,
93, 04,131,131, 166. 166, 197,
92,131,131, 166, 166, 165, 197
74, 91, 92,129,166, 165,165,197},
57, 73, 91,129,130,130,165,197},
43, 57, 73,129,130,130, 165,197},

56, 72, 90,163,164, 164,196,200},
90,128,163, 164, 164,196,200},
89,128,127, 163,195, 196, 196,200},

, T1, 89,125,127,162,162,195,195,196,200},
70, 88,122,125, 126, 162,162, 195,195,200, 0},
70, 88,122,124,126,159. 161,161,194, 194,200,
, 69 §7,120,123,124,159,161, 161,194,194, 194,200,
69, 87,120,121,123,159, 160, 160,193,193, 193,200,
86,119,121,158, 158,160,160, 192,193,193,
156,156,156,158,158,191,192,192,192,200, 0,
157,157, 180,190,130, 191,191, 192,200, 0,
157,157, 189,190,190,191,191,200, 0, 0,
189,I89,189,189,2UU‘2UU,208. g‘ g, ,

=

200

»

‘OO
eeeee
Poeeess
Poeroos!
coosssee
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TnE1Ened char chiableCl 3333

=

0, 0, 0, 0, 0, 0, 0, 0,198,198,198,

0, 0, 0, 0, 0,198,198,198,141, 141,140,
L0, 0, 0, 0,198,143,143, 143,141,141, 140,
. 0,198,198,198, 145, I43 143,143,141,139, 140,
0,198, 147,147,147, 145, 145, 145, 142, 142,139, 139,
L 198,149, 147,147,147, 145, 144, 144, 142,142,139, 139,
198,149, 149, 140, 146, 146, 146, 144, 144, 142, 93, 93, 02,
150,150, 149, 145, 148, 146, 146, 144, 95, 94, 94, 93. 02,
150,150, 140, 140,148, 96, 96, 95, 95 94, &8, G0, GO,
3,150,150, 151,151,151, 97, 96, 96, 69, 69, 54, 54, 54,
53,153,153,151,151, 98, 97, 97, 70, 69, 55, 39, 39, 39,
1 ,155,153,152,152,152, 98, 98, 70, 70, 55, 40, 39, 24, 24,
198,155,155,153,152,152, 99, 99, 71, 71, 55, 40, 40, 25, 25, 12,
198,155,155,154, 154,154,100, 99, 71, 55, 41, 41, 26, 25, 12, 12,
8 lS'.'II 5? ]S? lSd I5i1 ]00 100 72, 56, 42, 41, 26, 26, 13, 13, 6,

cooo

coocooo

WOoOOoOoOoOOoOoOOoo

=3
Tmuooooooooo

1
199, 162,162, 164, I63 163,104,104, 74, 74, 58, 45, 45, 30, 17,
L1909, 162, 162, 164,163, 163, 163,105,105, 75, 75, 58, 45, 46, 31, 31,

0,199,164, 164, 164, 165, 165, 105, 106, 106, ?5, 76, 58, 46, 46, 46,

0,199,166, 166, 165, 165, 165, 106, 107, 76, 76, 59, 59, 5

199, 156 166. 167, 167, 167,170, 107, I08 08,109, 77, 77,

. 199,166, 166, 168, 167, 167,169, 169,171, 108 109,109,110, 111,

] 199 168,168, 168, 169, 169, 169, 171,171,173, 110,110, 111,
0,199,168, 170, I?U 170,172, I?l 1'?I 173,173, 1'?5 175,

L 0,199,170,170, 170,172,172, 172,173,173, 175,17
L 70,199, 199,199,172, 174, 174, 174, 176, 175, 178,
0, 0, 0,199,174,174,174,176,176,178,
L0, 0,199199,199,176, 176, 178,
., 0,0, 0, 0, 0,199,199,199,

LA

COoOoooOOoOoOo

coooooooo

.‘5.‘:'9.‘599. -
Soossd
coooel
coor

0,

oo

i

197,197,197, 0, 0, 0, 0, 0
140,137,137,197,197,197, 0, 0

140,137,137,135,135,135,197, 0, 0,
140,138, 137, 135, ]35.135,I34.19T lQ‘?.IQ?
138,138, 136,136,134, 134, 134, 132,132, 19

