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Abstract

In present Study, RELAP5-3D code is used to simulate the large break loss of coolant accident
(LBLOCA) of Maanshan Nuclear Power Plant. The Plant employs a Westinghouse designed
three-loop Presssurized Water Reactor (PWR). In the simulation, the multi-dimensional components
of RELAP5-3D code are used to simulate the downcomer and core regions within the reactor pressure
vessel (RPV). The Results of the simulation are compared with RELAP5-3D results obtained from
the traditional one-dimensional modeling of these regions.

In the multi-dimensional simulation of downcomer, the limits of counter current flow (CCFL) in
downcomer ends earlier by five to ten seconds than that in.the 1D simulation. It makes core reflood
starting early and lowers the peak cladding temperature (PCT) by 10°F. The oscillations of cross flow
between the downcomer regions connected to intact and broken loops are less violent than these
observed in the 1D simulations.

In the multi-dimensional simulations of core, the predicted PCTs are between 240 and 500 °F
higher than that in the 1D simulation. It is observed that the capability of core sucking back the coolant
is less during the early period of transient. But the major phenomenon that affects the predicted PCT is
the core self circulation that caused by liquid entrainment in core region during the reflood period. The
entrained Liquid falls back to lower plenum through the core bypass region. Heat transfer in the upper
part of the core is improved significantly improved due to the liquid flow through the bypass region. In
the 1D simulation, larger amount of liquid is predicted to be entrained by the steam. The amount of

liquid entrained is higher when the core is modeled by finer meshes in the X-Y plan.



When both downcomer and core are modeled multi-dimensionally, the earlier termination of
CCFL and enhancement of self circulation in the 3D simulation of downcomer have a tendency to
lower the predicted PCTs. The predicted PCT is still about 30 °F to 120 °F higher than that of 1D

model.
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1061 | 2598 | 2570 | 2676 | 2682 | 2678 | 2570 | 2598 | 1.06]
LBBR | 28B40 | 2676 | 2619 | 2269 | 2619 | 2467 | 2840 | 1833
2233 | ZB5S | 2681 | 2269 | 2345 | 1269 | 2482 | 2835 | 2133
1BBE | 2840 | 2676 | 2619 | 2269 | 2619 | 2676 | 2840 | 1.R8R
1061 | 2598 | 2570 | 2676 | 2681 | 2678 | 2370 | 2598 | 1.06]
1312 | 2598 | 2840 | 2855 | 2840 | 2598 1312
1.061 1.k88 | 2.233 | L.ESR 1.061
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Mass Flow Rate (kg/s)

Mass Flow Rate (kg/s)

-6000

-1000 +
-2000 —
-3000 —
-4000 —

-5000

7000 ~
6000 ]
5000 ]
4000 i
3000 i
2000 i
1000 i

-1000 ]
-2000 ]
-3000 ]
-4000 ]
-5000 ]

—— mflowj-034020000(1D)
—e— cntrlvar-970(3Ddowncomer)

4000

3000

2000

1000

0 !ﬂ\,

T T T T T T T T T T T T T T |
50 100 150 200 250 300 350 400

Time (s)

@ 5117 "% /ﬁ‘ ?\: ’hi "fn" Tiis ’Eﬁi‘(”{—g&v%& B /u LL?’&(& s é])

—— mflowj-033020000(1D)
—@— cntrlvar-972(3Ddowncomer)

, l |
o D o e

T T T T T T T T T T T T T T |
50 100 150 200 250 300 350 400

Time (s)

B 5.1.18 % i B 4 o i MR BL B 2 200 (s )

55



Mass Flow Rate (kg/s)

Mass Flow Rate (kg/s)

1000 ~

Time (s)

B15120 i i o i BRI 2R S (e k)

56

500
| \'\ il \ 4
0 .l\ \Hl | ‘ «A ‘ L ) l{‘i ‘
T f
-500
-1000
\
-1500 ]
—— mflowj-031020000(1D)
-2000 —&— cntrlvar-974(3Ddowncomer)
-2500 T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
B 5.1.19 " i T i win AR EL TR R S (5 2 K)
2000 -
1500
1000 A
500
0 -
-500
a000d M —®— mflowj-030020000(1D)
] —@— cntrlvar-976(3Ddowncomer)
-1500 -
-2000
-2500 T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400



Mass (kg)

Mass (kg)

50000

-50000

-100000

-150000

-200000 | | —#— cntrlvar-971(1D)
—@— cntrlvar-971(3Ddowncomer)

-250000
T T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
Bl 5.1.21 "5 /5 T i AR BE R E v (B k)
300000 ~
250000
200000
150000
100000 —&— cntrlvar-973(1D)

—@— cntrlvar-973(3Ddowncomer)

50000

T T T T T T

T T T T T T |
0 50 100 150 200 250 300 350 400

Time (s)

B15.1.22 "5 5 T i o o MR EE R E (3 C k)

57



Mass (kg)

Mass (kg)

-25000 -
—— cntrlvar-975(1D)
—@— cntrlvar-975(3Ddowncomer)
-50000 -
-75000
-100000
-125000
-150000 T T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
®]5.1.23 "5 in e i w i AR R T (5 = )
20000 -
—&— cntrlvar-977(1D)
10000 1 —@&— cntrlvar-977(3Ddowncomer)
0
-10000 -
-20000
-30000 -
-40000
-50000 -
-60000 — . . . . . .

