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Abstract

Current full scope simulator on nuclear plant is not available for technical training for Low Power
Physics Test(LPPT). Core simulator for LPPT will be able to reduce the time of O/H through operator
simulation, core model was used with NEM/ANM method and simulation environment was adopted
GUI method. Core model was compared with ANC, ROCS under steady state and benchmark problem
for transient state in order to verify. In conclusion, core model used in this simulator is had fine

LPPT. Core simulator for LPPT is composed of hardware(host computer, control panel, etc.) and
software(3-D core Model, simulation environment). Selective control panel was used in MCR for core

training for LPPT, consequently, vendor will have economic benefits through operator training for

accuracy compared to core design code.
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PLRINIST Signal

I.BINIS Signal
S.B NIS Signal

RCS Temp.
from M| OBt

3D Core
Analysis

[Od8 2] 33 28 S8&

Lt KO Panel
HEA 22| SHAIE NS O0IEHE MCR KO PanelE &2 22| MESH ASEZ= S +
S, s0s5T ZE, RCS2EXE 22| PanelE HEXHOZ SIEANHZ PEGIULCEL MU =S 735 LES
CEA 81 REE M SIotALH M S S&/ch M ISt
Sub-Group Zc2lJIs% CE W8t =Y
TEEOR XHE 4 Q 2L HoE =+ UEE
HAW 2E He 22

CEA Position
Boron

RCS Temp. CPU

(Core Analysis)

Trip Alarm :
Sionel Digital 1/0

Ch AlS &)

STHE 220 MAst SSHAA LAHNSI ASE AN LHA2 LAAHS)| dFJ LS L6t
H gicl= ZHI0ICH dd Jisgt 874 S SH2 50pAmp. ~2Amp.& A XNZE SEAIS = 28
Sthh A=) dFA S 2l)| S50 242 SHAIS EHIE HZotH &M SEH =2l S
dAlgs 2dg = UL



Digital Current 311 (?l;]rérﬂe%?

Source Meter

(18 4] AsZ2dI] HWERAD

ch. X2 E4AE &

Heast /X2 S4AIE SHI(DDRCS, Direct Digital Reactivity Computer System)
LATZEAHZE HMIHES2ZM Otg21 /\I*E“Oﬂ/\-i LBMEAE HHE Ha
LI 2k, Man-Machine Interfacedt AN 2 5*: o dgds & = UL £
ol b

£ ZFH HJEEX0 HESD SAO 2LIEHOG ZEAISHC

D
[
1
oll

Current

Reactivity A2t

Flux
ﬂ <«
| Current Current Flux,
Reactivity Temp.
F==—1 -> A =s D/D/R/C/S/
Ag -> opdz W Direct Digital
Flux Reactivity Computer
Reactivity, System
Temp. Strip Chart Recorder
[11& 51 DDRCS #& %
2. 2ZEQN 74
HEH =22 SHAE AN2UOIHL 2ZEHHE & AAIZE SAH0 AMEE= 4220
EEtE FHAD AZEYUHY FUAZ ELZAE 0 AIEEH=E 2ZEE A2E0 & &2
E 2F AISA Ho2 AIZE E2= 20t HXIADElS 0|28 GUIEHZ AtEE L



MO Panel2 Hs2Z 0|

—

[—

JI0l LHEE A2ZEAN

F

A
—

=%

—_

<

il
E

<0
H

o)

(W)
o

KK

H
i

.

<0

H

1o

o
o

=

A= T

0l =

g0z Z2WHXIMNH KO Panelld XAl

ol
=

SAHE= N Panel0f

i

o1
il

0l

[

il
il

il
Ll

LH DF
S ™

=,

=
-/

0l CEA ?AXI, =2/H

A1 A

w
ar

U

oM

ioll
xr

==
1o

i

i00
70
id0
_uu_
83

o

ADF(Assembly Discontinuity Factor)E HEES

CHE

Ol =0 &

-

ol

i
iof

ol
=
K

H
Ki0

Kl
0H
Al
K

_

Or=

= C

AHl BAHZE24°01 MBS

ol
0l
Rr

ol
ol

o3
B

LA
o

)

<k
ioll
<

i
H
It
ar
Ll
<0

O CASMOsS2 &2

[—

[—

+=2 Jl=4

St
=

AQlCcC O
- =T =

PN
=

Estd =2

o
<l
RO
0

o

Kl
3l

0f
<

10
K

ol
~J

I
H
ol
|l
Tl

ol

ol

U

O 2 phase

I
=

t Homogeneous Equilibrium Model (HEM)2 2

S
[ust}

=]

drift flux model2 & &!

