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Assessment of TRAC-PF1/MOD1 Code for Large Break LOCA in PWR
*
Hajime AKIMOTO, Akira OHNUKI, Yutaka ABE and Yoshio MURAO

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai~mura, Naka-gun, Ibaraki-ken

(Received January 25, 1993)

As the first step of the REFLA/TRAC code development, the TRAC-PF1/
MOD1 code has been assessed for various experiments that simulate postu-
lated large-break loss—of-coclant accident (LBLOCA) in PWR to understand
the predictive capability and to identify the problem areas of the code.
The assessment calculations were performed for separate effect tests for
critical flow, counter current flow, condensation at cold leg and reflood
as well as integral tests to understand predictability for individual
phenomena. This report summarizes results from the assessment calcula-
tions of the TRAC-PF1/MOD! code for LBLOCA in PWR.

The assessment calculations made clear the predictive capability and
problem areas of the TRAC-PF1/MOD1 code for LBLOCA in PWR. The areas,
listed below, should be improved for more realistic and effective simula-
tion of LBLOCA in PWR: (1) core heat transfer model during blowdown, (2)
ECC bypass model at downcomer during refill, (3) condensation model dur-
ing accumulator injection, and (4) core thermal hydraulic model during

refloaod.

Keywords: Reactor Safety, Thermal Hydraulics, Two-phase Flow, Heat
Transfer, TRAC Code; Numerical Simulation, Loss-of-Coolant,

PWR

Part of test data used in this report were obtained under the contract
with the Atomic Energy Bureau of Science and Technology Agency of Japan.
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2.1

PWRABEBWLOCAICHTZFE[M LY 7R

(1) BAHER

# B % & =3
MOBY—-DI1CKZER' Ze—FE:0.02 m
EH:# 0.5 MPa
BNL Nozzle Test' " Zwa—FRE:0.025 m
FEF:% 0.4 MPa
Super— CANONZER E®R:0.10 m
: MAEEF] : 15.0 MPa
MarvikenZEi® EE 0.5 m
MHEETI 5 MPa

(2) XmFEER

CREARE 1,185 =x4%—1ERT

B, KER K
Fv oo 78K 0.02

m

Dar tmouthX¥
BERERER S

=R,k
EE0.02-0.15 m

(3) BEMIEER

ARIEAF HEER®

EE:H 0.03 m
E7: KRR

M 4R O B

a—a FLosageit. (e

EE . 0.1552 =@
FEd: 4% 0.2 MPa

(4) HErikEER

m%iﬁ,ﬂ\fﬁiﬁﬂﬁ,(14),(15).(16],(11)

ERA Tr—n:1/2

EE AR ERT— v

FEAO /4.5

ﬁﬁﬁiu\aﬁ(lal 118

EREXr—: 1/21
EEAE ERX T —
ERAL :ERr—

(5) BB

MREL KSR Y

EokissK
EExyr—n:1/21
BmEHE:EXr—
FEF:# 0.2 MPa

|l z25—AMOD1ER

$-06—3"""%

ERRr— v 1/1600
FELEX  EFOL1/2.2
¥IEAEF : 15.8 MPa

LOFTE R L2-5xX8¢°Y

P VR % 1 34
KRy —N:1/50
FLEE  EFED1/0.2
WIBIES : %) 15 WPa
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i) MOBY-DICKER 34 —2

i) BENL Nozzle Test 47— 2R
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iii) Super CANONEER : 17 —X

iv) Marviken¥EE 44— 2
ANEE L, 1) & ii)@%%ﬁﬁﬁfQ%ﬁT&D\iii)&iv)ﬁ%ﬁf@%
BThHbo
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ﬁ%ﬁﬁ&éo%%EﬁlSMPaTﬁbﬂfﬁb\MEKﬂﬁ¥F®E%Eﬁ&EE§@%
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3. 1.1 MOBY-DICK®E
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3. 1. 2 BNL Nozzle Test

(a) EBREETRER
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3. 1. 3 Super CANON¥E
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3. 1. 4 MarvikenZEzE
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ME AT BREORERE (LT BB RV SNA) o 5 v FHICRED IR S
nTWT. FORBEREITes t49Tes t 90X HINBAIHIThhAEARTR, 5. 5
ma\Test23¢Test24®&5ﬂ%%ﬁﬁbﬂtﬁ§fﬂ9.0szﬁato

Bl VB XvicddT sERMics o T B B, XvDRKII6. 308
m\W@O.752m?5%oHﬁ/fw@$%ﬁﬁﬁ—w#ﬁﬂbﬁﬁ%ﬂfb%oC@#
S BRESIAES T R 2B ATV A, T LTHBETRCHAL OO, ENESD 5> OREOHRH
ERTEE 5,
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) ZANEFEWTRREITh N, BR/ XAVOERMICE S 7TF +—F 4 R7BBOFE 50T
WB, 57F s —F 4 A7 EREMT B THREOKLIWEHIBE N 5,