T T T T T |
0 50 100 150 200 250 300 350 400

Time (s)

B15.1.24 % in % o iR R TR (S e k)

58



Mass Flow (kg)

Mass Flow Rate (kg/s)

-100000

-120000 -

-140000

2000 ~

1000

o
1

-1000 +

-2000

-3000

-4000

i

ol |
'W‘ 'H‘Il | 'l

—a— 1D
—e— 3Ddowncomer

-20000

-40000

-60000

-80000

T T T T T T T T T T
50 100 150 200 250 300

Time (s)
B 5.1.25 " i B B e AR RIS R

—a— 1D
—e— 3Ddowncomer

T
350

|
400

0

T T T T T T T T T T
50 100 150 200 250 300

Time (s)
B 5.1.26 "5 75 % 4 o on AR EEIE B3R

59

T
350

l
400



Mass (kg)

Dome Pressure (psi)
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Critical Heat Flux (Btu/s*ft*)

Critical Heat Flux (Btu/s*ft’)

350

300

150 +

250 o

200 —h

150 +

100 +

50 +

—— htchf-120201001(1D)

—4&— htchf-120201001(3Dcore-13)

—w— htchf-120201001(3Dcore-37)
htchf-120201001(3D¢ore-37)

Time (s)

1523 Wik E R b AGRS #1l £

—— htchf-120201001(1D)

—a— htchf-120201001(3Dcore-13)

—w— htchf-120201001(3Dcore-37)
htchf-120201001(3Dcore-37)

30 35 40 45 50
Time (s)

1524 08 S Adelt £ £ (0 7150 4))

64



120 ~
110

100

Heat Flux (Btu/s*ft’)

Heat Flux (Btu/s*ft’)

90 4
80 -
70 4
60 1
50 4
40 4
30 4
20 4

10

—M— htrnr-120201001(1D)

—A— htrnr-120201001(3Dcore-13)

—w— htrnr-120201001(3Dcore-37)
htrnr-120201001(3Dcore-69)

40

35+

30 +

150 200

Time (s)

B]5.25 g £ Bosbid B

—i— htrnr-120201001(1D)

—A— htrnr-120201001(3Dcore-13)
—w— htrnr-120201001(3Dcore-37)
htrnr-120201001(3Dcore-69)

Time (s)

B 5.2.6 #hlzE £ B Aidiid £ (0 7 50 )

65



Bottom Quench Front (ft)

Bottom Quench Front (ft)

114 —— zgbot-1202(1D)
10 ] —A— 7(gbot-1202(3Dcore-13)
] —w— zgbot-1202(3Dcore-37) 9
9~ zgbot-1202(3Dcore-69) |
8 -
7 4
o -
5
4
3
2 -
14
0 B T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
B 5.27 R R LR =3
3.0 -
—— zgbot-1202(1D)
—A— zgbot-1202(3Dcore-13)
254 —¥—zqbot-1202(3Dcore-37)
zgbot-1202(3Dcore-69)
2.0 1
1.5 4
1.0 H
0.5
O e e e e e e T T T T
0 10 20 30 40 50 60 70 80 90 100

Time (s)

B 5.2.8 B Auiiis 2 A =% (0 7 100 45)

66



14]

1 5.2.10 g 3 3 -k 2(0 7] 50 F)

67

400

121 —m— cntrlvar-7(1D)
—A— cntrlvar-7(3Dcore-13)
10 4 —w— cntrlvar-7(3Dcore-37)
£ -~ & cntrlvar-7(3Dcore-69)
2 5.
(5]
-
)
g ®7 lh ‘ M
o) l 1 ‘l il /ﬂ uwn "l\
o 4 H\IJH ‘|| “|
o ] il nm‘ I ‘W’l u 'hw W’ T .
| A ” ) ‘ll H “ ‘l‘ “‘1 I”!” !nll ‘ l’li
1 Nw | I
2 | ‘ L‘““l"l”,q V‘h' \“' "" . | H (, )
{la |
0 ‘ i T T T 1
0 50 100 150 200 250 300 350
Time (s)
B 529 Ygro i sg R
3.0 -
—i— cntrlvar-7(1D)
‘ —A— cntrlvar-7(3Dcore-13)
2.5 1 N —w— cntrlvar-7(3Dcore-37)
* ~ ¢ cntrlvar-7(3Dcore-69)
£ 201 |
T |
> ‘ |
:' 154 1| I
e ‘ I
© il
= | |
o] * I
S \ ‘ I
\ ‘(JPA A ‘ “
o5 | m, ) \ fl
I
! ¢ :
0.0 ————— % = /Ny 0N
0 10 15 20 25 30 35 40 45
Time (s)