=
[

0l

B
70
ur
140
A

iU
B0

LS Y82 nodal expansion method (NEM)2t

al o
cll o
two-node 2 X2

0

Hel

0

=]
=}

gl

=

=

analytic nodal method (ANM)

rH

| nodal expansion methodE, BtALMI2l B analytic nodal

9

AtE et

=

=

method

o3
<+

ok

ol
10

al

o

ol

192 0|20 & HEM (Homogeneous

5 4|

3HEY

oL
ull
i
wr
<
ol

o)

&H AZEQA

1A tZ2 SHAE

=

(=]

Equivalent Model)
L.

& DRCS(Digital Reactivity Computer System)

Ol 2Rotd U

EN

Kl

oll

1)
U

el

e SHAE
o S= HoiE Mo
2 SEAE S

2

=P}

=

o

g8 = AlEdoigol &=

P

DDRCSJt QUL

BrS Z A& Dt

oK

o

00
0

X0
uir

[y

fir
il
B0

Ul

(=]
o

s 5=

A
e

DDRCSZ J|&

=
[—

S& MHS M

AL
Hl &k

&l

oz FItE =5 Moo= MK

[e]3
I

T2 )#o B

al
=<

FH|

GRS,

ot
INDIaI)

==
=]

ol
0

ey

XSIK 582 &

oAl =

=01 CH
_0‘:]

o

Ol

-

Al

-

Al

=0 AN

s =

= A2

& A8 28] AZER0

IS

ot A L.

(0]
i}

or

o
7

PN

2 otell (1), )M 2 20l Point Kinetics

F

ST A

= &dlo Bt



(M
2
3)
“)
)

(Difference

—/

gk X Al
o

(1—Exp(=AAT))]

n— no
N AT

fn (t) - A;)‘ici (t)
H&ICE

==(Decay Constant of Precursor group i. Sec™)
A2+ t0l A -co DK

=

=

p(t)n (t)

.6)
S S (Neutron Precusor Concentration i Group)

[0 —nyExp (— A, AT)] -

[Exp [-\ATIC((n—1)AT)]

=(Delayed Neutron Fraction for Group i)

FI1 <IoH A1(2)

= o
[

=(Total Delayed Neutron Fraction)
(Independent Neutron Source)

(B i =123,

[9)

= o
[

2|

=

o

=

=

Kb MICH Al 2 (sec)(neutron Generation Time)

2 "R O HOFSHLY.

=

=

S48 X 2 & (Time-dependent Neutron Density)
Bt S (Reactivity)

SgEsdR

Q)0 A Ci(t)

oM :

S :
AWM dn)/dt = 0, SS022

HIIAM,
n(t) :

Al
Equation)

S2ZM 0

(5)= W&ot

<
JU

010
ol

ol

<l

ol
Rr
=
Tl

(6)

- ﬁI - n (DAT) ;)\iCi (HAT)

p(MAT)

HAl

Aol

HAIE

60

X0
uir

o
H

fir
il
80

U
H
0lo
o)