0
0

coo

cooo

7

Noooos

I38 138 136, I36 ]%3 133, 134, ]32 132, 132,130,197,

2, 91, 91,136,133,

coDoos

133, 131,131, 131, 130, 130, 130, 197,

coooooo

92. ‘JI 90, 80, 89,133, 131,131,129,129,130, 125,128,197,
67, 67, 67, 90, 09, B9, 0O, 08,129,129,129,120,120,197,
53, 53, 53, 66, 66, 88, 83, 87,127,127,127,
38, 38, 38, 52, €6, 65, 87, 87, 86,127,127,126, 126,126,
24, 24, 38, 37, 52, 65, 65, 86, 85 I25 125,125, IEE }%i 124 197,
11, 23, 22, 36, 36, 52, 64, 35 84 122,122,122,124,124, 197,

, 19, 19, 33, 33, 49, 50, 62, 82,1
18, 32, 33, 49, 49, 61, 81,118, IIE) 19
, 32, 32, 48, 48, 61, Sl. 8
31, 31, 47, 48, 61, 80, 1
. 61, 79, 80, }
1

@
=

1

3=

, 79, 9. 15,
L T8 13,114,114, 5,186,
: 2,113, I13 1!4 181,184, 184, 136 186,187
1
177,177,179, 179, 162, 182, 182, 185, 185, 185,20
178,177, 180, 183, 183, 183, 182,200,200, 200,
178,180, 180, 183, 183,163,200, 0, 0, 0,
178,180, 180,200,200,200, 0, 0, 0, 0,
200,200,200, 0, 0, 0, 0, 0, 0, 0,

5,125,

128,128,197

125,1

2,192

0,

coo

. 189, 189,20

cooool

111
1,112, 112,179, 181,181, 184, 184, 184, 187, 187, 187,200,
; }?? 179,179, 181,181, 182, 185, 135 185, 187,200,

cooooo

0,

Sooocooccos

124,

SCoOoooooo0OS

coooooDooooo

197,

1
1
5, 10, 10, 22, 22, 36, 35, 51, 63, 84, 84,122,122,123,123,123,19
1, 5,10, 9, 21, 21, 35, 51, 63, 83, 83,121,121,121,123,123,19
1, I, 5 8, 9,21, 35, 51, 63, 83, 83,121,121,196,196, 196,19

.4, 8, 20, 20, 34, 50, 62, 82,120,120,194,194,196,196, 196,20
. 8,19, 20, 34, 34, 50, 62, 82, I20 120,194,194, 194,195, 195,20
119, 192 I92 ]95 lgi Igg 20

1,118,118, 190, 190, I9[ 193 193,200,
7,117,190,190,190,191,193, 193,200,
6,117, 188,188,191, 131,191,200,
6,188,188, 188, 189, 189,200,

186, 196, 189,189,200,

cooppoeoRoo D

CoO0O0ooO00000000000 —--N-NoooooooCoooooo
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() wxEnEe-g2

== == ==

EEFR &EE

BIO) \EN)  HEH)

cale2h

E0= 24.2
EO(Pi= 168.54
Eltp= 0.24
Eutp= 0.295
ka2l

E0= 23,72
KOLE = 18%.5
Eltp= 0.067
Eutp= 0.292
Lungmen

E0= 32.674
EO(Fi= 180.36
Eltp= 12.13
Eutp= 0.6632

3.21 losscoeff.txtg & iy

110

%5

/4




E AEXAVERA200% i % 4

&y A% .s4% ~ .udg - papusal

chflow.txt ~ result.txt#ZSIMULATE-3

) 4

BEIEANTWRBIEZ
Gap & # #2GainTime & #%

#E#LAPURG.0 32 A LAPURG.0,

LAPURS.2

A 4

/A X — 2 LAPURX
Deck 3782LAPURW Deck 284,
B o SRR E B ER 25 B

A 4

BRI RATE] — i R £ S

Z BB - RE% - AR

J#84% X —LAPURX Deck 74~76 4
[0 > 3R AR B AR R

A 4

MRRETEG > BEdFe

EH R - LAPURG.O# A 82
A

#EIELAPURS.2

A 4

RSB FRRE R
BB REE - BAE
Mg B IR B B

A 4

MRRETEL  BEdFe
FH R - LAPURS 28 A 82
A
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() DRASM