Water Level (ft)

Water Level (ft)

14 4

12

10

" "
]

—m— cntrlvar-987(1D)
—A— cntrlvar-987(3Dcore-13)
—w— cntrlvar-987(3Dcore-37)

cntrlvar-987(3Dcore-69)

4.0

3.5

3.0

2.5 4

2.0

1.5+

1.0+

0.5

0.0

T T T T T T T T T T T T T T |
50 100 150 200 250 300 350 400

Time (s)

B 5,200 % <33 ik -k i

—A— cntrlvar-987(3Dcore-13)
—w— cntrlvar-987(3Dcore-37)
cntrlvar-987(3Dcore-69)

\ —— cntrlvar-987(1D)

10 20 30 40 50 60 70 80 90 100
Time (s)

B 5.2.12 %< % 3 imig -k (0 3] 100 £))

68



350000

2
300000 - MJJ*EI&%
250000 e m BT
= P;'ﬂ\
\x/ e
E 200000 {
LL -
(2]
2 150000 4 —i— cntrlvar-968(1D)
= / —4A— cntrlvar-968(3Dcore-13)
§ {» —w— cntrlvar-968(3Dcore-37)
g 1000009 cntrlvar-968(3Dcore-69)
1|
5
50000
0 T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
Bl 5213 gk e At i dr-k &
250000 —— cntrlvar-968(1D)
—aA— cntrlvar-968(3Dcore-13)
—w— cntrlvar-968(3Dcore-37)
245000 + cntrlvar-968(3Dcore-69)
D 240000
S3
=
o
LL
235000 -
]
©
=
& 230000
o
)
225000 |
220000 | I — I e e e T 1
90 100

0

10 20 30 40 50 60 70 80
Time (s)

B 5214 gL v Fz-ond4 fr- k£ (0 31100 47)

69



Mass (kg)

Mass (kg)

300000

A
g
250000 ="
B
200000 .l,/‘:'/c
A.//Jv
LB
e
150000 .=
a
100000 - af —i— cntrlvar-988(1D)
[ —A— cntrlvar-988(3Dcore-13)
/ —w— cntrlvar-988(3Dcore-37)
500004 [ cntrlvar-988(3Dcore-69)
0 L T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
$5.2.15 7 *ﬂf Ehpsidok AT E
80000 -
70000
60000
50000
40000
30000 /‘
|/
20000 7 —&— cntrlvar-982(1D)
—a— cntrlvar-982(3Dcore-13)
10000 4/ —v— cntrlvar-982(3Dcore-37)
‘ cntrlvar-982(3Dcore-69)
0 T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400

Time (s)

Bl 5216 g B*E /i % TEIMEA e P AN E R

70



Mass (kg)

Mass (kg)

—&— cntrlvar-985(1D)

—aA— cntrlvar-985(3Dcore-13)
—w— cntrlvar-985(3Dcore-37)
-20000 - cntrivar-985(3Dcore-69)

-40000 A
-60000 -
-80000 -
-100000 T T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
B]5.2.17 = B[ i BIRRE A e F R %‘rfé_
40000 -

] —— cntrlvar-986(1D)
30000 4 f —A— cntrlvar-986(3Dcore-13)
—w— cntrlvar-986(3Dcore-37)
cntrlvar-986(3Dcore-69)

20000 /

N
<

10000

04

L]

-10000 +

-20000

-30000

T T T T T T T T T T T T T T T |
0 50 100 150 200 250 300 350 400

Time (s)

152,18 " it % TEIRE AL 1 B R (0 7] 200 )

71



Water Level (ft)

Water Level (ft)

18
"5 ¥ o Y
16 ”wm WI' H ‘Iﬁ !l ! bﬂml‘ﬂ!’ Ul ['HW w
. \M HM ”'( il
14 ‘ " ‘ “‘ | |“ ‘ "
1 \
; )
10 A
8
5 ] —&— cntrlvar-979(1D)
—A— cntrlvar-979(3Dcore-13)
4 —w— cntrlvar-979(3Dcore-37)
—&— cntrlvar-979(3Dcore-69)
o]
0 — T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
B 5219 i B ERIR =B R
) —i— cntrlvar-979(1D)
18 —A— cntrlvar-979(3Dcore-13)
cntrivar-979(3Dcore-37)
16 4 thrﬂvar—979(§qure—69)
144 ‘
12
10 A
8
6
4 -
2 4
or————T—7T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Time (s)
1 5.2.20 " i T 2 ARk 8 A (0 F] 100 )

72



Mass (kg)

Mass (Ib)