Ol

T
2

el E4AIE AIEc0Iel

=
L=

A=
S =7

2= MOS0l

=0 UACH

un

0

=gl

Ef HA&tSl =IIX20122 iR SR

J

. RO



[0 2 00 HI A

MO 1R

0 X 28 W 2 @ = > [l e
(@]

ro

[

o

rx

no s rr

on

CIEE AMHEH 222 MOS0l 2& A= AHE Az tEdYs S22, S8
2 LA BI2EE A MMDELS DA HIWGHHCH Hlw A2 9& 150| 145D
Ol E& 137 14FJ]l= WHE 3-LOOP L&l2=2 APA H&EN HMHZ EAHULCH 8D
S0 EMotH, &4 22X L S fxle E0228 510 MAIE bt 20 N4
2 92 150 145012 L& 8 HHHN=2 Z =J|0 CHoll ANCIF MAtst Z A Z 2 H
SO Z2TH AN AFREIYCH CEED HIDGH 2 RXIF AU LI2=H 0l ANCO
HOIXIE £ & BAHHEZ FELKX R0 BtFHEF 40 HO EAHZQIL HAGPtE £E0
OICH ZCHRXEIE 0.010, B MS=2 2XHIF 0.00322 LEIY ZE MW Be 3R& Bt
= Ipem0l EWoIEZ, MHM BIESSE A& =HOF SICHD EEHSIALCH [E 112 HA Z20E
AOICH MAHSIt= DAl 2pemO| = XQULCH PHEAYS ESFZE X E LIEHH O
2 8UAM & &= UX0I & AN & SLLRUA dUHECZ 2 2XE 20112 U
WHE S0 il =& 220 2AGlE AR HE0leh & = JAACH Do vis
ol 2HIJFSICD THEE 0 ANC DBZ2H FI12l SEHE0IA =S0ILF JIEF BFAIM =224 &
DHBHKR L UL
[E 1] YICI4: HAAE SHYs 222T QF HD
ARO | CA CB cc CD SA SB sC SD
FA =2 RMS 0.001] 0.002] 0.003] 0.00t] o0.001] 0001] 0.001] 0.002] 0.000
TEEEREN 0.002] 0007 o.010] 0002] 0002 0002] 0003 0.006] 0002
ANC (pem) 1 o9l 13s7| esd] 3sa] 1079) oas| 34| 4w
CADE (pem) 1 os1] 1358 95| 353 1078] 94| 3] 443

Bl

]
O X 40 % 1O 1o Je

-

010

=)
=

l

rr
L

x

118

0.701 0.895| 0.977| 0.955[ 0.979| 1.268| 1.342( 1.289| 1.326| 1.451| 1.391| 1.147| 0.843| 0.530| 0.270
0.700( 0.894| 0.975| 0.953| 0.978| 1.268| 1.342( 1.290| 1.327| 1.451| 1.391| 1.148| 0.843| 0.530| 0.271
0.001] 0.001] 0.002f 0.002] 0.001] 0.000] 0.000{ 0.001] 0.001] 0.000[ 0.000{ 0.001] 0.000] 0.000] 0.001

1.007( 1.058| 1.256 1.308| 1.198| 1.244| 1.380| 1.398| 1.286| 1.256| 1.372| 1.038| 0.437| 0.202
1.005( 1.056| 1.255| 1.306| 1.198| 1.244| 1.380| 1.398| 1.286| 1.257| 1.373| 1.039| 0.438| 0.203
0.002f 0.002] 0.001| 0.002f 0.000] 0.000] 0.000{ 0.000] 0.000| 0.001] 0.001] 0.001] 0.001f 0.001

1.102( 1.289| 1.306| 1.176| 1.219| 1.364| 1.379| 1.252| 1.193| 1.239( 0.895| 0.354 0.149
1.101f 1.288| 1.305| 1.176| 1.219| 1.364| 1.379| 1.251| 1.194| 1.239( 0.897| 0.355[ 0.150
0.001f 0.001] 0.001] 0.000{ 0.000] 0.000| 0.000f 0.001] 0.001] 0.000{ 0.002] 0.001} 0.001

1.029( 0.969| 1.141| 1.210( 1.273| 1.283| 1.337| 1.162| 0.733| 0.469
1.028| 0.968| 1.140| 1.209( 1.273| 1.282| 1.337| 1.162| 0.733| 0.469
0.001f 0.001] 0.001] 0.001f 0.000] 0.001] 0.000{ 0.000{ 0.000] 0.000

0.990| 0.807| 0.559| 0.372 RAST-K RESULTS

0.000] 0.001f 0.000{ 0.000
0.564| 0.313| 0.185 ERROR
0.564| 0.314| 0.185 MAX  0.002
0.000] 0.001] 0.000 AVG 0.001

[1& 6] YICI4: AROANEH BtZe SZLE Hlw (4node/assembly)



1.001| 1.260| 1.342( 1.265| 1.237| 1.523| 1.537| 1.425| 1.447| 1.596| 1.560| 1.313 0.981| 0.626( 0.322
0.994] 1.252( 1.333| 1.257( 1.232| 1.518| 1.534| 1.425| 1.449| 1.599| 1.564| 1.318| 0.986| 0.629| 0.325
0.007| 0.008] 0.009] 0.008| 0.005| 0.005] 0.003[ 0.000| 0.002| 0.003| 0.004| 0.005| 0.005[ 0.003] 0.003
1.400( 1.433| 1.638| 1.623| 1.401| 1.366| 1.444| 1.444| 1.354| 1.368| 1.540| 1.191| 0.510| 0.239
1.390( 1.424| 1.630( 1.616] 1.397| 1.365| 1.443| 1.445| 1.357| 1.371| 1.546| 1.197 0.513] 0.241
0.010f 0.009] 0.008| 0.007f 0.004| 0.001] 0.001f 0.001] 0.003| 0.003| 0.006| 0.006] 0.003[ 0.002