Lapur BE

=HEERE | EErSenEses ) | EEsSssEEas D) | sEE

chflow, result

s, .u, Papusal

| 17 LapurB.0 @ Lapur5.2
DAABV/R_B64PA00F chilow txt
DAABWR_664PADOF result bt
DAABVWR_664PA00F\664400-7824 5
DAABVYR_664PA00R\664400-7824.u
DAABWR_664P400P papusal
Gap= GAP_ABWR = GainTimeZ:  gaintime ABWR -
Qupte Path: [DAABWR 664PAD0PDRASM DUTPUT e
LapurX Deck 37 Lapur\W Deck 28

10 {15 1219  _ 1219 s 2 b2

W | e=its sEEERZa: a -

05 ~ 10

| | [4 v

3.23 LAPURS.25 #} BB A\ L4 % 2% 5 H
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" DRASM WA N T !‘F_--- S )
- - o . - - — E 2 ——— — — — —
—_——————— e e e e e e
[Lepwr BE| 24854 |EEgSpmEEns) | EEFEEEEEGS) | sREE| B S L
FEE Lapurx LapuriV Gain/Time
Eikis 0.04 Deck37 : 150, Deck2g: 1.2 e
BEE(MWDMT) - 7824
: Deck74:
SE: © Gap Conductance
Gain:  0.50
Deckers: ME 664 mE 400
Dollarz($) =
R — Time: 048
A4 Deck76: Gap Conductance:  0-2443
ERRE
I EREE: (1855 % HEFEZE:10%
EE CH1 CH2 CH3 CH4 CH> CHe CH? CH8 CHg CH1o CHi1 CH12 =
015177 |0.15177 |0.15177 |0.15177 |0.14222 |0.14222 014222 |0.14222 014849  |0.14731 | 0.14845 | 0.14849
SIMULATE-3(g...|19123E.. |19123E_ [19123E. |(1.0123F. |17920E.. |L7920E. [17920E. |L7920E.. |1B71OE.. [1.8561E.. [18710E.. |1.8710E.. 2
Lapur(g/s) 15958 15958 15958 15958 17278 17280 17278 17280 18563 18330 18563 18563
EE0%) -16.55 -16.55 -16.55 -16.55 -3.58 =357 -3.58 =257 -078 -125 -0.78 -0.78
4 .| '
ELERE ZEREERE
BREE SEZF Keff SERFELTREE
=z 904 % ETESHEZE: 2% EHANEERE
0.06 % BES=TE 1% 1.003847 043563
=S BERAnet  TOoOOEL  sacaess  mEe &
FEEE
4 1.0005 040313 10.254 872
Lapur(kg/cm2) 0.569383 =
mtc-10 1.0073 0.46628 11141 0.06
Lapur(psi) T7997671
mtc-5 1.0055 0451 10655 483
== 9.04 L
mtc3 1.0021 0.41918 10.557 5.6
Lapur 11148 -
4 i ]

3.24 LAPURS.2A #4612 R 2 ¥ ta i

4
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V=l
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e - RED RIT -

( DRASM E=IEIEN
[Lepw BE | ZABHRR| EHeRs=E8s7) [AEgRaz@Eans) [ 2EEE sEex -
STl w72 73wl SwsEz  sesEE mEes RESECH | BREE)  Leits
» 1.00 050 1.219000 004 o ™ 1655 904 006
1.00 1.00 0.67 1.219000 0.04 4] M 16.55 Q.04 0.06
100 1.00 083 1.219000 004 [v] ™ 1655 904 006
1.00 1.00 1.00 1.219000 0.04 o M 16.55 a.04 0.06
1.00 117 0.50 1.219000 0.04 (] M 16.55 904 0.06
1.00 117 0.67 1.219000 0.04 o M 16.55 a.04 0.06
1.00 117 083 1.219000 0.04 (] 2] 16.55 g.04 0.06
1.00 117 1.00 1.219000 0.04 o ™ 16.55 9.04 0.06
1.00 133 0.50 1.219000 0.04 4] M 16.55 g.04 0.06
100 133 067 1.219000 004 o ™ 1655 904 006
1.00 133 0.83 1.219000 0.04 4] M 16.55 g.04 0.06
100 133 1.00 1.219000 004 [v] M 1655 904 006
1.00 1.50 0.50 1.219000 0.04 [+] M 16.55 9.04 0.06
100 150 067 1.219000 004 [v] [} 1655 904 006
1.00 1.50 0.83 1.219000 0.04 4] M 16.55 g.04 0.06
1.00 1.50 1.00 1.219000 0.04 (] ] 16.55 9.04 0.06
LI7 1.00 0.50 1.219000 0.04 4] ™ 16.55 9.04 0.06
TIF 1.00 0.67 1.219000 0.04 (] ] 16.55 g.04 0.06
L7 1.00 0.83 1.219000 0.04 o ™ 16.55 9.04 0.06
117 1.00 1.00 1.219000 0.04 4] M 16.55 Q.04 0.06
LIV 117 050 1.219000 004 o ™ 1655 904 006
117 117 0.67 1.219000 0.04 4] M 16.55 Q.04 0.06
LI7 137 083 1.219000 004 [v] ™ 1655 904 006
117 117 1.00 1.219000 0.04 o M 16.55 a.04 0.06