2400 +

2200 +

2000 -
1800 ‘—.
1600 4 |
1400 -
1200 - —i— cntrlvar-952(1D)
1 —A— cntrlvar-952(3Dcore-13)
1000 —w— cntrlvar-952(3Dcore-37)
1 cntrlvar-952(3Dcore-69)
800 -
600 T T T T T 1
0 100 200 300 400
Time (s)
B 5221 & 4 1 A% %,‘rfé_
12000 —
—&— cntrivar-951(1D) oty
10000 —a— cntrlvar-951(3Dcore-13) w
—w— cntrlvar-951(3Dcore-37)
cntrlvar-951(3Dcore-69)
8000
6000 -
4000
2000 -
0 T T T T T T T 1
0 10 20 30 40 50
Time (s)

B 5222 B4 H AT B b T S Mg A RRTE

73



Mass (Ib)

Mass (Ib)

8000

7000

6000
- |
5000
4000 (ﬁ —&— cntrlvar-950(1D)
I —aA— cntrlvar-950(3Dcore-13)
3000 —vw— cntrlvar-950(3Dcore-37)

cntrlvar-950(3Dcore-69)

2000 4 1|

1000

—

T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (S)

B 5223 i T > M T E

’ —a— cntrlvar-950(1D)

8000
7000
6000

5000 |

"

4000 |
30004 |
2000

1000

Time (s)

1 5.2.24 Y= > 1A F (0 7| 50 £))

74



Liquid Void Fraction

Liquid Void Fraction

1.0

—4A— v0idfj-935010500-(3Dcore-13)

—w— voidfj-935011300-(3Dcore-37)

—&—v0idfj-935012500-(3Dcore-69)
I

\

0.2 1

0.0 — T T T T T 1
0 100 200 300 400
Time (s)

B 5.2.25 i& » Yp il AR R R A A

—®— v0idfj-140010000-(1D)
—A— v0idfj-935010500-(3Dcore-13) 3Dcore-69 (43s)
—w— v0idfj-935011300-(3Dcore-37) 3Dcore-37 (42.7s)

10 ~  voidfj-935012500-(3Dcore-69)
3Dcore-13 (41.33)1
0.8 |
1D(Reflood 38s)
0.6 |
0.4
0.2 1 o
0.0 4 L]
0 5 10 15 20 25 30 35 40 45 50 55 60

Time (s)

1 5.2.26 i~ Y i 3 AR BER AR A (0 3] 75 4))

75



| —&— cntrlvar-991(1D)

900 —a— cntrlvar-991(3Dcore-13)
—w— cntrlvar-991(3Dcore-37)
cntrivar-991(3Dcore-69)

Mass(kg)

10 4———4———7—7—"—7—"—1——1—"—7—
0 50 100 150 200 250 300 350 400

Time (s)

B15.227 4ho = R~ BB PEor AL 5 ¥ il A

2
b

\8
R
Il

250

—&— cntrlvar-991(1D)

2004 | —&— cntrlvar-991(3Dcore-13)
—vw— cntrlvar-991(3Dcore-37)
cntrlvar-991(3Dcore-69)

150

Mass(kg)
=
3
1

50 +

0 10 20 30 40 50 60 70 80 90 100
Time (s)

B 5.2.28 < = RAH i~ BT i A B v A 2 B R 0 11100 £))

76



Mass(kg)

—a— (1D)
—A— (3Dcore-13)
—w— (3Dcore-37)
(3Dcore-69)

-10000 +

-20000

-30000

Mass (kg)

-40000

-50000

T T T T 1
200 250 300 350 400

Time (s)

B15229 d T ARFE X IpS RATHE

—a— cntrlvar-910(1D)
—a— cntrlvar-910(3Dcore-13)
—w— cntrlvar-910(3Dcore-37)

cntrlvar-910(3Dcore-69)

-60000

T T T T T T |
100 150 200 250 300 350 400

50
Time (s)
@5230 ‘\»T_%’?ﬁff 1E‘.)~JJ§:\» ﬂ?ﬂ?lﬁju, J.%&_E.-

77



50 4

w04 |||~ (D)
] —&— (3Dcore-13)
30 —v— (3Dcore-37)
i (3Dcore-69)
20
10
i) 0_;1 SNE e
g -Wr
-10 4
-20 +
-30 4
-40 4
O+ 7T T 7T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Time (s)

B15231 Bfpil Feripe R 5 FEBEapd T r Jho R 200 7] 150 )

5.0 1

4.5 —a— (1D)

40 1 —aA— (3Dcore-13)
] —w— (3Dcore-37)

3.5 (3Dcore-69)

3.0

2.5

Ratio

2.0
154
1.0

0.5+

0.0 -— 71

L — 1
150 175 200 225 250 275 300 325 350 375 400
Time (s)

F15.232 B sl i grohos a5 B R A g T dho B3R (150 3] 400 7))

78



Mass(kg)