0.821| 0.677| 0.476| 0.322 RAST-K RESULTS

0.001] 0.001f 0.002| 0.001
0.479| 0.269| 0.160 ERROR
0.480| 0.270( 0.160 MAX 0.010
0.001f 0.001] 0.000 AVG 0.003

[O& 7] YIC14: ZEHONZ B 2™ &AA 2r3LUS ESHFZEL Ul W (4node/assembly)

0.803( 1.021f 1.107| 1.072| 1.085| 1.385| 1.443| 1.367| 1.389| 1.506| 1.437| 1.182[ 0.869| 0.548|0.280
0.799( 1.017| 1.102| 1.067| 1.081] 1.382| 1.442| 1.367| 1.390| 1.508| 1.439| 1.185 0.872| 0.550(0.282
0.004{ 0.004[ 0.005] 0.005] 0.004] 0.003] 0.001] 0.000] 0.001] 0.002| 0.002| 0.003{ 0.003] 0.002]0.002
1.145| 1.194( 1.402| 1.436| 1.291| 1.312| 1.424| 1.417| 1.287| 1.250| 1.366( 1.037| 0.440]0.205
1.140( 1.189| 1.397| 1.432| 1.289| 1.311| 1.424| 1.418| 1.288| 1.252| 1.369| 1.040| 0.442|0.206
0.005{ 0.005] 0.005] 0.004] 0.002] 0.001] 0.000] 0.001]| 0.001]| 0.002{ 0.003{ 0.003] 0.002]0.001

1.237| 1.428| 1.419( 1.245| 1.252| 1.356 1.331| 1.182| 1.120| 1.172| 0.858| 0.345(0.148
1.232| 1.423| 1.415( 1.243| 1.250| 1.356 1.331| 1.183| 1.122| 1.175| 0.861( 0.347|0.149
0.005] 0.005] 0.004] 0.002] 0.002] 0.000] 0.000] 0.001]| 0.002| 0.003{ 0.003] 0.002]0.001

1.130| 1.039| 1.182( 1.202| 1.205| 1.153| 1.151| 0.987| 0.633| 0.417
1.126| 1.036| 1.179( 1.200| 1.204| 1.153| 1.151| 0.988| 0.635| 0.418
0.004] 0.003{ 0.003] 0.002] 0.001] 0.000{ 0.000| 0.001] 0.002{ 0.001
0.987| 1.158| 1.180| 1.189| 1.082| 0.971| 0.758| 0.422| 0.242
0.984| 1.156( 1.179| 1.187| 1.081| 0.971| 0.759| 0.422] 0.242
0.003] 0.002{ 0.001] 0.002] 0.001] 0.000]{ 0.001] 0.000] 0.000
1.233| 1.168| 1.171] 0.999| 0.623| 0.435| 0.274{ 0.146
1.232| 1.167| 1.170| 0.999| 0.625| 0.436| 0.274{ 0.146
0.001] 0.001f 0.001] 0.000] 0.002] 0.001] 0.000] 0.000
1.119| 1.073| 0.845| 0.472| 0.293| 0.166| 0.083
1.119| 1.073| 0.845| 0.473| 0.294| 0.166| 0.083
0.000] 0.000{ 0.000{ 0.001] 0.001] 0.000] 0.000

0.879| 0.621| 0.346| 0.194 ANC

0.880] 0.622| 0.346| 0.194 RAST-K

0.001] 0.001] 0.000| 0.000 ERROR
0.476| 0.228( 0.115 MAX 0.006
0.476| 0.229( 0.116 AVG 0.002
0.000[ 0.001| 0.001

[ 8] YICl4: BXHAHZ C 28 AAUA 2rALS ESAZ L Hlw (4node/assembly)

Lt HEAE H&s HS(LRABWR 2-D, 3-D HIXI0t3)

AN JALE A 58 dE5S =2 USRACL FddEe =2 Hlug = As U
= 0DIAIZAX HZ 0L 0I0] QIBJtE 22 ShEH daRE 2 S0l E=ot)| 20 =&
2ol HAMRIE =HAHG L == UKL U-oE Z2AS 32 FEe HlWUE0l it ¢Sk
2 At S0l Oiet 28 N=T U ME0ICH WmetM HXI0ia 2ME =2 20 11 21UE

0z

-

e o R



9
3NE E

L C
=

UL

BEAIMI 2 A& O

1 42009
T & 2Z0l= 30cm OICH.