B 3.25 LAPURS. 24 22 R Bl KRR AR ARFZ X ER L RE
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' DRASM - == = = - s e Pl A
—— -

P — — =

Lepur BE | z@Esgs | sEzSs=EEas) | EERSsREESs D) | aE|

| ® Lopuso ) Lapurs2 |

chilow, result | DAABWR_664P400P chflow txt
D:\ABWR_664P400F\result txt

-5,.u, Papusal | DAABWR_664P400F\664400-7824.5
DAABWR_664P400P\664400-7824.u &
DAABWR_664P400P papusal

&g
|
' Gap= GAE;&B;'\.’R_ - GainTimed © o] a}ﬁ;fmaﬁ.&g\i\;ﬁ ; v_
Qupte Path: [DAABWR 664PAD0PDRASM DUTPUT \ AE
@ BT LapurX Deck 37 Lapur\W Deck 28
10~ 15 1219 _ 12719 EEa: 2 bt
o ~1q | sEEEnsn: 4 -
0.5 ~ 03
= r |
D EgEs_ |

3.26 LAPURG.Of# A B A X — 2 B BB R % T H
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' DRASM - T T e weee DD RaEE R o[ e
— — pa— — A— — —
7 > — I iﬁ‘gﬂ‘ == =T -
| @ Lapurb.0 0 Lapur5.2 |
chilow, result | DAABWR_664P400P chflow txt
D\ABWWR_664P400F result txt
5,.u, Papusal | D:)\ABWR,_664PAD0F\664400-7824 5
DAABWWR_G64P400F\664400-7824.u HE.
DAABWR_664P400P papusal
Gap= GAP}!BWR_ - GainTimed © ga}r}n:maj\g\i\.;R- v
Oupte Path: |D)\ABWR 664P4D0F\DRASM_OUTPUT e
O oEBEE— eck 37 Ls
[tom | - 15 1719 | _ [1218 5 J
I%,c- | 10 P .
[es | - [os
° =EEs— Lapur Deck28: 1219
LapurX Deck
Deck37: 121 1 0.5
Deck74: 138 ~ 138 138 ~ [T38 EE: 2 -
Deck75: 124 ~ 124 174 | « [12a -
= g : e SEEERLE: 4 .
Deck76: 135 ~ 135 135 ~ 135

B 3.27 LAPURG.0Oz A &

FEAR XX M EANESER TR
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117

= Lapurk Lapury Gain/Time
| =8 069 Deck37 - £200 8757 305 Deck28 - EESBOC;O —————
FE(MWD/MT) - 78242
Deck 74 1.20,1.380
R i © Gap Conductance =
Gain: (.86
Deck75: 1.24,12400 M= 556 wE 340
Dollari(s) :
T TAh Time: 0.69
047 Deck76: T Gap Conductance : D.2443
ENRE
ERSE: 10001 % HESZHE:10%
| | E8 CHL CH2 CH3 CH4 CHS CH& CH7 CH8 CHI CH1O CH11 CH12 .
SIMULATE 0.13349 | 0.13349 | 0.13349 |013349 [0.12755 012755 0.12755 0.12755 0.13167 013079 013167 0.13167
SIMULATE-3(g... | 1.6820E.. |1.6820E.. |1.6820E.. |1.6820E.. |16071E. |16071E.. |16071E.. (1.6071E. |1.6590E.. |1.6480E. |16590E.. |1.6590E.. 2
Lapurig/s) -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 | 8
FEM -100.01 -100.01 -100.01 -100.01 -100.01 -100.01 -100.01 -100.01 -100.01 -100.01 -100.01 -100.01
P F—TE— b
ELER EEREERE
EAERE SEZRF Keff EERFAELTHEE
== 10857 % WERZZE:2% : =
132 % HEEEEE 1% 1008217 0.45457
| | =E ' == gumpeil  TISURSU  szomses  HE0H =
I y BT [
B | 4 1.0047 042147 10489 12.38
Lapur(kg/cm2) 0.918318 =
mtc-10 10116 048428 11372 5:5F
Lapur(psi) 12.579608...
mtc-5 10% 048962 11.634 132
EE%) 108.57 L
mtc3 1.0064 0.43765 10584 1138
Lapur 11788 -
< | m ¢
= > 5 232 ~ V2o =
3.28 LAPURG.OE 4 B R 2 FmEBHE &R



| BEsREREEEs )