MarvikenEBRTR., X8/ XA ER, REOVEY 77 - rEEE A -5 &L
2 TEOREHFbNT. £3. 1. 8EHETEET - BBROEIENABRIFETR T,
chooRBIR, ANVEXEHEDY T —VEOKEIH T 2 TAMKEEH XD EEAT
EE L7,
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FEORRES EKESHERELLE, 3 7F+r— T4 R7 2WE I ETEREMIGL,
M ZAEOE— - V7 ZBFALLIETET T %,

(b) FEFH
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£3. 1. 1 EBREEREHFY L

®EF B & W EBES F B OE B £ B
RUN 401 —MIERERRER (B

TRy A 2 0.02-0.06 m

MOBY-DICK RUN 406 AOES :0.218~0.297 MPa

AW 72 —wE: 5.7-9.2 K

RUN 455

RUN 291-27% | —iRTEFEARER (ED
BN A 2 0.0508-0.0254-0.0808 m

RUN 309-311 AOES : 0.32-0.56 MPa
BNL Nozzle Test A4 77 —vE 2.0-13.4 X
RUN 318-321
RUN 839-342
Super CANON FEEBERT (&I
o4 TR : 0.100 m
MEAES : 15.0 MPa
mEy 7 —vE: 62.3 K
Marviken TEST 4 EERERR (BE)
TEST 9 7 XA : 0.500-0.509 n
TEST 23 TR : 5.0 MPa
TEST 24 My T — VE 0-20 K

#3. 1. 2 MOBY-DICKEREH

A 1 HOEA i OE
ERE S :
£ 77 (MPa) 2 E & (MPa) . (kg/s}
401 0. 2186 389. 75 0.1318 2.031
(T=2t=395. 45K) (Psat=0.1815MPa)
406 0.241% 389,45 0.1349 2.739
(Ts5t=398. 65K) (Psst=0.1797MPa) :
455 D.2918 398. 25 0.1855 3,197
(Tsat=404.78K) | (Psat=0.2389MPz)

ST Taat RAOENCH T 28TEEE . Pt RAOKEB W T 2 FIENERT o
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=3, 1. 3 MOBY -D1CKEREIRICBITAKBITELR
i HE fH (kg/s)
ERETFAVERALEIVWT — 2 R E 7 AR
EREE | EHRE = v + L
(kg/s) 11 28 45 60 11 26
Run 401 2.031 ¢ 2.030 2.084 2.088 2.087 1.981 2. 081
(-0.0%) | (+2.8%) | (+2.8%) | (+2.8%) | (-2.5%) (+2.5%)
Run 406 2.739 - 2. 721 - - 2.634 -
(0. 4%) (3. 8%)
Run 455 3.197 - 2.674 - - 7,363 -
(-16. 4%) (-25.1%)
#£3. 1. 4 MOBY—DICK%ﬁwmmsw%%E94Ax%vfﬁ&cpuﬁﬁ
ERAEFVEERLEIVW - X ERREFVER
ERES ¥ £ VH
11 2% 45 60 11 26
Run 401 [ NST 291 165 746 1887 206 422
CPU(FD) 5. 64 14.29 45. 65 150. 51 5.21 71.38
CPU/NST 0.0194 |0.0392 0.0634 0.0798 0.0253 0.0506
Run 406 | NST 297 325
CPU (¥) - 9,97 - - 9. 35 -
CPU/NST 0.0336 10.0288
Run 455 | NST 281 370
CPU(FD) - 10. 65 - - 10. 93 -
CPU/NST 0.0379 0.0295

s NSTI 7 4 AR F oy TEE. CPUIXCPUBEER] (FACOM M780ic & %) KD,
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#3. 1. 5 BNL Nozzle TestEREH
A o HoO HE O AOY$TY
E B E S — — JVEE
F 7 (Mpa) a = K FEAMra) | { kg/s )| (X))
291-295 0.502 422,05 0.471 6.43 2.0
(Ts2t=424.-01K) (Psat=0. 4764MPa}
309-311 0.556 422. 2% 0.397 §.79 5.7
(Tsat=427. 90K) (Psa1=0, 4789MPa)
318-321 0.322 394. 25 0.187 8.98 13,9
(Tsat=408. 10K) (Psat=2104MPa)
335-342 0.320 384, 45 0. 252 8. 91 13. 4
(Ts=1=407. 88K) (Ps2t=0.2117TMPa) '
%£3. 1, 6 BNL Nozzle Test@ERcEI2RBHERR
EBRES | EBME(keg/s) FrHEEGe/s) | HHERE
291-295 6.43 5.005 -22.2 %
304-311 8§.79 7.289 -17.1 %
318-321 §.98 8.043 -10.4 %
339-342 8.97 7.921 -11.6 %
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CANONEBREBREH