500

—&— cntrlvar-994(1D)
—A— cntrlvar-994(3Dcore-13)
4004 | —¥— cntrlvar-994(3Dcore-37)
cntrivar-994(3Dcore-69)
300
100
] ‘,,!-”’
/
0 T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
B 5233 b fitprrrid R H bl o it b Al AR
90
80 -
70
60
S 50 +
=
7
g 40
S 4
30 4 —&— cntrlvar-994(1D)
: —a— cntrlvar-994(3Dcore-13)
20 —w— cntrlvar-994(3Dcore-37)
. cntrivar-994(3Dcore-69)
10
0 T T T T T T T T T T T T T T T T T

20 30 40 50 60 70 80 90

Time (s)

|
100

B15.234 b for il f 5 B (9 A i % 1 428 %35 720 7 100 4))

79



Mass(kg)

Mass (Ib)

100

0 ey
-100
-200 -
-300
-400 - —&— cntrlvar-999(1D)
—aA— cntrlvar-999(3Dcore-13)
—w— cntrlvar-999(3Dcore-37)
-500 + cntrlvar-999(3Dcore-69)
T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
B15.2.35 B AT il g A B bbbla g o i r B3R
8000 -
7000 —a— cntrlvar-999(1D)
—A— cntrlvar-999(3Dcore-13)
6000 ~ —w— cntrlvar-999(3Dcore-37)
1 cntrlvar-999(3Dcore-69)
5000
4000
3000
2000 -
1000 -
0 T T T T T T T T T T T 1
0 500 1000 1500 2000 2500 3000
Time (s)

Al S\

B5.2.36 B fithrer il i & 8 il A B e~ A TR (R

80



Mass(kg)

Mass(kg)

800

200 ] —=— cntrlvar-841(1D)
| —a— cntrlvar-841(3Dcore-13)
600 - —vw— cntrlvar-841(3Dcore-37)
| cntrivar-841(3Dcore-69)
500
400
300
200
100
04
-100 T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
B 5237 BTl g F E Pl A g o r BT R (% - 1F)
0 -
- —
-100
-200
-300
400 - —&— cntrivar-842(1D)
—A— cntrlvar-842(3Dcore-13)
—w— cntrlvar-842(3Dcore-37)
-500 - cntrlvar-842(3Dcore-69)
T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)

B15.2.38 fofiph o il if 5 H b A B ym ~ R TR (% 2 1)

81



Mass(kg)

Mass(kg)

50
-100 —
-150 —
-200 —
-250 —
-300 —
-350 —

-400

—a— cntrlvar-843(1D)
—aA— cntrlvar-843(3Dcore-13)
—w— cntrlvar-843(3Dcore-37)

cntrlvar-843(3Dcore-69)

-450

T T T T T T T T T T T T T T |
50 100 150 200 250 300 350 400

Time (s)

B 5239 BTl S B At i o s B3R FE(F 2 1)

-40 _
604
-80 _
-100 —

-120

—&— cntrlvar-844(1D)

—A— cntrlvar-844(3Dcore-13)

—w— cntrlvar-844(3Dcore-37)
cntrlvar-844(3Dcore-69)

T T T T T T T T T T T T T T |
50 100 150 200 250 300 350 400

Time (s)

B 5240 BB Tl g B E A B el s R EE(F 2 1Y)

82



Mass(kg)

Mass(kg)

20 +

10

-10 4

-20 4

-30 4

-40 -

—a— cntrlvar-845(1D)
—aA— cntrlvar-845(3Dcore-13)
—w— cntrlvar-845(3Dcore-37)

cntrivar-845(3Dcore-69)

T T T T T T T T T T T T T T |
50 100 150 200 250 300 350 400

Time (s)

B 5241 Tl gF B AEFoiir R TE(5 T 13)

20.0
17.5—-
15.0—-
12.5—-
10.0—-

75

5.0—-

2.5

-2.5

-5.0

0.0 4

—&— cntrlvar-846(1D)
—aA— cntrlvar-846(3Dcore-13)
—vw— cntrlvar-846(3Dcore-37)
cntrlvar-846(3Dcore-69)

T T T T T T T T T T T T T T |
50 100 150 200 250 300 350 400

Time (s)

B 5242 BTl & H R A e i r RN E(% 5 1F)

83



Mass(kg)

Mass(kg)

15

10 —&— cntrlvar-847(1D)

—aA— cntrlvar-847(3Dcore-13)

—vw— cntrlvar-847(3Dcore-37)
cntrivar-847(3Dcore-69)

2204+

0 50 100 150 200 250 300
Time (s)

B 5243 A Tl if & B i el L @ o i B

21

2,

SN E

T T |
350 400

TE(%-1%)

84

-5
-10 4
—a— cntrlvar-848(1D)
—aA— cntrlvar-848(3Dcore-13)
15 4 —w— cntrlvar-848(3Dcore-37)
cntrivar-848(3Dcore-69)
-20 +
-25 T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
B 5244 B ATl 5 H v A e i r RN E(% N 1)



mass (kg)