W1 @72 473 s mEEEE  sEsEs  mEes REEECH  EREE0) ﬁiggil
050 1.219000 019 008 586 2.24 053

0.50 1.219000 0.19 .08 6.14 191 052

050 1.219000 019 008 612 133 052

1.219000 018 0.08 599 212 053

3.20 LAPURG.Off 18 A BBt & — 2. 4% 5 0 B R % A 2 38

H&ERE
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=) | ZE==szEEen ) [z

LapurX Deck37 : 120,085, 3.00

X741 x74.2 5% *75.2 & FEEEM) BESE%)

124 1.2400 3892 9575

100.36
104.28
108.57

124 1.2400 16 4108

124 1.2400

124 1.2400

3.30 LAPURG.Of A B 45 X — 2 6 &5 E B F 88 B K ik KRR

£EE SR
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[T AR we el
[Lopw BE | ZHER= | aEeRE=@Eany-)| AReRss@ERERT)| FEEE | #= mEex -
Gap=EEE GainTimeREEE
Gap: GAP_ABWR - =5 Rk GainTime:  gaintime_ABWR x
Power 0 2200 4400 661~ | Flow Gain Time
» _1800.143?715 . |1800.1437715.. |1800.1437715... | 180 >—mo_os 0.1934
25 18001437715 . | 18001437715 . |1800.1437715.. 180 95 0088642659 | 0.203578947
30 1800.1437715... | 1800.1437715... |1800.1437715... [180 90 0.008765432 | 0214388880
35 18001437715 . | 18001437715 . |1800.1437715.. 180 85 0110726644 | 0.227529412
40 1800.1437715... | 1800.1437715... |1800.1437715... [180 56 0255102041 | 0.345357143
45 18001437715 . | 18001437715 . |1800.1437715.. 180 54 0274348422 | 0358148148
50 1800.1437715... | 1800.1437715.. | 1800.1437715.. [180/=| 52 0205857088 | 0.371923077
55 1800.1437715... | 1800.1437715.. |1800.1437715... [180 50 032 0.3868
) 1800.1437715... | 1800.1437715... |1800.1437715... [180 48 0347222222 | 0.402916667
65 1800.1437715... | 1800.1437715.. |1800.1437715... [180 46 0.378071834 | 0.420434783
70 1800.1437715... | 1800.1437715... |1800.1437715... [180 a4 041322314 0.439545455
75 1800.1437715... | 1800.1437715.. |1800.1437715... [180 a2 0453514730 046047610
80 18001437715 . | 18001437715 . |1800.1437715.. 180 40 05 04835
5] 1800.1437715... | 1800.1437715... | 1800.1437715... 180 38 0.55401662 0.508047368
% 18001437715 . | 18001437715 . |1800.1437715.. 180 36 0617283951 | 0537222222
100 1800.1437715... | 1800.1437715... |1800.1437715... [180° 34 0.861653070 | 0.688470588
T PSR R AT A L e LML = A “;ﬂ" 32 0972726563 | 07315

B 3.31 DRASM200& # & F244F A @
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gEEn. D\APURGEES\EFERGAP GAINTIMER\GAP_ABW|

gap=iEEE: GAP_ABWR

poweri@fEg: 18 waaEe: 7

PowerERIEMUE : AT, S—EEENERETH -

REEHENS: -5 S—EsEUSNeT -

3.32 DRASM200z. Gap & % EA% &
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% |

Do S C®-10 0 & wN -

[N
- W

B8B83 n2ULEEREUY

110

1800.14
1800.14
1800.14
1800.14
1800.14
1800.14
1800.14
1800.14
1800.14
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A B
1 | Itern Value
2 Lapur¥ Ratio 1.26,0.91,0.10
3 Lapur W Ratio 1.219000
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8 Bk 3 40.0
9 Gap Conductance 0.2443
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