%%3. 1.7 Super

H H & &

PRI 15 MP a

FaFIEE 615. 3 K

FIEAKE 553 K

IRl O 0. 100 m

£3. 1. 8 MarvikenHEHRBROEREH
H H = %

Test 4 Test 3 Test 23 Test 24

ELF—-oHERN 4.94 MPa 5.02 MPa 4.95 MPa 4.96 MPa
RAE B 537 K 537 X 537 K 537 K
HKE 500 X 534 K 534 X 504 K
I e AL 17.59 m 18.15 m 19.85 m 19.88 m
S ANVESE 1.976 m 1.976 m 0.391 m 0.391 m
BE OO 0.509 m 0.509 m 0.500 m 0.500 m
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2.4 0.327_,0.2

$0.02

$0.06

Inlet Outlet

3. 1.1 MOBY-DICKZERFZMNIFERK

5.0 T T T J
Moby Dick Test Run 401

B 4.0 I —
o
~
o
-
— 3.0 |
a
e
o
|

>0 L o & & o & o
3
-
m
= 1.0 |5 -
a
=

Q i H | i
0.0 2.0 4.0 6.0 8.0 1g.0

Time { s ]

3. 1. 3 F2IBAODHKBOFEER
(MOBY-DICK#E® Run 401)



JAERI-M 093028

1 2 3 4 |51 liol 1
11 cells
1 [ 2 3 4 5 | 6 (7/8 2506
26 cells
45
1 2 3 s 5|6 784
45 cells
0
1 2 3 ‘ 4 5 |6 7|8
60 cells

3. 1. 2 MOBY-DICKERBIFTHWR/ —F 47
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0.3 , i ‘ ‘
—_ Run 401 : i
© A
0o, _ | |
*-2-'0.2— ° O Psat for Tlin-
5 \

a —o— Calculated OO0
0.1 -
a. ——-— Measured
O f |
0 { 2 13
(Outlet)
1 | ]
S Without critical flow model
= 26 cells
(& ]
ot - _
©
o
> ,
0 o b o 0 — o—L o0
0 1 2 3

Distance from inlet (m)

X3, 1. 4
(MOBY—-DICKZ%EE Run

F2 FRNOENSEE KA PRI

401)
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90.0508

(0.608) _
(0.589)
(0.304)
0019 0.285 0.285 0.019
| o
: 2
s S
T % Fs
o
L= 8
Ba. 1. b BNL Nozzle Test > 2 b EELR

3. 1.

1{2]3|4|5(6(7|8|%{10

6 BNL Nozzle

.

49

50

Tes tBFHETHWI,/ —F4 7
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0.55 ] T I T
R 91"‘295 :
un 2 Throaot
g
S 0.50F====—_ Psat for Tyn
® N .
:K \\ ——
2 \\ -
L 0.45F \ el n
(o A -
\\ : P -
w,
V| 7
\[7
040 ] ] ] | |
0 01 0.2 0.3 0.4 0.5 0.6
1 I | ] f I
c - ————— Measured
2 Calculated
(&
S -
- Flashing
-
S starts
=
0 | | = | 1
0 0.1 0.2 03 04 0.5 0.6
Distance from inlet  (m)
3. 1. 7 FAMNFNOFENRHLFA FESH

(BNL'Nozzle

Test

Run 291-295)
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0.60 T T T 1
Run 309-311
. _Throat

0.55 ¥ —
= Psat for Tiin
A 0.50
=
ot
2 0.45
N
o

0.40

0.35 | | | 1 |
0 0.1 02 03 04 05 06

1 | | t |
--—-- Measured

—— Calculated

Void fraction

| |
0 0.1 0.2 03 04 0.5 0.6
Distance from inlet (m)

O l

3. 1. 8 FXIMBNOENSHREFRS FELSTH
(BNL Nozzle Test Run 309-311)
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Pressure
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0.35 T T T | T
Run 318-321 | Throat
;/—-_
0.30
0.25
0.20
0.15 1 l
0 0.1 0.2
1 T T
-———— Measured
Calculated
0 | | ¥ ] |
0 0.1 0.2 0.3 0.4 0.5 0.6

Distance from inlet (m)

K3. 1. 9 FRIIROEAFHEFS VRS
(BNL Nozzle Test Run 318-321)
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0.35 T T | I
Run 339 -342
Throat
0.30 ! -
= Psat for Tlin
0.
= 0.25 o
® - /
Y, pad
$0.20 \ \ — i
£ WV
‘\ !
Vi
} ’:
0.15 ‘,’, N
¥
010 | | | | -] '
0 0.1 0.2 0.3 04 0.5 0.6
1 | [ 1 |
- —--—- Measured
2 Calculated
)
E.
L=
=
=
0 z | ‘ | | |
0 0.1 0.2 0.3 04 0.5 06
Distance from inlet (m)
M3. 1 2 FRHEOEHNSTEE FE A FERSM
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Condensation
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Mass flow rate (kg/s)

Fluid temp. (K)
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Elevation
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HPB = High power bundle
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