Mass (kg)

25 4

-25 _
-50 _
-75 _
-100 —
-125 —
-150 —

-175

-200

[ T L S, (T (g, (e g G B

- y . o, . L0 Sl 5 St S walBE 2

—&— cntrlvar-849(1D)
—A— cntrlvar-849(3Dcore-13)
—w— cntrlvar-849(3Dcore-37)

cntrivar-849(3Dcore-69)

45000 ~
40000 —
35000 —
30000 —
25000 —
20000 —

15000

10000 - |

5000

T T T T T T T T T T T T
50 100 150 200 250 300 350
Time (s)

|
400

—&— cntrlvar-889(1D)

—A— cntrlvar-889(3Dcore-13)

—w— cntrlvar-889(3Dcore-37)
cntrlvar-889(3Dcore-69)

T T T T T T T T T T T T
50 100 150 200 250 300 350
Time (s)

15246 Yg:< = RifE e L T RREL R R TR

85

|
400



Mass (kg)

Mass (kg)

14000
12000 -
10000 -
8000
6000 —a— cntrlvar-894(1D)
—a— cntrlvar-894(3Dcore-13)
—w— cntrlvar-894(3Dcore-37)
4000 4 cntrlvar-894(3Dcore-69)
1
2000
0+ T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
B 5.247 g F 7 Rl v VR R R T E
70000 ~
60000
50000 - —&— cntrlvar-898(1D)
—aA— cntrlvar-904(3Dcore-13)
—w— cntrlvar-904(3Dcore-37)
40000 + cntrlvar-904(3Dcore-69)
30000
20000
10000 7
0 T ! T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)

15248 oo bigrdho b 2 AEH R E

86



-10000

-20000

-30000

Mass (kg)

-40000

-50000

-60000

—&— cntrlvar-896(1D)
—a— cntrlvar-896(3Dcore-13)
—w— cntrlvar-896(3Dcore-37)

cntrivar-896(3Dcore-69)

T T T T T T T T T T T T 1
50 100 150 200 250 300 350 400
Time (s)

B 5249 s R e b oot D MIfE 2 R E

0.030

0.025 +

0.020 +

0.015

0.010 +

liquid void fraction

0.005 +

—a— v0idfj-156010000(1D)

—aA— v0idfj-935011800(3Dcore-13)

—w— v0idfj-935013800(3Dcore-37)
voidfj-935017400(3Dcore-69)

70 80 90 100 110 120 130 140 150
Time (s)

B 5.2.50 gl i 2 v R AEREAR A

87



Boron Concentration (kg/m°®)

Boron Concentration (kg/m°®)

1.75 4

1.50 +

1.25 4

1.00 +

0.75 +

0.50

0.25

\ —&— boron-2010000-(1D)

—A— pboron-2010000-(3Dcore-13)

—w— boron-2010000-(3Dcore-37)
boron-2010000-(3Dcore-69)

0.00

1.75 4

1.50 +

1.25 +

1.00 +

0.75 +

0.50

0.25

T T T T T T |
100 200 300 400

Time (s)

B15.251 B4 AT Bk

—— boron-2010000-(1D)

—A— boron-2010000-(3Dcore-13)

—w— boron-2010000-(3Dcore-37)
boron-2010000-(3Dcore-69)

5 10 15 20 25 30 35 40 45 50
Time (s)

R 5.2.52 /& 4 4 &3R8 F Bk A (0 3 50 )

88



Dome Pressure (psi)

Total Power (MW)

2500
! —m— p-194010000(1D)
1 —A— p-194010000(3Dcore-13)
—w— p-194010000(3Dcore-37)
2000 p-194010000(3Dcore-69)
1500 -
1000 |
\
500
: |
0 50 100 150 200 250 300 350 400
Time (s)
B 5.2.53 B4 BINAER 4
3000
2500
—— rktpow-0(1D)
2000 —aA— rktpow-0(3Dcore-13)
—vw— rktpow-0(3Dcore-37)
1500 - rktpow-0(3Dcore-69)
1000
500
0 D e B B B e Ty
T T T T T T T T T T T T T T T 1
0 50 100 150 200 250 300 350 400
Time (s)
B 5254 F B ¥

89



Temperature (°F)

Temperature (°F)

1800

1600 -

1400

1200 + /™

1000

800 +

600 —

400 +

"
1—@— httemp-120201008(3Ddowncomer)

|—w¥— httemp-120201008(3Dcore+downcomer-37) b\

—B— httemp-120201008(1D)

—&— httemp-120201008(3Dcore+downcomer-13) |

httemp-120201008(3Dcore+downcomer-69) ¥
T T T T T T T T T T T

200 .
0 50 100 150 200 250 300 350 400
Time (s)
BS31#HEEBBERT S 28 &R
1800 -

1600 +

14004 [\

1200

1000

800

—— httemp-120201008(1D)

—@— httemp-120201008(3Ddowncomer)