202 NgsSdA

—

[a—

NIOICH.

=

LRABWR HIXIOI3 2

3

ol
=<

Mol 2+

i00

L

o
e

o

2

X3 2

15cmx15cm 0]12 3

AJl=

ol

£ MOIX

ORI [

g =l
iy,

as |
~

-
1o

X0
uir
o

1
0

o

ato

ni

K0

24
=

A
—

3

Mo 2= O0IMAX A

2

f

2X

Ct.

K0

o)

uir

K0
J|J
=
0H
o

ol

o
%0

e

</

ol

w8

Ju
o)

tet Bl

=
fall

i0)
I

-

~J

oI
Al
Ll

e 2H2 o

, 3X

2

P

2X

=2 20l A8 9=

¢}

k

29

i
)
Bl

e

<
J

&l

ak

il
0
H

"

)]

CH

2.0
783
96.9
2920

99638
1.441
5443
1084
0.99638
0.899
6031
3917
1021

2.4

2.0
800
100.0
2989

H3l(2D & 3D)
E[im}

1.445
5451
1127

0.99632

0.902
6085
3878

946

2-D:SHOBER
2.1

2-D:IQSBOX
3-D:IQSBOX
2-D: RAST-K

0.99631

c
—

zl

[ ]
A
v
IQSBOX

=

2:

— 3-D:RAST-K
[m]

1.8

—/

==
pas|

Al
1.436
5411
2.0
784
96.2
2948
1087

o
Shober
0.99636

1.5
Time(sec)

20l [

=
—

1.2

3: Al
PPeak
Peag(W/CC)

F

Peng(W/CC)
Max. Trend
AVg- TF,end
TPeak (S)
Max. TF,end
AVg- TF,end

st Tpeak (S)

Ist Peea (W/CC)

2] LRABWR 3D/3D 1+ & of

2nd Tpeak (S)
2nd Ppey (W/CC)

kegy
kegy

0.9
X0

il
s
k=3

[

Neutronics Model

BWR
state
final
state
state
final
state

0.6

transient
transient

1.0e+4
1.0e+3
1.0e+2
1.0e+1
1.0e+0
2D
3D

t=S2 reactivity feedbackeS 22 At

240l ZH XX

z|

2
=

[12 9] LRA

(22/M) Ajisuaq Joamod "bay

=2

(]

| O
-

A
(=]

L
-



ANZ2d0leHe =282 NEM/ANME

SH
(=]

=

=
-

Z ANSE2ZMN AISdOIEHE &

o

Rr
B
£

o
&)

u

EX
I

e)

il

0l
Rr
KD

Rr

Kl
0H

0=
1o

ol
KIO

3t

el 01 &

A= EH2=2F

=
A
&
)
53 K
) 80
ol 3
o ma
o =
o =
o5 2
S
- QO
=
= i
o~
=~
03 &
)
S
o0 _+:
oo L
< 2
a8
o ok
o=
oo
<0 w
H 3
3 3
ol H
o J|J
g o
Ny
11O
o
(e}
H H
o M
0
RO
T
= R
~ of

r=P\;

e
[—

Al=¢el0lH

SH
==}

=

=
-

ol

nJ

H O/H Al2t

0

, 'S8 MosS MK

, HIT21H(C),(2002)

OlEF O
="

ok

, Ml 12IHA) (1999).

4. Y. S. Liu, et al,, "ANC-A Westinghouse Advanced Nodal Computer Code," WCAP-11596-P-A

t(A),217, (2002).

Jl 2, "Hl & @ NEM/ANM
Unit 1 Cycle 14," KNF-Y1C14-02002, KEPCO Nuclear Fuel Co., Ltd. (2002).

6. "Benchmark Problem Book," ANL-7416, Suppl. II, Argonne National Lab. (1977).

(1986).
5. "The Nuclear Design and Core Physics Characteristics of the Yonggwang Nuclear Power Plant

o

[—

=
0l

2.



	분과별 논제 및 발표자