—A— httemp-120201008(3Dcore+downcomer-13)

—w— httemp-120201008(3Dcore+downcomer-37)
httemp-120201008(3Dcore+downcomer-69)

600

T T T T T T T T T T T T T T T T T T 1

0 10 20 30 40 50 60 70 80 90 100

Time (s)

B1532 W2 BB R A F 4 =% 2§ & (0 3] 100 )

90
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Boron Concentration (kg/m°®)
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Boron Concentration (kg/m®)

Dome Pressure (psi)
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Total Power (MW)

Energy (10°J)
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http://Mmamww.nre.gov/reading-rm/doc-collections/cfr/part050/part050-appk.html, U.S. NRC

“RELAP5-3D code manual” , Volume 1,Ver.2.4, Idaho National Laboratory, June 2005
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0y ] —a— RELAP5 Bottom Quench Data
] —e— Quench Mesh Top Location
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A2RELAP5-3D % ahitié * P43t

A2l =3
K ES - SRR CSEIEPWR A5 B AF 2 ANERE RS 22 % B R 2P
— R G - G RO M RIRD Y BB SR B RARE £ E AP 0 R
EhogeSimajpk s wirgmna g e FERFENH S > A2 W EI RG> Tl
- i @ H 7% 3F RELAPS-3D 7% ki (Multi-Dimensional Component) & * P 4% o
A22 % RRBRERE
A221RELAP5-3D Z#E#H:" 4.5
FF3E PWR fsed Yoo 2 1 T S BfE KK ERE kA o A 931 2 935 #A s A
Z2RA v B iEE > 932 5 ik pE el 2E(Time Dependent Junction) - #% 4% e o jn g - 933
2 934 % H - §84#(Single Volume) 5 & B ke 22 g s de e 38 % fF (Lower Plenum)Z "3R8 %
7 (Upper Plenum) » g 38435 % 5k idane & 2R d 50> & B3 2 2500 > £ 5 4p
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= 0001 iz fa% e anpoifl » ¥ 0 5 2 304 8% b4 45 0 RIE 0 74 5 1000+
FoUR GHSHY LT G SRR R ok A 221 905 i fEYpe B G
(1) A A wld 5 R R 24 2R 5L 001 &7 IR 5L002 » Ko d bR A
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(3) Airdidgead - F AR AL TP o d PGB 8 R G
s Lt 1o

A222RELAP5-3D =%#% %

B A222 542 (1) 991 3] 934 e 8 ind vt ] » W A2.23 5 %o 4(1) 992 5
934 TR IEF VKRBl o d BT g IR p Pk g R I P REAR AR ET B 5
hode K@ PORE R RGBSR W Q1) i FRIRS A A NI 0 A Ay
PAGER RABSE  pUlIRE QD) T FREIRF AR W A 5 2 At po BT Aok i 0
A ERARG > T 07 5o B A 40001 PIVHREE 3 2 /Fiélﬁr%] NAHEIFG .0
dontif
1Heat structure  2001-016 ruptured at ~ 33.262 seconds with a channel blockage of ~ 50.968
imw= 23046pgas= 4.16872E+06 -
0$$$3$$$ Advancement 18019 for time: =", 3.326246E+01 had excessive error at the minimum
time step -

B A224 5 i i(2) 991 3] 934 s £ g JR] - B A2.25 5 vproidii(2) 992 11
O34 HFEIRF VRl - A AT G H T P g RITEN T FRERF A T &
B HRRE R RANBG R A o R A e i 5 4 o

BIA226 %o H(3) = RRIET] 034 T &G Bl BIA227 Zp e Q) +
PIREE T 934 T R RSO pR] o Bt BT AR ALE G H S 0 Aok g @ PR R RANC
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\F‘b

B B i R R A S T TR R - 3 e
VIR 0 R AR BB AR o R 2 AR ol e IR AR EES ff FIS
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# A 221 pREHSS

Power Fuel cladding deformation model
Casel 0% 7
Case2 100% y
Case3 0% #
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Mass Flow Rate (Ilbm/s)
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Mass Flow Rate (Ilbm/s)

Mass Flow Rate (Ilbm/s)

15500

000 - (—-—o—o—a—a—o—o—a—a—o—o—o—o—o—u
] —&— casel

T —e— case?

—A— case3

14000 - 4 cased
13500 -
- _L—‘—#—H—‘—#—H—‘—#—t—‘—‘—‘—i
12500 i l ' | | |

0 1000 2000 2000

Time (s)
Bl A224 99151934 F 8 in

15500 -

i S e e
15000 -
14500 - —=— casel

] —e— case2

' —A— case3
7 —wv— case4
13500 -
T L‘—O—O—.—.—O—O—.—.—O—H—O—O—I
12500 i l ' | | |

0 1000 2000 2000

Time (s)

Bl A225 992 7| 934 & in

134
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CAWINDO WSisystem 32 md .exe

tpfhZo —W tpfhion
RELAPS—3D:T-Uer:1.3.5 RELAP5-3D IMEEL Proprietary Uersion

GCopyright
Bechtel BUWKT Idaho. LLC
1997, 1999
All Rights Reserved

Thermodynamic properties files used by this problem:

Thermodynamic properties file for h2o obtained from 1fn tpfhZo.
tpfh2o version 1.1.1. tables of thermodynamic properties of light water

generated on B7/81-85% at 11:17:87 by stghZo 1.1 <@a?-87-91>

Start time: 12:34:58
cputime prob.time time step err.est Crnt.limit adv.cnt.
a.8 @ . 80888 1. 80AHERE-A3 8. 88888 @ . 80888 ]

Prun—time error M6281: MATH
DOMAIN error

PC Routine Line Source
relaph_iB_jessied BB63E45? Unknown Unknown Unknown
relaph_iB_jessdied @B63E253 Unknoun Unknown Unknown
relapd 18 jessied @B63E411 Unknoun Unknown Unknown
relaph_iB_jessied GB06484D8 Unknown Unknown Unknown
relaph_iB_jessied @B65EDSA Unknouwn Unknown Unknown
relaph_iB_jessied4 @B65AF?8 Unknouwn Unknown Unknown
relaph_iB_jessdied @852B72F Unknoun Unknown Unknown
relapd 18 jessied 984639BA Unknoun Unknown Unknown
relaph_iB_jessied @840C1EC Unknown Unknown Unknown
velaph_iB_jessied @84839D1 Unknoun Unknown Unknown
relapd 18 jessied @84818BF Unknoun Unknown Unknown
frelaps_i8_ jessied OB667FB? Unknoun Unknown Unknown
relapd 18 jessied BB65A5F4 Unknoun Unknown Unknown
fkerneli2 . dll 20817877 Unknoun Unknown Unknown

G:relapsbugcase~iBcase2>

Bl A229 F2; @+ 1 fgm i
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Wi dE e onds o 2 2 Mk ani g + o) 7 426 - BYSRE A2 A0 TNt e a4
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B.2

A kR ORF g KIREA)  FI R R R A AR S ) - Al B R
o A e Ak Tz > Fla ik X_Appendix K izt g o
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ARGV HER S R SRR R L R B 3 Y 22000F 0 fpt iR BT shRE L AR A 2 LY
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® ANS 1971 & % S50 » 475875k @ * ANS 1973 £ % 8450 o

® Baker-Just4 £ -k F Retics“ (Baker, L. Just, L.C., " Studies of Metal Water Reactions at High
Temperatures, Ill. Experimental and Theoretical Studies of the Zirconium-Water Reaction,”
ANL-6548, page 7, May 1962),#% ;% 7g 2 i¢ * Cathcart #-5%(J. V. Cathcart et al., Reaction Rate
Studies, IV, Zirconium Metal-Water Oxidation Kinetics ORNL/NUREG-17, Oak Ridge National
Laboratory, August 1977.3-5%).

®  MoodyTef i34 (FJ. Moody, “Maximum Flow Rate of a Single Component, Two-Phase
Mixture.” Journal of Heat Transfer, Trans American Society of Mechanical Engineers, 87, No.1
February, 1965),4% 7 ¥ 2% i * integral model (J. A. Trapp and V. H. Ransom, “A Choked-Flow
Calculation Criterion for Nonhomogeneous, Nonequilibrium Two-Phase Flows,”  International
Journal of Multiphase Flow, 8, 6, 1982,pp. 669-681.)
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A. W 3. L. S. Tong, "Prediction of Departure from Nucleate Boiling for an Axially Non-uniform

Heat Flux Distribution," Journal of Nuclear Energy, Vol. 21, 241-248, 1967.
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Transfer in Rod Bundles, ASME, New York, 1969.
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Flux Condition in Boiling Water Reactors," APED-5186, GE Company Private report, July
1966.
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of the Institute of Mechanical Engineers, 1965-1966.
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Hughes. E. D. Hughes, "A Correlation -of ‘Rod Bundle Critical Heat Flux for Water in the

Pressure Range 150 to 725 psia," IN-1412,-ldaho Nuclear Corporation, July 1970.

Tpk i * 4 42(D. C. Groeneveld, S. C. Cheng, and T. Doan, “1986 AECL-UO Critical Heat

Flux Lookup Table,” Heat Transfer Engineering, 7, 1-2, 1986, pp. 46-62.).

e SRR Aud 2 g * Groeneveld flow film boiling correlation (equation 5.7 of D.C.

Groeneveld, " An Investigation of Heat Transfer in the Liquid Deficient Regime," AECL-3281, revised

December 1969) /& 4 1>+4 B ghpki¢ * Modified Dittus-Boelter Correlation,7g 2% i * L. A. Bromley,

“Heat Transfer in Stable Film Boiling,” Chemical Engineering Progress, 46,1950, pp. 221-227.
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